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Section 1 Read Only Memories 

General Instrument Microelectronics offers a complete 
line of reliable mask programmed, Read Only Memories, 
manuf actured in both NMOS and CMOS processes. These 
memory products are fully static and range in density 
from 16K bits to 1 megabit. 

Section 2 E"lectrically Erasable Programmable 
Read Only Memories 

General Instrument Microelectronics offers a broad 
line of highly reliable +5V only, N-channel, utility 
EEPROMs including parallel access, serial access and 
Inter-Integrated Circuit (I2C) compatible devices. 
Application - specific EEPROMs, including a non
vol at ile counter and a micY'ocomputer with on-board 
EEPROM memory, are also available in both commercial 
and industrial temperature ranges. 

Section 3 Sales Offices 

Worldwide field sales off ices are located throughout 
the U.S. J Europe and Asia. Contact the office 
nearest you for further information regarding General 
Instrument Microelectronics products. 
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SECTION 1 

READ ONLY MEMORIES 

Description 

32K ROM organized 4K x 8 

64K ROM organized 8K x 8 

128K ROM organized 16K x 8 

256K ROM organized 32K x 8 

512K ROM organzied 64K x 8 

Megabit ROM organized 128K x 8 

Part Page 
Number Number 

R09432 1-3 

R09433 1-6 

R09464 1-9 

R094164 1-9 

R09864 1-12 

R09128 1-16 

R09256 1-22 

ROC256 1-28 

R09512X 1-34 

ROC512X 1-41 

R09100X 1-48 

ROCI00X 1-55 
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[ INS~~~~ R09432B/~ 
2~2, 768 BIT STATIC READ ONLY MEMORY 

FEATURES: 

- 4096 x 8 organization 
- Fully static operation - no clocks required 
- Single +5V +10% supply 
- 450ns access time: R094~2B 

- 300ns access time: R09432C 
- 250ns access time: R094~2DS 

- 200ns access time: R09432D 
- Inputs and outputs TTL compatible 
- Three state outputs - under the control of two 

mask programmable chip select inputs 
.. Output drive capability of 2 TTl loads 100pf 
- Low power dissipation 
- Totally automated custom programming 
- Pin compatible with 2532 EPROM 
- [SO protection: Inputs are designed to meet 2.~KV 

per test method 3015.1, MIL-STD883 

OESCRIPTION 

The R09432 is a 32,768 bit fully static Read Only 
tvlemory uti 1 izing MOS N-Challlle I Sil icon Gate 1011 

Implanted technology. It is organized 4096 words 
by 8 bits alld operates from a single +5 Volt power 
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GENERAL 
INSTRUMENT R09432B/C/DS/D 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
VCC and Inut Voltages (with Respect 

to GND) •••••••••••••••••••••••••• -0.5V to +7.0V 
Storage Temperature ••••••••.•••••• -65°C to +150°C 

Standard Conditions (unless otherwise noted): 
VCC = +5V .:t1m~ 
Operating Temperature TA = DoC to +70°C 
Output Loading Two TTL Loads + CL TOTAL = 100pf 

DC CHARACTERISTICS 

Characteristics Sym Min Typ 

Input Low Voltage VIL -0.5 -
Input High Voltage VIH 2.0 -
Input Load Current IlL - -
Output Low Voltage VOL - -
Output High Voltage VOH 2.4 -
Output Leakage Current ILO - -
Power Supply Current ICC - -

AC CHARACTERISTICS 
R09432B R09432C 

Characteristic Sym Min Max Min Max 

Address Access Time t ACC - 450 - 300 
Chip Select Access Time tAcs - 150 - 100 
Chip Deselect Time tOFF - 150 - 100 
Output Hold After 

Address Change tOH 10 - 10 -
Capacitance** 

Input Capacitance CIN - 7 - 7 
Output Capacitance COUT - 10 - 10 

*Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this device at these 
conditions is not implied - operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Max Units Conditions 

0.8 V 

VCC V 
10 ~A VIN = O.4V to VCC 

0.40 V IOL = +3.2mA 

VCC V IOH = -200j.lA 
10 )JA VOUT = 0.4V to VCC 

100 mA All Inputs +5.5V, 
Outputs Loaded 

R09432DS R09432D 
Min Max Min Max Units Conditions 

- 250 - 200 ns 
- 85 - 70 ns 
- 85 - 70 ns 

10 - 10 - ns 

- 7 - 7 pf T A = 2 5 (I C , F = 1 MH z 

- 10 - 10 pf T A = 2 5 (I C , F = 1 MH z 

**Capacitance is periodically samples and is not 100% tested. 

AC TEST CONDITIONS 

Input Pulse Levels ••••••••••••••••••• 0.4V to 2.4V 
Input Rise and Fall Times •••••••••••••••••••• 10ns 
Timing Measurement Levels: 

Input •••••••••••••••••••••••••••••••••••••• 1.5V 
Output ••••••••••••••••••••••••••••• 0.8V to 2.0V 

Output Load •••••• 2TTL Loads +100pf (See Figure 1) 

D510001C-2 
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CONDITIONS OF TEST FOR AC CHARACTERISTICS 

Figure 1 +5V 

100pf (including jig 
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TIMING DIAGRAM 

GENERAL 
INSTRUMENT R09432B/C/DS/D 

A~~:0~; ___ IN_V_A_L_JD __ ~ ___________ VA_L_I_D ______ , _____ ~ _________ IN_V_A_L_ID __________ _ 

CHIP -------~----'"" 
SELECT DISABLED I INPUTS ___________ • _____ _ 

DATA I 
OUTPUTS---~i-,G-H-----I-----------< 

IMPEDANCE t-•• ---- tACC::::::::'--rl

, 

DEFI'JlrIONS 

Access rime, TACC 
Access time is the maximum time between the 
app lication of a valid Address and the corres
ponding Data Out. 

Output Hold After Address Change, TOH 
Output Hold After Address Change is the minimum 
time after an Address chan'ge that the previous 
data remains valid. 

Chip Select Access rime, TACS 
Chip Select Access Time is the maximum delay 
between Chip Selects becoming true and Output 
Data becoming valid. 

Chip Deselect Time, fOFF 
Chip Deselect lime is the delay between Chip 
Selects becoming false and output stages going to 
the high impdedance state. 

DS10001C-5 
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GENERAL ] 
INSTRUMENT R09433B/C/DS/D 

'----------l---. 

32,768 BIT SfATIC READ ONLY MEMORY 

fEATURES: 

- 4096 x 8 organization 
- Fully static operation - no clocks required 
- Single +5V +10% supply 
- 450ns access time: R09433B 
- ~OOns access time: R09433C 
- 250ns access time: R09433DS 
- 200ns access time: R09433D 
- Inputs and outputs TTL compatible 
- Three state outputs - under the control of two 

mask programmable chip select inputs 
- Output drive capabi 1 ity of 2 TTL loads 100pf 
- low power dissipation 
- Totally automated custom programminq 
- Pin compatible with 2732 EPROM 
- ESO protection: Inputs are desiqned to meet 2.3KV 

per test method 3015.1, MIL-STD 88~ 

DESCRIPTION 

fhe R09433 is a 32,768 bit fully static Read Only 
Memory utiliz1ng MOS N-Channel Silicon Gate Ion 
Implanted technology. It 1S organized 4096 words 
by 8 bits and operates from a single +5 Volt power 
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I GENERALI ~ 
~NSTRUMENT LR09433B/C/I~ 

ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
VCC and Inut Voltages (with Respect 

to GND) •••••••••••••••••••••••••• -0.5V to +7.0V 
Storage Temperature ••••••••••••••• -65°C to +150°C 

Standard Conditions (unless otherwise noted): 
VCC = +5V .:!:.1m~ 

Operating Temperature TA = DoC to +70°C 
Output Loading Two TTL Loads + CL TOTAL = 100pf 

DC CHARACTERISTICS 

Characteristics Sym Min Typ 
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CHARACTERISTICS 

Characteristic 

ress Access Time 
p Select Access Time 
p Deselect Time 
put Hold After 
ddress Change 
acitance** 
nput Capacitance 
utput Capacitance 

Sym 

t ACC 
t ACS 
tOFr 

tOH 

CIN 
COUT 

VTH 2.0 -
VIL 0 -
TU - -

VOH 2.4 -
VOL - -
ILO - -
ICC - -

R09433B R09433C 
Min Max Min Max 

- 450 - 300 
- 150 - 100 
- 150 - 100 

10 - 10 -

- 7 - 7 

- 10 - 10 

*Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and . functional operation of this device at these 
conditions is not implied - operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Max Units Conditions 

VCC V 
0.8 V 

10 jJA VIN = 0.4V tp VCC 

VCC V IOH = -200}JA 
0.4 V IOL = 3.2mA 

10 JJA VO UT = 0.4V to VCC 
100 mA All inputs +5.5V, 

Outputs Unloaded 

R09433DS R09433D 
Min Max Min Max Units Conditions 

- 2'>0 - 200 ns 
- 85 - 70 ns 
- 85 - 70 ns 

10 - 10 - ns 

- 7 - 7 pf TA=25°C,f=1MHz 
- 10 - 10 pf TA=2,>uC,F=1MHz 

**Capacitance is periodically sampled and is not 100% tested. 

AC TEST CONDITIONS 

Input Pulse Levels ••••••••••••••••••• 0.4V to 2.4V 
Input Rise and Fall Times •••••••••••••••••••• 10ns 
Timing Measurement Levels: 

Input...................................... 1.5V 
Output ••••••••••••••••••••••••••••• 0.8V to 2.0V 

Output Load •••••• 2TTL Loads +100pf (See Figure 1) 

05100030-2 
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rIMING DIAGRAM 

GENERAL 
INSTRUMENT R09433B/[/D5~ 

AD~:~ INVA_L_ID_._~ __________ V_A_U_D _________ ~ _______ IN_V_A_L_m ________ _ 

CHIP ___ ~--_""" 

SELECT DISABLED I ENABLED I 
INPUTS I DATA ____ ~ ____________ ~ 

OUTPUTS HIGH I 
IMPEDANCE ......... ---I.cc----..... 

HIGH 
IMPEDANCE 

DEfINHIONS 

Access Time, i ACC 
Access time is the maximum time between the 
app licat ion of a valid Address and the corres
ponding Data Out. 

Output Hold After Address Change, iOH 
Output Hold A fter Address Change is the minimum 
time after an Address change that the previous 
data remains valid. 

Chip Select Access Time, TACS 
Chip Select Access Time is the maximum delay 
between Chip Selects becoming true and and Output 
Data becoming valid. 

Chip Deselect Time, Torr 
Chip Deselect Time is the delay between Chip 
Selects becoming false and output stages going to 
the high impdedance state. 

DS10003O-3 
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r- GENERAL ~09464B/CS/~ 
~~STRUMENT ~094164B/CS~ 

6S,~)J6 BIr SrATIC READ ONLY MEMORY 

fEATURES: 

- 8192 x 8 organization 

- Fully static operation 

- Single +5V :t10% I "t5~o supply (R094t64) 

- Illputs and outputs TrL compatible 

- Three state outputs 

- Output drive capability of 2 TTL/I TrL Load and 
100pf 

- 24 pin JEDEC approved pinout 

- LSD protection: Inputs are designed to meet 2.3KV 
per test method 3015.1, MIL-SID883 

DESCRIPTION 

T he General Instrument R09464 and R094164 Series 

are 61),536 Bit Static Read Only Memories organized 

as 8192 eight-bit words and are ideally suited for 

microprocessor memory applications. F abr icated 

with General Instrument '\I-Channel Silicon Gate 
technology, the R0946/.j. and R09 11164 Series provide 

the designer with a high performance, easy to use 

MOS circuit featuring uperation from a single +5 
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GENERAL 
INSrRUMENT 

R09464B/CS/C/DS 
R094164B/CS/C 

ELEcrRICAL CHARACTERISTICS 

Maximum Ratings* 
Storage femperature ••••••••••••••• _65°C to +150°C 
VCC and Input Voltages (with Respect 

to GND) •••••••••••••••••••••••••• -0.5V to +7.OV 
Power Dissipation............................ 1. OW 

Standard Conditions (unless otherwise noted): 
Operating femperature fA = DoC to +70°C 
VCC = +5V .:!:,1O% / !,5% (R094164) 

DC CHARACTERISTICS 

Characteristics Sym Min 

Output High Level VOH 2.4 
Output Low Level VOL -
Input High Level V1H 2.0 
Input Low Level V1L -
Input Leakage Current III -
Output Leakage Current ILO -
Operating Supply Current ICC -

ryp 

-
-
-
-
-
-
-

AC CHARAcrERIsncs R09464B R09464CS 
R094164B R094164CS 

Characteristics Sym Min Max Min Max 

Address Access rime tACC - 450 - 350 
Output Hold After 

Address Change tOH 10 - 10 -
Chip Select Access lime tAcs - 1')0 - 125 
Output Disable fime tOFF - 150 - 125 
Capacitance** 

*Exceeding these ratings could cause permanent 
damage to the device. fhis is a stress rating only 
and functional operation of this device at these 
condi t ions is not imp lied - operat ing ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Max Units Conditions 

VCC V IOH = -200}lA/ -1 OOjJA (R094164) 
0.4 V IOL = 3.2mA/l.6mA (R094164) 

VCC V 
0.8 V 

10 ~A VlN = 0.4V to VCC 
10 }lA VOUf = 0.4V to VCC 

100 mA Note 1, Your = 5.5/5.25V (R09416 

R09464C R09/~64DS 

R094164C 
Min Max Min Max Units Conditions 

- 300 - 250 ns 

10 - 10 - ns Note 2: 

- 100 - 100 ns 

- 100 - 100 ns 

4) 

Input Capacitance CI - 7 - 7 - 7 - 7 pf F=1.0tJIHz, fA = +25°C 
Output Capacitance Co - 10 - 10 - 10 - 10 pf F=1.0MIHz, fA = +25°C 

**Capacitance is periodically sampLed and is not 100% tested. 

NOlES: 
1. Measured wit.h device selected and outputs unloaded. 
2. rhis parameter is periodically sampled and is not 100% tested. 

PART NUMBER MAXIMUM ACCESS TIME VCC SUPPLY TOLERANCE TTL LOADS 

R094164B 450ns 5°' 10 1 
R094164CS 350ns 5°' 10 1 

R094164C 300ns ')% I 
R09464B 450ns lO~o 2 
R09464CS 350ns Imo 2 
R09464C 300ns lO~o 2 
R09464DS 250ns lmo 2 

DS10006B-2 
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TlMING DIAGRAM 
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Access f ime, T ACC 
Access time is the maximum time between the 
application of a valid Address and the corres
ponding Data Out. 

Output Hold Delay, fOH 
Output hold delay is the minimum time after an 

address challgc that the previous data remaills 
valid. 

AC TEST CONDITIONS 

Input Pulse Levels ••••••••••••••••••• O.SV to 2.0V 

['IPUt Rise and Fall fimes ••••••••••••••• < 10 nsec 
riming Measurement Levels: ••• Output O.SV and 2.0V 

Output Load •••••••••••••••••••••••••• See Figure 1 
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Chip Select to Output Time, TACS 
CS is the maximum de I ay between Chip Se lects 
becoming true ~ld Output Data becoming valid. 

Chip Deselect Time, TOFF 
Chip deselect time is the delay betweell Chip 
Se lects becoming false and output stages going to 

the high impdeda~ce state. 

fIGURE 1 

DOUT 
~I"" 100pf (inc ludinq jig 

and scope) 
T 
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GENERAL 
INSTRUMENT 

R09864B/CS/C/DS/D 
R09864AB/ACS/AC/ADS/AD 

65,536 BIT STATIC READ ONLY MEMORY 

fEATURES: 

- 8192 x 8 organization 

- Fully static operation 

- Single +5V ~ 10% supply 
- Inputs and outputs TTL compatible 

- Three state outputs 
- 28 pin JEDEC approved pinout (R09864A) 

- ESD protection: Inputs are designed to meet 2.3KV 

per test method 30'15.1, MIL-STD883 

DESCRIPTION 

The General Instrument R09864 and R09864A series 

are 65,536 bit static read only memories organized 

as 8192 eight-bit words and are ideally suited for 
microprocessor memory applicat ions fabricated with 

General Instrument N-channel silicon gate technol
ogy, the R09864 and R09864A series provide the 

designer with a high performance, easy to use MOS 

circuit featuring operation from a single +5 volt 
power supply and a low power dissipation. The 

R09864 and R09864A series offer the best combina

tion of high performance, large bit storage and 
simp le inter facing of any MOS read only memory 
av ai lab Ie today. 

The R09864 series provides four fu lly programmab Ie 

chip se lects (CS3 and CS4 are on Pins 22 and 20 

respectively) which enables a memory system to 
contain up to sixteen R09864s without using any 
external address decode circuitry. 

The R09864A series offers an automatic down 

feature. Power down is controlled by Pin 20, the 

Chip Enable (CE) input. When C[ goes high, the 
device wi! l power down and remain in a low power 
standby mode as long as CE remains high. Pin 22 

provides the Output (nab 1e (DE) function allowing 
additional bus control. 

PIN CONfIGURATION 
28 LEAD DUAL-IN-LINE 
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GENERAL 
INSTRUMENT 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Storage Temperature ••••••••••••••• _6,)°C to +l,)O°C 
VCC and Applied Voltages 

(with respect to GND) •••••••••••• -0.5V to +7.OV 
Power Dissipation............................ 1. OW 

Standard Conditions (unless otherwise noted): 
Operating Temperature TA = DoC to +70°C 
VCC = +5V + lm~ 

DC CHARACTERISTICS 

Characteristics Sym 

Output High Level VOH 
Output Low Level VOL 
Input High Level VIH 
Input Low Level VIL 
Input Leakage Current III 
Output Leakage Current ILO 
Operating Supply Current ICC 
Standby Supply Current ISB 

AC CHARACTERISTICS 

Min 

2.4 
-

2.0 
-0.5 

-
-
-
-

Typ 

-
-
-
-
-
-
-
-

R09864B R09864CS 
R09864AB R09864ACS 

Characteristic Sym Min Max Min Max 

Address Access Time t ACC - 450 - 350 
Output Hold After 

Address Change tOH 10 - 10 -
Chip Enable Access Time tACE - 450 - 350 
Chip Select Access Time tACS - 150 - 125 
Output Enable Access Time tAOE - 150 - 125 
Output Low Z Delay tLZ 10 - 10 -
Output High Z Delay tHZ - 150 - 125 

NOTES: 
1. Measured with device selected and outputs unloaded. 

GENERAL 
INSTRUMENT 

R09864B/CS/C/DS/D 
R09864AB/ACS/AC/ADS/AD 

·Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this device at these 
condi tions is not. imp lied - operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labe led "typical" is presented for design 
guidance only and is not guaranteed. 

Max Units Conditions 

VCC V IOH = -200}JA 
0.4 V Im_ = 3.2mtl 

VCC V 
0.8 V 

10 }JA VIN = 0.4V to Vce 
10 }JA VOln = 0.4V to VCC 

100 mA Note 1 
12 mA Note 2 

R09864C R09864DS R09864D 
R09864AC R09864ADS R09864AD 
Min Max Min Max Min Max Units Conditions 

- 300 - 250 - 200 ns 

10 - 10 - 5 - ns 

- 300 - 250 - 201] ns Note 3 
- 100 - 100 - 85 ns 
- 100 - 100 - 85 ns Note 3 
10 - 10 - 5 - ns Note 4 

- 100 - 85 - 85 ns Note ') 

2. Applies to "A" versions only and measured with CE = 2.0V. 
3. Applies to "A" versions only. 
4. Output low impedance delay (tLZ) is measured from IT and DE going low and CS going active, whichever 

occurs last. 
5. Output high impedance de lay (tHZ) is measured from eithe r C[ or DE going high or CS going inactive, 

whichever occurs first. 

DS10005A-3 
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I GENERAL 
~[NSTRUMENT 

R09864B/CS/C/DS/D 
R09864AB/ACS/AC/ADS/AD 

PART MAXIMUM OPERATING 
NUMBER ACCESS TIME CURRENT 

R09864B 450ns 100mA 
R09864CS 350ns 100mA 
R09864C 300ns 100mA 
R09864DS 250ns 100mA 
R09864D 200ns 85mA 
R09864AB 450ns 100mA 
R09864ACS 350ns 100mA 
R098964AC 300ns 100mA 
R09864ADS 250ns 100mA 
R09864AD 200ns 85mA 

TIMING DIAGRAMS 

Propagation Delay from Address CE = <5E = LOW,CS/fS = Active 

ADDRESS' 
INPUTS 

DATA 
OUT 

VALID ADDRESS 

VALID DATA 

Propagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid) 

t t ACE ~I I 
CE I 

I I- tACS "I I-
CS/CS I X ACTIVE I 

I ·1 "AO', 
OE L,C[ 

DATA 
OUT 

tll 

AC TEST CONDITIONS -+ 5V 

Input Pulse Levels ..................... 04V to 2.4V 
Input Rise' and Fall Times .................. 10 nsec o OUT--..-----i 
Timing Measurement Levels: Input ............. 15V 

Output ... O.BV and 2.0V 7750 

Output Load .......................... See Figure 1 

Fig. 1 

OS 10005/\-4 

STANDBY 
CURRENT 

NA 
NA 
NA 
NA 
NA 

12mA 
12mA 
12mA 
12mA 
12mA 

tHZ .. I 

t='HZ~ 
1HZ 

VALlO 

100pf 
(INCLUDING 
SCOPE AND JIG) 

1-15 



GENERAL ] 
INSTRUMENT R09128B/CS/C/DS/D 

~ __________ ~ _____ f_le_x_S._e_l_e_c_t_TM ____ ___ 

131,072 BIT STATIC READ ONLY MEMORY 

fEATURES 

- 16,384 x 8 organization 
- Single +5V ~10% volt supply 
- 450ns max access time: R091288 

- 350ns max access time: 

- 300ns max access time: 
- 250ns max access time: 
- 200ns max access time: 
- Totally static operation 
- Three state outputs 

R09128CS 
R09128C 
R09128DS 
R09128D 

- All TTL compatible inputs/outputs 
- 28 pin JEDEC approved pinout 
- Programmable "FlexSelect"TM chip enable/disable/ 

power down capabilities controlled by the chip 
enable (ct) and output enable (crt) inputs 

- ESD Protection: Inputs are designed to meet 
2.3KV per test method 3015.1, MIL-STD8838 

DESCRIPTION 

The General Instrument R09128 is a 131,072 Bit 
Static Read Only Memory organized as 16,384 eight
bit words and is ideally suited for microprocessor 
memory applications. Fabricated with General 
Instrument N-Channel Silicon Gate Technology, the 
R09128 provides the designer with a high perfor
mance, easy to use MOS circuit featuring operation 
from a single +5 Volt power supply and low power 
dissipation. 

PIN CONfIGURATION 
28 LEAD DUAL-IN-LINE 

Top View 

N.C. VCC 
A12 CS1 

A7 A13 
A6 A8 
A5 A9 
A4 
A3 
A2 21 Al0 
Al CE/CS3 
AO 10 08 
01 11 07 
02 12 06 
03 13 05 

GND 14 04 

The R09128 offers a programmable "Flexselect"TM 
chip enab le/disab le/power down feature controlled 
by the chip enab 113 (CE), output enable (OE) and 
chip select (CS) inputs. These inputs can be pro
grammed to implement various logic functions which 
provides the designer with a flexible and easy 
means of "chip selecting" and/or "powering down" 
the device. The chip se lect options are as shown 
on the following pages. 

05100178-1 1985 General Instrument Corporation 
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[
GENERAL ;] 

INSTRUMENT R09128S/CS/C/OS/O 
_________ ~ _____ f~l~e~x~S~e~l~ec~t~TM 

I) *Standard Chip Select requirements - Non-Power Down 

CS1 = Ov1 or don't care (Pin 27) 
CS2 = 0,1 or don't care (Pin 22) 
CS3 = 0,1 or don't care (Pin 20) 

Logic Function 1(CS1).1(CS2)~1(CS3) = Chip Selected 

1 Progr ammed in active state 
"." = Logical "AND" 

*Not available on "0" speed devices 

BlOD( 0,1 N?ifWIrt 

AO 
A1 
A2 
A3 
A4 
A5 
AS 
A7 
A8 
A9 

A10 
A11 
A12 
A13 

CS3 

C82 

CS1 

' ..... 
.r , 
r 
..... 
r 
..... 

.~ , 
" 

.~ 

.~ , 
...... 
,r 
" 

,~ 

~ , 
" r 

., 

" , 
...... , ., , 

ADDRESS 
~ INPUT 
f--,/ BUFFERS 

CHIP SELE~ 
CIRCUITRY 

ADDRESS MEMORY 
DECODE =) MArRIX 

16,384 x 

--
-OUTPUT 

:) BUFFERS -
8 -

-
-
-
-

A 

Chip selects (CS1, CS2, CS3) are programmable active low, active high or don't car~ 

DS100178-2 
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R09128B/CS/~ 
L-________ ~ _____ f~l~e~X~S~e~le~c~t~T,~ 

GENERAL 
INSTRUMENT 

II) Standard Chip Select requirements - Power Down 

CS1 = 0,1 or don't care (Pin 27) 

ur (Pin 22) When CE goes high, the device will automatically power down and remain in a low power 
rr (Pin 20) standby mode as long as CE remains high. ~ and CS functions eliminate bus contention 

in multiple memory device systems. 

Logic Function: 1 (CS1). (IT)· (DE) = Chip Selected 

IJLOQC DIASRM 

AO 
A1 
A2 
A3 
A4 
AS 
AS 
A7 
A8 
A8 

A10 
A11 
A12 
A13 

OE 
CS1 

" , 
" , 
" 
~ , 
" ~ 
~ 
~ 
;' 

" ~ , 
" 
~ , 
" , 
, 

, 

" , 
" , 

1programmed in active state 
" ": LOGICAL "AND" 

ADDRESS 

=:> 
ADDRESS 

INPUT DECODE 
BUFFERS 

, 4~ 

POWER DOWN 
CIRCUITRY 

• CHIP SELECT 
CIRCUITRY 

=) 
MEMORY 

=> 
OUTPUT 

MArRIX BUFFERS 
16,384 x 8 

•• ~~Z~ 

Chip select (CS1) Is programmable active low, active high, or don't car~ 

OS 10017B-3 
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[
GENERAL ;] 

INSTRUMENT R09128B/CS/C/OS/O 
flexSelect TIM _________ -L ____ ~~~~~ 

I I I) **"ORED" chip select requirement (chip selects at pins 20 (CE) and 22 (DE) function as a logical "OR"). 

* This is ideally suited for applications that have limited chip select decoding capabilities. 

CS1 = 0,1 or don't care (Pin 27) 

Logic Function: l(CS). (CE + DE) = Chip Selected 

lprogrammed in active state 

" " = LOGICAL "AND" 

"+" = LOGICAL "OR" 

**Not available on "0" speed devices 

BUXX IH H;RAM 

AO 
A1 
A2 
A3 
A4 
AS 
A8 
A7 
AS 
AS 

A10 
A11 
A12 
A13 

CE 

6E 

cs 

'" 
~ , 

'" ~ 
~ 
( 
( 

~ , 
" 
~ , 
" 
" , 
" ~ , 

'" , 

'" , 

'" , 

ADDRESS 
~ 

ADDRESS 
~ INPUT DECODE 

BUFFEFtS t/ --v~ 

r;::.:::...------, 
I J >- I I 1"<0. CHIP yELECT 
I ~-- CIRCUITRY 

I I 

I I 
I 

I ~ 
L _____ ==-_J 

MEMORY 

=) MAfRIX 

16,384 x 8 

Chip Select (CS1) is programmable active low, active hIgh, or don't care. 

DSl0017B-4 
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ELECTRICAL CHARACTERISTICS 
Maximum Ratings* 
VCC and Input Voltages 

(with Respect to GND) ••••••••••• -0.5V to +7.0V 
Storage Temperature ••••••••••••• -65°C to + 150 D C 

standard Conditions (unless otherwise noted): 
VCC = 5V .:!:.10% 
Operating Temperature TA = DoC to + 70DC 
Output Loading: Two TTL Loads, CL TOTAL = 100pf 

DC CHARACTERISTICS 
Characteristics Sym Min 

Address, CE/CS3, OE/CS2, CSl 
Inputs 
Logic "1" VIH 2.0 
Logic "0" VIL 0 
Leakage III -10 
Oat a Outputs 
Logic "1" VOH 2.4 
Logic "0" VOL -
Leakage ILO -10 
Power Supply Current 

ICC (Active) - -
ICC (Standby) - -
ICC (Standby) - -

AC CHARACTERISTICS R0912BB R09128CS 
Characteristics Sym Min Max Min Max 

Address Access Time tACC - 450 - 350 
Address Hold After 

Address Change tOH 10 - 10 -
Chip Enable Time tACE - 450 - 350 
Chip Select, Output 

Enable Access Time tACS - 150 - 12') 
Output Disable Time torr - 150 - 125 
Output Low Z Delay tLZ 10 - 10 -
Output High Z Delay tHZ - 150 - 125 
Capacitance*** 
Input Capacitance C1 - 7 - 7 
Output Capacitance Co - 10 - 10 

R09128B/CS/~ ~ ______ ' ____ L-__ ~r~l~e~x~se~l~ec~t_T~, 
GENERAL 

INSTRUMENT 

*Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operat ion of this device at these 
conditions is not implied -- operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
gUidance only and is not guaranteed. 

Typ Max Units Conditions 

- VCC V 

- 0.8 V 
- +10 jJA VIN=0.4V to VCC 

- Vec V IOH=-200}JA 
- 0.4 V IOL=3.2mA 
- +10 fJA VOUT=0.4V to VCC 

- 100 rnA Note 1 
- 15 rnA Note 2,6 
- 50 rnA Note 7 

R09128C R09128DS R09128D 
Min Max Min Max Min Max Units Conditions 
- 300 - 250 - 200 ns 

5 - 5 - 5 - ns Note 3 
- 300 - 2')0 - 208 ns 

- 100 - 85 - 70 ns Note 4 
- 100 - 85 - 70 ns 
5 - 5 _. 5 70 ns Note 3 

- 100 - El5 - 70 

- 7 - 7 - 7 pf r=lMHz, TA=+' 
- 10 - 10 - 10 pf F=lMH Z' TA=+' 

***Capacitance is periodically sampled and is not 100% tested. 

NOTES: 
1. Measured with device selected and outputs unloaded. 
2. Device disabled with CE ~ 2.0V ("Power Down" programmed parts only). 
S. These parameters are periodically sampled and are not 100% tested. 
4. Access time to valid data measured from CS1 going active and/or DE going low which ever occurs last/first. 
5. Output high impedance delay (tHZ ) is measured from CE and/or DE gulng high or CSl going active, which 

ever occurs last/first. 
6. Applies to B, CS, and C speeds only. 
7. Applies to DS, D speeds only. 

OS10017B-5 
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[
GENERAL 

INSTRUMENT 

TJ[MING DIAGRAMS 

R09128B/CS~C/DS/D 
f lexSelec1: M 

Propagation Delay from Address BE = OE = LOW, CS/CS = Active 

ADDRESS 

INPUTS 

DATA 

OUT 

VALl) ADDRESS 

VAll) DATA 

Propagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid) 

C"!-i= tACE ---j } 
t- lAcs -I t4 tHZ. 

"I 
cs/a I =1 ACnve I t=tHZ-J I '. lAcs 1 

OE L \r-

.... tLz--"' L .. 
tu 

I 

DATA / ~~ \~ VALID DATA 
OUT I'\. /1\ ) 

tLZ 

AC TEST CONDITIONS 
RL Input Pulse Levels •••••••••••••••••••••••• O.4V to 2.4V 

Input Rise and Fall Times........................ 5/IOns 
Timing Measurement Levels: Input/Output •• O.BV AND 2.0V 
Output Load ••••••••••••••••••••••••••••••• See Figure 1 

A 

Dour ---l-----vv 
~ CL = 100pf (INCLUDING 

SCOPE AND JIG) 

Fig. 1 

DS10017B-6 
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GENERAL 
INSTRUMENT 

R09256B/CStC/OS/D 
flexSelect M 

262,144 BIT STATIC READ ONLY MEMORY 

fEATURES: 
- 32,768 x 8 organization 
- Single +5V ~10% supply 
- 450ns max access time: 

- 350ns max access time: 
- 300ns max access time: 
- 250ns max access time: 

R09256B 
R09256CS 
R09256C 
R092560S 

- 200ns max access time: R092560 
- Totally static operation 
- Three state outputs 
- All TTL cumpatible input/outputs 
- 28 Pin JEOEC approved pinout: R09256 

Programmable "FlexSelect"TM chip enable/dis
able/power down capabilities controlled by the 
chip enable (CE) and output enable (OE) inputs 

- ESO Protection: Inputs are designed to meet 
2.3KV per test method 3015.1, MIL-ST0883B 

- Alternate 28 pin Mostek compatible pinout 
(R09256A) available for 05/0 speeds only 

DESCRIPTION 

The General Instrument R09256 is a 262,144 Bit 
Static Read Only Memory organized as 32,768 eight
bit words and is ideally suited for microprocessor 
memory applications. Fabricated with General 
Instrument N-Channel Silicon Gate Technology, the 
R09256 provides the designer with a high perfor
mance, easy to use MOS circuit featuring operation 
from a single +5 Volt power supply and low power 
dissipation. 

Operation 

Address (AO-A14) 
The address-valid interval determines the device 
cycle time. The 15-bit positive logic address is 
decuded on-chip to select on the 32,768 words of 8-
bit length in the memory array. AO is the least
signi ficant bit and A 14 the most significant bit of 
the word address. 

Chip Select 

Chip enable/disable/power down "FlexSelect"TM. 
These inputs can be programmed during mask fabrica
tion to implement various logic functions which 
provides the designer with a flexible and easy 
means of "chip selectl.ng" and/or "powering down" 
the device. The "F lexSelect"TM options are 
on the following pages. 

PIN CONfIGURATION 
28 LEAD DUAL-IN-LINE 

R09256 Top View 
N.C. .1 VCC 

A12 2 A14 
A7 3 A13 
A6 4 A8 
A5 5 A9 
A4 6 All 
A3 7 OE/CS1 
A2 8 21 AlO 
Al 9 CE/CS2 
AO 10 08 
01 11 07 
02 12 06 
03 13 05 

GND 14 04 

R09256A Top View 
.1 VCC 
2 N.C. 

A7 3 A13 
A6 4 A8 
A5 5 A9 
A4 6 All 
A3 7 DE 
A2 8 21 Al0 
Al 9 CE 

10 08 
01 11 07 
02 12 06 

13 05 

VSS 14 04 

DS 100158-1 1985 General Instrument Corporation 
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[
GENERAL R09Z~6B/CS/C/DS/D I 

INSTRUMENT flexSelect1M 

--------.~--------------

I) Standard Chip Select requirements - Non-Power Down 

CS1 = 0,1 or don't care (Pin 22) 
CS2 = 0,1 or don't care (Pin 20) 

Logic Function 1(CS1).1(C52) = Chip Selected 

1 Programmed in active state 
" " = Logical "AND" 

* Not available for "0" speed devices 
**Not available for Mostek pinout device, R09256A 

BL.OCK DIAGRAM 

AO 
A1 
A2 
A3 
A ... 
A5 
AI 
A7 
A8 
AS 

A10 
A11 
A12 
A13 
A14 

CS2 
CS1 

"-
~ , 
.... , , 
<: , 
" 
~ 
~ 
~ , , 
~ 
~ 
~ , 
" , , , 

.... , 
, 

ADDRESS 

~ 
ADDRESS 

~ INPUT DECODE 
BUFFEHS 

CHIP SEI~ 
CIRCUIfRY 

tv£MORY 

~ 
OUTPUT 

MATRIX BUFFERS 
32,768 x 8 

4A~ 

Chip selects (CS1, CS2) are programmable active low, i3ctive high or don't care. 

05100158-2 

_ .... 
~ , 

t--~ 
t--~ 
t--~ 
~ ~ 

" 
I--~ 

01 
02 
03 
04 
05 
01 
07 
08 
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GENERAL 
INSTRUMENT 

R092~6B/CSfC/DS/O I 
F lexSelec1~ M 

~----------~------------

II) Standard Chip Select requirements - Power Down 

OE (Pin 22) 
CE (Pin 20) 

When CE goes high, the device will automatically power down and remain ill a low power 
standby mode as long as CE remains high. The OE function eliminates bus contention 

in multiple memory device systems. 

Logic Function: (CE).(OE) = Chip Selected 

BLOCK DIAGRAM 

1-24 

AO 
A1 
A2 

A3 
A4 
A5 
A8 
A7 
A8 
A9 

A10 
A11 

A12 
A13 
A14 

, , 
~ 
, 
~ 
<: 
" 
~ , , , 
, 
, 
" , 
~ 
( 
, 

, , 

"-, 

" " = LOGICAL "AND" 

ADDRESS 
INPUT ----" 

---vI BUFFERS 

t 
POWER DOWN 
CIRCUITRY 

• CH IP SELEC T 
CIRCUITRY 

ADDRESS 

h> 
MEMORY 

sh> DECODE MATRIX 
32,768 x 

~~ ~~ 

DS100158-3 

OUTPUT 
BUFFERS 
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02 
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[
GENERAL 

INSTRUMENT 
R09256B/CSfC/OS/O 
flexSelect: M 

II I) "ORED" chip select requirement (chip se lects at pins 20 (CE) and 22 (DE) functton as a logical "OR"). 

*This is ideally suited for applications that have limited chip select decoding capabilities. 

Logic runction: (CE + DE) = Chip Selected 

"+" = LOGICAL "OR" 

** Not available for D speed devices 

***Not available for Mostek pinout device, R09256A 

BLOCK DIAGRAM 

AO 
A1 
A2 
A3 
A4 
A5 
AS 
A7 

A8 
A9 

A10 
A11 
A12 
A13 
A14 

CE 

OE 

.... , 
'," , 
" , , 
~ 
~ 
~ 
~ , 
'" ~ , 
... 
~ , , 
" ~ , 

" 
.... 

ADDRESS 

L) 
ADDRESS 

~ INPUT DECODE 

BUFFERS 

}2ts 
CHIP SELECT 

CIRCUITRY 

MEMORY 

MATRIX 

32,768 x 

DS10015B-4 

OUTPUT 

~ BUFFERS 

8 

~~ 

-'" , 
--'!.. , 
~ , 
.... 
... , 

" , 
.... , 
.... , 

01 
02 
03 
04 
05 
06 
07 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
VCC and Input Voltages 

(with Respect to GND) ••••••••••• -0.5V to +7.0V 
Storage Temperature ••••••••••••• -65 DC to + 150DC 

Standard Conditions (unless otherwise noted): 
VCC = 5V .!.lm~ 

Operating Temperature TA = ODC to + 70DC 
Output Loading: Two TTL Loads, CL TOTAL = 100pf 

DC CHARACTERISTICS 
Characteristics Sym Min 

Address, CE/C S2, "ITr"/CS 1 
Inputs 
Logic "1" VIH 2.0 
Logic "0" VIL 0 
Leakage III -10 
Data Outputs 
Logic "1" VOH 2.4 
Logic "0" VOL -
Leakage ILO -10 
Power Supply Current 

ICC (Active) - -
ICC (Standby) - -
ICC (Standby) D-speed only - -

AC CHARACTERISTICS R09256B R09256CS 
Characteristics Sym Min Max Min Max 

Address Access Time tACC - 450 - 350 
Address Hold After 

Address Change tOH 10 - 10 -
Chip Enable Time tACE - 450 - 350 
Chip Select, Output 

Enable Access Time tAcs - 150 - 125 
Output Disable Time torr - 150 - 125 
Output Low Z Delay tLZ 10 - 10 -
Output High Z Delay tHZ - 150 - 125 
Capacitance H * 
Input Capacitance CI - 7 - 7 
Output Capacitance Co - 10 - 10 

GENERAL 
INSTRUMENT 

R09256B/CS/~/DS/D 
flexSelect™ 

~----------~---------------, 

*Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this devic:e at these 
condi tions is not implied -- operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Typ Max Units Condi.tions 

- VCC V 

- 0.8 V 
- +10 IJA VIN = 0.4V to VCC 

- VCC V IOH = -400~A 
- 0.4 V IOL = 3.2mA 

- +10 ~A VOUT = 0.4V to VCC 

- 100 rnA Note 1 
- 20 rnA, Note 2 
- 50 rnA Note 2 

R09256C R09256DS R09256D 
Min Max Min Max Min Max Units Conditions 
- 300 - 250 - 200 ns 

5 - 5 - 5 - ns Note 3 
- 300 - 250 - 200 ns 

- 100 - 85 - 70 ns Note 4 
- 100 - 85 - 70 ns 
5 - 5 - 5 - ns Note 3 

- 100 - 85 - 70 ns Note 5 

- 7 - 7 - 7 pf r = 1MH Z' TA = 
- 10 - 10 - 10 pf r = 1MH Z' TA = 

·**Capacitance is periodically sampled and is not 100% tested. 

NOTES: 
1. Measured with device selected and outputs unloaded. 
2. Device disabled with CE ~ 2.0V ("Power Down" programmed parts only). 
3. These parameters are periodically sampled and not 100% tested. 
4. Access time to valid data measured from CS1 going active and/or OE gol.ng low whichever occurs last/first. 
5. Output high impedance delay (tHZ) is measured from IT and/or DE going high or CS1 going active, 

which ever occurs first/last. 

DS10015B-5 
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GENERAL 
INSTRUMENT 

TIMING DIAGRAMS 

R09256B/CS/C/DS/D 
FlexSelect™ 

Propagation Delay from Address DE = fiE = LOW, ~5/CS ; Active 

ADDRESS 

"PUTS 

DATA 
OUT 

VALID ADDRESS 

VALID DATA 

Propagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid) 

~-i== 
lACE I 

t- tACS • I 
CS/fJ )( AC1I1VE I 

OE 
I { lAcs 1 
1.-: ILZ ILl 

* 
DATA 
OUT 

AC TEST CONDITIONS 
Input Pulse Levels •••••••••••••••••••••••• 0.4V to 2.4V 
Input Rise and Fall Times ••••••••••••••••••••••• 5/10ns 
Timing Measurement Levels: Input/Output.. O.BV AND 2 .. 0V 
Output Load ••••••••••••••••••••••••••••••• See Figure 1 

DS10015B-6 

Dour 

} 
r- 1HZ "I 

t=tOFF-J 
~ i VALl) DATA 

+VL 

RL I 
---1:~-----VV0~--~ 

I CL = 

Fig. 

100pf 
(Including Scope 
and Jig) 
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GENERAL 
INSTRUMENT 

ROC256B/CS/C/DS/D 
FlexSelect™ 

262,144 BIT STATIC REAID ONLY MEMORY 

FEATURES: 

- 32,768 x 8 organization 
- Single +5 ,Volt Supply 
- 450ns max access time: ROC256B 
- 350ns max access time: ROC256CS 
- 300ns max access time: ROC256C 
- 250ns max access time: ROC256DS 
- 200ns max access time: ROC256D 
- Totally static operation 
- Three state outputs 
- All TTL compatible input/outputs 
- 28 Pin JEDEC approved pinout 
- Programmable "FlexSelect"TM chip enable/dis-

able/power down capabilities controlled by the 
chip enable (EE) and output enable (OE) inputs 

- ESD Protection: Inputs are designed to meet 
2.3KV per test method 3015.1, MIL-STD883B 

- Low Power Dissipation: 
ICC (Active) max ® 5.5V, O°C = 40mA, 
ICC (Standby) max ® 5.5V, O°C = 1mA 

DESCRIPTION 

The General Instrument ROC256 is a 262,144 Bit CMOS 
Static Read Only Memory organized as 32,768 eight
bit words and is ideally suited for microprocessor 
memory applications. Fabricated with General 
Instrument CMOS Silicon Gate Technology, the ROC256 
provides the designer with a high performance, easy 
to use CMOS circuit featuring operation from a 
single +5 Volt power supp ly and low power 
dissipation. 

Operation 

Address (AO-A14) 
The address-valid interval determines the device 
cycle time. The 15-bi t positive logic address is 
decoded on-chip to select on the 32,768 words of 8-
bit length in the memory array. AO is the least
significant bit and A14 the most significant bit of 
the word address. 

PRELIMINARY INFORMATION 

PIN CONFIGURATION 
28 LEAD DUAL-I N-LINE 

Top View 
N.C. 28 Vee 

A12 A14 
A7 26 A13 
A6 25 A8 
A5 24 A9 
At~ 23 A 11 
Aj 22 0E/CS1 
A2 21 AlO 
A'I 20 CE/CS2 
AD 10 19 08 
01 11 18 07 
02 12 17 06 
O,S 13 16 05 

GND 14 15 04 

Chip Select 

Chip enab le/disab le/power down "F lexSelect" fM. 
These inputs can be programmed during mask fabrica
tion to implement various logic functions which 
provides the designer with a flexible and easy 
means of "chip selecting" and/or "powering down" 
the device. The "F Ie xSe lect" TM options are 
explained on the following pages. 

DS10018A-1 1985 General Instrument Corporation 
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I GENERAL 
~~STRUMENT 

ROC256B/CS/C/OS/D I 
flexSelect™ 

I) Standard Chip Select requirements - Non-Power Down 

CS1 = 0,1 or don't care (Pin 22) 
CS2 = 0,1 or don't care (Pin 20) 

Logic Function 1(CS1).'(CS2) = Chip Selected 

1 Programmed in active state 

" " = Logical "AND" 

BLOCK DIAGRAM 

AO 
A1 
A2 

A3 
A4 
A5 
AS 
A7 
A8 
A9 

A10 
A11 
A12 
A13 

A14 

" , 
>-
>-
>->-
>-
>-
"-

~ , 
, 
>-
>-
"-, 
>-
>-

ADDRESS 
INPUT 

BUFFERS ==> 

CS2 
CS1 

'>-, 
CHIP SELE[] 

CIRCUITRY 

ADDRESS 
DECODE p tvEMORY OUTPUT 

f=) MATRIX BUF fTRS 
~;2,768x8 

4IA~ 

Chip selects (CS1, CS2) are pro9rammable active low, active high or don't care. 

DS 10018A-2 
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- ~ 
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"-, 
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01 
02 
03 
04 
05 
06 
07 
08 
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GENERAL 
INSTRUMENT 

ROC256B/CS(~/DS/D 
flexSelect rM 

~--------~--------------

II) Standard Chip Select requirements - Power Down 

ur (Pin 22) 
IT (Pin 20) 

When IT goes high, the device will automatically power down and remain in a low power 
standby mode as long as IT remains high. The rrr function eliminates bus contention 

in multiple memory device systems. 

Logic Function: (CE).(OE) = Chip Selected 

BLOCK DIAGRAM 

1-30 

AO 
A1 
A2 

A3 
A4 
AS 
AtS 
A7 
A8 
A9 

A10 
A11 
A12 
A13 
A14 

, 
~ 
~ , 

~ 
( 
( 

~ , 
"-

" , 

: 
" "-
( 
( , 

, , 

"-, 

" " = LOGICAL "AND" 

ADDRESS 
INPUT ~ BUFFERS 

t 
POWER DOWN 
CIRCUITRY 

.-
CH IP SELECT 

CIRCUITRY 

ADDRESS 

h> 
MEMORY 

a=> DECODE MATRIX 
32,768 x 

~~ ~~ 

DS10018A-3 

OUTPUT 
BUFFERS 

~. ,Ai" 

, , 
"-
~ 
~ 
~ 

" 

~" , 
I, 

I( , 

01 
02 
03 
04 
05 
06 
07 
08 
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GENERAL 

INSTRUMENT 
ROC256B/CS/C/OS/O 
FlexSelect™ 

IT 1) "OREO" chip select requirement (chip selects at pins 20 (CE) and 22 (DE) function as a logical "OR"). 

*This .is ideally suited for applications that have limited chip select decoding capabilities. 

Logic Function: (CE + 00 = Chip Selected 

"+" = LOGICAL "OR" 

BLOCK DIAGRAM 

AO 
A1 
A2 
A3 
A4 
A5 
A8 
A7 

A8 
A9 

A10 
A11 
A12 
A13 
A14 

CE 

OE 

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

~ 
~ 
~ 
., 
" , 
" ~ , 
'-

~ , 
"-
( 

~ , 

, 

ADDRESS 

h> 
ADDRESS 

h> 
MEMORY 

INPUT DECODE MATRIX 
BUFFEHS 32,768 x 

~2}s 
CH IP SELECT I 

CIRCUITRY 

DS10018A-4 

OUTPUT 

h> BUFFERS 
8 

,-/ ~ 

... , 
"-, 
... , 
'-, 
"-, 
... 

7 

"-, 
"-, 

01 
02 
03 
04 
05 
06 
07 
08 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
VCC and Input Voltages 

(with Respect to GND) ••••••••••• -0.5V to +7.0V 
Storage Temperature ••••••••••••• -65°C tu + 150°C 

Standard Conditions (unless otherwise noted): 
V CC = 5V .! 1 m~ 
Operating Temperature TA = O°C to + 70°C 
Output Loading: Two TTL Loads, CL TOTAL = 100pf 

DC CHARACTERISTICS 
Characteristics Sym Min 

Address, CE/CS2, OE/CSl 
Inputs 
Logic "1" VIH 2.0 
Logic "0" VIL 0 
Leakage III -10 
Dat a Outputs 
Logic "1" VOH 2.4 
Logic "0" VOL -
Leakage ILO -10 
Power Supply Current 

ICC (Active) - -
ICC (Standby) - -

AC CHARACTERISTICS ROC256B ROC256CS 
Characteristics Sym Min Max Min Max 

Address Access Time tACC - 450 - 350 
Address Hold After 

Address Change tOH 10 - 10 -
Chip Enable Time tACE - 450 - 350 
Chip Select, Output 

Enable Access Time tACS - 150 - 125 
Output Disable Time tOFF - 150 - 125 
Output Low Z Delay tLZ 10 - 10 -
Output High Z Delay tHZ - 150 - 125 
Capacitance**'*' 
Input Capacitance CI - 7 - 7 
Output Capacitance Co - 10 - 10 

GENERAL 
INSTRUMENT 

ROC256B/CS/C/OS/O 
flexSelect™ 

*[xceeding these ratings cuuld cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this device at these 
cunditions is not implied -- operating ranges are 
specified in Standard Conditions. Exposure to' 
absulute maximum rating cunditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

TYD Max Units Condltions 

- Vec V 

- 0.8 V 
- +10 ~A VIN = 0.4\1 to Vec 

- VCC V IOH = -400,uA 
- 0.4 V 10L = 3.2mA 
- +10 ~A VOUT = o .L~V to VCC 

- 40 rnA Note 1 

- 1 rnA Note 2 

ROC256C ROC2560S ROC2560 
Min Max Min Max Min Max Units Conditions 
- 300 - 250 - 200 ns 

5 - 5 - 5 - ns Note 3 
- 300 - 250 - 200 ns 

- 100 - 85 - 70 ns Not.e 4 
- 100 - 85 - 70 ns 
5 - 5 - 5 - ns Not.e 3 

- 100 - 85 - 70 ns Not.e 5 

- 7 - 7 - 7 pf F -. lMHZ' TA = 
- 10 - 10 - 10 pf F _. 1MHZ, TA = 

**'*'Capacitance is periodically sampled and is not 100% tested. 

NOTES: 
1. Measured with device selected and outputs unloaded. 
2. Device disabled with CE ~ 2.0V ("Power Down" programmed parts only). 
j. These parameters are periodically sampled and nut 100% tested. 
4. Access time to valid data measured from CSl going active and/or OE going low whichever occurs last/first. 
5. Output high impedance delay (tHZ ) is measured frum CE and/or OE guing high or CSl guing acti.ve, 

which ever occurs first/last. 

DS10018A-5 
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GENERAL 
INSTRUMENT 

THHNG DIAGRAMS 

ROC256S/CS/C/OS/O 
flexSelect™ 

Propagation Delay from Jllddress IT = fiE = LOW, C5/CS -; Active 

ADDRESS t 
INPUTS 

_t'~~C 
DATA 

OUt' ------------

VALID ADDRESS 

VAUD DATA 

Propagation Delay from Chip Enable, Chip Select or Output Enable (Address Valid) 

tACE I fl-t= 
t- tACS • I 

CS/fi =* ACTlVE I 

OE 
I i t.\c~~1 

I.~ ILZ ILl 
* 

DATA 
OUT 

AC TEST CONDITIONS 
Input Pulse Levels •••••••••••••••••••••••• O.4V to 2.4V 
Input Rise and Fall Times ••••••••••••••••••••••• ~IOnsec 
Timing Measurement Levels: Input/Output •• O.BV AND 2.0V 
~)utput Load............................... See Figure 1 

DS10018A-6 

DOUT 

I 
t-' tHZ "I 

t=~J 
! i VALID DATA 

---JL~-----~~--~ 

I CL = 

Fig. 1 

1DOpf 
(I ncluding Scope 
and Jig) 
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GENERAL 
INSTRUMENT 

R09~12XDS/D/ES 
VariPage™ 

PRELIMINARY INFORMATION 

~24,288 STATIC READ ONLY MEMORY PIN CONFIGURATION 

FEATURES: 

- Mask programmable storage providing 64K x 8 bit 
words with programmable "VariPage"TM memory 
array organization 
• Single 64K Byte Pages: R095120 
• Two 32K Byte Pages: R095121 
• Four 16K Byte Pages: R095122 

- One proqrammable chip select (C5); R09512X, 
or: power down feature (CE); R09512XA 

- 250ns max access time: R09512XDS, R09512XADS 
- 200ns max access time: R09512XD, R09512XAD 
- 150ns max access time: R09512XE5, R09512XAES 
- Fully static operation 
- Single +5V ~10% supply 
- Inputs and outputs TTL compatible 
- Three state outputs - under the control of one 

mask programmable chip select input 
- Low power dissipation 
- 28 pin JEDEC approved pinout 
- ESD Protection: Inputs are designed to meet 2.3KV 

per test method 3015.1, MIL-STD 883B 

DESCRIPTION 

The General Instrument R09512X is a 524,288 bit 
stat ic read only memory capable of variable page 
organization. Fabricated with General Instrument's 
N-Channel Silicon Gate Technology, the R09512X 
provides the designer with a high performance, 
flexible NMOS memory circuit featuring operation 
from a single +5V power supply and low power 
dissipation. 

Memory Organization 

The R0951 ~X is designed to offer a mask program
mable optIon of choosing page sizes consistent with 

specific address.ing limitations. For example, if 
only fifteen address lines are available the 
R09512X could be programmed to "bank se lec~" on 
256K page boundaries (i.e. two 32K x 8 pages), see 
block diagram. 

The R09512X in its straight (non-paging) format, 
will utilize all sixteen address inputs for direct 
addressing. When programmed to bank select on 
either 16K or 32K byte page boundaries, page 
selection is accomplished via the write enable (WE) 
and the three I/O pins. 

28 LEAD DUAL 

R09~120 

64 x 8 
organization 

R09~121 

(2) 32K x 8 
organization 

R095122 

(4) 16K x 8 
organization 

DS10019A-1 
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IN LINE 

TOP 
1 VCC 
2 A14 
3 A13 
4 A8 
5 A9 
6 All 
7 DE 
8 AID 
9 CS/CE 
10 07 
11 06 

01 12 05 
13 04 
14 15 03 

TOP VIEW 
1 VCC 
2 A14 
3 A13 
4 A8 
5 A9 
6 All 
7 DE 
8 Al0 
9 CS/CE 
10 07 
11 06 
12 05 
13 04 
14 03 

TOP 
NC VCC 

A12 WE 
A7 An 
A6 A8 
AS A9 
A4 All 
A3 DE 
A2 A10 
Al CS/CE 
AD 07 

1/00 06 
1/01 05 
1/02 04 

VSS 03 

1985 General Instrument Corporation 



[
GENERAL R09512XD~/D/ES 

INSTRUMENT VariPage™ 

----------~-------------

Operation 

Address (AO-A13, A14-A15 optional) 

The address valid interval dl~termines the device 

cycle time. The positive logic address is decoded 
to select 16K, 32K, or 64K by B-bit pages. AD is 
thl9 least significant bit and A15 is the most 

significant bit of the word address. 

Chip Select (CS) 

This is a programmable chip select which will be 

saeri ficed if the power down option is selected. 
The address bus will tri-state when CS is in the 
inactive state. 

Ch:Lp Enable (eE) 

The power down feature of the R09512XA is control

led by the chip enable (CE) ill put • T f the power 
down feature is programmed, the device will go into 

a low current mode when CE is equal to or greater 

than 2.0 volts. The R09512XA 'v.Jill remain in a low 
power standby mode as long as CE remains hiqh. 

Output Enable (DE) 

The DE functions as a chip select for the R095121 

and R09)122. The address bus will tri-state when 
DE is high. 

BLOCK DIAGRAM: R095121 

Vee 0 -

GND 0------

WE 
I 

Write Enable (WE) 
The WE pin allows the R095121 or R095122' s RAM to 

accept a page transition address. The page address 

is entered via the three I/O pins and latched into 

the RAM on the rising edge of the WE signal. The 
three-bit page address is decoded as follows: 

PAGE DEfINITIONS 

16K x 8 PaJes 32K x 8 PaJes 
Page 1/02 I/O 1 1/00 1/02 1/0 1 1/00 

Po 0 0 0 0 0 X 

P1 0 0 1 0 1 X 

P2 0 1 0 1 0 X 

P3 0 1 1 1 1 X 
P4 1 0 0 X X X 

P5 1 0 1 X X X 

P6 1 1 0 X X X 

P7 1 1 1 X X X 

Note: 

During power-up, the device will reset to page O. 

Upon page selection, only the selected page will be 

powered, the non-selected pages will automatically 

power down. 

A 

DATA 

INPUT/ 
OUTPUTS DATA 

OUTPUTS 

DOl 011 02-07 
DOO1--~ 
it 

PAGE 
SELECT 
LOGIC 

CE 

~Ar.~r.~J OE/Vpp OUTPUTS 
BUFFERS 1 t ADDfESS(: X J ,Vb IfoFUTS • V - GATING 

XSELECT-~ 
.. 

CELL .. MATRIX 

r- r- PAGE 0 ....... 
'" l 

... po. 

.... r PAGE 1 .. 
I 

p" ...... ,.1 ,. 
---. PAGE 2 

I r 
I 

II- PAGE 3 I 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
VCC and Input Voltages 

(with Respect to GND) ••••••••••• -0.5V to +7.0V 
Storage Temperature •••••..•••••• -6~oC to + 1~0°C 

Standard Conditions (unless otherwise noted): 
Vcc = 5V .::!:. 1m~ 

Operating Temperature TA = O°C to + 70°C 
Output Loading: Two TTL Loads, CL TOTAL = 100pf 

DC CHARACTERISTICS 

Characteristics Sym Min 

Address, crlcs, Of Inputs 
Logic "1 " V1H 2.0 
Logic "0" V1L 0 
Leakage III -

Data Outputs 
Logic "1 " VOH 2.4 
Logic "0" VOL -
Leakage ILO -

Power Supply Current 

ICC (Active, Non-Paged) ICC -
ICC (Active, Paged) ICC -
ICC (Standby) ICC -

READ OPERATION 
AC CHARACTERISTICS 

R0951XDS 
Characteristics Sym Min Max 

Address to Output Delay tACC - 250 

IT to Output Delay tCE - 250 

OE to Output Delay tOE - 85 

DE or CE High to Output tor 0 85 
Data Float 

Output Hold From tOH 0 -- --Addresses CE or OE 
Whichever Occured First 

GENERAL 
INSTRUMENT 

R09512XDS/~/ES 
VariPagent 

~----------~---------------

*Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this device at these 
condi tions is not implied -- operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Typ Max Units Conditions 

- Vcc V 
- 0.8 V 
- 10 ~A VIN = O.L~V to VCC 

- VCC V IOH = -4()OjJA 
- 0.4 V T OL = 2. ~;mA 
- 10 ~A VOUT = 0 .. 4V to Vec 

- 125 rnA Note 1 
- 100 rnA Note 2 
- 30 rnA Note 3 

R0951XD R0951X[S 
Min Max Min Max Units Conditions 

- 200 - 150 ns CE = OE= VIL 

- 200 - 150 ns OE = V1L 

- 70 - 55 ns CE = VIL 

0 70 0 5') ns CE= VIL , Note 4 

0 - - - ns CE = (if = VIL 

DS10019A-3 
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GENERAL R09512XD~/D/ES 

INSTRUMENT VariPage™ 

----------~---------------

PAGE SELECT WRITE OPERATION 
AC CHARACTERISTICS 

Characteristics 

CE to End of Write 

Wr ite Pulse Width 

ite Recovery Time 

Da ta Setup Time 

Da ita Hold Time 

to Write Setup Time 

WE Low From 'iJl High 
Delay Time 

Sym 

tcw 

twp 

tWR 

tDS 

tDH 

tcs 

tWH 

CAPACITANCE*** (T - 25°C f - 1MHz) A - , -

:haracteristics SYIJI 

Jn~ lut Capacitance CU'i 

Out ~put Capacttance COUT 

R0951XDS 
Min Max 

- 7 

- 10 

ALL SPEEDS 
Min Max 

120 -

! 70 I -

20 -

40 -

20 -
I 

0 -

50 -

R0951XD 
Min Max 

- 7 

- 10 

***Capacitance is periodically sampled and is not 100% tested. 

NOTES: 

1. Measured with device selected and outputs unloaded. 

Units Conditions 

ns DE = VIH, Note 

-ns DE = V1H' Note 

ns 

ns DE = VIH 

ns DE = V1H 

--ns DE = VIH 

ns Note 6 

R0951XES 
Min Max Units Conditions 

- 7 pf VIN = OV 

- 10 pf VOUT = OV 

2. Measured with device selected, non-active pages powered down, and outputs unloaded. 
3. Device disabled with C[ ~ 2.0~ ("Po~red Down" programmed parts only). 
4. TDF = Output float time from DE or CE going high, whichever occurs last. 
~. Write may be terminated either by IT or WE. 
6. 'DE must be high during write cycle. 

DS10019A-4 
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TIMING DIAGRAMS 

Read Operation 

V,H 
ADDRESSES 

V,L -

V,H 
CE 

VIL 

V ... 

OE 
V,L 

V,H 
OUTPUT 

V,L 

V,H-
We 

V,L 
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ADDRESS 
VALID 

tCE 

tAC 

HIGH Z 

DS10019A-~ 

GENERAL 
INSTRUMENT 

R09512XDS'~D/ES 
VariPageH1 

~--------~------------

tpf 

HIGH Z 



[ 
GENERAL R09512XDS~ 

INSTRUMENT VariPageT~ 

--------.~------------

TIMING DIAGRAMS (cont'd) 

Page Select Write Operation 

ADDRESSES 

CE 

INPUTS/OUTPUTS 

ADDRESS 
DONT C;ARE 

tCW 

---tWP--~~~~~ ____ _ 

tDS ---. 

DATA IN STABLE 

HIGH Z 
~TS __ , ____ ~~~ ____________________________ _ 

DS10019A-6 
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figure 2 
A.C. Testing Input/Output Waveform 

2.4 

0.4 

GENERAL 
INSTRUMENT 

R09512XD!~)/D/ES 
VariPage™ 

~----------~-------------

AC Testing inputs are driven at 2.4V for a logic 1 and O.4V for a logic O. Timing measurements are made 
at 2.0V for a logic 1 and O.8V for a logic O. 

A.C. TEST CONDITIONS 
Input Pulse Levels.......................... O.4V to 2.4V 
Input Rise and Falls Times ••••••••••••••••••••••• < 5nsec 
Timing Measurement Levels: Input/Output •••• O.8V and 2.0V 
Output Load................................. See Figure 1 

DS10019A-7 
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A.C. Testing load Circuit 
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[ 
GENERAL ROC512xm~J/D/ES 

INSTRUMENT VariPage™ 

----------~-------------
PRELIMINARY INFORMATION 

52i~,288 STATIC READ ONLY MEMORY PIN CONFIGURATION 

FEII\TURES: 

- Mask programmable storage providing 64K x 8 bit 
words with programmable "VariPage"TM memory 
array organization 
• Single 64K Byte Pages: ROC5120 
• Two 32K Byte Pages: ROC5121 
• Four 16K Byte Pages: ROCS122 

- One programmable chip select (CS) ; ROC512X, 
or: power down feature (eE) ; ROC512XA 

- 250ns max access time: ROCS12XDS, ROC512XADS 
- 200ns max access time: ROC512XD, ROC512XAD 
- 150ns max access time: ROCS12XES, ROC512XAES 
- Fully static operation 
- Single +5V .:t,10% supply 
- [nputs and outputs TTL compatible 
- Three stat.e outputs - under the control of one 

mask programmable chip select input 
- Low power dissipation 
- 28 pin JEDEC approved pinout 
- [SD Protection: Inputs are designed to meet 2.3KV 

per test method 3015.1, MIL-STD 8838 

DESCRIPTION 

The General [nstrument ROC512X is a 524,288 bit 
static read only memory capable of variable page 
organization. Fabricated with General Instrument's 
N-Channel Silicon Gate Technology, the ROC512X 
provides the designer with a high performance, 
flexible NMOS memory circuit featuring operation 
from a single +5V power supply and low power 
dissipation. 

Memory Organ:lzation 

The ROC''>12X is designed to offer a mask program
mable option of choosing page sizes consistent wit 
specific addressing limit at ions. F or example, if 

only fi fteen address lines are available, the 
ROC'>12X could he programmed to "bank se lect" on 
256K page boundaries (i.e. two 32K x 8 pages), see 
block diagram. 

The ROC512X in its straight (non-paging) format, 
will utilize all sixteen address inputs for direct 
addressing. When programmed to bank select on 
either 16K or 32K byte page boundaries, page 
selection is accomplished via the write enable (WE) 

and the three I/O pins. 

28 LEAD DUAL 

ROC5120 

64K x 8 
organization 

ROC5121 

(2) 32K x 8 
organization 

ROC5122 

(4) 16K x 8 
organization 

DS10021A-1 

IN LINE 

TOP 

VCC 
2 A14 
3 AU 
4 A8 
5 A9 
6 All 
7 O'E 
8 21 Al0 
9 eS/CE 
10 07 
11 06 

01 12 05 
13 04 

VSS 14 15 03 

TOP VIEW 
1 Vee 
2 A14 
3 AU 
4 A8 

A5 5 A9 
6 All 
7 OE 

A2 8 A10 
Al 9 eS/CE 
AO 10 07 

I/O~ 11 06 
1/01 12 05 
1/02 13 04 

VSS 14 03 

NC Vee 
A12 WE 

A7 A13 
A6 A8 
AS A9 
A4 All 
AJ OE 
A2 Al0 
Al eS/CE 
AO 07 

I/O~ 06 
1/01 05 
1/02 04 

VSS OJ 
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GENERAL 
INSTRUMENT 

Operation 

HOC512XDS/D/ES 
VariPage™ 

Address (AO-A1}, A14-A15 optional) 
The address valid interval determines the device 
cycle time. The positive logic address is decoded 
to select 16K, 32K, or 64K by 8-bi t pages. AD is 
the least significant bit and A15 is the most 
significant bit of the word address. 

Chip Select (CS) 
This is a programmable chip select which will be 
sacri ficed if the power down option is selected. 
The address bus will tri-state when CS is in the 
inactive state. 

Chip Enable (IE) 
The power down feature of the ROC512XA is control
led by the chip enable eCE) input. T f the power 
down feature is programmed, the device will go into 
a low current mode whell IT is equal to or greater 
than 2.0 volts. The ROC512XA will remain in a low 
power standby mode as long as CE remains high. 

Output Enable (DE) 

The DE functions as a chip select for the ROC'J121 
and ROC5122. The address bus wi 11 tri-state when 
DE is high. 

BLOCK DIAGRAM: ROC5121 

Vee 0 .. 

G ~ NO 
WE 

I 

Write Enable CWE)_ 
The WE pin allows the ROC5121 or ROCY122's RAM to 
accept a page transition address. The page address 
is entered via the three I/O pins and latched into 
the RAM on the rising edge of the WE signal. The 
three-bit page address is decoded as follows: 

PAGE DEFINITIONS 

16K x 8 Pa::)es 32K x 8 Pa Jes 
Page 1/02 1/01 1/00 1/02 1/01 1/00 

Po 0 0 0 0 0 X 

Pl 0 0 1 0 1 X 

P2 0 1 0 1 0 X 

P3 0 1 1 1 1 X 

P4 1 0 0 X X X 
Ps 1 01 1 X X X 
P6 1 1 0 X X X 

P7 1 1 1 X X X 

Note: 
During power-up, the device will reset to page O. 

_I 

DATA 
INPUT/ 

DATA 
OUTPUTS OUTPUTS 

DOl 011 02-07 
DOO1-~ 

t l' 
PAGE 

SELECT 
LOGIC 

CE 

O{~~fel OE/Vpp OUTPUTS , , BUFFERS 

ADDfESS {: X J Vb INPUTS • V - GATING 

XSELECT-~ 
.. 

CELL .. MATRIX 
) 

!"'" r- PAGE 0 --,. 
A. 

J 
~ jioo 

PAGE 1 .. 
I 

" .... J ~ 
PAGE 2 

A. 

r --- PAGE 3 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
VCC and Input Voltages 

(with Respect to GNO) ••••••••••• -0.5V to +7.0V 
Storage Temperature ••••••••••••• -65°C to + 150°C 

Standard Conditions 
VCC = 5V ~ 10% 

(unless otherwise noted): 

Operating Temperature TA = DoC to + 70°C 
Output Loading: Two TTL loads, CL TOTAL = 100pf 

DC CHARACTERISTICS 

Add 
Log 
log 
lea 

Oat 
log 
log 
lea 

Pow 

ICC 
ICC 

Characteristics 

ress, CE/cs, OE Inputs 
ic "1" 
ic "0" 
kage 

a Outputs 
ic "1" 
ic "0" 
kage 

er Supply Current 
(Active) 
(Standby) 

REAlD OPERATION 
AC CHARACTERISTICS 

C Iharacteristics 

Add 

DE 
o 

Out 
A 

W 

ress to Output Delay 

to Output Delay 

to Output Delay 

or CE High to Output 
ata Float 

put Hold From 
ddresses CE or DE 
hichever Occured First 

Sym Min 

VIH 2.0 
VIL 0 

III -

VOH 2.4 

VOL -
IlO -

ICC -
ICC -

ROC51XDS 
Syrn Min Max 

t Ace - 250 

tCE - 250 

tOL - 85 

tOF 0 85 

tOH 0 -

GENERAL 
INSTRUMENT 

ROC512XDS/D/ES 
VariPage™ 

*Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this device at these 
condi tions is not implied -- operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Tyjl Max Units Conditions 

- VCC V 
- 0.8 V 
- 10 }JA VIN = 0.4V to Vec 

- Vce V TOH = -400#JA 
- 0.4 V TOl = 2.1mA 
- 10 ~A VOUT = O.4V to Vec 

- 35 mA Note 1 
- 40 tJA Note 2 

ROC51XD ROC51XES 
Min Max Min Max Units Conditions 

- 200 - 150 ns IT = DE = VIL 

-- 200 - 150 ns DE = VIL 

- 70 - 55 ns CE = VIL 

0 70 0 '.>5 ns CE = VIL' Note J 

0 - - - ns IT = DE = VIL 

OS1002'IA-3 
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GENERAL 
INSTRUMENT 

ROC512XDS/D/ES 
VariPage™ 

PAGE SELECT WRITE OPERATION 
AC CHARACTERISTICS 

Characteristics Sym 

IT to End of Write tcw 

Write Pulse Width twp 

Write Recovery Time tWR 

Data Setup Time tDs 

Data Hold Time tDH 

CE to Write Setup Time tcs 

WE Low From ~ High tWH 
Delay Time 

CAPACITANCE*** (TA = 25°C, f = 1MHz) 

Characteristics Sym 

Input Capacitance CIN 

Output Capacitance COUT 

ALL SPEEDS 
Min Max 

120 -

70 -

20 -

40 -

20 -

0 -

50 -

ROC51XDS ROC51XD 
Min Max Min Max 

- 7 - 7 

- 10 - 10 

***Capacitance is periodically sampled and is not 100% tested. 

NOTES: 

1. Measured with device selected and outputs unloaded. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ROC51XES 
Min Max 

- 7 

- 10 

2. Device disabled with IT ~ 2.0~ ("Po~red Down" programmed parts only). 
3. TDF = Output float time from O[ or CE going high, whichever occurs last. 
4. Write may be terminated either by IT or WE. 
'). DE must be high dur i.ng wr i te cycle. 
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Condit.ions 

-OE = V1H' Note 4 

-
OE = VIH, Note 4 

-OE = V1H 

-OE = VIH 

-
OE = V1H 

Note 5 

Units Conditions 

pf VIN = OV 

pf VOUT = OV 



TIMING DIAGRAMS 

Read Operation 

V,H -
ADDRESSES 

V.l 

V,H 
CE 

V'l 

Vii 

OE 
V'l 

V,H 
OUTPUT 

V'l 

V,H 
WE 

Vel 

---ADDRESS 
VALID -.-

HIGH Z 

DS10021A-5 

GENERAL 
INSTRUMENT 

tpf 

HIGH Z 

ROC512XDS/D/[S 
VariPage™ 
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GENERAL nOC512XDS/D/ES 
INSTRUMENT VariPage™ 

TIMING DIAGRAMS (cunt'd) 

Page Select Write Operation 

ADDRESSES 

CE 

ADDRESS 
DONT CARE 

tcw 

__________________________ ~---tWP --~ __ ~------------

tWH 

tDS 

INPUTS/OUTPUTS 
DATA IN STABLE 

OUTPUTS HIGH Z 

DS100Z1A-6 
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Figure 2 
A.C. Testing Input/Output Waveform 

2.4 

0.4 

GENERAl 
INSTRUMENT 

ROC512XDS/D/ES 
VariPage™ 

AC Testing :lnputs are driven at 2.4V for a logic 1 and 0.4V for a logic O. Timing measurements are made t 
at 2.0V for a logic 1 and 0.8V for a logic O. 

A~C. TEST CONDITIONS 
Input Pulse Levels ..•••••.••••....•.•••.••.• 0.4V to 2.4V 
Input Rise and Falls Times •••.••••.•••.••••.•.••• < 5nsec 
Timing Measurement Levels: Input/Output •••• 0.8V and 2.0V 
Output Load ••••••••••••••••••••••••••••••••• See Figure 1 

DS10D21A-7 

Figure 1 
A.C. Testing load Circuit 

100pf 
(INCLUDING SCOPE 

AND JIG) 
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GENERAL 
INSTRUMENT 

R09100XC/DS/D ] 
VariPage™ 

PRELIMINARY INfORMATION 

ONE MEGABIT STATIC READ ONLY MEMORY PIN CONfIGURATION 

fEATURES: 

- Mask programmable storage providing 128K x 8 bit 
words with programmable "VariPage"TM memory 
array organization 
• Single 128K Byte Pages: R091000 
• Four 32K Byte Pages: R091001 
• Eight 16K Byte Pages: R091002 

- One programmable chip select (CS); R09100X, 
or: power down feature (CE); R09100XA 

- 300ns max access time: R09100XC, R09100XAC 
- 250ns* max access time: R09100XDS, R09100XADS 
- 200ns* max access time: R09100XD, R09100XAD 
- Fully static operation 
- Single +5V ~10% supply 
- Inputs and outputs TTL compatible 
- Three state outputs - under the control of one 

mask programmable chip select input 
- Low power dissipation 
- 28 pin JEDEC approved pinout 
- ESD Protection: Inputs are designed to meet 2.3KV 

per test method 3015.1, MIL-STD 883B 

DESCRIPTION 

The General Instrument R09100X is a 1,048,576 bit 
static read only memory capable of variable page 
organization. Fabricated with General Instrument's 
N-Channel Silicon Gate Technology, the R09100X 
provides the designer with a high performance, 
flexible NMOS memory circuit featuring operation 
from a single +5V power supply and low power 
dissipation. 

Memory Organization 

The R09100X is designl~d to offer a mask program
mable option of choosing page sizes consistant with 
specific addressing limitations. For example, if 

only fifteen address lines are available, the 
R09100X could be programmed to "bank select" on 
256K page boundaries (i.e. four 32K x 8 pages), see 
block diagram. 

The R09'100X in its straight (non-paging) format, 
will utilize all seventeen address inputs for 
direct addressing. When programmed to bank select 
on either 16K or 32K byte page boundaries, page 
selection is accomplished via the write enab Ie (wE) 

and the three 1/0 pins. 

28 LEAD DUAL 

R091000 

128K x 8 
organization 

R091001 

(4) 32K x 8 
organization 

R091002 

(8) 16K x 8 
organization 

DS10013C-1 
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IN LINE 

TOP VIEW 
A15 1 28 Vee 
All 2 A14 

A7 3 A13 
A6 4 25 A8 
AS 5 A9 
Al~ 6 23 All 
A:S 7 22 A16 
A2 8 A '10 
A'I 9 eS/eE 
AD 10 19 07 
00 11 18 06 
0'1 12 17 05 
02 13 16 04 

VSS 14 15 03 

TOP 
W[ Vee 

A12 A14 
A7 A13 
A6 A8 
A5 A9 
Al~ All 
A3 DE 
A2 AlO 
Al CS/CE 
AD 07 

1/0£\ 06 
1/01 05 
1/02 04 

VSS 03 

TOP VIEW 
NC Vce 

A12 WE 
A7 An 
A6 A8 
AS A9 
A4 All 
A3 DE 
A2 Al0 
Al CS/CE 
AD 07 

1/00 06 
1/01 05 
1/02 04 

VSS 03 
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GENERAL R09100X(~'/DS/D 

INSTRUMENT VariPagt,TM 

----------~-------------

Operation 

Address (AO-A13, A14-A16 optional) 
The address valid interval determines the device 
cycle time. The positive logic address is decoded 
to select 16K, 3ZK, or lZ8K by 8-bit pages. AD is 
the least significant bit and A16 is the most 
significant bit of the word address. 

Chip Select (CS) 
This is a programmable chip select which will be 
sacrificed if the power down option is selected. 
The address bus will tr i-st ate when CS is in the 
inactive state. 

Chip Enable (cE) 
The power down feature of the R09100XA is control
led by the chip enable (CE) input. I f the power 
down feature is programmed, the device will go into 
a low current mode when CE is equal to or greater 
than 2.0 volts. The R09100XA will remain in a low 
power standby mode as long as CE remains high. 

Output Enable ('BE) 
The DE functions as a chip select for the R091001 
and R09100Z. The address bUB will tri-state when 
err is high. 

m.OCK DIAGRAM: R091001 

Vee 0----

GNDo--
WE. 

I 

I 

Write Enable (WE) 
The WE pin a llows the R091 DOlor R091OZ' s RAM to 
accept a page transition address. The page address 
is entered via the three 1/0 pins and latched into 
the RAM on the rising edge of the WE signal. The 
three-bit page address is decoded as follows: 

PAGE DEfINITIONS 

16K x 8 Pa~es 3ZK x 8 Pa 1es 
Page l/OZ 1/01 1/00 1/0Z 1/01 1/00 

Po 0 0 0 0 0 X 

Pl 0 0 1 0 1 X 

Pz 0 1 0 1 0 X 

P3 0 1 1 1 1 X 
P4 1 0 0 X X X 
Ps 1 0 1 X X X 

P6 1 1 0 X X X 

P7 1 1 1 X X X 

Note: 
During power-up, the device will reset to page O. 
Upon page selection, only the selected page will be 
powered, the non-selected pages will automatically 
power down. 

DATA 
INPUT/ 

DATA 
OUTPUTS OUTPUTS 

i 1 • 

D06 D11 02-07 
OOt~ 

w:-AGE 
SELECT 
LOGIC 

CE 

~~c~] OE/Vpp OUTPUTS 
BUFFERS 1 t 

ADDRESS {: X J Vb INPUTS . V - GATING' 

XSELECT-~ 
.,. 

CELL 
~ MATRIX 
) 

~ roo PAGE 0 
-~ ... 

~ 
.. 

PAGE 1 
II. 

I 

-..... J .. 
.~ 

PAGE 2 

, 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
VCC and Input Voltages 

(with Respect to GND) ••••••••••• -0.5V to +7.0V 
Storage Temperature ••••••••••••• -65°C to + 150°C 

Standard Conditions (unless otherwise noted): 
VCC = 5V .:!:,10% 
Operating Temperature TA = DoC to + 70°C 
Output Loading: Two TTL Loads, CL TOTAL = 100pf 

DC CHARACTERISTICS 

Characteristics Sym Min 

Address, CElcs, OE Inputs 
Logic "1" VIH 2.0 
Logic "0" V1L 0 
Leakage III -

Data Outputs 
Logic "1" VOH 2.4 
Logic "0" VOL -
Leakage ILO -

Power Supply Current 
ICC (Active, Non-Paged) ICC -
ICC (Active, Paged) ICC -
ICC (Standby) ICC -

READ OPERATION 
AC CHARACTERISTICS 

R09100XC 
Characteristics Sym Min Max 

Address to Output Delay tACC - 300 

CE to Output Delay tCl:: - 300 

DE to Output Delay tOE - 120 

DE or CE High to Output tDF 0 100 
Data Float 

Output Hold From tOH 0 -
Addresses CE or or 
Whichever Occured First 

GENERAL 
INSTRUMENT 

R09100XC{D~ 
VariPage M~ 

*Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this device at these 
condi tions is not implied -- operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions faT extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Typ Max Units Condi1:ions 

- VCC V 
- 0.8 V 

- 10 }JA VIN = 0.4V to VCC 

- Vce V IOH = -400pA 
- 0.4 V IOL = 2.1mA 
- 10 jJA VOUT = O.l~V to VCC 

- 150 mA Note 1 

- 125 mA Note 2 
- 40 mA Note 3 

R09100XDS R09100XD 
Min Max Min Max Units Conditions 

- 250 - 200 ns CE = ci[ = V IL 

- 250 - 200 ns DE = VIL 

- 100 - 85 ns CE = VlL 

0 85 0 70 ns CE = VIL , Note 4 

0 - - .- ns CE = ci[ = V1L 

DS10015[-3 
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GENERA~ 
INSTRUMEN"L 

R09100X(~ 
VariPagE'~ 

PAGE SELECT WRITE OPERATION 
Ar CHARACTERISTICS -

R09100XC 
Characteristics Sym Min Max 

~ to End of Write tcw 180 -

~ite Pulse Width t~/P 100 -

~ite Recovery Time t~/R 20 -

Dc ~ta Setup Time t DS 50 -

Dc ~ta Hold Time tDH 20 -

.. 
to Write Setup Time tcs 0 -

. 
Low rrom DE High t~/H 5') -

De lay Time 

CAPACITANCE*** (TA - 25°C f - lMHz) - , -" 
R09100XC 

Characteristics Sym Min Max 

Ir lput Capacitance CIN - 7 

Ol ltput Capacitance C(JUT - 10 

R09'100XOS 
Min Max 

180 -

100 -

201 -

50 -

201 -

01 -

5'), -

R09'100XOS 
Min Max 

- 7 

- 10 

**·Capacitance is periodically sampled and is not 100% tested. 

NOTES: 

1. Measured with device selected and uutputs unloaded. 

R09100XO 
Min Max Units 

180 - ns 

100 - ns 

20 - ns 

50 - ns 

20 - ns 

0 - ns 

55 - ns 

R09100XO 
Min Max Units 

- 7 pf 

- 10 pf 

-

2. Measured with device selected, non-active pages powered down, and outputs unloaded. 
5. Device d:i.sabled with CE ~ :Z.OV ("Powered Down" programmed parts only). 
4. TDF = Output float time from DE or CE going high, whichever occurs last. 
5. Write may be terminated either by CE or WE. 
6. DE must be high during write cycle. 

0510015C-4 

Conditions 

TIE = VIH' Note 5 

DE = VTH' Note ') 

DE = VTH 

DE = V1H 

DE = VTH 

Note 6 

Conditions 

VIN = OV 

VOUT = OV 
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TIMING DIAGRAMS 

Read Operation 

VIH 
ADDRESSES 

VIL -

VIH 
CE 

VIL 

Viti _ 

OE 
VIL 

VIH 
OUTPUT 

VIL 

VIH 
WE 

VIL 
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ADDRESS 
VALID 

teE 

__ tAC 

HIGH Z 

0510013(-5 

GENERAL 
INSTRUMENT 

R09100XC/C~S/D 
Var iP age TtJl 

--------.--~-------------

tpf 

HIGH Z 



[
GENERAL I R09100XC~ 

INSTRUMENT~ VariPage~~ 

TIMING DIAGRAMS (cunt'd) 

Page Select Write Operation 

ADDRESSES X -
CE 

tWH 

INPUTS/OUTPUTS 

ADDRESS 
DONT CARE 

tew 

--tWp----~~~~----

tDS 

DATA IN STABLE 

OUTPUTS ________ H_IG_H __ Z ________________________________ ___ 

DS10013C-6 
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figure 2 
A.C. Testing Input/Output Waveform 

2.4 

0.4 

GENERAL 
INSTRUMENT 

R09100XC/[)~/D 
VariPage H1 

~----------~----------------

AC Testing inputs are driven at 2.4V for a logic 1 and 0.4V for a logic 0 timing measurements are made at 
2.0V for a logic 1 and O.SV for a logic O. 

A.C. TEST CONDITIONS 
Input Pulse Levels •••••••••••••••••••••••••• 0.4V to 2.4V 
Input Rise and Falls Times ••••••••••••••••••••••• < 5nsec 
Timing Measurement Levels: Input/Output •••• O.SV and 2.0V 
Output Load ••••••••••••••••••••••••••••••••• See Figure 1 

DS10013C-7 
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figure 'I 

A.C. Testing load Circuit 

100pf 
(INCLUDING SCOPE 

AND JIG) 
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GENERAl. ROC100XD~/D/ES 
INSTRUMENT VariPage™ 

----------~-------------
PRELIMINARY INFORMATION 

ONE MEGABIT STATIC READ ONLY MEMORY PIN CONFIGURATION 

FEATURES: 

- Mask programmable storage providing 128K x 8 bit 
words with programmable "VariPage"TM memory 
array organization 
• Single 128K Byte Pages: ROC1000 
• Four 32K Byte Pages: ROC1001 
• Eight 16K Byte Pages: ROC1002 

- One programmable chip select (CS); ROC100X, 
or: power down feature (CE); ROC100XA 

- 250ns max access time: ROC100XDS, ROC100XADS 
- 200ns max access time: ROC100XD, ROC100XAD 
- 150ns max access time: ROC100XES, ROC100XAES 
- Fully static operation 
- Single +5V .:!:1m~ supply 
- Inputs and outputs TTL compatible 
- Three state outputs - under the control of one 

mask programmable chip select input 
- Low power dissipation 
- 28 pin JEDEC approved pinout 
- ESD Protection: Inputs are designed to meet 2.3KV 

per test method 3015.1, MIL-STD 883B 

DESCRIPTION 

The General Instrument ROC100X is a 1,048,576 bit 
st.atic read only memory capable of variable page 
organization. Fabricated with General Instrument's 
CMOS Silicon Gate Technology, the ROC100X provides 
the designer with a high performance, flexible CMOS 
memory circuit featuring operation from a single 
+~V power supply and low power dissipation. 

Meimory Organization 

The ROC100X is designed to offer a mask program
mable option of choosing page sizes consistent with 
speci fic addressing limitations. For example, if 
only fi fteen address lines are available, the 
ROC100X could be programmed to "bank select" on 
2~6K page boundaries (i.e. four 32K x 8 pages), see 
block diagram. 

The ROC100X in its straight (non-paging) format, 
will utilize all seventeen address inputs for 
direct addressing. When programmed to bank select 
on either 16K or 32K byte page boundaries, page 
se lection is accomplished via the write enable (WE) 
and the three I/O pins. 

28 LEAD DUAL 

ROC1000 

128K x 8 
organization 

ROC1001 

(4) 32K x 8 
organization 

ROC1002 

(8) 16K x 8 
organization 

DS10020A-1 

IN LINE 

TOP 
A15 
A12 

A7 
A6 
A5 
A4 
A3 
A2 
Al 
AO 
00 
01 
02 

VSS 

TOP VIEW 

2 
A7 3 
A6 4 
AS 5 
A4 6 
A3 7 
A2 8 
Al 9 
AO 10 

1/00 11 
1/01 12 
1/02 13 

VSS 14 

NC 
A12 

A7 
A6 
AS 
A4 
A3 
A2 
Al 
AD 

1/0~ 

1/01 
1/02 

VSS 

Vec 
A14 
A13 
A8 
A9 
All 
A16 
Al0 
eS/eE 
07 
06 
05 
04 
03 

Vee 
A14 
A13 
A8 
A9 
All 
OE 
Al0 
CS/CE 
07 
06 
05 
04 
03 

Vec 
WE 
A13 
A8 
A9 
All 
OE 
A10 
eS/CE 
07 
06 
05 
04 
03 
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GENERAL 
INSTRUMENT 

Operation 

ROC100XDS/D/ES ] 
VariPage™ 

Address (AO-A13, A14-A16 optional) 
The address valid interval determines the device 
cycle time. The positive logic address is decoded 
to select 16K, 32K, or 128K by 8-bi t pages. AO is 
the least significant bit and A16 is the most 
significant bit of the word address. 

Chip Select (CS) 
This is a programmable chip select which will be 
sacri ficed if the power down option is selected. 
The address bus will tri-state when CS is in the 
inactive state. 

Chip Enable (CE) 

The power down feature of the ROC100XA is control
led by the chip enable (CE) input. I f the power 
down feature is programmed, the device will go into 
a low current mode when CE is equal to or greater 
than 2.0 volts. The ROC100XA will remain in a low 
power standby mode as long as CE remains high. 

Output Enable (Of) 
The OE functions as a chip select for the ROC1001 
and ROC1002. The address bus will tri-state when 
OE is high. 

BLOCK DIAGRAM: ROC1001 

Vee 0 -
G 0------ND 

WE 
I 

Write Enable (WE\ 
The WE pin allows the ROC1001 or ROC102's RAM to 
accept a page transition address. The page address 
is entered via the three I/O pins and latched into 
the RAM on the rising edge of the WE signaL The 
three-bit page address is decoded as follows: 

PAGE DEfINITIONS 

16K x 8 Pa::jes 32K x 8 Pa ~es 
Page 1/02 1/01 1/00 1/02 1/01 1/00 

Po 0 0 0 0 0 X 

Pl 0 0 1 0 1 X 

P2 0 1 0 1 0 X 

P3 0 1 1 1 1 X 

P4 1 0 0 X X X 
Ps 1 0 1 X X X 
P6 1 1 0 X X X 

P7 1 1 1 X X X 

Note: 
During power-up, the device will reset to page O. 

I 

DATA 
INPUT/ 

DATA OUTPUTS OUTPUTS 

DOl D1/ 02-07 
DOO1-~ 

t t 
PAGE 

SELECT 
LOGIC 

CE ¥---'~Ce] 
OE/Vpp 0EiAr.~~ E OUTPUTS 

BUFFERS I t 
ADDfESS {: X J Yb INPUTS . V - GATING 

XSELECT-~ " 
CELL 

" MATRIX 
) 

,... .. PAGE 0 
-P- .. 

'"'" 
~ ...... PAGE 1 

~ 

"'"--"" 
ill 

~ 
PAGE 2 

r --- PAGE 3 
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ELECTRICAL CHARACTERISTICS 

Ma>dmum Ratings* 
Vce and Tnput Voltages 

(with Respect to GND) ••••••••••• -O.SV to +7.0V 
storage Temperature ••••••••.•••• -6~oe to + 1S0°C 

Standard Conditions (unless otherwise noted): 
Vee = 5V ~ 1m6 
Operating Temperature TA = oOe to + 70°C 
Output Loading: Two TTL Loads, CL TOTAL = 100pf 

DC CHARACTERISTICS 

Characteristics 

Add 
LoC] 
Log 
Lee 

Iress, CE/eS, OE Inputs 
lic "1 " 
lic "0" 
-Ikage 

a Outputs 
,ic 

Oat 
Log 
Log 
Lea 

"1 " 
ic "0" 
Ikage 

Pow 

ICC 
ICC 

er Supply Current 
(Active) 
(Standby) 

READ OPERATION 
AC CHARACTERISTICS 

C 

Add 

o 

Out 
A 

W 

haracteristics 

ress to Output Delay 

to Output Delay 

to Output Delay 

or CE High to Output 
ata Float 

put Hold From 
ddresses If or "(j[ 

hichever Occured First 

Sym Min 

VIH 2.0 
V1L 0 

III -

VOH 2.4 

VOL -
ILO -

TCCA -
ICCS -

ROC100XDS 
Sym Min Max 

t Ace - 250 

tCE: - 250 

tOL - 85 

tDI~ 0 85 

tOH 0 -

GENERAL 
INSTRUMENT 

ROC100XDS/D/ES 
VariPage™ 

·[xceeding these ratings could cause permanent 
damage to the device. This is a stress rating only 
and functional operation of this device at these 
condi tions is not implied -- operating ranges are 
specified in Standard Conditions. Exposure to 
absolute maximum rating conditions for extended 
periods may affect device reliability. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Typ Max Units Conditions 

- VCC V 

- 0.8 V 
- 10 ~A VIN = 0.4V to Vee 

- VCC V IOH = -400)JA 
- 0.4 V IOL = 2.1mA 
- 10 iJA VOUT = 0.4V to Vec 

- 40 rnA Note 1 

- SO uA Note 2 

ROC'100XD ROC100XES 
Min Max Min Max Units Conditions 

- 200 - 1S0 ns CE = OE = VIL 

- 200 - 150 ns OE = VIL 

- 70 - '>5 ns CE = VIL 

0 70 0 55 ns CE = V1L , Note 3 

0 - 0 - ns IT = OE = VIL 

DS10020A-~ 
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GENERAL 
INSTRUMENT 

ROC100XDS/D/ES 
VariPage™ 

PAGE SELECT WRITE OPERATION 
AC CHARACTERISTICS 

Characteristics Sym 

CE to End of Write tcw 

Write Pulse Width twp 

Write Recovery Time tWR 

Data Setup Time t DS 

Data Hold Time tDH 

IT to Wr ite Setup Time tcs 

WE Low From OE High tWH 
Delay Time 

CAPACITANCE*** (TA - 25°C f = 1MHz) - , 

Characteristics Sym 

Input Capacitance CIN 

Output Capacitance COUT 

ALL SPEEDS 
Min Max 

120 -

70 -

20 -

40 -

20 -

0 -

50 -

ROC100XDS ROC100XD 
Min Max Min Max 

- 7 - 7 

- 10 - 10 

*·*Capacitance is periodically sampled and is not 100% tested. 

NOTES: 

1. Measured with device selected and outputs unloaded. 

Units 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ROC100XES 
Min Max 

- 7 

- 10 

2. Device disabled with IT 2. 2.0V ("Powered Down" programmed parts only). 
5. TDF = Output float time from OE or CE going high, whichever occurs last. 
4. Write may be terminated either by CE or WE. 
~. DE must be high dur ing wr i te cyc le. 

DS10020A-4 
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Conditions 

DE= V1H , Note 4 

DE = VIH' Note 4 

DE = VIH 

DE= VIH 

-OE = VIH 

Note 5 

Units Conditions 

pf VIN = OV 

pf VOUT = OV 



TIMING DIAGRAMS 

REtad Operation 

VIH • 
ADDRESSES 

VIL 

VIH 
CE 

Vil 

Vii 

OE 
Vil 

VIH 
OUTPUT 

Vil 

VIH -
WE 

Vil 

---ADDRESS, 

VALID 
---

---

IHIGH Z 

DS1002:0A-'J 

GENERAL 
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tpf 

HIGH Z 

ROC100XDS/D/ES 
VariPage™ 
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TIMING DIAGRAMS 

ROC100XDS/D/ES] 
VariPage™ 

(cont'd) 

Page Select Write Operation 

ADDRESSES 

CE 

ADDRESS 
DONT CARE 

tCW 

------------------------~ 
__ -- tWP ---41"":;:!~'::~ __ 

tWH 

tDS -----" 

INPUTS/OUTPUTS 
DATA IN STABLE 

OUTPUTS HIGHZ 

DS100Z0A-6 
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figure 2 
A.C. Testing Input/Output Waveform 

2.4 

0.4 

GENERAL 
INSTRUMENT 

ROC100XDS/D/ES 
VariPage™ 

AC Testing inputs are driven Cit 2.4V for a logic 1 and 0.4V for a logic O. Timing measurements are made 
at 2.0V for a logic 1 and O.B\, for a logic O. 

AoC. TEST CONDITIONS 
Input Pulse Levels •••••••••••••••••••••••••• 0.4V to 2.4V 
Input Rise and Falls Times ••••••••••••••••••••••• < 5nsec 
Ttming Measurement Levels: Input/Output.... O.BV and 2.0V 
Output Load ••••••••••••••••••••••••••••••••• See Figure 1 

DS10020A-7 

figure 1 

A.C. Testing Load Circuit 

100pf 
(INCLUDING SCOPE 

AND JIG) 
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SECTION 2 

ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORIES 

Description I 

256 bit EEPROM -
organized 16 x 16 

1K (1024) bit EEPROM -
organized 128 x 8 or 
64 x 16 

2K (2048) bit EEPROM -
organized 256 x 8 or 
128 x 16 

1K (1024) bit EEPROM -
I2C bus compatible 
organized 128 x 8 

2K (2048) bit EEPROM -
I2C bus compatible 
organized 256 x 8 

Operat i ng Part Page 
Temperature Number Number 

Standard Parts: Ser i a 1 

Commerc i a 1 (O°C to +70°C) 

Industr i al (-40°C to +85°C) 

Commerc i al (O°C to +70°C) 

Industrial (-40°C to +85°C) 

Commerc i al (O°C to +70°C) 

Industrial C-40°C to +85°C) 

Commerc i al (O°C to +70°C) 

Industrial (.-40°C to +85°C) 

Commerc i al (DOC to +70°C) 

Industrial (.-40°C to +85°C) 

ER59256 2-3 

ER59256I 2-10 

ER5911 2-17 

ER59111 2-26 

ER5912 2-35 

ER59121 2-46 

PCD8572 2-57 

PCD85721 2-66 

PCD8582 2-75 

PCD85821 2-84 

GENERAL 
INSTRUMENT 
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SECTION 2 

ELECTRICALLY ERASABLE PROGRAMMABLE READ ONLY MEMORIES (continued) 

Description 

1K (1024) bit EEPROM -
organized 128 x 8 

2K (2048) bit EEPROM -
organized 256 x 8 

4K (4096) bit EEPROM -
organized 512 x 8 

Non-Volatile Counter 

8-bit microcomputer 
with on-board EEPROM -
organized as 32 x 8 bit 
EEPROM and 512 x 12 bit 
mask programmable ROM. 

2-2 

Operat i ng Part Page 
Temperature Number Number 

Standard Parts: Par all e 1 

Commerc i a 1 (O°C to +70°C) 

Industrial (-40°C to +85°C) 

Commerc i al (O°C to +70°C) 

Industrial (-40°C to +85°C) 

Commerc i al (O°C to +70°C) 

Industr i al (-40°C to +85°C) 

Commerc i al (O°C to +70°C) 

Commerc i al (O°C to +70°C) 

Industr i a 1 (-40°C to +85°C) 

ER590l 2··93 

ER590lI 2··101 

ER5902 2··109 

ER5902I 2··116 

ER5904 2··123 

ER59041 2··130 
,--

Ap p 1 i cat ion Spec-if ic 

ERlOaa 2 ··137 

PICl6E57 2-·144 

GENERAL 
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GENERAL ~ 
,_IN_S_T_R_UM_E_N._T--,-__ • ___ E_R5_9~ 

2~56 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fEATURES 
_. Low cost 
- 16 x 16 serial EEPROM 
- Single +5V only operation 
- Binary addressing 
- Word and chip erasable 
_. Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIl-STD 883 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 
- O°C to +70°C operating ambient temperature range 
- Power on/off data protection circuitry 

DESCRIPTION 

The LR,)9256 is a low cost, Herial EEPROM manufac
tured in General Instrument's highly reliable SNOS 
techno logy. The key features of this device are 
its +5V only operation and microcomputer compatible 
architecture. Six 9-bit instructions can be 
executed. See Table 1. The instruction format has 
a logical "I" as a start bit, four bits as an op 
code, and four bits of address. See Table 1. 

BLOCK DIAGRAM 

INSTRUCTION DECODER, 

CS - ....... CONTROL LOGIC, 

CLOCK GENERATORS 

AND 
CLK - f--

ERASE/WRITE PROTECTION 

1"1' J f f 
INSTRUCTION 

REGISTER 4 to 16 
-\ 

(8 BITS) -; ADDRESS 

AND DECODER 

LATCHES 

01 I 

f--

-" 

~, 

ii' 

PIN CONfIGURATION 

8 Pin Dual-In-Line 

TOP VIEW 

CS (+5V) VCC 
ClK TEST 

DI Vpp 
DO GND 

PIN FUNCTIONS 

CS Chip Select 
ClK CLock Input 
DI Serial Data Input 
DO Serial Data Output 

VCC +5V Power Supply 
GND Ground 

TEST PINS 

Vpp High Voltage Test (Float) 
TEST EEPROM Margin Test (Ground/Float) 

K>-DATA REGISTER --(16 BITS) 
AND 

DO 

READ/WRITE AMPLIFIERS 

;' ..... 
....... - VCC 

VPP 
GENERATOR 

I ..... ,;' 

EEPR~ 

ARRAY 

(16 x 16) 

_4_- GND 

DSZ00114H-l 1985 General Instrument Corporation 
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GENERAL 
INSTRUMENT ER59256 

ELECTRICAL CHARACTERISTICS 

Haxi~m Ratings* 
All inputs and outputs with 

respect to ground •••••••••••••••••• +7V to -0.3V 
Storage temperature (unpowered and 

without data retention).......... -65°C to 150°C 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300°C 

Standard Conditions (unless otherwise noted) 
Vee = +5 ~ 10% volts 
GND = 0 valls 

Operating Temperature Range (TA): 
DoC to +70°C (Commercial) 

DC CHARACTERISTICS 

Characteristic Sym Hin 

High Level Input Voltage VIH 2.0 
Low Level Input Voltage VIL -0.3 
High Level Output Voltage VOH 2.4 
Low Level Output Voltage VOl -
Input Leakage Current ilL -
Output Leakage Current lLO -

POWER SUPPLY REaUIREMENT~ 

Operating Current Iee1 -
Standby Current 1ee2 -
E/W Operating Current ICC ~ -
Power Consumpt ion (Operating) Pce 1 -
Power Consumption (Standby) PCC2 -
Power Consumption (E/W) Pee} -

AC CHARACTERISTICS 

Characteristic Sym Hin 

C lock Frequency fCLK 0 
Clock Duty Cycle °CLK 25 
Chip Select Setup Time tcss 0.2 
Chip Select Hold Time tCSH 0 
Data Input Setup Time tOIS 0.4 
Data Input Hold Time tDIH 0.4 
DO Output Delay (H to L) tpoo -
DO Output Delay (l to H) tPOI -
Erase/Write Pulse Width tE/W 10 
Input Capacitance C1 -
Output Capacitance Co -

Typ 

-
-
-
-
-
-

-
-
-
-
-
-

Typ 

-
-
-
-
-
-
-
-
-
-
-

*Exceeding these ratings could cause ~rmanert 

damage. Funct iOllal operatiDn of this ~vice at 
these cord it ions , or any other ,corditions outside 
toose indicated in the operatiDnal sect iuns of this 
sped fieat ion, is not imp lied. 

Data labelled "typical" is presented for ~siglJ 

guidance only and is not guaranteed. 

General Instrument makes no warrant.y, expressed or 
imp lied, as to the merchant wi IHy of fi tries s for a 
particular purpose of this ci:?vice or its software 
supplied to the customer. 

Hax Units Conditiri'ns 

Vee+1•O V 

+0.8 V 

VCC V IOH = -4 0 t:\J A 
0.4 V IOL = 3.2mA 
+10 )JA VIN = GND to VCC 
+10 )JA Your = GNO to VCC 

10 rnA VCC = 5. 5V, CS = 1 
3 mI!I VCC = 5. 5V, CS = 0 

12 1M VCC = 5.5V 
55 rrW VCC = 5. 5V, CS = 1 

17 ntJ VCC = 5. 5V, CS = 0 
66 rrW VCC = 5. 5V, CS = 1 

Max Units ConditiClns 

250 KHZ 
75 CY 

,0 

- }..IB 

- )JB 

- }..Is 

- }..Is 

2 }..IB Cl = 100pf 
2 }..Is Cl = 100pf 
30 ms 
6 pf VIN = rJI/ 
10 pf Vour = rJI/ 

DS20014H-2 
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GENERAL 
INSTRUMENT [R59256 

Tllble 1 - Instruction Set 

Instruction SB Do Code Addreafl Data Connents 

REAO 1 1000 A3A2A lAO Read register A3A2A1AO 
WRITE 1 0100 AJA2A1AO 015-00 Write register AJA2A1AO 
ERASE 1 1100 A3A2A lAO Erase Register A3A2A1AO 
EWEN 1 0011 0000 Erase/write enable 
EWOS 1 0000 0000 Erase/write discble 
ERAL 1 DOlO 0000 Erase all registers 

Figure 1. SynchronolM Data Timing 

ClK 

01 

_J, I 
1 

4J1s* ------Ie-t ... 
1 
• 

I 
I 

loIS I •• 1 ... ' t01H 
1 I I I I I ' __ --111"-____ _ 

X.valid)K I 
____ , _________ ...,J~ I I ~ I ... --~-----

I I I I I I I 
tcss t--e-t I I ,.. -.t teaH 

I I I I I I 

cs J~ II I rL 
I I. :. I I I I 

I I I I I 
.......,tpoo f-----1 tP01 
I 1 I 1 

00 -------~~!¥OL _____________________ !_''''~·Y-OH-----------------
I 

*This is the maximum clock frequency. 

OS 2 00 ll~H-3 
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GENERAL 
INSTRUMENT 

figure 2. Read Mode 

CSJ 
DI I 1 

DO 

ER~92~6 

~o 

J 

.n..ruuuL 
" 

If \. 

~~ 0 0 
n 

< 

The READ instruction is the only instruction which outputs seria 1 data on the DO pin. Only during the 

READ mode is the output pin (DO) valid. During all other modes the DO pin is in tri-state, eliminating 
bus contention. A dummy bit (logical "0") precedes the 16-bit output string. The output data changes 

during the high state of the system clock. 

figure 3. Write Mode 

'f_~~.J"

DI .s----FITJ. 
I~----_________________________ ,J 

The WRITE instruction is followed by 16 bits of data which are written into the specified address. This 
register must have been previously erased. Like any programming mode, erase/write time is determined by 
the low state of es following the instruction. The on-chip high voltage section only generates high 
voltage during these programming modes which prevents spurious programming during other modes. When es 
rises to VIH' the programming cycle ends. All programming modes should be ended with es high for one 
elK period, or followed by another instruction. 

DS20014H-4 

:~-6 



figure 4. Erase Mode 

1 

GENERAL 
INSTRUMENT 

(~':F 

1 ~,, __ O ..... EX:::e_~,~f--_---' 

ER59256 

like most E2pROMs, the register must first be erased (all bits set to 1 s) before the register can be 
written (certain bits set to Os). After an ERASE instruction is input, CS is dropped low. This falling 
edge of CS determines the start of programming. The register at the address specified in the instruction 
is then set entirely to 1s. When the erase/write programming time (tE/W) constraint has been satis
fied, CS is brought up for at least one ClK period. A new instruction may then be input, or a low-power 
standby state may be achieved by dropping CS low. 

figure 5. Erase/Write Enable ;:and Disable 

\'--------
_I~ __ ~r~~o ____ o~t==~. ____ \~o ___ o ___ o ___ o __________________________ _ 

ENABLE = 11 
DISMSLE=OO 

Programming must be preceded once by an Erase/Write Enable (EWEN) instruction. Programming remains 
enabled until an Erase/Write Disable (EWDS) instruction is executed. The programming disable instruction 
is provided to protect against accidental data disturb. Execution of a READ instruction is independent of 
both EWEN and EWDS instructions. The device powers up in the Erase/Write Disable (EWDS) mode. 

DS20014H-5 
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GENERAL J 
INSTRUMENT ER59256 

L.--.----L---

Figure 6. Chip Erase Mode 

CLK fUL 
- .... ~t-J ..... ,-

_Dl ____ f7\ ° .!.FL .... o __ o __ o __ o __ o __ "",."', __ ..,J/ 1 'CD-::rx 

Entire chip erasing is provided for ease of programming. Erasing the chip means that all registers in the 
memory array have each bit set to a 1. Each register is then ready for a WRITE instruction. 

01/00: It is possible to connect the Data In and 
Data Out pins together. However, with this config
uration it is possib le for a "bus conflict" to 
occur during the "dummy zero" that precedes the 
read operation, if AO is a logic high level. 
Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the 
relative impedances of Data Out and the signal 
source driving AO' The higher the current sourc
ing capability of AO' the higher t.he voltage at 
the Data Out pin. 

Power On/Off Data Protection eircuitr,t: During 
power-up all modes of operation are inhibited until 
Vee has reached a level of between L~.8 and 3.5 
volts. During power-down the source data protec
tion circuitry acts to inhibit all modes when 
Vee has fallen below the voltage range of 2.8 
to 3. ') volts. 

DS20014H-6 
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A.C. Testing Input/Output Waveform 

2.0 2.0 

'Test Point 1 
o.sAr ~.s 

GENERAL 
INSTRUMENT ER59256 

A.C " Testing: Inputs are driven at 2.4V for a logic "1 "I and 0.4SV for a logic "0". Timing 
measurements are made at 2. OV for a logic "1" and O. BV for a logic "0". 

PACKAGE OUTLJ.NE 
B l.ead Dual-In-Line (All dlmenslons are in lnches) 

I 
.255 
.245 0.50 

~::::=~~ 
~ ________ .380 , ______ ~~ 

:no 

BASE PLANE 

SEl~mG PLANE 

.100 
PITCH 

----,-
.130 

* 

R 
TVP 

.015 

.025 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 

DS20014H-7 

.010 TyPe 

.310 
~387 

\ 
\ 

\\ 

\\ 
\J 
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GENERAL 
INSTRUMENT ER59256I J 

256 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fEATURES 
- low cost 
- 16 x 16 serial E[PROM 
- Single +5V only operation 
- Binary addressing 
- Word and chip erasable 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, Mll-STD 883 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 
- -40°C to +85°C operating ambient t~mperature range 

PIN CONfIGURATION 
8 Pin Dual-In-Line 

CS 
ClK 

DI 
DO 

TOP VIEW 

(+5V) VCC 
TEST 
Vpp 
GND 

- Power on/off data protection circuitry PIN FUNCTIONS 

DESCRIPTION 

The ER~9256I is a low cost, serial EEPROM manufac
tured in General Instrument's highly reliable SNOS 
technology. The key features of this device are 
its +5V only operation and microcomputer compatible 
architecture. Six 9-bit instructions can be 
executed. See Table 1. The instruction format has 
a logical "1" as a start bit, four bits as an op 
code, and four bits of address. See Table 1. 

BLOCK DIAGRAM 

INSTRUCTION DECODER, 

CS - f+- C()HROL lOGIC, 

CLOCK GENERATORS 

AND 

CLK - ..... 
ERASE/WRITE PROTECTION 

11' + f t 
INSTRUCTION 

REGISTER 
~ 

4 to 16 

(8 BITS) 
~ 

ADDRESS 

AHD DECODER 

LATOIES 

DJ I 

CS Chip Select 
ClK 
DI 
DO 

VCC 
GND 

Clock Input 
Serial Data Input 
Serial Data Output 
+5V Power Supply 
Ground 

TEST PINS 

Vpp High Voltage Test (Float) 
TEST EEPROM Margin Test (Ground/Float) 

~ DATA REGIST[R ,-. 

r-- (16 BITS) 
AND 

DO 

READ/WRITE AMPLJ FJ ERS 

... r--
r- VCC 

vpp 
f-+- GENERATOR 

+ ...... ", 

~ 
EEPROM 

rt 
ARRAY 

(16 It 16) 

r- GHD 

DS20021A-1 1985 General Instrument Corporation 
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[_N_ST_G~_~_~_~~_~_...JIL.-.-_____ E_R_5_92_~ 
ELECTRICAL CHARACTERISTICS 

Maximum Ratings· 
All inputs and outputs with 

respect to ground •••••••••••. , •••••• +7V to -0.3V 
stu rage temperature (unpowered and 

without data retention) •••••••••• -65°C to 150 0 e 
Soldering temperature of leads 

(10 seconds) •••••••••••••••••••••••.••••• +300 o e 

Standard Conditions (unless otherwise noted) 
Vee = +5 + 10% volts 
GND = 0 volts 
Operating Temperature Range (T A): 
-40 o e to +85°e (Industrial) 

DC CHARACTERISTICS 

Characteristic 

Hi 
Lo 
Hi 
Lo 
Tn 
Ou 

gh Level Input Voltage 
w Level Input Voltage 
gh Level Output Voltage 
W Level Output Voltage 
put Leakage Current 
tput Leakage Current 

PO WER SUPPLY REQUIREMENTS 

erating Current 
andby Current 
W Operating Current 

Op 
st 
E/ 
Po 
Po 
Po 

wer Consumption (Operating) 
wer Consumption (Standby) 
wer Consumption (E/W) 

AC CHARACTERISTICS 

Characteristic 

lock Frequency e 
[t

Ct-

lip Select Setup Time 
lip Select Hold Time 
Ita Input Setup Time 
Ita Input Hold Time 
) Output Delay (H to 
) Output Delay (L to 

L) 
H) 

Dc 

Dc 
DC 
DC 
[ 

Ir 

o 

rase/Write Pulse Width 
lput Capacitance 
utput Capacitance 

Sym Min 

VIH 2.0 

VIL -0.3 

VOH 2.4 

VOL -
TLl -
TLO -

TCC 1 -
ICC2 -
TCC 3 -
PCC 1 -
PCC 2 -
PCC 3 -

Sym Min 

fCLK 0 

tcss 0.2 

tCSH 0 

tDTS 0.4 

tDIH 0.4 

tpDO -
tpDI -
tE/W 10 
CT -
Co -

Typ 

-
-
-
-
-
-

-
-
-
-
-
-

Typ 

-
-
-
-
-
-
-
-
-
_. 

*Exceeding these ratings could cause 
damage. Functiuna 1 operation of this 

permanent 
device at 

these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labe lled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability of fitness for a 
particular purpose of this device or its suftware 
supplied to the custumer. 

Max Units Conditions 

Vee+1•O V 
+0.8 V 

Vec V TOH -- -400j.lA 
0.4 V TOL -- 3.2mA 
+10 j.lA VIN -- GND to VCC 
4-10 J-lA VOUT = GND to Vec 

15 mA VCC .- 5.5V, CS = 1 
') mA VCC .- 5.5V, CS = 0 

15 mA VCC .- 5.5V 
72 mW VCC .- 5.5V, CS = 1 

28 mW VCC .- 5.5V, CS = 0 
83 mW VCC - 5.5V, CS = 1 

Max Units Conditions 

250 KHZ 
- )Js 
- )JS 

- j.ls 
- )Js 
2 j.ls CL = 100pf 
2 )Js CL = 100pf 
30 ms 
6 pf VIN = OV 
10 pf VOUT = OV 

DS20021A-2 
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GENERAL ~ 
__ I_N_S_TR_U_M_EN_T~ _________ E_R5_9_2_5~ 

Table 1 - Instruction Set 

Instruction S8 Op Code Address Data Comments 

READ 1 1000 A3A2A1AO Read register A3A2A1AO 
WRITE 1 0100 A3A2A1AO 015-00 Write register A3A2A1AO 
ERASE 1 1100 A3A2A1AO Erase Register A3A2A1AO 
EWEN 1 0011 0000 Erase/write enable 
EWDS 1 0000 0000 Erase/write disable 
ERAL 1 0010 0000 Erase all registers 

figure 1. Synchronous Data Timing 

ClK 

01 

CS 

00 

2-12 

~s* 

I 
I 

tolS '-- .1 •• ' tOIH 
I I I 

-------------..... I I X' ,..--... 1-----X Valid I 
--------------' I I I '----1-----

I I I 1 I I 
tess t---I I I ... ,....--t ..... , tCSH 

I 1 I I , 1 

!II I I ~ 
---" : : I ! !\....... 

I I I I 
~tpoo H tp01 
I I I I 

\ : I,I _ ~~V-OH------------\I VOL I --
I 

*This is the maximum clock frequency. 
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I GENERAL 
~;TRUMENT 

f i~Jure 2 It Read Mode 

ER59256I~ 

ss If \....--_-
1M 1~ __ O ___ O_~ ________ -4n~ ______________ __ 

I~ 

The READ instruction is the only instruction which outputs serial data on the DO pin. Only during the 
READ mode is the output pin (DO) valid. During all other modes the DO pin is in tri-state, eliminating 

bus contention., A dummy bit (logical "0") precedes the 16-bit output string. The output data changes 

during the high state of the system clock. 

figlure J. Wri.te Mode 

C( 

The WRITE instruction is followed by 16 bits of data which are written into the specified address. This 

register must have been previously erased. Like any programming mode, erase/write time is determined by 

the low state of es following the instruction. The on-chip high voltage section only generates high 

voltage during these programming modes which prevents spurious programming during other modes. When es 
rises to VIH' the programming cycle ends. All programming modes should be ended with es high for one 

elK period, or followed by another instruction. 

DS20021A-j~ 
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figure 4. [rase Mode 

Like most E2PROMs, the register must first be erased (all bits set to 1s) before the register can be 

written (certain bits set to Os). After an ERASE instruction is input, es is dropped low. This falling 
edge of es determines the start of programming. The register at the address specified in the instruction 
is then set entirely to 1 s. When the erase/write programming time (tE/W) constraint has been satis
fied, es is brought up for at Least one elK period. A new instruction may then be input, or a low-power 
standby state may be achieved by dropping es low. 

figure 5. [rase/Write Enable and Disable 

J1Jl 

\~----------------
~-0-L/ _____ ~\~O-----O __ -O ___ -O------------------__ --__ --____ --

1!NA8lE: 11 

DlUBL.E= 00 

Programming must be preceded once by an Erase/Write Enable (EWEN) instruction. Prugramming remains 
enabled until an Erase/Write Disable (EWDS) instruction is executed. The programming disable instruction 
is provided to protect against accidental data disturb. Execution of a READ instruction is independent of 
both EWEN and EWDS instructions. The device powers up in the Erase/Write Disable (EWDS) mode. 

DS20021A-) 
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I GENERAL 
~J5TRUMENT ER59256~ 
fi~,ure 6. Chip [rase Mode 

1,_" ____ ~~~_O ____ O~~~~O ____ O ____ O ____ O ____ O ____ ~J.t-----~ 

Entire chip erasing is provided for ease of programming. Erasing the chip means that all registers in the 

memory arr ay have each bit set t.o a 1. Each register is then ready for a WRITE instruction. 

OJ IDO: It is possible to connect the Data 1 nand 

Data Out pins together. However, with this config
uration it is possible for a "bus conflict" to 

occur during the "dummy zero" that precedes the 
read operation, if AD is a logic high level. 
Under such a condition the voltage level seen at 

Data Out is unde fined and will depend upon the 
relative impedances of Data Out and the signal 
source driving AD. The higher the current sourc

ing capability of AO~ the higher the voltage at 
the Data Out pin. 

Power OnlO ff Data Protection Circuitry: During 

power-up all modes of operation are inhibited until 
VCC has reached a level of between 2.8 and "3 • ') 

volts. During power-down the source data protec
tion circuitry acts to inhibit all modes when 
Vce has fallen below the voltage range of 2.8 

to 5.5 volts. 

052002111,-6 
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GENERAL ~ 
~_IN_S_T_RU_M __ E_N_T~ _________ E_R_59_2 __ 5~ 

A.C. TESTING, INPUT AND OUTPUT WAVEfORMS 

2.4 

0.45 

2.0 2.0 

'Test Point 1 
O.S..... \.8 

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing 

mpasurernents are made at 2.0V fur a logic "1" and O.BV for a logic "0". 

PACKAGE OUTLINE 
B Lead Dual-In-Line (All dlmenslons are in lnches) 

I 
.255 

.245 

~::;::~~ 
0.50 

...... ____ .• 380 
:no 

, 
.137 

or BASE PLANE 

SEAmG PLANE 

.130 

i 
.100 ~ ~ ~80~ PITCH 

• 018 TYP • 

f 
.155 

t 

R 

TVP 

0.80 , 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 
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GENERAL ~ 
'--__ IN_S_T_RU_M_E_N,T_ .-L. _____ ER_5_9',~ 

1024 SERIAL ELECTRICALLY ERASI\BLE AND PROGRAMMABLE RO~I 

fEATURES 

- Low cost 
- User-selectable organization: 64 x 16 or 128 x 8 
- Single +5V only operation 
- Binary addressing 
- Fully automatic self-timed erase/write mode 
- Word and chip erasable 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, M1L-STD 883 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 
- O°C to +70°C operating ambient temperature range 
- Power-on/off data protection circuitry 

DESCRIPTION 

The ER5911 is a low cost, serial EEPROM manufac
tured in General Instrument's highly reliable SNOS 
technology. This device features +5V only opera
tion, a self-timed reprogramming cycle and two 
user-selectable memory array organizations, 64 x 16 
or 128 x 8, which are selectable externally by 
means of a one bit code applied to control pin ORG. 
The Input (DI) and Output (DO) pins are controlled 
by separate serial formats. When separate lines are 

IBLOCK DIAGRAM Vee 

~ 
M:MORY 

ARHAY A. 
I 

128x8 v ORG 

or 64x18 

~ 

--( DATA REGISTER 

t 
MODE 

01 

CS • DECODE 
LOGIC 

• I J CLOCK 
GEtERATOR 

eLK 

PIN CONFIGURATION 
8 Pin Dual-In-line 

CS 
ClK 
Dr 

DO 

TOP VIEW 

(+5V) VCC 
RDY/Bi:iS'Y 
ORG 
GND 

used the DO output pin is valid only in the read 
mode and is in the high impedance state in all 
other modes, thus eliminating bus contention. Five 
instructions may be executed and the instruction 
length will be twelve bits when using the 128 x 8 
organization and eleven bits when the 64 x 16 
organization is used. The instruction format has a 
logical 1 as a start bit, four bits as an opcode 
and either six or seven address bits. 

ADDRESS 
DECODER 

_.I OUTPUT I 
-, BlFFER I 

DO 

.. ROY/BUSY 

DS20017F-l 1985 General Instrument Corporation 
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GENERAL 
INSTRUMENT 

CS 
ClK 
Dr 
DO 

VCC 
ROY/BUSY 
GND 

Instruction 

READ 

PROGRAM 

PEN 

PDS 

ERAl 

Start 

Bit 

1 

1 

1 

1 

1 

ER5911 

Chip Select 
Clock Input 
Serial Data Input 
Serial Data Output 
+5V Power Supply 
St atus Output 

Ground 

PIN FUNCTIONS 

ORG 

INSTRUCTION SET 
Address 

Opcode 128 x 8 64 x 16 

1 000 A6-AO AS-AO 

X 1 o 0 A6-AO AS-AO 

o 0 1 1 0000000 000000 

000 0 0000000 000000 

001 0 0000000 000000 

Memory Array Organization Selection 

Input. When the ORG pin is connected 
to +5V the 64 x 16 organization is 
selected. When it is connected to 
ground the 128 x 8 organization is 

selected. I f the ORG pin 1s left 
unconnected, then an internal pullup 

device will select the 64 x 16 organ
ization. 

Data 
128 x 8 64 x 16 Comments 

Read Address AN-AO 

07-00 015-0 0 Program Address AN-AO 

Program Encble 

Program Disable 

Erase All Addresses 

01/00: It is possible to connect the Data In and 

Data Out pins together. However, with this 
configuration it is possible for a "bus conflict" 
to occur during the "dummy zero" that precedes the 
read operation, if AO is a logic high level. 
Under such a condition the voltage level seen at 
Data Out is undefined and wi 11 depend upon the 

relative impedances of Data Out and the signal 
source driving AD. The higher the current 
sourcing capability of AD, the higher the voltage 
at the Data Out pin. 

Power-On Data Protection Circuitry: During power
up all modes of operation are inhibited until 
VCC has reached a level of between 2.,8 and 3.5 
volts. During power-down the source data protec
tion circuitry acts to inhibit all modes when 

VCC has fallen below the voltage range of 2.8 
to 3.5 volts. 

DS20017F-2 
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ELECTRICAL CHARACTERISTICS 

Ma><:imum Ratings* 
All inputs and outputs 

with respect to ground............ +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• -65°C to +150 o e 
Soldering temperature of leads 

( 1 0 seconds)............................. + 300 ° C 
Standard Conditions (Unless otherwise noted) 
VSS = GND 
Vee = +5V +10% volts 
Operating Temperature Range (TA): 
O°C to +70°C (Commercial) 

DC CHARACTERISTICS 

Characteristic 
Hie; 
LoVl 
Hie; 
LoVl 
Inr: 

Ih Level Input Voltage 
I Level Input Voltage 
Ih level Output Voltage 
I level Output Voltage 
IUt leakage Current 
_put leakage Current Out 

Po~ ler Su~~l~ Reguirements 

Vce 
Chl 

: Supply: 
.p Selected 

Chl '.p Selected (PROGRAM and 
:RAL modes) 
'.p Deselected 
E 

ehl 
Po~ 

Chl 
ChJ 

(STANDBY) 
ler Consumption 
'.p Selected 
-.p Selected (PROGRAM and 
:RAl modes) E 

Chl '.p Dese lected (STANDBY) 

AC CHARACTERISTICS (See Figure 1) 

Characteristic 
, Frequency eu 

eh 
eh 
Dat 
Dat 

eu 
Dat 

ip Select Setup Time 
ip Select Hold Time 
-a Input Setup Time 
:a Input Hold Time 
: Pulse Width 
:a Output Delay 

Da 1:a Output Delay 

St atus low T _ime 
(programming time) 

Sym Min 
V1H 2.0 
VIL -0.3 

VOH 2.4 

VOL -
III -
IlO -

ICC -

ICC -
ICC -

Pee -

Pce -
Pee -

Sym Min 

felK 0 

tess 0.2 

tesH 0 

tDIS 0.4 

tDIH 0.4 

tepw 2.0 

tpDl -

tpDO -

tpR 20 

GENERAL 
INSTRUMENT ER5911 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 
supplied to the customer. 

Typ Max Units Conditions 
- Vee+1•O V 
- +O.B V 
- Vee V IOH = -400)-lA 
- 0.4 V IOL = 1.6mA 

- +10 JJA VIN = GND to Vee 
- +10 J-lA VOUT = GND to Vee 

- 10 mA Vee = 5.5V 

- 12 mA Vee = 5.5V 
- 3 mA Vee = 5.5V 

- 55 mW Vee = 5.5V 

- 66 mW Vee = 5.5V 
- 17 mW Vee = 5.5V 

Typ Max Units Conditions 
- 250 KHz 
- - JJs 
- - }Is 
- - J-ls 
- - jJs 

-' - ~s 

-- 2.0 tis el = 100pf 

VOL = O.BV 
VOH = 2.0V 

-- 2.0 }Is CL = 100pf 

VOL = O.BV 
VOH = 2.0V 

Lj-O 75 ms 

DS20017T-J 
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GENERAL 
INSTRUMENT ER5911 

Figure 1 Synchronous Data Timing 

, t--. .. I 
~ 'l.A'"'ur---

I I 
I I 

ax fl I l!---__ ---"",!,-_ .. , I I 
~ tOIS t-- I I 

I I I I 

01 --.--..~ YAW ~ YAW XXXXXXZ2 
I I I 
~ t OIH ~ ---; tCSH I---

I I I 

fT \ 
CS ---': I '-. -_ 

--t r- tess 

DO----------~i--~~~------------------------~--~~ 
I J I 
I I I 

------ t PDO L.-- ~ t Ft>1 t---- I I I I 
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figure 2 READ Mode 

CS_~/",------______ ,--(t 

CLK _SlSlJl. 

GENERAL 
INSTRUMENT 

Sf 

ER5911 

01-__ ".,1 1 1 \ 0 o 
o ~~------~S~f~--------------

H~Z DO _____________________ • ________________ .... ______ ~ 

Organization AN DN 

128 x 8 A6 D7 
64 x 16 A5 D15 

IRead Mode 

The READ instruction is the only instruction which outputs serial data on the DO pin. After a READ 

instruct ion is received, the instruct ion and address are decoded, followed by data transfer from the 

memory register into a serial-out shi ft register. A dummy bit (logical "0") precedes the data output 

string. The output data changes during the high stat.es of the system clock. 

DS20017F -5 
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GENERAL 
INSTRUMENT 

Figure 3 PROGRAM Mode 

cs....l 

CLK---' 

DI---..I 

ER5911 

Sf '*'iXxgMl' 

~~ .... I 1 CX::X: 

Y~SY~--------------------------~S~'S--------~S~t----~ ~----------"\ f. ,. 

Drganizat lOn 

128 x 8 

64 x 16 

Program Mode 

AN 

A6 
AS 

I I 
...... tp -I 
I I 

ON 

07 

015 

The program instruction is followed by either eight or sixteen bits of data, which are to be written into 
the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified address 
will be erased and the new data written to the same address. 

During the automatic erase/write sequence the ROY /B'O'SY output will go low for the duration of the 
automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are self-timed on 
the device. A single memory location may also be erased by programming that address with all "1' s". 

DS20017F-6 

2-22 



(Program Enable) and PDS (Program Disable) 

GENERAL 
INSTRUMENT ER5911 

I figure 4 PEN 

ClS~r--------------------------...... \"",-_ 

CILK .... __ ..... 

ENABLE-11 
DISABL.E=OO 

DI ___ ~ol \ 0 o o o 

PEN AND PDS FOR 128x8 ORGANIZATION 

cs~ 

CLK ___ _ 

ENABLP11 
DISABLE-OO 

o o o 

,'-----

CII ___ ~_O ___ (,-____ \~_O __ O __ O ___ O __ O ___ O ________ _ 

PEN AND PDS FOR 64x 16 ORGANIZATION 

Program Enable and Program Disable 

Programming rust be preceded once by a programming enable (PEN) instruction. Programming remains enabled 

until a programming disable (POS) instruction is executed. The programming disable instruction is 
provided to protect against occldental data disturb. Execution of a READ instruction is independent of 

both PEN and PD5 instructions. 

DS2()017f -7 
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GENERAL 
INSTRUMENT ER5911 

Figure 5 ERAl (Erase All) Mode (128 x 8) 

DI 
__ ."JT\ 0 0 f7\.,.,_O __ O __ O __ O __ O __ O __ O __ O_....-.I,~:::x::::x: 

RDy~----__________________________________________ ~ 

}4~ 
I I 

!- tP-1 

ERAl (Erase All) Mode (64 x 16) 

CLK 

DI 
_....,r:;\ 0 0 f1\ ... _O __ O __ O __ O __ O __ O __ O __ ...c,~CX: 

RDY~------------------____________________________ ~ 
~~ 
I I 
,.... tp .., 

Chip Erase 

Entire chip erasing is provided for ease of programming and is implemented with the ERAL (erase all 

registers) instruction. Erasing the chlP means that all registers in the memory array have each bit set 

to a 1. 

DS20017F-8 
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A.C. Testing Input:/Output Waveform 

2.4 
2.0 2.0 

"Test Point 1 
0.4!) 

o.sAl" \.s 

GENERAL 
INSTRUMENT ER5911 

A.c.. Testing: Inputs are driven at 2.4V for a logic "1'" and 0.4SV for a logic "0". Timing 
measurements are made at 2.0V for a logic "1" and 0.8V for a logic "0". 

PACICAGE OUTLINE 
8 Lead Dual-In-Line (All dlmenSJlOns are in inches) 

r-, 

0.50 

.... ____ .380 
:no 

BA~)E PLANE 

SEA'TfiQ PLANE 

.100 
,PITCH 

R 
TVP 

.016 

.026 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 
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GENERAL 
INSTRUMENT ER5911I ] 

1024 SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fEATURES 

- low cost 
- User-selectable organization: 64 x 16 or 128 x 8 
- Single +5V only operation 
- Binary addressing 
- Fully automatic self-timed erase/write mode 
- Word and chip erasable 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- [SO Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIl-STD 883 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 
- -40°C to +85°C operating ambient temperature 

range 
- Power-on/off data protection circuitry 

DESCRIPTION 

The [R5911 I is a low cost, serial EEPROM manufac
tured in General Instrument's highly reliable SNOS 
technology. This device features +5V only opera
tion, a self-timed reprogramming cycle and two 
user-selectable memory array organizations, 64 x 16 
or 128 x 8, which are selectable externally by 
means of a one bit code applied to control pin ORG. 
The Input (Dl) and Output (DO) pins are controlled 
by separate serial formats. When separate lines are 

BLOCK DIAGRAM Vee 

• 
ft4EMORY 

ARRAY A_ 

128x8 ... ORG 

or 84x16 

~ rl DATA REGISn:R 

01--.---4 , 

~ MODE 
cs DECODE 

LOGIC 

4 
- CLOCK 

GEf£RATOR 
eLK 

PIN CONfIGURATION 
8 Pin Dual-In-line 

TOP VIEW 

CS (+5V) VCC 
ClK ROY/BUSY 

ORG 
GND 

used the DO output pin is valid only in the read 
mode and is in the high impedance state in all 
other modes, thus eliminating bus contention. Five 
instructions may be executed and the instruction 
length will be twelve bits when using the 128 x B 
organization and eleven bits when the 64 x 16 
organization is used. The instruction format has a 
logical 1 as a start bit, four bits as an opcode 
and either six or seven address bits. 

ADDRESS 
DECODER 

J OUTPUT I -
I Bu:FER r 

DO 

• RD"/BUSY 

DS20020A-1 1985 General Instrument Corporation 
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GENERAL ~ 
_IN_S_T_RU_M_E_N_T.~ ________ E_R_5_91_1~ 

r--" 

CS 
ClK 
OJ 
DO 
VCC __ _ 
ROY/BUSY 
G"JO 

Chip Select 
Clock Input 
Serial Data Input 
Serial Data Output 
+SV Power Supply 
Status Output 
Ground 

PIN FUNCTIONS 

ORG 

INSTRUCT ION SET 
Start Address 

Instruction Bit Opcode 128 x B 64 )I: 16 

READ 1 1 0 () 0 A6-AO AS-AD 

PROGRAM 1 X 1 () 0 A6-AO AS-JllO 

PEN 1 o 0 11 1 0000000 000000 

POS 1 o 0 [) 0 0000000 000000 

ERAL 1 o 0 'I 0 0000000 000000 

1.--

Memory Array Organization Selection 
Input. When the ORG pin is connected 
to +SV the 64 x 16 organization is 
selected. When it. is connected to 
ground the 128 x 8 organization is 
selected. I f the ORG pin is left 
unconnected, then an internal pullup 
device will select the 64 x 16 organ
ization. 

Data 
128 x 8 64 x 16 Comments 

Read Address AN-AD 

07-00 015-00 Program Address A~J-AO 

Program Enct>le 

Program Disable 

Er ase All Ad dr es ses 

01 )00: It is possible to connect the Data I nand 
Datta Out pins together. However, with this 
configuration it is possible for a "bus conflict" 
to! occur dUlling the "dummy zero" that precedes the 
read operation, if AD is a logic high level. 
Under such a condit ion the voltage level seen at 
Data Out i8 unde fined and wi II depend upon the 

Power-On Data Protection Circuitry: During power
up all roodes of operation are inhibited until 
Vee has reached a level of between 2.8 and 3.5 
volts. During power-down the source data protec
tion circuitry acts to inhibit all modes when 
Vee has fallen below the voltage range of 2.8 
to 3.5 volts. 

relative impedances of 
source driving AD. 
sourcing capability of 
at the Data Out pin. 

Data Out and the signal 
The higher the current 

AD, the higher the voltage 

DS20020A-2 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
All inputs and outputs 

with respect to ground............ +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• -65°C to +150°C 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300°C 
Standard Conditions (Unless otherwise noted) 
VSS = GND 
VCC = +5V +10% volts 
Operating Temperature Range (TA): 
-40°C to +85°C (Industrial) 

DC CHARACTERISTICS 

Characteristic 
High level Input Voltage 
low level Input Voltage 
High level Output Voltage 
low level Output Voltage 
Input leakage Current 
Output leakage Current 
Power Su~~l~ Reguirements 
Vcc Supply: 
Chip Selected 
Chip Selected (PROGRAM and 

ERAl modes) 
Chip Deselected (STANDBY) 
Power Consum~tion 
Chip Selected 
Chip Selected (PROGRAM and 

ERAl modes) 
Chip Deselected (STANDBY) 

AC CHARACTERISTICS (See Figure 1) 

Characteristic 
ClK Frequency 
ClK Duty Cycle 
Chip Select Setup Time 
Chip Selected Hold Time 
Data Input Setup Time 
Data Input Hold Time 
ClK Pulse Width 
Data Output Delay 

Data Output Delay 

Status low Time 
(programming time) 

Sym Min 

VIH 2.0 

VIl -0.3 

VOH 2.4 

VOL -
III -
IlO -

ICC -

ICC -
ICC -

PCC -

PCC -
Pcc -

Sym Min 

fClK 0 

DClK 25 

tcss 0.2 

tCSH 0 
t D1S 0.4 

tDIH 0.4 

tcpw 2.0 

tpDl -

t pDO -

tpR 20 

GENERAL ~ 
~I_N_S_TR_U_M£_NT_~ ____ E_R_5_9_1'~ 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 
supplied to the customer. 

Typ Max Units Conditions 
- VCC+1.0 V 
- +0.8 V 

- VCC V IOH = -400uA 
- 0.4 V IOl = 1.6mA 

- +10 }-I A VIN = GND to VCC 
- +10 }JA VOUT = GND to VCC 

- 12 mA Vcc = 5.5V 

- 15 mA Vcc = 5.5V 
- 5 mA VCC = 5.5V 

- 66 mW Vcc = 5.5V 

- 83 mW Vcc = 5.SV 

- 28 mW Vcc = 5.'5V 

Typ Max Units Conditions 
- 250 KHz 
- 75 01 

10 

- - }-Is 
- - }-Is 
- - }Js 
- - }Is 
- - }-Is 
- 2.0 }Is Cl = 100pf 

VOL = O.BV 
VOH = 2.0V 

- 2.0 }Js CL = 100pf 

VOL = O.BV 
VOH = 2.()V 

40 7') ms 

DS20020A-3 
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GENERAL ~ 
,--I_N_S_TR_U_M_EN_'.r--L __ , __ E_R_5_91~ 

Figure 1 Synchronous Data Timing 

Itcpwi 
~ r--' 

I I 
I I 
I I 

CLK __ ~-----,I L, _______ ~ 
I I 

-.., t DIS 1-1- I 
I 

I I 

[ •• - ..... )()( ...... I: VALl) 'tiYYXiYYYXX 
I I 

VALl) XXXXXXX> 
I 

---i t DIH 1---
I I 

I 
I 
I 
(--tess 

f 
CS ----': 

--1 

~tCSH I..-

,"-----
DO----------~i--~"I_.--________ ----__ .--__ --__ ~ __ -J~ 

I I I 
I I I 

----.I t PDO I.e-- ----t t PD1 t---
- i I I I 
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GENERAL ~ 
~1_N_S_TR_U_~_N_T~ _________ E_R5_9_'_',~ 

figure 2 READ Hode 

cs-.....,I Sf 

DI~~~_O ____ O ___ O~~~ ______ ~S~~f ______________ _ 

HI-Z ~_ __ n JD:v-'~ __ DO ____________________________________ ~{~~'-------

OrganIzation AN DN 

128 x 8 A6 D7 
64 x 16 A5 D15 

Read Mode 

The READ instruction is the only instruction which outputs serial data on the DO pin. After a READ 

instructlon is received, the instructIon and address are d3coded, followed by data transfer from the 

memory register into a serial-out shi ft register. A dummy bit (logical "0") precedes the data output 

string. The output dat.a changes dUrIng the high states of the system clock. 

DS20020A-5 
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figure 3 PROGRAM Mode 

csJ Sf \8XyxxgMI 

DI----" 

"f'IiUSY-,-------·-----...... '.f-----I', ..... -~ , It '\ f, f 

Organization 

128 x 8 

64 x 16 

Program Mod~ 

AN 

A6 
A5 

I I 
..... tp -I 
I I 

ON 

07 
015 

The program instruction is followed by either eight or sixteen bits of data, which are to be written into 
the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified address 
will be erased and the new data written to the same address. 

During the automatic erase/write sequence the ROY/i3"O'SY output will go low for the duration of the 
automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are self-timed on 
the device. A single memory location may also be erased by programming that address with all "1' s". 

DS20020A-6 
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~ERAl ~ 
~_ME_N_T---t. _____ E_R_5_9~, 

Figure 4 PEN (Program Enable) and PDS (Program Disable) 

ENABLE-11 
DISABLE=OO 

~ 0 0/ \. 0 0 0 0 0 0 0 DI--------~I 1 \~ ______ ~ __ ~ __________ ~ ______________________________________________ _ 

CS---' 

PEN AN> PDS FOR 128x8 ORGANIZATION 

ENABLE-11 
DISABLE-OO 

' .. ,----

r---\O 0/ \.0 0 0 0 0 0 DI ________ JI 1 ,~ ______________________ ~ ____________________________________ . ________ _ 

PEN AND PDS FOR 84x 16 ORGANIZA nON 

Program Enable and Program Disable 

Programming rrust be preceded once by a programming enable (PEN) instruct ion. Programming remains enab led 
unt il a programming disable (PDS) instruction is executed. The programmi ng disable instruct ion is 
provided to protect ~alnst a::cldental data dIsturb. Execution of a READ instruction is independent of 
both PEN and PDS instructions. 

DSZOOZOA-7 
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GENERAL _________ ~ 
__ I_NS_T_R_U_ME_N,_T~ ____ . _____ E_R5_9~ 

figure 5 ERAl (Erase All) Mode (128 x 8) 

DI ~!JT\_O __ O __ O __ O __ O __ O __ O __ O_ ..... ,~ .. S _....J1 , '\::X:X: 

ADY~----------------------------------------------~ }4~ 
I I 

!- tP-1 

ERAL (Erase All) Mode (64 x 16) 

ADY~--------------------------------------------~ ~~ 
Chip Erase ." 

.~>-l 

I I 
,.... tp --t 

EntIre chip erasInq is provided for ease of programming and is implemented wIth the ERAL (erase all 

regIsters) Instruction. ErasIng the ctup means that all registers in the rremory array have each bit set 

to a 1. 

DS20020A-8 
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GEN[RAl ~ 
~I_N_S_TR_U_H_E_NT __ ~ ________ ER_5_9_11~ 

A.C. Testing Input/Output Waveform 

2.4 
2.0 2.0 

.... Test point! 

0.45 
o.eA" \.e 

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing 

measurements are made at 2.0V for a logic "1" and O.BV for a logic "0". 

PACKAGE OUTLINE 
B lead Dual-In-line (All dlmensions are in lnches) 

0.50 

..... ____ .380 
:no 

, 
.137 

or 
SEAmG PLANE 

BASE PLANE 

.130 

.100 
. PITCH 

+ 
.165 
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R 
TVP 

.015 

.025 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 

DS20020A-9 

2-34 

.310 
.. 387 

\ 
\ 

" \\ 
\J 



I GENERAL ~ 
~N_S_T_R_UM_E_N_T--L ______ E_R5_9_1_2 ~ PRELIMINARY 

204B SERIAL ELECTRICALLY ERASABl.E AND PROGRAMMABLE ROM 

FEATURES 
- Low cost 
- User-selectable organization: 128 x 16 or 256 x 8 
- Single +5V only operation 
- Binary addressing 
- Fully automatic self-timed erase/write mode 

SBI f timed separate erase and write modes 
- Word and chip erasable 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL-·STD 883 
- Highly reliable N-Channel SNOS technology 
- DBsigned for 10 year data retention after 10,000 

erase/write cycles per word 
- O°C to +70°C operating ambient temperature range 
- Power-on/off data protection circuitry 

DESCRIPTION 

The ER5912 is a low cost, serial EEPROM manufac
turBd in General Instrument's highly reliable SNOS 
technology. This dev ice features +5V only opera
t ion, a self -t imed reprogramming cycle as well as 
separate erase and write cycles and two user
selBctable memory array organizations, 128 x 16 or 
256 x 8, which are externally selectable by means 
of a one bit code applied to control pin ORG. The 
Data Input (01) and Data Output (DO) pins are 
controlled by separate serial formats. When 

BLOCK DIAGRAM 

T 
Pt£MORY 

-- ARRAY A. 

256x8 .... ORG 
at 

128x16 

~ 

01 

~ DATA REGISTER , 
~ MODE 

es DECODE 
LOGIC 

• --[ CLOCK 
GENERATOR 

eli< 

PIN CONFIGURATION 
B Pin Dual-In-Line 

CS 
CLK 

01 

DO 

TOP VIEW 

(+5V) Vec 
ROY/BUSY 
ORG 
GND 

separate lines are used the DO output pin is valid 
only in the read mode and is in the high impedance 
state in all other modes, thus eliminating bus 
contention. Seven instructions may be executed and 
t.he instruction length will be thirteen bits when 
using the 256 x 8 organization and twelve bits when 
the 128 x 16 organization is used. The instruction 
format has a logical 1 as a start bit, four bits as 
an opcode and either seven or eight address bits. 

ADORESS 
DECODER 

_.I OUTPUT I 
I BlFFER I 

DO 

.. ROY/BUSY 
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GENERAL ~ 
'--I_N_S_T_RU_M_E_NT_'--___ ~ 

PIN FUNCTIONS 

CS 
ClK 
01 
DO 

VCC 
ROY/BUSY 
GNO 

Chip Select 
Clock Input 
Serial Data Inp'ut 
Serial Data Output 
+5V Power Supply 
Status Output 
Ground 

ORG Memory Array Organization Selection 
Input. When the ORG pin is connected 
to +5V the 128 x 16 organization is 
se lected. When it is connected to 
ground the 256 x 8 organization is 
selected. If the ORG pin is left 
unconnected, then an internal pullup 
device will select the 128 x 16 
organization. 

INSTRUCTION SET 
Start Address Data 

Instruction Bit opcode 256 x 8 128 x 16 256 x 8 128 x 16 Comments 

READ 1 1 0 0 0 A7-AO A6-AO Read Address AN-AO 

PROGRAM 1 X 1 o 0 A7-AO A6-AO 07-00 015-00 Program Address AN-A 

ERASE 1 1 1 1 0 A7-AO A6-AO 07-00 015-00 Erase Address AN-AO 

WRITE 1 o 1 1 0 A7-AO A6-AO 07-00 015-00 Write Address AN-AO 

PEN 1 001 1 00000000 0000000 Program Enable 

POS 1 o 0 0 0 00000000 0000000 Program Disable 

ERAl 1 001 0 00000000 0000000 Erase All Addresses 

01/00: It is possible to connect the Data In and 
Data Out pins together. However, with this 
configuration it is possible for a "bus conflict" 
to occur during the "dummy zero" that precedes the 
read operation, if AO is a logic high level. 
Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the 
relative impedances of 
source driving AO' 
sourcing capability of 
at the Data Out pin. 

Data Out and the signal 
The higher the current 

AO' the higher the voltage 

Power-On Data Protection Circuitry: During power
up all modes of operation are inhibited until 
VCC has reached a level of between 2.B and 3.5 
volts. During power-down the source data protec
tion circuitry acts to inhibit all modes when 
VCC has fallen below the voltage ran~Je of 2.8 
to 3.5 volts. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
All inputs and outputs 

with respect to ground............ +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) •••••.••• -65°C to +150 oe 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300 o e 
St:endard Conditions (Unless otherwise noted) 
Vss = GND 
Vee = +5V +10% volts 
Operating Temperature Range (TA): 
DoC to +70oe (eommercial) 

DC CHARACTERISTICS 
Characteristic 

High Level Input Voltage 
Low Level Input Voltage 
High Level Output Voltage 
Low Level Output Voltage 
Input Leakage eurrent 
Output Leakage eurrent 
Power Su~~l~ Reguirements 
Vee Supply: 
Chip Selected 
ehip Selected (PROGRAM and 

ERAL modes) 
ehjLp Deselected (STANDBY) 
Power Consumption 
Chip Selected 
Chlp Selected (PROGRAM and 

ERAL modes) 
Chip Deselected (STANDBY) 

AC CHARACTERISTICS See Fiaure 
Characteristic 

: Frequency 
:p Select Setup Time 

CL~ 

eh] 
Chl 

Dat 
Dat 
eL~ 

Dat 

.p Select Hold Time 
:a Input Setup Time 
,a Input Hold Time 
: Pulse Width 
:a Output Delay 

Dat ,a Output Delay 

St atus Low Time 
programming 
E 

.,., 

!rase time 
,rite time 

time 

1) 

Sym Min 
VIH 2.0 

VIL -0.3 

VOH 2.4 

VOL -
III -
ILO -

lee -

lee -
lee -

Pee -

Pee -
Pee -

Sym Min 
fCLK 0 

tess 0.2 

tCSH 0 

tDIS 0.4 

tDIH 0.4 

tcpw 1.0 
tpDl -

tpDO -

tpR 20 

tER 10 

tpR 10 

GENERAl 
INSTRUMENT ER5912 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 
supplied to the customer. 

h'p Max Units Conditions 
_. 

Vee+1•O V 
_. +0.8 V 
_. 

Vee V IOH = -400uA 
_. 0.4 V IOL = 1.6mA 
_. +10 jJA VIN = GND to Vee 
-. +10 }JA VOUT = GND to Vee 

-, 10 mA Vee = 5.5V 

-, 12 mA Vec = 5.5V 
-, 3 rnA Vee = 5.5V 

- 55 mW Vec = 5.5V 

- 66 mW Vec = 5.5V 
- 17 mW Vee = 5.5V 

Typ Max Units Conditions 
- 500 KHz 

- - }.Is 

- - }.Is 
- - }JS 
- - J-lS 
- - }.Is 
- 2.0 }Is eL = 100pf 

VOL = 0.8V 
VOH = 2.0V 

- 2.0 ~s eL = 100pf 
VOL = 0.8V 
VOH = 2.0V 

30 40 ms 
- 20 ms 
- 20 ms 
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GENERAL 
INSTRUMENT ER5912 

figure 1 Synchronous Data Timing 
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Figure 2 READ Mode 

CS __ ~/~----------------------_'--{S 

DI ___ ."r 1 1 \ 0 o 

tU-Z DO __________________ • ________________________ ~ 

Organization AN 

256 x 8 A7 
128 x 16 A6 

Read Mode 

GENERAL 
INSTRUMENT 

DN 

D7 
D15 

ER5912 

Sf '-

The READ instruction is the only instruction which outputs serial data on the DO pin. After a READ 

instructlon is received, the instruct ion and address are d3coded, followed by data trans fer from the 
memory register into a serial-out shift register. A dummy bit (logical "0") precedes the data output 

string. 
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GENERAl ~ 
L..--I_N_S_TR_U_ME_N_T---I ____ ,~J 

figure 3 PROGRAM Mode 

csJ Sf i' \&xXXxgtW 

DI---'" 

1_ 
IRDy/BUSy.:-------------....c;SS~P----""S .. t=-~ ,.-----

};t-{ 

OrganlZat lon 

256 x 8 
128 x16 

Program Mode 

AN 

A7 
A6 

I--tp -I 
I I 

ON 

07 
015 

The program instruction is followed by either eight or sixteen bits of data, which are to be written into 
the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified address 
will be erased and the new data written to the same address. 

During the automatic erase/write sequence the ROY /B'O'SY output will go low for the duration of the 
automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are self-timed on 
the device. A single memory location may also be erased by programming that address with all "1' s". 
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figure 4 ERASE Mode 
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128 x 16 

Erase Mode 
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A7 
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GENERAL 
INSTRUMENT 

~ ~ ,. 
I I 

+--tER'-: 
. I 

ER5912 

The erase instruction is followed by seven or eight bits of address indicating the address to be erased 
(set to all 1's). 

After the last address bit (AO) has been entered the contents of the specified address will be erased. 

During the erase sequence the RDY/i3u"S'Y output will go low for the duration of the erase cycle as indicated 
by tER. The erase cycle is self-timed on the chip. 
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GENERAL 
INSTRUMENT 

figure 5 WRITE Mode 

ER5912 

01 
___ 11\9.11 

" \XXXXXXxy 

Ul.n1L1 IXXXxXxXXl LflJrL 

~VB~Y--------.----------------~'~I------~S~'--~~.-f 
I I 
r"WJr! 

rganization AN DN 

256 x 8 A7 D7 
128 x 16 A6 D15 

Write Mode 

The write instruction is followed by either eight or sixteen bits of data, which are to be written into 
the specified address. 

After the last data bit (DO) has been shifted into the data register the new data will be written to the 
specified address. (Note that a write instruction must be preceeded by an erase instruction for program
ming since a write will only modify erased bits at that address. 

During the write sequence the RDV/BTIS'Y' output will go low for the duration of the write cycle as indicated 
by tWR' The write cycle is self-timed on the chip. 
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figure 6 PEN (Program Enable and PDS (Program Disablu) 

cs,J 

cu, .. { ___ .. 

ENABLE-11 
DISABLE=OO 

GENERAL 
INSTRUMENT ER5912 

''---

o r---\. 0 0 / \ 0 0 0 0 0 0 0 Ol----------~/ 1 ~~ ______ ~ _____________________________________________________________ __ 

PEN At«> PDS FOR 266x8 ORGANIZATION 

ENABLe-11 
DISABLE-OO 

,'----

~ 0 0 / \. 0 0 0 0 0 0 0 
01 _______ --' 1 , _______________________ ~ ______________________________________________ _ 

PEN At«> PDS FOR 128 x16 ORGANIZATION 

frogram Enable and Program Disable 

Programming rust be preceded once by a programming enable (PEN) instruction. Programming remains enab led 

unt i 1 a programming dlsable (PDS) instruction is executed. 1 he programmi ng dlsable instruct ion lS 
provided to protect agalnst ;:ccldental data dIsturb. Execution of a READ lnstruction is independent of 

both PEN and PDS instruct ions. 

Note that the ER59121 will power up with programming disabled. 

DS20024A-9 

2-43 



GENERAl 
INSTRUMENT ER5912 

figure 7 ERAl (Erase All) Mode 

CLK 

DI(25ex8) __ rJ!7\ 0 0 f1\,-_O __ O __ O __ O __ O __ O __ O __ O __ O_..-...4~~ 

RDY~~Y--______________________________ --__________________ ~ 
\ l' r 

I n i 
I I 
!-tp-f 

eLK 

---__ ~1 0 0 r:-\1 0 DI(128x18)- , 1 , . '-. ____________ _ o 0 o 0 o o 

RDY~-----------,-------------------------------------, ~~ 
I I 
I I ,....t p ... 

Chip Erase 

Entire chip eraslng is provided for ease of programming and is implemented with the ERAL (erase all 

registers) instruction. Eraslng the chip means that all registers in the rremory array have each bi t set 

to a 1. 
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A.C. TESTING, INPUT AND OUTPUT WAVEFORMS 

2.0 2.0 

... Test pOint1 

o.eAr ~.e 

GENERAL 
INSTRUMENT ER5912 

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing 
measurements are made at 2.0V for a logic "1" and O.BV for a logic "0". 

PAC~:AGE OUTLINE 
8 Lead Dual-In-Line (All dlfnenslons are in inches) 
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NOTE: Unless 8therwise specified, all dimensions are + .002 in. 
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GENERAl ~ 
'---I_N_S_TR_U_M_E_NT_L.-___ ,~ PRELIMINARY 

2048 SERIAl ELECTRICAlLY ERASABLE AND PROGRAMMABLE ROM 

FEATURES 
- Low cost 
- User-selectable organization: 128 x 16 or 256 x 8 
- Single +5V only operation 
- Binary addressing 
- Fully automatic self-timed erase/write mode 
- Self timed separate erase and write modes 
- Word and chip erasable 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL-STD 883 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 
- -40°C to +8SoC operating ambient temperature range 
- Power-on/off data protection circuitry 

DESCRIPTION 

The ER59121 is a low cost, serial EEPROM manufac

tured in General Instrument's highly reliable SNOS 
technology. This device features +5V only opera
t ion, a sel f-t imed reprogramming cycle as well as 
separate erase and write cycles and two user
selectable memory array organizations, 128 x 16 or 
256 x 8, which are externally selectable by means 
of a one bit code applied to control pin ORG. The 
Data Input (01) and Data Output (DO) pins are 
controlled by separate ser i al formats. When 

BLOCk DIAGRAM T 
lEMORY 
AMAY A--

258x8 ... OAG 
(JI 

128x16 

It rl DATA REGISTER 

t 01 

~ MODE 
cs DECalE 

LOGIC , 
_J CLOCK 

GENERATOR 
CLJ( 

PIN CONFIGURATION 
8 Pin Dual-In-Line 

TOP VIEW 

CS (+5V) VCC 
CLK ROY/BUSY 

01 ORG 
DO GND 

separate lines are used the DO output pin is valid 
only in the read mode and is in the high impedance 
state in all other modes, thus eliminating bus 
contention. Seven instructions may be executed and 
the instruction length will be thirteen bits when 
using the 256 x 8 organization and twelve bits when 
the 128 x 16 organization is used. The instruction 
format has a logical 1 as a start bit, four bits as 
an opcode and either seven or eight address bits. 

ADDRESS 
DECODER 

J OUTPUT I 
I au=FER J 

DO 

RDY/EiUSv 
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I GENERAL 
L.:STRUMENT 

Inst 

RE 

CS 
ClK 
01 
DO 

VCC 
ROY/BUSY 
GND 

ruction 

AD 

PR :OGRAM 

Ef1 :ASE 

Wf1 :ITE 

PE :N 

P[ )5 

EF tAL 

Start 
Bit 

1 

1 

1 

1 

1 

1 

1 

ER5912! ~ 

Chip Select 
Clock Input 
Serial Data Input 
Serial Data Output 
+5V Power Supply 
Status Output 
Ground 

PIN fUNCTIONS 

ORG 

INSTRUCTION SET 
Address 

DPcode 256 x 8 128 x 16 

1 0 o 0 A7-AO A6-AO 

X 1 0 0 A7-AO A6-AO 

1 1 1 0 A7-AO A6-AO 

o 1 1 0 A7-AO A6-AO 

o 0 1 1 00000000 0000000 

000 0 00000000 0000000 

001 0 00000000 0000000 

Memory Array Organization Selection 
Input. When the ORG pin is connected 
to +5V the 128 x 16 organization is 
selected. When it is connected to 
ground the 256 x 8 organization is 
selected. I f the ORG pin is left 
unconnected, then an internal pullup 
device will select the 128 x 16 
organization. 

Data 
256 x 8 128 x 16 Comments 

Read Address AN-AO 

07-00 015-00 Program Address AN-A 

07-00 015-00 Erase Address AN-AO 

07-00 015-00 Write Address AN-AO 

Program Enable 

Program Disable 

Erase All Addresses 

DI/DO: It is possible to connect the Data In and 
Data Out pins together. However, with this 
configuration it is possible for a "bus conflict" 
to occur during the "dummy zero" that precedes the 
read operation, if AO is a logic high level. 
Under such a condition the voltage level seen at 
Data Out is undefined and will depend upon the 
relative impedances of Data Out and the signal 
source dr i v ing AO. The higher the current 
sourcing capability of AO' the higher the voltage 
at the Data Out pin. 

fower-On Data Protection Circuitry: During power
up all 100 des of operation are inhibited until 
VCC has reached a level of between 2.8 and 3.5 
volts. During power-down the source data protec
tion circuitry acts to inhibit all modes when 
VCC has fallen below the voltage range of 2.8 
t.o 3.5 volts. 
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ElECTRICAL CHARACTERISTICS 

Maxi~m Ratings* 
All inputs and outputs 

with respect to ground............ +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• _65°C to +150°C 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300°C 
Standard Conditions (Unless otherwise noted) 
VSS = GND 
VCC = +5V +10% volts 
Operating Temperature Range (TA): 
-40°C to +85°C (Industrial) 

DC CHARACTERISTICS 
Characteristic 

High Level Input Voltage 
Low Level Input Voltage 
High Level Output Voltage 
Low Level Output Voltage 
Input Leakage Current 
Output Leakage Current 
Power Sueel~ Reguirements 
VCC Supply: 
Chip Selected 
Chip Selected (PROGRAM and 

ERAL modes) 
Chip Deselected (STANDBY) 
Power Consumetion 
Chip Selected 
Chip Selected (PROGRAM and 

ERAL modes) 
Chip Deselected (STANDBY) 

AC CHARACTERISTICS (S Fi 1) ee ,gure 
Characteristic 

CLK Frequency 
Chip Select Setup Time 
Chip Select Hold Time 
Data Input Setup Time 
Data Input Hold Time 
CLK Pulse Width 
Data Output Delay 

Data Output Delay 

Status Low Time 
programming time 
erase time 
write time 

SYAl Min 

VIH 2.0 

VIL -0.3 
VOH 2.4 

VOL -
IL I -
ILO -

ICC -

ICC -
ICC -

PCC -

PCC -
PCC -

Sym Min 

fCLK 0 

tcss 0.2 

tCSH 0 

tDIS 0.4 

tDIH 0.4 
tcpw 1.0 
tpDI -

tpDO -

tpR 20 

tER 10 
tpR 10 

GENERAl ~ 
'--I_N_S_TR_UME ___ NT_'--____ E_R_5_9_12_1,~ 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 
supplied to the customer. 

Typ Max Units Conditions 
- VCC+1.0 V 
- +0.8 V 
- VCC V IOH = -400uA 
- 0.4 V IOL = 1.6mA 
- +10 )JA VIN = GND to VCC 
- +10 ~A VOUT = GND to VCC 

- 13 rnA VCC = 5. ~)V 

- 15 rnA Vcc = 5. ~)V 

- 5 rnA Vcc = 5. ~)V 

- 72 mW Vcc = 5. ~)V 

- 83 mW Vcc = 5. ~)V 

- 28 mW Vcc = 5. ~)V 

Typ Max Units Conditions 

- 500 KHz 
- - )Js 
- - )JS 
- - )JS 
- - ~s 

- - )JS 
- 2.0 }Is CL = 100pf 

VOL = O.BV 
VOH = 2.DV 

- 2.0 )JS CL = 100pf 

VOL = O.BV 
VOH = 2.()V 

30 40 ms 

- 20 ms 
- 20 ms 

DS20028A-3 
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C_:N_S~_~_~~_R_~_T.-,-____ E_R5_9_12~ 
Figure 1 Synchronous Data Timing 

It-.,I 
~ ""'""r---

I I 
I I 

o~ __________ ~i ~,--________________ . ________ ~ 
I I 

-...., tOIS J-- I 
I 

I I 

IOI--XX~I: V~ ~ VALm XXXXXXZZ 
I 

--t t OIH 1---
I I 

I 
I 
I 
r-tCSS 

c:s_--~~ : 
---t 

--itCSH J..-

,"------
co ----------~i--~~--------------------------~--~~ 

I I I I 
----1 t PDO ~-- ~ t PD1 t--

DS20028P\-4 

2-49 



GENERAl ~ 
~I_N_S_TR_U_M,_EN_T~ _________ E_R5_9_1_2~ 

figure 2 READ Mode 

cs--."I Sf 

CLK __ __�� 

DI~ 1 \ 0 o 

Ht-Z 'L- n /o::;-v-i~ DO ___________ . ________________________ ~{~~'--------

Organi zabon AN DN 

256 x 8 A7 D7 
128 x 16 A6 D15 

Read Mode 

The READ instruction is the only instruction which outputs sprial data on the DO pin. After a READ 
instructlon is received, the instructlon and address are oocoded, followed by data transfer from the 
memory register into a serial-out shift register. A dummy bit (logical "0") precedes the data output 
string. 
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,- GENERAL 
~ISTRUMENT 

rigu~e 3 PROGRAM Mode 

[R~9121~ 

cs ..,r-,..-----------Syf--·---c. ,*XxxgMI 

Y~OO6Y--------------------------~S~S-----,~~,----~ ~------------
" SI .,. 

OrganIzatIon 

256 x 8 
128 x ·16 

Program Mode 

AN 

A7 
A6 

I I 
I--tp ....I 
I I 

DN 

D7 

D15 

The program instruction is followed by either eight or sixteen bits of data, which are to be written into 
the specified address. 

After the last data bit (DO) has been shifted into the data register the contents of the specified address 
will be erased and the new data written to the same address. 

During the automatic erase/write sequence the RDY/B'Us'Y output will go low for the duration of the 
automatic programming cycle as indicated by tp. 

During a program cycle the internal erase and write operations occur automatically and are self-timed on 
thl:l device. A single memory location may also be erased by programming that address with all "1' 5". 
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GENERAl ~ 
~I_N_S_TR_U_M_E_NT __ ~ _______ E_R_5_9_12_I~ 

figure. ERASE Mode 

cs J " 

\J I XXXXXX)()()6(I LrL.n.. 

DI ___ ,.,/1 1 1 

RDY~_Y ____________ • ________________ ~,~,~ ________ (S~'p-__ ~ 

"\"' I I 

f.-tER"": 
. I 

Organization AN 

256 x 8 A7 
128 x 16 A6 

Erase Mode 

The erase instruction is followed by seven or eight bits of address indicating the address to be erased 
(set to all 1's). 

After the last address bit (AD) has been entered the contents of the specified address will be erased. 

During the erase sequence the ROY/BUSY output will go low for the duration of the erase cycle as indicated 
by tER. The erase cycle is self-timed on the chip. 
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,-- GENERAL 
~~STRUMENT 

figure 5 WRITE Mode 

ER59121~ 

" \XXXXXXxy 

AD~t/BUSY --------------""---......".S~ .. I--}_it_{ 

I--w.rI 

Organization AN ON 

256 x 8 A7 °7 
128 x 16 A6 °15 

Write Mode 

The write instruction is followed by either eight or sl.xteen bits of data, which are to be written into 
the specified address. 

After the last data bit (00) has been shifted into the data register the new data will be written to the 
specified address. (Note that a write instruction must be preceeded by an erase instruction for program
ming since a write will only modify erased bits at that address. 

Ouring the write sequence the RDV/BUsY output will go low for the duration of the write cycle as indicated 
by tWR. The write cycle is self-timed on the chip. 

05200281\-8 
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Figure 6 PEN (Progra. Enable and ~DS (PrograM Disable) 

CLK ____ .. 

ENABL.e-11 
DISABLE=OO 

o r---'\ 0 0 I \ 0 0 0 0 0 0 0 DI--------~/ 1 ,~ ______ ~ _____________ ~ ____________________________________ . ________ __ 

CLK _____ ~ 

PEN At«> PDS FOR 256x8 ORGANIZATION 

ENABLP11 
DISABL.E-OO 

~o 0/ \.000000 0 01 ________ -'/ 1 '~ ________ 6 ______________ ~ ______________________________________ • ________ ___ 

PEN AM) PDS FOR 128 x 16 ORGANIZA noN 

Program Enable and Program Disable 

ProgrammIng rust be preceded once by a programlTllng enable (PEN) instruct ion. ProgrammIng remains enab led 
untIl a programmIng dIsable (PDS) instruction is executed. The programming dIsable Instruction IS 
provided to protect a;}alnst a:::cldental data dIsturb. Execution of a READ Instruction is independent of 

both PEN and PDS instructions. 

Note that the ER59121 will power up with programming disabled. 

DS20028A-9 
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_I_N_S_T_RU_H£ __ N._T~ __________ E_R5_9~ 

figure 7 ERAL (Erue All) Mode 

_ _ --"~1 0 0 ~1 0 0 0 0 0 0 0 0 0 r;-y--y-
DI(258xS) _ ! 1 , .I 1 '\------.------------4,~ 
RDY~6Y_. ____ .... __ .... __ ..... ___ .... ________________________________ ~ 

\ f' I 
I J i 
I I 
!-tP-I 

DI(128X18).. ... _...Ir;\ 0 0 .f1\ ..... O __ O __ O __ O __ O __ O __ O ___ O __ aCJ~ 

RDY~Y-.... ------------,-------------------------------------~ \-c~ 
I I 
I I ,...t p ... 

Chip Erase 

Entire chip erasIng is provided for ease of programming and is implemented wIth the ERAL (erase all 
registers) instruction. ErasIng the ctnp means that all registers in the rremory array have each bIt set 

to a 1. 

DS2002:8A-10 
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A.C. TESTING, INPUT AND OUTPUT WAVEfORMS 

2.4 
2.0 2.0 

'Test point1 

0.45 
o.s'" \.s 

A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V for a logic "0". Timing 
measurements are made at 2.0V for a logic "1" and O.BV for a logic "0". 

PACKAGE OUTLINE 
B Lead Dual-In-Llne (All dlmenslons are in Inches) 

0.50 

-. ________ .380 
:no 

BASE PLANE 

SEAmG PLANE 

• 100 
PITCH 

.130 

R 
TYP 

.015 --.025 

0.80 , 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 

DS2002BA-11 
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_IN_S_T_R_UM_E_N_T~ _________ P_C_D_8_5.~~ 

1024 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

FEATURES: 

- 128 x 8 serIal EEPROM 

- SIngle +5V only operation 

- Compatible with the inter-integrated-circult 
(I2C) bus 

- Fully T fL compatIble Inputs and outputs 
- Unlimited read accesses 

- [SD Protectlon: Inputs are designed to meet 1.0KV 
per test method 3015.1, MIL-SfD 883 

- HIqhly reliable N-Channel SNOS technoloqy 

- Designed for 10 year data retention after 10,000 

erase/write cycles per word 
- DoC to +70°C operating ambient temperat~re range 

DESCRIPTION 

The PCD8572 IS a lK EEPROM manufactured In General 

Instrument's hiqhly reliable SNOS technology. fhe 
k(~y features of this device are Its +5 volt only 

operation and Inter-Integrated CIrcuIt (r 2C) bus 
compatlblltty. fhIS revolutlOnary bus provIdes the 

facllitles of a local area network wIthin a single 
system or equipment. Each IC serves as both trans
mit ter and recel ver In the synchronous data 

transfer of up to lOOK bi ts per second. T he use of 

12C compat lble devIces make possible modular 

clfcuil design wIth up to 600 feet of separatlOn 

BLOCK DIAGRAM 

1·2Ci3US.~ CONTROL 
LOGIC 

PIN CONFIGURATION 
8 LEAD DUAL IN LINE 

fOP VIEW 

AD (+5V) VDD 
AI RC 
A2 SCL 

VSS (GND) SDA 

allowable between IC's (400 pf maXlmum bus 

capacitance) • 

ChIP select IS accomplIshed by means of the three 

address inputs AD, Al and A2. Each of these Inputs 

must be connected externally to el the r +5V or GND 
and each ChIP IS then selected through software by 

placing Its 3 bll ChIP select address on the serIal 

data Input hne (SDA) at the approprIate tIme 111 

the bus protocol. Up to eIght PCD8572s may be 

connected to the r2c bus. 

ERASE/WRITE 
CONTROL 

RC 

128x8 
EEPROM 
ARRAY 

sHIFT R.EG;S~ I ____ SE_N_S....:..E_A_M_PS ___ -. 

'-ADDtss~.. ~ . DATA LATCHES 
L£9MPARATO!!--.J 

I I I I I I 

AO A1 A2 

DS20016D-l 1985 General Instrument Corporation 
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PIN fUNCTIONS 

AO, Al, A2 

VSS 

PCDB572 

Chip Address Inputs 

Ground 

SOA Serlal Data/Address, Input/Output 

Figure 1 below shows the typical manner in which 

the PC08572 is interfaced to the I2: C bus. For 

purposes of Illustration chlP address A2A1AO = 101] 

is shown. This is only one of eIght possible 

addresses since up to eight PC08572s can be 

connected to the I2C bus of a single system. The 

erase/wrlte cycle time of thls devlce T E/W lS 

determined by an external resistor and capacitor: 

SCL Serial Clock Input, Erase/Write 

RC Time Constant Network Input 

VOO +5V Power Supply 

FIGURE 1 TYPICAL INTERFACE 
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AO = (J 

A 1 = () 
A2 = 1 

1 

2 

3 

4 

-=-= 

AO 

Al 

A2 

VSS 

RE/ W and CE/W. 

NOTE: 

When the PC08572 is not used In an bus 

confIguration, pull-up reslstors for SOA and SCL 

are required. 

+5V 

PC08572 

~ 

8 

VCC ~> RE/W 

"> 
7 ~ 

RC -~ CE/W 

6 I 
SCL -

5 
'---

SOA 

SOA - .. -
r2c Bus 

SCL - --
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CHARACTERISTICS Of THE I2C BUS 

The 12C bus is intended for communication between 
different ICs. This 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 pullup 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 
stab Ie 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 bL~ Both data and clock lines remain 
HIGH. 

Start data transfer: A change in the state of the 
data line, from HI GH to Lml, while the clock is 
HIGH, defines the START condition. 

~)top 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 

GENERAL 
INSTRUMENT PCDB572 

number of the data bytes, transferred between the 
start and stop conditions is limited to two bytes 
in the ERASE + WRITE mode and is not limited in the 
READ mode. The information is transmitted bytewise 
and each reciever acknowledges with a nineth bit 
which must be provided by the user. 

Within the 12C bus specifications a low speed 
mode (2 KHz clock rate) and a high speed mode (100 
KHz clock rate) are defined. The PCD8572 works in 
both modes. By definition a device that gives out 
a message is ca lled "transmitter", the receiving 
device that controls the message is called 
"receiver". The device that contro Is the message 
is called "master". The devices that are 
controlled by the master are called "slaves". 

Acknowledge: Each byte of eight bits is followed 
by one acknow ledge bit. This acknow ledge bit is a 
low 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 recept.ion of each byte that 
has been clocked out of the slave transmitter. 

The device that acknowledges has to pull down the 
SOA line during the acknowledge clockpulse in such 
a way that the SOA line is stable LOW during the 
high period of the acknowledge related clock pulse. 
Of course setup and hold times must be taken into 
account. A master receiver must signa l 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 
to generate the STOP condition. 

OS200160-3 
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ELECTRICAL CHARACTERISTICS 

Standard Conditions (unless otherwise noted) 

VSS = OV (GNO) 
VOO = +5 ± 10% volts 
Ambient Operating Temp,erature (fA): 
DoC to +70 DC (Commercial) 

*ABSOLUTE ~XIMUM RATINGS 

Characteristic Sym 

Power Supply Voltage VOO 
Voltage On Any Input Pin VI 
Ambient Operating Temperature TA 
Storage Temperature (Unpowered 

and without data retentlon) r S fG 
Current Into Any Input PIn II 
Output Current 10 
Soldering Temperature of Leads 

(10 seconds) -

DC CHARACTERISTICS 

Characteristic Sym 

Operating Supply Current 
REAO Mode IOOR 

Operating Supply Current 
WRIfE/ERASE Mode IOOW 

Operating Supply Current 
SfANOBY Mode 1000 

Input Leakage Current 
(AD, A1, A2, SCL Pins) III 

Output Leakage Current HIGH IOH 

SCL Input and SOA Input/ 
Output Pins: 

High Level Input Voltage VIH 
Low Level Input Voltage VIL 
Low Level Output Voltage VOL 

AD, A1, A2 Pins: 
High Level Input Voltage VIH 
Low Level Input Voltage VIL 

2-60 

Min 

-0.3 
VSS-0.8 

0 

-65 
-
-

-

Min 

-

-

-

-
-

3.0 
-0.3 

-

VOO-0.5 
-0.3 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these cond it ions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Oata labeled "typical" is presented for cEsign 
gUIdance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
part icular purpose of this device or its software 
supplied to the customer. 

Typ Max Units 

- 7.0 V 
- VOO+0.8 V 
- +70 DC 

- +150 DC 

- 100 )JA 
- 3 rnl\ (SINK) 

- 300 DC 

Typ Max Units Conditions 

15 - rnl\ 

15 - rnl\ 

12 - ml\ 

- 1 JJA 
- 1 ~A 

- VOO+0.8 V 
- 1.5 V 
- 0.4 V IOL = 3mA 

VOO = 4.5V 

- VOO+0.5 V 
- 0.5 V 

OS200160-4 



ELECTRICAL CHARACTERISTICS 

AC CHARACTERISTICS 

Charl:lcteristic Sym 

SCL Clock Frequency fSCl 
The lOW period of the clock tlOW 
The HIGH period of the clock tHIGH 
SDPI and SCl rise time tR 
SDPI and SCl fall time tF 

START condition hold time. After 
this period the first clock 
pulse is generated. tHD;STA 

Setup time for start condition 
(Only relevant for a repeated 
start condition) tSU;STA 

Data set-up time tSU;DAT 
Data hold time for I 2C devices tHD;DAT 
STOP condition set-up time tSU;STO 
Time the bus must be free before 

a new transmission can start tBUF 

Erase/Write Cycle Time (per word) TE/W 
Endurance (Number of erase/ 

Vir i te cyc les ) NE/W 
Data Retention Time ts 

Input Capacitance on SCl, SDA C1 

Noise Suppression Time Constant. 
at SCl and SDA input TI 

NOTES: 
1. All values referred to VIH and VIL levels. 

Min TYD 

0 -
4.7 -
4.0 -
- -
- -

4.0 -

4.7 -
250 -
0 -

4.7 -

4.7 -

20 30 

- -
10 -

- -

0.25 0.5 

GENERAL 
INSTRUMENT 

Max 

100 

-
-
1 

300 

-

-
-
-
-

-

100 

10,000 
-

7 

1.0 

PCD8572 

Units Conditions 

KHz 
).IS 

)Js 

)JS 

ns 

)JS 

}.Is 
ns 
}.Is See note 2 
)JS 

}.Is 

ms C=2500pf, R=10K 

E/W cycles Per byte 
Years 

pf 

j.JS 

2. Note that a transmitter must internally provide at least a hold time to bridge the undefined region 
(max. 300ns) of the falling edge of SCl. 

DS20016D-') 
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fIGURE 2A DATA TRANSfER SEQUENCE ON THE SERIAL BUS 

,---, I r--l 

CLOCK--"'l-~l'""'\~ __ ...",V ~ v: ~"'.---J/---4I~-_!-
; I I ,I" I I 

DATA 

I I I II I I 
I I I I I I 

1\1_11 ~,:~!J! ~ l/l 
i ~i------~-----~I------------~~~ ,i~------------~------~I~'~---
~ : :change of ~/ 

atart condition 1 ..... ___ ~ ___ .,Jdata allowed atop condition 

data line atable 
data valid 

fIGURE 28 ACKNOWlEDGEMENT 

high 

low 

high 

low 

atart condition 

clock pulse for 

acknowlndgement 

I 
II I 

DATA OUTPUT I 

~tx BYTRANS-\ / DATA 'I X DATA 2 DATA 8 MITTER I 
I 

--------II'--P--------------: 

II 

DATA OUTPUT II BY RECEIVER \"----, 

ACKNOWLEDGEMENT 

An extra clock pulse is generated during which the receiver pulls the data line LOW. 

05200160-6 
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fIGURE 2C I2C BUS TIMING REQUIREMENTS 

r-, 
S'CL I 

S=START 
P=STOP 

I2C BUS PROTOCOL 

tHIGH 

A thorough description of the inter-IC bus specifI

cations appears in the PhilIPS document number 

T VE 81107 which is avai lable upon request from 
General Instrument. Ihe following is a condensed 

description of each mode of operation. 

Chip Address (Slave Address) Allocation: The three 

chip address inputs of each PC08572 (A2, A1, AO) 

must be externally connected to either +5V 
(VDO ) of I;]round (V SS ) thereby assigning to 

each PC08572 a unique three-blLt chip address. Up 

to eight PC08572s may be connected to the I 2C 

bus. Chip selection is then accomp lished through 
software by setting the least significant three 

bits of the slave address to the corresponding 
hardwired logic levels of the selected PC08572. The 
correct bus protocol is shown in fIgure 3. 

fIGURE 3 SLAVE ADDRESS ALLOCATION 
R/.Wi 

t 

t SU:OAT 
I 

I Sr 
I I '-_.a 

tHD-OAT I 
I 
I 
IP 
'--

Erase/Wr i te Mode: In thIS mode the master trans

mitter transmits to the PC08572 slave recel ver. 

Bus protocol is shown in figure 4. Following the 
STARr condition and slave address a logic 0 (R/W=O) 

is placed on the bus and indIcates to the addressed 
device that word address An WIll follow and is to 
be written to the on-chip address pointer. The 

data word to be written to the nonvolat i Ie memory 

is strobed In next, and IS loaded In the address 
pointer. A second data byte may be strobedm 

following this the address po.inter. In the erase/ 

write mode no more than two succeSSIve data bytes 
may be strobed into the PC08572. The PC08572 slave 
receiver will send an acknowledge bit to the master 
transmitter after it has received the slave address 
and again after it has recei ved the word address 
and each data byte. After the STOP condItion the 

erase/write cycle starts. Its duration IS approx
imately 20ms. if only one byte is written, and 

40ms. if two bytes are wrItten. 

Read Mode: In this mode the master reads the 
PC08572 slave after setting the slave address. See 

fIgure 5. Following the write mode control bit 
(R/W=O) and the acknowledge bit, the word address 

An IS written to the on-chip address pOInter. 

OS200160-7 
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Next the STARr condItIon and slave address are 

repeated followed by the READ mode control bIt 

(R/W=1). At th.rs point the master transmitter 
becomes the master receIver and the PCD8572 slave 

receIver becomes the slave transmItter. The data 

byte whlch was addressed will be transm1tted and 
the master receIver WIll send an acknowledge bIt to 

the slave transmitter. The address pOInter 1S only 

incremented on recept ion of an acknowledge bIt. 

The PCD8572 slave transmItter will now place the 

data byte at address An+1 on the bus, the 
master receiver reads and acknowledges the new byte 

fIGURE 4 ERASE + REWRITE MODE 

START Word Address 

fIGURE 5 READ MODE 

Acknowledge 

GENERAL ~ 
~I_N_S_TR_U._M_EN_T~ _________ P_CD_8_5~ 

and the address pOlnter is Incremented to 

An+2· 

Th1s cycle of read Ing consecut I ve addresses will 
contInue until the master receIver sends a srop 

condItIon to the slave transmitter. 

An a1 ternate READ mode may also be Implemented 

whereby the master reads the PCD8572 slave WIthout 
fust writing to the (voltaile) address pointer., 
The f1rst address that LS read 1S the last one 

stored In the pointer. See fIgure 6. 

Auto Increment 
wordadchtss 

Acknowledge 

START Ll ~~ lo~ .:~ ~~-ST.-MT-Lr--sr--i laver-I ;-, ""--1 ....--, r,.., ~'r'"""I"'-tan~maaI8r..---.-....--r-,r-=-. 
..L. I I I I I f.~L..t I ~ : : J-J....-Ll ._ -1-L-..1. - ~. 

At this rnomertthe maate}-~ L 
••• 
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RIW .... n .... became8 the R/W 
maaIIar recetv. 81d the 
PCDB572 slave receiver 
beCome8 the ... 8.1111& 

••• 
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[,_I_N_S_~_~~_~_~_~'~_L.I _____ PC_D_8~ 
FIGURE 6 ALTERNATE READ MODE 

PACIKAGE OUTLIINE 
8 Lead Dual-In-Line (All dlmensllons are in inches) 

.255 

, 
.137 

SEA 1r1'1G PLANE 

or 
.130 

* .100 ~ ~ ~60~~ PITCH 
.. 018 TYP. 

f 
.'166 

t 

R 

TYP 

0.80 , 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 

0520016D-9 
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\J 
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1024 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fEATURES: 

- 128 x 8 serial EEPROM 
- Single +SV only operation 
- Compatible with the inter-integrated-circuit 

(I2C) bus 

- Fully TTL compatible inputs and outputs 
- Unlimited read accesses 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL-STD 883 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 
- _40°C to +85°C operating ambient temperature 

range 

DESCRIPTION 

The PCD8572I is a 1K EEPROM manufactured in General 
Instrument's highly reliable SNOS technology. The 
key features of this device are its +5 volt only 
operation and inter-integrated circuit (Y 2C) bus 
compatibility. This revolutionary bus provides the 
facilities of a local area network within a single 
system or equipment. Each IC serves as both trans
mitter and receiver in the synchronous data 
transfer of up to 100K bits per second. The use of 
I 2C compatible devices make possible modular 
circuit design with up to 600 feet of separation 

BLOCK DIAGRAM 

SCL 

SDA 

VCL~ 

VSS~ AO A1 A2 

PIN CONfIGURATION 
8 LEAD DUAL IN LINE 

AD 
A1 
A2 

VSS (GND) 

TOP VIEW 

(+SV) \!DD 
RC 
SCL 
SDA 

allowable between IC's (400 pf madmum bus 
capacitance) • 

Chip select is accomplished by means of the three 
address inputs AD, A1 and A2. Each of these inputs 
must be connected externally to either +SV or GND 
and each chip is then selected through software by 
placing its 3 bit chip select address on the serial 
data input line (SDA) at the appropriate time in 
the bus protocol. Up to eight PCD8572Is may be 
connected to the 12C bus. 

128x8 
EEPROM 
AMAY 

SENSE AMPS 

DATA LATCHES 

RC 

DS20019A-1 1985 General Instrument Corporation 
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P H~ FUNCT IONS 

AD,. A1, A2 Chip Address Inputs 

VSS Ground 

SDt~ Serial Data/Address, Input/Output 

SCL Serial Clock Input, Erase/Write 

RC Time Constant Network Input 

VDD +5V Power Supply 

FIGURE 1 TYPICAL INTERFACE 

Figure 1 below shows the typical manner in which 
the PCD8572I is interfaced to the I 2C bus. For 
purposes of illustration chip address A2A1AO = 100 
is shown. This is only one of eight possible 
addresses since up to eight PCD8572Is can be 
connected to the I2C bus of a single system. The 
erase/write cycle time of this device TE/ W is 
determined by an external resistor and capacitor: 

RE/W and CE/ W• 

NOTE: 
When the PCD8572I is not used in an I2C bus 
configuration, pull-up resistors for SDA and SCL 
are required. 

+5V 

PCD857211 

AD = 0 

A 1 = 0 

A2 = 1 

-==-

1 

2 

3 

4 

AD 

Al 

A2 

VSS 

""'-/ 

VCC 

RC 

SCL 

SDA 

SDA -
SCL :: 

DS20019A-2 

8 

<I) RE/ W 
<C) 

7 ~ 
....... CE/W 

6 1 
5 
I--

--
I2C Bus 

--
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CHARACTERISTICS OF THE 12C BUS 

The 12C bus is intended for communication between 
different ICs. This 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 pullup 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 

GENERAL ~ 
L---I_N_S_T_RU_M_E_NT_'--____ P_C_D_B_57_2, ~ 

number of the data bytes, transferred between the 
start and stop conditions is limited to two bytes 
in the ERASE + WRITE mode and is not limited in the 
READ mode. The information is transmitted bytewise 
and each reciever acknowledges with a nineth bit 
which must be provided by the user. 

Within the I 2C bus specifications a low speed 
mode (2 KHz clock rate) and a high speed mode (100 
KHz clock rate) are defined. The PCD85721 works in 
both modes. By definition a device that gives out 
a message is called "transmitter", the receiving 
device that controls the message is called 
"receiver". The device that controls the message 
is called "master" • The devices that are 
controlled by the master are called "slaves". 

ACknowledge: Each byte of eight bits .is followed 
by one acknowledge bit. This acknowledqe bit is a 
low 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 ~Jenerate 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 clockpulse in such 
a way that the SDA line is stable LOW during the 
high period of the acknowledge related clock pulse. 
Of course setup 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 
to generate the STOP condition. 
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GENERAL ~ 

_I_NS_T_R_U_ME_N_T.--" _____ P_C_D8_~~ 

ELECTRICAL CHARACTERISTICS 

Standard Conditions (unless otherwise noted) 

VSS = OV (GNO) 
VOO = +5 + 10% volts 
Ambient Operating Temperature (TA): 
_40°C to +85°C (Industrial) 

*J'BSOLUTE MAXIMUM RATINGS 

Characteristic 

Power Supply Voltage 
Voltage On Any Input Pin 
Ambient Operating Temperature 
Storage Temperature (Unpowered 

and without data retention) 
Current Into Any Input Pin 
Output Curent 
Soldering Temperature of Leads 

(10 seconds) 

~: CHARACTERISTICS 

Characteristic 

Operating Supply Current 
REAO Mode 

Operating Supply Current 
WRITE/ERASE Mode 

Operating Supply Current 
STANOBY Mode 

Input Leakage Current 
(AO, A1, A2, SCL Pins) 

Output Leakage Current HIGH 

seL Input and SOA Input/ 
Output Pins: 

High Level Input Voltage 
Low Level Input Voltage 
Low Level Output Voltage 

AO, A1, A2 Pins: 
High Level Input Voltage 
Low Level Input Voltage 

Sym 

VOO 
VI 
TA 

TSTG 
II 
10 

-

Svrn 

IOOR 

IOOW 

1000 

IlL 
10H 

VIH 
VIL 
VOH 

VIH 
VIl 

Min 

-0.3 
VSS-0.8 

0 

-65 
-
-

-

Min 

-

-

-

-
-

3.0 
-0.3 

-

VOO-0.5 
-0.3 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Oata labeled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 
supplied to the customer. 

Typ Max Units 

- 7.0 V 

- VOO+0.8 V 
- +70 °c 

- +150 °c 
- 100 J-lA 
- 3 rnA (SINK) 

- 300 °c 

Typ_ Max Units Conditions 

15 - rnA 

15 - rnA 

12 - rnA 

- 1 }JA 
- 1 }JA 

- VOO+0.8 V 

- 1.5 V 
- 0.4 V 10L = 3mA 

VOO = 4.5V 

- VOO+0.5 V 

- 0.5 V 

OS20019A-4 
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GENERAL ~ 
__ I_N_S_TR_U_~_N_T~ _________ P_C_D8_5_7_2~ 

ELECTRICAL CHARACTERISTICS 

AC CHARACTERISTICS 

Characteristic Sym Min Tvp Max Units Conditions 

SCL Clock Frequency fSCL 0 - 100 KHz 
The LOW period of the clock tLow 4.7 - - }..IS 

The HIGH period of the clock tHIGH 4.0 - - ~s 

SDA and SCL rise time tR - - 1 ~s 

SDA and SCL fall time tF - - 300 ns 

START condition hold time. After 
this period the first clock 
pulse is generated. tHD;STA 4.0 - - ).JS 

Setup time for start condition 
(Only relevant for a repeated 
start condition) tSU;STA 4.7 - - lJs 

Data set-up time tSU;DAT 250 - - ns 
Data hold time for I2C devices tHD;DAT 0 - - lJs See note 2 
STOP condition set-up time tSU;STO 4.7 - - ~s 

Time the bus must be free before 
a new transmission can start tSUF 4.7 - - }Is 

Erase/Write Cycle Time (per word) TE/W 20 30 100 ms C=2500pf, R=10K 

Endurance (Number of erase/ 
write cycles) NE/W - - 10,000 E/W cycles Per byte 

Data Retention Time ts 10 - - Years 

Input Capacitance on SCL, SDA CI - - 7 pf 

Noise Suppression Time Constant 
at SCL and SDA input TI 0.25 0.5 1.0 j.Js 

NOTES: 
1. All values referred to VIH and VIL levels. 
2. Note that a transmitter must internally provide at least a hold time to bridge the undefined region 

(max. 300ns) of the falling edge of SCL. 
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1_1_ IINN_SS_~T_~R~U_~M_~E,._N_T ~ ______ PC_D~ 
fIGURE 2A DATA TRANSfER SEQUENCE ON THE SERIAL BUS 

,.---, 
l::LOCK-~ k 

: :L II \ / I I I I I II "-__ -1 __ +--_-.;.. __ 

I I I I I II 

high 

low 

:: I I \7"f.-
DATA --~~!~-------+~-~i~-----"~------~!t',--~---

high 

~I I~ II I ______ :change of ~ 

start condition I, "Jdat41 allowed stop condition ---------

fIGURE 2B ACKNOWLEDGEMENT 

data line stable 
data valid 

low 

staut condition 

clock pulse for 

acknowledgemen t 

SCLK FROM , 
I 

NIASTER I 
I 
I 
I 
I 

\~' 
II 

1 

o 

DATA OUTPUT I 

BY TRANS-.~ 
MITTER I 

I 

[ DATA 1 X DATU ~ tx,---D-A-T-A-a-;-..... -------: 

II 

DATA OUTPUT II 
BY RECEIVER~-~~~-·~---~----~-----~ ~~---~~~~ ___ ~~ 

ACKNOWLEDGEMENT 

An extra clock pulse is generated during which the receiver pulls the data line LOW. 
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GENERAL 
INSTRUMENT PCD8572I 

I 
I 

~ ______ ~ ________________ ,-1 

fIGURE 2C 12C BUS TIMING REQUIREMENTS 

SCL ............... - ........... 

I 
I 

SOA I 

I t:Suf I 
I P I I S I 
L_J L ... J 

S=START 

P=STOP 

I2C BUS PROTOCOL 

tHIGH 

A thorough description of the inter-IC bus specifi
cations appears in the Philips document number 
TVE 81107 which is available upon request from 
General Instrument. The following is a condensed 
description of each mode of operation. 

Chip Address (Slave Address) Allocation: The three 
chip address inputs of each PC08572 (A2, A1, AO) 
must be externally connected to either +5V 
(VOO ) of ground (VSS ) thereby assigning to 
each PC085721 a unique three-bit chip address. Up 
to eight PC08572 Is may be connected to the I2C 
bus. Chip selection is then accomplished through 
software by setting the least significant three 
bits of the slave address to the corresponding 
hardwired logic levels of the selected PC08572I ~ 
The correct bus protocol is shown in figure 3. 

fIGURE 3 SLAVE ADDRESS ALLOCATION 

T 

t SU:OAT 
I 

ISr 
I I 
'--'" 

--tSU:STCJ 

tHO-OAT 
I 
I 
I 
IP 
'--

Erase/Write Mode: In this mode the master trans
mitter transmits to the PC08572I slave receiver. 
Bus protocol is shown in figure 4. following the 
START condition and slave address a logic 0 (R/W=O) 
is placed on the bus and indicates to the addressed 
device that word address An will follow and is to 
be written to the on-chip address pointer. The 
data word to be written to the nonvolatile memory 
is strobed in next, and is loaded in the address 
pointer. A second data byte may be strobed in 
following this the address pointer. In the erase/ 
write mode no more than two successive data bytes 
may be strobed into the PC08572I. The PC08572I 
slave receiver will send an acknowledge bit to the 
master transmitter after it has received the slave 
address and again after it has received the word 
address and each data byte. After the STOP 
condition the erase/write cycle starts. Its dura
tion is approximately 20ms. if only one byte is 
written, and 40ms. if two bytes are written. 

Read Mode: I n this mode the master reads the 
PC08572I slave after setting the slave address. 
See figure 5. following the write mode control bit 
(R/W=O) and the acknowledge bit, the word address 
An is written to the on-chip address pointer. 

OS20019A-7 
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Next the START condition and slave address are 
repeated followed by the READ mode control bit 
(R/W=1). At this point the master transmitter 
becomes the master receiver and the PCD857Z1 slave 
recei ver becomes the slave transmitter. The data 
byte which was addressed will be transmitted and 
the master receiver will send an acknowledge bit to 
the slave transmitter. The address pointer is only 
incremented on reception of an acknowledge bit. 
The PCD857Z1 slave transmitter- will now place the 
data byte at address An+1 on the bus, the 
master receiver reads and acknowledges the new byte 

FIGURE 4 ERASE + REWRITE tilDE 

GENERAL 
INSTRUMENT PCD85721 

and the address pointer is incremented to 

An+Z' 

This cycle of reading consecutive addresses will 
continue until the master receiver sends a STOP 
condition to the slave transmitter. 

An alternate READ mode may also be implemented 
whereby the master reads the PCD857Z1 slave without 
first writing to the (voltaile) address pointer. 
The first address that is read is the last one 
stored in the pointer. See figure 6. 

START [ Is~~t&:W~~*.I!1 : ~:---~_-:_~-·~-:_:_--:i~STOP' 

FIGURE 5 READ KlDE 

STARr I 

R/W Auto Incremert 
word adcnss 

-
••• I : :+: : : : 111SnPI 

I last byte I 
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fIGURE 6 ALTERNATE READ MODE 

! L nbye 

PACKAGE OUTLINE 
8 Lead Dual-In-Line (All dlmenslons are In lnches) 

0.50 

BASE PLANE 

.255 

.245 

1C:;:t::::;:=:;::::;:::=:;=:::;:=;::=; ~ 

, 
.137 

SEAmG PLANE 

or 
.130 

* .100 ~ ~ ~80~ . PITCH 
.. 018 TYP. 

f 
.166 

t 

R 
TVP 

0.60 , 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 
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I GENERAL --r 
~_N_ST_R_U_ME_N_T_~ _________ P_C_D8_5_8~ PRELIMINARY 

102:4 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABlE ROM 

fEPITURES: 

- 256 x 8 serial EEPROM 
- Single +5V only operation 
- Compatible with the inter-integrated-circuit 

(I2l) bus 
- Fully TTL compatible inputs and outputs 
- Unlimited read accesses 
- [SD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL-STD 883 
- Highly reliable N-Channel SNOS technology 

erase/write cycles per word 

PIN CONfIGURATION 
8 LEAD DUAL IN LINE 

AD 
A1 
A2 

VSS (GND) 

TOP VIEW 

(+5V) VDD 
RC 
SCL 
SDA 

- Designed for 10 year data retention after 10,000 l 
- (J°C to +70°C operating ambient temperature range ______________________ -J 

DESCRIPTION 

The PCD8582 is a 2K EEPROM manufactured in General 
Instrument's highly reliable SNOS technology. The 
key features of this device are its +5 volt only 
operation and inter-integrated circuit (I 2C) bus 
compatibility. This revolutionary bus provides the 
facilities of a local area network within a single 
system or equipment. Each IC serves as both trans
mitter and receiver in the synchronous data 
transfer of up to 100K bits per second. The use of 
12C compati.ble devices make possible modular 
circuit design with up to 600 feet of separation 

BLOCK DIAGRAM 

IC~ CON1UOL 
LOGIC 

allowable between IC' s (400 pf maximum bus 
capacitance) • 

Chip select is accomplished by means of the three 
address inputs AD, A1 and A2. Each of these inputs 
must be connected externally to either +5V or GND 
and each chip is then selected through software by 
placing its 3 bit chip select address on the serial 
data input line (SDA) at the appropriate time in 
the bus protocol. Up to eight PCD8582s may be 
connected to the I 2C bus. 

RC 

256x8 
EEPROM 
ARRAY 

SENSE AMPS 

DATA LATCHES 

AO A 1 A2 
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GENERAL 
INSTRUMENT 

PIN FUNCTIONS 

AO, A1, A2 

VSS 

PCD8582 

Chip Address Inputs 

Ground 

SDA Serial Data/Address, Input/Output 

Figure 1 below shows the typical manner in which 
the PCD8582 is interfaced to the I2C bus. For 
purposes of illustration chip address A2A1AO = 100 
is shown. This is only one of ejLght possible 
addresses since up to eight PCD8582s can be 
connected to the I2C bus of a single system. The 
erase/write cycle time of this device TE/W is 
determined by an external resistor and capacitor: 

SCL Serial Clock Input, Erase/Write 

RC Time Constant Network Input 

+5V Power Supply 

FIGURE 1 TYPICAL INTERFACE 

2-76 

AO = 0 
A 1 = 0 

A2 = 1 

-::!:'" 

1 

2 

3 

4 

AO 

Al 

A2 

VSS 

PCD8582 
'-' 

RE/W and CE/W· 

NOTE: 
When the PCD8582 is not used in an I2C bus 
configuration, pull-up resistors for SDA and SCL 
are required. 

+5V 

8 
VCC oil> RE/w 

~ 
7 ~ 

RC ...... CE/W 

6 1 
SCL -

5 
SDA 

I---

SDA - ., 
r2c Bus 

SCL ~ 
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CHARACTERISTICS Of THE I2C BUS 

The I2C bus is intended for communication between 
different ICs. This 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 
volt.age via a pullup 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 

GENERAL 
INSTRUMENT PCD8582 

number of the data bytes, transferred between the 
start and stop conditions is limited to two bytes 
in the ERASE + WRITE mode and is not limited in the 
READ mode. The information is transmitted bytewise 
and each reciever acknowledges with a nineth bit 
which must be provided by the user. 

Within the I 2C bus specifications a low speed 
mode (2 KHz clock rate) and a high speed mode (100 
KHz clock rate) are defined. The PCD8582 works in 
both modes. By definition a device that gives out 
a message is called "transmitter", the receiving 
device that controls the message is called 
"receiver". The device that controls the message 
is called "master". The devices that are 
controlled by the master are called "slaves". 

ACknowledge: Each byte of eight bits is followed 
by one acknowledge bit. This aCknowledge bit is a 
low level put on the bus by the transmitter whereas 
the master generates an extra acknowledge related 
clock pulse. 

PI 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 
~las 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. 
Of course setup 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 
to generate the STOP condition. 

DS20025A-y 
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GENERAL 
INSTRUMENT PCD8582 

ELECTRICAL CHARACTERISTICS 

Standard Conditions (unless otherwise noted) 

v SS = OV (GNO) 
VOO = +5 ± 10% volts 
Ambient Operating Te"~erature (TA): 
DoC to +70°C (Commercial) 

*ABSOLUTE MAXIMUM RATINGS 

Characteristic Sym 

Power Supply Voltage VOO 
Voltage On Any Input Pin VI 
AmbIent Operating Temperature TA 
Storage Temperature (Unpowered 

and wIthout data retentIon) TSfG 
Current Into Any Input PIn II 
Output Current 10 
Soldering Temperature of Leads 

(10 seconds) -

DC CHARACTERISTICS 

Characteristic Sym 

Operating Supply Current 
REAO Mode IOOR 

Operating Supply Current 
WRITE/ERASE Mode IOOW 

OperatIng Supply Current 
STANOBY Mode 1000 

Input Leakage Current 
(AD, A1, A2, SCL Pills) III 

Output Leakage Current HIGH IOH 

SCL Input and SOA Input/ 
Output PIns: 

High Level Input Voltage VIH 
Low Level Input Voltage VIL 
Low Level Output Voltage VOL 

AD, A1, A2 Pins: 
HIgh Level Input Voltage V1H 
Low Level Input Voltage VIL 

2-78 

Min 

-0.3 
VSS-0.8 

0 

-65 
-
-

-

Min 

-

-

-

-
-

3.0 
-0.3 

-

VOO-0.5 
-0.3 

*Exceeding these ratIngs could cause permanent 
damage. Functional operatlOn of this device at 
these conditions, or any other condHlOns outside 
those ind Icated in the operat ional sections of this 
specification, is not if'Tl)lied~ 

Oata labeled "typical" is presented for desIgn 
gUIdance only and is not guaranteed. 

General I nstrument makes no warranty, expressed or 
implied, as to the merchantability or fItness for a 
particular purpose of this device or its software 
supplied to the customer. 

Typ Max Units 

- 7.0 V 

- VOO+0.8 V 
- +70 °c 

- +150 °c 
- 100 }JA 
- 3 ml\ (SINK) 

- 300 °c 

Typ Max Units Conditions 

15 - ml\ 

15 - ITA 

12 - ITA 

- 1 JJA 
- 1 ~A 

- VOO+0.8 V 

- 1.5 V 
- 0.4 V IOL = 3mA 

VOO = 4.5V 

- VDO+0.5 V 
- 0.5 V 
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ELECTRICAL CHARACTERISTICS 

AC CHARACTERISTICS 

Char act,er istic Sym 

SCL Clock Frequency fSCL 
The LOW period of the clock tLow 
The HIGH period of the clock tHIGH 
SDA and SCL rise time tR 
SDA and SCL fall time tF 

START condition hold time. After 
this period the first clock 
pulse is generated. tHD;STA 

Setup time for start condition 
(Only relevant for a repeated 
start condition) tSU;STA 

Data set-up time tSU;DAT 
Data hold time for I2C devices tHD;DAT 
STOP condition set-up time tSU;STO 
Time the bus must be free before 

a new transmission can start tSUF 

Erase/Write Cycle Time (per word) TE/W 
Endurance (Number of erase/ 

write cycles) NE/W 
Data Retention Time ts 

Input Capacitance on SCL, SDA Cl 

Noise Suppression Time Constant 
at SCL and SDA input TI 

NOTES: 
1. All values referred to VIH and VIL levels. 

Min TYD 

0 -
4.7 -
4.0 -
- -
- -

4.0 -

4.7 -
250 -
0 -

4.7 -

4.7 -

20 30 

- -
10 -

- -

0.25 0.5 

GENERAL 
INSTRUMENT 

Max 

100 

-
-
1 

300 

-

-
-
-
-

-

100 

10,000 

-

7 

1.0 

PC08582 

Units Conditions 

KHz 
).IS 
jJs 
jJs 
ns 

jJS 

jJs 
ns 
jJs See note 2 
jJs 

}Is 

ms C=2500pf, R=10K 

E/W cycles Per byte 
Years 

pf 

}.Is 

2. Note that a transmitter must internally provide at least a hold time to bridge the undefined region 
(max. 300ns) of the falling edge of SCL. 
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GENERAL ~ 
INSTRUMENT PCD8582 

'-------L-__ 

fIGURE 2A DATA TRANSfER SEQUENCE ON THE SERIAL BUS 

CLOC K _---4r-,~----'I..... I I: r-1 k r, --1 

j \"" __ ...lIV ~ V i I \~ __ -..I/ i ! 
I I I I I I --+-1 ---~--
I I I I II I 

high 

low 

: I I I I 

--'1-\ / ! kAt,.-: _ ....... : : \ l/-+I-- ~~:h 
~ : ~Change of ~~ 

DATA 

atart condition 1 .... ______ "data allowed stop cOl'1ldltlon 
"""'" 

fIGURE 2B ACKNOWLEDGEMENT 

atart condltlor. 

SCLK FROM -.. ..... -" 
MASTER I 

I 
I 
1 
I 

data line stable 
data valid 

II 

clock pulse for 

ackno""ledgemen t 

BY TRANS---X / X -----/-.--------1 DATA OUTPUT I ~ P< 
MITTER :\ .... __ .. ___ D_A_T_A_1_--, DATA 2 II DATA 8 0 

II 
DATA OUTPUT ________________________________________ II 
BY RECEIVER I--------~LJ 

ACKNOWLEDGEMENT 

An extra clock pulse is generated during which the receiver pulls the data line LOW. 
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fIGURE 2C I2C BUS TIMING REQUIREMENTS 

r-, 
sel H,--f.-;.-. .... 

SOA 

I I 
I I 
I I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

I t:Buf I 
I P I I S I 
L_J L,...J 

S=START 
P=STC)P 

I2C BUS PROTOCOL 

tR 

I 

tHIGH 

A thorough description of the inter-IC bus specifi
cations appears in the Philips document number 
TVE 81107 which is available upon request from 
General Instrument. The following is a condensed 
description of each mode of operation. 

Chip Address (Slave Address) Allocation: The three 
chip address inputs of each PCD8582 (A2, A1, AO) 
must be externally connected to either +5V 
(VDD) or ground (VSS) thereby assigning to 
each PCD8582 a unique three-bit chip address. Up 
to eight PCD8582s may be connected to the T2C 
bus. Chip selection is then accomplished through 
software by setting the least significant three 
bits of the slave address to the corresponding 
hardwired logic levels of the selected PCD8582. The 
correct bus protocol is shown in figure 3. 

fIGURE 3 SLAVE ADDRESS ALLOCATION 

RI{N 

t SU:OAT 

GENERAL 
INSTRUMENT 

I 

ISr 
I 
L._.I 

PCD8582 

I 
I 
I 
IP 
'--

Erase/Write Mode: In this mode the master trans
mitter transmits to the PCD8582 slave receiver. 
Bus protocol is shown in figure 4. Following the 
START condition and slave address a logic 0 (R/W=O) 
is placed on the bus and indicates to the addressed 
device that word address An will follow and is to 
be written to the on-chip address pointer. The 
data word to be written to the nonvolatile memory 
is strobed in next, and is loaded in the address 
pointer. A second data byte may be strobed in 
following this the address pointer. In the erase/ 
wri te mode no more than two successive data bytes 
may be strobed into the PCD8582. The PCD8582 slave 
receiver will send an acknowledge bit to the master 
transmitter after it has received the slave address 
and again after it has received the word address 
and each data byte. A fter the STOP condition the 
erase/write cycle starts. Its duration is approx
imately 20ms. if only one byte is written, and 
40ms, if two bytes are written. 

Read Mode: In this mode the master reads the 
PCD8582 slave after setting the slave address. See 
figure 5. Following the write mode control bit 
(R/W=O) and the acknowledge bit, the word address 
An is written to the on-chip address pointer. 

DS20025A-7 
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Next the START condition and slave address are 
repeated followed by the READ mode control bit 
(R/W=1). At this point the master transmitter 
becomes the master receiver and the PCD8582 slave 
receiver becomes the slave transmitter. The data 
byte which was addressed will be transmitted and 
the master receiver will send an acknowledge bit to 
the slave transmitter. The address pointer is only 
incremented on reception of an acknowledge bit. 
The PCD8582 slave transmitter will now place the 
data byte at address An+1 on the bus, the 
master receiver reads and acknowledges the new byte 

fIGURE 4 ERASE + REWRITE MODE 

and the address pointer is incremented to 

An+2' 

This cycle of reading consecutive addresses will 
continue until the master receiver sends a STOP 
condition to the slave transmitter. 

An alternate READ mode may also be implemented 
whereby the master reads the PCD8582 slave without 
first writing to the (voltaile) address pointer. 
The first address that is read is the last one 
stored in the pointer. See figure 6. 

START 1...-1 ~I s..!....J...:m~e . ..I......I.-~.L-I-.: : .y....~ I !.L-L-I :w.a......!.-~ A..L....J..-~~essJ..J.-: : '--1--lil L....L....: ~.L....L..~::~: ~~: &..1.-.&..1_: __ ".L.....L..~::.L-L..~:_~:_ ~l-J-~ ST--JOP I 

fIGURE 5 READ MODE 

START 

2-82 

R/W At10 Inc:rerntn 
word ackhss 

transmitter becornaa the 
master receiver and the 
PCD8582 slave receiver 
becomes the transmitter 
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L-I_N_S_T_RU_ME_:,_N_T --'-______ PC_~ 

fIGURE 6 ALTERNATE READ MODE 

PACKAGE OUTLINE 
8 Lead Dual-In-L ine (All dlmemnons are in lnches) 

.255 

0.50 .245 

~::;:::~~ 
..... ____ .380 

:no 

, T 
~ .166 ... _oLJ:: , B~SE PLANE 

- -
SEJI~n.G PLANE 

.130 

.100 
. PITCH 

R 

TYP 

0.80 , 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 
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GENERAL ] 
INSTRUMENT PCD8582I 
~--, 

PRELIMINARY 

1024 BIT SERIAL ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fEATURES: 

- 256 x 8 serial EEPROM 
- Single +~V only operation 
- Compatible with the inter-integrated-circuit 

(I 2C) bus 
- fully TTL compatible inputs and outputs 
- Unlimited read accesses 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL-STD 883 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 

PIN CONfIGURATION 
8 LEAD DUAL IN LINE 

AD 
A1 
A2 

VSS (GND) 

TOP VIEW 

(+5V) VDD 
RC 
SCL 
SDA 

- -40°C to +85°C operating ambient temperature range 

DESCRIPTION 

The PCD8~821 is a 2K EEPROM manufactured in General 
Instrument's highly reliable SNOS technology. The 
key features of this device are its +~ volt only 
operation and inter-integr ated circuit (I 2C) bus 
compatibility. This revolutionary bus provides the 
facilities of a local area network within a single 
system or equipment. Each IC serves as both trans
mitter and receiver in the synchronous data 
transfer of up to 100K bits per second. The use of 
I2C compatible devices make possible modular 
circuit design with up to 600 feet of separation 

BLOCK DIAGRAM 

SCL 
SDA 

,.----1 J~ I 

allowable between IC' s (400 pf maximum bus 
capacitance) • 

Chip select is accomplished by means of the three 
address inputs AD, A1 and A2. Each of these inputs 
must be connected externally to either +5V or GND 
and each chip is then selected through software by 
placing its 3 bit chip select address on the serial 
data input line (SDA) at the appropriate time in 
the bus protocol. Up to eight PCD8582Is may be 
connected to the 12C bus. 

256x8 
EEPROM 
~y 

SENSE AfIPS 

ERASEIWRITE 
CONTROl 

RC 

DATA LATCI£S 

VCL~ 

VSS~ 
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GENERAL ~ 
'--__ IN_S_T_R_UM_E_N_T_--'-_____ P_C_D_8~~ 

PIN FUNCTIONS 

AD, A1, A2 Chip Address Inputs 

VSS Ground 

SDA Serial Data/Address, Input/Output 

SCL Serial Clock Input, Erase/Write 

RC Time Constant Network Input 

+5V Power Supply 

FIGURE 1 TYPICAL INTERFACE 

Figure 1 below shows the typical manner in which 
the PCD85821 is interfaced to the 12C bus. For 
purposes of illustration chip address A2A1AO = 100 
is shown. This is only one of eight possible 
addresses since up to eight PCD8582Is can be 
connected to the 12C bus of a single system. The 
erase/write cycle time of this device TE/W is 
determined by an external resistor and capacitor: 

RE/W and CE/W. 

NOTE: 
When the PCD85821 is not used in an 12C bus 
configuration, pull-up resistors for SDA and SCL 
are required. 

+5V 

PCD8582I 

AD = D 
A 1 = D 

A2 = 

-::..:-

1 

2 

3 

4 

AD 

Al 

A2 

Vss 

'-' 

VCC 

RC 

SCL 

SDA 

SDA .-
SCL . ...: 

DS2D026A-2 

8 

~> RE/W 

7 ~ 
..... CE/W 

6 1 
5 
r---

--
r2c Bus 

~--
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CHARACTERISTICS Of THE 12C BUS 

The 12C bus is intended for communication between 
different ICs. This 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 pullup 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 dat.a 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 
uf 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 

GENERAL ~ 
~_IN_S_T_R_UM_E_N._T~ _________ P_C_O_85_8_2_I~ 

number of the data bytes, transferred between the 
start and stop conditions is limited to two bytes 
in the ERASE + WRITE mode and is not limited in the 
READ mode. The information is transmitted bytewise 
and each reciever acknowledges with a nineth bit 
which must be provided by the user. 

Within the T2C bus specifications a low speed 
mode (2 KHz clock rate) and a high speed mode (100 
KHz clock rate) are defined. The PCD8582I works in 
both modes. By definition a device that gives out 
a message is called "transmitter", the receiving 
device that controls the message is called 
"receiver". The device that controls the message 
is called "master". The devices that are 
controlled by the master are called "slaves". 

ACknowledge: Each byte of eight bits is followed 
by one acknowledge bit. This acknowledge bit. is a 
low level put. on the bus by the transmitter whereas 
the master generates an extra acknowledqe 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. 
Of course setup 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 uf the slave. In this case the transmitter 
must leave the data line HIGH to enable the master 
to generate the STOP condition. 

DS20026A-3 
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GENERAL 
INSTRUMENT PCD85821 

ELECTRICAL CHARACTERISTICS 

Standard Conditions (unless otherwise noted) 

v SS = OV (eNO) 

VOO = +5 ± 10% volts 
Amblent Operating Temperature (TA): 
_40°C to +85°C (Industrial) 

··ABSOLUTE *XIMUM RATINGS 

Chetracteristic 

Power Supply Voltage 
Voltage On Any Input P1n 
Amblent Operat1ng Temperature 
Storage Temperature (Unpowered 

and WIthout data retention) 
Current Into Any Input P1n 
Output Current 
Solder1ng Temperature of Leads 

(10 seconds) 

DC CHARACTERISTICS 

Characteristic 

OperatIng Supply Current 
REAO Mode 

Operating Supply Current 
WRITE/ERASE Mode 

Operat1ng Supply Current 
STANOBY Mode 

Input Leakage Current 
(AD, A1, A2, SCL Pins) 

Output Leakage Current HIGH 

SCL Input and SOA Input/ 
Output PIns: 

H1gh Level Input Voltage 
l.ow Level Input Voltage 
l.ow Level Output Voltage 

t\O, A 1, A2 P1ns: 
H1gh Level Input Voltage 
Low Level Input Voltage 

Sym 

VOO 
VI 
TA 

TSfG 
II 
10 

-

Sym 

IOOR 

IOOW 

1000 

IlL 
IOH 

VI H 
VIL 
VOL 

V1H 
V1L 

Min 

-0.3 
VSS-0.8 

0 

-65 

-
-

-

Min 

-

-

-

-
-

3.0 
-0.3 

-

VOO-0.5 
-0.3 

*Exceed1ng 
damage. 

these rat1ngs could cause 
Funct ional operat lon of thIS 

permanent 
dev ice at 

these condItions, or any other condIt1ons outsIde 
those ind1cated In the operat lonal sectlOns of thlS 
specificatlOn, is not irrplled. 

Oata labeled "typIcal" lS presented for cEs1gn 
gU1dance only and 1S not guaranteed. 

General I nstrument makes no warrant y, expressed or 
implled, as to the merchantability or f1tness for a 
part1cular purpose of this dev1ce or Its software 
suppl1ed to the customer. 

Typ Max Units 

- 7.0 V 

- VOO+0.8 V 
- +70 DC 

- +150 DC 

- 100 )JA 

- 3 rIA (SH'JK) 

- 300 °c 

Typ Max Units Conditlons 

15 - ~ 

15 - ~ 

12 - m!I. 

- 1 JJA 
- 1 JJA 

- VOO-foO.8 V 

- 1.5 V 
- 0.4 V IOL = 3mA 

VOO = 4.5V 

- VOO+0.5 V 
- 0 .. 5 V 

OS20026A-4 
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GENERAL ~ 
___ IN_S_T_RU_~ __ N_T~ ________ P_C_D_85_8_2_I~ 

ELECTRICAL CHARACTERISTICS 

AC CHARACTERISTICS 

Characteristic Sym Min Tvp Max Units Conditions 

SCL Clock Frequency fSCL 0 - 100 KHz 

The LOW period of the clock tLOW 4.7 - - lJs 
The HIGH period of the clock tHIGH 4.0 - - )Js 

SDA and SCL rise time tR - - 1 )Js 

SDA and SCL fall time tF - - 300 ns 

START condition hold time. After 
this period the first clock 
pulse is generated. tHD;STA 4.0 - - )JS 

Setup time for start condition 
(Only relevant for a repeated 
start condition) tSU;STA 4.7 - - lJs 

Data set-up time tSU;DAT 250 - - ns 

Data hold time for 12C devices tHD;DAT 0 - - lJs See note 2 

STOP condition set-up time tSU;STO 4.7 - - )Js 

Time the bus must be free befure 
a new transmission can start tSUF 4.7 - - ).Is 

Erase/Write Cycle Time (per word) TE/W 20 30 100 ms C=2500pf, R=10K 

Endurance (Number of erase/ 
write cycles) NE/W - - 10,000 E/W cycles Per byte 

Data Retention Time ts 10 - - Years 

Input Capacitance on SCl, SDA (1 - - 7 pf 

Noise Suppression Time Constant 
at SCL and SDA input TI 0.25 0.5 1.0 jJs 

NOTES: 
1. All values referred to VIH and VIL levels. 
2. Note that a transmitter must internally provide at least a huld time to bridge the undefined region 

(max. 300ns) of the falling edge of SCL. 

DS20026A-5 
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I GENERAL 
~,5TRUMENT PCD8582~ 
fiGURE 2A DATA TRANSfER SEQUENCIE ON THE SERIAl BUS 

r-~ r--~ 

CLOICK--~! - ...... ,""\ I ~ / I i 
I "'----rI!, I I I I .... ----'--+---,--
, I I I II I 

high 

low 

I , I I I 

- .... ! \ .... __ ... I"-_~! ----..... kX1....1~"" ... :~ ...... lII(i i:~ --_\ ..... ---+!,I.-~i~- ::h 
~~ : :change of ~ 

DATA 

.tart condition I .,Jdata allowed .top condition 
"'-----~.",..--

fIGURE 2B ACKNOWLEDGEMENT 

.tart condition 

SCU( FROM --MASTER I 
I 
I 
I 
I 

data line .table 
data valid 

II 

clock pulae for 

acknowledgemen t 

1 

o 

BY TRANS --'\ r X _____ /_ .... _______ 1 DAT,~ OUTPUT I ~ tx 
MITT'ER ~ ... ~ __ .. ___ .D_A_T_A_'_...,., DATAl 2 I I DATA 8 0 

" DATA OUTPUT' II 
BY nECElvER------------,--------------------~~----------"""'~ _____ ~~ 

ACI(NOWLEDGEMIENT 

An extra clock pulse is generated during which the receiver pulls the data line LOW. 
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fIGURE 2C I2C BUS TIMING REQUIREMENTS 

I 
I 

SDA I 

I t:Suf I 
I P I I S I 
L_J L ... J 

S=START 

P=STOP 

I2C BUS PROTOCOL 

tHIGH 

A thorough description of the inter-IC bus specifi
cations appears in the Philips document number 
TVE 81107 which is available upon request from 
General Instrument. The following is a condensed 
description of each mode of operation. 

Chip Address (Slave Address) Allocation: The three 
chip address inputs of each PC08582 (A2, A1, AD) 
must be externally connected to either +'JV 
(VOO) or ground (V~iS) thereby assigning to 
each PC085821 a unique three-bit chip address. Up 
to eight PC08582Is may be connected to the I 2C 
bus. Chip selection is then accomplished through 
software by setting the least significant three 
bits of the slave address to the corresponding 
hardwired logic levels uf the selected PC08'J82I. 
The correct bus protocol is shown in figure 3. 

fIGURE 3 SLAVE ADDRESS ALLOCATION 

'? 

t 8U:DAT 

GENERAL ~ 
L--I_N_S_TR_U._M_EN_T---.L _____ P_CD_8_5:~ 

tHO-OAT I , 
I 
IP 
'--

Erase/Write Mode:. In this mode the master trans
mitter transmits to the PC08582I slave receiver. 
Bus protocol is shown in figure 4. Following the 
START condition and slave address a logic 0 (R/W=O) 
is placed on the bus and indicates to the addressed 
device that word address An will follow and is tu 
be wr i tten to the on-chip address pointer. The 
data word to be written to the nonvolatile memory 
is strobed in ne)(t, and is loaded in the address 
pointer. A second data byte may be strobed in 
following this the address pointer. In the erase/ 
write mode no more than two successive data bytes 
may be strobed into the PC08582 I. The PC08582 I 
slave receiver will send an acknowledge bit to the 
master transmitter after it has received the slave 
address and again after it has received the word 
address and each data byte. After the STOP 
condition the erase/write cycle starts. Its 
duration is approximately 20ms. if only one byte is 
written, and 40ms, if two bytes are written. 

Read Mode: In this mode the master reads the 
PC08582I slave after setting the slave address. 
See figure 5. Following the write mode control bit 
(R/W=O) and the acknowledge bit, the word address 
An is written to the on-chip address pointer. 

OS20026A-7 
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I GENERAL 
~~STRUMENT PCD858~ 
Next the START condition and slave address are 

repeated followed by the READ mode control bit 

(R/W=1). At this point the master transmitter 
becomes the master receiver and the PCD858Z1 slave 
receiver becomes the slave transmitter. The data 

byte which was addressed will be transmitted and 

the master receiver will send an acknowledge bit to 

the slave transmitter. The address pointer is only 

incremented on reception of an acknowledge bit. 

The PCD858ZT slave transmitter will now place the 

data byte at address An+ 1 on the bus, the 
master receiver reads and acknowledges the new byte 

fIGURE 4 ERASE + REWRITE MODE 

and the address pointer is incremented to 

A'n+Z· 

This cycle of reading consecutive addresses will 
continue until the master receiver sends a STOP 

condition to the slave transmitter. 

An alternate READ mode may also be implemented 

whereby the master reads the PCD858Z1 slave without 

first writ.ing to the (voltaile) address pointer. 
The first address that is read is the last one 

stored in the pointer. See figure 6. 

START [ I ~~~ It :w~~~i+~ It I : ~:-""-~_-:_-~-:~-:_:_---":i~STOP' 
R/W WD~ 

word adchss 

fIGURE 5 READ KlDE 

-
••• I : :+: : : : 111S1OlI 

I "byte I 

DSZOOZ6A-8 
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GENERAL 
INSTRUMENT PCD8582I 

FIGURE 6 ALTERNATE READ MODE 

PACKAGE OUTLINE 
8 Lead Dual-In-Line (All dlmenslons are in Inches) 

0.50 

.... ____ , .• 380 
:no 

t 
.137 

or BASE PLANE 

SEAmG PLANE 

.130 

i 
.100 ~ ~ A80~ . PITCH 

.018 TYP. 

, 
.155 

t 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 
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I GENERAL 
~iTRUMENT ER5901 ~ 
WORD AlTERABLE 1024 BIT ELECTRICALLY ERASABLE AND PROGRAMABLE ROM 

fEATURES 
- 1024 bits, organized 128 x 8 
-. Single +5V only operation 

- On-chip latching of addresses mld data 

- Self-timing 
- RC contro l1ed write timing 
- ROY/BUSY signal 

- Address and data buses may be used separately or 
multiplexed 

- CE and rrr inputs to avoid bus contention 

- Word Alterable 
Read Access time of less than mOns 

- On-chip data protection 

. Un limi ted read accesses 

- Fully TTL compatible inputs and outputs 
-. ESD Protection: Inputs are designed to meet 1.OKV 

per test method 3015.1, MIL STD 883 

- JEDEC approved byte-wide pin out 

- Hlqhly reliable N-Channel SNOS technoloqy 

- Designed for 10 year data retention after 10,000 

erase/write cycles per word 

DESCRIPTION 

The General I nst rument ER5901 is an Elect rically 

Erasable Programmable Read Only Memory (EEPROM) 
with many ease of use features. The ER5901 can be 

modified using simple TTL level signals and a 

sin~lle +5V power supply. Writing data into the 
ER5901 is analogous to writing data in a static 

BLOCK DIAGRAM 

0 

vie _1 
C:E 

C)E 

12SxS 
EEPROM 
ARRAY 

READ/ I 
WRITE 

AMPLFIERSI 

vo 
B~ ~ __ ~ ____ WE 

'~LE --......... & LATCHES 

"cc 
"88 

~. 

e>--- DO-D7 
DATA INPUl'S 

P';IN OONFIGlRATI<* 
24 lEAD OUAl-1 N-LI NE 

Top View 

ALE 

PO 

A5 

A4 

A3 

A2 
Al 

PO 

00 
01 
02 

VSS ( GND) 

'II-fvlus t be Ie ft unconnect ed. 

(+5V) VCC 

ROY/BUSY 
ClK 

WE 

OE 

*Test Point 
CE 

07 

06 

05 
D4 

03 

IRAM. Since the address and data are internally 

latched and the RDY/i3"O"SV signal is available, the 

IER5901 frees the system for other tasks during the 
programming cycle. The READ/write logic is 

designed such that bus contention will be minimized 
by use of OE and CE inputs. 

TRUTH TABLE 

Multiplexed Mode: Address & Data Tied To Data Rus 3 
------

CE OE WE AlE1,2 ROY/BUSY MODE I/O POWER 

H X X X H STANDBY High Z Standby 

L I H ...1""1- H READ DOUT ACTIVE 
L X ""t-r ,..r,... l PROGRAM DIN ACTIVl 
L H H X H READ/Write High Z ACTIVE 

~.--. 
inhibit ... ,~ - -1----

1. In non-multiplexed mode, connect AL[ and WE together. 
2. Tn multiplexed mode, address inputs are latched on 

the falling edge, and data inputs are latched on the 

rising edge. 
"3. t n non-mu] tip lexed mode, address and data bus are 

separate. 

DS20006E-1 1985 General Instrument Corporation 
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GENERAL 
INSTRUMENT 

Device Operation 

ADDRESSES: 

ER5901 

figure 5 
+5V 

The address inputs se lect one of the EEPROM 8-bit 

words. The address latch enable (ALE) is provided 

so the memory may be used with a multiplexed 
address and data bus. When this feature is not 

required, the address bus and data bus are separate 
and ALE may be tied to WE. 

open-co I I ector 

600~ ! i t ~~ -1:-;;= 10 to ~ KHz 

L __ ...J 

ClK 

ER590 1 

+5V 

CHIP ENABLE (CE): 
R=22K 

The chip enable terminal affects the data-in/data

out and write enable (wE) terminals. When chip 
enable is high, the I/O terminals are in the 

floating or high impedance state. 

ClK 

ER590 1 

C=.oo 33J.lf 

I 

PIN Fl»ICT I <*S 

Fundion 

ALE Address latch Enable 

Ao-~ 7 bit address 

DO-D7 8 bit Data I/O 

Chip Ground Connection 

Chip Enable Input 

OE Output Enable Input 

Write Enable Input 

ClK Timing Input 

RDY/BUSY Status Output 

VCC +5 Volt power connection 

2-94 

Conmen'ts 

Address inputs latched on negative edge. May be tied to 

WE when separate address and data lines an~ used. 

Used for chip selection. 

Gates data to output pins during a read cycle. 

Enables a reprograming cyclej input data latched on a 

pos i ti ve edge. 

Defines clock frequ~3ncy for reprograming. 

or external clock. 

May be RC 

Low when ch i pis in reprogram i ng mode and cannot be 

accessed. High when in read mode. 

DS20006E-2 



ELECTRICAL CHARACTERISTICS 

Maxlmum Ratinqs* 
All. inputs and outputs with 

respect to ground •••••••••••••••••• +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• -65°C to +150°C 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300°C 

Standard Conditions (unless other noted) 
VSS = GND 
VCC = +5V ,:t1mo 
Operating Temperature Range Cr A): 
O°C to +70°C (Commercial) 

DC CHARACTERISTICS 

Characberistic 

h level Input Voltage 
level Input Voltage 

Hig 
low 
ClK 
ClK 
Hig 
low 
Inp 
Out 

High Level I nput Voltage 

POW 

VCC 
Ch 
Ch 

Pow 
Ch 
Ch 

low level Input Voltage 
h level Output Voltage 
level Output Voltage 

ut leakage Current 
put leakage Current 

ER SUPPLY REQUIREMENTS 
Supply: 

ip Selected 
ip Deselected (Standby Mode) 
e1' o iss ipat ion: 
ip Selected 
ip Deselected (Standby Mode) 

AC CHARACTERISTICS 

Inp 
Out 

Characteristic 

ut C apaci t ance 
put Capacitance 

Sym 

VIH 
VIL 
VIHT 
YILT 
VOH 
VOL 
III 
TOl 

TCC 
ICC 

Po 
Po 

Sym 

CI 
Co 

Min 

2.0 
-0.5 

3.5 
-0.5 
2.4 
-
-

-
-

-
-

Max 

-
-

Typ 

-
-

-
~ 

60 
50 

330 

GENERAL 
INSTRUMENT ER5901 

*[xceeding these ratings could cause 
damage. Functional. operation of this 

permanent 
device at 

these conditions, or any other condit ions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labelled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantabi lity or fitness for a 
particular purpose of thi~) device or its software 

Max Units Conditions 

VCC+ 1.0 V 
+0.8 V 

VCC+ 1.0 V 
+0.8 V 

Vec V IOH = -200 }lA 
0.4 V IOL = 1.6 mA 

±10 )JA VIN = GND to VCC 
+10 )JA VOUT = GND to Vcc 

80 mA Vcc = +5.5V 
60 mA Vec = +5. 'JV 

440 mW Vcc = +5.5V 
27'> 330 mW Vcc = +5.5V 

TYJ) Max Units Conditions 

- 6 pF VI~ = OV 
- 10 pF VOUT = OV 

OS20006E-5 
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GENERAL 
INSTRUMENT 

MEMORY CHARACTERISTICS 

Character I s1"1 c 

ER5901 

Sym Max Typ Max Unl1"s Cclllld 11" Ions 

Erased State VE - V1H,V OH - V 

Written State Vw - V1H,V OL - V 

Data Retention Time ts 10 
(powered or unpowered) 

Number of reprogramlng 
cyc I es per byte Np 104 

Number of Read Access 
between refresh NRA 

NOTE: There is a tradeoff to be made between the 

data retention time (tS) and the number of 
reprogramming cycles (Np) performed per address. 

A gradual reduction in retention time is 
experienced as the number of reprogramming cycles 

- years 

- - - See note below 

Unlimited 

increases. The speci fied limit is merely one 
point on this curve and does not imply a sudden 

cutoff or end of life. General Inst.rument's SNOS 

[[PROMs are designed so that after 104 cycles a 

typical retention time is 10 years. 

FIGlRE 1: READ.alE wi"'" separa1"e address and da1"a lines 

Ao-A8 

CE 

OE 

DO-D7 

READ .alE (Separa1"e Address 

and Da1"a Lines) 

Access time - Address to 
output delay 

CE to output delay 
OE to output delay 
Address, CE or OE to 

output trl-state 

2-96 

\ 
tA 

HIGHZ 

Sym Min 

10 

10 

OS20006[-4 

Typ Max 

300 

300 

175 

150 

Unl1" 

ns 

ns 
ns 
ns 

Cond 11" I ons 

Load = 1 TIL gate 
+ CL = 100 pF 

CE = OE = V I L 
OE = 



GENERAL 
INSTRUt£NT ER5901 

FIGURE 2: READ KlOE w l1"h Mu 11" I p I axed Address and Oa1"a Lines 

Ao-A6 
00-07 

ALE 

READ to)E (Mu 11" I p I axed 

Addres~i and Da1"a Lines) 

Address setup time 
Chip Enable to Address 

Late h Enab Ie 
ALE Pulse Width 
Address Hold time 
Address float to Output Enable 
BE to output de lay 
Address, CE or OE to 

output tri-state 

WRI IE ENABLE (WE): 

WRITE CYCLE: 

Ao-A6 VALID 

Sym Min 

t AS 50 

tCA 100 

tALE 175 

tAH 50 

tAO 20 

tOE 10 

tTS 10 

By v irtue of the m-chip reprogramming cont 1'01 and 

timing of the ER5901, a minimum amount of servicing 

is required from the host microprocessor. 

The programming/writ ing of the ER5901 can be done 

in the multiplexed address and data mode or 
separate address and data mode. In the multi

plexed mode, the ALE line is pulsed high while the 

address to be altered is presented to lines AO to 
A6 of the selected device (see figure 4). The 

falling edge of ALE latches the address int 0 the 

ER5901, and the informat iOIl on the bus lines is 

DATA OUT VALID 

Typ Max Unl1" Cond 11" I ons 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 175 ns CE = V1L 
- 150 ns 

then changed to the dat.a to be written into the 

EEPROM. WE is pu1:3ed luw and the data is latched 

on its rising edge, after a delay tOB the ROY/ 
BUSY output wi t L go tow for the the duration of the 

programming cycle. 

In the separat e dat a a:K1 addres'3 rrode, the ALE may 

be tied to WE (see flgure 3). With a stable 
address and dat a present ed to the respect i ve input s 

of a selected device, the WE/ALE line is pulsed low 

to initiate a program cycle. The falling edge of 
WE/ALE latches the address inputs and the rising 

edge latches the data inputs. After a relay 

tDB' the ROY/BUSY output goes low and remains 

OS20006E-') 
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FIGURE 3: Program Mode with separa"te Address and Da"ta Lines 

Ao-A8 ~~ ____ V_A_L_m _____ ~~~ __________________ . __________________ __ 

~ tAS --+~.tAH:t tOS 

~-_tC-W-_--I-_------'-I--+:-t-C-H-_~--'I 

______________ ~-------J~~:--+_------~ 
f4-tOH-1 

00-07 

f-- tOO --..... 

WE/ALE 

tPR 

ROY/BuSY 

PROGRAM tOlE (Separa"te Address 
and Da"ta LI nes) Sym Min Typ Max Unl"t CAxld l"t i ons 

Address setup time t AS 50 - - ns 
Data delay time too - - 1 us 
Chip Enable to Write Enable Delay tcw 100 - - ns 
Data setup ti me t DS 175 - - ns 

Address hold time tAH ~ - - ns 

Write Enable Pulse Width tWE 175ns - 100 }.Is -
Data hold time tDH ~ - - ns 
WE to CE del ay tCH a - - ns 
Status Delay tDB 10 - ))0 ns 
ROY/BUSY low time (programing time) tpR 20 - 100 ms 
Address Latch Enable Pulse Width tALE 175ns 100 }Js -
Program Clock frequency fPR 

low for the duration of the programming cycle. All 

inputs to the ER5901 are disabled during a program
ming cycle. 

OUTPUT ENABLE (OE): READ 

Reading can be accomplished in the multip lexed or 

separate address and data bus mode as well. When 
reading in the multiplexed mude, the ALE Line is 
pu lsed high whi le a valid address is presented to 

the AO to A6 inputs. The address is latched into 
the ER5901 on the falling edge of ALE. In order to 

avuid bus contention these lines should be tri-

10 - 50 KHZ 

stated prior to pulsing OE low. After a delay, 

tOE' the se lected by te wi II appear on lines DO 
to D7 unti 1 either OE or ·CE goes high (see figure 
2) • 

When reading in the separate data and address mode, 
valid address and data must appear on the respec

tive bus and they must remain there fOir the dura
tion of the READ cycle because ALE doesn't latch 
the address in this mode (see figure 1). Data witl 

appear on the data bus after a_time delay tOE 
measured from the falling edge of DE. 

D520006E-6 
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FIGURE 4: Program Mode wl'th Multiplexed Address and Da1"a lines 

AO-A6 
DO-D7 Ao-A6 "ALIO 

CE, 

tCA 
tAS -

AL,E 

M tALE-

WI§ 

RelY /iJij'fi 

PR()(;RAM KDE (Mu 11"1 pi exed Addr8!iis 

and Da1"a II nas) 

Address setup time 

Ch I P Enab I e to Address 

li~tc h Enab I e 

ALE pulse width 

Address ho I d 't I me 

Data setup ti me 

WE pulse width 

Data hold time 

WE to CE de lay 

Status del ay 

Status low tl me (program! ng tl mo) 

Data delay time 

Program clock frequency 

CLOCK CONS[DlRATIONS (ClK): 

tAH 

5 

tALE 

tAH 

tDs 
tWE 

tOH 

tCH 

tOB 
tpR 

too 
fPR 

Min 

50 
100 

175ns 
50 

175ns 
175r)s 

20 

0 

10 

20 

10 

The ClK is a schmitt trigger timing input which 

defines the clock frequency for the programming 
cycle. Either an RC combination or an external 

c lock may be used for this input (see figure 5). 

Typical vales of Rand Care 22K and .00Bf-lF 
respectively, with 5% tolerance. As the clock rate 
irlcreases, the write cycle w:Lll be shortened. In 
applications where data is updated often, the 

retention t.ime need not be lLong, Therefore, the 

00-07 VAllO 

tOS 

- tWE 

T 

~ 

tOH 

tCH 

tDB 

Max 

100J.ls 

100 }-Is 

100f-ls 

~o 

100 

1 

50 

tPR 

Uni1" 

ns 

ns 

ns 

ns 

ns 

ns 

ms 

J.ls 
KHZ 

Cond 11"1 ons 

1024 

write cycJe may be shorter than 20ms. When driving 

the ER5901 with an external clock, an open collector 

transistor with a 680 ohm pull-up resistor should be 

used. (See Figure ';). The logic levels (VIHT, 

YILT) that apply to the clock input are defined 
in the table, "DC CHARACTERISTlCS". 

POWER-UP 

During power-up it is recommended to hold OE high 
to minimize bus contention. 

DS20006E-7 
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A.C. Testing Input/Output Waveform 

2.4 
2.0 2.0 

"Test Point 1 
0.45 

o.aA' ~.a 

A.C. Testing: 

Inputs are driven at 2.4V for an input logic high and 0.45V for an input logic low. Timing measurements 
are made at 2.0V for a logic high and 0.8V for a logic low. 

ON-CHIP DATA PROTECTION 

During power-up all modes of operation are inhibit
ed until Vee has reached a level of between 2.8 
and 3.5 volts. Furthermore, during power-down the 
source data protection circuitry acts to inhibit 
all modes when Vee has fallen below the voltage 
range of 2.8 to 3.5 volts. 

PACKAGE OUTLINE 

24 LEAD DUAL-IN-LINE 

.060R 
TYP 

.080 

.045 

• 020 
".,. 

r 
.560 
:505 

1 

NOTE: 

Since all modes of operation are enabled when 
Vee reaches between 2.8 and 3.5 volts, care 
must be taken to avoid a negative ed'ge on the W( 
line (tWE ~ SOns) during power up. Such a 
spike may cause a write operation to occur. 

kr 
-*- r.:!=:=======~ 

--'----tl.-J
/ II \ 

.075/~' .010R \~, 

t: n::P ~~ . 
.008 ~.\ 

15 
.600 

-- TYP--

NOTE: Unless otherwise specified, all dimensions are ~ .002 in. 
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GENERAL .~ 
I_N_S_T_RU_M_E_NT __ '---____ E_R_5_9_0·,~ 

WORD ALTERABLE 1024 BIT ELECTRICALLY ERASABLE AND PROGHAMABLE ROM 

FEATURES 
- 1024 bits, organized 128 x 8 
- Single +5V only operation 
- On-chip latching of addresses and data 
- Self-timing 
- RC controlled write timing 
- ROY/BITSY signal 
- Address and data buses may be used separately or 

multiplexed 
- 'CE and or inputs to avoid bus contention 
- Word Alterable 
- Read Access time of less than 300ns 
- On-chip data protection 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, Mil STO 883 
- JEDEC approved byte-wide pin out 
- Highly re liable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 

DESCRIPTION 

The General Instrument ER59011 is an Electrically 
Erasable Programmable Read Only Memory (EEPROM) 
with many ease of use features. The ER59011 can be 
modified using simple TTL Level signals and a 
single +5V power supply. Writing data into the 
EH5901 I is analogous to writing data in a static 

BLOCK DIAGRAM 

CLK --

ROYI 
BUSY 

TEST 

WE 

CE 

128x8 
EEPROM 
ARRAY 

PIN CONFIGURATION 
24 lEAD DUAL-IN-lINE 

Top View 

ALE (+5V) VCC 
A6 ROY/BUSY 
A5 3 ClK 
A4 WE 
A3 5 DE 
A2 *Test Point 
A1 CE 
AO 07 
DO 06 
01 10 05 
02 '11 D4 

VSS (GNO) 12 03 

*Must be left unconnected. 

RAM. Since the address and data are internally 
latched and the ROY/BUSY signal is avai lab 1e, the 
ER59011 frees the system for other tasks during the 
programming cycle. The READ/write logic is 
designed such that bus contention will be minimized 
by use of DE and or inputs. 

lRUTH TABLE 

~1ultiplexed Mode: Address & Data Tied To Data Bus3 

CE OE WE ALE1,Z ROY/BUSY MODE 1/0 POWER 

H X X X H STANDBY High Z St andby 
L L H ~ H READ DOUT ACTIVE 
L )( ....,- ..t"'"L.. L PROGRAM DIN ACTIVE 
L H H X H REAO/Wri te High Z ACTIVE 

inhibit 

1. In non-multiplexed mode, connect ALE and WE together. 
'2. In multiplexed mode, address inputs are latched on 

the falling edge, and data inputs are latched on the OE 
1---4~-- WE rising edge. 

ALE 

Vee 
V .. 
~ ... 
0---- 00-07 

DATA "'-JTS 

3. Tn non-multiplexed mode, address and data bus are 
separate. 

OS20022A-1 1985 General Instrument Corporation 
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Device Operation 

ADDRESSES: 

ER5901I 

Figure 5 
+5V 

The address inputs se lect one of the EEPROM 8-bi t 
words. The address latch enable (ALE) is provided ~ 

open-co I I ector 

$ 
so the memory may be used with a mu ltip Ie xed 
address and data bus. When this feature is not 

CLK ..." 
~ 69?lTIL I 

I - - - ----:-+ 
I I fPR= n to ~ KHz 

required, the address bus and data bus are separate 
and ALE may be tied to Wt. 

ER590 1 L __ -J 

+5V 

CHIP ENABLE (CE): 
~ 

~ ~ R=22K 
The chip enable terminal affects the data-in/data
out and write enab Ie (WE) terminals. When chip 
enable is high, the I/O terminals are in the 
floating or high impedance state. 

ClK 

ER590 1 

> 

::J---1 c=.oo 33J.1f _ ..... 
I f pR=25KHz 

PIN fUNCTIONS 

Symbol 

ALE 

AO-A6 

DO-D7 

ClK 

RDY/i3OS'Y 

2-102 

function 

Address latch Enable 

7 bit address 

8 bit Data I/O 

Chip Ground Connection 

Chip Enable Input 

Output Enable Input 

Write Enable Input 

Timing Input 

Status Output 

+5 Volt power connection 

Comments 

Address inputs latched on negative edge. May be tied to 
WE when separate address and data lines are used. 

Used for chip selection. 

Gates data to output pins during a read cycle. 

Enab les a reprogramming cyc Ie; input dat a latched on a 
positive edge. 

Defines c lock frequency for reprogramming. May be RC 
or external clock. 

low when chip is in reprogramming mode and cannot be 

accessed. High when in read mode. 

DS20022A-2 



ELECTRICAL CHARACTERISTICS 

t~aximum Ratings* 
Al1 inputs and outputs with 

respect to ground •••••••••••••••••• +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• _65°C to +150°C 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300°C 

Standard Conditions (unless other noted) 
VsS = GND 
VcC = +5V :!.10~6 
Operating Temperature Range (T A): 
-40°C to +85°C (Industrial) 

IDC CHARACTERISTICS 

Characteristic Sym 

High Level Input Voltage VIH 
Low Level Input Voltage V1l 
ClK High Level Input Voltage VIHT 
elK Low Leve1 I nput Voltage VILT 
High Level Output Voltage VOH 
Low Level Output Voltage VOl 
Input Leakage Current IlL 
Output Leakage Current IOL 

POWER SUPPLY REQUIREMENTS 
VeC Supply: 
Chip Selected ICC 
Chip Dese lected (Standby Mode) ICC 

Power Dissipation: 
Chip Selected Po 
Chip Deselected (Standby Mode) Po 

AC CHARACTERISTICS 

Characteristic Sym 

Input Capacitance CI 
Output Capacitance Co 

Min 

2.0 
-0.5 

3.5 
-0.5 

2.4 

-
-

-
-

-
-

Max 

-
-

Typ 

-
-

-
-

60 
50 

330 
275 

Typ 

-
-

IGENERAL 
, INSTRUMENT ER5901I 

*Exceeding these ratings could cause 
damage. Functional operation of this 

permanent 
device at 

these conditions, or any other conditions outside 
those indicated in the operational sections of this 

specification, is not implied. 

Data Labelled "typical" is presented for design 
guidance only and is not guaranteed. 

Generai Instrument makes no warranty. expressed or 
imp lied, as to the merchant ability or fitness for a 
particular purpose of this device or its software 

Max Units Conditions 

VCC+ 1.0 V 
+0.8 V 

VCC+ 1.0 V 
+0.8 V 

VCC V IOH = -200 jJA 
0.4 V IOL = 1.6 rnA 

+10 }JA VIN = GND to VCC 
+10 }JA VOUT = GND to VCC 

90 rnA VCC = +5.5V 
70 rnA VCC = +5.5V 

495 mW VCC = +5.5V 
385 mW VCC = +5.5V 

Max Units Conditions 

6 pF VIN = OV 
10 pF VOUT = OV 

DSZ0022A-3 
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L------L-----

MEMORY CHARACTERISTICS 

Character I s"t Ie Sym Max 

Erased State VE -
Wr i tten State Vw -
Data Retention Time ts 10 

(powered or unpowered) 

Number of reprogramlng 

cycles per byte Np 104 

Number of Read Access 

between refresh NRA 

!\iOTE: There is a tradeoff to be made between the 

data retention time (tS) and the number of 

reprogramming cycles (Np) performed per address. 

A gradual reduction in retention time is 

experienced as the number of reprogramming cycles 

Typ Max Unl"ts Cond 11"t I ons 

VIH,VOH - V 

VIH,VOL - V 

- years 

- - - See note below 

Un Ilml ted 

increases. The specified limit is merely one 

point on this curve and does not imply a sudden 

cutoff or end of life. General Instrument's SNOS 

[EPROMs are designed so that after 104 cycles a 

typical retention time is 10 years. 

FI~ 1: READ f«DE wl1"h separa"te address and da"ta lines 

Ao-A8 

Do-D7 

READ tU>E (Separate Address 

and Da1"a Lines) 

tA 

HIGH Z 

Sym Min Typ Unl"t Cond 11" I ons 

~ 

Access tl me - Address "to 

output delay 

300 ns Load = 1 TIL gate 

+ CL = 100 pF 

CE to output delay 

OE to output de lay 

Address, CE or OE to 

output trl-state 

2-104 

10 
10 
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FIGtURE 2: RE":.AD JD)E ,,1111 Mul"tlplexed Address and Da"t8 Lines 

RE j~D MODE 

Ao-A8 
000-07 

ALE 

(Multiplexed 
j~ddress and Data Li.nes) 

Ad 
Ch 

dress setup time 
ip Enable to Address 
Latch Enab le 

AL 
Ad 

E Pulse Width 

Ad 

or 
Ad 

dress Hold time 

dress float to Output 

to output delay 

dress, IT or DE to 

output tri-state 

WRITE ENABLE (WE): 

WRITE CYCLE: 

Enable 

Ao-A8 VALID 

Sym Min 

t AS 50 

tCA 100 

tALE 175 

tAH '>0 

tAO 20 

tOE 10 
t TS 10 

By virtue of the on-chip reprogramming control and 

timing of the ER5901 I, a mimimum amount of servic
ing is required from the host microprocessor. 

The programming/writing of the ER5901 I can be done 
in the multip lexed address and data mode or 

separate address and data mode. In the multi
plexed mode, the ALE line is pulsed high while the 
address to be a] tered is presented to lines AD to 

A6 of the selected device (Bee figure 4). The 
fall ling edge of ALE latches the address into the 

ER5901 I, and the information on the bus lines is 

DATA OUT VALID 

tAO tOE 

Typ Max Unit Conditions 

- - ns 

- - ns 

- - ns 

- - ns 

- - ns 

- 175 ns CE = V1L 
- 1'>0 ns 

then changed to the data to be written into the 
EEPROM. WE is pu lsed low and the dat a is latched 
on its rising edge, after a de lay ~B the ROY/ 

Bi:i'SY output wi 11 go low for the the durat ion of the 
programming cycle. 

In the separate data and address mode, the ALE may 
be tied to WE (see figure 3). With a stab le 
address and data presented to the respective inputs 
of a se lected device, the WE/ALE line is pu lsed low 
to initiate a program cycle. The falling edge of 

WE/ALE latches the address inputs and the rising 
edge latches the data inputs. After a delay 

to
B

' the ROY/BUSY output goes low and remains 

OS20022A-5 
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F IGmE 3: Program Mode wi ftt separa"te Address and DlI"ta Lines 

Ao-A8 Ji~ VAll) 1< 
F~---tA-S-------tA-H--~~ ~-t-D-S---------------------------------

D()-07 

WE/ALE 

RDYIBUSY 

PROGRAM MODE (Separate Address 
and Data Lines) S m Min 

Address setup time t AS 50 
Data delay time too 

Chip Enable to Write Enable Delay tcw 100 

Oat a setup time tos 175 

Address hold time tAH 50 
Write Enable Pulse Width tWE 175ns 

50 

0 

Data hold time tOH 
wr to IT de lay tCH 

Status Delay tOB 10 
ROY/BUSY low time (programing time) tpR 20 
Address Latch Enable Pulse Width tALE 175ns 

Program Clock frequency fPR 10 

low for the duration of the programming cycle. All 

inputs to the ER5901 J are disab led during a pro

gramming cycle. 

OUTPUT ENABLE (OE): READ 

Reading can be accomp lished in the mu It ip lexed or 

separate address and dat a bus mode as we 11. When 
reading in the mu 1tip lexed mode, the ALE line is 

pulsed high whi le a valid address is presented to 
the AO to A6 inputs. The address is latched into 

the ER59011 on the falling edge of ALE. In order 
to avoid bus contention these lines should be tri-

mat tpR 

T Max Unit Conditions 

ns 
us 
ns 
ns 

ns 
10 0 j..Js 

ns 
ns 

300 ns 
100 ms tpR -- 1024 :- fPR 
100}Js 

':;0 KHZ 

stated prior to pulsing OE low. After a delay, 

tOE' the se lected byte will appear on lines DO 

to 07 until either OE or CE goes high (see figure 
2) • 

When reading in the separate data and address mode, 
valid address and dat a must appear on the respec-

tive bus and they must remain there for the dura
Lion of the READ cyc le because ALE doesn't latch 

the address in this mode (see figure 1). Data will 
appear on the dat a bus after a time de lay tOE 

measured from the falling edge of OE. 

OS20022A-6 
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F I~ 4: fTogrz. Mode wi ttl Mu 11"1 p I exed Address and D81"8 11 nes 

Ao-Ats VALID 

j~LE 

IRDY/BUSY 

PR OGRAM MODE (Multiplexed Address 

Ad 
Ch 

AL 
Ad 

Da 

and Data Lines) 

dress setup time 
ip Enable to Address 

Latch Enab le 

E pulse width 

dress hold time 
ta setup time 

WE pulse width 

Da 

WE 
St 
St 

Da 
Pr 

ta hold time 

to IT delay 
atus delay 
atus low time (programing 

ta delay time 
ogram clock frequency 

CLOCK CONSIDERATIONS (CLK): 

time) 

tAH 

Sym 

tAs 
tCA 

tALE 
tAH 
tos 

tWE 
tOH 

tCH 
tDB 
tpR 

tDD 
fPR 

Min 

50 

100 

175ns 
50 

175ns 

17'm8 

20 
0 

10 
20 

-
10 

The CLK is a schmitt trigger timing input which 

defines 
cycle. 

the c lock frequency for the programming 
Either an RC combination or an external 

c lock may be used for this input (see figure 5). 

Typical vales of Rand Care 22K and .0033J..lF 
respectively, with 5% tolerance. As the clock rate 

increases, the write cycle will be shortened. Tn 
applications where data is updated often. the 

retention time need not be long, Therefore, the 

tDH 

toS 

tCH 

toB 
tPR 

Typ Max Unit Conditions 

- - ns 

- - ns 

- 100jJs -
- - ns 

- 100~s -
- 100}Js -
- - ns 

- - ns 

- 300 ns 

- 100 ms tpR = 1024 -:- fpR 

- 1 IJS 

- 50 KHZ 

wri te cyc 1.e may be shorter than 20ms. When dri ving 
the ER5901 I with an external c lock, an open co llector 

transistor with a 680 ohm pull-up resistor should be 

used. (See Figure 5). The logic levels (VIHT' 

VILT ) that ~ply to the clock input are refined 
in the table, "DC CHARACTERISTICS". 

POWER-UP 

During power-up it is recommended to hold DE high 

to minimize bus contention. 

DS20022A-7 
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A.C. Testing, Input/Output Waveform 

2.4 

0.45 

A.C. Testing: 

2.0 2.0 

~Test Point 1 
o.eA' ~.e 

Inputs are driven at 2.4V for an input logic high and 0.45V for an input logic low. Timing measurements 
are made at 2.0V for a logic high and O.BV for a logic low. 

ON-CHIP DATA PROTECTION NOTE: 

During power-up all modes of operation are inhibit
ed until Vec has reached a level of between 2.8 
and 3.5 volts. Furthermore, during power-down the 
source data protection circuitry acts to inhibit 

all modes when Vee has fallen below the voltage 
range of 2.8 to 3.5 volts. 

Since all modes of operation are enabled when 
Vee reaches between 2.8 and 3.5 volts, care 
must be taken to avoid a negative edge on the WE 
line (tWE ~ SOns) during power up. Such a 

spike may cause a write operation to occur. 

PACKAGE OUTLINE 

24 LEAD DUAL-IN-LINE 

.0ooR 
TYP. 

f 
.S60 
]ffi5 

J 

P x ~:s =i,O+'SOTYP BOTH ENDS 
1.185 --l 20 

BASEPLANE~.lli .200 .lD \..L..::"-.--___ J ~
-.I~.OT~~~ .1--

SEATING PLANE I _ .105 Me f t " 
~ II III 1 f .~ .075,,' .010R ro±::: ~ :~:: J":: .130 ~t~.o,T:P 

.Ai1i .008 

1.10S .600 iiiii -- TYP --
.080 

NOTE: Unless otherwise specified, all dimensions are + .002 in. 
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[_N_S~_~_~_~_~~_~_....& _____ E_R_5_90_2~ PRELIMINARY 

WOHD ALTERABLE 2048 BIT ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fE~ITURES: 

- 2048 bits, organized 256 x 8 
- Single +5V only operation 
- On-chip latching of addresses and data 
- Automatic write timeout 
- HOY/BUSY signal 
- Optional high voltage program and chip erase 

modes 
- IE and OE inputs to avoid bUE: contention 
- ~~ord alterable 
- Read access time of less than 300ns 
- Enhanced on-chip data protection 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- [SO Prutection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL STD 883 
- JEDlC approved byte-wide pinout 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 

DESCRIPTION 

The General Instrument ER5902 is an Electrically 
Erasable Programmable Read Only Memory (EEPROM) 
with many ease of use features. The ER5902 can be 
modified using simple TTL level signals and a 
single +SV power supply. Writing data into the 
ER',)902 is analogous to writing data in a static 

BLOCK DIAGRAM 

I Rt.Y/ 

fA::: I -BUSY 256x8 m 
EEPROM I TE~T AMAY I~ () 

:5~ c .... 
we c 

~ 
~ 

WRITE 
CE~ MPLFIERS 

OE~ 110 
Bt.FFERS WE 

a LATetES 

Vc:c <>----
v •• e>-- 00-07 

DATA INPUTS 

PIN CONfIGURATION 
24 LEAD DUAL-IN-LINE 

Top View 
A7 (+5V) Vec 
A6 N.C. 
AS 3 ROY/BUSY 
A4 21 WE 
A3 OE 
A2 *Test Point 
A1 CE 
AO 07 
DO 06 
01 OJ 
02 04 

VSS (GND) 03 

*Must be left unconnected. 

RAM. Since the address and data are internally 
latched and the ROY /SUSY signal is available, the 
[R~902 frees the system for other tasks during the 
programming cycle. The read/write logic is 
designed such that bus contention wilL be minimized 
by use of OE and CE inputs. 

TRUTH TABLE 

+5V ONLY OPERATION 
CE OE WE ROY/BUSY MODE I/O POWER 

H X X H STANDBY High Z STANDBY 
L L H H READ DOUT ACT I VE 
L H "'LJ" L PROGRAM Dp,j ACT 1 V[ 
L H H H READ/WRlTE High Z ACTIVE 

INHIBTT 

OPTIONAL HIGH VOLTAGE COMPATIBLE MODES 
RDY/ 

IT OE WE BuSY MODE I/O POWER 

L H 20-22V L BYTE ERASE DW=H ACTIVE 
L H 20-22V L BYTE ERASE Ow ACTIVE: 
L 20-22V 20-Z2V L CHIP ERASE DIN=H ACTIVE: 
L 22-22V L L CHIP ERASE DIN=H ACT 1 VE 
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GENERAl 
INSTRUMENT 

MEMORY CHARACTERISTICS 

Characteristic 

Erased State 
Written State 
Data Retention Time 

(powered or unpowered) 
Number of reprogramming 

cycles per byte 
Number of Read Access 

between refresh 

ER5902 

SYIl 

VE 
Vw 
ts 

Np 

NRA 

] 
Min Typ Max Units Conditions 

- VIH,VOH - V 

- VIH,VOL - V 
10 - years 

104 - - - See note below 

- Unlimited 

NOTE: There is a tradeoff to be made between the 
data retention time (tS) and the number of 
reprogramming cycles (Np) performed per address. 
A gradual reduction in retention time is 
experienced as the number of reprogramming cycles 

increases. The specified limit is merely one point 
on this curve and does not imply a sudden cutoff or 
end of life. General Instrument's SNOS EEPROMs are 
designed so that after 104 cycles a typical 
retention time is 10 years. 

PIN FUNCTIONS 

SYllbol 

AO-A7 

00-07 

VSS 

OE 

WE 

ROY/B'i:i'SY 

2-110 

Function 

8 Bit Address 

8 Bit Data I/O 

Chip Ground Connection 

Chip Enable Input 

Output Enable Input 

Write Enable Input 

Status Output 

+5 Volt Power Connection 

CollUltents 

The address inputs select one of the EEPROM 8-bit words. 

This input enables the chip for all modes of operation. 
When chip enable is high, the I/O terminals are in the 
floating or high impedance state. 

Gates data to output pins during a read cycle. 

Enables a reprogramming cycle; input data latched on a 
positive edge. 

Low when chip is in reprogramming mode and cannot be 
accessed. High when in read mode. 

DS20029A-2 



ELECTRICAL CHARACTERISTICS 

Maxlllull Ratings* 
All inputs and outputs with 

respect to ground •••••••••••••••••• +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• -6Soe to +1S0oe 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300 oe 

standard Cond:ltions (unless other noted) 
VSS = GND 
Vee = +SV .:!:,10% 
Operating Temperature Range (TA): 
oOe to +70°C (Commercial) 

DC CHARACTERISTICS 

Characteristic 

) Level Input Voltage 
Level Input Voltage 

h Level Output Voltage 

Higt 
low 
Hig 
low 
Inp 
Out 

POW 

Vee 
Ch 

level Output Voltage 
ut leakage Current 
put Leakage Current 

ER SUPPLY REQUIREMENTS 
Supply: 

ip Selected 
Ch 

Pow 
:lp Deselected (Standby Mode) 

Ch 
Ch 

er 
:lp 
ip 

Dissipation: 
Selected 
Deselected (Standby 

AC CHARACTERISTICS 

Inp 
Out 

Characteristic 

ut Capacitance 
put Capacitance 

Mode) 

i 
i 

I 
Sym 

VIH 
VIl 
VOH 
VOL 
III 
IOl 

ICC 
ICC 

PD 
PD 

Sym 

eI 
Co 

Min 

2.0 
-1.0 
2.4 
-
-

-
-

-
-

Max 

-
-

Typ 

-
-
-
-

6() 

-
33() 

-

TY~I 

-
-

GENERAL 
INSTRUMENT ER5902 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labe lled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 

Max Units Conditions 

Vec+1.0 V 
+0.8 V 

Vec V JOH = -400 }JA 
0.4 V IOl = 2.1 rnA 
10 tJA VIN = S.5V 
10 ~A VIN = S.SV 

80 mA Vee = +S.5V 
SO rnA Vec = +5.5V 

440 mW Vee = +S.SV 
275 mW Vce = +5.5V 

Max Units Conditions 

6 pF VIN = OV 
10 pF VOUT = OV 

DS20029A-3 
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GENERAL 
INSTRUMENT 

FIGURE 1: READ MODE 

ER5902 

ADDRESS 

CE 

OE---............... 

VIH 
W£-----~--~----~---------+----------------~P--------tHZ 

HIGHZ .... - ....... 
DATA OUT ---+--.... iiiiiiif"'I"'..,..'-___ ............. _Jf''''"''''~..,.I''oiiiiD-A-T-A-V-AiiiiiLiiiiID.., 

READ MODE SYII Min 

Read Cycle Time tRC 300 
Chip Enable Access Time tCE -
Address Access Time tAA -
Output Enable Access Time tOE -
Chip Enable to Output Low Z tLZ 10 
Chip Disable to Output in High Z tHZ 10 
Output Enable to Output in Low Z tOLZ 50 
Output Enable to Output in High Z tOHZ 10 
Output Hold From Address Change tOH 20 

READ MODE 

To initiate a read cycle, a valid address must 
appear on the AO to A7 inputs and remain there for 
the duration of the cycle because the address is 
not latched in this mode. CE may then be brought 
low to select the device. The desired memory byte 
will appear on the data lines DO to D7 after a time 

Typ Max Unit Conditions 

- - ns 

- 300 ns 

- 300 ns 
- 100 ns 
- - ns 
- 100 ns 
- - ns 
- 100 ns 
- - ns 

delay tCE measured from the falling edge of OE. 
Alternatively, if bus contention is not a problem, 
OE may be tied low. The maximum read access time 
(tA) is 300 ns and data will remain valid until a 
logic level change occurs on CE, OE or an address 
line. ~ is held high. 

DS20029A-4 
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fIGURE 2: PHOGRAM MODE 
WE CONTROLLED WRITE CYCLE 

GENERAl 
INSTRUMENT ER5902 

DATAOUT"~--~--------~~~~---4 

CE CONTROLLED WRITE CYCLE 

PROGRAM MODE 
ite Cycle Time 
dress Setup Time 
Idress Hold Time 
ite Setup Time 
'ite Hold Time 
lip Enable to Lnd of Wr ite 

Wr 
Ad 
Ad 
Wr 
Wr 
Cl

Ol 
Ol 
WI 
Oc 

PI 
Oc 

Dc 

ltput [nab Ie Setup Time 
ltput Enable Hold Time 
'ite Pulse Width 
Ita Latch Time 
'ogramming Time 
Ita Setup Time 
'Ita Hold Time 

R[ )Y /BUSY 

WE CONTROLLED PROGRAM MODE 

Sym Min 

twc 20 

tAS 10 

tAH 70 

tcs 0 

tCH 0 
Tnput tcw 150 

tOES 10 

tOEH 10 

twp 150 

tOL 1)0 

tpR 20 

tos YO 

tOH 10 

tOB -

Wi th a stab le address and data word presented to 
the respective inputs of a selected device and C[ 
or that device brought low, the WE line is pulsed 
low to initiate a program cycle. The falling edge 
of we latches the address inputs and the rising 
edge latches the data inputs. After a delay 
t DB , the ROY /B'USY output wi 11 go low and remain 
there for the duration of the programming cycle. 

I 
I 
I 

---i 

Typ 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Max Unit 
40 ms 

- ns 
- ns 

- ns 

- ns 
- ns 
- ns 

- ns 
- ns 
- ns 
40 ms 
- ns 
- ns 

100 ns 

CE CONTROLLED PROGRAM MODE 

Conditions 

In this mode, 'WE is brought low prior to selecting 
the ER5902. The falling and rising edges of the CE 
line will then latch the address and data respect
ively. A delay tOB is timed from the rising 
edge of the WE line following which the ROY/BUSY 
output will go low and remain there for the 
duratlon of the programming cycle. 

DS20029A-5 
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GENERAL ~ 
INSTRUMENT ~~ 

rIGURE J: OPTIONAl HIGH VOLTAGE MODES 

BYTE ERASE OR BYTE WRITE CYClE 

ADDRE··------~~----------------------~ 
CE.----..... - .... 

~----~_P--------~ 
Vpp (WE PIN) 

(4-GV) 

DATAIN---------------t~[D~DJ[t) 
_ VIH 
OE--...... --------'f 

Va. 

CHIP ERASE CYCLE 

CE-----...... 

Vpp (WE PIN) 
(4-eV) 
DATAIN ____ V_~ _____ _r 

"oe __ y_lHiiIiioiio. ____ .... 

DC CHARACTERISTICS 
OPTIONAL HIGH VOLTAGE MODES Sym 
Write/Erase Voltage Vpp 
~ Current (Byte Erase/Write) Ipp (w) 

OE Voltage (Chip Erase) VOE 
Vpp Current Inhibit Ipp (i) 
Vpp Current (Chip Erase) Ipp (c) 

AC CHARACTERISTICS 
OPTIONAL HIGH VOlTAGE MODES Sym 
Add to Vpp Setup Time tAS 
CE to Vpp Setup Time tcs 
Data to Vpp Setup Time tDs 
Data Hold Time tOH 
Write Pulse Width twp 
Write Recovery Time tWR 
Chip Erase Setup Time tos 
Chip Erase Hold Time tOH 
Vpp RC Time Constant tpRC 
Vpp Fall Time tpFT 
Byte Erase/Write Setup Time t BOS 
Byte Erase/Write Hold Time tBOH 

t~-114 

Min TVD 
20 -
- -
20 -
- -
- -

Min TVD 
10 -
10 -
0 -
50 -

150ns -
50 -
10 -
10 -
- -
- -
10 -
10 -

DS20029A-6 

Max 
22 

0.01 
22 

0.01 
0.01 

Max 
-
-
-
-
15ms 
-
-
-

750 
100 
-
-

Unit Conditi,ons 
V 
rnA CE=VIL' Vpp=22V 
V IOE=10)JA 
rnA CE=VIH' Vpp=22V 
rnA C[=V IL' OE'=VOE' 

Vpp=22V 

Unit Conditions 
ns 
ns 
ns 
ns Vpp=6V 

ns Vpp=6V 
ns Vpp=6V, VOE=20V 
ns Vpp=6V, VOE=20V 
J..Is 
us Vpp=6V 
ns Vpp=6V 
ns Vpp=6V 



fIGURE 4: ON CHIP DATA PROTECTION 

I 

o V::-=--- -7: I -
I 
I I I I 1 I 

POR--' r- I 
---I 1--- TIME OUT 

I 
1 I 
t---I READ MODE AVAILABILITY 
I I 

Vee WI 

GENERAL 
INSTRUMENT 

-'" 

/' 
,,-

I I 
1- ~ 
I I 

ltv C ~ 

ER5902 

""..,.... 

POR 

DEVICE 
AVAILABLE 

1--- PROGRAM MODE AVAILA.BILITY FOR 

ENHANCED ON·-CHIP DATA PROTECTION 

This protection circuitry minim~zes the possibility 
of erronious program/eral cycles during device 
power up or down. When the power supply voltage, 
Vee is bHlow 3.'W, Vee WI, (power up or 
down), the chip is held in a reset mode inhibiting 
all erase/write circuitry. On power up, after 
Vee reaches the 3.5V level:, a 10ms time out, 
tvee, will start during which the erase/write 
circuitry remains inhibited. This allows time for 
setting of inputs to the correct state. Addition
ally, a low state on 'jj[ will. inhibit erase/write 
operations. 

24 LEAD DUAL-IN-LINE .060 I<! 
TYP 

BASE PLAI~ 

SEA TINa PLAllliE 

.080 

.045 
~ _____ 1,105 ______ ~ 

1.085 

FUNC TIONA LlT'_' 

Read operations are not inhibited by the 10ms time 
out and may occur during this period. 

OPTIONAL HIGH VOLTAGE PROGRAMMING AND 
CHIP ERASE fEATURES 

Optional high voltage word erase, word write and 
10ms chip erase features are available on the 
ER5902 (in addition to full +5V only operation) for 
pin-for-pin and operational compatibility with 
EEPROMs requiring additional high voltage power 
supplies. 

r 
.560 
]05 

1 

.140 

.130 
.010R 

TYP 

___ t_·2E .008 

.. 600 
--- TYP 

\ 
I 
1\ 

:~ 
15 

NOTE: Unless otherwise specified, all dimensions are ~ .002 in. 

DS20029A-7 
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GENERAL 
INSTRUMENT ER5902I ] PRELIMINARY 

WORD ALTERABLE 2048 BIT ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fEATURES: 
- 2048 bits, organized 256 x 8 
- Single +5V only operation 
- On-chip latching of addresses and data 
- Automatic write timeout 
- ROY/BUSY signal 
- Optional high voltage prugram and chip erase 

modes 
- CE and OE inputs to a\-oid bus contention 
- Word alterable 
- Read access time of less than 300ns 
- Enhanced on-chip data protectiun 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Prutection: Inputs are designed to meet 1.0KV 

per test method 301).1, MIL STD 883 
- JEDlC approved byte-wide pinout 
- Highly reliable ~-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 

DESCRIPTION 

The General Tnstrument ER59021 is an Electrically 
Erasable Programmable Read Only Memory (EEPROM) 
with many ease of use features. The ER5902 I can 
be modi fied using simple TTL level signals and a 
single +5V power supply. Writing data into the 
ER59021 is analogous to writing data in a static 

BLOCK DIAGRAM 

~ 
ROY/ 

I::: I - ! 
BUSY 256x8 m 

EEPROM ~ 
TEST ARRAY ~~ 0 8 

:5~ c 
.... 

WE c 

~ 
~ 

WRITE 
CE IFUFIERS 

OE I/O 
BtA=ERS WE 

a LATCI£S 

Vee ~ 
v. 0---

DO-D7 
DATA INPUTS 

PIN CONFIGURATION 
24 LEAD DUAL-IN-LINE 

Top View 
A7 (+)V) VCC 
A6 A7 
A5 ROY /Bi:JSY 
A4 21 WE 
A3 OE 
A2 *Test Point 
A1 C[ 
AO 07 
DO 06 
01 D'.J 
02 04 

VSS (G~D) D) 

*Must be left unconnected. 

RAM. Since the address and data are internally 
latched and the RDY /BUSY signal is available, the 
ER'.J902r frees the system for other tasks during the 
programming cyc Ie. The read/write logic is 
desi~led such that bus contention will be minimized 
by use of OE and ff inputs. 

TRUTH TABLE 

+5V ONLY OPERATION 
CE DE WE ROY/BUSY MODE I/O POWER 

H X X H STANDBY High Z STANDBY 
L L H H READ DOUT ACT I VE 
L H "'1J L PROGRAM 01\ ArT r V[ 
L H H H READ/WRITE f.Ugh Z ACTIVE 

INHIBIT 

OPTIONAL HIGH VOLTAGE COMPATIBLE ~'ODES 

RDY/ 
IT DE WE BUSY MODE I/O POWER 

L H 20-22V L BYTE ERASE DW=H ACTI V[ 
L H 20-22V L BYTE ERASE Ow ACT I VE 
L 20-22V 20-22V L CHIP ERASE DIN=H ACTIVE 
L 22-22V L L CHIP ERASE DIN=H ArT 1 VL 

DS200JOA-1 1985 General Instrument Corporation 
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[

GENERAL -1 
_IN_S_T_RU_M_E_N_T.~ _________ E_R5_9_0~ 

MEMORY CHARACTERISTICS 

Characteristic SYIl Min 

ased State 
itten Stat.e 

Er 
WI' 
Da ta Retention Time 

(powered or unpowered) 
Nu Imber of reprogramming 

cycles per byte 
Imber of Read Access 
between refresh 

VE -
Vw -
ts 10 

Np 104 

NRA -

Typ Max Units Conditions 

VIIH,VOH - V 

VIIH,VOL - V 

- years 

- - - See note below 

Unlimited 

NOTE: There is a tradeoff to be made between the 
data retention time (tS) and the number of 
re~programming cycles (Np) performed per address. 
A gradual reduction in retention time is 
e~:perienced as the number of reprogramming cycles 

increases. The specified limit is merely one point 
on this curve and does not imply a sudden cutoff or 
end of life. General Instrument's SNOS EEPROMs are 
designed so that after 104 cycles a typical 
retention time is 10 years. 

PlN fUNCTIONS 

Symbol function 

AO-A7 8 Bit Address 

DO-D7 8 Bit Data I/O 

Chip Ground Connection 

CE Chip Enable Input 

OlE Output Enable Input 

We: Write Enable Input 

RDY/BUSY Status Output 

+5 Volt Power Connection 

Colftlllents 

The address inputs select one of the EEPROM 8-bit words. 

This input enables the chip for all modes of operation. 
When chip enable is high, the I/O terminals are in the 
floating or high impedance state. 

Gates data to output pins during a read cycle. 

Enables a reprogramming cycle; input data latched on a 
positive edge. 

Low when chip is in reprogramming mode and cannot be 
accl9ssed. High when in read mode. 

DS20030A-2 
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ElECTRICAl CHARACTERISTICS 

MaxiMuM Rating8* 
All inputs and outputs with 

respect to ground •••••••••••••••••• +7V to -0.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• _65°C to +150°C 
Soldering temperature of leads 

(10 seconds) .............................. +300°C 

Standard Conditions (unless other noted) 
VSS = GND 
Vec = +5V .!,10% 
Operating Temperature Range (TA): 
-40°C to +85°C (Industrial) 

DC CHARACTERISTICS 

Characteristic 

High Level Input Voltage 
Low Level Input Voltage 
High Level Output Voltage 
Low Level Output Voltage 
Input Leakage Current 
Output Leakage Current 

POWER SUPPLY REQUIREMENTS 
VCC Supply: 
Chip Selected 
Chip Deselected (Standby Mode) 

Power Dissipation: 
Chip Selected 
Chip Deselected (Standby Mode) 

AC CHARACTERISTICS 

Characteristic 

Input Capacitance 
Output Capacitance 

Sym 

VIH 
VI L 
VOH 
VOL 
IlL 
IOL 

ICC 
ICC 

PD 
PD 

SYIII 

CI 
Co 

Min 

2.0 
-1.0 
2.4 
-
-

-
-

-
-

Max 

-
-

Typ 

-
-
-
-

60 
-

330 
-

Typ 

-
-

GENERAL I 
__ I_N_S_TR_U_~ __ N_T ___________ E_R_5_90_2_I_~ 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data Labelled "typical" is presented for design 
guidance only and is not guaranteed. 

General I nstrument. makes no warranty, e:(pressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 

Max Unita Conditlons 

VCC+1.0 V 
+0.8 V 

VCC V IOH = -400 )JA 
0.4 V 10L = 2.1 miX 
10 j-IA VIN = S.5V 
10 JJA VIN = S.5V 

80 mA VCC = +S.SV 
SO rnA VCC = +5.SV 

440 mW VCC = +S.SV 
275 mW VCC = +S.SV 

Max Units Conditions 

6 pF VIN = OV 
10 pF VOUT = OV 

DS20030A-3 
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,-- GENERAL --r 
~,_N_ST_R_U_M_EN_T _____ • __ E_R_5_90_2~ 

F I GiURE 1: READ t«lDE 

~ ~---------~----------~;--------------~I--------
CE 

oe--_· ...... - .... 

VIH 
W£-----.~--~----~ .... ----.---+-----------------++-----------tHZ ..... ---.. tOHZ 

HIGHZ ..... ---. 
DATA OUT =:.:.:=.~I--Jj~~?-j(ffim~Iii;r-~ ~7~IriDrijAliTr:.A~VnA~L'irID~'---

Re 
Ch 
Ad 
Ou 
Ch 
Ch 
Ou 
Ou 
Ou 

READ MODE 

ad Cycle Time 
ip Enable Access Time 
dress Access Time 
tput Enable Access Time 
ip Enable to Output Low Z 
ip Disable to Output in High 
1tput Enable to Output in Low 
tput Enable to Output in High 
tput Hold rrom Address Change 

SYII Min 

tRC 300 

tCE -
tAA -
tOE -
tLZ 10 

Z tHZ 10 
Z tOLZ 50 

Z tOHZ 10 

tOH 20 

To initiate a read cycle, a valid address must 
appear on the AO to A7 inputs and remain there for 
the duration of the cycle beeause the address is 
not latched in this mode .CE may then be brought 
lo'w to select the device. The desired memory byte 
will appear on the data lines DO to D7 after a time 

Typ Max Unit Conditions 

- - ns 
- 300 ns 

- 300 ns 

- 100 ns 
- - ns 

- 100 ns 

- - ns 

- 100 ns 

- - ns 

delay tCE measured from the falling edge of OE. 
Alternatively, if bus contention is not a problem, 
OE may be tied low. The maximum read access time 
(tA) is 300 ns and data will remain valid until a 
logic level change occurs on CE, OE or an address 
line. WE is held high. 

DS20030A-4 
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fIGURE 2: PROGRAM MODE 
WE CONTROLLED WRITE CYCLE 

GENERAL 
INSTRUMENT [R59021~ 

DATAOUT~~--4----------+~~~--~ 

DATAIN---~~~E;~~~~~~~Zf 
tDH 

RDYIiiUiY ------------....... -....-- tPR_ 

CE CONTROLLED WRITE CYCLE 

PROGRAM MODE Sym Min 
Write Cycle Time twc 20 
Address Setup Time tAS 10 
Address Hold Time tAH 70 
Write Setup Time tcs 0 
Wr ite Ho ld Time tCH 0 
Chip Enable to End uf Wdte Tnput trw i rjO 

Output Enable Setup Time tOES 10 
Output Enable Hold Time tOEH 10 
Write Pulse Width twp '1,)0 
Oata Latch Time tOL [>0 

Programming Time tpR 20 

Oata Setup Time tos ')0 
Oata Hold Time tOH 10 
ROY/SUSY tOB -

WE CONTROLLED PROGRAM MODE 

With a stable address and data word presented to 
the respective inputs of a selected device and U~ 

of that device brought low, the WE line is pulsed 
low to initiate a program cycle. The falling edge 
of WE latches the address inputs and the rising 
edge latches the data inputs. After a delay 
t DB , the ROY /B'Li'SY output will go luw and remain 
there for the duration of the programming cycle. 

I 
I 
I 

-.-oj 

TYD 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Max Unit 

40 ms 
- ns 
- ns 

- ns 

- ns 

- ns 
- ns 

- ns 

- ns 
- ns 
40 ms 

- ns 

- ns 
100 ns 

CE CONTROLLED PROGRAM MODE 

Conditions 

I n this mode, WE is brought low prior to selecting 
the ER5902I. The falling and rising edges of the CE 
line will then latch the address and data respect
ively. A delay tos is timed from the rising 
edge of the WE line following which the ROY /SUSY 
output will go low and remain there for the 
duration of the programming cycle. 

DS200JOA-5 
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I GENERAL ~ 
~;TRUMENT ER5902I ~ 

fIGUHE 3: OPTIONAL HIGH VOLTAGE MODES 

BYTE ERASE OR BYTE WRITE CYCLE 

~S8 I----~-----r------.-----------~ 
CE-----+ ....... 

Vpp (WE PIN) 
(4-4V) ---------' 

DATAIN---.............................. ijDIt[lI~l:~~ 

- VIH 
OE ----------'1" 

VIL 

CHIP ERASE CYCLE 

CE----..... 

Vpp(WEPlN) 
(4-eV) ---;;..-----r 
DATAI~V,_~ ________ r 

- VIH 
OE - ........ ----..eIr 

DC CHARACTERISTICS 
lONAL HIGH VOLTAGE MODES OPT 

Writ 

~ 
OE , 

Vpp 
Vpp 

~e/Erase Voltage 
Current (Byte Erase/Write) 
loltage (Chip Erase) 
Current Inhibit 
Current (Chip Erase) 

AC (HARACTERISTICS 
llONAL HIGH VOLTAGE MODES OPT 

Add 
([1 

to Vpp Setup Time 
:0 Vpp Setup Time 
a to Vpp Setup Time Oat 

Oat 
Wri~ 

WriJ 

a Hold Time 
te Pulse Width 
te Recovery Time 
J Erase Setup Time 
~ Erase Hold Time 

Chil 
Chil 
Vpp 
Vpp 
Byt 
Syt 

RC Time Constant 
Fall Time 

e Erase/Write Setup Time 
e Erase/Write Hold Time 

Svm 
Vpp 
Ipp (w) 

VOE 
Ipp (i) 
Ipp (c) 

Svm 
tAS 
tcs 
tos 
tOH 
twp 
tWR 
tos 
tOH 
tpRC 
tpFT 
tsos 
tSOH 

Min 
20 

-
20 

-
-

Min 
10 
10 
0 
50 

150ns 
50 
10 
10 
-
-
10 
10 

TVD 
-
-
-
-
-

TVD 
-
-
-
-
-
-
-
-
-
-
-
-

OS20030A-6 

Max 
22 

0.01 
22 

0.01 
0.01 

Max 
-
-
-
-
15ms 

-
-
-

750 
100 

-
-

Unit Conditions 
V 
rnA CE=VIL' Vpp=22V 
V IOE=10jJA 
rnA CE=VIH' Vpp=22V 
rnA CE=VIL' OE=VOE' 

Vpp=22V 

Unit Conditions 
ns 
ns 
ns 
ns Vpp=6V 

ns Vpp=6V 
ns Vpp=6V, VOE=20V 
ns Vpp=6V, VOE=20V 
}Is 
us Vpp=6V 
ns Vpp=6V 
ns Vpp=6V 
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GENERAl ~ 
~I_N_S_TR_U_~._N_T~ _________ E_R5_9_0_2~ 

FIGURE 4: ON CHIP DATA PROTECTION 

I Vee WI ~ ~ yc:c-----X- I II" 

I V o VOLTS I : I 
I I I 

I I 1- ... 
POR--' ,-. I I I ....... ' ~TIME OUT ltv C ~ POR I 

I I 
1---1 READ MODE AVAILABILITY DEVICE 

1 I AVAILABLE 
,...... PROGRAM MODE AVAILABILITY FOR 

ENHANCED ON-CHIP DATA PROTECTION 

This protection circuitry minimizes the possibility 
of erronious program/eral cycles during device 
power up or down. When the power supply voltage, 
Vee is below 3. 5V, Vee WI, (power up or 
down), the chip is held in a reset mode inhibiting 
all erase/write circuitry. On power up, after 
Vee reaches the 3.5V level, a 10ms time out, 
tvee will start during which the erase/write 
circuitry remains inhibited. This allows time for 
setting of inputs to the correct state. Addition
ally, a low state on DE will inhibit erase/write 
operations. 

PACKAGE OUTLINE 

24 LEAD DUAL-IN-LINE .060R 
TYP 

FUNCTIONA LITY 

Read operations are not inhibited by the 10ms time 
out and may occur during this period. 

OPTIONAL HIGH VOLTAGE PROGRAMMING AND 
CHIP ERASE FEATURES 

Optional high voltage word erase, word write and 
10ms chip erase features are available on the 
ER59021 (in addition to full +5V only operation) 
for pin-far-pin and operational compatibility with 
EEPROMs requiring additional high voltage power 
supplies. 

r 
.560 
:505 

1 

~ N>EX ~:5 -{o+.50TYP BOTH ENDS 
1.185 --I 2· 

_., TOP a BOTTOM t 
---1.. f -.-130-- -L 

BASE PLANE I H mmmt= ~o~ .m 

SEATINGPLANE ~~t~ = ~ .1.5 .1.
0

'0.

,

•

8 

:~ T "'1=:5) .0T~pR 
.020 .085 MIN .01 2 

.iii .008 

.080 __ 1,105 .600 

.045 1.085 TYP 

NOTE: Unless otherwise specified, all dimensions are ~ .002 in. 

DS20030A-7 
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I GENERAL 
L:5TRUMENT ER5904 =:J PRELIMINARY 

WORD ALTERABLE 4096 BIT ELECTRICI'LL Y ERASABLE AND PROGRA~'MABlE ROM 

fEATlLJRES: 
- 4096 bits, organized 512 x 8 
- Single +5V only operation 
- On-chip latching of addresses and data 
- Automatic write timeout 
- RDY/BUSY signal 
- Optional high voltage program and chip erase 

modes 
- CE and OE inputs to avoid bus eontention 
- Word alterable 
- Read access time of less than :500ns 
- Enhanced on-chip data protection 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL STD 883 
- JEDEC approved byte-wide pinout 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 

DESCIRIPTION 

The General Instrument ER5904 is an Electrically 
Erasable Programmable Read Only Memory (EEPROM) 
with many ease of use features. The ER5904 can be 
modified using simple TTL level signals and a 
single +5V power supply. Writing data into the 
ER5904 is analogous to writing data in a static 

BlOCIK DIAGRAM 

ROY/ 
BUS~; 

TES1r 

512x8 
EEPROM 
ARRAY 

READI 
WRITF 

AMPLIFIERS 

L'O 
Bl.FFERS 1----...... --WE 

-------116 LATCtES 

Vee 0-----

V .. 0-----
OO-D7 

DATA INPUTS 

PIN CONfIGURATION 
24 LEAD DUAL-IN-LINE 

Top View 
A7 (+5V) VCC 
A6 A8 
A5 RDY/BUSY 
A4 WE 
A3 OE 
A2 *Test Point 
A1 CE 
AO D7 
DO 06 
D1 D5 
D2 D4 

VSS (GND) D3 

*Must be left unconnected. 

RJ'M. Since the address and data are internally 
latched and the RDY /BUSY signal is available, the 
ER5904 frees the system for other tasks during the 
programming cycle. The read/write logic is 
designed such that bus contention will be minimized 
by use of OE and CE inputs. 

THUTH TABlE 

+5V ONLY OPERATION 
CE~ OE WE ROY/BUSY MODE I/O POWER 

H X X H STANDBY High Z STANDBY 
L L H H READ DOUT ACTIVE 
L H "U' L PROGRAM Dp.J ACTIVE 
L H H H READ/WRITE High Z ACTIVE 

I~HIBIT 

OPTIONAL HIGH VOlTAGE COMPATIBLE MODES - RDY/ 
CE: 'OE WE BUSY MODE I/O POWER 

L H 20-22V L BYTE ERASE DW=H ACTIVE 
L H 20-22V L BYTE ERASE DW ACTIVE 
L 20-22V 20-22V L CHIP ERASE DIN=H ACTIVE 
L 22-22V L L CHIP ERASE DIN=H ACTIVE 

DS20023A··1 1985 General Instrument Corporation 

2-123 



GENERAL 
INSTRUMENT 

MEMORY CHARACTERISTICS 

Characteristic 

Erased state 
Written State 
Data Retention Time 

(powered or unpowered) 
Number of reprogramming 

cycles per byte 
Number of Read Access 

between refresh 

ER5904 

Sym 

VE 
Vw 
ts 

Np 

NRA 

Min TYD Max Units Conditions 

- V1H,VOH - V 
- VIH,VOL - V 
10 - years 

104 - - - See note below 

- Unlimited 

-

NOTE: There is a tradeoff to be made between the 
data retention time (tS ) and the number of 
reprogramming cycles (Np) performed per address. 
A gradual reduction in retention time is 
experienced as the number of reprogramming cycles 

increases. The specified limit is merely one point 
on this curve and does not imply a sudden cutoff or 
end of life. General Instrument's SNOS EEPROMs are 
designed so that after 104 cycles a typical 
retention time is 10 years. 

PIN fUNCTIONS 

Symbol function 

AO-A8 9 Bit Address 

00-07 8 Bit Data I/O 

Chip Ground Connection 

CE Chip Enable Input 

DE Output Enable Input 

WE Write Enable Input 

ROY/BUSY Status Output 

+5 Volt Power Connection 

2-124 

Comments 

The address inputs select one of the EEPROM 8-bit words. 

This input enables the chip for all modes of operation. 
When chip enable is high, the I/O termina 1:3 are in the 
floating or high impedance state. 

Gates data to output pins during a read cycle. 

Enables a reprogramming cyc Ie; input data latched on a 
positive edge. 

Low when chip is in reprogramming mode and cannot be 
accessed. High when in read mode. 

OS20023A-2 



ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
All inputs and outputs with 

respect to ground •••••••••••••••••• +7V to -0.3V 
storage temperature (unpowered and 

without data retention) ••••••••• -65°C to +150°C 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300°C 

Standard Conditions (unless other noted) 
VSS := GND 
Vee := +5V .:t.1m~ 

Operating Temperature Range (TA): 
O°C to +70°C (Commercial) 

DC CliARACTERISTICS 

High 
low l 
High 
low l 

Inpu1 
Outpl 

Characteristic 

level Input Voltage 
_evel Input Voltage 
level Output Voltage 

_evel Output Voltage 
: leakage Current 
Jt leakage Current 

~ SUPPLY REQUIREMENTS 
Jupply: 
) Selected 
) Dese lected (Standby 

POWEI 

VCC ~ 
Chil 
Chil 

Pawe r Dissipation: 
Chil 
Chil 

) Selected 
) Deselected (Standby 

AC CHARACTERISTICS 

Characteristic 

Input Capacitance 
Output Capacitance 

Mode) 

Mode) 

Sym 

VIH 
VIl 
VOH 
VOL 
III 
IOl 

ICC 
ICC 

Po 
Po 

Sym 

Min 

2.0 
-1.0 
2.4 
-
-

-
-

-
-

Max 

TYD 

-
-
-
-

60 
-

330 
-

TYD 

GENERAL 
INSTRUMENT ER5904 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labelled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 

Max 

VCC+1.O 
+0.8 

VCC 
0.4 
10 
10 

80 
SO 

440 
275 

Max 

6 
10 

Units 

V 
V 
V 
V 
}JA 
)JA 

mA 
mA 

mW 
mW 

Units 

pF 
pF 

Conditions 

IOH = -400 iJA 

IOl = 2.1 mA 

VIN = 5.5V 

VIN = 5.5V 

Vec = +S.SV 

VCC = +'i.5V 

Vec = +'i.5V 

VCC = +'i.SV 

Conditions 

VIN = OV 
VOUT = OV 

05200231\.-3 
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GENERAL 
INSTRUMENT 

FIGURE 1: READ MODE 

ER5904 

ADDRESS 

CE 

OE---+---t 

VIH 

tRe 

teE 

WE------~--~------~--------~----------------++--------tHZ 
HIGH Z ..... -..-ot 

DATAOUT~~~~~~i~~.~.~~~"([_~_~_~_~~_~_H~~_-_-_-~~~~",,,~D_A.T.A.V.A.L.ID., 

READ MODE Sym Min 

Read Cycle Time tRc 300 
Chip Enable Access Time tCE -
Address Access Time tAA -
Output Enable Access Time tOE -
Chip Enable to Output Low Z tLZ 10 
Chip Disable to Output in High Z tHZ 10 
Output Enable to Output in Low Z tOLZ 50 
Output Enable to Output in High Z tOHZ 10 
Output Hold From Address Change tOH 20 

READ MODE 

T 0 initiate a read eycle, a valid address must 
appear on the AO to A8 inputs and remain there for 
the duration of the cycle because the address is 
not latched in this mode. CE may then be brought 
low to select the device. The desired memory byte 
will appear on the data lines DO to 07 after a time 

Typ Max Unit Conditions 

- - ns 
- 300 ns 

- 300 ns 

- 100 ns 
- - ns 
- 100 ns 

- - ns 

- 100 ns 

- - ns 

delay tCE measured from the falling edge of OE. 
Alternatively, if bus contention is not a problem, 
OE may be tied low. The maximum read access time 
(tA) is 300 ns and data will remain valid until a 
logic level change occurs on CE, DE or an address 
line. ~ is held high. 

DS20023A-4 
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fIGURE 2: PROGRAM MODE 
W CONTROLLED WRITE CYCLE 

CE CONTROLLED WRITE CYCLE 

Pfl 
Writ 

Addr 
Addr 
Writ 

Writ 
Chip 

Outp 

Outp 

Writ 
Oate 

Pro~ 

Oate 
Oate 

ROYI 

:OGRAM MODE 
.e Cycle T1me 

'ess Setup Time 
'ess Hold Time 
.e Setup T 1me 

e Hold Time 
I Enable to End of Write 
,ut Enable Setup Time 

,ut Enable Hold Time 
.e Pulse Width 
, Latch Time 

Ir amming T 1me 
, Setup Time 
, Hold Time 
'BUSY 

WE CONTROLLED PROGRAM MODE 

Svm Min 
twc 20 

tAS 10 

tAH 70 

tcs 0 

tCH 0 

Input tcw 150 

tOES 10 

tOEH 10 

twp 150 

tOL 50 

tpR 20 

tos 50 

tOH 10 

tOB -

With a stable address and data word presented to 

the respective inputs of a selected device and CE 

of that device brought low, the WE line is pulsed 
low to initiate a program cycle.. The falling edge 
o f ~WE latches the address inputs and the rising 

edge latches the data inputs.. After a delay 

t OB ' the ROY /BLiSY output will go low and remain 
there for the duration of the programming cycle. 

Tvp 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

GENERAL 
INSTRUMENT 

Max 
40 
-
-
-
-
-
-
-
-
-
40 

-
-

100 

Unit 
ms 
ns 
ns 

ns 

ns 

ns 

ns 

ns 
ns 

ns 

ms 

ns 
ns 

ns 

CIE CONTROLLED PROGRAM MODE 

ER5904 

Conditions 

-

In this mode, WE is brought low prior to selecting 

the ER5904. The falling and rising edges of the CE 

line will then latch the address and data respect
ively. A delay tOB is timed from the rising 
edge of the WE line following which the ROY/BUSY 

output will go low and remain there for the 

duration of the programming cycle. 

OS20023A-5 
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GENERAL 
INSTRUMENT ER5904 

FIGURE 3: OPTIONAL HIGH VOLTAGE MODES 

BYTE ERASE OR BYTE WRITE CYCLE 

ADDRES 

CE.----...... -.-.. 

Vpp (WE PIN) 
(4-8 V) 

11-----1 ..... -

DATA IN·,--------(:m~r:iAIJ[j:j 

_ V,H 
OE·--------..". 

V,L 

CHIP ERASE CYCLE 

CE.-----...... 

Vpp (WE PIN) 
(4-8 V) 

DATAIN. ____ V.IH ______ -r 

V,H 
OE ---...... -----r 

DC CHARACTERISTICS 
OPTIONAL HIGH VOLTAGE MODES Sym 
Write/Erase Voltage Vpp 
Vpp Current (Byte Erase/Write) Ipp (w) 

DE Voltage (Chip Erase) VOE 
Vpp Current Inhibit Ipp (i) 
Vpp Current (Chip Erase) Ipp (c) 

AC CHARACTERISTICS 
OPTIONAL HIGH VOLTAGE MODES Sym 
Add to Vpp Setup Time tAS 
CI to Vpp Setup Time tcs 
Data to Vpp Setup Time tDs 
Data Hold Time tDH 
Write Pulse Width twp 
Write Recovery Time tWR 
Chip Erase Setup Time tos 
Chip Erase Hold Time tOH 
Vpp RC Time Constant t pRC 
Vpp Fall Time tpFT 
Byte Erase/Write Setup Time t BOS 
Byte Erase/Write Hold Time t BOH 

2-128 

Min TYD 
20 -
- -
20 -
- -
- -

Min Typ 
10 -
10 -
0 -
')0 -

1,)Ons -
')0 -
10 -
10 -
- -
- -
10 -
10 -

DS20023A-6 

Max 
22 

0.01 
22 

0.01 
0.01 

Max 
-
-
-
-
15ms 
-
-
-

750 
100 
-
-

Unit Condi.tions 
V 
rnA CE=VIL' Vpp=22V 
V IOE=10}JA, 
rnA CE=VIH' Vpp=22V 
mA CE=VIL' OE=VOE' 

Vpp=22V 

Unit Condi.tions 
ns 
ns 
ns 
ns Vpp=6V 

ns Vpp=6V 
ns Vpp=6V, VOE=20V 
ns Vp p=6V, VOE=20V 
}Js 
us Vpp=6V 
ns Vpp=6V 
ns Vpp=6V 



FIGURE 4: ON CHIP DATA PROTECTION 

ov::--_·_-7: l 
I I I 
I I 

POR--' r- I 
--I I-- 1rlME on 

I 
I I 
1---1 READ MODE AVAILABILITY 
J I 

GENERAL 
INSTRUMENT 

Vee WI -+---+'=-""-=:;;.-+--

I 
I- -t 
J I 

ltv C ~ PO R 

ER5904 

t-- PROGRAM MODE AVAILABIILITY 

DEVICE 

AVAILABLE 
FOR 
FUNCTIONALITY 

ENHA.NCED ON-CHIP DATA PROTECTION Read operations are not inhibited by the 10ms time 
out and may occur during this period. 

OIPTIONAL HIGH VOLTAGE PROGRAMMING AND 
CHIP ERASE FEATURES 

This protection circuitry minimlzes the possibility 
of erronious program/eral cycles during device 
power up or down. When the power supply voltage, 
Vee is below 3. 5V, Vee WI, (power up or 
down), the chip is held in a reset mode inhibiting 
all erase/write circuitry. On power up, after 
Vee reaches the 3.5V level, a 10ms time out, 
t vee , will start during which the erase/write 
circuitry remains inhibited. This allows time for 
setting of inputs to the correct state. Addition
ally, a low state on OE will inhibit erase/write 
operations. 

Optional high voltage word erase, word write and 
10ms chip erase features are available on the 
ER5904 (in addition to full +5V only operation) for 
pin-for-pin and operational compatibility with 
EEPROMs requiring additional high voltage power 
supplies. 

PACKAGE OUTLINE 

24 LEAD DUAL-IN-LINE .060R. 
TYP 

~:7.:: ~2'~:TYPBOTHENDS 
I 1~~op & BOTTOM * 
..--------'~__L -f-.130--=C-

BASE PLAN .. rnmmm1_L . .El1 "40~ • ..;.,lDr-.-__ -a-JIl ~~ ___ --' 

SEAT~G PLAN~ r
20 

~ = ~;:: j .106 ~75jt! .0~T~ 
.iii . .008 

.080 1.105 .600 

.045 - f:Oii -- TYP 

NOTE: Unless otherwise specified, all dimensions are ~ .002 in. 

DS20023/~-7 
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GENERAL ] 
INSTRUMENT ER5904I 
~--, 

PRELIMINARY 

WORD ALTERABLE 4096 BIT ELECTRICALLY ERASABLE AND PROGRAMMABLE ROM 

fEATURES: 
- 4096 bits, organized )12 x 8 
- Single +5V only operation 
- On-chip latChing of addresses and data 
- Automatic write timeout 
- ROY/BUSY signal 
- Optional high voltage program and chip erase 

modes 
- CE and DE inputs to avoid bus contention 
- Word alterable 
- Read access time of less than 300ns 
- Enhanced on-chip data protection 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 1.0KV 

per test method 3015.1, MIL STD 883 
- JEDEC approved byte-wide pinout 
- Highly reliable N-Channel SNOS technology 
- Designed for 10 year data retention after 10,000 

erase/write cycles per word 

DESCRIPTION 

The General Instrument ER5904I is an Electrically 
Erasable Programmable Read Only Memory (EEPROM) 
with many ease of use features. The ER5904I can be 
modified using simple TTL level signals and a 
single +5V power supply. Wri ting data into the 
ERS904I is analogous to writing dat.a in a st.atic 

BLOCK DIAGRAM 

ROY/ 
BUSY 

TEST 

512x8 
EEFftOM 
ARRAY 

~
/ 

WRlTF 
MPLFERS 

110 
BUFFERS ...---....... --WE 

-----fa LATCtES 

00-07 
DATA INPUTS 

PIN CONfIGURATION 
24 LEAD DUAL-IN-LINE 

Top View 
A7 (+5V) VCC 
A6 A8 
AS ROY /EIUSY 
A4 WE 
A3 OE 
A2 *Test Point 
A1 CE 
AO 07 
DO 06 
01 05 
02 04 

VSS (GND) 12 03 

*Must be left unconnected. 

RAM. Since the address and data are internally 
latched and the HOY /BU'S'Y signal is available, the 
ER59041 frees the system for other tasks during the 
programming cycle. The read/write logic is 
designed such that bus contention will be minimized - .-
by use of OE and CE inputs. 

TRUTH TABLE 

+5V ONLY OPERATION 
CE OE WE ROY/BUSY MODE I/O POWER 

H X X H STANDBY High Z STANDBY 
L L H H READ DOUT ACTIVE 
L H ~ L PROGRAM Dp . .J ACTT VE 
L H H H READ/WRITE High "7 ,- ACTIVE 

I "JHIB IT 

OPTIONAL HIGH VOLTAGE COMPATIBLE HODES 
ROY/ 

CE OE WE BUSY MODE I/O POWER 

L H 20-22V L BYTE ERASE DW=H ACTIVE 
L H 20-22V L BYTE ERASE Ow ACTIVE 
L 20-22V 20-22V L CHIP ERASE DIN=H ACTIVE 
L 22-22V L L CHIP ERASE DIN=H ACT! VE 

DS20027A-1 198) General Instrument Corporation 
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C;~~~~~~'_~--L, _____ E_R5_9_0_4_1 ~ 
MEMORY CHARACTERISTICS 

~haracteristic 

ErasE 
Writt 
Data 

~d State 
:en State 
Retention 

owe red or 
Time 

unpowered) (p 

NumbE 
cy( 

Numb 
be 

!r of reprogramming 
~les per byte 
er of Read Access 
tween refresh 

Sym Min 

V[ -
Vvl -
tc' 

~t 
10 

Np 104 

NRA -

Typt Max Units Conditions 

VIH,VOH - V 

VIH,VOL - V 

- years 

- - - See note below 

Unlimited 

NOTE: There is a tradeoff to be made between the 
data retention time (tS) and the number of 
reprogramming cycles (Np) performed per address. 
A gradual reduction in retention time is 
experienced as the number of reprogramming cycles 

increases. The specified limit is merely one point 
on this curve and does not imply a sudden cutoff or 
end of life. General Instrument's SNOS EEPROMs are 
designed so that after 104 cycles a typical 
retention time is 10 years. 

PIN FUNCTIONS 

~)~o~l~ ____ ~ _______ ~f=u~nc~t~i~o~n~ __________ ~~ ________ . _______________ ~C~o~m~m~e~n~ts~ ____________________ __ 

AD-AU 9 Bit Address 

00-07 8 Bit Data I/O 

Chip Ground Connection 

Chip Enable Input 

DE Output Enable Input 

WE Write Enable Input 

ROY /i3USY Status Output 

+5 Volt Power Connection 

The address inputs select one of the EEPROM 8-bit words. 

This input enables the chip for all modes of operation. 
When chip enable is high, the I/O terminals are in the 
floating or high impedance state. 

Gates data to output pins during a read cycle. 

Enables a reprogramming cycle; input data latched on a 
positi \/e edge. 

Low when chip is in reprogramming mode and cannot be 
accessed. High when in read mode. 

D5200271\-2 
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ELECTRICAL CHARACTERISTICS 

Maxi.um Ratings* 
All inputs and outputs with 

respect to ground •••••••••••••••••• +7V to -O.3V 
Storage temperature (unpowered and 

without data retention) ••••••••• -65°C to +150°C 
Soldering temperature of leads 

(10 seconds) ••••••••••••••••••••••••••••• +300°C 

Standard Conditions (unless other noted) 
VSS = GND 
Vee = +5V .!,10% 
Operating Temperature Range (TA): 
-40°C to +85°e (Industrial) 

DC CHARACTERISTICS 

Characteristic 

High Level Input Voltage 
Low Level Input Voltage 
High Level Output Voltage 
Low Level Output Voltage 
Input Leakage Current 
Output Leakage Current 

POWER SUPPLY REQUIREMENTS 
Vce Supply: 

Chip Selected 
Chip Deselected (Standby Mode) 

Power Dissipation: 
Chip Selected 
ehip Deselected (Standby Mode) 

AC CHARACTERISTICS 

Characteristic 

Input Capac it ance 
Output Capacitance 

S~m 

VIH 
VIL 
VOH 
VOL 
IlL 
IOL 

ICC 
Iec 

Po 
PD 

Sym 

eI 
Co 

Min 

2.0 
-1.0 
2.4 
-
-

-
-

-
-

Max 

-
-

Typ 

-
-
-
-

70 
40 

385 
220 

Typ 

-
-

GENERAl ~ 
'--_IN_S_T_RU_ME._N_T.-. _____ E_R_5_90_t,~ 

*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data Labelled "typical" is presented for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantability or fitness for a 
particular purpose of this device or its software 

Max- Units Conditions 

Vec+1.0 V 
+0.8 V 

VCC V IOH = -400 )JA 
0.4 V IOl = 2.1 mA 
10 }JA VIN = 5. ~,V 
10 )JA VIN = 5. ~)V 

- mA Vee = +S .. SV 
- rnA Vee = +~ .. 5V 

- mW Vee = +5 .. 5V 
- mW Vee = +5 .. SV 

Max Units Conditions 

6 pF VIN = OV 
10 pF VOUT = 0\1 

OS20027A-3 
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I GENERAL 
~jSTRUMENT 

FIGURE 1: READ MODE 

ER59041:::::::::J 

ADDRESS =*=:::::~~ __ lftc ______ -U~ ________ """ ,.----

CE icE 

OE---· ............ 

VIH 
W£-----,~--~----~-------+-----------------P~---------'HZ ..._---t ... tOHZ 

HIGHZ .... ---. 
DATAOUT------,+---~~I~~'-------~--~I~~W-~I~~D-A-TA--V-A-L-ID., 

Reac 

Chi~ 

Addr 

Out~ 

Chi~ 

Chi~ 

Out~ 

Out~ 

Out~ 

tEAD MODE 

I Cycle Time 
I Enable Aecess Time 
'ess Access Time 
lut Enable Access Time 
I Enable to Output low Z 
I Disable to Output in High 
lut Enable to Output in Low 
lut Enable to Output in High 
lut Hold From Address Change 

READ KJDE 

Z 
Z 

Sym Min 

tRC 300 

tCE -
tAA -
tOE -
tLZ 10 

tHZ 10 

tOLZ 50 
Z tOHZ 10 

tOH 20 

To initiate a read cycle, a valid address must 

appear on the AO to AS inputs and remain there for 
the duration of the cycle because the address is 
not latched in this mode. CE may then be brought 
low to select the device. The desired memory byte 
will appear on the data lines DO to D7 after a time 

Typ Max Unit Conditions 

- - ns 

- 300 ns 

- 300 ns 

- 100 ns 

- - ns 

- 100 ns 

- - ns 

- 100 ns 

- - ns 

delay tCE measured from the falling edge of OE. 
Alternatively, if bus contention is not a problem, 
DE may be tied low. The maximum read access time 
(tA) is 300 ns and data will remain valid until a 
logic leve 1 change occurs on CE, DE or an address 
line. ~ is held high. 

DS20027A-4 
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fIGURE 2: PROGRAM MODE 
WE CONTROLLED WRITE CYCLE 

~ERAL 
~MENT ER590~ 

DATAOUT .. ~--~---------.---------t 

RDY~----------------~~~--

CE CONTROLLED WRITE CYCLE 

PROGRAM MODE Sym Min 
Write Cycle Time twc 20 
Address Setup Time tAS 10 
Address Hold Time tAH 70 
Write Setup Time tcs 0 
Write Hold Time tCH 0 
Chip Enable to End of Write Input tcw 150 
Output Enable Setup Time tOES 10 
Output Enable Hold Time tOEH 10 
Write Pulse Width twp 150 
Oata Latch Time tOL 50 
Programming Time tpR 20 
Oata Setup Time tos 50 
Oata Hold Time tOH 10 
ROY/SUSY tos -

WE CONTROLLED PROGRAM MODE 

With a stable address and data word presented to 
the respective inputs of a selected device and CE 
of that device brought low, the WE line is pulsed 
low to initiate a program cycle. The falling edge 
of WE latches the address inputs and the rising 
edge latches the data inputs. After a delay 
tos' the RDY /'BLiSY output will go low and remain 
there for the duration of the programming cycle. 

I 
I 
I 

---t 

Tvp 
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Max Unit 
40 ms 
.. ns 

- ns 
.. ns 
.. ns 

- ns 

- ns 
.• ns 
.• ns 
.• ns 
,~O ms 
.• ns 

- ns 
100 ns 

CE CONTROLLED PROGRAM MODE 

Conditions 

In this mode, WE is brought low prior to selecting 
the ER5904. The falling and rising edges of the CE 
line will then latch the address and data respect
ively. A delay tos is timed from the rising 
edge of the WE line following which the RDY /SUSY 
output will go low and remain there for the 
duration of the programming cycle. 

DS20027A-5 
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fIGURE 3: OPTIONAL HIGH VOLTAGE MODES 

BYTE ERASE OR BYTE WRITE CYCLE 

~~----~~--~~----.------.... ---r~ 
CE.----+----... 

~----~_P--~-----~~n 

Vpp (WE: PIN) 
(~~---,---------------~ 

DATAIN--,-----------------t~~CZ~[!> 
_ V,., 
OE -,---------..."... 

VII. 

CHI!? ERASE CYCLE 

CE------... 

Vpp (WE~ PIN) 
(4-8V) ----------oC" 
DATA'~_V_'H _____ -r 

OE _._V ... IH ____ 1IIIIIiiI"" 

DC CHARACTERISTICS 
IONAL HIGH VOLTAGE MODES OPT 

Wri te/Erase Voltage 

~ Current (Byte Erase/Write) 
DE Voltage (Chip Erase) 
Vpp 
Vpp 

Current Inhibit 
Current (Chip Erase) 

AC CHARACTERISTICS 
OPT 
Add 
C[ 
Oat 
Oat 
Wri 
Wri 
Chi 
Chi 
Vpp 
Vpp 
Byt 
Byt 

IONAL HIGH VOLTAGE MODES 
to Vpp Setup Time 

to Vpp Setup Time 
a to Vpp Setup Time 
a Hold Time 
te Pulse Width 
te Recovery Time 
p Erase Setup Time 
P Erase Hold Time 

RC Time Constant 
Fall Time 

e Erase/Write Setup Time 
e Erase/Write Hold Time 

Sym 
Vpp 
Ipp (w) 

VO E 
Ipp (i) 
Ipp (c) 

Svm 

tAS 
tcs 
tos 
tOH 
twp 
tWR 
tos 
tOH 
tpRC 
tpFT 
t BOS 
t BOH 

Min 
20 
-
20 
-
-

Min 
10 
10 
0 
50 

150ns 
50 
10 
10 
-
-
10 
10 

TVD 
-
-
-
-
-

TVD 
-
-
-
-
-
-
-
-
-
-
-
-

OS20027A-6 

Max 
22 

0.01 
22 

0.01 
0.01 

Max 
-
-
-
-
15ms 
-
-
-

750 
100 
-
-

Unit Conditions 
V 
mA CE=VIL' Vpp=22V 
V IOE=10}lA 
mA CE=V1H' Vpp=22V 
mA CE=VIL' OE=VOE' 

Vpp=22V 

Unit Conditions 
ns 
ns 
ns 
ns Vpp=6V 

ns Vpp=6V 
ns Vpp=6V, VOE=20V 
ns Vpp=6V, VOE=20V 
}Is 
us Vpp=6V 
ns Vpp=6V 
ns Vpp=6V 
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FIGURE 4: ON CHIP DATA PROTECTION 

I ~ ~ YCC-----X I Vee WI 
~ 

I V o VOLTS I : I 
I I I 

I I 
I t- .., 

POR--' r- I I 
~I '-- TIME OUT ItyC ~ POR I 

I I 
t---I READ MODE AVAILABILITY DEYICE 

I I AYAILABLE 
to-- PROGRAM MODE AVAILABILITY FOR 

ENHANCED ON-CHIP DATA PROTECTION 

This protection circuitry minimizes the possibility 
of erronious program/eral cycles during device 
power up or down. When the power supply voltage, 
Vee is below 3.5V, Vee WI, (power up or 
down), the chip is held in a reset mode inhibiting 
all erase/write circuitry. On power up, after 
Vee reaches the 3.5V level, a 10ms time out, 
t vee , will start during which the erase/write 
circuitry remains inhibited. This allows time for 
setting of inputs to the correct state. Addition
ally, a low state on DE will inhibit erase/write 
operations. 

PACKAGE OUTLINE 

24 LEAD DUAL-IN-LINE 
.060R 

TYP 

FUNC TIONA I.ITY 

Read operations are not inhibited by the 10ms time 
out and may occur during this period. 

OPTIONAL HIGH VOLTAGE PROGRAMMING AND 
CHIP ERASE FEATURES 

Optional high voltage word erase, word write and 
10ms chip erase features are available on the 
[R5904 (in addition to full +5V only operation) for 
pin-for-pin and operational compatibility with 
[[PROMs requiring additional high voltage power 
supplies. 

r 
.560 
]05 

J 

~ ~ ---i0+.50TYP BOTH ENDS 
1.115 ~ 2" 

- . \ TOP & BOTTOM J: 

~ 
L -'--.13O--L-

BASE PLANE ~ . .ll9 ·aO~ .lD \ 
SEATING PLANE .108 t f t I ~\ 

l»~~g= ~I;:: F~ '''-e5

;: _00::" ~~ 
.m .008 150 

1.105 .600 
f.Oii TYP ---

.080 

NOTE: Unless otherwise specified, all dimensions are ~ .002 in. 

DS20027A-7 
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NON··VOLATILE COUNTER 

FEAlURES 

ER1000 ~ 

- Single +5 only operation 
- 4-bit volatile counter 
- 20-bit non-volatile counter - EEPROM 
- 16-bit non-volatile scratch pad - EEPROM 
- Non-volatile tamper flag - EEPROM 
- 16-bit volatile counter 
- Unlimited read accesses 
- Fully TTL compatible inputs and outputs 
- ESD Protection: Inputs are designed to meet 

per test method 3015.1, MIL-STD 883 
- Highly reliable N-Channel SNOS technology 

1.0KV 

- Designed for 10 year data retention after 10,000 
erase/write cycles per word 

- O°C to +70°C operating ambient temperature range 

OVE'RVIEW 

The ER1000 i.s a low cost, 
manufactured in General 
reliable SNOS technology. 

non-volatile counter 
Instrument's highly 

By incorporating both 
non-volatile status flags, as well as an additional 
user-defined, non-volatile scratch pad, the ER1000 
pres~nts a wide range of applications including RPM 
monitoring, determining equipment maintenance per-

BLOCK DIAGRAM 

CONTROL LOGIC VOLATILE COUNTERS 

" -I ....... ~ 
: ....... ~ 

CI· 
DBlI 
DB:I 
081 
DBIl )::~ 

, 

''\. 

J 
"' 

DATA 
BUS 
CONTROL 

-
ADDREUS 
DECOOIE 

T 11 , 
ALE AO WA 

72 ~ "-
~,+ 248m 

48fT 

HIUT COlMTER 

I '" 
I l\ 
I V 

I ~ I r\ 
\+12!! 
1 128 4 WORD x 4 BIT 

PRE9CALER I COUNTER 

I '\J 

PIN CONFIGURATION 
16 LEAD DUAL IN LINE 

TOP VIEW 

VSS(GND) RD 
WR VL 

ALE DB3 
TEST DB2 

NC DB1 

COSC DBO 
CI NC 

VCC NC 

:lods, measuring gas or electricity consumption in 
utility meters and monitoring machine on-time. The 
ER1000 accepts both serial (count) and parallel 
(scratch pad) data for storage in non-volatile 
memory. All words may be accessed via a 4-bit data 
bus. 

NDft-VOLATILE IEMORY 

I ~ "- \ " I 5 WORD x 48fT 411fT 

I NY CCUtTEA FLAOIEOIll1D 

I " \. 
I /} t .~ J. ~ 
I ~ ~ J 

~ )' 
) 

I It_ I ... 
I \ v "-

~ "\ 
I 4 WORD x4BfT 

NOft-YOLATILE MEMORY 
I SCRATCH PAD CONmOLLER 

I \J 

I 
I I '\J 

L _____ ~~~_---J 
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FUNCTIONAL DESCRIPTION 

ER1000 

The ER1000 may be broken down into three major sub
systems including two binary counter sections and a 
non-volatile four-word scratch pad (organized as 
4-bit words). One section includes a single-word 
(4-bits) volatile counter, a five-word (EEPROM 
backed) non-volatile counter and a non-volatile, 
tamperproof overflow flag (flag register). The 
other counter section includes a four-word volatile 
counter. Both counter sections are incremented via 
either decoded count input (e I) pulses. The non
volatile, four-word scratch pad may be updated via 

a 4-bit multiplexed address/data bus (non-volatile 
scratch pad busy flag is provided). Access to all 
locations is achieved via this data bus. 

Counter Input: Input pulses occur at a rate of 
o to 1 KHz. The rise time of these transistions 
is limited externally to a maximum of 1 msec. 

Scratch Pad Memory: 16-bits of EEPROM memory, 
organized 4 x 4, is access able via the data bus at 
addresses e, D, E and F. 

PIN FUNCTIONS 

No. Name Comments 

VSS System ground 

2 WR Write data strobe input 

.3 ALE Address latch enable input 

4 Test Point Must be left unconnected for normal operation 

5 N.e. No internal connection 

6 Cose Oscillator external capacitor C=82pf (to GND) 

7 CI Counter input 

8 Vce Supply voltage 

9 Test Point Must be left unconnected for normal operation 

10 Test Point Must be left unconnected for normal operation 

11 DBO Data bus input/output, line 0 

12 DB1 Data bus input/output, line 

1.3 DB2 Data bus input/output, line 2 

14 DB3 Data bus input/output, line 3 

15 VL Low voltage detect input 

16 RD Read data strobe input 

OS20015C-2 
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Flag Register: The flag register is located at 
address A. The most significant bit is the scratch 
pad busy flag, which when high denotes that the 
scratch pad is performing a non-volatile memory 
programming function and should not be accessed. 
When the scratch pad busy flag is set and location 
A or any other location, B through F, are inten
tionally accessed the data read out will be (1010) 
HEX A. The least significant bit of the flag regis
ter is the tamper flag, which is set by an overflow 
from the most signi ficant bit of the 20-bit non
volatile counter. However, when the scratch pad 
busy flag is set, the correct state of the tamper 

GENERAL 
INSTRUMENT ER1000 

flag may not be read, since a read will always 
return an A as data. The remaining two bits in the 
flag register are always low, except when the 
scratch pad busy flag is set as noted below. 

Flag Register 

MSB LSB 

t t 
Scratch Pad See text Tamper 
Busy Flag Flag 

ADDRESS LOCATIONS 
HEX DB3 DB2 DB1 DBO Register 

0 0 0 0 0 4-Bit Volatile Counter 

1 0 0 0 1 Word 1 - 20-bit EEPROM Counter 

2 0 0 1 0 Word 2 - 20-bit EEPROM Counter 

5 0 0 1 1 Word 3 - 20-bit EEPROM Counter 

4 0 1 0 0 Word 4 - 20-bit EEPROM Counter 

') 0 1 0 1 Word ') - 20-bit EEPROM Counter 

6 0 1 1 0 Word 1 - 16-bit Volatile Counter 

7 0 1 1 1 Word 2 - 16-bit Volatile Counter 

8 1 0 0 0 Word 3 - 16-bit Volatile Counter 

9 1 0 0 1 Word 4 - 16-bit Volatile Counter 

A 1 0 1 0 Flag Register - EEPROM 

B 1 0 1 1 Used for counter reset-see text 

C 1 1 0 0 Word 1 - EEPROM Scratch Pad 

D 1 1 0 1 Word 2 - EEPROM Scratch Pad 

E 1 1 1 0 Word 3 - EEPROM Scratch Pad 

F 1 1 1 1 Word 4 - EEPROM Scratch Pad 

DS2001'JC-3 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
All inputs and outputs 

with respect to ground ••••••••••••• +6V to -0.3V 
storage temperature (unpowered 

and without data retention) ••••• -65°C to +150°C 
Soldering temperature of 

leads (10 seconds)....................... +300°C 

Standard Conditions (unless otherwise noted) 
VSS = GND 
VCC = +5V ~ 10% VL = +5V + 10% 
VCC with no loss of volatile memory: 
4.0V to 5.5V 
VCC with no loss of non-volatile memory: 
4.2 to 6.0V 
Operating temperature range (TA): 
O°C to +70°C (Commercial) 

DC CHARACTERISTICS 

Characteristic Sym 

High Level Input Voltage VIH 
Low Level Input Voltage VIL 
High Level Output Voltage VOH 

(open drain) 
Low Level Output Voltage VOL 
High Level CI Input Threshold VTH 

Voltage 
Low Level CI Input Threshold VTL 

Voltage 
High Level VL Input Voltage VLH 

Low Level VL Input Voltage VLL 
VCC Supply Current ICC 

Input Current VL Input IL 
Input Leakage Current IlL 

DBo-DB3, WR, RD, ALE, CI 
High Level Output Leakage IoZH 

Current, HI-Z 
Power Dissipation P 

AC CHARACTERISTICS 

Characteristic Sym 

Input Capacitance CIN 
Oscillator CapaCitance Cosc 

Min 

2.0 
0 

Vt -0.5 

-
2.4 

0.8 

4.3 
5.0 
2.5 
-
-
-
-

-

-

Min 

-
50 

Typ 

-
-
-

-
-

-

-
-
-
-
-
-
-

-

-

TYD 

-
-

GENERAL ~ 
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*Exceeding these ratings could cause permanent 
damage. Functional operation of this device at 
these conditions, or any other conditions outside 
those indicated in the operational sections of this 
specification, is not implied. 

Data labeled "typical" is presentedl for design 
guidance only and is not guaranteed. 

General Instrument makes no warranty, expressed or 
implied, as to the merchantabil tty or fitness for a 
particular purpose of this device or its software 
to the customer. 

Max Units !Conditions 

Vec+0.3 V 
0.8 V 

Vt V Requires an external 
pull-up 

0.4 V IoL = 1.6mA 
VCC-1.1V V Low-to-high Transition 

1.8 V High-to-low Transition 

VCC+0.3 V Vec = 4.5V 
VCC+0.3 V VCC = 5.5V 

- V 
4 rnA VL = oV, Outputs Open 
10 rnA VL = 4.3V, Outputs Open 

200 uA VL = 2.0V 
+1.0 uA VIN = o to 2.4V 

+1.0 uA VoH = 2.4V 

55 mW Output open 

Max Units Conditions 

10 pf 
100 pf fosc = 2.0MHz 

DS20015C-4 
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Non-Volatile Counter/ EEPROM Backup: The non-
volatile counter is actually a volatile counter 
backed up by EEPROM memory. The contents of EEPROM 
memory backup are updated each time an over flow 
from the 4-bit volatile counter occurs. This 
update coincides with each time the stored count 
changes. In order to increase the device's data 
stability, updates take the form of a dump from 
non-volatile memory into the counter, incrementing 
the counter and then restoring the incremented 
value to non-volatile memory. 

Figure 1: Rend Mode 

'FL ALJE 
PAW---

t ll•R - -
-

FiD 

'{ 

GENERAl 
INSTRUMENT ER1000 

Low Voltage Detect Input: Pin 15 (VL) is an 
external input which goes low immediately prior to 
the supply voltage (VCC) falling below its 
minimum operating voltage of 4.5V. Sufficient 
external energy storage must be provided to main
tain VCC above 4.5V at least 50msec after VL 
gDes low. 

~ '--
tAL 

tPWR-1 

" - -
b1 ~t~ - -

tASH ~ 
~~ 

caD- ---{~~ DB3 

REA .0 MODE 

= and RD AU 
ALE 
Rei: 

Pulse Width 
to Read Pulse Delay 

Id Pulse to ALE Delay 
lress Setup Time 
jress Hold Time 

Adc 

Adc 

Dat 

Da1 

:a Delay Time 
:a Hold T irne 

READ MODE PROTOCOL 

Sym 

tpWR 
tLR 
tRL 
tA.5R 
tp.HR 
tDDR 
tDHR 

Min Typ 

300 -
1500 -
1500 -

250 -
10 -
-, -
- -

1. Place the address to be reael on the data bus and 
strobe with ALE. 

2. Strobe RD' (low): Data will be available on the 
data bus on the rising edge of the RD pulse. 

{ DATA OUT ) 

Max Unit Conditions 

108 ns 
108 ns 
108 ns 
108 ns 
- ns 

150 ns 
50 ns 

An attempt to read address location, Hex B will 
return 1011 (Hex B) as data. Also, if location Hex 
A is read while the scratch pad busy flag is set, 
1010 (Hex A) will be returned as data. 

DS200'\5C-5 
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~--, 

Figure 2: Write Mode 

" \ ALE t 
~ PAW---. 
.. tLW - ... - -

... 

WR 

\~ -- -
tASW -

tAHW 

DBO- C~~) 
DB3 

WRITE MODE Sym Min Typ 

ALE and RD Pulse Width tpAW 300 -
Wr Pulse Width tpww ~OO -
ALE to Write Pulse Delay tLW 1500 -
Write Pulse to ALE Delay tWL 1550 -
Address Setup Time tASW 2f>0 -
Address Hold Time tAHW 10 -
Data Setup Time t DSW 120 -
Data Hold Time tDHW 10 -

WRITE CYCLE PROTOCOL 

1. Address location A: place on the data bus and 
strobe with ALE. 

2. Write a ') to this location: place a ') on the 
data bus. This enables the subsequent write and 
strobe with WR. 

3. Address the desired location: place the 
location to be written (A, B, C, D, E or F) on 
the bus and strobe with ALE. 

4. Write the desired data: place the desired 
data on the bus and strobe with WR. The write 
function is now disabled and must start again at 
step 1. 

.tWL 

It>ww-1 

r-t~~~ 
{ DATA I N ) 

Max Unit Conditions 

108 ns 
108 ns 
108 ns 
108 ns 
108 ns 

- ns 

- ns 

- ns 

Write cycles may only be performed at addresses A 
through F. I f the above sequence is not followed 
exactly without interruption, the protocol will be 
terminated. 
power-up. 

The write function is disabled on 

16-Bit Counter Reset: A reset clears all 16-bits 
in the volatile counter. This reset is accomplish
ed by following the write protocol and then writing 
a 4 to address B. If a read operation is performed 
at address B, a Hex B (1011) will be returned at 
data. 

DS2001,)C-6 
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--------,------------------------------------------------------------------------------~ 
A. C. Tes"t I ng. I npu"t and Outpu1 Wavefonns 

2.0 

X>: Input Test Po i nts 

0.8 

2.4 2.0 

Output Test pOints~ 
0.4 0.8 

A.C. TestinSj: Inputs are driven at 2.0V for an input logic high and 0.8V for an input logic 

low. Timing measurements of the output waveforms are made at 2.0V for an 

output logic high and 0.8V for an output logic low. 

fCKAGE OUTl.INE 

i 16 LEAD DUAL-IN-LINE 

.032R 
TYP 

IINDEX POINT 

BAaE PLANE 
SEATING PLANE 

.7eC! 

.74() 

f 
4!9 
.240 

! 

, 
1 .200 ___ --.:--____ ,. MAX 

• 

~OTE: Unless otherwise specified, all dimensions are + .002 in. 

DS20015C-7 

:::::L 
.Oe5 

.012 

.l5Oi 
TYP .310 

.290 
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8 BIT SINGLE CHIP MICROCOMPUTER WITH ON BOARD NON-VOLATILE MEMORY 

FEATURES: 
- 512 x 12 bit program ROM 
- 32 x 8 bit RAM registers 
- 32 x 8 bit EEPROM (non-volatile) registers 
- EEPROM operations include program (erase/write), 

erase, bulk erase, write and read 
- Un limi ted read accesses 
- 10 years I data retention over the temperature 

range of -40°C to +8S o C 
- Arithmetic logic unit 
- Real time clock/counter 
- 20 bidirectional [/0 lines 
- 28 pin package 
- 2 level pushdown stack for subroutine nesting 
- 3J-ls inst ruction time 
- Open drain option on all I/O lines 
- Mask programmable prescaler for RfCC 

Self contained oscillator for crystal or ceramic 
resonator 

- Available in 2 temperature ranges: 0° to 70°C, 
_40° to 85°C 

PIN CONFIGURATION 
28 lead Dual Tn Line 

~ TESr 

-+ VOO 
---+ Rffi: 
--+ VS5 

--+ VXX 
~ RAO 

~ RAl 

~ RA2 

+-+ RA3 

+-+ RBO 

~ RBI 

.rE-+ RB2 

~ RB3 

+-+ RB4 

OSCI Eo--
OSC2 --+ 
MCI'R ~ 
RC7 .. ~ 
RC6 ~~ 
RCS ... ~ 
RC4 4It-+ 
RC3 ~e-+ 
RC2 .. ~ 
RCl .. e-+ 
RCO ... ~ 
RB7 .~ 
RB6 ... e-+ 
RBS ... ~ 

DESCRIPTION 

The PIC'16[S7 microcomputer is an MOS/LSr device 
containing RAM, I/o and a central processing unit 

as we 11 as customer-de fined ROM on a single chip, 
with the added feature of non-vOilati Ie data 
storage. fhis combination produces a low cost 
solution for applications which require sensing 

P IC16ES7 BLOCK DIAGRAM 

W REGISTER 
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UNIT 
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INSTRUCTION 
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& 
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I 
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MASK PROGRAMMABLE 

2-144 

f 1,2,4 OR 8 
PRESCALER 

1\ 

--

t 

-'--

MCLR 

0530009B-1 

9 

PROGRAM ROM 

512 X 12 

, 12 

1985 General Instrument Corporation 



[ 

GENERAL ~ 
_IN_S_T_RU_ME_N_T.--. ____ P_IC_1_6_E'~ 

individual inputs and controlling individual 
outputs. Keyboard scanning with memory retention, 
display driving, and other system control functions 
can be done at the same time due to the powerful 
8-bit CPU. 

The internal ROM contains a customer-defined 
program using the PIC's powerful instruction set to 
speci fy the overall functional characteristics of 
the device. The 8-bit input/output registers 
provide latched lines for interfacing to a limit
less variety of applications. 

The PIC16E57 can be used in security applications 
where the security code may be saved and then 
changed by the operator. It will also be useful in 
tuning applications. F avori te stations can be set 
and changed to suit the consumers needs. In addi
tion, PIC16E57 can be used in automotive applica
tions as electronic odometers or maintenance 
reminders. The 12-bit instruction word format 
provides a powerful yet easy to use instruction 
repetoire emphasizing single bit manipulation as 
well as 10~Jical and arithmet.ic operations using 
bytes. 

The PIC16E77 is fabricated with N-Channel Silicon 
Gate Nitride (SNOS) technology resulting in a high 
performance product with proven reliability and 
pruduction history. Only a single power supply is 
required for operation, and an on-chip oscillator 
provides the operating clock with an external 
crystal or ceramic resonator to establish the 
frequency. Inputs and outputs are TTL-compatible. 

Extensive hardware and software support is avail
able to aid the user in developing an application 
program and to verify performance before committing 
to mask tooling. Programs can be assembled into 
machine lanquage using PICALB, a powerful macro
assembler. PICALB is available in various versions 
that can be run on many popular computer systems. 
Once the application program is developed several 
options are available to insure proper performance. 
The PIC's operation can be verified in any hardware 
application by using the PIC16E67. The PIC16E67 is 
a ROM-less PIC micrucomputer with additional pins 
to connect external PROM or RAM and to accept HALT 
commands. The PfD3000E field Demo System is 
available containing a PIC16L67 with sockets for 
erasable CMOS PROMs.. Finall)l, the PICES II (PIC 
In-Circuit Emulation System) provides the user with 
emulation and debugging capability iri either a 

stand-alone mode or operation as a peripheral to a 
larger computer system. Easy program debugging and 
changing is facilitated because the user's program 
is stored in RAM. With these development tools, 
the user can quickly and confidently order the 
masking of the PIC's ROM and bring his application 
into the market. 

A PIC Series Microcomputer Data Manual is available 
which gives additional detailed data on PIC based 
system design. 

ARCHITECTURAL DESCRIPTION 

The firmware architecture of the PIC series micro
computer is based on a register file concept with 
simple yet powerful commands designed to emph3size 
bit, byte and register transfer operations. The 
instruction set also supports computing functions 
as well as these control and interface functions. 

Internally, the PIC is composed of three functional 
elements connected together by a single bidirec
tional bus: the Register File (composed of 32 
addressable 8-bit registers, and 32 addressable 
EEPROM registers), an Arithmetic Logic Unit, and a 
user-defined Program ROM composed of 512 words each 
12 bits in width. The Register File is divided 
into three functional groups: operational regis
ters general registers and general EEPROM regis
tel's. The operational registers include, among 
others, the Real Time Clock Counter Register, the 
Program Counter (PC), the Status Register, and the 
I/o Registers. The general purpose registers are 
used for data and control information under command 
of the instructions. The Arithmetic Logic Unit 
contains one temporary working register or accumu
lator (W Register) and gating to per form Boolean 
functions between data held in the working register 
and any file register. 

The Program ROM contains the operational program 
for the rest of the logic within the controller. 
Sequencing of microinstructions is controlled via 
the Program Counter (PC) which automatically incre
ments to execute in-line programs. Program control 
operations can be performed by Bit Test and Skip 
instructions, Jump instructions, Call instructions, 
or by loading computed addresses into the PC. In 
addition, an on-chip two-level stack is employed to 
provide easy to use subroutine nesting. Activating 
the 'MCL.R' input on power up initializes the ROM 
program to address 7778 • 

DS30009B-2 

2-145 



DATA MEMORY 

Resident data memory is organized as 64 8 bit words 
addressable in 3 banks. The first eight registers 
FO-F7 are special purpose and are described in the 
"File Register Arrangement" on page 6. The file 
registers are designated FO-F37. F10-F37 are 
general purpose working registers for program data 
storage and are addressed when ESEl 1 and ESEl 2 
both equal a or 1. 

The 32 EEPROM registers are addressed as 2 banks of 
16 (file registers F20-F 37), the first group when 
ESEl 1 = 1 and ESEl 2 = 0, and the second group 
when ESEl 1 = a and ESEl 2 = 1. Thus FO-F17, which 
contain the 8 special purpose registers plus 8 
general purpose registers, are addressable indepen
dent of the ESEl 1 and ESEl 2 bits. This reduces 
the software "bank switching" to the EEPROM 
registers when, for example, copying data from 
general purpose registers to EEPROM registers. 

The details of utilizing the 32 non-volatile EEPROM 
registers are contained in the section titled "Non
Volatile Storage". 

NON-VOLATILE STORAGE 

utilization of the 32 non-volatile EEPROM registers 
has been made as similar as possible to the 
standard general purpose file registers. What must 
be done is set the bank select bits to address the 
EEPROM banks, and then execute the instructions to 
program (erase/write), erase, write, or read the 
EEPROM registers. These operations are now 
described in detail beLow. 

Addressing The EEPROM Registers - There are two 
EEPROM bank select bits, ESEl 1 and ESEl 2 in the 
status register, F3. They are bits 3 and 4, 
respectively. These bits may be read or written to 
under software control. When both bits are set to 
o or 1, the standard 32 registers are addressed. 
(See diagram "File Register Arrangement"). When 
ESEl 1 = 1 and ESEl 2 :: 0, the first bank of 16 as 
EEPROM registers are selected. They are addressed 
F20-F37. FO-F17, which contain the 8 special 
purpose registers and 8 general purpose registers, 
are always directly addressable, independent of the 

~NERAL ~ 
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[SEl bits. When ESEL 1 = a and ESEl. 2 :: 1, the 
second bank of 16 EEPROM registers is specified by 
addresses F20-F37. 

Controlling The EEPROM Registers - The non-volatile 
registers are different from the standard, volatile 
registers, in that only a 1 can be written on 
individual bits. To cause the proper data pattern 
to be stored, the EEPROM register must first be 
erased to all as, and then a 1 be written to the 
appropriate bits as desired. 
plished in several ways: 

This can be accom-

Program - A "program" operation is defined as an 
erase cycle followed by a write (1 IS) cycle. This 
is done automatically when one of the two EEPROM 
banks is selected (see section titled "Addressing 
the EEPROM Registers) and a MOVWF instruction is 
executed on F20-F37. Both erasing and writing take 
approximately 25 ms. each, but this is done both 
automatically and transparently to the software. 
The microcomputer can go off and perform other 
system functions while programming is taking place. 
While programming is in prOI]reSS, the! BSY bit in 
the Status Register (F3, B5) is set to 1. This is 
a "read-only" bit and should be polled by software 
to make sure programming is complete (BSY = 0) 
be fore attempting to do any operation on another 
EEPROM register. In the event that the user 
chooses to ignore the BSY bit and initiate another 
EEPROM operation, the microcomputer will halt and 
suspend operation until the programming in progress 
is complete (BSY = 0), at which time operation of 
the microcomputer wi 11 resume and the new EEPROM 
register operation will begin. Note that the 
programmer can avoid this suspension of operation 
by simply reading the BSY bit and only attempting 
another EEPROM operation when it is O. Also the 
programmer can get a "software free" delay of the 
program time (approximately 50 ms.) if he wanted to 
by immediatetly attempting another program while 
one is already in progress. 

Erase - The EEPROM registers can be erased to all a 
individually by selecting one of the two EEPROM 
banks and executing a ClRF instruction on F20-F37. 
This operation takes approximately 25 ms. 
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Bulk Erase - Each bank of EEPROM registers can be 
erased in a single (aproximately 25 ms.) operation 
by selecting the bank and executing the ERAL 
instruction (op code 002'». Both banks can be 
erased simultaneously by setting ESEL 1 and [SEL 2 
both to l' s or both 0' s and executing the ERAL 
instruction. (Any other register instruction 
executed when ESEL 1 and ESEL 2 are both 1 will 
function as though they were both 0, resulting in 
operating on the standard general purpose 
re~)isters. ) 

Additionally, a BSF instruction can be used to 
write (inclusive OR) a 1 to an individual EEPROM 
register bit. 

Read - The EEPROM registers are read by setting the 
destination designator "d" set to a zero (Le. MOVr 
f, 0). This is done in one instruction cyc Ie time 
(tCY ) • 

NOTES: 
1. All EEPROM operations (erase, bulk erase, write 

and read) have the same constraint as the 
program operation, i.e., if another EEPROM 
operation is invoked while one is already in 
progress, the microcomputer will halt and resume 
when the current EEPROM operation is complete. 

Write - Individual EEPROM registers can be written 
into by executing an IORWF f,1 instruction on F20-
F37 when an EEPROM bank is selected. If the EEPROM 
re~)ister has been previously erased (to 0) then the 
data in W will correctly be copied to the EEPROM 
register. Otherwise, since only a 1 can be"written 
into a EEPROM register, a "write" operation is 
really an "inclusive or" operation. This operation 
takes approximately 2~ ms. 

2. If any instructions other than the valid EEPROM 
instructions (MOVWF, MOVF, BSr, IORF, CLRF, 
BTFSC, BTFSS, [RAL or any other read instruc
tion) are executed on an EEPROM register, they 
will be NOPED. 

PIN FUNCTIONS 
SIGNAL 

OSC1 (input), 
OS[2 (output) 

RTCC (input) 

RAO-3 (input/output) 

RBO-7 (input/output) 

RCO-7 (input/output) 

MCLR (input) 

TEST 

FUNCTION 

Oscillator pins. These pins are used to derive the internal clock for the chip. 
A crystal or ceramic resonator may be used in conjunction with OSC1 and OSC2. 
Additionally, OSC1 may be driven by an external oscillator. The instruction cycle 
frequency is one-eighth the oscillator frequency. (fOSC = 2.67 MHz gives 
tCY r~'; S~s.) 

Real Time Clock/Counter. Used by the microprogram to keep track of elapsed time 
between events. The Real Time Clock Counter Register increments on falling edges 
applied to this pin. This register (F1) can be loaded and read by the program. 
This is a Schmitt trigger input except when a prescaler division ratio of 2, 4, or 
8 is selected, in which case the input is TTL compatible. A mask option will 
allow an internal clock signal whose period is equal to the instruction execution 
time to drive the real time c lock counter register. In this mode, the presca ler 
is eliminated and transitions .in the RTCe pin will be disregarded. 
User programmable input/output lines. These are controlled by the program to be 
inputs and/or outputs. The 4 MSBs are always read as logic zeroes. 
User programmable input/output lines. These are controlled by the program to be 
inputs and/or outputs. 
User programmable input/output lines. These are controlled by the program to be 
inputs and/or outputs. 
Master Clear. Used to initialize the internal ROM program to address 7778' set 
the I/O registers high, and clear the ESEL 1, ESEL 2 and BSY bits. This is a 
Schmitt Trigger input. 
Used for testing purposes only. Must be connected to VSS or left open circuit 
for normal operation. 
Power Supply. 
Ground. 
Output buffer power supply voltage. Used to increase the current sinking 
capability of the I/O pins (for direct LED drive, etc.). 
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REGISrER fILE ARRANGEMENT 
file 

(Octal) 

FO 

F1 

F2 

F3 

F4 

F5 

F6 

F7 

F10-F17 

F20-F37 

2-148 

function 

Not a physically implemented register. FO ca 11s for the contents of the File Select 

Register (low order 5 bits) to be used to select a fi Ie register. FO is thus useful as all 
indirect address pointer. For example, W+FO-W will add the contents of the file register 
pointed to by the FSR (F4) to Wand place the result in W. 

Real Time Clock Counter Register. This register can be loaded and read by the 

microprogram. The R fee register keeps count ing up after zero is reached. The counter 

increments on the falling edge of the input R TCC. However, if data is being stored in 

the RfCC register simultaneously with a negative transition on the RTCC pin, the RTCC 
register will contain the new stored value and the external transition wi II be ignored by 

the microcomputer. 

Program Counter (PC). The PC is automat ically incremented during each instruction cyc Ie, 

and can be written into under program contra 1 (MOVWF F2). The PC is nine bits wide, but 

only its low order 8 bits can be read under program control. 

Status Word Register. F3 can be altered under program control only via blt set, bit 

clear, or MOVWF F3 instruction. (Bit 5 is a read only bit). 

C (Carry): 

(7) (6) (5) (4) (3) (2) (1) (0) 

L-______ ~ ____ ~ __ B_S_Y __ ~_E_S_E_L_2~ __ ES_E,_L __ ~ ___ Z __ _L ___ D_C __ ~ 
For ADD and SUB instructions, this bit is set if there is a carry out 

from the most significant bit of the resultant. 
For ROTATE instructions, this bit is loaded with either the high or low 

order bit of the source. 

DC (Digit Carry): For ADD and SUB instructions, this bit is set if there is a carry out 
from the 4th low order bit of the resultant. 

Z (Zero): Set if the result of an arithmetic operation is zero. 

ESEL 1, ESEL 2: These are the two EEPROM bank select bits. The following table defines 

their funct ion: 

ESEL 2 ESEL SELECfEO REGISTERS 

0 0 Standard RAM 

0 EEPROM - Bank 

0 EEPROM - Bank 2 

Standard RAM 

BSY: Is set to a one during EEPROM programming. This is a read only bit. 

Bits: 6-7 Ihese bits are defined as logic ones. 

Fi Ie Se lect Register (FSR). Low order 5 bits only are used. The FSR is used in 
When accessed as a generatl.llg effective file register addresses under program control. 

directly addressed file, the upper 3 bits are read as ones. 

I/O Reg.l..ster A (.n.0-A3 ) (A4-A7 defined as zeros). 

I/O ReglLster B (BO-B7) 

1/0 Register C (CO-C7) 

General Purpose Registers 

Genera 1 Purpose or EEPROM Registers (software se leet ab Ie) • 
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FILE REGISTER ARRANGEMENT 

B Bit.s 

INDIRECT ADDRESS REGISTER fO 

RfCC fl 

PROGRAM COUNrER (9 BIrS) F2 

1 1 BSY ESEL 2 ESEL 1 Z DC C FJ Status Register' 

fILE SELECr REGISTER F4 

4 BIr I/O F5 

B BIr I/O F6 

8 BIr I/O F7 

fl0-f17 .. '" B GENERAL PURPOSE ..... 

T 
ESEL 1 =-L 1 
ESEL 2 =J 0 

or 1 
f-

REGISTERS I 
--------'----16--G-EN-E-R-A-L'-P-U-R-PO-S-E----------------~ f20-J7 

t 
ESEL 1 = 
ESEL 2 = 0 

t 
ESEL 1 = 0 
ESIEL 2 = 1 

4..L 

REGISfERS I 
~ BANK Z 
~ 16 EEPROM 

l REGISTERS 

---------' 

f20-37 

T 

-------------------------------------------------------------------------------------
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SASIC INSTRUCTION SET SUMMARY 

GENERAL 
INSTRUMENT PIC16E57 

E.ach P Ie instruction is a lZ-bit word divided into 

an OP code which specifies the instruction type and 

one or more operands which further speci fy the 
operation of the instruction. [he folluwing PIC 

instruction summary lists byte-oriented, bit
oriented and literal and control operations. 

the resu Lt is returned to the fi Ie register speci

fied in the instruction. 

For bit-oriented instructions, "b" represents a bit 
field designator which selects the number of the 

bit affected by the operation whi Le "f" represents 

the number of the file in which the bit is located. 
For byte-oriented instructions, "f" represents a 
fi Le register designator and "d" represents 

destination designatur. fhe file register desig
nat.or speci fies which one of the 3Z PIC fi Ie 

registers is to be ut i lized by the instruction. 

[he destination designator specifies where lhe 
result of the operation performed by the instruc
tion is to be placed. If "d" is zero, the resu It 
is p laced in the PIC W regis ter. If "d" is one, 

For literal and control operations, "k" represents 

an eight or nine bit constant. or literal value. 

F or an osci llator frequency of Z. 67MHz the instruc

tion execution time is 3 usec un less a conditiona 1 
test is true or the program counter is changed as a 
result of an instruction. In these two cases, the 

instruction execution t.ime is 6 ~sec. 

BYTE-ORIENTED fILE (11-6) (5) (4-0) 

REGISTER OPERATIONS (Note 4) OP CODE I d I (fILE #) I 
For d = O.fMl (PICAL accepts d = 0 or d = W in the mnemonic) 

d = l,f...r (if d is omitted, assembler assigns d = 1) 

Instruction-Binary (Octal) Name 

000 000 000 000 (0000) No Operation 

000 000 Iff fff (0040) Move W to f (Note I) 

000 001 000 000 (0100) Clear W 

000 001 lff fff (0140) Clear f 
000 010 dff fff (OZOO) Subtract W from f 

000 011 dff fff (0300) Decrement f 
000 100 dff fff (0400) Inclusive OR Wand 

000 101 dff fff (0500) AND Wand f 

000 110 dff fff (0600) Exclusive OR Wand 
000 111 dff fff (0700) Add Wand f 
001 000 dff fff (1000) Move f 

001 001 dff fff (1100) Complement f 
001 010 dff fff'(IZ00) Increment f 

Mnemonic ,Operands 

NOP 

W ... f 

O-.W 
O-.f 

Operation 

f-W .. d (F+W+l-.d) 

f-I_d 

WVf-.d 

W.f-.d 

W+f ... d 

W+f~d 

f-.d 

f ... d 

f+l .. d 

Status Affected 

None 

None 

C,I)C,Z 

l 

l 

C,DC,Z 

l 

001 011 dff fff (1300) Decrement f, Skip if Ze['o 

MOVWF 

CLRW 
CLRF 
SUBWF 

DECF 
IORWF 

ANDWF 

XORWF 

ADDWF 
MOVF 

COMF 
[NCF 

DECFSZ 

RRF 
RLF 
SWAPF 

INCFSZ 

f,d 

f ,d 

f,d 

f,d 

f,d 

f,d 
f ,d 

f,d 
f,d 

f,d 

f,d 

f,d 
f,d 

f ,d 

f-l_d, skip of Zero None 

001 100 dff fff (1400) Rotate Right f f(n) ... d(n-l), f(O)-.C,C ... d(7) 

001 101 dff fff (1500) Rotate Left f fen) -d(n+ I), F( 7)-c ,C-d(O) 

001 110 dff fff (1600) Swap halves f f(0-3)~f(4-7) ... d None 

001 111 dff fff (1700) Increment f, Skip if Zero f+l ... d, skip if zero None 

BIT -ORIENTED fILE 
REGISTER OPERATIONS 
Instruction-Binary Octal Status Affected 
010 Obb bff fff (ZOOO) 
010 lbb bff fff (Z400) 
011 Obb tiff fff (000) 
011 lbb tiff fff (3400) 

Bit fest f, Skip if Clear 
Bit fest f, Skip if Set 

BSF 
BfFSC 
BfFSS 

None 
None 

Bit fest feb): skip if clear None 
Bit fest f(b): skip if set None 

LI TERAl AND CONTROL ~::-::(~1-=1=-:-8~)~.-_____ --:-~-=-==~---, 
OPERATIONS OP CODE k 
Instruction-Binar (Octal) Name Mnemonic 0 
100 Okk kkk kkk 4000 Return & place Literal in W RErLW 
100 lkk kkk kkk (4400) Call subroutine (Note I) CALL 
101 kkk kkk kkk (5000) Go to address (k is 9 bits) GOro 
110 Okk kkk kkk (6000) Move Literal to W MOVLW 
110 lkk kkk kkk (6400) Inclusive OR Literal and W IORLW 
111 Okk kkk kkk (7000) AND Literal and W ANDLW 
111 lkk kkk kkk (7400) Exclusive OR Literal and W XORLW 

BYTE-ORIENTED EEPROM 

erat~on 

k -W, Stack-PC 
PC+l-Stack, K-PC 
k-PC 
k-W 
kVW-W 
k.W-W 
I$'I-W 

fILE REGISTER OPERATIONS (Operational only when ESEl bits are appropriately sst) 
Instruction-Binary (Octal) Name Mnemon~c,Operands Operat~on 

MoVwf f W_f (EEPROM) 000 000 1ff fff (0040) Move W to f 
001 000 dff fff (1000) Move f MOVF f,d F (EEPROM_W) 
010 lbb bff fff (Z400) Bit Set f BSF f,b 1- feb) 
011 Obb bff fff 0000) Bit Test f, skip if clear BTFSC f, b Same as no rmal mode 
011 lbb bff fff (3400) Bit Test, skip if set Bn-SS f, b Same as normal mode 
000 100 dff fff (0400) Inclusive or Wand f IORWF f,d f (EEPROM) VW_d 
000 001 1 ff fff (0140) Clear f [LRF 0 ... f (EEPHOM) 
000 000 010 101 (00Z5) Erase all ERAL o _EEPROM file bank 
,,"otes: 

Status Affected 
None 
None 
None 
None 

l 

~tatus At rected 
None 

Z 
r-./one 
None 
None 

Z 
Z 

None 

~he 'nh bit of the program counter in the PIC 1S zero for a CALL and a MOVWF f-Z. Therefore, sub-
routines must be located in program memory locations 0-j77S ' However, subroutines can be called from 
<lnywhere in the program memory since the Stack is 9 bits wide. 

2. When an I/O register is mudified as a function of itself, the value used will be that value present on 
the output pins. For example, an output pin which has been latched high but is driven low by an 
external device, will be related in the low state. 

5. See non-volat.ile storage section for ESEL EEPROM instructions. 
4. All instructions, where D=0. are legal [EPROM instructions. 
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SUPPLEMENTAL INSTRUCTION SET SUMMARY 

The following supplemental instructions summarized 

be low represent speci fic applicatiolls of the basic 

PIC instructions. For examp ie, the "Cl EAR CARRY" 

supplemental instruction is equivalent 

Instruction-Binary 
(Octal) 

Clear Carry 

Set Carry 

Name 

Clear Digit Carry 

Set Digit Carry 

Clear Zero 

Set Zero 

Skip on Carry 

Skip on "Jo Carry 

Skip 011 Digit Carry 

Skip on "Jo Digit Carry 

Skip on Zero 

Skip on "Jo Zero 

lest F i1e 

Move File to W 
'lec::late File 

Add Carry to File 

Subtract Carry from File 

Add Digit Carry to File 

to the basic instructioll BCF 5,0 ("Bit Clear, Fi le 

5, Bit 0"). These instruction mnemonics are 

recognized by the PIC Cross Assmb1er (PI CAL) • 

Mnemonic 
Operands 

ClRC 

SErc 

CLRDC 

SEroC 

ClRZ 

SUZ 

SKPC 

SKP"lC 
SKPDC 

SKPI\JDC 

SKPZ 

SKPI\JZ 

fS IF f 

MOVFWf 

NEGF f ,d 

ADDCF f,d 

SUBCF f ,d 

ADDDCF f ,d 

Equivalent 
Operation(s) 

Status 
Affected 

Z 
Z 

Z 

Z 

Z 

Z 

010 000 000 011 (2003) 

010 100 000 011 (2403) 

010 000 100 011 (2043) 

010 100 100 011 (2443) 

010 00'1000 011 (210~) 

010 101 000 011 (250~) 

011 100 000 011 (405) 

011 000 000 011 (3003) 
0'11 1 00 100 0 1 'I (443) 

011 000 100 011 (3043) 

0'11 101 000 011 (503) 

o ~I 1 001 000 0 '11 (3103) 

001 000 Iff fff (1040) 

001 000 Off fff (1000) 

DOl 001 1ff fff (1140) 

DOl 010 dff fff (1200) 

011 000 000 011 (300~) 

001 010 dff fff (1200) 

011 000 000 011 (3003) 

ODD 011 dff fff (0300) 
011 000 100 011 (3043) 

001 010 dff fff (1200) 

011 000 100 011 (043) 

000 011 dff fff (0300) 

101 kkk kkk kkk (5000) 

011 000 000 011 (3003) 
101 kkk kkk kkk (5000) 

011 100 000 011 04(U) 

101 kkk kkk kkk (5000) 

011 100 100 011 (30l~3) 

101 kkk kkk kkk (5000) 

all 001 000 011 (3443) 

101 kkk kkk kkk (5000) 

(I 11 101 000 011 (310 3) 

101 kkk kkk kkk (5000) 

011 101 000 011 (350 5 ) 

101 kkk kkk kkk (5000) 

Subtract Digit Carry from File SUBDCF f,d 

BCF 3,0 

BSF 3,0 

BCF 5,1 

HSF 3,1 

BCF 3,2 

BSF 3,2 

BTFSS 3,0 

BIFSC 3,0 

BrFSS 3,1 

BrFSC 3,1 

BrFSS 3,2 

BIFSC 5,2 

MOVF f,1 

MOVF f,O 
COMF f, 'I 

INCF f ,d 

BTFSC ~,O 

INCF f,d 

B rF SC 3,0 

DECr f,d 
B TFSG ~,1 

INCr f,d 

BfFSC 3,1 

DECr f ,d 

GOrO k 

BTFSC 3,0 
GOTO k 

BTFSS 3,0 

GOTO k 

Branch 

Branch on Carry 

Branch on "Jo Carry 

Branch on Digit Carry 

Branch on "Jo Digit Carry 

Branch on Zero 

Branch on "Jo Zero 

B k 
BC k 

BNC k 

BDC k 

BNDC k 

BZ k 

BNZ k 

~~ote: See "Notes" of "Jon-Volatile Storage for [SEt [LPROM illstructions. 

B fF SC ,~, 1 

GOTO k 

BIFSS ~,1 

GOTO k 

BrFSC 3,2 

GOIO k 

BfFSS ~,2 

GOIO k 

Z 
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I/O INTERfACING 

The equivalent circuit fur an I/O purt bit is 

shown below as it would interface with either the 
input of a TTL device (PIC is outputting) or the 

output of an open collector TTL device (PIC is 

inputting). Each I/O port bit can be individually 
time mu ltip lexed between input and output functions 

under software cOlltrol. When outputting thru a PIC 

I/O Port, the data is latched at the port and the 
pin cal I be connected direct ly to a TTl gate input. 

TYPICAL INTERfACE-BIDIRECTIONAL I/O LINE 

~:NERAL ~ 
~_U_M_EN_T-.I,"--____ P_IC_l_61~ 

When inputting data thru an r /0 Port, the port 

latch must first be set to a high level under 
program control" This turns off 02 allowing the 
TIL opell collector device to drive the pad, pulled 

up by 01, which can source a minimum of 'IOO)-lA. 
Care, huwever, shuuld be exercised when using open 

collector devices due tu the potentialiy high TTl 

leakage cur rent which can exist in the high logic 
state. 

--------------v'ix---y-D---l 
DN Q1 I 

(INTERNAL ...... -----1riD;-' : 
DATA BUS) WRITE 

(INTERNAL 
SIGNAL) 

I 
I 
I 
I 
I 

I 
I 

READ I 
(INTERNAL I I _ TTL DEVICE OUTPUT 

_. _____ ..!!!!~t. _____ ~~~~~~.J L _ ~O~~~~L~CTOR) 
PROGRAMM I NG CAU Tl ONS 

The use of the bidirectional I/O ports are subject 

tu certain rules of operation. These rules must be 

carefully followed in the instruction sequences 

written for I/O operatiun. 

Bidirectional I/O Ports 

The bidirectional ports may be used for both input 

and output operations. For input operations these 

purts are non-latching. AllY input must be present 
until read by an input illstructioll. The outputs 

are latched and remain unchanged unti I the output 
latch is rewritten. For use as an input purt the 

output latch must be set ill the high state. Thus 

the external device illputs tu the PIC circuit by 
forcing the latched uutput line to the low state or 

keeping the latched uutput high. fhis princip Ie is 

the same whether operating 011 individual bits or 
the entire port. 

Some instructions operate interllally as input 
followed by output operatiulls. The BCF and BSF 
instructions, fur example, read the entire purt 

intu ,the CPU, execute the bit operation, alld re
output the result. Caution must be used when using 
these instructions. As an example a BSF uperat liJfr 

on bit 5 of F6 (port RC) will cause all eight bits of 

F6 to be read lfltO the CPU. rhen the BSF operation 

takes place on bit 5 and F6 is re-output to the 

output latches. I f another bit of F6 is used as an 
input (say bit 0) then bit 0 must be latched high. 

If during the BSF instruction on bit 5 an external 

device is forcing bi t 0 tu the low state then the 

input/output nature of the BSF instruction wi II 
leave bit 0 latched low after executi.on. In this 

state bi t 0 cannot be used as an input unt i l it is 

again latched hiqh by the programer. Refer to the 
examples on the next page. 

Successive Operations on Bidirectional I/O Ports 

Care must be exercised if successi ve instructions 

operate 011 the same I/O port. The sequence of 
illstructions should be such to allow the pin voltage 

tu stabi I ize (load dependent) before the nex.t 

instruction which causes that fi Ie tu be read into 
the CPU (MOVF, BrT SU, BIr CLEAR, and BIr TE..Sr) is 

executed. Otherwise, the previous state of that pin 

may be read into the CPU rather than the new state. 
This will happen if tpd (See [/0 Timing Diagram) 

is greater than 1/4tcy (min). When in doubt, it 

is better to separate these instructions with a '\JOP 
ur other instruction. 
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[[_N_S_~_~~_~_~_~_~ ______ P_[_C_16_E_5,~ 
EXI~MPLE 1 

OUTPUJ INPUT 
What is thought to be happening: 
B5F 6, ~ 

Read into CPU: 
5et bit 5: 
Write to F6: 

00001111 
DO 101 111 
00'101111 

[f no illputs were low during the instructioll 
execution, there would be 110 problem. 

Real Time Clock Counter 

The Real Time C lock Counter can be read from and 
written to under software control. In addition, 
it can be used to count external events via the 
RTCC input. A prescaler counter between the RTCC 
input and the Real TIme Clock Counter can be mask 
programed to enable the RTCC register to increment 
every 1, 2, 4, or 8 negativl9 edges of the RTCC 
input pin. 

This allows the maximum frequency of the RTCC input 
to be (assume an instruction cycle time of 3~s): 

Pre.caler 
Division Ratio 

2 

4 
8 

Maximum Input 
frequency 

.3125MHz 

.6250MHz 
1.2500MHz 
2.5000MHz 

NOlTE: The Schmitt trigger input is valid only when 
a division ratio of 1 is selected. Otherwise, 
the input is a normal TTL compatible input. 

EXAMPLE 2 

ourpUT INPU T 
What could happen if an input were low: 
B5F 6,5 
Read into CPU: 
5et bit 5: 
Write to F6: 

00001110 
00101110 
00'101110 

In this case bit 0 is now latched low and is no 
longer useful as an input unti 1 set high again. 

Self-Contained Oscillator 

When a crystal or ceramic resonator is connected 
between the 05C1 and 05C2 pins, the self-contained 
oscillator will generate a frequency determined by 
the external components thus allowing an accurate 
timing reference, a crystal to be used for time 
base control with a minimum of external parts. 

The output of this oscillator is divided down by 
8 to give the instruction cycle time of the micro
computer, thus with a 2.67MHz crystal the instruc
tion cycle time is 31-1s. 
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ELECTRICAL CHARACTERISTICS 

Maximum Ratings* 
Ambient Temperature Under Bias ••••••••••••• 125°C 
Sturage Temperature •••••••••••• -55°C to + 150°C 
Voltage on any Pin with Respect to VSS 

(except open drain) •••••••••••• -O.3V to +9.0V 
Voltage on any Pin with Respect to VSS 

(open drain) •••••••••••••••••••• -O.3V to +13V 
Power Dissipation (Note 1) ••••••••••••••••• BOOmW 

Standard Conditions (Unless otherwise stated): 

DC CHARACTERISTICS: PIC16E57 

Operating Temperature TA = DoC to +70°C 

Char acter isti(~ Sym Min 

Power Supply Voltage VOO 4.5 
Primary Supply Current 100 -
Output Buffer Supply Voltage VXX 4.5 
Output Buffer Supply Current IXX -
Input low Voltage VIL -0.2 
Input High Voltage (except 

MCLR, RTCC & OSC1) VIH1 2.4 
Input High Voltage 

(MCLR, RTCC, & OSC1) VIH2 VOO-1 
Output High Voltage VOH 2.4 

Output low Voltage (I/O only) VOL -

Input Leakage Current (MClR, RTCC) ILC -10 
Output leakage Current 

(open drain pins) IOl -
Input Low Current (all I/O ports) IlL -0.2 
Input High Current (all I/O ports) IIH -0.1 

*Typical data is at TA = 25°C, VDD = 5.0V 

NOTES: 

GENERAL ~ 
"'"-I_N_S_TR_U_M_E_NT_Io...-____ PI_C_1_61~ 

~Exceeding these ratings could cause permanent 
damage to the device. This is a stress rating 
only and functional operation of this device at 
these conditions is not implied--operating 
ranges are speci fied in Standard Conditions. 
Exposure to absolute maximum rating conditions 
for extended periods may affect device relia
bility. 

Data labeled "typical" is presented for design 
guidance only and is not guaranteed. 

Typ* Max Units Conditions 

- 5.'} V 
- BO rnA All 1/0 ® VDD 
- 7.0 V Note 4 

- 5 rnA Note ') 

- O.B V 

- VOO V 

- VOO V 

- VOO V IOH = -100uA provided by 
internal pullups (Note 2) 

- 0.45 V IOl = 1.6mA. (Note 3), 
VXX = 4.5V 

- +10 ~A VSS~ V IN ~VDO 

- 20 ~A OV ~VPIN s.9V 
- -1.6 rnA VIl = 0.4V (internal pullup) 

-0.4 - rnA V1H = 2.4V 

1. Total power dissipation for the package is calculated as follows: 

PD = (VDD ) (rOD) +2(VOD-V IL ) (~lLI) +!(VDO-VOH ) (~OHP +2:(VOL ) (IOl)· 
2. Positive current indicates current into pin. Negative current indicates current out of pin. 
3. Total IOL for all output pins must not exceed 125 rnA. Maximum TOl per pin must not exceed '15mA. 
4. VXX supply drives only the T/O ports. 
5. The maximum IXX current will be drawn when all I/O ports are outputting a high. 
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I GENERAl I 
~~STRUMEN~ PIC16E57~ 
St.,dard Conditions (unless otherwise stated): 

AC CHARACTERISTICS: PIC16E57 
Operating Temperature TA = O°C to +70°C 

Characteristic Sym Min Typ Max Units Conditions 

Ins truction Cycle Time tCY 3 - 10 us 0.8MHz - 2.666666MHz 

C Input 
lad 
Ih Pulse Width 

RTC 
Per 
Hig 
Low Pulse Width 

NOTES: 

tRT tCy+0.2}is 

tRTH 1/2 tRT 

tRTL 1/2 tRT 

external time base 
(Notes 1 and 2) 

- - - Note 5 

- - -
- - -

1. Instruction cycle period (tCY ) equals eight times the input oscillator time base period. 
2. The oscillator frequency may deviate to 2.72MHz to allow for tolerance of a crystal or ceramic 

resonator time base element. 
3. The maximum frequency which may be input to the RTCf pin is calculated as follows: 

f(max) 

For example: 

If tCY 

= = -----
tRT(min) 

= 3~s, f(max) 

tCY(min)+0.2J.ls 

= 1 = .3125MHz 
3.2tJs 

------------------------.----------------------------------------------------------------~ I/O TIMING 

CL.K OUT ---~ I\. )~ I\. 
\ J '-'~~~TEL---' '---

~NCREMENT--.l EXECUTE ,ANSWER; WRITE I 
PC -~ ---r-- -,- TO --; 

ADDRESS R(lM l INSTRUCnoN IN"reRNAL 1/0 

FOR NEX1' Jl 1S~1 Tpd ~ 
INSTRUCTION I 

\)J--i, --
~ VALID 

Ts ~ Th~--""" "". ----

NOTE: 
OUTPUT Rise and fall times 

are load dependent 

_______ ~~ABLEI.p(_-
I I 1 

INPUT 
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MICROELECTRONICS DIVISION/GENEHAL INSTRUMENT CORPORATION 

WORLDWIDE SALES OFFICES 

NORTH J'MERICA 
UNITED STATES: 
MICROELECTRONICS DIVISION 

NORTHEAST -
36 Commerce Way 
Woburn, Massachusetts 01801 
Tel: 617-938-5890, TLX: 922540 

758 Highway 18, Suite 104 
East Brunswick, New Jersey 08816 
Tel: 201-254-5024, TWX: 710-480-5469 

SOUTHEAST -
1616 Forest Drive 
Annapolis, Maryland 21403 
Tel: 310-269-6250, TWX: 710-867-8)66 

19 West Hargett Street 
Commerce Bldg., Suite 809E 
Raleigh, North Carolina 27601 
Tel: 919-828-0317 

SOUTH CENTRAL -
4825 LBJ Frwy., Suite 178 
D811as, Texas 75244 
Tel: 214-934-1654, TWX: 910-860-9259 

CENTRAL -
5511 East 82nd Street, Suite A 
Indianapolis, Indiana 46250 
Tel: 317-841-9328, TWX: 910-333-2885 
ELN: 62774221 

2355 S. Arlington Hts. Road, 
Suite 408 
Arlington Heights, Illinois 60005 
Tel: 312-981-0040 

SOUTHWEST -
201 Standard Street 
El Segundo, California 90245 
Tel: 213-322-7745, TWX: 910-348-6296 

NORTHWEST -
S080 Olcott Street, Suite 230C Santa 
Clara, California 95054 
Tel: 408-496-0844, TWX: 910-379-0010 

!EUROPE 
NORTHERN EUROPE 
Times House, Ruislip, 
Middlesex, HA4 8LE 
Tel: (08956), 36141, Telex: 2S272 

SOUTHERN EUROPE 
5-7 Rue De L'Amiral Courbet 
94160 Saint Mande, Paris 
Tel: (1) 374-1133, Telex: 842-213073 

Via Mascheroni 19 
20145 Milano 
Tel: (2) 498 73 62 

CENTRAL EUROPE 
GENERAL INSTRUMENT DEUTSCHLAND GmbH 
Freischuetzstr. 96 
Postfach 810329 
8000 Muenchen 81 
Tel: (089) 95997-0, Telex: 528054 
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MICROELECTRONICS DIVISION/GENERAL INSTRUMENT CORPORATION 

WORLDWIDE SALES OffICES (continued) 

ASIA 
HONG KONG: 
GENERAL INSTRUMENT HONG KONG LTD. 
Room 1104-1107, Tower 8 
Mandarin Plaza, Science Museun Road 
Tsimshatsui East, Kowloon 
Hong Kong 
Tel: (5) 434360, Telex: 84606+ 

JAPAN: 
GENERAL INSTRUMENT INTERNATIONAL CORP. 
Fukide Bldg., 1-13 Toranomon 4-Chome 
Minato-ku, Tokyo 105 
Tel: (03) 437--0281, Telex: 2423413+ 

Toyosaki Bldg. 7/F 
18-21 Chaya-Machi, Kita-Ku 
Osaka 530 Japan 
Tel: (06) 375-0606 

KOREA: 
GENERAL INSTRUMENT MICROELECTRONICS 
Room 1004, Keo Yang Bldg. 
51-8, Soosong-Dong 
Chongro-Ku, Seoul, Korea 
Tel: (2) 744-8543, 
TLX: K26880 DAEHO 

SINGAPORE: 
GENERAL INSTRUMENT HONG KONG LTD. 
Suite 1914, Shaw Centre 
1 Scotts Road, Singapore 0922 
Tel: (65) 235-8030, 
Telex: GIS'PORE RS 24424 

TAIWAN: 
GENERAL INSTRUMENT 
MICROELECTRONICS TAIWAN 
233 Pao Chiao Road, Hsin Tien 
Taipei, Taiwan 
Tel: (02) 914-6234, 
Telex 785-31115 

CCopyright 1985 - General Instrument Corporation - Printed in U.S.A.-85062.5 

The information in this publication, including schematics, is suggestive 
only. General Instrument Corporation does not warrant, nor will be respon
sible or liable for, (a) the accuracy of such information, (b) :its use or 
(c) any infringement of patents or other rights of third parties. 
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