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l_ 
DATA HANDBOOK SYSTEM 

Our Data Handbook System comprises more than 60 books with specifications on electronic compo
nents, subassemblies and materials. It is made up of four series of handbooks: 

ELECTRON TUBES BLUE 

SEM !CONDUCTORS RED 

INTEGRATED CIRCUITS PURPLE 

COMPONENTS AND MATERIALS GREEN 

The contents of each series are listed on pages iv to vii. 

The data handbooks contain all pertinent data available at the time of publication, and each is revised 
and reissued periodically. 

Wtien ratings or specifications differ from those published in the preceding edition they are indicated 
with arrows in the page margin. Where application information is given it is advisory and does not 
form part of the product specification. 

Condensed data on the preferred products of Philips Electronic Components and Materials Division is 
given in our Preferred Type Range catalogue (issued annually). 

Information on current Data Handbooks and on how to obtain a subscription for future issues is 
available from any of the Organizations listed on the back cover. 
Product specialists are at your service and enquiries will be answered promptly. 
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__ J 
ELECTRON TUBES (BLUE SERIES) 

The blue series of data handbooks comprises: 

T1 Tubes for r.f. heating 

T2a Transmitting tubes for communications, glass types 

T2b Transmitting tubes for communications, ceramic types 

T3 Klystrons 

T 4 Magnetrons for microwave heating 

TS Cathode-ray tubes 
Instrument tubes, monitor and display tubes, C.R. tubes for special applications 

T6 Geiger-MUiier tubes 

TS Colour display systems 
Colour TV picture tubes, colour data graphic display tube assemblies, deflection units 

T9 Photo and electron multipliers 

T10 Plumbicon camera tubes and accessories 

T11 Microwave semiconductors and components 

T12 Vidicon and Newvicon camera tubes 

T13 Image intensifiers and infrared detectors 

T15 Dry reed switches 

T16 Monochrome tubes and deflection units 
Black and white TV picture tubes, monochrome data graphic display tubes, deflection units 

;, Ooto"" 1905 I 



l __ 
SEMICONDUCTORS (RED SERIES) 

The red series of data handbooks comprises: 

S1 Diodes 
Small-signal silicon diodes, voltage regulator diodes(< 1,5 W), voltage reference diodes, 
tuner diodes, rectifier diodes 

S2a Power diodes 

S2b Thyristors and triacs 

S3 Small-signal transistors 

S4a Low-frequency power transistors and hybrid modules 

S4b High-voltage and switching power transistors 

S5 Field-effect transistors 

S6 R.F. power transistors and modules 

S7 Surface mounted semiconductors 

S8a Light-emitting diodes 

S8b Devices for optoelectronics 
Optocouplers, photosensitive diodes and transistors, infrared light-emitting diodes and 
infrared sensitive devices, laser and fibre-optic components 

S9 Power MOS transistors 

S10 ·Wideband transistors and wideband hybrid IC modules 

S11 Microwave transistors 

S12 Surface acoustic wave devices 

S13 Semiconductor sensors 

*S14 Liquid Crystal Displays 

*To be issued shortly. 
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_j 
INTEGRATED. CIRCUITS (PURPLE SERIES) 

The NEW SER I ES of handbooks is now completed. With effect from the publication date of this 
handbook the "N" in the handbook code number will be deleted. 
Handbooks to be replaced during 1986 are shown below. 

The purple series of handbooks comprises: 

IC01 Radio, audio and associated systems new issue 1986 
Bipolar, MOS IC01N 1985 

IC02a/b Video and associated systems new issue 1986 
Bipolar, MOS IC02Na/b 1985 

IC03 Integrated circuits for telephony new issue 1986 
Bipolar, MOS IC03N 1985 

IC04 HE4000B logic family new issue 1986 
CMOS IC4 1983 

IC05N HE4000B logic family - uncased ICs published 1984 
CMOS 

IC06N High-speed CMOS; PC74HC/HCT/HCU published 1986 
Logic family 

IC08 ECL 10K and 100K logic families New issue 1986 
IC08N 1984 

IC09N TTL logic series published 1986 

IC10 Memories new issue 1986 
MOS, TTL, ECL IC7 1982 

IC11N Linear LSI published 1985 

Supplement Linear LSI published 1986 
to IC11N 

IC12 12C-bus compatible ICs not yet issued 

IC13 Semi-custom , new issue 1986 
Programmable Logic Devices (PLO) IC13N 1985 

IC14 Microcontrollers and peripherals published 1986 
Bipolar, MOS 

IC15 FAST TTL logic series new issue 1986 
IC15N 1985 

IC16 CMOS integrated circuits for clocks and watches first issue 1986 

IC17 Integrated Services Digital Networks (ISDN) not yet issued 

IC18 Microprocessors and peripherals new issue 1986 
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l __ 
COMPONENTS AND MATERIALS (GREEN SERIES) 

The green series of data handbooks comprises: 

C2 Television tuners, coaxial aerial input assemblies, surface acoustic wave filters 

C3 Loudspeakers 

C4 Ferroxcube potcores, square cores and cross cores 

C5 Ferroxcube for power, audio/video and accelerators 

C6 Synchronous motors and gearboxes 

C7 Variable capacitors 

CS Variable mains transformers 

C9 Piezoelectric quartz devices 

C11 Varistors, thermistors and sensors 

C12 Potentiometers, encoders and switches 

C13 Fixed resistors 

C14 Electrolytic and solid capacitors 

C15 Ceramic capacitors 

C16 Permanent magnet materials 

C17 Stepping motors and associated electronics 

C18 Direct current motors 

C19 Piezoelectric ceramics 

C20 Wire-wound components for TVs and monitors 

C22 Film capacitors 

(Joly 1986 vii 
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FUNCTIONAL 
INDEX 

FUNCTIONAL INDEX 

type number description 

SINGLE-CHIP 8-BIT MICROCONTROLLERS 

NMOS 

RAM ROM 

MAB8035HLP; HLWP 64 ROM-less version of MAB8048H 
MAF8035HLP 64 ROM-less version of MAB8048H; 

extended temperature 
MAF80A35HLP 64 ROM-less version of MAB8048H; automotive 

temperature; reduced frequency 

MAB8048HP; HWP 64 1K 
MAF8048HP 64 1K like MAB8048H; extended temperature 
MAF80A48HP 64 1K like MAB8048H; automotive temperature; 

reduced frequency 

MAB8411P; T 64 1K plus 8-bit LED driver 
MAF8411P 64 1K plus 8-bit LED driver; extended temperature 
MAF84A11P 64 1K plus 8-bit LED driver; automotive 

temperature; reduced frequency 

MAB8421P; T 64 2K plus 8-bit LED driver 
MAF8421P 64 2K plus 8-bit LED driver; extended temperature 
MAF84A21P 64 2K plus 8-bit LED driver; automotive 

temperature; reduced frequency 

MAB8422P 64 2K plus 8-bit LED driver 
MAF8422P 64 2K plus 8-bit LED driver; extended temperature 
MAF84A22P 64 2K plus 8-bit LED driver; automotive 

temperature; reduced frequency 

MAB8031AHP; AHWP 128 ROM-less version of MAB8051AH 
MAF8031AHP; AHWP 128 ROM-less version of MAB8051AH; 

extended temperature 
MAF80A31AHP; AHWP 128 ROM-less version of MAB8051AH; automotive 

temperature; reduced frequency 

MAB8039HLP; HLWP 128 ROM-less version of MAB8049H 
MAF8039HLP 128 ROM-less version of MAB8049H; 

extended temperature 
MAF80A39H LP 128 ROM-less version of MAB80A49H; automotive 

temperature; reduced frequency 

MAB8401B; WP 128 bond-out version for MAB84X 1 
family plus 8-bit LED-driver 

Operating temperature range: 0 to 70 oc. 
Extended temperature range: -40 to + 85 oc. 
Automotive temperature range: -40 to + 110 oc; 

except MAF80A31/51AH only -40 to+ 100 oc. 
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FUNCTIONAL 
INDEX 

type number description 

SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 

NMOS (continued) 

RAM ROM 

MAB8049HP; HWP 128 2K 
MAF8049HP 128 2K like MAB8049H; extended temperature 
MAF80A49HP 128 2K like MAB8049H; automotive temperature; 

reduced frequency 

MAB8051AHP; AHWP 128 4K mask-programmable ROM 
MAF8051AHP; AHWP 128 4K like MAB8051AH; extended temperature 
MAF80A51AHP; AHWP 128 4K like MAB8051AH; aotomotive temperature; 

reduced frequency 

MAB8441P; T 128 4K plus 8-bit LED driver 
MAF8441P 128 4K plus 8-bit LED driver; extended temperature 
MAF84A41P 128 4K plus 8-bit LED driver; automotive 

temperature; reduced frequency 

MAB8442P 128 4K plus 8-bit LED driver 
MAF8442P 128 4K plus 8-bit LED driver; extended temperature 
MAF84A42P 128 4K plus 8-bit LED driver; automotive 

temperature; reduced frequency 

MAB8461P; T 128 6K plus 8-bit LED driver 
MAF8461P 128 6K plus 8-bit LED driver; extended temperature 
MAF84A61P 128 6K plus 8-bit LED driver; automotive 

temperature; reduced frequency 

MAB8032AHP; AHWP 256 ROM-less version of MAB8052AH 

MAB8040H LP; H LWP 256 ROM-less version of MAB8050H 
MAF8040HLP 256 ROM-less version of MAB8050H; 

extended temperature 
MAF80A40HLP 256 ROM-less version of MAB8050H; automotive 

temperature; reduced frequency 

MAB8050HP; HWP 256 4K 
MAF8050HP 256 4K like MAB8050H; extended temperature 
MAF80A50HP 256 4K like MAB8050H; automotive temperature; 

reduced frequency 

MAB8052AHP 256 BK mask-programmable ROM 

Operating temperature range: 0 to 70 oc. 
Extended temperature range: -40 to+ 85 oc. 
Automotive temperature range: -40 to + 110 oc 

except MAF80A31/51AH only -40 to+ 100 oc. 
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FUNCTIONAL 
INDEX 

type number description 

SINGLE-CHIP 8-BIT MICROCONTROLLERS 

CMOS 

RAM ROM 

PCF84C12P;T 64 1K 

PCF84C21P;T 64 2K plus 8-bit LED driver; extended temperature 

PCB85C51B 128 software development version of PCBBOC51 

PCBBOCJ1 BHP; BHWP 12B ROM-less version of PCBBOC51 

PCF80C31BHP;BHWP 128 ROM-less version of PCBBOC51 

PCBC39P; WP 12B ROM-less version of PCB80C49 

PCF80C39P 128 ROM-less version of PCF80C49; 
extended temperature 

PCB80C49P; WP 128 2K 

PCF80C49P 12B 2K like PCB80C49; extended temperature 

PCB80C51BHP;BHWP 12B 4K mask-programmable ROM 

PCFBOC51BHP;BHWP 12B 4K mask-programmable ROM 

PCFB4C41P;T 12B 4K plus B-bit LED driver; extended temperature 

PCD3315CP; T 160 1K telephony microcontroller 

PCD3343D; P; T 224 3K telephony microcontroller 

PCBBOC552WP 256 ROM-less version of PCBB3C552 

PCBBOC652WP 256 ROM-less version of PCBB3C652 

PCFB4COOB;T 256 bond-out version of PCFB4CXX family 

PCB83C552WP 256 BK PCBBOC51 plus additional functions 

PCBB3C652WP 256 BK PCBBOC51 plus additional functions 

PCFB4CB1P; T 256 BK plus B-bit LED driver; extended temperature 

PCFB4CB5P; T 256 BK 32 1/0; extended temperature 

Operating temperature range: 0 to 70 oc. 
Extended temperature range: -40 to + B5 oc. 
Automotive temperature range: -40 to + 110 oc. 
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FUNCTIONAL 
INDEX 

type number description 

8-BIT MICROCONTROLLERS (bipolar) 

8X300 microcontroller; 250 ns cycle time 
8X305 microcontroller; 200 ns cycle time 
8X310 interrupt control coprocessor 
8X320 bus interface register array; 2-port RAM for 8/16-bit 

8X330 

8X350 

8X353 
8X355 

8X360 

8X371 
8X372 
8X374 
8X376 
8X382 

8X401 
8X450 
8X470 
8T31 
8T32 

8T36 

Product support 

Product support 
8X300KT1SK 
8X305 
8X300/8X305 
8X330 

Software support 

8X300AS1SS MCCAP 
8X300AS2SS MCCAP 

Special purpose circuits 

8X01A 
8X02A 
9401 
9403 
8X41 

8X60 
2960 
29648 

6 October 19861 

interface between a host and peripheral processor 
floppy disk formatter/controller 

2048-bit bipolar RAM (256 x 8); high-speed memory 
with bus interface 

bipolar RAM (32 x 8); high-speed memory with bus interface 
LIFO stack memory (32 x 8); high-speed LIFO stack 

with bus interface 
memory address director 

latched bidirectional 1/0 ports 
addressable/bidirectional 1/0 ports; synchronous 
addressable/bidirectional 1/0 ports; synchronous with parity 
addressable/bidirectional 1/0 ports; asynchronous 
4-input/4-output Addressable 1/0 ports 

microcontroller 
RAM (256 byte) 
1/0 port 
8-bit latched bidirectional 1/0 ports; synchronous 
8-bit latched addressable bidirectional 1/0 ports; synchronous 

8-bit latched addressable bidirectional 1/0 ports; asynchronous 

8X300 family 
8X305 Prototyping System 
ICEPACK 
development data 1/0 port programmer 
ECC application note 

cross assembler program 
cross assembler 

CRC generator/checker; Synchronous Data Link Control (SDLC) 
control store sequencer 
CRC generator/checker 
64-bit FIFO buffer memory (16 x 4) 
autodirectional bus transceiver 

FIFO RAM Controller (FRC) 
Error Detection and Correction (EDC) Unit 
dynamic memory controller 
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FUNCTIONAL 
INDEX 

type number description 

DIGITAL SIGNAL PROCESSOR (DSP) 

PCB5010 
PCB5011 

VIDEO DISPLAY 

SAA5350 

SCN2670 
SCN2671 

App Note 401 
App Note 403 

TEA2000 

digital signal processor with on-chip ROM 
ROM-less version of PCB5010 

colour CRT controller (EU ROM); CEPT standard 

Display Character and Graphics Generator (DCGG) 
Programmable keyboard & Comm Controller (PKCC) 

using the 2670/71/72/73 CRT terminal chip set 
2670/71/72/73 CRT set application briefs 

PA L/NTSC colour encoder 

SPEECH/SOUND SYNTHESIZERS 

MEA8000 

PCF8200 

OM8200 
OM8201 
OM8210 

SAA1099 

12C-BUS PERIPHERALS 

PCB8582P 
PCF8566P;T 

PCF8570P;T 
PCF8571D;P;T 
PCF8573P;T 

PCF8574P;T 
PCF8576T;U 

PCF8577P;T 
PCF8577AP; AT 

PCF8583P;T 

PCF8591P;T 

voice synthesizer 

voice synthesizer (CMOS) 

speech demonstration board (for PCF8200) 
speech demonstration box (for OM8200) 
speech analysis/editing system (for PCF8200) 

stereo sound generator for sound effects and music 
synthesis (µC controlled) 

256 x 8 EEPROM 
universal LCD driver for low multiplex rates 

( 1: 1 to 1: 4); max. 96 segments 
256 x 8 static RAM 
128 x 8 static RAM 
clock calendar 

remote 8-bit 1/0 enpander 
universal LCD driver for low multiplex rates 

(1: 1to1 :4); max. 160 segments 
LCD direct driver (32 segments) or duplex driver (64 segments) 
LCD direct driver (32 segments) or duplex driver (64 segments); 

different slave address 

256 x 8-bit static RAM with alarm clock /calendar and 
BCD-counter 

8-bit A/D and D/A converter 

(octobec 1986 
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NUMERICAL INDEX 

type number description 

SINGLE-CHIP 8-BIT MICROCONTROLLERS 

RAM ROM 

MAB8031AHP 128 ROM-less version of MAB8051AH 
MAB8031AHWP 128 ROM-less version of MAB8051AH 

MAB8032AHP 256 ROM-less version of MAB8052AH 

MAB8035HLP 64 ROM-less version of MAB8048H 
MAB8035HLWP 64 ROM-less version of MAB8048H 

MAB8039HLP 128 ROM-less version of MAB8049H 
MAB8039HLWP 128 ROM-less version of MAB8049H 

MAB8040HLP 256 ROM-less version of MAB8050H 
MAB8040HLWP 256 ROM-less version of MAB8050H 

MAB8048HP 64 lK 
MAB8048HWP 64 lK 

MAB8049HP 128 2K 
MAB8049HWP 128 2K 

MAB8050HP 256 4K 
MAB8050HWP 256 4K 

MAB8051AHP 128 4K mask-programmable ROM 
MAB8051AHWP 128 4K mask-programmable ROM 

MAB8052AHP 256 SK mask-programmable ROM 

MAB8401B 128 bond-out version for MAB84X1 
family plus 8-bit LED-driver 

MAB8401WP 128 bond-out version for MAB84X1 
family plus 8-bit LED-driver 

MAB8411 P 64 lK plus 8-bit LED driver 
MAB8411T 64 1K plus 8-bit LED driver 

MAB8421P 64 2K plus 8-bit LED driver 
MAB8421T 64 2K plus 8-bit LED driver 

MAB8422P 64 2K plus 8-bit LED driver 

MAB8441P 128 4K plus 8-bit LED driver 
MAB8441T 128 4K plus 8-bit LED driver 

MAB8442P 128 4K plus 8-bit LED driver 

MAB8461P 128 6K plus 8-bit LED driver 
MAB8461T 128 6K plus 8-bit LED driver 

NUMERICAL 
INDEX 

package code page 

DI L-40; SOT-129 31 
44-PLCC; SOT-187A 31 

DI L-40; SOT-129 65 

DI L-40; SOT-129 97 
44-PLCC; SOT-187 A 97 

DI L-40; SOT-129 97 
44-PLCC; SOT-187A 97 

DI L-40; SOT-129 97 
44-PLCC; SOT-187 A 97 

DIL-40; SOT-129 97 
44-PLCC; SOT-187 A 97 

DIL-40; SOT-129 97 
44-PLCC; SOT-187A 97 

DI L-40; SOT-129 97 
44-PLCC; SOT-187A 97 

DI L-40; SOT-129 31 
44-PLCC; SOT-187A 31 

DI L-40; SOT-129 65 

28/28 Piggy-back 123 

68-PLCC; SOT-188A 123 

DIL-28;SOT-117 123 
S0-28; SOT-136A 123 

DIL-28; SOT-117 123 
S0-28; SOT-136A 123 

DIL-20;SOT-146 155 

DI L-28; SOT-117 123 

S0-28; SOT-136A 123 

DIL-20; SOT-146 155 

DI L-28; SOT-117 123 
S0-28; SOT-136A 123 



NUMERICAL 
INDEX 

type number description 

RAM ROM 

MAF8031AHP 128 ROM-less version of MAB8051AH; 
extended temperature 

MAF8031AHWP 128 ROM-less version of MAB8051AH; 
extended temperature 

MAF80A31AHP 128 ROM-less version of MAB8051AH; 
automotive temperature; 
reduced frequency 

MAF80A31AHWP 128 ROM-less version of MAB8051AH; 
automotive temperature; 
reduced frequency 

MAF8035HLP 64 ROM-less version of MAB8048H; 
extended temperature 

MAF80A35H LP 64 ROM-less version of MAB8048H; 
automotive temperature; 
reduced frequency 

MAF8039HLP 128 ROM-less version of MAB8049H; 
extended temperature 

MAF80A39H LP 128 ROM-less version of MAB8049H; 
automotive temperature; 
reduced frequency 

MAF8040HLP 256 ROM-less version of MAB8050H; 
extended temperature 

MAF80A40H LP 256 ROM-less version of MAB8050H; 
automotive temperature; 
reduced frequency 

MAF8048HP 64 1K like MAB8048H; 
extended temperature 

MAF80A48HP 64 1K like MAB8048H; 
automotive temperature; 
reduced frequency 

MAF8049HP 128 2K like MAB8049H; 
extended temperature 

MAF80A49HP 128 2K like MAB8049H; 
automotive temperature; 
reduced frequency 

MAF8050HP 256 4K like MAB8050H; 
extended temperature 

MAF80A50HP 256 4K like MAB8050H; 
automotive temperature; 
reduced frequency 

Operating temperature range: Oto 70 oc. 
Extended temperature range: -40 to+ 85 oc. 
Automotive temperature range: -40 to + 110 oc; 

except MAF80A31/51AH only -40 to+ 100 oc. 
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package code page 

DIL-40;SOT-129 31 

44-PLCC; SOT-187A 31 

DI L-40; SOT-129 31 

44-PLCC; SOT-187A 31 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DIL-40;SOT-129 97 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DI L-40; SOT-129 97 

DIL-40; SOT-129 97 



type number description 

RAM ROM 

MAF8051AHP 128 4K like MAB8051AH; 
extended temperature 

MAF8051AHWP 128 4K like MAB8051AH; 
extended temperature 

MAF80A51AHP 128 4K like MAB8051AH; 
automotive temperature; 
reduced frequency 

MAF80A51AHWP 128 4K like MAB8051AH; 
automotive temperature; 
reduced frequency 

MAF8411P 64 1K plus 8-bit LED driver; 
extended temperature 

MAF84A11P 64 1K plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 

MAF8421P 64 2K plus 8-bit LED driver; 
extended temperature 

MAF84A21P 64 2K plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 

MAF8422P 64 2K plus 8-bit LED driver; 
extended temperature 

MAF84A22P 64 2K plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 

MAF8441P 128 4K plus 8-bit LED driver; 
extended temperature 

MAF84A41P 128 4K plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 

MAF8442P 128 4K plus 8-bit LED driver; 
extended temperature 

MAF84A42P 128 4K plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 

MAF8461P 128 6K plus 8-bit LED driver; 
extended temperature 

MAF84A61P 128 6K plus 8-bit LED driver; 
automotive temperature; 
reduced frequency 

Operating temperature range: 0 to 70 oc. 
Extended temperature range: -40 to + 85 °c. 
Automotive temperature range: -40 to+ 110 oc; 

except MAF80A31/51AH only -40 to+ 100 oc. 

NUMERICAL 
INDEX 

package code page 

DI L-40; SOT-129 31 

44-PLCC; SOT-187A 31 

DIL-40; SOT-129 31 

44-PLCC; SOT-187A 31 

DIL-28; SOT-117 123 

DIL-28; SOT-117 123 

DI L-28; SOT-117 123 

DIL-28;SOT-117 123 

DIL-20; SOT-146 155 

DIL-20; SOT-146 123 

DIL-28; SOT-117 123 

DIL-28;SOT-117 123 

DIL-20; SOT-146 155 

DIL-20; SOT-146 155 

DIL-28; SOT-117 123 

DI L-28; SOT-117 123 
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NUMERICAL 
INDEX 

type number 

MEA8000 

OM8200 
OM8201 
OM8210 

PCB5010 
PCB5011 

description 

voice synthesizer 

speech demonstration board (for PCF8200) 
speech demonstration box (for OM8200) 
speech analysis/editing system (for PCF8200) 

digital signal processor woth on-chip ROM 
ROM-less version of PCB5010 

SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 

RAM ROM 

PCB80C31 BHP 128 ROM-less version of PCB80C51 
PCB80C31 BHWP 128 ROM-less version of PCB80C51 

PCB80C39P 128 ROM-less version of PCB80C49 
PCB80C39WP 128 ROM-less version of PCB80C49 

PCB80C49P 128 2K 
PCB80C49WP 128 2K 

PCB80C51BHP 128 4K mask-programmable ROM 
PCB80C51BHWP 128 4K mask-programmable ROM 

PCB80C552WP 256 ROM-less version of PCB83C552 

PCB80C652WP 256 ROM-less version of PCB83C652 

PCB83C552WP 256 8K PCB80C51 plus additional functions 

PCB83C652WP 256 8K PCB80C51 plus additional functions 

PCB85C51B 128 software development version 
of PCB80C51 

PCB8582 256 x 8 EEPROM; l 2C bus 

SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 

RAM ROM 

PCD3315CP 160 1,2K telephony microcontrol ler 
PCD3315CT 160 1,2K telephony microcontroller 

PCD3343D 224 3K telephony microcontroller 
PCD3343P 224 3K telephony microcontroller 
PCD3343T 224 3K telephony microcontroller 

PCF80C31 BHP 128 ROM-less version of PCB80C51 
PCF80C31BHWP 128 ROM-less version of PCB80C51 

PCF80C39P 128 ROM-less version of PCF80C49; 
extended temperature 

PCF80C49P 128 2K like PCB80C49; 
extended temperature 

PCF80C51BHP 128 4K mask-programmable ROM 
PCB80C51 B HWP 128 4K mask-programmable ROM 

PCF8200 voice synthesizer (CMOS) 

Operating temperature range: 0 to 70 oc. 
Extended temperature range: -40 to + 85 oc. 
Automotive temperature range: -40 to+ 110 oc. 

October 1986 ( 

package code page 

DI L-24; SOT-101A 1005 

standard Eurocard 1019 
special pack 1023 
special pack 1025 
68-PLCC; SOT-188A 855 
144-PGA 855 

DI L-40; SOT-129 175 
44-PLCC; SOT-187A 175 
DI L-40; SOT-129 203 
44-PLCC; SOT-187A 203 

DIL-40; SOT-129 203 
44-PLCC; SOT-187A 203 

DIL-40; SOT-129 175 
44-PLCC; SOT-187A 175 
68-P LCC; SOT-188A 233 

44-PLCC; SOT-187A 281 
68-PLCC; SOT-188A 233 

44-PLCC; SOT-187A 281 

DIL-40; SOT-215 319 

DI L-8; SOT-97AE 1061 

DIL-28; SOT-117 351 
S0-28; SOT-136A 351 

DI L-28; SOT-135A 355 
DI L-28; SOT-117 355 
S0-28; SOT-136A 355 
DIL-40;SOT-129 175 
44-PLCC; SOT-187A 175 

DIL-40; SOT-129 203 

DIL-40; SOT-129 203 

DI L-40; SOT-129 175 
44-PLCC; SOT-187A 175 

DI L-24; SOT-101A 1029 



type number description 

SINGLE-CHIP 8-BIT MICROCONTROLLERS (continued) 

RAM ROM 

PCFB4COOB 256 bond-out version PCFB4CXX family 
PCFB4COOT 256 bond-out version PCFB4CXX family 

PCFB4C12P 64 lK 
PCFB4C12T 64 lK 

PCFB4C21P 64 2K plus B-bit LED driver; 
extended temperature 

PCFB4C21T 64 2K plus B-bit LED driver; 
extended temperature 

PCFB4C41P 12B 4K plus B-bit LED driver; 
extended temperature 

PCFB4C41T 12B 4K plus B-bit LED driver; 
extended temperature 

PCFB4CB1P 256 BK plus B-bit LED driver; 
extended temperature 

PCFB4CB1T 256 BK plus B-bit LED driver; 
extended temperature 

PCFB4CB5P 256 BK 32 1/0; extended temperature 
PCFB4CB5T 256 BK 32 1/0; extended temperature 

PCFB566P universal LCD driver for low multiplex rates 
(1: 1 to 1 :4); max. 96 segments 

PCFB566T universal LCD driver for low multiplex rates 
( 1: 1 to 1: 4); max. 96 segments 

PCFB570P 256 x B static RAM; l2C bus 
PCFB570T 256 x B static RAM; I 2C bus 

PCFB571D 12B x B static RAM; l2C bus 
PCFB571P 12B x B static RAM; I 2C bus 
PCFB571T 12B x B static RAM; l2C bus 

PCFB573P clock calendar with serial 1/0 
PCFB573T clock calendar with serial 1/0 

PCFB574P remote B-bit 1/0 expander 
PCF8574T remote 8-bit 1/0 expender 

PCF8576T universal LCD driver for low multiplex rates 
(1:1to1:4);max.160segments 

PCF8576U universal LCD driver for low multiplex rates 
(1: 1to1 :4); max. 160 segments 

Operating temperature range: 0 to 70 oc. 
Extended temperature range: -40 to+ 85 oc. 
Automotive temperature range: -40 to + 110 oc. 

NUMERICAL 
INDEX 

package code page 

2B/2B Piggy-back 423 
VS0-56; SOT-190 423 

DIL-20; SOT-146 395 
S0-20; SOT-163A 395 

DI L-2B; SOT-117 423 

S0-2B; SOT-136A 423 

DI L-2B; SOT-117 423 

S0-2B; SOT-136A 423 

DI L-2B; SOT-117 423 

S0-2B; SOT-136A 423 

DIL-40; SOT-129 471 
VS0-40; SOT-15BA 471 

DIL-40; SOT-129 1069 

VS0-40; SOT-15BA 1069 

DI L-B; SOT-97AE 1099 
SO-BL; SOT-176 1099 

DIL-B; SOT-151A 1111 
DI L-B; SOT-97AE 1111 
SO-BL; SOT-176 1111 

DI L-16; SOT-3B 1123 
S0-16L; SOT-162A 1123 

DIL-16; SOT-38 1141 
S0-16L; SOT-162A 1141 

VS0-56; SOT-190 1155 

uncased chip 1155 
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NUMERICAL 
INDEX 

type number description package code page 

PCF8577P LCD direct driver (32 segments) or duplex driver 
(64 segments) DI L-40; SOT-129 1191 

PCF8577T LCD direct driver (32 segments) or duplex driver 
(64 segments) VS0-40; SOT-158A 1191 

PCF8577AP LCD direct driver (32 segments) or duplex driver 
(64 segments); different slave address DI L-40; SOT-129 1191 

PCF8577AT LCD direct driver (32 segments) or duplex driver 
(64 segments); different slave address VS0-40; SOT-158A 1191 

PCF8583P 256 x 8-bit static RAM with alarm clock/calendar 
and BCD-counter DI L-8; SOT-97AE 1207 

PCF8583T 256 x 8-bit static RAM with alarm clock/calendar 
and BCD-counter S0-8L; SOT-176 1207 

PCF8591P 8-bit A/D and D/A converter DI L-16; SOT-38 1225 
PCF8591T 8-bit A/D and D/A converter S0-16L; SOT-162A 1225 

SAA1099 stereo sound generator for sound effects and 
music synthesis (µC controlled) DI L-18; SOT-102ME 1043 

SAA5350 Colour CRT controller (EUROM); CEPT standard DI L-40; SOT-129 905 

SCN2670 Display Character and Graphics Generator (DCGG) N, I (28-DI L) 933 

SCN2671 Programmable Keyboard & Comm Controller 
(PKCC) N, I (40-DI L) 949 

TEA2000 PAL/NTSC colour encoder DI L-18; SOT-102HE 995 

8T31 8-bit Latched Bidirectional 1/0 ports; synchronous N (24-DI L) 
8T32 8-bit Latched Addressable Bidirectional 1/0 695 

ports; synchronous N, F (24-DI L) 699 
8T36 8-bit Latched Addressable Bidirectional 1/0 

ports; asynchronous N, F (24-DI L) 699 

8X01A CRC Generator/Checker; Synchronous Data 
Link Control (SD LC) N, F (14-DIL) 769 

8X02A Control Store Sequencer N (28-DI L) 775 
8X41 Autodirectional Bus Transceiver N (24-DIL) 783 
8X60 FIFO RAM Controller (FRC) N, FQ (28-DI L) 789 
8X300 Microcontroller; 250 ns cycle time I (50-DI L) 515 

8X305 Microcontroller; 200 ns cycle time N, I (50-DI L) 535 
8X310 Interrupt Control Coprocessor N, I (40-DI L) 557 
8X320 Bus Interface Register Array; 2-port RAM for 

8/16-bit interface between a host and 
peripheral processor N, I (40-DI L) 569 

8X330 Floppy Disk Formatter/Controller N (40-DI L) 577 
8X350 2048-bit Bipolar RAM (256 x 8); high-speed 

memory with bus interface N, F (22-DI L) 593 

8X353 Bipolar RAM (32 x 8); high-speed memory 
with bus interface N, F (20-DI L) 597 

8X355 LIFO Stack Memory (32 x 8); high-speed LIFO 
stack with bus interface N, F (20-DI L) 605 

8X360 Memory Address Director N, I (40-DI L) 613 
8X371 Latched Bidirectional 1/0 ports N, I (24-DIL) 615 
8X372 Addressable/Bidirectional 1/0 ports; synchronous N, I (24-DIL) 623 
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type number 

8X374 

8X376 
8X382 
8X401 
8X450 
8X470 

2960 
2964B 

9401 
9403 

description 

Addressable/Bidirectional 1/0 ports; synchronous 
with parity 

Addressable/Bidirectional 1/0 ports; asynchronous 
4-input/4-output Addressable 1/0 ports 
Microcontroller 
RAM (256 byte) 
1/0 port 

Error Detection and Correction (EDC) Unit 
Dynamic Memory Controller 

CRC Generator/Checker 
64-bit FIFO Buffer Memory (16 x 4) 

package code 

N, F (28-DIL) 
N, I (24-DI L) 
N, I (24-DI L) 
N, I (64-DI L) 
N, I (24-DI L) 
N, I (24-DI L) 

N, I (48-DI L) 

N, F (14-DIL) 
N (24-DIL) 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C system 
provided the system conforms to the I 2C specification defined 
by Philips. 

NUMERICAL 
INDEX 

page 

633 
623 
643 
653 
673 
681 

797 

831 
769 
843 
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MAINTENANCE 
TYPE LIST 

MAINTENANCE TYPE LIST 

The types listed below are not included in this handbook. Detailed information will be supplied on 
request. 

MAB8021 
MAB8041A 

MAB84XX 
MAF84XX 
MAF84AX1 
FAMILY 

PCB80C31 
PCB80C51 

TEA 1002 

single-chip 8-bit microcomputer 
single-chip 8-bit microcontroller 

single-chip 8-bit microcontroller 

single-chip 8-bit microcontroller 

PAL colour encoder and video summer 

16 Octob" 19861 ( 

successor type: MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 

successor type: PCB80C31 B 
PCB80C51 BH 

successor type: TEA2000 



ORDERING INFORMATION 

TYPE DESIGNATION 

PRODUCT STATUS DEFINITIONS 
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ORDERING 
INFORMATION 

PART NUMBERING SYSTEM 
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S C N 

__ , __ y 1 
Identifier - Always SC 

Process/Power Variation 
N = N-Channel 
C=C-MOS 
B=Btpolar 

A"'"" 19851 

2 

T 

Example: SCN2661 AC1 N28 

A 

T 

Basic Part Number 

c 

r tt Pin Count L 14, 16, 24, 26, 40, etc. 

Package 
l=Ceramic 
N= Plastic 

~-----Timing Variation 
See appropriate data sheet 

~------Temperature 

C=0°C to +70°C 
(Commercial) 

A= -40°C to +85°C 
(Automotive) 

M = -ss0 c to + 12s0 c 
(Mllltery) 

P= -20°c to +10°c 
(Phillps) 



ORDERING 
INFORMATION 

BIPOLAR LSI ORDERING INFORMATION 
3X300 1/0 Peripheral Components 
Various 8X300/8X305 MicroController 1/0 parts and bus expanders can be ordered with 
an address preprogrammed at the factory or unprogrammed to permit feild address assign
ment. Addresses in range indicated as STOCK in the table below may be ordered in any 
quantity. Addresses outside of the STOCK range but indicated as AVAILABLE require a 
minimum order of 250 pieces per line item per part type. To order, use the part number 
indicated in the table, substituting the desired address of xx or xxx when ordering 
preprogrammed parts. 

PART ADDRESSES ORDER NUMBER 
NUMBER AVAILABLE STOCK UN PROGRAMMED PREPROGRAMMED 

N8T32F 000-255 None N8T32F N8T32F-xxx 
N8T32N 000-255 000-015 NBT32N N8T32N-xxx 
N8T36F 000-255 None N8T36F N8T36F-xxx 
N8T36N 000-255 000-015 NBT36N NBT36N-xxx 
NBX372N 000-255 000-015 NBX372N N8X372N-xxx 
N8X374N 000-255 000-015 NBX374N N8X374-xxx 
N8X376N 000-255 000-015 NBX376N NBX376N-xxx 
N8X382N 000-255 000-015 NBX382N N8X382N-xxx 

MCCAP 8X300/8X305 CROSSASSEMBLER PROGRAM 
MCCAP, the crossassembler program for the 8X300 and 8X305 Micro-Controllers, is sup
plied as a 9-track magnetic tape containing FORTRAN IV source code for the 
crossassembler program. For compatibility with various computer systems, the tape is 
available in various combinations of density and data encoding. To order, use the follow
ing part numbers. 

NUMBER DENSITY ENCODING 

8X300 AS 1-1 SS 800 ASCII 
8X300 AS1-2 SS 800 EBCDIC 
BX300 AS1-3 SS 1600 ASCII 
8X300 AS 1-4 SS 1600 EBCDIC 

SINGLE/ FLOPPY 
BX300 AS2SS DOUBLE DISK 

19 



TYPE 
DESIGNATION 

PRO ELECTRON TYPE DESIGNATION CODE 
FOR INTEGRATED CIRCUITS 

This type nomenclature applies to semiconductor monolithic, semiconductor multi-chip, thin-film, 
thick-film and hybrid integrated circuits. 

A basic number consists of: 

THREE LETTERS FOLLOWED BY A SERIAL NUMBER 

FIRST AND SECOND LETTER 

1. DIGITAL FAMILY CIRCUITS 

The FIRST TWO LETTERS identify the FAMILY (see note 1). 

2. SOLITARY CIRCUITS 

The Fl RST LETTER divides the solitary circuits into: 

S : Solitary digital circuits 
T : Analogue circuits 
U: Mixed analogue/digital circuits 

The SECOND LETTER is a serial letter without any further significance except 'H' which stands 
for hybrid circuits. 

3. MICROPROCESSORS 

The FIRST TWO LETTERS identify microprocessors and correlated circuits as follows: 

/ Microcomputer 
MA l Central processing unit 
MB Slice processor (see note 2) 
MD Correlated memories 

- ME Other correlated circuits (interface, clock, peripheral controller, etc.) 

4. CHARGE-TRANSFER DEVICES AND SWITCHED CAPACITORS 

The FIRST TWO LETTERS identify the following: 

Notes 

NH : Hybrid circuits 
NL : Logic circuits 
NM : Memories 
NS : Analogue signal processing, using switched capacitors 
NT : Analogue signal processing, using CTDs 
NX Imaging devices 
NY : Other correlated circuits 

1. A logic family is an assembly of digital circuits designed to be interconnected and defined by its 
basic electrical characteristics (such as: supply voltage, power consumption, propagation delay, 
noise immunity). 

2. By 'slice processor' is meant: a functional slice of microproc'. •sor. 



THIRD LETTER 

It indicates the operating ambient temperature range. 
The letters A to G give information about the temperature: 

A : temperature range not specified 
B : 0 to+ 70 oc 
C : -55 to + 125 oc 
D : -25 to + 70 oc 
E : -25 to + 85 oc 
F : -40 to + 85 oc 
G : -55 to + 85 oc 

TYPE 
DESIGNATION 

If a circuit is published for another temperature range, the letter indicating a narrower temperature 
range may be used or the letter 'A'. 

Example: the range 0 to+ 75 oc can be indicated by 'B' or' A'. 

SERIAL NUMBER 

This may be either a 4-digit number assigned by Pro Electron, or the serial number (which may be a 
combination of figures and letters) of an existing company type designation of the manufacturer. 

To the basic type number may be added: 

A VERSION LETTER 

Indicates a minor variant of the basic type or the package. Exaept for 'Z', which means customized 
wiring, the letter has no fixed meaning. The following letters are recommended for package variants: 

C : for cylindrical 
D : for ceramic DI L 
F for flat pack 
L : for chip on tape 
P : for plastic DI L 
Q : for QI L 
T : for miniature plastic (mini-pack) 
U : for uncased chip 

Alternatively a TWO LETTER SUFFIX may be used instead of a single package version letter, ifthe 
manufacturer (sponsor) wishes to give more information. 

FIRST LETTER: General shape 

C : Cylindrical 
D: Dual-in-line (OIL) 
E : Power DI L (with external heatsink) 
F : Flat (leads on 2 sides) 
G : Flat (leads on 4 sides) 
K : Diamond (T0-3 family) 
M: Multiple-in-line (except Dual-, Triple-,' Quadruple-in-line) 
Q : Quadruple-in-line (QI L) 
R : Power QI L (with external heatsink) 
S : Single-in-line 
T : Triple-in-line 

SECOND LETTER: Material 

C : Metal-ceramic 
G : Glass-ceramic (cerdip) 
M: Metal 
P : Plastic 

A hyphen precedes the suffix to avoid confusion with a version letter. 
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PRODUCT 
STATUS 

DEFINITIONS 

Data Sheet Identification 

1µ14114•4 

Advance lnformalion 

'•""""·'fl 

No 
Identification 
Noted 

A"'"" 19851 

DEFINITION OF TERMS 

Product Status 

Formative or 
In Design 

Sampling or 
Pre-Production 

First 
Production 

Full 
Production 

Definition 

This data sheet contains the design 
specifications for product develop
ment. Specifications may change in 
any manner without notice. 

This data sheet contains advance 
information and specifications are 
subject to change without notice. 

This data sheet contains preliminary 
data and supplementary data will be 
published at a later date. Signetics 
reserves the right to make changes at 
anytime without notice in order to im
prove design and supply the best 
possible product. 

This data sheet contains final 
specifications. Signetics reserves 
the right to make changes at any 
time without notice in order to im
prove design and supply the best 
possible product. 



RATING SYSTEMS 
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RATING SYSTEMS 

RATING 
SYSTEMS 

The rating systems described are those recommended by the International Electrotechnical Commission 
(I EC) in its Publication 134. 

DEFINITIONS OF TERMS USED 

Electronic device. An electronic tube or valve, transistor or other semiconductor device. 

Note 
This definition excludes inductors, capacitors, resistors and similar components. 

Characteristic. A characteristic is an inherent and measurable property of a device. Such a property 
may be electrical, mechanical, thermal, hydraulic, electro-magnetic, or nuclear, and can be expressed 
as a value for stated or recognized conditions. A characteristic may also be a set of related values, 
usually shown in graphical form. 

Bogey electronic device. An electronic device whose characteristics have the published nominal values 
for the type. A bogey electronic device for any particular application can be obtained by considering 
only those characteristics which are directly related to the application. 

Rating. A value which establishes either a limiting capability or a limiting condition for an electronic 
device. It is determined for specified values of environment and operation, and may be stated in any 
suitable terms. 

Note 
Limiting conditions may be either maxima or minima. 

Rating system. The set of principles upon which ratings are established and which determine their 
interpretation. 

Note 
The rating system indicates the division of responsibility between the device manufacturer and the 
circuit designer, with the object of ensuring that the working conditions do not exceed the ratings. 

ABSOLUTE MAXIMUM RATING SYSTEM 

Absolute maximum ratings are limiting values of operating and environmental conditions applicable to 
any electronic device of a specified type as defined by its published data, which should not be exceed
ed under the worst probable cm1ditions. 

These values are chosP:-1 by the device manufacturer to provide acceptable serviceability of the device, 
taking no responsibility for equipment variations, environmental variations, and the effects of changes 
in operating conditions due to variations in the characteristics of the device under consideration and 
of all other electronic devices in the equipment. 

The equipment manufacturer should design so that, initially and throughout life, no absolute maximum 
value for the intended service is exceeded with any device under the worst probable operating con
ditions with respect to supply voltage variation, equipment component variation, equipment control 
adjustment, load variations, signal variation, environmental conditions, and variations in characteristics 
of the device under consideration and of all other electronic devices in the equipment. 

(May 1983 25 
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RATING 
SYSTEMS 

DESIGN MAXIMUM RATING SYSTEM 

Design maximum ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed
ed under the worst probable conditions .. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device, 
taking responsibility for the effects of changes in operating conditions due to variations in the charac
teristics of the electronic device under consideration. 

The equipment manufacturer should design so that, initially and throughout life, no design maximum 
value for the intended service is exceeded with a bogey device under the worst probable operating 
conditions with respect to supply voltage variation, equipment component variation, variation in 
characteristics of all other devices in the equipment, equipment control adjustment, load variation, 
signal variation and environmental conditions. 

DESIGN CENTRE RATING SYSTEM 

Design centre ratings are limiting values of operating and environmental conditions applicable to a 
bogey electronic device of a specified type as defined by its published data, and should not be exceed
ed under normal conditions. 

These values are chosen by the device manufacturer to provide acceptable serviceability of the device 
in average applications, taking responsibility for normal changes in operating conditions due to rated 
supply voltage variation, equipment component variation, equipment control adjustment, load variation, 
signal variation, environmental conditions, and variations in the characteristics of all electronic devices. 

The equipment manufacturer should design so that, initially, no design centre value for the intended 
service is exceeded with a bogey electronic device in equipment operating at the stated normal supply 
voltage. 



HANDLING MOS DEVICES 
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HANDLING 
MOS DEVICES 
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HANDLING MOS DEVICES 

Though all our MOS integrated circuits incorporate protection against electrostatic discharges, they 
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following 
precautions are recommended. 

Caution 

Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS 
devices should normally be connected to ground via a resistor. 

Storage and transport 

Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive 
material or special IC carrier that either short-circuits all leads or insulates them from external contact. 

Testing or handling 

Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from 
one carrier to another. Electrically connect the person doing the testing or handling to the conductive 
surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand
ling equipment to the same surface. 
Signals should not be applied to the inputs while the device power supply is off. All unused input leads 
should be connected to either the supply voltage or ground. 

Mounting 

Mount MOS integrated circuits on printed circuit boards after all other components have been mounted. 
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing 
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed
circuit board the person mounting the circuits should touch the board before bringing MOS circuits 
into contact with it. 

Soldering 

Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the 
same potential as the MOS circuits and the board. 

Static charges 

Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the 
MOS circuits have been mounted on the board proper handling precautions should still be observed. 
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied, 
the board is no more than an extension of the leads of the devices mounted on the board. To prevent 
static charges from being transmitted through the board wiring to the device it is recommended that 
conductive clips or conductive tape be put on the circuit board terminals. 

Transient voltages 

To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or 
printed-circuit boards with MOS devices, from test sockets or systems with power on. 

Voltage surges 

Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines. 

0
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SINGLE-_CHIP 8-BIT MICROCONTROLLERS 
(NMOS, CMOS)* 

MAB8031AH; MAB8051AH ................................... 31 
MAB8031AH; MAB8052AH ................................... 65 
MAB8048H/35HL; MAB8049H/39HL; MAB8050H/40HL ............ 97 
MAB84X1; MAF84X1; MAF84AX1 family ....................... 123 
MAB8422/42; MAF8422/42; MAF84A22/42 ..•.................•. 155 
PCB80C31BH; PCB80C51BH ...............•...•.....•........ 175 
PCB80C39; PCB80C49 ....................................... 203 
PCB83C552;PCB80C552 .................•.............•...•. 233 
PCB83C652; PCB80C652 ..................................•.. 281 
PCB85C51 ........................ , ..................•..... 3j9. 
PCD3315C ................................................ 351 
PCD3343 .............................•.........•.......... 355 
PCF84C12 •................................................ 395 
PCF84CXX family ..................•••.....•..•.•....••.•.. 423 
PCF84C85 ...........................•..................... 471 

*.---------------. 
User manual 1986 

"Single-chip 8-bit Microcontrollers" 
Available on request 
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MAB8031AH 
MAB8051AH 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The MAB8051 AH family of single-chip 8-bit microcontrollers is manufactured in an advanced 2 µ 
NMOS process. The family consists of the following members: 

• MAB8031AH: ROM-less version of the MAB8051AH 
• MAB8051AH: 4 K bytes mask-programmable ROM, 128 bytes RAM 

Both types are available in 8, 10 and 12 MHz versions and 15 MHz for the MAB8031 AH. In the 
following, the generic term "MAB8051AH" is used to refer to both family members. 

The device provides hardware features, architectural enhancements and new instructions to function as 
a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes 
of data storage. 

The MAB8051AH contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version); 
a volatile 128 x 8 read/write data memory; 32 1/0 lines; two 16-bit timer/everit counters; a five-source, 
two-priority-level, nested interrupt structure; a serial 1/0 power for either multi-processor communi
cations, 1/0 expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems 
that require extra capability, the MAB8051AH can be expanded using standard TTL compatible 
memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithme
tic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 41% 
two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 µsand 
40% in 2 µs. Multiply and divide instructions require 4 µs. Multiply, divide, subtract and compare are 
among the many instructions added to the standard MAB8048H instruction set. 
For further detailed information see users manual 'Single-chip 8-bit microcontrollers'. 

Features 

• 4 K x 8 ROM (8051AH only), 128 x 8 RAM 
• Four 8-bit ports, 32 1/0 lines 
• Two 16-bit timer/event counters 
• Full duplex serial port 
• External memory expandable to 128 K 
• Boolean processing 
• 218 bit-addressable locations · 
• On-chip oscillator 
• Five-source interrupt structure with two priority levels 
• 58% of instructions executed in 1 µs; multiply and divide in 4 µs (at 12 MHz clock) 
• Enhanced architecture with: 

non-page-oreinted instructions 
direct addressing 
four 8-bit register banks 
stack depth up to 128-bytes 
multiply, divide, subtract and compare 

• Available with extended temperature range: -40 to+ 85 °c (MAF8031/51AH) 
• Available with automotive temperature range: -40 to+ 100 oc (MAF80A31/51AH) 

·PACKAGE OUTLINES 

MAB8031/51AHP; MAF8031/51AHP; MAF80A31/51AHP: 40-lead OIL; plastic (SOT-129). 
MAB8031/51AHWP; MAF8031/51AHWP; MAF80A31/51AHWP: 44-lead, plastic leaded-chip-carrier 

(PLCC); SOT-187A. 

-
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alternative 
functions 

RXD/data ---+ 

TXD/clock +--

INTO---+ 

INT1---+ 

TO--+ 

Tl--+ 

WR+--

RD +--

XTAL1 £1 
i::::=:J 

XTAL 2 --c:_ 

EA ____. 

ALE+--

port 3 

Vss 

l l 

MAB8031AH 

MAB8051AH 

RST 

l 

Fig. 2 Functional diagram. 

:1 
port 0 

port 1 

port 2 

MAB8031AH 
MAB8051AH 
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address and 
data bus 
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P1. 0 

P1. 1 

Pl. 2 

P1. 3 

Pl 4 

Pl. 5 

Pl. 6 

P1. 7 

RXD/data P3. 0 
MAB8031AH 

TXD/clock P3. 1 MAB8051AH 

INTO P3. 2 

INT1 P3. 3 

TO P3. 4 

T1 P3. 5 

Wii P3. 6 

RD P3. 7 

XTAL2 

XTAL 1 

Vss 

7287531.2 

Fig. 3a Pinning diagram for 

Vee 

PO. 0 AO 0 

PO. 1 AD 1 

PO. 2 AD 2 

PO. 3 AD 3 

PO. 4 AD4 

PO. 5 AD5 

PO. 6 A06 

PO. 7 AD 7 

EA 

ALE 

PSEN 

P2. 7 AD15 

P2. 6 AD14 

P2. 5 AD13 

P2. 4 AD 12 

P2. 3 AD 11 

P2. 2 AD 10 

P2 1 A09 

P2. 0 ADS 

MAB8031/51AHP; MAF8031/51AHP; 
MAF80A31/51AHP. 

* Vpo option available on request. 
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P1. 

P1. 

RST 

RXD/data P3. 0 

TXD/clock P3. 1 

INTO P3. 2 

tNTl P3. 3 

TO P3. 4 

T1 P3. 5 

0 0 N M 
0 0 0 
<! <! <! <! 

~ ~ ~ ~ ~ 

(.) 

~ .;;' ~ ~ ~ 

PO. 4 AD4 

PO. 5 AD5 

PO. 6 AD6 

PO. 7 AD7 

E"A 

ALE 

PSEN 

P2. 7 AD15 

P2. 6 AD14 

P2. 5 AD13 

7293505 

N "' ~ ~ 
-' -' >"' :;' :;' °' :;' :;' <! <! 

~ f- f-

I~ I~ 
>< x ro "' :;> "' D D 0 <! <! 0 0 

<! <! <! 

Fig. 3b Pinning diagram for 
MAB8031/51AHWP; MAF8031/51AHWP; 
MAF80A31/51AHWP. 
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MAB8051AH 

PINNING (DI L package) 

1-8 P1.0-P1.7 

9 

10-17 

18 

19 

20 

21-28 

29 

30 

P3.0-PJ.7 

XTAL 2 

XTAL 1 

Vss 

P2.0-P2.7 

ALE 

Port 1: 8-bit quasi-bidirectional 1/0 port. It receives the low-order address 
byte during program verification. Port 1 can sink/source one TTL(= 4 LS TTL) 
input. It can drive MOS inputs without external pull-ups. 

RSTIVpD RESET/POWER DOWN: a high level on this pin for two machine 
cycles while the oscillator is running resets the device. An internal pulldown 
permits Power-On reset using only a capacitor connected to Vee· As an 
available option, this rin also supplies standby power to the RAM: Vpo should 
be held within its specified limit while Vee drops below its specified limit. 
When Vpo is LOW the RAM current is drawn from Vee· 

Port 3: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. It also 
serves the following alternative functions: 

Port pin 

P3.0 

P3.1 

P3.2 

P3.3 

P3.4 

P3.5 

P3.6 

P3.7 

Alternative function 

RXD/data: serial port receiver data input (asynchronous) or 
data input/output (synchronous) 

TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchro~ous) 

INTO: external interrupt 0 or gate control input for timer/event 
counter 0 

INTI : external interrupt 1 or gate control input for timer/event 
counter 1 

TO : external input for timer/event counter 0 

T1 : external input for timer/event counter 1 

WR: external data memory write strobe 

RD: external data memory read strobe. 

Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL input. It can 
drive MOS inputs without external pull-ups. 

Crystal input 2: output of the inverting amplifier that forms the oscillator, 
and input to the internal clock generator. Receives the external oscillator 
signal when an external oscillator is used (see figures 6 and 7). 

Crystal input 1: input to the inverting amplifier that forms the oscillator. 
Connected to Vss when an external oscillator is used (see figures 6 and 7). 

Ground: circuit ground potential. 

Port 2: 8-bit quasi-bidirectional 1/0 port with internal pull·ups. It emits the 
high-order address byte when accessing external memory. It also receives 
the high-order address bits and control signals during program verification. 
Port 2 can sink/source one TTL input. It can drive MOS inputs without 
external pull-ups. 

Program Store Enable output: read strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external Program 
Memory. When executing out of external Program Memory two activations of 
PSEN are skipped during each access to external Data Memory. PSEN is not 
activated (remains HIGH) during fetches from internal Program Memory. 

Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory access. 
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PINNING (continued) 

31 EA 

32-39 P0.7-PO.O 

40 Vee 

When EA is held at a TTL high level the CPU executes out of the internal 
Program Memory (ROM), provided the Program Counter is less than 4096. 
When EA is held at a TTL low level the CPU executes out of external 
Program Memory. EA does not float. 

Port 0: 8-bit open drain bidirectional 1/0 port. It is also the multiplexed 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). It also outputs instruction bytes 
during program verification. (External pull-ups are required during program 
verification). Port 0 can sink/source two TTL inputs. 

Power Supply: + 5 V power supply pin during normal operation. 



Single-chip 8-bit microcontroller 

FUNCTIONAL DESCRIPTION 

General 

MAB8031AH 
MAB8051AH 

The MAB8051AH is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation, industrial control and intelligent computer peripherals. 

The device provides hardware features, architectural enhancements and new instructions to function 
as a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes 
of data storage. 

The MAB8031AH is a control-oriented CPU without on-chip program memory. It can address64 K 
bytes of external program memory in addition to 64 K bytes of external data memory. The MAB8051AH 
is a MAB8031AH with the lower 4 K bytes of program memory filled with on-chip mask programmable 
ROM. For systems requiring extra capability, the MAB8051AH can be expanded using standard TTL 
memories and peripherals. 

The two pin-compatible versions of this component reduce development problems to a minimum and 
provide maximum flexibility. The MAB8051AH is for low-cost, high volume production; and the 
MAB8031AH for applications requiring the flexibility of external program memory which can be easily 
modified and updated in the field. 

The MAB8051AH contains a non-volatile 4 K x 8 read-only program memory; a volatile 128 x 8 read/ 
write data memory; 32 1/0 lines; two 16-bit timer/event counters; a five-source, two-priority-level, 
nested interrupt structure; a serial 1/0 port for either multi-processor communications, 1/0 expansion, 
or full duplex UART; and on-chip oscillator and timing circuits. 

Central processing unit 

The central processing unit (CPU) manipulates operands in four memory spaces. These are the 
64 K-byte external data memory, 256-byte internal data memory and 16-bit program counter spaces. 
The internal data memory address space is sub-divided into the 128-byte internal data RAM and 
128-byte special function register (SFR) address spaces, as shown in Fig. 4a. See also Figures 4b to 4f. 

64 K 

EXTERNAL 

4095 

INTERNAL 

INTERNAL 
o.__ ___ _, 

program counter program memory 

7Z87534 

Where: 

overlapped space 

~ 
255 f------, 255 .--~SP"'E~C"'IA~L--. 

I I FUNCTION 
I I 128 REGISTERS 

12 8 INTERNAL 
DATA RAM o.__ ___ _, 

internal 
data memory 

Fig. 4a Memory map. 

The internal data memory locations are addressable direct/indirect as follows: 

location addressed 

RAM 0 to 127 direct and indirect 
SFR 128 to 255 direct only 

64K 

o ____ _ 

~ 
external 

data memory 
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FUNCTIONAL DESCRIPTION (continued) 

The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is 
determined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register (SFR) address space. These memory mapped registers include 
arithmetic registers, pointers, 1/0 ports, interrupt system registers, timers and serial port. There are 
128 addressable bit locations in the SF R address space. 

The MAB8051 AH contains 128 bytes of internal data RAM and 20 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative 
to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls 
permit branching to any location in the contiguous 64 K program memory address space. 

The MAB8051AH has five methods for addressing source operands: 

• Register 
• Direct 
• Register-Indirect 
• Immediate 
• Base-Register-plus Index- Register-Indirect 

The first three methods can be used for addressing destination operands. Most instructions have a 
"destination source" field that specifies the data type, addressing methods and operands involved. 
For operations other than moves, the destination operand is also a source operand. 

Access addressing is as follows: 

• Registers in the four 8-register banks through Register, Direct, _or Register-Indirect. 
• 128 bytes of internal data RAM through Direct or Register-Indirect. 
• Special function registers through Direct. 
• External data memory through Register-Indirect. 
• Program memory look-up tables through Base-Register-plus Index-Register-Indirect. 

The MAB8051AH is classified as an 8-bit device since the internal ROM, RAM, Special Function Registers 
(SF R), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs 
operations on bit, nibble, byte and double-byte data types. 

Facilities are available for byte transfer, logic, and integer arithmetic operations. Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 
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FOR 
FUTURE 

EXPANSION 

255 

SPECIAL 
FUNCTION 
REGISTER 
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FOH-

EOH +--

DOH ..---

C3H ---

ADDRESS-
B8H - ABLE BITS 
BOH - INSFRs 

ABH-

AOH .....__ 

98H-

90H..,..___ 

88H.___ 

128 80H-
'--~~~~~, ~/'--~~~~~ 

ADDRESS
ABLE BITS 

IN RAM 
( 128 BITS) 

REGISTERS 

127 

{
~ 

32 

24 

16 

8 

.......... ,,,." 
' / '/ 

127 120 

7 0 

R7 
BANK 3 

RO 

R7 
BANK 2 

RO 

R7 
BANK 1 

RO 

R7 
BANK 0 

RO 

INTERNAL 
DATA RAM 7293510 

Fig. 4b Internal data memory address space. 
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SYMBOLIC BYTE 
ADDRESS BIT ADDRESS ADDRESS 

~ ----''---~ ~ 

B 

ACC 

TH1 

THO 

TL1 

TLO 
TMOD 

TCON 

PCON 

DPH 

DPL 

SP 

PO 

255 

247 

t--o-

143 

135 

248 

B 

240 

A 

136 

128 

240 (FOH) 

224 (EOH) 

141 

140 

139 

138 

137 
136 

135 

131 

130 

129 

128 

(DOH) 

(BBH) 

(BOH) 

(ABH) 

(AOH) 

(99H) 

(98H) 

(90H) 

(8DH) 

(8CH) 

(8BH) 

(BAH) 

(89H) 
(88H) 

(87H) 

(83H) 

(82H) 

(81H) 

(BOH) J 

SF R's 
CONTAINING 
DIRECT 
ADDRESSABLE 
BITS 

Fig. 4c Mapping of special function registers. 
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SPECIAL 
FUNCTION 
REGISTERS 

~ 
255 255 248 F8H 
248 FOH 
240 

E8H 
232 
224 

EOH 

216 
D8H 

208 
DOH 

200 
C8H 

192 COH 

184 88H 

176 BOH 

168 A8H 

160 AOH 

152 98H 
144 90H 
136 88H ~ 

128 135 128 80H 
---'-------~ 

127 120 

7 0 
R7 

BANK 3 
RO 
R7 

BANK 2 
RO 
R7 

BANK 1 
RO 
R7 

BANK 0 
RO 

DIRECT ADDRESSING 

STACK-POINTER REGISTER-INDIRECT AND 
REGISTER-INDIRECT ADDRESSING 

Fig. 4d Special function register bit addresses. 
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RAM 
BYTE 

7FH 

2FH 

2EH 

20H 

2CH 

2BH 

2AH 

29H 

28H 

27H 

26H 

25H 

24H 

23H 

22H 

21H 

20H 

1FH 

18H 

17H 

10H 

OFH 

08H 

07H 

OOH 

(MSB) 

l 
t" 

7F 7E 

77 76 

6F 6E 

67 66 

SF SE 

57 56 

4F 4E 

47 46 

3F 3E 

37 36 

2F 2E 

27 26 

1F 1E 

17 16 

OF OE 

07 06 

7D 7C 7B 7A 

7S 74 73 72 

60 6C 6B 6A 

65 64 63 62 

SD SC SB SA 

55 54 53 52 

40 4C 4B 4A 

45 44 43 42 

30 JC 3B 3A 

35 34 33 32 

20 2C 2B 2A 

25 24 23 22 

10 1C 1B 1A 

15 14 13 12 

00 oc OB DA 

05 04 03 02 

Bank 3 

Bank 2 

Bank 1 

Bank O 

Fig. 4e RAM bit addresses. 

79 

71 

69 

61 

S9 

51 

49 

41 

39 

31 

29 

21 

19 

11 

09 

01 

(LSB) 

1127 

., 

78 

70 

68 

60 

S8 

50 

48 

40 

38 

30 

28 

20 

18 

10 

08 

00 

47 

46 

45 

44 

43 

42 

41 

40 

39 

38 

37 

36 

35 

34 

33 

32 

31 

24 

23 

16 

15 

8 
7 

0 
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Direct 
Bit Addresses Hardware 

Byte (MSB) (LSB) Register 
Address Symbol 

240 F7 F6 F5 F4 F3 F2 F1 FO B 

224 E7 E6 ES ~E3 E2 E1 EO ACC 

CY AC FO RS1 RSO ov p 

20S D7 D6 DS D4 DJ D2 D1 DO PSW 

PS PT1 PX1 PTO PXO 

1S4 =--E~~~e-~A _ 89 88 IP 

176 87 86 BS 84 B3 B2 81 BO P3 

EA ES ET1 EX1 ETO EXO 

168 AF ~-=TA~T-;s IAA- A9 AS IE 

160 A7 A6 A2 A1 AO P2 

SMO SM1 SM2 REN TBS RBS Tl RI 

152 9C [ 90 9A 99 98 SCON 
--

144 97 96 --:I~---95 __ 94 93 92 91 90 P1 

TF1 TRi TFO TRO IE1 IT1 IEO ITO 

136 SF BE ~~;a]~aA 89 88 TCON 

12S 87 86 85 84 83 82 81 80 PO 

Fig. 4f Addressing operands In internal data memory. 
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FUNCTIONAL DESCRIPTION (continued) 

I /0 facilities 

The MAB8051AH has 32 1/0 lines treated as 32 individual addressable bits and as four parallel 8-bit 
addressable ports. Ports 0, 1, 2 and 3 perform the following alternate functions: 

• Port O; provides the multiplexed low-order address and data bus used for expanding the MAB8051AH 
with standard memories and peripherals 

• Port 2; provides the high-order address bus when expanding the MAB8051 with external program 
memory or more than 256 bytes of external data memory 

• Port 3; pins can be configured individually to provide:-

external interrupt requests inputs 
counte.r inputs 
serial port receiver input and transmitter output 
control signals to READ and WRITE to external data memory 

The generation or use of a Port 3 pin as an alternate function is carried out automatically by the 
MAB8051AH provided the pin is configured as an output. 

Timer/event counters 

The MAB8051AH contains two 16-bit registers, TimerO and Timer 1, that can be used as timers or event 
counters to carry out the following functions: 

• Measure time intervals and pulse durations 
• Count events 
• Generate interrupt requests 

Each timer/event counter can be programmed independently to oi:ierate in three modes: 

• Mode O; 8-bit timer or 8-bit counter each with divide by 32 prescaler 
• Mode 1; 16-bit time-interval or event counter 
• Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow 

Counter 0 can be programmed to operate in an additional mode as follows: 

• Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter 

When counter 0 is in Mode 3, counter 1 can be programmed to operate in Modes 0, 1 or 2 but cannot 
set an interrupt request flag or generate an interrupt. However the overflow from counter 1 can be 
used to pulse the serial Port transmission-rate generator. 

The frequency handling range of these counters with a 3,5 to 12 MHz crystal is as follows: 

• 0,3 to 1 MHz when programmed for an input that is a division by 12 of the oscillator frequency 
• 0 Hz to an upper limit of 150 kHz to 0,5 MHz when programmed for external inputs 

Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 

The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all 1's to all O's (or automatic reload value). 
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On-chip peripheral functions 

MAB8031AH 
MAB8051AH 

In addition to the CPU and memories, an interrupt system, extensive 1/0 facilities, and several peripheral 
functions are integrated on-chip to relieve the CPU of repetitious, complicated or time-critical tasks and 
to permit stringent real-time control of external system interfaces. The 1/0 facilities include the 1/0 pins, 
parallel ports, bidirectional address/data bus and the serial port for 1/0 expansion. The CPU peripheral 
functions integrated on-chip are the two 16-bit timer/event counters and the serial port. 

Interrupt system (see Fig. 5) 

External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 µs to 7 µs when using a 12 MHz crystal. 

The MAB8051AH acknowledge interrupt requests from five sources as follows: 

• INTO and I NT1; externally via pins 12 and 13 respectively 
• Timer 0 and Timer 1; from the two internal counters 
• Serial Port; from the internal serial 1/0 port 

Each interrupt vectors to a separate location in program memory for its service program. 
Each source can be individually enabled or disabled and can be programmed to a high or low 
priority level. Also all enabled sources can be globally disabled or enabled. Both external interrupts 
can be programmed to be level-activated or transition-activated and is active LOW to allow "wire
ORing" of several interrupt sources to the input pin. 
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OSCILLATOR CIRCUITRY 

MAB8031AH 
MAB8051AH 

The oscillator circuitry of the MAB8051AH is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry has a combination of depletion and enhancement mode MOS FETs to 
produce the inverting characteristics, and not passive components. Either a crystal or ceramic resonator 
can be used as the feedback element to complete the oscillator circuitry. XTAL 1, pin 19, is the high 
gain amplifier input, and XTAL2, pin 18, is the output (see Fig. 6). 

To drive the MAB8051AH externally, XTAL 1 should be connected to ground and XTAL2 driven from 
an external source (see Fig. 7). 

40pF ± 10 pF for ceramic resonators 
30 pf± 10 pf for crystals 

~9-----11--------19-1XTAL1 

~»-----< t-----+---1-18 XTAL2 

30pf± 10pf for crystals 
40 pf ± 10 pf for ceramic resonators 7287532. 1 

Fig. 6 MAB8051AH oscillator circuit. 

XTAL1 
' 

external clock 
(not TTL t:ompatible) XTAL2 

7287533 

Fig. 7 Driving the MAB8051AH from an 
external source. 



MAB8031AH 
MAB8051AH 

RESET CIRCUITRY 

The reset circuitry for the MAB8051AH is connected to the reset pin, RST, as shown in Fig. 8. 
A Schmitt trigger is used th the input for noise rejection. The output of the Schmitt trigger is sampled 
by the reset circuitry every machine cycle. 

RST-.....---1 

SCHMITT 
TRIGGER 

RESET 
CIRCUITRY 

7Z90788.1 

Fig. 8 Reset configuration at RST. 

A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also con
figures the ALE and PSEN pins as inputs. (They are quasi-bidirectional.) The internal reset is executed 
during the second cycle in which RST is high and is repeated every cycle until RST goes LOW. It 
leaves the internal registers as follows: 

REGISTER 

PC 
ACC 
B 
PSW 
SP 
DPTR 
PO -- P3 
IP 
IE 
TMOD 
TCON 
THO 
TLO 
TH1 
TL 1 
SCON 
SBUF 
PCON 

Where 

H =Hexadecimal 
B =Binary 

CONTENT 

OOOOH 
OOH 
OOH 
OOH 
07H 
OOOOH 
OFFH 
XXXOOOOOB 
XXXOOOOOB 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
OOH 
Indeterminate 
OXXXXXXXB 

The internal RAM is not affected by reset. When VCC is turned on, the RAM content is determinate. 
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RESET CIRCUITRY (continued) 

Power-on reset 

MAB8031AH 
MAB8051AH 

An automatic reset when V cc is turned on can be obtained by connecting the RST pin to V CC 
through a 10 µ.F capacitor, as long as the Vee rise-time does not exceed 10 milliseconds. This power
on reset circuit is shown in Fig. 9. When the power is switched on, the current drawn by AST is the 
difference between Vee and the capacitor voltage, and decreases from Vee as the capacitor charges. 
The larger the capacitor, the more slowly VAST decreases. VAST must remain above the lower 
threshold of the Schmitt trigger long enough to effect a complete reset. The time required is the 
oscillator start-up time, plus 2 machine cycles. 

+ 
10µF MAB8031AH 

MAB8051AH 

RST 

7Z93504 

Fig. 9 Power-on reset. 
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INSTRUCTION SET 

The MAB8051AH uses a powerful instruction set to allow expansion of on-chip CPU peripherals and to 
optimize byte efficiency and execution speed. Reassigned opcodes add new high-power operations 
and permit new addressing modes to make old operations more orthogonal. The instruction set 
consists of 49 single-byte, 45 two-byte and 17 three-byte instructions. When using a 12 MHz oscillator, 
64 instructions execute in 1 µsand 45 instructions execute in 2 µs. Multiply and divide instructions 
execute in 4 µs. 

Table 1 Instruction set description 

mnemonic description bytes/ opcode 
cycles (hex.) 

Arithmetic operation 

ADD A,Rr Add register to A 1 1 2* 

ADD A,direct Add direct byte to A 2 1 25 

ADD A,@Ri Add indirect RAM to A 1 1 26,27 

ADD A,#data Add immediate data to A 2 1 24 

ADDC A,Rr Add register to A with carry flag 1 1 3* 

ADDC A, direct Add direct byte to A with carry flag 2 1 35 

ADDC A,@Ri Add indirect RAM to A with carry flag 1 1 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 1 34 

SUBB A,Rr Subtract register from A with borrow 1 1 9* 

SUBB A,direct Subtract direct byte from A with borrow 2 1 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1 96,97 

SUBB A,#data Subtract immediate data from A with borrow 2 1 94 

INC A Increment A 1 1 04 

INC Rr Increment register 1 1 O* 

INC direct Increment direct byte 2 1 05 

INC @Ri Increment indirect RAM 1 1 06,07 

DEC A Decrement A 1 1 14 

DEC Rr Decrement register 1 1 1* 

DEC direct Decrement direct byte 2 1 15 

DEC @Ri Decrement indirect RAM 1 1 16, 17 

INC DPTR Increment data pointer 1 2 A3 

MUL AB Multiply A & B 1 4 A4 

DIV AB Divide A by B 1 4 84 

DA A Decimal adjust A 1 1 D4 



Single-chip 8-bit microcontroller 

mnemonic description 

Logic operations 

ANL A,Rr AND register to A 

ANL A, direct AND direct byte to A 

ANL A,@Ri AND indirect RAM to A 

ANL A,#data AND immediate data to A 

ANL direct.A AND A to direct byte 

ANL direct,#data AND immediate data to direct byte 

ORL A,Rr OR register to A 

ORL A, direct OR direct byte to A 

ORL A,@Ri OR indirect RAM to A 

ORL A,#data OR immediate data to A 

ORL direct.A OR A to direct byte 

ORL direct,#data OR immediate data to direct byte 

XRL A,Rr Exclusive-OR register to A 

XRL A, direct Exclusive-OR direct byte to A 

XRL A,@Ri Exclusive-OR indirect RAM to A 

XRL A,#data Exclusive-OR immediate data to A 

XRL direct, A Exclusive-OR to direct byte 

XRL direct,#data Excfusive-OR immediate data to direct byte 

CLR A Clear A 

CPL A Complement A 

RL A Rotate A left 

RLC A Rotate A left through the carry flag 

RR A Rotate A right 

RRC A Rotate A right through the carry flag 

SWAP A Swap nibbles within A 

bytes/ 
cycles 

1 1 

2 1 

1 1 

2 1 

2 1 

3 2 

1 1 

2 1 

1 1 

2 1 

2 1 

3 2 

1 1 

2 1 

1 1 

2 1 

2 1 

3 2 
1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

MAB8031AH 
MAB8051AH 

opcode 
(hex.) 

5* 

55 

56,57 
54 

52 

53 
4* 

45 

46,47 
44 

42 
43 
6* 

65 

66,67 
64 

62 

63 

E4 

F4 

23 

33 

03 
13 
C4 
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INSTRUCTION SET (continued) 

mnemonic 

Data transfer - MOV** A,Rr 

MOV A, direct 

MOV A,@Ri 

MOV A,#data 

MOV Rr,A 

MOV Rr,direct 

MOV Rr,#data 

MOV direct.A 

MOV direct,Rr 

MOV direct,direct 

MOV direct,@Ri 

MOV d irect,#data 

MOV @Ri,A 

MOV @Ri,direct 

MOV @Ri,#data 

MOV DPTR,#data16 

MOVC A,@A+DPTR 

MOVC A,@A+PC 

MOVX A,@Ri 

MOVX A,@DPTR 

MOVX @Ri,A 

MOVX @DPTR,A 

PUSH direct 

POP direct 

XCH A,Rr 

XCH A, direct 

XCH A,@Ri 

XCHD A,@Ri 

description 

Move register to A 

Move direct byte to A 

Move indirect RAM to A 

Move immediate data to A 

Move A to register 

Move direct byte to register 

Move immediate data to register 

Move A to direct byte 

Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 

Move immediate data to direct byte 

Move A to indirect RAM 

Move direct byte to indirect RAM 

Move immediate data to indirect RAM 

Load data pointer with a 16-bit constant 

Move code byte relative to DPTR to A 

Move code byte relative to PC to A 

Move external RAM (8-bit address) to A 

Move external RAM (16-bit address) to A 

Move A to external RAM (8-bit address) 

Move A to external RAM ( 16-bit address) 

Push direct byte onto stack 

Pop direct byte from stack 

Exchange register with A 

Exchange direct byte with A 

Exchange indirect RAM with A 

Exchange LOW-order digit indirect RAM with A 

** MOV A,ACC not valid instruction. 

52 N<Womboc 19861 

bytes/ opcode 
cycles (hex.) 

1 1 E* 

2 1 E5 

1 1 E6, E7 

2 1 74 

1 1 F* 

2 2 A* 

2 1 7* 

2 1 F5 

2 2 8* 

3 2 85 

2 2 86,87 

3 2 75 

1 1 F6, F7 

2 2 A6,A7 

2 1 76, 77 

3 2 90 

1 2 93 

1 2 83 

1 2 E2,E3 

1 2 EO 

1 2 F2, F3 

1 2 FO 

2 2 co 
2 2 DO 

1 1 C* 

2 1 C5 

1 1 C6,C7 

1 1 06, 07 



Single-chip 8-bit microcontroller 

mnemonic 

Boolean variable manipulation 

CLR c 
CLR bit 

SETB c 
SETB bit 

CPL c 
CPL bit 

ANL C,bit 

ANL C./bit 

ORL C,bit 

ORL C./bit 

MOV C,bit 

MOV bit,C 

Program and machine control 

ACALL addrl 1 

LCALL addr16 

RET 

RET1 

AJMP addr11 

LJMP addr16 

SJMP rel 

JMP @A+DPTR 

JZ rel 

JNZ rel 

JC rel 

JNC rel 

JB bit, rel 

JNB bit, rel 

JBC bit, rel 

CJNE A,direct,rel 

CJNE A,#data,rel 

CJNE Rr,#data,rel 

CJNE @R i,#data,rel 

DJNZ Rr,rel 

DJNZ direct, rel 

NOP 

description 

Clear carry flag 

Clear direct bit 

Set carry flag 

Set direct bit 

Complement carry flag 

Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry flag 

OR direct bit to carry flag 

OR complement of direct bit to carry flag 

Move direct bit to carry flag 

Move carry flag to direct bit 

Absolute subroutine call 

Long subroutine call 

Return from subroutine 

Return from interrupt 

Absolute jump 

Long jump 

Short jump (relative address) 

Jump indirect relative to the DPTR 

Jump if A is zero 

Jump if A is not zero 

Jump if carry flag is set 

Jump if no carry flag 

Jump if direct bit is set 

Jump if direct bit is not set 

Jump if direct bit is set and clear bit 

Compare direct to A and jump if not equal 

Compare immediate to A and jump if not equal 

Compare immed. to reg. and jump if not equal 

Compare immed. to ind. and jump if 'lot equal 

Decrement register and jump if noc ~ro 

Decrement direct and jump if no. L. ,ro 

No operation 

MAB8031AH 
MAB8051AH 

bytes/ opcode 
cycles (hex.) 

1 1 C3 

2 1 C2 

1 1 D3 

2 1 D2 

1 1 83 

2 1 82 

2 2 82 

2 2 BO 

2 2 72 

2 2 AO 

2 1 A2 

2 2 92 I 
I 

I 
I 

2 2 •1addr 

3 2 12 

1 2 22 

1 2 32 

2 2 -"1addr 

3 2 02 

2 2 80 

1 2 73 

2 2 60 

2 2 70 

2 2 40 

2 2 50 

3 2 20 

3 2 30 

3 2 10 

3 2 85 

3 2 84 

3 2 B* 

3 2 86, 87 

2 2 D* 

3 2 D5 

1 1 00 
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MAB8051AH 

Notes to Table 1 

Data addressing modes 

Rr Working register RO-R7. 

direct 

@Ri 

#data 

#data16 

bit 

addr16 

addr11 

rel 

128 internal RAM locations and any special function register (SFR). 

Indirect internal RAM location addressed by register RO or Rl. 

8-bit constant included in instruction. 

16-bit constant included as bytes 2 and 3 of instruction. 

Direct addressed bit in internal RAM or SFR. 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 

Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is -128 to+ 127 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 2 

*' 8, 9, A, B, C; D, E, F. 

e: 11, 31, 51, 71, 91, 81, D1, F1. 

•: 01, 21, 41, 61, 81, A1, C1, E1. 
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z 
0 
;ii 
3 
0-
~ 

co 
CXl 
Cl 

(J'l 
(J'l 

Table 2 Instruction map 

rrfirst hexadecimal chacter of opcode 

0 1 2 3 

0 NOP AJMP LJMP RR A 
page 0 addr16 

1 JBC A CALL LCALL RRCA 
bit,addr8 page 0 addr16 

2 JB AJMP RET RL A 
bit, addr8 page 1 

3 JNB ACALL RET1 RLC A 
bit, addr8 page 1 

4 JC AJMP ORL ORL 
addr8 page 2 dir,A dir,#data 

5 JNC A CALL ANL ANL 
addr8 page 2 dir,A dir,#data 

6 JZ AJMP XRL XRL 
addr8 page 3 dir,A dir,#data 

7 JNZ ACALL ORL JMP 
addr8 page 3 C,bit @A+DPTR 

8 SJMP AJMP ANL MOVC 
addr8 page 4 C,bit A,@A+PC 

9 MOV DPTR, ACALL MOV MOVC 
#data 16 page 4 bit,C A,@A+DPTR 

A ORL AJMP MOV INC 
C,/bit page 5 C,bit DPTR 

B ANL ACALL CPL CPL C 
C,/bit page 5 bit 

c PUSH AJMP CLR CLR C 
dir page 6 bit 

D POP ACALL SETB SETB 
dir page 6 I bit c _ _]__ ____ ,, ______ 

I 

E MO"X 1 •• "5JR' 
A,@~~TR -i page 7 I O ',·'~ .. _____ _(_ ____ ' - - -------

F MOVX ACAL~VIOVX ©fii,A 
@DPTR,A ~_?__ 0 I 1 

4 

INCA 

DECA 

ADD 
A,#data 

ADDC 
A,#data 

ORL 
A,#data 

ANL 
A,#data 

XRL 
A,#data 

MOV 
A,#data 

DIV 
AB 

SUBB 
A,#data 

MUL 
AB 

CJNE A, 
#data, addr8 

SWAP 
A 

DAA 

CLR A 

CPLA 

second hexadecimal character of opcode 

5 6 ] 7 8] 9] A B c D 

INC INC@Ri 

J 1 
INI Rrl 

dir 0 0 1 2 3 4 5 

DEC DEC@Ri DEC Rr 
dir 0 j1 0 J 1 J 2 3 4 5 

ADD ADD A,@Ri ADD A,Rr 
A,dir 0 I 1 o 11 I 2 3 4 5 

ADDC ADDC A,@Ri ADDC A,Rr 
A,dir o 1 1 o 11 1 2 3 4 5 

ORL ORL A,@Ri ORL A,Rr 
A,dir 0 I 1 0 11 i 2 3 4 5 

ANL ANL A,@Ri ANLA,Rr 
A,dir 0 J1 o I 1 I 2 3 4 5 

XRL XRL A,@Ri XRL A,Rr 
I 5 A,dir 0 I 1 o 11 I 2 3 4 

MOV MOV @Ri,#data MOV Rr,#data 
dir,#data o I 1 o 11 1 2 3 4 5 

MOV MOV dir,@Ri MOV dir,Rr 
dir,dir o I 1 o 11 I 2 3 4 5 

SUBB SUBB A,@Ri SUBB A,Rr 
A,dir o 1 1 o 11 I 2 3 4 5 

MOV@Ri,dir MOV Rr,dir 

o 1 1 o 11 I 2 3 4 ,5 

CJNE CJNE @Ri,#data,addr8 CJ NE R r,#data, addr8 
A,dir,addr8 o I 1 0 J 1 _I 2 3 I 4 5 

XCH XCH A,@Ri XCH A,Rr 

I 1 0 11 i 2 
I 

A,dir 0 3 4 '5 

DJNZ XCHD A,@Ri DJNZ r· addr8 
dir, addr8 0 l 1 0 J 1 2 3 4 5 

MOV MOV A,@Ri 
MOVA,R' ~ 

A,dir 0 I 1 011_13_3 4 15 

MOV MOV@Ri,A MOV Rr,A J 

dir,A 0 l 1 Oj1J2 34 5 

E F 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

6 7 

Cl) 
:;· 
"" 1D" g. 
'5' 
CXl 
Cr 
;:;: 
3 
r;· 
a 
8 
~ 
2. 
~ 

c-
)>)> 
!lHD 
CX> CX> 
oo 
01 w _., _., 
)>)> 
II 
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MAB8051AH 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Input voltage on any pin 
with respect to ground (Vss) 

Total power dissipation 

Input, output current 

Storage temperature range 

Operating ambient temperature range 
MAB8031/51AH 
MAF8031/51AH 
MAF80A31/51AH 

D.C. CHARACTERISTICS (MAB8031/51AH) 

V1 

Ptot 

± 11, lo 

Tstg 

Tamb 
Tamb 
Tamb 

-0,5to+7 V 

max. 1W 

max. 10 mA 

-65 to+ 150 oc 

0 to + 70 oc 
-40to +85 °c 
-40 to+ 100 oc 

Vee= 5 V (± 10%); Vss = 0 V; Tamb = 0 to+ 70 °c; all voltages with respect to Vss unless otherwise 
specified 

parameter symbol min. max. unit conditions 
!---------·-··---· ·-· t--· 

Supply current Ice - 160 mA 
Supply current (optional) lpo - 20 mA 

Inputs 

Input voltage LOW VIL -0,5 0,8 v 
Input voltage HIGH all 

inputs except RST 
and XTAL 2 V1H 2 Vee+ o,5 v 

Input voltage HIGH to 
RST and XTAL 2 V1H1 2,5 v XTAL 1 to Vss 

Outputs 

Output voltage LOW 
(Ports 1, 2, 3) (note 1) Vol 0,45 v loL = 1,6 mA 

Output voltage LOW 
(Port 0, ALE, PSEN) 
(note 1) Vol1 0,45 v lol1=3,2 mA 

Output voltage HIGH 
(Port 1, 2, 3) VoH 2,4 v loH = -80µA 

Output voltage HIGH 
(Port 0, ALE, PSEN) VOH1 2,4 v loH1 = -400 µA 

Input leakage current 
(Port 0, EA) ± iu 10 µA Vss<V1 <Vee 

Input current HIGH 
(RST) l1H1 500 µA v1 = Vcc-1,5 v 
current logic 0 
(Ports 1, 2, 3) l1L -800 µA V1L = 0,45 V 

Input current logic 0 llL2 -2,5 mA V1L = 0,45 V; 
(XTAL 2) XTAL 1 to Vss 

Capacitance of 1/0 C1fo 10 pF fc = 1 MHz; 
buffer Tamb = 25 oc 
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Single-chip 8-bit microcontroller 

D.C. CHARACTERISTICS (MAF8031/51AH; MAF80A31/51AH) 

MAB8031AH 
MAB8051AH 

Vee= 5 v (± 10%); Vss = 0 V; Tamb = -40 to+ 85 oc (MAF8031/51AH), -40 to+ 100 °c 
(MAF80A31/51AH); all voltages with respect to Vss unless otherwise specified 

parameter symbol min. max. unit conditions 

Supply current Ice - 175 mA 

Inputs 

Input voltage LOW V1L -0,5 0,8 v 
Input voltage HIGH all 

inputs except RST 
and XTAL 2 V1H 2,2 Vee+ o,5 v 

Input voltage HIGH to 
RST and XTAL 2 V1H1 2,7 v XTAL 1 to Vss 

Outputs 

Output voltage LOW 
(Ports 1, 2, 3) (note 1) Vol 0,45 v loL = 1,2 mA 

Output voltage LOW 
(Port 0, ALE, PSEN) 
(note 1) Vol1 0,45 v lol1=2,4 mA 

Output voltage HIGH 
(Port 1, 2, 3) VoH 2,4 v loH = -50µA 

Output voltage HIGH 
(Port 0, ALE PSEN) VoH1 2,4 v loH 1 = -360 µA 

Input leakage current 
(Port 0, EA) ± I LI 10 µA Vss<V1 <Vee 

Input current HIGH 
(RST) I 1 H1 500 µA v 1 = Vcc-1,5 v 
current logic 0 
(Ports 1, 2, 3) l1L -800 µA VIL= 0,45 V 

Input current logic 0 l1L2 -3,0 mA V1L = 0,45 V; 
(XTAL 2) XTAL 1 to Vss 

Capacitance of 1/0 C1/Q 10 pf fc=1MHz; 
buffer Tamb = 25 oc 

Note 1 

Vol is degraded when the MAB8051AH rapidly discharges external capacitance. 
This a.c. noise is most pronounced during emission of address data. When using external memory, locate 
the latch or buffer as close to the MAB8051AH as possible. 

datum emitting time slot degraded Vol 
ports interval 1/0 lines (max.) 

address P2,PO TS3,TS9 P1,P3 0,8 v 

write data PO TS6 P1,P3,ALE 0,8 v 



MAB8031AH 
MAB8051AH 

A.C. CHARACTERISTICS (note 1) 

Vee= 5 V ± 10%; Vss = 0 V; Tamb = 0 to+ 70 °e; CL= 100 pF (Port 0, ALE and PSEN); CL =80 pF 
all other outputs unless otherwise specified (see waveforms Figs 7, 8 and 9). 

8 MHz 10 MHz 12 MHz variable clock (note 2) 
parameter symbol unit 

min. max. min. max. min. max. min. max. 

Program memory 

ALE pulse duration tLL 127 - 160 - 127 - 2tcK-40 - ns 

Address set-up 
time to ALE tAL 85 - 60 - 43 - tcK-40 - ns 

Address hold time 
after ALE tLA 90 - 65 - 48 - tcK-35 - ns 

Time from ALE to 
valid instruction 
input tuv - 400 - 300 - 233 - 4tcK-100 ns 

Time from ALE to 
control pulse PSEN tLC 100 - 75 - 58 - tcK-25 - ns 

Control pulse 
duration PSEN tee 340 - 265 - 215 - 3tcK-35 - ns 

Time from PSEN to 
valid instruction 
input tc1v - 250 - 175 - 125 - 3tcK-125 ns 

Input instruction 
hold time after 
PSEN tc1 0 - 0 - 0 - 0 - ns 

Input instruction 
float delay after 
PSEN (note 3) tc1F - 105 - 80 - 63 - tcK-20 ns 

Address valid 
after PSEN (note 3) tAc 117 - 92 - 75 - tcK-8 - ns 

Address to valid 
instruction input tAIV - 510 - 385 - 302 - 5tcK-115 ns 

Address float time 
to PSEN tAFC -12 - -12 - -12 - -12 - ns 
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Single-chip 8-bit microcontroller MA88031AH 
MAB8051AH 

8 MHz 10 MHz 12 MHz variable clock (note 2) 
parameter symbol 1--~.,-~-t-~---,~~+-~~~-+~~~~~~~~----lunit 

min. max. min. max. min. max. min. max. 

External data memory 

RD pulse duration 

WR pulse duration 

Address hold time 
after ALE tLA 

RD to valid data input tRD 

Data hold time 
after RD 

Data float delay 
after RD 

Time from ALE to 
valid data input 

Address to valid 
data input 

to FR 

650 -

650 -

90 

500 -

500 -

65 

460 - 335 

0 0 

180 130 

400 

400 -

48 

250 

0 

97 

850 650 - 517 

960 - 735 585 

6tcK-100 -

6tcK-100 -

ns 

ns 

- ns 

5tcK-165 ns 

0 ns 

ns 

8tcK-150 ns 

9tcK-165 ns 

Time from ALE to 
RD or WR 325 425 250 350 200 300 3tcK-50 3tcK+50 ns 

Time from address 
to RD or WR 370 - 270 - 203 -

Time from RD or WR 
HIGH to ALE HIGH twHLH 85 

Data valid to WR 
transition 

Data set-up time 
before WR 

Data hold time 
after WR 

Address float delay 
after RD 

towx 65 

tow 725 

two 75 

Notes to the a.c. characteristics 

165 60 140 43 

40 23 

550 433 

50 33 

12 12 

1. Tamb for MAF8031AH/MAF8051AH is-40 to 85 oc; 
for MAF80A31AH/MAF80A51AH is -40 to 100 oc. 

The clock frequencies applicable to each device are as follows: 

clock frequency (MHz) 
device 

8 10 12 15 

MAB8031AH yes yes yes yes 
MAB8051AH yes yes yes no 
MAF8031AH yes yes yes no 
MAF8051AH yes yes yes no 
MAF80A31AH yes yes no no 
MAF80A51AH yes yes no no 

2. 1/tcK = 3,5 to 15 MHz {see Fig. 11 and Table 3). 

123 tcK-40 

12 

ns 

ns 

ns 

ns 

12 ns 

3. Interfacing the MAB8051AH to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to port 0 drivers. 

-

-
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MA88051AH 

o.::: ___ ~ ;<B---
test points 

(a) 

~" 
float 

,,~ 2,4 v 

0,45V O,BV O,BV 

(b) 7Z87542 

2,4V 

0,45V 

A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
Port 0 pin sinks 3,2 mA or sources 400 µA at the voltage test levels. 

Fig. 10 A.C. testing input, output waveform (a) and float waveform (b). 

VIH1 VIH1 
0,8 V 1~-----'I 0,BV 

..,__tLow--

1----- 1CK -----1 7Z87543 

Fig. 11 External clock drive XTAL 2 (see Table 3). 

Table 3 External clock drive XTAL 2 (see Fig. 11) 

variable clock 
(f = 3,5 to 15 MHz) 

parameter symbol min. max. unit 

oscillator clock period tcK 66,6 286 ns 

HIGH time tHIGH 20 tcK-tLOw ns 

LOW time tLOw 20 tcK-tHIGH ns 

rise time tr - 20 ns 

fall time tf - 20 ns 
'----
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ALE 

PSEN 

PORTO 

PORT2 

ALE 

PSEN 

RD 

PORT 0 

PORT 2 

..___..._tLL..........__..~tLlV~ 

I:' .._ .-.tAFC 
tLA-+-

---+- tAL ._tc1v---.. 

ADO to AD7 inst. input ADO to AD7 inst. input 

1-----tAIV ------;~1 

address A08 to AD15 or 
special function registers (SF R) 

address ADS to AD15 or 
special function registers (SFR) 

Fig. 12 Read from program memory. 

7 287 549 

-- tWHLH 

1---- 1 LW ______________.1--------~tRR -... I ------

--tLA-1 

1.------ tAW -~--1-4------- 1RD-------. 

ADO to AD7 data input 

·------ tAD ---------+-1 

address ADS to AD15 or special function registers (SFR) 

7287550 

'Fig. 13 Read from data memory. 
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ALE 

PSEN 

WR 

PORT 0 

PORT 2 
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___ tLw-~ 

,..,_ ______ tww ______ ._, 

--~--tAW---~'-"'"' 

I -towxl-
.,._ tLA _.. ,.,.__ _______ 1ow ---------0~1 

ADO to AD7 data output 

address ADS to AD15 or special function registers (SFR) 

7287551 

Fig. 14 Write to data memory. 
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ALE 

PSEN 
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WR 
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BUS 
(PORTO) 

PORT2 
(EXTERNAL) 

PORT 
OUTPUT 

PORT 
INPUT 

SERIAL 
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Pl P2 
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I I I 
float address float 

I ,--ad-~; tra--;;;iti~ns I r 

I 
old data new data 

sampling time of I /0 port pins during input (including INTO and INTl) 

I I- - -, I 
7Z81552.1 

Fig. 15 Instruction cycle timing. 
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SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The MAB8052AH is a member of the MAB8051 AH family with a higher performance. This single-chip 
8-bit microcontroller is manufactured in an advanced 2 µ NMOS process. For this version the following 
members exist: 

• MAB8032AH: ROM-less version of the MAB8052AH 
• MAB8052AH: 8 K bytes mask programmable ROM, 256 bytes RAM 

Both types are available in 12 MHz versions. In the following, the generic term "MAB8052AH" is used 
to refer to both family members. 

The device provides hardware features, architectural enhancements and new instructions to function as 
a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K bytes of 
data storage. 

The MAB8052AH contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version); 
a volatile 256 x 8 read/write data memory; 32 1/0 lines; three 16-bit timer/event counters; a six-source, 
two-priority-level, nested interrupt structure; a serial 1/0 port for either multi-processor communications, 
1/0 expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems that require 
extra capability, the MAB8052AH can be expanded using standard TTL compatible memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of 255 instructions: 44% one-byte, 41% two
byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 µsand 40'% 
in 2 µs. Multiply and divide instructions rfrquire 411s. 
For furtliP; detailed iriforrnation see use1s manual 'single-chip 8 bit rnicrocontrollers'. 

Features 

• 8 K x 8 ROM (8052AH only), 256 8 HAM 
• Four 8-bit ports, 32 1/0 lines 
• Three 16 bit timer/event coumers 
• Full-duplex serial port 
• External memory expandable to 128 K 
• Boolean processing 
• 218 bit-addressable locations 
• On-chip oscillator 
• Six-source interrupt structure with two priority levels 
• 58% of instructions executed in 1 µs; multiply and divide in 4 µs 
• Enhanced architecture with: 

non-page-oriented instructions 
direct addressing 
four 8-bit register banks 
stack depth up to 128-bytes 
multiply, divide, substract and compare 

• Upward compatible with MAB8031AH/8051AH 
• Extended temperature range (-40 to +100 OC) in preparation 

PACKAGE OUTLINE 

MAB8032/52AHP: 40-lead OIL, plastic (SOT-129). 
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RST 

XTAL I 
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PSEN 
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..J 
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c RXD/data-+ +-+ 

TXD/clock - -
INTO-+ -
INTI-+ +-+ 

alternative port3 functions 
TO -+ -
Tl-+ -
WR- -
RD --- -

Fig_ 2 Functional diagram. 
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Vee 

PO. 0 ADO 

PO. 1 AD1 

PO. 2 AD2 

PO. 3 ADJ 

PO. 4 AD4 

PO. 5 AD5 

PO. 6 AD6 

PO. 7 AD7 

RXD /data P3. 0 
MAB8032AH 

TXD /clock P3. 1 
MABB052AH 

ALE 

INTO P3. 2 PSEN 

INT1 P3. 3 P2. 7 AD15 

TO P3. 4 P2. 6 AD14 

T1 P3. 5 P2. 5 AD13 

WR P3. 6 P2. 4 AD12 

RD P3. 7 P2. 3 AD11 

XTAL2 P2. 2 AD10 

XTAL1 P2. 1 AD9 

V55 P2. 0 ADB 

7293507 

Fig. 3 Pinning diagram. 
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Single-chip 8-bit microcontroller MAB8032AH 
MAB8052AH 

PINNING 

1-8 P1.0-P1.7 

9 

10-17 P3.0-P3.7 

18 XTAL 2 

19 XTAL 1 

20 Vss 
21-28 P2.0-P2.7 

29 PSEN 

Port 1: 8-bit quasi-bidirectional 1/0 port. It receives the low-order address byte 
during program verification. Port 1 can sink/source four LS TTL(= 1TTL) inputs. 
It can drive MOS inputs without external pull-ups. Pins 1 and 2 also supply 
alternative functions T2 and T2EX. T2 is the counter trigger input for timer 2; 
T2EX the external input to timer 2. Operation of the alternative functions is 
determined by the relevant output latch programmed to logic 1. 

AST: a high level on this pin for two machine cycles while the oscillator is 
running resets the device. An internal pulldown permits Power-On reset using 
only a capacitor connected to Vee (see Fig. 18). 
Port 3: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. It also serves 
the following alternative functions: 

Port pin 

P3.0 

P3.1 

P3.2 

P3.3 

P3.4 

P3.5 

P3.6 

P3.7 

Alternative function 

RXD/data: serial port receiver data input (asynchronous) or data 
input/output (synchronous) 

TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchronous) 

INTO: external interrupt 0 or gate control input for timer/event 
counter 0 

INTI: external interrupt 1 or gate control input for timer/event 
counter 1 

TO : external input for timer/event counter 0 

T1 : external input for timer/event counter 1 

WR: external data memory write strobe 

RD: external data memory read strobe 

Operation of an alternative function is determined by the relevant output latch 
programmed to logic 1. Port 3 can sink/source four LS TTL inputs. It can drive 
MOS inputs without external pull-ups. 

Crystal input 2: output of the inverting amplifier that forms the oscillator, and 
input to the internal clock generator. Receives the external oscillator signal 
when an external oscillator is used (see figures 15 and 16). 

Crystal input 1: input to the inverting amplifier that forms the oscillator. 
Connected to Vss when an external oscillator is used. 

Ground: circuit earth potential. 

Port 2: 8-bit quais-bidirectional 1/0 port with internal pull-ups. It emits the 
high-order address byte when accessing external memory. It also receives the 
high-order address bits and control signals during program verification. Port 2 
can sink/source four LS TTL inputs. It can drive MOS inputs without external 
pull-ups. 

Program Store Enable output: read strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external Program 
Memory. When executing out of external Program Memory two activations of 
PSEN are skipped during each access to external Data Memory. PSEN is not 
activated (remains HIGH) during fetches from internal Program Memory. 
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PINNING (continued) 

30 ALE 

31 EA 

32-39 P0.7-PO.O 

40 Vee 

Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory addess. 

When EA is held at a TTL high level the CPU executes out of the internal 
Program Memory (ROM), provided the Program Counter is less than 8192. 
When EA is held at a TTL low level the CPU executes out of external Program 
Memory. EA does not float. 

Port 0: 8-bit open drain bidirectional 1/0 port. It is also the multiplexed low
order address and data bus during accesses to external memory (during these 
accesses it activates internal! pull-ups). It also outputs instruction bytes during 
program verification. (External pull-ups are required during program verification). 
Port 0 can sink (and in bus operations can source) eight LS TTL inputs. 

Power Supply: + 5 V power supply pin during normal operation. 

70 J'""'"' ,.,. , 



<t 
1-
<t 
0 
1-z 
w 
:::E 
c.. 
0 
...J 
w 
> w 
0 

Single-chip 8-bit microcontroller MAB8032AH 
MAB8052AH 

As the MAB8052AH is based on the MAB8051 the following pages are a description of the additional 
features. 

MEMORIES (see Fig. 4) 

ROM: 8 K bytes mask programmable. An external ROM is accessed up to 64 K to accommodate an 
address higher than 8191. 

RAM: 256 bytes (on-chip) plus special function registers detailed in Table 1. 

64K 

EXTERNAL 

8192 
J_ 

c 8191 l 8191 

INTERNAL EXTERNAL 

(EA= 11 (EA= OJ 

0 0 

PROGRAM MEMORY 

1Z96495 

Where: 

OVERLAPPED A SPACE 

255 .-----"'-. SPECIAL 

1271------
INTERNAL 
DATA RAM 

0 

FUNCTION 
REGISTERS 

'------v----··-_/ 
INTERNAL 

DATA MEMORY 

The internal data memory locations are addressable direct/indirect as follows: 

location addressed 

RAM 0 to 127 direct and indirect 
RAM 128 to 255 indirect only 
SFR 128 to 255 direct only 

Fig. 4 Memory map. 

64K~----. 

o~---~ 

'~ 
EXTERNAL 

DATA 
MEMORY 

'41·---

-
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SPECIAL FUNCTION REGISTERS 

Table 1 Special Function Registers (SFR) 

symbol 

ACC* 

B* 

PSW* 

SP 

DPTR 

PO* 

Pl* 

P2* 

P3* 

IP* 

IE* 

TMOD 

T2CON* 

TCON 

THO 

TLO 

THl 

TL1 

TH2 

TL2 ' 
RCAP2H 

RCAP2L 

SCON* 

SBUF 

PCON 

Where 

H = Hexadecimal 
B =Binary 

name 

accumulator 

B register 

program status word 

stack pointer 

data pointer 

DPH 

DPL 

port 0 

port 1 

port 2 

port 3 

interrupt priority control 

interrupt enable control 

timer/counter mode control 

timer/counter 2 control 

timer/counter control 

timer/counter 0 (high byte) 

timer/counter 0 (low byte) 

timer/counter 1 (high byte) 

timer/counter 1 (low byte) 

timer/counter 2 (high byte) 

timer/counter 2 (low byte) 

timer/counter 2 capture 
register (high byte) 

timer/counter 2 capture 
register (low byte) 

serial control 

serial data buffer 

power control 

* Registers are both byte and bit addressable. 
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address contents after reset 

OEOH OOH 

OFOH OOH 

ODOH OOH 

81H 07H 

83H OOOOH 

82H OOOOH 

80H OFFH 

90H OFFH 

OAOH OFFH 

OBOH OFFH 

OB8H XXOOOOOOB 

OA8H OXOOOOOOB 

89H OOH 

OC8H OOH 

88H OOH 

8CH OOH 

8AH OOH 

8DH OOH 

8BH OOH 

OCDH OOH 

OCCH OOH 

OCBH OOH 

OCAH OOH 

98H OOH 

99H indeterminate 

87H OXXXXXXXB 
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Single-chip 8-bit microcontroller MAB8032AH 
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T2CON 

Special Function Register T2CON is the timer/counter 2 control register. T2CON contains the control 
and status bits shown in Fig. 5 and described in Table 2. 

MSB LSB 

TF2 EXF2 RCLK TCLK EXEN2 TR2 CID CP/RL2 

7Z97317 

Fig. 5 Timer/counter 2 control register (T2CON). 

Table 2 T2CON: Control and status bits 

symbol position name operation 

TF2 T2CON.7 Timer 2 overflow flag Set by a Timer 2 overflow and must be cleared by 
software. TF2 will not be set when either RCLK = 1 
or TCLK = 1. 

EXF2 T2CON.6 Timer 2 external flag Set when either a capture or reload is caused by a 
negative transition on T2EX and EXEN2 = 1. When 
Timer 2 interrupt is enabled, EXF2 = 1 will cause the 
CPU to vector to the Timer 2 interrupt routine. 
EXF2 must be cleared by software. 

RCLK T2CON.5 Receive clock flag When set, causes the serial port to use Timer 2 over 
flow pulses for its receive clock in modes 1 and 3. 
RCLK = 0 causes Timer 1 overflow to be used for 
the receive clock. 

TCLK T2CON.4 Transmit clock flag When set causes the serial port to use Timer 2 over-
flow pulses for its transmit clock in modes 1 and 3. 
TCLK = 0 causes Timer 1 overflows to be used for 
the transmit clock. 

EXEN2 T2CON.3 Timer 2 external When set allows a capture or reload to occur as a 
enable flag result of a negative transition on T2EX if Timer 2 

is not being used to clock the serial port. EXEN2 = 0 
causes Timer 2 to ignore events at T2EX. 

TR2 T2CON.2 Start/stop control A logic 1 starts the timer. 
for timer 2 

C/T2 T2CON.1 Time or counter 0 = internal timer (OSC/12) 
select (timer 2) 1 =external event counter (falling edge triggered) 

CP/R L2 T2CON.O Capture/reload flag When set capture will occur on negative transitions 
at T2EX if EXEN2 = 1. When cleared automatic 
reloads will occur either with Timer 2 overflows or 
negative transitions at T2EX when EXEN2 = 1. 
When either RCLK = 1 or TCLK = 1, this bit is 
ignored and the timer is forced to automatic-reload 
on Timer 2 overflow. 
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SPECIAL FUNCTION REGISTERS (continued) 

TH2;TL2 

Timer/counter 2 (high byte); Timer/counter 2 (low byte) are the register pair for the 16-bit counting 
of timer/counter 2. 

RCAP2H; RCAP2L 

Timer/counter 2 capture (high byte); Timer/counter 2 capture (low byte) are the register pair for the 
"capture mode" of Timer 2. In this mode, a signal at T2EX initiates a copy of TH2 and TL2 into 
RCAP2H and RCAP2L. Timer 2 also has an automatic-reload mode. RCAP2H and RCAP2L hold the 
reload value for this mode. 

T2CON 

Timer 2 is 16-bit and operates the same as Timer 0 and Timer 1. The operating mode is selected by the 
T2CON register. Table 3 shows the operating modes of Timer 2. 

Table 3 Timer 2 operating modes. 

RCLK + TCLK CP/RL2 TR2 mode 

0 0 1 16-bit automatic-reload 

0 1 1 16-bit capture 

1 x 1 baud rate generator 

x x 0 off 

Where 

X = don't care. 

Capture mode (see Fig. 6) 

In the capture mode there are two options which are selected by bit EXEN2 in T2CON. If EXEN2 = 0, 
then Timer 2 is a 16-bit timer or counter which on overflow will set bit TF2 (Timer 2 overflow bit). 
TF2 can be used to generate an interrupt. If EXEN2 = 1, Timer 2 operates as for EXEN2 = 0 with the 
added feature that a 1-to-0 transition at the external input T2EX causes the current value in the Timer 2 
registers (TL2 and TH2) to be captured into registers RCAP2L and RCAP2H respectively. The 1-to-O 
transition of T2EX also causes bit EXF2 in T2CON to be set. EXF2 can be used to generate an interrupt. 

Automatic-reload mode (see Fig. 7) 

In the automatic-reload mode there are two options which are selected by bit EXEN2 in T2CON. If 
EXEN2 = 0, when Timer 2 overflows it sets TF2 and causes the Timer 2 registers to be reloaded with 
the 16-bit value in registers RCAP2L and RCAP2H, which are preset by software. If EXEN2 = 1, 
Timer 2 operates as for EXEN2 = 0 with the added feature that a 1-to-0 transition at the external input 
T2EX triggers the 16-bit reload and sets EXF2. 

Baud rate generator mode (see Fig. 8) 

The baud rate generator mode is selected by RCLK = 1 and/or TCLK = 1 in T2CON. Thus baud rates 
for transmit and receive can be simultaneously different. This mode is described in conjunction with the 
serial port. 
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Single-chip 8-bit microcontroller 

T2 PIN 
t CTI=1 

CONTROL 

TR2 
CAPTURE 

TRANSITION 

DETECTOR 

T2EX PIN '--
CONTROL 

EXEN2 

CIT2=0 

T2 PIN 

t ciT2=1 

CONTROL 

TR2 

RELOAD 

TRANSITION 
DETECTOR 

T2EX PIN '--
CONTROL 

EXEN2 

NOTE: OSC. FREQ. IS DIVIDED BY 2, NOT 12. 

CITT=O 

------~t cm= 1 T2 PIN - CONTROL 

TR2 

T2EX PIN 

TRANSrTION 
DETECTOR 

CONTROL 

EXEN2 

MA88032AH 
MA88052AH 

TIMER 2 
INTERRUPT 

Fig. 6 Timer 2 in capture mode. 

TIMER 2 
INTERRUPT 

Fig. 7 Timer 2 in automatic-reload mode. 

"TIMER 2" 
INTERRUPT 

TIMER 1 
OVERFLOW 

Fig. 8 Timer 2 in baud rate generator mode. 

L NOTE AVAILABILITY OF ADDITIONAL EXTERNAL INTERRUPT 
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TIMER1 
OVERFLOW 

TCLK-

TX 

TIMER 2 
OVERFLOW 

RXD 

Tl 

RI LOAD 

LOAD 
SBUF 

SBUF 
SHIFTo-----~ 

1FFH 

fLOCKA---'L---'IL--~L--ll--JL---'L---"'---Jl-.--'L--•'--~-~ 
______n WRITE TO SBUF 

------i SEND 
DATA tL~S~1P~1~======================================::::::::::::::::::::=:_ ____ _ 

STOP BIT 

·c16RESET 

Fig. 9 The serial port in mode 1. 
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Single chip 8-bit microcontroller 

TIMER 1 
OVERFLOW 

TCLK-

TX 

TIMER2 
OVERFLOW 

RXD 

RI 

LOAD 
SBUF 

LOAD 
SBUF 
SHIFT t-------i 

1FFH 

_fiCLOC~'=-=-=-~~~~•--J~-~L--•~-~L-~~-~~-~'--"~-~c--
_ft WRITE TO SBUF 
----, SEND 

DATA cc•s~1P~1;--;c1============================================~L___ __ 

~___Jl___j____J_~_J[___i_-
TXD START BIT DO 03 04 STOP SIT 
Tl 

STOPBITGEN ~--------

MAB8032AH 
MAB8052AH 

TXD 

TRANSMIT 

l CL'gCK .'16RESET _ _JJ__JL___ll. __ JL_ _ ___Jl___j[_____J__ 

RXO BIT DETECTOR! START etT c oo o1 ~==r=nc-x----os·-=x= o6 :r=m:=_x::::::BJOC:J STOP 
RECEIVE SAMPLE TIMES ~__MIL__J\M_ ____ JlllL__J\M_ __ ~ 

SHIFT ___J\__Jl_____j\_____J\___j\_______JL___Jl_____JL__JL__JL__ 

RI 

Fig. 10 The serial port in mode 3. 
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INTERRUPTS 

The MAB8052AH has 6 interrupts as shown in Fig. 11. 

INTO; INT1 

The external interrupts INTO and INT1 can be level-activated or transition-activated dependent on bits 
ITO and IT1 in register TCON. The flags that generate these interrupts are bits I EO and IE 1. 

When a transition-activated external interrupt is generated, the interrupt flag is cleared by the on-chip 
hardware when the CPU transfers control to the service routine. If the interrupt is level-activated, the 
request flag is controlled by the external requesting source. 

Timer O; Timer 1 

The Timer 0 and Timer 1 interrupts are generated by TFO and TF 1, which are set by an overflow in 
their respective timer/counter registers. This is not applicable for Timer 0 in mode 3. When a timer 
interrupt is generated, the interrupt flag is cleared by the on-chip hardware when the CPU transfers 
control to the service routine. 

Timer 2 

The interrupt of Timer 2 is generated by the logical OR of TF2 and EXF2. The service routine deter
mines whether it was TF2 or EXF2 that generated the interrupt, and the bits are cleared by software. 

Serial port interrupt 

The serial port interrupt is generated by the logical OR of R 1 and Tl flags. These flags are not cleared 
by the on-chip hardware when the CPU transfers control to the service routine. The service routine 
determines whether it was R 1 or T1 that generated the interrupt, and the bit is cleared by software. 

All of the bits that generate interrupts can be set or cleared by software, with the same result as being 
set or cleared by hardware. Thus interrupts can be generated, or pending interrupts cancelled, by software. 

Each of the interrupt sources can be individually enabled or disabled by setting or clearing a bit in 
Special Function Register IE (see Fig. 12 and Table 4). 

Register IE contains a global disable bit (EA) which disables all interrupts simultaneously. 
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MSB 

EA x 

TFO---------

INT1 

TF1 ---------

Tl~~ 
RI~ 

TF2~--
EXF2~lB~ 

Fig. 11 Interrupt sources. 

ET2 ES ET1 EX1 

INTERRUPT 
SOURCES 

ETO 

Fig. 12 Interrupt enable register (IE). 

LSB 

Exo] 
7297318 

Table 4 IE: Control and status bits 
"" ____ " ____ 

symbol position function 
--

EA IE.7 Disables all interrupts. If EA= 0 no interrupt will be acknowledged. 
If EA= 1 each interrupt source is individually enabled or disabled by setting 
or clearing its enable bit. 

- IE.6 Reserved. 

ET2 IE.5 Enables or disables the Timer 2 overflow or capture interrupt. If ET2 = 0 
the Timer 2 interrupt is disabled. 

ES IE.4 Enables or disables the Serial Port interrupt. If ES= 0 the Serial Port 
interrupt is disabled. 

ET1 IE.3 Enables or disables the Timer 1 overflow interrupt. If ET1 = 0 the Timer 1 
interrupt is disabled. 

EX1 IE.2 Enables or disables external interrupt 1. If EX1 = 0 the external interrupt 
is disabled. 

ETO IE.1 Enables or disables the Timer 0 overflow interrupt. If El 0 = 0 the Timer 0 
interrupt is disabled. 

EXO IE.O Enables or disables external interrupt 0. If EXO = 0 the external interrupt 
is disabled. 
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INTERRUPTS (continued) 

Priority level structure (see Fig. 13 and Table 5) 

Each interrupt source can be programmed to one of two priority levels by setting or clearing a bit in 
Special Function Register IP. A low-priority interrupt can be interrupted by a high-priority interrupt, 
but not by another low-priority interrupt. A high-priority interrupt cannot be interrupted by any other 
interrupt source. 

MSB LSB 

x x PT2 PS PT1 PXT PTO PXO I 
7Z97319 

Fig. 13 Interrupt priority register (IP). 

Table 5 IP: Control and status bits 

symbol position function 

- IP.7 Reserved. 

- IP.6 Reserved. 

PT2 IP.5 Defines the Timer 2 interrupt priority level. PT2 '= 1 programs it to the 
higher priority level. 

PS IP.4 Defines the Serial Port interrupt priority level. PS1 = 1 programs it to the 
higher priority level. 

PT1 IP.3 Defines the Timer 1 interrupt priority level. PT1 = 1 programs it to the 
higher priority level. 

PX1 IP.2 Defines the external interrupt 1 priority level. PX1 = 1 programs it to the 
higher priority level. 

PTO IP.1 Defines the Timer 0 interrupt priority level. PTO= 1 programs it to the 
higher priority level. 

PXO IP.O Defines the external interrupt 0 priority level. PXO = 1 programs it to the 
higher priority level. 

The interrupt response timing is shown in Fig. 14. The fastest possible response occurs when C2 is the 
final cycle of an instruction other than "return from interrupt" instruction (RETl), or an access to 
registers IE or IP. 

········--c1-...... +---c2--------c3-------c4---+----cs--····· 
IS5P21 S6 

········~,~-'---"'"l.1t----'--·U:---'-----

tyt 
INTERRUPT INTERRUPT 

GOES LATCHED 
ACTIVE 

J'""'"' 198~ 

INTERRUPTS 
ARE POLLED 

LONG CALL TO 
INTERRUPT 

VECTOR ADDRESS 

Fig. 14 Interrupt response timing diagram. 

INTERRUPT ROUTINE 
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Single-chip 8-bit microcontroller 

Priority level structure (continued) 

MAB8032AH 
MAB8052AH 

If two requests of different priority levels are received simultaneously, the higher priority request is 
serviced. If requests of the same priority level are received simultaneously, an internal polling sequence 
determines which request is serviced. This second priority structure determined by the polling sequence 
is detailed in Table 6. 

Table 6 Vector addresses by interrupt depending on interrupt source and priority 

number source priority within level vector address 

1 IEO (highest) 0003H 

2 TFO OOOBH 

3 IE1 0013H 

4 TF1 001BH 

5 R1 +T1 0023H 

6 TF2 + EXF2 (lowest) 002BH 

OSCILLATOR CIRCUITRY 

The oscillator circuitry of the MAB8052AH is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry has a combination of depletion and enhancement mode MOS FETs to 
produce the inverting characteristics, and passive components. Either a crystal or ceramic resonator 
can be used as the feedback element to complete the oscillator circuitry. XTAL 1, pin 19, is the high 
gain amplifier input, and XTAL2, pin 18, is the output (see Fig. 15). 

To drive the MAB8052AH externally, XTAL 1 should be connected to ground and XTAL2 driven from 
an external source (see Fig. 16) . 

40 pF ± 10 pF for ceramic resonators 
30pF± 10pF for crystals 

~~----11----6----1--18 XTAL 2 

30 pF ± 10 pF for crystals 
40 pf ± 10 pf for ceramic resonators 

7Z87532.2 

Fig. 15 MAB8052AH oscillator circuit. 

7Z87533 

Fig. 16 Driving the MAB8052AH from 
an externa I source. 
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RESET CIRCUITRY 

The reset circuitry for the MAB8052AH is connected to the reset pin, RST, as shown in Fig. 17. A 
Schmitt trigger is used at the input for noise rejection. The output of the Schmitt trigger is sampled 
by the reset circuitry every machine cycle. 

RST--.---1 

SCHMITT 
TRIGGER 

RESET 
CIRCUITRY 

7290788.1 

Fig. 17 Reset configuration at RST. 

A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also 
configures the ALE and PSEN pins as inputs. (They are quasi-bidirectional.) The internal reset is executed 
during the second cycle in which RST is HIGH and is repeated every cycle until RST goes LOW. It leaves 
the internal registers as shown in Table 1. 

The internal RAM is not affected by reset. When V CC is turned on, the RAM content is indeterminate. 

Power-on reset (see Fig. 18) 

When V CC is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
obtained by connecting the RST pin to Vee via a 10 µF capacitor. When the power is switched on, the 
current drawn by RST is the difference between V CC and the capacitor voltage, and decreases from 
Vee as the capacitor charges through the internal resistor (R RST) to ground. The larger the capacitor, 
the more slowly V RST decreases. V RST must remain above the lower threshold of the Schmitt trigger 
long enough to effect a complete reset. The time required is the oscillator start-up time, plus 2 machine 
cycles. 

J'"""" 19861 

+ 
10µF MAB8032AH 

MAB8052AH 

AST 

7297315 

Fig. 18 Power-on reset. 
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INSTRUCTION SET 

The MAB8052AH uses a powerful instruction set to allow expansion of on-chip CPU peripherals and 
to optimize byte efficiency and execution speed. Reassigned opcodes add new high-power operations 
and permit new addressing modes to make old operations more orthogonal. The instruction set 
consists of 49 single-byte, 45 two-byte and 17 three-byte instructions. When using a 12 MHz oscillator, 
64 instructions execute in 1 µs ancl 45 instructions execute in 2 µs. Multiply and divide instructions 
execute in 4 µs. 

Table 7 Instruction set description 

mnemonic description bytes/ opcode 
cycles (hex.) 

Arithmetic operation 

ADD A,Rr Add register to A 1 1 2* 

ADD A, direct Add direct byte to A 2 1 25 

ADD A,@Ri Add indirect RAM to A 1 1 26,27 

ADD A,#data Add immediate data to A 2 1 24 

ADDC A,Rr Add register to A with carry flag 1 1 3* 

ADDC A, direct Add direct byte to A with carry flag 2 1 35 

ADDC A,@Ri Add indirect RAM to A with carry flag 1 1 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 1 34 

SUBB A,Rr Subtract register from A with borrow 1 1 9* 

SUBB A, direct Subtract direct byte from A with borrow 2 1 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1 96,97 

SUBB A,#data Subtract immediate data from A with borrow 2 1 94 

INC A Increment A 1 1 04 

INC Rr Increment register 1 1 0* 

INC direct Increment direct byte 2 1 05 

INC @Ri Increment indirect RAM 1 1 06,07 

DEC A Decrement A 1 1 14 

DEC Rr Decrement register 1 1 1* 

DEC direct Decrement direct byte 2 1 15 

DEC @Ri Decrement indirect RAM 1 1 16, 17 

INC DPTR Increment data pointer 1 2 A3 

MUL AB Multiply A & B 1 4 A4 

DIV AB Divide A by B 1 4 84 

DA A Decimal adjust A 1 1 D4 I 

(January 1986 83 
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INSTRUCTION SET (continued) 

mnemonic 

Logic operations 

ANL A,Rr 
,, 

ANL A, direct 

ANL A,@Ri 

ANL A,#data 

ANL direct,A 

ANL direct,#data ·· 

ORL A,Rr 

ORI., A,dir~t. 

ORL A;!@Ri 

ORL' A,#data ... 

ORL direct.A, 

ORL. direct.#data 

XRL A,Rr: 

XRL·· A,C'Jireet 

XRL A,@Ri 

XRL A,#data 

XRL direct, A 

XRL direct,#data 

CLR A 

CPL A 

RL A 

RLC A 

RR A 

ARC A 

SWAP A 

.. ''""'" 19861 

description 

AND register to A 

AND direct byte to A 

AND indirect RAM to A 

AND immediate data to A 

ANO A to direct byte 

AND immediate data to direct byte 

OR register to A 

· ORdirect byte to A 
., ' 

,Qi~ indirect RAM to A . ' ,. . 

.. 01:ri111mediate data to A 

O~ A to ~:lir~bYte 

· ORirnmediate data to direct byte 

E~crlusive-OR register to A 

E~clusive-0 R direct byte to A 

Exclusiv~OR indireCt RAM to A 

Exclusive-OR immediate data to A 

Exclusive-OR to direct byte 

Exclusive-OR immediate data to direct byte 

Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 

Rotate A right 

Rotate A right through the carry flag 

Swap nibbles within A 

bytes/ opcode 
cycles (hex.) 

1 5* 

2 55 

56,57 

2 54 

2 52 

3 2 53 

1 4* 

2 45 

1 46,47 

2 44 

2 42 

3 2 43 

6* 

2 65 

1 66, 67 

2 64 

2 1 62 

3 2 63 

E4 

F4 

23 

33 

03 

13 

C4 
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Single-chip 8-bit microcontroller 

mnemonic description 

Data transfer 

MOV A,Rr Move register to A 

MOV A,direct ** Move direct byte to A 

MOV A,@Ri Move indirect RAM to A 

MOV A,#data Move immediate data to A 

MOV Rr,A Move A to register 

MOV Rr,direct Move direct byte to register 

MOV Rr,#data Move immediate data to register 

MOV direct, A Move A to direct byte 

MOV direct,Rr Move register to direct byte 

MOV direct.direct Move direct byte to direct 

MOV direct,@Ri Move indirect RAM to direct byte 

MOV direct,#data Move immediate data to direct byte 

MOV @Ri,A Move A to indirect RAM 

MOV @Ri,direct Move direct byte to indirect RAM 

MOV @Ri,#data Move immediate data to indirect RAM 

MOV DPTR,#data16 Load data pointer with a 16-bit conscant 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 

MOVC A,@A+PC Move code byte relative to PC to A 

MOVX A,@Ri Move external RAM (8-bit address) to A 

MOVX A,@DPTR Move external RAM (16-bit address) to A 

MOVX @Ri,A Move A to external RAM (8-bit address) 

MOVX @DPTR.A Move A to external RAM (16-bit address) 

PUSH direct Push direct byte onto stack 

POP direct Pop direct byte from stack 

XCH A,Rr Exchange register with A 

XCH A, direct Exchange direct byte with A 

XCH A,@Ri Exchange indirect RAM with A 

MAB8032AH 
MAB8052AH 

bytes/ opcode 
cycles (hex.) 

1 1 E* 

2 1 E5 -
1 1 E6, E7 

2 1 74 

1 1 F* 

2 2 A* 

2 1 7* 

2 1 F5 

2 2 8* 

3 2 85 

2 2 86,87 

3 2 75 

1 1 F6, F7 

2 2 A6, A7 

2 1 76, 77 

3 2 90 

1 2 93 

1 2 83 

1 2 E2, E3 

1 2 EO 

1 2 F2, F3 

1 2 FO 

2 2 co 
2 2 DO 

1 1 C* 

2 1 C5 

1 1 C6,C7 

XCHD A,@Ri Exchange LOW-order digit indirect RAM with A 1 1 D6, D7 

**MOV A,ACC is not a valid instruction. -
(September 1986 85 
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INSTRUCTION SET (continued) 

mnemonic description 

Boolean variable manipulation 

CLR c Clear carry flag 

CLR bit Clear direct bit 

SETS c Set carry flag 

SETS bit Set direct bit 

CPL c Complement carry flag 

CPL bit Complement direct bit 

ANL C,bit AND direct bit to carry flag 

ANL C,/bit AND complement of direct bit to carry flag 

ORL C,bit 0 R direct bit to carry flag 

ORL C,/bit OR complement of direct bit to carry flag 

MOV C,bit Move direct bit to carry flag 

MOV bit,C Move carry flag to direct bit 

Program and machine control 

ACALL addr11 Absolute subroutine call 

LCALL addr16 Long subroutine call 

RET Return from subroutine 

RET1 Return from interrupt 

AJMP addr11 Absolute jump 

LJMP addr16 Long jump 

SJMP rel Short jump (relative address) 

JMP @A+DPTR Jump indirect relative to the DPTR 

JZ rel Jump if A is zero 

JNZ rel Jump if A is not zero 

JC rel Jump if carry flag is set 

JNC rel Jump if no carry flag 

JB bit, rel Jump if direct bit is set 

JNB bit, rel Jump if direct bit is not set 

JBC bit, rel Jump if direct bit is set and clear bit 

CJNE A,direct,rel Compare direct to A and jump if not equal 

CJNE A,#data,rel Compare immediate to A and jump if not equal 

CJNE Rr,#data,rel Compare immed. to reg. and jump if not equal 

CJNE @Ri,#data,rel Compare immed. to ind. and jump if not equal 

DJNZ Rr,rel Decrement register and jump if not zero 

DJNZ direct, rel Decrement direct and jump if not zero 

NOP No operation 

"' J'"""Y 1986 I 

bytes/ opcode 
cycles (hex.) 

1 1 C3 

2 1 C2 

1 1 D3 

2 1 D2 

1 1 83 

2 1 82 

2 2 82 

2 2 BO 

2 2 72 

2 2 AO 

2 1 A2 

2 2 92 

2 2 •1addr 

3 2 12 

1 2 22 

1 2 32 

2 2 .A.1addr 

3 2 02 

2 2 80 

1 2 73 

2 2 60 

2 2 70 

2 2 40 

2 2 50 

3 2 20 

3 2 30 

3 2 10 

3 2 B5 

3 2 B4 

3 2 B* 

3 2 B6,B7 

2 2 D* 

3 2 D5 

1 1 00 



Single-chip 8-bit microcontroller MAB8032AH 
MAB8052AH 

Notes to Table 7 

Data addressing modes 

Rr Working register RO-R7. 

direct 

@Ri 

#data 

#data16 

bit 

addr16 

addrll 

rel 

128 internal RAM locations and any special function register (SFR). 

Indirect internal RAM location addressed by register RO or Rl. 

8-bit constant included in instruction. 

16-bit constant included as bytes 2 and 3 of instruction. 

Direct addressed bit in internal RAM or SF R. 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 

Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is -128 to+ 127 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 8 

* · 8, 9, A, B, C, D, E, F. 
<! 
1- •: 11, 31, 51, 71, 91, Bl, Dl, Fl. 
<! 
Cl &: 01, 21, 41, 61, 81, Al, Cl, El. 
1-z 
w 
:2: 
c.. 
0 
..J 
w 
> w 
Cl 
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Table 8 Instruction map 

r-first hexadecimal chacter of opc~d_e_r ---,- - -

I o --~-1-------J-~---l 3 I 4 ! 5 6 J 7 s Jg l A B c i_·~-ETFl 
second hexadecimal character of opcode 

· 1\11-iP i AJMP 1 UMP i RR A I INC A I INC INC@Ri INC Rr f 11
1 

I I I page 0 I addr16 I I i dir 0 j_1_~g_l1_J 2 3 4 I 5 6 7 
. 1 JBC ACALL LCALL RRC A DEC A : DEC DEC@Ri 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

c 

bit, addr8 

JB 
bit, addr8 

JNB 
bit, addr8 

JC 
addr8 

JNC 
addr8 

JZ 
addr8 

JNZ 
addr8 

SJMP 

page O 

AJMP 
page 1 

ACALL 
page 1 

AJMP 
page 2 

ACALL 
page 2 

AJMP 
page 3 

ACALL 
page 3 

AJMP 
addr8 I page 4 

MOV DPTR, I ACALL 
#data 16 page 4 

ORL I AJMP 
C,/bit page 5 

ANL I ACALL 
C,/bit page 5 

PUSH I AJMP 
dir page 6 

DI POP ACALL 
page 6 dir 

E I MOVX 
A,@DPTR 

F I MOVX 
@DPTR,A 

AJMP 
page 7 

A CALL 
page 7 

addr16 

RET 

RET1 

ORL 
dir,A 

ANL 
dir,A 

XRL 
dir,A 

ORL 
C,bit 

ANL 
C,bit 

MOV 
bit,C 

MOV 
C,bit 

CPL 
bit 

CLR 
bit 

RLA 

RLCA 

ORL 
dir,#data 

ANL 
dir,#data 

XRL 
dir,#data 

JMP 
@A+DPTR 

MOVC 
A,@A+PC 

MOVC 
A,@A+DPTR 

INC 
DPTR 

CPL C 

CLR C 

SETB I SETB 
bit c 
MOVX A,@Ri 

0 J 1 
MOVX@Ri,A 

0 l 1 

ADD 
A,#data 

ADDC 
A,#data 

ORL 
A,#data 

ANL 
A,#data 

XRL 
A,#data 

MOV 
A,#data 

DIV 
AB 

SUBB 
A,#data 

MUL 
AB 

CJNE A, 

! dir 0 l 1 

ADD I ADD A,@Ri 
A,dir 0 J 1 

ADDC I ADDC A,@Ri 
A,dir I 0 J 1 

ORL I ORL A,@Ri 

1 A,dir / 0 I 1 1 ANL ANL A,@Ri 
1 A,dir 0 I 1 

I XRL J XRL A,@Ri 
A,dir j_()_ j 1 

MOV I MOV @Ri,#data 
dir,#data i_O ________ J 1 

MOV I MOV dir,@Ri 
J dir,dir \ 0 I 1 

i SUBB f SUBB A,@Ri 
1 A,dir L 0 I 1 

II MOV @Ri,dir 
0 J 1 

CJNE CJNE @Ri,#data,addr8 
#data,addr8 f A,dir,addr8 0 [ 1 

SWAP 
A 

DAA 

CLR A 

CPLA 

XCH 
A,dir 

DJNZ 
dir, addr8 

MOV 
A,dir 

MOV 
dir,A 

'XCH A,@Ri 

0 11 
XCHD A,@Ri 

o I 1 

MOV A,@Ri 

0 J1 
MOV@Ri,A 
0 11 

DEC Rr 
011 12 1314 151617 

' ADD A,Rr I I I 
011J23415--LU2 
ADDC A,Rr 
Ol.!_j2 1314 ! 5 I 617 
ORLA,Rr 
O_j1 j2 1314 15 1617 
ANL A,Rr 
Ol_!_J2 1314 15 1617 
XRL A,Rr 
o J_]_J 2 I 3 I 4 I 5 I 6 I 7 

MOV Rr,#data 
Ol]__j2 1314 151617 
MOV dir,Rr 
011 12 1314 151617 
SUBB A,Rr 
011 12 1314 151617 
MOV Rr,dir 
011 l2 1314 151617 
CJNE Rr,#data,addr8 
Oj1 l2 1314 151617 
XCH A,Rr 
Ol2__j2 1314 151617 
DJNZ Rr, addrB 
011121314 
MOV A,Rr 
Ol]__j2 1314 
MOV Rr.A 
012__J2 1314 

5 6 I 7 

5 6 I 7 

5 6 I 7 

~~ 
)> )> 
CD CD 
co co 
00 
OlW 
I\) I\) 
)> )> 
II 
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Single-chip 8-bit microcontroller 

RATINGS 

MAB8032AH 
MAB8052AH 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Input voltage on any pin with respect to ground (Vss) VI -0,5 to+ 7 V 

Total power dissipation 

Input, output current 

Storage temperature range 

Operating ambient temperature range 

D.C. CHARACTERISTICS 

Ptot 

± 11, lo 

Tstg 

Tamb 

max. 2 W 

max. 10 mA 

--65 to + 150 oc 

0 to + 70 oc 

Vee= 5 V (± 10%); Vss = O V; Tamb = 0 to+ 70 °c; all voltages with respect to Vss unless otherwise 
specified 

parameter symbol min. max. unit conditions 

Supply current Ice - 175 mA all outputs disconnected; 
EA= Vee 

Inputs 

Input voltage LOW VIL -0,5 0,8 v 
Input voltage HIGH all 

inputs except RST 
and XTAL 2 V1H 2 Vee+ o,5 v 

Input voltage HIGH to 
RST and XTAL 2 VIH1 2,5 Vee+ o,5 v v XTAL 1 to Vss 

Outputs 

Output voltage LOW 
(Ports 1, 2, 3) (note 1) Vol -- 0,45 v loL.=1,6mA 

Output voltage LOW 
(Port 0, ALE, PSEN) 
(note 1) Vol1 - 0,45 v loll =3,2mA 

Output voltage HIGH 
(Ports 1, 2, 3) VoH 2,4 - v loH = -80µA 

Output voltage HIGH 
(Port 0, ALE, PSEN) VoH1 2,4 - v loH1 = -400 µA 

Input leakage current 
(Port 0, EA) ±I LI - 10 µA 0,45V<V1<Vcc 

Input current HIGH 
(RST) I 1 H1 - 500 µA v1 = Vcc-1,5 v 
current logic 0 
(Ports 1, 2, 3) l1L - -800 µA VIL= 0,45 V; 

Input current logic 0 
(XTAL 2) llL2 - -3,2 mA VIL= 0,45 V; 

XTAL 1 to Vss 

Capacitance of 1/0 buffer C1/0 - 10 pF fc = 1 MHz; 
Tamb = 25 oc 

(J'"""Y 1986 89 



MAB8032AH 
MAB8052AH 

Note 1 

Vol is degraded when the MAB8052AH rapidly discharges external capacitance. 
This a.c. noise is most pronounced during emission of address data. When using external memory, 
locate the latch or buffer as close to the MAB8052AH as possible. 

datum emitting time slot degraded Vol 
ports interval 1/0 lines (max.) 

address P2, PO TS3, TS9 P1,P3 0,8 v 

write data PO TS6 P1,P3,AlE 0,8 v 

90 ''""'"' 19861 
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Single-chip 8-bit microcontroller 

A.C. CHARACTERISTICS 

MAB8032AH 
MAB8052AH 

Vee= 5 V ± 10%; Vss = 0 V; Tamb = 0 to+ 70 °C; CL= 100 pF (Port 0, ALE and PSEN); CL= 80 pF 
all other outputs unless otherwise specified (see waveforms Figs 21, 22 and 23). 

parameter symbol 12 MHz variable clock (note 1) unit 

min. max. min. max. 

Program memory 

ALE pulse duration tLL 127 - 2tcK-40 - ns 

Address set-up 
time to ALE tAL 43 - tcK-40 - ns 

Address hold time 
after ALE tLA 48 - tcK-35 - ns 

Time from ALE to 
valid instruction input tuv - 233 - 4tcK-100 ns 

Time from ALE to 
control pulse PSEN tLC 58 - tcK-25 - ns 

Control pulse 
duration PSEN tee 215 - 3tcK-35 - ns 

Time from PSEN to 
valid instruction input tc1v - 125 - 3tcK-125 ns 

Input instruction 
hold time after PSEN tc1 0 - 0 - ns 

Input instruction 
float delay after 
PSEN (note 2) tc1F - 63 - tcK-20 ns 

Address val id after 
PSEN (note 2) tAc 75 - tcK-8 - ns 

Address to valid 
instruction input tAIV - 302 - 5tcK-115 ns 

Address float time 
to PSEN tAFC -12 - -12 - ns 
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MAB8052AH 

A.C. CHARACTERISTICS (continued) 

parameter symbol 

External data memory 

RD pulse duration tRR 
WR pulse duration tww 
Address hold time 
after ALE tLA 
RD to valid data input tRD 
Data hold time after RD toR 
Data float delay after RD to FR 
Time from ALE to 
valid data input tLD 
Address to valid 
data input tAD 
Time from ALE to 
RD or WR tLw 
Time from address to 
RD or WR tAW 
Time from RD or WR 
HIGH to ALE HIGH twHLH 
Data valid to WR 
transition towx 
Data set-up time 
before WR tow 
Data hold time 
after WR two 
Address float delay 
after RD tAFR 

Notes to the a.c. characteristics 

12 MHz 

min. max. 

400 -
400 -

48 -
- 250 

0 -

- 97 

- 517 

- 585 

200 300 

203 -

43 123 

23 -

433 -

33 -

- + 12 

1. 1/tcK = 3,5 to 12 MHz (see Fig. 20 and Table 9). 

variable clock (note 1) unit 

min. max. 

6tcK-100 - ns 

6tcK-100 - ns 

tcK-35 - ns 

- 5tcK-165 ns 

0 - ns 

- 2tcK-70 ns 

- 8tcK-150 ns 

- 9tcK-165 ns 

3tcK-50 3tcK+50 ns 

4tcK-130 - ns 

tcK-40 tcK+40 ns 

tcK-60 - ns 

7tcK-150 - ns 

tcK-50 0 ns 

- + 12 ns 

2. Interfacing the MAB8052AH to devices with float times up to 75 ns is permitted. This limited bus 
contention will cause damage to port 0 drivers. 

.. J'"""" ····I 
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Single-chip 8-bit microcontroller 

o.::: ___ >s;~ ;A;---
test points 

(a) 

~" 
float 

'''.J 
2,4V 

0,45V O,BV O,BV 

(b) 
7Z87542 

2.4V 

0.45V 

MA88032AH 
MA88052AH 

A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
Port 0 pin sinks 3,2 mA or sources 400 µA at the voltage test levels. 

Fig. 19 A.C. testing input, output waveform (a) and float waveform (b). 

VIH1 VIH1 
0,8 V 1-----1 0,BV 

-tLow-

, _____ tCK -----1 7Z87543 

Fig. 20 External clock drive XTAL 2 (see Table 9). 

Table 9 External clock drive XTAL 2 (see Fig. 20) 

variable clock 
(f = 3,5 to 12 MHz) 

parameter symbol min. max. unit 

oscillator clock period tcK 83,3 286 ns 

HIGH time tHIGH 20 tcK-tLow ns 

LOW time tLOw 20 tcK-tHIGH ns 

rise time tr - 20 ns 

fall time tf - 20 ns 
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MAB8032AH 
MAB8052AH 

ALE 

PSEN 

PORTO 

.-tLA ....... 

inst. input ADOtoAD7 inst. input 

1-+-----tAIV __ __,.. 

PORT2 

ALE 

PSEN ~ 

RD 

PORT 0 

PORT2 

J'""'"' 1~ 

address ADS to AD15 or 
special function registers (SFR) 

address ADS to AD15 or 
special function registers (SF R) 

Fig. 21 Read from program memory. 

1.-------- 1LD --------0•1 

, _____ tLW - --------- tRR -------1 

-tLA--1 

,._ ____ 1Aw-~.....___tRD ____.. tDR--

ADO to AD7 data input 

..,._ ________ tAD ----·-----o•I 

address ADS to AD15 or special function registers (SFR} 

Fig. 22 Read from data memory. 

7Z87549 

7Z87550 
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Single-chip 8-bit microcontroller 

ALE 

PSEN 

WR 

PORTO 

PORT2 

MAB8032AH 
MAB8052AH 

- 1WHLH -

, ________ tww _____ ___,~, 

address ADS to A015 or special function registers (SFR) 

7287551 

Fig. 23 Write to data memory. 
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(/) 
CP 

"E 
CP 

3 
0-
~ 

c.o 
CXl 
(j) 

external 
program 
memory 
fetch 

XTAL1 
INPUT 

ALE 

PSEN 

RD 

WR 

{

BUS 
(PORTO) 

PORT2 
(EXTERNAL) 

PORT 
OUTPUT 

PORT 
INPUT 

SERIAL 
PORT 
(SHIFT CLOCK) 

I 
one machine cycle I one machine cycle 

S1 S2 S3 S4 55 S6 S1 S2 S3 S4 S5 S6 
P1 P2 IP1 P2 lp1 P2 lp1 P2 IP1 P2 lp1 P2 P1 P2 IP1 P2 lp1 P2 lp1 P2 lp1 P2 IP1 P2 

I I I 

I I 
~floatl address float float float 

I I ~-.. ·r l I 

~- I ™-
sampling time of 1/0 port pins during input (including INTO and INT1) 

1 r ~ r 7Z87552.1 

Fig. 24 Instruction cycle timing. 
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MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/ 40HL 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

The MAB80XXH family of single-chip 8-bit microcontrollers are fabricated in NMOS. 
Three interchangeable (pin compatible) versions are available: 

• MAB8048H with resident mask-programmed 1 K x 8 ROM, 64 x 8 RAM 
• MAB8035H L without resident program memory for use with external EPROM/ROM, 64 x 8 RAM. 

• MAB8049H with resident mask-programmed 2 K x 8 ROM, 128 x 8 RAM 
• MAB8039H L without resident program memory for use with external EPROM/ROM, 128 x 8 RAM. 

• MAB8050H with resident mask-programmed 4 K x 8 ROM, 256 x 8 RAM 
• MAB8040H L without resident program memory for use with external EPROM/ROM, 256 x 8 RAM. 

The MAB80XXH family are designed to be efficient control processors as wel I as arithmetic processors. 
Their instruction set allows the user to directly set and reset individual 1/0 lines as well as test 
individual bits within the accumulator. A large variety of branch and table look-up instructions enable 
efficient implementation of standard logic functions. Code efficiency is high; over 70% of the 
instructions are single byte; all others are two byte. 

An on-chip 8-bit counter is provided, which can count either machine cycles (+ 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 
Program and data memories plus input/output capabilities can be expanded using standard devices. 
For further detailed information see users manual 'single-chip 8-bit microcontrollers'. 

Features 

• 8-bit CPU, ROM, RAM and 1/0 
• Internal counter/timer 
• Internal oscillator, clock driver 
• Single-level interrupts: external and counter/timer 
• 17 internal registers: accumulator, 16 addressable registers 
• Over 90 instructions: 70% single byte 
• Al I instructions 1 or 2 cycles 
• Easily expandable memory and 27 1/0 lines 
• TTL compatible inputs and outputs 
• Single 5 V supply 
• Standard and extended temperature range (see Table 1) 

Applications 

• Peripheral interfaces and controllers • Modems and data enciphering 
• Test and measuring instruments • Environmental control systems 
• Sequencers • Audio/video systems 

PACKAGE OUTLINES 

All versions: with type no. suffix P (see Table 1): 40-lead DI L; plastic (SOT-129). 
MAB80XXH/HLWP: 44-lead plastic leaded chip-carrier (PLCC); SOT-187A. 
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MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/ 40HL 

Table 1 MAB80XXH versions 

version internal memory 

MAB8048H 1Kx8 ROM 

MAB8035HL none 

MAF8048H 1Kx8 ROM 

MAF8035HL none 

MAF80A48H 1Kx8 ROM 

MAF80A35HL none 

MAB8049H 2 K x 8 ROM 

MAB8039HL none 

MAF8049H 2 K x 8 ROM 

MAF8039HL none 

MAF80A49H 2 K x 8 ROM 

MAF80A39HL none 

MAB8050H 4 K x 8 ROM 

MAB8040HL none 

MAF8050H 4 K x 8 ROM 

MAF8040HL none 

MAF80A50H 4 K x 8 ROM 

MAF80A40HL none 
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RAM 

st/by. 

64 byte RAM yes 

64 byte RAM yes 

64 byte RAM yes 

64 byte RAM yes 

64 byte RAM yes 

64 byte RAM yes 

128 byte RAM yes 

128 byte RAM yes 

128 byte RAM yes 

128 byte RAM yes 

128 byte RAM yes 

128 byte RAM yes 

256 byte RAM yes 

256 byte RAM yes 

256 byte RAM yes 

256 byte RAM yes 

256 byte RAM yes 

256 byte RAM yes 

frequency temperature 
(MHz) range 

min. max. (OC) 

1,0 11,0 0 to + 70 

1,0 11,0 0 to + 70 

1,0 11,0 -40 to +85 

1,0 11,0 -40 to +85 

1,0 10,0 -40 to+ 110 

1,0 10,0 -40 to+ 110 

1,0 11,0 0 to + 70 

1,0 11,0 0 to + 70 

1,0 11,0 -40 to +85 

1,0 11,0 -40 to +85 

1,0 10,0 -40 to+ 110 

1,0 10,0 -40 to+ 110 

1,0 6,0 0 to + 70 

1,0 6,0 0 to + 70 

1,0 6,0 -40 to +85 

1,0 6,0 -40 to + 85 

1,0 6,0 -40 to+ 110 

1,0 6,0 -40 to+ 110 
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PINNING 

12-19 

27-34 

21-24 

35-38 

25 

39 

6 

4 

11 

8 

10 

7 

9 

5 

2 
3 

20 

40 

26 

DBO-DB7 

P10-P17 

P10-P27 

PROG 

TO 

T1 

INT 

ALE 

RD 

WR 

EA 

PSEN 

SS 

XTAL 1 
XTAL2 

Vss 
Vee 
vDD 
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Data Bus: bidirectional 1/0 port which can write or read using the 
RD and WR strobes. 
This port can also be statically latched. It contains the 8 lower order 
address bits during external memory access and receives the addressed 
instruction under control of PSEN. PSEN, ALE, RD and WR determine 
whether the access is an instruction fetch or a read/write access to 
external RAM. 

Port 1: 8-bit quasi-bidirectional 1/0 port (note 1 ). 

Port 2: 8-bit quasi-bidirectional 1/0 port (note 1 ). 

P20-P23 contain the 4 higher order address bits during an access of 
external program memory. 

Output strobe: active LOW for 8243 1/0 expander. 

Test 0: test input pin sensed using the JTO and JNTO instructions. 
Clock: clock output pin when designated by the ENTO CLK instructions. 

Test 1: test input pin sensed using the JT1 and JNT1 instructions. Can 
be designated as the timer/counter input by the STAT CNT instruction. 

Interrupt: interrupt input pin, which causes an interrupt in the current 
program, provided that the external interrupt is enabled. 
Can also be used as an input, testable using the JNI instruction. Interrupt 
is disabled during and after RESET. 

Reset: active LOW input used to initialize the microcontroller. 
During program verification the address is latched by a 'O' to '1' 
transition on RESET and the data at the addressed location is output 
on BUS (note 2). 

Address latch enable: occurs each cycle and is used for timing and 
sampling. During external program or data memory access, ALE is used 
to strobe the address information multiplexed on the DBO to DB7 
outputs. 

Read BUS: active LOW strobe used to gate data onto BUS lines when 
reading from an external source. 

Write BUS: active LOW strobe used to write data from BUS lines to an 
external designation. 

External access input: when HIGH, forces instruction fetch from 
external memory. 

Program store enable: active LOW strobe that occurs only during a fetch 
from external memory. 

Single step: active LOW input used with ALE to cause the microcontroller 
to execute a single instruction. 

Crystal inputs: inputs for a crystal, LC-network or an external timing 
signal to determine the internal oscillator frequency (note 2). 

Ground: circuit earth potential. 

Power supply: + 5 V main supply pin. 

Power supply: + 5 V RAM standby power supply; low power standby pin. 
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Notes 
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1. Each port line can be designated as an input or an output. A line is designated as an input by first 
writing a logic 1 to the line. RESET sets all lines to logic 1. 

2. Non-standard TTL VIH· 

FUNCTIONAL DESCRIPTION 

The following sections provide a detailed functional description of the MAB80XXH microcontroller as 
shown in Fig. 1. The generic term "MAB80XXH" is used to refer collectively to the MAB8048H/35H L, 
MAB8049H/39H Land MAB8050H/40H L. 

Program memory (see Fig. 3) 

The resident program memory consists of a 1024, 2048 or 4096 byte ROM (MAB8048H/49H/50H); 
the MAB8035H L/39H L/40H L versions do not have a resident program memory. The total addressing 
capability is 4096 bytes. 
The program memory address space is divided into two 2048-byte banks MBO and MBl. These two 
2048 byte banks are divided into 8 pages of 256 bytes for conditional branches. 
There are three locations in program memory which contain the first instruction to be executed after 
one of three events: 

• Location 0 - if RESET is activated (LOW) then location 0 is activated 
• Location 3 - if the external interrupt is enabled and the INT line is activated (LOW) 
• Location 7 - if the T/C interrupt is enabled and the timer/counter has an overflow. 

MABB050H/40HL 

MA88049H/39HL 

MAB8048H/35HL 

40951- L 
204~! 'It SEL MB1 
2047 1---------t t SEL MBO 

::~:1 I 
6 
5 

address 

' 
location 7: 

t--~ timer interrupt 
vectors program here 

location 3: 

---+----- external interrupt 
vectors program here 

1J sj 5J 4j Jj 2J 1J o -
7297122 

location 0: 
- reset vectors 

program here 

Fig. 3 Program memory map. 

MAB8050H/40HL 

MAB8049H/39HL 

MAB8048H/35HL 

' 
2 
1 

5 
4 
3 

,, 

a 
7 

1 
0 

RAM 

BANK 1 
WORKING 

REGISTERS 
BxB 

R1' 
RO' 

8 LEVEL 
STACK 

0, 

USER RAM 
16x8 

BANK 0 
WORKING 
REGISTERS 

8x8 

R1 
RO 

,, 

I 
I 

directly 
addressable 
when bank 1 
is selected 

addressed 
indirectly 
through pointers 
R1 or RO 

directly 
addressable 
when bank 0 
is selected 

(R1' or RO') 

7Z97124 

Fig. 4 Data memory map. 
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FUNCTIONAL DESCRIPTION (continued) 

Data memory (see Fig. 4) 

The resident data memory consists of a 64, 128 or 256 byte RAM. All locations are indirectly 
addressable using two RAM pointer registers RO, R1 or RO', R1'. The first 8 RAM locations (0 to 7) 
are designated as working registers bank 0 and are directly addressable. By selecting register bank 1, 
RAM locations 24 to 31 become the working registers, replacing those in register bank 0. RAM 
locations 8 to 23 are designated as the stack. Two bytes are used per CALL allowing up to 8 levels of 
subroutine nesting. 
An extra 256 bytes of RAM may be added and addressed directly using the MOVX instructions. If the 
required extra RAM is greater than 320 bytes, additional (256 byte) banks of external memory can be 
selected, one at a time, by an 1/0 port. 

Program counter and stack 

The program counter (PC) is a 12-bit counter/register that points to the location from which the next 
instruction is to be fetched. When EA is logic 0 the PC can address locations 0 to 1023 (8048H), 2047 
(8049H) or 4095 (8050H) of internal program memory. At the 1 K (8048H), 2 K (8049H) boundary, 
an automatic switch-over to external memory occurs. When EA is logic 1 all the program is fetched 
from external ROM/EPROM. The total address space is 4 K bytes. An interrupt or CALL to a subroutine 
causes the contents of the program counter to be stored in one o'f the 8 register pairs of the program 
stack. The pair to be used is determined by a 3-bit stack pointer which is part of the program status 
word (PSW). Data RAM locations 8 to 23 are available as stack registers and are used to store the 
program counter and 4 bits of PSW. The stack pointer, when initialized to OOOB, points to RAM 
locations 8 and 9. The first subroutine jump or interrupt results in the program counter contents being 
transferred to locations 8 and 9 of the RAM array. The stack pointer is then incremented by one to 
point to locations 10 and 11 in anticipation of another CALL. Nesting of subroutines within subroutines 
can continue up to 8 times without overflowing the stack. If overflow does occur the deepest address 
stored (locations 8 and 9) wi 11 be overwritten and lost since the stack pointer overflows from 111 to 
000. It also underflows from 000 to 111. The end ·of a subroutine, which is signalled by a return 
instruction (RET or RETR), causes the stack pointer to be decremented and the contents of the 
resulting register pair to be transferred to the program counter. 

Oscillator and clock (see Figs 5, 6 and 7) 

The MAB80XXH contains its own internal oscillator and clock driver. A crystal, LC-network or 
external timing signal (pulse generator) determines the oscillator frequency. The output of the 
oscillator is divided-by-three and is available at TO (pin 1) by executing the ENTO CLK instruction. 
This clock signal (CLK) is divided··by-five to define a machine {instruction) cycle. It is available at 
ALE (pin 11). 

{lSto~ XTALl 2 

C:=J1to11 
MHz 

~ XTAL2 3 

15to 25 pF (1) 

7297120.1 

( 1) Including crystal-socket stray capacities. 

Fig. 5 Crystal oscillator mode. Crystal series impedance should be< 75 n at 6 MHz and< 180 n 
at 3,6 MHz. When using a ceramic oscillator both capacitors should be 30 pF. 
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+5V 

XTAL1 

+5V 

0470 
n 

XTAL 2 

7284140.1 

XTAL 1 

XTAL2 

7284138.1 

Fig. 6 Driving from external source. Both XTAL 1 and 
XTAL 2 should be driven. Resistors to Vee(+ 5 V) are 
required to ensure VI H = 3,8 V if TTL circuitry is used. 
The minimum HIGH and LOW times are 45%. 

L 
(µH) 

45 
120 

c 
(pF) 

20 
20 

nom. f 
(MHz) 

5,2 
3,2 

1 C + 3Cpp 
f "" --- ; C' = ---

2n/LC' 2 

Fig. 7 LC oscillator mode. Each C should be"=' 20 pF including stray capacitance Cpp ""5 to 10 pF 
(pin-to-pin capacitance). 

Timer/event counter 

An internal counter is available which can count either external events or machine cycles (7 32). The 
machine cycles are divided-by-32 before they are applied to the input of the 8-bit counter. External 
events are applied directly to the input of the counter. The maximum frequency that can be counted 
is one third of the machine cycle frequency. The minimum positive duty cycle that can be detected 
is 0,2 times the cycle period. The counter is under program control and can be made to generate an 
interrupt to the processor when it overflows. 

Interrupt 

An interrupt may be generated by: 

• An external input INT (pin 6) 
or 

• Overflow of the internal counter, when enabled. 

In either, the processor completes execution of the present instruction followed by a CALL to the 
interrupt service routine. 
After service, a R ETR instruction restores the machine to the state it was prior to the interrupt. The 
external interrupt has priority over the internal interrupt. 

Input/output 

The MAB80XXH has 27 1/0 lines. They are arranged as three 8-line ports which serve as either inputs, 
outputs or bidirectional ports and 3 'test' inputs that can alter program sequences when tested by 
conditional jump instructions. 
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FUNCTIONAL DESCRIPTION (continued) 

Ports land 2 (see Fig. 8) 

Ports 1 and 2 are both 8-bits wide and have identical characteristics. Data written to these ports is 
statically latched and remains unchanged until rewritten. As input lines these ports are non-latching, 
i.e. inputs must be present until read by an input instruction. Inputs are fully TTL compatible and 
outputs will drive one standard TTL load. 
The lines of ports 1 and 2 are called quasi-bidirectional because of a special output circuit structure 
which allows each line to serve as an input, an output, or both even through outputs are statically 
latched. Each line is continuously pulled up to+ 5 V through a resistor("" 50 il). Thus pull-up 
provides sufficient source current for a TTL HIGH level, yet can be pulled LOW by a standard TTL 
gate, thus allowing the pin to be used both as an input and an output. To provide fast switching times 
during a logic 0 to 1 transition, transistor TR 2 is switched on for one fifth of a machine cycle when 
a logic 1 is written to the line. When a logic 0 is written transistor TR 1 overcomes the pull-up and 
provides TTL current sinking capability. Since the pull-down transistor is low impedance, a logic 1 
must first be written to any line which is to used as an input. RESET initializes all lines to the high 
impedance logic 1 state. This structure allows input and output on the same pin plus a mixture of 
input and output lines on the same port. The quasi-bidirectional port in combination with the ANL 
and OR L logical instructions facilitates the handling of single line inputs and outputs within an 8-bit 
microcontroller. 

BUS (DBO-DB7) 

Bus is a true bidirectional 8-bit port with associated input and output strobes. If the bidirectional 
feature is not required, BUS can serve as a statically latched output port or non-latching input port. 
Input and output lines on this port cannot be mixed. 
As a static port, data is written and latched using the OUTL instruction and input using the INS 
instruction. These instructions generate pulses on the corresponding RD and WR output strobe lines, 
but in the static port mode they are not used. As a bidirectional port, the MOVX instructions are used 
to read from and write to the port. A write generates a pulse on the WR output line and output data 
is valid at the trailing edge of WR. A read generates a pulse on the RD output line and input data must 
be valid at the trailing edge of RD. When the BUS lines are not being written to or read from they are 
high impedance. 

,",Y ••••I 

in~~~al --...--to 0 
D 

FF 
Cil--+-----11 

write 
pulse 

CLK 

in 

INPUT 
BUFFER 

+SV +SV 

7284737.2 

Fig. 8 Quasi-bidirectional port structure. 
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Test (TO, T1) and INT 

These three pins serve as inputs and are testable with the conditional jump instruction. They allow 
inputs to cause program branches without the necessity of loading an input port into the accumulator. 

RESET (see Fig. 9) 

This active LOW input is used to initialize the microcontroller. 
This Schmitt-trigger input has an internal pull-up resistor which, in combination with an internal 1 /lF 
capacitor, provides an internal reset pulse of sufficient duration to reset all circuitry. If the reset pulse 
is generated externally, the reset pin must be held at ground (0,45 V) for at least 10 ms after the power 
supply is within tolerance. Only 5 machine cycles (12,5 /.LS at 6 MHz) are required if power is already 
on and the oscillator has stabilized. 

+5V +5V 

TTL-gate "'70 "'70 
k!1 k!1 

RESET 4 r 1k!1 

active 
pull-up 

7297123 

(a) (b) 

Fig. 9 An external reset is shown in (a) and power-on reset in (b). 

Single step (SS) 

This active LOW input when used in combination with ALE will cause the microcontroller to execute 
a single instruction, then wait until SS is reactivated. 

Power-down mode (see Fig. 10) 

In the MABBOXXH, power can be removed from all but the data RAM array, for low power standby 
operation. In the power-down mode the contents of the data RAM can be maintained while drawing 
typically 10% to 15% of the normal operating supply voltage. Vee serves as the+ 5 V supply pin for 
the bulk of the circuitry, while the Voo pin supplies only the RAM array. In normal operation, both 
pins are at+ 5 V. In the standby mode, Vee is at ground and only Voo is maintained at+ 5 V. 
Applying RESET to the microcontroller through the reset pin inhibits any access to the RAM and 
ensures that the RAM cannot be inadvertently altered as power is removed from Vee· 

POWER 
SUPPLY ~ 

--~·/ I I 

I L __ J ____ normal power-on 

POWER 
SUPPLY 
FAIL SIGNAL 

: ul : sequence follows 

! 1 ___ _ 

I I I 
'---y----'~ 

data save access to 
routine data RAM 

executed inhibited 7284728. 1 

Fig. 10 Power down sequence. 
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FUNCTIONAL DESCRIPTION (continued) 

Instruction set (see Tables 1, 2, 3 and 4) 

The MAB80XXH instruction set consists of over 90 one and two-byte instructions. Program code 
efficiency is high because: 

• Working registers and program variables are stored in the RAM locations 0 to 127, which require 
only a single byte to address 

• Program memory is divided into pages of 256 bytes, which means that branch destination addresses 
require only one byte 

The instruction set performs logical, arithmetic and test operations on bytes. It also manipulates and 
tests bits. A set of MOVE instructions operate indirectly on either RAM or ROM, which permits 
efficient access of pointers and data tables. The indirect jump instruction performs a multi-way branch 
(up to 256) on the contents of the accumulator to addresses stored in a look-up table. The 'decrement 
register and jump if not zero' instruction saves a bit each time it is used as opposed to using separate 
increment and test instructions. The on-chip counter provides the facility for external events or time 
to be counted off-line from the main program. The MAB80XXH can either test the counter (under 
program control) or cause its overflow to generate an interrupt. These features are essential for 
real-time applications. 

Table 1 Symbols and definitions used in Ta~_l,e 2. 

symbol definition description 

A accumulator 
addr program memory address 
Bb bit designation (b = 0-7) 
RBS register bank select 
c carry (bit CY) 
CNT event counter 
D mnemonic for 4-bit digit (nibble) 
data 8-bit number or expression 
I interrupt 
MB memory bank 
MBFF memory bank flip-flop 
p mnemonic for 'in-page' operation 
PC program counter 
Pp port designation (p = 0, 1, 2) 
PSW program status word 
RB register bank 
Rr register designation (r = 0-7) 
Sn serial 1/0 register 
SP stack pointer 
T timer 
TF timer flag 
TO test 0 input 
T1 test 1 input 
# immediate data prefix 
@ indirect address prefix 
(X) contents of X 
((X)) contents of location addressed by X 
+- is replaced by 
~ is exchanged with 
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co 
(.11 
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0 
....i 

Table 2 Instruction set 

function 
I 

I. 1 mnemonic I opcode ,
1
. bytes/ I description 

I [ (hex.) . cycles j 
l I -r-------, 

I 
ADD A, Rr 16* 11 /1 ! Add register contents to A (A)+-(A) + ( Rr) 

ADD A, @Rr 60 j 1/1 II Add RAM data, addressed by Rr, to A (A)<-(A) +((RO)) 

I 161 I I (A)<-(A) + ((R1)) 

I ADD A, #data I 03 data I 2/2 I Add immediate data to A 
1 

(A)<-(A) +data 

I ADDC A, Rr I 7* I 1/1 I Add carry and register contents to A ' (A)<-(A) + (Rr) + (C) 

I ADDC A, @Rr I 10 I 1 /1 I Add carry and RAM data, addresses (A)<-(A) + ( (RO)) + (C) 
1 [71 I !byRr,toA (A)<-(A)+((R1))+(C) 

I ADDC A, #data I 13 data I 2/2 I Add carry and immediate data to A (A)<-(A) +data+ (C) 

I ANL A, Rr 15* 1 1/1 1 'AND' Rr with A (A)<-(A) Af\ID (Rr) 

I ANL A, @Rr I 50 1/1 ['AND' RAM data, addressed by Rr, with A (A)<-(A) AND ((RO)) 
o:' 151 I (A)<-(A)AND((R1)) 

~ I ANL A, #data I 53 data 2/2 I 'AND' immediate data with A (A)<-(A) AND data 

~ I ORL A, Rr i 4* \ 111 j 'OR' Rr with A (A)<-(A) OR (Rr) 

:2 I ORL A, @Rr 140 111/1 I 'OR' RAM data, addressed by Rr, with A I (A)<-(A) OR ((RO)) a 1 141 1 (A)<-(A) oR ((R1)) 
u I I I I 
<I: I ORL A, #data .

1

43 data 1 2/2 ['OR' immediate data with A (A)<-(A) OR data 

'I XRLA, Rr D* 11/1 l'XOR' Rrwith A (A)<-(A) XOR (Rr) 

XRL A, @Rr DO 1

1

1/1 !'XOR' RAM, addressed by Rr, with A (A)<-(A) XOR ((RO)) 
D1 (A)<-(A) XOR ((R1)) 

I XR LA, #data D3 data 2/2 I ·xoR' immediate data with A (A)<-(A) XOR data 

I INC A 17 1
1

· 1/1 I increment A by 1 (A)<-(A). + 1 

1 DEC A 07 1 /1 II decrement A by 1 (A)<-(A) -1 
, I 
ICLRA 27 11/1 clearAtozero (A)<-0 

I ! CPL A 37 I 1/1 one's complement A (A)<-NOT(A) 

I R LA I E7 t/1 rotate A left (An+ 1 )<-(An) 
1 I (Ao)<-(A7) L_L_. _____ __.__ __ _ 

notes 

r = 0-7 

r = 0-7 

r = 0-7 

r = 0-7 

r = 0--7 

n = 0-6 
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mnemonic 

RLCA 

RR A 

RRCA 

DAA 

SWAP A 

MOVA, Rr 

MOVA, @Rr 

MOVA, #data 

MOV Rr, A 

MOV@Rr, A 

MOV Rr, #data 

MOV @rR, #data 

XCH A, Rr 

XCH A, @Rr 

XCHD A,@Rr 

MOVA, PSW 

MOV PSW, A 

MOVPA,@A 

MOVP3A,@A 

opcode bytes/ 
(hex.) cycles 

F7 1/1 

77 1 /1 

67 1 /1 

57 1 /1 

47 1 /1 

F* 1 /1 

FO 1/1 
Fl 

23 data 2/2 

A* 1 /1 

AO 1 /1 
Al 

B* data 2/2 

BO data 2/2 
B 1 data 

2* 1 /1 

20 1 /1 
21 

30 1 /1 
31 

C7 1 /1 

07 1/1 

A3 1/2 

E3 1/2 

description 

rotate A left through carry 

rotate A right 

rotate A right through carry 

decimal adjust A 

swap nibbles of A 

move register contents to A 

move RAM data, addressed by Rr, to A 

move immediate data to A 

move accumulator contents to register 

move accumulator contents to RAM 
location addressed by Rr 

move immediate data to Rr 

move immediate data to RAM location 
addressed by Rr 

exchange accumulator contents with Rr 

exchange accumulator contents with 
RAM data addressed by Rr 

exchange lower nibbles of A and RAM 
data addressed by Rr 

move PSW contents to accumulator 

move accumulator contents to PSW 

move indirectly addressed data in 
current page to A 

move data in page 3 to A 

function 

(An + 1 )+-(Anl 
(Ao)+-(C), (C)+-(A7) 

(An)+-(An + 1) 
(A7)+-(Ao) 

(An)+-(An + 1) 
(A7)+-(C), (C)+-(Ao) 

(A4_7)*(Ao_3) 

(A)+-(Rr) 

(A)+-((RO)) 
(A)+-((Rl)) 

(A)+-data 

(Rr)+-(A) 

((RO))+-(A) 
((Rl))+-(A) 

_( Rr)+-data 

( (RO) )+-data 
(( R 1 ))+-data 

(A)*(Rr) 

(A)*((RO)) 
(A)~((Rl)) 

(Ao_3)*((R00-3)) 
(Ao_3)*((R10_3)) 

(A)+-(PSW) 

(PSW)+-(A) 

(A)+-((A)) 

(A)+-((A)) 

n= 0-6 

n=0-6 

n =0-6 

r= 0-7 

r = 0-7 

r = 0-7 

r= 0-7 

in page 3 

notes 

2 

2 

2 

3 
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< 
co 
00 
CJ1 
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0 
(C 

I 

tfl 
(!) 
<( 
_J 
LL. 

a: 
w 
I-
tfl 

I~ 
a: 

I 
<.) 
z 
<( 
a: 
c:o 

MOVX A,@Rr 

MOVX@Rr.A 

CLR C 

CPL C 

INC Rr 

INC @Rr 

DEC Rr 

JMP addr 

JMPP@A 

DJNZ Rr, addr 

JFO addr 

JF1 addr 

JNI addr 

JBb addr 

JC addr 

JNC addr 

JZ addr 

JNZ addr 

JTO addr 

JNTO addr 

JT1 addr 

JNT1 addr 

JTF addr 

80 1/2 
81 

90 1/2 
91 

97 1/1 

A7 1 /1 

1* 1 /1 

10 1/1 
11 

C* 1 /1 

• 4 address 2/2 

I B3 1/2 

E * address 2/2 

B6 address 2/2 

76 address 2/2 

86 address 2/2 

"'2 address 2/2 

F6 address 2/2 

E6 address 2/2 

C6 address 2/2 

96 address 2/2 

36 address 2/2 

26 address 2/2 

56 address 2/2 

46 address 2/2 

16 address 2/2 

move indirect the contents of external 
memory to A 

move indirect the contents of A to 
external memory 

clear carry bit 

complement carry bit 

increment register by 1 

increment RAM data, addressed by Rr, 
by 1 

decrement register by 1 

unconditional jump within a 2 K bank 

indirect jump within a page 

decrement Rr by 1 and jump if not 
zero to addr 

jump to addr if FO = 1 

jump to addr if Fl= 1 

jump to addr if I NT = 0 

jump to addr if Acc. bit b = 1 

jump to addr if C = 1 

jump to addr if C = 0 

jump to addr if A= 0 

jump to addr if A is NOT zero 

jump to addr if TO= 1 

jump to addr if TO= 0 

jump to addr if T1 = 1 

jump to addr if Tl = 0 

jump to.addr if Timer Flag= 1 

(A)<-((R)) 

((R))<-(A) 

(C)<-0 

(C)<-NOT(C) 

(Rr)<-( Rr) + 1 

((RO))<-((RO)) + 1 
((R1))<-((R1)) + 1 

(Rr)<-(Rr) -1 

(PC8-1 o)<-addr8-1 O 
(PC0_7)<-addro_7 
(PC11-12)<-MBFF 0-1 

(PC0_7)<-((A)) 

(Rr)<-(Rr) -1 
if (Rr) not zero (PC0_7)<-addr 

if FO = 1: (PC0_7)<-addr 

if F 1 = 1: (PC0_7)<-addr 

if INT= 0: (PC0_7)<-addr 

if b = 1: (PC0_7)<-addr 

if c = 1: (PC0_7)<-addr 

if c = O: (PCo-7 )<-addr 

if A = 0: (PC0_7)<-addr 

if A *O: (PC0_7)<-addr 

if TO = 1: (PC0_7)<-addr 

if TO = 0: (PC0_7)<-addr 

if Tl = 1: (PC0_7)<-addr 

if Tl = 0: (PC0_7)<-addr 

if TF = 1: (PC0_7)<-addr 

r = 0-1 

r = 0-1 

2 

2 

r = 0-7 

r = 0-7 

r = 0-7 

b = 0-7 

4 

(/) 

s· 
"" Cii" 

" ::r 
-6' 

°' c-
;:;; 
3 
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0 
8 
::I .... 
2. 
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mnemonic 

MOVA, T 

MOVT,A 

STRT CNT 

STRTT 

STOPTCNT 

EN TCNTI 

DIS TCNTI 

I EN I 

DIS I 

SEL RBO 

SEL RB1 

SEL MBO 

SEL MB1 

ENTO CLK 

CALL addr 

RET 

RETR 

opcode bytes/ 
(hex.) cycles 

42 1 /1 

62 1 /1 

45 1 /1 

55 1 /1 

65 1 /1 

25 1 /1 

35 1 /1 

05 1 /1 

15 1 /1 

C5 1 /1 

D5 1 /1 

E5 1 /1 

F5 1 /1 

75 1 /1 

& 4 address 2/2 

83 1/2 

93 1/2 

description 

move timer/event counter contents to 
accumulator 

move accumulator contents to 
timer/event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 

disable timer/event counter interrupt 

enable external interrupt 

disable external interrupt 

select register bank 0 

select register bank 1 

select program memory bank 0 

select program memory bank 1 

enable clock output onto TO 

jump to subroutine 

return from subroutine 

return from interrupt and restore 
bits 4, 6, 7 of PSW 

function 

(A)<-(T) 

(T)<-(A) 

(RBS)<-0 

(RBS)<-1 

(MBFF0)<-0, (MBFF1)<-0 

(MBFF0)<-1, (MBFF1)<-0 

((SP))<-(PC), (PSW4, 6, 7) 
(SP)<-(SP) + 1 

(PCa-1 ol<-addra-1 O 
(PC0_ 7)<-addro_7 
(PC11-12)<-MBFF 0-1 

(SP)<-(SP) -1 
(PC)<-((SP)) 

(SP)<-(SP) -1 
(PSW4, 6, 7) + (PC)<-((SP)) 

notes 

5 

5 

6 

6 

6 
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-
-

en 
"' -0 ... 
"' 3 
O" 

~ 

c.o 
00 
CJ) 

OUTL BUS,A 

IN A,Pp 

INS A,BUS 

OUTL Pp,A 

AN L BUS,# data 

AN L Pp, #data 

ORL Pp,# data 

I-
::J 

OR L BUS,# data c... 
I-
::J MOVD A,Pp 
0 ...__ 
I-
::J 
c... 
~ 

MOVD Pp,A 

ANLD Pp,A 

ORLD Pp,A 

NOP 

Notes to Table 2. 

1. PSW CY, AC 
2. PSW CY 
3. PSW PS 

02 

09 
OA 

OS 

39 
3A 

9S 

99 
9A 

S9 
SA 

SS 

DC 
OD 
OE 
OF 

3C 
3D 
3E 
3F 

9C 
9D 
9E 
9F 

SC 
SD 
SE 
SF 

00 

affected 
affected 
affected 

1/2 

1/2 

1/2 

1 /2 

2/2 

2/2 

2/2 

2/2 

1/2 

1 /1 

1/2 

1/1 

1/1 

4. Execution of JTF and JNTF instruction 
resets the Timer Flag (TF). 

output accumulator to BUS (BUS)<-A 

input port p data to accumulator (A)<-(P1) 
(A)<-(P2) 

input strobed BUS data into accumulator (A)<-(BUS) 

output accumulator data to port p (P1)<-(A) 
(P2)<-(A) 

logical AND immediate data with BUS (BUS)<-(BUS) AND data 

AND port p data with immediate data (P1)<-(P1) AND data 
(P2)<--(P2) AND data 

OR port p data with immediate data (P1)<--(P1) OR data 
(P2)<--(P2) 0 R data 

logical OR immediate data with BUS (BUS)<--(BUS) OR data 

move contents of designated port (Ao_3)<--(Pp) 
(4-7) to A (A4_7)<--0 

move contents of A to designated (Pp)<--(Ao-3) 
port (4-7) 

logical AND contents of A with (Pp)<--(Pp) AND (Ao_3) 
designated port (4-7) 

logical OR contents of A with (Pp)<--(Pp) OR (Ao_3) 
designated port (4-7) 

no operation 

5. PSW RBS affected 
6. PSW SPo, SP1, SP2 affected 
7. (A)= 111 P23, P22, P21, P20. 
S. (S1) has a different meaning for read· 

and write operation, see serial 1/0 interface. 

. -----r-- -----, 

p = 1-2 7 

p=1-2 

p = 1-2 

p = 1-2 

p = 4-7 

p = 4-7 

p = 4-7 

p = 4-7 

: S, 9, A, B, C, D, E, F 
• :0,2,4,6,S,A,C,E 
& :1,3,5,7,9,B,D,F 

en 
::;· 
"' (D'" 
(, 
::r -c· 
co 
6-
;:;: 

3 
r;· 
0 .... 
0 
::s ... 
0 
~ 

~~~ 
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Table 3 Instruction timing (see also Figs 11 and 12) 

instruction Sl S2 

increment 
fetch 

IN A,P instruction program 
counter 

I I 
OUTL P,A I I 

I I 
I * I 
I I ANL P,#data I I 
I I 
I * I 

ORL P,#data I I 
I I 
I I 

I I 
INS A,BUS I I 

I I 
I 

OUTL BUS,A I 
I 
I * 

AN l BUS,#data I 
I 
I 
I * 

OR l BUS,#data I 
I 
I 
I 

MOVX@R,A I I I 
I I 

I I 
I I MOVXA,@R 
I I 
I I 

increment fetch 
MOVD A,P instruction program 

counter 

cycle 1 

S3 S4 

increment 
-

timer 

I 
- I 

I 

I 
I -
I 
I 
I 

- I 
I 
I 

I 
- I 

I 

I 
- I 

I 
I 
I 

- I 
I 
I 
I -
I 
I 

output I 
RAM I 

I 
address I 

output I 
I RAM I 

address I 
output 

increment 
opcode/ timer 
address 

S5 Sl S2 

read 
- - port 

output - -
to port 

fetch read 
immediate -port 

data 

fetch 
read 

immediate -
port 

data 

read - -
port 

output 
- -

to port 

fetch read 
immediate -port 

data 

fetch read 
immediate -port 

data 

output 
data - -

to RAM 

read - -
data 

read 
- - P2 

lower 

cycle 2 

S3 

* 
-

* 
-

*increment 
program 
counter 

*increment 
program 
counter 

* 
-

* 
-

*increment 
program 
counter 

*increment 
program 
counter 

* 
-

* 
-

* 
-

S4 

-

-

output 
to port 

output 
to port 

-

-

output 
to port 

output 
to port 

-

-

-

S5 

-

-

-

-

-

-

-

-

-

-

-
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c... 
c: 
< ..... 

~ 

-w 

cycle 1 

instruction S1 S2 S3 S4 SS S1 

increment output output fetch increment 
MOVD P,A instruction program opcode/ timer data to -

counter address P2 lower 
I output I 
I I output 

ANLD P,A I opcode/ I data 
-

I address I 
I output I 
I I output 

ORLD P,A . I opcode/ I data -
I address I 
I * fetch I sample increment 

J (conditional) I condition timer 
- immediate 

I data 
I * start 

STRT CNT STRT T I - -
counter I ,. 

* stop 
STOPTCNT I - -

I counter 
I * enable 

EN I I - interrupt 
-

I 
I * disable 

DIS I I -
interrupt -

I 

fetch *increment enable 
ENTO CLK instruction program· - clock -

counter 

* Valid instruction addresses are output at this time if external program memory is being accessed. 

cycle 2 

S2 S3 S4 

* 
- - -

* 
- - -

* 
- - -

* opdata 
- program -

counter 

SS 

-

-

-

-

(/) 
s· 
IQ 

~ -a· 
co c
;:+" 

3 
i:"i" 

§ 
::I. 
0 
i ... 
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MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/ 40HL 

l S5 

l 
ST 

INPUT 
INSTR. 

OUTPUT ADDRESS 

I 

CLOCK OUTPUT 
AT PIN TO 

ALE 

PROG 

l 

ST S2 

S2 S3 l S4 l S5 

DECODE EXECUTION 

INC. PC OUTPUT ADDRESS 

1 I l 

Fig. 11 Instruction cycle. 

S3 S4 S5 ST S2 S3 

Fig. 12 Instruction cycle timing. 
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Table 4 Instruction map. Jr first hexadicimal character of opcode 
second hexadicimal character of opcode 

0 1 2 3 4 5 6 7 8 9 IA B cIDlE lF 
0 NOP OUTL I ADD JMP EN I DEC A INS IN A, Pp MOVD A,Pp 

BUS,A 1 A, #data page 0 A,BUS 1 l 2 4J5J6J7 
1 INC@Rr JBO ADDC CALL DIS I JTF INCA INC Rr 

0 1 addr A, #data page 0 addr 0 l 1 12 l3J4J5J6J7 
2 XCH A,@Rr 

I 
. MOV JMP EN JNTO CLR A XCH A,Rr 

0 1 A, #data page 1 TCNTI addr 0 1 12 3 4l5l6J7 
3 XCHD A, @Rr JB1 CALL I DIS JTO CPL A OUTL Pp,A MOVD Pp,A 

0 1 addr page 1 I TCNTI addr 1 I 2 4J5J6J7 
4 ORL A, @Rr l MOV ORL JMP STRT I JNT1 SWAP ORL A,Rr 

0 1 A, T A, #data page 2 CNT addr A 0 11 I 2 J 3 J4 1516 17 

5 ANLA,@Rr T JB2 ANL CALL STRT JT1 DA,A ANL A,Rr 
0 1 I addr I A, #data page 2 T addr 0 l 1 J2 J3l4J5J6J7 

6 I ADD A,@Rr MOV JMP STOP RRC A ADD A,Rr 
I o 1 T,A 1 page 3 TCNT 0 l 1 I 2 j3J4J5l6l7 

71 ADDC A, @Rr JB3 CALL ENTO JF1 RR A ADDC A,Rr 
0 1 addr page 3 CLK addr 0 1 J2 3 4l5J6J7 

8 I MOVX A, @Rr RET JMP CLR JN1 ORL BUS, ORL Pp, #data ORLD Pp,A 
l 0 1 page 4 FO , addr #data 1 l 2 4l5J6J7 

9 _l MOVX @Rr,A JB4 RETR CALL CPL JNZ CLR C ANL BUS, ANP Pp, #data ANLD Pp,A 
0 1 addr page 4 FO addr #data 1 J 2 4l5J6J7 

I A I ~ov @Rr, A 1 
MOVP JMP CLR CPL C MOV Rr,A 

I A,@A page 5 F1 0 11 I 2 12-14 J5 J6 J7 

I B I MOV @Rr, #data 1 JB5 JMPP t-CALL CPL JFO MOV R, #data 

1 0 ~addr @A page 5 F1 I addr 10 I 1 IU3l4J5J6J7 l c I I I iJMP ~SEL I JZ MOV DEC Rr 
I I I page 6 RBO I addr A, PSW 0 l 1 12 1~_15 16 J7 

L A,@Rr JB6 XRL ~L-- -SEL MOV l ~RL A,Rr . _ 
1 addr 

1 
A, #data I page 6 I RB1 

--··· I 2 I - . - . -
16 I 7 I 

- I 

6 
~
''::iVVA .l 

- -
JMP I SEL I JNC DJNZ Rr, addr 
page 7 -f_MBO __ j ad~_::_ I , 0 I 1 j 2 I 3 I 4 I 5 
CALL ,SEL 1JC IRLCA iMOVA,Rr 
page 7 I MB1 -~-r __ _L _____ lQ____ J 1 I 2 I 3 I 4 ~ 

7 

7 

SQ 
::I .., 
CD" 
n 
::I" 
-ti' 
00 
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;:<: 

3 
;:;· 
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000 
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MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/ 40HL 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Input voltage with respect to Vss 
except input EA v, 
input EA Vi 

D.C. current into any input or output ± 11• ± 10 
Total power dissipation Ptot 
Storage temperature range T stg 
Operating ambient temperature range Tamb 

116 A"gu" 1985 J 

-0,5 to +7 v 
-0,5to + 12 V 

max. 10 mA 

max. 1W 

-65 to +150 oc 

see Table 5 



Single-chip 8-bit microcontroller 

MA88048H/35HL 
MA88049H/39HL 
MA88050H/ 40HL 

D.C. CHARACTERISTICS ( MAB8048H/35H L; MAB8049H/39H L; MAB8050H/40H L) 

Vee= Voo = 5 V (± 10%); Vss = 0 V; T amb = 0 to+ 70 °c; all voltages with respect to Vss unless 
otherwise specified 

parameter symbol min. typ. max. unit 

Supply current 
at Voo = 5 V ± 10%; Vss =Vee= 0 V 

MAB8048H/35H L loo - - 6 mA 

MAB8049H/39H L loo - - 8 mA 

MAB8050H/40H L loo - - 15 mA 

Supply current (total) 
at Voo =Vee= 5 V ± 10%; Vss = 0 V 

MAB8048H/35H L loo+ Ice - - 80 mA 

MAB8049H/39H L loo+ Ice - - 90 mA 

MAB8050H/40H L loo+ Ice - - 100 mA 

Inputs 

Input voltage LOW all inputs except 
XTAL1,XTAL2,RESET VIL -0,5 - 0,8 v 

Input voltage LOW 
XTAL 1, XTAL 2, RESET Vi L'I -0,5 - 0,6 v 

Input voltage HIGH all inputs except 
XTAL1,XTAL2,RESET V1H 2,0 - Vee v 

Input voltage HIGH 
XTAL1,XTAL2,RESET V1H1 3,8 - Vee v 

Outputs 

Output voltage LOW (DBO to DB7) 
at loL = 2 mA Vol - - 0,45 v 

Output voltage LOW (RD, WR, PSEN, ALE) 
at loll= 1,8 mA Voll - - 0,45 v 

Output voltage LOW (PROG) 
at IOL2 = 1 mA VOL2 - - 0,45 v 

Output voltage LOW (all other outputs) 
at loLJ = 1,6 mA VoL3 - - 0,45 v 

Output voltage HIGH (DBO to DB7) 
at -loH = 400 µA VoH 2,4 - - v 

Output voltage HIGH (RD, WR, PSEN, ALE) 
at-loHl = lOOµA VoHl 2,4 - - v 

Output voltage HIGH (all other outputs) 
at -loH = 40 µA VoL2 2,4 - - v 

( J"IY 1985 117 



MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/ 40HL 

D.C. CHARACTERISTICS (continued) 

parameter 

age current (Tl, INT) Input leak 
at Vss 

Output lea 
high impe 

at Vss 

LOW inpu 
(P10 to P1 

at Vss 

<V1 <Vee 

kage current (OBO to 087; 
dance) 
+0,45V<V1<Vcc 

t load current 
7, P20 to P27 EA, SS) 

+ 0,45 v < v1 <Vee 

LOW inpu 
at Vss 

t load current (RESET) 
<V1 <Vee 

--
D.C. CHARACTERISTICS 

symbol 

± l1L 

±loz 

I LI 

I LI 1 

min. typ. max. unit 

- - 10 µA 

- - 10 µA 

- - -0,5 mA 

0,02 - -0,3 mA 

MAF8048H/35H L; MAF8049H/39H L; MAF8050H/40H L (at Tamb = --40 to+ 85 °C) 
MAF80A48H/A35HL; MAF80A49H/A39HL; MAF80A50H/A40HL (at Tamb = -40 to+ 110 °C) 

Vee= Voo = 5 V (± 10%); Vss = 0 V; Tamb as above; all voltages with respect to Vss unless 
otherwise specified 

parameter symbol min. typ. max. 
I-·---

Supply current 
at Voo = 5 V ± 10%; Vss =Vee= 0 V 

MAF8048H/35HL; MAF80A48H/A35HL loo - -- 8 

MAF8049H/39HL; MAF80A49H/A39HL loo - - 10 

MAF8050H/40H L; MAF80A50H/A40H L loo - - 18 

Supply current (total) 
at Voo = 5 V :! 10%; Vss =Vee= 0 V 

MAF8048H/35HL; MAF80A48H/A35HL loo+ Ice - - 90 

MAF8049H/39H L; MAF80A49H/A39H L loo+ Ice - - 100 

MAF8050H/40H L; MAF80A50H/ A40H L loo+ Ice - - 120 

Inputs 

Input voltage HIGH all inputs except 
XTAL 1, XTAL 2, RESET V1H 2,2 - Vee 

LOW input load current 
(Pl 0 to P17, P20 to P27 EA, SS) 

at Vss + 0,45 V < V1 <Vee -1L1 - - 0,6 
'----·-

118 J"IY 19851 

unit 

mA 

mA 

mA 

mA 

mA 

mA 

v 

mA 

I 



Single-chip 8-bit microcontroller 

MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/40HL 

A.C. CHARACTERISTICS (MAB8048H/35HL; MAB8049H/39HL; MAB8050H/40HL) 

Vee= Voo = 5 V (± 10%); Vss = 0 V; Tamb = 0 to+ 70 oc; note 1. 
See waveforms Figs 14, 15, 16, 17 and 18 

parameter symbol f(tcL) 11 MHz unit -
(note 2) 

min. max. 

Clock period (note 2) tcL 1/(fXTAL) 90,9 1000 ns -
ALE pulse duration tLL 3,5tcL -170 150 - ns 

Address set-up time to ALE (note 3) tAL 2tcL-110 70 - ns 

Address hold time after ALE tLA tcL -40 50 - ns 
--

Control pulse duration RD, WR tcc1 7,5tcL -200 480 - ns 

Control pulse duration PSEN tcc2 6tcL-200 350 - ns 

Data set-up time before WR tow 6,5tcL -200 390 - ns 

Data set-up time after WR two tcL-50 40 - ns 

Data hold time 
RD, PSEN toR 1,5tcL -30 0 110 ns 
-
RD to data input tRD1 6tcL-170 - 375 ns ---
PSEN to data input tRD2 4,5tcL -170 - 240 ns -

Address set-up time to WR tAw 5tcL -150 300 - ns 

Address set-up time to data 
input (RD) tAD1 10,5tcL -220 - 730 ns 

Address set-up time to data 
input (PSEN) tAD2 7,5tcL -200 - 460 ns 

--
Address floating to RD, WR tAFC1 2tcL-40 140 - ns 

Address floating to PSEN (note 3) tAFC2 5tcL-40 10 - ns 
--

ALE to control pulse RD, WR tLAFC1 3tcL -75 200 - ns 

ALE to control pulse PSEN tLAFC2 1,5tcL -75 60 - ns 

Control pulse to ALE 
RD, WR, PROG tcA1 tcL-40 50 - ns 

Control pulse to ALE 
PSEN tcA2 4tcL-40 320 - ns 

Port control set-up to PROG tcp 1,5tcL -80 50 - ns 

Port control hold to PROG tpc 4tcL -260 100 - ns 
--
PROG to Port 2 input must be valid tpR 8,5tcL-120 - 650 ns 

Input data hold time from PROG tpF 1,5tcL 0 150 ns 

Output data set-up time top 6tcL -290 250 - ns 

Output data hold time tpo 1,5tcL -90 40 - ns 

PROG pulse duration tpp 10,5tcL -250 700 - ns 

Port 2 1/0 data set-up time to ALE tpl 4tcL-200 160 - ns 

Port 2 1/0 data hold time to ALE tLP 1,5tcL -120 15 - ns -
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A.C. CHARACTERISTICS (continued) 

parameter 

Port output from ALE 

TO repetition rate 

Cycle time 

MAF80A48H/ A35H L; 
MAF80A49H/A39HL; 
MAF80A50H/ A40H L 

- Clock period (note 2) 

Notes to A.C. characteristics 

1. Control outputs: CL= 80 pF. 

Bus outputs: CL= 150 pF. 

symbol 

tpv 

toPRR 

tcv 

tcL 

f(tcL) 11 MHz 
(note 2) 

min. max. 

4,5tcL+100 - 510 

3tcL 270 -
1/(fxTAL x 15) 1,36 15 

1/(fXTALl 90,9 1000 

2. f(tcL) assumes 50% duty cycle on XTAL 1 and XTAL 2; minimum frequency= 1 MHz. 

3. Bus high-impedance load: 20 pF. 

a.::: --->§;:: ;J---
test points 7Z97119 

unit 

ns 

ns 

µs 

ns 

A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Output timing measurements 
are taken 2,0 V for a logic 1 and 0,8 V for a logic 0. 

Fig. 13 A.C. testing input, output waveform. 

~----- _. 1LAFC1-. 
ALE 

- 1cc1--1cA1 

BUS FLOATING DATA FLOATING 

7Z87393 

Fig. 14 Read from external data memory. 
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ALE 

BUS 

ALE 

PSEN 

BUS 

ALE 

EXPANDER 

PORT 
OUTPUT 

EXPANDER 
PORT 
INPUT 

FLOATING 

FLOATING 

ADDRESS 

tLAFC1-

.....___ 1c c 1 -------.. ....- tcA 1 ---.. 

FLOATING 

....__two ..... I 
... tow --a., 

DATA 

l-4----- tAW ·----<~I 

Fig. 15 Write to external memory. 

--tcc2-

-- tAFC2 - tcA2 ---

ADDRESS 

Fig. 16 Instruction fetch from program memory. 

.,.tAL_......--- 1LA _____.. 

PROGRAM COUNTER HIGH 

PROGRAM COUNTER HIGH 

Fig. 17 Port 2 timing. 

MAB8048H/35HL 
MAB8049H/39HL 
MAB8050H/40HL 

FLOATING 

7287394 

FLOATING 

7287392 
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Fig. 18 1/0 port timing. 
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DESCRIPTION 
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FAMILY 

The MAB84X1 family of microcontrollers is fabricated in NMOS. The family consists of 5 devices: 

• MAB8401 - 128 bytes RAM, external program memory, with 8-bit LED-driver (10mA), 
emulation of MAB/F8422/42* possible 

• MAB/MAF8411 -- 1 K byte ROM/64 bytes RAM plus 8-bit LED-driver 
• MAB/MAF8421 - 2K bytes ROM/64 bytes RAM plus 8-bit LED-driver 
• MAB/MAF8441 - 4K bytes ROM/128 bytes RAM plus8-bit LED-driver 
• MAB/MAF8461 - 6K bytes ROM/128 bytes RAM plus 8-bit LED-driver 

Each version has 20 quasi-bidirectional 1/0 port lines, one serial 1/0 line, one single-level vectored 
interrupt, an 8-bit timer event counter and on-board clock oscillator and clock circuits. Two 20-pin 
versions, MAB/F8422 and MAB/F8442* are also available. 

This microcontroller family is designed to be an efficient controller as well as an arithmetic processor. 
The instruction set is based on that of the MAB8048. The microcontrollers have extensive bit handling 
abilities and facilities for both binary and BCD arithmetic. 

For detailed information see the "8-bit Single-chip Microcontrollers user manual". 

* See data sheet on MAB/F8422/42. 

Features 

• 8-bit: CPU, ROM, RAM and 1/0 in a single 28-lead DI L package 
• 1 K, 2K, 4K or 6K ROM bytes plus a ROM-less version 
• 64 or 128 RAM bytes 
• 20 quasi-bidirectional 1/0 port lines 
• Two testable inputs: one of which can be used to detect zero cross-over, the other is also the 

external interrupt input 
• Single level vectored interrupts: external, timer/event counter, serial 1/0 
• Serial 1/0 that can be used in single or multi-master systems (serial 1/0 data via an existing port line 

and clock via a dedicated line) 
• 8-bit programmable timer/event counter 
• Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
• Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
• Single 5 V power supply(± 10%) 
• Operating temperature ranges: 0 to+ 70 oc 

-40 to+ 85 oc 
-40 to + 11 O oc 

MAB84X1 family 
MAF84X1 family only 
MAF84AX1 family only 

PACKAGE OUTLINES 

MAB8401 B: 28-lead 'Piggy-back' package (with up to 28-pin EPROM on top). 
MAB8401WP: 68-lead plastic leaded chip-carrier (PLCC) (SOT-188A). 
MAB/MAF8411/21/41/61 P: 28-lead DI L; plastic (SOT-117). 
MAF84A 11/21/41/61 P: 28-lead DI L; plastic (SOT-117). 
MAB8411/21/41/61T: 28-lead mini-pack; plastic (S0-28; SOT-136A). 
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PINNING 

11 

P22 

P23 

POO 

P01 

P02 

P03 

P04 

P05 

P06 

P07 

Tl 

Vss 

Vee 

P21 

P20 

P17 

P16 

P15 

P14 

P13 

P12 

P11 

P10 

RESET 

XTAL2 

XTAL1 

7Z84529.1 

Fig. 1 Pinning diagram for mask-programmable devices MAB8411, MAB8421, MAB8441, MAB8461 
and for MAB8401 'Piggy-back' version bottom pinning (for top pinning see Fig. 2). 

PINNING DESIGNATION 

Vss 14 

Vee 28 
POO- P07 4 - 11 
P10- P17 18- 25 
P20- P23 26, 27, 1, 2 

SCLK 3 
INT/TO 12 

T1 13 

RESET 17 
XTAL1 15 

XTAL2 16 

124 N~omb•' 1986~ 

Ground 
Power supply,+ 5 V 
Port 0, 8-bit quasi-bidirectional 1/0 port 
Port 1, 8-bit quasi-bidirectional 1/0 port with 8-bit LED driver 
Port 2, 4-bit quasi-bidirectional 1/0 port, P23 is the serial data 1/0 in 
serial 1/0 mode 
Bidirectional clock for serial 1/0 
External interrupt input (sensitive to a negative-going edge min LOW 
> 7 clock pulses, min HIGH> 4 clock pulses), testable using the JTO 
or JNTO instructions. 
Input pin, testable using the JT1 or JNT1 instructions. It can be 
designated as event counter input using the STRT CNT instruction. It 
can also be used to detect zero cross-o.ver of slowly moving a.c. inputs. 
Input to initialize the processor (active HIGH). 
Connection to timing component (crystal) that determines the 
frequency of the internal oscillator. It is also the input for an external 
clock source. 
Connection to other side of the timing component. 
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MAB8401 B (top pinning) 

Vee 

Vee 

Vee 

AB 

A9 

A11 

Vss 

A10 

PSEN 

AO 07 

06 

01 05 

02 04 

Vss 03 

7Z86139 

Fig. 2a Connection of EPROM to 
'Piggy-back' package MAB8401 B. 
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PIN DESIGNATION 

designation pin function 

Vss 14,22 Ground 

Vee 1, 26-28 Power supply, + 5 V 
AO-A12 10-3, 25, 

24,21,23,2 Address outputs 
D0-07 11-13, 

15-19 Data inputs 
PSEN 20 Program store enable 

Fig. 2 Pinning diagram for MAB8401 B 'Piggy-back' 
version top pinning (for bottom pinning see Fig. 1); 
to access a 2732 or 2764 EPROM. 

Note 

Access times for ROMS/EPROMS to be below 1 µs. 

~ 
A0-A12 V A0-A12 

(address bus) 

~ ....... 
D0-07 D0-07 )I 

(data bus)-,, 

~ EPRDM 

max. 8 K bytes 
MAB8401 SeLK 

C'E PSEN BOND OUT CHIP 

T1 

INT/TO 

RESET 

XTAL1 

Vss Vee 
XTAL2 

Vee 

Vss 

7287362.1 

-
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P02 

P03 

P04 

P05 

P06 

P07 

C1 

INTA 

INT/TO 

Tl 

DO 

D1 

D2 

A12 

0 

:;;: 

I~ 

"' <( 

0 
a.. 

"' <( 

CHIP CARRIER DESIGNATION 

designation 

Vss 
Vee 
POO--P07 
P10-P17 
P20-P22 
P23/SDA 
SCLK 
INT/TO 

pad no. 

35 
68 
4-5, 12-17 
56-59, 62-65 
66, 67, 1 
2 
3 
20 
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0 
0 
a.. 

<( 
0 
~ 
M 
N 
a.. 

N 0 
N 0 
a.. > 

"' <( 

o; 
a.. 

... 
<( 

0 
N 
a.. 

M 
<( 

N 
<( 

0 
<( 

P13 

P12 

P11 

P10 

RESET 

XTAL2 

XTALl 

HALT 

CLK 

PSEN 

D7 

D6 

D5 

D4 

D3 

7Z87977 

Fig. 3 Pinning diagram; PLCC. 

function 

Ground 
Power supply,+ 5 V 
Port 0, 8-bit quasi-bidirectional 1/0 port 
Port 1, 8-bit quasi-bidirectional 1/0 port 
Port 2, 4-bit quasi-bidirectional 1/0 port; P23 is the serial 
data 1/0 in series 1/0 mode 
Bidirectional clock for serial 1/0 
External interrupt input (sensitive to a negative-·going edge), 
testable using the JTO or JNTO instructions 
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T1 21 

RESET 55 
XTAL1 53 

XTAL2 54 
EXSI 34 

AO-A12 41-36, 33-28 
25 

DO-D7 22-24, 45-49 

CLK 51 

PSEN 50 

C1 18 

HALT 52 

INTA 19 

6 
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Input pin, testable using the JT1 or JNT1 instructions. It can be 
designated as event counter input using the STAT CNT inctruction. 
It can also be used to detect zero cross-over of slowly moving a.c. 
inpu.ts. 
Input to initialize the processor (active HIGH) 
Connection to timing component (e.g. crystal) that determines 
the frequency of the internal osci I lator. It is also the input for an 
external clock source. 
Connection to other side of the timing component 
External serial 1/0 interrupt (active-LOW) for emulation of 
MAB/F8422/42. 
Program memory address outputs (active HIGH); AO= LSB, 
A 12 = MSB. Address output change after begin Phi3 of TS8. 
Data input lines (active HIGH) used for reading external program 
memory. DO= LSB, D7 = MSB. 
Clock output buffered from XTAL2. On the positive-going edge 
the (internal) Phi clock goes HIGH. 
Program store enable. This signal is used for enabling the external 
EPROM (e.g. on the 'Piggy-back' version). For emulation, it 
enables the emulation memory and it indicates machine cycles. 
Active LOW during TS9, TS10 of each machine cycle and TS1 of 
the following machine cycle. 
Cycle 1 indication output (active LOW). During emulation, this 
signal indicates the opcode fetch cycle (useful for external 
instruction decoding, real-time trace). Active from start of TS10 
of the cycle preceding cycle 1, until the start of TS10 of cycle 1. 
Halt input (active LOW). If activated, the current instruction is 
finished and the microcontroller stops execution (HALT mode). 
The next program counter address is available on the address bus. 
Program counter and timer/event counter are no longer updated. 
The serial 1/0 finishes the current transmit/receive action and 
goes into the idle state. Interrupts are not sampled in the HALT 
mode, they are only sampled when the microcontroller is running. 
Interrupt routines can be single-stepped as a normal program. 
Interrupt acknowledge output (active LOW). It indicates any 
interrupt acception. Active from start of TS8 of the interrupted 
cycle, until start of TS7 of the second cycle of the (internally 
forced 'CALL vector address' instruction. During INTA active, 
the address bus shows the address that has been saved in the stack 
(return address); the C1 output indicates opcode fetch cycles as 
if a user CALL was executed. 
Emulate 20-pin version MAB/F8422/42 (active-LOW). 



~AB84X1 
MAF84X1 
MAF84AX1 
FAMILY l __ _ 

SCLK 
(pin3) 

r---------.., 
I I I RESIDENT AOM I 
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SIO 
inter. 

~ 
POWER { 
SUPPLY Vss 

-GND 
external 
interrupt 

CONTROL & TIMING 

INT/TO RESET XTAL 1 

INTERRUPT INITIALIZE" OSCILLATOR 
XTAL 

( 1 l EXSI and EMU20 for MAB401WP only 

+--TESTO 

+-TEST 1 
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LOGIC CARRY 
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ACC BIT 
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7Z83739.4 

REGISTER 0 

REGISTER 1 

REGISTER 2 

REGISTER 3 

REGISTER 4 

REGISTER 5 

D REGISTER 6 
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g r--8-LE_V_E_L_ST-AC_K _ _, 

~ !VARIABLE LENGTH) 

OPTIONAL SECOND 
REGISTER BANK 

DATA STORE 

RESIDENT RAM ARRAY 

8411 : 64 BYTES 
8421 : 64 BYTES 
8441 : 128 BYTES 
8461 : 128 BYTES 

Fig. 4a Block diagram of the MAB84X1 family. 
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Fig. 4b Replacement for dotted part in Fig. 4a 
for the MAB8401WP bond-out version. 
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Fig. 4c Replacement of dotted part in Fig. 4a 
for the MAB8401 B 'Piggy-back' version. 
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FUNCTIONAL DESCRIPTION (for more detail see Microcontroller Users Manual) 

Bond-out version MAB8401WP 

The bond-out version is a microcontroller that contains no on-board ROM, but has all address and 
data lines brought out to access an external ROM or EPROM. So, this version has more pins than the 
standard microcontrollers with on-board ROM. It has all the features of the other members of the 
MAB84X1-family, including emulation facilities for the MAB/F8422/42 (20-pin version). It can 
address BK bytes of external ROM. The RAM has 128 bytes. 

Piggy-back version MAB8401 B 

The Piggy-back version is a special package that has standard pinning to the bottom which facilitates 
insertion as a mask-programmed device. An EPROM is mounted on top in an additional socket. Thus, 
the total package height is greater than the standard DI L package. Emulation of the 8422/42 is not 
possible. 

Program and data memory 

The program memory (ROM) is mask-programmed at our factory. Because the MAB84X1-family offers 
a range of ROM capacities to suit the application, ROM expansion is not required. Figure 5 shows the 
program memory map. Program memory is arranged in banks of 2K bytes, that are selected by SE L MB 
instructions. 
MA88461 

MAB8441 

MA88421 

' 

MAB8411 1024 
1023 

J:o> :' 

8 
7 

6 
5 
4 
3 
2 
1 

0 
7Z84536.6 

MAB8401 /41/61 

I 1 l The program memory of 
6K to SK can be used 
via the SEL MB3 instruction 

location 7: timer/counter inter-
rupt vector 

location 5: serial l /0 interrupt 
vector 

location 3: external interrupt 
vector 

location 0: reset vector 

MAB8421 
MA88411 

Fig. 5 The program memory map. 
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Rl' 
RO' 

8 LEVEL 
STACK 

or 
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16x 8 
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WORKING 
REGISTERS 

8x8 

Rl 
RO 

,f 

directly 
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_J 

directly 
addressable 
when bank 0 
is selected 

7Z84535.5 

Fig. 6 The data memory map. 
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FUNCTIONAL DESCRIPTION (continued) 

The data memory (RAM) consists of 64 or 128 bytes (8-bit words). All locations are indirectly 
addressable using RAM pointer registers and up to 16 designated location can be addressed directly. 
The memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 6 shows the data memory map. 

On-chip peripheral functions 

In addition to the CPU and memories, an interrupt system, 1/0 facilities, and an 8-bit timer/event 
counter are integrated on-chip to assist the CPU in repetitions, complicated or time-critical tasks. The 
1/0 facilities include the 1/0 pins, parallel ports and a serial 1/0 port, consisting of a data line SDA 
shared with a parallel port line (P23), and a dedicated clock line SCLK. 

1/0 facilities 

The MAB84XX family has 23 1/0 lines arranged as: 

• Two parallel ports of 8 lines (POO-P07, P10-P17). Each line of Port 1 can sink 10 mA. 
• A parallel port of 4 lines (P20-P23) 
• A serial 1/0 consisting of a data line shared with a parallel port line (P23) and a separate clock line 

SCLK; 
• An external interrupt and test input INT/TO, which when used as a test input can be tested by the 

conditional jump instructions JTO or JNTO; 
• A test input Tl, which can alter program sequences when tested by conditional jump instructions 

JT1 or JNT1. T1 can also be used as an input to the timer/event counter or to detect zero cross-over 
of slowly moving a.c. signals. 

All parallel port lines are available in three optional output configurations (except P23 - option 1 only): 

• Option 1; open drain output without pull-up transistor (Fig. 7(a)) 
• Option 2; open drain output with pull-up transistor (Fig. 7(b)) 
• Option 3; push-pull output with pull-up transistor (Fig. 7(c)) 

If the inputs and outputs on a port are mixed (mixed-mode), the inputs should be options 1 or 2 but 
not option 3. This prevents cross-currents via TR2 and an external connection to ground, while 
switching the output on the same port and in parallel, masking the inputs with logic '1' s .. 

The MAB84X1 family serial 1/0 interface has been designed to eliminate the heavy processing load 
imposed upon a normal microcontroller performing serial data transfer. Whereas a normal microcon
troller must regularly monitor the serial data bus for the presence of data, the serial 1/0 interface 
detects, receives and converts the serial data stream into a parallel format without interrupting the execution 
of the current program. An interrupt is sent to the microcontroller only when a complete byte is 
received. Then, the microcontroller reads the data byte in one instruction. Likewise, for transmission, 
the serial 1/0 interface performs parallel to serial conversion and subsequent serial output of the data 
and the microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has been transmitted. The design of the serial 1/0 interface allows any number of MAB84X 1 
family devices and peripheral circuits with 12C bus compatibility to be interconnected by the two-line 
serial bus. This is achieved by allocating a specific 7-bit address to each device and ensuring that a 
device reacts only to a message preceded by its own address or the 'general call' address. 

Address recognition is performed by the interface hardware so that the microcontroller need only be 
interrupted when a valid address is received. This saves significant processing time and memory· space 
compared to a conventional microcontroller with a software serial interface. When the address facility 
is not required, for instance in a system with only two microcontrollers, direct data transfer is possible. 
In multi-master systems, an automatically invoked arbitration procedure prevents two or more devices 
transmitting simultaneously. 
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Fig. 7 Quasi-bidirectional 1/0 interface with (a) open drain output without pull-up transistor, (b) open 
drain output with pull-up transistor, (c) push-pull output with pull-up transistor. 

Serial 1/0 interface 

Figure 8 shows the serial 1/0 interface. The clock line of the serial bus has exclusive use of pin 3 
(SCL..K) while the data line shares pin 2 (serial data) with the 1/0 line P23 of port 2. When the serial 
1/0 is enabled, P23 is disabled as a parallel port line (P23 and SCL..K only open drain). 

The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 

• data shift register SO, 
• serial 1/0 interface status word S 1, 
• serial clock control word 52, 
• address register. 
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FUNCTIONAL DESCRIPTION (continued) 

Serial 1/0 interface (continued) 

Data shift register SO 

SO is the shift register that converts serial data to parallel format and vice versa. A pending interrupt is 
generated only after a complete byte has been transmitted, or after a complete data byte, specific or 
general call address has been received. The most significant bit is transmitted first. 

Status word S 1 

S1 provides information about the state of the interface and stores interface control information from 
the microcontroller. The four most significant bits are common to both read and write instructions, 
with a separate 4 read-only control bits and 4 write-only interface status bits. 

MST and TRX 

These bits determine the operating mode of the serial 1/0 interface (Table 2). 

Table 1 Operating modes of the serial 1/0 interface. 

MST TRX mode 

0 0 slave receiver 
1 0 master receiver 
0 1 slave transmitter 
1 1 master transmitter 

BB: Bus Busy 

This bit indicates the status of the bus. 

PIN: Pending Interrupt Not 

PIN= 'O' indicates that there is an interrupt pending. This causes a Serial Interrupt Request when the 
serial interrupt mechanism is enabled. 

ESQ: Enable Serial Output 

The ESQ flag enables/disables the serial 1/0 interface: ESQ= '1' enables 
ESQ = 'O' disables 

BCO, BCl and BC2 

These bits indicate the number of bits received or transmitted in a serial data stream. 

Bits ESQ, BCO, BC1 and BC2 can only be written via software. 

AL: Arbitration Lost 

The AL flag is set via the hardware when the serial 1/0 interface, as a master transmitter, loses the bus 
arbitration procedure. 

ASS: Addressed As Slave 

This flag is set via the hardware when the interface detects either its own address or the 'general call' 
address as the first byte of a transfer and if the interface has been programmed to operate in the 
address recognition mode. 
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This flag is set via the hardware after the general call address is detected when the interface is operating 
in the address recognition mode. 

LRB: Last Received Bit 

This contains either the last data bit received or, for a transmitting device in the acknowledge mode, 
the acknowledge from the receiving device. 

Bits AL, AAS, ADO and LRB can only be read via software. 

Clock control register S2 

Bits 0 to 4 of S2 are used to set the frequency of the serial clock signal. When a 4,43 MHz crystal is 
used, the frequency of the serial clock can be varied between 100 kHz and 720 Hz. An asymmetrical 
clock with a HIGH to LOW ratio of 3 to 1 is produced by setting bit 5. The asymmetrical clock allows 
a microcontroller more time per clock period for sampling the data line, making the timing of this 
action less critical. Bit 6 is used to activate the acknowledge mode of the serial 1/0. S2 is a write-only 
register. 

Address register 

The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. Only when ESQ = 0 can the address register be written using the 
MOV SO,A and MOV SO,#data instructions. 

Serial 1/0 interrupt logic 

The interrupt logic is enabled by the EN SI instruction and disabled by DIS SI. When the interrupt 
logic is enabled, a pending interrupt results in a serial 1/0 interrupt to the controller, causing a jump 
to location 5 in the ROM. When the logic is disabled, the presence of an interrupt is still indicated by 
the PIN bit in register S1. Therefore, an interrupt can still be serviced but a vectored interrupt will 
not occur. 

Interrupt system 

External events and real-time on-chip peripherals require servicing by the CPU asynchronous to the 
execution of any particular section of code. To tie the asynchronous activities of these functions to 
normal program execution, three single-level nested interrupts are provided. 

Each interrupt vectors to a separate location in the program memory for its service program. Each 
source can be individually enabled or disabled. When more than one interrupt occurs simultaneously, 
their priority will be: ( 1) external, (2) serial 1/0 and, (3) timer/event counter. An additional external 
interrupt can be created using the timer/event counter interrupt. 
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Single-chip 8-bit microcontroller 

Test input T1 

The T1 input line can be used as: 

• a test input for branch instructions, 
• an input for zero voltage cross-over detection, 
• an external input to the event counter. 

MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 

An internal pull-up transistor is provided as a ROM mask option. This is useful when the input is from 
a switch or standard TTL output. 

When Tl is used as a test input, the JT1 or JNT1 instructions test for a HIGH or a LOW respectively. 

When used for zero-cross detection purposes, the T1 input must be coupled through a capacitor of 
typical value 1 µF and operation carried out using the T1 input without the pull-up transistor. The 
maximum input voltage amplitude is 3 V (peak-to-peak), with a maximum operational frequency of 
1 kHz. The T1 input has an on-chip d.c. offset circuit which self-biases the input to its exact switching 
level of 1 V. As a consequence a smal I change wil I cause a digital transition to occur. The 
switching level of the T1 input circuit is within the bias voltage of± 135 mV. Upon each positive cycle 
on the pin, the event counter is incremented and an overflow will set the timer flag TF. Zero 
cross-over detection used in conjunction with the timer/event counter interrupt, is useful in thyristor 
control of power equipment. Figure 9 illustrates, (a) the input waveform, (b) the input diagram and 
(c) the on-chip self-stabilized bias. 

v 

input 13 Tl 

1µFT MAB 84X1 

MAB 84X1 interpretation 

(a) 
7Z91597 (b) v 

1,0 
bias voltage v8 

T1 
0 

a.c. source _____, T 1 /event counter 
7297599 

le) 
1Z97598 

Fig. 9 Zero-cross detection circuitry. 

The operation of Tl as an input to the timer/event counter is described under the heading Timer/ 

event counter. 
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High current outputs 

Ten pins are provided that can sink high currents: 

- P23 (serial data), pin 2 5 mA at 0,45 V (open drain), 
- SCLK, pin 3 5 mA at 0,45 V (open drain), 
- P10 - P17.6. 10 mA at 1 V 

6. Pl 0 to Pl 7 may be connected in parallel if their logic outputs are always the same. 

136 N°""mbe• 19861 
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Single-chip 8-bit microcontroller 

FUNCTIONAL DESCRIPTION (continued) 

Timer/event counter 

MAB84X1 
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An 8-bit binary up-counter is provided. This can count external events, machine cycles divided by 32, 
or machine cycles directly. When used as a timer, the input to the counter is either the overflow or 
input of a 5-bit prescaler. When used as an event counter, LOW to HIGH transitions on T1 (pin 13) are 
counted. The maximum rate at which the counter may be incremented is once every machine cycle 
(200 kHz for a 5 µs machine cycle). Figure 10 illustrates the timer/event counter. 

PRE SCALER 
XTA_L_+-30~_.~ +32 

I internal clock 
frequency I cleared on 

start timer 

PS= 1 

EDGE 
DETECTOR 

load or read 

8-BIT 
TIMER/ 
EVENT 

COUNTER 

A. START TIMER cleared 
B. START COUNTER on reset 
C •STOP TIMER/COUNTER 

jump if 
timer flag 

= 1 

7Z89148 

Fig. 10 The timer/event counter. 

Differences between the MAB8021 and MAB8048 microcontrollers, and the MAB84X1 family. 

8021 8048 8401, 8411 
8421,8441,8461 

ROM capacity (bytes) 1K 1K ROM less, 1 K, 2K, 4K, 6K 
RAM capacity (bytes) 64 64 64, 64, 128, 128 
paralel 1/0 lines 8+8+4 8+8+8 8 +'8 + 4 
single inputs 1 3 2 
serial 1/0 no no yes, 2-line multi-transmitter 
timer 8 bit 8 bit 8 bit 
prescaler mod. 32 mod. 32 mod. 1 & mod. 32 
machine cycle time (µs) 10 2,5 5 

for clock (MHz) 3 6 6 
instruction set 8021 8048 8048 with omissions; 

5 new serial 1/0 instructions; 
2 new register instructions; 
2 new control instructions; 
1 new cond. branch instruction 

interrupts none 2 3 
external external 
timer/ serial 1/0 
event counter timer/event counter 

no. of pins (OIL) 28 40 (PLCC-68) 28 

1986 
' - ' . . 
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OSCILLATOR CIRCUITRY 

Clock frequency is determined by using the internal oscillator or by connecting an external clock to 
XTAL 1. Where the internal oscillator is used, the frequency is set by a crystal between XTAL 1 and 
XT AL2, or by a ceramic resonator or an inductor, each with two associated capacitors, between 
XTAL1 and XTAL2(see Fig. 11 a). A machine cycle consists of 10 states, each state being 3 oscillator 
periods. The common 6 MHz crystal gives a 5 µs machine cycle. The MAB84X1 family has dynamic 
logic, and therefore, for adequate refreshing the oscillator frequency must be at least 1 MHz. 

XTAL1 XTAL2 

1MO 

C2 

I 7ZB0902 

1. Crystal - AT-cut 

2. Ceramic resonator 
C1=C2=27 pF 
C1 may be trimmed 
Cp.;;; 6,75 pF (parasitic capacitance) 

Fig. 11a Quartz crystal or ceramic resonator mode. 

Cl 
~1---.----1XTAL1 

L 

C2 
~1-------1 XTAL2 

7Z84843.2 

Fig. 11 b LC pi-network. 

Vee 

~mu 
7Z87978 

Fig. 11 c Externa I drive. 

LC oscillator timing 

frequency C1 = C2 L 

3,0 MHz 33 pF 100µH 
4,0 MHz 33 pF 56µH 
4,4 MHz 33 pF 47 µH 
5,0 MHz 33 pF 33µH 
6,0 MHz 33 pF 22µH 

Drive XTAL1 
Leave XT A L2 open 

Driver may be high-speed CMOS or any TTL 
tr, tf < 10 ns 

138 N~omboc 19861 



Single-chip 8-bit microcontroller 

PROGRAM STATUS WORD 

MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 

The program status word (PSW) is an 8-bit word in the CPU which stores information about the current 
status of the microcontroller (Fig. 12). The PSW bits are: 

bits 0, 1and2 - stack pointer bits (SPc), SP1, SP2); 

bit 3 

bit 4 

bit 5 

bit 6 

bit 7 

- prescaler select (PS); 0 = divide-by-32; 1 =no prescaling; 

- working register bank select (RBS): 
0 = register bank 0 
1 = register bank 1; 

- not used (1); 

- auxiliary carry (AC): 
half-carry bit is generated by an ADD instruction and used by the decimal adjust 
instruction DA A; 

- carry (CY): 
the carry flag indicates that the previous operation has resulted in an overflow of 
the accumulator. 

saved in saved in 
the stack the stack stack pointer 

,---"----, ,---A-.. ,-----A---.. 
EE·-c-r!-1-,.-I R-BE-s 'p-s-r-s-P2'!-sP_1,.., s-P-,o I 

7 6 3 2 1 0 
MSB LSB 

7289149 

Fig. 12 Program status word. 

All bits can be read using MOVA, PSW and bit 3 can be written with MOV PSW, A. 

Bits 6 and 7 can be set and cleared by CPU operation. Bit 4 is changed by the SEL RB instruction, 
bit 3 by the MOV PSW.A instruction, and bits 0, 1 and 2 by the CALL, RET or RETA instructions 
and when an interrupt occurs. Bits 4, 6 and 7 are stored in the program counter stack during sub
routine and interrupt calls. These bits are restored to the PSW with RETA (return and restore) 
instruction. 

Note: The RET instruction has no restore feature and should not be used at the end of an interrupt 
because this would leave any further interrupts disabled. 

The MAB84X1 family has arithmetic, logical and branching capabilities. The DA A, SWAP A, and 
XCHD instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look up from the current ROM page. 

The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user's program. Table 2 lists the conditional branch instructions used 
to change the program execution sequence. The DJNZ instruction decrements a designated register and 
branches if the contents are not zero. This instruction makes the register an efficient program loop 
counter. The JMPP @A instruction allows multiway branches to destinations indirectly addressed by 
the contents of the accumulator. 
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Table 2 Conditional branches 

TEST 

accu mu I ato r 
accumulator bit test 
carry flag 
timer overflow flag 
test input I NT 
test input T1 
test flag 0 
test flag 1 
register 

RESET 

JUMP CONDITION 

0 or non-zero 
1 
0 or 1 
1 
0 or 1 
0 or 1 
1 
1 
non-zero. 

A positive-going signal on the RESET input: 

- sets the program counter to zero, 
- selects location 0 of memory bank 0, and register bank 0, 
- sets the stack pointer to zero ('000'8); pointing to RAM address 8, 
- disable the interrupts (external, timer and serial 1/0), 
- stops the timer/event counter, then sets it to zero, 
- sets the timer prescaler to divide·by-32, 
- resets the timer flag, 
- sets all ports to logic '1' (input mode), 
- sets the serial 1/0 to slave receiver mode and disables serial 1/0. 

JUMP INSTRUCTION 

JZ, JNZ 
JBO to JB7 
JNC, JC 
JTF 
JNTO,JTO 
JNT1, JT1 
JFO 
JFl 
DJNZ 

Automatic reset at power-up may be obtained by connecting the RESET pin to Vee through a 1 µF 
capacitor C, together with a diode to Vss (cathode to RESET pin). This arrangement is satisfactory, 
if both the voltage (V eel rise time and the oscillator start-up time do not exceed either 1 or 10 ms 
respectively. 

The power-on reset circuit is shown in figure 13. At power-on the current drawn by RESET commences 
to charge the capacitor C. The difference between this increasing capacitor voltage and Vee is known 
as V RESET· The charging circuit is designed to hold V RESET above the lower threshold of a Schmitt 
trigger arrangement long enough to effect a complete reset. The minimum time required; is the oscillator 
start-up time plus two machine cycles. 

November 1986 

supply voltage 
Vee 

VR +-+I R__,f-R_E_SE_T_~, 
I 

© 
Vss 

internal 
pull-down 

device 

7295135.2 

Fig. 13 Typical power-on reset circuitry. 



Single-chip 8-bit microcontroller 

INSTRUCTION SET 
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The instruction set consists of over 80 one and two byte instructions and is based on the MAB8048 
instruction set. New instructions include those for serial 1/0 operation and memory bank selection. 
Program code efficiency is high because all ROM locations on a 256 byte page require only a single 
byte address. 

Table 3 gives the instruction set of the MAB84XX family and Table 4 shows the instruction map. 
The following symbols and abbreviations are used. 

Note: During development of software on a PMDS or similar system, it is important to ensure that no 
jump instruction (direct or indirect). outreaches the final address range of the device. 

symbol 

A 
AC 
addr 
Bb 
BS 
c 
CLK 
CNT 
D 
DBF 
data 
FO, F1 
I 
INT 
p 

Pp 
PSW 
Rr 
SP 
T 
TF 
TO, T1 
# 
@ 

s 

description 

the accumulator 
the auxiliary carry flag 
program memory address (11-bits) 
bit designation (b = 0-7) 
the bank switch 
carry flag 
clock signal 
event counter 
nibble designation (4-bits) 
program memory bank flip-flop 
number or expression (8-bits) 
flags 0 and 1 
interrupt 
external interrupt 
'in-page' operation designation 
port designation (p = 1, 2 or 4-7) 
program status word 
register designation (r = 0, 1 or 0-7) 
stack pointer 
timer 
timer flag 
test 0 and 1 inputs 
immediate data prefix 
indirect address prefix 
current value of program counter 
is replaced by 
is exchanged with 
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Table 3 MAB84XX family instruction set 

mnemonic opcode bytes/ 
(hex.) cycles 

ADD A, Rr 6* 1 /1 

ADD A,@Rr 60 1 /1 

I 
61 

ADD A, #data 03 data 2/2 

ADDC A, Rr 7* 1 /1 

ADDC A,@Rr 70 1 /1 
71 

ADDC A, #data 13 data 2/2 

ANLA, Rr 5* 1 /1 

ANL A,@Rr 50 1/1 
a: 51 
0 

~ ANL A, #data 53 data 2/2 
....J ORL A, Rr 4* 1 /1 ::::> 
~ ORL A,@Rr 40 1 /1 ::::> 
(.) 41 
(.) 
<( ORL A, #data 43 data 2/2 

XRL A, Rr D* 1 /1 

XRL A,@Rr DO 1 /1 
01 

XRL A, #data 03 data 2/2 

INCA 17 1 /1 

DECA 07 1 /1 

CLR A 27 1 /1 

CPLA 37 1 /1 

RLA E7 1 /1 

description 

Add register contents to A 

Add RAM data, addressed by Rr, to A 

Add immediate data to A 

Add carry and register contents to A 

Add carry and RAM data, addressed 
by Rr, to A 

Add carry and immediate data to A 

'AND' Rr with A 

'AND' RAM data, addressed by Rr, with A 

'AND' immediate data with A 

'OR' Rr with A 

'OR' RAM data, addressed by Rr, with A 

'OR' immediate data with A 

'XOR' Rr with A 

'XOR' RAM, addressed by Rr, with A 

'XOR' immediate data with A 

increment A by 1 

decrement A by 1 

clear A to zero 

one's complement A 

rotate A left 

function 

(A)+-(A) + (Rr) 

(A)+-(A) +((RO)) 
(A)+-(A) + ((Rl)) 

(A)+-(A) +data 

(A)+-(A) + (Rr) + (C) 

(A)+-(A) +((RO))+ (C) 
(A)+-(A) + ((R1)) + (C) 

(A)+-(A) +data + (C) 

(A)+-(A) AND (Rr) 

(A)+-(A) AND ((RO)) 
(A)+-(A) AND ((R1)) 

(A)+-(A) AND data 

(A)+-(A) OR (Rr) 

(A)+-(A) OR ((RO)) 
(A)+-(A) OR ((R1)) 

(A)+-(A) OR data 

(A)+-(A) XOR (Rr) 

(A)+-(A) XOR ((RO)) 
(A)+-(A) XOR ((R1)) 

(A)+-(A) XOR data 

(A)+-(A) + 1 

(A)+-(A)-1 

(A)+-0 

(A)+-NOT(A) 

!An + 1 )+-(Anl 
(Ao)+-(A7) 

notes 

r= 0-7 1 

1 

1 

r= 0-7 1 

1 

1 

r=0-7 

r= 0-7 

r= 0-7 

n =0-6 
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CD 
00 
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c: 
0 
2 
a: 
0 
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...J 
::J 
:::!: 
::J 
u 
u 
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en 
w 
> 
0 
2 
<( 
I-
<( 
Cl 

mnemonic 

RLCA 

RR A 

RRCA 

DAA 

SWAP A 

MOVA, Rr 

MOV A,@Rr 

MOV A,#data 

MOV Rr, A 

MOV@Rr,A 

MOV Rr, #data 

MOV @Rr, #data 

XCH A, Rr 

XCH A,@Rr 

XCHD A,@Rr 

MOVA, PSW 

MOV PSW, A 

MOVPA,@A 

opcode bytes/ 
(hex.) cycles 

F7 1 /1 

77 1 /1 

67 1 /1 

57 1 /1 

47 1 /1 

F* 1 /1 

FO 1 /1 - --
F1 

23 data 2/2 

A* 1 /1 

AO 1 /1 
A1 

B* data 2/2 

BO data 2/2 
B 1 data 

2* 1 /1 

20 1 /1 
21 

30 1 /1 
31 

C7 1 /1 

07 1 /1 

A3 1/2 

description function 

rotate A left through carry !An + 1 )<-An 
(Ao)<-(C), (C)<-(A7) 

rotate A right !Anl<-(An + 1) 
(A7)<-(Ao) 

rotate A right through carry !An)<-(An + 1 l 
(A7)<-(C), (C)<-(Ao) 

decimal adjust A 

swap nibbles of A (A4_7)#(Ao_3) 

move register contents to A (A)<-(Rr) 

move RAM data, addressed by Rr, to A (A)<-((RO)) 
(A)<-((R1)) 

move immediate data to A (A)<-data 

move accumulator contents to register (Rr)<-(A) 

move accumulator contents to RAM ((RO))<-(A) 
location addressed by Rr ((R1))<-(A) 

move immediate data to Rr (Rr)<-data 

move immediate data to RAM location ((RO))<-data 
addressed by Rr ( ( R 1) )<-data 

exchange accumulator contents with Rr (A)#(Rr) 

exchange accumulator contents with (A)#((RO)) 
RAM data addressed by Rr (A)#((R1)) 

exchange lower nibbles of A and RAM (Ao_3)#((R00_3)) 
data addressed by Rr (Ao_3)#((R10_3)) 

move PSW contents to accumulator (A)<-(PSW) 

move accumulator bit 3 to PSW3 (PSW3)<-(A3) 

move indirectly addressed data in (PC0_7)<-(A), (A)<-((PC)) 
current page to A 

notes 

n= 0-6 2 

n= 0-6 

n=0-6 2 

2 

r = 0-7 

r = 0-7 

r = 0-7 

I 

I 3 

l 

(/) 
s· 
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3 ... 
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CLR C 

CPL C 

INC Rr 

INC@Rr 

DEC Rr 

DEC@Rr 

JMP addr 

JMPP@A 

DJNZ Rr, addr 

DJNZ @Rr, addr 

JBb addr 

JC addr 

JNC addr 

JZ addr 

JNZ addr 

JTO addr 

JNTO addr 

JT1 addr 

JNT1 addr 

JTF addr 

JNTF addr 

97 1 /1 

A7 1 /1 

1* 1 /1 

10 1 /1 
11 

C* 1 /1 

co 1 /1 
C1 

• 4 address 2/2 

B3 1/2 

E* address 2/2 

EO address 2/2 

E 1 address 

• 2 address 2/2 

F6 address 2/2 

E6 address 2/2 

C6 address 2/2 

96 address 2/2 

36 address 2/2 

26 address 2/2 

56 address 2/2 

46 address 2/2 

16 address 2/2 

06 address 2/2 

clear carry bit 

complement carry bit 

increment register by· 1 

increment RAM data, addressed by Rr, 
by 1 

decrement register by 1 

decrement RAM data, addressed by Rr, 
by 1 

unconditional jump within a 2K bank 

indirect jump within a page 

decrement Rr by 1 and jump if not 
zero to addr 

decrement RAM data, addressed by Rr, 
by 1 and jump if not zero to addr 

jump to ad.cir if Acc. bit b = 1 

jump to addr if C = 1 

jump to addr if C = 0 

jump to addr if A= 0 

jump to addr if A is NOT zero 

jump to addr if TO= 1 

jump to addr if TO= 0 

jump to addr if T1 = 1 

jump to addr if T1 = 0 

jump to addr if Timer Flag= 1 

jump to addr if Timer Flag= 0 

(C)<-0 

(C)+-NOT(C) 

(Rr)+-(Rr) + 1 

((RO))+-((RO)) + 1 
((R1))+-((R1)) + 1 

(Rr)+-(Rr) -1 

((RO))+-((R0))-1 
((R1))+-((R1)) -1 

(PCs-10)+-addrs-1 o 
(PC0_7)+-addro_7 
(PC11-12)+-MBFF 0-1 

(PC0_7)+-((A)) 

(Rr)+-(Rr) -1 
if (Rr) not zero (PC0_7)+-addr 

((RO))+-((RO)) -1 
if ((RO)) not zero (PC0_7}+-addr 

( ( R 1) )+-( ( R 1)) -1 
if ((R1)) not zero (PC0_7}+-addr 

if b = 1: (PC0_7)+-addr 

if C = 1: (PC0_7)+-addr 

if C = 0: (PC0_7}+-addr 

if A= 0: (PC0_7)+-addr 

if A*O: (PC0_7)+-addr 

if TO= 1: (PC0_7)+-addr 

if TO= 0: (PC0_7)+-addr 

ifT1=1: (PC0_7)+-addr 

if T1 = 0: (PC0_7}+-addr 

if TF = 1: (PC0_7)+-addr 

ifTF=O: (PC0_7}+-addr 

c•0--7

1 

r= 0-7 

r = 0-7 

b=0-7 

2 

2 

4 
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If) 

mnemonic 

MOVA, T 

MOVT, A 

STRT CNT 

STRTT 

STOPTCNT 

EN TCNTI 

DIS TCNTI 

EN I 

DIS I 

SEL RBO 

SEL RB1 

SEL MBO 

SEL MB1 

SEL MB2 

SEL MB3 

CALL addr 

RET 

RETR 

opcode bytes/ 
(hex.) cycles 

42 1 /1 

62 1 /1 

45 1 /1 

55 1 /1 

65 1 /1 

25 1 /1 

35 1 /1 

05 1 /1 

15 1 /1 

C5 1 /1 

D5 1 /1 

E5 1 /1 

F5 1 /1 

A5 1 /1 

85 1 /1 

& 4 address 2/2 

83 1/2 

93 1/2 

description 

move timer/event counter contents to 
accumulator 

move accumulator contents to 
timer/event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 

disable timer/event counter interrupt 

enable external interrupt 

disable external interrupt 

select register bank 0 

select register bank 1 

select program memory bank 0 

select program memory bank 1 

select program memory bank 2 

select program memory bank 3 

jump to·subroutine 

return from subroutine 

return from interrupt and restore 
bits 4, 6, 7 of PSW 

function 

(A)+-(T) 

(T)+-(A) 

(RBS)+-0 

(RBS)+-1 

(MBFF0)+-0, (MBFF1)+-0 

(MBFF0)+-1, (MBFF1)+-0 

(MBFF0)+-0, (MBFF1)+-1 

(MBFF0)+-1, (MBFF1)+-1 

((SP))+-(PC), (PSW4 6 7) 
(SP)+-(SP) + 1 ' ' 
(PCg_ 1 o)+-addra-1 O 
(PC0_7)+-addro-7 
(PC11-12)+-MBFF 0-1 

(SP)+-(SP) -1 
(PC)+-((SP)) 

(SP)+-(SP) -1 
(PSW4, 6, 7) + (PC)+-((SP)) 

notes 

5 

5 

6 

6 

6 
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IN A, Pp 08 1/2 inp.ut port p data to accumulator 
I- 09 
:::> 

QA c.. 
I-
:::> OUTL Pp, A 38 1/2 output accumulator data to port p 0 ...... 39 I-
:::> 3A c.. 
z AN L Pp, #data 98 data 2/2 AND port p data with immediate data 
...J 99 data w 
...J 9A data ...J 
<{ OR L Pp, #data 88 data 2/2 OR port p data with immediate data a: 
<{ 89 data c.. 

BA data 
OUTL PO,A 90 1/2 Output accumulator data to port q, 

MOVA, Sn OC 1/2 move serial 1/0 register contents to 
I- OD accumulator :::> 
c.. 

MOVSn,A 3C 1/2 move accumulator contents to serial I-
:::> 3D 1/0 register 0 ...... 3E I-
:::> 

MOV Sn, #data 9C 2/2 move immeidate date to serial c.. 
z 9D I /0 register 
...J 9E <{ 

a: EN SI 85 1 /1 enable serial 1/0 interrupt w 
en DISS! 95 1 /1 disable serial 1/0 interrupt 

NOP 00 1 /1 no operation 

Notes to Table 3. 

1. PSW CY, AC affected 
2. PSW CY affected 
3. PSW PS affected 
4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 
5. PSW RBS affected 
6. PSW SPo. SP1' SP2 affected 
7. (A) = 1111 P23, P22, P21, P20. 
8. (Sl) has a different meaning for read and write operation, see serial 1/0 interface. 
9. Only for software-transfer from the MAB8021. 

(A)+-(PO) 
(A)+-(Pl) 
(A)+-(P2) 

(PO)+-(A) 
(Pl)+-(A) 
(P2)+-(A) 

(PO)+-(PO) AND data 
(Pl )+-(Pl) AND data 
(P2)+-(P2) AND data 

(PO)+-(PO) OR data 
(Pl)+-(Pl) OR data 
(P2)+-(P2) OR data 
(PO)+-(A) 

(A)+-(SO) 
(A)+-(Sl) 

(SO)+-(A) 
(Sl)+-(A) 
(S2)+-(A) 

(SO)+-data 
(Sl )+-data 
(S2)+-data 

* : 8, 9, A, B, C, D, E, F 
• :0,2,4,6,8,A,C,E 
A: 1,3,5,7,9,B,D,F 

7 

9 

8 

II S::S::: S:: 
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Table 4 MAB84X1 family instruction set 

r first hexadecimal character of opcode 

i second hexadecimal character of opcode : 

==============================================================================================================="================I 
I 0 I 1 I 2 l 3 I 4 I 5 I 6 I 7 I 8 ! 9 l A 1 B l C I D ! E ! F I 

t ========:=== ======= = ============== ======= ===== =::::= = = == = = ====== = = = = = = == = = = === == === ====== ===== = :::;:;=== == ==:::= = = === = ==: ==: = = == = = === === == = = I 
I 0 I NOP ! t ! ADD I JMP I EN 1 I JNTF I DEC A l IN A,Pp I 1 l'IOV A1Sn I I 

! l A 1 ldai a! page 0 I I addr I I 0 I 1 2 1 I 0 I 1 l 1 

I 1 1 INC @Rr 1 JBO l ADDC I CALL ! DIS I I JTF I INC A 
l I O I 1 I addr IA1#datal page DI \ addr ! 
I - ---- --- ---- - - --- - -- -- --- ----- - - - -- - - - - - ---- - - - - - - --- - - - -- - - - - - - - -
I 2 I XCH AdiRr I !"!OV I JMP I EN 1 JNTO I CLR A \ XCH AiRr 
I 1 0 1 ! !Adtdatal page 1! TCNTI l addr I I 0 I 
!------------------------------------------------------------------------------
! 3 i XCHD A1~Rr l JB1 l I CALL I DIS I JTO I CPL A I OUTL Pp1A I I MOY Sn1A 
I 0 1 1 addr I I page 11 TCNT 1 I addr ! I 0 \ 1 2 1 0 1 

---------------------------------- ·------------------------------------------
4 ! ORL A1aRr I M(lV I ORL JMP STRT l JNT1 I SWAP \ ORL A,Rr 

0 1 l A,T lAdtdatal page 21 CNT l addr I A I 0 I 
-----------------------------------------------------------------------

ANL Ad~Rr l JB2 ANL CALL I STRT I JT1 DA A ! ANL A1 Rr 
0 l 1 I addr 1A1#datal page ~1 T addr I l 0 

--- - -- ---· - - -- -- -- ---- -- ---- -- - - - -- -- -- -- - -- - - - --- - --- - - - - - - - -- -- - - -
6 I ADD AdiRr MOV JMP STOP l I RRC A I ADD A1Rr 

0 1 l T1A 1 ! paQe JI TCNT ! i 0 I !---------------------------------------: _________________________ _ 
l 7 I ADDC A,aRr 1 JBJ I I CALL ! ! l RR A 

i 0 ! 1 I addr I I page 31 l I 
--- -- - - ------ - ---- .. - ------ ----- ------ -- - -- ----- - - - ---- --- - - - - - - - -

I 8 ! 1 1 RET JMP EN ORL Ppdtdata 
I l I page 4 I S l 0 1 

-----------------------------------------------------------------------------
] 9 ! OUTl t 1 JB4 1 RETR I CALL l DIS I JNZ I CLR C I ANL Pp1#data l I MOY Sn1#data 
I I PO A l I addr I I page 4 l SI ; addr I i 0 l 1 2 I 0 I 
I ------ _c __ - --------- -- ---- -------- ----- - - --- ------ - -- - - - ---- - - - - -- --- - - - - - - - --

A I MOV aRr1A I MOVP ! JMP SEL I I CPL C I MOV RriA 
0 1 1 I A1aA I page 51 MB2 I I 0 l 

--------------------------------------------- ---------------
BS JMPP 1 CALL 1 'SEL I I ! MOV Rr 1 t!:dat a 

addr I OA ! page 51 MB3 l 1 ! 0 I 1 . I 
----- -- ----- ----- -- ----- - -- ----- --- ---- - ---------- ---- -- --- - - - -- -- - -- - -
DEC ORr I 1 I JMP ! SEL JZ MOY DEC Rr 

0 ! 1 I 1 I page b I RBO addr l A, PSW I 0 
-- -- --- - -- - - --- -- -- ----- ·- ---- - --- --- - -- - --- --- ------ --- - --- - - - -- . 

0 ! XRL A~~Rr I J86 XRL CALL I SEL MOV XRL A1Rr 
I 0 1 1 l addr IA1#datal page 61 RB1 ! PSW,A l 0 I 

I - --- ------ --- -- - - --- - - -- -- -- -- - - - - - -- - - ---- --- --- - - -- - - - - ---- --- - - - - --- - - - - - - -- - -
! E I OJNZ aRr1addr I ! JMP I SEL JNC RL A I DJNZ Rr• addr 

1 0 ! 1 I I I page 7 i MBO addr I ! 0 I '1 I 

----------------------------------------------------------------------------------
1 F I MOV Ad~Rr JB7 CALL I SEL I JC I RLC A l MOV A~Rr 

i ! 0 ! 1 I addr I ! page 71 MB1 ! addr I 0 l 1 2 i 3 4 I 5 l 
l ===,.,,===="'-=====:::;;::;;::::::=:="'=:::============::::======:::::::::::::::::=======:::::;;;:::::=:::====:o:o:::::===--====:;;=:::================"'-========================"'=========== l 

(/) 
:;· 
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Table$5'MAB84X1 family 1nstructiol1snot.il1.theMABB048 inst~uction set 
_:_ .. _:_ 

serial 1/0 register control conditional branch 

MOVA, Sn DEC@Rr SEL MB2 JNTF addr 
MOVSn,A DJNZ @Rr, addr SEL MB3 
MOV Sn, #data 
EN SI 
DISS! 

Table 6 shows the MAB8048 instructions omitted from the MAB84X1 family instruction set. 

Table 6 MAB8048 instructions not in the MAB84X1 family instruction set 

data moves flags branch control 

MOVXA,@R CLR FO * JNI addr ENTO CLK 
MOVX@R, A CPL FO JFO addr 
MOVP3A,@A CLR F1 JF1 addr 
MOVD A, P CPL F1 
MOVD P, A 
ANLD P, A * replaced by 
ORLD P,A JTOJNTO. 
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Single-chip 8-bit microcontroller 

ABSOLUTE MAXIMUM RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 

Stress above those listed under 'Absolute maximum ratings' may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device, at these, or any other 
conditions above those indicated in the operational sections of this specification is not implied. 
Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

Input voltage on any pin 
with respect to ground (Vss) 

Total power dissipation 

Input/output for all pins except port 1 

Input/output current for port 1 

Storage temperature 

Operating temperature standard 
extended 
automotive 

V1 

Ptot 

11, lo 

11.10 

Tstg 

Tamb 
Tamb 
Tamb 

-0,5 to+ 7 V 

1W 

max. 10 mA 

max. 20 mA 

-65to + 150 oc 

0 to+ 70 oc 
-40 to+ 85 oc 

-40 to + 11 O oc 

149 



D.C. CHARACTERl.STICS 

Vee"' 5 V (± 10%); Vss = O V; all voltages with respect to V55 unless otherwise specified 

parameter symbol min. max. unit conditions 

Supply current 
MAB lee - 85 mA Oto+ 70 oc 
MAF Ice - 100 mA -40to +85 °e 
MAF84A Ice - 100 mA -40 to+ 110 oc 

Inputs 

Input voltage LOW 
(except P23 and SCLK) V1L -0,5 0,8 v 

Input voltage LOW 
(P23 and SC LK) V1L1 ·-0,5 1,5 v 

Input voltage HIGH 
(all inputs except XTAL 1, 

Vee P23 and SCLK) V1H 2 
+0,5 

v 
Input voltage HIGH 

Vee (XTAL 1, P23 and SCLK) V1H1 3;0 +0,5 
·V 

Outputs 

Output voltage LOW 
(POO-P07) VoL - 0,45 v loL = 1,e mA 

Output voltage LOW 
(P1Q-.-P17 for 
8401/11/21/41/61) VoL12 - ),0 v IOL12 = 10 m.A 

Output voltage LOW 
(P20-P22) VoL2 ' ..,. 0,45· ·v loL2= 1,6mA 

Output voltage LOW ' 
(P23, SCLK) VOL,.3 ......... o.4tl . v IOL3.=6 mA 

. putp4t voltage LOW 
I ·:'. •·•.1nofl·standard pins of 

0,45 :•''. ':~Qut versions) VoL4 ~ v IOL4 =0,4 mA 

I ·· ·o,u~t vA!taee HlGH 
(all outPt:its uhie$S .. 
(open drain). Vmj ' 2,4 - v· loH=-SOµA 

Output leakage current ± loL - 10 .µA Vss<V1 <Vee 



Single-chip 8-bit microcontroller 

A.C. CHARACTERISTICS (all versions except bond-out) 

Vee= 5 v ± 10%; v55 = o v. 

parameter symbol 

Frequency fXTAL MAB/MAF84X1 
MAF84AX1 

Cycle time tcv MAB/MAF84X 1 
MAF84AX1 

A.C. CHARACTERISTICS (bond-out versions) 

Vee= 5 v ± 10%; v55 = o v. 

parameter symbol 

fcL = 6 MHz 

Control pulse duration PSEN (9CP) tee 

Address to PSEN L set-up (1CP) tAS 

Data to PSEN H set-up (1CP + 120 ns) tDs 

Data hold time tDR 

Address to data-in ( 1 OCP-tDsl tAD 

Time from PSEN L to C1 (3CP) tpc 

Time from INTA L to PSEN (3CP) t1po 

Time from INTA H to PSEN (6CP) t1p1 

HALT set-up to PSEN ( 15CP) tHs 
HALT hold time from PSEN (3CP) tHH 

Note: CP =clock pulse. 

Tl ZERO-CROSS CHARACTERISTICS 

Tamb = 0 to+ 70 °C; Vee= 5 V ± 10%; V55 = 0 V; CL= 80 pF 

parameter symbol min. max. 

Zero-cross detection 
input (T1) peak-to-peak Vzx(p-p) 1 3 

Zero-cross accuracy Azx - ± 135 

Zero-cross detection 
input frequency (T1) Fzx 0,05 1 

min. 

1 
1 
5 
6 

min. 

1,5 

167 

600 

0 

-

500 

500 

1 

2,5 

500 

unit 

v 
mV 

kHz 

max. 

6 
5 
30 
30 

max. 

9 

-
-
-

1,07 

-

-

-

-

-

conditions 

MAB84X1 
MAF84X1 
MAF84AX1 
FAMILY 

unit 

MHz 
MHz 
µs 
µs 

unit 

µs 

ns 

ns 

ns 

µs 

ns 

ns 

µs 

µs 

ns 

---

--

a.c. coupled, C = 1,0 µF 

50 Hz sine wave 
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tC 
00 
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~ 

v1Hmin 2,0V 

v0 Hmin2,4V--.. ~ 

¢3 
{internal) 

--, Fl CP -1 ...-3cp 

-1UlJLJULJUL 

v0Lmax0,4V~ I 
VIL max 0,8V 

TIME ~-+--+--+--+-----l---+--+--+--+--+--+--+-----l,__--+--+--+--+--+--+--+-----l,__--+--+--+--+--+--+--+-----l,__--+~ 
SLOT TS7 TSB TS9 TS101 TSl TS2 TS3 TS4 TS5 TS6 TS7 TSB. TS9 ITS101 TSl I TS2 TS3 TS4 TS5 TS6 TS7 TSB TS9 ITS101 ~Sl I TS2 TS3 TS4 TS5 

A12-AO 

PSEN 

D7-DO 
(IN) 

C1 

---CYCLE 1 -- CYCLE 1 · • • · CYCLE 2 · • CYCLE 1 

1....-- tee ----.1 

tAs--11 'cY ---------< 

7Z85645. t 

Fig. 14 Memory access timing MAB8401 B/WP and 1/0 voltage parameters. 
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V1Hmin 2,0V 

VoHmin2,4V +----v-
v0L max 0,4 V ---t----A-

v1L max 0,8 v 

--- CYCLE 2 (runl-1 CYCLE 1 (halt) I CYCLE 1 (halt) 1-- CYCLE 1 (run) ---

TIME _-+---+--+--+----"e----+--+--+--+---+--+--+--f-----+--+--+--+---+--+--+--e----+--+--+--+---+--+--+---e----+--+~ 
SLOT TS6 TS7 TS8 TS9ITS10 TS~tTS2 TS3JTS4 TS5 TS6 TS7 TS8 TS9 ,TS10 T~rs2 TS3' TS4 TS5 TS6 TS7 TS8 TS9 TS10 TS:rs2 TS3 TS4 TS5 

next instruction 

PSEN 

A12-AO An An+l An+l An+l 

HALT 

Cl 

7285647.1 

Fig. 15 INTA and HALT timing MAB8401 and 1/0 voltage parameters. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

MAB8422/42 
MAF8422/42 
MAF84A22/A42 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The MAB8422/8442 is a high-performance microcontroller incorporating dedicated hardware, memory 
capacity and 1/0 lines. This dedication means a microcontroller can be economically installed in 
high-volume products where its main function is control. 

The MAB8422/8442 is a 20 pin, single-chip 8-bit microcontroller that has been developed from the 
28 pin MAB8421/8441 microcontrollers. The versions are: 

• MAB8422 - 2K x 8 ROM/64 bytes RAM 
• MAB8442 - 4K x 8 ROM/128 bytes RAM 

Each version has 15 1/0 port lines comprising one 8-bit parallel port (PO), one 2-bit parallel port (P10 
and P11 that are shared with the serial 1/0 lines SDA and SCL), one 3-bit parallel port (P20 - P22) and 
two input lines (INT/TO and Tl). 

The serial 1/0 interface is 12 C compatible and therefore the MAB8422/8442 can operate as a slave or 
a master in single and multi-master systems. Conversion from parallel to serial data when transmitting, 
and vice versa when receiving, is done mainly in software. There is a minimum of hardware for' the 
serial 1/0 implemented. This hardware is controlled by the status of the SDA and SCL lines and can 
be read or written under software control. Standard software for 12 C-bus control is available upon 
request. For detailed information see the user manual 'Single-chip 8-bit microcontrollers'. 

Features 

• 8-bit: CPU, ROM, RAM and 1/0 
• 20 pin package 
• MAB8422: 2K x 8 ROM/64 bytes RAM 
• MAB8442: 4K x 8 ROM/128 bytes RAM 
• 13 quasi-bidirectional 1/0 port lines 
• Two testable inputs Tl and INT/TO 
• High current output on PO (loL = 10 mA at VoL = 1 V) 
• One interrupt line combined with the testable input line I NT /TO 
• Single-level interrupts: external, timer/event counter, serial 1/0 
• I 2C-compatible serial 1/0 that can be used in single or multi-master systems (serial 1/0 data and clock 

via PlO and Pl 1 port lines, respectively) 
• 8-bit programmable timer/event counter 
• Internal oscillator, generated with inductor, crystal, ceramic resonator or external source 
• Over 80 instructions (based on MAB8048) 
• All instructions 1 or 2 cycles, cycle time dependent on oscillator frequency 
• Single power supply 
• Operating temperature ranges: 0 to +70 oc (MAB84X2) 

-40 to +85 oc (MAF84X2) 
-40 to +110 OC (MAF84AX2) 

PACKAGE OUTLINES 

MAB/MAF84X2, MAF84AX2: 20-lead DIL; plastic (SOT-146) 
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MAB8422/42 
MAF8422/42 
MAF84A22/A42 

SID 
interrupt 

Vee 
POWER{-
SUPPLY ~GND 

P10/SDA 
P11ISCL 

external 
interrupt 

P20-P22 

CONTROL & TIMING 

M/TO RESET 

INTERRUPT INITIALIZE 

XTAL 1 XTAL2 

OSCILLATOR 
XTAL 

r----------, 
: RESIDENT ROM : 

I I 
I 1-'-t~~--, 
I 
I 
I 

8422 : 2 K BYTES 
8442 : 4 K BYTES 

I DECODE 
L ___ _ 

CONDITIONAL 
BRANCH 
LOGIC 

TESTO 

TEST1 

TIMER 
FLAG 

CARRY 

ACC 

ACC BIT 
TEST 

7Z80477. T 

Fig. 1 Block diagram of the MAB8422/B442. 
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P07-POO 

REGISTER2 

REGISTER3 

REGISTER4 

REGISTERS 

REGISTERS 

REGISTER 7 

8 LEVEL STACK 
(VARIABLE LENGTH) 

OPTIONAL SECOND 
REGISTER BANK 

DATA STORE 

RESIDENT RAM ARRAY 

8422 : 64 BYTES 
8442 : 128 BYTES 



Single-chip 8-bit microcontroller 

<( 
I-
<( 

PINNING 0 
I- Designation Pin number z 
w 

POO-P07 1-8 :!!: 
Cl.. 

INT/TO 0 9 
-I 
w 
> w Vss 10 
0 

T1 11 

XTAL1 12 

XTAL2 13 

RESET 14 

P20-P22 17-15 

P11/SCL 18 

P10/SDA 19 

Vee 20 

MABB422 
MAB8442 

7Z95136 

Fig. 2 Pinning diagram. 

Function 

MAB8422/42 
MAF8422/42 
MAF84A22/42 

8-bit quasi-bidirectional 1/0 port (Port 0 high current output). 

External interrupt input (sensitive to a negative going edge) 
and/or input, testable using the JTO or JNTO instructions. 

Ground. 

Input pin, testable using the JT1 or JNT1 instructions. It can be 
designated as event counter input using the STRT CNT instruction. 
It can also be used to detect zero cross-over of slowly moving a.c. 
inputs. 

Connection to timing component that determines the frequency of 
the internal oscillator. It is also the input for an external clock 
source. 

Connection to the other side of the timing component. 

Input to initialize the processor (active HIGH). 

Quasi-bidirectional port. 

Quasi-bidirectional port in parallel port mode. 
Serial clock in serial 1/0 mode. 

Quasi-bidirectional port in parallel port mode. 
Serial data 1/0 in serial 1/0 mode. 

Power supply. 



MAB8422/42 
MAF8422/42 
MAF84A22/42 

FUNCTIONAL DESCRIPTION 

Program and data memory 

The non-volatile program memory (ROM), as shown in Fig. 3, is arranged in two banks of 2K bytes, 
that are selected by SEL MB instructions, and each bank is further divided into 256-byte pages. 
Only the unconditional jump instructions (JMP and CALL) can be used to cross page boundaries. 
Memory bank boundaries can also be crossed using these instructions provided that the appropriate 
memory bank has been selected. 

MAB8442 

MAB8422 

8191r-----.,--

I I t 
I I 
I I SEL MB3 
I I 

6144L _____ J __ J 
6143! I t 

I I I 
I I SELMB2 
I I 
I I I 409611 t 

4095 ----, 

'H' ' ' SELMB1 

2048 i 
2047 ---i 

_ , , SEL MBO 

Bf-------l 

for future 
ROM expansion 

7 location 7 : tlmer/ counter interrupt vector 
6 ,__ ___ __, 
1------1 location 5 : serial I /0 interrupt vector 

4 
31-------i 

location 3 : external interrupt vector 
2 
1-------1 

0 location 0: reset vector ____ _, 
'1295140 

Fig. 3 Program memory map. 

In the volatile data memory (RAM), all locations are indirectly addressable using RAM pointer regi~1:ers 
and up to 16 designated locations can be addressed directly. The memory also includes an 8-level 
program counter stack addressed by a 3-bit stack pointer and two register banks, each with 8 registers. 
The data memory is shown in Fig. 4. 
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Single-chip 8-bit microcontroller 

MAB8442 

MAB8422 

Instruction set 

121 t 
641- USER -1· 63 RAM 

32 
31 

25 
24 
23 

; : 

BANK 1 
WORKING 

REGISTERS 
BxB 

Rl' 
RO' 

8 LEVEL 
)'' STACK 

~ USE~r RAM ' 

8 
7 

1 

o 

16 x 8 

BANK 0 
WORKING 

REGISTERS 
BxB 

Rl 
RO 

I 
addressed 
indirectly 

through pointers 

RO, Rl, RO', Rl' 

directly 
addressable 
when bank 1 
is selected 

directly 
addressable 
when bank 0 
is selected 

7Z95139 

Fig. 4 Data memory map. 

MA88422/42 
MAF8422/42 
MAF84A22/ 42 

The instruction set consists of over 80 one and two byte instructions. It is identical to the MAB84X1 
instruction set except that the instructions MOV Sn, A, MOV A, Sn and MOV Sn, #data are not used. 
Program code efficiency is high because all RAM locations on a 256 byte page require only a single 
byte address. 

On-chip peripheral functions 

In addition to the CPU and memories, an interrupt system, 1/0 facilities, and an 8-bit timer/event 
counter are integrated on-chip to assist the CPU in repetitious, complicated or time-critical tasks. 
The 1/0 facilities include the 1/0 pins, parallel ports and a serial 1/0 port sharing the two pins of 
the para I lei port P 1 . 



MA88422/42 
MAF8422/42 
MAF84A22/42 

FUNCTIONAL DESCRIPTION (continued) 

1/0 facilities (see Fig. 5) 

The MAB8422/8442 has 13 1/0 lines and 2 testable inputs arranged as: 

• An 8 line parallel port POO-P07, high current outputs with three optional output configurations; 

- A push-pull output with pull-up (Fig. 5 (a)) 

- Open drain with pull-up (Fig. 5 (b)) 

- Open drain without pull-up (Fig. 5 (c)) 

• A 2 line parallel/serial port P10/SDA and P11/SCL, open-drain without pull-up, as output configura
tion. Schmitt-trigger input. After RESET, P10/SDA and P11/SCL will be in the parallel port mode. 
To stay in this mode the internal port latches, P14 and P13, must be kept in the logic '1' state. 
Inputs P12-P17 are not valid in the parallel port mode. After a RESET, the microcontroller remains 
in the parallel port mode until the serial 1/0 mode is enabled. 

• A 3 line parallel port P20-P22 with the same output configurations as POO-P07 but without high
-current output; 

• An external interrupt and test input INT/TO, which when used as a test input can be tested by the 
conditional jump instructions JTO and JNTO; 

• A test input T1, tested by the conditional jump instructions JT1 and JNT1. T1 can also be used as 
an input to the timer/event counter or to detect zero cross-over of slowly moving a.c. signals. 

in 
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Single-chip 8-bit microcontroller 
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Test input T1 

The T1 input line can be used as: 

• a test input for branch instructions, 
• an input for zero voltage cross-over detection, 
• an external input to the event counter. 

An internal pull-up transistor is provided as a ROM mask option. This is useful when the input is from 
a switch or standard TTL output. 

When Tl is used as a test input, the JT 1 or JNT 1 instructions test for a HIGH or a LOW respectively. 

Zero cross-over detection 

When used for zero-cross detection purposes, the Tl input must be coupled through a capacitor of 
typical value 1 µF and operation carried out using the Tl input without the pull-up transistor. The 
maximum input voltage amplitude is 3 V (peak-to-peak), with a maximum operational frequency of 
1 kHz. The Tl input has an on-chip d.c. offset circuit which self-biases the input near to its exact 
switching level of 1 V. As a consequence a small change will cause a digital transition to occur. 
The switching level of the Tl input circuit is within the bias voltage of ±135 mV. Upon each positive 
cycle on the pin, the event counter is incremented and an overflow will set the timer flag TF. Zero 
cross-over detection used in conjunction with the timer/event counter interrupt, is useful in thyristor 
control of power equipment. Figure 6 illustrates, (a) the input waveform, (b) the input diagram and 
(c) the on-chip self-stabilized bias. 

v 

zero- cross T 
input 11 Tl 

a.c. source 

MAB84X2 

MAB84X2 interpretation 

7Z97597 (a) 
(b) 

v 
bias voltage Ve 

Tl 

T 1 /event counter o~-------
7Z97599 

(c) 

1Z91598 

Fig. 6 Zero-cross voltage detection circuitry. 
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FUNCTIONAL DESCRIPTION (continued) 

Timer/event counter 

An 8-bit binary up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. When used as a timer, the input to the counter is either the overflow or input 
of a 5-bit prescaler. When used as an event counter, LOW to HIGH transitions on T1 (pin 13) are 
counted. The maximum rate at which the counter may be incremented is once every machine cycle 
(200 kHz for a 5 µs machine cycle). Fig. 7 illustrates the timer/event counter. 

Interrupt system 

___ ........, 
XTAL+ 30 

(internal clock 
frequency) 

PRE SCALER 
+ 32 

cleared on 
start timer 

PS=1 PS=O 

load or read 

EDGE 
DETECTOR 

! 
8-BIT 

TIMER/ 
EVENT 

COUNTER 

A= START TIMER cleared 
B"' START COUNTER on reset 
C =STOP TIMER/COUNTER 

Fig. 7 Timer/event counter. 

jump if 
timer flag 

= 1 

7Z89148 

External events and real-time on-chip peripherals require servicing by the CPU asynchronous to the 
execution of any particular section of code. To tie the asynchronous activities of these functions to 
normal program execution a multiple-source, single-level nested interrupt system is provided. 

The MAB8422/8442 handles interrupts from three sources as follows: 

•·INT/TO; externally via pin 9 
• SIOINT; from the internal serial 1/0 port 
• TCNT interrupt; from the internal timer/event counter. 

Each interrupt vectors to a separate location in the program memory for its service program. Each 
source can be individually enabled or disabled. When more than one interrupt occurs simultaneously, 
their priority will be: (1) external, (2) serial 1/0 and, (3) timer/event counter. An additional external 
interrupt can be created using the timer/event counter interrupt. 
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Single-chip 8-bit microcontroller 

OSCILLATOR CIRCUITRY (see Fig. 8) 

MAB8422/42 
MAF8422/42 
MAF84A22/42 

The clock frequency is determined by using the internal oscillator or by connecting an external clock 
to XTAL 1. Where the internal oscillator is used the frequency is set by a crystal, a ceramic resonator 
or an inductor (each with associated capacitors) between XT AL 1 and XTA L2. A machine cycle con
sists of 10 states, each state being 3 oscillator periods. The MAB8422/8442 has a dynamic logic, and 
therefore, for adequate refreshing the oscillator frequency must be at least 1 MHz. 

XTAL1 XTAL2 

1 Mn 1. Crystal - AT -cut 

2. Ceramic resonator 

C2 

I 7Z80902 

Fig. 8(a) Quartz crystal or ceramic resonator mode. 

C1 = C2 = 27 pF 

Ct is optional 

Cp < 6,75 pF (parasitic capacitance) 

If the frequency has to be trimmed, then a trimmer capacitor Ct should be connected in parallel with the 
fixed capacitor C1. 

Table 1 shows the LC values for timing generation with the LC oscillator. 

C1 
~.---·---. XTAL 1 

L 

C2 
~i------. XTAL2 

7284843.2 

Fig. 8(b) LC pi-network. 

Vee 

~"'" 
7Z87978 

Fig. 9 External drive. 

Table 1 LC oscillator timing 

frequency C1 = C2 L 
1-- . 

3,0 MHz 33 pF 100 µH 
4,0 MHz 33 pF 56 µH 
4,4 MHz 33 pF 47 µH 
5,0 MHz 33 pF 33µH 
6,0 MHz 33 pF 22 µH 

'--

Drive XTAL 1 
Leave XTAL2 open 

Driver may be high-speed CMOS or any TTL 

tr, tf < 10 ns 
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RESET 

A positive-going signal on the RESET input: 

- sets the program counter to zero, 
- selects location 0 of memory bank 0, and register bank 0, 
- sets the stack pointer to zero (000); pointing to RAM address 8, 
- disables the interrupts (external), timer and serial 1/0), 
- stops the timer/event counter, then sets it to zero, 
- sets the timer prescaler to modulo-32, 
- resets the timer flag, 
- sets all ports to logic '1' (input mode), 
- sets ports Pl 0/SDA and P11/SeL to the parallel part mode and disables the serial 1/0. 

Automatic reset at power-up may be obtained by connecting the RESET pin to Vee through a 1 µF 
capacitor e1, together with a diode to Vss (cathode to RESET pin). This arrangement is satisfactory, 
if both the voltage (Veel rise time and the oscillator start-up time do not exceed either 1 or 10 ms 
respectively. 

The power-on reset circuit is shown in Fig. 11; the input characteristics are shown in Fig. 12. At 
power-on the current drawn by RESET commences to charge the capacitor e1. The difference 
between this increasing capacitor voltage and Vee is known as VR ESET· The charging circuit is 
designed to hold VRESET above the lower threshold of a schmitt trigger arrangement, long enough 
to effect a complete reset. The minimum time required is the oscillator start-up time, plus two 
machine cycles. 

MAB8422 
MAB8442 

Vss 

internal 
pull-down 

7Z95134 

Fig. 10 External reset. 

supply voltage 
------<Vee 

VR _ _.I R_l--R_E_S_ET_-+-< internal 
pull-down 

device I 

© Vss 

7Z95135.2 

Fig. 11 Power-on reset circuitry. 

7Z9513"/ 
60 ~---------~--------~ 

20 ~ll--+-----+---+--+--+---+--+--

~ 
0'---'---'--.L__~ _ __J __ _l__~_,__,__ 

0 3 4 5 
VR IVI 

Fig. 12 Power-on reset input characteristics. 
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INSTRUCTION SET 

MAB8422/22 
MAF84A2-2/ 42 
MAF8422i42. 

The instruction set consists of over 80 one and two byte instructions and is based on the MAB8048 
instruction set. New instructions include those for serial 1/0 operation and memory bank selection. 
Program code efficiency is high because all ROM locations on a 256 byte page require only a single 
byte address. 

Table 2 gives the instruction set of the MAB84X2 family and Table 3 shows the instruction map. 
The following symbols and abbreviations are used. 

symbol description 

A the accumulator 
AC the auxiliary carry flag 
addr program memory address ( 11-bits) 
Bb bit designation (b = 0-7) 
BS the bank switch 
c carry flag 
CLK clock signal 
CNT event counter 
D nibble designation (4-bits) 
DBF program memory bank flip-flop 
data number of expression (8-bits) 
FO,F1 flags 0 and 1 
I interrupt 
INT external interrupt 
p 'in-page' operation designation 
Pp port designation (p = 1, 2 or 4-7) 
PSW program status word 
Rr register designation (r = 0, 1 or 0-7) 
SP stack pointer 
T timer 
TF timer flag 
TO, T1 test 0 an 1 inputs 
# immediate data prefix 
@ indirect address prefix 
s current value of program counter 
+- is replaced by 
# is exchanged with 
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Table 2 Instruction set 

mnemonic 

ADD A, Rr 

ADD A, @Rr 

ADD A, #data 

ADDC A, Rr 

ADDC A,@Rr 

ADDC A, #data 

ANL A, Rr 

a: ANL A,@Rr 
0 
f-
<{ ANL A, #data _J 

::> ORL A, Rr 
~ 
::> ORLA,@Rr u 
u 
<{ 

ORL A, #data 

XRL A, Rr 

XRL A,@Rr 

XRL A, #data 

INCA 

DECA 

CLR A 

CPL A 

RLA 

opcode bytes/ 
{hex.) cycles 

6* 1 /1 

60 1 /1 
61 

03 data 2/2 

7* 1 /1 

70 1 /1 
71 

13 data 2/2 

5* 1 /1 

50 1 /1 
51 

53 data 2/2 

4* 1 /1 

40 1/1 
41 

43 data 2/2 

D* I 111 

DO 1 /1 
D1 

D3 data 2/2 

17 1/1 

07 1 /1 

27 1 /1 

37 1 /1 

E7 1 /1 

description 

Add register contents to A 

Add RAM data, ;iddressed by Rr, to A 

Add immediate data to A 

Add carry and register contents to A 

Add carry and RAM data, addressed 
by Rr, to A 

Add carry and immediate data to A 

'AND' Rr with A 

'AND' RAM data, addressed by Rr, with A 

'AND' immediate data with A 

'OR' Rr with A 

'OR' RAM data, addressed by Rr, with A 

I 'OR' immediate data with A 

'XOR' Rr with A 

'XOR' RAM, addressed by Rr, with A 

'XOR' immediate data with A 

increment A by 1 

decrement A by 1 

clear A to zero 

one's complement A 

rotate A left 

function 

(A)+-(A) + ( Rr) 

(A)+-(A) +((RO)) 
(A)+-(A) + ((R1)) 

(A)+-(A) +data 

(A)+-(A) + (Rr) + (C) 

(A)+-(A) +((RO))+ (C) 
(A)+-(A) + ((R1)) + (C) 

(A)+-(A) +data+ (C) 

(A)+-(A) AND (Rr) 

(A)+-(A) AND ((RO)) 
(A)+-(A) AND ((R1)) 

(A)+-(A) AND data 

(A)+-(A) OR (Rr) 

(A)+-(A) OR ((RO)) 
(A)+-(A) OR ((R1)) 

(A)+-(A) OR data 

(A)+-(A) XOR (Rr) 

(A)+-(A) XOR ((RO)) 
(A)+-(A) XOR ((R1)) 

(A)+-(A) XOR data 

(A)+-(A) + 1 

(A)+-(A)-1 

(A)+-0 

(A)+-NOT(A) 

(An+ 1 )+-(Anl 
(Ao)+-(A7) 

r =0-7 

r= 0-7 

r= 0-7 

r= 0-7 

r= 0-7 

ri =0-6 

notes 

1 

1 

1 

1 

1 

1 

s:: s:: s:: 
)> )> )> 
"Tl "Tl CJ] 
CX> CX> CX> 
~~~ 
)> I\) I\) 
I\) I\) I\) 
I\) .................. 
......... ~~ 
~ I\) I\) 
I\) 
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0 
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::J 
~ 
::J 
u 
u 
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(/) 
LU 
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0 
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< 
I-
< 
0 

mnemonic 

RLC A 

RR A 

RRC A 

DAA 

SWAP A 

MOVA, Rr 

MOVA, @Rr 

MOVA, #data 

MOV Rr, A 

MOV @Rr, A 

MOV Rr, #data 

MOV @Rr, #data 

XCH A, Rr 

XCH A,@Rr 

XCHD A, @Rr 

MOVA, PSW 

MOV PSW, A 

MOVP A,@A 

opcode 
(hex.) 

F7 

77 

67 

i57 

47 

F* 

FO 
F1 

23 data 

A* 

AO 
A1 

B* data 

BO data 
B 1 data 

2* 

20 
21 

30 
31 

C7 

D7 

A3 

DEVELOPMENT DATA 

I bytes/ I description 
cycles 

1 /1 rotate A left through carry 

1 /1 rotate A right 

I 
I 1 /1 rotate A right through carry 

1 /1 decimal adjust A 

1 /1 swap nibbles of A 

1 /1 move register contents to A 

1 /1 move RAM data, addressed by Rr, to A 

2/2 move immediate data to A 

1 /1 move accumulator contents to register 

1 /1 move accumulator contents to RAM 
location addressed by Rr 

2/2 move immediate data to Rr 

2/2 move immediate data to RAM location 
addressed by Rr 

1 /1 exchange accumulator contents with Rr 

1 /1 exchange accumulator contents with 
RAM data addressed by Rr 

1 /1 exchange lower nibbles of A and RAM 
data addressed by Rr 

1 /1 move PSW contents to accumulator 

1/1 move accumulator bit 3 to PSW3 

1/2 move indirectly addressed data in 
current page to A 

function 

(An+ 1)+-An 
(Ao)+-(C), (C)+-(A7) 

(Anl+--(An + 1) 
I (A7)+--(Aol 

I (Anl+--(An + 1) 
(A7)<--(C), (C)+-(Ao) 

(A4_ 7 )+>(Ao_3) 

(A)+-(Rr) 

(A)+-((RO)) 
(A)+-((R1)) 

(A)+-data 

(Rr)+-(A) 

((RO))+-(A) 
((R1))+-(A) 

( Rr)+-data 

( (RO) )+-data 
(( R1 ))+-data 

(A)<+(Rr) 

(A)+>( (RO)) 
(A)++({R1)) 

(Ao_3)<+( ( R00_3)) 
(Ao_3)<+( ( R 10-3)) 

(A)+-(PSW) 

I (PSW3)+-(A3) J (PC0_7)-<--(A), (A)+--((PC)) 

notes 

n = 0-6 2 

n = 0-6 

n = 0-6 2 

2 

r = 0-7 

r = 0-7 

r = 0-7 

3 

en :;· 
<O 
iD" 

" :. 
""C 
co 
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;:;· ... 
0 

8 
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~~~ 
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Table 2 Instruction set (continued) 

en CLR C 97 (!) 
<( 

CPLC A7 _J 

LL. 

INC Rr 1* 
c: 

INC @Rr 10 w 
I- 11 en 
(!) DEC Rr C* w 
c: 

DEC@Rr co 
C1 

JMP addr • 4 address 

JMPP@A B3 

DJNZ Rr, addr E* address 

DJNZ @Rr, addr EO address 

E1 address 

::i:: 
JBb addr "'2 address u z 

<( JC addr F6 address 
c: 
al JNC addr E6 address 

JZ addr C6 address 

JNZ addr 96 address 

JTO addr 36 address 

JNTO addr 26 address 

JT1 addr 56 address 

JNT1 addr 46 address 

JTF addr 16 address 

JNTF addr 06 address 

1 /1 clear carry bit 

1 /1 complement carry bit 

1 /1 increment register by 1 

1 /1 increment RAM data, addressed by Rr, by 1 

1 /1 decrement register by 1 

1 /1 decrement RAM data, addressed by Rr, by 1 

2/2 unconditional jump within a 2 K bank 

1/2 indirect jump within a page 

2/2 decrement Rr by 1 and jump if not 
zero to addr 

2/2 decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 

2/2 jump to addr if Acc. bit b = 1 

2/2 jump to addr if C = 1 

2/2 jump to addr if C = 0 

2/2 jump to addr if A= 0 

2/2 jump to addr if A is NOT zero 

2/2 jump to addr if TO= 1 

2/2 jump to addr if TO= O 

2/2 jump to addr if T1 = 1 

2/2 jump to addr if T1 = 0 

2/2 jump to addr if Timer Flag= 1 

2/2 jump to addr if Timer Flag= 0 

(C)+-0 

(C)+-NOT(C) 

( Rr)+-( Rr) + 1 

((RO))+-((RO)) + 1 
((R1))+-((R1)) + 1 

(Rr)+-(Rr) -1 

((RO))+-((RO)) -1 
((R1))+-((R1)) -1 

(PCa-1 o)+-addra-1 O 
( PCo-7) +-add ro-7 
(PC11-12)+-MBFF 0-1 

(PC0_7)+-((A)) 

( Rr)+-( Rr) - 1 
if (Rr) not zero (PC0_7)+-addr 

((RO))+-((RO)) -1 
if ((RO)) not zero (PC0_7)+-addr 

((R1))+-((R1)) -1 
if ((R1)) not zero (PC0_7)+-addr 

if b = 1 : (PC0_7)+-addr 

if C = 1 : (PC0_7)+-addr 

if C = 0 : (PC0_7)+-addr 

if A= 0 : (PC0_7)+-addr 

if A#O : (PC0_7)+-addr 

if TO= 1: (PC0_7)+-addr 

if TO= 0: (PC0_7)+-addr 

if T1 = 1: (PC0_7)+-addr 

if T1 = 0: (PC0_7)+-addr 

if TF = 1: (PCo_ 7)+-addr 

if TF = 0: (PC0_7)+-addr 

r= 0-7 

r= 0-7 

r= 0-7 

b=0-7 

2 

2 

4 

s: s: s: 
)> )> )> 
'Tl 'Tl OJ co co CX> 
..i::.. ..i::.. ..i::.. 
)> I\) I\) 
I\) I\) I\) 1\)-_ ..i::...,i::.. 
..i::.. I\) I\) 
I\) 



z 
0 
< en 
3 
CT 

~ 

co 
CX> 
0) 

..... 
0) 
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0: 
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I-z 
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> w ..._ 
0: 
w 
::i: 
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_J 

0 
0: 
I-z 
0 
(.) 

w 
z 
i== 
::J 
0 
0: 
OJ 
::J 
Cf) 

mnemonic 

MOVA, T 

MOVT, A 

STRT CNT 

STRTT 

STOP TCNT 

EN TCNTI 

DIS TCNTI 

EN I 

DIS I 

SEL RBO 

SEL RB1 

SEL MBO 

SEL MB1 

SEL MB2 

SEL MB3 

CALL addr 

RET 

RETR 

opcode bytes/ 
(hex.) cycles 

42 1 /1 

62 1 /1 

45 1 /1 

55 1 /1 

65 1 /1 

25 1 /1 

35 1 /1 

05 1 /1 

15 1 /1 

C5 1 /1 

D5 1 /1 

E5 1 /1 

F5 1 /1 

A5 1 /1 

B5 1 /1 

• 4 address 2/2 

83 1/2 

93 1/2 

DEVELOPMENT DATA 

description 

move timer/event counter contents to 
accumulator 

move accumulator contents to 
timer/event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 

disable timer/event counter interrupt 

enable external interrupt 

disable external interrupt 

select register bank 0 

select register bank 1 

select program memory bank 0 

select program memory bank 1 

select program memory bank 2 

select program memory bank 3 

jump to subroutine 

return from subroutine 

return from interrupt and restore 
bits 4, 6, 7 of PSW 

function 

(A)+-(T) 

(T)+-(A) 

(RBS)+-0 

( RBS)+-1 

(MBFF0)+-0, (MBFF1)+-0 

(MBFF0)+-1, (MBFF1)+-0 

(MBFF0)+-0, (MBFF1)+-1 

(MBFF0)+-1, (MBFF1)+-1 

((SP))+-(PC), (PSW4, 6, 7) 
(SP)+-(SP) + 1 
(Pc8_ 1 ol+-addra-1 o 
(PC0_7)+-addro-7 
(PC11-12)+-MBFF 0-1 

(SP) +-(SP) -1 
(PC)+-( (SP)) 

(SP) +-(SP) -1 
(PSW4, 6, 7) + (PC)+-((SP)) 

notes 

5 

5 

I 6 

6 

6 

en :;· 
cc 
CD" 

'"' ::r -s· 
CXI 
Cr ;;· 
3 
r;· 
0 
8 
[ 
if 

s: s: s: 
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CX> CX> CX> 
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Table 2 Instruction set (continued) 

IN A, Pp 08 

f-
09 

::) OA 
Cl.. 
f- OUTL Pp, A 38 ::) 
0 39 
----f- 3A ::) 
Cl.. 

AN L Pp, #data 98 data ~ 

I~ 
99 data 
9A data 

ORL Pp, #data 88 data <( 
a: 89 data <( 
Cl.. 8A data 

OUTL PO.A 90 

f- I ::) I Cl.. 
f-
::) 
0 

EN SI 85 ----f-
::) 

DIS SI 95 Cl.. 
z -
_J 

<( 

a: 
UJ 
en 

NOP 00 

Notes to Table 2. 

1. PSW CY, AC 
2. PSW CY 
3. PSW PS 

I 

1/2 

1/2 

2/2 

2/2 

1/2 

1 /1 

1 /1 

1 /1 

affected 
affected 
affected 

input port p data to accumulator 

output accumulator data to port p 

AND port p data with immediate data 

0 R port p data with immediate data 

Output accumulator data to port¢ 

I 

enable serial 1/0 interrupt 

disable serial 1/0 interrupt 

l no operation 

4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 
5. PSW RBS affected 
6. PSW SPo, SP1, SP2 affected 
7. (A)= 1111 P23, P22, P21, P20. 
8. Only for software-transfer from the MAB8021. 

(A)+-(PO) 
(A)+-(P1) 
(A)+-(P2) 

(PO)+-(A) 
(P1 )+-(A) 
(P2)+-(A) 

(PO)+-(PO) AND data 
I (P1)+-(P1) AND data 
1 (P2)+-(P2) AND data 

(PO)+-(PO) OR data 
(P1 )+-(P1) OR data 
(P2)+-(P2) 0 R data 

I (PO)+-(A) 
I 

I 
I 

I 
I 
I 

I 

I 

l 
* :8,~A,B,C,D,E, F 
• :0,2,4,6,8,A,C,E 
_.: 1,3,5,7,9,B,D,F 

T 
I 
I 
I 
I 
I 

I 
I 
I 
I 

I 

7 

8 

s: s: s: 
)>)>)> 
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co CX> co 
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)> I\) I\) 
I\) I\) I\) 1\)-
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DEVELOPMENT DATA 

1---~-------------------------------------------------------------------------------------------------------------------------------1 
I I 

: firsthexadecbna!characterofopcode TABLE 3 MAB8422/8442 INSTRUCTION MAP : 

1 r 7===~===7===~===~===;===~===;===7===~===7===;===~::o:;=h::~~:~~:~~~a::~:~:;::~~===7===~===7===~===7===~===7===~===7===~===7·==;===i 
!===================================================================================================================================I 
I 0 I NOP I I I ADD I. JMP I EN I I JNTF I DEC A I IN A 1 Pp I I I I 
I I I I I A 1 ldat a I page a I I addr I I 0 I 1 I 2 I I I I I I 
1-----------------------------------------------------------------------------------------------------------------------------------1 
I 1 I INC aRr I J80 I ADDC I CALL I DIS I I JTF I INC A I INC Rr I 
I I 0 I 1 I addr IA1ldatal page 01 I addr I I 0 I 1 I · 2 I 3 I 4 I 5 I 6 I 7 I 
1------------------------------------------------------------------------------------------------------------------------------------I 
I 2 I XCH AtiRr I I 110V I Jl1P I EN I JNTO I CLR A I XCH AtRr I 
I I 0 I 1 I I A, ldat a I pago 11 TCNTI I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1---------------------------------------------------------------------------------------------------------------·--------------------I 
I 3 I XCHD A.aRr I J81 I I CALL I DIS I JTO I CPL A I OUTL Pp.A I I I I 
I I 0 I 1 I addr I I page 11 TCNTI I addr I I 0 I 1 I 2 I I I I I I 
1-----------------------------------------------------------------------------------------------------------------------------------1 

·I 4 I ORL At&Rr I 110V I ORL I JMP I STRT I JNT1 I SWAP I ORL AtRr I 
I I 0 I 1 I A, T I A 1 ldat a I page ~I CNT I addr I A I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------1 
I 5 I ANL A.aRr I J82 I ANL I CALL I STRT I JT1 I DA A I ANL AtRr I 
I I 0 I 1 I addr IAtldatal page 21 T I addr I I 0 I 1 I 2 I 3 I 4 I S I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------1 
l6IADDA18Rr I 110V I I Jl1P I STOPI IRRCAI ADDAtRr I 
I I 0 I 1 I T, A I I page JI TCNT I I I 0 I 1 I 2 I J I 4 I 5 I 6 I 7 I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I 7 I ADDC A, aRr I JBJ I I CALL I I I RR A I AODC A, Rr I 
I I D I 1 I addr I I page JI I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------l 
I 8 I I I I RET I JMP I EN I I I ORL Pp 1 tdat a I I I I I I 
I I I I I I page 41 SI I I I 0 I 1 I 2 I I I I I I 

l-----------------------------------------------------------------------------------------------------------------------------------1 
I 9 I OUTL I I J84 I RETR I CALL I DIS I JNZ I CLR C I ANL Pptldata I I I I 
I I PO A I I addr I I page 41 SI I addr I I 0 I 1 I· 2 I I I I I I , _______ : ___________________________________________________________________________________________________________________________ I 

I A I 110V aRr1A I I MOVP I Jl1P I SEL I I CPL c I 110V RrtA I 
I I 0 I 1 I I A tllA I page SI 1182 I I I 0 I 1 I 2 I J I 4 I 5 I 6 I 7 ,I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I B I 110V aRr.tdata I JBS I Jl1PP I CALL I SEL I I I 110V Rr•ldata I 
I I 0 I 1 I addr I aA I page 51 1183 I I I 0 I 1 I 2 I 3 I 4 I 5 I b I 7 I 
1------------------------------------------~----------------------------------------------------------------------------------------1 
I c I DEC aRr I I I JMP I SEL I JZ I 110V I DEC Rr I 
I I 0 I 1 I I I page b I R80 I addr I A, PSW i 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1---------------------·--------------------------------------------------------------------------------------------------------------1 
I D I XRL A.aRr I JB6 I XRL I CALL I SEL I I 110V I XRL A.Rr I 
I I 0 I 1 I addr I A 1 ldat a I page b I R81 I I PSWt A I 0 I 1 I 2 I 3 I 4 I 5 I b I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------1 
I E I DJNZ aRrtaddr I I I JMP I SEL I JNC I RL A I DJNZ Rr1 addr I 
I I 0 I 1 I I I page 71 1180 I addr I I 0 I 1 I 2 I 3 I 4 I 5 I b I 7· I 
1-------------------------------------------------------------------------------------------------------------------------------~---1 
I F I MOY A.aRr I J87 I I CALL I SEL I JC I RLC A I MOV A.Rr I 
I I 0 I 1 I addr I I page 71 1181 I a<idr I I 0 I 1 I 2 I J I 4 I 5 I b I 7 I 
1===================================================================================================================================1 
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MAB8422/42 
MAF8422/42 
MAF84A22/42 

ABSOLUTE MAXIMUM RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Input voltage on any pin 
with respect to ground (Vssl 

Total power dissipation 

Input/output current for all pins except port 0 

Input/output current for port 0 

Storage temperature 

Operating temperature 

D.C. CHARACTERISTICS 

Vee= 5 v (± 10%); Vss = o v 

parameter 

Supply current 
MAB8422/42 
MAF8422/42 
MAF84A22/42 

Inputs 

Input voltage LOW (except 
P10/SDA and P11/SCL) 

Input voltage LOW 
(Pl 0/SDA and P11/SCL) 

Input voltage HIGH all inputs 
except XTAL 1, P10/SDA 
and Pl 1/SCL 

Input voltage HIGH to XTAL 1, 
P10/SDA and P11/SCL 

Outputs 

Output voltage LOW (PO only) 
Output voltage LOW (P10/SDA 

and P11/SCL) 
Output voltage LOW (PO and P2) 
Output voltage HIGH (all 
outputs unless open-drain) 

Output leakage current 

symbol 

Ice 
Ice 
ice 

V1L 

V1L1 

V1H 

V1H1 

Vol 

Vou 
VQL2 

VoH 
±loL 

standard 
extended 
automotive 

min. 

-
-
-

-0,5 

-0,5 

2,0 

3,0 

2,4 

V1 

Ptot 

11,10 

11, IQ 

Tstg 

Tamb 
Tamb 
Tamb 

max. 

70 
90 
90 

0,8 

1,5 

Vee 
+ 0,5 

Vee 
+ 0,5 

1,0 

0,45 
0,45 

10 

unit 

mA 
mA 
mA 

v 

v 

v 

v 

v 

v 
v 

v 
µA 

-0,5 to +7 V 

1W 

max. 10 mA 

max. 20 mA 

-65 to +150 oc 

0 to +70 oc 
-40 to +85 oe 

-40 to +110 oc 

conditions 

at 0 °c 
at -40 °c 
at-40 °c 

IQL = 10 mA 

loL = 5 mA 
loL = 1,6 mA 

loH = -50µA 
Vcc>V1>Vss 
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Single-chip B·bit microcontroller 

A.C. CHARACTERISTICS 

parameter symbol min. max. 

Frequency 
MAB/MAF8422/42 fxTAL 1 6 
MAF84A22/42 fxTAL 1 5 

Cycle time 
MAB/MAF8422/42 tcv 5 30 
MAF84A22/42 tcv 6 30 

T1 ZERO-CROSS CHARACTERISTICS 

Tamb = 0 to+ 70 °c; Vee= 5 V ± 10%; Vss = 0 V; CL= 80 pF 

parameter symbol min. max. 

Zero-cross detection 
input (T1) peak-to-peak Vzxtp-p) 1 3 

Zero-cross accuracy Azx - ± 135 

Zero-cross detection 
input frequency (T1) Fzx 0,05 1 

unit 

v 
mV 

kHz 

unit 

MHz 
MHz 

µs 
µs 

MAB8422/42 
MAF8422/42 
MAF84A22/42 

conditions 

a.c. coupled, C = 1 µF 

50 Hz sine wave 

Purchase of Philips' 12 C components conveys a license under the Philips' 12 C 
patent to use the components in the 12 C-system provided the system conforms 
to the 12 C specification defined by Philips. 
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PCB80C31BH 
PCB80C51BH 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The PCB80C51 family of single-chip 8-bit microcontrollers is manufactured in an advanced CMOS 
process. The family consists of the following members: 

• PCB80C31 BH: ROM-less version of the PCB80C51 BH 
• PCB80C51BH: 4 K bytes mask-programmable ROM, 128 bytes RAM 

In the following, the generic term "PCB80C51 BH" is used to refer to both family members. 

The device provides hardware features, architectural enhancements and new instructions to function 
as a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K 
bytes of data storage. 

The PCB80C51 BH contains a non-volatile 4 K x 8 read-only program memory (not ROM-less version); 
a volatile 128 x 8 read/write data memory; 32 1/0 lines; two 16-bit timer/event counters; a five-source, 
two-priority-level, nested interrupt structure; a serial 1/0 port for either multi-processor communica
tions, 1/0 expansion, or full duplex UART; and on-chip oscillator and timing circuits. For systems 
that require extra capability, the PCB80C51 BH can be expanded using standard TTL compatible 
memories and logic. 

The PCB80C31 BH/80C51 BH has two software selectable modes of reduced activity for further power 
reduction - Idle and Power Down. 
The Idle modes freezes the CPU while allowing the RAM, timers, serial port and interrupt system to 
continue functioning. 
The Power Down mode saves the RAM contents but freezes the oscillator causing all other chip 
functions to be inoperative. 

The device also functions as an arithmetic processor having facilities for both binary and BCD 
arithmetic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 
41% two-byte and 15% three-byte. With a 12 MHz crystal for example, 58% of the instructions are 
executed in 1 µsand 40% in 2 µs. Multiply and divide instructions require 4 µs. Multiply, divide, subtract 
and compare are among the many instructions added to the standard PCB80C48 instruction set. 
Software development to be announced: PCB85C51 in piggy-back. 

Features 

• 4 K x 8 ROM (80C51BH only). 128 x 8 RAM 
• Four 8-bit ports, 32 1/0 lines 
• Two 16-bit timer/event counters 
• Full-duplex serial port 
• External memory expandable to 128 K, external 

ROM up to 64 Kand/or external RAM up to 64 K 
• Boolean processing 
• 218 bit-addressable locations 
• On-chip oscillator 
• Five-source interrupt structure with two priority 

levels 

PACKAGE OUTLINES 

• 58% of instructions executed in 1 µs; 
multiply and divide in 4 µs; all others 
executed in 2 µs (at 12 MHz clock) 

• Enhanced architecture with: 
non-page-a riented-i nstruct ions 
direct addressing 
four 8-byte + 1-byte register banks 
stack depth up to 128-bytes 
multiply, divide, subtract and compare 
instructions. 

• Available as 
PCB80C31/51BH with 1,2 to 16 MHz 
PCF80C31/51BH with 1,2 to 12 MHz 

PCB/PCF80C31/51BHP: 40-lead DIL; plastic (SOT-129). 
PCB/PCF80C31/51BHWP: 44-lead PLCC; plastic, leaded-chip-carrier (SOT-187A). 
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PCB80C31BH 
PCB80C51BH 

frequency 
reference 

,..-----A..----
XTAL2 XTAL 1 

OSCILLATOR 
AND 

PROGRAM 
MEMORY 

counters 

,-------A---, 
TO T1 

DATA TWO 16-BIT 
(1) 

MEMORY TIMER/EVENT 
TIMING (4Kx 8 ROM) (12B x 8 RAM) COUNTERS 

/';>. .(.;:.. .(.;:.. 
PCB80C31BH 
PCB80C51BH 

CPU 
~ 

' 7 '7 ' 

l l l 64 K-BYTE BUS 

F> 
PROGRAMMABLE 

EXPANSION 
CONTROL 

internal 
interrupts 

--- v 
INTO INT1 control 

~ 
external interrupts 

{
Vee +5V MAIN SUPPLY 

POWER -
SUPPLY Vss GROUND -

(1) PCB80C518H only. 

type temp. range 

PCB80C51BH 
0- 70 °c 

PCB80C31BH 

PCF80C51BH -40-+85 oc 
PCF80C31BH 

* Preliminary value. 
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PROGRAMMABLE 1/0 

m-tt ' ' 7 
parallel ports, 

address/data bus 
and I /0 pins 

Fig. 1 Block diagram. 

frequency range Ice max at 5,5 V 

1,2- 16 MHz 23mA* 

1,2 - 12 MHz 18 mA* 

SERIAL PORT 
FULL DUPLEX UART 

SYNCHRONOUS SHIFT 

serial in serial out 

7Z87544.1 F 
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Single-chip 8-bit microcontroller 

Vss 

"'"sf XTAL21 

PSEN 

ALE 

RXD/data--+ -
TXD/clock +-- -

INTO - -
INT1--+ -alternative 

port 3 functions 
TO--+ -
T1--+ -
WR+--

_ .. 
RD +-- -

l 

PCBBOC31BH 
PCBBOC51BH 

J. l PCB80C31BH 
PCB80C51BH -----· '·~-·-·-·~---~···--~-~-·--~--~·--~·-·~· 

RST 

1 

11 ..it--··ti-- l 
~-

I +--+ 

.,._ .... ..__.., 
portO address and 

data bus 
+-·-....... -- +----+ - -
+-+ ..,___.. 

+----+ l 

·--- port 1 --
+--+ 

+--+ 

,,__.. ---+ 

+--+ _ .. 
+-+ 

__ .., 

- --port 2 address bus - -- --
j ..-+ 

____ ____.. 

...--+ ---· 
7Z87545.1F 

Fig. 2 Functional diagram. 

---~ 0~·--···~·--·-.. ···----~'"··· 
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PCB80C31BH 
PCB80C51BH 

RXD/data P3. 0 
PeBSOC31BH 

TXD/clock 
Pessoe51BH 

INTO P3. 2 

INT1 P3. 3 

TO P3. 4 

T1 P3. 5 

"WR P3. 6 

R5 P3. 7 

XTAL 2 

XTAL1 

Vss 

Vee 

PO. 0 ADO 

PO. 1 AD 1 

PO. 2 AD2 

PO. 3 AD3 

PO. 4 AD4 

PO. 5 AD5 

PO. 6 AD6 

PO. 7 AD 7 

EA 

ALE RXD/data 

PSEN 

P2. 7 AD 15 TXD/clock 

P2. 6 AD14 
INTO 

P2. 5 AD13 INT1 

P2. 4 AD12 TO 

P2. 3 AD 11 T1 

P2. 2 AD 10 

P2. 1 AD9 

ADS 

RST 

n.c. 

P3.1 

P3. 2 

P3. 3 

P3. 4 

P3. 5 

~ 

I~ 

~ 

l:i! 

N 

~ 

N 
..J 
<( 
I-x 

::; 
<( 
I-x 

0 

~ 

0 

PeBSOe31BH 
PeBSOe51BH 

"' 0 

"' :;:' > 
N "' ... 

:;:' :;:' :;:' :;:' 7Z97080 

Fig. 3a Pinning diagram for PCB80C31 BH/51 BHP. Fig. 3b Pinning diagram for PCB80C31 BH/51 BHWP. 

PINNING (PCB80C31 BH/51 BHP) 

1-8 Pl.0-Pl.7 

9 AST 

10-17 P3.0-P3.7 

178 N°""mb" 19861 

Port 1: 8-bit quasi-bidirectional 1/0 port. 
Port 1 can sink/source one TTL (= 4 LS TTL) input. It can drive CMOS 
inputs without external pull-ups. 

RESET: a high level on this pin for two machine cycles while the 
oscillator is running resets the device. An internal pull-down permits 
Power-On reset using only a capacitor connected to the Vee. 
Port 3: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. It also 
serves the following alternative functions: 

Port pin 

P3.0 

P3.1 

P3.2 

P3.3 

Alternative function 

RXD/data: serial port receiver data input (asynchronous) or 
data input/output (synchronous) 

TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchronous) 

INTO: external interrupt 0 or gate control input for 
timer/event counter 0 

INT1: external interrupt 1 or gate control input for 
timer/event counter 1 
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Single-chip 8-bit microcontroller PCB80C31BH 
PCB80C51BH 

18 

19 

20 

21-28 

29 

30 

31 

32-39 

40 

XTAL2 

XTAL 1 

Vss 
P2.0-P2.7 

ALE 

EA 

P0.7-PO.O 

Vee 

P3.4 

P3.5 

P3.6 

P3.7 

TO : external input for timer/event counter 0 

Tl : external input for timer/event counter 1 

WR: external data memory write strobe 

RD : external data memory read strobe 

Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL input. It can 
drive CMOS inputs without external pull-ups. 

Crystal input 2: output of the inverting amplifier that forms the oscillator. 
Left open-circuit when an external oscillator is used (see figures 8 and 9). 

Crystal input 1: input to the inverting amplifier that forms the oscillator, 
and input to the internal clock generator. Receives the external oscillator 
signal when an external oscillator is used (see figures 8 and 9). 

Ground: circuit ground potential. 

Port 2: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. 
Port 2 can sink/source one TTL input. It can drive CMOS inputs without 
external pull-ups. During the access to external memories (RAM/ROM) that 
uses 16-bit addresses (MOVX @DPTR) Port 2 emits the high-order address 
byte. When used for an external RAM with an 8-bit address (MOVX @Ri) 
Port 2 emits the contents of the P2 Special Function Register. 

Program Store Enable output: read strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external 
Program Memory. When executing out of external Program Memory two 
activations of PSEN are skipped during each access to external Data 
Memory. PSEN is not activated (remains HIGH) during fetches from 
internal Program Memory. PSEN can sink/source 8 LS TTL inputs. It can 
drive CMOS inputs without an external pull-up. 

Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory access. ALE can 
sink/source 8 LS TTL inputs. It can drive CMOS inputs without an 
external pull-up. 

External Access input: When EA is held at a TTL high level the CPU 
executes out of the internal Program Memory (ROM), provided the Program 
Counter is less than 4096. When EA is held at a TTL low level, the CPU 
executes out of external Program Memory. EA is not allowed to float. 

Port 0: 8-bit open drain bidirectional 1/0 port. It is also the multiplexed 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). Port 0 can sink/source eight 
TTL inputs. 

Power supply: + 5 V power supply pin during normal operation, Idle mode 
and Power Down mode. 



PCB80C31BH 
PCB80C51BH 

FUNCTIONAL DESCRIPTION 

General 

The PCB80C51 BH is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation, industrial control and intelligent computer peripherals. 

The device provides hardware features, architectural enhancements and new instructions to function 
as a controller for applications requiring up to 64 K bytes of program memory and/or up to 64 K 
bytes of data storage. 

The PCB80C31 BH is a control-oriented CPU without on-chip program memory. It can addre.ss 64 K 
bytes of external program memory in addition to 64 K bytes of external data memory. The PCB80C51 B H 
is a PCB80C31 BH with the lower 4 K bytes of program memory filled with on-chip mask programmable 
ROM. For systems requiring extra capability, the PCB80C51 BH can be expanded using standard 
memories and peripherals. 

The two pin-compatible versions of this component reduce development problems to a minimum and 
provide maximum flexibility. The PCB80C51 BH is for low-cost, high volume production and the 
PCB80C31 BH for applications requiring the flexibility of external program memory which can be 
easily modified and updated in the field. 

The PCB80C51 BH contains a non-volatile 4 K x 8 read-only program memory; a volatile 128 x 8 
read/write data memory; 32 1/0 lines; two 16-bit timer/event counters; a five-source, two-priority-level, 
nested interrupt structure; a serial 1/0 port for either multi-processor communications, 1/0 expansion, 
or full duplex UART; and on-chip oscillator and timing circuits. 

Central processing unit 

The central processing unit (CPU) manipulates operands in four memory spaces. These are the 64 K
byte external data memory, 384-byte internal data memory, the 64 K-byte internal and external 
program memory and 16-bit program counter spaces. The internal data memory address space is 
sub-divided into the 256-byte internal data RAM and 128-byte special function register (SFR) address 
spaces, as shown in Fig. 4. 

64K 

EXTERNAL 

4095 

INTERNAL 

INTERNAL 
o.._ ___ _, 

'-:---y---J 
program counter program memory 

7267534 

. N ... m~w~J(······ 

overlapped space 

255 r------,~ SPECIAL 
I I FUNCTION 
I I 128 REGISTERS 

128 INTERNAL 

O .__o_A_T_A_R_A_M__, 

internal 
data memory 

Fig. 4 Memory map . 

64K r-----, 

o,__ ___ __, 

'---v---.,.J 
external 

datll memory 
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Single-chip 8-bit microcontroller PCB80C518H 
PCB80C51BH 

The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is deter
mined by the 8-bit stack pointer. All registers except the program counter and the four 8-register banks 
reside in the special function register address space. These memory mapped registers include arithme
tic registers, pointers, 1/0 ports, interrupt system registers, timers and serial port. There are 128 
addressable bite locations in the SFR address space. 

The PCB80C51 BH contains 128 bytes of internal data RAM and 20 special function registers. It 
provides a non-paged program memory address space to accommodate relocatable code. Conditional 
branches are performed relative to the program counter. The register-indirect jump permits branching 
relative to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and 
calls permit branching to any location in the contiguous 64 K program memory address space. 

The PCB80C51 BH has five methods for addressing source operands: 

• Register. 
• Direct. 
• Register-Indirect. 
• Immediate. 
• Base-Register-plus I ndex-Register-1 ndirect. 

The first three methods can be used for addressing destination operands. Most instructions have a 
"destination/source" field that specifies the data type, addressing methods and operands involved. For 
operations other than moves, the destination operand is also a source operand. 

Access addressing is as follows: 

• Registers in the four 8-register banks through Register, Direct, or Register-Indirect. 
• 128 bytes of internal data RAM through Direct or Register-Indirect. 
• Special function registers through Direct. 
• External data memory through Register-Indirect. 
• Program memory look-up tables through Base-Register-plus Index-Register-Indirect. 

The PCB80C51 BH is classified as an 8-bit device since the internal ROM, RAM, Special Function 
Registers (SF R), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs 
operations on bit, nibble, byte and double-byte data types. 

Facilities are available for byte transfer, logic, and integer arithmetic operations, Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 

1/0 facilities 

The PCB80C51BH has 32 1/0 lines treated as 32 individual addressable bits and as four parallel 8-bit 
addressable ports. Ports 0, 1, 2 and 3 perform the following alternate functions: 

• Port 0; provides the multiplexed low-order address and data bus used for expanding the. PCB80C51 BH 
with standard memories and peripherals. 

• Port 2; provides the high-order address bus when expanding the PCB80C51 BH with external program 
memory or more than 256 bytes of external data memory. 

• Port 3; pins can be configured individually to provide: 

external interrupt requests inputs 
counter inputs 
serial port receiver input and transmitter output 
control signals to READ and WRITE to external data memory 

The generation or use of a Port 3 pin as an alternate function is carried out automatically by the 
PCB80C51 BH provided the pin is loaded with a HIGH content. 
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PCB80C31BH 
PCB80C51BH 

p2 

p3 ..-------. 

a........-------9 n 
from port latch 6 

input data -'------0< 1-----------------<;x. 

read port pin ..... -----~ 

INPUT 
BUFFER 

Fig. 5 I /0 buffers in the PCBBOC51 BH (Ports 1, 2 and 3). 

Timer/event counters 

1/0 PIN 
PORT 
1,2&3 

7Z80799 

The PCB80C51 BH contains two 16-bit registers, Timer 0 and Timer 1, that can be used as timers or event 
counters to carry out the following functions: 

• Measure time intervals and pulse durations. 
• Count events. 
• Generate interrupt requests. 

Each timer/event counter can be programmed independently to operate in three modes: 

• Mode. 0; 8-bit timer or 8-bit counter each with divide by 32 prescaler. 
• Mode 1; 16-bit time-interval or event counter. 
• Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow. 

Counter 0 can be programmed to operate in an additional mode as follows: 

• Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter. 

When counter 0 is in Mode 3, counter 1 can be programmed to operate in Modes 0, 1 or 2 but cannot 
set an interrupt request flag or generate an interrupt. However the overflow from counter 1 can be used 
to pulse the serial Port transmission-rate generator. 

The frequency handling range of these counters with a 12 MHz crystal for example is as follows: 

• Up to 1 MHz when programmed for an input that is a division by 12 of the oscillator frequency. 
• 0 Hz to an upper limit of 150 kHz to 0,5 MHz when programmed for external inputs. 

Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 

The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all 1 's to all O's (or automatic reload value). 

On-chip peripheral functions 

In addition to the CPU and memories, an interrupt system, extensive 1/0 facilities, and several 
peripheral functions are integrated on-chip to relieve the CPU of repetitious, complicated or time-criti
cal tasks and to permit stringent real-time control of external system interfaces. The 1/0 facilities 
include the 1/0 pins, parallel ports, bidirectional address/data bus and the serial port for 1/0 expansion. 
The CPU peripheral functions integrated on-chip are the two 16-bit timer/event counters and the serial 
port. 
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Single-chip 8-bit microcontroller PCB80C31BH 
PCB80C51BH 

Idle and Power-down operation (see Fig. 6) 

The Power-down operation freezed the oscillator. The Idle mode operation allows the interrupt, serial 
port and timer blocks to continue to function while the clock to the CPU is halted. 

XTAL2 XTAL1 

OSCILLATOR 

CLOCK 
GENERATOR 

interrupt serial 
port timer blocks 

IDL 

7 Z80800 

Fig. 6 Internal Idle and Power-down clock configuration. 

Power control register (PCON) 

These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 

MSB LSB 

SMOD GF1 GFO PD IDL 

.. ---, 

symbol position 

SMOD PCON.7 

- PCON.6 
- PCON.5 
- PCON.4 
GF1 PCON.3 
GFO PCON.2 
PD PCON.1 

IDL PCON.O 

name and function 

Double Baud rate bit 
when set to logic 1 the baud rate is doubled when the serial port is 
being used in either modes 1, 2 or 3 
(reserved) 
(reserved) 
(reserved) 
general-purpose flag bit 
general-purpose flag bit 
Power-down bit 
setting this bit activates power-down operation 
Idle mode bit 
setting this bit activates the idle mode operation 

I 
I ---- ---1 

I 

__ _J 
If logic1s are written to PD and IDL at the same time, PD takes precedence. The reset value of PCON 
is (OXXXOOOO). 
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Idle mode 

The instruction that sets PCON.O is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 1. 

There are two ways to terminate the Idle mode:-

Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following return from interrupt instruction RETI, the next 
instruction to be executed will be the one which follows the instruction that wrote a logic 1 to PCON.O. 
The flag bits G FO and G F 1 may be used to determine whether the interrupt was received during 
normal execution or during the Idle mode. For example, the instruction that writes the PCON.O can 
also set or clear one or both flag bits. When Idle mode is terminated by an interrupt, the service 
routine can examine the status of the flags bits. 

The second way of terminating the Idle mode is with a hardware reset. Since the oscillator is still 
running, the hardware reset is required to be active for two machine cycles (24 oscillator periods) to 
complete the reset operation. 

Power-down mode 

The instruction that sets PCON. 1 is the last executed prior to going into the Power-down mode. Once 
in Power-down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 
The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power
down mode. 

In the Power-down mode, Vee may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power-down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabilized. 

The status of the external pins during Power-down mode is shown in Table 1. If the Power-down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power
down mode by the strong pull-up transistor pl (see Fig. 5). 

Table 1 Status of the external pins during Idle and Power-down modes. 

mode memory ALE PSEN Port 0 Port 1 Port 2 Port 3 
f---

Idle . internal 1 1 port data port data port data port data 

Idle external 1 1 floating port data address port data 

Power-down internal 0 0 port data port data port data port data 

Power-down external 0 0 floating port data port data port data 
'----
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PCB80C31BH 
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Interrupt system (see Fig. 7) 

External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 µs to 7 µs when using a 12 MHz crystal. 

The PCB80C51 BH acknowledges interrupt requests from five sources as follows: 

• INTO and I NT1; externally via pins 12 and 13 respectively. 
• Timer 0 and Timer 1; from the two internal counters. 
• Serial Port; from the internal serial 1/0 port. 

Each interrupt vectors to a separate location in program memory for its service program. 

Each source can be individually enabled or disabled and can be programmed to a high or low priority 
level. Also all enabled sources can be globally disabled or enabled. Both external interrupts can be 
programmed to be level-activated or transition-activated and is active LOW to allow "wire-ORing" of 
several interrupt sources to the input pin. 

Oscillator circuitry 

The oscillator circuitry of the PCB80C51BH is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the 
transfer point. Either a crystal or ceramic resonator can be used as the feedback element to complete 
the oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 19) is the high gain 
amplifier input, and XTAL 2 (pin 18) is the output (see Fig. 8). 

To drive the PCB80C51 B H externally, XT AL 1 is driven from an external source and XT AL 2 left 
open-circuit (see Fig. 9). 

C1 19 
~t-----.---tXTAL 1 

C2 
~ 1-----18-1 XTAL2 

C1=C2=t.b.f. 
7Z80802 

Fig. 8 PCB80C51 BH oscillator circuit. 

Reset circuitry 

external clock ____ 19__, XTAL 1 
(not TTL compatible) 

not connected 18 XTAL 2 

7297078 

Fig. 9 Driving the PCB80C51 BH from 
an external source. 

The reset circuitry for the PCB80C51 BH is connected to the reset pin, RST, as shown in Fig. 10. A Schmitt 
trigger is used at the input for noise rejection. The output of the Schmitt trigger is sampled by the 
reset circuitry every machine cycle. 

RST--.---i 

on-chip 
resistor 

SCHMITT 
TRIGGER 

ff RESET 

CIRCUITRY 

7 Z80801 

Fig. 10 Reset configuration at RST. 

A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also 
configures the ALE and PsEN pins as inputs. (They are quasi-bidirectional.) 
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Single-chip 8-bit microcontroller PCB80C31BH 
PCB80C51BH 

The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 

Register Content 

PC OOOH 
ACC OOH 
B OOH 
PSW OOH 
SP 07H 
DPTR OOOOH 
PO- P3 OFFH 
IP (XXOOOOOO) 
IE (OXOOOOOO) 
TMOD OOH 
TCON OOH 
THO OOH 
TLO OOH 
TH1 OOH 
TL1 OOH 
SCON OOH 
SBUF Intermediate 
PCON (OXXXOOOO) 

The internal RAM is not affected by reset. When V CC is turned on, the RAM content is indeterminate. 

Power-on reset (see Fig. 11) 

When Vee is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
obtained by connecting the RST pin to Vee via a 10 µF capacitor. When the power is switched on, 
the current drawn by RST is the difference between Vee and the capacitor voltage, and decreases 
from Vee as the capacitor charges through the internal resistor (RAST) to ground. The larger the 
capacitor, the more slowly VAST decreases. VAST must remain above the lower threshold of the 
Schmitt trigger long enough to effect a complete reset. The time required is the oscillator start-up 
time, plus 2 machine cycles. 

+ 
10µF PCB80C31BH 

PCB80C51BH 

AST 

7297079 

Fig. 11 Power-on reset. 

To ensure a correct start·up at power-on, the voltage Vee and RST must come up at the same time. 
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INSTRUCTION SET 

The PCB80C51BH uses a powerful instruction set to allow expansion of on-chip CPU peripherals and to 
optimize byte efficiency and execution speed. Reassigned opcodes add new high-power operations 
and permit new addressing modes to make old operations more orthogonal when compared to the 
8048 family. 

The instruction set consists of 49 single-byte, 45 two-byte and 17 three-byte instructions. When using 
a 16 MHz oscillator, 64 instructions execute in 750 ns and 45 instructions execute in 15 µs. Multiply and 
divide instructions execute in 3 µs. 

Table 2 Instruction set description. 

~ moemoo;, 

- Arith~~tic op~ration 
I ADD A,Rr 

description bytes/ opcode 
cycles (hex.) 

Add register to A 1 1 2* 

ADD A, direct Add direct byte to A 2 1 25 

ADD A,@Ri Add indirect RAM to A 1 1 26,27 

ADD A,#data Add immediate data to A 2 1 24 

ADDC A,Rr Add register to A with carry flag 1 1 3* 

ADDC A, direct Add direct byte to A with carry flag 2 1 35 

ADDC A,@Ri Add indirect RAM to A with carry flag 1 1 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 1 34 

SUBB A,Rr Subtract register from A with borrow 1 1 9* 

SUBB A, direct Subtract direct byte from A with borrow 2 1 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1 96,97 

SUBB A,#data Subtract immediate data from A with borrow 2 1 94 

INC A Increment A 1 1 04 

INC Rr Increment register 1 1 O* 

INC direct Increment direct byte 2 1 05 

INC @Ri Increment indirect RAM 1 1 06, 07 

DEC A Decrement A 1 1 14 

DEC Rr Decrement register 1 1 1* 

DEC direct Decrement direct byte 2 1 15 

DEC @Ri Decrement indirect RAM 1 1 16, 17 

INC DPTR Increment data pointer 1 2 A3 

MUL AB Multiply A & B 1 4 A4 

DIV AB Divide A by B 1 4 84 

DA A Decimal adjust A 1 1 04 ·--



<( 
I
<( 
0 
1-z 
w 
:; 
0.. 
0 
-I 
w 
> w 
0 

Single-chip 8-bit microcontroller 

mnemonic 

logic operations 

ANL A,Rr 

ANL A, direct 

ANL A,@Ri 

ANL A,#data 

ANL direct, A 

ANL direct,#data 

ORL A,Rr 

ORL A,direct 

ORL A,@Ri 

ORL A,#data 

ORL direct, A 

ORL direct,#data 

XRL A,Rr 

XRL A, direct 

XRL A,@Ri 

XRL A,#data 

XRL direct, A 

XRL direct,#data 

CLR A 

CPL A 

RL A 

RLC A 

RR A 

RRC A 

SWAP A 

description 

AND register to A 

AND direct byte to A 

AND indirect RAM to A 

AND immediate data to A 

AND A to direct byte 

AND immediate data to direct byte 

OR register to A 

OR direct byte to A 

OR indirect RAM to A 

OR immediate data to A 

OR A to direct byte 

OR immediate data to direct byte 

Exclusive-OR register to A 

Exclusive-OR direct byte to A 

Exclusive-OR indirect RAM to A 

Exclusive-OR immediate data to A 

Exclusive-OR to direct byte 

Exclusive-OR immediate data to direct byte 

Clear A 

Complement A 

Rotate A left 

Rotate A left through the carry flag 

Rotate A right 

Rotate A right through the carry flag 

Swap nibbles within A 

PC880C31BH 
PCB80C518H 

bytes/ opcode 
cycles (hex.) 

1 1 5* 

2 1 55 

1 1 56,57 

2 1 54 

2 1 52 

3 2 53 

1 1 4* 

2 1 45 

1 1 46,47 

2 1 44 

2 1 42 

3 2 43 

1 1 6* 

2 1 65 

1 1 66,67 

2 1 64 

2 1 62 

3 2 63 

1 1 E4 

1 1 F4 

1 1 23 

1 1 33 

1 1 03 

1 1 13 

1 1 C4 
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INSTRUCTION SET (continued) 

mnemonic 

f----· 

Data transfer 

MOV A,Rr 

MOV A,direct ** 

MOV A,@Ri 

MOV A,#data 

MOV Rr,A 

MOV Rr,direct 

MOV Rr,#data I 

MOV direct.A 

MOV direct,Rr 

MOV direct,direct 

I MOV direct,@Ri 

I MOV direct,#data 

MOV @Ri,A 

MOV @Ri,direct 

MOV @Ri,#data 

MOV DPTR,#data16 

MOVC A,@A+DPTR 

MOVC A,@A+PC 

MOVX A,@Ri 

MOVX A,@DPTR 

MOVX @Ri,A 

MOVX @DPTR,A 

PUSH direct 

POP direct 

I 
XCH A,Rr 

XCH A, direct 

~ 
A,@Ri 

A,@Ri D 

description 

Move register to A 

Move direct byte to A 

Move indirect RAM to A 

Move immediate data to A 

Move A to register 

Move direct byte to register 

Move immediate data to register 

Move A to direct byte 

Move register to direct byte 

Move direct byte to direct 

Move indirect RAM to direct byte 

Move immediate data to direct byte 

Move A to indirect RAM 

Move direct byte to indirect RAM 

Move immediate data to indirect RAM 

Load data pointer with a 16-bit constant 

Move code byte relative to DPTR to A 

Move code byte relative to PC to A 

Move external RAM (8-bit address) to A 

Move external RAM (16-bit address) to A 

Move A to external RAM (8-bit address) 

Move A to external RAM ( 16-bit address) 

Push direct byte onto stack 

Pop direct byte from stack 

Exchange register with A 

Exchange direct byte with A 

Exchange indirect RAM with A 

Exchange LOW-order digit indirect RAM with A 

** MOVA, ACC is not a valid instruction. 

190 No,.mb4 

bytes/ opcode 
cycles (hex.) 

1 1 E* 

2 1 E5 

1 1 E6, E7 

2 1 74 

1 1 F* 

2 2 A* 

2 1 7* 

2 1 F5 

2 2 8* 

3 2 85 

2 2 86,87 

3 2 75 

1 1 F6, F7 

2 2 A6,A7 

2 1 76, 77 

3 2 90 

1 2 93 

1 2 83 

1 2 E2, E3 

1 2 EO 

1 2 F2, F3 

1 2 FO 

2 2 co 
2 2 DO 

1 1 C* 

2 1 C5 

1 1 C6,C7 

1 1 D6,D7 
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Single-chip 8-bit microcontroller 

mnemonic 

Boolean variable manipulation 

CLR c 
CLR bit 

SETB c 
SETB bit 

CPL c 
CPL bit 

ANL C,bit 

ANL C,/bit 

ORL C,bit 

ORL C,/bit 

MOV C,bit 

MOV bit,C 

Program and machine control 

ACALL addrl 1 

LCALL addrl 6 

RET 

RETI 

AJMP addrl 1 

LJMP addr16 

SJMP rel 

JMP @A+DPTR 

JZ rel 

JNZ rel 

JC rel 

JNC rel 

JB bit, rel 

JNB bit, rel 

JBC bit, rel 

CJNE A,direct,rel 

CJNE A,#data,rel 

CJNE Rr,#data,rel 

CJNE @Ri,#data,rel 

DJNZ Rr,rel 

DJNZ direct, rel 

NOP 

description 

Clear carry flag 

Clear direct bit 

Set carry flag 

Set direct bit 

Complement carry flag 

Complement direct bit 

AND direct bit to carry flag 

AND complement of direct bit to carry flag 

OR direct bit to carry flag 

OR complement of direct bit to carry flag 

Move direct bit to carry flag 

Move carry flag to direct bit 

Absolute subroutine call 

Long subroutine call 

Return from subroutine 

Return from interrupt 

Absolute jump 

Long jump 

Short jump (relative address) 

Jump indirect relative to the DPTR 

Jump if A is zero 

Jump if A is not zero 

Jump if carry flag is set 

Jump if no carry flag 

Jump if direct bit is set 

Jump if direct bit is not set 

Jump if direct bit is set and clear bit 

Compare direct to A and jump if not equal 

Compare immediate to A and jump if not equal 

Compare immed. to reg. and jump if not equal 

Compare immed. to ind. and jump if not equal 

Decrement register and jump if not zero 

Decrement direct and jump if not zero 

No operation 

PCB80C31BH 
PC880C51BH 

bytes/ opcode 
cycles (hex.) 

1 1 C3 

2 1 C2 

1 1 D3 

2 1 D2 

1 1 83 

2 1 82 

2 2 82 

2 2 BO 

2 2 72 

2 2 AO 

2 1 A2 

2 2 92 

2 2 •1addr 

3 2 12 

1 2 22 

1 2 32 

2 2 • 1 addr 

3 2 02 

2 2 80 

1 2 73 

2 2 60 

2 2 70 

2 2 40 

2 2 50 

3 2 20 

3 2 30 

3 2 10 

3 2 B5 

3 2 84 

3 2 B* 

3 2 86, 87 

2 2 D* 

3 2 D5 

1 1 00 



Notes to Table 2 

Data addressing modes 

Rr Working register RO-R7. 

direct 

@Ri 

#data 

#data16 

bit 

addr16 

addr11 

re1 

128 internal RAM locations and any special function register (SF R). 

Indirect internal RAM location addressed by register RO or R1 of the actual register bank. 

8-bit constant included in instruction. 

16-bit constant included as bytes 2 and 3 of instruction. 

direct addressed bit in internal RAM or SF R. 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALI_ and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 

Signed {two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is --128 to+ 127 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 3 

* · 8, 9, A, B, C, D, E, F. 

o: 11, 31, 51, 71, 91, 81, 01, F1. 

A: 01, 21, 4·1, 61, 81, Al, C1, El. 
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Table 3 Instruction map ff first hexadecimal chacter of opcode 

0 1 2 3 

0 NOP AJMP LJMP RR A 
addr11 addr16 

1 JBC ACALL LCALL ARCA 
bit, rel addr11 addr16 

2 JB AJMP RET ALA 
bit, rel addr11 

3 JNB ACALL RETI RLCA 
bit, rel addr11 

4 JC AJMP ORL ORL 
rel addr11 dir.A dir,#data 

5 JNC ACALL ANL ANL 
rel addr11 dir.A dir,#data 

6 JZ AJMP XRL XRL 
rel addr11 dir.A dir,#data 

7 JNZ ACALL ORL JMP 
rel addr11 C,bit @A+DPTR 

8 SJMP AJMP ANL MOVC 
rel addr11 C,bit A,@A+PC 

9 MOV DPTR, A CALL MOV MOVC 
#data addr11 bit,C A,@A+DPTR 

A ORL AJMP MOV INC 
C./bit addr11 C,bit DPTR 

B ANL A CALL CPL CPL C 
C./bit addr11 bit 

c PUSH AJMP CLR CLR C 
dir addr11 bit 

D POP ACALL SETB SETB 
dir addr11 bit c 

E MOVX AJMP MOVX A,@Ri 
A,@DPTR addr11 0 l 1 

F MOVX A CALL MOVX@Ri,A 
@DPTR,A addr11 0 J_ 1 

DEVELOPMENT DATA 
second hexadecimal character of opcode 

4 ]s 6 I 1 8 Ig I A B c 
INCA INC INC@Ri INlC RJ 

dir 0 l 1 0 1 2 3 4 

DECA DEC DEC@Ri DEC Rr 
dir 0 l 1 0 l 1 J 2 3 4 

ADD ADD ADD A,@Ri ADD A,Rr 
A,#data A,dir 0 l 1 0 l 1 J 2 3 4 

ADDC ADDC ADDCA,@Ri ADDC A,Rr 
A,#data A,dir 0 l 1 011 J2 3 4 

ORL ORL ORL A,@Ri ORL A,Rr 
A,#data A,dir 0 l 1 0 J 1 J 2 3 4 

ANL ANL ANLA,@Ri ANL A,Rr 
A,#data A,dir 0 l 1 0 l 1 l 2 3 4 

XRL XRL XRL A,@Ri XRL A,Rr 
A,#data A,dir 0 l 1 0 J 1 J 2 3 4 

MOV MOV MOV @Ri,#data MOV Rr,#data 
A,#data dir,#data 0 l 1 0 J 1 J 2 3 4 

DIV MOV MOV dir,@Ri MOV dir,Rr 
AB dir,dir 0 l 1 0 l 1 J 2 3 4 

SUBB SUBB SUBB A,@Ri SUBB A,Rr 
A,#data A,dir 0 l 1 0 J 1 J 2 3 4 

MUL MOV@Ri,dir MOV Rr,dir 
AB 0 J_ 1 0 J_ 1 J 2 3 4 

CJNE A, CJNE CJNE @Ri,#data,rel CJNE Rr,#data,rel 
#data,rel A,dir,rel 0 1 1 01112 3 4 

SWAP XCH XCH A,@Ri XCH A,Rr 
A A,dir 0 1 1 0 J 1 J 2 3 4 

DAA DJNZ XCHD A,@Ri DJNZ Rr,rel 
dir,rel 0 l 1 011 J_2 3 4 

CLR A MOV * MOV A,@Ri MOV A,Rr 
A,dir 0 l 1 0 J 1 J 2 3 4 

CPLA MOV MOV@Ri.A MOV Ar.A 
dir,A 0 l 1 0 J 1 l 2 3 4 

D E F 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 

5 6 7 
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PCB80C31BH 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Input voltage on any pin 
with respect to ground (Vssl V1 -0,5 to +6,5 V 

Input, output current ±11, IQ max. 5 mA 

Total power dissipation Ptot max. 1 w 
Storage temperature range Tstg -65 to + 150 oc 

Operating ambient temperature range Tamb 0 to+ 70 °c 

D.C. CHARACTERISTICS 

Vee= 5 V (±10%); Vss = 0 V; Tamb = -40 to+ 85 oc, 0 to+ 70 oc; all voltages with respect to Vss 
unless otherwise specified 

parameter symbol min. max. unit conditions 

Supply voltage Vee 4,5 5,5 v 
Supply current 

operating (note 1) Ice - 18* mA fcLK = 12 MHz PCF80C51BH 
Ice - 23* mA fcLK = 16 MHz PCB80C51BH 

idle mode (note 2) Ice - 10* mA fcLK = 12 MHz 
Power-down current lpo - 100* µA Vee= 2 v (note 3) 

Inputs 

LOW level input voltage 
(except EA) V1L -0,5 o,2vcc-o,1 v 

LOW level input voltage 
(EA) V1L1 -0,5 o,2v cc-0,3 . v 

HIGH level input voltage 
(exceptXTAL 1, RST V1H o,2vcc+0,9 Vee +o,5 v 

HIGH level input voltage 
(XTAL 1, RST) VIH1 o,7Vcc Vee +o,5 v 

Input current logic 0 
(Ports 1, 2 and 3) -l1L - 50 µA Vi= 0,45 v 

Input current logic 1 
to 0 transition 
(Ports 1, 2 and 3) -ITL - 650 µA Vi= 2 v 

Input leakage current 
(Port 0, EA) ±lu - 10 µA 0,45V<V1<Vcc 

* Preliminary value. Table showing Ice as function of frequency will be available at a later date. 
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Single-chip 8-bit microcontroller PCBBOC31BH 
PCB80C51BH 

parameter 

Outputs 

LOW level output voltage (note 4) 
(Ports 1, 2 and 3) VoL 

LOW level output voltage (note 4) 
(Port 0, ALE, PSEN) VoL1 

HIGH level output voltage 
(Ports 1, 2 and 3) 

HIGH level output voltage (note 5) 
(Port 0 in external 
Bus mode, ALE, PSEN) 

Notes to the d.c. characteristics 

VQH 

min. 

2,4 

0,75Vcc 
o,9Vcc 

~~y;· 

0,451 v 

0,45 v 

v 

1. The operating supply current is measured with all output pins disconnected; 
XTAL 1 driven with tr= _!f_= 10 ns, V1L = Vss + 0,5 V, V1H = Vcc-0,5 V; 
XTAL 2 not connected; EA= RST =Port 0 =Vee· 

2. The idle mode supply current is measured with all output pins disconnected; 
XTAL 1 driven with tr= _!f_= 10 ns, V1L = Vss + 0,5 V, V1H =Vee -0,5 V; 
XTAL 2 not connected; EA= Port 0 =Vee; RST = V55. 

3. The power-down current is measured with all output pins disconnected; 
XTAL 2 not connected; EA= Port 0 =Vee; RST = V55. 

conditions 

IQL = 1,6 mA 

IQL = 3,2 mA 

-IQH = 60µA; 
Vee= 5v±10% 
-IQH = 25µA 
-IQH = 10µA 

-IQH = 400 µA; 
Vee= 5v±10% 
-IQH = 150µA 
-IQH = 40µA 

test freq. = 1 MHz; 
Tamb = 25 oc 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the 
LOW level output voltage of ALE, Port 1 and Port 3. The noise is due to external Bus capacitance 
discharging into the Port 0 and Port 2 pins when these pins make a 1-to-O transition during Bus 
operations. In the most adverse condition (capacitive loading> 100 pF) the noise pulse on ALE line 
may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger STROBE input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and 
PSEN to momentarily fall below the 0,9V CC specification when the address bits are stabilizing. 
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PCB80C31BH 
PCB80C51BH 

A.C. CHARACTERISTICS 

Vee= 5 v ± 10%; Vss = 0 V; Tamb = 0 to+ 70 OC; CL= 100 pF (Port 0, ALE and PSEN); CL= 80 pF 
(all other outputs); unless otherwise specified (see waveforms Figs 14, 15 and 16) 

parameter symbol 16 MHz 12 MHz variable clock 
unit 

min. max. min. max. min. max. 

Program memory 

ALE pulse duration tLL 85 - 127 - 2tcK-40 - ns 

Address set-up 
time to ALE tAL 23 - 43 - tcK-40 - ns 

Address hold time 
after ALE tLA 28 - 48 - tcK-35 - ns 

Time from ALE to valid 
instruction input tuv - 150 - 233 - 4tcK-100 ns 

Time from ALE to 
control pulse PSE N tLC 38 - 58 - tcK-25 - ns 

Control pulse 
duration PSEN tee 153 - 215 - 3tcK-35 - ns 

Time from PSEN to valid 
instruction input tc1v - 63 - 125 - 3tcK-125 ns 

Input instruction hold 
time after PSEN tc1 0 - 0 - 0 - ns 

Input instruction float 
delay after PSEN* tc1F - 43 - 63 - tCK-20 ns 

Address to valid 
instruction input tAIV - 198 - 302 - 5tcK-115 ns 

Address float time 
to PSEN tAFC 0 - 0 - 0 - ns 

Interfacing the PCB80C51 BH to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to port 0 drivers. 
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Single-chip 8-bit microcontroller 

parameter symbol 
16 MHz 

min. max. 

External data memory 

RD pulse duration tRR 275 -
WR pulse duration tww 275 -
Address hold time 

after ALE I tLA 
28 -

RD to valid data input tRo - 148 

Data hold time after RD toR 0 -
Data float delay 

after RD to FR - 55 

Time from ALE to 
valid data input tLO - 350 

Address to valid 
data input tAD - 398 

Time from ALE to 
RD or WR tLW 138 238 

Time from address to 
RD or WR tAW 120 -

Time from RD or WR 
HIGH to ALE HIGH tWHLH 23 103 

Data valid to WR 
transition towx 3 -

Data set-up time 
before WR tow 288 -

Data hold time after WR two 13 -

Address float delay 
after RD tAFR - 0 

Where: 

1/tcK = 1,2 to 16 MHz (see Fig. 13 and Table 4). 

12 MHz 
min. max. 

400 -
400 -

48 -
- 250 I 

0 -

- 97 

- 517 

- 585 

200 300 

203 -

43 123 

23 -

433 -
33 -

- 0 

PCB80C31BH 
PCB80C51BH 

variable clock 
unit 

min. max. 

6tCK-100 - ns 

6tCK-100 - ns 

tCK-35 - ns 

- 5tCK-165 ns 

0 - ns 

- 2tCK-70 ns 

- 8tcK-150 ns 

- 9tcK-165 ns 

3tcK-50 3tcK+50 ns 

4tCK-130 - ns 

tcK-40 tcK+40 ns 

tcK-60 - ns 

7tCK-150 - ns 

tcK-50 - ns 

- 0 ns 



PCB80C31BH 
PC880C518H 

A.C. CHARACTERISTICS (continued) 

(a) 

2,4V ___ [-v ---,_ --:i ,., 
0,45V ---Po.av 0,8V -- 0,45V 

(b) 
7ZB7542 

A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. 
Timing measurements are taken at 2,0 V for a logic 1 and 0,8 V for logic 0. 
The float state is defined as the point at which a Port 0 pin sinks 3,2 mA or sources 400 µA at the 
voltage test levels. 

Fig. 12 A.C. testing input, output waveform (a) and float waveform (b). 

VIH1 VIH1 
__ _,,o,av o,av r------'I 

-------- tcK ------ 7ZB7543 

Fig. 13 External clock drive XT AL 1 (see Table 4). 

Table 4 External clock drive XTAL 1 (see Fig. 13) 

variable clock 
(f = 1,2 to 16 MHz)* 

parameter. symbol min. max. unit 

oscillator clock period tcK 63 833,3 ns 

HIGH time !HIGH 20 tcK-tLQW ns 

LOW time tLOw 20 tcK-tHIGH ns 

rise time tr - 20 ns 

fall time tf - 20 ns 

* PCF80C51BH: 1,2 - 12 MHz only. 
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Single-chip 8-bit microcontroller PCB80C31BH 
PCB80C51BH 

ALE 

PSEN 

PORTO 

PORT2 

ALE 

PSEN 

RD 

PORTO 

PORT2 

- 1LL-+-- 1LIV-

ADO to AD7 inst. input 

address ADS to AD15 or 
special function registers (SFR) 

Fig. 14 Read from program memory. 

address ADS to AD15 or 
special function registers (SFR) 

7Z87549.1 

- 1WHLH 
tLD --~-----.r 

r---- 1LW-l-+-------~tRR-------I 

-1LA-1 

, ______ tAw -~-----r...___ tRD ____.. 

ADO to AD7 data input 

I-+-------- 1AD ---------

address ADS to AD15 or special function registers (SFR) 

7Z87550 

Fig. 15 Read from data memory. 



PCB80C31BH ·t··· . 
. PCB80C51BH 

---~~~~~~~~~~~~~~~_.;.~~~~~~~~~~~~---~~ 

- twHLH -

ALE 

-tLw 

WR 

tDwxl-
1---------tDw --------i-twD 

PORTO ADO to AD7 data output 

PORT2 address ADS to AD15 or special function registers (SFR) 

7Z87551 

Fig. 16 Write to data memory. 
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float float address float 

1 J address transitions l I 
I --

~- I ~-

~~~~___.n n~-
sampling time of 1/0 port pins during input {including INTO and INT1) 

I I - - l __ J 
7Z87552.1 

Fig. 17 Instruction cycle timing. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PCB80C39 
PCB80C49 

SINGLE-CHIP 8-BIT CMOS MICROCONTROLLER 

DESCRIPTION 

The PCB80CXX family of single-chip 8-bit CMOS microcontrollers consists of: 
• The PCB80C49 with resident mask programmed 2K x 8 ROM. 128 x 8 RAM. 
• The PCB80C39 without resident program memory for use with external EPROM/ROM,128 x 8 RAM. 
All versions are pin and function compatible to their NMOS counter parts but with additional features 
and high performance. 

The PCB80CXX family are desgined to be both efficient control and arithmetic processors. 
The instruction set allows the user to directly set and reset individual 1/0 lines, and to test individual 
bits within the accumulator. A large variety of branch and table look-up instructions enable efficient 
implementation of standard logic functions. Code efficiency is high; over 70% of the instructions are 
single byte; all others are two byte. 
An on-chip 8-bit counter is provided, which can count either machine cycles(-:- 32) or external events. 
The counter can be programmed to cause an interrupt to the processor. 
Program and data memories can be expanded using standard devices. Input/output capabilities can be 
expanded using standard devices. 
The family has low power consumption and in addition a power down mode is provided. 
For further detailed information see users manual 'single-chip 8-bit microcontrollers'. 

FEATURES 

• 8-bit CPU, ROM, RAM, 1/0 in a single 40-pin package 
• PCB80C49: 2K x 8 ROM, 128 x 8 RAM 
• PCB80C39: 128 x 8 RAM 
• Internal counter/timer 
• Internal oscillator, clock driver 
• Single-level interrupts: external and counter/timer 
• 17 internal registers: accumulator, 16 addressable registers 
• Over 90 instructions: 70% single byte 
• All instructions: 1 or 2 cycles 
• Easily expandable memory and 1/0 
• TTL compatible inputs and outputs 
• Single 5 V supply 
• Wide frequency operation range 
• Low current consumption 
• Also available with extended temperature range; -40 °c to+ 85 oc 

APPLICATIONS 

• Peripheral interfaces and controllers 
• Test and measurement instruments 
• Sequencers 
• Audio/video systems 
• Environmental control systems 
• Modems and data enciphering 

PACKAGES 

PCB/F80C39/C49P: 40-lead DIL; plastic (SOT-129). 
PCB/F80C39/C49WP: 44-lead plastic leaded chip carrier (PLCC); SOT-187A. -
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Fig. 1 Block diagram. 
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Single-chip 8-bit CMOS microcontroller 

TO Vee 

XTAL 1 T1 

XTAL 2 P27 

RESET P26 

ss P25 I~ 

INT P24 

EA P17 

INT 
RD P16 

EA 
PSEN P15 

RD 
WR P14 

PC880C39 
PSEN PC880C49 

ALE P13 

WR 
D80 P12 

n.c. 
D81 P11 

<( ALE 
I- 082 P10 
<( 

D80 c 083 VoD 
I-

DB1 z 
w DB4 PROG 

:ii: DB2 
ii. DB5 P23 0 __. 

D83 w 086 P22 
> w 
c DB7 P21 

Vss P20 <t 
co 
0 

7289657 .3 

Fig. 2(a) Pinning diagram, OIL; for pin 
designation see next page. 
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0 

PC880C39 
PCB80C49 

"' "' .... Ul u 0 
co co co Ul 
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0 0 0 > "-

.... "' ;:: N N 
a.. a.. 

;;; N M 
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0.. a.. a.. 

PCB80C39 
PCB80C49 

"' N 
a.. 

P24 

P17 

P16 

P15 

P14 

n.c. 

P13 

P12 

P11 

P10 

VoD 

I~ 7Z97118.2 

Fig. 2(b) Pinning diagram, PLCC; for pin 
designation see next page. 

Where: n.c. =not connected. 
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PCB80C39 
PC880C49 

PIN DESIGNATION 

designation 

DBO-DB7 

P10-P17 

P20-P27 

T1 

ALE 

RD 

WR 

EA 

PSEN 

SS 

Voo 

pin no. 

12-19 

27-34 

21-24, 
35-38 

25 

39 

6 

4 

11 

8 

10 

7 

9 

5 

26 

function 

BUS. Bidirectional 1/0 port that can be read or written using the 
RD and WR strobes. This port can also be statically latched. 
Contains the 8 lower order address bits during external memory 
access and receives the addressed instruction under control of 
PSEN. PSEN, ALE, RD and WR determine whether the access is 
an instruction fetch or a read/write access to external RAM. 

Port 1. 8-bit quasi-bidirectional 1/0 port (note 1). 

Port 2. 8-bit quasi-bidirectional 1/0 port (note 1). P20-P23 
contain the 4 higher order address bits during an access of external 
program memory. 

Output strobe (active LOW) for 1/0 expander. 

Input pin sensed using the JTO and JNTO instructions. 

Clock output pin when designated as such by the ENTO CLK 
instruction. 

Input pin sensed using the JT1 and JNT1 instructions. Can be 
designated as the timer/counter input by the STRT CNT 
instruction. 

Interrupt input pin. When LOW causes an interrupt in the current 
program if external interrupt is enabled. Can also be used as an 
input, testable using the JN I instruction. Interrupt is disabled 
during and after a RESET. 

Reset input pin used to initialize the microcontroller. 
Active LOW. 
During program verification the address is latched by a 'O' to '1' 
transition on RESET and the data at the addressed location is 
output on BUS (note 2). 

Address latch enable. Occurs once each machine cycle and is useful 
for timing and sampling. During external program or data memory 
access, ALE is used to strobe the address information multiplexed 
on the DBO to DB7 outputs. 

Read BUS. Active LOW strobe used to gate data onto BUS lines 
when reading from an external source. 

Write BUS. Active LOW strobe used to write data from BUS lines 
to an external designation. 

External access input. When HIGH, forces instruction fetch from 
external memory. 

Program store enable. Active LOW strobe that occurs only during 
a fetch from external program memory. 

Single step input. Active LOW which is used with ALE to cause 
the microcontroller to execute a single instruction. 

RAM power supply,+ 5 V during normal operation and 
power-down mode. 
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Single-chip 8-bit CMOS microcontroller 

designation pin no. function 

PCB80C39 
PCB80C49 

XTAL1 2 One side of crystal (or inductor) input for internal oscillator. Can 
also be used as an input for an external timing source (note 2). 

Other side of crystal. 

Ground. 

XTAL2 

Vss 
Vee 

3 

20 

40 Main power supply,+ 5 V during normal operation. 

Notes 

1. Each port line can be designated as an input or an output. A line is designated as an input by first 
writing a logic 1 to the line. RESET sets all lines to logic 1. 

2. Non-standard TTL VIH· 

FUNCTIONAL DESCRIPTION 

Program memory (see Fig. 3) 

The resident program memory is: 
2048 byte ROM 
The PCB80C39 has no resident program memory. 
The total addressing capability is 4096 bytes. 
The program memory address space is divided into two 2048-bytes banks MBO and MB1. 
The program memory is also divided into pages of 256 bytes for conditional branches. 

There are three locations in program memory of special importance. These locations contain the first 
instruction to be executed after one of three events. 
The three locations and their contents are: 

location 0 - activation, then deactivation of the RESET line, 
location 3 - activation of the INT line when the external interrupt is enabled, 
location 7 - an overflow of the timer/counter if the TIC interrupt is enabled. 

Data memory (see Fig. 4) 

The resident data memory is: 128 byte RAM. 

All locations are indirectly addressable by either of two RAM pointer registers at locations 0 and 1. 
The first eight locations of RAM (0 to 7) are designated as working registers and are directly addressable 
by several instructions. By selecting register bank 1, RAM locations 24 to 31 become the working 
registers, replacing those in register bank 0 (Oto 7). 
RAM locations 8 to 23 are designated as the stack. Two locations (bytes) are used per CALL, allowing 
up to eight levels of subroutine nesting. 
If additional RAM is required, up to 256 bytes may be added and addressed directly using the MOVX 
instructions. If more RAM is required, an 1/0 port can be used to select one (256 byte) bank of 
external memory at a time. 
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0 
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7Z96497 

Fig. 3 Program memory map. 
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Single-chip 8-bit CMOS microcontroller 

Program counter and stack 

PCBBOC39 
PCBBOC49 

The program counter (PC) is a 12-bit counter/register that points to the location from which the next 
instruction is to be fetched. When EA is '0', the PC addresses an internal program memory. At the 
boundary of the internal program memory an automatic switch over to iixternal memory is made. 
When EA is '1 '.all the program is fetched from external ROM/EPROM. The total address space is 4K 
bytes. An interrupt or CALL to a subroutine causes the contents of the program counter to be stored 
in one of the 8 register pairs of the program counter stack. The pair to be used is determined by a 3-bit 
stack pointer which is part of the program status word (PSW). Data RAM locations 8 to 23 are available 
as stack registers and are used to store the program counter and 4 bits of PSW. The stack pointer, when 
initialized to 0008, points to RAM locations 8 and 9. The first subroutine jump or interrupt results in 
the program counter contents being transferred to locations 8 and 9 of the RAM array. The stack 
pointer is then incremented by one to point to locations 10 and 11 in anticipation of another CALL. 
Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (location 8 and 9) will be overwritten and lost since 
the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
The end of a subroutine, which is signalled by a return instruction (RET or RETR), causes the stack 
pointer to be decremented and the contents of the resulting register pair to be transferred to the 
program counter. 

Oscillator and clock 

The PCB80C49 contains its own internal oscillator and clock driver. 
A crystal, inductor or external pulse generator determines the oscillator frequency (see Figs 5, 6 and 7). 
The output of the oscillator is divided-by-three and is available at TO (pin 1) by executing the ENTO 
CLK instruction. This CLK signal is divided-by-five to define a machine (instruction) cycle. It is 
available at ALE (pin 11 ). 

LOCMOS 
gate 

XTAL1 2 

For quartz crystal 

XTAL 2 3 
1 to 11 MHz: C1 = C2=15 to 25 pF 
For ceramic resonators 
1 to 11 MHz: C1 = C2 = 30+ 5 pF 

-10 

XTAL2 
3 

C2 

7Z89656.3 

( 1) Including crystal-socket stray capacitance. 

Fig. 5 Crystal oscillator mode. Typical values 
are given. Crystal serial impedance should be 
< 75 n at 6 MHz and< 180 n at 3,6 MHz. 

XTAL1 
2 L (µH) 

~c L 

c 45 
XTAL2 

3 120 

7Z84738.1 

Fig. 7 LC oscillator mode. 

7Z89654.2 

Fig. 6 Driving from an external source. 
Test conditions at XTAL 1; 
Minimum HIGH(> 0,7 of Vccl and LOW 
(< 0, 13 of Vee) times, should be at 
least 45% of a clock period. 

C (pF) fnom 
(MHz) 

20 5,2 
20 3,2 
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PCB80C39 
PCB80C49 

FUNCTIONAL DESCRIPTION (continued) 

Timer/event counter 

An internal counter is available which can count either external events or machine cycles (+ 32). The 
machine cycles are divided-by-32 before they are applied to the input of the 8-bit counter. External 
events are applied directly to the input of the counter. The maximum frequency that can be counted 
is one third of the machine cycle frequency. The minimum positive duty cycle that can be detected 
is 0,2 times the cycle period. The counter is under program control and can be made to generate an 
interrupt to the processor when it overflows. 

Interrupt 

An interrupt may be generated by either an external input (I NT, pin 6) or the overflow of the internal 
timer/event counter, when enabled. In either case, the processor completes execution of the present 
instruction and then does a CALL to the interrupt service routine, After service, a RETA instruction 
restores the machine to the state it was prior to the interrupt. The external interrupt has priority over 
the internal interrupt. 

Input/output 

The PCB80CXX family has 27 1/0 lines. These lines are arranged as three 8-line ports, which serve 
individually as either inputs, outputs or together as bidirectional ports, plus 3 'test' inputs which can alter 
program sequences when tested by conditional jump instructions. 

Ports 1and2 

Ports 1 and 2 are each 8-bits wide and have identical characteristics. Data written to these ports is 
statically latched and remains unchanged until rewritten. As input ports these lines are non-latching, 
e.g., inputs must be present until read by an input instruction. Inputs are fully TTL compatible and 
outputs will drive one standard TTL load. 

The lines of ports 1 and 2 are called quasi-bidirectional because of a special output circuit structure 
which allows each line to serve as an input, an output, or both even though outputs are statically 
latched. The circuit configuration is shown in Fig. 8. Each line has a unique high-impedance pull-up 
transistor TR3, this is turned on when the line is pulled above 2 V by an external source or by writing 
a logic 1 to the port. This pull-up is sufficient to provide the source current for a TTL HIGH level, 
yet can be pulled LOW by a standard TTL gate, thus allowing the same pin to used for both input and 
output. When a logic 1 is written to a line, a second high impedance transistor TR2, pulls the line up 
to 5 V. To provide fast switching during a 'O' to '1' transition, a relatively low-impedance transistor 
TR 1 (approx. 750 .11.) is switched on for 1/5 of a machine cycle whenever a '1' is written to the line. 
Whenever a 'O' is written to the line, a low-impedance (approx. 250 .11.) transistor TR4, overcomes the 
weak light pull-up and provides TTL current sinking capability. 

Since the pull-down transistor TR4 is a low-impedance device, a '1' must first be written to any line 
which is to be used as an input. RESET initializes all lines to the high impedance '1' state. This 
structure allows input and output on the same pin and also allows a mixture of input lines and output 
lines on the same port. The quasi-bidirectional port in combination with the AN Land OR L logical 
instructions provide an efficient means for handling single line inputs and outputs within an 8-bit 
processor. 
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Single-chip 8-bit CMOS microcontroller 

BUS 

PCB80C39 
PCB80C49 

BUS is also an 8-bit port which is a true bidirectional port with associated input and output strobes. 
If the bidirectional feature is not need8d, BUS can serve as either a statically latched output port or 
non-latching input port. Input and output lines on this port cannot be mixed. 
As a static port, data is written and latched using the OUTL instruction and input using the INS 
instruction. The INS and OUTL instructions generate pulses on the corresponding RD and WR output 
strobe lines; however, in the static port mode they are generally not used. As a bidirectional port, the 
MOVX instructions are u~erl to rear! anrl write the port. A write to the port qenerates a pulse on the 
WR output line and output data is valid at the trailing-edge of WR. A read of the port generates a 
pulse on the RD output line and input data must be valid at the trailing-edge of RD. When not being 
written or read, the BUS lines are high impedance. 

Test (TO, Tl) and I/VT inputs 

Three pins serve as inputs and are testable with the conditional jump instruction. These pins are TO, T1, 
and TNT and they allow inputs to cause program branches without the necessity to load an input port 
into the accumulator. The TO, T1 and INT pins have other possible functions as well. 

ORL. ANL -----

+5V +5V +5V 

internal 
bus 

J. I weakpull-up 

~::::--t-p~TT2 p T~ ( 
write 
pulse 

TR1~ __ 

j.,_-1 n 

T~ 
~~NPUT----------k(J-

input -·-----! BUFFER 

Fig. 8 Quasi-bidirectional port structure. 

RESET input (see Fig. 10) 

1/0 PIN] 
PORT 
1 & 2 

7288451.4 

The FfESET input provides a means to initialize the processor. This Schmitt-trigger input has an 
internal pull-up resistor. The combination of an external 47 kH resistor and a 1 µF capacitor provides 
a reset pulse of sufficient duration to guarantee that all circuitry is reset. If the reset pulse is generated 
otherwise, the RESET pin must be held at ground for at least 10 ms after the (0, 13 Vee) power supply 
is within tolerance. Only five machine cycles (2,5 µsat 6 MHz) are required if power is already on and 
the oscillator has stabilized. 

Single step input (SS} 

Under control of the SS line, the processor can be forced to execute one instruction and then to wait 
until the single step switch is activated again. 
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FUNCTIONAL DESCRIPTION (continued) 

IDLE mode 

The PCB80CXX family is provided with a IDLE mode in which the internal oscillator, the internal timer 
and the external interrupt and counter are still functioning, while the status of following parts is 
maintained: RAM and register/Port 1 and 2/Bus. The ID LE mode is entered after execution of the 
ID LE instruction (opcode 1 H). The ID LE mode is terminated by one of the two possible interrupts, 
if enabled, or a RESET signal. If an external interrupt terminates the ID LE mode, the next instruction 
that is executed is at location 3 of the program store. If a timer/counter interrupt terminates the IDLE 
mode, the next instruction is at location 7. The reset signal will terminate the IDLE mode, and also 
initialize the processor. 

Power-down mode 

In the PCB80CXX family, power can be removed from all but the 64 x 8 bit and 128 x 8 bit data RAM 
array, for low power standby operation. In the power-down mode the contents of the data RAM are 
maintained. Vee serves as the+ 5 V supply pin for most of the circuitry, while the VoD pin supplies 
only the RAM array. In normal operation, both pins are at+ 5 V. In standby, Vee is at ground and 
VoD is maintained at+ 5 V. 

Applying RESET to the processor through the RESET pin inhibits any access to the RAM by the 
processor and guarantees that the RAM cannot be inadvertently altered when power is removed from 
V CC· Fig. 9 shows a typical power-down sequence. 

212 September 1986 

POWER 
SUPPLY 

processor I 
interrupted I 

~~---.; I 

FAIL SIGNAL I L __ J ____ normal power-on 

RESET 

I I I sequence follows 

i LJ __ __ 
I I I 
'--y---J'-y-''------y---1 

data save I access to 
routine data RAM 

executed 
inhibit 

Set up time 
Data RAM inhibit 
for 7 clock periods 

Fig. 9 Power-down sequence. 
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Single-chip 8-bit CMOS microcontroller 

LOCMOS 
gate 

RESET 
4 

HEFXXXX 

PCBBOC49 
(a) 

r .:,:I (10Vl 
, 

(b) 

47k11 

PCBBOC49 

7ZB9655.2 

PCB80C39 
PCBBOC49 

Fig. 10(a) External reset circuit; (b) power-on reset. 
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Instruction set 

l_-----

The PCBBOCXX instruction set consists of over 90 one and two-byte instructions (see Table 2). Program 
code efficiency is high because: 
• working registers and program variables are stored in the RAM, which require only a single byte 

.to address, 
e, pro!Jram memory is divided into pages of 256 bytes, which means that branch destination addresses 

require one byte. 
In addition to performing logical and arithmetic operations, the instruction set manipulates and tests 
both bits and bytes. A set of MOVE instructions operates indirectly upon either RAM or ROM, which 
perm.its efficient access of pointers and data tables. The indirect jump instruction performs a multi-way 
branch (up to 2-56) upon the content of the accumulator to addresses stored in a look-up table. The 
'de<:rement register and jump if not zero' DJNZ instruction saves a byte every time it is used as opposed 
to using separate increment and test instructions. 
The on-chip counter enables either external events or time to be counted off-line from the main program. 
The PCBBOCXX can either test the counter (under program control) or cause its overflow to generate.an 
interrupt. These· features are required for real-time applications. Instruction timing is shown in Table 3. . . 
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Single-chip 8-bit CMOS microcontroller 

Table 1 

Symbol definitions used in Table 2. 

symbol description 

A the accumulator 
AC the au xii iary carry flag 
addr program memory address ( 11-bits) 
Bb bit designation (b = 0-7) 
BS the bank switch 
c carry flag 
CLK clock signal 
CNT event counter 
D nibble designation (4-bits) 
DBF program memory bank flip-flop 
data number or expression (8-bits) 
FO, Fl flags 0 and 1 , interrupt 
INT external interrupt 
p 'in-page' operation designation 
Pp port designation (p = 1, 2 or 4-7) 
PSW program status word 
Rr register designation (r = 0, 1 or 0-7) 
SP stack pointer 
T timer 
TF timer flag 
TO, T1, test 0 and 1 inputs 
# immediate data prefix 
@ indirect address prefix 
$ current value of program counter 

*"" is replaced by 
+--+ is exchanged with 

Notes to Table 2. 

PCB80C39 
PCB80C49 

1. Instruction code designations r and p form the binary representation of the registers and ports 
involved. 

2. The dot under the appropriate flag bit indicates that its content is subject to change by the 
instruction it appears in. 

3. Numerical subscripts appearing in the FUNCTION column reference the specific bits affected. 
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N ..... 
O'I 

en 
CD 

""O .... 
CD 

3 
0-
~ 

co 
O:> 
O'I 

I 

Table 2 Instruction set 

mnemonic ltunction -ld~scription 
I 
I 

ADD A,Rr (A)+-(A) + (Rr) Add contents of designated 
forr=0-7 register to A 

ADD A,@Rr (A)+-(A) + ((Rr)) Add indirect the contents of the 
for r = 0-1 data memory location to A 

ADD A,#data (A)+-(A) + data Add immediate data to A 

ADDC A,Rr (A)<--(A) + (C) + (Rr) Add with carry the contents 
for r = 0-7 of designated register to A 

ADDCA,@Rr (A);(A) + (C) + ((Rr)) Add indirect with carry the 
for r = 0-1 contents of the data memory 

location to A 

c:: ADDC A,#data (A)+-(A) + (C) +data Add immediate data with 

0 carry to A 
I-

~ ANL A,Rr (A)+-(A) AND (Rr) Logical AND contents of 
:::> for r = 0-7 designated register with A 
2: 
:::> ANL A,@Rr (A)+-(A) AND ((Rr)) Logical AND indirect the () 
() for r = 0-1 contents of data memory with A 
~ 

ANL A,#data (A)+-(A) AND data Logical AND immediate data 
with A 

CLR A (A)+-0 Clear the contents of A 

CPLA (A)+-NOT(A) Complement the contents of A 

DAA Decimal adjust the contents of A 

DECA (A)+-(A) -1 Decrement the contents of A by 1 

INCA (A)+-(A) + 1 Increment the contents of A by 1 

ORL A,Rr (A)+-(A) OR (Rr) Logical OR contents of 
for r = 0-7 designated register with A 

ORLA,@Rr (A)+-(A) OR ((Rr)) Logical OR indirect the contents 
for r = 0-1 of data memory location with A 

instruction code 

D7 D5 D5 D4 D3 D2 D1 Do 

0 1 1 0 1 r r r 

0 1 1 0 0 0 0 r 

0 0 0 0 0 0 1 1 
d7 d6 d5 d4 d3 d2 d1 do 

0 1 1 1 1 r r r 

0 1 1 1 0 0 0 r 

0 0 0 1 0 0 1 1 
d7 d6 d5 d4 d3 d2 d 1 do 

0 1 0 1 1 r r r 

0 1 0 1 0 0 0 r 

0 1 0 1 0 0 1 1 
d7 d6 d5 d4 d3 d2 d1 do 

0 0 1 0 0 1 1 1 

0 0 1 1 0 1 1 1 

0 1 0 1 0 1 1 1 

0 0 0 0 0 1 1 1 

0 0 0 1 0 1 1 1 

0 1 0 0 1 r r r 

0 1 0 0 0 0 0 r 

cycles bytes 

1 1 
I 
I 

1 1 

2 2 

1 1 

1 1 

2 2 

1 1 

1 1 

2 2 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

1 1 

flags 
C AC FO 

• • 
• • 
• • 

• • 
• • 

• • 

• • 

F1 

I 

I 

BS 

'1J '1J 
()() 
OJ OJ 
CX> CX> 
00 
()() 
~w 
<D <D 



ORL A,#data (A)+-(A) OR data 

RLA (An + 1 )<--(Anl 
(Ao)<--(A7) 
for n = 0-6 

RLCA (An + 1 )+-(An) 
(Ao)<--(C) 

::0- (C)+-(A7) 
Q) 

for n = 0-6 ::i 
c 

·.;:; RR A (Anl•-(An + 1) c 
0 (A7)<--(Ao) ~ 
a: for n = 0-6 
0 

RRCA (An)+-(An + 1) I-
<i:: (A7)<--(C) _J 

::'.) (C)<-(Ao) 
:2: 
::'.) n = 0-6 
u 
u SWAP A (A4_7)+7(Ao_3) 
<i:: 

XRL A,Rr (A)+-(A) XOR (Rr) 

XRL A,@Rr (A)+-(A) XOR ((Rr)) 

XRL A,#data (A)<-(A) XOR data 

(/) 
CD 
-0 .... 
CD 

3 
0-
CD ..... .... 
co co 
Ol 

N .... 
..... 

DEVELOPMENT DATA 

Logical OR immediate data 0 1 0 0 0 0 1 1 
with A d1 d5 d5 d4 d3 d2 d1 do 

Rotate A left by 1-bit without 1 1 1 0 0 1 1 1 
carry 

Rotate A left by 1-bit through 1 1 1 1 0 1 1 1 
carry 

Rotate A right by 1-bit without 0 1 1 1 0 1 1 1 
carry 

Rotate A right by 1-bit through 0 1 1 0 0 1 1 1 
carry 

Swap the two 4-bit nibbles in A 0 1 0 0 0 1 1 1 

Logical XOR contents of 1 1 0 1 1 r r r 
designated register with A 

Logical XOR indirect the 1 1 0 1 0 0 0 r 
contents of data memory 
location with A 

Logical XOR immediate data 1 1 0 1 0 0 1 1 
with A d7 d6 d5 d4 d3 d2 d 1 do 

2 2 

1 1 

1 1 • 

1 I 1 

1 1 • 

1 1 

1 1 

1 1 

2 2 

(/) 
:;· 
cc 
ii)" 
n 
:!"'. 
"tl 
co 
0-
;:;: 
(") 

s 
0 
(/) 

3 ;:;· 
a 
8 
::i .... 
2.. 
ii)" ... 

-c -c 
() () 
CD CD 
CX> CX> oo 
()() 
~(,U 
co co 



N .... 
co 

Ul 

"' ""O 
or 
3 
O" 

~ 

c.o 
OJ 
en 

Table 2 (continued) 

mnemonic 

DJNZ Rr, addr 

JBb addr 

JC addr 

JFO addr 

JF1 addr 

::c 
(.) 
z JMP addr 
I~ 

C!l 

JMPP@A 

JNC addr 

JNI 

JNTO addr 

JNT1 addr 

function description 

(Rr)~(Rr) -1 Decrement the specified 
if ( Rr) not zero: register and test contents 
(PC0_7)~addr 

(PC0_7)~addr if Jump to specified address 
Bb = 1; (PC)~(PC) + 2 if accumulator bit is set 
if Bb = 0 

(PC0_7)~addr if Jump to specified address 
C = 1; (PC)~(PC) + 2 if carry flag is set 
if c = 0 

(PC0_7)~addr if Jump to specified address 
(FO= 1; (PC)~(PC)+2 if flag FO is set 
if FO = 0 

(PC0_7)~addr if Jump to specified address 
F1=1; (PC)~(PC) + 2 if flag F 1 is set 
if F1=0 

(PCs-10l~addrs-10 Direct jump to specified 
(PC0_7)~addro_7 address within the 2K address 
(PC11)~(DBF) block 

(PC0_7)~((A)) Jump indirect to specified 
address within address page 

(PC0_7)~addr if Jump to specified address 
C = O; (PC)~(PC) + 2 if carry flag is LOW 
if c = 1 

(PC0_7)~addr if Jump to specified address 
INT= O; (PC)~(PC) + if I NT input is LOW 
2 if INT= 1 

(PC0_7)~addr if Jump to specified address 
TO= 0; (PC)~(PC) + 2 if TO is LOW 
if TO= 1 

(PC0_7)~addr if Jump to specified address 
T1 = O; (PC)~(PC) + 2 if T1 is LOW 
if T1=1 

instruction code 

D] D5 D5 D4 D3 D2 D 1 Do 

1 1 1 0 1 r r r 

a7 a5 a5 a4 a3 a2 a1 ao 

b2 b1 bo 1 0 0 1 0 

a7 a5 a5 a4 a3 a2 a1 a0 I 

1 1 1 1 0 1 1 0 
a1 a5 a5 a4 a3 a2 a1 ao 

1 0 1 1 0 1 1 o I 
a1 a5 a5 a4 a3 a2 a1 ao 

0 1 1 1 0 1 1 0 

a1 a5 a5 a4 a3 a2 a1 ao 

a10ag ag 0 0 1 0 0 

a1 a5 85 a4 a3 a2 a1 ao 

1 0 1 1 0 0 1 1 

1 1 1 0 0 1 1 o I 
a1 a5 a5 a4 a3 a2 a1 ao ' 

1 0 0 0 0 1 1 0 

a1 a5 a5 a4 a3 a2 a1 ao 

0 0 1 0 0 1 1 0 

a1 a5 a5 a4 a3 a2 a1 ao 

0 1 0 0 0 1 1 0 
a1 a5 a5 a4 a3 a2 a1 ao 

cycles 

2 

2 

2 

2 

2 

2 

I 
2 

2 

2 

2 

2 

bytes 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

2 

flags 
C AC 1 FO F1 BS 

"1J "1J 
()() 
OJOJ 
CX> CX> 
00 
()() 
~c.v 
co co 



en 
'" 'S 
'" 3 
0-
('D ..., 

co 
~ 

N ... 
co 

r 
JNZ addr 

:0 JTF addr 
(!) 
:J 
c: 

·;:; 
C: I 
~ JTO addr 

:r: 
u 
z 
~ JT1 addr 
co 

JZ addr 

EN I 

DIS I 
I 

I _J 
SEL RBO 

0 
a: 
1- SEL RB1 
z 
0 
ujSEL MBO 

lsELMB1 
i 

I I 
I 

J ENTO CLK 
I 

I I 

I I 

DEVELOPMENT DATA 

l(PC0_7)+-addr if Jump to specified address if A · 1 0 0 1 
A =I= O; (PC)+-(PC) + 2 is non-zero a1 a5 a5 a4 

I if A= 0 
(PC0_7)+-addrif . Jump to specified address if 0 0 0 1 

I TF = 1; (PC)+-(PC) + 2 timer flag is set to 1 a1 a5 a5 a4 
I ifTF = 0 

I (PCo_ 7)+-addr if , Jump to specified address if 0 0 1 1 
TO= 1; (PC)+-(PC) + 2 TO= 1 a1 a5 a5 a4 

I if TO= 0 

I (PC0_7)+-addr if Jump to specified address if 0 1 0 1 
I T1 = 1; (PC)+-(PC) + 2 T1=1 a1 a5 a5 a4 
1 in1 = o 

I {PC()_ 7hdddf I J"mp to •poc;f;od 'dd~=-~ '~~ a 
! A= O; (PC)+-(PC) + 2 I is zero a1 a5 a5 a4 tf A =I= 0 I 
I I -
I I Enable external (I NT) inter- I 0 0 0 0 

I (rupt _ ) 

i I Disable external (I NT) inter- 0 0 0 1 
rupt 

(BS)+-0 Select bank O (locations 0-7) of 1 1 0 0 
data memory 

Select bank 1 (locations 24-31) j 1 (BS)+-1 1 0 1 
of data memory , 

(DBF)+-0 Select program memory bank .O; f 1 1 1 0 

I (DBF)+-1 

addresses 0-2047 

I Seloct P'ogrnm mommy baok 1 ;~1 1 1 . --F~ .. 2048-4095 

I 
e clock output onto TO 0 1 1 1 

I , . . I 

0 1 1 0 2 

a3 a2 a1 ao 

0 1 1 0 2 
a3 a2 a, ao 

0 1 1 0 2 
a3 a2 a1 ao 

0 1 1 0 2 

a3 a2 a1 ao 

0 1 1 0 2 

a3 a2 a1 ao 

0 1 0 1 I 1 
I 

0 1 0 1 I 1 

0 1 0 1 1 

0 1 0 1 1 

0 1 0 1 1 

0 1 0 1 1 

0 1 0 1 1 

2 

2 
I 

2 I 

2 I I 

2 

I 

1 1 
I 

1 I 
1 • 
1 • 
1 

1 I 

1 

I I 

1 

I 
I 

I 

I 

en :;· 
(.Q 

<ii' .., 
:r 
ii' 
co 
6-
;:;: 
n 
s: 
0 en 
3 
(')' 

a 
8 
;:s 
ct 
2. 
<ii' ... 

-0 -0 
()() 
c:o OJ 
co OJ 
00 
()() 
.i:..w 
c.o <.O 



N 
N 
0 

(/) 
<1l 
"C 
rt 
<1l 
3 
C" 
~ 

co 
00 
O> 

Table 2 (continued) 

r--
1 m nemonic 

I ,----, 
I IM 
I I 
I IMO 
I I 

MO 

MO 

MO 

MO 

~IMO 
> 
0 
2 
<( 

MO 

~ 
0 MO 

MO 

MO 

MO 

MO 

xc 

xc 

function 

(A)+-data 

(A)+-(Rr) 
for r = 0-7 

i(A)+-((R)) 
for r = 0-1 

(A)+-(PSW) 

(Rr)+-data 
for r = 0-7 

(Rr)<-(A) 
for r = 0-7 

((Rr))+-(A) 
for r = 0-1 

((Rr))+-data 
for r = 0-1 

(PSW)+-A 

(A)<-((A)) 

(A)<-((A)) 
in page 3 

(A)+-((R)) 
for r = 0-1 

((Rr))+-(A) 
for r = 0-1 

(A)~(Rr) 

for r = 0-7 

(A)~((R)) 

for r = 0-1 

description 

Move immediate data into A 

Move the contents of the 
designated register into A 

Move indirect the contents of 
data memory into A 

Move contents of the program 
status word into A 

Move immediate data into the 
designated register 

Move A contents into the 
designated register 

Move indirect A contents into 
data memory location 

Move indirect the specified 
data into data memory 

Move contents of A into the 
program status word 

Move data in the current page 
into A 

Move data in page 3 of memory 
bank (/J into A 

Move indirect the contents of 
external memory location into A 

Move indirect the contents of A 
into external memory 

Exchange A with designated 
register contents 

Exchange indirect A contents 
with location in data memory 

instruction code 

D7 D5 D5 D4 D3 D2 D1 Do 

0 0 1 0 0 0 1 1 
1d7 d6 d5 d4 d3 d2 d1 do 

1 1 1 1 1 r r r 

1 1 1 1 0 0 0 r 

1 1 0 0 0 1 1 1 

1 0 1 1 1 r r r 
d7 d6 d5 d4 d3 d2 d1 do 

1 0 1 0 1 r r r 

1 0 1 0 0 0 0 r 

1 0 1 1 0 0 0 r 
d1 d5 d5 d4 d3 d2 d1 do 

1 1 0 1 0 1 1 1 

1 0 1 0 0 0 1 1 

1 1 1 0 0 0 1 1 

1 0 0 0 0 0 0 r 

1 0 0 1 0 0 0 r 

0 0 1 0 1 r r r 

0 0 1 0 0 0 0 r 

cycles bytes 

2 2 

1 

I 
1 

1 1 

1 1 

2 2 

1 1 

1 1 

2 2 

1 1 

2 1 

2 1 

2 1 

2 1 

1 1 

1 1 

flags 
C AC FO F1 

• • • 

BS 

I 

I 
I 

• 

"'O "'ti 
(') (') 
llHD 
CX> CX> 
00 
(') (') 
~w coco 



en 
"' -0 .... 
"' 3 
0-

~ 

<D 
co 
Cl) 

N 
N ... 

~1 XCHD A,@Rr l(Ao_3)~(Rro_3) 
o for r = 0-1 

CPL C 

CPL FO 

l ~I CPL F1 
~ CLR C 

CLR FO 

CLR F1 

(C)<--NOT (C) 

(FO)<--NOT (FO) 

( F 1 )+-NOT ( F 1) 

( C)<--0 

( F0)<--0 

( F 1)<--0 

AN L BUS,#data I (BUS)<--(BUS) AND 
data 

AN L Pp,#data 

ANLD Pp,A 

(Pp)<--(Pp) AND 
data; p = 1-2 

(Pp)<--(Pp) AND 
(Ao_3); P = 4-7 

DEVELOPMENT DATA 

l Exchange indirect 4-bit I 0 0 1 1 0 0 0 r 
I contents of A with data memory 

Complement content of carry bit 1 0 

Complement content of flag FD 1 0 

Complement content of flag F 1 1 0 

Clear content of carry bit to 0 1 0 

Clear content of flag FO to 0 1 0 

1 0 0 

0 1 0 

1 1 0 

0 1 0 

0 0 0 

1 1 1 

1 0 1 

1 0 1 

1 1 1 

1 0 1 

Clear content of flag F 1 to 0 10100101 

Logical AND immediate data 1 0 0 1 1 0 0 0 
with BUS d7 d5 d5 d4 d3 d2 d1 do 

Logical AND immediate data with 1 0 0 1 1 0 p p 
designated port ( 1 or 2) d1 d5 d5 d4 d3 d2 d 1 do I 
Logical AND contents of A 1 0 0 1 1 1 p p J 

with designated port (4-7) 

IN A,Pp (A)<--(Pp) Input data from designated port 000010pp 

~I INS A,BUS 
1- MOVD A,Pp 
:::> 
0 

gl MOVD Pp,A 

p = 1-2 (1-2) into A 

(A)<--(BUS) Input strobed BUS data into A 

( Ao_3)<--(Pp); p = 4-7 Move contents of designated 
(A4_7)<--0 port (4-7) into A 

(Pp)<--(Ao_3) 
p=4-7 

Move contents of A to 
designated port (4-7) 

00001000 

00001 lpp 

00111 lpp 

~I I ORLD Pp,A (Pp)<--(Pp) OR 
(Ao_3); p = 4-7 

Logical OR contents of A with 1 0 0 0 1 1 p p 

OR L BUS,#data i (BUS)<--(BUS) OR 
data 

II i. ORL Pp,#data (Pp)<--(Pp) OR data 
' p = 1-2 

l· 1 OUTL BUS,A (BUS)<--(A) 

J OUTL Pp,A (Pp)<--(A) 
p = 1-2 

designated port (4-7) 

Logical OR immediate data 1 0 0 0 1 0 0 0 
with BUS d7 d5 d5 d4 d3 d2 d1 do 

Logical OR immediate data with 
designated port ( 1-2) 

Output contents A onto BUS 

Output contents A to 
designated port ( 1-2) 

1 0 
d1 d5 

0 0 

0 0 

0 0 1 0 p p 
d5 d4 d3 d2 d1 do 

0 0 0 0 1 0 

1 1 1 0 p p 

2 

2 

2 

2 

2 

2 

2 

2 

2 

1 

2 

2 

2 

2 

• 

• 

• 
• 

el 

• 

j 

(I) 

s· 
IQ 

15" 
0 
:r 
'5' 
co 
6-
;:;: 
C") 

s: 
0 
(I) 

3 c;· 
a 
8 
:I 

[ 
iii' ... 

""'O ""'O 
() () 
OHD 
0000 
00 
(') () 
~c.v 
c.o c.o 



N 
N 
N 

en 
CD 

"O 
<ti 
3 
C" 
CD .... ..... 
~ 
Cl 

Table 2 (continued) 

jmnemonic l function 
I 

IJ DEC Rr (Rr)+-(Rr) -1 
for r = 0--7 1wl 

l~I INC Rr I (Rr)+-(Rr) + 1 

I(.?· for r = 0-7 

~1 INC@Rr ((R))+-((Rr)) + 1 
for r = 0-1 

CALL addr I ((SP))+-(PC), 
(PSW4_7) 
(SP)+-(SP) + 1 w 

z (PCa-10l+-addra-10 
I-• 

~IRET 
( PCo:-7) +-add ro-7 

(SP)+-(SP) -1 

~1RETR 
(PC)+-((SP)) 

(SP)+-(SP) -1 
(PC)+-( (SP)) 

I I (PSW4_7)+-((SP)) 

EN TCNTI I 
DIS TCNTI 

I (A)+-(T) 
a: 
~ MOVA,T 
z 

I (T)+-(A) 
::::> 
O MOVT,A 
u --a: 
~ STOPTCNT 

t:= 
I 

STRT CNT 

STRTT 

IDLE 

NOP 

description 

Decrement contents of 
designated register by 1 

! ncrement contents of 
designated register by 1 

increment indirect the contents 
of data memory location by 1 

Call designated subroutine 

I 
Return from subroutine without 
restoring program status word 

Return from subroutine 
I I restoring program status word 

I Enable timer/counter interrupt 

Disable timer/counter interrupt 

Move contents of timer/counter 
into A 

Move contents of A into 
timer/counter 

Stop count for event counter 
or timer 

Start count for event counter 

Start count for timer 

Entering IDLE mode 

No operation 

instruction code 
D1 D5 D5 D4 D3 D2 D1 Do 

I 1 1 0 0 
I 

1 r r r 

lo 

I 
0 0 1 1 r r r 

0 0 0 1 0 0 0 r 

a10ag aa 1 0 1 0 0 
a1 a5 a5 a4 a3 a2 a1 a0 I 

' 

1 0 0 0 0 0 1 1 ' 

1 0 0 1 0 0 1 1 

lo 0 1 0 0 1 0 1 

10 0 1 1 0 1 0 1 

0 1 0 0 0 0 1 0 

0 1 1 0 0 0 1 0 

0 1 1 0 0 1 0 1 

0 1 0 0 0 1 0 1 

0 1 0 1 0 1 0 1 

0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 

cycles bytes 
C AC 

1 

I 

1 l 

1 
I 

1 

1 I 1 
I 

2 2 

2 1 I 
2 1 

1 1 

1 1 

1 1 

1 1 

I I 

I 1 1 

I 1 1 

1 1 

1 1 

1 1 

flags 
FO 

I 

I 

F1 ·as 

I 

""C ""C 
() () 
CDCD 
CX> CX> 
00 
() () 
~U> coco 
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DEVELOPMENT DATA 

Table 3 Instruction timing (see also Figs 11 and 12) 

S4 

cycle 1 cycle 2 
S3 --,----~----! 

instruction S1 S2 S3 S4 S5 S1 S2 S5 

increment 
IN A,P 

increment 
fetch 

ANL P,#data 

-I , ! - - __::'..'-::.::__-j-! -re::-.:a::;djl-;*- I 
I I I I - I : I - j j -. , port i * I - j 

INS A,BUS L_l _-----J---~-+---+-1 ootpot Ii - · 1_-:_ I---=---+--- : 
I 

I h I I - I I to port . - h--1 I *increment I output I 
QUTL BUS.A I _I · 1 I d . feted. t I _ I program!' to port I 

- - * I I 'I rea imme ta e i counter ' I 
I I I I - I I port data j -----+---:- - -ANL BUS,#data 

OR L BUS,#data 

MOVX@R,A 

MOVX A,@R 

I I I I I *increment 
I I I -+ fetch I I rogram ~ I I I read I immediate - P 
I I I I - I port data I I I I I counter 

I I I I output I I output 
/ I RAM I data 
I I address I to RAM 

output 
to port 

read 
data : l I o~~~t : 

r------+--~1L_J_._ I address I 
fetch increment output I --+-- -

instruction program opcode/ increment -----t;;::;;;~h-------f----L--J read 
P2 

lower 
MOVD A,P 

counter address timer 

en :;· 
<C 
CD 
6 ::r -s· 
co 
6-
;:;: 
(") 

s: 
0 en 
3 
c;· 
0 
8 
:I 

[ 
CD .. 

-u -u 
()() 
OJ OJ 
CX> CX> 
00 
() () 
.i:..w 
<.O <.O 
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Table 3 Instruction timing (continued) 
en 

cycle 1 

instruction S1 S2 S3 S4 SS S1 ~ 
3 

increment output output fetch increment 
MOVD P,A instruction 

program opcode/ timer 
data to -

counter address P2 lower 

i .., 
.... 
~ 
en 

I output I 
ANLD P,A opcode/ I 

output -
address I 

data 

output I 
ORLD P,A opcode/ I 

output -
address I 

data 

* I fetch 
sample increment 

J (conditional) - immediate 
condition timer data 

* start 
STRT CNT STRTT - -

counter 

* stop 
STOPTCNT - -

counter 

* enable 
EN I - -

interrupt 

* disable 
DIS I - interrupt -

fetch *increment enable 
ENTOCLK instruction program - clock -

counter 

* Valid instruction addresses are output at this time if external program memory is being accessed. 

cycle 2 

S2 S3 

* 
- -

* 
- -

* 
- -

*update 
- program 

counter 

S4 SS 

- -

- -

- -

- -

"ti "ti 
00 
CD CD 
CX> CX> 
00 
() () 
.i:o.w 
(,0 (,0 
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Single-chip 8-bit CMOS microcontroller 

CLOCK OUTPUT 
AT PIN TO 

ALE 

PROG 

1 S5 S1 S2 S3 I S4 I S5 

INPUT DECODE EXECUTION INSTR. 

OUTPUT ADDRESS INC. PC OUTPUT ADDRESS 

I I I I 

Fig. 11 Instruction cycle. 

S1 S2 S3 S4 S5 S1 S2 S3 

Fig. 12 Instruction cycle timing . 

I 

S1 

INPUT 

7Z84731 

S4 S5 

PCB80C39 
PCB80C49 

7Z84732.1 
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Table 4 Instruction map. Jr first hexadicimal character of opcode 

0 1 2 3 

0 NOP IDLE OUTL ADD 
mode BUS,A A, #data 

1 INC @Rr JBO ADDC 
0 1 addr A, #data 

2 XCH A, @Rr MOV 
0 1 A, #data 

3 XCHD A, @Rr JB1 
0 1 addr 

4 ORL A, @Rr MOV ORL 
0 1 A, T A, #data 

5 ANL A, @Rr JB2 ANL 
0 1 addr A, #data 

6 ADD A,@Rr MOV 
0 1 T,A 

7 ADDC A, @Rr JB3 
0 1 addr 

8 MOVX A, @Rr RET 
0 1 

9 MOVX@Rr,A JB4 RETR 
0 1 addr 

A MOV@Rr, A MOVP 
0 1 A,@A 

B MOV @Rr, #data JB5 JMPP 
0 1 addr @A 

c 

D XRL A, @Rr JB6 XRL 
0 1 addr A, #data 

E MOVP3 
A@A 

F MOVA, @Rr JB7 
0 1 addr 

second hexadicimal character of opcode 

4 5 6 7 8 9 lA 
JMP EN I DEC A INS IN A, Pp 
page 0 A,BUS 1 I 2 
CALL DIS I JTF INCA INC Rr 
page 0 addr 0 I , J2 
JMP EN JNTO CLR A XCH A,Rr 
page 1 TCNTI addr 0 1 I 2 
CALL DIS JTO CPLA OUTL Pp,A 
page 1 TCNTI addr 1 I 2 
JMP STRT JNT1 SWAP ORL A,Rr 
page 2 CNT addr A 0 I , 12 
CALL STRT JT1 DA,A ANL A,Rr 
page 2 T addr 0 l 1 12 
JMP STOP RRC A ADD A,Rr 
page 3 TCNT 0 l 1 12 
CALL ENTO JF1 RR A ADDC A,Rr 
page 3 CLK addr 0 1 J2 
JMP CLR JN1 ORL BUS, 0 R L Pp, #data 
page 4 FO addr #data 1 l 2 
CALL CPL JNZ CLR C ANL BUS, ANP Pp, #data 
page 4 FO addr #data 1 J 2 
JMP CLR CPL C MOV Rr,A 
page 5 Fl 0 I , J2 
CALL CPL JFO MOV R, #data 
page 5 F1 addr 0 J1 J2 
JMP SEL JZ MOV DEC Rr 
page 6 RBO addr A,PSW 0 J 1 J2 
CALL SEL MOV XRLA,Rr 
page 6 RB1 PSW,A 0 J 1 J2 
JMP SEL JNC RL A DJNZ Rr, addr 
page 7 MBO addr 0 J 1 J2 
CALL SEL JC RLCA MOV A,Rr 
page 7 MB1 addr 0 J1 J2 

B clDJEIF 
MOVD A,Pp 
4 l5_L6 J7 

J3 J4l5J6J7 

3 4J5J6l7 
MOVD Pp,A 
4J5j6J7 

J3 J4J5J6J7 

J3J4J5J6jJ 

J3J4l5J6J7 

3 4l5J6J7 
ORLD Pp,A 
4J5j_6J7 
ANLD Pp,A 
4J516J7 

J3l4J5J6J7 

J3J4l5J6l7 

J3l4J5J6J7 

J3l4J5J6J7 

J3l4J5J6J7 

J3J4J5J6J7 

'"O "U 
()() 
OJOJ 
a> a> 
00 
() () 
~w 
<D<D 
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Single-chip 8-bit CMOS microcontroller PCB80C39 
PCB80C49 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

D.C. current into any input or output ± I 1, ± lo 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

D.C. CHARACTERISTICS 

max. 10 mA 

max. 0,5 W 

-65 to+ 150 oc 

0 to + 70 oc 

Vss = 0 V; Tamb = 0 to+ 70 °c; all voltages with respect to Vss; unless otherwise specified 

I ::;:.:ira~~==1 ~::' I~'" r~ 
--- --~-------

---=l max. unit conditions 

! 
I v00 4,5 5,o 5,5 v 

Supply current 1 - - 15 mA f = 11 MHz \ 
total 

I 
I tot 8,5 mA f= 6MHz J ltot=lcc+loo 

3 mA f = 1 MHz 

6 mA f = 11 MHz 1 
IDLE mode I idle 4 mA f = 6 MHz I idle= Ice+ loo 

1,2 mA f = 1 MHz 

power down mode lpd 2 µA Voo = 2 V; RESET= LOW 

Inputs 

Input voltage LOW 
all inputs except 
RESET: XTAL 1; 

-0,51-
0,18 x 

XTAL2 V1L v 
Vee 

Input voltage LOW 
RESET; XTAL 1; 

0,13 x 
XTAL2 V1L1 -0,5 -

Vee 
v 

Input voltage HIGH 
all inputs except 
RESET; XTAL 1; 

0,4 x 
XTAL2 V1H 

Vee 
Vee v 

Input voltage HIGH 
RESET; XTAL 1; 

0,7 x 
XTAL2 V1H1 Vee 

Vee v 

Outputs 

Output voltage LOW 
BUS Vol 0,45 v loL=2mA 

Output voltage LOW 
RD; WR; PSEN; ALE VoL1 0,45 v loL = 1,8 mA 

Output voltage LOW 

~:~:J PROG 0,45 v loL = 1 mA 

Output voltage LOW 
all other outputs 0,45 v loL = 1,6 mA 

---------··-------- ----
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PCB80C39 
PCB80C49 

D.C. CHARACTERISTICS (continued) 

I ::~:~:,,,,. Hl~H - I .ymbo_'f ~; r· t ~~ 
! sus VoH I Vee I - 1- v 

uni~ditions 

-loH = 400µA 

Output voltage HIGH 
RD; WR; PSEN; ALE 

1 Output voltage HIGH 

Vo"' I e~~ x I- I-
I 0,75 x 

v -loH = 100µA 

' all other outputs 

Input leakage current 
INT; T1; EA 

VoH2 Vee 

Input leakage current 
P10-P17;P20-P27;SS -l1L1 

Input leakage current 
RESET -IJLR 20 

Output leakage current 
BUS; TO at high 
impedance state ± loL 

228 September 1986 
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v 

µA 

500 µA 

without internal pull-up; 
Vss <v1 <Vee 

with internal pull-up; 
Vss + 0,45 < v 1 <Vee 

1300 I µA v SS < v I .;;;;; v I L1 

::-__ J~ J~~~-~ 0,45 < v 1 <Vee 
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Single-chip 8-bit CMOS microcontroller 

A.C. CHARACTERISTICS 

Vee= Voo = 5 V ± 10%; Vss = 0 V; Tamb = 0 to+ 70 °C; note 1 

See waveforms Figs 13, 14, 15, 16 and 17 

parameter t !tcLl symbol 

(note 2) 

Clock period (note 2) 1/(fxTALl tel 
ALE pulse width 7/30tcL -170 tLL 
Address set-up time 

to ALE 1/5tcL -110 tAL 
Address hold time 

, 

from ALE 1/15tcL-40 tLA 
Control pulse width 

RD.WR 1/2tcL -200 tcc1 
Control pulse width 

PSEN 2/5tcL-200 tcc2 
Data set-up time 

before WR 13/30tc L -200 tow 
Data hold time 

after WR (note 3) 1/15tcL-50 two 
Data hold time 

RD, PSEN 1/10tcL -30 toR 
RD to data input 2/5tcL-170 tRD1 
PSEN to data input 3/10tcL -170 tRD2 

Address set-up time 
to WR 1/3tcL-150 tAw 

Address set-up time 
to data input (RD) 7/10tcL -250 tAD1 

Address set-up time 
to data input (PSEN) · 1/2tcL -220 tAD2 

Address floating 
to RD, WR 2/15tcL -40 tAFC1 

Address floating 
to PSEN 1/30tcL-40 tAFC2 

ALE to control pulse 
RD,WR 1/5tcL-75 tLAFC1 

ALE to control pulse 
PSEN 1/10tcL -75 tLAFC2 

Control pulse to ALE 
RD, WR, PROG 1/15tcL -40 tcA1 

Control pulse to ALE 
PSEN 4/15tcL-40 tcA2 

Port control set-up 
to PROG 1/10tcL -80 tcp 

min. 

90,9 

150 

160 

50 

480 

350 

390 

40 

0 

-
-

300 

-

-

140 

10 

200 

60 

50 

320 

50 

11 MHz 

max. 

1000 

-

-

-

-

-

-

-

110 

375 

240 

-

730 

460 

-

-

-

-

-

-

-

PCB80C39 
PCB80C49 

unit 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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PCB80C39 
PCB80C49 

A.C. CHARACTERISTICS (continued) 

parameter f (tcL) 

Port control hold 
to PROG 4/15tcL -260 

PROG to time port 2 
input must be valid 17/30tcL -120 

Input data hold time 
from PROG 1/10tcL 

Output data set-up time 2/5tcL -290 

Output data hold time 1/10tcL -90 

PROG pulse width 7/10tcL-250 

Port 2 1/0 data set-up 
time to ALE 4/15tcL-200 

Port 2 1/0 data hold 
time to ALE 1 /10tcL -120 

Port output from ALE 3/10tcL +100 

Cycle time (1/fxTALl x 15 

TO repetition rate 3/15tcL 

Clock period (note 2) 1/(fxTALl 

Notes to A.C. characteristics 

1. Control outputs: CL= 80 pF 
Bus outputs: CL= 150 pF. 

symbol 11 MHz 

min. max. 

tpc 100 -

tpR - 650 

tpF 0 140 

top 250 -
tpo 40 -

tpp 700 -

tpl 160 -

tLP 15 -

tpv - 510 

tcv 1,36 15 

toPRR 270 -
tcL 98,8 1000 

2. f(tcLl assumes 50% duty cycle on XTAL 1 and XTAL 2; minimum frequency= 1 MHz. 

3. Bus high-impedance load: 20 pF. 

,------~ .._ tLAFC1-+-
ALE 

-tcc1----tcA1 

BUS FLOATING ADDRESS DATA FLOATING 

Fig. 13 Read from external data memory. 
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ns 

ns 

ns 

ns 
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Single-chip 8-bit CMOS microcontroller 

ALE 

WR 

BUS 

ALE 

PSEN 

BUS 

ALE 

EXPANDER 
PORT 
OUTPUT 

EXPANDER 
PORT 
INPUT 

PROG 

FLOATING 

FLOATING 

..__....._tcc1 ~,..._ 1cA1---.. 

I.__ to~-~ 
-- two --1 

ADDRESS FLOATING DATA 

lAW 

Fig. 14 Write to external data memory. 

tcv 

- 1cc2-
1AFC2 - 1CA2 --

1LA --- 1DR 1AL --
ADDRESS FLOATING INSTR. 

Fig. 15 Instruction fetch from external program memory. 

PROGRAM COUNTER HIGH 

PROGRAM COUNTER HIGH 

Fig. 16 Port 2 timing. 

PCB80C39 
PCB80C49 

FLOATING 

7 ZB7394 

FLOATING 

7ZB7392 
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ALE 

PSEN 

P20to P23 
OUTPUT 

P24 to P27 
P10toP17 

OUTPUT 

1st cycle I....__ tpl __..I 2nd cycle !....___ tpy 

PROGRAM COUNTER HIGH PORT P20 to P23 DATA 

PORT P24 to P27 & P10 to P17 DATA 

Fig. 17 1/0 port timing. 

NEW P20toP23 DATA PCH 

NEW PORT DATA 

1Z87390.1 
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DEVELOPMENT DATA 
Th is data sheet contains advance information and 
specifications are subject to change without notice. 

PCB83C552 
PCB80C552 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

The PCB83C552 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and is 
a derivative of the PCB80C51 microcontroller family. PCF83C552 has the same instruction set as the 
PCB80C51. Two versions of the derivative exist although the generic term "PCB83C552" is used to 
refer to both family members: 

• PCB80C552: ROM-less version of the PCB83C552 
• PCB83C552: 8 K bytes mask programmable ROM, 256 bytes RAM 

This 1/0 intensive device provides architectural enhancements to function as a controller in the field of 
automotive electronics, specifically engine management and gear box control. 

The PCB83C552 contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version), a 
volatile 256 x 8 read/write data memory; six 8-bit 1/0 ports; two 16-bit timer/event counters (identical 
to the timen; of the'80C51); an additional 16-bit timer coupled to capture and compare latches; a fifteen
source, two-priority-level, nested interrupt structure; an ADC and DAC pulse width modulated inter
face, two ~rial interfaces; UART and 12C-bus, a 'watchdog' timer and on-chip oscillator and timing 
circuits. For systems that require extra capability, the PCB83C552 can be expanded using standard TTL 
compatible memories and logic. 

The device also functions a,s an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions; 44% one-byte, 41% 
two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 µsand 
40% in 2 µs. Multiply and divide instructions require 4 /J,s. 

Features' 

• 80C51 central processing unit 
• 8 K x 8 ROM, expandable externall.y to 64 K bytes 
• 256 x 8 RAM, expandable externally to 64 K bytes 
• Two standard 16-bit timer/counters 
• An additional 16-bit timer/counter coupled to four capture registers and three compare registers 
• An A/D converter with 8 multiplexed analogue inputs and 10-bit resolution 
• Two 8-bit resolution, Pulse Width Modulated analogue outputs 
• Five 8-bit 1/0 ports plus one 8-bit input port shared with analogue inputs 
• 12 C Bus serial 1/0 port with byte orientated master and slave functions 
• Full-duplex UART compatible with the standard PCB80C51 
• On-chip watchdog timer 

PACKAGE OUTLINE 

PCB83C552: 68·1ead PLCC; plastic, leaded-chip-carrier (SOT-188A). 
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PCB83C552 
PCB80C552 

AVss AVref ADC 0-7 

TO Tl INTO INT1 
VDo Vss 

PWMNt PJMN.1 AVoo 

0 0 0 0 l l l 

1 1 ~ I-
TO, Tl ® 

XT 

A-S_ TWO 16-BIT PROGRAM DATA 
DUAL t-- TIMER/ CPU MEMORY MEMORY 
DAG 

~ 
EVENT 8Kx8 8x256 

I- COUNTERS ROM RAM 

XT 

A ~ ~ PCB~ /'. 

TI 
7\ 

I- 80C51 
core PCB80C552 

~ 
excluding PCB83C552 

t-- ROM/ 
~ RAM ' 

·~ 

rr 
t--

L f" i" 

rr 
, 

rr 
0 
·~ I-

0 y ~ 
16 

0-7 

< T2 THREE 
PARALLEL FOUR 16-BIT SERIAL 8-BIT 16-BIT 16 

AD 

® I 1/0 PORTS UART 1/0 16-BIT TIMER/ -+f+ COM PARA-
-15 & CAPTURE TORS Ag 

PORT PORTS EVENT 
EXT. BUS LATCHES COUNTER 

® l . ~ " f" 0-
- - -.___ 
~ I- I- t-- t--- (i) (i) t--0 0 (i) 

v" 7, 7• 7 0' v 
PO P1 P2 P3 TXD RXD P5 P4 CTOl-CT31 T2 RT2 

@ alternative function of port O 

CD alternative function of port 1 

0 alternative function of port 2 

@ alternative function of port 3 

© alternative function of port 4 

® alternative function of port 5 

® not present in PCB80C552 

WITH 
REGISTERS 

POWER 

SUPPLY 

I ~ + 5 v MAIN SUPPL y 

l~GROUND 
Fig. 1 Block diagram. 
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ST JDC 
SDA 

® (i) (i) 

' 
SERIAL 

ADC 
12C PORT 

i" 

TI 8-bit 
internal bus 

rr 
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..; 

7 
T3 

~ COMPARA-

f+i oJ~P~T WATCH-
DOG 

f-+ SELECTION TIMER 

-
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CMSRO-CMSR5 RST EWN 
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Single-chip 8-bit microcontroller 

XTAL1 --XTAL2 

EA --PSEN 

ALE 

PWMON 

PWM1N 

AVss --

AVDo --

AVref+ --

AVref- --

STADC --

ADCO --+ -ADC1--+ 

<( 
ADC2--+ -ADC3--+ -I-

<( PORT5 

0 ADC4 - -I- ADC5 - -z ADC6--. -w 
ADC7--. -:ii! 

1:1. 
0 CMSRO 4- ........ 
...I 
w CMSR1 -- ........ 
> CMSR2 --w 
0 CMSR3 -- PORT4 

CMSR4 -CMSR5 --CMTO -CMT1 -- .......... 

RST ........ 
EWN -

.......... 

.......... 

.......... 

.......... 
PORT 0 

+-+ ........ 
........ 
.......... 
........ 
........ 
.......... 

PORT1 ........ 
........ 
........ -

PCB83C552 +-+ 
PCB80C552 .......... 

........ 

........ 
PORT 2 ........ 

........ 

........ 

.......... 

........ 
....... -........ PORT3 .......... 
........ 
+-+ 
........ -Vss 

-VDo 

Fig. 2 Functional diagram. 

----------------------------+ ----------------

PCB83C552 
PCB80C552 

LOW ORDER 
ADDRESS 

AND 
DATA BUS 

CTOI 

CT1 I 

CT21 

CT31 

T2 

RT2 

SCL 

SDA 

HIGH ORDER 
ADDRESS 

BUS 

RXD/DATA 

TXD/CLOCK 

INTO 

INT1 

TO 

Tl 

WR 

RD 

7Z97645 
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PC883C552 
PC880C552 

P4.3/CMSR3 

P4.4/CMSR4 

P4.5/CMSR5 

P4.6/CMTO 

P4.7/CMT1 

RST 

Pl.O/CTOI 

P1.1/CT1 I 

P1.2/CT21 

P1.3/CT31 

P1.4/T2 

P1.5/RT2 

Pl.6/SCL 

Pl.7 /SDA 

P3.0/RXD 

P3.1/TXD 

P3.2/INTO 

"' a: a: 
(/) (/) 
::;; ::;; 
~ g 
"' .; .; 
0.. 0.. 

I~ 
0 

t: ..,. 
M M 

0.. M 
Q. 

n.c. "" not connected 

236 N~•mOO' 19861 

0 
0 "' M a: u (/) u u u 

::;; z Cl Cl Cl Cl 

~ 
z 

0 
u <( 1 .:: .:: i Cl 0 0 z ::;; <( Cl "' M 

.; ;;: ~ ~ f- Cl .,; .,; .,; .,; 
0.. Ul (/) > 0.. 0.. 0.. 0.. 

PCB83C552 
PCBBOC552 

I~ I@ u <l <l N (/) (/) 

t: " " " ...J ...J Vl Vl 
<( <( > > 

"' <D " f- f-
M M M x x 
0.. 0. 0. 

Fig. 3 Pinning diagram for PCB83C552. 

... "' <O " u u u u 
Cl Cl Cl Cl 

~ .:: ~ ~ Cl ... "' <O " Cl 
.,; .,; .,; .,; > 
0.. 0.. 0.. 0.. <( 

AV55 

AV ref+ 

AV ref-

P0.0/ADO 

P0.1/AD1 

P0.2/AD2 

P0.3/ AD3 

P0.4/ AD4 

P0.5/AD5 

P0.6/AD6 

P0.7/AD7 

EA 

ALE 

PSEN 

P2.7/A15 

P2.6/A14 

P2.5/A13 

00 "' 0 
a 0 

~ 3 3 ~ 1 0 N M ... 
C'i C'i C'i C'i C'i 
Q. 0.. 0.. Q. 0. 
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Single-chip 8-bit microcontroller PCB83C552 
PCB80C552 

PINNING 

2 VDD Digital power supply: + 5 V power supply pin during normal 
operation, idle mode and power down mode 

3 ST ADC Start ADC operation: Input starting analogue to digital 
conversion (ADC operation can also be started by software) 

4 PWMON Pulse width modulation output 0 

5 PWM1N Pulse width modulation output 1 

6 EWN Enable watchdog timer: Enable for T3 watchdog timer and 
disable power down mode 

Port 4 
7-14 P4.0- 8-bit quasi-bidirectional 1/0 port 

P4.7 Port pin Alternative function 

P4.0 CMSRO : Timer T2; Compare and set/reset outputs on 
P4.1 CMSR 1 : a match with timer T2 
P4.2 CMSR2 
P4.3 CMSR3 
P4.4 CMSR4 
P4.5 CMSR5 
P4.6 CMTO : Timer T2; Compare and toggle outputs on a 
P4.7 CMT1 match with timer T2 

15 RST Reset: Input to reset the PCF83C552. It also provides a reset 
pulse as output when timer T3 overflows. 

Port 1 
16- P1.0- 8-bit quasi-bidirectional 1/0 port 
23 P1.7 Port pin Alternative function 

P1.0 CTOI : Capture timer input signals for timer T2 
P1.1 CT11 
P1.2 CT21 
P1.3 CT31 
P1 .4 T2 : T2 event input 
P1.5 RT2 : T2 timer reset signal. Rising edge triggered 
P1.6 SCL : Serial port clock line l2 C bus 
P1 .7 SDA : Serial port data line 12 C bus 

Port 3 
24- P3.0 8-bit quasi-bidirectional 1/0 port 
31 P3.7 Port pin Alternative function 

P3.0 RXD : Serial input port 
P3.1 TXD : Serial output port 
P3.2 INTO : External interrupt 
P3.3 INT1 : External interrupt 
P3.4 TO : Timer 0 external input 
P3.5 T1 : Timer 1 external input 
P3.6 WR : External data memory write strobe 
P3.7 RD : External data memory read strobe 
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PINNING (continued) 

36 XTAL1 

35 XTAL2 

37,38 Vss 

39-
46 

47 

48 

49 

50-
57 

58 

59 

60 

61 

62-
68 
1 

P2.0-
P2.7 

ALE 

P0.7-
PO.O 

AV ref-

AV ref+ 

AVss 

AVDD 

P5.7-
P5.0 

Connection to timing component (crystal) that determines the frequency 
of the internal oscillator. It is also the input for an external clock source 

Connection to other side of timing component 

Two digital ground pins 

Port 2 
8-bit quasi-bidirectional 1/0 port 

Pin 

P2.0-P2.7 

Alternative function 

High-order address byte for external memory (A08-A 15) 

Program store enable: active LOW read strobe to external 
program memory 

Address latch enable: latches the low byte of the address during accesses 
to external memory. It is activated every six oscillator periods. During 
a data memory access one ALE pulse is skipped. ALE can drive up to 
8 LS TTL inputs and handles CMOS inputs without an external pull-up 

External access: When EA is held at TTL level HIGH, the CPU executes 
out of the internal program ROM, provided the program counter is less 
than 8192. When EA is held at TTL LOW level, the CPU executes out of 
external program memory. EA is not allowed to float. 

Port 0 
8-bit binary 1/0 port 

Pin 

P0.7-PO.O 

Alternative function 

Multiplexed low-order address and data bus of 
external memory (AD7-ADO) 

LOW end of analogue to digital conversion reference resistor 

High end of analogue to digital conversion reference resistor 

Analogue ground 

Analogue power supply 

8-bit input port 

Pin 

P5.0-P5.7 

Alternative function 

Eight input channels to ADC (ADCO-ADC7) 

At power-on, the voltage on any pin at any time must not be higher or lower than Vee+ 0,5 V or 
Vss - 0,5 V respectively. 
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Single-chip 8-bit microcontroller PCB83C552 
PCB80C552 

FUNCTIONAL DESCRIPTION 

General 

The PCB83C552 is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation, industrial control and specific automotive control applications. 

The device provides in addition to the 80C51 standard functions, a number of dedicated hardware 
functions for these applications. 

The PCB83C552 is a control-oriented CPU with on-chip program and data memory. It can be extended 
with external program memory up to 64 K bytes. For systems requiring extra capability, the PCB80C552 
can be expanded using standard memories and peripherals. 

The PCB83C552 has two software selectable modes of reduced activity for further power reduction 
- Idle and Power Down. The Idle mode freezes the CPU while allowing the RAM, timers, serial port 
and interrupt system to continue functioning. The Power Down mode saves the RAM contents but 
freezes the oscillator causing all other chip functions to be inoperative. 

Memory organisation 

The central processing unit (CPU) manipulates operands in three memory spaces; these are the 64 K-byte 
external data memory, 256-byte internal data memory and the 64 K-byte internal and external program 
memory. The internal data memory address space is sub-divided into the 256-byte internal data RAM and 
128-byte Special Function Register (SFR) address spaces, as shown in Fig. 4. Figures 5(a) and (b) show 
the Special Function Register memory map. Internal RAM locations 0-127 are directly and indirectly 
addressable. Internal RAM locations 128-256 are only indirectly addressable as internal data RAM. The 
special function register locations 128-255 are only directly addressable. 

64K 

EXTERNAL 

8192 
J_ 

i 8191 l 8191 

INTERNAL EXTERNAL 

(EA= 11 (EA=OJ 

0 0 

PROGRAM MEMORY 

7Z96495 

OVERLAPPED A SPACE 

255 ------'- SPECIAL 

1271------
INTERNAL 
DATA RAM 

0 

FUNCTIO~I 
REGISTER$ 

INTERNAL 
DATA MEMORY 

Fig. 4 Memory map. 

64K-----

o,__ ___ _. 

'--v-----' 
EXTERNAL 

DATA 
MEMORY 
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FUNCTIONAL DESCRIPTION (continued) 

REGISTER DIRECT 
MNEMONIC BIT ADDRESS BYTE ADDRESS (HEX) 
,--'---., ,--------"------..,.-A-, 

PW::J r: PWM1 _ _ FDH 

PWMO FCH 

IP1IFF I FE I FD I FC I FBI FA I F9 I F81F8H 

1 ,, 
B F7jF6lF5jF4jF3jF2lF1lFO FOH 

RTE EFH 
t--~~~~~~~~~~~-; 

STE EEH 

#TMH2 EDH 

#TML2 ECH 

CTCON EBH 

TM2CON EAH 

IEN1 I EF I EE I ED I EC I EB I EA I E9 I EB I ESH 

ACC I E7 I E6 I E5 I E4 I E3 I E2 I E 1 I EO I EOH ,, 
S1ADR 

S1DAT 

# S1STA 

S1CON 

PSW 

#CTH3 

# CTH2 

#CTH1 

# CTHO 

CMH2 

CMH1 

CMHO 

T21R 

~ 
DFj DE l DD l Dcj DB l DA l D9 l DB 

1 
D7 I DBJ D5I D4J D3J D2 ID1 I Do 

cF I CE I CD I cc I CB I CA I cg I ca 
, 

A:~:: i,__ ___ ____,J ::: 
#PSl iC4H 

P4 Tc1 ice I c5 I c4 I C3 I c2 I c1 I co J coH 
I 

Figures 5a and 5b show the 
special function registers 
memory map. 
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Single-chip 8-bit microcontroller 

REGISTER DIRECT 
MNEMONIC BIT ADDRESS BYTE ADDRESS (HEX) 

~~~~~~-/>..~~~~~f"--, 

I I 
I I 

* ~ 

'~I"' I "' I '° I " I .. I " I " I "I"" 1 
P3 t!UH B7 L B6 j B5 l B4 l B3 l Ill l b1 J bu 

#CTL3 

# CTL2 

# CTL1 

# CTLO 

CML2 

CML1 

CMLO 

!ENO AF 1 AEJ AD l Acj AB l AA jAsjA8 

AFH 

AEH 

ADH 

ACH 

ABH 

AAH 

A9H 

ASH 

P21 A1 j A6 j As j A4 j A3 j A2 j A1 I AO I AOH 

SOBUF 99H 

SOCON 9F 9E 9D 9C 98 9A 99 98 98H 

P1 I 97 I 96 I 95 I 94 I 93 I 92 I 91 I 90 I soH 

TH1 

THO 

TL1 

TLO 

TMOD 

TCON 

PCON 

DPH 

DPL 

SP 

PO 

~ 

Figures 5a and 5b show the 
special function registers 
memory map. 

8FJ8El SD J acj BB jaAj as J aa 

87 I 86 I 85 I 84 I 83Ia2}a1 J ao 

Fig. 5b. 

BDH 

SCH 

BBH 

BAH 

89H 

88H 

87H 

83H 

82H 

81H 

BOH 

SFRs containing 
directly addressable 
bits 

# denotes read 
only registers 

1Z97643 
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FUNCTIONAL DESCRIPTION (continued) 

The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is deter
mined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register address space. These memory mapped registers include 
arithmetic registers, pointers, 1/0 ports, interrupt system registers, ADC and PWM registers, timers 
and serial port registers. There are 128 addressable bit locations in the SF R address space. 

The PCB83C552 contains 256 bytes of internal data RAM and 57 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative 
to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls 
permit branching to any location in the contiguous 64 K program memory address space. 

Addressing 

The PCB83C552 has five methods for addressing source operands: 

• Register 
• Direct 
• Register-Indirect 
• Immediate 
• Base-Register plus I ndex-Register-1 ndirect 

The first three methods can be used for addressing destination operands. Most instructions have a 
"destination/source" field that specifies the data type, addressing methods and operands involved. 
For operations other than MOVs, the destination operand is also a source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four 8-register banks through Register, Direct, or Register-Indirect 
• 256 bytes of internal data RAM through Direct or Register-Indirect. Bytes 0-127 may be addressed 

directly/indirectly. Bytes 128-255 share their address locations with the SFR registers and so may 
only be addressed indirectly as data RAM 

• Special function registers through Direct at address locations 128-255 
• External data memory through Register-Indirect 
• Program memory look-up tables through Base-Register-plus Index-Register-Indirect 

Instruction set 

The PCB83C552 uses a powerful instruction set to allow expansion of on-chip CPU peripherals and 
to optimize byte efficiency and execution speed. Assigned opcodes add new high-power operations 
and permit new addressing modes. The instruction set consists of 49 single-byte, 45 two-byte and 
17 three-byte instructions. When using a 12 MHz oscillator, 64 instructions execute in 1 µsand 
45 instructions execute in 2 µs. Multiply and divide instructions execute in 4 µs. 

1/0 facilities 

The PCB83C552 has six 8-bit ports. Ports 0 - 3 are the same as in the 80C51, with the exception of 
the additional functions of port 1. The parallel 1/0 function of port 4 is equal to that of ports 1, 2 
and 3. Port 5 has a parallel input port function, but has no function as an output port. Port lines 
P1.7 and P1.6 may be selected as the SDA and SCL lines of serial port SI01 (1 2 C). Because the 12 C 
bus may be active while the device is disconnected from VDD· these pins are provided with open drain 
drivers. 

N.B. Therefore these pins do not have pull-up devices when used as ports. 
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Ports 0, 1, 2, 3, 4 and 5 perform the following alternative functions: 

• Port 0; provides the multiplexed low-order address and data bus used for expanding the 
PCB83C552 with standard memories and peripherals. 

• Port 1; port 1 is used for a number of special functions; 

- 4 capture inputs 
- external counter input 
- external counter reset input 
- SCL and SDA for the 12 C interface 

Bits whose alternate function is not used may be used as normal bidirectional 1/0 pins. 

• Port 2; provides the high-order address bus when expanding the PCB83C552 with external 
program memory and/or external data memory. 

• Port 3; pins can be configured individually to provide: 

- external interrupt request inputs 
- counter inputs 
- serial port receiver input and transmitter output 
- control signals to READ and WRITE external data memory 

The generation or use of a Port 3 pin as an alternative function is carried out automatically by the 
PCB83C552 provided the pin is loaded with a HIGH content. 

• Port 4; can be configured to provide signals indicating a match between timer counter T2 and 
its compare registers. 

• Port 5; may be used in conjunction with the A/D converter interface. Unused analogue inputs can 
be used as digital inputs. As port 5 lines may be used as input to the A/D converter, these 
digital inputs have an inherent hysteresis to prevent the input logic from drawing too much 
current from the power lines when driven by analogue signals. 

All ports are bidirectional with the exception of port 5 which is an input port. 

'L

_x--s.,.trong pull~~~--1,---p-2-----0--+ 5v 
2 oscillator periods ~ d 
--- p1 ..--------. 

5___._,___.__...____.~n 
from port latch c!:i 

read port pin ------~ 

INPUT 
BUFFER 

Fig. 6 1/0 buffers in the PCB83C552 (Ports 1, 2, 3 and 4). 

1/0 PIN 
PORT 

1,2,3 or 4 

7Z97648 
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FUNCTIONAL DESCRIPTION (continued) 

In addition to the standard 8-bit ports, the 1/0 facilities of the PCB83C552 also include a number of 
specialist 1/0 lines: 

Pulse width modulated outputs 

Two pulse width modulated output channels are provided with the PCB83C552. These channels output 
pulses of programmable length and interval. The interval length is defined by an 8-bit prescaler PWMP 
which generates the clock for the counter. Both the prescaler and counter are common to both PWM 
channels. The 8-bit counter counts modulo 255 i.e. from 0 to 254 inclusive. The value of the 8-bit 
counter is compared to the contents of two registers; PWMO and PWM 1. Provided the contents of either 
of these registers is greater than the counter value, the output of PW MON or PWM 1 N is set LOW. If the 
contents of these registers are equal to, or less than the counter value, the output will be HIGH. The 
pulse-width-ratio is therefore defined by the contents of the registers PWMO and PWM 1. The pulse
width-ratio is in the range of Oto 255/255 and may be programmed in increments of 1/255. 

The repetition frequency fpwM, at the PWMnN outputs is given by: 

fosc 
fpwM = (2 + 2(PWMP) ) x 255 

This gives a repetition frequency range of 92 Hz to 23,5 kHz (f0 sc = 12 MHz). 

By loading the PWM registers with either OOH or FFH, the PWM outputs can be retained at a constant 
HIGH or LOW level respectively. When loading FFH to the PWM registers, the 8-bit counter will never 
actually reach this value. 

Both PWMnN output pins are driven by push-pull drivers, and are not shared with any other function. 

Prescaler frequency control register PWMP 

PWMP 
5 4 3 2 0 

MSB LSB 

Function Bit 

PWMP.0-7 Prescaler division factor= (PWMP) + 1 

Pulse width registers PWMO and PWM 1 

PWMO 
PWM1 

MSB 

5 4 

Function 

I Yl 
LSB 

Bit 

PWM0.0-7 
PWM1.0-7 

Low/high ratio of PWMnN signals= (PWMn) 
255 - (PWMn) 
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Single-chip 8-bit microcontroller PCB83C552 
PCB80C552 

PWMO 

PWMON 
OUTPUT 

8-BIT COMPARATOR BUFFER 

f·osc 

-G 8- BIT CONTROL REGISTER PRESCALER CJ) 

:::> 

"' 
PWMP 

..J 
<( 
z 
c: 
w 

OUTPUT I-
PWM1N BUFFER 8-81T COMPARATOR ~ 

PWM1 

7Z97642 

Fig. 7 Functional diagram of pulse width modulated outputs. 

Analogue input pins 

The analogue input circuitry consists of an 8-input analogue multiplexer and an A/D converter with 
10 bit resolution. The analogue reference voltage and analogue power supplies are connected via 
separate input pins. The conversion time takes 88 machine cycles i.e. 88 µsat 12 MHz oscillator 
frequency. 

The A/D converter is controlled using the ADCON control register. Input channels are selected by the 
analogue multiplexer, care of ADCON register bits 0-2. 

A/D control register ADCON 

ADCON 

Bit 

ADCON.7 -ADC1 

ADCON.6 - ADCO 

ADCON.5 - ADEX 

ADCON.4 - ADCI 

ADC1 ADCO ADEX ADCI ADCS AADR2 AADR1 AADRO 

6 5 4 

Function 

Bit 1 of ADC converted value 

Bit 0 of ADC converted value 

3 2 

Enable external start of conversion by ST ADC 

0 = Conversion cannot be started externally by ST ADC 

1 = Conversion can be started externally by ST ADC 

0 

ADC interrupt flag: This flag is set when an A/D conversion result is ready to 
be read. An interrupt is invoked if this is enabled. The flag must be cleared by 
software. It cannot be set by software. 
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FUNCTIONAL DESCRIPTION (continued) 

ADCON.3 - ADCS ADC start and status: Setting this bit starts an A/D conversion. It may be set 
by software or by the external signal ST ADC. The ADC logic ensures that this 
signal is HIGH while the ADC is busy. On completion of the conversion, 
ADCS is reset at the same time the interrupt flag ADCI is set. ADCS can not 
be reset by software. 

ADCI ADCS OPERATION 

0 0 ADC not busy, a conversion can be started 

0 1 ADC busy, start of a new conversion is blocked 

1 0 Conversion completed, start of a new conversion is blocked 

1 1 Not possible 

ADCON.2 - AADR2 I Analogue input select: This binary coded address selects one of the eight 
ADCON.1 - AADR 1 f analogue port bits of P5 to be input to the converter. It can only be changed 
ADCON.O - AADRO J when ADCI and ADCS are both LOW. 

The completion of the 10-bit A/D conversion is flagged by ADCI in the ADCON register and the result 
is stored in special function register ADCH (upper 8 bits) and the 2 LSBs in register ADCON. 

An A/D conversion in progress is unaffected by an external or software ADC start. The result of a 
completed conversion remains unaffected provided ADSI = logic 1. During as ADCS = logic 1 or 
ADCI = !ogic 1, a new ADC START will be blocked and consequently lost. An A/D conversion already 
in progress is aborted when the IDLE or Power Down mode is entered. The result of a completed 
conversion (ADCI =logic 1) remains unaffected when entering the IDLE mode . 

ADC.O 
ADC.1 
ADC.2 
ADC.3 
ADC.4 
ADC.5 
ADC.6 
ADC.1 

ADCON 

10-BIT AID 
CONVERTER 

0 2 

...---- STADC 

+ 
analogue ref. 

analogue supply 

analogue ground 

ADCH 

INTERNAL BUS --r ,___ __________ _J 
1Z97641 

Fig. 8 Functional diagram of analogue input. 
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Single-chip 8-bit microcontroller 

Timer/event counters 

PCB83C552 
PCB80C552 

The PCB83C552 contains three 16-bit timer/event counters; Timer 0, Timer 1 and Timer T2 and one 
8-bit timer, T3. Timer 0 and Timer 1 may be programmed to carry out the following functions: 

• Measure time intervals and pulse durations 
• Count events 
• Generate interrupt requests 

Timer 0 and Timer 1 can be programmed independently to operate in three modes: 

• Mode O; 8-bit timer or 8-bit counter each with divide by 32 prescaler 
• Mode 1; 16-bit time-interval or event counter 
• Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow 

Timer 0 can be programmed to operate in an additional mode as follows: 

• Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter 

When Timer 0 is in Mode 3, Timer 1 can be·programmed to operate in Modes 0, 1 or 2 but cannot set 
an interrupt request flag or generate an interrupt. However the overflow from Timer 1 can be used to 
pulse the serial Port transmission-rate generator. 

The frequency handling range of these counters with a 12 MHz crystal is as follows: 

• In the timer function, the timer is incremented at a frequency of 1 MHz, that is, a division by 12 of 
the oscillator frequency 

• 0 Hz to an upper limit of 0,5 MHz when programmed for external inputs 

Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 

The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all logic 1s to all logic Os (or automatic reload value), with the exception of 
mode 3 as previously described . 

Timer T2 

Timer T2 is a 16 bit register which has, coupled to it, capture and compare facilities. The operational 
diagram is shown in Fig. 9. 

The 16 bit timer/counter is clocked via a prescaler with a programmable division factor of 1, 2, 4 or 8. 
The input of the prescaler is clocked with 1/12 of the oscillator frequency, or with positive edges on 
the T2 input, or it is switched to the off position. This prescaler is cleared if its division factor or its 
input source is changed, or if the timer/counter is reset. T2 is readable 'on the fly', but posseses no 
extra read latches, this means that software precautions have to be taken against misinterpretation In 
overflow from least to most significant byte during read. T2 is not loadable and is reset by the RST 
signal or at the positive edge of the input signal RT2, is enabled. In the IDLE mode the timer/counter 
and prescaler are reset and halted. 

T2 is connected to four 16-bit capture registers; (CTO), CT1, CT2 and CT3). These registers are loaded 
with the contents of T2 and an interrupt requested upon receipt of the input signals CTOI, CT1 I, CT21 
or CT31. These input signals are shared with port 1. Using the capture register CTCON, an interrupt/ 
capture on a positive, negative edge or both may be triggered. 
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FUNCTIONAL DESCRIPTION (continued) 

The contents of the compare registers CMO, CM1 and CM2 are continually compared with the counter 
value of Timer T2. When a match is found an interrupt may be invoked. Using the match signal of CMO, 
the controller sets bits 0-5 of port 4, if the corresponding bits of the set enable register STE are logic 1. 

Considering a match with CM 1, if the corresponding bits of the reset/toggle enable register RTE are 
logic 1, then the controller will use the match signal to reset bits 0-5 of port 4. Bits 6 and 7 of port 4 
may be 'toggled' by the signal that indicates a match between Timer T2 and CM2, again, if the corre
sponding bits of RTE are logic 1. CMO, CM 1 and CM2 are reset by the RST signal. 

Port 4 can be read and written by software without affecting the toggle, set and reset signals. At byte 
overflow of the least significant byte, or at a 16-bit overflow of the timer/counter, an interrupt sharing 
the same interrupt vector is requested. Either or both of these overflows can be programmed to request 
an interrupt. 

All interupt flags must be reset by software. 

CTOI INT 

1 
CTO 

ERT2 ------' 
external reset 

enable 

s = set 
R = reset 
T = toggle 

T2 register address: 
TML2 = lower 8 bits 
TMH2 = higher 8 bits 

fNT CT21 INT 

INT 

STE RTE 

Fig. 9 Block diagram of Timer T2 configuration. 
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CT31 INT 

P4.0 

P4.1 

p4,2· 

P4.5 

P4.6 

P4.7 
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Single-chip 8-bit microcontroller 

Capture control register CTCON 

CT CON I 7 I 6 5 4 

MSB 

Bit Capture/interrupt at: 

CTCON.O CTOI positive edge 
CTCON.1 CTOI negative edge 
CTCON.2 CT11 positive edge 
CTCON.3 CT1 I negative edge 
CTCON.4 CT21 positive edge 
CTCON.5 CT21 negative edge 
CTCON.6 CT31 positive edge 
CTCON.7 CT31 negative edge 

Counter control register TM2CON 

TM2CON I 7 6 5 4 

MSB 

Bit 

TM2CON.O 
TM2CON.1 

"x" MODE SELECT BIT 
"x" MODE SELECT BIT 

3 2 

3 2 

Function 

T2CON.0/T2CON.1 

0 

LSB 

0 

LSB 

PCB83C552 
PCB80C552 

00 = Timer T2 is halted f 
01 =Timer T2 input source= ~~c 
10 =Test mode, do not use 

TM2CON.2 
TM2CON.3 

TM2CON.4 
TM2CON.5 
TM2CON.6 
TM2CON.7 

"x" PRESCALER BIT 
"x" PRESCALER BIT 

T2 Byte overflow INT flag 
ERT2 switch 
Select byte overflow interrupt 
Select 16 bit overflow interrupt 

11 =Timer T2 input source= pin T2 

T2CON.3/T2CON.2 
00 =DIVISION by 1 
01 =DIVISION by 2 
10 =DIVISION by 4 
11 =DIVISION by 8 

Timer interrupt enable register IE N 1 

IEN1 

Bit 

IEN1 .7 
IEN1.6 
I EN 1.5 
IEN1.4 
IEN1.3 
IEN1 .2 
IEN1 .1 
IEN1.0 

"0/1" 
"0/1" 
"0/1" 
"0/1" 
"0/1" 
"0/1" 
"0/1" 
"0/1" 

I 7 
MSB 

Function 

6 5 4 3 

T2 overflow interrupts disabled/enabled 
interrupt CM2 disabled/enabled 
interrupt CM 1 disabled/enabled 
interrupt CMO disabled/enabled 
interrupt CT3 disabled/enabled 
interrupt CT2 disabled/enabled 
interrupt CT1 disabled/enabled 
interrupt CTO disabled/enabled 

2 0 

LSB 
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FUNCTIONAL DESCRIPTION (continued) 

Timer interrupt flag register TM21 R 
TM21R [7=~1~6~1~5---,~4---,~3~r--2~.---~.--0---, 

MSB LSB 

Bit 

TM21R.7 
TM21R.6 
TM21R.5 
TM21R.4 
TM21R.3 
TM21R.2 
TM21R.1 
TM21R.O 

Function 

T2 16-bit overflow interrupt flag 
CM2 interrupt flag 
CM 1 interrupt flag 
CMO interrupt flag 
CT3 interrupt flag 
CT2 interrupt flag 
CT1 interrupt flag 
CTO interrupt flag 

Interrupt priority register I Pl is used to determine the timer interrupt priority. 

The set enable register STE. 
STE r=-7~~6~~-5~~-4~~3~~--2~~~~-0~~ 

MSB LSB 

Bit Function 

STE.O "1" := P40 is set at match GMO and T2 
STE.1 "1 ,, := P41 is set at match CMO and T2 
STE.2 "1 '' := P42 is set at match CMO and T2 
STE.3 "1" := P43 is set at match CMO and T2 
STE.4 ,, 1" := P44 is set at match CMO and T2 
STE.5 IJ 1" := P45 is set at match CMO and T2 
STE.6 :=not used 
STE.7 := not used 

STE.n "O" := P4n is not affected by a match 

The reset/toggle enable register RTE. 

RTE 7 6 5 4 3 2 0 

MSB LSB 

Bit Function 

RTE.O "1" := P40 is reset at match CM 1 and T2 
RTE.1 "1 '' := P41 is reset at match CM 1 and T2 
RTE.2 "1" := P42 is reset at match CM 1 and T2 
RTE.3 ,, , ,, := P43 is reset at match CM 1 and T2 
RTE.4 "1 ,, := P44 is reset at match CM 1 and T2 
RTE.5 IJ 1" := P45 is reset at match CM 1 and T2 
RTE.6 "1" := P46 toggles at match CM2 and T2 
RTE.7 "1" := P47 toggles at match CM2 and T2 

RTE.n "O" := P4n is not affected by a match 
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Fig. 10 functional diagram of T3 watchdog timer. 

T3 The watchdog timer (see fig. 10) 

In addition to Timer T2 and the standard timers, a watchdog timer consisting of an 11·Dit prescaler 
and an 8-bit timer are also incorporated. 

The timer is incremented every 2 ms, derived from the oscillator frequency of ·12 MHz by the following: 

fosc 
ftimer = 12 x 2048 

When a timer overflow occurs, the microcontroller is reset and a reset output pulse is generated at pin 
RST. To prevent a system reset the timer must be reloaded in time by the application software. if the 
processor suffers a hardware/software malfunction, the software will fail to reload the timer, This 
failure will produce a reset upon overflow thus preventing the processor running out of control. 

The watchdog timer can only be reloaded if the condition flag WLE = PCON.4 has been previously set 
by software. 

At the moment the counter is loaded the condition flag is automatically cleared. 

The time interval between the timer's reloading and occurance of a reset, is dependent upon the reloaded 
value. This may range from 2 ms to 0,5 sat an oscillator frequency of 12 MHz. 

In the ID LE state the watchdog timer and reset circuitry remain active. 

The watchdog timer is controlled by the watchdog enable pin (EWN). A logic 0 enables the watchoog 
timer and disables the Power Down mode. A logic 1 disables and resets the watchdog timer and enables 
the power-down mode. 
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FUNCTIONAL DESCRIPTION (continued) 

Serial 1/0 (see Fig. 11) 

The PCB83C552 is equipped with two independent serial ports. SIOO is the full duplex UART port 
and is identical to the serial port of the PCB80C51. 

Serial port 5101 supports the 12C bus, the function of which is controlled by the S1 CON register. 
S1 ST A is the status register whose contents may also be used as a vector to various service routines. 
S1 DAT is the data shift register and S1 ADR the slave address register. 

SLAVE ADDRESS GC I-
SlADR 

SDA EREGISTER 

SlOAT 

ARBITRATION LOGIC "' ::> 

"' ...J 
<( 
z 

SCL BUS CLOCK GENERATOR Ir 
w 
f-
~ 

6 5 4 3 0 

SlCON 

I 7 I 6 5 I 4 I 3 I 2 I 1 I 0 ~ 
SISTA 

1Z97637 

Fig. 11 Block diagram of 12C serial 1/0. 

The 12C serial 1/0 has complete autonomy in byte handling and operates in 4 modes: 

1. Master transmitter 
2. Master receiver 
3. Slave transmitter 
4. Slave receiver 

Slave address recognition is performed by hardware. 

The 12C bus consists of two lines; a data line (SDA) and a clock line (SCL). These lines also function as 
the 1/0 port lines on P1.7 and P1.6. The system is unique because data transport, clock generation, 
address recognition and bus control arbitration are all controlled by hardware. 

Serial control register S1 CON 

X ENSI STA STO SI AA CR1 CRO 
S1CON 

Bits CR1 and CRO determine the clock frequency that is generated in the master mode of operation. 
Table 1 displays the clock rate when using a 12 MHz crystal. 
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Table 1 Clock state when using a 12 MHz crystal 

CR1/CRO bit frequency fosc divided by 

0 0 12,5 kHz 960 
0 1 100 kHz 120 
1 0 200 kHz 60 (fosc < 6 MHz meeting 12C) 
1 1 22,5 - 0,5 kHz 96 x (256-reload value Timer 1) 

(reload value range: 0-254 
in mode 2) 

AA 
Assert acknowledge bit. When this bit is set, an acknowledge is returned after any one of the following 
conditions: 

- Own slave address is received 
- General call address is received (S1ADR.O = logic 1) 
- A data byte is received, while the device is programmed to be a master receiver 
- A data byte is received, while the device is a selected slave receiver 

When this bit is reset, no acknowledge is returned. Consequently, no interrupt is requested when the 
own address or general call address is received. 

SI 

Sl01 interrupt flag. This flag is set, and an interrupt request is generated, after any of the following 
events occur: 

- A ST ART condition is generated in MST mode 
- The own slave address has been received during AA = logic 1 
- The general call address has been received while S1ADR. 0 and AA= logic 1 
- A data byte has been received or transmitted in MST mode (even if arbitration is lost) 
- A data byte has been received or transmitted as selected slave 
- A STOP or START condition is received as selected slave receiver or transmitter 

STO 
STOP flag. When in master mode, and this bit is set a STOP condition is generated. A STOP condition 
detected on the 12C bus clears this bit. This bit may also be set in slave mode in order to recover from 
an error condition. Then no STOP condition is generated to the 12C bus, but the hardware releases the 
SDA and SCL lines and switches to the not selected slave receiver mode. The STOP flag is cleared by 
the hardware. 

STA 
START flag. When this bit is set in slave mode, the hardware checks the 12C bus and generates a ST ART 
condition if the bus is free or after the bus becomes free. If the device operates in master mode it will 
generate a repeated ST ART condition. 

253 
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FUNCTIONAL DESCRIPTION (continued) 

ENSI 

0 =Serial 1/0 Disabled and reset. P1 .6 and P1 .7 1/0 port function with open drain 

1 =Serial 1/0 Enabled. Output ports Pl .6 and P1 .7 must be set to logic 1 

Serial status register S1STA (S1STA is a read-only register) 

SC4 SC3 SC2 SC 1 SCO 0 0 0 

SlSTA 7 6 5 4 3 2 0 

S1STA.3 - S1STA.7 hold a status code. SlSTA.0- S1STA.2 are held LOW. The contents of the status 
register may be used as a vector to a service routine. This optimizes the response time of the software 
and consequently that of the 12C bus. 

The following is a list of the status codes in decimal representation. The decimal value corresponds to 
the value of the upper five bits of the status register. 

SLA 
R 
w 
ACK 
ACK 
DATA 
MST 
SLV 
TRX 
REC 

7-bit slave address 
Read bit 
Write bit 
Acknowledgement (acknowledge bit = logic 0) 
Not acknowledgement (acknowledge bit = logic 1) 
8-bit data byte to or from 12C bus 
Master 
Slave 
Transmitter 
Receiver 

MST /TRX mode 

S1STA value 
1 
2 
3 
4 
5 
6 
7 

- A START condition has been transmitted 
- A repeated START condition has been transmitted 
- SLA and W have been transmitted, ACK has been received 
- SLA and W have been transmitted, ACK received 
- DATA of S1 DAT has been transmitted, ACK received 
- DAT A of S 1 DAT has been transmitted, ACK received 
- Arbitration lost in SLA and R/W or DAT A 

MST/REC mode 

SlSTA value 

7 - Arbitration lost while returning ACK 
8 - SLA and R have been transmitted, ACK received 
9 - SLA and R have been transmitted, ACK received 

10 - DATA has been received, ACK returned 
11 - DATA has been received, ACK returned 
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SLV/REC mode 

S1STA value 

- Own SLA and W have been received, ACK returned 

PCB83C552 
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12 
13 - Arbitration lost in SLA and R/W as MST. Own SLA and W have been received, 

ACK returned 
- General CALL has been received, ACK returned 14 

15 
16 
17 
18 

- Arbitration lost in SLA and R/W as MST. General call has been received 
- Previously addressed with own SLA. DATA byte received, ACK returned 
- Previously addressed with own SLA. DATA byte received ACK returned 
- Previously addressed with general call. DATA byte has been received ACK has 

been returned 
19 - Previously addressed with general call. DATA byte has been received, ACK 

has been returned 
20 - A STOP condition or repeated START condition has been received while still 

addressed as SL V /REC or SL V /TRX. 

SL V /TRX mode 

S1STA value 

21 - Own SLA and R have been received, ACK returned 
22 - Arbitration lost in SLA and R/W as MST. Own SLA and R have been received, 

ACK returned 
23 - DATA byte has been transmitted, ACK received 
24 - DATA byte has been transmitted, ACK received 
24 Last DATA byte has been transmitted (AA= logic 0) ACK received 

Miscellaneous 

S1STA value 

00 - Bus error during MST mode or selected SLV mode, due to an erroneous START 
or STOP condition 

The data shift register S1DAT 

S1DAT 7 6 5 4 3 2 0 

This register contains the serial data to be transmitted or data which has just been received. Bit 7 is 
transmitted or received first; i.e. data is shifted from right to left. 

Address register S1ADR 

S1ADR 

S1ADR.O, GC 

S1ADR,7-1 

b slave address 

6 5 4 3 

0 =general call address is not recognized 
1 =general call address is recognized 

own slave address 

GC 

2 0 

This 8-bit register may be loaded with the 7-bit slave address to which the controller will respond when 
programmed as a slave receiver/transmitter. The LSB bit (GC) is used to determine whether the general 
call address is recognized. 
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FUNCTIONAL DESCRIPTION (continued) 

Idle and Power-down operation (see Fig. 12) 

Idle mode operation permits the interrupt, serial ports and timer blocks to continue to function while 
the clock to the CPU is halted. The following functions are also switched off when the processor enters 
the ID LE mode. 

Timer T2 
PWMO, PWM1 
ADC 

(stopped and reset) 
(reset, output= HIGH) 
(aborted if in progress) 

The following functions remain active during IDLE mode. These functions may generate an interrupt 
or reset and thus end the ID LE mode. 

Timer 0, Timer 1 
Timer T3 
SIOO, SI01 
External interrupt 

The Power-down operation freezes the oscillator. The Power-down mode can only be activated by 
setting the PD bit in the PCON register. The PD bit can only be set if the EWN input is HIGH. 

Idle mode 

The instruction that sets PCON.O is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 2. 

There are two ways to terminate the Idle mode: 

Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle mode. 
The interrupt is serviced, and following return from interrupt instruction RETI, the next instruction to 
be executed will be the one which follows the instruction that wrote a logic 1 to PCON.O. 

The flag bits GFO and GF1 may be used to determine whether the interrupt was received during normal 
execution or during the Idle mode. For example, the instruction that writes to PCON.O can also set or 
clear one or both flag bits. When Idle mode is terminated by an interrupt, the service routine can 
examine the status of the flag bits. 

The second way of terminating the Idle mode is with an external hardware reset, or an internal reset 
caused by an overflow of Timer T3. Since the oscillator is still running, the hardware reset is required 
to be active for two machine cycles (24 oscillator periods) to complete the reset operation. 

Power-down mode 

The instruction that sets PCON.1 is the last executed prior to going into the Power-down mode. Once 
in Power-down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 
The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power
down mode. 

In the Power-down mode, Voo may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power-down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabilized. 

The status of the external pins during Power-down mode is shown in Table 2. If the Power-down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power
down mode by the strong pull-up transistor P1 (see Fig. 6). 
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Table 2 Status of external pins during Idle and Power-down modes 

mode memory ALE PSEN Port 0 Port 1 Port 2 Port 3 Port 4 PWMON/PWM1N 

Idle (1) internal port data port data port data port data port data HIGH 

Idle (1) external 1 floating port data address port data port data HIGH 

Power-down internal 0 0 port data port data port data port data port data HIGH 

Power·down external 0 0 floating port data port data port data port data HIGH 

Power control register (PCON) 

These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 

PCON 

Bit 

SMOD 

WLE 

GF1 
GFO 
PD 

IDL 

SMOD X X WLE GF1 GFO PD IDL 

I 7 I 6 5 I 4 3 2 0 

PCON.7 

PCON.6 
PCON.5 
PCON.4 

PCON.3 
PCON.2 
PCON.1 

PCON.O 

Definition 

Double Baud rate bit. When set to logic 1 the baud rate is doubled when 
the serial port SIOO is being used in modes 1, 2 or 3 
(reserved) 
(reserved) 
Watchdog load enable; This flag must be set by software prior to 
loading T3 (watchdog timer). It is cleared by loading T3 
general-purpose flag bit 
general-purpose flag bit 
Power-down bit; setting this bit activates power-down mode, can only 
be set if input EWN is logic 1 
Idle mode bit; setting this bit activates the idle mode operation 

If logic 1 s are written to PD and ID L at the same time, PD takes precedence. The reset value of 
PCON is (OXXOOOOO). 

XTAL2 

,.--------101-----, 

OSCILLATOR 

XTAL1 

CLOCK 
GENERATOR 

interrupt serial 
port timer blocks 

ADC 
IDL 

7Z97649 

Fig. 12 Internal Idle and Power-down clock configuration. 
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FUNCTIONAL DESCRIPTION (continued) 

Interrupt system (see Fig. 13) 

External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 µs to 8 µs when using a 12 MHz crystal. The PCB83C552 acknow
ledges interrupt requests from fifteen sources as follows: 

• INTO and INTl; externally via pins 26 and 27 respectively 
• Timer 0 and Timer 1; from the two internal counters 
• Timer T2, 8 separate interrupts; 4 capture interrupts, 3 compare interrupts and an overflow interrupt 
• ADC end-of-conversion interrupt 
• l 2C serial 1/0 port interrupt 
• UART serial 1/0 port interrupt 

Each interrupt vectors to a separate location in program memory for its service program. Each source 
can be individually enabled or disabled by a corresponding bit in the IEO or I El register, moreover each 
interrupt may be programmed to a high or low priority level using a corresponding bit in the IPO or I Pl 
register. Also all enabled sources can be globally disabled or enabled. Both external interrupts can be 
programmed to be level-activated or transition-activated; an active LOW level allows "wire-ORing" of 
several interrupt sources to one input pin. 
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FUNCTIONAL DESCRIPTION (continued) 

Interrupt enable registers 

IENO 

Bit 

IEN0.7 EA 

IEN0.6 EAD 

IEN0.5 ES1 

IEN0.4 ES 

IEN0.3 ET1 

IEN0.2 EX1 

IEN0.1 ETO 

IENO.O EXO 

IEN1 

Bit 

IEN1 .7 ET2 

IEN1.6 ECM2 

IEN1.5 ECM1 

IEN1.4 ECMO 

IEN1.3 ECT3 

IEN1.2 ECT2 

IEN1 .1 ECT1 

IEN1.0 ECTO 

EA EAD ES1 ESQ ET1 EX1 ETO EXO 

7 6 I 5 4 3 

Function 

General enable/disable control 
0 = No interrupt is enabled 

2 o 1 

1 =Any individually enabled interrupt will be accepted 

Enable ADC interrupt 

Enable SI01 12C interrupt 

Enable SIOO (UART) interrupt 

Enable Timer 1 interrupt 

Enable External 1 interrupt 

Enable Timer 0 interrupt 

Enable External 0 interrupt 

ET2 EMC2 EMC1 ECMO ECT3 ECT2 ECT1 ECTO 

71615]413121 lol 
Function 

Enable T2 overflow interrupt(s) 

Enable T2 comparator 2 interrupt 

Enable T2 comparator 1 interrupt 

Enable T2 comparator 0 interrupt 

Enable T2 capture register 3 interrupt 

Enable T2 capture register 2 interrupt 

Enable T2 capture register 1 interrupt 

Enable T2 capture register 0 interrupt 

2"0 N<W•mboc 19861 
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Interrupt priority registers 

IPO x PAD PS1 PSO PT1 PX1 

7 6 I 5 4 3 2 

Bit Function 

IP0.7 Unused 

IP0.6 PAD ADC interrupt priority level 

IP0.5 PS1 SIO 1 (12C) interrupt priority level 

IP0.4 PSO SIOO (UART) interrupt priority level 

IP0.3 PT1 Timer 1 interrupt priority level 

IP0.2 PX1 External interrupt 1 priority level 

IP0.1 PTO Timer 0 interrupt priority level 

IPO.O PXO External interrupt 0 priority level 

I Pl PT2 PCM2 PCMl PCMO PCT3 PCT2 

I 7 I 6 I 5 I 4 I 3 I 2 

<{ 
Bit Function I-

<{ 
IPl.7 PT2 T2 overflow interrupt(s) priority level 0 

I- IPl.6 PCM2 T2 comparator 2 priority interrupt z 
w 

IP1 .5 :!!: 
Q. 

PCM1 T2 comparator 1 priority interrupt 

0 IPl.4 PCMO T2 comparator 0 priority interrupt 
..J 
w IP1.3 PCT3 T2 capture register 3 priority interrupt > w 

I Pl .2 PCT2 T2 capture register 2 priority interrupt 0 

IP1.1 PCT1 T2 capture register 1 priority interrupt 

IPl.O PCTO T2 capture register 0 priority interrupt 

PTO 

1 

PCT1 

I 1 I 

PXO 

0 

PCTO 

0 

PCB83C552 
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FUNCTIONAL DESCRIPTION (continued) 

Table 3 shows the interrupt vectors. The vector indicates the ROM location where the appropriate 
interrupt service routine starts. 

Table 3 Interrupt vectors 

Source Vector 

External 0 XO 0003H 

Timer 0 overflow TO OOOBH 

External 1 X1 0013H 

Timer 1 overflow T1 001BH 

Serial 1/0 0 (UART) so 0023H 

Serial 1/0 1 ( 12C) S1 002BH 

T2 capture 0 CTO 0033H 

T2 capture 1 CT1 003BH 

T2 capture 2 CT2 0043H 

T2 capture 3 CT3 004BH 

ADC completion ADC 0053H 

T2 compare 0 CMO 005BH 

T2 compare 1 CM1 0063H 

T2 compare 2 CM2 006BH 

T2 overflow T2 0073H 
----' 

Interrupt priority 

Each interrupt source can be provided by software with two priority levels; logic 1 and logic 0. If both 
levels are requested simultaneously, the processor will branch to the logic 1 vector. If there are 
simultaneous requests from sources of the same priority, then interrupts will be serviced in the following 
order: 

XO, S1, ADC, TO, CTO, GMO, X1, CT1, CM1, T1, CT2, CM2, SO, CT3, T2 

A logic 0 interrupt routine can be interrupted by a logic 1 interrupt. 
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Oscillator circuitry 
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The oscillator circuitry of the PCB83C552 is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the transfer 
point. Either a crystal or ceramic resonator can be used as the feedback element to complete the 
oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 36) is the high gain amplifier 
input, and XTAL 2 (pin 35) is the output (see Fig. 14). To drive the PCB83C552 externally, XTAL 1 
is driven from an external source and XTAL 2 left open-circuit (see Fig. 15). 

C1 XTAL 1 
~ 36 external clock ____ x_T_A_L_I_, 36 

(not TTL compatible) 

c::::J 
C2 XTAL2 
~ 35 not connected 35 

XTAL2 

C1 =C2=20pF 1Z96599 7Z96598 

Fig. 14 PCB83C552 oscillator circuit. Fig. 15 Driving the PCB83C552 from an 
external source. 

Reset circuitry (see Fig. 16) 

The reset circuitry for the PCB83C552 is connected to the reset pin RST. A Schmitt trigger is used at 
the input for noise rejection. The output of the Schmitt trigger is sampled by the reset circuitry every 
machine cycle. 

RST _____ ___, 

on-chip 
resistor 

overflow 
~---.-------timer 13 

SCHMITT 
TRIGGER 

ff RESET 

CIRCUITRY 

1Z96597 

Fig. 16 Reset configuration at RST. 

A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. During reset 
ALE and PSEN output a HIGH level. In order to perform a correct reset, this level must not be affected 
by external elements. 

Also with the PCB83C552, the RST line can be pulled HIGH internally by a pull-up transistor activated 
by the watchdog timer T3. The length of the output pulse from T3 is 3 machine cycles. A pulse of such 
short duration is necessary in order to recover from a processor or system fault as fast as possible. 
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FUNCTIONAL DESCRIPTION (continued) 

N.B. It can be seen, that the short reset pulse from Timer T3 cannot discharge the power-on reset 
capacitor (see Fig. 17). Consequently, when the watchdog timer is also used to reset external devices 
this capacitor arrangement should not be connected to the RST pin, and an extra circuit should be 
used to perform the power-on reset operation. It should be remembered that a Timer T3 overflow, 
if enabled, will force a reset condition to the 83C552 by an internal connection, whether the output 
RTS is tied LOW or not. 

The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 

Register 

ACC 
AD CON 
ADCH 
B 
CMLO- CML2 
CMHO- CMH1 
CT CON 
CTLO- CTL3 
CTHO-CTH3 
DPL 
DPH 
IENO 
IEN1 
IPO 
IP1 
PCH 
PCL 
PCON 
PSW 
PWMO 
PWM1 
PWMP 
PO- P4 
P5 
RTE 
SOBUF 
SO CON 
S1ADR 
S1CON 
S1DAT 
S1STA 
SP 
STE 
TCON 
THO, TH1 
TMH2 
TLO, TL1 
TML2 
TMOD 
TM2CON 
TM21R 
T3 

Content 

0000 0000 
xxoo 0000 
xxxx xxxx 
0000 eooo 
0000 0000 
0000 0000 
0000 0000 
xxxx xxxx 
xxxx xxxx 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
xooo 0000 
0000 0000 
0000 0000 
0000 0000 
OXXO 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
1111 1111 
xxxx xxxx 
0000 0000 
xxxx xxxx 
0000 0000 
0000 0000 
xooo 0000 
0000 0000 
1111 1000 
0000 0111 
xxoo 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0000 0000 
0111 0000 
0000 0000 

The internal RAM is not affected by reset. When Voo is turned on, the RAM content is indeterminate. 
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Single-chip 8-bit microcontroller 

Power-on reset (see Fig. 17) 

PCB83C552 
PCB80C552 

When Voo is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
obtained by connecting the RST pin to Voo via a 10 µF capacitor. When the power is switched on, 
the current drawn by RST is the difference between Voo and the capacitor voltage, and decreases 
from Voo as the capacitor charges through the internal resistor ( R RSTl to ground. The larger the 
capacitor, the more slowly V RST decreases. V RST must remain above the lower threshold of the 
Schmitt trigger long enough to effect a complete reset. The time required is the oscillator start-up time, 
plus 2 machine cycles. 

Voo 

VooJ 

+ 
10 µF 

PCBB3C552 
PCB80C552 

AST 

RAST 

7Z97650 

Fig. 17 Power-on reset. 
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INSTRUCTION SET 

Table 4 Instruction set description 
r--· 

mnemonic description bytes/ opcode 
cycles (hex.) 

Arithmetic operations 

ADD A,Rr Add register to A 1 2* 

ADD A,direct Add direct byte to A 2 25 

ADD A,@Ri Add indirect RAM to A 26,27 

ADD A,#data Add immediate data to A 2 24 

ADDC A.Rr Add register to A with carry flag 1 3* 

ADDC A,direct Add direct byte to A with carry flag 2 35 

ADDC A,@Ri Add indirect RAM to A with carry flag 1 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 34 

SUBB A,Rr Subtract register from A with borrow 9* 

SUBB A,direct Subtract direct byte from A with borrow 2 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 96,97 

SUBB A,#data Subtract immediate data from A with borrow 2 94 

INC A Increment A 04 

INC Rr Increment register 1 O* 

INC direct Increment direct byte 2 05 

INC @Ri Increment indirect RAM 06,07 

DEC A Decrement A 14 

DEC Rr Decrement register 1 1* 

DEC direct Decrement direct byte 2 15 

DEC @Ri Decrement indirect RAM 16, 17 

INC DPTR Increment data pointer 2 A3 

MUL AB Multuply A & B 4 A4 

DIV AB Divide A by B 4 84 

DA A Decimal adjust A D4 
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mnemonic description bytes/ opcode 
cycles (hex.) 

--------------

Logic operations 

ANL A,Rr AND register to A 1 5* 

ANL A,direct AND direct byte to A 2 55 

ANL A,@Ri AND indirect RAM to A 56, 57 

ANL A,#data AND immediate data to A 2 54 

ANL direct.A AND A to direct byte 2 1 52 

ANL direct,#data AND immediate data to direct byte 3 2 53 

ORL A,Rr OR register to A 4* 

ORL A,direct OR direct byte to A 2 45 

ORL A,@Ri OR indirect RAM to A 1 46,47 

ORL A,#data OR immediate data to A 2 44 

ORL direct, A OR A to direct byte 2 42 

ORL direct,#data OR immediate data to direct byte 3 2 43 

<I: XRL A,Rr Exclusive-OR register to A 1 1 6* 
I-

XRL A,direct Exclusive-OR direct byte to A 2 65 <I: 
0 
I- XRL A,@Ri Exclusive-OR indirect RAM to A 66,67 
z 

A,#data w XRL 
::!! 

Exclusive-OR immediate data to A 2 64 
a.. XRL direct.A Exclusive-OR A to direct byte 2 1 62 0 
...J XRL direct,#data Exclusive-OR immediate data to direct byte 3 2 63 w 
> CLR A Clear A E4 w 
0 

CPL A Complement A F4 

RL A Rotate A left 23 

RLC A Rotate A left through the carry flag 33 

RR A Rotate A right 03 

RRC A Rotate A right through the carry flag 13 

SWAP A Swap nibbles within A 1 C4 _____ _J 
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INSTRUCTION SET (continued) 

mnemonic description bytes/ opcode 
cycles (hex.) 

Data transfer 

MOV A,Rr Move register to A E* 

MOV A,direct** Move direct byte to A 2 E5 

MOV A,@Ri Move indirect RAM to A 1 E6,E7 

MOV A,#data Move immediate data to A 2 74 

MOV Rr,A Move A to register F* 

MOV Rr,direct Move direct byte to register 2 2 A* 

MOV Rr,#data Move immediate data to register 2 7* 

MOV direct,A Move A to direct byte 2 F5 

MOV direct,Rr Move register to direct byte 2 2 8* 

MOV di rect,d i rect Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM 1 1 F6,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76, 77 

MOV DPTR,#data16 Load data pointer with a 16-bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 2 83 

MOVX A,@Ri Move external RAM (8-bit address) to A 2 E2,E3 

MOVX A,@DPTR Move external RAM ( 16-bit address) to A 2 EO 

MOVX @Ri,A Move A to external RAM (8-bit address) 2 F2,F3 

MOVX @DPTR,A Move A to external RAM (16-bit address) 2 FO 

PUSH direct Push direct byte onto stack 2 2 co 
POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A C* 

XCH A,direct Exchange direct byte with A 2 C5 

XCH A,@Ri Exchange indirect RAM with A C6,C7 

XCHD A,@Ri Exchange LOW-order digit indirect RAM with A 06,07 

** MOV A,ACC is not permitted. 
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Single-chip 8-bit microcontroller 

mnemonic description 

Boolean variable manipulation 

CLR c Clear carry flag 

CLR bit Clear direct bit 

SETB c Set carry flag 

SETB bit Set direct bit 

CPL c Complement carry flag 

CPL bit Complement direct bit 

ANL C,bit AND direct bit to carry flag 

ANL C./bit AND complement of direct bit to carry flag 

ORL C,bit OR direct bit ti carry flag 

ORL C./bit OR complement of direct bit to carry flag 

MOV C,bit Move direct bit to carry flag 

MOV bit,C Move carry flag to direct bit 

<( Program and machine control 
I-
<( ACALL addr11 Absolute subroutine call c 
I- LCALL addr16 Long subroutine call 
z 
w 
:E 

RET Return from subroutine 
1:1. RET1 Return from interrupt 0 
...J AJMP addr11 Absolute jump w 
> LJMP addr16 Long jump w c 

SJMP rel Short jump (relative address) 

JMP @A+DPTR Jump indirect relative to the DPTR 

JZ rel Jump if A is zero 

JNZ rel Jump if A is not zero 

JC rel Jump if carry flag is set 

JNC rel Jump is no carry flag 

JB bit, rel Jump if direct bit is set 

JNB bit,rel Jump if direct bit is not set 

JBC bit,rel Jump if direct bit is set and clear bit 

CJNE A,direct,rel Compare direct to A and jump if not equal 

CJNE A,#data,rel Compare immediate to A and jump if not equal 

CJNE Rr,#data,rel Compare immediate to reg. and jump if not equal 

CJNE @R i,#data,rel Compare immediate to ind. and jump if not equal 

DJNZ Rr,rel Decrement register and jump if not zero 

DJNZ direct,rel Decrement direct and jump if not zero 

NOP No operation 

bytes/ 
cycles 

1 

2 

2 

2 1 

2 2 

2 2 

2 2 

2 2 

2 

2 2 

2 2 

3 2 

2 

1 2 

2 2 

3 2 

2 2 

2 

2 2 

2 2 

2 2 

2 2 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

3 2 

2 2 

3 2 

PCB83C552 
PCB80C552 

opcode 
(hex.) 

C3 

C2 

D3 

D2 

B3 

B2 

82 

BO 

72 

AO 

A2 

92 

•1addr 

12 

22 

32 

•laddr 

02 

80 

73 

60 

70 

40 

50 

20 

30 

10 

BS 

B4 

B* 

B6,B7 

D* 

D5 

00 
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Notes to Table 4 

Data addressing modes 

Rr Working register RO-R7. 

direct 

@Ri 

#data 

#data16 

bit 

addr16 

addr11 

rel 

128 internal RAM locations and any special function register (SFR). 

Indirect internal RAM location addressed by register RO or R 1 of the 
actual register bank. 

8-bit constant included in instruction. 

16-bit constant included as bytes 2 and 3 of instruction. 

direct addressed bit in internal RAM or SFR. 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALL and AJMP. The branch will be within 
the same 2 K-byte page of program memory as the first byte of the following 
instruction. 

Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional 
jumps. Range is -128 to+ 127 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 5 

* :8,9,A,B,C,D,E,F. 
• : 11, 31, 51, 71, 91, 81, 01, F1. 
"' : 01, 21, 41, 61, 81, A1, C1, E1. 
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Table 5 Instruction map fr first hexadecimal character of opcode 

0 1 2 3 

0 NOP AJMP LJMP RR A 
page 0 addr16 

1 JBC ACALL LCALL RRCA 
bit,addrB page 0 addrl 6 

2 JB AJMP RET RL A 
bit,addrB page 1 

3 JNB ACALL RETl RLC A 
bit,addr8 page 1 

4 JC AJMP ORL ORL 
addr8 page 2 dir,A dir,#data 

5 JNC ACALL ANL ANL 
addrB page 2 dir,A dir,#data 

6 JZ AJMP XRL XRL 
addr8 page 3 dir,A dir,#data 

7 JNZ ACALL ORL JMP 
addr8 page 3 C,bit @A+DPTR 

8 SJMP AJMP ANL MOVC 
addr8 page 4 C,bit A,@A+PC 

9 MOV DPTR, ACALL MOV MOVC 
#data 16 page 4 bit,C A,@A+DPTR 

A ORL AJMP MOV INC 
C,/bit page 5 C,bit DPTR 

B ANL ACALL CPL CPL C 
C,/bit page 5 bit 

c PUSH AJMP CLR CLR C 
dir page 6 bit 

D POP ACALL SETB SETB 
dir page 6 bit c 

E MOVX AJMP MOVX A,@Ri 
A,@DPTR page 7 0 jl 

F MOVX ACALL MOVX@Ri,A 
@DPTR,A page 7 0 J1 

DEVELOPMENT DATA 

second hexadecimal character of opcode 

4 5 6 7 s J eJ A B c D 

INCA INC INC@Ri INC Rr 
dir 0 1 0 l 112 3 4 5 

DEC A DEC DEC@Ri DEC Rr 
-;-

dir 0 1 oj 1J 2 3 4 5 

ADD ADD ADD A,@Ri ADD A,Rr 
A,#data A,dir 0 1 0 l 1J 2 3 4 5 

ADDC ADDC ADDC A,@Ri ADDC A,Rr 
A,#data A,dir 0 1 0 l 11 2 3 4 5 

ORL ORL ORL A,@Ri ORL A,Rr 
A,#data A,dir 0 1 0 l 1J 2 3 4 5 

ANL ANL ANL A,@Ri ANL A,Rr 
A,#data A,dir 0 1 0 l lj 2 3 4 5 

XRL XRL XRL A,@Ri XRL A,Rr 
A,#data A,dir 0 1 Oj lj 2 3 4 5 

MOV MOV MOV @Ri,#data MOV Rr,#data 
A,#data dir,#data 0 1 0111213 4 5 

DIV MOV MOV dir,@Ri 
~1~r2R13 ' AB dir,dir 0 1 4 5 

SUBB SUBB SUBB A,@Ri SUBB A,Rr 
A,#data A,dir 0 1 0111213 4 5 

MUL MOV @Ri,dir MOV Rr,dir 
AB 0 1 0111213 4 5 

CJNE A, CJNE CJNE @Ri,#data, addr8 CJNE Rr,#data,addr8 
#data, addr8 A,dir, addr8 0 1 0 l 1 j. 2 3 4 5 

SWAP XCH XCH A,@Ri XCH A,Rr 
A A,dir 0 1 01112 3 4 5 

DAA DJNZ XCHD A,@Ri DJNZ Rr, addr8 
dir,addrB 0 1 0 J 1J 2 3 4 5 

CLR A MOV MOV A,@Ri MOV A,Rr 
A,dir 0 1 oj 1J 2 3 4 5 

CPL A MOV MOV@Ri,A MOV Rr,A 
dir,A 0 1 OJ 1j 2 3 4 5 

E 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

F 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

(I) 

:i' 
IQ 

~ n 
::r -s· 
QO 

6-
;:;: 
3 
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0 n 
0 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Input voltage on any pin with respect to ground (Vgg) 

Input, output current 

Total power dissipation 

Storage temperature range 

Operating ambient temperature range 

D.C. CHARACTERISTICS 

Vi 

± 11, lo 

Ptot 

Tstg 

Tamb 

-0,5 to+ 7 V 

max. 5 mA 

max. 1W 

-65 to+ 150 °c 

0 to+ 70 oc 

Voo = 5 V (± 10%); Vss = O V; Tamb = 0 to+ 70 °c; all voltages with respect to Vss unless otherwise 
specified. 

parameter symbol min. max. unit conditions 

Supply voltage Voo 4,5 5,5 v 

Supply current 
operating (note 1) loo - tbf mA fcLK = 12 MHz 
idle mode (note 2) loo - tbf mA fcLK = 12 MHz 

Power-down current lpo - tbf µA Voo = 2 V (note 3) 

Inputs (see note 6) 

LOW level input voltage 
(except EA, P1 .6/SCL, 
P1 .7/SOA) VIL -0,5 o,2v00-o,1 v 

LOW level input voltage 
(EA) VIL1 -0,5 o,2v00-o,3 v 

LOW level input voltage 
(P1.6/SCL, P1.7/SOA) VIL2 -0,5 1,5 v 

HIGH level input voltage 
(except XTAL 1, RST, 
P1.6/SCL, P1.7/SOA) V1H o,2v00+o,9 v 00+o,5 v 

HIGH level input voltage 
(XTAL 1, RST) VIH1 OJVcc v 00+o,5 v 

HIGH level input voltage 
(P1.6/SCL, P1.7/SOA) V1H2 3,0 v 00+o,5 v 

Input current logic 0 
(Ports 1, 2, 3 and 4; 
except P 1.6/SC L, 
P1.7/SOA) -l1L - 50 µA V1 = 0,45 V 

Input current logic 1 
to 0 transition 
(Ports 1, 2, 3 and 4; 
except P.1/SCL, 
P1.7/SOA) -ITL - 500 µA V1=2 V 

Input leakage current 
(Port 0, EA, ST AOC, EWN, 
Pl .6/SCL, P1 .7 /SOA) ± iu - 10 µA 0,45V<V1<Voo 
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Single-chip 8-bit microcontroller 

parameter 

Outputs 

LOW level output voltage (note 4) 
(Ports 1, 2, 3 and 4; 
except P1 .6/SCL, P1 .7 /SDA) 

LOW level output voltage (note 4) 
(Port 0, ALE, PSEN) 

LOW level output voltage 
(P1.6/SCL, P1.7/SCL) 

HIGH level output voltage 
(Ports 1, 2, 3 and 4; 
except P1.6/SCL, P1.7/SDA) 

HIGH level output voltage (note 5) 
(Port 0 in external 
Bus mode, ALE, PSEN) 

RST pull-down resistor 

1/0 pin capacitance 

symbol 

Vol 

Vol1 

VoL2 

VoH 

VoH1 

RRST 

C1fo 

min. max. 

- I 0,45 

I 
- 0,45 

- 0,4 

2,4 -

0,75V00 -
0,9v00 -

2,4 -

0,75V00 -
0,9v00 -

40 125 

- 10 

unit 

v 

v 

v 

v 

v 
v 

v 

v 
v 

kn 
pF 

PCB83C552 
PCB80C552 

conditions 

loL = 1,6 mA 

loL = 3,2 mA 

loL = 3,0 mA 

-loH = 80µA; 
Voo = 5 v ± 10% 
-loH = 30µA 
-loH = 10µA 

-loH = 400 µA; 
v 00 = 5 v ± 10% 
-loH = 150µA 
-loH = 40µA 

test freq.= 1 MHz; 
Tamb = 25 oc 

···--·-·-----· -·--j_G 
November 1986 
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D.C. CHARACTERISTICS (continued) 

Voo = 5,0 V ± 10%; AVss = 0 V; VREF = 5,0 V; Tamb = -0 °c to+ 70 °c unless otherwise specified 

parameter symbol min. max. unit 

Analogue inputs 

Analogue input voltage AV1N Avss-0,2 Avoo+o,2 v 

Reference voltage AV REF- AVss-0,2 - v 

AV REF+ - Av00+0,2 v 

Analogue input 
capacitance (note 7) CIA - - pF 

Sampling time tADS - 32tcy µs 

Conversion time 
(including sample time) tADC - 88tcv µs 

Differential non-linearity Ole - ± 1,0 LSB 

AV REF+ = AVoo 
AV REF- = AVss 

Integral non-linearity I Le - tbf LSB 

AV REF+ = AVoo 
AV REF- = AVss 

Offset error OSe - tbf mV 

Gain error Ge - tbf % 

AV REF supply current Als - tbf µA 
(note 8) 

Internal resistance 
of analogue source Ria max - tbf 0 

Internal resistance 
of analogue reference source Rirmax - tbf 0 

Notes to the d.c. characteristics 

1. The operating supply current is measured with al I output pins disconnected; XT AL 1 driven with 
tr= tf = 10 ns, V1L=Vss+0,5 V, V1H = Voo -0,5 V; XTAL 2 not connected; 
EA= RST =Port 0 = Voo· 

2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with 
tr= tf = 10 ns, V1L=Vss+0,5 V, V1H = Voo -0,5 V; XTAL 2 not connected; 
EA= Port 0 = Voo; RST = Vss. 

3. The power down current is measured with all output pins disconnected; XTAL 2 not connected; 
EA= Port 0 = Voo; RST = Vss. 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the 
LOW level output voltage of ALE, Port 1 and Port 3. The noise is due to external Bus capacitance 
discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 transition during bus 
operations. In the most adverse condition (capacitive loading> 100 pF) the noise pulse on ALE line 
may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use an 
address latch with a Schmitt trigger STROBE input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN 
to momentarily fall below the 0,9 Voo specification when the address bits are stabilizing. 

6. The input threshold voltage of Pl .6 and Pl .7 (SI01) meets the 12C specification, so an input voltage 
below 1,5 V will be recognized as a logic 0 while an input voltage above 3,0 V will be recognized as a 
logic 1. 

7. The internal resistance of the analogue source must be less than the Ria max to ensure full loading 
of the sample capacitance during sample time. 

8. The internal resistance of the analogue reference source must be less than Air max· 
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Single-chip 8-bit microcontroller PCB83C552 
PCB80C552 

A.C. CHARACTERISTICS 

Voo = 5 V ± 10%; Vss = 0 V; T amb = 0 to+ 70 °C; CL= 100 pF (Port 0, ALE and PSEN); CL= 80 pF 
(all other outputs); unless otherwise specified (see waveforms Figs 19, 20 and 21) 

10MHz 12 MHz variable clock 
parameter symbol unit 

min. max. min. max. min. max. 

Program memory 

ALE pulse duration tLL 160 - 127 - 2tcK-40 - ns 

Address set-up 
time to ALE tAL 60 - 43 - tcK-40 - ns 

Address hold time 
after ALE tLA 65 - 48 - tcK-35 - ns 

Time from ALE to valid 
instruction input tuv - 300 - 233 - 4tcK-100 ns 

Time from ALE to 
control pulse PSEN tLC 75 - 58 - tcK-25 - ns 

Control pulse 
duration PSEN tee 265 - 215 - 3tcK-35 - ns 

Time from PSEN to valid 
instruction input tc1v - 175 - 125 - 3tcK-125 ns 

Input instruction hold 
time after PSEN tc1 0 ·- 0 - 0 - ns 

Input instruction float 
delay after PSEN* tc1F - 80 - 63 -- tc1<-20 ns 

Address valid 
after PSEN* tAc 92 - 75 - tcK-8 - ns 

Address to valid 
instruction input 1AIV - 385 - 302 - 5tcK-115 ns 

Address float time 
to PSEN tAFC -12 - -12 - 0 - ns 

* Interfacing the PCB83C552 to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to Port 0 drivers. 

---' 
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A.C. CHARACTERISTICS (continued) 

parameter symbol 

External data memory 

RD pulse duration tRR 
WR pulse duration tww 

Address set up time 
to ALE tAL 

Address hold time 
after ALE tLA 

RD to valid data input tRD 

Data hold time after RD toR 

Data float delay 
after RD to FR 

Time from ALE to 
valid data input tLD 

Address to valid 
data input tAD 

Time from ALE to 
RD or WR tLw 

Time from address to 
RD or WR tAw 

Time from RD or WR 
HIGH to ALE HIGH twHLH 

Data valid to WR 
transition towx 

Data set-up time 
before WR tow 

Data hold time after WR two 
Address float delay 

after RD tAFR 

Where: 

10 MHz 
t---;---r-

min. max. 

500 -

500 -

- -

65 -

- 335 

0 -

- 130 

- 650 

- 735 

250 350 

270 -

60 140 

40 -

550 -

50 -

- 12 

1/tcK = 3,5 to 12 MHz (see Fig. 19 and Table 6). 

12 MHz variable clock 
unit 

min. max. min. max. 

400 - 6tcK-100 - ns 

400 - 6tcK-100 - ns 

28 - ns 

48 - tcK-35 - ns 

- 250 - 5tcK-165 ns 

0 - 0 - ns 

- 97 - 2tcK-70 ns 

- 517 - StcK-150 ns 

- 585 - 9tcK-165 ns 

200 300 3tcK-50 3tcK+50 ns 

203 - 4tcK--130 - ns 

43 123 tcK-40 tcK+40 ns 

23 - tcK-60 - ns 

433 - 7tcK-150 - ns 

33 - tcK-50 - ns 

-- 12 - 12 ns 
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Single-chip 8-bit microcontroller 

2,0V 2,0V 

o.::~->.§( A-
test points 

(a) 

b," 
float 

"~ 2,4V 2,4V 

0,45V 0,45V 0,8V 0,8V 

(b) 
7Z87542 

Fig. 18 A.C. testing input, output waveform (a) and float waveform (b). 

PC883C552 
PCB80C552 

A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
Port 0 pin sinks 3,2 mA or sources 400 µA at the voltage test levels. 

VIH1 
___ ,,,O,BV 

VIH1 
0,8 V 1'------'I 

............._tLOW-----... 

7Z87543 

Fig. 19 External clock drive XTAL 1 (see Table 6). 

Table 6 External clock drive XTAL 1 (see Fig. 19) 

variable clock 
(f = 3,5 to 12 MHz) 

parameter symbol min. max. unit 

oscillator clock period tcK 83,3 286 ns 

HIGH time tHIGH 20 tcK-tLQW ns 

LOW time tLQW 20 tcK-tHIGH ns 

rise time tr - 20 ns 

fall time tf - 20 ns 
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A.C. CHARACTERISTICS (continued) 

ALE 

PSEN 

PORTO 

PORT2 

ALE 

RD 

PORTO 

PORT2 

-tLL--tLIV-

ADOtoAD7 inst. input 

1-----tAIV----<•1 

address ADB to AD15 or 
special function registers (SFR) 

address ADB to AD15 or 
special function registers (SFR) 

7Z87549.1 

Fig. 20 Read from program memory. 

, _______ tLD --------.>•! - tWHLH 

---tLw-1...-------~tRR------i.I 

tLA-1 

------tAw-~-...... ,............_tRo~ 

ADO to AD7 data input 

address ADB to AD15 or special function registers (SFR) 

Fig. 21 Read from data memory. 

-toFR--

7Z87550.1 
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Single-chip 8-bit microcontroller PCB83C552 
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ALE 

PSEN 

WR 

PORTO 

PORT2 

-- 1WHLH -

,.__,_ __ 1AW ---.---

__. tAc I- - towx 1-
- 1LA- 1-------- 1ow ---------1wo--

ADO to AD7 data output 

address ADS to AD15 or special function registers (SFR) 

Fig. 22 Write to data memory. 

Purchase of Philip' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12 C specifications defined 
by Philips. 

1Z87551.1 
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DEVELOPMENT DATA 
Th is data sheet contains advance information and 
specifications are subject to change without notice. PCB83C652 

PCB80C652 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

GENERAL DESCRIPTION 

The PCB83C652 single-chip 8-bit microcontroller is manufactured in an advanced CMOS process and 
is a derivative of the PCB80C51 microcontroller family. PCB83C652 has the same instruction set as 
the PCB80C51. Two versions of the derivative exist although the generic term "PCB83C652" is used 
to refer to both family members: 

• PCB80C652: ROM-less version of the PCB83C652 

• PCB83C652: 8 K bytes mask-programmable ROM, 256 bytes RAM 

This device provides architectural enhancements that make it applicable in a variety of applications, 
in general control systems. 

The PCB83C652 contains a non-volatile 8 K x 8 read-only program memory (not ROM-less version), 
a volatile 256 x 8 read/write data memory; four 8-bit 1/0 ports; two 16-bit timer/event counters 
(identical to the timers of the 80C51), a multi-source, two-priority-level, nested interrupt structure; 
an 12 C interface, UART and on-chip oscillator and timing circuits. For systems that require extra 
capability, the PCB83C652 can be expanded using standard TTL compatible memories and logic. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arithmetic 
plus bit-handling capabilities. The instruction set consists of over 100 instructions; 44% one-byte, 
41 % two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 µs 
and 40% in 2 µs. Multiply and divide instructions require 4 µs. 

Features 

• 80C51 central processing unit 
• 8 K x 8 ROM, expandable externally to 64 K bytes 
• 256 x 8 RAM, expandable externally to 64 K bytes 
• Two standard 16-bit timer/counters 
• Four 8-bit 1/0 ports 
• 12 C bus serial 1/0 port with byte orientated master and slave functions 
• Full-duplex UART facilities 

PACKAGE OUTLINE 

PCB83C652: 44-lead PLCC; plastic, leaded-chip-carrier (SOT-187 A) 
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Fig. 2 Functional diagram. 
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PINNING 
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P2.5/A 13 
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Port 1: 8-bit quasi-bidirectional 1/0 port. Port 1 can sink/source one 
TTL (= 4 LS TTL) input. 
It can drive CMOS inputs without external pull-ups, except P1 .6 and P1 .7 
which have open drain outputs. 

Port pin Alternative function 

P1.6 SCL: 12 C-bus serial port clock line 
Pl.7 SDA: 12 C-bus serial port data line 

RST: a high level on this pin for two machine cycles while the oscillator 
is running resets the device. An internal pull-down permits Power-On reset 
using only a capacitor connected to Voo. 
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11, 13-19 P3.0-P3. 7 

20 XTAL 2 

21 XTALl 

22 Vss 

24-31 P2.0-P2.7 

32 PSEN 

33 ALE 

Port 3: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. It also 
serves the following alternative functions: 

Port pin Alternative function 

P3.0 

P3.1 

P3.2 

P3.3 

P3.4 

P3.5 

P3.6 

P3.7 

RXD/data: serial port receiver data input (asynchronous) 
or data input/output (synchronous) 

TXD/clock: serial port transmitter data output 
(asynchronous) or clock output (synchronous) 

INTO: external interrupt 0 or gate control input for 
timer/event counter 0 

I NTl: external interrupt 1 or gate control input for 
timer/event counter 1 

TO: external input for timer/event counter 0 

Tl: external input for timer/event counter 1 

WR: external data memory write strobe 

RD: external data memory read strobe 

Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL (= 4 LSTTL) 
input. It can drive CMOS inputs without external pull-ups. 

Crystal input 2: output of the inverting amplifier that forms the oscillator. 
Left open-circuit when an external oscillator clock is used (see Figs 10 and 
11). 

Crystal input 1: input to the inverting amplifier that forms the oscillator, 
and input to the internal clock generator. Receives the external oscillator 
clock signal when an external oscillator is used (see Figs 10 and 11). 

Ground: circuit ground potential. 

Port 2: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. During 
access to external memories (RAM/ROM) that use 16-bit addresses 
(MOVX @DPTR) Port 2 emits the high order address byte. When external 
RAM is accessed with an 8-bit address (MOVX @Ri) Port 2 emits the 
contents of the P2 special function register. Port 2 can sink/source one 
TTL (= 4 LSTTL) input. It can drive CMOS inputs without external 
pull-ups. 

Program Store Enable output: read strobe to the external Program Memory 
via port 0 and 2. It is activated twice each machine cycle during fetches 
from external Program Memory. When executing out of external Program 
Memory two activations of PSEN are skipped during each access to 
external Data Memory. PSEN is not activated (remains HIGH) during rTO 

fetches from external Program Memory. PSEN can sink/source 8 LS TTL 
inputs. It can drive CMOS inputs without an external pull-up. 

Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every 
six oscillator periods except during an external data memory access. ALE 
can sink/source 8 LS TTL inputs. It can drive CMOS inputs without an 
external pull-up. 
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PINNING (continued) 

35 

36-43 P0.7-PO.O 

44 Voo 

External Access input: When EA is held at a TTL high level the CPU 
executes out of the internal Program Memory (ROM) provided the program 
counter is less than 8192. When EA is held at a TTL low level, the, CPU 
executes out of external Program Memory via port 0 and port 2. EA is not 
allowed to float. 

Port 0: 8-bit open drain bidirectional 1/0 port. It is also the multiplexed 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). Port 0 can sink/source eight 
LSTTL inputs. 

Power supply: + 5 V power supply pin during normal operation, Idle mode 
and Power Down mode. 

At power-on, the voltage on any pin at any time must not be higher or lower than Voo + 0,5 V or 
Vss -- 0,5 V respectively. 
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Single-chip 8-bit microcontroller 

FUNCTIONAL DESCRIPTION 

General 

PCB83C652 
PCB80C652 

The PCB83C652 is a stand-alone high-performance microcontroller designed for use in real-time 
applications such as instrumentation and industrial control. 

The device provides, in addition to the 80C51 standard functions, a serial 12 C bus interface. As well 
as the parallel bus, functions may also be expanded using the 12 C bus utilizing the complete line of 
the 12 C clips family. 

The PCB83C652 is a control-oriented CPU with on-chip program and data memory. It can be extended 
with external program and data memory up to 64 K bytes. For systems requiring extra capability, the 
PCB83C652 can be expanded using standard memories and peripherals. 

The PCB83C652 has two software selectable modes of reduced activity for further power reduction 
- Idle and Power Down. The Idle mode freezes the CPU while allowing the RAM, timers, serial 
ports and interrupt system to continue functioning. The Power Down mode saves the RAM contents 
but freezes the oscillator causing all other chip functions to be inoperative. 

Memory organization 

The central processing unit (CPU) manipulates operands in three memory spaces; these are the 
64 K-byte external data memory, 256-byte internal data memory and the 64 K-byte internal and 
external program memory. The internal data memory address space is sub-divided into the 256-byte 
internal data RAM and 128-byte Special Function Register (SF R) address spaces, as shown in Fig. 4. 
Figure 5 shows the Special Function Register memory map. Internal RAM locations 0-127 are directly 
and indirectly addressable. Internal RAM locations 128-255 are only indirectly addressable as internal 
data RAM. The special function register locations 128-255 are only directly addressable. 

64K 

EXTERNAL 

8192 

J 
_[ l 8191 8191 

INTERNAL EXTERNAL 

(EA= 1) 18\ =al 

a a 

PROGRAM MEMORY 

7Z96495 

OVERLAPPED A SPACE 

255 ~---~ SPECIAL 

127 t------
INTERNAL 
DATA RAM a 

FUNCTION 
REGISTERS 

INTERNAL 
DATA MEMORY 

Fig. 4 Memory map. 

64K~---~ 

O'------' 
'-----y---1 

EXTERNAL 
DATA 

MEMORY 
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REGISTER DIRECT 
MNEMONIC BIT ADDRESS BYTE ADDRESS I HEX) 
,---A--..~~~~~~~~~~~---.,.....,..__.. 

l l 
B IF6 I F7 I F5 I F4 I F3 I F2 I F1 I FO I FOH 

ACC I E7 I E6 I E5 I E4 I E3 I E2 I E 1 I EO I EOH 

S1ADR DBH 

S1DAT DAH 

41' S1STA D9H 

S1CON DF DE DD DC DB DA 09 DB DBH 

PSW I 01 I os I os j o4 j 03102 I 01 I oo I ooH 

1P I BF I BE I BD I BC I BB I BA I Bs j BB I BBH 

P3 I B7 l Ba I BS I B4 l B3 l B2 l B1 I BO I BOH 

IE I AF I AE I AD I AC I AB I AA I A9 I AB I ASH 

P2 I A7 I A6 I As I A4 I A3 I A2 I A1 I AO I AOH 

SOBUF 99H 

SOCON 9F 9E 90 9C 9B 9A 99 98 98H 

P1 I 97 I sa I ss I s4 I s3 I s2 I s1 I so I 90H 

TH1 

THO 

TL1 

TLO 

TMOD 

TCON 

PCON 

DPH 

DPL 

SP 

PO 

BF J sEJsoJ scj BBj BAJ ssj ss 

' 

s11sa1 ss}s4Js31 s2l s1} so 

BDH 

SCH 

BBH 

BAH 

89H 

SSH 

87H 

::I' 
83H 

82H 

81H 

BOH 

# S1STA is a read-only register. 

Fig. 5 Special function registers memory map. 
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Single-chip 8-bit microcontroller 

FUNCTIONAL DESCRIPTION (continued) 

PCB83C652 
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The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is 
determined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register address space. These memory mapped registers include 
arithmetic registers, pointers, 1/0 ports, interrupt system registers, timers and serial port registers. 
There are 128 addressable bit locations in the SF R address space. 

The PCB83C652 contains 256 bytes of internal data RAM and 24 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative to 
a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls permit 
branching to any location in the contiguous 64 K program memory address space. 

Addressing 

The PCB83C652 has five methods for addressing source operands: 

• Register. 
• Direct. 
• Register-Indirect. 
• Immediate. 
• Base-Register plus Index-Register-Indirect. 

The first three methods can be used for addressing destination operands. Most instructions have a 
"destination/source" field that specifies the data type, addressing methods and operands involved. 
For operations other than MOVs, the destination operand is also a source operand. 

Access to memory addressing is as follows: 

• Registers in one of the four 8-register banks through Register, Direct, or Register-Indirect. 
• 256 bytes of internal data RAM through Direct or Register-Indirect. Bytes 0-127 may be addressed 

directly/indirectly. Bytes 128-255 share their address locations with the SFR registers and so 
may only be addressed indirectly as data RAM. 

• Special function registers through Direct at address locations 128-255. 
• External data memory through Register-Indirect. 
• Program memory look-up tables through Base-Register plus Index-Register-Indirect. 

The PCB83C652 is classified as an 8-bit device since the internal ROM, RAM, Special Function 
Registers (SF R), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs 
operations on bit, nibble, byte and double-byte data types. 

Facilities are available for byte transfer, logic, and integer arithmetic operations. Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 

Instruction set 

The PCB83C652 uses a powerful instruction set to allow expansion of on-chip CPU peripherals and 
to optimize byte efficiency and execution speed. Assigned opcodes add new high-power operations 
and permit new addressing modes. The instruction set consists of 49 single-byte, 45 two-byte and 
17 three-byte instructions. When using a 12 MHz oscillator, 64 instructions execute in 1 µsand 45 
instructions execute in 2 µs. Multiply and divide instructions execute in 4 µs. 
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FUNCTIONAL DESCRIPTION (continued) 

1/0 facilities 

The PCB83C652 has four 8-bit ports. Ports 0-3 are the same as in the 80C51, with the exception of 
the additional functions of port 1. Port lines Pl .7 and Pl .6 may be selected as the SDA and SCL lines 
of serial port SIOl (1 2 C). Because the 12 C bus may be active while the device is disconnected from 
Voo, these pins are provided with open drain drivers. 

N.B. Therefore these pins do not have pull-up devices when used as ports. 

Ports 0, 1, 2 and 3 perform the following alternative functions: 

• Port O; provides the multiplexed low-order address and data bus used for expanding the PCB83C652 
with standard memories and peripherals. 

• Port 1; Port 1 is partly used for the 12 C bus functions; 

-SCL and SDA forthe 12 C interface, P1.6and Pl.7 respectively. 

Bits whose alternate function is not used may be used as normal bidirectional 1/0 pins. 

• Port 2; provides the high-order address bus when expanding the PCB83C652 with external program 
memory and/or external data memory. 

• Port 3; pins can be configured individually to provide: 

external interrupt request inputs 
counter inputs 
serial port receiver input and transmitter output 
control signals to READ and WRITE external data memory 

The generation or use of a Port 3 pin as an alternative function is carried out automatically by the 
PCB83C652 provided the pin is loaded with a HIGH content. 

Q __________ __.___..9 n 

from port latch cb 

read port pin --------' 

INPUT 
BUFFER 

p2 

Fig. 6 1/0 buffers in the PCB83C652 (Ports 1, 2 and 3). 
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Single-chip 8-bit microcontroller 

Timer/event counters 

PCB83C652 
PCB80C652 

The PCB83C652 contains two 16-bit timer/event counters; Timer 0 and Timer 1. Timer 0 and Timer 1 
may be programmed to carry out the following functions: 

• Measure time intervals and pulse durations 
• Count events 
• Generate interrupt requests. 

Timer 0 and Timer 1 can be programmed independently to operate in three modes: 

• Mode O; 8-bit timer or 8-bit counter each with divide by 32 prescaler 
• Mode 1; 16-bit time-interval or event counter 
• Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow. 

Timer 0 can be programmed to operate in an additional mode as follows: 

• Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter. 

When Timer 0 is in Mode 3, Timer 1 can be programmed to operate in Modes 0, 1 or 2 but cannot 
set an interrupt request flag or generate an interrupt. However the overflow from Timer 1 can be used 
to pulse the serial Port transmission-rate generator. 

The frequency handling range of these counters with a 12 MHz crystal is as fol lows: 

• In the timer function, the timer is incremented at a frequency of 1 MHz, that is, a division by 12 of 
the oscillator frequency 

• 0 Hz to an upper limit of 0,5 MHz when programmed for external inputs. 

Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 

The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all logic 1s to all logic Os (or automatic reload value), with the exception of 
mode 3 as previously described. 

Serial 1/0 (see Fig. 7) 

The PCB83C652 is equipped with two independent serial ports. SIOO is the full duplex UART port 
and is identical to the serial port of the PCB80C51. 

Serial port SI01 supports the l2 C bus, the function of which is controlled by the S1CON register. 
S 1 ST A is the status register whose contents may also be used as a vector to various service routines. 
S1 DAT is the data shift register and S1 ADR the slave address register. 
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FUNCTIONAL DESCRIPTION (continued) 

SLAVE ADDRESS GC 1-
SlADR 

SDA -----..----------... SHIFT REGISTER I-
S1DAT 

ARBITRATION LOGIC 

SCL --------i BUS CLOCK GENERATOR 

6 5 4 
0 -

S1CON 

7Z97637 

Fig. 7 Block diagram of 12 C serial 1/0. 
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The 12 C serial 1/0 has complete autonomy in byte handling and operates in 4 modes: 

1. Master transmitter 
2. Master receiver 
3. Slave transmitter 
4. Slave receiver 

Slave address recognition is performed by hardware. 

The I 2C bus consists of two lines; a data line (SDA) and a clock line (SCL). These lines also function 
as the I /0 port lines on P 1. 7 and P 1 .6. The system is unique because data transport, clock generation, 
address recognition and bus control arbitration are all controlled by hardware. 

Serial control register Sl CON 

X ENSI STA STO SI AA CRl CRO 

SlCON 7 6 5 4 3 2 0 

Bits CR1 and CRO determine the clock frequency that is generated in the master mode of operation. 
Table 1 displays the clock rate when using a 12 MHz crystal. 

Table 1 Clock rate when using a 12 MHz crystal 

CR1/CRO bit frequency fosc divided by 

0 0 12,5kHz 960 
0 1 100kHz 120 
1 0 200 kHz 60 (f05c < 6 MHz meeting 12 C) 
1 1 62,5-0,5 kHz 96 x (256-reload value Timer 1) 

(reload value range: 0-254 in mode 2) _ ____, 
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AA 

Assert acknowledge bit. When this bit is set, an acknowledge is returned after any one of the following 
conditions: 

Own slave address is received 
General call address is received (S1ADR.O =logic 1) 
A data byte is received, while the device is programmed to be a master receiver 
A data byte is received, while the device is a selected slave receiver. 

When this bit is reset, no acknowledge is returned. Consequently, no interrupt is requested when the 
own address or general call address is received. 

SI 

SI01 interrupt flag. This flag is set, and an interrupt request is generated, after any of the following 
events occur: 

STO 

A START condit.ion is generated in MST mode 
The own slave address has been received during AA = logic 1 
The general call address has been received while S1ADR.O and AA= logic 1 
A data byte has been received or transmitted in MST mode (even if arbitration is lost) 
A data byte has been received or transmitted as selected slave 
A STOP or START condition is received as selected slave Rx or Tx. 

STOP flag. When in master mode, and this bit is set a STOP condition is generated. A STOP condition 
detected on the 12 C bus clears this bit. This bit may also be set in slave mode in order to recover from 
an error condition. Then no STOP condition is generated to the 12 C bus, but the hardware releases 
the SDA and SCL lines and switches to the not selected slave receiver mode. The STOP flag is cleared 
by the hardware. 

STA 

START flag. When this bit is set, the hardware checks the 12 C bus and generates a START condition 
if the bus is free. If the device is already programmed as either master/transmitter or master/receiver, 
it will generate a repeated START condition. 

ENSI 

0 =Serial 1/0 Disabled and reset. P1 .6 and P1 .7 1/0 port function with open drain 

1 =Serial 1/0 Enabled. Output ports P1 .6 and P1 .7 must be set to logic 1. 

293 
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FUNCTIONAL DESCRIPTION (continued) 

Serial status register S1 STA 

SC4 SC3 SC2 SC 1 SCO 

S1STA 7 6 5 4 3 

0 0 0 

2 0 

S1STA.3 - S1STA.7 hold a status code. S1STA.O - S1STA.2 are held LOW. The contents of the status 
register may be used as a vector to a service routine. This optimizes the response time of the software 
and consequently that of the 12 C bus. 

The following is a list of the status codes in decimal representation. The decimal value corresponds to 
the value of the upper five bits of the status register. 

SLA : 7-bit slave address 
: Read bit R 

w 
ACK 
ACK 
DATA 
MST 
SLV 
TRX 
REC 

: Write bit 
: Acknowledgement (acknowledge bit= logic 0) 
: Not acknowledgement (acknowledge bit = logic 1) 
: 8-bit data byte to or from 12 C bus 
: Master 
: Slave 
: Transmitter 
: Receiver 

MST /TRX mode 

S1STA value 

1 A ST ART condition has been transmitted 
2 A repeated START condition has been transmitted 
3 SLA and W have been transmitted, ACK has been received 
4 SLA and W have been transmitted, ACK received 
5 DATA of S1 DAT has been transmitted, ACK received 
6 DATA of S1 DAT has been transmitted, ACK received 
7 Arbitration lost in SLA and R/W or DAT A 

MST/REC mode 

S1STA value 

7 Arbitration lost while returning ACK 
8 - SLA and R have been transmitted, ACK received 
9 - SLA and R have been transmitted, ACK received 

10 - DATA has been received, ACK returned 
11 - DATA has been received, ACK returned 
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Single-chip 8-bit microcontroller 

SLV/REC mode 

S1STA value 

12 Own SLA and W have been received, ACK returned 

PCB83C652 
PCB80C652 

13 Arbitration lost in SLA and R/W as MST. Own SLA and W have been received, ACK 
returned 

14 General CALL has been received, ACK returned 
15 Arbitration lost in SLA and R/W as MST. General call has been received 

16 Previously addressed with own SLA. DATA byte received, ACK returned 
17 Previously addressed with own SLA. DATA byte received, ACK returned 
18 Previously addressed with general call. DATA byte has been received, ACK has been 

returned 

19 Previously addressed with general call. DATA byte has been received, ACK has been 
returned 

20 A STOP condition or repeated START condition has been received while still addressed 
as SLV/REC or SLV/TRX. 

SLV/TRX mode 

S1STA value 

21 Own SLA and R have been received, ACK returned 
22 Arbitration lost in SLA and R/W as MST. Own SLA and R have been received, ACK 

returned 
23 DATA byte has been transmitted, ACK received 
24 DAT A byte has been transmitted, ACK received 
25 Last DATA byte has been transmitted (AA= logic 0), ACK received 

Miscellaneous 

S1STA value 

00 Bus error during MST mode or selected SL V mode, due to an erroneous START or STOP 
condition. 

The data shift register S1 DAT 

S1DAT ~1=71_7--'---6~1-~4~1_3~2-~l__,__U 
This register contains the serial data to be transmitted or data which has just been received. Bit 7 is 
transmitted or received first; i.e. data is shifted from right to left. 

Address register S1ADR 

S1ADR 

S1ADR.O, GC 

S1ADR,7-1 

~-7~--6-~-5-sl-'av-e a:dress 3-~-2~--~I-~ 
0 = general cal I address is not recognized 
1 =general call address is recognized 

own slave address 

This 8-bit register may be loaded with the 7-bit slave address to which the controller will respond when 
programmed as a slave receiver/transmitter. The LSB bit (GC) is used to determine whether the general 
call address is recognized. 
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FUNCTIONAL DESCRIPTION (continued) 

Idle and Power-down operation (see Fig. 8) 

Idle mode operation permits the interrupt, serial ports and timer blocks to continue to function while 
the clock to the CPU is halted. 

The·following functions remain active during IDLE mode. These functions may generate an interrupt 
or reset and thus end the IDLE mode: 

Timer 0, Timer 1 
SIOO, SIOl 
External interrupt 

The Power-down operation freezes the oscillator. The Power-down mode can only be activated by 
setting the PD bit in the PCON register. 

~--1011---~ 

XTAL2 XTAL1 

OSCILLATOR 

CLOCK 
GENERATOR 

interrupt serial 
port timer blocks 

IDL 

7 280800 

Fig. 8 Internal Idle and Power-down clock configuration. 

Power control register (PCON) 

These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 

PCON 

SMOD X X X GFl GFO PD IDL 

7 6 5 4 3 2 0 
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Single-chip 8-bit microcontroller 

Bit Definition 

PCB83C652 
PCB80C652 

SMOD PCON.7 Double Baud rate bit. When set to logic 1 the baud rate is doubled if the 
serial port SIOO is being used in modes 1, 2 or 3. 

PCON.6 (reserved) 
PCON.5 (reserved) 
PCON.4 (reserved) 

G F 1 PCON .3 general-purpose flag bit 
GFO PCON.2 general-purpose flag bit 
PD PCON .1 Power-down bit; setting this bit activates power-down mode 
ID L PCON .0 Idle mode bit; setting this bit activates the idle mode operation. 

If logic 1s are written to PD and I DL at the same time, PD takes precedence. The reset value of PCON 
is (OXXOOOOO). 

Idle mode 

The instruction that sets PCON.O is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 2. 

There are two ways to terminate the Idle mode: 

Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following return from interrupt instruction R ETI, the next 
instruction to be executed will be the one which follows the instruction that wrote a logic 1 to 
PCON.O. 

The flag bits G FO and G F 1 may be used to determine whether the interrupt was received during 
normal execution or during the Idle mode. For example, the instruction that writes to PCON.O can 
also set or clear one or both flag bits. When Idle mode is terminated by an interrupt, the service 
routine can examine the status of the flags bits. 

The second way of terminating the Idle mode is with an external hardware reset. Since the oscillator 
is still running, the hardware reset is required to be active for two machine cycles (24 oscillator 
periods) to complete the reset operation. 

Power-down mode 

The instruction that sets PCON.1 is the last executed prior to going into the Power-down mode. Once 
in Power-down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 
The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power
-down mode. 

In the Power-down mode, VDD may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power-down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabi I ized. 

The status of the external pins during Power-down mode is shown in Table 2. If the Power-down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power
-down mode by the strong pull-up transistor p1 (see Fig. 6). 
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FUNCTIONAL DESCRIPTION (continued) 

Table 2 Status of the external pins during Idle and Power-down modes. 

mode memory ALE PSEN Port 0 Port 1 
t- -------

Idle internal 1 1 port data port data 

Idle external 1 1 floating port data 

Power-down internal 0 0 port data port data 

Power-down external 0 0 floating port data 

Port 2 
+---· 

Port 3 

port data port data 

address port data 

port data port data 

port data port data 

Note: Port 1.7 and 1.6 if selected, function as SDA and SCL respectively in the I OLE mode. 

Interrupt system (see Fig. 9) 

External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 µs to 8 µs when using a 12 MHz crystal. The PCB83C652 
acknowledges interrupt requests from six sources as follows: 

• INTO and I NT1; externally via pins 14 and 15 respectively 
• Timer 0 and Timer 1 ;-from the two internal counters 
• 12 C serial 1/0 interrupt 
• UART serial 1/0 port interrupt 

Each interrupt vectors to a separate location in program memory for its service program. Each source 
can be individually enabled or disabled by a corresponding bit in the IE register, moreover each 
interrupt may be programmed to a high or low priority level using a corresponding bit in the IP 
register. Also all enabled sources can be globally disabled or enabled. Both external interrupts can 
be programmed to be level-activated or transition-activated, and an active LOW level allows "wire-
-0 Ring" of several interrupt sources to the input pin. 
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FUNCTIONAL DESCRIPTION (continued) 

Interrupt enable register 

IE 

Bit 

IE.7 

EA 

EA 

ESl ESQ ETl EXl 

Function 

General enable/disable control 
0 = No interrupt is enabled 

ETO EXO 

1 =Any individually enabled interrupt will be accepted 

IE.6 

IE.5 

I E.4 

IE.3 

IE.2 

IE.1 

IE.O 

ESl 

ESO 

ETl 

EXl 

ETO 

EXO 

Unused 

Enable SIOl 12 C interrupt 

Enable SIOO (UART) interrupt 

Enable Timer 1 interrupt 

Enable External 1 interrupt 

Enable Timer 0 interrupt 

Enable External 0 interrupt 

Interrupt priority register 

IP 

x x PSl PSO PTl PXl PTO 

17 6 5 I 4 3 2 

Bit Function 

IP.7 Unused 

IP.6 Unused 

IP.5 PSl SI01 (1 2 C) interrupt priority level 

IP.4 PSO SIOO (UART) interrupt priority level 

IP.3 PTl Timer 1 interrupt priority level 

IP.2 PX1 External interrupt 1 priority level 

IP.1 PTO Timer 0 interrupt priority level 

IP.O PXO External interrupt 0 priority level 
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Single-chip 8-bit microcontroller PCB83C652 
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Table 3 shows the interrupt vectors. The vector indicates the ROM location where the appropriate 
interrupt reduce routine starts. 

Table 3 Interrupt vectors 

Source Vector 

External 0 XO 0003H 

Timer 0 overflow TO I OOOBH 

External 1 X1 0013H 

Timer 1 overflow T1 001BH 

Serial 1/0 0 (UART) so 0023H 

Serial 1/0 1 (1 2 C) S1 002BH 

Interrupt priority 

Each interrupt source can be provided by software with two priority levels; logic 1 and logic 0. If both 
levels are requested simultaneously, the processor will branch to the level logic 1 vector. If there are 
simultaneous requests from sources of the same priority, then interrupts wil I be serviced in the following 
order: 

XO, S1, TO, X1, T1, SO 

A logic 0 interrupt routine can be interrupted by a logic 1 interrupt. 

Oscillator circuitry 

The oscillator circuitry of the PCB83C652 is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the transfer 
point. Either a crystal or ceramic resonator can be used as the feedback element to complete the 
oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 21) is the high gain amplifier 
input, and XTAL 2 (pin 20) is the output (see Fig. 10). To drive the PCB83C652 externally, XT AL 1 
is driven from an external source and XTAL 2 left open-circuit (see Fig. 11). 

Cl 
~f--__.._X_T_A_L-11 21 

C2 XTAL2 
~t--~---1 20 

Cl= C2 =± 20pF 
7Z96666 

Fig. 10 PCB83C652 oscillator circuit. 

external clock ___ x_TA_L_l-1 21 
(not TTL compatible) 

XTAL2 
not connected __ ___, 20 

7Z96664 

Fig. 11 Driving the PCB83C652 from 
an external source. 
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FUNCTIONAL DESCRIPTION (continued) 

Reset circuitry (see Fig. 12) 

The reset circuitry for the PCB83C652 is connected to the reset pin RST. A Schmitt trigger is used at 
the input for noise rejection. The output of the Schmitt trigger is sampled by the reset circuitry every 
machine cycle. 

on-chip 
resistor 

SCHMITT 
TRIGGER 

ff RESET 

CIRCUITRY 

7Z80801 

Fig. 12 Reset configuration at RST. 

A reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. During 
reset ALE and PSE N output a HIGH level. In order to perform a correct reset, this level must not be 
affected by external elements. 

The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 

Register Content 

ACC 0000 0000 
B 0000 0000 
DPL 0000 0000 
DPH 0000 0000 
IE oxoo 0000 
IP xxoo 0000 
PCH 0000 0000 
PCL 0000 0000 
PCON oxxx 0000 
PSW 0000 0000 
PO- P3 1111 1111 
SOBUF xxxx xxxx 
SOCON 0000 0000 
S1ADR 0000 0000 
SlCON xooo 0000 
S1DAT 0000 0000 
S1STA 1111 1000 
SP 0000 0111 
TCON 0000 0000 
THO, TH1 0000 0000 
TLO, TL 1 0000 0000 
TMOD 0000 0000 

The internal RAM is not affected by reset. When Voo is turned on, the RAM content is indeterminate. 
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Power-on reset (see Fig. 13) 

PCB83C652 
PCB80C652 

When Voo is turned on an automatic reset can be obtained by connecting the RST pin to Voo via 
a 10 µF capacitor. When the power is switched on, the current drawn by RST is the difference between 
Voo and the capacitor voltage, and decreases from Voo as the capacitor charges through the internal 
resistor (RRsT) to ground. The larger the capacitor, the more slowly VRST decreases. VRST must 
remain above the lower threshold of the Schmitt trigger long enough to effect a complete reset. The 
time required is the oscillator start-up time, plus 2 machine cycles. 

+ 
10uF 

PCBB3C652 

PCBBOC652 

RST 

7Z96665 

Fig. 13 Power-on reset. 
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INSTRUCTION SET 

Table 4 Instruction set description 

mnemonic description bytes/ opcode 
cycles (hex.) 

Arithmetic operations 

ADD A,Rr Add register to A 1 2* 

ADD A,direct Add direct byte to A 2 25 

ADD A,@Ri Add indirect RAM to A 1 26,27 

ADD A,#data Add immediate data to A 2 24 

ADDC A,Rr Add register to A with carry flag 3* 

ADDC A,direct Add direct byte to A with carry flag 2 35 

ADDC A,@Ri Add indirect RAM to A with carry flag 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 34 

SUBB A,Rr Subtract register from A with borrow 1 9* 

SUBB A,direct Subtract direct byte from A with borrow 2 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 96,97 

SUBB A,#data Subtract immediate data from A with borrow 2 94 

INC A Increment A 04 

INC Rr Increment register O* 

INC direct Increment direct byte 2 05 

INC @Ri Increment indirect RAM 06,07 

DEC A Decrement A 14 

DEC Rr Decrement register 1 1 * 

DEC direct Decrement direct byte 2 15 

DEC @Ri Decrement indirect RAM 1 16, 17 

INC DPTR Increment data pointer 2 A3 

MUL AB Multiply A & B 4 A4 

DIV AB Divide A by B 4 84 

DA A Decimal adjust A D4 
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mnemonic description 

Logic operations 

ANL A,Rr AND register to A 

ANL A,direct AND direct byte to A 

ANL A,@Ri AND indirect RAM to A 

ANL A,#data AND immediate data to A 

ANL direct.A AND A to direct byte 

ANL direct,#data AND immediate data to direct byte 

ORL A,Rr 0 R register to A 

ORL A,direct OR direct byte to A 

ORL A,@Ri OR indirect RAM to A 

ORL A,#data OR immediate data to A 

ORL direct,A OR A to direct byte 

ORL direct,#data OR immediate data to direct byte 

<I: XRL A,Rr Exclusive-OR register to A 
I-
<I: XRL A,direct Exclusive-OR direct byte to A 
0 
I- XRL A,@Ri Exclusive-OR indirect RAM to A z 
w XRL A,#data Exclusive-OR immediate data to A ::!: 
a.. XRL direct,A Exclusive-OR A to direct byte 0 
_J 
w 
> 

XRL di rect,#data Exclusive-OR immediate data to direct byte 
w CLR A Clear A 
0 

CPL A Complement A 

RL A Rotate A left 

RLC A Rotate A left through the carry flag 

RR A Rotate A right 

RRC A Rotate A right through the carry flag 

SWAP A Swap nibbles within A 

bytes/ 
cycles 

1 

2 

1 

2 

2 1 

3 2 

2 

1 

2 

2 1 

3 2 

1 

2 

1 

2 

2 

3 2 
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opcode 
(hex.) 

5* 

55 

56,57 

54 

52 

53 

4* 

45 

46.47 

44 

42 

43 

6* 

65 

66,67 

64 

62 

63 

E4 

F4 

23 

33 

03 

13 

C4 
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INSTRUCTION SET (continued) 

mnemonic description 
bytes/ opcode 
cycles (hex.) 

Data transfer 

MOV A,Rr Move register to A 1 E* 

MOV A,direct (**) Move direct byte to A 2 E5 

MOY A,@Ri Move indirect RAM to A E6,E7 
MOV A,#data Move immediate data to A 2 74 

MOV Rr,A Move A to register F* 

MOV Rr,direct Move direct byte to register 2 2 A* 
MOV Rr,#data Move immediate data to register 2 7* 

MOV direct,A Move A to direct byte 2 F5 

MOV direct,Rr Move register to direct byte 2 2 8* 
MOV direct,direct Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM 1 1 F6,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 
MOV @Ri,#data Move immediate data to indirect RAM 2 76, 77 
MOV DPTR,#data 16 Load data pointer with a 16-bit constant 3 2 90 
MOVC A,@A+DPTR Move code byte relative to DPTR to A 2 93 
MOVC A,@A+PC Move code byte relative to PC to A 2 83 
MOVX A,@Ri Move external RAM (8-bit address) to A 2 E2,E3 

MOVX A,@DPTR Move external RAM (16-bit address) to A 2 EO 
MOVX@Ri,A Move A to external RAM (8-bit address) 2 F2,F3 
MOVX @DPTR,A Move A to external RAM ( 16-bit address) 2 FO 

PUSH direct Push direct byte onto stack 2 2 co 
POP direct Pop direct byte from stack 2 2 DO 
XCH A,Rr Exchange register with A 1 C* 
XCH A,direct Exchange direct byte with A 2 C5 
XCH A,@Ri Exchange indirect RAM with A C6,C7 
XCHD A,@Ri Exchange LOW-order digit indirect RAM with A D6,D7 

** MOV A,ACC is not permitted. 
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Notei to T.t>le4 

Data addre$Sing modes 

Rr Working register RO-R7. 

direct 128 internal RAM locations and any special function register (SFR). 

@Ri lndir!!Ct internal RAM location addressed by register RO or R1 of the actual register bank. 

#data 8-bit constant inclu.ded in instruction. 

#data16 16-bit constant included as bytes 2 and 3 of instruction. 

bit 

addr16 

addr11 

rel 

direct addressed bit in internal RAM or SFR. 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere within 
the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALL and AJMP. The branch will be within the same 
2 K-byte page of program memory as the first byte of the following instruction. 

Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. Range 
is -128 to+ 127 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 5 

*· 8,9,A,B,C,D,E,F. 
•: 11,31,51,71,91,81,01,Fl. 

•: 01,21,41,61,81;A1,C1,E1. 
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Table 5 Instruction map 

fr first hexadecimal character of opcode 

0 1 2 3 

0 NOP AJMP LJMP RR A 
page 0 addr 16 

1 JBC ACALL LCALL RRC A 
bit,addrB page 0 addr16 

I 2 JB I AJMP RET RL A 
bit,addrB page 1 

3 JNB ACALL RET1 RLCA 
bit,addrB page 1 

4 JC AJMP ORL ORL 
addr8 page 2 dir,A dir,#data 

5 JNC ACALL ANL ANL 
addrB page 2 dir,A dir,#data 

6 JZ AJMP XRL XRL 
addrB page 3 dir,A dir,#data 

7 JNZ ACALL ORL JMP 
addrB I page 3 C,bit @A+DPTR 

8 I SJMP AJMP ANL MOVC 
addr8 page 4 C,bit A,@A+PC 

9 MOV DPTR, ACALL MOV MOVC 
#data 16 page 4 bit,C A,@A+DPTR 

A ORL AJMP MOV INC 
C,/bit page 5 C,bit DPTR 

BI ANL ACALL CPL CPLC 
I I C,/bit page 5 bit 

C 1 PUSH AJMP CLR CLR C 
dir page 6 bit 

D POP I ACALL SETB I SETB 
f--- dir page 6 bit C 

i E MOVX ! AJMP I MOVX A,@Ri 
I 'A,@DPTR page7 0 J1 

I F MOVX . ACALL MOVX@Ri,A 
I @DPTR,A ~e7 0 l 1 

DEVELOPMENT DATA 

second hexadecimal character of opcode 

4 5 6 }7 B}9}A B c D 

INCA INC INC@Ri INC Rr 
dir 0 I 1 0 J 1 J2 3 4 5 

DEC A DEC DEC@Ri DEC Rr 
dir 0 l 1 0 J 1 12 3 4 5 

ADD ADD ADD A,@Ri ADD A,Rr 
A,#data A,dir 0 j1 0 J 1 j2 3 4 5 

ADDC ADDC ADDC A,@Ri ADDC A,Rr 
A,#data A,dir 0 I 1 0 J 1 12 3 4 5 

ORL ORL ORL A,@Ri ORL A,Rr 
A,#data A,dir 0 J 1 0 11 [ 2 3 4 5 

ANL ANL ANL A,@Ri ANL A,Rr 
A,#data A,dir 0 J1 0 J 1 12 3 4 5 

XRL XRL XRL A,@Ri XRL A,Rr 
A,#data A,dir 0 I 1 0 J 1 12 3 4 5 

MOV I MOV MOV @Ri,#data MOV Rr,#data 
A,#data dir,#data 0 I 1 011 12 13 4 5 

DIV MOV MOV dir,@Ri MOV dir,Rr 
AB dir,dir 0 I 1 OJ1 12 13 4 5 

SUBB r·· SUBB A,@Ri SUBB A,Rr 
I A,#data A,dir 0 I 1 011 12 13 4 5 

MUL MOV @Ri,dir MOV Rr,dir 
AB 0 I 1 0 11 12 I 3 4 5 

CJNE A, CJNE CJNE @Ri,#data,addrB CJNE Rr,#data,addrB 
#data,addrB A,dir,addrB 0 I 1 0J1 J2 3 4 5 

SWAP XCH XCH A,@Ri XCH A,Rr 
'A A,dir 0 I 1 0 11 12 3 4 5 

DAA DJNZ XCHD A,@Ri DJNZ Rr,addrB 
dir,addrB 0 J1 0 11 12 3 4 5 

CLR A MOV MOV A,@Ri MOV A,Rr 
A,dir 10 I 1 0 11 12 3 4 5 

CPL A MOV MOV @Ri,A MOV Rr,A 
I dir,A 0 I 1 0 ! 1 J2 3 4 5 

E 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

6 

F 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 

7 
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RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Input voltage on any pin 
with respect to ground (Vss) v, 

Input, output current ±11, lo 

Total power dissipation Ptot 
Storage temperature range Tstg 
Operating ambient temperature range Tamb 

310 N<W<mb" 19861 ( 

-0,5 to +7 V 

max. 5 mA 

max. 1W 

-65 to +150 oc 

0 to+70 °c 
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D.C. CHARACTERISTICS 

Voo = 5 V (±10%); Vss = O V; Tamb = 0 to +70 °c; all voltages with respect to Vss unless otherwise 
specified 

parameter symbol min. max. unit conditions 

Supply voltage Voo 4,5 5,5 v 

Supply current 
operating (note 1) loo - tbf mA fcLK = 12 MHz 
idle mode (note 2) loo - tbf mA fcLK = 12 MHz 

Power-down current lpo - tbf µ.A Voo=2 v (note 3) 

Inputs (see note 6) 

LOW level input voltage 
(except EA, P1 .6/SCL, 
P1.7/SOA V1L -0,5 o,2voo-o,1 v 

LOW level input voltage 
(EA) V1L1 -0,5 o,2Voo-0,3 v 

LOW level input voltage 
(P1.6/SCL, P1.7/SOA) V1L2 -0,5 1,5 v 

HIGH level input voltage 
(except XTAL 1, RST, 
P1.6/SCL, P1.7/SOA) V1H 0,2Voo+o,9 Voo+0,5 v 

HIGH level input voltage 
(XTAL 1, RST) V1H1 o,7Vcc voo+0,5 v 

HIGH level input voltage 
(P1.6/SCL, P1.7/SDA) V1H2 3,0 Voo+0,5 v 

Input current logic 0 
(Ports 1, 2, 3 and 4; except 
P1.6/SCL, P1 .7/SDA) -l1L - 50 µ.A v, = 0,45 v 

Input current logic 1 
to 0 transition 
(Ports 1, 2, 3 and 4; except 
P.1/SCL, P1.7/SDA) 

Input leakage current 
(Port 0, EA, STAOC,EWN, 
P1.6/SCL, P1.7/SDA) 

-ITL - 500 µ.A V1 =2 v 

±lu - 10 µ.A 0,45V<V1 <Voo 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C system provided 
the system conforms to the 12 C specification defined by Philips. 

__ ------------------------- ----------~ ( •~•mb" 1986 
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D.C. CHARACTERISTICS (continued) 

parameter symbol 

Outputs 

LOW level output voltage (note 4) 
(Ports 1, 2, 3 lJnd 4; 
except P1 .6/SCL, P1 .7/SDA) VOL 

LOW level output voltage (note 4) 
(Port 0, ALE, PSEN) Vou 

LOW level output voltage 
(P1.6/SCL, P1 .7 /SCL) VOL2 

HIGH level output voltage 
(Ports 1, 2, 3 and 4; 
except P1 .6/SCL, P1 .7/SDA) VoH 

HIGH level output voltage (note 5) 
(Port 0 in external Bus mode, 
ALE, PSEN) VoH1 

RST pull-down resistor RRST 
1/0 pin capacitance C110 

Notes to the d.c. characteristics 

min. max. unit conditions 

- 0,45 v IOL = 1,6 mA 

- 0,45 v IOL = 3,2 mA 

- 0,4 v IOL = 3,0mA 

2,4 - v -IOH =BOµA; 
Voo = 5 v ± 10% 

o,75Voo - v -IOH = 30µA 
o,9Voo - v -IOH = 10µA 

2,4 - v -loH = 400 µA; 
Voo = 5 v ± 10% 

0,75Voo - v -IOH = 150µA 
o,9Voo - v -IOH =40µA 

40 125 kn 

- 10 pF test freq.= 1 MHz; 
Tamb = 25 oc 

1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with 
tr= tf = 10 ns; V1 L = Vss + 0,5 V, V1 H = Voo -0,5 V; XTAL 2 not connected; EA= RST = 
.Port O = Voo. 

2. The idle mode supply current is measured with all output pins disconnected; XTAL 1 driven with 
tr= tf = 10 ns, V1L=Vss+0,5 V, V1H = Voo -0,5 V; XTAL 2 not connected; EA= Port 0 = 
Voo; RST = Vss. 

3. The power-down current is measured with all output pins disconnected; XTAL 2 not connected; 
EA= Port 0 = Voo; RST = Vss. 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the 
LOW level output voltage of ALE, Port 1 and Port 3. The noise is due to external Bus capacitance 
discharging into the Port 0 and Port 2 pins when these pins make a 1-to-0 transition during Bus 
operations. In the most adverse condition (capacitive loading> 100 pF) the noise pulse on ALE line 
may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or use 
an address latch with a Schmitt trigger STROBE input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and PSEN 
to momentarily fall below the 0,9 Voo specification when the address bits are stabilizing. 

6. The input threshold voltage of P1 .6 and P1 .7 (SI 01) meets the 12 C specification, so an input voltage 
below 1,5 V will be recognized as a logic 'O' while an input voltage above 3,0 V will be recognized 
as a logic 1. 
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Single-chip 8-bit microcontroller 

A.C. CHARACTERISTICS 

PCB83C652 
PCB80C652 

Voo = 5 v ± 10%; Vss = 0 V; Tamb = 0 to +70 °c; CL= 100 pF (Port 0, ALE and PSEN); CL= 80 pF 
(all other outputs); unless otherwise specified (see waveforms Figs 16, 17 and 18) 

* 

10 MHz 12 MHz variable clock 
parameter symbol unit 

min. max. min. max. min. max. 

Program memory 

ALE pulse duration tLL 160 - 127 - 2tcK-40 - ns 

Address set-up 
tim~ to ALE tAL 60 - 43 - tcK-40 - ns 

Address hold time 
after ALE tLA 65 - 48 - tcK-35 - ns 

Time from ALE to valid 
instruction input tuv - 300 - 233 - 4tcK-100 ns 

Time from ALE to 
control pulse PSEN tLc 75 - 58 - tcK-25 - ns 

Control pulse 
duration PSE N tee 265 - 215 - 3tcK-35 - ns 

Time from PSEN to valid 
instruction input tc1v - 175 - 125 - 3tcK-125 ns 

Input instruction hold 
time after PSEN tc1 0 - 0 - 0 - ns 

Input instruction float 
delay after PSEN* tc1F - 80 - 63 - tcK-20 ns 

Address valid 
after PSEN* tAc 92 - 75 - tcK-8 - ns 

Address to valid 
instruction input tAIV - 385 - 302 - 5tcK-115 ns 

Address float time 
to PSEN tAFC -12 - -12 - 0 - ns 

Interfacing the PCB83C652 to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to Port O drivers. 
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A.C. CHARACTERISTICS (continued) 

parameter symbol 

External data memory 

RD pulse duration tRR 
WR pulse duration tww 
Address hold time 

after ALE tLA 
RD to valid data input tRo 
Data hold time after RD tDR 

Data float delay 
after RD to FR 

Time from ALE to 
valid data input tLO 

Address to valid 
data input tAD 

Time from ALE to 
RD or WR tLw 

Time from address to 
RD or WR tAW 

Time from RD or WR 
HIGH to ALE HIGH tWHLH 

Data valid to WR 
transition tDwx 

Data set-up time 
before WR tow 

Data hold time after WR two 
Address float delay 

after RD tAFR 

Where: 

10MHz 

min. max. 

500 -
500 -

65 -

- 335 

0 -

- 130 

- 650 

- 735 

250 350 

270 -

60 140 

40 -

550 -
50 -

- 12 

1/tcK = 3,5 to 12 MHz (see Fig. 15 and Table 6). 

314 November 19861 

12 MHz variable clock 

min. max. min. 
unit 

max. 

400 - 6tcK-100 - ns 

400 - 6tcK-100 - ns 

48 - tcK-35 - ns 

- 250 - 5tcK-165 ns 

0 - 0. - ns 

- 97 - 2tcK-70 ns 

- 517 - 8tCK-150 ns 

- 585 - 9tCK-165 ns 

200 300 3tcK-50 3tcK+50 ns 

203 - 4tcK-130 - ns 

43 123 tCK-40 tcK+40 ns 

23 - tcK-60 - ns 

433 - 7tCK-150 - ns 

33 - tcK-50 - ns 

- 12 - 12 ns 
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~ov 2ov 

o.::~--~ ~--
test points 

(a) 

r. ·--·-float 

2,4V --~- 2,0V 

0,45V O,SV 

Z,J-2.4V 

0,8 v --- 0,45 v 

(b) 7Z87542 

Fig. 14 A.C. testing input, output waveform (a) and float waveform (b). 

A.C. testing inputs are driven at 2,4 V for a logic 1 and 0.45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
Port 0 pin sinks 3,2 mA or sources 400 µ.A at the voltage test levels. 

~~ 0,8V O,BV 

.,.___ [LOW -11--

1: tH-·G1H ~~~~· VIH1 

..,_~~~~ tcK~~~~--1 

Fig. 15 External cloc;k drive XTAL 1 (see Table 6). 

Table 6 External clock drive XTJ\L 1 (see Fig. ·15) 

parameter 

oscillator clock per 

HIGH time 

iod 

·.----· 

symbol 

tcK 

tHIGH 

variable clock 
(f = 3,5 to 12 MHz) 

min. max. 

83,3 286 

20 tcK-tLOW 

7Z87543 

unit 

ns 

ns 

LOW time tLQW 20 tcK-tHIGH ns 

rise time tr - 20 ns 

fall time tf - 20 ns 
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A.C. CHARACTERISTICS (continued) 

..__tlL_.,..,.___tLIV___.. 

ALE 

PORTO 

PORT2 

ALE 

PSEN 

RD 

PORTO 

PORT2 

316 November 1986 

_,... ._.tAFC 
....-tLA_.. 

--.. tAL ,,..__tc1v_. 

ADO to AD7 ADO to AD7 inst. input 

address ADS to AD15 or 
special function registers (SFR) 

address ADS to AD15 or 
special function registers (SF A) 

7Z87549.1 

Fig. 16 Read from program memory. 

__.. twHLH 
, ________ tLD --------

.--tLW ----.-41--------~-tRR----

tLA--1 
!-<------- tAw------. ~ 1RD-----. 

data input 

address ADS to AD15 or special function registers {SFR) 

7Z81550.1 

Fig. 17 Read from data memory. 
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ALE 

PSEN 

-'LW 

1------ 'ww _____ __,~, 

WR 

1---+--'AW ---~1 

... 'AcJ- - 'owx 1-
-'LA- ,._ _______ 'ow --------1- 'wo--

PORTO ADO to AD7 data output 

PORT2 address ADS to AD15 or special function registers (SFR) 

1Z81551.1 

Fig. 18 Write to data memory. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PCB85C51 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The PCB85C51 is the software development version of the PCB80C51 8-bit microcontroller family. 
The PCB85C51, manufactured in CMOS technology, 1s chiefly used for the software/hardware 
development of PCB80C51 applications. The 85C51 has the same electrical parameters as the 80C51 
and has an identical instruction set. The 85C51 contains no internal ROM but can address externally 
as 'quasi-internal', up to 16 K of program memory via its 14 address and 8 data lines. Lines M1/M2 
operate as memory control, the signal PSENE serves as memory chip enable. The PCB85C51 does 
contain a volatile data memory RAM of 128 x 8 bytes; 32 1/0 lines; two 16-bit timer/event counters; 
a five-source, two-priority-level, nested interrupt structure; a serial 1/0 port for either multi-processor 
communications, 1/0 expansion, or full duplex UART; and on-chip oscillator and timing circuits. For 
systems that require extra capability, the PCB85C51 can be expanded using standard TTL compatible 
memories and logic. 

The PCB85C51 has two software selectable modes of reduced activity for further power reduction -
Idle and Power Down. 
The Idle mode freezes the CPU while allowing the RAM, timers, serial port and interrupt system to 
continue functioning. 
The Power Down mode saves the RAM contents but freezes the oscillator causing all other chip 
functions to be inoperative. 

The device also functions as an arithmetic processor having facilities for both binary and BCD arith
metic plus bit-handling capabilities. The instruction set consists of 255 instructions; 44% one-byte, 
41% two-byte and 15% three-byte. With a 12 MHz crystal, 58% of the instructions are executed in 1 µs 
and 40% in 2 µs. Multiply and divide instructions require 4 µs. Multiply, divide, subtract and compare 
are among the many instructions added to the standard PCB80C49 instruction set. 

Features 

• 128 x 8 RAM 
• Four 8-bit ports, 32 1/0 lines 
• Two 16-bit timer/event counters 
• Full-duplex serial port 
• External memory expandable to 128 K, external ROM to 64 Kand/or external RAM up to 64 K 
• Boolean processing 
• 218 bit-addressable locations 
• On-chip oscillator 
• Five-source interrupt structure with two priority levels 
• 58% of instructions executed in 1 µs; multiply and divide in 4 µs; all other executed in 2 µs {at 

12 MHz clock) 
• Enhanced architecture with: 

non-page-oriented instructions 
direct addressing 
four 8-byte + 1 byte register banks 
stack depth up to 128-bytes 
multiply, divide, subtract and compare instructions. 

PACKAGE OUTLINES 

PCB85C51B: 40-lead OIL piggy-back, metal ceramic {CERDIL) {SOT-215). -
319 
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DATA 
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(128x8 RAM) 
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7 

PROGRAMMABLE I /0 
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parallel ports, 

address/ data bus 
and I /0 pins 

{
Vee +5VMAINSUPPLY 

POWER ----. 
SUPPLY Vss GROUND ----

NORMAL MEMORY 
EXTENSION TO 128 K 

VIA PORT 0 AND PORT 2 

Fig. 1 PCB85C51 block diagram. 
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Vss Vee RST 

i i i - ........ 
XTAL2 - ........ - ........ - ........ r .. ~ ... , port 0 

data bus - ........ - ........ 
address bus for 

........ 
quasi - internal ........ program memory ---- port 1 

<( -I- PeB85e51 
<( -0 
I- - -2 
w data bus for - -2 quasi - internal 
c... program memory -0 PS ENE 
...J -w -M2 > w -0 -Ml 

ALE - -EA 

PSEN - -
RXD/data ___. ........ -TXD/clock-- ........ - -INTO- ........ port 2 address bus - -INT1 ___. 

alternative -functions TO-
port 3 - -Tl--+ - - -WR-- - - -RD-- - 7Z97506.1 

Fig. 2 Functional diagram of PCB85C51. 

(A"'"" 1986 321 



PCB85C51 Jl 
P1. 0 Vee 

M1 A u L Vee 

M1 B K V55 
Pl. 1 PO. 0 ADO M2 e J V55 

M2 D Vee 
Pl. 2 PO. 1 AD 1 

vee/A13 E H A13 

Pl. 3 PO. 2 AD2 vee/A13 F -, G Vee 

Vpp 1 
I 

28 Vee I 
Pl. 4 PO. 3 AD3 A12 2 I 

27 PGM I . I 

Pl. S PO. 4 AD4 
A7 3 L..!."!e!.n~--26 Vee/A13 connection 
AS 4 2S AB 

Pl. S PO. S ADS AS s 24 A9 

A4 s 23 All 
Pl. 7 PO. S ADS 

A3 7 22 5E 
RST PO. 7 AD7 A2 8 21 A10 

Al 9 20 ce 
RXD/data P3. 0 EA AO 10 19 D7 

PeBBSeSlB DO 11 18 OS TXD/clock P3. 1 ALE 
Dl 12 17 OS 

INTO P3. 2 PSEN D2 13 lS D4 

GNO 14 lS 03 
INTI P3. 3 P2. 7 ADlS 

7Z97500 

TO P3. 4 P2. S AD14 

Fig. 3b Top pinning on 40-pin 
Tl P3. 5 P2. S AD13 EPROM socket for PCB85C51 B. 

WR P3. S P2. 4 AD 12 

RD P3. 1 P2. 3 AD11 

XTAL2 P2. 2 AD 10 

XTAL 1 P2: 1 AD9 

Vss P2. 0 ADS 

Fig. 3a Bottom pinning diagram for PCB85C51 B. 
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Single-chip 8-bit microcontroller l PCB85C51 

--
PIN DESIGNATION (PCB85C51B) 

1-8 P1.0-P1.7 Port 1: 8-bit quasi-bidirectional 1/0 port. Port 1 can sink/source one TTL 
(; 4 LS TTL) input. It can drive CMOS inputs without external pull-ups. 

9 

10-17 P3.0-P3.7 

18 XTAL 2 

19 XTAL 1 

20 Vss 

21-28 P2.0-P2.7 

29 PSEN 

30 ALE 

RST: a high level on this pin for two machine cycles while the oscillator is 
running resets the device. An internal pull-down permits Power-on reset 
using only a capacitor connected to V CC· 

Port 3: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. It also serves 
the following alternative functions: 

Port pin 

P3.0 

P3.1 

.P3.2 

P3.3 

P3.4 
P3.5 
P3.6 
P3.7 

Alternative function 

RXD/data: serial port receiver data input (asynchronous) or 
data input/output (synchronous) 
TXD/clock: serial port transmitter data output (asynchronous) 
or clock output (synchronous) 
INTO: external interrupt 0 or gate control input for timer/event 
counter 0 
I NT1: external interrupt 1 or gate control input for timer/event 
counter 1 
TO: external input for timer/event counter 0 
T1: external input for timer/event counter 1 
WR: external data memory write strobe 
RD: external data memory read strobe 

Operation of an alternative function is determined by the relevant output 
latch programmed to logic 1. Port 3 can sink/source one TTL input. It can 
drive CMOS inputs without external pull-ups. 

Crystal input 2: output of the inverting amplifier that forms the oscillator. 
Left open-circuit when an external oscillator is used (see Figs 8 and 9). 

Crystal input 1: input to the inverting amplifier that forms the oscillator, and 
input to the internal clock generator. Receives the external oscillator signal 
when an external oscillator is used (see Figs 8 and 9). 

Ground: circuit ground potential. 

Port 2: 8-bit quasi-bidirectional 1/0 port with internal pull-ups. Port 2 can 
sink/source one TTL input. It can drive CMOS inputs without external 
pull-ups. During the access to external memories (RAM/ROM) that use 16-bit 
addresses (MOVX @DPTR) Port 2 emits the high order address byte. When 
used for an external RAM, an 8-bit address (MOVX @Ri) Port 2 emits the 
contents of P2 Special Function Register. 

Program Store Enable output: read strobe to the external Program Memory. 
It is activated twice each machine cycle during fetches from external Program 
Memory. When executing out of external Program Memory two activations of 
PSEN are skipped during each access to external Data Memory. PSEN is not 
activated (remains HIGH) during no fetches from external Program Memory. 
PSEN can sink/source 8 LS TTL inputs. It can drive CMOS inputs without an 
external pull-up. 

Address Latch Enable output: latches the low byte of the address during 
accesses to external memory in normal operation. It is activated every six 
oscillator periods except during an external data memory access. ALE can 
sink/source 8 LS TTL inputs. It can drive CMOS inputs without an external 
pull-up. 
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31 EA 

32-39 P0.7-PO.O 

40 Vee 

External Access input: When EA is held at a TTL high level the CPU executes 
out of the internal Program Memory (ROM), provided the Program Counter is 
less than the boundary selected by M 1, M2. When EA is held at a TTL low 
level, the CPU executes out of external Program Memory. EA is not allowed 
to float. 

Port 0: 8-bit open drain bidirectional 1/0 port, it is also the multiplexed 
low-order address and data bus during accesses to external memory (during 
these accesses it activates internal pull-ups). Port 0 can sink/source eight LSTTL 
inputs. 

Power supply: + 5 V power supply pin during normal operation, Idle mode 
and Power Down mode. 

PIN DESIGNATION (Non-standard) 

10-2 AO-A7, A 12 Address Bus: for quasi-internal program memory 

-

26-23, A 13, AS, 
A9, A 11 

21 A10 

11-13, DO-D2 
15-19 D3-D7 

20 (CE) PSENE 

CD.AB M2,M1 

Data Bus: for quasi-internal program memory 

Chip enable: signal for external ROM connected via AO-A 13 and DO-D7 
(Active LOW). Available twice per machine cycle, timing same as user PSEN. * 

Signals: set to control the switch from 'quasi-internal' to external program 
memory. Signals should only be changed during reset. 

M2 M1 

0 1 4 K Memory (80C51) 
1 0 8 K Memory 
1 1 16 K Memory 

o= Vss 1 =Vee 

- *An exception to this is when user PSEN remains HIGH during RESET, when the chip executes from 
internal program memory or is in the second cycle of a MOVX instruction. 
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Single-chip 8-bit microcontroller l PCB85C51 

----
FUNCTIONAL DESCRIPTION 

General 

The PCB85C51 is designed for software development in real-time applications such as instrumentation, 
industrial control and intelligent computer peripherals. 

The device provides the same hardware features, architectural enhancements and new instructions as 
the PCB80C51. The device can address up to 64 K bytes of program memory and/or up to 64 K bytes 
of data storage. 

The PCB85C51 has a control-oriented CPU without on-chip program memory. Lines Ml and M2 
operate as memory control. Below the boundary marked by M 1 and M2 the opcodes are fetches out 
of the quasi-internal ROM. Above this boundary the ROM can be expanded up to 64 K as normal via 
the ports 0 and 2. The signal PSENE serves as memory chip enable. The PCB85C51 has the lower 4, 8 
or 16 K bytes of program memory connected via AO-A 13 and D0-07. For systems requiring extra 
capability, the PCB85C51 can be expanded using standard memories and peripherals. 

This bond-out version of the 80C51 reduces development problems to a minimum and provides 
maximum flexibility. 

The PCB85C51 contains no on-chip program ROM, but does contain a volatile 128 x 8 read/write data 
memory; 32 1/0 lines; two 16-bit timer/event counters; a five-source, two-priority-level nested interrupt 
structure; a serial 1/0 port for either multi-processor communications, 1/0 expansion or full duplex 
UART communications; and on-chip oscillator and timing circuits. 

Central processing unit 

The central processing unit (CPU) manipulates operands in four memory spaces. These are the 64 K
byte external data memory, 128-byte internal data memory, the 64 K-byte internal and external 
program memory. The internal data memory address space is sub-divided into the 128-byte internal 
data RAM and 128-byte special register (SF R) address spaces, as shown in Fig. 4 . 

FFFF H 

EXTERNAL 

:I 
l l OFFF H: M2, Ml= 0,1 } 

lFFF H:. M2, Ml".'. 1,0 ---
3FFF H. M2, Ml - 1,1 

QUASI- EXTERNAL 
INTERNAL 

EA= 1 EA= o 

0000 H 

7Z97600.1 program memory 

Fig. 4 Memory map. 

FF FF H r-------, 

.------.255 

127 

.._ ___ __. 00 0000 H '-------' 

'--r---1 
external 

data memory 

-
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FUNCTIONAL DESCRIPTION (continued) 

The internal data RAM contains four register banks (each with eight registers), 128 addressable bits, 
and the stack. The stack depth is limited by the available internal data RAM and its location is 
determined by the 8-bit stack pointer. All registers except the program counter and the four 8-register 
banks reside in the special function register address space. These memory mapped registers include 
arithmetic registers, pointers, 1/0 ports, interrupt system registers, timers and serial port. There are 
128 bit addressable locations in the SFR address space. 

The PCB85C51 contains 128 bytes of internal data RAM and 20 special function registers. It provides 
a non-paged program memory address space to accommodate relocatable code. Conditional branches 
are performed relative to the program counter. The register-indirect jump permits branching relative 
to a 16-bit base register with an offset provided by an 8-bit index register. 16-bit jumps and calls 
permit branching to any location in the contiguous 64 K program memory address space. 

The PCB85C51 has five methods for addressing source operands: 

• Register. 
• Direct. 
• Register-Indirect. 
• Immediate. 
• Base-register-plus I ndex-Register-1 ndirect. 

The first three methods can be used for addressing destination operands. Most instructions have a 
"destination/source" field that specifies the data type, addressing methods and operands involved. 
For operations other than moves, the destination operand is also a source operand. 

Access addressing is as follows: 

• Registers in the four 8-register banks through Register, Direct, or Register-Indirect. 
• 128 bytes of internal data RAM through Direct or Register-Indirect. 

- • Special function registers through Direct at address locations 128-255. 
• External data memory through Register-Indirect. 
• Program memory look-up tables through Base-Register-plus Index-Register-Indirect. 

The PCB85C51 is classified as an 8-bit device since the external ROM, RAM, Special Function Registers 
(SFR), Arithmetic Logic Unit (ALU), and external data bus are each 8-bits wide. It performs operations 
on bit, nibble, byte and double-byte data types. 

Facilities are available for byte transfer, logic, and integer arithmetic operations. Data transfer, logic, 
and conditional branch operations can be performed directly on Boolean variables to provide excellent 
bit handling. 

Instruction set 

The PCB85C51 uses the same powerful instruction set as the 80C51 to allow expansion of on-chip CPU 
peripherals and to optimize byte efficiency and execution speed. Reassigned opcodes add new high
power operations and permit new addressing modes to make old operations more orthodox when 
compared to the 8048 family. The instruction set consists of 49 single-byte, 45 two-byte and 17 three
byte instructions. When using a 12 MHz oscillator, 64 instructions execute in 1 µsand 45 instructions 
execute in 2 µs. Multiply and divide instructions execute in 4 µs. 
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Single-chip 8-bit microcontroller l __ P_c_s_a_s_c_s_1 __ 

1/0 facilities 

The PCB85C51 has 32 1/0 lines treated as 32 individual addressable bits and as four parallel 8-bit 
addressable ports. Ports 0, 1, 2 and 3 perform the following alternate functions: 

• Port 0; provides the multiplexed low-order address and data bus used for expanding the PCB85C51 
with standard memories and peripherals. 

• Port 2; provides the high-order address bus when expanding the PCB85C51 with external program 
memory or more than 256 bytes of external data memory. 

The address boundary for external access to program memory via port 0 and 2, is set by the signal on 
M1 and M2. 

• Port 3; pins can be configured individually to provide: 
- external interrupt request inputs 
- counter inputs 
- serial port receiver input and transmitter output 
- control signals to READ and WRITE to external data memory. 

The generation or use of a Port 3 pin as an alternate function is carried out automatically by the 
PCB85C51 provided the pin is loaded with a HIGH content. 

strong pull- up 

p1 p3 .-------.., 

a--------------~ n from port latch c:b 

input data """"'1------0< 1---------------~:>< 

read port pin -+-----~ 

INPUT 
BUFFER 

Fig. 5 1/0 buffers in the PCB85C51 (Ports 1, 2 and 3). 

Timer/event counters 

l/OPIN 
PORT 

1, 2&3 

7280799 

The PCB85C51 contains two 16-bit registers, Timer 0 and Timer 1, that can be used as timers or event 
counters to carry out the following functions: 

• Measure time intervals and pulse durations. 
• Count events. 
• Generate interrupt requests. 

Each timer/event counter can be programmed independently to operate in three modes: 

• Mode 0; 8-bit timer or 8-bit counter each with divide by 32 prescaler. 
• Mode 1; 16-bit time-interval or event counter. 
• Mode 2; 8-bit time-interval or event counter with automatic reload upon overflow. 

Counter 0 can be programmed to operate in an additional mode as follows: 

• Mode 3; one 8-bit time-interval or event counter and one 8-bit time-interval counter. 
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FUNCTIONAL DESCRIPTION (continued) 

When counter 0 is in Mode 3, counter 1 can be programmed to operate in Modes 0, 1 or 2 but cannot 
set an interrupt request flag or generate an interrupt. However, the overflow from counter 1 can be 
used to pulse the serial Port transmission-rate generator. 

The frequency handling range of these counters with a 12 MHz crystal is as follows: 

• Up to 1 MHz when programmed for an input that is a division by 12 of the oscillator frequency. 
• 0 Hz to an upper limit of 150 kHz to 0,5 MHz when programmed for external inputs. 

Both internal and external inputs can be gated to the counter by a second external source for directly 
measuring pulse durations. 

The counters are started and stopped under software control. Each one sets its interrupt request flag 
when it overflows from all 1's to all O's (or automatic reload value). 

On-chip peripheral functions 

In addition to the CPU and memories, an interrupt system, extensive 1/0 facilities, and several 
peripheral functions are integrated on-chip to relieve the CPU of repetitious, complicated or time
critical tasks and to permit stringent real-time control of external system interfaces. The 1/0 facilities 
include the 1/0 pins, parallel ports, bidirectional address/data bus and the serial port for 1/0 expansion. 
The CPU peripheral functions integrated on-chip are the two 16-bit timer/event counters and the 
serial port. 

Idle and Power Down operation (see Fig. 6) 

The Power Down operation freezes the oscillator. The Idle mode operation allows the interrupt, serial 
port and timer blocks to continue to function while the clock to the CPU is halted . 

.----101----~ 

XTAL2 XTAL1 

OSCILLATOR 

CLOCK 
GENERATOR 

interrupt serial 
port timer blocks 

IDL 

7Z808QO 

Fig. 6 Internal Idle and Power Down clock configuration. 

328 A"'""···· I 



<( 
I
<( 
c 
1-z 
w 
:!: 
a. 
0 
...J 
w 
> w 
c 

Single-chip 8-bit microcontroller l ___ Pc_s_a_s_c_s_1 __ 

Power control register (PCON) 

These special modes are activated by software via the Special Function Register PCON. Its hardware 
address is 87H. PCON is not bit addressable. 

MSB 

7 

SMOD 

symbol 

SMOD 

-
-
-
GF1 
GFO 
PD 

IDL 

6 5 4 

position 

PCON.7 

PCON.6 
PCON.5 
PCON.4 
PCON.3 
PCON.2 
PCON.1 

PCON.O 

3 2 

name and function 

Double Baud rate bit 

LSB 

0 

when set to logic 1 the baud rate is doubled when the serial port is 
being used in either modes 1, 2 or 3 
(reserved) 
(reserved) 
(reserved) 
general-purpose flag bit 
general-purpose flag bit 
Power-down bit 
setting this bit activates power-down operation 
Idle mode bit 
setting this bit activates the idle mode operation 

If a logic '1' is written to PD and I DL at the same time, PD takes precedence. The reset value of PCON 
is (OXXXOOO). 

Idle mode 

The instruction that sets PCON.O is the last instruction executed in the normal operating mode before 
Idle mode is activated. Once in the Idle mode, the CPU status is preserved in its entirety: the Stack 
Pointer, Program Counter, Program Status Word, Accumulator, RAM and all other registers maintain 
their data during Idle mode. The status of the external pins during Idle mode is shown in Table 1. 

There are two ways to terminate the Idle mode: 

Activation of any enabled interrupt will cause PCON.O to be cleared by hardware terminating Idle 
mode. The interrupt is serviced, and following return from interrupt instruction RETI, the next 
instruction to be executed will be the one which follows the instruction that wrote a logic 1 to PCON.O. 

The flag bits G FO and G F 1 may be used to determine whether the interrupt was received during normal 
execution or during the Idle mode. For example, the second instruction that writes to PCON.O can also 
set or clear one or both flag bits. When Idle mode is terminated by an interrupt, the service routine can 
examine the status of the flag bits. 

The second way of terminating the Idle mode is with a hardware reset. Since the oscillator is still 
running, the hardware reset is required to be active for two machine cycles (24 oscillator periods) to 
complete the reset operation. 
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FUNCTIONAL DESCRIPTION (continued) 

Power Down mode 

The instruction that sets PCON.1 is the last executed prior to going into the Power Down mode. Once 
in Power Down mode, the oscillator is stopped. Only the contents of the on-chip RAM are preserved. 
The Special Function Registers are not saved. A hardware reset is the only way of exiting the Power 
Down mode. 

In the Power Down mode, Vee may be reduced to minimize circuit power consumption. The voltage 
must not be reduced until the Power Down mode is entered, but must be restored before the hardware 
reset is applied which will free the oscillator. Reset should not be released until the oscillator has 
restarted and stabilized. 

The status of the external pins during Power Down mode is shown in Table 1. If the Power Down mode 
is activated while in external program memory, the port data that is held in the Special Function 
Register P2 is restored to Port 2. If the data is a logic 1, the port pin is held HIGH during the Power 
Down mode by the strong pull-up transistor p1 (see Fig. 5). 

Table 1 Status of the external pins during Idle and Power Down modes 

--
mode memory ALE PSEN Port 0 Port 1 Port 2 Port 3 

Idle internal 1 1 port data port data port data port data 
Idle external 1 1 floating port data address port data 
Power-down internal 0 0 port data port data port data port data 
Power-down external 0 0 floating port data port data port data 

Interrupt system (see Fig. 7) 

External events and the real-time-driven on-chip peripherals require service by the CPU asynchronous 
to the execution of any particular section of code. To tie the asynchronous activities of these functions 
to normal program execution a multiple-source, two-priority-level, nested interrupt system is provided. 
Interrupt response latency is from 3 µs to 7 µs when using a 12 MHz crystal. 

The PCB85C51 acknowledge interrupt requests from five sources as follows: 

• INTO and I NT1; externally via pins 12 and 13 respectively. 
• Timer 0 and Timer 1; from the two internal counters. 
• Serial Port; from the internal serial 1/0 port. 

Each interrupt vectors to a separate location in program memory for its service program. 

Each source can be individually enabled or disabled and can be programmed to a high or low priority 
level. Also all enabled sources can be globally disabled or enabled. Both external interrupts can be 
programmed to be level-activated or transition-activated and are active LOW to allow "wire-OR ing" of 
several interrupt sources to the input pin. 
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FUNCTIONAL DESCRIPTION (continued) 

Oscillator circuitry 

The oscillator circuitry of the PCB85C51 is a single-stage inverting amplifier in a Pierce oscillator 
configuration. The circuitry between XTAL 1 and XTAL 2 is basically an inverter biased to the 
transfer point. Either a crystal or ceramic resonator can be used as the feedback element to complete 
the oscillator circuitry. Both are operated in parallel resonance. XTAL 1 (pin 19) is the high gain 
amplifier input, and XT AL 2 (pin 18) is the output (see Fig. 8). To drive the PCB85C51 externally, 
XTAL 1 is driven from an external source and XTAL 2 left open-circuit (see Fig. 9). 

C1 XTAL1 
~ 19 

c::::J 
C2 XTAL2 
~ 18 

C1=C2=20pF 7Z80802.1 

Fig. 8 PCB85C51 oscillator circuit. 

Reset circuitry 

XTAL1 external clock 
(not TTL compatible)-t-----tlQ 

not connected XTAL 2 18 

7Z97078.1 

Fig. 9 PCB85C51 driven from an 
external source. 

The reset circuitry for the PCB85C51 is connected to the reset pin, RST, as shown in Fig. 10. 
A Schmitt trigger is used at the input for noise rejection. The output of the Schmitt trigger is sampled 
by the reset circuitry every machine cycle. 

RST 

on
res 

chip 
istor 

,.>;; 

SCHMITT 
TRIGGER 

ff 
RRST 

l-+-1 
RESET 

CIRCUITRY 

7Z80801 

Fig. 10 Reset configuration at RST. 

A.reset is accomplished by holding the RST pin HIGH for at least two machine cycles (24 oscillator 
periods), while the oscillator is running. The CPU responds by executing an internal reset. It also 
configures the ALE and PSEN pins as inputs. (They are quasi-bidirectional.) 
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The internal reset is executed during the second cycle in which RST is HIGH and is repeated every 
cycle until RST goes LOW. It leaves the internal registers as follows: 

Register Content 

PC OOOH 
ACC OOH 
B OOH 
PSW OOH 
SP 07H 
DPTR OOOOH 
PO- P3 OFFH 
IP (XXOOOOOO) 
IE (OXOOOOOO) 
TMOD OOH 
TCON OOH 
THO OOH 
TLO OOH 
TH1 OOH 
TL 1 OOH 
SCON OOH 
SBUF Intermediate 
PCON (OXXXOOOO) 

1-z The internal RAM is not affected by reset. When Vee is turned on, the RAM content is indeterminate. 
w 
2 
~ Power-on reset (see Fig. 11) 

uJ When Vee is turned on, and provided its rise-time does not exceed 10 ms, an automatic reset can be 
[;:; obtained by connecting the RST pin to Vee via a 10 µF capacitor. When the power is switched on, 
Cl the voltage on the RST pin is the difference between Vee and the capacitor voltage, this decreases 

from V cc as the capacitor charges through the internal resistor ( R RST) to ground. The larger the 
capacitor, the more slowly V RST decreases. V RST must remain above the lower threshold of the 
Schmitt trigger long enough to effect a complete reset. The time required is the oscillator start-up 
time, plus 2 machine cycles. To avoid a 'latch-up' of the CMOS circuitry, the power supply on the -
RST pin at switch-on must not exceed Vee+ 0,5 V or Vss -0,5 V. 

VccJ 

10 
+ 

µF :$: 
PCB85C51 

AST 

RAST 

7Z97502 

Fig. 11 Power-on reset. 
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INSTRUCTION SET 

Table 2 Instruction set description 

mnemonic description bytes/ opcode 
cycles (hex.) 

Arithmetic operations 

ADD A,Rr Add register to A 1 2* 

ADD A,direct Add direct byte to A 2 25 

ADD A,@Ri Add indirect RAM to A 1 26,27 

ADD A,#data Add immediate data to A 2 24 

ADDC A,Rr Add register to A with carry flag 3* 

ADDC A,direct Add direct byte to A with carry flag 2 35 

ADDC A,@Ri Add indirect RAM to A with carry flag 1 36,37 

ADDC A,#data Add immediate data to A with carry flag 2 34 

SUBB A,Rr Subtract register from A with borrow 9* 

SUBB A,direct Subtract direct byte from A with borrow 2 95 

SUBB A,@Ri Subtract indirect RAM from A with borrow 1 96,97 

SUBB A,#data Subtract immediate data from A with borrow 2 94 

INC A Increment A 04 

INC Rr Increment register 0* 

INC direct Increment direct byte 2 05 

INC @Ri Increment indirect RAM 06,07 

DEC A Decrement A 14 

DEC Rr Decrement register 1 1* 

DEC direct Decrement direct byte 2 15 

DEC @Ri Decrement indirect RAM 16, 17 

INC DPTR Increment data pointer 2 A3 

MUL AB Multiply A & B 4 A4 

DIV AB Divide A by B 4 84 

DA A Decimal adjust A D4 
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mnemonic description bytes/ opcode 
cycles (hex.) 

Logic operations 

ANL A,Rr AND register to A 5* 

ANL A,direct AND direct byte to A 2 55 

ANL A,@Ri AND indirect RAM to A 56,57 

ANL A,#data AND immediate data to A 2 54 

ANL direct, A AND A to direct byte 2 1 52 

ANL direct,#data AND immediate data to direct byte 3 2 53 

ORL A,Rr OR register to A 1 4* 

ORL A,direct OR direct byte to A 2 45 

ORL A,@Ri OR indirect RAM to A 1 46,47 

ORL A,#data OR immediate data to A 2 44 

ORL direct,A OR A to direct byte 2 42 

ORL direct,#data OR immediate data to direct byte 3 2 43 

<( 
XRL A,Rr Exclusive-OR register to A 1 1 6* 

.... XRL A,direct Exclusive-OR direct byte to A 2 65 <( 
c XRL A,@Ri Exclusive-OR indirect RAM to A 66,67 .... z XRL A,#data Exclusive-OR immediate data to A 2 64 w 
:::!!: XRL direct, A Exclusive-OR A to direct byte 2 62 Q. 
0 

63 -' XRL direct,#data Exclusive-0 R immediate data to direct byte 3 2 w 
> CLR A Clear A 1 E4 w 
c CPL A Complement A F4 

RL A Rotate A left 23 

RLC A Rotate A left through the carry flag 33 

RR A Rotate A right 03 

RRC A Rotate A right through the carry flag 13 

SWAP A Swap nibbles within A C4 
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INSTRUCTION SET (continued) 

mnemonic description bytes/ opcode 
cycles (hex.) 

Data transfer 

MOV A,Rr Move register to A E* 

MOV A,direct Move direct byte to A 2 E5 

MOV A,@Ri Move indirect RAM to A 1 E6,E7 

MOV A,#data Move immediate data to A 2 74 

MOV Rr,A Move A to register F* 

MOV Rr,direct Move direct byte to register 2 2 A* 

MOV Rr,#data Move immediate data to register 2 7* 

MOV direct.A Move A to direct byte 2 F5 

MOV direct,Rr Move register to direct byte 2 2 8* 

MOV di rect,d i rect Move direct byte to direct 3 2 85 

MOV direct,@Ri Move indirect RAM to direct byte 2 2 86,87 

MOV direct,#data Move immediate data to direct byte 3 2 75 

MOV @Ri,A Move A to indirect RAM 1 F6,F7 

MOV @Ri,direct Move direct byte to indirect RAM 2 2 A6,A7 

MOV @Ri,#data Move immediate data to indirect RAM 2 1 76, 77 

MOV DPTR,#data16 Load data pointer with a 16-bit constant 3 2 90 

MOVC A,@A+DPTR Move code byte relative to DPTR to A 2 93 

MOVC A,@A+PC Move code byte relative to PC to A 2 83 

MOVX A,@Ri Move external RAM (8-bit address) to A 2 E2,E3 

MOVX A,@DPTR Move external RAM ( 16-bit address) to A 2 EO 

MOVX @Ri.A Move A to external RAM (8-bit address) 2 F2,F3 

MOVX @DPTR,A Move A to external RAM ( 16-bit address) 2 FO 

PUSH direct Push direct byte onto stack 2 2 co 
POP direct Pop direct byte from stack 2 2 DO 

XCH A,Rr Exchange register with A C* 

XCH A,direct Exchange direct byte with A 2 C5 

XCH A,@Ri Exchange indirect RAM with A C6,C7 

XCHD A,@Ri Exchange LOW-order digit indirect RAM with A D6,D7 
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mnemonic description bytes/ opcode 
cycles (hex.) 

Boolean variable manipulation 

CLR c Clear carry flag C3 

CLR bit Clear direct bit 2 C2 

SETB c Set carry flag 1 03 

SETB bit Set direct bit 2 02 

CPL c Complement carry flag 1 83 

CPL bit Complement direct bit 2 82 

ANL C,bit AND direct bit to carry flag 2 2 82 

ANL C./bit AND complement of direct bit to carry flag 2 2 BO 

ORL C,bit 0 R direct bit to carry flag 2 2 72 

ORL C,/bit OR complement of direct bit to carry flag 2 2 AO 

MOV C,bit Move direct bit to carry flag 2 1 A2 

MOV bit,C Move carry flag to direct bit 2 2 92 

<( Program and machine control I-
<( 
Cl ACALL addr11 Absolute subroutine call 2 2 •1addr 
I-z LCALL w addr16 Long subroutine call 3 2 12 

:a: RET Return from subroutine 2 22 a. 
0 RETI Return from interrupt 1 2 32 _J 

w 
> AJMP addr11 Absolute jump 2 2 -"1addr 
w 
Cl UMP addr16 Long jump 3 2 02 

SJMP rel Short jump (relative address) 2 2 80 

JMP @A+DPTR Jump indirect relative to the DPTR 2 73 

JZ rel Jump if A is zero 2 2 60 

JNZ rel Jump if A is not zero 2 2 70 

JC rel Jump if carry flag is set 2 2 40 

JNC rel Jump if no carry flag 2 2 50 

JB bit,rel Jump if direct bit is set 3 2 20 

JNB bit,rel Jump if direct bit is not set 3 2 30 

JBC bit, rel Jump if direct bit is set and clear bit 3 2 10 

CJNE A,direct,rel Compare direct to A and jump if not equal 3 2 85 

CJNE A,#data,rel Compare immediate to A and jump if not equal 3 2 84 

CJNE Rr,#data,rel Compare immed. to reg. and jump if not equal 3 2 B* 

CJNE @Ri,#data,rel Compare immed. to ind. and jump if not equal 3 2 86,87 

DJNZ Rr,rel Decrement register and jump if not zero 2 2 D* 

DJNZ direct,rel Decrement direct and jump if not zero 3 2 D5 

NOP No operation 00 

(August 1986 337 



PCB85C51 

Notes to Table 2 

Data addressing modes 

Rr Working register RO-R7. 

direct 

@Ri 

#data 

#data16 

bit 

addr16 

addr11 

rel 

128 internal RAM locations and any special function register (SFR). 

Indirect internal RAM location addressed by register RO or R 1 of the actual register 
bank. 

8-bit constant included in instruction. 

16-bit constant included as bytes 2 and 3 of instruction. 

direct addressed bit in internal RAM or SFR. 

16-bit destination address. Used by LCALL and LJMP. The branch will be anywhere 
within the 64 K-byte program memory address space. 

11-bit destination address. Used by ACALL and AJMP. The branch will be within the 
same 2 K-byte page of program memory as the first byte of the following instruction. 

Signed (two's complement) 8-bit offset byte. Used by SJMP and all conditional jumps. 
Range is -128 to+ 127 bytes relative to first byte of the following instruction. 

Hexadecimal opcode cross-reference to Table 2 

*· 8,9,A,B,C,D,E,F. 

•: 11, 31, 51, 71, 91, Bl, 01, Fl. 

•: 01, 21, 41, 61, 81, A1, Cl, El. 
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Single-chip 8-bit microcontroller PCB85C51 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Input voltage on any pin 
with respect to ground (Vss) v, -0,5 to+ 7 v 

Input, output current 
± ''· 'o max. 10 mA 

Total power dissipation Ptot max. 1W 

Storage temperature range Tstg -65 to + 150 °c 

Operating ambient temperature range Tamb 0 to + 70 °c 

D.C. CHARACTERISTICS 

Vee= 5 V (± 10%); Vss = 0 V; Tamb = 0 to+ 70 °c; all voltages with respect to Vss unless 
otherwise specified. 

parameter symbol min. max. unit conditions 

Supply voltage Vee 4,5 5,5 v 

Supply current 

I operating (note 1 ) 'cc - 30* mA fcLK = 12 MHz 
I 

Idle mode (note 2) fcLK = 12 MHz 'cc - 10* mA 

Power Down current lpo - 100* µA Vee= 2 V (note 3) 

Inputs 

LOW level input voltage 
(except EA) V1L -0,5 o,2vcc-o.1 v 

LOW level input voltage 
(EA) V1L1 -0,5 o,2vcc-0.3 v 

I 
HIGH level input voltage 

(except XTAL 1, RST) V1H o,2vcc + o,9 Vee+ o,5 v 

HIGH level input voltage 

I 
(XTAL 1, RST) V1H1 o,7Vcc Vee+ o.5 v 

I Input current logic 0 
(Ports 1, 2 and 3) -l1L - 50 µA Vi= 0,45 v 

Input current logic 1 to 0 
transition 
(Ports 1, 2 and 3) -ITL - 500 µA v, =2 v 

Input leakage current 
(Port 0, EA) ± lu - 10 µA 0,45 V < VI < V CC 

--~--------

* Preliminary value for 85C51 only. Current for piggy-back EPROM must be added. 

I 

I 
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D.C. CHARACTERISTICS (continued) 

parameter symbol min. max. unit conditions 

Outputs 

LOW level output voltage (note 4) 
(Ports 1, 2 and 3) Vol - 0,45 v IOL = 1,6 mA 

LOW level output voltage (note 4) 
(Port 0, ALE, PSEN) Vou - 0,45 v loL = 3,2 mA 

HIGH level output voltage 
(Ports 1, 2 and 3) VoH 2.4 - v -loH = 80µA; 

Vee= 5 v ± 10% 

0.75Vcc - v -loH = 30µA .. 
o,9Vcc - v -loH = 10µA 

HIGH level output voltage (note 5) 
(Port 0 in external 
Bus mode, ALE, PSEN) VoH1 2.4 - v -loH = 400 µA; 

Vee= 5 v ± 10% 

o,75Vcc - v -loH = 150 µA 

o,9Vcc - v -loH =40µA 

RST pull-down resistor RRST 40 125 kn 

1/0 pin capacitance \1/0 - 10 pF test freq. = 1 MHz; 
Tamb = 25 oc 

Notes to the d.c; characteristics 

1. The operating supply current is measured with all output pins disconnected; XTAL 1 driven with 
tr= tf = 10 ns, V1L = Vss + 0,5 V, V1H =Vee -0,5 V; 
XTAL 2 not connected; EA= RST =Port 0 =Vee· 

2. The Idle mode supply current is measured with all output pins disconnected; 
XTAL 1 driven tr= tf = 10 ns, V1L = Vss + 0,5 V, V1H =Vee -0,5 V; 
XTAL2 not connected; EA= Port 0 =Vee; RST = Vss· 

3. The Power Down current is measured with all output pins disconnected; 
XTAL 2 not connected; EA= Port 0 =Vee; RST = Vss· 

4. Capacitive loading on Port 0 and Port 2 may cause spurious noise pulses to be superimposed on the 
LOW level output voltage of ALE, Port 1 and Port 3. The noise is due to external Bus capacitance 
discharging into the Port 0 and Port 2 pins when these pins make a 1-to-O transition during Bus 
operations. In the most adverse condition (capacitive loading> 100 pF) the noise pulse on ALE 
line may exceed 0,8 V. In this event it may be required to qualify ALE with a Schmitt trigger, or 
use an address latch with a Schmitt trigger STROBE input. 

5. Capacitive loading on Port 0 and Port 2 may cause the HIGH level output voltage on ALE and 
PSEN to momentarily fall below the 0,9 Vee specification when the address bits are stabilizing. 
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<( 
I
<( 
0 
1-z 
w 
:ii:: 
Cl. 
0 
...J 
w 
> w 
0 

Single-chip 8-bit microcontroller 

A.C. CHARACTERISTICS (Non-standard pins. See Fig. 18) 

Conditions: 12 MHz clock, CL= 80 pF on AO-A13 
CL= 100 pF on PSEN, ALE 

V CC = + 5 V ± 10%, T amb = 0 to + 70 °c 

parameter symbol 

ALE pulse width TLHLL 

Address set up to ALE TAVLL 

Address hold up after ALE TL LAX 

PSENE width TPLPH 

PSENE, ALE cycle time TLHLH 

PSENE to valid emulation 
instruction in TPLDV 

Input emulation instruction 
hold after PSENE TPHDX 

Address to valid emulation 
instruction in TAVDV 

ALE to PSENE TL LPL 

PCB85C51 

min. max. unit 

140 - ns 

45 - ns 

50 - ns 

230 - ns 

500 - ns 

150 - ns 

0 - ns 

- 320 ns 

58 - ns 
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A.C. CHARACTERISTICS (Standard pins) 

Vee= 5 V ± 10%; Vss = 0 V; Tamb = 0 to+ 70 °c; CL= 100 pF (Port 0, ALE and PSENE); 
CL= 80 pF (all other outputs); unless otherwise specified (see waveforms Figs 14, 15 and 16) 

10MHz 12 MHz variable clock 
parameter symbol 

min. max. min. max. min. max. 

Program memory 

ALE pulse duration tLL 160 - 127 - 2tcK-40 -
Address set-up 

time to ALE tAL 60 - 43 - tcK-40 -

Address hold time 
after ALE tLA 65 - 48 - tcK-35 -

Time from ALE to valid 
instruction input tuv - 300 - 233 - 4tcK-100 

Time from ALE to 
control pulse PSEN tLc 75 - 58 - tcK-25 -

Control pulse 
duration PSEN tee 265 - 215 - 3tcK-35 -

Time from PSEN to valid 
instruction input tc1v - 175 - 125 - 3tcK-125 

Input instruction hold 
time after PSEN tc1 c - 0 - 0 -

Input instruction float 
delay after PSEN* tc1F - 80 - 63 - tcK-20 

Address valid after PSEN* tAc 92 - 75 - tcK-8 -
Address to valid 

instruction input tAIV - 385 - 302 - 5tcK-115 

Address float time 
to PSEN tAFC -12 - -12 - -12 -

unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

* Interfacing the PCB85C51 to devices with float times up to 75 ns is permitted. This limited bus 
contention will not cause damage to Port 0 drivers. 
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Single-chip 8-bit microcontroller PCB85C51 

10 MHz 12 MHz variable clock 
parameter symbol unit 

min. max. min. max. min. max. 

External data memory 
-
RD pulse duration tRR 500 - 400 - 6tcK-100 - ns 

WR pulse duration tww 500 - 400 - 6tcK-1001- ns 

Address hold time 
after ALE tLA 65 - 48 - tcK-35 - ns 

RD to valid data input tRo - 335 - 250 - 5tcK-165 ns 

Data hold time after RD toR 0 - 0 - 0 - ns 

Data float delay 
after RD torn - 130 - 97 - 2tcK-70 ns 

Time from ALE to 
valid data input tLo - 650 - 517 - 8tcK-150 ns 

Address to valid 
data input tAo - 735 - 585 - 9tcK-165 ns 

Time from ALE to 
RD or WR tLw 250 350 200 300 3tcK-50 3tcK+50 ns 

Time from address to 
RD or WR tAW 270 - 203 - 4tcK-130 - ns 

Time from RD or WR 
HIGH to ALE HIGH twHLH 60 140 43 123 tcK-40 tcK+40 ns 

Data valid to WR 
transition towx 40 - 23 - tcK-60 - ns 

Data set-up time 
before WR tow 550 - 433 - 7tcK-150 - ns 

Data hold time after WR two 50 - 33 - tcK-50 - ns 

Address float delay 
after RD tAFR - 12 - 12 - 12 ns 

Where: 

1/tcK = 3,5 to 12 MHz and are preliminary values (see Fig. 13 and Table 3). 
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PCB85C51 J 
A.C. CHARACTERISTICS (continued) 

a.::: ___ >§:: ;;B---
test points 

(a) 

~" 
float 

,.J 2,4V 2,4V 

0,45V 0,45V O,BV O,BV 

(b) 
7287542 

Fig. 12 A.C. testing input, output waveform (a) and float waveform (b). 

A.C. testing inputs are driven at 2,4 V for a logic 1 and 0,45 V for a logic 0. Timing measurements are 
taken at 2,0 V for a logic 1 and 0,8 V for logic 0. The float state is defined as the point at which a 
Port 0 pin sinks 3,2 mA or sources 400 µA at the voltage test levels. 

--tHIGH--

VIH1 VIH1 
---~·O,BV 0,8 v 1~----1 

--tLow--

Fig. 13 External clock drive XTAL 1 (see Table 3). 

Table 3 External clock drive XTAL 1 (see Fig. 13). 

variable clock 
(f = 3,5 to 12 MHz)* 

parameter symbol min. max. unit 
r----

Oscillator clock period tcK 83,3 286 ns 

HIGH time tHIGH 20 tcK-tLOW ns 

LOW time tLOw 20 tcK-tHIGH ns 

rise time tr - 20 ns 

fall time tf - 20 ns 

* Preliminary values. 
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Single-chip 8-bit microcontroller PCB85C51 

ALE 

PSEN 

PORTO 

PORT2 

ALE 

PSEN 

PORT 0 

PORT 2 

._ tc1v---.... 

ADO to AD7 inst. input 

address ADB to AD15 or 
special function registers (SFR) 

address AD 8 to AD 15 or 
special function registers (SFR) 

Fig. 14 Read from program memory via Port 0 and Port 2. 

1..-------- tLD --------1 

1----tLW _..1..--------~ tRR-------1 

-tLA--1 

i..------ tAw-~-->•I......__ tRD ___... 

ADO to AD7 data input 

1-+-------- tAD ---------.i 

address ADS to AD15 or special function registers (SFR) 

Fig. 15 Read from data memory via Port 0 and Port 2. 

1Z87549.1 

7287550 
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PCB85C51 

-+ twHLH -

ALE 

.....__ t LW ____... 

1...-------tww _______ , 

WR 

PORTO 

PORT2 address ADS to AD15 or special function registers (SFR) 

7Z87551 

Fig. 16 Write to data memory via Port 0 and Port 2. 

346 August 19861 



)> 
c: 

<C c: 
~ ..... 
co 
co 
O'> 

~ 

external 
program 
memory 
fetch 

XTAL1 
INPUT 

ALE 

PSEN 

Ri5 

WR 

{

BUS 
(PORTO) 

PORT2 
(EXTERNAL) 

PORT 
OUTPUT 

PORT 
INPUT 

SERIAL 
PORT 
(SHIFT CLOCK) 

DEVELOPMENT DATA 

one machine cycle I one machine cycle 

S3 S4 S5 SB S1 S2 S3 S4 S5 
JP, P2 JP, P2 JP, P2 JP, P2 Pl P2 IP1 P2 JP, P2 lp1 P2 IP1 P2 

51 
P1 I S2 

P2 P1 P2 

_ t 

I I I 

I I I 
float 
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I I I 7Z87552.1 

Fig. 17 Instruction cycle timing. 
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PCB85C51 J 
D.C. characteristics for non-standard signals (PSENE, AO-A 13, D0-07) 

PCB85C51 (Vee= 4,5 to 5,5 V) 

D7-DO 

+------+- ...,.._.___._ +--- TPLPH --lilt-" 

TAVLL TLLPL 

TPLDV 
r-"'1-~~~~ ------

-TAVDV-

ADDRESS 

- --TPHDX 

DATA 
IN 

ADDRESS 

7Z97501 

Fig. 18 Reading from quasi-internal program memory. 
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Single-chip 8-bit microcontroller l __ P_c_s_a_s_c_s1 __ _ 

L J D u D L.. ._J 

D D D D D D 
D D D D D D 
D D D D D D 
D D D D D D 
D D D D D D 
D D D D D D D D 
D D D D D D 
D D D D D u D 
D D D D D D 
D 27128 D D 2764 D D 2732 D 
D D D D D D 
D 16K D D BK D D 4K D 
D D D D D D 
D D D D D D 
D D D D D D 
D D D D D D 
D D D D D D 
D D D D D D 
D D D D D D 

7Z91503.2 

Fig. 19 Connection.diagram for piggy-back package. 

Jumpers with a length of 15,24 mm for connecting Ml and M2 to Vss or Vee may be ordered via 
catalogue number 4312 065 01138. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

PCD3315C 

CMOS MICROCONTROLLER FOR TELEPHONE SETS 

GENERAL DESCRIPTION 

The PCD3315C is a single-chip 8-bit microcontroller fabricated in CMOS and is a member of the 
PCD3343 family. It has special on-chip features for appli°cation in telephone sets. 

Features 

• 8-bit CPU, ROM, RAM, 1/0 in a single 28-lead DI Lor SO package 
• 1536 ROM bytes 
• 160 RAM bytes 
• 20 quasi-bidirectional 1/0 port lines 
• Two test inputs: one of which is also the external interrupt input (CE/TO) 
• Single-level vectored interrupts: external, timer/event counter 
• 8-bit programmable timer/event counter 
• Over 80 instructions (based on MAB8048, MAB8400, PCD3343 and PCF8500) 
• All ir:istructions 1 or 2 cycles 
• Clock frequency 100 kHz to 10 MHz 
• Single supply voltage from 1,8 V to 6 V 
• Low standby voltage and current 
• STOP and IDLE mode 
• On-chip oscillator with output drive capability for peripherals 
• Configuration of all 1/0 port lines individually selected by mask: pull-up, open drain or push-pull 
• Power-on-reset circuit and low supply voltage detection 
• Reset state of all ports individually selected by mask 
• Operating temperature range: -25 to + 70 oc 

PACKAGE OUTLINES 

PCD3315CP: 28-lead DI L; plastic (SOT-117). 
PCD3315CT: 28-lead mini-pack; plastic (S0-28; SOT-136A). 

___ {octob" 1986 
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PCD3315C j 
r-----------, 
I I 
I RESIDENT ROM 1 

I I 
I I 
I 1536 BYTES t-'-----, 

POWER 
ON 

RESET 

RESET 

~ 

Vref 
1,3V 

POWER { 
SUPPLY Vss 

-GND 

STOP 

IDLE 

external 
interrupt 

I 
I 
I 
L'-_-_-_-_~~---' 

CONTROL & TIMING 

CE/fO RESET XTAL 1 

INTERRUPT INITIALIZE OSCILLATOR 
XTAL 

+-CE/To 

+--TEST 1 

co~~~~g~AL +-- ~1~1~ 
LOGIC +--CARRY 

+-ACC 

ACC BIT 
TEST 

REGISTER 2 

REGISTER 3 

REGISTER 4 

REGISTER 5 

REGISTER 6 

REGISTER 7 

8 LEVEL ST ACK 
(VARIABLE LENGTH) 

OPTIONAL SECOND 
REGISTER BANK 

DATA STORE 

RESIDENT RAM ARRAY 

7Z87781 P 

Fig. 1 Block diagram; PCD3315C. 

,---A;:;,-;-- --- --1 
I 00-07 I 
I I 
I CLK I 

PSEN 

I °' 
: HALT-+ 

I INTA 

I 

(a) 

Fig. 1a Replacement of dotted part in Fig. 1, 
for the PCD8500F bond-out version. 

,-------------, 
I AO-A12 00-07 I 
I I 
I I 
I PSEN 

I 
I 
I 
I 

I 
I 
I _______ _J 

7Z86142 

{b) 

Fig. 1b Replacement of dotted part in Fig. 1, 
for the PCF8500B 'Piggy-back' version. 
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I-z 
w 
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0.. 
0 
-I 
w 
> PIN DESIGNATION w 
c 3 n.c. 

4-11 POO-P07 

12 CE/TO 

13 T1 

14 Vss 
15 XTAL 1 

16 XTAL2 

17 RESET 

18-25 P10-P17 

26, 27, 1, 2 P20-P23 

28 Voo 

Voo 

P21 

P20 

P17 

P16 

P15 

P14 
PCD3315C 

P13 

P12 

P06 P11 

P10 

CE/TO RESET 

T1 XTAL2 

Vss XTAL1 

Fig. 2 Pinning diagram: PCD3315C. 

not connected 

Port 0: 8-bit quasi-bidirectional 1/0 port. 

Interrupt/Test 0: external interrupt input (sensitive to positive-going edge 
edge)/test input pin; when used as a test input directly tested by 
conditional branch instructions JTO and JNTO. 

Test 1: test input pin, directly tested by conditional branch instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event 
counter, using the STRT CNT instruction. 

Ground: circuit earth potential. 

Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the input for an external 
clock source. 

connection to the other side of the timing component. 

Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 

Port 1: 8-bit quasi-bidirectional 1/0 port. 

Port 2: 4-bit quasi-bidirectional 1/0 port. 

Power supply: 1,8 V to 6 V. 

----·-- ----- _ (""' ~985 353 



PCD3315C J 
D.C. CHARACTERISTICS 

Voo = 2,5 to 6 V; Vss = 0 V; Tamb = -25 to+ 70 °c; all voltages with respect to Vss; f = 3,58 MHz 
with Rs= 50 SJ; unless otherwise specified. 

parameter symbol min. typ. max. 

Supply voltage 
operating Voo 1,8 - 5· 

STOP mode for RAM retention Voo 1,0 - 6 

Supply current 
operating 

at Voo = 3 V loo - 350 -
IDLE mode 

atVoo=3V loo - 150 -

STOP mode (note 1) 
at Voo = 1,8 V; Tamb = 25 °c loo - 1,2 2,5 

at Voo = 1,8 V; Tamb = 55 °c loo - - 5 

at Voo = 1,8 V; Tamb = 70 °c loo - - 10 

RESET 1/0 

Switching level VRESET - 1,2 -

Sink current 
at Voo > VRESET loL - 7 -

Inputs 

Input voltage LOW VIL 0 - o,3Voo 

Input voltage HIGH V1H 0,7Voo - Voo 
Input leakage current 

at Vss < V1 < Voo ± l1L - - 1 

Outputs 

Output voltage LOW 
at V1 = Vss or Voo; llol < 1 µA Vol - - 0,05 

Output sink current LOW 
at Voo = 3 V; Vo= 0,4 V loL 0,6 1,5 -

Pull-up output source current HIGH 
at Voo = 3 V; Vo= 0,9Voo -loH 10 - -

at Voo = 3 V; Vo= Vss -loH - - 200 

Push-pull output source current HIGH 
at Voo = 3 V; Vo= Voo-0,4 V -loH 0,6 1,5 -

Note 1 

Crystal connected between XTAL 1 and XTAL 2; pin 2 pulled to Voo via 5,6 kf2 resistor; 
CE and T1 at Vss· 

unit 

v 
v 

µA 

µA 

µA 

µA 

µA 

v 

µA 

v 
v 

µA 

v 

mA 

µA 

µA 

mA 



DEVELOPMENT DATA PCD3343 
This data sheet contains advance information and 

specifications are subject to change without notice. 

CMOS MICROCONTROLLER FOR TELEPHONE SETS 

GENERAL DESCRIPTION 

The PCD3343 is a single-chip 8-bit microcontroller fabricated in CMOS. It has special on-chip features 
for application in telephone sets. 
The device is mask programmable, designed to provide telephone dialling facilities such as redial, 
repertory dial, emergency call, keyboard scan and control for liquid crystal display, pulse dial and/or 
DTMF dial via dedicated peripheral. 

Features 

• 8-bit CPU, ROM, RAM, 1/0 in a single 28-lead DI Lor SO package 
• 3 K ROM bytes 
• 224 RAM bytes 
• 20 quasi-bidirectional 1/0 port lines 
• Two test inputs: one of which is also the external interrupt input (CE/TO) 
• Single-level vectored interrupts: external, timer/event counter, serial 1/0 
• Serial 1/0 which can be used in bus systems with more than one master (serial 1/0 data via an 

existing port line and clock via a dedicated line) 
• 8-bit programmable timer/event counter 
• Over 80 instructions (based on MAB8048, MAB8400 and PCF8500) 
• All instructions 1 or 2 cycles 
• Clock frequency 100 kHz to 10 MHz 
• Single supply voltage from 1,8 V to 6 V 
• Low standby voltage and current 
• STOP and IDLE mode 
• On-chip oscillator with output drive capability for peripherals (e.g. PCD3312 DTMF generator) 
• Configuration of all 1/0 port lines individually selected by mask: pull-up, open drain or push-pull 
• Power-on-reset circuit and low supply voltage detection 
• Reset state of all ports individually selected by mask 
• Operating temperature range: -25 to + 70 °c 

PACKAGE OUTLINES 

PCD3343P: 28-lead DI L; plastic (SOT-117). 
PCD3343D: 28-lead DI L; ceramic (CERDIP) (SOT-135A). 
PCD3343T: 28-lead mini-pack; plastic (S0-28; SOT-136A). 

-
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PCD3343 

SCLK 
(pin 3) 

r-----------, 
I I 
f RESIDENT ROM I 
I I 
I I 
I 3 K BYTES !-'----~ 

CLOCK 

SID 
inter. 

~ 

Vref 
1,3V 

POWER { 
SUPPLY Vss 

-GND 

STOP 

external 
interrupt 

I 
I 
I 

CONTROL & TIMING 

IDLE-+ CE/fO RESET Xl AL 1 

INTERRUPT INITIALIZE OSGI LLATOR 
XTAL 

+-CE/fD 

+--TEST 1 

CONDITIONAL +--TIMER 
BRANCH FLAG 

LOGIC +--CARRY 

+--- ACC 

ACC BIT 
TEST 

REGISTER I 

REGISTER 2 

REGISTER 3 

REGISTER 4 

REGISTER 5 

REGISTER 6 

REGISTER 7 

B LEVEL STACK 224 
(VARIABLE LENGTH) 

OPTIONAL SECOND 
REGISTER BANK 

DATA STORE 

RESIDENT RAM ARRAY 

7287781 

Fig. 1 Block diagram; PCD3343 . 

r---A;:;,;-- -- - --1 
I 00-01 I 
I I 
I CLK I 

PSEN 
I c; 

: HALT-+ 

I INTA 

I 

(a) 

Fig. 1a Replacement of dotted part in Fig. 1, 
for the PCF8500F bond-out version. 

August '1984 ~. 

.-------------, 
I AO-A12 00-07 I 
I I 
I I 
I PSEN 

I 
I 
I 
I ,, 
L-- - --

I 
I 
I 

_______ .J 
7286142 

(b) 

Fig. 1 b Replacement of dotted part in Fig. 1, 
for the PCF.85008 'Piggy-back' version. 
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CMOS microcontroller for telephone sets 

PINNING 

P22 

P23 

SCLK 

POO 

POl 

P02 

P03 

P04 

P05 

P06 

?07 

CE/TO 

Tl 

Vss 

PCD3343 

Voo 

P21 

?20 

P17 

P16 

P15 

P14 
PCD3343 

P13 

P12 

Pll 

PlO 

RESET 

XTAL2 

XTALl 

7Z87783 

~ Note CE/TO is labelled I NT /TO on the PCF8500B and has inverted polarity. 
0 
..J 
w Fig. 2 Pinning diagram: PCD3343 and bottom pinning PCF8500B. 
> w 
c PIN DESIGNATION 

3 SCLK 

4-11 POO-P07 

12 CE/TO 

13 T1 

14 Vss 
15 XTAL 1 

16 XTAL 2 

17 RESET 

18-25 P10-P17 

26,27, 1,2 P20-P23 

28 Voo 

Clock: bidirectional clock for serial 1/0. 

Port 0: 8-bit quasi-bidirectional 1/0 port. 

Interrupt/Test 0: external interrupt input (sensitive to positive-going 
edge)/test input pin; when used as a test input directly tested by 
conditional branch instructions JTO and JNTO. 

Test 1: test input pin, directly tested by conditional branch instructions 
JT1 and JNT1. Tl also functions as an input to the 8-bit timer/event 
counter, using the STAT CNT instruction. 

Ground: circuit earth potential. 

Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the input for ah external 
clock source. 

connection to the other side of the timing component. 

Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 

Port 1: 8-bit quasi-bidirectional 1/0 port. 

Port 2: 4-bit quasi-bidirectional 1/0 port. P23 is the serial data 
input/output in serial 1/0 mode. 

Power supply: 1,8 V to 6 V. 
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PCD3343 

PINNING (continued) 

PCF85008 

Voo 

Voo 

Voo 

AB 

A9 

A11 

Vss 

AlO 

PsEN 

07 

06 

01 05 

02 04 

Vss 03 

7Z87784 

AO-A12K 

00-07 

EPROM 

max_ 8 K bytes 

-
CE 

Vss Voo 

AO-·A12 

(address bus) 

D0-07 .~ 
(data bus) 

--
PSEN 

PCF8500B 
BOND OUT CHIP 

Tl ---
RESET ----

7 287 785 

Fig. 3 Pinning diagram: PCF8500B 
'Piggy-back' version top pinning; 

Fig. 3a Connection of EPROM to 
'Piggy-back' package PCF8500B. 

to access a 2732 or 2764 EPROM. 

PIN DESIGNATION 

14,22 Vss 
1, 26-28 Voo 
10-3, 25, 24, 21, 23, 2 AO-A12 

11-13, 15-19 D0-07 

20 PSEN 

Notes 

Ground 

Power supply 

Address outputs 

Data 

Program store enable 

1. RAM capacity of PCF8500B is 256 bytes. 

2. Access time for ROMS/EPROMS to be below 7 x 1/fxTAL· 

3. Pin 12 CE/TO is on the PCF8500B, inverted and labelled INT/TO. 
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CMOS microcontroller for telephone sets l ___ P_c_o_3_3-43 __ _ 

FUNCTIONAL DESCRIPTION 

Bond-out version PCF8500F 

The PCF8500F is a microcontroller that contains no on-board ROM, but has all address and data lines 
brought-out to access an external ROM or EPROM. This version has more pins than the PCD3343 
with on-board ROM (see Fig. 1a). The RAM has 256 bytes. It can address 8 K bytes of ROM. 

'Piggy-back' version PCF8500B 

The PCF8500B is a special package that has standard pinning to the bottom which facilitates insertion 
as a mask-programmed device. An EPROM can be mounted on top in an additional socket. The total 
package height is greater than the standard DI L package. The RAM has 256 bytes and can also address 
8 K bytes of program memory. 

Program memory PCD3343 

The program memory consists of 3072 bytes (8-bit words). in a read-only memory (ROM). Each 
location is directly addressable by the program counter. The memory is mask-programmed at the 
factory. Figure 4 shows the program memory map. 

Four program memory locations are of special importance: 

• Location 0; contains the first instruction to be executed after the processor is initialized (RESET), 
• Location 3; contains the first byte of an external interrupt service subroutine, 
• Location 5; contains the first byte of a serial 1/0 interrupt service subroutine, 
• Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 

Program memory is arranged in banks of 2 K bytes, which are selected by SE L MB instructions. The 
program memory is further divided into location 'pages', each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using the unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any 'page'; RET and RETR instructions can transfer control from 
a subroutine back to the main program. 

Data memory PCD3343 

Data memory consists of 224 bytes (8-bit words), random-access data memory (RAM). All locations 
are indirectly addressable using RAM pointer registers; up to 16 designated locations are directly 
addressable. Memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 5 shows the data memory map. 

Working registers 

Locations 0 to 7 are designated as working registers, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate 
their contents, makes these locations suitable for storing frequently addressed intermediate resu Its. 
This bank of registers can be selected by the SE L RBO instruction. 

Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and these are then directly addressable. This second bank of 
working registers may be used as an extension of the first or reserved for use during interrupt service 
subroutines saving the first bank for use in the main program. If the second bank is not used, locations 
24 to 31 may serve as general purpose RAM. 

The first locations of each bank contain the RAM pointer registers RO, R 1, RO' and R1 '.which 
indirectly address all RAM locations. 

All RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. 

(A"'"~ 1984 
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PCD3343 

FUNCTIONAL DESCRIPTION (continued) 

PCD3343 3071 r, 
2048H" SELt81 

2047 i 
. , , SELMBO 

( 1) The program memory of PCF8500 
from 4 K to 8 K can be used 
via SEL MB2 and SEL MB3 
instructions 

1------1 location 7: timer/counter interrupt vector 

61------l 
1------1 location 5: serial 1/0 interrupt vector 

~ 1------l location 3 : external interrupt vector 

11------l 
0 location 0 : reset vector 7287786 

Fig. 4 Program memory map. 

Program counter stack 

PCF8500B 

PCD3343 

251 1--1 
2231-~~:-l I 

addressed 
, indirectly 

: through pointers ' 

32 
31 

25 
24 
23 

BANK 1 
WORKING 

REGISTERS 
8x8 

Rl' 
RO' 

8 LEVEL 
STACK 

~ ' or 
USER RAM 

8 
7 

a 

16x 8 

BANK 0 
WORKING 

REGISTERS 
8x8 

Rl 
RO 

,1' 

RO, R1, RO', R1' 

directly 
addressable 
when bank 1 
is selected 

directly 
addressable 
when bank 0 
is selected 

7Z87787 

Fig. 5 Data memory map. 

Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig. 6) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 

The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 

At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 

If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. Possible locations from 32 to 223 may be 
used for storage of program variables or data. 

Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
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The value of the saved contents of the program counter is different for an interrupt CALL compared 
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 

IDLE and STOP modes 

IDLE mode 

STACK 
POINTER 

111 

11 0 

101 

100 

011 

01 0 

001 

000 

7 Z87 323 

I 
j_ 

I 
! 

+ 
I 
+ 
t 
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+ 
PSWtlPSwl!l_Pc1tl'sw4j_Pc1 tlPc1'!.l_Pc91PC9 

PC7 I PcaIPc5IPc4 "T Pc3J Pc2J PC1 J Pco 

MSB LSB 

Fig. 6 Program counter stack. 
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When the microcontroller enters the IDLE mode via the I OLE instruction (H'01 ')the oscillator, 
timer/counter and serial 1/0 are kept running. The microcontroller exits from the I OLE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the I OLE mode. An active signal on the RESET pin restarts the micro
controller and a normal RESET sequence is executed (see Fig. 7). 

@JD 
NORMAL MODE ! IDLE MODE 

program 
counter= 0 

i NORMAL MODE 

"""::: I llll I Ill I llll I llll I I llll I I llll l'. llll I llll~l I lllll I IJlllllllllllllllllll 

_j tRES ,_ 1866 

> 1 µ.s clock periods 7ZB77BB 

Fig. 7 Exit from IDLE mode via a RESET. 
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FUNCTIONAL DESCRIPTION (continued) 

An active signal coming from an enabled interrupt causes the execution of the normal interrupt 
routine since normal interrupt scanning is still being carried out. A LOW-to-HIGH transition on the 
external interrupt pin (CE/TO) reactivates the microcontroller. A HIGH level applied to CE/TO will 
reactivate the microcontroller only in the STOP mode. Thus, if CE/TO was HIGH before the micro
controller entered the IDLE mode, it must go LOW before the microcontroller can be reactivated 
(see Fig. 8). 

PROGRAM FLOW 

OSCILLATOR 

CE/To 

1 program 

IDLE MODE ---11 count•;= 003 

_N_OR_M_A_L_MO_D_E-+----1 i NORMAL MODE 

11111111111111111111111111111 I I I ,, I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

:: ~@#J'$,0 
_J >41->7 - 60 -

clock clock 
periods periods 

clock 
periods 

Fig. 8 Exit from IDLE mode via an interrupt. 

7Z87789 

Wake-up from the I OLE mode is ensured when CE/TO is LOW for 4 CP (clock periods) followed by a 
HIGH for 7 CP. After the initial forced CALL H'003' operation (60 CP) the program continues with 
the external interrupt service routine. 

STOP mode 

The microcontroller enters the STOP mode by the STOP instruction (H'22'). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of 1/0 ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 9). 

If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is 
executed. 

(§) 
NORMAL MODE + STOP MODE 

program counter = 

0 or 003 

i NORMAL MODE 
PROGRAM FLOW-------+-----!~---------+----~ 

OSCILLATOR 11111111111111111111 

RESET 

OR 

CE/TO W#'l!!A 

f' I 

I 
111111111111111111111111111111111111111 

_j tRES 1- 1866 -
<'. 1 µs clock periods 

f ~~-1..<'...LJ..l..LJ.LJ.LLL<'...i.Ll..LJ.4''...LJ..l..l.LLl.J..LL.LJ.LJ..LL 
_I t1NT I_ 1866 -

;:::: 1 µs clock periods 7Z87790 

Fig. 9 Entering and exiting the STOP mode. 
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If the microcontroller exits the STOP mode by pulling the external interrupt input pin HIGH, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the norm(!! program sequence, executing the 
instruction following the STOP instruction. 

The microcontroller is restarted by a HIGH level applied at the CE/TO pin, and not by a LOW-to-HIGH 
transition as in a normal interrupt mechanism. 

When the CE/TO level is active during the STOP instruction then no STOP is executed. 

A HIGH level on the external interrupt input of at least 1 µswill cause the microcontroller to exit the 
STOP mode. 

1 /0 facilities 

The PCD3343 family has 23 1/0 lines arranged as: 

• Port 0 parallel port of 8 lines (POO to P07) 
• Port 1 parallel port of 8 lines (PlO to Pl 7) 
• Port 2 parallel port of 4 lines (P20 to P23) 
• SCLK serial 1/0 consisting of a data line shared with a parallel port line (P23) and a separate 

clock line SCLK 
• CE/TO external interrupt and test input. When used as a test input can be directly tested by 

conditional branch instructions JTO and JNTO 
• Tl test input which can alter program sequences when tested by conditional jump instructions 

JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event counter. 

Parallel ports 

All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 

Input lines are fully CMOS compatible, output lines can drive one LS-TTL or CMOS load. 

,----- CYCLE 1 

TIME 1 2 3 4 5 6 7 

I----- CYCLE 2 

8 9 10 1 2 3 4 5 6 7 8 9 10 I 
SLOT I 

I 
I 
I 
I 
I 
: ANL. 
1/0RL 

PO,P1,P2 ______ ~x~----O-AT_A_O_U_T ____ ~x.__ ___ _ 
ALL PORTS f'OR IN AND OUTL INSTRUCTIONS 

7Z87791 

Fig. 10 Timing diagram of all ports on IN and OUTL instructions; for AN Land ORL instructions, 
the ports change on the time slot 7 of cycle 2. 

Fig. 11 shows the quasi-bidirectional 1/0 interface with push-pull output and switched pull-up current 
source. 
Each line is pulled up to Voo via a constant current source (TR4), which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current provides sufficient source current for a 
TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 
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FUNCTIONAL DESCRIPTION (continued) 

When a logic 1 is written to the line for the first time (MQ = 1, SQ= 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR 1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR 1 will remain low impedance. 

In telephone applications this switched pull-up source may not be sufficient. Therefore the PCD3343 
offers the possibility to select individually 19 of the 20 parallel port pins (not P23), by the following 
mask options: 

Option 1- STANDARD PORT; quasi-bidirectional 1/0 with switched pull-up current source of 100 µA 
(typ.) and P-channel booster transistor TR2 (1,5 mA). TR2 is only active during 1 clock 
cycle (0,28 µsat 3,58 MHz). 

Option 2- OPEN DRAIN; quasi-bidirectional 1/0 with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 12). 

Option 3- PUSH-PU LL OUTPUT; drive capability of the output will be 1,5 mA (typ.) at V DD= 3 V 
in both polarities. To avoid a large current flowing through the output transistors during the 
input mode, these push-pull pins must only be used as outputs (Fig. 13). 

Also, individual mask selection of the RESET state of these port pins can be achieved by appending 
the following options S and R to options 1, 2 or 3. 

Option S-SET; after RESET this pin will be initialized to HIGH. 

Option R-RESET; after RESET this pin will be initialized to LOW. 

WRITE PULSE ----...---------, 

DATA BUS -----+-< 

TR1 

RESET 

ORL/ANL 

IN 

source 

7Z87792 

Fig. 11 Standard output with switched pull-up current source. 
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WRITE PULSE ----~------. 

SET 

DATA BUS -----+-ID MO 

RESET 

ORL/ANL 

IN 

Fig. 12 Open drain output. 

<( 
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<( 
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I-z 
w 
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RESET 

ORL/ANL 
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Fig. 13 Push-pull output. 
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FUNCTIONAL DESCRIPTION (continued) 

Serial 1/0 (SIO) 

The PCD3343 has an on-chip serial 1/0 interface. This SIC interface is a versatile feature in an 
intelligent telephone set, as shown in application diagram Fig. 32. 

In this application the SIO is used to communicate with the different peripherals, such as: 

• DTMF generator (PCD3312) 
• LCD drivers (PCF8577) 
• External RAM (PCD8571) 
• Clock calendar (PCB8573) 

No extra hardware is required for decoding, addressing and data processing. 

Whereas a normal microcontroller must regularly monitor the serial data bus for the presence of data, 
the serial 1/0 interface detects, receives and converts the serial data stream into parallel format without 
interrupting the execution of the current program. An interrupt is sent to the PCD3343 only when a 
complete byte is received. It then reads the data byte in one instruction. Likewise during transmission 
the serial 1/0 interface performs parallel to serial conversion and subsequent serial output of the data. 
The microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has been transmitted. 

The design of the PCD3343 serial 1/0 system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the 'general CALL' address. 
Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontrollers, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 

In NORMAL (running) and IDLE mode, the serial 1/0 logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 

After execution of the STOP instruction, the oscillator of the PCD3343 is switched off. This means 
that the serial 1/0 logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid "bus block" problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESQ= 0) prior to the execution of the STOP instruction. This 
must be carried out only when the PCD3343 has finished a serial data transfer. 

Serial 1/0 interface 

Figure 14 shows the serial 1/0 interface. The clock line of the serial bus has exclusive use of pin 3 
(SCLK) while the data line shares pin 2 (serial data) with the 1/0 line P23 of port 2. When the serial 
1/0 is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 

The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 

• Data shift register (SO) 
• Serial 1/0 interface status word (S1) 
• Serial clock control word (S2) 
• Address register 
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Data shift register (SO) 

Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or 'general 
CALL' address has been received. The most significant bit is transmitted first. 

Serial 1/0 interface status word (S 1) 

Register S1 provides information concerning the state of the interface and stores information from the 
microcontroller. Bits 0 to 3 are duplicated: control bits in these positions can only be written by the 
microcontroller, while interface bits can only be read. 

MST and TAX (see Table 1) 

These bits determine the operating mode of the serial 1/0 interface. 

Table 1 Operating modes of the serial 1/0 interface 

MST TAX operating mode 

0 0 slave receiver 
1 0 master receiver 
0 1 slave transmitter 
1 1 master transmitter 

BB: Bus Busy. 

This is the flag which indicates the status of the bus. 

PIN: Pending Interrupt Not 

PIN= 'O' indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 

ESQ: Enable Serial output 

The ESQ flag enables/disables the serial 1/0 interface: ESQ= '1' enables, ESQ = 'O' disables. ESQ can 
only be written by software. 

BCO, BC1 and BC2 

Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These 
bits can only be written by software. 

AL: Arbitration Lost 

The arbitration lost flag is set by hardware when the serial 1/0 interface, as master transmitter, loses a 
bus arbitration procedure. 

AAS: Addressed As Slave 

This flag is set by hardware when the interface detects either its own specific address or the 'general 
CALL' address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 

ADO: Address Zero 

This flag is set by hardware after detection of the 'general CALL' address when the interface is operating 
in the address recognition mode. 

LAB: Last Received Bit 

This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 

Bits AL, AAS, ADO and LAB can only be read by software. 
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FUNCTIONAL DESCRIPTION (continued) 

Serial clock control word (S2) 

Bits 0 to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When 
a 3,58 MHz crystal is used, the frequency of the serial clock can be varied between 92 kHz and 580 Hz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3: 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial 1/0. S2 is a write only register. 

Address register 

The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
#data instructions, but only when ESQ= 'O'. 

Serial 1/0 interrupt logic 

An EN SI instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial 1/0 interrupt to the processor, causing a CALL to 
location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 
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Table 2 SIO clock pulse frequency control when using a 3,58 MHz crystal 

hexadecimal fscLK (kHz) 
S20-S24 code divisor (approximate) 

0 not allowed 
1 39 92 
2 45 80 
3 51 70 
4 63 57 
5 75 48 
6 87 41 
7 99 36 
8 123 29 
9 147 24 
A 171 21 
B 195 18 
c 243 15 
D 291 12 
E 339 11 
F 387 9,2 
10 483 7.4 
11 579 6,2 
12 675 5,3 
13 771 4,6 
14 963 3,7 
15 1155 3, 1 
16 1347 2,7 
17 1539 2,3 
18 1923 1,9 
19 2307 1,6 
1A 2691 1,3 
1B 3075 1,2 
1C 3843 0,93 
1D 4611 0,78 
1E 5379 0,67 
1F 6147 0,58 
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FUNCTIONAL DESCRIPTION (continued) 

Table 3 Serial 1/0 addresses for telephony peripherals 

address 
type 7 6 5 4 3 2 1 0 description 

PCF8570A 1 0 1 0 A2 A1 x RiW 2K RAM 
PCF8570 1 0 1 0 A2 A1 AO R/W 2K RAM 
PCD8571 1 0 1 0 A2 A1 AO R/W 1 KRAM 
PCD3311 0 1 0 0 1 0 AO R/W DTMF dialler 
PCD3312 0 1 0 0 1 0 AO R/W DTMF dialler 
PCE2111 0 0 0 0 0 0 1 0 LCD driver* 
PCD8573 1 1 0 1 0 A1 AO R/W clock calendar 
PCF8574 0 0 1 1 A2 A1 AO RiW 8-bit 1/0 expander 
PCF8576 0 1 1 1 0 0 SAO R/W 1 : 4 LCD driver 
PCF8577 0 1 1 1 0 1 0 R/W 1 : 2 LCD driver 

* LCD driver requires an additional enable line. 
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FUNCTIONAL DESCRIPTION (continued) 

Interrupts (see Fig. 15) 

When the external interrupt is enabled, a LOW-to-HIGH transition on the CE/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following 
completion of the current instruction. 
The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. Serial 1/0 interrupt, when enabled, causes a CALL 
to location 5, and a timer/event counter overflow forces a CALL to location 7 when the timer 
interrupt is enabled. 

When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored; pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of .the occurance of a 
second interrupt during the running of the first routine. If 2 or 3 interrupts occur' simultaneously, 
their priority is: 

• (1) external 
• (2) serial J/0 
• (3) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (H'FF'), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 

On execution of a DIS I instruction, the PCD3343 always clears the digital filter/latch and the 
External Interrupt Flag. 

The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 

The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 

The microcontroller will exit the I OLE mode when any one of the following three interrupts is enabled: 

• External 
• Serial 1/0 
• Timer/event counter 

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 12). 
If required pin 12 must be externally connected to a resistor (R,,;;; 100 kn). When the external 
interrupt is not used pin 12 must be connected to Vss· 
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Notes to figure 15 
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(3BITSR) 
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PIN 

a 
ENABLE 
SIO INT. 

FLAG 
R Q 

s a 
TIMER 
FLAG 

R 

TIMER INT. 
ACKNOWLEDGED 

s a 

EXT. INT. 
FLAG 

CONDITIONAL 
~---+-----+-- JUMP LOGIC 

7Z87808 

TIMER 
INT. 

FLAG 

R 

Fig. 15 Interrupt logic. 

1. CE/TO positive edge is always latched in the digital filter/latch. 

l __ P_c_o_3_3_4_3 __ _ 

INTERRUPT 
VECTOR 
LOGIC 

2. Correct interrupt timing in ensured when CE/TO is LOW for> 4 CP followed by a HIGH for> 7 CP. 
3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETA is 

executed. 
4. A DIS I instruction always clears a pending external interrupt. 
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FUNCTIONAL DESCRIPTION (continued) 

Oscillator (see Fig. 16) 

The 3,58 MHz oscillator can be inhibited by the STOP instruction under software control. It is also 
inhibited when a low-voltage condition is present to prevent discharge of a weak back-up battery. 

Provided the supply voltage is within the operating range, the oscillator will be restarted after a STOP 
instruction by a HIGH level at either the CE/TO or RESET pin. 

PCD3343 
inhibit 

15 16 

XTAL1 

D 
XTAL2 

3,58 MHz 7287795 

Fig. 16 Oscillator with integrated elements. 

The oscillator has the output drive capability for the DTMF generator (PCD3311/3312) via pin 16 
(XTAL 2). An external clock can be applied to pin 15 (XTAL 1). A machine cycle consists of 10 time 
slots, each time slot being 3 oscillator periods. 

In telephony applications the 3,58 MHz crystal provides a 8,4 µs machine cycle. The range of the clock 
frequency is from 100 kHz up to a maximum which is a function of the supply voltage (see Fig. 23). 

Timer/event counter (see Fig. 17) 

An internal 8-bit up··counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 4 gives the instructions that control the counter and the prescaler, and 
the functions performed. 

When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. 
When used as an event counter, LOW-to-HIGH transitions on pin 13 (T1) are counted. The maximum 
rate at which the counter may be incremented is once every machine cycle (182,6 kHz for a 8,4 µs 
machine cycle). When the counter overflows, the timer flag is set. The flag can be tested and reset using 
the JTF (jump if timer flag= 1) or JNTF instruction. Overflow also generates an interrupt to the 
processor via setting of the Timer lnterrpt Flag when the timer/event counter interrupt is enabled. 
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Table 4 Timer/event counter control 

function 

CLEAR 

PRESET 
START 
STOP 

TEST 
READ** 

timer mode 
modulo-1, modulo-32* counter mode 

MOV T,A (A)= 0 MOV T,A (A)= 0 
or RESET or RESET 
MOV T,A MOV T,A 
STRTT STRT CNT 
STOP TCNT STOP TCNT 
or RESET or RESET 
JTF/JNTF JTF/JNTF 
MOV A,T MOV.A,T 

PRE SCALER ----XTAL+30 
(internal clock 

frequency) 

EDGE 
DETECTOR 

+ 32 

cleared on 
start timer 

A= START·TIMER 
B •START COUNTER 

load or read 

! 
8-BIT 

TIMER/ 
EVENT 

COUNTER 

cleared 
on reset 

C •STOP TIMER/COUNTER 

jump if 
timer flag 

= 1 

7289148 

Fig. 17 Timer/event counter. 

Program status word (see Fig. 18) 

The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 
the current status of the microcontroller. 
The PSW bits are: 

• Bits 0 to 2 
• Bit 3 

• Bit 4 

• Bit 5 
• Bit 6 

• Bit 7 

stack pointer bits (SPo, SP 1. SP2l 
prescaler select (PS); 
0 = modulo-32; 1 = modulo-1 (no prescaling) 
working register bank select (RBS); 
0 = register bank O; 1 = register bank 1 
not used (1) 
auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 
decimal adjust instruction DA A 
carry (CY); the carry flag indicates that previous operation has resulted in an 
overflow of the accumulator. 

saved in 
the stack ,_......__..., 

7 6 
MSB 

saved in 
the stack stack pointer 
,-A-. ~ 

4 3 2 1 0 
Fig. 18 Program status word. 

LSB 

7289149 

* With prescaler select, PS= 0, the timer counts modulo-32 machine cycles, with PS= 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 

** READ does not disturb the counting process. 
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PCD3343 

FUNCTIONAL DESCRIPTION (continued) 

Program status word (continued) 

All bits can be read using the MOVA, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and 
bits 0, 1 and 2 by the CALL, RET or RETA instructions and in the event of an interrupt. Bits 7, 6 and 
4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 
in the PSW with a RETA (return and restore) instruction which must be used atthe end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 

Program counter (see Fig. 19) 

A 13-bit program counter is used to facilitate 8 K bytes of ROM being addressed. The arrangement of 
the bits is shown in figure 19. During an interrupt subroutine PC11 and PC12 are forced to logic 0. 
All 13 bits are saved in the stack during CALL and interrupt routines. 

Central processing unit 

lL C
0

ocn
0
veunntt1sonal Program Counter 

OOOH to 7FFH 

• overflows 7 FFH to OOOH 

JMP or CALL 1nstruct1ons transfer the 

contents of internal flipflop MBFFO to PC11 

7Z89150 

and MBFF 1 to PC12 

• (MBFFOI <- a by SELMBO or RESET 
(MBFF1) <- 0 

• (MBFFO) <- 1 by SEL MB1 
(MBFF1) <- 0 

• (MBFFO) <- 0 by SEL MB2 
(MBFF1) <- 1 

• (MBFFO) <- 1 by SELMB3 
(MBFF1) <- 1 

Fig. 19 Program counter. 

The PCD3343 has arithmetic, logical an::l branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 

Conditional branch logic 

The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user's program. Table 5 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. 

A"'""···· I 
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CMOS microcontroller for telephone sets PCD3343 

Table 5 Conditional branches 

test jump condition jump instruction 

accumulator all bits zero JZ 
any bit non-zero JNZ 

accumulator bit test 1 JBO to JB7 
carry flag 1 JC 

0 JNC 
timer overflow flag 1 JTF 

0 JNTF 
test input TO 1 JNTO 

0 JTO* 
test input Tl 1 JTl 

0 JN Tl 
register non-zero DJNZ 

Test input T1 (pin 13) 

The T1 input line can be used as: 

• A test input for branch instructions JTl and JNTl 
• An external input to the event counter 

When used as a test input: 

• JTl instruction tests for logic 1 level 
• JNT1 instruction tests for logic 0 level 

When used as an input to the event counter, Tl must be LOW for> 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 

There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R = ~ 100 kil). When Tl is not used pin 13 must be connected to 
VDD or Vss· 

Reset (pin 17) 

A positive-going signal on the RESET input/output: 

• Sets the program counter to zero 
• Selects location 0 of memory band 0 and register bank 0 
• Sets the stack pointer to zero (000); pointing to RAM address 8 
• Disables the interrupts (external, timer and serial 1/0) 
• Stops the timer/event counter, then sets it to zero 
• Sets the timer prescaler to modulo-32 
• Resets the timer flag 
• Sets all ports according to reset states · 
• Sets the serial 1/0 to slave receiver mode and disables the serial 1/0 
• Cancels IDLE and STOP mode 

After the voltage is applied to RESET an internal delay of 1866 CP is introduced before the micro
controller commences operation. 

* Because of the inverted interrupt input CE/TO the conditional jump JTO is also inverted. 
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PCD3343 

FUNCTIONAL DESCRIPTION (continued) 

Power-on-reset and low-voltage detection (see Fig. 20) 

In telephony applications, correct operation of the PCD3343 during moments of slowly changing 
supply voltages and low-voltage conditions is essential. This is achieved by the addition of an internal 
power-on-reset and low-voltage detection circuit. 
To allow an external RESET signal being fed into the PCD3343, the reset pin (pin 17) has been 
configured as an input/output. 

While a reset condition exists in the detection circuit, pin 17 is pulled HIGH by TR 1 controlled by the 
reset circuit. 
When the reset condition is not present a pull-down current source (TR2) will be activated. TR2 forces 
pin 17 LOW thus removing the RESET signal from the microcontroller. 

Since the level at pin 17 is recognized by the microcontroller, the reset time constant can be stretched 
by connecting an external capacitor between Voo and pin 17 (see Fig. 22). 

The signal at pin 17 can .also be used as an output to reset other devices in the system. 

The internal reset circuit monitors the PCD3343 supply voltage. If the voltage drops below the 
switching level (typ. 1,3 V), a reset (HIGH) is applied to pin 17. This reset is removed (pin 17 goes 
LOW), after a fixed delay (td), when the supply voltage rises above the switching level again. The delay 
ensures a complete reset even when the supply voltage quickly rises above switching. level after initial 
switch-on. 

During a low-voltage condition the oscillator is inhibited to prevent complete discharge of a weak 
battery. The timing of the power-on-reset and low-voltage detection circuit is shown in figure 21. 

28 
Voo 

oscillator 
inhibit 

TR1 

POWER -u-
v,.1- ON 

RESET 
RESET 

TR2 
current ,,,J source 
(10µA) 

PCD3343 internal 

1" 
reset 

Vss 

7Z87796 

Fig. 20 Power-on-reset configuration. 

August 1984 ~ 



<( 
I
<( 
c 
1-z 
w 
::?! 
a. 
0 
...J 
w 
> w 
c 

CMOS microcontroller for telephone sets PCD3343 

~~:TL:GE VRES:~ l--'"7'i""'-------------~._,--l-ow_vo_l~-a~-·--condition I ---·--=---------
0 --- I 

Yoo ------IL_ 

'~ b------1-3-) --------r-----,;;---~ 
_I lct! __ 

RESET 

OSCILLATOR 

7287 797 

Where: (1) Oscillator inhibited 
(2) Oscillator starting 
(3) Oscillator running, but may be stopped with a STOP condition 

Fig. 21 Timing of power-on-reset and low-voltage detection. 

28 Voo 

oscillator --~I inhibit 

TRl Creset 

POWER -u-
v,.1-+ ON 

RESET RESET 

TR2 
battery 

current 
supply 

source ,,,]" _J 
(10µA) 

.;; 100 

PCD3343 internal kn 

1" 
reset 

[J-1-4 

Vss lZ87798 

Fig. 22 Stretched power-on-reset with external capacitor. 
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INSTRUCTION SET 

The PCD3343 instruction set consists of over 80 one and two byte instructions.and is based on the 
MAB8048 instruction set. New instructions include those for serial 1/0 operation and memory bank 
selection. Program code efficiency is high because all RAM locations and all ROM locations on a 
256 byte page require only a single byte address. · 

Table 8 gives the instruction set of the PCD3343. Table 7 shows the instruction map and Table 6 
details the symbols and definition descriptions that are used. 

Table 6 Symbols and definitions used in Table 8 

symbol definition description 

A accumulator 
addr program memory address 
Bb bit designation (b = 0-7) 
RBS register bank select 
c carry bit (bit CY) 
CNT event counter 
D mnemonic for 4-bit digit (nibble) 
data 8-bit number or expression 
I interrupt 
MB memory bank 
MBFF memory bank flip-flop 
p mnemonic for 'in-page' operation 
PC program counter 
Pp port designation (p = 0, 1 or 2) 
PSW program status word 
RB register bank 
Rr register designation (r = 0-7) 
Sn serial 1/0 register 
SP stack pointer 
T timer 
TF timer flag 
TO,T1 test 0 arid 1 inputs 
# immediate data prefix 
@ indirect address prefix 
(X) contents of X 
((X)) contents of location addressed by X 
+- is replaced by 
.... is exchanged with 

~ugu.511984) 
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DEVELOPMENT DATA 

Table 7 PCD3343 instruction map 
r---- ·-·-·------- ---------- ---- ------------------------------------------------------------, 

i ~~-~~~~~~-~;:::;:··;···;···;···;···;--·~-~-~-~-~-~;-··;···;···;···;···;···;···;···;···;···;···;···;··-! 
l===================================================================================================================================I 
I 0 I NOP I IDLE I I ADD I. JMP I EN I I JNTF I DEC A I IN A, Pp I I l'IOY A, Sn I I 
I I I I IA•ldatal page 01 I addr I I 0 I 1 I 2 I I 0 I 1 I I I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I 1 I INC QRr I JBO I ADDC I CALL I DIS I I JTF I INC A I INC Rr I 
I I 0 I 1 I addr IA,tdatal page 01 I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------I 
I 2 I XCH A.aRr I STOP I MOY I J11P I EN I JNTO I CLR A I XCH A.R,. I 
I I 0 I 1 I IAoldatal page 11 TCNTI I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I 3 I XCHD A,QRr I JB1 I I CALL I DIS I JTO I CPL A I OUTL PpoA I I MOY SnoA I I 
I I 0 I 1 I addr I I page 11 TCNTI I addr I I 0 I 1 I 2 I I 0 I 1 I 2 I I 
1-----------------------------------------------------------------------------------------------------------------------------------I 
I 4 I ORL A•aRr I MOY I ORL I J11P I STRT I JNT1 I SWAP I ORL A1Rr I 
I I 0 I 1 I A, T I A, id at a I page 21 CNT I addr I A I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1---------------------------------------------------------------------------------------------------------~-------------------------1 
I 5 I ANL A.aRr I JB2 I ANL I CALL I STRT I JT1 I DA A I ANL A.Rr I 
I I 0 I 1 I addr IAoldatal page 21 T I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------I 
I 6 I ADD A .aRr I 110Y I I JMP I STOP I I RRC A I ADD A' Rr I 
I I 0 I 1 I T •A I I page 31 TCNT I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------1 
I 7 I ADDC AoQRr I JBJ I I CALL I I I RR A I ADDC A•Rr I 
I I 0 I 1 I addr I I page 31 I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------I 
I 8 I I I I RET I J11P I EN I I I ORL Pp• tdat a I I I I I I 
I I I I I I page 41 SI I I I 0 I 1 I 2 I I I I I I 
1-----------------------------------------------------------------------------------------------------------------------------------I 
I 9 I I I JB4 I RETR I CALL I DIS I JNZ I CLR C I ANL Pp.tldata I I MOY Sn,ldata I I 
I I I I addr I I page 41 SI I addr I I 0 I 1 I 2 I I 0 I 1 I 2 I I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I A I MOY iRr •A I I 110YP I J11P I SEL I I CPL C I MOY Rr, A I 
I I 0 I 1 I I A.aA I page 51 1182 I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 ,I 
l----------------------------------------------------w------------------------------------------------------------------------------1 
I B I MOV aRr' llaat a I JB5 I . JMPP t CALL I SE.L I I I MOY Rr did at a I 
I I 0 I 1 I addr I al\ I page 51 MBJ I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1--------------------------------~---------~----------------------------------------------------------------------------------------1 
I C I DEC QRr I I I · JMP I SEL I JZ I 110V I DEC Rr I 
I I 0 I 1 I I I page 6.1 RBO I addr I A, PSW I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1---------------------------~~------------------------------------------------------------------------------------------------------1 
I D I XRL A•aRr I JB6 I XRL I CALL I SEL I I MOV I XRL A.R,. I 
I I 0 I 1 I addr IA,lldatal page 61 RB1 I I PSW•A I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
1-----------------------------------------------------------------------------------------------------------------------------------1 
I E I DJNZ QRr•addr I I I JMP I SEL I JNC I RL A I DJNZ Rr, addr I 
I I 0 I 1 I I I page 71 1180 I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
IFIMOVA,QRr I JB7 I t CALLI SEL I JC IRLCAI l'IOVAoRr I 
I I 0 I 1 I addr I I page·71 1181 I aadr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
!===================================================================================================================================! 
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INSTRUCTION SET (continued) 

Table 8 Instruction set 

mnemonic opcode 
(hex.) 

ADD A, Rr 6* 

ADD A,@Rr 60 
61 

ADD A, #data 03 data 

ADDC A, Rr 7* 

ADDC A,@Rr 70 
71 

ADDC A, #data 13 data 

ANL A, Rr 5* 

a: ANL A,@Rr 50 
0 
I-

51 
<( ANL A, #data 53 data ..J 
::::> ORL A, Rr 4* :;: 
::::> ORLA,@Rr 40 u 
u 41 <( 

ORL A, #data 43 data 

XRL A, Rr D* 

XRLA,@Rr DO 
D1 

XRL A,#data D3 data 

INCA 17 

DECA 07 

CLR A 27 

CPLA 37 

RLA E7 

bytes/ 
cycles 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1/1 

1 /1 

2/2 

1/1 

1/1 

2/2 

1/1 

1/1 

2/2 

1/1 

1 /1 

1 /1 

1 /1 

1 /1 

description 

Add register contents to A 

Add RAM data, addressed by Rr, to A 

Add immediate data to A 

Add carry and register contents to A 

Add carry and RAM data, addressed 
by Rr, to A 

Add carry and immediate data to A 

'AND' Rr with A 

'AND' RAM data, addressed by Rr, with A 

'AND' immediate data with A 

'OR' Rr with A 

'OR' RAM data, addressed by Rr, with A 

'OR' immediate data with A 

'XOR' Rr with A 

'XOR' RAM, addressed by Rr, with A 

'XOR' immediate data with A 

increment A by 1 

decrement A by 1 

clear A to zero 

one's complement A 

rotate A left 

function 

(A)+-(A) + (Rr) 

(A)+-(A) +((RO)) 
(A)+-(A) + ((R1)) 

(A)+-(A) +data 

(A)+-(A) + (Rr) + (C) 

(A)+-(A) +((RO))+ (C) 
(A)+-(A) + ((R1)) + (C) 

(A)+-(A) +data+ (C) 

(A)+-(A) AND (Rr) 

(A)+-(A) AND ((RO)) 
(A)+-(A) AND ((R1)) 

(A)+-(A) AND data 

(A)+-(A) OR (Rr) 

(A)+-(A) OR ((RO)) 
(A)+-(A) OR ((R1)) 

(A)+-(A) OR data 

(A)+-(A) XOR (Rr) 

(A)+-(A) XOR ((RO)) 
(A)+-(A) XOR ((R1)) 

(A)+-(A) XOR data 

(A)+-(A) + 1 

(A)+-(A) -1 

(A)+-0 

(A)+-NOT(A) 

(An+ 1)+-(Anl 
(Ao)+-(A7) 

r=0-7 

r= 0-7 

r= 0-7 

r= 0-7 

r= 0-7 

n=0-6 

notes 

1 

1 

1 

1 

1 

1 

"1J 
() 
0 
c.u 
c.u 
.i::.. 
c.u 



~ RLCA F7 1 /1 c: 
0 
~ 
a: RR A 
0 

77 1 /1 

I-
<( 

ARCA 67 1 /1 ..J 
::> 
:2: 
::> DAA 57 1 /1 (.) 
(.) 

SWAP A 47 1 /1 <( 

MOVA, Rr F* 1 /1 

MOV A,@Rr FO 1 /1 
F1 

MOV A,#data 23 data 2/2 

MOV Rr, A A* 1 /1 

MOV@Rr, A AO 1 /1 
(/) A1 
w 
> MOV Rr, #data B* data 2/2 
0 
:2: MOV @Rr, #data BO data 2/2 
<( B 1 data I-
<( 

XCH A, Rr 2* 1 /1 0 

XCH A,@Rr 20 1 /1 
21 

XCHD A,@Rr 30 1 /1 
31 

MOVA, PSW C7 1/1 

)> MOV PSW, A 07 1 /1 
c: 

MOVPA,@A A3 1/2 I CC 
c: 
~ 

(/) CLR C 97 1 /1 (!) 

co 
~ 

<( 
CPLC A7 1/1 ..J 

u.. 

w 
ffi 

DEVELOPMENT DATA 

rotate A left through carry 

rotate A right 

rotate A right through carry 

decimal adjust A 

swap nibbles of A 

move register contents to A 

move RAM data, addressed by Rr, to A 

move immediate data to A 

move accumulator contents to register 

move accumulator contents to RAM 
location addressed by Rr 

move immediate data to Rr 

move immediate data to RAM location 
addressed by Rr 

exchange accumulator contents with Rr 

exchange accumulator contents with 
RAM data addressed by Rr 

exchange lower nibbles of A and RAM 
data addressed by Rr 

move PSW contents to accumulator 

move accumulator bit 3 to PSW3 

move indirectly addressed data in 
current page to A 

clear carry bit 

complement carry bit 

(An+ 1l+-An 
(Ao)+-(C), (C)+-(A7) 

(Anl+-(An + 1) 
(A7)+-(Aol 

(Anl+-(An + 1) 
(A7)+-(C), (C)+-(Aol 

(A4_ 7 )+>(Ao_3) 

(A)+-(Rr) 

(A)+-((RO)) 
(A)+-((R1)) 

(A)+-data 

(Rr)+-(A) 

((RO))+-(A) 
((R1))+-(A) 

(Rr)+-data 

( (RO) )+-data 
(( R1 ))+-data 

(A)+>(Rr) 

(A)+>((RO)) 
(A)+>((R1)) 

(Ao_3)+>( ( R00_3)) 
(A0-3)+>((Rlo_3)) 

(A)+-(PSW) 

(PSW3)+-(A3) 

(PC0_7)+-(A), (A)+-((PC)) 

(C)+-0 

(C)+-NOT(C) 

n =0-6 2 

n =0-6 

n =0-6 2 

2 

r= 0-7 

r = 0:_7 

r = 0-7 

3 

2 

2 
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mnemonic 

INC Rr 

INC@Rr 

DEC Rr 

DEC@Rr 

JMP addr 

JMPP@A 

DJNZ Rr, addr 

DJNZ @Rr, addr 

JBb addr 

JC addr 

JNC addr 

JZ addr 

JNZ addr 

JTO addr 

JNTOaddr 

JT1 addr 

JNT1 addr 

JTF addr 

JNTF addr 

opcode bytes/ 
(hex.) cycles 

1* 1 /1 

10 1 /1 
11 

C* 1/1 

co 1/1 
C1 

• 4 address 2/2 

83 1/2 

E* address 2/2 

EO 2/2 

E1 

• 2 address 2/2 

F6 address 2/2 

E6 address 2/2 

C6 address 2/2 

96 address 2/2 

36 address 2/2 

26 address 2/2 

56 address 2/2 

46 address 2/2 

16 address 2/2 

06 address 2/2 

description 

increment register by 1 

increment RAM data, addressed by Rr, by 1 

decrement register by 1 

decrement RAM data, addressed by Rr, by 1 

unconditional jump within a 2 K bank 

indirect jump within a page 

decrement Rr by 1 and jump if not 
zero to addr 

decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 

jump to addr if Acc. bit b = 1 

jump to addr if C = 1 

jump to addr if C = 0 

jump to addr if A= 0 

jump to addr if A is NOT zero 

jump to addr if TO= 0 

jump to addr if TO= 1 

jump to addr if T1 = 1 

jump to addr if T1 = 0 

jump to addr if Timer Flag= 1 

jump to addr if Timer Flag= 0 

function 

(Rr)+-(Rr) + 1 

((RO))+-((RO)) + 1 
((R1))+-((R1)) + 1 

(Rr)+-(Rr) -1 

((RO))+-((RO)) -1 
((R1))+-((R1)) -1 

(PCs-1 ol+-addrs-1 o 
(PC0-7)+-addr0-7 
(PC11-12l+-MBFF 0-1 

(PC0_7)+-((A)) 

( Rr)+-( Rr) - 1 
if (Rr) not zero (PC0-7)+-addr 

((RO))+-((RO)) -1 
if ((RO)) not zero (PC0_7)+-addr 

((R1))+-((R1)) -1 
if ((R1)) not zero (PC0_7)+-addr 

if b = 1 : (PC0_7)+-addr 

if C = 1 : (PC0-7)+-addr 

if C = 0 : (PC0_7)+-addr 

if A= 0 : (PC0_7)+-addr 

if k,PO : (PC0_7)+-addr 

if TO= 0: (PC0-7)+-addr 

if TO= 1: (PC0-7)+-addr 

if T1 = 1: (PC0-7)+-addr 

if T1 = 0: (PC0-7)+-addr 

if TF = 1: (PC0-7)+-addr 

if TF = 0: (PC0_7)+-addr 

r= 0-7 

r= 0-7 

r=0-7 

b=0-7 

notes 

4 
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00 

""" 

w 
00 
C'1 

0: 
w 
f-z 
:::> 
0 
(.) 

f-z 
w 
> w ...... 
0: 
w 
2 
j:: 

...J 
0 
0: 
f-z 
0 
(.) 

w 
z 
j:: 
:::> 
0 
0: 
c:o 
:::> 
en 

MOVA, T 

MOV T, A 

STRTCNT 

STRTT 

STOP TCNT 

EN TCNTI 

DIS TCNTI 

ENI 

DIS I 

SEL RBO 

SEL RB1 

SEL MBO 

SEL MB1 

SEL MB2 

SEL MB3 

STOP 

IDLE 

CALL addr 

RET 

RETR 

42 1 /1 

62 1 /1 

45 1 /1 

55 1 /1 

65 1 /1 

25 1 /1 

35 1 /1 

05 1 /1 

15 1 /1 

C5 1 /1 

D5 1 /1 

E5 1 /1 

F5 1 /1 

A5 1 /1 

85 1 /1 

22 1 /1 

01 1 /1 

"'4 address 2/2 

83 1/2 

93 1/2 

DEVELOPMENT DATA 

move timer/event counter contents to 
accumulator 

move accumulator contents to 
timer/event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 

disable timer/event counter interrupt 

enable external interrupt 

disable external interrupt 

select register bank 0 

select register bank 1 

select program memory bank 0 

select program memory bank 1 

select program memory bank 2 

select program memory bank 3 

enter STOP mode 

enter IDLE mode 

jump to subroutine 

return from subroutine 

return from interrupt and restore 
bits 4, 6, 7 of PSW 

(A)+-(T) 

(T)+-(A) 

(RBS)+-0 

(RBS)+-1 

(MBFF0)+-0, (MBFF1)+-0 

(MBFF0)+-1, (MBFF1)+-0 

(MBFF0)+-0, (MBFF1)+-1 

(MBFF0)+-1, (MBFF1)+-1 

((SP))+-(PC), (PSW4, 6, 7) 6 
(SP)+-(SP) + 1 

(PC3_ 1 o)+-addrs-1 O 
(PC0_7)+-addro-7 
(PC11-12)+-MBFF 0-1 

(SP) +-(SP) -1 
(PC)+-( (SP)) 

(SP) +-(SP) -1 
(PSW4, 6, 7) + (PC)+-((SP)) 

5 

5 

6 

6 

6 

n 
s: 
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0 
n 
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c: 
tC 
c: 
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co 
00 
.!:> 

mnemonic 

I-
IN A, Pp 

:::> 
c... 
I-
:::> 

OUTL Pp, A 0 
~ 

I-
:::> 
c... 
z - AN L Pp, #data 
....I 
w 
....I 
...J 
<( 
c: 0 R L Pp, #data 
<( 
c... 

I-
MOV A,Sn 

:::> 
c... 
I- MOV Sn, A :::> 
0 
~ 

I-
:::> 
c... MOV Sn, #data z -
...J 
<( 

c: 
EN SI w 

CJ) 

DISS! 

NOP 

Notes to Table 8 

1. PSW CY, AC 
2. PSW CY 
3. PSW PS 

opcode 
(hex.) 

08 
09 
OA 

38 
39 
3A 

98 
99 
9A 

88 
89 
BA 

QC 
OD 

3C 
3D 
3E 

9C 
9D 
9E 

85 

95 

00 

affected 
affected 
affected 

bytes/ description function 
cycles 

1 /2 input port p data to accumulator (A)<-(PO) 
(A)<-(P1) 
(A)<-(P2) 

1/2 output accumulator data to port p (PO)<-(A) 
(P 1)<-(A) 
(P2)<-(A) 

2/2 AND port p data with immediate data (PO)<-(PO) AND data 
(P1)<-(P1) AND data 
(P2)<-(P2) AND data 

2/2 OR port p data with immediate data (PO)<-(PO) 0 R data 
(P1)<-(P1) OR data 
(P2)<-(P2) OR data 

1/2 move serial 1/0 register contents to (A)<-(SO) 
accumulator (A)<-(S1) 

1 /2 move accumulator contents to serial (SO)<-(A) 
1/0 register (S1)<-(A) 

(S2)<-(A) 

2/2 move immediate data to serial (SO)<-data 
I /0 register (S1)<-data 

(S2)<-data 

1 /1 enable serial 1/0 interrupt 

1 /1 disable serial 1/0 interrupt 

1 /1 no operation 

5. PSW RBS affected 
6. PSW SPo, SP1, SP2 affected 
7. (A)= 1111 P23, P22, P21, P20. 

4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 

* :8,9,A,B,C,D, E,F 

8. (S1) has a different meaning for read and write operation, see 
serial I /0 interface. 

9. (S2) is a write only register. Reading S2 will give value F FH. • :0,2,4,6,8,A,C, E 
.& : 1, 3, 5, 7, 9, B, D, F 

notes 
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8 
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CMOS microcontroller for telephone sets 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 28) Voo 
All input voltages 

D.C. current into any input or output 

Total power dissipation (see note) 

Power dissipation per output 
except P23, SCLK 
P23, SCLK 

Storage temperature range 

Operating ambient temperature range 

Operating junction temperature 

Note 

Thermal resistance (junction to ambient) 
forSOT-117 

for SOT-135A 

for SOT-136A 

Po 
Po 
Tstg 

Tamb 

Tj 

Rth j-a 

Rth j-a 

Rth j-a 

PCD3343 

-0,8 to+ 8 V 
0,8 to Voo + 0,8 v 
max. 10 mA 

max. 500 mW 

max. 50 mW 
max. 180 mW 

-65 to+ 150 oc 

-25 to 

max. 

max. 

max. 

max. 

+ 70 oc 

125 oc 

120 K/W -

60 K/W 

150 K/W 

(November 19-86 387 



PCD3343 

D.C. CHARACTERISTICS 

Voo = 2,75to 6 V; Vss =O V;Tamb =-25to + 70°C; all voltages with respect to Vss; f = 3,58 MHz 
with Rs= 50 U; unless otherwise specified. 

parameter symbol min. typ. max. unit 

Supply voltage 
operating (see Fig. 23) Voo 1,8 - 6 v 

STOP mode for RAM retention Voo 1,0 - 6 v 

Supply current 
operating 

at Voo = 3 V (see Fig. 24) loo - 600 - µA 
IDLE mode 

at Voo = 3 V (see Fig. 25) loo - 300 - µA 
STOP mode (see Fig. 26 and note 1) 

at Voo = 1,8 V; Tamb = 25 °c loo - 1,2 2,5 µA 

at Voo = 1,8 V; Tamb = 55 °c loo - - 5 µA 

at Voo = 1,8 V; Tamb = 70 °c loo - - 10 µA 

RESET 1/0 

Switching level VRESET - 1,3 - v 
Sink current 

at Voo > VRESET loL - 7 - µA 

Inputs 

Input voltage LOW V1L 0 - o,3v00 v 

Input voltage HIGH V1H o,1v00 - Voo v 

Input leakage current 
atVss<V1 <Voo ± l1L - - 1 µA 

Outputs 

Output voltage LOW 
at V1 = Vss or Voo; llol < 1 µA Vol - - 0,05 v 

Output sink current LOW 
atVoo=3V;Vo=0,4V 
except P23/SDA, SCLK (see Fig. 27) loL 0.75 1,5 - mA 

P23/SOA, SCLK (see Fig. 28) loL 1,5 - - mA 

Pull-up output source current HIGH (see Fig. 29) 
at Voo = 3 V; Vo= 0,9Voo -loH 25 - - µA 

at Voo = 3 V; Vo= Vss -loH - - 200 µA 
Push-pull output source current HIGH 

at Voo = 3 V; Vo= Voo-0.4 V -loH 0,75 1,5 - mA 

Note 1 

Crystal connected between XTAL 1 and XTAL 2; SCL and SOA pulled to Voo via 5,6 kU resistor; 
CE and Tl at Vss· 

388 A"'"~ 1984 I 
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CMOS microcontroller for telephone sets 

fXTAL 
(MHz) 

7287799 
12.--,--~~-~~~~-~,--~ 

10 t---t---+---+-t-----t---+---+c_---+ (1) t---1 
~(2) 

s >---+---+-:zi-t2....._v~L+--+---+--+--+--< 
4>-+~~~~~vc__+----+--!--+->-+--1 

21--1-~-+--+--+-~-1--!-+--+--I 

o~_c__,____,__L___L__L____,__L___L_~ 

0 2 4 6 8 10 
Voo!Vl 

( 1) T amb = -25 oc 
(2) Tamb = 25 °c 
(3) Tamb = 70 °c 

Fig. 23 Maximum clock frequency (fxTALl 
as a function of the supply voltage (Vool. 

7287801 

10~~E~~E~~ 
'oo E 

(mA) 

0,01 ~~~~-~~-~~-~~~ 
0 2 4 6 8 10 

Voo!Vl 

( 1) clock frequency = 4 MHz 
(2) clock frequency= 2 MHz 
(3) clock frequency= 500 kHz 

Fig. 25 Typical supply current Oool 
in I OLE mode as a function of the 
supply voltage (Vo ol; T amb = 25 °c. 

PCD3343 

7 287800 

10~~~~~~~~~~~~~ 
100 

(mA) 
t---+--+---+--1--+--+---+-~--+ (1) t------1 

~ !-"' (2) -r-
L J...-1 !3! i=:::j 

0,01 ~~~~-~~~~-~~~ 

100 
(µA) 

3 

0 4 6 8 10 
Voo !Vl 

( 1) clock frequency = 4 MHz 
(2) clock frequency = 2 MHz 
(3) clock frequency = 500 kHz 

Fig. 24 Typical supply current (I oo) 
in operating mode as a function of the 
supply voltage (Vool; Tamb = 25 °c. 

7287802 

_L'1 (1) 

~ (2) 

0 
0 4 6 8 10 

( 1) T amb = 70 °c 
(2) Tamb = 25 oc 

Voo!Vl 

Fig. 26 Typical supply current (fool 
in STOP mode as a function of the 
supply voltage (Voo). 
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PCD3343 

10L 

lmA) 

4 ~ -+---l-+--t---t---t-----1 

10L 
(mA) 

7287804 

5 ffil-1-
H---+--+--+--+-·-+___.__-1----+---j 

6 f----+---t---t- -t---+----+-c--r-! 11 

I 
3 >----+----+---+ 

0 
0 2 4 

(1) Tamb = -25 oc 
(2) Tamb = 25 °c 
(3) Tamb = 70 °C 

-F 
6 8 

VDD (V) 

10 

4 

0 
0 4 

(1) Tamb = -25 °c 
(2) Tamb = +25 oc 
(3) Tamb = +70 °c 

(2) 

(3) 

8 10 

VDD (VI 

Fig. 27 Output sink current LOW {loLl, 
except outputs P23/SDA and SCLK, as a 
function of supply voltage (Vool; Vo= 0,4 V. 

Fig. 28 Output current LOW {loLl, 
outputs P23/SDA and SCLK, as a function 
of supply voltage (Voo); Vo= 0,4 V. 

August 19841 

-loH 
(µA) 

7Z87805 
200~-~~~-~-~-~~-~~-

I 160 "--l----+---+-+---+----+----+-l------+ ---
1 v-111 

I--+- - ----r--v L +---
120 1-- .L lL ~121 

801--~ - - - 131 __ _ 

l:.<C-- - -+-- (4)t--

40 r-- .... JL____ - ,,... ""'I- I I,,,... - ..,,,..,,,,. ---t-- -----t-------

r------i--

0 "----'---- --~--l---~~--~-~l---'-
0 2 4 6 8 10 

VoolVI 

(1) Tamb = 25 oc; Vo= Vss 
(2) Tamb = 25 °c; Vo= 0,9Voo 
(3) Tamb = 70 °C; Vo= Vss 
(4) Tamb = 70 °c; Vo= 0,9Vob 

Fig. 29 Output source current HIGH (-loHl 
as a function of supply voltage {Vool. 



~ c 
1-z 
w 
::!E 
Cl. 
0 
..J 
w 
> w 
c 

CMOS microcontroller for telephone sets PCD3343 

A.C. CHARACTERISTICS 

Rise and fall times between 10 and 90% levels; CL= 50 pF 

symbol at 70 °c max. value unit 
parameter 

Fall time 

Rise time 

SCLK 

P23 

Voo 1,8 

tf 200 

tr 200 

.... tHIGH-+- --tLow-

.-tsuF _.... -
'RC 

- lHD;STA -- .._ -
tRD 

-- +- --!HO;DAT tsu;DAT 

3,0 

100 

100 

6,0 

70 

80 

t----- 0.7Voo 

1+---- o,3 v 00 

r--+----t-- 0,1 v00 

o,3 v 00 

~ F-;- -+- tsu ;STD ....._ 

-- +-trn 7287806 

v 
ns 

ns 

Fig. 30 PCD3343 timing requirements for the P23 and SCLK input signals. 

Table 9 Input timing shown in figure 30 

symbol timing 

tsuF ;;;.14txTAL 

tHO; STA ;;;.14txTAL 

tHIGH ;;;. 17txTAL 

tLQW ;;;.11txTAL 

tsv;STO ;;;.14txTAL 

tHo;DAT >O 

tsu;DAT ;;;. 250 ns 

tRO .;;;;; 1 µs 

tRC .;;;;; 1 µs 

trn .;;;;; 1 µs 

tFc .;;;;;o,3 µs 

Notes to Table 9 

txTAL =one period of the XTAL input frequency (fXTALl 
= 280 ns for fxTAL = 3,58 MHz. 

These figures apply to all modes. 
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PCD3343 

A.C. CHARACTERISTICS (continued) 

SCLK 

P23 

-+- tHo;STA -+-

-+--tLQW-+ 

-- -•su;DAT -- -'HD;DAT 

acknowledge bit 

+------ o,9 v 00 

VoLmax 

+--t---f--- o,9 v 00 

VoLmax 

-. ...... ..... -+-
'AC •su;STO -- --•su;DAT 7Z87807 

Fig. 31 PCD3343 timing requirements for the P23 and SCLK output signals. 

Table 10 Output timing shown in figure 31 

symbol 

tHD;STA 
tHIGH 
tLQW 
tsu; STO 
tHD; DAT 
(slave transmitter 
any OF 

tHD; DAT 
(master transmitter) 
for OF..;; 51 

for OF..;; 99 

tsu; DAT 
(master transmitter) 
for OF> 51 

for OF> 99 
forDF..;;51 
for OF..;; 99 
tAc 

Notes to Table 10 

normal mode 
(ASC in 52 = 0) 

Y. (OF+ 9) tXTAL 
Y. (OF) txTAL 
Y. (OF) txTAL 
y. (DF-3) txTAL 

;;;. 9txTAL 
..;; 12txTAL 

;;;. 9tXTAL 
..;; 12txTAL 

;;;. 15txTAL 
..;;24txTAL 

;;;. 9txTAL 

;;;. 9txTAL 
..;; 12txTAL 
..;; 100 ns 
at Cb= 400 pF 

txTAL =one period of the XTAL input frequency (fxTALl 
= 280 ns for fxTAL = 3,58 MHz. 

OF = divisor (see Table 2 Serial 1/0 section). 
Cb = the maximum bus capacitance for each line. 

August 1984 ~ 

timing 

low-speed mode 
(ASC in 52 = 1) 

% (OF+ 9) txTAL 
% (OF) txTAL 
% (OF) txTAL 
% (DF-3) txTAL 

;;;. 9txTAL 
..;; 12txTAL 

;;;. 9txTAL 
..;; 12txTAL 

;;;. 15txTAL 
..;; 24txTAL 
;;;. 9txTAL 
;;;. 9txTAL 
..;; 12txTAL 
..;; 100 ns 
at Cb= 400 pF 
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CMOS microcontroller for telephone sets l ___ P_C-03_3_4_3 __ _ 

APPLICATION INFORMATION 

A block diagram of an electronic featurephone built around the PCD3343 is shown in figure 32. It 
comprises the following dedicated telephony IC's: 

• TEA 1060/1061 transmission circuit for telephony 
• PCD3312 DTMF generator with Serial 1/0 
• PCE2111 or PCF8577 2 LCD drivers in LCD module MB7020160 
• PCD8571 1 K RAM's with Serial 1/0; the number of RAM's depends on the 

required amount of stored telephone numbers 
• PCD3360/3361 programmable multi-tone ringer 

telephone 
line 

b/a 

TRANSMISSION 

T 

M 

TRANSMISSION 
CIRCUIT 

TEA1060 
TEA1061 

DP/flash 

ELECTR. 
RINGER 

PCD3360 

BST72 

I 

supply 

mute 

power down 

DTMF 

DIALLING 

KEYBOARD 

DEDICATED 

MICROCONTROLLER 

~~~-To 

1--t-+-+-<-H 

1-..<H--r-t-i- H 
r-1-+-+-+4-H 

t-t-+--t-i- H 

SCL 

PCD3343 

SDA 

DTMF 
PCD3312 

c~~~11 111 p~ 

CLOCK 

'--'--'-~- L J 

*max. 8 

7 Z87809 

Fig. 32 Block diagram of electronic featurephone with common line interface. 

Adetailed application diagram of the PCD3343 with PCD3312 (DTMF), two PCD8571 (RAM) and 
two PCE2111 (LCD display drivers) is shown in figure 33. 

Row 5 of the keyboard contains the following special keys: 

• P program and autodial 
• FL flash or register recall 
• R redial or extended redial 
• AP access pause 

Row 6 contains the different diode options. 

Columns 5 and 6 contain the button keys MO to M9; single name keys for repertory telephone numbers. 
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APPLICATION INFORMATION (continued) 

DTMF 

supply from 
TEA1060/1 

L I I.... -------i 

I 

vDD 
CE 

battery 
supply 

+I~ PCD3311 AO 
PCD3312 

SCI 

VDD 

up to 8 x PCD8571 

PCD8571 PCD8571 10 
krl. 

10 
krl. 

I 

ground f Vss P23 SDA i' C bus 

mute lines { I 
line interrupter l 
or flash output I 

I 
I 
I 
I 
I 
I 
I 

M1 

M1 

M2 

PCD3343 ,----
1 

----, 
DP ROWS COLUMNS I 

I 
I 
I 
I 
I 

6543211234 56 I 
I 
I 

A 11 MO I M1 
16 DIGITS LCD 

6 I B 11 M2 I M3 

I I 
L __________ _J C 11 M4 I M5 keyboard 

* I o I# I D 11 M6 I M7 7287810 

FL I R I AP 11 MS I M9 

diode options 

PULSE/DTMF NORMAL/DIRECT EXTENSION KEYBOARD 

Fig. 33 Application diagram of PCD3343 for electronic featurephone with associated keyboard. 

Additional information is available on request for the following: 
• Serial 1/0 
• 12 C bus specification 
• Interrupt logic 
• Instruction set descriptions 
• Software routines for an intelligent telephone set 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

l PCF84C12 

--

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The PCF84C12 microcontroller is manufactured in CMOS technology. 
It has 13 quasi-bidirectional 1/0 port lines, one single-level vectored interrupt, an 8-bit timer event 
counter and on-board clock oscillator and clock circuits. 

This microcontroller is an efficient controller as well as an arithmetic processor. The instruction set is 
based on that of the MAB8048 and is pin- and instruction set compatible with the MAB8400 family. 
The PCF84C12 has extensive bit handling abilities and facilities for both binary and BCD arithmetic. 

For detailed information see the user manual "Single-chip 8-bit microcontrollers". 

Features 

• 8-bit CPU, ROM, RAM, 1/0 in a single 20-lead DI Lor SO package 
• 1 K ROM bytes 
• 64 RAM bytes 
• 13 quasi-bidirectional 1/0 port lines 
• Two test inputs: one of which is also the external interrupt input 
• Single-level vectored interrupts.: external and timer/event counter 
• 8-bit programmable timer/event counter 
• Clock frequency 100 kHz to 10 MHz 
• Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
• Single supply voltage from 2,5 V to 5,5 V 
• STOP and IDLE mode 
• Power-on-reset circuit 
• Operating temperature range: -40 to+ 85 oc 

PACKAGE OUTLINES 

PCF84C12P: 20-lead OIL; plastic (SOT-146). 
PCF84C12T: 20-lead mini-pack; plastic (S0-20; SOT-163A). 
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PCF84C12 j 
,----·------, 
I I P14-P10 
I RESIDENT. ROM I 
I I 
I I 
I 1 K BYTES t----~ 

POWER 
ON 

RESET 

RESET 

Vref 
1,5V 

~ 
POWER { 
SUPPLY Vss 

-GND 

STOP 

IDLE 

INTERNAL 
CLOCK 
FREQ. 
7 30 

external 
interrupt 

I 
I 
I 

DECIMAL 
ADJUST 

CONTROL & TIMING 

iNTtTO RESET XTAL 1 XTAL2 

INTERRUPT INITIALIZE OSCILLATOR 
XTAL 

Fig. 1 Block diagram. 
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+-INT/TO 

+-TEST 1 

CONDITIONAL +--TIMER 
BRANCH FLAG 

LOGIC ,....._CARRY 

+-ACC 

ACC BIT 
TEST 

P07-POO 

REGISTER 0 

REGISTER 1 

REGISTER 2 

REGISTER 3 

REGISTER 4 

REGISTER 5 

D REGISTER 6 
E r--c-Rc-EGc-lccST"'E"R-7---; 

g t---8-LE_V_E_L_S_T A-C-K--j 

~ (VARIABLE LENGTH) 
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REGISTER BANK 

DATA STORE 

RESIDENT RAM ARRAY 
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Single-chip 8-bit microcontroller l~~P-C_F_8_4_C_12~~~ 
PINNING 

PIN DESIGNATION 

1-8 POO-P07 

9 INT/TO 

10 Vss 
11 Tl 

12 XTALl 

13 XTAL2 

14 RESET 

15-19 P10-P14 

20 Voo 

VDD 

P14 

P13 

P12 

Pl 1 
PCF84C12 

PlO 

RESET 

XTAL2 

XTALl 

V55 Tl 

7Z96219 

Fig. 2 Pinning diagram. 

Port 0: 8-bit quasi-bidirectional 1/0 port. 

Interrupt/Test 0: external interrupt input (sensitive to negative-going edge)/test 
input pin; when used as a test input directly tested by conditional branch in
structions JTO and JNTO. 

Ground: circuit earth potentional. 

Test 1: test input pin, directly tested by conditional branch instructions JT1 
and JN Tl. Tl also functions as an input to the 8-bit timer/event counter, 
using the STAT CNT instruction. 

Oscillator input: crystal which determines the internal oscillator frequency or 
the external clock generator. 

Oscillator output 

Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 

Port 1.: quasi-bidirectional port in para I lel port mode. 

Power supply: 2,5 V to 5,5 V. 



PCF84C12 J 
FUNCTIONAL DESCRIPTION 

Program memory 

The program memory consists of 1 K bytes, in a read-only memory (ROM). Each location is directly 
addressable by the program counter. The memory is mask-programmed at the factory. Figure 3 shows 
the program memory map. 

Three program memory locations are of special importance: 

• Location O; contains the first instruction to be executed after the processor is initialized (RESET), 

• Location 3; contains the first byte of an external interrupt service subroutine, 

• Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 

Data memory 

Data memory consists of 64 bytes, random-access data memory (RAM). All locations are indirectly 
addressable using RAM pointer registers; up to 16 designated locations are directly addressable. Memory 
also includes an 8-level program counter stack addressed by a 3-bit stack pointer. Figure 4 shows the 
data memory map. 

Working registers 

Locations 0 to 7 are designated as working registers, directly addressable by the direct register instruc
tions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate their contents, 
makes these locations suitable for storing frequently addressed intermediate results. Th is bank of 
registers can be selected by the SE L R BO instruction. 

Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working re
gisters, instead of locations 0 to 7, and these are then directly addressable. This second bank of working 
registers may be used as an extension of the first or reserved for use during interrupt service subroutines 
saving the first bank for use in the main program. If the second bank is not used, locations 24 to 31 may 
serve as general purpose RAM. 

The first locations of each bank contain the RAM pointer registers RO, R 1, RO' and R 1 ',which 
indirectly address all RAM locations. 

All RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. 
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Single-chip 8-bit microcontroller 

81---------< 
71---------< 
6 I---·----< 
5 
41-------1 

3 
21-------1 

o.__ ___ __, 
1Z96220 

location 7: timer/counter interrupt vector 

location 3 : external interrupt vector 

location 0 : reset vector 

Fig. 3 Program memory map. 

Program counter stack 

3 
3 

' 

2 
1 

25 
24 
23 

8 

1 
0 

I" 

USER 
RAM 

32x8 

BANK 1 
WORKING 

REGISTERS 
8x8 

Rl' 
RO' 

8 LEVEL 
STACK 

or 

USER RAM 
16x8 

BANK 0 
WORKING 

REGISTERS 
8x8 

Rl 
RO 

' 

,1':' 

l ___ Pc_F_a_4_c_12 __ _ 

directly 
addressable 
when bank 1 
is selected 

_J addressed 
indirectly 
through pointers 
Rl or RO 
(Rl'or RO') 

directly 
addressable 
when bank 0 
is selected 

7Z84729 

Fig. 4 Data memory map. 

Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig. 5) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 

The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status Word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 

At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 

If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. 

Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
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FUNCTIONAL DESCRIPTION (continued) 

The value of the saved contents of the program counter is different for an interrupt CALL compared 
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 

IDLE and STOP modes 

IDLE mode 

STACK 
POINTER 

111 

11 0 

101 

1 00 

011 

01 0 

001 

000 

7Z89147.2 

I : 

+ 
+ 
T 
T 

+ 
--L 

+ j_ 
Pc1IPc5IPcsI PC 4T PC3IPc2I Pc1} PCo 
Pswtl:sw~c12}swqc1 pc10lPc9} PCs 

MSB LSB 

Fig. 5 Program counter stack. 
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When the microcontroller enters the I OLE mode via the I OLE instruction (H'01 ')the oscillator and 
timer/counter are kept running. The microcontroller exits from the IDLE mode by one of three 
interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the processor 
will remain in the I OLE mode. An active signal on the RESET pin restarts the microcontroller and 
a normal RESET sequence is executed (see Fig. 6). 

~ 
NORMAL MODE * IDLE MODE 

program 
counter= 0 

NORMAL MODE 

RESET -------------1~---1-------
_1tRES1_ 1866 __.,.... 

> 1 µs clock periods 7Z87788 

Fig. 6 Exit from IDLE mode via a RESET. 
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Single-chip 8-bit microcontroller l_~P-C_F_8_4_C_12~~~ 
An active signal coming from an enabled interrupt causes the execution of the normal interrupt 
routine since normal interrupt scanning is still being carried out. A HIGH-to-LOW transition on the 
external interrupt pin (INT/TO) reactivates the microcontroller. A LOW level applied to INT/TO will 
reactivate the microcontroller only in the STOP mode. Thus, if INT/TO was LOW before the micro
controller entered the IDLE mode, it must go HIGH before the microcontroller can be reactivated 
(see Fig. 7). 

PROGRAM FLOW 

OSCILLATOR 

INT/TO 

003H r- program counter= 

IDLE MODE---... I 
_N_O_R_M_A_L_M_O_D_E--+------i r NORMALMODE 

11111111111111111111111111111 I I I ,, I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

'-'-L.<21;;'-"-'-'1!/;'"'"""'W ......... l// __ ----11b \ 1$##)JJZ/!/W/;,1t; 
J >4 \_>7--i- 60 _j 

clock clock 
periods periods 

clock 
periods 

Fig. 7 Exit from IDLE mode via an interrupt. 

7Z97331.1 

Wake-up from the I OLE mode is ensured when I NT/TO is HIGH for 4 CP (clock periods) followed by 
a LOW for 7 CP. After the initial forced CALL 003 H operation (60 CP) the program continuea with the 
external interrupt service routine. 

STOP mode 

The microcontroller enters the STOP mode by the STOP instruction (22 H). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of 1/0 ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 8). 

Note; the start-up time of a crystal oscillator is measured in milliseconds, and the 1866 CP count 
begins after this start-up time. 

If the microcontroller exists from the STOP mode by activating RESET, a normal RESET sequence is 
executed. 

(§) 
NORMAL MODE i 

I 
OSCILLATOR 11111111111111111111 

RESET 

OR 

TNT/TO W/#$$111 

Fig. 8 Entering and exiting the STOP mode. 

" 

program counter= 

0 or 003 Hor next value 
following the STOP instruction 

STOP MODE i NORMAL MODE 

I 
I I I I I I I I I 111111111111111111111111111111 

_j tRES 1- 1866 _ 
~ 1 µs clock periods 

--- t1NT I_ 
21 µs 

- 1866 
clock periods 

7Z97329. 1 
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FUNCTIONAL DESCRIPTION (continued) 

If the microcontroller exits the STOP mode by pulling the external interrupt input pin LOW, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. H the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following th,e STOP instruction. 

The microcontroller is restarted by a LOW level applied at the INT/TO pin, and not by a HIGH-to-LOW 
transition as in a normal interrupt mechanism. 

When the INT/TO level is active during the STOP instruction then no STOP is executed. 

A LOW level on the external interrupt input of at least 1 µswill cause the microcontroller to exit the 
STOP mode. 

1/0 facilities 

The PCF84C12 family has 15 1/0 lines arranged as: 

• Port 0 
• Port 1 

parallel port of 8 lines (POO to P07) 
parallel port of 5 lines (Pl 0 to P14) 

• INT/TO external interrupt and test input. When used as a test input can be directly tested by 
conditional branch instructions JTO and JNTO 

• Tl test input which can alter program sequences when tested by conditional jump instructions 
JT1 and JNT1. T1 also functions as an input to the 8-bit timer/event counter. 

Parallel ports 

All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 

Input lines are fully CMOS compatible, output lines can drive one TTL or CMOS load. 

I cycle 1 I cycle 2 I 
TIME I 1 I 2 3 4 5 6 I 7 8 9 10 I 1 I 2 I 3 I 4 I 5 I 6 I 7 8 9 10 I 

SLOT I 
PO,P1 ,P2 71 //////II !I/Ill////// !I ~r-r'r!/J;"r-r-71/....,....,....,!/f;.-r-r-%% IN A.Pp 

I 
PO,P1,P2 

PO,P1,P2 ---------------------.* OAOAO"' 

7Z20150 

OUTL Pp.A 

ANL Pp,#data 
ORL Pp,# data 

Fig. 9 Shows the timing diagram for all ports using IN, OUTL, AN Land OR L instructions. For the 
OUTL instruction data changes on time slot 7 of cycle 1. For the MOV, AN Land OR L instructions, 
the ports change on time slot 7 of cycle 2. 
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Single-chip 8-bit microcontroller l PCF84C12 

-
Fig. 10 shows the quasi-bidirectional 1/0 interface with push-pull output and switched pull-up current 
source. 
Each line is pulled up to VDD via a constant current source (TR4), which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current provides sufficient source current for a 
TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 

When a logic 1 is written to the line for the first time (MQ = 1, SQ= 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR 1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR 1 will remain low impedance. 

The PCF84C12 offers the possibility to select individually all the port pins by the following mask 
options: 

Option 1 - STANDARD PORT; quasi-bidirectional 1/0 with switched pull-up current source of 
100 µ.A (typ.) and P-channel booster transistor TR2. 
TR2 is only active during 1 clock cycle (Fig. 10). 

Option 2 - OPEN DRAIN; quasi-bidirectional 1/0 with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 11 ). 

Option 3- PUSH-PULL OUTPUT; drive capability of the output will be 1,6 mA (min.) at 
Voo = 5 V in both polarities. To avoid a large current flowing through the output 
transistors during the input mode, these push-pull pins must only be used as 
outputs (Fig. 12). 

WRITE PULSE ____ _.,_ ____ ~ 

DATA BUS ____ ..,._, 

TR1 

MOV/ORL/ANL 

~------------~792.2 
MDV/IN 

Fig. 10 Standard output with switched pull-up current source. 
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FUNCTIONAL DESCRIPTION (continued) 

WRITE PULSE ---------~ 

DATA BUS ----.,._.D M0>---+-1D SO 

D MO D So 

MOV /ORL/ ANL 

MOV/IN 

Fig. 11 Open drain output. 

WRITE PULSE ----------~ 

DATA BUS ----+-i 

D MOt--+---iD SQ 

MOV /OR L/ AN L 

Fig. 12 Push-pull output. 

7Z87793.2 

TR;J 
consta-;;] 100 µA 

1/0 PORT 
LINE 

current ~typ.) 
source OUTPUT 

LINE 

7Z87794.2 
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Single-chip 8-bit microcontroller l ___ P_C_F_8_4_C-12 __ _ 

Interrupts (see Fig. 13) 

When the external interrupt is enabled, a HIGH-to-LOW transition on the INT/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following 
completion of the current instruction. 
The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. A timer/event counter overflow forces a CALL to 
location 7 when the timer interrupt is enabled. 

When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 interrupts occur simultaneously, their 
priority is: 

• ( 1 ) external 
• (2) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (H'FF'), then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 

On execution of a DIS I instruction, the PCF84C12 always clears the digital filter/latch and the 
External Interrupt Flag. 

The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 

The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled . 

The microcontroller will exit the IDLE mode when one of the following two interrupts is enabled: 

• External 
• Timer/event counter 

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 9). 
If required pin 9 must be externally connected to a resistor (R.;;; 100 kS1). When the external 
interrupt is not used pin 9 must be connected to Voo. 

Improvements to interrupt and timer logic with respect to the MAB8400 family 

For detailed information see the user manual "Single-chip 8-bit microcontrollers", PCF84COO section. 
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FUNCTIONAL DESCRIPTION (continued) 

RESET 

DIS I 

¢3 

i 
DIGITAL 

CE/TO__. FILTER/LATCH 1 --~--.-----..,. 
Q 

(3 BIT SR) 

EXT. INT. 
ACKNOWLEDGED 

EN I s Q 

ENABLE 
EXT. INT. 

FLAG 
DIS I Q 

RESET 
R 

TIMER 
OVERFLOW--+-----1 S 0 

JNTF,JTF 

RESET 

TIMER 
FLAG 

R 

TIMER INT. 
ACKNOWLEDGED 

EN -----1S Q 
TCNT I ENABLE 

DIS 
TCNTI 
RESET 

Notes to figure 13 

TIMER 
INT. 

FLAG-
R Q 

EXT. INT. 
FLAG 

R 

Q 

TIMER 
INT. 

FLAG 

R 

RETR 
RESET 

~--!------+CONDITIONAL 
JUMP LOGIC 

7Z96222 

Fig. 13 Interrupt logic. 

1. INT/TO negative edge is always latched in the digital filter/latch. 
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INTERRUPT 
VECTOR 
LOGIC 

s Q 
INTERR. 

IN 
PROGR. 
FLAG_ 

R Q 

2. Correct interrupt timing is ensured when INT/TO is HIGH for >4 CP followed by a LOW for 
>7 CP. 

3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR 
is executed. 

4. A DIS I instruction always clears a pending external interrupt. 
5. For all flip-flops, RESET overrules SET. 
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Single-chip 8-bit microcontroller l ____ P_c_F_s_4_c_1_2~~-
Oscillator (see Fig. 14) 

The oscillator can be inhibited by the STOP instruction under software control. It is also inhibited 
when a low-supply voltage condition is present to prevent discharge of a weak back-up battery. 
Provided the supply voltage is within the operating range the oscillator will be restarted after a STOP 
instruction by a LOW level at the I NT /TO pin or a HIGH level at the RESET pin. 

PCF84C12 
inhibit 

1 
c:::::J 

T 
symbol 

T 1n9510 

I Rs= 50n max.I 1Z96223 

Fig. 14(a) Oscillator with integrated elements. Fig. 14(b) Crystal unit equivalent circuit. 

The values of crystal series resistance R 1 and the crystal's total load capacitance CL (C0 +wiring+ 
external capacitors) must not be above the curve (Fig. 14(c)) for the corresponding frequency. 
Note; if external capacitors are connected to XTA L 1 and XT AL they must be of equal value. 

Rl 
lnl 

o~-~-~-~--~-~-~ 
0 10 20 CL (pF) 30 

Fig. 14(c) Crystal circuit criteria. 

The oscillator has the output drive capability via pin 13 (XTAL2). An external clock can be applied 
to pin 12 (XTAL 1 ). A machine cycle consists of 10 time slots, each time slot being 3 oscillator periods. 

Timer/event counter (see Fig. 15) 

An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 1 gives the instructions that control the counter and the prescaler, and 
the functions performed. 

When used as a timer, the input to the counter is either the overflow or input of a 5-bit prescaler. When 
used as an event counter, LOW-to-HIGH transitions on pin 11 (Tl) are counted. The maximum rate at 
which the counter may be incremented is once every machine cycle. When the counter overflows, the 
timer flag is set. The flag can be tested and reset using the JTF (jump is timer flag= 1) or JNTF 
instruction. Overflow also generates an interrupt to the processor via setting of the Timer Interrupt 
Flag when the timer/event counter interrupt is enabled. 
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Table 1 Timer/event counter control 

timer mode 
function modulo-1, modulo-32* counter mode 

CLEAR MOV T,A (A) = 0 MOV T,A (A)= 0 

PRESET 
START 
STOP 

TEST 
READ** 

or RESET or RESET 
MOV T,A MOVT,A 
STRTT STRT CNT 
STOP TCNT STOP TCNT 
or RESET or RESET 
JTF/JNTF JTF/JNTF 
MOV A,T MOV A,T 

PRE SCALER 
___ ......., 

XTAL-;- 30 

(internal clock 
frequency) 

-;- 32 

cleared on 
start timer 

PS=1 PS=O 

load or read 

EDGE 
DETECTOR 

A= START TIMER 
B =START COUNTER 
C =STOP TIMER/COUNTER 

! 
8-BIT 

TIMER/ 
EVENT 

COUNTER 

cleared 
on reset 

Program status word (see Fig. 16) 

jump if 
timer flag 

= 1 

7ZB9148 

Fig. 15 Timer/event counter. 

The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 
the current status of the microcontroller. 
The PSW bits are: 

• Bits 0 to 2 stack pointer bits (SPo, SP1, SP2) 
• Bit 3 prescaler select (PS); 

0 = modulo-32; 1 = modulo-1 (no prescaling) 
• Bit 4 working register bank select (RBS); 

0 = register bank 0; 1 = register bank 1 
• Bit5 not used (1) 
• Bit 6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 

decimal adjust instruction DA A 
• Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 

overflow of the accumulator. 

* 

saved in 
the stack 

,----"-----, 

7 
MSB 

saved in 
the stack stack pointer 

,.....,..__, ,---A----.., 

3 0 Fig. 16 Program status word. 
LSB 

7ZB9149 

With prescaler select, PS= 0, the timer counts modulo-32 machine cycles, with PS= 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 

* * READ does not disturb the counting process. 

No,•mb•c1986~ .--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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Single-chip 8-bit microcontroller PCF84C12 

Program. status word (continued) 

All bits can be read using the MOVA, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SE L RB instruction, bit 3 by the MOV PSW, A instruction, and 
bits 0, 1 and 2 by the CALL, RET or RETA instructions and in the event of an interrupt. Bits 7, 6 and 
4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 
in the PSW with a RETA (return and restore) instruction which must be used atthe end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 

Program counter (see Fig. 17) 

The 13-bit program counter is able to address 8 K bytes of ROM. The arrangement of the bits is shown 
in figure 17. During an interrupt subroutine PC11 and PC12 are forced to logic 0. All 13 bits are saved 
in the stack during CALL and interrupt routines. 

Central processing unit 

lL C•onc
0
veunntti

5
onal Program Counter 

OOOH to 7FFH 

• overflows 7FFH to OOOH 

JMP or CALL instructions transfer the 
contents of internal flipflop MBFFO to PC11 

7Z96224 and MBFF 1 to PC12 

Fig. 17 Program counter. 

The PCF84C12 has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 

Conditional branch logic 

The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user's program. Table 2 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the 
contents of the accumulator. 
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FUNCTIONAL DESCRIPTION (continued) 

Table 2 Conditional branches 

test jump condition jump instruction 

accumulator all bits zero JZ 
any bit non-zero JNZ 

accumulator bit test 1 JBO to JB7 
carry flag 1 JC 

0 JNC 
timer overflow flag 1 JTF 

0 JNTF 
test input TO 1 JTO 

0 JNTO 
test input T1 1 JT1 

0 JNT1 
register non-zero DJNZ 

Test input T1 (pin 11) 

The T1 input line can be used as: 

• A test input for branch instructions JT1 and JNT1 
• An external input to the event"Counter 

When used as a test input: 

• JT1 instruction tests for logic 1 level 
• JNT1 instruction tests for logic 0 level 

When used as an input to the event counter, T1 must be LOW for> 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
( 1 machine cycle). 

There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R =.;;; 100 kill. When T1 is not used pin 11 must be connected to 
VDb or Vss· 

Reset (pin 14) 

A positiye-going signal on the RESET input: 

• Sets the program counter to zero 
• Selects location 0 of memory band 0 and register bank 0 
• Sets the stack pointer to zero (000); pointing to RAM address 8 
• Disables the interrupts (external and timer) 
• Stops the timer/event counter, then sets it to zero 
• Sets the timer prescaler to modulo-32 
• Resets the timer flag 
• Sets all ports to input mode 
• Cancels IDLE and STOP mode 

H~ovember 1986 l 
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Single-chip 8-bit microcontroller. PCF84C12 

Power-on-reset and low-voltage detection (see Fig. 18) 

Correct operation of the PCF84C12 during moments of slowly changing supply voltages and low-voltage 
conditions is essential. This is achieved by the addition of an internal power-on-reset and low-voltage 
detection circuit. To allow an external RESET signal being fed into the PCF84C12, the reset pin (pin 14) 
has been configured as an input/output. 

While a reset condition exists in the detection circuit, pin 14 is pulled HIGH by TR1 controlled by the 
reset circuit. 
When the reset condition is not present a pull-down current source (TR2) will be activated. TR2 forces 
pin 14 LOW thus removing the RESET signal from the microcontroller. 

Since the level at pin 14 is recognized by the microcontroller, the reset time constant can be stretched 
by connecting an external capacitor between Voo and pin 14 (see Fig. 19). 

The signal at pin 14 can also be used as an output to reset other devices in the system. 

The internal reset circuit monitors the PCF84C12 supply voltage. If the voltage drops below the 
switching level (typ. 1,5 V), a reset (HIGH) is applied to pin 14. This reset is removed (pin 14 goes 
LOW), after a fixed delay (td), when the supply voltage rises above the switching level again. The delay 
ensures a complete reset even when the supply voltage quickly rises above switching level after initial 
switch-on. 

If the supply voltage does not reach its minimum value for the frequency of operation (see Fig. 21) 
within 1860 clock periods, the internal RESET delay is not sufficient. 

During a low-voltage condition the oscillator is inhibited to prevent complete discharge of a weak 
battery. The timing of the power-on-reset and low-voltage detection circuit is shown in Fig. 19. 

oscillator 
inhibit 

POWER 
Vref ___. ON 

RESET 

TR1 

p 

TR2 

PCF84C12 

current 

source --I--+---'] n (10µA) 

TR3 internal 
reset 

7296225 

Fig. 18 Power-on-reset configuration. 

Vss 
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FUNCTIONAL DESCRIPTION (continued) 

low voltage condition 

SUPPLY 
VOLTAGE VRESET 

.el 

VDD 1-----;--, -------------,,..--. 
RESET 

OSCILLATOR (3) -,;,---~I ~) 
- td 1_------

(3) 

Where: ( 1) Oscillator inhibited 
(2) Oscillator starting 
(3) Oscillator running, but may be stopped with a STOP condition 

Fig. 19 Timing of power-on-reset and low-voltage detection. 

20 Voo 

oscillator 
inhibit 

TR1 Creset 

POWER Lr p 
v,.1-+ ON 

RESET 
.J'L 14 RESET 

TR2 
current 

,,,} source 
(10µA) 

.; 100 

PCF84C12 
internal k!l 

1" 
reset 

10 

Vss 

Fig. 20 Stretched power-on-reset with external capacitor. 

7Z97332 

battery 
supply 

7Z96226 
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Single-chip 8-bit microcontroller PCF84C12 

INSTRUCTION SET 

The PCF84C12 instruction set consists of over 80 one and two byte instructions and is identical to 
the MAB8400 instruction set. New instructions are added for STOP and IDLE mode. Program code 
efficiency is high because all RAM locations and all ROM locations on a 256 byte page require only 
a single byte address. 

Table 5 gives the instruction set of the PCF84C12. Table 4 shows the instruction map and Table 3 
details the symbols and definition descriptions that are used. 

Table 3 Symbols and definitions used in Table 5 

symbol definition description 

A accumulator 
addr program memory address 
Bb bit designation (b = 0-7) 
RBS register bank select 
c carry bit (bit CY) 
CNT event counter 
D mnemonic for 4-bit digit (nibble) 
data 8-bit number or expression 
I interrupt 
MBFF memory bank flip-flop 
p mnemonic for 'in-page' operation 
PC program counter 
Pp port designation (p = 0, 1 or 2) 
PSW program status word 
RB register bank 
Rr register designation (r = 0-7) 
SP stack pointer 
T timer 
TF timer flag 
TO,T1 test 0 and 1 inputs 
# immediate data prefix 
@ indirect address prefix 
(X) contents of X 
((X)) contents of location addressed by X 
+- is replaced by 
B is exchanged with 

. ~(November l986u 413 
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Table 4 PCF84C12 instruction map ~ 
z 00 
~ I rfirst hexadecimal character of opcode · I b 
g_ : second hexadecimal character of opcode I """"' 

~ I ================================================================================================================================: I\) 
_. 1101112131415161718191AIBICIDIEIFI 
~ ·!===================================================================================================================================! 
CJ) I 0 I NOP I IDLE I I ADD I Jl'IP I EN I I JNTF I DEC A I IN A, Pp I I I I 

I I I I I A, ldat a I page 0 I I addr I I 0 I 1 I I I I I I I 

---------------------------------------------------------------------------------------------------------------------------
INC @Rr I JBO I ADDC I CALL I DIS I I JTF I INC A I INC Rr 

0 I 1 I addr IA,idatal page 01 I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 
---------------------------------------------------------------------------------------------------------------------------

2 I XCH A.~Rr I STOP I MOV I JMP I EN I JNTO I CLR A I XCH A•Rr 
I 0 I 1 I IA.lldatal page 11 TCNTl I addr I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 

------------------------------------------------------------------------------
3 I XCHD A.aRr I JB1 I I CALL I DIS I JTO I CPL A I OUTL Pp.A 

0 I 1 I addr I I page 11 TCNTI I addr I I 0 I 1 

-------------------------------------------------------------------------------
4 I ORL A.oRr I MOV I ORL I JMP I STRT I JNT1 I SWAP I ORL A.Rr 

0 I 1 I A, T I A, #data I page 21 CNT I addr I A I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 
-----------------------------------------------------------------------------------------------------------------------
5 I ANL A.oRr I JB2 I ANL I CALL I STRT I JT1 I DA A I ANL A.Rr 

0 I 1 I addr IA,#datal page 21 T I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 
-----------------------------------------------------------------------------------------------------------------

6 I ADD A.aRr I MOV I I JMP I STOP : I RRC A I ADD A.Rr 
I 0 I 1 I T,A I I page 31 TCNT I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 

-----------------------------------------------------------------------------------------------------------------------
7 I ADDC A.aRr I JB3 I I CALL I I I RR A I ADDC A.Rr 

I 0 l 1 I addr I I page 31 I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 
---------------------------------------------------------------------------------
8 I I I I RET I JMP I I I I ORL Pp.lldata 

page 41 I I I 0 I 1 
---------------------------------------------------------------------------------
"! I I I JB4 I RETR I CALL I I JNZ I CLR C I ANL Pp,#data 

addr I I page 41 I addr I I 0 I 1 
-------------------------------------------------------------------------

A I MOV ilRr •A I I MOVP I JMP I I I CPL C I MOV Rr, A I 
0 I 1 I I A.aA I page 51 I I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 .I 
----------------------------------------------------------------------------------------------------------------------------1 

B I MOV <lRr,#data I JBS I JMPP I CALL I I I I MOV Rr,#data 

E 

F 

D I 1 I addr I <lA I page 51 I I I D I 1 I 2 I 3 I 4 I 5 I 6 
-------------------------------------------------------------------------------------------------------------------
DEC i!Rr I I I JMP I SEL I JZ I MOV DEC Rr 

0 I 1 I I I page 61 RBO I addr I A, PSW I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 

---------------------------------------------------------------------------------------------------------------------------x RL A d~Rr I J B6 I X RL I CALL I SEL I I MOV I X RL A, Rr 
0 I 1 I addr I A' #data I page 61 RB1 I I PSW, A I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 

DJNZ aRr•addr JMP I JNC RL A DJNZ Rr. addr 
0 I 1 page 71 addr 0 I 1 I 2 3 4 5 6 7 

I 
I 
I 

MOV A.aRr I JB7 I I CALL I I JC I RLC A I MOV A.Rr I 
I 0 I 1 I addr I I page 71 I aadr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 

!===================================================================================================================================! 
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Table 5 Instruction set 

mnemonic 

ADD A, Rr 

ADD A, @Rr 

ADD A, #data 

ADDC A, Rr 

ADDC A, @Rr 

ADDC A, #data 

ANL A, Rr 

a: ANL A,@Rr 
0 
I-
<( ANL A, #data -' 
:::> ORLA, Rr ~ 
:::> ORLA,@Rr (..) 
(..) 
<( 

ORL A, #data 

XRL A, Rr 

XRL A, @Rr 

XRL A, #data 

INCA 

DEC A 

CLR A 

CPL A 

RL A 

opcode bytes/ 
(hex.) cycles 

6* 1 /1 

60 1 /1 
61 

03 data 2/2 

7* 1 /1 

70 1 /1 
71 

13 data 2/2 

5* 1 /1 

50 1 /1 
51 

53 data 2/2 

4* 1 /1 

40 1 /1 
41 

43 data 2/2 

D* 1/1 

DO 1 /1 
D1 

D3 data 2/2 

17 1 /1 

07 1 /1 

27 1 /1 

37 1 /1 

E7 1 /1 

DEVELOPMENT DATA 

description function 

Add register contents to A (A)+-(A) + (Rr) 

Add RAM data, addressed by Rr, to A (A)+-(A) +((RO)) 
(A)+-(A) + ((R1)) 

Add immediate data to A (A)+-(A) +data 

Add carry and register contents to A (A)+-(A) + (Rr) + (C) 

Add carry and RAM data, addressed (A)+-(A) +((RO))+ (C) 
by Rr, to A (A)+-(A) + ((R1)) + (C) 

Add carry and immediate data to A (A)<-(A) +data+ (C) 

'AND' Rr with A (A)<-(A) AND (Rr) 

'AND' RAM data, addressed by Rr, with A (A)<-(A) AND ((RO)) 
(A)<-(A) AND ((R1)) 

'AND' immediate data with A (A)<-(A) AND data 

'OR' Rr with A (A)+-(A) 0 R ( Rr) 

'OR' RAM data, addressed by Rr, with A (A)<--(A) OR ((RO)) 
(A)<-(A) OR ((R1)) 

'OR' immediate data with A (A)<-(A) OR data 

'XOR' Rr with A (A)+-(A) XOR (Rr) 

'XOR' RAM, addressed by Rr, with A (A)<-(A) XOR ((RO)) 
(A)<-(A) XOR ((R1)) 

'XOR' immediate data with A (A)<-(A) XOR data 

increment A by 1 (A)<-(A) + 1 

decrement A by 1 (A)<-(A) -1 

clear A to zero (A)+-0 

one's complement A (A)+-NOT(A) 

rotate A left (An+ 1 )<-(An) 
(Ao)+-(A7) 

notes 

r = 0-7 1 

1 

1 

r = 0-7 1 

1 

1 

r = 0-7 

r = 0-7 

r = 0-7 

n = 0-6 
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INSTRUCTION SET (continued) 

...: r:: RLCA F7 
0 
~ 
a: RR A 77 
0 
I-
< RRCA 67 ...I 
::::> 
::!: 
::::> DAA 57 (.) 

~ SWAP A 47 

MOVA, Rr F* 

MOV A,@Rr FO 
Fl 

MOV A,#data 23 data 

MOV Rr, A A* 

MOV@Rr,A AO 
en Al 
w 
> MOV Rr, #data 
0 

B* data 

::!: MOV @Rr, #data BO data 
< Bl data I-
< XCH A, Rr 2* 0 

XCH A,@Rr 20 
21 

XCHD A,@Rr 30 
31 

MOVA, PSW C7 

MOVPSW,A 07 

MOVPA,@A A3 

en CLR C 97 (.!) 

< CPLC A7 ...I 
u... 

1/1 

1/1 

1 /1 

1/1 

1 /1 

1 /1 

1 /1 

2/2 

1/1 

1 /1 

2/2 

2/2 

1 /1 

1/1 

1 /1 

1/1 

1/1 

1/2 

1/1 

1/1 

rotate A left through carry 

rotate A right 

rotate A right through carry 

decimal adjust A 

swap nibbles of A 

move register contents to A 

move RAM data, addressed by Rr, to A 

move immediate data to A 

move accumulator contents to register 

move accumulator contents to RAM 
location addressed by Rr 

move immediate data to Rr 

move immediate data to RAM location 
addressed by Rr 

exchange accumulator contents with Rr 

exchange accumulator contents with 
RAM data addressed by Rr 

exchange lower nibbles of A and RAM 
data addressed by Rr 

move PSW contents to accumulator 

move accumulator bit 3 to PSW3 

move indirectly addressed data in 
current page to A 

clear carry bit 

complement carry bit 

!An+ 1 )+-An 
(Ao)+-(C), (C)+-(A7) 

!Anl+-(An + 1 l 
(A7)+-(Aol 

(Anl+-(An + 1) 
(A7)+-(C), (C)+-(Aol 

(A4-7 )#f Ao_3) 

(A)+-(Rr) 

(A)+-((RO)) 
(A)+-(( R 1)) 

(A)+-data 

(Rr)+-(A) 

((RO))+-(A) 
((Rl))+-(A) 

(Rr)+-data 

( (RO) )+-data 
((Rl))+-data 

(A)#(Rr) 

(A)#((RO)) 
(A)#((Rl)) 

(AQ-3)#( ( R00_3)) 
(A0-3)#((Rl0-3l) 

(A)+-(PSW) 

(PSW3)+-(A3) 

(PC0_7)+-(A), (A)+-((PC)) 

(C)+-0 

(C)+-NOT(C) 

n=0-6 2 

n =0-6 

n =0-6 2 

2 

r= 0-7 

r=0-7 

r= 0-7 

3 

2 

2 

""O 
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a: 
UJ 
I-
(/) 

(::> 
UJ 
a: 

::c 
u 
z 
<( 
a: 
co 

mnemonic 

INC Rr 

INC @Rr 

DEC Rr 

DEC @Rr 

JMP addr 

JMPP @A 

DJNZ Rr, addr 

DJNZ @Rr, addr 

JBb addr 

JC addr 

JNC addr 

JZ addr 

JNZ addr 

JTO addr 

JNTO addr 

JT1 addr 

JNT1 addr 

JTF addr 

JNTF addr 

opcode bytes/ 
(hex.) cycles 

1* 1 /1 

10 1 /1 
11 

C* 1 /1 

co 1 /1 
C1 

• 4 address 2/2 

83 1/2 

E* address 2/2 

EO 2/2 

E1 

.a. 2 address 2/2 

F6 address 2/2 

E6 address 2/2 

C6 address 2/2 

96 address 2/2 

36 address 2/2 

26 address 2/2 

56 address 2/2 

46 address 2/2 

16 address 2/2 

06 address 2/2 

DEVELOPMENT DATA 

description 

increment register by 1 

increment RAM data, addressed by Rr, by 1 

decrement register by 1 

decrement RAM data, addressed by Rr, by 1 

unconditional jump within a 2 K bank 

indirect jump within a page 

decrement Rr by 1 and jump if not 
zero to addr 

decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 

jump to addr if Acc. bit b = 1 

jump to addr if C = 1 

jump to addr if C = 0 

jump to addr if A= 0 

jump to addr if A is NOT zero 

jump to addr if TO= 1 

jump to addr if TO= 0 

jump to addr if T1 = 1 

jump to addr if T1 = 0 

jump to addr if Timer Flag= 1 

jump to addr if Timer Flag= 0 

function 

( Rr)+-( Rr) + 1 

((RO))+-((RO)) + 1 
((R1))<-((R1)) + 1 

( Rr)+-( Rr) - 1 

((RO))+-((RO)) -1 
((R1))+-((R1)) -1 

(PCs-10)+-addrg_ 10 
(PC0_7)<-addro-7 
(PC11-12l+-MBFF 0-1 

(PC0_7)<-((A)) 

( Rr)<-( Rr) - 1 
if (Rr) not zero (PC0_7)<-addr 

((RO))+-((RO)) -1 
if ((RO)) not zero (PC0_7)<-addr 

((R1))+-((R1)) -1 
if ((R1)) not zero (PC0_7)<-addr 

if b = 1 : (PC0_7)<-addr 

if c = 1 : (PC0_7)<-addr 

if C = 0 : (PC0_7)<-addr 

if A= 0 : (PC0_7)<-addr 

if A*O : (PC0_7)+-addr 

if TO= 1: (PC0_7)<-addr 

if TO= 0: (PC0_7)<-addr 

if T1 = 1: (PC0_7)<-addr 

if T1 = 0: (PC0_7)<-addr 

if TF = 1: (PC0_7)<-addr 

if TF = 0: (PC0_7)<-addr 

notes 

r = 0-7 

r = 0-7 

r = 0-7 

b = 0-7 

4 
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INSTRUCTION SET (continued) 

a: MOVA, T 42 
w 
I-
z 
:J MOV T, A 62 
0 
u 
I- STRT CNT 45 z 
w 

STRTT 55 > w -- STOP TCNT 65 a: 
w 

EN TCNTI 25 :2: 
f:: DIS TCNTI 35 

EN I 05 

__J DIS I 15 
0 SEL RBO C5 a: 
I- SEL RB1 D5 z 
0 

STOP 22 u 

IDLE 01 

CALL addr .a. 4 address 

w 
z 
f:: 
:J 
0 
a: 
aJ RET 83 
:J 
en 

RETR 93 

1 /1 move timer/event counter contents to 
accumulator 

1 /1 move accumulator contents to 
timer/event counter 

1 /1 start event counter 

1 /1 start timer 

1 /1 stop timer/event counter 

1 /1 enable timer/event counter interrupt 

1 /1 disable timer/event counter interrupt 

1 /1 enable external interrupt 

1 /1 disable external interrupt 

1 /1 select register bank 0 

1 /1 select register bank 1 

1 /1 enter STOP mode 

1 /1 enter IDLE mode 

2/2 jump to subroutine 

1 /2 return from subroutine 

1/2 return from interrupt and restore 
bits 4, 6, 7 of PSW 

(A)+-(T) 

(T)+-(A) 

(RBS)+-0 

( RBS)+-1 

((SP))<--(PC), (PSW4, 6, 7) 
(SP)+-(SP) + 1 

(PCs-1 ol+-addrs-1 o 
( PCo_ 7) <-add ro-7 
(PC11-12l<--MBFF 0-1 

(SP) +-(SP) -1 
(PC)+-( (SP)) 

(SP) +-(SP) -1 
(PSW4, 6, 7) + (PC)+-((SP)) 

5 

5 

6 6 

6 

6 
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DEVELOPMENT DATA 

mnemonic opcode bytes/ description function 
(hex.) cycles 

IN A, Pp 08 1/2 input port p data to accumulator (A)+-(PO) 
I- 09 (A)+-(P1) :::> 
0.. 
I-
:::> 

OUTL Pp, A 38 1/2 1 output accumulator data to port p I (PO)+-(A) 0 ....... 
39 I (P1)+-(A) I-

:::> 
Ci.. z - AN L Pp, #data 

198 
2/2 AND port p data with immediate data (PO)+-(PO) AND data 

...J 
w 99 (P1)+-(P1) AND data 

I ...J 
...J 
<( 
a: 0 R L Pp, #data 88 2/2 OR port p data with immediate data (PO)+-(PO) OR data 
<( 

89 (P1)+-(P1) OR data 0.. 

NOP 00 1 /1 no operation 

Notes to Table 8 

1. PSW CY, AC 5. PSW RBS 
2. PSW CY 

affected 
affected 
affected 

6. PSW SPo, SP1, SP2 
affected 
affected 

3. PSW PS 
4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 

* : 8, 9, A, B, C, D, E, F 
• :0,2,4,6,8,A,C,E 
.& :1,3,5,7,9,B,D,F 

notes 

7 

I 

I 

en :;· 
= CD g. 
-s· 
qo 
C" 
;:;: 
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PCF84C12 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 20) Voo -0,8 to+ 8 V 

All input voltages V1 0,8 to Voo + 0,8 v 
D.C. current into any input or output 

Total power dissipation (see note) 

Power dissipation per output 

Sto~age temperature range 

Operating ambient temperature range 

Operating junction temperature 

HANDLING 

±11,±lo max. 10 mA 

Ptot 

Po 

Tstg 

Tamb 

Tj 

max. 500 

max. 50 

-65 to+ 150 

-40 to +85 

max. 125 

mW 

mW 

oc 

oc 

oc 

lnputs'an~outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe: it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS dev\,ces'). 

Note 

Thermal resistance (junction to ambient) 
for SOT-146 
for SOT-163A 

420 "°"'mb" 19861 

Rth j-a 
Rth j-a 

max. 
max. 

120 K/W 
150 K/W 
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Single-chip 8-bit microcontroller PCF84C12 

D.C. CHARACTERISTICS 

Voo = 2,5 to 5,5 V; Vss = 0 V; Tamb = -40 to+ 85 °c; all voltages with respect to Vss; unless 
otherwise specified. 

parameter symbol min. typ. max. unit 

Supply voltage 
operating (see Fig. 21) Voo 2,5 - 5,5 v 

Supply current 
operating (see Fig. 22) 
at Voo = 5 V; fxTAL = 6 MHz loo - 2 tbf mA 
at Voo = 3 V; fxTAL = 3,58 MHz loo - 300 tbf µ.A 

IDLE mode (see Fig. 23) 
at Voo = 5 V; fXTAL = 6 MHz loo - 1 tbf mA 
at Voo = 3 V; fXTAL = 3,58 MHz loo - 150 tbf µ.A 

STOP mode (see Fig. 24 and note 1) 
at Voo = 2,5 V; Tamb = 25 °c 'oo - 1,2 2,5 µA 
at Voo = 2,5 V; Tamb = 85 °c loo - - 10 µA 

RESET 1/0 

Switching level VRESET - 1,5 2 v 

Sink current 
at Voo > VRESET loL - 7 - µA 

Inputs 

Input voltage LOW V1L 0 - o,3v00 v 

Input voltage HIGH V1H OJVoo - Voo v 

Input leakage current 
as Vss < V1 < Voo ± l1L - - 1 µA 

Outputs 

Output voltage LOW 
at V1 = V55 or Voo; llol < 1 µA Vol - - 0,05 v 

Output sink current LOW 
at Voo = 5 V ± 10%; Vo= 0,4 V IOL 1,6 3 - mA 

Pull-up output source current HIGH 
at Voo = 5 V ± 10%; Vo= 0,7 VDD -IOH 40 - - µ.A 
at Voo = 5V±10%; Vo= Vss -IOH - - 400 µ.A 

Push-pull output source current HIGH 
at VDD = 5V±10%; Vo= Voo-0,4 V -IOH 1,6 3 - mA 

Note 1 

Crystal connected between XTAL1 and XTAL2; T1 at Vss,TNT at Voo. 

421 
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10
2 ~§§gg~1GUARANTEED,~ E +:=j=: 

1--t-t-+--+-+-+OPE RAT I NG --:f=:::1=l 
~-+---+---+--+-(2-)1--1--1+-J--1-R __ A__,NGE -1-+-j 

10 l 3 1 I 

!---+-+--+- -->--+--+--+--+:s----"<-+--+( 41 
--+~-+---J--1--+-+--t-- +-- --1--

1 ·---~-~--'-1.--L _ _L _ _J__,_L_J 

0 4 Voo (VI 6 

(1) clock frequency= 100 kHz 
(2) clock frequency= 1 MHz 
(3) clock frequency= 3 MHz 
(4) clock frequency= 10 MHz 

Fig. 21 Maximum clock frequency (fxTAL) 
as a function of the supply voltage (V ool. 

l,5 r--r=r_1~-~7Z97324 

I DD L -- _ _._I __ -1-

(mA) I 

1 1-- ----+---+-- I 11 

121 

0,5 1---+-----+ 

4 Voo (VI 6 

(1) clock frequency= 6 MHz 
(2) clock frequency= 3,58 MHz 

Fig. 23 Typical supply current (loo) 
in IDLE mode as a function of the supply 
voltage (Voo); Tamb = 25 °c. 

422 N<W•mb" 19861 

3 
7297323 

I DD 1---t---l----1---+---'-----' 
(mAI 

111 

(21 

0 --
0 4 Voo (VI 6 

( 1) clock frequency = 6 MHz 
(2) clock frequency= 3,58 MHz 

Fig. 22 Typical supply current (I ool 
in operating mode as a function of the 
supply voltage (Vool; Tamb = 25 °c. 

100 
(µA) 

7297325 

K___,____._++-' 
i----i ---- -----l __ __,_ _ __, _ __, 

f-----1----1-----+--- -+----+---

--!--+--+-( 1 I 

1----t----1----- +----+---~ 

--1-±+---
o ' L ___ J___ - j__ --

Q 

(1) Tamb = 85 °c 
(2) Tamb = 25 °c 

4 Voo IV) 6 

Fig. 24 Typical supply current (loo) 
in STOP mode as a function of the supply 
voltage (Vool. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

PCF84CXX 
FAMILY 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

The PCF84CXX family of microcontrollers is manufactured in CMOS technology. The family consists 
of the following devices: 

• PCF84COO - 256 RAM bytes, external program memory 
• PCF84C21 - 2 K ROM/64 RAM bytes 
• PCF84C41 - 4 K ROM/128 RAM bytes 
• PCF84C81 - 8 K ROM/256 RAM bytes 

Each version has 20 quasi-bidirectional 1/0 port lines, a serial 1/0 interface, a single-level vectored 
interrupt circuit, an 8-bit timer event counter and on-board clock oscillator and clock circuits. 

This microcontroller family is an efficient controller as well as an arithmetic processor. The instruction 
set is based on that of the MAB8048 and is pin- and instruction set compatible with the MAB8400 
family. 
The microcontrollers have bit handling abilities and facilities for both binary and BCD arithmetic. 

For detailed information see the user manual "Single-chip 8-bit microcontrollers". 

Features 

• 8-bit CPU, ROM, RAM, 1/0 in a single 28-lead DI Lor SO package 
• 2 K, 4 Kor 8 K ROM bytes plus a ROM-less version 
• 64, 128 or 256 RAM bytes 
• 20 quasi-bidirectional 1/0 port lines 
• Two test inputs: one of which is also the external interrupt input 
• Single-level vectored interrupts: external, timer/event counter, serial 1/0 
• 12 C hardware interface for serial data transfer on two lines; 

(serial 1/0 data via an existing port line and clock via a dedicated line) 
• 8-bit programmable timer/event counter 
• Clock frequency 100 kHz to 10 MHz 
• Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
• Single supply voltage from 2,5 V to 5,5 V 
• STOP and IDLE mode 
• Power-on-reset circuit 
• Operating temperature range: -40 to +85 oc 

PACKAGE OUTLINES 

PCF84C21/41/81 P: 28-lead DI L; plastic (SOT-117). 
PCF84C21/41/81T: 28-lead mini-pack; plastic (S0-28; SOT-136A). 
PCF84COOB : 28-lead 'Piggy-back' package (with up to 28-pin EPROM on top). 
PCF84COOT : 56-lead mini-pack; plastic (VS0-56; SOT-190). 
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PCF84CXX 
FAMILY 

SERIAL DATA/P23 

SCLK 
(pin 3) 

,---------..., 
I I P17-P10 P07-POO 
I RESIDENT ROM I 

I 2 K BYTES I I ,__,_I ___ _ 

CLOCK 

510 
inter. 

~ 

Vref 
1,5V 

POWER { 
SUPPLY Vss 

-GNO 

STOP 

IDLE 

external 
interrupt 

I 4 K BYTES 

I 8 K BYTES 

I 
I 
LL._-_-_-_~---' 

CONTROL & TIMING 

INT/TO RESET XTAL 1 

INTERRUPT INITIALIZE OSCILLATOR 
XTAL 

+-INT/TO 

+--TEST1 

CONDITIONAL +--TIMER 
BRANCH FLAG 

LOGIC +--CARRY 

+--ACC 

ACC BIT 
TEST 

MULTIPLEXER 

REGISTER 0 

REGISTER 1 

REGISTER 2 

REGISTER 3 

REGISTER 4 

REGISTER 5 

D REGISTER 6 
E 

REGISTER 7 c 
0 8 LEVEL STACK 
D (VARIABLE LENGTH) E 

OPTIONAL SECOND 
REGISTER BANK 

DATA STORE 

RESIDENT RAM ARRAY 

7Z97336 

Fig. 1 Block diagram; PCF84CXX. 

,---A~~-------1 

I I 
I_ I 
I NEN I 
I DXALE 

DXRD 

: DXWR-+ 

I EXDI 

I 
L----

(a) 

Fig. la Replacement of dotted part 
in Fig. 1, for the PCF84COOT 
ROM-less version. 

,.---------- ------, 
I A0-A12 

00-01 I 
I I 
I I 
I P5EN 

I 
I 
I 
I 

I 
I 
I _______ _J 

7Z20149 

(b) 

Fig. 1 b Replacement of dotted part 
in Fig. 1, for the PCF84COOB 
'Piggy-back' version. 
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Single-chip 8-bit microcontroller PCF84CXX 
FAMILY 

PINNING 

Voo 

P21 

P20 

P17 

P16 

P15 

PCFB4C21 
PCFB4C41 P14 

PCF84CB1 
P13 

P12 

P06 P11 

P10 

INT/TO RESET 

T1 XTAL2 

Vss XTAL1 

1Z97321.1 

Fig. 2 Pin designation of the PCF84C21/41/81. 

PIN DESIGNATION 

Pin symbol type function 

3 SCLK 1/0 Clock: bidirectional clock for serial 1/0. 

4-11 POO-P07 1/0 Port 0: 8-bit quasi-bidirectional 1/0 port. 

12 INT/TO I Interrupt/Test 0: external interrupt input (sensitive to negative-going 
edge)/test input pin; when used as a test input directly tested by 
conditional branch instructions JTO and JNTO. 

13 T1 I Test 1: test input pin, directly tested by conditional branch instruc-
tions JT1 and JNT1. T1 also functions as an input to the 8-bit 
timer/event countertimer/event counter, using the STAT CNT 
instruction. 

14 Vss I Ground: circuit earth potential. 

15 XTAL1 I Oscillator input: crystal which determines the internal oscillator 
frequency or the external clock generator. 

16 XTAL2 1/0 Connection to other side of timing component. 

17 RESET 1/0 Reset input: used to initialize the processor (active HIGH), or out-
put of power-on-reset circuit. 

18-25 P10-P17 1/0 Port 1: 8-bit quasi-bidirectional 1/0 port. 

26,27, P20-P23 1/0 Port 2: 4-bit quasi-bidirectional 1/0 port. P23 is the serial data 
1,2 input/output in serial 1/0 mode. 

28 Voo I Power supply: 2,5 V to 5,5 V. 
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PINNING (continued) 

Pin designation of PCF84COOB piggy-back version 

AO-A12 

PCF84COOB 

D0-07 

Voo 
EPROM 

Voo 
max. 8 K bytes 

Voo -
CE 

AB 

A9 

All 

Vss 

AlO 

Al PSEN Vss Voo 

AO D7 

DO D6 

Dl D5 

D2 D4 

Vss D3 

7Z97337 

Fig. 3 Pinning diagram: PCF84COOB 
'Piggy-back' version top pinning; 
to access a 2732 or 2764 EPROM. 

~ ,.._ 
K AO-A12 

(address bus I 

~ 
""" DO-D7 

(data bus) v 

~ 
- PCF84COOB SCLK 
PSEN (piggy-back version) 

Tl 

INT/TO 

RESET 

XTALl 

XTAL2 

Voo 

Vss 

7Z97340.1 

Fig. 3a Connection of EPROM to 
'Piggy-back' package PCF84COOB. 

The PCF84COOB is chiefly used in prototyping and low volume production. The device is mounted 
in a 'piggy-back' package, i.e. a 4 Kor 8 K byte EPROM may be mounted in the 24/28 pin socket 
on top of the package. 

Notes 

1. RAM capacity of PCF84COOB is 256 bytes. 

2. Access time for ROMS/EPROMS to be below 7 x 1/fxTAL· 

3. Bottom pinning is identical to that of Fig. 2. 
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Single-chip 8-bit microcontroller PCF84CXX 
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Voo 

P21 

P20 

P17 

P16 

P15 

P14 

EXDI 

P13 

P04 P12 

P11 

P06 PlO 

P07 RESET 

INT/TO XTAL2 
PCF84COOT 

T1 XTAL1 

DO PSEN 

01 07 

02 06 

A12 05 

DXWR 04 

n.c. 03 

A11 OXRD 

A10 AO 

A9 A1 

AS A2 

A7 A3 

A6 A4 

Vss A5 

7297320 

Fig. 4 Pinning diagram; ROM-less version PCF84COOT. 

The PCF84COOT is chiefly used for prototyping future derivatives of the PCF84CXX family or 
low-volume production. The device is packaged in a 56-lead VSO outline. Additional signals are available 
(see pinning information following) to control external program memory and derivative functions. 
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PIN DESIGNATION (continued) 

pin symbol type function 

34-29 AOO-A12 0 Address outputs. 
27-22, 19 

16-18 DO-D7 1/0 Data lines, internal pull-ups provided. 
36-40 

41 PSEN 0 Program store enable (active low). Used for enabling external 
program memory. Active during TS9 and TS10 of each machine 
cycle and TS1 of each following cycle. PSEN is halted during 
STOP mode. 

6 DXALE 0 Address latch enable. Using the falling edge, the Dx address can be 
latched in an appropriate external latch. This signal occurs only 
during execution of the MOV Dx,A, MOV A,Dx, AN L Dx,A 
and ORL Dx, A instructions, with x = 0 to FF H. 

35 DXRD 0 Read strobe (active LOW). When this signal is active, external 
registers emulating Dx registers can be enabled to the data bus of 
the PCF84COO. This signals occurs only during execution of MOV A, 
Ox, ANL Dx,A and ORL Dx,A instructions, with x = 0 to FF H. 

20 DXWR 0 Write strobe (active low). On the rising edge, data on D0-07 can 
be latched in appropriate external registers emulating Dx. This 
signal occurs only during execution of MOV Dx,A, AN L Dx,A 
and ORL Dx,A instructions, with x = 0 to FF H. 

49 EXDI I External derivative interrupt (active low). EXDI is 'OR-ed' with 
the internal serial interrupt and can be used to initiate an interrupt 
from external hardware emulating derivative functions. An internal 
pull-up is provided. A derivative interrupt is internally polled 
during time slot TS6*, and is only accepted if an EN SI instruction 
has been executed and the device is not already in an interrupt 
routine. Derivative interrupts are not latched in the PCF84COO. 

* The interrupt signal must be continually active until the vector address 05 H is present on the 
address bus. 
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Single-chip 8-bit microcontroller 

FUNCTIONAL DESCRIPTION 

ROM-less version PCF84COOT 

PCF84CXX 
FAMILY 

The PCF84COOT is a microcontroller that contains no on-board ROM, but has all address and data 
lines brought-out to access an external ROM or EPROM. This version has more pins than the PCF84CXX 
with on-board ROM (see Fig. 1a). The device has an address range of 8 K for ROM or external program 
memory, and has an internal data RAM of 256 bytes. 

'Piggy-back' version PCF84COOB 

The PCF84COOB is a special package that has standard pinning to the bottom which facilitates insertion 
as a mask-programmed device. An EPROM can be mounted on top in an additional socket. The total 
package height is greater than the standard DI L package. The device has an address range of 8 K for 
ROM or external RAM, and has an internal data RAM of 256 bytes. 

Program memory 

The program memory consists of 2, 4 or 8 K bytes, in a read-only memory (ROM). Each location is 
directly addressable by the program counter. The memory is mask-programmed at the factory. Figure 5 
shows the program memory map. 

Four program memory locations are of special importance: 

• Location O; contains the first instruction to be executed after the processor is initialized (RESET). 
• Location 3; contains the first byte of an external interrupt service subroutine; 
• Location 5; contains the first byte of a serial 1/0 and derivative interrupt service subroutine, 
• Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 

Program memory is arranged in banks of 2 K bytes, which are selected by SE L MB instructions. The 
program memory is further divided into location 'pages', each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any 'page'; RET and RETR instructions can transfer coritrol from 
a subroutine back to the main program. 

Data memory 

Data memory consists of 64, 128 or 256 bytes, random-access data memory (RAM). Allocations are 
indirectly addressable using RAM pointer registers; up to 16 designated locations are directly 
addressable. Memory also includes an 8-level program counter stack addressed by a 3-bit stack pointer. 
Figure 6 shows the data memory map. 

Working registers 

Locations 0 to 7 are designated as working registers, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate their 
contents, makes these locations suitable for storing frequently addressed intermediate results. This 
bank of registers can be selected by the SE L R BO instruction. 

Executing the select register bank instruction SEL RB1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and these are then directly addressab.le. This second bank of working 
registers may be used as an extension of the first or reserved for use during interrupt service subroutines 
saving the first bank for use in the main program. If the second bank is not used, locations 24 to 31 
may serve as general purpose RAM. 

The first locations of each bank contain the RAM pointer registers RO, R 1, RO' and R 1 ',which 
indirectly address all RAM locations. 

All RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. 
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FUNCTIONAL DESCRIPTION (continued) 

PCF84C81 
PCF84COO 

PCF84C41 

PCF84C21 

81911 ~ l--1 -SELMB3 

614~H' :1 SELMB2 

4095 

'H. ' . SELMB1 

2048 ---
2047 + 

. , ' , SELMBO 

8~-----l 

41------i 

location 7: timer/counter interrupt vector 

location 5: serial I /0 and derivative 
interrupt-vector 

location 3 : external interrupt vector 

location 0 : reset vector 

1Z97335.1 

Fig. 5 Program memory map. 

PCF84COO 
PCF84C81 

PCF84C41 

PCF84C21 

2551, t 
:~:r----l 

6~r- USER_ 1· 63 RAM 

; ~ 

32 
31 

25 
24 
23 

1 

0 

lo'' 

' 

BANK 1 
WORKING 

REGISTERS 
8x8 

R1' 
RO' 

8 LEVEL 
STACK 

,l' or 
USER RAM 

16 x 8 

BANK 0 
WORKING 

REGISTERS 
SxS 

R1 
RO 

addressed 
indirectly 

through pointers 
RO, R1, RO', Rl' 

directly 
addressable 
when bank 1 
is selected 

_J 

directly 
addressable 
when bank 0 
is selected 

7Z97334. 1 

Fig. 6 Data memory map. 
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Single-chip 8-bit microcontroller PCF84CXX 
FAMILY 

Program counter stack 

Locations B to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig. 7) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 

The stack pointer, when initialized to 000 by RESET, points to RAM locations Band 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations Band 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 

At the end of a subroutine, which is signalled by a return instruction (RET or RETR). the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 

If not all B levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. 

Nesting of subroutines within subroutines can continue up to B times without overflowing the stack. 
If overflow does occur the deepest address stored (locations B and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
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FUNCTIONAL DESCRIPTION (continued) 

The value of the saved contents of the program counter is different for an interrupt CALL compared 
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 

IDLE and STOP modes 

IDLE mode 

STACK 
POINTER 

111 

11 0 

101 

1 00 

011 

01 0 

001 

000 

728914 7.2 

I 
T 

1 
T 

+ 
T 

+ + j_ 

+ 
+ 

Pc1JPc6J Pc5J Pc4I Pc3J Pc2IPc1JPc0 
PSW~swtli'c1~sw4}c11TPc1J PcgT PCs 

MSB LSB 

Fig. 7 Program counter stack. 

R23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

RB 

When the microcontroller enters the ID LE mode via the IDLE instruction (01 H) the oscillator, 
timer/counter and serial 1/0 are kept running. The microcontroller exits from the IDLE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the IDLE mode. An active signal on the RESET pin restarts the micro
controller and a normal RESET sequence is executed (see Fig. 8). 

program 
counter= 0 @;® 

NORMAL MODE i IDLE MODE i NORMAL MODE 

OSCILLATOR I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I; 

RESET __________ ___,,_ __ __. 

_1 tRES \_ 1866 -
> 1 µs clock periods 7287788 

Fig. 8 Exit from IDLE mode via a RESET. 
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An active signal coming from an enabled interrupt causes the execution of the normal interrupt routine 
since normal interrupt scanning is still being carried out. A HIGH-to-LOW transition on the external 
interrupt pin (I NT /TO) reactivates the microcontroller. A LOW level applied to I NT /TO will reactivate 
the microcontroller only in the STOP mode. Thus,if INT/TO was LOW before the microcontroller 
entered the IDLE mode, it must go HIGH before the microcontroller can be reactivated (see Fig. 9). 

PROGRAM FLOW 

OSCILLATOR 

INT/TO 

003H 1 program counter= 

IDLE MOOE ---1 I 
_N_O_R_M_A_L_M_O_DE_.,_ __ ____.: i NORMAL MODE 

11111111111111111111111111111 I I I ,, I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

'-L.<...7/ffi'-'-"-'J/j ........ 1;/)'"'""-1// __ _..b \ j~J/$1//#1/A 
--1 >4 1_>7 _ 60 _r 

clock clock 
periods periods 

clock 
periods 

Fig. 9 Exit from ID LE mode via an interrupt. 

7Z97331. 1 

Wake-up from the IDLE mode is ensured when INT/TO is HIGH for at least 4 CP (clock periods) 
followed by a LOW for 7 CP. After the initial forced CALL 003 H operation (60 CP) the program 
continues with the external interrupt service routine. 

STOP mode 

The microcontroller enters the STOP mode by the STOP instruction (22 H). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of 1/0 ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 10). 
Note; the start-up time of a crystal oscillator is measured in milliseconds, and the 1866 CP count 
begins after this start-up time. 

If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is 
executed. 

~ 
NORMAL MODE ! 

I 
OSCILLATOR 11111111111111111111 

RESET 

OR 

INT/TO ?/!//!!!!I //II/I 

program counter= 
0 or 003.H or next value 

following the STOP instruction 

STOP MODE i NORMAL MODE 

I 
f,1-' -~lll~lll~llll~lll~llll~lll~llll~llll~lll~IJll~llll 

_/ tRES 1- 1866 -
2 1 µs clock periods 

-- t1NT I_ 
21 µs 

- 1866 
clock periods 

7Z97329.1 

Fig. 10 Entering and exiting the STOP mode. 
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FUNCTIONAL DESCRIPTION (continued) 

If the microcontroller exits the STOP mode by pulling the external interrupt input pin LOW, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 

The microcontroller is restarted by a LOW level applied at the INT/TO pin, and not by a HIGH-to-LOW 
transition as in a normal interrupt mechanism. 
Note: when leaving the STOP mode with an interrupt, a further instruction in the main program series 
is executed prior to entering the interrupt routine. 

When the INT/TO level is active during the STOP instruction then no STOP is executed. 

A LOW level on the external interrupt input of at least 1 µswill cause the microcontroller to exit the 
STOP mode. 

1/0 facilities 

The PCF84CXX family has 23 1/0 lines arranged as: 

• Port 0 parallel port of 8 lines (POO to P07) 
• Port 1 parallel port of 8 lines (P10 to P17) 
• Port 2 parallel port of 4 lines (P20 to P23) 
• SCLK serial 1/0 clock line 
• INT/TO external interrupt and test input. When used as a test input it can be directly tested by 

conditional branch instructions JTO and JNTO 
• T1 test input which can alter program sequences when tested by conditional jump instructions 

JT1 and JTN 1. T1 also functions as an input to the 8-bit timer/event counter. 

Parallel ports 

All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 

Input lines are fully CMOS compatible, output lines can drive one TTL or CMOS load. 

11-----cycle 1 

TIME 2 3 4 5 6 
SLOT ~~~--'~~-'-~-~~~--'-~-'-~-~~-+I--'-~-'--' 

l-----cycle2 -----1 
7 8 9 10 1 2 3 4 5 6 7 8 9 10 

PO,P1,P2 

PO,P1,P2 

PO,P1,P2 

Z!i/@$@;/W//u~J/llff//;/1NA,Pp 

I 
OUTL Pp.A 

'------------------
____________________ l_D_A-T A_O _UT- ANL Pp,# data 

*'-· ____ ORLPp,#data 

1Z20150 

Fig. 11 Shows the timing diagram for all ports using IN, OUTL, AN Land OR L instructions. For the 
OUTL instruction data changes on time slot 7 of cycle 1. For the MOV, AN Land OR L instructions, 
the ports change on time slot 7 of cycle 2. 
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Fig. 12 shows the quasi-bidirectional 1/0 interface with push-pull output and switched pull-up current 
source. 
Each line is pulled up to VDD via a constant current source (TR4). which is enabled via TR3 whenever 
one of the two output latches contains a logic 1. This current source is sufficient for a TTL HIGH 
level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to be used for 
both input and output. 

When a logic 1 is written to the line for the first time (MO= 1, SQ= 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR 1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR1 will remain low impedance. 

The PCF84CXX family offers the possibility to select individually 19 of the 20 parallel port pins 
(not P23), by the following mask options: (PCF84COO has only option 1): 

Option 1 - STANDARD PORT; quasi-bidirectional 1/0 with switched pull-up current source of 
100 µA (typ.) and P-channel booster transistor TR2. 
TR2 is only active during 1 clock cycle (Fig. 12). 

Option 2 - OPEN DRAIN; quasi-bidirectional 1/0 with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor {Fig. 13). 

Option 3 - PUSH-PU LL OUTPUT; drive capability of the output will be 1,6 mA (min.) at 
VDD = 5 V in both polarities. To avoid a large current flowing through the 
output transistors during the input mode, these push-pull pins must only be used as 
outputs (Fig. 14). 

WRITE PULSE ----------. 

DATA BUS -----+-I 

MOV/ORL/ANL. 

MDV/IN 

TR1 

current 
source 

7Z87792.2 

Fig. 12 Standard output with switched pull-up current source. 

100µA 
(typ.) 

1/0 PORT 
LINE 
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FUNCTIONAL DESCRIPTION (continued) 

WRITE PULSE ----...-------. 

DATA BUS-----+-! 

D Sci 

MOV/ORL/ANL 

MOV/IN 

Fig. 13 Open drain output. 

WRITE PULSE ----+-------. 

DATA BUS ----+-1 
D Sci 

TR1 

MOV/ORL/ANL 

Fig. 14 Push-pull output. 

7Z87793.2 

current 
source 

100µA 
(typ.) 

1/0 PORT 
LINE 

OUTPUT 
LINE 

7Z87794.2 
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Single-chip 8-bit microcontroller 

Serial 1/0 (SIO) 

PCF84CXX 
FAMILY 

The PCF84CXX has an on-chip serial 1/0 interface that supports 12 C-bus communication. Whereas 
a normal microcontroller must regularly monitor the serial data bus for the presence of data, the serial 
1/0 interface detects, receives and converts the serial data stream into parallel format without inter
rupting the execution of the current program. An interrupt is sent to the PCF84CXX only when a 
complete byte is received. It then reads the data byte in one instruction. 

The design of the PCF84CXX serial 1/0 system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the 'general CALL' address. 
Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontrollers, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 

In NORMAL (running) and IDLE mode, the serial 1/0 logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 

After execution of the STOP instruction, the oscillator of the PCF84CXX is switched off. This means 
that the serial 1/0 logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid "bus block" problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESQ= 0) prior to the execution of the STOP instruction. This 
must be carried out only when the PCF84CXX has finished a serial data transfer. 

Serial 1/0 interface 

Figure 15 shows the serial 1/0 interface. The clock line of the serial bus has exclusive use of pin 3 
(SCLK) while the data line shares pin 2 (serial data) with the 1/0 line P23 of port 2. When the serial 
1/0 is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 

The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 

• Data shift register (SO) 
• Serial 1/0 interface status word (S1) 
• Serial clock control word (S2) 
• Address register 



PCF84CXX 
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FUNCTIONAL DESCRIPTION (continued) 
Data shift register (SO) 

Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or 'general 
CALL' address has been received. The most significant bit is transmitted first. 

Serial 1/0 interface status word (S 1) 

Register S1 provides information concerning the state of the interface and stores information from the 
mierocontroller. Bits Oto 3 are duplicated: control bits in these positions can only be written by the 
rnicrocontroller, while interface bits can only be read. 

MST and TRX (see Table 1) 

These bits determine the operating mode of the serial 1/0 interface. 

Table 1 Operating modes of the serial 1/0 interface 

MST TRX operating mode 

0 0 slave receiver 
1 0 master receiver 
0 1 slave transmitter 
1 1 master transmitter 

'--

BB: Bus Busy. 

This is the flag which indicates the status of the bus. 

PIN: Pending Interrupt Not 

Pl N = 'O' indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 

ESO: Enable Serial output 

The ESO flag enables/disables the serial 1/0 interface: ESO = '1' enables, ESO = 'O' disables. ESO can 
only be written by software. 

BCO, BC1 and BC2 

Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These 
bits can only be written by software. 

AL: Arbitration Lost 

The arbitration lost flag is set by hardware when the serial 1/0 interface, as master transmitter, loses a 
bus arbitration procedure. 

AAS: Addressed As Slave 

This flag is set by hardware when the interface detects either its own specific address or the 'general 
CALL' address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 

ADO: Address Zero 

This flag is set by hardware after detection of the 'general CALL' address when the interface is operating 
in the address recognition mode. 

LRB: Last Received Bit 

This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 

Bits AL, AAS, ADO and LRB can only be read by software. 
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Single-chip 8-bit microcontroller 

Serial clock control word (S2) 

PCF84CXX 
FAMILY 

Bits 0 to 4 of the clock control register S2 are used to set the frequency of the serial clock signal. When 
a 6 MHz crystal is used, the frequency of the serial clock can be varied between 154 kHz and 1 kHz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3 : 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial 1/0. S2 is a write only register. 

Address register 

The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
#data instructions, but only when ESQ= 'O'. 

Serial 1/0 interrupt logic 

An EN SI instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial 1/0 interrupt to the processor, causing a CALL to 
location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 
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FUNCTIONAL DESCRIPTION (continued) 

Table 2 SIO clock pulse frequency control when using a 6 MHz and a 10 MHz crystal 

hexadecimal 
divisor fxTAL 6 MHz) fXTAL (10 MHz) 

S20-S24 code fscLK (kHz)• fscLK (kHz)• 

0 not allowed 
1 39 *154 *256 
2 45 *133 *222 
3 51 *118 *196 
4 63 95 *159 
5 75 80 *133 
6 87 69 *115 
7 99 61 *101 
8 123 49 81 
9 147 41 68 
A 171 35 58 
B 195 31 51 
c 243 25 41 
D 291 21 34 
E 339 18 29 
F 387 16 26 
10 483 12 21 
11 579 10 17 
12 675 8,9 15 
13 771 7,8 13,4 
14 963 6,2 10,4 
15 1155 5,2 8,7 
16 1347 4,5 7,4 
17 1539 3,9 6,5 
18 1923 3,1 5,2 
19 2307 2,6 4,3 
1A 2691 2,2 3,7 
1B 3075 2,0 3,3 
1C 3843 1,6 2,6 
10 4611 1,3 2,2 
1E 5379 1, 1 1,9 
1F 6147 1,0 1,6 

* Not permitted for 12 C operation. 

• The maximum clock frequency in the 12 C systems is 100 kHz. 
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FUNCTIONAL DESCRIPTION (continued) 

Interrupts (see Fig. 16) 

When the external interrupt is enabled, a HIGH-to-LOW transition on the INT/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following 
completion of the current instruction. 
The interrupt must remain enabled until the interrupt instruction is completed, otherwise the next 
instruction of the main program will be executed. Serial 1/0 interrupt, when enabled, causes a CALL 
to location 5, and a timer/event counter overflow forces a CALL to location 7 when the timer 
interrupt is enabled. 

When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 or 3 interrupts occur simultaneously, 
their priority is: 

• ( 1) external 
• (2) serial 1/0 
• (3) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (FFH). then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CALL to location 7. 

On execution of a DIS I instruction, the PCF84CXX always clears the digital filter/latch and the 
External Interrupt Flag. 

The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 

The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 

The microcontroller will exit the I OLE mode when any one of the following three interrupts is enabled: 

• External 
• Serial 1/0 
• Timer/event counter 

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 12). 
If required pin 12 must be externally connected to a resistor ( R.;;;; 100 kill. When the external 
interrupt is not used pin 12 must be connected to Voo-

Improvements to interrupt and timer logic with respect to the MAB8400 family 

For detailed information see the PCF84CXX section in the user manual "Single-chip 8-bit microcon
trollers". 
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INT/To 

RESET 

DIS I 

DIGITAL 
FILTER/LATCH 

(3BITSR) 
s Q 

EXT. INT. 

EXT. INT. I .,-----.... 
FLAG 

ACKNOWLEDGED 

EN I ------l S Q 

DIS I 
RESET 

ENSI 

DISS! 
RESET 

ENABLE 
EXT. INT. 

FLAG 

R 0 

s Q 

ENABLE 
SIO INT. 

FLAG 
R Q 

TIMER __ _.__, S Q 

OVERFLOW 

JNTF,JTF 
RESET 

TIMER 
FLAG 

R 

TIMER INT. 
ACKNOWLEDGED 

EN ----.1S Q 
TCNT I ENABLE 

DIS 
TCNTI 
RESET 

Notes to figure 16 

TIMER 
INT. 

FLAG-
R Q 

PIN 
EXDI 

R 

RETR 
RESET 

~---!------+---+CONDITIONAL 
JUMP LOGIC 

1Z20151 

s Q 
TIMER 

INT. 
FLAG 

R 

Fig. 16 Interrupt logic. 

1. INT/TO negative edge is always latched in the digital filter/latch. 

INTERRUPT 
VECTOR 
LOGIC 

s Q 
INTERR. 

IN 
PROGR. 
FLAG_ 

R Q 

2. Correct interrupt timing is ensured when fNf/TO is HIGH for> 4 CP followed by a LOW for> 7 CP. 
3. When the interrupt in progress flag is set, further external and timer interrupts are latched but ignored, 

until RETR is executed. 
4. A DIS I instruction always clears a pending external interrupt. 
5. For all flip-flops, RESET overrules SET. 
6. EXDI is an input of PCF8400T, in derivative versions it is connected internally to a logic '1 '. 
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FUNCTIONAL DESCRIPTION (continued) 

Oscillator (see Fig. 17) 

The oscillator can be inhibited by the STOP instruction under software control. It is also inhibited 
when a low-supply voltage condition is present to prevent discharge of a weak back-up battery. 
Provided the supply voltage is within the operating range the oscillator will be restarted after a STOP 
instruction by a LOW level at the INT/TO pin or a HIGH level at the RESET pin. 

PCF84CXX 
inhibit 

C2 ::s 
15 16 

symbol 

XTAL1 XTAL2 T 1z19s10 

1Z97330. 7 

Fig. 17 Oscillator with integrated elements. Fig. 18 Crystal unit equivalent circuit. 

The values of crystal series resistance R1 and the crystal's total load capacitance CL (C0 +wiring+ 
external capacitors) must not be above the curve (Fig. 19) for the corresponding frequency. 
Note; if external capacitors are connected to XTAL 1 and XTAL they must be of equal value. 

20 

O'-~-'-~~~~~---'-~--'-~---' 

0 10 20 CL (pF) 30 
Fig. 19 Crystal circuit criteria. 

The oscillator has the output drive capability via pin 16 (XTAL2). An external clock can be applied 
to pin 15 (XTAL 1). A machine cycle consists of 1 O time slots, each time slot being 3 oscillator periods. 

Timer/event counter (see Fig. 20) 

An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 3 gives the instructions that control the counter and the prescaler, and 
the functions performed. 

When used asa timer, the input to the counter is either the overflow or input of a 5-bit prescaler. When 
used as an event counter, LOW-to-HIGH transitions on pin 13 (T1) are counted. The maximum rate at 
which the counter may be incremented is once every machine cycle. When the counter overflows, the 
timer flag is set. The flag can be tested and reset using the JTF (jump is timer flag= 1) or JNTF 
instruction. Overflow also generates an interrupt to the processor via setting of the Timer Interrupt 
Flag when the timer/event counter interrupt is enabled. 

444 N:m .. , 19861 
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Table 3 Timer/event counter control 

timer mode 
function modulo-1, modulo-32* counter mode 

CLEAR MOV T,A (A)= 0 MOV T,A (A)= 0 

PRESET 
START 
STOP 

TEST 
READ** 

or RESET or RESET 
MOV T,A MOV T,A 
STRTT STAT CNT 
STOP TCNT STOP TCNT 
or RESET or RESET 
JTF/JNTF JTF/JNTF 
MOV A,T MOV A,T 

PRE SCALER 
XTA_L_+_3_0__,>+-i +32 

(internal clock 
frequency) 

EDGE 
DETECTOR 

cleared on 
start timer 

A= START TIMER 
B = START COUNTER 

load or read 

t 
8-BIT 

TIMER/ 
EVENT 

COUNTER 

cleared 
on reset 

C =STOP TIMER/COUNTER 

Program status word (see Fig. 21) 

jump if 
timer flag 

= 1 

7289148 

Fig. 20 Timer/event counter. 

The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 
the current status of the microcontroller. 
The PSW bits are: 

• Bits 0 to 2 stack pointer bits (SPo, SP1, SP2) 
• Bit 3 prescaler select (PS); 

• Bit 4 

• Bit 5 

0 = modulo-32; 1 = modulo-1 (no prescaling) 
working register bank select (RBS); 
0 = register bank O; 1 = register bank 1 
not used (1) 

• Bit 6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 
decimal adjust instruction DA A 

• Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 

* 

overflow of the accumulator. , 
saved in 
the stack 
~ 

7 
MSB 

saved in 
the stack stack pointer 

~~ 

0 
LSB 

7289149 

Fig. 21 Program status word. 

With prescaler select, PS= 0, the timer counts modulo-32 machine cycles, with PS = 1 it courifs 
modulo-1 cycles (prescaler not used); prescaler cleared with STAT T, prescaler not readable' 

** READ does not disturb the counting process. 

("""""'"'" "'"" 
-- -----. ------·---· ------ ----
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FUNCTIONAL DESCRIPTION (continued) 

Program status word (continued) 

All bits can be read using the MOVA, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SE L RB instruction, bit 3 by the MOV PSW, A instruction, and 
bits 0, 1 and 2 by the CALL, RET or RETR instructions and in the event of an interrupt. Bits 7, 6 and 
4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 
in the PSW with a RETA (return and restore) instruction which must be used at the end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 

Program counter (see Fig. 22) 

The 13-bit program counter is able to address 8 K bytes of ROM. The arrangement of the bits is shown 
in figure 22. During an interrupt subroutine PC11 and PC12 are forced to logic 0. All 13 bits are saved 
in the stack during CALL and interrupt routines. 

Central processing unit 

lL C
0

0
0
n

0
ve

0
nnt

1
1
5
onal Program Counter 

OOOH to 7FFH 
• overflows 7 FFH to OOOH 

JMP or CALL 1nstruct1ons transfer the 
contents of internal flipflop MBFFO to PC11 

7Z89150 

and MBFF 1 to PC12 

• (MBFFO) <- 0 by SELMBO or RESET 
(MBFF1) <- 0 

• (MBFFO) <- 1 by SEL MBl 
IMBFF1 I <- 0 

• (MBFFO) <- 0 by SEL MB2 
IMBFF1) <- 1 

• IMBFFOI <- 1 by SELMB3 
IMBFF1) <- 1 

Fig. 22 Program counter. 

The PCF84CXX has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 

Conditional branch logic 

The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user's program. Table 4 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. 
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Table 4 Conditional branches 

test jump condition 

accumulator all bits zero 
any bit non-zero 

accumulator bit test 1 
carry flag 1 

0 
timer overflow flag 1 

0 
test input TO 1 

0 
test input Tl 1 

0 
register non-zero 

Test input T1 (pin 13) 

The Tl input line can be used as: 

• A test input for branch instructions JTl and JNTl 
• An external input to the event counter 

When used as a test input: 

• JTl instruction tests for logic 1 level 
• JNTl instruction tests for logic 0 level 

jump instruction 

JZ 
JNZ 
JBO to JB7 
JC 
JNC 
JTF 
JNTF 
JTO 
JNTO 
JTl 
JN Tl 
DJNZ 

PCF84CXX 
FAMILY 

When used as an input to the event counter, Tl must be LOW for> 4 CP, fol lowed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 

There is no internal pull-up or pull-down resistor connected to the Tl input. If required it must be 
externally connected to a resistor ( R = < 100 kill. When Tl is not used pin 13 must be connected to 

Voo or Vss· 

Reset (pin 17) 

A positive-going signal on the RESET input 

• Sets the program counter to zero 
• Selects location 0 of memory bank 0 and register bank 0 
• Sets the stack pointer to zero (000); pointing to RAM address 8 
• Disables the interrupts (external, timer and serial 1/0) 
• Stops the timer/event counter, then sets it to zero 
• Sets the timer prescaler to modulo-32 
• Resets the timer flag 
• Sets all ports to input mode 
• Sets the serial 1/0 to slave receiver mode and disables the serial 1/0 
• Cancels IDLE and STOP mode 
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FUNCTIONAL DESCRIPTION (continued) 

Power-on-reset 

The internal power-on reset circuit monitors the PCF84CXX supply voltage Voo. For as long as 
the supply voltage remains below the internal reference level V ref (typically 1,5 V) the oscillator is 
inhibited and RESET (pin 17) has an undefined level. When Voo rises above the internal reference 
level, the oscillator is released and RESET is pulled high to Voo by TR 1 for a period to (typically 
50µs). 

N.B. Because of the narrow bandwidth of the crystal, the start-up time of the oscillator is typically 
10 ms. 

Three modes of power-on reset are possible: 

1. If Voo can be switched with a fast rise time i.e. Voo reaches its minimum operating value (correspon
ding to the selected oscillator frequency) before the RESET signal (to) has finished, then no extra 
components are required (see Fig. 23 and 24). Note that the first instruction is executed after the 
oscillator start-up time plus 1866 clock periods have elapsed. 

2. If Voo has a slow rise time then the RESET signal should be stretched by an external RC circuit 
(see Fig. 25 and 26).ln the event of a short drop in the supply voltage, the diode path rapidly 
discharges the capacitor to ensure a reliable power-on reset. To ensure a correct reset, the RESET 
signal should reach at least 70% of the final value of Voo. Given that the RESET voltage and 
Voo rise exponententially, the above requirement is satisfied when the time constant r of the 
RESET pulse is >8 times the time constant of Voo. If Voo rises linearly, then a RESET time constant 
> 2 times the rise time of Voo is required. 

When a reset is completed (RESET goes LOW) before the oscillator has started up, program 
execution begins after the oscillator start-up time plus 1866 clock periods have elapsed (see Fig. 26). 
If the oscillator is started-up prior to the completion of RESET, then program execution begins 
1866 clock periods after RESET goes LOW. 

3. Figure 27 shows an external reset to the PCF84CXX during power-on. The external reset 
signal must remain HIGH until Voo has reached its minimum operating value corresponding 
to the selected oscillator frequency. When a reset is completed (RESET goes LOW) before the 
oscillator has started up; program execution begins after the oscillator start-up time plus 1866 
clock periods have elapsed (see Fig. 28). If the oscillator is started-up prior to the completion of 
RESET, then program execution begins 1866 clock periods after RESET goes LOW. 
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28 

oscillator 
inhibit 

TR1 

POWER L.r 
vref- ON 

J"L 
RESET 17 

TR2 
current 

,,,]" source 
(10µA) 

PCF84CXX internal 

1" 
reset 

7Z97339 

Fig. 23 Power-on-reset configuration. 

100% 

Voo 
0% 

RESET 

INTERNAL 
RESET 

OSCILLATOR !----_:---- - - -~ 
------------1~11866 CPs 

oscillator start- up time 
1Z20161 

* execution of first 
instruction at location 0 

Fig. 24 Timing of power-on-reset with fast rise time. 
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FUNCTIONAL DESCRIPTION (continued) 

oscillator 
inhibit 

TR1 

POWER -u-
Yref- ON 

RESET 

TR2 
current 

,.,} source 
(10µA) 

PCF84CXX 

,n 

28 

JL 
17 

internal 
reset 

14 

Yoo 

RESET 

.; 100 
kn 

Yss 

Creset 

supply 
voltage 

1Z97338.1 

Fig. 25 Stretched power-on-reset with external components. 

Yoo 

0% ~-----

RESET 

INTERNAL 
RESET 

OSCILLATOR 

1866 CPs * --, 

oscillator start- up time @ 

1866 CPs * --, 
1Z20163 

* execution of first 
instruction at location O 

(!) RESET finishes after 
start - up time of oscillator 

@ RESET finishes before 
start- up time of oscillator 

Fig. 26 Timing of power-on-reset with a slowly rising Voo and a stretched RESET pulse. 
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vref-+ 

oscillator 
inhibit 

POWER L.J 
ON 

RESET 

TRl 

TR2 

PCF84CXX 

current 

source -+--t-~J n (lOµA) 

TR3 ,n 
.rt .. 

internal 
reset 

17 

7Z20159 

RESET 
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Fig. 27 External power-on-reset configuration. 

100% 

Voo 
0%._ ______ _ 

RESET 

INTERNAL 
RESET 

OSCILLATOR 

tscillator 
tart- up 
me 

0 -- 1866 CPs * 
--1 

oscillator start- up time @ 

1866 CPs * 
---i 

7Z20162 

Fig. 28 Timing of external power-on-reset. 
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INSTRUCTION SET 

The PCF84CXX instruction set consists of over 80 one and two byte instructions and is identical to 
the MAB8400 instruction set. New instructions are added for STOP and IDLE mode. Program code 
efficiency is high because all RAM locations and all ROM locations on a 256 byte· page require only 
a single byte address. 

Table 7 gives the instruction set of the PCF84CXX. Table 6 shows the instruction map and Table 5 
details the symbols and definition descriptions that are used. 

Table 5 Symbols and definitions used in Table 7 

symbol definition description 

A accumulator 
addr program memory address 
Bb bit designation (b = 0-7) 
RBS register bank select 
c carry bit (bit CY) 
CNT event counter 
Dx mnemonic derivative register (x = 0 ... 255) 
data 8-bit number or expression 
I interrupt 
MB memory bank 
MBFF memory bank flip-flop 
p mnemonic for 'in-page' operation 
PC program counter 
Pp port designation (p = 0, 1 or 2) 
PSW program status word 
RB register bank 
Rr register designation (r = 0-7) 
Sn serial 1/0 register 
SP stack pointer 
T timer 
TF timer flag 
TO, T1 test 0 and 1 inputs 
# immediate data prefix 
@ indirect address prefix 
(X) contents ofX 
((X)) contents of location addressed by X 
+- is replaced by 
4 is exchanged with 
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Table 6 PCF84CXX instruction map 

--. 
I r first hexadecimal character of opcode I 

: second hexadecimal character of opcode : 

I ================================================================================================================================! 
11011121314151bl718191AIBICIDIEIFI 
l===================================================================================================================================I 
I 0 I NOP I IDLE I I ADD I JMP I EN I I JNTF I DEC A I IN A•Pp I I i'IOV A.Sn I I 
I I I I I A, •data 1 page 0 I I addr I I 0 I 1 I 2 I I 0 I 1 I I 1 

2 

3 

4 

5 

b 

7 

8 

9 

A 

INC aRr 
0 I 

XCH A.aRr 
0 1 

XCHD A.aRr 
0 I 1 

ORL A.aRr 
0 I 

ANL A.aRr 
0 I 

ADD A.aRr 
0 I 

ADDC A.aRr 
0 I 1 

MOV aRr,A 
0 I 

JBO I ADDC I CALL 1 DIS 
addr IA••datal page 01 

STOP I MOV I JMP I EN 
IA,ldatal page 11 TCNTI 

JB1 
addr 

CALL I DIS 
page 11 TCNTI 

MOV ORL JMP 
A,T IA,#datal page 21 

JB2 I ANL 1 CALL I 
addr IA,ldatal page 21 

MOV 
T,A 

JB3 
addr 

JB4 
addr 

RET 

RETR 

i'IOVP 
A•mA 

JMP I 
page 31 

CALL I 
page 31 

JMP I 
page 41 

CALL I 
page 41 

JMP I 
page 51 

STRT 
CNT 

STRT 
T 

STOP 
TCNT 

EN 
SI 

DIS 
SI 

SEL 
1'182 

JTF 
addr 

JNTO 
addr 

JTO 
addr 

JNT1 
addr 

JT1 
addr 

JNZ 
addr 

INC A 

CLR A 

CPL A 

SWAP 
A 

DA A 

RRC A 

RR A 

CLR 

CPL C 

INC Rr 
0 I 

XCH A,Rr 
0 I 

OUTL Pp.A 
0 I 1 

ORL A,Rr 
0 I 

ANL A,Rr 
0 I 

ADD A.Rr 
0 I 

ADDC A,Rr 
0 I 1 

ORL Pp,ldata 
0 I 1 

ANL Pp,ldata 
0 I 1 

MOV Rr•A 
0 I 

2 3 

2 3 

2 

2 3 

2 3 

2 3 

2 3 

2 

2 

2 3 

4 5 

4 5 

110V Sn•A 
O I 

4 5 

4 5 

4 5 

4 5 

b 

b 

2 

b 

b 

b 

b 

7 

7 
I 
1 
I 
I 
I 
1 

--------1 

7 

I 
I 
I 
I 
1 
I 
I 
I 
I 

IMOV A,DxMOV Dx,AlANL Dx,AIOR L Dx,AI 
I I I I I 

MOV Sn,tdata 
0 I 1 

4 5 

2 

b 

I 
1 
I 
I 
I 
I 
I 

B I MOV <lRr,#data I JB5 1 JMPP 1 CALL I SEL 1 I I MOV Rr,ldata 1 
I I 0 1 1 I addr I @A I page 51 MB3 1 I I 0 1 1 I 2 I 3 I 4 I 5 I b I 7 I 
l-----------------------------------------------------------------------------------------------------------------------------------1 
I C I DEC mRr I I I JMP I SEL I JZ I MOV I DEC Rr I 

1 0 I 1 I I I page 61 RBO I addr I A, PSW I 0 I 1 I 2 I 3 I 4 I 5 I b 1 7 I 

D 

I 
I E 
I 
I 

XRL A.aRr 
0 1 

DJNZ mRr•addr 
0 1 1 

JBb I XRL I CALL I SEL 
addr IA,#datal page bl RB1 

JMP I 
page 71 

SEL 
MBO 

JNC 
addr 

MOV 
PSW,A 

RL A 

XRL A.Rr 
0 I 

DJNZ Rr, addr 
0 1 1 1 

I F I MOV A.aRr I JB7 1 I CALL I SEL 1 JC I RLC A 1 MOV A.Rr 

2 3 4 5 b 7 

2 3 4 5 b 

I I 0 I 1 I addr I I page 71 MB1 I aodr I I 0 I 1 I 2 I 3 I 4 I 5 I b 1 7 I 
l===================================================================================================================================I 

en :;· 
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INSTRUCTION SET (continued) 

Table 7 Instruction set 

mnemonic opcode 
(hex.) 

ADD A, Rr 6* 

ADD A, @Rr 60 
61 

ADD A, #data 03 data 

ADDC A, Rr 7* 

ADDC A,@Rr 70 
71 

ADDC A, #data 13 data 

ANL A, Rr 5* 

a; ANL A,@Rr 50 
0 
I-

51 
<( ANL A, #data 53 data _J 

:::> ORL A, Rr 4* ::!!: 
:::> ORL A,@Rr 40 u 
u 41 <{ 

ORL A, #data 43 data 

XRL A, Rr D* 

XRL A,@Rr DO 
D1 

XRL A, #data D3 data 

INCA 17 

DECA 07 

CLR A 27 

CPLA 37 

RLA E7 

bytes/ 
cycles 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1/1 

1 /1 

2/2 

1 /1 

1 /1 

1 /1 

1 /1 

1/1 

description 

Add register contents to A 

Add RAM data, addressed by Rr, to A 

Add immediate data to A 

Add carry and register contents to A 

Add carry and RAM data, addressed 
by Rr, to A 

Add carry and immediate data to A 

'AND' Rr with A 

'AND' RAM data, addressed by Rr, with A 

'AND' immediate data with A 

'OR' Rr with A 

'OR' RAM data, addressed by Rr, with A 

'OR' immediate data with A 

'XOR' Rr with A 

'XOR' RAM, addressed by Rr, with A 

'XOR' immediate data with A 

increment A by 1 

decrement A by 1 

clear A to zero 

one's complement A 

rotate A left 

function 

(A)+-(A) + (Rr) 

(A)+-(A) +((RO)) 
(A)+-(A) + ((R1)) 

(A)+-(A) +data 

(A)+-(A) + (Rr) + (C) 

(A)+-(A) +((RO))+ (C) 
(A)+-(A) + ((R1)) + (C) 

(A)+-(A) +data+ (C) 

(A)+-(A) AND (Rr) 

(A)+-(A) AND ((RO)) 
(A)+-(A) AND ((R1)) 

(A)+-(A) AND data 

(A)+-(A) OR (Rr) 

(A)+-(A) OR ((RO)) 
(A)+-(A) OR ((R1)) 

(A)+-(A) OR data 

(A)+-(A) XOR (Rr) 

(A)+-(A) XOR ((RO)) 
(A)+-(A) XOR ((R1)) 

(A)+-(A) XOR data 

(A)+-(A) + 1 

(A)+-(A)-1 

(A)+-0 

(A)+-NOT(A) 

(An+ 1)+-(Anl 
(Ao)+-(A7) 

r=0-7 

r= 0-7 

r= 0-7 

r=0-7 

r= 0-7 

n =0-6 

notes 

1 

1 

1 

1 

1 

1 

"tJ .,, () 
> .,, 
s:: CX> _.i:i.. 
rO 
-<~ 



z 
0 
< 
Cl> 

3 
O" 
Cl> .., 
co 
00 
(j) 

""" g:: 

._; 
c: 
0 
2 
er: 
0 
I-
<( 
_J 

::::i 
~ 
::::i 
u 
u 
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CJ') 
LU 

> 
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<( 
0 

CJ') 
('.) 
<( 
_J 

LL 

RLC A 

RR A 

RRCA 

DAA 

SWAP A 

MOVA, Rr 

MOV A,@Rr 

MOVA, #data 

MOV Rr, A 

MOV@Rr, A 

MOV Rr, #data 

MOV @Rr, #data 

XCH A, Rr 

XCH A,@Rr 

XCHD A,@Rr 

MOVA, PSW 

MOV PSW, A 

MOVPA,@A 

CLR C 

CPLC 

F7 1 /1 

77 1 /1 

67 1 /1 

57 1 /1 

47 1 /1 

F* 1 /1 

FO 1 /1 
F1 

23 data 2/2 

A* 1 /1 

AO 1/1 
A1 

B* data 2/2 

BO data 2/2 
B 1 data 

2* 1 /1 

20 1 /1 
21 

30 1 /1 
31 

C7 1 /1 

07 1 /1 

A3 1/2 

97 1 /1 

A7 1 /1 

DEVELOPMENT DATA 

rotate A left through carry 

rotate A right 

rotate A right through carry 

decimal adjust A 

swap nibbles of A 

move register contents to A 

move RAM data, addressed by Rr, to A 

move immediate data to A 

move accumulator contents to register 

move accumulator contents to RAM 
location addressed by Rr 

move immediate data to Rr 

move immediate data to RAM location 
addressed by Rr 

exchange accumulator contents with Rr 

exchange accumulator contents with 
RAM data addressed by Rr 

exchange lower nibbles of A and RAM 
data addressed by Rr 

move PSW contents to accumulator 

move accumulator bit 3 to PSW3 

move indirectly addressed data in 
current page to A . 

clear carry bit 

complement carry bit 

(An+ 1)+-An 
(Ao)+-(C), (C)+-(A7) 

(An)+-(An + 1) 
(A7)+-(Ao) 

(An)+-(An + 1) 
(A7)+-(C), (C)+-(Ao) 

(A4_ 7 )<-*(Ao_3) 

(A)+-(Rr) 

(A)+-((RO)) 
(A)+-( ( R 1)) 

(A)+-data 

(Rr)+-(A) 

((RO))+-(A) 
((R1))+-(A) 

(Rr)+-data 

((RO))+-data 
((R1))+-data 

(A)<-*(Rr) 

(A)<-*( (RO)) 
(A)<-*((R1)) 

(Ao_3)<-*((R00_3)) 
(Ao_3)<-*((R10_3)) 

(A)+-(PSW) 

(PSW3)<-(A3) 

(PC0_7)+-(A), (A)+-((PC)) 

(C)+-0 

(C)+-NOT(C) 

n = 0-6 2 

n = 0-6 

n = 0-6 2 

2 

r= 0-7 

r = 0-7 

r = 0-7 

3 

2 

2 
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INSTRUCTION SET (continued) 

mnemonic opcode 
(hex.) 

INC Rr 1* 
er:: 

INC @Rr 10 w 
I- 11 ~ 
Cl DEC Rr C* w 
er:: 

DEC@Rr co 
Cl 

JMP addr • 4 address 

JMPP@A B3 

DJNZ Rr, addr E* address 

DJNZ @Rr, addr EO 

El 

:c 
JBb addr "2 address u z 

c:i: JC addr F6 address 
er:: 
Ill JNC addr E6 address 

JZ addr C6 address 

JNZ addr 96 address 

JTO addr 36 address 

JNTO addr 26 address 

JT1 addr 56 address 

JNT1 addr 46 address 

JTF addr 16 address 

JNTF addr 06 address 

bytes/ 
cycles 

1 /1 

1 /1 

1 /1 

1 /1 

2/2 

1 /2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

2/2 

description 

increment register by 1 

increment RAM data, addressed by Rr, by 1 

decrement register by 1 

decrement RAM data, addressed by Rr, by 1 

unconditional jump within a 2 K bank 

indirect jump within a page 

decrement Rr by 1 and jump if not 
zero to addr 

decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 

jump to addr if Acc. bit b = 1 

jump to addr if C = 1 

jump to addr if C = 0 

jump to addr if A= 0 

jump to addr if A is NOT zero 

jump to addr if TO = 1 

jump to addr if TO= 0 

jump to addr if Tl = 1 

jump to addr if T1 = 0 

jump to addr if Timer Flag= 1 

jump to addr if Timer Flag= 0 

function 

(Rr)~(Rr) + 1 

((RO))~((RO)) + 1 
((Rl))~((Rl)) + 1 

(Rr)~(Rr) -1 

((RO))~((RO)) -1 
((Rl))~((Rl)) -1 

(Pc8_10J~addr8_10 
(PC0_7J~addro-7 
(PC11-12l~MBFF 0-1 

(PC0_7)~((A)) 

(Rr)~(Rr) -1 
if (Rr) not zero (PC0_7)~addr 

((RO))~((RO)) -1 
if ((RO)) not zero (PC0_7)~addr 

((Rl))~((Rl)) -1 
if ((Rl)) not zero (PC0_7)~addr 

if b = 1 : (PC0_7)~addr 

if C = 1 : (PC0_7)~addr 

if C = 0 : (PC0_7)~addr 

if A= 0 : (PC0_7)~addr 

if A=f:.0 : (PC0_7)~addr 

if TO = 1: (PC0_7)~addr 

if TO= 0: (PC0_7)~addr 

if Tl = 1: (PC0_7)~addr 

if Tl = 0: (PC0_7)~addr 

if TF = 1: (PC0_7)~addr 

if TF = 0: (PC0_7)~addr 

r= 0-7 

r= 0-7 

r= 0-7 

b = 0-7 

notes 

4 
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MOVA, T 

MOVT, A 

STRTCNT 

STRTT 

STOP TCNT 

EN TCNTI 

DISTCNTI 

EN I 

DIS I 

SEL RBO 

SEL RB1 

SEL MBO 

SEL MB1 

SEL MB2 

SEL MB3 

STOP 

IDLE 

CALLaddr 

RET 

RETR 

42 1 /1 

62 1 /1 

45 1 /1 

55 1 /1 

65 1/1 

25 1 /1 
35 1 /1 

05 1 /1 

15 1 /1 

C5 1/1 

D5 1 /1 

E5 1 /1 

F5 1/1 

A5 1 /1 

85 1/1 

22 1 /1 
01 1 /1 

& 4 address 2/2 

83 1/2 

93 1/2 

DEVELOPMENT DAT A 

move timer/event counter contents to 
accumulator 

move accumulator contents to 
timer/event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 

disable timer/event counter interrupt 

enable external interrupt 

disable external interrupt 

select register bank 0 

select register bank 1 

select program memory bank 0 

select program memory bank 1 

select program memory bank 2 

select program memory bank 3 

enter STOP mode 

enter IDLE mode 

jump to subroutine 

return from subroutine 

return from interrupt and restore 
bits 4, 6, 7 of PSW 

(A)+-(T) 

(T)+-(A) 

(RBS)+-0 

(RBS)+-1 

(MBFF0)+-0, (MBFF1 )+-0 

(MBFF0)+-1, (MBFF1)+-0 

(MBFF0)+-0, (MBFF1)+-1 

(MBFF0)+-1, (MBFF1)+-1 

((SP))+-(PC), (PSW4 6 7) 6 
(SP)+-(SP) + 1 ' ' 

(PCa-1 ol+-addra-1 O 
(PC0_7)+-addr0-7 
(PC11-12l+-MBFF 0-1 

(SP) +-(SP) -1 
(PC)+-( (SP)) 

(SP) +-(SP) -1 
(PSW4, 6, 7) + (PC)+-((SP)) 

5 

5 

6 

6 

6 
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INSTRUCTION SET (continued) 

mnemonic opcode 
(hex.) 

IN A, Pp OB 
I- 09 ::::> 
D... OA 
I-
::::> OUTL Pp, A 3B 0 
j::: 39 
::::> 3A 
D... 

~ AN L Pp, #data 9B data 
_J 

99 data w 
_J 9A data _J 

<( 
0 R L Pp, #data BB data a: 

<( B9 data D... 
BA data 

MOVA, Dx BC 
I-

w::::> 
>D... 
-1- MOV Dx,A BD 
I-::::> 
<(Q 
> ....... 

ANL Dx, A BE -1-
a:::::> 
wa... ORL Dx, A BF oz 

bytes/ description 
cycles 

1/2 input port p data to accumulator 

1/2 output accumulator data to port p 

2/2 AND port p data with immediate data 

2/2 OR port p data with immediate data 

2/2 move derivative register contents to 
accumulator 

2/2 move accumulator contents to derivative 
register 

2/2 AND derivative register with accumulator 

2/2 OR derivative register with accumulator 

function 

(A)+-(PO) 
(A)+-(P1) 
(A)+-(P2) 

(PO)+-(A) 
(P1)+-(A) 
(P2)+-(A) 

(PO)+-(PO) AND data 
(P1)+-(P1) AND data 
(P2)+-(P2) AND data 

(PO)+-(PO) OR data 
(P1 )+-(P1) OR data 
(P2)+-(P2) OR data 

(A)+-(Dx) x = 0 to 255 

(Dx)+-(A) x =Oto 255 

(Dx)+-(Dx) AND (A) x = 0 to 255 

(Dx)+-(Dx) OR (A) x = 0 to 255 

notes 

7 

B 

B 

B 

B 
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DEVELOPMENT DATA 

opcode bytes/ I description 
(hex.) 1 cycles 

I I mnemonic 

i I 

function I notes 

MOVA, Sn 
I-
::> 1:--r-v;-- move serial 1/0 register contents to (A)+--(SO) 

I accumulator (A)+--(S1) I 9 
a.. 
~ MOV Sn, A 
0 ...__ 
1-
::J 
~ MOV Sn, #data 

...J 
<( 

~ ENS! 
(/) 

DISS! 

[-1 NOP 

Notes to Table 8 

1. PSW CY, AC 
2. PSW CY 
3. PSW PS 

I 
I 1 /2 move accumulator contents to serial (SO)+--(A) 

1

30 ! 1/0 register (S1)+--(A) 
3E I (S2)+--(A) 

I 
!
1

. 9C data 1212 1 move immediate data to serial (SO)+--data 

9Ddata I 11/0register l(S1)+--data 
! 9E data I I (S2)+--data 

~ 
1 1/1 ! enable serial 1/0 interrupt 

_ --. _ I ; ~~ __ I disable serial 1/0 interrupt 

__ _ jm !no operation 

affected 
affected 
affected 

5. PSW RBS affected 
6. PSW SP Q, SP 1, SP? affected 
7. (A)= OOOOP23, P22, P21, P20. 
8. Instructions for PCF84COO only. 

r- - l 

4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 

* : 8, 9, A, B, C, D, E, F 
• :0,2,4,6,8,A,C, E 

9. (S1) has a different meaning for read and write operation, see 
serial 1/0 interface. 

A : 1, 3, 5, 7, 9, B, D, F 
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PCF84CXX 
FAMILY 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 28) Voo 
All input voltages 

D.C. current into any input or output 

Total power dissipation (see note) 

DIL-28 (SOT-177) 

S0-28 (SOT-136A) 

Storage temperature range 

Operating ambient temperature range 

Operating junction temperature 

HANDLING 

V1 

±11,±10 

Ptot 

Ptot 

Ptot 

Tstg 

Tamb 

Tj 

-0,8 to +8 V 

-0,5 to Voo +0,5 v 
max. 10 mA 

max. 500 mW 

max. 1W 

max. 0,6 w 
-65 to +150 oc 

-40 to +85 oc 

max. 125 oc 

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS devices'). 

Note 

Thermal resistance (junction to ambient) 
for SOT-1170 
for SOT-135A 
for SOT-136A 

Rth j-a 
Rth j-a 
Rth j-a 

max. 
max. 
max. 

120 K/W 
60 K/W 

150 K/W 
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Single-chip 8-bit microcontroller 

D.C. CHARACTERISTICS 

PCF84CXX 
FAMILY 

Voo = 2,5 to 5,5 V; Vss = 0 V; Tamb = -40 to +85 °c; all voltages with respect to Vss; unless 
otherwise specified. 

parameter symbol min. typ. max. unit 

Supply voltage 
operating (see Fig. 33) Voo 2,5 - 5,5 v 

Supply current 
operating (see Fig. 34; not valid for PCF84COO) 
at Voo = 5 V; fXTAL = 10 MHz 100 - 1,6 3,2 mA 
at Voo = 5 V; fXTAL = 6 MHz loo - 1 2 mA 
at Voo = 3 V; fxTAL = 3,58 MHz loo - 0,3 0,6 mA 

IDLE mode (see Fig. 35; not valid for PCF84COO) 
at Voo = 5 V; fXTAL = 10 MHz loo - 0,8 1,6 mA 
at Voo = 5 V; fXTAL = 6MHz loo - 0,5 1 mA 
at Voo = 3 V; fXTAL = 3,58 MHz loo -- 0,15 0,4 mA 

STOP mode (see Fig. 41 and note 1) 
at Voo = 2,5 V; Tamb = 25 °c loo -- 1,2 2,5 µA 
at Voo = 2,5 V; Tamb = 85 °c loo - - 10 µA 

Inputs 

Input voltage LOW V1L 0 - 0,3V v 
Input voltage HIGH V1H 0.7Voo - Voo v 
Input leakage current 

at Vss < V1 < Voo ± llL - - 1 µA 

Outputs 

Output voltage LOW 
at V1 = Vss or Voo; llOI < 1 µA VOL - - 0,05 v 

Output sink current LOW 
at Voo = 5 V ± 10%; Vo= 0,4 V 
except P23/SDA, SCLK (see Fig. 37) IOL 1,6 3 - mA 
and port 1 
P23/SDA, SCLK (see Fig. 38) IOL 3 - - mA 
P10-P17 (not PCF84COO) at VOL= 1 V IOL 10 - - mA 

Pull-up output source current HIGH (see Fig. 39) 
at Voo = 5 V ± 10%; Vo= 0,7Voo -IOH 40 - - µA 
at Voo = 5 V ± 10%; Vo= Vss -IOH - - 400 µA 

Push-pull output source current HIGH 
at Voo = 5 V ± 10%; Vo= Voo-0.4 V -IOH 1,6 3 - mA 



PCF84CXX 
FAMILY 

A.C. CHARACTERISTICS 

Voo = 2,5 to 5,5 V; Vss = 0 V; Tamb = -40 to +85 °c. All voltages with respect to Vss unless 
otherwise specified. 

parameter symbol min. typ. max. unit 

PCF84COO/non-standard pins (note 12) 

Control pulse width (note 1) tee 900 - - ns 
Address to PSEN set-up (note 2) tAs 150 - - ns 
Data to PSEN set-up (note 3) tos 260 - - ns 
Data hold time toR 0 - - ns 
Address to data-in (note 4) tAD - - 790 ns 
Rise time all outputs (note 5) tR - 30 - ns 
Fall time all outputs (note 5) tF - 30 - ns 
Data out to DXWR set-up ts Do tbf 2 - ns 
Data out to DXWR hold (note 6) tHDO 100 - - ns 
Time from DXALE to PSEN (note 7) tsLPH 150 - - ns 
Data-in to DXRD LOW to HIGH set-up (note8) tos1 250 - - ns 
Data hold time after DXRD LOW to HIGH toR1 0 -- - ns 
HIGH time of DXALE (note 9) toxALE 450 - - ns 
LOW time of DXRD (note 10) toxRo 600 - - ns 
LOW time of DXWR (note 11) toxwR 300 - - ns 

Notes to characteristics 

1 CP = 1 clock pulse= 100 ns at fXTAL = 10 MHz; 1 time slot= 3 CP 

1. tee = 9 CP 7. tSLPH = 1,5 CP 
2. tAS = 1,5 CP 8. tos1 = 2,5 CP 
3. tos = 2 CP + tcPS1 9. tDXALE = 4,5 CP 
4. 1AD = 8,5 CP -- tcps1 10. toxRD = 6 CP 
5. CL = 50 pF 11. toxwR = 3 CP 
6. tHoo= 1 CP 12. All values for the PCF84COO are preliminary. 

462 N""'mbec 19861 
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Single-chip 8-bit microcontroller 

---------cycle 1 --------+------- cycle 2 

PSEN ___ _,/ '-...._ ___ _ 
derivative 

D7-DO 

DXALE ---------------/! 

DXWR 

Fig. 29 Instruction MOV Dx,A timing (PCF84COOT only). 

PCF84CXX 
FAMILY 

7Z20164 

---------cycle 1 ------- -+------- cycle 2 -------

PSEN / "'----
D7-DO 

DXALE 

DXRD 

1Z20165 

Fig. 30 Instruction MOV A,Dx timing (PCF84COOT only). 

November 1986 463 



PCF84CXX 
FAMILY 

A.C. CHARACTERISTICS (continued) 

¢1 

tee 

PSEN " tAs- -
A12-AO 'I 

.Y 

x== 
tAD tos-

,,_,, 0?Z0WW007~//'ffi'&Wftft/'V/0 
lDR - 7Z20155 

Fig. 31 Timing external memory (PCF84COOT only). 

TIME 
SLOT --t---t---t-

9 10 2 9 10 --i--f---t--+--+- - - - - - - - ____ _, 

,_ ____ cycle 1 -----1------- cycle 2 -------

PSEN ___ __,/ "''----- \ ----

D7-DO 

toso 
DXALE 

- toxALE -

DXRD 

lDXWR 

7Z20156 

Fig. 32 ANL/ORL derivitive interface timing (PCF84COOT only). 
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Single-chip 8-bit microcontroller 

cycle 
time 
(µs) 

f--f--f--f----t( 1 ) +--+--+--+--+--+---+---< 

102 ~EEEEEiG . ==±=J I= UARANTEEO ~ 

r--t--t--+--+--+-+ OPERATING~ 
>-->--r--r--t( 2 )t--t- RA NG E --+---t---i 

1--+--+-+--+--!--+--+-+"-...---"f__,--+( 4) 

1~~+-~~~~~~~~-~ 

0 2 4 Voo (V) 6 

( 1) clock frequency = 200 kHz 
(2) clock frequency= 1 MHz 
(3) clock frequency= 3 MHz 
(4) clock frequency= 10 MHz 

Fig. 33 Maximum clock frequency (fXT AL) 
as a function of the supply voltage (Voo). 

7Z20154 
2,0 ~-~-~-~-~--,--1-1---,) 

100 L 
(mA) .% 

1,5 l---+--+---1---+-/-7'--+----I 

]L_(2) 
1,0 f---+---+---+---+LZJ---71~--i 

/- ]L_(3) 
0,5 ~---+--/~7i-----,i<-------1 

--+-
2 4 Voo (Vl s 

(1) clock frequency= 10 MHz 
(2) clock frequency= 6 MHz 
(3) clock frequency= 3,58 MHz 

Fig. 35 Maximum supply current (loo) 
in I 0 LE mode as a function of the supply 
voltage (Voo). 
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(1) clock frequency= 10 MHz 
(2) clock frequency= 6 MHz 
(3) clock frequency= 3,58 MHz 

Fig. 34 Maximum supply current (loo) 
in operating mode as a function of the 
supply voltage. 
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Fig. 36 Typical supply current during 
I 0 LE mode as a function of frequency 
at Voo = 3 V and Voo = 5 V. 
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A.C. CHARACTERISTICS (continued) 

7297326 
3 ~----~---.--~---~~ 

10L 
(mA) 

y 

o~~-~--t--+--~~-~~ 

0 4 6 Voo IV) 8 

Fig. 37 Output sink current LOW (loL), 
except outputs P23/SDA and SCLK, as a 
function of supply voltage (Voo); Vo= 0,4 V. 

40 l---+--+---1----+---+---t--+-----< 

0 1---+--+---1----+---+---t--+-----< 

0 4 6 Voo IV) 8 

(1) Vo= Vss 
(2) Vo= 0,1 Voo 

Fig. 39 Output source current HIGH (-loH) 
as a function of supply voltage (Voo). 
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loL 
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0 

7297327 
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Fig. 38 Output current LOW (IOL), 
outputs P23/SDA and SCLK, as a function 
of supply voltage (Voo); Vo= 0,4 V. 
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Fig. 40 Typical supply current during 
operating mode as a function of frequency 
at Voo = 3 V and Voo = 5 V. 
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Single-chip 8-bit microcontroller 

3 
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0 
0 2 

(1) Tamb = 85 oc 
(2) Tamb = 25 oc 

7Z97325 
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4 Voo IV) 6 
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Table 8 Input timing shown in figure 42. 

symbol timing ~ 
tsuF ;;;, 14txTAL 

tHD; STA ;;;> 14txTAL 

tHIGH ;;;, 17txTAL 

tLQW ;;;, 17txTAL 

tsu;STO ;;;. 14txTAL 

tHD;DAT >O 

tsu;DAT >2~n•J tRD .;;; 1 µs 

tRC .;;; 1 µs 

tFD .;;; 1 µs 

tFc .;;; 0,3 µs 
'-----

Notes to Table 8 

Fig. 41 Typical supply current (I DD) 
in STOP mode as a function of the supply 
voltage (VDD). 

txTAL =one period of the XTAL input frequency (fXTALl 
= 167 ns for fxTAL = 6 MHz. 

These figures apply to all modes. 

SCLK 

P23 

-- tHIGH-- -- tLow-

-tsuF I _ j __ 
1RC 

---. lHD·STA ._ --. ..,__ 
' tRo 

~ ...._ -.l 
tHD;DAT tsu;DAT 

-- o,1v 00 
.,..._ _____ o,3v00 

+---+-·---r·- 0,1 v00 

- o,3v 00 

- -- -· tsu;STO 1_ 
tFc I --tfo 7ZB7806 

Fig. 42 PCF84CXX timing requirements for the P23 and SCLK input signals. 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12 C specifications defined 
by Philips. 

H_HHH ---------·--
(November 1986 467 



PCF84CXX 
FAMILY 

468 

A.C. CHARACTERISTICS (continued) 

-+-- tLow---+-

SCLK 
-1----- o,9v00 

VOL max 

P23 acknowledge bit +-+----t-- o,9v00 

VOL max 

- tHo;STA .,.__ -1 -•su;DAT - ... _. - ....... -
'AC 1SU;STO - -1HD;DAT •su;DAT 7287807 

Fig, 43 PCF84CXX timing requirements for the P23 and SCLK output signals. 

Table 9 Output timing shown in Figure 43 

symbol normal mode low-speed mode 
(ASC in S2 = 0) (ASC in S2 = 1) 

1----·-----------1---------------1-------------i 
tHD; STA Yi (OF+ 9) txTAL % (OF+ 9) txTAL 
tHIGH Yi (OF) txTAL % (OF) txTAL 

i tLOw Yi (OF) txTAL ;;,, (OF) txTAL 
tsu;STO Yi (OF-3) txTAL y,, (OF-3) txTAL 
tHD; DAT 
(slave transmitter 
any DF 

tHD· DAT 
(master transmitter) 
for OF< 51 

for DF < 99 

tsu· DAT 
(master transmitter) 
forOF>51 

for DF > 99 

Notes to Table 9 

;;;. 9txTAL 
< 12txTAL 

> 9txTAL 
< 12txTAL 

> 15txTAL 
<24txTAL 

> 9tXTAL 
< 12tXTAL 
< 100 ns 
at Cb= 400 pF 

txTAL =one period of the XTAL input frequency (fXTALl 
= 167 ns for fXTAL = 6 MHz. 

DF =divisor (see Table 2 Serial 1/0 section). 
Cb =the maximum bus capacitance for each line. 

N""omboc 19861 

> 9tXTAL 
< 12tXTAL 

> 9txTAL 
< 12txTAL 

> 15tXTAL 

> 9tXTALJ 
< 12tXTAL 
< 100 ns 
at Cb= 400 pF 



<( 
I
<( 
0 
1-z 
w 
::!: 
a. 
0 
...J 
w 
> w 
0 

Single-chip 8-bit microcontroller 

A11-Aoo EPROM 

~ - (2732 
PO PSEN 2716) 

~ 
.... 

Pl 

~ P2 
B 

84COO -- Tl 

8-BIT 
07-DO 

LATCH 

--- INT 

---- RESET 

DXALE t - XTALl DXWR ..... 
DXRD f--

+--- XTAL2 

-
EXDI 

B ~ 

1--1 

~ 
8 

DECODER 

tr 
I I I 
I I I 

J t: 

CP 

CP 

CP 

PCF84CXX 
FAMILY 

DO 

~ 
EN 

J 
01 

~ 
EN 

t 
I 
I 
I 

OFF 

~ 
EN 

J 
1Z20160 

Fig. 44 Block diagram of the external Ox register interface. The Ox interface can only be used with 
PCF84COOT. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 

SINGLE-CHIP 8-BIT MICROCONTROLLER 

DESCRIPTION 

PCF84C85 

The PCF84C85 microcontroller is manufactured in CMOS, and is designed to be an efficient controller 
as well as an arithmetic processor. The instruction set is based on that of the MAB8048 and is software 
compatible with the PCF84CXX family. The PCF84C85 has two additional derivative ports and the 
microcontroller has bit handling abilities and facilities for both binary and BCD arithmetic. 

For detailed information on the PCF84CXX see the "Single-chip 8-bit Microcontrollers" user manual. 

Features 

• 8-bit CPU, ROM, RAM, 1/0 in a single 40-lead DI Lor mini-pack package 
• 8 KROM 
• 256 RAM bytes 
• 32 quasi-bidirectional 1/0 port lines 
• Two test inputs: one of which is also the external interrupt input 
• Single-level vectored interrupts: external, timer/event counter, serial 1/0 
• Serial 1/0 which can be used in single or multi-master systems 

(serial 1/0 data via an existing port line and clock via a dedicated line) 
• 8-bit programmable timer/event counter 
• Clock frequency 100 kHz to 10 MHz 
• Over 80 instructions (based on MAB8048) all of 1 or 2 cycles 
• Single supply voltage from 2,5 V to 5,5 V 
• STOP and IDLE mode 
• Power-on-reset circuit 
• Operating temperature range: -40 to +85 oc 

PACKAGE OUTLINES 

PCF84C85P: 40-lead OIL; plastic (SOT-129) 
PCF84C85T: 40-lead; mini-pack (SOT-158A) 
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Single-chip 8-bit microcontroller PCF84C85 

PINNING 

PIN DESIGNATION 

38 SCLK 

INT/TO 

39 T1 

18 XTAL 1 

19 XTAL2 

21 RESET 

Voo 

Tl 

SCLK 

P23/SDA 

DP1. 6 

DP1. 5 

DP1. 4 

DP1. 3 
derivative 

port 1 

DP1. 2 

P1. 0 DP1. 1 
PCF84C85 

P1.1 DP1. 0 

P1. 2 DPO. 7 

Pl. 3 DPO. 6 

Pl. 4 DPO. 5 

Pl. 5 DPO. 4 derivative 

P1. 6 DPO. 3 
port 0 

P1. 7 DPO. 2 

XTAL1 DPO. 1 

XTAL2 DPO. 0 

Vss RESET 

1Z96648 

Fig. 2 Pinning diagram. 

Clock: bidirectional clock for serial 1/0. 
Interrupt/Test 0: external interrupt input (sensitive to negative-going 
edge)/test input pin; when used as a test input directly tested by conditional 
branch instructions JTO and JNTO. 

Test 1: test input pin, directly tested by conditional branch instructions JT1 
and JNT1. T1 also functions as an input to the 8-bit timer/event counter, 
using the STRT CNT instruction. 

Crystal input: connection to timing component (crystal) which determines 
the frequency of the internal oscillator; also the input for an external clock 
source. 

Connection to the other side of the timing component. 

Reset input: used to initialize the processor (active HIGH), or output of 
power-on-reset circuit. 

--~--H-----[November 1986 
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PCF84C85 

PIN DESIGNATION (continued) 

2-9 

10-17 

37 

22-29 

30-36 

20 

40 

P0.0-P0.7 

P1 .O-P1 .7 

P23/SDA 

DP0.0-DP0.7 

DP1.0-DP1.6 

Vss 
Voo 

Port 0: 8-bit quasi-bidirectional 1/0 port. 

Port 1: 8-bit quasi-bidirectional 1/0 port. 

Port 2: 1-bit quasi-bidirectional 1/0 port or serial data input/output in 
serial 1/0 mode. 

Derivitive port 0: E-bit quasi-bidirectional 1/0 port. 

Derivitive port 1: 7-bit quasi-bidirectional 1/0 port. 

Ground: circuit earth potentional. 

Power supply: 2,5 V to 5,5 V. 

FUNCTIONAL DESCRIPTION 

Program memory 

The program memory consists1 of 8 K bytes, in a read-only memory (ROM). Each location is directly 
addressable by the program counter. The memory is mask-programmed at the factory. Figure 3 shows 
the program memory map. 

Four program memory locations are of special importance: 

• Location O; contains the first instruction to be executed after the processor is initialized (RESET), 
• Location 3; contains the first byte of an external interrupt service subroutine; 
• Location 5; contains the first byte of a serial 1/0 interrupt service subroutine. 
• Location 7; contains the first byte of a timer/event counter interrupt service subroutine. 

Program memory is arranged in banks of 2 K bytes, which are selected by SE L MB instructions. The 
program memory is further divided into location 'pages', each of 256 bytes. This latter division applies 
only for conditional branches. Memory bank boundaries can be crossed only by using unconditional 
branch instructions after the appropriate memory bank has been selected. A CALL instruction can 
transfer control to a subroutine on any 'page'; RET and RETR instructions can transfer coritrol from 
a subroutine back to the main program. 

Data memory 

Data memory consists of 256 bytes, random-access data memory (RAM). All locations are indirectly 
addressable using RAM pointer registers; up to 16 designated locations are directly addressable. Memory 
also includes an 8-level program counter stack addressed by a 3-bit stack pointer. Figure 4 shows the 
data memory map. 

Working registers 

Locations 0 to 7 are designated as working register's, directly addressable by the direct register 
instructions. Ease of addressing, and a minimum requirement of instruction bytes to manipulate their 
contents, makes these locations suitable for storing frequently addressed intermediate results. This 
bank of registers can be selected by the SE L RBO instruction. · 

Executing the select register bank instruction SE L RB1, designates locations 24 to 31 as working 
registers, instead of locations 0 to 7, and th.ese arethen directiy addressable. This second bank of working 
registers may be used as an extension of the first or reserved for use during interrupt service subroutines 
saving the first bank for use in the main program. lf'the second· bank is not used, iocations 24 to 31 
may serve as general purpose RAM. 

The first locations of each bank contain the RAM pointer registers RO, R 1, RO' and R 1 ',which 
indirectly address all RAM locations. 

All RAM locations make efficient program loop counters when used with the decrement register and 
test instruction DJNZ. . 
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8191 l: l~ 

614fI :I 
6143 - , 

SEL MB3 

SEL MB2 

- , 

4096:H-: -
4095 

- , 

~H- SELM81 
2048 t 
2047 --~+ 

• , SELMBO .. .. ... ... 

1024 t------i 
1023 

8 
1------1 

7 location 7: timer/counter interrupt vector 
6t------i 

1------1 location 5: serial I /0 interrupt vector 
4 
3 t------i location 3 : external interrupt vector 
2 
1 t------i 

0 ____ __, location 0: reset vector 

7Z96649 

Fig. 3 Program memory map. 

Program counter stack 

255I L 

mr----t 
6~1- USER -1· 63 RAM 

; : 

32 
31 

25 
24 
23 

' 

BANK 1 
WORKING 

REGISTERS 
BxB 

R1' 
RO' 

8 LEVEL 

~' ST~rCK _ !:: 
< USER RAM. 

8 
7 

1 

0 

16x8 

BANK 0 
WORKING 

REGISTERS 
8x8 

RI 
RO 

PCF84C85 

addressed 
indirectly 

through pointers 
RO, R 1, RO', R 1' 

directly 
addressable 
when bank 1 
is selected 

directly 
addressable 
when bank 0 
is selected 

7Z96668 

Fig. 4 Data memory map. 

Locations 8 to 23 may be designated as an 8-level program counter stack (2 locations per level), or as 
general purpose RAM. The program counter stack (Fig.5) enables the processor to keep track of the 
return addresses and status generated by interrupts or CALL instructions by storing the contents of 
the program counter prior to servicing the subroutine. A 3-bit stack pointer determines which of the 
eight register pairs of the program counter stack will be loaded with next generated return address. 

The stack pointer, when initialized to 000 by RESET, points to RAM locations 8 and 9. On the first 
subroutine CALL or interrupt, the contents of the program counter and bits 4, 6 and 7 of the program 
status word (PSW) are transferred to locations 8 and 9. The stack pointer increments by one and 
points to locations 10 and 11 ready for another CALL. Because an address may be up to 13 bits long, 
two bytes must be used to store each address. 

At the end of a subroutine, which is signalled by a return instruction (RET or RETR), the stack 
pointer decrements by one and the contents of the register pair on top of the stack are transferred to 
the program counter. The saved PSW bits are transferred to the PSW only by the RETR instruction. 

If not all 8 levels of subroutine and interrupt nesting are used, the unused portion of the stack may be 
used as any other indirectly addressable RAM locations. 

Nesting of subroutines within subroutines can continue up to 8 times without overflowing the stack. 
If overflow does occur the deepest address stored (locations 8 and 9) will be overwritten and lost 
since the stack pointer overflows from 111 to 000. It also underflows from 000 to 111. 
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FUNCTIONAL DESCRIPTION (continued) 

The value of the saved contents of the program counter is different for an interrupt CALL compared 
to a normal CALL to subroutine. With an interrupt CALL, the program counter return address is 
saved; with a subroutine CALL, the saved program counter value is one less than the program counter 
return address. 

IDLE and STOP modes 

IDLE mode 

STACK 
POINTER 

111 

11 0 

101 

100 

011 

010 

001 

000 

7Z89147.2 

T 

:::: 
+ + 
T 
'T 

I 

+ j_ 

1 
T 

PC7 I PCs I PcsJ Pc.J PCa I Pc2I Pc1J Pco 
PSW~sw;;j"Pc12f Psw;t"Pc11TPc10T PceT PCs 

MSB LSB 

Fig. 5 Program counter stack. 

R23 

22 

21 

20 

19 

18 

17 

16 

15 

14 

13 

12 

11 

10 

9 

RB 

When the microcontroller enters the IDLE mode via the I OLE instruction (01 H) the oscillator, 
timer/counter and serial 1/0 are kept running. The microcontroller exits from the I OLE mode by one 
of three interrupts if they are enabled or by activating a RESET. If the interrupt is not enabled the 
processor will remain in the I OLE mode. An active signal on the RESET pin restarts the micro
controller and a normal RESET sequence is executed (see Fig. 6). 

program 
~ counter=O 

NORMAL MODE i IDLE MODE ! NORMAL MODE 
PROGRAM FLOW -------+------11-----------+-------

OSCILLATOR 11111111111111111111111111111 I I~ 

RESET --------...----11-----' 
_, tRES 1_ 1866 

> 1 ps clock periods 7Z87788 

Fig. 6 Exit from IDLE mode via a RESET. 
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Single-chip 8-bit microcontroller PCF84C85 

An active signal coming from an enabled interrupt causes the execution of the normal interrupt routine 
since normal interrupt scanning is still being carried out. A HIGH-to-LOW transition on the external 
interrupt pin (I NT /TO) reactivates the microcontroller. A LOW level applied to I NT /TO wiil reactivate 
the microcontroller only in the STOP mode. Thus,if INT/TO was LOW before the microcontroller 
entered the IDLE mode, it must go HIGH before the microcontroller can be reactivated (see Fig. 7). 

PROGRAM FLOW 

OSCILLATOR 

INT/TO 

program counter= 
003H 

IDLE MODE---. I 
~N_O_R_M_A_L_M_O_D_E__,~~~--< r NORMALMODE 

11111111111111111111111111111 I I I ,, I I I I I I I I I I I I I I I I I I I 111111111111111111111111111111 

'"'"'"'W"""'"'W ......... W ......... # __ ---4'j; \ J&&h&M'!/$;{2 
-1 >41_>7j_ 60 _r 

clock clock 
periods periods 

clock 
periods 

Fig. 7 Exit from IDLE mode via an interrupt. 

7Z97331. 1 

Wake-up from the IDLE mode is ensured when INT/TO is HIGH for at least 4 CP (clock periods) 
followed by a LOW for 7 CP. After the initial forced CALL(03 H) operation (60 CP) the program 
continues with the external interrupt service routine. 

STOP mode 

The microcontroller enters the STOP mode by the STOP instruction (22 H). The oscillator is switched 
off. The internal status of the CPU, RAM contents and the state of 1/0 ports are not affected. The 
microcontroller can be brought-out of the STOP mode by an active signal at the external interrupt 
input or by an external RESET signal. When one of these two signals is applied an internal delay of 
1866 CP is provided to ensure that all internal clocks are operating correctly before restart (see Fig. 8). 
Note; the start-up time of a crystal oscillator is measured in milliseconds, and the 1866 CP count 
begins after this start-up time. 

If the microcontroller exits from the STOP mode by activating RESET, a normal RESET sequence is 
executed. 

~ 
NORMAL MODE + 

I 
OSCILLATOR 11111111111111111111 

RESET 

OR 

INT/TO 

,, 

program counter= 

0 or 003H or next value 
following the STOP instruction 

STOP MODE ~ NORMAL MODE 

I 
I I I I I I I I I 111111111111111111111111111111 

__) tRES J_ 1866 -
~ 1 µs clock periods 

-~1NT1_ 
~1 µs 

1866 
clock periods 

7Z97329.1 

Fig. 8, Entering and exiting the STOP mode. 
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FUNCTIONAL DESCRIPTION (continued) 

If the microcontroller exits the STOP mode by pulling the external interrupt input pin LOW, an 
interrupt sequence is executed only if the external interrupt is enabled. In this event the micro
controller resumes the normal program sequence after returning from the interrupt routine, as in the 
normal mode. If the interrupt is not enabled, it continues the normal program sequence, executing the 
instruction following the STOP instruction. 

The microcontroller is restarted by a LOW level applied at the INT/TO pin, and not by a HIGH-to-LOW 
transition as in a normal interrupt mechanism. 
Note: when leaving the STOP mode with an interrupt, a further instruction in the main program series 
is executed prior to entering the interrupt routine. 

When the INT/TO level is active during the STOP instruction then no STOP is executed. 

A LOW level on the external interrupt input of at least 1 µswill cause the microcontroller to exit the 
STOP mode. 

1/0 facilities 

The PCF84C85 family has 32 1/0 lines arranged as: 

• Port 0 
• Port 1 
• Port 2 
• D portO 
• D port 1 
• SCLK 

parallel port of 8 lines (PO.Oto P0.7) 
parallel port of 8 lines (P1 .0 to P1 .7) 
parallel port of 1 line (P2.0) 
parallel port of 8 lines (DP0.0-DP0.7) 
parallel port of 7 lines (DP1 .O-DP1 .6) 
12 C-bus serial clock line shared with parallel port line P2.3 

• INT/TO external interrupt and test input. When used as a test input can be directly tested by 
conditional branch instructions JTO and JNTO 

• T1 test input which can alter program sequences when tested by conditional jump instructions 
JT1 and JTN 1. T1 also functions as an input to the 8-bit timer/event counter. 

Parallel ports 
All parallel ports can be used as outputs or inputs, their structure is quasi-bidirectional. 
Output data written to a port is latched and remains unchanged until rewritten. 
Input data is not latched and so must be present until read by an input instruction. 

Input lines are fully CMOS compatible, output lines can drive one TTL or CMOS load. 

1- cycle 1 ,-----cycle2 _____ ,, 

TIME 1 1 I 2 3 I 4 1 5 6 I 7 8 9 10 I 1 2 3 1 4 5 6 7 8 9 10 1 

SLOT I I I I I 

w/;/1///$/ ;///JI/!// ~'"'"'l'""r-1/j;rrTjl/-r-r->Zfj;--rr/( IN A.Pp 

I 

PO,P1,P2 

PO,P1,P2 

PO,P1,P2 ----------------------.* °'''°"' 
7Z20150 

ANL Pp,# data 
ORL PP'# data 

Fig. 9 Shows the timing diagram for all ports using IN, OUTL, AN Land OR L instructions. For the 
OUTL instruction data changes on time slot 7 of cycle 1. For the MOV, AN Land OR L instructions, 
the ports change on time slot 7 of cycle 2. 
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Single-chip 8-bit microcontroller PCF84C85 

Fig. 10 shows the quasi-bidirectional 1/0 interface with push-pull output and switched pull-up current 
source. Each line is pulled up to Voo via a constant current source (TR4), which is enabled via TR3 
whenever one of the two output latches contains a logic 1. This current source is sufficient for a 
TTL HIGH level, yet can be pulled LOW by an external CMOS device, thus allowing the same pin to 
be used for both input and output. 

When a logic 1 is written to the line for the first time (MQ = 1, SQ= 0), TR2 is switched on for the 
duration of the internal write pulse (one oscillator period), to provide a fast transition from logic 0 to 
logic 1. Subsequent writing of a logic 1 to the port lines will not switch TR2 on. This prevents 
unnecessary current through external components connected to the port lines of the same port which 
might be in the input mode and also connected to ground. 

When a logic 0 is written to the line, TR3 switches off the current source. Current sinking capability 
is provided by TR 1, which is now switched on. When used as an input, a logic 1 must first be written 
to the line, otherwise TR 1 will remain low impedance. 

The PCF84C85 family offers the possibility to select individually 31 of the 32 parallel port pins 
(not P23), by the following mask options: 

Option 1 - STANDARD PORT; quasi-bidirectional 1/0 with switched pull-up current source of 
100 µA (typ.) and P-channel booster transistor TR2. 
TR2 is only active during 1 clock cycle (Fig. 10). 

Option 2 - OPEN DRAIN; quasi-bidirectional 1/0 with only an N-channel open drain output. 
Application as an output requires connection of an external pull-up resistor (Fig. 11 ). 

Option 3 - PUSH-PULL OUTPUT; drive capability of the output will be 1,6 mA (min.) at 
VDD = 5 V in both polarities. To avoid a large current flowing through the 
output transistors during the input mode, these push-pull pins must only be used as 
outputs (Fig. 12·). 

WRITE PULSE----------

DATA BUS-----+--! 

TR1 

MOV/ORL/ANL 

MOV/IN 

current 
source 

7Z81792.2 

100µA 
(typ,) 

1/0 PORT 
LINE 

Fig. 10 Standard output with switched pull-up current source. 
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FUNCTIONAL DESCRIPTION (continued) 

WRITE PULSE ---------~ 

DATA BUS ----~D MO 

D SQ 

MOV/ORL/ANL 

MOV/IN 

Fig. 11 Open drain output. 

WRITE PULSE ----....-------, 

DATA BUS ____ _,_, 

TR1 

MOV/ORL/ANL 

Fig. 12 Push-pull output. 
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Single-chip 8-bit microcontroller l PCF84C85 

--
Serial 1/0 (SIO) 

The PCF84CB!i has an on-chip serial 1/0 interface. 

Whereas a normal microcontroller must regularly monitor the serial data bus for the presence of data, 
the serial 1/0 interface detects, receives and converts the serial data stream into parallel format without 
interrupting the execution of the current program. An interrupt is sent to the PCF84C85 only when a 
complete byte is received. It then reads the data byte in one instruction. Likewise during transmission 
the serial 1/0 interface performs parallel to serial conversion and subsequent serial output of the data. 
The microcontroller is only interrupted in the execution of its programmed tasks when a complete 
byte has bllen transmitted. 

The design of the PCF84C85 serial 1/0 system allows any number of devices from PCF8500 family 
(clips) to be connected via the two-line serial bus. The ability of any devices to communicate, without 
interrupting the operation of any other devices on the bus, is an outstanding attribute of the system. 
This is achieved by allocating a specific 7-bit address to each device and providing a system whereby a 
device reacts only to a message prefixed with its own address or the 'general CALL' address. 
Address recognition is performed by the interface hardware so that operation of the microcontroller 
need only be interrupted when a valid address has been received. This saves significant processing time 
and memory space compared with a conventional microcontroller employing a software serial interface. 
When the addressing facility is not required, for instance in a system with only two microcontrollers, 
direct data transfer without addressing can be performed. In multi-master systems, an automatically 
invoked arbitration procedure prevents two or more devices from continuing simultaneous transmission. 

In NORMAL (running) and IDLE mode, the serial 1/0 logic remains active; its internal system clock 
will be switched off when there is no activity on the serial bus. 

After execution of the STOP instruction, the oscillator of the PCF84C85 is switched off. This means 
that the serial 1/0 logic will remain in the state it was at the occurance of the STOP instruction. To 
avoid "bus block" problems and to assure correct start-up of the bus after exit from the STOP mode, 
the user should disable the serial logic (ESQ= 0) prior to the' execution of the STOP instruction. This 
must be carried out only when the PCF84C85 has finished a serial data transfer. 

Serial 1/0 interface 

Figure 13 shows the serial 1/0 interface. The clock line of the serial bus has exclusive use of pin 38 
(SCLK) while the data line shares pin 37 (serial data) with the 1/0 line P23of port 2. When the serial 
1/0 is enabled, P23 is disabled as a parallel port line; (P23 and SCLK only open drain). 

The microcontroller and interface communicate via the internal microcontroller bus and the Serial 
Interrupt Request line. Data and information controlling the operation of the interface are stored in 
four registers: 

• Data shift register (SO) 
• Serial 1/0 interface status word (S1) 
• Serial clock control word (S2) 
• Address register 
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FUNCTIONAL DESCRIPTION (continued) 
Data shift register (SO) 

Register SO converts serial data to parallel format and vice versa. A pending interrupt is generated only 
after a complete byte has been transmitted, or after a complete data byte, specific address or 'general 
CALL' address has been received. The most significant bit is transmitted first. 

Serial 1/0 interface status word (S1) 

Register S1 provides information concerning the state of the interface and stores information from the 
microcontroller. Bits 0 to 3 are duplicated: control bits in these positions can only be written by the 
microcontroller, while interface bits can only be read. 

MST and TRX (see Table 1) 

These bits determine the operating mode of the serial 1/0 interface. 

Table 1 Operating modes of the serial 1/0 interface 

MST TRX operating mode 

0 0 slave receiver 
1 0 master receiver 
0 1 slave transmitter 
1 1 master transmitter 

BB: Bus Busy. 

This is the flag which indicates the status of the bus. 

PIN: Pending Interrupt Not 

PIN= 'O' indicates the presence of a pending interrupt, which will cause a Serial Interrupt Request 
when the serial interrupt mechanism is enabled. 

ESQ: Enable Serial output 

The ESQ flag enables/disables the serial 1/0 interface: ESQ= '1' enables, ESO = 'O' disables. ESO can 
only be written by software. 

BCO, BC1 and BC2 

Bits BCO, BC1 and BC2 indicate the number of bits received or transmitted in a data stream. These 
bits can only be written by software. 

AL: Arbitration Lost 

The arbitration lost flag is set by hardware when the serial 1/0 interface, as master transmitter, loses a 
bus arbitration procedure. 

AAS: Addressed As Slave 

This flag is set by hardware when the interface detects either its own specific address or the 'general 
CALL' address as the first byte of a transfer and the interface has been programmed to operate in the 
address recognition mode. 

ADO: Address Zero 

This flag is set by hardware after detection of the 'general CALL' address when the interface is operating 
in the address recognition mode. 

LRB: Last Received Bit 

This contains either the last data bit received or, for a transmitting device in the acknowledgement 
mode, the acknowledgement signal from the receiving device. 

Bits AL, AAS, ADO and LAB can only be read by software. 
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Single-chip 8-bit microcontroller PCF84C85 

Serial clock control word (S2) 

Bits 0 to 4 of the clock control register 52 are used to set the frequency of the serial clock signal. When 
a 6 MHz crystal is used, the frequency of the serial clock can be varied between 154 kHz and 1 kHz 
(see Table 2). An asymmetrical clock with a HIGH-to-LOW ratio of 3: 1 can be generated using bit 5. 
The asymmetrical clock allows a microcontroller more time per clock period for sampling the data line, 
making the timing of this action less critical. Bit 6 can be used to activate the acknowledge mode of 
the serial 1/0. 52 is a write only register. 

Address register 

The address register contains the 7-bit address back-up latches and the bit (ALS) used to enable/disable 
the address recognition mode. The address register can be written using the MOV SO, A and MOV SO, 
#data instructions, but only when ESQ "' 'O'. 

Serial 1/0 interrupt logic 

An EN SI instruction enables and a DIS SI instruction disables the interrupt logic. When the logic is 
enabled, a pending interrupt results in a serial 1/0 interrupt to the processor, causing a CALL to 
location 5 in the ROM. When disabled, the presence of an interrupt is still indicated by PIN in S1, 
allowing the interrupt to be serviced. However, vectored interrupt will not occur. 

"( .... .,,,,.,, ... 
-------- -----
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FUNCTIONAL DESCRIPTION (continued) 

Table 2 SIO clock pulse frequency control when using 6 MHz crystal 

hexadecimal 
divisor 

fxTAL(6 MHz) fXTAL (10 MHz) 
S20-S24 code fscLK (kHz) fscLK (kHz) 

0 not allowed 
1 39 *154 *256 
2 45 *133 *222 
3 51 *118 *196 
4 63 95 *159 
5 75 80 *133 
6 87 69 * 115 
7 99 61 *101 
8 123 49 81 
9 147 41 68 
A 171 35 58 
B 195 31 51 
c 243 25 41 
D 291 21 34 
E 339 18 29 
F 387 16 26 
10 483 12 21 
11 579 10 17 
12 675 8,9 15 
13 771 7,8 13,4 
14 963 6,2 10,4 
15 1155 5,2 8.7 
16 1347 4,5 7,4 
17 1539 3,9 6,5 
18 1923 3, 1 5,2 
19 2307 2,6 4,3 
1A 2691 2,2 3,7 
18 3075 2,0 3,3 
lC 3843 1,6 2,6 
10 4611 1,3 2,2 
1E 5379 1, 1 1,9 
1F 6147 1,Q 1,6 

) 

* Not permitted for 12 C operation; the maximum clock frequency in the 12 C systems is 100 kHz. 
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Fig. 13 Serial 1/0 interface. 
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PCF84C85 

FUNCTIONAL DESCRIPTION (continued) 

Interrupts (see Fig. 14) 

When the external interrupt is enabled, a HIGH-to-LOW transition on the INT/TO input initiates an 
external interrupt subroutine which causes a CALL to program memory location 3 following completion 
of the current instruction. 

Serial 1/0 interrupt, when enabled, causes a CALL to location 5, and a timer/event counter overflow 
forces a CALL to location 7 when the timer interrupt is enabled. 

When an interrupt subroutine starts, the contents of the program counter and bits 4, 6 and 7 of the 
PSW have been saved in the program counter stack. Accumulator contents have to be saved by 
software. Interrupt acknowledgement can be carried out by software via port pins. All interrupt 
subroutines must reside in memory bank 0. 

Since the interrupt system is single level, once an interrupt is detected, all further interrupt requests 
are latched, but ignored, pending a RETR instruction to re-enable the interrupt input logic. After 
executing RETR, the program continues in the main part; this is independent of the occurance of a 
second interrupt during the running of the first routine. If 2 or 3 interrupts occur simultaneously, 
their priority is: 

• ( 1) external 
• (2) serial 1/0 
• (3) timer/event counter 

An external interrupt can be generated by using the timer/counter in the event counter mode. The 
counter is first preset to (FFH). then EN TCNTI instruction is executed. A LOW-to-HIGH transition 
of the T1 input will then initiate an interrupt subroutine and cause a CA LL to location 7. 

On execution of a DIS I instruction, the PCF84C85 always clears the digital filter/latch and the 
External Interrupt Flag. 

The Timer Flag (TF) is reset only when the JTF or JNTF instruction is executed or after RESET. 

The Timer Interrupt Flag is set when timer overflow occurs, only if the timer interrupt is enabled. 

The microcontroller will exit the IDLE mode when any one of the following three interrupts is enabled: 

• External 
• Serial 1/0 
• Timer/event counter 

There is no internal pull-up or pull-down device connected to the external interrupt input (pin 1 ). 
If required pin 1 must be externally connected to a resistor (R.,;;; 100 kil). When the external 
interrupt is not used pin 1 must be connected to Voo. 

Improvements to interrupt and timer logic with respect to the MAB8400 family 

For detailed information see the user manual "Single-chip 8-bit Microcontrollers". 
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Single-chip 8-bit microcontroller l ___ Pc_F_a_4_c_a_s __ 

RESET 

DIS I 

¢3 

! 
DIGITAL 

INT/TO - FILTER/LATCH L_~_,-----... s a 
13 BITSR) 

EXT. INT. 
ACKNOWLEDGED 

ENl-----IS Q 

DIS I 
RESET 

EN SI 

DIS SI 

RESET 

. ENABLE 
EXT. INT. 

FLAG 

R Q 

PIN 

s Q 

ENABLE 
SID INT. 

FLAG 

R Q 

Tl MER _ _..____._.... S 
OVERFLOW 

JNTF,JTF 
RESET 

TIMER 

FLAG 

R 

TIMER INT. 
ACKNOWLEDGED 

EN -----IS Q 
TCNT I ENABLE 

DIS 
TCNT I 
RESET 

Notes to figure 14 

TIMER 
INT. 

FLAG-
R Q 

EXT. INT. 
FLAG 

R 

RETR 
RESET 

~----<1-------+---o CONDITIONAL 
JUMP LOGIC 

s Q 
TIMER 

INT. 
FLAG 

R 

Fig. 14 Interrupt logic. 

1. I NT /TO negative edge is always latched in the digital filter/latch. 

_j 
_j 

_j 
;= 

;= 0 
0 ;= z 
z 0 " " z u 
u " <( 

<( u r-: 
r-: <( 

~ 
~ r-: a: 
r-: ~ w 
x 0 :;; 
w ti; f:= 

INTERRUPT 
VECTOR 
LOGIC 

s a 
INTERR. 

IN 
PROGR. 
FLAG_ 

R Q 

2. Correct interrupt timing is ensured when INT/TO is HIGH for> 4 CP followed by a LOW for> 7 CP. 
3. When the interrupt in progress flag is set, further interrupts are latched but ignored, until RETR is 

executed. 
4. A DIS I instruction always clears a pending external interrupt. 
5. For all flip-flops, RESET overrules SET. 
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FUNCTIONAL DESCRIPTION (continued) 

Oscillator (see Fig. 15) 

The oscillator can be inhibited by the STOP instruction under software control. It is also inhibited 
when a low-supply voltage condition is present to prevent discharge of a weak back-up battery. 
Provided the supply voltage is within the operating range the oscillator will be restarted after a STOP 
instruction by a LOW level at the INT/TO pin or a HIGH level at the RESET pin. 

PCF84CB5 
inhibit 

C2 6 Rbias 6 C1 

18 19 symbol 

7Z96669 
T 121ss10 

Fig. 15 Oscillator with integrated elements. Fig. 16 Crystal unit equivalent circuit. 

The values of crystal series resistance R1 and the crystal's total load capacitance CL (C0 +wiring+ 
external capacitors) must not be above the curve (Fig. 17) for the corresponding frequency. 
Note; if external capacitors are connected to XTAL 1 and XTAL they must be of equal value. 

R1 
(.\2) 

60.__ __ ..._~-+-+----+--~-t-~--+~--t 

o~~~~-+-~---+--~~~~~~ 

0 10 20 CL (pF) 30 
Fig. 17 Crystal circuit criteria. 

The oscillator has the output drive capability via pin 19 (XTAL2). An external clock can be applied 
to pin 18 (XTAL 1 ). A machine cycle consists of 10 time slots, each time slot being 3 oscillator periods. 

Timer/event counter (see Fig. 181) 

An internal 8-bit up-counter is provided. This can count external events, modulo-32 machine cycles, or 
machine cycles directly. Table 3 gives the instructions that control the counter and the prescaler, and 
the functions performed. 

When used asa timer, the input to the counter is either the overflow or input of a 5-bit prescaler. When 
used as an event counter, LOW-to-HIGH transitions on pin 39 (T1) are counted. The maximum rate at 
which the counter may be incremented is once every machine cycle. When the counter overflows, the 
timer flag is set. The flag can be tested and reset using the JTF (jump is timer flag= 1) or JNTF 
instruction. Overflow also generates an interrupt to the processor via setting of the Timer Interrupt 
Flag when the timer/event counter interrupt is enabled. · 
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Single-chip 8-bit microcontroller 

Table 3 Timer/event counter control 

timer mode 
function modulo-1, modulo-32* counter mode 

CLEAR MOV T,A (A) = 0 MOV T,A (A) = 0 

PRESET 
START 
STOP 

TEST 
READ** 

or RESET or RESET 
MOV T,A MOV T,A 
STRTT STRT CNT 
STOP TCNT STOP TCNT 
or RESET or RESET 
JTF/JNTF JTF/JNTF 
MOV A,T MOV A,T 

PRE SCALER __ __,,,...... 
XTAL7 30 

{internal clock 
frequency) 

_,_ 32 

cleared on 
start timer 

PS= 0 

load or read 

EDGE 
DETECTOR 

A= START TIMER 
B = START COUNTER 
C =STOP TIMER/COUNTER 

! 
8·81T 

TIMER/ 
EVENT 

COUNTER 

cleared 
on reset 

Program status word (see Fig. 19) 

jump if 
timer flag 

= 1 

7Z89148 

PCF84C85 

Fig. 18 Timer/event counter. 

The program status word (PSW) is an 8-bit word (1 byte) in the CPU which stores information about 
the current status of the microcontroller. 
The PSW bits are: 

• Bits 0 to 2 stack pointer bits (SPo, SP1, SP2) 
• Bit 3 prescaler select (PS); 

0 = modulo-32; 1 = modulo-1 (no prescaling) 
• Bit 4 working register bank select (RBS); 

0 = register bank O; 1 = register bank 1 
• Bit 5 not used ( 1) 
• Bit 6 auxiliary carry (AC); half-carry bit generated by an ADD instruction and used by the 

decimal adjust instruction DA A 
• Bit 7 carry (CY); the carry flag indicates that previous operation has resulted in an 

overflow of the accumulator. 

* 

saved in 
the stack 
~ 

7 
MS8 

saved in 
the stack stack pointer 

,....,........, ,----A---, 

0 
LSB 

7Z89149 

Fig. 19 Program status word. 

With prescaler select, PS = 0, the timer counts modulo-32 machine cycles, with PS= 1 it counts 
modulo-1 cycles (prescaler not used); prescaler cleared with STRT T, prescaler not readable. 

** READ does not disturb the counting process. 



PCF84C85 

FUNCTIONAL DESCRIPTION (continued) 

Program Status word (continued) 

All bits can be read using the MOV A, PSW instruction. Bits 7 and 6 are set and cleared by CPU 
operation. Bit 4 can be changed by a SEL RB instruction, bit 3 by the MOV PSW, A instruction, and 
bits 0, 1 and 2 by the CALL, RET or RETA instructions and in the event of an interrupt. Bits 7, 6 and 
4 are stored in the program counter stack during subroutine and interrupt calls. These bits are restored 
in the PSW with a RETR (return and restore) instruction which must be used atthe end of an interrupt and 
can be used at the end of a normal subroutine. The RET instruction has no restore feature and cannot 
be used at the end of an interrupt. 

Program counter (see Fig. 20) 

The 13-bit program counter is able to address 8 K bytes of ROM. The arrangement of the bits is shown 
in figure 20. During an interrupt subroutine PC11 and PC12 are forced to logic 0. All 13 bits are saved 
in the stack during CALL and interrupt routines. 

Central processing unit 

PC12 PC11 PC10 PCg PCs PC7 PCe PC5 PC4 PC3 PC2 PC1 PCo 

LL C•ocn
0
veunnttsional Program Counter 

OOOH to 7FFH 
• overflows 7FFH to OOOH 

JMP or CALL instructions transfer the 
contents of internal flipflop MBFFO to PC11 

7Z89150 

and MBFF 1 to PC12 

• (MBFFO) <- 0 by SELMBO or RESET 
(MBFF1) <-0 

• (MBFFO) <- 1 by SEL MB1 
(MBFF1) <- 0 

• (MBFFO) <- 0 by SEL MB2 
(MBFF 1) <- 1 

• (MBFFO) <- 1 by SELMB3 
(MBFF1) <- 1 

Fig. 20 Program counter. 

The PCF84C85 has arithmetic, logical and branching capabilities. The DA A, SWAP A and XCHD 
instructions simplify BCD arithmetic and the handling of nibbles. The MOVP A,@A instruction 
permits efficient table look-up from the current ROM page. 

Conditional branch logic 

The conditional branch logic within the processor enables several conditions, internal and external to 
the processor, to be tested by the user's program. Table 4 lists the conditional jump instructions used 
to change the program sequence. The DJNZ instruction decrements a designated register or data 
memory location and branches if the contents are not zero. This instruction is useful for looping 
control. The JMPP@A instruction allows multiway branches to destinations determined by the contents 
of the accumulator. 
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Single-chip 8-bit microcontroller PCF84C85 

Table 4 Conditional branches 

test jump condition jump instruction 

accumulator all bits zero JZ 
any bit non-zero JNZ 

accumulator bit test 1 JBO to JB7 
carry flag 1 JC 

0 JNC 
timer overflow flag 1 JTF 

0 JNTF 
test input TO 1 JTO 

0 JNTO 
test input T1 1 JT1 

0 JNT1 
register non-zero DJNZ 

Test input T1 (pin 39) 

The T1 input line can be used as: 

• A test input for branch instructions JT1 and JNT1 
• An external input to the event counter 

When used as a test input: 

• JT1 instruction tests for logic 1 level 
• JNT1 instruction tests for logic 0 level 

When used as an input to the event counter, T1 must be LOW for> 4 CP, followed by a HIGH for 
> 4 CP. The transition can be recognized with a repetition rate of once per 30 oscillator clock periods 
(1 machine cycle). 

There is no internal pull-up or pull-down resistor connected to the T1 input. If required it must be 
externally connected to a resistor (R =.;;;; 100 kil). When T1 is not used pin 39 must be connected to 
Voo orVss· 

Reset (pin 21) 

A positive-going signal on the RESET input 

• Sets the program counter to zero 
• Selects location 0 of memory bank 0 and register bank 0 
• Sets the stack pointer to zero (000); pointing to RAM address B 
• Disables the interrupts (external, timer and serial 1/0) 
• Stops the timer/event counter, then sets it to zero 
• Sets the timer prescaler to modulo-32 
• Resets the timer flag 
• Sets all ports to input mode 
• Sets the serial 1/0 to slave receiver mode and disables the serial 1/0 
• Cancels IDLE and STOP mode 



PCF84C85 J 
FUNCTIONAL DESCRIPTION (continued) 

Power-on-reset 
The internal power-on reset circuit monitors the PCF84C85 supply voltage VDD· For as long as 
the supply voltage remains below the internal reference level Vref (typically 1,5 VJ the oscillator is 
inhibited and RESET (pin 17) has an undefined level. When VDD rises above the internal reference 
level, the oscillator is released and RESET is pulled high to Voo by TR 1 for a period to (typically 
50µs). 

N.B. Because of the narrow bandwidth of the crystal, the start-up time of the oscillator is typically 
10 ms. 

Three modes of power-on reset are possible: 

1. If V DD can be switched on with fast rise time i.e. Voo reaches its minimum operating value (correspon
ding to the selected oscillator frequency) before the RESET signal (to) has finished, then no extra 
components are required (see Fig. 21 and 22). Note that the first instruction is executed after the 
oscillator start-up time plus 1866 clock periods have elapsed. 

2. If Voo has a slow rise time then the RESET signal should be stretched by an external RC circuit 
(see Fig. 23 and 24).ln the event of a short drop in the supply voltage, the diode path rapidly 
discharges the capacitor to ensure a reliable power-on reset. To ensure a correct reset, the RESET 
signal should reach at least 70% of the final value of Voo. Given that the RESET voltage and 
Voo rise exponententially, the above requirement is satisfied when the time constant T of the 
RESET pulse is >8 times the time constant of Voo. If Voo rises linearly, then a RESET time constant 
> 2 times the rise time of Voo is required. 

When a reset is completed (RESET goes LOW) before the oscillator has started up, program 
execution begins after the oscillator start-up time plus 1866 clock periods have elapsed (see Fig. 24). 
If the oscillator is started-up prior to the completion of RESET, then program execution begins 
1866 clock periods after RESET goes LOW. 

3. Figure 25 shows an external reset to the PCF84C85 during power-on. The external reset 
signal must remain HIGH until Voo has reached its minimum operating value corresponding 
to the selected oscillator frequency. When a reset is completed (RESET goes LOW) before the 
oscillator has started up; program execution begins after the oscillator start-up time plus 1866 
clock periods have elapsed (see Fig. 26). If the oscillator is started-up prior to the completion of 
RESET, then program execution begins 1866 clock periods after RESET goes LOW. 
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Single-chip 8-bit microcontroller 

oscillator 
inhibit 

TR1 

p 
v,.1--+ 

POWER 
ON 

RESET JL 17 
...._---..----'~-+-+RESET 

TR2 

PCF84C85 

current 

source -r---to--'J n (10µA) 

TR3 internal 
reset 

7Z97339A 

Fig. 21 Power-on-reset configuration. 

100% 

Voo 
0% 

RESET 

INTERNAL 
RESET 

OSCILLATOR 1----.:---- ---~ 
--------'~ 1866CPs oscillator start - up time I 

7Z20161 

* execution of first 
instruction at location 0 

Fig. 22 Timing of power-on-reset with fast rise time. 

PCF84C85 
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FUNCTIONAL DESCRIPTION (continued) 

oscillator 
inhibit 

TRI 

POWER ""1r p 

Vret-+ ON 
RESET 

TR2 
current 

,.,]" source 
(10µA) 

PCF84C85 

,n 

28 

JL 
17 

internal 
reset 

14 

Voo 

RESET 

.. 100 
kn 

Vss 

Creset 

supply 
voltage 

7Z97338.1A 

Fig. 23 Stretched power-on-reset with external components. 

Voo 

0% 1------
RESET 

INTERNAL 
RESET 

OSCILLATOR 

1866 CPs * 
--i 

oscillator start M up time @ 

1866 CPs * 
---i 

7Z20163 

* execution of first 
instruction at location O 

G) RESET finishes after 
start M up time of oscillator 

@ RESET finishes before 
start M up time of oscillator 

Fig. 24 Timing of power-on-reset with a slowly rising Voo and a stretched RESET pulse. 
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Single-chip 8-bit microcontroller 

vref _. 

oscillator 
inhibit 

POWER 
ON 

RESET 

curr.ent 

TRI 

p 

TR2 

source --I-_.,___, ,,,]" (10µ.A) 

PCF84C85 ,n 

l PCF84C85 

28 
VDD 

J1_ 
17 RESET 

internal 
reset 

Vss 
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PCF84C85 J 
INSTRUCTION SET 

The PCF84C85 instruction set consists of over 80 one and two byte instructions and is identical to 
the MAB8400 instruction set. New instructions are added for STOP and IDLE mode. Program code 
efficiency is high because all RAM locations and all ROM locations on a 256 byte page require only 
a single byte address. 

Table 7 gives the instruction set of the PCF84C85. Table 6 shows the instruction map and Table 5 
details the symbols and definition descriptions that are used. 

Table 5 Symbols and definitions used in Table 7 

symbol definition description 

A accumulator 
addr program memory address 
Bb bit designation (b = 0-7) 
RBS register bank select 
c carry bit (bit CY) 
CNT event counter 
Dx Derivative register designation (x = 0, 1,2 or 3) 
data 8-bit number or expression 
I interrupt 
MB memory bank 
MBFF memory bank flip-flop 
p mnemonic for 'in-page' operation 
PC program counter 
Pp port designation (p = 0, 1 or 2) 
PSW program status word 
RB register bank 
Rr register designation (r = 0-7) 
Sn serial 1/0 register 
SP stack pointer 
T timer 
TF timer flag 
TO, T1 test 0 and 1 inputs 
# immediate data prefix 
@ indirect address prefix 
(X) contents of X 
((X)) contents of location addressed by X 
+-- is replaced by 
.,. is exchanged with 

496 No~mboc 19861 
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DEVELOPMENT DATA 

Table 6 PCF84C85 instruction map 

I 
I rfirst hexadecimal character of opcode I 

: second hexadecimal character of opcode : 

I ================================================================================================================================I 
11011121314151617181'/IAIBICIDIEIFI 
l===================================================================================================================================I 
I 0 I NOP I IDLE I I ADD I JMP I EN I I JNTF I DEC A I IN A.Pp I I MOV A.Sn I I 
I I I I I A did at a I page 0 I I addr I I 0 I 1 I 2 I I 0 I 1 I I I 
1-----------------------------------------------------------------------------------------------~--------------------------------
I 1 I INC aRr I JBO I ADDC I CALL I DIS I I JTF I INC A I INC Rr 
I I 0 I 1 I addr IA,ldatal page DI I addr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 
I 

2 

3 

4 

5 

6 

7 

8 

'I 

A 

B 

E 

XCH A.aRr 
D I 

XCHD A.aRr 
0 I 1 

ORL A.aRr 
0 I 

ANL A.aRr 
0 I 

ADD A.aRr 
0 I 

ADDC A .iiRr 
0 I 1 

MOV aRr•A 
0 I 

MOV aRr,ldata 
0 I 1 

DEC aRr 
0 I 

XRL A.aRr 
0 I 

DJNZ GlRr.addr 
D I 1 

STOP I MOV I JMP I EN 
IA,ldatal page 11 TCNTI 

JB1 
addr 

MOV 
A,T 

CALL I DIS 
page 11 TCNTI 

ORL I JMP 
IAtldatal page 21 

STRT 
CNT 

JB2 I ANL I CALL I STRT 
addr IA1#datal page 21 T 

MOV 
T,A 

JMP I STOP 
page 31 TCNT 

JNTO 
addr 

JTO 
addr 

JNT1 
addr 

JT1 
addr 

----------------------
JB3 
addr 

JB4 
addr 

JB5 
addr 

RET 

RETR 

MOVP 
A•aA 

JMPP 
GlA 

CALL I 
page 31 

JMP I EN 
page 41 SI 

CALL I DIS 
page 41 SI 

JMP I SEL 
page 51 MB2 

CALL I SEL 
page 51 MB3 
------------

JMP I SEL 
page 61 RBD 

JB6 I XRL I CALL I SEL 
addr IA,#datal page 61 RB1 

JMP I SEL 
page 71 MBO 

JNZ 
addr 

JZ 
addr 

JNC 
addr 

CLR A 

CPL A 

SWAP 
A 

DA A 

RRC A 

RR A 

CLR 

CPL C 

MOV 
A1PSW 

MOV 
PSW•A 

RL A 

XCH A•Rr 
0 I 

OUTL Pp.A 
0 I 1 

ORL A.Rr 
D I 

ANL A.Rr 
0 I 

ADD A.Rr 
0 I 

ADDC A•Rr 
0 I 1 

ORL Pp,#data 
0 I 1 

ANL Pp.ldata 
0 I 1 

MOV Rr•A 
0 I 

MOV Rr.#data 
0 I 1 

DEC Rr 
D I 

XRL A.Rr 
0 I 

DJNZ Rr, addr 
0 I 1 I 

F I MOV A.aRr I JB7 I I CALL I SEL I JC I RLC A I MOV A.Rr 

2 3 

2 

2 3 

2 3 

2 3 

2 3 

2 

2 

2 3 

2 3 

2 3 

2 3 

2 3 

4 

MOV Sn•A 
0 I 

4 

4 

4 

MOV 
A,Dx 

MOV 
Dx,A 

MOV Sn.ldata 
0 I 1 

4 

4 5 

4 5 

4 

4 

6 7 

2 

6 7 

6 7 

6 7 

6 7 

ANL IORL 
Dx,A I Dx,A 

---------

2 

6 

6 7 

6 7 

6 

6 7 

I I 0 I 1 I addr I I page 71 MB1 I acidr I I 0 I 1 I 2 I 3 I 4 I 5 I 6 I 7 I 
l=============================-=====================================================================================================I 
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INSTRUCTION SET (continued) 

Table 7 Instruction set 

mnemonic opcode 
(hex.) 

ADD A, Rr 6* 

ADD A, @Rr 60 
61 

ADD A, #data 03 data 

ADDC A, Rr 7* 

ADDC A,@Rr 70 
71 

ADDC A, #data 13 data 

ANL A, Rr 5* 

a: ANL A,@Rr 50 
0 51 
I-
<l'. ANL A, #data 53 data 
....I 
:::> ORL A, Rr 4* :::!E 
:::> ORL A,@Rr 40 u 
u 41 <l'. 

ORL A, #data 43 data 

XRL A, Rr D* 

XRLA,@Rr DO 
Dl 

XRL A, #data D3 data 

INCA 17 

DECA 07 

CLR A 27 

CPL A 37 

RL A E7 

bytes/ 
cycles 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

2/2 

1 /1 

1 /1 

1 /1 

1 /1 

1 /1 

description 

Add register contents to A 

Add RAM data, addressed by Rr, to A 

Add immediate data to A 

Add carry and register contents to A 

Add carry and RAM data, addressed 
by Rr, to A 

Add carry and immediate data to A 

'AND' Rr with A 

'AND' RAM data, addressed by Rr, with A 

'AND' immediate data with A 

'OR' Rr with A 

'OR' RAM data, addressed by Rr, with A 

'OR' immediate data with A 

'XOR' Rr with A 

'XOR' RAM, addressed by Rr, with A 

'XOR' immediate data with A 

increment A by 1 

decrement A by 1 

clear A to zero 

one's complement A 

rotate A left 

function 

(A)<-(A) + (Rr) 

(A)<-(A) +((RO)) 
(A)<-(A) + ((Rl)) 

(A)<-(A) +data 

(A)<-(A) + (Rr) + (C) 

(A)<-(A) +((RO))+ (C) 
(A)<-(A) + ((Rl)) + (C) 

(A)<-(A) +data + (C) 

(A)<-(A) AND (Rr) 

(A)<-(A) AND ((RO)) 
(A)<-(A) AND ((Rl)) 

(A)<-(A) AND data 

(A)<-(A) OR (Rr) 

(A)<-(A) OR ((RO)) 
(A)<-(A) OR ((Rl)) 

(A)<-(A) OR data 

(A)<-(A) XOR (Rr) 

(A)<-(A) XOR ((RO)) 
(A)<-(A) XOR ((Rl)) 

(A)<-(A) XOR data 

(A)<-(A) + 1 

(A)<-(A) -1 

(A)<-0 

(A)<-NOT(A) 

(An+ 1)<-(Anl 
(Ao)<-(A7) 

r = 0-7 

r = 0-7 

r= 0-7 

r= 0-7 

r = 0-7 

n =0-6 

notes 

1 

1 

1 

1 

1 

1 
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:::> 
::!: 
:::> 
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> 
0 
::!: 
<( 
I-
<( 
a 

rn 
(.!) 
<( 
..J 
LL 

RLC A F7 1 /1 

RR A 77 1 /1 

ARCA 67 1 /1 

DAA 57 1 /1 

SWAP A 47 1 /1 

MOVA, Rr F* 1 /1 

MOV A,@Rr FO 1 /1 
Fl 

MOV A,#data 23 data 2/2 

MOV Rr, A A* 1 /1 

MOV@Rr, A AO 1 /1 
Al 

MOV Rr, #data B* data 2/2 

MOV @Rr, #data BO data 2/2 
Bl data 

XCH A, Rr 2* 1 /1 

XCH A,@Rr 20 1 /1 
21 

XCHD A,@Rr 30 1 /1 
31 

MOVA, PSW C7 1 /1 

MOV PSW, A 07 1 /1 

MOVPA,@A A3 1/2 

CLR C 97 1 /1 

CPLC A7 1 /1 

DEVELOPMENT DATA 

rotate A left through carry 

rotate A right 

rotate A right through carry 

decimal adjust A 

swap nibbles of A 

move register contents to A 

move RAM data, addressed by Rr, to A 

move immediate data to A 

move accumulator contents to register 

move accumulator contents to RAM 
location addressed by Rr 

move immediate data to Rr 

move immediate data to RAM location 
addressed by Rr 

exchange accumulator contents with Rr 

exchange accumulator contents with 
RAM data addressed by Rr 

exchange lower nibbles of A and RAM 
data addressed by Rr 

move PSW contents to accumulator 

move accumulator bit 3 to PSW3 

move indirectly addressed data in 
current page to A . 

clear carry bit 

complement carry bit 

(An+ 1)+-An 
(Ao)+-(C), (C)+-(A7) 

(An)+-(An + 11 
(A7)+-(Ao) 

(Anl+-(An + 1l 
(A7)+-(C), (C)+-(Ao) 

(A4-7)#(A0-3) 

(A)+-(Rr) 

(A)+-((RO)) 
(A)+-((R1)) 

(A)+-data 

(Rr)+-(A) 

((RO))+-(A) 
((Rl))+-(A) 

( Rr)+-data 

((RO))+-data 
((Rl))+-data 

(A)#(Rr) 

(A)#((RO)) 
(A)#((Rl)) 

(AQ-3)#( ( R00-3)) 
(AQ-3)#( ( R 10-3)) 

(A)+-(PSW) 

(PSW3)+-(A3) 

(PC0-7)+-(A), (A)+-((PC)) 

(C)+-0 

(C)+-NOT(C) 

n = 0-6 2 

n =0-6 

n =0-6 2 

2 

r = 0-7 

r = 0-7 

r= 0-7 

3 

2 

2 
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-s· 
co 
c;:o· 
3 

1· 
[ 
CD .. 

""'O 
(") 
II 
CX> 
.,i::.. 
(") 
CX> 
01 



UI g 

z 
0 

iii g. 
CD ... 
;.... 

~ 
O> 

I 

INSTRUCTION SET (continued) 

mnemonic opcode 
(hex.) 

INC Rr 1* 
a: 

INC@Rr 10 w 
I- 11 ~ 
t? DEC Rr C* w 
a: 

DEC@Rr co 
Cl 

JMP addr • 4 address 

JMPP@A 83 

DJNZ Rr, addr E* address 

DJNZ @Rr, addr EO address 

E1 address 

::c: 
JBb addr • 2 address (..) 

z 
<( JC addr F6 address 
a: 
co JNC addr E6 address 

JZ addr C6 address 

JNZ addr 96 address 

JTO addr 36 address 

JNTO addr 26 address 

JT1 addr 56 address 

JNT1 addr 46 address 

JTF addr 16 address 

JNTF addr 06 address 

bytes/ description 
cycles 

1 /1 increment register by 1 

1/1 increment RAM data, addressed by Rr, by 1 

1/1 decrement register by 1 

1 /1 decrement RAM data, addressed by Rr, by 1 

2/2 unconditional jump within a 2 K bank 

1/2 indirect jum_p within a page 

2/2 decrement Rr by 1 and jump if not 
zero to addr 

2/2 decrement RAM data, addressed by Rr 
by 1 and jump if not zero to addr 

2/2 jump to addr if Acc. bit b = 1 

2/2 jump to addr if C = 1 

2/2 jump to addr if C = 0 

2/2 jump to addr if A= 0 

2/2 jump to addr if A is NOT zero 

2/2 jump to addr if TO= 1 

2/2 jump to addr if TO= 0 

2/2 jump to addr if Tl = 1 

2/2 jump to addr if Tl = 0 

2/2 jump to addr if Timer Flag= 1 

2/2 jump to addr if Timer Flag= 0 

function 

(Rr)+-(Rr) + 1 

((RO))+-((RO)) + 1 
((R1))+-((R1)) + 1 

(Rr)+-(Rr) -1 

((RO))+-((RO)) -1 
((Rl))+-((Rl)i -1 

(Pc8_ 1ol+-addra~ 10 
(PC0_7)+-addr0-7 
(PC11-12)+-MBFF 0-1 

(PC0_7)+-((A)) 

( Rr)+-( Rr) - 1 
if (Rr) not zero (PC0_7)+-addr 

((RO))+-((RO)) -1 
if ((RO)) not zero (PC0_7)+-addr 

((R1))+-((R1)) -1 
if ((Rl)) not zero (PC0_7)+-addr 

if b = 1 : (PC0_7)+-addr 

if C = 1 : (PC0_7)+-addr 

if C = 0 : (PC0_7)+-addr 

if A= 0 : (PC0_7)+-addr 

if A*O : (PC0_7)+-addr 

if TO= 1: (PCQ-7)+-addr 

if TO = 0: (PC0_7)+-addr 

if T1 = 1: (PC0_7)+-addr 

if T1 = 0: (PC0_7)+-addr 

if TF = 1: (PC0_7)+-addr 

if TF = 0: (PC0_7)+-addr 

r= 0-7 

r= 0-7 

r= 0-7 

b =0-7 

notes 

4 
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a: 
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a: 
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..J 
0 
a: 
I-z 
0 
u 

w 
z 
i== 
:::> 
0 
a: 
m 
:::> 
en 

MOVA, T 

MOVT,A 

STRT CNT 

STRTT 

STOP TCNT 

EN TCNTI 

DIS TCNTI 

EN I 

DIS I 

SEL RBO 

SEL RB1 

SEL MBO 

SEL MB1 

SEL MB2 

SEL MB3 

STOP 

IDLE 

CALL addr 

RET 

RETR 

42 1 /1 

62 1 /1 

45 1 /1 

55 1 /1 

65 1 /1 

25 1 /1 

3S 1 /1 

05 1 /1 

1S 1 /1 

cs 1 /1 

DS 1 /1 

ES 1 /1 

FS 1 /1 

A5 1 /1 

BS 1 /1 

22 1/1 

01 1 /1 

• 4 address 2/2 

83 1/2 

93 1/2 

DEVELOPMENT DATA 

move timer/event counter contents to 
accumulator 

move accumulator contents to 
timer/event counter 

start event counter 

start timer 

stop timer/event counter 

enable timer/event counter interrupt 

disable timer/event counter interrupt 

enable external interrupt 

disable external interrupt 

select register bank 0 

select register bank 1 

select program memory bank 0 

select program memory bank 1 

select program memory bank 2 

select program memory bank 3 

enter STOP mode 

enter IDLE mode 

jump to subroutine 

return from subroutine 

return from interrupt and restore 
bits 4, 6, 7 of PSW 

(A)+-(T} 

(T)+-(A) 

(RBS)+-0 

(RBS)+-1 

(MBFF0)+-0, (MBFF1)+-0 

(MBFF0)+-1, (MBFF1)+-0 

(MBFF0)+-0, (MBFF1)+-1 

(MBFF0)+-1, (MBFF1)+-1 

((SP))+-(PC), (PSW4, 6, 7) 6 
(SP)+-(SP) + 1 
(PCa-1 ol<-addra-1 o 
(PC0_7)+-addro-7 
(PC11-12)<-MBFF 0-1 

(SP) +-(SP) -1 
(PC)+-((SP)) 

(SP) +-(SP) - 1 
(PSW4, 6, 7) + (PC)+-((SP)) 

5 

5 

6 

6 

6 

(I) 
:;· 
ca 
ii" g. 
-s· 
qo 
CT 
;::+ 

3 ;· 

§ 
::I 

[ 
ii 

"'tJ 
() ,, 
CX> 
~ 
() 
CX> 
01 



~ 
N 

z 
~ 
3 
O" 
ID .... ..... 

m 

INSTRUCTION SET (continued) 

mnemonic opcode 
(hex.) 

IN A, Pp OB 
I- 09 :::> 
a.. OA 
I-
~ OUTL Pp, A 3B 0 -- 39 I-
:::> 3A a.. 
~ AN L Pp, #data 9B data 
..J 99 data w 
..J 9A data ..J 
<( 

ORLPp,#data BB data a:: 
<( B9 data a.. 

BA data 

MOVA, Dx BC 00 
I- BC 01 :::> 
a.. 
I-
:::::> MOV Dx,A BD 02 
0 

BD 03 ~ 
:::> 
a.. 
z ANL Dx, A BE 02 
w BE 03 
> 
f:: ORL Dx, A BF 02 <( 

> BF 03 
a:: 
w 
Cl MOVA, Dx BC 02 

BC 03 

. 
bytes/ description 
cycles 

1/2 input port p data to accumulator 

1/2 output accumulator data to port p 

2/2 AND pcirt p data with immediate data 

2/2 OR port p data with immediate data 

2/2 input pin data of port DPO, 
2/2 DP1 to accumulator 

2/2 move contents of accumulator to 
2/2 latch of port DPO, DP1 

2/2 AND contents of DPO, DP1 latch 
2/2 with accumulator 

2/2 OR contents of DPO, DP1 latch 
2/2 with accumulator 

2/2 move contents of DPO, DP1 latch 
2/2 to accumulator 

function 

(A)+-(PO) 
(A)+-(P1) 
(A)+-(P2) 

(PO)+-(A) 
(P1)+-(A) 
(P2)+-(A) 

(PO)+-(PO) AND data 
(P1 )+-(P1) AND data 
(P2)+-(P2) AND data 

(PO)+-(PO) OR data 
(P1)+-(P1) OR data 
(P2)+-(P2) OR data 

(A)+-(DO) 
(A)+-(D2) 

(D2)+-(A) 
(D3)+-(A) 

(D2)+-(D2) AND (A) 
(D3)+-(D2) AND (A) 

(D2)+-(D2) OR (A) 
(D3)+-(D3) OR (A) 

(A)+-(D2) 
(A)+-(D3) 

ncites 

7 

B 

B 
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DEVELOPMENT DATA 

mnemonic opcode bytes/ description function notes 
(hex.) cycles 

MOVA, Sn oc 1/2 move serial 1/0 register contents to (A)<-(SO) 
I-

OD accumulator (A)<-(Sl) 9 ::J 
Cl.. 
I- MOV Sn, A 3C 1/2 move accumulator contents to serial (SO)<-(A) 
::J 
!;( 3D 1/0 register (Sl)<-(A) 
I- 3E (S2)<-(A) 
::J 
Cl.. MOV Sn, #data 9C data 2/2 move immediate data to serial (SO)<-data z - 9D data I /0 register (Sl)<-data _J 

<( 9E data (S2)<-data 
a: 

EN SI 85 1 /1 enable serial 1/0 interrupt w 
Cl) 

DISSI 95 1 /1 disable serial 1/0 interrupt 

NOP 00 1 /1 no operation 

Notes to Table 8 

1. PSW CY, AC affected 5. PSW RBS affected 
2. PSW CY affected 6. PSW SPQ, SP1, SP2 affected 
3 PSW PS affected 7. (A) = 0000 P23 111 
4. Execution of JTF and JNTF instructions resets the Timer Flag (TF). 8. The MSB of A becomes a logic 1 

* 
• ... 

: 8,9,A,B,C,D,E,F 
: 9,2,4,6,8,A,C,E 
: 1,3,5,7,9,B,D,F 

9. (Sl) has a different function in read and write operations, see 
serial 1/0 interface. 
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PCF84C85 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage (pin 40) Voo -0,8 to +8 V 

All input voltages -0,8 to Voo +0,8 v 
D.C. current into any input or output 

Total power dissipation (see note) 

Power dissipation per output 

±11,±lo max. 10 mA 

except P23, SCLK 
P23, SCLK 

Storage temperature range 

Operating ambient temperature range 

Operating junction temperature 

HANDLING 

Po 
Po 

Tstg 

Tamb 

Tj 

max. 
max. 

50 mW 
180 mW 

-65 to +150 oc 

-40to +85 oc 

max. 125 oc 

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS device$'). 

504 November 1986 l 
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Single-chip 8-bit microcontroller PCF84C85 

D.C. CHARACTERISTICS 

Voo = 2,5 to 5,5 V; Vss = 0 V; Tamb = -40 to+ 85 oc; all voltages with respect to Vss; unless 
otherwise specified. 

parameter symbol min. typ. max. unit 

Supply voltage 
operating (see Fig. 27) Voo 2,5 - 5,5 v 

Supply current 
operating (see Fig. 28) 
at Voo = 5 V; fXTAL = 6 MHz loo - 1 2 mA 
at Voo = 3 V; fXTAL = 3,58 MHz 100 - 0,3 0,6 mA 

IDLE mode (see Fig. 30) 
at Voo = 5 V;fxTAL = 6 MHz 100 - 0,5 1 mA 
at Voo = 3 V; fXTAL = 3,58 MHz 100 - 0,15 0,4 mA 

STOP mode (see Fig. 35 and note 1) 
at Voo = 2,5 V; Tamb = 25 °c loo - 1,2 2,5 µA 
at Voo = 2,5 V; Tamb = 85 °c loo - - 10 µA 

RESET 1/0 

Switching level VRESET - 1,5 2 v 
Sink current 

at Voo > VRESET IOL - 7 - µA 

Inputs 

Input voltage LOW V1L 0 - o,3Voo v 
Input voltage HIGH V1H o,7Voo - Voo v 
Input leakage current 

as Vss < V1 <Voo ± l1L - - 1 µA 

Outputs 

Output voltage LOW 
at V1 = Vss or Voo; llol < 1 µA VOL - - 0,05 v 

Output sink current LOW 
at Voo = 5 V ± 10%; Vo= 0,4 V 
except P23/SDA, SCLK (see Fig. 31) IOL 1,6 3 - mA 

P23/SDA, SCLK (see Fig. 32) IOL 3 - - mA 

Pull-up output source current HIGH (see Fig. 33) 
at Voo = 5 V ± 10%; Vo= 0,7Voo -IOH 40 - - µA 
at Voo = 5 V ± 10%; Vo= Vss -IOH - - 400 µA 

Push-pull output source current HIGH 
at Voo = 5 V ± 10%; Vo= Voo-0,4 V -IOH 1,6 3 - mA 

Note 1 

Crystal connected between XTAL1 and XTAL2; SCL and SDA pulled to Voo via 5,6 k.Q resistor; 
T1 at Vss. INT at Voo. 
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A.C. CHARACTERISTICS (continued) 

103~~~~~~~~~~~7Z~9~73~2~2 
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( 1) clock frequency = 100 kHz 
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(3) clock frequency = 3 MHz 
(4) clock frequency= 10 MHz 

Fig. 27 Maximum clock frequency (fXTAL) 
as a function of the supply voltage (Voo). 
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(1) clockfrequency= lOMHz 
(2) clock frequency= 6 MHz 
(3) clock frequency= 3,58 MHz 

Fig. 29 Maximum supply current (I DD) in 
ID LE mode as a function of the supply 
voltage (Vool. 

506 . NowrnbM 19861 

]L_(2) 

=zJ 
~ ]L_(3) 

2 4 Voo(Vl e 

(1) clock frequency= 10 MHz 
(2) clock frequency= 6 MHz 
(3) clock frequency= 3,58 MHz 

Fig. 28 Maximum supply current (lool 
in operating mode as a function of the 
supply voltage. 
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Fig. 30 Typical supply current during 
IDLE mode as a function of frequency. 
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Single-chip 8-bit microcontroller 
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Fig. 31 Output sink current LOW (loll. 
except outputs P23/SDA and SCLK, as a 
function of supply voltage (Vool; Vo= 0,4 V. 
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111 Vo= Vss 
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Fig. 33 Output source current HIGH (-IOH) 
as a function of supply voltage (Vool. 
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Fig. 32 Output current LOW (loL), 
outputs P23/SDA and SCLK, as a function 
of supply voltage (Vool; Vo= 0,4 V. 
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Fig. 34 Typical supply current during 
operating mode as a function of frequency. 
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A.C. CHARACTERISTICS (continued) 

Table 8 Input timing shown in figure 36. 

3 

100 
(µA) 

2 

o 
o 2 

( 1 l T amb = 85 oc 
(2) Tamb = 25 °c 

7Z97325 

(1) 

(2) 

4 Voo (Vl 6 

symbol timing 

tauF ;;;;. 14tXTAL 

tHD; STA ;;;;.14txTAL. 

tHIGH ;;;;.11txTAL 

tLOW ;;;;.11txTAL 

tsu;STO ;;;;.14tXTAL 

tHD;DAT >O 
tsu;DAT ;;;;. 250 ns 

tRo ,;;; 1 µs 

tRc ,;;; 1 µs 

tFo ,;;; 1 µs 

tFc ,;;; 0,3 µs 

Notes to Table 8 

Fig. 35 Typical supply current Oool 
in STOP mode as a function of the supply 
voltage (Vool. 

txTAL =one period of the XT AL input frequency (fXTALl 
= 167 ns for fxTAL = 6 MHz. 

These figures apply to all modes. 

SCLK 

- tHIGH - -- tLow-

P23 

-- --tHO;OAT tsu;OAT 
--tHO;STA 

*"----- o.1v 00 

++----- o,3 v00 

'\----+-----+- 0,1 v00 

o,3 v00 

- -- tsu;STO 
tFc 

7Z87806 

Fig. 36 PCF84C85 timing requirements for the P23 and SCLK input signals. 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12 C specifications defined 
by Philips. 
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Single-chip 8-bit microcontroller 

SCLK 

P23 

_. tHD;STA ~ 

....._ t LOW---+-

- -•su;DAT 

--- -'HD;DAT 

--- -'AC 

ack!lowledge bit 

PCF84C85 

+----- o,9 v 00 

1----- VoLmax 

+-+---+-- o,9 v 00 

Vol max 

_,..tAc._ --. tsu;ST;-
_. -
•su;DAT 7Z87807 

Fig. 37 PCF84C85 timing requirements for the P23 and SCLK output signals. 

Table 9 Output timing shown in Figure 37 

symbol 

tHD; STA 
tHIGH 
tLOW 
tsu; STO 
tHD; DAT 
(slave transmitter 
any DF 

tHD; DAT 
(master transmitter) 
for DF.,;;; 51 

for DF .,;;99 

tsu; DAT 
(master transmitter) 
for DF > 51 

for DF > 99 

Notes to Table 9 

normal mode 
(ASC in S2 = 0) 

Y. (DF + 9) tXTAL 
y,, (DF) txTAL 
Y. (DF) txTAL 
Y. (DF-3) txTAL 

;;;. 9txTAL 
.,;;; 12txTAL 

;;;. 9txTAL 
.,;;; 12tXTAL 

;;;. 15txTAL 
.,;;24txTAL 

;;;. 9tXTAL 
.,;;; 12tXTAL 
.,;;; 100 ns 
at Cb= 400 pF 

txTAL =one period of the XTAL input frequency (fXTALI 
= ~67 ns for fXTAL = 6 MHz. 

DF =divisor (see Table 2 Serial 1/0 section). 
Cb =the maximum bus capacitance for each line. 

timing 

low-speed mode 
(ASC in S2 = 1) 

% (DF + 9) txTAL 
% (OF) txTAL 
Y.. (DF) txTAL 
y.. (DF-3) txTAL 

;;;. 9txTAL 
.,;;; 12txTAL 

;;;. 9tXTAL 
.,;;; 12txTAL 

;;;.15txTAL 

;;;. 9tXTAL 
.,;;; 12tXTAL 
.,;;; 100 ns 
at Cb= 400 pF 
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MICRQCQNTRQLLER Originally published by Signetics January 1984 

FEATURES PIN CONFIGURATION 
• Fetch, Decode, and Execute a 16-bit instruction in a 

minimum of 250-nanoseconds (one machine cycle) 
• Bit-oriented instruction set (addressable single-or- 1 PACKAGE 

multiple bit subfields) 
• Separate address, instruction, and 1/0 buses 
• Source I destination architecture 
• On-Chip oscillator and timing generation 
• Eight 8-bit working registers 
• TTL inputs and outputs 
• BiPolar Low-Power Schottky technology 
• 3-State 1/0 bus 
• Single +5V supply 

ARCHITECTURAL OVERVIEW 
The Signetics 8X300 Microcontroller (Figure 1) is a high· 
speed bipolar microprocessor implemented with low-power 
Schottky technology. The 8X300 brings together all the 
qualities needed-SPEED, FLEXIBILITY, and ECONOMY
lor systems design in the many areas that require reliable bit 
stream management. Considerl-5V operation, TTL bus 
compatibility, and an on-chip clock-the result, a system 
with fewer parts. Considerl-the inherent power of LSI logic 
(programmable Rotate, Mask, Shift, and Merge functions in 
the data-processing path) and the ability to Fetch, Decode, 
and Execute a 16-bit instruction in a minimum of 250· 
nanoseconds-the result, a system with superior bit 
handling capabilities. Considerl-the 250ns cycle time in 
conjunction with extended microcode-the result, the flexi
bility of bit-slice devices with the programming ease of MOS 
microprocessors. Now, consider the resultsl-a device tai· 
lored to bit-stream management in the areas of Industrial 
Control, Input/Output Control, and Data Communications. 

The 8X300 uses three separate buses-one for 13-bit in· 
struction addresses, one for 16-bit instructions, and a 
bidirectional 8-bit input I output data bus; except for the I I 0 
bus, there are no time multiplexing of functions. 
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32 
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44 
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IDENTIFIER 

A0-A12 

10-115 

IV0-IV7 

X1 & X2 

MCLK 

WC 

SC 

LB 

RB 

RESET 

HALT 

VR 

VCR 

GNO 

Vee 

NAME AND FUNCTION 

Program Addre11 Lines: These outputs permit direct addressing of up to 8192 words of program 
storage. A high voltage level equals a binary "1 "; A 12 is Least Significant Bit. 

ln1tructlon Linea: These input lines receive 16-bit instructions from program storage. A high voltage 
level equals a binary "1 ": 115 is Least Significant Bit. 

Input/Output Bua: These bidirectional three-state lines communicate with up to 5121/0 devices (256 
per bank). A low voltage level equals a binary" l"; IV7 is Least Significant Bit. 

Connections for a capacitor, a series-resonant crystal, or an external clock source with complemen
tary outputs. For precise frequency control, a crystal or external source is required. 

Meeter Clock: This output is used for clocking 1/0 devices and/or synchronization of external logic. 

Write Command: When signal is high (binary 1). data is being output on pins IV0-IV7 of 1/0 bus. 

Select Command: When signal is high (binary 1), an address is being output on pins IV~HV7 of I IO 
bus. 

When the LB signal is low (binary 0), any one of up-to-256 I I 0 devices (or memory locations) in the left 
bank can be accessed. When the address of a particular device (or memory location) matches the 
address on the IV bus, that particular device (or memory location) is enabled and selected for 
input/output operations. All addresses on the left bank that do not match are deselected. 

When the RB signal is low (binary 0), any one of up-to-256 1/0 devices (or memory locations) in the 
right bank can be accessed. When the address of a particular device (or memory location) matches 
the address on the I IO bus, that particular device (or memory location) is enabled and selected for 
input I output operations. All addresses on the right bank that do not match are deselected. 

When reset input is low (binary 0), the microcontroller is initialized-sets Program Counter/Address 
to zero and inhibits MCLK output. 

When halt input is low (binary 0), internal operation of microcontroller stops at the start of next 
instruction. The stop function does not inhibit MCLK or affect any internal registers. 

Internally-generated reference output voltage for external series-pass transistor. 

Regulated voltage input from series-pass transistor (2N5320 or equivalent). 

Circuit ground. 

Input connection for +5V power. 

Figure 2. Typlcal 8X300 System with Pin Definitions 
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-8-X300 JL._ 
TYPICAL 8X300 SYSTEM HOOKUP 
Although the system hookup shown in Figure 2 is of the 
simplest form, it provides a fundamental look al the 8X300 
microcontroller and peripheral relationships. As indicated, 
program storage can be either ROM or PROM and, by using 
various addressing-methods I decoding-schemes, memory 
paging techniques can be easily implemented. Also, by 
proper bit assignment, some external interface logic and, 
under software control, the program memory can be used as 
a storage device for interrupt-service subroutines. The user 
interface (IV0 through IV7) is capable of addressing 256 
Input/Output ports and, with the additional bank-select bit 
(LB and RB), the number of addressable 1/0 ports is 512-
the left bank and right bank each consisting of 256 ports. 
The 1/0 ports of each bank can be used in a variety of ways; 
one of these ways 1s shown in Figure 2. When LB is active 
low, the left bank can be enabled and, providing there is an 
address match, anyone of 128 I/ 0 ports or anyone of 128 
locations within the RAM memory can be accessed for 
input I output operations. When RB is active low, the same 
set of conditions are applicable to the right bank. With some 
sacrifice in speed, any given I/ 0 port can be interfaced to a 
memory peripheral or other I/ 0 device of the user. 

PROGRAM STORAGE INTERFACE 
As shown in Figure 2, program storage is connected to 
output address lines AO through A 12(A12 = LSB) and input 
instruction lines 10 through 115. An address output on 
AO I A 12 identifies one 16-bit instruction word in program 
storage. The instruction word is subsequently input on 
10/115 and defines the microcontroller operations which are 
to follow. 

The Signetics 828115 PROM or any TTL-compatible mem· 
ory can be used for program storage. (Note. The worst-case 
access time depends upon the instruction cycle time. and 
also. the overall system configuration.) 

110 INTERFACE AND CONTROL 
An 8·bit I/ 0 data bus is used by the microcontroller to com· 
municate with two fields of liO devices. The complementary 
LB and RB signals identify which field of !he 1/0 devices is 
enabled. 

Both data and address information are output on the I/ 0 
bus. The SC (Select Command) and WC (Write Command) 
signals distinguish between data and address information 
as loilows: 

~--=i=~c -c==_=: FUNCT10N-==~~ 
High I Low I! 0 address is being output on the 

1/0 (IV) bus 
Low High 1/0 data is being output on the 110 

(IV) bus 
Low Low 

High High 

DATA PROCESSING 

Input data expected from selected 
1/0 device 
Invalid (not generated by 8X300) 

From a data processing point of view, the 8X300 
microcon!roller chip (Figure 1) contains eight 8·bit working 

registers (R1 through RS, R11, AUXiliary), an arithmetic 
logic unit (ALU), an overflow register (OVF), rotate/shift/ 
mask I merge logic, and a bidirectional 8·bit I/ 0 bus. Internal 
8·bit data paths connect the registers and I I 0 bus to the 
ALU inputs, and the ALU output to the registers and I I 0 bus. 
Inputs to the ALU are preceded by the data-rotate and data· 
mask logic and the ALU output is followed by the shift and 
merge logic. Any one or all of the logic functions can operate 
on 8·bits of data in a single instruction cycle. Data from the 
source register can be right-rotated (end around) before 
processing by the ALU; external data (I I 0 bus) can also be 
masked to isolate a portion of the 8-bit field. Since the ALU 
always processes 8·bits of data, bit positions not specified 
by tile mask operation are filled with zeroes. 

When less than 8-bits of data are specified as output to the 
I/ 0 bus from the ALU, the data field (shifted and masked, as 
required) is merged with prior contents of the I/ 0 latches to 
form the output data. Bit positions of the liO data not 
affected by the logic operations are not modified. Depend· 
ing upon whether an I/ 0 peripheral or an internal register 
is specified in the instruction as the source of data, the 
110 latches contain, respectively, l/O·bus source data or 
destination data. For instance, when an internal register is 
specified as a source of data and an I/ 0 peripheral as the 
destination, data from the peripheral is read into the I/ 0 
latches at the start of the instruction cycle; processed data 
is then merged with contents of the I/ 0 latches to form the 
110 output data at the end of the instruction cycle. When an 
I/ 0 peripheral is specified as both data source and destina· 
lion, data from the source is used both as the input to the 
I/ 0 latches and as data to be processed; the processed 
data is then merged with data from the I/ 0 l&!ches to form 
the previously-described I/ 0 bus output. If the data source 
and destination are on opposite banks of the 8X300 bus, the 
destination data is written with a full 8-bits, since the prior 
contents were not stored in the I/ 0 latches. 

INSTRUCTION CYCLE 
Each microcontroller operation is executed in a single in· 
struction cycle. The instruction cycle is divided into quarters 
with each quarter cycle being as short as 62.5· 
nanoseconds. Figure 3 shows the general functions that 
occur during each quarter cycle; specifics regarding 
minimum I maximum timing and other critical values are de· 
scribed under "Design Parameters" in this data sheet. Dur· 
ing the fast quarter cycle, a new instruction from program 
storage is input on signal lines 10 through 115; simulta· 
neously, new data is fetched via the input I output bus (IVO 
through iV7). At the end of the first quarter cycle, the new 
instruction is latched in the instruction register and the new 
1/0 data is present al the input of the chip but is not. as yet, 
latched by the IV latches. 

In ihe second quarter cycle, the I/ 0 data stabilizes and 
preliminary processing is completed; at the end of this quar· 
ter, the IV latches are closed and final processing can be 
accomplished. During the third quarter cycle, the address 
for the next instruction is output lo the I/ 0 (IV) bus, control 
signals are generated, and 110 data is setup for the output 
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phase. During the fourth quarter cycle, a master clock signal 
(MCLK) generated by the 8X300 is used to latch valid ad
dress or data into peripheral devices connected to the IV 
bus; MCLK is also used to synchronize any external logic 
with timing circuits of the 8X300. To summarize the action, 
the first half of the instruction cycle deals primarily with input 
functions and the second half is mostly concerned with 
output functions. 

subsequently decoded to implement the events to occur 
during the current instruction cycle. The instruction word is 
formatted as follows: 

MSB LSB 

I I 
BIT POSITIONS -

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

OPCODE OPERAND(S) 

N'UT INSTRUCTION & 
FETCH NEW PATA 

LATCH & PROCESS NEXT INSTRUCTION l/O ADDRESS OR 

Rather than discrete instructions, the three operation code 
(OP CODE) bits specify eight instruction classes. Each in
struction class is subject to a number of powerful variations; 
these variations are specified by th11 thirteen operand bits. 
General areas of control for the eight instruction classes 
are: INPUT DATA ADDRESS, GENERATE 1/0 DATA VALID 

CONTROL SIGNALS, 

~ AND SETUP 110 

IL------------"'-'_._'°"_00_TP_"'_,I 1«:LK-ACT1ve STATE L • Arithmetic and Logic Operations (ADD, AND, AND XOR) 
• Movement of Data and Constants (MOVE and XMIT) 

NOTES • Branch or Test (JMP, NZT, and XEC) 
1. New instruction must be accepted and latched et end of first quarter cycle. 
2. The 110 data latches are open for the first two quarter cycles, that is, for 125· 

nanoseconds. 

Basic operations for each of the eight instruction classes 
are as follows; a summary of the instruction set is provided 
in Table 1. 

3. The address is output during third quarter cycle. 
4. 1/0 bus drivers are active (turned on) during third and fourth quarter cycles. 

Figure 3. lnatructlon Cycle and MCLK with: Cryatal = BMHz 
and Cycla Time = 250 ns 

MOVE-data in source register or 110-bus input is moved to 
destination register or I I 0-bus output. Data can be shifted 
any number of places and/or masked to any length. 

INSTRUCTION SET 
General Format and Basic Operations 
The 16-bit instruction word (10 through 15) from program 
storage is input to the instruction register (Figure 1) and is 

ADD-data in source register or 1/0-but input is added to 
content of AUX (RO) register and the result is placed in the 
destination register or 1/0-bus output. Data can be shifted 
and I or masked, as required. 

Table 1 . SUMMARY OF 8X300 INSTRUCTION SET 

INSTRUC 
CLASS OPCODE 

MOVE 

FORMATS 

F 1: Aegl•t•r to Regl1ter 

f a 1 2 -1 a 4 s e 1J a 9 10J 11 12 13 14 1sj 

[o•cooEJ J A J o J 
Invalid values of "$": 

075, 179. 205-379 
Invalid values of "D": 

105. 209-379 

F2: 1/0 Bue to Regl•t•r 

1012J3456 

[ OPCooq s 
1J e e 10J 11 12 ta 14 1sj 

J J D J 
Valid values of"$": 208 -378 
Invalid values ol "D'': 108. 209-375 

Invalid values of "S": 078• 118, 208• 378 
Valid values of "D": 205-375 

F2: 1/0 Bus to 1/0 Bua 

I 012 la. 5 e 11a 9 10J11121a1415J 

[OPCODE[ S l l D J 
Valid values of "S": 208 -379 
Valid values of "O": 209-379 

DESCRIPTION 

(S)-0 
Move content of internal register specified by 
S-held to internal register specified by 0-field. 
Prior 10 the "MOVE" operation, right-rotate 
contents of internal source register by octal 
value (O through 7) defined by the A-field 

Move right-rotated 110 bus (source) data 
specified by the S-field to internal register. 
specified by the D-field. The L-field specifies 
the length of source data starting from the 
LSB-position and, it less than 8-bits, the re
maining bits are tilled with zeroes. 

Move right rotated l!O·bus (source) data 
specified by the $-field to the 110 latches. De
lore outputting on 110 bus, shift data as speci· 
fied by the D·field: then merge source and 
latched I/ 0 data as specified by the l (length) 
field 

l/OCONT 
SIG 

SC• 
WC= 
LB= 
LB= 

SC -
WC= 
re= 
re= 

SC• 
WCz 
Ii= 
r:e = 

SC= 
WCz 
IB= 
LB= 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE 

L 
L 

INPUT PHASE 
(INSTRUCTION 
INPUT A DATA 
PROCESSING) 

L if "S" • 209-279 
H if "S" • 309-379 

L 
L 
L if "D" • 209-27 8 
H if "D" • 309-379 

Lit "D""' 209-279 
H if "D" •309-379 

OUTPUT PHASE 
(ADDRESS& 

l/OBUS) 

H if "D" = 079, 179 
L 
Hit"D"= 179 
L if "O" = 079 

H if "D" = 079. 179 
L 
H if "D""" 179 
L if "D" • 079 

L if "D" a 208-27 a 
H if "D" • 309-379 

L ii "O~ = 209-275 
H if MO" = 309-37 8 

(A"'"" 1985 519 
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Table 1. SUMMARY OF 8X300 INSTRUCTION SET (Continued) 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE 

INSTRUC 
CLASS OPCOOE 

ADD 

AND 

XOR 

XEC 

NZT 

XMIT 

JMP 

FORMATS 

Same ae MOVE instruction claaa 

Same as MOVE instruction class 

Same as MOVE instruction class 

F3: R•glater Immediate 

DESCRIPTION 
l/OCONT 

SIG 
INPUT PHASE 
(INSTRUCTION 
INPUT& DATA 
PROCESSING) 

(8) plus (AUX) - 0 Same as MOVE instruction class 
Same as MOVE instruction class except that 
contents of AUX (RO) register are AOOed to 
the source data. If there is a "carry" from MSB, 
then OVF (overflow) "" 1, otherwise OVF = 0. 

(S) /\. (AUX) -- 0 Same as MOVE instruction class. 
Same as MOVE instruction class except that 
contents of AUX (RO) register are ANOed with 
source data. 

(S) (£)(AUX) -- 0 Same as MOVE instruction class. 
Same as MOVE instruction class except that 
contents of AUX (RO) register are exclusively 
ORed with source data. 

Execute Instruction at current page addr•H 
offHt by J (literal) + (S). Return to normal 
Instruction flow unleH a branch la encoun
tered. 

[012J3456 1J 8 9 10 11 12 13 14 15] ::•r:::~~:~r~~:~~~o~~e~d:~:i:: :~~~r;;~~ 
J J J gram Counter with the following derived sum: 

SCz 
WC• 
re .. 

L 
L 
x 

LOPCOOEj s 

Invalid values of "S": 
07 8• 17 8· 209-37 8 

Valid values of "J": 

0009-3779 

F4: 1/0 Bua Immediate 

Lo1213456 

[OPCODE I s 

Valid values of"$": 209-379 
Valid values ol ~J": 009-379 

F3: Register Immediate 

[012}3456 718 9 10 11 12 13 14 15J 
[OPCODE} S l J J 

Invalid va1ues of "S": 018, 179. 209-379 
Valid values of "J": 0009-3779 

F4: 1/0 Bua Immediate 

[ a 1 2 j3 4 s s 1Ja 9 
l OPCOOEj S l 

Valid values of"$": 209-379 
Valid values of "J": 009-37 e 

Invalid values of "O": 109. 209-379 
Valid values of "J": 0009-3779 

F4: 1/0 Bus Immediate 

l J J 

[ 01213 4 5 6 718 9 10Jt112131415] 

l OPCOOEl 0 l l J j 
Valid values of ~o": 209-379 
Valid values of "J": 009-379 

Valid values of A: 000009-177779 

• Value of literal (J.field) plus 
• Contents of internal register specified by S

fiald 
The PC is not incremented and the overflow 
status (OVF) is not changed. 

Execute instruction at an address determined 

derived sum· 
5-blt value of literal {J-field) plus 

• Value of rotated source data specified by 
S-field (The L-lield specifies the length of 
source data starting from the LSB·position 
and, if less than 8-bits, the remaining bits 
are filled with zeros; the Program Counter 
is not incremented and the overflow status 
(OVF) is not changed.) 

If data apecltled by the S-tleld I• not equal to 
zero, jump to current page addrH• olfHI 
by valu• of J·fleld; otherwlH, Increment the 
Program Counter. 

If contents ol internal register specified by S· 
field is non-zero, transfer to address deter· 
mined by replacing the low-order 8-bits of Pro· 
gram Counter with "J", otherwise, increment 
PC. 

If right-rotated II 0 bus data is non-zero, trans· 
fer to address determined by replacing low· 
order 5·bits of Program Counter with "J", oth· 
erwise, increment PC. (The L·field specifies 
the length of source I/ 0 data starting from the 
LSB-position and, if less than 8·bils, the re· 
maining bits are filled with zeroes.) 

Transmit binary pattern in J.field to 110 bus. 
Before putting data on 110 bus, shift literal 
value "J" as specified by the D·field and merge 
bits specified by the L-field with existing 110 
bus data. If the L·field specifies more than 5· 
bits starting from the LSB-poaition, all remain
ing bits are set to zero. 

SC• 
WC= 
le· 
le-= 

SC= 
WC= 
le= 

SC= 
WC• 
le= 
le= 

SC• 
WC= 
LB= 
Ui= 

SC= 
WC= 
Ui= 
le= 

SC= 
WC= 
le= 

l if MS". 209-279 
Hit "$" m 309-37 8 

L 
x 

l jf '$" = 209-279 
H if"$"= 300-379 

L 
L 
x 
x 

L if 0 = 209-279 
Hit 0 = 309-379 

NOTIS • RB ia complem•nt of lli, X • Undefined 
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OUTPUT PHASE 
(ADDRESS& 

l!OBUSJ 

HilD=078 or17e 
L 
Hif0""17e 
LifO=o18 

l if 0.,. 209-279 
His 0 = 309-379 
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AND-data in source register or l/0-bus input is ANDed 
with content of AUX (RO) register and the result is placed in 
the destination register or l/0-bus output. Data can be 
shifted and I or masked, as required. 

XOR-data in source register or I/ 0-bus input is exclusively 
ORed with contents of AUX (RO) register and the result is 
placed in the destination register or I/ 0-bus output. Data 
can be shifted and I or masked, as required. 

XMIT-immediate data field of instruction word replaces 
data in destination register or I/ 0-bus output. 

XEC-executes instruction at the program address which is 
formed by replacing the least significant bits of the last 
address with the sum of: 

• Literal (J) field value of instruction plus, 
• Value of data in source register or I/ 0-bus input. 

NZT-least significant bits of program address are re
placed by literal (J) field of instruction if the source register 
or I/ 0-bus is not equal to zero. 

JMP-program address is replaced by address field of the 
instruction word. 

Instruction Fields 
As shown in Table 1, each instruction contains an operations 

8X300 

code (OPCODE) field and from one-to-three operand fields. 
The operand fields are: Source (S), Destination (D), Rotate I 
Length (RI L), Literal (J), and Address (A). The OPCODE 
and operand fields are briefly described in the following 
paragraphs. 

Operations Code Field: The three-bit OPCODE field speci
fies one of eight classes of 8X300 instructions; octal desig
nations for this field and operands for each instruction class 
are shown in Table 1. 

Source (S) and Destination (D) Flelda: The five-bit (S) and 
(D) fields specify the source and destination of data for the 
operation defined by the OPCODE field. The AUXiliary (RO) 
register is an implied second operand for the ADD, AND, and 
XOR instructions, each of which require two source fields. 
That is, instructions of the form: 

ADD X, Y 

imply a third operand, say Z, located in the AUX (RO) regis· 
ter. Thus, the operation for the preceding expression is 
actually (X + Z), with the result stored in Y. The (S) and I or 
(D) fields can specify an internal 8X300 register or any one· 
to-eight bit 1/0 field; octal values for these registers and 
Source I Destination field assignments are provided in Table 
2. 

Table 2. OCTAL ADDRESSES OF 8X300 REGISTERS AND ADDRESS/BIT ASSIGNMENTS OF 

SOURCE/DESTINATION FIELDS 

Octal Value 8X300 Register Octal Value 8X300 Register 

00 Auxiliary (RO) 10 OVF (Overflow Register)-
used only as a source 

01 R1 11 R11 

02 R2 12 Unassigned 

03 R3 13 Unassigned 

04 R4 14 Unassigned 

05 R5 15 Unassigned 

06 R6 16 Unassigned 

07 •10L Register-Left Bank 17 •10R Register-Right Bank 

I/ 0 Address Register; I/ 0 Address Register: 

Used only as destination 
Used only as destination 

NOTE 
•If IOL or IOR ia specified as a source of data, the source data is all zeroes. 

Note 1 

Note 2 

NOTES: 
Octal Value 1. 208-218 apecifiH the LSB of a variable length field within the 110 port previously 

aelacted by the left·benk (IOL) register. Length of field la determined by Rtl. 
MSB ....___BYTE--... LSB 

1012345571 

2. 308-378 p8rforma the counterpart function for the right-bank register (IOR). 

20 - Field within previously selected port with LS8 position= O ------------------------.. 
21 - Field within previously selected port with LSB position= 1 ------------------------·!-~ 
22 - Field within previoualy selected port with LS8 position "' 2 f-4 
23 - Field within previously selected port with LS8 position= 3 -1-1 
24 - Field within previously selected port with LS8 position= 4 - -I~ 

25 - Field within previously selected port with LS8 position = 5 - - -1-1 
26 - Field within previously selected port with LSB position= 6 - - - -I~ 

27 - Field within previously selected port with LSB position= 7 -------------------------1-
30 - Field within previously selected port with .LSB position= O ------------------------~ 
31 - Field within previously selected port with LSB position= 1 ------------------------~ 
32 - Field within previously selected port with LSB position= 2 -------------------------~ 
33 - Fielc~ within previously selected port with LSB position= 3 ----------------------------' 
34 - Field within previously selected port with LSB position"" 4 ---------------------------~ 
35 - Field within previo·uely selected port with LSB position= 5 ----------------------------~ 
36 - Field within previously selected port with LSB position= 6 -----------------------------~ 
37 - Field within previously selected port with LSB position= 7 ------------------------------~ 
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Rotate (R) and length (l) Field: The three-bit RI l field 
performs one of two functions, specifying either the field 
length (l) or a right-rotate (R). For a given instruction, the 
specified function depends upon the contents of the source 
(S) and destination (D) fields. 

• When an internal register is specified by both the source 
and destination fields, the (R) field is invoked and it speci
fies a right-rotate of the data specified in the (S) field-see 
accompanying diagram. The source-register data (up to 
eight-bits) is right-rotated within one instruction cycle. (The 
right-rotate function is implemented on the bus and not in the 
source register.) 

RIGHT-ROTATE FUNCTION 

Bit Position - 0 1 2 3 4 5 6 7 

@I I tl .. l++y 

' When either or both of the source and destination fields 
specify a variable-length I I 0 data field, the (L) field speci
fies the length of the 1/0 data field-see accompanying 
diagram. If the source field specifies an I I 0 address (20a-
37a) and the destination field specifies an internal register 
(OOa-06a, Ola, 11a, or 17al, the l-field specifies the length 
of source data; the source data is formed by right-rotating 
the I I 0 bus data according to the source address (Table 2) 
and then masking result as specified by l ·field. If length is 
less than eight-bits, all remaining bits are set to zero prior to 
processing data in the ALU. If the source field specifies an 
internal register (OOa. -06a. 10a.or 11 a) and the destination 
field specifies 1/0 bus data (20a-37a). the L field specifies 
the length of the destination data. To form the destination 
data, the ALU output is left-shifted according to the destina
tion address (Table 2) and then masked to the required 
length-see DATA LENGTH SPECIFICATION. The destina
tion data is merged with data in the I I 0 latches to finalize 
the I /0 bus data. Hence, a one-to-eight bit destination data 
field can be inserted into the existing eight-bit I I 0 port 
without modifying surrounding bits. If both the source and 
destination fields specify 110 bus data (20a-37a). the L
field specifies the length of both the source and destination 
data. 

DATA LENGTH SPECIFICATION 

0 1 2 3 4 5 6 7 

I I I I I I I I I 
---------- L = 1 

,__ __________ L = 2 
,_ ____________ L = 3 

-------------- L = 4 
,_ ______________ L = 5 

---------------- L = 6 
1-4----------------- L = 7 

------------------ L = 0 
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To form the source data, the I I 0 bus data is right-rotated 
according to the source address (Table 2) and then masked 
to the required length-see preceding DATA LENGTH 
SPECIFICATION. If length is less than eight-bits, all remain
ing bits are set to zero before processing in the ALU. To 
form the destination data, the ALU output is left-shifted ac
cording to the destination address (Table 2) and masked to 
the required length specification. The destination data is 
then merged into the I I 0 bus data that was used to obtain 
the source; thus, if the source and destination addresses 
are on the same bank, the I I 0 bus data written to the desti
nation register appears unmodified, except for bits changed 
during the shift-and-mask operations. If the source and des
tination addresses refer to different banks, the destination 
register is changed to contain the contents of the source 
register in those bit positions not affected by the destination 
data. 

J-Field: The 5-bit or 8-bit (J) field is used to load a literal 
value (contained in the instruction) into a register, into a 
variable 1/0 data field, or to modify the low-order bits of the 
Program Counter. The bit-length of the (J) field is implied by 
the (S) field in the XEC, NZT, and XMIT instructions, based 
on the following considerations. 

• When the source (S) field specifies an internal register, 
the literal value of the J-field is an 8-bit binary number. 

• When the source (S) field specifies a variable I I 0 data 
field, the literal value of the J-field is a 5-bit binary number. 

A-Field: The 13-bit (A) field is an address field which allows 
the 8X300 to directly address up 8192 locations in Program 
Storage memory. 

INSTRUCTION SEQUENCE CONTROL 
Formation of Instruction Address 
The Address Register and Program Counter are used to 
generate addresses for accessing an instruction from pro
gram storage. The instruction address is formed in any one 
of four ways: 

• For all except the JMP, XEC, and a "satisfied" NZT in
struction, the Program Counter is incremented by one and 
placed in the Address Register. 

• For the JMP instruction, the 13-bit A-field contained in the 
JMP instruction word replaces the contents of both the 
Address Register and Program Counter. 

• For the XEC instruction, the Address Register is loaded 
with the high-order bits of the Program Counter modified 
as follows: 
XEC using 1/0 Bus Data: low order 5-bits of ALU output 
replaces counterpart bits in Address Register. 
XEC using Data from Internal Register: low order 8-bits 
of ALU output replaces counterpart bits in Address Regis
ter. 
The Program Counter is not modified for either of the 
above conditions. 

• For a "satisfied" NZT instruction, the low order 5-bits 
(NZT source is I I 0 Bus Data) or low order 8 I bits (NZT 
source is an Internal Register) of both the Address Regis
ter and Program Counter are loaded with the literal value 
specified by J-field of the instruction word. 
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_,, _____________ _ 
Data Addressing 
The source and I or destination addresses of the data to be 
operated upon are specified as part of the instruction word. 
As shown in Table 3, source I destination addresses are 
specified using a five-bit address (OOs through 37a). When 
the most significant octal digit is a 0 or 1, the source and I or 
destination address is an internal register; if the most signifi
cant digit is a 2 or 3, an 110 bus address is indicated---2 
specifying a left-bank (LB) address and 3 specifvino a noht
bank (RB) address. The least significant octal digit (O 

through 7) indicates either a specific internal register ad
dress or positioning information for the least significant bit 
when specifying I/ 0 bus data. Referring to Table 1, the 
AUXiliary register (00) is the implied source of the second 
argument for the ADD, AND, and XOR operations. IOL (desti· 
nation address 07 a) and IVR (destination address 17 al pro
vide a means of routing address information to I I 0 registers. 
With JOL or JOR specified as the destination address, the 
data is placed on the I/ 0 bus during the output phase of the 
instruction cycle. Simultaneously, a select command (SC) is 
generated to inform all I I 0 devices that information on the 
1/0 bus is to be considered as an 1/0 address. Since IOL. 
and IOR are not harware registers, they should never be 
specified as a source address. 

Control outputs LB and RB are used to partition I/ 0 bus 
devices into two fields of 256 addresses. With LB in the 
active-low state and a source address of 20a-27fl, the Jett 
bank of I/ 0 devices are enabled during the input phase of 
the instruction cycle. With RB in the active-low state and a 
source address of 309-37a, the right bank of devices are 
enabled. During the output phase, RB is low if the destina
tion address is IOR (17s) or 309-379; L"E3 is low if the desti· 
nation address is IOL (079) or 20a-27a. Each address field 

DESIGN PARAMETERS 
Hardware design of an 8X300-based system lar£,1ely con
sists of the following operations: 

• Selecting and interfacing a Program Storage device
ROM, PROM, etc. (Pins 2 through 9 and 45 through 49 
for 13-bit address interface; Pins 13 through 28 for Hi· 
bit instruction interface.) 

• Selecting and interfacing Input/Output devices-
RAM, Multiplexers, 1/0 Ports, and other eight-bit 
addressable 1/0 devices. (Pins 33 through 36 and pins 
38 through 41 for eight-bit 1/0 interface.) 

• Choosing and implemenUng System Clock · -- Capaci· 
tor-Controlled, Crystal-Controlled, or Externally-Driv
en. (Pins 10 and 11 for System Clock interface.) 

(LB and RB) can have a different 1/0 device selected; thus, 
two devices can be directly accessed within one instruction 
cycle. 

Table 3. SOURCE/DESTINATION ADDRESSES 

[-S~~~~1~~~~R 
FIELD (OCTAL) 

I oo 
01-06 

07 

10 
11 
17 

2N (N = 0, 1, 2, 3 
4, 5. 6, or 7) 

3N(N=0.1,2,3, 
4, 5, 6, 0( 7) 

SOURCE/DES Tl~::~ 
AUXiliary register (RO) -1 
Working registers R 1-R6, respec
tively 
IOL Left-bank enable (Destination 
only) 
Overflow status-OVF (Source only) 
Working register R 11 
IOR Right-bank enable (Destination 
only) 
If a source, 1/0 data is right-rotated 
(7 - N) bits and then masked as 
specified by the L-field. LB= low and 
RB = high generated during input 
phase. 
II a destination, 1/0 data is left-shift 
(7 - N) bits and merged (specified 
by L-field) with data contained in the 
I/ O latches. LB = low and RB = high 
generated during output phase. 
II a source, 1/0 data is right-rotated 
(7 - N) bits and then masked as 
specified by the L-field. LB = high 
and RB = low generated during input 
phase. 

If a destination, I I 0 data is left-shift
ed (7 - N) bits and merged (speci-

li tied by L-field) with data contained in 
the 1/0 latches. LB= high and RB= 

---·--·-·---------l~w gener!!ed du!~ out~~ase. 

• Selection of 5-voit power supply and off-chip series
pass transistor. 

• External logic, as required, to meet the control re
quirements of a particular application. 

All information required for easy implementation of these 
design requirements is provided under the following cap
tions. 

" DC Characteristics 
• AC Characteristics 
• Timing Considerations 
• Clock Considerations 
• HALT /RESET Logic 
" Voltage Regulator 
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DC CHARACTERISTICS (Commercial Part) 4.75V s Vee s 5.25V, o•c s TA s 10°c 

LIMITS 
PARAMETER TEST CONDITIONS Min Typ Max UNIT COMMENTS 

Vee Supply voltage 475 5.0 5.25 v 5V ± 5%; pin 37 only 

V1H High level 0.6 2.0 v X1 and X2 
input voltaga 2.0 All other pins 

V1L Low level 0.4 v X1 and X2 
input voltage 0.6 All other pins 

VOH High level Vee = min; loH = -3mA 2.4 3.0 v 
output voltage 

Vol Low level Vee = min; loL = 6mA 0.39 0.55 AO through A 12 
output voltage Vee= min; loL = 16mA 0.39 0.55 v All other outputs 

VCR Regulator voltage Vee= 5V 3.1 v From series-pass 
transistor 

V1c Input clamp voltage Vee= min; l1N = -10mA -1.5 v Crystal inputs X 1 and X2 do 
not have intarnal clamp diodes. 

l1H High-level input Vee = max; V1H = 0.6V 3.0 mA X1 and X2 
current V1H = 4.5V 1 50 µA All other pins 

l1L Low-level input Vee = max; V1L = 0.4V -3 mA X1 and X2 
current -0.13 -0.2 IVO-IV7 

-0.67 -1.6 10-115 
-0.23 -0.4 HALT and RESET 

ios Short circuit Vee = max; VcR = VCRH -30 -140 mA All output pins 
output current (Note: At any time, no more 

than one output should be 
connected to ground.) 

ice Supply current Vee = max; VcR = VcRH 160 mA 

IREG Regulator control Vee= 5.ov -14 -21 mA 

leR Regulator current Vee= max 230 mA 1o·e 

265 mA 25'e 

290 mA o·e 

NOTES: 
1. Operating temperature ranges are guaranteed after thermal equilibrium has been 

reached. 

2. All voltages measured with reepect to ground terminal. 

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Vee = 5V ( ± 5%), V1N = OV or 3V. o•c s TA s 70°C 
LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION 

PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS 
(NOTE 1) Min Typ Max Min Typ Max 

Tpc Processor cycle time 250 250 ns 

!Qr X 1 clock period 125 125 ns 

!Q.H X 1 clock high time 62 62 ns 

!CL X1 clock low time 62 62 ns 

TMCH MCLK high delay 31 42 52 31 42 52 ns 

TM_QJ. MCLK low delay 31 42 52 31 42 52 ns 

!YL MCLK pulse width 55 62 69 T,o-7 1'40_ ns Note 2 

TAs X 1 falling edge to 50 63 60 50 63 60 ns Note 7 
address stable 
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AC CHARACTERISTICS (Commercial Part) 
(Continued) 

CONDITIONS: Vee = 5V ( ± 5%), V1N = ov or 3V, o·c s TA s 70°C 

T1H 

PARAMETER 
(NOTE 1) 

MCLK falling edge to 
address stable 

Instruction to address 

Input data to address 

Instruction set-up time 
(X 1 rising edge) 

MCLK falling edge to 
instruction stable 

Instruction hold time 
(X 1 rising edge) 

Instruction hold time) 
(MCLK falling edge) 

X 1 falling edge to 
SC I WC rising edge 

MCLK falling edge to 
SC I WC rising edge 

X 1 falling edge to 
SCIWC falling edge 

LOADING: (See test circuits) 

LIMITS (INSTRUCTION 
CYCLE TIME = 250 ns) 

LIMITS (INSTRUCTION 
CYCLE TIME > 250 ns) 

Min Typ Max Min Typ Max 

130 143 160 T1a+T2a T1a+T2a T10+T2a 
+5 +18 +35 

170 T£Q_+108 

105 105 

-7 -7 

20 T10-42 

45 45 

60 

40 49 58 40 49 58 

125 130 135 T1a+T2a T1a+T2a T1a+T2a 
+5 +10 

40 49 58 40 49 58 

5 7 15 5 7 15 

UNITS 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ns 

COMMENTS 

Notes 2, 3, & 7 

Notes 2, 3, & 8 

Notes 3 & 9 

Note 10 

Notes 2, 4, & 10 

Note 11 

Notes 2 & 11 

Note 2 

TMWL MCLK falling edge to 
SC/WC falling edge 

c----~~~~~~~~~~~~~t--~~-+~~~-+---~~+-~~~-+-~~~-+~~----<;--~~-+-~~~~~~--< 

Ties X 1 falling edge to 
LB I RB (Input phase) 

T11Bs 

Toes 

MCLK falling edge to 
LB I RB (Input phase) 

Instruction to LB I RB 
(Input phase) 

X 1 falling edge to 
LB I RB (Output phase) 

48 60 

17 

27 

48 60 

70 48 60 70 

25 7 17 25 

35 27 35 

70 48 60 70 

MCLK falling edge to 132 137 147 T 1a+T2a T 1a+T20 T 1a+T20 

ns 

ns 

ns 

ns 

ns Note 2 

Ll31RB(Outputpha_~--~~-~~~~-r-~--~r-~+_7~-+~-+_1_2~-+-~+~2_2~-t-~~-+~~~~~~---< 
16 25 16 Input data set-up time 25 

t--~~~-~<_X_1_f_a_lli_n_g_ed_g_e_)~~~-+·~~~-+--~-~--~--~+-~~~-r-~--~---+~~-~~I;--~~-+-~~~~~~--< 
Tms ns 

MCLK falling edge to 
input data stable 

65 55 T10+T20 T10+T2Q 
-60 -70 

30 40 30 

ns Notes 2 & 5 

ns T10H Input data hold time 40 
ex 1 falling edge) 

j------~--~~~~~--~~~-t-~~--t~~---+-~~~+-~~---+-~~---+~--~~t----~-+-~~~~~~--< 

TMDIH Input data hold time 125 112 T1a+T2a T1a+T2a 
(MCLK falling edge) -13 

-~~~--~-~~~~-+-~~~+-~---+~~-~ 

55 ·-t--s5·-t--75· i 
I 

TooH Output data hold time 55 65 75 
(X 1 falling edge) 

ns Note 2 

ns 

t--~~--~~--~----------+-~--+----+----+-----+-----r--~~-t-~~-+~-------~ 

11 20 25 11 20 25 ns TMODH Output data hold time 
(MCLK falling edge) 

t--~~~~~--~~~~--~~-+~--~+-~~--<;---~---+----~---+-~~-----+~--~~t--~~-+-~--~~~-----

Toos 74 84 94 74 84 94 ns Notes 12, 14, & 15 Output data stable 
(X 1 falling edge) 

r------~--~-~----~~~-+~~~-r-~~~t--~--+~--~~t--~---+-~--~--+----+---~~~--~ 

TMODS Output data stable 150 160 

'-------(_M_C_LK_f_a~iog edge) 
170 T10+T20 T1a+T20 T1a+T20 

+25 +35 +45 
ns Notes 2, 12, 

14, & 15 
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8X300 

AC CHARACTERISTICS (Commerclal Part) 
(Continued) 

CONDITIONS: Vee= 5V (±5%), V1N = ov or 3V, o•c s TA s 70°C 
LOADING: (See test circuits) 

r-
LIMITS (INSTRUCTION 

PARAMETER CYCLE TIME = 250 na) 

(NOTE 1) Min Typ Max 

Too Input data lo output 104 120 136 
data 

THS HALT set-up time 0 
(X 1 rising edge) 

TMHS MCLK falling edge to 18 
HALT falling edge 

THH HALT hold time 32 
(X 1 rising edge) 

TMHH HALT hold time 50 
(MGLK falling edge) 

TAGG Program storage 80 
access time 

T10 I/ 0 port output enable 30 
time (LB/RB to valid 

I IV data input) 

NOTES: 
1. X1 and X2 lnputs are driven by an external pulse generator with an amplitude of 1.5 

volts; ell timing parameters are meat1ured at this voltage level. 
2. Respectively, T lO• T :20• r 30, and T4a represent time intervala for the first, second, 

third, and fourth quarter cycles. 
3. Capacitive loading for the address bus is 150 picofarads. 
4. Same as TIS but referenced to falling edge of MCLK. 
5. Same aa TIOS but referenced to falling edge of MCLK. 
6. Same as THS but referenced to falling edge of MCLK. 
7. TAS ia obtained by forcing a valid instruction and an I/ 0 bua input to occur earlier than 

the specified minimum aet-up time; the TAS parameter thon represents the earliest 
time that the addrsea bus ia valid. 

8. TIA is obtained by forcing a valid inetruction input to occur earlier than the minimum 
set-up time. 

9. TIVA is obtained by forcing a valid 110 bua input to just meet the minimum set-up time. 
10. TMIS reprosents the set·up time required by internal la1chea of the 8X300. In system 

applications, the instruction input may have to be valid before the worst-case set-up 
time in order for the ayatem to reepond with a valid 110 bua input that meets the 110 
bus input set·up time (TIDS and TM/OS). 

11. TIH represents the hold time required by internal latches of the 8X300. To generate 
proper LB/RB signals, the inatruction must be held valid untH the address bus 
cha11gea. 

12. TODS is obtained by forcing a valld 110 bus input to occur earlier than the 110 bus 
input set-up time (TIOS); this timing parameter repreaent.s the earliest time that the 
110 output data can be valid. 

13. TDD is obtained by forcing a valid 110 bua inputtojuet meet the minimum 1/0 bus input 
set-up time; thus timing parameter repreeenta lhe latest time that the I I 0 output date 
can be valid. 

14. The minimum figure for these parameters repreasnts the earliest Jime that 110 bus 
output drivers of the 8X300 will turn on. 

15. For TICS~ 35 ns, TODS orTMODS should be used to determine when the output data 
ia l§feb~e, 
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LIMITS (INSTRUCTION 
CYCLE TIME > 250 ns) UNITS 

Min Typ 

104 120 

0 

32 

T10-12 

TEST CIRCUITS 

OUTPUT 
UNDER TEST 

379!! 

sv 

Max 

136 ns 

ns 

T10-44 ns 

781!) 

ns 

ns 

ns 

ns 

150pf 

OUTPUT 
UNDER TEST 

COMMENTS 

Notes 13 & 15 

Notes 2 & 6 

Note 2 

SV 

2a2n 

1690 300pf 



~~M-i-cro-co-nt_ro_lle-r~~~~~~~~~~~~---Jl~~~8X_3_0_0~~~-
DC CHARACTERISTICS (Military Part) S8X300·1 -40'C :$TC:$ 100'C Vee= 5V ± 5% 

S8X300·2 -2o•c :$ TC :$ 100'C Vee = 5V ± 10% 

PARAMETER 

V1H High level input voltage 
X1, X2 
All others 

V1L Low level input voltage 
X1, X2 
All others 

V1c Input clamp voltage 
(Notes 1 & 5) 

l1H High level input current 
Xl, X2 

All others 

l1L Low level input current 
Xl, X2 

IVO-IV7 

10-115 

HALT, RESET 

Vol Low level output voltage 
AO-A12 

All others 

VoH High level output voltage 

ios Short circuit output current 
(Note 2) 

ice Supply current 
(Note 4) 

IREG Regulator control 

lcR Regulator current 

ICR Regulator current 

VcR Regulator voltage 

NOTES: 
1. Crystal inputs X 1 and X2 do not have clamp diodes. 
2. Only one output may be grounded at a time. 
3. From aeriea-paaaed transistor under the following conditions: 

VCC =Max, HALT• RESET• ADDRESS• IVX • O.OV, all other pins open. 
4. Pin 37 only. 

LIMITS 
TEST CONDITIONS 

Min Typ Max 
UNIT 

0.6 v 
2.0 v 

0.4 v 
0.8 v 

Vee= min -1.5 v 
11 = -10mA 

Vee= max 3.0 
V1H = 0.6V mA 
Vee= max 0.05 
V1H = 4.5V 

Vee= max -3.0 mA 
V1L = 0.4V 

Vee= max 
V1L = 0.4V -0.3 mA 

Vee= max 
V1L = 0.4V -1.6 mA 

Vee= max 
V1L = 0.4V -0.4 mA 

Vee= min 0.55 v 
IL= 4.25mA 
Vee= min 0.55 v 
loL = 16mA 

Vee= min 2.4 v 
loH = -3mA 

Vee= max -30 -140 mA 

Vee= max 160 mA 

Vee= 5.ov -14 -21 mA 

Vee= max 285 mA 

TC 2:: 25'C 
Vee= max 330 mA 

TC< 25'C 
(Note 3) 3.1 v 

5. Teat each input one at a time. 
6. All voltages are with respect to ground terminal. 
7. The operating temperature ranges are guaranteed after thermal equilibrium has been 

reached. 
8. Storagetemperature-65"C to +150°C. 
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____ a_x_ao_o __ J 
AC CHARACTERISTICS (Miiitary Part) CONDITIONS: S8X300·1-Vcc = 5V (±5%) ·40°C :5 Tc :5 100°C 

s0x300-2-Vcc = 5V C± 10%) -20°c :s Tc :s 100°c 

TEST CONDITIONS 
LIMITS 

PARAMETER 
(NOTES 1 & 2) Min Typ Max 

UNIT 

Clock: 
Tpc Processor cycle time 300 ns 

Tep X 1 clock period 150 ns 

TcH X 1 clock high time 62 ns 

Tel X 1 clock low time 62 ns 

Controls: 
THS HALT set-up time (X 1 rising edge) 0 ns 

THH HALT hold time (X 1 rising edge) 50 ns 

Instructions: 

TAS X 1 falling edge to address stable CL= 100pF 35 92 ns 

T1s Instruction set-up time (X 1 rising edge) 0 ns 

T1H Instruction hold time (X 1 rising edge) 50 ns 

TMCH MCLK high delay X1 = 2.0V 20 55 ns 

TMCL MCLK low delay X1 = 2.0V 20 55 ns 

TwH X 1 falling edge to SC I WC rising edge 80 ns 

TwL X1 falling edge to SC/WC falling edge 80 ns 

T11ss Instruction to LB/RB (input phase) 52 ns 

T1ss X1 falling edge to LB/RB (input phase) 24 ns 

Toss X1 falling edge to LB/RB (output phase) 90 ns 

T1os Input data set-up time (X 1 falling edge) 36 ns 

T10H Input data hold time (X 1 falling edge) 50 ns 

Toos Output data stable (X 1 falling edge) 125 ns 

TooH Output data hold time (X 1 falling edge) 35 85 ns 

TACC Instruction access time Provided by worst case timing 80 ns 

T10 Data I I 0 access time Provided by worst case timing 40 ns 

NOTES: 
1. Operating temperature ranges are guaranteed after thermal equilibrium has been 

reached. 
2. Unless otherwise noted CL "" 300 pF, VIN = 3V. 

TIMING CONSIDERATIONS (Commercial Part) 
As shown in the "AC CHARACTERISTICS" table for this part, 
the minimum instruction cycle time is 25 ns, whereas, the 
maximum is determined by the on-chip oscillator frequency 
and can be any value the user chooses. With an instruction 
cycle time of 250 ns, the part can be characterized in terms 
of absolute values; these are shown in the first "LIMITS" 
column of the table. When the instruction cycle time is great· 
er than 250 ns, certain parameters are cycle-time depen
dent; thus, these parameters are specified in terms of the 
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four quarter cycles (T 1 o. T 20· T 30· and T 40) that make up 
one instruction cycle-see 8X300 TIMING DIAGRAM. As the 
time interval for each instruction cycle increases (becomes 
greater than 250 ns), the delay for all parameters that are 
cycle-time dependent is likewise increased. In some cases, 
these delays have a significant impact on timing relation
ships and other areas of systems design; subsequent para· 
graphs describe these timing parameters and reliable meth· 
ods of calculation. 



Microcontroller 

8X300 TIMING DIAGRAM 

MCLK -~--""" 

1. 
I f--•w--J 
I 

8X300 

ADDRESS --------'--------'---------+-----,,,.,.,,77.>Jr----------------
(Ao-A12) -----------~----------'----_J""'""'""1'------------------

I· T!VA 

i TMIS~ i.- T1H ~ I 
I TMIH 1 

SC/WC --------+-----'-----'"' I I 

I I I 

:~ 
I 

' j''"" I l+-TwH 

I· ,, TuwH I 

(i1Al!i 
------------,--.J-Jl~1-----~,,DS~~,------JI'--------------' 

T11as---i r10~ • • 1 • roas 

OUTPUT 

~TMIDS~ I 
~ ~ TMOBS 

INPUT 

TMIDH 

T1DH 

OUTPUT 

TMWL 

f-··· HAIT---------~•M~•~•-- ~>-r-----~---_-_-_-_-_-_-_-_-_-_-_-_-_-_•_o_o:=:-+J __ _._ _____________ _ 

I J 

• INDICATES CHANGING DATA 

• INDICATES 3·STATE 

NOTE 
For an inatruction cycle time greater than 250 ne. 
the !JO bus can be stable sometime within the 
third quarter (T 30> cycle. 

~···--l 
r=i+----T-MH_H_--1 _____ ~,._T_MO_DS_~~---To_o_S~~~~~~~~:::1 

-----INPUT PHASE---_.. ___ ,OUTPUT PHASE------l 
I I I I I 
I IMtructlon Ng I ! _ ln•tntctlon addr... _ : -MCLK - _ ! 
~ open ~ j chMge• ~ ___, 

: I SC= M1~torl/0 
-----SC= WC= "O" I addrff•, WC= ·r tor ___ _, 

I I 110~ : 

----CW, Jll ... ;_Input DI• I Cl, Fil Ht~ output ct.t•-----+i 

! I ! : 
110 drlwers1 lt•-•tm• ("4--- 110 drtver• active If output dMll or _.., 

! I eddr ... to f/O BUS; ~,... ..... otherwl.. I 
-----1/0rec.ivenoiMn I I I 

I I I I 
: t+--,._-110t1Usatable~ 

1 Nore; : 
I 
I I I· 

,_ ______ _._ ____ ONE CYCLE ( ~250 ns) 

I 

Timing parameters for the 8X300 are normally measured 
with reference to X 1 or MCLK; those referenced to MCLK 
are prefaced with an "M" in the mnemonic-TMAS, TMIH, 
and so on. To determine the timing relationship between a 
particular signal, say "A" and MCLK, the user should, at 
all times, use the value specified in the table-DO NOT 

calculate the value by adding or subtracting two or more 
parameters that are referenced to X 1. When deriving timing 
relationships between two signals (A to B, etc.) by adding or 
subtracting the parameter values, the user must consis
tently use the same parameter reference-MCLK or X1. 
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8X300 

System determinants for the instruction cycle time are: 
• Propagation delays within the SX300 
• Access time of Program Storage 
• Enable time of the 1/0 port 
Normally, the instruction cycle time is constrained by one or 
more of the following conditions: 
Condition 1-lnstruction or MCLK to LB I RB (input phase) 

plus I I 0 port access time (TIO) ::5 IV data set
up time (Figure 4a). 

Condition 2-Program storage access time (TAGG) plus 
instruction to LB I RB (input phase) plus I IO 
port access time (TIO) plus IV data (input 
phase) to address ::5 instruction time (Figure 
4b). 

Condition 3-Program storage access time plus instruction 
to address ::5 instruction cycle time (Figure 
4c). 
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MCLK 

SC, WC, (I or Im «±=: 
:~: 
l~l 
I I I I 

1-3·-+i : 
I I I 

•·Condition #1 

MCLKto[]l:/j!Qj (Input 
ph .. e) or ln1tructlon to 
(l/ftl(lnputph8H). 

110 port 8CCHI {TIO). 

I (3, IV data Hl·up time 

:--= (r•f•r•nced to MCLK). 

I 

: I I I i ! I 

MCLK I I I I I 

AO·A12~i 
I I-+-~·-.!.,~ I t I i:J) Program1lor1g•1cc .. 1 
! : I I : : I I<, time. 

10-115 I I I t I I I ~, MCLK to LB/RB (Input 
1 I 2". 1 I phaH) orln1tructlonlo 
I I at:;/ I I ! LB/RB (lnputphaH). 

: I : I /Cf 1/0 port ICC•H (TIO). 

Lli,All! l I ( r,1 _! ,~, IVdat1(lnputpha1a)to 

I 1 I --l~'-3, :-~~ 1 addrHt. 
I I : ! I 

1Vo-iV7: : : ! I I 
b. Condition #2 

I 

I I 

~ 
10-115 

!11~1 
1:1~1 
I : : : : I I I : 
\ I 1 INSTRUCTION TO I I I I 
I I I ADDRESS I I 1 I I I f---+----+---+ __ __,_, 
1 I I I PROGRAM STORAGE 

ACCESS 

c. Condition #3 

Figure 4. Constraints of 8X300 Instruction Cycle Time 

From condition # 1 and with an instruction cycle time of 
250 ns, the I I 0 port access time (TIO) can be calculated as 
follows: 

TMIBS + TIO ::5 TMIDS 
transposing, TIO ::5 TMIDS - TMIBS 
substituting, TIO ::5 55ns - 25ns 

result, TIO ::5 30 ns 

Using 30 ns for TIO, the constraint imposed by condition # 1 
can also be used to calculate the minimum cycle time: 

TMIBS + TIO ::5 TMIDS 
thus, 25ns + 30ns ::5 T 1 Q t T 20 - 70 

25ns + 30ns ::5 y, cycle - 70 therefore, the 
worst-case instruction cycle time is 250 ns. With subject 
parameters referenced to X 1, the same calculations are 
valid: 

TIBS + TIO + TIDS ::5 11:1 cycle 
thus, 70ns + 30ns + 25ns ::5 % cycle therefore, 

the worst-case instruction cycle time is again 250 ns. From 
condition # 2 and with an instruction cycle time of 250 ns, 
the program storage access time can be calculated: 

TAGG + TllBS + TIO + TIVA ::5 250ns 
transposing, TAGG s 250ns - TllBS - TIO -TIVA 
substituting, TAGG ::5 250ns - 35ns - 30ns -105ns 

thus, TAGG ::5 sons hence, for an instruction cy
cle time of 250 ns, a program storage access time of SO ns 
is implied. The constraint imposed by condition #3 can be 
used to verify the maximum program storage access time: 

TIA + TAGG ::5 Instruction Cycle 
thus, TAGG s 250ns - 170ns 
and, TAGG ::5 SOns, confirming that a program 

storage access time of SO ns is satisfactory. 

For an instruction cycle time of 250 ns and a program stor
age access time of SO ns (Condition #2/Figure 4b), the 
instruction should be valid 10 ns before the falling edge of 
MCLK. This relationship can be derived by the following 
equation: 

250ns - TMAS - TAGG 
250ns - 160ns - sons 
10ns 

it is important to note that, during the input phase, the begin
ning of a valid LB/RB signal is determined by either the 
instruction to CTI/RB delay (TllBS) or the delay from the 
falling edge of MCLK to LB/RB (TMIBS). Assuming the in· 
struction is valid 10 ns before the falling edge of MCLK and 
adding the instruction-to-LB/RB delay (TllBS) = 30ns), the 
LB I RB signal will be valid 25 ns alter the falling edge of 
MCLK. With a fast program storage memory and with a valid 
instruction more than 10 ns before the falling edge of 
MCLK-the CTI/RB signal will, due to the TMIBS delay, still 
be valid 25 ns after the falling edge of MCLK. Using a worst
case instruction cycle time of 250 ns, the user cannot gain a 
speed advantage by selecting a memory with faster access 
time. Under the same conditions, a speed advantage cannot 
be obtained by using an I I 0 port with fast access time (TIO) 
because the address bus will be stable SO ns (TAS) after the 
beginning of the third quarter cycle-no matter how early 
the IV data input is valid. 



Microcontroller 

Internal Timing and Timing Relatlonahlpa 
All timing and timing-control signals of the 8X300 are gener
ated by the oscillator and sequencer shown in Figure 5. The 
sequencer outputs direct and control all of the timing param
eters specified in the TIMING DIAGRAM. Observe that each 
input quarter cycle bears a fixed relationship to X 1 via the 
propagation delay. 

General and interactive timing relationships pertaining to 
II 0 signals of the 8X300 are shown in Figure 6. Example-in 
the input phase, the switching point of the LB I RB signal is 
caused by the worst-case delay from the instruction to 
LB I RB or from the beginning of the first internal quarter 
cycle to LB I RB; the two arrows pointing to the LB I RB tran
sition indic,1te this "either I or" dependency. This information 
coupled with tabular values and the TIMING DIAGRAM pro
vides the user with the wherewithal to calculate any and all 
system timing parameters. 

CLOCK CONSIDERATIONS 
The on-chip oscillator and timing-generation circuits of the 
8X300 can be controlled by any one of the following 
me~hods: 

Capacitor: if timing is not critical 
Crystal: if precise timing is required 
External Drive: if application requires that the 8X300 be 
synchronized with system clock 

Capacitor Timing: A non-polarized ceramic or mica capaci
tor with a working voltage equal to or greater than 25-volts is 
recommended. The lead lengths of capacitor should be ap
proximately the same and as short as possible; also, the 

ADDRESS 
Ao-A12 

8XJOO 

_c· -·------ llCLK 

-,~ ~:~TER·CYCU: 
SEQUENCER 

SECONO 
QUARTER-CY CU.: 

I YHIMO r-- OUARTEA-CYClE 

i FOURTH 
r-·-- QUARTER.CYCLE 

J l L_ ____ ~ 

~----·-----~ 

Figure 5. Timing and Timing Control Signals of tho l!IX300 

timing circuits should not be in close proximity to external 
sources of noise. For various capacitor (Cxl values, !he 
cycle time can be approximated as: 

Cx (In pf) APPROXIMATE eve::~ TIME -~~~ 
100 1 300 ns I 

1;Jogo _L_ ;0! ~: _________ J 
~-------

·-----·---1 

I 

~-----···~-~--

HALT----------~ 

NOTES 
_ __;--

~ DENOTES CHANGING DATA 

~ DENOTES Hl-Z 

Figura 6. Timing Ralatlonshlpa of !IX300 1/0 Signals 
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8X300 

Crystal Timing: When a crystal is used, the on~chip oscilla
tor operates at the resonant frequency (t0) of the crystal; 
the series-resonant quartz crystal connects to the 8X300 
via pins 10 (X1) and 11 (X2). The lead lengths of the crystal 
should be approximately equal and as short as possible; 
also, the .timing circuits should not be in close proximity to 
external sources of noise. The crystal should be hermeti
cally sealed (HC type can) and have the following electrical 
characteristics: 
Type: Fundamental mode, series resonant 
Impedance at Fund11mental: 35-ohms maximum 
Impedance at Harmonics and Spurs: 50-ohms minimum 

. ··=-fl--fl--fl--
500 I I I I I I 

PULSE 

1* 
8X300 

QENERATOR MICROCONTROLLER 

son 
I' ... ~ 
l~- .. ~--lour = 500 VQUT = D-1 VOLT 

RISETIME '$,1DJ)SEC SKEW ..;;;1ona 

Figure 7. Clocking with a Pulse Generator 

RESET Logic 
The~ line (pin 43) can be driven from a high (inactive) 
state to a low (active) state at any time with respect to the 
system clock, that is, the reset function is asynchronous. To 
ensure proper operation, the RESET line should be held low 
(active) for one full instruction time. When the line is driven 
from a high state to an active-low state, several events 
occur-the precise instant of occurrence is basically a 
function of the propagation delay for that particular event. 
As shown in the acompanying ~timing diagram, these 
events are: 

• The Program Counter and Address Register are set to 
an all-zero configuration and remain In that state as 
long as the REftT llne Is low. Other than PC and AR, 
reset does not affect other internal registers. 

• The input/ output (IV) bus goes three-state and re
mains in that mode as long as the RESET line is low. 

• The Select Command and Write Command signals are 
driven low and remain Inactive as long as the RESET 
line Is low. · 

• The Left Bank/Right Bank signals are undefined for 
the period In which the RE!E'f fine Is low. 

During the time .fiEID is active-low, MCLK is inhibited; 
moreover, if the~ line is driven low during the last two 
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The resonant frequency (f0 ) of the crystal is related to the 
desired cycle time (T) by the equation fo = 2 /T; for a cycle 
time of 250 ns, fo = 8MHz. 

Using an External Clock: The 8X300 can be synchronized 
with an external clock by simply connecting appropriate 
drive circuits to the X1 /X2 inputs. Figure 7 shows how the 
on-chip oscillator can be driven from the complementary 
outputs of a pulse generator. In applications where the 
microcontroller must be driven from a master clock, the 
X1 /X2 lines can be interfaced to TTL logic as shown in 
Figure 8. 

_,.: 
···~ ... 

VL •• I I I I I I 
CLOCK- 8X3DO 

MICROCONTROLLER 
.1K . 

.,,.; 
··=~ ... 

• = OPEN COLLECTOR 

TTL DRIVER CHARACTERISTICS: 

FALL TIME ..0:10ojSEC 

SKEW BETWEEN COMPLEMENTARY OUTPUTS 
'510n• 

Figure 8. Clocking with TTL 

quarter cycles, MCLK can be shortened for that particular 
machine cycle. When RESET line is driven high (inactive)
one-quarter to one full instruction cycle later-MCLK ap
pears just before normal operation is resumed. The 
RE'SE'f I MCLK relationship is clearly shown by "B" in the 
timing diagram. As long as the RESET line is active-low, the 
HALT signal (described next) is not sampled by internal 
logic of the 8X300. 

HALT Logic 
The HAIT signal is sampled via internal chip logic at the end 
of the first internal quarter of each instruction cycle. If, when 
sampled, the HALT signal is active-low, a halt is immediately 
executed and the current instruction cycle is terminated; 
however, the halt r,ycle does not inhibit MCLK nor does it 
affect any internal registers of the 8X300. As long as the 
HALT line is active-low, the SC and WC lines are low (inac
tive) and the input I output (IV) bus remains in the three-state 
mode of operation. The halt cycle continues until, when 
again sampled, the HAIT line is found to be high; at this 
time, normal operation is resumed. Timing for the halt signal 
is shown in the accompanying diagram. 
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-· 
RESET TIMING DIAGRAM 

NOTES 

A0-.412-.. 

IV-BUS 
OUTPUTS----+-

SC&WC---+-

MCLK ~--

Note 2 

1. A. High to Low transition of the~ signal will force the Addresa Bus to an all-zero 2. The RESET signal cBin switch from low to High at any point within this time interval a:rid, 
configuration. in all cases, MCLK will occur at least one-quarter cycle time later aa shown. 

HALT TIMING DIAGRAM 

NOTES 

:.........._.______ HALT CYCLE -----I 

I 
3 1 2 3 4 1 1 2 3 4 

,,__JL__Jl__fl_JL_Jl_JL__Jl_ 
I 

---1 1..-- THH 

Noto 1 '"5-i :_ : Noto 2 

HAU ,-::::::~ ................ :.-._:.::::::.-: : I ----
--------~'' ''' ',' , , , , , , , , I r-r-r-rrrrrrrrrrrrr-------·-----

SC & WC 

\ \ \ \ '\ \ \ \ \ \' \ \ \ \ \ '\. I I I / / I////// I I/ I 
\ '\ \ \ \ \ \ \ \ \ \ \ \ \ \. \ \ /\ / / ///I I//// I I/ I 
'-'-'-'-'-'-'-'-'-'-'-'-'-'-'Y'-'---" +-'-.../ ..../_/ _/_/_/_/ _/..../../_/_/...../_/ 

TMHS-....... J 1--

3-SrAfE 
/ 

rn ... _~X~~X~~:~e11W'~-=><=

MCLK_SL_ ___ _ ~.--Jl-
1. The HACT signal can switch from High to Low at any time during thie interval THH-hold time from X1 to Hill (independent of inatruction cycle time) 

TMHs-set·up time from MCLK to HALT (dependent upon instruction cycle time) 

TMt+i-hold time from MCLK to HArf (dependent upon instruction cycle time) 

2. The HArr signal can switch from Low to High at any time during this interval. 

Timing Descriptions: 
THs-eet·up time from HACf to X1 (independent or instruction cycle time) 
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VOLTAGE REGULATOR 
All internal logic of the 8X300 is powered by an on-chip 
voltage regulator that requires an external series-pass tran
sistor. Electrical specifications for the off-chip power tran
sistor and a typical hook-up are shown in the accompanying 
diagram. To minimize lead inductance. the transistor should 
be as close as possible to the 8X300 package and the 
emitter should be ac-grounded via a 0. 1-microfarad ceramic 
capacitor. 
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Vee ~AMETER 

... 
8X300 BEQN 

VCESAT 

Tf';_c:• evceo 

NOTE: 
Typical approved parts-2N5320, 2N5337 

CONDITIONS UMITS 

vce = 2v; --50 
100mA -c.. IC< SOOmA 

VCE ""' SV; IC "' SOOmA 

IC = SOOmA; le = 50mA .c·o.sv 

>15V 

>30MH:i: 



MICROCONTROLLER 

FEATURES 
• Fetch, Decode, and Execute a 16·blt Instruction In a 

minimum of 200 nanoseconds (one machine cycle) 
• Bit-oriented Instruction set (addressable single-or· 

multiple bit subfields) 
• Separate buses for Instruction, Instruction Address 

and Three-State 1/0 
• Thirteen B·blt general-purpose working registers 
• Source/destination architecture 
• Blpolar low-power Schottky technology/TTL Inputs and 

outputs 
• On·chlp osclllator and timing generation 
• Slngle + 5V supply 
• 0.9-in. 50-pin DIP 

PRODUCT DESCRIPTION 
The Signetics 8X305 MicroController (Figure 1) is a high· 
speed bipolar microprocessor implemented with low
power Schottky technology. In a single chip, the 8X305 
combines speed, flexibility, and a bit-oriented instruction 
set. These features and other basic characteristics of the 
chip combine to provide cost-effective solutions for a 
broad range of applications. The 8X305 is particularly 
useful in systems that require high-speed bit manipula· 
tions - sophisticated controllers, data communications, 
very fast interface control, and other applications of a 
similar nature. 

The 8X305 can fetch, decode, and execute a 16-bit in
struction word in a minimum of 200 nanoseconds. Within 
one instruction cycle, the 8-bit data-processing path can 
be programmed to rotate, mask, shift, and/or merge 
single or multiple bit subfields and, in addition, perform 
an ALU operation; in the same instruction, an external 
data field can be input, processed, and output to a speci
fied destination - likewise, single or multiple bit data 
fields can be internally moved from a given source to a 
given destination. To summarize, fixed or variable-length 
data fields can be fetched, processed, operated on by the 
ALU, and moved to a different location - all in a time
frame of 200 nanoseconds. To interface with 1/0 and pro
gram memory, the 8X305 uses a 13-bit instruction ad
dress bus, a 16-bit instruction bus, an 8-bit bidirectional 
multiplexed 1/0 data/address bus and a 5-bit 1/0 control 
bus. 

A wide selection of 1/0 devices, interface chips, and 
special-purpose parts are available for systems use. In 
most applications, the more powerful 8X305 is function
ally interchangeable with its predecessor - the BX300. 

8X305 

Originally published by Signetics January 1984 

ASSOCIATED DOCUMENTATION 
Other documents directly relating to design and applica
tions use of the BX305 M icroControl ler are: 

• Product Capabi lilies Manual 
• 8X305 Users Manual 

These documents and other current literature (Data 
Sheets, Product Bulletins, Applications Notes, etc.) are 
available at all Signetics Sales and Service Offices-see 
rear cover of this data sheet for the office in your locality. 

PIN CONFIGURATION 

N, I PACKAGE 

TOP VIEW 

ORDER NUMBERS 

8X305N, BX3051 

SBX3051/883B, SBX3051/883C 
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Registers A1-R6, A11 and R14-R16 are general-purpose working registers. 
In any instruction where R7 (IVL) or R17 (IVR) is specified as the destination, the 8-bit value is 
output on the IV bus as an IV device enable address (SC= High)-R7 =left bank and R17 =right 
bank; the results are also stored into the specified internal register and may later be accessed 
as source data. 
R12 and R13 are general-purpose working registers for all operations except transmit (XMIT). 
The least significant bit of register A10 (OVF) is used to reflect the carryout status resulting from 
the most recent ADD operation. 
Auxiliary register RO #1 is a general-purpose working register that holds the implied operand for 
Arithmetic and Logical operations; the content of this register is repeated in AUX #2 (shown dotted). 
The duplicate register is physically part of the ALU and is shown separate only for layout 
convenience. 
Internal working registers cannot be operated on by the MASK logic. 
During NZT instructions the ALU tests for all bits equal to "O" (Transfer if A* 0)-refer to BASIC 
OPERATIONS that follow. 

Figure 1. Architecture and Pin Designations for 8X305 MicroController 
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Microcontroller l 8X305 

--
VCR~ ~VR 
A7~ ~Aa 
... @1 j!!l .. 
As~ ~A10 
.. rIJ ~A11 
AJ~ 

a: 
~A12 

A2~ ~HALT 
A1~ w ~RESET 

...I 
"i!J ...I ~MCI.II. 
x1§ 0 ~No x2§ 

It) a: ~IVi 
QNO§ ot- ~M 

lo@j ('I) z ~!VJ 
11~ ><o ~Vee 
12~ coo ~iV4 13§ 0 ~M 
14§ a: ~M 
•s§ 0 ~M 
la~ ~ ~RB 
11~ ~CB 
1,~ ~WC 
lg~ ~SC 
110~ ~l1s 
111~ ~114 
In~ ~l13 

PIN NO. IDENTIFIER FUNCTION 

1 VCR Regulated voltage input from series-pass transistor (2N5320 or equivalent). 

2-9. 45-49 Ao-A12 Program Address Lines: These active-high outputs permit direct addressing of up to 8192 words of program 
storage; A12 is least significant bit. 

10, 11 X1, X2 Timing generator connections for a capacitor. a series resonant crystal, or an external clock source with 
complementary outputs. 

12 GND Ground. 

13-28 lo -115 Instruction Lines: These active-high input lines receive 16-bit instructions from program storage; 115 is 
least significant bit. 

29 SC Select Command: When high (binary 1), an address is being output on pins IVO through IV7. 

30 WC Write Command: When high (binary 1), data is being output on pins IVO through IV7. 

31 LB Left Bank Control: When low (binary 0), devices connected to the Left Bank are accessed. 
the LB signal is tied to the ME input pin of 110 peripherals). 

(Note. Typically, 

32 RB Right Bank Control: When low (binary 0), devices connected to the Right Bank are accessed (Note. Typically, 
the RB signal is tied to the ME input pin of 110 peripherals). 

33-36, IVO-IV7 Interface Vector (Input/Output Bus) - these bidirectional active-low three-state lines communicate data 
38-41 and/or addresses to 110 devices and memory locations. A low voltage level equals a binary "1 "; IV7 is 

Least Significant Bit. 

37 Vee + SV power supply. 

42 MCLK Master Clock: This active-high output signal is used for clocking 1/0 devices and/or synchronization of 
external logic. 

43 RESET When RESET input is low (binary 0), the 8X305 is initialized - sets Program Counter/Address Register 
to zero and inhibits MCLK. For the period of timE RESET is low, the Left Bank/Right Bank (D'i/RB) signals 
are forced high asynchronously. 

44 HALT When HALT input is low (binary 0), internal operation of the 8X305 stops at the start of next instruction; 
MCLK is not inhibited nor is any internal register affected; however. both the Left Bank/Right Bank (LB/RB) signals 
are synchronously driven high during the first quarter of the instruction cycle time and remain high during 
the time HALT is low. 

50 VR Internally-generated reference output voltage for external series-pass regulator transistor. 

Figure 2. Designations and Descriptions for Pins of BX305 MicroController. 
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8X305 

FUNCTIONAL OPERATION 

Typical System Configuration 

Although the system hookup shown in Figure 3 is of the 
simplest form, it provides a fundamental look at the 
8X305 MicroController and peripheral relationships. As 
indicated, the 8X305 can directly address up to SK words 
of program storage - either ROM or PROM. The user 
interface (IVO through IV7) is capable of uniquely address-

PROGRAM STORAGE 
(READ ONLY MEMORY) 

BX' 18 ROM/PROM 

a: w ..... ..... 
0 

LI) a: 
ol..,z 
><o cou 

0 
a: 
u 
SE 

ing 256 Input/Output locations and, with additional bank 
bits (LB, RB), this number is expanded to 512 - each 
bank comprising 256 addressable locations. The address
able locations of each bank can be used in a variety of 
ways; a simple method of implementation is shown in 
Figure 3. When LB is active low, the left bank is enabled 
and any one of 256 locations within the RAM memory can 
be accessed for input/output operations. A similar set of 
"enable/access" conditions are applicable to the right 
bank when RB is active low. 

Legend: 

• = 110 DATA AND ADDRESS 
. =INSTRUCTION ADDRESS 
0', =INSTRUCTION 

8X350 RAM 
(256 x 8) 

LEFTBANK 

RIGHT BANK 

1-0F-256 
1....-1•----+t ADDRESSABLE 

LOCATIONS 

Figure 3. Typical 8X305 System Hookup 
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~~M-ic_r~-o-ntr-ol-ler~~~~~~~~~~~~~-Jl_~~S-X-30-5~~~-
BASIC OPERATIONS OF 8X305 Refer to a later discussion of "Instruction Fields" for a detailed examination of all operand 

fields and subdivisions thereof-"S" (50, 5 1), "D" (00, 0 1), "A", "L", "J", and "A". 

·MQYE OPER4 TIONS 

-- REGISTER-TO-REGISTER I 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 

(PRE-ALU) (POST·ALU) 

RO-R17 as specified by 
I-

Right rotate as specified 
t-

No operation. r-- No operation. 

t-1 
RO-A7, R11-R17 as 

"S" field of rnstruction. by "A" field of instruction. specified by ··o" field of 
instruction. 

REGISTER-TO-iV BUS :.! 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 

(PRE-ALU) (POST·ALU) 

R0-R17 as specified by 

I-
No operation. 

t-
No operation. r-- Shift and merge as 

t-
Variable length fi~ of iV 

"S" field of instruction. specified by "Do" and "L" bus- Left B!!!!< (LB) or 
fields of instruction. Right Bank (RB) as speci-

tied by "Do" and "D 1" 
fields of instruction. 

-- IV BUS-TO-REGISTER 
SOURCE DATA PROCESSING ALU DATA PROCESSING DESTINATION 

(PRE·ALU) (POST·ALU) 

variable length fi~ of TV 

i--
Right rotate and mask as 

i--
No operation. 

I--
No operation. 

i--
AO-A7, A11-A17 as 

bus- Left Bank (LB) or specified by "So" and "L" specified by "D" field of 
Right Bank (fm) as speci- fields of instruction. instruction. 
fied by "51" and "So" 
fields of instruction. 

14------------------ iV BUS-TO-IV BUS-----------------__, 
SOURCE DATA PROCESSING 

(PRE-ALU) 
ALU DATA PROCESSING 

(POST·ALU) 

Vanable length field of iV 
bus-Left Bank (CB) or 
Right Bank (RS) as speci
fied by "S 1" and "So" 
fields of instruction. 

r+ =~~~;,:~~a~~ ~.~~.?18a~~ ,~~ .. 1-- No operation. 

REGISTER-to-REGISTER 

REGISTER-TO-iii BUS 

ii7 BUS-to-REGISTER 

iV BUS-to-iV BUS 

fields of instruction. 

ANO OP&RATlONS 

REGISTER-to-REGISTER 

REGISTER-TOW BUS 

iV BUS-to-REGISTER 

TV BUS-to-iV BUS 

~} ~ 
~ 
~ 

REGISTER-to-REGISTER~} 
REGISTER-TO-iii BUS ~ 

IVBllS-to-REGISTER ~ 

iVBUS-to-iVBUS ~ 

Same as MOVE operations, except 
source data is ADDed to contents 
of AUXiliary Register RO via the 
ALU; if appropriate, Overflow 
Register R10 (OVF) is also set. 

Same as MOVE operations, except 
source data is ANDed with con
tents of AUXiliary Register RO via. 
the ALU. 

Same as MOVE operations, except 
source data is Exclusively ORed 
with contents of AUXiliary Register 
RO via the ALU. 

DESTINATION 

Variable length field of iV 
bus- left Bank (i:m or 
Right Bank (R8) as speci
fied by "Do" and "01" 
fields of instruction. 

l
~ 
~ 
~ 
~ 
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-8-X305 Jl __ _ 
~ XEC, REGISTER 

SOURCE DATA PROCESSING ALU DATA PROCESSING 
(PRE·ALU) (POST·ALU) 

AO-AH as specified by No operation. Add source data to 8-bit No operation. 
"S" field of instruction. t-1 I- field specified by instruc- 1--tion literal (O::s J ::s 3779). 

XEC, V BUS 

SOURCE DATA PROCESSING ALU DATA PROCESSING 
(PRE·ALU) (POST·ALU) 

Left or Right Bank of IV 

1--1 
Rotate and mask as r- Add masked field of 

I-
No operation. 

bus as specified by "S" specified by "So" and "L" source data to 5·blt literal 
field of instruction. fields of instruction. specified by "J" field of 

instruction (0 ::s J :s 379). 

.. NZT, REGISTER 

SOURCE DATA PROCESSING ALU 
(PRE-ALU) 

RO-R17 as specified by 

1--1 
No operation. 

1--
Test contents of source r-"$" field of instruction. register for all zeroes. 

~ NZT, IV BUS 

SOURCE DATA PROCESSING ALU 
(PRE·ALU) 

Left or Right Bank of iV 1--1 Rotate and mask as 1-- Test contents of masked r-bus as specified by "S" specified by ''So" and "L" field tor all zeroes. 
field of instruction. fields of instruction. 

XMIT, REGISTER 

SOURCE DATA PROCESSING ALU DATA PROCESSING 
(PRE·ALU) (POST·ALU) 

Os J s 377a-value 
specified by "J" field of 1--1 No operation. 1-- No operation. 

~ 
No operation. 

instruction. 

XMIT B·BITS IMMEDIATE, IV BUS 

SOURCE DATA PROCESSING ALU DATA PROCESSING 
(PRE·ALU) (POST·ALU) 

o s J s 3775-value 
specified by "J" field of 1--1 No operation. I- No operation. 

~ 
No operation. 

instruction. 

XMIT VARIABLE-BIT FIELD IMMEDIATE IV BUS 
SOURCE DATA PROCESSING ALU DATA PROCESSING 

(PRE·ALU) (POST·ALU) 

0 s J s 379-value 
I-

No operation. 
1--1 

No operation. 
1--

Shift and merge source 
specified by "J" field of data as specified by "Do" 
instruction. and "L" fields of 

instruction. 

540 

I-' 

r-

I-

~ 

~ 

I 
DESTINATION 

Replace 8 LSB of Address 
Register• with 8-blt sum 
from ALU. 

*PGM CTR unchanged. 

~1 

DESTINATION 

Replace 5 LSB of Address 
Register* with 5-blt sum 
from ALU. 

*PGM CTR unchanged. 

If S = 0, increment PC by 
1; if S¢0, replace 8 LSB 
of AA and PC with literal 
specified by "J" field of 
instruction. 

DESTINATION 

If S = 0, increment PC by 
1; if S"" 0, replace 5 LSB 
of AA and PC with literal 
specified by "J" field of 
instruction. 

~ 

DESTINATION 

RO-R7, R11, R14-R17. 
Load 8-bit integer speci· 
tied by "J" field into 
register specified by "0" 
field. 

DESTINATION 

Left (R1'!l_or Right (R13) 
Bank of IV bus as speci-
tied by "D" field of 
instruction. 

DESTINATION 

Left or Rlgtit Bank of iV 
bus as specified by "0" 
field of Instruction. 



--M-ic-ro-co-nt_ro_lle-r ____________ _..J LSX·-3-05 ___ _ 
JUMP (JMP) OPERATfON 

~-------------------~JMP,ADDRESS 

SOURCE DESTINATION 

O:S A,.,;; 177770-value 
specified by "A" field of 
instruction. 

Load Address Register 
---- - - --- - - --- - - --- - - ___ __,,.I and Progr&m Counter with 

Program Storage Interface 

As shown in Figure 3, program storage is connected to 
output address lines A0 through A12 (A12 = LSB) and input 
instruction lines 10 through 115. An address output on 
A0/A12 identifies one 16·bit instruction word in program 
storage. The instruction word is subsequently input on 
10 11 15 and defines the MicroController operation which is 
to follow - one instruction word equals one completed 
operation. Any TTL-compatible memory can be used for 
program storage provided the worst-case access time is 
compatible with the instruction cycle time used for the 
application -- see timing section for appropriate 
calculations. 

110 Interface and Control 

An 8-bit bidirectional 1/0 bus, referred to as the Interface 
Vector (IV) bus, provides a communication link between 
the MicroController and the two banks of 1/0 devices. The 
LB (Left Bank) and RB (Right Bank) control signals iden
tify which bank is enabled; when both LB and RB are high 
(inactive), neither bank is enabled and the TV bus is inac
tive (three-state). A functional analysis of the Left and 
Right Bank signals is shown below: 

Low Low 

Low High 

High Low 

High High 

FUNCTION 

This state is not generated by the 8X305. 

Enable left bank devices. 

Enable right bank devices. 

Disable all devices; iV bus is three-state. 

Both data and 1/0 address information are multiplexed on 
the fii' bus. The SC (Select Command) and WC (Write Com
mand) signals distinguish between data and 1/0 address 
information as follows: 

f ~" SC WC 

High Low Low 

Low Low Low l Low 
Low High 

Low High Low 

x High High 

r----
FUN CTI ON 

The ii/ bus is three· state and not 
a. looking for input dat 

The iV bus is readin g input data. 

Data is being output 

Address is being ou tput. 

This condition is ne ver generated. 

content~ of "A" field 

Data Processing 

Basically, the data processing path of the 8X305 consists 
of the Rotate/Mask logic, the Arithmetic Logic Unit (ALU), 
the Shift/ Merge functions, on-chip memory (sixteen 8-bit 
registers), and the bidirectional TV bus interface with its 
associated driver circuits and internal latches. The on· 
board memory and the W bus are connected to both in
puts and outputs of the ALU via internal 8-bit data paths 
- see Figure 1. Inputs to the ALU are preceded by right· 
rotate and data-mask functions; the ALU output is fol
lowed by the left-shift and merge operations. Depending 
on the desired operation, any one or all of the functions 
(Rotate/Mask/Shift/Merge) can operate on 8 bits of data in 
a single instruction cycle. For a summary of all data
processing capabilities, refer to BASIC OPERATIONS OF 
THE 8X305 described earlier in this data sheet. 

Instruction Cycle 

Each operation of the 8X305 is executed in a single in· 
struction cycle. The instruction cycle is internally divided 
into four equal parts - each part being as short as 50 
nanoseconds. Figure 4 shows the general functions that 

r---INPUTPHASE 1111!"1 -OUTPUTPHASE--.-1 

....1 J I .r 
I 1st I 2nd I 3,d I 4th I 
f..... QUARTER___._ .,..__QUARTER~ QUARTER~ Ol!ARTER·-J!t>-j 

sons sons sons sons 

INPUT 
INSTRUCTION, 

DECODE 
INSTRUCTION 

AND, IF 
REQUIRED, 

FETCH NEW 
DATA 

LATCH ANO 
PROCESS 

INPUT DATA 

NEXT 
INSTRUCTION 

ADDRESS, 
GENERATE 
CONTROL 

S!GNALS, AND 
SETUP 110 
DATA FOR 

OUTPUT 

LATCH 110 
ENABLING 

AOORESS O~ 
f!O DATA INTO 

SELECTED 
PERIPHERAL. 

, r MCLK L 
I . -(ACTIVE---! 

Notes: r STATE:.) 
1. New instruction must be accepted and latched at end of first quarter cycle. 
2. The lfO data latches are open for the first two quarter cycles, that is, for 100 

nanoseconds 
3. The address changes during third quarter cycle. 
4 iV bus dnvers are active (turned on) during tt1ird and fo1irth quarter cycles. 

Figure 4. Instruction Cycle and MCLK with: Crystal= 10MHz 
and Cycle Time= 200 nanoseconds. 
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8X305 

occur during each quarter cycle; specifics regarding mini
mum/maximum timing and other critical values are de
scribed later In this data sheet. During the first quarter 
cycle, a new Instruction from program storage is input via 
10-1 15 and decoded. If an 110 operation Is Indicated, new 
data is fetched from a specified Internal register or via the 
iV bus. At the end of the first quarter cycle, the new in
struction is latched into the instruction register. 

In the second quarter cycle, the 1/0 input data stabilizes 
and preliminary processing Is completed; at the end of 
this quarter, the iV latches close and final processing can 
be accomplished, thus completing the Input phase of the 
instruction cycle. During the third quarter cycle, the ad
dress for the next Instruction Is output to the Instruction 
address bus, iV control signals are generated, and both 
data and destination are setup for the remainder of the 
output phase. During the fourth quarter cycle, a master 
clock signal (MCLK) generated by the 8X305 is used to 
latch either the 1/0-enabllng address or the 1/0 data into 
peripheral devices connected to the iV bus; MCLK can 
also be used to synchronize any external logic with tim
ing circuits of the 8X305. To summarize the action, the 
first half of the Instruction cycle deals primarily with in
put functions and the second half is mostly concerned 
with output functions. 

INSTRUCTION SET 

General Format and Operating Principles 

The 16-blt instruction word (10 through 115) from program 
storage is input to the instruction register (Figure 1) and 
is subsequently decoded to implement the events to oc
cur during the current instruction cycle. 

The general format for each instruction word Is as fol
lows: 

I MSB LSB I 

BIT POSITIONS - 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

OPCODE OPERANO(S) 

The 3-bit operation code (OPCODE) define any one of 
eight classes of instructions; variations within each class 
are specified by the remaining thirteen operand bits. The 
eight instruction classes can be separated Into two con
trol areas - data and program; general functions within 
these areas are: 

• Data Control -

ADD } 
AND Arithmetic and Logic Operations 
XOR 

~S~E } Movement of Data and Constants 

• Program Control 

XEC } 
NZT Branch or Test 
JMP 

Instruction Fields 

As shown in Table 1, each instruction word consists of an 
operation code (OPCODE) field and from one to three 
operand fields. The possible operand fields are: Source 
(S), Destination (D), Rotate/Length (R/L), Literal (J), and 
Address (A). The OPCODE and operand fields are de
scribed in the paragraphs that follow the table. 

Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

INSTRUCTION WORD DESCRIPTION SEE FIGURE 4 

CONTROL INPUT OUTPUT 
SIGNAL PHASE PHASE 

CLASS= MOVE OPCODE=O OPERATION=(S) .-D 

Register-to· Register Move content of internal register specified by SC L Hit 0=079, He 

[ oJ 112 I 3 I •Is Ie I 7I sJ 9J10J11I12}3I14J:i5J 
S-field to internal register specified by D-field. 

WC L L 
Prior to the "MOVE" operation, right-rotate con· 

[OPCODE I s I A I D J tents of internal source register by octal value (0 LB H Lif0=07e 

s = 008-118 D=oo8-018, 118-118 
through 7) defined by the R·field. 

RB H LifD=He 

Rsglster-to-iV Bus (Note) Move contents of internal register specified by the SC L L 

lo l 1l 2l 3l 4l5 la l 1l sJ 9j10]_11l12J13]_14[15] 
S-tield to the fV bus. Before outputting on lV bus, 

WC L H 
data is shifted as specified by the least significant 

[ OPCODEl . S l L b~--d octal digit of the D-field and the bits specified by LB L if D=208-218 L if D=205-27s , 

D1_;_ Do 
the L-field are merged with the latched 110 data. lIB L if D=308-378 L if D = 305-375 

S=009-i75 D= 208-318 



~~M-ic-ro-oo-mr-ol-ler~~~~~~~~~~~~~-Jl __ ~-8X_3_0_5~~~-
Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Continued) 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

INSTRUCTION WORD DESCRIPTION SEE FIGURE 3 

CONTROL INPUT OUTPUT SIGNAL PHASE PHASE 
CLASS=MOVE OPCODE=O OPERATION=(S) -+D 

IV Bus-to-Register (Note) Move right-rotated TV bus (source) data specified by the SC L H11D=078,118 

[a I 1J 2J 31 •I5I•I ,I aJ •J10}~12}3}~1~ $-field to internal register specified by th~ 0-fiplrl The WC L L l OPCODEhls~-1 L l D J 
L-lield specrf1es the length of source data starting from 

LB the LSB-position and, if less than 8 bits, the remaining L if S = 205-275 LifD=07g 

bits are filled with zeros. RB L if S = 309-379 lifD=175 

s = 209-379 0:009-079, 119-175 

JV Bus·to·iV Bus (Note) SC L L 

[aI1J2J3I•I5JsI,JsJ•J10J11.l_12J13J111~ Move rrght-rotated iV bus (source) data specrfied by the WC L H 

[OPCODE I-s;-~s __ so I L }-o;- ~ o 00-J S-field to the 110 latches. Before outputting on Wbus. 
shift data as specified by the D-field; then merge source LB L ti S = 203-27a L If D = 20a-27s 
and latched 1/0 data as specified by the L (length) field. 

RB L if S = 309-379 L 11 D = 309-379 

5=209-375 0::::205-375 

CLASS=ADD OPCODE=1 OPERATION= (S)+ (AUX) --o 
Same as MOVE instruction class Same as MOVE instruction class except that contents Same as MOVE 1nstruct1on class 

of AUX {RO) register are ADDed to the source data. If 
there ia a "carry" from MSB, then R1 O (OVF) = 1 
(overflow), otherwise OVF = 0. 

CLASS=AND OPCODE=2 OPERATION= (5) A (AUX) --o 
Same as MOVE instruction class 

Same as MOVE instruction class except that contents 
Same as MOVE instruction class 

of AUX {RO) register are ANDed with source data. 

CLASS=XOR OPCODE=3 OPERATION= (5) "' (AUX) --o 
Same as MOVE instruction class Same as MOVE instruction class except that contents Same as MOVE instruction class 

of AUX {RO) register are Exclusively ORed with source 
data. 

CLASS=XEC OPCODE=4 OPERATION= Refer to Description 

Register Immediate Execute instruction at current page address offset by SC L L 

I :t~: 131 • I : 161718 I • I 10 I 11!121131141151 
J {literal) + (S). Return to nornial instruction flow unless WC L L 
a branch is encountered 

Execute instruction at an address determmed by replac- LB H H 

s = 009-175 J = 0005-3779 
ing the low-order 8 bits of the Address Register with RB H H 
the following denved sum: 

Value of literal (J-f1eld) plus contents of internal 

register specified by $-field 

The PC is not incremented and the overflow status 

{OVF) 1s not changed 

W Bus Immediate (Note) Execute mstruct1on at an address determined by replac-

[ oJ 1I 2J 3I ·I 51 sJ1J sI •I10I11I12.l_13l111~ ing the low-order 5 bits of Address Register with the SC L L 

followrng derived sum WC L L 

[ oPcooeI51 :~] L J J J 5-bit value of hleral (J-field) plus value of rotated 
source data spec1f1ed by S-f1eld. The L-fleld specifies LB L Ifs= 209-275 H 

the length of source data starting from the LSB pos1-
RB L if S = 309-379 H 

5=209-379 J = 009-375 tion and, if less than 8 bits, the remaining bits are 

filled with zeros; the Program Counter is not incre-
mented and the overflow status (OVF) 1s not 

changed. 

CLASS=NZT OPCODE=S OPERATION= Refer to Description 

Register Immediate SC L L 
[0I1I2I3I•I5Jsj_1Jsj_•J_10.l_1112l_13.l_111~ 

If data specified by the S-l1eld 1s not equal to zero, 1ump WC L L 
to current page address offset by value of J-fteld; other-

[oPcooeI s J J J wise, increment the Program Counter IB H H 

5=009-179 J = 0005-3779 If contents of internal register specified by S-field 1s non-
RB H H 

zero. transfer to address determined by replacing the 
low-order 8 bits of Address Register and Program 

Counter with "J", otherwise, increment PC. 
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Table 1. FUNCTIONAL DESCRIPTION OF INSTRUCTION SET (Concluded) 

INSTRUCTION WORD DESCRIPTION 

CLASS= NZT OPCODE=S OPERATION= Refer to Description 

1V Bua Immediate (Note) If right-rotated and masked IV bus is non-zero, transfer 

[ ol 1121314I sI sl 1I sl 9l11~J>~12(13}4[1~ to address determined by replacing low-order 5 bits of 
Address Register and Program Counter with ''J'', other-

[OPCODE1 .s J LI J J wise, increment PC. (The L-field specifies the length 

Js1: So 1 of source 1/0 data starting from the LSB·position and, 
if less than 8 bits, the remaining bits are filled with s = 20s-378 J =OOa-378 zeros.) 

CLASS=XMIT OPCODE=& OPERATION=J --D 

XMIT, Register Store 8-bit value specified by "J" into register specified 

I ~!c~l: 13141~IsI1IaIsI10111! 12l 13114l 1sl 
by "D". 

0=009-069, 119, 149-165 J = OOOa-377 a 
XMIT, W Bus Address Enable 1/0 device on the bank specified by "O", whose 

I ~!c~l0; 13141 ~I s 1 1 I s I s I 10 I 11 ! 12 I 13 I 14 I 1s I address is the 8-bit integer specified by "J". Address 
"J" is stored in register "D" 

D = 07s, 175 J = 0005-3775 
XMIT 8 Bits Immediate, W Bus (Note) Store value of 8-bit integer in the previously enabled 

I ~L~~: 13141 : I s I 71 a I s I 10 I 11 ! 12 I 13 I 14 I 1s I 1/0 port, at the bank destination (en or Fm) specified 
by "O". Contents of A12 or R13 remain uncha~ged. 

D= 125-13a J = 0009-3779 

XMIT Variable Bit Field Immediate, 1V Bus (Note) 
Transmit Least Significant "L" bits of "J" field to 
"L-bit" field of IV bus Specified by "D"; if "L" is greeted 

[ ol 1121314I sI sI 718I sI10I1~1~13I14}s] than 5 bits, the MSB bits of destination field is filled 

[OPCODE1 .o J LI J ] 
with zeros. 

Jo1:Do} 
D = 205-375 J = OOs-375 
CLASS=JMP OPCODE=7 OPERATION= Reier to Description 

Address Immediate Jump to address in program storage specified by 

I ~L~l: 13141 s I s I 7181 : I 10 I 11I12l 1a I 14 I 1s I A-field; this address is loaded into the Address Register 
and the Program Counter. 

A= OOOOOa-17777 8 
Note: 

So specifies the LSB of rotated input data field 
s1 specifies the bank of IV bus from which source data will be input 
Do specifies bit position in 1/0 device with which LSB of processed data will be aligned and 
o1 specifies the bank ofiV bus which will be the destination. 

STATE OF CONTROL SIGNAL 
DURING INSTRUCTION CYCLE -

SEE FIGURE 3 

CONTROL INPUT OUTPUT 
SIGNAL PHASE PHASE 

SC L L 
WC L L 

LB L if 5=209-279 H 

RB L if S=3o8-318 H 

SC L L 
WC L L 
[li H H 

RB H H 

SC L H 

WC L L 

TI! H LifD=075 

RB H LifD=17a 
SC L L 
WC L H 

LB H LifD=12a 
RB H L if D= 135 

SC L L 
WC L H 

LB L ii 0=205-275 L if 0 = 209-279 

RB L if 0=305-375 L if 0=308-378 

SC L L 
WC L L 
LB H H 

RB H H 

Operations Code Field. The 3-bit OPCODE field specifies 
one of eight classes of 8X305 instructions; octal designa
tions for this field and operands for each instruction 
class are shown In the preceding table. 

ly, for whatever operation is defined by the OPeration 
CODE. The "S" and/or "D" fields can specify an internal 
8X305 register or any one-to-eight bit field within an 1/0 
device; octal values and source/destination field assign
ments for all internal registers are shown in Table 2. 

Source (S) and Destination (D) Fields. The 5-bit "S" and 
"D" fields specify the source and destination, respective· 
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Table 2. OCTAL ADDRESSES AND SOURCE/DESTINATION FIELDS FOR 8X305 REGISTERS 

ADDRESS REGISTER DESIGNATION SOURCE 
DESH 

ADDRESS REGISTER DESIGNATION SOURCE 
DESTI· 

NATION NATION 

OOa 
RO (AUX)-General x x 108 

R10 (OVF-Overflow x 
purpose register register) 

01 8 
R1-General purpose x x 11 8 

R11-General purpose x x 
register register 

02~ 
R2-General purpose x x 128 

R12-General purpose x x 
register register (Note) 

033 
R3-General purpose x x 138 

R13-General purpose x x 
register register (Note) 

048 
R4-General purpose x x 148 

R14-General purpose x x 
register register 

058 
RS-General purpose x x 158 

R15-General purpose x x 
register register 

068 
R6-General purpose x x 168 

R16-General purpose x x 
register register 

R7-Special purpose R17-Special purpose 
078 register (refer to next x x 17a register (refer to next x x 

paragraph) paragraph) 

Note: 
A12 and R13 lunct1on as general purpose working registers for all operations except transmit (XMIT). During a transmit instruction where R12 or R13 1s the dest1nat1on. the 8-bit 
"J" field 1s 1mrnediately transferred to the iV bus. for this operation. the contents of the designated register remain unchanged 

In instructions where R78 (IVL) or R178 (IVR) is specified 
as the destination, the 8-bit value is output on the W bus 
as an 1/0 device address or memory location; register R7 
selects the Left Bank and register R17 selects the Right 
Bank. The results are also stored into the specified inter
nal register (R7 8 or R17 a) and may later be accessed as 
source data. When the iV bus is specified as a source 
and/or destination, the "S" and "D" fields are split into 
two parts, that is, 
• Source (S) = S1, S0 and Destination (D) = D1, D0 where, 

S0 specifies the LSB of rotated input data field 
S1 specifies the bank of W bus from which source data 
will be input 
D0 specifies bit position in 1/0 device with which LSB 
of processed data will be aligned and 
D1 specifies the bank of W bus which will be the 
destination 

DESIGNATES LEFT DESIGNATES LSB OF 

(2) OR RIGHT (3)~~110 DATA-REFER BANK OF fV BUS TO TEXT DESCRIPTIONS 

S1 So ~ 
OR OR .:!: 
01 Do ro--r--,-r--2-,---3--r-4--r-5---.--6-r--7, 

.._,_.._,_..__...._~,......_.,.....__,_._..,._, 

20,----~ t 1 

Notes: 

~~:-J 
24a---------~ 

25a----------~ 

26a-----------~ 

21,--------------' 

1. The field length of O-to-8 bits is specified by the "L" field. 
2. For the Right Bank, 308-378 perform equivalent 110 functions. 

Rotate (R) and Length (L) Field. The 3-bit R/L field per
forms one of two functions, specifying either the field 
length (L) for 110 operations or a right-rotate (R) for inter
nal operations. For a given instruction, the specified func
tion depends upon the contents of the Source (S) and 
Destination (D) fields. 
When an internal register is specified by both the source 
and destination fields, the "R" field is invoked and it 
specifies a right-rotate of the data srecified in the "S" 
field - see accompanying diagram. The source-register 
data (up to 8 bits) is right-rotated during the "input phase" 
of the instruction cycle (Figure 4) and this function is 
always performed prior to any ALU operation. (Note: The 
right-rotate function is implemented on the bus and not in 
the source register.) 

RIGHT-ROTATE FUNCTION 

Bit Position - O 1 2 3 4 5 6 7 

@I tl"l+ji 
When either or both of the source and destination fields 
specify a variable-length 1/0 data field, the "L" field speci
fies the length of the 1/0 data field - see following 
diagram. If the source field specifies an iV address 
(208-378) and the destination field specifies an internal 
register (008-07 8, 11 8-17 8), the "L" field specifies the 
length of source data; the source data is formed by right
rotating the iV bus data according to the source address 
and then masking result as specified by the "L" field. If 
length is less than 8 bits, all remaining bits are set to zero 
prior to processing data in the ALU. If the source field 
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specifies an internal register (00a-17a) and the destina
tion field specifies iV bus data (20a-37 al. the "L" field 
specifies the length of the destination data. To form the 
destination data, the ALU output is left-shifted according 
to the destination address and then masked to the re
quired length - see iV DATA LENGTH SPECIFICATION. 
The destination data is merged with data in the 1/0 
latches to finalize the iV bus data. Hence, a one-to-eight 
bit destination data field can be inserted into the existing 
8-bit 110 port without modifying surrounding bits. If both 
the source and destination fields specify iV bus data 
(20a-37 al. the "L" field specifies the length of both the 
source and destination data. 

JV DATA LENGTH SPECIFICATION 
(No Rotate Function Specified) 

01234567 

[] I I I I I I I 
I L = 1 
14--·-------- L = 2 

,__ ___________ L = 3 

f4------------- L = 4 
,__ _____________ L = 5 

.-.-------------- L = 6 
---------------- L = 7 

----------------- L = 0 

To form the source data, the iV bus input data is right
rotated according to the source address and then masked 
to the required length-see iV DATA LENGTH SPECIFI
CATION. If length is less than 8 bits, all remaining bits are 
set to zero before processing in the ALU. To form the 
destination data, the ALU output is left-shifted according 
to the destination address and masked to the required 
length specification. The destination data is then merged 
into the iV bus data that was used to obtain the source; 
thus, if the source and destination addresses are on the 
same bank, the iV bus data written to the destination 1/0 
Port appears unmodified, except for bits changed during 
the shift-and-mask operations. If the source and desti
nation addresses refer to different banks, the destination 
110 Port is changed to contain the contents of the source 
110 Port in those bit positions not affected by the destina
tion data. 

J Field. The 5-bit or 8-bit "J" field is used to load a literal 
value (contained in the instruction) into a register, into a 
variable 110 data field, or to modify the low-order bits of 
the Program Counter. The bit length of the "J" field is im
plied by the "S" and "L" fields in the XEC, NZT, and XMIT 
instructions, based on the following conditions: 

• When the Source (S) field specifies an internal register, 
the literal value of the "J" field is an 8-bit binary 
number. 
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• When the Source (S) field specifies a variable 1/0 data 
field, the literal value of the "J" field is a 5-bit binary 
number. 

A Field. The 13-bit "A" field is an address field which 
allows the 8X305 to directly branch to any of the 8192 
locations in Program Storage memory. 

Formation of Instruction Address 

The Address Register and Program Counter are used to 
generate addresses for accessing an instruction from 
program storage. The instruction address is formed in 
one of the following ways: 

• For all except the JMP, XEC, and a "satisfied" NZT 
instruction, the Program Counter is incremented by 
one and placed in the Address Register. 

• For the JMP instruction, the 13-bit "A" field contained 
in the JMP instruction word replaces the contents of 
both the Address Register and the Program Counter. 

• For the XEC instruction, the Address Register is loaded 
with bits from the Program Counter modified as fol
lows: 

XEC using fi.7 Bus Data - low-order 5 bits of ALU 
output replaces counterpart bits in Address Register 
XEC using Data from Internal Register - low-order 8 
bits of ALU output replaces counterpart bits in 
Address Register 

The Program Counter is not modified for either of the 
above conditions. 

• For a "satisfied" NZT instruction, the low-order 5 bits 
(NZT source is iV bus data) or low-order 8 bits (NZT 
source is an internal register) of both the Address Reg
ister and Program Counter are loaded with the literal 
value specified by the "J" field of instruction word. 

Data Addressing 

The source and/or destination addresses of the data to be 
operated upon are specified as part of the instruction 
word. As shown earlier, source/destination addresses are 
specified using a 5-bit code (OOa-37 a). When the most sig
nificant octal digit is a "O" or "1", the source and/or desti
nation address is an internal register; if the most signifi
cant digit is a 2 or 3, an iV bus operation is indicated - 2 
specifying a Left-Bank (LB) operation and 3 specifying a 
Right-Bank (RB) operation. The least significant octal 
digit (0 through 7) indicates either a specific internal reg
ister address or positioning information for the least sig
nificant bit when specifying iV bus data. Referring to 
Table 1, AUXiliary register RO (008) is the implied source 
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of the second argument for the ADD, AND, and XOR oper
ations. IVL register R7 and IVR register R17 (destination 
addresses 078 and 178 , respectively) provide a means of 
routing enabling address information to 1/0 peripherals. 
With IVL or IVR specified as the destination address, data 
is placed on the TV bus during the output phase of the in
struction cycle; simultaneously, a Select Command (SC) 
is generated to inform all 1/0 devices that information on 
the fV bus is to be considered as an 1/0 address. Since the 
contents of IVL and IVR are preserved, either register may 
later be accessed as a source of data. 

OESIGN PARAMETERS 

Hardware design of an 8X305-based system largely con
sists of the following operations: 

• Selecting and interfacing a Program Storage device -
ROM, PROM, etc. 

• Selecting and interfacing input/output devices - RAM, 
Ports, and other 8-bit addressable 110 devices. 

• Choosing and implementing System Clock - Capaci
tor-Controlied, Crystal-Controlled, or Externally-Driven. 

• Selection of an off-chip series-pass transistor. 

VOLTAGE REGULATOR 

All internal logic of the 8X305 is powered by an on-chip 
voltage regulator that requires an external series-pass 
transistor. Electrical specifications for the off-chip power 
transistor and a typical hook-up are shown in the accom
panying diagram. To minimize lead inductance, the tran
sistor should be as close as possible to the 8X305 pack
age and the emitter should be ac-grounded via a 0.1 
microfarad ceramic capacitor. 

Control outputs LB and RB are used to partition 1/0 bus 
devices into two fields of 256 addresses. With LB in the 
active-low state and a source address of 208-278 , the left 
bank of 1/0 devices are enabled during the input phase of 
the instruction cycle. With RB in the active-low state and 
a source address of 308-378, the right bank of devices are 
enabled. During the output phase, LB is low if the destina
tion address is 078 or 208-278, whereas RB is low if the 
destination address is 178 or 308-378. Each address field 
(LB and RB) can have a different 1/0 device selected, that 
is, data can be transferred from.a device in one bank to a 
device in the other in one instruction cycle. 

All information required for easy implementation of these 
design requirements is provided under the following 
captions: 

• Ordering Information 

• Voltage Regulator 

• DC Characteristics 

• AC Characteristics 

• Timing Considerations 

• Clock Considerations 
• HALT/RESET Logic 

PARAMETER CONDITIONS LIMITS ----vcc 

"•· VcE=2V; > 50 
1 OOmA < le < 500mA 

VBEoN VcE = 5V; le= SGOmA <'IV 
8X305 

VcESAT le= SOOmA; le== SOmA < 0.5V 

-c;;."c~ BVceo > 15V 

NOTE '• > 30MHz 
Typical appro'led parts~2N5320, 2N5337 
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DC CHARACTERISTICS (Commercial Part) 4.75V.;; Vee.;; 5.25V, o·c.;; TA.;; 1o•c 

ABSOLUTE MAXIMUM RATINGS 
Storage Temperature (Tsrn) ratings are from -65 to + 150'C 

PIN DESCRIPTION RATING UNIT PIN DESCRIPTION RATING UNIT 

Vee Supply voltage + 7.0 v All other pins Logic input voltage 5.5 v 
X1, X2 Crystal input voltage 2.0 v 

PARAMETER TEST CONDITIONS 
Min 

Vee Supply voltage 4.75 

V1H 
High level 0.6 
input voltage 2.0 

Vil 
Low level 
input voltage 

VoH 
High level 

Vee= min; loH= -3mA 2.4 
output voltage 

Vol 
Low level Vee= min; lol=6mA 
output voltage Vee= min; lol= 16mA 

VcR Regulator voltage Vee= 5V 

Vic Input clamp voltage Vee= min; 11N = - 10mA 

l1H 
High level 

Vee= max 
V1H = 0.6V 

input current V1H = 4.5V 

Low· level Vee= max; V1L = 0.4V Ill input current 

r---· 
Short circuit 

Vee= max; (Note: At any time, no 
las output current 

more than one output should be - 30 
connected to ground.) 

Ice Supply current Vee= max 

IREG Regulator control Vcc=5.0V -10 

r--· 
lcR F;legulator current Vee= max 

Notes: 
1 Operating temperature ranges are guaranteed after thermal equilibrium has been reached. 
2. All voltages measured with respect to ground terminal. 

LIMITS 

Typ Max 
UNIT COMMENTS 

5.0 5.25 v 
2.0 v X1 and X2 
5.5 A!I other pins 

0.4 v X1 and X2 
0.8 All other pins 

v 
--

0.55 v Ao through A12 
0.55 All other outputs 

3.1 v TA=O'C 
2.9 TA=70'C 

-1.5 v Crystal inputs X1 and X2 do not 
have internal clamp diodes 

4.0 mA X1 and X2 
50 ~A All other pins 

-3 X1 and X2 
-0.2 mA iVQ-IV7 
-1.6 10-115 
- 0.4 HALT and RESET 

-140 mA All output pins 

180 mA TA=70"C 
195 TA=O'C 

-25 mA 
Max available base drive for 
series-pass transistor 

200 
mA 

TA= ?O'C 
230 TA=O'C 

AC CHARACTERISTICS (Commercial Part) CONDITIONS: 4.75V" Vee<;; 5.25V; O'C" TA" 7o•c 
LOADING: (See test circuits) 

PARAMETER (Nole i) COMMENTS 

Min Typ 

Tpc Processor cycle time 200 ns 

Tep X1 clock period 100 

TcH X1 clock high time 50 

Tel X1 clock low time 50 ns 

I MCL MCLK low delay 15 40 15 40 ns 

Tw MCLK pulse width 40 60 T•o- 10 ns Note 2 

T Mooo Output driver turn on time 125 145 T :01~+25 /'0+45 ns Note 9 
____ MCLK fall._in~g,_e_dg~e _____ __._ ___ _,_ ___ _J_ ___ '--··-----'---~-2_0_+ __ ,;, ____ _,_ ____ . ___ _ 
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AC CHARACTERISTICS(Commercial Part) CONDITIONS: 4.75V,; Vee,; 5.25V;0°C,; TA,; 70°C 
(Continued) LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION) 

PARAMETER (Note 1) CYCLE TIME= 200ns) CYCLE TIME > 200ns) UNITS COMMENTS 

Min Typ Max Min Typ Max 

Toi 
Output driver turn-on time 

20 20 ns Note 10 
(SC/WC rising edge) 

Too Input data to output data 85 105 85 105 ns 

TMHS MCLK falling edge to HALT falling edge 30 T10 -20 ns Note 2 

TMHH HALT hold time (MCLK falling edge) 65 T10+15 ns Note 2 

TAcc Program storage access time 60 ns 

Tio 
110 port output enable time 

30 ns 
(LR/RB to valide IV data input) 

TMAS MCLK falling edge to address stable 140 Tia+ ns Notes 2, 3 & 4 
T20+ 40 

T1A Instruction to address 140 T20+90 ns Notes 2, 3 & 5 

T1vA Input data to address 85 85 ns Notes 3 & 6 

TMIS MCLK falling edge to instruction stable 30 T10- 20 ns Notes 2 & 10 

TMIH 
Instruction hold time 

55 
(MCLK falling edge) 

T10 +5 ns Notes 2 & 8 

TMwH 
MCLK falling edge to SC/WC 

105 125 T10+ T10+ ns Note 2 
rising edge T20 +5 T2o+ 25 

MCLK falling edge to SC/WC 
5 15 5 15 ns 

TMWL falling edge 

TMIBS 
MCLK falling edge to LB/RB 

10 25 10 25 ns 
(Input phase) 

T110s Instruction to LB/RB (Input phase) 25 25 ns 

TMOBS 
MCLK falling edge to LB/RB 

115 145 T10+ T10+ ns Note 2 
(Output phase) T2o + 15 T2o + 45 

TMIOS MCLK falling edge to input data stable 55 Tia+ ns Note 2 
T,o- 45 

TMIOH 
Input data hold time 

115 T10+ ns Note 2 
(MCLK falling edge) T20 + 15 

TMOOH 
Output data hold time 

11 11 ns 
(MCL.K falling edge) 

TMoos Output data stable (MCLK falling edge) 130 150 Tia+ Tw+ ns Note 2 
T2o + 30 T20+ 50 

NOTES: 
1. X1 and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 volts; all timing parameters are measured at this voltage level 
2. Respectively, r 10, r 20, r 30, and r 40 represent time intervals for the first, second, third, and fourth quarter cycles. 
3. Capacitive loading for the address bus is 150 picofarads. 
4. T MAS is obtained by forcing a valid instruction and an 110 bus input to occur earlier than the specified minimum set up hme. 

5. T1A is obtained by forcing a valid instruction input to occur earlier than the minimum set up time. 
6. TivA is obtained by forcing a valid 110 bus input to meet the m1n1urn set up time. 
7 T MIS represents the setup time required by internal latches of the 8X305. In system applications, the instruction input may have to be valid before the worst-case set up time in 

order for the system to respond with a valid t/0 bus input that meets the 110 bus input set up time \Tios and T MtoSl 
8. TMIH represents the hold time required by internal latches of the 8X305. To generate proper L81FiB signals, the instruction must be held valid until the address bus changes. 
9. The minimum figure for these parameters represents the earliest time that 1/0 bus output drivers of the 8X305 will turn on. 

10. This parameter represents the latest time that the output drivers of the input device should be turned off. 
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TEST CIRCUITS 

OUTPUT 
UNDER TEST 

SV 

379!1 

781!1 

150pf 

OUTPUT 
UNDER TEST 

sv 

2320 

1691! 

ABSOLUTE MAXIMUM RATINGS Storage Temperature (TsTGl ratings are from -65 to + 150°C 

PIN DESCRIPTION RATING UNIT PIN DESCRIPTION 

Vee Supply voltage +7.0 v All other pins Logic input pins 
X1, X2 Crystal Input voltage 2.0 v 

DC CHARACTERISTICS (Military Part) 4.5V s Vee s 5.5V, -55°C s Tc s + 125•c 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vee Supply voltage 4.5 5.0 5.5 v 

V1H High level input voltage 
0.6 2.0 v 
2.0 

VIL Low level input voltage 
0.4 v 
0.8 

VoH High level output voltage Vee= min; loH= -3mA 2.4 v 

Vol 
Low level output Vee= min; loL = 6mA 0.55 v 
voltage Vee= min; loL = 16mA 0.55 

3.5 
VcA Regulator voltage Vcc=5V 3.1 v 

2.6 

Vic Input clamp voltage Vee= min; 11N = - 10mA -1.5 v 

l1H High level input current Vcc=max 
V1H=0.6V 4.0 mA 
V1H=4.5V 50 µA 

-3 

l1L Low-level input current Vee= max; V1L = 0.4V 
-0.3 

mA 
-1.6 
-0.4 

Short circuit output 
Vee= max; (Note: At any time, 

los current no more than one output should -30 -140 mA 
be connected to ground.) 

Ice Supply current Vcc=max 
175 

mA 
205 

IAEG Regulator control Vcc=5.0V -10 -25 mA 

le A Regulator current Vcc=max 
180 

mA 
260 

NOTES: 
1. Operating temperature ranges are guaranteed after thermal equilibrium has been reached. 
2. All voltages measured with respect to ground terminal. 

550 A"'"" 19851 

300pt 

RATING UNIT 

5.5 v 

COMMENTS 

X1 and X2 
All other pins 

X1 and X2 
All other pins 

Ao through A12 
Al I other outputs 

Tc= -55°C 
Tc=O'C 
Tc= 125•c 

Crystal inputs X1 and X2 
do not have internal 
clamp diodes. 

X1 and X2 
All other pins 

X1 and X2 
IVO-IV7 
10-115 
HALT and RESET 

All output pins 

Tc=125'C 
Tc= -55'C 

Max available base drive 
for series-pass transistor 

Tc= 125°C 
Tc= -55°C 
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AC CHARACTERISTICS (Military Part) CONDITIONS: 4.5V "' Vee "' 5.5V; - 55•c ,; Tc ,; 125 •c 

LOADING: (See test circuits) 

LIMITS (INSTRUCTION LIMITS (INSTRUCTION) 

PARAMETER (Note 1) CYCLE TIME = 250ns) CYCLE TIME > 250ns) UNITS COMMENTS 

Min Typ Max Min Typ Max 

Tpc Processor cycle time 250 250 ns 

Tep X1 clock period 125 I 125 ns 

TcH X1 clock high time 62 62 ns 

TcL X1 clock low time 62 62 ns 

TMCL MCLK low delay 15 40 15 40 ns 

Tw MCLK pulse width 47 72 T4o-15 T,a + 10 ns Note 2 

TMOOO 
Output driver turn-on time 

145 175 Tia+ Tia+ ns Note 9 (MCLK falling edge) T20+ 20 T2a+50 

Toi 
Output driver turn-on time 

20 20 ns Note 10 (SC/WC rising edge) 

Too Input data to output data 80 115 80 115 ns 

TMHS MCLK falling edge to HALT falling edge 40 Tia-22 ns Note 2 

TMHH HALT hold time (MCLK falling edge) 80 Tia+ 18 ns Note 2 

TACC Program storage access time 90 ns 

Tio 
1/0 port output enable time 

40 ns 
(LB/RB to valid IV data input) 

TMAS MCLK falling edge to address stable 160 Tia+ 
T2a + 35 

ns Notes 2, 3 & 4 

TIA Instruction to address 160 T2a + 98 ns Notes 2, 3 & 5 

T1vA Input data to address 90 90 ns Notes 3 & 6 

TMIS MCLK falling edge to instruction stable 40 Tia- 22 ns Notes 2 & 10 

TMIH 
Instruction hold time 

70 Tia+8 Notes 2 & 8 
(MCLK falling edge) 

ns 

TMWH 
MCLK falling edge to SC/WC 

127 154 Tia+ T10+ ns Note 2 
rising edge T,a+ 2 T2a+ 29 

TMWL 
MCLK falling edge to SC/WC 

5 25 5 25 ns 
falling edge 

TMIBS 
MCLK falling edge to LB/RB 

10 35 10 35 ns 
(Input phase) 

T11es Instruction to LB/RB (Input phase) 30 30 ns 

T MOBS 
MCLK falling edge to LB/RB 

140 170 Tia+ Tia+ ns Note 2 
(Output phase) T,a + 15 T2a + 45 

TMIOS MCLK laling edge to input data stable 75 Tia+ ns Note 2 
T20 -50 

TMIDH 
Input data hold time 

140 Tia+ ns Note 2 
(MCLK falling edge) T2a + 15 

TMODH 
Output data hold time 

11 11 ns (MCLK falling edge) 

TMoos 
Output data stable 

150 180 Tia+ T10+ ns Note 2 
(MCLK falling edge) T2a + 25 T20 + 55 

NOTESo 
1. X1 and X2 inputs are driven by an external pulse generator with an amplitude of 1.5 volts; all timing parameters are measured at this voltage level. 
2. Respectively, T 10• T 20• T 30• and T 4a represent time intervals for the first, second, third, and fourth quarter cycles 
3. Capacitive loading for the address bus is 150 picofarads 
4. TMAS is obtained by forcing a valid instruction and an t/0 bus input to occur earlier than the specified minimum set up time. 

5. TIA is obtained by forcing a valid instruction input to occur earlier than the minimum set up time. 
6. TivA is obtained by forcing a valid 1/0 bus input to meet the minium set up time. 
7. TMIS represents the setup time required by internal latches of the BX305. In system app!ications, the instruction input may have to be valid before the worst-case set up time in 

order for the system to respond with a valid 110 bus input that meets the 110 bus input set up time \Tios and T MIDS). 
8. T MlH represents the hold time required by internal latches of the BX305. To generate proper LB1RB signals, the instruction must be held valid until the address bus changes. 
9. The minimum figure for these.parameters represents the earliest time that 110 bus output drivers of the 8X305 will turn on. 

10. This parameter represents the latest time that the output drivers of the input device should be turned off. 
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TIMING CONSIDERATIONS (Commercial Part) 

As shown in the AC CHARACTERISTICS table for the 
commercial part, the minimum instruction cycle time is 
200 nanoseconds; whereas, the maximum is determined 
by the on-chip oscillator frequency and can be any value 
the user chooses. With an instruction cycle time of 200 
nanoseconds, the part can be characterized in terms of 
absolute values; these are shown in the first "LIMITS" 
column of the table. When the instruction cycle time is 
greater than 200 nanoseconds, certain parameters are 
cycle-time dependent; thus, these parameters are speci
fied in terms of the four quarter cycles (T 1o, T 2o, T 30, and 
T 40) that make up one instruction cycle - see BX305 TIM
ING DIAGRAM. As the time interval for each instruction 
cycle increases (becomes greater than 200 nanoseconds), 
the delay for all parameters that are cycle-time dependent 
is likewise increased. In some cases, these delays have a 
significant impact on timing relationships and other 
areas of systems design; subsequent paragraphs 
describe these timing parameters and reliable methods 
of calculation. 

i I I I I 

MCLK - a::t1~ I I I SC, WC, LB I : I 1 

orRi i~@: i- i f : 

iVQ-IV7 \ ~: : : 
1~111 
I II I l I 

l-®-f-1 : : : 
I I I I 1 

Timing parameters for the 8X305 are normally measured 
with reference to MCLK. 

System determinants for the instruction cycle time are: 
• Propagation delays within the 8X305 
• Access time of Program Storage 
• Enable time of the 1/0 port 

Normally, the instruction cycle time is constrained by one 
or more of the following conditions: 

Condition 1 - Instruction or MCLK to LB/RB (input 
phase) plus 1/0 port access time (TIO) s 
fi7 data set up time (Figure 5a). 

Condition 2 - Program storage acce..!§_ time (TACC) 
plus instruction to LB/RB (input phase) 
plus 1/0 port access time (TIO) plus fi7 
data (input phase) to address s instruc
tion cycle time (Figure 5b). 

Condition 3 - Program storage access time plus in· 
struction to address s instruction cycle 
time (Figure 5c). 

f I I ' I ! i 

MCLK 

'0·'1s~~i~ 
I I I I 1 I I I I 

Ao-A12 : : : ~ I t 1 1 : : 

: : :1NSTRUCTION: l ! I I 

1 : 1TO ADDRESS! : 1 : : 

: : 1 1 PROGRAM : 
STORAGE 
ACCESS 

© MCLK to liJR!J!!!eut phase) or 
instruction to LB/RB (input phase). 

G) Program storage access time. 

@ IJO port access (flO). 

@ iV data set-up lime (referenced to 
MCLK). 

@ MCLK to Litli!.!t!!fUI phase) or 
instruction to LB/RB (Input phase). 

® 110 port access (TIO). 

© IV data (input phase to address. 

a. Condition #1 b. Condition #2 c. Condition #3 

Figure 5. Constraints of 8X305 Instruction Cycle Time 
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8X305 TIMING DIAGRAM 

MCLK -----' 

ADDRESS --------------------------

(Ao-A12) -----------.....,--------------~ 

~ INDICATES CHANGING DATA 

• INDICATES 3·STATf. 

Note: 
For an inatruction cycle time greater than 200 na, 
the If 0 bua can be atabla 1ometime within the 

third quarter (T 30) cycle. 

-----INPUT PHASE-------,OUTPUT PHASE-,' 
I I I I 

~ln•tructi0nr111__.; ~tnetr11ettonaddfff•~MClK"'9h_..J 
: °'*" : I cMngM ! I 
I t : SC= "1"1orl/0 : 

SC = w,c = "O" : addr~i:~: ·r for I 

----[I, 1111 Mt;,,, Input dlll• LI.. Mt for output .... ~ 
! ! l 

-----110 driv••1 thr ... •tail• ,...__ 110 drlv•• .ctlv• tf output ct.tti or --.,i 
! I llddr ... tol!OBUS~~~•otMrwlH I 

110 rec~v•• open J i : 
I t4---,.._.110buls._..--......i 
I --; I 
: Note1 I 

I I I 
-------+------ONE CYCLE -----+--~---__._, 

I 
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From condition #1 and with an instruction cycle time of 
200ns, the 1/0 port access time (TIO) can be calculated as 
follows: 

TMIBS+ TIO s TMIDS 
transposing, TIO s TMIDS=TMIBS 
substituting, TIO s 55ns - 25ns 

result, TIO s 30ns 

Using 30ns for TIO, the constraint imposed by condition 
#1 can also be used to calculate the minimum cycle time: 

TMIBS+ TIO s TMIDS 
thus, 25ns + 30ns s T 10 + T 20 - 45 

25ns + 30ns s 1/2 cycle- 45 therefore, 
the worst-case instruction cycle time is 200ns. With sub
ject parameters referenced to X1, the same calculations 
are valid: 

TIBS+ TIO+ TIDS $ 1/2 cycle 
thus, 45ns + 30ns + 25ns s 1/2 cycle therefore, 

the worst-case instruction cycle time is again 200ns. 
From condition #2 and with an instruction cycle time of 
200ns, the program storage access time can be 
calculated: 

TACC+ TllBS+ TIO+ TIVA s 200ns 
transposing, TACC s 200ns- TllBS-- TIO- TIVA 
substituting, TACC s 200ns- 25ns- 30ns- 85ns 

thus, TACC s 60ns hence, for an instruction 
cycle lime of 200ns, a program storage access time of 
60ns is implied. The constraint imposed by condition #3 
can be used to verify the maximum program storage ac
cess time: 

TIA+ TACC s Instruction Cycle 
thus, TACCs 200ns-140ns 
and, TACC s60ns, confirming that a program 

storage access time of 60ns is satisfactory. 

For an instruction cycle time of 200ns ar.d a program stor
age access lime of 60ns (Condition #2/Figure 5b), the in
struction should be valid at the falling edge of MCLK. This 
relationship can be derived by the following equation: 

200ns - TMAS- TACC 
= 200ns- 140ns - 60ns 

Ons 

It is important to note that, during the input phase, the 
beginning of a valid LB/RB signal is determined by either 
the instruction to LB/RB delay (TllBS) or the delay from 
the falling edge of MCLK to LB/RB (TMIBS). Assuming the 
instruction is valid at th"e falling edge of MCLK and 
adding the instruction-to-LB/RB delay (TllBS = 25ns), the 
LB/RB signal will be valid 25ns after the falling edge of 
MCLK. With a fast program storage memory and with a 
valid instruction before the falling edge of MCLK - the 
LB/RB signal will, due to the TMIBS delay, still be valid 
25ns after the falling edge of MCLK. Using a worst-case 
instruction cycle time of 200ns, the user cannot gain a 
speed advantage by selecting a memory with faster 
access time. Under the same conditions, a speed advan
tage cannot be obtained by using an 1/0 port with fast ac
cess time (TIO) because the address bus will be stable 

55ns (TAS) after the beginning of the third quarter cycle 
- no matter how early the iV data input is valid. 

CLOCK CONSIDERATIONS 

The on-chip oscillator and timing-generation circuits of 
the 8X305 can be controlled by any one of the following 
methods: 

Capacitor - if timing is not critical 
Crystal - if precise timing is required 
External Drive - if application requires that the 8X305 

be driven from a system clock 

Capacitor Timing. A non-polarized ceramic or mica 
capacitor with a working voltage equal to or greater than 
25 volts is recommended. The lead lengths of capacitor 
should be approximately the same and as short as possi
ble; also, the timing circuits should not be in close prox
imity to external sources of noise. For various capacitor 
(Cx) values, the cycle time can be approximated as: 

Cx(in pF) APPROXIMATE CYCLE TIME 

100 300ns 
200 500ns 

500 1.1µs 

1000 2.0µs 

Crystal Timing. When a crystal is used, the on-chip 
oscillator operates at the resonant frequency (f 0 ) of the 
crystal; the series-resonant quartz crystal connects to the 
8X305 via pins 10 (X1) and 11 (X2). The lead lengths of the 
crystal should be approximately equal and as short as 
possible; also, the timing circuits should not be in close 
proximity to external sources of noise. The crystal should 
be hermetically sealed (HC type can) and have the follow· 
ing electrical characteristics: 

Type - Fundamental mode, series resonant 
Impedance at Fundamental - 35 ohms maximum 
Impedance at Harmonics and Spurs - 50 ohms 

minimum 

The resonant frequency (10 ) of the crystal is related to the 
desired cycle time (T) by the equation: 10 = 2/T; thus, for a 
cycle time of 200 nanoseconds, f 0 = 10MHz. 

HALT Logic 

The HALT signal is sampled via internal chip logic at the 
end of the first internal quarter of each instruction cycle. 
If, when sampled, the HALT signal is active-low, a halt is 
immediately executed and the current instruction cycle is 
terminated; however, the halt cycle does not inhibit 
MCLK nor does it affect any internal registers of the 
8X305. As long as the HALT I ine is active-low, the SC and 
WC lines are low (inactive), the Left Bank (LB)/Right Bank 
(RB) signals are high (inactive), and the TV bus remains in 
the three-state mode of operation. Normal operation 
resumes at the next cycle in which HALT is high when 
sampled - see HALT TIMING DIAGRAM. 
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HALT TIMING DIAGRAM 
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Notes: 

1. The HALT aignel can awitch from High to Low at any time during thia interval. TI+!-hold time from X 1 to Hm (independent of instruction cycle time) 

TMHs-set-up time from MCLK to RAt:f (dependent upon instruction cycle time) 

T MhH-hold time from MCLK to HAtT (dependent upon instruction cycle time) 

2. The HALT aignal can awitch from Low to High at any time during !his interval. 

Timing Descriptions· 
TH5-aet-up time from HALT to X1 (independent of instruction cycle time) 

fm DENOTES Hl·Z 

Figure 7,. Timing Relationships ol BX305 110 Signals 
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Using an External Clock. The 8X305 can be synchronized 
with an external clock by simply connecting appropriate 
drive circuits to the X1/X2 inputs. Figure 8 shows how the 
on-chip oscillator can be driven from the complementary 
outputs of a pulse generator. In applications where the 
MicroController must be driven from a master clock, the 
X1/X2 lines can be interfaced to TTL logic as shown in 
Figure 9. 

. ··=~ 
500 

PULSE 

~ 
BX305 

GENERATOR MICROCONTROLLER 

500 

- •• K~ 

PULSE GENERATOR CHARACTERISTICS: 

zour =son Your = 0-1 YOL T 

RISETIME s 10ns SKEW '5i1Gn• 

Figure 8. Clocking with a Pulse Generator 

... 
··=~ ..,.. 

VL__j ,. 
CLOCK- 8X305 

, . MICROCONTROLLER 

......: ..... ··=~ • = OPEN COLLECTOR 

nL DRIVER CHARACTERISTICS: 

FALL TIME s 10ns 
SKEW BETWEEN COMPLEMENTARY OUTPUTS 
o;;:1ons 

Figure 9. Clocking with TTL 

RESET TIMING DIAGRAM 

MC!...K-

Notes: 

RESET Logic 

RESET (pin 43) can be driven from a high (inactive) state 
to a low (active) state at any time with respect to the 
system clock, that is, the reset function is asynchronous. 
To ensure proper operation, RESET must be held low 
(active) for one full instruction time. When the line is 
driven from a high state to an active-low state, several 
events occur - the precise instant of occurrence is 
basically a function of the propagation delay for that par
ticular event. As shown in the RESET TIMING DIAGRAM, 
these events are: 
• The Program Counter and Address Register are set to 

address zero and remain in that state as long as the 
RESET line is low. Other than PC and AR, RESET does 
not affect other internal registers . 

• The input/output (IV) bus goes three-state and remains 
in that condition as long as the RESET line is low. 

• The Select Command and Write Command signals are 
driven low and remain low as long as the RESET line is 
low. 

• The Left Bank/Right Bank (LB/RB) signals are forced 
high asynchronously for the period in which the RESET 
line is low . 

During the time RESET is active-low, MCLK is inhibited; 
moreover, if the RESET line is driven low during the last 
two quarter cycles, MCLK may be shortened for that par
ticular machine cycle. When RESET line is driven high 
(inactive)-one quarter to one full instruction cycle later, 
MCLK appears just before normal operation is resumed. 
The RESET/MCLK relationship is clearly shown by "B" in 
the timing diagram. As long as the RESET line is active
low, t.he HALT signal (described next) is not sampled by 
internal logic of the 8X305. 

RESUMENOllLJ-L 

1. A High to Low transilion or the JlnrT aignal will force the AddreH 811a to an all-zero 2. The RfSE'f signal can awitch frO!TI Low to High at any point within thla time interval and, 
c:onfiglll'alion. in all caaea, MCLK will occur at l•Ht-ona·qu1rt., cycle time lltet H 11hown. 
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INTERRUPT CONTROL COPROCESSOR Originally published by Signetics January 1984 

FEATURES 

• Three prioritized interrupts 

• Subroutine handling capabilities 

• 4-level LIFO stack for return address storage 

• Interrupt masking by software and hardware 

• Stack full flag 

• Directly compatible with 8X305 MicroController 

• Bipolar ISL (Integrated Schottky Logic) and low-power 
Schottky technology 

• Single +5 volt power supply 

• 0.6 inch, 40-pin DIP 

PRODUCT DESCRIPTION 

The Signetics 8X310 Interrupt Control Coprocessor llCCl 
supports the 8X305 MicroControl ler in systems that are 
interrupt driven and those that require subroutine handling 
capabilities. 

As shown in Figure 1, the ICC provides three prioritized 
interrupt request lines, INT O !highest priority), INT 1 and 

INT 2. A low-to-high transition applied to any of these input 
lines latches in an interrupt request which may be serviced 
when sampled by the ICC once each instruction cycle of 
the MicroController. When an interrupt request is serviced, 
the ICC forces the MicroController to jump to one of three 
fixed locations in program memory: instruction addresses 4, 
5, and 6 correspond to INT 0, INT 1 and INT 2. At each of 
these addresses, the user programs a JMP instruction to 
another address where the user's interrupt service routine 
begins. 

During interrupt servicing, the ICC also stores the proper 
return address into a four deep, Last-In-First-Out ILIFQ) 
stack. At the conclusion of the interrupt service routine, the 
user program instructs the ICC to return to the main pro
gram at the location previously stored in the stack. The 
return operation is implemented by coding a special 
RETURN instruction which is decoded directly off the 
instruction bus by the I CC. There are five such special 
instructions relating to inrerrupt and subroutine handling 
functions performed by the ICC. These instruction codes 
are all treated as non-operational instructions INOPsl by the 
MicroController. 

(" '-;' lo-115 PROGRAM MEMORY Ao-A12 ""\ 

INSTRUCTION C. 
ADDRESS 

BUS J BUS 

INTO ROM t---- STACK FULL 
DISABLE 

INT1·----

INT2---- 8X310 
INTERRUPT INTERRUPT CONTROL 

DISABLE 
COPROCESSOR 

lo-115 Ao-A12 
MCLK HALT 

1 l 
MCLK HALT 

".:i 8X305 
\... lo·hs MICROCONTROLLER Ao-A12 

== 
,/ -v 

1~-iv; 

t 
SYSTEM INTERFACE IV BUS 

Figure 1. Typical System Connections Using ICC 
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An internal one-bit mask 1s used to inhibit interrupt servic
ing. Whenever the mask is set, the ICC does not respond to 
any pending interrupt requests; however, any requests 
remain latched for future servicing. The mask can be set 
and cleared either by tt1e user program or automatically dur
ing certain ICC functions. The special instructions SET 
MASK and CLEAR MASK are provided for user control. The 
Interrupt Disable input also inhibits interrupt request 
servicing. 

The ICC provides a facility for implementing subroutines in 
the user program. A special PUSH instruction directs the 

8X310 PACKAGE AND PIN DESIGNATIONS 

N, I PACKAGE 

Vee 

A, .. A, ., Arn 

... .,, ., .,, ., HA.LT 

A, 10 

"' STF 

INT o 
INT1 MCLK 

INT 2 '" 
'" 
'" ,,, 
'" 
Im 

GND 

TOP VIEW 

ORDER NUMBERS 

NBX310N, N8X3101 
S8X3101/8838, SSX310!/883C 

Pin 
No. Identifier Function 

1, 20 GND Ground. !Note: The printed circuit 
board should not use the ICC as a 
bridge for external ground.I 

2-9, A7-Ao, Program address input lines from 
35-39 A12-Aa MicroController. Active high. Ao is 

MSB. 

10-12 INT 0-INT 2 Interrupt request input pins. INT 0 has 
the highest priority and INT 2 the 
lowest -- Edge-triggered on a low-to-
high transition. 
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ICC to store the return address into the stack in a manner 
similar to interrupt servicing. The jump to the subroutine, 
however, is performed by the user program. Subroutines 
may be nested (called from within other subroutines! 
depending on remaining vacancies in the four deep stack. 

In general, the ICC adds some useful and very flexible facili
ties to the 8X305-based system. !t offers both hardware and 
software capabilities that can improve efficiency and 
decrease program size. These features, from both a chip 
and system aspect, are described in subsequent 
paragraphs. 

13-19, lo-16, Bidirectional instruction bus; lo is 
21-29 l7-l15 MSB. When acting as an input, the 

I CC decodes the instruction flow 
!binary pattern on lo-hsl between 
program storage and the 
MicroController. During an interrupt 
or return cycle, the ICC outputs a 
JMP instruction to the 
MicroController via these lines --refer 
to FUNCTIONAL OPERATION of 
ICC. 

30 MCLK ~aster ~Loc.!5_ - active high input 
from 8X305 MicroController used for 
a timing reference and system 
synchronization. 

31 RD £3.0M (or PROMI Qisable - active 
high output used to disable normal 
program storage so that the ICC can 
force an instruction to the 
MicroController. 

32 STF STack full - active tiigh output. 
When the LIFO stack is full, STF goes 
high and remains high until at least 
one register in the 4-level stack is 
empty. 

33 ID !nterrupt Qisable - active high. When 
this input pin is driven high, servicing 
of all interrupt requests is suspended. 

34 HALT Active low output. Suspends all 
processing operations of the 
MicroController during period when 
the source of ii 1struction data is 
changing between the ICC and 
program storage. 

40 Vee +5 volt power supply. 



Interrupt control coprocessor l 8X310 

------
FUNCTIONAL OPERATION 
Basic Functions 
The ICC performs the three general functions indicated 
below. 

Function 1: Provides a means for the 8X305 MicroController 
to respond to interrupt requests by diverting the program 
flow of the 8X305 MicroController to the proper interrupt 
service routine or, in the case of a subroutine, the ICC 
stores the return address in the 4-level LIFO stack if1gure 
2). 

Function 2: Returns the user to the proper point in the main 
program for both interrupt and subroutine activities. 

Function 3: Provides both automatic and programmed 
masking capabilities. 

Interrupt Requests and Priority Considerations 
An interrupt is requested when any one of the ICC input 
pins INT 0, INT 1, or INT 2 undergoes a low-to-high transi
tion; this request is temporarily stored in an internal 
edge-triggered latch that corresponds to the affected inter
rupt input. The interrupt request latches are part of the 
Priority and Mask Logic shown in Figure 2. Unless masked 
or otherwise disabled, the ICC samples these latches once 
each instruction cycle. Any or all of the latches may be set 
when sampled by the ICC; however, only the iGterrupt of 

4-LEVEL 
LIFO STACK 

PRIORITY 
ANO MASK 

LOGIC 

highest priority will be serviced - the remaining interrupts 
will be held 1n queue. Thus, if INT 0, INT 1 and INT 2 simul
taneously compete for service, INT 0 is the first to be 
serviced followed, in order, by INT 1 and INT 2; likewise, if 
INT 1 and INT 2 compete for service, INT 1, being of higher 
priority will be serviced first. The CLEAR INTERRUPT 
instruction resets all interrupt request latches without affect
ing an interrupt service routine that is already in progress. 

The highest priority interrupt request will be serviced when 
sampled by the ICC provided interrupts in general are not 
inhibited and a previous interrupt of equal or higher priority 
is not currently being serviced. The general masking of 
interrupts is discussed later. To determine priorities, the 
ICC keeps track of any interrupt that is serviced until the 
corresponding service routine returns. A subsequent 
interrupt request may interrupt a service routine in progress 
only if it is of a higher priority than that of the current 
interrupt being serviced. If, for example, INT 1 is requested 
and serviced, then before its service routine finishes, a 
request on INT 0 can be serviced as a second level 
interruption. However, a request on INT 2 or a second 
request on INT 1 must wait until the original INT 1 service 
routine returns. The interrupt service routine that was inter
rupted will resume execution at the point of interruption 
when the higher priority service routine returns li.e. in the 
same manner as when returning to the main program!. 

JUMP 
TABLE 

INSTRUCTION 
DRIVERS 

INSTRUCTION 
RECEIVERS 

AND DECODE 

CONTROL 
LOGIC 

,----0--GNO 

J:.-®--GND 

STF 

--@)--Vee 

MCKL }--------------------'"l ___ _jr----~N6~~~~~ CHIP 

Figure 2. 8X31 O Interrupt/Control Coprocessor - Functional Block Diagram 
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Interrupt Servicing 

Interrupts are sampled only at the conclusion of an instruc
tion cycle while the next instruction is being fetched from 
Program Memory. 

When an interrupt request is serviced, the following general 
steps are performed: 

• Address of the instruction that would normally be exe
cuted next is pushed into the 4-level LIFO Stack I Figure 
2l for subsequent return to the main program. 

• The ICC disables program storage and forces a JMP 
instruction onto the Instruction bus of the BX305 Micro
Controller. !Note: Because of timing considerations, the 
HALT signal is driven low to suspend operation of the 
MicroController for one instruction cycle; this permits 
the source of instruction data to change from program 
storage to the ICC without conflict.) The JMP instruction 
from the ICC transfers the MicroController to one of the 
three fixed program locations shown below. In each of 
these addresses, the user will normally store a JMP 
instruction to the interrupt service routine for that partic-

Address Instruction 

0 lanyl 

• • . . 
3 JMP MAIN 

4 JMP SERVO 

5 JMP SERV1 

6 JMP SERV2 

7 MAIN lanyl 

• . 
• • 

SERVO lanyl 

• • 
• • 

MAIN R6,R6 

SERV1 lanyl 

• • 
• • 

MOVE R6,R6 

SERV2 lanyl 

• • 
• • 

MOVE R6,R6 
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ular interrupt. Details of these operations are described 
later. 

INTO 
INT 1 
INT2 

Return from Interrupt Service Routine 

Address 4 
Address 5 
Address 6 

Upon completion of the interrupt service routine, the user 
codes the special RETURN instruction. When executed, the 
ICC performs the following steps · 

• The return address is popped from the LIFO stack. 

• The ICC disables program storage and forces a JMP 
instruction onto the MicroController instruction bus with 
the return address from the stack. !The HALT signal is 
driven low for one instruction cycle.l 

• The JMP instruction from the ICC transfers the Micro
Controller to the instruction that was about to execute at 
the time the interrupt was taken 

A typical structure for a user program which handles inter
rupts is shown in the following example: 

Comment 

First instruction executed after system reset 

Jump around interrupt vector locations. 

Service INT 0 interrupt. 

Service INT 1 interrupt. 

Service I NT 2 interrupt. 

Continue main program. 

Begin INT 0 service routine. 

ICC RETURN instruction. End INT 0 service 
routine !resume main program execution!. 

Begin INT 1 service routine. 

RETURN from INT 1 service routine. 

Begin INT 2 service routine. 

RETURN from INT 2 service routine. 
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Instruction Set 

The five instructions shown in Table 1 allow the user to effi
ciently manage both the interrupt and subroutine 
capabilities of the ICC in an 8X310/8X305-based system. 
When an ICC instruction appears in the program, it is inter-

Table 1. INSTRUCTION SET FOR ICC 

Instruction Codes 

Instruction Assembler Binary 

8X310 

preted as a NOP by the 8X305 but is captured and decoded 
by the ICC to perform the desired function. The capture
and-decode functions of the chip are automatic. Assembly 
and object codes for each ICC instruction are shown in 
Table 1. 

8X305 Description 
Operation of ICC Operation 

lo= MSB 115= LSB 
j j 

SET MASK MOVER5,R5 000 00101 000 00101 NOP When executed, sets 
interrupt mask, thus 
inhibiting all interrupt 
servicing. 

CLEAR MASK MOVE R4,R4 000 00100 000 00100 NOP When executed, clears 
interrupt mask for all 
interrupts 

RETURN MOVER6,R6 000 00110 000 00110 NOP When executed returns 
program to address at 
top of LIFO stack. 

PUSH MOVE R3,R3 000 00011 000 00011 NOP Pushes "address+ 2" 
onto stack if PUSH is 
programmed on odd 
address in program 
memory and "address+ 
1" if PUSH is 
programmed on even 
address. 

CLEAR MOVE R2,R2 000 00010 000 00010 NOP Clears all interrupt 
INTERRUPT 

Interrupt Masking Operations 

Certain operations performed by the ICC and also some 
system considerations require that program execution not 
be interrupted for a specified interval of time. The servicing 
of interrupts by the ICC can be inhibited in a number of 
ways. Any time interrupts are inhibited, the ICC ignores any 
latched interrupt requests. However, the interrupt request 
latches are not cleared so that any previously pending 
requests remain latched. Also, during an interval when 
interrupt servicing is inhibited, any new interrupt signals 
received will get latched. As soon as interrupt servicing is 
enabled, any latched requests can be serviced on a priority 
basis. 

The primary means of inhibiting interrupt servicing is the 
internal one-bit mask Uatchl. This mask can be set (to inhibit 
interrupts! or cleared under control of the user program 
using the special ICC instructions SET MASK and CLEAR 
MASK - See Table 1. With these instructions, segments of 

. . 
-·----·---·---·------·· 

requests; an interrupt 
service routine that is in 
progress is unaffected. 

the user program can be isolated so as to proceed without 
interruptions. Frequently, uninterruptable segments are 
needed at the very beginning of the user program (initializa
tion routine! and at· the beginning of, or throughout an 
interrupt service routine. To facilitate this, the ICC automat
ically sets the mask whenever the MicroController executes 
address zero (typically resulting from a system resell and 
whenever the ICC services an interrupt. The ICC also auto
matically clears the mask after performing a RETURN 
operation from an interrupt service routine; a RETURN from 
a subroutine does not affect the status of the interrupt 
mask. 

The Interrupt Disable urn input pin may also be used to 
inhibit interrupt servicing. Interrupt servicing remains dis
abled as long as a high level is applied to the input. The ID 
input has no effect, however, on the status of the internal 
interrupt mask. 
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To ensure proper program flow, the ICC suspends interrupt 
servicing momentarily during certain situations. During the 
cycle in which the MicroController encounters an XEC 
IExecutel instruction an interrupt will not be serviced. This 
is because the XEC causes the MicroController to issue an 
address of an instruction to be executed out of the 
sequence of normal program flow. This would not be a valid 
address. 

Interrupts are also suspended during execution of a PUSH 
or RETURN instruction and the instruction immediately fol
lowing. This ensures proper operation of the LIFO stack. In 
addition, no interrupts are latched or serviced and no spe
cial ICC instructions are decoded at address zero which 
resets the ICC. 

Subroutine Calling 
The ICC provides for subroutine calling by storing the 
proper return address into the LIFO stack under control of 
the user program. Two instructions are required to imple
ment a subroutine call - a PUSH instruction executed by 
the ICC and a JMP to the subroutine executed by the 
MicroController. The PUSH instruction is normally pro
grammed at an odd-numbered address in program memory 
immediately followed by the JMP. When the PUSH instruc
tion is executed, the ICC finds the address of the next 
instruction IJMP to subroutine) on the MicroController's 
address bus. internally changes the least-significant bit to 
one !effectively adds one to the address) and stores this 
into the stack. Program execution proceeds normally and 
the MicroController makes the jump to the beginning of the 
subroutine. The subroutine may be located at any conve
nient place in program memory. 

Upon completion of the subroutine, the user codes the 
RETURN instruction in the same manner as for an interrupt 
service routine. At that point, the ICC forces the MicroCon
troller to resume execution of the main program at the 
instruction immediately following the JMP-to-subroutine 
instruction. 

Stack Operation 

The LIFO stack holds up to four 13-bit program addresses 
which allows the ICC to return from a subroutine or inter
rupt service routine. When all four stack locations are filled, 
the STack Full ISTFl output pin is driven high and remains 
high until a RETURN lor resell operation occurs. If an addi
tional interrupt is serviced or subroutine called while the 
stack is full, the stack will overflow and the olde!!t return 
address will be overwritten and lost. That is, the stack 
retains the four most recent entries. After an overflow, the 
status of the STF output is not valid !until a reset operation 
occurs). 

To prevent an interrupt from overflowing the stack, the user 
can connect the STF output directly to the Interrupt Disable 
110) input of the ICC. Then, even if the internal mask and 
priorities permit interrupt servicing, the interrupt request 

5.62 

The code for a typical subroutine call-and-return is shown 
in the following example. 

Address Instruction Comment 

Xlany MOVE R3,R3 PUSH instruction 
odd-numbered initiates subroutine 
address) call by causing ICC 

to push the address 
X+2 onto the stack. 
!The PUSH instruc-
tion is interpreted 
as a NOP by the 
MicroController.) 

X+1 !even) JMPSUBR The MicroCon-
trailer JMPs to the 
beginning of the 
subroutine. 

X+2 !odd) !any instruction) Main program exe-
cution resumes 
here after RETURN 
from subroutine. 

• • 
• • 
• • 
SUBR !any !any instruction) Execution of sub-
addressl routine starts here. 

• • 
• • 
• • 
!any address) MOVE R6,R6 RETURN instruc-

tion causes ICC to 
transfer program 
back to X+2. 

must still wait for the most recent service routine or subrou
tine to return. 

Because subroutine calling is controlled explicitly by the 
user software, the user can always ensure that subroutine 
nesting alone could not overflow the stack. However, care 
must be taken whenever calling a subroutine from within an 
interrupt service routine since the number of remaining 
stack locations may vary at the time the interrupt is taken. If, 
for example, three stack locations are already filled ISTF is 
low) at the time an interrupt is serviced, then a subroutine 
call executed within the interrupt service routine would 
cause the stack to overflow and the earliest return address 
to be lost. 

As mentioned earlier, whenever a RETURN operation is per
formed from an interrupt service routine, the internal 
interrupt mask is automatically cleared. A RETURN from a 
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subroutine, however, does not affect the status of the mask. 
To accomplish this, a flag bit is added to each of the four 
stack locations which records whether each address 
pushed into the stack is caused by an interrupt or a subrou
tine call. This flag is read during a RETURN operation to 
determine whether or not the interrupt mask is cleared. This 
allows interrupt servicing and subroutine calls to be inter
mixed in any order. 

Initialization 
The ICC decodes address zero as a reset command to per
form certain initialization functions. (Zero is the first address 
generated after the MicroController is reset.I Specifically, 
the Instruction-bus drivers are placed in a high-impedance 
state, HALT output is set high, RD output is set low, and all 
interrupt request latches are cleared. The interrupt mask is 
set so that any initialization routine by the user will not be 
interrupted until a CLEAR MASK instruction (MOVE R4,R4) 
1s executed. The LIFO stack is reset to an empty state and 
the STF output is set low. 

SYSTEM TIMING RELATIONSHIPS 
Interrupt Servicing 
Interrupt servicing begins at the end of a MicroController 
instruction cycle when the BX305's MCLK signal goes from 
low-to-high. Starting from this point, processing of the 
interrupt proceeds as follows: 

From the rising edge of MCLK 1: 
• Interrupt mask is set to inhibit other interrupts. 

• HALT output is driven low to stop internal operation of 
the BX305 MicroController for one instruction cycle; 
MCLK is unaffected. ROM Disable (RD) output is driven 
high to disable program memory. 

From the falling edge of MCLK 1: 
• Takes address of next instruction from address bus and 

pushes it onto the top of stack to be used as the return 
address to the main program. 

From the rising edge of MCLK 2: 
• The ICC forces a JMP onto the instruction bus to one of 

three fixed vector addresses: 

l-~~8-X3_1_0~~~-
INTO 
INT 1 
INT 2 

Address 4 
Address 5 
Address 6 

• Releases HALT (high) which allows the MicroController 
to complete the JMP to the above specified vector loca
tion in program memory. 

From the rising edge of MCLK 3: 
• Instruction-bus drivers of the ICC are disabled. 

• ROM Disable (RD) pin is cleared (low) enabling the pro
gram memory which resumes control of the Instruction 
bus. 

Return Operation 

When the interrupt service routine or subroutine is com
pleted, the RETURN instruction initiates the following 
sequence of events: 

From the rising edge of MCLK 1: 
• Interrupts are temporarily inhibited through third MCLK 

cycle. 

• HALT output is driven low to stop MicroController for 
one instruction cycle. 

• RD output is set high to disable program memory. 

From the rising edge of MCLK 2: 
• HALT output is driven high (cleared). 

• A JMP instruction to address stored at top of LIFO stack 
is forced onto the Instruction bus by the ICC. !The stack 
is popped.) 

From the rising edge of MCLK 3: 
• Instruction-bus drivers of the ICC are disabled. 

• RD is cleared enabling the program memory. 

• If returning from an interrupt service routine (condition 
recorded in extra stack bit) the interrupt mask is cleared; 
otherwise the mask remains unaffected. 

Once the preceding return actions are completed, the 
BX305 MicroController will resume execution of the instruc
tion at the return address. 
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APPLICATION HINTS 

• When programming an interrupt service routine or sub
routine. certain system operations typically need to be 
considered In many interrupt-driven systems, a hand
shake signal is required to acknowledge the servicing of 
an interrupt request. The acknowledge signal may be 
transmitted by the interrupt service routine using a 
standard 1/0 port from the 8X300 Family. 

• Ii the user wants to allow a higher priority interrupt 
request to interrupt a service routine, then the CLEAR 
MASK instruction should be programmed !perhaps after 
completing any critical operations) 

Address 

X leven! 

XT1 'oddl 

X 1ocld,\ 

X+ 1 1evt:nJ 

X {evenl 

X 1 1 roddJ 

X-2 ievenl 

Xi-3 lodd> 

SUBR2 

SUBR3 

SUBR4 

MOVE R3,R3 

!start of subroutine! 

MOVE R6,R6 

MOVE R3,R3 

MOVE R3,R3 

!start of subroutine! 

MOVE R3,R3 

MOVE R3,R3 

NOP 

!start of subroutine! 

-~-------·--'-----------

• For both service routines and subroutines, the user may 
need to save the contents of some or all of the working 
registers of the MicroController so that operation of the 
main program is not upset. Registers may be written out 
to a working storage RAM such as 8X350 near the 
beginning of the routine, and restored from RAM just 
before returning to the main program. 

• Certain subroutine calling techniques may be used to 
increase the efficiency of the user program. As shown in 
the following examples, a subroutine can automatically 
be repeated two, three or four times, if desired, without 
programming a loop. 

Instruction 

Push X+1 onto stack. 

RETURN -- First time Jumps to X--1; second 
time 1umps back to main program. 

Push X-r2 onto stack. 

Push X t-2 onto stack 

Push X+1 onto stack. 

F'ush X + 3 onto stack. 

• In manner similar to the MicroController rnult1-way branch technique. one of several subroutines can be selected 
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according to an index value. 

Address Instruction 
·-----+-------------------~---------------------! 

ioddi 

X t 1 levenl 

x12 'oddJ 

1any1 TABLE 

MOVE R3,R3 

XEC TABLE rR1; 

lanyJ 

JMP SUBO 

JMP SUB1 

Push X+2 onto stack. 

Execute JMP at TABLE r IR11 

Subroutine returns here. 

Cali SUBO ii R1 c~ 0. 

Call SUB1 if R1 ~ 1. 
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DC ELECTRICAL CHARACTERISTICS COMMERCIAL: Vee= 5.0 v 1±5%1; 0° cs TA So 70° c 
MILITARY: Vee= 5.0v1±10%1; TA?: -55°C 

Tc S 125°C 

ABSOLUTE MAXIMUM RATINGS 

Parameter 

Vee Power supply voltage 

V1N Input voltage 

Parameter 

V1H High Level Input Voltage 

V1L Low Level Input Voltage 

VoH High Level Output Voltage 

VoL Low Level Output Voltage 

VcL Input Clamp-Diode Voltage 

Rating Unit 

+7 V DC 

1-5.5 V DC 

Test Conditions 

Parameter 

Vo Off-state output voltage 

TsTG Storage temperature range 

Limits 
(Commercial) 

Rating 

+5.5 

--65 to +150 

Limits 
(Military) 

Min Typ Max Min Typ Max 

2.0 2.0 

0.8 0.8 

2.4 2.4 

0.55 

0.55 

.---------
Unit 

V DC 

oc 

Uni! 
--

v 
v 

v 

Vee= Min; leL = -10 mA -1.5 -1.5 V 
t-·----------------t--------------t--+---t---t----+--+---j---------

iiH High Level Input Current Vee =Max; V1H = 2.l v 100 100 µA 
------+---+---1----+----t--+----+------

Ill Low Level Input Current ------------+--V_e_e_=_M_a_x_; V_1_L_=_0_.4_V ___ -+-----+---+--550 -700 _!:_~ 
los Short Circuit Output Current Vee=Max;Vo=OV -15 -80 -15 -80 rnA 

t------------------t---------------t--!----+---+----+---+--+----
Vee = Max; lo-115 = High-Z 

t---
TA=0°Cl21 200 

--!----t---+---+---!---------1 
Ice Supply Current TA=70°C 185 mA 

TA= -55° c:2, 230 
-----------+-----t----+-----+---+----+---
Te"0 125°C 170 

1------------------~---------------+---~--~-----'---·--+----+----~ 

AC ELECTRICAL CHARACTERISTICS 
LOADING: See TEST LOADING CIRCUITS 

References 

COMMERCIAL: Vee= 5.0 v 1±5%1; 0° c <,TA s 70° c 
MILITARY: Vee= 5.0 v 1±10%1; TA?: -55° c 

Tc<; 125° C 
--------,----1 

Limits Limits I 
(Commercial) (Military) 

To Test Conditions Min Typ Max Min Typ I Max Unit -t-+---
t--------------+---~--t-:-:~-~-:-+----------+-~-~-+--+---+-~-~--1----f ~: 
1-------------+-----t-----1-----------+-----+----+------<--·--+---t---~-~ 

IMCLK For all Functions 40 47 I ns 
-------------+---+------r- ·-----11---1---1----+--+-----+------t-----

l RD Interrupt or Return 70 75 ns 
-+---+----t--------------+---+---t----t---+---t---- j----' 

!RD Interrupt or Return 1S --t-----1·-___I!~ _ _'.:~ 
\HALT Interrupt or Return 70 87 ns 

t-------------+-----t----+----------+-----+-----t----1--+------+--- ---
!HALT Interrupt or Return 65 75 ns 

t-------------+--------1----+--------·----r-----r---+-----!----+---+------- -----1 
!STF Interrupt or Subroutine 105 105 ns 

t---------------+-------1------+--c_a_11 __________ -+----~--+--+-----r----~--,1·5 ' r..s 
lSTF Return or Reset 110 

t--------------'---~~~---'-----~-~------'-----'---~-~---~-
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AC ELECTRICAL CHARACTERISTICS (CONTINUED) 

Limits Limits 
References (Commercial) (Military) 

Parameter From To Test Conditions Min Typ Max Min Typ Max Unit 

Setup Times: 
ts1H Interrupt Input Setupl31 tlNTi tMCLK 35 35 ns 

ts A Address Setup Ao-A13 tMCLK Interrupt, Subroutine 0 0 ns 
Call, or Reset 

tsc Instruction Setupl51 10-15 +MCLK All Commands Note Note ns 5 5 

tso Interrupt Disable ID tMCLK 30 30 ns 
Setup!3J 

Hold and Reset Recovery 
Times: 
tHIL Interrupt Low Input tMCLK tlNTi 15 15 ns 

Holdl31 

tHA Address Hold +MCLK Ao-13 Subroutine Call or Reset 75 90 ns 

tHC Instruction Hold +MCLK lo-1s All Commands 55 55 ns 

IHD Interrupt Disable Holdi31 tMCLK ID 25 25 ns 

tRI Interrupt Reset +MCLK tlNTi Reset or Cancel 70 70 ns 
Recoveryl41 Command 

Output Enable/Disable Delays: 
toec Instruction Output tMCLK 10-15 Interrupt or Return 70 87 ns 

Enable 

tooc Instruction Output tMCLK 10-15 Interrupt or Return 40 47 ns 
Disable 

Notes: 
1. All electrical characteristics are guaranteed after power is applied and thermal equilibrium has been reached. 
2. The 200 and 230 milliampere values are worst case over the entire·temperature range for the Commercial and Military parts, 

respectively. 

3. Parameters ts1H, tHIL, Tso. and tHo are used only to determine whether an interrupt request will be serviced during the current or a 
subsequent instruction cycle. The INT; and ID inputs are asynchronous and transitions on either input may safely occur at any 
time with respect to MCLK. A low-to-high transition on INT; occurring after ts1H and before tHIL means only that ii cannot be 
determined for sure whether or not the interrupt request will be honored during the current instruction cycle. Similarly, transitions 
on ID between tso and IHD make it uncertain as to whether or not masking applies during the current instruction cycle. 

4. When clearing interrupt requests !including a reset operation!, any new low-to-high transitions appearing at the INT; inputs that 
occur before tR1 risk being cleared and therefore ignored; however, any transition after tRI is certain to be latched. 

5. COMMERCIAL: tsc <minimum!= 15 ns -tPRL lactuall. 
MILITARY: tsc (minimum!= 17 ns - tPRL <actual!. 
!The required instruction enable time for the program memory depends on the sum of the tPRL and tsc.I 

TEST SETUPS 

566 

RD, STF, and HALT Outputs -
206 JI 

PIN UNDER TEST ~ 2.2V 

JSOpF 

lo-115 Outputs ltoec and toocl tPZH and IPHz: 

PIN UNDER TEST 
206 tl 

~ov 

..l SO pf 

J 

tPZL and tPLZ: 

PIN UNDER TEST 

Notes: 

206 JI 

~3.0V 

JSOpF 

1. VMEAS = 1.5 V for all input signals and RD, STF, and 
HALT outputs. 

2. For lo-hs <toEcl: VMEAS = 1.5 v 
For lo-lis ltoocl: VMEAS (IPLZI = VoL + 0.5 v 
VMEAS (IPHZI = VoH - 0.5 V 
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TIMING DIAGRAMS 

INTERRUPT REQUEST TIMING: 

INTERRUPT SERVICE TIMING: 

MCLK 

INT 0 1 
ANO 2 

RD 

HALT 

STF 

PUSH THIS ADDRESS INTO UFO STACK I 

tooc 

JUMP TO ADDRESS 4. 5, OR 6 
{OUTPUT FROM 8X310) 

8X310 

ID-~=·-
CLEAR INTERRUPT INSTRUCTION TIMING: 

INT 0. 1 
ANO 2 

-----IHc----~>J 

MOVE R2. R2 
(CLEAR INTERRUPT INSTRUCTION) 

Legend: ~ HIGH z STATE 

ms1 CHANGING OAT.A 
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TIMING DIAGRAMS (Continued) 

CALL SUBROUTINE TIMING: 

MCLK 

1 ODD ADDRESS 

--=i-lwMH 

PUSH THIS ADDRESS PLUS ONE 
INTO LIFO ST ACK 

IHC --- -- ~-_.j 

lo-115 (FROM 
PROGRAM 
MEMORY) 

MOVE RJ. RJ (CALL SUBROUTINE) JMP TO SUBROUTINE 

568 

STF 

RETURN TIMING (FROM INTERRUPT OR SUBROUTINE): 

MCLK 

RO 

STF 

RESET TIMING: 

INT 0 1. 

AND2 

IWMH-

~ -- -----lHC~---~-; 

MOVE R6. R6 - RETURN INSTRUCTION 
FROM PROGRAM MEMORY I 

lpHH 

looc 

JMP TO ADDRESS STORED IN 
STACK (FROM 8X310) 

•sc 

.. ~ ..... ~-'-'"-·-T~f-ON_-_,. __ "_o_A_o_o_"_··-·~__,><~~~~~~~~~
r-'Rt-

1,-~~~~~~~~~~~~~~-

Legend: mm HIGH Z STATE 
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BUS INTERFACE REGISTER ARRAY Originally published by Signetics January 1984 

FEATURES 
• 16·byte/2·port Interface 
• 8· or 16·blt primary port (Host) Interface (User selectable) 

Host System (primary port); the host can be almost any bus· 
oriented device-another processor, a minicomputer, or a main· 
frame computer. The host has B·bit (byte) or 16-bit (word) access 
to the primary port; data can be read-from or written-into any 
memory location as determined by the primary-port address and 
control lines. The secondary port. (8X305 bus) consists of eight 
input/output lines and four bus control lines. To Implement the 
secondary-port interface, an B·bit memory location is addressed 
during one machine cycle and, during another cycle, data is read 
or written under control of the secondary (8X305) processor. 
Both primary and secondary ports feature three-state outputs 
and both ports are bidirectional. 

• B·blt secondary port Interface 
• Two 8·blt flag registers (handshake control) 
• OMA or programmed 1/0 operation 
• Two three-state bidirectional ports 
• Secondary port Is bus compatible with 8X305 
• Single SV supply 
• 40·pln package 

ARCHITECTURAL OVERVIEW 
The Signetics 8X320 Bus Interface Register Array (Figure 1) is a 
dual-port RAM memory designed for use between a host proc· 
essor and a peripheral processor. Specifically, the register array 
provides a convenient and economical interface between the 
8X305 (or 8X300) Microcontroller (secondary port) and User's 

Besides the convenience and economy of a two-port memory, 
the array also provides simple handshake control via two B·bit 
flag registers, logic to facilitate OMA transfers, and. a write· 
protect feature for the primary port in both byte and word modes 
of operation. 

BLOCK DIAGRAM 

iVO 

SECONDARY PORT PRIMARY PORT _..................................... 0 0 

8X305 
PORT LOGIC 

ADDRESS LATCHES 
AND 

DECODE LOGIC 

8X305 

16 X 8 MEMORY 

i FLAG -REGISTER- - - - i i -FLAG REGlSTER- - - - i 
1 PRIMARY ADDRESS: I I PRIMARY ADDRESS: I 

: ~v;:o-_ 0~ote 1 : ~6:o-- 1~ote : 
~ _sec_9~D!~v_A~~~s~~s~a_J L _s:c:_o~o!~" ~~~e~s..:. s.!a_J 
:GeN" PURPOSE-REGISTER; r GEN -PURP-OSE REGISTE~ 
!PRIMARY ADDRESS: ! I PRIMARY ADDRESS: I 

: ~6:o~-2~ote : : BYTE - 38 

~~~N~A~Y_A~D~E~:~2_! _\ ~E~~;A~:~~~R:!S~3!_ _j 

:(;EN-PURPOSE REGISTER! rGEN PURPOSE FleGis'TeR: 
I PRIMARY ADDRESS: I : PRIMARY ADDRESS: I 
I BYTE - 48 I BYTE - Sa I 
I WORD - Note I WORD - Note I 

~E=-O~A~Y ~O~E~:~4~ _J ~E=-O~A~Y ~O~E~: ~a - J 
fGeN PuRPOsE REGlsTeA: :GeN PuRPOsE REGiSTERi 
IPRIMARY ADDRESS· I I PRIMARY ADDRESS: I 
I BYTE - 69 ! I BYTE - 78 I 
I WORD - Nole ! I WORD - Note I 

~E~O~D~R!_ A~D~E~: ~6~ J ~E~~D~R!_ A~D~E~: ~7~ _j 
:GEN-PURPOSE REGlSTER: :-GEN-PURPOSE-REGiSTE~ 
IPRIMARY ADDRE~S: I I PRIMARY ADDRESS: 
I BYTE - 108 I I BYTE·- 118 I 
I WORD - Note I ! WORD - Note I 

~~O~A~Y ~D~R~S~ ~a- _j ~~E~O~D~R~ A~O~E~S,:__7 ~a - ~ 

;Get.. PURPOSE REGiSfeA: ;GEN f>ufli>osE REGISTE~ 
!PRIMARY ADDRESS: 1 PRIMARY ADDRESS. I 
I BYTE - 128 1 BYTE - 138 I 
I WORD • Nole I I WORD - Note 
I SECONDARY ADDRESS: 728 I rSECONDARY ADDRESS: 735 L __________ _J L-----------~ 

USER·PORT 
ADDRESS DECODE 

PROTECT BIT 
STATUS 

I 

16 

,----,,_~~-ws 

RIW 

PIOE 

A3 

!-----(~)-- A2 

1----{E>-- A 1 

-~"'-'· AO 
B/W 

D7A 

D6A 

DSA 

D4A 

D3A 

D2A 

~R~:~:~~:o~~:s~eG1STE~ :~R~:::~=o~~~s~REGisTER: l"i/"3 -{:TIJ-~~H19fDRIVERS/RECEIVERS USER-PORT ,--,,__'_/-- D 1 A 

DRIVERS RECEIVERS f-~-(i@:)-- DOA 

1\14 

iV"S 

I BYTE - 145 1 BYTE - 155 I 
1 WORD - Nole I WORD - Note 1 

~E-=O~~~ ~D~R~S~: ~4~ - J ~~C:N~A~Y ~D~R:.s:: ~se_ J 
r------------, r-----------, 
'GEN PURPOSE REGISTER' , GEN PURPOSE REGISTER 1 

IPRIMARY ADDRESS. 1 PRIMARY ADDRESS: I 
I BYTE - 168 I BYTE - 175 I 
I WORD - Note I I WORD - Nole I 

~E5~~A':Y !D__D~E~s:. . .7~8 - ~ ~E5~N~A~Y !'~~E~S:._7~ - J 
Note: 
In The Word ~ode, The Registers Are Addressed In Specific Pairs -
Byte O/Byle 1, Byte 2/Byte 3, Byte 4/Byte 5 ... Byte 14/Byte 15. And 
Byle 16/Byte 17. 

Figure 1. Block Diagram of 8X320 Bus Interface Register Array 

,---,,_'.'../-- D7B 

D6B 

f---''-(:'1)-- DSe 

D4B 

D3B 

D2e 

,---,,_,,_,-- D1e 
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N,IPACKAGE 

GND [2: ~vcc 
DMAE [1: ~B W 

D7A[[ ~AO 
06A IT:: ~A1 

I D5A [[ ~ A2 . z 04A C!:: ~A3 
, . > D3A~ ~ PlOE 

02A ["!:: ~RW 
D1A [£ BX320 ~ws BUS 
DOA@: INTERFACE ~IVi 
D7B~ 

REGISTER 
~fll6 ARRAY 

06B QI ta (VS 

~ ose QI ~fV4 

2lli D4B QI ~IVJ 
o~ o3eE ~iV2 

020 QI ~fVl 
01B@:: tEJrvo 
DOB~ ~WC 
ME~ µzi SC 

GND~ ~MCLK 
TOP VIEW 

ORDER NUMBERS 

NBX320N, N8X3201 

fi>tN NO. PARAMETER FUNCTION 

1, 20 GND Ground Circuit ground. 

2 DMAE Direct Memory Enables primary port to facilitate OMA transfers; does not affect secondary port. 
Access Enable 

3-18 D0A-D7Ai Primary Data Port Sixteen 3-state lines used for data transfers to-and-from the primary data port; most 
009-079 significant bit is 008 and least significant bit is 07 A· 

19 ME Master Enable Enables secondary port when active low (ME). 

21 MCLK Master Clock When MCLK is high, and 8X320 is enabled (ME= Low), a register location may be either 
selected or written-into under control of SC and WC. 

22 SC Select Command With SC high, WC low, MCLK high and ME low, data on IVO through IV7 is interpreted as 
an address. If any one of the 16 register addresses (609-779) matches that on the 1/0 
(IV) bus, that particular register is selected and remains selected until another address 
on the same bank (i.e. ME = low) is output on the 1/0 bus-at which time, the old 
register is deselected and a new register may or may not be selected. 

23 WC Write Command With WC high, SC low, MCLK high, and ME low, the selected register stores contents of 
IVO-IV7 as data. 

24-31 IVO-IV7 Secondary Data Port Eight 3-state lines used to transfer data or I /0 address to-and-from the secondary data 
port; most significant bit is IVO and least significant bit is IV7. 

32 ws Write Strobe When active high, data appearing at the primary port (DOA-07 AiD09-D79) is stored in 
the register array if the primary port is in the write mode. 

33 RIW Read I Write Control When this signal is high, primary port is in read mode; when signal is low, primary port is 
in write mode. 

34 PIOE Programmed I I 0 En- When active low, primary port operates in programmed input/ output mode with register 
able to be read-from or written-into selected by AO-A3. 

35-38 AO-A3 Primary Port Selects register or register-pair that primary port is to read-from or write-into. Most 
Address Select significant bit is A3; least significant bit is AO. 

39 BiW Byte/Word When signal is high, the primary port operates in the byte (8-.bit) mode; when signal is 
low, the primary port operates in the word (16-bit) mode. 

40 Vee Power +5 volts. 

--All barred symbols (OMAE, etc.) denote signals that are asserted (or active) when low 
(logical O): signals that are not barred are asserted in the high state (logical 1). 
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OPERATING CHARACTERISTICS 
Memory Organization 
Memory and address correlation for the 16-register array is 
shown in Figure 2. From the primary port, the sixteen 8-bit 
registers can be addressed in either (8-bit) or word (16-bit) for
mat; in the word mode, the registers are addressed in pairs-
05i1R, 25/35, 45/55, ... 145/155, and 165/175. From the secondary 

port, all registers are addressed in byte format-608 through 
775. The m"emory consists of two 8-bit flag registers and fourteen 
8-bit general-purpose registers. The flag registers facilitate infor
mation transfers between the two ports and, in addition, they 
protect certain registers from being written into from the pri
mary port. 

SECONDARY 
PORT 

MSB LSB 
rvo m 

I MSB \.se 
A3 AO FLAG REGISTER 
I I 

BYTE MOOE 
11001111 - SECONDARY PORT ADDRESS = 609 

PRIMARY PORT ADDRESS oa 

FLAG REGISTER l 0000 

11001110 ----------------1~·~·-c~o-~•-o~·~·-'v'.]P~o~•"'rt•~OOR;~e:!s"'st::.•~1-'-8cccccj r ooox 

._•_•_1M_•_•v_•_DR_r_A_o_o•_•_••_=-'1s'------'---.:-- 0001 

-~DMOOE 

BYTE MODE 

11001101 

GENERAL PURPOSE REGISTER l ~ 
11001100 ----------------1!·~·c:;o~ND~A:'.'.:RY~P~O~RT'._:A~D~DR~E~ss:..:~"~·---l f ooix 

._•_•_1M_••_v_•_o•_r_A_oo_•_•s_s_"_:'•'------'~ 0011 ~-

GENERAL PURPOSE REGISTER l otox _ l 
GocNERAL PURPOSE REGISTER 

11001011 - SECONDARY PORT ADDRESS = 649 

PRIMARY PORT ADDRESS 49 

11001010 ··----

GENERAL PURPOSE REGISTER 
11001001 ___,.. SECONDARY PORT ADDRESS - 66s 

PRIMARY PORT ADDRESS - 65 

SECONDARY PORT ADDRESS 659 r 
._•_•_1M_••_v_•_o•_r_A_oo_•_•_ss_=-'ss'------'~ ~ 

I 
GENERAL PURPOSE REGISTER 

11001000 ----------------l!··~C~O~NO~A~RY~P~O~RT~A~D~DR~E~ssr"~.,~.:~:1 (-
O',','ox ==l 

PRtMARY 
PORT 

PRIMARY PORT ADDRESS= 79 ~ 0111 ~ 

GENERAL PURPOSE REGISTER l tooo _=fl~····· 
11000110 --------------- SECONDARY PORT ADDRESS= 715 f --

~P-RIM-A-RY_P-OR_T_AD_OR_E_ss_--'~'·'--~~~~ --
GENERAL PURPOSE REGISTER 

GENERAL PURPOSE REGISTER 
11000111 - SECONDARY PORT ADDRESS = 705 

PRIMARY PORT ADDRESS 108 

11000101 - SECONDARY PORT ADDRESS = 728 j 
~P~Rl~M·~·~v!•o~R~T~A~DD~R~ES~S~=~l~2!• ::==jl~-;:::===========::;-- 1010 _____,,, 

GENERAL PURPOSE REGISTER l __ 
11000100 ----· SECONDARY PORT ADDRESS = 73a r A 

._P_•_•M--AR--Y--P--OR __ T_A--OOR=••:..:•_=_;13.::.• ___ _.~ 1011 ___ _,, 1, 

GENERAL PURPOSE REGISTER 
11000011 -+ SECONDARY PORT ADDRESS = 748 ~ 

PRIMARY PORUOORESS = 149 - ::.;:;A:~~~:.~:?~~.~!GISTER 1 llOX ----j 
.__..._....:....:.-'-'--'-'"'----''---~--' I 

11000010 

GENERAL PURPOSE REGISTER 

[ 

11000001 - SECONDARY PORT ADDRESS= 765 

PRIMARY PORT ADDRESS = 166 GENERAL PURPOSE REGISTER + 
11000000 ---------------1 SECONDARY PORT A~ORESS = 77a t 

~P-R--IM--AR:..;Y:..;P--O_;;RT:..;A __ O __ O~:r.::.;;SS:..;=:..;_17--BC.:.::.----1--

=--j 
__) 

~ IV! 1V2 m iv.I iii6 iii6 iV7 ~ IV! iV2 m iv.I iii6 iii6 iV7 

• I I • I • I I I I 
DOA D'A D2A D3A 04A OS, 06A D7A DOs Dis 028 DJs 04s DSs D6s 079 

1-- EVEN ADDRESSES ODD ADDRESSES _________ ___] 

Figure 2. Memory and Addreas Organization for the 8X320 
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In either byte or word mode, the write-protect logic, imple
mented by bits FO and F1 of register 605, inhibits the primary 
port from writing into addresses 16s and 175, respectively. Both 
write-protect bits (FO and F1) can be read or written from the 
secondary port; the bits are read-only from the primary port. 

As shown in Table 1, flag bits F2 through F7 of 605 and FO 
through F7 of 61a are controlled by the fourteen general-purpose 
registers. When any one of these registers is written into by 
either port, the corresponding flag bit for that register is 
automatically set by internai logic of the 8x320. When informa
tion is read from any register, the corresponding flag bit must be 
reset by user software. Except for the write-protect bits, all other 
flag bits can be read or reset from the primary or the secondary 
port. Table 2 shows the relationship between bits of the flag 
registers and bits of the primary and secondary ports. 

Table 1. CONTROL OF THE TWO FLAG REGISTERS 

Flag 
608 Wal I F2 F3 F4 Fs F6 F7 

·-·~---·-·----------; 

Registers 615 ( 1 a) FO F 1 F2 F3 F4 F5 F6 F7 
---+-------· 

Octal 
Address of 

Controlling 
Byte 

Primary 2 3 4 5 6 7 10 11 12 ~ 3 14 15 16 17 

Secondary 62 63 64 65 66 67 70 71 72 73 74 75 76 77 

Table 2. RELATIONSHIP BETWEEN FLAG REGISTER 
BITS AND THOSE OF PRIMARY 
AND SECONDARY PORTS 

FLAG REGISTER 60s 

PAI~~~~ --- DOA D1A 02A D3A D4A D5A D6A D7A 

l l I l l l l l 
REGISTERF~~~ ----1 F7 I F6 I FS I F4 I F3 I F2 I F1 I FO ] 

l l l 
iV1 W2 fV3 fV4 iV5 lV6 fil7 

LSB 

FLAG REGISTER 615 

PRIMARY ---- DOe D1e D2e D3s D4e DSe D6e D7e 

PORT l l l ! ! l l l 
REGISTERF~~~ ---1 F7 I F6 I FS I F4 I F3 I F2 I F1 I FO I 

l l I ! l I l l 
SECONDARY --

PORT 
WO 1Vf iV2 iV3 iV4 iV5 iV6 
MSB~-----~ 

fil7 
LSB 

FUNCTION AND CONTROL OF PRIMARY PORT 
The primary port provides an 8-bit (byte) or 16-bit (word) interface 
between the 16··byte memory and the user's host system. If the 
host is an 8-bit system (or 16-bit system operating in Byte mode), 
the sixte~n bidirectional 1/0 lines must be tied together (DOA to 
D09, D1A to D1 B· ... and 07 A to D7B); when da\a is input or out
put on DOA through D? A· the remaining eight lines (DOB through 
079) are high-Zand vice-versa. 
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Other than the Byte/Word control line, specific operating char
acteristics of the primary port are controlled by two signals
PIOE (Programmed 1/0 Enable) and DMAE (Direct Memory Ac
cess Enable). When PIOE is active (low) and DMAE is inactive 
(high), the primary port operates in the programmed 1/0 
mode- refer to Table 3; in this mode of operation, the register to 
be read-from or written-into is determined by four address lines 
(AO through A3) and the Byte/Word control line-see Figure 2 
and Table 4. In the DMA mode of operation, A1, A2, and A3 are 
not used; data is read-from or written-into preassigned 
registers: bytes 16s (765) and 17s (77s) for the byte mode of 
operation and bytes 14s (74s)/15s (755) and 16s (76s)/17s (77s) for 
the word mode of operation. In both cases, switching between 
bytes 165 and 175 in the byte mode and 145/15a and 1651175 in 
the word mode is controlled by AO (the least significant address 
bit). Refer to Table 5. 

Table 3. MODE CONTROL OF PRIMARY PORT 

MODE 
--

Disabled (ou 

Programmed 

DMA 

X = Don't Care 

tput) 

110 
-

PIOE DMAE 

1 1 

0 1 

x 0 
_ ____J 

Table 4 defines programmed 110 operation of the primary port in 
terms of read/write functions and Byte/iiVOrd control. In the byte 
mode, data is read-from or written-into the even addresses (Os, 
25, 45, 65, 10s, 12s, 14s, and 16a) via data lines DOA through D? A; 
data is read-from or written-into odd addresses (15, 35, 55, 75, 
11s, 135, 155, and 17s) via data lines DOB through D7B. When AO 
is low (logical 0), even addresses are selected and when AO is 
high (logical 1), odd addresses are selected; thus, AO is the LSB 
of a 4-bit address. In the word mode, the state of AO is irrelevant, 
since both the odd and even bytes are, simultaneously, read
from or written-into; thus, a register pair is selected by a 3-bit 
address, A1 being the LSB. 

In the DMA mode of operation with DMAE set to O and other con
ditions satisfied, data is directly transferred to-or-from specified 
memory locations under control of Byte/Word, RIW, and AO. The 
state of the Byte/Word control line determines whether the data 
word is 8 bits or 16 bits. The AO address line correlates eight of 

Table 4. PRIMARY PORT OPERATING IN 
PROGRAMMED 1/0 MODE 

DOA-D7A D09-D79 
MODE B/W AO (Even Addresses) (Odd Addresses) 

Read 0 (Word) x Stored Data Stored Data 

Read 1 (Byte) 0 Stored Data Hl-Z 
--

Read 1 (Byte) 1 Hl-Z Stored Data 

Write O (Word) x Write Write 
--

Write 1 (Byte) 0 Write No Change 

Write 1 (Byte) 1 No Change Write 
~-

X "" Don t Care 
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--
the sixteen data lines (D0A-D7 A or DOB-D7B) with the proper 
byte/word location. Thus, in the word mode, the exchange of 
data between the memory and the primary port occurs via 
DOA-D7 A for bytes 14s and 169 and via DOB-D7B for bytes 15s 
and 17s. The byte mode of operation is similar, except that the 
unused eight lines are three-stated. 

Table 5. OMA OPERATION OF THE PRIMARY PORT 

FUNCTION AND CONTROL OF SECONDARY PORT 
The secondary port provides an 8-bit interface between the six
teen memory registers and the 8X305 (or other processor). As 
shown in Table 6, the secondary-port interface is controlled by 
five input signals and a status latch. The status latch is set when 
SC is high (MCLK high/ME low) and a valid memory address 
(~-~)is presented to the 8X320 via the secondary data port 
(IVO-IV7). The latch is cleared by internal logic when an invalid 
memory address is presented at the secondary port. In all 
read/write operations from the secondary port, the status latch 
acts like a master enable; data can be transferred only if the 
status latch is set. 

Table 6. FUNCTIONAL CONTROL OF SECONDARY PORT 

STATUS 
ME SC' WC' MCLK R!W LATCH 

MODE 

Read 

Read 

Read 

Read 

Write 

Write 

Write 

Write 

BYTE/WORD AO D0A-D7A DOB-D7B 

O (Word) 0 Data stored in Data stored in 
byte t4a byte 1sa 

0 (Word) 1 Data stored in Data stored in 
byte 16a byte 17a 

1 (Byte) 0 Data stored in Hl-Z 
byte tsa 

1 (Byte) 1 Hl·Z Data stored in 
byte t7s 

O (Word) 0 Write to byte Write to byte 
148 158 

O(Word) 1 Write to byte Write to byte 
168 179 

1 (Byte) 0 Write to byte Hl·Z 
163 

1 (Byte) 1 Hl·Z Write to byte 
118 

--

FUNCTION OF SECONDARY BUS 
----------

L L L x x Set Output data from 8X320 memory to 8X305 

L L H H H Set Data from 8X305 is input and written-into a previously-selected memory loca-
lion of the 8X320 (Note 2). 

L L H H l Set With the primary port in the write mode (R/W = 0), the secondary port is 
overridden and cannot write to the same register addressed by the primary 
port; however, the register addressed by the primary port can be read and 
any other register can be read-from or written-into from the secondary port 
(Note 2). 

L H L H x x Data transmitted to the secondary port via the IV bus is interpreted as an 
address; if address is within range of 60a-77a the memory status latch is 
subsequently set. 

- --
L L. H L x x Inactive 

L H l L x x Inactive 
+--· 

L L x x x Not Set Inactive c----
H x x x x x Inactive 

Notes: 
1. The SC and WC lines should never both be high at the same time; the 8X305 proc· 

essor never generates this condition. 
2. During read or write operations, the same register can be simultaneously ad

dressed from either port. For any write operation by both ports on the same 
register, Hie primary port has priority; other than this, the 8X320 does not indicate 
error conditions or resolve conflicts. 

3. X =Don't Care. 
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DC CHARACTERISTICS o•e s TA s 10°c; 4.75V s Vee s 5.25V 

PARAMETER TEST CONDITIONS'· 2 

Vee Supply voltage 

V1N (L) Low level input voltage 

V1N (H) High level input voltage 

VoL Low level output voltage Vee= 4.75V; loL = 16mA 

VoH High level output voltage Vee= 4.75V; loH = -3mA 

VcL Input clamp voltage 11 = -5mA 

ice Supply current Vee= 5.25V (Both ports high·Z) 

los Short circuit output current3 Vee= 4.75V 

l1N (L) WC, MCLK, SC, & ME Vee= 5.25V; V1L = 0.50V 

l1N (L) B/W Vee= 5.25V; V1L = 0.50V 

l1N (L) AO-A3 Vee = 5.25V; V1L = 0.50V 

l1N (L) DMAE Vee = 5.25V; V1L = 0.5V 

l1N (L) WS, PIOE, & R/W Vee = 5.25V; V1L = 0.5V 

l1N (L) IVO-IV7 Vee= 5.25V; V1L = 0.5V 

l1N (L) DOA-D7AID09-D79 Vee = 5.25V; V1L = 0.5V 

l1N (H) WC, SC, MCLK, & ME Vee = 5.25V; V1H = 5.25V 

l1N (H) B/W Vee = 5.25V; V1H = 5.25V 

l1N (H) AO Vee = 5.25V; V1H = 5.25V 

l1N (H) A1-A3 Vee= 5.25V; V1H = 5.25V 

llN(H) DMAE Vee = 5.25V; V1H = 5.25V 

l1N(H) WS, PIOE, & R/W Vee = 5.25V; V1H = 5.25V 

l1N (H) IVO-IV7 and D0A-D7A/D09-D79 Vee = 5.25V; V1H = 5.25V 

Notes: 
1. Operating temperature ranges are guaranteed after terminal equilibrium has been 

reached. 
2. All voltages are measured with respect to ground terminal. 
3. Short only one output at a time. 

TEST CIRCUIT 

Note: 

OUTPUT 
UNDER TEST 

16911 

CL includes jig and probe capacitance. 

574 

5V 

232U 

LIMITS 

Min Typ Max 
UNIT 

4.75 5 5.25 v 
0.80 v 

2.0 v 
0.55 v 

2.40 v 
-1.00 v 
270 mA 

-20 -100 mA 

-1.0 mA 

-1.6 mA 

-1.0 mA 

-800 µA 

-400 µA 

-400 µA 
each line 

-400 µA 
each line 

100 µA 

240 µ.A 

120 µA 

80 µA 

120 µA 

60 µA 

100 µA 
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--
AC CHARACTERISTICS OF PRIMARY PORT 0°C :STA :s 70°C; 4.75V :S Vee :S 5.25V 

Loading: See Test Circuit 

Legend: 

CHANGING DATA~ 

H;.z9 

ADDRESS ACCESS TIME 

PRIMARY PORT ENABLE/DISABLE TIMES 

PARAMETER 

TAA Address Access Time 

TcE Primary port enable time 

Teo Primary port disable time 

TwsA Address setup time 

TwHA Address hold time 

Twso Primary port data setup time 

TwHo Primary port data hold time 

Twsc Write mode control setup time 

TwHc Write mode control hold time 

Twp Write strobe pulse width 

Tpo1 1 Primary port data delay 

Tpo2 2 Primary port data delay from WS 

Notes: 

FROM 

A3-AO 

IPIOE 
IOMAE 

!PIOE 
!OMAE 

A3-AO 

jWS 

OOA-07 A/009-079 

IWS 

PIOE 
OMAE 

RiW 

IWS 

OOA-07 A/D09-b7a 

tWS 

1. Measurement with Write Strobe set High and the control signals of the secondary 
port set for output data from the same register. 

2. Measurement with primary port data stable and control signals of secondary port 
set for output data from the same register. 

WRITE CYCLE 

ADDRESS 
(A3 • AO) 

DATA 1/0 
(DOA - 07A/D0s - 07e) 

1---.-Twso 
-, ,---------t---. 

PIOE, DMAE & A/W 

TwHc-

WRITE STROBE (WS) 

IV (OUTPUT TO 

MICROCONTROLLER) i;i:i.==~======~1\-------

LIMITS 
TO UNIT 

Min Typ Max 

00r07 A/009-079 45 ns 

OOA-07 A/009-079 30 ns 

00A-07A/D09-079 35 ns 

IWS 40 ns 

A3-AO 0 ns 

IWS 30 ns 

OOA-07 A/009-079 0 ns 

IWS 30 ns 
!WS 40 ns 
IWS 30 ns 

PIOE 10 ns 
OMAE 10 ns 
RiW 10 ns 

25 ns 

IVO-IV7 75 ns 

IVO-IV7 75 ns 
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AC CHARACTERISTICS OF SECONDARY PORT O'C s TA s 70°C, 4.75V s Vee s 5.25V 
Loading: See Test Circuit 

Legend: INPUT CYCLE 

CHANGING DATA~ 

THREE·STATE ~ 

SELECT CYCLE 

MCLK 

SC 

Tso2 

~T-so1 TH01--
iV(INPUT FROM,.~...,.,.,.,.,..,,..,.,,,...,././ 

MICROCONTROLLER 'i//////////,0//////J '------

PARAMETER FROM 

tw MCLK pulse width 

Tso1 Data setup time IVO-IV7 

Tso2 ME setup time ME 

Tso3 SC setup time SC 

Tso• we setup time we 
THD1 Data hold time IMCLK 

TH02 ME hold time IMCLK 

THD3 SC hold time IMCLK 

THD4 WC hold time IMCLK 

Tp03 (Note) IV propagation delay IV 

ToE Output enable ME, SC, or WC 

Too Output disable ME, SC, or WC 
Note: 

MCLK 

WC 

OUTPUT CYCLE 

MICROCONTROLLER 
CONTROL SIGNAL• 

"PARAMETER KEY 

MICROCONTROLLER CONTROL SIGNAL 
ME 
WC 
SC 

TO 
Min 

30 

IMCLK 35 

IMCLK 30 

IMCLK 30 

IMCLK 30 

IVO-IV7 0 

ME 0 

SC 0 

we 0 

DOA-D7 A/D09-D7 B 

IVO-IV7 

IVO-IV7 

Measured with MCLK=High and control signals of the primary port set for output data from the same register. 
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LIMITS 

Typ 

STATIC CONDITIONS 
SC=WC-LOW 
SC=ME=LOW 
WC=ME=LOW 

UNIT 
Max 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

45 ns 

30 ns 

20 ns 
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FLOPPY DISK FORMATTER/CONTROLLER 

FEATURES 
• Single or double density 

encoding/decoding 
• On-chip data separator 
• Programmable: 

FM, MFM, and M2FM encoding/decoding 
Preamble Polarity 
Data transfer rate 
Address mark encoding/decoding 
Sector length 
Output port (7-blts disk commandl 
Input port (5-blts disk status) 

• Write Precompensatlon 
with on/off control 

• On-chip phase lock loop 
• CRC generator with 

software-controlled error correction capabllltles 
• 40-pln package 
• +5 volt operation 

PRODUCT DESCRIPTION 
The Signetics 8X330 Floppy Disk Formatter/Controller is 
a monolithic peripheral device of the 8X300 Family. The 

BLOCK DIAGRAM 

NOTES 
1. Components shown with dotted lines are located off-chip 

Originally published by Signetics January 1984 

chip uses Bipolar-Schottky/12L-Technology and some very 
unique features to provide 8X330 customers with a com
petitive edge in both simple and complicated disk
controller designs. The competitive advantage is measur
able in terms of "systems parts count", "error correction 
capabilities", and "overall design concepts" that are 
applications oriented. Except for a crystal, a capacitor, an 
external transistor acting as a series-pass element for the 
on-chip voltage regulator, an active low-pass filter, and an 
optional off-chip voltage controlled oscillator (refer to 
Features and Option), the 8X330 contains all processing 
circuits and the required control logic to encode/decode 
double-density (MFM/M 2FM) and single-density (FM) 
codes. Even the data-separation and write-precompensa
tion logic are located on the chip; in addition, 16-bytes of 
scratch-pad RAM are provided for storage of various con
trol/status parameters. 

OPTION: External Voltage Controlled Oscillator (VCOl. For 
critical applications, window margins can be 
improved by as much as 6% with the use of an 
external VCO. 

2. Certain bits of the status/control registers connected to the 1/0 bus are 'read-only': this 
distinction is not shown in the diagram. 

3. Greater detail for the more complicated blocks lPhase-Lock Loop, Data Separator, etc J 

are shown in other areas of this data sheet 

DATA/FORMAT 
CONTROL 

. 
G£NERAL
PUAP0SE 

REGISTERS 
(SCRATCH-PAD 

RAM) 

DATA 
REGISTER 

,...________, M \---: } g 
PON i 

~ 
INTERNAL CONTROL 'ii 

--@--oc1 
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8X330 PACKAGE/PIN DESIGNATIONS 

N PACKAGE 

Vee 

VR 

VCR 

C2 

Cl 

cco 

Pt:1P 

PON 

BX330 
M FLOPPY DISK 

FORMATTER-
iV6 OC3 CONTROLLER 

IVS 

OC1 

oss 

OS4 IV2 

OS3 iVi 

OS2 iVO 

051 WC 

SC 

MCLK 

iiE 

TOP VIEW 

ORDER NUMBER 

N8X330N 

PIN NO. MNEMONIC & DEFINITION FUNCTION 

1. 20 

2. 

6-12 

13-17 

578 

GND 

X1, X2 

Ground 

Crystal inputs 

Data write 

DR Data read 

DC1-DC7 Disk commands 

DS1-DSS Disk status 

Circuit ground 

Inputs from a crystal that deter
mines frequency of an on-chip 
crystal osctllator. 

A series of negative-going pulses 
transmitted to the disk drive. The 
data write signal produces pulses 
(with precompensat1on. if re
qu1redl for data and clock in accor
dance with the applicable encod
ing rules (fM, MFM or M2fM). 

Negative-going pulses transmitted 
from the disk drive to a Schm1tt
trigger input of the BX330; these 
pulses represent encoded data and 
clock from the disk media 

Seven outputs from the BX330 that 
allow general-purpose control, of 
one or more disk drives 

Five general-purpose Schm1tt
trigger inputs from the disk drive 
!or drivesl that provide status infor
mation for the 8X300. 

PIN NO. MNEMONIC & DEFINITION FUNCTION 

18 Power fail Schmitt-trigger input from exter
nal logic that is active (low) when 
the "user-sensed" power supply 
voltage drops below a predeter
mined value. 

19 WG Write gate When active (low), this 40-
milliampere open-collector output 
enables writing to the disk media. 
When PF is low, the write gate is 
i'nhib1ted during periods of power 
supply uncertainty 

21 ME Master enable When this input signal is active 
!lowl, the 8X330 can be accessed 
and enabled by the 8X300. !Refer to 
the CB and RB p1nout discnptions 
of the 8X300 for further detail.l 

22 MCLK Master clock When active high and with ME in 
the active-low state, th ts input sig
nal provides a means whereby the 
1/0 output from the 8X300 is inter
preted as an enabling address 
(provided there 1s an address 
matchl or as input data !if one of 
the 8X330 registers has already 
been selectedl. 

23 SC Select command When this signal is active thigh), 
the information output on pms IVO
IV7 of the BX300 is interpreted as 
an address input by the BX330. 

24 WC Wnte command When this signal is active (highl, 
the information output on pins IVO
IV7 of the 8X300 is interpreted as 
input data by the 8X330 

25-32 IVO-IV7 Input/output Eight three-state mput/output lines 

33 

34 

35 cco 

36-37 C1. C2 

38 VCR 

39 VR 

40 Vee 

lines 

Pump down 
output 

that provide bidirectional data 
transfers between the 8X300 and 
the enabled 1/0 device; IV7 is the 
Least Significant Bit. 

Open-collector output of on-chip 
phase detector which mdicates (by 
a negative-going, quantized, 
pulse-width modulated sign all that 
internal CCO frequency 1s too 
high 

Pump up output Open-collector output of on-chip 
phase detector which indicates !by 
a negative-going, quantized, 
pulse-width modulated signall that 
internal CCO frequency 1s too low 

Frequency Con- Variable input current from ex
trol Input for Cur- tern al low-pass filter that 
rent-Controlled controls the frequency 
Oscillator of the oscillator 

Capacitor input Inputs for capacitor that de
terminals term1nes center frequency of 

the current-controlled oscillator 

Regulated supply DC voltage input from emit
voltage ter of external series-pass transis

tor. this voltage powers internal 
logic of chip 

Reference volt- Reference voltage output to base 
age of series-pass transistor: this ref

erence controls VCR. 

Supply voltage +5 volt power 
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SYSTEM INTERFACE 
A typical floppy disk controller using an 8X300 microcon
troller and the 8X330 is shown in Figure 2. The non-shaded 
portion of this particular configuration can service the 
command, status, and input/output requirements of two 
double-sided disk drives and, under software supervision, 
the system can read/write single-density IFMl or double
density IMFM/M2FMI codes. Interface requirements are 
simple-on one hand, consisting of the 8X300 microcon
troller and, on the other, the two disk drives. All 8X330 
control and data registers directly linked to the micropro
cessor interface !Figure 1 I are addressable and appear to 
the 8X300 as simple 1/0 ports; a 13-bit address bus and a 16-
bit instruction bus provide communications between the 
8X300 and up to BK of microprogram storage. 

The disk-drive interface consists of seven 171 output control 
!ines IDC1-DC71, five 151 input status lines IDS1-DS51, a write 
gate IWGI, a data- write output IDWI, and a data-read input 
IDRI. The twelve command/status lines are not dedicated; 

lli(ICROPROGll.lM 
STOllAGf 

l 8X330 

--
thus, the user can assign system functions to best suit a 
given application. As shown in Figure 2, all control lines 
except WG are buffered to accommodate a reasonable 
distance between the controller and the disk media; the 
Write Gate, being a 40-milliampere output, requires no 
buffering. 

As shown by the shaded part of Figure 2, the control and 
status lines can be expanded with peripheral hardware-the 
8T32 lin this example! being only one method of implemen
tation. Using this particular technique, one 110 port is totally 
dedicated to output control, whereas, the other port is 
totally dedicated to input statu's. With additional hardware 
and supporting software, the disk-drive system can be 
expanded without limit; however, from a point of being 
practical, five or six drives is sufficient for most applica
tions. By using the programmable features of the 8X330, the 
user can emphasize and prioritize those system parameters 
that are most important-economics, reliability and/or 
speed. 

= ~2 2 -,_r 
0C1 1~ ---HEADDIRE(:TION-t>--::--

0C2 11 HEAOSTEP---t>-

OC310 OISKSEUCT•1~ 
0151( SELECT •1-----{>---

=~~~~~il.~_u•_"_"'_~-~-{>------· j 
-~~~;--_-_-_-~-1>---:~-l 
-::s:DCOHA~::_-=----===--1 

USfR.QlFtNEO 
Dl'llllE·COPHllOL 
SIG,,.ALS 

---- rl~~:.~~"· 
_--:=::-- - -=-= j' ........... . 

DR!VE·flT.lTUI 
$1Qf!IALI ------------

------------
------------

l 

Figure 2. Typical Interface Using an 8X300 Microcontroller 
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FUNCTIONAL OPERATION 
As shown in Figure 2, the interface between the 8X300 and 
8X330 consists of twelve 112) lines-IVO-IV7, SC, WC, 
MCLK, and ME; the Master Enable IMEl input lpin 21) is 
driven from either the LB !Left Bankl or RB !Right Bankl 
output of the 8X300. An expanded view of this interface is 
shown in Figure 3 and, as indicated, the BX330 appears as a 
number of addressable registers 111 Oa-127s and 132a-137a) 
under input/output control of the BX300. These registers are 
used for general-purpose storage, data-transfer operations, 
disk commands, disk status, and various control functions. 
Design-oriented information for these registers and other 
data-processing/logic functions of the 8X330 are described 
in the paragraphs that follow; in all of these registers, bit 0 is 
the Most Significant Bit IMSBl. 

IV BUS 

1/0 BUS 
BUFl"EAS/ 
DRIVERS 

1/0 BUS 
CONTROL 

LOGIC 

REGISTER 
CONTROL 

NOTE 
When power 1s first applied to the 8X330. the Disk Command lines me 1 ·DC7l. the Wnte 
Gate (WGl output, and contents of Command/Status Register #2 (CSR #2) are set to 1 
(h1ghl. The wakeup state of all other bits is undefined 

General-Purpose Register File 
This general-purpose !scratch pad) memory is directly 
accessible by the 8X300 and is used to store system vari
ables such as track address, sector address and other 
necessary parameters. The sixteen 8-bit registers 1110a-
127al provide sufficient on-chip memory to accommodate a 
minimum of two disk drives; the maximum number of drives 
that this non-dedicated memory file can support depends 
on several factors-system configuration, reliability re
quirements, economic constraints, and so on. Because of 
the on-chip file, all other system memory can be dedicated 
to the purpose of handling data to-and-from the disk media. 

BYTE 
COUNTER 

>:a••·--·· ~~~MANOS 

CHIP CONTROL LOGIC 

PHASE·LOCK LOOP {tiLL) 
end DATA-SEPARATION LOGIC 

CHIP STATUS 
end CONTROL 

..__~___,l 

- PREC::::::A:~:::LOCK __ J 

DlSK 
STATUS 

POWER 
FAIL 

WRITE 
GATE 

READ DATA 
FROM DISK 

~DATA;CLOCK WINDOW -

L~ SYNCHRONIZED DATA ---

OATA PROCESSING and 
ERROA-CHECt< FUNCTIONS - WRITE DA"fA 

TO DISK 

Figure 3. An Expanded View of the 8X330/8X300 Interface 
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Command/Status Register #1 (CSR 1/Address 132s) 
The disk status (readl or disk-command (write! contents of 
this register are interpreted as follows; unless otherwise 
indicated, all bits of CSR 1 are read/write from the 1/0 bus. 

Bit O CW.rite g_ate l;_nable) 
Enables write gate output (WG/pin 191 to disk drive(sl-the 
write gate (WG) cannot be enabled unless the PF input pin 
(181 is high. When the WGE bit is set to 0, the WG ouput pin is 
low lenabledl; when WGE is set to 1, the WG output is high 
ldisabledl. If the PF input goes low while the WG output is 
low, the WG output will go high and the Write Gate Enable 
bit is reset to 1. 

Bit 1 (CRC Enable) 
When set to 1, permits internal CRC register to compute 
remainders on the data stream in either read or write modes 
of operation. When set to 0, the CRC register becomes the 
source of data. A change in the CRC Enable bit does not 
become effective until the "next BYTRA flag appears" 
following the command bit change-refer to description of 
CSR 1/Bit 6. 

Bit 2 (Qata !'l_eglster ~ontrol) 
When set to 0, contents of data register consists of inter
leaved data-and-clock bits; starting from the MSB (IVO) 
position, register contents are: Clock 1, Data 1, Clock 2, 
Data 2, Clock 3, Data 3, Clock 4, and Data 4. When writing an 
address mark, the appropriate data/clock pattern is loaded 
into the data register by the 8X300. Since each byte of data 
from the processor becomes an interleaved pattern (4-bits 
of data and 4-bits of clockl in the 8X330 data register, two 
bytes from the processor are required to write each full byte 
of address mark to the drive-eight bit cells with each cell 
containing a possible data and/or clock transition, or a total 
of 16 bit positions. When writing address marks, the normal 
on-chip clock insertion circuitry of the 8X330 is inhibited; 
thus, the user is free to define any clock/data pattern for the 
address mark. 

When reading address marks, the data register is loaded 
with data and clock representing four bit cells from the disk 
media. The information in the data register can then be 
compared with the expected address mark by the 8X300 on 
a nibble-by-nibble basis. When the DRC bit is set to 1, the 
data register contains separated data (no clocks). A state 
change in this bit does not become effective until the "next 
BYTRA flag appears" following the state-change command. 

Bit 3 (Sync Enable) 
The Sync Enable bit allows the on-chip data separator to 
obtain bit and byte synchronization; this bit also controls 
initialization of the CRC Register. With the 8X330 in Read 
mode and with Bit 3 set to 0, bit synchronization occurs. The 
Preamble field is assumed to be all "zeroes" or all "ones" as 
determined by the Preamble Select bit (CSR 2/Bit 4). 

When the proper number of preamble bytes, as determined 
by the disk-control program, have been found, the Sync 
Enable bit should be changed, under program direction, to 

l 8X330 

~-

a 1. This puts the 8X330 in the Address-Mark search mode. 
Accordingly, all bits of the CRC Register are presetto 1, the 
BYte TRAnsfer flag is inhibited, and the 8X330 examines the 
data stream for an Address Mark. The Address Mark is 
detected by observing the data and clock bits to find a 
change in the normal Preamble pattern. Byte synchroniza
tion is achieved by assuming that the change occurred in 
the bit cell determined by two Bit Select bits ICSR 2/Bits 2 
and 31. 

When the pattern change is found indicating the start of an 
Address Mark, the 8X330 starts CRC computation and 
synchronizes BYTRA to the byte boundaries. Note that the 
8X330 presumes an Address Mark by finding a change in the 
preamble pattern; however, it is up to the 8X300 to read the 
Address Mark and to establish its validity or non-validity. 

In write mode, setting the Sync Enable bit to 0 presets all 
bits of the CRC Register to 1. Setting the Sync Enable bit to 
1 allows CRC computation to begin at the next byte boun
dary. 

Bit 4 (Load Counter) 
When set to 1, transfers 8-bits of data from Sector Length 
register and 1-bit (MSBI of data from Byte Counter (refer to 
next description! to 9-bit Byte Counter. Loading of the 9-bit 
Byte Counter is effective one bit-cell time after the Load 
Counter bit is set to 1. In both the read and write modes of 
operation, the Byte Counter is incremented by BYTRA. The 
Load Counter bit is self-clearing and always returns a 0 
when read. 

NOTE 
The Load Counter bit must be set one or more instruction cyc 1es after setting the Byte 
Counter MSB, that is, bits 4 and 5 of CSA 1 cannot beset during th same instruction cycle. 

Bit 5 (Byte Counter MSB) 
This bit is used to set and monitor the state of the ninth 
(MSBI bit in the Byte Counter; reading this bit always 
returns the current state of MSB in the Byte Counter. The 
MSB of the Byte Counter is set to the value of CSR 1 /Bit 5 
when the Load Counter bit (CSR 1/Bit 4) is asserted-refer 
to preceding description. 

NOTE 

The Byte Counter MSB must be set one or more instruction cycles before the Load 
Counter bits-bits 4 and 5 of CSR 1 cannot be set during the same instruction cycle 

Bil 6 (BYTRA) 
During a disk read operation, the BYte TRAnsfer flag is 
automatically set to O when 8-bits of information are trans
ferred from the Data Shift Register to the Data Register 
-see Figure 1. During a disk write operation, BYTRA is 
automatically set to 0 when 8-bits are transferred from the 
Data Register to the Data Shift Register. BYTRA la read-

(A"'"" 1985 
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only bit> is reset toa 1 when the Data Register(address 137al 
is selected by the user's program. During read/write opera
tions, the 1-to-O transition of the BYTRA flag increments the 
Byte Counter to keep count of bytes read or bytes written. 
All read-only bits of the 8X330 are designed to remain stable 
during the monitor period; thus, to read a status change of 
BYTRA, Disk-Status bit, the Byte Counter MSB, or other 
read-only bit requires a two-instruction loop similar to: 

TEST SEL 
NZT 

Bit 7 (Disk Status 1) 

CSR 1 
BYTRA, TEST 

Reflects state m or 1l of input DS1 (pin 17l; this is a user
definable read-only bit. 

NOTE 
A high mput on any one of the Disk Status lines of the 8X330 lS read by the 8X300 program 
as a logical 1 and a low input on the status lines is read as a logical O 

Command/Status Register #2 (CSR 2/Address 133s) 

The disk status (read) or disk-command (write) contents of 
this register are interpreted as follows: 

Bit O (Precompensation Enable) 
This command bit determines whether or not precompen
sation is applied to the data stream being written onto the 
disk. When set to 0, precompensation is inhibited. When set 
to 1 and with double-density encoding, write precompensa
tion is applied to the following data/clock bit patterns: 

Precomp Data/Clock Pattern Bit Being Bits Already Written 
Time {in Data Shift Reg) Written to Disk 

2T (Late! 0 0 0 0 
2T (Late! 0 0 0 
2T (Early! 1 0 0 
2T (Early! 0 0 0 0 

where, T ~ if bit 7 of CSR 2 (1/2FI ~ 1 
crystal frequency 

T ~ 2 · if bit 7 of CSR 2 (1/2FI ~ 0 
crystal frequency 

Bit 1 (Read Mode) 
When set to 0, the 8X330 reads data from the disk and 
transfers it to the Data Register; when set to 1, data from the 
Data Register is transferred to the disk, provided the Write 
Gate Enable bit (CSR1/Bit Olis set to 1. With WGE set to 0 
and the Read Mode bit set to 1, the current-controlled 
oscillator is forced to lock onto the crystal oscillator; this 
technique is used during a data-read operation to ensure 
rapid acquisition of the disk data. 

Bits 2,3 (Bit Selects 1 and 0) 
Together with the Sync Enable (CSR 1/Bit 3l, these two bits 
allow the user to establish byte boundaries for the data 
stream; this is done in the following way. After bit synchron
ization is established, and the preamble pattern is verified, 
the 8X330 looks for a change in the normal preamble 
pattern. As shown in the following truth table, Bit Select 1 
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(Bit 2l and Bit Select O (Bit 3l identifies the bit cell within the 
first nibble of the first Address-Mark byte in which the first 
deviation from the normal preamble is expected. BYTRA is 
always referenced to bit cell 0. 

BS 0 

0 
0 

Bit 4 (Preamble Select) 

BS 1 

0 
1 
0 

Bii Ceii 

0 
1 
2 
3 

This bit is used only for bit sychronization-refer to CSR 
1/Bit 3. With Bit 1 of CSR 2 set to 0 (Read Model and the 
Preamble Select bit set to 0, the preamble field is assumed 
to be all zeroes; with the Preamble Select it set to 1, the 
preamble field is assumed to be all ones. In either case, 
preamble validity is determined by the 8X300. 

Bits 5,6 (E1 and E2) 
Together, E1 and E2 select the encoding scheme used to 
write data on the disk-refer to truth table that follows. 

E1 

1 
0 
0 

Bit 7 (1/2F) 

E2 

x 
0 

x = don't care 

Encodlhg Scheme 

FM 
MFM 
M2FM 

This bit allows the data transfer rate to be changed without 
modification of the frequency-selective components in the 
data-separation logic; thus, differences in data transfer 
rates between standard-and-mini floppies can be accom
modated via software-no component or other hardware 
changes. Assuming an 8 MHz crystal and with the 1/2F bit 
set to 1, the data transfer rate is 250K-bits per second in the 
single-density (FMl mode and SOOK-bits per second in the 
double-density (MFM/M2FMl mode. When set to 0, the 
transfer rates are halved--125K-bits and 250K-bits, respec
tively. When using frequencies other than 8 MHz, the data 
transfer rate is determined as follows: 

Single-Density Double-Density 
Bit 7 (1/2F) (FM) !MFM/M2FM) 

0 
xtal freq xtal freg 

64 32 
xtal freg xtal fr~ 

32 16 

Command/Status Register #3 (CSR 3/Address 134s) 

This register contains seven bits (Bit 0 through Bit 6l which 
determines the state of the disk-command outputs; writing 
to Bit 7 has no eflect and reading Bit 7 always returns a zero. 
Whan a logical "1" is specified by the 8X300 program for a 
given disk-command line, a high will appear at the output of 
the 8X330 for that particular command line. Each bit and the 
output pin it controls are summarized below. 
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Bit (CSR 3) Control Function Pkg Pin No. 
0 DC1 Output 12 
1 DC2 Output 11 
2 DC3 Output 10 
3 DC4 Output 9 
4 DC5 Output 8 
5 DC6 Output 7 
6 DC? Output 6 

Command/Status Register #4 (CSR 4/Address 135s) 

This register contains four bits !Bit O through Bit 31 which 
reflect the state of the disk-status inputs to the 8X330; 
reading all other bits 14 through 71 always returns a zero. 
These read-only bits and the reflected status they represent 
are as follows; the information specified by notation for Bit 
7/CSR 1 is applicable to these input lines. 

Bit (CSR 4) Control Function ~_!'in No_. _ 
0 DS2 Input 16 
1 DS3 Input 15 
2 DS4 Input 14 
3 DS5 Input 13 

Phase Lock Loop (PLL) and Data Separation Logic 
An expanded view of the phase-lock loop and the data
separation logic is shown in Figure 4. Basically, the PLL 
consists of two counters, a phase detector, and a feedback 
loop containing a low-pass filter loff-chipl that controls a 
phase-locked oscillator ICCOI. In simplified form, the data
separation logic consists of data flip-flops I pulse synchron
izer) and other circuits required to separate data and clock 
transitions. In the read mode, the output of the phase
locked oscillator ICCOi is applied to the clock inputs of 
counter #1, counter #2, and the pulse synchronization 
circuits. Essentially, the frequencies of the two counters are 
identical !phase relationships may or may not be identical!; 
to maintain proper frequencies and to continuously correct 
for any phase deviations, the following actions occur. 

Preset values which represent, respectively. nominal mid
points of the clock and data windows are present at counter 

l 8X330 

~-

Sector Length Register-Address 136s 

This register contains the load value for the lower eight 
ILSBsl bits of the Byte Counter. Data is transferred from the 
Sector Length Register to the Byte Counter under control of 
Load Counter Bit in CSR 1 When the contents of this 
register are transferred to another location via a read or 
write commands, the original holding of data is not lost; 
thus, if the same data is to be used more than once, a 
repetitive read or write can be imple~ented without reload
ing the register. 

Data Register-Address 137s 

Together with the Data Shift Register, the Data Register is 
used for bidirectional transfer of data between the 8X330 
and the 1/0 bus. All transfers to-and-from this register are 
made in conjunction with Bit 6 IBYTRA-Byte Transfer 
Flag! of CSR 1. When the Data Register Control bit !CSR 
1/Bit 21 is set to 0, the content of this register is interleaved 
with four bits of data and four bits of clock. When data is 
transferred from the Data Register to the Data Shift Regis
ter, the original content of the Data Register is not lost. 

#2 and, when an output appears at the pulse synchronizer, 
these preset values are entered. The count sequence for 
both counters is from "Oto F"; hence, the phase difference 
between Carry 1 !counter #1) and Carry 2 !counter #21 
actually corresponds to any phase deviation between the 
CCO and the synchronized data from the disk. The phase 
detector measures the phase difference between the two 
carry inputs and produces a series of quantized pulses 
whose widths are proportional to the phase error at the end 
of each counting cycle. After integration by the low-pass 
filter, a current proportional to the phase error is applied to 
the current"controlled oscillator. Accordingly, the CCO is 
driven in a direction !pump-up or pump-down) to correct 
any phase difference between the synchronized disk data 
and the feedback-controlled clock. Phase detector charac
teristics for both single-and-double density formats are 
shown in Figures 5 and 6. 

(A"'"" 19B5 
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~ 
""0-t-- (REFERENCE) 
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1CLOCK 1 DATA/CLOCK 

Components shown with dashed lines are located off-chip 
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Figure 4. Slmpllfled Block of Phase-Lock Loop 
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Standard Floppy FM Format. one CCO clock period equals 250 
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Figure 5. Phase Detector Characteristic for 
Slngle·Denslty (FM) Format 
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All horizontal/vertical units are specified in CCO clock periods; for 
standard floppy double density IMFM/M2FMl, one CCO clock period 
equals 125 nanoseconds 

Figure 6. Phase Detector Characteristic for 
Double-Density (MFM/M2FM) Format 
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Data Processing and Error-Check Functions 

These functions of the 8X330 are summarized in Figures 7 
and 8. The read/write operations are software-controlled by 
previously-described bits of command/status registers 

coc 
QINIRATOR 

l ___ sx_3_3_0 __ _ 

CSR1 and CSR2. For the sake of simplicity, control lines 
and much of the control logic associated with the data 
processing and error-check functions are omitted in the 
read/write diagrams. 

coc 
ENAaLE 

ENCODE 
ENAILE 

WRITE 
PAECOMP GATE 

ENABLE/DISABLE ENABLE 

DATA 
UGlaTIA 

DATAIHIFT 
"IQllTER MULTIPLEXER 

CLOCK 
ENCODING 

LOGIC 

WAITE 
TO DISK 

DATA 
REGISTER 

Figure 7. Slmplllled Block of Dehl Procesalng and Error Check Funcllont1-Wrlte Mode 
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DC CHARACTERISTICS Vee= 5V (±5%). TA= o•c to 70°C 

PARAMETER TEST CONDITIONS 
LIMITS 

UNITS COMMENTS 
Min Typ Max 

V1H High level input voltage 2.0 Vee v For all inputs except X 1, X2, 

V1L Low level input voltage -1.0 0.8 v C1, C2, CCO, and VcR 

Vee Supply voltage 4.75 5.0 5.25 v sv (±5%) 

VCR Regulator voltage Vee= 5V 3.1 v From series·pass transistor 

VcL Input clamp voltage Vee= Min -1.0 v Inputs X 1, X2, C 1, C2, and CCO 
l1N = -5mA do not have internal clamp 

diodes. 

VoH High level output voltage Vee= Min; 2.7 v DC 1 through DC7 (Pins 6-12) & 
loH = -0.4mA OW (Pin 4) 

Vee= Min; loH = -3mA 2.4 v IVO-IV7 (Pins 25-32) 

Vol low level output voltage Vee= Min; 0.5 v DC 1 through DC7 (Pins 6-12); 
lol = 8mA PUP, PON (Pins 33, 34); OW 

(Pin 4) 

Vee = Min; lol = 16mA 0.55 v IVO-IV7 (Pins 25-32) 

Vee= Min; lol = 40mA 0.55 v WG (Pin 19) 

lcex Open-collector leakage Vee= Min; 100 µA WG (Pin 19); PUP (Pin 34); 
current with output set to 1. VouT =Vee PON (Pin 33) 

l1H High level input current Vee= Max; V1N = 2.7V 20 µA OS 1-0S5 (Pins 13-17); 
PF (Pin 18); DR (Pin 5) 

40 µA ME (Pin 21 ); MClK (Pin 22); 
SC (Pin 23); WC (Pin 24) 

Vee= Max; With C 1 (Pin 36) under test, C2 
V1N = 5.25V; (Pin 37) is open and, vice-versa. 
CCO (Pin 35) input 4 mA 
current = OmA 

Vee = Max; V1N = 5.25V 
CCO (Pin 35) input 2 mA 
current = 1 mA 

Vee= Max; 4 mA With X2 (Pin 2) under test, X1 
V1N = 0.6V (Pin 3) is open and, vice-versa. 

Vee = Max; V1N = 4.5V 50 µA IVO - IV7 (pins 25-32) 

Vcco Input voltage for Vee= 5V; TA= 25°C 750 mV 
current-controlled CCO input current 
oscillator (Pin 35) = 300 µA 
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DC CHARACTERISTICS (Cont'd) Vee= sv (±5%), TA= 0°c to 70'C 

PARAMETER TEST CONDITIONS 

Ill Low level input current Vee= Max; 
V1N = 0.4V 

Vee= Max 
V1N = 0.5V 

los Output short-circuit current Vee= Max; 
Output= "1"; VouT = "O". 

(NOTE 

At any time, no more than one output 
should be connected to ground) 

ice (Pin 40) Vee= Max 

lcR Vee= Max 

IREG (Pin 39) Vee= 5V; VcR = ov & VA= 2V 

NOTES 

1. Operating temperature ranges are guaranteed after thermal equilibrium has been 
reached. 

2 All voltages measured with respect to ground terminal 
3. Unleaa otherwise apecified. each teat requires that VcR be supplied through a series· 

pass transistor aa shown in the accompanying drawing 

Min 

-15 

-30 

-16 

l 8X330 

--
LIMITS 

UNITS COMMENTS 
Typ Max 

-400 1tA DS1-DS5 (Pins 13-17); 
PF (Pin 18); DR (Pin 5) 

-800 1tA ME (Pin 21); MCLK (pin 22); 
SC (Pin 23); WC (Pin 24) 

-4 mA X1 (Pin 2), X2 (Pin 3), with X1 
under test, X2 is open and, 
vice~versa. 

-550 1tA IVO-IV7 (Pins 25-32) 

-100 mA DC 1-DC7 (Pins 6-12) & DW 
(Pin 4) 

-140 mA IVO-IV7 (Pins 25-32) 

200 mA 

250 mA 

-27 mA 

•cc 

.. 
•cc t----1---.. 

0.1µ1 

•• '"'"h 
0.1µ1 
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8X330 

AC CHARACTERISTICS Vee= sv (±5%), TA= 0°c to 10°c 

MNEMONIC REFERENCE INPUT OUTPUT Min Typ Max COMMENTS 

tpo ~ ~ 60ns 
Refer to Note 3 and Test Loading Circuit # 1. 

tpb __/MCLI( .JY§_/ 100ns 

tpo _IMCLK -wG\_ 100ns 

tpo __fiCCK ~ 70ns Refer to Note 3 and Test Loading Circuit # 2. 

tpo ___fMcLJ( oCH\_ 70ns 

lpw ~ 50ns 

lpw ~ sons 

lpw ~ Note 1 

I SETUP ~ Input on OS 1 ··5 55ns Note 2 

I SETUP "\.~ Input on OS 1-5 55ns Note 2 

I SETUP \_!!1L Input on OS 1-5 55ns Note 2 

IHOLO ~ Input on OS 1-5 Ons Note 2 

IHQLO ~ Input on OS 1-5 Ons Note 2 

IHOLO ~ Input on OS 1-5 Ons Note 2 

toE-ME, ~ 
SC & WC ~ 1/0 bus 25ns 

~ 
Refer to Test Loading Circuit #3. 

too-ME, 
~ 

110 bus 
SC & WC ~ (three-state) 30ns 

-~ 

lw (MCLK _/McLj(\_ 45ns 
pulse width) 

tso (data MCLK\__ 110 bus 50ns 
setup time) 

f---- --t----·-.. ·------
tso (ME setup McLI<\_ ME 45ns 
time) 

r--· -+------· --tso (SC setup MclK\_ SC 45ns 
time) 

tso (WC setup 'Mei:K\_ WC 45ns T==----=-~--~ time) 

tHo (data hold MCLK\__ 1/0 bus Ons 
time) 

--~- --- -------- ----
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Floppy disk formatter/controller 

AC CHARACTERISTICS (Cont'd) Vee= sv (±5%), TA= o•c to 10°c 

MNEMONIC REFERENCE INPUT OUTPUT Min Typ 

IHD (ME hold Mei:i(\_. ME Ons 
time) 

IHD (SC hold McLK\_ SC 
Ons 

time) 

tHD (WC hold MCLK\_ Ons 
time) WC 

NOTES 
1. Write pulse width= 2/FXTAL• that is, for 8MHz c~al, lpw = 25071sec (typical) 
2. Changes on OS 1-5 are not stored in read mode (ME = O, SC = 0, and WC = O) 
3. During the period when MCLK is high, measurement is made with ME= Low, SC = Low, 

and WC "" High. 

TEST LOADING CIRCUIT 

CIRCUIT #1 

FROM OUTPUT 
UNDER TEST 

NT 

+sv 

., 
11on 

r~ 

TIMING DIAGRAM 

PROPAGATION DELAY TIME 

INPUT 

OUTPUT 

SETUP & HOLD TIMES 

REFERENCE *=~--------
---------·• I 

rtsETuP-+J..-tHOLD~ 

0ATA/CONTROL I 1.5V I 1.SV ~
---,1 1,-----

'---------' 

CIRCUIT #2 

+sv 

8X330 

Max COMMENTS 

CIRCUIT #3 

+sv 

PULSE WIDTH WAVEFORM 

-:-::\. .. ir::-'·"1'--------lf .. ,. 
I I 
I I 
1---tPW~ 
I I 
I I 

OUTPUT ENABLE ANO DISABLE TIMES 
iVO-M 
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8X330 J 
CLOCK REQUIREMENTS CLOCKING XTAL OSC WITH PULSE GEN 

+ 

PULSE 
GENERATOR 

~ 

PULSE GEN CHAR: 
Zour= soo 
v0ur=o~2v 
RISETIME s 10ns 
SKEW:slOns 
COMPLEMENTARY OUTPUTS 

3 {X1) 

5011 

IX330 

SOJ! 

2 (X2) 

Crystal Oscillator.The on-chip crystal oscillator circuit is 
designed for operation using an external series-resonant 
quartz crystal; alternately the crystal osci!l<itor can be 
driven with complementary outputs of a pulse generator or 
interfaced to a master clock source via TTL logic-see 
accompanying circuits. When a crystal is used, the on-chip 
oscillator operates at the resonant frequency (f.) of the 
crystal; the crystal connects to the 8X330 via pins 3 rx1) and 
2 IX21. The lead lengths of the crystal should be approxi
mately equal and as short as possible; also, avoid close 
proximity to all potential noise sources. The crystal should 
be hermetically sealed IHC type can I and have the following 
electrical characteristics: CLOCKING XTAL OSC WITH OPEN-COLLECTOR 

TTL 
Type: Fundamental mode, series resonant 
Impedance at Fundamental: 35-ohms maximum 
Impedance at Harmonics and Spurs: 50-ohms minimum 

When the crystal oscillator is externally-driven, typical 
waveforms are as follows: 

TYPICAL WAVE FORM 

" -
" -

l 

590 

I \~____,/ 
I 1-

_j'SKEW~ \ J 
I I I 
I I I .-.---••w---- I 

I 
FREQ--------__., 

FREQUENCY= bMHz (TYP)l18MHz (MAX) 

tpw"' 50% (TYP) 
tsKew:s:10ns 

3 (X1) 

8X330 

2 (X2) 

\_ 



Floppy disk formatter/controller l __ ~_sx_3_3_0~~~-
Current-Controlled Oeclllator (CCO). CLOCKING WITH OPEN-COLLECTOR TTL 

+SY 

FROMnL 

A non-polarized ceramic or mica capacitor is recom
mended for the current-controlled oscillator. The capacitor 
connects to the 8X330 via pins 37 !C2l and 36 !C1l; lead 
lengths of the capacitor should be approximately the same 
and as short as possible. When the input current to the CCO 
is near zero !maximum frequency), the capacitor value 
should be chosen so that the high-limit rest frequency of the 
oscillator does not exceed 24 MHz. If the rest frequency is 
higher than 24 MHz, synchronization of the CCO with the 
crystal oscillator just prior to the read operation, may be 
impeded. The curves in Figure 9 !current-versus-frequency> 
and Figure 8 !capacitance-versus-frequency> show how 
these design parameters affect operation of the CCO over a 
temperature range of 0° C to 70° C. A suitable test circuit for 
verification/validation of the current-controlled oscillator is 
also shown in Figure 10. Like the crystal oscillator, the CCO 
can be driven with the TTL output of a pulse generator or 
interfaced to a master clock via TTL logic-see accompany
ing diagrams. 

.i TOTEM-POLE TO C2 (PIN 37) 
OUTPUT 

r TO C1 (PIN 31) .... I 

CLOCKING WITH PULSE GENERATOR 

OUTPUT OF 
PULSE GEN ,. __ L 

,._J 

... 
12on 

4100 ---JV'.------ TO C2 (PIN37) 

son rTOC1(PIN31) .. , .. I 

nr-r--r--.--1~1.l,.........--.,--.-l~l-.-.--r--r-,.--,.-,-,--r-,-,--,..-,.-.,-,-, 

1l:::;;;;j;;::;;p..ll~~_!l,i-;.i,!11"9~b::j,.....~c'.-+-+-+-+--+--l-ll-ll-ll-ll-ll-ll-ll-l-+-I 
al-t--1~-+--+i""ii~l&;.:~-+--+--+--+--+--+--+-+-+-l--t--1-+-+--+-+-+~ 

' ... F "'~ 
•l--+-+--+-,.:.:...:,~-p.,~~r+--l-+-l-+-+--+-1--+-+--l-+-1-+-+--+-

11 i--+--l--l--t-f--.j.--!--+:~~,.--i--.j.--l--t--+--l-+-+--l--l--t-l--.j.--l--+--i 

1•t---t--t--+--+--+--+-+-+-t--...;;~~~l-t-+--t--t--+--+--+--+--+-+-t-t---11-1 
151-t-+-+-+-+-+-+-+-~~~'~r"ri-!.....,,..~l-ll-ll-ll-lt-t-+-+-+--t-1 N v'"c 
1'1---l--+--+-l-+-+--+--+-l-+-+-"""'El,--l-ll--+--1--+--+-l-+-+--+--+-i 

N ,, l--4--~-l-4--l---l--4--4--4~-1--~lt-'IS'lllr+-+-4~1-11-t-t-+-+--l-4-..., 

121---l--+--+-l-+-+--+--+-l-+-+--+--+...,.,........,l--+--l--+--+-l-+-+--+--+-i 

11-1~-t-::T--t--t-1~-t--+--t--t-1r-t~~,~~~T1--t--t-1~-t--+--t---t-1 
3,=•cf'·",' ~h 

10 t--+--+--+--€E"t· Yee •.n v +-+-11--+--l--+--+-l-~ol'~-b..-+-+--t--+--t-t---t--1 

D 

CURRENT IN MICRO.AMPERES 

Figure 9. Current-versus-Frequency with: Vee = SV and Capacitance = 25 Picofarads 
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8X330 j 

CAPACITANCE IN PICOFARADS 

Figure 10. Capacitance-versus-Frequen\:Y with: Vee= 5V, VCR = 2.SV, and I = 300µA 

VOLTAGE REGULATOR ELECTRICAL SPECIFICATIONS 
*PARAMETER CONDITIONS 

hte 
VBEON 
VcESAT 
BVcEO 

ft 

VcE = 2V 
VcE = 5V/lc = 500mA 

le = 500 mA/ls = 50 mA 

LIMITS 

>50 
<1V 
<0.5V 
>8V 
>30 MHz 

All internal logic of the 8X330 is powered by an on-chip 
voltage regulator that requires an external series-pass 
transistor. Electrical specifications for the off-chip power 
transistor and a typical hook-up are shown in accompany
ing diagrams. To minimize lead inductance, the transistor 
should be as close as possible to the 8X330 package and the 
emitter should be ac-grounded via a 0.1-microfarad capaci
tor. 

•Medium power NPN silicon !0°<TA<70°C! recommended parts: 2N5320, 2N5337 

TYPICAL HOOK-UP 

IX33D 



8X350 (T .S.) 

2048-BIT BIPOLAR RAM (256 x 8) Originally published by Signetics January 1984 

FEATURES 
• On-chip addreH latchH 
• 3·etate outputs 
• Schottky clamped TTL 
• Internal control logic for 8X300 1yatem 
• Directly lnterfacH with the 8X300 

bipolar microprocessor with no 
external logic 

• May be uaed on left or right bank 

APPLICATIONS 
• 8X300 or BX305 working storage 

DESCRIPTION 
The BX350 bipolar RAM is designed princi
pally as a working storage element in an 
BX300 based system. Internal circuitry is 
provided for direct use in BX300 applica
tions. When used with the BX300, the RAM 
address and data buses are tied together 
and connected to the IV bus of the system. 

The data inputs and outputs share a com
mon I I 0 bus with 3-state outputs. 

The 8X350 is available in commercial and 
military temperature ranges. For the com
mercial temperature range (O'C to + 75'C) 
specify N8X350-F, and for the miltiary tem
perature range (- 55'C to + 125'C) 
specify S8X350·F. 

TRUTH TABLE Note X =Do"'' care 

MODE ME SC WC MCLK 

Hold address 
Disable data out 1 x x x 

Input new address 0 1 0 1 

Hold address 
Disable data out 0 1 0 0 

Hold address 
Write data 0 0 1 1 

Hold address 
Disable data out 0 0 1 0 

Hold address 
Read data 0 0 0 x 

Undefined state 12 0 1 1 1 

Hold address 12 

Disable data out 0 1 1 0 

TYPICAL 1/0 STRUCTURE 

DISABLE 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Supply voltage 
V1N Input .voltage 

Output voltage 
VoH High 

Vo Off-state 

Temperature range 

TA Operating 
Commercial 
Military 

Tsrn Storage 

BLOCK DIAGRAM 

BUSSED 
DATA/ADDRESS 

LINES 

High Z data out 

Address 
High Z 

High Z data out 

Data in 

High Z data out 

Data out 

-

High Z data out 

PIN CONFIGURATION 

F= Cerdip 

F PACKAGE 

TOP VIEW 

ORDER NUMBERS 

8X350N, 8X350F 
S8X350F/883B 

RATING 

+7 
+5.5 

+5.5 
+5.5 

Oto +75 
-55 to +125 
-65 to +150 

' 

UNIT 

Vdc 
Vdc 
Vdc 

'C 

ROW MEMOl'IY CELL MATRIX 
O£COOE 32 x 64 = 2°"8 
•OF '2 

REAOIWRITt CIRCUIT 
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8X350 (T .S.) 

DC ELECTRICAL CHARACTERISTICS2 N8X350: 0°c s TA s +75°c, 4.75V s Vee s s.2sv 

S8X350: -55°C s TA s +125°C, 4.75V s Vee s 5.25V 

NBX350 
PARAMETER TEST CONDITIONS 

Min Typ Max Min 

Input voltage 

V1L Low 1 Vee= Min .85 

V1H High 1 Vee= Max 2.0 2.0 

V1c Clamp"3 Vee= Min, l1N = -12mA -1.2 

Output voltage Vee= Min 
Vol Low 1•4 loL = 9.6mA 0.5 

VoH High1.5 loH = -2mA 2.4 2.4 

Input current 

l1L Low V1N = 0.45V -100 

l1H High V1N = 5.5V 25 

Output current 

lo( OFF) High Z state ME = High, VouT = 5.5 v 40 
ME = High, VouT = 0.5 v -100 

ios Short circuit3.6 SC= WC, ME= Low, 
VouT = av, Stored High -20 -70 -15 

ice V cc supply current 7 Vee= Max 185 

Capadttance ME = High, Vee = 5.0V 

C1N Input V1N = 2.0V 5 

couT Output VouT = 2.ov 8 

S8X350 

Typ Max 
UNIT 

v 
.80 

-1.2 

v 
.5 

µ.A 
-150 

50 

µ.A 
60 µ.A 

-100 

-85 mA 

200 mA 

pF 
5 
8 

AC ELECTRICAL CHARACTERISTICS 2,9 N8X350: 0°c s TA s +75°C, 4.75V s Vee s 5.25V R1 = 470fl, R2 = 1 kfl, CL= 30pF 

S8X350: -55°C s TA s +125°C, 4.75V s Vee s 5.25V 

N8X350 S8X350 
PARAMETER TO FROM 

Min Typ Max Min Typ Max 
UNIT 

Enable time ns 
TE1 Output Data out SC- 35 40 
TE2 Output Data out ME- 35 40 

Disable time ns 
TD1 Output Data out SC+ 35 40 
TD2 Output Data out ME+ 35 40 

Pulse width ns 
Tw Master clocks 40 50 

Setup and hold time ns 
TsA Setup time MCLK- Address 30 40 
THA Hold time Address MCLK- 5 10 
Tso Setup time MCLK- Data in 35 45 
THO Hold time Data in MCLK- 5 10 
Ts3 Setup time MCLK- ME- 40 50 
TH3 Hold time ME+ MCLK- 5 5 
Ts1 Setup time MCLK- ME- 30 40 
TH2 Hold time ME- MCLK- 5 5 
Ts2 Setup time ME- sc-,wc- 0 5 
TH.1 Hold time SC- MCLK- 5 5 
TH4 Hold time WC- MCLK- 5 5 

Notes on following page 
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2048-bit bipolar RAM (256 x 8) 

TIMING DIAGRAMS 

TRANSPARENT ADDRESS READ CY".:LE 

MCLK ,-----,-.,-v"'\----------------------· +lV 

-="-----' 1--- T51 
ME 10.12 

+3V 

ov 

Hl·Z +3\1 
IV BUS 

,.i---__ To_1_--J ____ +3V 

st 10,12 1.5\1 
OV 

we,, 0 10,12 

LATCHED ADDRESS READ CYCLE 

+3V 
MCLK 1.5\1 

--JTH21---
,..----- +3V 

ME 10·12 \1.sv J 1.sv 

1---T-.,--1--:----1 To2 1- OV 

-:y3"""'~£~._,.,.,,..,.,.,,£i~"""(i;[...,,.,if£~_.~_....,w;..,,.a,,.,.,.,.,,i..,.,.,.:E~...___.._.DATA..._OUT-J) Hl-Z 
+3V 

ov 
--i T52 f-

_W_C_1_1.~l2--------•. -,V-~""---------------- +3V 
- ()\I 

SC= 010,12 

~----------------------------------~ 
LATCHED ADDRESS WRITE CYCLE 

+3V 

MCLK f 1.SV \ 1.5\1 

-----------1 ... • k---_:r~;;----:1T.._"_'_I_---------- ov " , __________ +JV 

ME 11 '1.5\1 f 1.SV 

1--rso-f THO l--
"fil"1~"'~""-"""'"'"j"~i"'{;"'("'~"'(~"'~~"'"""' DATA IN VALID I ~)--------· ::· 

--1 TH4 1-
+3V 

_w_c_"_·'-' _____ __,/11 ~\I 
~-----~---ov 

NOTES 

All voltage 11alues are with respect to network ground terminal 

The operating ambient temperature ranges are gu<:iranteed with transverse air flow 

axceedmg 400 linear feet per minute and a 2-minute warm-up 

Typical thermal resistance values of the package at maximum temperature are. 

BJA Junction to ambient at 400fpm air flow. 50°Ctwatt 

(-)JAJunction to ambient· still air - 90°Clv,,iall 

t'.IJA iunct1on to case· 20°c1watt 

3 Test each pm one at a time 
4 Measured with a logic low stored Output sink current 1s supplied through a resistor to 

Vee 
Measured with a logic high stored 

Ouratwn of the short c1rcutl should not exceed 1 second 

7. lee is measured with the write enable and memory enable inputs grounded. all 0ther 

inputs <1t 4.5V and the output open 

8 Minimum required to guarantee a Write into the slowest bit 

9 Applied to the BX300 based sysl8m with the data and address pms tied lo the IV Bus 

10. SC +ME= 1 to avc1d bus conflict 

11 WC + ME = 1 to avoid bus conilict 

12 l'he SC and WC outputs from the 8X300 are never al 1 simultaneously 

8X350 (T .5.) 

TIMING DEFINITIONS 

Ts1 Required delay between beginning 
of Master Enable low and falling 
edge of Master Clock. 

TsA Required delay between beginning 
of valid address and falling edge 
of Master Clock. 

THA Required delay between falling 
edge of Master Clock and end ot 
valid Address. 

TH1 Required delay between !ailing 
edge of Master Clock and when 
Select Command becomes low. 

TE1 Delay between beginning of Se-
!eel Command low and beginning 
of valid data output on the IV Bus. 

TD1 Delay between when select Com-
mend becomes high and end of 
valid data output on the IV Bus. 

TH2 Required delay between falling 
edge of Master Clock and when 
Master Enable becomes low. 

TE2 Delay between when Master En· 
able becomes low and beg111ni11q 
of valid data output on the IV Bus 

To2 Delay between when Mast0r En-
able becomes high and end of val-
id data output on the IV Bus. 

Ts2 Required delay between when 80· 
lect Command or Write Comrnand 
becomes low and when Master En· 
able becomes low. 

Tw Minimum width of the Masti:H 
Clock pulse. 

Ts3 Required delay hetw0en when 
Master Enable becomes low and 
falling edge of Master Clock. 

TH3 Required delay between IHlling 
edge of Master Clock and when 
Master Enable becomes high. 

Tso Required delay between beginning 
of valid data input on the IV Bus 
and falling edge of Master Clock. 

THD Required delay between falling 
edge of Master Clock and end of 
valid data input on the IV Bus. 

TH4 Required delay between falling 
edge of Master Clock and when 
Write Command becomes low. 

VOLTAGE WAVEFORM 

INPUT PULSES l 
>JOY~------ I - " goo,, 

OV - I I IO':._ I 
-I 1---s"' - !~·- 5o• 

,30,~ 10"o 

~ 50' .. L ov --- - . 

1-- So• --1 5 OS 

Measurements. All circwt delays ara measured at 

I the + 1 .5V level of inputs and outpu~ 
L---------·------------

August 1985 595 



8X350 (T .S.) 

TYPICAL 8X350 APPLICATION 

SIGNETiCS 
825115 
512X8 
PROM 

-_____ J,CEJCE1 
~ 

i 
I 

I 
I .. , 

I <>6-: 

SIGNETICS 
825115 
512X8 
PROM 

l ______ _ 
TEST LOAD CIRCUIT 

18-115 

A4-A12 

t~ ,::;) 
~Vee v.L~t-+-f---,~::!: 

8X300 
MICROCONTROLLER 't" MCLK. 

sc.wc 

LB 

,--------->.""' 

SIGNETtCS 
8T32 

UOO-UD7 

vo PORT rK"------v> 

8 ME l.__ __ 1..,..... 
L------OBiC 

L---'-------0~•oc 

UDO-U07 
f-- l/DPORT K :> 
f-- R- l'\r----;I 

~ 1 1 _,., BiC
0 

~I 
L---------0-"BOCO 

UDO-UD7 

l/D PORT rl<.-'-.------y'·) 

----OBiC 
L---------0 iiOC 

i 

8x350 
256X8 
RAM 

LK..--1-J--~J;h; 
UOO-UD7 

1/0 PORT 

LOADING CONDITION 

PULSE 
GENERATOR 

PULSE 
GENERATOR 

., 
MCLK 

SC 

Mi' 

WC 

Ao 

OUT 

GND 

Vee 

Vee 

(CAPACITANCE INCLUDING 
SCOPE AND JIGJ 

L~A:::":_:'_:::"':_'':_'o:_"~'• __ '"_•_•_•,_•_''_P_lc_•_' •_"_"_'"_o_h_m_• ________ -------------
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Bipolar Ram (32X8) 
Product Specification 

DESCRIPTION 
The 8X353 is a 32-byte RAM designed 
principally as a working storage element 
in 8X305-based systems. The 8X353 is 
ideal for applications requiring a relative
ly small amount of data storage and 
maximum 1/0 flexibility. Since the 8X353 
takes up only 32 of 256 locations on a 
controller bank, this device allows single 
cycle, bank-to-bank data transfer and 
other implementations in which the user 
does not wish to dedicate an entire 1/0 
bank to data storage. Contributing to the 
versatility of the BX353 is a fast select 
feature which, when supplemented with 
extended micro-code, allows this device 
to be selected externally of the IV bus. 

BLOCK DIAGRAM 

8X353 

Originally published by Signetics January 1985 

FEATURES PIN CONFIGURATION 
• 32 bytes of storage I - -- ------~---·------·· 

l • 32 port addresses (OOa- 37 sl 
• 224 bank addresses available for 

I 
other 8X305 peripherals W'i 

• Fast Select feature for use with :Ii 

"' Mi 
extended micro-code a: 

I 
a: iV5 

• On-chip address decoding 165 • Separate address input pins ~~ 
iV4 

• Direct interface 00 iii M 

• Single 5V power supply co iV2 
x 

• 0.3 inch, Slim Line package C'll IV1 

• 0.3 inch, CERDIP package 
(') 

Mj 

WC 

-----------------·------------··-·--· ··----------· 

sc©--
WC 11 r-----+j 

CONTROL 
LOGIC 

110 BUFFERS 

READ/WRITE 
AMPUAERS 

32 x 8 
MEMORY CELL MATRIX 

~GNO 

~Vee 
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8X353 

Product Specification 

PIN DESCRIPTION 

PIN NO. IDENTIFIER FUNCTION 

1-5 AD7-AOO ADdress bus - Active low inputs that define which 
memory locations are to be accessed. 

6 FS Fast Select - When active low, this input allows 
read and write operations without performing a 

1ICC full select cycle. 

iV7 7 ME Master Enable - When low, this input indicates 
::::& the microcontroller bank is active; otherwise the 

~ Mi chip will not respond to any signal on the IV bus. 
a: ill5 8 MCLK Master CLocK - A standard BX305 clock input 

13=5 iV4 used for timing reference and system 

s~ lV3 
synchronization. 

9 SC Select Command - When active high, this input co N2 
indicates IV bus data is to be interpreted as an x 

C\I iVi address. 
(") 

Mi 10 GND GrouND. 

WC 11 WC Write Command - When active high, this signal 
indicates data is being input from the IV bus. 

12-19 IVO-IV7 Interlace Vector Bus - Three-state, active low, 
bidirectional signals which communicate 110 data 
and addresses (chip select). 

20 Vee Supply Voltage. 
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Bipolar RAM (32 x 8) 

Product Specification 

FUNCTIONAL OPERATION 
The 8X353 is capable of performing two 
functions - write and read. These opera
tions, and the control logic necessary for their 
execution, are described in the following text 
and summarized in Table 1. Typical timing 
relationships for write, read, and select cycles 
are shown in Timing Diagrams. 

Select Logic 

Standard Select Cycle - Before a read or 
write can occur, the 8X353 must first be 
selected by either a standard select cycle or 
by Fast Select operation (see below). A 
standard select cycle is initiated when SC and 

MCLK are high, and ME and WC are low. The 
three most significant bits on the iV bus are 
then compared with fixed internal values 
(1102 active low), and if identical, an internal 
select latch is activated (high) and the five 
bits of the memory address (pins AD? - AD3) 
are loaded into an address latch. 

As shown in Table 1, the BX353 remains in 
the selected state until another select cycle is 
initiated, at which point the select latch and 
addresses are updated. 

In situations where more than one RAM is 
required, the fixed internal values of IVO, IV1, 
and IV2 can be used as chip addresses. By 

Table 1. Summary Of 8X353 Operation 

CONDITIONS 

MODE 
ME SC WC 

AuF l H l 

Dis l l H 

Dos l l l 

AuF l s l 

AuF H x x 

D1F l l H 

DoF l l l 

fJE High H x x 
ME High H x x 
Dos w/o l l l 
MCLK low 

Dos wlo l l l 
select latch 
High 

Dis wlo l l H 
MCLK High 

Dis wlo l L H 
select latch 
High 

Aus w/o l H l 
MCLK High 

Not defined x H H 

NOTES: 
1. Aus - address update with standard select 

Dis - data input with standard select 
Dos = data output with standard select 
AuF = address update with fast select 
D,. = data input with fast select 
DoF = data output with fast select 

2. Depending on IV bus data 

MCLK 

H 

H 

l 

H 

H 

H 

l 

x 
l 

H 

l 

l 

H 

l 

x 

Select F5 
Latch 

x x 

H H 

H H 

l x 
l x 
l x 
l x 
H x 
l x 
H x 

H l 

x x 

H l 

x x 

x x 

3. Fast select Logic (I'S) given but is not used for 8X305 operation. 
X = Don't care 

N AD 
Bus Bus 

Input lnput2 
(chip 
address) 

Input Ignore 

Output Ignore 

Ignore Input 

Ignore Input 

Input Ignore 

Output Ignore 

Ignore Ignore 

Ignore Ignore 

Ignore Ignore 

Ignore Ignore 

Ignore Ignore 

Ignore Ignore 

Ignore Ignore 

8X353 

scrambling these pins, up to three RAMs can 
be selected from a single IV bus. 

Write/Read Operation 
Write and read operations are possible only 
after the BX353 has been selected by either a 
standard select cycle or by Fast Select opera
tion. As shown in Table 1, data 110 is 
controlled by ME, SC, WC, MCLK, FS, and 
the current state of the select latch. 

After a data address has been latched, data 
is written to the specified memory location 
when MCLK and WC are high and ME is low; 
a read occurs when MCLK, WC, SC, and ME 
are low. In both cases, data is transmitted via 
the IV bus. 

RESULTS 

Address Select 
Data 

Latch Latch 

Keep Update2 Update2 

Update Keep Keep 

Keep Keep Keep 

Keep Update Keep 

Keep Update Keep 

Update Keep Keep 

Keep Keep Keep 

Keep Keep Keep 

Keep Keep Keep 

Keep Keep Keep 

Keep Keep Keep 

Keep Keep Keep 

Keep Keep Keep 

Keep Keep Keep 

Not defined 
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8X353 

Product Specification 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Power supply voltage +7 V de 

V1N Input voltage +5.5 V de 

Vo Off-state voltage +5.5 V de 

Tsrn Storage temperature range -65 to + 150 c 

DC ELECTRICAL CHARACTERISTICS Vee= 5.0 ±5%, o•c <TA< 7o•c 

LIMITS 
PARAMETER TEST CONDITIONS1 UNIT 

Min Typ Max 

V1H 
High level input 

2 v 
voltage 

V1L 
Low level input 

0.8 v 
voltage 

VaH 
High level output IV pins: Vee= Min, 

2.4 v 
voltage loH =-3.2mA 

Vol 
Low level output IV pins : Vee= Min, 

0.55 v 
voltage laL = 16mA 

Vic Input clamp voltage Vce=Min, 11N=-10mA -1.0 v 
High level input (or Address pins and control pins: 

l1H leakage) Vee= Max, 100 µA 
current V1N = 4.5V 

Low level 
Address pins and control pins: 

l1L input current 
Vee= Max, -100 µA 
V1N = .5V 

las 
Short circuit 

IV pins: Vee= Max2 -30 -140 mA 
output current 

lozH 
High-Z state output IV pins: Vee= Max, 

100 µA 
current - high level Vo= 2.7V 

lazL 
High-Z state output IV pins: Vee= Max, 

-200 µA 
current - low level Vo= .5V 

Ice Supply current 
All inputs: Vee= Max. 

200 mA 
V1N = OV 

NOTES: 
1. All voltages measured with respect to Ground terminal. 
2. At any time, no more than one output should be connected to ground. 
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----Bi-po-la-r R-A-M-(3_2_x _8) ____________ Jl..__ __ 8_X3_5_3 ___ _ 

Product Specification 

AC ELECTRICAL CHARACTERISTICS Vcc=5.0±5%, 0°C<TA<1o•c 

REFERENCES LIMITS 
PARAMETER TEST CONDITIONS1,2,3 

From To Min Typ Max 

Pulse width 
twMC MCLK pulse width fMCLK !MCLK FS = High;ME = Low 35 

Set-up times 
!MCLK ts1vMc IV set-up time fil FS = High;ME = Low 40 

tsADMC Address set-up time AD !MCLK FS, SC = High; WC,ME = Low 40 

tswcMc Write command set-up time twc !MCLK FS = High; SC,ME = Low 60 

tssCMC Select command set-up time tsc !MCLK FS = High; WC,ME = Low 55 

tsMEMC Master enable set-up time !ME !MCLK FS =High 55 

Hold times 
tHIVMC IV hold time !MCLK fil FS = High;ME = Low 5 

tHADMC Address hold time !MCLK AD FS, SC = High; WC,ME = Low 5 

tHWCMC Write command hold time !MCLK !we FS = High; SC.ME= Low 3 

tHSCMC Select command hold time !MCLK !sc FS = High; WC,ME = Low 0 

tHMEMC Master enable hold time !MCLK fME FS = High; SC, WC = Low 5 

Output enable times 
!MCLK tEDCMC IV output enable time fil FS = High; WC,ME, SC = Low 30 

tEDCWC IV output enable time !we fil FS = High; MCLK,ME, SC = Low 30 

tEDOSC IV output enable time !sc TV FS = High; MCLK, WC,ME = Low 30 

tEDCME IV output enable time !ME fil FS = High; MCLK, WC, SC = Low 30 

Output disable times 
fMCLK tooOMC IV output disable time TV FS = High; WC,ME, SC = Low4 25 

tooowc IV output disable time twc IV FS = High; MCLK,ME = Low4 25 

toocsc IV output disable time tsc IV FS = High; MCLK, WC,ME = Low4 25 

toocME IV output disable time fME fil FS = High; MCLK, WC = Low4 25 

NOTES: 
1. Loading: see Test Loading Circuits 
2. All inputs are driven between 0 and 3.0 volts. 
3. Except for output disable times, all timing parameters are measured at 1.5 volts. 
4. These parameters are measured with a capacitive loading of 50pF and represent the output driver turn·off time. Disable times measured into a 

capacitive loading of 300pF will be a maximum of 40ns. 

(A"'"" 1985 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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8X353 J 
Product Specification 

TIMING DIAGRAM 

llCIJ( 

Fi --1........, !-
I I 

I 

ilE 

WC 

SC 

AD DOH'TCAAE 

a. Standard Select Cycle Timing 

llCIJ( __/ '~--

b. Write/Read Cycle Timing 

I 

iiE ~~~~~~~~~~""'°""~___.~.......,1-~tmoME~-:,__~---~~~~~~~~ . ; 
WC looowc~~~l-_ta>owc~-:'--~-;..~~;...-~.;,._~~~~~~~ 

tooosc : 

SC ~,,,;,,.l-~ta>osc~~:,_-~-'-~--'-~~~~~~-'-~~~~~~~ 
I INPUT ADOIESS 
' ·~·'--~~·~~--'~~-'-~~.:,_~-'-~~'--~~~~~~~-

AD DON'T~ _:.._~~:~~--'~~-'--DOH'T~-'-:CAR£~~-'-~-'-~~~~~~~~ 
I I I INPUT DATA 

I I I 

LEGEND: 

fZ?2Z) IHl>ICA"MS THREE..stATE 

c. Output Enable/Disable Timing 

602 A"'"" 19851 



~~~B-ip-o-lar-R-AM~(3-2x_8_)~~~~~~~~~~~--~~~~~8-X-3-53~~~~ 
Product Specification 

TEST LOADING CIRCUIT 

[2.1V 
9_-·~· 

l Ct.-300pF 

NOT£, 
CL • 50pF for output disable times. 

APPLICATIONS DIAGRAMS 

8X353 
lllCROCONTROU.ER 

ROM 
MICROCODE 

8X305 
lllCROCONTROU.E 

a. Implementation of the 8X353 Using W Bus Select 

8X372 
l/OPORT 

8X371 
VO PORT 

USER 
LOGIC 

---- ~-

'~ \ ---
1 I 

.---~--..... : : .---~ 
8X353 

BIPOLAR RAM 

I I 
\ 

' 
8X382 

l/OPORT 

b. Implementation of the 8X353 Using FAST Select and External Logic 



~~~~8-X3_5_3~--J 
Product Specification 

APPLICATIONS DIAGRAM (Continued) 

13 

ADDRESS 

8~305 

NOTES: 
1. The control bus consists of MCLK, SC, WC and ME. 

EXTENDED 
MICROCODE ~-----oD 

PROM 

CONTROL BUS 

IYBUS 

74LS74 

Q 

8X353 
{

LATCHED 
EXTENDED 
MICROCODE 
OR EXTERNAL 
LOGIC 

2. The 8X353 can be selected using the f!S pin instead of a normal select cycle. Since the flip-flop is clocked by the falling edge of MCLK, the data input to the flip-flop 
must have sufficient set-up time. 

ORDERING INFORMATION 
N8X353N (Plastic) 
N8X353F (CERDIP) 
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DESCRIPTION 

The 8X35G l_ast In/First Out (UFO) stack 
memory 1s designed for use with the 
8X305 Microcontroller; however, it can 
be easily adapted to other micro
processor-based systems. The 32-byte 
storage capacity of the chip can be 
expanded by cascading to form 8-bit 
wide memories of any required depth. 
Typical applications are shown at the 
rear of this data sheet. 

The 8X355 can be addressed by using 
standard TV bus control logic or, in high
performance systems, the instruction 
word of the Microcontroller can be 
extended and the 8X355 can be 
addressed in the fast-select mode. In 
the latter case, an address select cycle 
prior to each data access is omitted. 

BLOCK DIAGRAM 

2 

4 

FIN 0-
EIN @
RESET (I} 5 --

6 

7 

8 

9 

11 

FS 0--
ME 0-
MCLK 0--
SC 0--
WC El--

--
,...---

r-

t-f 

CONTROL 
LOGIC 
AND 

SELECT 
LATCH 

c 
0 
N 
T 
R 
0 
L 

y 

UP/DOWN I. 
LOGIC _r.:: 

-
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8X355 
LIFO Stack Memory (32X8) 

Product Specification 

When used with the 8X310 Interrupt 
Control Coprocessor. this enhanced 
throughput feature is very convenient for 
saving 8X305 internal registers during 
interrupt servicing. For either single or 
stack configurations, the 8X355 uses a 
fixed enabling address (1308), thus, 
once enabled, the memory can accept 
an uninterrupted stream of data. 

PIN CONFIGURATION 

FEATURES 

• 32 bytes of storage 
• Cascadable LIFO operation 
• Dedicated port address 
• Fast select feature for use with 

extended microcode 
• Three-state TTL outputs 
• Single 5-volt power supply 
• 0.3-inch, Slim Line package 

FULL/EMPTY 
LOGIC 

EMPTY 
I-- 32 )( 8 

FULL MEMORY CELL 
1-- ANO 

BUS INTERFACE 

ADDRESS O 
ADDRESS 31 

UP UP/DOWN [ ADDRESS COUNTER 
DOWN 

WRITE 

TRISTATE CONTROL 

ADDRESS DETECT 

TOP VIEW 

Order Numbers 

N8X355N, N8X355F 

I 

DATA J 

" 

---

QJ FOUT 

12! rou"T 

@:] IVO 

@] IV1 

[El IV2 

~ IV3 

rill IV4 

@] IVS 

rill IVS 

@] iV7 

~ GND 

--------13~ VcG f 

-------·-----------------------·------_J 
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UFO Stack Memory (32X8) 8X355 

Product Specification 

CASCADED CONFIGURATION 

UFO CHIP: #3 

LIFO CHIP: #2 

LIFO CHIP: #1 

NOTE: For simplicity. this data shee1 refers to the cascaded configuration shown above in which data is stacked from bottom to top; however, this 
configuration can be inverted (data stacked from top to bottom) without changing the overall logic of the BX355. 

--~-~- ---PIN NO. IDENTIFIER FUNCTION 

1 FOUT~ll Output: Wr1en active (low), t-h-is_o_u_t_p_u_t -in-dicates tha-t -th-e-8X_3_5_5-is_f_u_ll_a_n_d_r_10-fu_rt_h_e_r_w_r-ites can be J accepted until at least one read operation is executed. On power up, FOUT is l1igh and remains in this inactive 
state until the last memory location is written to. In a cascaded configuration, FOUT is tied to FIN ol the next 
higher LIFO chip rn the stack 

- --·---+·-----·----------~ 
2 J FIN. Full Input: In cascaded configurations, an active (low) FIN signal indicates to a given LIFO chip that the next 

1 lower chip is full. When FIN is inactive, the 8X355 cannot be accessed except for select and deselect cycles. 

3- EOUT Empt;·output; When active (low), this output indicates that the 8X355 is empty, and further read operations t In non-cascaded configurations, FiN is usually forced low to enable reads and writes. 

4 

cannot be accepted until at least one write operation is executed. EOUT is asserted in three situations: on 
power up, when FIN is inhibited, and when a read is performed with the stack pointer set at 0. In a cascaded 
configuration, EOUT is tied to EiN of the next lower LIFO chip of the stack. 

Empty In: In cascaded configurations, an active (low) EIN signal indicates to a given LIFO chip that the next 
higher chip is empty. When EIN is inactive (high), the 8X355 will not respond to read operations; write 
operations are inhibited by FOUT (which is active), while selects and deselects are allowed. In non-cascaded 
configurations, EfN is usually forced low to enable reads and writes. 

--+------~----- ----------------
RESET Reset: When active (low), this input returns the 8X355 to empty, deselected status. In cascaded configura-

__J_ tions. RESETs are normally tied together. 

-- I - 'F'S Fast Select: When active (low), this input temporarily allows read and write operations without performing a 
full select cycle. 

7 
------

Master Enable: When active (low), this input indicates that the controller bank is active; otherwise, the 8X355 
will not respond to any signal on the TV bus. 

·+------+--
8 MCLK Master Clock: A standard 8X355 clock input used for timing reference and system synchronization. 

-------
SC Select Command: When active (high), this input indicates that data on the TV bus 1s to be interpreted as an 

address. 
>-----+------+ 

10 

11 

12 to 19 

GND Ground 

WC Write Command: When active (high), this signal indicates that data is being input from the IV bus. 

IVO to IV7 Tinterface Vector Bus: Active low, bidirectional, three-state signals which communicate 1/0 data and 
addresses. 

~-2_o_~ ___ v_c~c~-~s_u_p_p_1.y Vollag_e ___ _ ------------
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LIFO Stack Memory (32X8) 8X355 

Product Specification 

FUNCTIONAL OPERATION 

The 8X355 performs two fundamental opera
tions write (push) and read (pop). These 
functions, along with the cascading capa
bilities and control logic of the device. are 
described below. Typical timing relationships 
for write, read, and select cycles are 
shown later 

Control Logic 
Select Cycle - Before read or write opera
tions can be executed, the 8X355 must be 
selected by either a standard select cycle or 
by Fast Select operation With MCLK high. 
information entered on the TV bus is either 
an address or input data, depending on the 
states of SC and WC. An active (high) SC 
signal indicates that TV bus data 1s to be inter
preted as an address: this address 1s then 
compared with that of the LIFO chip (1308). 

If identical, the select latch becomes active 
(high) and the chip may be accessed for 
reads and writes. As shown in Table 1, the 
8X355 remains in the selected state until 
another select cycle 1s initiated 
(MCLK ~ S - C ~[high)). at which point the 
latch is updated. 

Fast Select - A Fast Select (FS) pin 1s pro
vided which allows the 8X355 to be accessed 
whether or not a select cycle has been exe
cuted with the proper address. Since FS is 
ORed with the output of the select latch, this 
input has no effect on latch operation. Note 
that the 8X355 is selected only while FS 1s 
low. and does not remain selected when FS 
goes high unless a proper select cycle had 

Table 1. General Operations 

CONDITIONS 

ME SC WC MCLK 

H x x x 
L L L L 
L L L L 

L L L L 
L L L H 
L L H L 
L L H H 
L L H H 
L L H H 
L H L L 
L H L H 
x H H x 

NOTES 
1. If not empty 
2 If not full 
X Don't Care 

been performed during the time FS was low. 
When coupled with external logic, this feature 
makes 1t possible to quickly push or pop data 
without using an extra cycle to select the 
stack peripheral 

Addressing - The BX355 has a dedicated 
port address: however, the IV bus pins can be 
scrambled to obtain different addresses on a 
given bank. For example, a port designed with 
the address 1308 (010110002) can be made to 
respond to the address 2308 (100tt0002) sim
ply by swapping the connections of the two 
most significant W bus pins on a LIFO chip 
Besides changing the enabling address. this 
pin swap has no effect on any other chip oper
ation. 

Reset - A reset pin is provided which emp
lies and deselects the 8X355. When activated 
(low), the RESET signal sets the stack pointer 
to 0, asserts t=OUT (low). negates FOUT 
(high), and negates select latch output 

Write/Read Operations 

As shown in Table 1. the select latch, W bus, 
and stack data are controlled by ME. WC, SC, 
MCLK, FS and the current state of the select 
latch 

To perform a read. the 8X355 must be 
selected, and MCLK, SC, WC and ME must 
be low; in cascaded configurations, the 
8X355 must also conform to status signal 
requirements (see Cascading Capab1lit1es 
below). With these conditions sat1sf1ed, data 
is output on the TVbus and the stack pointer 
is decremented on the rising edge of MCLK. 

A write is performed when MCLK and WC are 
high, ME and SC are low, and the 8X355 is 
selected. When these conditions (and any 
status signal conditions) are satisfied, the 
stack pointer is incremented on the rising 
edge of the MCLK. after which data is loaded 
onto the top of the stack 

In single configurations, FIN and EIN are usu
ally forced low (grounded) to enable reads 
and writes. In cascaded configurations, the 
FIN signal of the lowest LIFO chip and the 
EIN signal of the highest LIFO chip are simi
larly grounded. 

Cascading Capabilities 
To facilitate cascading, the 8X355 provides 
pins to detect and send signals indicating full 
or empty status As described in PACKAGE 
AND PIN DESIGNATIONS, active FOUT and 
EOUT signals indicate, respectively, full and 
empty status. FIN is then defined by FOUT of 
the LIFO chip below, and EIN is defined as 
EOUT of the LIFO chip above. Thus data is 
stacked continuously from bottom to top 
unless provisions are made with external 
logic and Fast Select. 

Empty status signals are updated on the ris
ing edge of MCLK, while full status signals 
are updated on the falling edge. As described 
in Table 2, these signals control read and 
write operations of the 8X355 - note that 
LIFO chip #2 in the given configuration 1s 
used as the point of reference. 

RESULTS 

FS Select Latch IV Bus Data Select Latch 

x x Ignore Keep Keep 
L x' Output Pop Keep 
H L Ignore Keep Keep 
H H' Output Pop Keep 
x x Not Defined 
x x Ignore Keep Keep 
L x' Input Push Keep 
H L Ignore Keep Keep 
H H' Input Push Keep 
x x Ignore Keep Keep 
x x Input (Address) Keep Update 
x x Not Defined 
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UFO Stack Memory (32X8) 

Product Specification 

Table 2. Status Signal Operations in a Typical Cascaded Configuration 

CONDITIONS RESULTS 

EiN FiN mrrr FOUi' maT FOUT Push Pop 

x x L L Not Possible 

L L L H Update H Yes No 

L L H L H Update No Yes 

L L H H Update Update Yes Yes 

x H x x L H No No 

H L x H Not Defined 

H L H L H L No No 

NOTES: 
Status signals and Push/Pop operations reference LIFO chip #2. 
X =Don't Care 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V ±5%/0°C,,;TA,,;70°C) 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Power supply voltage +7.0 Vdc 
V1N Input voltage +5.5 Vdc 
Vo Off-state voltage +5.5 vdc 
TsrG Storage temperature range -65 to 150 ·c 

DESIGN RATINGS/TEST CONDITIONS 

SYMBOL PARAMETER TEST CONDITIONS 1 

V1H High level input voltage 

V1L Low level input voltage 

VoH High level output voltage IV pins: Vee= Min/loH = - 3.2mA 

Vol Low level output voltage ~pins: Vee= Min/loL = 16mA 
EOUT & FOUT: Vee= Min/loL = SmA 

Vic Input clamp voltage Vee= Min/11N = - 10mA 

l1H · High level input current All inputs except IV pins: Vee= MaxN1N = 4.5V 

l1L Low level input current All inputs except IV pins: Vee= MaxN1N = 0.5V 

los Short circuit output current2 IV pins: Vee= Max 

lcEX Open-collector leakage current EOUT & FOUT= High; Vee= MinN0 = 5.5V 

lozH High-Z state output current (high level) IV pins: Vee= MaxN0 = 2.7V 

lozL High-Z state output current (low level) IV pins: Vee= MaxN0 = 0.5V 

Ice Supply current All inputs except IV pins: Vee= MaxN1N = OV 

NOTES: 
1. All voltages measured with respect to ground terminal. 
2 At any one time, no more than one output should be connected to ground. 
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8X355 

COMMENTS 

Empty and full status 

Top of data stack at top of #1 

Top of data stack at top of #2 

Top of data stack within #2 

Top of data stack below #2 

#2 not full and data in #3 

Top of data stack above #2 

LIFO CHIP: #3 

LIFO CHIP: #2 

LIFO CHIP: #1 

LIMITS 
UNIT 

Min Typ Max 

2 v 

0.8 v 

2.4 v 

0.55 v 
0.55 v 

-1 v 

100 µA 

-100 µA 

-30 -140 mA 

100 µA 

100 µA 

-100 µA 

200 mA 



LIFO Stack Memory (32X8) 8X355 

Product Specification 

AC ELECTRICAL CHARACTERISTICS (Vee= 5V ± 5%10°C "'TA<; 70°C) 

REFERENCES 
TEST CONDITIONS 1·2. 3 

LIMITS 
SYMBOL PARAMETER UNITS 

From To Min Max 

Pulse Widths: 

twMC MCLK pulse width IMCLK IMCLK 
FS & RESET= High; 

35 ns 
ME, EIN & FIN= Low 

twRS Reset pulse wrdth4 !RESET I RESET FS = Hrgh; ME, EIN & FIN= Low _[ 60 ns 

Setup Times· 

tSIVMC Ti7 setup time Ti7 IMCLK 
FS & RESET= High; 

40 ns 
ME, ElN & FIN= Low 

tswCMC Write command setup time !WC IMCLK 
FS & RESET= Hrgh; 

60 ns 
SC, ME, EIN & FIN= Low 

tsscMc Select command setup time !SC IMCLK 
FS & RESET= High; 

55 ns 
WC, ME, EIN & FIN= Low 

ls MEMC Master enable setup time !ME IMCLK 
FS & RESET= High; 

55 ns 
EIN & FIN= Low 

Hold Times: 

tHIVMC Ti7 hold time IMCLK w FS & RESET= High; 
5 

ME, EIN & FlN =Low 

tHMEMC Master enable hold time IMCLK !ME 
FS & RESET= High; 

5 ns 
EIN & FIN= Low 

tHSCMC Select command hold time IMCLK !SC 
FS & RESET= High; 

0 
WC, ME, EfN & FlN =Low 

tHWCMC Write command hold time IMCLK IWC 
FS & RESET= High; 

3 ns 
SC, ME, EIN & FIN= Low 

Enable/Disable Times: 

tEIVWC Ti7 output enable trme !WC fi7 FS & RESET= Hrgh; SC, ME, 
30 ns 

MCLK, EIN & FlN = Low 

tEIVSC Ti7 output enable time ISC w FS & RESET= High; WC, ME. 
30 ns 

MCLK, EIN & FIN= Low 

-
IME Ti7 FS & RESET= High; WC, SC, 

30 tEIVME IV output enable time 
MCLK, EIN & FIN= Low 

ns 

tEIVFS Ti7 output enable time IFS w RESET= High, WC, SC, ME, 
35 ns 

MCLK, EiN & FIN= Low 

to1vwc fi7 output disable time !WC Ti7 FS & RESET= High; SC, ME, 
MCLK, EIN & FIN= Lows 

25 ns 

trnvsc fi7 output disable time !SC Ti7 FS & RESET= High; we. ME, 
MCLK, EIN & FIN= Lows 

25 ns 

tDIVME Ti7 output disable time !ME Ti7 FS & RESET= High; WC, SC, 
MCLK, ElN & FIN= Low5 25 ns 

tDIVFS fV output disable time 
- - RESET= High; WC, SC. ME, 

30 IFS IV MCLK, E!N & FIN= Lows ns 

TEST LOADING CIRCUITS 

LOAD CIRCUIT A: ,--2.1v LOAD CIRCUIT B: ,--s.ov 

10on ~ 62011 
TO OUTPUT 

I 300 P• I 1oop1 
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LIFO Stack Memory (32X8) 8X355 

Product Specification 

AC ELECTRICAL CHARACTERISTICS (Vcc=5V +5%/0°CsTAs70°C) (continued) -
REFERENCES LIMITS 

SYMBOL PARAMETER TEST CONDITIONS1•2•3 UNITS 
From To Min Max 

Propagation Delays: 

!PEOMC 
Empty output propagation delay; both 

IMCLK EOUT 
FS & RESET= High; WC, SC, 

40 
high-to-low and low-to-high transitions ME, EIN & FIN= Low 

t1PFOMC 
Full output propagation delay; both 

IMCLK FOUT 
FS & RESET= High; SC ME, 

45 
high-to-low and low-to-high transitions EIN & FIN= Low 

Stack Timing: 

tNOPOP Maximum spurious read (or pop) time6 !SC or !WC 
!ME or 

MCLK=Low 15 
IFS 

Setup read 

I pop Minimum read (or pop) time7 
condition Stack SC, WC & MCLK =Low; or 

40 
(see truth popped ME or FS= Low 

table) 

NOTES: 
1. Loading - see TEST LOADING circuits. 
2. All inputs are driven between 0.0 and 3.0 volts; input timing parameters are measured at 1.5 volts. 
3. Except for output disable times, all output timing parameters are measured at 1.5 volts. 
4. Resetting the part initializes EOUT and FOUT, respectively, tQlow and high states and three-states the W bus; all of these conditions occur within the 

minimum RESET pulse width. 

ns 

ns 

ns 

ns 

5. These parameters are measured with a capacitive loading of 50 picofarads and represent the output driver turn-off time. Disable times measured into a 
capacitive loading of 300 picofarads do not exceed 40 nanoseconds, except for FS which is 45 nanoseconds. 

6. This parameter represents the maximum time a Read (Pop) condition can be logically asserted, that is, as a decoding transient, without popping the stack. 
7. This parameter represents the minimum time a Read (Pop) condition must be logically asserted to pop the stack. 

OVERALL TIMING 

MCLK 

IV BUS 
DATA OR 
ADDRESS 

~::::::::::_-_'_w_••_-_-_-_-_-_-_-_-_-_-_-_.=l 

SC OR WC 
_______ .,,-[- tssCMC IHSCMC "k ..... ______ _ 

1+---1-----tswCMC-------~---tHWCMC ----1 

o---------1-tsMEMc--------- ------tHMEMc-----... 

1--tpEQMC-I 

f<------tPFOMc,----

LEGEND:f2] =THREE STATE 
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LIFO Stack Memory (32X8) 

Product Specification 

ENABLE TIMING 

ME OR WC OR SC 

ORF§ 

8X355 

I 
I 

iV BUS DATA OR 
ADDRESS ==x~~~~---x----~-~ 

lEIVWC 

LEGEND:O =THREE STATE 

DISABLE TIMING 

ME OR WC OR SC 
OAFS 

l-----tE1vsc-------I 
IEIVME 
IEIVFS 

~~~~~~~~~-11 

fV BUS DATA OR 
ADDRESS 

LEGENO:D =THREE STATE 

STACK TIMING DIAGRAM 
~-

SC, WC 

ME, Fs 

! *----........,__-! to1vwc I 
--- to1vsc ----j 

IDIVME 

to1vFs 

i----INOPOP---1,..... _____ _ 

IMPLEMENTATION OF FULL/EMPTY STATUS OUTPUT, AND USER-CONTROLLER FAST SELECT & RESET 

ROM 
MICRO-CODE 

INSTRUCTION 

EXTENDED 
MICAO·CODE 

ADDRESS 

IV BUS AND 
CONTROL DATA 

BX305 MICROCONTROLLER 

---------------------------. 
---------------------------, I 

8X355 LIFO 
STACK MEMORY ffi 

IV DATA 

RESET 

FOUT 

EOUT 

I I 
I I 

y 
USER LOGIC r--------f 

I r-------1 
I I "------'"""' 
I I .. ------.. 

___ _J L-----· ----, r------1., ____ _. __ _. 

l ~ = = = ==~ .. --"-O_P_O_RT __ _. 

MUX 

~-------~------------------------------------------~ 
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LIFO Stack Memory (32X8) 

Product Specification 

IMPLEMENTATION OF CASCADED 8X335~s 

r--;:::::::::::::::::::;:::::::::::::::::::::;-------------------f~F~O~U!T~~..,EITTINr"l 
.. --------+----------•RESET ~-ROM l EXTENDED [ 

lffi;llfilil]!filllfil]il]!E[[lllg(l)I iV BUS DATA 

MICRO-COD5E c~~~~~O~~~ Jl------~---_..,::_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-_-~-":)I·: :NTROL 

:: ... 
FiN rour 

~ I I 
INSTRUCTION ADDRESS 

MCLK, MC, SC, t-------~ 
ME 

FOUT 

.--!~~--------~I RESET ....... ,,,, .... _______ ~•Fs 

~~~ml,llf-------~y./I CONTROL 

iV BUS PATH ~...,ij,1;'''fil'""ill·'1'!\ji]1'~ij,,,,,,,,,,,3,,,1,1§,11h§·,,,[j,,,,.]''''·]····iI···$'£EE~(dZfilEEfillll!lllll§§fillll!lllll]~~ Ius DATA 

L 110 J BX355 MICROCONTROLLER 

PORT 

NOTE: IN THIS CONFIGURATION, THE 
EXTENDED MICROCODE IS NORMALLY 
LATCHED ON THE FALLING EDGE OF MCLK 
TO ENSURE VALIDITY OF THE MICROCODE 
THROUGHOUT THE WRITE CYCLE. 

FOUT 

'-!!~~-------~~RESET 

'--~~a-----------1'5 

'-----ilmt---------,_,.I CONTROL 
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MEMORY ADDRESS DIRECTOR 

FEATURES 
• Address control for working storage 
• 16·bit addressing capability 
• Byte and word addressing support 
• Automatic increment and decrement 
• 11 Address and word-count registers 
• Reduces number of 8X305 instructions required 

PRODUCT DESCRIPTION 
The 8X360 Memory Address Qirector (MAD) is a high-perfor
mance member of the 8X300 Family that generates sequential 
memory addresses to facilitate the transfer of data to and from 
memory. The MAD provides a highly-efficient and cost-effective 

BLOCK DIAGRAM OF 8X360 

RSO
RS3 

CLK 

IV BUS 
CONTROL 

PROGRAMMABLE 
DIVIDER 

COMMAND 
AND 

STATUS 

8X360 APPLICATIONS 

IV BUS 
8X305 

CONTROL 
SIGNALS 

J1 

K "'f 

K "'f 

1-

l 8X360 

--
Originally published by Signetics January 1984 

solution for OMA and other applications requiring large working
storage memories and high-speed data transfers. Once initial
ized with such information as starting address, ending address, 
byte count, address increment, address decrement, etc., the 
8X360 performs all bookkeeping chores automatically and all 
address-management software is off-loaded from the processor. 
The 8X360 can be addressed by conventional means or by ex
tended microcode; system status is available to the user via 1/0 
pins. 

ORDERING INFORMATION 

N8X360N. N8X3601, S8X3601 

ADDRESS 

THREE STATE 
CONTROL 

16 
GENERATION 1----------".1 

LOGIC 
ADDRESS 
BUFFERS 

·ADDRESS 
REGISTERS 

--'\ V'-v "4 110 PORT 

~ 8X360 

'"' v 64K x 8 
MEMORY 
MATRIX 

Jl, .. 9 
ME 

IT 
MORY 

RESS ADD 

COUNT CONTROL 
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l ___ s_x_3_11 ___ _ 

8-BIT LATCHED BIDIRECTIONAL 1/0 PORT Originally published by Signetics January 1984 

FEATURES 

• Two bidirectional 8-blt busses 
• Independent bus operation 

(user-bus priority for data entry) 
• User data Input synchronous with respect to MCLK 
• Three-state TTL outputs with high-drive capabilities 
• Power-up to predetermined logic state 
• Dlrectly compatible with 8X305 (or 8X300) 

MicroControllers 
• Slngle +SV supply 
• 0.4 inch 24-pin DIP 

PRODUCT DESCRIPTION 
The 8X371 1/0 Port is a bidirectional device designed for 
use as an interface element in systems that use TTL-

8X371 PACKAGE and PIN DESIGNATIONS 

PIN.NO. 

1-8 

10 

11 

12 

13 

14 

15 

16-23 

24 

N,IPACKAGE 

TOP VIEW 

ORDER NUMBERS 

NBX371N, NBX3711 
SBX371 l/883B, S8X371 l/883C 

IDENTIFIER FUNCTION 

UD7-UDO Three-state. bidirectional User Data ·UD· 
bus: UDO and corresponds to IVO. 

uoc User Output Control-active low mput to 
enable data output to UDO-U07. 

UIC User Input Control-active low input to enable 
data input from UDO-UD?. 

"ME Master Enable-active low input to enable the 
TV bus for data input. or data output; UO-bus 
operations are unaffected. 

GND Ground 

MCLK Master Clock-active high input ·from 
MicroController used to strobe data into data 
latches from the TV and UD buses 

RC Read Control-active low input to enable data 
output to IVO-IV7. 

WC Write Command-active high input 'tram 
MicroController to enable the~riting of data 
into the data latches tram the IV bus 'provided 
UtC is not low'. 

W0:1V7 Interface Vector r Input/Output Bus -
three-state, bidirectional. MicroController data 
bus: iVO corresponds to UDO. 

Vee +5V power supply. 

compatible busses. Typically, the 8X371 is used with the 
8X305 MicroController and its associated Interface Vector 
ITT7i bus; however, it can also be used with the 8X300 
MicroController or an equivalent microprocessor. The 
8X371 is functionally the same and pin-for-pin compatible 
with the older BT31/8X31 but features improved per
formance and increased drive current. As shown in the logic 
diagram of Figure 1, the 8X371 consists of eight identical 
data latches-bits 0 through 7. The latches are accessed 
from either of two 8-bit busses-the MicroController 1W 
bus) and the user data IUD busl. Separate controls are 
provided for each bus and both busses operate inde
pendently, except when both attempt to input data at the 
same time; in such situations, the user bus always has 
priority. A Master Enable I MEI input is available for 
additional control over the iV bus. The data latches are 
transparent, in that, while either bus is enabled for input, all 
input-data transitions are propagated to the other bus. if 
enabled for output. 

r--- ~-OF.'aB'iTSUcES- - -..., 

iVWRITE 
iVREAD 

USER 
WRITE 

USER 
READ 

Figure 1. Logic Diagram for 8X371 110 Port 

uoc 
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FUNCTIONAL OPERATION 

UD Bus Control 
As shown in Table 1, the User Data 1UD1 bus interface is 
controlled by the OTC and (JOO inputs. Data input to the UD 
bus is synchronous with MCLK, that is, with OTC low, 
information is written into the data latches only when MCLK 
is high. Output drivers on the UD bus are enabled when 
(JOO is low and OTC is high. 

Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

DiC uoe MCLK FUNCTION OF UD BUS 
H L x Output data 
L x H Input data 
L x L Inactive 
H H x Inactive 

X = don t care 

iV Bus Control 
Input/output control of the iV bus is shown in Table 2; this 
bus is controlled by 'R'C, WC, l'iifE, and MCLK. The TV bus is 
enabled for output 1 MicroController read operation 1 when 
fi.r!:, 'R'C, and WC are all low. Data is written into the data 
latches from the iV bus when ME is low and both WC and 
MCLK are high. To avoid data-input conflicts, inputs from 
the T'i7 bus are inhibited when UIC is low; under all other 
conditions, the TV and UD busses operate independently. 
The MicroController Left Bank iI81 and Right Bank 1RB1 

DC ELECTRICAL CHARACTERISTICS 

COMMERCIAL: 4.75V $Vee$ 5.25V, 0°C $TA$ 70°C 
MILITARY: 4.5V $Vee$ 5.5V, -55°C $Tc$ 125°C 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

ME 'RC we MCLK me FUN..Q.TION 
OF IV BUS 

L L L x x Output Data 
L x H H H Input Data 
L H L x x Inactive 
L x H x L Inactive 
L x H L H Inactive 
H x x x x Inactive 

outputs can control the ME inputs for two banks of 1/0 
devices, thus acting as a ninth address bit. If more than one 
110 Port I including the addressable parts-BX372, BX376, 
BX382, etc. I are to be connected to the same bank 1rn or 
Rtr1 of the MicroController, selection of each BX371 must be 
accomplished with external control logic to avoid bus 
conflicts. 

Bus Logic Levels 
Data written into the 1/0 port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same bus. 
I Note. A logic "1" in MicroController software corresponds 
to a high level on the UD bus even though the iii bus is 
inverted.) The 8X382 wakes up in the unselected state with 
all data bits latched at the "logic 1" level IUD bus outputs 
high if enabled!. 

ABSOLUTE MAXIMUM RATINGS 
PARAMETER RATING UNIT 

Vee Power supply voltage +7 Vdc 

V1N Input voltage +5.5 Vdc 

Tsra Storage temperature range -65 to +150 •c 

PARAMETER TEST CONDITIONS 
LIMITS(CO-ERCIAL) LIMITS (MILITARY) 

UNIT 
Min Typ Max 

Vee Supply Voltage 

V1H High Level Input Voltage 

V1L Low Level Input Voltage 

VcL Input Clamp Voltage Vcc=Min; l1=-10mA 

l1H High Level Input Currentt Vee= Max; V1H=2.7V 

l1L Low Level Input Currentt Vee= Max; V1L < 0.5V 

VoL Lo~ Level.Qu~t Voltage Vcc=Min; loL= 16mA 
IV Bus llVO-IV7l 
User Bus IUD4-UD71 Vcc=Min; loL=24mA 

VoH High Level Output Voltage Vcc=Min; loH=-3.2mA 

los Sh_£rt Gire':!.!!. Output Current3 Vcc=Max 
IV Bus 1IVO-IV71 
UD Bus IUD4-UD71 Vee= Max 

Ice Supply Current Vcc=.Max; M.E=UOC=Vcc 

Notes: 

1. The input current includes the Three-state leakage current of the output driver on the data lines . 
. 2. Only one output may be shorted at a time. 

4.75 

2.0 

2.4 

-20 

-10 

Min Typ Max 

5 5.25 4.5 5 5.5 v 
2.0 v 

0.8 0.8 v 
-1.5 -1.5 v 

5 100 5 100 µ.A 

-350 -550 -350 -550 µ.A 

0.55 0.55 v 
0.55 0.55 v 

2.4 v 

-20 mA 

-10 mA 

90 150 90 150 mA 



8-bit latched bidirectional 1/0 port 

AC ELECTRICAL CHARACTERISTICS (Cont'd) 
COMMERCIAL: 4.75sVccs5.25V, 0°CsTAs70°C 
MILITARY: 4.5VsVccs5.5V, -55°CsTcs125°C 

PARAMETER 
REFERENCES 

FROM TO 

Pulse Widths: 
lw1 Clock High tMCLK IMCLK 

lw2 User Input Control IUIC tUIC 

Propagation Delays: 
lpo1 UD Propagation UD iV 

Delay 

lpo2 UD Clock Delay 
tMCLK iV 

lpos UD Input Delay 
IUIC iV 

lpo4 IV Data 
iV Propagation Delay UD 

lpo5 IV Data 
tMCLK Clock Delay UD 

Output Enable Timing: 
loe1 UD Output Enable IUOC UD 

loe2 UD Input Recovey tUIC UD 

ioes IV Data 
IME iV Master Enable 

toe• iV Data 
IRC iV Read Enable 

loe5 IV Data 
IWC iV Write Recovery 

Output Disable Timing: 
1001 UD Output 

tUOC UD Disable 

1002 UD Input 
IUIC UD Override 

loos1 IV Data 
tME iV Master Disable 

loo•' IV Data 
tRC iV Read Disable 

1005 IV Data 
tWC iV Write Override 

Setup Time: 
151 UD Clock Setup 

UD IMCLK Time 

152 UD Setup Time UD tUIC 

ls3 User Input Control 
IUIC IMCL~ Setup Time 

154 IV Data 
iV IMCLK Setup Time 

1552 IV Master Enable 
IME IMCLK Setup Time 

156 IV Write Control 
tWC IMCLK Setup Time 

, , 
--~----~--- ~----•---

l ___ s_x_3_11 ___ _ 

LOADING: See TEST LOADING CIRCUITS 

TEST CONDITIONS 
LIMITS (Commercial) LIMITS (Military) 

UNIT 
Min Typ Max Min Typ Max 

35 35 ns 

MCLK = High 35 35 ns 

MCLK =High 
RC= WC= ME= UCI =Low 30 30 ns 

UD=Stable; 
50 50 RC=WC=ME=UIC=Low ns 

UD =Stable; MCLK =High 
50 RC=WC=ME= Low 50 ns 

MCLK =WC= UIC =High; 
ME= UOC =RC= Low 45 45 ns 

WC= UIC =High; IV= Stable 
ME= UOC =RC = Low 55 55 ns 

UIC= High 30 30 ns 

UOC=Low 30 30 ns 

WC=RC=Low 22 25 ns 

WC=ME=Low 25 25 ns 

RC=ME=Low 25 25 ns 

UIC=High 25 25 ns 

UOC=Low 30 30 ns 

WC=RC=Low 20 20 ns 

WC= ME= Low 20 20 ns 

RC=ME=Low 20 20 ns 

UIC=Low 15 15 ns 

MCLK=High 15 15 ns 

25 25 ns 

WC= UIC =High; ME= Low 35 35 ns 

WC= UIC = High 30 30 ns 

ME= Low; UIC = High 30 30 ns 
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8X371_j 

AC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 
REFERENCES 

TEST CONDITIONS 
LIMITS (Commerc;a/) LIMITS (Mmtary) 

UNIT 
FROM TO Min Typ Max Min Typ Max 

Hold Times: 

tH1 UD Clock 
IMCLK UIC =Low Hold Time UD 15 15 ns 

tH2 UD Control 
IUIC UD MCLK=High 15 15 Hold Time ns 

tH3 User Input Control 
IMCLK IUIC 0 0 ns 

Hold Time 

tH4 IV Data 
IMCLK fV WC= UIC =High; ME= Low Hold Time 5 5 ns 

tH52 IV Master Enable 
IME WE= UIC =High Hold Time IMCLK 0 0 ns 

tH6 IV Write Control 
IMCLK ME= Low; = UIC =High Hold Time IWC 0 0 ns 

Notes: 
1 These parameters are measured with a capacitive loading of 50 pf and represent the output driver turn-off time. 
2. If ME is to be high {inactive), it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing into or selection of the 1/0 port. 
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8-bit latched bidirectional 1/0 port 

MCLK 

l-tW,-~.-tH3•: 

_fl \ I 

I J-ls3-1--t-i------

I 
I 

l-tw2 1 I 
I 1,------

I I 

I i ls2 : -t -l I l~(Note2)-l(N:i! 3)1 
I I 1-s1-l-IH1-l 

UD!INPUT ~ ~
I 1 !Note2) (Notl.'3) I 

FROM USER ~ 

SYSTEM) .... ...._.._1 ..... ...._1 
""'~ i'----------

1 I I 
I I 1 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

I I 

: ~lp01_.1 
I (Note!) 1 

1--tpo3(Note 1i-I 

~tp02 (Note11---l 

'11a!1( CnruJ1l 1)r1', 

'1C WC MF l <•W 

."JO\, H1qh 

T hr~ act 11(1 I 11 !..!J.!. I{) I ., 1 il tJ If 
rJntR <Jn thr IV t1L1<, ·~ Th" 

iV (OUTPUT 
toMicroprocenor) ~ 

a. User Data Input Timing 

MCLK 

1-----tw,-I 
I I 

1_______!_1.,---J 
I l - 1H6-f 

__j ~1.,-1 \ I I 1-1 _..__I __ _ 
WC 

~I:"'-
TV (INPUT lrom Microprocessor) 

Stalic Candllions: 
UOC Low 
OTC High 

UO (OUTPUT to User 
SYSTEM) 

1 t-154-1-1H4-1 

I 1-tPD4-: 
I I 
I I 
I I 

l-1eos--i 
~,.----

c. MlcroController Write Cycle Timing 

l~~-8-X3_7_1~~~-
Legend: 

~ c THREE-STATE 

~ CHANGING DATA 

~ { 
I I 
I I 
I I 

UD 
j.10"~ 1--tao2-I ~to.,--1 f-1001-1 

{OUTPUT 
to User 
SYSTEM) 

I 

b. User Data Output Timing 

processor 

Control 

Signal" 

"PARAMETER KEY 
MICROPROCESSOR 

CONTROL SIGNAL 

ME 
R"C 
SC 

AC TIMING PARAMETERS 

•oEJ •003 

tOE4 tOD4 

1oes toas 

I I 

STATIC CONDITIONS 

SC= WC= LOW 
SC =ME= LOW 
RC= ME LOW 

d. MicroController Select Cycle Timing 

I 

Figure 2. Timing Diagram 
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TEST LOADING CIRCUITS 

i\ieus UDBUS 

+5V +5V 

232 !l 160 ll 
DUTPUT OUTPUT 
UNDER o---+----. UNDER o-------. 
TEST TEST 

169 !l 300 pl 120 ll 100 pl 
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8-bit latched bidirectional 1/0 port 

APPLICATIONS 

In some applications, performance of a MicroController 
system can be enhanced by using the 8X371 1/0 Port 
instead of an addressable BX372 port. Using a technique 
referred to as Extended Microcode or Fast ii7 Select, the 
address select cycles which normally precede a read or 
write operation when using an BX372 can be eliminated by 
use of the BX371. 

This technique is often used in bit slice microprocessor 
designs and involves widening the program memory beyond 
the normal 16-bit requirement of the MicroController. The 
extra bits are used as enable signals for the 8X371 ports. 
Thus, the BX371 is enabled during the instruction cycle in 

l-~~8X_3_7_1~~~-
which it is required for input/output operations. Since the 
software overhead of separate address select cycles is 
eliminated, the overall system performance is improved. 

As shown in the accompanying diagram, the program 
memory is extended by two bit positions ( D1s and 017), 

permitting any one of four BX371 ports to be enabled during 
those instructions that perform input/output operations. 
Because of timing considerations, latches must be used to 
hold the Extended Microcode through the end of the 
instruction cycle. A decoder is used to obtain four enable 
signals from the two extra bits. The decoder outputs are 
ORed with the LB output of the BX305; thus, all four 1/0 
ports are placed on the Left Bank of the ii7 bus. 

110 PORT SELECTION USING EXTENDED MICROCODE 

_ .... 
iVo-lv7 ,.. 

BX371 

rr=== 
we 1/0 PORT 

MCLK #0 

I~ 
ME 

...._ 
iYii-iii'i ....-

~ 8X305 iVo-iV7 WC 
MICROCONTROLLER ....,.. 

MCLK BX371 
WC 1/0 PORT 

i>-
MCLK #1 

Cii 
Ao-Au lo-111 

~1 1r ME 

±I e clo 1--1 
1-0F-4 a, t-1 DECODER I ..... 

(74S139) o; 1--1 iYii-iV7 
rD,.~ o; 1--1 =::-n -,.. 

8X371 
rD,,-.., Ao A1 111 

WC 1/0 PORT 

MCLK #2 
A0-A12 Do-D,5 

~ .r ME 

PROGRAM MEMORY 
(ROM/PROM) 

r---- CP1Q' a, ...... 
iYii-iV7 

'---
74S32 ,.. 

CP2 

~ 
8X371 

D FLIP-FLOP ME 110 PORT 
D, (74S74) 

MCLK #3 

D, WC'. 
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8X372/8X376 

ADDRESSABLE/BIDIRECTIONAL 1/0 PORTS Originally published by Signetics January 1984 

FEATURES 

Two bidirectional 8-bit busses 
• Independent bus operation 

(user-bus priority for data entry) 

User data input synchronous (8X372) or asynchronous 
(8X376) with respect to MCLK 

Programmed MicroController port address 

Three-state TTL outputs with high-drive capabilities 
Power-up to predetermined logic state 

Directly compatible with 8X305 or 
8X300 MicroControllers 

Single +sv supply 

0.4 inch 24-pin DIP 

PRODUCT IDENTITY 

8X372-Synchronous, three-state, bidirectional 1/0 port 
with programmed address. 

8X376-Asynchronous, three-state, bidirectional 1/0 port 
with programmed address. 

PRODUCT DESCRIPTION 

Each of these 1/0 ports is an addressable device designed 
for use as a bidirectional interface element in systems that 
use TTL-compatible busses. Typically, these 1/0 ports are 
used with the 8X305 MicroController and its associated 
Interface Vector 1N1 bus; however, either port can also be 
used with the 8X300 MicroController or an equivalent 

N, I PACKAGE 

microprocessor. The 8X372 and 8X376 are funtionally the 
same and pin-for-pin compatible with their respective 
counterparts, the 8T32/8X32 and 8T36/8X36; however, the 
new parts fe~ture better performance, increased drive 
current, and improved programming procedures. 

As shown in the logic diagram of Figure 1, Pach 1/0 port 
consists of eight identical data latches-bits 0 through 7. 
These latches are accessed through either of two 8-bit 
busses-one connecting to the MicroController 1N busi 
and the other to the user system 1 UD bus I. Separate 
controls are provided for each bus and both busses operate 
independently, except when both attempt to input data at 
the same time. In such situations, the user bus always has 
priority. The data latches are transparent, in that, while 
either bus is enabled for input, all transitions in input data 
are propagated to the other bus, if enabled for output. 

Both the 8X372 and 8X376 are available with preprogrammed 
addresses 1010 through 255101; either device can be field
programmed over the same address range. Input/output 
operations can begin once the 1/0 port is selected and 
appropriate control signals are generated. Port selection is 
implemented by putting the 1/0 port address 1010-255101 on 
the iV bus; once selected, the 1/0 port remains selected 
until a different "port address" is put on the bus. Thus, 
software overhead is minimized. Data is accessible on the 
UD bus at all times. A Master Enable 1ME1 input, which is 
typically connected to the Left Bank 1LB1 or Right Bank 
1RB1 output of the MicroController, provides the capability 
of organizing the iV bus into two separate and independent 
banks of 1/0 devices. 

PIN.NO. IDENTIFIER FUNCTION 

Vee 

ui iV7 .... 
ID,_ 
c( IC 
1110 

IVS Ill Q. 

~~Q fV4 
~gJ 1\ia IC c( c( 
0 -z IV2 "'CO 
~~i== 
><oO ... ,_ w 

c( !!: 
-'c 

WC ,_ -
- ID 
ID SC .a 

TOP VIEW 

ORDER NUMBERS 

N8X372N or NBX376N 

NBX3721 or NBX3761 

SBX3721/B838 or SBX3721/883C 

SBX37611883B or SBX3761/883C 

1·8 

10 

11 

12 

1:l 

14 

1 ~) 

16-23 

24 

UDi-UOO 

uoc 

UiC 

ME 

GND 

MCLK 

SC 

WC 

iVo-IVi 

V1·r 

Thr('e-slatP b1direct1onr11 User Data UD bus. UDO 
corresponds lo Wo 
Us('r Output Cont1ol·- active low input to enable t1ata output 
to UOO-UD7 

Use1 Input Con!rol active low input to enable data input 
from UDO-U_D7 

Master Enabl•? active low mpul to '$naol(> the iV bus lor 
dnta input darn output. or fV aodress selection deselect ion 
UD-b11s operations rH e unaffected 

Ground 

Mas1e1 Clock-··act1vE' high 1npu1 from M1croCQ!1lro11e1 
\1Sed lo st1orw dati'l into data latches l1om lh<1 IV bus <1nd 
101 lhe synchr.Q_nous BX372 lrom 1he UD bus MCLK also 
synchronizes IV address selection 

Sf'IPcl Comm;rnd-· active high inpul lrorn M1cr0Controlter 
to t>naole iiJ addrP~s input from !hf' iV bus !01 dPv1cp 
St>l£•ct1on 

W11te Command--acl1v(' high input from M1croControlter 
!.£ f'nablf' the wr1'...!..!!.9.. of data into !he data latchC's flom the 
IV hus provided UIC is not low 

lntt.•rtac£> Vector Input Output Bu& lhiee-stalc 
b1d11t>ct1onal M1cr0Controlle1 data bus i\iO corresponds to 
UDO 

5V pOWl'I supply 
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I I 
I I 
I I 
I I 
I I 
I I 
I I 

lvX~llllllll .. ~~-1 

FOR REMAINING SEVEN [ 
BITS, SAME LOGIC AS 

SHOWN ABOVE 

L 

WREAD 

R S 
ADDRESS 
SELECTION 

QL LATCH Q[ 

lVWRITE 

PROGRAMMED 
ADDRESS BIT 

.J 

USER READ 

LOW ___ ___,1--1 VOLTAGE 

CLAMP 

Figure 1. Logic Diagram for 8X372/8X376 1/0 Ports 
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Addressable/bidirectional 1/0 ports 

FUNCTIONAL OPERATION 

UD Bus Control 
As shown in Table 1, the User Data 'UD bus interface is 
controlled by the UIC and UOC inputs. For the 8X372, data 
input from the UD bus is written synchronously with MCLK, 
that is, with UIC low, information is written into the data 
latches only when MCLK is high. In the case of the 8X376, 
data input is asynchronous, in that, with me low, data is 
latched in without regard to the level of MCLK. Note. To 
avoid the possibility of processor error when using the 
asynchronous 8X376. the iv bus should not be read during 
the time the data latches are changing due to user input. 
Output drivers on the UD bus are enabled when UOC is low 
and UIC is high. 

Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

UIC uoc MCLK 
FUNCTION OF UD BUS 

8X372 8X376 
H L x Output data Oul!>_ut data 
L x H Input data l~ut data 
L x L Inactive l~ut data 
H H x Inactive Inactive 

X - don t care 

N Bus Control 
Input/output control of the TV bus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of the internal address selection latch. AS shown in 
Table 2, UIC is required to indicate priority of the UD bus for 
data input operations. The selection latch in the 1/0 port 
stores the result of the most recent Ti7 address selection. 
The latch is set when the internally preprogrammed address 
of the port matches the address on the T'i7 bus during an 
address-selection operation 1SC = MCLK = High/WC= 
Low1. The latch is cleared when the two 8-bit address 
patterns are in disagreement. The Ti7 bus can transfer data 
only when the selection latch is set. As shown in the 
APPLICATION DIAGRAM, the MicroController Left Bank 
i LB I and Right Bank 1RB1 outputs can control the ME inputs 
for two banks of 1/0 devices, thus, acting as a ninth address 
bit. 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

ME SC WC MCLK UIC SELECTION FUNCTION OF 
LATCH iii BUS 

x x Set Output Data 

H H H Set Input Data 

H H x x Input Address* 

lg·· lit!. Ir~ L .. ... · 
H-C: · .. ··~ .. :Jr'· ....... I· .. · a~~~~::~~~ · .. • 

H H H x Input Address* 

x H x x Inactive 

H x L x x Jn active 

H H L x Inactive 

L x x x Not Set Inactive 

H x x x x x Inactive 

X = don't care 
* Selection latch is updated 

Data is written into the data latches of a selected device 
from the iii bus when WC, MCLK, and UIC are all high and 

8X372/8X376 

ME is iow. To prevent data-input conflicts. inputs from the 
TV bus are inhibited when UIC is low; under all other 
conditions, the T'i7 and UD busses operate independently. 
Output drivers on the Ti7 bus of a selected device are 
enabled when Ml:, WC, and SC are all low and the address 
selection latch is set. With SC and WC both high shaded 
entry of Table 2 , the bit pattern present on IVO-IV7 is 
interpreted as both input data and Ti7 address. Provided UIC 
is high, the data is latched into the data latches whether or 
not the 1/0 port has been previously selected. If the 
preprogrammed address of the 1/0 port matches the bit 
pattern on IVO-IV7 when SC and WC are both high, the 

selection latch is set; otherwise, it is reset. Note. The 
MicroController never drives both SC and WC high at the 
same time. 

Bus Logic Levels 
Data written into the 1/0 port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same bus. 
!Note. A logic "1" in MicroController software corresponds 
to a high level on the UD bus even though the iV bus is 
inverted. Both the 8X372 and 8X376 wakeup with the 
address selection latch in the unselected state and all data 
bits latched at the "logic 1" le~el · UD bus outputs high if 
enabled . 

ADDRESS PROGRAMMING AND ADDRE:SS PROTECT 

Programming Procedures 
Both 8X372 and 8X376 can be programmed to respond to 
any address within a range of 010 through 25510. In an 
unprogrammed state, low level :SO.BV 1 inputs on all iV bus 
lines 1 address 255101 will select the device. To program a 
given address bit to match a high level 12".2.0VI input on the 
corresponding Tl7 pin 1a logical "O" to the MicroController 1, 

the counterpart UD-bus pin must be pulsed according to 
Table 3 and the following procedures: 

Step 1: 

Step 2: 

Step 3; 

Step4: 

Step 5: 

Set all control inputs to the inactivestate
UIC = UOC = ME= Vee and SC= WC= 
MCLK = GND; leave the UD and TV bus pins 
open. 

Increase Vee to VccP· 

After Vee has stabilized, apply a single pro
gramming pulse, Figure 2: to the user-bus bit 
that corresponds to the desired high-level W 
address bit. The 1/0 port is programmed 
from the user bus 1 UDO-UD7: for addressing 
from the MicroController bus 'IVO-Ti77. 

Return Vee to 0-volts. Note. If the pro
gramming of all address bits is completed 1n 
less than 1-second. Vee can remain at 9.0-volts 
for the required interval of time. 

Step 1 through 3 are applicable to the pro
gramming of each address bit that requires a 
high-level Ti7 match. 
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Table 3. PROGRAMMING SPECIFICATIONS 
LIMITS 

PARAMETERS UNITS 
Min Typ Max 

VccP - Programming supply 
voltage 

Address 8.75 9.0 9.25 v 
Protect 0 v 

Maximum time Veep >5.25V 1.0 Sec 
Programming voltage: 

Address 8.75 9.0 9.25 v 
Protect 8.75 9.25 v 

Programming current: 
Address 5 mA 
Protect 50 mA 

tr -- Programming pulse1rise 
time: 

Address 10 100 µS 

Protect 10 100 µS 

tw-Programming pulse width 0.5 1.0 ms 

~~
---9.0V 

v, 
ov 

ADDRESS t--s 1.0 sec -1 
PRO-
GRAMMING 90%7\ ~------9.0V 

PULSE ~: \.----·#------/)_ _ !'\.__OV 
(UD INPUT) -: :- i--z-.;-;;-:1 

Ir 0.5ms:Slw:S1.0ms 

Step 6: 

Figure 2. Address Programming Pulse 

To v·erify that the address is properly pro
grammed, return Vee to +5V, set IVO-IV7 to 
the desired i inverted 1 binary address pattern, 
set ME= WC= Low and SC= MCLK =High. If 

DC ELECTRICAL CHARACTERISTICS 

COMMERCIAL: 4.75V < Vee<: 5.25V, 0° c <; TA<; 70° c 
MILITARY: 4.5V <Vee<; 5.5V, -55°C <;Tc<; 125°C 

there are no programming errors, subsequent 
data written from IVO-IV7 WC= High: will 
appear inverted on UDO-UD7. 

Address Protect 
After programming the 1/0 Port, steps should be taken to 
isolate the address circuits and make these circuits perma
ently immune to further change. 

Step 1: Set Vee and all control inputs to 0-volts !Vee 
= UIC= UOC = ME=SC =WC= MCLK=OV); 
IVO-IV7 =open circuit. 

Step 2: Taking one pin at a time, apply a protect 
programming pulse (Figure 31 to each user
bus bit rUDO-UD71-refer to Table 3 for 
min/max specifications pertaining to voltage 
and current. 

90%~ ~-------14V 

~: '---!~. L-ov 
I I 1-,-----1 

-itrl- Lo.5 ms :5 tw :5 1.0 ms 

Step 3: 

Figure 3. Protect Programming Pulse 

Verify that the address circuits for each bit 
is isolated by applying 9-volts, in turn, to 
each user-bus pin (UDO-UD7) and measur
ing less than 200 microamperes of input 
current. (Note. Setup conditions are the 
same as those in Step 1.) 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Power supply voltage3 +7 Vdc 
V1N Input voltage3 +5.5 Vdc 

TsTG Storage temperature range -65 to +150 "C 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNIT 

Vee Supply Voltage 

V1H High Level Input Voltage 

V1L Low Level Input Voltage 

VcL Input Clamp Voltage Vee= Min: lie= -10rnA 

l1H High Level Input Current1 Vee= Max: V1H= 2.7V 

l1L Low Leve! Input Current1 Vee= Max: V1L = 0.5V 

VOL Low Level Output Voltage 
Vee= Min: loL = 16mA ii7 Bus llVO-IV71 

User Bus IUDO-UD71 Vee= Min; loL = 24rnA 

VoH High Level Output Voltage Vee= Min; loH = -3.2mA 

los Short Circuit Output Current2 
Vee~ Max ii7 Bus llVO-IV71 

UD Bus IUDO-UD71 Vee= Max 

Ice Supply Current Vee= Max: ME=UOC=Vcc 

NOTES: 
1. The input current includes the Three-state leakage current of the output driver on the data lines. 
3. These limits do not apply during address programming. 
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Min 

4.75 

2.0 

2.4 

-20 

-10 

Typ Max Min Typ Max 

5 5.25 4.5 5 55 v 
2.0 v 

0.8 0.8 v 
-1.5 -1.5 v 

5.0 100 5.0 100 µA 

-350 -550 -350 -550 µA 

0.55 0.55 v 
0.55 0.55 v 

2.4 v 

-20 mA 

-10 mA 

90 150 90 150 mA 

2. Only one output may be shorted at a time. 



Addressable/bidirectional 1/0 ports 

AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL 4.75V' Vee< 5.25V. 0°C TA 70°C 
MILITARY 4.5V Vee s 5.5V. -55°C. Tc·- 125°C 
LOADING See TEST LOADING CIRCUITS 

REFERENCES' 
FROM TO 

8X372/8X376 

TEST CONDITIONS r--Mm ·ryp;-Ma~1-YPrMax UNIT c= PARAMETER 

P I Widths: 
---+-----+--·--------·--+---+--

LIMITS\COMMERCIAL) LIMITS{MILITAAYJ ~ 

Clock High fMCLK 

\UIC 

jMCLK 

lu1c 

35 35 ns 

Propagation Delays: '" ,, " l~-\poi UD Propagation 
UD IV 

MCLK =High 
Delay SC=--: WC,;:: ME -u1c '.:..:Low 

tpo2 UD Clock Delay 
18X732 only1 

!MCLK IV 50 50 ns 
UD , Stable; 
SC WC=ME=UIC=Low 

tpo3 UD Input Delay 

tpo
4 
____ 'v_D_a_ta-------+---iv _ __, ___ -+_M __ c_L_K=·=w=_c_=_u_1c~·-~H-1_9_1,_;_, __ _,. __ _,+-_4·-_s_-_ _,t--=t=·-~5 -·=-s.··· _·1. Propagation Delay UD ME • UOC =SC= Low __ 

f----
trot: IV Data !MCLK UD WC - UIC High; IV'' Stable, I 

Clock Delay ME= UOC •SC Low 55 J 55 l ns 

~~~ut E~a~l~~i;,\n~:nable j_U_O_C UD UIC •High 30 I -c-~~~-~:sJ 
______ __,,__r_u_1c_-+ __ u_D_-+-u_o_c_·_=_L_o_w _____ ·---<----+-----+---3_o-+--+- __ ~39 _ _)__"_'.~---1 

jME IV WC ·SC·· Low 22 25 ! ns i 

SC ME~ Low ·------1--=:==:=~5 . - -=:1i,-~~::t1:~~~~ .. :
1
l 

-----+-----+-----r-------------------t---· ' 
--

SC ME= Low 25 1 I ?5 I 11s I 

1--tt--1, 
I Output Disable Timing: ~If 1~ too 1 UD Output - - I I 
~ Disable C UD UIC= High 25 I I I 2'i ns I 

I 100 
__ ? __ u_g_v_~_~,_~d_u:______ -fi 

1

[ uD -l~oc·····Lo···:__ 30 ·1-r ;o-~~ 
~012 IV Data - I -·---·--+--+--!, I 20 I - I; I ;;, I "' j I .,. Master Disable IME IV I WC SC Low I . . . --+.-

tQE2 UD Input Recovery 

\QEJ IV Data 
Master Enable 

I---· -
\QE5 IV Data 

Write Recovery 

toE6 IV Data 
Select Recovery 

UD ··Stable; MCLK =High; 50 SO 
sc-=WC ME·=Low 

IV ns 

\WC IV 

IV 

Setup Times: -·---+----l-T1lt-1-
ts1 UD Clock Setup UD jMCLK UIC ·c Low i5t '1 I, 15 IJ, l ns 

Time 18X372 onlyl I 
ts2 u~m~ontrol Setup UD !UIC MCLK c Hig-;·-------+- ++1 ---r--11511 - JI i-:--
ts3 ---U-sr-c>r-ln._p_u_t_C __ o_n_t_ro_l __ -+_j_U_l_C _ _,__IM_C_L_K-+-·-----------+---

2
-
5 1 I 

25 
. I n-~--

Setup T1rne 18X372 onlyi 
-·=---------1------+----+-------------+----+--+---11--t--i---i--

I ts4 l~e~~~a Time IV jMCLK ~~ -~-~-~-~_8_;_c_s_c_H._1~-~-g_h_; --t---3-5-+·----t-- 330; L l "js 
[:

s<J IV Master Enable WC~ High or SC= High; I 
Setup Time jME jMCLK UIC ~High 3o · 

------.-r----.---+---r----r----
1L_,, _,6 ___ 1_v __ w_r_ite_. _c_0_n_1_r0_1 ___ ~_1_wc jMC_L__JK '-s_c~ME~Low; UlC=High 1 30 30 1 _J__._ ns Setup Time .L.__ 

-------------- -~-~--~-~-
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8X372/8X376 

AC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 
REFERENCES 

TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MILITARY) 

UNIT FROM TO Min Typ Max Min Typ Max 

ts1 IV Select Control tsc +MCLK WC=ME=Low 30 30 Setup Time ns 

Hold Times: 
tH1 UD Clock Hold 

+MCLK UD UIC=Low 15 15 ns Time <8X372 onlyl 

IH2 UD Control tUiC UD MCLK=High 15 15 ns Hold Time 

tH3 User In put Control 
+MCLK tu1c 0 0 ns Hold Time !6X372 onlyl 

tH4 IV Data 
+MCLK iV WC= High ..2!._SC =High; 

5 5 Hold Time ME=Low, UIC=High ns 

IH53 iii Master Enable 
+MCLK tME 

WC=High or SC=High; 
0 0 ns Hold Time UIC=High 

tH6 IV Write Control 
+MCLK +we SC= ME= Low; UIC=High 0 0 ns Hold Time 

tH? IV Select Control 
tMCLK +sc WC= ME= Low 0 0 ns Hold Time 

Notes: 
1. All measurements to the iV bus assumes the address selection latch is set. 
2. These parameters are measured with a capacitive loading of 50pf and represent the output driver turn-off time 
3. 11 ME is to be high 1inactive1, it must be setup before the rising edge and held after the falling edge of MCLK to avoid unintended writing into or selection 

of the 1/0 port. 
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Addressable/bidirectional 1/0 ports 

I lw1-~•IH3•: 

MCLK _J1 '\ : 
l 1-153-1'--+1------
I 1-tw2 i I --:--x. /~~----
1 I I 
I I I 
I I ls2 I 1-IH2-I 
l I 1-+--(Nole 2)- (NoteJ) 

I I 1-ls1-J-tH1-I 
I 1 (Nole 2) (Nole 3) I 

uo (INPUT ""'////}w//u""""'"'""'"ml?"""'/7>il W777h 
FAOMUSER~~ ~ SYSTEM) ...,._,...,

1 
.... ....,

1 
.... _1 __________ _ 

I I I 
I I 1 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

: : 1-, lpo•-1 
I I (Note!) 1 

I 1-tpo3(Note1J-I 

1.___ lp02 (Note 11-i 

fV (OUTPUT 

St.ilw Cor1d•LOn~ 

NO!f'S 

' 

SC WC ME 
OQ?'; H•qh 

Low 

Th\'i!.Clualturwfors1ilhit' 
dat;i on thP iiit)u<; is !"11' 
la1Pst prPr1agilt1nn 1rom 
h'('' 1Pf'" ;md !~'I' 
Thp LIQ •np11! Illus! s<1!1<;Jy 
thP se1ur·t1mP rpq.,,,,,. 
ro1en1<;fOf hoth t•.' an\11·, 
M1111mum hold-t1mP rf'· 
quirf'd for !hC' LJD inpu1 is 
!hf' P1'1rl1Pr of thE" tHnPs 

to Microprocessor) ~ 
a. User Data Input Timing 

i-lw,-1 

MCLK t ~ ----1 ___ _, ts6----1'--------
1 I - 1H6-.I 

_J f4-.'.._1.,-I \ I I 1-t __ I __ _ 
WC 

: I I "' I 

~:: ~ 
fV (INPUT trom M1croprocesso1l 

Static Conditions 
UOC Low 
rnc t••gh 

UD (OUTPUT to User 
SYSTEM) 

l 1---l54-1-tH4--1 

I 1--tPD4-: 
I I 
I I 
I I 

1-tPos---: 
~~--

c. MicroController Write Cycle Timing 

l=._s_x_37_6 __ _ 

Legend: 

I 
I 
I 

THREE-STATE 

CHANGING DATA 

---....,11----. ,--+----
: ~'"---t 

UD 
(OUTPUT 
toU&er 
SYSTEM) 

t--toE1•I J--toD2-I /-.t<Je2•! 
I I I 

b. User Data Output Enable 

f--- lw1 -----..t 

MCLK J \ ------J 1~--,---1-~-~ 
.ls1----J H7 I 

SC I 
I 

I I i 

-~--~-t,.:-t,,,·---~ 

iV 1-t54 -1--t,-u___,..1 
(INPUT 
from 
Micro· 
procenor) 

-~-_..,~.......... ~ 

d. MicroController Seclect Cycle Timing 

processor~ I 
Control \ • 

Signal" 1'------' 11-100 •-I 
] ..... tOE*--j " 

Iv 1,.------, I, 
~~.:~""• ~~ ~~ 
procenor) 

•PARAMETER KEY 
MICROPROCESSOR 

CONTROL SIGNAL AC TIMING PARAMETERS STATIC CONDITIONS 

ME laEJ laoJ SC WC LOW 
WC tOE5 taos SC ME LOW 
SC IOE6 loo6 WC ME LOW 

e. MicroController Output Enable Timing 

Figure 2. Timing Diagram 
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8X372/8X376 

TEST LOADING CIRCUITS 

iVBUS 

+5\' 

232 n 
OUTPUT 
UNDER o------. 
TEST 

169 ll 

UDBUS 

+SV 

1&0 n 
OUTPUT 
UNDER O---+-----. 
TEST 

300 pl 120 n 100 pf 



Addressable/bidirectional 1/0 ports 8X372/8X376 

APPLICATIONS 

One way of using 1/0 Ports in a microprocessor-based 
system is shown in the following application diagram; there 
are many other ways of implementing 1/0 functions with 
these parts, both singly and in combination. By proper 
control of the UIC and UOC lines, the user can implement 

bidirectional data transfers, exercise system control, and/or 
read system status. In the concept shown here, 1/0 Port #1 
is setup for bidirectional data transfers and 1/0 Ports #2 and 
#3, respectively, serve as dedicated output and input devices. 

....... .-----...._ _a. 

1•••••••••t fVo-M UDO UD7 ••••••• • ,.. ME 8X372 - .... ,.. 

I
J -------~SC 1/0 :10RT UOC • ..,.,__ ____ _ 

- -··•""'-••• _.----WC (Note 2) IVO-IV7 r .... , MCLK UIC • ..,.,__ ____ _ 

SCl-----1•---~ 

iJj (Note1) r .. ______ _ 
MICRO~~~~ROLLER WC 1-----.,-.-.-.-.-.1 ~ .•.•.•. ,-------· •..... _a.. 

IVO-IV7 UDO-UD7 

MC~ 1-""<N,.,.o....,•-e""11,...-·•1-i---=~ .. t.~.L.K.1 ;.:_Y._t.~.:.u.:.1:-~ T • 

Notes 
1 Up to 256 discrete addresses can be 

assigned to each bank LB or RB 
2 The 8X376 can be implemented in an 

identical manner 

IVO-IV7 UDO-UD7 NII••••• 
L__ 1-!=:::::! SC 8X372 ~ 

L 1 __ _, WC 1/0 :~RT UIC t-:i_ Vee 

..._ _____ '-----< ___ MCLK (Note 2) -:;? f 
- ME uoc __.j 

USER 
SYSTEM 
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l 8X374 

ADDRESSABLE/BIDIRECTIONAL 1/0 PORT WITH PARITY 

FEATURES 
• Two bidirectional 8-bit busses 

• Independent bus operation (user bus priority for data 
entry) 

• Parity generate/check logic with: 
Odd/Even parity select 
Strobed error flag output 

• Synchronous data input 

• Programmable MicroController port address 

• Three-state TTL outputs (for all except parity error flag) 

• High drive capabilit!es 

• Power-up to predetermined state 

• Directly compatible with 8X305 MicroController 

• Single +SV supply 

• 0.6 inch, 28-pin DIP 

PRODUCT DESCRIPTION 
The Signetics 8X37 4 is an addressable 8-bit 1/0 Port that 
features on-chip parity generate/check logic. The 8X374 
port is designed for applications that require an 8-bit bi
directional interface element with parity-generate and parity
check capabilities. Typically, the 8X37 4 is used with the 
8X305 MicroController and its associated Interface Vector 
llVI bus. 

8X374 PACKAGE AND PIN DESIGNATIONS 

Pin 
No. 

1-8 

9 
10 

11 

UD7 

UD6 

UDS 

UD4 

UDJ 

UD2 

UD1 

UDO 

PB 

PSL 

uoc 
UIC 

ME 

GND 

N,F PACKAGE 

TOP VIEW 

ORDER NUMBERS 

Yee 

IV7 

IV6 

IVS 
IV4 

IVJ 

IV2 

iV1 
IVO 

EF 
EFH 
we 
SC 

MCLK 

NBX374N, NBX374F 
SBX374F/8838, SBX374F/883C 

Identifier Function 

UD7-UDO Three-state bidirectional User Data 
IUDI bus; UDO corresponds to IVO. 

PB User port Parity Bit 1/0 pin. 
PSl Parity Select input control; even parity 

= 1 and odd parity = 0. 
UOC User Output Control - active low input 

to enable data output from UDO-UD7. 

Originally published by Signetics January 1984 

As shown in the logic diagram of Figure 1, the 8X374 con
sists of eight identical latches, bits 0 through 7. These 
latches are accessed through either of two 8-bit busses, one 
connecting to the MicroController l/V busl and the other to 
the user system IUD busl. Separate controls are provided 
for eacti bus and both busses operate independ1mtly, 
except when both attempt to input data at the same time, In 
such situations, the user bus always has priority. The data 
latches are transparent, in that, while either bus is enabled 
for input, all transitions in input data are propagated ta the 
other bus, if enabled for output. rhe data latch in Figure 1 is 
common to both busses, that is, data traveling from the IV 
bus to the UD bus, or vice-versa, is latched and appli~ lo 
the parity generate/check logic. The parity-bit latch is inter
faced to the UD bus and latches the parity bit. The user Cqn 
implement the parity features of the chip by simply select
ing odd or even parity via the Parity Select IPSLI inpufpin. 
When data is output to the UD bus, a parity bit is generated 
and appended to each byte of data; for incoming data, par
ity is checked and the result is transmitted to an error-flag 
latch. The status of the latch 10 = no parity error/1 = parity 
error! is reflected by the Error Flag IEFI output pin. Opera
tion of the error-flag latch is controlled by the Error Flag 
Hold IEFHI signal. With EFH low, the operation is trans
parent; when high the contents of the latch are frozen to 
avoid false errors while data latches are changing. 

12 

13 

14 
15 

16 

17 

GND 
MClK 

SC 

WC 

18 EFH 

19 EF 

20-27 IVO-IV7 

28 Vee 

User Input Control - active low input, 
to enable data input from UDO-UD7. 
Master Enable - active low input to 
enable the IV bus for data input, data 
output, or IV address selection/deselec
tion; UD-bus operations are unaffected. 
Ground 
Master Clock - active high input from 
MicroController used to strobe data 
into the data latches; MCLK also syn
chronizes IV address selection. 
Select Command - active high inro>ut 
from MicroController to enable IV ad
dress input from the IV bus for device 
selection. 
Write Command - active high input 
from MicroController to enable the wtH
i ng of data into the data latches from 
the IV bus, provided UIC is not low. 
Error Flag Hold signal to control error
flag latch. When low, latch operation is 
transparent; when high, contents of 
latch .are frozen. 
Error Flag output; no parity error "° 0 
parity error = 1. 
Interlace Vector !Input/Output Busl, three
state, bidirectional, MicroController data 
bus; IVO corresponds to UDO. 
+sv power supply. 
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8X374 

,-----------
1 

I 
I 
I 

fVjj •Ill!••~--+ I 

FROM 1 REMAINING 
SEVEN DATA 
LATCHES. 

I 
I 
I 
I 
I 
L __ _ 

a 

PARITY 
GENERATE/CHECK 

LOGIC 

ONE OF EIGHT 
BIT SLICES 

---, 
I 
I 
I 
I 
I 

t--~·····UDO I 
I 
I 
I 
I 
I 

____ J 

PARITY BIT 
LATCH 

'------------------+--+--+----------..... -p$L 

FOR REMAINING 1 
SEVEN PROGRAMMED 
ADDRESS BITS, SAME 
LOGIC AS SHOWN IN 
ABOVE DOTTED BOX. 

IV READ 

IV WRITE 

R S 
ADDRESS 

SELECTION 
LATCH 

~--o<-1--.-- EFH 

E 
ERROR 

0 FLAG Q '--P""--~ EF 
LATCH 

LOW 
VOLTAGE 

CLAMP 

MCLK-..-.-----------------------11.>---.___ __ ..._ _ __, 

Figure 1. Logic Diagram for 8X374 1/0 Port 
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Addressable/bidirectional 1/0 port with parity 

The 8X374 is available with either preprogrammed addresses 
m10 to 255101 or unprogrammed; the device can be field
programmed over the same address range as the prepro
grammed port. Input/Output operations to the Micro
Controller bus can begin once the 8X374 enabling address 
has been selected and appropriate control signals from the 
IV bus are generated. Port selection is implemented by put
ting the 8X374 address 1010 to 255101 on the IV bus. Once 
selected, the 1/0 port remains selected until a different port 
address is put on the bus. 

With appropriate control inputs, data is accessible on the 
UD bus at all times. A Master Enable IMEI input, .which is 
typically connected to the Left Bank ILBI or Right Bank (RBI 
output of the MicroController, provides the capability of 
organizing the IV bus into two separate and independent 
banks of 1/0 devices. 

FUNCTIONAL OPERATION 
UD Bus Control 
As shown in Table 1, the User Data IUDI bus and parity-bit 
interface are controlled by the UIC and UOC inputs. Data 
from the U D bus is written synchronously with MCLK, that 
is with UIC low, information is written into the data latches 
only when MCLK is high. Output drivers on the UD bus are 
enabled when UOC is low and UIC is high. 

Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

Function of UD Bus 

UIC uoc MCLK 8-Bit Data Bus Parity Bit 

H L x Output data Output parity 

L x H Input data Input parity 

L x L Inactive Inactive 

H H x Inactive Inactive 

X = Don't Care. 

IV Bus Control 

Input/Output control of the IV bus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of the internal address selection latch. As shown in 
Table 2, UIC is required to indicate priority of the UD bus 
for data input operations. The selection latch in the 1/0 port 
stores the result of the most recent IV address selection. 
The latch is set when the internally preprogrammed address 
of the port matches the address on the IV bus during an 
address-selection operation ISC = MCLK =High; ME= WC 
= Lowl. The latch is cleared when the two 8-bit address 
patterns are in disagreement. The IV bus can transfer data 
only when the selection latch is set. As shown in the 
APPLICATION DIAGRAM, the 8X305 Left Bank ILBI and 
Right Bank IRBI outputs can control the ME inputs for two 
banks of 1/0 devices, thus, acting as a ninth address bit. 

8X374 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

Selection Function 
ME SC WC MCLK UIC Latch of IV Bus 

L L L x x Set Output Data 

L L H H H Set Input Data 

L H L H x x Input 
Address' 

L x H L x x Inactive 

L H x L x x Inactive 

L L H H L x Inactive 

L L x x x Not Set Inactive 

H x x x x x Inactive 

X = Don't Care. 'Selection latch is updated. 

Data is written into the data latches of a selected device 
from the IV bus when WC, MCLK and UIC are all high and 
ME is low. To prevent data-input conflicts, inputs from the 
IV bus are inhibited when UIC is low; under all other condi
tions, the IV and UD busses operate independently. Output 
drivers on the IV bus of a selected device are enabled when 
ME, WC, and SC are all low and the address selection latch 
is set. 

Parity Generate/Check Logic 

The Parity Bit IPBI pin provides both parity-generate and 
parity-check capabilities according to user data bus con
trols. With UIC low lactivel, a parity check is performed on 
the input data stream; with UOC low (active! and UIC high, 
the 8X374 generates the parity-bit for the output data 
stream. The user can select odd or even parity via the Parity 
Select IPSLI input control, 1 =even parity and O =odd par
ity. As data and parity are input to the data latches and the 
parity-bit latch from the UD bus and PB line !Figure 11, par
ity errors lif anyl are continuously detected by the parity
check logic. Parity error status enters the error flag latch lif 
enabled! and appears at the EF output pin. The error latch 
can be strobed by the Error Flag Hold IEFHI control to latch 
in valid error status; otherwise, the error flag is transparent 
to the user. !Note: If the sytem uses less than eight data bits, 
keeping zeros in unused data latches preserves proper par
ity operation.I 

Bus Logic Levels 

Data written into the 1/0 port from either bus will appear 
inverted when read from the other bus. Data written into 
either bus will not be inverted when read from the same 
bus. !Note: A logic "1" in MicroController software corres
ponds to a high level on the UD bus even though the IV bus 
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8X374 

is inverted.) The 8X374 wakes up with the address selection 
latch in the unselected state, all data bits latched at the 
"logic 1" level (UD bus outputs high if enabled), and the EF 
output high. 

ADDRESS PROGRAMMING AND 
ADDRESS PROTECT 
Programming Procedures 

The BX374 can be programmed to respond to any address 
within a range of 010 through 25510. In an unprogrammed 
state, low level ($ 0.8 Vl inputs on all IV bus lines (address 
2551ol will select the device. To program a given address bit 
to match a high level (~ 2.0 Vl input on the corresponding IV 
pin (a logical "O" to the MicroControllerl, the counterpart 
UD-bus pin must be pulsed according to Table 3 and the 
following procedures: 

Step 1: Set all control inputs to the inactive state, UIC = 
UOC = ME = Vee and SC= WC = MCLK = 0 V; leave the 
UD and IV bus pins open. 

Table 3. PROGRAMMING SPECIFICATIONS 
r-" 

Limits 

Parameters Min. Typ. Max. Units 

VccP - Programming supply 
voltage: 

Address 8.75 9.0 9.25 v 
Protect 0 v 

Maximum Time Vee> 5.25 V 1.0 sec 

Programming voltage: 
Address 8.75 9.0 9.25 v 
Protect 8.75 9.25 v 

Programming current 
Address 5 mA 

Protect 50 mA 

tr - Programming pulse rise 
time: 

Address 10 100 µS -----
Protect 10 100 µs 

tw - Programming pulse width 0.5 1.0 ms 

Step 2: Increase Vee to VccP. 

Step 3: After Vee has stabilized, apply a single program
ming pulse !Figure 21 to the user-bus bit that corresponds to 
the desired high-level IV address bit. The 1/0 port is pro
grammed from the user bus IUDO-UD71 for addressing from 
the MicroController bus OVO-IV?I. 

Step 4: Return Vee to 0 volts. !Note: If the programming of 
all address bits is completed in less than one second, Vee 
can remain at VeeP for the required interval of time.I 

Step 5: Step 1 through Step 3 are applicable to the pro
gramming of each address bit that requires a high-level IV 
match. 

Step 6: To verify that the address is properly programmed, 
return Vee to +5 V and set IVO-IV7 to the desired address 
pattern (inverted). Set ME = WC = Low and SC = MCLK = 
High to select the programmed 1/0 port. With ME = SC = 
Low and WC = MCLK = High, write an 8-bit pattern to the 
port. If there are no programming errors, the transmitted 
data pattern will appear inverted at UDO-UD7 of selected 
port. 

~ ~--Veep 

Vee PIN -'1 i'--11--' '--
~ <; 1.0 SEC~ OV 

~~
-----Veep 

UO INPUT 

LJ ov 

=:i l.-tr 0.5 ms'.S tw :S 1.0 ms 

Figure 2. Address Programming Pulse 

ADDRESS PROTECT 
After programming the 1/0 Port, optional steps can be taken 
to isolate the fuse circuits and to make these circuits per
manently immune to further change. 

Step 1: Set Vee and all control inputs to O volts; Vee = UIC 
= UOC = ME = SC = WC = MCLK = OV, IVO-IV7 = open 
circuit. 

Step 2: Taking one pin at a time, apply a protect program
ming pulse (Figure 31 to each user-bus bit (LJDO-UD71. Refer 
to Table 3 for min/max specifications pertaining to voltage 
and current. 

Step 3: Verify that the address circuits for each bit are iso
lated by applying VeeP. in turn, to each user-bus pin 
iUDO-UD?l and measuring less than 200 microamperes of 
input current. (Note: Setup conditions are the same as those 
in Step 1.1 

Figure 3. Protect Programming Pulse 



Addressable/bidirectional 1/0 port with parity l ___ ax_3_7_4 __ _ 

ABSOLUTE MAXIMUM RATINGS 

DC ELECTRICAL CHARACTERISTICS Vee 

COMMERCIAL: Vee= 5 v 1±5%1; TA;,, 0° c 
TA.,:; 70°C 

MILITARY: Vee= 5 v 1±10%1; TA;,, -55° c 
Tc.,:;125°C 

Parameter 

Vee Supply Voltage 

V1H High Level Input Voltage 

V1L Low Level Input Voltage 

VcL Input Clamp Voltage 

iiH High Level Input Curren ti 11 

iiL Low Level Input Currentl 11 

VoL Low Level Output Voltage 
TV Bus llVO-IV71 

User Bus IUDO-UD71 and PB 

EF 

VoH High Level Output Voltage EF 

Others 

los Short Circuit Output Current12! 
fi7 Bus llVO-IV71 
UD Bus IUDO-UD71 

Ice Supply Current 

Notes: 

V1N 

TsTG 

Test Conditions 

Vee= Min; Ii= -10 mA 

Vee= Max; V1H = 2.7 V 

Vee= Max; V1L = 0.5 V 

Vee= Min; loL = 16 mA 

Vee= Min; loL = 24 mA 

Vee= Min; loL = 8 mA 

Vee= Min; loH = -1 mA 

Vee= Min; loH = -3.2 mA 

Vee= Max 

Vee= Max 

Vee= Max; ME= UOC =Vee 

Parameter Rating 

Power supply 
voltagel3' +7 

Input voltagel31 +5.5 

Storage temperature -65 to +150 
range 

Limits Limits 
(Commercial) (Military) 

Min Typ Max Min Typ Max 

4.75 5 5.25 4.5 5 5.5 

2.0 2.0 

0.8 0.8 

-1.5 -1.5 

5.0 100 5.0 250 

-350 -550 -350 -550 

0.55 0.55 

0.55 0.55 

0.55 0.55 

2.4 2.4 

2.4 2.4 

-20 -20 

-10 -10 

90 150 90 160 

1. The input current includes the high-Z leakage current of the output drivers iii/o-IV7, UDO-UD71 on the data lines. 
2. Only one output may be shorted at a time for testing purposes. 
3. These limits do not apply during address programming. 

Unit 

V DC 

voe 
oc 

Unit 

v 
v 
v 
v 

µA 

µA 

v 

v 
v 
v 
v 

mA 

mA 

mA 



____ a_x_3_7_4 __ J ___________________ _ 
AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: Vee= 5 v (±5%); TA2:: 0°C, TA$ 70°C 
MILITARY: Vee= 5 v (±10%); TA 2::-55°C, Tc $125°C 
LOADING: See TEST LOADING CIRCUITS 

References 

Parameter From To 

Pulse Widths: 
tw1 Clock High IMCLK IMCLK 

tw2 User Input Control +ulC IUIC 

Propagation Delays: 
tpo1 UD Propagation UD TV 

Delay 

tPD2 UD Clock Delay IMCLK IV 

tpo3 UD Input Delay +ulC IV 

tPD4 IV Data IV UD 
Propagation Delay 

tpos NData IMCLK UD 
Clock Delay 

tpoa Error Flag Propagation UD, PB EF 
Delay 

tpo1 Parity Generate IV PB 
Propagation Delay 

tPDB Error Flag Strobe IEFH EF 
Delayl31 

Output Enable Timing: 
tOE1 UD Output Enable IUOC UD, PB 

tQE2 UD Input Recovery IUIC UD, PB 

tQE3 Ti7 Data Master IME IV 
Enable 

tQE4 IV Data Write +we IV 
Recovery 

toE5 IV Data Select +sc IV 
Recovery 

Limits Limits 
(Commercial) (Military) 

Test Conditions11J Min Typ Max Min Typ Max Unit 

35 35 ns 

MCLK= High 35 35 ns 

MCLK =High 40 40 ns 
SC= WC= ME= UIC = 
Low 

UD =Stable; 50 50 ns 
SC=WC=ME=UIC= 
Low 

UD =Stable; 50 50 ns 
MCLK= High; 
SC= WC= ME= Low 

MCLK =WC= UIC = 45 45 ns 
High; 
ME= UOC =SC= Low 

WC= UIC = High; 55 55 ns 
iV =Stable, 
ME= UOC = SC= Low 

MCLK= High; 55 55 , ns 
UIC = EFH =Low 

MCLK =WC= UIC = 55 55 ns 
High; UOC = ME = Low 

20 20 ns 

UIC= High 30 30 ns 

UOC= Low 30 30 ns 

WC=SC= Low 22 25 ns 

SC= ME= Low 25 25 ns 

SC= ME= Low 25 25 ns 



Addressable/bidirectional 1/0 port with parity l~~~8X_3_7_4~~~-
AC ELECTRICAL CHARACTERISTICS (Continued) 

Limits Limits 
References (Commercial) (Military) 

Parameter From To Test CondlllonsPI Min Typ Max Min Typ Max Unit 

Output Disable Timing: 

tOD1 UD Output Disable IUOC UD, PB UIC =High 25 25 ns 

toD2 UD Input Override +u1c UD, PB UOC =Low 30 30 ns 

toD3 ii7 Data Master Disable tME ii7 WC= SC= Low 20 20 ns 

toD4 ii7 Data Write Override +we ii7 SC= ME= Low 20 20 ns 

toD5 IV Data Select Override +sc IV WC= ME= Low 20 20 ns 

Setup Times: 

ts1 UD Clock Setup Time UD, PB tMCLK UIC =Low 15 15 ns 

ts2 UD Control Setup Time UD, PB +u1c MCLK =High 15 15 ns 

ts3 User Input Control 
+u1c tMCLK 25 25 ns 

Setup Time 

ts4 ii7 Data Setup Time ii7 tMCLK WC =High or SC = High; 35 35 ns 
ME= Low; UIC =High 

ts5''' IV Master Enable 
tME +MCLK 

we =High or sc = High; 
30 30 

Setup Time UIC =High 
ns 

tss ii7 Write Control 
!WC +MCLK SC = ME = Low; UIC =High 30 30 

Setup Time 
ns 

ts7 ii7 Select Control 
!SC tMCLK WC =ME= Low 30 30 

Setup Time 
ns 

Hold Times: 

tH1 UD Clock Hold Time tMCLK UD, PB UIC =Low 15 15 ns 

tH2 UD Control Hold Time tUIC UD, PB MCLK =High 15 15 ns 

tH3 User Input Control 
tMCLK tUIC 0 0 ns 

Hold Time 

tH4 Tii Data Hold Time tMCLK TV WC =High or SC =High; 5 5 ns 
ME= Low, UIC =High 

tH5' 2; IV Master Enable 
IMCLK tME 

WC =High or SC =High; 
0 0 

Hold Time UIC =High 
ns 

tH6 ii7 Write Control 
tMCLK +we SC= ME= Low; UIC =High 0 0 

Hold Time 
ns 

tH? IV Select Control 
IMCLK ISC WC= ME= Low 0 0 

Hold Time 
ns 

Notes: 
1. All measurements to the iV bus assumes the address selection latch is set. 
2. If ME is to be high linactivel, it must be setup before the rising edge and held alter the falling edge of MCLK to avoid unintended writing 

into or selection of the 1/0 port. 
3. Parameters are measured by holding UIC =High and MCLK =Low and changing the state of the PSL input before each EFH pulse. 
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____ a_x_3_1• ___ j 
TIMING DIAGRAMS 

640 

USER DATA INPUT TIMING 

l-+----•w1-}-IH3•i 
_JI \' I MCLK I 

I l-ts3-1'--+-I ------
I l-tw2 1 I ----r-'\ ~r~~~~ 

I I I 
I I I 
I I 1,, I 1-t -I 
I I J-(No1e2)- (N:i!l) 

I I 1-ls1-/-tH1~ 
UD, PB (INPUT w ~ ~

I j (Note2) (Notel) I 

FROM USER '.'l"°~ ~ 
SYSTEM) I I i '----------

EF 

fV (OUTPUT 

1 : t4 lpo&j Static Cond1t1ons 

I I l I ~~c w~.~hME . EFH Low 

I l I No1es 
I I I ' 

i -I I 
I I 

: l lpo1--
l 1 l!Notet) ! 
I -J.+-lpo3(Note 1J---J 

j...--tp02 (Note 11-l 

The ac1ual time for stable 
dati'l on 1he i\i bus is thr 
latest propagation from 

and tf'(1 • 

to Microproce.sor) -==== 
MICROCONTROLLER WRITE CYCLE TIMING 

MCLK 

l.,..___.!_ls6---l 
I I - 1H6-..I 

__/ ~1.,-i \ 
I I 1-1 _1--, ---

WC 

: I I "' I 

~: ~ 
ii (INPUT lrom M1croproceuor) 

PB 
(OUTPUT 
TO USER 
SYSTEM) 

UD (OUTPUT TO USER 
SYSTEM) 

SlalM: Condllions· 
UOC Low 
OTC High 

I t-ls4-1-tH4-1 

I 
/ r----tPD7~ 
11~ 
II~ 
I i---1,0,___.I 
1---'.-l,os- -I 
~~-

Legend: 

~ = HIGH·Z STATE 

~ =CHANGING DATA 

MICROCONTROLLER SELECT CYCLE TIMING 

MCLK 

SC I 
I 

I I I 
... ~.,....,..,.,....,..,~ .... 1.--1.,:-k--

1-ts4-l-1H4-1 iV 
{INPUT 
from ..,.,..,.,~.,..,....,..,.,~~ ~ 
proeeuor) 

USER DATA OUTPUT ENABLE TIMING 

1'-----------'1 
I I 
I I -----+1--- r--~1---~ : )..,. _____ t : 

UD, PB 
(OUTPUT 
TO USER 
SYSTEM) 

'"4'0E1~ 1..-too2-I ~loe2.-J l--1001 --1 
I I I I 

MICROCONTROLLER OUTPUT ENABLE TIMING 

,........ ----'\. 
Control \ f 
Si9na1· 1.._ ____ .-[_

100
• -' 

_ l~toe·-:1 •- -. 
IV 1,.-----.., I 
~~.:~UTlo ~ ~ 
proeenor) 

•PARAMETER KEY 
MICROPROCESSOR 

CONTROL SIGNAL 

ME 
WC 
SC 

AC TIMING PARAMETERS STATIC CONDITIONS 

toes loos 

toes 'oos 

SC =ME LOW 
WC= ME LOW 



Addressable/bidirectional 1/0 port with parity l 8X374 

-----
TEST LOADING CIRCUITS 

OUTPUT 
UNDER 
TEST 

IV BUS 

+5 

23211 

16911 300 pF 

UO BUS 

+5 

16011 
OUTPUT 
UNDER 
TEST 

1201! 

-=-

ERROR FLAG 

+5 

46811 
OUTPUT 
UNDER 
TEST 

100 pF 366{) 50 pF 

-=-

APPLICATIONS 

As shown in the following diagram, the 8X374 can be used 
with other 1/0 ports to provide a complete range of input/ 
output functions. By proper control of the UIC and UOC 
lines, the user can perform bidirectional data transfers, 

exercise system control. read system status and. by using 
the 8X374, implement a bidirectional parity-controlled data 
stream. To use the parity capabilities, the user need only 
select even or odd parity IPSL = 1 or OI and connect the PB 
pin to the system parity bit. The EFH and EF pins can be 
wired according to system requirements. 

APPLICATIONS DIAGRAM 

··········~iVO-W7 .,. UDO-UD714••···· .,. 
________ _,ME 

-------!SC 

-----HWC 

,---------l~M;;:;:,CL~K~~---UfC-l...J,__ _____ _ 

UDO-UD714••···~ 
_... IVO-M PB '--------

iVO-M 14••• .. I 
~---+--+--+---' ME 8X374 PSL 

1/0 PORT EF ~------

!----+----' ~~WITH PARITY EFH (--------

~ MCLK U~~ ,__ _____ _ [li ,_~(~N_ot_e_1~) -I•-/ 

SC ~----1•---~ 
8X305 

MICROCONTROLLER WC t------1•---+----< 

~---i~1e1;----1~~~~~~~~~~:1V:O~-IVJV7 MCLK 
RB ,__(~N_o1_e_11~-•i- sc UDO-UD7······· .,. 

8X372 V 
C-----+-----' WC 1/0 PORT DOC ~~-J cc 

i'---1 MCLK 
I'-->---+--+---' ME UIC .__ ______ __, 

.L 
IVO-IV7 UOO-U07 

I ~---+---+----! SC 6X372 

: ~~>--------' we 110 PORT UfC ~~-Vc,c 
\ '----- MCKL 
~---------! ME DOC .._. ______ __. 

Note: 
1. Up to 256 discrele addresses can be assigned to each bank (CB or RB). 

USER 
SYSTEM 

(A"'"" 1985 
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l 8X382 

.._____ 

4-INPUT/4-0UTPUT ADDRESSABLE 1/0 PORT Originally published by Signetics January 1984 

FEATURES 
• Bldlrectlonal 8-blt MlcroController (IV) bus 
• User bus-lour input bits and lour output bits 
• Independent bus operation 
• Synchronous user data input 

Programmed MlcroController port address 
• Three-state TTL outputs with high-drive capabilities 
• Power-up to predetermined logic state 
• Directly compatible with 8X305 or 8X300 

MlcroControllers 
Single +SV supply 

• 0.4 Inch 24-pin DIP 

PRODUCT DESCRIPTION 

The 8X382 110 Port is an addressable, three-state device 
designed for use as an interface elemen• in systems that use 
TTL-compatible busses. Typically, the 8X382 is used with 
the 8X305 MicroController and its associated Interface 
Vector (TiT) bus; however, it can also be used with the 8X300 
MicroController or an equivalent microprocessor. The 
8X382 is functionally the same and pin-for-pin compatible 
with the older 8X42; however, the new port features better 
performance, increased drive current, and improved pro
gramming procedures. 

As shown in the logic diagram of Figure 1, the 1/0 port 

8X382 PACKAGE and PIN DESIGNATIONS 

consists of eight data latches-bits 0 through 7. These 
latches are accessed through either of two busses-an 8-bit 
bidirectionalTiTbus connected to the MicroControllerand a 
User Data IUD I bus consisting of four dedicated inputs (bits 
UDO through UD3i and four dedicated outputs 1bits UD4 
through UD71. All eight bits may be read from or four data 
bits ( IV4-T\77) can be written into via the TV bus; eight bits of 
1/0 address can be written from the TV bus. Separate 
controls are provided for each bus and both busses operate 
independently. The 1/0 data latches are transparent, in that, 
when either bus is enabled for input, all transitions in input 
data are propagated to the other bus, if that bus in enabled 
for output. 

The 8X382 is available with preprogrammed addresses 1010 
through 25510!; it can also be field-programmed over the 
same address range. Input/output operations can begin 
once the 1/0 port is selected and appropriate control 
signals are generated. Port selection is implemented by 
putting the 1/0 port address (010-255101 on the iii bus; once 
selected. the 1/0 port remains selected until a different "port 
address" is put on the bus. Thus, software overhead is 
minimized. Data is accessible on the UD bus at all times. A 
Master Enable (MEI input, which is typically connected to 
the Left Bank I LB) or Right Bank 11181 output of the MicroController, 
provides the capability of organizing the ii7 bus into two 
separate and independent banks of 1/0 devices. 

PIN NO. IDENTIFIER FUNCTION 

N, I PACKAGE 

·a: 
... 0 
::>O. 

~g 
~~~ 
~ t=: < 

"'"' O.<n zw -,-a: 
.. 0 

0 .. 

TOP VIEW 

ORDER NUMBERS 

N8X382N. N8X382! 
SBX3821/8838, 8X3fl2!/883C 

1-4 

5-8 

9 

10 

11 

12 

13 

14 

15 

16-23 

24 

UD7-UD4 Three-state. dedicated output lines for user data, UD? 
corresponds to TV?. 

UD3-UDO Dedicated input lines for user data: UDO corresponds to Ti70 

GND 

MCLK 

SC 

WC 

Vee 

User Output Control-active low input to enable data output 
to UD4-UD7. 

User Input Control-active low input to enable data input 
to UDO-UD3. 

Master Enable-active low input to enable the IVbus for data 
input. data output. or W address select1onideselect1on. UD-bus 
operations are unaffected 

Ground 

Master Clock-active high input from M1cr0Controller used to 
strobe data into data latches from the Wbus and bits IJDO-UD3 
of the UD bus: MCLK also synchronizes TV address selection 

Select Command-active high input from M1croController to 
enable Waddress input fmm the TVbus for device selection 

Write Command-active high from M1croController to enabit: 
the wnting of data into the data latches from the Wbus 
provided DTC'1s not low 

Interface Vector Input/Output Bus -three-state. b1d1rectionaL 
data bus: Ti7il corresponds to UDO 

Supply Voltage 
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r--------------
r--~~----.. 111111111111~UD• I ,.....,__ __ ...., (UD4-UD7) 

Q Q 

DATA LATCH 

s R 
ONE OF 

FOUR BITS 

iVi -11111111111illll~-+ Cil/4-iV,) ~ 

L------

PROGRAMMED 
ADDRESS BIT 

n-a 
<iVii-~~ .. lllllllllllllt~~ 

L 

FOR OTHER SIX { 
BITS, SAME LOGIC 
AS SHOWN ABOVE 

ONE OF 
FOUR BITS 

iVWRITE 
iii READ 

~-----><:::]..- uoc 

I 
USER 
WRITE 

'----------o<~l-o1-u1c 

Figure 1. Logic Diagram for 8X382 1/0 Port 



4-input/4-output addressable 1/0 port 

FUNCTIONAL OPERATION 

UD Bus Control 
As shown in Table 1, the User Data-bus interface is 
controlled by the OTC and UOC inputs. Data input to UDO
UD3 is synchronous with MCLK, that is, with OTC low, 
information is written into the data latches only when MCLK 
is high. The output drivers of UD4-UD7 bus are enabled 
when DOC is low 
Table 1. INPUT/OUTPUT CONTROL OF UD BUS 

- FUNCTION OF UD BUS 
uoc UIC MCLK 

UDO-UD3 UD4-UD7 

H L x Inactive Output Data 

L x H Input Data Inactive 

L x L Inactive Inactive 

H H x Inactive Inactive 

- 0 don't care 

W Bus Control 
Input/output control of the iV bus is shown in Table 2; this 
bus is controlled by SC, WC, ME, MCLK and the current 
state of an internal address selection latch. The address 
selection latch in the 1/0 port stores the result of the most 
recent N address selection. The latch is set when the 
internally preprogrammed address of the port matches the 
address on the fVbus during an address-selection operation 
I SC=MCLK=High/WC=Low). The latch is cleared when the 
two 8-bit address patterns are in disagreement. The f'i7 bus 
can transfer data only when the selection latch is set. The 
MicroController Left Bank ([B) and Right Bank (1181 
outputs can control the ME inputs for two banks of 1/0 
devices, thus, acting as ninth address bit. 

Data is written into the data latches of a selected device 
from the f'i7 bus when WC= MCLK = High and ME= Low. 
Output drivers on the f'i7 bus of the device with the address 
latch set are enabled with~. WC, and SC low. With SC and 
WC both high (shaded entry of Table 2), the bit pattern 
present on IVO-T\77 is interpreted as both input data ( IV4-IV7 
only I and W address. The data in IV4-IV7 is latched in 
whether or not the 1/0 port has been previously selected. If 
the preprogrammed address of the 1/0 port matches the bit 
pattern on IVO-IV7 when SC and WC are both high, the 
selection latch is set; otherwise, it is reset. INote. The 
MicroController never drives both SC and WC high at the 
same time.I 

Table 2. INPUT/OUTPUT CONTROL OF IV BUS 

SEL 
ME SC WC MCLK LATCH 

L L x Set 

L H H 

L H 

H 

x H x Inactive 

L H x L x Inactive 

.h- L x x Not set Inactive 

H x x x x Inactive 

x don't care *Selection latch is updated 

l 8X382 

--
Bus Logic Levels 
Data written into the 1/0 port from either bus will appear in
verted when read from the other bus. Data written into either 
bus will not be inverted when read from the same bus. (Note. 
A logic "1" in MicroController software corresponds to a high 
level on the UD bus even though the IV bus is inverted). The 
8X382 wakes up in the unselected state with all data bits 
latched at the "logic 1" level (UD bus outputs high if enabled). 

ADDRESS PROGRAMMING AND ADDRESS PROTECT 

Programming Procedures 
The 8X382 can be programmed to respond to any address 
within a range of 010 through 25510. In an unprogrammed 
state, low level 1s;0.8Vi inputs on all Ti7 bus lines (address 
25510) will select the device. To program a given address bit 
to match a high level (2:2.0VI input on the corresponding f'i7 
pin (a logical "O" to the MicroController), the counterpart 
UD-bus pin must be pulsed according to Table 3 and the 
following procedures: 

Step 1: Set all control inputs to the inactivestate
UIC = uoc = ME= Vee and SC= WC= 
MCLK = GND; leave the UD andiV bus pins 
open. 

Step 2: 

Step 3: 

Increase Vee to VccP· 

After Vee has stabilized, apply a single pro
gramming pulse (Figure 2) to the user-bus bit 
that corresponds to the desired high-level iV ad
dress bit. The 110 port is programmed from the 
user bus (UDO-UD7) for addressing from the 
MicroController bus (IVO-IV7). 

Table 3. PROGRAMMING SPECIFICATIONS 

PARAMETERS 
LIMITS 

UNITS 
Min Typ Max 

Veep - Programming supply 
voltage: 

Address 8.75 9.0 9.25 v 
Protect 0 v 

Maximum time Veep >5.25V 1.0 Sec 
Programming voltage: 

Address 8.75 9.0 9.25 v 
Protect 8.75 9.25 v 

Programming current: 
Address 5 mA 
Protect 50 mA 

le - Programming pulselrise 
time: 

Address 10 100 µS 
Protect 10 100 µS 

tw-Programming pulse width 0.5 1.0 ms 

Step 4: Return Vee to 0-volts. !Note. If the program-
ming of all address bits is completed in less 
than 1-second, Vee can remain at 9.0-volts 
for the required interval of time.I 
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Step 5: Steps 1 through 3 are applicable to the 
programming of each address bit that re
quires a high-level TV match. 

Step 1: Set Vee and all control inputs to 0-volts 1 Vee 
= UIC = UOC =ME= SC= WC= MCLK = 
GND = O.OV1; IVO-fill' =open circuit. 

Step 6: To verify that the address is properly pro
grammed, return Vee to +5V, set IVO-IV7 to 
the desired 1inverted1 binary address pattern, 
set ME= WC= Low and SC= MCLK =High. If 
there are no programming errors, subsequent 
data written from IV4-IV7 'WC = High' will 
appear inverted on UD4-UD7. 

Step 2: Taking one pin at a time, apply a protect 
programming pulse 1 Figure 31 to each user
bus bit r UDO-UD7 ·-refer to Table 3 for 
min/max specifications pertaining to voltage 
and current. 

Step 3 Verify that the add~ess circuits for each bit 
is isolated by applying 9-volts, in turn, to 
each user·bus pin (UDO-UD7) and measur· 
ing less than 200 microamperes of input 
current. (Note. Setup conditions are the 
same as those in Step 1.) 

V~~9.0V 
l-~:1.0sec.-: OV 

~~g_RESS 90%T\ ~------9.0V 
GRAM MING~: "----:fr-----11 _ i\..___ 
PULSE ' -i i- 1-z;;-;1 .· .. OV 
(UD INPUT) t, 0.5 ms• t, ·, 1.0 ms 

Figure 2. Address Programming Pulse 

Address Protect 
After programming the 1/0 Port. steps should be taken to 
isolate the address circuits and make these circuits perma
nently immune to further change. 

90%-F\ ~-------14V 

~ ! '---rs-----/! . L__ 
I I 1--r----1 OV 

-11- Lnc-I, 0.5 ms<'. 1. <'. 1.0 ms 

Figure 3. Protect Programming Pulse 

DC ELECTRICAL CHARACTERISTICS ABSOLUTE MAXIMUM RATINGS 

COMMERCIAL: 4.75V <'.Vee<'. 5.25V, O'C <'.TA<'. 70'C 
MILITARY: 4.5V <'.Vee<'. 5.5V, -55°C <'.Tc<'. 125'C 

Vee 

VrN 

TSTG 

PARAMETER 

Power supply voltage3 

Input voltage3 

Storage temperature range 

PARAMETER TEST CONDITIONS 
LIMITS (COMMERCIAL) 

Min Typ Max 

Vee Supply Voltage 4.75 5 5.25 

V1H High Level Input Voltage 2.0 

V1L Low Level Input Voltage 0.8 

VeL Input Clamp Voltage Vee-Min: l1=-10mA -1.5 

l1H High Level Input Current' Vee= Max; V11F2.7V 5.0 100 

l1L Low Level Input Current' Vee= Max; V1L =0.5V -350 -550 

loZH High-Z State Output Current- Vee= Max: VoH~2.5V 100 
H<gh Level• 

IOZL High-Z State Output Current.-.. 
Vee~ Max; VQL=0.5V -100 

Low Level• 

VOL Low Level Output Voltage Vee= Min; ioL~ 16mA 0.55 IV Bus llVO-IV71 
User Bus IUD4-UD71 Vee ... Min; loL~24mA 0.55 

VoH High Level Output Voltage Vee 0 Min; loH=-32mA 2.4 

los Short Circuit Output Current' Vee= Max -20 IV Bus llVO-IV71 
UD Bus IUD4-UD71 Vee= Max -10 

-
Ice Supply Current Vee= Max; ME=UOC=Vr,c 90 150 

Notes: 

RATING UNIT 

+7 Vdc 

T5.5 Vdc 

-65 to +150 "e _ __, 

LIMITS {MILITARY) 
UNIT 

Min Typ Max 

4.5 5 5.5 v 
2.0 v 

0.8 v 
-1.5 v 

5.0 100 µ.A 

-350 -550 µA 

100 µA 

-100 µA 

0.55 v 
0.55 v 

2.4 v 

-20 mA 

-10 mA 

90 150 mA 

1. The input current fncludes the Three-state leakage current of the output driver on the data lines 
3. These limits do not apply during address programming 

2 Only one output may be shorted at a time 
4 Appl!es only to pins UD4-U07 

646 



4-input/4-output addressable 1/0 port 

AC ELECTRICAL CHARACTERISTICS 
COMMERCIAL: 4.75V s Vee s 5.25V, 0°C s TA s 70°C 
MILITARY: 4.5V s Vee s 5.5V, -55° cs Tes 125° c 

PARAMETER 
REFERENCES 1 

FROM TO 

Pulse Widths: 
tw1 Clock High tMCLK IMCLK 

tw2 User Input Control jUIC tu1c 

Propagation Delays: 
tpo1 UD Propagation -

UDo 3 IVo 3 
Delay 

tpo2 UD Clock Delay 
tMCLK 

-
IVo 3 

tpo3 UD Input Delay 
jUIC 

-
IVo 3 

tpo4 IV Data -

Propagation Delay 
IV4 7 UD4 7 

tpos IV Data 
!MCLK UD4 7 

Clock Delay 

Output Enable Timing: --
tQE1 UD Output Enable jUOC UD4 7 

toE3 IV Data 
jME 

-
Master Enable 

IV 

to ES IV Data Ti7 
Write Recovery 

jWC 

tQE6 IV Data 
jSC iV 

Select Recovery 

Output Disable Timing: 
too1 UD Output tuoc UD4 7 

Disable 

too32 IV Data 
!ME iV 

Master Disable 

toos2 iV Data twc -
IV 

Write Override 

tooo2 IV Data tsc -
Select Override 

IV 

Setup Times: 
ts1 UD Clock 

UDo-3 IMCLK 
Setup Time 

ts2 UD Control 
UDo-3 tu1c 

Setup Time 

ts3 User Input Control 
jUIC jMCLK 

Setup Time 

ts4 IV Data -
jMCLK IV 

Setup Time 

tss3 IV Master Enable 
jME jMCLK 

Setup Time 

ts5 IV Write Control twc jMCLK 
Setup Time 

ts? IV Select Control tsc jMCLK 
Setup Time 

l 8X382 

-----__,.,. 

LOADING See TEST LOADING CIRCUITS 

TEST CONDITIONS 
LIMITS (COMMERCIAL) UMIT$(MILITARY) 

UNIT Min Typ Max Min Typ Max 

35 35 ns 

MCLK H1gl1 35 35 ns 

MCLK High - 30 30 ns 
SC WC ME UIC Low 

UDo 3 Stable. MCLK High, 
SC WC ME UIC Low 

50 50 ns 

UDo 3 Stable: MCLK High, 
50 50 

SC we ME Low 
ns 

MCLK WC High, 
ME UOC SC Low 

45 45 ns 

1V4 t Stable. WC High. 
55 55 

ME uoc SC Low 
ns 

30 30 ns 

wc~sc -Low 22 25 ns 

-
SC cc ME --Low 25 25 ns 

we~ ME~ Low 25 25 ns 

25 25 ns 

wc~sc- Low 25 25 ns 

-
SC -,ME~Low 20 20 ns 

-
WC ME Low 20 20 ns 

-
UIC ~Low 15 15 ns 

MCLK - High 15 15 ns 

25 25 ns 

WC - High or SC High. 
35 35 

ME - Low: 
ns 

WC - High or SC - High 30 30 ns 

sc~ ME c Low, 30 30 i '" I 
I 
l 

I~ WC-ME Low 30 l I 'JO I I j_ l 
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--8-X38-2 _Jl_. ---------~""'--------
AC ELECTRICAL CHARACTERISTICS (Cont'd) 

PARAMETER 
REFERENCES 

TEST CONDITIONS 
LIMITS (COMMERCIAL) LIMITS (MtLITAAVJ 

UNIT 
FROM TO Min Typ Max Min Typ Max 

Hold Times: 
tH1 Ub Clock 

jMCLK UD UIC=Low 15 15 ns 
Hold Time 

IH.2 UD Control 
tu1c UD MCLK=High 15 15 ns 

Hold Time 

tH3 User Input Control 
jMCLK tUiC 0 0 ns 

Hold Time 

tH4 Data Hold Time 
jMCLK iV WC=High or SC= High; 

5 5 
ME=Low 

ns 

tH53 Master Enable 
jMCLK tME WC=High or SC=High; 0 0 ns 

Hold Time 

tH6 iii Write Control 
tMCLK jWC SC=ME=Low 0 0 

Hold Time 
ns 

IH7 IV Select Control 
tMCLK jSC WC=ME=Low 0 0 

Hold Time 
ns 

Notes 
1. All measurements to the TV bus assumes the address selection latch is s·et. 
2. These parameters are measured with a capacitive loading of 50 pf and represent the output driver turn-off time. 
3. If ME is to be high 1 inactive1, it must be setup before the risirig edge and held after the falling edge of MCLK to avoid Ltnintended writing into or selection 

of the 1/0 port. 
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4-input/4-output addressable 1/0 port 

l-tw1-f-IH3.-l 
_JI \I I MCLK 1 

I 1.....--tsJ_l....__,.I ------
~-tw, ' !,....-----

: \ l 
I I I 
I 1 I 
I I 1., I 1-1 --1 
l I l~!Nole 2)----+- {N:i: :t) 
l I 1-s1___..l-•H1-/ 

UD(IN'PUT '//~ ~ ~
I 1 {Note2) (Note3) I 

FROM USER 'l"°//.4\ ~ 
SYSTEM) .......... 1 """"I ""''-"'i ----------

1 I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 
I I I 

: : I ~P01-. 
I I ~No1e11 t 
I l-+-lpo3!Note1)_....I 

l-tPD2(Note11_...f 

Static Cond1t1ons 
.§£_WC ME 
UOC High 

Low. 

Notes 
1 The actual time for stable 

data on the iii bus 1s the 
latest propagation trom 
!p01 IPD:> and IPrn 
The UD input must satisfy 
the setup-llme require
ments for both ts1 and ts; 
Minimum hold-time re-
qrnred for lhe UD input 1s 
the earher of the ltmes 
spec1!1eG by IH1 and t~o 

jV (OUTPUT ~ lo Mlcroproc:essor) 

a. User Data Input Timing 

1,._•w.1-1 
MCLK t \ ___ .,.l ___ J 

1
••-1 ________ _ 

I I ._tH&-..1 

__j ~1.,--i \ 
I I 1-1 ---,---

WC 

: I I "' I 

-~-: ~ 
i\1 (INPUT trom M1croproceuor) 

Sliltlc Conditions: 
UOC Low 
UiC High 

UD (OUTPUT lo U$er 
SYSTEM) 

: r--t54-1-•H4_, 

I 1---- tPD4 ----+: 
I I 
I I 
I I 

l..-.--1.0.- -1 
~~-

c. MicroController Write Cycle Timing 

Legend: 

~ =THREE-STATE 

~ =CHANGING DATA 

8X382 

I I 

UD 
{OUTPUT 
IOUffJ 
SYSTEM) 

b. User Data Output Timing 

I-•w1------I 

MCLK J \ ~-----J 1~--1 ___ 1 ___ __ 

157 I H7 I 

SC 

iV 
(INPUT 
trom 

processor) 

d. MicroController Select Cycle Timing 

Micro-

•~"'" ----'\. I 
Ccmtrol \ • 

s1111na1· 1"-----"'Ltao·-.1 
1-toE*..,.I ,-i\i ,,, _____ ..,. ! 

~~r!~urio ~ ~Jff~ 
proce11or) 

•PARAMETER KEY 
MICROPROCESSOR 

CONTROL SIGNAL 

ME 
WC 
SC 

AC TIMING PARAMETERS STATIC CONDITIONS 

to., loo> SC •- WC = LOW 

•oes loos 
toE6 loo& 

SC" ME= LOW 
WC• ME LOW 

e. MicroController Output Enable Timing 

Figure 4. Timing Diagrams 
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--8--X-38-2 _ __.J 
TEST LOADING CIRCUITS 

i\ieus 
+SV 

232 ll 
OUTPUT 
UNDER o-------. 
TEST 

169 ll 
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300 pf 

OUTPUT 

UD BUS 

·SV 

160 !! 

UNDER 0-----.,..... ..... 
TEST 
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4-input/4-output addressable 1/0 port 

APPLICATIONS 
When compared to other MicroController ports in the 
8X370 series, the 8X382 has some unique features that 
provide real design advantages in certain applications. 
Connection of the 1/0 port to the MicroController is simple 
and straightforward in that like pin names are tied together. 
The system designer must also decide on which bank of the 
MicroController to place the 8X382 and then connect the 
ME pin of the port to either the LB; Left Bank. or RB. Right 
Bank I of the MicroController. 

The 8X382 is unique because it can be used for both 
dedicated input and output operations. In the system 

MICRO~~~o_;ROLLER 14••••MI 

8X382 

shown below, the user interface requires nine 191 dedicated 
inputs and eleven 1111 dedicated outputs. Observe that by 
using an 8X382. the problem 1s solved by three devices, 
whereas, four 8X372 ports are required for the same 
solution. 

Another important use of the 8X382 is in implementing a 
handshake interface. Since both input and output bits 
reside in the same port, 1/0 operations can be performed 
without port re-addressing. Users may also find the 8X382 
an advantage in the layout of Printed Circuit boards, since 
random control/status signals c'an be grouped within the 
same device position. 

8X372 t/O 
PORT 

8X372 110 

PORT 

8X372 1/0 
PORT 

8X372 1/0 
PORT 

EIGHT (8) DEDI- ......lirrrrrrr 
C.llTED OUTPUTS .....,,.. 

~~~~~ 6~~:~~S; ........ 
FIVE (5) LINES 
NO CONNECTION 

EIGHT (8) OEDI· 
CATED INPUTS ... 
~~~~) OEDICAT'!D ~ 

SEVEN (7)LINES 
NO CONNECTION 

s 
y 
s 
T 
E 
M 

111111111111111 I I I II I I I I I I 11111111I1111111111111I111111IIIII111111I1111II1111111111111111111111111111111111I1111 

MtCRO~~~~ROLLER Mll••••M .. •••••t 

8X372 1/0 
PORT 

8X372 110 
PORT 

8X372 1/0 
PORT 

EIGHT (8) DEDI
CATED OUTPUTS 

THREE (3) DEDI-
CATED OUTPUTS ...... 
ONE (1) DEDICATED.--
INPUT 

FOUR (4) LINES 
NO CONNECTION 

EIGHT (8) DEDI
CATED INPUTS ... 

u 
s 
E 
R 

s 
v 
s 
T 
E 
M 

Figure 5. Logic Diagram for 8X382 1/0 Port 
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Signetics 

Microprocessor Products 

DESCRIPTION 
The Signetics BX401 Microcontroller is a 
very high-speed bipolar microprocessor 
implemented with internal EGL technolo
gy. The BX401 Microcontroller combines 
speed, flexibility, and a bit-oriented in
struction set to accommodate many so
phisticated applications. It excels in sys
tems that require high-speed bit or byte 
manipulations, such as high-speed con
trollers and data communications. 

The BX401 can fetch, execute, and gen
erate the next instruction address for a 
20-bit instruction in a minimum of 150ns. 
Within one instruction cycle, the BX401 
can be programmed to input, right-rotate 
and mask single or multiple bit subfields, 
perform an ALU operation, left-rotate, 
merge the subfield into the destination, 
and output. 

To interface with program memory, the 
BX401 uses a 13-bit address bus and a 
20-bit instruction bus. An 8-bit bidirec
tional data/address bus, and an 110 
control and timing bus is used to access 
external peripheral devices. 

ORDERING INFORMATION 

May 13, 1986 

DESCRIPTION 

64-pin CERAMIC 
DIP 900 Mil Wide 

8X401 
Microcontroller 
Product Specification 

FEATURES 
• Fetches and executes all 

instructions in a minimum of 
150ns 

• Bit manipulation-oriented 
instruction set 

• Separate buses for instruction, 
instruction address and 1/0 

• Sixteen 8-bit registers 

• On-chip interrupt control 

• TTL compatible 1/0 
• Single + SV supply 
• 0.9-inch 64-pin DIP, 68-pin plastic 

leaded chip carrier 

• Two user-definable status flags 

• Single TTL clock input 

• Three independent 1/0 banks 

• On-board control sequencer 
• On-chip subroutine capabilities 

• Fixed instruction set - 32 
instructions 

• Complete development support 

ORDER CODE 

N8X4011 
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Signetics Microprocessor Products Product Specification 

Microcontroller 8X401 

BLOCK DIAGRAM OF THE 8X401 

ADDRf!SS 

.~.,------------------------------, 

INST AUCTION I 
,~~~o I 

13 

R12-
IR8 

~r-11-----------1 
Nlll~~---------1 
$Cli-lo--------i 

RESET-11--------~I 

HAl.T-.i----------i 
CP~~--------1 

PROGRAM 
COUNTER 

(PC) 

SE 
R17 

LEGEND 

D ADDRESS FLOW 

[SJ INSTRUCTION FLOW 

mm DATAFLOW 

~ ADDRESS BUS 

83 DATA ADDRESS BUS 

(23 INSTRUCTION BUS 

'-----------' SF 

TIMING & CONTROL 

R11-R16 
1/0 ENABi..E 

R17 

r----------------------.!--1R 
.---------------------~-NZ 

.--------------------'-~PS 
.-----------------1.~cv 

REGISTERS 

INTERNAL 
CONTROL 

r-----------------<,.._SI 

LENGTH/MASK VECTOR 

LEFT 
ROTATE 

SEE NOTE 

LENGTH/MASK VECTOR 

I 

1/0 
MERGE 

cttE3lEEEHIEH3lJ;IEEH3lEEEE3lEEEE~oAeus L OA7-DAO 
, _ _;_ ______ ~-A 

1-----------------------i--e 
t-----------------------~-c 1-----------------------+--sc 
1-----------------------+--wc 
1-----------------------~Mct.K 

l...~~~~~~...J-~~~~~~~~~~~~~~~~~~~RWc 

Gi~:~FT~~E~H~E~~l~ES~N~~ - - - - - - - _ - - - - - - - - - _ J 
·------------------
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Microcontroller 8X401 

PIN DESCRIPTION 

PIN NO. IDENTIFIER FUNCTION 

1, 17, 47 GND Ground. 

2-14 A12-AO 
Program Address Lines: These active-high outputs permit direct addressing of up to 8192 
locations of program storage; AO is LSB. 

15 NMI 
Non-Maskable Interrupt: The falling edge of this active-low input pin generates a non-
maskable interrupt. 

Interrupt: This active-low input pin is tested during the fourth quarter of each instruction cycle. 
16 INT If an interrupt is indicated and if interrupts are enabled, the address of the next instruction that 

was to be executed is stored onto the program counter stack before the interrupt is serviced. 

18-37 119-10 
Instruction Lines: These active-high input lines receive 20-bit instructions from program 
storage; 10 is LSB. 

38 A Bank A: When low, devices connected to bank A are accessed. (Note: Typically, the A signal 
is tied to the ME input pin of 1/0 peripherals.) 

39 8 Bank B: When low, devices connected to bank B are accessed. (Note: Typically, the B signal 
is tied to the ME input pin of 1/0 peripherals.) 

40 c Bank C: When low, devices connected to bank C are accessed. (Note: Typically, the C signal 
is tied to the ME input pin of 1/0 peripherals.) 

41 SC Select Control: When high, an address is being output on pins DA? through DAO. 

42 WC Write Control: When high, data is being output on pins DA7 through DAO. 

43-46 
DA7-DAO 

Data Address Bus: These active-low, bidirectional, three-state lines are used for 1/0; DAO is 
48-51 LSB. 

52, 64 Vee +5V power supply. 

Master Clock: This active-high output signal is used to strobe data into data peripherals for 
53 MCLK clocking 1/0 devices and/or synchronization of external logic. MCLK is active-high in the fourth 

quarter cycle. 

54 RWC 
Read/Write Clock: This active-high output signal is used for synchronization of external logic 
and is active-high during the third and fourth quarter cycles. 

55 RESET Reset: The RESET input pin is used to initialize the 8X401. 

56 HALT 
Halt: The HALT input is sampled during the first quarter cycle of each instruction cycle. When 
the HALT input is low, the instruction cycle is not executed. 

Slow Clock Request: This active-low control input is sampled during the first quarter cycle of 
each instruction. When SCR is asserted, it will cause the current instruction to be executed at 

57 SCR half of the normal clock rate. This control input is necessary to accommodate 1/0 devices that 
cannot operate at the 8X401 's full speed, without having to continuously run the 8X401 at half 
speed. 

58 CP Clock Pulse: Each 8X401 quarter cycle will correspond to one full cycle of the clock pulse. 

59 SI 
Status Input: The value of the SI pin during the fourth quarter cycle is transferred to SI bit in 
the status register. 

60 PS Programmable Status: The programmable status pin is controlled entirely by the user program. 

61 NZ Non-Zero: The NZ bit of the status register is reflected on this pin. 

Interrupt Receivable: The IR pin indicates whether an interrupt applied at any point in time 
62 IR will be serviced. Interrupts are receivable when the interrupt mask (status register, bit O) is 

clear and the stack is not full (IM ~ O and SF ~ 0). 

63 CY Carry: Carry bit from R 1 O is output on this pin. 
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Signetics Microprocessor Products 

Microcontroller 

SMALL SYSTEM 
CONFIGURATION 
The system hookup shown on the next page, 
although of the simplest form, provides a 
fundamental example of the 8X401 Microcon
troller and compatible peripheral relation
ships. As shown, the 8X401 can directly 
address up to BK locations of program stor
age. 

Each of the three bank pins (A, 8, or C) are 
capable of uniquely addressing 256 input/ 
output locations via the Data Address bus 
(DA7-DAO). 

The addressable locations for each bank can 
be used in a variety of ways. The hookup 
shown below is just one method of implemen
tation. 

When a particular bank signal is asserted, 
that bank is enabled and any one of 256 
locations on that bank can be accessed for 
input/ output operations. 

PROGRAM STORAGE 
INTERFACE 
As shown in the BX401 small system hookup, 
program memory is connected to output ad
dress lines A 12 through AO (AO = LSB) and 
input instruction lines 119 through 10 
(10 = LSB). An address output on A 12 - AO 
identifies one 20-bit instruction word in pro
gram memory. The program memory outputs 
an instruction word on 119 - 10 which defines 
the microcontroller operation which is to fol
low. One instruction word equals one com-

May 13, 1986 

plated operation. Any TTL-compatible memo
ry can be used for program storage, provided 
the worst-case access time is compatible with 
the instruction cycle time used for the appli
cation. See timing section for appropriate 
calculations. 

1/0 INTERFACE AND CONTROL 
The Data Address (DA) bus is an 8-bit bidirec
tional 1/0 bus which provides a communica
tion link between the 8X401 and the three 
banks of the 1/0 devices. The A (A bank), B 
(B bank), and C (C bank) control signals 
identify which bank is enabled. When all three 
banks go high (inactive), neither bank is 
enabled and the DA bus is inactive (three
state). A functional analysis of the three bank 
signals is shown below: 

A B c FUNCTION 

Low Low Low This state is not 
generated by the 
8X401. 

Low High High Enable A bank 
devices. 

High Low High Enable B bank 
devices. 

High High Low Enable C bank 
devices. 

High High High Disable all devices; 
DA bus is three-
state 

656 

Product Specification 

8X401 

Both data and 1/0 address information are 
multiplexed on the DA bus. The SC (Select 
Command) and WC (Write Command) signals 
distinguish between data and 1/0 address 
information as shown in the table below. 
Although the table shows bank A only, the 
same conditions apply to banks B and C. 

BANK SC WC FUNCTION 
A 

High Low Low DA bus is three-
state and not 
looking for input 
data. 

Low Low Low The DA bus is 
reading input data. 

Low Low High Data is being 
output. 

Low High Low Address is being 
output. 

x High High This condition is 
never generated. 
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Microcontroller 

Vee 

CY 

IR 

NZ 

PS 

SI 

CP 

SCii 

HALT 

RESET 

RWC 

llCLK 

Vee 

DAO 

DA1 

OSCILUTOR 

I . USER CONTROLLED T INPUTS 

BX401 

May 13, 1986 

Ill INSTRUCTION ADOR&SS 

~ INSTRUCTION DATA 

iiiT 

12 

14 

IS 

16 

17 

18 

It 

110 

111 

112 

113 

114 

EE DATA, ADDRESS, AND CONTROL 

iiA2 

DA3 

GND 

DA4 

DAS 

8X401 Small System Hookup 
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DATA PROCESSING 
The data processing section of the 8X401 
consists of a number of logical subsections. 
In order of processing, the data sees the right 
rotator, the ALU, the left rotator, and the 
merge circuits. Data sources and destinations 
can be various on-chip registers, the bidirec
tional DA bus, or immediate subfields. The 
data processing paths are shown below. 

DATA REGISTERS 

General-Purpose Storage 
There are 13 source/destination general-pur
pose registers available on the 8X401. Three 
of these registers, specifically Registers o, B, 
and F, have other special functions in addi-

IR 

lion to being general purpose. A summary of 
the registers is listed below: 
• RO (Auxlllary Register) - Register 0 is 

also used as the implied second 
operand for two operand instructions 
(ADD, ADD with CARRY, XOR, AND). 
The primary operand is specified in the 
source field of the instruction word and 
the AUX register is the implied second 
operand. Prior to performing arithmetic 
or logical operations (other than the 
IMMEDIATE operation), it is assumed 
that RO contains the appropriate data. 
In order to reduce the possibility of 
erroneous results and to minimize the 
number of instructions required to 
transfer a right-justified second operand 

NZ PS CY SI 

REGISTERS 

GENERAL PURPOSE-· RF 

AOORESS REGS RC-RE 

CARRYR10 

STATUSR17 
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into the AUX, the left-rotate and merge 
functions are inhibited when specifying 
the AUX as a destination address. This 
allows subfields from any internal 
register or 1/0 bank to be transferred 
to the AUX with the subfield LSB right
justified and unspecified bits set to zero. 

• R 1 through RA - These 1 O addresses 
specify general-purpose, on-chip storage 
registers. 

• RB - Register B is also used as the 
implied source for the XEC instruction. 

• RF - Register F is also used as the 
implied destination for the XOR 
IMMEDIATE and AND IMMEDIATE 
instruction classes. 

REGISTER 
MERGE 

LENGTHlllASK VECTOR 
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ALU 
SOURCE 

MUX 

RIGHT 
llOl'ATE 

SECOND 
OPERAND 

MUX 

UO INTERFACE 

uo 
LATCH 
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LENGTHlllASK VECTOR 

NZ 
R17 

LEFT 
llOl'ATE 

LENGTH/MASK VECTOR 

1/0 
MERGE 
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Enabled 1/0 Addresses 
These three registers (RC RD, and RE) al
ways contain the address of the most recent
ly enabled 1/0 device for each of the three I/ 
0 banks. When register C, D, or E 1s the 
specified destination address, the destination 
data is sent to both the on-chip register and 
the corresponding bank 011 the DA bus. The 
relationship between the register addresses 
and 1/0 banks is shown below: 

REGISTER BANK 

C A 
D B 
E C 

When these registers are specified as a 
destination address, the L field must be set to 
O (full 8-bit operation). Also, note that regis
ters C, D, and E may not be used with the 
XMIT 5 or ADD IMMEDIATE 5 instructions. 

Carry 
Register t O contains the Carry bit. Bit position 
O (LSB) is the Carry bit, and positions one 
through seven are always zero. The Carry bit 
is updated each time an ADD, ADD IMMEDI
ATE, or ADD WITH CARRY instruction is 
performed. When specifying address 1 O as a 
destination, only bit 0 (the Carry bit) will be 
written to. Data written to the Carry bit will be 
the LSB of the right-rotated data after any 
specified operation. 

When the Carry register is the explicit desti
nation of any ADD instruction, it will contain 
the carry resulting from the add operation 
rather than the LSB of the sum. Carry can 
also be affected via the Return and Set Carry 
or Return and Clear Carry instructions. 

Status Register 
This address specifies the current condition 
of the 8X401 system. The status register may 
be either a source or destination; however, 
certain bits in the status register are read
only. Four status outputs are available on 
8X401 pins. They are NZ (Not Equal to Zero), 
PS (Programmable Status), IR (Interrupts Re
ceivable), and Carry (R10, bit 0). The IR pin 
goes high when the interrupt mask is clear 
and tt1e stack is not full. The IR output is 
updated during the 4th quarter cycle. The 
following descriptions define the bits within 
the status register. 

Bit 0: (IM)- This bit represents the Interrupt 
Mask control. When IM is set, the interrupt is 
inhibited. This bit is set automatically by a 
response from a standard or non-maskable 
interrupt, or RESET. IM can also be set or 
cleared by a write to the status register. 

Bil 1: (NZ) - This bit is set whenever the 
ALU output data is not equal to zero after any 
of the following instructions: MOVE, ADD, 
AND, XOR, ADD IMMEDIATE, AND IMMEDI
ATE, XOR IMMEDIATE, or ADD WITH CAR-

May 13, 1986 

RY. NZ can also be written to directly when 
specified in the destination field. This opera
tion will negate and take priority over the 
normal setting by the ALU output. NZ is not 
affected after an XMIT instruction, or after a 
write to R17. 

Bil 2: (PS) - This is the Programmable Sta
tus bit. The contents are reflected on the PS 
output pin. This status is controlled entirely by 
the user program. 

Bits 3 and 4: (UFO, UF1) - These two bits 
represent user flags and have no assigned 
functions. They can be used as 1-bit internal 
flags and are entirely under control of the 
user program. 

Bil 5: (SI) - This bit reflects the state of the 
status input pin. This read-only bit is updated 
during the 4th quarter cycle. 

Bits 6 and 7: (SE, SF) - These read-only bits 
indicate Stack Empty and Stack Full, respec
tively. The bits are updated during the 3rd 
quarter cycle within the instruction that alters 
the stack status. 

INSTRUCTION WORD (See 
Table 3) 

Operations Code Field - The 4-bit opcode 
specifies one of 16 classes of instructions. 
Some instructions require two additional su
bopcode fields, X and XS. Variations and 
interpretations are displayed in Table 2. 

Source (S) and Destination (D) Fields -
The 5-bit "S" and "D" fields specify the 
source and destination, respectively, for the 
operation that is defined by the opcode. The 
"S" and/or "D" fields specify an internal 
8X401 register or a variable length field from 
an 1/0 device. Hexadecimal values and 
source/ destination field assignments for all 
internal registers are shown in Table 1. 

When RC-RE (banks A, B, or C, respectively) 
are specified as the destination, the data is 
output onto the DA bus using the specified 
bank. The data is also stored in the specified 
register and may be later accessed as source 
data. 

Rotate (R) and Length (L) Fields - The R 
field is used in conjunction with the L field to 
define the desired data within a register or I/ 
0 device. The source data is right-rotated 
prior to ALU operations, such that the bit 
specified by the R field is right-justified. The L 
field specifies the number of bits of data to be 
used for the operation. After the ALU opera
tion, the data is left-rotated back to the 
original position prior to merging the data in 
the destination register. 

When the L field specification is O (indicating 
a full 8-bit operation), the left-rotate is sup .. 
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pressed. Tt1is allows byte rotate operations to 
be performed. The left-rotate is also sup
pressed when the destination is register 0. 
This is the AUX register and is used as the 
implied second operand in certain lnstruc~ 

tions. 

It should also be noted that subfields are 
defined at the ends of a register; for exampl'1, 
bit positions 1, 0, 7, and 6 constitute a 
contiguous 4-bit subfield. 

Data Field - The data field holds data that 
can be processed directly from the instruction 
word. 

LEFT-ROTATE OVERRIDE 
BLOCK 
Register addresses 18-1 F are destination 
only and are used to independently contr'OI 
left rotation of data prior to sto1age in tile 
destination. Specifying 18~1 Fas 3. destination 
causes the data to be returned to the source 
address 

In order to move a processed subfieid within 
the same register but in different bit positions 
(the LSB of the contiguous subfield can vary), 
it is necessary to independently specify the 
LSB for both the source and destination. ·rhe 
order of operation is as follows: 
• Register or 1/0 source data is rigr1t

rotated as specified by tt1e "R" field. 
Along with the "L" field, the subfield 
data is defined. 

• Subfield data is processed via the ALU. 

• Data is left-rotated O -· 7 bits, depending 
on the corresponding register addresses 
18-1 F as specified in the destination 
field rather than using the "R" field. 

• After left-rotation the specified subfield 
is merged into those bits of the original 
source data. The unspecified bits of the 
original source data remain unchanged. 

• Result is stored in the register address 
specified by the source field. 

Note that the left-rotate is always inhibited if 
the "L" field is zero. Also, addresses 18-1 F 
may not be used in the destination field for 
the XMIT or ADD IMMEDIATE instructions. 
The destination addresses and correspond
ing left-rotate values are shown in Tab!e 2. 

DA BUS CONTROL BLOCK 
Register addresses 11 - 16 are used by the 
8X401 to access 1/0 devices for either a 
source or destination specified within the 
instruction. Register addresses 13, 15, and 
16 specify banks A, B, and C, respectively, 
whereas addresses 11, 12, and 14 specify 
bank pairs AB, CA, and BC, respectively 
(Table 4) .. One bank of each pair is known as 
the preferred bank. The preferred banks for 
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pairs AB, CA, and BC are banks A, C, and B, 
respectively. The lirst letter from each bank 
pair can serve as a mnemonic aid as to which 
bank is the preferred bank. Having a pre
ferred bank is simply a method of determining 
which bank to read when an instruction would 
otherwise indicate that two banks should be 
read at once. 

When used as a source, the appropriate 110 
bank is enabled and data is read from the 
activated 110 device on that bank. The 110 
device may have been activated by a previ
ous address select instruction where regis
ters C-E were the specified destination. If a 
bank pair (addresses 11, 12, or 14) is speci
fied as a source, only data from the preferred 
bank of that pair will be read in. 

When addresses 11 - 16 are specified as the 
destination address, the destination data is 
sent to the DA bus. The Write Control (WC) 
signal goes high, indicating data (as opposed 
to an address) is on the DA bus and is to be 
written to the activat11d 110 device on the 
selected bank(s). 

When addresses 11 - 16 are specified as the 
destination and the "L" field is not zero, the 
following statements apply: If the source is a 
register and the destination is a single bank, 
thfl bank will be read (or the preferred bank of 
a b>.1nk pair will be read) to obtain the data 
required to perform the merge operation. The 
result is that processed data from the speci
fied subfield of the source register is returned 
to that selected field of the destination bank 
and any bits outside of the specified subfield 
will be loaded with unprocessed data from the 
110 device just read. If the destination is a 
bank pair, the data from the procedure just 
described is sent to both banks. Below is an 
example of the outcome of an ADD instruc
tion with Length= 4, Rotate= 2, 
Source = R 1, and Destination = R 11 (bank 
pair AB). 
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Example 1: 

OPCODE L 

ADD 

s R 

R1 2 

D 

R11 

Bank Pair 
AB 

76543210 

R1 I a I b I c I d I e I f I 9 I h I 

Bank A 

Bank B 

Specified 
Subfield 

Source register A1. Note specified 
subfield from L = 4 and A = 2. 

Add R1 with RO (AUX). Resul1 after 
left-rotate. 

Read preferred bank A of AB. 

Result after merge. Data put out 
on bo1h banks A and B. 

If, however, the specified source is a bank or 
bank pair, any unspecified bits will contain 
unprocessed data from the source 1/0 de
vice. Below is an example of the outcome 
with Source = R 14 (bank pair BC) and Desti
nation = R13 (bank A). 

Example 2: 

OPCODE L 

I ADD I 4 

s 
R14 

Bank Pair 
BC 

R D 

R13 

Bank A 

76543210 

BankB lalblcldlelflglh I 

Specified 
Subfield 

Read Preferred bank B of BC. Note 
specified subfield from L = 4 and 
R=2. 

Bank B + RO I a' I b' I c' I d' I e' I f' I g' I h' I 
Add bank B da1a with RO (AUX). 
Resul1 after left-rotate. 

Result after merge. Unspecified 
bits contain original source data. 
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PROGRAM COUNTER STACK 
The 8X401 stack is capable of saving up to 
four return addresses for subroutines and 
interrupts. Addresses are pushed onto the 
stack as a result of a call or a maskable or 
non-maskable interrupt. Addresses are 
popped from the stack as a result of an 
unconditional RETURN, a satisfied condition
al RETURN, or a Pop Stack and Jump 
instruction. The status of the stack (whether 
empty, full, or neither) is available from the SE 
and SF flags in the status register and the 
Interrupts Receivable (IA) output pin. 

INTERRUPTS 

Interrupt (INT) 
The interrupt input is tested once each in
struction cycle, during the fourth quarter cycle 
(see Figure 1 ). When the interrupt input is 
taken low and is enabled, the address of the 
next instruction is pushed onto the program 
counter stack. 

Program flow is transferred to address 2 for 
the start of the service routine (Figure 2). This 
is accomplished by inserting a dummy in
struction cycle after the interrupt is accepted. 

The interrupt mask bit (R17, bit O) is set 
automatically as part of the interrupt re
sponse. 

The Interrupts Receivable (IA) pin indicates 
whether an interrupt applied at any point in 
time will be serviced. Interrupts are receivable 
when the interrupt mask is clear and the 
stack is not full (IM = O and SF = 0). 

Non-Maskable Interrupt (NMI) 
The function of the non-maskable interrupt is 
similar to the standard interrupt, except that 
the interrupt receivable status has no effect 
on its operation and the address jumped to is 
1 rather than 2 (Figure 2). Address 1 should 
contain an unconditional JUMP to the start of 
the NMI service routine. An NMI is triggered 
by a falling edge on the NMI input. The 
interrupt mask is set to prevent normal inter
rupts from interfering with the NMI service 
routine. Note that it may not always be 
possible to recover from an NMI, since the 
condition of the interrupt mask prior to the 
NMI is not known, and the NMI response may 
overflow the stack. 

SLOW CLOCK REQUEST (SCR) 
This control input is sampled during the first 
quarter cycle of each instruction along with 
the instruction data. If the input is low, it will 
cause the current instruction to be executed 
at half of the normal clock rate. The purpose 
of this function is to facilitate accesses to 1/0 
devices that cannot operate at the 8X401 's 
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full speed, without the need to run the 8X401 
continuously at half speed. 

HALT 
The HALT input is sampled during the first 
quarter cycle of each instruction. If the HALT 
input is low, the instruction cycle is not 
executed. The MCLK continues to operate 
normally (high every fourth quarter cycle), 
even though program execution has ceased. 
When the HALT input goes high, program 
execution will resumA at the next falling edge 
of MCLK. The DA bus is also inactive during a 

HALT operation. Like MCLK, RWC continues 
to operate during a HALT operation. 

RESET LOGIC 
The RESET pin is used to initialize the 8X401. 
When RESET is low, the address outputs 
(A 12 -AO) are high impedance, the stack 
pointer is set to the top of the stack (empty), 
MCLK is inhibited, RWC is low, and the 
interrupt mask (bit 0, register 17) is set. 

When RESET is released, the address out
puts all go low (program address O). A dummy 
instruction cycle occurs to allow time to fetch 
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the first instruction from program storage at 
address 0. Only MCLK, RWC, and the ad
dress bus are in operation during the dummy 
cycle. The first active instruction cycle will 
begin following the first MCLK after RESET is 
released. The instruction at address O should 
be an unconditional jump to the beginning of 
the main program (which may be proceeded 
by a power-up sequence to initialize the 
system (Figure 2). 

If RESET is applied during program execu
tion, its effect is immediate. Thal is, if MCLK is 
high, it may be prematurely terminated by 
RESET. 

Table 1. Hexadecimal Addresses and Source/Destination Specification 

ADDRESS DESIGNATION S D ADDRESS DESTINATION S D 

00 RO (AUX) - General Purpose 1 X X 10 R10-Carry6 X X 

01 R1 -General Purpose X X 11 R 11 - Bank Access Command (Bank Pair AB) X x 

02 R2 - General Purpose X X 12 R 12 - Bank Access Command (Bank Pair CA) X x 
t-------+----------------t--+--t------1---------------------t--t---

03 R3 - General Purpose X X 13 R 13 - Bank Access Command (Bank A) X x 
t--------+-----------------t--+--t------1-------~ t--1-·--

04 R4 - General Purpose X X 14 R 14 - Bank Access Command (Bank Pair BC) .1 

05 R5-General Purpose X X 15 R15-Bank Access Command (Bank B) 
t------+ 

06 RS-General Purpose X X 16 R16-Bank Access Command (Bank C) 
f--·-0-7---+--R-7 ___ G_e_n_e-ra_l_P_u_r-po_s_e-------+-X-+-X-+--17---+-R-1-7---S-ta_t_u_14 ______________ X x 

1-·------~---------------1---t--t-----+----~----------------~--t-----j 
X X 18 R18-Suppress Lef1-Rotate5 X 08 RB - General Purpose 

·---·-
09 R9-General Purpose X X 19 R19-Left-Rotate 1 Place5 X 

!------- t- ------------+--+---< 
OA RA-General Purpose X X 1A R1A-Left-Rotate 2 Places5 ..l. 

OB RB-General Purpose2 X X 1B --~R1_B_-_L_e_f1:_R_o_tate -~-P_lac_~_ss _________ JJ__ 
OC RC -Address Reg (Bank A) X X 1 C R1 C - Lett-Rotate 4 Places5 __ J_ X 

OD RD - Address Reg (Bank B) X X 1D R 1D - Left-Rotate 5 Places5 --+ X 
--OE----t RE --A-d-dr_e_s_s_R_e_g-(B_a_n_k_C_)-----1-x-+-x _,__1_E---+--R-1_E ___ L_e_ft--R-ot~te 6 Places5 ----· i-+x 
~-.. OF RF - General Purpose3 -----~-X~--X~ __ 1_F __ ~R_1 F_-_Le_f_t-_R_ot_a_te_, _7 _______________ L__2__ 
NOTES: 
1. Also used as implied second operand for two operand instructions. 
2. Also used as implied source for XEC instructions. 
3. Also used as implied destination for XOR IMMEDIATE and AND IMMEDIATE instructions. 
4. Certain bits in the status register are read-only. (See Status Register within text) 
5. The result is returned to the register address specified by the source field. 
6. Carry register, bit O is the carry bit. Bits 1 - 7 are always set to zero. 
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Table 2. Various of· Instruction Types 

INSTRUCTION 
VARIATION OPCODE rYPE 

MOVE MOV 0000 

ADD ADD 0001 
ADC 0101 
ADB 1000 
ADS 1001 

AND AND 0010 
ANS 1010 
ANS 1011 

XOR XOR 0011 
XRB 1100 
XR5 1101 

XEC XEC 0100 

XMIT XTB 0110 
XT5 0111 

RETURN RIF NS 1110 
RIF S 1110 
FUF NC 1110 
RIF C 1110 
RIF Z 1110 
RIF NZ 1110 
PSJ 1110 
RTN 1110 
RCC 1110 
RSC 1110 

JUMP JIF NS 1111 
JIF S 1111 
JIF NC 1111 
JIF C 1111 
JIF Z 1111 
JIF NZ 1111 
JSR 1111 
JMP 1111 
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x XS 

- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -
- -

000 -
001 -
010 -
011 -
100 -
101 -
110 -
111 00 
111 10 
111 11 

000 -
001 -
010 -
011 -
100 -
101 -
110 -
111 -

DESCRIPTION 

MOVE 

ADD 
ADD wtth CARRY 
ADD IMMEDIATE 8 
ADD IMMEDIATE 5 

AND 
AND IMMEDIATE 8 
AND IMMEDIATE 5 

Exclusive-OR 
Exclusive-OR IMMEDIATE B 
Exclusive-OR IMMEDIATE 5 

EXECUTE 

Transmit IMMEDIATE 8 
Transmit IMMEDIATE 5 

RETURN IF SI = 0 
RETURN IF SI = 1 
RETURN IF CARRY = 0 
RETURN IF CARRY= 1 
RETURN IF ALU = 0 
RETURN IF ALU * 0 
POP STACK and JUMP 
RETURN 
RETURN and CLEAR CARRY 
RETURN and SET CARRY 

JUMP IF SI= 0 
JUMP IF SI= 1 
JUMP. IF CARRY = 0 
JUMP IF CARRY = 1 
JUMP IF ALU = 0 
JUMP IF ALU * 0 
JUMP to SUBROUTINE 
JUMP 
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Instruction Set Overview: The 8X401 in
struction set is summarized in Table 2. Sub
sets of each instruction type are grouped 
together showing the variations of each in
struction type. The hardware and software 
descriptions can be found in the data opera
tions section. 
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Table 3. 8X401 Instruction Formats 

1. Format for the MOVE, ADD, XOR, and ADD with Carry Instructions: 

I I I I I I I I I I I I l I I I I I I I l 
OPCODE L SQURCE R DESTINATION 

2. Forme.t for the XMIT 6 and ADD Immediate B Instruction: 

I I I I l I l I I I I I I I I I I I 
OPCODE L DESTINATION . DATA8 

3. Format tor the XMIT 5 and ADD Immediate 5 Instruction: 

·1 

I 1 1 : I 1 1 I 1 1 1 1 I r 1. I 1 1 1 1 
OPCODE L DESTINATION R DATA5 

4. Format tor the ANO Immediate 6, and XOR Immediate 6 lr>struction: 

I ~PC~E I 1 L 1 I ~u~c; I 1 1 ~~~A~ 1 1 I 
5. Format tor the AND Immediate 5 and XOR Immediate 5 lnstruc;tion: 

I : I I I I I I I I I I j 1 .. 1 1 · IOAITA51 I I 
OPCODE L SOURCE _ ,. _ . 

6. Format tor the JUMP, Svbrou~ne Jump, Conditional Jump, and Conditional 
Return Instruction: 

I ~~~E [ 1x1 [ 1 1 1 1 ~D~R~s~ 1 1 1 1 [ 

7. Format tor the Unconditional Return, Return and Set Carry, and Return and Clear 
Carry Instruction: 

l~~O~EI lxl l~sl I I I :u~u~E~ I I I 

8. Format for the XEC Instruction: 

I 1 I I I I I 
OPCODE L 

I I 

INPUT INllTillJC. 
TION, Dl!CODE 
INSTIIUCTION, 
ANDIF 
REQUIRED, 
FETClllEW 
DA.TA. 

I I I I I I 
ADDRESS 

GENERATE NEW 
ADDRE8ll FOR 
NEXT INBTflUC. 
TION, LATCH AND 
PROCE811 INPUT 
DA.TA. 

PllOCE88 llA.TA 
TltRU AIJJ, GEJI. 
ERAlESIGNALS, 
AND 8E1VP l/O 
DA.TA FOR OUT· 
PUT.STACK 
OPERATION 
(El'THDPUBH, 
POP, OR NOPI. 
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Table 4. 1/0 Acess Register 

REGISTER 

11 
12 
13 
14 
15 
16 

LATCH l/O EllA· 
BUNG APORE8S 
ORl/OllllTAINTO 
saECTa> 
PERIPHERALS. 
PC UPDATED. 

INPUT 
BANK 

A 
c 
A 
B 
B 
c 

OUTPUT 
BANK 
A&B 
C&A 

A 
B&C 

B 
c 

Figure 1. Instruction Cycle and MCLK with: Clock Input= 26.67MHz and Cycle Time= 150ns 
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DATA OPERATIONS OF THE 8X401 (See Tables 2 and 3) 

MOVE, ADD, AND, XOR, ADD with CARRY 

SOURCE 

flO - R17 as specified by 
"S" field of instruction. 

PRE·ALU 

Right rotate as specified 
by "A" fleld of instruction. r-1 

ALU 

Perform appropriate ALU 
operation. (Note 1) 

POST·ALU 

Left-rotate and mask as 
specified by the "A" and 
"L" fields of instruction. r-1 
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DESTINATION 

AO - R17 as specified by 
the "Destination" field of 
instruction. (Notes 2 & 3) 

MOVE, ADD, AND, XOR, ADD with CARRY (Using left-rotate override R18-R1F) 

SOURCE 

RO - R17 as specified by 
"S" field of instruction. 

PRE·ALU 

Right-rotate as specified 
by "A" field of instruction. r-1 

ALU 

Perform appropriate ALU 
operation. (Note 1) 

~~~~~~~~~ 

POST·ALU 

Left-rotate and mask as 
speclfled by the "D" and 
"L" fields of instruction. 
(Note 4) 

f-1 

DESTINATION 

When A18-Rff are 
specified in the "D" field, 
data is returned to the 
address specified in the 
"Source" field. 

XMIT S {XT8), ADD IMMMEDIATE S (ADS), AND IMMEDIATE 8 {ANS), XOR IMMEDIATE S {XRS) 

SOURCE PRE-ALU ALU POST-ALU DESTINATION 

One to eight bit constants NOP. Perform appropriate ALU Mask as specified by the XTS. ADI: Results are 
from data field of f- r+- operation. (Note 5) f- "L" field. r-1 sent to register/address, 
instruction and register I starting from LSB, 
address specified by either specified by the destination 

the source or destination field of the instruction 
field.· word. 

AN&, XR8: Results are sent 
to RF, starting from LSB. 

XMIT S (XTS), ADD IMMMEDIATE S (ADS), AND IMMEDIATE S {ANS), XOR IMMEDIATE S (XRS) 

SOURCE 

One to five bit constants 
from data field of 
instruction and register/ 
address specified by either 
the source or destination. 

PRE·ALU 

Right-rotate as specified 
by "R" field, the data 
defined in either the 
source or destination field. 

ALU 

Perform appropriate ALU 
operation. (Note 6) 

POST·ALU 

Left-rotate and mask as 
specified by the "R" and 
"L" fields. 

~~~~~~~~~ 

DESTINATION 

XTS, ADS: Subfield is 
merged into register/ 
address specified by 
destination field. LSB of 
data field is sent to bit 
position of destination 
defined by "R" field. 
ANS, XR5: Subfield is 
merged into register/ 
address specified by 
source field. The "R" field 
specifies the LSB position 
gr source and RF. Results 
are returned to RF. 

ALL CONDITIONAL AND UNCONDITIONAL RETURNS 

ADDRESS REGISTER (AR) PROGRAM COUNTER {PC) STACK 
Cendltlonal Returns: If condition is true. PC~ AR. Conditional Returns: If condition Is true. 
AR • address from top of stack, else load address from POP stack, else NOP. 
instruction word. Uncondltlonal Returns: POP stack. 
UAConditional Returns: AR = address from top of 
stack. 

ALL CONDITIONAL JUMPS, POP STACK AND JUMP {PSJ), and JUMP {JMP) 

ADDRESS REGISTER PROGRAM COUNTER STACK 
COAditional Jumps: If condition is true. PC~ AR. Condltlonal Jumps: NOP. 
AR = instruction word address, else AR = PC + 1. PSJ: POP stack. 
PSJ and JMP: AR = instruction word address. JMP: NOP. 
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DATA OPERATIONS OF THE 8X401 (CONTINUED) 

CALL (JSR), INTERRUPT (INT), NON-MASKABLE INTERRUPT (NMI) 

ADDRESS REGISTER 

JSR: AR = instruction address. 
INT: AR = address 2. 

NMi: AR = address 1. 

XEC 

ADDRESS REGISTER 
Right-most L bits of RB merged into corresponding bits 
in instruction address 

NOTES: 
1. ALU Descriptions: 

MOVE: • No operation 

STACK 

PUSH PC + 1. (Note 6) 

PROGRAM COUNTER 

PC not updated. 

Product Specification 

8X401 

PROGRAM COUNTER 

PC"" AR. 

STACK 

NOP. 

ADD: • Source data ADDed to contents of auxiliary register (RO - AUX). Carry bit set if carry is generated at MSB of selected data lield. 
NZ status bit set if specified bits are not zero after ALU add. 

AND: • Source data ANDed to contents of AUX register. NZ status bit updated accordingly. 
XOR: • Source data Exclusive-ORed with contents of AUX register. NZ status bit set accordingly. 
ADD with CARRY: • Sum is formed from source data. AUX register, and cany bit (register 10, bit 0). Garry and NZ status bits are set when 

appropriate. 
2. Left-rotate is suppressed when destination is RO (AUX). 
3. When address registers RC, RD and RE are specified in the destination, source data will also go out on banks A, B, C, respectively. The L-field 

should be zero (a full 8-bit operation) to ensure duplication of the two outputs. 
4. A left-rotate of 0-7 bits will correspond to R18-R1F as specified in the ''Destination'' field of instruction word. 
5. ALU Descriptions: 

XMIT: • Input constants from the instruction word to specified destination. NZ flag is not updated when an XMIT is performed: however, 
NZ can be written to by an XMIT if R17 bit 1 is within the destination field. 

ADD IMMEDIATE: • Instruction word data is ADDed to data specified by destination tied. The carry bit is set if a carry is generated at the MSB of 
the selected data field. NZ status bit is updated to reflect the value of "L" bits of data after the addition. 

AND IMMEDIATE: • Instruction word data is ANDed to data specified by source field. Returning the destination data to RF allows the operation to 
be performed without destroying the original data field. This will facilitate testing of data for certain pre-defined values while stilt 
preserving the original data for other uses. NZ status bit updated accordingly. Unspecified bits in RF remain unchanged. 

XOR IMMEDIATE: • Same as AND IMMEDIATE, except the logical operation performed is Exclusive-OR. 
6. Note that the stack operation is show before the PC in the CALL and INTERRUPT formats. This is because the stack is actually in operation in 

cycle 3, and the PC is updated in cycle 4 (see Figure 1 ). In fact, for the Call (JSR) instruction and interrupt servicing, cycle order is important for 
the user to understand the current status of the PC. The other instructions are in reverse order for visual simplicity in keeping with block diagram 
flow, and cycle order is irrelevant. 

0 

BK 
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RESET VEClOR 

Niii VECTOR 

INTERRUPT 
SERVICE ROUTINE 

-SERVICE 
ROUTINE 

llAIN 
PROGllAll 

• . The RESET VECroR, LOCATED AT ADDRESS 0, WILL BE 
AN UNCONDITIONAL JUllP 10 THE -ING OF THE 
MAIN PROGRAM. 

e THE NON-MASKABLE INTERRUPT (Niii) VEC10R, 
LOCATED AT ADDRESB 1, IS A JUMP 10 THE Niii SERV· 
SERVICE ROUTINE. 

e LOCATED AT ADDRESS 2 IS THE ROUTINE THAT 
SERVICES INTERRUPT ~Ni) CALLS. 

Figure 2. Typical 8X401 System Memory Map 
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Thermal Junction Temperature 
VS Airflow 
The ceramic package used for.the 6X401 has 
no heat Sink and e 818 rating oi 30.5°C/W in_' 
stin air. CurrentfY, to ensure operation at 
150ns, the junction temperature of the de
vices must be kept below 115oC. The maxi
mum power dissipation at that junction tem
perature wiH be 2.4W so that a/mow will be 
required for full commercial range operation. 
The 818 vetsus Airflow curve is drawn here: 

31 

30 

29 

29 

ll7 

29 

25 
'Jo 24 

23 

22 

ti 

20 

19 
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100 aoo 3GO 400 soo eoo 100 eoo 
AIRFLOW (LINEAR FEET PER lllNUTE) 

DC ELECTRICAL CHARACTERISTICS Commercial Part 4.75V..;; Vee..;; 5.25V, o•c..;; TA..;; 70°C1 

LIMIT$ 
SYMBOL PARAMETER TEST CONDITIONS UNIT COMMENTS 

Min Typ Max 

Vee Supply voltage 4.75 5.0 5.25 v 

V1H High level input voltage 2.0 v 

V1L Low level input voltage 0.6 v 

Vee = Mih, loH = -3mA 2.4 v 
DAO through 00, MCLK, 

VoH High level output· vbltege SC, WC, AB, BB, CB 

Vee= Min, loH = -400µA 2.4 v All others 

Vee =Min, loL = 16mA 0.5 v l5AO through 00, MCLK, 
AWC, SC, WC, A, B, c 

VoL Low lev!ll output voltage 
AO through A12, PS, NZ, 

Vee= Min. IOL = BmA 0,5 v CY, IR 

Vic Input clamp voltage Vee= Min, ltN =-10mA -1,5 v 

ltH High level input current Vee= Max, V1 = 2.7 20 µA 

l1L Low level input current Vee= Max, V1 = 0.4V -400 µA 

lozH 
Off-stete output current, 

Vee= Max, Vo= 2.7V 50 µA DAO· through 00 
high level voltage applied 

lozL 
Off-stete output current 

Vee= Max, Vo= 0.4V -400 µA l5AO through DA"i 
low level voltage applied 

los 
Short circuit output cur-

Vcc= Max, Vo= ov -30 -140 mA 
rent2 

500 mA TA = o•c; Cold start3 
Ice Supply Current Vee'= Max 

TJ = 115•c 430 mA 

NOTES: 
1. 64 Pin CDIP, Ailflow required for foll Commercial operation. (A plastic 64 Pin DIP wtth internal heat sink is currently under devel'Opment which wm not 

have thi$ requirement.) See above for thermal chei.racteristics. 
2. Not mote than one output should be tested at a tinie. 
3. Guaranteed by 'Correlation to Ice mells~red at 25°C. 
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Microcontroller 8X401 

AC ELECTRICAL CHARACTERISTICS (Vcc=5V +5%, o'C<TA<70'C)1 

150ns CYCLE > 150ns CYCLE 
SYMBOL PARAMETER UNIT COMMENTS 

Min Typ Max Min Typ Max 

tpc Processor cycle time 150 ns 

lcp Clock pulse period 37.5 ns 

lcH Clock pulse high time 15 ns See Note 2 
··-·"----

tcL Clock pulse low time 15 ns 

IMCL CP1 to MCLK low 30 ns See Note 2 

IMCH CP4 to MCLK high 40 ns 

tw MCLK pulse width 25 31 38 T40-12 T40 ns 

IRWCL CP1 to RWC low 34 40 ns 

IRWCH CP3 to RWC high 40 ns 

T30+T4Q T3Q+T4Q 
---1 

IRWCW RWC pulse width 65 75 80 -10 +5 
ns 

I As CP2 to address stable 52 ns 

T10+24 
---1 

!MAS MCLK to address stable 62 ns 

tis Instruction setup to CP1 0 ns See Note 3 

IMIS Instruction setup to MCLK 25 ns 

l1H Instruction hold from CP2 20 ns 

IMIH Instruction hold from MLCK 25 T10-12 ns 

tscH CP3 to SC rising edge 45 ns 

tMSCH MCLK to SC rising edge 95 
T1Q+T2Q ns + 20 

twcH CP3 to WC rising edge 55 ns 

tMWCH MCLK to WC rising edge 105 
T10+T2Q 

ns 
+20 

lwL CP1 to SC/WC falling edge 35 ns See Note 4 

tMWL MCLK to SC/WC falling edge 0 ns 

t1aSL 
CP1 to input phase bank signal 

60 ns 
falling edge 

tMIBSL 
MCLK to input phase bank signal 

33 ns 
falling edge 

t1asH 
CP3 to input phase bank signal 

45 ns 
rising edge 

IMIBSH 
MCLK to input phase bank signal 95 

T1Q+T2Q ns 
rising edge + 20 

CP3 to output phase bank signal 
-·--I 

toasL falling edge 
53 ns 

IMOBSL 
MCLK to output phase bank signal 

105 
T1Q+T2Q ns 

falling edge +30 

toasH 
CP1 to output phase bank signal 46 ns 
rising edge 

IMOBSH 
MCLK to output phase bank signal 

0 20 ns 
rising edge 

l1DS Input data setup to CP3 -3 ns 

!MIDS Input data setup to MCLK -50 
25-T10 

-T2Q ns 

l1DH Input data hold from CP3 28 ns 

IMIDH Input data hold from MCLK 78 
T10 + T2Q 

ns 
+3 

loDH Output data hold from CP1 35 55 ns 

IMODH Output data hold from MCLK 10 25 ns 
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AC ELECTRICAL CHARACTERISTICS (CONTINUED) (Vcc=5V +5%, o•c,;;;TA,;;;70•q1 

150ns CYCLE > 150ns CYCLE 
SYMBOL PARAMETER UNIT COMMENTS 

Min Typ Max Min Typ Max 

loos· CP3 to output data stable 70 ns 

IMOOS MCLK to output data stable 120 
T1Q + T2Q ns 

+45 

101 
SC/WC rising edge to output driver 

18 ns 
turn on 

IHs Halt setup to CP2 0 ns 

IMHS Halt setup to MCLK -10 ns 

IHH · Halt hold from CP2 50 ns 

IMHH Halt hold from MCLK 60 T1Q+22 ns 

ts1s Status input setup to CP1 10 ns 

IMS\$ Status input setup to MCLK 40 ns 

1$\H Status input hold from CP1 20 ns 

IMSIH Status input hold from MCLK 0 ns 

lscRS SCR setup to CP1 0 ns 

tMS.cAfil. SCR setup to MCLK 25 ns 

ts~. SCR hold from CP2 (Slow CP2) 20 ns 
See Diagram 

for CP2 

IMSGRH SCR hold from MCLK 63 ST1Q-12 ns Slow T1Q 

l\NTS INT setup to CP1 10 ns 

tM\NTS INT setup to MCLK 40 ns 

l\NTH INT hold from CP1 10 ns 

lM!NTfl INT hold from MCLK -10 ns 

lcvu CP4 to CY update 60 ns 

IMCvu MCLK to CY update -10 28-T4Q ns 

INZU CP4 to NZ update 60 ns 

lMNZU. MCLK to NZ update -5 33-T4Q ns 

l1Ru CP4 to IR update 75 ns 

IM\RU MCLK to IR update 20 58-T4Q ns 

tpsu CP4 to PS update 60 ns 

IMPSU MCLK to PS update -10 28-T4Q ns 

IACC 
Program memory access time 60 T2Q+T3Q 

ns (address stable to valid instruction) +T4Q-52 

110 
I/ 0 port output enable time 

24 
T1Q+T2Q 

ns 
(bank signal to valid data on bus) -51 

!Rw Reset pulse width 150 tpc ns 

lNMIW NMI pulse width 50 ns 

INMIS NMI setup to CP2 15 ns See Note 5 

IMNMIS NM! setup to MCLK 10 ns See Note 5 

NOTES: 
1. Inputs sw;ng between OV and 3V. All outputs are measured at 1.SV with loading as specified in the test circuits. 
2. CP1, CP.2., CP3, and CP4 refer to the clock pulse that causes the first, second, third, and fourth 8X401 quarter cycles, respectively. Parameters 

referenCe<I to MCLK, CP1, CP2, CP3, and CP4 are measured to the falling edge of those signals. T1Q, T2Q, T3Q, and T4Q represent lime intervals 
for the first, second, third, and fourth SX401 quarter cycles, respectively. Duty cycle can be from 40% to 60%. 

3. Instructions must be setup before CP1. 
4. twL rapre&ents 1scL and twcL· lMwL represents tMscL and tMwcL· 
5. This guarallteea NMI is serviced in the current cycle. 
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TEST CIRCUIT 

OUTPUT 
UNDER 

TEST 

MAIN TIMING DIAGRAM 

CP 

MCLK 

RWC 

ADDRESS 
(A12-AO) 

INSTRUCTION 
(119-10) 

SC 

CP1 CP2 

I I 

VL = 2.3 

CP3 

I 

Al 
226!! 

~50pF 

CP4 

I 
CP1 CP2 CP3 

I I I 

(DAO:.:'~ ---------+------c:,_u_o_A_D_DR_Ess-J 

CP4 

I 

OUTPUT 
UNDER 

VL= 2.1V 

ioor. J A1 

TEST _l 
~100pF 

CP1 CP2 CP3 CP4 

I I I I 

....... , 

Product Specification 

8X401 

CP1 CP2 CP3 

I I I 

I ~~~~~o 
A -----------..,.,--..... ,----------:1-------~-. ~~--------..... \~------------------~,.---

~·~~~ :· -1~ 
, I ~ \ I 

1-loBSH -l ----""" 

THE 3 CYCLES REPRESENT THE FOLLOWING INSTRUCTIONS: 
- TRANSMIT IMMEDIATE ADDRESS TO BANK B (SELECT A PORT ON BANK B) 
- MOVE BANK A DATA TO BANK B 
- ADO IMMEDIATE DATA TO BANK A 

I 
L--------------------------------------·----·----
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TIMING SUPPLEMENT: STATUS 

i----------~r·--C-14--CP-l 1--C-,-2--C-i3--Cr-.--c-i-' --CP-l 2--C-i3--CP-14--C-j_' __ c_l2 

CP 

MCLI< 

~_,g I 

SI : 1-- tSIH t= lustH l--lpsu-1 1-tuPSU l l 
PS ~ 

1-- '•zu---1 l-tMNZU l l l 
NZ 

I\. 

CY 

IR 

TIMING SUPPLEMENT: RESET 

RESET 
ASSERTED 

CPI CP2 CP3 CP4 CP1 
I I I I I 

i------••w------i 

ADDRESS 

RESET 
RELEASED 

May 13, 1986 

CP1 CP2 CP3 
I I I 

CP4 CP1 

I I 
CP2 CP3 CP4 
I I I 

CP 

I-~':..%1'~~~TRUCTlON-j 

MCl.K~~~~~~~~~~~~~~~~~~~~Jr--\ r--\___ 

RESET---------' 

----- -----------------------
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TIMING SUPPLEMENT: HALT 

CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 

I I I I I I I I 
CP 

llCLK 

I 
I 

RWC___/ " I 
-j ~IMHS ~IMHH-=l 

1Hs--j f--tHH 

HALT " ,---------""\ I 

SCOR WC 

DA BUS < 
A,B,OR~ x I 

TIMING SUPPLEMENT: INT 

CP 

llCLK 

ADDRESS 

IR 

May 13, 1986 

CP2 CP3 

I I 

ADDRESS OF INSTRUCTION NOT 
EXECUTED DUE TO INTERRUPT. 

> 

CP4 CP1 CP2 CP3 CP4 

I I I I I 

ADDRESS = 00021& 

671 
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--------

CP1 CP2 CP3 CP4 CP1 

I I I I I 

I \ I '-
I 

< >-
\ x=:x: 

CP1 CP2 CP3 CP4 CP1 

I I I I I 
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TIMING SUPPLEMENT: NMI 

CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 CP1 

I I I I I I I I I I I I I 
I 

CP 

IR----------------------..&..----------------
TIMING SUPPLEMENT: SCR 

CP1 CP2 CP3 CP4 CP1 CP2 CP3 CP4 CP1 

I I I I I I I I I 
CP 

I 
MCLK ______ l_,r---\_~-~1-----------' 

RWC _/ : ~I !--~----/ t~ .. -j -1-1sc.: 
lscRS~ tMSCRH 

SCR ______ _\: f_i---------------_-y..---... c.---_-_-_-_-J...,..-------

,__ __ ___.r\__ 

\ I \__ 

ADDRESS __________________ _,)(~------------------><~----------------"""'~ 
SCOR WC 

DA aus----o( 

A,8,0RC 
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DESCRIPTION 
The 8X450 is a 256-byte RAM designed 
primarily as a working storage element 
for 8X305 based systems. The 8X450 
can be used as a dedicated RAM or in 
groups of RAMs to form a customized 
memory stack. 

ORDERING INFORMATION 

DESCRIPTION 

24-Pin Ceramic DIP 400 Mil Wide 

8X450 BLOCK DIAGRAM 

cs 
MS 

SC 

WC 

MCLK 

cs 
MS 

ME 

MCLK 

Cs 
MS 

sc 
WC 

ME 
MCLK 

Cs 
SC 

Mf 
WC 

MCLK 

cs 
we 
ME 
SC 

November 1985 

8X450 
RAM 
Product Specification 

FEATURES 
• 256-byte RAM 

• Two modes of operation 
• Paged RAM capability 
• On-chip address latches 
• Directly bus compatible with the 

8X305 microcontroller 
• 24-pin slim line package 

• Single + 5-volt supply 

ORDER CODE 

NBX4501 

ADDRESS 
BUFFERS/ 
LATCHES 

673 

ROW SELECT 
DECODERS/DRIVERS 

(1 OF 32) 

2048-BIT 
MEMORY 
(32 )( 64 
MATRIX) 

COLUMN SELECT 
DECODERS/DRIVERS 

(1 OF 8) 

PIN CONFIGURATION 

ME 

WC 

GNO 

TOP VIEW 

OUTPUT 
BUFFERS 

INPUT 
RECEIVERS 

WE OE 

Vee 

A7 

A6 

AS 

A4 

A3 

A2 

A1 

AO 

MCLK 

MS 

SC 

00-07 
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RAM 

FUNCTIONAL OPERATION 
The 8X450 can be used in either of two 
operating modes - conventional DA select 
or fast select. Each mode supports either 
single or multiple RAM applications. The 
mode of operation is selected by the MS pin. 

Product Specification 

8X450 

PIN CONFIGURATION AND DECRIPTIONS 

PIN NO. IDENTIFIER FUNCTION 

1-8 D7-DO Bidirectional data bus, DO is LSB 

9 cs Chip Select, active low 

10 ME Master Enable, active low 

11 WC Write Control, active high 

12 GND Ground 

13 SC Select Control, active high 

14 MS Mode Select 

15 MCLK Master Clock, active high 

16-23 AO-A7 Address lines, AO is LSB 

24 Vee Power supply 

Conventional DA Select (MS= 1) 
When MS is tied high, the conventional DA 
addressing mode is selected; in this mode, 
the 8X450 data and address lines are tied 
together. For applications that use a single 
RAM, the chip select (CS) input is grounded. 
To prevent bus contention in applications that 
use multiple RAMs, the CS input is driven by 
an external source. Examples of both config
urations (single and multiple RAMs) are 
shown in the Application Diagrams at the rear 
of this data sheet. Control signals and operat
ing conditions for conventional DA address-
ing are summarized in Table 1. Table 1. Conventional DA Select (MS= 1) 

Fast Select Operations (MS = 0) 
When MS is tied low, the fast select address
ing mode is invoked; in this mode, the 8X450 
address lines are driven by an external 
source and the 8X450 data lines are tied to 
the 8X305 JV bus. The CS input is treated 
exactly the same as in conventional DA 
addressing; examples of single and multiple 
RAM configurations are shown at the rear of 
this data sheet. Control signals and operating 

SC 

0 

0 

0 

0 

1 

1 

WC ME 

0 0 

0 1 

1 0 

1 1 

0 0 

0 1 

MCLK FUNCTION 

0 Read from RAM 

x None 

1 Write data to RAM 

1 None 

1 Conventional DA select (write address to RAM) 

1 None 

condi1ions for fast select addressing are sum- NOTES: 

marized in Table 2. 1. Other states are not generated by the 8X305 and are not defined for operation in this mode. 
2. Table 1 is valid only if the chip select (CS) is low; if CS is high, the 8X450 is disabled. 

Table 2. Fast Select (MS = 0) 

SC WC ME MCLK FUNCTION 

0 0 0 0 Read from RAM 

0 0 1 0 None 

x x 1 1 Write address to RAM 

0 1 0 1 Write data to RAM 

NOTES: 
1. Other states are not generated by the BX305 and are not defined for operation in this mode. 
2. Table 2 is valid only if the chip select (CS) is low. If CS is high, the 8X450 is disabled. 
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SINGLE RAM CONFIGURATION (CONVENTIONAL DA SELECT) 

I 

ADDRESS 
BUS 

INSTRUCTION 
9US 

Product Specification 

8X450 

Vee 

~------------PA_O_M __________ ·_X_30_5_W_c·_--_-_-_-_-_--.~-~-w_c_·_x_·_50_M_S __________ J A 1------1 ME CS 

MCLK 1------1 MCLK 

MULTIPLE RAM CONFIGURATION (CONVENTIONAL DA SELECT) 
r 

PROM 

FAST SELECT 
BITS 

ADDRESS 
BUS 

INSTRUCTION 

BUS 

'-----!WC 8X470 

~-----! MCLK 

~---------------iiiE 

~-------------------------
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SINGLE RAM CONFIGURATION (FAST SELECT) 

ADDRESS 

.L BUS A 
fVo-iV? 

"'"" 
PROM 8X305 

INSTRUCTION WC 
BUS _,,_ MCLK 

., A 

FAST SELECT 
BITS 

MULTIPLE RAM CONFIGURATION (FAST SELECT} 

PROM 

ADDRESS 

BUS 

INSTRUCTION 
BUS 

8X305 

WC t---1H5(\I----! 
A o--_,......,,,,__ ... 

MCLK 1---+-..._,H<~--I 

07-00 

SC 

ME 
MCLK 

07-00 

SC 

ME 
MCLK 

SC 

WC 

ME 
MCLK 

07-00 

SC 

_;.. 
... 

n 

A7-AO 

8X450 

MS 

cs 

A7-AO 

8X450 

MS 

cs 

A7-AO 

8X450 

MS 

cs 

8X450 

WC 

ME 
MCLK 
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ME MSt--

Product Specification 

8X450 

EXTERNAL 
CLOCK 



Signetics Microprocessor Products Product Specificotion 

RAM 8X450 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER RATING UNIT 

Vee Power supply voltage +7 Voe 

V1N Input voltage +5.5 Voe 

Vo Output off-state voltage +5.5 Voe 

I TsrG I Storage temperature range ·-55 to +150 oc 

DC ELECTRICAL CHARACTERISTICS (Vee= 5V + 5%, 0°c,;;; TA,;;; 70°C) 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Vee Supply voltage 4.75 5.00 5.25 v 

V1L Low level input voltage 0.8 v 

V1H High level input voltage 2.0 v 

Vol Low level output voltage Vee= Min, loL = 16mA 0.5 v 

VoH High level output voltage Vee= Min, loH = -3mA 2.7 v 
V1c Input clamp voltage Vee= Min, 11N = -10mA -1.5 v 

l1L Low level input current Vee= Max, V1 0.4V -0.4 mA 

l1H High level input current Vee= Max, V1 = 2.7V 20 µA 

lozL High-Z output current (Low Level) Vee= Max, Vo= 0.4V -0.4 mA 

loZH High-Z output current (High Level) Vee= Max, Vo= 2.7V 50 µA 

los Short circuit output current Vee= Max+ 0.5, v0 = 0.5V -30 -140 mA 
--

Ice Supply current Vee= Max 220 mA 

NOTE: 
*Not more than one output should be tested at a time. 
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AC ELECTRICAL CHARACTERISTICS (Vee= 5V + 5%, 0°c <TA< 70°C) 

REFERENCES LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

From To Min Max 

Pulse Widths 

twMe MCLK pulse width I f MCLK I t MCLK I 35 ns 

Setup Times 

tses Setup time for CS t cs f MCLK 0 ns 

tssc Setup time for SC f SC t MCLK 15 ns 

tswc Setup time for WC iwc t MCLK 15 ns 

tsME Setup time for ME t ME f MCLK 0 ns 

t MCLK 
-- j-

ts AD Setup time for address A7-AO 0 ns 

tso Setup time for data DA Bus t MCLK 0 ns 
Active 

--j 
Hold Times 
~- Hold time for CS t MCLK t cs 0 ns 

IHSC Hold time for SC t MCLK t SC 0 ns 

tHwe Hold time for WC t MCLK twc 0 ns 

tHME Hold time for ME t MCLK f ME 0 ns 

IHAD Hold time for address t MCLK A7-AO 10 ns 

tHo Hold time for data t MCLK DA Bus Tri-Stated 5 ns 

Enable Times 

IE es Enable time for CS t cs DA Bus Activo ME, SC, WC, MCLK = Low 30 ns 

tEME Enable time for ME t ME DA Bus Active CS, SC, we, MCLK = Low 30 ns 

IESe Enable time for SC t SC DA Bus Active CS, ME, WC, MCLK = Low 30 ns 

tEwe Enable time for WC twc DA Bus Active CS, ME, SC, MCLK = Low 30 ns 

Disable Times 

toes Disable time for CS t cs DA Bus Tri-Stated ME, SC, WC, MCLK = Low 40 ns 
--

toME Disable time for ME f ME DA Bus Tri-Stated CS, SC, we, MCLK = Low 40 ns 

lose Disable time for SC t SC DA Bus Tri-Stated CS, ME, WC, MCLK = Low 40 ns 

to we Disable time for WC twc DA Bus Tri-Stated CS, ME, SC, MCLK = Low 40 ns_J 

NOTES: 
1. Alf inputs swing between OV and 3V. 
2. All outputs are measured at 1.5V with loading specified in TEST CIRCUIT. 
3. CS must be active for at least one complete BX305 instruction cycle. 
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8X450 TIMING 

07-00 -------------------[SD~ ~IHD~-----

ENABLE AND DISABLE TIMING DIAGRAM 

~~~~~~~~~~~--!: 
I I \-•ecs---j f.--IDcs-J 
I I I I 
1---teME-l l-toMe--l 
I I I I 

I-Iese ----l :--IDsc----l 
I I I I 
f--tewc-j 1---towc--1 

CS, ME, SC OR WC 

I I 

_01_-_oo'------------t-k ~ 

TEST CIRCUIT 

NOTE: 
~includes test fixture capacitance. 

November 1985 

OUTPUT 97.60 
UNDER~2.1V 

TEST j_ --- __ l 100pF· 
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DESCRIPTION 
The 8X470 110 Port (Figure 1) is a fuse
programmable device designed to inter
face a user system with a Signetics 
6X401 Microcontroller. The 6X470 has 
three internal registers - a data register 
and two status registers. The data regis
ter is shared between the two systems, 
while each system has its own dedicated 
status register. The BX470 can be pro
grammed to provide a bidirectional or 
unidirectional user interface with the 
user data entry being either synchronous 
or asynchronous with the 6X401. 

8X470 
1/0 Port 
Product Specification 

FEATURES 
• Two independent 8-blt busses 
•Fast polling 
• Directly bus-compatible with the 

8X401, 8X305 Mlcrocontrollers 
• 256 Data Addresses 
• Separate Controller and User 

status registers 
• 16 Status Addresses 
• Posltlonable Controller Status 

Register output 
• Bidirectional or unidlrectlonal 1/0 

capability 
• Synchronous or asynchronous 

user data entry 
• Conventional DA or Fast select 

addressing techniques 
• 24-pin slimline package 
• Single + 5V supply 

F.8.S. 

PIN CONFIGURATION 

UDO 

UD4 

ONO 

TOP VIEW 

Ill~ 
SC& 

WC l!!t aJCLBR USER 
IU8 CON11IOL 
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. MCLK i!!t--'•1•3•• ~ 
F.S. l _l~SYN"-"'J~AS~YN=-·1 1-----t 

L PAOGIWI t-- --STATUS READ 
-PORT 

ADD-
RESS 

I- AND FUNCTION t--

i! ~:-~""'"] -.-....8-.D.F. 

lll1fi!] 
~!ID 
6U fi!l 
mfi!] 
llO I!!! 

--f~t I S.8.P.F. I 

P.D.f. 

L!:!!:!i 

lll11!l] A. _..... 
lll1 1!!111111..,._-"'IJ 

lllll' I!!) "(" -y 

SRI ~ ~ 
DRIVER 

RECEIVERS 
8BIT ~ 

1 • .A..,._ ___ ...11.. • .._, DATA REGISTER 1.rA,_ ___ _.....~ 

....-

SICllW. Dl!SCRIPTION 

READ 
STATUS 

DRIVER 
RECSVER8 

READ 
DATA 

----@) GND 

~Vee 

m UDO 

m UD1 

mm UD3 

[!)UD4 
A ..II. [!) UDli 

V'----..).11111 Ill 11118 

'O E!J UD7 

-.o.F. • BIT DIRECTION FUSE 
F.8.8. :11 FUSE BANK SB.ECT 
F.S. = FASTSELECT 

IJ.C. • BUFFERED IC 8.A.8. • STATUS ADDRESS BIT 
P.A.8. • PORT ADDRESS BIT 8.8.P.F. =i STATUS BIT P08ITION...,.: 
P.D.F. • PORT DIRECTION FU8E 

Figure 1. 8X470 Block Diagram 
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PIN DESCRIPTION 

PIN IDENTIFIER FUNCTION 

1-8 UDO-UD7 User port data lines. Active high. 

9 oc Output Control: An active low signal which controls reading into the 1/0 port from the UD bus. 

10 IC Input Control: An active low signal which controls writing into the 1/0 port from the UD bus. 

11 ME Master Enable: The ME pin depends upon the addressing mode for its function. 
Conventional DA select: ME is an active low signal which allows read or write or address operations 
from the DA bus. 
Fast select: ME is an active high signal which allows the controller slatus register to be read on the DA 
bus. 

12 GND Ground. 

13 MCLK Master Clock: Input from the 8X401. 

14 SC Select Command: The SC pin depends upon the addressing mode for its function. 
Conventional DA select: An active high signal which compares the 8X401 DA bus and the address. 
An address match selects the 8X4 70. 
Fast select: SC is an active high signal which outputs the contents of the data register on the DA bus 
while clearing the control status register. 

15 we Write Command: An active high signal which controls the writing of data into lhe 1/0 port from the 8X401 
DA bus. 

16-23 DA7-DAO Controller Data/ Address (DA) lines. Active low. 

24 Vee + 5V power supply. 

In a typical system configuration (Figure 2), 
the 8X470 connects to the 8X401 Microcon
troller via the Data/ Address (DA) bus; the 
8X470 is linked to the user system via the 
User Data (UD) bus. To facilitate interbus 
communications and to implement handshak
ing operations, a dedicated status register is 
assigned to each bus. The status registers 
can be polled at full speed to optimize 
throughput and to prevent errors in data 
transmissions. The 8X4 70 can be addressed 
from the DA bus in either of two ways - by 
the conventional microcontroller software-se
lect cycle or by fast select methods. 

DA BUS INTERFACE 
The 8X470 interfaces to the 8X401 Microcon
troller through an 8-bit inverted three-state 
Data/ Address (DA) bus and four control sig
nals (SC, WC, ME and MCLK). The status 
registers are accessible through the DA bus 

interface. For conventional select operation, 
both the data and controller status register 
addresses can be fuse programmed. Also, 
the controller status can be programmed to 
appear at any or all DA bit locations. For time 
critical operations, the 8X470 can be fuse 
programmed tor fast select operations. 

UD BUS INTERFACE 
The 8X4 70 interfaces to a user system 
through an 8-bit UD bus and two control 
signals (TC and OC). If the user and the 8X401 
attempt to input data to the 1/0 port at the 
same time, the user will have priority. Both 
the data register and the user status register 
are accessible through the UD bus interface. 
The 8X470 UD interface can be fuse pro
grammed for synchronous or asynchronous 
data entry. 

Data Entry 
Data entry into the 8X470 from the user bus 
can be fuse programmed to be either syn
chronous or asynchronous. Synchronous 
data input to the data latches occurs when 
MCLK is high. Asynchronous data input is 
independent of MCLK. For further details, see 
the TC fuse bank section. 

MODE A 
The user data lines are bidirectional or input 
only. See the TC and SC fuse bank sections 
for further details. 

MODE B 
The user data lines are output or input only. 
See the TC and SC fuse bank sections for 
further details. 

STATUS REGISTERS 
The 8X470 has two status registers; the User 
and Controller status registers. These regis
ters can be used for handshaking between 

..... ADOREsseus 8X401 A. -"' 8X470 ~ 1C WI0-7 l!A0-7 
p ....- " y 

R 
0 MCLK MCLK 
M INSTRUCTION BUS _A SC SC 

WC WC 
-y 7( a 

Figure 2. Typical System Configuration 
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the BX401 and the User Data Bus. A register 
is set by a write from one bus and cleared by 
reading the data register from the opposite 
bus.• 

User Status Register 
The User Status register is set by any write 
from the DA bus and cleared by reading the 
data register from the UD bus. The user 
status register is available on UD7 only. The 
output of the user status is controlled by JC 
and OC user port control lines. See the JC 
bank for further details. 

Controller Status Register 
The Controller Status register is set by any 
write from the UD bus and cleared by reading 
the data register from the DA bus. The 
Controller Status register can be accessed by 
either a fast select or a conventional DA 
select. For conventional select methods, the 
controller status register address can be fuse 
programmed to be any one of the addresses 
FO - FF15. The programming of this address 
is discussed in the ME and JC fuse bank 
sections. The Controller Status register can 
also be programmed to appear at any or all 
DA bit locations, enhancing the polling pro
cess of multiple BX470 1/0 ports. 

April 1986 

POLLING 
The Controller Status register address and 
output location can be fuse programmed to 
allow multiple BX470 1/0 ports to be polled in 
a single cycle. The BX470 1/0 ports to be 
polled are programmed with a common Con
troller Status address, with each status regis
ter output available on a different DA line to 
prevent a bus contention. The BX401 Micro
controller can poll a maximum of eight BX470 
1/0 ports in a single cycle, obtaining up to 
eight bits of status information. The BX401 
Microcontroller' s subfield manipulation capa
bility can then be used to isolate a single 
BX470 status bit, simplifying the polling proce
dure and improving the overall system 
throughput. Figure 3 shows a typical configu
ration of eight BX470 1/0 ports polled in a 
single cycle. 

ADDRESSING MODES 
The BX4 70 can be addressed by a microcon
troller through either Fast Select or Conven
tional DA select techniques. 

Conventional DA Select 
The BX470 must be preselected through a 
conventional DA select cycle before either 

Product Specification 

8X470 

the data or status registers can be accessed 
by a Microcontroller. During a conventional 
DA select cycle, the BX470 compares the 
address on the DA bus to the data and status 
addresses. If either address matches the DA 
address, the appropriate BX470 latch is set, 
enabling the port for a data transfer or a 
polling cycle. Table 1 shows the conventional 
select operation of the BX4 70 DA interface. 

Fast Select 
A fast select cycle is ideal for time critical 
applications which require port selection and 
data transfer in a single clock cycle. Addition
al bits in the BX401 instruction word are used 
to execute a fast select cycle. It should be 
noted that the BX470 SC input is not driven by 
the BX401 SC output and could introduce a 
minor operational limitation. For an 1/0 ad
dress select instruction, the BX401 will output 
a DA address and assert SC. However, a fast 
select configured BX470 will also drive the DA 
bus, and a bus contention will result. To avoid 
this contention, the BX470 should not be fast 
selected during any 1/0 address select in
struction. Figure 4 shows a typical fast select 
configuration. Table 2 shows the fast select 
operation of the BX470 DA bus interface 
operation. 

LEGEND: 
8X401 D = DATA ADDRESS 

S = STATUS ADDRESS 

EB=~-

Figure 3. Typical Polling Configuration 
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Table 1. Conventional DA Operation 

ME SC WC MCLK 
ADDRESS STATUS 

FUNCTION 
LATCH LATCH 

L L L x SET CLEAR Output data, clear CONTROLLER 
STATUS 

L** L H H SET CLEAR Input 8X401 data, set USER STATUS 

L H L H x x Compare enable address 

H x x x x x High impedance 

L L L x CLEAR SET Output CONTROLLER STATUS 

L L H x CLEAR SET High impedance 

L L H L x x High impedance 

L H L L SET x High impedance 

L L L x CLEAR CLEAR High impedance 

NOTE: 
**If the user and the BX401 attempt to input data to the 1/0 port at the same time, the user will 

overwrite the 8X401 (user priority). 

Table 2. Fast Select Operation 

ME SC WC MCLK FUNCTION 

L H H H Input BX401 data, set USER STATUS 

L H L x Output data, clear CONTROLLER STATUS 

H L L x Output CONTROLLER STATUS 

H H x x Inactive 

L L x x Inactive 

Table 3. BX470 Fuse Mnemonics 

BANK PROGRAMMABLE PROGRAMMED FUNCTION 
FUSES 

SC UDO-UD7 Input Only 

WC UDO-UD7 Controller Data Address (CDAO - CDA7) 

ME UDO-UD7 Controller Status Location (CSLO - CLS7) 

IC UDO-UD3 Controller Status Address (CSAO - CSA3) 

IC UD4 Fast Select 

IC UD5 Bidirectional Disable 

IC UDS Asynchronous Input 

A.. 
ADDRESS BUS 

A 
iiA]i.7 

"f. ..,..-
• p x 

R • llCU< 
0 • .. 1 WC 

INSTRUCTION BUS 
-"' 

J J 
-v 

FAST 
SCLECT 

BITS 

Figure 4. Typical Fast Select Configuration 
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Fuses 
The 8X470 has four programmable fuse 
banks, namely the SC, WC, ME and iC banks. 
Each bank is selected by its namesake pin, 
i.e. the SC pin selects the SC fuse bank, the 
WC pin selects the WC fuse bank, etc. Each 
bank has eight fuses, except the iC bank, 
which only has seven. These fuse banks 
govern different modes of operation, and by 
selecting the appropriate fuse and fuse bank, 
the BX4 70 can be configured for the modes 
of operation as mentioned earlier. (See Fig
ure 5 for an illustration of the fuse banks.) 
The mnemonics for the fuses are listed in 
Table 3. 

LSB MSB 
UDO UD1 UD2 UD3 UD4 UDS UD8 UD7 

scODDDDDDD 
wcODDDDDDD 
ueOODDDDDD 
iCOODDDDD 

Figure 5. Fuse Bank Summary 

IC BANK 

CSAO-CSA3 
The first four fuses of the TC bank 
(UDO - UD3) program the four least signtti
cant bits of the Controller Status address 
(CSAO - 3). The four most signtticant bits of 
the Controller Status address are always a 1. 
An unprogrammed (unblown) CSA fuse is a 
logic 1 from the DA bus, and a programmed 
(blown) CSA fuse is a logic O from the DA 
bus. The Controller Status register can be 
assigned any one of the addresses FO - FF 
(00 - OF on the DA bus). In an unprogrammed 
part, the status register will be assigned 
address FO. 

my;~7 

-v 
8 
x 

lla.K 4 
7 

WC • 
SC 

ill 



Signetics Microprocessor Products 

1/0 Port 

Fast Select Fuse 
The Fast select fuse programs the address
ing mode; i.e., Fast or Conventional DA se
lect. In an unprogrammed part, Conventional 
DA select is selected. 

Bidirectional Disable Fuse 
The bidirectional disable fuse selects either 
Mode A or Mode B operation. In an unpro 
grammed part, Mode A is selected. Modes A 
and B are defined more fully in the SC fuse 
bank. 

Asynchronous Input Fuse 
The asynchronous input fuse selects the user 
data entry mode; synchronous or asynchro
nous. In an unprogrammed part, data is 
entered synchronously with MCLK. 

See Table 4 for a summary of the iC bank. 

SC Bank 
The SC bank has two possible configurations, 
Mode A and Mode B, as selected by the 
bidirectional disable fuse. Mode A allows 
bidirectional and input only UD ports; Mode B 
allows output only and input only UD ports. 
Input only UD ports are output only from the 
DA bus, all other types of UD ports (bidirec
tional and output only) are bidirectional from 
the DA bus at the same bit location. (See 
Figure 6.) 

Mode A 
Mode A is selected when the bidirectional 
disable fuse is unblown, configuring the un
programmed SC bank for bidirectional opera
tions. (See Table 5.) The user would then 
blow the needed input only fuses to disable 
the bidirectional capability of that UD line, 
making it input only. This line is input only 
from the UD bus and output oniy from the DA 
bus. (See Example 1.) Table 6 gives the 
Mode A operation of the 8X470 user inter
face. 

Table 5. Mode A Bus Operation 

INPUT ONLY 
FUSE UD "N" DA "N" 
"N" 

Unblown B B 
r------ ----j- ---+----j 

Blown 0 
L.__--------~---
1 = Input only 
0 = Output on!y 
B = Bidirectional 
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Table 4. JC Fuse Bank Summary 

UD PIN FUNCTION UNBLOWN FUSE BLOWN FUSE 

UDO-UD3 
Controller Status Logic 1 from the DA Logic O from the DA 
Address bus bus 

UD4 Addressing mode Conventional DA Select Fast Select 

UDS Bidirectional disable Mode A Mode B 
-I -----~------ ·-- ---

UD6 Data entry Synchronous Asynchronous 

DA SIDE UOSIDE 

e-------.. i--------e 

e-------... t--------o 

0-------..... 

Figure 6. Port Direction Summary 

Example 1. Mode A Unprogrammed and Programmed Configurations 

LSB MSB 
0 1 2 3 4 5 6 7 

scoooooooo 
wcoooooooo 
iAEOOOOOOOO 
iC 0000000 

BUS BIT LOCATION 
SIDE 0 1 2 3 4 5 6 7 

UD B B B B B B B B 

DA B B B B B B B ~ L....___ _____ 

LSB MSB 
0 34567 

sc••••oooo wcoooooooo 
iiEODDDDOOD 
iCOOOODDD 

BUS BIT LOCATION 
SIDE 0 1 2 3 4 5 

UD I I I I B B 

DA 0 0 0 0 B B 

6 

B 

B 

Table 6. Mode A Operation (See Note) 

BIDIRECTIONAL INPUT ONLY 

oc IC Function oc Jc Function 

L L High impedance L L High impedance 

L H Output data, clear user status L H High impedance (UD? = VoH) 

H L Input user data, set controller H L Input user data, set controller 
status status 

H H High impedance (UD7 ~ User H H High impedance (UD7 = User 
Status) Status) 

NOTE: 

7 

B 

B 

This table should only be used if the bidirectional fuse is unblown. For UD lines where the input only fuse is 
blown, use the input only side; else use the bidirectional side. 
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Mode B 
Mode B is selected when bidirectional disable 
fuse is blown, configuring the unprogrammed 
SC bank for output only operation from the 
UD bus. (See Table 7.) The user would then 
blow the needed input only fuses to disable 
the output only capability of that UD line, 
making it input only. The line is input only 
from the UD bus and output only from the DA 
bus. (See Example 2). Table 8 gives the 
Mode B operation of the BX470 user inter
face. 

Table 7. Mode B Bus Operation 

INPUT ONLY 
FUSE 
"N" 

Unblown 

Blown 

1 = Input only 
0 ~ Output only 
B = Bidirectional 

WC Bank 

UD "N" DA "N" 

0 B 

I 0 

The WC fuses (CDAO - CDA 7) are used to 
program the Data Address for Conventional 
DA select operations. An unprogrammed WC 
fuse requires a logic 1 at its DA bit location to 
produce an address match. A blown fuse 
requires a logic O at its DA bit location to 
produce an address match. The user can 
then program the data address to be any one 
of the addresses 00 - FF. An unprogiammed 
8X4 70 recognizes a DA address of FF (OO 
within the 8X401) as a data address match. 
See Example 3. 

Example 3. Controller Data Register 
Address 

BUS LSB BIT LOCATION MSB 
SIDE 0 1 2 3 4 5 6 7 

UD D • • • • • • D 

BA The controller status register output is fixed 
at DAO and DA 7 

ME 
The ME fuse (CSLO - CSL7) bank positions 
the output of the Controller Status bit at any 
unblown UD fuse at the same bit locati2n on 
the DA side. In an unprogrammed part>the 
Controller Status output will appear on all 
eight DA lines. See Example 4. 

PROGRAMMING 
Flowchart 1 summarizes the 8X4 70 program
mable features by their function and program-
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Example 2. Mode B Unprogrammed and Programmed Configurations 

LSB MSB 
2 3 4 5 6 7 

scODDDDDDD 
wcODDDDDDD 
MEO DD DD DD D 
ICOODDD•D 

-----, 
BUS BIT LOCATION 
SIDE 0 1 2 3 4 5 6 7 

UD 0 0 0 0 0 0 0 0 

DA B B B B B B B B 

LSB MSB 
3 

scBB••DDDD 
wcO DD DD DD D 
filDDDDDDDD 
ICODDDD•D 

BUS BIT LOCATION 
SIDE 0 1 2 3 4 5 6 

UD I I I I 0 0 0 

DA 0 0 0 0 B B B 

7 

0 

B 

Table 8. Mode B Operation {See Note) 

OUTPUT ONLY INPUT ONLY 

oc re Function oc re Function 

L L Output data, clear User Status L L Input user data, set Controller 
Status 

L H Output data, clear User Status L H High impedance (UD7 = VoH) 

H L High impedance (UD7 = VoH) H L Input user data, set Controller 
Status 

H H High impedance (UD7 = User H H High impedance (UD7 = User 
Status) Status) 

NOTE: 
Table 7 should only be used if the bidirectional fuse has been blown. For UD lines where the input only fuse is 
blown, use the input only side; else use the output only side. 

Example 4. Controller Status Out
put Location 

BUS LSB BIT LOCATION MSB 

SIDE 0 1 2 3 4 5 6 7 

uo • D • • D D • • 
5A 0 1 0 0 1 1 0 0 

Data Register Address: CD (Hex)· 

ming configuration. Flowchart 1 can be used 
before programming as a guide for mapping 
the fuses that need to be blown, to configure 
an 8X470 1/0 port for a particular configura
tion. After the features have been mapped, 
the programming procedure can begin. Each 
bank is programmed in a similar manner, with 
one exception, the TC fuse bank. The IC fuse 
bank has two added considerations; when 
being programmed, any input to UD7 should 
be removed, and the fuse at UD7 should not 
be programmed. Fuses can be verified when 
all programming as been completed or just 
after a fuse has been programmed. During 
verification, a blown fuse acts as a high 
impedance and an unblown fuse acts as a 
VOL. 
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Thus, programming the 8X470 1/0 port can 
be broken down into three stages: 

(1) Pre-Programming 
a. Decide what features the 8X470 is to 

have. 
b. Use Flowchart 1 to determine which 

fuses need to be blown . 
c. Map the fuses to be blown onto a 

diagram, like the one shown below, by 
darkening the squares where fuses are 
to be blown . 

(2) Programming 
Use "map" to blow fuses using the pro
gramming procedure. 

(3) Verify 
Verify that the fuses blown correspond to 
the map, using the verification procedure. 

For an example, see Programming Example. 

UDO UD1 UD2 U03 UE4 UOS U06 UD7 

SC D DO DD [JD D 
WC D D D D DD DD 
ME L.; DO D LJ [] DD 
IC D 0 D DODD 
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L UODESELECT J 
I 

l. ..l 
[ MOOE A ] [ MODES J 
..! l ..! 

.l 
.l. 

uo, BIDIRECTIONAL uo,. INPUT ONLY uo, OUTPUT ONLY UD: INPUT ONLY 
!IA, BIDIRECTIONAL DA: OUTPUT ONLY DA, INPUT ONLY l!A, OUTPUT ONLY 

BANK' IC (UD5) BANK: IC (UD5) BANK' IC (UD5) BANK: lC (UD5) 
FUSE STATUS: UNBLOWN FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN FUSE STATUS: BLOWN 

BANK: SC BANK: SC BANK: SC BANK: SC 
FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN FUSE ~TATUS: UNBLOWN FUSE STATUS: BLOWN 

[CONTROLLER STATUS OUTPUT LOCATION J L CONTROLLER STATUS ADDRESS J 
I _r ..l 

I 
..l ..l 

OUTPUT LOCATED AT THE SAME OUTPUT NOT LOCATED AT THE SAME 
BIT LOCATION OH THE i5A SIDE. BIT LOCATION ON THE iii SIDE. DA LOGIC' 1 DA LOGIC' D 

8X401 LOGIC: D 8X401 LOGIC: 1 
BANK: iC BANK: JC BANK: iii! BANK' iii! 

FUSE STATUS' UNBLOWN FUSE STATUS: BLOWN FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN 

L CONTROLLER DATA ADDRESS J L ADDRESSING MOOE J 
I _r J. 

...1 
..l ..l 

i5A LOGIC' 1 DALOGIC: D 

"'"°'LOGIC: D 8Xol01 LOGIC' 1 
BANK: WC BANK: WC 

CONVENTIONAL DA SELECT FAST SELECT 
BANK' lC (UD4) BANK' IC (UD4) 

FUSESTATIJS' UNBLOWN FUSE STATUS' BLOWN 
FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN 

[ DA.TA ENTRV ] 
::I 

_[ ..l 
SYNCHADNOUS ASYNCHRONOUS 

BANK' IC (UDI) BANK' IC (UDI) 
FUSE STATUS: UNBLOWN FUSE STATUS: BLOWN 

Programming Sequence 

V1= 10V 
1) Vee= 5V, ME, SC, fC =Vol (initial condi-

tions). 
2) re=OC=VOL. 
3) UDO-UD7=Vol· 
4) Raise WC to V1 (programming data ad

dress). 
5) Raise V cc to V 1. 
6) Raise UD lines O - 7 one at a time where 

a fuse is to be blown. 
7) Lower Vee to 5V. 
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Flowchart 1. 

8) Raise OC to V1. 
9) Verify blown fuses on UDO - UD7. These 

act as open collector outputs during veri
fication. An intact fuse is indicated by a 
Vol. a blown fuse by a high impedance. 

10) Lower OC to Vol· 
11) Lower WC to Vol· 
12) Raise ME to V1 (programming status bit 

position). 
13) Repeat steps 5 through 10 above. 
14) Lower ME to VoL· 
15) Raise SC to v1 (programming data bit 

direction). 

687 

16) Repeat steps 5 through 1 O above. 
17) Lower SC to VOL· 
18) Remove any input from UD7. 
19) Raise OC to VoH· 
20) Raise re to V1 (programming status ad

dress and miscellaneous functions). 
21) Repeat steps 5 through 10 above, but do 

not raise UD7 in step 6. 
22) Lower re to Vol· 
23) Lower OC to VoL· 
24) Remove power CV cc = OV). 
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Programming Verification 
Sequence 

Yr= 10V 
1) Vee= 5V, ME, SC, TC= Vol (initial condi-

tions). 
2) TC= OC =Vol· 
3) UDO-UD7 =Vol· 
4) Raise WC to Vt (verifying data address). 
5) Raise OC to V1. 
6) Verify blown fuses on UDO - UD7. These 

act as open collector outputs during veri
fication. An intact fuse is indicated by a 
Vol and a blown fuse by a high imped
ance. 

7) Lower OC to Vol· 
8) Lower WC to Vol· 
9) Raise ME to V1 (verifying status bit posi-

tion). 
10) Repeat steps 5 through 7 above. 
11) Lower ME to Vol· 
12) Raise SC to V1 (verifying bit direction). 
13) Repeat steps 5 through 7 above. 

14) Lower SC to Vm. 
15) Raise Tc to v1 (verifying status address 

and miscellaneous functions). 
16) Repeat steps 5 through 7 above. 
17) Lower TC to Vol· 
18) Remove power (Vee= OV). 

Pre-programming Example 

Stage 1 - Pre-programming 

(a) Features Desired 
Conventional DA 

Addressing Mode: select 
Controller Data 42 (within the 
address: 8X401) 
Controller Status FO (within the 
address: 8X401) 
Controller Status 
Output Location: DAO, DA 7 
Mode of Operation: A 

UDO, UD2, UD4, 
Input only UD lines: UD6 
Data Entry: Synchronous 

Programming Example - Stages 2 and 3 

INITIAL CONDITIONS (V1 = 10V) 

1. Vee= 5V, ME, SC, TC= Vm (initial conditions). 
2. TC= OC =Vol· 
3. UDO - UD7 =Vol· 

DATA ADDRESS 

4. Raise WC to v1. 
5. Raise Vee to V1. 
6. Raise UD1 to VoH to blow a fuse. Repeat of UD6. 
7. Lower Vee to 5V. 
8. Raise OC to V1. 

9. Verify that the fuses at UD1 and UD6 are blown. A blown fuse acts like a 
high impedance and an intact fuse acts like a Vol· 

10. Lower OC to Vol· 
11. Lower WC to Vol· 

CONTROLLER OUTPUT LOCATION 

12. Raise ME to v,. 
13. Repeat steps 5 -10 above for UD1 -UD6. 
14. Lower ME to Vm. 

DATA BIT DIRECTION 

15. Raise SC to V1. 
16. Repeat steps 5 - 10 above for UDO, UD2, UD4, UD6. 
17. Lower SC to Vol· 
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(b)The shaded areas of Flowchart 1 
indicate the selections from pat 'a' 
which require a blown fuse. 

(c) Map 

UD: 
SC 

WC 

ME 
iC 

UD: 
SC 

WC 

i.iE 
iC 

UD: 

SC 

WC 

ME 
iC 

LSB MSB 
01234567 

sc•o•o•o•o wco•oooo•o iiED••••••o 
iC 0 0 0 0 0 0 0 

8X470 CONFIGURATION AFTER 
PROGRAMMING SEQUENCE 

LSB MSB 
0 1 2 3 4 5 6 7 

D D D D D D D D 
D • D D D D • D 
D D D D D D D D 
D D D D D D D 

LSB MSB 
0 1 2 3 4 5 6 7 

D D D D D D D D 
D • D D D D • D 
D • • • • • • D 
D D D D D D D 

LSB MSB 
0 1 2 3 4 5 6 7 • D • D • D • D 
D • D D D D • D 
D • • • • • • D 
D D D D D D D 



Signetics Microprocessor Products Product Specificfflic,r: 

1/0 Port 
------------------------------------··-·--~--·--~--------·----"--·-----·--···· ·--·-· 

Table 9. Programming Examples 

CONFIGURATION 
INPUT/OUTPUT 

CAPABILITY 
CONTROLLER CONTROLLER 

STATUS 
STATUS LSB MSB 

UD Bits: 0 1 2 3 4 5 6 7 
MODE 

POSITif'M 

Example 1 
SC 1- ,= ,- ' r ; UD: 
WC r1 -_ - n n r-1 :-:1 I DA: 
ME no l 
iC '1:-,-r-n 

Enmple 2 
SC r·--; I 1-i '! UD: B B B B B B B B 
WC " ~ D! ·1 DA: B B B B B B B B 
ME • • • • • . -iC [l -, - • -

l 

Example 3 

SC . -- • ' • -- • UD: I B I B 
WC -_1 Cl - = c::: I_ I DA: 0 BO B 
ME • •• • • • I iC 0 :_J L O• 

Example 4 

SC L: n ., 
11 ,_ 11 D ::·1 UD: - Conventional DAO, DA? 

WC ~-_i. -1 r·' n 1·1 • ··1 DA: DA Select 
ME o• •• • • • ~ 
IC -- c-1 D n ., •• 

Example 5 
SC ••••1-l'J=n 
wc -• 11nn•r: 

U D: I I I I 0 0 0 0 Asynchronous 
DA: 0 0 0 0 B B B B 

ME u • • • • • • ,, 
iC rcno=Cl•• 

ABSOLUTE MAXIMUM RATINGS 

SYMBOL PARAMETER 

Vee Power supply voltage 

V1N Input voltage 

Vo Off-state voltage 

Tsrn Storage temperature range 

ORDERING INFORMATION 

April 1986 

+-_f"IArl_ 
+7 

I +5.5 ±+5." 
65 to 

N_9_±-,-_:iMIT l. 
Voe 

- ·------i 

I Voe I 
I '·Jue _J 

----~~--! 
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P.[J:i)RESS 
(within the 

8•401) 

x 

x 

FO 

FO (Hex) 

UU l_H8X) 

x /\ 

)( 

B 

42 (Hex) [] 



Signetics Microprocessor Products Product Specification 

1/0 Port 8X470 

DC ELECTRICAL CHARACTERISTICS (Vcc=5V +5%; 0°c,;;;;rA,;;;;70°C) 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

V1L Low level input voltage Vee= Min 0.8 v 
V1H High level input voltage Vee= Max 2.0 v 

Vee= Min 
Vol Low level output voltage loL = 16 mA from DA bus 0.55 v 

loL = 24 mA from UD bus 

VoH High level output voltage Vee= Min, loH = -3mA 2.5 v 
VcL Input clamp voltage Vee= Min, l1N = -10mA -1.5 v 
l1L Low level input current Vee= Max, V1 = 0.4V -0.4 mA 

l1L Low level input current for IC, ME, SC Vee= Max, V1 = 0.4V -0.7 mA 

l1H High level input current Vee= Max, V1 = 2.7V 20 µA 

lozL High-Z output current (low level) Vee= Max, Vo= 0.4V -0.4 mA 

lozH High-Z output current (high level) Vee= Max, Vo= 2.7V 50 µA 

los Short circuit output current Vee= Min -30 -140 mA 

Ice Supply current Vee= Max 220 mA 

Vee Supply voltage 4.75 5.00 5.25 v 

DC FUSING CHARACTERISTICS 

LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

VF Fusing voltage Applies to Vee. SC, WC, ME and TC only 9.5 11.5 v 

IFB Fuse bank current 
ME or SC or WC, IC= 11.5V 

mA 
(Only one bank at a time can equal 11.5V) 

lccF Fusing current 
Vee= 11.5V, ME or SC or WC or IC= 11.5V 

mA 
(Only one bank at a time can equal 11.5 V) 

TEST LOADING CIRCUITS 

UDBUS DA BUS 

+5V +5V 

162Q 237Q 

OUTPUT OUTPUT 
UNDER 0-....... -.--~ 

TEST 
UNDER O-+-+----. 

TEST 

124Q 100pF 169Q 100pF 
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1/0 Port 8X470 

AC ELECTRICAL CHARACTERISTICS (Vee=5V +5%; 0°c<TA<70°C) (See Note 1) 

REFERENCES LIMITS 
SYMBOL PARAMETER TEST CONDITIONS UNIT 

From To Min Max 

Pulse Widths: 

twMe MCLK pulse width CS=MS= Low 25 ns 

tw1e IC/QC pulse width ME- High 25 ns 

Propagation Delays: 

tpuooA Propagation delay from UD to DA UD DA 35 ns 

tp1eoA Propagation delay from IC to DA iC ! DA 35 ns 

lpMeOA Propagation delay from MCLK to DA MCLK f DA 35 ns 

IPDAUD Propagation delay from DA to UD DA UD 35 ns 

tpMeuo Propagation delay from MCLK to UD MCLKT UD 35 ns 

Setup Times: 

tsse Setup time for SC SC f MCLK f 5 ns 

tswe Setup time for WC wet MCLK f 5 ns 

ls ME Setup time for ME MET MCLKT 5 ·jtj tsoA Setup time for DA DA MCLKT 0 ns 

ts1e Setup time for IC/QC 1cT MCLKT 0 ns 

tsurne Setup time to enable IC UD IC! 0 ns 

Hold Times: 

IHse Hold time for SC MCLKl SC! 0 ns 

MCLKT we! 
·--j 

tHwe Hold time for WC 0 L~ 
tHME Hold time for ME MCLKT MET 0 ns 

tH1e Hold time for IC/QC MCLKT 1cT 0 ns 

IHUDle Hold time for between IC and UD iC t UD 15 ns 

IHDA Hold time for DA bus MCLK ! DA 10 ns 

Enable Times: 

IE1e Enable time for IC 1cT UD output 24 ns 

tEME Enable time for ME MET DA SC=WC=Low 24 ns 

IESe Enable time for SC SC! DA WC= ME= Low 24 ns 

I Ewe Enable time for WC WC J, DA SC= ME Low 24 ns 

tES1e Enable time for user status 1cT UD7 24 ns 

tFESe 
Enable time for data in the fast select 

SC f DA 24 ns 
mode 

lFEME 
Enable time for the controller status in 

ME f DA 24 ns 
the fast select mode 

Disable Times: (see note 2) 

lrne Disable time for IC iC ! UD bus tri-stated 45 ns 

IDME Disable time for ME MET DA bus tri-stated 40 ns 

lose Disable time for SC scT DA bus tri-stated 40 ns 

!owe Disable time for WC WC f DA bus tri-stated 40 ns 

tos1e Disable time for user status 1cr UD7 tri-stated 40 ns 

trnse 
Disable time for data in the fast select SC! DA bus tri-stated 40 ns 
mode 

IFDME 
Disable time for controller status in the 

ME! ID\ bus tri-stated 40 ns 
fast select mode 

NOTES: 
1. Input levels swing from OV to 3V with Outputs measured at 1.5V. 
2. These parameters are measured with a capacitive loading of 100pF. 

April 1986 691 



Signetics Microprocessor Products Product Specification 

1/0 Port 8X470 

8X470 Timing for the Conventional DA Select Addressing Mode 

MCLK 

SC _J ! : ~ 1--tssc-: l---<HSC---1 .._ ______ _._ ____ ..._ ____ _ 
I I 

WC 

ME 

0. 

I uo 

I 
I 
I 

L_ 

: : -Y I,: : ~ 
\ : ' 1-tswc-I ~ ._ ___ _ 

1-1-•s•E l--•H•e---1,.----..... I 

~! I -jf '-.i 
:-\-tsOA f-----IHOA----j : 

~--~~~~~~~~~-J~ 
:~ 

8X470 Timing for the Fast Select Addressing Mode i--·-·-
1 

I 

ENABLE CONTROLLER S'fATUS REGISTER 

I -/,------~ 
------.1 I :-----.._----1----

i----il( >-I 
l!li ----------( - I 

Enable and Disable Timing at the DA Ports 

~ }f I ------------I .____te ___.. '--10_..., 

I k >.---
Enable and Disable Signal Summary 

PARAMETERS 
SIGNAL CONDITIONS AFFECT 

Enable Disable 

ME tEME !oME SC=~~= LOwJ READ 
WC tEWC !owe SC= ME= LOW READ 
SC lESc lose WC=ME=LO~ READ 
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1/0 Port 8X470 

Enable and Disable Timing at the UD Ports 

I 

USER STATUS REGISTER (Cle= HIGH) 

8X470 Timing-Propagation Delays, Pulse Widths and Hold Times 
-------------~ 

MCLK 

I 
w~tf.f!srcs I 

------------------------------ ----· _ _J 
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SigneHcs Microprocessor Products 

1/0 Port 

8X470 Fuse Coding Sheet 
This coding sheet is intended to assist in determining the fuse coding of an 8X470 
Programmable 1/0 Port for a particular application. Use of this sheet requires some prior 
knowledge of the 8X470 fuse-programmable functions. Refer to the BX470 Data Sheet for 
more information. To produce a fuse code, simply follow the steps below. Some of the 
information will start out in binary form, and must later be converted to hexadecimal. The chart 
at the right is provided to simplify the conversion process. 

1. For conventional (DA bus) port selection, choose a Controller Data Address in the range of O 
to FF hexadecimal. Write the address in the space to the right. If Fast Select will be used, 
enter 00. 

2. Pick the Controller Status Locations. Write a 1 in those positions where status should NOT 
appear and O in the other positions. 

3. Select any bit positions that are to be programmed as input only. Write a 1 in any positions 
that should be input only, O in the other positions. 

4. For conventional (DA bus) port selection, choose the Controller Status Address in the range 
of FO to FF hexadecimal. Write the bottom digit (0 to F) of the address in the space to the 
right. If Fast Select mode will be used, enter a 0. 

5. If the BX470 will be used in the Fast Select mode (as opposed to the conventional select 
mode), enter a 1 in the space to the right, otherwise enter a 0. 

6. If the BX470 will be used in the directional mode (Mode B) rather than the bidirectional mode 
(Mode A), enter a 1 in the space to the right, otherwise enter a 0. 

7. If it is desired that data be written to the 8X470 from the User Bus asynchronously with 
respect to MCLK, enter a 1 in the space to the right, otherwise a O should be entered. 

8. Copy the data from lines 4 through 7 into the boxes to the right. As noted, the first bit is 
always a zero. The four bits plus the single hex digit form one byte of programming data. 

9. Copy the data from lines 1 to 3 and 8 into the spaces on the right, converting any binary data 
to hexadecimal. This is the data that is required to order or field-program an 8X470. 
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Binary to Hex Conversion 

0000 - 0 1000 - 8 
0001 - 1 1001 - 9 
0010 - 2 1010 - A 
0011 - 3 1011 - B 
0100 - 4 1100 - c 
0101 - 5 1101 - D 
0110 - 6 1110 - E 
0111 -7 1111 - F 

WC -

7 6 5 4 3 2 0 
ME -

7 6 5 4 3 2 0 
SC -

IC -

IC -

IC -

IC -

l 
IC - 0 DOD D 

Fuse Code: 
WC ME SC jQ 



l __ 8T3-1 --

8-BIT LATCHED BIDIRECTIONAL 1/0 PORT Originally published by Signetics January 1984 

FEATURES 
• Dual bldlrectlonal ports 
• Independent port operation (User-port 

priority for data entry) 
• User data Input synchronous 
• At power-up, User-port outputs ara 

high and Microprocessor-port outputs 
are hlgh·Z 

• Three-state TTL outputs for hlgh·drlve 
capabllltles 

• Dlrectly compatlble with 8X300 
Mlcrocontroller 

• Slngle +SV supply 

PRODUCT DESCRIPTION 
The 8T31 is an B·bit bidirectional data register 
designed to function as Input/Output interface 
elements in microprocessor systems. 

LOGIC DIAGRAM 

Each part contains eight clocked data latches 
that are accessible from either a microproc· 
essor port or a user port. Separate 110 control 
is provided for each port. The two ports operate 
independently, except that when both are at· 
tempting to input data into the data latches, 
the User port (UDO-UD7) has priority. The mas· 
ter enable (ME) signal enables or disables the 
microprocessor bus regardless of the state of 
the other inputs but has no effect on the user 
bus. 

A unique feature of these parts is their ability 
to start up in a predetermined state. If the clock 
is maintained at a level of less than 0.8 volts 
until the power supply reaches 3.5 volts, all bits 
of the user port will wakeup at a "logic 1" level 
and those of the microprocessor port will 
wakeup in the high-impedance state. 

r-----------------, 

UD 0 

BOC 

iiC 

I I 
I I 
I I 
I I 

ONE OF EIGHT 
BIT SLICES 

iiC 
WC 

MCLK 

ME 

PIN CONFIGURATION 

N PACKAGE 

Vee 

IV7 

IV& 

IVS 

IV4 

IV3 

IV2 

IV1 

IVO 

WC 

AC 

MCLK 

TOP VIEW 

ORDER NUMBERS 
N8T31N, NSX31N 
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--8T3_1_J 
PIN DESIGNATION 

PIN SYMBOL NAME AND FUNCTION TYPE 

1-8 UDO-UD7: User Data 1/0 Lines. Bidirectional data lines to Acitve high 
communicate with user's equipment. three-state 

16-23 IVO-M: Microprocessor Bus. Bidirectional data lines to Active low 
communicate with controlling digital system. three-state 

10 BIC: Input Control. User input to control writing into Active low 
the 1/0 Port from the user data lines. 

9 soc: Output Control. User input to control reading Active low 
from the 1/0 Port onto the user data lines. 

11 ME: Master Enable. System input to enable or dis- Active low 
able all other system inputs and outputs. It has no 
effect an user inputs and outputs. 

15 WC: Write Command. When WC is high, stores con- Active high 
tents of IVO-IV7 as data. 

14 RC Read Command. When RC is low, data is Active low 
presented on IVO-IV7. 

13 MCLK: Master Clock. Input to strobe data ·into the Active high 
latches. See .function tables for details. 

24 Vee: SV power connection. 

12 GND: Ground. 

Table 1. USER PORT CONTROL FUNCTION 

BIC BOC MCLK USER DATA BUS FUNCTION 

H L x Output Data 
L x H Input Data 
H H x Inactive 

H = High Level L = Low Level X = Don't care 

Table 2. MICROPROCESSOR PORT CONTROL FUNCTION 

i.tE RC WC MCLK BIC MICROPROCESSOR BUS 
FUNCTION 

L L L x x Output Data 
L x H H H Input Data 
x H L x x Inactive 
x x H x L Inactive 
H x x x x Inactive 

696 

USER DATA BUS CONTROL 
The activity of the user data bus is con
trolled by the BIO and· BOC inputs as shown 
in Table 1. 

The user data input is a synchronous func
tion with MCLK. A low level on the BIO input 
allows data on the user data bus to be 
written into the data latches only if MCLK is 
at a high level. A low level on the BIC input 
allows data on the user data bus io be 
latched regardless of the level of the MCLK 
input. 

To avoid conflicts at the data latches, input 
from the microprocessor port is inhibited 
when BIO is at a low level. Under all other 
conditions the 2 ports operate independ
ently. 

MICROPROCESSOR 
BUS CONTROL 
As is shown in Table 2, the activity of the mi
croprocessor port is controlled by the ME, 
RC, WC and BIC inputs, as well as the state 
of an internal status latch. BIO is included to 
show user port priority over the microproc
essor port for data input. 

BUS OPERATION 
Data written into the 8T31 from one port will 
appear inverted when read from the other port. 
Data written into the 8T31 from one port will 
not be inverted when read from the same port. 



8-bit latched bidirectional 1/0 port 8T31 

DC ELECTRICAL CHARACTERISTICS Vee= 5V ± 5%, o•c :5 TA :s; 10°c unless otherwise specified. 

PARAMETER TEST CONDITIONS 

Input voltage: 
VrH High 
VrL Low 
Vrc Clamp 11 = 5mA 

Output voltage: Vee = 4.75V 
VOH High 
VOL Low 

Input eurrent1: Vee = 5.25V 
frH High VrH = 5.25V 
frL Low V1L = .5V 

Output current2: 
los Short circuit Vee= 4.75V 

UD bus 
IV bus 

Ice VCC supply current Vee = 5.25V 

NOTES 

1. The input current includes the three-state/open collector leakage current of the output 
driver on the data lines. 

2. Only one output may be shorted at a time. 

PARAMETER MEASUREMENT INFORMATION 

LOAD CIRCUIT FOR THREE-STATE OUTPUTS 

ALL DIODES 
ARE 1N914 

Sl OR EQUIVALENT $2 

Vee ~ --o__,,_,Dt--f)J--Cll-..--<l_ 

FROM 

TEST 
POINT 

e~b~~T ---~--i 
TEST 

NOTE CL includes fixture capacitance 

H I 51 OPEN 
· H I 52 CLOSED 

L I ST CLOSED 
l I 52 OPEN 

· Z I ST CLOSED 
Z J 52 CLOSED 

CLOCK PULSE WIDTH 

MCLK 

LIMITS 

Min Typ 

2.0 

2.4 

<10 
-350 

10 
20 

100 

INPUT WAVEFORM 

DATA DELAY TIMES 
Clock Referenced 

Max 
UNIT 

v 

.8 
-1 

v 

.55 
µA 

100 
-550 

mA 

150 mA 

-··"~I 
'\·· -----



8T31 

AC ELECTRICAL CHARACTERISTICS 0°cs TA s 10°c, Vee~ 5V ± 5% 

TEST 
PARAMETERS INPUT CONDITIONS 

uo x 
lpo User data relay1 MCLK CL= 50pF 

toe User output enable BOC CL= 50pF 

loo User output disable 
BIC 

CL - 50pF BOC 

lpo µP data delay1 
IVX 

CL= 50pF MCLK 

ME 

loe µP output enable RC CL = 50pF 
WC 

ME 
loo µP output disable RC CL = 50pF 

WC 

lw Minimum pulse width MCLK 

UD X3 

BIC 

Minimum setup time2 
iVX 

lsETUP ME 
RC 
WC 

UD X3 

BIC 

!HOLD Minimum hold time2 
IV X 
ME 
RC 
WC 

NOTES 
1. Data delays referenced to the clock are valid only if the input data is stable at the arrival 

of the clock and the hold time requirement is met. 
2. Set up and hold times given are for "normal" operation.lJTC setup and hold times are for 

a user write operation. RC setup and hold times are for an 1/0 Port select operation.liAE 
and WC setup and hold times are for a microprocessor bus write operation. 

3. Times are referenced to MCLK. 

VOLTAGE WAVEFORMS 

SETUP AND HOLD TIMES 

MCLK-------- ,---------

BIC ----7"° - - _,t.._:_V--------
i--- 1SETUP -f-- 1HOLD r----

1 
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LIMITS 

Min Typ Max 
UNIT 

25 38 
45 61 

18 26 47 

18 28 35 
16 23 33 

38 53 
48 61 

14 19 25 

13 17 32 

40 

15 
25 
55 
30 
30 
30 

25 
10 
10 
5 
5 
5 

OUTPUT ENABLE AND DISABLE TIMES 
(Three-State Outputsl 

ns 
ns 

ns 

ns 
ns 

ns 
ns 

ns 

ns 

ns 

ns 

ns 

LOW LEVEL 

~~~~~~ -\~/~G:::V:L 
-':'~-I-----_J~ABLING 

DATA 
OUTPUT1 

DATA 
OUTPUT2 

;-toe--1 j-100--' 

I I I 
I I 

._._"'""'""-'--'--'"----+I_..,,....,_....__ -vol 

1-'oo-! 
WAVEFORM •115 FOR AN OUTPUT WITH INTERNAL CONDITIONS SUCH THAT THE 
OUTPUT IS LOW WHEN THE THREE·STATE DRIVER IS ENABLED. WAVEFORM •2 IS 
FOR THE OPPOSITE CONDITION. 



8T32/8T36 

8-BIT LATCHED ADDRESSABLE BIDIRECTIONAL 1/0 PORT 

FEATURES 
• Independent port operation (user-port 

priority for data entry) 

• User data input available as synchronous 
(8T32) or as asynchronous (8T36) 

• User data bus available with three-state 
(8T32, 8T36) 

• At power-up, user-port outputs are high 
and microprocessor-port outputs are 
high·z; status latch (from address com· 
pare) is also cleared at power-up 

• Three-state TTL outputs for high-drive 
capabilities 

• Directly compatible with SX300 micro
controller 

• Single + 5V supply 

PRODUCT IDENTITY 
8T32- Three-state, field-programmable 

(addresses 0-255), synchronous 
user port. 

a T 3 6 -Three-state, field-programmable 
(addresses 0-255), asynchronous 
user port 

Originally published by Signetics January 1984 

PRODUCT DESCRIPTION 
8T32/8T36. Each of these 1/0 Bytes is an 
addressable and bi-directional register 
designed for use as an interface element in any 
system with TTL-compatible buses. (Note. 
Since these 1/0 Bytes are frequently used with 
the 8X300 Microcontroller and its associated 
Interface Vector bus, the 8T32-8T36 family of 
parts are commonly called IV Bytes.) Each 1/0 
Byte contains eight identical data latches (Bits 
O through 7); the latches are accessed from 
either of two 8-bit ports-one port connecting 
to the microprocessor (8X300) and the other 
port connecting to the user device. 

Separate controls are provided for each port 
and the two ports operate independently, ex
cept when both attempt to input data at the 
same time; in this case, the user port bus has 
priority. 

The address of each 1/0 Byte 1s field
programmable and the microprocessor port is 
accessed when a valid address is received; the 
user port is accessible at all times. A selected 
Byte is automatically deselected when the ad
dress of another 1/0 Byte is sensed on the ad
dress/data bus. A Master Enable (ME) input 
is available for use as a ninth address bit, 
allowing direct access to 512 1/0 Bytes without 
address decoding. 

A unique feature of these parts is their ability 
to start up in a predetermined state. II the clock 
is maintained at a level of less than 0.8 volts 
until the power supply reaches 3.5 volts, all bits 
of the user port will wakeup at a "logic 1" level 
and those of the microprocessor port will 
wakeup in the high-impedance state. 

PIN CONFIGURATION 

TOP VIEW 

ORDER NUMBERS 

CONTACT LOCAL SALES AEPAESENA11VE 

A stock of 8T32s and 8T36s with addresses 
"1" through "10" are maintained in inventory; 
with a longer lead time, a small quantity of ad
dress "11" through "50" are also available. 
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8T32/8T36 

TYPICAL BLOCK DIAGRAM 

UDO 

I -- - -- - -- -:;- OF a BiT"sL1CeS - - - - -, 
I I 
I I 
I I 
I 

~++-+-++++>--+-<,...._- SC 
+tt---t-t-+--- WC 

*Switd' indicates synchronous/asynchronous user write option Switch shown for synchronous version 

700 August 



8-bit latched addressable bidirectional 1/0 port JI 

L 8T32/8T36 

---------·--------------·----------· -----------------
PIN DESCRIPTION 

,__P_l_N_....-_S_Y_M_B_O_L_+-N_A_M_E_A_N_D_F_U_NC~-;-0-N-------·-~ TYPE 

1-8 UDO-UD7 User Data 1/0 Lines B1direct1onal data l~nes.to I Active high 
communicate with users equipment. Either tri- I 

16-23 IVO-IV7 

10 BIC 

9 

11 ME 

15 

I 
WC 

14 SC 

13 MCLK 

24 vcc 

state or open collector outputs are available. 

Microprocessor Bus. Bidirectional data lines to 
communicate with controlling digital system 
(microprocessor) 

Input Control. User input to control writing into 
the 1/0 Port from the user data lines 

Output Control User input to control reading 
from the 1/0 Port onto the user data lines. 

Master Enable System input to enable or d1s·
able all other system inputs and outputs 
It has no effect on user inputs and outputs 

Write Command. When WC 1s high and SC is 
low, 1/0 Port, if selected, stores contents of 
IVO-IV7 as data. 

Select Command. When SC 1s high and WC 1s 
low, data on IVO-IV7 is interpreted as an address 
1/0 Port selects itself if its address 1s identical 
to µP bus data; it de-selects itself otherwise 

Master Clock Input to strobe data into the 
latches. See function tables for details 

Active low 
three··state 

Active low 

Active low 

Active low 

Active high 

Active high 

Active high 

I 
I 

I 

I 
I 
I 
I 12 

J 5V oower connect,on 

GND Ground _________ l _____ J 

Table 1. USER PORT CONTROL FUNCTION 

, --B-IC--+---B-~LO ~-MCX-LK---,..---U-S_E_R_D_A_T_A_B __ U_S_F __ U __ N_C_TIO-N---~-, 
~· 8T32 ~--~T36 

H Output .Data Output Data 
L x H !nput D.-ata Input Data I 

X L Inactive l Input Data 

c_ ___ H __ ~ __ H ___ _l_:<---~---~~~~v__~----- ·-----~~~~~_____..] 
H - High Level L - Low Level X Don't care 

Table 2. MICROPROCESSOR PORT CONTROL FUNCTION 

-
WC MCLK ME SC 

L 

1 
L L x 

L L H H 
L H L H 
L 1-1 H H 
L H H H 
l x 1-1 L 
l 1-1 x L 
l L H H 
L L x x 
H x x x 

-F-~----STATUS 1/0 PORT 
C LATCH FUNCTION 
·- --- ---·----· 

SET Output Data 
H SET Input Data 
X X Input Address 
L X Input Address 
H X Input Data and Address 

X I X Inactive 
X X Inactive 

L l X Inactive 
X Not Set Inactive 
X X Inactive 

---· -

USER DAT A BUS 
The activity of the 
trolled by the Bic and 
in Table 1. 

data bus is con 
inputs as shown 

For the 8T32, user data input is a sv11ct1ronrnJs 

function with MCL.K. A lovv !eve! on the in-· 
put allows data on the user data bus to be wnt
ten into \he data latches only !i MCLK is at a 
high level. For the 8T36, user data input is an 
asynchronous function. A low level on the sTC: 
input allows data on the user data bus to be 
latched regardless of the level of the MCLK in
put. Note that when the 8T36, is used with the 
8X300 Microcontroller, care must be taken to 
insure that the Microprocessor bus is stable 
when it is being read by the 8X300 
Microcontroller. 

To avoid conflicts at the Data Latches, input 
from the Microprocessor Port is inhibited wlien 
BfC is at a low !evel. Under all other conditions 
the two pmts operate independently 

MICROPROCESSOR 
BUS CONTROL 
As is shown in Table 2, the activity of the 
microprocessor port is controlled by the ME. 
SC, WC, and BIG inputs, as well as the state 
m' an internal status latch. BTC is included to 
show user port priority over the microprocessor 
port tor data input. 

Each 110 Port's s1atus latch stores the result 
of the most recent 1/0 Port select; it is set when 
the 1/0 Port's internal address matches the 
Microprocessor Bus. lt is cleared when an ad
dress that differs from the irnernal address is 
presented on the f111icroprocessor Bus. 

In normai operation, the state the status 
latcl-, acts like a master enable; 
microprocessor port can transfer data only 
when the status latch is set 

When SC and WC are both data on the 
Microprocessor Bus is accepted as data, 
whelher or not the 110 Port was selected. The 
data is also interpreted as an address. The 110 
Port sets its select status its address matches 
the data read when SC and WC were both 
high; it resets its select statuS: otherwise. 

BUS OPERATION 
Data written into the 1/0 Port fmm one port will 
appear inveiied when read from the other port .. 
Data written into the 110 Port from one port will 
not be inverted when read irom the same port. 
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8T32/8T36 J 
AC ELECTRICAL CHARACTERISTICS 0°c-s TA -s 10°c, Vee= sv ± 5% 

PARAMETER 

'Po User data delay (Note 1 ) 

10E User output enable 

100 User output disable 

1PD µP data delay (Note 1) 

10E µP output enable 

100 µP output disable 

tw Minimum pulse width 

1SETUP Minimum setup time 

1HOLD Minimum hold time 

• Applies for 8T32. 
t Applies for 8T36. 

INPUT 
TEST 

CONDITION 

UD X 
MCLK• CL= 50pF 
BiCt 

BOC CL= 50pF 

BiC 
CL= 50pF BOC 

TVX 
CL= 50pF 

MCLK 

ME 
SC CL= 50pF 
WC 

ME 
SC CL= 50pF 
WC 

MCLK 
BiCt 

UD XO 
sic· 
wx 

(Note 2) 
ME 
SC 
WC 

UD XO 
BTC· 
TVX 

(Note 2) 
ME 
SC 
WC 

D Times are referenced to MCLK for 8T32, and are referenced to BIC for 8T36. 

NOTES: 

Min 

18 

18 
16 

14 

13 

40 
35 

15 
25 
55 
30 
30 
30 

25 
10 
10 
5 
5 
5 

LIMITS 

Typ Max 

25 38 
45 61 
40 55 

26 47 

28 35 
23 33 

38 53 
48 61 

19 25 

17 32 

1. Data delays referenced to the clock are valid only if the input data is stable at the arrival of the clock and the hold time requirement is met. 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

2. Set up and hold times given are for "normal" operation. BIC setup and hold times are for a user write operation. SC setup and hold times are for 1/0 Port 
select operation. ME setup and hold times are for both IV write and select operations. 
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8-bit latched addressable bidirectional 1/0 port 8T32/8T36 

DC ELECTRICAL CHARACTERISTICS 0°e s TA s 10°e, Vee" 5V ± 5% 

PARAMETER TEST CONDITIONS 
LIMITS 

UNITS 
Min Typ Max 

V1H High-level input voltage 2.0 5.5 v 
V1L Low-level input voltage -1.0 .8 v 
VcL Input clamp voltage 11 = -5mA -1.0 v 
l1H High-level input current' Vee - 5.25V <10 100 µA 

V1H = 5.25V 

iiL Low level input current' Vee= 5.25V -350 -550 µA 
V1L = .5V 

VoL Low-level output voltage Vee= 4.75V .55 v 
loL = 16mA 

VoH High-level output voltage Vee= 4.75V v 
loH = -3.2mA 2.4 

los Short-circuit output current' 
UD bus Vee= 4.75V 10 mA 
IV bus Vee= 4.75V 20 mA 

Ice Supply current Vee= 5.25V 100 150 mA 

NOTES 

1 The input current includes the Three-state/Open Collector leakage current of the 

output driver on the data lines 

Absolute Maximum Ratings: 
Supply vo1tage' 7V 

5.5V 2 Only one output may be shorted at a time 
3 These limits do not apply during address programming 

TEST LOAD CIRCUIT 
(OPEN COLLECTOR OUTPUTS) 

Vee 
~ 

~ 390Q 

OUTPUT "O--t-+-C•L---vU TEST POINT 

NOTE: CL includes fixture capacitance. 

VOLTAGE WAVEFORMS 

INPUT WAVEFORM 

Input voltage' 

TEST LOAD CIRCUIT 
(THREE-STATE OUTPUTS) 

ALL DIODES 
ARE 1N914 

390Q S1 OR EQUIVALENT S2 

Vee 0-'VVV--0 

FROM 

TEST 
POINT 

~~~=~T ___ ._ __ __,. 
TEST 

1KQ 

NOTE: CL includes fixture capacitance. 

l 
L - H S1 OPEN 
Z -- H S2 CLOSED 
H - L 51 CLOSED 
Z-L S20PEN 
L __,. Z $1 CLOSED 
H -+ Z 52 CLOSED 

CLOCK PULSE WIDTH 
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8T32/8T36 

VOLTAGE WAVEFORMS (Cont'aJ 

DATA DELAY TIMES 
Input Data Reference 

1.•vV--~.sv 
INPUT DATA __;f~ I I~ 

tpo k--tpo 
OUTPUT DATA - I Jc 

OUTPUT 
DATA 

1 5V 

MCLK 

DATA DELAY TIMES 
Clock Referenced 

INPUT DATA ______ _,/ 
,..,_tpo-

1.SV 

OUTPUT DATA 

,----
' 8T35 ANO 8T36 

\_ 
l.SV 

!----------------------------+--------------------------+ 
SETUP AND HOLD TIMES 

kr--· 

v 

sic~-------' I ,. 
: .,,_ tsETUP • ..,__ 'iMOlD 

~
-""' r----

\ I 
1.5V 1.5V 

DAYA t\ND \ I 
CONTROL 'ti.. - - -· - ~ ~ .I 

104 

OUTPUT ENABLE AND DISABLE TIMES 
!Three-State Outputs! 

~~..-.-...~--------...,...,-~-voH 

DATA:/ : 
OUTPUT 2 / 

Waveform #1 is for an output with internal conditions such that the out· 
put 1s low when the three-state dnver is enabled. Waveform #2 is for 

the opposite cond1t1on. 



8-bit latched addressable bidirectional 1/0 port l-•~8-T-32_/_8T_3_6~~~ 
ADDRESS PROGRAMMING 
The 110 Port is manufactured such that an 
address of all high levels ( > 2V) on the 
Microprocessor Bus inputs matches the Port's 
internal address. To program a bit so a low
level input ( < 0.8V) matches, the following pro
cedure should be used: 

1. Set all control inputs to their inactive state 
(BIC = BOC = ME = Vee· SC = we = 
MCLK = GND). Leave all Microprocessor 
Bus l/O_pins open. 

2. Raise Vee to 7.75V ± .25V. 
3. After Vee has stabilized, apply a single 

programming pulse to the user data bus bit 
where a low-level match is desired. The 
voltage should be limited to 18V; the cur
rent should be limited 75mA. Apply the 
pulse as shown in Figure 1. 

4. Return Vee to OV. (Note 1). 
5. Repeat this procedure for each bit where 

a low-level match is desired. 
6. Verify that the proper address is pro

grammed by setting the Port's status latch 
(IVO-IV7 = desired address, ME = WC = 
L, SC = MCLK = H). If the proper address 
has been programmed, data presented at 
the µP bus will appear inverted on the user 
bus outputs. (Use normal Vee and input 
voltage for verification.) 

After the desired address has been pro
grammed, a second procedure must be fol
lowed to isolate the address circuitry. The pro
cedure is: 

ADDRESS PROGRAMMING PULSE 

VccP~J'\_7.75V 
:--<1 SEC.--: OV 
I I 

ADDRESS~O% _re_ 18V 
PROGRAMMING I 

PULSE UD 0-UD 7 I · 
10% . : ~ ov 
-----ltrl- i• 1ms-1 

100ns >lr >1µ5 

Figure 1 

PROTECT PROGRAMMING PULSE 

14V 

PROTECT~O% _FL PROGRAMMING , _ t 
PULSE UD 0-UD 7 ; 

10% I : : OV 

-it,1- tr>100µS f+-<1mS-+J 

Figure 2 

1. Set Vee and all control inputs to OV. (Vee = 
BIC = BOC = ME = SC = WC = MCLK 
= OV). Leave all Microprocessor Bus 110 
pins open. 

2. Apply a protect programming pulse to every 
user data bus pin, one at a time. The 
voltage should be limited to 14V; the cur
rent should be limited to 150mA. Apply the 
pulse as shown in Figure 2. 

3. Verify that the address circuitry is isolated 
by applying 7V to each user data bus pin 
and measuring less than 1 mA of input cur
rent. The conditions should be the same as 
in step 1 above. The rise time on the 
verification voltage must be slower than 
100µs. 

PROGRAMMING SPECIFICATIONS1 

TEST LIMITS 
PARAMETER CONDITIONS UNITS 

Min Typ Max 

Veep Programming supply voltage 
Address 7.5 8.0 v 
Protect 0 v 

lccP Programming supply current Veep = 8.0V 250 mA 

Max time Vccp>5.25V 1.0 s 

Programming voltage 
Address 17.5 18.5 v 
Protect 13.5 14.0 v 

Programming current 
Address 75 mA 
Protect 150 mA 

Programming pulse rise time 
Address .1 1 µS 
Protect 100 µS 

Programming pulse width .5 1 ms 

NOTE 

1. lf all programming can be done in less than 1 second, Vee may remain at 7.75V tor the entire programming cycle. 
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813218136 

APPLICATIONS 
Figure 3 shows some of the various ways to 
use the 1/0 Port in a system. By controlling the 
BIC and BOC lines, the device may be used 
for the input and output of data, control, and 
status signals. 1/0 Port 1 functions bidirec
tionally for data transfer and 1/0 Port 2 provides 
a similar function for discrete status and con
trol lines. 1/0 Ports 3 and 4 serve as dedicated 
output and input ports, respectively. 
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IV 0-IV 7 

MCLK, 

SC, WC 

RB 
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SIGNETICS 
8T32 

~ 
UDO-U07 

~ 1/0 PORT 1 

ME 
BIC 

BOC 

1/0 PORT 2 

z 
0 
;:: 
0 
w 

BIC z 
z 

BOC 
0 
0 
0: 
w en 
:> 

UDO-UD7 
110 POAT 3 

ME Vee 

BOC BIC 

-=-

~ 
UDO-UD7 

110 PORT 4 

ME Vee 

-=-

Figure 3 
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PRODUCT SUPPORT 

SUPPORT FACILITIES 
The 8X300 Family is strongly supported with 
Development Systems, Support Software, 
Applications, Training and Documentation. 
Together, this support provides the user with 
a powerful set of tools to evaluate, design, 
debug, and implement a simple or complex 
system. 

DEVELOPMENT SYSTEMS 
EZ-PRO (Manufactured by American Automation) 
• Universal Development System 
• Relocating macroassembler 
• Full speed in-circuit emulator/debugger 
• Maximum memory support 
8X305 ICEPACK (Manufactured by Sigen Corp.) 
• Full speed in-circuit emulator/debugger 
• RS-232 interface to CP/M or lntellec 
• 4K word memory/8-bit extended microcode 
• Low cost 

USER 
SYSTEM 

8X300 FAMILY 

Originally published by Signetics January 1984 

Signetics 8X305 Prototyping System 
• Single board module 
• RS-232 interface 
• Resident monitor 
• 256 to 4096 words of Writable Control 

Storage 
• Minimum cost 

SOFTWARE 
MCCAP CrossAssembler 
• Full function macroassembler 

Free format source code 
- Symbolic address assignment 
- Nested macro support 
- Cross-reference table 
- Supports extended microcode 

• Multiple output formats 
• Available in two versions 

FORTRAN source code 
- lntellec/ISIS object code 

PROM/ROM 
PROGRAM 
STORAGE 

INSTRUCTION 

ADDRESS 

8X305 

8X310 

INTERRUPT 
CONTROLLER 

MICAOCONTROLLER 

APPLICATIONS SUPPORT 
Field applications engineers 
Product applications engineers 
Application notes 
• Floppy disk controller 
• ECC 
• Hard disk controller 
• Local network interfacing 

TRAINING AND 
DOCUMENTATION 
• Videocassette training course 
• Designer's seminar 
• 8X305 User's Manual 
• 8X300 Family Product Capabilities 

Manual 
• MCCAP Programming Manual 
• Full complement of Data Sheets 

]
USER 
SYSTEM 

DISKETTE 
DRIVE 

RAM 
WORKING 
STORAGE 





PREFACE 

l 8X300KT1SK 

Originally published by Signetics January 1984 

8X305 Prototyping System 

This document provides the information required to understand, set up and operate the 
8X305 Prototyping System. It is recommended that the user become thoroughly familiar 
with the 8X305 MicroController and the high speed peripherals that support the device. 
For this purpose, the following documents are recommended: 

• 8X305 Users Manual - comprehensive functional detail, interface character(stics, 
hardware and software design data, and systems information for the 8X305 
M icroController. 

• 8X300 Family Product Capabilities Manual - overview of the 8X300 Family of parts, 
including application information on the 8X305 MicroController and its support 
devices. 

• MCCAP Manual - complete description of the powerful MicroController Cross
Assembler Program for the 8X300 and 8X305. 

• Data Sheets - electrical and functional characteristics for each member of the 
8X300 Family and related parts. 

- 8X305 MicroController 

- 8X310 Interrupt Control Coprocessor 

- 8X320 Bus Interface Register Array 

- 8X330 Floppy Disk Formatter/Controller 

8X338 Local Area Network Controller 

8X350 256 Byte Bipolar RAM 

8X360 Memory Address Director 

8X371 Latched 8-bit Bidirectional 1/0 Port 

8X372/8X376 Addressable 8-bit Bidirectional 1/0 Port 

8X374 Addressable 8-bit Bidirectional 1/0 Port with Parity 

8X382 Addressable 4-1 N/4-0UT 1/0 Port 

8X60 FIFO RAM Controller 
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8X300KT1SK 

INTRODUCTION 

Figure 1-1. 8X305 Prototyping System 
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~~-8-X3_0_5-pr_o_ro_fy_pi-ng-s-ys_m_m~~~~~~~~~~~~~--~~~~8-X_3_0_0_KT_1_S_K~~~-
1.1 SYSTEM DESCRIPTION 

The 8X305 Prototyping System is a 
powerful design support tool that aids 
the engineer in the evaluation, design, 
and prototyping of systems based on the 
Signetics 8X305 MicroController and 
its family of support devices. Its ad
vanced features permit the development 
of both 8X305 firmware and application 
circuitry. The prototyping systems cap
abilities are adequate to serve as a 
complete development system for sim
ple systems and provide a low-cost tool 
for evaluating portions of more com
plex designs. 

1.2 ARCHITECTURAL 
OVERVIEW 

As shown in Figure 1-1, the 8X305 Pro
totyping System consists of a single 
printed circuit board that includes an 
8X305 MicroController and various 
8X305 Family peripheral devices. The 
8X305's microprogram resides in Write
able Control Storage (WCSI. A Monitor 
Processor controls operation of the 
8X305 by loading the WCS, activating 
the Run/ Step logic, and directly plac
ing instructions onto the 8X305's In
struction bus. The Monitor Processor 
also controls the User Interface, which 
is through a standard RS-232 connec
tor. The remainder of the board is 
occupied by power connections and a 
large wire-wrap area for prototyping of 
user-developed circuits. A complete dis
cussion of the operation and interrela
tionship of these functions is contained 
in later chapters. 

1.2.1 USER INTERFACE 

The User Interface of the 8X305 Proto
typing System is accomplished through 
a standard RS-232 connector. Data 
rates from 110 to 19,200 baud are 
switch selected by the user. The moni
tor program contained in the system 
controls all user communication, which 
is accomplished interactively through a 
straightforward and user-friendly syn
tax. While the operation of the system 
requires only a low-cost "dumb" termi
nal, it can be connected to a host 
computer to support more advanced 
developments. Commands are included 
to support up and down loading of 
programs in such applications. 

1.2.2 MONITOR PROCESSOR AND 
RUN/STEP LOGIC 

Operation of the system is controlled 
by the Monitor Processor, which is 
implemented using an 8035 Micropro
cessor. The Monitor Processor is respon
sible for the following functions: 

• User interaction 
• Loading Writeable Control Storage 
• Loading and reading 8X305 registers 

and 1/0 devices 
• Control of Run/Step logic 

Programming for the Monitor Proces
sor is supplied by Signetics and is 
contained in a PROM. 

1.2.3 WRITEABLE CONTROL 
STORAGE 

8X305 MicroController programs are 
executed from a Writeable Control Stor
age (WCSI that is contained on the 
board. The prototyping system is sup
plied with 256 words of instruction 
memory. An expansion module is avail
able to support address space require
ments of up to 4096 words. The WCS is 
sufficiently fast to permit full speed 
operation of the 8X305. 

Writeable Control Storage words are 25 
bits wide to support advanced micro
programming requirements. Sixteen of 
these bits contain actual 8X305 instruc
tions. Eight of the remaining bits are 
used to support "Extended Microcode" 
designs as described in the 8X305 Users 
Manual. The 25th bit, transparent to the 
user, is set by the Monitor Processor to 
control breakpoints. 

Since the three-bus architecture of the 
8X305 does not permit the Micro
Controller to modify its own program 
memory, the WCS is loaded by the 
Monitor Processor. 

1.2.4 8X305 MICROCONTROLLER 
AND PERIPHERALS 

An 8X305 MicroController and various 
8X300 Family peripheral devices are 
included in the prototyping system. 

The Instruction and Program Address 
busses of the 8X305 are connected to 
Writeable Control Storage (WCSl as 
well as an 8X310 Interrupt Control 
Coprocessor UCCI. The interrupt and 
status pins of the 8X310 are available to 
the user for use in prototyping real
time or other interrupt driven systems. 

The 8X305's IV bus is connected to the 
following 8X300 Family peripheral 
devices: 

m 8X320 Bus Interface Register 
Array 

(1) 8X350 256 Byte Bipolar RAM 
(1 l 8X360 Memory Address 

Director 
(3) 8X372 Addressable 8-bit 

Bidirectional 1/0 Ports 

IV bus data and control signal connec
tions are also available to the user to 
permit attachment of other devices or 
user developed logic. User interface 
connections to the 8X320, 8X360, and 
8X372's are available adjacent to the 
wire-wrap area to permit prototyping of 
various 8X305 based designs. 
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~~~-8-X3_0_0_~_1S-K~-J 
SYSTEM SETUP 

2.1 POWER CONNECTIONS 

CAUTION 

Power connections must be prop
erly made; otherwise, component. 
damage will result. 

Power connections to the Prototyping 
System are made through four binding 
posts located on the left hand edge of 
the board. These are labeled GROUND, 
+5, -12, and +12. Without options or 
user circuitry in the wire-wrap area, the 
current drawn from each power source 
is as follows: 

+5 voe - less than 2.5 amperes 
+12 voe - less than 20 milliamperes 
-12 voe - less than 20 milliamperes 

Additional current must be supplied for 
any options or user circuitry added to 
the board. At the user's option, a DC
to-DC converter I converts +5 VDC to 
±12 VOCI can be installed in the space 
allotted to the -12 voe and +12 voe 
binding posts. Refer to the parts list in 
Appendix B for the manufacturer and 
part number of the recommended 
device. 

2.2 RS~232 INTERFACE 

An RS-232 connector is provided in the 
lower left-hand corner of the system for 
interconnection to the user's CRT ter
minal, and is connected as shown in 
Table 2-1. 

Table 2·1 RS-232 CONNECTOR 

Pin 
No. Signal Description 

GND Ground 

2 TXD Transmit Data(1n) 

3 RXD Receive Data(out) 

4 RTS Request to Send(in) 

5 CTS Clear to'Send(out) 

6 DSR Data Set Ready(out) 

7 GND Ground 

8 CAD Carrier Detect(out) 

RS-232 specifications call for data com
munications equipment IDCEI, such as 
this system, to be connected to data 
terminal equipment IDTEI, such as the 
user's CRT terminal. When connecting 
this system to another DCE, such as a 
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host computer, be sure to interchange 
TXD lpin 21 with RXD lpin 31, and RTS 
lpin 41 with CTS lpin 51. This can be 
done on the cable or it can be accomp
lished logically by using a Null Modem. 
Due to the variety of interpretations of 
RS-232, some terminals may not imme
diately work with the Prototyping 
System. If difficulties are encountered, 
first reduce the connections to three 
signals: TXD, RXD, and GND. Then if 
necessary, interchange TXD and RXD 
signals. 

2.3 BAUD RATE SELECTION 

Any of the eight baud rates listed in 
Table 2-2 may be selected by proper 
setting of switches B2, B1 and BO 
located near the RS-232 connector. 

Table 2·2 BAUD RATE 

Baud 
B2 B1 BO Rate 

0 0 0 19200 

0 0 9600 

0 0 4800 

0 2400 

0 0 1200 

0 600 

0 300 

110 

10 = Switch off, 1 = Switch onl 

For hard-copy printing terminals, an 
optional line-feed feature may be select
ed to avoid over-strike of characters 
after a backspace on error. This feature 
is selected by setting the LF switch 
located next to switch BO to the ON 
position. 

2.4 EXTERNAL OSCILLATOR 
CONNECTIONS 

CAUTION 

To prevent possible damage to the 
crystal, never apply an external oscil
lator signal to X1 or X2 input with 
crystal Y2 connected to the circuit. 

The Prototyping System is supplied 
with a 10 MHz crystal; therefore it 
operates the 8X305 MicroController at 
its full rated speed of 200 nanoseconds 
per instruction. The crystal may be 
changed by the user to any frequency 
from 4 MHz to 10 MHz. Alternatively, 
an external oscillator may be con
nected to the X1 and X2 inputs of the 
8X305, as described in the 8X305 Users 
Manual. The external oscillator may 
operate at any frequency between 0.2 
MHz and 10 MHz. Note that the 8X305 
is capable of running at frequencies 
lower than 0.2 MHz, but the Prototyp
ing System's Monitor Processor expects 
the 8X305 to be finished executing an 
instruction within 10 microseconds, there
by imposing a lower limit of 0.2 MHz. 
Tie points for X1 and X2 are located 
next to crystal Y2 and the 8X305. Be 
sure to disconnect crystal Y2 before 
connecting the external oscillator inputs 
to X1 and X2. 

2.5 INHIBIT JUMPER FOR 
8X310 ROM DISABLE 

The 8X310 Interrupt Control Coproces
sor connects to the Instruction and 
Address buses of the 8X305. It accom
plishes interrupt and subroutine control 
by disabling the control storage that 
contains the 8X305's microprogram and 
placing specific JMP instructions onto 
the instruction bus. To permit the Pro
totyping System to operate either with 
or without an 8X310 in the circuit, a 
jumper is incorporated into the ROM 
Disable IRDI circuitry. 

When the 8X310 Interrupt Control 
Coprocessor is physically present in 
location U16, the ROM Disable Inhibit 
Jumper located at R14 next to the 
8X310 must not be present so that the 
8X310 can disable WCS and avoid bus 
contention problems. When the 8X310 
is not present, this jumper must be 
connected to the board at location R14 
to permanently enable the Writeable 
Control Store RAMs. 
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SYSTEM OPERATION 

3.1 POWER UP AND S 
DIAGNOSTICS 

When power is applied to the Prototyp
ing System, resident d1agnost1c pro
grams are executed to test the Micro
Controller and Writeable Control Store 
1WCSi. The following message 1s then 
printed: 

8X305 PROTOTYPING SYSTEM 

REV n 

SYSTEM CHECK ON 

where ·'n" equals the current revision 
level. 

If the Prototyping System is funct·c:n-
1 ng improperly, either "MEMORY 
ERROR" or "8X305 ERROR" messa91"1' 
will be printecJ Then the "prom; t 

character 1·1 will be printed and tr·,c; 
user may examine WCS memory or 
8X305 functions to diagnose the 
problem. 

3.2 MONITOR PROGRAM 

With the printing of the "prompt" char
acter 1·1. system control passes to the 
monitor program. The user may then 
enter any of the ten monitor commands· 

INPUT BX305 instructions into 
memory: 
Accepts a starting WCS memory 
address and then permits the 
entering of an 8X305 instruction 
in mnemonic form and an exten
sion instruction 1n octal notation. 

n Register examine/change, where 
"n" ~ register number: 
Displays the register number and 
its contents and allows a new 
value to be substituted. 

IRO may be accessed by its alter
nate name AUX by entering "A" 
or, R10 may be accessed by its 
alternate name OVF by entering 
"0" I 

G GO execute user's BX305 pro
gram: 
Accepts a starting memory ad
dress and executes at full speed 
until a breakpoint or keyboard 
entry is reached. Then the con
tents of the registers and the next 
executable instruction are dis
played, and single stepping can 
proceed 

M 

L 

R 

D 

F 

STEP, single step user's program: X XCODE, temporarily set extended 
microcode latch: Accepts a starting memory ad

dress and displays the contents 
of the registers and the instruc-
tion at that memory address. The 
instruction 1s executed by hitting 
the space bar: and successive 
1nstruct1ons by successively hit-
ting the space bar. 

MEMORY and breakpoint examine/ 
change: 
Accepts a starting WCS memory 
address and then displays the 
content,s of that location in 
mnemonic form and indicates a 
possrble breakpoint by an ex
clamation point. A breakpoint 
at this location may be set by typ-
1 ng an exclamation point or 
cleared by typing a backspace. A 
new 8X305 instruction and exten
sion instruction is then entered 
by typing an I, as with the IN PUT 
command. 

LB, left-bank examine/change: 
Accepts a bank address 1 or the 
currently enabled address, if a 
blank is entered! and displays the 
contents of that left-bank address 
10-377 octal!. A new value may be 
entered to substitute for the orig
inal content 

RB, right-bank examine/change: 
Operates the same as the LB 
command except actron is upon 
the right-bank. 

DUMP memory contents to ter
minal: 
Accepts a starting WCS memory 
address and an ending address, 
and then dumps the memory con
tents from the start address to the 
end address onto the RS-232 port 
in ASCII HEX QUOTE format as 
described in Section 3.6 

FILL memory contents from ter
minal: 
Accepts a starting WCS memory 
address and fills memory 1n ASCII 
HEX QUOTE format as described 
rn Section 3.6. 

Accepts a new extension code 
value to be temporarily set in the 
extended microcode latch for con
trol of user circuitry. The content 
of the extended microcode sec
tion of WCS is not changed by 
this command. 

Although the user need only enter a 
single letter command, the monitor will 
respond by typing the whole command 
name as indicated in capitals above. 

Any of the commands may be aborted 
before completion by typing an ASCII 
"control-C" character. While entering 
any number !sequence of octal digits1, 
corrections may be made by entering a 
backspace character and then entering 
the correct number. 

3.3 COMMAND SYNTAX 
DIAGRAMS 

System commands and monitor 
responses are defined rn the syntax 
diagrams in Figure 3-1 a, band c. 

3.4 SAMPLE USAGE 

The sample program in Figure 3-3 is 
shown to give the user an idea of a 
typical session and includes most com
mands used by the Prototyping System. 
A short program is rnput to WCS via 
the terminal Keyboard that continually 
increments R6 of the 8X305 and writes 
each new 'incremented' value to loca
tion 133 of the 8X350 on the Right
Bank of the IV Bus and to 1/0 Port 001 
on the Left-Bank. Since extended 
microcode is not needed in this exam
ple, none was entered as indicated by 
"/000". 

3.5 BREAKPOINTS 

Breakpoints are designed to halt the 
8X305 1ust prior to the execution of an 
instruction on which a breakpoint has 
been spec1f1ed. If the GO command is 
issued to start at an address that has a 
breakpoint set, the system will not stop 
on that address immediately. If the 
8X305 should access that address again 
then a breakpoint stop will occur 

715 



8X300KT1SK j 

716 

0.0 
@.~ 
~ 

I 
c ) 

@ 
® 
@) 

(control - C) 

(numbers) 

(bell)®@ 

SPECIFIC CHARACTER STRINGS 

UPPERCASE FOR LITERAL STRINGS 

UNDERLINED FOR MONITOR TYPED STRINGS 

DEFINED ELSEWHERE IN THE SYNTAX DIAGRAMS 

TRANSPARENT OPERA TIDNS 

CARRIAGE RETURN 

BLANK (SPACE-BAR) 

BACK-SPACE (CONTROL - H) 
(DELETES PREVIOUS KEYBOARD ENTRY) 

BREAKPOINT 

CANCEL COMMAND, RETURNS TO PROMPT (;> 
OCTAL BASE NUMBER SYSTEM USED THROUGHOUT 

MONITOR'S RESPONSE TO INPUT OR SYNTAX ERRORS 

CONNECTOR TO NEXT SYNTACTIC ELEMENT 

Figure 3-1a. Syntax Definitions 
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Input Instructions: 

new extension 

Register Examine/Change: 

next register no. new value 

Go Execute: 

executing breakpoint encountered 

any keyboard entry 

breakpoint display 

Memory Examine/Change: 

start address stop address dump to RS-232 

start address 1----->------->f,cr till from RS-232 
~----~ 

Set Temporary Extension: 

r-"'l.~la~tc~h~cgo~nt~en~t~s~~--'L~n~ew~e~xt~en~s~io~n!.J------------;~cr 

Figure 3-1b. Syntax Flow 

J c A"'"" 1985 
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memory address I , 
start address I , 

·S-bit immediate 

new extension I 

022]: 

5-bit immediate I : 
I bank address I : l!J 

breakpoint display 

AUX R1 R2 R3 

377 000 017 037 

00013 - MOV 02 4 37 /244 

1typical,: 

R4 R5 R6 R7 OVF Rl 1 R12 R13 

000 000 001 222 000 000 000 360 

note: - First two lines are column headers. printed each breakpoint 
or each 20 single steps. 

~ Third line 1s register contents. 
- Fourth line is breakpoint address -- mstructron/extension 

This is the next 1nstruct1on to be executed in single step 

Figure 3-1c. Syntax Flow 

ii 0 
1 . 

3~ 

R14 R15 R16 R17 

300 000 000 000 



~~-8-X-30_5_p-ro-to_fy_p-in-g-sy-st-em~~~~~~~~~~~~~~J~~~-8-X_3_00-KT~1-S-K~~~-

" DUMP 00000 00014 

DUMPING HIGH BYTES 

(STX) 

OO'C0'24'B9'CO'AC'68'7 4'01'10'70' 11 'F1' 

(ETX) 

DUMPING LOW BYTES 

(STX) 

00'00'08'BF' 1 O'FF'FF'96'06'FF'70'40'DT 

(ETX) 

DUMPING EXT BYTES .. 

(STX) 

00' 00' 00' 00' 00' 50' 00' 00' 00 00' 00' 00' 00' 

(ETX) 

Figure 3-2. Example of ASCII HEX QUOTE Formal 

3.6 ASCII HEX QUOTE 
FORMAT 

Memory contents to and from the ter
minal during the DUMP and FILL com
mands are in an object code format 
commonly supported by PROM pro
gramming hardware known as "ASCII 
HEX QUOTE" format Each block of 
eight· bit wide data is preceeded by an 
STX !ASCII Start of Text) character. 
Then each 8-bit byte is represented by 
2 ASCII HEX characters 10, 1, 2, 3, 4, 5, 
6, 7, 8, 9, A, B, C, D, E, Fl followed by a 
single quote 1'1. As many bytes as 
necessary may be transmitted until an 
ETX !ASCII End of Textl character ter
minates the block. Three such blocks 
are transmitted for any specified 
memory range: high byte of 8X305 
instruction, low byte of 8X305 instruc
tion, and extended microcode byte. 
Figure 3-2 shows an example of ASCII 
HEX QUOTE format 

3.7 XEC (EXECUTE) 
INSTRUCTIONS 

When stepping through a user program 
and an 8X305 XEC instruction is encoun
tered, the system wi II display an "XR" 
after the next instruction to indicate an 
XEC range of address. 

Note that stepping must start on or 
before an XEC instruction for the pro
gram flow to be correct If while running 
a program, a breakpoint or stop occurs 
on an instruction that is the target of an 
XEC instruction, an "XR" will not be 
displayed and program flow will not be 
correct if single stepping is then begun. 

It is valid to nest any number of XEC 
instructions. Single stepping will work 
properly provided that the user start on 
or before the first XEC instruction. 

3.8 8X310 
INTERRUPT CONTROL 
COPROCESSOR 
CONSIDERATIONS 

Certain 8X305 "NOP" instructions have 
specific meanings to the 8X310 as indi
cated in the data sheet When using an 
8X31 O in the system, the user must 
start running or stepping from an instruc
tion that is not an 8X310 instruction. It 
is valid, however, to start running and 
encounter a breakpoint or stop on an 
8X310 instruction and then continue 
single stepping the program. 
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8X305 PROTOTYPING SYSTEM 
REV ,8 
SYSTEM CHECK OK. 

* J NPUT 000 

* INPUT 10 
00010 I: XMT 07 133 /000 

---------------------;\ Power Up Message 

00021 I: XMT 17 001 /000 I 
~~~~~ : ~ ~~~ ~o 0 o~~ 1000 f.•<---------------------i__P_ro_g_r_a_m_1_n_p_u_t -~ 

00000 I, JMP 20 /OOO • 1 

00024 I: ADD 6 0 6 /000 
00025 I: MOY 6 0 27 /000 
00026 I: MOY 6 O 37 /000 
00027 I: JMP 00000 /000 
00030 I: 
* ~Efo/ORY 0 
00000 JMP 00020 /000 
00001 MDV 00 0 00 /000 
* MEMORY 20 

00020 XMT 07 133 /000 I 
00021 XMT 17 001 (000 

00012 XMT oo oo 1 /ooo ~·----------------------11 Display of Program Entered I 
00023 XMT 06 000 /000 . · 
00024 ADD 06 0 06 /ODO 
00025 MOY 06 0 17 /ODO 
00026 MOY 06 0 37 /000 
000 27 JMP QOOOO /000 I: JMP 24 /000 • 
' LB 132 34 7 

Change Instruction at Location 27 
-------------i While Still in Memory Mode 

LB 133 = 
LB 1 34 
RB 002 
RB 000 
RB 001 

002 
173 
000 
377 
3 77 

Display of Current Data at 
1-------------------------1 l/V Addresses J 

GO 0 I Program Stopped by Hitting I 
R~~~ 1 ~~ • Ri · ~~OPP~~ _R_s _R_6_R_, ____ o_v_F_R_ 1_1_R_12 __ R __ 1 -3-_R_l_ -4 _R_1_s_R_1_6_R_l7 __ -:_ __ an~y'---K_e'-y-------~-

001 171 300 132 000 037 075 365 246 040 335 001 

00027 - JMP 00024 ~-----------------11 R7 Contains RB Address 133 j 
213 346 263 133 

J 000 T 
oo 1 171 Joo 132 F,_1_3_~_()0:."_o.':_o__'.0'_:3'_'.7~07'._'5'._3_3~65__1 __'_2_"_4~0__'.u'_'"'_(J'~333-:5'.___(Jo.':_0~1----f-~;:T,~;;:;;;;;;;'~=l---~ 

0 ~~; 4 ,;1A~~o 0 ~3~ ooo 037 01s 365 246 040 335 001 I R5 lncrements 

213 3'6 263 133 
06 Io oo I 

213 346 264 133 
0~~;\;1~~0°~3~ 213 346 264 133 ooo 037 01s 365 246 040 335 ~ R1?ContainsLBAddressoo1 27 I ooo 

00026 - /llOY 06 o 37 /000 ~----------~ 

: ~~ ~~~ = ;~~ : j .... •~---------------------11 ~oot~~~~ of 133 1.LB' and 

* DUMP 20 40 
DUMP I NG HIGH BYTES •••• 
C7 'CF 'CO 'C6' 26 'Ob 'Ob 'EO 'Fl 'OO I 00 'FE 'OO 'Al 'FF 'OO' 
EF' 
DUMPING LOW BYTES •• ,, 
5 8' 0 1 I 0 I I 0 0 I 0 6' 1 7 ' 1 F' 14 I 8 7 I 0 0' 0 0 I BB I 0 0' 8 3' FF I 0 0 ' 
FB' 
DUMP I NG EXT BYTES •••• 
OU I 00 'OO'OO I 00 1 00' 00 'OO' 00 I 00 I 00' 00' 00' 00 I 00 'OO I 

EF I. 

j ASCII HEX QUOTE Format] 
i---------___,1 Location 20-40 Octal 

R.O = 00 1 
R6 = 264 
R7 = J 3 3 
R 17-=o oo 1 

: 1l~·~----------------------flFE~x~a~m~i~ne;FR~e-Og~1s~teerrss-~ 

FILL 00001 
FILLING HIGH BYTES •••. 
20'40'60'EO' 
FILLING LOW BYH:S ••.• 
00 1 01 1 02'03' 
FILLING EXT BYTES •••• 
OO'FF'FF'UO'. 

* MEM'.J~Y 00000 
0 00 00 JMP 0 00 2 0 
0 00 0 1 ADD 00 0 00 

1000 L 
Io oo 

Examination of Memory Verifies 
Fill Operation Above. Note 

i-----------------------1 Extended Microcode at Locations 
00002 AND 00 0 
\) 00 03 XOR 011 0 
00004 JMP 0 000 3 

0 1 I 3771 
0 2 / 377 

I oo o . 

Figure 3-3. Sample Usage 

00002 and 00003 were Filled with 
FF HEX as Indicated by 377 Octal. 



~~-8-X3_0_5-pr-ot_o_fy-pi-ng-s-ys_re_m~~~~~~~~~~~~~--Jl~_8_X_3_0_0_KT~1S-K~~~~ 
USER CONNECTIONS 

4.1 WIRE-WRAP AREA 

The wire-wrap area located at the top 
of the board provides 26 square inches 
for user prototyping. This space accom
modates standard IC widths from 0.3 to 
0. 9 inches and also provides power and 
ground connections. 

4.2 IV BUS CONNECTIONS 

The IV bus is the major communica
tions link between the 8X305 Micro
Controller and its family of peripherals. 
The bus is logically partitioned into two 
banks, referred to as the Left-Bank and 
Right-Bank. In the Prototyping System 
the 8X350 Working Storage RAM is 
connected to the Left-Bank, and the 
8X320 Register Array, 8X360 Memory 
Address Director, and 8X372 1/0 Ports 
are connected to the Right-Bank. All IV 
bus signals are present at connector J2 
as shown in Table 4-1. 

Table 4-1 IV BUS CONNECTOR J2 

Pin 
No. Signal Description 

IVO BUS (MSB) 

3 IVT BUS 

5 IV2 BUS 

7 IV3 BUS 

9 IV4 BUS 

11 IV5 BUS 

13 IV6 BUS 

15 IV7 BUS(LSB) 

17 Vee +5 v 
19 Vee +5V 

21 HALT Halt 

23 RESET Reset 

25 MCLK Clock 

27 CB Left-Bank 

29 RB Right-Bank 

31 SC Select Control 

33 WC Write Control 

(All even GND Ground 
pins) 

4.3 1/0 PORTS 

These 8X372 1/0 ports have been pro
vided on the Right-Bank of the IV bus 
for latching of input or output data. The 
ports are programmed for addresses 
000. 001 and 002 and all signals are 
available at connectors J4. JS and J6 
respectively. Signals on these connec
tors are described in Table 4-2. Note 
that 1/0 port compatibility allows the 
user to substitute an 8X376 or 8X382 
for any one of the 8X372 1/0 ports. 
!One 8X371 non-addressable 1/0 port 
may be substituted, but ONLY if all 
other components on that bank are 
removed.I 

Table 4-2 1/0 PORT CONNECTORS 
J4, JS, AND JG 

Pin 
No. Signal Description 

2 UD7 User Data (LSB) 

4 UD6 User Data 

6 UD5 User Data 

8 UD4 User Data 

10 UD3 User Data 

12 UD2 User Data 

14 UD1 User Data 

16 UDO User Data (MSB) 

18 uoc Output Control 

20 UIC Input Control 

(All odd GND Ground 
pins) 

4.4 EXTENDED MICROCODE 
CAPABILITY 

"Extended Microcode" is a technique 
commonly used in 8X305 MicroCon
troller based designs to optimize per
formance. It is implemented by de
signing program memory to be wider 
than the 16-bit instruction word re
quired for the 8X305. The additional 
bits are referred to as the extension 
and can be used for fast 1/0 selection 
or other system control and status 
monitoring purposes. 

The Prototyping System uses a 24-bit 
instruction word, thus providing facili
ties for 8 bits of extended microcode. 
These bits are accessible to the user at 
connector J3 as shown in Table 4-3. 

Table 4-3 EXTENDED MICROCODE 
BITS AT CONNECTOR J3 

Pin 
No. Signal Description 

No Connection 

3 EDO Extended Microcode 
(MSB) 

5 ED1 Extended Microcode 

7 ED2 Extended Microcode 

9 ED3 Extended Microcode 

11 ED4 Extended Microcode 

13 EDS Extended Microcode 

15 ED6 Extended Microcode 

17 ED? Extended Microcode 
(LSB) 

19 No Connection 

(All even GND Ground 
pins) 
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Table 4-4 8X320 SIGNAL 
CONNECTIONS 

Signal Description 

B/W Byte /Word Control 

AO Primary Port Address (LSB) 

A1 Primary Port Address 

A2 Primary Port Address 

A3 Primary Port Address (MS8) 

PIOE Programmed I I 0 Enable 

R/W Read /Write Control 

ws Write Strobe 

DMAE Direct Mem. Access Enable 

D?A Primary Data Port (LSB) 

D6A Primary Data Port 

D5A Primary Data Port 

D4A Primary Data Port 

D3A Primary Data Port 

D2A Primary Data Port 

D1A Primary Data Port 

DOA Primary Data Port 

D78 Primary Data Port 

D68 Primary Data Port 

D58 Primary Data Port 

D48 Primary Data Port 

D38 Primary Data Port 

D28 Primary Data Port 

D18 Primary Data Port 

DOB Primary Data Port (MSB) 

4.5 8X310 CONNECTIONS 

The 8X310 is connected to the 8X305 
MicroController and the Writeable Con
trol Store RAM to provide interrupt and 
subroutine capability. Five additional 
signals are provided for user interface 
as described in the 8X310 data sheet. 
These signals are accessible at tie 
points just to the right of the 8X310 
chip: 

722 

STF 

10 

INTO 

INT1 

INT2 

Stack Full Status 

Interrupt Disable Control 

Interrupt O Input 

Interrupt 1 Input 

Interrupt 2 In put 

4.6 8X320 CONNECTIONS 

An 8X320 Bus Interface Register Array 
has ben provided on the IV Bus as a 
Right-Bank 1/0 device for interfacing to 
the user's system. The primary data, 
status and command signals are acces
sible at tie points located between the 
8X320 and the wire-wrap area. A list of 
these signals is provided in Table 4-4. 

4.7 8X360 CONNECTIONS 

The 8X360 Memory Address Director 
has been incorporated into the Proto
typing System design to facilitate imple
mentation of a OMA channel. It is 
connected to the IV Bus as a Right
Bank 1/0 device. Interconnection to the 
signals listed in Table 4-5 can be made 
at the tie points located between the 
8X360 and the wire-wrap area. 

In applications using extended micro
code to enable 1/0 devices care must 
be taken to avoid IV Bus contention 
with 8X300 Family peripheral devices 
enabled through the more commonly 
used address - select cycle. Refer to 
the 8X305 Users Manual for more infor
mation on extended microcode oper
ations. 

~8 MEMORYEXPAN~ON 

The Prototyping System is provided 
with 256 24-bit words of Writeable Con
trol Storage; 16 bits for 8X305 instruc
tions and 8 bits for extended microcode. 
The depth of Control Storage can be 
increased by the connection of an 
expansion module to connector J1, as 
shown in Table 4-6. A 4096 word 
Writeable Control Storage Expansion 
Module is available from Signetics !Part 
Number 8X300KT2SK1. A schematic tor 
this expansion module is provided in 
Appendix D. 

Table 4-5 8X360 SIGNAL 
CONNECTIONS 

Signal Description 

CLK Clock Input 

TC Terminal Count Status 

LA8N Loop Abort Control 

TSCL Tri-state Control 

AO Address Output (LSB) 

A1 Address Output 

A2 Address Output 

A3 Address Output 

A4 Address Output 

A5 Address Output 

A6 Address Output 

A? Address Output 

A8 Address Output 

A9 Address Output 

A10 Address Output 

A11 Address Output 

A12 Address Output 

A13 Address Output 

A14 Address Output 

A15 Address Output (MSB) 

RSO Register Select (LS8) 

RS1 Register Select 

RS2 Register Select 

RS3 Register Select (MSB) 
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Table 4-6 MEMORY EXPANSION CONNECTOR J1 

Pin Pin 
No. Signal Description No. Signal [)escription 

RA MEN Disables on-board RAM 2 115 8X305 Instruction (LSB) 

3 GND Ground 4 114 8X305 Instruction 

5 GND Ground 6 113 8X305 Instruction 

OD Output Disable 8 112 8X305 Instruction 

9 BKPT Breakpoint 10 111 8X305 Instruction 

11 w Write 12 110 8X305 Instruction 

13 No Connection 14 19 8X305 Instruction 

15 No Connection 16 18 8X305 Instruction 

17 No Connection 18 17 8X305 Instruction 

19 ho Connection 20 16 8X305 Instruction 

21 CE1 Chip Enable 22 15 8X305 Instruction 

23 /'>,0 8X305 Address (MSB) 24 14 8X305 Instruction 

25 A1 8X305 Address 26 13 8X305 Instruction 

27 A2 8X305 Address 28 12 8X305 Instruction 

29 A3 8X305 Address 30 11 8X305 Instruction 

31 A4 8XJ05 Address 32 10 8X305 Instruction (MSB) 

33 A5 8X305 Address 34 E7 Extended Microcode 
(LSB) 

35 A6 8X305 Address 36 E6 Extended Microcode 

37 A7 8X305 Address 38 E5 Extended Microcode 

39 AS 8X305 Address 40 E4 Extended Microcode 

41 A9 8X305 Address 42 E3 Extended Microcode 

43 A10 8X305 Address 44 E2 Extended Microcode 

45 A11 8X305 Adc1ress 46 E1 Extended Microcode 

47 A12 8X305 Address (LSB) 48 EO Extended Microcode 
(MSB) 

49 Vee +5 v 50 Vee +5 v 
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THEORY OF OPERATION 
As can be noted with the aid of the 
block diagram in Figure 5-1, the 8X305 
prototyping system board contains cir
cuits which may be categorized as 
follows: 

1. Monitor Processor 

2. 8X305 MicroController and Family 

3. Writeable Control Store 

4. Run/Step Logic 

5.1 FUNCTIONS OF THE 
MONITOR PROCESSOR 

The Monitor Processor, an 8035 micro
processor and peripherals, controls all 
the com rnands and operations des
cribed in Chapter 3. The Monitor 
Processor handles all communication 
with the terminal as well as reading and 
writing the 8X305's program storage, 
registers, and 1/0 port contents. 

The BX305 can execute instructions 
from Writeable Control Storage or an 
instruction that is latched into the 8243 

724 August 19851 

by the Monitor Processor. Typically the 
instruction in the 8243 will store or read 
an 8X305's register contents, 1/0 Port 
contents, or set the address in the 
8X305 Program Counter. 

The 8243 is also used to read and write 
the contents of Writeable Control Store. 
Si nee the 8X305 does not have an 
address bus that can be three-stated 
and because a buffer would increase 
the memory access ti me, to read a spe
cific memory location a JMP is "forced" 
upon the 8X305 by way of the 8243 to 
set the address lines. 

The Monitor Processor reads the regis
ter contents of the 8X305 by forcing an 
XEC Rn, 000, where Rn is the desired 
register. This causes the register con
tents to be placed on the lower eight 
address lines of the 8X305 where it may 
be read by the Monitor Processor and 
sent out on the RS-232 interface. To 
store a value into the 8X305, the Moni
tor Processor will force a XMT Rn, 
XXX, where XXX is the desired register 
contents. !For R12 and R13, this will be 

6255 
PARALLEL 1/0 

INSTRUCTION 
RAM 

accomplished by a XMT followed by a 
MOV.I 

5.2 8X305 FAMILY 

With the following two exceptions the 
8X305 MicroController and its sup
porting peripherals connect to the 
prototyping system in a conventional 
manner: 

1. Rather than a direct tie to the MCLK 
output of the 8X305, the MCLK input 
to the 8X310 Interrupt Control Co
processor is gated. The gating cir
cuits are required to implement 
correct single-step operation of the 
system. 

2. The HALT and RESET inputs to the 
8X305 are gated. Connected in this 
manner, the HALT and RESET 
signals will only affect the Micro
Controller in the run mode. User 
circuits requiring either or both of 
these inputs should pick up the sig
nals via the IV Bus connector J2. 

825212 
BREAKPOINT 

CONTROL 

Figure 5-1. Detailed Block Diagram 
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5.3 WRITEABLE CONTROL 
STORAGE 

Instead of the usual PROM or ROM 
instruction storage found in a typical 
BX305 based system, a Writeable Con
trol Store IWCSI has been implemented 
with high speed RAM to facilitate pro
gramming via the RS-232 terminal. The 
RAM memory provides 256 x 16 bits for 
BX305 instruction storage, 256 x B bits 
for extended microcode, and 256 x 1 
bit for breakpoints. If extended micro
code is not desired the RAM chip at U21 
may be removed and references to the 
extension will be removed from the 
display. Any one or all memory address 
locations may contain a breakpoint. 

Note that no page decoding is provided 
on the board, so the 256 words of 
instructions will be repeated every 256 
addresses throughout the entire BK 
memory range of the BX305. 

The memory may be expanded up to 
the full BK directly addressable by the 
8X305. A 4K word Writeable Control 
Storage Expansion Module is avail
able from Signetics !Part Number 
BX300KT2SKI. When the additional 
memory is installed in J1, the RAM 
enable IRAMENI signal is grounded to 
disable the on-board 256-word memory, 
and the Monitor Processor is signaled 
to provide the correct write cycle at J1 
for the added RAM. See Figure 5-2 for 
the differences: 

WRITE CYCLE FOR 82S212 RAMS 

WRITE CYCLE FOR 1420 RAMS 

CE1 I\ I\ 
(U3 PIN 10) _f \_/ \_ 

oo_r\f\_ 

w~ 

Figure 5-2. Write Cycle Variations 

8X300KT1SK 
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5.4 RUN STEP LOGIC 

The Run-Step logic consists of com
ponents U5, U6, U7, U9 and U10 on the 
schematic in Appendix A. These cir
cuits provide the control logic required 
to allow the 8X305 to execute instruc-· 
lions at full speed or in a single step 
mode of operation. This is easily accom
plished since all instructions are 
executed within one machine cycle, the 
time from the falling edge of MCLK to 
the next falling edge of MCLK. The 
HALT input is sampled by the 8X305 
sometime after the falling edge of 
MCLK. If it is low, the address lines of 
the MicroController are held stable: the 
current instruction is executed after the 
HALT input goes high linactivei. Dur
ing the time that the HALT input is low 
!active!, the MCLK output is unaffected. 
Inputs to the Run-Step logic are labeled 
RUN/WAIT, STEP, BKPT and MCLK: 
the output is labeled HALT and con
nected directly to the HALT input of 
the BX305 MicroController. 

Two of the inputs, RUN/\.VAiT and 
STEP, are controlled by the Morntor 
Processor. The BKPT input connects 
to the extra bit in WCS that is used for 
breakpoints. The MCLK input comes 
directly from the MCLK output of the 
BX305. 

During single stepping the RUN/WATf 
line is low and a pulse on the STEP line 
causes the 8X305 to execute only the 
current instruction. This is beca1Jse the 
HALT line will go high for Just one 
machine cycle. Entering the run mode 
the RUN/WAIT line is high and a pulse 
on the STEP l111e causes the 8X305 to 
begin executing instructions from the 
current address at full speed. The HALT 
input will go high and remain so until 
the RUN/WAIT line 1s brought low or 
until a breakpoint is encountered. 
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8X300Kl1SK j 
Item No. Manufacturer Part Number Description Designator Qty. 

1 Signetics MC1488N Quad Line Driver U1 1 

2 Signetics SCN2661 CC1 N28 EPCI U2 1 

3 Signetics N74LS04N Hex Inverter U3, U12 2 

4 Signetics N74LS08N Quad AND Gate U4 1 

5 Signetics N74S74N Dual D-Flip-Flop U5 1 

6 Signetics N74S112N Dual J-K Flip-Flop U6 1 

7 Signetics N74S10N Triple NANO Gate U7 1 

8 Signet1cs N74S32N Quad OR Gate us 1 

9 Signetics N74S11 N Triple AND Gate U9, U10 2 

10 Signetics MC1489N Quad Line Receiver U11 1 

11 Signetics N74LS373N Octal Latch U13 1 

12 Intel P8255A PPI U14 1 

13 Signet1cs 82S212N 256x 9 RAM U15, U18, U21 3 

14 Signet1cs N8X31 ON Interrupt Control Coprocessor U16 1 

15 Intel 2732A-4 4096 x 8 EPROM U17 1 

16 Signetics SCN8035AC6N40 8-Bit Microcomputer U19 1 

17 Intel PB243 Input/Output Expander U20 1 

18 Signetics N74F373N Octal Latch U22 1 

19 Signetics 8X3051/N MicroController I U23 1 

20 Signetics N8X360N Memory Address Director U24 1 

21 Signetics N8X320N Register Array U25 1 

22 Signetics N8X372-000N 1/0 Port U26 1 

23 Signet1cs N8X372-001 N 1/0 Port U27 1 

24 S1gnetics N8X372-002N 1/0 Port U28 1 

25 Signetics N8X350N 256 x 8 RAM U29 1 

26 ITT CANNON DBP-25SAA RS-232 Connector P1 1 

27 TRW CINCH 252-25-30-360 E,dge Connector, 50 Pin J1 

28 Spectra-Strip 800-579 Header, 34 Pin J2 1 

29 Spectra-Strip 800-586 Header, 20 Pin J3, J4, J5, J6 4 

Appendix C. Parts List 
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8X305 prototyping system 8X300KT1SK 

Item No. Manufacturer Part Number Description Designator Qty. 

30 Reliability VA12-12 DC-DC Converter 

31 Saran ix NMP051 l Crystal. 5.688 MHz Y1 1 

32 Saronix NMP100L Crystal. 10 000 MHz Y2 1 

33 2N5320 Transistor 01 1 

34 ALCO DSS-4 Switch, Mini-dip B2. B1. BO. LF 1 

35 Smith 230 Binding Post 4 

36 1N914 Diode CR1 1 

37 CAP, 01 µF 28 

38 CAP. 47 µF. 20 V C2. C3. C4 3 

39 CAP. 47 µF. 6 V C1 1 

40 CAP. 47 pF C5 1 

41 CAP, 0.1 µF C6 1 

42 RES. 1K,1/4W R19 1 

43 RES. 10K, 1 /4 W R1. R2. R3 3 

44 RES. 390. 1 /4 w R4. R5 2 

45 RES. 2.2K. 1 /4 W R6-R13, R15. 13 
R17. R18. R20. 
R21 

46 RES. 18, 1 W R16 1 

47 H.H Smith 2501 Bolt. Nylon 4 - 40·x 3/8'" P1 2 

48 H H Smith 2554 HEX Nut. Nylon 4 - 40 P1 2 

49 BURNDY DILB050P-101 Socket. 50 Pin U23 1 

50 TJ C844002 Socket. 40 Pin U14. U16. U19. 5 
U24. U25 

51 TJ C842802 Socket. 06". 28 Pin U2 1 

52 T.I C842402 Socket. 06'" 24 Pin U17. U20 2 

53 EMC 17424-01-445 Socket. 04" 24 Pin U26. U27. U28 3 

54 T.I C842202 Socket. 0 4 · 22 Pin U15. U18 4 
U21. U29 

55 T.1 C842002 Socket 0.3 20 Pin U22 1 

56 S1gnetics PCB-82001 PC Board 1 

57 H.H Smith 2450 Rubber Bumper 5 

Appendix C. Parts List 'continued 
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ICEPACK 

FEATURES 
• Diagnostic Monitor for controlled program execution, 32 

breakpoints, register, memory and 1/0 port examina
tion/change, download/upload memory 

• In-line assembler/disassembler for fast debugging of 8X305 
code in symbolic assembly language 

• System trace memory for 128 addresses, 12 bites each 
• On-board emulation memory of 4096 x 24 bits 
• Supports all other 8X305 family devices 
• Supports microcoded designs using expanded instruction 

widths 
• Power-on diagnostics 
• Emulator and software runs with other CP/M* or 1s1s· based 

systems 

COMPLETE HARDWARE/SOFTWARE 
DEVELOPMENT SYSTEM INCLUDING: 
• 8X305 Emulator module 
• CP/M 2.2 System - Z80A, 64K RAM, dual minifloppies with 

1.6 Mbytes storage 
• Screen oriented editor for easy program development 

Printed with permission from Sigen Corporation. 
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• Cross Assembler supporting Signetics standard format 
mnemonics 

• IBM P.C. version available 

FASTER PRODUCT DEVELOPMENT 
Demanding control ap.plications based on the low cost, high 
performance Signetics 8X305 bipolar microcontroller can now 
be developed and implemented quickly and economically with 
the SIGEN 8X305 ICEPACK. 

ICEPACK is a powerful, high performance development and 
in-circuit emulation system for use with the 8X305 series 
microcontroller product family. Designed for CP/M compati
bility, ICEPACK provides a cost-effective means of rapid pro
duct development without the costly dedicated resources 
previously required. 

*CP/M is a trademark of Digital Research Corp. 
*ISIS is a trademark of Intel Corporation. 
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PERFORMANCE YOU NEED 
ICEPACK provides both the hardware performance and soft
ware tools needed for efficient BX305 product development 
throughout a broad range of applications. Designed specifically 
by SIGEN for the development of BX305 based products, 
ICEPACK performance has been proven throughout a variety 
of products. Its capabilities are especially useful in real time 
control applications. 

The ICEPACK Emulator module simply plugs into the prototype 
system BX305 socket through a flat ribbon cable. The 
ICEPACK's superior noise immunity eliminates typical pro
blems associated with circuit interfacing. The ICEPACK 
Emulator hardware features high speed electronics supporting 
clock operation up to 1 O MHz. Rugged packaging assures long 
life and reliable operation. 

ICEPACK software includes: 
• Powerful screen oriented Editor for easy program 

devlopment. 
• Full featured Cross Assembler supporting standard 

Signetics mnemonics. 
• Powerful diagnostic Monitor enabling controlled program ex

ecution including single stepping, breakpoint setting, 
memory and register examination an modification. 

• In-line assembler/disassembler tor easy assembly language 
and debug and patching. 

FITS YOUR REQUIREMENTS 
ICEPACK is available ready to use as a system, or ready to 
interlace to your floppy based CP/M system. Either way, you 
get the same powerful ICEPACK System capabilities. The 
ICEPACK System includes a Z80A based, 64K RAM, dual flop-

py system, ICEPACK Emulator, interface adapter, CP/M 2.2 
and all ICEPACK software and manuals. The ICEPACK Sub
system includes Emulator, parallel interface adapter, interface 
cables, ICEPACK software, and user manuals. 

TECHNICAL SPECIFICATIONS 
Power Requirements: 115/230VAC, 100 W 

Physical 
Height 
Width 
Depth 
Weight 

Environmental 

(CP/M System) . 
7.5 inches 190mm 

(Emulator) 
inch 25mm 

9.5 inches 241mm 6 inches 152mm 
14.5 inches 36Bmm B inches 204mm 
13.0 pounds 5.9 kg 1 pound .45 kg 

Operating Temperature: 0°C to + 40°C 
Storage: - 40°C to + B5°C 

Cables 
(Target System) 

- 100 wire flat cable, 18 inches long 
- 20 wire flat cable, 1 B inches long 

(CP/M System) 
- 37 wire flat cable, 5 feet long 

Enclosure 
(Emulator) 

- Anodized brushed aluminum 

(CP/M System) 
High impact plastic with internal shielding 



8X300/8X305 

DEVELOPMENT DATA 1/0 PORT PROGRAMMER 

Hardware Features 
• Real time in-circuit emulation to 10 MHz without wait states. 
• BK words of 35ns RAM, 16 or 32-bit words. 
• Memory mapping in 1 K word increments. 
• Compatible with 8X310 Interrupt Control Chip. 
• Trace capability includes 128 cycles of address, IV bus, RB, 

LB, WC, SC, and 3 selectable points in target system. Both 
input and output phases are traced in each cycle. 

• Downloading and Uploading capability provided. 
• 110 Port Programmer for 8X372, 8X376, 8X382. 

Software Features 
• Relocating macroassembler compatible with Signetics 

MCCAP. 
• Linking editor permits linking separately-assembled modules 

to form one load module. 
• Debugger program controls single stepping, stopping on a 

specified address, printing trace information, disasembling, 
program patching, changing register contents and memory 
management. Symbolic debug capability is provided. 

• Command file capability provided in the Asembler, Linking 
Editor, and Debugger program. 

• PROM formatting program available. Slices 16 and 32-bit 
words into 4 or 8-bit groups. 

TARGET SYSTEM 

PROM SOCKETS 

-------, 
.--------. I 

I 
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BLOCK DIAGRAM 
The block diagram shows how the 8X300/305 support devices 
are incorporated in an EZ-PRO system. Devices unique to the 
8X300/305 includes the AA-572-8X35 In-Circuit Emulator, the 
AA-572-8X35-M Emulator Extension and the AA-574-8X37 1/0 
Port Programmer. The Emulator Extension provides an extra 
sixteen bits of word length over the basic sixteen bits required 
for the 8X300/305 processor and may or may not be required 
in a particular development. Note that the emulator consists 
of three printed circuit board assemblies and the extension, 
two. 

The Address Control assembly incorporates trace memory 
and logic for memory mapping, stopping, and single stepping 
as well as circuitry required to communicate with the User In
terface and Master Processor. Each Emulator Memory 
assembly is equipped with BK 16-bit words of 35 ns memory 
as well as interface circuitry. This memory is loaded and 
unloaded under control of the Master Processor and is ac
cessed by addresses generated by the 8X300/305. 

The 8X300/305 User Interface has the processor mounted 
on it along with cable termination networks, cable drivers, some 
logic and test points. Test points are provided for the three 
points which may be traced in the target system, connection 
to the 8X310 Interrupt Control Chip and oscilloscope sync. 

8X300/305 SOCKET 

INFORMATION BUS 

AS-232 

TERMINAL 

Printed with permission from American Automation 

1/0 PORT 
PGMR 

ADAPTOR 

BLOCK DIAGRAM OF EZ-PRO CONFIGURED 
TO SUPPORT 8X300/305 DEVELOPMENT 

WITH 32-BIT WORK LENGTH 

AA-570 
CABINET 

DUAL DISK 
UNIT 
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8X300/8X305 

The Extension User Interface is equipped with six DIP 
sockets and cables which permit connection into PROM 
sockets located in the target system. Four of the sockets are 
18 pin (for 4-bit wide PROMs) and two are 24 pin (for 8-bit wide 
PROMs). Either set of sockets and cables may be used. Pin 
outs are compatible with Signetics 82S137, 185, 181, and 191 
PROM types. 

PROM programming is supported in two ways. Both require 
that PMFORM, the PROM formatting program, be utilized. After 
PMFORM has created files consisting of either 4-bit or 8-bit 
wide slices of the object program words, these files may be 
directed to a DATA 1/0 (or equivalent) PROM programmer con
nected to the RS232 printer port. Alternatively, with 8-bit wide 
slices, the AA-574-27XX EPROM Programmer may be utiliz
ed to write the files into 2716 or 2732 EPROMs. With ap
propriate off-line equipment, information in the EPROMs may 
be transferred into bipolar PROMs. 

The 1/0 Port Programmer consists of a printed board 
assembly, an adaptor that fits into the ZIF socket located on 
the front of the AA-570 Basic Development Unit and a program. 
After checking to see that the 8X372/376,382 is properly 
oriented in the ZIF socket and fuses are unblown, the program 
permits the desired address to be programmed into the 1/0 port. 
Complete checking is then accomplished including validation 
of the address and transfer of information in both directions 
through the port. 
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EZ-PRO SYSTEM ELEMENTS 
FOR 8X300/305 SUPPORT 
Model 
AA-570-200 
AA-59X 
AA-572-8X35 
AA-572-8X35-M 
AA-562 
AA-563 
AA-553 
AA-574-8X37 
AA-574-27XX 

Description 
Basic Development Unit 
Dual Disk Unit 
In-Circuit Emulator for ~X300/305 
Emulator Extension 
Printer, RS232 Interface 
Video Terminal with Screen Editor 
PMFORM, PROM Formatter Program 
1/0 Port Programmer 
EPROM Programmer for 2716 & 2732 

Note that all required programs except PM FROM are supplied 
at no extra cost. 

303A-8X PROGRAMMING TEST ADAPTER 
The 303A-8X Programming Test Adapter is designed to pro
gram address fuses and activate protect fuses for Signetics' 
1/0 Ports 8X372, 8X374, 8X376, and 8X382. Error messages 
are displayed if the programmed part is defective or if am
biguous addresses occur during the programming procedure. 
The test adapter operates in conjunction with the Data 1/0 Logic 
PAK 303A-V01 and various models of the Data 1/0 (System 
19, 29A, and 100A). The Programming Test Adapter is quick 
and easy to use and most Signetics' Franchised Distributors 
provide on-site programming capabilities for customer parts. 



ECC APPLICATION NOTE 
INTRODUCTION 

The widespread use of floppy/hard disk technologies in Com
mercial and Military environments has created the need for 
high-speed disk controllers that are capable of both error
detection and error-correction capabilities. At the present 
time. most disk controllers are limited to error-detection only, 
with one of the more widely used schemes being that of a 
Cyclic Redundancy generator Checker (CRC) and associ
ated software/hardware support. Although the CRC tech
nique is virtually foolproof from an error-detection point of 
view, it has no provision for error correction. With bit and 
track densities constantly on the increase. it is desirable to 
implement a reliable error-correction feature to improve the 
performance and reliability of the disk controller. 

This application note describes a software approach to error 
correction for the Signetics 8X305/8X330 based floppy disk 
controller and 8X305 based hard disk controller. A typical 
floppy disk controller system is shown in Figure 1 . This error 
correction algorithm can correct up to a 9-bit single burst 
error and is fully compatible with controllers that use the 
CRC-CCITT (X16 + X12 + X5 + 1) polynomial. The Signetics 
8X330 floppy disk controller chip provides some unique 
features, unmatched by other LSI chips, which allow the 
8X305 MicroController firmware to implement the error cor
rection procedure. 

GENERAL SCHEME FOR ERROR DETECTION 
AND CORRECTION 

Error Detection by CRC Polynomial. The CRC scheme for 
error detection is implemented with a CRC generator. During 
transmission, a block of binary serial data passes through a 
preset CRC generator to generate the necessary and unique 
check bits for a particular block of data. The check bits are 
appended to the end of the data block. The complete data 
and check bits are then transmitted to the receiver. At the 
receiver, the complete data and check bits pass through the 
same preset CRC generator. If no errors occurred during 
data transmission, the CRC generator must have a remain
der of all zeros. 

LSB 

8X330 
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Hardware implementation of the CRC generator is simply a 
feedback shift register with EX-OR gating. Figure 2 shows 
the equivalent circuitforthe CRC-CCITT (X16 + X12 + X5 + 1) 
generator. The CRC-CCITT polynomial is the industry stan
dard used in floppy disk controllers; however, if desired, other 
CRC polynomials can be easily implemented. In any case, 
there are as many register stages as the highest order of the 
polynomial and the number of EX-OR gates is one less than 
the number of X-terms. The detection span for a particular 
polynomial equals the number of the highest order X-term. 
For CRC-CCITT, the detection span is 16 bits. 

Error Correction by Reverse CRC Polynomial. Several 
different error correction algorithms are currently used in 
high-performance disk systems. The error correction proce
dure described in this application note is based on the 
reciprocal polynomial algorithm. 

The reciprocal or reverse polynomial for a particular forward 
polynomial can be derived by subtracting the order of every 
X-term of the forward polynomial from the highest order of 
the forward polynomial. For example, the CRC-CCITT 
polynomial is X16 + X12 + X5 + 1, hence the CRC-CCITT re
verse polynomial is X16 + X11 + X4 +1 (i.e .. x16-16 + x16•12 +· 
x16·5 + x16-0). Figure 3 shows the equivalent circuit and the 
hardware implementation for the CRC-CCITT forward/ 
reverse polynomial. 

As described previously, error detection is achieved by 
examining the remainders of the CRC generation after the 
complete data and CRC check bits have passed through the 
CRC generator. A nonzero remainder indicates a read-data 
error. A nonzero remainder contains information to determine 
the error pattern and its location. Error correction is achieved 
by manipulating the nonzero remainder in a reverse CRC 
generator. 

The error correction procedure begins with the loading of the 
nonzero remainder into the reverse CRC generator in 
reverse order. The Most Significant and Least Significant Bits 

MSB 

Figure 2. Equivalent Circuit for CRC-CCITT (x16 + x12 + x5 + 1) 
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~~EC-C-ap-pl_i~-ti-on-n-ore~~~~~~~~~~~~--~~-~~8-X-33-0~~~-
of the remainder are loaded into the Least Significant and 
Most Significant Bits of the reverse CRC generator, 
respectively. The DATA IN input of the reverse CRC genera
tor is connected to ground to provide zero data input during 
the complete error correction process. Clocking is then 
provided for the CLOCK input. The contents of the generator 
are examined for an error condition after each clock cycle. If 
the generator has "n" register stages and "m" is the desired 
single burst correction span, then the error condition is 
characterized by (n-m) consecutive zeros at specified bit lo
cations. The number of clock cycles needed to find the error 
pattern provides the error location information. 

ERROR DETECTION AND CORRECTION SCHEME 
FOR 8X305/8X330 BASED CONTROLLER 

Features of 8X305/8X330 Based Floppy Disk Controller. 
The following error correction scheme for 8X305/8X330 
based disk controllers requires two forward CRC generators 
(CRC1 F and CRC2F) and two reverse CRC generators 
(CRC1 R and CRC2R). The CRC1 F generator has been im
plemented in the 8X330 hardware. The CRC2F, CRC1 R, and 
CRC2R generators are implemented in the 8X305 firmware. 
One unique feature of the 8X330 is that the remainder in the 
internal CRC generator can be read by the controlling pro
cessor. This feature provides the required information for the 

LSB 

8X305 MicroController to do error correction in the firmware. 
The MOS LSI floppy disk controller implementation does not 
provide this flexibility and only generates a read error status 
flag for error detection. 

The speed of the 8X305 MicroController and its bit
manipulation oriented instruction set, combined with the 8-bit 
parallel CRC calculation algorithm described below allows 
the 8X305 to compute CRC for 8 bits of data input in 4 to 5 
microseconds. Thus, even with a data transfer rate of SOOK 
bits/sec for a double density 8-inch floppy disk drive, the 
8X305 is fast enough to control the 8X330 and compute the 
CRC for CRC2F in software on-line, as each data byte is 
transferred between the 8X305 and 8X330 during the read 
and write cycles. 

Two Forward CRC Polynomials. The first 16-bit forward 
CRC polynomial (CRC1 F) is the CRC-CCITT (X16 + X12 + 
X5 + 1), which is the standard polynomial used in floppy disk 
controllers. The second 16-bit forward CRC polynomial 
(CRC2F) is X16 + X13 + x12 + x10 + X8 + X6 + x• + x• + 1. 
This polynomial is chosen by computer search to achieve a 
single burst correction span of 9 bits. A 16-bit CRC check 
word is generated for each of the two polynomials. These two 
16-bit CRC check words are appended to the end of the 
transmit data. The CRC-CCITT is chosen for the first 
polynomial to achieve media compatibility with old (8X300) 

MSB 

D"T~ ... ----------------------------------~ 
a. Forward Polynomial (x 18 + x 12 + x• + 1) 

CRC REGISTER SHIFTS RIGHT 

LSB MSB 

DATA IN= 0 

b. Reverse Polynomial (x18 + x11 + x4 + 1) 

Figure 3. Equivalent ClrcuH and Hardware Implementation for CRC-CCITT Forward/Reverse Polynomial (x1• + x11 + x4 + 1) 
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controllers without error correction capability and the 
8X30518X330 based controller implemented with the pro
posed error correction scheme. A disk generated by earlier 
8X300 MicroControllers can be read by the controller with the 
proposed error correction scheme and vice versa. 

each clock cycle. The most significant bit is located on the left 
side of the generator. Left shift is used to simplify the soft
ware implementation, because the MSB of the data byte 
transferred between the 8X305 and 8X330 is on the left side. 
The 8-bit parallel CRC generation mechanism is shown in 
Figure 5. The initial contents of the generator are repre
sented by symbols "a b c ... n o p" with "a" and "p" being the 
MSB and LSB, respectively. 

Software Implementation of the CRC2F Generator. The 
hardware implementation of the CRC2F generator is il
lustrated in Figure 4. The CRC2F generator shifts left one bit 

CRC REGISTER SHIFTS LEFT 

DATA IN 

Figure 4. Hardware Implementation for x16 + x13 + x' 2 + x10 + x• + x• + x5 + x4 + 1 (CRC2F) 
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The eight bits of data input are symbolized by "q rs tu v w x", 
with "q" being the MSB. The top part of Figure 5 is a symbolic 
representation of the eight left shift operations of the CRC 
generator shown in Figure 4, for the eight serial data input 
bits. As the first data bit "q" comes in, it is EX-ORed with the 
MSB of the CRC generator. The result of this operation, "q' ", 
is then fed back and EX-ORed with the outputs of several 
register stages as shown in Figures 4 and 5. Then the gener
ator is clocked and shifted left by one bit postion. This se
quence of operations is repeated for the eight data inputs 
shown at the top of Figure 5. The bottom part of Figure 5 
summarizes the number of EX-OR operations required to 

OPERATION A 

OPERATION B 

MSB LSB 
q r s I 

ffi a b c d e f g h 

q' r' s' ,. u· v· w' x· 

MSB LSB 
q1 r1 s1 t" u· v' w' x· 

q' r' s' t' u· 

OPERATION C EB q 1 r' s' I' 

q' r' s' t' u 1 v1 w' x' 

MSB LSB 
q' r' s 1 t' u' v' w' x' 

OPERATION D u 1 v' w 1 x' 

OPERATION E v' w 1 x' 

OPERATION F ~; w 1 x 1 

~-------

..,__DATA 

....-- INITIAL CONTENTS OF 
THE CRC GENERATOR 
M.S. BYTE 

q 4 r4 s~ e L.' 1 v' w' x 1 ..,.__LS. BYTE OF 

OPERATION K 

OPERATION G 

OPERATION H 

OPERATION J 

MSB LSB 

I J k I 0 p 

q' r' s 1 t' u' v 1 w' x' 

u' v 1 w1 x' q 1 r' s' t' 

v 1 w1 x' q' r' s' 11 u· 

s 1 11 u' v' w' X 1 

OPERATION I(_£_. __ q_' _•_' -' _,_· _,_• _'' 

CRC RESULT 

1-- INITIAL CONTENTS OF 
THE CRC GENERATOR 
L.S. BYTE 

14 14 k5 15 m'.· n" o4 p4 ..,__ M.S. BYTE OF 
CRC RESULT 

Figure 6. Steps Required for the Software Implementation 
of CRC2F 

derive the result. The operands of the EX-OR operations are 
mostly the field, rotated field, or subfield of the byte 
"q'r's't'u'v'w'x". This special characteristic, together with 
the 8X305 bit manipulation instruction set, permits an 8-bit 
parallel CRC calculation for a 16-bit polynomial to be accom· 
plished in 4 to 5 microseconds. Figure 6 shows the software 
steps required to implement the 8-bit parallel CRC calcula
tion. The first step is to derive the byte "q'r's't'u'v'w'x'" from 
the 8-bit data input and the initial contents of the CRC gener
ator by operations A, B, and C. Thtl result is derived by a 
sequence of EX-OR operations as shown in Figure 6. The 
software implementation of CRC2F requires a total of 21 
instructions, as shown in line numbers 448 to 471 of the 
program listing. 

Two Reverse CRC Polynomials. Since the error correction 
scheme described in this application note uses the reciprocal 
polynomial algorithm, two reverse CRC generators, corres
ponding to CRC1 F and CRC2F, are required during the cor
rection cycle. The two reverse CRC generators are referred 
to as CRC1 R and CRC2R. 

CRC1 R = X16 + X11 + X4 + 1 
CRC2R = X16 + X12 + X" + X8 + X6 + X4 + X3 + 1 

Software Implementation of the CRC1 R and CRC2R 
Generators. The implementation of the CRC1 Rand CRC2R 
generators in sottware is similar to that of the CRC2F. There 
are two exceptions: 

• During the correction cycle, the DATA IN inputs of the 
reverse CRC generators are connected to ground. 

•The reverse CRC generators shift right, so that the MSB is 
on the right-hand side, thus simplifying the sottware. As 
errors are detected, the error correction procedure requires 
that the nonzero remainders of the forward CRC 
generators be loaded into the reverse CRC generators in 
reverse order; that is, the MSB from the forward CRC gen
erator is loaded into the LSB of the corresponding reverse 
CRC generator. This process is achieved by loading the 
most significant byte of the forward generator into the least 
significant byte of the reverse generator, because the MSB 
of the forward generator is on the left side and the MSB of 
the reverse generator is on the right side. 

Figures 7 and 8 show the mechanics and steps required to 
implement the CRC1 R generator of Figure 3 in software. A 
similar procedure is used to implement the CRC2R. genera
tor. The software coding of the CRC1 R and CRC2R are 
shown in the line numbers 487 through 541 of the program 
listing. 
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CRC GENERATOR SHIFTS RIGHT 

!:DATA INPUT= OO,. 

SB MSB 

0000000 

RESULT OF 3RD SHIFT 

RESULT OF 4TH SHIFT b a 

c b a' 

d c b 1 a 1 

g' . d c1 b1 a, 

h' 

~~~~~€8~:::::sR~~~~•I 
LSB MSB 
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 

ponmlkJ 1 hgtedcba 

n m1 l k J t h g e d c b 

p o n1 m1 I k J 1 h g 1 f 1 e d c 

p 0 1 n1 m1 I k i ; hl gl e d 

p1 0 1 0 1 ml I k I hl 91 f' e 

p1 0 1 0 1 m, I k •' hl 91 

p, o, n, m' I k' h, 91 

q' 

p1 0 1 0 1 m, 1, k' h' 

h' 

RESULT OF 8TH SHIFT e d1 c1 b1 a1 p, o1 n, m2 11 " 
h1 g1 f1 e d c b a p o n m I k J 1 

h 1 g1 f1 e d c b a 

@ h1 g1 e d 

CRC CA~~~~k~g:---... h1 91 f1 e d 1 c1 b1 a1 p1 01 n1 m2 t1 k1 

LS. BYTE M.S. BYTE 

Figure 7. 8-Blt Parallel CRC Generation Mechanism for CRC1 R 

LSB MSB 
h g I e d c b • ....-- INmAL CONTENTS Of THE 

CRC GENERATOR M.S. BYTE 
OPERATION A EB c b a 

h 1 g1 f 1 • d c b a 

LSB MSB 
h1 g1 f1 e d c b a 

OPERATION B EB h1 gl ,, . 
hl g, ,, ed1c1b1a1 -+- L.S. BYTE OF CRC RESULT 

LSB MSB 
p 0 I k I I ...,__ INmAL CONTENTS OF THE 

CRC GENERATOR LS. BYTE 
OPERATIONC d c b a 

OPERATION D l±J h' g1 ,, • d 

p' o, n, m2 I' k' j, - M.S. BYTE OF CRC RESULT 

Figure 8. Steps Required for the Software Implementation of CRC1 R 
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r L~---------------- DATA FIELD-------------------1•1 

CRCIF CRC2F 
DATA CHECK CHECK I SYNC AM DATA I BITS BITS I 

GENERATE CRC1 F WITH 
DATA AM + DATA 

GENERATE CRC2F WITH 
DATA AM + DATA + 16 BITS OF ZERO 

Figure 9. Write Cycle 

I 
DATA FIELD 

CRC1F CRC2F 
DATA CHECK CHECK 

I SYNC AM DATA BITS I BITS 

2 BYTES 2 BYTES 

GENERATE CRC1F WITH J DATA AM + DATA + CRC1 F CHECK BITS 

GENERATE CRC2F WITH 
DATA AM + DATA + 16 BITS OF ZERO + CRC2F CHECK BITS 

Figure 1 o. Read Cycle 

Error Detection Scheme. As shown in Figure 9, four CRC 
check bytes are appended to the last bit of data during the 
write cycle. The first two check bytes are derived by passing 
the data address mark and data bytes through the preset 
CRC1 F generator. After accepting the data address mark 
and data bytes, the contents of the CRC1 F generator are the 
two CRC1 F check bytes. The two CRC2F check bytes are 
generated by applying the data address mark, the data, and 
sixteen bits of zero as inputs to the preset CRC2F generator. 

During the read cycle, the preset CRC1 F generator cal
culates from the first bit of data address mark to the last bit of 
CRC1F check bit as illustrated in Figure 10. During the read 
cycle the data address mark, the data, sixteen bits of zero, 
and two CRC2F check bytes are input to the preset CRC2F 
generator. No error is detected if the remainders of the 
CRC1 F and CRC2F generators are zeros. The types of er
rors associated with nonzero remainders are as follows: 

CRC1F CRC2F 
Remainder Remainder 

Zero 
Zero 

Nonzero 

Nonzero 

Zero 
Nonzero 

Zero 

Nonzero 

No error 
Correctable error in CRC2F check 
bytes (or uncorrectable error) 
Correctable error in CRC 1 F check 
bytes (or uncorrectable error) 
Correctable error in data 'bytes 

Error Correction Scheme. Once an error has been de
tected, the nonzero remainders of the two forward generators 
are used to determine the error pattern and location by 
loading them into the corresponding reverse generators in 
reverse order. The reverse generators are then generated 
with zero data input and checked for error conditions, as 
shown in Figure 11 . The method of implementing the error 
correction scheme is illustrated in Figures 12 through 18. The 
process of locating an error starts with checking for errors in 
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SERIAL INPUT 

DATA 
AM 

I o:~A I 

DATA 
AM 

SERIAL INPUT 

DATA 
IN 

DATA 

DATA 

DATA 
IN 

PRESET 16-BIT 
CRC1F 

GENERATOR 

MSB LSB 

DATA 
AM 

16 BITS 
OF ZERO 

CLOCK AND SHIFT LEFT FOR 
EVERY BIT OF DATA INPUT 

FINAL CONTENTS ARE 
CRC1 F CHECK WORD 

DATA CRC1F CRC2F 

FINAL CONTENTS ARE 
CRC2F CHECK WORD 

CLOCK AND SHIFT LEFT FOR 
EVERY BIT OF DATA INPUT 

SERIAL INPUT 

CLOCK AND SHIFT RIGHT 
UNTIL CONTENTS 
REPRESENT ERROR 
CONDITION 

FINAL CONTENTS ARE 
CRC1F REMAINDER 

"""'0t"'~""A~--0A_r_A __ c_R_c_1 F- I~~~tRN~v8e~~e1r 
..__.-_~--~-..__----' OF DATA INPUT 

DATA TRANSMISSION 

DATA 
AM 

SERIAL INPUT 

DATA 
IN 

CLOCK AND SHIFT 
LEFT FOR EVERY BIT 
OF DATA INPUT 

FINAL CONTENTS ARE 
.-l-'-----'-t.... CRC2F REMAINDER 

CLOCK AND SHIFT RIGHT 
UNTIL CONTENTS 
REPRESENT ERROR 
CONDITION 

Figure 11. Data Flow 

the CRC2F least significant check byte and working back
wards towards the first data byte of the sector. If errors are 
found in the CRC check bytes, the controller will raise a CRC 
error status flag for the host CPU to take the appropriate 
action. 

During the first two 8-bit parallel reverse generation cycles, 
only the CRC2R is generated with zero data input, the 
CRC1 R generator remains idle. If errors occur in the CRC2F 
check bytes, the CRC 1 R should have 16 bits of zeros and the 
seven MSBs of CRC2R should be zeros during any of the 
first sixteen reverse generation clock cycles. Since the 
CRC2R software reverse generates one byte at a time, it is 
possible to miss the CRC2R error condition, because the 
error condition may occur in between the byte boundary. In 
order to solve this problem, a CHECK subroutine is written to 
monitor the error condition within the boundary limits. If the 
error condition is not found, the CHECK subroutine will swap 
the most significant and least significant bytes of the genera
tor to maintain the contents of the generator before getting 
into the subroutine. 
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After the second 8-bit parallel reverse generation cycle, both 
the CRC1 R and CRC2R are reverse generated one byte at 
a time until the error is found or the error is determined to be 
uncorrectable. An error is uncorrectable if it cannot be found 
within 260 8-bit reverse generation cycles. In the third 8-bit 
reverse generation cycle, the procedure checks for errors in 
the CRC1 F least significant byte or errors that spanned the 
CRC1 F byte and the CRC2F most significant byte. The error 
conditions are eight bits of zeros for the CRC 1 R most signifi
cant byte and the CRC2R least significant byte at the byte 
boundary. If these conditions occur, a 16-bit word is formed 
by concatenating the most significant byte of CRC2R with the 
least significant byte of CRC1 R, and the CHECK subroutine. 
as described previously, is used to check for seven leading 
zeros within eight one-bit rotations towards the LSB. This 
condition is required to assure that errors occur in CRC1 F 
least significant check byte or between CRC1 F and CRC2F 
check bytes. In the fourth 8-bit reverse generation cycle, the 
procedure checks for errors in the CRC1F check bytes. The 
error conditions are 16 bits of zeros for CRC2R and seven 
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leading zeros in CRC1 R found by the CHECK subroutine. 
Errors occurring in the last data byte or errors that span the 
CRC1 F most significant check byte and the last data byte are 
checked in the fifth 8-bit reverse generation cycle. The error 
conditions are zeros in the CRC2R most significant byte, a 
match of the CRC1 R and CRC2R least significant byte, and 
seven leading zeros in CRC1 R found by the CHECK sub
routine. The sixth to the two hundred sixtieth 8-bit reverse 
generation cycles check for errors in data byte 255 to the first 
data byte. The error conditions are a match in CRC1 R and 
CRC2R, and seven leading zeros in CRC1 R found by the 
CHECK subroutine. 

The error conditions described in the previous sections deter
mine when to stop the reverse generation cycle. The number 
of reverse generation cycles required to meet the error condi
tions are used to calculate the error location by the following 
equation: 

Error location in Record length in bytes + 4 CRC 
terms of byte number = check bytes - number of reverse 

generation cycles + 1 

ERROR CONDITION: 

If the error location is one, then errors exist in the first data 
byte or between the first and second data byte of the sector. 
For example, if errors exist between the first and second data 
bytes of a 256-byte sector, then the error conditions are met 
in the two hundred sixtieth reverse generation cycle. 

Error location = 256 + 4 - 260 + 1 
= 1 

The error pattern is found in the CRC1 R generator. Error 
correction is done by XORing the data bytes in the error 
location and error location plus one with the CRC 1 R least 
significant and most significant byte respectively, as il
lustrated in Figure 11 . 

CONCLUSION 

This application note describes one unique error correction 
algorithm for the 8X305 based floppy or hard disk controller. 
The algorithm can correct up to a 9-bit single burst error. The 
error correction procedure can be implemented with approxi
mately 300 8X305 instructions. The worst case error correc
tion time for a 256-byte sector is 3.0 msec. 

i--------~CRC2R-------~fi-·------~CRC1R-------~ 

~~ ~~ ~~ ~~ 

7 CONSEcuf1vE ZEROS 

ERROR LOCATION: 

r•----------------DATA FIELD-------~----~-----< 
DATA 
AM 

SYNC ~ DATA 

~~~'~'~' ~-25-6BYTE_S:~-~~~ 
12 BYTES OF 00 ~ ~ ~ ~ 

m m m 

Note 
1 If errors are found 1n the CRC check bytes, the controller will raise a CRC error status flag for the host CPU to take the appropriate action 

The controller will only attempt to correct errors in the data bytes 

Figure 12. Reverse Generation Cycle #1 (CRCIR not reverse generated) 
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ERROR CONOITION: 

t--~~~~~~-CRC2R~~~~~~~~+1••~~~~~~~~CRC1R~~~~~~~~~1 

L.S. BYTE 1111.S. BYTE. L.S. BYTE M.S. BYTE 

7 CONSECU;VE ZEROS 

ERROR LOCATION: 

SYNC 

12 BYTES OF 00 

Note: 

DATA 
AM 

r-11 
I II 

I· ...... ·I· ...... ·I 

..----------.---------~ OATABYTE 
IN ERROR LOCATION + 1 

OATA 

256 BYTES : 

1. II errors are found in the CRC check bytes, the controller will raise a CRC error status flag for the host CPU to take the appropriate action. 
The controller will only attempt to correct errors in the data bytes. 

Figure 13. Reverse Generation Cycle #2 (CRCIR not reverse generated) 

ERROR CONDITION: 

1
1+-~~~~~~-CRC2R~~~~~~~~..-~~~~~~~~CRC1R~~~~~~~~.,•1 

LS. BYTE M.S. BYTE LS. BYTE M.S. BYTE 

I· 0 0 0 0 0 0 ·I 7CONSECfVEZEROS. I· 0 0 0 0 0 0 0 I 

Et> 
ERROR 
CORRECTION 
(NOTE) 

(£) 

tttttttttttttttt~~~~CTION 
~------------------.. (NOTE) 

DATA BYTE 
IN ERROR LOCATION + 1 

ERROR LOCATION: 

;£, _ ~Kil 
I II :: ==1~1 ._ __ 12_B_YTES--OF-OO __ ...__w-~w'""""-------2-56-BYT-ES--'>'i------------'~fil.._.~w...., 

5 ~ ~ ~ 

SYNC 

~ N N 

Note: 
1. If errors are found in the CRC check bytes, the controller will raise a CRC error status flag for the host CPU to take the appropriate action. 

The controller will only attempt to correct OfTOfS in the data bytes. 

Figure 14. Reverse Generation Cycle #3 
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ERROR CONDITION: 

1~·-------~CRC2R-------~·,1~------~CRC1R--------·~1 

L.S. BYTE M S BYTE L S BYTE M S BYTE 

(o o o o o o o 1o o o o o o o ol 7 CONSECUTIVE ZEROS 

c±J 

t t t t t t • t * t * t * t t t ~~~~~CTION .-----------.r----------j ... (NOTE) l DATA BYTE 1 DATA BYTE I 
IN ERROR LOCATION IN ERROR LOCATION + 1 

~ T 
ERROR LOCATION' ~ 
1-------------------DATA FIELD 1 

'--~SV-NC~-'--°Nt......._~~~0-~~s~s~-~~~--~-'-~' _ I II s~ ~·I 
256 BYTES fil en 12 BYTES OF 00 

~ ~ 
Note 
1. If errors are found m the CRC check bytes, the controller will raise a CRC error status flag for the host CPU to take the appropnate action 

The controller will only attempt to correct errors in the data bytes. 

Figure 15. Reverse Generation Cycle #4 

ERROR CONDITION: 

l 
MATCH 

CRC2R 

I L.S. BYTE M.S. BYTE 

CAC1R ----------i 
M.S. BYTE I L.S. BYTE 

I. 0 0 0 0 0 0 . I 7 CONSECU~IVE ZEROS 

.-----------.---------~ DATA BYTE 
IN ERROR LOCATION + 1 

ERROR LOCATION: 

DATA FIELD 
DATA 

AM 

SYNC 
,-L---i 

DATA 

I II :: 
12 BYTES OF 00 (/) w 256 BYTES w !;: !;: m 

~I I 
m 

Figure 16. Reverse Generation Cycle #5 

(B 
ERROR 
CORRECTION 
(NOTE) 
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ERROR CONDITION: 

~--------MATCH---------, 

~1·-------~CRC2R-------~+1~·-------~CRC1R--------.i 

LS. BYTE M.S. BYTE LS. BYTE M.S. BYTE 

I I 7 CONSEC~TIVE ZEROS 

(fl 
ERROR 
CORRECTION 

.---------....,----------(NOTE) 
DATA BYTE DATA BYTE 

IN ERROR LOCATION IN ERROR LOCATION + 1 

ERROR LOCATION: 

r-SY_N_C _____ r--i_o_:_~A------DATA FIELDD-AT-.. --------~------1-M-,--K-i· 1 

.____~~' ~''~~~::_~___...~----" 
12 BYTES OF 00 m ~ 256 BYTES ffi 0 

!;: m !;: ~ 
m m m 

Figure 17. Reverse Generation Cycle #6 

ERROR CONDITION: 

~--------MATCH--------~ 

l•-------~CRC2R-------~~-------~CRC1R--------.\•1 
LS. BYTE M.S. BYTE L.$. BYTE M.S. BYTE 

7 CONSEC+IVE ZEROS 

DATA BYTE 
IN ERROR LOCATION 

ERROR LOCATION: 

SYNC 

I D~A 1/ DA/ ~ ~I 
I I ~A :~------,0 .......... l0 I 

en ~ 256 BYTES ffi en 

~ ~ ~ ~ 
m m m 

12 BYTES OF 00 

Figure 18. Reverse Generation Cycle #260 
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i------------1 SECTOR 

DATA FIELD ---j 

DATA CRC I 
POST 
DATA 
GAP 

80 12 

r ~ \ 
256 BYTES OF DATA •4 ·52 

BYTES BYTES 
OF 4E OF 00 

3 1 BYTE 

3 BYTES \\ ~~T~S ~~1if (ID~~!i~es 
\ 

@ DATA FIELD 

3 
BYTES 
OF C2 

(j) 

sv1.f es O@A 
1 i a vies 1 ~:re 

1 BYTE OF 00 1 BYTE OF CRC OF FB 

(ID~~!i~1ES (IO~~li~1es @ <'g6=f~6i5 
IX FIELD) 10 FIELD) \ FIELD) 

IDENTIFIER 

I I I 
I I \ \ 

TRACK SIDE 
NO. NO. 

1 BYTE 1 BYTE 
TRACK 0 ·00 I 
TRACK 78-4C 

SECTOR SECTOR 
NO. LENGTH 

1 BYTE 1 BYTE 

\ ~~~ 

BYTES BYTES 
OF CRC OF 4E 

@ 

SIDE 0 = 00 
SIDE 1 = 01 

SECTOR 1 == 01 256 BYTES/SECTOR := 01 
SECTOR 26 = 1 A 

Notes· 
"Indicates the mod1f1cation from the IBM System 34 data track format 
1 These bytes missing clock trans1t1ons between data bit.<:: 3 and 4. Data flux trans1t1on ~ C2, clock flux trans1t1on 14 

These byies m1ss:ng clock transitions between data bits 4 and 5. Data flux transitions ~ A 1, clock flux trans1t1on OA 
CRC calculat1on starts at first byte of ID address mark and ends on the- sector length byte usmg the CRC-CCITT polynomial 

END 
OF 

LAST SECTOR 

PAE 
INDEX 
GAPB 

598 
BYTES 
OF 4E 

4 The first two bytes are derived from the CRC-CCITI polynomial. The second two bytes are derived from a second 16-bit polynom1al (X ' 6 ~ X13 + X ' 2 ,. X '0 ~ X8 ..- X6 , 

X5 +- X4 1 1). The Cl"-lC calculation of the 1st polynomial starts at lirst byte of data AM and ends on last byte 61 data. The CRC calculation of the 2nd polynomial includes 
data address mark. data bytes and two bytes of zeros 

5 There are 26 sectors of 256 bytes 

Figure 19. Modified IBM System 34 Data Track Format 
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Appendix A 
FLOWCHARTS 

The CRC generators used to generate four CRC check bytes during the write cycle and to 
detect errors during the read cycle have been discussed previously and are documented by 
the WRITE SECTOR and READ SECTOR flowcharts that follow. One point in the READ 
SECTOR flowchart needs clarification. The error correction algorithm calls for the CRC1 F to 
stop calculation after inputting the CRC1 F least significant check byte during the read cycle. 
There is a slight modification to this procedure with the 8X330 implementation. The 8X330 
internal CRC-CCITT generator (i.e., CRC1 F) continues to generate up the CRC2F least 
significant check byte. That means two additional bytes, namely the CRC2F check bytes, 
are inputted to CRC1 F. It is necessary to recover CRC1 F remainders right alter the input of 
the CRC1 F least significant check byte as required by the error correction algorithm. This 
information can be recovered by loading the CRC1 F remainders, which include the CRC2F 
check bytes in the generation, onto the CRC1 R in reverse order, and then the CRC1 R is 
generated with two bytes of zeros as shown in the READ SECTOR flowchart. At this point, 
the remainder of the CRC1 R has the same inforrnatiori as if the CRC1 F stopped generation 
alter the input of the CRC1 F least significant check byte. 
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FLOWCHARTS 

ERROR CORRECTION ROUTINE : 
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FLOWCHARTS (Continued) 
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WRITE SECTOR: 

WRT PREAM BYTES 
FOR DATA FLO 

PRESET AND EN 
8X330 CRC GEN 

WRT AM BYTES 
(A1 A1 A1 FB) 

INIT CRC2F TO 
4CPB 16 TO ACCT 
FOR AM BYTES 

WAT 3RDCRC 
BYTE FROM CRC2F 

MS 8YTE 

WRT 4TH CRC 
BYTE FROM CRC2F 

LS BYTE 

TURN OFF 
WRITE GATE 

ENO 

READ SECTOR: 

RD 2NO 
CAC BYTE 

CAL CRC2F w/001s 
DATA INPUT 

RD 3RD 
CRC BYTE 

CAL CRC2F w/3RO 
CRC BYTE 
AS INPUT 

RO 4TH CRC 
BYTE, DISABLE 
8X330 CRC GEN 

CAL CRC2F 
w/4TH CRC 

BYTE AS INPUT 

LO 8X330 CAC 
GEN INTO CAC1R 

IN REV ORDER 

CAL CRC1 R w/001s 
DATA INPUT 

SET NONZERO 
CRC1F REMDR 

ER FLG 

SET NONZERO 
CRC2F REMOR 

ER FLG 

ERROR 
CORRECTION 

ROUTINE (ECC) 
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FLOWCHARTS (Continued) 

CHECK SUBROUTINE 

CHECK 

NO 

RTN 

YES 

SET STAT 
FLG FOR 7 LEADING 

ZEROS FOUND 

8X330 
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Appendix B 

PROGRAM LISTING 

The error correction scheme described in this application note has been implemented in 
software as shown in the following program listing. This error correction program works with 
the existing hardware and software of the demonstration floppy disk controller as described 
in the Signetics 8X330 Floppy Disk Controller Manual. The first part of the error correction 
program is a software patch to read and write the two CRC2F check bytes tor the 
demonstration controller program. The main error correction routine is located in the second 
half of the program. The error correction program is designed to work with the IBM system 
34 data track format (256 data bytes per sector)-see illustration that follows the program 
listing. The only modification to the IBM system 34 data tract format is to add two more CRC 
check bytes to the end of the data field. With slight modifications, this program can also be 
used for other data track formats. For testing purposes additional coding has been added to 
the program to print out the contents of both CRC1 R and CRC2R after each 8-bit reverse 
generation cycle. This section of codes can be deleted tor the final program. 
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FllE1 ECCJJO OUTPUT 

I 
2 
3 • 5 
6 
7 
8 • 10 

II 
12 
13 
t• 
15 
16 
17 
18 
I• 
20 
21 

~i 
24 
2• 
26 
27 
28 
2• 
30 
31 
32 
B 
3' 
15 
36 
37 
38 
1• 
40 
41 
42 
4l •• 45 
46 
47 
48 
4q 
•o 
51 
52 
51 

PROG ECC330 

l2't 7 0 m 1° 
115 7 8 
H8 J ~ 
120 6 I 
120 7 I 
121 7 0 m 2 1 
121 7 I 
115 7 0 
115 0 l 
115 6 1 
115 1 l 
1Z4 7 0 
124 0 1 
121t 6 l 
124 1 01 
132 7 

tJ~ t t 
114 6 2 
13 7 1 0 
001 6 I 
001 llj, 1 m 1 b 
123 1 0 
12.ft 1 0 
125 7 0 
126 1 a 
127 7 0 
136 1 a 
112 0 1 
cocr.os 

FILE: ECC330 OUTPUT 

55 
56 
57 
58 
59 
60 
61 
62 
61 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
11 
78 
1• 
80 
Bl 
82 
83 
84 
85 
86 
87 •• •• 90 
91 
"2 
91 
94 
95 
96 
07 •• •• lJO 

101 
102 
103 
104 
105 
106 

000027 
OOC037 
COCO JO 
000031 
OOC032 
00003J 
OOCOl't 
000035 
000036 
000037 
0000l2 
OOCOlS 

171777 

8X330 

SIGNETICS CCflPORATICN PAGE 00 l 

MICRCCQp.jJllOLLER CRCSS ASSEMIUER VER z.a PAGE 

PRCG ECC330 ........................................................................ . . * ERROR CORRECTION PROGRAM. AUGlJST, l'JBl. • • • * THIS PROilU,M WORKS WI TH THE THE HARDWARE AND SOFTWARE OF THE • 

: g~;~Nl~~r~b~~ei0~l~8lt~R :~uRE2~~ 1 2~~ckNR~~~s~ 1 8~~J~~~ ~:6~0,:~oPP% • 
• SEPARATE 16-BIT POLYfo.OJlllllALS, ARE USEO FOR THE DATA FIELC • : ~:~~~= ~I tt 1!~1 n J ::1 ?1i !xc 10>u18 > +x l 6 hX t 5 hXC 4 H l . . :······································································· 

•M.S. BYTE Of CRC2F *"· S. BYTE CF CRC2f 

:t:~: 3~H g~ ~=~~~ 
=~it·o0iJEcRf iiR~!~. BYIE 
•Bl f 6 OF CR~lR M. S. BYTE 
•BIT 7 GF CRClR '4.S. BYTE 
•L. S. BYTE CF CRtlf' 
•BIT 0 OF CRC lR L. S. BYTE 

:~H ~ 8~ ~:Et= t:~: R~J~ •"1. S. BYTE OF CAC2A 
•BlT 0 Of CRC2R M.S. BYTE 
•(HT 6 er CRC2R M.S. BYTE 
•Bl T 7 OF CRC2R M. S. BYTE 
•L • .S. !WTE OF CRC2R :n l l g g~ ~~~i~ t: ~: R~H 
•BIT 1 CF CPC2R L.S. BYTE 
•BXHO SfATUS REGISJER READ 
•BYTE TRANSFER ACTIVE "" 0 
•COMPUTE Ci:\C=l 
•108.: SINGLE OENSITY, 008• OOIJBLE DEiii 
•CISK CATA REGJSH" 

•POPHER FOR 2ND lfVEl SUBROUJINE 
•CRC ERPriR BIT IN PHY. REG. l 
•OATA. INPUT fOR CRC2F 

SIGNET ICS CORPORATION 

' 
PAGE 002 

PACE 

LB 
RB 
R80 
RBI 
R82 
R81 ••• RB5 
R86 
RS7 
Lf 
CR . 

EQU 
EQU 
EOU 
EOU 
EQU 
EOU 
EQU 
EOU 
EOU 
EOU 
EOU 
EOU 

27H 
HH 
30H 
31H 
12H 
))H 
34H 
'5H 
36H 
37H 
012H 
OlSH 

PCINT SET -1 

•LEFT BANK 
•RIGHT BANK 

•LINE .fEED 
•CARR I AGE RETURN . ...................................................... . . 

• PRINT Blfl.ARV MACP:O. * * Pct.INT THE CONTENT OF lHE SELEC.l PORT IN THE RIGHT * * BAfl.K IN BINARY. * . . ...................................................... 
PRTBifl. MACRC PRTl 

)OUT l,AUX 
X~IT 377H-7,R6 
ORG ], 32 

PRTl MOVE RS,JVR 
XMIT '1 1 ,R.lt 
Nll RB, L,•+2 
X~IT 1 0',Fl\ 
lilOVF Fl6b, 8 1 RH 7 
CALL llY..iR 

• 
ADO Rb,R6 
NZT R6 1 PRTl 
ENOM 

• ........................................................ . . 
• MACRO FCR SECOND lEVEl Sl.ISRGUT 11'1E. * 
• RETURN TD CA.ll2 BY J'IP ~TN2 • . . ........................................................ 
CALL2 MACRO SUBR21LAB • LA!3 
PO INT 

SEL SLEN 
SET POINT+l 
XMIT POlNT,SlE1'. 
JMP SU6R2 
~~~ ~i~;;POINh~ 
CRG LAB+] 

•STORE PETUfl~ JUMP INDEX IN SLEN 
•GC TO 2NO LEVEL SUBRCUTINE 
•INSERT THE NEXT INSU. lN RETURN TABLE 
•ZND LEVEL SU~ROUT INf Rf TURN JUMP 
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8X330 

FILE• ECCHO OUTPUT 

lC9 
110 

IU 
11• 
115 

m 
118 
119 
120 
121 
122 
123 m 
12< 
127 
128 
129 

m 
m 
134 
I 15 
136 
137 
138 
139 
HO 
Hl 
147 
l'3 
1•4 
145 
146 
147 
148 
149 
150 
151 
152 
151 
154 us 
156 
157 
l 58 
p;q 

PRCG ECCHO 

Ol 716 

Ol 71t6 

'Jl 712 

01111 

02001 

02003 

02010 

02017 

02255 

02262 

02270 

C7000 
07001 
07002 
07003 
C7001t 
0700S 
07006 
07007 
07010 
07011 
07012 
07013 
orn14 
0701 r; 
C7.Jl6 
07017 
07020 
iJ702 l 

7 07000 

7 07010 

7 07020 

01027 

6 17132 

1 01034 

07061 

01C6' 

7 07116 

1 07132 

7 07140 

05114 
06013 
1712• 
05037 
17115 
06037 

6 11137 

I&HH 
6 06013 
6 l 7124 
0 05037 
6 17115 
0 1)6037 
6 17131 
1 OU47 
6 00001 
l OlCOl 

FILE; ECCHO OUTPUT 

m s1m A Hm 
162 070Zlt 6 11000 

PROG eccno 

163 
16• 
165 
166 

167 
168 
169 
170 

171 
172 
173 
IH 
175 
176 

111 
178 
179 
180 
181 
182 
183 
18• 

185 
186 
187 
188 
189 
190 
191 

192 

193 
194 
195 
196 
197 
198 
1'9 zoo 
ZCl 
202 
203 
20• 
205 

07025 
07026 
07027 
07030 
07031 
07032 
07033 
0703' 
07035 
07036 
01031 
070.ltO 
07041 
07042 
0701tl 
07044 
07045 
07046 
0101t1 
07050 
07051 
07052 
0705} 
07054 
07055 
07056 
01051 
07060 
07061 
07062 
07063 
07064 
07065 
07066 
07067 
01010 
07071 
07072 
01013 
07074 
07075 
07076 
01011 

071l0 
07101 
07102 
07103 
07104 
07105 

7 06342 
1 01714 

t Mm 
6 llOOl 
1 Of342 

I mg~ 
6 05000 

~Am~ 
6 17132 
5 36100 

8 mu 
a osoo1.t 
~Alm 
t Hm 
6 17132 

i mH 
0 37005 
0 05003 
6 11004 
1 063lt2 
7 02004 
6 11121 
0 00037 
1 02013 
6 17120 
0 00037 
6 11005 
7 06170 
6 11006 
1 06 370 
0 03000 
3 37037 
6 L 7121 
0 04000 
3 370)7 
6 01001 

s 37004 

~ Hm 
6 01000 
6 00002 
6 l 7121t 

June 19841 

SH:i."4ETICS CCRPCRATION .PAGE 003 

....... ,~~~ ....................................................... . 
MICAGCC~TRCLLER C:llOSS ASSE"'6l£fl VER 2.0 PAGE . . * PATCH JMP IN~TRUCT IONS IN THE 2K PROGRAM OF THE DEl40NSTRATION • * COhTROLLER TD THE RCAC ANO ~RITE CRC2F CHECK !YTES PROGRAM. • • • ................................................................... 

Pl 

ORG 1716H . 
~=~ t~16H •PHTIALIZE CRCZF FOR Al 1 Al 1 AL 1 FB 
JMP AA2 •·INIT.IALIZE CRCZF FOR FB 
ORG l 772H 
JMP AA3 
CRG 1777H 
JPillP AA't 
CRG 2001H 
SEL STHO 
ORG 2003H 
JMP AA5 
CRG ZOlOH 
JMP PPZ 
CRG 2017H 
JMP PP3 
ORG 2255H 
JPillP PP4 
CRG 2262H 
JMP PPS 
CRG 2270H 
JMP PP8 

*CALCULATE CRCZF ON LINE FOR DATA FU:LO 

•CALCULATE CRCZF FOR 8 BITS Of '0' INPUTS 

•CALAULATE CRCZF FOR 8 BITS OF '0' INPUTS 

•READ "l.S. BYTE OF CRCl REMAINDER 

•READ 3 HORE BYTES OF CRC 

•INITIALIZE CRCZF FOR Al,Al,Al,F8 OR FB 

.............................................................. 
• • • PATCH PROGRAM TO READ CRCZF CHECK BYTES. • . . .............................................................. 
AAI 

AA2 

ORG 7000H x1111n 010011ooe,Rs 
XllllIT 000010llB,R6 
SEL MCRC2F me L~~t~fRC2F 
~~rEF~~flCRCZF 
JMP l717H 
XMlf OllllltlB,R5 
XMIT coo110110,ll6 
SEL lllCRC2F 
-;~~EL~~(~~RCZF 
;FreF~1fLCRC2F 
JMP 1747H 
X ... IT l,AUX 
ACC RI ,R l 

:rnn1:t ~~t8~ ~E= ~=~~; ~:~: =~1~ 1~ 8:8 
•INITULIZE M. S. BYTE CF CRC2F IN D.O. 

•INITIALIZE L.S. BYTE CF CRCZF IN O.O. 

•INITIAL VALUE FOR CRCZF M.S. BYTE IN S.O 
•INITIAL VALUE FOR CRCZF L.S. BYJE IN S.O 

•INITIALIZE "1.S. BYTE CF CRC2f IN S.D. 

•t'llTIALIZE l.S. BYTE CF CRC2f IN S.D. 

SJG\IET ICS CCPPCRAT ICN PAGE 00-'t 

AA4 

AA5 

PP2 

PP3 

A8eE"fA~i5 
CALL CRCZF •C.UCULATE CR.C2r FOR DAU FIELD 

HICROCCNTROLLER CRCSS ASSEritBLER VER 2.0 PAGE 

JHP l 774H 
SEL FOAT 
XMIT 0 1 Rlj 
CALL CRCZF 

JMP 2000H 
SEL FOAT 
XMIT O,R5 
CALL CRCZF-

SEL ST330 
NZT BYTRA,•-1 
SEL FOAT 

=s~~ ~~A~tR5 
CALL CRCZf 

SEL CRCE 

~w S~i~~CE 
foiZT BYTRA,•-1 
SEL FOAT 

=8~~ ~~·h"' 
CALL CRCzF 

JMP 2004H 
SEL LCRC IR 
MOVE AUXtLCRClR 
JMP 2013H 
SEL titCRC lR 
p.10\IE AUXrMICRC.l~ 
CALL CRClfl 

CALL CRC lR 

:5~E \4~~C t~: MCRC IR 
SEL LCRClA 

:g~eL~~£ t~:LC.RClR 
m's 1 i~ 1 
hZT LlRtlfl,•+4 
SEL ~CllClR 
NZT ~CRClR,•+2 
XHIT O,Rl m1.m2:ux 

•CALCULATE CRCZF klTH 8 BITS Of 0 INPUTS 

•DURING THE Fl'lST CRC CHECK BYTE TIME 

•CALCULATE CRCZF hlTH 8 BITS OF 0 INPUTS 

•1UP ING THE SEC.0'110 CRC Cl-tECK BYTE T IHE 
•dll FOR lRO CRC CHECK BYTE 

•CRCZF INPUT = 3RO CRC Cf1ECK BYTE 
•STORE 3RO CRC BYTE IN Rlt 
•CALCULATE CRCZF 

•OI SABLE CRC lf CALCULATION 

•WAIT FOR 4TH CRC CHECK BYTE 

•CRCZF INPUT ::: 4TH CRC CHECK BYTE 
•STORE 4TH CRC BYTE IN Rl 
•CALCULATE CRCZF 

=~~~~RM.S. BYTE OF CRClf llllTO L.S. BYTE OF 

•LOAD L.S. BYTE OF CRClf INTO M.S. BYTE OF 
•C4LCULATE CRClq WITH 8 BITS OF 0 INPUT 

•!JECAUSE lA.O ANO 4TH CRC BYTES GO THRU CRC 

. 
• •Rl=l IF CRClf REMAINDERS NOT EQ. ZERO 

*"'·S• BYTE OF MCRClF REMAINOER=O? YES, •+4 

•l.S. RYTE OF MCRClf REMAINOER•O? YES, •+2 
•Rl=O If CRClF REMAINCf"RS EQ. ZERO 



ECC application note 

FILE: ECCHO CUJPUT 

m 07106 5 37012 
208 07107 6 17115 
209 07110 5 370l2 

PROG HCBO 

210 0711 l 0711 j 
211 07ll2 01001 
212 07113 Oll 15 
213 07114 020;?0 
214 07115 06CDO 
215 
216 
211 
218 
219 
220 
221 
222 
223 07116 6 02000 
224 07117 6 1711'. 
225 07120 6 051 77 
226 07121 6 06033 
227 07122 5 36225 
228 07123 6 05114 
229 0712it 6 06013 
230 07125 6 11124 
231 0712& 0 05037 
232 07127 • l 7115 
233 07130 0 060J7 
Z34 07131 7 02256 
235 07132 O 27C37 
236 07133 0 27005 
131 07134 6 11007 

07135 7 06342 
238 07136 6 00001 
lH 117l 37 1 02261 
2•0 07140 6 013 76 
241 0714 l 6 l l 132 
242 07142 5 36101 
ZB 07143 6 31100 
Z4' 07144 6 l 713 7 
245 07145 6 05CCO 
246 07146 6 ll010 

07147 7 06342 
2H 07150 6 00001 
24' 07151 1 o ioo1 
24" 07152 5 01141 
250 0715 3 6 l 71 32 
ZSI 07154 5 3611 3 
252 07l SS 6 31101 
253 07156 6 l 7124 
254 07157 0 31000 
255 C7160 6 l 7137 
256 1Hl6l 0 OC037 

FILE: ECC33Q ('UTPUJ 

m srn~ ~ 1zm 
zsq C'7164 6 1111s 
260 07l65 0 37000 
261 07166 6 17137 

PROG ECC330 

262 
263 
26' 
265 
266 
267 
268 
Z69 
210 
271 
212 
2H 
274 
Z75 
276 
Z11 
278 
219 
280 
281 
Z8Z 
283 
284 
285 
286 
287 
288 
289 
290 
291 
291 
29l 
291 
201 
291 
291 
291 
291 
292 

293 
293 

07167 
07170 
071 71 
07112 
07173 
071 74 
071 75 
07176 
07177 
07200 
07201 
07202 

07203 

07204 
07205 

06000 

06J01 
06002 

07206 

06003 
06004 

Z93 060C5 
2<n 
293 06006 zcn 06007 
293 
2'H 07207 

00031 
01375 
053 71 
l 71 32 
36132 
l 7137 
05037 
00001 
01001 
011 72 
1 7132 
0230() 

6 l 71 36 
00 7203 

0 3 7000 
4 00206 

6 l 71 36 
000000 

6 37000 
1 06234 

7 Ol::003 

llCll 
06407 

6 l 71]6 
000001 

b 37001 
7 062 34 

7 06010 

8X330 

SIGNFTICS CORPGIUT ICN PAGE 005 

2H aa1:2f ,LP•12 ..... s. 
5El lCRC2f 

BYH GF MCHC2F REMA I t\OERi:07 YES ,GO 

Nll LCRC2F ,LRA12 
MJCPOCONTIWLU:R CRCSS 

*L. S. BYTE or LCRC2F REMAINDER:::Q? YES,GO 
ASSE'1KLER VER 2. 0 PAGE 5 

JMP "2 •'Ila, co ro •+2 
LRA12 ADD P 1 ,A: l •J:l:l=l lA, HOTH CRC NCNZERO .. R 1=108 IF CRC2 

NZT ~6i;~2 •CRC EKRCR, GG TC ECC 
JMP 
JMP ECC . . ....................... '"' , ............................... . . . PATCH PROGRAM ) • T( CRC?r CHECK BYTES • . . . .......................................................... . 

PP4 XMIT .gb~2 SEL 
XM lT 011111 l lB,R'l *l~ITJAL VALUE OF CRC2f M. S .. BYTE IN s .. o. 
X"" IT 000l1011 B,R6 •IN I l lAl VALUE OF CRC2F L .. S ... BYTE IN s.o. 
~~IrM~rgori~oa,Rs • ! .'14 J TI Al VALUE CF CRC2F M .. S. BYfE IN o .. o .. 
XMIT 00iJ01011B1R6 •IN It I Al VALUE OF CRC2F L .. S. BYfE IN o.o .. 
SE l "'CRC2F 
MOVE R5,MCRC2F •PRE- I NIT I Al I lE M,. $,. BVTE CF CRC2F 
SEL LCRC2F 
'-'OVE Fl6 1 LCRC2F *PRE- lNIT !All ZE L • S. BYTE OF CRC2F 
J•P 2256H 

PPS MOV[ LB,RB 
MOVE l B, R5 •PS"' DAU lNPUT 
CALL CRC2F •C .i\LCUL A TE CRC2F FOR CATA f HLO 

XMIT 11 AUX 
JMP 2263H 

PPB XMIT 376H 1 R 1 
5EL ST 330 
Nll BYTRA,•-1 •WRITE l AST DATA BYTE ANO FIRST CRC BYTES 
XM 11 Q,CRCf •rJ I SABLE CH 
SEL FOAT 
x~ 11 0 ,R5 
CALL CRC2'F •CALCULATE' CRCZF W l TH 8 BITS OF o•' 
X"'ll T l ,AUX •FCP I SI ANO ?NO CRC BYTE TIME 
AOC fl l ,R l 
•Z T Rl, PP8f"l 
SE L STBO 
~lt 8YTRA,•-I ll<WR IT 2N!J CR( BYTF 
XM IT It CRCE. •fNABLE CRC 
5El ,..CP:C2F 
MO\/£ ~CRC2f ,t..ux 
SE l f GAT 
"'CVE IWX 1 fCAl 

SJ,,NFTICS CORPORAT!GN PAGE ·106 

C ?DO ~n rt!~~fC200 •wR I TE JR.[) CRC BYTf 

~CVf LCRC2f •AUX 
SEL f UAf 

~TCROCCNTRGLLER CRfiSS A'.1SF'-1£ll[R V[R 2 .. 0 PAGE 

1"0\IE' AUX,FOAT 
X"1ll 37SH,Rl 
X~Il' 377H,R5 

(202 SEL ST330 
NZT !WTRA,(202 
SH rDAT 

*WRlTF 4TH CRC B'l'H .,. l BYTES OF FF 

,~OVE PS,FDAT 
X~JT l,AUX 
ADD Rl,Rl 
fl.ZT Rl,(202 
SEL 51330 
JMP 2300H . ............. .......... .... ...... .. ... ..... .. . . . 

• 2'ND l[Vfl SU8ROUTINF RFTURN TABLE • . . ······••11<•• ................................. . 
RFT2 SH SlEN 
RTN2 SET RfT2 

MO\IE SlfN 1 AUX 
X£C *+llAUXI 
CRG ~TN2+23 ................................................................... . . 

ERROR CCRRECTION RCUTlNf.. • . ................................. " ................................. . 
CRG 6000H 

E CC .. CALL2 PRINT,OlQO •PRINT CRCJR ANO CRC2R 

f"P 100 
+PCI NT . . 
.. 
+P 110 
f"PCI''H . 

SH SU:--.. 
SET PCINTH 
X~IT PCINT,5lE/\ 
JMP PRINT 
ORG PTN2+PCINT~J 
JMP Pl00+3 
ORG P 100f"3 
CALL CRC2R 

CALL2 PRINT,PllO 

SFL SLEN 
SET PO!Nhl 
XMJT POINT,SLEN 
JMP PRINT 
CRG RTN2+POINf.l-3 
JMP Pl 1J+3 

•STCRf RETURN JUMP l~OEX IN SLEN 
•G(J TO ?NC LfVfL SUBRCUTINE 
•INSfRl THF NEXl INSTR. IN RETURN TABLE 

•2NO LEVEL SUBROUTINE P.ETURN JUMP 

•STA~l REVERSE GENERATION 

*PRINT CRCIR Af-..0 CRC2R 

•STCRE RE:TURN JUMP INDEX U\ SLEN 
~co TO 2ND LfVfl SUBROUTINE 
•INSERT THE NEXT 11\STP. Ho. RETURN T4BLE 

*21\!0 LfVfl SUHRCUflNE RETl.iRI\ ./U"1P 

June 1984 755 
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8X330 

FILE: ECC3JO CUTPUT 

2•3 
zq4 ObOlO b OOOCZ 
zqo; 06011 3 01000 
296 06012 5 :J0021 
'l'i1 C60l3 6 11012 

06014 1 06466 
PROG ECC330 

296 06015 
06016 

299 0601 7 
3CO 06020 
301 06021 

302 
302 

06022 

302 06023 
302 
302 06024 
302 06025 
302 
302 07210 
302 
303 06026 
301t 06()27 
305 06030 
306 06031 

06032 
307 0603] 

06034 
308 Ob035 
309 06036 
310 06037 
Hl 06040 

06041 
312 06042 

06043 
313 
313 
113 06044 
313 
313 06045 
313 J6046 
313 
313 07211 
313 
314 06047 
315 06050 
316 06051 
317 CC:.052 

06053 
313 06054 
31 q 06055 
l20 06056 
l2l :J6')57 

110 lJ 
06434 
06021 
06222 
11014 
06407 

6 l 7136 
000002 

6 17002 
7 06234 

7 06026 

6 00002 
3 01000 
-; 00040 
6 11015 
7 06466 
6 11016 
7 06434 
5 06037 
7 06222 
7 OC-2 33 
6 110 l 7 
1 06370 
6 11020 
1 06407 

6 l 7136 
COOC03 

6 3 7003 
7 06234 

1 0604 7 

00001 
01000 
00057 
11021 
064 34 
06C56 
Ot222 
JH16 
OCOC3 

flLE: fCCJJO OUTPUT 

m 
324 
325 
326 
327 
328 

320 
330 
331 
332 
333 
314 

H5 
336 
337 
338 
33• 
340 

341 

342 
342 
342 
342 
342 
342 
H2 
342 
342 
343 
344 
345 
346 

347 
34~ 
349 
350 
351 

352 

351 
353 

06060 3 OlCOO 

06061 5 00116 
06062 6 17120 
Ot:-063 7 Ot.100 
06100 5 37Cl6 
06101 6 l 7124 

PROG ECCHO 

06102 5 37Cl6 
06103 6 17115 
06104 o ·nooo 
06105 6 l 7120 
06106 0 00037 
06107 6 11022 
06110 1 064 34 
061 ll 5 06113 
06112 1 06222 
06113 6 00000 
06114 6 17120 
06llS 0 00037 
06116 6 11021 
06117 7 06370 
06120 6 11024 
06121 7 06407 

06122 

06123 
06 )24 

07212 

06125 
06126 
06127 
06130 
06131 
06 l 32 
06133 
06134 
00135 
06136 
06137 
06140 
06141 

6 11136 
000004 

6 17004 
1 06234 

7 06125 

6 0000 I. 
3 01000 
5 00135 
6 11025 
7 064 34 
5 06134 
7 06222 
7 0623.l 
6 03000 
6 l 1026 
1 063 70 
6 ll027 
7 06401 

353 06142 6 17136 
353 000005 
353 C6143 6 3700'i 
353 06144 7 06234 
353 
3S3 C72 l 3 7 06145 

SIGNETICS CORPORATION 

CRG Pl 10•1 
XMJ T lOB,AUX 
)(QR Rl,AU)( 
NZf AUX,RG16 
CALL TFR2T l 

PAGE 007 

•CRC.2 N~EO TO 0 ANO CR.Cl zQ? NC, JMP RG16 
•YES, l040 CRC2R INTO CRClR 

MlCROCONTROl LER CROSS ASSE'\BLER VER Z.J PAGE 

P.G16 

+• 
•P200 
•PCINT . 

RG24 

.. 
•P300 
•PCINT 
+ 

RG74P 

(.ALL CHECK 

~~i ~~,~~~6 
CALL CRCZR 

CAllZ Pll:INT,PZOO 

SH SLEN 
SET PCJNT+l 
XMIT POINT ,SLEN 
JMP PRINT 
ORG RTN2•POINT+3 
JMP P200•3 
ORG P200•3 
XMIT 108,AUX 
)(QR Pl,AUX 
NIT AUX,RG24 
ChLL TFPZTl 

CALL CHECK 

J\;lT R6,••2 
JMP CRCERR 
JMP UNCORP 
CALL CRC lR 

CALL CRCZP: 

CAll2 PRINT ,P300 

SEL SLEN 
SEl PG[NT+l 
XMIT POINT,SlfN 
JMP PRINT 
CRG R1N2+POJNT+3 
J"1P P 300• 3 
CRG PJ00+3 
XMIT OlB,AUX 
XUR Pl,AUX 
NZT .l\UX,Rb24~ 
CALL CHECK 

1\ZT Rbt•+2 
J."1? CRCERR 
J"IP RG32 
XM IT l lt), ALiX 

SIGNET ICS CCRP011AT ION 

RG32 

.. 
+P400 
!PO I NT 

ma:w 
Nl T AUX, RG32 
SEL MCRClR 
CllG 16,32 
NlT MCRC1R,f.l.G32 
SEL LCRC2R 

MICPOCCIHROLLER CROSS 

'1ll T LCRC2R, RGJ2 
SEL MCRC2R 
MOVE MCRC2R,AUX 
SH MCRClR 
MOVE AUX,."'1CRClR 
CALL CHECK 

NlT R6,•+2 
JMP CPCEf.l.R 

~·~l T MER~~: 
folQ\l'E AU)(,MCRClP 
CALL CRC lR 

CALL CRC2R 

CALL2 PRINT,P400 

SEL SLEN 
SFT POINT+! 
XMIT POINT,SLEN 
JMP PP INT 
ORG RTNZ•POINU3 
JMP P400+ 3 
ORG P400+3 
XMIT 018,AUX 
XOR Rl,AUX 
~i[l .\~~f~~DAT A 

~Gi ~*c~R~ 
JMP UNCOf.l.R 

RGOATA X~IT O,R3 
LOOP CALL CPClR 

.. 
+PSOO 
:PO I NT 

CALL CRC2R 

CAll2 PR INT ,PSOO 

SEL SLEN 
SET PCINT+l 
XMIT POINT,SLEN 
J1'1P PPINT 
CRG RTN.HPOINT•3 
J~P P500+3 

•CHECK FOR 7 LEADING ZEROS 

•1 LEADING ZEROS FCU,..0? NC, GO TO RG16 
*YES , ERROR IN CRC2 

•':JP.INT CRClR ANO CRCZR 

•STCRE RETURN JUMP INDEX IN SLEN 
•GO TO 2NO LEVEL SUBRCUTI NE 
•INSERT THE NEXT INSTR. IN RETURN TABLE 

•ZNO LEVEL SUBROUTINE RETURN JUMP 

•CRC2 ~ .. EQ 0 ANO CRCl ;,. O? NO, JMP RG24 
•YES, LOAD CRC2 INTO CRCl 

•LOOK FCR 1 L..S ... BITS EQUAL TC ZEROS 

•7 LEADING ZEROS FOUND? 
•YES, ERROR (N CRC2 
•NO, UNCORRECTABLE ERROR 

•STCRE RETURN JUMP INDEX IN SlfN 
•GO TO ZNO LEVEL SUBROUTINE 
•INSERT THE NEXT lNSTR. IN RETURN TABLE 

•2t>.iO LEVfl SUGPOUT!NE RETUR"- JUMP 

=~~~~ ~~EgK&F5~ct ~Ejg,~J l~~~~o TO RP2ltP 

*'1 LEADING ZEA.CS FOUND? 
•YES, ERROR IN CRC 1 
•NC 

PAGE 008 

=~~~~ l~~c~·FB~ ~~Rs~ ~~1NG~R~y ~~~2 CRt2 
*CRCl ,"!.S. BYTE =O? NC, ERROR IN DATA 
HES 

ASSEMBLEP VER 2 .. 0 PAGE 

•CRC2 L.S. BYTE =O? NC, ERROR IN DATA 
•YES 

*LOAD CRC2 M.s. BYTE INTO CRCl ~.s. BYTE 
•CHECK FOR 7 l.S. ans EQ. ZEROS 

=~E~~A~~~gR1~~~~ ~~g~o1N~olR~~~OR IN DATA 

•RESTORE MCRClR VALUE BEFO~E CHECK SUBR 

•Al THE BOUNTARY OF DATA AND CRC 

•STORE RETURN JU"!P INDEX IN SLEN 
•GG TO ZNC LEVEL SUBRCUTINE 
*INSE~T THE NEXT INSTR. IN RETURN TABLE 

•ZNO LEVEL SUBROUTINE RETURN JUMP 

*CRCl N. EC TO 0 ANO CRC2 .s 01 NO, JMP RG 
•CHECK FOR 7 LEADING ZERCS 

*1 LEADING ZEROS FOUND'/ 
•YFS, ERROR IN CPCl 
••rn, UNCORRECTIBLE ERROR 
•INITIALIZE BYTE COUNTER 
•REVERSE GENERATE C.RClR 



ECC application note 

FILE: Ett330 OUTPUT 

m 
)55 
356 
351 
358 
359 
360 

161 m 
3 .. 
365 
366 
367 
368 

m 
m 
373 
37' 
315 
376 
371 
378 

379 
380 

381 m 
384 
385 

m 
388 
389 
390 
391 
392 
393 
394 
195 
1% 
397 
198 
199 

400 

06145 6 lllZlt 

gm~ 0 nm 
06150 ~5 31000 
061Sl 00111 
C6152 6 11115 
06153 5 03161 

PROG ECC330 

gm; 
06156 
06157 
06160 
06161 
06162 
06161 
06164 

8tltZ 
06167 
06170 

&UH 
06173 
06174 
06175 
06176 
06177 
06200 

8tl8} 
06203 
06204 
06205 
06206 
06207 g:m 
06212 
062ll 

&tm 
06216 
06217 
06220 
06221 
06222 
06223 &:m 
06226 
06227 

5 37031 
6 11030 
1 0643' 
5 06171 
7 06175 
0 37000 
6 11120 
3 31000 ;mu 
5 06111 
7 061 TS 
6 00377 
I 03003 
5 03116 
1 06233 
6 04Cl 5 
6 11032 
1 06553 
6 04012 
6 11033 
1 06551 
6 00377 
I 03003 
0 03007 
6 1112' 
0 37000 : m~l 
I 03003 
5 012 lS 
7 06221 
0. 03007 
6 17115 
0 31000 
3 27027 

Z mH 
6 10101 
6 0'9015 
6 llOllt 
7 06553 
6 01t0l2 

FILE: ECC330 OUTPUT 

4CI 

402 
403 
404 
405 
406 
4C7 
408 

409 uo m 
411 
41' 

41S 
m 
416 
416 
416 
416 
416 
416 
416 
416 

416 
416 
417 
418 

419 
420 
420 m 
420 
420 
420 
420 
420 
420 

m 
421 
•22 

423 
424 

8mY 'Hm 
06232 1 02020 
06233 1 02027 

PROG ECC330 

06234 
06235 

&tm 
06240 
062'1 
06242 

04015 
11036 
06553 
04012 
11037 
06553 
05120 

06243 6 OCOOl 
06244 6 06370 

06245 
06246 
06247 

8tm 
06252 
06253 s:m 
06256 
06257 
06260 
06261 

05017 
0•061 
37111 
04060 nm 

1 06553 
1 06006 
5 06245 
6 04040 
6 110'tl 
7 06553 
6 05121 

06262 6 00001 
06263 6 06370 

06264 
06165 
06266 
06267 
06270 
06111 06 72 
06 73 
06 14 
06275 
06276 
06277 
06300 
06301 

05017 
0•061 
37130 
04060 
36037 
11042 smt 

5 06264 
6 o•o4o 
t Alm 
6 0401t0 
6 110 .. 

8X330 

SIGNETIC.S CORPORATION PAGE 009 

NLOB 

NCO~P 

DCNE 
C.ACERR 

•CC~PARE L .. S. 8VJF. Of CRCLR ANO CRC2R 
•CCllPARE? ~C,GC TC NCOMP 
OES 
•R .. G. FOR LASI DA·TA BYTE. NO, JNP NLOB 

CRCSS ASSE~BLER veR·2.o PAGE q 

=~~~CK"'F~R ,.,~~.g~N~R~~:a~·Q• O? 
•1 LEADING ZERCS FOUND? NO, JlllP NCOMP 

:~at·R~8. '~0~ 0~:~~,A~~. BYTE 

:c~~~~=~?ft!Na; ati'¥ao~C~=~lR AND CRC211 
•~11ECK FOR 7 LEADING ZEROS 

•7 LEAOl~G ZEROS FCUNO? NO, J,,ip NCOMP 
UESt GO TC CORRECTION 

•DECREMENT BYTE COUNT 

=~2c~~~E~ll~~~ ~R&oi0 TO LOOP 

•PR INT CR 

tPRINT Lf 

•RJ EC. l ST LOCATION IN ERROR 

•CORRECTION fOR FIA.ST BYTE 

HST ERROR IN LAST DATA '3YTE? NO, GO TO • 
•YES, GO TO DONE 
•ADDRESS BUFFER 

•COQRECTION IN 2NO BVTE 

•ERRCP IN CRC BVTES 
•SET CRC ERROR FLAG 

•PRlf\IT CR 

SIG~ETICS CORPORATION PAGE 010 

CALL TTYll.P 

JMP 2Q20H 
UhCORR JMP 2027H •UNCORRECTABLE ERROR . . ................................................................ • • • 2ND LEVl:l SUBROUTINE TO P"-INT CCr-tTENTS CF CRClR AND CRC2R. • 

f'IJCROCONTRCLlER CROSS ASSEf4BLER VER 2.0 PAGE 

• • ................................................................ 
PRINT JC.~JT CR,Rlt 

CALL TTYhR •PRINT CR 

XMIT LF,Rlt 
CALL TJYWR 

10 

. XMIT MCRClR1RS 
PRTBIN PRT2 

==u }j~~~7,R6 
•P~INT M.S. BYTE OF CRClR. 1111.s. BIT ON L. . . 

+PRT2 . 
• . . . 

+ . . 
+PR Tl . 
+ . . . 

CRG ],32 

~2Y~ ~lt ~~: 
~~J,Rf&J:::z 
~OVf RB6,B,RB7 
CALL TTYWR 

AJO R6,R6 
NZT R6,PRT2 
XMIT ' 1 ,Rlt 
CALL TTY\itR 

XMIT LCRClR,R5 
PRTBlN PRT3 

=~H }t,~~1,R6 
mE 3A~~lVR 
XMIT 1 l 1 ,R4 
~ZT R81l1*+2 
XMIT '0' 1 R4 
MOVE Re6,8,RB7 
CALL TTYWR 

ADO R6tRb 
NZT A6,PRT3 
XMIT • • ,R4 
CALL ITV.•A 

>tMIT 1 ',P4 
CALL t TYflR 

•PR1N1 SPACE BETWEEN M.S. ANO L.S .. BYTE 0 

•PRJNT L. S. BYTE OF CRC tR. M .. S. BIT ON L. 

•PRINT 2 ~PACES BElWEEr-t CRtlR ANO CRCZR 

757 



758 

8X330 J 
FILE: ECC 3 30 OUTPUT 

425 
426 
426 
426 
426 
426 
426 
426 
426 

426 
426 

'26 
426 
427 
428 

429 
430 
430 
430 
430 
430 
430 
430 
430 
4'0 
430 

HO 
430 
431 
432 

433 
4'4 
435 
436 
437 
438 
439 
440 
441 
442 
443 
444 
445 
446 

• 473 
474 
475 
476 
477 
478 
479 
480 
481 
482 
483 
484 
485 

06302 1 06551 
06303 6 05ll5 

06'304 00001 
06305 06370 

06306 0 oso 1 7 
06307 6 04061 
06310 5 37112 
063l l 6 04060 

PROG ECC330 

06312 0 36031 
06313 6 11045 
06314 1 06553 
06315 1 06006 
06316 5 06306 
06317 6 04040 
06320 6 im~ 06321 7 
06322 6 05124 

06323 00001 
06324 06370 

06325 05017 
06326 04061 
06327 37131 
06330 04060 
06331 3.6037 
06332 11047 
06333 06553 
06334 06006 
06335 06325 
06336 04015 
06337 11050 
06340 7 065 53 
06341 7 07203 

SIGNHICS CCPPORATICN P4GE Oil 

XMIT MCRCZR,R5 
PRTBIN PRT4 

~~H ~7~~~1,Rb 
•PRINT ~. S. BYTE OF CRC2R. M.S. BIT ON L. . 

+PRT4 . . CRG ltl2 

~~n ~ii!~: 
~lT RB,l,•+2 
XMIT 1 0 1 ,R4 

MICROCONTRCLLER 

lilC'IE P:86,9,R97 
CALL fTY\ojR. 

ADD R6rR6 

CROSS ASSEl-tOLER VER 2.0 PAGE 11 

Nzt R6,PRT4 
XMlT ' 'rR4 
CALL TTYWR •PRINT SPACE BETWEEN M.S,. ANO L.S. BYTE 0 

+ 
+ 
+ 
+PRTS 

XMIT LCRC2R,R5 
PRTBIN PRT5 
XMJT l,AUX 
XMIT 371t+-7,R6 
CRG 3 t32 
MOVE R5rlVR 
XMrT 1 l',R4 
~ZT RB,l,•+2 
XMIT 1 0 1 ,R4 
,..OVE R66,H,~B7 
CALL TTY~R 

ADO R6 ,R6 
NlT R6,PRT5 
XMIT CR,R4 
CALL TTYWR 

JMP RTN2 

•PRINT L.S .. BYTE OF CRCZR. M .. S ... BIT ON L .. 

•PRINT CR 

•(NO OF THE PRINT ROUHNE . ............................................................... . . * CRC2F= X(l6)+Xll3)+XClll+XllO)+Xl81+X(6)+X(5)+x(4)+1 * 
THE CRC GENFRATCR SH!FTS LEFT. • 
BIT O CF CPCM IS Tt-E Xll51 TERM. * 

• arr 1 OF CRCL IS THE XIOI TE'UI. • * DATA= ONE BYTE OF CATA INPUT. * * TE,_.P= TE1"PORARV STrRAGf. • . . ............................................................. 

.................................................... . . 
• CRClR"' Xl161+XlllJ+Xl41+1 • * REVERS£ POLYNOMIAL f.JF THE CRC-CCITT • * THIS CRC GENERATOP: SHIFTS RIGHT \ojffH ZERO INPUT* 
• ~oTE: M~S. BYTE Cf- CRClF BE:CO'-'E L .. s .. RYTE OF • * Cl<:C lR. • * BIT 7 OF MCRClR IS THE Xll51 TERM. • * BI f 0 CF LCRClR IS THE XIO I fER"I. * . . ................................ , ................. . . 
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5'3 
544 
545 
546 
541 
548 
549 
'50 
551 
552 
553 
554 06434 
555 Ob434 
556 06435 

023 70 
17120 

FILE: ECC330 OUTPUT 

~~J 8~~i8 ~~13~ 
559 06441 06COO 
560 06442 06465 
561 06443 30100 
562 06444 37736 
S63 06445 17121 
564 06446 30106 
565 0644 7 37136 
566 06450 00137 
S67 06451 17120 
568 06452 06137 
569 06453 6 00001 

PROG EC.C.330 

570 06454 1 02002 
571 06455 5 02035 
'>72 06456 a 11006 
573 06457 6 17121 
5 7't 061t60 0 3 7000 
57'l 06461 0 06037 
576 06462 6 17120 
577 06463 0 OOOH 
578 06464 6 06377 
579 C646'5 7 06611 
580 
581 
582 
583 
584 
585 
586 
587 
588 
58• 
590 06466 
591 06466 6 17115 
'592 0646 7 0 3 7000 
593 06470 6 l 712J 
594 0647l 0 00037 
595 06472 6 l 7l24 
596 064 n a nooo 
597 06474 6 17121 
598 064 75 0 00037 
59c;l 06476 1 06611 
600 
601 
602 
601 
604 
605 
606 
607 
608 
600 

8X330 

. ······················•*•••••••:t:•••································ . . 
* CHECK SU!lROUT INE * * l) CHECK 7 "4.S. l\lTS CF CRClR fGR Hf.I.OS 

21 ROTATE CRClR l BIT TOl.IARJS L.S. BIT 
31 IF ThE NUfilBER Gf ROTATE IS 6, THEN EXIT, OTHERldSE GO TO l * If 1 LEADING lf.PCS A~E FOUND, SET Rb TC ZERO. . ····················••11i:•c:••········································ . 

PROC CHECK 
Si-'IFT x ... 1r J77H-7,R2 
LCOPl SEL l"CRClQ 

SIJNET ICS CCFlPORATION 

~~y ~l~~lFl, 7,•+3 
X~IT O,Rb 
JMP ECHECK 

•YfS, LOAJ COUNT Cf 8 SHlffS 

•1 M.S.B. OF CRClR EQ. 01 
•YES. SfT RO TO O. 

PAGE Ollt 

MOVE "10CRC l, 1, AUX 
~OVE ~7CRC1,7,Jril6CRC1 
SEL LCRClR 

:No, ROTATE CRC REG. l BIT TO~AROS L.S.8. . 
MOVE lOCRCl,l.TEMP 
MOVE L7CRCl,7,LbCRCl 
MOVE Aux.t,L7CRC1 
SH MCRC 1 R 
MOVE TEMP.1,M7CRC1 
X"'!T 1,AUX 

MICRCCCNTROLLEP CROSS 

ADO R2,R2 

. . . 
ASSE"lf\LER VER 2.0 PAGE 14 

~a~E "~l~g~~!TEl"P =~~~io~~ T~O~T~~lP ~: ~~h~0 e~~ok~0~~TRY 
SH LCRClR 

~8~~ \~~~ ! ~l~g~R 
SH ~CRCl~ 
/"OVE AUX,MCRClR 
XMIT 317H,R6 

•Of THIS SUBROUTINE BY SWAPPING THE 
•MCRClR ANO LCRClR BYTES. . . . 
•SET Rb TO All ONfS If NO 7 LEADING 0 

£CHECI< PH. 
END CHECK . . ................................................................... . . ' * TFR2Tl SUBROUT lNF • * 

• THIS SUBROUTINE Will LCAD H1E CONTENTS OF CRC2R INT CRC.tR. * . . .................................................................... . 
PROC TFR2T l 
SEL MCRC2R 
MOVE MCRC2R,AUX 
SH ~CFlC lR 
MOVE AUX,MCRClR 
SH LCRC2R 
MOVE LCRC2R,AUX 
SEL LCRCIR 
l"CVf AUX,LCRClR 
•1' 
fNO TFP2Tl . .................................................. . . 

* lTYR( SUBRCUTlt\E * 
REAC CRT INPUT AN~ STORE 7 BITS ASCII JN R4 * 
G5= ~c. CF DATA BITS • 
Gl"' L .. S. Tl~E ilELAY CCUNTEP * 
G2= 't.S. T !ME DELAY CCUNTEI< * 
R4= ASCII CRT INPUT * 

(June 1984 759 



8X330 

FILE: ECC 3JO JUT PUT 

blO 
61 l 
bl2 
bl3 
bl4 
bl5 
bl6 
611 06417 
618 06477 17001 
619 06500 04377 
620 06501 35100 
621 
b?.2 C6S02 6 17135 
623 06'.>03 5 31102 

PROG ECCJ30 

624 C6504 6 17135 
625 06505 5 ll 107 
626 06506 7 06504 
627 06507 6 17126 
628 06510 6 00370 
629 06511 0 00037 
630 C6512 6 00331 
631 06513 6 17123 
632 06514 0 00037 
633 06515 1 06534 
634 06516 6 17135 
635 06517 0 31100 .,. C6520 ' 04104 
637 06521 • 00001 
63R C6522 6 17126 
b39 06523 l 37C37 
640 06524 6 00346 
641 06525 7 06Sl3 
642 06526 6 l 70Cl 
b43 06527 6 35101 
644 06530 6 003 76 
645 06531 2 04004 
646 06532 0 04104 
647 06533 1 066 ll 
648 06534 6 l 7122 
649 06535 6 CCC04 
650 06'>36 0 00037 
651 C6537 6 OCOOl 
652 
653 C6540 j 7037 
654 06541 3 7COO 
655 06542 l 7123 
656 06543 37037 
657 
65R 06544 37006 
659 06545 0654 7 
660 '16546 065)4 
661 06547 l 7126 
662 06550 l 7Cll 

FILE: ECCJ30 OUTPUT 

663 mu 7 06526 
66't 1 06516 
665 
666 
66 7 
668 ... 
670 
671 
672 
6 73 
674 
675 
676 
6 77 

PROG ECC330 .,. 
679 
680 
681 06'i53 
682 06553 17001 
683 C6554 36100 
684 06555 11126 
685 06556 00367 
686 06557 .JC037 
687 C6560 00346 
688 06561 17123 
689 06562 00037 
690 
691 06563 6 l 7122 
692 06564 6 00003 
693 06565 0 )0037 
694 06566 6 OCOOl 
695 06567 l 37C37 
696 06570 5 37C27 
697 06571 6 l 7123 
698 06572 l 3 7C37 
699 0657.i 5 3 7023 
100 06574 6 17126 
701 
102 06575 3 7C37 
703 065 76 066 l l 
704 06577 37017 
705 
706 C6600 31002 
101 06601 06606 
708 06602 17001 
709 066~3 041 lb 
710 066i)4 0'tl04 
711 0660'5 06560 
712 06606 17001 
713 06607 36101 
714 06610 06560 
715 

760 

SIGNET ICS CCPPORAT ICN 

! ~HAl1A~ ~6u:~?u2 2 ~ lr~~it1~H1~l~~is1xssq NS ! . . .................................................. . 
• I) IT 
• 81 T 

Tl 

TI~E=416.66US FCP 2400 1uun. BIT TIME•q.Q9MS FOfl: 110 BAUD 
TlfilE=3.33MS FC::R 300 ~uuc. 
PROC lTYPf 
SEL ECR T 
XMIT 377H,R4 

~~l J z~~,2ECPT 
SEL RDAT 

•CLE:AR BUFFER REGI SIER 
•ENABLE CRT 

PAGE 015 

NlT RCAT,Tl •STOP en? YES, GO TO T2 
MlCRCCC/\iTROLLH CROSS ASSE"1BLEP: V[R 2.0 PAGE 

rz SH R[JAT 
NZT ROAT,H 
JMP T2 

T3 SEL G5 
X"41T H7H--7,AUX 
MOVE AUX, GS 
XP'IT 33lH,AUX 

T6 SEL G2 
MOVE AUX, G2 
J~P TS 

lll SH ROAT 

~g~e ~2ti I !W~ 
XMIT ltAUX 
SH G5 
ADO GS ,GS 
XfillT 346H,AUX 
JMP Tt. 

T 12 SEL ECRT 
XMI I lH,ECRT 
XM IT 3 76H, AUX 
A~D R4,R4 
MCVE R41 l I ,R4 
RTN 

TS SH Gl 

•STA.RT CllT? YES, GO TO T3 
•"lO, GO TO TZ 

•LOAD COUNT OF 8. 
••DELAY FOR O~E ANO A HALF BIT TIME 
•AUX=.HlH FOR 300 BAUD 
•LOAD M.S. TIME DELAY CCUNTER 

•sroRE DATA en IN A4 

•INCR. COUNT OF DAU BITS 
••JELAY CNE DATA BIT TIME 
•AUX=346H FOR 300 BAUD 

•DI SABLE CRT 

+~ASK 7 M.S. BITS 
+ROT AH P IGHT ONE PLACE 

••ti:.JX=4 FOR 300 BAUD X/rilll T 4H,AUX 
MOVE AUX,Gl 
XMJT ltAUX 
CRG 2,32 

T4 ADD Gl,Gl 
~ZT Gl,T4 
SEL G2 

•START TIME DELAY FOR l DATA BIT TIME 

ADD G2 ,G2 
CRG 3, 32 
NlT Gl, Il:.10 
JMP ++2 

*f".10 Of TOME DELO? NO, GO BACK TO T5 
•YES, END Of l DATA BIT TIME DELAY 

T IO'J JMP f"i 
SH G'i 
NIT G'i,•+2 •Or.''H WITH All q DATA AIJ1 NC,GO TO Tll 

SIGNH ICS CCR POPAT ICN 

mm •YFS, GD TO TlZ 

H.'I) TTYRF. .................................................. . . . . 
• TThR SUBPCUTINE • 
*OUTPUT ASCII DATA I~ ;;t4 TO CRT 
• GZ= M.S. TIME DELAY CGUNTER 
• Gl= L .S. T IMF DELAY CCU"'ITFR * G5= CCUNT CF BlT TJ"IE * R4= ASCII CATA . 

MICROCCNTROLLER CROSS ASSEMBLER VER 2.0 . . .................................................. . 
T 21 

T25 

124 

C39 

C36 

C37 

PROC TTYMIR 
SH J1JAT 
XMIT OH, TOAT 
SEL GS 
XMlT 377H-B,AUX 
MOVE AUX,GS 
Xl"IT l46H,AUX 
SEL GZ 
MOVE AUX, GZ 
OFIG q.J2 
SH Gl 
XMIT 3H,AUX 
MOVE AUX,C;t 
XMIT l,AUX 
ADD Gl,Gl 
NZT Gl,T24 
SEl G2 
ADO Gl,GZ 
NZT c2,r2s 
SH GS 
ORG J,32 
NZT G5,C39 
RT' 
ADO GS ,GS 
CRG 3,32 
NZT G5, C36 
J~P CH 
SH TCAT 
:-1CVE R4, TOAT 
MCVf R4 ( l), R4 
J~P T 21 
SEL TOAT 
XPillT ltTOAT 
J"'P Pl 
E~D TTYwR 

•ST AQ. T Bl T 

*LOAD COUNT OF q BIT Tl~E 
••C>ELAY ONE BIT TIME, 
•AUX=346H FOR 300 SAUD 
*LOAD -...s. TIME' DELAY CCUNTER 

•START OF DELAY LOOP 
•UUXs3H FOP: 300 BAUD 
•LOAD L.S. TIME DELAY COUNTER 

•E~D Of DELAY LOOP 

•INCR. DATA AIT COUNT 

•SHlrT OUT L.S.B. OF R.4 TO TOAT 
•RIGHT ROTATE ONE PLACE 

•X'11 T STOP 8 IT 

PAGE 016 

PAGE 16 
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FILE: ECC310 OUTPUT 

116 

RETUR~ TABLE 

06611 • 11212 
06612 1 01C2h 
06613 1 010H 
066l't 1 07C40 
06615 7 01Cit1 
06616 1 07060 
06617 7 07070 
06620 1 07C12 
06621 1 07136 
06622 1 01150 

PAOG ECC330 

06623 
06621t 
06625 
06626 
06627 
Ob630 
06631 
06632 
066]] 
0663'1 
06635 
06636 
06637 
06blt0 
06641 
0661t2 
066<\l 
0661t4 
06645 
066'96 
06647 
06650 
06651 
066'5,2 
06653 
0665't 
0661j5 
06656 
06657 
06660 
06661 
06662 

1 06C05 
1 06015 
1 06017 
1 06023 
1 06033 
1 06035 
1 06042 
1 060't4 
1 06C51t 
7 06111 
1 06120 
1 06122 
1 06 lJZ 
' 06140 
1 06llt2 
1 06151 
7 06167 
1 06200 
1 06203 
1 06227 
1 06232 
1 06231 
7 06242 
7 0625.ft 
1 0626 l 
1 06271 
7 06300 
1 06303 
7 Ot:HS 
7 06322 
1 06334 
7 063·0 

ASSEMBL fR (RRORS = 
PROG ECC330 

FILE: ECC33Q OUTPUT 

AAI 007000 442 
AA5 0070H AUX 

~·02 007172 CALL 2 
00001'5 CRClR m 013211 CRCERR 
OOOOJS DON[ 

~~RT 000151 FCAT 
OIH70 G4 

IVL 0000'17 IVP 
L6CRCI 012161 l6CRC2 

tr 000027 LCRClll 
000012 LOOP 

MOCRC2 011501 lr46CRC1 
H7CRC2 011511 MCRClR 
HODU a 11462 NCC MP 
Pl 002010 PHS 10 
PPl 00706.lt PP• 
PRINT 0062Jlt PRTBIN 

:p 000011 R2 
000005 R6 

RBI 00001 l RB2 
RB5 00003S RBb 
RET~ 007203 RGI6 

006116 RGOATA ~iho 013270 TCAT 
TTY RE 006477 l TY\llR 

• 2 

p 100 006000 

• 3 

PllO 006005 

• 
P200 00602 l 

• 5 

P30C 006044 

• 6 

P400 00612? 

8X330 

SIGNE!IC.S CORPOP:4TICll: PAGE Ol1 

ENO ECC330 

MlCACCONlAOLLER CRCSS ASSE"4BLER YER 2 .. 0 PAGE 17 

fl'ICRCCCf\TRCLLER CRCSS ASSE"4BLEP VER 2.0 PAGE 18 

Sl.;t-IETlCS CCPPCRATICN PAGE 018 

SYMBOL TABLE 

007010 AA3 007020 ... C07027 
000000 BVTAA OIJ26l czoo 00716l 
0000l5 CHECK 006434 CORVTR 006175 
016170 COC2F 0063.fi? CRC2R C06407 
006222 CRCL 011570 CACM 012'70 
006221 ECC 006000 ECCHO cooooo 
013170 GI 012270 G2 012170 
012570 GS 012670 G6 012110 
00001 7 LOCRC I 012101 l~CRCZ 012'01 
012461 L1CRC I 012111 L 7CPC2 012471 
012170 LCRCZF 011570 LCRCZR 012'70 
006136 LRUZ 001112 "'IOCACl 012001 
012061 MtCRC2 011561 M7CRC1 012011 
012070 MCRCZF Ol2it70 ,.CRCZR 011510 
006111 NLOB 006161 OVF 000010 
011201 POINT 000005 PPZ 007061 
0071L6 PPS 007132 PPS 0011<0 
000001 RO aaoooo RI 000001 
000002 Rl 000003 R4 000004 
000006 ... OOOOH RBO 000030 
000012 RB3 oaoon RB4 000034 
000036 RB7 000031 ROAT 013511 
006021 RG24 006040 RG24P 006057 
006115 RTNZ 007203 SLEN 013670 
000161 TEMP 000006 Tfq2Tl 006466 
006553 U~CCRR 006231 
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~~~~8-X3_3_0~--J 
FILE: ECC330 OUTPUT SIGNET ICS CORPOAAT ION PAGE 019 

P50C 006142 

PRT Z OC6 24 S . 9 

PRT3 006264 

• 10 

PRT4 OC6l06 

• 11 

Pill 5 0i)6_125 

• lZ 

START 006342 

• 13 

START 006370 

• 14 

START OC6407 

• 15 

ECHECK 006465 lCCPl 006435 SHIFT 0064 34 

• 16 

• l 7 

Tl 006502 T 100 0[)6546 Tll 006516 T lZ 006526 
TZ OC6504 T3 006507 T4 006540 T5 006514 
T6 J06 513 . 18 

C36 006602 C37 0066U6 c 30 006577 T Zl 0C656iJ 
TZ4 006'l67 '25 006563 

l 
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Software support 

8X300AS1SS .............................................. 765 

8X300AS2SS .............................................. 766 
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MCCAP 8X300/8X305 CROSS ASSEMBLER PROGRAM 
Originally published by Signetics January 1984 

The MicroController Cross Assembler Program (MCCAP) has MCCAP 8X300/8X305 CROSS ASSEMBLER 
been developed to support the Signetics 8X300/8X305 PROGRAM 
MicroController. MCCAP provides many powerful features in- MCCAP, the crossassembler program for the BX300 and 8X305 
eluding macros, automatic subroutine handling, conditional Micro-Controllers, is supplied as a 9-track magnetic tape con
assembly and extended instructions. These features taining FORTRAN IV source code for the crossassembler pro
significantly reduce the time required to compose and assem- gram. For compatibility with various computer systems, the 
ble MicroController programs. When combined with standard tape is available in various combinations of density and data 
assembler features such as mnemonic op-codes and address encoding. To order, use the following part numbers: 
labels, these extended features make MCCAP a powerful pro-
gramming tool. 

As input, MCCAP accepts source code written according to 
the rules presented in this manual. After assembling the source 
input, MCCAP produces an assembly listing and machine
readable object module. 

MCCAP is written in ANSI standard FORTRAN IV and is 
available on the more popular timesharing services. MCCAP 
is also available as a fully supported product from Signetics 
for use on a user's in-house system. 

NUMBER 

8X300 AS 1-3SS 
8X300 AS1-4SS 

DENSITY ENCODING 

1600 BPI ASCII 
1600 BPI EBCDIC 
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8X300AS2SS 

8X300/8X305 CROSS ASSEMBLER 

INTRODUCTION 
The 8X300AS2 runs on an Intel lntellec™ Microcomputer 
Development System with 64K memory under the contorl of 
ISIS II operating system. 

The BX300AS2 is composed of a two-pass crossassembler pro
gram and a PROM formatter overlay. Both programs are writ
ten entirely in Intel 8080 Assembly language, and are assembl
ed on the Intel 8080/8085 Macro Assembler version 4.0, link
ed and located to execute in overlay. 

766 

It assembles both 8X300 and 8X305 programs. Also needed 
is at least one single or double density disk drive with the 
PROM formatter overlay always residing in drive zero. 

The 8X300AS2 software is contained on three diskettes. 
Disks 1 and 2 contain the Single Density version and disk 3 
contains the Double Density version. Both versions will be 
shipped when ordered under this part number. 



Special purpose circuits 

8X01A/9401 ............................................... 769 
8X02A ................................................... 775 
8X41 ..................................................... 783 
8X60 ..................................................... 789 
2960 ..................................................... 797 
29648 .................................................... 831 
9403 ..................................................... 843 
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Signetics 8X01A/9401 
CRC Generator/Checker 

Logic Products 

FEATURES 
•TTL inputs/outputs 
• 12MHz (Max) data rate 
• Separate preset/reset controls 
• SDLC specified pattern match 

(8X01A only) 
• Automatic right justification 
• Pin-for-pin compatibility and 

functionally identical with 8X01 
(8X01A only) 

•Vee= 5V 
• 14-Pin DIP 

APPLICATIONS 
• Floppy and other disk systems 
• Digital cassette and cartridge 

systems 
• Data communication systems 

Product Specification 

DESCRIPTION 
The CRC Generator/Checker (BX01A or 
9401) provides error-correction capabili
ties for digital systems that handle serial 
data. The two parts differ in that the 
BX01 A provides Synchronous Data Link 
Control (SDLC). 

The serial data stream is divided by a 
selected polynomial; the remainder re
sulting from this algebraic process is 
transmitted at the end of the data stream 
as a Cyclic Redundancy Check Charac
ter (CRCC). At the receiving end, the 
same calculation is performed on the 
data. If the received message is error
free, the calculated remainder should 
satisfy a predetermined pattern. In most 
cases, the remainder is zero; however, 
where SDLC protocols (BX01A only) 

8X01A & 9401 PACKAGE/PIN DESIGNATOR 

N, F PACKAGE 
S0, S1, S2 Polynomial Select Inputs 
D Data Inputs 
Cfi Clock Input (Active On High-To-Low Transition) 
CWE Check Word Enable 
P Preset Input (Active Low) 
MR Master Reset Input (Active High) 
Q -- Data Output 
ER Error Output (Active High) 
mt Pattern Match Enable (Active Low) 

(8X01A ONLY) 
N/C - No Connection 

TOP VIEW 

ORDER NUMBERS 

N8X01A, N9401N 

• 8X01A only; for 9401, pin 6 is not connected (N/C) 

BLOCK DIAGRAM OF BX01A & 9401 

NOTE: 
Refer to Truth Table on next page for selection of polynomials. 
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are used, the correct remainder is 
1111000010111000 (X0 -x15). 

Eight polynomials are provided and any 
of these can be selected via a 3-bit 
control bus. Popular polynomials, such 
as CRC-16 and CCITT are implemented 
and the one selected can be pro
grammed to start with all zeroes or all 
ones. Right justification for polynomials 
of degree less than 16 is automatic. 

FUNCTIONAL OPERATION 
BX01A and 9401 
The CRC Generator /Checker circuit pro
vides a means of detecting errors in a 
serial data communications environ
ment. A binary message can be inter
preted as a binary polynomial H(x). This 
polynomial can be divided by a genera
tor polynomial P(x) such that H(x) = P(x) 
Q(x) + R(x) whereby Q(x) is the quotient 
and R(x) is the remainder. During trans
mission, the remainder is appended to 
the end of the message as check bits. 
For a given message, a unique remain
der is generated. Hardware implementa
tion of division is simply a feedback shift 
register with Exclusive-OR gating. Sub
traction and addition in modulo 2 is 
implemented by the Exclusive-OR func
tion. The number of shift register stages 
is equal to the degree of the divisor 
polynomial. 

The accompanying truth table defines 
the polynomials implemented in the CRC 
circuit. Each polynomial can be selected 
via control inputs So. S1 and S2. To 
generate the check bits, the data stream 
is entered via the Data (D) input, using 
the high to low transition of the Clock 
(CP) input. This data is gated with the 
most significant output (Q) of the shift 
register which, in turn, controls the ex
clusive OR gates. The Check Word En
able (CWE) must be held high while the 
data is being entered. After the last data 
bit is entered, the CWE is brought low 
and the check bits are shifted out of the 
register and appended to the data bits 
using external gating - see Check Word 
Generation diagram. 



Signetics Logic Products 

CRC Generator /Checker 

To check an incoming message for errors, 
both the data and check bits are entered 
through the "D" input with the CWE input 
held high. The 8X01A while not in the data 
path, monitors the message. After the last 
check bit is entered, in the 8X01 A, the ERror 
output is made valid by a high-to-low transi
tion of CP. If no error is detected during the 
data transmission, afl bits of the internal 
register are low and the ERror output is also 
low; if an error is detected, it is reflected by 
the bit pattern and the ERror output is high. 
The ERror output status remains valid until 
the next high-to-low transition of CP or until 
initialized by the preset (P) or reset (MR) 
functions. The PME line must be high if the 

TRUTH TABLE 

SELECT CODE 

ERror output is used to indicate an all-zero 
result. 

A high level applied to the Master Reset (MR) 
input asynchronously clears the shift register. 
A low level applied to the Preset (P) input 
asynchronously sets all bits to the appropri
ate state if the control-code inputs (S0, S1, 
and S2) specify a 16-bit polynomial. In the 
case of check polynomials that are 8-or-12 
bits in length, only the most significant 8-or-
12 bits of the shift register are set; all 
remaining bits are cleared. 

8X01A ONLY 
For data communications using the Synchro
nous Data Link Control (SDLC) protocol, the 

POLYNOMIAL REMARKS 
S2 S1 So 

L L L x1s + x1s + X2 + 1 CRC-16 

L L H x1s + x14 + x + 1 CRC-16 REVERSE 

L H L x1s + x1s + x13 + x? + x4 + x2 + x1 + 1 

L H H x12+x11 +x3+x2+x+1 CRC-12 

H L L x 0 + x 7 + x5 + x4 + x + 1 

H L H x8 + 1 LRC-8 

H H L x1s + x12 + xs + 1 CRC-CCITT 

H H H x 16 + x 11 + x4 + 1 
CRC-CCITT RE-
VERSE 

RECOMMENDED OPERATING CONDITIONS 

LIMITS 
PARAMETER UNIT 

Min Typ Max 

Vee } Supply voltage 4.75 5.0 5.25 v 
CP Clock input 0 12 MHz 
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Product Specification 

8X01A/9401 

8X01 A is preset to an all-ones configuration 
before any accumulation is done; this applies 
to both transmitting and receiving modes of 
operation. Using SDLC, the check sum 
shifted out of the 8X01 A must be inverted. 

During the receiving mode, a special pattern 
of 1111000010111000 (X0-x15) is used in 
place of all-zeroes to check for a valid mes
sage. The Pattern Match Enable pin allows 
the user to select this option. If PME is low 
during the last bit time of the message, the 
ERror output is low providing the result 
matches the special pattern; if an error oc
curs, ER is high. 



Signetics Logic Products Product Specification 

CRC Generator /Checker 8X01A/9401 

DC ELECTRICAL CHARACTERISTICS FOR 8X01A 

LIMITS 
PARAMETER DESCRIPTION TEST CONDITIONS1 UNIT 

Min Typ Max 

V1H Input high voltage 2.0 v 
V1L Input low voltage 0.8 v 
Vic Input clamp diode voltage Vee= Min, l1N = -18mA -0.9 -1.5 v 
VoH Output high voltage Vee= Min, loH = -400µA 2.7 3.4 v 

Vee= Min, loL = 4.0mA 0.35 0.4 v 
VOL Output low voltage 

Vee= Min, loL = 8.0mA 0.45 0.5 v 
f--· 

l1L Input low current Vee= Max, V1N = 0.4V -0.22 -0.36 mA 

l1H Input high current Vee= Max, V1N = 2.?V 20 µA 

l1H Max input current Vee= Max, V1N = ?V 0.1 mA 

los Output short circuit current Vee= Max, VouT = OV2 -10 -42 mA 

Ice Supply current V cc = Max, inputs open 60 110 mA 

DC ELECTRICAL CHARACTERISTICS FOR 9401 

LIMITS 
PARAMETER DESCRIPTION TEST CONDITIONS1 UNIT 

Min Typ Max 

V1H Input high voltage Guar. input high voltage 2.0 v 
V1L Input low voltage Guar. input low voltage 0.8 v 
Vic Input clamp diode voltage Vee= Min, l1N = -18mA -0.9 -1.5 v 
VoH Output high voltage Vee= Min, loH = -400µA 2.4 3.4 v 

Vee= Min, loL = 4.0mA 0.35 0.4 v 
VOL Output low voltage 

Vee= Min, loL = 8.0mA 0.45 0.5 v 
f-· 

l1L Input low current Vee= Max, V1N = 0.4V -0.22 -0.36 mA 

Vee= Max, V1N = 2.?V 1.0 40 µA 
l1H Input high current 

v cc = Max, V1N = 5.5V 1.0 mA 

los 
Output short circuit cur-

Vee= Max, VouT = ov -15 -100 mA 
rent2 

Ice Supply current V cc = Max, inputs open 70 110 mA 

NOTES: 
1. Commercial - Vcc(MIN) = 4.75V; Vcc(MAX) = 5.25V. 
2. No more than one output should be shorted at a time. 
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Signetics Logic Products Product Specification 

CRC Generator /Checker 8X01A/9401 

AC ELECTRICAL CHARACTERISTICS FOR 8X01A Vee= 5V, TA=+ 25°c 

TEST LIMITS 
PARAMETER DESCRIPTION FROM TO 

CONDITIONS 
UNIT 

Min Typ Max 

fmax Max clock freq 12 MHz 

Pulse widths: 
tw-CP(L) Clock low See Figure 2 35 ns 
tw-P(L) Preset low See Figure 3 35 ns 
tw-MR(H) Master reset high See Figure 4 35 ns 

Set-up/hold times: 
t5 -D Set-up time Data Clock 55 ns 
t5 -CWE(L) Set-up time CWE Clock See Figure 5 55 ns 
th-D & CWE Hold time Data & CWE Clock 0 ns 

Propagation delay: I 
tPLH,PHL Low-to-High and Data See Figures 55 ns 

High-to-Low PRESET output 1, 2, & 3 
tPLH,PHl Low-to-High and Data See Figure 4 55 ns 

High-to-Low Master reset output 
IPLH,PHL Low-to-High and Error See Figure 3 55 ns 

High-to-Low PRESET output 
tPLH,PHL Low-to-High and Error See Figure 4 55 ns 

High-to-Low Master reset output 
tPLH,PHL Low-to-High and Data See Figure 2 55 ns 

High-to-Low CP output 

tPLH,PHL Low-to-High and Error See Figure 2 55 ns 
High-to-Low CP output 

tREe Recovery time Preset, MR Clock See Fig. 3 & 4 35 ns 

AC ELECTRICAL CHARACTERISTICS FOR 9401 Vee= 5V, TA= +25°C 

TEST LIMITS 
PARAMETER DESCRIPTION FROM TO 

CONDITIONS 
UNIT 

Min Typ Max 

fmax Max clock freq 12 20 MHz 

Pulse widths: 
tw-CP(L) Clock low See Figure 2 35 ns 
tw- P(L) Preset low See Figure 3 40 30 ns 
lw-MR(H) Master reset high See Figure 4 35 25 ns 

Set-up/hold times: 
t5 -D Set-up time Data Clock 55 35 ns 
t5 -CWE Set-up time CWE Clock See Figure 5 55 35 ns 
th-D & CWE Hold time Data & CWE Clock 0 -8 ns 

Propagation delay: 

I 
tPLH,PHL Low-to-High and PRESET Data See Figures 40 60 ns 

High-to-Low output 1, 2, & 3 
tPLH,PHL Low .. to-High and Master reset Data See Figure 4 30 55 ns 

High-to-Low output 
IPLH,PHL Low-to-High and PRESET Error See Figure 3 40 60 ns 

High-to-Low output 
tPLH,PHL Low-to-High and Master reset Error See Figure 4 40 60 ns 

High-to-Low output 
IPLH,PHL Low-to-High and CP Data See Figure 2 30 55 ns 

High-to-Low output 
IPLH,PHL Low-to-High and CP Error See Figure 2 

I 
40 60 ns 

High-to-Low output 

tREC Recovery time Preset, MR Clock See Fig. 3 & 4 35 25 ns _ _J_ __ 
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Signetics Logic Products Product Specification 

CRC Generator/Checker 8X01A/9401 

TEST CIRCUIT INPUT /OUTPUT STRUCTURES 

Vee 

Rt 
2k!! 

TEST 
P04NT ! J_ e, j r 15pF y 

• 
NOTES' 
t. Diodes are 1 N3064 or equivalent. 
2. CL includes jig and probe capacitance. 

ALL INPUTS, EXCEPT CP CP INPUT 

DATA PLUS 
CHECK BITS 

OUTPUT STRUCTURE 

8X01A OR Q f+----f"-._ 

NOTES: 

CLOCK 

CHECK WORD 

9401 CRC 
CP GEN CHECKER 

CWE 

ENABLE (NOTES ------~~--<>>--' 
1 AND 3) 

1. Check Word Enable is HIGH while data is being clocked: it is LOW during transmission of check bits. 
2. The 8X01A (or 9401) must be RESET or PRESET before computation. 
3. CAC check bits are generated and appended to data bits. 

Figure 1. Check Word Generation 

TEST CIRCUITS AND WAVEFORMS 

1-1·1MAx----1 
1-tw(Ll--f : 
: : : IPHL 

c.-~ 

~~''" 0 or EA - ___:::/ .'\..:.: 

VM"" 1.3V for 74S; VM"" 1.5V for all other TTL familes. 

Figure 2. Propagation Delay - CP to Q and CP ER 

~lw(H)~ 

---~ 
~i : 

I I 
~ f--tAE:c--.l 

QorER- ,1.3V : 

CP-

I 
I 

VM = 1.3V for 74S; VM = 1.SV for all other TIL familes. 

Figure 4. Propagation Delay - MR ~ Q and ER; 
Recovery Time - MR to CP 
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I-- lw(L) --I 

P-~ ~ 
~··· 
I : r-- IREC ---j 

1,-, ,------'----
0 OR ER -- __::} 1 3\1 ' I 

I 
I 
I 

CP-

VM = 1.3V for 748; VM"' 1.5V for all other ITL familes. 

Figure 3. Propagation Delay::-P ~Q and ER; 
Recovery Time - P to CP 

o.~~ -
orPME 

:-- ts --=:=i- th"' o 
I 

CP-~ 

VM = 1.3V for 748; VM = 1.SV for all other ITL familes. 
The shaded areas indicate when the input is permitted 

to change for predictable output performance. 

Figure 5. Set-up and Hold Times - D to CP, 
CWE to CP, and PME to CP 





Signe tics 

Logic Products 

FEATURES 
• 10-Blt Address Generator (1024 

Microinstruction Addressability) 
• Operating Frequency Exceeding 

12 MHz 
• Direct Branching Over Full 

Address Range 

• Conditional Branching 
• Subroutine Branching Capability 
• 4-Level Stack Register File 

8X02A 
Control Store Sequencer 
Product Specification 

• Loop Control Facility Using Stack 
• Three-State Address Outputs 

PRODUCT DESCRIPTION 
The Signetics 8X02A Control Store Se
quencer generates addresses to access 
instructions from a microprogram memo
ry (control store). This high-speed de
vice provides an efficient means of con
trolling the flow through a microprogram 

with a powerful set of sequencing func
tions. The 8X02A can directly address 
up to 1024 microinstructions; however, 
the total address space can be ex
panded by adding conventional paging 
techniques. Combined with memory, the 
8X02A forms a powerful control section 
for CPU's, controllers, test equipment, 
and other microprogram-controlled sys
tems. 

8X02A PACKAGE AND PIN DESIGNATIONS 

N PACKAGE 

ORDER NUMBER 

N8X02AN 

?ecember 4, 1985 

PIN NO. IDENTIFIER FUNCTION 

1, 28, 27 AC2-AC0 Inputs used to select any one of eight Address Control 
Functions-see Table 1. 

EN Enable three-state address outputs (Ao - Ag); active-low input. 

3 - 6, Ao - A9 Three-state address outputs used to specify microprogram address; 
8- 13 (Ao - LSB, Ag - MSB). 

14-21, 
23, 24 

22 

25 

26 

GND Ground 

Bo - Bg Branch address inputs: (Bo - LSB, Bg - MSB). 

Vee Supply voltage. 

CLK Clock input (positive edge used for all triggering). 

TEST Active-high condition input used to determine conditional skips, 
branches, subroutine calls, and loop termination. 
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Control Store Sequencer 
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Product Specification 
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Figure 1. 8X02A Control Store Sequencer- Functional Block Diagram 

FUNCTIONAL OPERATION 
As shown in Figure 1, the data appearing on 
the address output pins (Ao - Ag) is the con
tents of the 10-bit Address Register. On the 
rising edge of the clock input pulse (CLK), a 
new address is latched into the Address 
Register. This new address is supplied via the 
Address Multiplexer which selects one of five 
sources: 
• Branch Address Input (Bo - Bg) 

• Current Address + 1 

• Current Address + 2 (for the SKIP 
function) 

• Stack Register File (most recent entry) 

• All Zeroes (RESET) 

The selection of the next address is deter
mined by the "Address Control Function" 
specified by inputs AC0 - AC2 and the TEST 
input. Table 1 defines the eight Address 
Control Functions. 

The "Reset" (AST) Address Control Function 
unconditionally forces all Address Register 
bits to zero on the rising edge of CLK. 
Sequential microprogram flow is provided by 
the "Increment" (INC) function which uncon
ditionally increments the Address Register by 
one for each clock cycle. The Address Regis
ter automatically wraps around from the high
est address (all "1 s") to the lowest address 
(all "Os"). 

As shown in Table 1, the TEST input is used 
to conditionally execute four of the eight 
Address Control Functions. If the TEST input 
is low (false), the Address Register is simply 
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incremented by one - (for the BLT function, 
the Stack Pointer is also decremented). If the 
TEST input is high (true), the sequencer 
executes one of the following: 
• Skip (TSK) - the Address Register is 

incremented by two. 

• Branch (BAT) - the Address Register is 
loaded from the 
Branch Address Inputs. 

• Branch--to-Subroutine (BSA). 

• Branch-to-Loop (BLT). 

The Stack Register File holds up to four 1 0-bit 
addresses and operates in the Last-In/First
Out (LIFO) mode. A Stack Pointer keeps track 
of the next register of the Stack File to be 
written into; the pointer is incremented after 
each "push" and decremented after each 
"pop" - see Table 1. When branching to a 
subroutine (BSA), the return address (current 
address + 1) is "pushed" onto the stack and 
the branch address input is loaded into the 
Address Register. To return from a subrou
tine, the "POP" function pops the return 
address off the stack and loads it into the 
Address Register. 

The "Push-for-Looping" (PLP) function may 
be specified in the first instruction of a loop to 
"push" the current address onto the stack: 
the Address Register is incremented. A 
"Branch-to-Loop" (BLT) function placed at 
the end of the loop "pops" the stack and 
conditionally branches to the top-of-loop ad
dress, depending on the TEST input. If the 
test for repeating the loop is satisfied (TEST 
input high), the sequencer causes a branch 
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back to the first instruction of the loop in 
which the top-of-loop address is "pushed" 
back onto the stack. If the test fails (TEST 
input low), the top-of-loop address is dis
carded, the stack pointer is decremented and 
the Address Register is incremented. A com
bination of subroutines and loops may be 
nested up to four levels deep. 

In abnormal circumstances, the Stack Pointer 
will wraparound from the fourth to the first 
register of the Stack File and vice-versa. If the 
stack is full (four addresses currently stored), 
an additional "push" causes the first (oldest) 
entry to be overwritten - (the four most re
cent entries are always maintained). If the 
stack is empty, a "pop" will access the fourth 
register of the Stack File; however, the con
tents of this register may be unpredictable. 

The three-state address outputs (Ao - Ag) are 
controlled by a common enable input (EN). 
When the enable input is high, the output 
drivers are placed in the high-impedance 
state allowing alternative access to the micro
program memory. Other circuit functions are 
unaffected by EN. 

NOTE 

To implement a RESET externally it is neces
sary to force all Address Control Inputs 
(AC0 - AC2) to the high state until at least 
one rising edge of CLK has occurred. lf the 
AC inputs are supplied directly from the 
microprogram memory, a RESET may be 
accomplished by disabling the memory out
puts. Pullup resistors should be provided to 
achieve the required high voltage level. 
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Control Store Sequencer 8X02A 

Table 1. Address Control Functions 

MNEMON c AND·----~-C_O_N_T_R_O_L_L_IN-Es--r-______ -I 
DESCRl~TION NEXT ADDRESS STACK OPERATION p~i~i:R 

AC2 AC1 AC0 Test 
Test and skip 0 O O O Current address+ 1 +-N-o-c-ha_n_g_e ---~~-c_h_a-ng_e __ _ 

------------·+--o-f--o-+--_o_f--_1 _f-c_u_r_re_n_t __ a_d_dre __ s_s_+_2 __ . No change No change~ 
Increment O _J___9 1 X Current address + 1 No change No change 
Branch to loop if-----+--0- I 1--t-o-- +---0-t--C-ur-re_n_t __ a_d_d_re_s_s_+--;-- POP (ignore data) Decrement by 1 

test condition is true 0 1 0 _1 __ ,f-F_r_o_m_st_a_c_k _re_.g~1_st_e_r _fi_le_+_PO_P_(_re_a_d_l ____ -+_D_e_cr_e_m_e_n_t _b_y_1_-I 

POP - Pop stack (return O 1 1 X 
from subroutine) 

BSR - Branch to subroutine it 
test condition is true 

0 
0 

0 
1 

From stack register file POP (read) 

Current address + 1 No change 
Branch address inputs PUSH (write current 
80 - B9 address + 1) 

>----------------+---<e--+----+----''-----------+-
PLP - Push for looping 0 x Current address + 1 PUSH (write 

current address) 
------t--t----J---+--+----------+----

BRT - Branch it test condition 
is true 

~ST - Reset address to zero 

X = Don't Care 

ABSOLUTE MAXIMUM RATINGS 

PARAMETER 

Vee Power supply voltage 
V1N lnput voltage 
Vo Off-state output voltage 
TsTG Storage temperature range 

0 
0 

x 

Current address + 1 
Branch address inputs 
B0-B9 

All zeroes 

RATING r·~ 

+7 Vdc 
+5.5 Vdc 
+5.5 Vdc 

-65 to + 150 oc 

N o change 
No change 

No change 

DC ELECTRICAL CHARACTERISTICS Conditions: Commercial - Vee~ 5.ov (±5%). 0°c ~TA~ 10°c 

Decrement by 1 

No change 
Increment by 1 

Increment by 1 

No change 
No change 

No change 

"'" 00~~"°~ 1-- . """.' ___ _ 
>---------+--------------------+----- ____ _ _ Min -~--M_••-----+-----

Vcc =Min 2 
Vee~ Min ----t----- O 8 

V1H High level input voltage 
V1L Low level input voltage 

PARAMETER DESCRIPTION 

----

UNIT 

,___v_1e _____ +_1_n_pu_t_c1_am_P __ v_o_1t_a_ge ________ ---l Vee~ Min; 11 ~ _ 1 smA ---+-- ___ _ -15 v 
VOH High level output voltage Vee~ Min; loH ~ -2.6mA 2.4 3.4 

r---- -- --t------t----
Low level output voltage Vee ~ Min; loL ~ SrnA 0.42 0.5 

>--------~-----------------r-------------+-----t-- -·--t----~ 

Input current at Vee~ Max; v, = 5.5V 1 100 µA 
maximum input voltage 
High level input current: ------------- ~------~-0--.-1 --<----+-----< 
AC2 - AC0 , TEST, CLK 
89-80. EN----------

Vee= Max; V1H ~ 2.7V 

Low level input current 
>--A_C_2_-_A_C~o=·~T_E_S_T_, __ C_L_K ________ Vee~ Max; Vil~ 0.4V 

89-80, EN 

~----- Short circuit output current2 Vee= Max 
~----1-------------+--

lozH High-Z state output current -
high level Vee~ Max; VOH ~ 2.7V 

lozL ~~hi;v:1tate output current - Vee= Max; Vol = 0.4V 

·-----------t-----
lcc Supply current Vee= Max 

t------i --<-0-.1--+------< 

-24 

-12 

-15 -60 

170 
~-----~----------------~-----------~··-----~-·--·-----~---~---~ 
llOTES: 
1. Typical lirr.its are: Vee= 5.0V and TA= 25°C. 
2. For purposes of testing. not more than one output should be shorted at a time 
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Control Store Sequencer 

AC ELECTRICAL CHARACTERISTICS Conditions: Commercial - Vee= 5.ov (±5%), o•c.;;; TA.;;; 70°c 
Loading - See Test Loading Circuit 

REFERENCES LIMITS4 
PARAMETERS1 

From To Min Typ2 

Pulse width: 
tcw Clock cycle time f CLK f CLK 80 

IPWH Clock high f CLK i CLK 35 24 

IPWL Clock low ! CLK f CLK 15 9 

Propagation delay: 
lpLZ Low to high-Z f EN Ao-Ao 14 

lpHz High to high-Z f ffi Ao-Ag 35 

tpzL High-Z to low ! ffi Ao-Ao 10 

lpzH High-Z to high ! ffi Ao-Ao 20 

IPHL High to low f CLK !Ao-Ao 25 

IPLH Low to high f CLK f A0-A0 25 

IHA Address output hold time3 f CLK Ao-Ao 13 

Set-up/hold times: 
lsF Function set-up time ACo-AC2 f CLK 20 18 

lsK Branch set-up time Bo-Bo f CLK 15 7 

151 Test set-up time TEST f CLK 20 15 

IHF Function hold time f CLK AC0-AC2 20 2 

IHK Branch hold time f CLK Bo-Bo 15 9 

IHI Test hold time f CLK TEST 12 -2 

NOTES: 
1. Parameter definitions are illustrated in the Timing Diagrams - See Figure 2. 
2. Typical limits are: Vee - 5.0V and r,. - 2s•c. 

Product Specification 

8X02A 

UNIT 
Max 

ns 

ns 

ns 

20 ns 

42 ns 

20 ns 

30 ns 

45 ns 

45 ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

3. tHA is the minimum time the current address outputs remain stable before changing. This delay may be used to provide some of the hold times required for the 
AC, B, and TEST inputs, if these inputs are determined by the microprogram memory addressed by the 8X02A. 

4. This data supercedes the November, 1980 edition of this data sheet. 
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Control Store Sequencer 8X02A 

TIMING DIAGRAM 

CU<-_) '-------J' ----·~·1 _ .... ---l 
,-----~------~-------~-;...;;~;;..;A-1._ I ..... -(!Ji• LOW) ___ _J 

a. Clock Synchronization 

·-~, .. ___ _,f. ~''" ___ _,f, 
1----1 1--..... -1 1-- ..... --1 1----1 

..... _.,. ~ . 

December 4, 1985 

b. Output Enable 

Figure 2. Timing Oiagrams 
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LEGEND, 

~ -DENOTES CHANGING DATA 

mm -DENOTES THE HIGH-Z STATE 
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Control Store Sequencer 

AC VOLTAGE WAVEFORMS AND TEST LOADING 

PROPAGATION DELAY (Typical Example): 

INPUT ..... /------------- ::· .. 
OY f.- I --l ,. ____ YOH 

OUTPUT 
(S1&s2-+
..-) 

VOL _______ _,/------- +1.SY 

NOTE: 
Pulse widths and setup/hold limes are measured using the same 
reference points shown in the above waveforms 

OUTPUT ENABLE TIMES (Three-state outputs): 

OIJTI'uTENAlll..EC~ 
jAcliv•towlllput) 

OUTPUT 601HG LOW 
151 c.o..d, 52 °"""' .... 

OUTPUT GOING HIGH ._. 
(S 1 Open. 52 CloHdl 

HY\----------------- +..SY 
l..-.. n---J OY 

\--------- +t.5\1 
I • VOL 

1---•PZH ----j 
I YOH !·--------· +1.5\1 ------

OUTPUT DISABLE TIMES (Three-state outputs): 

OUTPUT LOW 
("119'od 52 Cio..d) 

ounvrHIGt4 ...... 
(51-S2Cloffd) 

OY /--------------- ::· .. 

f-""2--j 

'"'- -----..JE:..:..:..:..:..:.{: OSY 
1~--j 

YOH ------,---------t. ~-----1- 0.5\1 

~----- ;:;; 1.5\1 

Product Specification 

8X02A 

TEST POINT j: 
S1 (OPEN FOR t,,.,) 

NOTES: 
t. Ct includes probe. and jig capacitance 
2. All diodes are 1 N3064 or equivalent. 
3. Switches 51 and 52 are both closed !or all measurements except Output 

Enable times-See AC VOLTAGE WAVEFORMS 
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APPLICATION 

FUNCTIONAL DESCRIPTION 
Figure 3 shows a typical configuration of an 
8X02A-based control section in a CPU appli
cation. Microinstructions read from the mem
ory are used to produce control signals for 

MllCJIOIHSTRlJCTIOH 
CYCLE CLOCK 

Yee 

TEST ACo AIC1 AC2 

the CPU and to determine the next microin
struction via the 8X02A Address Control in
puts (ACo -AC2). In the case of a conditional 
branch or skip, the status condition applied to 
the 8X02A TEST input is selected according 
to the microinstruction. In a branch-type mi
croinstruction, a branch field typically supplies 
the 8X02A Branch Address inputs (Bo - B9). 

(In non-branching instructions, this field may 

SILECT TEST OONDfTlON 

OUTPUT 
DISABLE 

EHERNAL 

"''" 

STARTING ADORESS OF WICftO
F'ROORAM TO EXECUTE OECOOEO 
WACAOINSTAUCTION 

Product Specification 

8X02A 

contain other CPU control information.) When 
a macroinstruction is presented to the CPU, 
the starting address of the microprogram 
routine which executes the macroinstruction 
is presented to the Branch Address inputs. 
Similar configurations may be used for other 
applications in which the Branch Address 
inputs are typically supplied directly from the 
microprogram memory. 

BRANCH f<IELO OF 
..CACMNSTflUCTKlH 

Figure 3. Control Section of a Microprogr~mmed CPU 
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Signetics 8X41 
Autodirectional Bus Transceiver 

Logic Products 

DESIGN FEATURE 
• Intelligent bidirectional bus 

repeater with self-generating or 
external control 

• Eight independent channels 

• Open-collector outputs (meets 
DEC UNIBUS* specifications) 

• TTL compatible 
• High speed (30-nanoseconds 

max) 

• Expandable to any number of 
bits 

• High input impedance for every 
operating value of V cc 

• Low input current (less than 100-
microamperes); high output 
current (up to 70-milliamperes) 

• 0.6 in. 24-pin DIP 

• +5V supply 

USE AND APPLICATION 
• Minicomputers 

• Microcomputers MOS/Bipolar 

• Communications 
• Signal buffer 

• Bus fan-out extensions 

• Distributed processing 

• Bidirectional bus connector/ 
isolator 

PRODUCT DESCRIPTION 
The Signetics BX41 Autodirectional Bus 
Transceiver is a general purpose asyn
chronous device ideal for system bus 
expansion applications. The BX41 con
sists of eight data channels, each with 
one pair of terminals (A; and B;); each 
data channel can be operated indepen
dently. 

The device requires no external controls 
since all intelligence is internally gener
ated; thus, operation of the device is 
completely autonomous. The first logic 

Product Specification 

low signal that occurs on one channel 
terminal (A; and B;) will be repeated on 
the corresponding terminal (B, or A;) of 
the same channel. 

The 8X41 is designed for use in open
collector bus systems where high speed 
and low-current inputs/high-current out
puts are required. In system configura
tions, the discrete capabilities of the bus 
transceiver can be expanded by parallel 
connection to service any number of 
bits. To provide reliable operation and 
integrity of data transfers, all channels 
are disabled by an on-chip power moni
tor whenever Vee falls below approxi
mately 4V. 

FUNCTIONAL OPERATION 
The 8X41 (Figure 1) consists of eight 
functionally independent yet logically 
identical channels. Each channel con· 
sists of two bus terminals (A; and B;); 
each terminal is internally connected to 
an open-collector driver and a high· 
impedance receiver. The monitoring 
state of each channel is defined when 
both terminals (A; and B;) are "high"; in 
this state, the internal logic of the BX41 
continually examines the A and B bus 
signals to determine signal direction -
A; to B; or B; to A;. A low signal occurring 
at either of the two terminals causes the 
open-collector driver on the opposite 
terminal to follow suit; hence, the signal 
is repeated by the BX41 . For each chan
nel, latches L 1 and L2 determine signal 
direction. As shown in the truth table for 
these latches, there is no transmission 
of data when both signals are low; 
however, this condition should never 
occur during normal system operation. 

The internal automatic direction control 
can be overridden by either or both of 
the common disable inputs - OBA and 
DAB. When OBA is driven low 
(DAB = high), the B; to A; path is inter-

•Trademark of the Digital Equipment Corporation 
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rupted and the device becomes a unidi
rectional repeater in the A; to Bi direction 
only. With these conditions reversed 
(DAB = low and OBA = high), the A; to B; 
path is interrupted and the chip functions 
as a unidirectional repeater in the B; to A; 
direction. When both control signals are 
low, data passage is inhibited in both 
directions. Refer to the 1/0 truth table 
for all possible input/output conditions. 

8X41 PACKAGE/PIN 
DESIGNATIONS 

PIN NO. 

3, 5, 9, 11, 
14, 16, 20 
and 23 

2, 6, 8, 12, 
13, 17, 19 
and 24 

4, 10, 15, 
and 21 

7 & 18 

22 

N PACKAGE 

ORDER NUMBER 
N8X41N 

IDENTIFIER FUNCTION 

GND 

+SV power 

A-bus input/ 
output 

B-bus input/ 
output 

Circuit ground 

D8A & DAB Input/output 
control 

N/C No connection 
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Autodirectional Bus Transceiver 

.. 

.. 

.. 

.. 

.. 

.. 

Figure 1. Logic Diagram of 8X41 

INPUT/OUTPUT TRUTH TABLE 

.. 

.. 

.. 

.. 

.. 

.. 

.. 

..., 

..., --

EXTERNAL CONTROLS INPUT SIGNALS OUTPUT DRIVER SIGNALS 

DAB 

H 
H 
H 
H 
H 
H 
H 
H 
L 
L 
L 
L 
L 

NOTES: 
Ai = External signal 
AD; = Output A driver 
81 = External signal 
BDi = Output B driver 
X = Don't care 

December 4, 1985 

OBA A1 

H L 
H L 
H H 
H H 
L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 
L x 

B1 AD1 BD1 

L H H 
H H L 
L L H 
H H H 
L H L 
H H L 
L H H 
H H H 
L L H 
H H H 
L L H 
H H H 
x H H 
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OBA DAB FUNCTION 

0 0 
Data transmission 
inhibited 

0 1 Ai-+ Bi 

1 0 Ai+-Bi 

1 1 
Ai-+Bi 
Ai+-Bi 

i =Channel 0, 1, 2, 3, 4, 5, 6, or 7 
Ai.,.. 81 = Data transmission from Ai to Bi 
Ai+- Bi = Data transmission from Bi to Ai 

TRUTH TABLE 

LATCHES 
DIRECTION OF DATA 

L1 L2 

1 1 Monitoring state 
1 0 A; to B; 
0 1 B; to A; 
0 0 No transmission 

LOAD CIRCUIT FOR OUTPUTS 

Vee 

Al 
60!l ·== 0---+-----o :::. 

A2 
son CL 

30pF 



Signetics Logic Products 

Autodirectional Bus Transceiver 

DC CHARACTERISTICS Vee= 5V (±5%); TA= 0°c to 70°C 

Vol 

·vs 

V1H (DBA, 
DAB only) 

V1L (DBA, 
DAB only) 

Vic 

Vpo 

l1H (DBA, 
DAB only) 

l1L (DBA, 
DAB only) 

11 

loFF 

Ice 

NOTE: 
·vs= Vsus 

PARAMETER TEST CONDITIONS 

Bus output low voltage (driver IOL = 70mA; 
ON) Vee= MIN 

Bus input threshold voltage (driver 
OFF) 

High level input 
voltage 

Low level input 
voltage 

Input clamp voltage Vee= MIN; 
lrL = -18mA 

Power ON/OFF 
detector threshold 
voltage 

High level input Vee= Max; 
current V1N = 2.7V 

Low level input Vee= Max; 
current V1N = 0.4V 

Vee= Max; 
Bus input current Vs= 2.5v• 
(driver OFF) Vee= Max; 

Vs= ov• 

Bus leakage current Vee= OV; 
(power OFF) Vs= 2.5v• 

Vee= Max; 

Supply current Ao-A7 =Low or 
Bo - B7 = Low and 
DBA = DAB = High 

AC CHARACTERISTICS Vee= 5V (±5%); TA= 0°c to 70°C 

PARAMETER 

tPLL 

tPHH 

toHH 

to LL 

to EH 

toEL 

to EH 

toEL 

t, 

NOTES: 
A1 = External signal 
ADi = Output A driver 
6 1 = External signal 
BD1 = Output 8 driver 
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DESCRIPTION 

Propagation delay 

Propagation delay 

Propagation delay 

Propagation delay 

Propagation delay 

Propagation delay 

Propagation delay 

Propagation delay 

Recovery time (see 
timing diagram) 

FROM TO TEST CONDITIONS 

Low A; Low BD; DBA = DAB = High 
Low B; Low AD; 

High A; High BD; DBA = DAB = High 
High B; High AD; 

High A; High BD; DBA = Low; DAB = High 

High B; High AD; DAB = Low; DBA = High 

Low A; Low BD; DBA = Low; DAB = High 

Low B; Low AD; DAB = Low; DBA = High 

Low DAB High AD; DAB = Low; A; = Low 

High 
Low AD; DAB = Low; B; = Low DBA 

Low DBA High BD; DBA = Low; B; = Low 

~ Low BD; DBA = Low; A; = Low DAB 

- - DBA = DAB = High 
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LIMITS 
UNIT 

Min Typ Max 

0.5 v 

1.3 1.7 v 

2.0 v 

0.8 v 

-1.5 v 

3.7 4.35 v 

20 µA 

-0.4 mA 

100 
µA 

-20 

100 µA 

145 180 mA 

LIMITS 
UNIT 

Min Typ Max 

30 ns 

30 ns 

25 ns 

25 ns 

25 ns 

25 ns 

30 ns 

30 ns 

30 ns 

30 ns 

20 ns 
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Autodirectional Bus Transceiver 8X41 

8X41 TIMING DIAGRAM 

CONDtTK>NS: 
DBA =HIGH 
DAB= HIGH 

CONDITIONS: 
OBA= LOW 
DAB= HIGH 

CONDITIONS' { 
OBA= HIGH 
DAB= LOW 

CONDITIONS' { DAB= LOW 
Bt =LOW 

CONDITIONS' { OBA= LOW 
Aj=LOW 

December 4, 1985 

A, (EXTERNAL>-----. 3V 

1 sv ~ .. ____ _,f,_~s~--------------------------------· ov 
' I 

I- tPlL .j 1--1 
8g'~s;::T-------.. ' I~---------------- VOH 

1.SY \. .. ____ _,/-_~~~--------------------------- VOL 

f-~--! 
BilEXTERNAL)------------------.. 1 3V 

1.5Y ~\.----...Jt~~V-------- OV 
I I 

f-IPLL-j i.-.i 
AC)j (OUTPUT I I 

ADRIVER) --------------------•. -SV"~ £ :: 
Ai (EXTERNAL)----- 3V 

\ 1.SV {~~--------------------------------· OY 
I I 

___,j IDLL I-- --1 IOI*' 1--
BOj (OUTPUT B I I -----------------

DRIVER) --------..\ .. •_ .• _v ___ _,1~~---------------------------· :: 

B; (EXTERNAL) ~ ~ 3V 

;\ ... '·_•v ____ .,f_~~---------------------------------- ov 
I ' 

--I IOLL I- ---1 IDl<H 1--
ADi (OUTPUT A t I ,....----------------

DRIVER) -------.'\ 1.SV '-~~----------------------------· :: 

oa•----.. \1.sv 
I 
I 

w f1.sv 
· •-------------------------------------ov 

I 

--j IOEH : 

ADi (OUTPUT A ______ _,,,.l-.SV----.. ~~~;----------------------------· VOH 
--1 IDEL i--

DRIVER) VOL 

DAB----.. 3Y \1.sv f.1.sv 
I t------------------------------------ 0V 

--I IOEH 1-- --I IOEL i--
1~-------------------------------- VOH u:t",-.SV----...~ 1.SV 

80i=~ 8 ------..JT J\ VQl 

786 



Signetics Logic Products P1oduct Specification 

Autodirectional Bus Transceiver 8X41 

---1 
I 

~ < .. ; : : :: < 
"" 

_, 
r-(Note 3 

'"" 
_, 

Ii ;;; ~ ; : ~ t • 

NOTES: 
The bus-control logic can be handled as shown here, integrated m each system module, or externally situated 
The A·port and B-port of the 8X41 are transparent to external connect1ons, that 1s A1 - A7 can be connected to the 1/0 bus and B0 - 87 can be connected to the mt~rnal bus, and 111ce 

I 
versa. 

3 Refer to Truth Tables adjacent to Figure 1 for data control capabliit1es 

INTERFACING 8X41 TO IEEE 488 BUS 
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Logic Products 

FEATURES 
• 12-Bit FIFO Address Generator 

• Data Rate Exceeding SMHz 

• Asynchronous Read/Write 
Operations 

• Three-State Address Outputs 

• User-Defined Word Width 

• Specifically Designed for Use 
with High-Speed Bipolar RAMs 
(Adaptable for Use with MOS 
RAMs) 

• TTL Input and Output 

• 16mA Address-Drive Capability 

USE AND APPLICATION 
• Interface Between Independently

Clocked Systems 

• Buffer Memories for Disk and/or 
Tape 

• Data Communication 
Concentrators 

• CPU/Terminal Buffering 

• OMA Applications 

• CRT Terminals 

PRODUCT DESCRIPTION 
The Signetics 8 x 60 FIFO RAM Control
ler (FRC) is an address and status gen
erator designed to implement a high
speed/high-capacity First-In/First-Out 
(FIFO) stack utilizing standard off-the
shelf RAMs - see Applications on the 
last page of this data sheet. The FRC 
can control up to 4096 words of buffer 
memory; intermediate buffer sizes can 
be selected - refer to the memory 
length table on the next page. Built-in 
arbitration logic handles read/write op
erations on a first-come/first-served ba
sis. 
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8X60 
FIFO RAM Controller (FRC) 
Product Specification 

As shown in Figure 1, the FRC consists 
of: 
• A 12-Bit Write Address Generation 

Counter (Counter # 1) and a 
12-Bit Read Address Generation 
Counter (Counter # 2). 

• A 12-Bit Up/Down Status Counter 
(Counter #3). 

• Twelve Three-State Address 
Drivers. 

• Control Logic. 

The two address counters, # 1 and ·# 2, 
respectively, are used to generate write 
and read addresses; the outputs of 
these counters are multiplexed to the 
three-state address drivers. Counter # 3 
generates full, empty, and half full 
status. 

FUNCTIONAL OPERATION 
The FRC operates in either of two basic 
modes -- write into the FIFO buffer 
memory or read from the Fl FO buffer 
memory. These two operations are de
scribed in subsequent paragraphs and 
the complete sequence is summarized 
in Table 1. Typical Write/Read timing 
relationships, arbitration logic, and chip
enable control are shown in the Timing 
Diagrams. 

789 

PACKAGE AND PIN DESIGNATOR 

--·~Q-;~CKAGE -----, 

ORDER NUMBERS 
N8X60N, RB8X60F 

PIN IDEN- FUNCTION 
NO. TIFIER 

Vss Supply voltage for internal 
circuits. 

2. 14, GND Circuit ground. 
21 

ST Shift-In request for write 
cycle; active-low input. 

so Shift-Out request tor read 
cycle; active-low input. 

RESET Active-low master reset 
input. 

EE Active-low chip enable 
input. 

WRITE Write cycle address valid; 
active-low output. 

READ R(~ad cycle address valid; 
active-low output. 

FULL Memory full status output; 
also, override input 
capability. Active when 
high. 

10 Hfl.LF Memory haif-tull status 
FULL output; active~high. 

11 EMPTY 

12 LS1 Least significant bit (LSB) 
of the memory !ength 
select input 

13 LS2 Most significant bit (MSB) 
of the memory length 
select input. 

15-20 A11 ~Ao Three-state address 
22 -· 27 outputs: Ao = LSB. 

28 Vee Supply voltage. 
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FIFO RAM Controller (FRC) 8X60 

I-

~-------- -------------·-----"""' 
------------------~---------Qm 

AO OR US 
IOIUlTIPLf)(£A 

- ---·----------"5 

---------·~ ____ ... , 
_____ ., 
______ .,, 
_______ .... ,, 

Figure 1. Functional Block Diagram of FIFO RAM Controller 

FIFO BUFFER MEMORY - MEMORY LENGTH 
WRITE CYCLE 
To perform a write operation, SO must be high 
and SI must be low. When these conditions 
exist and other control parameters (Table 1) 
a1·t~ satisfied, the write address in Counter # 1 
(Figurt~ 1) ts output to the address bus via the 
multiplexer and WRITE output goes low. 
(Note. Normally, the WRITE output goes low 
after the address output becomes state -
refer to WRITE Cycle Timing Diagram. The 
WRfrE output may then act as a write or chip 
enable for the RAMs that are used to imple

LS1 LS2 HALF LENGT H FULL LENGTH 

ment tt1e memory. 

When the write cycle is ended (Si is forced 
high), the WRITE output goes high, the 
address output buffers return to a high-imped
ance state. Counter # 1 (Write Address Gen
eration) and Counter # 3 (Status) are both 
incremented, and Counter # 2 (Read Address 
Generation) remains unchanged. 

FIFO BUFFER MEMORY - READ 
CYCLE 
To perform a read operation, Sf must be high 
and SO must be low. When these conditions 
exist and other control parameters (Table 1) 
are sat1'3fied, the read address contained in 
Counter # 2 (Figure 1) is output to the ad
dress bus and the l'!EAD output. goes low. 

When the read cycle is ended (SO is forced 
high) the READ output goes high, the output 
buffers return to a high-impedance state. 
Counter # 2 {Read Address Generation) is 
incremented. Counter # 3 (Status) is decrem
ented, and Counter # 1 (Write Address Gen
eration) remains unchanged. 
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L L 2046 
H L 32 
L H 512 
H H 128 

CONTROL LOGIC 
To prevent the possibility of operational con
flicts, Si and SO are treated on a first-come/ 
first-served basis; these two input signals are 
controlled by internal arbitration logic - refer 
to the applicable Timing Diagrams and AC 
Characteristics for functional and timing re· 
lationsh1ps. If one cycle is requested while the 
other cycle is in progress, the requested cycle 
will commence as soon as the current-cycle 
is complete (provided other control parame
ters are satisfied). 

As shown in the accompanying diagram, the 
buffer length of the FIFO memory can be 
hardware-selected via the Length Select 
(LS1, LS2) Inputs. When less than the maxi· 
mum length is selected, the unused high· 
order bits of the address outputs are held in 
the h1gh~impedance state. 

Generation of the status output signals (HALF 
FULL, FULL and EMPTY) is a function of the 
Length Select (LS1, LS2) inputs and the 
current state of Status Counter #3. In gener
al, the status outputs reflect the conditions 
that follow: 

• HALF FULL - this status output signals 
goes high on the positive-going edge of 
Si if the MSB of the selected length of 
Counter # 3 becomes a "1 ". The HALF 
FULL signal will go from hlgh•to·low on 
the positive-going edge of so when, 
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____________ __, 
4096 

64 
1024 
256 

after the read cycle, the selected length 
of Counter # 3 changes from " 100 . 
00" to "Q11 11". For example, if the 
selected memory length is 256 words 
(FULL~ 256), then HALF FULL~ 126 
words; hence, on the positive-going 
edge of SO when Counter # 3 reaches 
a count of 127, the HALF FULL output 
will go from high-to-low. 

• FULL - this signal serves both as a 
status output and as an override input. 
The FULL signal goes high on the 
negative-going edge of Si if all bits of 
Counter # 3 for selected length are 
equal to "1". The FULL output goes 
from high-to-low on the negative-going 
edge of SO. 

• EMPTY - this signal also serves as a 
status output and as an override input. 
On the negative-going edge of SO, the 
EMPTY output is driven high if Status 
Counter #3 contains a value of ''1''; 
on the positive-going edge of SO, the 
counter is decremented to "O". The 
EMPTY output goes from high·to-low 
on the negative-going edge of Si. 

Once the FULL signal is high, further Write 
Cycle Requests (Si • low) are ignored; simi· 
larly, once the EMPTY signal is high, further 
Read Cycle requests (!!O • low) are ignored. 
However, to accommodate diversified appli· 
cations, the FULL and EMPTY outputs are 
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open-collector with on-chip 4.7K passive pull
up resistors. If either the FULL or EMPTY pins 
are forced low via external control, the corre
sponding write or read cycle may resume 
(provided the external FULL or EMPTY input 
is held low until the corresponding WRITE or 
READ output goes low) and the address/ 
status counters will continue normal opera
tion• - refer to Table 1. 

The user must force the RESET input low to 
initialize the chip. (Note. If the RESET signal 
is driven low during a write or read cycle, the 

Table 1. Summary of Operation 

INPUTS INITIAL 

RESET CE Si so CONDITIONS 

L x x x 
H x H H 

H L L H FULL= L 

H L L H FULL= H 

H L H L EMPTY= L 

H L H L EMPTY= H 

address output may have a short period of 
uncertainty before assuming a high-imped
ance state.) The following actions occur when 
RESET is active: 

• All internal counters are set to "O". 

• All address output lines are forced to 
the high-impedance state. 

• HALF FULL and FULL outputs are 
forced low. 

• WRITE. READ, and EMPTY outputs are 
forced high. 

RESULTING OUTPUTS 

WRITE READ Address Bus 

H H Hi-Z 

H H Hi-Z 

L H 
Write address from 
Ctr #1 

H H Hi-Z 

H L 
Read address from 
Ctr #2 

H H Hi-Z 

H L L t Write cycle in progress L H 
Write address from 
Ctr#1 

H L t L Read cycle in progress H L 
Read Address from 
Ctr #2 

H L L L EMPTY= H L H 
Write address from 
Ctr #1 

H L L L FULL= H H L 
Read address from 
Ctr #2 

H L i H Write cycle in progress i H Goes to Hi-Z 

H L H i Read cycle in progress H i Goes to Hi-Z 

H L i L 
Write cycle in progress i t Changes to read 
(note 1) address from Ctr #2 

H L L i Read cycle in progress t i Changes to write 
(note 2) address from Ctr # 1 

H H t H H H Hi-Z 

H H H ! H H Hi-Z 

H i L x FULL = L; write cycle 
L H 

Write address from 
begun (note 1) Ctr #1 

H i x L 
EMPTY = L: read cycle 

H L 
Read address from 

begun (note 2) Ctr #2 

H ! L L 
FULL= L; - - -
EMPTY= L 

NOTES: 

Product Specification 

8X60 

When CE is high, the address output lines 
are forced to the high-impedance state, fur
ther write or read cycle requests are ignored, 
and all counters remain unchanged. If CE 
switches from low-to-high during a write or 
read cycle, the cycle in progress is always 
completed before the disabled state is en
tered. For details of these operations. refer to 

the timing information shown later in this data 
sheet. 

•Refer to Note on inside back cover 

COMMENTS 

Reset all counters to 0. 

No action 

Shift into FIFO stack (Write Cycle) 

Stack full (write inhibited) 

Shift out of FIFO stack (Read Cycle) 

Stack empty (read inhibited) 

Continue write cycle (until Si goes high) 

Continue read cycle (until SO goes high) 

Shift in (read inhibited) 

Shift out (write inhibited) 

Increment write address counter #1 and 
status counter #3 

Increment read address counter #2; 
decrement status counter #3 

Increment write address counter #·J and 
status counter #3 

Increment read address counter #2; 
decrement status counter #3 

Chip disabled 

Chip disabled 

Continue write cycle (until Si goes high) 

Continue read cycle (until SO goes high) 

This set of conditions should be avoided 

1. Write cycle will occur if either Si goes low before SO goes low or EMPTY = H when SO goes low. 
2. Read cycle will occur if either SO: goes low before 'Si goes low or FULL= H when Si goes low. 
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ABSOLUTE MAXIMUM RATINGS 
~--

PARAMETER RATING UNIT 

Vee Power supply voltage +7 Vdc 
Vss Supply voltage for internal circuits +4 Vdc 
V1N Input voltage +5.5 Vdc 
Vo Off-state output voltage +5.5 Vdc 
Tsrn Storage temperature range -65 to + 150 oc 

DC ELECTRICAL CHARACTERISTICS Conditions: Commercial - Vee= 5.0 v (±5%), Vss = 1.5 v (±5%)1, 
0°C < TA < 70°C 

LIMITS 
PARAMETER TEST CONDITIONS 

Min Typ2 

V1H High level input voltage Note 3 2.0 
f----

V1L Low level input voltage 

VoH 
High level output voltage: 

Vee= MIN; loH = -2.6mA 2.7 3.5 
All outputs except FULL and EMPTY 

Vol 
Low level output voltage: 

Vee= MIN; loL = 16mA 0.38 
Address Bus, WRITE, READ 

HALF FULL, FULL, and EMPTY Vee= MIN; loL = 8mA 0.35 

Vea 
Diode clamp voltage: 

Vee= MIN; leo = -18mA -1.5 -0.8 
All inputs except FULL and EMPTY 

l1H 
High level input current: 

Vee= MAX; V1H = 2.7V 0.1 
All inputs except FULL and EMPTY 

Vee= MAX; V1H = 2.7V; 
FULL and EMPTY stack FULL or stack EMPTY -470 

(Note 3) 

Low level input current: 
l1L All inputs except FULL Vee= MAX; V1L = 0.4V -0.17 

and EMPTY 

FULL and EMPTY 
Vee= MAX; V1L = 0.4V; -1.12 
Stack FULL or Stack EMPTY 

ioH 
High level output current: 

Vee= MIN; VoH =Vee (min) 15 
FULL, EMPTY r-----. 

lozH 
High-Z output current 

Vee= MAX; VouT = 2.4V 0.9 
(HIGH); address bus (Three-state) 

r-----
lozL 

High-Z output current 
Vee= MAX; Vour = 0.5V -0.6 

(LOW); address bus (Three-state) 
1--------

Input leakage current: 
11 All inputs except FULL Vee= MAX; V1N = 5.5V 0.03 

and EMPTY 

los 
Short-circuit output current: 

Vee= MAX; VoH = ov -15 -68 
address bus and HALF FULL 

!-----
WRITE, READ Vee= MAX; VoH = OV -40 -73 

!-----
Vee= MAX; Address 0°C ---1> 81 

Ice Supply current from Vee 
Bus= High-Z 70°C -> 81 

r------
0°C ---1> 63 

lss Supply current from Vss Vss =Max 
70°C _, 63 

NOTES: 

8X60 

UNITS 
Max 

v 
0.8 v 

v 

0.5 v 

0.5 v 

v 

20 µA 

-750 µA 

-0.4 mA 

-1.8 mA 

100 µA 

20 µA 

-20 µA 

0.1 mA 

-100 mA 

-100 mA 

140 
mA 

110 

95 
mA 

85 

1. Vss can be obtained from a regulated 1.5V supply; alternately, proper supply current (Isa) can be obtained by connecting a 56-ohm (± 5%, 0.5W) resistor in series 
with Vee as shown later in the APPLICATIONS diagram. 

2. Typical limits are: Vee= 5.0V; TA= 25°C. 
3. Because of the internal pull-up resistor on the FULL and EMPTY pins, a negative current is required to force the required voltage. 
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AC ELECTRICAL CHARACTERISTICS Conditions: Commercial - Vee - 5.0 V (±5%) v 66 - 1.5 v (±5%) o•c,,,; TA,,,; 70°C 

REFERENCES LIMITS 
PARAMETERS TEST CONDITIONS UNITS 

From To Min Typ Max 

Pulse widths: 
TLH Si high i Si t Si Stack approaching FULL (note 1) 25 13 ns 

ToH so high i so t so Stack approaching EMPTY (note 1) 30 16 ns 

Write cycle timing: 
t Si TLA Address stable delay An FULL - Low; SO - High 40 55 ns 

TAw Address lead time An t WRITE 3 ns 

TLAw WRITE output active delay t SI t WRITE FULL - Low; SO - High 35 51 65 ns 

hw WRITE output inactive delay i SI i WRITE 3 10 ns 

TwA Address lag time i WRITE An 20 34 ns 

TLT Address output disable i Si An (Hi-Z) 37 60 ns 

hF FU LL status active delay t SI i FULL Stack approaching FULL; SC5 - High 39 65 ns 

TLE EMPTY status inactive delay t SI t EMPTY Stack - EMPTY 40 65 ns 

THFH HALF-FULL status active delay i Si i HALF 
FULL 

Stack approaching HALF-FULL 30 45 ns 

Tow WRITE output active after read i so t WRITE Both SI & READ - Low 74 95 ns 

Read cycle timing: 
tso ToA Address stable delay An EMPTY - Low; Si - High 40 55 ns 

TAR Address lead time An t READ -1 ns 

ToAR READ output active delay tso t READ EMPTY - Low; SI - High 30 48 65 ns 

TDR READ output inactive delay i SC5 i READ 5 10 ns 

TRA Address lag time i READ An 20 32 ns 

Tor Address output disable i so An (Hi-Z) 37 60 ns 

ToE EMPTY status active delay tso i EMPTY Stack approaching EMPTY; SI - High 38 50 ns 

ToF FULL status inactive delay t so t FULL Stack - FULL 38 50 ns 

THFL HALF-FULL status inactive delay i so t HALF 
FULL 

Stack exactly HALF-FULL 54 75 ns 

hR READ output active after write i SI t READ Both 00 & WRITE - Low 70 90 ns 

Chip enable timing (write): 
THEW Chip enable hold time2 t Si i CE FULL - Low; SO - High 10 1 ns 

TsEw Chip disable set-up time3 t CE t SI FULL - Low; SO - High 10 1 ns 

TPEW Chip enable delay time ! CE ! WRITE FULL - Low; SI - Low; SO - High 69 95 ns 

Chip enable timing (read): 
T HER Chip enable hold time2 ! so i CE EMPTY - Low; Si - High 10 1 ns 

TsER Chip disable set-up time3 i CE ! so EMPTY - Low; SI - High 10 1 ns 

TPER Chip enable delay time ! CE t READ EMPTY - Low; SO - Low; SI - High 64 95 ns 

Reset timing: 
TAR RESET recovery i RESET ! WRITE Si- Low 57 75 ns 

TRL RESET pulse width (low) ! RESET i RESET 25 8 ns 

Full/empty override timing: 
! FULL ! WRITE TFw Override Recovery for FULL Stack - Full; Si - Low; SO - High 70 95 ns 

TEA Override Recovery for EMPTY ! EMPTY ! READ Stack - EMPTY; SO - Low; SI - High 65 90 ns 

NOTES: 
1. Such that write/read request is inhibited after stack becomes full/empty. 
2. The earliest rising edge of CE such that the WRITE or READ output always occurs. 
3. The latest rising edge of CE such that the WRITE or REA[) output never occurs. 
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TEST LOADING CIRCUITS 

APPLICABLE PINS: WRITE (7), 
READ (8), HALF FULL (10) 

FROM OUTPUT ..L.l_ 
UNDER TEST I"" 

•ee 

., 
(Note3) 

* I;:..,* 
* 

APPLICABLE PINS: An (15 - 20, 
22-27) 

TEST;OINT VL 
t· '7 

51 

8X60 

OUTPUT SWITCH 
STATE POSITION 

FROM TO 51 52 

Low High Closed Closed 

High Low Closed Closed 

High Hl-Z Closed Closed 

Low Hl-Z Closed Closed 

Hl-Z High Open Closed 

Hl-Z Low Closed Open 

NOTES: 
1. 1n all cases CL includes probe and jig capacitance 
2. All diodes are 1 N916, 1 N3064, or equivalent 

APPLICABLE PINS: FULL (8) AND 
EMPTY (11) 

3. For READ and WRITE outputs, AL• 280 ohms; 
for HALF FULL output, AL= 2K ohms. 

FROM OUTPUT 
UNDER TEST 

TEST POINT Vee 

., 
&25Jl 

IJ.;, 

AC TEST WAVEFORMS 

,-------------------------·3V 
INPUT ... VM 

1.-.-i 1~-----ov 

i..~ ________ , 
l~---VoH 

NOTE: 

OUTPUT 
(Inverted) 

Propagation Delay 
(Typical Example) 

Pulse widths and Set-up/Hold times are measured using the same reference points as above waveform. 

OUTPUT ENABLE~ -fr------ '3V 
CONTROL (AcHwe 4-vM I VM 

Low tnput) ~'----------'· 

OUTPUT ENABLE~ -f 
CONTROL (Actl'ltl '"l;VM : V11 
Low Input) ; ~-------~-

-.j IPZL ~ -.j IPLZ !4---
--.J IPZH ~ --..! IPHZ i.- 0.5V 

I ' __ _j_ __ VoH 

OUTPUT-----~-t~~- _____ - __ -- -- -~!_~ ~ ~:v 
0UTPUT ~~~--------------;;f~;i~ 

For all waveforms, VM ... 1.sv for 74 and 748; VM = 1.3V for 74LS. 

3·State Enable Time To LOW Level 
And Disable Time From LOW Level 
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3-State Enable Time To HIGH Level 
And Disable Time From HIGH Level 
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TIMING DIAGRAMS 

~--ILL -·--f---- 'ut---f 

!II 

t.-ILA...,...iA~ ~ILT---/ 
ADDRESS 

I I 1 J 
j4-1LAW..............i ~tL.-+twA~ 

Wffif! l_Jc--------

-Of ENTRIES 
INSTACK-0• 

Write Cycle Timing 

Status Output Timing-Write 

Chip Enable Timing Write• 

ii 

I 
I 

i 
I 
I 
I 

IAR--i ..... IAW.....j ~ 

' ' ADDRESS~ 

Change Of Cycle Timing 

Product Specification 

8X60 

Read Cycle Timing 

•OFl~~~~~=-N• ~ .... ~._ -.i-1-•.-1-.. -o-
SO~~i---,._J 

I 1 ---! 10E~ 

' ·~•HFCf.-~ 
--.; 1oF r---- ~'<'-----

FULL~,,,_----

Status Output Timing-Read 

Chip Enable Timing Read' 

ii\~----~r-

Full Override Timing 

*The rising edge of ct should not occur within 1 OMnanoseconds before or after a falling edge of ST or SO. 
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TIMING DIAGRAMS (Continued) 

READ~ 
~ 

EMPTY + ...--~~~~~~LOW 

APPLICATIONS 

Empty Override Timing 

Jg~~~~~~~ 
illHUflfO 
COUN'fOli 

Rim'~ 
'4- IAL -..i IRA i...-

WAiT£ ~ 

KEY m H1gh·1mpedance State 

~Changing data 

Reset Timing 

Implementation Of A FIFO Bulfer Using The 8X60 And High Speed RAM 

/ 
OEl.A'f TO HTIEMD AOORlMllOlD TIME 
Ant:R TMI 11119'NG EDGE Of: llfl 

Uelng 8X60 With Hlgh·Den•lly MOS RAMs 

796 

8X60 



Signetics 

Logic Products 

FEATURES 
• Boosts Memory Reliability -

Corrects all single-bit errors. 
Detects all double and some 
triple-bit errors. Reliability of 
dynamic RAM systems is 
increased more than 60-fold. 

• Very High Speed - Perfect for 
MOS microprocessor, 
minicomputer and mainframe 
systems. 
- Data in to error detect: 32ns 

worst case. 
- Data in to corrected data out: 

65ns worst case. 
• High performance systems can 

use the Signetics EDC in the 
check-only mode to avoid 
memory system slowdown. 

• Replaces 25 to 50 MSI chips -
All necessary features are bullt-in 
to the Signetics 2960, including 

CODE ID C>-7''---r---, 
CHAO MODE L:>----1 
PASS THRU C~~~gL 
GENEAiT£ l.>----1 

CORRECT C>----1. __ _J 
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2960 
Error Detection and Correction 
(EDC) Unit 
Product Specification 

diagnostics, data in, data out and 
check bit latches. 

• Handles Data Words From 8 to 
64 Bits - The Signetics 2960 is 
cascadable: 1 EDC for 8 or 16 
bits, 2 for 32 bits, 4 for 64 bits. 

• Easy Byte Operations - Separate 
byte enables on the data out 
latch simplify the steps and cuts 
the time required by byte writes. 

• Built-In Diagnostics - The 
processor may completely 
exercise the EDC under software 
control to check for proper 
operation. 

DESCRIPTION 
The Signetics 2960 Error Detection and 
Correction Unit (EDC) (Figure 1) con
tains the logic necessary to generate 
check bits on a 16-bit data field accord-

Figure 1. Block Diagram Of 2960 

797 

ing to a modified Hamming Code, and to 
correct the data word when check bits 
are supplied. Operating on data read 
from memory, the EDC will correct any 
single bit error and will detect all double 
and some triple bit errors. For 16-bit 
words, 6 check bits are used. The 2960 
can be expanded to operate on 32-bit 
words (7 check bits) and 64-bit words (8 
check bits). In all configurations, the 
device makes the error syndrome avail
able on separate outputs for data log
ging. 

The Signetics 2960 also features two 
diagnostic modes, in which diagnostic 
data can be forced into portions of the 
chip to simplify device testing and to 
execute system diagnostic functions. 

The product is supplied in a 48 lead 
hermetic DIP package and a 48-pin plas
tic package. 

7 0 7'~ ~;~~R-OME' 
~CHECKBITS 

l-.....<=JiiEsc 

fft'AOA 
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2960 PACKAGE AND PIN DESIGNATIONS 

PIN DESCRIPTION 

PIN NO. IDENTIFIER 

1 Correct 

2-5 DATA1s-12 
9-12 DATA11-a 
14-17 DATA7_4 
20-23 DATA3 _ 0 

6 LE IN 

7 LE DIAG 

December 4, 1985 

CORRECT 

DAT As 

GROUND 

DATAs 

OAT As 

OATA4 

OE BYTE 0 

LE OUT 

OATA3 

OATA2 

OATA1 

OATAo 

sc, 

PASS THAU 

OIAG·MODE 1 

DlAG MOOE 0 

CODE ID 2 

CODE ID 1 

CODE ID 0 

GENERATE 

ca, 

CBo 

ce, 

ce, 

ca, 

Vee 

ca, 

ca, 

MULT ERROR 

ERROR 

OESC 

sc, 

sc, 

SC3 

sc, 

sc, 

sc, 

FUNCTION 

Correct Input: When HIGH this signal allows the correction network to correct any single-bit error in 
the Data input Latch (by complementing the bit-in-error) before putting it onto the Data Output Latch. 
When LOW the EDC will drive data directly from the Data input latch to the Data Output Latch 
without correction. 

16 Bidirectional Data Lines: They provide input to the Data Input Latch and Diagnostic Latch, and 
receive output from the Data Output Latch. DATA0 is the least significant bit; DATA15 is the most 
significant. 

Latch Enable: Data Input Latch. Controls latching of the input data. When HIGH the Data input Latch 
and Check Bit Input Latch follow the input data and input check bits. When LOW, the Data Input 
Latch and Check Bit Input Latch are latched to their previous state. 

Latch Enable: Diagnostic Latch. When HIGH the Diagnostic Latch follows the 16-bit data on the input 
lines. When LOW the outputs of the Diagnostic Latch are latched to their previous states. The 
Diagnostic Latch holds diagnostic check bits, and internal control signals for CODE ID0 _ 2, DIAG 
MODE0•1, CORRECT and PASS THAU. 
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PIN DESCRIPTION (Continued) 

PIN NO. IDENTIFIER FUNCTION 

18, 8 OE BYTE 0, Output Enable: Bytes O and 1, Data Output Latch. These lines control the 3-state outputs for each of 
OE BYTE 1 the two bytes of the Data Output Latch. When LOW these lines enable the Data Output Latch and 

when HIGH these lines force the Data Output Latch into the high impedance state. The two enable 
lines can be separately activated to enable only one byte of the Data Output Latch at a time. 

13 GND Ground. 

19 LE OUT Latch Enable: Data Output Latch. Controls the latching of the Data Output Latch. When LOW the 
Data Output Latch is latched to its previous state. When HIGH the Data Output Latch follows the 
output of the Data Input Latch as modified by the correction logic network. In Correct Mode, single-bit 
errors are corrected by the network before loading into the Data Output Latch. In Detect Mode, the 
contents of the Data Input Latch are passed through the correction network unchanged into the Data 
Output Latch. The inputs to the Data Output Latch are unspecified if the EDC is in Generate Mode. 

24, 25-30 SC1Ss-So Syndrome/Check Bit Outputs: These seven lines hold the check/partial-check bits when the EOG is 
in Generate Mode, and will hold the syndrome/partial syndrome bits when the device is in Detect or 
Correct Modes. These are 3-state outputs. 

31 OE SC Output Enable: Syndrome/Check Bits. When LOW, the 3-state output lines SC0.6 are enabled. When 
HIGH, the SC outputs are in the high impedance state. 

32 ERROR Error Detected Output: When the EOG is in Detect or Correct Mode, this output will go LOW if one 
or more syndrome bits are asserted, meaning there are one or more bit errors in the data or check 
bits. If no syndrome bits are asserted, there are no errors detected and the output will be HIGH. In 
Generate Mode, ERROR is forced HIGH. (In a 64-bit configuration, ERROR must be externally 
implemented.) 

33 MULT Multiple Errors Detected Output: When the EDC is in Detect or Correct Mode, this output if LOW 
ERROR indicates that there are two or more bit errors that have been detected. If HIGH this indicates that 

either one or no errors have been detected. In Generate mode, MULT ERROR is forced HIGH (in a 
64-bit configuration, MUL T ERROR must be externally implemented.) 

40, 34-35 CBo-s Seven Check Bit Input Lines: The check bit lines are used to input check bits for error detection. 
37-39, 41 Also used to input syndrome bits for error correction in 32 and 64-bit configurations. 

36 Vee + 5V Power Supply. 

42 GENERATE Generate Check Bits Input: When this input is LOW the EOG is in the Check Bit Generate Mode. 
When HIGH the EOG is in the Detect Mode or Correct Mode. 

In the Generate Mode the circuit generates the check bits or partial check bits specific to the data in 
the Data Input Latch. The generated check bits are placed on the SC outputs. 

In the Detect or Correct Modes the EDC detects single and multiple errors, and generates syndrome 
bits based upon the contents of the Data Input Latch and Check Bit input Latch. In Correct Mode, 
single-bit errors are also automatically corrected - corrected data is placed at the inputs of the Data 
Output Latch. The syndrome result is placed on the SC outputs and indicates in a coded form the 
number of errors and the bit-in-error. 

43-45 Code IDo-2 Code Identification Inputs: These three bits identify the size of the total data word to be processed 
and which 16-bit slice of larger data words a particular EOG is processing. 

The three allowable data word sizes are 16, 32 and 64 bits and their respective modified Hamming 
codes are designated 16/22, 32/39 and 64172. Special CODE ID input 001 (102, ID1" 100) is also 
used to instruct the EOG that the signals, CODE 1Do_ 2, DIAG MODEo-1. CORRECT and PASS THAU 
are to be taken from the Diagnostic Latch, rather than from the input control lines. 

46, 47 DIAG Diagnostic Mode Select: These two lines control the initialization and diagnostic operation of the 
MODEo-1 EDC. 

48 PASS Pass Thru Input: This line when HIGH forces the contents of the Check Bit Latch onto the 
THAU Syndrome/Check Bit outputs (SC0.6) and the unmodified contents of the Data Input Latch onto the 

inputs of the Data Output Latch. 

ARCHITECTURAL SUMMARY As shown in Figure 1, the device consists of 
the following: 

• Check Bit Generation Logic 

The EDC Unit is a powerful 16-bit cascadable 
slice used for check bit generation, error 
detection, error correction and diagnostics. 
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• Syndrome Generation Logic 
• Data Input Latch • Error Detection Logic 
• Check Bit Input Latch 
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Table 1. Hamming Code and Slice Identification 
CODE CODE CODE HAMMING CODE AND 

ID2 ID1 I Do SLICE SELECTED 

0 0 0 Code 16/22 
0 0 1 Internal Control Mode 
0 1 0 Code 32/39, Bytes 0 and 1 
0 1 1 Code 32/39, Bytes 2 and 3 
1 0 0 Code 64/72, Bytes O and 1 
1 0 1 Code 64/72, Bytes 2 and 3 
1 1 0 Code 64/72, Bytes 4 and 5 
1 1 1 Code 64/72, Bytes 6 and 7 

Table 2. EDC Operating Modes 

DIAGNOSTIC 
OPERATING MODE** GENERATE 

MODE 
DM1 DMo 0 1 

Normal 0 0 Generate Correct 

Diagnostic 
0 1 Diagnostic Correct* Generate Generate 

Diagnostic 1 0 Generate Diagnostic 
Correct Correct• 

Initialize 1 1 Initialize Initialize 

Pass Thru When PASS THRU is asserted the Operating Mode is 
defaulted to the Pass Thru Mode. 

•correct if the CORRECT Input is HIGH. Detect if the CORRECT Input is LOW. 
.. In Code ID2. 0 001 (ID2. ID1, \Do) DM1 and DM0 are taken from the Diagnostic Latch. 

• Error Correction Logic 

• Data Output Latch 

• Diagnostic Latch 

• Control Logic 

Data Input Latch 
16 bits of data are loaded from the bidirec
tional DAT A lines under control of the Latch 
Enable input, LE IN. Depending on the control 
mode the input data is either used for check 
bit generation or error de1ection/correction. 

Check Bit Input Latch 
Seven check bits are loaded under control of 
LE IN. Check bits are used in the Error 
Detection and Error Correction modes. 

Check Bit Generation Logic 
This block generates the appropriate check 
bit for the 16 bits of data in the Data Input 
Latch. The check bits are generated accord
ing to a modified Hamming code. 

Syndrome Generation Logic 
In both Error Detection and Error Correction 
modes, this logic block compares the check 
bits read from memory against a newly gener
ated set of check bits produced for the data 
read in from memory. If both sets of check 
bits match, then there are no errors. If there is 
a mismatch, then one or more of the data or 
check bits is in error. 

The syndrome bits are produced by an exclu
sive-OR of the two sets of check bits. If the 
two sets of check bits are identical (meaning 
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there are no errors) the syndrome bits will be 
all zeroes. If there are errors, the syndrome 
bits can be decoded to determine the number 
of errors and the bit-in-error. 

Error Detection Logic 
This section decodes the syndrome bits gen
erated by the Syndrome Generation Logic. If 
there are no errors in either the input datas or 
check bits, the ERROR and MUL T ERROR 
outputs remain HIGH. If one or more errors 
are detec1ed, ERROR goes LOW. If two. or 
more errors are detected, both ERROR and 
MULT ERROR go LOW. 

Error Correction Logic 
For single errors, the Error Correction Logic 
complements (corrects) the single data bit in 
error. This corrected data is loadable into the 
Data Output Latch, which can then be read 
onto the bidirectional data lines. If the single 
error is one of the check bits, the correction 
logic does not place corrected check bits on 
the syndrome/check bit outputs. If the cor
rected check bits are needed the EDC must 
be switched to Generate Mode. 

Data Output Latch 
The Data Output Latch is used for storing the 
result of an error correction operation. The 
latch is loaded from the correction logic under 
control of the Data Output Latch Enable, LE 
OUT. The Data Output Latch may also be 
loaded directly from the Data Input Latch 
under control of the PASS THAU control 
input. 

800 

Product Specification 

2960 

The Data Output Latch is split into two B·bit 
(byte) latches which may be enabled inde
pendently for reading onto the bidirectional 
data lines. 

Diagnostic Latch 
This is a 16-bit latch loadable from the 
bidirectional data lines under control of the 
Diagnostic Latch Enable, LE DIAG. The Diag
nostic Latch contains check bit information in 
one byte and control information in the other 
byte. The Diagnostic Latch is used for driving 
the device when in Internal Control Mode, or 
for supplying check bits when in one of the 
Diagnostic Modes. 

Control Logic 
The control logic determines the specific 
operating mode of the device. Normally the 
control logic is driven by external control 
inputs. However, in Internal Control Mode, the 
control signals are read from the Diagnostic 
Latch. 

FUNCTIONAL OPERATION 
The EDC contains the logic necessary to 
generate check bits on a 16-bit data field 
according to a modified Hamming code (Ta
ble 1 ). Operating on data read from memory, 
the EDC will correct any single-bit error and 
will detect all double and some triple-bit 
errors. The EDC can be configured to operate 
on 16-bit data words (with 6 check bits), 32-
bit data words (with 7 check bits) and 64-bit 
data words (with 8 check bits). In fact, the 
EDC can be configured to work on data 
words from 8 to 64 bits. In all configurations, 
the device makes the error syndrome bits 
available on separate outputs for error data 
logging. 

Code and Byte Specification 
The EDC may be configured in several differ
ent ways and operates differently in each 
configuration. It is necessary to indicate to the 
device what size data word is involved and 
which bytes of the data word it is processing. 
This is done with input lines CODE ID0 _ 2 , as 
shown in Table 1; the three modified Ham
ming codes are defined below: 
• 16/22 16 data bits 

• 32/39 

• 64/72 

6 check bits 
22 bits in total. 

32 data bits 
7 check bits 

39 bits in total. 

64 data bits 
8 check bits 

72 bits in total. 

CODE ID input 001 (ID2, ID1, IDo) is a special 
code, described later, used to operate the 
device in Internal Control Mode. 
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Table 3. Diagnostic Mode Control 

DIAG DIAG 
DIAGNOSTIC MODE SELECTED MODE1 MODEo 

0 0 Non-diagnostic mode: The EDC functions normally in all modes. 

Diagnostic Generate: The contents of the Diagnostic Latch are substituted for the normally 
0 1 generated check bits when in the Generate Mode. The EDC functions normally in the Detect 

or Correct modes. 

Diagnostic Detect/Correct: In the Detect or Correct Mode, the contents of the Diagnostic 
1 0 Latch are substituted for the check bits normally read from the Check Bit Input Latch. The 

EDC functions normally in the Generate Mode. 

1 1 
Initialize: The outputs of the Data Input Latch are forced to zeroes (and latched upon 
removal of the Initialize Mode) and the check bits generated correspond to the all-zero data. 

Table 4. 16-Bit Modified Hamming Code 

GENERATED PARTICIPATING DATA BITS 
CHECK PARITY 

BITS 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

ex Even (XOR) x x x x x x x x 
co Even (XOR) x x x x x x x x 
C1 Odd (XNOR) x x x x x x x x 
C2 Odd (XNOR) x x x x x x x x 
C4 Even (XOR) x x x x x x x x 
cs Even (XOR) x x x x x x x x 

NOTE: 
The check bit is generated as either an XOR or XNOR of the eight data bits noted by an "X" in the table. 

Control Mode Selection 
The device control lines are GENERATE, 
CORRECT, PASS THRU, DIAG MODEo-1 
and CODE ID0 _ 2. Table 2 indicates the 
operating modes selected by various combi
nations of the control line inputs. 

Diagnostics 
Table 3 shows specifically how DIAG 
MODE0 _ 1 select between normal operation, 
initialization and one of two diagnostic 
modes. The Diagnostic Modes allow the user 
to operate the EDC under software control in 
order to verify proper functioning of the de
vice. 

Check and Syndrome Bit 
Labelling 
The check bits generated in the EDC are 
designed as follows: 
• 16-bit configuration - ex, co, C1, C2, 

C4, CS; 

• 32-bit configuration - CX, CO, C1, C2, 
C4, CB, C16; 
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• 64-bit configuration - CX, co, C1, C2, 
C4, CS, C16, C32. 

Syndrome bits are similarly labeled SX 
through S32. There are only 6 syndrome bits 
in the 16-bit configuration, 7 for 32 bits and 8 
syndrome bits in the 64-bit configuration. 

The error correction code can be selected 
independent of the processor with the excep
tion of diagnostic software. 

Diagnostic software run by a processor to 
checkout the EDC system must know specifi
cally which code is being used. This is only a 
problem when the EDC replaces an existing 
MSI implementation on an existing computer. 
In this case, the computer's software must 
first determine which of two codes (the old 
one used by the MSI implementation or the 
new one used by the EDC) is used by the 
computer's memory system. 

This is easily determined by writing a test data 
word into memory and then examining wheth
er the generated check bits are typical of the 

801 

old or the new code. From then on the 
software runs only the diagnostic appropriate 
for the code used on that particular comput
er's memory system. 

Initialize Mode 
The inputs of the Data Output Latch are 
forced to zeroes. The check bit outputs (SC) 
are generated to correspond to the all-zero 
data. ERROR and MULT ERROR are forced 
HIGH in the Initialize Mode. 

Initialize Mode is useful after power up when 
RAM contents are random. The EDC may be 
placed in initialize mode and its outputs 
written in to all memory locations by the 
processor. 

Code Selections 
The Signetics 2960 EDC uses a modified 
Hamming Code which provides the following 
functions: 
• Cascading of EDC Units 

• Detection of all double-bit errors 

• Detection of gross error conditions (all 
"Os" or all "1 s"). 
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16-Bit Data Word Configuration 
The 16-bit format consists of 16 data bits, six 
check bits and, as previously indicated, is 
designated as the 16/22 code. The data 
format and 1/0 configuration for a 16-bit word 
is shown in Figure 2. 

Generate Mode 
In this mode check bits will be generated that 
correspond to the contents of the Data Input 
Latch. The check bits generated are placed 
on the outputs SC0 _ 5 (SC6 is a logical one, or 
high). 

Check bits are generated according to a 
modified Hamming code. Details of the code 
for check bit generation are contained in 
Table 4. 

Each check bit is generated as either an XOR 
or XNOR of eight of the 16 data bits as 
indicated in the table. The XOR function 
results in an even parity check bit; the XNOR 
is an odd parity check bit. Data flow for the 
Generate Mode is shown in Figure 3. 

t.-jlll••-ti;mjlll--... ~:> ~;~-~ROME/ 

ERROR 
DETECTION 

CHECK BITS 

l____<J 6E SC 

r------1> MULT ERROR 

Figure 3. Check Bit Generation 
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BITS) 

OATAo-, R:~ft-..--f 
DATA 

OUTPUT 
LATCH 
BYTE 0 

DATA 
OUTPUT 
LATCH 
BYTE 1 

OE BYTE 1 l>-4++--...J 

LE IN 

DATA 
INPUT 
LATCH 
BYTEO 

DATA 
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LATCH 
BYTE 1 

LE DiAG D>--\1-1----....J 
CODE ID r>-;.' '---r---, 

DIAG MODE J-'>----1 
PASS lHRU C>-
GENERATE G~---.i. 
CORRECT 

CONTROL 
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Figure 4. Error Detection And Correction 

Table 5. Syndrome Decode to Bit-In-Error 

S8 0 1 
SYNDROME S4 0 0 

BITS S2 0 0 
sx so S1 

0 0 0 . cs 
0 0 1 C1 T 

0 1 0 co T 

0 1 1 T 10 

1 0 0 ex T 

l 
1 0 1 T 9 

1 1 0 T 8 

1 1 1 M T 

* - no errors detected 
Number - the location of the single bitwinwerror 
T - two errors detected 
M - three or more errors detected 
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Detect Mode 
In this mode the device examines the con· 
tents of the Data Input Latch against the 
Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and 
some triple-bit errors. If one or more errors
are detected, ERROR goes LOW. If two or 
more errors are detected, MUL T ERROR 
goes LOW. Both error indicators are HIGH if 
there are no errors. 

Also available on device outputs SC0 _ 5 are 
the syndrome bits generated by the error 
detection step. The syndrome bits may be 
decoded to determine if a bit error was 
detected and, for single-bit errors, which of 
the data or check bits is in error. Table 5 
provides decoding data for the syndrome bits 
generated by the 16-bit configuration (as an 
example, if the syndrome bits SX/SO/S1 /S2/ 
$4/SS were 101001 this would be decoded 
to indicate that there is a single-bit error at 
data bit 9). If no error is detected the syn
drome bits will all be zeroes. 

In Detect Mode, the contents of the Data 
Input Latch are driven directly to the inputs of 
the Data Output Latch without correction. 
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Table 6. Diagnostic Latch Loading 

DATA BIT INTERNAL FUNCTION 

0 Diagnostic Check Bit X 

1 Diagnostic Check Bit O 

2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check Bit 8 

6, 7 Don't Care 

8 CODE ID 0 

9 CODE ID 1 

10 CODE ID 2 

11 DIAG MODE 0 

12 DIAG MODE 1 
----1 

13 CORRECT 

14 PASS THRU 

15 Don't Care 

Correct Mode 
In this mode, the EDC functions the same as 
in Detect Mode except that the correction 
network is allowed to correct (complement) 
any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data 
Output Latch - see Figure 4. If multiple er
rors are detected, the output of the correction 
network is unspecified. If the single-bit error is 
a check bit there is no automatic correction. If 
check bit correction is desired, this can be 
done by placing the device in Generate Mode 
to produce a correct check bit sequence for 
the data in the Data Input Latch. 

Pass Thru Mode 
In this mode, the unmodified contents of the 
Data Input Latch are placed on the inputs of 
the Data Output Latch and the contents of 
the Check Bit Input Latch are placed on 
outputs SC0 _ 5. ERROR and MUL T ERROR 
are forced HIGH in this mode. 

Diagnostic Latch 
The diagnostic Latch serves both for diagnos
tic uses and internal control uses. It is loaded 
from the DATA lines under the control of LE 
DIAG. Table 6 shows the loading definitions 
for the DATA lines. 

Diagnostic Generate/Detect/ 
Correct 
These are special diagnostic modes selected 
by DIAG MODE0 _ 1 where either normal 
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check bit inputs or outputs are substituted for 
by check bits loaded into the Diagnostic 
Latch - See Table 2 for details. Figures 5 
and 6 illustrate the flow of data during the two 
diagnostic modes. 

Internal Control Mode 
This mode is selected by CODE ID0 _ 2 input 
001 (ID2, ID1, I Do). 

When in Internal Control Mode, the EDC 
takes the CODE ID0_2, DIAG MODEo_ 1, 
CORRECT, and PASS THRU control signals 
from the internal Diagnostic Latch rather than 
from the external input lines. 

Table 6 gives the format for loading the 
Diagnostic Latch. 

32-Bit Data Word Configuration 
The 32-bit format consists of 32 data bits, 
seven check bits and, as previously indicated, 
is designated as the 32/39 code. The data 
format and 1/0 configuration for a 32-bit word 
is shown in Figure 7. 

The upper EDC (Slice 0/1) handles the least 
significant bytes 0 and 1 - the external 
DATA lines O to 15 are connected to the 
same numbered inputs of the upper device. 
The lower EDC (Slice 2/3) handles the most 
significant bytes 2 and 3 - the external 
DATA lines for bits 16 to 31 are connected to 
inputs DATA0 through DATA15 respectively. 

The valid syndrome and check bit outputs are 
those of Slice 2/3 as shown in the diagram. In 
Correct Mode these must be read into Slice 
0/1 via the CB inputs and are selected by the 
MUX as inputs to the bit-in-error decoded 
(see block diagram), thus requiring external 
buffering and output enabling of the check bit 
lines as shown. The OE SC signal can be 
used to control enabling of check bit inputs .. 
when syndrome outputs are enabled, the 
external check bit inputs will be disabled. 

The valid ERROR and MUL TERROR outputs 
are those of the Slice 2/3. The ERROR and 
MUL T ERROR outputs of Slice 0/1 are un
specified. All of the latch enables and control 
signals must be input to both of the devices. 

Generate Mode 
In this mode check bits will be generated that 
correspond to the contents of the Data Input 
Latch. The check bits generated are placed 
on the outputs SC0 _ 6 of Slice 2/3. 

Check bits are generated according to a 
modified Hamming code. Details of the code 
for check bit generation are contained in 
Table 7. Check bits are generated as either 
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an XOR or XNOR or 16 of the 32 data bits as 
indicated in the table. The XOR function 
results in an even parity check bit, the XNOR 
in an odd parity check bit. 

Detect Code 
In this mode the device examines the con
tents of the Data Input Latch against the 
Check Bit Input Latch, and will detect all 
single-bit errors, all double-bit errors and 
some triple-bit errors. If one or more errors 
are detected, ERROR goes LOW. If two or 
more errors are detected MULT ERROR goes 
LOW. Both error indicators are HIGH if there 
are no errors. The valid ERROR and MUL T 
ERROR signals are those of Slice 2/3 -
those of Slice 0/ 1 are undefined. 

Also available on Slice 2/3 outputs SC016 are 
the syndrome bits generated by the error 
detection step. The syndrome bits may be 
decoded to determine if a bit error was 
detected and, for single-bit errors, which of 
the data or check bits is in error. Table 8 
gives the chart for decoding the syndrome 
bits generated for the 32-bit configuration (as 
an example, if the syndrome bits SX/SO/S1 I 
S2/S4/S8/S16 were 0010011 this would be 
decoded to indicate that there is a single-bit 
error at data bit 25). If no error is detected the 
syndrome bits will be all zeroes. 

In Detect Mode, the contents of t11e Data 
Input Latch are driven directly to the inputs of 
the Data Output Latch without corrections. 

Correct . Mode 
In this mode, the EDC functions the same as 
in Detect Mode except that the correction 
network is allowed to correct (complement) 
any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data 
Output Latch. If multiple errors are detected, 
the output of the correction network is unspe
cified. If the single-bit error is a check bit 
there is no automatic correction - if desired 
this would be done by placing the device in 
Generate Mode to produce a correct check 
bit sequence for the data in the Data Input 
Latch. 

For data correction, both Slices 0/1 and 2/3 
require access to the syndrome bits on Slice 
2/3's outputs SC0 _ 6 . Slice 2/3 has access to 
these syndrome bits through internal data 
paths, but for Slice 0/1 they must be read 
through the inputs CB0 _ 6. The device con
nections for this are shown in Figure 7. When 
in Correct Mode the SC outputs must be 
enabled so that they are available for reading 
in through the CB inputs. 
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Table 7. 32-Bit Modified Hamming Code 

GENERATED PARTICIPATING DATA BITS 
CHECK PARITY 

BITS 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

cs Even (XOR) x x x x x x x x 

co Even (XOR) x x x x x x x x 

C1 Odd (XNOR) x x x x x x x x 

C2 Odd (XNOR) x x x x x x x x 

C4 Even (XOR) x x x x x x x x 

cs Even (XOR) x x x x x x x x 

C16 Even (XOR) x x x x x x x x 

GENERATED PARTICIPATING DATA BITS 
CHECK PARITY -

BITS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
f--

cs Even (XOR) x x x x x x x x 

co Even (XOR) x x x x x x x x 
-

C1 Odd (XNOR) x x x x x x x x 

C2 Odd (XNOR) x x x x x x x x 

C4 Even (XOR) x x x x x x x x 

cs Even (XOR) x x x x x x x x 

C16 Even (XOR) x x x x x x x x 

NOTE: 
The check bit is generated as either an XOR or XNOR of the sixteen data bits noted by an "X" in the table. 

Table 8. Syndrome Decode to Bit-In-Error 

sx 
0 

0 

0 

0 

0 

0 

0 

0 

SYNDROME 
BITS 

so 
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0 

0 

0 

1 

1 

1 

1 

0 

0 

0 

0 

1 

1 

1 

1 
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0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

0 

0 

1 

1 

no errors detected 

S2 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

0 

1 

S16 

SB 

S4 
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0 

0 

1 

0 

0 

0 

1 

0 

1 

1 

0 

0 

0 

1 

0 

1 

0 

1 
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-------+-----j----+----+----r---·--+----+----+------1 
C16 C8 T C4 T T 30 

G2 T T 27 T 5 M T 

Cl T T 25 T 3 15 T 
-----+----+------+i-------+-----+----+------+~ 

T M 13 T 23 T T M 

CO T T 24 T 2 M T 

T 1 12 T 22 T T M --
-----+----+--·----+-----l 

T M 10 T 20 T T M 
16 T T M-~--T---+--M--+---M---+--T------1 

----t---c-x--t---T----+---T--+--M T M 14 T 

T M 11 T 21 T T M 
-----+------+----+---

T M 9 T 19 T T 31 

M T T 29 T 7 M T 

T M 8 T 18 T T M 
------+---17----+--T----+---:r--+--2-8--+---T----t·--6----+--M---+----T----+ 

M T T 26 T 4 M · T 
------t-·-T--+--0----+--M--- --,=--·---t---M-----+--T---+--T---+----M----+ 

Number - the location of the single bit-Jn-error 
T - two errors detected 
M - three or mom errors detected 
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CHECK BITS 

- 7 cheek bits BYTE 3 BYTE 2 BYTE 1 BYTE 0 ex co C1 C2 C4 cs C16 

- 39 bits in total 
31 24 23 16 15 8 7 

INPUT DATA INPUT CHECK BITS 

DATA 16-31 DATA 0-15 ex co Cl c 2 c 4 cs C16 

[~ ...... ........ ... .~ ...... ~r 
J 

DATA CBo ca, ca, ce3 ca, ce5 ca, 

Oesc 11 EDC 
BYTES O ANO 1 

CODE 1-010 
ID 

SCo sc, sc, sc, sc, sc, sc, 

~ 
DATA ce0 CB, ca, ca, cs, cs, cs, 

DE SC 

eoc· 
BYTES 2 AND 3 

CODE I- 011 
MuLfi ID 

ERROR ERROR sc, sc, sc, sc, sc, sc, sc, 

ERROR MULTI sx ex so co 51 Cl 52 C2 S4 C4 SS cs 516 Cl6 
ERROR 

OUTPUT SYNDROME CHECK BITS 

*Check Bit Latch is forced transparent in this CODE ID combination for this slice. 

Figure 7. 32-Bit Data Format And 1/0 
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DATA CHECK BITS 

BYTE 7 BYTE 6 BVTE4 BYTE 2 BYTE 1 BYTE 0 

63 47 

l ~.-l--L....J........1...-l.....J,_J.....J.., 
CB6 CBs C84 C83 CB2 ca, CBo 0 

f OEsc 
EOC 

- ME BYTES 6 AND 7 
EOC l..£1 OE SC BYTES 2 ANO 3 

- sc6 SCs sc, SC3 SC2 SC, SCo 

I 
XOR -

NOR'L-

Am8'5'2 2 
NOR J 

'j 
6 ERROR 

~DOUBLE ERROR 

Figure 8. 64-Bit Data Format and 1/0 Configuration 
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Table 9. Diagnostic Latch Loading 

DATA BIT INTERNAL FUNCTION 

0 Diagnostic Check Bit X 

1 Diagnostic Check Bit O 

2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 
j----------· -

4 Diagnostic Check Bit 4 

5 Diagnostic Check Bit 8 

6 Diagnostic Check Bit 16 

7 Don't Care 

8 Slice 0/1 - CODE ID O 

9 Slice 0/1 - CODE ID 1 

10 Slice 0/1 - CODE ID 2 

11 Slice 0/1 - DIAG MODE 0 

12 Slice 0/1 - DIAG MODE 1 

13 Slice 0/1 - CORRECT 

14 Slice 0/1 - PASS THRU 

15 Don't Care 

16-23 Don't Care 

24 Slice 2/3 - CODE ID 0 

25 Slice 2/3 - CODE ID 1 

26 Slice 2/3 - CODE ID 2 

27 Slice 2/3 - DIAG MODE 0 

28 Slice 2/3 - DIAG MODE 1 

29 Slice 2/3 - CORRECT 

30 Slice 2/3 - PASS THRU 

31 Don't Care 

Pass Thru Mode 
In this mode, the unmodified contents of the 
Data Input Latch are placed on the inputs of 
the Data Output Latch and the contents of 
the Check Bit Input Latch are placed on 
outputs SC0 _ 6 of Slice 2/3. ERROR and 
MUL T ERROR are forced HIGH in this mode. 

Diagnostic Latches/ AC 
Calculations 
Table 9 shows how the latches (Slice 1 and 
Slice 2) are loaded for code 32/39 (32-bit 
format). Table 10 shows key AC parameters 
for the 32-bit configuration. 

64-Bit Data Word Configuration 
The 64-bit format consists of 64 data bits, 
eight check bits and, as previously indicated, 
is designated as the 64/72 code. The data 
format and 1/0 configuration for a 64-bit word 
is shown in Figure 8. 

The configuration to process the 64-bit format 
is similar to that shown in Figure 2. In this 
configuration a portion of the syndrome gen
eration and error detection is implemented 
externally of the EDCs in MSI. For error 
correction the syndrome bits generated must 
be read back into all four EDCs through the 
CB inputs. This necessitates the check bit 
buffering shown in Figure 8. The OE SC 
signal can control the check bit enabling -
when syndrome bit outputs are enabled the 
external check bit lines will be disabled so 
that the syndrome bits may be read onto the 
CB inputs. 

The error detection signals for the 64-bit 
configuration differ from the 16 and 32-bit 
configurations. The ERROR signal functions 
the same: it is LOW if one or more errors are 
detected, and HIGH if no errors are detected. 

The DOUBLE ERROR signal is HIGH if and 
only if a double-bit error is detected - it is 
LOW otherwise. All of the MUL T ERROR 
outputs of the four devices are valid. MULT 
ERROR is LOW for all three ERROR cases 
and some DOUBLE ERROR combinations -
See Table 15. It is HIGH if either zero or one 
errors are detected. 

This is a different meaning for MULT ERROR 
than in other configurations. 

Generate Mode 
In this mode check bits will be generated that 
correspond to the contents of the Data Input 
Latch. The check bits generated appear at 
the outputs of the XOR gates as indicated in 
Figure 8. 

Check bits are generated according to a 
modified Hamming code. Details of the code 
for check bit generation are contained in 
Table 11. Check bits are generated as either 
an XOR or XNOR of 32 of the 64 bits as 
indicated in the table. The XOR function 
results in an even parity check bit, the XNOR 
in an odd parity check bit. 

Table 10. Key AC Calculations for the 32-Bit Configuration 

32-BIT 
PROPAGATION DELAY COMPONENT DELAY FROM 2960 

AC SPECIFICATIONS, TABLE C 
From To 

DATA Check Bits Out (DATA to SC)+ (CB to SC, CODE ID 011) 

DATA In Corrected DATA Out (DATA to SC)+ (CB to SC, CODE ID 011) +(CB to DATA, CODE ID 010) 

DATA Syndromes Out (DATA to SC)+ (CB to SC, CODE ID 011) 

DATA ERROR for 32 Bits {DATA to SC)+ (CB to ERROR, CODE ID 011) 

DATA MUL T ERROR for 32 Bits (DATA to SC)+ (CB to MULT ERROR, CODE ID 011) 
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Table 11. 64-Bit Modified Hamming Code Check Bit Encoding 

GENERATED 
CHECK PARITY 

BITS 

ex Even (XOR) 
co Even (XOR) 

C1 Odd (XNOR) 
C2 Odd (XNOR) 

C4 Even (XOR) 
CB Even (XOR) 

C16 Even (XOR) 
C32 Even (XOR) 

- . _____ j__ ____ 

GENERATED 
CHECK PARITY 

0 1 2 

x x 
x x x 
x 
x x 

x 

x x x 
x x x 
-·--

PARTICIPATING DATA BITS 

3 4 5 6 7 8 9 10 

x x x x 
x x x x 

x x x x x 
x x x 

x x x x x 
x x x 

x x x x x 
x x x x x 

PARTICIPATING DATA BITS 

Product Specification 
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11 12 13 14 15 

x x 
x 

x x 
x x x 

x x 
x x x x x 

BITS 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 
----------1----~-----+------·---~~--t----------+--------+---------i 

CX Even (XOR) X X X X X X X X 
CO Even (XOR) X X X X X X 

C1 Odd (XNOR) X X X 
x x 

x 
x 

x 
x x 

x 

x 

x 
x 
x 

x t C2 Odd (XNOR) X X 

- C4 Even (XOR) X X X X X x x 
CB Even (XOR) X X X X X X X X 

----~L __ ~-~-~-=-~-~-~-g-~-~ -~------·-----~-------~-~--~--~--~-~~--~--~--~~ 
r------

GENERATED PARTICIPATING DATA BITS 
CHECK PARITY 

BITS 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 

ex Even (XOR) x x x x x x x x 
co Even (XOR) x x x x x x x x 
C1 Odd (XNOR) x x x x x x x x 
C2 Odd (XNOR) x x x x x x x x 
C4 Even (XOR) x x x x x x x x 
CB Even (XOR) x x x x x x x x 
C16 Even (XOR) x x x x x x x x 
C32 Even (XOR) x x x x x x x x 

GENERATED PARTICIPATING DATA BITS 
CHECK PARITY 

BITS 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 

ex Even (XOR) x x x x x x x x 
co Even (XOR) x x x x x x x x 
C1 Odd (XNOR) x x x x x x x x 
C2 Odd (XNOR) x x x x x x x x 
C4 Even (XOR) x x x x x x x x 
CB Even (XOR) x x x x x x x x 
C16 Even (XOR) x x x x x x x x 
C32 Even (XOR) x x x x x x x x 

NOTE: 
The check bit is generated as either an XOR or XNOR of the 32 data bits noted by an '' X'' in the table. 
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Table i2. Syndrome Decode to Bit-In-Error 

S32 0 1 

SYNDROME S16 0 0 

BITS SS 0 0 

S4 0 0 

sx so S1 S2 I 

0 0 0 0 . C32 

0 0 0 1 C2 T 

0 0 1 0 C1 T 

0 0 1 1 T M 

0 1 0 0 co T 

0 1 0 1 T 49 

0 1 1 0 T M 

0 1 1 1 16 T 

1 0 0 0 ex T 

1 0 0 1 T M 

1 0 1 0 T M 

1 0 1 1 M T 

1 1 0 0 T M 

1 1 0 1 17 T 

1 1 1 0 M T 

1 1 1 1 T 48 

* - no errors detected 
Number - the location of the single bit-in-error 
T - two errors detected 
M - three or more errors detected 

Detect Mode 
In this mode the device compares the con· 
tents of the Data Input Latch against the 
contents of the Check Bit Input Latch and will 
detect all single·bit errors, all double·bit errors 
and some triple·bit errors. If one or more 
errors are detected, ERROR goes LOW. If 
exactly two errors are detected, DOUBLE 
ERROR goes HIGH. If three or more errors 
are detected, MUL T ERROR goes LOW · the 
MUL T ERROR output of any of the four EDCs 
may be used. 

Available as XOR gate outputs are the gener· 
ated syndrome bits - see Figure 8. The syn· 
drome bits may be decoded to determine if a 
bit error was detected and for single·bit er
rors, which of the data or check bits is in 
error. Table 12 gives the chart for encoding 
the syndrome bits generated for the 64-bit 
configuration (as an example, if the syndrome 
bits SX/S1/S2/S4/S8/S16/S32 were 
00100101 this would be decoded to indicate 
that there is a single-bit error at data bit 41 ). If 
no error is detected the syndrome bits will all 
be zeroes. In Detect Mode the contents of 
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0 1 0 1 0 1 0 

1 1 0 0 1 1 0 

0 0 1 1 1 1 0 

0 0 0 0 0 0 1 

I I I I I 

C16 T CB T T M C4 

T M T 43 59 T T 

T M T 41 57 T T 

M T 13 T T 29 23 

T M T 40 56 T T 

33 T 12 T T 28 22 

M T 10 T T 26 20 

T 0 T M M T T 

T M T M M T T 

M T 11 T T 27 21 

M T 9 T T 25 19 

T M T 45 61 T T 

M T 8 T T 24 18 

T 1 T 44 60 T T 

T M T 42 58 T T 

32 T M T T M M 

the Data Input Latch are driven directly to the 
Inputs of the Data Output Latch without 
corrections. 

Correct Mode 
In this mode, the EDC functions the same as 
in Detect Mode except that the correction 
network is allowed to correct (complement) 
any single-bit error of the Data Input Latch 
before putting it onto the inputs of the Data 
Output Latch. II multiple errors are detected, 
the output of the correction network is unspe
cified, if the single bit error is a check bit there 
is no automatic correction. Check bit correc
tion can be done by placing the device in 
generate mode to produce a correct check bit 
sequence for the data in the Data Input Latch. 

To perform the correction step, all four slices 
require access to the syndrome bits which are 
generated externally of the devices. This 
access is provided by reading the syndrome 
bits in through the CB inputs where they are 
selected as inputs to the bit-in-error decoded 
by the multiplexer (see block diagram). The 
device connections for this operation are 

811 
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1 0 1 0 1 0 1 

0 1 1 0 0 1 1 

0 0 0 1 1 1 1 

1 1 1 1 1 1 1 

I I I I I 

T T M T 46 62 T 

53 37 T M T T M 

51 35 T 15 T T 31 I 

T T 7 T M M T 

50 34 T M T T M 

T T 6 T M M T 

T T 4 T M M T 

M M T M T T M 

M M T 14 T T 30 
·t---

T T 5 T M M T 

T T 3 T 47 63 T 

55 39 T M T T M 

T T 2 T M M T 

54 38 T M T T M 

52 36 T M T T M 

T T M T M M T 

shown in Figure 8. When in Correct Mode the 
SC outputs must be enabled so that the 
syndrome bits are available at the CB inputs. 

Pass Thru Mode 
In this mode, the unmodified contents of the 
Data Input Latch are placed on the inputs of 
the Data Output Latch, and the contents of 
the Check Bit Input Latch are passed through 
the external XOR network and appear invert
ed at the XOR gate outputs labeled CX to 
C32 - see Figure 8. 

Diagnostic Latch 
The Diagnostic Latch is used for both diag
nostic and internal control al the EDC. Table 
13 provides bit definitions and shows the 64-
bit loading format. 

Diagnostic Generate/Detect/ 
Correct 
These are special diagnostic modes selected 
by DIAG MODE:0 _ 1 where either normal 
check bit inputs or outputs are substituted for 
by check bits from the Diagnostic Latch -
see Table 2 for details. 
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Table 13. Diagnostic Latch Loading 

DATA BIT INTERNAL FUNCTION 

0 Diagnostic Check Bit X 

1 Diagnostic Check Bit O 

2 Diagnostic Check Bit 1 

3 Diagnostic Check Bit 2 

4 Diagnostic Check Bit 4 

5 Diagnostic Check Bit 8 

6, 7 Don't Care 

8 Slice 0/1 - CODE ID 0 

9 Slice 0/1 - CODE ID 1 

10 Slice 0/1 - CODE ID 2 

11 Slice 0/1 - DIAG MODE 0 

12 Slice 0/1 - DIAG MODE 1 

13 Slice 0/1 - CORRECT 

14 Slice 0/1 - PASS THAU 

15 Don't Care 

16-23 Don't Care 

24 Slice 2/3 - CODE ID 0 

25 Slice 2/3 - CODE ID 1 

26 Slice 2/3 - CODE ID 2 

27 Slice 2/3 - DIAG MODE 0 

28 Slice 2/3 - DIAG MODE 1 

29 Slice 2/3 - CORRECT 

DATA BIT 

30 

31 

32-37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48-54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

INTERNAL FUNCTION 

Slice 2/3 - PASS THAU 

Don't Care 

Don't Care 

Diagnostic Check Bit 16 

Don't Care 

Slice 4/5 - CODE ID 0 

Slice 4/5 - CODE ID 1 

Slice 4/5 - CODE ID 2 

Slice 4/5 - DIAG MODE 0 

Slice 4/5 - DIAG MODE 1 

Slice 4/5 - CORRECT 

Slice 4/5 - PASS THAU 

Don't Care 

Don't Care 

Diagnostic Check Bit 32 

Slice 6/7 - CODE ID 0 

Slice 6/7 - CODE ID 1 

Slice 6/7 - CODE ID 2 

Slice 6/7 - DIAG MODE 0 

Slice 617 - DIAG MODE 1 

Slice 6/7 - CORRECT 

Slice 617 - PASS THAU 

Don't Care 

Internal Control Mode 
This mode is selec1ed by CODE ID0 _ 2, input 
001 (ID2. ID2, IDo). 

When in Internal Control Mode the EDC takes 
the CODE ID0_2, DIAG MODE0_1, COR
RECT and PASS THAU signals from the 
internal Diagnostic Latch rather than from the 
external control lines- see Table 13 for 
latch loading. 

AC Calculations 
Table 14 shows key AC parameters for the 
64-bit configuration. 

Functional Equations 
The following equations and tables describe 
in detail how the output values of the 
Signetics 2960 are determined as a function 
of input values and internal states of the chip. 
Before examining the tables, the following 
symbol definitions should be carefully stud
ied. 

Table 14. Key AC Calculations for the 64-Bit Configuration 

64-BIT 
PROPAGATION DELAY COMPONENT DELA VS FROM 2960 

r--- AC SPECIFICATIONS, TABLE C (PLUS MSI) 
From To 

DATA Check Bits Out (DATA to SC)+ (XOR Delay) 

DATA In Corrected DATA Out (DATA to SC)+ (XOR Delay)+ {Buffer Delay)+ (CB to DATA, CODE ID 1xx) 

DATA Syndromes (DATA to SC)+ (XOR Delay) 

DATA ERROR for 64 Bits (DATA to SC)+ (XOR Delay)+ (NOR Delay) 

DATA MUL T ERROR for 64 Bits (DATA to SC)+ (XOR Delay)+ (Buffer Delay)+ (CB to MULT ERROR, CODE ID 1xx) 

DATA DOUBLE ERROR for 64 Bits (DATA to SC)+ (XOR Delay)+ (XOR/NOR Delay) 
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Table 15. TOME (Three or More Errors)* SC Outputs 
so 0 1 0 1 0 1 0 

**SS 0 0 1 1 0 0 1 
$5 0 0 0 0 1 1 1 
54 0 0 0 0 0 0 0 

1 0 1 0 1 
1 0 0 1 1 
1 0 0 0 0 
0 1 1 1 1 

0 1 
0 0 
1 1 
1 1 

0 
1 
1 
1 

1 
1 
1 
1 

Tables 16 through 20 show how outputs 
SC0 _ 6 are generated in each control mode 
for various CODE IDs (internal control mode 
not applicable). 

51 

0 

0 

0 

0 

1 

1 

1 

1 

52 $3 

0 0 0 0 0 1 0 1 1 1 0 1 1 1 0 0 0 0 

0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 

1 0 0 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 

1 1 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 

0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 

0 1 0 0 0 0 0 0 0 0 0 0 0 0 1 1 1 1 

1 0 1 1 1 1 0 0 0 0 0 0 0 0 1 1 1 1 

1 1 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 

S6, SS, ... SO are internal syndromes except in Modes 010, 100, 101, 110, 111, (CODE 102 , 101, 100). 
In these modes the syndromes are input over the Check-Bit lines S6 - C6, 85 - C5, 81 - C1, 
SO - CO. 

**The S6 internal syndrome is always forced to 0 in CODE ID 000. 

DEFINITIONS 

D; 
c, 
DL; 
8; 
PA 
PB 
PC 
PD 
PE 

I PF 

I PG1 LPG2 
PG3 
PG4 

~ (DATA; if LE IN is HIGH or the output of bit i of the Data input Latch if LE IN is LOW) 
~ (CB; if LE IN is HIGH or the output of bit i of the Check Bit Latch if LE IN is LOW) 
·- Output of the bit i of the Diagnostic Latch 
~ Internally generated syndromes (same as outputs of SC; if outputs enabled) 
~ DO e& D1 G D2 Ell D4 Ell D6 EB DB Ell D10 Ell D12 
~ DO '' D1 D2 EB D3 e D4 Ell D5 Ell D6 fll D7 
~ DB Ell D9 e D10 Ell D11 Ell D12 Ell D13 ED D14 fll D15 
- DO 8 D3 e D4 Ell D7 e D9 c~ D10 Ell D13 Ell D15 
• DO EB D1 e D5 Ell D6 Ell D7 Cll D11 Ell D12 ffi D13 
•- D2 Cll D3 e D4 EB D5 Eil D6 Ell D7 8 D14 ffi D15 
~ DO EB D4 e D6 EB D7 
~ D1 Ell D2 Ell D3 EB D5 
- DB Ell D9 Ell D11 Ell D14 
~ D10 EB 012 8 D13 Ell D15 

ERROR SIGNALS 

ERROR ~ (86 · (ID1 + ID2)) · SS S4 S3 82 Sf SO + GENERATE + INITIALIZE + PA88THRU 

MULT ERROR (16 and 32-Bit Modes) •- ((86 · ID1) • 85 • S4 • 83 • 82 • 81 • SO) (ERROR) + TOME 
+ GENERATE + PAS8THRU + INITIALIZE 

MULT ERROR (64-Bit Modes) ·- TOME + GENERATE + PA88THRU + INITIALIZE 
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Table 16. Syndrome/Check Bit Generation in GENERATE Mode 

GENERATE MODE 
(CHECK BITS) 

000 010 011 

CODE ID2-o 

100 

2960 

101 110 111 

SCo· PG2 Gl PG3 PG1 Ell PG3 PG2 Gl PG4 PG2 Gl PG3 PG2 Gl PG3 PG1 Ell PG4 PG1 Gl PG4 
f-------·--·-·---+-------+------+---·--+-------+------+-----·1------~ 

SC1· PA PA PA PA PA PA PA 
1-------------t--·---+-----+-------+---·-----+------t~----+-----j 

SC2· PD PD PD PD PD PD PD 

SC3· PE PE PE PE PE PE PE 
r-----------·--+------+-------+------.,r---·--+------+-------+------; 

SC4• PF PF PF PF PF PF PF 
--r------+-------+--------+-----+--·-----1-------., 

r-----------------:=~=:=:========~~~~=--p_~---_-_-_-_+.~----_-_:~:~_---t-_.~ __ :_~--·~---:_: __ ~----P-C--"--_:_: _______ ~ ___ :_: ___ ~ 
Table 17. Syndrome/Check Bit Generation in Detect/Correct Modes 

DETECT AND CORRECT 
MODES (SYNDROMES) 000 010 

SCo· 
PG2 Ell PG3 PG1 e PG3 

'"co @Co 
---------+-----+----

sc,. PA Efl C1 PA C1 
1------------t-· 

SC2· PD "' C2 PD Ell C2 

CODE ID2-o 

011· 100 

PG2 co PG4 PG2 EB PG3 
m CB0 I ©co 

PA (j) CB1 PA (j) C1 

PD m CB2 PD EB C2 

:___+ 110 111 

-- ------

PG2 Ell PG3 PG1 Ell PG4 PG1 Efl PG4 

PA PA PA 

PD PD PD 

-----~~----:-~-::-. t ~:J~: -:: ~-~-:-+------_-_-:_ ____ --+-----+--------!----· 

SC5• 1 PB "' CG 
----" -- -----~----~-

PE EB CB3 PE BJ C3 

PF Gl CB4 PF m C4 
------

PC EB C85 PC m C5 

PC Ell CB5 PB 

PE PE PE 

PF PF PF 

PC PC PC 

PB PB Efl C6 PB Ell C6 

*In CODE 102_0 011 the Check-Bit Latch is forced transparent, the Data Latch operates normally. 

Table 18. Syndrome/Check Bit Generation in Diagnostic Read Mode I h __ C_O_D_E_l_D_2 ___ 0 ___ _ 

I ~~~~:;6~ ----kd ,,, ,,,. !.oo:::J ,,, r_ ,,, 
SCo· I PG2 ei PG;;-- -PG, Ell PG3 PG2 Ell PG4+PG; EB PG3 PG m PG PG, 8 PG4 

EB DL0 Gl DLo Gl CBo ! "' DLo 2 3 
---1-- - ---~ 

PG 1 

111 

SC1· PA m DL1 PA $ DL1 PA EB CB1 1 PA BJ DL1 PA PA PA 
----~--

__ SC2· PD fl DL2 _f'D ~ _P~ <• CB2 PD e DL2__ PD PD _'._l=l__ c SC3• PE cc• DL3 PE Gl DL3 PE 6l CB3 PE Ell DL3 PE I ~~E 

~~J~~=:i~:;;,_ :: :.~c~t_f.-t~~ 
*In CODE ID2 ~ o 011 the Check-Bit Latch is forced transparent, the Data Latch operates normally. 
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Table 19. Syndrome/Check Bit Generation in Diagnostic Write Mode 

CODE ID2-o 

DIAGNOSTIC 
000 010 011* 

WRITE MODE 
100 101 110 111 

-·-------

SCn - DLn Dln CB0 Dlo 1 1 1 

SC1 - DL1 DL1 CB1 DL1 1 1 1 

SC2 - DL2 DL2 CB2 DL2 1 1 1 

SC3 - DL3 DL3 CB3 DL3 1 1 1 

SC4 ·- DL4 DL4 CB4 DL4 1 1 1 
!------ ·--·-----·------- ------- -· ----

SC5 ·- DL5 DL5 CB5 DL5 1 1 1 

SC5 - 1 DL5 CB a 1 1 Dla DL7 

*In CODE 102 __ 0 011 the Check-Bit Latch is forced transparent; the Data Latch operates normally. 

Table 20. Syndrome/Check Bit Generation in PASS THAU Mode 

CODE ID2-o 
t---

PASS THRU MODE 000 010 011* 100 101 110 111 

SCo - co co CBo co 1 1 1 

SC1 ·- C1 C1 CB1 C1 1 1 1 

SC2 - C2 C2 CB2 C2 1 1 1 

SC3 - C3 C3 CB3 C3 1 1 1 

SC4 - C4 C4 CB4 C4 1 1 1 

SC5 - C5 C5 CB5 C5 1 1 1 

SC5 - 1 C6 CB5 1 1 C6 C6 

*In CODE 102 _0 011 the Check-Bit Latch is forced transparent; the Data Latch operates normally. 
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Table 21. CODE ID2-o = ooo• 

J 
SS 0 0 0 0 1 1 1 
S4 0 0 1 1 0 0 1 
S3 0 1 0 1 0 1 0 

S2 S1 

0 0 - - - 5 - 11 14 

0 1 - 1 2 6 8 12 -
1 0 - - 3 7 9 13 15 

1 1 - 0 4 - 10 - -

*Unlisted S combinations are no correction. 

Table 22. CODE ID2-o = 010* 

CBs 0 0 0 0 1 1 1 
CBs 1 1 1 1 0 0 0 
CB4 0 0 1 1 0 0 1 
CBa 0 1 0 1 0 1 0 

CB2 CB1 

0 0 - 11 14 - - - -
0 1 8 12 - - - 1 2 

1 0 9 13 15 - - - 3 

1 1 10 - - - - 0 4 

*Unlisted CB combinations are no correction. 

Table 23. CODE ID2-0=011• 

S6 0 0 0 0 1 1 1 
SS 0 0 0 0 1 1 1 
S4 0 0 1 1 0 0 1 
S3 0 1 0 1 0 1 0 

S2 51 

0 0 - - - 5 - 11 14 

0 1 - 1 2 6 8 12 -
1 0 - - 3 7 9 13 15 

1 1 - 0 4 - 10 - -
*Unlisted S combinations are no correction. 

Table 24. CODE ID2-o = 100* 

CBo 0 0 0 0 1 1 1 
CBs 0 0 0 0 1 1 1 
CBs 1 1 1 1 0 0 0 
CB4 0 0 1 1 0 0 1 
CBa 0 1 0 1 0 1 0 

CB2 CB1 

0 0 - 11 14 - - - -
0 1 8 12 - - - 1 2 

1 0 9 13 15 - - - 3 

1 1 10 - - - - 0 4 

*Unlisted CB combinations are no correction. 
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Data Correction 
Tables 21 through 27 show which data output 
bits are corrected (inverted) depending upon 
the syndromes and the CODE ID position. 
Note that the syndromes that determine data 
correction are in some cases syndromes 
input externally via the CB inputs and in some 
cases syndromes generated internally by that 
EDC (S; are the internal syndromes and are 
the same as the value of the SC; output of 
that EDC if enabled). 

The tables show the number of data bit 
inverted (corrected) if any for the CODE ID 
and syndrome combination. 
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Table 25. CODE ID2 _ 0 = 101* 

CBo 0 0 0 0 1 1 1 1 
CBs 0 0 0 0 1 1 1 1 
CBs 0 0 0 0 1 1 1 1 
ce4 0 0 1 1 0 0 1 1 
CBa 0 1 0 1 0 1 0 1 

CB2 CB1 

0 0 - - - 5 - 11 14 -

0 1 - 1 2 6 8 12 - -

1 0 - - 3 7 9 13 15 -

1 1 - 0 4 - 10 - - -
*Unlisted CB combinations are no correction. 

Table 26. CODE ID2 _ 0 = 110* 

CBo 0 0 0 0 1 1 1 1 
CBs 1 1 1 1 0 0 0 0 
CBs 0 0 0 0 1 1 1 1 
CB4 0 0 1 1 0 0 1 1 
CBa 0 1 0 1 0 1 0 1 

CB2 CB1 

0 0 - - - 5 - 11 14 -

0 1 - 1 2 6 8 12 - -

1 0 - - 3 7 9 13 15 -

1 1 - 0 4 - 10 - - -
*Unlisted CB combinations are no correction. 

Table 27. CODE ID2 _ 0 = 111* 

CBo 0 0 0 0 1 1 1 1 
CBs 1 1 1 1 0 0 0 0 
CBs 1 1 1 1 0 0 0 0 
CB4 0 0 1 1 0 0 1 1 
CBa 0 1 0 1 0 1 0 1 

CB2 CB1 

0 0 - 11 14 - - - - 5 

0 1 8 12 - - - 1 2 6 

1 0 9 13 15 - - - 3 7 

1 1 10 - - - - 0 4 -
*Unlisted CB combinations are no correction. 
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SYSTEM DESIGN 
CONSIDERATIONS 

INTERRUPT 

CPU 

CONTROL 

High Performance Parallel 
Operation 
For maximum memory system performance 
the EOG should be used in the Check-Only 
configuration shown in Figure 9. With this 
configuration the memory system operates as 
fast with EDC as it would without. 

On reads from memory, data is read out from 
the RAMs directly to the data bus (same as in 
a non-EDC system). At the same time, the 
data is read into the EDC to check for errors. 

If an error exists the EDC' s error flags are 
used to interrupt the CPU and/or to stretch 
the memory cycle. lf no error is detected, no 
slowdown is required. 

If an error is detected, the EOG generates 
corrected data for the processor. At the 
designer's option the correct data may be 
written back into memory; error logging and 
diagnostic routines may also be run under 
processor control. 

The Check-Only configuration allows data 
reads to proceed as fast with EOG as without. 
Only if an error is detected is there any 
slowdown. But even if the memory system 
had an error every hour this would mean only 
one error every 3 - 4 billion memory cycles. 
So even with a very high error rate, EDC in a 
Check-Only configuration has essentially zero 
impact on memory system speed. 
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Figure 9. Check-Only Configuration 

On writes to memory, check bits must be 
generated before the full memory word can 
be written into memory. The data word is 
frequently buffered while the check bits are 
generated. This makes the check bit generate 
time transparent to the processor. 

EDC in the Data Path 
The simplest configuration for EDC is to have 
the EDC directly in the data path as shown in 
Figure 10. Correct-Always Configuration). In 
the configuration data read from memory is 
always corrected prior to putting the data on 
the data bus. The advantages are simpler 
operation and no need for mid-cycle inter
rupts. The disadvantages is that memory 
system speed is slowed by the amount of 
time it takes for error correction on every 
cycle. 

Usually the Correct-Always Configuration will 
be used with MOS microprocessors which 
have ample memory timing budgets. Most 
high performance processors will use the 
high performance parallel configuration 
shown in Figure 9. 

Scrubbing Avoids Double Errors 
Single-bit errors are by far the most common 
in a memory system and are always correct
able by the EDC. 

Double bit memory errors are far less fre
quent than single bit errors (50 to 1, or 100 to 
1) and are always detected by the EOG but 
not corrected. 

In a memory system, soft errors occur only 
one at a time. A double bit error in a data 
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word occurs when a single soft error is left 
uncorrected and is followed by another error 
in the data word hours, days, or weeks after 
the first. 

"Scrubbing" memory periodically avoids al
most all double-bit errors. In the scrubbing 
operation, every data word in a memory is 
periodically checked by the EOG for single-bit 
errors. If one is found, it is corrected and the 
data word written back into memory. Errors 
are not allowed to pile up and so most 
double-bit errors are avoided. 

The scrubbing operation is generally done as 
a background routine when the memory is not 
being used by the processor. 

If memory is scrubbed frequently, errors are 
detected and corrected during processor ac
cesses need not be immediately written back 
into memory. Instead the error will be correct
ed in memory during scrubbing. This reduces 
the time delay involved in a processor access 
of an incorrect memory word. 

Correction of Double-Bit Errors 
In some cases, double-bit memory errors can 
be corrected. This is possible when one of 
the two bit errors is a hard error. 

When a double bit error is detected the data 
word Should be checked to determine if one 
of the errors is a hard error. If so the hard 
error bit may be corrected by inverting it 
leaving only a single, correctable error. The 
time for this operation is negligible since it will 
occur infrequently. 
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The procedure after detection of a double 
error is as follows: 
• Invert the data bits read from memory. 

• Write the inverted data back into the 
same memory word. 

• Re-read the memory location and XOR 
the newly read out value with the old. If 
there is no hard error then the XOR 

result will be 1 's. If there is a hard 
error, it will have the same bit value 
regardless of what was written in. So it 
will show as a O alter the XOR 
operation. 

• Invert the hard error bit (this will 
"correct" it) leaving only one error in 
the data. 

Example of Double Bit Error Correction When One is a Hard Error 

r==--· 
I 

1) 

2) 

Data read from memory (D22) 

EDC detects a multiple error 
Syndromes: 

3) Syndrome decode indicates a double bit error. 

• The EDC can then correct the single bit 
error. 

• Rewrite the correct data word into 
memory. This does not change the hard 
error but does eliminate the soft error. 
So the next memory access will find 
only a single-bit, correctable error. 

An example helps to illustrate the procedure: 

16 DATA BITS 

1111111100000011 

6 CHECK BITS_1 

011010 

011000 I 

I 
4) Invert the bits read from memory (D11) 0000000011111100 100101 

5) Write D1 back to the same memory location. 

6) Read back the memory location (D2) 0000000011111101 

7) XOR D1 and D2 1111111100000010 

8) So the last data bit is the hard error. Use this to modify D1 1111111100000010 

9) Pass the modified D1 through the EDC. The EDC detects a single bit correctable 
error and outputs corrected data. 1111111100000000 

L 1 0) Write the corrected data back to memory to fix the soft error 
-~~~~--~~-~~-~--~~~-~~-~~~~ 
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Error Logging and Preventative 
Maintenance 
The effectiveness of preventative mainte
nance can be increased by logging informa
tion on errors detected by the EDC. This is 
called error logging. 

The EDC provides syndromes when errors 
are detected. The syndromes indicate which 
bit is in error. In most memory systems, each 
individual RAM supplies only one bit of the 
memory word. So the syndrome and data 
word address specify which RAM was in 
error. 

Typically a permanent/hard RAM failure is 
preceded by a period of time where the RAM 
displays an increasing frequency of intermit
tent, soft errors. Error logging statistics can 
be used to detect an increasing intermittent 
error frequency so that the RAM can be 
replacf.ld before a permanent failure occurs. 

logging also records tl1e location of 
airoa.dy hard failed RAMs. With EDC a hard 
Jailum will not halt system operation. EDC 
ai11J'ays can correct single bit errors even if it is 

enor. EDC can also correct double bit 
urrors where one is hard and one soft. The 
ability to continue operation despite hard 
errors can greatly reduce the need for emer
gfnf.':y field maintenance. The hard-failed 
RAMs can be instead replaced at low cost 
durino a regularly scheduled preventative 
rnaintenance session. 

Reducing Check Bit Overhead 
Memory word widths need not be same as 
the data word width of the processor. There is 
a substantial reduction in check bit overhead 
if wider memory words are used. (See Table 
28.) 

This reduction in check-bit overhead lowers 
cost and increases the amount of data that 
can be packed on to each board 

The tradeo!f is that when writing data pieces 
into memory that are narrower than the mem-
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Table 28. Reducing Check Bit Overhead 

MEMORY WORD CHECK I I--- --
#Data Bits #Check Bits BIT OVERHEAD 

8 5 
16 6 
32 7 
64 8 

ory word width, more steps are required. 
These steps are exactly the same as those 
described in Byte Write in the Applications 
section. No penalty exists for reads from 
memory. 

EDC per Board vs EDC Per 
System 
The choice of an EDC per system or per 
board depends on the economics and the 
architecture of the system. 

Certainly the cheaper approach is to have 
only one EDC per system and this is a viable 
solution if only one memory location is ac
cessed at a time. 

This solution does require that the system 
have both data and check bit lines - see 
Figure 11. This makes retrofitting a system 
difficult and creates complications if static or 
ROM memory, which do not require check 
bits, are mixed in with dynamic RAM. 

If the system has an advanced architecture it 
is quite likely that it is necessary to simulta
neously access memory locations on differ
ent memory boards - see Figure 12. Archi
tectural features that require this are inter
leaved memory, cache memory, and DMA 
that is done simultaneously with processor 
memory accesses. EDC per board is a sim
pler system from a design standpoint. 

The EDC is designed to work efficiently in 
either the per system or per board configura
tions. 

820 

38% 
27% 
14% 
11% 

Test Information 
Incoming test procedures on this device 
should be carefully planned, taking into ac
count the complexity and power levels of the 
part. The following notes may be useful. 
1. Insure the part is adequately decoupled 

at the test head. Large changes in V cc 
current as the device switches may 
cause erroneous function failures due to 
Vee changes. 

2. Do not leave inputs floating during any 
tests, as they may start to oscillate at 
high frequency. 

3. Do not attempt to perform threshold tests 
at high speed. Following an input transi
tion, ground current may change by as 
much as 400mA in 5 - Bns. Inductance in 
the ground cable may allow the ground 
pin at the device to rise by 100' s of 
millivolts momentarily. 

4. Use extreme care in defining input levels 
for AC tests. Many inputs may be 
changed at once, so there will be signifi
cant noise at the device pins and they 
may not actually reach V1L or V1H until the 
noise has settled. Signetics recommends 
using V1L 0.4V and V1H -2.4V for AC 
tests. 

5. To simplify failure analysis, programs 
should be designed to perform DC, Func
tion, and AC tests as three distinct 
groups of tests. 

6. To assist in testing, Signetics offers doc
umentation on our test procedures and, 
in most cases, can provide Fairchild Sen
try programs, under license. 
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ABSOLUTE MAXIMUM RATINGS (Above which the useful life 

may be impaired) 

~-=----_ -~!'~~E~R --
-·-

ti al 

storage Temperature 
Temperature (Case) Under Bias 
Supply Voltage to Ground Poten 
DC Voltage Applied to Outputs for High 

Output State 
DC Input Voltage 
DC Output Current. Into Outputs 
DC Input Current 

OPERATING RANGE 

RATING UNIT 

-65 to + 150 'C 
-55 to +125 'C 
-0.5 to +7.0 v 

-0.5 to Vee max. v 
-0.5 to +5.5 v 

30 mA 
-30 to +5.0 mA 

----~--·r·---~--~~~~~~~·~--,~~~~~~~~~~, 

PART NO. TEMPERATURE Vee 

N2960N 
N29601 

5V (± 5%) 

DC CHARACTERISTICS Vee MIN= 4.75V, Vee MAX= 5.25V 
-· -----~-----·~--~ 

PARAMETER TEST CONDITIONS1 

VoH Output HIGH voltage 
Vee= MIN, 

loH =-0.8mA 
V1N = V1H or V1L 

'----~-

lloL LOW voltage 
Vee= MIN, 

loL =8mA 
V1N = V1H or V1L 

·----·---·-

V1H HIGH voltage 
Guaranteed input logical HIGH 
voltage for all inputs6 

Vil LOW voltage 
Guaranteed input logical LOW 
voltage for all inputs6 

V1 Input clamp voltage Vee= MIN, l1N = -18mA 

Vee= MAX DATAo-15 
l1L LOW current 

V1N = 0.5V All other inputs 
f--- --~-- --·~-·--

Vee= MAX DATAo-15 
i1H l11put HIGH current 

V1N = 2.7V All other inputs 
------

11 Input HIGH current Vee= MAX, V1N = 5.5V 
I 

DATAo-15 
Ott state (high impedance) 

Vce=MAX 
current 

SCo-s 

los O~tp~t. short circuit current3 Vee= Vee MAX+ 0.5V, Vo= 0.5V 

TA= 25'C 

Ice, Power supply current5 Vee=MAX TA= 0 to +70'C 

TA= +70'C 

NOTES: 

2960 

Min Typ2 Max 

2.7 

0.5 

2.0 

0.8 

-1.5 

-410 

-360 

70 

50 

1.0 

Vo= 2.4V 70 
f----
Vo= 0.5V -410 

Vo= 2.4V 50 

Vo= 0.5V -50 

-25 -85 

300 360 

For conditions shown as MIN or MAX, use the appropriate value specified under Electrical Characteristics for the applicable device type. 
Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
Not more than one output should be shorted at a time. Duration of the short circuit test should not exceed one second. 

4. These are three~state outputs internally connected to TTL inputs. Input Characteristics are measured with output enables HIGH. 
5. Worst case is at minimum temperature. 
6. These input levels provide zero noise immunity and should only be tested in a static, noise-free environment. 
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GUARANTEED PERFORMANCE 
OVER COMMERCIAL 
TEMPERATURE RANGE OF 0 
TO +70°C 
The tables that follow specify the guaranteed 
performance of the 2960 over the commercial 

operating range of 0 to + 70°C, with Vee from 
4. 75V to 5.25V. All data are in ns with inputs 
switching between OV and 3V at 1V Ins and 
measurements made at 1.5V. All outputs 
have maximum DC load. 

COMBINATIONAL PROPAGATION DELA VS - CL = 50pF 

TPUT 

Product Specification 

2960 

This data applies to the following part num
bers: N2960N and N29601. 

SCo-s DATA0-1s ERROR MULT ERROR 
T 

DATAo-15 32 

CBo-6 28 
(CODE ID2-o 000, 011) 

CBo-6 28 
(CODE ID2-o 010, 100, 101, 110, 111) 

GE_NERATE 35 

CORRECT -(Not internal control mode) 

DIAG MODE 
50 

(Not internal control mode) 

PASS THRU 36** 
(Not internal control mode) 

CODE ID2-o 61 

LE IN 
39 

(From latched to transparent) 

LE OUT -
(From latched to transparent) 

LE DIAG 
(From latched to transparent; 45 
not internal control mode) 

Internal control mode: 
LE DIAG 67 
(from latched to transparent) 

Internal control mode: 
DATAo-15 67 
(via diagnostic latch) 

*Data tn (or LE In) to Correct Data Out measurement requires timing as shown below. 

DAT Ao.ts 

LE IN 

0EBVTE0&1 

* * Device not tested in GENERATE mode. 
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55• 

56 

45 

63 

45 

78 

44 

90 

72• 

31 

78 

96 

96 

CORRECT 
DATA 
OUTPUT 

32 50 

29 47 

29 34 

36 55 

- -

59 75 

29 46 

60 80 

39 59 

- -

45 65 

66 86 

66 86 

-·-
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SET·UP AND HOLD TIMES RELATIVE TO LATCH ENABLES MINIMUM PULSE WIDTHS 

TO 
SET-UP HOLD 

[LE IN, LE OUT, LE DIAG I 15 

FROM INPUT (LATCHING 
TIME TIME 

UP DATA) 

DATAo-15 LE IN 6 7 

CBo-6 LE IN 5 6 

DATAo-15 LE OUT 44 5 

CBo-6 LE OUT 35 0 
(CODE ID 000, 011) 

CBo-6 LE OUT 27 0 
(CODE ID 010, 100, 101, 110, 111) 

GENERATE LE OUT 42 0 

CORRECT LE OUT 26 1 

DIAG MODE LE OUT 69 0 

PASS THRU LE OUT 26 0 

CODE ID2-o LE OUT 81 0 

LE IN LE OUT 51 5 

DATAo-15 LE DIAG 6 8 

OUTPUT ENABLE/DISABLE TIMES Output disable tests performed with 

CL~ 5pF and measured to 0.5V change of output voltage level. 

INPUT OUTPUT ENABLE 

OE BYTE 0, OE BYTE 1 DATAo-15 30 

OE SC SCo-6 30 

TEST LOADING 

Three-State Outputs: Normal Outputs: 

Vee 

Vee 
s, 

R, 

NOTES: 
i. CL = 50pF includes scope probe, wiring and stray capacitances without devices in test 

fixture. 
2. 81, S2, 83 are closed during function test and all AC tests, except output enable tests. 
3. 81 and $3 are closed while S2 is open for lpzH test. 

S1 and 82 are closed while $3 is open for lpzL test. 
4. Fl2 = i K for three-state output. 

R2 is determined by the loH at VoH = 2.4V for non-three-state output 
5. R1 is determined by lrn_ (MIL) with Vee= 5.0V minus the current to ground through R2. 
6. CL= 5.0pF for output disable tests. 

DISABLE 

30 

30 

TEST OUTPUT LOADS 
PIN PIN TEST 
# LABEL CIRCUIT 

- Do - D15 Fig. 

24-30 SC0-SC5 Fig. 

32 ERROR Fig. 

33 MULTERROR Fig. 

PACKAGE DATA 
TYPE: 
Configuration: 

Plastic and Ceramic 
DIP 

11 

11 

12 

12 

Width: c ~ 0.6" p ~ 0.55" 
Length: 2.4" 
Pin Centers: 2.54 SSC 

ORDERING INFORMATION 

Commercial: 
N2960N (Plastic) 
N29601 (Ceramic) 
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APPLICATIONS 
Byte Write 

CHECK BITS REQUIRED 

Byte operations are increasingly common for 
16 and 32-bit processors. These complicate 
memory operations because check bits are 
generated for a complete 16 or 32 or 64-bit 
memory word, not for a single byte. 

To write a byte into memory with EDC re
quires the following steps - See Figures 13 
and 14. 
• Latch the byte into the bus buffers 

• Read the complete word from memory 

• Correct the complete data word if 
necessary 

• Insert the byte to be written into the 
data word 

• Generate new check bits for the entire 
data word 

• Store the data word back into memory. 

(In fact these steps must be taken for any 
piece of data being written into memory that 
is not as wide as a full memory word). 

The EDC is designed with the intent of 
keeping byte operations simple in error detec
tion/ correction systems. The EDC has sepa
rate output enables for each byte in the Data 
Output Latch. As shown in Figures 13 and 14, 
this allows the data word to be read from 
memory, the new byte to be inserted among 
the old, and new check bits to be generated 
using less time and less hardware than if 
separate byte enables were not available. 

Diagnostics 
EDC is used to boost the reliability of the 
overall system. It is necessary to also be able 
to check the operation of the EDC itself. For 
this reason the EDC has an internal control 
mode, a diagnostic latch, and two diagnostic 
modes. 

To check that the EDC is functioning properly, 
the processor can put the EDC under soft
ware control by setting CODE ID2 _ o to 001. 
This puts the EDC into Internal Control Mode. 
In Internal Control Mode the EDC is con
trolled by the contents of the Diagnostic 
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DATA BITS Single Error 
Corrections Only 

B 4 
16 5 
32 6 
64 7 

Latch, which is loaded from the DA TA inputs 
under processor control. 

The EDC is set into CORRECT Mode. The 
processor loads in a known set of check bits 
into the Diagnostic Latch, a known set of data 
bits into the Data in Latch, and forces data 
errors. The output of the EDC (syndromes, 
error flags, corrected data) is then compared 
against the expected responses. By exercis
ing the EDC with a string of data/check 
combinations and comparing the output 
against the expected responses, the EDC can 
be fully checked out. 

Eight Bit Data Word 
Eight bit MOS microprocessors can use EDC 
too. Only five check bits are required. The 
EDC configuration for eight bits is shown in 
Figure 15. It operates as does the normal 16-
bit configuration with the upper byte fixed at 
0. 

Other Word Widths 
EDC on data words other than B, 16, 32, of 64 
bits can be accomplished with the 2960. In 
most cases the extra data bits can be forced 
to a constant and EDC will proceed as 
normal. For example a 24-bit data word is 
shown in Figure 16. 

Single Error Correction Only 
The EDC normally corrects all single bit errors 
and detects all double bit and some triple bit 
errors. To save one check bit per word the 
ability to detect double bit errors can be 
sacrificed - single errors are still detected 
and corrected. 

Figure 17 shows single error correction only 
configurations for B, 16, 32, and 64-bit data 
words respectively. 

825 

Single Error Correct 
& Double Error Detect 

5 
6 
7 

B 

Check Bit Correction 
The EDC detects single bit errors whether the 
error is a data bit or a check bit. Data bit 
errors are automatically corrected by the 
EDC. To generate corrected check bits once 
a single check bit error is detected, the EDC 
need only be switched to GENERATE mode 
(data in the DATA INPUT LATCH is valid). 

The syndromes generated by the EDC may 
be decoded to determine whether the single 
bit error is a check bit. 

In many memory systems, a check bit error 
will be ignored on the memory read and 
corrected during a periodic "scrubbing" of 
memory - see System Design Considera
tions). 

Multiple Errors 
The bit-in-error decode logic uses syndrome 
bits SO through S32 to correct errors, SX is 
only used in developing the multiple error 
signal. This means that some multiple errors 
will cause a data bit to be inverted. 

For example, in the 16-bit mode if data bits B 
and 13 are in error the syndrome 111100 (SX, 
SO, S1, S2, S4 SB) is produced. This is 
flagged a double error by the error detection 
logic, but the decoded bit-in-error only re
ceives syndrome 11100 (SO, S1, S2, S4, SB) 
which it decodes as a single error in data bit O 
and inverts that bit. If it is desired to inhibit 
this inversion, the multiple error output may 
be connected to the correct input as in Figure 
1 B. This will inhibit correction when a multiple 
error occurs. Extra time delay may be intro
duced in the data to correct data path when 
this is done. 
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2961/62 
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Figure 13. Byte Write, Phase 1: Read Out The Old Word And Correct 
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BUS 
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MEMORY 
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Product Specification 

2960 

Figure 14. Byte Write, Phase 2: Insert The New Byte Generate Checks And Write Into Memory 
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~----------------------------------------·--------·- ---------- --- -

Vee 

OE DATA 

DATA CHECKS 

D1s-s D1-o CBo-4 DBs 6 

OE BYTE 1 
EDC 

OE BYTE 2 

ERROR MULTJ ERROR SCo.4 

ERROR MULT SYNDROMES 
ERROR CHECK BITS 

Figure 15. 8-Bit Configuration 

DATA23.1s DATA15.0 CHECKS OE SC 

2958 

CBo.s 

EDC 

SCo-6 

CBo-6 

OE BYTE 1 EOC OE SC t-------+~ 

SCo.5 

Figure 16. 24-Bit Configuration 
~----------------------------------------------· 
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DATA 

16 

DATAis-o 

CHECKS 

CB1-s 
CBo, 6 

EOC 

COOE ID 

SC1-5 

SYNDROMES 
CHECK BITS 

a. B·Bit Data Word 

Vee 

-= 000 0EOATA 

DATA15-0 CHECKS 

o, ... C81.e ca. 
EDC OESC 

sc, .. CODE ID 

DATA CHECKS 

DATA1s-s OATA7.o CB1-4 

0EBYTE 1 

5E BYTE 2 

CBo, s. s 
EOC 

CODE ID 

SC1-4 

SYNDROMES 
CHECK BITS 

b. 16-Bit Data Word 

OESC 

PARTIAL SYNDROMES 
CHECKS 

015-0 CB1.a CBo 

eoc· OESC 

sc, .. CODE ID 011 

ERROR SYNDROMES CHECK BITS 

c. 32-Bit Data Word 

NOTE: 
*The code ID combination for this slice forces the check bit latch transparent. 

Figure 17. Single Error "Correction Only" Configurations 

December 4~ 1985 828 

Product Specification 

2960 



Signetics Logic Products Product Specification 

Error Detection and Correction (EDC) Unit 2960 

I 
cr DATA63-48 CHECKS DATA47.32 DATAJt-16 

D1s-o CBo-6 D1s-o CBo.6 D1s-o CBo-6 

EDC EDC EDC EOC 
BYTES 6 & 7 OE SC BYTES 4 & 5 OE SC BYTES 2 & 3 OE SC BYTES O & l OE SC 

CB1.6 CB1-6 CB1-6 

XORS" 
·same as Figure 6 except wrthout SX CX XOR gate 

SYNDROMES CHECK BITS 

d. 64·Bit Data Word 

NOTES: 
1. In Pass Thru Mode the contents of the check latch appear on the XOR outputs inverted. 
2. In Diagnostic GENERATE Mode the contents of the diagnostic latch appear on the XOR outputs inverted. 

l __ 
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Figure 17. (Continued) 
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FEATURES 
• Operating Options - controls 16K 

or 64K DRAMS 

• 8-Bit Refresh Counter - refresh 
address generation, clear input, 
and selectable terminal count 
(128 or 256) output 

• Row Address Decoder - four 
Active Row Address Select (RAS) 
outputs during refresh 

• On-Chip Latches - dual 8-bit 
address latches and RAS 
decoder latches 

• User-Selectable Refresh Modes -
burst, distributed or transparent 

• 3-port, 8-bit address multiplexer 
with Schottky speed 

• Non-inverting address for RAS 
and CAS signal paths 

MSEL 

LE 

CLR 

ASELo 

RSEL 1 

RAS I 

y 

:~ 

.I 

l_ 

ROW 
ADDRESS 

LATCH 

l 

COLUMN 
ADDRESS 

LATCH 

BANK 
SELECT 
LATCH 

29648 
Dynamic Memory Controller 
Product Specification 

PRODUCT DESCRIPTION 
The Signetics 29648 Dynamic Memory 
Controller (DMC) provides address mul
tiplexing, refresh address generation, 
and RAS/GAS control for dynamic 
RAMs of any data width. The eight-bit 
address path is designed for 64K 
DRAMs but can be used equally well 
with 16K DRAMs. Sixteen address input 
latches and two row address select 
latches (for higher order addresses) al
low the DMC to control up to 256K 
words of memory (with 64K DRAMs) by 
using the internal RAS decoder to select 
from one-of-four banks of DRAMs. 

FUNCTIONAL OPERATION 
The Signetics 29648 Dynamic Memory 
Controller (Figure 1) replaces a dozen 
MS! devices by grouping several unique 

+. 

_L 
Tg 

1 
J REFRESH l ADDRESS 

l GENERATOR J 

j 

functions. Two 8-bit latches capture and 
hold the memory address. These latches 
and a clearable, 8-bit refresh counter 
feed into an 8-bit, 3-input, Schottky 
speed MUX, for output to the DRAM 
address lines. 

The 29648 also includes a special RAS 
decoder and GAS buffer. Placing these 
functions on the same chip minimizes 
the time skew between output functions 
which would otherwise be separate MS! 
chips, and therefore, allows a faster 
memory cycle time by the amount of 
skew eliminated. 

The RAS Decoder allows upper ad
dresses to select one-of-four banks of 
DRAM by determining which bank re
ceives an RAS input. During refresh 
(RFSH = LOW), the decoder mode is 
changed to four-of-four and all banks of 

ADDRESS 
MUX .>= y 

RAS 
DECODE 

:-! 
CAS 

BUFFER 

Figure 1. Block Diagram of 29648 Dynamic Memory Controller (DMC) 
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29648 PACKAGE/PIN DESIGNATIONS 

PIN IDENTIFIER FUNCTION 
NO. 

1, 2, RAS2, RAS3 Row Address Strobe outputs (RAS;). Each 
39 RAS0, RAS1 provides a Row Address Strobe for one of 
and the four banks of memory. Each will go active 
40 LOW only when selected by RSEL0 and 

RSEL1 and only when RASI goes active 
LOW. All RAS0.3 outputs go active low in 
response to RASI when RFSH goes LOW. 

3 RASI The Row Address Strobe input. During 
normal memory cycles, the selected RAS 
Decoder output, RAS0, RAS1, RAS2 or 
RAS3, will go active LOW in response to an 
active LOW input at RASI. During refresh 
(RFSH = LOW), all RAS outputs go LOW in 
response to RASI = LOW. 

4 and RSELo The RAS decoder Select inputs. Data 
5 and (latched) at these inputs (normally higher-

RSEL1 order addresses) is decoded by the RAS 
Decoder to "RAS Select" one of four banks 
of memory with RAS0, RAS1, RAS2 or RAS3. 
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PIN IDENTIFIER FUNCTION 
NO. 

6 

7 

8 

9 

10 Vee 

11, 14, A,5-As 
18, 21, 
24, 28, 
32 and 
35 

12, 15, 01-0o 
19, 22, 
26, 29, 
33 and 
37 

13, 17, Ar Ao 
20, 23, 
27, 31, 
34 and 
38 

16 MSEL 

832 

The Column Address Strobe output. The 
active LOW CASO output strobes the 
Column Address into the dynamic RAM. 
CASO is inhibited during refresh (RFSH 
=LOW). 

The Column Address Strobe. An active LOW 
input at CASI will result in an active LOW 
output at CASO, unless a refresh cycle is in 
progress (RFSH = LOW). 

The refresh counter Clear input. An active 
LOW input at CLR resets the refresh counter 
to all LOW (refresh address output to all 
HIGH). 

The Terminal Count output. A LOW output at 
TC indicates that the refresh counter has 
been sequenced through either 128 or 256 
refresh addresses depending on A15. The TC 
output remains active LOW until the refresh 
counter is advanced by the rising edge of 
RASI or RFSH. 

+ 5V power supply 

The high-order Address inputs are used to 
latch eight Column Address inputs tor the 
DRAM. These inputs drive the outputs 
0 0 - 0 7 when MSEL is LOW - see next 
paragraph. 

A15 is a dual input. With normal TTL level 
inputs. A15 acts as an address input for 64K 
DRAMs. If A15 is pulled up to + 12V through 
a 1 K resistor, the terminal count output TC 
will go LOW every 128 counts (for 16K 
DRAMs) instead of every 256 counts. 

The DRAM address outputs. The eight-bit 
width is designed for DRAMs up to 64K. 

The low-order Address inputs are used to 
latch eight Row Address inputs for the 
DRAM. These inputs drive the outputs 
Oo -07 when MSEL is HIGH. 

The Multiplexer-SELect input determines 
whether low-order or high-order address 
inputs appear at the multiplexer outputs 
0 0 - 07. When MSEL is HIGH, the low-order 
address latches (Ao -A7) are connected to 
the outputs. When MSEL is LOW, the high
order address latches are connected to the 
outputs. 
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29648 PACKAGE/PIN DESIGNATIONS (Continued} 

PIN 
NO. IDENTIFIER FUNCTION 

PIN 
NO. IDENTIFIER FUNCTION 

25 The Refresh control input. When active 
LOW, the RFSH input switches the address 
output multiplexer to output the inverted 
contents of the 8-bit refresh counter. RFSH 
LOW also inhibits the CAS buffer and 
changes the mode of the RAS decoder from 
one-of-four to four-of-four so that all four 
RAS decoder outputs, RAS0• RAS1, RAS2 
and RAS3, go LOW in response to a LOW 
input at RASI. This action refreshes one row 
address in each of the four RAS decoded 
memory banks. The refresh counter is 
advanced at the end of each cycle by the 
LOW-to-HIGH transition of RFSH or RASI 
(whichever occurs first). In burst mode 
refresh. RFSH may be held LOW and refresh 
accompanied by toggling RASI. 

30 

36 

GND 

LE 

memory receive an RAS input for refresh in 
response to an RASI active LOW input. CAS 
is inhibited during refresh. 

Burst mode refresh is accomplished by hold
ing RFSH low and toggling RASI. 

TRUTH TABLES: 
RAS OUTPUT FUNCTIONS 

RFSH RASI RSEL1 RESELo 

L H x x 
L L x x 
H H x x 
H L L L 

H L L H 

H L H L 

H L H H 

December 4, 1985 

A15 is a dual function input which controls the 
refresh counter's range. For 64K DR A Ms, it is 

RA So RAS1 RAS2 RAS3 

H H H H 

L L L L 

H H H H 

L H H H 

H L H H 

H H L H 

H H H L 

833 

Ground. 

The address latch enable input. An active 
HIGH input at LE causes the two 8-bit 
address latches and the 2-bit RAS Select 
input latch to go transparent, accepting new 
input data. A LOW input on LE latches the 
input data which meets set-up and hold time 
requirements. 

an address input. For 16K DRAMs, it can be 
pulled to + 12V through 1 K to terminate the 
refresh count at 128 instead of 256. 

CASO FUNCTION 

RFSH CASI CASO 

H L L 

H H H 

L x H 

ADDRESS OUTPUT FUNCTIONS 

MSEL RFSH Oo-01 

H H Ao-A1 
L H As-A1s 

x L Refresh Address 
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REFRESH ADDRESS COUNTER FUNCTION 

A1s CLR RFSH RASI TC REFRESH COUNT FUNCTION 

x L x x x FFH Clear counter 

x H x x NC 
Output refresh address 
no change for counter 

x H L x Count - 1 
Return to memory cycle 
mode and decrement counter 

x H L x NC 
Output all RASI to RAM 
no change for counter 

x H L x Count - 1 
Return RAS; to HIGH and 
decrement counter 

Lor H H x x L OOH 
Terminal count for 
256 line refresh 

+12v· H x x L OOH and BOH 
Terminal count for 
128 line refresh 

*Through 1 KU resistor. 

ABSOLUTE MAXIMUM RATINGS (Above which useful life may be impaired) 

Storage temperature -65 to +150°C 

Temperature (ambient) under bias -55 to +125°C 

Supply voltage to ground potential -0.5 to + 7.0V 

DC voltage applied to outputs 
+0.5V to +Vee MAX 

for high output state 

DC input voltage -0.5 to 5.5V 

DC output current, into outputs 30mA 

DC input current -30 to +5.0mA 
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DC ELECTRICAL CHARACTERISTICS Commercial: TA= o to+ 70'C, Vee= 5.ov ( ±5%), (Min - 4.75V), (Max= 5.25V) 

29648 
DESCRIPTION TEST CONDITIONS1 UNIT 

Min Typ2 Max 

Vcc=MIN fC 2.5 v 
VoH Output HIGH voltage V1N = V1H or V1L 

loH=-1mA Others 3.0 v 

Vee= MIN 
All outputs 

VoH Output HIGH voltage V1N = V1H or V1L except TC 
2.0 v 

loH=-15mA 

Vcc=MIN 
All outputs except 

0.5 v 
Vol Output LOW voltage 

V1N = V1H or l1L 
TC, loL = 16mA 

TC, loL = 6mA 0.5 v 

V1H Input HIGH level 
Guaranteed input logical HIGH 

2.0 v 
voltage for all inputs 

V1L Input LOW level 
Guaranteed input logical LOW 

0.8 v 
voltage for all inputs 

V1 Input clamp voltage Vee= MIN, l1N = -18mA -1.5 v 
RASI -3.2 mA 

l1L Input LOW current 
Vee= MAX CASI, MSEL, RFSH -1.6 mA 
V1N = 0.4V 

Ao-A15, CCR 
RSELo.1. LE 

-0.4 mA 

RASI 100 µA 

l1H Input HIGH current 
Vee= MAX CASI, MSEL, RFSH 50 µA 
V1N = 2.7V 

Ao-A15, CLR 
RSELo.1. LE 

20 µA 

Vee= MAX RASI 2.0 rliA 

V1N =-5.5V 
CASI, MSEL, RFSH 1.0 mA 11 Input HIGH current 

Vee= MAX Ao-A15, CLR 
V1N = 5.5V RSELo.1. LE 

0.1 mA 

lsc Output short circuit current Vee= MAX (note 3) -40 -100 mA 

25'C, 5V 122 mA 

Ice 
Power supply current 

0 to 70'C Com' I 173 mA 
(note 4) 

70'C 165 mA 

IT A15 Enable current A15 connected to + 12V through 1K.11±10% 5 mA 
-

NOTES: 
1. For conditions shown as MIN or MAX, use the appropriate value specified under DC Electrical Characteristics for the applicable device type. 
2. Typical limits are at Vee= 5.0V, 25°C ambient and maximum loading. 
3. NOt more than one output should be shorted at a time. Duration of the short circuit teat should not exceed one second. 
4. lcc is worst case when the Address inputs are latched HIGH, the refresh counter is at terminal count (255), RASI and CAST are HIGH and all other inputs are LOW. 
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AC ELECTRICAL 
CHARACTERISTICS 
Tables 1 and 2 specify performance charac
teristics of the Signetics 29648 over the 

operating range for capacitive loads of 50 and 
150 picofarads, respectively. Note that the 
minimum specified limits for tpw, ts, and IH 
are for minimum system operating require-

ments and that limits for lsKEW and tpo are 
guaranteed test limits tor the device. All AC 
parameters are specified at 1.5 volts. 

Table 1. Performance Characteristics for Capacitive Loading of 50 Picofarads 

PARAMETER 
-See 
Figure 2. 

DESCRIPTION 
TA=+25°C 
Vee= 5.0V 

Typ 

1 lpo A; to O; Delay 14 

2 IPHL RASI to RAS; (RFSH = H) 14 

3 lpHL RASI to RAS; (RFSH = L) 14 

4 lpo MSEL to O; 17 

COMMERCIAL 

TA= 0°c to +10°c 
Vee= 5.0V ±5% 

Min Max 

19 

20 

20 

9 

5 lpo MSEL to O; 17 21 

6 IPHL CASI to CASO (RFSH = H) 12 G 
7 IPHL RSEL; to RAS; (LE= H, RASI = L) 15 ~ 

r-------+---·----------------------------+----------+------
8 IPLH RFSH to TC (RASI = L) 30 40 

r-------+---------------------+-------+------1--
9 IPLH RASI to TC (RFSH = L) 25 35 

10 lpw RASI = L (RFSH = L) 10 50 

11 lpw RASI = H (RFSH = L) 10 50 

UNIT 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
·------------------1------+-----+------l-----1 

12 tpo RFSH to O; (RASI = X) 17 21 ns 
~-------+-----------------------r---------+--------+-·----~+---4 

13 IPHL RFSH to RAS; (RASI = L) 19 26 ns 
r---------+--------------------+-------+--------j---~f----

14 tpw CLR=L 10 30 ns 
·------------------+-------~-----1~· 

RFSH to CASO 
(RASI = L CASI= L, Note 1) 

16 21 ns 

16 lpo LE to O; 25 35 ns 
r---------+---------------------1-------t------l----+-------i 

17 IPHL LE to RAS; 30 40 ns 

18 IPLH CLR to TC 35 45 ns 
·-----r---------

19 lpLH CLR to 0; (RFSH = L) 31 44 ns 
r-------------+---------------~------+--------1--------1-----+---·---l 

20 ts A; to LE Set-up time O 

21 IH A; to LE Hold time 5 

22 ts ASEL; to LE Set-up time 0 
r-------+---

23 IH ASEL; to LE Hold time 10 

24 Is CLR Recovery time 1 O 
f---------+--

5 

12 

5 

17 

16 

25 lsKEW o, to RAS; (RFSH = H, Note 2) 2 5 
r----------+------

26 lsKEW o, to CASO (Note 2) 6 8 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
>-------+-~· +-----·--+-------+-----4 

27 lsKEW o, to RAS; (RFSH = L, Note 3) 6 8 ns 
r---------+--------------------+--------+------1-----1----

28 lsKEW o, to RAS; (MSEL = Z, Note 4) 1 5 ns 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

Table 2. Performance Characteristics for Capacitive Loading of 150 Picofarads 

PARAMETER COMMERCIAL 

-See DESCRIPTION 
TA=+25°C 

UNIT 
Figure 2. Vee= 5.0V TA= o·c to +10°c 

Vee= 5.ov ±5% 

Typ Min Max 

1 tp0 A; to O; Delay 20 25 ns 

2 IPHL RASI to RAS; (RFSH = H) 18 24 ns 

3 tPHL RASi to RAS; (RFSH = L) 18 24 ns 

4 lpo MSEL to O; 23 12 ns 

5 tpo MSEL to O; 23 27 ns 

6 IPHL CASI to CASO (RFSH = H) 17 24 ns 

7 tPHL ASEL; to RAS; (LE = H, RASI = L) 19 27 ns 

8 IPLH RFSH to TC (RASi = L) 34 45 ns 

9 tPLH RASi to TC (RFSH = L) 32 45 ns 

10 lpw RASI = L (ro=5R = L) 10 50 ns 

11 tpw RASi = H (RFSH = L) 10 50 ns 

12 lpo RFSH to O; (RASI = X) 21 27 ns 

13 tPHL RFSH to RAS; (RASI = L) 25 33 ns 

14 lpw CLR =L 10 30 ns 

15 IPLH 
RFSH to CASO 

21 27 
(RASI = L CASI = L, Note 1) 

ns 

16 tpo LE to O; 30 40 ns 

17 IPHL LE to RAS; 34 45 ns 

18 IPLH cm to TC 39 55 ns 

19 IPLH CLR to O; (RFSH = L) 38 50 ns 

20 Is A; to LE Set-up time 0 5 ns 

21 IH A; to LE Hold time 5 12 ns 

22 Is ASEL; to LE Set-up lime 0 5 ns 

23 tH ASEL; to LE Hold time 10 17 ns 

24 Is cm Recovery time 10 16 ns 

25 lsKEW O; to RAS; (RFSH = H, Note 2) 3 6 ns 

26 lsKEW O; to CASO (note 2) 6 8 ns 

27 tsKEW O; to RAS; (RFSH = L, Note 3) 6 9 ns 

28 ISKEW O; to RAS; (MSEL L, Note 4) 1 5 ns 

NOTES: 
1. RFSH inhibits CASO during refresh. Specification is for CASO inhibit time. 
2. O. to RASi, (RFSH = HIGH) skew is guaranteed maximum difference between fastest RAST to RAS; delay and slowest Ai to Oi delay within a single device. Qi to 

CASO skew is maximum difference between fastest CASI to CASO delay and slowest MSEL to Oi delay within a single device. See application section entitled 
Memory Cycle Timing for correlation to System Timing requirements. 

3. Qi to RASi. (RFSR" = LOW) skew is guaranteed maxim.um difference between fastest~ to ~i delay and slowest RFSH to q delay within a single device. See 
application section on Refresh Timing for correlation to system refresh timing requirements. 

4. Qi to FiASi (MSEL L) skew is guaranteed maximum difference between fastest MSEL L to Oi delay and slowest RASI to RASi delay within a single device. 
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TIMING DIAGRAM 

.AOOAESS VALID 
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Figure 2. Dynamic Memory Controller Timing 
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MEMORY CYCLE TIMING 
The relationship between DMC specifications 
and system timing requirements are shown in 
Figure 3. T 1, T 2, and T 3 represent the mini
mum timing requirements at the DMC inputs 

Legend 

to guarantee that DRAM timing requirements 
are met and that maximum system perfor
mance is achieved. 

The minimum requirements for T1, T2, and T3 
are as follows: 

Product Specification 

T1MIN = tRAH + t28 
T2MIN = 11 + l2s +!Ase 
T 3MIN = tAsR + t25 where, 

29648 

IRAH = Row Address Hold Time 
!Ase = Column Address Set-up Time 
tAsR = Row Address Set-up Time 

COLUMN ADDRESS VALID 

@ Guaranteed maximum difference between fastest RASl1 to RAS delay and the slowest A1 to 0 1 delay on any single device. 
@ Guaranteed maximum difference between fastest CASi to CASO delay and the slowest MSEL to 01 delay on any single device. 
@ = Guaranteed maximum difference between fastest MSEL to 0 1 delay and the slowest RASI to RAS; delay on any single device. 

.... 

O; 

MSEL 

December 4, 1985 

a. Specifications Applicable to Memory Cycle Timing 

ROW ADDRESS VALID 

>------tRAM -------< 

>---------T2---------< 

b. Desired System Timing 

Figure 3. Memory Cycle Timing 

839 

COLUMN ADDRESS 
VALID 

... \Th 
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REFRESH CYCLE TIMING 
The timing relationships for refresh are shown 
in Figure 4. 

T 4 minimum is calculated as follows: 

T4 = tASR + t27 

Burst refresh timing is shown in Figure 5. 

AC WAVEFORMS 

o, REFRESH ADDRESS 
VALID 

@ Guaranteed maximum difference between fastest RASl 1 to RAS delay and 

NOTE: 

the slowest RFSH to 0 1 delay on any single device. 

Figure 4a. Refresh Timing - Test Waveforms 

CLR 

RFSH 

RASi 

fC 

o, x H o. x H o, x H 
04 x H o, x H o, x H o, x H 
Oo x H 

COUNT ? 

H 
H 
H 
H 
H 
H 
H 
H 

REFRESH COUNTER 
IS DECREMENTED 
ON THIS EDGE 

H H 
H H 
H H 
H H 
H H 
H H 
H L 
L H 

254 253 

H 
L 
L 
L 
L 
L 
L 
H 

129 

'--

H 
L 
L 
L 
L 
L 
L 
L 

128 

o, 
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REFRESH ADDRESS 
VALID 

@ = Guaranteed maximum difference between fastest RAS11 to RAS delay and 
the slowest RFSH to 0 1 delay on any single device. 

Figure 4b. Refresh Timing - Desired System Timing 

Note: fC t OCCURS 
BEFORE ADORESS 
ZERO IS REFRESHED 

_J ~~.~~~fC 
~/>':Ou'+'i~~ 
THROUGH 1 KH 

L L 
H L 
H L 
H L 
H L 
H L 
H L 
H H 

127 

'-- -J 

L 
L 
L 
L 
L 
L 
L 
L 

0 

ADDRESS ZERO IS 
REFRESHED HERE 

~ 

256 LINE _ 
REFRESH TC 
A,5 = TTL LEVELS 

H 
H 
H 
H 
H 
H 
H 
H 

255 

The timing shown assumes that burst mode applications may power-down the 29648 with the RAM. Therefore, the counter is cleared prior to executing the refresh sequence 

Figure 5. Burst Refresh Timing 
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ORDERING INFORMATION 
Commercial: 

N2964BN (Plastic) 
N2964BI (Ceramic) 

PACKAGE DATA 

Type: Plastic or Ceramic 
Configuration: DIP 
Width: 0.6 in. 
Length: 2.0 in. 
Pin Centers: 0.1 in. 

APPLICATIONS 
Speed with Minimum Skew 
The DMC provides Schottky speed in all of 
the critical paths. In addition, time skew 
between the Address, RAS and GAS paths is 
minimized (and specified) by placing these 
functions on the same chip. The inclusion of 
the GAS buffer allows matching of its propa
gation delay, and also provides the GAS 
inhibit function during RAS - only refresh. 

Input Latches 
The eighteen input latches are transparent 
when LE is HIGH and latch the input data, 
meeting the set-up and hold time require
ments when LE goes LOW. In systems with 
separate address and data buses, LE may be 
permanently enabled HIGH. 

Refresh Counter 
The 8-bit refresh counter provides both 128 
and 256 line refresh capability. Refresh con-

December 4, 1985 

trol is external to allow maximum user flexibili
ty. Transparent (hidden), burst, synchronous 
or asynchronous refresh modes are all possi
ble. 

The refresh counter is advanced at the LOW
to-HIGH transition of RFSH (or RASI). This 
assures a stable counter output for the next 
refresh cycle. The counter will continue to 
cycle through 256 addresses unless reset to 
zero by CLR. This actually causes all output 
to go HIGH since the output MUX is inverting. 
(Address inputs to outputs are non-inverting 
since both the input latches and output MUX 
are inverting.) 

Refresh Terminal Count 
The refresh counter also provides a Terminal 
Count output for burst mode refresh applica
tions. TC normally occurs at count 255 (007 to 
07 all LOW when RFSH is LOW). TC can be 
made to occur at count 127 for 128 line burst 
mode refresh by pulling A15 up to + 12V 
through a 1Kn±10% resistor. The counter 
actually cycles through 256 with TC deter
mined by A15. Otherwise A15 functions as an 
address input when driven at normal TTL 
levels. 

Three-Input 8-Bit Address 
Multiplexer 
The address MUX is 8-bits wide (for 64K 
DRAMs) and has three data sources, the 
lower address input latch (Ao to A7), the 
upper address input latch (As to A15), and the 
internal refresh counter. The lower address 
latch is selected when MSEL is HIGH. This is 
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normally the Row address. The upper ad
dress latch is selected when MSEL is LOW. 
This is normally the Column address. The 
third source - the refresh counter is selected 
when RFSH is LOW and overrides MSEL. 

When RFSH goes LOW, the MUX selects the 
refresh counter address and CASO is inhib
ited. Also, the RAS Decoder function is 
changed from one-of-four to four-of-four so 
all RAS outputs RAS0 - RAS3 go low to 
refresh all banks of memory when RASI goes 
LOW. When RFSH is HIGH, only one. RAS 
output goes low, determined by the RAS 
Select inputs, RSEL0 and RSEL1. In either 
case the RAS Decoder output timing is con
trolled by RASI to make sure the refresh 
count appears at 000 - 07 before 
RAS0 - RAS3 goes LOW. This assures meet
ing Row address Set-up time requirement of 
the DRAM (tAsRl· 

Maximum Performance System 
The typical organization of a maximum perfor
mance 16-bit system including Error Detec
tion and Correction is shown in Figure 6. 
Delay lines provide the most accurate timing 
and are recommended for RAS, MSEL, and 
GAS timing in this type of system. 

Controlling 16K RAMS or 
Smaller Systems 
16K DRAMs require seven address inputs 
and 128 line refresh. Also Ao is often used to 
designate upper or lower byte transactions in 
16-bit systems. These modifications are 
shown in Figure 7. 
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.. ... 

.. 
TIMING 

AHO 
CONTROL 

LOO<C 

641C WOAD X 22-BfT MEMORY 

DATA MEMORY 
CHECK 

UPPER BVT£ LOWER BYTE BITS 

,_ __ _..., ~=~ ~----------1 
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Figure 6. Dynamic Memory Control with Error Detection and Correction 

Ao--· 
Ao 
A, 
A, 
A, 
A, 

As 
As 
A, 

Ao 
DMC 

As 
A10 
A,, 
Au BYTES WORDS 
A,, 

RAS. 0-32K 0-16K 
Au 

+12V A,. 
1KH 

iiAS, 32-64K 16-32K 

A,. RSELo RAS, 64-96K 32-48K 

A,. RSEL1 RAS3 96-1281< 4B-64K 

*Ao controls byte select logic. 

Figure 7. Word Organized Memory Using 16K RAMs 
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Signetics 9403 
64-Bit FIFO Buffer Memory 

Logic Products 

FEATURES 
• 10MHz Serial or Parallel Data 

Rate 

• Serial or Parallel Input and 
Output 

• Expandable Without External 
Logic 

• Three-State Outputs 
• Fully TTL-Compatible 
• Slim (0.4 In.) 24-Pin DIP 

PRODUCT DESCRIPTION 
The 9403 is an expandable fall-through 
type First-In First-Out (FIFO) Bulfer 
Memory that is optimized for high-speed 
disc/tape controllers and communica
tion-buffer applications. In multiples of 
four, the device can be expanded to any 
number of bits and subsequently, to any 
number of words. Serial or parallel data 
can be asynchronously entered or re
trieved which makes the 9403 the cost
eflective solution for implementing buff
er memories. 

Product Specification 

FUNCTIONAL DESCRIPTION 
As shown in Figure 1, the 9403 consists 
of three parts which operate asynchro
nously and are virtually independent. 
These parts are: 

• Input Register - with serial and 
parallel data inputs and control 
signals that permit easy expansion 
and a handshake interlace. 

• FIFO Stack - 4-bit wide, 14-word 
deep fall-through type with self
contained control logic. 

• Output Register - with serial and 
parallel data outputs and control 
signals that permit easy expansion 
and a handshake interlace. 

"' 
""' as 
(SSllAL °"""'"' 

" g~ """"' 

Figure 1. Simplified Block Diagram of 9403 Buffer Memory 
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PIN DESIGNATIONS & 
DESCRIPTIONS 

N PACKAGE 

.. 
x 

! 
; 

§ !II 

"' ; .. 
~ 
!: 

~ 

TOP VIEW 

ORDER NUMBER 

N9403N 

MNEMONIC AND FUNCTION DESCRIPTION 

i!ii' 

PL 

Do-D3 

Ds 

= 
TES 

m 

MR 

TOP 

i5S 

= 
= 
EQ 

Oo-03 

Os 

= 
GND 

lice 

Input register full 
output 

Parallel load 
input 

Parallel data 
input 

Serial data inpu't 

Serial input clock 

Serial input 
enable 

Transfer to stack 
input 

Master Reset 

Transfer out 
parallel input 

Transfer out 
serial input 

Serial output 
enable input 

Serial output clock 
input 

Output enable 

Parallel data 
ouput 

Serial data 
output 

Output register 
empty output 

Ground 

Supply voltage 

Low when input register 
is full 

High o.n PL enables 
Do - 03; not edge
triggered, 1 's catching 

E.dge-triggend and 
activates on falhng edge 

When low, serial input is 
enabled 

When tow, initiates fall
through 

Active low 

When high and TOS is 
low, enables word 
transfer from stack to 
output register - not 
edge-triggered 

When low and TOP is 
high, enables word 
transfer from stack to 
output register - not 
edge-triggered 

When low, enables serial 
output 

Edge-triggered and 
activates on falling edge 

Active low 

When high, output register 
contains valid data 

+5 volts 
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Figure 2. Functional Equivalent of Input Register 

Os 

-~~--~J_: __ :~-
OUTPUT REGISTER 
[F3l [ill [£Ij FO 
~~~ ao as 

Figure 3. Final Bil Positions Resulting 
from a Serial Train of 64-Bits 

INPUT REGISTER 
Data can be entered serially or, using the 
parallel mode of operation, data is entered in 
4-bit increments. In either case, the data is 
subsequently transferred to the fall-through 
stack; the functional equivalent of this register 
is shown in Figure 2. The Input Register Full 
(IRF) status signal is internally generated by 
the Register Status (RS) flip··flop; when initial
ized, the Q (IRF) output of this flip-flop is high. 

Serial Entry (Input Register) 
Serial data is entered via the Ds input and is 
handled by a 5-bit shift register consisting~ 
flip-flops F3, F2, F1, FO, and RS. With IES 
and PL both low, each high-to-low transition 
of the serial input clock (CPSI) shifts the input 
data in domino order from F3 to F2 to F1 to 
FO. After the fourth clock transition, the four 
bits of serial data are aligned in F3 through FO 
and RS is set, forcing IRF low and inhibiting 
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CPSI until contents of the input register are 
transferred to the stack. Figure 3 shows how 
a serial train of 64-bits would appear in the 
9403 - four bits (860 - 863) in the input 
register, 56 bits (84 - 859) in the stack, and 
four bits (BO - 83) in the output register. 

Parallel Entry (Input Register) 
When PL is high and CPSI is low (Figure 2), 
flip-flops FO - F3 are loaded with data and 
IRF is forced low. This condition remains until 
current data is transferred to the stack. Once 
the data is transferred, IRF is driven high and 
new data can again be clocked into the input 
flip-flops. If parallel expansion is not being 
implemented, IES must be low to establish 
row mastership - refer to discussion of par
allel expansion. 

STACK OPERATION 
As shown in Figure 2, the outputs of FO - F3 
are applied to the stack unde~ntrol of a 
signal derived from TTS. When TTS is low, an 
attempt to inititate a fall-through action is 
made. If the top location of stack is empty, 
data is loaded and the input register is re
initialized provided PL is low. Note that initial
ization is postponed until PL is again low. 
Thus, automatic FIFO action is achieved by 
connecting the TTS input to the IRF output. 

The RS flip-flop (Figure 2) records the fact 
that data has been transferred to the stack; 
this flip-flop is not cleared until PL goes low. 
Therefore, if a particular data word is trans
ferred to the stack and falls to the second 
location before PL goes low, the same word 
will not be re-transferred even though IRF 
and TTS are still low. Once data enters the 
stack, "fall-through" is automatic; a delay is 
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necessary only when waiting for the next 
stack location to empty. In the 9403, as in 
most modern FIFO designs, the MR input 
initializes the stack control section and does 
not clear the data. 

OUTPUT REGISTER 
This register receives and stores 4-bits of 
data from the bottom stack location and, on 
demand, outputs data onto a three-state 4-bit 
parallel data bus or a three-state serial data 
bus. The Output Register Full (ORE) status 
signal is internally-generated by the FX flip
flop; when data is transferred from the stack 
to the output register, ORE goes high. The 
functional equivalent of the output register is 
shown in Figure 4. 

Retrieval of Serial Data 
When the FIFO stack is empty and MR is 
driven low, the ORE output goes low to 
indicate that the output register is ready to 
accept new data from the stack. After new 
data is entered and falls through to the 
bottom stack location, it is transferred to the 
output register provided TOS is low and TOP 
is high. As a result of the data transfer, ORE 
goes high indicating valid data in the output 
register. Subsequently, the Os output is auto
matically enabled and the first data bit is 
transmitted to the three-state serial data bus. 
Henceforth, a serial shift of data occurs on 
each high-to-low transition of CSPO. On the 
fourth transition, the register is emptied, ORE 
is forced low, and serial output Os is diabled. 
To request a new word from the stack~ 
TOS input can be connected to the ORE 
output. 
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Figure 4. Functional Equivalent of Output Register 

IP'AAAllELL.OAD 

''"""""' 

..._.,"'
W.TAOUTPIJT 

---- :::&DATA 

Figure 5. Word Expansion 

Retrieval of Parallel Data 
With the stack empty and 1ii1R in the active
low state, the ORE output goes low, signifying 
that the output register is also empty. When 
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new data is entered and has fallen through to 
bottom location of the stack, it is automatical
ly transferred to the output register, provided 
the Transfer Out Parallel (TOP) input is high. 
When the data is transferred from stack-to
register, ORE goes high and valid data ap
pears at Oo - 03 (Figure 4), provided the 
three-state buffers are enabled, that is, EO is 
active-low. When TOP goes low, ORE is 
driven low which indicates that the data 
output cycle is complete; however, the origi
nal data remains latched in the flip-flops until 
the next word (if available) is transferred from 
the stack to the output register. 

For parallel operation, CPSO must be low, 
whereas, ros should be grounded for single
slice operation or connected to the appropri
ate ORE for expanded operation. The TOP 
input is not edge-triggered; therefore, ii it 
goes high before data is available from stack 
but data becomes available before it goes 
low, the data will be transferred to the output 
register. However, internal control circuits 
prevent the same data from being transferred 
twice. If TOP goes high and returns to low 
before data is available from the stack, ORE 
will remain low, indicating the absence of 
valid output data. 

VERTICAL EXPANSION 
In a vertical structure, the 9403 can be 
expanded to achieve greater word capacity 
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without any external parts; a 46-word by 4-bit 
FIFO is shown in Figure 5. Using the same 
technique and similar connections, any FIFO 
of 15n + 1 words (where n is the number of 
devices) can be constructed. Observe that 
word expansion does not sacrifice flexibility of 
the 9403 FIFO as regards serial/parallel input 
and output. 

HORIZONTAL EXPANSION 
The 9403 can be horizontally expanded to 
store long words in multiples of 4-bits, again 
without external logic. Connections required 
to form a 16-word by 12-bit FIFO are shown in 
Figure 6, using similar techniques, any 16-
word by 4n-bit FIFO (where n is the number of 
devices) can be constructed. 

For horizontal or bit expansion, it is good 
practice to connect, respectively, the IRF and 
ORE ouputs of the right-most device (most 
significant device) to them and ms inputs 
of all devices to the left (least significant 
devices) to guarantee that no operation is 
initiated before each and every device is 
ready. Word expansion does not affect the 
ability of the 9403 to handle serial/parallel 
inputs and outputs; however, the ripple form 
of expansion shown in Figure 6 does extract 
a penalty in speed of operation. Whereas a 
single 9403 is guaranteed to operate at 
1 OM Hz, an array of four FIFOs connected as 
shown is guaranteed to operate at 4.3MHz. 
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INPUT UNIT NUMBER & ORDER OF SERIA1. BITS OUTPUT UNIT NUMBER & ORDER OF SERIAL BITS 

REGISTER #1 #2 #3 #4 REGISTER #5 #6 #7 #8 

03 BIT 483 BIT 487 BIT 491 BIT 495 03 BIT 3 BIT 7 BIT 11 BIT 15 
D2 

L 
482 

L 
486 

L 
490 

L 
494 02 

L 
2 

L 
6 

L 
10 

L 
14 

D1 481 485 489 493 01 1 5 9 13 
Do 480 484 488 492 Oo 0 4 8 12 

Figure 7. Horizontal and Vertical Expansion -31 x 16 FIFO 
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Figure 8. Entry of Serial Data for Array of Figure 7 
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HORIZONTAL AND VERTICAL 
EXPANSION 
In addition to bit-or-word expansion, the 9403 
can be used to expand in both the horizontal 
and vertical directions; a 31-word by 16-bit 
FIFO is shown in Figure 7. Using the same or 
similar techniques, any FIFO of 15m + 1 
words by 4n-bits can be constructed, where 
m is the number of devices in a column and n 
is the number of devices in a row. 

The chart appended to Figure 7 shows the 
final positions for a contiguous serial entry of 
496 bits. Figures 8 and 9, respectively, show 
the timing relationships involved for data
entry and data-retrieval pertaining to the 31-
word by 16-bit array. 

INTERLOCKING CIRCUITS 
Most conventional FIFO designs provide the 
status-signal counterparts of IRF and ORE. 
However, when these devices are used in 
arrays, variations in unit-to-unit operating 
speeds require the use of external gating to 
ensure that all devices have, in fact, complet
ed the last operation. The 9403 incorporates 
simple but effective master/slave interlocking 
circuits to eliminate these gating require
ments. 

FX FF 
(FIG.4) 

Figure 10. Functional Equivalent of Interlocking Circuits 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Vee Power supply voltage +7 Vdc 
V1N Input voltage +5.5 Vdc 
Vo Off-state output voltage +5.5 Vdc 
TA Operating temperature range o to +70 •c 
Tstg Storage temperature range -65 to +150 •c 

DC ELECTRICAL CHARACTERISTICS Over operating temperature range unless otherwise noted 

LIMITS 
PARAMETER TEST CONDITIONS1• 2 UNIT 

Min Typ Max 

V1H Input high voltage Guaranteed input high voltage 2.0 v 
V1l Input low voltage Guaranteed input low voltage 0.8 v 
Veo Input clamp diode voltage Vee= MIN, l1N = -18mA -0.9 -1.5 v 
VoH Output high voltage, ORE, IRF Vee= MIN, loH = -400µA 2.4 3.4 v 
VoH Output high voltage, Oo - 03, Os loH = -5.7mA, Vee= MIN 2.4 3.1 v 
Vol Output low voltage, Oo - 03, Os Vee= MIN, lol = 16mA 0.35 0.5 v 
Vol Output low voltage, ORE, IRF Vee= MIN, lol = 8.0mA 0.35 0.5 v 
lozH Output off current high, 0 0 - 03, Os Vee= MAX, Vour = 2.4V, Ve= 2V 100 µA 

lozl Output off current low, 0 0 - 0 3, Os Vee= MAX, Vour = 0.5V, Ve= 2V -100 µA 

l1H Input high current Vee= MAX, V1N = 2.7V 1.0 40 i::;. Vee= MAX, V1N = 5.5V 1.0 

l1l Input low current, all except Vee= MAX, V1N = 0.4V -0.36 mA 
~& iES -0.96 

los Output short circuit current, Vee= MAX, Vour = o, (Note 3) -30 -130 mA 
Oo-03, Os. ORE, ~ 

Ice Supply Current Vee MAX, Inputs open 115 170 mA 

NOTES: 
1. Operating temperature ranges are guaranteed after terminal equilibrium has been reached. 
2. All voltages measured with respect to ground terminal. 
3. No more than one output should be shorted at a time. 
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AC ELECTRICAL CHARACTERISTICS Vee= 5.ov, cl= 15pF, TA= 25°C 

FROM TO TEST LIMITS 
PARAMETER 

INPUT OUTPUT CONDITIONS1· 2• 3 UNIT 
Min Typ Max 

Fall-through time: 
to FT Positive going PL Oo-03 TTS connected to IRF, 450 600 ns 

TOS connected to ORE, 
IES, OES, EO, CPSO low. 
TOP high (f, Fig. 11) 

Propagation delay 
tPLH Low-to-high Negative going TTS IRF Stack not full. PL low 48 64 
tPHL High-to-low Negative going CPSI IRF (a & b, Fig. 11) 18 25 

ns 

tPLH Low-to-high 
Negative going CPSO Os 

30 40 
tPHL High-to-low Serial output OES low. 17 28 

ns 

tPHL High-to-low Negative going CPSO ORE 
TOP high (c & d, Fig. 11) 

32 42 ns 

tPLH Low-to-high Positive going TOP Oo-03 EO, CPSO low (e, Fig 11) 40 56 ns 
tPHL High-to-low 31 45 

tPLH Low-to-high Positive going TOP ORE Parallel output. 51 68 ns 
tPHL High-to-low Negative going TOP ORE EO, CPSO low (e, Fig. 11) 40 54 

tPLH Low-to-high Negative going TOS Positive going ORE Data in stack. TOP high, 41 56 ns 
(c & d, Fig. 11) 

tPHL High-to-low Positive going PL Negative going IRF Stack not full (g & h, 20 33 ns 
Fig. 11) 

tPLH Low-to-high Negative going PL Positive going IRF 33 46 ns 
tPLH Low-to-high Positive going OES ORE 26 44 
tPLH Low-to-high Positive going IES Positive going IRF 31 40 

Enable delay: 
tpzH High 

EO Oo-03 9 
14 

tpzL Low 20 
ns 

Out of high 

tpzL Low 
Negative going OES 

impedance state 25 
tpzH High Os 13 

20 
ns 

Disable delay: 
tpLz Low 

EO Oo-03 7 14 
tpzH High 

ns 
Into high 

tplz Low 
Negative going OES 

impedance state 

tpHz High Os 7 14 ns 

Appearance time: 
tAp Parallel ORE Oo-03 Time elapsed between -12 -5 ns 
tAs Serial ORE Os ORE going high and valid 6 10 

data appearing at output, 
negative number indicates 
data available before ORE 
goes high 

Pulse width: 
tpwL CPSI low Stack not full. PL low 20 11 ns 
tpwH CPSI high (a & b, Fig. 11) 33 19 

tpwL TOP low CPSO low, data available 30 17 ns 
tpwH TOP high in stack (e, Fig. 11) 26 13 

tpwL CPSO low TOP high, data in stack, 30 16 ns 
tpwH CPSO high (c & d, Fig. 11) 32 18 

tpwH PL high Stack not full 40 29 ns 
(g & h, Fig. 11) 

tpwL TTS low (serial Stack not full =fa e I ns 
or parallel mode) (a, b, g, & h, Fig. 11 --+ 1 

tpwL MR low (f, Fig. 11) ~ 13 ns 
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AC ELECTRICAL CHARACTERISTICS Vee= 5.0V, CL= 15pF, TA= 25°C (Cont) 

FROM TO TEST LIMITS 
PARAMETER 

INPUT OUTPUT CONDITIONS1• 2• 3 UNIT 
Min Typ Max 

Set-up and hold time: 
Is Set-up time Ds Negative CPSI PL low (a & b, Fig. 11) 28 17 ns 
th Hold time Ds CPSI 0 -6 

Is Set-up time Parallel inputs PL Length of time parallel 0 -22 ns 
inputs must be applied 
prior to rising edge of PL 

th Hold time Parallel inputs PL Length of time parallel 2 ns 
inputs must remain applied 
after falling edge of PL 

Is Set-up time (serial TTS IRF (a, b, g, & h, Fig. 11) 0 -20 ns 
or parallel mode) 

Is Set-up time Negative going ORE Negative going TOS TOP high (c & d, Fig. 11) 0 -24 ns 

Is Set-up time Negative going IES CPSI (b, Fig. 11) 45 23 ns 
Is Set-up time Negative TTS CPSI 84 58 

Recovery time: 
tree MR Any input (f, Fig. 11) 15 5 ns 

NOTES: 
1. Initialization requires a master reset to occur after power has been applied. 
2. TTS normally connected to IRF. 
3. If stack is full, IRF will stay low. 

TEST CIRCUITS AND WAVEFORMS 

CONDITIONS: CONDITIONS: 
Stack Not Full, TES, PL Low Stack Not Full, TES High When Initialized, PL Low 

a. Serial Input, Unexpanded or Master Operation b. Serial Input, Expanded Slave Operation 

~ 
--1 I--

I @$ ~~-=,_,~~-=-~--,"""""~-+:,,,,,,,,~-t-~~ 
\ as~~~--'~~~""'~~--'""-~~-'l>'""""--+-+-~~ 

IPWL-+=i 

CONDITIONS: CONDITIONS: 
Data in Stack, Top High, iES Low When Initialized, OES Low Data in Stack, Top High, TES High When Initialized 

c. Serial Output, Unexpanded or Master Operation d. Serial Output, Slave Operation 
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TEST CIRCUITS AND WAVEFORMS (Continued) 

1.3V 

::=:i 
Oo-O~ 

CONDITIONS: 
iES Low When Initialized, EO, CPSO Low, 
Dl'tita Available in Stack 

e. Parallel Output, 4-Blt Word or Master/Slave in 
Parallel Expansion 

sv 

sv 
lliiE, llW 

FROM 
OUTPUT 
UNDER 
TEST 

~ ~! 
Oo-01El3

.0s x •• 

NOTES' 
1. CL includes jig and probe capacitance 
2. All diodes are 1 N3064 or equivalent 

UNDER 
TEST 

! 

CL 

T••f \"2 

g. Test Circuit for Measurement of AC Parameters 

1.3V 

CONDITIONS: 
'f'IB Connected to 'i"rn=, 'il5S Connected to 
ORE, iES, DES, EO, Cl'SO Low, Top High 

Product Specification 
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f. Fall· Through Time 

t:=-==1 
PL 1---------)-----------F 

00-:~.:~ .. ;r#M 1-~ 
\----------~ 

to• 0 ~IPLH===:j 
m(NOTE2)-----------~- . l---'--

~1.3V 

i;=-=-i 

CONDITIONS' 
Stack Not Full, iES Low When Initialized 

h. Parallel Load Mode, 4-BIT Word (Unexpanded) or 
Master /Slave Operation in Parallel Expansion 

TTl--------~r-----~~ l--1 __ _ \.:.:.:.::I' 1.3V 

F .. w=1 

CONDITIONS' 
Stack Not Full, Device Initialized With TES High 

j. Parallel Load, Slave Mode 

For all waveforms, VM = 1.3V for 745; VM = for all other TIL families. 
The shaded areas indicate when the input is permitted to change for predictable output performance. 

Figure 11. 9403 Timing and Parameter-Measurement Information 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

SINGLE-CHIP DIGITAL SIGNAL PROCESSOR 

HOW TO USE THIS DATA SHEET 
• Section 1 contains ordering information and the main 

features of the PCB5010 and PCB5011. 
• Section 2 describes the signals of the PCB5010 and 

PC85011, with block diagrams and full descriptions 
of what functions can be performed by each block. 

• Section 3 describes how the blocks are controlled by 
the instructions given by the programmer. This section is 
used during programming, it assumes however, a full 
knowledge of section 2.0. Programming can be simplified 
by using the software tools available. 

• Section 4 describes all the electrical characteristics. 
This section is used during the design of system hardware. 

• Section 5 gives details of the PCB5010 and PCB5011 
packages. 

PCB5010 

PCB5011 



PCB5010 

PCB5011 

CONTENTS 

1.0 INTRODUCTION 

2.0 FUNCTIONAL DESCRIPTION 

2.1 General description 

2.2 Program control unit 
2.2. 1 Program memory 
2.2.2 Load Program RAM circuitry (LPR) 
2.2.3 Program counter (PC) and mode circuitry (P and NP-mode) 
2.2.4 Instruction register (IR) 
2.2.5 Stack 
2.2.6 Instruction repeat circuitry (RPR) 
2.2. 7 Branch circuitry 
2.2.8 The PST and IOF register (PST, IOF, IFA- IFD pins) 
2.2.9 Interrupt circuitry (INT and IACK pins, RX and RY) 
2.2.10 Reset circuitry ( RST pin) 
2.2.11 Synchronization circuitry (SYNC pin) 

2.3 Data memories and ACUs 
2.3.1 Data memories 
2.3.2 ACUs and PG register 

2.4 Multiplier, accumulator, barrel-shifter and format-adjuster unit 
2.4. 1 Multiplier 
2.4.2 Accumulator 
2.4.3 Barrel-shifter 
2.4.4 Format adjuster 
2.4.5 Barrel-shifter register BSR 

2.5 ALU and register filter 
2.5.1 ALU 
2.5.2 Register file 

2.6 Parallel 1/0 

2.7 Serial 1/0 
2.7.1 Serial input procedure 
2.7.2 Serial output procedure 

2.8 Data buses X and Y 

3.0 INSTRUCTION SET 

3. t Basic operations 
3.2 Instruction format 
3.3 Instruction fields 

4.0 ELECTRICAL SPECIFICATION 

4.1 Absolute maximum ratings 
4.2 DC characteristics 
4.3 AC characteristics 

5.0 PACKAGE OUTLINES 

5.1 PC85010 package outline 
5.2 PCB5011 package outline 
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Single-chip digital signal processor 

1.0 INTRODUCTION 

The PCB5010 and PCB5011 are part of 
our SP 50 family of digital signal 
processors that contains devices for 
various applications. These CMOS 
devices have a common processor 
structure and are accompanied by a 
common set of development tools. 

The processor structure is characterized 
by a double data bus, a two operand 
hardware multiply/accumulate unit and 
a two operand ALU to improve through
put. Powerful parallel and serial inter
faces enable communication with 
external devices. Large on-chip data 
memories, each with its own program
mable address computation unit (ACU), 
offer the possibility to make systems 
with only a few components. 

The PCB5010 and PCB5011 are the 
optimal solutions for implementing DSP 
functions in telecommunications and 
can also be used to advantage in s~eech 
processing, high-speed control, image 
processing and many other fields. 

•PCB 5010: Version with on-chip ROM 
(mask programmable) 

•PCB 5011: ROM less bond-out version, 
for use with external 
program/data memory 

ORDERING INFORMATION 

order number 
speed 
(MHz) 

PCB5010WP-8 8 
PCF5010WP-8* 8 

PCB5011 YC-8 8 
PCF5011 YC-8* 8 

operating ambient 
temperature (°C) 

0 to +70 
-40to +85 

0 to +70 
-40to +85 

PCB5010 

PCB5011 

package 

68-pin PLCC 
68-pin PLCC 

144 PGA 
144PGA 

* The PCF versions will be identical to the PCB versions except that they have 
an extended operating ambient temperature range. However, minor variations 
may occur in the AC characteristics. 
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PCB5011 
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Fig. 1.IJ.1 SimplifJed block diagram of the PCB5010. 
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Single-chip digital signal processor 

PROGRAM CONTROL UNIT 
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40 

I 
~ 
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INSTRUCTION 

DECODER 
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8 DATA 
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Fig. 1.0-2 Simplified block diagram of the PCB5011. J 
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PCB5010 

PCB5011 

FEATURES 

• Harvard architecture with two data buses of 16 bit width 

• 4 instruction types: 
multiply/accumulate operation + 2 data moves + 3 address calculations/ 

memory read accesses 
alu operation + 2 data moves + 3 address calculations/ 

memory read accesses 
load immediate data + 3 address calculations/ 

memory read accesses 
branch + 3 address calculations/ 

memory read accesses 
Note: a high degree of parallel processing allows up to 6 basic operations to 

be performed simultaneously. 

• Hardware two's complement 16 x 16 multiplier with 40-bit accumulator, full 
range barrel-shifter and format adjuster: 

45 different multiply /accumulate operations 
multi-precision multiplication support 
result bit-reversal possibility 
4 status flags 

• 16-bit 2-operand ALU with: 
31 different operations 
multi-precision operation support 
15 x 16-bit 3-port register-file 
5 status flags 

• Program memory: 
PCB5010: 987 x 40-bit on-chip ROM (mask programmable) 

32 x 40-bit on-chip RAM (loaded via the X-bus) 
5 x 40-bit on-chip ROM (fixed load RAM program) 

PCB5011: 1024 x 40-bit external memory (or 64K x 40-bit when some 
external logic is added) 

• Data memory: 
PCB5010: 512 x 16 bit on-chip ROM (mask programmable) 

2 x (128 x 16) on-chip static RAM 
PCB5011: 512 x 16 bit external memory (read and write possible) 

2 x (128 x 16) on-chip static RAM 

• 3 powerful programmable address computation units (ACU's) for the data 
ROM and both data RAMs and also for 16 pages of 4096 x 16 bit external 
data memory 
- each ACU has 8 different operations 
- 1 status flag for each ACU 

• 5 level deep hardware stack (software extendable) 

• 16-bit parallel 1/0 to access external data memory 
- 8 million words/s 
- WAIT facility so that "slow" peripherals can be connected 

• 2 independent serial inputs and outputs (one pair for each data bus), with a 
maximum speed of 4 million bit/s under the control of external clocks 

• 4 user input flags 

• Maskable interrupt 

• Repeat possibility of single instruction 

• Maximum clock rate 8 MHz 

• Pipelined (P) and Non-pipelined (NP) modes under programmer control: 
P-mode: a new instruction can start every 125 ns 
NP-mode: a new instruction can start every 250 ns 

• Single 5 V power supply (±5%) 

• All 1/0 are TTL compatible 

• Operating ambient temperature range: 
PCB5010/11: Oto+70°C 
PCF5010/11: -40 to +85 °C 
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Single-chip digital signal processor 

2.0 FUNCTIONAL DESCRIPTION 

2.1 GENERAL DESCRIPTION 

The detailed block diagram of the 
PCB5010 and PCB5011 are shown in 
Fig. 2.1·1 and Fig. 2.1-2. The signals of 
the processors are described briefly in 
the table below. 

SIGNAL DESCRIPTION 

SIGNAL 

Voo 
Vss 
CLK 
SCAN 
RST 

015 ... DO 
A15 ... AO 
R/W 
OS 
WAIT 

DIX 
SIXEN 
SIXRQ 
CIX 

DIY 
SIYEN 
SIYRO 
CIY 

DOX 
SOX EN 
SOX RO 
cox 

DOY 
SOY EN 
SOY RO 
COY 

INT 
IACK 

t---------· DESCRIPTION 
-------·-------------------------· 

Supply voltage: 5V ±5% 
Ground 
Clock (input) 
Th is signal must be grounded 
Reset (input) 

16-bit wide parallel 1/0 port (input/output) 
16-bit wide address for 64K-words in external data memory (output) 
Read/write signal for control of external memory (output) 
Data strobe (output) 
Wait signal for synchronization of parallel 1/0 (input) 

Serial data input (input) for the X-bus 
Serial data enable (input) for the X-bus 
Serial input request (output) for the X-bus 
Serial input clock (input) for the X-bus 

Serial data input (input) for the Y-bus 
Serial input enable (input) for the Y-bus 
Serial input request (output) for the Y-bus 
Serial input clock (input) for the Y-bus 

I 
Serial data output (output) for the X-bus 
Serial output enable (input) for the X-bus 
Serial output request (output) for the X-bus 

1 Serial output clock (input) for the X-bus 

Serial data output (output) for the Y-bus 
Serial output enable (input) for the Y-bus 
Serial output request (output) for the Y-bus 
Serial output clock (input) for the Y-bus 

I 
Maskable interrupt (input) 
Interrupt acknowledge (output) 

SYNC Synchronization signal; indicates where execution of a new instruction starts (output) 

IFA I User flag (input) 
IFB User flag (input) 
IFC User flag (input) 
IFD User flag (input) 

-----~------ -- - -------------------· 

(continued on next page) 

PCB5010 

PCB5011 
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SIGNAL DESCRIPTION (Cont'd) 

SIGNAL DESCRIPTION 

PCB5011 only: 

PA9 ... PAO External program memory address (output) 
PD39 ... PDQ External program word (input) 
ARRB ... ARRO 9-bit address for 512 words in external data memory (output) 
RD15 ... RDO Second 16-bit parallel,1/0 port (input/output) 

RR/W Read/write signal for second 16-bit parallel 1/0 port (output) 
RDS Data strobe for second 16-bit parallel 1/0 port (output) 

The main blocks of PCB5010/11 are: 

• Program control unit with: 
Program ROM (only for PCB5010) 
IR (instruction register) 
Sync pin 
PC (program counter) 
RPR (instruction repeat register) 
Stack 
PST (processor status register) 
IOF (input/output status and user 
flag register) 
User flag pins 
INT pin and IACK pin 
Bus-save registers RX and RY 
RST pin 
External program memory port 
(only PCB5011) 
External program memory address 
port (only PCB5011) 

• Data memory and address compu-
tation units with: 

RAMA, ACUA (address compu
tation unit A), DRA (data register 
A) 
PG (page register) 
RAMB, ACUB (address compu
tation unit B), DRB (data register 
B) 
ROM (only PCB5010), ACUR 
(address computation unit R), 
DRR (data register R) 
External data word pins (only 
PCB5011) 
External data memory address 
pins (only PCB5011) 

• Multiplier/accumulator and barrel-
shift unit with: 

Input selectors I LX and IL Y 
Latches MXL and MYL 
MPV (multiplier) 

862 F•b:cy 19861 

Accumulator with ACC (adder). 
ACR (multiplication/accumulation 
register) and S/SD (sign/scale
down block) 
BS (barrelshifter) 
FA (format adjuster) 
BSR (barrelshift and format adjust 
control register) 

• ALU and register file with: 
Input selectors I LA and I LB 
Latches AAL and ABL 
ALU (arithmetic logic unit) 
R 1-R 15 (register file) 
Trash can 

• Parallel 1/0 with: 
Pl (parallel . data input latch) 

- PO (parallel data output buffer) 
- Parallel 1/0 data and control pins 

• Serial 1/0 with: 
- SIX (serial input latch connected 

to X bus) 
SOX (serial output latch connected 
to X bus) 
SI Y (serial input latch connected 
to Y bus) 
SOY (serial output latch connected 
to Y bus) 
SIOST (serial 1/0 control register) 

- Serial 1/0 data and control pins 

• Data buses with: 
16 bits X-bus 

- 16 bits Y-bus 

The working of the main blocks is 
described in the following sections. 
The instruction set is described in the 
section 3.0. 



~ c 
1-z 
w 
:!!: 
a. 
0 
..J 
w 
> w 
c 

Single-chip digital signal processor 

.---------------------------·----·-·--------------

IFB IFD SYNC 

MULTIPLIER/ ACCUMULATOR 
AND BARREL-SHIFT UNIT 

PROGRAM CONTROL UNIT 

LOAD· RAM 
PROGRAM 

5x40 

PROGRAM 
ROM 

987x40 

,,.----~ 

MULTIPLIER 

MPV 

;rn1· I 
X,Y t , t t MSP LSP I_j' 

X y X l X -1 y X,Y X y y y 

------------ -------------------- ' 

c,::::,===========================:::i x I x.v~ PO 
DATA BUSES --.... 

y 

--to RAMB 
DATA 
ROM 

512x16 12Bx16 

v ~x ARB 

;. ;-. ACUB 

A15 to A12 A11 to AO 

X,Y 
Note 1 : t means connected to the X-bus/Y-bus. 
Note 2: all data paths are 16 bits wide unless indicated otherwise. 

Fig. 2.1-1 Detailed block diagram of the PCB5010. 

SOX I 
I 

SIY I 
I 

SOY I 

I 

SERIAL 
OUTPUT 

x-sus 

SERIAL 
INPUT 

Y-BUS 

SERIAL 
OUTPUT 
Y-BUS 

7Z93433.2 

PCB5010 

PCB5011 

SCAN 

R/W 

015 

DD 

DDX 

SOXEN 
cox 
SOX RO 

DIV 

SIYEN 

CIY 

SIYRO 

SOYEN 

COY 

SOY RO 
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PA9-PAO 

P039-PDO 

X,Y 

MULTIPLIER/ ACCUMULATOR 
AND BARREL-SHIFT UNIT ' 

PROGRAM CO~ROLR:NI; j 32 PR ! 

'GI .,~.. 1 
TDtGi i 

TI I ~~ALLEL I/~ 
x:;rn I I x,v 

TD 

y X,Y X Y Y Y 

X,Y ' ! 1, X !, MSP LSP ~' 

---------- -------------------- ' 

c::16========================::::i x I x,v- PD 
DATA BUSES ---,.. 

ARR 

y 
-+ ACUR • 

CAN 

A15 to A12 All to AO 

SOX I 
I 

SIY I 
I 

SERIAL 
OUTPUT 
X-BUS 

SERIAL 
INPUT 

Y-BUS 

SERIAL 

SOY I OUTPUT 

I Y-BUS 

Note 1: t means connected to the X-bus/Y-bus. 
Note 2: all data paths are 16 bits wide unless indicated otherwise. 

Fig. 2.1-2 Detailed block diagram of the PCB5011. 
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2.2 PROGRAM CONTROL UNIT 

2.2. 1 Program memory 

The PCB5011 has no on-chip program 
memory but you can connect external 
program memory. To access the external 
program memory, there are 40 program 
data pins (PD39-PDO) and 10 program 
address pins (PA9-PAO). The on-chip 
10-bit program counter contents are 
available via these address pins. 

The PCB5010 has 1 K x 40·bit on-chip 
program memory: 

987 x 40-bit mask programmable 
ROM (address 0-986) 
32 x 40-bit static RAM (address 

992-1023) 
5 x 40-bit "load RAM" program 

in ROM (address 987-991) 
The memory is addressed by the 10-bit 
on-chip program counter. The static 

<( RAM of the program memory can be 
!;;{ loaded via the X-bus by MOVE or 
O LOAD IMMEDIATE operations, 
1- following the procedure described in the 
~ section 2.2.2 "Load program RAM 
:::!: circuitry". 
0.. 

g The "load RAM" program stored in the 
~ ROM can be used to load the RAM 
w instructions from an external data 
0 memory. This program's code, and its 

equivalent expressed in the PCB5010/11 
assembly language is given in Fig. 2.2.1-1. 

2.2.2 Load program RAM circuitry 
(LPR) 

LP R enables the programmer to load 
the 32 x 40-bit program RAM. To load 
each 40-bit instruction, three 16-bit 
words must be transferred to LPR via 
the X-bus, using MOVE or LOAD 
IMMEDIATE operations. LPR contains 
a 5-bit address register (AREG) in which 
the load address (range 0-31) is loaded 
and it contains a 24-bit data register 
(DREG) in which the instruction word 
is assembled. The loading procedure is 
shown in Fig. 2.2.2-1. 

2.2.3 Program counter (PC) and mode 
circuitry (P and NP-mode) 

The 10-bit program counter in the 
PCB5010 and PCB5011 is automatically 
incremented every instruction cycle 
during sequential program flow. 

IN PROGRESS 

Fig. 2.2.1·1 "Load RAM" program. 

this point is 
passedatthe __ 
beginof11ach 
instruction 

RESET 

STATE: - 0 

STATE:=O 

PCB5010 

PCB5011 

AAEG[4-0]:"' XBUS[11-8J 
DREG{23-16): '"XBUS(7-0J 

STATE:,., 

PRAM(AREG) {39 -OJ: " DREG!23-0I. XBUS(15-0) 

STATE:= 0 

AREG =address register 
DREG= data register 
PRAM(i) =position i in the program RAM 
[m - n]= bit m to bit n 

Fig. 2.2.2-1 Data RAM loading procedure. 
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There are however, certain situations 
when the program counter is not 
incremented but updated differently: 

reset (see section 2.2.10) 
interrupt (see section 2.2.9) 
instruction repetition (see section 
2.2.6) 
branch operations (see section 2.2. 7) 
loading PC via the X-bus by means of 
a MOVE or LOAD IMMEDIATE 
operation (the 10 least significant 
bits of the X-bus data are loaded) 

The processors work in two different 
modes: 
1. Pipelined mode (P): 

instruction cycle = one clock cycle 
2. Non-pipelined mode (NP): 

instruction cycle = two clock cycles 

When the processor works in the 
P-mode, the result of a basic operation 
(see section 3. 1 on instruction set) is 
not always available after the first 
instruction cycle but sometimes one 
clock cycle later. Since the processor 
uses pipelining, a new operation can 
start before the result of the previous 
operation is available. When the 
processor operates in NP-mode, the 
result of a basic operation is always 
available at the end of an instruction 
cycle. On reset, the processor is placed 
in the P-mode. Mode switching is possible 
under program control by setting and 
resetting the FOR bit in the PST register 
using a MOVE or LOAD IMMEDIATE 
operation. The instruction after the one 
that caused the change in the FOR bit is 
executed in the new mode. 

2.2.4 Instruction register (IR) 

In every instruction cycle (i.e. every 
clock cycle when working in the P-mode 
and every two clock cycles when 
working in the NP-mode) an instruction 
word is fetched from the program 
memory. The program memory access 
and storing of the result in the 
instruction register (IR) takes one clock 
cycle. During the next clock cycle, the 
new contents of the IR is decoded and 
the processor controlled accordingly. 

2.2.5 Stack 

When an interrupt or subroutine call 
occurs, the value of PC (in the P-mode) 
or the value of PC+1 (in the NP-mode) 

is placed on the stack. The stack is a 
5 x 10-bit LIFO register file that allows 
automatic nesting up to five levels of 
subroutines and/or interrupts. The top 
of the stack containing the most recent 
PC value can be accessed via the data 
buses. This enables the programmer to 
extend the stack in the data memory. 

2.2.6 Instruction repeat circuitry (RPR) 

RPR is an 8-bit register that can be 
loaded via the X-bus by a MOVE or 
LOAD IMMEDIATE operation. Only 
the 8 LSBs on the bus (representing a 
number N between 0 and 255) are 
loaded. The instruction after the one 
in which these 8 bits are loaded is then 
executed N times as longas2,,;;;N,,;;; 255. 
The execution count is undefined when 
0 ,,;;; N < 2. The execution count is also 
undefined when the instruction to be 
repeated is to load RPR or to load the 
PC. 

2.2. 7 Branch circuitry 

The PCB5010 and PCB5011 make it 
possible to depart from the sequential 
program flow under software control. 
There are 4 branch types, and each 
branch can depend on any one of 
50 different conditions. 

The 4 branch types are: 

bit PST register 

00 OVFL (accumulator flag) 
01 OORL (barrel-shifter flag) 
02 VL (ALU flag) 
03 v (ALU flag) 
04 c (ALU flag) 
05 z (ALU flag) 
06 N (ALU flag) 
07 OOR (barrel-shifter flag) 
08 SGNM (accumulator flag) 
09 ACA (ACU flag) 
10 ACB (ACU flag) 
11 ACR (ACU flag) 
12 PI02 (parallel 1/0 flag) 
13 PI01 (parallel 1/0 flag) 

- go to 
- subroutine call 

return from subroutine 
- return from interrupt. 

The 50 branch conditions are the true 
and false status of the following flags 
or combination of flags: 
- ALU flags: Z, N, C, C.OR.Z, V, VL, 

\N.XOR.Vi.OR.Z, N.XOR.V 
Accumulator flags: SGNM, OVFL 
Barrel-shifter flags: OOR, OOR L 
ALU and barrel-shifter flags: 
OORL.OR.VL 
ACU flags: ACA, ACB, ACR 
User flags: IFA, IFB, IFC, IFD, 
IFA.AND.IFB.AND.IFC.ANO.IFD 
Serial 1/0 flags: SIXACK, SIY ACK, 
SOXACK, SOY ACK 

2.2.8 The PST and IOF registers (PST, 
IOF, IFA- IFD pins) 

PST and IOF are 16-bit registers that 
contain all the flags. Furthermore, PST 
also contains a bit (El) that indicates 
whether the interrupt is enable or not 
(enabled = 1; disabled = 0), a bit (FOR) 
indicating which mode (P = 0 or NP= 1) 
the processor is working in, and two bits 
(PI01 and Pl02) determining the input 
criteria for the parallel input. The 
meaning of each bit of PST and IOF is 
given below: 

IOF register 

SIXACK (serial 1/0 flag) 
SOX ACK (serial 1/0 flag) 
SIYACK (serial 1/0 flag) 
SOY ACK (serial 1/0 flag) 
IFA (user flag) 
IFB (user flag) 
IFC (user flag) 
IFD (user flag) 
reserved 
reserved 
reserved 
reserved 
reserved 
reserved 

14 El (interrupt enable/disable) reserved 
15 FOR (operation mode) reserved 
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Single-chip digital signal processor 

The flags in PST and IOF reflect the 
status of the functional units to which 
they belong and they are updated 
during each relevant instruction. The 
flags I FA, I FB, I FC and I FD reflect the 
signal level on their respective input pins. 
"Lock" type flags (OVFL, OORL and 
VL) can only be changed from 0 to 1 by 
the functional units to which they 
belong. The programmer can overrule 
the functional units updating the flags 
in the PST register: the PST register can 
be overwritten using a MOVE or LOAD 
IMMEDIATE operation. These 
operations are also used for loading the 
El, FOR, P101 and PI02 bits. Further
more, the programmer can load the 
FOR bit using a MOVE or LOAD 
IMMEDIATE operation without 
changing the other bits in the PST 
register. 

The PST and IOF register can be read 
using a MOVE operation. The flags can 
also be used as conditions in BRANCH 
operations (see section 2.2. 7 on 
BRANCH circuitry). "Lock" type flags 
will automatically be reset to 0 when 
they are tested in a BRANCH operation. 

2.2.9 Interrupt circuitry 
IACK pins, RX 

(INT and 
and RY) 

The processor has an interrupt facility 
that the user can access via the I NT and 
IACK pins. When an interrupt is accepted 
by the processor the program counter is 
loaded with address 1. The interrupt 
procedure is described below and the 
logic timing diagrams are given in 
Figures 2.2.9-1 and 2.2.9-2. 

An interrupt is initiated by a LOW on 
the I NT pin. The first positive going 
edge of CLK after a HIGH to LOW 
transition on INT, the interrupt is 
clocked in by the processor. Two or 
three clock pulses later (see timing 
diagrams), the processor decides to 
accept the interrupt or postpone it. 
An interrupt is postponed: 

while the PC is being loaded (as part 
of a BRANCH, MOVE or LOAD 
IMMEDIATE operation) 
while the RPR register is loaded 

- during instruction repetition 
- when the stack is the source or 

destination to the X-bus 
when the interrupt is disabled by 
software (El bit in PST register is 0). 

______ , ______ <•• 

CLK 

PC 

STACK 

instruction 

PCB5010 

PCB5011 

=~,-,-3-,-.-,_.., ... :-1 
\ I 

N+4 

I N I N+1 I N+2 I N+3 IN+• I 1 

t 
DX= RX 
DY"' RY 

2 I 3 I - I N+• I N+s I N+a 1 
t t 

AETI SX =AX 
SY= RY 

Note: The interrupt is postponed when one of the following conditions is 
true during instruction N + 3: 

loading of PC (as part of BRANCH or MOVE operation) 
loading of RPR 
stack source or destination to X-bus 
repetition mechanism on 
interrupt disabled by El = 0 

Fig. 2.2.9-1 Interrupt logic timing in P-mode. 

.-----------------~-~·-----------~ 

CLK 

PC 

STACK 

executed 
instruction 

\\\\\\\\\\\ 

N+ 1 I 
\ 

N+1 

) N+2 N+3 

N+2 

N+2 

RETI 7Z97374 

Note: The interrupt is postponed when one of the following conditions is 
true during instruction N + 1: 
- loading of PC (as part of BRANCH or MOVE operation) 

loading of RPR 
stack source or destination to X-bus 
repetition mechanism on 
interrupt disabled by El= 0 

Fig. 2.2.9-2 Interrupt logic timing in NP-mode. 

As soon as the above situations are 
completed, the postponed interrupt is 
accepted and thereafter handled in the 
same way as an interrupt that was 
accepted directly. 

Accepting the interrupt means pushing 

the value of the PC (in P-mode) or PC+1 
(NP-mode) on to the stack and loading 
the PC with address 1. When the PC 
contains address 1, the IACK pin goes 
LOW for one clock cycle to indicate to 
the outside world that the interrupt has 
been acknowledged. 
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In the P-mode, the instruction in the 
pipeline that should have been executed 
is not executed while the PC contains 
address 1 even though the expected X 
and Y-bus sources put their data on the 
buses. This data is stored in the bus-save 
register, RX and RY, that are auto
matically assigned as the destinations for 
the buses. 

An interrupt routine is completed under 
program control using an R ETI condi
tional BRANCH operation (see 
instruction set section 3.0). When the 
condition is true, PC is loaded with the 
address that was pushed onto the stack, 
and then the instruction at that address 
is executed. In the P-mode, however, 
RX and RY are used instead of the 
indicated X and Y-bus sources. Nested 
interrupts are permitted, but in the 
P-mode they are latched so long as the 
programmer has not stored the data in 
RX and RY elsewhere (i.e. so long as 
RX and RY have not been used as 
sources for the X and Y-buses). After 
returning from a nested interrupt in the 
P-mode, the old contents of RX and RY 
must be restored by the programmer. 

Note: A new interrupt can onle be 
generated after the I NT signal 
has been HIGH for at least one 
positive going edge on CLK. 

2.2.10 Reset circuitry (RST pin) 

The processor is reset to an initial state 
when RST is LOW over at least 7 rising 
edges of CLK. A shorter reset may lead 
to an undefined situation. 
The initial state is characterized by: 

PC : all zeros 
PST : all zeros 
IOF : SIXACK=SIYACK=Oand 

SOXACK = SOYACK = 1 
RX, RY : all zeros 
STACK : all zeros (5 x 10) 
RPR : instruction repeat 

mechanism off 
LPR : undefined STATE; STATE 

MXL, 

= 0 in an instruction in 
which there is no MOVE 
or LOAD IMMEDIATE 
operation with PRAM as 
the destination 

MYL : all zeros 

868 F•bm,cy19861 

PR : all zeros 
ACR : all zeros 
BSR : all zeros 

AAL, 
ABL : all zeros 

ARA, 
AA,SA : all zeros 
ARB, 
AB, SB : all zeros 
ARR, 
AR, SR : all zeros 
MA, 
MB, MR : undefined 
PG : all zeros 

SIOST : all zeros 
SOX, 
SOY : all zeros 
SIXRQ = SIYRQ = 0 
SOXRQ SOY RO= 1 

The logic timing of the reset is shown in 
Fig. 2.2.10-1. 

1 - reset detection 
2 - reset of all registers and latches 

mentioned above (excluding 
AC R), and "top of stack", 
serial 1/0 request signals, and PR 

3 - reset of ACR and 2nd stack 
position 

4 - reset of 3rd stack position 
5 reset of 4th stack position 
6 - reset of 5th stack position 
7 - reset of 6th stack position (note: 

this stack position must not be 
used, otherwise it may lead to 
an undefined state). 

Fig. 2.2.10-1 
The complete reset action. 

2.2.11 Synchronization circuitry (SYNC 
pin) 

The processor indicates where execution 
of a new instruction starts with a HIGH 
at the SYNC pin for half a clock cycle. 
Th is occurs once every two clock cycles 
in the NP-mode, and once every clock 
cycle in the P-mode. However, in the 
P-mode it will not occur when the 
program counter is loaded with a new 
address during the execution of a 
BRANCH operation, a MOVE operation, 
an interrupt, or a reset. 

2.3 DATA MEMORIES AND ACU'S 

2.3. 1 Data memories 

The processor contains 3 on-chip data 
memories: 
• RAMA: 128 x 16 bits, static 
• RAMB: 128 x 16 bits, static 
• ROM : 512 x 16 bits (only on 

PCB5010, external for 
PCB5011) 

It is also possible to connect up to 64K 
of external data memory via the parallel 
1/0. 

Memory outputs are connected to the 
data registers (ORA, DRB and DRR) 
and the parallel data input register Pl. 
DRA, DRB and ORR are updated every 
instruction cycle, but in the P-mode, 
DRA and ORB are not updated when in 
that instruction cycle, data is moved 
(from one of the buses) into RAMA or 
RAMB. Updating Pl is described in the 
section 2.6 on the parallel 1/0. Data 
written into the data registers and Pl 
can be transferred via the X or Y-bus 
during a subsequent instruction. 

RAMA can be written-to via the X-bus, 
RAMB can be written-to via the Y-bus 
and, external RAM can be written-to 
via either bus. 

With the PCB5011, it is not only possible 
to read from an external ROM, but in 
place of the read, it is also possible to 
write-to an external 512 x 16-bit 
memory because the port is bidirectional, 
and therefore can be used as a second 
parallel 1/0 port. 
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Single-chip digital signal processor 

2.3.2 ACUs and PG register 

The 3 address computation units, 
ACUA, ACUB and ACUR, function 
identically but, their address widths 
differ: 12, 8 and 9 bits respectively. 
ACUs calculate the addresses for the 
on-chip RAMs (only the 7 least signi
ficant address bits are used for this 
addressing) and data ROM. ACUA not 
only generates the address for RAMA 
but also the part of the address for 

ROM 

1 
addressing 

r 
L 

ROM 

RAMB { 10 
addressing 

'[121 
RAM B 

RAM A 
127 

RAM A 
127 

ood 

G 7 

RAM A 
127 
0 

RAM A 
127 .,. 

G 7 
RAMA and 

external 
memory 

127 
RAM A 

addressing 

RAM A 
127 

G 7 

RAM A 
127 
0 

RAM A 
127 

~ 

G 

external data memory that defines the 
position within a page of 4096 x 16 
words. It is possible to have 16 pages of 
external data memory. Pages are selected 
using the address pins A 12 to A 15 that 
reflect the contents of the page register 
PG that is loaded using a MOVE or 
LOAD IMMEDIATE operation. 

Fig. 2.3.2-1 illustrates the memory 
addressing. 

f 
addressed by: 
ACUR (Oto511) 

+ 
addressed by: 
ACUB (Oto 127) 

EXTERNAL addressed by: 
RAM ~ -PG =0000 

PAGE 0 -ACUA (0 to 4095) 

4095 

~ EXTERNAL addressed by: 
RAM -PG=0001 

PAGE 1 -ACUA (0 to 4095) 

4095 

EXTERNAL addressed by: 
RAM ~ -PG =0010 

PAGE 2 -ACUA (0 to 4095) 

4095 

EXTERNAL 

* 
addressed by: 

RAM -PG= 1111 
PAGE 15 -ACUA (0 to 4095) 

4095 

7Z93445.1 

Fig. 2.3.2-1 Memory addressing. 
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An ACU contains: 
• an address register AR (which 

addresses the ROM respectively 
RAM's) 

• a base address register A 
• an offset register S 
• an address masking register M 
• a dedicated arithmetic unit 

Only the AR registers (ARR, ARB and 
ARA) are shown in Figs 2.1-1 and 2.1-2. 
The A, S and M registers of RAMA, 
RAMB and the ROM (AA/BA/RA, 
AS/BS/RS and AM/BM/RM) are not 
shown. 
The A, S, M and AR registers can be 
loaded directly (for initialization) via 
one of the data buses (X-bus for ACUB 
registers and Y-bus for AGUA and 
AGUR registers) using a MOVE or 
LOAD IMMEDIATE operation or they 
can be modified during address compu
tation operations. Direct loading and 
address computation cannot take place 
simultaneously (see the section 3.0 on 
the instruction set). 

Direct loading offers the following 
options: 
• Load AR with value on the bus 
• Load AR and A with value on the bus 
• Load AR and S with value on the bus 
• Load A with value on the bus 
• Load S with value on the bus 
• Load M with value on the bus 
• Load AR, A and S with value on the 

bus 
• Load AR with (value on the bus) !M 

The notation !M means that, depending 
on the contents of the M register, all 
bits are not necessarily updated as the 
expression indicates: 

the bits whose corresponding bits in 
the M register are 1 are updated as 
specified in the expression 
the bits whose corresponding bits in 
the M register are 0 will retain their 
value (for AR) or will receive the 
previous value of their AR bit (for 
A and S). 

The notation br( ... ) means that the 
bits are reversed in order. 

Three flags in the PST register indicate 
the status of the 3 AGU's: 
• AGA - AGUA flag 

is 1 when AR contains 
0000 0000 0000; 
is 0 when AR does not 
contain 0000 0000 0000 

• AGB - AGUB flag 
is 1 when AR contains 
0000 0000; 
is 0 when AR does not 
contain 0000 0000 

• AGR - AGUR flag 
is 1 when AR contains 
0 00000000; 
is 0 when AR does not 
contain 0 0000 0000 

Address computation offers the following options: 
• AR:=AR A:=A 
• AR:=(A+l)!M A:=(A+l)!M 
• AR:=(A-l)!M A:=(A-l)!M 
• AR:=(A+S)!M A:=(A+S)!M 
• AR:=(S+l)!M A:=A 
• AR:=(A)!M A:=A 
• AR:=(S)!M A:=A 
• AR:=br(A+S) A:=A+S 
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S:=S 
S:=S 
S:=S 
S:=S 
S:=(S+l)!M 
S:=S 
S:=S 
S:=S 

M:=M 
M:=M 
M:=M 
M:=M 
M:=M 
M:=M 
M:=M 
M:=M 

2.4 MULTIPLIER, ACCUMULATOR, 
BARREL-SHIFTER AND 
FORMAT-ADJUSTER UNIT 

2.4. 1 Multiplier 

The multiplier performs a multiplication 
of two signed 16 bits operands P and 0 
presented in 2's complement notation. 
The result is presented by 32 bits in 2's 
complement notation and stored in the 
product result latch PR. 

One of the following values can be 
chosen as P-operand: 
• The value present on the X-bus 
• The previous value which was auto

matically latched in the MX L latch 
• The number -1 

One of the following values can be 
chosen as 0-operand: 
• The value present on the Y-bus 
• The previous value which was auto

matically latched in the MYL latch 
• The negated Y-bus value 

Note: when the Y-bus contains the 
highest negative value, -21 s 
(1000 0000 0000 0000 in binary) 
then the operand will be the highest 
positive value plus one, +21 5 

(1 0000 0000 0000 0000 in binary). 
This number is stored in MYL which 
has a width of 17 bits for th is 
particular situation. 

The contents of MXL, MYL and PR are 
not changed when no MULTIPLY 
operation or a multiply HOLD operation 
is executed. 
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2.4.2 Accumulator 

The accumulator unit consists of a 40 bit 
adder ACC. a 40 bit multiplication/ 
accumulation register ACR and a sign 
and scale down block S/SD. The adder 
adds the in PR stored result of the 
multiplication to a second operand 
(provided by the S/SD block) which can 
be chosen from the following set: 
• + or - the contents of ACR 
• + or - the contents of ACR divided 

by 21 5 (which allows multiprecision 
multiplication and addition) 

• the number O 

The result of the addition is stored in 
ACR and is fed simultaneously to the 
barrel-shifter. The contents of the ACR 
register are not changed when no 
MULTIPLY operation is performed or a 
multiply HOLD operation is executed. 

The 40-bit width of the accumulator 
allows the programmer to accumulate a 
number of multiplier results (at least 
256) without the risk of overflow. 
Two flags in the PST register indicate 
the status of the accumulator: 
• OVFL- overflow lock flag; this flag 

is set when overflow occurs 
in the adder {result outside 
the range -23 9 to +23 9 -1 ). 
For reset conditions see 
description of PST register 
(section 2.2.8). 

• SGNM -sign flag; indicates the sign 
of the result of the addition 
(is identical to bit ACR (39)). 

2.4.3 Barrel-shifter 

From the 40-bit ACR contents, the 
barrel-shifter extracts 32 contiguous bits. 
The programmer determines which 
group of 32 bits is extracted by a value 
placed in the BSA register (bits BSR3 to 
BSRO). 
Sixteen different sets are possible: 

BSR contents 
32-bit word, E31 - EO, extracted by the barrel-shifter 

BSR3-BSRO 
- t--

0000 ACR30, .... ,ACRO,O 
0001 ACR31, .... ,AGRO 
0010 ACR32, .... ,ACR1 
0011 ACR33, .... ,ACR2 
0100 ACR34, .... ,ACR3 
0101 ACR35, .... ,ACR4 
0110 ACR36, .... ,ACR5 
0111 ACR37, .... ,ACR6 
1000 ACR38, .... ,ACR7 
1001 ACR39, .... ,ACR8 
1010 ACR39,ACR39, .... ,ACR9 
1011 ACR39,ACR39,ACR39, .... ,ACR10 
1100 ACR39,ACR39,ACR39,ACR39, .... ,ACRl 1 
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1111 ACR39,ACR39,ACR39,ACR39,ACR39, .... ,ACR12 
1111 ACR39,ACR39,ACR39,ACR39,ACR39,ACR39, .... ,ACR13 
1111 ACR39,ACR39,ACR39,ACR39,ACR39,ACR39,AC R39, .... ,ACR 14 

Two flags in the PST register indicate the status of the barrel-shifter: 
• OOR - Out of range flag. It is set when the sign bit of the extracted word 

E31-EO has no significance. This occurs when one or more bits of 
ACR to the left of the extracted word differs from E31. 

• OOR L - Out of range lock flag. The conditions for setting are identical to 
those of ODA. The conditions for resetting are given in the section 
describing the PST register. 

2.4.4 Format adjuster 

The output E31-EO of the barrel-shifter is split into a 16-bit most significant part 
MSP and a 16-bit least significant part LSP'. MSP can be connected directly to the 
X and/or Y bus. LSP' passes through a format adjuster (FA) before it reaches the 
X or Y bus. The output of FA is called LSP. Under software control, three FA 
options can be selected by placing a value in the BSA register (bits BSR5 to BSR4). 
The options are: 

BSA contents 
output LSP of format adjuster BSR5-BSR4 

00 El 5-EO (no change) 
01 EO-E15 (bits reversed in order, used to speed-up certain serial 

outputs) 
10 0, El 5-E1 (bits shifted right over 1 position, left adjusted with zero; 

used for multi-precision multiplications) 
11 reversed/undefined 
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2.4.5 Barrel-shifter register (BSR) 

BSR is a 6-bit register. Its contents 
control the barrel-shifter (bit 0-3) and 
the format adjuster (bit 4-5) as explained 
in the previous sections. BSR can be 
loaded by means of a MOVE or LOAD 
IMMEDIATE operation. Loading has 
to be done at least one instruction 
before LSP or MSP is read to the X or 
Y-bus. 

2.5 ALU AND REGISTER FILE 

2.5.1 ALU 

The PCB5010/11 has an ALU totally 
independent from the multiplier/ 
accumulator unit. It is a 16-bit, 
2-operand unit capable of executing 
31 distinct operations. There are 
arithmetic, logic and some special 
purpose operations. The arithmetic 
operations defined as "extended" 
(mnemonic starts with X) are included 
to facilitate multi-precision operations. 
Extended operands are represented by 
16-bit multiples. 

An ALU operation produces a result R 
that may be stored in the register file 
or may be ignored (dumped in the trash 
can). 

Several flags in the PST register give the 
status of the ALU. The flags are: 
Z Zero flag 
N Negative flag 
C Carry flag 
V Overflow flag 
VL Overflow lock flag (same as V 
but locked; see PST register description, 
section 2.2.B). 

One of the following values can be 
chosen as A-operand: 
- the value on the X-bus 
- the value on the Y ·bus 

the previous value which was auto
matically latched in the AAL-latch 
(this is not the case with the "byte 
swap" instruction). 

One of the following values can be 
chosen as B·operand: 

the value on the Y·bus 
the previous value which was auto· 
matically latched in the ABL·latch 
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Dyadic operations require an A and 
B-operand, while monadic operations 
require only an A-operand. Some 
operations do not require an operand 
at all. 

The ALU operations and their result 
R and flag settings are summed up in 
the following three tables: 
A: Arithmetic operations 
B: Logic operations 
C: Other operations 

The following notation is used: 
• ZERO(R) 0 (when not all 16 bits of Rare 0) 

1 (when all 16 bits of R are 0) 
• CARRY(F) 0 (when a function F does not lead to a carry) 

1 (when a function F leads to a carry) 
Note: For this calculation, the operands are unsigned 

16-bit numbers from 0 to 65535. The carry is 1 
when the result of the addition is greater than O. 
In all other cases the carry is O. 

• BORROW(F) 0 (when a function F does not lead to a borrow) 
1 (when a function F leads to a borrow) 
Note: For this calculation, the operands are unsigned 

16-bit numbers from 0 to 65535. The borrow is 1 
when the result of the subtraction is below 0. 
In all other cases the borrow is 0. 

• OVERFLOW(F) 0 (when a function F foes not lead to an overflow) 
1 (when a function F leads to an overflow) 
Note: For th is calculation, the operands are signed 16-bit 

numbers between -21 5 and 21 5 -1. The overflow 
is 1 when the result of the calculation is outside this 
range. In all other cases the overflow is 0. 

• R(i) Bit i of the 16-bit word R. 

A: Arithmetic operations (see table on next page) 

For the calculation of result R, the operands A and B are considered to be binary 
numbers in 2's complement notation (between -21 5 and +21 5 -1 ). R is also a 
binary number in 2's complement notation. However, with the DIV operation, the 
operands and the result are unsigned numbers (between 0 and 65535). 
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A: Arithmetic operations 

function 

addition 

extended addition 

subtraction 

extended subtraction 

conditional subtraction 

negate 

extended negate 

conditional negate 

decrement 

extended decrement 

increment 

extended increment 

arithmetic shift left 

extended arithmetic 
shift left 

arithmetic shift right 

extended arithmetic 
shift right 

mnemonic 

ADD 

XADD 

SUB 

XSUB 

CSUB 

NEG 

XNEG 

CNEG 

DEC 

XDEC 

INC 

XINC 

ASL 

XASL 

ASR 

XASR 

result (RI 

A+B 
A+B-216 
A+B+216 

A+B+C 
A+B+C-2(16) 
A+B+C+2( 16) 

A-B 
A-B-216 
A-B+216 

A-B-C 
A-B-C-216 
A-B-C+216 

A 

0-A 
A 

0-A-C 
A 

A 

A-1 
215_1 

A-C 
215_1 

A+1 
-2'' 

A+C 
-2'5 

2*A 
2* A-216 
2* A+216 

2*A+C 
2*A+C-216 
2*A+C+216 

A/2-fraction 

A/2-fraction 
A/2-fraction-21 s 
A/2-fraction+21 5 

DEVELOPMENT DATA 

flags 

z N c 

ZERO(R) R(15) CARRY(A+B) 
ZERO(R) R(15) CARRY(A+BI 
ZERO(R) R(15) CARRY(A+B) 

ZERO(R).AND.Z R(15) CARRY(A+B+C) 
ZERO(R).AND.Z R(15) CARRY(A+B+C) 
ZERO(R).AND.Z R(15) CARRY(A+B+C) 

ZERO(R) R(15) BORROW(A-B) 
ZERO(R) R(15) BORROW(A-B) 
ZERO(R) R(15) BORROW(A-BI 

ZERO(R).AND.Z R(15) BORROW(A-B-C) 
ZERO(R).AND.Z R(15) BORROW(A-B-C) 
ZERO(R).AND.Z R(15) BORROW(A-B-C) 

ZERO(R) R(15) 0 

ZERO(R) R(15) BORROW(O-A) 
ZERO(RI R(15) BORROW(O-A) 

ZERO(R).AND.Z R(15) BOR ROW(O-A-C) 
ZERO(R).AND.Z R(15) BOR ROW(O-A-C) 

ZERO(R) R(15) 0 

ZERO(R) R(15) BORROW(A-1) 
ZERO(R) R(15) BORROW(A-1) 

ZERO(R).AND.Z R(15) BORROW(A-CI 
ZERO(R).AND.Z R(15) BORROW(A-C) 

ZERO( RI R(15) CARRY(A+1) 
ZERO(R) R(15) CARRY(A+1) 

ZERO(R).AND.Z R(15) CARRY(A+C) 
ZERO(R).AND.Z R(15) CARRY(A+C) 

ZERO(R) R(15) CARRY(A+A) 
ZERO(R) R(15) CARRY(A+A) 
ZERO(R) R(15) CARRY(A+A) 

ZERO(R).AND.Z R(15) CARRY(A+A) 
ZERO(R).AND.Z R(15) CARRY(A+A) 
ZERO(R).AND.Z R(15) CARRY(A+A) 

ZERO(R) R(15) 1(0) 

ZERO(R).AND.Z N A(O) 
ZERO(R).AND.Z N A(O) 
ZERO(R).AND.Z N A(O) 

v 

OVERFLOW(A+B) 
OVER FLOW(A+B) 
OVERFLOW(A+B) 

OVERFLOW(A+B+C) 
OVERFLOW(A+B+C) 
OVERFLOW(A+B+C) 

OVERFLOW(A-BI 
OVERFLOW(A-B) 
OVER F LOW(A-BI 

OVERFLOW(A-B-C) 
OVERFLOW(A-B-C) 
OVERFLOW(A-B-C) 

0 

OVERFLOW(O-A) 
OVERFLOW(O-A) 

OVERFLOW(O-A-C) 
OVERFLOW(O-A-C) 

0 

OVERFLOW(A-1) 
OVERFLOW(A-1) 

OVERFLOW(A-C) 
OVERFLOW(A-C) 

OVERFLOW(A+1) 
OVERFLOW(A+1) 

OVERFLOW(A+C) 
OVERFLOW(A+C) 

OVERFLOW(A+A) 
OVERFLOW(A+A) 
OVERFLOW(A+A) 

OVERFLOW(A+A) 
OVERFLOW(A+A) 
OVERFLOW(A+A) 

0 

0 
0 
0 

condition 

no overflow 
positive overflow 
negative overflow 

no overflow 
positive overflow 
negative overflow 

no overflow 
positive overflow 
negative overflow 

no overflow 
positive overflow 
negative overflow 

If N=1, same as SUB 

A*-215 
A= -215 

A*-215 .0R.C= 1 
A= -21 5 .AND.C = 0 

A*-215 
A= -215 

A* -215 .OR.C = 0 
A= -215 .AND.C = 1 

A*215 -1 
A=215 -1 

A* 21 5-1.0R.C = 0 
A= 215 -1.AND.C = 1 

-214 <A< 214 
A;;. 214 
A<-214 

-214 <A<214 
A;;. 214 
A <-214 

MSB of A= C 
MSB of A= O.AND.C = 1 
MSB of A= 1.AND.C = 0 
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A: Arithmetic operations (Cont'd) 

result (R) 
flags 

function mnemonic 
N Jc z v 

--r------
R(15)lcARRY(A+B(15)) add MSB of B to A ADDM A+B(15) ZERO(R) OVERFLOW(A+B(15)) 

A+B( 15)-21 6 ZERO(R) R(15) jcARRY(A+B(15)) OVERFLOW(A+B(15)) 

unsigned division DIV 2*(A-B) ZERO(R) R(15)1BORROW(A-B) 0 
2*A ZERO(R) R(15) BORROW(A-B) 0 

sign extension XSGN NN .... N Z.AND.NOT.N r-N jN v 

B: Logic operations 

For the calculation of result R, the operands A and B are considered to be 16-bit binary words. R is also a 16-bit binary word. 

function mnemonic result (R) 
flags 

z N c v 
compare COM .NOT.A(i) R(15) 0 0 

logic AND AND A(i).AND.B(i) ZERO(R) R(15) 0 0 

l logic OR OR A(i).OR.B(i) ZERO(R) R(15) 0 0 

exclusive OR EXOR A(i).EXOR.B(i) ZERO(R) R(15) 0 0 

[ byte swap SWAP A(i+8) ZERO(R) R(15) 0 0 
A(i-8) ZERO(R) R(15) 0 0 

logic shift left LSL A(i-1) ZERO(R) A(14) A(15) 0 
0 ZERO(R) A(14) A(15) 0 

logic rotate left LROL A(i-1) ZERO(R) A(14) A(15) 0 
c ZERO(R) A(14) A(15) 0 

logic shift right LSR A(i+1) ZERO(R) 0 A(O) 0 
0 ZERO(R) 0 A(O) 0 

logic rotate right LROR A(i+1) ZERO(R) 0 A(O) 0 
c ZERO(R) 0 A(O) 0 

C: Other operations 

result (R) 
flags 

function mnemonic 
z N c v 

pass and flag update PASS A ZERO(A) A(15) 0 0 

generate 0 NULL 0 1 0 0 0 

no operation - - z N c v 

condition 

A+B(15) < 215 

A+B(15) = 215 

o.;;A-B<21 s 
A-B < 0 or A-B > 21 5 

condition 

for i=O ... 15 

for i=O ... 15 

for i=O ... 15 

for i=O ... 15 

for i=O ... 7 
for i=8 ... 15 

for i=1 ... 15 
for i=O 

for i=1 ... 15 
for i=O 

for i=O ... 14 
for i=5 

for i=O ... 14 
for i=5 

condition 

,, ,, 
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2.5.2 Register file 

The output of the ALU is connected to 
the register file. This register file contains 
fiheen 16-bit registers. The programmer 
can choose to which register the ALU 
result is written and also has the option 
of discarding the result by writing it to 
the trash can. 

The contents of any register may be 
read to either or both of the buses. 
Moreover, the register file is implemented 
as a 3-port memory, so that in the same 
instruction cycle three registers can be 
accessed: two accesses to read the 
present contents of register(s) and one 
to write in a new value. 

The register file can be filled directly 
from the buses by a MOVE or LOAD 
IMMEDIATE operation. This does not 
affect the ALU flags. ALU operations 

<x: cannot be specified simultaneously with 
~ the aforementioned MOVE operation. 

0 
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2.6 PARALLEL 1/0 

The following control signals are 
associated with the parallel 1/0 (see 
timing in section 4): 

R/W: indicates a read or write action 
(output) 
DS: data strobe (output) 
WAIT: signals for synchronization of 
the parallel 1/0 (input). This signal 
delays the internal clock, so that 
"slow" peripheral devices may be 
connected. Note: that WAIT signal 
can also be used with the second 
parallel 1/0 port in the PCB5011 (see 
section 2.3.1 ). 

A block diagram of the parallel 1/0 
circuitry is shown in Fig. 2.6·1. 

REGISTER 

PI02-BIT 
IN PST 

REGISTER 

PARALLEL 1/0 CONTROL 

7Z93442 

PCB5010 

PCB5011 

015 to DO 

R/W 

WAIT 

DS 

Via the D 15 - DO pins, the PCB5010/11 
permits parallel communication between 
the X or Y-bus and the outside world. 
An input ot output can take place 
during each instruction cycle. Output 
occurs when data is transferred via the 
X or Y-bus with destination PO. The 
output is direct, there is no latching. 
Inputs are loaded into the parallel input 
latch Pl, whose contents can be 
transferred via the X or Y-bus during a 
subsequent instruction. The programmer 
can select one of three input criteria 
by writing specified values into PST bits, 
PI01 and PI02; 

Fig. 2.6-1 Parallel 1/0 circuitry. 

P101 PI02 I 
r-------

-0---r A ceod oo<'oo i• ''rl0<m•d '°'" io•mo<ioo "'°'' 0 
0 1 A read action is performed only when: 

- ACUA is not executing a "no operation", or when 
1 - Pl latch is source to X or Y-bus 

1 0 A read action is performed only when: 
- Pl latch is source to X or Y-bus 

1 1 Reserved 

Note: a read is only performed when there is no write (MOVE or LOAD 
IMMEDIATE operation to PO). 
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2.7 SERIAL 1/0 

The PCB5010/11 has 2 independent serial inputs DIX and 
DIV and 2 independent serial outputs DOX and DOY 
(destinations and sources for X and Y-bus respectively). 
Actual transfer occurs, with a maximum speed of 4 million 
bits/s, under the control of clocks CIX, COX, CIY, and COY 
from external devices. 

The following handshake signals, described in more detail in 
the following sections, are associated with the serial 1/0: 

input/output enable SIXEN, SOXEN, SIYEN and SOYEN 
(input signals) 
input/output request SIXRO, SOXRO, SIYRO and 
SOYRQ (output signals) 

The following flags, whose functions are also described in the 
following sections, are associated with the serial 1/0: 

serial 1/0 acknowledge flags SIXACK, SOXACK, SIYACK 
and SOY ACK. 

The programmer may control the length of the words to be 
transferred (between 1 and 16 bits) by writing the applicable 
values in the SIOST register fields: 

bit: 15 14 13 12 111009 08 07 06 05 04 03 02 01 00 

SOLY SILY SILX SOLX 

SI LX = length of serial input word with destination X-bus 
SO LX = length of serial output word with source X-bus 
SIL Y = length of serial input word with destination Y-bus 
SOLY =length of serial output word with source Y-bus 

The binary number in each field specifies the length; the 
code 0000 indicates a length of 16 bits. 

2.7.1 Serial input procedure 

The serial input procedure, as illustrated in the flow diagram 
in Fig. 2.7.1-1, is described below. A detailed block diagram 
of the serial input circuitry (Fig. 2.7.1-2) is needed to 
understand the procedure. 

Note: Only the serial input via the DIX pin is described 
since the serial input via the DI Y pin operates in the 
same way. 

1. At reset, the SIXACK flag is reset to 'O' indicating that no 
word has been received in the SIX latch awaiting transfer 
via the X-bus. 

2. The SIXRQ signal is reset to '0'. indicating to external 
devices that they are allowed t·o send new data. 

3. Nothing happens until the external device enables the 
serial input by setting the input signal SIXEN to 'O'. This 
is checked only on the rising edge of the incoming clock 
signal CIX. 
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SIXEN equal to '0'. results in the shifting in of the first 
bit (LSB) available via the DIX pin. Then an internal 
counter COUNT is set to one less than the word-length. 
The word-length information is taken from the SI LX 
field of the SIOST register. 

4. At the next rising edge of the incoming clock signal CIX, 
the contents of COUNT is tested. When the contents of 
the counter is zero, data input is finished (continue at 
step 5). If it does not contain zero the data input continues 
as long as the SIXEN signal is 'O': COUNT is decremented 
and a bit is shifted in via the DIX pin. Step 4 is then 
repeated. When the SI XEN signal is one, the data input is 
finished (aborted) and the procedure continues with step 5. 

5. After finishing data input, the content of the shift register 
SIXS is copied to latch SIX. When less than 16 bits have 
been received the word is placed in the most significant 
part of SIX and the remaining bits are set to 'O'. Also, the 
SIXACK flag is set to 1 indicating that a word has been 
received and is awaiting transfer via the X-bus. 

This copying and flag setting however does not occur 
when the SIXACK flag is not 'O' (indicating that the 
previous input has not been transferred via the X-bus; 
note that the first time after reset or power up SIXACK is 
always 0). The SIXRO signal is set to one, indicating to 
external devices that they are not allowed to send new 
data. 

After SIXACK has become 'O' (this is tested only at rising 
edges of the CIX clock signal) the copying and flag setting 
finally takes place. The procedure continues with step 2. 

Note: After changing the contents of the SILX and SILY 
fields of the SIOST register (which means: changing 
the word-length) the contents of SIX and SIY are 
undefined. 
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Single-chip digital signal processor 

FIRST BIT SHIFTED IN 

COUNT:=WORD LENGTH-1 

RST ~ 0 or power·LJP 

SIXACK: = 0 

NEXT BIT SHIFTED IN 

COUNT:= COUNT -1 

* SIXACK goes to 0 when SIX is the source on the X-bus. 
**When less than 16-bits have been received, the word is 

placed in the most significant part of SIX and the 
remaining bits are set to 0. 

... This point is only passed when a rising edge on CIX 
occurs. 

Fig. 2.7.1-1 Serial input procedure. 

SERIAL 

INPUT 

CONTROL 

DIX 

l+------__.-t- SIXEN 

f+-------++- SIXRO 

!+------__..+- CIX 

Fig. 2.7.1-2 Serial input circuitry. 
----------------------------' 

2.7.2 Serial output procedures 

PCB5010 

PCB5011 

The serial output procedure, as illustrated in the flow diagram 
in Fig. 2.7.2-1 is described below. A detailed block diagram 
of the serial output circuitry (Fig. 2.7.2·2) is needed to 
understand the procedure. 

Note: Only the serial output via the DOX pin is described; 
the serial output via the DOY pin operates in the 
same way. 

1. At reset, the SOXACK flag is set to '1', indicating that a 
word may be transferred via the X-bus to the SOX latch. 

2. The SOX RO output signal is set to '1' indicating to the 
external devices that there is no data available to be 
clocked out. The procedure is suspended until the first 
falling edge of incoming clock signal COX. 

3. When the SOXACK flag is not 'O' (then no data has been 
transferred via the X-bus to the SOX latch), step 2 is 
repeated. When SOXACK is 'O' (data has been transferred 
via the X-bus to the SOX latch), the data in the SOX latch 
is copied to the SOXS output shift register. The first bit 
(LSB) of the word that must be shifted out is placed in 
front of the output 3-state driver. 
Then the SOX RO output signal is set to 'O' indicating to 
the external devices that data is available to be clocked out. 

Also, the SOXACK flag is set to one to indicate that a 
new data word may be transferred via the X-bus to the 
SOX latch. Finally, an internal counter is loaded with a 
value one less than the word-length. The word-length 
information is taken from the SOXL field of the SIOST 
register. 

The procedure is now suspended until the next falling 
edge of the incoming clock signal COX. 

4. When the word-length is 1 (then the count is 0), the 
output procedure is finished. One bit words can be read 
by external devices that set the SOXEN signal to 'O' 
which enables the 3-state output buffer. In this case, the 
procedure continues with step 3. It is important to note 
that SOXS can be overwritten before the bit has been 
read by the external devices. 

When the word-length is greater than 1 (then count is not 
equal to zero) the output procedure is not finished. 

The procedure is suspended until one of the external 
devices enables the serial output by setting the input 
signal SOXEN to 'O'. The first bit is available on the DOX 
pin immediately after the serial output is enabled. 

5. Nothing happens until a falling edge on the clock input 
COX is generated. At that moment another bit in the 
SOXS shift-rngister is shifted out via DOX. In addition, the 
contents of the counter is decremented. The output is 
finished when the counter contents has been decremented 
to zero (continue at step 3). 

If after decrementing, the counter value is not zero, the 
output continues by repeating step 5 unless SOXEN is 
now '1 '. When SOX EN = 1, the output is finished (aborted) 
and the procedure continues at step 3. 

( F•bru"y 1986 877 
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RST = 0 or power-up 

SOXRQ:=1 

SOXS:.,SOX 
COUNT: =WORD LENGTH-1 

SOXRQ: =O 
SOXACK: = 1 

1 BIT SHIFTED OUT 

COUNT:=COUNT-1 

* SOXACK goes to 0 when SOX is the destination on 
the X-bus. 

• This point is only passed when a falling edge on COX 
occurs. 

Note: DOX is not enabled (in the 3-state mode) while 
SOXEN = 1. 

Fig. 2.7.2-1 Serial output procedure. 

SERIAL 

OUTPUT 

CONTROL 

X-BUS 

DOX 

1.-------~H- SOXEN 

!+------->-!-- SOXRQ 

l+-------~H- cox 

Fig. 2.7.2-2 Serial output circuitry. 



<( 
I
<( 
Cl 
1-z 
w 
2 
c... 
0 
...J 
w 
> w 
Cl 

Single-chip digital signal processor 

2.8 DATA BUSES X ANDY 

The data buses have a width of 16-bits and are used for 
transferring data between the functional units connected to 
them. Bus transfers are always part of MOVE and LOAD 

source on X destination on X 

STACK STACK 

PCB5010 

PCB5011 

IMMEDIATE operations and can be part op MPV and ALU 
operations. The possible sources and destinations of the bus 
are given in the table below. 

source on Y destination on Y 

~--------------1-------------------------4'----- -----------j------------------1 

RX RX 
RY RY 

1------------t------------------------- --- - ---------------+------------__, 
PC 

RPR 
1-------- --------+----------------------->l------------+------------

IOF 
1----------- -t--------------- ·--~-----------t----------------j 

IR(DATA field) IR(DATA field) 
1--------- ------+------ ·-·-----------·-·------++--------------+---------------; 

PST PST PST 

ORA 
ORB 
ORR 

FOR 

ORA 
ORB 
ORR 

1------------+--------------~·-----------------------------------j 

RAMA 
RAMB 

------+---------------- -----------------1------------------j 
ARA 

ARB 
ARR 

ACUA 
ACUB 

ACUR 
----------.-----
PG PG 

ILX 
!LY 

!---------------+------------ - --- ·--- ----·-----------------+-----------
LSP 
MSP 

LSP 
MSP 

1------------·-·-- ---------------++------------------+---------

1-----------~ 

RFILE RFILE 

!LA 

BSR 

RFILE 

BSR 

RFILE 

ILA 
!LB 

1--------------+-----------------------------r--------------
Pl Pl 

PO PO 
1------------1----------------------

SIOST SIOST 
!---------------- ------------------- --------------------t--------------j 

SIX 

SOX SOX 

Note 1: FOR is loaded by putting the required value 
(0 or 1) in bit 13 of the 16-bit word that is sent. 
The other bits are 'don't cares'. 

Note 2: When the source or destination has a width of less 

SIY 

SOY SOY 

than 16 bits, only the least significant bits on the 
bus (same width) contain information. 

Note 3: ILX and !LY select the operands for the multiplier; 
I LA and I LB select the operands for the ALU. 
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3.0 INSTRUCTION SET 

The behaviour of the processor is controlled by the instructions 
stored in on-chip ROM (PCB5010) or external program 
memory (PCB5011 ). Each instruction leads to the execution 
of one or more (up to 6) basic operations. The basic operations, 
the instruction format and the instruction fields are described 
in the following sections. 

3.1 BASIC OPERATIONS 

The execution of a basic operation can take either 1 or 2 clock 
cycles. This means that: 
• for 2 cycle basic operations pipelining is used in the P-mode 
• a 1 cycle operation is extended by a second "no action" 

cycle when the processor is operating in the NP-mode. 

Basic operation sequencing is shown in Fig. 3.1-1 for the 
P-mode, and Fig. 3.1-2for the NP-mode. There are 6 different 
basic operations which are described below. 

• ALU operation ( 1 clock cycle) 

One of 31 different ALU operations is executed. The 
operations need 2, 1 or 0 operands. The operation's 
result is stored in the register file or thrown away (into 
the trash can). In addition, a number of flags are updated. 

• MOVE operation ( 1 clock cycle) 

Data from an X-bus (Y-bus) source is transferred via the 
X-bus (Y-bus) to an X-bus (Y-bus) destination. In the case 
that both buses have the same destination no transfer 
takes place. 

• ACU (address computation and memory access) operation 
(2 clock cycles) 

Clock cycle 1: 
An address is calculated by the ACU and written into an 
address register (ARA, ARB, or ARR). 

Clock cycle 2: 
RAMA, RAMB, ROM or external memory is accessed at 
the location given by the address register (ARA, ARB, or 
ARR). This access is normally a read which updates one 
of the data registers (DRA, DRB, DRR, or Pl). If in the 
P-mode, however, the relevant RAM (RAMA, RAMB or 
external RAM) is assigned as a destination during a MOVE 
executed in parallel, the access will be a write. The result 
in this case is that the RAM is updated. 

880 February 19861 
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Single-chip digital signal processor 

• MPV (multiply/accumulate) operation (2 clock cycles) 

Clock cycle 1: 
Two operands are multiplied together and the result 
stored in the PR latch. 

Clock cycle 2: 
The content of PR is added to the output of S/SD and 
stored in the ACR. 

Note 1: The content of the ACR is accessed via the 
barrel-shifter and format-adjuster so that it can 
be transferred on the X or V-bus during the 
clock cycle following ACR loading. The buses 
are selected by specifying LSP and/or MSP as 
the source for the X or V-bus. 

Note 2: The explanation of the MPV operation is a 
simplified presentation of what really happens. 
In fact, clock cycle 1 is not just used for 
multiplication, but part of the accumulation as 
wel I: i.e. accumulation of the lower part of the 
multiplier result and the contents of the 
accumulator. Therefore, in the P-mode, an 
MPV with +ACRS or -ACRS in the MPV field 
(see section 3.3 on description of MPV field) 
that directly follows another MPV operation 
leads to an undefined situation where the higher 
part of the first multiplication/accumulation 
result is already required at the end on clock 
cycle 1, but is only ready after clock cycle 2. 
If it is necessary to have an MPV operation with 
+ACRS or -ACRS directly after a previous 
MPV operation (for multi precision multiplication), 
then there has to be a no operation cycle (or at 
least no MPV operation) between them. 

• BRANCH operation ( 1 or 2 clock cycles) 

Clock cycle 1: 
The branch condition is checked, the result of which can 
be true or false. When the result is false, the BRANCH 
operation is terminated. When the result is true, the action 
specified under "Clock cycle 2" is executed. 

Clock cycle 2: 
The program counter is loaded with the branch address. 

Note: no new operation is started during loading. 

• LOAD IMMEDIATE operation (1 clock cycle) 

The 16-bit data word specified in the instruction is put on 
the X-bus and the V-bus and transferred to one or two 
specified destinations. In the case that two identical 
destinations are specified no transfer takes place. 

PCB5010 

PCB5011 
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ALU 

or MOVE 

or NEW ADDRESS 
CALCULATION 

or . 
or CONDITION 

CHECK 

or LI 

- - - - -

!MEMORY 
_lACCESS 

t+ 

/LOADING 
/NEW ADDRESS 

-

- - - - - - -

(ACU) 

(MPY) 

(BRANCH) 

- - - - - -

1 
OPTIONS FOR 
BASIC OPERATION 
N-1 

- - - - - - - - - - - - - - - - -
J_ 

r - - - - - - - - - - - -
ALU 

or MOVE 

or NEW ADDRESS 
CALCULATION 

or . 
or CONDITION 

CHECK 

or LI 

/MEMORY 
I ACCESS 

1+ 

1LOADING 
INEW ADDRESS 

(ACU) 

(MPY) 

(BRANCH) 

OPTIONS FOR 
BASIC INFORMATION 
N 

J - - - - - - - - - - - -
I 
I ALU 

I or MOVE 

I 
or NEW ADDRESS 

I CALCULATION 

I 
or * 

I 
I or CONDITION 

CHECK 
I 

I or LI 

i 
- - - - - -

I MEMORY 
JACCESS 

I+ 

1 LOADING 
INEW ADDRESS 
I 

- - - - - -

(ACU) 

(MPY) 

- - - -

1 
OPTIONS FOR 
BASIC OPERATION 
N + 1 

time--.. 

Fig. 3.1·1 Basic operation sequencing in P-mode. 

Notes to Fig. 3.1·1 

NOTE 1: Each instruction may contain several simultaneous 
basic operations (see section 3.2 on instruction 
formats). 

NOTE 2: "Loading new address" (BRANCH) takes place 
only when the condition is true. 

NOTE 3: During "loading new address" (BRANCH) no new 
operation is started. 

NOTE 4: Memory access is normally a data register (DRA, 
DRB, DRR, or Pl) read. This read doesn't take 
place when there is a sim.ultaneous MOVE to a 
RAM (during a RAM access). 

882 Fobcoocy 19861 

NOTE 5: An MPY operation with +ACRS or -ACRS in the 
MPY field directly following another MPY 
operation leads to an undefined situation (see 
description of MPY operation). 

NOTE 6: After instruction N which specifies a MOVE 
or LOAD IMMEDIATE operation to PC (with 
DAT A m) first instruction N + 1 is exceeded 
before instruction m is executed. 
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TNO ACTION 
------------- --------

or 

or 

or 

or 

or 

ALU 

MOVE 1NO ACTION 

NEW ADDRESS IMEMORY 
CALCULATION jACCESS . I+ 

CONDITION LOADING 
CHECK INEW ADDRESS 

LI 1NO ACTION 

(ACU) 

(MPV) 

(BRANCH) 

OPTIONS FOR 
BASIC OPERATION 
N-1 

- - - - ------ - - - - - - - - - - - L 
r I 

ALU /NO ACTION 
I 

I or MOVE I NO ACTION 

I or NEW ADDRESS I MEMORY 
I CALCULATION I ACCESS 

I or * 1+ 

I 

--- - - - - -

(ACU) 

(MPV) 

- - -

OPTIONS FOR 
BASIC OPERATION 
N 

or CONDITION 
I CHECK I ~~~D~~gR ESS (BRANCH) __ l_ 

r 
I 

or LI 
I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 

I I 
I : clock I 

1- cycle--, 

_lNO ACTION - - - - - - - - - -

ALU -;- NO ACTION 

or MOVE INO ACTION 

or NEW ADDRESS 1 MEMORY 
CALCULATION I AC~ESS 

or • I+ 

or CONDITION 
I ~~~D~~gRESS CHECK 

or LI _l NO ACTION 

(ACU) 

(MPV) 

OPTIONS FOR 
BASIC OPERATION 
N+ 1 

""~'"'_ -_ l 
time-. 

Fig. 3.1·2 Basic operation sequencing in NP-mode. 

Notes to Fig. 3.1-2 

NOTE 1: Each instruction may contain several simultaneous 
basic operations (see section 3.2 on instruction 
format). 

NOTE 2: "Loading new address" (BRANCH) takes place 

only when the condition is true. If the condition is 
false, there is no action during the second clock 
cycle. 

NOTE 3: Memory access is a data register read. 
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3.2 INSTRUCTION FORMAT 

All instruction words are 40-bits wide. 

4 types of instructions are defined, each with their own set 
of basic operations: 
Type 0: ALU operation + 2 MOVE operations + 3 ACU 

operations 
Type 1: MULTIPLY operation + 2 MOVE operations + 

3 ACU operations 

~s 
I SX 

SY 
j DX 

=Type of ALU operation 
=ALU operands 
=Source on X-bus \ 
=Source on Y-bus J 
=Destination on X-bus 
=Destination on Y-bus 
=Destination in Register file 
=Type of ACUA operation 
=Type of ACUB operation 
=Type of ACUR operation 
=Type of accumulator operation 
=Multiply operands 

Type 2: BRANCH operation+ 3 ACU operations 
Type 3: LOAD IMMEDIATE operation+ 3 ACU operations. 
Each basic operation is specified by the contents of one or 
more instruction fields (see Fig. 3.2-1). 

The field at the far left of each instruction indicates the 
instruction type. The other fields are defined in the following 
table. 

dedicated for ALU operations 
dedicated for ALU operations 
These fields are for ALU and/or MOVE operations, 
or for MPY and/or MOVE operations 
for MOVE or LI operations 
for MOVE or LI operations DY 

RFILE 
AGUA 
ACUB 
ACUR 
MPY 
MOPS 
f\IAP 

i Bfl 
=Address of next instruction when condition is true 
=Type of branch operation 

for ALU, MOVE or LI operations 
dedicated for ACU operations 
dedicated for ACU operations 
dedicated for ACU operations 
dedicated for MPY operations 
dedicated for MPY operations 
dedicated for BRANCH operations 
dedicated for BRANCH operations 
dedicated for BRANCH operations 
dedicated for LI operations 

=Branch condition 

l-~~~~ = 16 bits data word that is transmitted on X and Y-bus 

3.3 INSTRUCTION FIELDS 

For each instruction field, the valid codes and their function 
are specified. For most fields, not only the function is 

884 Fobrn"y 19861 

specified but also a mnemonic. The PCB5010/11 assembly 
language, using the mnemonics in this data sheet, is described 
in a separate document. 



DEVELOPMENT DATA 

Instruction type 0: 

39138137 36 35 34 33132 31130 29 28 27 26125 24 23 22 21120 19 18 17116 15 14 13112 11 10 918 7 615 4 3!21 0 

o I o ALU AOPS SX SY DX DY RFILE ACUA I ACUR I ACUB 

Instruction type 1: 

39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

0 1 MPV MOPS SX SY DX DY RFILE ACUA ACUR ACUB 
- ----

Instruction type 2: 

39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

1 0 NAP BR CONDITION - - - - ACUA ACUR ACUB 

Instruction type 3: 

39138137136 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21120 19 18 17116 15 14 13112 11 10 918 7 615 4 3121 0 

DATA DX DY RFILE ACUA I ACUR IACUB 

Fig. 3.2-1 The four instruction types and their fields. 
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ALU 

mnemonic code type function 

A. h . · 1 
nt met1c operations: 

ADD 10100 dyadic addition 
XADD 10101 dyadic extended addition 
SUB 10110 dyadic subtraction 
XSUB 10111 dyadic extended subtraction 
CSUB 11000 dyadic conditional subtraction 
NEG 01100 monadic negate 
XNEG 01101 monadic extended negate 
CNEG 01110 monadic conditional negate 
DEC 01010 monadic decrement 
XDEC 01011 monadic extended decrement 
INC 01000 monadic increment 
XINC 01001 monadic extended increment 
ASL 00111 monadic arithmetic shift left 
XASL 00110 monadic extended arithmetic shift left 
ASR 00011 monadic arithmetic shift right 
XASR 00000 monadic extended arithmetic shift right 
ADDM 11010 dyadic add MSB of B to A 
DIV 11001 dyadic unsigned division step 
XSGN 11110 no operand extended N flag 

Logic operations: 
COM 10000 monadic logic complement 
AND 10001 dyadic logic AND 
OR 10010 dyadic logic OR 
EXOR 10011 dyadic logic exclusive OR 
SWAP 11100 monadic byte swap 
LSL 00101 monadic logic shift left 
LROL 00100 monadic logic rotate left 
LSR 00001 monadic logic shift right 
LROR 00010 monadic logic rotate right 

Other operations: 
PASS 01111 monadic pass with flag update 
NULL 11101 no operand generate 0 
- 11111 - no operation 
- 11011 - reserved 

-

... '""'""' 1986 l 
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AOPS 

mnemonic 

AAL, * 
*, ABL 
AAL, ABL 

AAL 

code 

00 
01 
10 
11 

00 

Al NS-type 

dyadic 
dyadic 
dyadic 
dyadic 

monadic I 

A-operand 

source on X-bus 
AAL 
source on X-bus 
AAL 

AAL 

:the operation is undefine0~d011when thislopera~~~sa~~~ected with alSWA:a~;c~~~o~'.bus 

monadic source on Y-bus 
- - reserved 

B-operand 

source on Y-bus 
source on Y-bus 
ABL 
ABL 

Note: the AOPS field has no meaning when a no operand operations is specified in the ALU field and as there is no operation, 
AAL and ABL retain their values. 

*The mnemonic of the particular source is used (see SX and SY fields). 

SX 

mnemonic code full name of source 

- 00000 no source 
ROM 00001 data register DR R 
- 00010 reserved 
TOS 00011 top of stack (Note 1) 
RX 00100 bussave register X 
Pl 00101 parallel data input register 
!OF 00110 input/output status and user flag register 
SOX 00111 serial output register connected to X-bus 
SIX 01000 serial input register connected to X-bus 
SIOST 01001 serial 1/0 control register 
- 01010 reserved 
RAMB 01011 data register DR B 
PST 01100 processor status register 
RAMA 01101 data register DRA 
ACU(RAMB) 01110 address register ARB 
LSP 01111 least significant 16 bits of multiply/shift/adjust result 
MSP 10000 most significant 16 bits of multiply/shift/adjust result 
Rl 10001 register 1 
R2 10010 register 2 
R3 10011 register 3 
R4 10100 register 4 
R5 10101 register 5 
R6 10110 register 6 
R7 10111 register 7 
RB 11000 register 8 
R9 11001 register 9 
R10 11010 register 10 
R11 11011 register 11 
R12 11100 register 12 
R13 11101 register 13 
R14 11110 register 14 
R15 11111 register 15 

Note 1: When TOS is used as a source, the stack is popped one level. 
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mnemonic 

-
RAMS 
-

RAMA 
RY 
ROM 
SIY 
-

PG 
BSR 
ACU(ROM) 
ACU(RAMA) 
PST 
Pl 
SOY 
LSP 
MSP 
R1 
R2 
R3 
R4 
R5 
R6 
R7 
R8 
R9 
R10 
Rl 1 
R12 
R13 
R14 
R15 

February 19861 

code full name of source 

00000 no source 
00001 data register DR B 
00010 reserved 
00011 data register D RA 
00100 bussave register Y 
00101 data register DR R 
00110 serial input register connected to Y-bus 
00111 reserved 
01000 page register 
01001 barrel-shifter/format adjuster control register 
01010 address register ARR 
01011 address register ARA 
01100 processor status register 
01101 parallel data input register 
01110 serial output register connected to Y-bus 
01111 least significant 16 bits of multiply/shift/adjust result 
10000 most significant 16 bits of multiply/shift/adjsut result 
10001 register 1 
10010 register 2 
10011 register 3 
10100 register 4 
10101 register 5 
10110 register 6 
10111 register 7 
11000 register 8 
11001 register 9 
11010 register 10 
11011 register 11 
11110 register 12 
11101 register 13 
11110 register 14 
11111 register 15 
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Single-chip digital signal processor 

DX 

mnemonic code 

- 0000 
FOR 0001 

SIOST 0010 
RPO 0011 
RX 0100 
PC 0101 
SOX 0110 
PRAM 0111 
- 1000 
RPR 1001 
PO 1010 
RAMA 1011 
PST 1100 
TOS 1101 
ACU(RAMB,*) 1110 .. 

1111 

* fill in a mnemonic of the ACU-initialization field. 
**fill in a mnemonic of the RFI LE field. 

full name of destination 

no destination 

PCB5010 

PCB5011 

FOR bit in PST; the required value for FOR must be present 
in bit 15 on the bus; the other bits are don't cares 
serial 1/0 control register 
second parallel data output buffer (PC85011 only) 
bussave register X 
program counter 
serial output register connected to X-bus 
program RAM 
reserved 
instruction repeat register 
parallel data output buffer 
RAMA 
processor status register 
top of stack (Note 1) 
ACUB 
register file 

Note 1: When TOS is used as a destination, the stack is pushed one level. 

DY 

mnemonic code 

- 0000 
BSR 0001 
- 0010 
RAMB 0011 
- 0100 
RY 0101 
- 0110 
- 0111 
- 1000 
PG 1001 
ACU(RAMA,*) 1010 
PO 1011 
RPO 1100 
SOY 1101 
ACU(ROM,*) 1110 .. 1111 

* fill in a mnemonic of the ACU·initialization field. 
**fill in a mnemonic of the RFI LE field. 

full name of destination 

no destination 
barrel·shifter/format adjuster control register 
reserved 
RAMB 
reserved 
bussave register Y 
reserved 
reserved 
reserved 
page register 
AGUA 
parallel data output buffer 
second parallel data output buffer (PC85011 only) 
serial output register connected to Y·bus 
ACUR 
register file 
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RFILE 

mnemonic 

-
R1 
R2 
R3 
R4 
R5 
R6 
R7 
RB 
R9 
R10 
R11 
R12 
R13 
R14 
R15 

ACU 

code full name of destination 

0000 no destination 
0001 register 1 
0010 register 2 
0011 register 3 
0100 register 4 
0101 register 5 
0110 register 6 
0111 register 7 
1000 register 8 
1001 register 9 
1010 register 10 
1011 register 11 
1100 register 12 
1101 register 13 
1110 register 14 
1111 register 15 

The ACU fields for RAMA, RAMB and ROM are identical. The content of the field has a different meaning if it is for ACU 
initialization or address computation. 

ACU INITIALIZATION 
New values for: 

mnemonic code AR A s M 

AR 000 source A s M 
AAR 001 source source s M 
SAR 010 source A source M 
A 011 AR source s M 
s 100 AR A source M 
M 101 AR A s source 
ASAR 110 source source source M 
AR1M 111 (source) !M A s M 

ADDRESS COMPUTATION 

New values for: 
mnemonic code AR A s M 

000 AR A s M 
INCA 001 (A+1)!M (A+1)!M s M 
DECA 010 (A-1)!M (A-1)!M s M 
STEP 011 (A+S)!M (A+S)!M s M 
INCS 100 (S+1)!M A (S+1 )!M M 
A 101 (A)!M A s M 
s 110 (S)!M A s M 
REV 111 br(A+S) A+S s M 

Note: see section 2.3.2 on ACUs and PG register for explanation of !Mand br( .... ). 
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Single-chip digital signal processor 

MPV 

mnemonic code new ACR-value 

- 000 ACR (HOLD) 
0 001 P*Q 
+ACR 010 P*Q+ ACR 
-ACR 011 P*O-ACR 
+ACRS 100 P*Q+ ACR x 2·15 

-ACRS 101 P*Q - ACR x 2·1 5 

MOPS 

mnemonic code 

• * 0000 . - * 0001 
MXL, * 0010 
MXL,-* 0011 
*, MYL 0100 
MXL, MYL 0101 

<( 

~ c 

-1, - * 0110 
-1, . 0111 
-1, MYL 1000 

P-input of multiplier 

source on X-bus 
source on X-bus 
MXL 
MXL 
source on X-bus 
MXL 
-1 
-1 
-1 

PCB5010 

PCB5011 

Q-input of multiplier 

source on Y-bus 
-(source on Y-bus) 
source on Y-bus 
-(source on Y-bus) 
MYL 
MYL 
-(source on Y-bus) 
source on Y-bus 
MYL 

~ Note: When the MPV-field contains 000, then independent of the MOPS-code the following is true: 
w 
::!!!! 
a.. 
0 
..J 
w 

mnemonic 

-

code P-input of multiplier 

xx xx MXL 

~ c * Fill in the mnemonic of the particular source (see SX and SY fields). 

NAP 

Q-input of multiplier 

MYL 

The NAP field contains the address of the next instruction to be executed if a branch condition is true. 

BR 

mnemonic code function 

GOTO 000 goto 
CALL 001 subroutine call 
RET 010 return from subroutine 
RETI 100 return from INT interrupt 



PCB5010 

PCB5011 

COND 

mnemonic 

AN 
XO 

GE or NOT LT 
NOT GT or LE 
IFX 
HI or NOT LS 
OFL 
XOL 
AOL 
VL 
Zor EQ 
N 
c 
v 
SIX 
SOX 
SIY 
SOY 
ACU(RAMA) 
ACU(RAMB) 
ACU(ROM) 

IFA 
IFB 
IFC l OFD --

code 

ooooox 
00001X 
00010X 
00011X 
00100X 
00101 x 
001 lOX 
00111X 
01000X 
01001X 
01010X 
01011 x 
01 lOOX 
01101 x 
011 lOX 
01111 x 
10000X 

I 10001X 
10010X 
10011 x 
10100X 
10101X 

I 

101 lOX 
10111 x 
11000X 
11001 x 
11010X 
1101 lX 
11100X 

Jj101X 
110X 
111 x 

condition 

always true 
SGNM 
OOR 
reserved 
N.EXOR.V 
(N.EXOR.V).OR.Z 
IFA.AND.IFB.AND.IFC.AND.IFD. 
C.OR.Z 
OORL.OR.VL 
OORL 
OVFL 
VL 
z 
N 
c 
v 
SIXACK 
SOXACK 
SIYACK 
SOY ACK 
ACA 
ACB 
ACR 
reserved 

I IFA 
IFB 
IFC 
IFD 
reserved 
reserved 
reserved 
reserved 

X = 0: branch takes place when condition= true 
X = 1: branch takes place when condition= false 

mnemonic explanation 

accumulator negative 

greater or equal to/ not less than 
not greater than/less than or equal to 

higher/not less than or equal to 
system overflow 
extractor overflow 
accumulator overflow 

Note: the mnemonic names GE, LT. GT, LE, HI, and LS refer to situations where the flag setting is a result of a subtraction 
(SUB) of operands A and B. For example, GE means that A is greater than or equal to B. 

DATA 

Data is a 16 bit data word which is transmitted on the X and Y-bus. 
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Single-chip digital signal processor 

4.0 ELECTRICAL SPECIFICATION 

4.1 ABSOLUTE MAXMIMUM RATINGS 

PCB5010 

PCB5011 

l===-s-y=m~b_-;:_I 1-_~-_a_r_a_m_et_e_r _______ - -------~--co_n_d_i_ti_o_~--->---m_i_n_. ----l------1------1 

Voo lsupply voltage ---t -0.3 

max. 

I :niq 
+7 l:I _0_3 

~~-~-~;_~_~ _ __j_ __ ~_40 __ J__ __ _ 

·- -55 

voltage at any input +7 

liJ +70 
+85 

+150 

operating ambient temperature range 

storage temperature range 

4.2 DC CHARACTERISTICS 

symbol parameter condition min. 

Voo supply voltage 4.75 

V1H HIGH level input voltage 2 

VIL LOW level input voltage -0.3 

VoH HIGH level output voltage v00 = 4.75 v 
loH=100µA 2.4 

I 

Vol LOW level output voltage v00 = 4.75 v 
loL = 2 mA -

loH HIGH level output current -

loL LOW level output current -

C1 input pin capacitance -

Co output pin capacitance -

p power dissipation -

typ. 

5.0 

-

-
I 

-

-

-

-

-

-

-

max. ---r-
5.25 

v00+o.3 

+0.8 

-

0.4 

100 I 
2 

I 
tbf 

I 
tbf 

tbf 
---~------

~ 
I 

v I 

v 

µA 

mA 

pF 

pF 
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PCB5010 

PCB5011 

4.3 AC CHARACTERISTICS 

no. parameter 

1 CLK width HIGH 
2 CLK width LOW 
3 CLK HIGH to SYNC HIGH 
4 CLK HIGH to Ax valid 
5 CLK HIGH to R/W LOW 
6 R/W width LOW 
7 CLK LOW to DS LOW 
8 CLK HIGH to DS HIGH 
9 Dx set·up time 

10 Dx hold time 
11 Dx valid to OS LOW 
12 DS HIGH to Dx invalid 
13 WAIT set-up time 
14 WAIT hold time 
15 INT set·up time 
16 I NT hold time 
17 CLK HIGH to IACK LOW 
18 CLK HIGH to IACK HIGH 
19 IFA, IFB, IFC, IFDset-uptime 
20 IFA, IFB, IFC, IFD hold time 
21 RST set-up time 
22 RST hold time 
24 CLK HIGH to PAx or AR Rx valid 

25 CLK HIGH to RR/W LOW 
26 RR/Wwidth LOW 
27 CLK LOW to RDS LOW 
28 CLK HIGH to RDS HIGH 
29 RDx set-up time 
30 RDx hold time 
31 RDx valid to RDS LOW 
32 RDS HIGH to RDx invalid 
41 COX, CIX, COY, CIY width HIGH 
42 COX, CIX, COY, CIV width LOW 
43 COX(Y) LOW to SOX(V)RQ LOW 
44 COX(V) LOW to SOX(V)RQ HIGH 
45 SOX(V)EN set-up time 
46 SOX(V)EN hold time 
47 COX(Y) LOW to next DOX(Y) valid 
48 SOX(V)EN LOW to DOX(V) valid 
49 SOX(V)EN HIGH to DOX(V) 3-state 
53 CIX(Y) LOW to SIX(V)RQ LOW 
54 CIX(Y) LOW to SIX(V)RQ HIGH 
55 SIX(V)EN set-up time 
56 SIX(V)EN hold time 
57 DIX, DIV set-up time 
58 DIX, DIV hold time 
59 PDx set-up time 
60 PDx hold time 

... ''"'"'"' 19861 

min. max. unit note 

60 1000 ns 
65 1000 ns 
10 50 ns 
10 60 ns x = 0 ... 15 
10 60 ns 
120 ns 
5 35 ns 
10 50 ns 
15 ns x = 0 ... 15 
0 ns x = 0 ... 15 
0 ns x = 0 ... 15 
5 ns x = 0 ... 15 
10 ns 
20 ns 
5 ns 
20 ns 

60 ns 
60 ns 

5 ns 
20 ns 
10 ns 
20 ns 
5 50 ns x ~o .. 9 or 

.. 8 
50 ns 

120 ns 
20 ns 

10 40 ns 
15 ns x = 0 ... 15 
0 ns x = 0 ... 15 
0 ns x = 0 ... 15 
5 ns x = 0 ... 15 
125 ns 
125 ns 

40 ns 
40 ns 

40 ns 
40 ns 

40 ns 
10 ns 

40 ns 
40 ns 
40 ns 

30 ns 
10 ns 
10 ns 
40 ns 
5 ns x = 0 ... 39 
15 ns x = 0 ... 39 
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Single-chip digital signal processor 

CLK 

INT 

CLK 

RST 

CLK 

PA9-PAO 

PD39-PDO 

Fig. 4.3·1 Program memory access timing (for PCB5011 only). 

CLK 

IFA 
to 
IFD 

Fig. 4.3·2 User flag timing. 

~~~~~~~~~~~\ -"~ -1sr-
t 

seesect1on229 ~----~ 7Z97378 

Fig. 4.3-3 Interrupt timing. 

CLK 

SYNC 

t 
see section 2.2.10 7297379 

PCB5010 

PC85011 

Fig. 4.3-4 Reset timing. Fig. 4.3-5 Synchronization timing. 
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PCB5010 

PCB5011 

DATA INPUT 
RD15-RDO 

write action read action 

Fig. 4.3-6 Second parallel 1/0 timing (for PCB5011 only). 
'---------------··--····------------------------------------~ 

CLK 

A15-AO 

OS 

R/W 

DATA OUTPUT 
015-DO ------<I 

DATA INPUT 
015-00 

write action 
read action 7Z97382 

Note: (part of) the signals A 15 - AO can be used just as hardware controlling outputs if they are not needed for 
addressing external RAM. 

Fig. 4.3-7 Parallel 1/0 timing (WAIT inactive). 
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Single-chip digital signal processor 

~--------··--------------

CLK 

\---------
----< lµs ------~ 

PCB5010 

PCB5011 

Note: as long as WAIT~ 0 all clocked (by CLK) processor actions are suspended i.e. the internal status and all signals 
remain unchanged. 

CIX, 
CIY 

SIXRO, 

SIYRO 

SIXEN, 

SIYEN 

DIX, 

DIY 

COX, 
COY 

SOXEN, 

SOYEN 

DOX, 

DOY 

Fig. 4.3-8 WAIT signal timing. 

56- I._ 

Fig. 4.3-9 Serial input timing. 

.. . __ ., . 

------=-'-' 4 :_ - ··- . 

45\I ~ _ 4' lf--
J.~L- x ,:hr _____ __,a . ~ 

Fig. 4.3-10 Serial output timing. 
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PCB5010 

PCB5011 l ___ ---.----,--
5.0 PACKAGE OUTLINES 

5.1 PCB5010 PACKAGE OUTLINE (dimensions in mm) 

1,07 
min 

I 
rw. 

26 

- 45° 0,50 max (4/ (3x) 

6;r 9 2 1 68 

60 
' 
1 

pin 1 index 

-----+----
! 

I 44 

27 43 

11----D 24,28max ----1 

25,3max 

23,6 
22,6 

2,15max 

1-

0,5max 

Fig. 5.1-1 68-lead plastic leaded-chip-carrier (PLCC) (SOT-188A) package for the PCB5010. 
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Single-chip digital signal processor 

:'; ~ 8 ~ 

010 

011 

D12 

D13 

014 

D15 

CLK 

WAIT 

VoD 

v,, 
A11 

A10 

<( A9 

I- AB <( 
Cl A7 

I-z A6 

w 
::?! A5 

a.. 
0 
..J 
w v :;? ~ > ~ :< 
w 
Cl 

Fig. 5.1·2 
-------

v M 0 I~ ,. >-
~ 0 0 ~ ;; 0 12 u 8 

PCB5010 

0 u I~ I~ 
N M v 

~ z 1g < ~ < ~ 

Pinning for the PCB5010 (PLCC). 

x x I~ 8 u 

z 
< ~ 

g 5l 
~, 

DOY 

SO YEN 

Vss 

SIYRQ 

DIV 

SiYEN 

SOX RO 

DOX 

VDo 

SOX EN 

SIXRQ 

DIX 

SIXEN 

IFO 

IFC 

IFB 

IFA 

PCB5010 

PCB5011 
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PCB5011 

5.2 PCB5011 PACKAGE OUTLINE (dimensions in mm) 

~------0 40± 0,4 ------~ 

-+-

-o 12± 0,2---

-~ D 19,51 max -

l 
35,56± 0,3 1 

~ 0 0 0 0 0 0 0 0 0 0 0 0 0 <j> 

6 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 

o!O 
©== 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 0 0 0 0 

0 0 D==© 0 0 0 

o o o extra pin y o o o 
0000'''/ 000 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

& 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

1234567 9 10 11 12 13 14 15 

Q 

N 

M 

L 

K 

H 

G 

D 

c 
B 

A 

~ 
114x1 I 

bottom view 

7Z95354.1 

Fig. 5.2·1 144-pin grid array (PGA) package for the PCB5011. 
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Single-chip digital signal processor 

5.3 PIN ASSIGNMENT FOR Fig. 5.2-1 

PCB5011 signal name 

vDD 

Vss 
CLK 

SCAN 

RST 

D15 
D14 
D13 
D12 
D11 
D10 
D9 
08 
D7 
D6 
05 
D4 
03 
02 
Dl 
DO 

A15 
A14 
A13 
A12 
All 
AlO 
A9 
AS 
A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 

R/W 

DS 

WAIT 

DIX 

pin number 

N8,C8 

N9,A2 

02 

83 

L14 

P3 
N4 
01 
P2 
N3 
M3 
Pl 
N2 
L3 
M2 
Nl 
Ml 
L2 
L1 
K3 
K2 

Al 
82 
C3 
C4 
N5 
03 
P5 
04 
N6 
P6 
05 
P7 
N7 
06 
07 
PS 

J2 

Kl 

P4 

Bl 

PCB5011 signal name 

SIXEN 
--SIXRO 

CIX 

DIV 

SIYEN 

SIYRO 

CIY 

DOX 

SOX EN 
---
SOX RO 

cox 

DOY 
--SOY EN 

SOY RO 

COY 
-
INT 

IACK 

SYNC 

IFA 
IFB 
IFC 
IFD 

PA9 
PAS 
PA7 
PA6 
PA5 
PA4 
PA3 
PA2 
PAl 
PAO 

(continued on next page) 

PCB5010 

PCB5011 

pin number 

C2 

D2 

03 

H3 

J3 

Hl 

Jl 

Cl 

E2 

E3 

Dl 

Gl 

Fl 

H2 

G3 

M15 

M14 

N14 

F3 
F2 
El 
G2 

013 
P12 
Nll 
P13 
014 
N12 
N13 
P14 
015 
M13 
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PCB5011 

PC65011 signal name 
f------

PD39 
PD3S 
PD37 
PD36 
PD35 
PD34 
PD33 
PD32 
PD31 
PD30 
PD29 
PD2S 
PD27 
PD26 

I PD25 
I PD24 

PD23 
PD22 
PD21 
PD20 
PD19 
PD1S 
PD17 
PD16 
PD15 
PD14 
PD13 
PD12 
PD11 
PD10 
PD9 
PDS 
PD7 
PD6 
PD5 
PD4 
PD3 
PD2 
PD1 
PDQ 

ARRS 
ARR7 
ARR6 
ARR5 
ARR4 
ARR3 
ARR2 
ARR1 
ARRO 

902 ''"'""' 19861 

pin number 

C5 
64 
A3 
A4 
65 
A5 
C6 
66 
B7 
A6 
A7 
Cl 
AS 
BS 
A9 
A10 
C9 
89 
A11 
810 
C10 
A12 
811 
A13 
C11 
812 
A14 
813 
C12 
G15 
G13 
K14 
L15 
J14 
J13 
K15 
J15 
H14 
H15 
H13 

OS 
09 
010 
pg 

P10 
N10 
011 
P11 
012 

PCB5011 signal name pin number 
~-

RD15 F15 

I 

RD14 i G14 
RD13 F14 
RD12 F13 
RD11 E15 
RD10 E14 

I RD9 D15 
RDS C15 
RD7 D14 
RD6 

I 
E13 

RD5 C14 
RD4 I 815 
RD3 I D13 
RD2 I C13 
RD1 I 814 
RDO A15 

RR/W L13 

N15 
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SCN2670 .................................................. 933 
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DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. l SAA5350 

--
SINGLE-CHIP COLOUR CRT CONTROLLER (EUROM) 

GENERAL DESCRIPTION 

The SAA5350 EU ROM is a single-chip VLSI NMOS crt controller capable of handling all display 
functions required by the CEPT videotex terminal, model A4. Only minimal hardware is required to 
produce a videotex terminal using EU ROM - the simplest configuration needs just a microcontroller 
and 4 Kbytes of display memory. 

Features 

• Minimal additional hardware required 

• Screen formats of 40/80 character by 1-to-25 row display 

• 512 alphanumeric or graphical characters on-chip or extendable off-chip 

• Serial attribute storage (STACK) and parallel attribute storage 

• Dynamically redefinable character (DRCS) capability over full field 

• Interfaces with 8/16-bit microprocessors with optional direct memory access 

• On-chip scroll map minimizes data to be transferred when scrolling 

• On-chip colour map RAM (4096 locations) and three on-chip digital-to-analogue converters allow 
32 colours on-screen 

• On-chip digital-to-analogue converters are non-linear to compensate for crt non-linearity 

• Memory interface capable of supporting multi-page terminals. EU ROM can access up to 128 Kbytes 
of display memory 

• Programmable cursor 

• Programmable local status row 

• Three synchronization modes: 
stand-alone built-in oscillator operating with an external 6 MHz crystal 
simple slave directly synchronized from the source of text composite sync 
phase-locked slave indirect synchronization allows picture-in-text displays (e.g. VCR/VLP video 

with text overlay) 

• On-chip timing composite sync output 

• Zoom feature which allows the height of any group of rows to be increased to enhance legibility 

PACKAGE OUTLINE 

40-lead OIL; plastic (SOT-129). 
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Fig. 1 Block diagram. 
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Single-chip crt controller (EU ROM) .l SAA5350 

PINNING 

Vss1 

2 BU FEN 

3 RE 

4 to 19 A16 to Al/ 
015 to DO 

20 Vss2 

21 REF 

22 B 
23 G 
24 R 

25 VOS 

26 OD 

27 CLKO 

28 SAND 

29 F1/F6 

30 F6 

31 VCS/OSCO 

32 TCS 

33 FS/DDA 

34 UDS 

35 LOS 

36 DTACK 

37 BR 

38 AS 

39 R/W (S/R) 

40 Voo 

-
Ground 0 V. 

Buffer enable input to the 8-bit link-through buffer. 

Register enable input. This enables A 1 to A6 and UDS as inputs, and 08 to 
015 as input/outputs. 

Multiplexed address and data bus input/outputs. These pins also function 
as the 8-bit link-through buffer. 

Ground (0 V). 

Analogue reference input. 

Analogue outputs (signals are gamma-corrected). 

Switching output for dot, screen (row), box and window video data; for 
use when video signal is present (e.g. from tv, VLP, alpha+ photographic 
layer). This output is LOW for tv display and HIGH for text and will inter
face directly with a number of colour decoder ICs (e.g. TDA3560, 
TDA3505). 

Output disable causing R, G, Band VOS outputs to go to high"impedance 
state. Can be used at dot-rate. 

12 MHz clock output for hard-copy dot synchronization (referenced to 
output dots). 

Sandcastle feedback output for SAA5230 teletext video processor or other 
circuit. Used when the display must be locked to the video source (e.g. VLP). 
The phase-lock part of the sandcastle waveform can be disabled to allow 
free-running of the SAA5230 phase-locked loop. 

1 MHz or 6 MHz output. 

6 MHz clock input (e.g. from SAA5230). Internal a.c. coupling is provided. 

Video composite sync input (e.g. from SAA5230) for phase reference 
of vertical display timing when locking to a video source (e.g. VLP) or, 
in stand-alone sync mode, output from internal oscillator circuit (fixed 
frequency). 

Text composite sync input/output depending on master/slave status. 

Field sync pulse output or defined-display-area flag output (both referenced 
to output dots). 

Upper data strobe input/output. 

Lower data strobe output. 

Data transfer acknowledge (open drain output). 

Bus request to microprocessor (open drain output). 

Address strobe output to external address latches. 

Read/write input/output. Also serves as send/receive for the link-through 
buffer. 

Positive supply voltage(+ 5 V). 



SAA5350 j 
PINNING (continued) 

vDD 

R/W(S/R) 

A8 

8R 

i5TACK 

LDS 

U5S 

FS/DDA 

TCS 

A10/D9 VCS/OSCO 
SAA5350 

F6 

ABID7 F1 /F6 

A7/D6 SAND 

A6/D5 CLKO 

A5/D4 OD 

A4/D3 VcIB 

A3/D2 

A2/D1 

A1/DO 

7Z80578.1 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 40) Voo 

Maximum input voltage (except F6, TCS, REF) 

Maximum input voltage (F6, TCS) 

Maximum input voltage (REF) 

Maximum output voltage 

Maximum output current 

Operating ambient temperature range 

Storage temperature range 

Vi max 

V1max 

VREF 

Vomax 

lo max 

Tamb 

T stg 

Outputs other than CLKO, OSCO, R, G, B, and VOS are short-circuit protected. 

908 Nowmb" 19861. 

-0,3 to+ 7,5 V 

-0,3 to+ 7,5 V 

-0,3 to+ 10,0 V 

-0,3 to + 3,0 V 

-0,3 to+ 7,5 V 

10 mA 

-20to + 70 oc 

-55 to+ 125 oc 
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Single-chip crt controller (EU ROM) l-~-S-AA_5_3_5_0~~~ 
CHARACTERISTICS 

Voo = 5 V ± 5%; Vss = 0 V; Tamb = -20 to+ 70 °C; unless otherwise specified 

parameter symbol min. typ. max. unit 

SUPPLY 

Supply voltage (pin 40) Voo 4,75 5,0 5,25 v 
Supply current (pin 40) loo - - 350 mA 

INPUTS 

F6 (note 1) 

Slave modes (Fig. 3) 

Input voltage (peak-to-peak value) V1 (p-p) 1,0 - 7,0 v 
Input peaks relative to 

50% duty factor ±Vp 0,2 - 3,5 v 
Input leakage current at 

VI = 0 to 10 V; T amb = 25 °c I LI - - 20 µA 

Input capacitance C1 - - 12 pF 

Stand-alone mode (Fig. 4) 

Series capacitance of crystal C1 - 28 - fF 

Parallel capacitance of crystal Co - 7, 1 - pF 

Resonance resistance of crystal Rr - - 60 ,Q 

Gain of circuit G - - tbf VIV 

BU FEN, RE, OD 

Input voltage LOW VIL 0 - 0,8 v 
Input voltage HIGH V1H 2,0 - 6,5 v 
Input current at 

VI = 0 to VD o+ 0,3 V; T amb = 25 oc 11 -10 - + 10 µA 

Input capacitance C1 - - 7 pF 

REF (Fig. 5) 

Input voltage VREF 0 1 to 2 2,7 v 
Resistance (pin 21 to pin 20) with 

REF supply and R, G, B outputs OFF RREF - 125 - ,Q 



SAA5350 j 
CHARACTERISTICS (continued) 

parameter . symbol min. typ. max. unit 

OUTPUTS 

SAND 

Output voltage high level at 
10 =oto-10µA VoH 4,2 - Voo v 

04tput voltage intermediate level at 
lo= -10to + lOµA Vo1 1,3 2,0 2,7 v 

Output voltage low level at 
lo= 0,2 mA Vol 0 - 0,2 v 

Load capacitance CL - - 130 pF 

F1/F6, CLKO, ODA/~ 

Output voltage HIGH at 
loH = -200µA VoH 2,4 - Voo v 

Output voltage LOW at loL = 3,2 mA Vol 0 - 0,4 v 
Load capacitance CL - - 50 pF 

[OS,AS 

Output voltage HIGH at 
loH = -200µA VoH 2,4 - Voo v 

Output voltage LOW at loL = 3,2 mA Vol 0 - 0,4 v 
Load capacitance CL - - 200 pF 

D'fACi<, Em"· (open drain outputs) 

Output voltage LOW at loL = 3,2 mA Vol 0 - 0,4 v 
Load capacitance CL - - 150 pF 

Ciipacitance (OFF state) CQFF - - 7 pF 

R, G, B (note 2) 

Output voltage HIGH (note 3) at 
IQH =-100µA;VREF=2,7V VoH 2,4 - - v 

Output voltage LOW at loL = 2 mA Vol - - 0,4 v 
Output resistance during line blanking RosL - - 150 n 
Output capacitance (OFF state) Co FF - - 12 pF 

Output leakage current (OFF state) 
at Vi= Oto Voo+0,3 V; 
Tarnb = 25oc IOFF -10 - + 10 µA 
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Single-chip crt controller (EU ROM) 

parameter 

VDS 

Output voltage HIGH at loH = -250 µA 

Output voltage LOW at loL = 2 mA 

Output voltage LOW at loL = 1 mA 

Output leakage current (OFF state) 
at v1 = o to v00+0,3 V; 
Tamb = 25 oc 

INPUT /OUTPUTS 

VCS/OSCO 

Input voltage HIGH 

Input voltage LOW 

Input current (output OFF) at 
v 1=0tov00+o,3V; 
Tamb = 25 oc 

Input capacitance 

Load capacitance 

TCS 

Input voltage HIGH 

Input voltage LOW 

Input current at 
v 1 = o to v00+0,3 V; 
Tamb = 25 oc 

Input capacitance 

Output voltage HIGH at 
loH = -200 to 100 µA 

Output voltage LOW at Vol= 3,2 mA 

Load capacitance 

A1/DO to A16/D15, UDS, R/iiii 

Input voltage LOW 

Input voltage HIGH 

Input current at 
v 1 = o to v00+0,3 V; 
Tamb = 25 oc 

Input capacitance 

Output voltage HIGH at loH = -200 µA 

Output voltage LOW at loL = 3,2 mA 

Load capacitance 

symbol 

VoH 

Vol 

Vol 

lo FF 

V1H 

VIL 

11 

C1 

CL 

V1H 

V1L 

11 

C1 

VoH 

Vol 

CL 

V1L 

V1H 

11 

C1 

VoH 

Vol 

CL 

l ___ sA_A_5_3_s_o __ _ 

min. typ. max. unit 

2,4 - Voo v 

0 - 0,4 v 

0 - 0,2 v 

-10 - + 10 µA 

2,0 - 6,0 v 
0 - 0,8 v 

-10 - + 10 µA 

- - 10 pF 

- - 50 pF 

3,5 - 10,0 v 
0 - 1,5 v 

-10 - + 10 µA 

- - 10 pF 

2,4 - 6,0 v 

0 - 0,4 v 

- - 50 pF 

0 - 0,8 v 
2,0 - 6,0 v 

-10 - + 10 µA 

- - 10 pF 

2,4 - Voo v 
0 - 0,4 v 
- - 200 pF 
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CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

TIMING 

F6 (Fig. 3) 

Rise and fall times tr, tf 10 - 80 ns 

Frequency fF6 5,9 - 6, 1 MHz 

CLKO, F1/F6, R, G, B, VOS, 
FS°/DDA, OD (notes 4, 5 and Fig. 6) 

CLKO HIGH time tcLKH 25 - - ns 

CLKO LOW time tcLKL 15 - - ns 

CLKO rise and fall times tcLKr - - 10 ns 

tcLKf 

CLKO HIGH to R, G, B, VOS change tvcH 10 - - ns 

R, G, B, VOS valid to CLKO rise tvoc 10 - - ns 

CLKO HIGH to R, G, B, VOS valid tcov - - 60 ns 

CLKO HIGH to R, G, B, VOS floating - after OD fall tFQD 0 - 30 ns 

Skew between outputs R, G, B, VOS tvs - - 20 ns 

R, G, B, VOS rise and fall times tVr, tvf - - 30 ns 

CLKO HIGH to R, G, B, VOS active - after OD rise tAOD 0 - 60 ns - CLKO HIGH to ~/ODA change tcoo 10 - 55 ns 

FS/DDA valid to CLKO rise tooc 5 - - ns 

F1 HIGH time (note 6) tF1H 400 500 580 ns 

F1 LOW time (note 6) tF1 L 400 500 580 ns 

F6 HIGH time tF6H 40 83 120 ns 

F6 LOW time tF6L 40 83 120 ns 

OD to CLKO rise set-up taos - - 45 ns 

OD to CLKO HIGH hold tooH - - 0 ns 

MEMORY ACCESS TIMING 

(notes 7, 8, 9 and Fig. 7) 

UDS, LDS,AS - Cycle time tcyc 480 500 520 ns 

OTIS" HIGH to bus-active for address output tsAA 75 - - ns 

Address valid set-up to AS fall tASU 20 - - ns 

Address valid hold from AS LOW tASH 20 - - ns 

Address float to UDS fall tAFS 0 - - ns 
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Single-chip crt controller (EU ROM) 

parameter 

AS LOW to UDS fall delay 

UDS, LDS HIGH time 

UDS, LDS LOW time 

AS HIGH time 

AS LOW time 

I 
AS LOW to UDS HIGH 

Data valid set-up to UDS rise 

Data valid hold from UDS HIGH 

UDS HIGH to AS rise delay 

AS LOW to data valid 

Link-through buffers 

(notes 7, 8 and Fig. 8) 
BU FEN LOW to output valid 

Link-through delay time 

Input data float prior to direction change 

Output float after direction change 

Output float after BU FEN HIGH 

Microprocessor READ from EUROM 

(Fig. 9) 

R/W HIGH set-up to UDS fall 

UDS LOW to returned-data access time 

RE LOW to returned data access time 

Data valid to DTACK LOW delay 

DTACK LOW to UDS rise 

UDS HIGH to DTACK rise 

UDS HIGH to address hold 

UDS HIGH to data hold 

UDS HIGH to RE rise 

UDS HIGH to R/Wfall 

UDSLOWtoDTACKLOW 

Address valid to UDS fall 

symbol 

tATD 

tHDS 

tLDS 

tHAS 

tLAS 

tAUH 

tDsu 

tDsH 

tu AS 

tAFA 

ts EA 

tLTD 

t1FR 

to FR 

ts ED 

tRUD 

tuoA 

tREA 

tDTL 

tDLU 

tDTR 

tDsA 

tDsH 

ts RE 

tuoR 

tDso 

tAUL 

l SAA5350 

----
min. typ. max. unit 

50 - - ns 

220 - - ns 

200 - - ns 

125 - - ns 

320 - - ns 

305 - - ns 

30 - - ns 

10 - - ns 

0 - 15 ns -
- - 270 ns 

- - 100 ns 

- - 85 ns 

0 - - ns 

- - 60 ns 

- - 60 ns 

0 - - ns 

- - 210 ns 

- - 210 ns 

40 - - ns 

10 - - ns -
0 - 75 ns 

10 - - ns 

10 - - ns 

10 - - ns 

0 - - ns 

250 - 350 ns 

0 - - ns 



SAA5350 J 
CHARACTERISTICS (continued) 

parameter symbol min. 

MEMORY ACCESS TIMING (continued) 

Microprocessor WRITE to EUROM (Fig. 10) 

Write cycle time (note 10) twcv 500 

R/W LOW set-up to UDS fall twuo 0 

F.lE LOW to UDS fall tRES 30 

Address valid to UDS fall tASS 30 

UDS LOW time tLUS 100 

Data valid to UDS rise toss 80 

UDS LOW to DTACK LOW toTA 0 

UDS HIGH to DTACK rise toTR 0 

UDS HIGH to data hold tosH 10 

UDS HIGH to address hold tosA 10 

UDS HIGH to RE rise ts RE 10 

UDS HIGH to R/W rise tu ow 0 

F1 /F6 to memory access cycle (Fig. 11) 

UDS HIGH to F6 (component of F1/F6) rise tuF6 20 

F6 (component of F1/F6) HIGH to UDS rise tF6U 40 

SYNCHRONIZATION and BLANKING 

TCS, SAND, FS/DDA 

See Fig. 12 for timing relationships 
and Fig. 13 for vertical sync and 
blanking waveforms. 

Notes to the characteristics 

1. Pin 30 must be biased externally as it is internally a.c. coupled. 
2. 16-level analogue voltage outputs. 
3. Output voltage guaranteed when programmed for top level. 
4. CLKO, R, G, B, F1/F6, VOS: CL= 25 pF 

~/DOA: CL= 50 pF 
5. CLKO, F1/F6, VOS, FS/DDA: reference levels= 0,8 to 2,0 V 

R, G, B: reference levels= 0,8 to 2,0 V with VREF = 2,7 V 

typ. max. unit 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 60 ns 

- 75 ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

6. These times may momentarily be reduced to a nominal 83 ns in slave-sync mode at the moment 
of re-synchronization. 

7. CL= 150 pF. 
8. Reference levels= 0,8 to 2,0 V. 
9. F6 input at 6 MHz. 
10. Microprocessor write cycle times of less than 500 ns are permitted but often result in Wait States 

being generated,'the precise timing of DTACK will then depend on the internal synchronization 
time. 
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Single-chip crt controller (EU ROM) l SAA5350 

----
-1/fp5-------

Fig. 3 F6 input waveform. 

SAA5350 

30 31 

F6 1 Mll OSCO 

Voo 

20pf 

T T 
l 7280580.1 

Vss 

(a) (b) 

( 1) Catalogue number of crystal: 4322 143 04101 

Fig. 4(a) Oscillator circuit for SAA5350 stand-alone sync mode and (b) equivalent circuit of crystal at 
resonance (see characteristics for values). 

R,G, or B analogue 
output 

7280581 

Fig. 5 Circuit arrangement giving one-of-sixteen reference voltage levels for the R, G or B analogue 
outputs. 
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SAA5350 J 
CLKO 

R,G,B, 
VOS 

tooH ~ 

---~1oos 

DO to 015 
A1 to A16 

Fig. 6 Video timing. 

_v1 ADDRESS "' I~ 
OUTPUT v 

!HOS 

tAsu - ~ tAFS N 
-tATD----1 

tAFA 

i--1HAS- tAUH 

~ ~ 1LAS 

tcyc 

Fig. 7 Memory access timing. 

7Z80582 

-< DATA INPUT ~ 
-tosu-- -tosH 

tLDs 

v 
- -+-tuAs 

v 
7Z80583 
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Single-chip crt controller (EU ROM) SAA5350 

DO to 07 

R/W 

A1/D0to 
AS/07 

A9/D8to 
A16/015 

UDS 

R/W 

OT ACK 

DATA 1 INPUT 

DATA 1 OUTPUT 

DATA 2 
INPUT 

DATA 2 
OUTPUT 

Fig. 8 Timing of link-through buffers. 

7Z80584 

i--~~~~~~~A_D_D_RE_s_s_vA_L_ID~~~~~~---1~~ 
tDsA - r..-= 

DATA OUTPUT 

tDTR 

1-----IREA ____ ___, .. , 

-~,____ ___ 
Fig. 9 Timing of microprocessor read from EU ROM. 



SAA5350 

A1/00 to 
A8/D7 

A9/DB to 
A16/015 

R/W 

918 No,.mb.c 19861 

ADDRESS VALID 

DATA INPUT 

1------tDss-----+-1 

1-------tLUs-----... 1 

7Z80586.1 

Fig. 10 Timing of microprocessor write to EU ROM. 

F1/F6 

7ZB0587.1 

Fig. 11 Timing of F1/F6 to memory access cycle. 
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DEVELOPMENT DATA 

TCS --i 
(line sync component) I 

SAND 
(sandcastle output 
including phase lock) 

SAND 
(sandcastle output 
without phase lock) 

FS/DDA ---+-f-----4---+-------~ 
(DDA shown) 

a µS 1,5 µS 4,75 µS 8,5 µS 16,5µs 

----------~ I 12V 

av 
5V i----- -----------t-i--- 2V 

__J '------- av 

2V 

~----av 

.---------t--------2V 

------'--------+------- av 

33,5 µs 56,5 µS 64µs 7ZB0588 

Fig. 12 Timing of synchronization and blanking outputs; 
all timings are nominal and assume fF6 = 6 MHz. 
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i------------------------ field blanking (25 lines+ line blanking) 

5 equalizm+ 5 broad I 5 equalizing 
pulses pulses pulses 

(2'/2 Imes) (21/, lines) (21/, Imes) 

end of 4r field (odd) start of 1st rid (even) 

i'"1 .--. ,..., r--i r-

I 
I 622 I 523 I 624 I 625 

I 

I 
1 I 2 I 3 I 4 I 5 

I 
end of 1st field (even) _I start of 2nd field (odd) 

I I 

I 310 1311 I 312 I 3;3 I 314 I 315 , 315 I 

6 I 1 I 8 I 0 I 10 I 11 I 12 I 13 I 14 I 15 I 16 I 11 I 18 I 10 I 20 I 21 I 22 I 23 

I 320 I 321 I 322 I 323 I 324 I 325 I 325 I 321 I 328 I 320 I 330 I 331 I 332 I 333 I 334 I 335 , 336 I 
7Z80589 

Fig. 13 Vertical synchronization and blanking waveforms; separation 
of broad pulses= 4,75 µs; equalizing pulse widths= 2,25 µs. 
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Single-chip crt controller (EUROM) l-~-SA_A_5_3_5_0~~~ 
APPLICATION INFORMATION 

More detailed application information is available on request 

BASIC VIDEOTEX DECODER CONFIGURATION 

A basic, practical decoder configuration is shown in Fig. 14, reference should also be made to the 
block diagram Fig. 1. 

D 
R 

G 

8 
EU ROM 

SAA5350 
sync 

8051 

RAM 2K16 

CONTROL LOGIC t---t-------' 

7295256 

Fig. 14 Basic videotex decoder configuration. 

Character and attribute data is fetched from the external memory, processed by the row buffer fill 
logic according to the stack coding scheme (in stack mode) and then fed into one half of the dual 
display row buffer. The data fetch process takes place during one line-flyback period (per row) and, 
since time is required to complete the fill, the other half of the dual row buffer is used for display. 
The row buffers exchange functions on alternate rows - each holds the 40 columns of 32 bits required 
to define explicitly every character in a row. 

The addresser is used for row buffer filling and for fetching screen colours, and during the display time 
it is also used for addressing D RCS characters. 

Timing 

The timing chain operates from an external 6 MHz clock or an on-chip fixed-frequency crystal 
oscillator. The basic video format is 40 characters per row, 24/25 rows per page and 10 video lines 
per row. EU ROM will also operate with 20/21 rows per page and 12 video lines per row. The two extra 
lines per row are added symmetrically and contain background colour only for ROM-based alpha
numeric characters. DRCS characters, block and smooth mosaics and line drawing characters occupy 
all 12 lines. 

The display is generated to the normal 625-line/50 Hz scanning standard (interlaced or non-interlaced). 
In addition to composite sync (pin 32) for conventional timebases, a clock output at 1 MHz or 6 MHz 
(pin 29) is available for driving other videotex devices, and a 12 MHz clock (pin 27) is available for 
hard-copy dot synchronization. A defined-display-area timing signal (pin 33) simplifies the application 
of external peripherals such as a light pen; this signal is nominally coincident with the character dot 
information. -

( No""'be' 1986 
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SAA5350 J 
APPLICATION INFORMATION (continued) 

Character generation 

EU ROM supports eight character tables, each of (nominally) 128 characters. Four tables are in on-chip 
ROM and contain fixed characters and four are stored in an external RAM. The contents of the fixed 
character tables (Tables 0 to 3) are shown in Figs 15 and 16. 

Aa olP9P 
IE~! lAQaq 
:Ee"2BRbr 
uue3CScs 
caa4DTdt 
E:e65EUeu 
iiijSFVfv 
<Eo'7GWgw 
uu(SHXhx 
.iia)SIYiy 
0tzt*:JZjz 
meQ;KA.ka 
ii,iLolo 
iiii-oMtimti 
Aa.eNinB 
Cc;/ ?O#oM~ 

(a) (b) 

Fig. 15 On-chip characters: (a) Table O; (b) Table 1. 
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Fig. 16 On-chip characters: (a) Table 2; (b) Table 3. 



SAA5350 J 
APPLICATION INFORMATION (continued) 

Character generation (continued) 

The 128 most commonly used characters are contained in Table 0, these are the standard upper and 
lower-case letters of the Roman alphabet, numerals, punctuation and the more common accented 
characters. In normal text transmission, Table 0 is used most of the time. Table 1 contains other 
accented characters. Miscellaneous characters, mathematical symbols, the line drawing character set 
and accents without associated symbols are contained in Table 2. Table 3 contains the block mosaics 
for the basic alpha-mosaic service and also the new smooth mosaics. 

The four tables stored in the external RAM (Tables 4 to 7) are used for DRCS. 

Scroll map 

The scroll map uses a 26-byte area of on-chip RAM and functions in association with the timing chain. 
It maps the scan row on to the fetched memory row so allowing the stored page to be displayed in any 
row order. For each row, a 1-byte pointer to the display memory row is stored in the scroll map. This 
allows scrolling without the need for data transfer to, or from, side storage. 
Additional control bits are stored, allowing 1 to 25 rows to be displayed at any location on the screen. 

Colour map and digital-to-analogue converters 

The colour map RAM contains thirty-two 12-bit words that are loaded by the microprocessor and read 
out in three 4-bit groups at pixel rate. Each group is fed to a non-linear (gamma-corrected) D-A con
verter. The resulting R, G and B outputs are low-impedance with peak-to-peak amplitudes controlled 
by the reference voltage applied at pin 21. 

Cursor 

The cursor is available in the stack mode. Its position, character code, character table, foreground 
colour, background colour, lining and flash attributes are all software programmable via internal 
register bits. 

NON-VIDEOTEX APPLICATIONS 

For non-Videotex applications, the device will also support the following operating modes: 

Explicit fill mode. An alternative 40 character/rows mode which does not use the memory compression 
technique of stack coding. More display memory is required but there are no limitations on the number 
of display attribute changes per row. 

80 characters/rows mode. When operating with 80 characters per row, the available display attributes 
are eight foreground colours, eight (potentially different) background colours (including transparent) as 
well as underline and blink. 

Full field DRCS mode. This mode is not mutually exclusive to the explicit fill and 80 characters/rows 
modes but rather the available DRCS memory is expanded so that the whole screen can be covered, 
thus enabling a 'bit map'. All ROM-based characters and all display attributes remain available. 

MICROPROCESSOR and RAM BUS INTERFACE 

Three types of data transfer take place at the bus interface: 

• EU ROM fetches data from the display memory 

• The microprocessor reads from, or writes to, EU ROM 's internal register map 

• The microprocessor accesses the display memory 

924 No"~ 
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Single-chip crt controller (EU ROM) l~~-S-A_A_5_3_5_0~~-
EUROM access to display memory (Figs 17 and 18) 

EU ROM accesses the external display memory via a 16-bit multiplexed address and data bus with a cycle 
time of 500 ns. The address strobe (AS) signal from EUR OM flags the bus cycle and writes the address 
into octal latches (74LS373). The display data is stored in bytes of upper (most-significant) and lower 
(least·significant) display information and is always fetched in pairs of bytes (upper+ lower= 16 bits). 
The upper and lower display RAM sections are enabled simultaneously by the upper and lower data 
strobes (respectively UDS and LOS) which are always asserted together to fetch a 16-bit word. The 
read/write control R/W is included although EU ROM only reads from the display memory. 

EURDM 
SAA5350 

A16 to A9 
015 to DB 

AB to Al 
07 to DO 

UDS R/W LOS 

B B 

RAM RAM 

DISPLAY MEMORY 

( 1) 74LS373 octal transparent latch (3-state) 

B 

B 

R 
G 
B 
TCS 

373 

A16 to A9 

AB to A1 

111 111 
373 

7Z95258 

Fig. 17 Simple RAM interface circuit for display memory access. 

015 to DO ADDRESS 
DATA IN A16 to Al OUT 

I 
"1" I 

R/W I 
I 

UDS,LDS \ ;: 
7Z95257 

Fig. 18 Bus timing for display memory access. 
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SAA5350 j 
APPLICATION INFORMATION (continued) 

EU ROM access to display memory (continued) 

The display memory organization uses the word/byte addressing convention adopted for the SCN68000 
microprocessor series. Data fetched on the 16-bit bus is considered in terms of bytes where the even 
numbered bytes use the upper (most-significant) part of the bus as shown in Fig. 19. The word addresses 
are numerically the same as the upper byte that they contain - there are no odd-numbered word 
addresses. 

D15 to D8 D7 to DO 

WORDO 
8YTE 0 I BYTE 1 

I 

WORD 2 
BYTE 2 I 

I 
BYTE 3 

WORD4 
BYTE 4 I BYTE 5 I 

I 

l 
I 

WORD 1FFFE 
BYTE1FFFE : BYTE1FFFF 

__[_ 

7295251 

Fig. 19 Display memory word/byte organization. 

Warning time 

As EU ROM is a real-time display device, it must have direct access to the display memory with 
priority over the microprocessor and other peripheral devices. This is achieved by EU ROM issuing a bus 
request (BR) signal for the duration of the memory access plus a programmable advance warning time 
which allows the microprocessor to complete its current bus cycle. 

In systems where the buses of the microprocessor and EU ROM are intimately connected (connected 
systems), BR may be used to suspend all microprocessor activity so that EU ROM can act as a dedicated 
OMA controller. In systems where the two buses are separated by buffers (disconnected systems). BR 
may be used either to generate an interrupt or as a direct signal. To these ends, the warning time 
between the assertion of BR and the beginning of EUROM's bus activity is programmable to be between 
0 and 23 µs. 
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Single-chip crt controller (EU ROM) l SAA5350 

---
Microprocessor access to register map 

EU ROM has a set of internal registers which, when memory-mapped, behave as an 8-bitwide RAM 
connected to the upper part of the data bus (Fig. 20). The control signals UDS and R/W are reversed 
to become inputs and the register map is enabled by the signal RE. Addresses are input via the lower 
part of the bus. A data transfer acknowledge signal (DTACK) indicates to the microprocessor that the 
data transfer is complete. 

EU ROM 
SAA5350 

~----<>------1 REGISTER !-------, 
MAP 

8 

RE UDS A16 to A9 
D15toD8 

R/W A6 to A1 DTACK 
D5 to DO 

7295252 

Fig. 20 Microprocessor access to register map. 

The main data and address paths used in a connected 68000 interface are shown in Fig. 21. The outputs 
from the octal latches (74LS373) are enabled only when the 68000 has made the bus available in 
response to a bus request (BR). When the register map is accessed data is transferred via the upper part 
of the bus and the microprocessor's low-order address is passed to EU ROM via the octal buffers 
(74LS244). At the same time the bidirectional buffers (74LS245) disable the signals from the low order 
data bus of the 68000. 

The buffers '244 and '245 may be omitted in a 16-bit write-only configuration where the least-significant 
data byte is interpreted by EU ROM as an address. Here it will generally be necessary for the micro
processor to hold a (readable) 'master copy' of EUROM's scroll map contents at a location in its main 
memory. 

8-bit microprocessors 

Although the control bus is optimised for the SCN68000 16-bit microprocessor unit, EU ROM will 
operate with a number of widely differing industry-standard 8, 16 or more-bit microprocessors or 
microcontrollers (e.g. SCN68008, MAB8051). The interfacing of 8-bit microprocessors to the 16-bit 
wide display memory is made simple by EUROM's on-chip link-through buffer which provides the 
microprocessor with bidirectional access to the lower (odd) half of the memory. The link-through 
buffer is enabled by the buffer-enable signal BU FEN, and the send/receive direction is controlled by the 
signal S/R. 

The main data and address paths used in a connected 8-bit microprocessor system are shown in Fig. 22. 
The interface is similar to that of the 16-bit system but here the display memory does not receive AO 
as an address, rather AO is used as the major enabling signal for BU FEN (enables when HIGH). 
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APPLICATION INFORMATION (continued) 

BR 

EU ROM 
SAA5350 

A16to A9 
D15toD8 

A8toA1 
D7 to DO 

UPPER 
DISPLAY 

RAM 

UPPER 
SYSTEM 
MEMORY 

R/W 

BR D15toD8 R/W 

131 
245 

LOWER 
DISPLAY 

RAM 

LOWER 
SYSTEM 
MEMORY 

D7to DO A23toA17 

68000 

( 1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 74LS245 octal bus transceiver (3-state) 
(4} SCN68000 microprocessor unit 

RE 

LE 

BUS ACK 

A16toA9 

Fig. 21 Connected 16-bit microprocessor system. 
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Single-chip crt controller (EUROM) 

RE-4---ol 

BR 

BuS REQ D7 to DO 

REGISTER address 

EU ROM 
SAA5350 

MAP t-~--40--~~~ 

data 

UPPER 
(EVEN) 

DISPLAY 
MEMORY 

SYSTEM 
MEMORY 

S/R BUFEN 

AO to A7 

AB to A15 

A16toAXX 

LOWER 
(ODDI 

DISPLAY 
MEMORY 

A16 to AXX 

8-BIT MICROPROCESSOR 

( 1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 

R 

G 

B 

TCS 

AS 

A15 to AB A7 to AO 

Fig. 22 Connected 8-bit microprocessor system. 
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APPLICATION INFORMATION (continued) 

Disconnected systems 

For many applications it may be desirable to disconnect EU ROM and the display memory from the 
microprocessor and its ROM, RAM and other peripherals by using isolating buffers as shown in Fig. 23. 
The two parts of the system then operate independently and communicate only when the micro
processor accesses EU ROM 's register map or the display memory. 

RE 

BR 

131 
245 

REGISTER 
MAP 

data 

UPPER 
(EVEN) 

DISPLAY 
MEMORY 

address 

LINK 
THROUGH 
BUFFER 

EU ROM 
SAA5350 

LOWER 
(ODD) 

DISPLAY 
MEMORY 

data bus 

address bus 

(1) 74LS373 octal transparent latch (3-state) 
(2) 74LS244 octal buffer (3-state) 
(3) 75LS245 octal bus transceiver (3-state) 

R 

G 

B 

TCS 

AS 

A16 to A1 

111 
373 

121 
244 

Fig. 23 Disconnected 8-bit system. 
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Single-chip crt controller (EUROM) 

Synchronization 

Stand-alone mode 

l ___ s_A_A_5_3_s_o __ _ 

As a stand-alone device (e.g. in terminal applications) EU ROM can output a composite sync signal (TCS) 
to the display timebase IC or to a monitor. Timing is obtained from a 6 MHz on-chip oscillator using an 
external crystal as shown in Fig. 24. 

Simple-slave 

F6 VCS/OSCO 

EU ROM 
SAA5350 

7Z95254.1 

R,G,B 

TCS 
to timebase 

Fig. 24 Stand-alone synchronization mode. 

In the simple-slave mode EU ROM synchronizes directly to another device, such as to the TCS signal 
from the SAA5240 European computer-controlled teletext circuit (CCT) or from another EU ROM as 
shown in Fig. 25. EUROM's horizontal counter is reset by the falling edge of TCS. A dead time of 250 ns 
is built in to avoid resetting the counter at every tv line and so prevents screen jitter. 
Field synchronization is made using EUROM's internal field sync separator. 

6MHz 

F6 

TCS ! SAA5240 

.____. 

TCS 
to timebase 

F6 

TCS EUROM 

SAA5350 

7 Z95255 

Fig. 25 Simple-slave (direct sync) mode. 

R,G,B 
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APPLICATION INFORMATION (continued) 

Synchronization (continued) 

Phase-locked slave 

The phase-locked slave (indirect sync) mode is shown in Fig. 26. A phase-locked VCO in the SAA5230 
teletext video processor provides sync to the timebases. When EU ROM is active, its horizontal counter 
forms part of the phase control loop - a horizontal reference is fed back to the SAA5230 from the 
SAND output and a vertical reference is generated by feeding separated composite sync to EUROM's 
field sync separator via the VCS input. In the phase-locked slave mode, the display derived from EU ROM 
can sync with that from a tv source or a local VLP player, thus giving picture-in-text display possiblities. 

broadcast 
video 

I baseband) 

l 
SAA5230 

i 
sync 

to timebase 

F6 

SANO 

vcs 
TCS 

F6 

SAND EU ROM I--
VCS SAA5350 
-
TCS 

7295253 

Fig. 26 Phase-locked slave (indirect sync) mode. 
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Display Character and Graphics Generator (DCGG) 
Product Specification 

DESCRIPTION 
The Signetics SCN2670 Display Charac-
ter and Graphics Generator (DCGG) is a 
mask-programmable 11 ,648-bit line se-
lect character generator. It contains 128 
10 x 9 characters placed in a 10 x 16 
matrix, and has the capability of shifting 
certain characters, such as j, y, g, p and 
q, that normally extend below the base-
line. Character shifting, previously requir-
ing additional external circuitry, is now 
accomplished internally by the DCGG; 
effectively, the 9 active lines are lowered 
within the matrix to compensate for the 
character's position. 

BLOCK DIAGRAM 

SCD 

OU 

CAO-CA7 

LAO-LA3 

READ ONLY 
MEMORY 
(128xl1) 

LINE 
LATCH 

LSTROBE -----' 

Originally published by Signetics February 1985 

FEATURES 
• 5 x 7 or 7 x 9 character fonts 
• 128 1 O x 9 matrix characters 
• 256 graphic characters 
• Optional thin graphics for forms 
• Character and line address 

latches 
• Internal descend logic 
• 200nsec and 300nsec character 

select access time versions 
• Control character output Inhibit 

logic 

• Static operation - no clocks 
required 

• Single 5V power supply 
• TTL compatible inputs and 

outputs 

-vcc 
._ONO 

OUTPUT 
DRIVERS 

::> D0-09 

PIN CONFIGURATION 

Vee 
LA1 

LA2 

LA3 

DO 

01 

DIP 02 

04 

CA8 

SCD D8 

TOP VIEW 

INDEX 
CORNER 

26 

0 ~ 25 

PLCC 

11 ~ 19 

12 18 
TOP VIEW 

NOTE: 
Pin functions same as DIP. 
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ORDERING CODE 

PACKAGES 

I--
Ceramic DIP 
Plastic DIP 
Plastic LCC 

Ceramic DIP 
Plastic DIP 
Plastic LCC 

PIN DESCRIPTION 

MNEMONIC 
PIN 

TYPE 
NO. 

CAO-CA? 3-6. I 
8-11 

CSTROBE 7 I 

GM 12 I 

LAO-LA3 1, I 
25-27 

LSTROBE 2 I 

SCD 13 I 

D9-DO 15-24 0 

Vee 28 I 

GND 14 I 

CHARACTER FONT Vcc=SV ±5%, TA=o·c to 1o·c 
SIZE lcA = 200ns lcA = 300ns 

SCN2670CC2128 SCN2670CC3128 
5 x 7 SCN2670CC2N28 SCN2670CC3N28 

SCN2670CC2A28 SCN2670CC3A28 

SCN2670BC2128 SCN2670BC3128 
7 x 9 SCN2670BC2N28 SCN2670BC3N28 

SCN2670BC2A28 
L 

SCN2670BC3A28 

NAME AND FUNC TION 

Character Address: Eight bit code specifies the character or 
supplied. In character mode (GM = 0), CAO through GAS selec 

graphic pattern for which matrix data is to be 
t one of the 128 ROM-defined characters and 
d are three-stated when CA 7 = 0. In graphics 
ugh CA 7 select one of 256 possible graphic 

CA? is a chip enable. The outputs are active when CA7 = 1 an 
mode (GM = 1 ), the outputs are always active and CAO thro 
patterns to be output. 

Character Strobe: Used to store the character address (CAO 
into the character latch. Data is latched on the negative going 
CCLK of the Signetics attributes controller chips. 

through CA?) and graphics mode (GM) inputs 
edge of CSTROBE. Can be connected to the 

Graphics Mode: GM = O (low) selects character mode; G M = 1 (high) selects graphics mode. 

Line Address: In character mode, selects one of the 16 line 
appear at the 1 O outputs. LAO is the LSB and LA3 is the MSB. 
lines of character data to be output are specified as part of th 

s of matrix data for the selected character to 
The input codes which cause each of the nine 
e programming data for both non-shifted and 
e LAO through LA3 inputs cause successive 
citied codes for both non-shifted and shifted 
cs mode, the line address gates the latched 

shifted fonts. Cycling through the nine specified counts at th 
lines of data to be output on DO through D9. The 7 non-spe 
characters cause blanks (logic zeros) to be output. In graphi 
graphics data directly to the outputs. 

Line Strobe: Used to store the line address data (LAO through 
on the negative going edge of LSTROBE. Can be connected 
display controller chips. 

Selected Character Disable: In character mode, a high level 
line address) to be blanks (zeros) for characters for which CA6 
normal operation. Inoperative in the graphics mode. 

LA3) in the line address latch. Data is latched 
to the BLANK output of the Signetics video 

at this input causes all outputs (regardless of 
and CA5 are both 0. A low level input selects 

Data Outputs: Provide the data for the specified characte r and line. 

+ 5V power supply. 

Ground. 

FUNCTIONAL DESCRIPTION 

j 

Seven bits of an 8-bit address code are used 
to select 1 of the 128 available cl1aracters. 
The eighth bit functions as a chip enable 
signal. Each character is defined by a pattern 
of logic 1 'sand O's stored in a 1 Ox 9 matrix. 
When a specific 4-bit binary line address 
code is applied, a word of t 0 parallel bits 
appears at the output. The lines can be 
sequentially selected, providing a 9-word se
quence of 1 O parallel bits per word for each 
character selected by the address inputs. As 
the line address inputs are sequentially ad
dressed, the device will automatically place 
the 1 O x 9 character in 1 of 2 pre-pro
grammed positions on the 16-line matrix with 
the positions defined by the 4-line address 

inputs. One or more of the 1 O parallel outputs 
can be used as control signals to selectively 
enable functions such as half-dot shift, color 
selection, etc. 

The SCN2670 DCGG includes latches to 
store the character address and line address 
data. A control input to inhibit character data 
output for certain groups of characters is also 
provided. The SCN2670 also includes a 
graphics capability, wherein the 8-bit charac
ter code is translated directly into 256 possi
ble user programmable graphic patterns. 
Thus. the DCGG can generate data for 384 
distinct patterns. of which 128 are defined by 
the mask programmable ROM. See figure 1 
for a typical applications display. 

The DCGG consists of nine major sections. 
Line and character codes are strobed into the 
line and character latches. The character 
latch outputs are presented to the three 
sources of data; the ROM through an address 
decoder, the graphics logic, and the output 
inhibit control. The output inhibit control (to
gether with the SCD input) suppresses the 
ROM data for selected character codes. The 
outputs from the line latch drive the line 
address translation ROM which maps the 
character ROM data onto 9 of 16 line posi
tions. Finally, the line select multiplexers 
route the ROM or graphics data to the output 
drivers on DO through 09. 
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Figure 1. Typical Application Using The 7 x 9 Character Font 

Character Latch 
The character latch is a 9-bit edge triggered 
latch used to store the character address 
(CAO through CA?) and graphics mode (GM) 
inputs. The data is stored on the falling edge 
of CSTROBE. Seven latched addresses (CAO 
through CAB) are inputs to the ROM charac
ter address decoder. In character mode 
(GM = O), CA? operates as a chip enable. 
The output drivers are enabled when CA 7 = 1 
and are three-stated when CA?= 0. In graph
ics mode (GM = 1 ), the output drivers are 
always enabled and the CAO through CA 7 
outputs of the latch are used to generate 
graphic symbols. 

Character Address Decoder 
This circuit decodes the 7-bit character ad
dress from the character latch to select one 
of the 128 character fonts stored in the ROM 
section of the DCGG. 

Read Only Memory 
The 11,B48-bit ROM stores the fonts for the 
128 matrix-defined characters. The data for 
each character consists of 91 bits. Ninety bits 
represent the 1 OX9 matrix and one bit speci
fies whether the character data is output at 
the normal (unshifted) lines or at the de
scended (shifted) lines. The 90 data bit out
puts are supplied to the line select multiplex
ers. The descend control bit is an input to the 
line address translation ROM. 

Graphics Logic 
When the GM input is zero (low), the DCGG 
operates in the character mode. When it is 
one (high). it operates in the graphics mode. 
In graphics mode, output data is generated by 
the graphics logic instead of the ROM. The 
graphics logic maps the latched character 
address (CAO through CA?) to the outputs 
(DO through D9) as a function of line address 
(LAO through LA3). For any particular line 
address value, two of the CA bits are output: 
CAO, CA2, CA4 or CAB is output on DO 
through D4 and CA 1, CA3, CA5 or CA 7 is 
output on D5 through D9. The outputs are 
paired: When CAO is output on DO through 
D4, CA 1 is output on D5 through D9 and 
likewise for CA2 - CA3, CA4 - CA5 and 
CA6-CA7. 

A ROM within the graphics logic allows the 
specific line numbers for which each pair of 
bits is output to be specified by the customer. 
Figure 2 illustrates the general format for 
graphics symbols and an example where CA? 
through CAO= H'B5'. The outputs from the 
graphics logic go to the line select multiplex
ers. The multiplexers route the graphic sym
bol data to the outputs when GM = 1. 

Thin Graphics Option 
As a customer specified option, 1 B of the 
possible graphic codes (H'80' to H'BF') may 
be used to generate the special graphic 

characters illustrated in figure 3. For each of 
these characters, the vertical component ap
pears on the D4 output. The horizontal com
ponent occurs on LH which is specified by the 
customer. The vertical components specified 
by CAO and CA2 are output for line addresses 
zero through LH and LH through fifteen, 
respectively. 

Line Select Multiplexers 
The ten line select multiplexers select ROM 
data as specified by the line address transla
tion ROM when GM = 0, or graphics data 
when GM = 1. The inputs to each multiplexer 
are the nine line outputs from the ROM, an 
output from the graphics logic and a logic 
zero (ground). 

Output Drivers 
Ten output drivers with 3-state capability 
serve as buffers between the line select 
multiplexers and external logic. The 3-state 
control input to these drivers is supplied from 
the CA? latch when GM= 0. When GM= 1, 
the outputs are always active. 

Output Inhibit Control 
The output inhibit control logic operates only 
ii GM = O. It causes the output of the line 
select multiplexers to be logic zero if the SCD 
input is high and CA6 and CA5 of the latched 
character address are 00. II the SCD input is 
low, normal operation occurs. (This feature is 
useful in ASCII coded applications to selec-
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LINE ADDRESS 

Lf•0-

1-

2-,_ 

··,_ 

··-
10-

Lt .. 11-

CAO CA1 

CA2 CA3 

CA4 CAS 

c .. CA7 

1-oo-.. -J-os-ot-J 

} GROUP 1 

} GROUP 2 

} GROUP 3 

} GROUP 4 

GROUP LINE ADDRESSES ARE SPECIFIED BY THE CUSTOMER 

2-,_ 

···-
·-
10-

11-

I I I I I I I I I I 
s o s s ! 8 ! s a s 
EXAMPLE: CA7-CAO•H'65' 

GROUP t SPECIFIED FOR t.INES 0, 1, 2 
GROUP 2 SPECIFIED FOR LINES 3, 4, 5 
GROUP 3 SPECIFIED FOR LINES a, 7, 8 
GROUP 4 SPECIFIED FOR LINES 9, 10, 11 
SPACE SPECIFIED FOR LINES 12, 13, 14, 15 

Figure 2. Graphics Symbols - General Format 

Table 1. MEMORY MAP FORMAT 
I 2732 Byte 

Address 

0 
1 

2 - 17 (2 - 11 H) 

18(12H) 
19(13H) 
20(14H) 
21(15H) 
22(16H) 
23(17H) 
24(18H) 
25(19H) 
26(1AH) 
27(18H) 
28(1CH) 
29(1DH) 
30(1EH) 
31(1FH) 
32(20H) 
33(21H) 
34(22H) 
35(23H) 
36(24H) 

37(25H) 

38-57 
(26-39H) 
58-77 
(3A-4DH) 

2578-2597 
(A12-A25H) 

Data 

O = No thin graphics 1 = Thin graphics · 
Line address for the horizontal segment of the thin line graphics 
fonts (set to 'O' if byte O = 'O'). 
Specify group number (1 - 4) to be output at the corresponding line 
address (0 - F). A 'O' specifies no data for that address. 
Line address at which the first NONSHIFTED font data appears. 

second 
third 
fourth 
fifth 
sixth 
seventh 
eighth 
ninth 

Line address at which the first SHIFTED font data appears. 
second 
third 
fourth 
fifth 
sixth 
seventh 
eighth 
ninth 

Font truth table printout format 
O = Left to right printing of horizontal data bits DO - D9 
1 = Left to right printing of horizontal data bits D9 - DO 

Font truth table printout format 
O =Top to bottom printing of vertical line addresses (0 - FH) 
1 =Top to bottom printing of vertical line addresses (F - OH) 

Character 0 data 

Character 1 data 

Character 128 (7F H) data 

936 September 1985 

lively disable character generation for non
displayable characters such as line feed, 
carriage return, etc.) 

Line Address Latch 
The line address latch is a 4-bit latch used to 
store the line address (LAO - LA3). The data 
is stored on the negative edge of the 
LSTROBE input. 

Line Address Translation ROM 
This 32 x 1 O ROM translates the 5-bit code 
consisting of the 4 outputs from the line 
address latch and the descend control bit 
from the ROM into a 1-of-1 O code for the line 
select multiplexers. Programming information 
provided by the customer specifies the ad
dress which selects each line of ROM data 
for both shifted and non-shifted characters. 
Thus, there are nine line addresses which 
select ROM data for unshifted characters and 
nine addresses for shifted characters. These 
combinations are usually specified by the 
customer in either ascending or descending 
order. For the remaining 14 codes (7 each for 
unshifted and shifted characters), the transla
tion ROM forces zeros at the outputs of the 
line select multiplexers. 

This circuitry only operates if GM = 0. When 
GM = 1, the line select multiplexers are 
forced to select the outputs from the graphics 
logic. 

Figure 4 shows an example of data outputs 
where the customer has specified line 1 as 
the first line for unshifted characters, line 4 as 
the first line for shifted characters and line 
address combinations in ascending order. 
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GENERAL FORMAT 
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Figure 3. Special Graphic Characters 

SCN2670 

5 x 7 Design Note 
The 5 x 7 character fonts of the 2670C have 
been centered in the 10 x 9 character fields. 
Because of this centering, only the 01 
through 08 data bus pins (pins 23 through 16) 
are to be used for the character data. 01 can 
be connected to the least significant bit of the 
Signetics Video Attributes Controller data bus 
(DO), 02 of the 2670C can be connected to 
D1 of the attributes controller, etc. The DG 
and 09 pins will always be read as zero and 
will not be connected. 

CUSTOM PATTERN 
PROGRAMMING INSTRUCTIONS 
Signetics requires that the customer supply 
them with a 2732 EPROM containing the 
necessary data for specifying a custom ver
sion of the SCN2670. The 2732 will contain 
the data to be stored in the ROM array, the 
programmable line address translation ROM, 
thin graphics option and the graphics line font 
translation ROM. Signetics will no longer 
accept card decks. 

The memory map format for programming the 
2732 is contained in table 1. 

Bytes 0 and 1 relate to the thin line graphics 
option. Thin line graphics consists of two 
components: a vertical and a horizontal seg·· 
men!. The vertical segment always occurs at 
the 04 output. The location of the horizontal 
segment (line addresses 0 - 15) is specified 
by the customer in byte 1. 

Bytes 2 through 17 correspond to how the 
graphics blocks are created from the 16 
horizontal addresses. A 'O' specifies no data 
for that address. Figure 5 shows an example 
of how the character field can be divided into 
the graphics blocks. The line addresses can 
be divided into a maximum of four groups. 

Since line addresses A through F are not 
used, byte addresses 12 through 17 are set 
to 'O'. Line addresses o and 1 are part of 
group 1, so byte addresses 2 and 3 are set 
equal to '1 '. Line addresses 2 through 4 are in 
group 2, so byte addresses 4 through 6 are 
set equal to '2'. The same procedure is 
followed for the remaining line addresses. 
The group numbering assignments must be 
sequential (i.e., line address 1 cannot be in 
group 2 if line addresses O and 2 are in 
group 1). 
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Figure 4. Customer Specified Example 

LINE ADDRESS 

0 
1 
2 
3 
4 
5 

• 7 
8 
9 

CAO 

CA2 

CA4 

CAI 

CA1 

CA3 

CAS 

CA7 

} GROUP1 

} GROUP2 

} GROUP3 

)oROUP4 

Figure 5. Character Field Divisions 
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CA SINS 

BYTE3 

LINE LINE LINE LINE LINE LINE 
4 5 • 7 8 9 

543210 

BYTE4 

Figure 6. Data Format 
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Byte Addresses 18 through 26 are used to 
indicate which line address the nonshifted 
character fonts begin and end. The first line 
of the character font must occur from line 
address 0 to 7. If the character font begins at 
line address 2, the byte addresses are set up 
as follows: 

BYTE ADDRESS 
18 
19 
20 
21 
22 
23 
24 
25 
26 

DATA 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Byte Addresses 27 through 35 are used to 
indicate which line address the shifted char
acter fonts begin and end. Again the first line 
of the character font must occur from line 
addresses 0 through 7. The data is entered 
the same as for the nonshifted character 
fonts above. 

Bytes 36 and 37 are only used for printouts of 
the ROM codes by Signetics. 

The remaining byte addresses (38 - 2597) 
contain the data for the 128 characters. Each 
character consists of 20 bytes. The format is 
contained in figure 6. 

Character Byte 1 (CA) contains the character 
address (CA6 - CAO). 

For character byte 2, if SINS = '1 ', the char
acter font will begin at the shifted location as 
specified by byte addresses 27 - 35. If S/ 
NS = 'O', then the character font will begin at 
the nonshifted location as specified by byte 
addresses 18-26. 

The remaining character bytes define the 
nine line character font. The bytes are paired 
as each font line requires 1 O bits of informa
tion to be output on lines D9 - DO (see figure 
6). Remember, when coding each line, D9 is 
the rightmost bit of the character line, and DO 
is the leftmost bit. 

Printouts 
Signetics will submit the following printouts to 
the customer for approval: 

• A repeat of all customer information. 
• A separate font drawing for each of the 

128 ROM characters and 256 graphics 
fonts. The font drawings are positioned 
on a 10 x 16 matrix as specified by the 
customer's translation data. 
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Customer Example 
A question mark has a character address of 
3F hex. The character code for it is as 
follows: 

LO xxxxx 
L1 x x 
L2 x. .x 
l3 .x 
L4 xx 
LS x 
L6 x 
L7 
LS x 
bit 0123456789 

ABSOLUTE MAXIMUM RATINGS 1 

PARAMETER 

Supply voltage 
Operating ambient temperature2 

Storage temperature 
All voltages with respect to ground3 
~-

NOTES: 

Character 
Byte 1: 3F 

2: 00 (nonshifted) 
3: 00 4: C7 (Line 1) 
5: 00 6: 28 (Line 2) 
7: 00 8: 28 (Line 3) 
9: 00 A: 08 (Line 4) 
B: 00 C: 06 (Line 5) 
0: 00 E: 01 (Line 6) 
F: 00 10: 01 (Line 7) 

11: 00 12: 00 (Line 8) 
13: 00 14: 01 (Line 9) 

We recommend that the character fonts be 
created with respect to the center of the 
1 O x 16 character field (data bit 04) for opti-
mum symmetry, especially if thin line graphics 
is implemented as the vertical segment is 
always located at bit 04. 

RATING UNIT 

6.0 v 
o to +70 oc 

-65 to +150 oc 
-0.3 to +6.0 v 

~-

i . Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the 
device. This is a stress rating only and functional operation of the device at these or any other condition 
above those indicated in the operation section of this specification is not implied. 

2. For operating at elevated temperatures, the device must be derated based on + 1 50°C maximum junction 
temperature and thermal resistance of 60"'C/W junction to ambient (ceramic package). 

3. This product includes circuitry specifically designed for the protection of its internal devices from the 
damaging effects of excessive static charge. Nonetheless, it is suggested that conventional precautions 
be taken to avoid applying any voltages larger than the maxima. 

DC ELECTRICAL CHARACTERISTICS TA= 0°c to 70'C, Vee= 5.0V±5% 1•2·3 

LIMITS 
PARAMETER TEST CONDITIONS r---~---~---~----~ 

Min Typ Max 
UNIT 

V1L Input low voltage 0.8 V 

V1H Input high voltage 2.0 V 

VoL Output low voltage lo= 1.6mA O 0.4 V 
f---------·~------·----t---·-~----~---~·-----+--------->------+-------+------< 

VoH Output high voltage lo= -100µA 2.4 Vee V 
-------+------+-----+----->-------! 

11L Input leakage current V1N = 0 to 4.25V 1 O µA 
r----------------------j·~~-------·---------+----+-----t----+-----4 

loL Output leakage current Vo= 0.4 to 4V -10 + 10 µ.A 
f----------------------t--·~-------------------+-·----+--·---+-----+-----4 

~----Supply~~-----+--- Vee= 5.25V 35 80 
C1N Input capacitance All other pins grounded 10 

mA 

pF 

Gour Output capacitance 15 pF 
~--~-----------------'~·----------·---------~----~----~---- ~----

September 1985 939 



SCN2670 

AC ELECTRICAL CHARACTERISTICS TA= o•c to 70°C, Vee= 5.0V±5% 1·2·3.4 

LIMITS 

PARAMETER 300ns 200ns UNIT 

Min Max Min Max 

tws Strobe pulse width 100 100 ns 

tLAs Line address set-up 50 50 ns 

tlAH Line address hold 25 25 ns 

lcAS Character address set-up 25 15 ns 

teAH Character address hold 25 15 ns 

teA Character select access 30 300 30 200 ns 

tlA Line select access 30 500 30 350 ns 

ts EL Chip select delay 250 150 ns 

toES Chip deselect delay 200 125 ns 

tse Special character blank/unblank time 300 200 ns 

NOTES: 
1. Parameters are valid over operating temperature range unless otherwise specified. 
2. All voltage measurements are referenced to ground. All time measurements are at the 0.8V or 2.0V level for inputs and outputs. Input levels are OV and 2.4V. 
3. Typical values are at + 25°C, typical supply voltages and typical processing parameters. 
4. Test conditions: CL= 100pF and 1 TTL load. 
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TIMING DIAGRAMS 

LSTROIE 

LAO-LA3 

DO-DI 

SCD1 

DO-DI 

--+ ... -,sc-1---
NOTE: 
1. When GM - 1, SCD input is inactive. 

CSTROBE 

'cAH 

CAD-CA7,Gll 

-Dl ___ c 

NOTE: 

CSTROIE 

'sEL 
OUTPUTS THREE·STATE 

DO-DI --------------------~ 

1. CA7 operates as output enable only in character mode (GM= 0). 
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____ , ____ , __________ _ 
Programmable Keyboard and Communications Controller (PKCC) 
Product Specification 

DESCRIPTION 
The Signetics SCN2671 Programmable 
Keyboard and Communications Control
ler (PKCC) is an MOS LSI device which 
provides a versatile keyboard encoder 
and an independent full duplex asyn
chronous communications controller. It 
is intended for use in microprocessor 
based systems and provides an eight bit 
data bus interface. 

The keyboard encoder handles the 
scanning, debounce, and encoding of a 
keyboard matrix with a maximum of 128 
keys. It provides four levels of key en
coding corresponding to the separate 
SHIFT and CONTROL input combina
tions. Four keyboard rollover modes can 
be programmed including provisions for 
up to 16 latched keys. Control outputs 
are provided for interfacing with contact 
or capacitive keyboards. An eight bit 
keyboard status register provides status 
information to the CPU. 

The receiver section of the communica
tions controller accepts serial data from 
the RxD pin and converts it to parallel 
data characters. Simultaneously, the 
transmitter section accepts parallel data 
from the data bus and outputs serialized 
data onto the TxD pin. Received data is 
checked for parity and framing errors, 
and break conditions are flagged. Char
acter lengths can be programmed as 5, 
6, 7, or 8 bits not including parity, start or 
stop bits. An internal baud rate genera
tor (BRG) with 16 divider ratios can be 
used to derive the receive and/or trans
mit clocks. The BRG can accept an 
external clock or operate directly from a 
crystal. An eight bit communications sta
tus register provides status information 
to the CPU. 

Originally published by Signetics February 1985 

FEATURES 
• Keyboard Interface 

- Contact or capacitive keyboard 
- Up to 128 keys on an 8 x 16 

matrix 
- Encoded or unencoded 

operation 
- Four code levels per key 
- Latched key option-separate 

depress and release codes 
- Programmable scan rate and 

debounce time 
- Programmable rollover modes 
- Programmable auto-repeat for 

selected keys 
- Tone output-two frequencies 

• Asynchronous comm.unication 
interface 
- Internal baud rate generator-16 

rates 
- Full duplex operation 
- Detection of start and end of 

break 
- Programmable break generation 
- Programmable character 

parameters 
- Auto-echo and maintenance 

loopback modes 

• Polled or interrupt operation 
• Interrupt priority controller and 

vector generator 

• Operates directly from crystal or 
external clocks 

• TTL compatible 

• Single + 5 volt power supply 

APPLICATIONS 
• CRT terminals 

• Hard copy terminals 

• Word processing systems 

• Data entry terminals 

• Small business computers 

PIN CONFIGURATION 
~~------~-- - --

1 ii"vs 

I 

Pin 

8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

INDEX 
CORNER 

function 
NC 
HYS 
KORES 
KCLK 
KC3 
KC2 
KC1 
KCO 
KR2 
KA1 
KRO 
NC 
11!;Prn 
SH!FT 
ci'.'5N'fi10C 
TONE 
KRET 
DO 
DI 
02 

DIP 

TOP VIEW 

•• 
0 ~ 39 

Pl.Cc 

C\)(XA4f''i 

P!n Function 
23 XfNTH 
24 MR 
25 04 
26 05 
2'i' 06 
28 07 
29 iNTA 
30 \.'JR 
31 RD 
32 CE 
32 AO 
34 NC 
35 A1 
'.~6 A2 
37 TxC 
38 
39 XTAL1 
40 x:rAL2,1sr~1cu< 

41 T·xl.1 
42 RxD 

I 
I 
I 
I 

~~---~---~~-~~-------J 
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ORDERING CODE 

PACKAGES Vcc=5V±5%, TA=O"C lo 70"C 

Ceramic DIP SCN2671AC1140 

Plastic DIP SCN2671AC1N40 

Plastic LCC SCN2671AC1A44 



Programmable Keyboard and Communications Controller (PKCC) SCN2671 

PIN DESCRIPTION 

MNEMONIC 
PIN 

TYPE NAME AND FUNCTION 
NO. 

D0-07 16-19, 1/0 Data Bus: 8-bit three-state bidirectional data bus. All data, command and status transfers are made using 
23-26 this bus. DO is the least significant bit; 07 is the most significant bit. 

AO-A2 31-33 I Address Lines: Used to select internal PKCC registers or commands. 

RD 29 I Read Strobe: When low, gates the selected PKCC register onto the data bus if CE is also low. 

WR 28 I Write Strobe: When low. gates the contents of the data bus into the selected PKCC register if CE is also 
low. 

CE 30 I Chip Enable: When high, places the DO - 07 output drivers in a three-state condition. If CE is low, data 
transfers are enabled in conjunction with the RD and WR inputs. 

INTR 22 0 Interrupt Request: Several conditions may be programmed to request an interrupt to the CPU. It is an 
active low open-drain output. This pin will be inactive after power on reset or a master reset command. 

INTA 27 I Interrupt Acknowledge: Used to indicate that an interrupt request has been accepted by the CPU. When 
INTA goes low, the PKCC outputs an 8-bit address vector on DO - 07 corresponding to the highest priority 
interrupt currently active. 

XINTR 21 I External Interrupt: An active low external interrupt input to the PKCC interrupt priority resolver. 

TxC 34 1/0 Transmitter Clock: The function of this pin depends on bit 7 of the baud rate control register (BRR?). If 
external transmitter clock is selected (BRR? = 0), it is an input for the transmitter clock. If internal 
transmitter clock is selected (BRR? = 1 ), this pin is an output which is a multiple of the actual baud rate (1 X, 
16X) as selected by BRR5. The data is transmitted on the falling edge of TxC. It is an input alter power on 
and after master reset or communications reset commands. 

RxC 35 1/0 Receiver Clock: The function of this pin depends on BRR6. If external receiver clock is selected 
(BRR6 = 0), it is an input for the receiver clock. If internal receiver clock is selected (BRR6 = 1 ), this pin is 
an output which is a multiple of the actual baud rate (1 X, 16X) as selected by BRR4. The received data is 
sampled on the rising edge of RxC. It is an input after power on and after master reset or communications 
reset commands. 

TxD 38 0 Transmitter Data: This output is the transmitted serial data; t. 1e least significant bit is transmitted first. This 
pin is high after power on reset or a reset command that affects the transmitter. 

RxD 39 I Receiver Data: This input is the serial data input to the receiver. The least significant bit is received first. 

XTAL1, 36,37 I Connections for Crystal: Provides an on-chip clock generator for the internal baud rate generator and the 
XTAL2/BRCLK keyboard interface logic. If an external clock is provided, use XTAL2 as the clock input. See figures 20 and 

21. All timing parameters such as keyboard scan time, tone frequency, and baud rate assume a clock input 
at the specified BRG input frequency. If this frequency is different the timing parameters will vary 
proportionately. 

KRO-KR2 10-8 0 Keyboard Row Scan: Decoded externally; selects one of eight rows. 

KCO-KC3 7-4 0 Keyboard Column Scan: Decoded externally; selects one of 16 columns. 

KRET 15 I Key Return: An active high level indicates that the key being scanned is closed. 

SHIFT 12 I SHIFT Key: Active low input from the SHIFT key. The combination of SHIFT and CONTROL inputs select 
one of four possible codes from the internal key encoding ROM. 

CONTROL 13 I CONTROL Key: Active low input from the CONTROL key. The combination of SHIFT and CONTROL 
inputs select one of four possible codes from the internal key encoding ROM. 

REPEAT 11 I REPEAT Key: Active low input from the REPEAT key. Causes the key depression currently active to be 
repeated at a rate of approximately 15 times per second. 

KCLK 3 0 Keyboard Clock: High frequency (approximately 400kHz) output used to scan capacitive keyboards. 

KORES 2 0 Key Detect Reset: Resets the analog detector before scanning a key. Used for capacitive keyboards. 

HYS 1 0 Hysteresis Output: Sent to the analog detector for capacitive keyboard applications. A low indicates the 
key currently being scanned has been recognized on previous scan cycles. 

TONE 14 0 Square Wave Output: Used for tone generation. 

Vee 40 I + 5V power supply. 

Vss 20 I Ground. -
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ThePKCC has an interrupt mask register to Table 1. REGISTER ADDRESSING 
seia'.btively enable certain keyboard and com
munications status bits to generate interrupts. 
Pnrnity encoded interrupt vectoring is avail
able. Upon receipt of an interrupt acknowl
edge, an interrupt vector will be o.utput on 
DO ; 07 reflecting the source of the interrupt. 
The;interrupt source can also be read from an 
intel'rupt status register. 

FUNCTIONAL DESCRIPTION 
The,PKCC consists of six major sections (see 
blook diagram). These are the transmitter, 
rec~iver, timing, operation control, keyboard 
encoder, and a priority encoded interrupt 
conirol unit. These sections communicate 
with each other via an internal data bus and 
an internal control bus. The internal data bus 
intertaces to t~ie microprocessor data bus via 
a bidirectional data bus buffer. 

Operation Control 
Thi~ functional block stores configuration and 
operation commands from the CPU and gen
eratBS appropriate signals to various internal 
sec:lioos to control the overall device opera
tion. It contains read and write circuits to 
permit communications with the microproces
sor, via the data bus and contains mode 
registers KMR and CMR, the command de
coder, and status registers KSR and CSR. 
De\8ils of operating modes and status infor
mation are presented in the Operation sec
tiorv;of this data sheet. The register address
ing is specified in table 1. 

Timing 
The PKCC contains a baud rate generator 
(BRG) which is programmable to accept ex
terr\al transmit or receive clocks or to divide 
an llxternal clock to perform data communi
catiOns. The unit can generate 16 baud rates, 
any of which can be selected for full duplex 
opE1ration. The external clock to the baud rate 
genjJrator can be applied directly to the 
XTAL2 input (see figure 21) or can be gener
ate(l 01\ernally by connecting a crystal across 
tliwXTAL 1, XT AL2 input pins. The clock input 
is 'also utilized by the keyboard encoder 
se,.lion. Thus, a clock must be provided even 
if external trnr.smitter and receiver clocks are 
used. 

Re,ceiver 
The receiver accepts serial data on the RxD 
pin, converts this serial input to parallel for
mat, checks !or break conditions, framing and 
palify errors, and loads an "assembled" 
character in the receive holding register for 
acG:ess by the CPU. 

Transmitter 
The transmitter accepts parallel data loaded 
by the CPU into the transmit holding register 
an(} converts it to a serial bit stream framed 
by )he start bit, calculated parity bit (if speci-

CE A2 A1 AO RD/WR FUNCTION 

1 x x x x Three-state data bus 
0 0 0 0 WR Reset command (see table 6) 
0 0 0 0 RD Read interrupt status register (ISR) 
0 0 0 1 RD, WR Read/write communications mode register (CMR) 
0 0 1 0 WR Write transmit holding register (TxHR) 
0 0 1 0 RD Read receiver holding register (RxHR) 
0 0 1 1 WR Write baud rate mode register (BRR) 
0 0 1 1 RD Read communications status register (CSR) 
0 1 0 0 RD, WR Read/write interrupt mask register (IMR) 
0 1 0 1 RD, WR Read/write keyboard mode register (KMR) 
0 1 1 0 RD Read keyboard holding register (KHR) 
0 1 1 1 RD Read keyboard status register (KSR) 
0 1 1 1 WR Miscellaneous commands (see description) 

NOTE: 
X = don't care. 

lied), and stop bit(s). The composite serial 
stream of data is transmitted on the T xD 
output pin. 

Keyboard Encoder 
The keyboard encoder provides encoded 
scanning signals for a matrix keyboard. Key 
depressions are detected on the KRET input. 
The debounced and verified key codes (or 
matrix addresses) are loaded into the key 
holding register for access by the CPU. Fig
ures 1 and 2 illustrate the PKCC interface to 
contact and capacitive keyboards, respec
tively. 

Interrupt Control 
The interrupt controller unit contains a soft
ware programmable interrupt mask register 
which selectively enables status conditions 

- from the keyboard encoder and communica
tion controller to generate interrupts. The 
interrupts are priority encoded and individual
ly generate an eight bit vector which is output 
on the data bus in response to a CPU 
interrupt acknowledge on the INT A input pin. 

OPERATION 

Keyboard Encoder 
The keyboard is continuously scanned by 
KCO - KC3 and KRO - KR2 which are de
coded externally to handle 128 possible keys 
(see figures 1 and 2). KCO - KC3 select one 
of 16 columns and KRO - KR2 multiplex the 
eight row return lines into the KRET pin. 
Debouncing is accomplished by remembering 
a 1 state at the KRET pin when a key is being 
addressed and verifying it one scan later. 
Once the key is verified, a key code is loaded 
into the keyboard data register (KDR). If the 
keyboard holding register (KHR) is empty, the 
contents of the KDR will be transferred to the 
KHR immediately; if the KHR is full (i.e., the 
CPU has not read the previous key code), the 
transfer will be held off until the KHA is read. 
The data transfer to the KHR causes key-

board data ready (KRDY) to be set in the 
keyboard status register. 

For capacitive keyboards, the high frequency 
output KCLK can be used to gate the column 
scan to the keyboard (see figure 2). The key 
detector reset (KORES) output resets the 
analog detector prior to scanning each key 
location. The output from the analog multi
plexer is sensed and then latched in the 
analog detector. The RYS output controls the 
sense level. A O will lower the sense level 
causing hysteresis, and a 1 will raise the 
sense level with no hysteresis. 

The REPEAT input enables the keyboard 
logic to recognize any key repeatedly, 15 
times per second. Additionally, certain keys 
can be programmed to repeat automatically if 
depressed for more than one-half second. 

A square wave is output on the TONE pin 
when the CPU issues a ring tone command to 
the PKCC. 

Keyboard Mode Register 
Operating modes are selected by program
ming the keyboard mode register (KMR), see 
figure 3. Bit KMR7 is used for testing the 
device. For normal operation, this bit should 
always be written to a 0. Bits KMR6 - KMR5 
select the rollover modes for keyboard pro
cessing: 

N-key Rollover: In this mode, the code 
corresponding to each key depression is 
loaded into the KDR as soon as that key is 
debounced, independent of the release of 
other keys. Two or more closures occurring 
within one scan cycle are considered to be 
simultaneous, which will set keyboard error 
in the keyboard status register (KSR1 ). As 
soon as the keyboard holding register is 
empty, the code in the KDR is transferred to 
the KHR and the KRDY status bit is set 
(KSRO). 

N-Key Rollover With Latched Keys: This 
mode is the same as regular N-key rollover, 
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KRET 

KR2-KRO 

PKCC 

.----

KC3-KCO t--- ---./ 
1OF16 

DECODE 

'---

l 
>I DIGITAL MULTIPLEXER 

16 
COLUMNS 

BROWS 

4 
CONTACT 

KEYBOARD 
MATRIX 

J 

Figure 1. Contact Keyboard Interface 

ANALOG 
DETECTOR 

KRET 1--------<( 

HYS r-----' 
KORES t------~ 

KR2-KRO r----------~l'I ANALOG MULTIPLEXER 

PKCC 8 ROWS 

KCLK t-----~ .. 

t OF16 
KC3-KCO ,_ ___ ___,,,I DECODE 16 COLUMNS 

CAPACITIVE 
KEYBOARD 

MATRIX 

Figure 2. Capacitive Keyboard Interface 

except that the keys which are assigned to 
row O ol the keyboard matrix 
(KR2 - KAO = 000) produce a code both 

when depressed and when released. The 
codes are independent of the states of the 
inputs at SHIFT and CONTROL. If one or 

SCN26i1 

more of the latched keys are depre$sed 
when the keyboard is enabled (after a key
board reset), the corresponding codes will 
be sent out as the keys are scanned and 
debounced. Note that simultaneous latChed 
keys will not set KERR (KSR1) and that 
latched keys will not be auto-repeat and will 
not be affected by the REPEAT input._ 

Two-Key Rollover: The first key code is 
loaded into the KDR immediately and the 
second code is loaded only after the ·first 
key is released. Simultaneous keys will set 
KERR (KSR1 ), if three or more keys remain 
closed at any given time. the KERR bit"will 
also be set. All keys must then be released 
before the next KRET will be processed. 

Two-Key Inhibit: All keys must be released 
between keystrokes; otherwise, KERR 
(KSR1) will be set. 

Bit KMR4 specifies the key encoding mGde. 
Each key is assigned four 8-bit codes. corre
sponding to the states of the SHIFT and 
CONTROL inputs. If the encoded mode is 
programmed, the row/column address of the 
detected key is used to load one of the four 
key codes into the KOR. See table 2 for 1<ey 
code assignments. If the non-encoded mode 
is programmed, the row/column address is 
loaded directly into the KOR with the follow
ing format: 

KOR 

, I • I 5 I . I 3 I 2 I · I o'. I 

~Lz: 
KC3, KC2, KC1, KCO 

"O" for momentary keys 

"1 · for latched keys releau 
"O" for latched keys depress 
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Table 2. STANDARD KEY CODES (HEX) 

COLUMN ROW (KR2 - KRO) 
(KC3-KCO) 0 1 2 3 4 5 6 7 

EO co 18 ESC 09 HT 1F us 1A SUB 30 0 2B + 
0 FO DO 18 ESC 09 HT 1F us 1A SUB 30 0 3B + EO co 18 ESC 09 HT 1F us 5A z 30 0 2B 

FO DO 1B ESC 09 HT 1F us 7A z 30 0 3B 

E1 C1 21 ! 11 DC1 01 SOH 18 CAN 3D = 2A 

1 
F1 D1 31 1 11 DC1 01 SOH 18 CAN 2D - 3A 
E1 C1 21 ! 51 0 41 A 58 x 3D = 2A 
F1 D1 31 1 71 q 61 a 78 x 2D - 3A 

E2 C2 22 .. 17 ETB 13 DC3 03 ETX 1E RS 1F us 
2 F2 D2 32 2 17 ETB 13 DC3 03 ETX 1E RS 1F us 

E2 C2 22 57 w 53 s 43 c 7E - 7F DEL 
F2 D2 32 2 77 w 73 s 63 c 5E f 5F -
E3 C3 23 # 05 ENO 04 EQT 16 SYN 1C FS 18 ESC 

3 
F3 D3 33 3 05 ENO 04 EOT 16 SYN 1C FS 1B ESC 
E3 C3 23 # 45 E 44 D 56 v 7C 

\ 
7B I 

F3 D3 33 3 65 • 64 d 76 v 5C 5B [ 

E4 C4 24 $ 12 DC2 06 ACK 02 STX 08 BS 1D GS 

4 F4 D4 34 4 12 DC2 06 ACK 02 STX 08 BS 1D GS 
E4 C4 24 $ 52 R 46 F 42 B 08 BS 70 I 
F4 D4 34 4 72 r 66 I 62 b 08 BS 5D I 
E5 C5 25 % 14 DC4 07 BEL OE so 10 DLE OB BS 

5 F5 D5 35 5 14 DC4 07 BEL OE so 10 DLE OB BS 
E5 C5 25 % 54 T 47 G 4E N 50 p OB BS 
F5 D5 35 5 74 t 67 g 6E n 70 p OB BS 

E6 C6 26 & 19 EM OB BS OD CR 00 NUL 09 HT 

6 F6 06 36 6 19 EM OB BS OD CR 00 NUL 09 HT 
E6 C6 26 & 59 y 48 H 4D M 60 09 HT 
F6 D6 36 6 79 y 6B h 6D m 40 @ 09 HT 

E7 C7 27 15 NAK OA LF 3C < 7F DEL 20 SP 

7 F7 D7 37 7 15 NAK OA LF 2C 7F DEL 20 SP 
E7 C7 27 55 u 4A J 3C < 7F DEL 20 SP 
F7 D7 37 7 75 u 6A j 2C 7F DEL 20 SP 

EB CB 2B ( 09 HT OB VT 3E > OA LF OB VT 

B 
FB DB 38 8 09 HT OB VT 2E OA LF OB VT 
EB CB 2B ( 49 I 4B K 3E > OA LF OB VT 
FB 06 3B B 69 i 6B k 2E OA LF OB VT 
E9 C9 29 ) OF SI oc FF 3F ? OD CA OA LF 

9 F9 D9 39 9 OF SI oc FF 2F I OD CR OA LF 
E9 C9 29 ) 4F 0 4C L 3F ? OD CR OA LF 
F9 D9 39 9 6F 0 6C I 2F I OD CR OA LF 

EA CA 37 7 34 4 31 1 30 0 AO A6 

A FA DA 37 7 34 4 31 1 30 0 BO B6 
EA CA ·37 7 34 4 31 1 30 0 AO A6 
FA DA 37 7 34 4 31 1 30 0 BO B6 

EB CB 3B B 35 5 32 2 2E A1 A7 

B FB DB 3B B 35 5 32 2 2E B1 B7 
EB CB 3B B 35 5 32 2 2E A1 A7 
FB DB 3B B 35 5 32 2 2E B1 B7 

EC cc 39 9 36 6 33 3 BF A2 AB 

c FC DC 39 9 36 6 33 3 AF B2 BB 
EC cc 39 9 36 6 33 3 9F A2 AB 
FC DC 39 9 36 6 33 3 BF B2 BB 

ED CD 90 93 B2 95 A3 A9 

D FD DD 90 93 B2 95 B3 89 
ED CD 90 93 B2 95 A3 A9 
FD DD 90 93 B2 95 B3 B9 

EE CE 91 BO 84 B1 A4 M 

E 
FE DE 91 BO 84 81 B4 BA 
EE CE 91 BO B4 B1 A4 M 
FE DE 91 80 B4 B1 B4 BA 

EF CF 92 94 B3 96 A5 AB 

F FF DF 92 94 B3 96 B5 BB 
EF CF 92 94 B3 96 A5 AB 
FF DF 92 94 83 96 B5 BB 

I 
This row contains the """""" " vvv ~(Pin12•0) 

(PVi 13. 0) " VYY 
latched " YYV - L.iehMk•yc~lor•eleaH 

keys when that mode is se~ " vvv Llllch9<1 key~ tor de(lraH 

lected 
l(eycoclNin"-x--3 1 tt!__ ASCM .,qiMvai.n1 (ii any) (KMR6, KMR5 = 00) 

• lndic.a!H Auta.Repqt keya 

TB00320S 
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TEST MODE~....._,,_ 1-ENABLE 
O-OlSABLE 

ROI.LOVER MODES 
00-N·KEY wmt 

LTONE SELECT 
0-1 kHz 
1-2 kHz 

KEY 

LATatED KEYS 
01-N-KEY 
10-TWOKEY 
11-TWOKEY 

INHIBIT 

KllA2 KUR1 

MATRIX 
SIZE 

128 
128 
80 
80 

SCAN 
TIME 

10ms 
2.5 ms 
6.4 ms 
1.6 ms 

a-ENCODED ~~~~~~-~~~~ ~---------- AUTO REPEAT 
O-DISABLE 
1-ENABLE 

KEVBOARD 
1 -NOH ENCODED 

KEVBOARD 

Bit KMR3 enables the auto-repeat mode. In 
this mode, if a key that is programmed for 
auto-repeat is depressed for longer than one· 
half second, the key code will be loaded into 
the KDR approximately 15 times per second 
until that key is released. Only the non-control 
key codes will auto-repeat, i.e. OONTRO[ 
= 1. Table 2 specifies the auto-repeat keys. 

KMR2 and KMR1 select the key matrix size 
and debounce time (scan rate). The keyboard 
row outputs (KR2, KR 1, KRO) always scan 
from O to 7. The column outputs (KC3, KC2, 
KC1, KCO) scan from O to 15 for a 128 key 
matrix and from O to 9 for an 80 key matrix. 

KMRO selects between a 1 kHz and 2kHz 
frequency to be output on the TONE pin in 
response to a ring tone command. 

Keyboard Status Register 
The keyboard status register (KSR) provides 
operational feedback to the CPU. Its format is 
illustrated in figure 4. 

KSR7, 6 and 4 reflect the state of the inputs 
at the corresponding pins. CONTROL and 
SHIFT are latched at the time the key is 
accepted. As the verified codes are loaded 
into the KDR, the corresponding states of 
CONTROL and SHIFT are- loaded into the 
KSR. REPEAT is updated on every matrix 
sample. The status bits are the complements 
of the input levels. 

Figure 3. Keyboard Mode Register Format 

REPEAT 

Figure 4. Keyboard Status Register Format 

KSR5 reflects the state of the internal shift 
lock flag which is controlled by the set/reset 
shift lock commands. 

KSR3 indicates that the keyboard controller is 
enabled. It 1s controlled by the set/clear 
keyboard enable command. 

i-;eyboard overrun (KSR2) is set when both 
the KHA and KOR are full and a third key is 
validated. The original con!ent of the KHA is 
preserved and the content ol the KOR is 
overwritten with the new key code. This bit 
can be specified (by IMR1) to generate an 
interrupt and is cleared by the reset com
mand with 02 = 1. 

Keyboard error (KSR 1) is set when the opera
tor depresses more keys than are allowed in 
the selected rollover mode, or when keys are 
depressed simultaneously (within one scan 
cycle). This bit can be specified (by IMR3) to 
generate an interrupt and is cleared by the 
reset command with D1 = 1 . 

Keyboard data ready (KSRO) is set when the 
key code or address is transferred from the 
KDR to the KHR. This bit can be specified (by 
IMR2) to generate an interrupt. It is cleared 
when the CPU reads the KHR. 
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Communications Controller 
The communications controller section of the 
PKCC comprises a full duplex asynchronous 
receiver /transmitter (UART) with a baud rate 
generator. Registers associated with these 
elements are the communications mode reg
ister (CMR), the baud rate control register 
(BRR), and the communications status regis
ter (CSR). 

Receiver 
The receiver accepts serial data on the RxD 
pin, converts the serial input to parallel for
mat, checks for start bit, stop bit, parity bit (if 
any), or break condition, and presents the 
assembled character to the CPU. The receiv
er looks for a high to low (mark to space) 
transition of the start bit on the RxD input pin. 
If a transition is detected, the state of the RxD 
pin is sampled again after a delay of one half 
of the bit time. If RxD is then high, the start bit 
is invalid and the search for a valid start bit 
begins again. If RxD is still low, a valid start bit 
is assumed and the receiver continues to 
sample the input at one bit time intervals at 
the theoretical center of the bit, until the 
proper number of data bits and the parity bit 
(if any) have been assembled, and one·stop 
bit has been detected. The least significant 
bit is received first. The data is then trans
ferred to the receive holding register (RxHR) 
and the RxRDY bit in the CSR is set to a 1. If 
the character length is less than eight bits, 
the most significant unused bits in the RxHR 
are set to zero. 

After the stop bit is detected, the receiver will 
immediately look for the next start bit. Howev
er, if. a non-zero character was received 
without a stop bit (i.e. framing error) and RxD 
remains low for one half of the bit period after 
the stop bit was sampled, then the space is 
interpreted as a start bit. 

The parity error. framing error and overrun 
error (ii any) are strobed into the CSR at the 
received character boundary. If a break con
dition is detected (RxD is low for the entire 
character including the stop bit) only one 
character consisting of all zeros will be trans
ferred to the RxHR and the received break bit 
in the CSR is set to 1 (RxRDY is not set when 
a break is received). The RxD input must 
return to a high condition for one bit time 
before a search for the next start bit begins .. 

Transmitter 
The transmitter accepts parallel data from the 
CPU and converts it to a serial bit stream on 
the TxD output pin. It automatically sends a 
start bit followed by the data bits, an optional 
parity bit, and the programmed number of 
stop bits. The least significant bit is sent first. 
Following the transmission of the stop bits,~ 

956 September 1985 

CMRI 7 6 I 5 I 4 3 

'---v--' '---v--' 

Operating mode--J 
00 =Normal 
01. =Auto echo 
10 = Local loopback 
t t = Remote loopback 

Parity-----------' 
O = Odd /force O 
t • Even /force 1 

2 I 0 I 
I L~ooOw,~• 00= 8 

Ot = 5 
10 = 6 
11 = 7 

0 = Two stop bits 
1 = One stop bit 

'---------- Parity mode 
00 = With parity 
01 = Force parity 
1 O = No parity 
11 = Not allowed 

Figure 5. Communications Mode Register Format 

a new character is not available in the trans
mit holding register (TxHR), the TxD output 
remains high and the TxEMT bit in the CSR 
will ·be. sei to 1. Transmission resumes and 
the T xEMT bit is cleared when the CPU loads 
a new character into the TxHR. The transmit
ter can be forced to send a continuous low 
condition by a transmit break command. 

If the · transmitter is disabled. it continues 
operating· until the character currently being 
transmitted is completely sent out. 

Communication ·Mode Register 
. Figure 5 illustrates the bit format of the CMR, 

which controls the operational mode of the 
communications controller and the character 
parameters. 

Bits CMR1 - CMRO select a character length 
of 5, 6, 7, or a bits. The character length does 
not include the parity, start, or stop bits. 

CMR2 selects the transmitted character fram
ing as one or two stop bits. The receiver 
always checks for one stop bit. 

The parity format is selected by bits CMR4 
and CMR3. If parity or force parity is selected, 
a patitY bit is added to the transmitted charac
ter and the receiver performs a parity check 
on incoming data. CMR5 selects odd or even 
parity and determines the polarity of the parity 
bit in the force P.arity mode. 

The bits in the mode register affecting char
acter assembly and djsassembly 
(CMR5 - CMRO) can be changed dynamically 
and affect· !he characters currently being 
assembled in RxSR.and transmitted by TxSR. 
To affect assembly 'of a received character, 

the CMR must be updated within n-1 bit times 
of the receipt of that character's start bit. To 
affect a transmitted character, the CMR must 
be updated within n-1 bit times of transmitting 
that character's start bit. (n = the smaller of 
the new and old character lengths). 

The UART can operate in one of four modes, 
as illustrated in figure 6. The operating modes 
are selected by bits CMR7 and CMR6, which 
should only be changed when both the trans
mitter and receiver are disabled. CMR7-
CMR6 • 00 is the normal mode, with the 
transmitter and receiver operating indepen
dently. CMR7-CMR6 = 01 places the UART 
in the automatic echo mode, which automati
cally retransmits the received data. The fol
lowing conditions are true while in automatic 
echo mode: 
1. Data assembled by the receiver is auto

matically placed in the transmit holding 
register and retransmitted on the TxD 
output. 

2. The receive clock is used for the trans
mitter. 

3. The receiver must be enabled, but the 
transmitter need not be enabled. 

4. Status bit TxRDY is not set. TxEMT 
operates normally. 

5. The receiver parity is checked, but is not 
regenerated for transmission, i.e., trans
mitted parity bit is as received. 

6. Only the first character of a break condi
tion is echoed; the TxD output will go high 
until the next received character is as
sembled. 

7. CPU to receiver communication contin
ues normally, but the CPU to transmitter 
link is disabled. 
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SYSTEM 
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SYSTEM 
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SYSTEM 
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SYSTEM 

(a) Normal operating mode. 
(b) Automatic ocho mode. 
(c) Local loopback mode. 
(d) Remote loopback mode. 

TRANSMITTER 

RECEIVER 
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TRANSMITTER 

RECEIVER 

(b) 

TRANSMITTER 

RECEIVER 

(c) 

TRANSMITTER 

RECEIVER 

(d) 

EXTERNAL 
DEVICE 

EXTERNAL 
DEVICE 

EXTERNAL 
DEVICE 

EXTERNAL 
DEVICE 

Figure 6. Operating Modes of the 2671 UART 
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Two diagnostic modes can also be config· 
ured. In local loopback mode (CMR7-
CMR6=10): 
1. The transmitter output is internally con

nected to the receiver input. 
2. The transmit clock is used for the receiv-

er. 
3. The TxD output is held high. 
4. The RxD input is ignored. 
5. The transmitter must be enabled, but the 

receiver need not be enabled. 
6. CPU to transmitter and receiver commu-

nications continue normally. 

The second diagnostic mode is the remote 
loopback mode (CMR7-CMR6 = 11). In this 
mode: 
1. Data assembled by the receiver is auto

matically placed in the transmit holding 
register and retransmitted on the TxD 
output. 

2. The receive clock is used for the trans
mitter. 

3. No data is sent to the local CPU, but the 
error status conditions (parity and fram
ing) are set if required. 

4. The received parity is checked, but is not 
regenerated for transmission, i.e., trans
mitted parity bit is as received. 

5. The receiver must be enabled, but the 
transmitter need not be enabled. 

Baud Rate Control Register 
The baud rate control register (BRR) controls 
the frequency generated by the baud rate 
generator (BRG) and the clock source used 
by the receiver and transmitter. Its format is 
illustrated in figure 7. 

BRR3 - BRRO select one of si~teen frequen
cies to be generated by the BRG. See table 3. 

BRR? and BRR6 select the source of the 
transmit and receive clocks. II external clocks 
are chosen, (BRR? = O or BRR6 = 0), then 
the clock rate factor is determined by BRAS 
and BRR4. The external clock input(s) should 
be the desired baud rate multiplied by the 
clock rate factor. 

If internal clock(s) are specified, (BRR? = 1 or 
BRR6 = 1), the clock is supplied by the inter
nal baud rate generator at the selected baud 
rate. The clock rate factor for internally gener
ated clocks is always 16. Pins 35 and 34 
become outputs for transmit or receive 
clocks, respectively. See table 4 for the 
description and selection of these outputs. 
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BRRl716151 

T Tx0C~o~~t:~~:~e _J J 
1 = Internal (BRG) 

Rx Clock source --
0 =External 
1 = Internal (BRG) 

Baud rate select-See table 3 

Clock rate factor for external 
clocks 

00 = 16X 
01 = 32X 
10 = 64X 
11 = lX 

For internal clocks these 
bits specify the output 
frequency on pin 34 and 
pin 35. See table 4. L_ Figure 7. Baud Rate Control Register Format 

Table 3. BAUD RATE GENERATOR CHARACTERISTICS (BRCLK = 4.9152MHz) 

BRR3-0 

0000 
0001 
0010 
0011 
0100 
0101 
0110 
0111 
1000 
1001 
1010 
1011 
1100 
1101 
1110 
1·111 

BAUD 
RATE 

50 
110 
134.5 
150 
200 
300 
600 

1050 
1200 
1800 
2000 
2400 
4800 
9600 

19200 
38400 

ACTUAL 
FREQUENCY 
16X CLOCK 

0.8 kHz 
1.7598 
2.152 
2.4 
3.2 
4.8 
9.6 

16.8329 
19.2 
28.7438 
31.9168 
38.4 
76.8 

153.6 
307.2 
614.4 

PERCENT 
ERROR 

-
-0.01 

-
-
-
-
-

+0.20 
-

-0.20 
-0.26 
-
-
-
-
-

DIVISOR 

6144 
2793 
2284 
2048 
1536 
1024 

512 
292 
256 
171 
154 
128 

64 
32 
16 

8 
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Table 4. BAUD RATE CONTROL REGISTER 

CLOCK SOURCE PIN FUNCTIONS 
-----,------------~ 

BR'17-
El IR4 TxC RxC 

PIN 
34 

00 .. E E rxc RxC The baud rates are 

01 •• E I TxC ·, X listed in table 3. 
10 .. I E 16X RxC 
1100 I I 1X 1X I 

I 1101 I I 1X 

-I J----_p_3.·:_-:_-_ ----~~-UD-. 0_:~!E-:~:TION 

16X I 

~---~-~-~-~--~ _____ __L __ : __ J __ ~;_j__; ___ L____________ _ __ __J 
NOTES: 
1. *• =Clock rate factor for external clocks: 00 = 16X 

01 ~ 32X 
10 ~ 64X 
11~1X 

2. E = External dock. 
3. I = Internal clock (BRG). 
4. 1 X and 16X are clock outputs at 1 or 16 times the actual baud rate. For receive, the i X output is the actual data sample clock 
5. BRR?- BRA6 = 01 or 10 not permitted in automatic echo or remote loopback modes unless BARS - BRR4 = 00. 

Communications Status Register 
Figure 8 illustrates the bit format of the 
communications status register (CSR), which 
provides UART status to the CPU. 

Receiver ready (CSRO) indicates that a re
ceived character is assembled and trans
ferred to the RxHR and is ready to be read by 
the CPU. This bit can be specified (by IMRO) 
to generate an interrupt and is reset by 
reading the RxHR. 

Transmitter ready (CSR1) indicates that the 
TxHR is empty and ready to be loaded with a 
character. This bit will be cleared when the 
TxHR is loaded and has not yet transferred 
the character to the transmit shift register 
(TxSR). TxRDY is reset when the transmitter 
is disabled. It will be set when the transmitter 
is enabled. provided that no data was loaded 
into the TxHR during the time the transmitter 
was disabled. This bit can be specified (by 
IMR7) to generate an interrupt. 

Transmitter empty (CSR2) indicates that the 
transmitter has underrun, i.e., both the TxHR 
and TxSR are empty. This bit can only be set 
after transmission of at least one character, 
and is cleared when the TxHR is loaded by 
the CPU. TxEMT is reset when the transmitter 
is disabled. This bit can be specified (by 
IMR6) to generate an interrupt. 

CSR3 will be set when the PKCC receives a 
command to transmit a break. This bit will be 
cleared after the break is completed. 

Received break (CSR4) indicates that an all 
zero character of the programmed length has 
been received without a stop bit. Breaks 
originating in the middle of a received charac
ter can be detected. This bit is cleared when 

CSR I 6 TTI~3 '~2 '~'~o ] 
Parity error_J~ I_ -~~L "TxxRRDDYY 
Framing error__J L 
Overrun error TxEMT 

Received break--------- -------- Transmit break 

Figure 8. Communications Status Register Format 

RxD returns to a high state tor at least one bit 
time. 

Receiver overrun (CSR5) indicates that the 
previous character in the RxHR has not been 
read by the CPU and that a new character 
has been loaded into the RxHR This bit is 
cleared by a reset command with 03 = 1. 

Framing error (CSR6) indicates that the stop 
bit has not been detected. The stop bit check 
is made in the middle of the first stop bit 
position. This bit is cleared by a reset com
mand with D3 ~ 1. 

Parity error (CSR?) indicates that a character 
was received with incorrect parity when 'with 
parity' or 'force parity' is enabled. This bit is 
cleared by a reset command with oa ~ 1. 

Interrupt Controller 
The SCN2671 contains a maskable interrupt 
status register (ISR) which can be enabled to 
generate an active low interrupt request on 
the INTR output. The eight interrupt condi-

lions in the ISR are individually enabled by 
writing a 1 into the corresponding bit of the 
interrupt mask register (IMR). 

Each ol t11e interrupt conditions is assigned a 
priority and a vector. When an enabled ISR 
bit is set, the SCN2671 asserts the INTR 
output. If the CPU activates the INTA input, 
the SCN2671 responds by placing the corre
sponding 8-bit vector on the data bus 
(07 - DO). If multiple interrupts are pending, 
the vector corresponds to the condition with 
the highest priority. The interrupt will persist 
until all pending interrupt conditions are 
cleared. 

The iSR can also be polled by reading at 
address A2 - AO ~ 000. All pending interrupt 
conditions which are enabled by the IMR will 
be read independent of priority. 

The bit assionments of the ISR and IMR and 
correspondtnq vectors and priorities are listed 
in table 5. 
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Table 5. INTERRUPT MASK REGISTER (IMR) ANO INTERRUPT STATUS REGISTER (ISR) 

BITIN INTERRUPT VECTOR ON D7 - DO 

IMR/ISR CONDITION 
PRIORITY CONDITION RESET BY: 

BINARY HEX 

IMAO/ISAO RxRDY 1 11001111 CF Read RxHR 
IMR1/ISR1 KOVR 2 11010111 D7 Reset CMD (D2 = 1) 
IMR2/ISR2 KADY 3 11011111 DF Read KHA 
IMA3/ISR3 KERR 4 11100111 E7 Reset CMD {D1=1) 
IMR4/ISR4 XINT1 5 11101111 EF External 
IMR5/ISR5 6BREAK2 6 11110111 F7 Reset CMD (D4 = 1) 
IMR6/ISR6 TxEMT 7 11000111 C7 Load TxHR 
IMR7/ISR7 TxRDY 8 11000111 C7 Load TxHR 

NOTES: 
1. XINT is an input from an external interrupt source, active low (pin 21 ). 
2. nBREAK refers to the change of a received break condition. 

oox-1110 EFFECT _______ _,J I L KEYBOARD RESET 

L_ KERR RESET 

01°"""SET RxE 
011-RESET RxE 
100-SETTxE 
101-RESET TxE 
110-SET TxE AND RxE 
111-COUllUNICATlOlllS RESET 

'--------- KOYR RESET 

BREAK DETECT CHANGE -------..J 
RESET 

.._ _________ COMMUNICATIONS ERROR 

RESET 

COMMANDS 
In addition to the control exercised by pro
gramming of the PKCC control registers, 
several functions can be performed by exe
cuting command operations. There are two 
classes of commands which are initiated by 
writing to the SCN2671 at address 
A2 - AO = 000 (reset command) and address 
A2 - AO = 111 (miscellaneous commands). 
Individual commands are specified by the bit 
pattern on the data bus (07 - DO). 

Reset Commands 
The reset command bit format is illustrated in 
figure 9 and the detail command descriptions 
are given in table 6. 
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Figure 9. Reset Command Format 

A reset command with D7 - DO = 111 XXXX 1 
is a master reset for the SCN2671. This 
command must be given following a power on 
condition to release the internal power on 
reset latch which deactivates the SCN2671 
on power up. 

Miscellaneous Commands 
The miscellaneous command format is illus
trated in figure 10. 

The transmit break commands force a break 
(steady low output) on the TxD pin immedi
ately or after the character in the TxSR {if 
any) is transmitted. A timed break lasts for 
approximately 200ms, and a character break 
lasts for one character time including parity 
and stop bit time. In either case, TxRDY 

(CSR1) will be set at the beginning of the 
break which can be extended indefinitely {by 
200ms or one character lime increments) by 
reasserting the command in response to 
TxRDY. Note that these commands reset 
TxRDY. When a transmit break command is 
asserted, CSR3 will be set. The bit will be 
cleared after the break is completed. 

The ring tone commands cause the tone 
generator to output a square wave on the 
TONE output. The tone durations are speci
fied by the commands: 

Ring tone short = 25ms 
Ring tone long = 1 OOms 

The tone frequency is either 1 kHz or 2kHz, as 
specified by KMRO. 
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Table 6. RESET COMMAND DESCRIPTION 

COMMAND RESETS 

Keyboard reset KMR7-KMRO 
KSR5, KSR3 - KSRO 
IMR3-IMR1 

KERR reset KSR1 

KOVR reset KSR2 

Communications error reset CSR7-CSR5 

Break detect change reset ISR5 

Set RxE See note. 

Reset RxE CSR? - CSR4, CSRO 
See note. 

Set TxE See note. 

Reset TxE CSR3-CSR1 
See note. 

Communications reset CMR, CSR, BRR, 
TxE, RxE, IMR7-IMR5, IMRO 

Master reset CMR, CSR, BRR, 
TxE, RxE, KMR, 
KSR5, KSR3-KSRO, 
IMR7-IMRO 
Releases the internally latched 
power on reset. 

NOTE: 
Command does not affect the CMR or the BRA. 

c, .. , • .,oo .. o '""~~ 
Set keyboard enable 

COMMENTS 

The keyboard controller is reset, ignoring the 
input at KRET. 

Keyboard error status bit reset. 

Keyboard overrun status bit reset. 

Resets the receiver overrun, parity, and framing 
error status bits. 

Resets the break detect change bit in the 
interrupt status register. 

Enables receiver operation. 

Disables the receiver. 

Enables transmitter operation. 

Disables the transmitter. Sets the TxD output to 
a 1 after transmitting the character in TxSR. 

Resets the communication controller. The RxD 
input is ignored and the TxD output is set 
to a 1. 

Resets the keyboard and communication control-
lers. Inputs at KRET and RxD are ignored and 
the TxD output is set to a 1. 

L , .... m .. , .... "" " ... 

Transmit timed break 

Clear shift lock--------~ L~' --Ring tone short 

Set shift lock -----------~ ~------- Ring tone long 

The set/ clear shift lock commands control 
the state of the internal shift lock flip flop. 
When shift lock is set, the keyboard controller 
encodes all key depressions as if the SHIFT 
input was asserted. The state of the shift lock 
flip flop is reflected in KSR5. 

The set keyboard enable command enables 
the keyboard controller and sets KSR3 in the 
keyboard status register. THe clear keyboard 
enable command resets KSR3 and disables 
key processing at the KRET input. The key
board controller is not reset by this command, 
and the current state of the keyboard (key 

Figure 10. Miscellaneous Commands Format 

depressions and latched key states) is pre
served internally. When the keyboard is sub
sequently enabled, key processing resumes, 
old and new keys are debounced, and 
latched keys are encoded if there has been a 
change in their state. 

MASK PROGRAMMABLE 
OPTIONS 
Characteristics of certain portions of the 
PKCC are internally programmed by means of 

a read only memory. The items which can be 
programmed are: 

• Key codes 

• Auto-repeat keys 

• Scan times, tone frequency, and tone 
duration 

• Baud rates 

• Interrupt vectors 

Consult your local Signetics representative 
for costs, minimum quantities, and data sub
mission requirements for customized versions 
of the PKCC. 
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ABSOLUTE MAXIMUM RATINGS 

PARAMETER RATING UNIT 

Operating ambient temperature2 o to +70 ·c 
Storage temperature -65 to + 150 ·c 
All voltages with respect to ground3 -0.5 to +6.0 v 

DC ELECTRICAL CHARACTERISTICS TA=o·c to +1o·c. Vcc=5V±5%"5•6 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

V1L Input low voltage 0.8 v 
V1H Input high voltage 

XTAL1, XTAL2/BRCLK 4.0 v 
All other inputs 2.0 v 

VOL Output low voltage loL = 1.6mA 0.4 v 
VoH Output high voltage (except INTA) loH = -100µA 2.4 v 
l1L Input leakage current (except XTAL 1, V1N = O to Vee -10 10 µA 

XTAL2/BACLK) 
lxTLIL Input low current V1N=O 

XTAL1 -80 -30 µA 
XTAL2/BACLK7 -4.0 -1.5 mA 

lxruH Input high current V1N =Vee 
XTAL1 30 80 µA 
XTAL2/BRCLK7 0.2 1.0 mA 

ILL Data bus 3-state leakage current Vo= Oto Vee -10 10 µA 
Ice Power supply current 150 mA 

AC ELECTRICAL CHARACTERISTICS TA= o•c to + 10°c, Vee= 5V±5% 4.5.e 

LIMITS 
PARAMETER TEST CONDITIONS UNIT 

Min Typ Max 

Read , timing (See figure 11) 
IAS Address set-up to RD 50 ns 
tcs CE set-up to RD 50 ns 
tpw AD pulse width 250 ns 
tAH Address hold from RD 20 ns 
lcH CE hold from RD CL= 150pF 0 ns 
loo Data delay for read 200 ns 
loF Data bus floating time for read CL= 150pF 10 100 ns 
IA01 Access delay from any read to next read or write 250 ns 

Write timing (See figure 12) 
IAS Address setting to WR 50 ns 
tcs CE set-up to WR 50 ns 
lpw WR pulse width 250 ns 
IAH Address hold from WR 20 ns 

lcH CE hold from WR 0 ns 

tos Data set-up 100 ns 
loH Data hold 10 ns 
IA02 Access delay from any write to next read or write 250 ns 

Access delay from reset command to next read or 1.0 µ.s 
write 
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AC ELECTRICAL CHARACTERISTICS (Continued) 

I PARAMETER 

Interrupt acknowledge timing (see figure 13) 
lpw1 INTA pulse width 
tooi Data delay time for interrupt vector 
toF1 Data bus floating time after INTA 

~--_J_i'J_~_A_:? __ INTAaccess delay __ _ 

I 
INTR reset timing (see figure 14) 
!RI INTR delay from: 

Read RxHR (RxRDY) 
I Read KHR (KRDY) 

I Reset commands (KOVR,KERR,BREAK) 
Load TxHR (TxEMT,TxRDY) 

~-Keyboard lim::~;~1~~;;15-;nd 16) -------

1 fKCLK KCLK frequency 

I 
lKBD KR;,KC; to KRET sample delay: 

FAST SCAN 
SLOW SCAN 

tpos Scan time per matrix position: 
FAST SCAN 
SLOW SCAN 

tKRD KORES delay from KCU< 
IKRH KORES hold from KLCK 
lHYSD HYS delay from KCLK 
IRCD KR;,KC, delay from KLCK 

UART timing (see figure 17, 18, 19) 
lRXS RxD setvup time 
lRxH RxD hold time 
trxo TxD delay from falling edge of TxC 
trcs Skew between TxD transition 

!BRH 
tsRL 
fsRG 
fRIT 

and falling edge of TxC output 
XTAL 1 clock high8 

XT AL 1 clock low8 

BRG inpul frequency 
TxC or RxC input frequency 

lR/TH TxC or RxC clock high 
IR/TL TxC or RxC clock low 

--------------
NOTES: 

-----------, 

TEST CONDITIONS 
Min 

300 
CL= 150pF 
CL=150pF 10 

300 

12.0 
55.0 

I C, = 150pF 
CL= 150pF 
CL=150pF 
CL=150pF 

--t---

200 
200 

CL= 150pF 

CL=150pF 

I 70 
70 

L" 
Clock rate factor 
= 16X, 32X, 64X 
Clock rate factor 

=1X 
50 
50 

SCN2671 

LIMITS 
UNIT 

Typ Max 

ns 
250 ns 
100 ns 

ns 

400 ns 
400 ns 
450 ns 
400 ns 
300 ns 

409 kHz 

µs 
µs 

20 µs 
80 µs 

400 ns 
400 ns 
600 ns 
400 ns 
-

ns 
ns 

300 ns 

0 I ns 
I ns 

ns 
4.9152 5.075 MHz 

1.3 MHz 

1.0 MHz 
ns 
ns 

1. Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is stress rating only and functional operation of 
the device at these or at any other condition above those indicated in the operation section of this specification is not implied. 

2. For operating on elevated temperatures, the device must be operated based on + 150"C maximum function temperature. 
3. This product includes circuitry specifically designed for the protection of its internal devices from damagtng effects of excessive static charge. Nonetheless, it is 

suggested that conventional precautions be taken to avoid applying any voltages larger than the rated maxima. 
4. Parameters are valid over operating temperature range unless otherwise specified. 
5. All voltage measurements are referenced to ground (Vss). All input signals swing between 0.4V and 2AV 1vith a transition time of 20ns maximum and time 

measurements are referenced at input voltages of 0.8V, 2.0V and at output voltages of 0.8V, 2.0V as appropriate, unless otherwise specified. 
6. Typical values are at + 25"'C, typical supply voltages and typical processing parameters. 
7. XTAL2 input currents are measured with XTAL grounded. 
8. See figures 20 and 21 for XTAL 1, WTAL.2 connections for driving XT.AL2 wi!h an external clock. Input levels for XTAL1 and XTAL2 are Vil~ 0.8V, V11-1 ;:? 4.0V, and 

tsAL and tsAH are measured at these levels 
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Figure 11. Read Timing 

Figure 12. Write Timing 

iNfi---V.,.1H-:'t:='PWI -----J;t,._ ___ 'ADI----~~ 
VIL ~DI =-P IOFI r 

(INTR VE~~(,~---------~-- VALID )>----------

Figure 13. Interrupt Acknowledge Timing 
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Figure 14. Interrupt Reset Timing 

tKso----'"I 

KREY.SHIFT 
CONTROL&REPEAT~~~~~~~~~~~~~~-'~~~~~~~~~~~~~~~~~ 

SAMPLE TIME 

NOTE' 
Scan timing shown 1s for fast scan (KMR1 = 1). For slow scan (KMA1 ""O) all signals except KCLK run at 1f4 the shown rates. 

Figure 15. Keyboard Scan Timing 

Y September 1985 
--- ---- -
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KRO~~~~~~~ 

KC3f,__------/~~~~~l~~ 
I 

KEY 1 KEY 1 KEY 2 KEY 1 KEY 2 KEY 1 

KRET~'~--{1------'~~~~l'--_n_ 

HYs ------o----..Y.1--------1--1~----_.~ N#K~v ROLLOVER Lr 

READ KHA 
(K1) 

KERR------------------------------------' 
iKSR1) 
INTR-----------------~ 

~ MOOESONLY 

~ 2 KEY ROLLOVER 
2 KEY INHIBIT 

2 KEV INHl8ff 
~MODE ONLY 

Figure 16. Keyboard Timing 
L-------------------·-------·--------~------------~ 
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TxC 
(INPUT) 

TxD 

TxC 
(OUTPUT) 

RxD 

Clock 

Transmit 

1 BIT TIME 
(1, 16, OR 64 CLOCK PERIODS)~ 

Receive 

Figure 17. 

l_~_s_c_N-26_1_1~~~-
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hD --------,A 6 CA 8 C A B C 

~l=:::::::::=-!BR~E~A~K~'===========~·~R~E~A~K~2========jrl F::DATA3-="3 
I 

hEN 

~~~=---1---..,--t------.r----+-------------------+-------
COMMANO 

hROY 
(CSR1) 

TRANSIT 
BREAK-------' 

CSR3 

TxEMT ,---------------

(CSR2) ------------------------1--i--.i.....--...... -----..l 
WRITEOF----------------------,1""7~------..... ~------------THR 
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IF NO WRITE OF THR 

A= START BIT B = 1st STOP BIT C =2nd STOP BIT 0 =MARK 

Figure 18. Transmitter Timing 
(5-Bit Characters, no Parity, 2 Stop Bits) 
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R•C 

R•D 

Rx EN 

A;;:~~-----------..;..-- r------.._ _______ ....j.. ___ ~ r-----+-----..__ 
AHR 

-----.A -------·-C-A B A 
RxD I I DATAt I ~ -oATAJ-

Rx EN 

FRAMING 
ERROR 
(CSRI)---------------------' 

RECEIVED 
BREAK 

~SRA)---------------------------__J 
C:/sOJ-------------------------------~ r---------.j.---

COMMAND 
WITH D4•1 

ISR5 

11'.'}rc~-----------------------------J 
CHANGE) 

A=STARTBIT 8=1STSTOPBIT C:2NDSTOPBIT 

Figure 19. Receiver Timing 
(5-Bit Characters, no Parity, 2 Stop Bits) 

2671 

C = 15-25pF 

2671 

Figure 20. Crystal Connections BRG Clock Figure 21. Connection for External BRG Clock Source 
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Table 7. REGISTER FORMAT SUMMARY 

L 7 I ~~6~~~~~5~~~~-4·~~~~~3~~~~-2~~~~~~~~~~0~~ 

KMR 

KSR 

CMR 

Test Mode Rollover modes 

1 =Enable 00 = N-key with latched keys 

o =Disable 01 = N-key 
10 =Two keys 
11 = TWO key inhibit 

CONTROL SHIFT 

Operating Mode 

00 =Normal 
O 1 = Auto echo 
1 o = Local loopback 
11 = Remote loopback 

SHIFT 
LOCK 

Parity 

0 =Odd/ 
force O 

1 =Even/ 
force 1 

Keyboard Auto repeat 

o =Encoded 

1 = Nonen-
coded 

REPEAT 

o =Disable 

1 =Enable 

Keyboard 
Enabled 

Parity Mode 

00 = With parity 
01 = Force parity 
1 O = No parity 
11 = Not allowed 

Tone select 

Key 
Matrix Scan 0 = 1kHz 

KMR2 KMR1 Size Time 

0 0 128 10ms 1=2kHz 
0 1 128 2.5ms 
1 0 80 6.4ms 
1 1 80 1.Sms 

KOVR KERR KADY 

Stop Bits Character Length 

O =Two 00 = 8 
01=5 

1 =One 10 = 6 
11=7 

Tx Clock 
source 

Rx Clock 
source 

Clock rate factor 
for external clocks Baud rate select (BRR3-BRRO in hex) 

BRR 

CSR 

IMR/ISR 

Reset 
Command 

Format 

Miscellaneous 
Commands 
Format 

0 =External 0 =External 00 = 16X 
01=32X 

1 =Internal 1 =Internal 10 = 64X 
(BAG) (BAG) 11=1X 

For internal clocks these 
bits specify the output 
frequency on pins 34 
and 35 (table 4). 

Parity error Framing Overrun Received 
error error break 

TxRDY TxEMT BREAK XINT 
CHANGE 

OOX = No effect 101 = Reset TxE Break detect 

010 =Set RxE 110=Set TxE 
011 = Reset RxE and RxE 
100 =Set TxE 

Clear 
keyboard 
enable 

111 = Communica-

Set 
keyboard 
enable 

tions reset 

Clear 
shift 
lock 

change 
reset 

Set 
shift 
lock 
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0 = 50 4 = 200 
1=110 5 = 300 
2 = 134.5 6 = 600 
3=150 7 = 1050 

(BRCLK = 4.9152MHz) 

Transmit 
break 

KERR 

Communi-
cations 

error reset 

Ring 
tone 
long 

TxEMT 

KADY 

KOVR reset 

Ring 
tone 
short 

8 = 1200 
9 = 1800 
A= 2000 
B = 2400 

TxRDY 

KOVR 

KERR reset 

Transmit 
timed 
break 

c = 4800 
D = 9600 
E = 19200 
F = 38400 

RxRDY 

RxRDY 

Keyboard 
reset 

Transmit 
character 

break 
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Microprocessor Products 

INTRODUCTION 
Microprocessors and LSI have had a 
dramatic impact on the implementation 
and capabilities of alphanumeric CRT 
terminals. The first generation of CRT 
terminals were little more than 'glass 
teletypes'. Current designs, imple
mented with microprocessors, are char
acterized by an abundance of sophisti
cated features that were previously not 
economically feasible: a universal hard
ware design that can adapt to different 
user requirements simply by changing 
software or firmware; programmability to 
provide end users with the flexibility to 
execute specialized routines; and local 
intelligence and storage which off-loads 
the host CPU by permitting data manipu
lation and verification at the terminal 
site. 

Just as the impact of microcomputers 
has been felt in the functional capabili-

February 1985 
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ties of terminals, advances in semicon
ductor technology have revolutionized 
the hardware implementation. Designs 
that previously consisted of 100 to 200 
ICs can now be realized with a few 
dozen MSI and LSI devices. The majority 
of the LSI manufacturers' effort with 
respect to CRT terminals has been con
centrated in the 'CRT controller' area. 
These circuits provide the character tim
ing, display addressing, and sync gener
ation functions required by all terminals. 
However, these controllers need to be 
supported by many other external cir
cuits to implement a complete terminal. 

The purpose of this application note is to 
provide information on the use of four 
new Signetics CRT terminal products 
which, when combined with standard 
CPUs, memories, and TTL, allow the 
implementation of a wide spectrum of 
CRT terminal capabilities in as few as 15 
total packages. These devices are: 

Figure 1. CRT Terminal Block Diagram 
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• 2670 Display Character and 
Graphics Generator (DCGG) 

• 2671 Programmable Keyboard and 
Communications Controller (PKCC) 

• 2672 Programmable Video Timing 
Controller (PVTC) 

• 2677 Video and Attributes 
Controller (VAC) 

MAJOR ELEMENTS OF A CRT 
TERMINAL 
Figure 1 shows the major elements of a 
typical low-end microcomputer-based 
CRT terminal. In this system, the CPU 
examines inputs from the data communi
cations line and the keyboard and 
places the data to be displayed in a 
display buffer memory, which is typically 
a RAM which holds the data for a single 
or multiple screenload (page) or for a 
single character row. High-end ('smart' 
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and 'intelligent') terminals start with the same 
base, but append additional circuits to pro
vide more features and capabilities. The fol
lowing sections describe the functions of 
each of the major blocks. 

Character Timing and Sync 
Generation 
The major function of this block is to generate 
the horizontal and vertical timing signals re
quired to produce the TV raster on the CRT 
monitor. Other functions include the genera
tion of display memory addresses in synchro
nism with the monitor scan and in accordance 
with a defined screen format (characters per 
row, scan lines per row and rows per screen), 
generation of a cursor signal at the appropri
ate scan position, and generation of video 
blanking signals during retrace intervals. 

110 Interface 
In its simplest form, this block provides an 
interface to a keyboard to identify the key 
depressed and a serial communications link, 
normally operating in an asynchronous for
mat, between the terminal and the host 
computer. Although these functions could be 
performed programmatically by the terminal 
CPU system, removing these functions to 
intelligent controllers unburden the system 
CPU and allow it to be used more effectively 
to provide additional features with a relatively 
small cost impact. 

Character and Graphics 
Generation 
These circuits convert the data stored in the 
display memory to the line by line dot patterns 
required to display the data on the CRT 
monitor. 

Video Timing and Visual 
Attributes 
This section contains the high speed (dot 
rate) circuits necessary to convert the parallel 
data from the character and graphics genera
tion circuits to the serial video stream re
quired by the CRT. Also included are circuits 
to sum visual display attributes such as blink
ing, high/low intensity, reverse video, and 
underlining into the video stream. 

SIGNETICS' CRT CHIP SET 
As mentioned previously, the Signetics CRT 
'set' consists of four circuits. The functions of 
these circuits correspond closely to the four 
major CRT terminal blocks described above. 
The circuits have been partitioned so as to 
allow each to be used independent of the 
others, allow several alternative methods of 
implementing the display memory interface 
so that the hardware can be tailored to the 
system requirements, provide a full comple
ment of programmable capabilities, and mini
mize the number of support circuits required. 

The following sections give a brief description 
of each of the circuits. The reader is referred 

sco---------------~ 

GM----------~ 

CAO-CA7 ~-----, 

LAO-LA3 

READ ONLY 
MEMORY 
(128 )C 91) 

LINE 
LATCH 

LSTROBE -----' 
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to the individual data sheets for full operation
al details. 

2670 Display Character and 
Graphics Generator (DCGG) 
The DCGG, figure 2, is a mask-programmable 
11,648-bit line select character generator. It 
contains 128 1 0 x 9 characters placed in a 
1 O x 16 matrix, and has the capability of 
shifting certain characters, such as j, y, g, p 
and q, that normally extend below the base
line; effectively, the 9 active lines are lowered 
within the matrix to compensate for the char
acter's position. 

Seven bits of an 8-bit address code are used 
to select 1 of the 128 available characters. 
The eighth bit functions as a chip enable 
signal. Each character is defined by a pattern 
of logic 1 s and Os stored in a 1 o x 9 matrix. 
When a specific 4-bit binary line address 
code is applied, a word of 1 O parallel bits 
appears to the output. The lines can be 
sequentially selected, providing a 9-word se
quence of 1 O parallel bits per word for each 
character selected by the address inputs. As 
the line address inputs are sequentially ad
dressed, the device will automatically place 
the 10 x 9 character in 1 of 2 preprogrammed 
positions on the 16-line matrix with the posi
tions defined by the 4-line address inputs. 
One or more of the 1 O parallel outputs can be 
used as control signals to selectively enable 
functions such as half-dot shift, color selec
tion, etc. 

-vcc 

-GND 

OUTPUT 
DRIVERS 

00-09 

Figure 2. 2670 Display Character and Graphics Generator 
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The 2670 DCGG includes latches to store the 
character address and line address data. A 
control input to inhibit character data output 
for certain groups of characte" is also provid
ed. The 2670 also includes a graphics capa
bility, wherein the 8-bit character code is 
translated directly into 256 possible user 
programmable graphic patterns. Thus, the 
DCGG can generate data for 384 distinct 
patterns, of which 128 are defined by the 
mask programmable ROM. 

2671 Programmable Keyboard 
and Communications Controller 
(PKCC) 
The 2671, figure 3, is an MOS LSI device 
which provides a versatile keyboard interface 
and also functions as an asynchronous com
munications controller. It is intended for use 
in microprocessor based systems and pro
vides an eight bit data bus interface. 

The keyboard controller handles the scan
ning, debounce, and encoding of mechanical 
or capacitive keyboards with a maximum of 
128 keys utilizing any of four programmable 
rollover modes. A mask programmable ROM 
provides four levels of key encoding, corre
sponding to the separate shift and control 
input combinations. An eight bit keyboard 
status register transmits status information to 
the CPU. Programmable features include roll
over mode, scan rate and debounce time, 
coded or uncoded operation, and automatic 
repeat operation. 

The communications section of the PKCC is a 
universal asynchronous receiver and trans
mitter (UART). The receiver accepts serial 
input data and converts it to parallel data 
characters. Simultaneously, the transmitter 
accepts parallel data from the CPU data bus 
and outputs it in serialized form. Received 
data is checked for parity and framing errors, 
and break conditions are flagged. Character 
lengths can be programmed as 5, 6, 7, or 8 
bits not including panty, start or stop bits. An 
internal baud rate generator (BRG) operating 
from an external clock or directly from a 
crystal can be used to derive one of sixteen 
receive and/ or transmit clocks. An eight bit 
communications status register provides sta
tus information to the CPU. 

The PKCC has an interrupt mask register to 
selectively enable keyboard and communica
tions status bits to generate interrupts. Priority 
encoded interrupt vectoring is available. Upon 
receipt of an interrupt acknowledge, a mask 
programmable interrupt vector will be output 
on the data bus reflecting the source of the 
interrupt. The mask enabled interrupt sources 
can also be read directly. 

February 1985 

2672 Programmable Video 
Timing Controller (PVTC) 
The 2672 PVTC, figure 4, is a programmable 
device designed for use in CRT terminals and 
display systems that employ raster scan tech
niques. The PVTC generates the vertical and 
horizontal timing signals necessary for the 
display of interlaced or non-interlaced data on 
a CRT monitor. Also, the 2672 provides 
consecutive addressing to a user specified 
display buffer memory domain and controls 
the CPU-display buffer interface for various 
buffer configuration modes. A variety of oper
ating modes, display formats, and timing 
profiles can be implemented by programming 
the control registers in the PVTC. 

The CPU initializes the 2672 control and 
timing registers for the desired timing profiles 
and memory configuration. The PVTC pro
vides the handshake control for CPU access 
to the display buffer. One of four memory 
access modes may be programmed: indepen
dent mode. transparent mode, shared mode, 
and row mode. These modes are described in 
the System Configurations section of this 
application note. 

In all modes, the PVTC provides addresses 
for the display buffer which outputs the char
acter codes to the 2670 Display Character 
and Graphics Generator (DCGG) and visual 
attribute codes to the 2673 Video Attributes 
Controller (VAC). The DCGG and PVTC sup
ply the dot data and sync timing to the VAC 
which generates the serialized video. 

Programmable features of the PVTC include 
screen format (characters/row, rows/screen, 
scan lines/row), horizontal and vertical timing 
parameters, cursor type (block or underline) 
and blink rate, character blink rate, interlaced 
or non-interlaced operation, and single or 
double height characters. 

The PVTC is capable of producing interrupts 
based upon several internal conditions. By 
using these interrupts (or by polling the equiv
alent status register) display features such as 
non-consecutive buffer addressing for split 
screen operation, multiple cursors, horizontal 
and vertical scrolling, and smooth vertical 
scroll can be implemented. 

2677 Video and Attributes 
Controller (VAC) 
The 2677, figure 5, is a bipolar LSI device 
designed for CRT terminals and display sys
tems that employ raster scan techniques. It 
contains a high speed video shift register, 
field and character attributes logic, attribute 
latch. cursor format logic and half dot shift 
control, and can be programmed for a light or 
dark screen background. 

The V AC visual attribute capabilities are re
verse video. character blank, blink, \.mderline. 
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highlight, and light pen strike-thru or, optional
ly, graphics. Each attribute has a separate 
control input which is latched internally when 
the AFLAG input is asserted. If the AMODE 
input is low, the attributes are valid for one 
character time. If AMODE is high, the attri
butes remain valid until the field is terminated 
by strobing in a new attributes set. The 
attributes are double buffered on a row by 
row basis internally so that field attributes can 
extend across character row boundaries 
thereby eliminating the necessity of starting 
each row with an attribute set. 

The horizontal dot frequency is the basic 
timing input element to the VAC; internally, 
this clock is divided down to provide a char
acter clock output for system synchroniza
tion. Ten bits of dot data are parallel loaded 
into the video shift register on each character 
boundary. The video data is shifted out on 
three outputs at the dot frequency. On the 
video output, the video is presented as a 
three level signal representing low, medium 
and high intensities, and the three intensities 
are also encoded on the two TTL compatible 
video outputs. 

SYSTEM CONFIGURATIONS 
The PVTC supports four common system 
configurations of display buffer memory inter
face, designated the independent, transpar
ent, shared, and row buffer modes. The first 
three modes utilize a single or multiple page 
RAM and differ primarily in the means used to 
transfer display data between the RAM and 
the CPU. The row buffer mode makes use of 
a single row buffer (which can be a shift 
register or a small RAM) that is updated in 
real time to contain the appropriate display 
data. 

Independent Mode 
The CPU to RAM interface configuration for 
this mode is illustrated in figure 6. Transfer of 
data between the CPU and display memory is 
accomplished via a bidirectional latched port 
and is controlled by the PVTC signals read 
data buffer (RDB), write data buffer (WDB), 
and buffer chip enable (BCE). This mode 
provides a non-contention type of operation 
that does not require address multiplexers. 
The CPU does not address the memory 
directly- the read or write operation is per
formed at the address contained in the cursor 
address register or the pointer address regis
ter as specified by the CPU. The PVTC 
enacts the data transfers during blanking 
intervals in order to prevent visual distur
bances of the displayed data. 

The CPU manages the data transfers by 
supplying commands to the PVTC. The com
mands used are: 
1. Read/Write at pointer address. 
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Figure 3. 2671 Programmable Keyboard and Communications Controller 
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Figure 4. 2672 Programmable Video Timing Controller 
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Figure 5. 2677 Video and Attributes Controller 
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ROBE 

2. Read/Write at cursor address (with op
tional increment of address). 

3. Write from cursor address to pointer 
address. 

1. The CPU loads data to be written into the 
display memory into the interface latch. 

2. The CPU writes the destination address 
into the PVTC's cursor or pointer regis
ters. 

3. The CPU checks the PVTC 'RDFLG' 
status bit to assure that any previous 
operation has been completed. 

The operational sequence for a write to 
memory operation is: 
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4. The CPU issues a 'write at cursor with/ 
without increment' or a 'write at pointer' 
command to the PVTC. 
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Figure 6. Independent Buffer Mode Configuration 

5. The PVTC negates 'RDFLG', outputs the 
specified address, and generates control 
signals to perform requested operation. 
Data is copied from the interface latch 
into the memory. 

6. The PVTC sets its 'RDFLG' status to 
indicate that the write operation is com
pleted. 

Similarly, a read operation proceeds as fol
lows:, 
1. Steps 2 and 3 as above. 
2. The CPU issues a 'read at cursor with/ 

without increment' or 'read at pointer' 
command. 

3. The PVTC negates 'RDFLG', outputs the 
specified address, and generates control 
signals to perform the read operation. 
Data is copied from the memory to the 
interface latch and the PVTC sets its 
'RDFLG' status to indicate that the oper
ation is completed. 

4. The CPU checks the 'RDFLG' status to 
see if the read is completed. 

5. The CPU reads the data from the inter-
face latch. 

Loading the same data into a block of display 
memory is accomplished via the 'write from 
cursor to pointer' command: 
1. The CPU loads the data to be written into 

the display memory into the interface 
latch. 

2. The CPU writes the beginning address of 
the memory block into the PVTC' s cursor 
address register and the ending address 
of the block into the pointer address 
register. 
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3. The CPU checks the 'RDFLG' status bit 
to assure that any previous operation has 
been completed. 

4. The CPU issues a 'write from cursor to 
pointer' command to the PVTC. 

5. The PVTC negates 'RDFLG" and outputs 
block addresses and control signals to 
copy the data from the interface latch 
into the specified block of memory. 

6. the PVTC sets its 'RDFLG' status to 
indicate that the block write is completed. 

Similar sequences can be implemented on an 
interrupt driven basis using the READY inter
rupt output from the PVTC to inform the CPU 
that a previously requested command has 
been completed. 

Two timing sequences are possible for the 
'read/write at cursor/pointer' commands. If 
the command is given during the active dis
play window (defined as first scan line of the 
first character row to the last scan line of the 
last character row), the operation takes place 
during the next horizontal blanking interval. If 
the command is given during the vertical 
blanking interval, or while the display has 
been commanded blanked, the operation 
takes place immediately. 

For the 'write from cursor to pointer' opera
tion, the PVTC's BLANK output is asserted 
automatically and remains asserted until the 
horizontal retrace interval following comple
tion of the command. The memory is filled at 
a rate of one location per two character 
times, plus a small amount c;f overhead. 
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Shared and Transparent Buffer 
Modes 
In these modes the display buffer RAM is a 
part of the CPU memory domain and is 
addressed directly by the CPU. Both modes 
use the same hardware configuration with the 
CPU accessing the display buffer via three
state drivers (see figure 7). The processor 
bus request (PBREQ) control signal informs 
the PVTC that the CPU is requesting access 
to the display buffer. In response to this 
request, the PVTC raises bus acknowledge 
(BACK) until its bus external (BEXT) output 
has freed the display address and data bus
ses for CPU access. BACK, which can be 
used as a 'hold' input to the CPU, is then 
lowered to indicate that the CPU can access 
the buffer. 

In transparent mode, the PVTC delays the 
granting of the buffer to the CPU until a 
vertical or horizontal blanking interval, there
by causing minimum disturbance of the dis
play. In shared mode, the PVTC will blank the 
display and grant immediate access to the 
CPU. 

Row Buffer Mode 
Figure 8 shows the hardware implementation 
for the row buffer mode. During the first scan 
line (line 0) of each character row, the PVTC 
halts the CPU and DMA' s the next row of 
character data from the system memory to 
the row buffer memory. The PVTC then 
releases the CPU and displays the row buffer 
data for the programmed number of scan 
lines. The bus request (BREQ) control signal 
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IPBREQ 
CPU iiCK 

BEXT 

ljjjj CPU WR 

SYSTEM DATA BUS 

Figure 7. PVTC Shared or Transparent Buffer Modes 

informs the CPU that character addresses 
and the memory bus control (MBC) signal will 
start at the next falling edge of BLANK. The 
CPU must release the address and data 
busses before this time to prevent bus con
tention. After the row of character data is 
transferred to the CPU, BREQ returns high to 
grant memory control back to the CPU. 

A MINIMUM CHIP COUNT 
TERMINAL IMPLEMENTATION 
Figure 9 is the schematic of a minimum chip 
count CRT terminal using the four CRT set 
devices. Only 15 IC packages are required for 
the complete implementation, including all 
keyboard encoding and RS-232 level conver
sion for the serial interface. Despite this low 

February 1985 

2 x 2112 

LSBs ROW 
..... -~=====,,;;.;=-".I REFRESH 

RAM 

Figure 8. Row Buffer Mode Configuration 

chip count the terminal is capable of providing 
an impressive array of features including: 

Display Format: 
• 24 or 25 character rows 
• 80 characters per row 

Character Format: 
• 7 x 9 dot matrix character in a 9 x 12 

character block 
• 96 ASCII alphanumeric characters 
• 32 special symbols 
• Block graphics 
• Line drawing character set 

977 

Cursor: 
• Underline or block cursor 
• Optional blinking 

Keyboard: 
• 128 keys maximum 
• Non-encoded 
• Cursor control keys 
• Numeric keypad 

Serial Interface: 
• Full or half duplex 
• RS-232 compatible 
• 16 baud rates with internal baud rate 

generator 
• Character or block transmission 
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Operating Modes: 
•Normal 
• Transparent (displays graphic and 

control characters) 
• Page or scroll with optional smooth scroll 

Visual Attributes: 
•Blink 
• Reverse video 
• Highlight 
• Underline 
• Non-display 

The system utilizes the independent buffer 
mode to minimize hardware requirements. 
The dual port interface to the 2K x 8 display 
buffer is via a Signetics 8 x 31 bidirectional 
latch. This may be replaced by a unidirection
al latch such as the 7 4LS37 4 if reading of the 
FIAM's contents by the CPU is not required. 

operating program for the terminal is 
1•ontained in the internal ROM of the 8049 
n\icrocornputer, which also provides the RAM 
"""""'ed by the system program. Since the 

of the terminal's features are tailored 
by tirmware, the ROM size can be increased, 
c:~ther internally or externally, to support addi

tur.cUons.1 

BASIC TERMINAL SOFTWARE 
software for a microcomputer based 

termi•1al Is closely tied to the system hard-
configuration and its characteristics. If 

an interrupt driven mode of operation is 
desired, the system hardware/software de
sign must be capable of prioritizing the inter
rupts so that the system will correctly service 
interrupts from different sources. In a typical 
system, there are three interrupt sources: the 
keyboard, the communications interface, and 
the video timing controiler. The latter must 
usually be assigned the highest priority since 
failure to service an interrupt from the video 
timing controller on a timely basis may result 
in visual perturbations on the display. The 
keyboard and datacomm interrupts can, in 
most cases, absorb some time delay before 
they are serviced since they include one or 
more levels of data buffers. 

Olten. a multi-level interrupt structure will be 
required so that a high priority interrupt requir
ing immediate service can be serviced even 
while the system is in the process of servicing 
a lower priority interrupt. 

A simplified flowchart for the software for an 
interrupt driven terminal is shown in figure 10. 
After application of power, the microproces
sor first performs a system initialization rou
tine wt1ich consists of five parts: 
1. Clear the microcomputer's scratch pad 

RAM. 

2. Initialize the 2672 PVTC for the desired 
screen format, monitor timing parame
ters, cursor parameters, and display start 
address. 

3. Clear the CRT display by loading a non 
display-code (usually an ASCII 'space', 
20 hex) into the buffer memory. 

4. Initialize the 2671 PKCC for the desired 
keyboard and serial interface modes. 

5. Read any mode switches (e.g., full or half 
duplex, baud rate, cursor type, etc.) and 
set system parameters as required. 

The processor can now enable its interrupts 
and wait in a loop until an interrupt is re
ceived. When this happens, the processor 
first determines the source of the interrupt 
and then performs the required system oper
ation. 

An interrupt from the CRT timing controller 
usually indicates that some information is 
required for proper screen refresh operation. 
For example, the PVTC may issue a 'split 
screen' interrupt to indicate that a new ad
dress must be loaded into its screen start 
registers in order for the next character row to 
be displayed from other than the next se
quential address in memory. The CPU must 
service this interrupt within a finite time in 
order for the display to operate correctly. 

An interrupt from the keyboard intertace may 
be either a displayable character or a control 
function. Displayable characters are usually 
transmitted to the host computer and also 
placed into the buffer memory for display on 
the terminal. Certain control characters, such 
as cursor control keys or keyboard error 
codes, may cause only local actions, while 
others will also require transmission to the 
host. 

An interrupt from the data communications 
interface may also be a displayable character 
or a system control character. In either case 
the microprocessor must determine the type 
of character and perform the necessary sys
tem operation. 

A DESIGN EXAMPLE 
A fully operational emulation of an IBM 3101 
terminal was designed and constructed using 
the Signetics CRT chip set. The terminal 
incorporates the majority of the 3101's func
tions. Selected functions were not incorporat
ed due to program memory limitations. For 
example, the tabbing functions were devel
oped and tested but were left out in defer
ence to the block transmission functions. 

1 A data package for this terminal is available upon request horn Signetics. 
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Table 1. TERMINAL FEATURES 

Display Screen Format ----t 
-- 2000 character screen capacity I 

(25 rows x 80 columns) 
- Operator information area (25th 

line) 
- Block-shaped cursor with optional 

blinking 

Displayable Graphic Set 
- 95 ASCII characters for non

transparent mode 
- 128 characters for transparent 

mode 
- 7 x 9 character matrix in 9 x 12 

field 

Keyboard 
- 63-key main keyboard 
- 12-key control key cluster 
-- 12-key numeric keypad 
- Keyboard lock/unlock under soft-

ware control 
- Keyboard clicker 
- Typamatic operation 

Edit Functions 
- Cursor controls: up, down, left, 

right, home 
- Cursor address read and write 
- Erase functions: erase EOL, 

erase EOS, clear screen 

Visual Attributes 
-- Highlighted field 
-- Blinking field 
- Non-displayed field 

Underlined field 

Modes of Operation 
- Transmission modes: character or 

block (page or line) 
- Normal or transparent 

Line Protocol 
- Asynchronous 
- 7-bit ASCII with programmable 

parity 
- One or two stop bits 
- Full or half duplex 
- Online or local 
- Programmable line turnaround 

character for block mode (EOT I 
ETX/CR/XOFF) 

- EIA RS232 interface 
- Communication line speed: 50 to 

9,600 baud 

Screen Refresh Rate 
-· 60Hz 

More features could have been included by 
selecting another of the numerous micropro
cessor devices on the market with greater 
program memory capacity. Major features of 
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the terminal are summarized in table 1.1 

Terminal Hardware 
The block diagram of the 8035 based termi
nal 1s rllustrated in figure 11. It is an expanded 
version of the logic shown in figure 9, the 
major difference being a larger display RAM, 
to provide up to two pages of screen data, 
and the addition of several input ports to 
handle the large number of option and set-up 
switches. The terminal's software is con
tained in 4K of program storage external to 
the 8035. 

The 2672 PVTC is programmed to operate in 
the independent buffer mode with the CPU 
isolated from the display RAM by two 
74LS364 eight-bit latches. which provide the 
path for data transfers between the CPU and 
RAM. The PVTC, responding to commands 
from the CPU, completely controls the data 
transfer. To avoid display interference, the 
PVTC is instructed to complete the access 
during a blanking interval. For massive dis
play updates (clear screen, load form, etc.) 
the PVTC 1s instructed to blank the display 
and service the data transfer immediately and 
continuously. Additional memory contention 
circuitry is not necessary since the PVTC 
provides all ol the timing and addressing (via 
cursor and pointer) necessary to complete 
the transfer. An interrupt from the PVTC 
informs the CPU when an operation is com
pleted. 

The PVTC addresses the display buffer mem
ory, which contains both character and attri
bute data. An attribute byte is identified by the 
software by setting bit 7 of the byte to a logic 
1 . The RAM data outputs are applied to the 
2670 DCGG, which provides the character 
dot data information, and to the 26'13 VAC. 

The VAC is hardwired to operate in the field 
attributes mode for this application. An attri
bute character occupies a screen position but 
1s not displayed unless the ACD input to the 
VAG 1s asserted. Bit 7 of tho character byte 
identifies a character as an attribute charac
ter 1i rt is a 1. When bit 7 on the RAM data bus 
is a 1, the attribute byte is latcl1ed into the 
VAC lo begin a new attributes field. Since the 
attributes are d0tJble buffered in the VAC, 
only one byte (at any character position) is 
required to specify a field. 

The bipolar VAC circuit serializes the dot data 
from the DCGG into a 17.5MHz data stream 
tor the rnon!tor. Two TTL-level video outputs 

provide three levels of video: black, white, 
and gray. 

The PKCC provides the asynchronous data 
communications link at one of sixteen select
able baud rates. The PKCC addresses two 
74LS145s which act as a 4-to-16 decoder to 
drive a 16 x 8 matrix keyboard. Key depres
sions are detected on the KRET input from a 
74LS151 8-to-1 multiplexer. Each key depres
sion is debounced, encoded according to the 
states of the SHIFT and CONTROL inputs, 
and presented to the CPU. Repeat and 'typo
matic' (auto-repeat) functions are processed 
automatically by the PKCC. 

Memory Allocation 
The 4K bytes of available buffer memory 
were allocated as follows (all addresses are 
in hex): 

- 0000 to 004F: display data for row 
25, status line 

- 0050 to 0075: not used 
- 0076 to 007F: CPU scratchpad 
- 0080 to 07FF: display data for rows 

to 24 
- 0800 to OFFF: not used, available for 

second page of display data 

The PVTC' s 'display buffer first address' and 
'display buffer last address' registers are 
loaded with the values 0080 and 07FF re
spectively so as to cause this portion of the 
RAM to act as a circular buffer. Initially the 
display data is organized in the RAM as 
follows: 

- 0080 to OOCF: row 1 data 
- 0000 to 011 F: row 2 data 

• .. 
• 

- 07BO to O?FF: row 24 data 

When a scroll operation is required, the CPU 
changes the value in tl1e PVTC' s 'screen 
start' register from 0080 to 0000" This effec
tively shifts the displayed data up one row. 
Upon reaphing the specified last buf!er ad
dress (which is now the last character in row 
23), the PVTC automatically changes the 
addressing sequence to resume starting at 
0080 for the 24th row. The display data is 
now organized: 

- 0000 to 011 F: row 1 data 
- 0120 to 016F: row 2 data 

• 
• 
• 

- 0780 to 07FF: row 23 data 

Application Note 
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- 0080 to OOCF: row 24 data 

The CPU can clear the previous data in 0080 
to OOCF so that a blank row appears in the 
24th position. 

The status line (row 25) data is kept in a 
separate section of RAM to eliminate the 
necessity of moving the data whenever the 
scrolling operation described above occurs. 
Thus, the PVTC must be instructed to change 
its addressing sequence at the beginning of 
the 25th row. This is accomplished by use of 
the split screen row interrupt capability. IR10, 
the 'split screen interrupt row' register, is 
initialized so as to cause an interrupt to be 
issued at the beginning of row 24. The CPU 
responds to this interrupt by changing the 
value in the screen start register to 0000. The 
PVTC then uses this value as the starting 
address of the next (25th) row, causing the 
status line to be displayed in that position. 
The CPU must re-load the screen start regis
ter before the end of the vertical blanking 
interval with the correct value for the first 
character to be displayed on the screen. 

Terminal Software 
Because the 8035 microcomputer used in the 
terminal provides only a single interrupt level, 
a totally interrupt driven software design 
could not be used. The interrupt was as
signed to the PVTC to service the split screen 
interrupt described above and the operations 
required to implement the smooth scroll fea
ture. The keyboard and datacomm functions 
are servi0ed by polling the PKCC status 
register. Both the keyboard interface and 
UART receiver are double buffered in the 
PKCC, preventing overrun even if they are not 
serviced immediately. 

The program generally follows the typical 
program flow described previously. At system 
reset the 8035 interrupts are disabled, data 
memory and display memory are cleared to 
zeroes, and both the PVTC and PKCC are 
master reset through software commands. 
The system option switches are then read 
and stored and the PVTC and PKCC internal 
registers are initialized for the selected opera
tion. Finally, the initial data for the status line 
is loaded, the PVTC, UART, and keyboard are 
enabled, and the CPU interrupt is enabled. 
The program then enters a loop where the 
PKCC is checked for keyboard or UART 
entries" If an entry has occurred, the charac
ter is fetched and stored in a software con
trolled FIFO (first-in-first-out) memory which is 

1 A data package tor the design, including details of operation, schematic, and program Hsting, is available upon request by writing to; 
Signetics Corporation 
Microprocessor Applications Dept. 
Mail Station 25'76 
P.O. Box 3409 
Sunnyvale" CA 94088-3409 
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eight bytes deep for both receiving or trans
mitting characters (the need for the FIFO is 
described below). If either FIFO has an entry, 
the program proceeds to a character recogni
tion routine which checks for the type of 
character (displayable or control) and the 
appropriate handling subroutine (ESC se
quence, control sequence, cursor control, 
character display, etc.) is called. If the FIFO's 
are empty, the polling routine checks the 
option switches for any changes since reset 
entry and if so reconfigures the system as 
necessary. 

The need from the FIFOs results from the 
method used to effect the clear row function 
required when a scroll is performed. Although 
the PVTC includes a 'clear from cursor to 
pointer' command that can be used to clear a 
block of memory rapidly, the display is tempo
rarily blanked during this operation. This 
would cause undesirable flashes on the dis
play. Instead, the program does the function 
by a repetitive loop using the 'write at cursor 
and increment' command. Since the write 
occurs only once per scan line during the 
active display window, a worst case total of 
approximately 80 scan line times is required 
to execute the routine. This would limit the 
maximum received character rate to approxi
mately one per 80 scan lines or about 240 
characters per second (2400 baud). To over-

HBLANK __J 

come this limitation, the PKCC is also polled 
each time through the clear line subroutine 
loop, and any entries from the receiver or 
keyboard are stored in the appropriate FIFO. 
Since the FIFO is eight deep, this allows eight 
characters to be received in the same time, 
increasing the maximum baud rate to 19,200. 
(Other program limitations actually reduce the 
maximum baud rate to 9600 baud). However, 
this does not increase the rate at which 
characters which cause a scroll function to 
occur, such as a line feed, can be received. 
Each character of this type must be followed 
by 'fill' characters in order for data rates 
higher than 2400 baud to be used. 

An interrupt from the PVTC will occur when 
the display scan reaches the row count pro
grammed in its split screen address register, 
row address 24 (for the 24th row). In re
sponse to the interrupt, the CPU loads the 
screen start registers with the address of the 
status line (0000) and enables the PVTC' s 
line zero interrupt. This causes another inter
rupt at the beginning of display of the status 
line. At this time the CPU reloads the screen 
start register with the proper address to begin 
the next display frame and disables the line 
zero interrupt. 

If scrolling is required the screen start register 
value is incremented by 80 (popping off the 

top row) and the effective bottom row cleared 
to nulls. If soft scrolling is selected, additional 
functions are performed during the interrupt 
routines. To begin the operation, the line zero 
interrupt routine adds ten lines to the vertical 
back porch. This causes the next active 
screen display to begin ten scan lines later 
than normal and gives the effect of the 
display moving up two scan lines (12 lines per 
character row - 10) instead of jumping up 12 
lines. If nothing else were changed, however, 
the bottom of the display would move down 
ten lines. thus, during the row 24 interrupt the 
number of scan lines per character row is 
changed to two (12 - 10), causing only the 
first two scan lines of that row to be shown. 
The next line zero interrupt (at row 25) 
restores the lines per row count back to 12 to 
keep the whole status line showing, and now 
changes the vertical back porch to 8. The 
display moves up two more scan lines and at 
the next row 24 interrupt four scan lines are 
shown. The process continues in this manner, 
providing the effect of the entire display, 
except for the status line, smoothly scrolling 
up over a selected interval of six frames, or 
one tenth of a second. 

Timing Calculation Example 
The AVDC register values need to be calcu
lated to provide suitable drive signals for the 
selected monitor. In the following example, 

L_ 
----j 1-- FRONT PORCH (IR1) BACK PORCH (IR2) ---l 1--

HSY NC 

i-- HSYNC (IRCiAR ROWS/SCREEN (IR4)----j 

---r-;:::=-;CAN LINES PER ROW (IRO) I 
VBLANK __Jr-----., ,.-------,L 

--j I-- FRONT PORCH (IR3) BACK PORCH (IR3) --j I-
VSYNC _Jl.__ _____________ __.n.__ __ _ 

----j r- VSYNC (FIXED AT 3) 

EQUALIZING 
LINES/ROW CONSTANT 

IRO I I I I IR1 I I 
HSYNC HBACK VFAONT VBACK 
WIDTH PORCH PORCH PORCH 

IR2 I I I I I I IR3 l~I ~~l~I ~l~I ~ 

CHAR ROWS/SCREEN CHARACTERS PER ROW 
-, 

IR4 I I I I 
Figure 12. Horizontal and Vertical Timing 
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each character will be contained in a 8 dot by 
1 O line field with a total of 24 rows displayed. 

The total number of active scan lines will be 
10 x 24 or 240. An estimate of the horizontal 
refresh rate required for the monitor can be 
made using the following formula assuming a 
screen refresh rate of 60Hz with a vertical 
retrace of 1 O percent of the active scan lines: 

Horizontal frequency= 
(60) x (240) x (1.1) = 15,840Hz 

In order to calculate the IR register values of 
the AVDC, the CRT monitor characteristics 
need to be obtained. An NEC monitor was 
used for the worksheet. The major timing 
specifications for the monitor are: 

Horizontal frequency: 
Horizontal retrace: 
Horizontal sync width: 
Vertical frequency: 
Vertical retrace: 
Vertical sync width: 

15.75KHz 
15.Sµs 
4.76µs 
60Hz 
1.43ms 
0.19ms 

Monitor timing definitions are shown in figure 
12. The worksheet illustrated in table 2 can 
be used to compute the required timing and 
associated PVTC register values. Some 
rough guesses are required initially and sev
eral iterations through the worksheet may be 
required. 

The worksheet can be used to determine the 
dot clock frequency required given the moni
tor characteristics above, the number of char
acters per row, the number of dots per 
character, the number of character rows per 
screen, and the number of scan lines per 
character row. The horizontal sync width was 
estimated by the ratio of the sync width time 
with respect to the retrace time given in the 
monitor information above. The horizontal 
and vertical front and back porches were 
estimated from the remaining time left during 
the retrace. 

February 1985 

Table 2. 

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 

17. 
18. 
19. 
20. 

21. 

22. 
23. 
24. 
25. 

TIMING WORKSHEET 

Horizontal Character Block (number of dots) 
Vertical Character Block (number of scan lines) 
Vertical Refresh Rate, Hz 
Horizontal Line Rate, KHz 
Characters Per Row 
Character Rows Per Screen 
Total Active Video Scan Lines (step 2 X step 6) 
Total Scan Lines Per Frame (step 4 I step 3) 
Vertical Retrace Interval (step 8 - step 7) 
Vertical Front Porch (number of scan lines) 
Vertical Back Porch (number of scan lines) 
Vertical Sync Width (number of scan lines) 
Horizontal Scan Line Rate, us (1 I step 4) 
Horizontal Active Video Time, us 
Horizontal Retrace Time, us 
Horizontal Retrace Time (character time units) 
(step 15 I [step 14 I step 5]) 
Horizontal Back Porch (character time units) 
Horizontal Sync Width (character time units) 
Horizontal Front Porch (character time units) 
Total Character Time Units in One Horizontal 
Scan Line (add steps 5, 17, 18, and 19) 
Equalizing Constant 
([step 20 I 2 ] - [2 X step 18]) 
Character Clock Rate, MHz (step 20 X step 4) 
Character Period, us (1 I step 22) 
Scan Line Period, us (step 23 X step 20) 
Dot Clock Rate, MHz (step 22 X step 1) 
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8 
10 
60 
15.75 
64 
24 
240 
262.5 
22.5 
8 
12 
3 
63.5 
48 
15.5 

20.7 
7 
6 
8 
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31 
1.339 
0.747 
63.50 
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(IRO) 

(IRS) 
(IR4) 

(IR3) 
(IR3) 

(IR2) 
(IR2) 

(IR1) 

10.712 
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INTRODUCTION 
The Signetics CRT chip set consists of 
four LSI devices which, when combined 
with standard microcomputer, memory, 
and TTL products, permit the implemen
tation of a CRT terminal in as few as 15 
total packages. The four LSI devices 
are: 

2670 Display Character and 
Graphics Generator (DCGG) 
The 2670 is a mask programmable line 
select character generator which con· 
tains the dot patterns for 128 10 x 9 
characters. It also provides a semi
graphics capability wherein the 8-bit 
character code is translated directly into 
256 graphic patterns useful for present
ing data such as graphs and forms on 
the CRT display. Additional features of 
the DCGG include character and line 
address latches, internal descend logic 
and thin line graphics. 

2671 Programmable Keyboard 
and Communications Controller 
(PKCC) 
The 2671 provides a versatile keyboard 
interface and an asynchronous commu
nications interface in a single package. 
The keyboard section handles the scan
ning, debounce, and encoding of me
chanical or capacitive keyboards with up 
to 128 keys utilizing any of four program
mable rollover modes. An internal ROM 
provides any of four key codes for a 
depressed key. The communications 
section is a universal asynchronous re
ceiver and transmitter (UART) with pro
grammable character length, parity, and 
stop bits. A baud rate generator provid
ing 16 standard communications Ire· 
quencies which operates directly from a 
crystal is also incorporated in the 2671. 

2672 Programmable Video 
Timing Controller (PVTC) 
The 2672 is designed for use in CRT 
terminals and other display systems that 
employ raster scan techniques. It gener
ates the vertical and horizontal timing for 
the CRT monitor, and provides the ad·· 
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dressin<J for the display buffer memory 
The CPU to display buffer interface can 
be programmed for several different 
modes of operation, including full screen 
buffer, multiple page buffer, or row buff
er, as required by the application. Pro
grammable features of the PVTC include 
screen format (characters per row, scan 
lines per row, rows per screen), horizon
tal and vertical timing parameters, cursor 
type, interlaced or non-interlaced opera
tion, and character and cursor blink 
timing. 

2673 Video and Attributes 
Controller 
The 2673 is a bipolar LSI device that 
contains the high speed timing circuits 
required in CRT terminal systems. In
cluded on the 2673 are a dot clock 
counter, video silift register. field and 
charactor attributes logic, and cursor 
display circuits. The 2673 attributes ca
pabilities are reverse video, character 
blank, blink, underline, highlight, light 
pen, and graphics. The device provides 
both TT l.. and analog video outputs and 
operates at dot frequencies up to 
25MHz 

Individual data sheets are available 
which describe each of the devices in 
full detail. A previously published appli
cation note entitled "Using the 2670/ 
71172/73 CRT Terminal Chip Set" 
(AN401 ), describes the implementation 
of CRT terminals using the chip set. The 
purpose of this application note is to 
provide information on the implementa
tion of special end-product features. 

SMOOTM (SOFT) SCROLLING 
Scrolling is used in CRT terminals to 
provide the effect of an "endless page" 
on which the data can be written. In 
normal implementations, once the 
screen fills up, the space for the next 
row of data is provided by removing the 
top row and moving all the remaining 
rows up by one row, thus creating a 
blank data row at the bottom of the 
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screen ;nto which the new information is 
placed. (The process may be reversed if 
the new data is to be written at the top of 
the screen). This technique creates a 
readability problem when viewing data 
which is being received at a relatively 
high speed, since the rows are jumping 
up (or down) at a fast rate. Smooth or 
soft scrolling improves readability by 
moving the data in scan line increments 
instead of in whole row jumps, thus 
creating the effect of a sheet of paper 
slowly being moved through the viewing 
area. One system restriction of providing 
the smooth scrolling feature is that the 
rate at which new rows of data can be 
received is limited to the rate at which 
the display is being moved. Thus, suc
cessive line feeds must be separated by 
a minimum number of real or durr1rny 
"fill" characters in order to allow the 
display to keep up with the received 
data. The number of fill characters will 
be a function of the number of scan lines 
per character row, the scroll rate, and 
the communications line speed, and 
may also be affected by the inclusion of 
software and/or hardware features such 
as a data buffer in the system design. 

When using tt1e CRT chip set, smooth 
scrolling can be implemented 1n soft
ware only, or with a combination of 
hardware and software. 

Software Only Method 
The software only method of smooth 
scrolling uses the 2672' s capability to 
program the scan lines per row and the 
vertical back porch, and the ability to 
program an interrupt to occur at any row 
by programming tl1e row value into the 
split screen register, IR10. Three limita
tions of this method are: 
1. Scrolling must be in an upward direc

tion. 
2. The screen area that is scrolled must 

start at the top of the display but can 
end at any row. 

3. The minimum scrolling increment is 
two scan lines. 
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The flowchart in figure 1 shows the s1eps 
necessary for scrolling starting at the top of 
the screen and ending at character row 231, 

with an additional non-scrolling row at row 24. 
The IR10 value is set to 23, to cause an 
interrupt to occur at row 23. This interrupt 
routine then enables the line zero interrupt, 
so that another interrupt occurs at row 24. 
The line zero (row 24) interrupt routine disa
bles the line zero interrupt so that another line 
zero interrupt is not asserted until the split 
screen (row 23) interrupt routine enables it 
again. 

When a scroll is desired, the system software 
changes the screen start address to the new 
value (normally an address "n" characters 
higher than the previous value, where "n" is 
the number of characters per row) and sets a 
scroll flag. The top row disappears and nor
mally the display would jump up by one row. 
However, the line zero interrupt routine notes 
that the scroll flag is set and adds the value 
"s-2" (s =scan lines/row) to the vertical 
back porch (IR3). This causes the next active 
screen display to begin "s-2" lines later than 
normal and gives the effect of the display 
moving up two scan lines instead of jumping a 
full row. If nothing else were changed, howev
er, the bottom of the display would move 
down the same number of scan lines. Thus, 
during the split screen interrupt routine the 
number of scan lines per character row (!RO) 
is changed to two, causing only the first two 
scan lines of that row (which is the new row) 
to be displayed and mai~taining the proper 
value for the total scan lines. The next line 
zero interrupt restores the lines per row value 
back to its normal state to display the whole 
of the last character row, and now decreases 
the vertical back porch increment by two. The 
display moves up two more scan lines and at 
the next split screen interrupt four scan lines 
are allowed. The process continues in this 
manner until the scroll is completed. 

Note that the CPU must complete the split 
screen interrupt routine within two scan line 
times. 

Hardware/Software Method 
The hardware/ software method of smooth 
scroll removes the restrictions of the software 
only method. The scrolling region can begin 
and end at any character row, scrolling can 
be performed in either the up or down direc
tion, and the minimum scroll increment can 
be one scan line. 

A block diagram of the required hardware for 
the case of full screen scroll is illustrated in 
figure 2. When scrolling is required, the CPU 
writes the number of scan lines to scroll into 
the 4-bit latch during the vertical retrace 
interval. The scan line adder detects when 

the sum of the offset and the scan line 
address is greater than the programmed 
number of scan lines per row and causes the 
RAM address to be automatically offset to the 
next character row by the n-bit RAM address 
adder. The CPU adjusts the value in the scan 
lines to scroll latch at desired intervals, e.g., 
each vertical retrace, to effect the smooth 
scroll. When the scroll is completed, the 
screen start address is changed to the new 
value required for the top character row. 

If only a partial screen scroll is required, the 
hardware must be modified to cause the 
offset to be applied only during the scrolling 
area. The lines to scroll latch of figure 2 is 
replaced by the circuit shown in figure 3. The 
software is written with split screen interrupts 
at the row before the first row which is to be 
scrolled (interrupt 1) and at the last scrolled 
row (interrupt 2). The required program ac
tions are as follows: 
1 . During vertical retrace, the screen start 

address for the non-scrolled region at the 
top of the screen is loaded and IR10 is 
loaded with the row number required for 
interrupt 1. 

2. During interrupt 1, a new screen start 
address for the scrolled region is loaded 
(if required), IR10 is loaded with the value 
required for interrupt 2, and the lines to 
scroll latch is loaded with five bits of data 
consisting of the four bit lines to scroll 
value plus an asserted "scroll" bit The 
hardware will cause the scan line offset 
to be applied to the adder at the begin
ning of the next character row, as re
quired. 

3. During interrupt 2, a new screen start 
address for the non-scrolled region at the 
bottom of the screen is loaded (if re
quired), and the "scroll" bit is negated. 
The hardware will cause the scan line 
offset to be removed from the adder at 
the beginning of the next character row, 
as required. If the scroll region extends to 
the bottom of the visible screen, this 
interrupt is not required. Note that the 
time required to service this interrupt will 
determine the minimum number of scan 
lines per scrolling increment. 

HORIZONTAL SCROLL 
Horizontal scrolling allows the terminal to be 
used to read or write pages which are wider 
than the actual screen width. For example, if 
an actual page width of 132 characters is to 
be displayed on a terminal with a capacity of 
80 characters per row, horizontal scrolling 
can be used to display any desired 80-
character "window" of the 132-character 
row. The window can be moved in response 
to operator keyboard commands, allowing all 

Application Note 

AN403 

132 columns to be observed. The CRT set 
capabilities allow horizontal scrolling in single 
or multiple character increments to be imple
mented using software only. As described in 
the 2672 data sheet, changing the contents 
of the screen start address register during a 
particular row, say row "n", will cause the 
display of the next row, "n + 1", to begin 
from the new address. This feature, together 
with the capability to interrupt at every row via 
the line zero interrupt, can be used to update 
the contents of the screen start register once 
each row to effect the horizontal scroll. The 
software operations required are as follows 
(see figure 4): 
1. During· the vertical retrace interval, the 

screen start register is initialized with the 
starting memory address of the display 
page plus the desired horizontal scroll (in 
characters). 

2. The line zero interrupt is enabled. During 
each interrupt service the value in the 
screen start address is incremented by 
the actual (not display) page width. This 
may be done either by referencing a table 
of starting addresses or by performing 
the required addition. 

COLOR DISPLAY INTERFACE 
Figure 5 illustrates the block diagram of a 
color monitor interface. Eight colors for fore
ground and background with three attributes 
are supplied. The system operates in the 
character attribute mode with a 16-bit word of 
data for each character: seven bits for char
acter select, six bits for color select, and 
three bits for other attributes. 

The two 7 4LS37 4s delay the color informa
tion by two CCLKs to allow for the two CCLK 
delays of dot data through the DCGG and 
V AC. The video output of the V AC selects 
foreground or background color (active dot or 
not) for each character cell via the 74LS157 
multiplexer. A variable CCLK delay may be 
required to synchronize the delay of the color 
information through the latches to the delay 
of the video data from the VAC. 

EXTERNAL VIDEO SYNC 
Some applications require overlaying of char
acters on an existing video display. An exam
ple of this is the addition of subtitles to a 
picture display. Figure 6 illustrates a simple 
technique of externally synchronizing the 
2672 PVTC to an external video source. The 
dot clock to the 2673 VAC is stopped (char
acter clock falling edge) at the start of the 
PVTC' s sync interval and restarted upon 
occurrence of the external sync signal. The 
sync timing programmed in the 2672 must be 
slightly faster than the external sync rate. 

1 Rows are numbered consecutively starting with row 0. Thus, row 23 is the twenty~fourth row of characters. 
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FIRST ROW OF STATUS REGION 

RESTORE SCAN LINES/ROW 
IRO TO NORMAL VALUE 

DISABLE LINE ZERO INTERRUPT 

WRITE SCREEN ST ART REGS TO 
FIRST ADDRESS OF DISPLAY 

FROM (YYY) 

RESET SCROLL FLAG 

SET (XXX) TO TWO 
SCAN LINES/ROW 

NO 

INCREMENT (YYY) BY NUMBER 
OF CHARACTERS IN A ROW 

INCREASE VERTICAL BACK 
PORCH BY NORMAL NUMBER OF 

SCAN LINESJROW - (XXX) 

RESET INTERRUPTS AND 
RETURN 

:~~~}INTERNAL CPU REGISTERS 

NO 

INTERRUPT ENTRY 

YES LAST ROW OF SCROLLING REGION 

INCREMENT (XXX) 
BY TWO SCAN LINES 

PER ROW 

WRITE REQUIRED SCAN 
LINES/ROW INTO PVTC 

IRO FROM (XXX) 

WRITE SCREEN START REGS 
TO FIRST ADDRESS OF 25th 

STATUS ROW 

ENABLE LINE ZERO INTERRUPT 

Figure 1. Smooth Scroll Flowchart 
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NOTES: 

llLANK-----1 

ADD~==~D=ADl»-~~~:1a~ __ .....,_,/I 

DATA 
eus 

SC=-----' 

1. Hardwire adder inputs to number of characters per row. 

FULL 
ADDER 

FULL -

2. Cany logic asserts output when output of adder exceeds normal scan Hnes/row. 

14 
RAM 

VAC 

'----1'1 A1TRllUTE 
,...... __ ..,_,.,DATA 

Figure 2. Smooth Scroll Hardware Block Diagram 

04 

03 

02 TO SCAN 
LINEAOOER 

FROM (FIGURE2) 
CPU 01 

DO 

Figure 3. Partial Screen Smooth Scroll Modification 
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INTERRUPT 

NO (VBLANK INTERRUPT) 

ADD ACTUAL CHARACTERS 
PER ROW TO PREVIOUS 

SCREEN START REGISTERS 
VALUE AND WRITE INTO 

SCREEN START REGISTERS 

RESET LINE ZERO 
INTERRUPT 

RETURN 

WRITE PAGE START 
ADDRESS PLUS HORIZONTAL 

SCROLL INTO SCREEN 
START REGISTERS 

RESET VBLANK 
INTERRUPT 

Figure 4. Horizontal Scroll 

SCAN LINE COUNT GREATER 
THAN 16 
Certain applications may require more scan 
lines than the 16 scan lines per character row 
(non-interlaced) which the 2672 can provide. 
Figure 7 shows the hardware required to 
obtain up to 32 scan lines per character row. 
The PVTC must be programmed for double 
height character rows. This causes the scan 
line count outputs from the 2672 (DADD4-
DADD7) to increment once every two scan 
lines. The external flip-flop toggles each scan 
line to provide a fifth bit of scan line count 
information for the character generator. The 
technique permits any even value of scan 
lines per character row from 2 to 32 to be 
obtained. 

BIT MAPPED GRAPHICS 
Figure 8 illustrates an implementation of a bit 
mapped display with the chip set. In this 
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configuration, the contents of the memory will 
be displayed without character generator 
translations. Thus, each bit in the memory 
corresponds to a single pixel on the display. 
Each horizontal scan line is defined by a 
contiguous set of bytes in the RAM. The data 
is written in groups of 8 bits by the CPU and is 
accessed by the PVTC in groups of 8 bits. 
The character generator of a normal alpha
numeric configuration is replaced by an 8-bit 
latch to implement the one CCLK delay 
normally provided by the 2670. The PVTC 
can be programmed for one scan line/row to 
cause the memory addressing to proceed 
without repetition of addresses in each row. 

The PVTC can be programmed to a maximum 
of 256 characters/row and 128 rows/screen. 
Thus, a 2048 by 128 bit map is possible. If 
more than 128 dots are required vertically, 
the PVTC can be programmed for more than 
one scan line/row and the scan line outputs 
can be used as part of the RAM address, 
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creating several segments of memory. For 
example, if 256 lines are required, the PVTC 
must be programmed for two lines/row. The 
use of LAO as part of the memory address 
creates two segments. The CPU writes the 
data for odd scan lines in one segment of the 
memory and the data for even scan lines in 
the other. As the PVTC accesses the RAM 
the scan line count will go from O to 1 
addressing the even and then odd portion of 
the RAM for each character row. 

Figure 8 shows the DCGG as optional. By 
using the 2672's split screen capability and 
changing 2672 parameters, the CPU can 
enable the DCGG to be active for a portion of 
the screen thereby incorporating both bit
mapped and alphanumeric sections on the 
same display. 
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Figure 5. Color Display Block Diagram 
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Figure 6. External Sync Lock 
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Figure 7. Greater Than 16 Scan Lines Per Row 
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Figure 8. Implementation of Bit Mapped Display 
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TEA2000 

PAL/NTSC COLOUR ENCODER 

GENERAL DESCRIPTION 

The TEA2000 is a monolithic integrated circuit, which encodes colour information and provides 
composite video output for driving a VHF or UHF modulator. 

Features 

• European PAL and American NTSC/M standard selectable 
• Internal generation of burst timing and PAL-switch-function 
• 6 bit binary TTL compatible input provides 64 different colours 
• TTL compatible colour blcinking input 
• TTL compatible sync input 

QUICK REFERENCE DATA 

Supply voltage V11-9 typ. 12 v 

Supply current at V 11-9 = 12 V I 11 typ. 55 mA 

Input voltage 
V1L 0,8 v pins 1,2,3,4,5,14,16,17,18 max. 
V1H min. 2,0 v 

Composite video output 
(sync tip to white) v6-9(p-p) typ. 2,0 v 

Operating temperature range Tamb 0 to+ 70 oc -

PACKAGE OUTLINE 

18-lead DI L; plastic with internal heat spreader (SOT-102HE). -
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PAL/NTSC colour encoder TEA2000 

PINNING 

1. Red 1 binary input 
2. Green 0 binary input 
3. Green 1 binary input 
4. Blue 0 binary input 
5. Blue 1 binary input 
6. Composite video output 
7. Luminance output to delay line 
8. Luminance input from delay line 
9. Ground 0 volt 

10. Chrominance band limiting 
11. Supply voltage 

12. 11 Oscillator inputs I 7,16 MHz crystal for NTSC 
13. I 8,86 MHz crystal for PAL 
14. PAL/NTSC switch 
15. Ramp 
16. Composite sync input (CSYNC) 
17. Composite blanking input (CBLNK) 
18. Red 0 binary input 

FUNCTIONAL DESCRIPTION 

The TEA2000 PAL/NTSC colour encoder and video summer integrated circuit has an internal oscilla
tor from which the (R-Y) and (B.Y) waveforms are generated. The TEA2000 accepts timing signals 
(composite sync, composite blanking) and a 6 bit binary coded input giving colour information. The 
inputs are organized as 2 bits per primary colour and gamma correction is applied to the resultant 
luminance and chrominance levels. Each of the equally spaced intensity levels (for each primary colour) 
is combined with those of the other primary colours. This produces 64 output colours comprising a 
wide range of saturated and desaturated colours, black, white and two levels of grey. The resultant 
output is a composite video signal compatible with the PAL and NTSC/M standards. 

PIN DESCRIPTION 

RO, Rl, GO, Gl, BO, Bl, pins 18, 1,2,3,4 and 5. 
These are the red, green and blue logic inputs. 2 bits per primary colour. These inputs are TTL compa
tible. 

CSYNC, pin 16. 

Composite sync input requiring a negative logic signal, TTL compatible. For PAL operation the field 
sync must include line sync information. 

XTALA, XTALB, pins 12 and 13. 

Oscillator inputs. A crystal in series with a trimmer capacitor is connected between pins 12 and 13. 
The output of the oscillator is divided to provide the four subcarrier phases required in the encoder. 
The crystal frequencies are: 

PAL mode 8,867238 MHz 
NTSC mode 7,15909 MHz 

LUMO, LUMI, pins 7 and 8. 

Luminance output and input. The combined luminance and sync signal appearing at pin 7 must be d.c. 
coupled to pin 8 via an appropriate luminance delay line or resistor network. Resistors must have a 
tolerence of ± 5%, or better, as they affect the d.c. level at COVO, pin 6. 
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CHRBL, pin 10. 

Chrominance filtering can be accomplished by connecting a chrominance frequency tuned filter 
(4,43 MHz or 3,57 MHZ). via a blocking capacitor to pin 10. This point is the chrominance summing 
junction and has a nominal internal impedance of 1,5 kn. If a filter is used at this point then the 
delay caused to the chrominance signal should be compensated by an appropriate luminance delay line. 

COVO, pin 6. 

Composite video output is internally buffered giving a nominal output voltage swing of 2 V sync-white 
and a nominal sync 5 V level. 

PL/NT, pin 14. 

PAL/NTSC, select input selects PAL mode when HIGH and NTSC mode when LOW. This input is 
TTL compatable. An internal pull-up resistor selects PAL if the pin is not connected. 

RAMP, pin 15. 

Ramp timing component connection. A capacitor and resistor connected to pin 15 provide timing 
information for the colour burst and for PAL phase switching. Alternative components may be used 
to optimise for NTSC operation. 

Vee. pin 11. 

12 volt supply. 

GND, pin 9. 

Ground connection, zero volts. 

CBLNK, pin 17. 

Blanking input when high, switches off colour inputs. CBLNK must be high during sync and colour 
burst unless colour inputs are all low at this time. This input is TTL compatible. 

RATINGS 

Limiting values in accordance with Absolute Maximum System (IEC 134) 

Supply voltage V11-9 

Voltages, pin 1,2,3,4,5,14,16,17,18 

Storage temperature 

- Operating ambient temperature 

998 March 19861 

max. 

max. 

13,2 v 
V11-9 V 

-20 to +125 oc 

0 to+ 70 oc 
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PAL/NTSC colour encoder TEA2000 

CHARACTERISTICS 

V 11-9 = 12 V; Tamb = 25 °C; measured in Fig. 3 unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage V11-9 10,8 12 13,2 v 
Supply current V 11-9 = 12 V I 11 - 55 - mA 

Oscillator stability, pins 12 and 13 

Crystal type 4322 143 04051 
Vp = 10,8 to 12 V - +50 - Hz 
Vp = 12 to 13,2 V - -50 - Hz 

Digital inputs 

CSYNC, CB LN K, PL/NT pins 16, 17, 14 
RO,R1,GO,G1,BO,B1pins18,1,2,3,4,5 

V1N (LOW) V1L -0,5 - 0,8 v 
V1N (HIGH) V1H 2 - V11-9 v 

Input capacitance c· I - - 10 pf 
Input rise and fall times tr,tf - - 200 ns 
CSYNC, CB LN K, RO,R 1,GO,G 1,BO,B 1 
pins 16,17,18,1,2,3,4,5 
Input current d.c. for V1N = 0 V l1L - - -100 µA 
Input current d.c. for V1N = 2 V l1H - - 20 µA 
PL/NT, pin 14 
Input current d.c. for V1N = 0 V l1L - - -500 µA 
Input current d.c. for V1N = 2 V l1H - - -200 µA 

Composite video output, pin 6 

Output amplitude (sync tip-white) V5_9 (p-p) - 2 - v 
Sync tip level V5_9 - 5 - v 
Output load resistor R5_9 0,47 1 - kn 
Variation of output amplitude 

T amb = 0 to + 70 °c V(p-p) - - tbf % 
Over supply range 

V 11-9 = 10,8 to 13,2 V t!.V - - tbf % 
Output impedance (with 1 kn load) RL - 15 - n 
Residual chrominance on white t!.Vrms - 30 - mV 
Tolerance on luminance amplitude t!.V - 10 - % 
Tolerance on chrominance amplitude t!.V - 10 - % 
Tolerance on chrominance phase t!,.Q - tbf - % 

Chrominance band limiting, pin 10 

Internal resistance R 10-11 1,5 - kn 
Luminance delay, pins 7 and 8 
Nominal series resistor (±5%) Rs - 1,2 - kn 
Nominal load resistor at luminance input (±5%) RL - 1 - kn 

Ramp timing, pin 15 (see Fig. 4) 

With external RC circuit 
R = 36 kn; C = 330 pF (note 1) 

Start of burst from line sync tb - 5,7 -- µs 
Burst width tw - 2,5 - µs 
Threshold for seperation of equalizing 

pulses and sync pulses t 36 44 56 µs 

Note: 1. A figure of 5 pF is assumed for external capacitance. This figure includes temperature 
dependence of the components. 
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X1 (PAL)= 8,867238 MHz 
X1 (NTSC) = 7,159100 MHz 

C* = 5,6 pF only for mask version 1 

COMPONENT 

L1 
C1 
L2 
R1 
R2 
M1 
LKA 

PAL NTSC 

15 µH 18 µH 
82 pF 100 pF 
DL270 DL330 
430.Q 510.Q 
510.Q 750.Q 
UM1233 UM1622 
o/c made 

Component list for Fig. 2. 
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L MEA8000 

VOICE SYNTHESIZER 

GENERAL DESCRIPTION 

The MEA8000 is a 24-pin N-MOS integrated circuit for generating good quality speech from digital 
code with a programmable bit rate. The circuit is primarily intended for applications in microprocessor 
controlled systems, where the speech code is stored separately. 

Features 

• Interfaces easily with most popular microprocessors and microcomputer 
• 8-bit wide data bus 
• 32-bit wide data buffer holding speech frame codes 
• Digital filter of 8th order with 3 programmable formant frequencies, one fixed formant frequency, 

and 4 programmable formant bandwidths 
• Programmable amplitudes 
• Programmable duration of each frame; 8, 16, 32 or 64 ms 
• Synthesis occupies less than 1 % of control processor time 
• Capable of sophisticated unvoiced sound generation 
• Crystal controlled oscillator or external (TTL) clock 
• Minimal external audio filter requirement 
• Single+ 5 V power supply 

QUICK REFERENCE DATA 

parameter cond it ion 

Supply voltage pin 13 

Supply current no a udio load 

Inputs 

Input voltage 

Input voltage 

Input capacitance 

Outputs 

H HIG 

LOW 

Output voltage -lo H = 100µA 

Output voltage loL -~ 1,6 mA 

Capacitance 

Operating ambient 
temperature range 

PACKAGE OUTLINE 

24-lead DI L; plastic (SOT-101 A). 

symbol 

Voo 

loo 

V1H 

VIL 

C1 

VoH 

Vol 

CL 

Tamb 

min. typ. max. unit 

4,5 5,0 5,5 1 v 
- 30 50 mA 

2,0 - Voo v 
-0,5 - 0,8 v 
- - 7 pF 

2,4 - - v 
-- - 0,4 v 
- - 30 pF 

0 - + 70 oc 

October 1984 1005 



MEABOOO j 
w COMMAND 5 

RJW REG 

CE 
SYNTHESIZER TEST MICRO- (INCLUDING STATUS BIT AO PROCESSOR a WAVEFORM 

D7 DATA GENERATORS 
INTERFACE 

PITCH AND DIGITAL 

DO to D6 START REG FILTERS) 

REOEN SPEECH 
FRAME 

iiEO DATA REG 

OSCOUT 

OSCIN OSCILLATOR TIMING 

CLKIN 

Vss o 

vDDO 

n.c. o 
CLK OUT OUT REF 7Z80537 

Fig. 1 Block diagram. 

PINNING 

1 Vss ground 
2 REQ data request 
3 07 

ground TEST test use only 
4 06 
5 05 data request w write 

6 04 data bus R/W read/write 
7 03 
B 02 CLK OUT internal clock output 

9 01 
speech output 

10 DO 
OUT 

11 AO data/control input D4 REF reference current 

12 CE chip enable data bus MEABOOO 

13 Voo supply voltage D3 CLKIN clock input 

14 REQEN request enable input OSCOUT} 
15 N.C. not connected internal oscillator 

16 OSCIN D1 OSCIN 

internal oscillator 
17 OSCOUT DO n.c. 

18 CLKIN clock input 
19 REF reference current data I control AO REOEN request enable 

20 OUT speech output chip enable CE VoD supply voltage 

21 CLK OUT internal clock output 
22 P.;w read/write 7Z80538 

23 w write 
24 TEST test use only Fig. 2 Pinning diagram. 
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Voice synthesizer MEABOOO 

FUNCTIONAL DESCRIPTION (pin number) 

Control 

DO to D7 

D7 

CE 

w 
R/W 

AO 

RE(} 

REGEN 

Timing 

OSCIN 

OSC OUT 

CLKIN 

CLK OUT 

Output 

REF 

OUT 

Supply 

VDD 

Vss 
TEST 

NC 

HANDLING 

(10 to 3) 

(3) 

(12) 

(23) 

(22) 

( 11) 

(2) 

(14) 

(16) 

} (17) 

(18) 

(21) 

(19) 

(20) 

(13) 

( 1) 

(24) 

( 15) 

Data bus to which command or speech can be written. 

Data port via which the status can be read. 

Chip enable (chip select). 

Write. 

Read/Write 
The control signals Wand R/W allow connections to most microcomputers 
or microprocessors (see timing diagrams). 

Data/control input: discriminates between speech code input buffer 
(AO= 'O') and command register (AO= '1 ')during a 'write' operation. 

Data request (open drain output); output signal which follows inverse of the 
status REQ bit, but only if enabled by either the ROE bit in the command 
register or the external REQEN pin. 

Request enable input; R EQEN = 'O' enables the status R EQ output, 
independent of the status of the command register. 

Connections for internal clock oscillator; nominal crystal frequency 4 MHz. 

Clock input for external clock, TTL compatible, 4 MHz. 

A buffered output for the internal clock cycle (which is equal to CLK 
divided by 3). May be used as a clock, for a microprocessor, for example. 

Input pin for biasing the audio output level. This reference current can be 
derived from a resistor to the positive supply. 

Speech output; this output is a 64 kHz pulse, modulated in both width and 
amplitude. It is configured as a current sink with a saturating voltage of 
about 3 V. 

Single supply voltage, nominally 5 V, but battery operation is possible. 

Ground. 

Used for testing purposes. Changes other pin functions. Must be tied to 
ground for user operation. 

It is recommended to ground this pin. 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 
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MEABOOO J 
RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

parameter conditions symbol min. max. unit 

Supply voltage range Voo -0,5 +7 v 
Voltage with respect to Vss on any pin V1 -0,5 +7 v 
Output voltage pins 2 and 20 VREO· VouT 15 v 
Storage temperature range Tstg -20 + 125 oc 

Operating ambient temperature range Tamb 0 + 70 oc 

1008 October 1984 



~~~V-oi-ce-sy-nt-hes-iz-er~~~~~~~~~~~-----Jl_~_M_E_A_8_00-0~~~ 
CHARACTERISTICS 

Tamb = 25 °c; Voo = 5 V, unless otherwise specified; all voltages referenced to Vss 

parameter conditions symbol min. typ. max. unit 

Symbol 

Supply voltage note 1 Voo 4,5 5,0 5,5 v 
Supply current no audio load loo - 30 50 mA 

Inputs 

DO to 07, AO, CE, W, 
R/W, REQEN, CLK IN 

Input voltage HIGH V1H 2,0 - Voo v 
Input voltage LOW VIL -0,5 - 0,8 v 
Input leakage current note 2 l1R - - 10 µA 

Input capacitance C1 - - 7 pF 

Outputs 

07 (1/0), CLK OUT 

Output voltage HIGH -loH = 100µA VoH 2,4 - - v 
Output voltage LOW IQL = 1,6 mA Vol - - 0,4 v 
Output load capacitance CL - - 50 pF 

REQ 

Output voltage HIGH open drain VoH - - 13,2 v 
Output voltage LOW IQL = 1,6 mA Vol - - 0,4 v 
Output load capacitance CL - - 50 pF 

Audio output 

Reference current pin 19;note8 IREF - - 0,3 mA 

Output current pin 20; 
peak value 
IREF = 0 mA louT - 100 - µA 
IREF = 0,1 mA louT - 1,7 - mA 
I REF= 0,3 mA louT - 5 - mA 

Output voltage pin 20; for 
linear operation; 
note 3; 
IREF = 0,1 mA VouT 2,5 - 13,2 v 

Oscillator 

Crystal frequency internal fXTAL - 4,00 MHz 

Clock frequency external fcLK - 4,00 MHz 
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MEABOOO J 
TIMING CHARACTERISTICS (note 4) (Figs 6 and 7) 

parameter condition symbol min. typ. max. unit 

Write enable twR 200 - - ns 

Address set-up tAS 30 - - ns 

Address hold tAH 30 - - ns 

Data set-up for write tos 150 - - ns 

Data hold for write toH 30 - - ns 

Request hold note 5 tRH - - 350 ns 

Request next note 6 tRN - - 3 µs 
clock frequency 
= 3,84 MHz 

Read enable tRD 200 - - ns 

Data delay for read note 7 too - - 150 ns 

Data floating for read note 7 toF - - 150 ns 

Request valid before write tRv 0 - - ns 

Request output enable 
response tRQE - - 750 ns 

Control set-up tcs 20 - - ns 

Control hold tcH 20 - - ns 

Notes 

1. The circuit will continue to operate from a supply of up to 6,5 V, but without necessarily meeting 
the specification. 

2. This is also valid for Voo = 0 V. 

3. This permits the connection of the output load to a supply higher than that supplying the synthesizer. 

4. Timing reference level is 1,5 V. 

5. An external pull-up resistor is required, as this is an open drain output. 
The time (tRHl to reach 2,0 Vis specified at a load to 5 V of 3,3 kSl and 50 pF. 

6. Between two data write operations of one speech frame. 

7. Levels greater than 2,0 V for a '1' or less than 0,8 V for a 'O' are reached with a load of one TTL 
input and 50 pF. 

8. Typical voltage level at the REF pin is 2,5 V. 
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---V-oi-ce-sy-nt-he-siz-er ____________ J l'-•--M-E_A_s_oo_o __ _ 
OPERATION PRINCIPLE 

The MEA8000 has been designed for a vocal tract modelling technique of voice synthesis. This method 
gives the lowest possible bit rate for speech quality which is acceptable for most industrial applications. 

Figure 3 shows a simplified electronic model of the human vocal tract as a formant synthesizer. A 
combination of a periodic signal, representing the pitch of the original speech, and an aperiodic signal, 
representing the unvoiced sound in the speech. Both these signals are fed to a variable filter comprising 
four resonantors (via an amplifier which controls the amplitude of the synthesized sound). The 
resonators model the sound in accordance with the formats in the original speech. Each resonator 
is controlled by two parameters, one for the resonant frequency and one for the bandwidth. 
The information required to control the synthesizer is: 
- pitch 
- amplitude excitation source (vocal cords) 
- voice/unvoiced source selector 
- filter control spectrum shaping (vocal tract) 

A good replica of the original speech is obtained by periodic updating of this control information. 

PITCH Pl 

voiced 

I~~ 
unvoiced 

OPERATION 

AMPL FM1 
BW1 

FM2 
BW2 

FM3 
BW3 

spectral shaping 
resonators 

BW4 

Fig. 3 Electronic model of human vocal tract. 

DAC out 

7Z80539 

Speech is generated by suitable filtering of a relatively low frequency sawtooth waveform for voiced 
sounds, or of random noise for unvoiced sounds. New parameters for both the digital waveform 
generator and the digital filter are supplied to the synthesizer in coded groups of 4 bytes via the data 
bus. The code group also contains the duration of the next speech frame to be produced (8, 16, 32 
or 64 ms). 

The output sample rate is 64 kHz or 8 times the internal sample rate with linear interpolation in 
between. This greatly reduces the need for an external analogue output filter. 

Modes of operation 

1. STOP mode: characterised by a silent output and the status R EQ bit set to '1 '. This mode is entered 
from power up or by STOP command. The mode is entered automatically if at the end of an active 
speech frame the next four parameter bytes are not yet received while the CONT bit in the command 
register is a 'O'. In the latter case the final speech frame will be repeated once but with a decaying 
amplitude and the same pitch. 

2. ACTIVE mode: a speech sample is being produced. 

3. CONTINUOUS mode: entered if an active speech frame is finished and new data is not supplied in time 
while the CONT bit in the command register is a '1 '.The synthesizer will repeat the last speech frame 
indefinitely until all four new data bytes are received, or a STOP command, or a reset of the CONT bit. 

( Octo""' 1984 1011 



MEA8000 J 
Speech code input buffer 

Speech code is' written to the synthesizer when CE and Ware both '0', while R/W = '1' and AO= 'O'. 
Also the status REO bit must read a '1 ', otherwi.se the synthesizer is still busy and will not react to a 
data write operation; 
Starting from the STOP mode, the first data will be interpreted as a starting value for the PITCH. 
Therea~erevery four successive data bytes are treated as a group of speech code. The coded speech 
frame format is shown in Fig. 4. 

BW1 I BW2 I BW3 I BW4 FM3 FM2 FM1 AMPL I FD I Pl 

byte 1 byte 2 byte 3 byte4 

7Z80540 

Fig. 4 Format of coded speech frame. 

code bits parameter 

PITCH 8 initial value for pitch 

FD 2 speech frame duration 

Pl 5 pitch increment (rate of change) or noise selection 

AMPL 4 amplitude 

FM1 5 frequency of 1st formant 

FM2 5 frequency of 2nd formant 

FM3 3 frequency of 3rd formant 

FM4 0 frequency of 4th formant (fixed) 

BW1 2 bandwidth of 1st formant 

BW2 2 bandwidth of 2nd formant 

BW3 2 bandwidth of 3rd formant 

BW4 2 bandwidth of 4th formant 

During each data write operation, the status REQ bit will be cleared to 'O'. 
It appears within a few microseconds, requesting the next byte of the group. 
The request for the first byte of the next group always appears shortly after the beginning of the 
current speech frame, and all four bytes must be provided before it finishes. This leaves the control 
circuit (i.e. microprocessor) enough time.to use polling, instead of interrupts, as the minimum time of 
a speech is 8 ms. 

When in the STOP mode the synthesizer will commence producing sound after receipt of 1 + 4 bytes. 

Status bit 

The status bit is accessed at CE= R/W = 'O'. 
The status of W and AO are arbitrary. 
Pin D7 reveals the request for a (next) speech code byte: 'O' =busy, '1' =request for data. 



~~~V-oi_~_sy-nt_h~-iz-er~~~~~~~~~~~----Jl~~-M-E_A_a_oo_o~~~ 
Command register 

A command is written to the synthesizer at CE= W = 'O' while AO= R/W = T. 

D7 l D6 l D5 D4 D3 D2 D1 DO 
--

STOP CONT CONT ROE ROE 
enable enable 

00 =INVALID 00 =INVALID 

'O' =INVALID 01 =INVALID 01 =INVALID 

NOT USED 10 =SLOW STOP 10 =DISABLE 
REOOUTPUT 

'1' =STOP 11 =CONTINUE 11 =ENABLE 
REOOUTPUT 

--

STOP Stop mode. This results in an immediate reset of the synthesizer to the STOP mode. The 
ROE and CONT are not affected by this command. 

CONT 

ROE 

Continuous mode. This bit can be set or cleared only if the corresponding CONT enable 
bit is programmed as a '1 '. In the continuous mode the synthesizer wil I not revert to the 
STOP mode if all four parameters are not received before the end of the current speech 
frame, but repeat it indefinitely. 

If CONT= '1' the last frame will be repeated once with decaying amplitude and the same 
pitch before the stop mode is entered. 

Request Output Enable. This can be set or cleared only if the corresponding ROE enable 
bit is a '1 '. ROE determines whether the request in the status bit appears on the R EQ pin. 

Note: the same can be achieved by connecting the REOEN pin (request enable) to a 'O'. 

After power on, the command register bits CONT and ROE will both be zero. Thus power on equals 
the command 00011010 = 1 A (hexadecimal). 

Control signals 

With the three control signals CE, Wand R/W the synthesizer is made compatible with most micro
processors and microcomputers. 

- -
R/W Operation CR w AO 

0 0 1 0 WRITE DATA 

0 0 1 1 WRITE COMMAND 

0 x 0 x READ STATUS 

0 1 1 x l 3-STATE DATA BUS 
1 x x x j 

---------

Power supply 

During (slow) power up or power down the circuit will not produce any spurious sound. As soon as 
the supply is high enough for reliable operation, the circuit will be in the STOP mode with 
ROE =CONT= 'O'. 



MEA8000 J 
Timing diagrams 

The control signals CE, R/W and W have been specified to enable easy interface to most micro
processors and microcomputers. For instance, with connection to an MAB8048 microcomputer the 
R/W and W inputs can be used as the RD and WR strobe inputs. 

CE= 'O' 

w~ 

or 

R/W~ R/W 

W= 'O' 

Fig. 5 Typical waveforms of the control signals. 

CE used 
as strobe 
W='O' 

{ 

CE 

R/W 

R/W used as { R-/W 
read strobe 

CE='O' 
w 

D7 

1014 "'""""' ,:~ 

- tcH 

Fig. 6 Read timing. 

READ 

7280541 

7280542 



Voice synthesizer Jl MEA8000 

twR 

r CE used 
as strobe tcs tcH 
W='O' 

R/W 

1.--tcH ~tcs 

W used {'~ as write 
strobe 

CE ='O' 

'AS 

AO 

D0----D7 

'RV 

data 
REQ write 

command 
write REQ 

to ROE 

7280543 

Fig. 7 Write timing. 
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MEABOOO J 
DATA 00--07 

SINGLE CHIP 
MICROCOMPUTER REO 

MEABOOO 

CE 

(al 

(a) Minimum system of single chip microcomputer with voice ROM on board. 

ROM 

lI 
DATA 00--07 

AO 
MICROPROCESSOR 

REO MEABOOO 

CE, R/W,W 
(bl 

(b) MEA8000 as a microprocessor peripheral. 

control 

CONTROL 
PROCESSOR 

VOICE 
ROM 

VOICE 
ROM 

l'.-----------v1 DATA 00--07 

l+------------l :~a MEABOOO 

1-----------...i cr, R!W, W 
(cl 

7280544 

(c) Applications using separate voice ROMs. 

Fig. 8 Typical applications. 
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OUT>------+-----4 
MEA8000 

Voo>---.--.. 

+ 220 + 220 
µF µF 

Fig. 9 

MEA8000 

osc osc CLK 
IN OUT IN 

"'1Ml1 

+sv 

1 kn 

Typical output applications. 

MEABOOO MEA8000 

osc osc CLK osc osc 
IN OUT IN IN OUT 

n.c. 

r r 7Z80545 

Fig. 10 Oscillator/clock configurations. 

MEA8000 

an 

CLK 
IN 

clock 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

LOW COST SPEECH DEMONSTRATION BOARD 

GENERAL DESCRIPTION 

OM8200 

The low cost speech demonstration board is designed to add voice output to existing card based 
electronic equipment with the minimum of additional effort and components. The majority of 
components used are of the CMOS type with low power consumption making the board suitable 
for battery operation. 

Applications include speech evaluation and speech demonstration. 

FEATURES 

• PCF8200 speech synthesizer 
- Male and female speech of very high quality 
- CMOS technology 
- Extended operating temperature range 
- Programmable speaking speed 

• Low current consumption 
- All major components use CMOS technoiogy 

(PCF8200, 80C39 and 27C64) 
• Very large vocabulary up to 12 minutes 

- 4 EPROM sockets 
- EPROM selection for 27C16 to 27C256 
- Low data rates for synthesizer (average 1500 bits per second) 

• Easy interfacing 
- 8-bit parallel data bus/key switch input 
- Volume control, speaker connection 
- Control signals (e.g. RESET, BUSY etc etc) 

• Simple operating modes 
- ROM selection 
- Word sequence within a ROM 
- Repeat last utterence 
- Control sohware is readily customizeable 
- To implement parameter download from external source 

• Single Eurocard size PC board 
• Single+ 5 V supply 
• Low cost 

APPLICATIONS 

• OEM design-in 
• May be simply used with many card systems for speech evaluation 
• Speech demonstration 

- Particularly simple when used with the OM8201 (Speech Demonstration Box) 
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Low cost speech demonstration board OM8200 

OPERATION 

HARDWARE DESCRIPTION 

The main controlling microprocessor is an 80C39 running at 6 MHz. This device supplies all of the 
main controlling signals for the board operation and the interfacing to any external system. 
Four sockets are provided for EPROMS which contain speech coding. These may be 27C16 types, 
through to 27C256 types; the sockets will be a low insertion force type to allow for easy customizing. 
The board will be supplied with one socket occupied by a 27C64 which will contain the control 
program and some speech examples. All four EPROM sockets must contain the same EPROM type. 

The speech synthesizer PCF8200 converts the coding into a speech output. This synthesizer has been 
designed to simulate the human vocal tract using five formants for male and four formants for female 
speech. Periodic updating of the parameters for these formants can produce very high quality speech. 

The output of the synthesizer can be fed into an audio amplifier, TDA7050, via a resistor-capacitor filter 
network which provides a frequency cut-off above 5 kHz of about 25 dB. The configuration of the 
audio amplifier used on this board gives an output of 140 mW peak power into a 25 n speaker from 
a 5 V supply. 

Connections are made to the board via a standard DIN/I EC connector. This allows access to the 
8-bit parallel data bus so that speech coding from an external source may be used, if implemented, 
and allows the selection of speech phrases by an external system, such as a microcomputer or even a 
bank of switches. The same connector also permits the addition of a volume control, loudspeaker, a 
high impedance audio output, and power supply. The control signals RESET, BUSY, WAIT and DS 
are also taken to the outside of the board. There is also a loudspeaker plug on the board. 

All components are contained on a standard single Eurocard, and therefore suitable for rack mounted 
equipment. 

SOFTWARE DESCRIPTION 

All the software required to operate the board is contained in the only EPROM supplied. The software 
is written in modular from so that it is possible for a customer to alter or add to any particular function 
which suits his applications. An industrial standard microprocessor was chosen so that readily available 
development systems could be used to facilitate this modification. 

There are four main modes of operation: 

- ROM Selection 
- Word Sequence 
- Repeat Word 
- Speaking Speed Selection 

These modes are all controlled by software. 

ROM Selection mode permits access to an individual EPROM and pronounces the first utterence 
from that EPROM. 

Word Sequence gives the next word (activated by repeated access to the same EPROM) and if continually 
exercised will keep looping on the words in that EPROM. 

The Repeat Word command allows indefinate repetition of the last utterance pronounced. 

The Speaking Speed Selection allows the utterence to be pronounced at a different speed. 

The soft'Q'are also controls the address sequencing within the utterance and ensures that the required 
data is supplied to the synthesizer. 
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OM8200 

There are also some examples of words/utterences encoded in the remainder of the supplied EPROM. 
These words are intended for demonstration purposes and will show the features of the synthesizer 
when selected. The main features being illustrated are: 

- Male speech in several languages 
- Female speech in several languages 
- Programmable speaking speed 

ORDERING INFORMATION 

Product name: Low Cost Speech Demonstration Board 

Type number: OM8200 

Ordering code: 9337 541 30000 

Orders should be placed with your local Philips/Signetics agency. 

March 19851 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

SPEECH DEMONSTRATION BOX 

GENERAL DESCRIPTION 

OM8201 

Speech demonstration box OM8201 is designed to be used in conjunction with the low cost speech 
demonstration board OM8200. The box contains all the necessary components to drive the board. 
The combination of these two components make an extremely attractive demonstration unit. 

FEATURES 

• Low cost 
• Can use unmodified OM8200 board which allows access to all features of the OM8200 
• Single+ 9 V supply 

- Low power consumption therefore permits battery operation 
- External power supplies may also be used 
- Voltage is regulated and dropped to a standard + 5 V for the OM8200 board 

• Simple mechanical construction 
- Allows easy access to the OM8200 for changing EPROMS 

• Contains all peripherals needed to drive the OM8200 

HARDWARE DESCRIPTION 

The box contains a set of eight keypad switches which are connected to the data bus. Four switches 
can select which EPROM your speech data is derived from. Repeated pressing of an EPROM switch 
increments the expression number which will be uttered. To repeat the last expression, a separate 
switch must be activated. 

It is possible in the PCF8200 to change the rate of speaking to 73%, 123% or 145% of the normal 
speed. A switch has been included on the box which will sequence through the speed options making 
the same utterance every time. 

One of the two remaining switches is the master reset for the program and the other is for future 
enhancements of the box. 

Included in the box are, the volume control for the amplifier, the loudspeaker, and a high impedance 
audio output. 

The final piece of electronics is the power supply. This can be supplied from a+ 9 V internal battery 
or from a+ 9 V external supply. The+ 9 V is regulated to a+ 5 V supply which is then fed to other 
parts of the box and to the OM8200. 

The box is of simple construction and allows easy access to the OM8200 for changing of EPROMS. 

SOFTWARE DESCRIPTION 

There is no software in the OM8201. The software of the OM8200 may be used in an unmodified 
form without any problems. However, if changes have been made to the control program of the 
OM8200 then different functions for the switches of the box can be achieved. 
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9V 
BATTERY 

EPROM 0 

EPROM 1 

EPROM 2 

EPROM 3 

REPEAT 

CHANGE 
SPEED 

RESET 
PROGRAM 

+ 

+sv 
100kfi 

+sv 
~-----1-+5 v 
out 

0,1 µF 

Fig. 1 Schematic diagram. 

ORDERING INFORMATION 

Product name: Speech Demonstration Box 

Type number: OM8201 

Ordering code: 9337 54 1 40000 

+sv~ 

~ 

VOLUME 
CONTROL 

~LS+ 

tJ_____ LS -

audio-out 

N.B. OM8200 must be ordered as well if this box is to be used in demonstration mode. 
The order number for the OM8200 is 9337 541 30000. 

Orders should be placed with your local Philips/Signetics agent. 
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DEVELOPMENT DATA 
This data sheet contains advanc~ information and 

specifications are subject to change without notice. l ___ o_M_a_2_10 __ _ 

SPEECH ANALYSIS/EDITING SYSTEM 

GENERAL DESCRIPTION 

The OM8210 is a speech analysing/editing system, and comprises of a speech adapter box and associated 
software. The system uses either the HP9816S or IBM-PC personal computer. 
The OM8210 and the computer function together to produce speech coding for the PCF8200. 
The system has many commands available, mostly single key operations, which gives it flexability. 

FEATURES 

• Input sampling of analogue speech signals 
• Speech analysis 
• Graphic parameter representation 
• Parameter editing screen 
• Conversion of parameters to PCF8200 synthesizer 
• EPROM programming 
• Parameter storage on floppy disc 
• Speech output via PCF8200 voice synthesizer 

ANALOGUE CARD 

+ QD ---r-+---1~>------~ 8 

level 

ANALOGUE ;-----GAC 8 
MUX .... 
t 

SYNTHESIZER 
CARD 

8 

-
28 PROM 

28-pin 1+--7/~--<••1 PROGRAMMER l+--------;------1 
socket CARD 

SPEECH ADAPTER BOX 

OM8210 

Fig. 1 Block diagram. 

CONTROL 
CARD 

IEC625/ 
IEEE488 

7287995 

D 
1--1 

PERSONAL 
COMPUTER 
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HARDWARE DESCRIPTION 

The hardware for the OM8210 is contained in an attractive box with access to all the interconnections 
(IEC 625, interface loudspeaker, headphones, tape input, and EPROM socket). from the front panel. 
There are four single Eurocards and a power supply forming the speech adapter box. 
These cards are: 

- Analogue Card 
- Synthesizer Card 
- EPROM Card 
- Control Card 

Analogue Card 

On this card, the level of the recorded audio input signal is adjusted by an electronic potentiometer. 
Before the audio is sampled, frequencies higher than half the sampling frequency are removed by a 
switched capacitor filter of the type normally used for codecs. A 12-bit analogue-to-digital converter 
(ADC) produces the digital samples that are sent to the control card. An 8-bit digital-to-analogue 
converter (DAC) on the analogue card allows the sampled speech to be output. The audio input signal, 
the sampled speech and the synthesized speech are selected by an analogue multiplexer, filtered, 
and adjusted for volume before reproduction by a loudspeaker. 

The use of integrated electronic potentiometers and codec filters substantially reduces the number 
of components required while maintaining high performance. 

Synthesizer Card 

This card accommodates the PCF8200 voice synthesizer and a small amount of peripheral components 
and a socket for the MEA8000 voice synthesizer. 

EPROM Programmer Card 

This card allows four different types of EPROM (2716, 2732, 2732A and 2764) to be programmed 
under software control. All the hardware to generate the programming voltages and the programming 
waveforms are on this card. 

Control Card 

This card performs three functions: 

- I EC 625/IEEE 488 interface 
- Control sequencer 
- Clock generator 

The I EC/IEEE interface is a simple talker/listener implementation with a HEF4738 circuit. 

An FPLA control sequencer provides the handshake signals for I EC/IEEE interface and the chip 
enable signals for the rest of the system (the ADC, the DAC, the synthesizer and control circuits). 

The filter sampling frequency is generated with a software programmable PLL frequency synthesizer. 
The speech sampling frequency is derived from the filter sampling frequency by frequency division.
Hence, the filter frequency cut-off and the sample rate of the ADC and the DAC are automatically 
linked. 

The hardware includes all the necessary cables, adapter plug, loudspeaker, headphone and power supply. 
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Speech analysis/editing system l~~-0-M_8_2_1_0~~~ 
SOFTWARE DESCRIPTION 

The software for this speech coding system has been developed and arranged for optimum user 
convenience. There are eight modes available. 

Each mode and each command in the mode is selected by single key entries. Commands that can 
destroy data have to be confirmed before they are executed. More than 100 commands are available. 
The modes are: 

Sample Mode 

Analysis Mode 

Parameter 
Edit Mode 

Code Mode 

EPROM Mode 

File Mode 

Media Mode 

Samples and digitizes the recorded speech, the amplitude can be checked and 
speech segments selected. The sampled speech is stored in a memory and can 
be displayed or made audible. 

Generates speech parameters from samples. The analysis selects the voiced/ 
unvoiced sections, extracts the formants (5 for male and 4 for female), 
amplitude, and the pitch, and quantisizes the speech parameters. 

Speech parameters are displayed graphically on the VDU and can be edited to 
correct errors in the analysis, improve speech quality by altering contours, 
or amplitudes, concatenate sounds and optimize data rate by editing the frame 
duration. 

Generates PCF8200 code and permits the arrangement of utterences in the 
optimum order of application. This mode also generates the address map at the 
head of the EPROM. 

Used to program/read EPROMS with data for the code memory also possible is 
a new check, bit check and verification commands. 

Stores speech parameters or codes on disc, can also assemble code speech segment 
from an already existing library. 

For diskette initialization and making back-up copies. 

Option Mode Allows the system configuration to be read or changed. 

The software is supplied on two diskettes, one labelled 'BOOT' which wakes up the system and also 
contains the system library routines. The other diskette labelled 'SPEECH' contains the speech pro
gram, the disc initialization and the file handler programs. The 'BOOT' disc is not required during 
operation, giving a free disc drive with the system for a diskette to store speech parameter files. 

Computer System 

The following equipment is required to make a complete Hewlett Packard based editing system: 
- HP9816S-630 (optimum computer type) or HP9817 
- HP9121D (dual floppy disc) 
-Additional memory card for the HP9816S (512 K bytes total required) 

The following equipment is required to make a complete IBM based editing system: 
- IBM-PC or PC-XT or Philips P3100 
-- Additional memory (512 K recommended) 
- Display graphics card (Hercules monochrome) 
- IEEE488 card (Tecmar Rev. D.) 

ORDERING INFORMATION 

Product name: 

Type number: 

Ordering code: 

Speech Analysis/Editing System 

OM8210 

9337 561 50112 

The computer system should be purchased from your local agents. 
The OM8210 should be ordered through your local Philips/Signetics agent. 





DEVELOPMENT DATA 
This data sheet contains advance Information and 

specifications are subject to change without notice. [_-_P_C_F_a_2_0_0 __ _ 

VOICE SYNTHESIZER 

GENERAL DESCRIPTION 

The PCF8200 is a CMOS integrated circuit for generating good quality speech from digital code with 
a programmable bit rate. The circuit is primarily intended for applications in microprocessor controlled 
systems, where the speech code is stored separately. 
Applications include automotive, telephony, personal computers, annunciators, aids for the handicapped, 
and general industrial devices. 

Features 
• Male and female speech with good quality 
• Speech-band from 0 to 5 kHz 
• Bit-rate between 455 bits/second and 4545 bits/second 
• Programmable frame duration 
• Programmable speaking speed 
• CMOS technology 
• Operating temperature range -40 to+ 85 oc 
• Single 5 V supply with low power consumption and power-down stand-by mode 
• Interfaces easily with most popular microcomputers and microprocessors through 8 bit parallel 

bus or 12C bus 
• Software readable status word (parallel bus or 12C bus) 
• BUSY-signal and REO-signal hardware readable 
• Internal low-pass filter and 11-bit 0/A converter 

QUICK REFERENCE DATA 

parameter 

Supply voltage 
Supply current 
Supply current (stand-by) 

Inputs 

Input voltage 
Input voltage 
Input capacitance 

Outputs (05 to 07) 

Output voltage high 
Output voltage low 
Load capacitance 
Operating ambient 

temperature range 

#Value not yet available. 

PACKAGE OUTLINE 

24-lead OIL; plastic (SOT-101A). 

symbol 

Voo 
loo 
loo(SBl 

Tamb 

min. 

2,0 
0 

3,5 
0 

-40 

typ. max. 

5 
12 # 
1 

Voo 
0,8 

7 

Voo 
0,4 
80 

+ 85 

('"'' 1986 

unit 

v 
mA 
µA 

v 
v 
pF 

v 
v 
pF 

oc 
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Voice synthesizer 

PINNING 

1 Voo-A 
<( 

2 VREF I-
<( 
c 3 OUT 
I-

4 Vss-A z 
w 
:; 5 n.c. a.. 
0 6 TEST ..J 
w 

7 OSCI > w 
c 8 OSCO 

9 SER/PAR 

10 REQ 

11 BUSY 

12 Vss-o 

13 CE 

14 R/W 
15 w 
16 SDA/07 

17 SCL/06 

18 05 
19 04 
20 03 
21 02 
22 01 
23 DO 

24 Voo-o 

Jl PCF8200 

Voo-o 

DO 

01 

02 

03 

D4 
PCF8200 

05 

SCL/06 

SDA/07 Fig. 2 Pinning diagram. 

w 

R/W 

CE 

7Z97577 

positive supply voltage for DAC output stage 

DAC reference voltage input 

speech output 

negative supply voltage for DAC stage 

not connected 

for normal operation this pin must be grounded (Vss) 

oscillator input 

oscillator output 

for parallel data bus operation this pin is hard-wired to Voo, or to Vss to 
enable the 12 C bus 

status bit indicating request for data 

status indicating synthesizer busy 

negative supply voltage for digital circuits 

chip-enable input 

read/write control input 

write input 

12 C bus serial data input/output (serial mode) 
or parallel data input/output 07 (parallel mode) 

12 C bus serial clock input/output (serial mode) 
or parallel data input/output 06 (parallel mode) 

parallel data input/outputs 

positive supply voltage for digital circuits 
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FUNCTIONAL DESCRIPTION 

The synthesizer has been designed for a vocal tract modelling technique of voice synthesis. An excitation 
signal is fed to a series of resonators. Each resonator simulates one of the formants in the original speech. 
It is controlled by two parameters, one for the resonant frequency and one for the bandwidth. Five 
formants are needed for male speech and four for female speech. The output of this system is defined by 
the excitation signal, the amplitude values and the resonator settings. By periodic updating of all para
meters very high quality speech can be produced. 

OPERATION 

Speech characteristics change quite slowly, therefore the control parameters for the speech synthesizer 
can be adequately updated every few tens of milliseconds with interpolation during the interval to ensure 
a smooth changeover from one parameter value to the next. In the PCF8200 the standard-frame duration 
can be set to 8,8, 10,4, 12,8 or 17 ,6 milliseconds with the speed-option, speaking speed, in the command
register. 
The duration of each individual speech frame is programmable to be 1, 2, 3 or 5 times the standard-frame 
duration. 

10 01 00 11 FSO, FS1 
00 8,8 10,4 12,8 17,6 ms 
01 17,6 20,8 25,6 35,2 ms 
10 26,4 31,2 38,4 52,8 ms 
11 44,0 52,0 64,0 88,0 ms 

FD1, FDO 

Table 1. Frame duration as a function of speed-option (FS1, FSO) and frame-duration (FD1, FDO). 

The excitation signal is a random noise source for unvoiced sounds and a programmable pulse generator 
for voiced sounds. Both sources have an amplitude modulator which is updated 8 times in one speech
frame by linear interpolation. The pitch is updated every 1 /8 of a standard frame. 

The excitation signal is filtered with a five formant filter for male speech and a four formant filter for 
female speech. The formant filter is a cascade of all second-order sections. The control parameters, formant
frequency and formant-bandwidth, are updated eight times per speech frame by linear interpolation. 
A block diagram of the formant synthesizer is shown in Fig. 3. 

The filter output is upsampled to 80 kHz and filtered with a digital low-pass filter. Before the signal is 
digital to analogue converted (DAC), with an 11-bit switched capacitor DAC, the signal is multiplied 
with a DAG-amplitude factor. The use of a digital filter means that no external audio filtering is required 
for low-medium applications and minimal filtering is required for those applications requiring very high 
quality speech. 

NOISE 

PULSE 
GENERATOR 

J,,, 19861 

F; B; 

5 FORMANT 
FILTER 

UPSAMPLED 
DIGITAL 
FILTER 

Fig. 3 Block diagram of formant synthesizer. 
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Voice synthesizer PCF8200 

DATA FORMAT 

Three types of format are used for data transfer to the synthesizer. 

DAG-amplitude factor 

The DAG-amplitude factor is one byte, which is used to optimize the digital speech signal to the 11-bit 
DAC. It is the first byte after a STOP or a BADSTOP or Voo on. Table 2 indicates the amplitude factor. 

byte 
01110000 
10110000 
00110000 
11010000 
01010000 
10010000 
00010000 
11100000 
01100000 
10100000 
00100000 
11000000 
01000000 
10000000 
00000000 
11110000 

Start pitch 

factor 
3,5 
3,25 
3,0 
2,75 
2,5 
2,25 
2,0 
1,75 
1,5 
1,25 
1,0 
0,75 
0,5 
0,25 
0,0 

dB 
10,88 
10,24 
9,54 
8,97 
7,96 
7,04 
6,02 
4,86 
3,52 
1,94 
0,00 

-2,50 
-6,02 

-12,04 

HEX code FO is not allowed as a DAC amplitude 

Table 2 DAC amplitude factor. 

The second byte after a STOP or BADSTOP, or Voo on is the start pitch. It is a one byte start value 
for the on-chip pitch-period generator. 

Frame Data 

The frame data is a five byte block which contains the filter and source information: 

pitch increment/decrement value 5 bits 
amplitude 4 bits 
frame duration 2 bits 
frequency of 1st formant 
frequency of 2nd formant 
frequency of 3rd formant 
frequency of 4th formant 
frequency of 5th formant 
bandwidth of 1st formant 
bandwidth of 2nd formant 
bandwidth of 3rd formant 
bandwidth of 4th formant 
bandwidth of 5th formant 

5 bits 
5 bits 
3 bits 
3 bits 
1 bit 
3 bits 
3 bits 
2 bits 
2 bits 
2 bits 

40 bits= 5 bytes 

The frame-data bits are organized as shown in Fig. 4. 
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07 DO 

byte o / B1 F1 I 
byte, / F5 8:5 Pl I 
byte 2 / FD1 F3 + I 
byte 31 FOO I ~3 F2 I 
byte 41 B:4 F4 B2 I 

7280617.2 

It is not allowed to set byte 0 to the hexadecimal value 00. 

Fig. 4 Format of frame-date. 

CONTROL FORMAT 

Command Write 

A command write consists of two bytes, and it may occur before a data block. The four bits which can 
be written are shown in Fig. 5. 

07 DO 

byte o I 0 : 0 
: 

0 : 0 : 0 
: 

0 
: 

0 
: 

0 I "00" 

byte, I 1 : 0 : STOP: M/F: 0 : 0 
: FS1 : FSO I 

7280618.1 

Fig. 5 Control write: first byte fixed, second byte control. 

FSO, FS1 speed option 

FS1 FSO 
speech standard-frame 
speed duration 

0 0 100% 12,8 ms 
0 1 145% 8,8 ms 
1 0 123% 10,4 ms 

1 73% 17,6 ms 

iiii/F, male/female option 

M/F = 0 male quantization table 
= 1 female quanti:zation table 

STOP 

STOP = 1 stop; repeat last complete frame with amplitude= O 
(no excitation signal) 

= 0 if the frame data is not sent within the duration of a half 
frame, there will be a BADSTOP: 

1. R EO = 1 STOP = 0 
2. Repeat last frame with amplitude= 0 
3. BUSY = 0 
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Voice synthesizer PCF8200 

Status Read 

Three status bits can be read out at any time without a preceding byte (00). 
This is shown in Fig. 6. 

BUSY 

07 

~usv 1 STOP 1 

Fig. 6 Status read. 

1 No data required 
0 Synthesizer requesting for new data 
1 Busy (an utterance is pronounced) 

DO 

x 

7Z80619.2 

STOP 
0 Idle, REQ will set to 1; the synthesizer is in STOP or BADSTOP mode 

The STOP bit is the same as the stop bit written to the 
synthesizer during a command write. 
STOP= 1, BUSY= 0 stopped by the user. 
STOP= 0, BUSY= 0 BADSTOP because the data was not sent in time. 

After initial power-up the status/command register is set to the following status: 

FSO, FS1 = 0 Standard-frame duration of 12,8 ms 
M/F 0 Male quantization table 
STOP 0 
BUSY 0 Idle 
REQ 1 No data required 

INTERFACE PROTOCOL 
Data can be written to the synthesizer when REQ = O or, when REO = 1 and BUSY= 0. Figure 7 
shows the interface protocol of the synthesizer. 

In parallel mode the synthesizer is activated by sending the DAC-amplitude factor. In serial mode the 
DAC-amplitude factor can be sent as soon as the synthesizer is powered-up. 

The 12 C transmitter/receiver will then acknowledge. When the request for the pitch-byte occurs the 
byte must be provided within the duration of a half standard frame. If the byte is not provided in time 
a BADSTOP will be generated. 

During each data write operation, the status bit REQ will be set to '1'. 
Within a frame data block, it disappears within a few microseconds, asking for the next byte of that 
block. If the bytes of frame data are not provided within the time-duration of a half frame, a BADSTOP 
will be generated. 

12C ADDRESS 
On chip there is a 12 C slave receiver/transmitter with the address: 

7 6 5 4 3 2 1 0 
0 0 1 0 0 0 0 R/W 
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POWER UP 

The synthesizer will be set to power-up on a parallel-write sequence. 

PAR-mode: The input-latches are active so they can receive the first byte 
SER-mode: The 12C transmitter/receiver will not acknowledge until the synthesizer has powered

up. To power up the synthesizer a parallel write sequence (Fig. 9) must be made to 
the synthesizer by using external logic for the control lines; at least one line must be 
toggled, CE, while W = 0 and R/W = 1. 
The synthesizer can be set to permanent power-up by hard-wired control pins 
(CE= 0, R/W = 1, W = 0). 

POWER DOWN MODE 

When BUSY= 0 the synthesizer will be set to power-down. In the power-down mode the status/command 
register will be retained. 
In power-down mode the clock-oscillator is switched off. After initial Voo the synthesizer is in power
down mode. 

HANDLING 

All inputs and outputs are protected against electrostatic charge under normal handling conditions. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

parameter conditions symbol min. max. unit 

Supply voltage any pin with 
respect to V SS Voo -0,3 7,5 v 

Input voltage any pin with 
respect to V SS V1 -0,3 7,5 v 

Output voltage any pin with 
respect to Vss Vo -0,3 7,5 v 

D.C. input diode current v1 < Vss -l1K - 20 mA 

Vi >Voo l1K - 20 mA 

D.C. output diode current Vo< Vss -loK - 20 mA 

Vo>Voo loK - 20 mA 

Operating ambient 
temperature range Tamb -40 85 oc 

Storage temperature range Tstg -55 125 oc 
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CHARACTERISTICS 

Tamb = -45 to+ 85 °c; supply voltage (Voo to V55) = 4,5 to 5,5 V with respect to V55, unless 
otherwise specified 

arameter symbol min. typ. max. unit 

upply 

upply voltage Voo 4,5 5,0 5,5 v R s upply current 100 - 10 - mA 
s tandby current loo(SB) - 200 - µA 

Inputs 

E, R/W, Vii 
Input voltage HIGH V1H 2,0 - Voo v 
Input voltage LOW VIL 0 - 0,8 v 
Input leakage current 

Vin= 0 to 5,5 V l1R -10 - 10 µA 
Rise and fall times (note 2) trf - - 50 ns 
Input capacitance C1 - -- 7 pf 

OSCI 
Input voltage HIGH V1H 2,2 - Voo v 
Input voltage LOW VIL 0 - 0,8 v 
Input leakage current 

Vin= 0 to 5,5 V l1R -10 - 10 µA 
Rise and fall times (note 2) trf - - 50 ns 

- - 7 pf 

~ ' p 

Input capacitance C1 

ARALLEL MODE 
0 
..J 
w 
> w 
Q 

Input Characteristics 
{DO to D7) 

Input voltage HIGH 
Input voltage LOW 
Input leakage current 

(Vin= 0 to 5,5 V, 
output off) 

Input capacitance 

0 utput Characteristics 
{D5 to D7 only) 

0 utput voltage HIGH 
(loH = -100µA) 

0 utput voltage LOW 
(loL = 3,2 mA) 

Load capacitance 
R 

s 
ise and fall times (note 3) 

ERIAL MODE 

nput characteristics 
{SDA and SOL) 

Input voltage HIGH 
nput voltage LOW 
nput leakage current 

(Vin= 0 to 5,5 V, 
output off) 

nput capacitance 
-·--

V1H 2,0 - Voo v 
VIL 0 - 0,8 v 

l1R -10 - 10 µA 
C1 - - 7 pf 

VoH 3,5 - Voo v 

Vol 0 - 0,4 v 
CL - - 80 pf 
trf -· - 50 ns 

V1H 3,0 - Voo v 
VIL 0 - 1,5 v 

l1R -10 - 10 J_ µA 
C1 - - 10 pf 



PCf 8200 

,--- ------, 
parameter symbol min. typ. max. unit 

Output Characteristics 
(SDA only, open drain) 

Output voltage LOW 
{loL = 3 mA) Vol 0 - 0,4 v 

OSCILLATOR 

Crystal frequency fxTAL 6 6, 1 MHz 

VREF 

Reference voltage VREF 1,9 
v00-1,5 v -

1,25 

Input leakage current (active) l1R 5 - µA 

Outputs 

REQ, BUSY 

Output voltage HIGH 
I 

(loH = 100 µA) VoH 3,5 - Voo v 
Output voltage LOW 

(IQL = 3,2 mA) Vol 0 - 0,4 v 
Load capacitance CL ·- 80 pF 
Rise and fall times (note 3) trt - 50 ns 

OUT 

Output voltage VouT 0,66 x VREF 1,34 x VREF v 
Minimum external load 600 - - n 
Timing characteristics 

(note 1) (Figs 8 and 9) 

Write enable twR 200 - - ns 
Data set-up for write tDs 150 - - ns 
Data hold for write toH 30 - - ns 
Read enable tRD 200 - - ns 
Data delay for read (note 2) too - 150 ns 
Data floating for read 

(note 2) toF - 150 ns 
Control set-up tcs 0 - - ns 
Control hold 

_J_:: 
0 

REQ new (new byte of the 
same speech frame) 

REQ Valid tRv 0 
REQ Hold tRH - ----

- - ns 

# (;:,; 3) µs 
- - ns 
250 # ns 

NOTES TO THE CHARACTERISTICS 

1. Timing reference level is 1,5 V; supply 5 V ± 10%; temperature range of -40 °c to 85 °c. 
2. Levels greater than 2 V for a '1' or less than 0,8 V for a 'O' are reached with a load of one TTL 

input and 50 pF. 
3. Rise and fall times between 0,6 V and 2,2 V levels. 

#Values not yet available. 
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Timing diagrams 

The control signals CE, R/W and W have been specified to enable easy interface to most microprocessors 
and microcomputers. For instance with connection to an MAB8048 microcomputer the R/W and W 
inputs can be used as the RD and WR strobe inputs. 

CE ='O' 

w~ 

R!W~ 

Typical connection of control signals. 

CE used 
as strobe 
VV='O' 

{ 

CE 

ii;w 

R/W used as { R/W 
re~ strobe 

CE='O' 
w 

too 

07 -------~--< 

Fig. 8 Read timing. 

twR 

tcs 

j 6E 

~.~~~~ 
W='O' 

R/W 

as wnte 
strobe -

W used !R/W 
CE= 'O' w-----.... 

July 19861 

data 
write 

DO------=D-'-7-----1---< 1 

REQ 

Fig. 9 Write timing. 
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J..l 

~ ADDRESS .J VOICE 

'l ROM 

DATA 

DATA 

MICROPROCESSOR --.. CE, R/W, w OUT I--
REO 
BUSY 

PCFB200 

7Z80623.1 SYNTHESIZER 

Fig. 10 Typical application configuration with parallel interface. 

ADDRESS 

DATA 

MICROPROCESSOR ~~~~~~~~~1SDA 
r-~~~~~~~~SCL 

12c 

OUT 

PCF8200 
7 Z80622 SYNTHESIZER 

Fig. 11 Typical application configuration with series interface. 

PCF8200 
SYNTHESIZER 

100k!l 56 k!l 47 nF 
+5 v 

22k!l 

Fig. 12 An example of an output configuration. 

PCF8200 

RL = 25 !l 

Po= (:~a~w 
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clock 7Z80625 

Fig. 13 Oscillator clock configurations. 



DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

SAA1099 

MICROPROCESSOR CONTROLLED STEREO SOUND GENERATOR 
FOR SOUND EFFECTS AND MUSIC SYNTHESIS 

GENERAL DESCRIPTION 

The SAA 1099 is a monolithic integrated circuit designed for generation of stereo sound effects and 
music synthesis. 

Features 

• Six frequency generators 
eight octaves per generator 
256 tones per octave 

• Two noise generators 
• Six noise/frequency mixers 
• Twelve amplitude controllers 
• Two envelope controllers 
• Two 6-channel mixers/current sink analogue output stages 
• TTL input compatible 
• Readily interfaces to 8-bit microcontroller 
• Minimal peripheral components 
• Simple output filtering 

Applications 

• Consumer games systems 
• Home computers 
• Electronic organs 
• Arcade games 
•Toys 
• Chimes/alarm clocks 

QUICK REFERENCE DATA 

Supply voltage (pin 18) 

Supply current (pin 18) 

Reference current (pin 6) 

Total power dissipation 

Operating ambient temperature range 

PACKAGE OUTLINE 

VDD typ. 5 v 
loo typ. 70 mA 

I ref typ. 250 µA 

Ptot 500 mW 

Tamb 0 to+ 70 oc 

18-lead OIL; plastic (SOT-102ME). -
1043 
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18 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

SAA1099 

PINNING 

PIN DESIGNATION 

WR 

2 cs 

3 AO 

4 OUTR 

5 OUTL 

6 I ref 

7 DTACK 

8 CLK 

9 Vss 
10-17 DO-D7 

18 Voo 

Voo 

D7 

D6 

D5 

SAA1099 D4 

D3 

D2 

7290786 

Fig. 2 Pinning diagram. 

Write Enable: active LOW input which operates in conjunction with CS and 
AO to allow writing to the internal registers. 

Chip Select: active LOW input to identify valic1 WR inputs to the chip. This 
input also operates in conjunction with WR and AO to allow writing to the 
internal registers. 

Control/Address select: input used in conjunction with WR and CS to load 
data to the control register (AO= 0) or the address buffer (AO= 1). 

Right channel output: a 7-level current sink analogue output for the 'right' 
component. This pin requires an external load resistor. 

Left channel output: a 7-level current sink analogue output for the 'left' 
component. This pin requires an external load resistor. 

Reference current supply: used to bias the current sink outputs. 

Data Transfer Acknowledge: open drain output, active LOW to acknowledge 
successful data transfer. On completion of the cycle of ACK is set to inactive. 

Clock: input for an externally generated clock at a nominal frequency of 
8 MHz. 

Ground: 0 V. 

Data: Data bus input. 

Power supply: + 5 V typical. 

u ~(May 19~5 1045 
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SAA1099 

FUNCTIONAL DESCRIPTION 

The following S?Ctions provide a detailed functional description of the SAA 1099 as shown in the block 
diagram, Fig. 1. 

Frequency generators 

Six frequency generators can each select one of 8 octaves and one of 256 tones within an octave. 
A total frequency range of 31 Hz to 7,81 kHz is available. The outputs may also control noise or 
envelope generators. All frequency generators have an enable bit which switches them on and off, 
making it possible to preselect a tone and to make it inaudible when required. The frequency 
generators may be synchronized using the frequency reset bit. 
The frequency ranges per octave are: 

Octave Frequency range 

0 31 Hz to 61 Hz 
1 61 Hz to 122 Hz 
2 122 Hz to 244 Hz 
3 245 Hz to 488 Hz 
4 489 Hz to 977 Hz 
5 978 Hz to 1,95 kHz 
6 1,96 kHz to 3,91 kHz 
7 3,91 kHz to 7,81 kHz 

Noise generators 

The two noise generators both have a programmable output. This may be a software controlled noise 
via one of the frequency controlled generators or one of three pre-defined noises. There is no tone 
produced by the frequency generator when it is controlling the noise generator. The noise produced is 
based on double the frequency generator output, i.e. a range of 61 Hz to 15,6 kHz. 
In the event of a pre-defined noise being chosen, the output of noise generator 0 can be mixed with 
frequency generator 0, 1 and 2; and the output of noise generator 1 can be mixed with frequency 
generator 3, 4 and 5. In order to produce an equal level of noise and tone outputs (when both are 
mixed) the amplitude of the tone is increased. The three pre-defined noises are based on a clock 
frequency of 7,8 kHz, 15,6 kHz or 31,25 kHz. 

Noise/frequency mixers 

Six noise/frequency mixers each with four selections 

• Channel off 
• Frequency only 
• Noise only 
• Noise and frequency 

Each mixer channel has one of the frequency generator outputs fed to it, three channels use noise 
generator 0 and the other three use noise generator 1. 

Amplitude controllers 

Each of the six channel outputs from the mixer is split up into a right and left component giving 
effectively twelve amplitude controllers. An amplitude of 16 possible levels is assigned to each of the 
twelve signals. With this configuration a stereo effect can be achieved by varying only the amplitude 
component. The moving of a sound from one channel to the other requires, per tone, only one update 
of the arnpl itude register contents. 
When an envelope generator is used, the amplitude levels are restricted. The number of levels available 
is then reduced to eight. This is achieved by disabling the least significant bit ( LSB) of the amplitude 
controt 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

Envelope controllers 

SAA1099 

Two of the six tone generators are under envelope control. This applies to both the left and right 
outputs from the tone generator. 
The envelope has the following eight possible modes: 

• Amplitude is zero 
• Single attack 
• Single decay 
• Single attack-decay (triangular) 
• Maximum amplitude 
• Continuous attack 
• Continuous decay 
• Continuous attack-decay 

The timing of the envelope controllers is programmable using one of the frequency generators (see 
Fig. 1 ). When the envelope mode is selected for a channel its control resolution is halved for that 
channel from 16 levels to 8 levels by rounding down to the nearest even level. 
There is also the capability of controlling the 'right' component of the channel with inverse of the 
'left' component, which remains as programmed. 

A direct enable permits the start of an envelope to be defined, and also allows termination of an 
envelope at any time. The envelope rate may be controlled by a frequency channel (see Fig. 1 ), or by 
the microprocessor writing to the address buffer register. If the frequency channel controlled is OFF 
(NE = FE = 0) the envelope will appear at the output, which provides an alternative 'non-square' tone 
capability. In this event the frequency will be the envelope rate, which provided the rate is from the 
frequency channel, will be a maximum of 1 kHz. Higher frequencies of up to 2 kHz can be obtained 
by the envelope resolution being halved from 16 levels to 8 levels. Rates quoted are based on the input 
of a 8 MHz clock. 

Six-channel mixers/current sink analogue output stages 

Six channels are mixed together by the two mixers allowing each one to control one of six equally 
weighted current sinks, to provide a seven level analogue output. 

Command/control select 

In order to simplify the microprocessor interface the command and control information is multiplexed. 
To select a register in order to control frequencies, amplitudes, etc. the command-register has to be loaded. 
The contents of this register determines to which register the data is written in the next control-cycle. 
If a continuous update of the control-register is necessary, only the control-information has to be 
written (the command-information does not change). 
If the command/control select (AO) is logic 0, the byte transfer is control; if AO is logic 1, the 
transfer is command. 

Interface to microprocessor 

The SAA 1099 is a data bus based 1/0 peripheral. Depending on the value of the command/control 
signal (AO) the CS and WR signals control the data transfer from the microprocessor to the SAA 1099. 
The data-transfer-acknowledge (DTACK) indicates that the data transfer is completed. When, during 
the write cycle, the microprocessor recognizes the DTACK, the bus cycle will be completed by the 
processor. 

1047 
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SAA1099 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage (pin 18) Voo 

Maximum input voltage Vi 

at Voo = 4,5 to 5,5 v 

Maximum output current 

Total power dissipation 

Storage temperature range 

-0,3 to + 7,5 V 

-0,3 to + 7,5 V 

-0,5 to + 7,5 V 

max. 10 mA 

500 mW 

-55 to + 125 oc 

Operating ambient temperature range 

Electrostatic handling* 

T amb 0 to + 70 °c 

Ves -1000 to + 1000 V 

* Equivalent to discharging a 250 µF capacitor through a 1 kU series resistor. 

May 1985) 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

D.C. CHARACTERISTICS 

Voo = 5 V ± 10%; Tamb = 0 to 70 °c; unless otherwise specified 

parameter symbol min. 

Supply 

Supply voltage Voo 4,5 

Supply current 100 -

Reference current (note 1) I ref 100 

INPUTS 

Input voltage HIGH V1H 2,0 

Input voltage LOW V1L -0,5 

Input leakage current ± I LI -
Input capacitance C1 -

OUTPUTS 

DTACK (open drain; note 2) 

Output voltage LOW 
at loL = 3,2 mA Vol 0 

Voltage on pin 7 (OFF state) V7_9 -0,3 

Output capacitance (OFF state) Co -

Load capacitance CL -
Output leakage current (OFF state) -ILQ -

Audio outputs (pins 4 and 5) 

With fixed I ref (note 3) 

One channel on 101/lref 90 

Six channels on lo6/6xlref 85 

With 1ref=250 µA; RL = 1,5 kn(± 5%) 

One channel on 101/lref 90 

Six channels on lo6/6xlref 85 

Output current one channel on 101 225 

Output current six channels on 106 1,3 

With resistor supplying I ref (note 4) 

Output current one channel on 101 150 

Output current six channels on '06 0,9 

Load resistance RL 600 

O.C. leakage current all channels off -ILQ -
Maximum current difference between 

left and right current sinks (note 5) ± lomax -
Signal-to-noise ratio (note 6) S/N -

l SAA1099 

--...,----

typ. max. unit 

5,0 5,5 v 
70 100 mA 

250 400 µA 

- 6,0 v 
- 0,8 v 
- 10 µA 
- 10 pF 

- 0,4 v 
- 6,0 v 
- 10 pF 

- 150 pF 

- 10 µA 

- 120 % 

- 110 % 

- 110 % 

- 105 % 

- 275 µA 
- 1,6 mA 

- 350 µA 
- 1,9 mA 

- - n 
- 10 µA 

- 15 % 

tbf - dB 

( Moy1985 1049 
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A.C. CHARACTERISTICS 

Voo = 5 Y ± 10%; Tamb = 0 to 70 °c; timing measurements taken at 2,0 Y for a logic 1 and 0,8 Y 
for a logic 0 unless otherwise specified (see waveforms Figs 3 and 4) 

parameter symbol min. typ. max. 

Bus interface timing (see Fig. 3) 

AO set-up time to CS fall tAsc 0 - -
CS LOW to WR fall tcsw 30 - -

AO set-up time to WR fall tAsw 50 - -

WR LOW time twL 100 - -

Data bus valid to WR rise tBsw 100 - -

DTACK fall delay from WR fall (note 7) toFw 0 - 85 

AO hold time from WR HIGH tAHW 0 - -

CS hold time from WR HIGH tcHW 0 - -

Data bus hold time from WR HIGH toHW 0 - -

DTACK rise delay from WR HIGH toRW 0 - 100 

Bus cycle time (note 8) tcv 4tcLK - -

Bus cycle time (note 9) tcv 16tcLK - -

Clock input timing (see Fig. 4) 

Clock period tcLK 120 125 255 

Clock LOW time tLOW 55 - -
Clock HIGH time tHIGH 55 - -

Notes to the characteristics 

1. Using an external constant current generator to provide a nominal I ref or external resistor 
connected to Yoo· 

2. This output is short-circuit protected to Yoo and Yss· 

unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

3. Measured with I ref a constant value between 100 and 400 µA; load resistance ( R Ll allowed to match 
E12 (5%) in all applications via: 

RL = 0,6 [lrefl-1 -16 [lrefl-o,5 ± 12% 

4. Measured with Rref = 10 kn (± 5%) connected between I ref and Yoo; R L = 1,5 kn (± 5%); OUTR 
and OUTL short-circuit protected to Yss-

5. Left and right outputs must be driven with identical configuration. 
6. Sample tested value only. 
7. This timing parameter only applies when no wait states are required; otherwise parameter is invalid. 
8. The minimum bus cycle time of four clock periods is for loading all registers except the amplitude 

registers. 
9. The minimum bus cycle time of 16 clock periods is for loading the amplitude registers. In a 

system using DT ACK it is possible to achieve minimum times of 500 ns. Without DT ACK the 
parameter given must be used. 

M•y 19851 
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for sound effects and music synthesis l ___ s_AA-1~0-99 __ _ 

AO )< K 
-1Asc~I -- 1csw-. --1AHW-· -• 

~ 

1-1Asw- ---- 1wL-
·1 

1cHw---1 

wfi 

"" 
v 

- - 1ssw- ------ 1ottw-····--

00-07 )< K 
- 1oFw- -----1oRw------

--( ___ ~ 
Fig. 3 Bus interface waveforms. 

f '"""_l_ 
lt_•ww~ 

1~----- tCLK 7Z87812 

CLK 

Fig. 4 Clock input waveform. 
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SAA1099 

APPLICATION INFORMATION 

Device operation 

The SAA 1099 uses pulse width modulation to achieve amplitude and envelope levels. The twelve 
signals are mixed in an analogue format (6 'left' and 6 'right') before leaving the chip. The amplitude 
and envelope signals chop the output at a minimum rate of 62,5 kHz, compared with the highest tone 
output of 7,81 kHz. Simple external low-pass filtering is used to remove the high frequency components. 

Rates quoted are based on the input of a 8 MHz clock. 

A data bus based write only structure is used to load the on-board registers. The data bus is used to 
load the address for a register, and subsequently the data to that register. Once the address is loaded 
multiple data loads to that register can be performed. 

The selection of address or data is made by the single address bit AO, as shown in register maps Table 1 
and Table 2. 

The bus control signals WR and CS are designed to be compatible with a wide range of microprocessors, 
a DTACK output is included to optimise the interface with an S68000 series microprocessor. In most 
bus cycles DTACK will be returned immediately, this applies to all register address load cycles and all 
except amplitude data load cycles. With respect to amplitude data, a number of wait cycles may need 
to be performed, depending on the time since the previous amplitude load. DTACK will indicate the 
number of required waits. 

Register description (see Tables 2 and 3) 

The amplitudes are assigned with 'left' and 'right' components in the same byte, on a channel by 
channel basis. The spare locations that are left between blocks of registers is to allow for future 
expansion, and should be written as zero's. The tone within an octave is defined by eight bits and the 
octave by three bits. Note that octaves are paired (0/1, 2/3 etc.). The frequency and noise enables are 
grouped together for ease of programming. The controls for noise 'colour' (clock rate) are grouped 
in one byte. 

The envelope registers are positioned in adjacent locations. There are two types of envelope controls, 
direct acting controls and buffered controls. The direct acting controls always take immediate effect, 
and are: 

• Envelope enable (reset) 
• Envelope resolution ( 16/8 level) 

The buffered controls are acted upon only at the times shown in Fig. 5 and control selection of: 

• Envelope clock source 
• Waveform type 
• Inverted/non-inverted 'right' component 

Table 1 External memory map 

select data bus inputs 
operations AO D7 D6 D5 D4 D3 D2 D1 DO 

0 D7 06 05 D4 D3 D2 D1 DO data for internal registers 
1 x x x A4 A3 A2 A1 AO internal register address 

Where X = don't care state. 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

Table 2 Internal register map 

register data bus inputs 
address 07 06 05 D4 D3 

00 AR03 AR02 AR01 AROO AL03 

01 1 1 1 1 1 
02 2 2 2 2 2 
03 3 3 13 3 3 
04 4 4 4 4 4 
05 5 5 5 5 5 
06 x x x x x 
07 x x x x x 
08 F07 F06 F05 F04 F03 
09 1 1 1 1 1 
OA 2 2 2 2 2 
OB 3 3 3 3 3 
QC 4 4 4 4 4 
OD F57 F56 F55 F54 F53 
OE x x x x x 
OF x x x x x 
10 x 012 011 010 x 
11 x 032 031 030 x 
12 x 052 051 050 x 
13 x x x x x 
14 x x FE5 FE4 FE3 
15 x x NE5 NE4 NE3 
16 x x N11 N10 x 

17 x x x x x 
18 E07 x E05 E04 E03 
19 E17 x E15 E14 E13 
1A x x x x x 
18 x x x x x 
1C x x x x x 
1D x x x x x 
1E x x x x x 
1F x x x x x 

Where: 
All don't cares (X) should be written as zero's. 

l SAA1099 

---

D2 01 DO 
operations 

AL02 AL01 ALOO amplitude 0 right channel; 
left channel 

1 1 1 amp I itude 1 right/left 
2 2 2 amplitude 2 right/left 
3 3 3 amplitude 3 right/left 
4 4 4 amplitude 4 right/left 
5 5 5 amplitude 5 right/left 
x x x 
x x x 
F02 F01 FOO frequency of tone 0 
1 1 1 frequency of tone 1 
2 2 2 frequency of tone 2 
3 3 3 frequency of tone 3 
4 4 4 frequency of tone 4 
F52 F51 F50 frequency of tone 5 
x x x 
x x x 
002 001 000 octave 1 ; octave 0 
022 021 020 octave 3; octave 2 
042 041 040 octave 5; octave 4 
x x x 
FE2 FE1 FEO frequency enable 
NE2 NE1 NEO noise enable 
x N01 NOO noise generator 1; 

noise generator 0 
x x x 
E02 E01 EOO envelope generator 0 
E12 E 11 E10 envelope generator 1 
x x x 
x x x 

( frequency reset (al I channels) x RST SE sound enable (all channels) x x x 
x x x 
x x x 

00 to 1 F block of registers repeats eight times in the block between addresses 00 to FF (full internal 
memory map). 

F ,.5, 
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APPLICATION INFORMATION (continued) 

Table 3 Register description 

bit description 

ARn3; ARn2; 4 bits for amplitude control 
ARn1; ARnO of right channel 
(n = 0,5) 0 0 0 0 minimum amplitude (off) 

1 1 1 1 maximum amplitude 

Aln3; Aln2; 4 bits for amplitude control 
Aln1; ALnO of left channel 
(n = 0,5) 0 0 0 0 minimum amplitude (off) 

1 1 1 1 maximum amplitude 
-· ---i 

Fn7 to FnO 8 bits for frequency control 
(n = 0,5) of the six frequency generators 

0 0 0 0 0 0 0 0 lowest frequency 
1 1 1 1 1 1 1 1 highest frequency 

On2; On1; OnO 3 bits for octave control 
(n = 0,5) 0 0 0 lowest octave (31 Hz to 61 Hz) 

0 0 1 (61 Hz to 122 Hz) 
0 1 0 (122 Hz to 244 Hz) 
0 1 1 (245 Hz to 488 Hz) 
1 0 0 (489 Hz to 977 Hz) 
1 0 1 (978 Hz to 1,95 kHz) 
1 1 0 (1,96 kHz to 3,91 kHz) 
1 1 1 highest octave (3,91 kHz to 7,81 kHz) 

FEn frequency enable bit (one tone per generator) 
(n = 0,5) FEn = 0 indicates that frequency 'n' is off 

NEn noise enable bit (one tone per generator) 
(n = 0,5) NEn = 0 indicates that noise 'n' is off 

Nn1;Nn0 2 bits for noise generator control. 
(n = 0,1) These bits select the noise generator rate (noise 'colour') 

Nn1 NnO clock frequency 
0 0 31,3 kHz 
0 1 15,6 kHz 
1 0 7,6 kHz 
1 1 61 Hz to 15,6 kHz (frequency generator 0/3) 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis l SAA1099 

--
bit description 

En7; 
En5 to Eno 7 bits for envelope control 
(n = 0,1) Eno 

0 left and right component have the same envelope 
1 right component has inverse of envelope that is applied to left 

component 
En3 En2 En1 
0 0 0 zero amp I itude 
0 0 1 maximum amplitude 
0 1 0 single decay 
0 1 1 rep et it ive decay 
1 0 0 single triangular 
1 0 1 repetitive triangular 
1 1 0 single attack 
1 1 1 repetitive attack 

En4 
0 4 bits for envelope control (maximum frequency= 977 Hz) 
1 3 bits for envelope control (maximum frequency= 1,95 kHz) 

En5 
0 internal envelope clock (frequency generator 1 or 4) 
1 external envelope clock (address write pulse) 

En7 
0 reset (no envelope control) 
1 envelope control enabled 

SE SE sound enable for all channels 
(reset on power-up to 0) 

0 all channels disabled 
1 all channels enabled 

RST Reset signa I to a II frequency generators 
0 all generators enabled 
1 all generators reset and synchronized 

Note 

All rates given are based on the input of a 8 MHz clock. 
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APPLICATION INFORMATION (continued) 

envelope generator inactive 

IEn7 = 01 
envelope generator active 

1En7 = 11 
~~------~------~ 

En3 En2 En! EnO ~ 

0 0 0 0 ~ 

0 0 1 0 

0 0 0 

0 0 

0 0 0 

0 1 0 

0 0 

0 
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Microprocessor controlled stereo sound generator 

for sound effects and music synthesis 

Notes to Fig. 5 

SAA1099 

( 1) The level at this time is under amplitude control only (En7 = O; no envelope). 

(2) When the generator is active (En7 = 1) the maximum level possible is 7 /Bths of the amplitude level. 

(3) After position (3) the buffered controls will be acted upon when loaded. 

(4) At positions (4) the buffered controls will be acted upon if already loaded. 

(5) Waveforms 'a' to 'h' show the left channel (Eno= O; left and right components have the same 
envelope). 
Waveform 'i' shows the right channel (EnO = 1; right component inverse of envelope applied to 
left). 
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provided the system conforms to the 12 C specification defined 
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DEVELOPMENT DATA 
Th is data sheet contains advance information and 
specifications are subject to change without notice. 

PCB8582 

STATIC CMOS EEPROM (256 x 8 BIT) 

GENERAL DESCRIPTION 

The PCB8582 is a 2K-bit 5 V electrically erasable programmable read only memory (EEPROM) 
organized as 256 by 8 bits. It is designed in a floating gate CMOS technology. 

As data bytes are received and transmitted via the serial 12 C bus, an eight pin DI L package is sufficient. 
Up to eight PCB8582 devices may be connected to the 12 C bus. 

Chip select is accomplished by three address inputs. 

Features 

• Non-volatile storage of 2K-bit organized as 256 x 8 
• Only one power supply required (5 V) 
• On chip voltage multiplier for erase/write 
• Serial input/output bus (1 2 Cl 
• Automatic word address incrementing 
• Low power consumption 
• One point erase/write timer 
• Power on reset 
• 10 000 erase/write cycles per byte 
• 10 years non-volatile data retention 
• Infinite number of read cycles 
• Pin and address compatible to PCF8570, PCF8571 and PCD8572 

• A version for extended temperature range, -40 to+ 85 "C, in preparation: PCF8582. -

PACKAGE OUTLINE 

PCB8582P: 8-lead OIL; plastic (SOT-97AE). -
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Static CMOS EEPROM (256 x 8 bit) 

PCB8582 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

Characteristics of the 12 C bus 

1 AO 
2 A1 
3 A2 
4 Vss 
5 SDA) 
6 SCL 
7 RC 
a VDD 

PCB8582 

address inputs/test 
mode select 
ground 

12 C bus lines 

input for timer constant 
positive supply 

The 12 C bus is intended for communication between different I Cs. The serial bus consists of two 
bi-directional lines, one for data signals (SDA), and one for clock signals (SCL). Both the SDA and the 
SCL lines must be connected to a positive supply voltage via a pull-up resistor. 

The following protocol has been defined: 
Data transfer may be initiated only when the bus is not busy. 
During data transfer, the data line must remain stable whenever the clock line is HIGH. Changes in the 
data line while the clock line is HIGH will be interpreted as control signals. 

Accordingly, the following bus conditions have been defined: 
Bus not busy: both data and clock lines remain HIGH. 
Start data transfer: a change in the state of the data line, from HIGH to LOW, while the clock is HIGH 
defines the start condition. 
Stop data transfer: a change in the state of the data line, from LOW to HIGH, while the clock is HIGH, 
defines the stop condition. 
Data valid: the state of the data line represents valid data when, after a start condition, the data line 
is stable for the duration of the HIGH period of the clock signal. The data on the line may be changed 
during the LOW period of the clock signal. There is one clock pulse per bit of data. 

Each data transfer is initiated with a start condition and terminated with a stop condition; the number 
of the data bytes, transfered between the start and stop conditions is limited to two bytes in the 
ERASE/WRITE mode and unlimited in the READ mode. The information is transmitted in bytes and 
each receiver acknowledges with a ninth bit. 

Within the 12 C bus specifications a low-speed mode (2 kHz clock rate) and a high-speed mode (100 kHz 
clock rate) are defined. The PCB8582 operates in both modes. -
By definition a device that gives out a signal is called a "transmitter", and the device which receives 
the signal is called a "receiver". The device which controls the signal is called the "master". The devices 
that are controlled by the master are called "slaves". 

Each word of eight bits is followed by one acknowledge bit. This acknowledge bit is a HIGH level put 
on the bus by the transmitter whereas the master generates an extra acknowledge related clock pulse. 
A slave receiver which is addressed is obliged to generate an acknowledge after the reception of each 
byte. 
Also, a master receiver must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. 
The device that acknowledges has to pull down the SDA line during the acknowledge clock pulse in 
such a way that the SDA line is stable LOW during the high period of the acknowledge related clock 
pulse. 
Set-up-and hold times must be taken into account. A master receiver must signal an end of data to the 
slave transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this case the transmitter must leave the data line HIGH to enable the master generation of the 
stop condition. 
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PCB8582 

Note 

- The general characteristics and detailed specification of the 12 C bus is available on request. 

12 C bus protocol 

The 12 C bus configuration for different READ and WRITE cycles of the PCB8582 are shown in 
Fig. 3. 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge acknowledge 
from slave from slave 

+ i 
- s SLAVE ADDRESS O A WORD ADDRESS A DATA A DATA A p (1) 

ii ii 
auto increment auto increment 7Z94117. 1 R/W 
word address (2) word address 12) 

Fig. 3(a) Slave receiver ERASE/WRITE mode. 

( 1.)After this stop condition the erase/write cycle starts and the bus is free for another transmission; 
the duration of the erase/write cycle is approximatly 20 ms if only one byte is written, and 40 ms, 
if two bytes are written. During the erase/write cycle the slave receiver does not send an acknow
ledge bit if addressed via 12 C bus. 

- (2.)The second data byte is voluntary. It is not allowed to erase/write more than two bytes. 

acknowledge 
from slave 

i 
acknowledge 

from slave 

i 
acknowledge 

from slave 

i 
acknowledge 
from master 

i 
'--s_,__._s_LA~V_E_,__A~D-D~R-E~SS'--LO,...LA....L-'---l.w_o~R-D...J._A~D~D-RLES_s..__LA....J..._s_.1.__,s_L~A_V~ELA_DLD_RLE_s~s ......... ~1-'-A-'--'--'--'-D-ALT_A_,__,___,__J_A~ --;;' 

t at this moment master } J:J- lr 

1064 

7287032.4 

R /W transmitter becomes R /W --- n bytes -j I 
master receiver and 
PCB8582 slave receiver auto increment 
becomes slave transmitter word address 

no acknowledge 
from master 

+ L---1 : : :D~TA: : : l1 Ip 

Fig. 3(b) Master reads PCB8582 slave after setting word address. 
(WRITE word address; READ data). 

lastbyte 4 
auto increment 
word address 

Note: The slave address is defined in accordance with the 12 C bus specification as: 
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acknowledge acknowledge no acknowledge 
from slave from master from master 

* * ! 

R;W L--- n bytes ---ii L.__ last byte -----41 
auto increment 

word address 
auto increment 
word address 

Fig. 3(c) Master reads PCB8582 slave immediately after first byte (READ mode). 

12 C bus timing 

SDA 

tsuF-

SCL 

- tHD;STA - -tsu;DAT 

SDA 

7Z87013.1 
tsu;STA tsu;STD 

Fig. 4 12 C bus, timing. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage Voo 

Voltage, on any input pin 
(input impedance 500 .Q) 

Operating temperature range 

Storage temperature range 

Current into any input pin 

Output current 

Tamb 

Tstg 

11 

10 

-0,3 to 7 V 

Vss-0,8 to Voo +0,8 v 
0 to +70 oc 

-65 to +150 oc 

1 mA 

10 mA 

-
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PCB8582 J 
CHARACTERISTICS 

VDD = 5 V; Vss = 0 V; Tamb = 0 to+ 70 °c, unless otherwise specified. 

parameter symbol min. typ. max. unit 

Operating supply voltage VDD 4,5 5 5,5 v 
Operating supply current, READ - (fSLC = 100 kHz) IDDR - 0,1 0,2 mA - Operating supply current, WRITE/ERASE IDDW - 1 2 mA - Standby supply current (VDD = 5 V) IDDO - 5 10 µA 

- Input SCL and input/output SDA 

Input/output SDA: 
Input voltage LOW V1L -0,3 - 1,5 v 
Input voltage HIGH V1H 3 - VDD+0,8 v 
Output voltage LOW v 

(IOL = 3 mA, VDD = 4,5 V) VOL - - 0,4 v 
Output leakage current HIGH (VoH = VDD) IOH - - 1 µA 
Input leakage current 

(AO,A1,A2, SCL), (note 1) ±l1N - - 1 µA 
Clock frequency fscL 0 - 100 kHz 
Input capacity (SCL,SDA) C1 - - 7 pF 
Noise suppression time constant 

at SCL and SDA input t1 0,25 0,5 1 µs 
Time the bus must be free before a new 

transmission can start tsuF 4,7 - - µs 
Hold time start condition. After this period 

the first clock pulse is generated tHD;STA 4 - - µs 
The LOW period of the clock tL_OW 4,7 - - µs 
The HIGH period of the clock tHIGH 4 - - µs 
Set-up time for start condition (only 

rel event for a repeated start condition) tsu; STA 4,7 - µs 
Hold time DATA for: 

CBUS compatible masters tHD; DAT 5 - - µs 
12 C devices (note 2) tHD; DAT 0 - - µs 

Set-up time DAT A tsu; DAT 250 - - ns 
Rise time for both SDA and SCL.lines tR - - 1 µs 
Fall time for both SDA and SCL lines tF - - 300 ns 
Set-up time for stop condition tsu;STO 4,7 - - µs 

Erase/write timer constant (note 3) 

Erase/write cycle time tE/W 20 - 100 ms 
Erase/write timing capacitor for 

erase/write cycle of 30 ms CE/W - 3,3 - nF 
Erase/write timing resistor for 

erase/write cycle of 30 ms REfW - 56 - kn 
Data retention time ts 10 - - years 
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Notes to the characteristics 

1. Selection of the chip address is done by connecting the AO, A 1, and A2 inputs either to Vss or Voo. 

2. A transmitter must internally provide a hold time to bridge the undefined region (maximum 300 ns) 
of the falling edge of SCL. 

3. Endurance (number of erase/write cycles), NE/W, is 104 E/W cycles. 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12 C specifications defined 
by Philips. 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. l __ P_C_F_8_5_6_6 __ _ 

UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 

GENERAL DESCRIPTION 

The PCF8566 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 24 segments and can easily be cascaded for larger LCD applications. The 
PCF8566 is compatible with most microprocessors/microcontrollers and communicates via a two-line 
bidirectional bus (l'C). Communication overheads are minimized by a display RAM with auto-incre
mented addressing, by hardware subaddressing and by display memory switching (static and duplex 
drive modes). 

Features 

• Single-chip LCD controller/driver 
• Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 
• Selectable display bias configuration: static, 1/2 or 1/3 
• Internal LCD bias generation with voltage-follower buffers 
• 24 segment drives: up to twelve 8-segment numeric characters; up to six 15-segment alphanumeric 

characters; or any graphics of up to 96 elements 
• 24 x 4-bit RAM for display data storage 
• Auto-incremented display data loading across device subaddress boundaries 
• Display memory bank switching in static and duplex drive modes 
• Versatile blinking modes 
• LCD and logic supplies may be separated 
• 3 V to 6 V power supply range 
• Low power consumption 
• Power-saving mode for extremely low power consumption in battery-operated and telephone 

applications 
• 12 C bus interface 
• TTL/CMOS compatible 
• Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers 
• May be cascaded for large LCD applications (up to 1536 segments possible) 
• Cascadable with the 40 segment LCD driver PFC8576 
• Optimized pinning for single plane wiring in both single and multiple PCF8566 applications 
• Space-saving 40-lead plastic mini-pack (VS0-40; SOT-158A) 
• No external components required (even in multiple device applications) 
• Manufactured in silicon gate CMOS process 

Purchase of Philips' 12 C components conveys a license under the Philips' 12 C 
patent to use the components in the 12 C-sy'stem provided the system conforms 
to the 12 C specification defined by Philips. 

PACKAGE OUTLINES 

PCF8566T: 40-lead mini-pack; (VS0-40; SOT-158A). 
PCF8566P: 40-lead DIL;plastic (SOT-129). 
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Fig. 1 Block diagram. 
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l PCF8566 

-
Universal LCD driver for low multiplex rates 

PINNING 
S23 

12C bus data input/output 1 SDA 
S22 2 SCL 12C bus clock input/output 
S21 3 SYNC cascade synchronization input/output 

S20 4 CLK external clock input/output 

519 5 vDD positive supply voltage 

518 
6 osc oscillator input 

7 AO 
S17 8 A1 12C bus subaddress inputs 

S16 9 A2 

515 
10 SAO 12C bus slave address bit 0 input 

11 Vss logic ground 
SAO S14 

PCF8566 12 VLCD LCD supply voltage 
S13 

13 BPO 
VLCO S12 14 BP2 

LCD backplane outputs 
15 BP1 

BPO S11 16 BP3 
<t: BP2 S10 17 so I-
<t: to to LCD segment outputs Cl BP1 59 
I- 40 S23 
z BP3 S8 w 
:a: 
a.. so S7 
0 
..J 
w Sl 56 
> w S2 S5 Cl 

S3 54 

7Z97492 

Fig. 2 Pinning diagram. 
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PCF8566 J 
FUNCTIONAL DESCRIPTION 

The PCF8566 is a versatile peripheral device designed to interface any microprocessor to a wide variety 
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up 
to 24 segments. The display configurations possible with the PCF8566 depend on the number of active 
backplane outputs required; a selection of display configurations is given in Table 1. 

Table 1 Selection of display configurations 

active back- no. of 7-segment 14-segment dot matrix 
plane outputs segments numeric alphanumeric 

12 digits+ 6 characters + 96 dots 
4 96 12 indicator 12 indicator (4 x 24) 

symbols symbols 

9 digits+ 4 characters + 72 dots 
3 72 9 indicator 16 indicator (3 x 24) 

symbols symbols 

6 digits+ 3 characters + 48 dots 
2 48 6 indicator 6 indicator (2 x 24) 

symbols symbols 

3 digits+ 1 characters+ 24 dots 
1 24 3 indicator 10 indicator 

symbols symbols 

All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig. 3. The host microprocessor/microcontroller maintains the two-line I 2C bus communication channel 
with the PCF8566. The internal oscillator is selected by tying OSC (pin 6) to Vss. The appropriate 
biasing voltages for the multiplexed LCD waveforms are generated internally. The only other connec
tions required to complete the system are to the power supplies (Voo, Vss and VLco) and to the 
LCD panel chosen for the application. 

HOST 
MICRO

PROCESSOR/ 
MICRO

CONTROLLER 

SDA 

SCL 

osc 6 

7 

5 12 

17-40 24 segment drives 

PCF8566 

8 9 10 11 

AO A1 A2 SAO Vss 

7Z91493 

Fig. 3 Typical system configuration. 
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Universal LCD driver for low multiplex rates l PCF8566 

._____ 

Power-on reset 

At power-on the PCF8566 resets to a defined starting condition as follows: 

1. All backplane outputs are set to VDD· 

2. All segment outputs are set to VDD· 

3. The drive mode '1 : 4 multiplex with 1 /3 bias' is selected. 

4. Blinking is switched off. 

5. Input and output bank selectors are reset (as defined in Table 5). 

6. The l2C bus interface is initialized. 

7. The data pointer and the subaddress counter are cleared. 

Data transfers on the 12C bus should be avoided for 1 ms following power-on to allow completion of the 
reset action. 

LCD bias generation 

The full-scale LCD voltage (V 0p) is obtained from VDD - V LCD· The LCD voltage may be temperature 
compensated externally through the V LCD supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between VoD and VLCD· The centre 
resistor can be switched out of circuit to provide a Y, bias voltage level for the 1 : 2 multiplex configuration. 

LCD voltage selector 

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command decoder. The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions of V 0p = VDD - V LCD and the resulting discrimination 
ratios (D), are given in Table 2. 

Table 2 Preferred LCD drive modes: summary of characteristics 

LCD drive mode LCD bias Voff(rms) ~cm (rm_aj D = Von(rms) 
configuration 

Vop Vop Voff(rms) 

static ( 1 BP) static (2 levels) 0 1 00 

1 : 2 MUX (2 BP) 1 /2 (3 levels) y'2/4 = 0,354 Vf0/4 = 0,791 V5 = 2,236 

1 : 2 MUX (2 BP) 1 /3 ( 4 levels) 1/3 = 0,333 y'5/3 = 0,745 V5= 2,236 

1 : 3 MUX (3 BP) 1 /3 (4 levels) 1/3 = 0,333 y'33/9 = 0,638 y'33!3 = 1,915 

1 : 4 MUX (4 BP) 1 /3 (4 levels) 1/3 = 0,333 y'373 = 0,577 V3 = 1,732 
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PCF8566 j 
LCD voltage selector (continued) 

A practical value for Vop is determined by equating Voff(rms) with a defined LCD threshold voltage 
(Vthl, typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
suitable choice is V 0p ~ 3 V th. _ 
Multiplex drive ratios of 1 : 3 and 1 : 4 with 1 /2 bias are possible but the discrimination and hence the 
contrast ratios are smaller (y':f = 1,732 for 1 : 3 multiplex ory'21/3 = 1,528 for 1 : 4 multiplex). 
The advantage of these modes is a reduction of the LCD full scale voltage V0 p as follows: 

1 : 3 multiplex (1/2 bias): V0p =VSVoff(rms) = 2,449 Voff(rms) 

1 : 4 multiplex (1/2 bias): V0p = 4)3;3 Voff(rms) = 2,309 Voff(rms) 

These compare with V0p = 3 Voff(rms) when 1/3 bias is used. 

LCD drive mode waveforms 

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig. 4. 

VDD-nr 

VLCD-

LCD segments 

state 1 
(on) 

state 2 
(off) 

Sn+1 VDD -1 n 
VLcD---LJ · L ----~ 

(a) WAVEFORMS AT DRIVER 

·~· ,: ru··· 
-Vop 

Vop 

At any instant (t): 

Vstate 1(t) = Vsn(t) - Vspo(t) 

Von(rms) = Vop 

state 2 O 

-Vop 

Vstate 2(t) =Vsn+1 (t) - Vspo(t) 

Voff(rmsj=O V 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

7291465 

Fig. 4 Static drive mode waveforms: V0 p = VDD - VLCD· 
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Universal LCD driver for low multiplex rates l PCF8566 

-------
When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8566 
allows use of 1 /2 or 1 /3 bias in this mode as shown in Figs 5 and 6. 

BPO 

BP1 

Sn+l 

state 1 

state 2 

J- Tframe -1 I LCD segments 

l~::+vLcol/2- ·· J n____J--•1--11•-
~D ~ ~ / 
v mml 

DD I_ . n state2 

(VDD+VLcDl/2- -u - \ 
VLCD ___ _ 

VDD-1 I I 
VLcD----

VDD n n r 
VLcD----_J LJ u ___ ~ 

(a) WAVEFORMS AT DRIVER 
Vop ___ _ 

V0p/2----

o----

-V0p/2---

-Vop ----

Vop ----

V:p/2---~ 

-V0p/2----

-Vop ----
(b) RESULTANT WAVEFORMS 

AT LCD SEGMENT 

At any instant (t): 

Vstate 1 (t) = Vsn (t) - Vspo(t) 

Vap ;;;;:; 
Van (rms) = 4v 10 = 0,791V0p 

Vstate 2(t) = Vsn(t) - Vsp1 (t) 

Vap 
Vaff(rms) = -4-,/2 =0,354Vap 

7Z91477 

Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: V 0p = VDo - VLCD· 
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PCF8566 J 
LCD drive mode waveforms (continued) 

LCD segments 

VDD -- LI I '~m• ~Ii I 
~~~=;~~~3 - --11-------v / 

BPO 

BP1 

LCD state 1 

VDD----~state2 
VDD-Vop/3 - """ 
VDD-2V0 p/3 -

VLco---

~~~-V0p/3--Ls-11_ 
Voo--2V0 p/3 -
VLCD----

v0 D-2V0p/3-

~~~---V--0-p/-3-=SlIUl 
VLCD ---~ 

Vop----

2V0p/3--

V0pi3---

state 1 0 ----
--V0p/3 ---

-2V0 p/3---
-Vop---

Vop----

2V00/3---

(a) WAVEFORMS AT DRIVER 

Vop/3--- 11 n n 
state 2 O -----_J LJ LJ L 

-V00/3----

-2V0p/3---

-Vop-----

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

At any instant (t): 

V state 1 (t) = Vsn (t) - V BPo(t) 

Vop ~ 
Von(rms) = - 3-v5 = 0,745Vop 

V state 2(t) = V Sn (t) -- V BP1 (t) 

Vop 
Voff(rms) = 3= 0,333Vop 

7Z91466 

Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: V0 p = Voo - VLCD· 

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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Universal LCD driver for low multiplex rates 

BPO 

BP1 

BP2 

Sn+1 

Sn+2 

state 1 

state 2 

vDD---

vDD-Vop/3 -

vDD-2V0µ/3-

VLcD --

vDD---

vDD-Vop/3 -

VDD-2V0µ/3 -

vLcD--

vDD---

VDD-Vop/3 -

VDD-2 V0µ/3 -

VLcD--

vDD---

vDD-Vop/3 -

VDD-2 V0µ/3 -

vLcD---
vDD ___ _ 

VDD-Vop/3 -

VDD-2V0µ/3-

VLcD--

vDD--

vDD·-Vop/3 -

VDD-2V0p/3 -
vLcD ___ _ 

Vop----

2V0p/3-

V0p/3---

0 
-V0p/3---

-2V0µ/3---
-Vop ____ _ 

Vop----

2V0p/3-

V0p/3---
0---

-V0µ/3---

-2V0p/3--

-Vop ----

(a) WAVEFORMS AT DRIVER 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

PCF8566 

At any instant (t): 

Vstate 1 (t) = Vsn(t) - Vspo(t) 

Vop r::;;:; 
V 0n(rms) = g y 33 = 0,638V 0p 

Vstate 2(t) = Vsn(t) - Vsp1(t) 

Vop 
Voff(rms)= 3 = 0,333V0p 

7291478 

Fig. 7 Waveforms for 1 : 3 multiplex drive mode: V0p = Voo - VLCD· 
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LCD drive mode waveforms (continued) 

6PO 

BP1 

BP2 

BP3 

VDD---

vDD-Vop/3 -

VoD-2V0p/3 -

vLcD--

vDD---

VDD-Vop/3-

vDD-2V0p/3-

VLCD--

VDD---

VDD-Vop/3-

vDD-2V0p/3-
vLcD---

VDD---

VDD-Vop/3-

vDD-2 Vop/3 -
VLCD--

VDD---

VDD-Vop/3-

vDD-2 Vop/3 -

VLcD---

Tframe 

~~~-Vop/3-IUl~ 
VDD-2 V0 p/3 -

VLCD---

Sn+1 

Sn+2 

Sn+3 

VDD---
VDD-Vop/3-

VDD-2V0p/3-

VLcD--

VDD---

VDD-Vop/3-

VDD-2V0p/3-

VLCD---

Vop----

2V0p/3--

V0p/3---

state 1 0 ----

-V0p/3 ---

-2V0p/3---

-Vop----

Vop----

2Vop/3--

Vop/3---

state 2 0 ----

-Vop/3 ---
-2V0p/3---

-Vop ----

(a) WAVEFORMS AT ORIVER 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

7291479 

LCD segments 

At any instant (t): 

Vstate 1(t) = 

Vsn!tl - Vspo(t) 

Von(rms) = 

Vop r-; 
3 v 3 = 0,577V 0p 

V state 2(t) = 

Vsn(t) - v8p1!tl 

Voff(rms) = 

Vop 
a=0,333Vop 

Fig. 8 Waveforms for 1 : 4 multiplex drive mode: V0 p = Voo - VLCD· 
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Universal LCD driver for low multiplex rates l PCF8566 

--
Oscillator 

The internal logic and the LCD drive signals of the PCF8566 or PCF8576 are timed either by the 
built-in oscillator or from an external clock. 

The clock frequency (fcLK) determines the LCD frame frequency and the maximum rate for data 
reception from the 12 C bus. To allow 12 C bus transmissions at their maximum data rate of 100 kHz, 
fcLK should be chosen to be above 125 kHz. 

A clock signal must always be supplied to the device: removing the clock may freeze the LCD in a d.c. 
state. 

Internal clock 

When the internal oscillator is used, OSC (pin 6) should be tied to V55. In this case, the output from 
CLK (pin 4) provides the clock signal for cascaded PCF8566s and PCF8576s in the system. 

External clock 

The condition for external clock is made by tying OSC (pin 6) to VDD; CLK (pin 4) then becomes the 
external clock input. 

Timing 

The timing of the PCF8566 organizes the internal data flow of the device. This includes the transfer of 
display data from the display RAM to the display segment outputs. In cascaded applications, the 
synchronization signal SYNC maintains the correct timing relationship between the PCF8566s in the 
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
the clock frequency (Table 3). The frame frequency is set by MODE St:T commands when internal 
clock is used, or by the frequency applied to pin 4 when external clock is used. 

Table 3 LCD frame frequencies 

PCF8566 mode fframe nominal ftrame (Hz) 

normal mode fCLK/2880 64 

power-saving mode fCLK/480 64 
~ --· 

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which 
the device is operating. In the power-saving mode the reduction ratio is six times smaller, this allows 
the clock frequency to be reduced by a factor of six. The reduced clock frequency results in a signi fi
cant reduction in power dissipation. The lower clock frequency has the disadvantage of increasiru_J the 
response time when large amounts of display data are transmitted on the 12 C bus. When a devicu is 
unable to 'digest' a display data byte before the next one arrives, it holds the SCL line low until ttie 
first display data byte is stored. This slows down the transmission rate of the 12 C bus but no data loss 
occurs. 
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Display latch 

The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one 
column of the display RAM. 

Shift register 

The shift register serves to transfer display information from the display RAM to the display latch while 
previous data are displayed. 

Segment outputs 

The LCD drive section includes 24 segment outputs SO to S23 (pins 17 to 40) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back
plane signals and with the data resident in the display latch. When less than 24 segment outputs are 
required the unused segment outputs should be left open. 

Backplane outputs 

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1 : 3 multi
plex drive mode BP3 carries the same signal as BP 1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1 : 2 multiplex drive mode BPO and BP2, BP1 and 
BP3 respectively carry the same signals .and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected in 
parallel for very. high drive requirements. 

Display RAM 

The display RAM is a static 24 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the 'on' state of the corresponding LCD segment; similarly, a logic 0 indicates the 'off' state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
24 segments operated with respect to backplane BPO (Fig. 9). In multiplexed LCD applications the 
segment data of the second, third and fourth column of the display RAM are time-multiplexed with 
BP1, BP2 and BP3 respectively. 

display RAM bits 
(columns) I 

backplane outputs 
(BP) 

display RAM addresses (rows) I segment outputs (S) 

~;;o 1 2 3 4 ===1m19 20 21 22 23 
---

2 
---

3 
---

1Z97488 

Fig. 9 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits in a RAM word and backplane outputs. 
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Universal LCD driver for low multiplex rates PCF8566 

When display data are transmitted to the PCF8566 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg
ment numeric display showing all drive modes is given in Fig. 10; the RAM filling organization depicted 
applies equally to other LCD types. 

With reference to Fig. 10, in the static drive mode the eight transmitted data bits are placed in bit 0 of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 ar.d 2 of three su..:cessive addresses, with uil 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc
cessive display RAM addresses. 

Data pointer 

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 
RAM. The sequence commences with the initialization of the data pointer by the LOAD DAT A PO INTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 
by the data pointer thereby observing the filling order shown in Fig. 10. The data pointer is automati
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four ( 1 : 2 multiplex 
drive mode), by three ( 1 : 3 multiplex drive mode) or by two ( 1 : 4 multiplex drive mode). 

Subaddress counter 

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 
to take place only when the contents of the subaddress counter agree with the hardware subaddress 
applied to AO, Al and A2 (pins 7, 8, and 9). AO, Al and A2 should be tied to Vssor VDD· The 
subaddress counter value is defined by the DEVICE SELECT command. If the contents of the sub
address counter and the hardware subaddress do not agree then data storage is inhibited but the data 
pointer is incremented as if data storage had taken place. The subaddress counter is also incremented 
when the data pointer overflows. 
The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF8566 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character. 
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Fig. 10 Relationships between LCD layout, drive mode, display RAM filling order 
and display data transmitted over the 12C bus (x = data bit unchanged). 
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Universal LCD driver for low multiplex rates PCF8566 

Output bank selector 

This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit 0 are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits 0 then 1 are selected and, in the static mode, bit 0 is selected. 

The PCF8566 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits 0 and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 

Input bank selector 

The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 

Blinker 

The display blinking capabilities of the PCF8566 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 

In the 1 : 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 

Table 4 Blinking frequencies 

blinking mode normal operating power-saving nominal blinking frequency 
mode ratio mode ratio fblink (Hz) 

off - - blinking off 

2 Hz fcLK/92160 fcLK/15360 2 

1 Hz tcLK/184320 fcLK/30720 1 

0,5 Hz fcLK/368640 fcLK/61440 0,5 
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CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA i i 

SCL 

Start and stop conditions 

data line 
stable: 

data valid 

x------==~ ---\_ 
change 
of data 
allowed 7287019 

Fig. 11 Bit transfer. 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

SDA --i\,_--+i ___ __._C __ ·_=-~ __l7!-- soA 

I I I I 

SCL --~--\ I ! ! SCL 

I I ~--~ I I 
L ___ ..J L ___ J 

start condition stop condition 
7287005 

Fig. 12 Definition of start and stop conditions. 
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Universal LCD driver for low multiplex rates PCF8566 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is a "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~--~~~~~~---~~~~~~~~~~~~~~~~~~~~~~ 

SCL~....-~~~-1--~~-..-~~~-+-~~-...~~~--+~~~~~~---+~~~~~~~'---

MASTER 
TRANSMITTER/ 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

MASTER 
TRANSMITTER 

Fig. 13 System configuration. 

MASTER 
TRANSMITTER/ 

RECEIVER 

7287004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition . 

Note 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 

clock pulse for 
acknowledgement 

+ 
__ _fi\__)7\_ 

I 

1'~/ ___,X,___~)(~~)( I 
I 
s 

--~ 

7Z87007 

Fig. 14 Acknowledgement on the 12C bus. 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 
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PCF8566 12C bus controller 

The PCF8566 acts as an I 2C slave receiver. It does not initiate 12 C bus transfers or transmit data to an 
12C master receiver. The only data output from the PCF8566 are the acknowledge signals of the selec
ted devices. Device selection depends on the 12 C bus slave address, on the transferred command data 
and on the hardware subaddress. 

In single device applications, the hardware subaddress inputs AO, A 1 and A2 are normally left open 
or tied to Vss which defines the hardware subaddress 0. In multiple device applications AO, A 1 and 
A2 are tied to Vss or VDD according to a binary coding scheme such that no two devices with a 
common 12 C slave address have the same hardware subaddress. 

In the power-saving mode it is possible that the PCF8566 is not able to keep up with the highest trans
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8566 
forces the SCL line LOW until its internal operations are completed. This is known as the 'clock 
synchronization feature' of the 12C bus and serves to slow down fast transmitters. Data loss does not 
occur. 

Input filters 

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
the SDA and SCL lines. 

12C bus protocol 

Two 12C bus slave addresses (0111110 and 0111111) are reserved for PCF8566. The least-significant 
bit of the slave address that a PCF8566 will respond to is defined by the level tied at its input SAO 
(pin 10). Therefore, two types of PCF8566 can be distinguished on the same 12C bus which allows: 

(a) up to 16 PCF8566s on the same 12C bus for very large LCD applications; 

(b) the use of two types of LCD multiplex on the same 12C bus. 

The 12C bus protocol is shown in Fig. 15. The sequence is initiated with a start condition (S) from the 
12C bus master which is followed by one of the two PCF8566 slave addresses available. All PCF8566s 
with the corresponding SAO level acknowledge in parallel the slave address but all PCF8566s with the 
alternative SAO level ignore the whole 12C bus transfer. After acknowledgement, one or more command 
bytes (m) follow which define the status of the addressed PCF8566s. The last command byte is tagged 
with a cleared most-significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PCF8566s on the bus. 

After the last command byte, a series of display data bytes (n) may follow. These display data bytes 
are stored in the display RAM at the address specified by the data pointer and the subaddress counter. 
Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8566 device. The acknowledgement after each byte is made only by the (AO, A 1, A2) 
addressed PCF8566. After the last display byte, the 12C bus master issues a stop condition (P). 
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Universal LCD driver for low multiplex rates PCF8566 

R/W 

slave address 

l acknowledge by all 
taddressed PCF8566st 

s 
So11111A0Ac a 

COMMAND A 

1 byte m ;:a: 1 bytes 

7Z97489 

Fig, 15 12 C bus protocol, 

Command decoder 

acknowledge by 
I AO, A 1, A2 )- selected 

PCF8566 only 

t 
DISPLAY DATA A p 

n ~ 0 bytes t 
update data pointer 

and, if necessary, 
subaddress counter 

The command decoder identifies command bytes that arrive on the 12C bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig. 16). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 
the last command byte of the transfer. Further bytes will be regarded as display data, 

0 = last command 
1 = commands continue 

H ~ES~ O:F ~PC~D~ I 
msb lsb 

7291471 

Fig. 16 General format of command byte, 

The five commands available to the PCF8566 are defined in Table 5. 
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Command decoder (continued) 

Table 5 Definition of PCF8566 commands 

command/opcode options description 

Defines LCD drive mode 
LCD drive mode bits M1 MO 

MODE SET 
static ( 1 BP) 0 1 
1 : 2 MUX (2 BP) 1 0 

jcj1 ojLPjEjBjM1jMoj 1 : 3 MUX (3 BP) 1 1 
1 : 4 MUX (4 BP) 0 0 

Defines LCD bias configuration 
LCD bias bit B 

1/3 bias 0 
1/2 bias 1 

Defines display status 
display status bit E The possibility to disable the 

display allows implementation 
disabled (blank) 0 of blinking under external 
enabled 1 control 

mode bit LP 
Defines power dissipation mode 

normal mode 0 
power-saving mode 1 

LOAD DATA POINTER Five bits of immediate data, 

I cl oj o I P4 P3 P2 P1 Pol 
bits P4 P3 P2 P1 PO bits P4 to PO, are transferred 

to the data pointer to define 
5-bit binary value of 0 to 23 one of twenty-four display RAM 

addresses 
DEVICE SELECT Three bits of immediate data, 

I cl 1 o olA2 A1 Ao I bits AO A1 A2 bits AO to A2, are transferred 
1 to the subaddress counter to 

3-bit binary value of Oto 7 define one of eight hardware 
su badd resses 
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Universal LCD driver for low multiplex rates l PCF8566 

-------
command/opcode options description 

BANK SELECT Defines input bank selection 

I cl, oJ 1Jol 

static 1 : 2 MUX bit I (storage of arriving display data) 
1 1 1 

RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

Defines output bank selection 
static 1 : 2 MUX bit 0 (retrieval of LCD display data) 

RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

The BANK SELECT command has 
no effect in 1 : 3 and 1 : 4 multi-
plex drive modes 

BLINK Defines the blinking frequency 
blink frequency bits BF 1 BFO 

I cl, o!AjBF1 BFOI 1 1 
off 0 0 
2 Hz 0 1 
1 Hz 1 0 
0,5 Hz 1 1 

blink mode bitA Selects the blinking mode; 
normal operation with frequency 

normal blinking 0 set by bits BF1, BFO, or 
alternation blinking 1 blinking by alternation of 

display RAM banks. Alternation 
blinking does not apply in 1 : 3 
and 1 : 4 multiplex drive modes 

Display controller 

The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8566 and coordinates their effects. The controller is also responsible for loading 
display data into the display RAM as required by the filling order. 
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Cascaded operation 

In large display configurations, up to 16 PCF8566s can be distinguished on the same 12C bus by using 
the 3-bit hardware subaddress (AO, A 1, A2) and the programmable 12C slave address (SAO). It is also 
possible to cascade up to 16 PCF8566s. When cascaded, several PCF8566s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost
effective in large LCD applications since the backplane outputs of only one device need to be through
plated to the backplane electrodes of the display. The other PCF8566s of the cascade contribute 
additional segment outputs but their backplane outputs are left open (Fig. 17). 

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8566s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF8566s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor. A PCF8566 asserts the SYNCiine at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 
will be restored by the first PCF8566 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 18. 
The waveforms are identical with the parent device PCF8576. Casadability between PCF8566s and 
PCF8576s is possible, giving cost effective LCD applications. 

VLCD 

VDD l 
t [ R<.~ 

2 Cbus 

HOST 
MICRO-

PROCESSOR/ 
MICRO-

CONTROLLER 

Vss l 
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I I I I I I I 
I I I I I I I 
I I I I I I I 

~1 
~2 

SYNC 3 

lDD VLCD 

5 12 

17-40 24 segment drives 1)j 
PCF 8566 -v 

CLK 4 h> osc 6 
13-16 

BPO- BP3 (open) 7 8 9 10 11 

JAOr1 A2YATss 

JvDD VLCD 

SDA 1 
5 12 

SCL 2 2 4 segment drives J 17-40 
SYNC 3 PCF 8566 v 

CLK 4 )1 DSC 6 
13-16 4 backplanes 

BPO to BP3 
7 8 9 10 11 rot A21SATss 

Fig. 17 Cascaded PCF8566 configuration. 

LCD PANEL 

(up to 1536 
elements) 

7Z97486 



Universal LCD driver for low multiplex rates PCF8566 

1 

I Tframe = ftrame 

BPO l 
SYNC lJ u 

(a) STATIC DRIVE MODE 

BPl r i 1/2 bias) I 
BPl r ( 1/3 bias) 

I 

SYNC lJ u 
(b) 1:2 MULTIPLEX DRIVE MODE 

<!'. 
I-
<!'. 
0 BP2 
I-
2 
w 
::!: 
a.. 
0 SYNC 
...J 
w (c) 1: 3 MULTIPLEX DRIVE MODE 

> w 
0 

BP3 

SYNC lJ Li (d) 1: 4 MULTIPLEX DRIVE MODE 
7291481 

Fig. 18 Synchronization of the cascade for the various PCF8566 drive modes. 

For single plane wiring of PCF8566s, see section "APPLICATION INFORMATION". 
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PCF8566 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range; see note 

LCD supply voltage range 

Input voltage range (SCL; SDA; 
AO to A2; OSC; CLK; SYNC; SAO) 

Output voltage range (SO to S23; 
BPO to BP3) 

D.C. input current 

D.C. output current 

Voo, Vs5 or VLCD current 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

Note 

Vo 

± 11 

±lo 

±loo,± 155, ± ILCD 

Ptot 

Po 

Tstg 

-0,5 to+ 7 V 

v00 -7 to v00 v 

Vss--0;5 to v00 + o,5 v 

VLco--0,5 to v00 + o,5 v 
max. 20 mA 

max. 25 mA 

max. 50 mA 

max. 400 mW 

max. 100 mW 

-65 to+ 150 oc 

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see 
'Handling MOS devices'). 

D.C. CHARACTERISTICS 

Vss = 0 V; Voo = 3 to 6 V; VLCD = Voo -3 to Voo -6 V; 

T amb = -40 to +85 oc; unless otherwise specified 

parameter symbol min. 

Operating supply voltage Voo :3 
LCD supply voltage VLCD Voo-6 
Operating supply current 

(normal mode) at fcLK 
= 200 kHz (note 1) loo -

Power-saving mode supply current 
at Voo = 3,5 V; VLCD = 0 V; 
fcLK = 35 kHz; AO, A 1 and A2 
tied to Vss (note 1) ILP -

'""' 19861 

typ. max. unit 

- 6 v 
- Voo-3 v 

- 180 µA 

- 60 µA 



~ 

~ 
0 
1-z 
w 
:E 
a.. 
0 
-I 
w 
> w 
0 

Universal LCD driver for low multiplex rates 

parameter symbol 

Logic 

Input voltage LOW V1L 
Input voltage HIGH V1H 

Output voltage LOW at to= 0 mA VOL 
Output voltage HIGH at lo= 0 mA VOH 

Output current LOW (CLK, SYNC) 
at Vo L = 1,0 V; V DD = 5 V IOL1 

Output current HIGH (CLK) 
at VoH = 4,0 V; VDD = 5 V IOH 

Output current LOW (SDA; SCL) 
at Vol= 0.4 V; VDD = 5 V IOL2 

Leakage current (SAO, CLK, OSC, AO, 
A 1, A2, SCL, SDA) at Vt = Vss 
orVDD ±IL 

Pull-up resistor (SYNC) RsYNC 
Power-on reset level (note 2) VREF 

Tolerable spike width on bus tsw 

Input capacitance (note 3) C1 

LCD outputs 

D.C. voltage component (BPO to BP3) 
at Csp = 35 nF ±Vsp 

D.C. voltage component (SO to S23) 
at Cs= 5 nF ±Vs 

Output impedance (BPO to BP3) 
at VLCD = VDD -5 v (note 4) Rsp 

Output impedance (SO to S23) 
at VLCD = VDD -5 V (note 4) Rs 

PCF8566 

min. typ. max. unit 

vss - 0,3 VDD v 

0.7 VDD - VDD v 

- - 0,05 v 

VDD -0,05 - - v 

1 - - mA 

- - -1 mA 

3 - - mA 

- - 1 µA 

15 25 60 k.Q 
f 

- 1,3 1,8 v I 

- - 100 ns 

- - 7 pF 

- 20 - mV 

- 20 - mV 

- - 5 k.Q 

- - 7,0 k.Q 
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PCF8566 

A.C. CHARACTERISTICS (note 5) 

Vss = 0 V; VDD = 3 to 6 V; VLCD = VDD -3 to VDD -6 V; 

T amb = -40 to +85 oc; unless otherwise specified 

parameter symbol min. 

Oscillator frequency (normal mode) 
(note 6) fCLK 125 

Oscillator frequency (power-saving 
mode) at VDD = 3,5 V fCLKLP 21 

CLK HIGH time tcLKH 1 

CLK LOW time tcLKL 1 

SYNC propagation delay tpsYNC -

SYNC LOW time tsYNCL 1 

Driver delays with test loads 
at VLCD = VDD -5 V tPLCD -

12 c bus 

Bus free time tBUF 4,7 

Start condition hold time tHD; STA 4 

SCL LOW time tLOW 4,7 

SCL HIGH time tHIGH 4 

Start condition set-up time 
(repeated start code only) tsu; STA 4,7 

Data hold time tHD; DAT 0 

Data set-up time tsu; DAT 250 

Rise time tR -

Fall time tF -

Stop condition set-up time tsu; STO 4,7 

Notes to characteristics 

typ. max. unit 

200 315 kHz 

31 48 kHz 

- - µs 

- - µs 

- 400 ns 

- - µs 

- 30 µs 

- - µs 

- - µs 

- - µs 

- - µs 

- - µs 

- - µs 

- - ns 

- 1 µs 

- 300 ns 

- - µs 

1. Outputs open; inputs at Vss or VDD; external clock with 50% duty factor; I 2C bus inactive. 

2. Resets all logic when VDD < VREF· 

3. Periodically sampled, not 100% tested. 

4. Outputs measured one at a time. 

5. All timing values referred to V1 H and V1 L levels with an input voltage swing of Vss to Voo. 

6. At fCLK < 125 kHz, 12C bus maximum transmission speed is derated. 

June 1986 l 
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Universal LCD driver for low multiplex rates l __ P_c_F_a_s_ee __ _ 

CLK 3,3 k.11 
. -c:::J----- 0,5 V DD 

SDA SCL 1•5 k.11 ' ------c:::J---- VD D 
(pm 4) 1231 (pins 1, 2) 1231 

SYNC 6•8 k.11 
-c:::J----- VDD 

(pin 3) 1231 

8POto8P3 ------(l)------
(pins13to16) _ 1load"" 25 µA 

SOtoS23~ 
(pins 17 to 40) _ 1load"' 15 µA 

CLK 

BPO to BP3 
SO to 523 

Fig. 19 Test loads. 

1 
1cLK 

-tcLKH- -tcLKL-

tpSYNC 

7Z97490 

o,1vDD 

o,3VDD 

0,7VDD 

o,3VDD 

+------~ 0,5V 

t 
IVDD = 5V) 

'-------.--"0,5 v 

t 7Z97491 

Fig. 20 Driver timing waveforms. 
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PCF8566 J 
SDA 

tsuF-

SCL 

- tHD;STA - - -t, 

SDA 

7Z87013.2 tsu;STA 

Fig. 21 12 C bus timing waveforms. 
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Universal LCD driver for low multiplex rates PCF8566 

7ZB0829 
50 r--r----r-.-----.-~-~-.-~r---.-'-"", 

-lss _)" 
(µA) I J7 

- 1ss 

normal 
40 >---+---+-+---+ Je />'+-·--t--+---+----< 

modv 

30 l-----+----+-+--V~----l-+--t---1-----+---I 
L_ z ~ 

20 r--+---_11+17--+-+---+----+k:::j-~~-po-w~e~r--s~av-in~g~ 

10 
r---t17___,,'-t---+-V-vt-="f---tmode :---1 

I~ 

100 f frame (Hz) 200 

(a) Voo = 5 V; VLCD = 0 V; Tamb = 25 °c. 

7 280831 50 ~-.----,--.-----.-~-~-.--17~-,---=-; 

(µA) normal mode I / 
40 i----+---t---1- f CLK = 200 kHz .,.._J.L_____,_-r---; 

~ 

10 

0 r--+--~-+-----+---1-~~-~-+--~ 
0 5 Voo (V) 

(c) VLCD = 0 V; external clock; 
Tamb = -40 to+ 85 °c. 

10 

50r--r----r-.-----,-~-~-.-~-7_Z~80~8~30 

-ILCD 
(µA) 

40 r---+---+-r-----+-----+--+----+-----+--+----< 

30 l-----+----+-t----+-----1---+---t--l---+---I 

20 r-----+-----+-+----+-----+--+----+---t-+--__, 

10 l-----+----+-+----+----+-+----+-----1--+---I 

0 ~~~-~-+--~-+-----+---!-~~ 
0 100 f frame (Hz) 200 

(b) Voo = 5 V; VLCD = 0 V; Tamb = 25 °c. 

50 ~-.----,--.-----.-~-~-.--~7-Z~B~OB-'--"32 

-ILCD _I lZ 
(µA) 85°C JI 

40 l-----t----+-+--+----+-+'-''--r'LJ~1---+----A 
_X / 

,11_p--
101------i--1V-j,p<'+----+--+---+--+--+---+---I 

o~~~-~-+--~-+-----+---1-~~ 

0 5 Voo(V) 

(d) VLCD = 0 V; external clock; 
fcLK =nominal frequency. 

10 

Fig. 22 Typical supply current characteristics. 
7280833 

10~~E±~===±~===±~~~ [ t= 
Q) 

" c: 

"' "' Q) 
Cl. 

§ 
E 
" § 
x 
"' E 

r-----+-----+-+---+---t-+----+-+-R9p-t 

0, 1 '-----+--~-+-----+----+-~~-'-----+--~ 
0 4 8 10 

Voo (V) 

(a) VLCD = 0 V; Tamb = 25 °c. 

2 ~-~--.--.----~--.--~~7~Zr80=8~3j 

~ ,5f---1---+--+---~---t..-""F--R~s4-~1 
~ ~ ii 2.0, __ 
~ ,- I 
Cl. 

§ 
§ 1,5 r--+--+---+----t---t---t--+------1 

_E;; 
x 

"' E 
1,0~ 

0,5 r--+--+---+-----+--+---+---+------1 

0 ~~--+---+---~.--~-+---~-~ 
-40 0 40 80 120 

Tamb(OC) 

(b) Voo = 5 V; VLCD = 0 v. 

Fig. 23 Typical characteristics of LCD outputs. 
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APPLICATION INFORMATION soA () 
SCL "Tl 

EJ ~~~c ~· 
al Voo O') 

; -----1lt I -----l= ~~~D SDA 1 40 S23 40 S47 ~' ' . • "'=-1 . • m-

S45-

CLK S44-

Voo S43-

osc S42 -

AO S17 - S41 -

A1 S16 - S40-

A2 S15- S39-

SAO S14 - S38 -

Vss S37-

S12 - S36-

BPO S11 - 1 BPO S35-PCF8566 
BP2 S10 - BP2 S34 -

open 
BP1 S9 - BP1 S33 -

BP3 SB - BP3 S32 -

SO S7 - l=S24 S31 -

S1 S6 - S25 S30-

S2 S5 - S26 S29-

- S3 S4 - S27 S28-

so----- - -- - - ------ - - ---- S23 S24 --- - - - ---- -- -- -- ------ - - S47 

BACKPLANES SEGMENTS 1Z91487 

Fig. 24 Single plane wiring of packaged PCF8566s. 



~~~~-~~~~-Jl~PC-F85-70~ 
256 x 8-BIT ST A TIC RAM 

GENERAL DESCRIPTION 

The PCF8570 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus {1 2C). The built-in word address register 
is incremented automatically after each written or read data byte. Three address pins AO, A 1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 

Features 

• Operating supply voltage 
• Low data retention voltage 
• Low standby current 
• Power saving mode 

Applications 

• Telephony 

• Radio and television 
• Video cassette recorder 
• General purpose 

PCF8570 

2,5 V to 6 V 
min. 1,0 V 
max. 15 µA 
typ. 50 nA 

• Serial input/output bus {1 2C) 
• Address by 3 hardware address pins 
• Automatic word address incrementing 
• 8-lead DI L package 

RAM expansion for stored numbers in repertory dialling 
{e.g. PCD3343 applications) 
channel presets 

RAM expansion for the microcontroller families MAB8400 
and PCF84COO 

WORD 
ADDRESS 
REGISTER ROW 

SELECT 

MEMORY 
CELL 

ARRAY 
AO-t-+-~~~~~~---, 

2 
A1-+-+-~~~~~~ 

A2-+-+-~~~~~-

SCL 

SDA 

vDD 

Vss 

TEST 

POWER 
ON 

RESET 

PACKAGE OUTLINES 

COLUMN 
SELECT 

~~~~--r~~~~-.-. 

Fig. 1 Block diagram. 

PCF8570P: 8-lead DI L; plastic {SOT-97AE). 
PCF8570T: 8-lead mini-pack plastic (S0-8L; SOT-176). 

R/W 
CONTROL 

7Z90775.1 
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PCF8570 j 
PINNING 

1 to 3 
4 
5 
6 

AO to A2 
Vss 

address inputs 
negative supply 
serial data line \ 12C b 
serial clock line J us 

7 

SDA 
SCL 
TEST test input for test speed-up; must be connected to Vss when not in use 

(power saving mode, see Figs 14 and 15) 
8 Voo positive supply 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (I EC 134) 

Supply voltage range (pin 8) Voo 

Voltage range on any input 

O.C. input current (any input) 

0.C. output current (any output) 

Supply current (pin 4 or pin 8) 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

Operating ambient temperature range 

1100 November 1986 

V1 

± 11 

±lo 

±loo; lss 

Ptot 
p 

Tstg 

Tamb 

-0,8 to + 8,0 V 

-0,8 to v00 + 0,8 v 
max. 10 mA 

max. 10 mA 

max. 50 mA 

max. 300 mW 

max. 50 mW 

-65 to+ 150 oc 

-40 to+ 85 oc 



~~~~25_6_x_8--bi-ts-ta-tic_R_A_M~~~~~~~~~~~~~J~-~~P-C_F_8_5_7_0~~~ 
CHARACTERISTICS 

Voo = 2,5 to 6 V; Vss = 0 V; Tamb = -40 to+ 85 °c unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage Voo 2,5 - 6 v 
Supply current at 

V1 = Vss or Voo 
operating at fscL = 100 kHz loo ·- - 200 µA 
standby at fscL = O Hz looo - - 15 µA 
standby at T amb = -25 to+ 70 °c 1000 - - 5 µA 

Power-on reset voltage level* VpoR 1,5 1,9 2,3 v 

Inputs; input/output SDA 

Input voltage LOW** V1L -0,8 - o,3 x v00 v 
Input voltage HIGH** V1H 0,7 x v00 - v00 + 0,8 v 
Output current LOW 

atVoL=0,4V loL 3 - - mA 

Output leakage current HIGH 
at VoH = Voo loH - - 250 nA 

Input leakage current 
at V1 = Voo or Vss ± 11 - ·- 250 nA 

Clock frequency (Fig. 7) tscL 0 - 100 kHz 

Input capacitance (SCL, SDA) 
at V1 = Vss C1 -- - 7 pF 

Tolerable spike width on bus tsw -- - 100 ns 

LOW Voo data retention 

Supply voltage for data retention VooR 1 - 6 v 
Supply current at VooR = 1 V looR - - 5 µA 

Supply current at VooR = 1 V; 
T amb = -25 to + 70 °c looR - - 2 µA 

Power saving mode (Figs 14 and 15) 

Supply current at T amb = 25 °c; 
TEST= VooR looR - 50 400 nA 

* The power-on reset circuit resets the 12 C bus logic when Voo < VpoR· 

** If the input voltages are a diode voltage above or below the supply voltage Voo or Vss an input 
current will flow; this current must not exceed± 0,5 mA. 
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--PC-F857-0 _J[_~· --------
CHARACTERISTICS OF THE 12C BUS ! 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 3 Bit transfer. 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r---., r---, 
----]--\ : 

SDA ! \ I 
I ~-~l~~~~~~~-

r=-- I 
I 

SDA I 

1 I I 
I I 

\ 1--\ I 
I 
I SCL 
I 
I 

SCL I I 

: s : 
L ___ _j L ___ J 

start condition stop condition 
7ZB7005 

Fig. 4 Definition of start and stop conditions. 
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256 x 8-bit static RAM PCF8570 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that.controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~.,....~~~~~~~~~~~~~-.-~~~~~~-.~~~~~~~.--

SCL~.,._~~~-r-~~"""f""~~~-+-~~-.-~~~-+~~-.~~~-+~~~.--~~~f--

MASTER 
TRANSMITTER/ 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER I 

RECEIVER 

Fig. 5 System configuration. 

MASTER 

TRANSMITTER 

MASTER 

TRANSMITTER/ 
RECEIVER 

7287004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 
the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

+ 

--~ 
~'-----'---/ ____,X'---~)(~ ~)( I 

I 
s 

Fig. 6 Acknowledgement on the 12C bus. 
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PCF8570 

Timing specifications 

Within the 12C bus specifications a high-speed mode and a. low~speed mode are defined. The device 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7. 

SDA 

-
SCL 

- tHD;STA - -
SDA 

7Z87013.1 
1su;STA 1SU;STO 

Fig. 7 Timing of the high-speed mode. 

Where: 

tsuF 

tHD; STA 

tLQWmin 

tHIGHmin 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

t;;:;., tLQWmin 

t ;;;..tHIGHmin 
4,7 µs 

4 µs 

t;;:;., tLQWmin 
t;;;.,o µs 

t;;;.. 250 ns 

t,;;;; 1 µs 

t,;;;;300ns 

t;;;.,tLQWmin 

The minimum time the bus must be free before a new 
tra.nsmissic;>n c<ln.start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the timing values refer to Vi Hand Vi L levels with a voltage swing of Vss to VDD· 

1104 November 19861 



256 x 8-bit static RAM PCF8570 

1....-J L.___J L.___J ~----~ L----J l-..J L-----J 1----..1 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 
CONDITION CONDITION 7Z87014 

Fig. 8 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes unrestricted 

Premature termination of transfer 

Acknowledge clock bit 

Low-speed mode 

allowed by generation of STOP condition 

must be provided by the master 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 

SDA 

-teuF- -+- 1LOW -+-- tF~ ._ 

SCL 

- 1HD;STA - .._ I-+----- 1HIGH ----1 
tR 

1SU;DAT 

SDA 

7Z87015.1 1SU;STA -

Fig. 9 Timing of the low-speed mode. 
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PCF8570 

Timing specifications (continued) 

Where: 

tBUF t ~ 105 µs (tLQWminl 

tHD; STA t ~365 µs (tHIGHminl 

tLOw 130 µs ± 25 µs 

tHIGH 390 µs ± 25 µs 

tsu; STA 130 µs ± 25 µs * 

tHD; DAT t~ 0 µs 

tsu; DAT t ~ 250 ns 

tR t.;;;;; 1 µs 

tF t.;;;; 300 ns 

tsu; STO 130 µs ± 25 µs 

Note 

All the timing values refer to Vi Hand Vi L levels with a voltage swing of Vss to VDD· For definitions 
see high-speed mode. 

SDA \ ___ _} 

---"\ r----1 ,-- --
SCL LJ LJ 

START 
CONDITION 

START BYTE 
/ 

'~___.C_~~~~ R/W x \ I 

DUMMY REPEATED 
ACKNOWLEDGE START 

CONDITION 

---v-v--v-
ADDRESS 

'--' 
ACKNOWLEDGE STOP 

CONDITION 

7ZB7016 

Fig. 10 Complete data transfer in the low-speed mode. 

Where: 

Clock tLQWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook "I Cs for digital systems in radio, audio and video equipment". 



----25_6_x_8--bi-t s-ta-ti-c R_A_M _____________ J l ...... __ P_C_F_8_5_7_0 __ _ 

Bus protocol 

Before any data is transmitted on the 12C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The J 2C bus 
configuration for different PCF8570 READ and WRITE cycles is shown in Fig. 11. 

s 

acknowledge 
from slave 

SLAVE ADDRESS 0 A 

R/W 

acknowledge 
from slave 

i 
WORD ADDRESS A DATA 

acknowledge 
from c;lave 

i 
A p 

L-- n bytes~ 
7Z87031.1 A auto increment 

memory word address 

Fig. 11 (a) Master transmits to slave receiver (WRITE mode). 

acknowledge 
from slave 

* 

acknowledge 
from slave 

* 

acknowledge 
from slave 

* 

acknowledge 
from master 

* L-s.._L__,_s_LA~V_E..__A~D_D~RE_s~s~70..L-A..L-~~w_o~R-D~A-D~D-R~E-S~s__._A_.__S__.'-"s~L-A~V-E~A-D~D-R~E-SS,__~1-'-A~_.__.__._o_A~T-A..__..__..__~A~--;7 

t at this moment master } t_ t_ n bytes ft 

7 290778 

R/W transmitter becomes ~· -j I 
master receiver and auto increment 

~;:0~5e~ ~l~~~v~r~~cs~~~~er word address 

no acknowledge 
from master 

+ /.: ___ I : : :D~TA: : : 11 Ip I 
'---- last byte ----ii 

auto increment 
word address 

Fig. 11 (b) Master reads after setting word address (WRITE word address; READ data). 

acknowledge acknowledge no acknowledge 
from slave from master from master 

t • t 

R;W i___ n bytes~ L___ last byte --11 
auto increment auto increment 

7Z90777 word address word address 

Fig. 11 (c) Master reads slave immediately after first byte (READ mode). 

_ _ J CN:mboc 1980 
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PCF8570 J 
APPLICATION INFORMATION 

The PCF8570 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 

Voo 
0 

0 

Voo 

Voo 

Voo 

Note 

I 1 I 0 I 1 I 0 I A2 I A1 I AO I R/W I 
I....--- group 1 _____..I.._____ group 2 ___ J 7Z87030.1 

Fig. 12 PCF8570 address. 

Voo 

Voo 
SCL 

A1 
PCF8570 

'1010' 
SOA 

\lss 

Voo 

AO Voo 
SCL 

Al PCF8570 
'1010' 

A 2 TEST 
SOA 

Vss 

Voo 

AO Yoo 

Al PCF8570 
'1010' 

Vss 

SCL 

SOA 

SOA SCL 
11 2 C bus) 

SOA 
MASTER 

SCL TRANSMITTER 

up to 8 PCF8570 
without additional 
hardware 

R R 

R: pull-up resistor 

trise 
R=--

Csus 

7Z90774 

Fig. 13 PCF8570 application diagram. 

AO, A 1, and A2 inputs must be connected to V DD or V55 but not left open. 
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~~~-2-56_x_8--b-it-n-at-ic-R-AM~~~~~~~~~~~~--Jl~~~P-C_F_8_5_7_0~~~ 
POWER SAVING MODE 

With the condition TEST= VoDR· the PCF8570 goes into the power saving mode and the 
12C bus logic is reset. 

TEST 

SCL 

SDA 

Where: 
tsu;;,,, 4 µs 
tHo;.4µs 

Note to Fig. 15 

power saving mode operating mode 

----- VooR 
I'----- OV 

-~---.'I\"-- VooR 
av 

Voo 

- - - / -·-- VooR 
-------av 

~-------------------- L --= :::s 
729077 3 

Fig. 14 Timing for power saving mode. 

Voo 

SDA 8 
A2 

SCL + VooR 

PCF8570 

I 
1,2V 

INiCd) 

TEST 

4 

MICROCOMPUTER 

V55 
7290776 

Fig. 15 Application example for power saving mode. 

1. In the operating mode, TEST = 0. 
2. In the power saving mode, TEST= VoDR· 
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PCF8571 

128 x 8-BIT STATIC RAM 

GENERAL DESCRIPTION 

The PCF8571 is a low power 1024-bit static CMOS RAM organized as 128 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (I 2C). The built-in word address register 
is incremented automatically aher each written or read data byte. Three address pins AO. A.1, A2 are 
used for programming the hardware address, allowing the use of up to eight devices connected to the 
bus without additional hardware. 

Features 

• Operating supply voltage 
• Low data retention voltage 
• Low standby current 
• Power saving mode 

Applications 

• Telephony 

• Radio and television 
• Video cassette recorder 
• General purpose 

PCF8571 

2,5 V to 6 V 
min. 1,0 V 
max. 5 µA 
typ. 50 nA 

• Serial input/output bus (I 2C) 
• Address by 3 hardware address pins 
• Automatic word address incrementing 
• 8-lead DI L package 

RAM expansion for stored numbers in repertory dialling 
(e.g. PCD3340 applications) 
channel presets 

RAM expansion for the microcomputer families MAB8400 
and PCF84COO 

WORD 
ADDRESS 
REGISTER 

ROW 
SELECT 

MEMORY 
CELL 

ARRAY 
AO-+----~~~~~~~

Al -+__.___~~~~~~~ 

SCL 

SDA 

COLUMN 
SELECT 

~~~~~+-~~~~ ....... 

Voo 

Vss 

TEST 

PACKAGE OUTLINES 
Fig. 1 Block diagram. 

PCF8571P: 8-lead DIL; plastic (SOT-97AE). 
PCF8571D: 8-lead OIL; ceramic (cerdip) (SOT-151A). 
PCF8571T: 8-lead mini-pack (S0-8L;SOT-176). 

R/W 
CONTROL 

7288371.2 

November 1986 
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PCF8571 

PINNING 

1 to 3 AO to A2 
4 Vss 
5 SDA 
6 SCL 

address inputs 
negative supply 
serial data line ) 12 Cb 
serial clock line us 

7 TEST test input for test speed-up; must be connected to Vss when not in use 
(power saving mode, see Fig. 14 and 15) 

8 Voo positive supply 

PCF8571 

Fig. 2 Pinning diagram. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 8) Voo 
Voltage range on any input V1 

D.C. input current (any input) ± I 1 

D.C. output current (any output) ± lo 
Supply current (pin 4 or pin 8) ± I oo; lss 
Power dissipation per package 

Power dissipation per output 

Storage temperature range 

Operating temperature range 

November 1986 l 

Ptot 
p 

Tstg 

Tamb 

-0,8 to + 8,0 V 

-0,8 to v00 + 0,8 v 
max. 10 mA 

max. 10 mA 

max. 50 mA 

max. 300 mW 

max. 50 mW 

-65 to+ 150 oc 

-40to + 85 °c 



~~~-1-2s_x_8--b-it-st-at-ic_R_A_M~~~~~~~~~~~~--~~-~~P-C_F_8_5_7_1~~~ 
CHARACTERISTICS 

Voo = 2,5 to 6 V; Vss = 0 V; T amb = -40 to+ 85 oc unless otherwise specified 

parameter symbol min. typ. max. unit 

SUPPLY 

Supply voltage Voo 2,5 - 6 v 
Supply current 

V1 = Vss or Voo 
operating at fscL = 100 kHz; loo - - 200 µA 
standby at fscL = 0 Hz 1000 - - 15 µA 
standby at Tamb = -25 to 70 °c looo - - 5 µA 

Power-on reset voltage level 

at VscL = VsoA = Voo VpoR 1,5 1,9 2,3 v 

Inputs; input/output SOA 
Input voltage LOW** VIL -0,8 - o,3 x v00 v 
Input voltage HIGH** V1H OJ x v00 - v00 +0,8 v 
Output current LOW 

at Vol= 0,4 V IOL 3 - - mA 

Output leakage current HIGH 

at VoH = Voo loH - - 250 nA 

Input leakage current 
at V1 = Voo or Vss ± 11 - - 250 nA 

Clock frequency (Fig. 7) fscL 0 - 100 kHz 

Input capacitance (SCL, SOA) 
at V1 = Vss C1 - - 7 pF 

Tolerable spike width on bus tsw - - 100 ns 

LOW Voo data retention 
Supply voltage for data retention VooR 1 - 6 v 
Supply current at VooR = 1 V looR - - 5 µA 

Supply current at VooR = 1 V; 
Tamb = -25 to 70 °c looR - - 2 µA 

Power saving mode (Fig. 14) 

Supply current at T amb = 25 °c; 
TEST= VooR loos - 50 200 nA 

* The power-on reset circuit resets the 12C bus logic when Voo < VPOR· 
** If the input voltages are a diode voltage above or below the supply voltage Voo or Vss an input 

current will flow: this current must not exceed ± 0,5 mA. 
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~-PC-F85-71_Jl_. ~~~~~~~ 
CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SC L). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA I i 
I 
I 

SCL 
I 
I 

Start and stop conditions 

data line 
stable: 

data valid 

x 
change 
of data 
allowed 

Fig. 3 Bit transfer. 

-~~ 
---\__ 

7ZB7019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to'.LQW transition ofthe 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

---h""-1 
SDA ! \ : 

I ~·~l~~~~'--~~-

r---1 

r=== I 
I 

SDA I 

1 I I 
I I 

\ /H\ I 
I 
I SCL 
I 
I 

SCL I I 

: s : 
L ___ _J L ___ .J 

start condition stop condition 
7Z87005 

Fig. 4 Definition of start and stop conditions. 



128 x 8-bit static RAM PCF8571 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that.controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~...-~~~~~~--.-~~~~~~-+~~~~~~--.~~~--~~~o----

SCL ~-?--~~~+-~~-.-~~~-!-~~-+~~~-+~~--t~~~~~~~o-~~~l--

MASTER 
TRANSMITTER/ 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 5 System configuration. 

MASTER 
TRANSMITTER 

MASTER 
TRANSMITTER/ 

RECEIVER 

7Z87004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit is a HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has 
been clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line 
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of 
the acknowledge related clock pulse, set-up and hold times must be taken into account. A master 
receiver must signal an end of data to the transmitter by not generating an acknowledge on the last 
byte that has been clocked out of the slave. In this event the transmitter must leave the data line HIGH 
to enable the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

• __ fi\__/e\_ 

~'--..__/ ___,X_~)(~~)( I 
I 
s 

--~ 

7Z87007 

Fig. 6 Acknowledgement on the l2C bus. 
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PCF8571 

Timing specifications 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCFB571 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in Fig. 7. 

SDA 

SCL 

._,. tHD;STA -

SDA 

7Z87013.2 

- -t, 

1SU;STA 

- -tsu;DAT 

Fig. 7 Timing of the high-speed mode. 

Where: 

tBUF 

tHD; STA 

tLOWmin 

tHIGHmin 

tsu; STA 

tHD; DAT 

tsu; DAT 

tr 

tf 

tsu; STO 

Note 

t>tLOWmin 

t > tHIGHmin 
4,7 µs 

4 µs 

t>tLOWmin 

t>O µs 

t > 250 ns 

t <;;; 1 µs 

t<;;;300ns 

t>tLOWmin 

The minimum time the bus must be free before a new 
transmission can start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the timing values refer to V1H and Vi L levels with a voltage swing of Vss to Voo· 
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128 x 8-bit static RAM PCF8571 

'----' '-------' '-------' ~----~ 1-----J .____. ~ '-----J 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 
CONDITION CONDITION 

Fig. 8 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Low-speed mode 

unrestricted 

allowed by generation of STOP condition 

must be provided by the master 

7Z87014 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 

SDA 

-teuF-+-

SCL 

- tHD;STA -

SDA 

7Z87015.2 
- 1SU;STA -

Fig. 9 Timing of the low-speed mode. 
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PCF8571 

Timing specifications (continued) 

Where: 

tBUF t ;;;.105 µs (tLOWminl 

tHD; STA t ;;;.355 µs (tHIGHminl 

tLQW 130 µs ± 25 µs 

tHIGH 390 µs ± 25 µs 

tsu; STA 130 µs ± 25 µs * 

tHD; DAT t;;;;. 0 µs 

tsu; DAT t;;;;. 250 ns 

tr t~ 1 µs 

tf t~ 300 ns 

tsu; STO 130 µs ± 25 µs 

Note 

All the timing values refer to Vi H and Vi L levels with a voltage swing of Vss to Voo· For definitions 
see high-speed mode. 

SDA L_ _____ _ 
SCL ---

START 
CONDITION 

START BYTE 

~~~~~ R/W x \ I 
---v-v-v-

DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
ACKNOWLEDGE START CONDITION 

CONDITION 7281016 

Fig. 10 Complete data transfer in the low-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130µs±25µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The general characteristics and detailed specification of the l2C bus are described in a separate data 
sheet (serial data buses) in handbook "I Cs for digital systems in radio, audio and video equipment". 

* Only valid for repeated start code. 
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~~~1-2s_x_B--b-it-na-ti-c-RA-M~~~~~~~~~~~~-j~-~~P-C_F_8_5_7_1~~~ 
Bus protocol 

Before any data is transmitted on the l2C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. The 12C bus 
configuration for different PCF8571 READ and WRITE cycles is shown in Fig. 11. 

s 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 
SLAVE ADDRESS 0 A X WORD ADDRESS A DATA 

acknowledge 
from stave 

+ 
A p 

R/W L____ n bytes~ 
7Z87031.1 auto increment 

memory word address 

Fig. 11 (a) Master transmits to slave receiver (WRITE mode). 
acknowledge 

from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from master 

+ 
.__s_,___,s_L_ALV_E~A~D_D~R_E_ss'--~-'-A_J_x~_,_w_o~R-D~A~DLD-RLE_ss~_J_A_J__s-L_,_s_L~A-V_ELA_DLD_RLE_s~s-'--LA_J__,___,,__Lo_ALT_A_,__J_~__[_A__J --;;7 

t atthismomentmaster }~- ~ 
7287032.4 

R ;W transmitter becomes R /W --- n bytes 
master receiver and 
PCD8571 slave receiver auto increment 
becomes slave transmitter word address 

no acknowledge 
from master 

auto increment 
word address 

Fig. 11 (b) Master reads after setting word address (WRITE word address; READ data). 

Note 

acknowledge acknowledge no acknowledge 
from slave from master from master 

+ + + 
s ~L~VE' A~D~ES~ : 1 H : :DA:TA: : : I A I : : : : : : : I 1 I p I 

7287033,4 

R;W '----- n bytes~ '--- last byte -t 
auto increment 

word address 
auto increment 
word address 

Fig. 11 (c) Master reads slave immediately after first byte (READ mode). 

X =don't care bit. 
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PCF8571 J 
APPLICATION INFORMATION 

The PCF8571 slave address has a fixed combination 1010 as group 1, while group 2 is fully 
programmable (see Fig. 12). 

Yoo 
0 

Yoo 

Yoo 

Yoo 

Note 

I 1 I 0 I 1 I 0 A2 A1 AO IR/WI 

I.--- group 1 --.I..__ group 2 --..I 7Z87030.1 

Fig. 12 PCF8571 address. 

Voo 

AO Voo 
SCL 

A1 
PCF8571 
'1010' 

A2 TEST 
SOA 

Yss 

Voo 

AO Yoo 
SCL 

A1 PCF8571 
'1010' 

A 2 TEST 
SOA 

Yss 

Yoo 

AO Yoo 
SCL 

A1 
PCF8571 
'1010' 

SOA 
Yss 

SOA SCL 
(1 2 C bus) 

SOA MASTER 
SCL TRANSMITTER 

up to PCF8571 
without additional 
hardware 

to Yoo 
,....-A---, 

R R 
R: pull- up resistor 

R = trise 

Cs us 

7287029.3 

Fig. 13 PCF8571 application diagram. 

AO, A 1, and A2 inputs must be connected to Voo or Vss but not leh open. 
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128 x 8-bit static RAM PCF8571 

POWER SAVING MODE 

With the condition TEST= VooR, the PCF8571 goes into the power saving mode and l2 C bus logic 
is reset. 

TEST 

I power saving mode 

-~---

SCL 

SDA 

---''+---~-- VooR 
---+----'+'-- 0 v 

-~---w.--- VOOR 

ov 

r---Voo 

'-----------------~----__}~ VDDR 
-------ov 

~loo 
'-----------------~---- 1oos 

Where: 
tsu > 4 µs 
tHD ?> 4 µs Fig. 14 Timing for power saving mode. 

Voo 

SDA 8 

SCL 
PCF8571 

MICROCOMPUTER TEST 

4 

Vss 

A2 
3 

Fig. 15 Application example for power saving mode. 

Note 

1. In the operating mode, TEST = 0. 
2. In the power saving mode, TEST= VoDR· 

7Z90281.1 

+ VooR 

1,2V 

I {NiCd) 

7290280.2 
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Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 



PCF8573 

CLOCK/CALENDAR WITH SERIAL 1/0 

GENERAL DESCRIPTION 

The PCF8573 is a low threshold, monolithic CMOS circuit that functions as a real time clock/calendar 
in the Inter IC (12C) bus-oriented microcomputer systems. The device includes an addressable time 
counter and an addressable alarm register, both for minutes, hours, days and months. Three special 
control/status flags, COMP, POWF and NODA, are also available. Information.is transferred serially via 
a two line bidirectional bus (12C). Back-up for the clock during supply interruptions is provided by a 
1,2 V nickel cadmium battery. The time base is generated from a 32, 768 kHz crystal-controlled 
oscillator. 

Features 

• Serial input/output bus (12C) interface for minutes, hours, days and months 
• Additional pulse outputs for seconds and minutes 
• Alarm register for presetting a time for alarm or remote switching functions 
• Battery back-up for clock function during supply interruption 
• Crystal oscillator control (32,768 kHz) 

QUICK REFERENCE DATA 

Supply voltage range (clock) 

Supply voltage range (12C interface) 

Crystal oscillator frequency 

PACKAGE OUTLINES 

PCF8573P: 16-lead DI L; plastic (SOT-38). 
PCF8573T: 16-lead mini-pack; plastic (S0-16L; SOT-162A). 

vDD-Vss1 

vDD-Vss2 

fosc 

1,1to6,0 V 

2,5 to 6,0 V 

typ. 32,768 kHz 
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PCF8573 

FSET 

32,768 kz 

OSCO 14 
PRESCALER 

13 OSCILLATOR .1: 215 

Cr 
vDD 

4 
SDA 

N -+-t 

SCL ~ 
LS 

INPUT 
FILTER 

AO A1 

VDD 

Vss1 

OSCO 

OSCI 
PCF8573P 
PCF8573T TEST 

FSET 

SEC 

7Z86685.1 

Fig. 2 Pinning diagram. 

1124 April 1986) 

SECONDS 
COUNTER 

1: 60 

MIN SEC 

9 10 

LS 

TIME COUNTER 

DAvs-
MINUTES - HOURS - DATE - MONTHS 

COMPARATOR 

ALARM REGISTER 

VDD..,_ ___ ~ 

16 

POWER-ON 
RESET 

6 
EXTPF 

L---"'-1--PFIN 

COMP 

TEST 

B LEVEL SHIFTER PCF8573 

7Z86691.1 

Fig. 1 Block diagram. 

PINNING 

1 AO address input 
2 A1 address input 
3 COMP comparator output 
4 SDA serial data line I 

12c bus 
5 SCL serial clock line J 
6 EXTPF enable power fail flag input 
7 PFIN power fail flag input 
8 Vss2 negative supply 2 (12C interface) 
9 MIN one pulse per minute output 
10 S.EC one pulse per second output 
11 FSET oscillator tuning output 
12 TEST test input; must be connected 

to Vss2 when not in use 
13 OSCI oscillator input 
14 OSCO oscillator input/output 
15 Vss1 negative supply 1 (clock) 
16 Voo common positive supply 



Clock/calendar with serial 1/0 

FUNCTIONAL DESCRIPTION 

Oscillator 

PCF8573 

The PCF8573 has an integrated crystal-controlled oscillator which provides the timebase for the 
prescaler. The frequency is determined by a single 32,768 kHz crystal connected between OSCI and 
OSCO. A trimmer is connected between OSCI and VDD· 

Prescaler and time counter 

The prescaler provides a 128 Hz signal at the FSET output for fine adjustment of the crystal oscillator 
without loading it. The prescaler also generates a pulse once a second to advance the seconds counter. 
The carry of the prescaler and the seconds counter are available at the outputs SEC, MIN respectively, 
and are also readable via the 12C bus. The mark-to-space ratio of both signals is 1 : 1. The time counter 
is advanced one count by the falling edge of output signal MIN. A transition from HIGH to LOW of 
output signal SEC triggers MIN to change state. The time counter counts minutes, hours, days and 
months, and provides a full calendar function which needs to be corrected once every four years. Cycle 
lengths are shown in Table 1. 

Table 1 Cycle length of the time counter 

unit number counting carry for content of 
of bits cycle following month 

unit counter 
-

minutes 7 00 to 59 59-00 
hours 6 00 to 23 23-00 
days 6 01to28 28-01 } 2 (see note) 

or29-01 
01to30 30-01 4, 6, 9, 11 
01 to 31 31-01 1, 3, 5, 7, 8, 10, 12 

months 5 01 to 12 12-01 

Note: Day counter may be set to 29 by a write transmission with EXECUTE ADDRESS. 

Alarm register 

The alarm register is a 24-bit memory. It stores the time-point for the next setting of the status flag 
COMP. Details of writing and reading of the alarm register are included in the description of the 
characteristics of the l2C bus. 

Comparator 

The comparator compares the contents of the alarm register and the time counter, each with a length 
of 24 bits. When these contents are equal the flag COMP will be set 4 ms after the falling edge of MIN. 
This set condition occurs once at the beginning of each minute. This information is latched, but can be 
cleared by an instruction via the 12C bus. A clear instruction may be transmitted immediately after the 
flag is set and will be executed. Flag COMP information is also available at the output COMP. The 
comparison may be based upon hours and minutes only if the internal flag NODA (no date) is set. 
Flag NODA can be set and cleared by separate instructions via the l2C bus, but it is undefined until 
the first set or clear instruction has been received. Both COMP and NODA flags are readable via the 
12C bus. 
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PCF8573 

FUNCTIONAL DESCRIPTION (continued) 

Power on/power fail detection 

If the voltage VDD-Vss1 falls below a certain value the operation of the clock becomes undefined. 
Thus a warning signal is required to indicate that faultless operation of the clock is not guaranteed. 
This information is latched in a flag called POWF (Power Fail) and remains latched after restoration 
of the correct supply voltage until a write procedure with EXECUTE ADDRESS has been received. 
The flag POWF can be set by an internally generated power fail level-discriminator signal for application 
with (VDD-Vss1) greater than VTH1, or by an externally generated power fail signal for application 
with (VDD-Vss1) less than VTH1. The external signal must be applied to the input PF IN. The input 
stage operates with signals of any slow rise and fall times. Internally or externally controlled POWF 
can be selected by input EXTPF as shown in Table 2. 

Table 2 Power fail selection 

EXTPF PFIN function 

0 0 power fail is sensed internally 
0 1 test mode 
1 0 power fail is sensed externally 
1 1 no power fail sensed 

0: connected to Vss1 (LOW) 
1: connected to VDD (HIGH) 

--

The external power fail control operates by absence of the VDD-Vss2 supply. Therefore the input 
levels applied to PFIN and EXTPF must be within the range of VoD-VSS1· A LOW level at PFIN 
indicates a power fail. POWF is readable via the l2C bus. A power on reset for the 12C bus control is 
generated on-chip when the supply voltage VDD-Vss2 is less than VTH2· 

Interface level shifters 

The level shifters adjust the 5 V operating voltage (VDD-Vss2) of the microcontroller to the internal 
supply voltage (VDD-Vss1l of the clock/calendar. The oscillator and counter are not influenced by 
the VDD-Vss2 supply voltage. If the voltage VDD-Vss2 is absent (Vss2 = VDDl the output signal 
of the level shifter is HIGH because VDD is the common node of the VDD-Vss2 and the VDD-Vss1 
supplies. Because the level shifters invert the input signal, the internal circuit behaves as if a LOW signal 
is present on the inputs. FSET, SEC, MIN and COMP are CMOS push-pull output stages. The driving 
capability of these outputs is lost when the supply voltage VDD-Vss2 = 0. 
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Clock/calendar with serial 1/0 PCF8573 

CHARACTERISTICS OF THE 12C BUS 

The 12 C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer (see Fig. 3) 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA __,__.,.__ ____ ........ ~X.__.__ ___ ~~ 
SCL 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 3 Bit transfer. 

Start and stop conditions (see Fig. 4) 

---\_ 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r----, r---1 
I I c-- I 

SDA --~ I I 
SDA I I 

I 
I I I 
I I 

\ /--\ I 
I 

SCL I I I SCL 
I s I I 
I I I 
L ___ _j L ___ J 

start condition stop condjtion 
7287005 

Fig. 4 Definition of start and stop conditions. 

System configuration (see Fig. 5) 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~----..--------+-------~-------...--------0..--

SCL-+----+----+------+----+-----+----+----+----o~----+-

MASTER 
TRANSMITTER/ 

RECEIVER 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 5 System configuration. 

MASTER 

TRANSMITTER 

MASTER 
TRANSMITTER/ 

RECEIVER 

7287004 
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PCF8573 

CHARACTERISTICS OF THE 12C bus (continued) 

Acknowledge (see Fig. 6) 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. (See Fig. 13 and Fig. 14.) 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

Timing specifications 

start 
condition 

I 
I 

clock pulse for 
acknowledgement 

+ 
__ _fi\__fl\_ 

--~ 

7Z87007 

Fig. 6 Acknowledgement on the l2C bus. 

Within the 12C bus specificat.ions a high-speed mode and a low-speed mode are defined. The PCF8573 
operates in both modes and the timing requirer:nents are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 7. 

SDA 

SCL 

SDA 

- 1HD;STA - -

7Z87013.1 
1SU;STA 

Fig. 7 Timing of the high-speed mode. 
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Clock/calendar with serial 1/0 

Where: 

tBUF t;;;. tLOWmin 

tHD;STA t#tHIGHmin 

tLOWmin 4,7 µs 

tHIGHmin 4 µs 

tsu;STA t ;;;.tLOWmin 

tHD; DAT t # 0 µs 

tsu; DAT t;;;. 250 ns 

tR t,,;;;; 1 µs 

tF t.;;;JQOns 

tsu; STO t;:;.. tLOWmin 

Note 

l ___ P_C_F_8_5-73 __ _ 

The minimum time the bus must be free before a new 
transmission can start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the values refer to V1H and V1L levels with a voltage swing of VDD to Vss2· 

~-~ '------' '------' 
START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 

CONDITION CONDITION 7287014 

Fig. 8 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

unrestricted 

allowed by generation of STOP condition 

must be provided by the master 



PCF8573 J 
CHARACTERISTICS OF THE 12C BUS (continued) 

Low-speed mode 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 9. 

SDA _j I\ 1 
-tsuF- - tLOw -

SCL I\ I/ 

- tHD;STA - -- tHIGH 
tR 

SDA I\ 
Z87015.1 - tsu·sTA -

Fig. 9 Timing of the low-speed mode. 

Where: 

tsuF 

tHD; STA 

tLOw 

tHIGH 

tsu; STA 

tHD; DAT 

tsu; DAT 
tR. 

tF 

tsu; STO 

Note 

t ;;;. 105 µs (tLOWminl 

t;;;. 365 µs (tHIGHminl 

130 µs ± 25 µs 

390 µs ± 25 µs 

130 µs ± 25 µs* 

t;;;.o µs 

t;;;. 250 ns 

t,,;;; 1 µs 

t .;;;300 ns 

130 µs ± 25 µs 

tF- -
j 

- l-- 1su;DAT -- 1-
tHD;DAT 

- -1-
1SU;STO 

All the values refer to V1H and V1L levels with a voltage swing of VDD to Vss2. for definitions see 
high-speed mode. 

* "Only valid for repeated start code. 
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Clock/calendar with serial 1/0 

SDA \ ___ _J 
--"-\ ~ r---

scL U U 
START 

CONDITION 
START BYTE 

l ___ Pc_F_a_s_13 __ _ 

'~~c--~~~ R/W x ' ' 

DUMMY REPEATED 
ACKNOWLEDGE START 

CONDITION 

---~ 

ADDRESS ACKNOWLEDGE STOP 
CONDITION 

7Z87016 

Fig. 10 Complete data transfer in the low-speed mode. 

Where: 

Clock t LOWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130µs±25µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 
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~-PCF-857_3_Jl_~~~~~~~-
ADDRESSING 

Before any data is transmitted on the 12C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 

Slave address 

The clock/calendar acts as a slave receiver or slave transmitter. Therefore the clock signal SCL is only 
an input signal, but the data signal SDA is a bidirectional line. The clock calendar slave address is shown 
in Fig. 11. 

MSB LSB 

I 
1 

I 
1 

0 I 1 
I 

0 A1 I AO IR/WI 

7Z86686 

Fig. 11 Slave address. 

The subaddress bits AO and A 1 correspond to the two hardware address pins AO and A 1 which allows 
the device to have 1 of 4 different addresses. 

Clock/calendar READ/WRITE cycles 

The 12C bus configuration for different clock/calendar READ and WRITE cycles is shown in Fig. 12 
and Fig. 13. 

acknowledge 
from slave 

R/w+ 
s CLOCK/CALENDAR 0 A MODE POINTER 

ADDRESS 

acknowledge acknowledge 
from slave from slave 

+ MSB LSa+ 

A DATA A p 

~=~.~~~~ .. ~ 
7Z86687 

auto increment 
of Bl, BO 

Fig. 12 Master transmitter transmits to clock/calendar slave receiver. 

The write cycle is used to set the time counter, the alarm register and the flags. The transmission of the 
clock/calendar address is followed by the MODE-POINTER-WORD which contains a CONTROL-nibble 
(Table 3) and an ADDRESS-nibble (Table 4). The ADDRESS-nibble is valid only if the preceding 
CONTROL-nibble is set to EXECUTE ADDRESS. The third transmitted word contains the data to be 
written into the time counter or alarm register. 
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Table 3 CONTROL-nibble 

C2 C1 co function 

0 0 0 0 execute address 
0 0 0 1 read control/status flags 
0 0 1 0 reset prescaler, including seconds counter; without carry for minute counter 
0 0 1 1 time adjust, with carry for minute counter (see note) 
0 1 0 0 reset NODA flag 
0 1 0 1 set NODA flag 
0 1 1 0 reset COMP flag 

Note 

If the seconds counter is below 30 there is no carry. This causes a time adjustment of max. -30 s. 
From the count 30 there is a carry which adjusts the time by max.+ 30 s. 

Table 4 ADDRESS-nibble 

B2 B1 BO addressed to: 

0 0 0 0 time counter hours 
0 0 0 1 time counter minutes 
0 0 1 0 time counter days 
0 0 1 1 time counter months 
0 1 0 0 alarm register hours 
0 1 0 1 alarm register minutes 
0 1 1 0 alarm register days 
0 1 1 1 alarm register months 

At the end of each data word the address bits B1, BO will be incremented automatically provided the 
preceding CONTROL-nibble is set to EXECUTE ADDRESS. There is no carry to B2. 

Table 5 shows the placement of the BCD upper and lower digits in the DATA byte for writing into the 
addressed part of the time counter and alarm register respectively. 

Table 5 Placement of BCD digits in the DATA byte 

MSB DATA LSB 

upper digit lower digit 

UD UC UB UA LO LC LB LA addressed to: 

x x D D D D D D hours 
x D D D D D D D minutes 
x x D D D D D D days 
x x x D D D D D months 

Where "X" is the don't care bit and "D" is the data bit. 

Acknowledgement response of the clock calendar as slave receiver is shown in Table 6." 



.... 
~ 

)> 
"C 
:::!. 

(0 
00 
en 

acknowledge 
from slave 

R/W t 
s 1 cLoc;6g~~~~DAR 0 A MODE POINTER 

acknowledge acknowledge 
from slave from slave 

+ R/W t MSB 

A s CLOCK/CALENDAR 1 A 
ADDRESS 

acknowledge 
from master 

LSB t MSB 

DATA A DATA 

111 
no acknowledge 

Lsd 
p 

at th1S moment master } Jl-1 n-1) bytes __ :+- nth byte _! 
transmitter becomes 
master receiver and 
CLOCK/CALENDAR • 
becomes slave transmitter auto increment auto increment 

of Bl, BO of Bl, BO 7Z86690.1 

(1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been 
clocked out of the slave. 

Fig. 13 Master transmitter reads clock/calendar after setting mode pointer. 

To read the addressed part of the time counter and alarm register, plus information from specified control/status flags, the BCD digits in the 
DATA byte are organized as shown in Table 7. 

acknowledge acknowledge 
from slave from master { 1 l 

R/W t MSB LSB t 
j s I c~o~AK6:g~~~~D~R,, H : :~DA:TA: : : H PI I+- I I I 

I n bytes ------.-1 

auto increment 

of 81, BO 7Z86689 

( 1) The master receiver must signal an end of data to the slave transmitter by not generating an acknowledge on the last byte that has been 
clocked out of the slave. 

Fig. 14 Master reads clock/calendar immediately after first byte. 

The status of the MODE-POINTER-WORD concerning the CONTROL-nibble remains unchanged until a write to MODE POINTER condition 
occurs. 

"'O 
() ,, 
co 
(J1 

""' c.v 



Clock/calendar with serial 1/0 

ADDRESSING (continued) 

Table 6 Slave receiver acknowledgement 

acknowledge on byte 

mode pointer address mode pointer data 

C2 Cl co B2 Bl BO 

0 0 0 0 0 x x x yes yes 
0 0 0 0 1 x x x yes no 
0 0 0 1 x x x x yes yes 
0 0 1 0 x x x x yes yes 
0 0 1 1 x x x x yes yes 
0 1 0 0 x x x x yes yes 
0 1 0 1 x x x x yes yes 
0 1 1 0 x x x x yes yes 
0 1 1 1 x x x x yes no 
1 x x x x x x x yes no 

Where "X" is the don't care bit. 

Table 7 Organization of the BCD digits in the DATA byte 

MSB DATA 

upper digit 

UD UC UB UA LO 

0 0 D D D 
0 D D D D 
0 0 D D D 
0 0 0 D D 

0 0 0 * ** 

Where: "D" is the data bit. 
* =minutes. 
** =seconds. 

LSB 

lower digit 

LC LB LA 

D D D 
D D D 
D D D 
D D D 

NODA COMP POWF 

yes 
no 
no 
no 
no 
no 
no 
no 
no 
no 

addressed to 

hours 
minutes 
days 
months 

control/status flags 

l __ PC_F_8_5_7_3 __ _ 
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PCF8573 J 
RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage ranges VDD-Vss1 

Voltage on pins 4 and 5 

Voltage on pins 6, 7, 13 and 14 

Voltage on any other pin 

Input current 

Output current 

Power dissipation per output 

Total power dissipation per package 

Operating ambient temperature range 

Storage temperature range 

HANDLING 

VDD-Vss2 

11 

lo 

Po 

Ptot 

Tamb 

T stg 

-0,3to +8 V 

-0,3to +8 V 

Vss2-o,8 to VDD + 0,8 V* 

Vss1-0,6 to VDD + 0,6 v 
v552-o,6 to VDD + 0,6 v 
max. 10 mA 

max. 10 mA 

max. 100 mW 

max. 200 mW 

-40to + 85 oc 

-55 to+ 125 oc 

Inputs and outputs are protected against electrostatic charge in normal handling. However, to be 
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see 
'Handling MOS Devices'). 

* Impedance min. 500 n. 

1136 Ap,;i 19861 



Clock/ calendar with serial 1/0 l ___ PC_F_8_5_73 __ _ 

CHARACTERISTICS 

Vss2 = 0 V; Tamb = -40 to+ 85 °c unless otherwise specified. Typical values at Tamb = + 25 oc 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage (12C interface) Voo-Vss2 2,5 5 6,0 v 
Supply voltage (clock) Voo-Vss1 1,3 1,5 (Voo-Vss2l v -
Supply voltage (clock) 

at tHo > 500 ns Voo-Vss1 1, 1 1,5 !Voo-Vss2l v -
Supply current Vss1 

at Voo-Vss1=1,5 V -1ss1 - 3 10 µA 
at Voo-Vss1 = 5 V -1ss1 - 12 50 µA 

Supply current Vss2 
at Voo-Vss2 = 5 V 
(lo= 0 mA on all outputs) -1ss2 - - 50 µA 

Inputs SCL, SDA, AO, A 1, TEST 

Input voltage HIGH V1H 0.7 x v00 - - v 
Input voltage LOW V1L - - o,3 x v00 v 
Input leakage current 

at V1 = Vss2 to Voo ± 11 - - 1 µA 

Inputs EXTPF, PFIN 

Input voltage HIGH V1H-Vss1 0,1 x (Voo-Vss1l - - v 
Input voltage LOW V1L-Vss1 0 - o,3 x (Voo-Vss1 l v 
Input leakage current 

at V1 = Vss1 to Voo ± 11 - - 1 µA 
at Tamb = 25 oc; 
Vi= Vss1 to Voo ± 11 - - 0, 1 µA 

Outputs SEC, MIN, COMP, FSET 
(normal buffer outputs) 

Output voltage HIGH 
at Voo-Vss2 = 2,5 V; 
-lo= 0,1 mA VoH v00-o,4 - - v 
at Voo-Vss2 = 4 to 6 V; 
-lo= 0,5 mA VoH v00-o,4 - - v 

Output voltage LOW 
at Voo-Vss2 = 2,5 V; 
lo=0,3mA Vol - - 0,4 v 
at Voo-Vss2 = 4 to 6 V; 
lo= 1,6 mA Vol - - 0,4 v 
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PCF8573 J 
CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Output SDA 
(N-channel open drain) 

Output "ON": lo= 3 mA 
at Voo-Vss2 = 2,5 to 6 V Vol - - 0,4 v 

Output "OFF" (leakage current) 
at Voo-Vss2 = 6 V; Vo= 6 V lo - - 1 µA 

Internal threshold voltage 

Power failure detection VTH1 1 1,2 1,4 v 
Power "ON" reset 

at VscL = VsoA = Voo VTH2 1,5 2,0 2,5 v 

Rise and fall times of input signals 

Input EXTPF tr, tf - - 1 µs 

Input PFIN tr, tf - - 00 µs 

Input signals except EXTPF and PFIN 
between VIL and VI H levels 
rise time tr - - 1 µs 

fall time tf - - 0,3 µs 

Frequency at SCL 

at Voo-Vss2 = 4 to 6 V 

Pulse width LOW (see Figs 7 and 9) tLOw 4,7 - - µs 

Pulse width HIGH (see Figs 7 and 9) tHIGH 4 - - µs 

Noise suppression time constant 
at SCL and SDA input T1 0,25 1 2,5 µs 

Input capacitance (SCL, SDA) C1 - - 7 pF 

Oscillator 

Integrated oscillator capacitance Cout - 40 - pF 

Oscillator feedback resistance Rf - 3 - Mn 

Oscillator stability for: 
~(Voo-Vss1) = 100 mV 
at Voo-Vss1=1,55 V; 
Tamb = 25 oc f/fosc - 2 x 10-5 - -

Quartz crystal parameters 

Frequency= 32,768 kHz 

Series resistance Rs - - 40 kn 

Parallel capacitance CL - 9 - pF 

Trimmer capacitance CT 5 - 25 pF 



Clock/calendar with serial 1/0 l ___ P-CF_8_5_7_3 __ _ 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the l2C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 
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PCF8573 J 
APPLICATION INFORMATION 

R: pull-up resistor 

vDD 

PCD8571 

..--+---<SDA MASTER DEVICE 

Rl 

"---y--' 
detection circuit 
with very high 

impedance 

128 x 8 BIT STATIC CMOS RAM 

Vss 

EXTPF 

PFIN 

AO 

32,768 kHz 

VDD OSCO OSCI 
SDAI--+-~ 

PCF8573 

SCL o---+--+--o 

Vss1 

1,2V 
(NiCa) 

Reh : resistor for 

permanent charging 

+ 

SCL MICROCONTROLLER 

z 
w 
--' 
0 

PCE2111 

64 LCD 
SEGMENT DRIVER 

8 DIGIT LCD 

7286688.2 

Fig. 15 Application example of the PCF8573 clock/calendar. 

R R + I +1,5V 

t----t-----------0--+----------t----t---. SDA 
t----t--+--------+-+--+--------t----t--+---. SCL 

SCL SDA VDD 

MASTER 

MICRO

CONTROLLER 

Vss 

SCL SDA VDD 
AO 

A1 OSCI 
PCF8573 

TEST 

PFIN 

EXTPF 
Vss2 

OSCO 

Vss1 

SCL SDA VDD 

PCD8571 

Vss 

, 7287945 

Fig. 16 Application example of the PCF8573 with common Vss1 and Vss2 supply. 
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PCF8574 

REMOTE 8-BIT 1/0 FOR I 2C BUS 

GENERAL DESCRIPTION 

The PCF8574 is a single-chip silicon gate CMOS circuit. It provides remote 1/0 expansion for the 
MAB8400 and PCF8500 microcomputer families via the two-line serial bidirectional bus (12C). 
It can also interface microcomputers without a serial interface to the 12C bus (as a slave function onlyl. 
The device consists of an 8-bit quasi-bidirectional port and an l2 C interface. 
The PCF8574 has low current consumption and includes latched outputs with high current drive 
capability for directly driving LEDs. It also possesses an interrupt line (I NT) which is connected to 
the interrupt logic of the microcomputer on the 12 C bus. By sending an interrupt signal on this line, 
the remote 1/0 can inform the microcomputer if there is incoming data on its ports without having to 
communicate via the 12 C bus. This means that the PCF8574 can remain a simple slave device. 

Features 

• Operating supply voltage 
• Low stand-by current consumption 
• Bidirectional expander 
• Open drain interrupt output 
• 8-bit remote 1/0 port for the l2 C bus 
• Peripheral for the MAB8400 and PCF8500 microcomputer families 

2,5 V to 6 V 
max. 10 µA 

• Latched outputs with high current drive capability for directly driving LEDs 
• Address by 3 hardware address pins for use of up to 8 devices (up to 16 possible with mask option) 

PCF8574 

INT 
13 INTERRUPT 

LOGIC 
LP FILTER 

AO 

A1 

A2 
3 PO 

P1 
14 

SCL INPUT - 6 
?2 

SDA FILTER - SHIFT 
7 

1/0 - P3 

REGISTER PORTS 9 
P4 

10 
P5 

11 
P6 

12 
P7 

Voo --t-1-6------< POWER-ON 

Vss 8 RESET -~ 
write pulse 

read pulse 

7Z85821.1 

Fig. 1 Block diagram. 

PACKAGE OUTLINES 

PCF8574P :. 16-lead DI L; plastic (SOT-38). 
PCF8574T: 16-lead mini-pack; plastic (S0-16L; SOT-162A). 
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PCF8574 J 
PINNING 

PCF8574 

7287597 

1to3 AO to A2 

4to 7 PO to P3 j 
9 to 12 P4to P7 f 

8 Vss 
13 INT 

14 SCL 

15 SDA 

16 Voo 

data from 
shift register 

data to 

Voo 

SDA 

SCL 

INT 

P7 

P6 

P5 

Fig. 2 Pinning diagram. 

address inputs 

8-bit quasi-bidirectional 1/0 port 

negative supply 

interrupt output 

serial clock line 

serial data line 

positive supply 

,.-------<..----.------ Voo 

FF 

PO to P7 

~-+------ Vss 

FF 

shift register +----------------------H_ 
~-----to interrupt 

logic 
7287598 

Fig. 3 Simplified schematic diagram of each port. 
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~~~-Re_m_o-te-8--b-it-l/_O_fo_r_l2_C_b-us~~~~~~~~~~~~~~~~P-C~F-8_5_7_4~~~~ 
CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA I i 

SCL 

Start and stop conditions 

data line 
stable: 

data valid 

x"---+---=~~ 
---\_ 

change 
of data 
allowed 7287019 

Fig. 4 Bit transfer. 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data I ine while the clock is HIGH is defined as the stop condition ( P). 

r- --, ,---, 
I I I H---r\ I r=== I SDA SDA I I 

I 
I 
I 

\ /H\ I SCL SCL 

L ___ _J 

start cond1t1on stop condition 
7Z87005 

Fig. 5 Definition of start and stop conditions. 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA-------------~0----------0--------0--------·~r--

SCL -~-

MASTER 

TRANSMITTER/ 
RECEIVER 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 6 System configuration. 

MASTER 

TRANSMITTER 

MASHA 

TRANSMITTER I 
RECEIVER 

7287004 
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CHARACTERISTICS OF THE 12C BUS (continued) 

Acknowledge 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte of eight bits is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 

SCL FROM 
MASTER 

OATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

Timing specifications 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

+ 

--~ 

1~~/ ____,X'---_)(~~)( I 
s 

--~ 

7287007 

Fig. 7 Acknowledgement on the l2C bus. 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8574 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 8. 

SDA 

SCL 

- tHD;STA - - -1su;DAT 

SDA 

7287013.1 
1SU;STA 

Fig. 8 Timing of the high-speed mode. 
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Remote 8-bit 1/0 for 12 C bus 

Where: 

tsuF t;;. tLQWmin 

tHD; STA t;;. tHrGHmin 

tLOWmin 4,7 µs 

tHIGHmin 4 µs 

tsu; STA t~tLOWmin 

tHD; DAT t;;.Oµs 

tsu; DAT t;;. 250 ns 

tR t < 1 µs 

tF t < 300 ns 

tsu; STO t;;. tLQWmin 

Note 

PCF8574 

The minimum time the bus must be free before a new 
transmission can start 

Start condition hold time 

Clock LOW period 

Clock HIGH period 

Start condition set-up time, only valid for repeated start code 

Data hold time 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All the values refer to V1H and VJ L levels with a voltage swing of Vss to VDD· 

START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 
CONDITION CONDITION 7287014 

Fig. 9 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 

Max. number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

1 : 1 (LOW-to-HIGH) 

unrestricted 

allowed by generation of STOP condition 

must be provided by the master 
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CHARACTERISTICS OF THE 12C BUS (continued) 

Low-speed mode 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 10. 

SDA 

SCL 

SDA 

7Z87015.1 

Where: 

tauF 

tHD; STA 

tLQw 

tHIGH 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 
tf 

tsu; STO 

Note 

- tLOW -

- tHD;STA - -- 1----tHIGH ---•\ -
tR - 1-

tsu;STA -

Fig. 10 Timing of the low-speed mode. 

t;;;. 105 µs (tLOWminl 

t;;;. 365 µs (tHIGHminl 

130 µs ± 25 µs 

390 µs ± 25 µs 

130 µs ± 25 µs* 

t;;;. 0 µs 

t;;;. 250 ns 

t < 1 µs 

t < 300 ns 

130 µs ± 25 µs 

tHD;DAT 

tsu;DAT 

All the values refer to VI H and Vi L levels with a voltage swing of Vss to VDD· for definitions see 
high-speed mode. 

* Only valid for repeated start code. 
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Remote 8-bit 1/0 for 12C bus 

START 
CONDITION 

START BYTE 

PCF8574 

'~~c-~~~~ R/W x ' r 
---~ 

DUMMY REPEATED ADDRESS ACKNOWLEDGE STOP 
ACKNOWLEDGE START CONDITION 

/Ll:l/Olb 

Fig. 11 Complete data transfer in the low-speed mode. 

Where: 

Clock tLQWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Maximum number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 
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FUNCTIONAL DESCRIPTION 

Addressing (see Figs 12 and 13) 

Each bit of the PCF8574 1/0 port can be independently used as an input or an output. Input data is transferred from the port to the 
microcomputer by the READ mode. Output data is transmitted to the port by the WRITE mode . 

SCL 

SDA 

WRITE 
TO 

PORT 

DATA OUT 
FROM PORT 

I I I 
I I I 

slave address I data to port I data to port I 
I 1 I 
' I ' 1-- --T ---. - ,--- T -- l I - l --- f --- .----- .-----.--------.---.----.-r---, 

S 0 1 0 0 A2 A1 AO 0 I A DATA 1 i A DATA 2 I A 

t L 1t :+ it 
start condition R/W I acknowledge from slave 1 acknowledge from slave acknowledge from slave 

I I 
I 

: I I 
I I I 
j : I 

! ! ~ DATA 1 VALID i ~ATA 2 VALID 

I I I I I 
I tpv -1 1..- tpv _, 1..- 7Z87593 

Fig. 12 WRITE mode (output port). 
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SDA 

READ FROM 
PORT 

DATA INTO 
PORT 

INT 

Note 

slave address data from port data from port 

,-s I < < < < A2 >< AO > I: A I : : >Af A< : : I: A I : : >A+< : : I: 1 I p I 
t Lit It I t 

start condition R /W I acknowledge 11 acknowledge I stop 
I from slave from master I condition 

I I 
I ~---------------<[ I 

I I I 
I I I 
I I I 

~~--------D-A_T_A-,---------+:-~ DATA 3 x : DATA 4 ! 
I I I : I I 
I _I 1 __ tph -1 I-+- tps I 
I I I I I 
I I I I 

I I 
I I I I I : 

_J 1.._ tiv ~r J..._ tir --..I I._ 1ir J 7ZB7596 

Fig. 13 READ mode (input port). 

A LOW-to-HIGH transition of SDA, while SCL is HIGH is defined as the stop condition (P). Transfer of data can be stopped at any moment by a 
stop condition. When this occurs, data present at the last acknowledge phase is valid (output mode). Input data is lost. 
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Interrupt (see Figs 14 and 15) 

The PCF8574 provides an open drain output (INT) which can be fed to a corresponding input of the 
microcomputer. This gives these chips a type of master function which can initiate an action elsewhere 
in the system. 

PCF8574 PCF8574 
111 (2) 

MICROCOMPUTER 

INT ,___..___... __________ _ 

PCF8574 
(8) 

7Z87599 

Fig. 14 Application of multiple PCF8574s with interrupt. 

An interrupt is generated by any rising or falling edge of the port inputs in the input mode. After time 
tiv the signal INT is valid. 
Resetting and reactivating the interrupt circuit is achieved when data on the port is changed to the 
original setting or data is read from or written to the port which has generated the interrupt. 
Resetting occurs as follows: 

• In the READ mode at the acknowledge bit after the rising edge of the SCL signal. 
• In the WRITE mode at the acknowledge bit after the HIGH to LOW transition of the SCL signal. 

Each change of the ports after the resettings will be detected and after the next rising clock edge, will 
be transmitted as INT. 
Reading from or writing to another device does not affect the interrupt circuit. 

SDA 

SCL 

DATA INTO P5 

slave address data from port 

j ~s~o~>~:~<-0~>2~>,~>~<~,'~:AIL--.J-~>~:~'---L-~ITI 
t t_lt t t 

start condition R/W \acknowledge P5 stop 
I from slave condition 

I 
I 
I 

Fig. 15 Interrupt generated by a change of input to port P5. 

7Z87594 
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Remote 8-bit 1/0 for 12C bus 

FUNCTIONAL DESCRIPTION (continued) 

Quasi-bidirectional 1/0 ports (see Fig. 16) 

PCF8574 

A quasi-bidirectional port can be used as an input or output without the use of a control signal for data 
direction. The bit designated as an input must first be loaded with a logic 1. In this mode only a current 
source to Voo is active. An additional strong pull-up to Voo allows fast rising edges into heavily 
loaded outputs. These devices turn on when an output changes from LOW to HIGH, and are switched 
off by the negative edge of SCL. SCL should not remain HIGH when a short-circuit to Vss is allowed 
(input mode). 

slave address 

SDA I s I 0 : 1 : 0 : 0 : A2: Al : AO: 0 I A I 

SCL 

P3 
OUTPUT 
VOLTAGE 

P3 
PULL-UP 
OUTPUT 

CURRENT 

t t t 
start condition R/W acknowledge 

from slave 

data to port 

:i: 
t 

P3 

I j_: 
I' 

10Ht: 

data to port 

:a: 
t 

P3 

~----------;-l 
I t 
: 10H 7Z87595 

Fig. 16 Transient pull-up current loHt while P3 changes from LOW-to-HIGH and back to LOW. 

RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo 

Input voltage range (any pin) 

D.C. current into any input 

D.C. current into any output 

Voo or Vss current 

Total power dissipation 

Power dissipation per output 

Storage temperature range 

Operating ambient temperature range 

V1 

± 11 

±lo 

±loo; lss 

Ptot 

Po 

Tstg 

Tamb 

-0,5 to+ 7 V 

Vss-0.5 to v00 + o,5 v 
max. 20 mA 

max. 

max. 

max. 

max. 

25 mA 

100 mA 

400 mW 

100 mW 

-65 to+ 150 oc 

-40 to + 85 oc 
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CHARACTERISTICS 

Voo = 2,5 to 6 V; Vss = O V; Tamb = -40 to+ 85 oc unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply (pin 16) 

Supply vol~age Voo 2,5 - 6 v 

Supply current 
at Voo = 6 V; no load, inputs at Voo. Vss 
operating; (SCL = 100 kHz) loo - 40 100 µ.A 
standby looo - 1,5 10 µ.A 

Power-on reset voltage level (note 1) VREF - 1,3 2,4 v 

Input SCL; input/output SDA (pins 14; 15) 

Input voltage LOW V1L -0,5V - o,3v00 v 

Input voltage HIGH V1H o,1v00 - v 00 +0,5 v v 

Output current LOW 
at Vol= 0,4 V IOL 3 - - mA 

Input/Output leakage current llLI - - 100 nA 

Clock frequency (see Fig. 8) tscL - - 100 kHz 

Tolerable spike width 
at SCL and SDA input ts - - 100 ns 

Input capacitance (SCL, SDA) 
at V1 = Vss C1 - - 7 pF 

1/0 ports {pins 4 to 7; 9 to 12) 

Input voltage LOW VIL -0,5V - o,3v00 v 

Input voltage HIGH V1H o,1v00 - v 00 +o,5v v 

Maximum allowed input current 
through protection diode 
at V1;;;;., Voo or.;;;; Vss ± l1HL - - 400 µ.A 

Output current LOW 
, at Vol= 1 V; Voo = 5 V IOL 10 30 - mA 

Output current HIGH 
at VoH = Vss (current source only) -loH 30 100 300 µ.A 

Transient pull-up current HIGH 
during acknowledge (see Fig. 16) 
at VoH = Vss -lo Ht - 0,5 - mA 

Input/Output capacitance C110 - - 10 pF 

Port timing; CL.;;;; 100 pF (see Figs 12 and 13) 

Output data valid tpv - - 4 µ.s 

Input data set-up tps 0 - - µ.s 

Input data hold tph 4 - - µ.s 
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~~~-R-e-m-ot_e_8--bi_t_l/O~fo-r-12C_b_u_s~~~~~~~~~~~~Jl_~~P-C_F_8_5_7_4~~~ 
parameter symbol min. typ. max. unit 

Interrupt INT (pin 13) 

Output current LOW 
atVoL =0,4V loL 1,6 - - mA 

Output current HIGH 
at VoH = Voo lloHI - - 100 nA 

INT timing; CL.;;; 100 pF (see Fig. 13) 

Input data valid tiv - - 4 µs 

Reset delay tir - - 4 µs 

Select inputs AO, A 1, A2 (pins 1 to 3) 

Input voltage LOW V1H -0,5 v - o,3v00 v 

Input voltage HIGH V1H 0.7Voo - v 00 + o,5 v v 
Input leakage current 

at V1 = Voo or Vss llLI - - 100 nA 

Note 1 

The power-on reset circuit resets the 12 C bus logic with Voo < VRE F and sets all ports to logic 1 
(input mode with current source to Vool. 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the l 2 C-system 
provided the system conforms to the l 2 C specifications defined 
by Philips. 
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PCF8576 

UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES 

GENERAL DESCRIPTION 

The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having 
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to 
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The 
PCF8576 is compatible with most microprocessors and communicates via a two-line bidirectional bus 
(1 2 C). Communication overheads are minimized by a display RAM with auto-incremented addressing, 
by hardware subaddressing and by display memory switching (static and duplex drive modes). 

Features 

• Single-chip LCD controller/driver 
• Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing 
• Selectable display bias configuration: static, 1/2 or 1/3 
• Internal LCD bias generation with voltage-follower buffers 
• 40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric 

characters; or any graphics of up to 160 elements 
• 40 x 4-bit RAM for display data storage 
• Auto-incremented display data loading across device subaddress boundaries 
• Display memory bank switching in static and duplex drive modes 
• Versatile blinking modes 
• LCD and logic supplies may be separated 
• Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and 

high-threshold(automobile) twisted nematic LCDs 
• Low power consumption 
• Power-saving mode for extremely low power consumption in battery-operated and telephone 

applications 
• 12C bus interface 
• TTL/CMOS compatible 
• Compatible with any 4-bit, 8-bit or 16-bit microprocessors 
• May be cascaded for large LCD applications (up to 2560 segments possible) 
• Optimized pinning for single plane wiring in both single and multiple PCF8576 applications 
• Space-saving 56-lead plastic mini-pack (VS0-56) 
• Very low external component count (at most one resistor, even in multiple device applications) 
• Compatible with chip-on-glass technology 
• Manufactured in silicon gate CMOS process 

PACKAGE OUTLINES 

PCF8576T: 56-lead mini-pack; plastic (VS0-56; SOT-190). 
PCF8576U: uncased chip in tray 
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Fig. 1 Block diagram. 
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Universal LCD driver for low multiplex rates PCF8576 

PINNING 
S39 

1 SDA 12C bus data input/output 
S38 

2 SCL 12C bus clock input/output 
S37 3 SYNC cascade synchronization input/output 

S36 4 CLK external clock input/output 

S35 5 vDD positive supply voltage 

S34 6 osc oscillator input 

7 AO 
S33 8 Al 12C bus subaddress inputs 
S32 9 A2 

S31 10 SAO l2C bus slave address bit 0 input 

11 Vss logic ground 
SAO S30 

12 vLco LCD supply voltage 
Vss S29 

13 BPO 

l VLCD S28 14 BP2 
LCD backplane outputs 

15 BP1 
BPO S27 16 BP3 
BP2 S26 17 so 

} PCF8576 
LCD segment outputs BP1 S25 to to 

56 S39 
BP3 S24 

so S23 

S1 S22 

S2 S21 

S3 S20 

S4 S19 

S5 S18 

S6 S17 

S7 S16 

SB S15 

S9 S14 

S10 S13 

S11 S12 

Fig. 2 Pinning diagram. 
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FUNCTIONAL DESCRIPTION 

The PCF8576 is a versatile peripheral device designed to interface any microprocessor to a wide variety 
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up to 
40 segments. The display configurations possible with the PCF8576 depend on the number of active 
backplane outputs required; a selection of display configurations is given in Table 1. 

Table 1 Selection of display configurations 

active back- no.of 7-segment 14-segment dot matrix 
plane outputs segments numeric alphanumeric 

20 digits+ 10 characters + 160 dots 
4 160 20 indicator 20 indicator (4 x 40) 

symbols symbols 

15 digits+ 8 characters+ 120 dots 
3 120 15 indicator 8 indicator (3x 40) 

symbols symbols 

10 digits+ 5 characters + 80 dots 
2 80 10 indicator 10 indicator (2 x 40) 

symbols symbols 

5 digits+ 2 characters + 40 dots 
1 40 5 indicator 12 indicator 

symbols symbols 

All of the display configurations given in Table 1 can be implemented in the typical system shown in 
Fig. 3. The host microprocessor maintains the 2-line 12C bus communication channel with the PCF8576. 
A resistor connected between OSC (pin 6) and Vss (pin 11) controls the device clock frequency. The 
appropriate biasing voltages for the multiplexed LCD waveforms are generated internally. The only 
other connections required to complete the system are to the power supplies (VDD· Vss and VLcDl 
and to the LCD panel chosen for the application. 

HOST 
MICRO

PROCESSOR 

Vss 

November 19851 

Voo VLCD 

SDA 1 
5 12 

SCL 2 17-56 40 segment drives 

PCF8576 

osc 13-16 4 backplanes 

6 
7 8 9 10 11 

Rose AO Al A2 SAO Vss 

7291464.1 

Fig. 3 Typical system configuration. 
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Universal LCD driver for low multiplex rates l PCF8576 

-------
Power-on reset 

At power-on the PCF8576 resets to a defined starting condition as follows: 

1. All backplane outputs are set to VDD· 

2. All segment outputs are set to VDD· 

3. The drive mode '1 : 4 multiplex with 1 /3 bias' is selected. 

4. Blinking is switched off. 

5. Input and output bank selectors are reset (as defined in Table 5). 

6. The 12C bus interface is initialized. 

7. The data pointer and the subaddress counter are cleared. 

Data transfers on the l2C bus should be avoided for 1 ms following power-on to allow completion of the 
reset action. 

LCD bias generator 

The full-scale LCD voltage (V0p) is obtained from VDD - VLCD· The LCD voltage may be temperature 
compensated externally through the V LCD supply to pin 12. Fractional LCD biasing voltages are obtained 
from an internal voltage divider of three series resistors connected between VDD and VLCD· The centre 
resistor can be switched out of circuit to provide a Yi bias voltage level for the 1 : 2 multiplex configuration. 

LCD voltage selector 

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive 
configuration. The operation of the voltage selector is controlled by MODE SET commands from the 
command decoder. The biasing configurations that apply to the preferred modes of operation, together 
with the biasing characteristics as functions of V 0p = VDD - V LCD and the resulting discrimination 
ratios (D), are given in Table 2. 

Table 2 Preferred LCD drive modes: summary of characteristics 

LCD drive mode LCD bias Voff(rms) Von (rms) D = Von(rms) 
configuration 

Vop Vop Voff(rms) 

static ( 1 BP) static (2 levels) 0 1 00 

1 : 2 MUX (2 BP) 1 /2 (3 levels) -./214 = 0,354 yT0/4 = 0,791 y15 = 2,236 

1 : 2 MUX (2 BP) 1/3 (4 levels) 1/3 = 0,333 y'5i3 = 0,745 Y5= 2,236 

1 : 3 MUX (3 BP) 1/3 (4 levels) 1/3 = 0,333 y'33!9 = 0,638 y'33!3 = 1,915 

1 : 4 MUX (4 BP) 1 /3 ( 4 levels) 1/3 = 0,333 y1373 = 0,577 y'3 = 1,732 
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PCF8576 j 
LCD voltage selector (continued) 

A practical value for V0p is determined by equating Voff(rms) with a defined LCD threshold voltage 
(VthLCD), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a 
suitable choice is V op :;;;; 3 V th LCD. 
Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the 
contrast ratios are smaller (.,/3 = 1,732 for 1 : 3 multiplex ory'2i/3 = 1,528 for 1 : 4 multiplex). 
The advantage of these modes is a reduction of the LCD full scale voltage V 0p as follows: 

1 : 3 multiplex (1/2 bias): V0 p =v'6Voff(rms) = 2,449 Voff(rms) 

1 : 4 multiplex (1/2 bias): V0 p = 4}313 Voff(rms) = 2,309 Voff(rms) 

These compare with V0 p = 3 Voff(rms) when 1/3 bias is used. 

LCD drive mode waveforms 

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and 
segment drive waveforms for this mode are shown in Fig. 4. 

BPO 

I.._ Ttrame--.-1 

Voo-1I1~ 
VLCD-- I \ Yoo -TLI state 1 state 2 

(on) (off) 

VLCD-

LCD segments 

Sn+1 Yoo -1I1 
VLCD-- ---~ 

state 1 

(a) WAVEFORMS AT DRIVER 

V00p JU 
-Vop 

Yop 

At any instant (t): 

Vstate 1 (t) = Vsn (t) - VBpo(t) 

Von(rms) = Vop 

state 2 O 

Vstate 2(t) =Vsn+l (t) - VBpo(t) 

Voff(rms)=OV 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

7291465 

Fig. 4 Static drive mode waveforms: V0p = VDD - VLCD· 



Universal LCD driver for low multiplex rates PCF8576 

When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576 
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6. 

BPO 

BP1 

::=1 I I 
Voo---- n n I 

Sn+l 

VLco--_J LJ u_~ 
Vop---

V0p/2----

state 1 O ----

-V0p/2---

-Vap ----

Vop ----

(a) WAVEFORMS AT DRIVER 

state 2 

V:p/2----~ 

-V0p/2----

-Vop ----
(b) RESULTANT WAVEFORMS 

AT LCD SEGMENT 

At any instant (t): 

V state 1 (t) = Vsn (t) - V BPQ(t) 

Vop r.;;:;. 
Von(rms) = 4v 10 = 0,791V0p 

Vstate 2(t) = Vsn(t) -V9p1(t) 

Vop 
Voff(rms) = 4J2 = 0,354V0p 

7291477 

Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: V 0p = Voo -VLCD· 
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LCD drive mode waveforms (continued) 

BPO 

BP1 

Sn 

Sn+1 
vDD-2V0p/3-
~~~-Vop/3 -JlJlJ1 
VLcD ---~ 

state 1 

Vop----

2V0p/3--

V0 p/3---
0---

-V0p/3---

-2V0p/3---
-Vop----

Vop----

(a) WAVEFDRMS AT DRIVER 

2V0 p/3--

Vop/3---rn 
state 2 0 

-Vop/3---
-2V0p/3---
-Vop----

(b) RESULTANT WAVEFDRMS 
AT LCD SEGMENT 

At any instant (t): 

Vstate 1 (t) = Vsn (t) - Vspo(t) 

Vop r.; 
Von(rms) = -3-v5 = 0,745Vop 

Vstate 2(t) = Vsn (t) - Vsp1 (t) 

Vop 
Voff(rms) =3= 0,333Vop 

7291466 

Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: V0 p = Voo - VLCD· 

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes) 
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively. 
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Ttrame LCD segments 

vDD 
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l 
At any instant (t): 

2V0p/3---
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state 1 0 
Vop y'33 -V0p/3--- Von(rms) = 9 33 = 0,638V0 p 
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Vop 

2V0p/3--- Vop 
V0p/3--- Voff(rms)= 3 = 0,333V0 p 

state 2 0 
-V0p/3---

-2V0p/3---

-Vop 7Z91478 

(b) RESULTANT WAVEFORMS 
AT LCD SEGMENT 

Fig. 7 Waveforms for 1 : 3 multiplex drive mode: V0 p = Voo - VLCD· 
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LCD drive mode waveforms (continued) 
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7Z91479 

LCD segments 

At any instant (t): 

Vstate 1 (t) = 

Vsn(tl - v8po(tl 

Von(rms) = 
Vop r-; 
3 v 3 = 0,577V 0p 

Vstate 2(t) = 

Vsn(tl - v8p1!tl 

Voff(rms) = 

Vop 
J=0,333Vop 

Fig. 8 Waveforms for 1 : 4 multiplex drive mode: V0 p = Voo - VLCD· 
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Universal LCD driver for low multiplex rates 

Oscillator 

Internal clock 

PCF8576 

The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator 
or from an external clock. When the internal oscillator is used, frequency control is performed by a 
single resistor connected between OSC (pin 6) and V55 (pin 11) as shown in Fig. 9. In this case, the 
output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system. 

7291467 1 

1000F==~t:==~E!ttt!~==:i~~~ttm 1CLK I= 
I kHz I 500 f---+---+-+-++++++---1-+---+-++1-H 

50~--1---+--l~:I<-+N+~G.--+--+---+-+-+H+i 

min ~ '-

20f---+---+-+-++++++'~-,~~~-+---+-+-l-+-J-H 
10~-·-~~~~-~-L-.LJ 

100 200 500 1000 2000 5000 
Rose lk.11) 

External clock 

Fig. 9 Oscillator frequency 
as a function of Rose= 
fcLK ""'(3,4 x 107 /Rosel kHz·n. 

The condition for external clock is made by tying OSC (pin 6) to VDD; CLK (pin 4) then becomes the 
external clock input. 

The clock frequency (fCLK) determines the LCD frame frequency and the maximum rate for data 
reception from the 12C bus. To allow 12C bus transmissions at their maximum data rate of 100 kHz, 
fcLK should be chosen to be above 125 kHz. 

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in a d.c. 
state. 

Timing 

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer 
of display data from the display RAM to the display segment outputs. In cascaded applications, the 
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the 
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of 
the clock frequency (Table 3). The frame frequency is set by the choice of value for Rose when 
internal clock is used, or by the frequency applied to pin 4 when external clock is used. 

Table 3 LCD frame frequencies 
-----,---

PCF8576 mode recommended Rose (kil) ftrame nominal ftrame (Hz) 

normal mode 180 fcLK/2880 64 

power-saving mode 1200 fcLK/480 64 
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Timing (continued) 

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which 
the device is operating. In the normal mode, Rose= 180 kil will result in the nominal frame frequency. 
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be 
reduced by a factor of six and for the same frame frequency Rose will be 1,2 Mil. The reduced clock 
frequency and the increased value of Rose together contribute to a significant reduction in power 
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large 
amounts of display data are transmitted on the 12C bus. When a device is unable to 'digest' a display 
data byte before the next one arrives, it holds the SCL line LOW until the first.display data byte is stored. 
This slows down the transmission rate of the 12C bus but no data loss occurs. 

Disp.lay latch 

The display latch holds the display data while the corresponding multiplex signals are generated. There 
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one 
column of the display RAM. 

Shift register 

The shift register serves to transfer display information from the display RAM to the display latch while 
previous data are displayed. 

Segment outputs 

1166 

The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected 
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back
plane signals and with the data resident in the display latch. When less than 40 segment outputs are 
required the unused segment outputs should be left open. 

Backplane outputs 

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly 
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode. 
If less than four backplane outputs are required the unused outputs can be left open. In the 1 : 3 multi
plex drive mode BP3 carries the same signal as BP 1, therefore these two adjacent outputs can be tied 
together to give enhanced drive capabilities. In the 1 : 2 multiplex drive mode BPO and BP2, BP1 and 
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the 
static drive mode the same signal is carried by all four backplane outputs and they can be connected in 
parallel for very high drive requirements. 

Display RAM 

The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map 
indicates the 'on' state of the corresponding LCD segment; similarly, a logic 0 indicates the 'off' state. 
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between 
the individu.al bits of a RAM word and the backplane outputs. The first RAM column corresponds to the 
40 segments operated with respect to backplane BPO (Fig. 10). In multiplexed LCD applications the 
segment data of the second, third and fourth column of the display RAM are time-multiplexed with 
BP1, BP2 and BP3 respectively. 
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display RAM bits 

(columns) I 
backplane outputs 

(BP) 

display RAM addresses (rows) I segment outputs (S) 

0 1 2 3 4 35 36 37 38 39 

;FfFfFF =m=tf 
3 EEEEfE ___ ttEfE 

7Z9146B 

PCF8576 

Fig. 10 Display RAM bit-map showing direct relationship between display RAM addresses and segment 
outputs, and between bits in a RAM word and backplane outputs. 

When display data are transmitted to the PCF8576 the display bytes received are stored in the display 
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg
ment numeric display showing all drive modes is given in Fig. 11; the RAM filling organization depicted 
applies equally to other LCD types. 

With reference to Fig. 11, in the static drive mode the eight transmitted data bits are placed in bit 0 of 
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data 
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive 
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address 
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but 
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the 
1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc
cessive display RAM addresses. 

Data pointer 

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading 
of an individual display data byte, or a series of display data bytes, into any location of the display 
RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER 
command. Following this, an arriving data byte is stored starting at the display RAM address indicated 
by the data pointer thereby observing the filling order shown in Fig. 11. The data pointer is automati
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the 
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex 
drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode). 

Subaddress counter 

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed 
to take place only when the contents of the subaddress counter agree with the hardware subaddress applied 
to AO, A 1 and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT 
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data 
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress 
counter is also incremented when the data pointer overflows. 
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Subaddress counter (continued) 

The storage arrangements described lead to extremely efficient data loading in cascaded applications. 
Wht>n a series of display bytes are being sent to the display RAM, automatic wrap-over to the next 
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is 
successful even if the change to the next device in the cascade occurs within a transmitted character 
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode). 

Output bank selector 

This selects one of the four bits per display RAM address for transfer to the display latch. The actual 
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex 
sequence. In 1 : 4 multiplex, all RAM addresses of bit 0 are the first to be selected, these are followed 
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected 
sequentially. In 1 : 2 multiplex, bits 0 then 1 are selected and, in the static mode, bit 0 is selected. 

The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In 
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected 
for display instead of bit 0 contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be 
selected instead of bits 0 and 1. This gives the provision for preparing display information in an 
alternative bank and to be able to switch to it once it is assembled. 

Input bank selector 

The input bank selector loads display data into the display RAM according to the selected LCD drive 
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive 
mode by using the BANK SELECT command. The input bank selector functions independently of the 
output bank selector. 

Blinker 

The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked 
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the 
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which 
the device is operating, as shown in Table 4. 

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the 
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By 
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks 
at the blinking frequency. This mode can also be specified by the BLINK command. 

In the 1 : 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD 
segments can be blinked by selectively changing the display RAM data at fixed time intervals. 

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can 
be effectively performed by resetting and setting the display enable bit E at the required rate using the 
MODE SET command. 
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Blinker (continued) 

Table 4 Blinking frequencies 

blinking mode normal operating power-saving nominal blinking frequency 
mode ratio mode ratio fblink (Hz) 

off - - blinking off 

2 Hz fcLK/92160 fcLK/15360 2 

1 Hz fcLK/184320 fcLK/30720 1 

0,5 Hz fcLK/368640 fcLK/61440 0,5 

CHARACTERISTICS OF THE 12C BUS 

The 12C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA I i x --~ \ 
I 
I 

SCL 
I ---\_ 
I 

data line change 
stable: of data 

data valid allowed 7Z87019 

Fig. 12 Bit transfer .. 

Start and stop conditions 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r---., r---1 

SDA ----n i r= = =----'-----------li--J SDA 

I I 

SCL : : \ ;--\ I 
: s : '-· --~- '-· --~ 

SCL 

L ___ _J L ___ .J 

start condition stop condition 
7287005 

Fig. 13 Definition of start and stop conditions. 
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System configuration 

A device generating a message is a "transmitter", a device receiving a message is a "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~-.-~~~~~~~~~~~~~~-.-~~~~~~~.----~~~~~~· 

SCL ~-..-~~~---t-~~--<>--~~~t--~~-....-~~~-+~~--..--~~~+-~~~~~~--l-~ 

MASTER 
TRANSMITTER I 

RECEIVER 

Acknowledge 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER I 

RECEIVER 

MASTER 

TRANSMITTER 

Fig. 14 System configuration. 

MASTER 
TRANSMITTER/ 

RECEIVER 

7ZB7004 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH 
level put on the bus by the transmitter whereas the master generates an extra acknowledge related 
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of 
each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 

Note 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
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I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

i 
__ __F\__I'\_ 

~-----...___/ ___,X~->C~~X I 
I 
s 

Fig. 15 Acknowledgement on the 12C bus. 

7 Z87007 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 
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PCF8576 12C bus controller 

The PCF8576 acts as an 12C slave receiver. It does not initiate 12C bus transfers or transmit data to an 
12C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected 
devices. Device selection depends on the 12C bus slave address, on the transferred command data and on 
the hardware subaddress. 

In single device applications, the hardware subaddress inputs AO, A 1 and A2 are normally tied to Vss 
which defines the hardware subaddress 0. In multiple device applications AO, A 1 and A2 are tied to Vss 
or Voo according to a binary coding scheme such that no two devices with a common 12C slave address 
have the same hardware subaddress. 

In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8576 
forces the SCL line LOW until its internal operations are completed. This is known as the 'clock 
synchronization feature' of the 12C bus and serves to slow down fast transmitters. Data loss does not 
occur. 

input filters 

enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on 
SDA and SCL lines. 

protocol 

bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant 
the slave address that a PCF8576 will respond to is defined by the level tied at its input SAO 

10). Therefore, two types of PCF8576 can be distinguished on the same 12C bus which allows: 

to 16 PCF8576s on the same 12C bus for very large LCD applications; 

(u) use of two types of LCD multiplex on the same 12C bus. 

The 12C bus protocol is shown in Fig. 16. The sequence is initiated with a start condition (S) from the 
bus master which is followed by one of the two PCF8576 slave addresses available. All PCF8576s 

with the corresponding SAO level acknowledge in parallel the slave address but all PCF8576s with the 
alternative SAO level ignore the whole 12 C bus transfer. After acknowledgement, one or more command 
bytes {m) follow which define the status of the addressed PCF8576s. The last command byte is tagged 
with a cleared most-significant bit, the continuation bit C. The command bytes are also acknowledged 
by all addressed PCF8576s on the bus. 

After the last command byte, a series of display data bytes (n) may follow .. These display data bytes 
stored in the display RAM at the address specified by the data pointer and the subaddress counter. 

Both data pointer and subaddress counter are automatically updated and the data are directed to the 
intended PCF8576 device. The acknowledgement after each byte is made only by the (AO, A 1, A2) 
addressed PCF8576. After the last display byte, the 12C bus master issues a stop condition (P). 
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Fig. 16 12C bus protocol. 
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PCF8576 only 
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DISPLAY OATA A p 

n;. 0 bytes 
update data pointer 

and, if necessary, 
subaddress counter 

The command decoder identifies command bytes that arrive on the 12C bus. All available commands 
carry a continuation bit C in their most-significant bit position (Fig. 17). When this bit is set, it indicates 
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates 
the last command byte of the transfer. Further bytes will be regarded as display data. 

0 = last command 
1 = commands continue 

H ~ES~ O:F ~PC~D~ I 
msb lsb 

7291471 

Fig. 17 General format of command byte. 

The five commands available to the PCF8576 are defined in Table 5. 
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Command decoder (continued) 

Table 5 Definition of PCF8576 commands 

command/opcode options description 

Defines LCD drive mode 
LCD drive mode bits M1 MO 

MODE SET 
static ( 1 BP) 0 1 

I cl 1 ol LPI El al M1 I MO I 1 : 2 MUX (2 BP) 1 0 
1 : 3 MUX (3 BP) 1 1 
1 : 4 MUX (4 BP) 0 0 

Defines LCD bias configuration 
LCD bias bit B 

1/3 bias 0 
1/2 bias 1 

Defines display status 
display status bit E The possibility to disable the 

display allows implementation 
disabled (blank) 0 of blinking under external 
enabled 1 control 

mode bit LP 
Defines power dissipation mode 

normal mode 0 
power-saving mode 1 

LOAD DATA POINTER Six bits of immediate data, 

J cl oJ P5 P4 P3 P2 Pol 
bits P5 P4 P3 P2 P1 PO bits P5 to PO, are transferred 

P1 to the data pointer to define 
6-bit binary value of 0 to 39 one of forty display RAM 

addresses 
DEVICE SELECT Three bits of immediate data, 

lcl1 1 0 oJA2 A1 AO' 
bits AO A1 A2 bits AO to A2, are transferred 

to the subaddress counter to 
3-bit binary value of 0 to 7 define one of eight hardware 

subaddresses 
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command/opcode options description 

BANK SELECT Defines input bank selection 

I cl 1 oi 1!01 

static 1 : 2 MUX bit I (storage of arriving display data) 
1 1 1 --

RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 1 RAM bits 2, 31 1 

Defines output bank selection 
static 1: 2MUX bit 0 (retrieval of LCD display data) 

RAM bit 0 RAM bits 0, 1 0 
RAM bit 2 RAM bits 2, 3 1 

The BANK SELECT command has 
no effect in 1 : 3 and 1 : 4 multi-
plex drive modes 

BLINK Defines the blinking frequency 

I cl 1 o!AIBF1 BFOI 
blink frequency bits BF 1 BFO 

1 1 
off 0 0 
2 Hz 0 1 
1 Hz 1 0 
0,5 Hz 1 1 

blink mode bitA Selects the blinking mode; 
normal operation with frequency 

normal blinking 0 set by bits BF 1, BFO, or 
alternation blinking 1 blinking by alternation of 

display RAM banks. Alternation 
blinking does not apply in 1 : 3 
and 1 : 4 multiplex drive modes 

Display controller 

The display controller executes the commands identified by the command decoder. It contains the 
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for loading 
display data into the display RAM as required by the filling order. 
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Cascaded operation 

In large display configurations, up to 16 PCF8576s can be distinguished on the same 12C bus by using 
the 3-bit hardware subaddress (AO, A 1, A2) and the programmable 12C slave address (SAO). It is also 
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they 
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost
effective in large LCD applications since the backplane outputs of only one device need to be through
plated to the backplane electrodes of the display. The other PCF8576s of the cascade contribute 
additional segment outputs but their backplane outputs are left open (Fig. 18). 

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s. 
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be 
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by 
the definition of a multiplex mode when PCF8576s with differing SAO levels are cascaded). SYNC is 
organized as an input/output pin; the output section being realized as an open-drain driver with an 
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane 
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it 
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane 
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 19. 
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Fig. 18 Cascaded PCF8576 configuration. 
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Universal LCD driver for low multiplex rates l PCF8576 

--

I 
T ---

frame - f frame 

BPO l~~ 
lJ 

(a) STATIC DRIVE MODE u SYNC 

BPl I I 1/2 bias) I 
BPl 

r I 11J bias) 

I 

SYNC lJ u (b) 1 o 2 MULTIPLEX DRIVE MODE 

BP2 

SYNC 

(c) 1 : 3 MULTIPLEX DRIVE MODE 

BP3 

SYNC u (d) 1: 4 MULTIPLEX DRIVE MODE 
7Z91481 

Fig. 19 Synchronization of the cascade for the various PCF8576 drive modes. 

For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see application information. 
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PCF8576 J 
RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo 

LCD supply voltage range 

Input voltage range (SCL; SDA; 
AO to A2; OSC; CLK; SYNC; SAO) 

Output voltage range (SO to S39; 
BPO to BP3) 

D.C. input current 

D.C. output current 

Vo 

± 11 

±lo 

Voo. Vss or VLCD current 

Power dissipation per package 

Power dissipation per output 

Storage temperature range 

±loo.± lss. ± ILCD 

Ptot 

Po 

Tstg 

D.C. CHARACTERISTICS 

Vss = 0 V; Voo = 2 to 9 V; VLCD = Voo-2 to Voo-9 V; 

T amb = -40 to + 85 °c; unless otherwise specified 

parameter symbol min. 

Operating supply voltage Voo 2 

LCD supply voltage (note 1) VLCD Voo-9 

Operating supply current (normal mode) 
at fcLK = 200 kHz (note 2) loo -

Power-saving mode supply current 
at Voo = 3,5 V; VLCD = 0 V; 
fcLK = 35 kHz (note 2) ILP -

LCD supply current (normal mode) 
at fcLK = 200 kHz (note 2) ILCD -

Logic 

Input voltage LOW VIL Vss 

Input voltage HIGH V1H 0,1 v00 

Output voltage LOW at Io = 0 mA Vol -

Output voltage HIGH at lo= 0 mA VoH v00-o,o5 

Output current LOW (CLK, SYNC) at 
v0 L = 1,0 V; v00 = 5 v iou 1 

Output current HIGH (CLK) at 
VoH = 4,0 V; Voo = 5 v loH -

Output current LOW (SDA; SCL) at 
VoL = 0,4 v; v00 = 5 v IOL2 3 

Leakage current (SAO; AO to A2; CLK; 
SCL; SDA) at V1 = Vss or Voo ± iu -

1178 N~onb" 1985 ~ 

-0,5 to+ 11 V 

v00-11 to v00 v 

Vss -·0,5 to v00 + o,5 v 

VLco--0,5 to v00 + o,5 v 
max. 20 mA 

max. 25 mA 

max. 50 mA 

max. 400 mW 

max. 100 mW 

-65 to+ 150 oc 

typ. max. unit 

- 9 v 
- Voo-2 v 

- 180 µA 

- 60 µA 

- 120 µA 

- o,3 v00 v 
- Voo v 
- 0,05 v 
- - v 

- - mA 

- -1 mA 

- - mA 

- 1 µA 



Universal LCD driver for low multiplex rates 

parameter symbol 

Leakage current (OSC) 
at V1 = VDD ± IL2 

Pull-up resistor (SYNC) RsYNC 

Power-on reset level (note 3) VREF 

Tolerable spike width on bus tsw 

Input capacitance (note 4) C1 

LCD outputs 

D.C. voltage component (BPO to BP3) 
at c 8p = 35 nF ± Vsp 

D.C. voltage component (SO to S39) 
at Cs= 5 nF ±Vs 

Output impedance (BPO to BP3) 
at VLcD = VDo--5 v (note 5) Rsp 

Output impedance (SO to 539) 
at VLcD = Voo-5 V (note 5) Rs 

A.C. CHARACTERISTICS (note 6) 

Vss = o V; v00 = 2 to 9 V; VLco = v00-2 to v00-9 V; 

T amb = -40 to+ 85 °c; unless otherwise specified 

min. 

-

20 

-

-

-

-

-

·-

-

parameter symbol min. 

PCF8576 

·-·-
typ. max. unit 

- 1 µA 

50 150 kn 

1,0 1,6 v 
- 100 ns 

·- 7 pF 

20 - mV 

20 - mV 

-· 5 kn 

- 7,0 kn 
----

typ. unit 
>-~~~~~~~~~~--------1-~--~------+--------+-~~~f--~··~·~l---~----' 

Oscillator frequency (normal mode) 
at Voo = 5 V; Rose= 180 kn 
(note 7) 

Oscillator frequency (power-saving 
mode) at Voo = 3,5 V; Rose= 1,2 Mn 

CLK HIGH time 

CLK LOW time 

SYNC propagation delay 

SYNC LOW time 

Driver delays with test loads at 
VLCD = Voo-5 v 

fcLK 125 

fcLKLP 21 

tcLKH 1 

tcLKL 1 

tpsYNC 

tsYNCL 

185 

31 

288 

48 

400 

30 

kHz 

kHz 

µs 

µs 

ns 

µs 

µ.s 
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--PCF-857-6 _Jl ______ _ 
A.C. CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

12C bus high-speed mode 

Bus free time tBuF 4,7 - - µs 

Start condition hold time tHD;STA 4 - - µs 

SCL LOW time tLOw 4,7 - - µs 

SCL HIGH time tHIGH 4 - - µs 

Start condition set-up time 
(repeated start code only) tsu; STA 4,7 - - µs 

Data hold time tHD; DAT 0 - - µs 

Data set-up time tsu; DAT 250 - - ns 

Rise time tR - - 1 µs 

Fall time tF - - 300 ns 

Stop condition set-up time tsu; STO 4,7 - - µs 

PC bus low-speed mode 

Bus free time tBuF 105 - - µs 

Start condition hold time tHD;STA 365 - - µs 

SCL LOW time tLOW 105 - 155 µs 

SCL HIGH time tHIGH 365 - 415 µs 

Start condition set-up time 
(repeated start code only) tsu; STA 105 - 155 µs 

Data hold time tHD; DAT 0 - - µs 

Data set-up time tsu; DAT 250 - - ns 

Rise time tR - - 1 µs 

Fall time tF - - 300 ns 

Stop condition set-up time tsu; STO 105 - 155 µs 

Notes to characteristics 

1. VLCD < VDD-3 v for 1/3 bias. 

2. Outputs open; inputs at Vss or VDD; external clock with 50% duty cycle; 12C bus inactive. 

3. Resets all logic when VDD < VREF· 

4. Periodically sampled, not 100% tested. 

5. Outputs measured one at a time. 

6. All timing values referred to Vi H and Vi L levels with an input voltage swing of Vss to VDD· 

7. At fcLK < 125 kHz, 12C bus maximum transmission speed is derated. 
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Universal LCD driver for low multiplex rates L_P~F8576 
CLK 3,3 kl1 

I . 4,--c=:::J-o,svoo 
prn ' 12%) 

SDA SCL l,5 kn 
' --c=J-- Voo 

{pinsl,21 12%) 

SYNC B,S kl1 
--c=:::J- Voo 

{pin 3) 12 %) 

BPOtoBP3 ----([t---
(pins 13to16) - lioad ~ 251iA 

SOtoS39~-
{pins 17to56) -+ 1 load~ 15 µA 

CLK 

BPO to BP3 

Fig. 20 Test loads. 

1 

I
.--------- fcLK -----------

----- tcLKH --- ·---- tcLKL ----

tpsYNC 

0,1 Voo 

o,3v00 

k~
o,1v00 

0,3Voo 

SYNCL-----

t 

SOtoS39 I 

----ttpi_co~I 

1Voo=5V) 

+ --------0,5 v 

t 7291473.1 

Fig. 21 Driver timing waveforms. 

--j 
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PCF8576 J 
SDA 

SCL 

- tHD;STA --

SDA 

7ZB7013.1 
'su;STA 

Fig. 22 12C bus high-speed mode timing waveforms. 

SDA 

SCL 

-- 'HD;STA ..,_ -- 1-+-----tHIGH---- --
tR _.. 1-

'HD;DAT 

SDA 

7Z87015.1 - 'su;STA ----

Fig. 23 12C bus low-speed mode timing waveforms. 
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Universal LCD driver for low multiplex rates 

7Z80829 
50 ~~~-~~~-~~~--=-T'-'.::..; 

-1ss Y 
(µA) :r v 

40 >----+--+-+--+normal.,..._--+-+--+------1 moJL: 
30f---+---t--+---l>"~--+-+---+---+-+---I 

L 
)' _J--1 

20 f-+--+v....,LJ4--f-+--+---,,t-£-+--+---l 
~er-saving v J..---1 mode ~-

10 r-1--71 /----""--r--i----r---+-t---+---+-----1 
1,Y 

0 >-----+--+-+--~--+-+-~---'---'---' 

0 100 ftrame(Hz) 200 

(a) Voo = 5 V; VLCD = 0 V; Tamb = 25 °c. 

50 ~~~-~~~-~~~-7'-'Z'TB"-'OBo=-;31 
-~ y 
(µA) normal mode rz 

40 >-----+--+-->- ICLK = 200 kHz_,,,_-+--+----< 

~ 
30 t---+---+-+--+--+~1+--+---'f---+--1 v 

0 >-----+--+-C-~--+-+-~---'--'--' 
0 5 Voo(Vl 

(c) VLCD = 0 V; external clock; 
Tamb = -40 to+ 85 oc. 

10 

l ____ PC_F_8_5_7_6 __ _ 

50~~~-~~~-~~~~7~Z~BO~B.::..;30 

-ILCD 
(µA) 

-ILCD 
(µA) 

40 t---t---+-t---+---+-+---+---+-+--J 

30 r---t--+-+--+---+--+--+------1>----+---< 

20 t---+---+-+---+---+-+--+--+-+---1 

10r---t--+-+--+---+-+--+-----<--+---< 

0 >-----+--+-+--~--+-+-~---'---'---' 
0 ftrame (Hz) 200 

(b) Voo = 5 V; VLCD = 0 V;Tamb = 25 °c. 

100 

0 >-----+--+-+--~--+-+-~---'--'--' 
0 5 Voo(Vl 

(d) VLCD = 0 V; external clock; 
fcLK =nominal frequency. 

10 

Fig. 24 Typical supply current characteristics. 

0,1 >-----+--+-+--~--+-+-~~>-----+--' 

0 2 4 6 8 10 

Voo(V) 

(a) VLCD = 0 V; Tamb = 25 °c. 

7ZB0834 

~ 2,5 f--+-+--+---+--b-'F'-'-R'-"s'-+----l 
~ ~ 
[(i2,0~ 
l 
§ 

5 1,5 t---+--t--+--+--t--+------1--i 
E 
·;;: 

"' E 
1,0 i--

0,5 t----+--+--+---+--+-+---f----1 

0 >----+-~-+----+-~-+-->----' 
-40 0 ~ 00 1~ 

Tamb (OC) 

(b) Voo =5 V;VLCD =O V. 

Fig. 25 Typical characteristics of LCD outputs. 
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APPLICATION INFORMATION 

Dose 
AO 

Rose A1 
A2 

SAO 
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r------------BPO 
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Fig. 26 Single plane wiring of packaged PCF8576s. 
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Universal LCD driver for low multiplex rates PCF8576 

Chip-on-glass cascadability in single plane 

In chip-on-glass technology, where driver devices are bonded directly onto the glass of the LCD, it is 
important that the devices may be cascaded without the crossing of conductors, but the paths of 
conductors can be continued on the glass under the chip. All of this is facilitated by the PCF8576 
bonding pad layout (Fig. 27). Pads needing bus interconnection between all PCF8576s of the cascade 
are VDo, Vss, CLK, SCL, SDA and SYNC. These lines may be led to the corresponding pads of the 
next PCF8576 through the wide opening between the V LCD pad and the backplane output pads. 
The only bussed line that does not require a second orening to lead through to the next PCF8576 is 
V LCD· being the cascade centre. The placing of V LCD adjacent to Vss allows the two supplies to be 
tied together. 

Fig. 28 shows the connection diagram for a cascaded PCF8576 application with single plane wiring. 
Note the use of the open space between the V LCD pad and the backplane output pads to route VoD, 
Vss, CLK, SCL, SDA and SYNC. The external connections may be made to either end of the cascade, 
wherever most convenient for the connector. 

When an external clocking source is to be used, OSC of all devices should be tied to VDD· The pads 
OSC, AO, A 1, A2 and SAO have been placed between Vss and VDo to facilitate wiring of oscillator, 
hardware subaddress and slave address. 
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PCF8576 

APPLICATION INFORMATION (continued) 

" "' "' 
..,. M N 0 

C) co " "' iii iii iii iii iii iii iii iii (/) (/) (/) (/) 

DDDDDDDDDDDD 
S18 D 
S19 D 
S20 D 
S21 D 
S22 D 
S23 D 
S24 D 
S25 D 

4,12 PCF8576 mm 

S26 D 
S27 D 
528 D 
S29 D 
S30 D 
S31 D 

S32 D 
S33 D 

_'1L.D D D D D D D D D D 0 D 

"' (/) 

D 

..,. 
(/) 

D 
D 
D 
D 
D 
D 
D 
D 
D 

D 
D 
D 

D D 

1...-------- 3,07 mm --------1 

7Z91474.3 

Fig. 27 PCF8576 bonding pad locations. 

1186 No.,mb" 19851 

S3 

S2 

Sl 

so 

BP3 

BP1 

BP2 

BPO 

Vss 

SAO 

A2 



Universal LCD driver for low multiplex rates PCF8576 

Bonding pad locations 
All x/y coordinates are referenced to left-hand bottom corner (0/0, Fig. 27). 

Dimensions in µm 

pad x y pad x y 

$34 160 160 bottom $33 160 400 left 
$35 380 • 532 640 • 
$36 580 $31 860 
$37 780 $30 1060 
S38 980 $29 1260 
S39 1180 S28 1460 
SDA 1380 $27 1660 
SCL 1580 $26 1860 
SYNC 1780 525 2260 
CLK 1980 S24 2460 

Voo 2180 S23 2660 
osc 2400 S22 2860 
AO 2640 ' I $21 3060 
A1 2910 160 bottom S20 3260 

$19 ' 3480 
517 160 3960 top S18 160 3720 left 
$16 380 
515 580 A2 2910 360 right 
514 780 SAO • 560 
$13 980 Vss 760 
$12 1180 VLCD 960 
$11 1380 BPO 2360 
$10 1580 BP2 2560 
$9 1780 BP1 2760 
SB 1980 BP3 2960 
S7 2180 so 3160 
$6 2400 S1 3360 
$5 2640 t ' S2 I 3560 
S4 2910 3960 top S3 2910 3760 right 
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Fig. 28 Chip-on-glass application; cascaded PCF8576s with single-plane wiring (viewed from back of chip). 
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Universal LCD driver for low multiplex rates l ___ PC_F_8_5_76 __ _ 

Purchase of Philips' 12C components conveys a license under the 
Philips' 12C patent to use the components in the 12C-system provided 
the system conforms to the 12C specifications defined by Philips. 





DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

PCF8577 
PCF8577A 

LCD DIRECT /DUPLEX DRIVER WITH 12C BUS INTERFACE 

GENERAL DESCRIPTION 

The PCF8577 is a single chip, silicori gate CMOS circuit. It is designed to drive liquid crystal displays 
with up to 32 segments directly, or 64 segments in a duplex manner. 

The two-line 12 C bus interface substantially reduces wiring overheads in remote display applications. 
Bus traffic is minimized in multiple IC applications by automatic address incrementing, hardware sub
addressing and display memory switching (direct drive mode). 

The PCF8577 and PCF8577 A differ only in their slave address. 

Features 

• Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device 
• Operating supply voltage: 2,5 to 9 V 
• Low power consumption 
• 12 C bus interface 
• Optimized pinning for single plane wiring 
• Single-pin built-in oscillator 
• Auto-incremented loading across device sub-address boundaries 
• Display memory switching in direct drive mode 
• May be used for 12 C bus output expander 
• System expansion up to 256 segments (512 segments with PCF8577 A) 
• Power-on-reset sets all segments off (to blank) 

SCL 39 

12c BUS 

SDA 
40 

INPUT 
Fl LTERS 

12C BUS 

CONTROLLER 

PCF8577 
PCF8577A 

SEGMENT BYTE 
REGISTERS 

AND 
MULTIPLEX 

BACKPLANE 
AND 

SEGMENT 

LOGIC DRIVERS 

CONTROL REGISTER OSCILLATOR 
AND AND 

COMPARATOR DIVIDER 

33 

34 

36 

37 

7287556.2 

Fig. 1 Block diagram. 

PACKAGE OUTLINES 

PCF8577P, PCF8577AP: 40-lead OIL; plastic (SOT-129). 
PCF8577T, PCF8577 AT: 40-lead mini-pack; plastic (VS0-40; SOT-158A). 

S32 

Sl 

BP1 

A2/BP2 

Al 

AO/OSC 



PCF8577 
PCF8577A 

1192 

SDA 

SCL 

Vss 

AO/OSC 

A1 

Voo 

A2/BP2 

BP1 

S1 

S23 S2 
PCF8577 

PCF8577 A S3 

S21 S4 

S20 S5 

S19 S6 

S18 S7 

S17 S8 

S16 S9 

S15 S10 

S14 S11 

S13 S12 

7287557.1 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

Hardware sub-address AO, A 1, A2 

PINNING 

Supply 

35 Voo 
38 Vss 

12 C bus 

40 
39 

Inputs 

36 
37 

SDA 
SCL 

A1 
AO/OSC 

Outputs 

1 - 32 S1 - S32 

Input - Output 

34 A2/BP2 

33 BP1 

positive supply 
negative supply 

12 C bus data line 
12 C bus clock line 

hardware address line 
hardware address line/oscillator pin 

segment outputs 

harware address line/cascade sync 
input/backplane output 
cascade sync input/backplane output 

The hardware sub-address lines AO, A 1, A2 are used to program the device sub-address for each PCF8577 
on the bus. Lines AO and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements. 

AO/OSC Line AO is defined as LOW (logic 0) when this pin is used for the local oscillator or when 
connected to Vss· Line AO is defined as HIGH (logic 1) when connected to Voo· 

A1 Line A1 must be defined as LOW (logic 0) or as HIGH (logic 1) by connection to VssorVoo 
respectively. 

A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP2 pin is 
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vss or, 
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as 
HIGH (logic 1) when connected to Voo· 

In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is 
undefined. In this mode device selection is made exclusively from lines AO and A 1. 

November 19861 



<:( 
f
<( 
0 
f
z 
w 
:2; 
Cl.. 
0 
...J 
w 
> w 
0 

LCD direct/duplex driver with 12 C bus interface 

Oscillator AO/OSC 

PCF8577 
PCF8577A 

The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment 
driver outputs. One external resistor and one external capacitor are connected to the AO/OSC pin to 
form the oscillator. In an expanded system containing more than one PCF8577 the backplane signals 
are usually common to all devices and only one oscillator is needed. The devices which are not used for 
the oscillator are put into the expansion mode by connecting the AO/OSC pin to either Voo or Vss 
depending on the required state for AO. In the expansion mode each PCF8577 is synchronized from the 
backplane signal (sl. 

User-accessible registers 

There are nine user-accesible 1-byte registers. The first is a control register which is used to control the 
loading of data into the segment byte registers and to select display options. The other eight are segment 
byte registers, split into two banks of storage, which store the segment data. The set of even numbered 
segment byte registers is called BANK A. Odd numbered segment byte registers are called BANK B. 

There are two slave addresses, one for PCF8577, and one for PCF8577A (see Fig. 14). All addressed 
devices load the second byte into the control register and each device maintains an identical copy of 
the control byte in the control register at all times (see 12 C bus protocol Fig. 15). 

The control register is shown in more detail in Fig. 3. The least-significant bits select which device and 
which segment byte register are loaded next. This part of the register is therefore called the Segment 
Byte Vector (SBV). 

The upper three bits of the SBV (V5 to V3) are compared with the hardware sub-address input sinmls 
A2, A 1 and AO. If they are the same then the device is enabled for loading, if not the device ignores 
incoming data but remains active. 

The three least-significant bits of the SBV (V2 to VO) address one of the segment byte registers within 
the enabled chip for loading segment data. 

i----CONTROL REGISTER

DISPLAY 
CONTROL SEGMENT BYTE VECTOR (SBV) 
~,--------~---~ 
msb lsb 

I vs : V4 : V3 I V2 : V1 : VO I 

device sub-address 

'-+r-+-B_A_N_K_'A_'_, } BANK 

BANK 'B" 

DIRECT DRIVE } 
~--t•t--+--------; ~~6~AY 

DUPLEX DRIVE 

I SEGMENT BYTE REGISTERS I 

msb lsb 

ol 

21 

41 

61 

, I 

31 

sl 

71 

( 1) Bits ignored in duplex mode. 
7Z87558.1 

Fig. 3 PCF8577 register organization. 

BANK 'A' 

BANK 'B' 



PCF8577 
PCF8577A 

FUNCTIONAL DESCRIPTION (continued) 

The control register also has two display control bits. These bits are named MODE and BANK. The 
MODE bit selects whether the display outputs are configured for direct or duplex drive displays. 
The BANK bit allows the user to display BANK A or BANK B. 

Auto-incremented loading 

After each segment byte is loaded the SBV is incremented automatically, thus auto-incremented 
loading occurs if more than one segment byte is received in a data transfer. 

Since the SBV addresses both device and segment registers, auto-incremented loading may proceed 
across device boundaries provided that the hardware sub-addresses are arranged contiguously. 

Direct drive mode 

The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic 0. In this 
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to 
logic 0 selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B). 

In the direct drive mode the SBV is auto-incremented by two after the loading of each segment byte 
register. This means that auto'incremented loading of BANK A or BANK Bis possible. Either bank may 
be completely or partially loaded irrespective of which bank is being displayed .. Direct drive output 
waveforms are shown in Fig. 4. 

OFF ON _ru JU BP1 

V55 
_ru LJl Segment X 

(SX) 

ru I BP1 -SX 

_J_1 l .. 

2 !Voo-Vssl 

7Z87559, 1 

Fig. 4 Direct drive mode display output waveforms. 

DuJ>lex mode 

VoN = VDD -Vss 

VOFF = 0 

The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second 
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV 
bit V5 are undefined. The SBV auto-increments by one between loaded bytes. 

All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is 
ignored. 

Duplex mode output waveforms are shown in Fig. 5. 
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LCD direct/duplex driver with 12 C bus interface 

Voo--
o,s1v00-v551 
Vss ---

Voo--
o,s1v00-v551 
Vss --

Voo---

OFF/OFF 

-?1--i_ 

-lJ=rl-
TI 

I ~ 

ON/OFF 

A 
u11-
LJ 

J\ 

OFF /ON ON/ON 

A A 
u11- u11-
f1_ LJ 

u11- fl 
vnl)j1 

L 
VoN = o,79 (Voo - Vssl 

VoFF = o,35 !Voo - Vssl 

VoN =226 
VoFF ' 

Fig. 5 Duplex mode display output waveforms. 

1 --

PCF8577 
PCF8577A 

BP1 

BP2 

Segment X 
ISX) 

BP1 -SX 

BP2-SX 

7Z87560.1 
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CHARACTERISTICS OF THE l 2C BUS 

The 12 C bus is for 2-way, 2-line communication between different I Cs or modules. The two lines are 
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply 
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated 
only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted 
as control signals. 

SDA I i 
I 
I 

SCL 
I 
I 

Start and stop conditions 

data line 
stable: 

data valid 

x 
change 
of data 
allowed 

Fig. 6 Bit transfer. 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH is defined as the stop condition (P). 

r----, 

--~:: --
SDA I I 

I - - -----'-------+-' 
SDA 

I 
I 

SCL I 

: s 
SCL 

L ___ _J 

start condition stop condition 
7Z87005 

Fig. 7 Definition of start and stop conditions. 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA-----....---------<0---------------------..--------..-

SCL --.-----+-----.>-----1------.-----+----<>-----t-----.-----+-

MASTER 
TRANSMITTER/ 

RECEIVER 

March 19851 

SLAVE 
RECEIVER 

Fig. 8 

SLAVE 
TRANSMITTER/ 

RECEIVER 

System configuration. 

MASTER 
MASTER 

TRANSMITTER 
TRANSMITTER I 

RECEIVER 

7287004 
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LCD direct/duplex driver with 12 C bus interface PCF8577 
PCF8577A 

Acknowledge 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge 
bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge 
related clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception 
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been 
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during 
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the 
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver 
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that 
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable 
the master to generate a stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

Timing specifications 

start 
condition 

I 
I 

I 
I 
I 
I 
I 

clock pulse for 
acknowledgement 

+ 

--~ 
~~~; ~x~->e~~)(~___,/ 

7287007 

Fig. 9 Acknowledgement on the I 2C bus. 

Within the 12C bus specifications a high-speed mode and a low-speed mode are defined. The PCF8577 
operates in both modes and the timing requirements are as follows: 

High-speed mode 

Masters generate a bus clock with a maximum frequency of 100 kHz. Detailed timing is shown in 
Fig. 10. 

SDA 

SCL 

1HIGH 

SDA 

7Z87013.·1 
1su ;STA 

Fig. 10 Timing of the high-speed mode. 
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CHARACTERISTICS OF THE 12 C BUS (continued) 

Where: 

tsuF t>tLOWmin The minimum time the bus must be free before a new 
transmission can start 

tHD; STA t>tHIGHmin Start condition hold time 

tLQWmin 4,7 µs Clock LOW period 

tHIGHmin 4 µs Clock HIGH period 

tsu; STA 

tHD; DAT 

t>tLOWmin 

t > 0 µs 

Start condition set-up time, only valid for repeated start code 

Data hold time 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

t > 250 ns 

t <: 1 µs 

t <: 300 ns 

t > tLOWmin 

Data set-up time 

Rise time of both the SDA and SCL line 

Fall time of both the SDA and SCL line 

Stop condition set-up time 

All thetiming values referred to V1H and VIL levels with a voltage swing of Vss to VDD· 

~-~ '-----' '-----' 
START ADDRESS R/W ACK DATA ACK START ADDRESS R/W ACK STOP 

CONDITION CONDITION 

Fig. 11 Complete data transfer in the high-speed mode. 

Where: 

Clock tLOWmin 

tHIGHmin 

4,7 µs 

4 µs 

The dashed line is the acknowledgement of the receiver 

Mark-to-space ratio 1 : 1 (LOW-to-HIGH) 

Max. number of bytes unrestricted 

Premature termination of transfer 

Acknowledge clock bit 

allowed by generation of STOP condition 

must be provided by the master 

7287014 
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LCD direct/duplex driver with 12 C bus interface 

Low-speed mode 

PCF8577 
PCF8577A 

Masters generate a bus clock with a maximum frequency of 2 kHz; a minimum LOW period of 105 µs 
and a minimum HIGH period of 365 µs. The mark-to-space ratio is 1 : 3 LOW-to-HIGH. Detailed 
timing is shown in Fig. 12. 

SDA 

-tsuF-

SCL 

- tHD;STA -
-- I-+------ tHIGH ____ , -

tR -- 1-
1HD;DAT 

SDA 

7287015.1 - 1SU;STA -

Fig. 12 Timing of the low-speed mode. 

Where: 

tsuF 

tHD; STA 

tLQW 

tHIGH 

tsu; STA 

tHD; DAT 

tsu; DAT 

tR 

tF 

tsu; STO 

Note 

t;;;;.. 105 µs (tLOWminl 

t;;;;.. 365 µs (tHIGHminl 

130 µs ± 25 µ.s 

390 µs ± 25 µs 

130 µ.s ± 25 µs* 

t ;;;i.oµs 

t;;;;.. 250 ns 

t ~ 1 µs 

t ~ 300 ns 

130 µs ± 25 µs 

All the timing values referred to V1 Hand V1 L levels with a voltage swing of Vss to VoD. for definitions 
see high-speed mode. 

* Only valid for repeated start code. 
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CHARACTERISTICS OF THE 12C BUS (continued) 

SDA \ ___ _J '~~c--==-:J R/W x ' r 
----""\ I\ r---

scL U U 
---\_/V\_j 

START 
CONDITION 

START BYTE DUMMY REPEATED ADDRESS 
ACKNOWLEDGE START 

CONDITION 

Fig. 13 Complete data transfer in the low-speed mode. 

Where: 

Clock tLQWmin 

tHIGHmin 
Mark-to-space ratio 

Start byte 

Maximum number of bytes 

Premature termination of transfer 

Acknowledge clock bit 

Note 

130 µs ± 25 µs 

390 µs ± 25 µs 

1 : 3 (LOW-to-HIGH) 

0000 0001 

6 

not allowed 

must be provided by master 

ACKNOWLEDGE STOP 
CONDITION 

7287016 

The general characteristics and detailed specification of the 12C bus are described in a separate data 
sheet (serial data buses) in handbook: I Cs for digital systems in radio, audio and video equipment. 

ADDRESSING 

Before any data is transmitted on the 12 C bus, the device which should respond is addressed first. The 
addressing is always done with the first byte transmitted after the start procedure. 

Slave address 

The slave address for PCF8577 and PCF8577 A are shown in Fig. 14. 

lsla>>>>>>>IAI 
LsLAVE ADDRESS _J 

(a) PCF8577. 

lsla'.i'. 1 '.i'.a'.i'.i'.alAI 
L SLAVE ADDRESS _J 

7Z87561.2 

(b) PCF8577 A. 

Fig. 14 PCF8577 and PCF8577 A slave addresses. 
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LCD direct/duplex driver with 12 C bus interface PCf 8577 
PCF8577A 

12 C bus protocol 

The PCF8577 12 C bus protocol is shown in Fig. 15. 

acknowledge by 
all PCF8577 

+ w"' 

acknowledge by 
all PCF8577 

t msb 

acknowledge by 
selected PCF8577 only 

lsb + 

5 SLAVE ADDRESS 0 A ~ ~ BY~~G~:~;OR A SEGMENT DATA 

t 
R/W L___ control byte __J 

7ZB7553.2 

Fig. 15 12 C bus protocol. 

auto increment 
segment byte vector 

The PCF8577 is a slave receiver and has a fixed slave address (Fig. 14). All PCF8577 on the same bus 
acknowledge the slave address in parallel. The second byte is always the control byte and is loaded into 
the control register of each PCF8577 on the bus. Subsequent data bytes are loaded into the segment 
registers of the selected device. Any number of data bytes may be loaded in one transfer and in an 
expanded system rollover of the SBV from 111 111 to 000 000 is allowed. If a stop (P) condition is 
given after the control byte acknowledge the segment data remains unchanged. This allows the BANK 
bit to be toggled without changing the segment register contents. During loading of segment data only 
the selected PCF8577 gives an acknowledge. Loading is terminated by generating a stop (P) condition. 

DISPLAY MEMORY MAPPING 

The mapping between the eight segment registers and the segment outputs S1 to S32 is shown in 
Tables 1 and 2. 

Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows 
swapping of display information. If BANK is set to logic 0 even bytes (BANK A) are displayed; if 
BANK is set to logic 1 odd bytes (BANK Bl are displayed. BP1 is always used for the backplane output 
in the direct drive mode. 

Table 1 Segment byte - segment driver mapping in the direct drive mode. 

SEGMENijBIT MSB LSB 
MODE BANK V2 V1 VO 

REGISTE~ 6 5 4 3 2 1 0 BACKPLANE 
7 

0 0 0 0 0 0 SS S7 S6 S5 S4 S3 52 51 BP1 

0 1 0 0 1 1 SS S7 S6 S5 S4 S3 S2 Sl BP1 

0 0 0 1 0 2 S16 S15 S14 S13 S12 S11 SlO S9 BP1 

0 1 0 1 , 3 S16 S15 S14 S13 S12 Sll SlO S9 BP1 

0 0 1 0 0 4 S24 S23 S22 S21 S20 S19 S1S S17 BP1 

0 1 1 0 1 5 S24 S23 S22 S21 S20 S19 S18 S17. BP1 

0 0 1 1 0 6 S32 S31 S30 S29 S2S S27 S26 S25 BP1 

0 1 1 1 1 7 S32 S31 S30 S29 S2S S27 S26 S25 BP1 

Mapping example: bit 0 of register 7 controls the LCD segment S25 if BANK bit is a logic 1. 

·-·-- - - --·- ---
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DISPLAY MEMORY MAPPING {continued) 

Even bytes {BANK A) correspond to backplane 1 {BP1) and odd bytes {BANK B) correspond to back
plane 2 {BP2). 

Table 2 Segment byte - segment driver mapping in the duplex mode. 

~EGMENT]BIT MSB 
MODE BANK V2 V1 VO 

REG I STE~ 7 

1 x 0 0 0 0 SB 

1 x 0 0 1 1 SB 

1 x 0 1 0 2 S16 

1 x 0 1 1 3 S16 

1 x 1 0 0 4 S24 

1 x 1 0 1 5 S24 

1 x 1 1 0 6 S32 

1 x 1 1 1 7 S32 

X =don't care. 

RATINGS 

6 5 4 3 2 
LS B 

1 0 BACKPLANE 

S7 S6 S5 S4 S3 S2 Sl BP1 

S7 S6 S5 S4 S3 S2 Sl BP2 

S15 S14 S13 S12 S11 S10 S9 BP1 

S15 S14 S13 S12 S11 SlO S9 BP2 

S23 S22 S21 S20 S19 S1B S17 BP1 

S23 S22 S21 S20 S19 S1B S17 BP2 

S31 S30 S29 S2B S27 S26 S25 BP1 

S31 S30 S29 S2B S27 S26 S25 BP2 

Mapping example: bit 7 of register 5 controls the LCD 
segment S24/BP2. 

Limiting values in accordance with the Absolute Maximum System {IEC 134) 

Supply voltage range Voo -0,5 to 11 v 
Voltage on any pin VJ Vss - 0,8 to v00 + 0,8 v 
D.C. input current ± 11 max. 20 mA 

D.C. output current ±lo max. 25 mA 

Voo or Vss current ±loo, lss max. 50 mA 

Power dissipation per package Ptot max. 500* mW 

Power dissipation per output p max. 100 mW 

Operating ambient temperature range Tamb -40to +85 oc 

Storape temperature range Tstg -65 to +150 oc 

* Derate 7,7 mW/K when Tamb > 60 °c. 

12<l2 M•"'h 19851 
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LCD direct/duplex driver with 12 C bus interface 

CHARACTERISTICS 

Voo = 2,5 to 9 V; Vss = 0 V; Tamb = -40 to+ 85 oc unless otherwise specified 

parameter symbol min. typ.* 

Supply voltage Voo 2,5 -
Supply current 

fSCL = 100 kHz; no load; Rose= 1 Mn 100 - 80 
fSCL = 0; no load; Rose= 1 Mn; Voo = 5 V; 

100 - 35 Tamb = 25 oc 

Power-on-reset level** VREF - 1, 1 

Input SCL; input/output SDA 
input voltage LOW V1L 0 -

input voltage HIGH V1H 2,0 -

output current LOW at Vol= 0,4 V IOL 3,0 -

output leakage current HIGH at VoH = Voo IOH - -
tolerable spike width on bus tsw - -

input capacitance at V1 = Vss C1 - -

A1 input leakage current at V1 = Vss or Voo 11 - -

A2/BP2 input current at V1 = Voo 11 - 2,0 

AO/OSC input current at V1 = Vss or Voo ±11 - 5,0 
' DC component of LCD driver ±VBP - 20 

Segment loads csx - -
Rsx 1 -

Segment output current 
at VOL= 0,4 V; Voo = 5 V IOL 0,3 -

Segment output current 
at VoH = Voo - 0,4 V; Voo = 5 V -loH 0,3 -

Backplane load (direct drive) CBP - -
RBP 100 -

Backplane loads (duplex drive) CBP - -

RBP 100 -

Rise and fall times (VBP - Vsxl 
at maximum load tr, tf - -

Display frequency 
at Cose= 680 pF; Rose= 1 Mn fLCD 65 90 

* Voo=5V;Tamb=250C. 
** The power-on-reset circuit resets the 12 C bus logic with Voo < VREF· 

I 

PCF8577 
PCF8577A 

·~ 
9,0 v 

250 I µA 

70 µA 

2,0 v 

0,8 v 
9,0 v 
- mA 

250 nA 

100 ns 

7 pF 

250 nA 

- µA 

- µA 

- mV 

5 nF 
' - Mn 

- mA 

- mA 

50 nF 

- kn 

35 nF 

- kn 

200 µs 

120 Hz 

November 1986 1203 



.... 
N 

~ 

$: 

"' n 
:::l"" 

co 
00 
0'1 

APPLICATION INFORMATION 

vDD 

Cose 

Vss 

SCL 

SDA 

DIRECT DRIVE LCD DISPLAY 

device sub.address 
A2.A1.AO = 000 

32 33 
f 

64 

device sub-address 

11111 A2.A1.A0=001 

(1) The series resistance of the display backplane must be greater than 1 n. 

Fig. 16 Direct drive display; expansion to 256 segments using eight PCF8577. 

backplane 

256 

device sub-address 
A2.A1.AO= 111 

7 Z87 554.1 
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"'ti "'ti 
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00 00 
01 01 
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vDD 

Cose 

Rose 
Vss 

SCL 

SDA 

DUPLEX LCD DISPLAY 

device sub-address 
A1.AO= 00 

32 33 

DEVELOPMENT DATA 

64 

device sub-address 
A1.AO = 01 

(1} The series resistances of the display backplanes must be greater than 1 kn. 

Fig. 17 Duplex display; expansion to 2 x 128 segments using four PCF8577. 

BP2 

BP1 
128 

device sub-address 
A1.AO= 11 

7Z87555.1 
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PCF8577A 

APPLICATION INFORMATION (continued) 

SCL -----; 

SDA -----; 

7287562 

Notes 

32 output lines 

device sub- address 
A2, Al, AO~ 000 

~----------+}expansion 

1. MODE bit must always be set to 0 (direct drive) 
2. BANK switching is permitted 
3. BP1 must always be connected to V55 and AO/OSC must be 

connected to either VDD or V55 (no LCD modulation) 

Fig. 18 Use of PCF8577 as 32-bit output expander in 12 C bus application. 

1206 M•~h 19851 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system provided 
the system conforms to the 12 C specifications defined by Philips. 



DEVELOPMENT DATA 
This data sheet contains advance information and 

specifications are subject to change without notice. 
PCF8583 

256 x 8-BIT STATIC RAM WITH ALARM CLOCK/CALENDAR 

AND BCD-COUNTER 

GENERAL DESCRIPTION 

The PCF8583 is a low power 2048-bit static CMOS RAM organized as 256 words by 8-bits. Addresses 
and data are transferred serially via a two-line bidirectional bus (12C). The built-in word address 
register is incremented automatically after each written or read data byte. One address pin AO is used for 
programming the hardware address, allowing the connection of two devices to the bus without 
additional hardware. The built-in 32,768 kHz oscillator circuit and the first 8 bytes of the RAM are 
used for the clock/calendar and counter functions. The next 8 bytes may be programmed as alarm 
registers or used as free RAM space. 

Features 

• 12C bus interface operating supply voltage: 2,5 V to 6 V 
• Clock operating supply voltage (0 to 70 OC): 1,0 V to 6 V 
• Data retention voltage: 1,0 V to 6 V 
• Low standby current: max. 15 µA 
• Clock function with four year calendar 
• 24 or 12 hour format 
• 32,768 kHz or 50 Hz time base 
• Serial input/output bus (12C) 
• Automatic word address incrementing 
• Programmable alarm, timer and interrupt function 

PCF8583 

OSGI ~ 100 Hz 
Control /Status 00 

- Hundredths of a second 
OSCILLATOR DIVIDER 01 

~ 32,768 kHz 1: 256 Seconds 
- 100: 128 Minutes OSCO 

7 Hours 
INT Year/Date 

Weekdays/Months 8 - t-- Timer 07 POWER ON CONTROL 

~ RESET LOGIC r- __ AJ_a~m-c~~r~I- __ 08 ___, Alarm registers 

vDD 

or RAM 

j t------------- OF 

--I ~ 
~ 

12c t. RAM 
--I BUS (256 x 8) 

INTERFACE ADDRESS ·~ 
--1 ~ REGISTER -y 

AO 

SCL 

SDA 

l l J l FF 

=t- ~ TJ 
" v 

7Z81191.1 
Fig. 1 Block diagram. 

PACKAGE OUTLINES 

PCF8583P: 8-lead DI L; plastic (SOT-97 AE). 
PCF8583T: 8-lead mini-pack; plastic (S0-8L; SOT-176). 

-
1207 



PCF8583 J 
PINNING 

1 OSGI 

2 OSCO 
3 AO 
4 Vss 
5 SDA 

6 SCL 

7 INT 

8 Voo 

RATINGS 

oscillator input, 50 Hz or event-pulse input 

oscillator output 

address input 

negative supply 

serial data Ii ne 1 12C bus 
serial clock line J 
open drain interrupt output (active low) 

positive supply 

PCF8583P 
PCF8583T 

7Z81192 

Fig. 2 Pinning diagram. 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range (pin 8); note 1 Voo 
Voltage range on any input 

D.C. input current (any input) 

D.C. output current (any output) 

Supply current (pin 4 or pin 8) 

Power dissipation per package 

Pm"e1· dissipation per output 

Storage tmnperature range 

Operating ambient temperature range 

Note 

V1 

11 

lo 
loo; 'ss 
Ptot 
p 

Tstg 

Tamb 

-0,8 to 8,0 V 

-0,8 to v00 + 0,8 v 
max. 10 mA 

max. 10 mA 

max. 50 mA 

max. 300 mW 

max. 50 mW 

-65 to+ 150 oc 

-40to + 85 oc 

1. Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices {see 
'Handling MOS devices'). 

1208 ~ 
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256 x 8-bit static RAM with alarm clock/calendar 

and BCD-counter l~~-P_C_F_8_5_83~~~ 
FUNCTIONAL DESCRIPTION 

The PCF8583 contains a 256 by 8-bit RAM with an 8-bit auto-increment address register, an on-chip 
32,768 kHz oscillator circuit, a frequency divider, a serial two-line bidirectional l'C bus interface and a 
power-on reset circuit. 

The first 8 bytes of the RAM (memory addresses 00 to 07) are designed as addressable 8-bit parallel 
registers. The first register (memory address 00) is used as a control/status register. The memory ad
dresses 01 to 07 are used as counters for the clock function. The memory addresses 08 to OF are free 
RAM !ocati::ns o~ mJy be programmed as aiarn1 registers. 

Counter function modes 

When the control/status register is set a 32,768 kHz clock mode, a 50 Hz clock mode or an event
counter mode can be selected. 

In the clock modes the hundredths of a second, seconds, minutes, hours, date, month (four year 
calendar) and weekdays are stored in a BCD format. The timer register stores up to 99 days. The event
counter mode is used to count pulses applied to the oscillator input (OSCO left open). The event 
counter stores up to 6 digits of data. 

When one of the counters is read (memory locations 01 to 07), the contents of all counters are strobed 
into capture latches at the beginning of a read cycle. Therefore faulty reading of the count during a 
carry condition is prevented. 

Alarm function modes 

By setting the alarm enable bit of the control/status register the alarm control register (address 08) is 
activated. 

By setting the alarm control register a dated alarm, a daily alarm, a weekday alarm or a timer alarm 
may be programmed. In the clock modes, the timer register (address 07) may be programmed to count 
hundredths of a second, seconds, minutes, hours or days. Days are counted when an alarm is not 
programmed. 

Whenever an alarm event occurs the alarm flag of the control/status register is set. A timer alarm event 
will set the alarm flag and an overflow condition of the timer will set the timer flag. The open drain 
interrupt output is switched on (active LOW) when the alarm or timer flag is set (enabled). 

When a timer function without any alarm function is programmed the remaining alarm registers 
(addresses 09 to OF) may be used as free RAM space. 

J('""'_' 98' 1209 
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PCF8583 j 
Control/status register 

The control/status register is defined as the memory location 00 with free access for reading and 
writing via the l2C bus. All functions and options are controlled by the contents of the control/status 
register (see Fig. 3). 

MSB LSB 

7 6 5 J 4 3 2 I a I 
u 

Fig. 3 Control/status register. 

Memory location 00 
reset state: 0000 0000 

Timer flag (50% duty factor 
seconds flag if alarm 
enable bit is 0) 

Alarm flag (50% duty factor 
minutes flag if alarm 
enable bit is 0) 

Alarm enable bit: 

0 alarm disabled 
(memory locations 08 to OF 
are free RAM space) 
alarm active 
(memory location 08 is the 
alarm control register) 

Mask flag: 

0 read locations 05 to 06 
unmasked 
read date and month count 
directly 

Function mode: 

00 clock mode 32,768 kHz 
01 clock mode 50 Hz 
10 event-counter mode 
11 test modes 

Hold last count flag: 

0 count 
1 store and hold last count in 

capture latches 

Stop counting flag: 

0 count pulses 
1 stop counting, reset divider 
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256 x 8-bit static RAM with alarm clock/calendar 

and BCD-counter 

PCF8583 

Counter registers 

In the different modes the counter registers are programmed and arranged as shown in Fig. 4. Counter 
cycles are listed in Table 1. 

In the clock modes 24 h or 12 h format can be selected by setting the most significant bit of the 
hours counter register. The format of the hours counter is shown in Fig. 5. 

The year and date are packed into memory location 05 (see Fig. 6). The weekdays and months are 
packed into memory location 06 (see Fig. 7). When reading these memory locations the year and 
weekdays are masked out when the mask flag of the control/status register is set. This allows the user 
to read the date and month count directly. 

In the event-counter mode events are stored in BCD format. D5 is the most significant and DO the 
least significant digit. The divider is by-passed. 

Control /Status Control I Status 
00 

Hundredth:i.°' a second 
1/10s 1/100s 

D1 DO 
01 

Selnds 
10s 1s D3 D2 

02 
Minutes 

10m i 1m 
D5 D4 

03 

10h 
Hlrs 

1h 
tree 

04 
YealDate 

10d 1d 
free 

05 
WeekdJ/Month 

10m 1m 
free 

06 

10d 
Tier 

1d T1 
Tiler 

TO 07 

Alarm control Alarm control 
08 

Hundredths of a second Alarm Alarm 
1/10s l 1/100 s D1 DO 09 

Alarm rconds D3 D2 
OA 

Alarm linutes D5 D4 
OB 

Alar":lours free 
QC 

Alar1 date free 
OD 

Alarm month free 
OE 

Alarm timer Alarm timer 
OF 

free RAM free RAM 

CLOCK MODES EVENT COUNTER 

7Z81195 

Fig. 4 Register arrangement. 

I(""'' ... - -- ----- - - -----
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Counter registers (continued) 

MSB 

7 6 s I 4 

MSB 

MSB 

7 6 5 4 

LSB 

3 2 0 Memory location 04 (hours counter) 
reset state: 0000 0000 

Unit hours BCD 

Ten hours (0 to 2 binary) 

AM/PM flag: 

0 AM 
1 PM 

Format: 

0 24 h format, AM/PM flag 
remains unchanged 
12 h format, AM/PM flag 
will be updated 

Fig. 5 Format of the hours counter. 

LSB 

Memory location 05 (year/date) 
reset state: 0000 0001 

Unit days BCD 

Ten days (0 to 3 binary) 

Year (0 to 3 binary, read as 0 if 
the mask flag is set) 

Fig. 6 Format of the year/date counter. 

LSB 

3 2 I I o 

I I I 
Memory location 06 (weekdays/ 
months) 
reset state: 0000 0001 

Unit months BCD 

Ten months 

Weekdays (0 to 6 binary, read as 0 
if the mask flag is set) 

Fig. 7 Format of the weekdays/months counter. 

1212 J""' 19861 
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256 x 8-bit static RAM with alarm clock/calendar 

and BCD-counter 

Table 1 Cycle length of the time counters, clock modes 
-·-

unit counting carry to the 
cycle next unit 

hundredths of 
a second 00 to 99 99 to 00 

seconds 00 to 59 59 to 00 

minutes 00 to 59 59 to 00 

hours (24 h) 00 to 23 23 to 00 

hours (12 h) 12AM, 
01 AM to 
11 AM, 
12 PM, 
01 PM to 
11 PM 11 PM to 12 AM 

date 01 to 31 31 to 01 
01 to 30 30 to 01 
01 to 29 29 to 01 
01 to 28 28 to 01 

months 01 to 12 12 to 01 

year 0 to 3 

weekdays 0 to 6 6 to 0 

timer/days 00 to 99 no carry 

l_~_P_C_F-85_8_3~~~ 
contents of the 
month counter 

I 

I 

1, 3, 5, 7, 8, 10, 12 
4, 6, 9, 11 
2, year= 0 
2, year = 1, 2, 3 

1213 



PCF8583 J 
Alarm control register 

When the alarm enable bit of the control/status register is set the alarm control register (address OS) is 
activated. All alarm, timer and interrupt output functions are controlled by the contents of the alarm 
control register (see Figs Sa and Sb). 

MSB 

7 6 5 4 

1214 Jun' 19861 

LSB 

3 2 0 Memory location OS 
reset state: 0000 0000 

Timer function: 

000 no timer 
001 hundredths of a second 
010 seconds 
011 minutes 
100 hours 
101 days 
110 not used 
111 test mode, all counters 

in parallel 

Timer interrupt enable: 

0 timer flag, no interrupt 
1 timer flag, interrupt 

Clock alarm function: 

00 no clock alarm 
01 daily alarm 
10 weekday alarm 
11 dated alarm 

Timer alarm enable: 

0 no timer alarm 
1 timer alarm 

Alarm interrupt enable: 

0 alarm flag, no interrupt 
1 alarm flag, interrupt 

Fig. Sa Alarm control register, clock modes. 
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MSB 

7 6 5 4 3 2 

LSB 

0 

l_~_P_C_F-85_8_3~~~ 
Memory location 08 
reset state: 0000 0000 

Timer function: 

000 no timer 
001 units 
010 100 
01110000 
100 1000000 
101 not allowed 
110 not allowed 
111 test mode, all counters in 

parallel 

Timer interrupt enable: 

0 timer flag, no interrupt 
1 timer flag, interrupt 

Event alarm function: 

00 no event alarm 
01 event alarm 
10 not allowed 
11 not allowed 

Timer alarm enable: 

0 no timer alarm 
1 timer alarm 

Alarm interrupt enable: 

0 alarm flag, no interrupt 
1 alarm flag, interrupt 

Fig. 8b Alarm control register, event-counter mode. 
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PCF8583 j 
Alarm registers 

All alarm registers are allocated with a constant address offset of hex 08 to the corresponding counter 
registers. 

An alarm goes off when the contents of the alarm registers matches bit-by-bit the contents of the 
involved counter registers. The year and weekday bits are ignored in a dated alarm. A daily alarm 
ignores the month and date bits. When a weekday alarm is selected, the contents of the alarm 
weekday/month register will select the weekdays on which an alarm is activated (see Fig. 9). 

MSB 

7 6 5 4 

Interrupt output 

LSB 

3 2 I I o I Memory location OE 
(alarm weekday /month) 

Weekday 0 enabled when set 

Weekday 1 enabled when set 

Weekday 2 enabled when set 

Weekday 3 enabled when set 

Weekday 4 enabled when set 

Weekday 5 enabled when set 

Weekday 6 enabled when set 

not used 

Fig. 9 Selection of alarm weekdays. 

The open-drain n-channel interrupt output is programmed by setting the alarm control register. It is 
switched on (active LOW) when the alarm flag or the timer flag is set. In the clock mode without 
alarm the output sequence is controlled by the timer flag. The OFF voltage of the interrupt output 
may exceed the supply voltage. 

Oscillator and divider 

A 32,768 kHz quartz crystal has to be connected to OSCI (pin 1) and OSCO (pin 2). A trimmer 
capacitor between OSCI and Voo is used for tuning the oscillator. The oscillator frequency is scaled 
down to 128 Hz by the divider. A 100 Hz clock signal is derived from this signal. 

In the 50 Hz clock mode or event-counter mode the oscillator is disabled and the oscillator input is 
switched to a high impedance state. This allows the user to feed the 50 Hz reference frequency or an 
external high speed event signal into the input OSCI. 

Initialization 

When power-up occurs the l2C bus interface, the control/status register and all clock counters are reset. 
The device starts time keeping in the 32,768 kHz clock mode with the 24 h format on the first of 
January at 0.00.00: 00. 

A second level-sensitive reset signal to the I 2C bus interface is generated as soon as the supply voltage 
drops below the interface reset level. This reset signal does not affect the control/status or clock 
counter registers. 

It is recommended to set the stop counting flag of the control/status register before loading the 
actual time into the counters. Loading of illegal states will lead to a clock malfunction but will not 
latch-up the device. 

J""' 19861 
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PCF8583 

CHARACTERICS OF THE 12C BUS 

The l2C bus is for bidirectional, two-line communication between different ICs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 

Bit transfer 

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable 
during the HIGH period of tht: clock pulse as changes in the data line at this time will be interpreted as 
a control signal. 

SDA --'----1------1--'x ___ -===" 
SCL 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 10 Bit transfer. 

---~ 

7Z87019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH, is defined as the stop condition (P). 

r----, r---., 
I I I 

SDA ----n I r=== I 
SDA I I 

I 
I I I 
I I 

\ 1--\ I 
I 

SCL I I I SCL 
I s I I 
I I I 
L ___ _J L ___ .J 

start condition stop condition 
7Z87005 

Fig. 11 Definition of start and stop condition. 

System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~-.-~~~~~--~o--~~~~~~~~~~~~~~..-~~~~~~---.~ 

SCL~...--~~~-+-~~---.p--~~~t-~~....--~~~-+~~~...-~~~+-~~--.-~~~-+~ 

MASTER 
TRANSMITTER/ 

RECEIVER 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

MASTER 

TRANSMITTER 

Fig. 12 System configuration. 

MASTER 
TRANSMITTER/ 

RECEIVER 

7Z87004 
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PCF8583 

Acknowledge 

The number of data bytes transferred between the start and stop conditions from transmitter to 
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknowl
edge bit is a HIGH level put on the bus by the transmitter whereas the master also generates an extra 
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge 
after the reception of each byte. Also a master must generate an acknowledge after the reception of 
each byte that has been clocked out of the slave transmitter. The device that acknowledge has to pull 
down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during 
the HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data 
to the transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this event the transmitter must leave the data line HIGH to enable the master to generate a 
stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

June 19861 

start 
condition 

I 
I 

clock pulse for 
acknowledgement 

i 
--~ 

.____.._! ___,X..___)(~~)( I 
I ~~~--' 

s 
--~ 

7Z87007 

Fig. 13 Acknowledgement on the l2C bus. 
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256 x 8-bit static RAM with alarm clock/calendar 

and BCD-counter 

PCF8583 

Timing specifications 

All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to Vi Land V1H with an input voltage swing of Vss to VDD· 

parameter 

SCL clock frequency 

Tolerable spike width on bus 

Bus free time 

Start condition set-up time 

Start condition hold time 

SCL LOW time 

SCL HIGH time 

SCL and SDA rise time 

SCL and SDA fall time 

Data set-up time 

Data hold time 

SCL LOW to data out valid 

Stop condition set-up time 

PROTOCOL 
START 
CONDITION 
(S) 

tsu;STA 

SCL I 
I -- _, 

tBuF 

SDA 

7ZB1193.1 tHD;STA 

BIT 7 
MSB 
(A7) 

symbol min. 

fscL -
tsw -

tsuF 4,0 

tsu;STA 4,0 

tHD; STA 4,7 

tLOW 4,7 

tHIGH 4,0 

tR -

tF -
tsu; DAT 250 

tHD; DAT 0 

tvD; DAT -

tsu; STO 4,0 

BIT 6 

(AS) 

111scL 

tsu;DAT tHD;DAT 

BIT 0 
LSB 
(R/W) 

Fig. 14 12C bus timing diagram. 

typ. 

-

-
-
-

-

-

-
-
-
-

-

-
-

ACKNOW
LEDGE 
(A) 

max. 

100 

100 

-

-
-
-
-

1,0 

0,3 

-

-
3,4 

-

STOP 
CONDITION 
(P) 

tsu;STO 

. (June 1986 

unit 

kHz 

ns 

µs 

µs 

µs 

µs 

µs 

µs 

µs 

ns 

ns 

µs 

µs 
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12C bus protocol 

Before any data is transmitted on the 12C bus, the device which should respond is addressed first. 
The addressing is always done with the first byte transmitted after the start procedure. The 12C bus 
configuration for the different PCF8583 READ and WRITE cycles is shown in Fig. 15. 

s 

7Z87031.2 

acknowledge 
from slave 

+ 

R/W 

acknowledge 
from slave 

+ H:: 
acknowledge 

from slave 

i 

L____ n bytes~ 
auto increment 

memory word address 

Fig. 15a Master transmits to slave receiver (WRITE mode). 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from slave 

+ 

acknowledge 
from master 

+ 
~s~~S-LA~V_E~A~D_D~R_E~SS~~O,...._A~~~w_D~R_D~A_D~D-R~E_s~s~~A,....__s~~SL_A~V_E~A~D-D~R-ES~S~~1,...._A~~~~D_A~T-A~~~,...._A~--;,7 

t at this moment master } _!_]- ~ 
7Z96262 

R ;W transmitter becomes R /W --- n bytes 
master receiver and 
PCFB583 slave receiver auto increment 
becomes slave transmitter word address 

no acknowledge 
from master 

+ 
L ___ , : : :D~TA: : : I 1 I p I 

lastbyte 4 
auto increment 
word address 

Fig. 15b Master reads after setting word address (WRITE word address; READ data). 

acknowledge acknowledge no acknowledge 
from slave from master from master 

+ + + 

R;W L- n bytes-----11 L___ last byte -t 
1Z96263 auto increment auto increment 

word address word address 

Fig. 15c Master reads slave immediately after first byte (READ mode). 

'""' 1986 ~. 
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256 x 8-bit static RAM with alarm clock/calendar 

and BCD-counter 

CHARACTERISTICS 

PCF8583 

Voo = 2,5 to 6,0 V; Vss = 0 V; Tamb = -40 to+ 85 oc unless otherwise specified 

parameter symbol min. typ. max. unit 

Supply 

Supply voltage Voo 2,5 - 6 v 
Supply current at 

V1 = Vss or Voo 
operating at fscL = 100 kHz loo - - 200 µA 

standby at fscL = 0 kHz looo - - 15 µA 

standby at T amb = -25 to + 70 °c looo - - 5 µA 

Power-on reset voltage level (note 1) VpoR 1,5 1,9 2,3 v 

Inputs; input/output SDA 

Input voltage LOW (note 2) V1L -0,8 - o,3 x v00 v 
Input voltage HIGH (note 2) V1H o,7 x v00 - v00 + 0,8 v 
Output current LOW at 

VoL=0,4V loL 3 - - v 
Output leakage current 

HIGH at VoH = Voo IOH - - 250 nA 

Input leakage current 
at V1 = Voo or Vss ± 11 - - 250 nA 

Input capacitance (SCL, SOA) 
atV1=Vss C1 - - 7 pf 

LOW Voo data retention 

Supply voltage for data retention VooR 1 - 6 v 
Supply current at VooR = 1 V looR - - 5 µA 

Supply current at VooR = 1 V; 
Tamb = -25 to+ 70 °c looR - - 2 µA 

Oscillator 
I Integrated oscillator capacitance Cose - 40 - pf 

I Oscillator stability for: I 
AVoo = 100 mV 
at Voo = 1,5 V; 
Tamb = 25 oc flfosc - 2 x 10-5 - -

(June 1986 1221 
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PCF8583 

CHARACTERISTICS (continued) 

parameter symbol min. typ. max. unit 

Quartz crystal parameters 

Frequency= 32,768 kHz 

Series resistance Rs - - 40 Kn 
Parallel capacitance CL - 9 - pF 

Trimmer capacitance CT 5 - 25 pF 

Notes to characteristics 

1. The power-on reset circuit resets the 12C bus logic when Voo < VpQR· 

2. When the voltages are a diode voltage above or below the supply voltage Voo or Vss an input 
current will flow; this current must not exceed± 0,5 mA. 

June 19861 
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APPLICATION INFORMATION 

The PCF8583 slave address has a fixed combination 1010 as group 1. 

Voo 

Jl 

Voo 

Voo 

Voo 

I 1 I 0 I 1 I 0 I 0 I 0 I AO I R/W I 
l.-- group 1 __..I..____ group 2----•J 7Z96106 

Fig. 16 PCF8583 address. 

Voo 

SDA 
MASTER 

TRANSMITTER 
SCL 

O AO 
Voo 

--

CLOCK CALENDAR SCL 

OSGI PCF8583 
'1010' 

OSCO SDA 

Vss 

Voo 

AO 
Voo 

EVENT COUNTER SCL 

OSGI PCF8583 
'1010' 

OSCO 
SDA 

Vss 

Voo 

AO 
Voo 

256 BYTE RAM SCL 

A1 PCF8570 
'1010' 

A2 
SDA 

TEST 

SDA SCL 

(1 2C bus) 

to v00 

~ 

R R R: pull-up resistor 

A= trise 

Cs us 

7Z81194.1 

Fig. 17 PCF8583 application diagram. 

Purchase of Philips' I 2C components conveys a license under the 
Philips' I 2C patent to use the components in the I 2C-system 
provided the system conforms to the 12C specifications defined 
by Philips. 

PCF8583 
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DEVELOPMENT DATA 
This data sheet contains advance information and 
specifications are subject to change without notice. 

8-BIT A/D AND D/A CONVERTER 

GENERAL DESCRIPTION 

l PCF8591 

-----

The PCF8591 is a single chip, single supply low power 8-bit CMOS data acquisition device with four 
analogue inputs, one analogue output and a serial 12 C bus interface. Three address pins AO, A 1 and A2 
are used for programming the hardware address, allowing the use of up to eight devices connected to 
the 12 C bus without additional hardware. Address, control and data to and from the device are 
transferred serially via the two-line bidirectional bus (1 2 C). 

The functions of the device include analogue input multiplexing, on-chip track and hold function, 
8-bit analogue-to-digital conversion and an 8-bit digital-to-analogue conversion. The maximum conversion 
rate is given by the maximum speed of the 12 C bus. 

FEATURES 

• Single power supply 
• Operating supply voltage 2,5 V to 6 V 
• Low standby current 
• Serial input/output via 12 C bus 
• Address by 3 hardware address pins 
• Sampling rate given by 12 S bus speed 
• 4 analogue inputs programmable as single-ended or differential inputs 
• Auto-incremented channel selection 
• Analogue voltage range from Vss to Voo 
• On-chip track and hold circuit 
• 8-bit successive approximation A/D conversion 
• Multiplying DAC with one analogue output 

APPLICATIONS 

Closed loop control systems; low power converter for remote data acquisition; battery operated 
equipment; acquisition of analogue values in automotive, audio and TV applications. 

PACKAGE OUTLINES 

PCF8591P:16-lead OIL; plastic (SOT-38). 
PCF8591T:16-lead mini-pack; plastic (S0-16L; SOT-162A). 
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RESET 
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I OSCILLATOR 
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Fig. 1 Block diagram. 

DAG DATA 
REGISTER 

ADC DATA 
REGISTER 

SUCCESSIVE APPROXIMATION 
REGISTER/LOGIC 

DAG 
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AGND 
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01 
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Voo 

AOUT 

VREF 

AGND 
PCF8591 

EXT 

osc 

SCL 

7Z80959.1 

Fig. 2 Pinning diagram. 

FUNCTIONAL DESCRIPTION 

Adressing 

PINNING 

~: ~:~~ l 
3. AIN2 
4. AIN3 

5. AO I 
6. A1 f 
7. A2 
s. Vss 
9. SDA 

10. SCL 
11. osc 
12. EXT 
13. AGND 
14. VREF 
15. AOUT 
16 v00 

analogue inputs 
(A/D converter) 

hardware address 

negative supply voltage 
12 C bus data input/output 
12 C bus clock input/output 
oscillator input/output 
external/internal switch for oscillator input 
analogue ground 
voltage reference input 
analogue output ( D/ A converter) 
positive supply voltage 

Each PCF8591 device in an 12 C bus system is activated by sending a valid address to the device. The 
address consists of a fixed part and a programmable part. The programmable part must be set according 
to the address pins AO, A 1 and A2. The address always has to be sent as the first byte after the start 
condition in the 12 C bus protocol. The last bit of the address byte is the read/write-bit which sets the 
direction of the following data transfer (see Figs 3 and 10). 

MSB LSB 

I 1 I a I a I 1 I A2 I A1 I Ao IR1wj 

fixed part programmable part 7280960 

Fig. 3 Address byte. 

Control byte 

The second byte sent to a PCF8591 device will be stored in its control register and is required to 
control the device function. 

The upper nibble of the control register is used for enabling the analogue output, and for programming 
the analogue inputs as single-ended or differential inputs. The lower nibble selects one of the analogue 
input channels defined by the upper nibble (see Fig. 4). lf the auto-increment flag is set the channel 
number is incremented automatically after each A/D conversion. 

The selection of a non-existing input channel results in the highest available channel number being 
allocated. Therefore, if the auto-increment flag is set, the next selected channel will be always channel 0. 
The most significant bits of both nibbles are reserved for future functions and have to be set to 0. 
After a power-on reset condition all bits of the control register are reset to 0. The DI A converter and 
the oscillator are disabled for power saving. The analogue output is switched to a high impedance state. 



PCF8591 J 
MSB 

I 0 x x 

1228 

x 0 

LSB 

x CONTROL BYTE 

L A/D CHANNEL NUMBER: 

00 channel O 
01 channel 1 
10 channel 2 
11 channel 3 

AUTOINCREMENT FLAG: 

(switched on if 1) 

ANALOGUE INPUT PROGRAMMING: 

00 Four single ended inputs 

AINO ------- channel O 
AIN1 channel 1 
AIN2 channel 2 
AIN3 channel 3 

01 Three differential inputs 

AINO !=+ channel o 

AIN1 = channel 1 

AIN 2 + channel 2 
AIN3 -

10 Single ended and differential mixed 

AINO channel O 
AIN1 channel 1 

AIN2=t>-
channel 2 

AIN3 -

11 Two differential inputs 

+ channel O AINO=t>-
AIN1 -

AIN2=t>--= channel 1 
AIN3 

ANALOGUE OUTPUT ENABLE FLAG: 

(analogue output active if 1) 

Fig. 4 Control byte. 

7Z80961 
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DIA conversion 
The third byte sent to a PCF8591 device is stored in the DAC data register and is converted to the 
corresponding analogue voltage using the on-chip D/ A converter. This D/ A converter consists of a 
resistor divider chain connected to the external reference voltage with 256 taps and selection switches. 
The tap-decoder switches one of these taps to the DAC output line (see Fig. 5). 

The analogue output voltage is buffered by an auto-zeroed unity gain amplifier. This buffer amplifier 
may be switched on or off by setting the analogue output enable flag of the control register. In the 
active state the output voltage is held until a further data byte is sent. 

The on-chip D/ A converter is also used for successive approximation A/D conversion. In order to 
release the DAC for an A/D conversion cycle the unity gain amplifier is equipped with a track and 
hold circuit. This circuit holds the output voltage while executing the A/D conversion. 

The output voltage supplied to the analogue output AOUT is given by the formula shown in Fig. 6. 
The waveforms of a DI A conversion sequence are shown in Fig. 7. 

VREF DAG OUT 

R256 

R255 
FF 

+---- D7 
D6 

TAP 
DECODER 

02 

DO 

01 

AGND 

00 

7280962 

Fig. 5 DAC resistor divider chain. 
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PROTOCOL S 

VAGND 

MSB LSB 

J D7 J Ds J Ds J D4 J D3 J D2 J D1 J Do J 
DAG data 
register 

VREF - V AGND 7 . i 
V AOUT = V AGND + 256 . ! D1 x 2 

1=0 

7Z8096J 

Vss+--oro---lor1-0+2~or3~Qr4~~~~~~~~FrE-F+F~H-E .... XCODE 

Fig. 6 DAC data and d.c. conversion characteristics. 

ADDRESS 0 A CONTROL BYTE A DATA BYTE 1 A 

scL1nn nnn 
\_/1LJ2L_ _JalJg\_/1 l_ 

HIGH IMPEDANCE STATE OR 
PREVIOUS VALUE HELD IN DAG REGISTER 

7280964 

PREVIOUS VALUE 
HELD IN DAG 
REGISTER 

Fig. 7 DI A conversion sequence. 
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DATA BYTE 2 A 

J1Jl 

VALUE OF 
DATA BYTE 1 

time 
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A/D conversion 
The A/D converter makes use of the successive approximation conversion technique. The on-chip D/ A 
converter and a high gain comparator are used temporarily during an AID conversion cycle. 

An A/D conversion cycle is always started after sending a valid read mode address to a PCF8591 device. 
The A/D conversion cycle is triggered at the trailing edge of the acknowledge clock pulse and is 
executed while transmitting the result of the previous conversion (see Fig. 8). 

Once a conversion cycle is triggered an input voltage sample of the selected channel is stored on the 
chip and is converted to the corresponding 8-bit binary code. Samples picked up from differential 
inputs are converted to an 8-bit two's complement code (see Fig. 9). The conversion result is stored 
in the ADC data register and awaits transmission. If the auto-increment flag is set the next channel is 
selected. 

The first byte transmitted in a read cycle contains the conversion result code of the previous read cycle. 
After a power-on reset condition the first byte read is a hexadecimal 80. The protocol of an 12 C bus 
read cycle is shown in Fig. 10. 

The maximum A/D conversion rate is given by the actual speed of the 12 C bus. 

scL 1 n n n n n U1U2L _laUsU1L 

SDA l 
L SAMPLING 

BYTE 1 

CONVERSION 
OF BYTE 1 

TRANSMISSION 
OF PREVIOUSLY 
CONVERTED BYTE 

LSAMPLING 
BYTE 2 

CONVERSION 
OF BYTE 2 

TRANSMISSION 
OF BYTE 1 

Fig. 8 A/D conversion sequence. 

JUL 

CONVERSION 
OF BYTE 3 

TRANSMISSION 
OF BYTE 2 

7Z80965 
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HEX 

CODE 

FF 

FE VREF - VAGND 

256 

/ 
/ 

/ 

7 ZB0966 

71-

254 255 VAIN - VAGND 

VLSB 

Fig. 9a A/D conversion characteristics of single-ended inputs. 

; 

HEX 
CODE 

7F 

7E 

___Li_,' 81 

80 

--- 126 127 

7ZB0967 

VAIN+ - VAIN

- VLSB 

VREF - VAGND 
VLSB = 256 

Fig. 9b A/D conversion characteristics of differential inputs. 
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8-bit A/D and D/A converter (- PCF8591 

Reference voltage 

For the DI A and A/D conversion either a stable external voltage reference or the supply voltage has to 
be applied to the resistor divider chain (pins VREF and AGND). The AGND pin has to be connected 
to the system analogue ground and may have a d.c. off-set with reference to V55. 

A low frequency may be applied to the VREF and AGND pins. This allows the use of the D/A conver
ter as a one-quadrant multiplier; see Application Information and Fig. 6. 

The A/D converter may also be used as a one or two quadrant analogue divider. The analogue input 
voltage is divided by the reference voltage. The result is converted to a binary code. In this application 
the user has to keep the reference voltage stable during the conversion cycle. 

Oscillator 

An on-chip oscillator generates the clock signal required for the A/D conversion cycle and for refreshing 
the auto-zeroed buffer amplifier. When using this oscillator the EXT pin has to be connected to V55. 
At the OSC pin the oscillator frequency is available. 

If the EXT pin is connected to Voo the oscillator output OSC is switched to a high impedance state 
allowing the user to feed an external clock signal to OSC. 

Bus protocol 

After a start condition a valid hardware address has to be sent to a PCF8591 device. The read/write 
bit defines the direction of the following single or multiple byte data transfer. For the format and the 
timing of the start condition (S), the stop condition (P) and the acknowledge bit (A) refer to the 
12 C bus characteristics. In the write mode a data transfer is terminated by sending either a stop condition 
or the start condition of the next data transfer. 
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Acknowledge Acknowledge Acknowledge 
from PCF8591 from PCF8591 from PCF8591 

I 
l l l 

I s ADDRESS 0 A CONTROL BYTE A DATABYTE A P,S 
--

N=OtoM 
DATA BYTES 

7280968 

Fig. 10a Bus protocol for write mode, DIA conversion. 

Acknowledge 
from PCF8591 

Acknowledge 
from master 

No acknowledge 

l 
s ADDRESS A DATA BYTE 

N=OtoM 
DATA BYTES 

l 
A LAST DATA BYTE 

Fig. 1 Ob Bus protocol for read mode, AID conversion. 

1234 A"'""' 19861 

p 

7280969 



~~~8--bi-tA-/D-a-nd_D_~_c_on-ve-rt-er~~~~~~~~~--Jl __ ~P-C_F_8_59-1~~~ 

~ c 
1-z 
w 
:E 
l:l. 
0 
..J 
w 
> w 
c 

CHARACTERICS OF THE 12 C BUS 

The 12 C bus is for bidirectional, two-line communication between different !Cs or modules. The two 
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a 
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy. 

Bit transfer 
One data bit is transfered during each clock pulse. The data on the SDA line must remain stable during 
the HIGH period of the clock pulse as changes in the data line at this time will be interpreted as a 
control signal. 

Start and stop conditions 

data line 
stable: 

data valid 

change 
of data 
allowed 

Fig. 11 Bit transfer. 

7287019 

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the 
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of 
the data line while the clock is HIGH, is defined as the stop condition (P) . 

r----, r---, 
I I I 

SDA --/\ I r=== I 
I I SDA 
I 

I I I 
I I 

\ ;---\ I 
I 

SCL I I I SCL I s I I 
I I I L ___ _J L ___ _I 

start condition stop condition 
7Z87005 

Fig. 12 Definition of start and stop condition. 
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System configuration 

A device generating a message is a "transmitter", a device receiving a message is the "receiver". The 
device that controls the message is the "master" and the devices which are controlled by the master 
are the "slaves". 

SDA~~~~~..--~~~~~~-....~~~~~~--.-~~~~~~_,.~~~~~~-1~ 

SCL~..--~~~+-~~~~~~-t-~~--.-~~~-t-~~_,.~~~---t~~-1~~~-;~ 

MASTER 
TRANSMITIER/ 

RECEIVER 

Acknowledge. 

SLAVE 
RECEIVER 

SLAVE 
TRANSMITTER/ 

RECEIVER 

Fig. 13 System configuration. 

MASTER 
TRANSMITTER 

MASTER 
TRANSMITTER I 

RECEIVER 

7Z87004 

The number of data bytes transfered between the start and stop conditions from transmitter to 
receiver is not limited. Each data byte of eight bits is followed by one acknowledge bit. The acknow
ledge bit is a HIGH level put on the bus by the transmitter whereas the master also generates an extra 
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge 
after the reception of each byte. Also a master must generate an acknowledge after the reception of 
PRCh byte that has been clocked out of the slave transmitter. The device that acknowledges has to pull 
down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW during the 
HIGH period of the acknowledge related clock pulse. A master receiver must signal an end of data to 
the transmitter by not generating an acknowledge on the last byte that has been clocked out of the 
slave. In this event the transmitter must leave the data line HIGH to enable the master to generate a 
stop condition. 

SCL FROM 
MASTER 

DATA OUTPUT 
BY TRANSMITTER 

DATA OUTPUT 
BY RECEIVER 

start 
condition 

I 
I 

clock pulse for 
acknowledgement 

t 
__ ___/a'\__/s\_ 

~1 ~x'---_K~~Y.~_1 
I 
s 

~ 
7287007 

Fig. 14 Acknowledgement on the 12 C bus. 
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Timing specifications 
All the timing values are valid within the operating supply voltage and ambient temperature range and 
refer to V1 Land V1 H with an input voltage swing of Vss to VDD· 

parameter symbol min. typ. max. unit 

SCL clock frequency fscL - - 100 kHz 

Tolerable spike width on bus tsw - - 100 ns 

Bus free time tsuF 4,0 - - µs 

Start condition set-up time tsu; STA 4,0 - - µs 

Start condition hold time tHD;STA 4,7 - - µs 

SCL LOW time tLOW 4,7 - - µs 

SCL HIGH time tHIGH 4,0 - - µs 

SCL and SDA rise time tR - - 1,0 µs 

SCL and SDA fall time tF - - 0,3 µs 

Data set-up time tsu; DAT 250 - - ns 

Data hold time tHD; DAT 0 - - ns 

SC L LOW to data out valid tvD; DAT - - 3,4 µs 

Stop condition set-up time tsu;STO 4,0 - - µs 

START BIT 7 BITS BITO ACKNOW- STOP 
PROTOCOL CONDITION MSB LSB LEDGE CONDITION 

(S) (A7) (AS) (R/W) (A) (P) 

tsu;STA tLow tHIGH 1/fscL 

SCL I 
I __ J 

tBuF tR 

SDA 

7Z81193. I tHD;STA tsu;DAT tHD;DAT 

Fig. 15 12 C bus timing diagram. 
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PCF8591 J 
RATINGS 

Limiting values in accordance with the Absolute Maximum System (IEC 134) 

Supply voltage range Voo 

Voltage on any pin V1 

Input current d.c. 11 

Output current d.c. 
.. 

10 

Voo or Vss current 100, iss 

Power dissipation per package Ptot 

Power dissipation per output p 

Storage temperature range Tstg 

Operating ambient 
temperature range Tamb 

Note: 

max . 

max. 

max. 

max. 

max. 

-0,5 to +8,0 V 

-0,5 to Voo +0,5 v 

10 mA 

20 mA 

50 mA 

300 mW 

100 mW 

-65 to +150 oc 

-40 to +85 oc 

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be 
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see 
'Handling MOS devices'). 

CHARACTERISTICS 

Voo = 2,5 V to 6 V; Vss = 0 V; Tamb = -40 oc to +85 oc unless otherwise specified 

-·---·--------~ 

parameter 

Supply 

Supply voltage 

Supply current 

Supply current 

Supply current 

Power-on reset level 

conditions symbol 

operating Voo 

standby 
V1 = Vss or Voo; 
no load I ODO 

operating; AOUT off; 
tscL = 100 kHz 1001 

AOUT active; 
tscL = 100 kHz 1002 

note 1 VpoR 

Digital inputs/output SCL, SDA, AO, A 1, A2 

Input voltage 

Input voltage 

Input current 

LOW 

HIGH 

leakage; 
V1 = Vss to Voo 

0,7 

Input capacitance 

SDA output current 

11 

C1 

reakage; i lHIGH at VoH =Voo IOH 

SDA output_c_u_r_re_n_t_ LOW at Vo~~ O,~-~- ~-=---

min. typ. max. 

2,5 - 6,0 

- 1 15 

- 125 250 

- 0,45 1,0 

0,8 - 2,0 

0 - o,3 x Voo 

x voo - Voo 

- - 250 

- - 5 

- - 250 

3,0 - -

unit 

v 

µA 

µA 

mA 

v 

v 

v 

nA 

pF 

nA 

mA 
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8-bit A/D and D/A converter PCF8591 

parameter conditions symbol min. typ. max. 

Reference voltage inputs VREF. AGND 

Voltage range reference VREF VAGND - Voo 
Voltage range analogue ground V ACJND Vss - VREF 
Input current leakage 11 - - 250 
Input resistance VREF to AGND RAEF - 100 -

Oscillator OSC, EXT 

Input current leakage 11 - - 250 

Oscillator frequency tosc 0,75 - 1,25 

D/A CHARACTERISTICS 

Voo = 5,0 V; Vss = 0 V; VREF = 5,0 V; VAGND = 0 V; R1oad = 10 kn; C1oad = 100 pf; 
Tamb = -40 oc to +85 oc unless otherwise specified 

parameter conditions symbol min. typ. max. 

Analogue output 

Output voltage range no resistive load VOA Vss - Voo 
Output voltage range R1oad = 10 kn VOA vss - 0,9xVoo 

Output current leakage; 
AOUT disabled ILQ - - 250 

Accuracy 

Offset error Tamb = 25 °C OSe - - 50 

Linearity error Le - - ±1,5 

Gain error no resistive load Ge - - 1 

Settling time to% LSB full 
scale step tOAC - - 90 

Conversion rate foAc - - 11 '1 
Supply noise rejection at f = 100 Hz; 

Voo = 0,1 Vpp SNRR - 40 -

unit 

v 

v 

nA 

kn 

nA 

MHz 

unit 

v 

v 

nA 

mV 

LSB 

% 

µs 

kH.z 

Jds 
··-
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A/D CHARACTERISTICS 

Voo = 5,0 V; Vss = 0 V; VREF = 5,0 V; VAGND = 0 V; Rsource = 10 kn; Tamb = -40 °c to +85 °c 
unless otherwise specified 

parameter conditions symbol min. typ. max. unit 

Analogue inputs 

Input voltage range V1A Vss - Voo v 
Input current leakage l1A - - 100 nA 

Input capacitance C1A - 10 - pF 

Input capacitance differential C10 - 10 - pF 

Single-ended voltage measuring range V1s VAGND - VREF v 
Differential voltage measuring range; 

VFS = VREF -VFS +VFS 
-VAGND V10 - v 

2 2 

Accuracy 

Offset error Tamb = 25 °c OSe - - 20 mV 

Linearity error Le - - ±1,5 LSB 

Gain error Ge - - 1 % 

Gain error smal I-signal; 
~VIN= 16 LSB GSe - - 5 % 

Rejection ratio common-mode CMRR - 60 - dB 

Supply noise rejection atf=100Hz; 
VooN = 0,1xVpp SNRR - 40 - dB 

Conversion time tADC -- - 90 µ,s 

Sampling/conversion rate fADC - - 11, 1 kHz 

Note 

1. The power on reset circuit resets the I 2C bus logic when Voo is less than VPOR· 
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8-bit A/D and D/A converter 

7Z94726 
200~~-~-~~c--~--~,----, 

loo 
(µA) 

1501----+---t--~-+----<----1---+--rV"'___..L. 

~ 
100 /---+---+ 

501---+---t---+----i--t---+--+-----1 

Oi---+---+---+----<--t--~-+--_, 

2 4 5 6 
Voo!VI 

(a) internal oscillator; T amb = + 27 °c. 

PCF8591 

160~---~-~-~-~---7_Z_94_7~27 

loo 
(µA) 

1201----+---f---+-----+---+--+---l---J 

-- k2 
80 t----+----+- -- - 40 o~ 

~85°c 

~ 40f----t:,_,...."'f--t---t--+-+--f----I 
+ 27 °c 

3 4 5 6 
Voo (VI 

(b) external oscillator. 

Fig. 16 Operating supply current against supply voltage (analogue output disabled). 

500 7Z94728 

a 
1l 
iii 400 al 
0. 

.§ 
~ 

" e 300 
\ 

" 0 

~ 
0 

200 

100 

01--~-+-+----+----<--+--t--~~---1 

00 02 04 06 08 OA 
hex input code 

(a) output impedance near negative power rail; 
T amb = + 27 oc. 

1Z94729 
500c--·---~~--~~~--~ 

~ ~ 400t----t-----t--t---t----r-;----;---f--t-----! 

~ 
.§ 

~ 3001--t---+-+---+---+-+---+-----!l-,17,~,__, 
<( 

c z 
2001---t----r-;-----t---f--t---t----ic+---+----1 

100 l----+--+----+---+--cl--'r---+~--71JL~r---+---I 
01--~-+-+----+----i--+--t----i-~---1 

BO co DO EO FO FF 
hex input code 

(b) output impedance near positive power rail; 
Tamb = + 27 oc. 

Fig. 17 Output impedance of analogue output buffer (near power rails). 

The x-axis represents the hex input-code equivalent of the output voltage. 
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APPLICATION INFORMATION 

Inputs must be connected to Vss or Voo when not in use. Analogue inputs may also be connected to 
AGND or VREF· 

In order to prevent excessive ground and supply noise and to minimize cross-talk of the digital to 
analogue signal paths the user has to design the printed-circuit board layout very carefully. Supply 
lines common to a PCF8591 device and noisy digital circuits and ground loops should be avoided. 
Decoupling capacitors(> 10 µF) are recommended for power supply and reference voltage inputs. 

vDD vDD 
vDD +H 

vDD 
AINO AOUT 

AIN1 VREF 

AIN2 AGND 
vDD 

AIN3 EXT 

AO 
PCF8591 

osc 

A1 SCL 

A2 SDA 
Vss 

vDD 

vDD 
VouT AINO AOUT 

AIN1 VREF 

AIN2 AGND 

AIN3 EXT 

AO PCF8591 osc 

A1 SCL 

A2 SDA 
Vss 

vDD 

~ANALOGUE GROUND 

j_ DIGITAL GROUND 

MASTER 
TRANSMITTER 

August 1986 J 
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Fig. 18 Application diagram. 

Purchase of Philips' 12 C components conveys a license under the 
Philips' 12 C patent to use the components in the 12 C-system 
provided the system conforms to the 12 C specification defined 
by Philips. 
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GENERAL INFORMATION 

INTRODUCTION 
The following information applies to all 
packages unless otherwise specified on in· 
dividuel package outline drawings. 

General 
1. Dimensions shown are metric units (mil

limeters), except those in parentheses 
which ere English units (inches). 

2. Leed spacing shell be measured within 
this zone. 
e. Shoulder and lead tip dimensions are to 

centerline of leads 

3. Tolerances non-cumulative 
4. Thermal resistance values are deter· 

mined by utilizing the linear temperature 
dependence of the forward voltage drop 
across :he substrate diode in a digital 
device to monitor the junction tempera· 
lure rise during known power applica
tion across Vee end ground. The values 
are based upon 120 mils square die for 
plastic packages and a 90 mils square 
die in the smallest available cavity for 
hermetic packages. All units were sol
der mounted to P.C. boards, with stan
dard stand-off, for measurement. 

PLASTIC PACKAGES 

NO. OF LEADS 

Plastic Dual-ln·Llne 

14 
16 
18 
20 
24 
28 

SO Packages 

16 
20 

Plastlc Only 
5. Lead material: Olin 194 (copper alloy) or 

equivalent, solder dipped. 
6. Body material: Plastic (epoxy) 
7. Round hole in top corner denotes lead 

No. 1. 
8. Body dimensions do not include mold

ing flash. 
9. SO packages-microminiature pack

ages: 
a. Lead material: Olin 194 (copper alloy) or 

equivalent. solder dipped 

Body material: Plastic (epoxy). 

Hermetic Only 
10. Lead materiel 

a ASTM alloy F-15 (KOVftR) or equivalent
gold plated. tin plated, or so;der dipped. 

ASTM alloy F·30 (Alloy 42) or equi\lelent
tin plated. gold plated or solder dipped. 

c ASTM alloy F-15 (KOVAR) or equi\lelent
gold plated 

11. Body Material 
e. Eyelet. ASTM alloy F· 15 or equ!velent

gold or tin plated, wtas~ body 

b. Ceramic with glass seal at leads 

c. BeO ceramic with glass seal et leads 

Ceramic with ASTM alloy F·30 or equiv· 
alent. 

PACKAGE CODE 8Ja/8Jc (°C/W) 

NHA 95/33 
NJA 73133 
NKA 69/26 
NLA 65/26 
NNA 60/23 
NOA 56/21 

OJ tbd 
DL tbd 

PACKAGE 
OUTLINES 

12 Lid Materiel 
a Nickel or t1fl plated nickel, weld sea1 
b Ceramic. glass seal 
c ASTM al!oy F-15 or equivalent. gold p1ated, 

a11oy seai 

d BeO Ceramic wrlh gtess seal 

13 Signet1cs symbol. angle cul, or lead tab 
denotes Lead No. t. 

14 Recommended minimum offset before 
lead bend 

15. Maximum glass climb .010 inches. 
16 Maximum glass climb or lid skew 1s .010 

inches. 
17. Typical four places. 
18. Dimension also applies to seating plane. 

DESCRIPTION 

Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 
Cu Lead Frame 

S0·16L 
S0-20L 
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PACKAGE 
OUTLINES 

GENERAL INFORMATION (continued) 

HERMETIC PACKAGES 

NOTE 

NO. OF LEADS 

Flat Packs 
10 
10 
14 
14 
16 
16 
16 
18 
24 
24 
24 
28 
40 

Cerdip Family 
8 

14 
16 
18 
20 
22 
24 
28 

1. Dual-ln·Une packages unless otherwise described 

PACKAGE CODE 

OF 
WF 
OHA 
WH 
OJA 
RJA 
WJ 
RKA 
ONA 
RNA 
WN 
ROA 
RWA 

FE 
FH 
FJ 
FK 
FL 
FM 
FN 
FO 

Memory Package Codes consist of two or three alphas as follows: 

230/55 
240/50 
185/45 
205/50 
170145 
133/30 
200/50 
107/22 
155/44 
107/22 
155/40 
107/22 
95/20 

110/30 
110/30 
77130 
73/27 
72/25 
66/27 
63/26 
57/27 

DESCRIPTION' 

Flat Ceramic 
Flat Ceramic 
Flat Ceramic Laminate 
Flat Ceramic 
Flat Ceramic Laminate 
Flat Cerarl';C:, BeO 
Flat Ceramic 
Flat Ceramic, BeO 
Flat Ceramic Laminate 
Flat Ceamic, BeO 
Flat Ceramic 
Flat Ceramic, BeO 
Flat Ceramic, BeO 

DuaHn·Line Ceramic 
Dual-In-Line Ceramic 
Dual-ln·Line Ceramic 
Dual-In-Line Ceramic 
Dual-In-Line Ceramic 
Dual-In-Line Ceramic 
Dual-In-Line Ceramic 
Dual-In-Line Ceramic 

Package Type ----------------~_:::j,....-~~Kt_~A~E_~ Revision or other Slgnetlcs internal designator 
A = Plastic Leaded _ 
D =Small Outline Plastic DIP Humber of Pins 

1250 

F=Cerdip J=16 
G =Hermetic Leadless K= 18 
N =Plastic DIP L= 20 
R =Ceramic Flat Pack M = 22 
W = Cerpack Flat Pack N = 24 

0=28 
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HERMETIC: Cerdip 

FH 14 

FM 22 

FQ28 

C(J\S•Rur:TI0"'.'5 ....... ~ts 9, 10rl 11:. 

FL 20 

FN 24 

I I 
, 78 I "~HllL 
016•03~~-

058 I 0231 2 79' 1101 
ore~ 229'09o. 

CONSTRUCTION NOTES g, 1Qn 1 lr 

PACKAGE 
OUTLINES 

LEAD NO I 2~ 

1251 



PACKAGE 
OUTLINES 

HERMETIC: Cerdil 

124 
LEAD NO., IT 

D 
3-051. 1201 4.45(,1751 
rnToBoi nB'T2Si 

128 
LEAD NO. 1 

D I 
~.,,. .... ,,.....,, .... ...,..,,. ..... ,,,..,,,,.~~ 
I. 36.3211.4301 ____\1,78(.070'tt15.74 (.62~-

35.05 (1.3801 ____ --~ 14.98(.5901 

L"~·- ! H--J · 13'.:i_~51MIN I 12.951.5101 I 12.95(.5101 I ~ 

T ~-:i-
~ 0.20 (.0081 

1.65 (,065) I- d~ ~ I- 16.36 (.6441_1 
iiT6To3iii o.531.0211 I · 14.731.58011 

038(.0151 2.79(.1101 3.05(.1201 4.45(.175) 
l.521.0GOI . 229(0901 203(.080) 3.18(.1251 
1.14 {.045) . NO~ . 

CUMULATIVE 
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PACKAGE 
OUTLINES 

HERMETIC· . . Cerd1I (continued) 

148 

1 i---:::_::::~::r:;I::::::::i~~ 
J~~~~~~~~~~~~~~~~ii'~~~~~~~~~~-1 4

.32(0.160) 

-

~-05(0.120) 
1.524 (o.oeo1 I 
1.016 (0.040) _!__ 

jt 1.397(0.055) ~ 
0.782(0.030) t 1r 

2.54 BSC --- _, I j_'__ 0.330(0.013) .... ~. """"--, - ' ..... -......- ""'"' I• · om• '·""'~ -1- "~""' 14.99 (0.590) 

150 

CONSTRUCTION NOTES 10b, 11b, 12b 

NOTE: 
1. It solder dipped terminals used, terminal di . 

-------------------m~en~s~oo~n~to:l•:•:•n:c:es• m ma . 
y be increased by .001. 
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PACKAGE 
OUTLINES 

PLASTIC: Dual-in-line 

NLA 20 

0 

NNA24 

0 

6.40 (.252) 

6 22 (.~is;-

14.10 (.555) 

13j4 (.545i' 

LEAD NO. 1 

N 22 

0 

·LEAD NO. 1 

Ol 
8 94 !.352) 
8.45 (.345) 

...,....,.......-r-r.,....,...,.....,-,-,-,-,-r~.-r-.-"~j 

NQA28 
· l f AU 'lid 1 

0 

N 14, N 48, N 50, N 64 For current information contact local sales offices. 
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For products with prefixes: MAB, MAF, MEA, OM, PCD, 

PCF, SAA, TEA 

16-lead dual in line; plastic (SOT-38) ........................... 1257 
8-lead dual in-line; plastic (SOT-97AE, DE, EE) ................... 1258 
24-lead dual in-line; plastic (SOT-101A, B, F, G, L) ................ 1259 
18-lead dual in-line; plastic (SOT-102HE, HG, KE, ME, PG) ...•...... 1260 
28-lead dual in-line; plastic (SOT-117) .......................... 1261 
40-lead dual in-line; plastic (SOT-129) .......................... 1262 
28-lead dual in-line; ceramic (cerdip) (SOT-135A) 1263 
28-lead mini pack; plastic (S0-28; SOT-136A) .................... 1264 
20-lead dual in-line; plastic (SOT-146) .......................... 1265 
8-lead dual in-line; ceramic (cerdip) (SOT-151A) .................. 1266 
40-lead mini-pack; plastic (VS0-40; SOT-158A) ................... 1267 
16-lead mini-pack; plastic (S0-16L; SOT162A) .................... 1268 
20-lead mini-pack; plastic (S0-20; SOT-163A) ..................... 1269 
8-lead mini-pack; plastic (SO-SL; SOT-176) ...................... 1270 
44-lead plastic leaded chip-carrier (PLCC); (SOT-187A) ............. 1271 
68-lead plastic leaded chip-carrier (PLCC); (SOT-188A) ............. 1272 
56-lead mini-pack; plastic (VS0-56; SOT-215) .................... 1273 
40-lead dual in-line piggy back; plastic (SOT-215) .................. 1274 
144-pin grid array (PGA) ..................................... 1275 
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16-LEAD DUAL IN-LINE; PLASTIC (SOT-38) 

16 15 14 13 12 11 10 9 $ 
@ 

( 1) 

2 3 4 

top view 

(2) 

Dimensions in mm 

PACKAGE 
OUTLINES 
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I 0,32 I 
II max II 
II 111 

_f_~_r. 
, ___ 9,5 ___ , 

8,3 . 7Z55041.8 

Positional accuracy. 

Maximum Material Condition. 

Centre-lines of al I leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

Lead spacing tolerances apply 
from seating plane to the line 
indicated. 
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PACKAGE 
OUTLINES 

8-LEAD DUAL IN-LINE; PLASTIC (SOT-97AE, DE, EE) 
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Dimensions in mm 

1258 Ootob<" 19861 

5 top view 

-a,25max-

I I 
I I 

- J.l0,32 :1 
II max II 
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I i-11,s21-i I 

9,5 
8,3 7Z73585.5 

$ Positional accuracy. 

@ Maximum Material Condition. 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3). Only for devices with 
asymmetrical end-leads. 



PACKAGE 
OUTLINES 

'24-LEAD DUAL IN-LINE; PLASTIC (SOT-101A,B,F,G,L) 
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11 

II -+o.n 
11 

max 

111 

' t 

Dimensions in mm 
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0,53 
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-j+I o,2s4 (M)/ 111 

top view 

11 12 

Positional accuracy. 

Maximum Material Condition. 

Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

Index may be horizontal as shown, 
or vertical. 
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PACKAGE 
OUTLINES 

18-LEAD DUAL IN-LINE; PLASTIC (SOT-102HE, HG, KE, ME, PG) 
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Dimensions in mm 
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side view 

top view 

$ Positional accuracy. 

@ Maximum Material Condition. 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 



PACKAGE 
OUTLINES 

28-LEAD DUAL IN-LINE; PLASTIC (SOT-117) 

28 27 26 25 24 23 22 21 20 

131 

8 

l+--14,1 max 

side view 

I I 

11 :I 
11 I 

- ~0,32 I ii max :1 
'II 11 

' f----- l15,24J -----J 
---- 17~15 7Z73669.2 

15,90 

Dimensions in mm 

~111 

19 18 17 16 15 
top view 

10 11 12 13 14 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Index may be horizontal as shown, 
or vertical. 
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$ Positional accuracy. 

@ Maximum Material Condition. 

( 1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

4,7 
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top view 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(3) Index may be horizontal as shown, 
or vertical. 
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PACKAGE 
OUTLINES 

28-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-135A) 

.. 
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" Ci 
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28 

38,1 max 

27 26 25 24 23 22 21 20 19 18 

26x 
' . ' 

--1 ~ 1--

17 

5,84 
max 

- --- - --- - --- - --- - --- - --- ---- - --+-

11 top view 

15,9 max $ Positional accuracy. 

side view @ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 

-... I 
±0,254 mm. 

115,241 o to 1 s0 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

Dimensions in mm 
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PACKAGE 
OUTLINES 

28-LEAD MINI-PACK; PLASTIC (S0-28; SOT-136A) 

I 18J 
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I• 2,0_ 
max 

top view 

2,0 
max 

---- 9,25 ____ .. , 
8,75 

·----- 7,6 ----7,4 

o.3min[• , _____ 10,65 ____ _ 

10,0 

Dimensions in mm 

-$- Positional accuracy. 

@ Maximum Material Condition. 



PACKAGE 
OUTLINES 

20-LEAD DUAL IN-LINE; PLASTIC (SOT -146; 146C1) 
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Dimensions in mm 

4 5 6 7 

side view 

8 9 10 

$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 

(october 1986 1265 



PACKAGE 
OUTLINES 

8-LEAD DUAL IN-LINE; CERAMIC (CERDIP) (SOT-151A) 
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Dimensions in mm 
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$ Positional accuracy. 

@ Maximum Material Condition. 

(1) Centre-lines of all leads are 
within ±0, 127 mm of the nominal 
position shown; in the worst case, 
the spacing between any two leads 
may deviate from nominal by 
±0,254 mm. 

(2) Lead spacing tolerances apply 
from seating plane to the line 
indicated. 



PACKAGE 
OUTLINES 

40-LEAD MINI-PACK; PLASTIC (VS0-40; SOT-158A) 
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top view 

Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 

---- 15,0 max ----1 
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PACKAGE 
OUTLINES 

1268 

16-LEAD MINI-PACK; PLASTIC (S0-16L; SOT-162A) 

d- rn.~- I ~j§ 
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--~- 10,0 

top view 
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Dimensions in mm 

$ Positional accuracy. 

@ Maximum Material Condition. 



PACKAGE 
OUTLINES 

20-LEAD MINI-PACK; PLASTIC (S0-20; SOT-163A) 

top view 

- 2,0 Dimensions in mm 
max 

$ Positional accuracy. 

@ Maximum Material Condition. 
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OUTLINES 

8-LEAD MINI-PACK; PLASTIC (S0-8L; SOT-176) 

8 7 6 5 

Dimensions in mm 

1 2 3 4 
-$ Positional accuracy. 

@ M;iximum Material Condition. 

8,0max ---• 
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$ Positional accuracy. 

@ Maximum Material Condition 
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PACKAGE 
OUTLINES 

56-LEAD MINI-PACK; PLASTIC (VS0-56; SOT-190) 
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Dimensions in mm 

$- Positional accuracy. 

@ Maximum Material Condition. 

1,1max 

(November 1986 1273 



PACKAGE 
OUTLINES 

40-LEAD DUAL IN-LINE PIGGY BACK; PLASTIC (SOT-215) 
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144-PIN GRID ARRAY (PGA) 
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Soldering 

Plastic dual in-line (Dill packages .............................. 1279 
Plastic mini-pack (SO) packages ............................... 1279 
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SOLDERING 

Plastic dual in-line (DI L) packages 

1. By hand 

Apply the soldering iron below the seating plane (or not more than 2 mm above it). 
If its temperature is below 300 oc it must not be in contact for more than 10 seconds; if between 
300 °c and 400 °c, for not more than 5 seconds. 

2. By dip or wave 

The maximum permissible temperature of the solder is 260 oc; this temperature must not be in 
contact with the joint for more than 5 seconds. The total contact time of successive solder waves 
must not exceed 5 seconds. 
The device may be mounted up to the seating plane, but the temperature of the plastic body must 
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced 
cooling may be necessary immediately after soldering to keep the temperature within the permis
sible limit. 

3. Repairing soldered joints 

The same precautions and limits apply as in ( 1) above. 

Plastic mini-pack (SO) packages 

1. By hand-held soldering iron or pulse-heated solder tool 

Apply the heating tool to the flat part of the lead only. Contact time must be limited to 10 seconds 
at up to 300 oc. When using proper tools, all leads can be soldered in one operation within 2 to 5 
seconds at between 270 and 320 oc. (Pulse-heated soldering is not recommended for SO packages). 

For pulse-heated solder tool (resistance) soldering of VSO packages, solder is applied to substrate 
by dipping or by an extra thick tin/lead plating before package placement. 

2. By wave 

Maximum permissible solder temperature is 260 oc, and maximum duration of package immersion 
in solder bath is 10 seconds, if allowed to cool to less than 150 oc within 6 seconds. Typical dwell 
time is 4 seconds at 250 oc. 

A modified wave soldering technique is recommended, using two solder waves (dual-wave); a first 
turbulent wave with high upward pressure is followed by a smooth, laminar wave. A mildly activated 
flux will eliminate the need for removal of corrosive residues in most applications. 

3. By solder paste reflow 

Reflow soldering requires the solder paste (a suspension of fine solder particles, flux and binding 
agent) to be applied to the substrate by screen printing or pressure-syringe dispensing before device 
placement. 

Several techniques exist for reflowing, for example, thermal conduction by heated belt, infrared, 
and vapour-phase reflow. Dwell times vary between 8 and 60 seconds according to method. Typical 
reflow temperatures range from 215 to 250 oc. 

Pre-heating is necessary to dry paste and evaporate binding agent, and to reduce thermal shock on 
entry to reflow zone. 

4. Repairing soldered joints 

The same precautions and limits apply as in (1) above. 
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Argentina: PHILIPS ARGENTINA S.A., Div. Elcoma, Vedia 3892, 1430 BUENOS AIRES, Tel. (01) 541 - 7141 to 7747 . 
Australia: PHILIPS INDUSTRIES LTD., Elcoma Division, 11 Waltham Street, ARTARMON , N.S.W. 2064, Tel. (02)439 3322. 
Austria : 0STERREICHISCHE PHILIPS INDUSTRIE G.m.b.H., UB Bauelemente, Triester Str. 64, A-1101 WIEN , Tel. (0222) 6291 11 -0. 
Belgium: N.V. PHILIPS & MBLEASSOCIATED, 80 Rue Des Deux Gares. B-1070 BRUXELLES, Tel. (02) 525-61 -11. 
Brazil: CONSTANTA- IBRAPE; (Active Devices): Av. Brigadeiro Faria Lima, 1735-SAO PAULO-SP, Tel. (011) 211-2600, 

(Passive Devices & Materials): Av. Francisco Monteiro, 702 - RIBEIRAO PIRES-SP, Tel. (011) 459-8211 . 
Canada: PHILIPS ELECTRONICS LTD., Elcoma Division, 601 Milner Ave., SCARBOROUGH, Ontario, Ml B 1 MB, Tel. (416) 292-5161. 
Chile: PHILIPS CHI LENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. (02) 773816. 
Colombia: IND. PHILIPS DE COLOMBIAS.A., c/o IPRELENSO LTD., Cra. 21, No. 56-17, BOGOTA, D.E., Tel. (01) 2497624. 
Denmark: MINIWATT NS, Strandlodsvej 2 , P.O. Box 1919, DK 2300 COPENHAGEN S, Tel. (01) 541133. 
Finland: OY PHILIPS AB, Elcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. (90) 17271. 
France: RTC-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. (01) 43 38 80 00. 
Germany (Fed. Republic): VALVO, UB Bauelemente der Phil ips G.m.b.H., Valvo Haus. Burchardstrasse 19, D-2 HAMBURG 1, Te l. (040) 3296-0. 
Greece: PHILIPS HELLENIQUE S.A. , Elcoma Division, No. 15, 25th March Street, GR 17778TAVROS, Tel. (01 ) 4894339/4894 911. 
Hong Kong : PHILIPS HONG KONG LTD., Elcoma Div., 15/ F Philips Ind. Bldg ., 24-28 Kung Yip St. , KWAI CHUNG, Tel. (0)-245121. 
India: PEICO ELECTRONICS & ELECTRICALS LTD. , Elcoma Dept., Band Box Building , 

254-D Dr. Annie Besant Rd:, BOMBAY - 400025, Tel. (022) 4930311 /4930590. 
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Div., Setiabudi II Building, 6th Fl. , Jalan H.R. Rasuna Said (P.O. Box 223/KBY) Kuningan, 

JAKARTA 12910, Tel. (021) 51 7995. 
Ireland: PHILIPS ELECTRICAL (IRELAND) LTD., Elcoma Division , Newstead, Clonskeagh , DUBLIN 14, Tel. (01) 693355. 
Italy: PHILIPS S.p.A. , Div. Componenti Elcoma, Piazza IV Novembre 3, 1-20124 MILANO, Tel. (02) 6752.1 . 
Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bldg ., 26:33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. (03) 448-5611 . 

(IC Products) SIGNETICS JAPAN LTD .. 8-7 Sanbancho Chiyoda-ku, TOKYO 102, Tel. (03) 230-1521. 
Korea (Republic of): PHILIPS ELECTRONICS (KOREA) LTD .. Elcoma Div., Philips House, 260-199 ltaewon-dong, Yongsan-ku, SEOUL, 

Tel. (02) 794-5011. 
Malaysia: PHILIPS MALAYSIASDN BHD, Elcoma Div., 345 Jalan Gelugor, 11700 PU LAU Pl NANG, Tel. (04) 870044. 
Mexico: ELECTRONICA, S.A de C.V., Carr. Mexico-Toluca km . 62 .5, TOLUCA, Edo. de Mexico 50140, Tel. Toluca 91 (721) 613-00. 
Netherlands: PHILIPS NEDERLAND, Marktgroep Elonco, Postbus 90050, 5600 PB EINDHOVEN, Tel. (040) 7837 49. 
New Zealand: PHILIPS NEW ZEALAND LTD., Elcoma Division, 110 Mt. Eden Road , C.P.O. Box 1041, AUCKLAND, Te l. (09) 605-914 . 
Norway: NORSK NS PHILIPS, Electronica Dept. , Sandstuveien 70, OSLO 6, Tel. (02) 680200. 
Pakistan : PHILIPS ELECTRICAL CO. OF PAKISTAN LTD., Phil ips Markaz, M.A. Jinnah Rd ., KARACHl-3, Tel. (021) 725772. 
Peru: CADESA, Av. Alfonso Ugarte 1268, LIMA 5, Tel. (014) 326070. 
Philippines: PHILIPS INDUSTRIAL DEV INC. , 2246 PasongTamo, P.O. Box 911 , Makati Comm. Centre, MAKATl-RIZAL 3116, Tel. (02) 868951to59. 
Portugal: PHILIPS PORTUGUESA S.A.R.L. , Av. Eng. Duarte Pacheco 6, 1009 LISBOA Codex, Tel. (019) 6831 21. 
Singapore: PHILIPS PROJECT DEV. (Singapore) PTE LTD., Elcoma Div., Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 3502 000. 
South Africa: S.A. PHILIPS (Pty) LTD., EDAC Div., 3rd Floor Rainer House, Upper Railway Rd . & Ove St., New Doornfontein, JOHANl'\ESBURG 2001, 

• Tel. (011) 402-4600/07. 
Spain : MINIWATT S.A. , Balmes 22 , BARCELONA 7, Te l. (03) 3016312. 
Sweden: PHILIPS KOMPONENTERA.B., Lidingovagen 50, S-11584 STOCKHOLM 27, Tel. (08) 7821000. 
Switzerland: PHILIPS A.G .. Elcoma Dept. , Allmendstrasse 140-142, CH-8027 ZURICH, Tel. (01) 4882211. 
Taiwan: PHILIPS TAIWAN LTD. , 150Tun Hua North Road, P.O. Box 22978 , TAIPEI, Taiwan, Tel. (02) 7120500. 
Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD., 283 Silom Road, P.O. Box 961 , BANGKOK, Tel. (02) 233-6330-9. 
Turkey: TUR K PHILIPS TICARET A.S., Elcoma Department, Inonu Cad., No. 78-80, 80090 Ayazpasa ISTANBUL, Tel. (01) 1435910. 
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E ?HD, Tel. (01) 5806633 . 
United States: (Active Devices & Materials) AM PER EX SALES CORP., Providence Pike, SLATERSVILLE, A.I. 02876, Tel. (401) 762-9000. 

(Passive & Electromech. Dev.) MEPCO/CENTRALAB, INC. , 2001 West Blue Heron Blvd, RIVIERA BEACH, Florida 33404 , 
Tel. (305) 881 -3200. 
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, CA 94088-3409, Tel. (408) 991-2000. 

Uruguay: LUZILECTRON S.A. , Avda Uruguay 1287, P.O. Box 907, MONTEVIDEO, Tel. (02) 985395. 
Venezuela: IND. VENEZOLANAS PHILIPS S.A. , c/o MAGNETICA S.A. , Calle 6, Ed. Las Tres Jotas, App. Post. 78117. CARACAS. Tel. (02) 2393931 . 

For all other countries apply to: Philips Electronic Components and Materials Division , International Business Relations, P.O. Box 218, 
5600 MD EINDHOVEN, The Netherlands, Telex 35000 phtcnl 
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