




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Two pegisters are direcUy al!lsociated with the 
interrupt flip-flops: 

• Port 2/3 A Interrupt: Pending register (R252, 
a...k 0). Controls interrupt flip-flops for 
bits 0, 1, 2 and 3 of Ports 2 and 3. 

• Port 2/J 0 Interrupt: Pending register (R25J, 
a...k 0). Controls interrupt' flip-flops for 
bits 4, 5, 6, and 7 of Ports 2 and 3. 

These registers can be used, to poll the external 
interrupts and to reset the interrupt pending bits 
(the flip-flops). Reading these reQisters returns 
the state ,of the interrupt pending flip-flop. 
When writing to these registers, writing a 1 to a 
bit position clears that �f�l�i�p�~�f�l�o�p� and writing a 0 
to a bit position has no effect. 

The Interrupt Mask register (R221) and Port 2/3 
Mode registers' determine . which interrupts are 
enabled. 

0.6 PORT 0\ 

Port 4 (R212) is always an I/O port whose direc­
tion csn be configured on a bit-by-bit basis. 
Each bit configured as an output can be configured 
individually as an oP,Bn-drain or push-pull output. 

Port 4 I/O lines are accessed via reads and writes 
to regiater R212 �(�O�~� in set one). 

Port 4 can be placed under handshake control by 
using the facilities of Handshake Chann!!l 0 (see 
section 8.8). 

The following control registers are associated 
with configuring POft 4: 

• Port 0\ Directioo register (R20\6, Oink 0). 
Controls direction of each bit of Port 4. 

• Port 0\ Open-Drain register (R20\7, a...k 0). 
'Selects open-drain or push-pull for each Port 4 
output. 

• Handahalce 0 Control register (R2 .. , Oink 0). 
Controls the enabling and configuration of the 
handshake signals. 
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, 0.7 PORT IDlE AfI) alUROl. REGISTERS 

The port/l are configured and c,ontrolled by the 
following set' of registers: 

• Port Mode 
• Port 0 Mode 
• Port 2/3 A Mode, 
• Port 2/3 B Mode 
• Port 2/3 C Mode 
• Port,2/3 0 Mode 
., Port 2/3 A Interrupt Pending 
• Port 2/} B Interrupt Pending 
• Port 4 Direction 
• Port 4 Open-Drain 

0.7.1 'Port Mode Register 

The Port Mode register provides some additional 
mode control for Ports 0 and 1. The fields in 
this register are (figure 8-1): 

R241 BANK 0 (F1) PM 
PORT MODE (WRITE ONLY) 

- �N�!�l�T�U�S�E�D�~� 
PORT 1 MODE 

00 OUTPUT 
01 INPUT 
1X ADDRESS/DATA 

llli. �~� PORTO DIRECTION 
0= OU1PUT 
1 = INPUT 

OPEN·DRAIN PORT 0 
o = PUSH·PULL 
1 = OPEN·DRAIN 

OPEN DRAIN PORT 1 
o = PUSH-PULL 
1 = OPEN·DRAIN 

ENABLE DM P3, 
0= DISABLE 
1 = ENABLE 

Figure 8·1. Port Mode Register 

Port 0 Directioo (Do). If this bit iB a 1, all 
bits of Port 0 configured as I/O will be inputs. 
If this bit is a 0, then the I/o lines will be 
outputs. A hardwsre reset forces this bit to a 1. 

Open-Drain Port 0 (D1). If this bit is a 1, all 
bits of Port 0 configured as outputs will be 
open-drain outputs; if 0, they will be push-pull 
outputs. This bit has no effect on those bits not 
configured as outputs. A hardware reset forces 
this bit to a o. 

Open-Drain Port 1, (Dt). If Port 1 is configured 
as an output port and thia bit is s'1, then all of 
the port'will be open-drain outputs. If this bit 
is a 0, they will be pueh-pull outputs. This bit 
hss no effect if Port 1 is not _ configured as an 
output port or A/OO- 7• A hardware reaet forces 
this bit to Ii O. 
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Enable 1R (0,). If this bit is a 1, Port 35 is 
configured as Oata Memory output line (1m). A 
hardware reset forces this bit to· a O. 

Port 1 Mode (04-05)' This field selects the 
configuration of Port 1 as an output port, input 
port, or address/data port as part of the externsl 
memory interface. The coding for this field is as 
follows: 

Field 

00 
01 
1X 

Flnctioo 

Output port 
Input port 
Address/data 

A hardware reset forces this field to the 01 
(input port) state. The ROMless part has this 
field forced to 1X. 

8.7.2 Port 0 Mode Register 

The Port 0 Mode register programs each bit of Port 
o as an address output (part of an external memory 
interface) or as an I/O bit (figure B-2). When a 
bit of this register is a 1, the correaponding bit 
of Port 0 is defined as an address output. When a 
0, the corresponding bit of Port 0 is defined as 
an I/O bit. For ROM less parts, 'I hardware reset 
forces this register to all 1 s for pins POO-P04 
and Os for pins P05-P07; for parts with on-chip 
ROM, a hardware reset forces all pins to O. 

R240 BANK 0 (FO) POM 
PORT 0 MODE 

1~1~1~1~1~1~1~1~1 

:::~ I I I [g::: 
POSMODE~ ~P02MODE 
P04 MODE poi MODE 

o = 1/0; 1 = ADDRESS 

Figure 8-2. Port 0 Mode Register 

8.7.' Port 2/3 Mode Registers 

The Port 2/3 A Mode, Port 2/3 B Mode, Port 2/3 C 
Mode, and Port 2/3 D Mode registers control the 
modes of Ports 2 and 3 (Figures B-3, B-4, B-5, and 
8-6). A separate 2-bit field for each of the bits 

of Ports 2 and 3 configures the bit as input or 
output. The field a1ao controls whether the bit 
is enabled as an external interrupt source and 
selects the output as open-drain or push-pull. 
The field is coded as follows: 

Field 

00 
01 
10 
11 

Ftn:tioo 

Input 
Input and interrupt enabled 
Output, push-pull drivera 
Output, open-drain 

A hardware reset forces all bits of the four 
registers to the 0 state. 

R248 BANK 0 (F8) P2AM 
PORT 2/3 A MODE (WRITE ONLY) 

00 INPUT 
01 INPUT, INTERRUPT ENABLED 
10 OUTPUT, PUSH-PULL 
11 OUTPUT, OPEN-DRAIN 

Figure 8-3. Port 2/3 A Mode Register 

R249 BANK 0 (F9) P2BM 
PORT 2/3 B MODE (WRITE ONLY) 

00 INPUT 
01 INPUT, INTERRUPT ENABLED 
10 OUTPUT, PUSH·PULL 
11 OUTPUT, OPEN-DRAIN 

Figure 8-4. Port 2/3 B Mode Register 

R250 BANK 0 (FA) P2CM 
PORT 2/3 C MODE (WRITE ONLY) 

00 INPUT 
01 INPUT, INTERRUPT ENABLED 
10 OUTPUT, PUSH-PULL 
11 OUTPUT, OPEN·DRAIN 

Figure 8-5. Port 2/3 C Mode Register 
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R251 BANK 0 (FB) P20M 
PORT 2/3 0 MO.DE (WRITE ONLY) 

00 INPUT 
01 INPUT, INTERRUPT ENABLED 
10 OUTPUT, PUSH.PULL 
11 OUTPUT, OPEN·ORAIN 

Figure 8-6, Port 2/3 0 Mode Register 

8.7.4 Port 2/3 Interrupt Pending Registers 

The. Port 2/3 A Interrupt Pending and Port 2/3 B 
Interrupt Pending registers represent the software 
interface to the negative edge-triggered flip-flops associated 
with extemal interrupt inputs. Each bit of these registers 
corresponds to an interrupt generated by an extemal source. 
When one of these registers is read, the value of each bit 
represents the state of the corresponding interrupt. When 
one of these registers is written tO,a 1 in a bit position causes 
the corresponding edge-triggered flip-flop to be reset to 0; a 
o causes no action. 

The software interfaces with these registers to 
poll the interrupts and also to reset pending 
interrupts as they are processed. The relation­
ship between theae registers and the corresponding 
externally generated interrupts is shown in 
Figures 8-7 and 8-8. A hardware reset forces all 
interrupt edge-triggered flip-flops to the 0 
state. 
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R252 BANK 0 (Fe) P2AJP 
PORT 213 A INTERRUPT PENDING 

Figure 8-7. Port 2/3 A Interrupt Pending Register 

R253 BANK 0 (FO) P2 BIP 
PORT 2/3 B INTERRUPT PENDING 

P3J~ I. ~I L24 P3.~' ~P25 
P27' P34 

P26 P3s 

Figure 8-8. Port 2/3 B Interrupt Pending Register 

1/0 Ports 

8.7.5 Port 4 Direction Register 

The Port 4 Direction register defines the I/O 
direction of Port 4 on a bit basis (Figure 8-9). 
If s bit in this register is s 1, the correspond­
ing bit of Port 4 is configured as an input line. 
If the bit is a 0, the corresponding bit of Port 4 
is configured as an output line. A hardware reset 
forces this register to the all 1s state. 

R246 SANK 0 (FB) P40 
PORT 4 DIRECTION 

1~1~1~1~1~1~1~1~1 

L.I _____ P40·P47 1/0 DIRECTION 
o = OUTPUT; 1 = INPUT 

Figure 8-9. Port 4 Direction Register 

8.7.6 Port 4 Open-Drain Register 

The Port 4 Open-Drain register defines the output 
driver type for Port 4 (Figure 8-10). If a bit of 
Port 4 has been configured as an output and the 
corresponding bit in the Port 4 Open-Drain 
register is a 1, then the Port 4 bit will have an 
open-drain output driver; if it is a 0, then the 
Port 4 bit will have a push-pull output driver. 
If the bit of Port 4 has been configured as an 
input, then the corresponding bit in the Port 4 
Open-Drain register has no effect. A hardware 
reset forces this register to the alIOs state. 

R247 SANK 0 (F7) P400 
PORT 4 OPEN·DRAIN 

I~I~I~I~I~I~I~I~I 

L.1-----~"::ti~~~;~L~;Rt~ OPEN.DRAIN 

Figure 8-10. Port 4 Open-Drain Register 

8.8 HAN>5ltAKING CtWNl.S 

The Super8 has two handshaking channels. Channel 
"0" is associated with Ports 1 or 4; Channel "1" 
is associated with Port O. They are identical in 
function except Channel 0 also has DMA capability. 

There are two basic modes of operation. The first 
is the "fully interlocked" or two-wire mode. In 
this mode, there is an incoming control wire and 
an outgoing control wire. Each transition on H 

control wire must be ans.wered by a transition Oil 

the other control wire before the first can make 
another transition. Thus both the sender and 
receiver control the data transmission rate. 
Figures 8-11 and 8-12 illustrate the operation of 
the "fully interlocked handshake." 
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DAV 
('NPUT TO SUPERB) 

(OUTPUT FROM SUP~~~---+-", 

DATA ON PORT 
(INPUT TO SUPERB) 

State 1. Ready output IS high Indicating that the SuperB is ready to accept data 
State 2. The I/O device puts data on the port and then activates the DAV input This causes the 

data to be latched into the port Input register and generates an Interrupt or DMA request 
State 3. The SuperB forces the Ready (ROY) output low, Signaling to the 1/0 device that the data 

has been latched 
State 4. The 110 device returns the DAV line high In response to ROY gOing low. 
State 5. The SuperB DMA or Interrupt software must respond to the service request and read the con­

tents althe port In order for the handshake sequence to be completed. The ROY line goes high 
if, and only if, the port has been read and DAV is high. This returns the interface to its Initial state 

Figure 8-11. Super81nput Handshake-Fully Interlocked Mode 

ROY 
(INPUT TO SUPERB) 

DAV 
(OUTPUT FROM SUPERB) 

oATAONPOAT 
(OUTPUT FROM SUPERB) 

SET-UP 

VALID DATA 

State 1. ROY Input is high Indicating that the 1/0 device IS ready to accept data 
State 2. The SuperB writes to the port register to initiate a data transfer. Writing the port outputs 

new data and forces OAV low If, and only II, ROY IS high and set-up time IS done 
State 3. The 1/0 device forces ROY low after latching the data. ROY low causes an interrupt or OMA 

request to be generated. The SuperB can write new data In response to ROY going low. 
State 4. The OAV output Irom the SuperB IS driven high In response to ROY gOing low. 
State 5. After OAV goes high, the I/O device IS free to raise ROY high thus returning the Interface 

to Its Initial state 

Figure 8-12. Super8 Output Handshake-Fully Interlocked Mode 

The second mode is the "strobed" or single-wire 
mode. In this mode there is a single control wire 
and it is generated by the sender. Figures 8-13 
and 8-14 illustrate· the operation of "strobed" 
handshaking. 

Each channel has a 4-bit counter, called the 
Deskew Counter, that is used to count processor 
clocks. In the "strobed" mode, this counter is 
used to generate the set-up time and strobe width 
for the output handshake. In the "full y inter-

DAV I I 
('NPUT TO SUPERB) 1\---STROBE_, 

SET·UP "-1-1 1--- HOLD -I 
DATA ON PORT --V V 

(INPUT TO SUPER8) --..I\: VALID DATA .f!\,, ____ _ 
I I 

Figure 8-13. Super81nput Handshake-Strobed Mode 
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, r-~STROBE 
DAV 

(OUTPUTFROMSUPER8) ------,/U--------
I-f-SET.UP 

DATA ON PORT --v-
(OUTPUT FROM SUPER8) ----'\ ______ ~_A_L_ID_D_A~_'A _____ _ 

THE SET·UP AND STROBE MINIMUM TIMES ARE DETERMINED 
BY THE VAWE IN THE DESKEW COUNTER. 

Figure 8-14. Super8 Output Handsha.ke-Strobed Mode 

locked" mode, the counter generates the set-up 
time. This set-up time is the delay between 
outputting valid data at the port and activating 
the Data Available handahake signal. The Deskew 
Counter can be loaded with a value from 1 to 16 
that represents the minimum number of CPU clock 
cycles in the data set-up and strobe times. 

The direction of data trsnsfer during handshake is 
determined by the selected direction of bit 0 of 
the parallel port associated with the handshake 
channel. This also controls the DMA direction 
when used. 

8.8.1 Pin Descriptions 

The handshake channels each use two pins of Ports 
2 and 3 (bits 4 and 5) for interfacing with the 
external world: 

Handshake Channel 0 Input P24 
Handshake Channel 0 Output P25 

Handshake Channel 1 Input P34· 
Handshake Channel 1 Output P35 

The individual Port 2 and 3 pins should be con­
figured for the appropriate I/O direction as 

!leeded by the handshake function. Note that the 
open-drain options of Ports 2 and 3 can be applied 
to the handshake outputs. Note also that Port 2 
and 3 pins used by the handshake channels as 
inputs can still be used as external interrupt 
pins to drive the handshake service routines. 

Handshake Input. This input provides the l5lW 
signal for input handshaking or the RDY signal for 
output handshaking. 

Handshake output. This output providlls the RDY 
signal for input handshaking or the l5lW signal for 
output handshaking. 

8.8.2 Handshake Control Registers 

Each handshake channel is controlled by an B-bit 
control register (Figures B-15 and B-16). Hand­
shake 0 Control register (R244) and Handshake 1 
Control register (R245) include the controls for 
enabling handshakes, selecting the associated port 
(Channel 0 only), selecting the handshake type, 
enabling OMA capability (Channel 0 only), and 
initializing the Deskew Counter. 
these registers are: 

The fields in 

R244 SANK 0 (F4) HOC 
HANOSHAKE 0 CONTROL (WRITE ONLY) 
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I~I~I~I~I~I~I~I~I 

DESKEW COUNTER ~ 
(RANGE 1-16) ~

I L 1 = HANDSHAKE ENABLE 

L PORT SELECT: 
1 = PORT1;O = PORT 4 

DMAENABLE: 
1 = ENABLED 
0= DISABLED 

MODE: 
1 = FULLY INTERLOCKED 
0= STROBED 

Figure 8-15. Handshake.O Control Register 
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R245 BANKO (F5) H1C 
HANDSHAKE 1 CONTROL (WRITE ONLY) 

I~I~I~I~I~I~I~I~I 

DESKEW COUNTER ~ 
(RANGE 1·16) 

I I L,""_",",~~ 
NOJUSED 

MODE: 
1 = FULLY INTERLOCKED 
0= STROBED 

Figure 8-16. Handshake 1 Control Register 

Handshake Enable (Do). When this bit is set to 1, 
the handshake function is enabled. 

Port Select (Channel 0 only)(01) _ This bit 
selects which port is controlled by Handshake 
Channel O. When it is set to 1, Port 1. is 
se lected and when it is cleared to 0, Port 4 is 
selected. 

~ Enable (Channel 0 only)(Dz). When this bit is 
set to 1, the OMA function is enabled for Hand­
shake Channel O. When it is cleared to 0, the DMA 
function is not used by the handshake channel and 
may be used by the UART. 

Mode (OJ). When this bit is set to 1, the "fully 
inter locked" mode is enabled. When it is cleared 
to 0, the "strobed" mode is enabled. 

Deskew Counter (04-DJ). This 4-bit field is used 
to select a count value from 1 to 16 (0000-1111). 
This value is the number of processor clocks used 
to generate the set-up and strobe when using the 
"strobed" mode, or the set-up when using the 
"fully-interlocked" mode. 
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9.1 INTRmOCTION 

The SuperB has two identical 16-bit counter/timers 
that can be programmed independently: They can be 
cascaded to produce a counter }2 bits in length 
and can operate from internal inputs (as timers) 
or external inputs (counters). When used as 
timers, the internal input is the internal CPU 
clock divided by two, which is the XTAL divided by 
four. Figure 9-1 shows the counter/timer block 
diagram. 

o 
A 
T 
A 

B 
U 
S 

CPU 
CLOCK 

Chapter 9 
Counter/Timers 
The counter/timers can count up or down. The 
dire~tion can be controlled on, the fly by either 
software or an external event. 

The counter/timers have the option of single cycle 
or continuous counting capability. In the single 
cycle mode, the counters count to zero ( up or 
down) from the preset time-constant value and then 
stop. In the continuous mode, counting is 
continuous and each time the counter reaches zero, 
it is reloaded with the preset time-constant value 
from the Time Constant register (or the Capture 
register in bi-value mode). 

Figure 9-1. Counter/Timer Block Diagram 
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9.1.1 Bi-Yalue Mode 

Another option allows either a single or dual 
(bi-value) preset time constant value. In 
bi-value mode, both the Time Constant register and 
Capture register are used to supply load values to 
the counter/ timer. The two registers alternate 
in loading the counter/timer each time the 
counter/timer makes a transition between a count 

of 0 and a count of FFFF H when counting down, or 
between a count of FFFfH and 0 when counting up 
(assuming continuous mode operation), or when a 
trigger causes the counter/timer to be reloaded. 
This can be used to produce an output pulse train 
with a variable duty cycle. The bi-value feature 
is not available when the capture feature is 
e~abled and vice versa. Upon enabling a 
counter/timer in bi-value mode from a previously 
disabled condition, the initial load of the 
counter/timer is'from the Time Constant register. 

9.1.2 Capture 

Another feature, called "capture on external 
event," takes a snapshot of the counter when a 
specific event occurs. The external event can be 
simulated by software. When "captured," the 
current value in the counter is loaded into a 
special register that can subsequently be 
read via software. The capture feature is needed 
to look at counters on the fly, especially 
cascaded counters. 

The external event can be either the r ising edge 
of the counter/timer I/O line (P27 for C/TO, P37 
for C/T1) or both edges. On the rising edge, the 
current count value is loaded into the Capture 
register. If capture on both edges is enabled, the 
current count value is loaded into the Time 
Constant register on the falling edge, overwriting 
the initial load value for that counter. 

The capture feature is not available when the 
bi-value counting feature is being used and, vice 
versa. 

If interrupts are enabled, the interrupt request 
ia generated on the transition from a count of 0 
to a count of ffFF H or from a count of fffF H 
to a count of 0, and/or on an external event. If 
configured for an external output, the output pin 
toggles at this aame count change. 

9.1.3 External Gate and Trigger 

The counter/timers have an external gate capabil­
ity. When this feature is selected, an external 
input line (GATE) is monitored. The counting or 
timing operation ia performed only when this line 
is low. The gate facility is illustrated in 
Figure 9-2. 

GATE INPUT a....-;. _____ Il ... __ .... 
COUNTER OR 
TIMER INPUT 

TRIGGER INPUT 

Figure 9-2. Gate Facility 

COUNTER OR n ,----, r1 
TIMER INPUT .. ____ ..... ' ' .. _.,... ...... 1 L---
A COUNT OCCURS HERE, 

GATE/TRIGGER 
INPUT 

Figure 9-3. Trigger Operation 

COUNTER OR TIMER INPUT 

Figure 9-4. GatelTrigger Function 
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An ex ternal input can be used as a tr igger input 
to a counter/timer. When this feature is selected, 
an external line ia monitored. A software trigger 
is alsa present in a control register. The 
trigger input to the Counter/Timer is an OR of the 
software and hardware triggers. Prior to a low­
to-high transition on the trigger, the Counter is 
disabled. After the low-to-high transition on the 
trigger, counting is enabled. Retriggerable or 
non-retriggerable'mode can be selected. 

Clearing the Counter Enable bit in the Control 
register also resets the triggered condition; a 
new trigger must be received after the Counter 
Enable bit is set again before counting will 
resume. The trigger operation is illustrated in 
Figure 9-3. 

One input line (GATE/TRIGGER) can be used for both 
the gating and the triggering functions. An 
initial low·to-high transition on this line acts 
as a trigger and subsequent low signals on this 
line function as gate signals (Figure 9-4). 

9.2 COUNTER/TIMER CONTROL AND MOO[ REGISTERS 

Each counter/timer has an 8-bit Mode register, an 
8-bit Control register, a 16-bit Time Constant 
register, and a 16-bit Capture register. 

Counter/Timers 

The Mode and Control registers determine the 
counter/timer operations. The Mode register 
selects the configuration of the counter/timers 
and is generally loaded only at initialization 
time, while the Control register handles those 
features that are likel y to be dynamicall y 
changed. 

The Time ,Constant register contains the initiali­
zation value for the counter/timer and also holds 
the counter value saved on the falling edge of 
P27/P3,7 when capture on both edges is enabled. 

The Capture register holds the counter value saved 
when using the "capture on external event" func­
tion. When capture on both edges is enabled, it 
holds the value saved on the rising edge of 
P27 /P37' It also holds a second initialization 
value when using the bi-value counting feature. 

9.2.1 Counter/Timer Control Registers 

The fields in these registers, as shown in Figures 
9-5 and 9-6, are: 

R224, BANK 0 (EO) COCT 
COUNTER 0 CONTROL 

61b 

o = SINGLECYCLE~~ 1 = CONTINUOUS ~ 

o = COUNT DOWN 
1 = COUNT UP 

1 = LOAD COUNTER 

1 = SOFTWARE TRIGGER 

~I L" = ENABLE COUNTER L READ 1 = END OF COUNT 
WRITE 1 == RESET END OF COUNT 

1 = ZEROCOUNTINTERRUPT ENABLE 

1 = SOFTWARE CAPTURE 

Figure 9-5. Counter 0 Control Register 

R225 BANK 0 {E1)C1CT 
COUNTER 1 CONTROL 

o = SINGLECYCLE~~ 1 = CONTINUOUS 

o = COUNT DOWN 
1 = COUNT UP 

1 = LOAD COUNTER 

1 = SOFTWARE TRIGGER 

~I L 1= ENABLE COUNTER L READ 1 = END OF COUNT 
WRITE 1 = RESET END OF COUNT 

1 = ZERO COUNT INTERRUPT ENABLE 

1 = SOFTWARE CAPTURE 

Figure 9-6, Counter 1 Control Register 
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Enable Counter (Do). When this bit is set to 1, 
the counter/timer is enabled; operation begins on 
the rising edge of the first processor clock 
period following the setting of this bit from a 
previously cleared value. Writing a 1 in this 
field when the previous value was 1 has no effect 
on the operation of the counter/timer. When this 
bit is cleared to 0, the counter/timer performs no 
operation during the next (and subsequent) 
processor clock periods. A hardware reset forces 

this bit to O. Both counters are clocked by the rising edge of 
the incoming signal on P26 or P36 after the counter is 
enabled. The maximum frequency of the extemal clock 
signal applied to P36 (P26) equals the maximum Xtal fre­
quency divided by 4. The maximum quaranteed Xtal fre­
quency for the SuperS is 20 MHz, which implies a maximum 
counter frequency of 5 MHz. 

Reset/End of Count Stetus (01)' This bit is set 
to 1 each time the counter reaches O. Writing a 1 
to this bit resets it, while writing a 0 has no 
effect. 

Zero Count Interrupt Enable (Dz). When this bit 
is set to 1, the counter/timer generates an inter­
rupt request when it counts to O. A hardware reset 
forces this bit to O. 

Software Capture (0,). 
the current counter 
capture register. 
cleared following the 

When this bit is set to 1, 
value is loaded into the 

This bit is automatically 
capture. 

Software Trigger (04)' This bit is effectively 
"ORed" with the external using-edge trigger input 
and can be used by the soft.ware to force a trigger 
signal. This bit produces a trigger signal 
regardless of the setting of the Input Pin Assign­
ment field of the Mode register. This bit is 
automatically cleared following the trigger. 

Load Counter (05)' The contents of the Time, 
Constant register are transferred 'to the Counter 
prescaler one clock period after t.his bit is set. 

This operation alone does not start the Counter. 
This bit is automatically cleared following the 
load. 

Count ~1bcnIn (06)' 
direction if internal 
in the Mode register. 

This bit determines the count 
up/down control is specified 
A 1 indicates up, a 0 down. 

Continuous/Single Cycle (D71. When this bit is set to 1 
the counter is reloaded with the time-constant value when the 
counter reaches the end of the terminal count. The terminal 
count for down counting is 0000, while the one for up counting 
is FFFF. When this bit is cleared to 0, no reloading occurs. 

9.2.2 Counter/Ti~r Mode Registers 

The fields in these registers, as shown in Figure 
9-7 and 9-8, are: 

Capture Mode (0" Do). This 2-bit held selects 
the capture or bi-value count mode. A value of 01 
enables capture on the rising edge of the 1/0 pin, 
a value of 11 enables capture on both edges of the 
I/O pin, a value of 10 enaples the bi~value count 
mode and disables capture, and a value of 00 
disables both capture and bi-value load. 

Progr'~Extemel IJp/OooIn Control (Dz) • A 1 
enables programme'd up/down control and a 0 enables 
external up/down control. If external up/down is 
enabled, a 0 on P27/P37 indicates down and a 1 
indicates up. 

Enable Retrigger (0,). When this bit is set to 1, 
the time-constant value is automatically loaded 
into the Counter/Timer register when a trigger 

R224 BANK 1 (EO) COM 
COUNTER 0 MOOE 

INPUT PIN ASSIGNMENTS: ~ 
07 06 05 04 P27 P26 -----1 
~O~O~O~O~II~O~---'~II~O~-----
o 0 0 1 110 TRIGGER 
0010GATE 1/0 
o 0 1 GATE TRIGGER 
o 1 0 110 CO INPUT 
o 1 0 TRIGGER CO INPUT 
o 1 1 GATE CO INPUT 
o 1 1 GATE! 

TRIGGER CO INPUT 
CO OUTPUT I/O 
CO OUTPUT TRIGGER 
CO OUTPUT GATE 
CO OUTPUT GATEITRIGGER 
CO OUTPUT CO INPUT 
--,- UNDEFINED--
--UNDEFINED--
- CASCADE COUNTERS -

I L !i:'lr;,!,,:: """ EOGE OF P2, 
10 = BI·VAWE LOAD 
11 = CAPTURE ON BOTH 

EDGES OF P27 

0= EXTERNAL 
UP/DOWN CONTROL P27 

1 = PROGRAMMEO 
UP/DOWN CONTROL 

1 = ENABLE RETRIGGER 

Figure 9-7. Counter 0 Mode Register 
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R225 BANK 1 (E1) C1M 
COUNTER 1 MODE 

Counter/Timers 

I~I~I~I~I~I~I~I~I 
INPUT PIN ASSIGNMENTS, 

o 0 0 0 110 
o 0 0 1 110 
D010GATE 
0011GATE 
o 1 0 0 I/O 
o 1 0 1 TRIGGER 
01l0GATE 
0111GATEI 

P3, 

1/0 
TRIGGER 
1/0 
TRII1GER 
C11NPUT 
C11NPUT 
C11NPUT 

=::J I L~:~~::~,~ 
EDGE OF P37 

10 = BI-VAWE MODE 
11 = CAPTURE ON BOTH 

EDGES OF P3, 

0= EXTERNAL 

TRIGGER C1 INPUT 
C10UTPUT 110 
C1 OUTPUT TRIGGER 
C1 OUTPUT· GATE 
C1 OUTPUT GATE/TRIGGER 
C10UTPUT C11NPUT 
--UNDEFINED--
--UNDEFINED--
--UNDEFINED--

UPIDOWN CONTROL P37 
1 = PROGRAMMED 

UPIDOWN CONTROL 

1 = ENABLE RETRIGGER 

"':igure 9·8. Counter 1 Mode Register 

input is re'ceived while the counter/timer is 
counting (Counter/Timer not equal to 0). When 
this bit is cleared to 0, no reloading occurs. 

Input Pin Assigllllellts (04-1)7). This 4-bit field 
specifies the functionality of the port lines 
associated with the co·unter/timer. It also deter­
mines whether the counter/timer will monitor an 
external input (counting operation) or use the 
scaled internal processor clock (timing opera­
tion). The four bits in the field select the 
following options: enable output (EO), external 
signal or internal clock (C/T), enable gate facil­
ity (G), and enable triggering facility (T). The 

selected options determine the functions asso­
ciated with each external line of the counter/ 
timer as illustrated in Table 9-1. A hardware 
reset forces these four pins to O. 

If 1111 is coded in this field in the Counter 0 
Mode register, then the two counter/timers are 
linked together as a 32-bit'counter with Counter 0 
as the low-order 16 bits and Counter 1 as the 
high-order 16 bits. Counter 1 selects the mode 
and control options for the 32-bit counter and 
external accesses are made through the lines 
associated with Counter 1 (P36 and P37)' 

Table 9-1. IPAField Encoding in Counter MOde Registers 
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IPA Field Pin Functionality --
EO CIT C T Counter/Tiaer I/O 

OJ °6 °5 °4 (P27 or P37)*' 

0 0 0 0 I/O 
0 0 0 1 I/O 
0 0 0 Gate 
0 0 Gate 
0 0 0 I/O 
0 0 Trigger 
0 1 0 Gate' 
0 ' 1 Gate/trigger 

0 0 0 Output 
0 0 1 Output 
0 0 Output 
0 1 Output 

0 0 Output 
0- Undefined 

0 Undefined 
Undefined 

* Counter/timer 0 - P27 ~nd P26 
Counter/timer - P37 and P36 

Counter/Ti.er Input 
(P26 or P36)* 

I/O' 
Trigger 
I/O 
Trigger 
Input 
Input 
Input 
Input 
I/O 
Trigger 
Gate 
Gate/trigger 
Input 
Undefined 
Undefined 
Undefined 

Notea 

Timer 
Timer 
Tinier 
Timer 
Counter 
Counter 
Counter 
Counter 
Timer 
Timer 
Timer 
Timer 
Counter 
Reserved 
Reserved 
Reserved for Counter 1, 
Cascade for Counter 0 



Counter/Timers 

The counter/timer I/O line (P27 for C/TO, P37 for 
C/T1) is also used ss the external capture input 
if the capture feature is enabled, and the up/down 
control input (O=down, 1=up) if external up/down 
control is enabled. 

9.2.3 T~ ConatIm: Register 

This 16-bit regiater psir holds the value that is 
automatically loaded into the counter/timer 1) 
when the counter/timer is enabled, 2) in contin­
uous mode, when the count resches zero, or 3) in 
re-trigger mode, when the trigger is ssserted. If 
capture on both edges is enabled, then this regis­
ter captures the contents of the counter on the 
falling edge of the I/O pin. 

The formst of the Time Constant register is 
illustrated in Figure 9-9. 

R226 BANK 1 (E2) COTCH 
COUNTER 0 TIME CONSTANT 

1~1~1~1~I~l~I~I~1 

IL _____ HIGH SYTE (COTC,-COTC15) 

R227 BANK 1 (E3) COTCl 
COUNTER 0 TIME CONSTANT 

I~I~I~I~I~I~I~I~I 

LI _____ lOW BVTE (COTCo-COTC7) 

R228 BANK 1 (E4) C1TCH 
COUNTER 1 TIME CONSTANT 

I~I~I~I~I~I~I~I~I 

LI _____ HIGH SYTE (C1TC,-C1TC15) 

R229 BANK 1 (ES) C1 TCl 
COUNTER 1 TIME CONSTANT 

I~I~I~I~I~I~I~I~I 

LI_~ ___ lOWSYTE(C1TCo-C1TC7) 

Figure 9-9. Time Constant Register Format 

9.2.4 capture Register 

This 16-bit register pair is uaed to hold the 
counter value saved when uaing the "capture on 
external event" function. This register will 
capture at the rising edge of the I/O pin or when 
software capture is asserted. When the bi-value 
mode of operation is enabled, this register is 
used as a second Time Constant register and the 
counter is alternately loaded from each. 

The format of the Capture Register is shown in 
Figure 9-10. 

R226 BANK 0 (E2) COCH 
COUNTER 0 CAPTURE 

I~I~I~I~I~I~I~I~I 

..1----- HIGHBVTE(COC,-COC'5) 

R227 BANK 0 (E3) COCl 
COUNTER 0 CAPTURE 

I~I~I~I~I~I~I~I~I 

1'------ LOW BYTE (COCo-COC7) 

R228 BANK 0 (E4) C1CH 
COUNTER 1 CAPTURE 

R229 BANK 0 (ES) C1 Cl 
COUNTER 1 CAPTURE 

I~I~I~I~I~I~I~I~I 

LI _____ LOW BYTE (C1Co-C1C7) 

Figure 9-10_ Capture Register Format 
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10.1 INTRODUCTION 

The universal asynchronous receiver/transmitter 
(UART) is a full-duplex asynchronous channel. 
Transmission and reception can be accomplished 
independently with 5 to 8 data bits per character, 
'plus optional even or odd parity, and an optional 
wake-up bit. 

Data can be read into or out of the UART via 
R239. This single address is able to serve a 
full-duplex channel because it contains two com­
plete 8-bit registers--one for the transmitter and 
the other for the receiver. 

10.2 TRANSMITTER 

When the UART' s register address is specified as 
the destination (dst) of an operation, the data is 
output on the UART. The UART automatically adds 
the start bit, the progranvned parity bit (odd, 
even, or no parity), and the programmed number of 
atop bits to the data character to be trans­
mitted. The transmitter can also add a Wake-Up 
bit (optional) between the parity bit (or the last 
bit in the character if parity is disabled) and 
the first stop bit, as shown in Figure 10-1. When 
the character is five, six, or seven bits long, 
the unused bits in the Transmit Data register 
(UIO) are automatically ignored by the UART. 

Serial data is shifted from the transmitter at a 
rate equal to 1, 1/16th, 1/32nd, or 1/64th of the 
clock rate supplied to the transmitter clock input 
(as determined by the clock-rate field in,the UMA 
register). Serial data is shifted out on the 
falling edge of the transmitter clock. 

MARKING LINE PARITY 

DATA 

* NOTES: 1. Parity, wake.-Up, and second stop bit are optional 
2. Data can be anywhere from 5 to 8 bits 

Chapter 10 
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The Transmit Data output (P31) line is held mark­
ing (high) when the transmitter has no data to 
send. If the Send' Break (SE~BRK) bit of the UART 
Transmit Control (UTC) register is set to 1, the 
Data Output line will be held spacing (low) until 
it is cleared. 

10.3 RECEIVER 

An asynchronous receive operation begins when the 
Receive Enable bit (REN8) in the UART Receive 
Control register (URC) is set. A low (spacing) 
condition on the Receive Data line (P30) indicates 
a ,.tart bit. If this low persists for at least 
one-half of a bit time, the start bit is assumed 
to be valid and the data input is then sampled at 
the middle of each bit time until the entire 
character, is assembled and placed in the Receive 
Data (UIOR) register. This method of detecting a 
start bit improves error rejection when noise 
spikes exist on an otherwise marking line. 

If Xl clock mode is selected, bit synchronization 
must be accomplished externally, and the received 
data is sampled on the rising edge of the clock 
input. 

A received character can be read from the 8-bit 
Receive Data register (UlOR). The receiver 
inserts ls into the unused bits when a character 
length of other than eight bits is used. -If 
parity is enabled, the parity bit is not stripped 
from the assembled character for character lengths 
less than eight bits; i.e., for lengths less than 
eight bits, the receiver assembles a character for 
the required number of data bits, plus a parity 
bit, wake-up bit, and ls for any unused bits, and 
places it in the UART Data register (UlO). 

PARITY 

DATA 

Figure 10-1. Async~ronous Transmission Data Format 
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Since the receiver is buffered by one B-bit 
register in addition to the Receive Data register, 
the CPU has enough time to serv ice an interrupt 
and to accept the data character assembled by the 
UART. The receiver also has a buffer that stores 
error flags for each data character in the receive 
buffer. These error flags are loaded at the same 
time as the data character. 

'After a character is received, it is checked for 
the following conditions: 

• If the received character is an ASCII control 
character, it sets the Control Character Detect 
(ceo) bit in the UART Receive Control CURC) 
register. (An ASCII control character is any 
character that has bits 5 and 6 cleared to 0.) 
It can also cause an interrupt if the Control 
Character Interrupt Enable (CCIE) bit in the 
UART Interrupt Enable (UIE) register is set to 
1. Once this bit is set, it remains set until 
cleared by software. 

• The wake-up settings are checked and any 
indicated action is completed. In wake-up 
mode, the CPU can be selectively interrupted on 
a match condition that includes all of the 
eight bits in the received character and a 
Wake-Up bit. The Wake-Up bit match and charac­
ter match can be enabled simultaneously or 
individually. Each bit in this character match 
can also be masked individually. (For more 
discussion of this feature, see section 10.4.) 
Once this bit is set, it remains set until 
cleared by software. 

RECEIVER rr 
~~~~t: ~.------------

VALUE 

RECEIVED 
WAKE-UP 

BIT 

• If parity is enabled, the P~rity Error bit 
(PERR) in the UART Receive Control (URC) regis­
ter is set to 1 whenever the parity bit of the 
character does not match the programmed 
par i t y. Once this bit is set, it remains set 
until cleared by software. 

• The Framing Error bit (FERR) in the URC regis­
ter is set to 1 if the character is assembled 
without any stop bits (i.e., a low level is 
detected for a stop bit) and it is set with the 
character on which it occurs. It stays latched 
until cleared by software. 

• If the CPU fails to read a data character when 
more than one character has been received, the 
Receive Overrun Error bit (OVERR) in the URC is 
set to 1. When this occurs, the new character 
assembled replaces the previous character in 
the Receive Data register. With this arrange­
ment, only the overwriting character is flagged 
with the Receive Overrun Error. Like the 
Parity Error bit, this bit can be cleared only 
by software command from the CPU. 

10.. MAKE-UP FEATURE 

The SuperB offers a powerful scheme to configure 
the UART receiver to interrupt only on certain 
special match conditions. Figure 10-2 shows the 
logic diagram for the scheme. 

Figure 10-2. Logic Diagram for Wake-Up Feature 
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The pattern match logic can be used with or with­
out the Wake-Up bit. The Wake-Up Match register 
and Wake-Up Mask register determine the character 
or characters that will generate a pattern match 
when detected at the receiver. If the Wake-Up bit 
is enabled, the pattern match occurs if the 
Wake-Up bit in the received character matches a 
pre-determined value, and the received character 
matches the value(s) specified in the Wake-Up 
Match and Wake-Up Mask registers. I f the Wake-Up 
bit is disabled, the pattern match depends only on 
the character's value. 

The Receive Data (UIOR) register is the receive 
buffer that is loaded if a new character is 
received and the previous character has been read 
by the CPU. The Wake-Up Match (WUMCH) register 
contains the match value. The Wake-Up Mask (WUMSK) 
register is used to mask out any selected bit 

Case 1: IlUENB = 1 (Wake-Up bit is enabled) 

UART 

positions in the WUMCH register. The Wake-Up 
Enable (WUENB) bit in the UART Transmit Control 
(UTC) register is enabled only if a match for the 
Wake-Up bit is also desired. If this is disabled, 
the scheme can still be used to look for a charac­
ter match. The Receive Wake-Up Vaiue (RWUVAL) bit 
in UART Mode A (UMA) register is the expected 
value of the Wake-Up bit; the Received Wake-Up bit 
(RWUIN) is the Wake-Up bit value received by the 
receiver. 

The following cases show how the Wake-Up Detect 
(WUD) bit in the UART Receive Control (URC) regis­
ter can be set by' a match condition. However, the 
CPU is interrupted only if the Wake-Up Interrupt 
Enable (WUIE) bit in the UART Interrupt Enable 
(UIE) register is set to 1. 

a) If Wake-Up bit match and WUMCH match (all 8 bits) is desired: 

Set WUMSK = 1111 1111 (%FF) 
WUMCH = (desired match value) 

If WUMCH (bits 7-0) = UIO (bits 7-0) and 
RWUVAL = RWUIN 

Then Wake-Up Detect (WUD) flag is set. 

b) If Wake-Up bit match and WUMCH match (selected bit, i.e., bits 
5, 4, 1, 0) is desired: 

Set WUMSK = 0011 0011 (%33) 
WUMCH = XX __ XX __ (desired match bits 5, 4, 1, 0) 

If WUMCH (bits 5, 4, 1, 0) = UIO (bits 5, 4, 1, 0) and 
RWUVAL = RWUIN 

Then Wake-Up Detect (WUD) flag is set. 

c) If only a Wake-Up bit match is desired: 

Set WUMSK = 0000 0000 (%00) 
WUMCH = XXXX XXXX (don't care) 

If RWUVAL = RWUIN 
\ 

Then Wake-Up Detect (WUD) flag is set. 
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Case 2: 1IIlEN8 = 0 (Wake-Up bit is ignored) 

a) If a match is desired for WUMCH (all B bita): 

Set WUMSK = 1111 1111 (%ff) 
WUMCH = (deaired match value) 

If WUMCH (bits 7-0) = UIO (bits 7-0) 

Then Wake-Up Detect (WUD) flag is set. 

b) If a match is desired on WUMCH (selected bits only, i.e., bits 4, 3, 2): 

Set WUMSK 
WUMCH 

0001 1100 (%1C) 
XXX ____ XX (desired match bits 4, '3, 2) 

If WUMCH (bits 4, 3, 2) = UIO (bits 4, 3, 2) 

Then Wake-Up Detect (WUD) flag is s~t. 

c) If a match is always desired: 

Set WUMSK = 0000 0000 (%00) 
WUMCH XXX X XXXX (don't care) 

If this charecter ia received, the Wake-Up Detect (WUD) flag is alway a 
set. However, this will be ignored if the Wake-Up Interrupt Enable 
(WUIE) bit in the UART Interrupt Enable (urE) register is disabled. 

,10.5 AUTO-ECIIJ/UJOPBACK register must be set to 1 for this mode to work 
correctly. 

As shown in figure 10-3, the UART can be configur­
ed to automatically transmit any data coming in at 
the Receive Data input pin (P30) RXO. This auto­
echo mode of operation is enabled by setting the 
Auto-Echo (AE) bit in the UART Mode B (UMB) regis­
ter to 1. In addition, the Transmit Data Select 
(TXOTSEL) bit in the UART Transmit Control (UTC) 

Similarly, the UART can be set in the local loop­
back mode by setting the Loopback Enable (LBENB) 
bit in the UMB register to 1. In loopback mode, 
the output of the trsnsmitter is automatically 
routed to the receiver. 

r RECEIVE DATA IN (RxIN) 
RECEIVE DATA (RxD) 

P30 ..... ------------'---'-------..... ---~.--''-----.. I RECEIVER I 
LDDPBACK 

AUTOOEC::J 
ENABLE ~ (UMB] 

LOOPBACK 

TRANSMIT 
DATA SELECT B (UTC] 

(TxDTSEL = 1) 

RxD-RxIN 
Th:DATO-RxIN 

RxD-RxIN 
TxDATO - RxlN 

TxDATO_TxD 
TxDATO-TxD 

RxD-TxD 
RxD ------- TxD 

Figure 10-3. Auto-Echo/Loopback 
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In auto-echo mode, the transmitter can still be 
enabled; however, the transmitter data goes 
nowhere unless loopback is also enabled. 

10.6 POLLED OPERATION 

In a polled environment, the Receive Character 
Available (RCA) bit in the URC register must be 
monitored ao the CPU can decide when to read a 
character. This bit is automatically cleared when 
the urOR is read. 

To prevent ,overwriting data in polled operations, 
the transmit buffer status must be checked befone 
writing to the trensmit buffer (UrOT). The 
Transmit Buffer Empty (TBE) bit in the UTC is set 
to 1 after completing the sending of a chsracter. 

10.7 BAW-RATE GENERATOR 

The UART has its own on-chip programmable baud­
rate generator implemented as a 16-bit down­
counter. The transmitter can receive its clocking 
signal 'from an external source (P21) or the baud­
rate generator (BRG); the receiver clock can come 
from an external source (P20) or the on-Chip 
baud-rate generator. 

If P21 is not used as a Transmit Clock input, it 
can be uaed to output the transmit clock, the CPU 
clock, the output of the baud-rate generator, or 
as an I/O line. 

• p,. r--...... ------------, 

UART 

The baud-rate, generator consists of two 8-bit Time 
Constant registers, a 16-bit downcounter, and a 
flip-flop on the counter's output that produces a 
square wave. 

On startup, the flip-flop is set to a high state, 
the value in the Time Constant registers is loaded 
into the Counter, and the Counter starts counting 
down. The output of the baud-rate generator 
toggles on reaching zero, the value in the Time 
Constant registers ia again loaded into the 
Counter, and the process is repeated. The time 
constant can be changed at any' time, but the new 
value does not take effect until the next load of 
the Counter. 

As shown in Figure 10-4, the output of the baud­
rate generator can be used as the receive clock, 
the transmit clock, or both. The transmitter and 
receiver can handle data, at a rate of 1, 1/16th, 
1/32nd, or 1/64th of the clock rate supplied to 
the receive and transmit clock inputs. 

If P21 (Port 2, Bit 1) is not used as transmit 
clock input, it may be used as an output. A 
multiplexer (MUX) prov ided at P21 can be used to 
output various clocks or'P21 data; bits 6 and 7 of 
the UMB register determine the function of P2 when 
it is used as an output. 

RECEIVE CLOCK SELECT 
(UMB) 

TRANSMIT CLOCK SELECT 
(UMB) 

TRANSMITTER 
CLOCK 

~ CLOCK OUTPUT SELECT (UMB) 

Figure 10-4, Baud-Rate Generator 
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10.8 UART INTERFACE PINS 

The UART uses up to four Port 2 and 3 pins for 
interfacing with the external world. These are: 

Receive Clock 
Receive Data 
Transmit Clock 
Tran!jl1lit Data 

10.9 UART CONTROL/MODE AND STATUS REGISTERS 

The following sections and figures describe the 
UART Control/Mode and Status registers. 

10.9.1 UART Data Register (UIOT & UIOR) 
• 

Writing to this register automatically writes the 
data in the Transmit Data register (UrOT); a read 
from this register gets the data from the UART 
Receive Data register (UrOR). The format of this 
register is shown in Figure 10-5. 

R239 BANK 0 (EF) UIO 
UART TRANSMIT DATA (WRITE) 

UART RECEIVE DATA (READ) 

L-_____ DATA (Do = LSB) 

Figure 10-5. UART Data Register 

10.9.4 UART Receive Control Register (URC) 

The fields in this register (Figure 10-8) are: 

RCA. Receive Character Available (DO)' This is a 
status bit that is set to a 1 when data is avail­
able in the receive buffer (UIOR). When the CPU 
reads the receive buffer, it automatically clears 

10.9.2 Wake-Up Match Register (WUMCH) 

Any character up to eight bits can be written into 
this register. The receiver detects a match 
between the received character and this charac­
ter. The format of this register is shown in 
Figure 10-6. 

R25' BANK 1 (FE) WUMCH 
WAKE-UP MATCH REGISTER 

'------- THIS BYTE, MINUS MASKED BITS, 
IS USED FOR WAKE~UP MATCH 

Figure 10-6. Wake-Up Match Register 

10.9.3 Walce-Up Mask Register (WIJ4SI() 

Any bit in the WUMCH register can be masked by 
writing a 0 into the corresponding bit in this 
register. The format of this register is shown in 
Figure 10~7. 

R255 BANK 1 (FF) WUMSK 
WAKE-UP MASK REGISTER 

I~I~I~I~I~I~I~I~I 

IL-_____ THESE BITS CORRESPOND TO BITS 
IN WAKE-UP MATCH REGISTER; Os 
MASK CORRESPONDING MATCH BITS 

Figure 10-7. Wake-Up Mask Register 

this bit to O. A write to this bit position has 
no effect. A hardware reset forces this bit to O. 

RENB. Receive Enable (01)' When this bit is set 
to 1, the receive operation begins. This bit 
should be set only after all other receive para­
meters are established and the receiver is com­
pletely initialized. This bit is cleared to a 0 by 
a hardware reset, which disables the receiver. 

R236 BANK 0 (EC) URC 
UART RECEIVE CONTROL 

1 = WAKE_UPDETECT~gjj 
1 = C~NTROL CHARACTER DETECT ~ 

1 = BREAK DETECT 

1 = FRAMING ERROR 

III L"~"","AA~"_ L 1 = RECEIVE ENABLE 

1 = PARITY ERROR 

- 1 = OVERRUN ERROR 

Figure 10-8. UART Receive Control Register 
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, PERR. Parity Error (Dt). This is a status bit: 
When parity is enabled, this bit is set to 1 and 
buffered with the character whose parity does not 
match the programmed parity (even/odd). This bit 
is latched so that once an error occurs, it 
remains set until it is cleared to 0 by writing a 
1 to this bit position. A hardware reset forces 
this bit to O. 

OVERR. Overrun Error: (OJ), This status bit indi­
cates that the receive buffer has not been read 
and another character has been received. Only the 
character that has been written over is flagged 
with this error; once set, this bit remains set 
until cleared to 0 by writing a 1 to this bit 
position. A hardware reset forces this bit to O. 

FERR. Fraaing Error (04)' This is a status bit. 
If a framing error occurs (no stop bit where 
expected), this bit is set for the receive charac­
ter in which the framing error occurred. This bit 
remains set until cleared to 0 by writing a 1 to 
this bit position. A hardware reset forces this 
bit to O. 

IlRKD. Break Detect (05)' This is a status bit 
that is set at the beginning and the end of a 
break sequence in the receive data stream. It 
stays set to 1 until cleared to 0 by writing a 1 

UART 

to this bit position. A hardware reset forces this 
bit 'to O. See note in section 10.9.5 for _ more 
information. 

ceo. Control Character Detect (06)' This status 
bit is set any time an ASCII control character is 
received in the receive data stream. It stays set 
until cleared to 0 by writing a 1 to this bit 
position. (An ASCII control character is any 
character that has bits 5 and 6 set to 0.) A hard­
ware reset forces this bit to O. 

WUD. Wake-Up Detact (07)' This status bit is set 
any time a valid wake-up condition is detected at 
the receiver. It stays set until cleared to 0 by 
writing a1 to this bit position. The wake-up 
condition can be satisfied in many possible ways 
by the Wake-Up bit, Wake-Up Match register, and 
Wake-Up Mask register. See the Wake-Up Feature 
section (section 10.4) for a more detailed explan­
ation. A hardware reset forces this bit to O. 

10.9.5 UftRT Interrupt Enable Register (UIE) 

This register' contains the individual status and 
data interrupt enables (Figure 10-9). The fields 
in this register are: 

R237 BANK 0 (ED) UIE 
UART INTERRUPT ENABLE 

1 = WAKE-UP INTERRUPT ENABLE J~. I 
1 = CONTROL CHARACTER ~ 

INTERRUPT ENABLE 
1 = BREAK INTERRUPT ENABLE 

1 = RECEIVE ERROR INTERRUPT 
ENJ;\BLE 

III Lh"_,""~~"~U~ , ,INTERRUPT ENABLE 
1 = RECEIVE OMA ENABLE 

1 = TRANSMIT INTERRUPT ENABLE 

1 = ZERO COUNT INTERRUPT ENABLE 

Figure 10-9. UART Interrupt Enable Register 

RCAIE. Receive Character Available Interrupt 
Enable (Do>. I f this bit is set to 1. then a 
Receive Character Available status in the URC 
register will cause an interrupt request. In a 
DMA receive operation, if this bit is set to 1, 
then an interrupt request wi 11 be issued onl y if 
an End-of-Process (EOP) of the DMA counter is also 
set. If it is not set, a Receive Character 
Available status causes no interrupt. A hardware 
reset forces this bit to O. 

RIlMAENB. Receive IJ4A Enabie (0,). When this bit 
is set to 1, the DMA function is enabled for the 
UART receiver. Whenever a Receive Character 
Available signal in the URC register is true, a 
DMA request wi 11 be made. When the DMA channe I 
gains control of the bus, it will transfer the 
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received data to the register file or the external 
memory. A hardware reset forces this bit to O. 

TIE. Transmit Interrupt Enable (Dt). If this bit 
is set to " then a Transmit Buffer Empty signal 
ill the UTe register wi 11 cause an interrupt 
request. In a DMA 'transmit operation, if this bit 
is set to 1, then an interrupt request will be 
issued only if an End-of-Process (EOP) of the DMA 
counter is also set. If it is not set, a Transmit 
Buffer Empty signal causes no interrupt. A 
hardware reset forces this bit to O. 

ZCIE. Zero Count Interrupt Enable (OJ)' I f this 
bit is set to 1, a baud-rate generator Zero Count 
status in the UTC register will cause an interrupt 
request. A hardware reset forces this bit to O. 
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REIE. R_ive Error Interrupt Enable (D.). If 
this bit is set to 1, any receive error condition 
will cause an interrupt request. Possible receive 
error conditions include parity error, overrun 
error, and framing error. A hardware reset forces 
this bit to O. 

BRKIE. Break Interrupt Enable (D5)' If this bit 
is set to 1, a transition in either direction on" 
the break signal will cause sn interrupt request. 
A hardware reaet forces this bit to O. 

Note: A break siqnal is a sequence of Oao
• When 

all the required bits, parity bit, wake-up 
bit, and stop bits are Oa, the receiver 
immediately recognizes a break condition (not 
a framinq error) and causes Break Detect 
(BRKD) to be aet and an interrupt request. At 
the end of the break Signal, a zero character 
is loaded into the Raceive Data regiater 
(UIOR) and Break Detect (BRKD) is set again, 
alonq with another interrupt request. 

CCIE. Control Dlaracter Interrupt Enable (D6)' If 
this bit is set -to 1, then an ASCII Control 
Character Detect signal in the URC register will 
cause an interrupt. A hardwa're r~set forcea this 
bit to O. 

lIUIE. Walce-Up Interrupt Enable (OJ). If this bit 
is set to 1, then any of the wake-up conditions 
that set the Wake-Up Detect bit (WUD) in the URC 
register will cause an interrupt request. A hard­
ware reset forces this bit to O. 

10.9.6 IlART ibis A Register (IlIA) 

This register controls the configurations of the 
receiver/transmitter that are not likely to change 
on a dynamic basis. The fields in this register 
(Figure 10-10) are: 

R250 BANK 1 (FA) UMA 
UART MODE A 

C~KR~E:r o-,D, 
OO=X1 
o 1 = X16 
1 0 =X32 
1 1 = X64 

BITS PER CHARACTER 

D5 D4 

00 =SBITS 
o 1 .. 6BITS 
1 0 = 7 BITS " 
1 1 =8BJTS 

Llli' L TRANSMIT WAKE-UP VAWE 

L RECEIVE WAKE-UP VAWE 

1 = EVEN PARITY 

1 = PARITY ENABLE 

Figure 10-100 UART Mode A Register 

NUVAl. Tr..-it Wake-Up Value (DO)' I f the 
wake-up mode is enabled, then the value in this 
bit position is transmitted along with the charac­
ter at the appropriate time by the transmitter. 

RWUVAl. ~ive WaIce-Up Value (01)' If the wake­
up mode is enabled, then the receiver expects a 
wake-up bit after the parity bit in the incoming 
data stream and the value is compared with this 
bit value. For further explanation of how this is 
used, see the Wake-Up Feature section (Section 
10.4) •. 

EVNPAR. Even Parity (Dz). This bit determines the 
type of parity used by both the receiver and the 

transmitter. If this bit is set to 0, odd parity 
is uaed; if this bit is set to 1, then even parity 
is used. If the Parity Enable (PARENB) bit in this 
register is not enabled, then this bi t has no 
effect. 

PARENB. Parity Enable (0,). When this bit is set 
to 1, an additional bit position beyond those 
speci fled in the bi ts/ character control is added 
to the transmitted data and' is expected in the 
received data. Jhe received parity bit is trans­
ferred to the CPU as a part of the data unless" 
eight bits per character are used. If this bit is 
set to 0, the parity feature is disabled. 
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BPC1. B!'CO. Bits Per Character, (D5. D4)' This 
, fie ld determines the number of bits per character 

for both the, transmit and the receive sections. 
The character bits are' right-justified with the 
least significant bit transmitted or received 
first. The field is coded as shown in Table 
10-1. 

Table 10-1. Dlllracter Size F;ield £ncoding 

o 0 
ri 

o 

Ct!aracter Size in Bits 

5 
6 

7 
B 

UART 

eft1. CRO. Clock Rate (Iry.' D,). This field 
specifies the multiplier between the clock and the 

, data rates. Table 10-2 shows how this field is 
coded. 

Table 10-2. Clock Rete Field £ncoding 

~ ~ Ibte Deacl'iption 

0 0 1 x Clock rate = 1 x data rate 
0 16 x Clock rate = 16 x data rate 
1 0 32 x Clock rate = 32 x data rste 

64 x Clock rate = 64 x data rate 

R235 BANK 0 (EB) UTC 
UART TRANSMIT CONTROL 

TRANSMIT DATA SELECT: j I o = OUTPUT P3, DATA 
1 = OUTPUT TRANSMIT DATA 

1 = SEND BREAK 

SlOP BITS: 
0= 1 STOP BIT 

1 = 2 STOP BITS 

1 = WAKE·UP ENABLE -----' 

~I L 1 = TRANSMIT DMA ENABLE 

" L 1 = TRANSMIT BUFFER EMPTY 

1 = ZERO COUNT 

, 1 = TRANSMIT ENABLE 

Figure 10-11. UART Thmsmit Control Register 

10.9.7 UART lrana.it Control Register (UTC) 

This register contains the status and command bits 
needed to control the trsnsmit section of the 

• UART. The fields in this register (figure 10-11) 
srel 

1DI4AEte. lr~t IlM Enable (00). When this bit 
is set to 1, it ensbles the DMA function for the 
UART transmit section. If this bit is set and the 
Transmit Buffer Empty signal becomes true, then a 
DHA request is made. When the DHA channel gains 
con.trol of the bus, it transfers bytes from the 
sxternal memory' or the register file to the UART 
transmit section. A hardware reset forces this 
bit to O. 

TIE. lrana.it Buffer ~ty (D1)' This status bit 
is set to 1 whenever the transmit buffer is 
empty. It is cleared to 0 when a data byte is 
written in the transmit buffer. A hardware reset 
forces this bit to 1. 

ZC. Zero Count (Dz). This status bit ia set to 1 
and latched when the Counter in the baud-rate 
generator reachea the count of O. This bit can be 
cleared to 0 by writing a '1 to this bit poaition. 
A hardware reset forces this bit to O. 
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TENB. lr_it Enable (D,>. Dsta is not 
transmitted until this bit is set to 1. When 
cleared, to 0, the Transmit Data pin continuously 
outputa 1 s unless Auto-Echo mode is selected. 
This bit should be cleared only after the desired 
transmission of data in the buffer is completed. 
A hardware reset forces this bit to O. 

IIIENB. waJce-lJp Enable (D4>' 1 f this bit ia set to 
1, wake-up mode is enabled for both the transmit­
ter and the receiver. The transmitter adds a bit 
beyond those apecified by the bita/character and 
the parity. This added bit has the value apecified 
in the Transmit Wake-Up Value (TWUVAL) in the 'UMA 
regiater. The, receiver expects a Wake-Up bit 
value in the incoming data stream after the par~ty 
bit and comparee this value with that specified in 
the Received Wake-Up Value (RWUVAL) bit in the UMA 
regiater. The resuUing action depends' on the 
configuration of the Wake-Up feature. A more 
complete description is given in the Wake-Up 
feature section (sectio~ 10.4). A hardware reset 
forces this bit to O. 

SlPBlS. ~top Bits (D5)' This bit determines the 
'number of stop bits added to each character, trans­
mitted from the UART transmit aection. If this bit 
is aD, then one stop bit is added. I f this bit, 
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is a 1, then two' stop bits are sdded." The 
receiver always checks for at least one stop bit. 
A hardware reset forces this bit to O. 

SENBRK. 'Send Break (06)' When set to 1, this bit 
forces the transmit aection to continuously output 
Os, beginning with the following transmit clock, 
regardless of any data being transmitted at the 
time. This bit functions whether or not the 
transmitter is enabled. When this bit is cleared 
to 0, the transmit section continues to send the 
contents of the Transmit Data register. A hard­
ware reset forces this bit to O. 

TXDTSEL. Tr __ it Data Select (07)' This bit has 
an effeet only if port pin P31 is confiqured as an 

output. If this bit is set to 1, the serial data 
coming out of the transmit section is reflected on 
the P31 pin. I f this bit is set to 0, then P31 
acts as a normal port and P31 data is reflected on 
t~e P31 pin. A hardware reset forces this bit to 
O. 

10.9.8 UART Mode B Register (!MI) 

This register (Figure 10-12) contains the neces­
sary status and command bits for the baud-rate 
generator, transmit clock select, auto-echo and 
loopback enable. The fields are as follows: 

R251 BANK 1 (FB) UMB 
UART MODE B 

CLOCK OUTPUT SELECT ==r-
0706 

o 0 = P21 DATA 
o 1 = SYSTEM CLOCK (XTAL/2) 
1 0 = BAUD· RATE GENERATOR 

OUTPUT 
1 1 = TRANSMIT DATA CLOCK 

1 = AUTO-ECHO 

RECEIVE CLOCK INPUT SELECT: ------' 
0= P20 
1 = BAUD-RATE GENERATOR 

OUTPUT 

E' L 1 = LOOPBACKENABLE 

L 1 = BAUD-RATE GENERATOR ENABLE 

BAUD-RATE GENERATOR SOURCE: 
o = P20 (EXTERNAL) 
1 = INTERNAL (XTALl4) 

TRANSMIT CLOCK INPUT SELECT: 
0= P21 
1 = BAUD-RATE GENERATOR OUTPUT 

Figure 10-12_ UART Mode B Register 

LBENB. Loopback Enable (00)' Setting this bit to 
1 selects the local loopback mode of operation. In 
this mode, the data output from the transmit 
section is also routed back to the receive 
section. For meaningful results, the frequency of 
the transmit and receive clocks must be the same. 
A hardware reset forces this bit to O. 

BRGENB. Baud-Rate Generator Enable (01)' This bit 
controls the operation of the baud-rate genera­
tor. The Counter in the baud-rate generator is 
enabled for counting when this bit is set to 1 and 
disabled for counting when this bit is set to O. 
A hardware reset forces this bit to o. 

oItcsRc. Baud-Rate Generator Source (Dz). This bit 
selects the source of the clock for the baud-rate 
generator. If this bit is set to 0, the baud-rate 
generator clock comes from the receive c lock pin 
(P20). If this bit is set to 1, the clock for the 
baud-rate generator is the CPU clock divided by 
two (XTAL clock divided by four). A hardware reset 
forces this bit to O. 

TCIS. Tr __ it Clock Input sele~t (0,). This bit 
selects the source for the transmit section clock 
input. If TCIS is cleared to 0, the source is the 
transmit, clock pin (P21). If it is set to 1, then 
the source is the baud-rate generator output. A 
hardware reset forces this bit to O. 

ReIS. Receive Clock Input Select (04)' This bit 
selects the source for the receive section clock 
input. If this bit is cleared ,to 0, the source is 
the receive clock pin (P20). If it is set to 1, 
then the source is the baud-rate generator out­
put. A hardware reset forces this bit to O. 

At. Auto-Echo (05). Auto-echo mode of operation 
is enabled by setting this bit to 1. In this 
mode, the data coming in on the receive data pin 
is reflected out on the transmit data pin. The 
receive section still listens to the receive data 
input; however, the data from the transmit section 
goes nowhere. See section 10.6 for a more detail­
ed description of this function. A hardware reset 
forces this bit to O. 
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COS1. coso. Cloc:lc OutjM.lt Select (0,4),). ,This 
field determines the source that drives the 
transmit clock pin if P21 is configured as an 

output. A hardware reset forces thia field to 
00. Table 10-3 shows the coding of this field. 

Table 10-3. Tr.....tt Clock Source Field £ncoding 

o 0 
o 1 
1 0 

P21 Data 
Syatem clock (XTAL frequency divided by 2) 
Baud-rate generator output 
Transmit data rate 

10.9.9 lIART Baud-Rate Generator Tille Conatri value does not take effect until tlie next time 
constant is loaded into the downcounter. Register (IIIG) 

This register contains the high and low bytes 
(Figure 10-13) for the 16-bit time constant, used 
to generate the desired baud rate. The time 
constant can be changed at any' time, but the new 

The formula for determining the appropriate time 
constant for a given baud rate is shown below, 
with the desired rate in bits per second and the 
baud-rate clock period in a~conds. 

time constant: _______ ----------__ -1 
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(2 x baud rate x n x BRG input clock period) 
where n:l,16,32,or 64 x the clock rate selected in UMA register R250 

R24B BANK 1 (FB) UBGH 
UART BAUQ.RATE GENERATOR 

I~I~I~I~I~I~I~I~I 

IL--____ HIGH BYTE (USG .. USG,s) 

R249 BANK 1 (F9) UBGL 
UART BAUQ.RATE GENERATOR 

I~I~I~I~I~I~I~I~I 

,-I _____ LOW BYTE (UllGo-UBG7) 

Figure 10-13. UART Baud-Rate Generator Time Constant Register 

P~ ~--~~--------~ 

(~O} PORT 2 DATA -(OI) SYSTEM CLOCK 

(10) 

RECEIVE CLOCK SELECT 
(UMB) 

(.1) 

(+1) 

TRANSMIT CLOCK SELECT 
(UMB) 

FigUre 10-14, Baud-Rate Generator 

RECEIVER 
CLOCK 

TRANSMITTER 
CLOCK 



11.1 INTRmU:TION 

The SuperB has an on-chip Direct Memory Access 
(DMA) channel to provide high bandwidth data 
transmission capabilities that can be used by the 
UART receive or transmit section or by Handshake 
Channel O. 

The DMA channel can transfer data between the 
peripheral device and contiguous locations in 
either the register file or external data memory. 

UART Receiver ------> Register file or 
data memory 

UART Transmitter <------ Register file or 
data memory 

Handshake Channel 0 <------ Register file or 
data memory 

Handshake Channel 0 ------> Register file or 
data memory 

Prior to enabling the DMA channel, the starting 
register address for the block to be transferred 
must be present in register C1H or the starting 
memory address must be present in register COH 
(high byte) and C1 H (low byte). Registers COH 
and C1 H themselves can only be accessed as part 
of the working register group. The address is 
auto-incremented after each DMA-controlled 
transfer. 

R254 (BANKO) EMT 
EXTERNAL MEMORY TIMING REGISTER 

I~I~I~I~I~I~I~I~I 

Chapter 11 
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The OMA Count registers (R240 and R241 , Bank' 1) 
hold the 16-bit count that determines the number 
of transactions the OMA channel is to perform. The 
count loaded should be n-1 to perform n byte 
transfers. An interrupt can be generated when the 
c~unt is exhausted. 

OMA transfers to or from the register file take 
six CPU clock cycles; DMA transfers to or from 
memory take ten CPU clock cycles, excluding wait 
states. 

11.2 DNA CONTROL REGISTERS 

The control bits that link the DMA channel to the 
UART or an I/o port are the Transmit OMA Enable 
(T~MAENB) bit in the UART Transmit Control (UTC) 
register for the transmitter, the Receive DMA 
Enable (ROMAENB) bit in the UART Interrupt Enable 
(UIE) regiater for the receiver, ,and the OMA 
Enable bit (02) in the Handshake 0 Control regis­
ter for the I/O ports. Only one of these three 
enable bits should be .set at' a given time. If 
Handshake Channel 0 is linked to the OMA channel, 
the data transfer direction is determined by the 
direcqon of the handshake. 

A bit in the External Memory Timing register, 
called OMA INT/EXT, controls whether DMA transfers 
access the register file or external data memory. 
When this bit is cleared to 0, transfers are tot 
from the register file. When this bit is set to 
1, transfers are to/from external data memory. 
See figure 11-1. 

L DMA INT/EXT 

R240 (BANK1) DCH 
DMA COUNT HIGH 

R241 (BANK1) DCl 
DMA C6UNT LOW 

1 = EXTERNAL MEMORY 
o = REGISTER FILE 

R192 (CO) RPO = CO 
DMA ADDRESS HIGH 

R193 (Cl) RPO = CO 
OMA ADDRESS lOW 

Figure 11·1. DMA Control Registers 
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11.3 DMA AN> THE UART RECEIVER 

The Receive DMA Enable bit (RDMAENB) in the UIE 
register (RU7) of the UART is first set to 1 to 
link the DMA to the UART receiver. 

Data received at the UART receiver is handled by 
the DMA as soon as the Receive Character Available 
(RCA) status bit of the URC register (R236) of the 
UART is set to 1. The DMA reads data from the 
U10 register of the, UART and then clears the RCA 
bit to prepare the UART receiver to receive new 
data. The data is then atored at the location 
whose address is contained in the DMA address reg­
ister (RRl92). The DMA count at RR240, Bank 1, is 
decreased' by 1 and the DMA address register is in­
creased by 1. When the DMA count is negative, an 
interrupt request (IRQ6, vector address 20, 21) is 
generated at the UART Receive section if the 
Receive Character Available Interrupt Enable bit 
of the UIE register of the UARr (R237) is set to 
1. 

The UART continues to receive new data and the DMA 
responds to t,he RCA bit as described above until 
an interrupt is generated due to a negative DMA 
count. 

11.4 DMA AN> IHE UART TRANSMITTER 

First, the Transmit DMA Enable (TDMAENB) bit of 
the UTC register (R235) of the UART is enabled to 
link the DMA to the UART transmitter. 
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Upon transmit, the Transmit Buffer Empty status 
bit (TBE) in the UTC register (R2,35) of the UART 
is set to 1. The DMA then transfers the data at 
the location whose address is contained in the DMA 
address register (RR192) to the UIO register 
(R239) of the UART. 

The TBE bit is then cleared to O. The DMA count 
at RR240, Bank 1, is decreased by 1 and the DMA 
address register is increased by 1. When the DMA 
count is negative, the DMA issues an End-of­
Process (EOP) signal to the UART. The UART grants 
an interrupt request (IRQ1, vector address 26, 27) 
to the SuperB if the Transmit Interrupt Enable 
(TIE) bit of the OlE register (R237) of the UART 
is set to 1. 

The UART transmitter continues its operation with 
the new data in the U10 register and the DMA re­
sponds to the TBE bit as described above until an 
interrupt is generated due to a negative DMA 
count. 

11.5 DMA AN> HAN>SHAKE CHANNEL D 

The DMA can be configured with Handshake Channel 0 
to transfer data from register fi Ie or data memory 
to 1/0 devices or vice versa through Port 1 or 
Port 4. Handshake Channe 1 0 can be in either 
full y inter locked mode or strobed mode as con­
trolled by the Handshake 0 Control register 
(R244). The direction of OMA transfer is' deter­
mined by the handshake direction, which is the 
direction of the chosen port. 

11.5.1 DMA WRITE (INPUT HAN>SHAK[ CHANNEl,D) 

The I/O device transfers data to register fHe or 
data memory through Handshake Channe 1 0 and the 
OMA channe 1. 



The Handshake Channel 0 Enable and DMA Enable bits 
of the Handshake 0 Control (HOC) register (R244) 
should be first set to 1. When the I/O device 
puts data on the port specified in the HOC regis­
ter and activates ~ to go from high to low as in 
figures B-11 and B-13, the DMA transfers data on 
the port to the specified address in the DMA 
address register (RR192). The DMA count at RR240, 
Bank 1, is decreaaed by 1 and the DMA address reg­
ister is increased by 1. When the DMA count is 
negative, the DMA issues an End-of-Process (EOP) 
signa I to Handshake Channe I O. Hendshake Channe I 
o grants an interrupt request (IRQ4) to the 
SuperB. The handshake output at pin 25 is the 
same as described in figures B-11 and B-13 and the 
DMA is waiting for the I/O device to put data on 
the port and activate the ~ signal again. 

11.5.2 IlMA READ (OUTPUT HAt«>SHAKE ClWN:L 0) 

Data is transferred from register file or data 
memory to the I/O device through the DMA chenne I 
and Handshake Channel D. 

The Handshake Channe I 0 Enable and DMA Enable bits 
of the Handshake 0 Control (HOC) register (R244) 
should be first set to 1. The handshake direction 
should be set by choosing the direction of the 
port specified in the HOC reg,ister. 

The DMA sequence should always begin by writing 
the first byte of data to the port to start the 
DMA. This is an importa~t process, otherwise the 
DMA is not activated when Handshake Channel 0 is 
not yet activated. The DMA starting address in 
the DMA address register (RR192) should now be set 
at the second byte of the data block. The I/O de­
vice should then read that fi rst byte of data and 
store it away as in figures B-12 and B-14. The 
DMA is then activated. 

DMA Channel 

11.5.2.1 FILLY INTERLOCKED MOO[ 

At State 3 of figure B-12, the DMA reads the data 
at the address specified in the DMA address regis­
ter (RRl92) and transfers it to the port. The DMA 
count at RR24D, Bank 1, is decreased by 1 and the 
DMA address register is increased by 1. When the 
DMA count is negati ve, the DMA issues an End-o f­
Process (EOP) signal to Handshake Channel O. 
Handshake Channel 0 then grants an interrupt re­
quest (IRQ4) to the SuperB. 

The DMA and handshake process continues as in 
figure B-12 until an interrupt is caused by a 
negative DMA count. 

11.5.2.2 STROOED IDlE 

After the first writing of the first byte of data 
to the port as in figure B-14, the DMA is activat­
ed at ,the end of strobe time. The DMA reads the 
data at the address spec} fied in the DMA address 
register (RRl92) and transfers it to the port. 
The DMA count at RR240, Bank 1, is decreased by 1 
and the DMA address register is increased by 1. 
When the DMA count is negative, the DMA issues an 
End-of-Process (EOP) signal to Handshake Channel 
O. Handshake Channe,! 0 then grants an interrupt 
request (IRQ4) to the SuperB. 

The handshake operation continues as in figure 
B-14 and the DMA transfers new data to the port 
only at the end of strobe time. The DMA stops 
when an interrupt is activated by a negative DMA 
count. 

DMA --r==;:=tS[)----- DMA ENABLE REQUEST 

ENDOFCO~~; - ..... ----L-' 

TO IRQ 
REGISTER 

Figure 11-2. Interrupts and the DMA 
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. 12.1 INTRODUCTION 

The 4B-pin SuperB has 40 programmabla I/O pina, 
aome of which are configurable as an external 
memory interface. A description of the pina and 
their functions follows (see Figure 1~-1). 

12.2 PIN DESCRIPTIONS 

E. Address Strobe (output, active low~ l-atste). 
1m' is pulaed low once at the beginning of each 
machine cycle. For external memory accesses, the 
rising edge of 1m' indicates that addresses, RIW', 
and DR signals are valid. Under program control, 
1m' can be placed in a high impedance state along 
with Ports 0 and 1, tm', R/i, and 1m if uaed. 

M. Dats Strobe (output, active low, l-atate). 
~. provides timing for data movement to or from 
Port 1 for each external memory transfer. During a 

SUPERS 
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write cycle, data out is valid at the leading edge 
of tm'; during a read cycle, data in ia valid prior 
to tha trailing edge of~. ~ can be placed in a 
high-impedance state along with Ports 0 and 1, 
~, R/W; and m:r if used. 

R/V. Read/Write (output, l-atate). R/i deter­
mines the direction of data transfer for external 
memory transactions. R/i is low during write 
operations and high duririg all other operations. 
R/i can be placed in a high-impedance state along 
with Ports 0 and 1, ~, ~, and m:r if used. 

POo-P07, P1o-P17, PZg-PZ7. PJo-¥lJ. ~.7· I/O 
Port . Linea (inputs/outputs. Tn-~patible). 
These I/o lines provide five B-bit I/O ports that 
can be configured under program control for I/O or 
external memory interfacing. Ports a and 1 can be 
placed in a high:"impedance state under program 
control, along with ~, D'S", R/W, and 1m if uaed. 

PO. 

po, 
PO. 

PO, 

po, 
po, 
PO. 

Po. 
P3, 

P3, 

AS 
os 
P4. 

P4, 

VSS 

P" 

P" 
RNi 
RESET 

P3. 

P37 

P27 

P2. 

P3. 

Figure 12-1: Pin Functions lind Assignments 

628 



External Interface 

llr!:n". Reset (input, active low). ~ is used 
to initialize the SuperB. When ~ is 
deactivated, program execution ,begins from prQgram 
address 0020H• ~ is also used to enable the 
SuperB test mode. 

XTAl1, XTAl2. Crystsl (oacillator input/output). 
XJAL 1 and XTAL2 are used to connect a parallel 
resonant crystal or external c lock source to the 
on-board clock oscillator and buffer. 

12.3 CONFIGURING FOR EXTERNAl MEMORY 

Before external memory can be referenced in a 
ROM-based part, Ports 0 and 1 must be properly 
configured. The minimum bus configuration uses 
Port 1 as a multiplexed_ address/data bus (ADO-AD7) 
with access to 256 bytes of external memory. In 
this configuration, the eight lower order address 
bits (AO-A7) are multiplexed with the eight data 
bits (DO-D7). 

Additional address lines can be output on the Port 
o pins, where bit 0 of that port corresponds to 
AB, bit 1 to A9' and so on. The pins of Port 0 
can be defined as memory address lines or I/O 
lines on a bit-by-bit basis, via programming of 
the port 0 Mode register (R240, Bank 0). This 
ensures the efficient use of the I/O pins, allow­
ing the SuperB to address various sizes of 
external memory using no more pins than neces­
sary. Port 0 pins not configured for address 
lines can be used as I/O lines. 

Configuring Port 1 for external memory is accom­
plished by writing the appropriate bits in the 
Port Mode register, R241 in Bank 0 (Figure 12-2). 

R241 BANKO (F1)PM 
PORT MOOE REGISTER 

I~I~I~I~I~I~I~I~I 
--c PORT 1 MODE 

00 = OUTPUT 
01 = INPUT 
1X ='ADo-AD7 

Figure 12-2. Configuring Port 1 for External Memory 

R240 BANKO (FO) POM 
PORT 0 MODE REGISTER 

'-------- PORT 0 MODE 

o DEFINES BIT AS I/O 
1 DEFINES BIT AS ADDRESS 

Figure 12-3. Configuring Port 0 for External Memory 

Configuring Port 0 for external memory is accom­
plished in a similar manner, using Port 0 Mode 
Registe~, R240 in Bank 0 (Figure 12-3). 

Once Port 1 is configured as an address/data port, 
it is no longer usable as a general-purpose 1/0 
port. Attempting to read Port 1 returns "FFH"; 
writing has no effect. Similarly, if Port 0 is 
configured for address lines AB-A15' it is no 
longer usable as a general-purpose I/O port; how­
ever, if not all of the bits are defined as 
address lines, the remalnlng bits are sti 11 
accessible as an I/O port. Reading Port 0 will 
return the port data in those positions defined as 
I/O. The positions defined as address will return 
the value on the external pins which, under normal 
loading, will be the address. 

After- setting the modes of Ports 0 and 1 for 
external memory, the next three bytes must be 
fetched from internal memory. 

An external memory interface may be 3-stated under 
program control by setting bit 7 of the System 

.Mode register, R222 (Figure 12-4). 

R222 (DE) SYM 
SYSTEM MODE REGISTER 

I~I~I~I~I~I~I~I~I 
T ... __________ 3.STATE EXTERNAL MEMORY INTERFACE 

Figure 12-4. 3-State External Memory Interface 

When this bit is set to 1, the external memory 
interface, including AS, OS, R/Wand iiM, is 3·stated. 
A hardware reset forces th i s bi t to a O. The externa I 
memory interface can but should not be tri -stated in 
the ROMless parts. 

In SuperB parts with on-chip ROM, a hardware reset 
configures, Ports 0 and 1 as if;1put ports and 
instruction execution begins at location 0020H, 
which is within the on-chip ROM. 

In the ROM less parts, a hardware reset configures 
Port 0 pins POO-P04 as address out and pins 
P05-P07 as inputs; Port 1 is configured as an 
address/data port, allowing access to B Kbytes of 
memory. If externa 1 memory greater than B Kbytes 
is desired, additional address lines must be 
configured in Port O. Since Port 0 lines are 
initially configured as inputs, they will float 
and their logic state will be unknown until an 
initialization routine is executed that configures 
Port O. This initialization routine must reside 
within the first 8 Kbytes of executable code and 
must be physically mapped into memory by 
externally forcing the Port 0 address lines to a 
known state. 
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12.4 EXTERNAL STACKS 

The SuperB architecture supports stack operations· 
in.either the register file or in data memory. A 
stack's location is determined by setting bit 1 in 
the External Memory riming register, R254, Bank 0 
(Figure 12-5). 

R2S' eANKO (FE) EMT 
EXTERNAL MEMORY TIMING 

1~1~1~1~1~1~I~j~1 

~ STACKSELECTION 

o = REGISTER FILE 
1 = DATA ME,MORV 

Figure 12-5. External Memory Timing 

The instruction used to change the stack se lection 
bit should not be immediately followed by an 
instruction that uses the atack, since this will 
cause indeterminate program flow. Interrupts 
should be disabled when changing Jhe stack 
se lection bit. 

12.6 BUS OPERATION 

Typical data transfers between the SuperB and 
external memory are illustrated in Figures 12-7 
and 12-B. Machine cycles can vary from six to 
twelve external clock periods depending on the 
operation being performed. The notations used to 
describe the basic timing periods of the SuperB 

External Interface 

12.5 DATA MEMORY 

The two external memory spaces, data and program, 
can be addressed as a single memory space or as 
two separate spaces. If the memory spaces are 
separated, program memory and data memory are 
logically selected by the Data Memory select out­
put (15R). 15R is made available on Port 3, line 5 
(P35 )by setting bit 03 in the Port Mode register 
to 1 (Figure 12-6). 

R241 BANKO (F1) PM 
PORT MODE REGISTER 

I~I~I~I~I~I~I~I~I 
T o = P3s MODE OETERMINED BY PORT 2/3 

C MODE REGISTER 
1 = P3s = OM OUTPUT 

Figure 12-6. Data Memory 

are machine cycles (Mn), timing states (Tn), and 
clock periods. All timing references are made 
with respect to the output signals ~ and~. The 
clock is shown for clarity only and does not have 
specific timing relationships with other signals; 
the clock signal shown is the external clock, 
which has twice the frequency of the internal CPU 
clock. 

1-1"----T-1----MACHI:
2
E CYCLE----T-3--... ·~11 
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EXTERNAL 
CLOCK 

PO 

PI 

R/W 

X A.-A15 x:= 
X Ao~A70UT > B----C 
'---I '--

\ I 

I L 

X x:= 
I- READ CYCLE ~I 

Figure 12-7. External Instruction Fetch or Memory Read Cycle 



External Interface 

~I-----T-'---- MACHIN:. CYCLE -----T.---I", 

EXTERNAL 
CLOCK 

PO X Aa-A15 x::= 
Pl X Ao-A7 IN X 00-07 OUT x::= 

AS '---J "-
os \ I 

R/W ~ C 
OM X x::= 

I- WRITE CYCLE -I 

Figure 12-8. External Memory Write Cycle 

12.6.1 Address Strobe ~ 

All transactions start with Address Strobe ('lim 
being driven low and then raised high by the 
SuperB. The rising edge of AS" indicates that 
Read/Write ~(R/W), Data Memory (~), and the 
addresses output from Ports 0 and 1 are valid. 
The addresses output via Port 1 typically need to 
be latched during AS", whereas Port 0 address 
outputs, if used, remain stable throughout the 
machine cycle. 

12.6.2 Data Strobe (U!;) 

The SuperB uses Data Strobe (15m to time the 
actual data transfer. For write operations (R~ = 
low), a low on n"S" indicates that valid data is on 
the Port 1 ADO-AD7 lines. For read operations 
(R/W = high), the address/data bus is placed in a 
high-impedance state before driving ~ low so that 
the addressed device can put its data on the bus. 
The SuperB samples this data prior to raising ~ 
high. 

12.6.3 External MeIIory Operations 

Whenever the SuperB is configured for external 
memory operations, the addresses of all internal 

program memory references appear on the external 
bus. This should have no effect on the external 
system since the bus control line ~ remains in 
its inactive high state. ~ becomes active only 
during external memory references. 

12.7 EXTENDED BUS TIMING 

The SuperB can accommodate slow memory access and 
cycle times by three different methods that give 
the user much flexibility in the types of memory 
available. 

12.7.1 Software Progr ... able Wait States 

The SuperB can stretch the Data Strobe (15m timing 
automatically, by adding one, two, or three 
internal clock periods. This is under program 
control and applies only to external memory 
cycles. Internal memory cycles still operate at 
the maximum rate. The software· has independent 
control over stretched Data Strobe for external 
memory (i.e., the software can set up one timing 
for program memory and a different timing for data 
Illemory). Thus, program and data memory may be 
made up of different kinds of hardware chips, each 
requiring its own timing. 
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12.7.2 Slow Memory Ti.ing 

Another feature of the, SuperS that is useful in 
interfacing with slow memories is the Slow Memory 
Timing option. When this option is enabled, the 
normal external memory timing is slowed by a 
factor of two (bus clock = CPU clock divided by 
two) • All memory times for set-up, duration, 
hold, and access times are essentially doubled. 
This feature can also be used with the programmed 
automatic wait states described above. Programmed 
wait states can still be used to stretch the Data 
Strobe time by one, two, or three internal clock 
times (not two, four, or six) when Slow Memory 
Timing is enabled. 

12.7.3 Hardware Wait States 

Still another SuperS feature is an optional exter­
nal mT input using port pin P34. The mT input 
function can be used with either or both of the 
above two features. Thus the Data Strobe width 
will have a minimum value determined by the number 
of programmed wait states selected and/or by Slow 
Memory Tim~ng. The mT input provides the means 
to stretch it even further. The mT input is 
sampled each internal clock time and, if held low, 
can stretch the Data Strobe by adding one internal 
clock period to the Data Strobe time for an 
indefinite period of time. 

INTERNAL 
CLOCK 

External Interface 

All of the extended bus timing features are 
programmed by writing the appropriate bits in the 
External Memory Timing register (Figure 12-9). 

R254 BANKO (FE) EMT 
EXTERNAL MEMORY TIMING REGISTER 

I~I~I~I~I~I~I~I~I L DATA MEMORY AUTOMATIC WAITS 
00 = NO WAITS 
01 = 1 WAIT 
10 = 2 WAITS 
11 = 3 WAITS 

PROGRAM MEMORY AUTOMATIC WAITS 
00 = NO WAITS 
01 = 1 WAIT 
10 = 2 WAITS 
11 = 3 WAITS 

'---------- SLOW MEMORY TIMING 
0= DISABLED 
1 = ENABLED 

'----------- EXTERNAL WAIT INPUT 
o = P34 IS NORMAL 110 
1 = P34 IS EXTERNAL WAIT INPUT 

Figure 12-9. External Memory Timing Register 

12.8 INSTRUCTIONTIMING 

The high throughput of the SuperS is due, in part, 
to the use of instruction pipelining, where the 
instruction fetch and execution cycles are over­
lapped. During the execution of the current 
instruction, the opcode of the next instruction is 
fetched, as illustrated in Figure 12-10. 

INSTRUCTION 
N 

INSTRUCTION 
FETCH 1 

INSTRUCTiON 
FETCH 2 

OPERAND .1' 
FETCH(ES) ALU STORE 

EXECUTION CYCLE 

INSTRUCTION 
N+1 

INSTRUCTION 
N+' 
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INSTRUCTION 
FETCH 1 

INSTRUCTION 
FETCH 2 

I • EFFECTIVE ----... 1.,---- HIDDEN DELAY -I 
EXECUTION TIME UNTIL COMPLETION 

I.,----------INSTRUCTION COMPLETION TIME----------•• I 

Figure 12-10. Instruction Pipelining 

OPERAND 
FETCH(ES) ALU STORE 

EXECUTION CYCLE 

INSTRUCTION 
FETCH 1 

INSTRUCTION 
FETCH 2 
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figures 12-11 through 12-14 show typical instruc­
tion cycle timing for instructions fetched from 
external memory. All instruction .fetch cycles 
have the same machine timfng regardless of whether 
the memory is internal or eX,ternal except When' 
external memory timing is extended. In order to 
calculate the execution time of a program, the 

• T, T, T, T, 

CLOCK 

internal clock periods shown in the cycles column 
of the instruction formats in the Instruction Set 
(Chapter 5) should be added. Pipeline cycles are 
transparent to the user and should be ignored. 
Each cycle represents two cycles of the crystal or 
input clock. 

M, 

T, T, T, T, T, 

PO ____ ....J 1.... ____ Aa...:...-A..;;,:::,, ____ -..J 1.... __________ -..,;.A;:,,-.... A.::15:...... _________ _ 

Pi XC:A~o~A~,~~-----~::A~o~A~,~»-------------:......----~ ____ ....J IN IN 

\'---~/ 
\~ ______________________ -J/ 

RIW ___ --II 

i-FETCH INSTRUCTION --\---'-----FETCH 1ST BYTE OF NEXT INSTRUCTION------l 

Figure 12·11. lYpicallnstruction Cycle Timing (One Byte Instruction) 

M, M, M, 

T, T, T, T, T, T, T, T, ' T, 

CLOCK 

PO X As A15 As A15 X Aa A15 

P1 x::::!iL) s--< An A, > s---< Ao A7 ) G:9-
AS \........J \........J \........J 
os \ I \ I \ r 

RIW I 
\---FETCH 1ST BYTE ;...' ---1---- FETCH 2ND BYTE---+-FETCH 1ST BYTE OF NEXT INSTRUCTION 

Figure 12·12. Typical Instruction Cycle Timing (Two Byte Instruction) 
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M, M, 

~ ______ ~~ ______ ~~ ____ -J~ ____ ~~~ __ ~~ ________ ~~ ______ ___ 

\.....J \.. 

'''''' ______ --'1 ''---------'1 ''-------~I 
RIW ______ -J1 

I-'--FETCH 1ST BYTE ----I-----FETCH 2ND BYTE---i-----FETCH 3AO BYTE ------I 

Figure 12"-13. 1Yplcallnstructlon Cycle Timing (Three Byte Instruction) 

M, M, 

~ ______ ~~ ______ ~~ ____ --'~ ______ ~~ ____ -J~ ______ ~~ ____ --J~ ______ ~~ ____ __ 

''-------~I '''''' ______ --11 ''-~_--'I ''-__ ~I 
RlW ____ ---J1 

\-FETcfi 1ST BYTE ----I---FETCH 2ND ByTE---!----FETCH SAD BYTE ---i-o---FETCH 4TH BYTE ~ 

Figufe'12-14. 1Yplcallnstruction Cycle Timing (Four Byte InStruction) 
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addressing~: The way in which the location of 
an operand is specified. There are seven address­
ing modes: Register, Indirect Register, Indexed, 
Direct Address, Indirect Address, Relative 
Address, and Immediate. 

auto-echo~: In this UART mode, the data 
coming in on the Receive Data pin is reflected out 
on the Transmit Data pin. The receive section 
still listens to the receive data input; however, 
the data from the transmit section goes nowhere. 

~ addresa: The address ·used, along with an 
index and/or displacement value, to calculate the 
effective address of an operand. The base address 
is locsted in a general-purpose register, the 
Program Counter, or the instruction. 

baud-rate generator: The UART has its own on-chip 
programmable baud-rate generator that consists of 
two B-bi t Time Constant registers that hold the 
time constant value, a 16-bit Timer/Counter that 
counts down, and a flip-flop at the output 
producing a square wave. 

bi-value.ode: A SuperB counter/timer operating 
mode wherein the Time Constant and Capture 
registers alternate in loading the counter. 

byte: A data item containing B contiguous bits. 
A byte is the basic data unit for addressing 
memory and peripherals. 

capture: A "capture on external event" feature of 
the SuperB that takes a snapshot 0 f the count.er 
when a certain event occurs. 

data _Dry: A memory address space that can hold 
only dat.a to be read or written, not instruction 
code; data memory is always external to the 
SuperB. 

Deskew Coooter: A 4-bit counter in each hand­
shaking channel that is used to count processor 
clocks between the time that valid data is avail­
able at the port and the handshake signal indi­
cates that data is available. 

Direct Addresa (OA) addressing 1IIOde: In this 
mode, the effective address is contained in the 
instruction. 

Glossary 

Direct ..... ry Acceaa (OMA): An on-chip channel 
that provides high-speed transfers of dsta direct­
ly between memory and peripheral devices. 

exception: A condition or event that alters the 
usual flow of instruction processing. The SuperB 
CPU supports two types of exception: reset and 
interrupts. 

extended bUB ti.ing: The SuperB has the capabil­
ity of stretching the Data Strobe timing by 1, 2, 
or 3 internal clock periods during external memory 
accesses. The software can set up one timing for 
program memory and a different timing for data 
memory. 

fast interrupt processing: Fast interrupt 
processing completes the interrupt servicing in 6 
clock periods instead of the usual 2.2. 

flag regiater: This register is used to supply 
the status of the SuperB CPU at any time. 

Flag': A dedicated register that saves the 
contents of the Flag register when a fast inter­
rupt occurs. 

general-purpoae registers: The 325 registers that 
can' be used as accumulators, address pointers, 
index registers, 'data registers, or stack regis­
ters. 

handshaking channels: The SuperB has two identi­
cal handshaking channels ,which operate in two 
modes--"fully interlocked" or two-wire mode, 'and 
"strobed" or single-wire mode. 

Im.ediate (1M) addressing.ode: In this mode, the 
operand is contained in the instruction. 

Indexed (X) addressing~: In this mode, the 
contents of an index register are added to the 
contents of a specified working register or work­
ing register pair, which holds the index value 
desired. 

Indirect Address CIA) addressing.ode: In this 
mode, the instruction specifies a pair of memory 
locations and this se lected pair, in turn, con­
tains the actusl address of the instruction to be 
executed. 
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Glossary 

Indirect Register (IR) addr_ing.ooe: In this 
'mode, the contents of the specified register or 
register pair is the address of the operand. 

Instruction Pointer: A 16-bit register that acts 
as Program Counter for a threaded-code language, 
such as Forth, or can be used in the fast inter­
rupt processing mode for special interrupt 
handling. 

interrupt: An asynchronous ex~eption generated by 
a peripheral device that needs attention. The 
interrupt structure of the SuperB contains 27 dif­
ferent interrupt sources, 16 vectors, and B 
levels. 

interrupt level: Interrupt levels provide the top 
level of priority assignment and can be changed by 
programming the Interrupt Priority register. 

Interrupt Priority register (IPR): This register 
assigns 192 different combinations of priority 
when more than one interrupt level is pending. 

interrupt source: An interrupt source is anything 
that generates an interrupt, internal or external' 
to the SuperB. 

interrupt vector: The vector number is used to 
generate the address of a particular interrupt 
servicing routine. 

locsl loopback.ode: In this mode, the data out­
put from the transmit section of the UART is also 
routed back to the receive section. 

pipelining: Instruction pipelining is a computer 
design technique in which the instruction fetch 
and execution cycles are overlapped. Thus, during 
the execution of the current instruction, the 
opcode of the next instruction is fetched, result­
ing in high throughput. 

Prograa Counter (pc): The 16-bit Program Counter 
controls the sequence of instructions in the 
currently executing program and is not an address­
able register. 

progr.. .aaory: A memory address space that can 
hold code or data; program memory can be internal 
or external to the SuperB. 

read access: The type of memory access used by 
the CPU for fetching data operands and instruc­
tions. 
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Register (R) addressing mode: In this mode, the 
operand value is the contents of the specified 
register or register pair. 

register file: One of the three types of address 
spaces supported by the SuperB CPU. Register file 
address space is an internal register file compos­
ed of 325 B-bit wide registers that are logically 
div ided into 32 working register groups of ,eight 
registers each. 

Register Pointer (RP): The two register pointers 
are system registers that contain the base address 
of the two active working register groups of the 
register file. 

Relative Addr_ (RA) addressing.ada: In this 
mode, the displacement in the instruction is added 
to the contents of the Program Counter to obtain 
the effective address. 

reset: A CPU operating state or exception that 
results when a reset request is signaled on the 
~ line. A reset initializes the Program 
Status registers. 

Slow "-n-y tilling: An optional feature of the 
SuperB in which normal external memory timing is 
slowed by a factor of two. 

Stack Pointer (SP): A 16-bit register pair indi­
cating the top (lowest address) of the processor 
stack and used by the Call instruction and 
interrupts to hold the return address. 

systa. registers: System registers govern the 
operation of the CPU and may be accessed using any 
of the instructions that reference the register 
file using the Direct addressing mode. 

lkIiverssl Asynchronous Receiver/Tr..-itter 
(UART): . A full duplex asynchronous channe 1 that 
transmits and receives independently with 5 to B 
bits per character, options for even or odd 
par it y, and an opt ional wake-up feat~e. 

wake-up feature: A feature of the ,UART wherein 
pattern match logic detects a pre-specified data 
pattern at the receiver; the pattern can include 
both the received character and a special wake-up 
bit. 

write access: The type of memory access used by 
the CPU for storing data operands. 
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Features 

General 
Description 
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• Complete microcomputer, 2K (8601) or 4K 
(8611) bytes of ROM, 128 bytes of RAM, 32 
I/O lines, and up to 62K (8601) or 60K (8611) 
bytes addressable external space each for 
program and data memory. 

• 144-byte register file, including 124 general-
purpose registers, four I/O port registers, 
and 16 status and control registers. 

• Average instruction execution time of 1.5 /lB, 
maximum of l/ls. 

• Vectored, priority interrupts for I/O, 
counter/timers, and UART. 

The Z8 microcomputer introduces a new level 
of sophistication to Single-chip architecture. 
Compared loearlier single-chip micro­
computers, the Z8 offers faster execution; more 
efficient use of memory; more sophisticated 
interrupt, input/output and bit-manipulation 
capabilities; and easier system expansion. 

Under program control, the Z8 can be tailored 
to the needs of its user. It can be configured as a 

PORTO 
(NIBBLE 

PROGRAMMABLE) 
1/0 OR AS-A!s 

PORT f 
(BYTE 

PROGRAMMABLE) 
110 OR ADo-AD7 

Figure 1. Pin Functions 

PORT 2 
(BIT PRO· 
GRAMMABLE) 
110 

PORT 3 
SERIAL AND 
PARALLEL 110 
AND CONTROL 

28603 Prototyping Device with 2K EPROM Interface 

• Full-duplex UART and two programmable 
8-bit counter/timers, each with a 6-bit 
programmable prescaler. 

• Register Pointer so that short, fast instruc-
lions can access any of nine working register 
groups in I /lS. 

• On-chip oscillator which accepts crystal or 
-external clock drive. 

• Single + 5 V power supply-all pins TTL 
compatible. 

• 12.5 MHz. 

stand-alone microcomputer \\lith 4K bytes 
of internal ROM, a traditional microprocessor 
that manages up to 124K bytes of external 
memory, or a parallel-processing element in a 
system with other processors and peripheral 
controllers linked by the Z-BUS@bus. In all 
configurations, a large number of pins remain 
available for I/O. 

+Sy P:Ie 

XTAL2 P3, 

XTAL1 P2, 

P3, P2e 
P30 P2, 

RElET P2. 

R/iN P2. 
OS P2, 

II! P2, 

P3, P2" 

GND P3, 

P3, P3. 

Po. P1, 
po, P1. 

Po, P1, 

po, P1. 

po, P1. 

PO, P1, 

po. P1, 

PO, P1. 

Figure 2a. 40-pin Dual-In-Line Package (DIP). 
Pin Assignments 
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Pin 
Description 
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AS. Address Strobe (output, active Low). 
Address Strobe is pulsed once at the begin­
ning of each machine cycle. Addresses output 
via Port 1 for all external program or data 
memory translers are valid at the trailing edge 
of AS. Under program control. AS can be 
placed in the high-impedance state along with 
Ports 0 and I, Data Strobe and Read/Write. 

DS. Data Strobe (output, active Low). Data 
Strobe is activated once lor each external 
memory transfer. 

POo-PD,. PIa-PI7' P2o-Pz.,. P30-P3,. lIO Port 
Lines (input/outputs, TTL-compatible). These 
32 lines are divided into four 8-bit I/O ports 
that can be configured under program control 
for I/O or external memory interface. 

RESET. Reset (input, active Low). RESET ini­
tializes the 28. When RESET is deactivated, 

program execution begins from internal 
program location OOOCH. 

ROMIess. (input, active LOW). This pin is only 
available on the 44 pin versions of the 28611. 
When connected to GND disables the 
internal ROM and forces the part to function as a 
28681 ROMless 28. When left unconnected or 
pulled high to Vee the part will function 
normally as a 28611. 

R/W. Read/Write (output). R/W is Low when· 
the 28 is writing to external program or data 
memory. 

XTALl. XTAL2. Crysta11, Crystal 2 (time-base 
input and output). These pins connect a paralleL 
resonant 12.5 MHz crystal or an external single­
phase 12.5 MHz clock to the on-chip clock 
oscillator and buffer. 



Architecture Z8 architecture is characterized by a flexible Three basic address spaces-are available to 
support this wide range of configurations: 
program memory (Internal and external), data 
memory (external) and the register file (inter­
nal). The 144-byte random-access register file 
is composed of 124 general-purpose registers, 
four I/O port registers, and 16 control and 
status registers • 

2037·003 

I/O scheme, an efficient register and address 
space structure and a number of ancillary 
features that are helpful In many applications. 

Microcomputer applications demand power­
ful I/O capabilities. The Z8 fulfills this with 32 
pins dedicated to input.and output. These lines 
are grouped into four ports of eight lines each 

. and are configurable under software control to 
provide timing, status Signals, serial or parallel 
I/O with or without handshake, and an address! 
data bus for interfacing external memory. 

Because the multiplexed address/data bus is 
merged with the I/O-oriented ports, the Z8 can 
assume many different memory and I/O con­
figurations. These configurations range from 
a self-contained microcomputer to a micropro­
cessor that can address 124K (Z8601) or 120K 
(Z8611) bytes of external memory. 

OUTPUT 

. To unburden the prOgram from coping with 
real-time problems such as serial data com­
munication and counting/timing, an asynchro­
nous receiver/transmitter (UART) and two 
counter/timers with a large number of userse­
lectable modes are offered on-chip. Hardware 
support for the UART is minimized because one 
of the on-chip timers supplies the bit rate. 

} 
2048~BIT 

ZB811 
L.._~_-I 40lIl ... BIT 

110 
(BIT PROGRAMMABLEI 

ADDRESS OR 110 
(NIBBLE PROGRAMMABLEI 

ADDRESSIDATA OR 110 
(BYTE PROGRAMMABLE) 

Figure S. F1IIICtIoDa1 Block DIagram 
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Spaces 
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Program Memory. The 16-bit program counter 
addresses 64K bytes of program memory space. 
Program memory can be located in two areps: 
one internal and the other external (Figure 4). 
The first 4096 (Z8611) bytes consist of on-chip 
mask-programmed ROM. At addresses 
4096 (Z8611) and great~r, the Z8 executes 
external program memory fetches. 
• The first 12 bytes of program memory are 
reserved for the interrupt vectors. These loca­
tions contain six 16-bit vectors that correspond 
to the six available interrupts. 

Data Memory. The Z8 can address 60K (Z8611) 
bytes of external data memory beginning at 
location 4096 (Z8611) (Figure 5). External data 
memory may be inchided with or separated 

as 53' 

ZlI811 .... 409. 

Location of 
first byte of 
instruction 

executed 
after reset 

Intenupt 
Vector 

(Lo_Byte) 

Int8rTUpt 
Vector 

(Uppeo-Byte) 

;, 
11 ,. 
• 
8 , 

.... 8 

• • /, 
2 

• 

EXTERNAL 
FlOM OR RAil 

ON·CHIP 
OOM 

t:----------~--
lAOS 

fRQS 

1004 

IAQ4 

IR03 

IRQ3 

IA02 

IR02 

IRQ1 

IR01 

1000 

1000 

Figure', Program Memory Map 

LOCATION 

255 

2S4 

253 

252 

251 

250 

2<0 

2<0 

24' 
248 

248 

24. 
24' 
242 

241 

240 

12' 

STACK POINTER (BITS 7-0) 

~TACK POINTER (BITS 15-8) 

REGISTER POINTER 

PROGRAM CONTROL FLAGS 

INTERRUPT MASK REGISTER 

INTERRUPT REQUEST REGISTER 

INTERRUPT PRIORITY REOISTER 

PORTS 0-1 MODE 

PORT 3 MODE 

PORT 2 MODE 

TO PRESCALER 

TIMERICOUNTER 0 

T1 PRESCALER 

TIMER/COUNTER 1 

TIMER MODE 

SERIAL UO 

NOT 
IMPLEMENTED 

GENERAL·PURPOSE 
REGISTERS 

PORT 3 

PORT 2 

PORT 1 

PORTO 

Figure 8. The Reglat .. File 

IDENTIFIERS 

SPL 

SPH 

OP 

FLAGS 

1M" 
loa 
IP" 
P01M 

P'M 
P2M 

P"eo 
T. 
PRE1 

T1 

TMO 

SIO 

P3 

P2 

Pl 

PO 

from the external program memory space. 
DM, an optional I/O function that can be 
programmed to appear on pin P34, is used to 
distinguish between data and ' 
program memory space. 

Register File. The 144-byte register file 
includes four I/O port registers (RO-R3), 124 
general-purpose registers (R4-RI27) and 16 
control and status registers (R240-R255). These 
registers are assigned the address locations 
shown in Figure 6. 

Z8 instructions can access registers directly 
or indirectly with an 8-bit address field. The Z8 
also allows short 4-bit register addressing using 
the Register Pointer (one of the control regis­
ters). In the 4-bit mode, the register file is 

EXTERNAL 
DATA 

MEMORY 

1----------1 :ZB811 
NOT ADDRESSABLE 

Figure 5. Data Memory Map 

... 
--( '7"'5'. 0000 ,253 

240 

The upper nibble 01 the register file ac:tdrna r--- provided by the regl8'er pointer specl'''' 
the active wortdng·reglster group. 

--
--
----
r-

------

127 

SPECIFIED WORKINQ. --REGISTER GROUP 

I. 
r---,/o,ooTi----- ~ 

Figure 7. The Regillter Pomter 

__ 
nibble of 
thentgister 
file address 
provldad by -
the instruction 
points to the 
specified 
regist .... 



Serial 
Input/ 
Output 

Counter/ 
Timers 

divided into nine working-register groups, each 
occupying 16 continguous locations (Figure 6). 
The Register Pointer addresses the starting 
location of the active working-register group 
(Figure 7). 
Stacks. Either the internal register file or the 
external data memory can be used for the stack. 

Port 3 lines P30 and P37can be programmed as 
serial 110 lines for full-duplex serial asynchro­
nous receiver/transmitter operation. The bit rate 
is controlled by Counter/Timer 0, at 12 MHz. 

The Z8 automatically adds a start bit and two 
stop bits to transmitted data (Figure 8). Odd 
parity is also available as an option. Eight data 
bits are always transmitted, regardless of parity 

TralUlmitted Data 
(No Parity) 

T LSTART BIT 

'------EIGHT DATA BITS 

TWO STOP BITS 

TralUlmitted Data 
(With Parity) 

T I LSTART BIT 

L 
_______ SEVEN DATA BITS 

. 000 PARITY 

TWO STOP BITS 

A 16-bit Stack Pointer (R254 and R255) is used for 
the external stack, which can reside anywhere in 
data memory between location~ 2048 (8601) or 
4096 (86ll) and 65535. An 8-bit Stack Pointer 
(R255) is used for the internal stack that resides 
within the 124 general-purpose registers 
(R4-RI27). 

selection. If parity is enabled, the eighth bit is 
the odd parity bit. An interrupt request (IRQ4) is 
generated on all transmitted characters. 

Received data must have a start bit, eight data 
bits and at least one stop bit. If parity is on, bit 7 
of the received data is replaced by a parity error 
flag. Received characters generate the IRQ3 
interrupt request. 

Recel"ed Data 
(No Parity) 

1~1~1~1~1~1~1~:~!~lsij 

L sTARy BIT 

L-----EIGHT DATA BITS 

'----------ONE STOP BIT 

Recel'l'ed Data 
(With Parity) 

II LSlART BIT 

'-----SEVEN DATA BITS 

'---------~~~I';~=:~TR FLAG 

Figure 8. Serial Data Formats 

The Z8 contains two 8-bit programmable 
counter/timers (To and TI), each driven by its 
own 6-bit programmable prescaler. The TI 
prescaler can be driven by internal or external 
clock sources; however, the To prescaler is 
driven by the internal clock only. 

The 6-bit prescalers can divide the input fre­
quency of the clock source by any number from 
1 to 64. Each prescaler drives its counter, which 
decrements the value (l to 256) that has been 
loaded into the counter. When the counter 
reaches the end of count, a timer interrupt 
request-IRQ4 (to) or IRQs (TI)-is generated. 

The counters can be started, stopped, 
restarted to continue, or restarted from the 
initial value. The counters can also be pro­
grammed to stop upon reaching zero (single-

pass mode) or to automatically reload the initial 
value and continue counting (modulo-n contin­
uous mode). The counters, but not the presca­
lers, can be read any time without disturbing 
their value or count mode. 

The clock source for T I is user-definable and 
can be -the internal microprocessor clock 
divided by four, or an external signal input via 
Port 3. The Timer Mode register configures the 
external timer input as an external clock, a 
trigger input that can be retriggerable or non­
retrigg;'rable, or as a gate input for the internal 
clock. The counter/timers can be programmably 
cascaded by connecting the To output to the 
input of T I. Port 3 line P36 also serves as a timer 
output (TOUT) through which To, TI or the inter­
nal clock can be output. 

/ 
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The Z8 has 32 lines dedicated to input and 
output. These lines are grouped into four ports of 
eight lines each and are configurable as input, 
output or address/data. Under software control, 
the ports can be programmed to provide address 

Port 1 can be programmed as a byte I/O port 
or as an address/data port for interfacing 
external memory. When used as an I/O port, Port 
1 may be placed under handshake con-
trol. In this configuration, Port 3 lines P33 and 
P34 are used as the handshake controls RDY 1 
and DAVj (Ready and Data Available). 

Memory locations greater than 2048 (Z8601) or 
4096 (Z8611) are referenced through Port 1. To 
interface external memory, Port 1 must be 
programmed for the multiplexed Address/Data 
mode. If more than 256 external locations are 
required, Port ° must output the additional 
lines. 

Port 1 can be placed in the high-impedance 
state along with Port 0, AS, DS and RIW, 

Portil can be programmed as a nibble I/O 
port, or as an address port for interfacing 
external memory. When used as an I/O port, 
Port ° may be placed under handshake con­
trol. In this configuration, Port 3 lines P32 and 
P35 are used as the handshake controls DAVo 
and RDYo. Handshake signal assignment is 
dictated by the I/O direction of the upper nibble 
P04-P07· 

For external memory references, Port ° can 
provide address bits As-All (lower nibble) or 
As-Aj5 {lower and upper nibble) depending on 
the required address space. If the address range 
requires 12 bits or less, the upper nibble of Port ° 
can be programmed independently as I/O while 

Port 2 bits can be programmed independently 
as input or output. The port is always available 
for I/O operations. In addition, Port 2 can be 
configured to provideopen-drain outputs. 

Like Ports ° and 1, Port 2 may also be 
placed under handshake control. In this con­
figuration, Port 3 lines P3j and P36 are used as 
the handshake controls lines DAV 2 and RDY 2. 
The handshake signal assignment for Port 3 lines 
P3j and P36 is. dictated by the direction (input or 
output) assigned to bit 7 of Port 2. 

Port :I lines can be configured as I/O or 
control lines. In either case, the direction of the 
eight lines is fixed as four input (P30-P33) and 
four output (P34-P37)' For serial I/O, lines P30 
and P37 are programmed as serial in and serial 
out respectively. 

Port 3 can also provide the following con­
trol functions: handshake for Ports 0, 1 and 2 
(DAVand RDY); four external interrupt 
request signals (IRQO-IRQ3); timer input and 
outpuhignals (T~nd Tour) and Data 
Memory Select (DM). 

outputs, timing, status signals, serial I/O, and 
parallel I/O with or without handshake. All ports 
have active pull-ups and pull-downs compatible 
with TTL loads. 

allowing the Z8 to share common resources in 
multiprocessor and DMA applications. Data 
transfers can be controlled by assigning P33 as a 
Bus Acknowledge input and P34 as a Bus 
Request output. 

Z8611 

Meu 

....... 
(UO OR ADo-AD,) 

Figure k. Port 1 

the lower nibble is used for addressing. When 
Port ° nibbles are defined as address bits, they 
can be set to the highimpedance state along with 
Port 1 and the control signals AS, DS and RIW. 

Z8611 

Meu 

Z8611 

Meu 

I ... .,.· (110 OR A.-A,s) 

Figure 9b. Port 0 

PORT 2(1/0) 

l HANDSHAKE CONTROLS 
0Ai.i2 AND RDYz 
(P3, AND P3e) 

Figure 9c:. Port 2 

PORTa 
(110 OR CONTROL) 

Figure 9d. Port 3 



Interrupts 

Clock 

The 28 allows six different interrupts from 
eight sources: the four Port 3 lines P30-P33, 
Serial In,- Serial Out, and the two counter/timers. 
These interrupts are both maskable and 
prioritized. The Interrupt Mask register globally 
or individually enables or disables the six inter­
rupt requests. When more than one interrupt is 
pending, priorities are resolved by a pro­
grammable priority encoder that is controlled by 
the Interrupt Priority register. 

All 28 interrupts are vectored. When an inter­
rupt request is granted, an interrupt machine 

The on-chip oscillator has a high-gain, 
parallel-resonant amplifier for connection to a 
crystal or to any suitable external clock source 
(XTALI = Input, XTAL2 = Output). 

The crystal source is connected across XTALI 
and XTAL2, using the recommended capaCitors 

cycle is entered. This disables all subsequent 
interrupts, saves the Program Counter and status 
flags, and branches to the program memory 
vector location reserved for that interrupt. This 
memory location and the next byte contain the 
16-bit address of the interrupt service routine for 
that particular interrupt request. 

Polled interrupt systems are also supported. To 
accommodate a polled structure, any or all of the 
interrupt inputs can be masked and the Interrupt 
Request register polled to determine which of the 
interrupt requests needs service. 

(Cl:S 15pF) from each pin to ground. The 
specifications for the crystal are as follows: 

• AT cut, parallel resonant 
• Fundamental type, 12.5 MHz maximum 
• Series resistance, Rs :S 100 n 
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Addressing Modes. The following notation is used 
to describe the addressing modes and instruction 
operations as shown in the instruction summary. 

IRR 

Irr 
X 

.DA 
RA 
1M 
R 

IR 

I. 
RR 

Indirect register pair or indirect working-register 
pair address 
Indirect working-register pair only 
Indexed address 
Direct address 
Relative address 
Immediate 

Register or working-register address 
Working-register address only 
Indirect-register or indirect working-register 
address 
Indirect working-register address only 
Register pair or worki'ng register pair address 

Symbols. The folloWing symbols are used in 
describing the instruction set. 
dst Destination location or contents 
src Source location or contents 
cc Condition code (see list) 
@ Indirect address prefix 
SP Stack pointer (control registers 254-255) 
PC Program counter 

FLAGS Flag register (control register 252) 
RP Register pointer (control register 253) 
IMR Interrupt mask register (control register 251) 

Assignment of a value is indicated by the symbol 
"_". For example, 

dst - dst + src 
indicates that the source data is added to the 
destination data and the result is stored in the 
destination location. The notation "addr(n)" is used 
to refer to bit "n" of a given location. For example, 

dst (7) 
refers to bit 7 of the destination operand. 

Flags. Control Register R252 contains the folloWing 
six flags: 

c 
z 
S 
V 

Carry flag 
Zero flag 
Sign flag 
Overflow flag 

D DeCimal-adjust flag 
H Half-carry flag 

Affected flags are indicated by: 

o Cleared t'o zero 
Set t6 one 

* Set or cleared according to operation 
Unaffected 

X Undefined 



Condition 
Codes 

Instruction 
Formats 

Value 

1000 
0111 
1111 
0110 
1110 
1101 
0101 
0100 
1100 
0110 
1110 
1001 
0001 
1010 
0010 
1111 
0111 
1011 
0011 
0000 

ope MODE 
detllre 

ope 
dot 

OPC 

VALUE 

ope MODE 

dot 

MODE ope 
dsUsrc .relda' 

dlt1Src ope 
Ireld.' 

dot I ope 
VALUE 

I dsUCC R~ ope 

M ... moDic 

C 
NC 
Z 

NZ 
PL 
MI 
OV 

NOV 
-EQ 

NE 
GE 
LT 
GT 
LE 

UGE 
ULT 
UGT 
ULE 

OR It 1 1 01 dSt/SfC I 

lOR b 1 101 dot 

OA It 1 1 01 

Always true 
Carry 
No carry 
Zero 
Not zero' 
Plus 
Minus 
Overflow 
No overflow 
Equal 
Not equal 
Greater than or equal 
Less than 
Greater than 
Less than or equal 
Unsigned greater than or equal 
Unsigned less than 
Unsigned greater than 
Unsigned less than or equal 
Never true 

ope CCF, 01, EI,IRET, NOP, 
RCF, RET, SCF 

dot ope INCr 

eLA, CPl, DA. DEC, OPC MODE 
DEeW. INC, tNCW, POP, ". PUSH, AL, ALe, RR, 
RAC, SFlA, SWAP dot 

JP, CALL (Indirect) 

ope MODE 
d., 

.RP 
VALUE 

MODE ope 

ADC, ADD, AND, 
CPt OR, SBC, SUB, dot 
reM, TM, XOR 

MODE ope 
LD, LOE, LOEI, 

dstlsrc lOC, LOCI 
ADDRESS 

L. ope 
OA, 
OA, 

LO 

ope 
OA, 

DJNZ,JA OA, 

Tw .... Byte __ 

Figure 12. Instruction Formats 

OR 
OR 

C = I 
C = 0 
Z = I 
Z = 0 
5 = 0 
5 = I 
V = I 
V = 0 
Z = I 
Z = 0 

Flags Set 

(5 XOR V) = 0 
(5 XOR V) = I 
[Z OR (5 XOR V)) = 0 
[Z OR (5 XOR V)] = I 
C = 0 
C = I 
(C = 0 AND Z = 0) 
(C OR Z) = I 

ADC, ADD, AND, CPo 
1 1 1 0 ". LO, OR, sac, SUI, 

reM, TM, XOR 
1 1 10 d. 

ADC, ADD, AND, CP, 
OR 11 1 101 dot LO, OR, SIC. SUB. 

TeM, TM. XOR 

L. 
OR 1 1 10 

OR 1 1 1 0 dot 

L. 

JP 

CALL 

'l'brM-Byte __ 
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IDlltrucUon Iutnu:tloD Addr~ Opc:ode Flallll MectecI Iastructlooa AddrMoU 0pc04e Flallll~ 
SUQUDary cmd Operatloa cbil ~. aad Operatloa cbIt ,(r.) CZSVDB - ( ex) CZSVDH -ADO dat,src (Nole I) ID *·*~O* LDE dat,arc • I •• 82 ------

dat-dat+ arc +C dsl - src Irr 92 

ADD dat,arc (N",- I) 00 •• * • 0 .. LDEI dat,arc I. Irr 83 ------
dil - dat + s>:o dat - src Irr I. 93 

MD dat,src (~ote I) 50 • 0 - -
.-.+I;rr-rr+l 

dsl .- dsl AND arc NOP FF ------
CALL'dat DA ~ ------ OR dat,arc (Note I) 40 -*·0--
SP-SP-2 IRR dat - datORarc 
@SP - PC; PC - dat 

POPdat R 50 ------
CCF EF *----- dal- @SP IR 51 
C - NOTC SP-SP+l 

ctR dot R SO ------ PUSH erc R 70 ------
dsl - 0 IR Bl SP-SP-l; @SP-src IR 71 

COMdat R 60 • 0 - - RCF CF 0-----
dat - NOT dat IR 61 C-O 

CP dat,arc (Nole 1) AD RET AF ------
dsl - arc PC-@SP; SP-SP + 2 

DA dat R 40 .. • .. X - - RL dat ~~ 90 
dat - OA dat IR 41 91 

DEC dat R 00 - ... -- RLC dat Lm-E:::!J.l R 10 
dal-dsl-I IR 01 c , • IR 11 

DECW dat 'IlR 80 -*.*-- RR dat 1;mLc:!J-l~ EO ... 
dat-dal-l IR 81 El 

RRC dat cm:::E:]J R CO 
DI c , • IR CI 
IMR (7) - 0 8F ------ SIC dat,erc (Note 1) 3D • 1 • 
DJNZ .,dsl RA .A ------ 4sl- det-src-C 

r -. - 1 .=O-F SCF OF 1 - - - - -
1fT ¢ 0 C-l 

PC-PC+dat 
SRA dat Lm~~ DO .... ·0 - -Range: + 127, -128 

01 
EI 9F ------ , 

SRP src 1m 31 ------IMR(7) - I RP - ere 
DlC dsl .E -***-- SUI dst,src (Note 1) 20 •• 1 . 
dat-dat+l • =O-F dot - dsl- src 

R 20 
IR 21 SWAPdat~ R FO X * .. X - -

, IR FI 
!MCW dat RR AO -.*.--
det-dsl+l IR Al TCM dat,arc (Note 1) 60 -**0--
!RET BF ****** 

(NOT datI AND arc 

FLAGS - @SP; SP - SP + I TN dsl,arc (Note 1) 70 -**0--
PC-@SP; SP-SP+2; IMR(7)-1 del AND arc 

po cc,dat DA cD ------ ZOR del,arc (Note I) BO -**0--
If cc Is true c=O-F dat - dat XOR src 

PC - det IRR 30 

JR cc,dsl RA cB ------ Note I 
if cc Is lrue, c=O-F, 

These instructlons have an identical set of addressinq PC-PC + dst 
Range: t 127, -!28 modes, which are encoded for brevity. The firs! opcode 

nibble is found in the instruction tel table above. The 
LD dat,arc 1m rC ------ second nibble is expressed symbolically by a 0 In this 
dst-src • R r8 teble, and ita value is found in the follOWing table to the 

R 19 right of the applicable addresaing mode pair. 
r=O-F For example, to determine the opcode of a ADC 

• X C7 Instruction use the addressing modea r (aestinatlon) and 

X r 07 Ir (source). The result Is 13. 

• Ir E3 
If r F3 
R R E4 Adclr Mode Low_ 
R IR E5 0pc0cIe Nlbbl. 
R 1m E6 cbIt IIl'C 

IR 1m E7 
tal ,IR R F5 

toe, del,arc i Irr C2 ------ Ir [!) 

dal - ere In 02 R R !II 
LOCI dat,src If Ifr C3 ------ R IR rn 
dat - arc Irr If D3 Ii 1M 00-
• -. + 1; rr - rr + 1 

IR, 1M III 
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Registen R240 SIO 
Ser1a11/0 Reglater 
(F~; Read/Write) 

'----SERIAL DATA lDo • LSI) 

8241 TMR 
Tl_ Mode Reglater 

(FIH; Read/Write) 

NOT USED. 00 ~ 1 • LOADTo 
TO OUT'" 01 0 • DISAILE T COUNT 
T,OUT -10 0 

T"",MDDES j llli~.' NO FUNCT'ON 

INTERNAL CLOCK OUT • 11 1 ... ENABLE To COUNT 

T MODES 0 .. NO FUNCTION 
EXTERNAL CLOCK IN~DT .. 00 1 ... LOAD T, 

GATE INPUT. 01 0 .. DISABLE T, COUNT 

(NON'A~~~:i:~=:~~ • 10 1 .. ENABLE T 1 COUNT 
TRIGGER INPUT ... 11 

(AETAIGQEAA8LE) 

R242 Tl 
Cowater Timer 1 Reglater 

(F~; Read/Wrlte) 

R243 PREl 
Presc:aler 1 Reglater 
(F~; Write Only) 

~LCDUNTMDDE 
o ... T, SINGLE.PASS 

, 1 ... T, MODULO.N 

CLOCK SOUIIIICE 
1 '" T,INTERNAL 
o = !J EXTERNAL TIMING INPUT 

(T.,.)MODE 

PRESCALE" MODULO 
(RANGE: '~14 DECIMAL 
01~OO HEX) 

R244 TO 
Cowater/Tlmer 0 Reglater 

(F4}{; Read/Write) 

'----:J~:~~ =~~~.:~:~:-r.:~ 
T.CURAENTVAlUE(WHEN RDDt 

R245 PREO 
PrHc:aler 0 Reglater 

(F5}{; Write Only) 

I~D'I"ID'ID'ID'ID'ID~' I Dl'l COUNTIIDDE 

o • To SINGLE·PASS 
1 ... To MODULo-N 

RESERVED 

"'EseALER MODULO 
(RANGE: 1-84 DECIMAL 
01·00 HEX) 

HI. PaM 
Port 2 Mode Reglilter 
(F~; Write Only) 

Hl47P3M 
Pan 3 Mode Reglater 

(F7H; Write Only) 

[SELDPORT.PULL.UPSciP.N.....iN 
1 PORT 2 PULL·UPS ACTIVE 

RESERVED 
o P32 = INPUT pas = OUTPUT 
1 P32 = aIV&RDYo PIS = RDYcwaAVt 

00 P33:: INPUT P34 :: OUTPUT 

~~} P33 '" INPUT PM = mil 
11 P33 = tiX'RIRDY1 P34 = ROV1'aAVt 

~ =~ : ~fo~ :: : ~~~:,utsWr) 
'---------~=: :':l.. ... ::: ~~~TOUT 

L-________ ~;~~g~ 

Figure 13. Control Registers 
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Registers 
(Continued) 

R248 POIM 
Port 0 and I Mode Regllt_ 

(F8H; Write Only) 

10,10.10, I 0.1 0,1 0,1 0, i'D, I 

OUTPUT = 00 L 00 .. OUTPUT 
INPUT .. 01 01 = INPUT 

A'2·A15 '" 1X 1X .. "a-A1I 

po,_po, MODE:] E-r PO,-PO, MODE 

EXTERNAL MEMORY TIMING . STACI( SELECTION 
NORMAL .. 0 0 = EXTERNAL 

EXTENDED a 1 1 '" INTERNAL 

P18O'11 :y~~EOUTPUT 
01 = BYTE INPUT 
10'" ADo-AD, 
11 "" HIGH·IMPEDANCE ADo-ADT. 

AS, OS, RIW, Ae-Au. A12-A15 
IF SELECTED 

R2491PR 
Interrupt Priority Regllter 

(F%; Write Only) 

107 105 i Os i 04 i 0 3 ]02 1..0, iDol 

.••.• :] I I III"~'-"'-RESERVED '" 000 
tRQ3, IRQS PRIORITY (GROUP AI C > A :> 8 = 001 

o '" IRQS :> IRQ3 . A :> B :> C = 010 
1 '" IR03 :> IRQS A:> C > B = 011 

B:> C :> A = 100 
IRaO, IRQ2 PRIORITY (GROUP B) C :> B :> A = 101 

o '" IRQ2 :> IROO B:> A :> C '" 110 
1 '" IROO ::> IRQ2 RESERVED"" 111 

IRQ1, IRQ4 PRIORITY (GROUP C) 
o "" IRQ1 ::> IRQ4 
1 "" IRQ4 > IR01 

R250 IRQ 
Interrupt Request Register 

(FAH; Read/Write) 

10,10,10, io.lo,ID,1 0, !0,1 
RESERVED T L:: IRoo = P32 INPUT (00 a: IROO) 

IRQ1 "" P33 INPUT 
IRQ2 "" P31 INPUT 
lA03 = P30 INPUT, SERIAL INPUT 
IR04 = To, SERIAL OUTPUT 
IROS • T1 

R251 IMR 
Interrupt Mask Register 

(FBH; Read/Write) 

Il ____ L:: ___ ' ENABLES IROO-IRQS 
(Do'" IRoo) 

RESERVED 

'-_______ 1 ENABLES INTERRUPTS 

REGISTER 
POINTER 

Figure 13. Control Registers (Continued) 
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R252 FLAGS 
Flag Reglst_ 

(FCH; Read/Write) 

~~~
I LUSERFLAG·" 

LUSER FLAG F2 

HALF CARRY FLAG 

DEcrMAL ADJUST FLAG 

OVERFLOW FLAG 

SIGN FLAG 

ZERO FLAG 

CARRY FLAG 

R253 RP 
Register Polnt_ 
(F~; Read/Write) 

LOON'TeARE 

R254 SPH 
Stack Pointer 

(FEH; Read/Write) 

R255 SPL 
Stack Pointer 

(FFH; ReadiWrite) 



Opcode 
Map 

o 

2 

3 

, 
5 

'iC 8 

~ 
• 
~ 7 

II: 

! 8 

9 

J!. 

B 

C 

0 

E 

F 

Byt .. per 
lnstructloa 

Low .. Nibble (Hex) 

o 2 3 5 8 7 8 9 J!. B C D E 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 6,5 6,5 12/10,5 12/10,0 6,5 12110,0 6,5 , 
DEC DEC ADD ADD ADD ADD ADD ADD LD LD OJNZ JR LD JP INC 

HI IRI tl, fa fl. 112 Rz,R] IR.,HI HI,IM IRI,IM r1,Rz la,R1 1l,RA cc,RA f1,IM cc,DA II 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 
mc RLC ADC ADC ADC ADC ADC ADC 

HI IRI f], f2 1],lt2 Rz,R. IR.,HI HI, 1M IRI,IM 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 
INC INC SUI SUI SUI SUB SUI SUI 

HI IRI tl. f2 fl, Ira H.,HI IR.,HI HI,IM IRI,IM 

8,0 6, I 6,5 6,5 10,5 10,5 10,5 10,5 
JP SRP SIC SIC SIC SIC SIC SIC 

IRHI 1M t1, rJ 11,Ir2 H.,HI IR.,HI HI,IM IRI,IM 

8,5 8,5 6,5 6,5 10,5 10,5 10,5 10,5 
OJ!. OJ!. OR OR OR OR OR OR 
HI IRI tl,12 11,Irz H.,HI IR., HI HI,IM IRI,IM 

10,5 10,5 6,5 6,5 10,5 10,5 10,5 10,5 
POP POP AND AND AND AND AND AND 
HI IRI n,la 1],lu H.,HI IR.,HI HI,IM IRI,IM 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 
COM COM TCM TCM reM TCM TeM TCM 

HI IRI n, fa 11,IrZ H.,HI IR.,HI HI,IM IRI,IM 

10112, I 12/14, I 6,5 6,5 10,5 10,5 10,5 10,5 
PUSH PUSH TN TN TN TN TN TN 

H. IR. 11, fa fl,Irz H.,HI IRz,R] HI, 1M IRI,IM 

10,5 10,5 12,0 18,0 
OECW OECW LDE LDEI 

HHI IRI II/Ina Ir1,IrU 

6,5 6,5 12,0 18,0 
RL RL LDE LDEI 
HI IRI lIn Ira, lUI 

10,5 10,5 6,5 6,5 10,5 10,5 10,5 10,5 
INCW INCW CP CP CP CP CP CP 

RHI IRI n,12 1),lr2 H.,HI IR.,HI HI,IM IRI,IM 

6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 
CLR CLR XOR XOR XOR XOR XOR XOR 
HI IRI ll.U 11,Irz H.,HI IR.,HI H.I,IM IRI,IM 

6,5 6,5 12,0 18,0 10,5 
MC MC LDC LDCI LD 

HI IRI t.,lrra Ill. lIn tl, Z, R2 

6,5 6,5 12,0 18,0 20,0 20,0 10,5 
SRA SRA LDC LDCI CALL· CALL LD 

HI IRI la. un Irz,. Ill] IRRI DA la, x, HI 

6,5 6,5 6,5 10,5 10,5 10,5 10,5 
M M LD LD LD LD LD 
HI IRI rt,lrz Bz,Rl IR.,HI HI,IM IRI,IM 

8,5 8,5 6,5 10,5 
SWAP SWAP LD LD 

HI IRI I'l. fa H.,IRI 

~~------~~'-------'; ~~------~~'-------'~ ,'---------~~,----------,; ~ 
2 

. Low .. 
Opcocle 
Nibble 

Executioa • PlpeliDe 

3 2 

Legead. 
H = 8-BII Address 
r = 4-BII Addre .. 

3 

Upper CYCI"~0~5 Cycl .. 

Opcocle _ J!. CP MDeIllODlc 
HI or" = Os! Ad_ 
H. or rz = Src Addreu 

Nibble H., HI 
Sequeac:e. 

Firat S-d Opcode, First Ope .... nd, Second Operand 

Operanc\ Operanc\ 
Note. The blank areas are not defined. 

*2·byte instruction; fetch cycle appears as a 3·byte instruction 

F 

;--

-
e---

r---

-

-

-
'----

6, I 
DI 

-
6, I 
EI 

r--
14,0 
RET 

r---
16,0 
!BET 

-
6,5 

RCF -
6,5 
SCF 

-
6,5 

CCF 
-

6,0 
NOP 
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Absolute 
Maximum 
Ratings 

Standard 
Test 
Conditions 

DC 
Character-
istics 

650 

Voltages on all pins 
with respect to GND .......... -O.3Vto +7.0V 
Operating Ambient 
Temperature ........ See Ordering Information 

Storage Temperature ........ '-65°C to + 150°C 

The DC characteristics listed below apply for 
the following standard test conditions, unless ' 
otherwise noted. All voltages are referenced to 
GND. Positive current flows into the reference 
pin. 

Standard conditions are: 

o +4.75 V S Vee S +5.25 V 

o GND = 0 V 

o O°C S TA S +70°C 

Symbol Parameter Min Max 

VeH Clock Input High Voltage 3.8 Vee 

VeL Cl09k Input Low Voltage -0.3 0.8 

VIH Input High Voltage 2.0 Vee 

VIL Input Low Voltage -0.3 0.8 

VRH Reset Input High Voltage 3.8 Vee 

VRL Rese! Input Low Voltage -0.3 0.8 

VOH Output High Voltage 2.4 

VOL Output Low Voltage 0.4 

IlL Input Leakage -10 10 

IoL Output Leakage -10 10 

IlR Reset Input Current -50 

Ice Vee Supply Current 150 

Stresses greater than those listed under Absolute Maxi· 
mum Ratings may ca.use permanent damage to the device. 
This is d stress rating only; operation of the device at any 
condition above those indicated. in the operational sections 
of these specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may a.ffect 
device reliability. 

+5V 

2.1K 

Figure 14. Test Load I 

UDl! ConditlOD 

V Driven by External Clock Generator 

V Driven by External Clock Gene'rator 

V 

V 

V 

V 

V IoH = -250,.A , 

V IoL = +2.0 rnA 

I'A 0 V05. VIN 05. +5.25 V 

I'A 0 V05. VIN 05. +5.25 V 

I'A Vee = +5,25 V, VRL = 0 V 

rnA 



AC Characteristics 

External 1/0 
or Memory 
Read and 
Write Timing 

00-0, OUT 

Figure IS. Exteraal 1/0 or Memory Read/Write 

No. Symbol Parameter 

TdA(AS) Address Valid to AS t Delay 

2 TdAS(A) AS t to Address Float Delay 

3 TdAS(DR) 1m t to Read Data Required Valid 

4 TwAS 1m Low Width 

5 TdAz(DS) Address Float to i5S ~ 
6-TwDSR i5S (Read) Low Width 

7 TwDSW i5S (Write) Low Width 

8 TdDSR(DR) DS ~ to Read Data Required Valid 

9 ThDR(DS) Read Data to DS t Hold Time 

to TdDS(A) DS t to Address Active Delay 

11 TdDS(AS) i5S t to 1m ~ Delay 

12 - TdRlW(AS) -- RiW Valid to 1m t Delay 

13 TdDS(RIW) i5S t to RiW Not Valid 

14 TdDW(DSW) Write Data Valid to DS (Write) ~ Delay 

15 TdDS(DW) i5S t to Write Data Not Valid Delay 

MI~ Max Notes*to 

35 

45 

55 

0 

185 

110 

0 

45 

55 

30 

35 

35 

45 

220 

2,3 

2,3 

1,2,3 

1,2,3 

-------1,2,3 

130 

1,2,3 

1,2,3 

2,3 

2.3 

-------2,3 

16 TdA(DR) Address Valid to Read Data Required Valid 255 

2,3 

2,3 

2,3 

1,2,3 

2,3 17 TdAS(DS) 1m t to DS ~ Delay 

NOTES: 
1. When using extended memory timing add 2 T pC. 
2. Timing numbers given are for minimum TpC. 
3. See clock cycle time dependent cha.racteristics t~ble. 

55 

t Test Load 1. 
o All timing references use 2.0 V for d logic "I" and 0.8 V for a logic "0", 
• All units innanoaeconds (ns). 
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AC Characteristics 

Additional 
Timing 
Table 

No. Symbol 

1 TpC 

2 TrC,TIC 

3 TwC 

CLOCK 

TON 

IRQ .. 

Figure 16. Additional Timing 

Parameter Min Max Not .. * 

Input Clock Period 80 1000 

Clock Input Rise And Fall Times 15 

Input Clock Width 26 1 

4 TwTinL Time Input Low Width 70 2 

5 - TwTinH --,- Timer Input High Width ---------------- 3TpC --------- 2 

6 TpTin Timer Input Period 8TpC 2 

7 TrTin" TITin Timer Input Rise And Fall Times 

8a TwIL Interrupt Request Input Low Time 

8b TwIL Interrupt Request Input Low Time 

9 1'wIH Interrupt Request Input High Time 

NOTES: 
1. Clock timing references uses 3.8 V fora logic "1" emd 0.8 V for 

a logic "0". 
2. Timing reference uses 2.0 V for a logic "}" and O.S V for 

a logic "0" . ' 

70 

3TpC 

3TpC 

3, Interrupt request via Port 3 (P31-P33)' 
. 4. Interrupt request via Port 3 (P30)' 

* Units in nanoseconds (ns). 

100 

Memory Port 
Timing 

:: _~ ___ :~·:~DON~::~-'T:~CAJIl=:~=<_0~o~;-~~:::~=_-~:X:,-A-DO-"ESS--VA-U-D---D-A-TA-O-N-VA-L-OD---~ts= 

No. Symbol 

2 

NOTES: 

TdA(DI) 

ThDI(A) 

L Test Load 2. 

Parameter 

Address Valid to Data Input Delay' 

Data In Hold time 

2. This is a Clock-Cycle· Dependent parameter. For clock frequencies 
other than the maximum, use the following formula: 5 TpC - 95 

652 

Figure 17. Me;"ory Port Timing 

Min Max 

320 

o 

·Units are nanoseconds unless otherwise specified. 

2 

2,3 

2,4 

2,3 

Not .. * 

1,2 



Handshake 
Timing 

No. Symbol 

.. ;:: ----------_~_'_--,~~----------
'OUTPUll ~ 

Flgurel8a.lDputH~ 

DATADUT ~' 
------.-~-----------------------------------

iiAV ) s= 
jOUTPUTj ---------------J::==3jE==:£i=~ 

RDY 0 CI;-~ 
jlNPUn 

DATA OUT VALID 

Figure lib. Outputllcmd8hake 

Parameter MID Max 

1 TsDI(DAV) Data In Setup Time o 
160 
120 

2 ThDI(DAV) Data In Hold time 

3 TwDAV Data Available Width 

Not .... 

4 TdDAVIf(RDY) i5l\V ~ Input to RDY ~ Delay 120 1,2 
S--TdDAVOf(R'DY)--i5l\V ~ Output to RDY ~ Delay------------0 --------1,3 

6 TdDAVIr(RDY) T5AV t Input to RDy'f Delay 120 1,2 

7 TdDAVOr(RDY) i5AV t Output to RDY t Delay 0 1,3 

8 TdDO(DAV) Data Out to DAV ~ Delay 30 
9 TdRDY(DAV) Rdy ~ Input to r5AV t Delay' 0 

NOTES: 
J. Test load 1 
2. Input handshake 
3. Output handshake 
t All timing references use 2.0 V for a logic "I Hand O.S V for 

.loqic·O", 

Clock-
, Cycle-Time- Number Symbol 
Dependent 

1 TdA(AS) Characteristics 
2 TdAS(A) 

3 TdAS(DR) 

* Units in nanoseconds (ns). 

Equation 

TpC-SO 

TpC-4O 
4TpC-110* 

140 

4 TwAS TpC-30 
S--TwDSR-------------3TpC-6S*------------

7 TwDSW 2TpC-SS* 
8 TdDSR(DR) 3TpC-120* 

10 Td(DS)A TpC-4O 
11 TdDS(AS) TpC-30 
12-TdRIW(AS) ------------TpC-SS---------:.---

13 TdDS(RIW) 

14 TdDW(DSW) 

IS TdDS(DW) 

16 TdA(DR) 

17 TdAS(DS) 

• Add 2TpC when using extended memory timing. 

TpC-50 
TpC-50 

TpC-4O 

STpC-I60* 

TpC-30 
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MIL·STD·883 MILITARY PROCESSED PRODUCT 

• Mil-Std-883 establishes uniform methods and proce­
dures for testing microelectronic devices to insure the 
electrical, mechanical, and environmental integrity and 
reliability that is require~ for military applications. 

• Mil-Std-883 Class 8 is. the industry standard product 
assurance level for military ground and aircrafl 
applicati,on. 

• The total reliability of a system depends upon tests that 
are designed to stress specific quality and reliability 
concerns that affect microelectronic products. 

• The following tables detail the i 00% screening and elec­
trical tests, sample. electrical tests, and Qualificationl 
Quality Conformance testing required. 

Zllog Military Product Flow 

ENVIRONMENTAL SCREENING 
• STABILIZATION BAKE 
• TEMPERATURE CYCLE 
• CENTRIFUGE· 
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Table I 
MIL·STD·883 Class B Screening Requirements 

Method 5004 

MiI·Std·883 
Test Method Test Condition Requirement 

Internal Visual 

Stabilization Bake 

Temperature Cycle 

Constant Acceleration (Centrifuge) 

Initial Electrical Tests 

Burn-In 

Interim Electrical Tests 

PDA Calculation 

Final Electrical Tests 

Fine Leak 
Gross Leak 

Quality Conformance Inspection (QCI) 
Group A Each Inspection Lot 
Group B Every Week 
Group C Periodically (Note 3) 
Group D Periodically (Note 3) 

External Visual 

QA-Ship 

NOTES; 

2010 Condition B 

1008 Condition C 

1010 Condition C 

2001 Condition E or D(Note 1), Y1 Axis Only 

1015 

1014 
1014 

5005 
5005. 
5005 
'5005 

2009 

,Zilog Military Electrical Specification 
Static/DC Tc = + 25°C 

Condition D(Note2), 160 hours, 
TA = + 125°C 

Zilog Military Electrical Specification 
Static/DC Tc = + 25°C 

PDA = 5% 

Zilog Military Electrical Specification 
Static/DC Tc = + 125°C, - 55°C 
Functional, Switching/AC Tc = + 25°C 

Condition A2 
ConditionC 

(See Table II) 
(See Table III) 
(See Table IV) 
(See Table V) 

1. Applies to larger packages which have an inner seal or cavity perimeter of two inches or more in total length or have a package 
mass of .. 5 grams. 

2. In process of fully implementing of Cond~ion D Burn-In Circu~. Contact factory for copy of specific burn-in circu~ available. 
3. Performed periodically as required by Mil-Std-883, paragraph 1.2.1 b(17). 

1000Al 

1000Al 

100% 

100% 

100% 

1000Al 

100% 

100% 

100% 

1000Al 
1000Al 

Sample 
Sample 
Sample 
Sample 

1000Al 

100% 
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Table" Group A 
Sample Electrical Tests 

MIL-STD-883 Method 5005 

LTPD 
Subgroup Tests Temperature (T c) Max Accept =; 2 

Subgroup 1 Static/DC +25°C 2 

Subgroup 2 StaticlDC + 125°C 3 

Subgroup 3 Static/DC -55°C 5 

Subgroup 7 Functional +25°C 2 

Subgroup 8 Functional -55°C and + 125°C 5 

Subgroup 9 Switching/AC +25°C 2 

Subgroup 10 Switching/AC + 125°C 3 

Subgroup 11 Switching/AC -55°C 5 

NOTES: 
• The specific parameters to be included for tests in each subgroup shall be as specified in the applicable detail electrical specification. Where no 

parameters have been identified in a particular subgroup or test within a subgroup, no Group A testing is required for that subgroup or test. 
• A single sample may be used for all subgroup testing. Where required size exceeds the lot size, 100% inspection shall be allowed. 
• Group A testing by subgroup or within subgroups may be performed in any sequence unless otherwise specified. 
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Table III Group B 
Sample Test Performed Every Week to 

Test Construction and Insure Integrity of Assembly Process. 
MIL-STD-SS3 Method 5005 

Subgroup 

S'i..bgroup1 
Physical Dimensions 

Subgroup 2 
Resistance to Solvents 

Subgroup 3 
Solderability 

Subgroup 4 
Internal Visual and Mechanical 

SubgroupS 
Bond Strength 

Subgroup 6(Note3) 

Internal Water Vapor Content 

Subgroup 7(Note 4) 

Seal 
7a) Fine Leak 
7b) Gross Leak 

Subgroup S(Note 5) 

Electrostatic Discharge Sensitivity 

NarES: 

MII-Std-SS3 
Method 

2016 

2015 

2003 

2014 

2011 

1018 

101.4 

3015 

1. Number of leads inspected selected from a minimum of 3 devices. 
2. Number of bond pullaselected from a minimum of 4 devices. 
3. Test applicable only If the package contains a dessicant. 

'ntst Condition 

Solder Temperature 
+245°C ± 5°C 

C 

1000 ppm. 
maximum at + 100°C 

7a) A2 
7b) C 

Zilog Military Electrical 
Specification 

Static/DC Tc = + 25°C 
A = 20-2000V 
B = >2000V 

Zilog Military Electrical 
Specification 

Static/DC Tc = +25°C 

Quantity or 
LTPD/Max Accept 

2/0 

4/0 

15(Note 1) 

1/0 

15(Note2) 

3/0 or 5/1 

5 

15/0 

4. Test not required if etther 100% or sampl.e seal test is performed between final electrical tests and external visual during Class B screening. 
S. Test required for initial qualification and product redesign. 
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Table IV Group C 
Sample Test Performed Periodically to Verify Integrity of the Die. 

Subgroup 

Subgroup 1 
Steady State Operating Life 

End Point Electrical Tests 

Subgroup 2 
Temperature Cycle 

Constant Acceleration (Centrifuge) 

Seal 
2a) Fine Leak 
2b) Gross Leak . 

Visual Examination 

End Point Electrical Tests 

NOTE: 

MIL-S'rD-883 Method 5005 

Mil-Std-883 
Method 

1005 

1010 

2001 

1014 

10100r1011 

Test Condition 

Condition o(Note 1), 1000 hours at 
+ 125°C 

Zilog Military Electrical Specification 
Tc = +25°C, + 125°C, -55°C' 

Condition C 

Condition E or o(Note 2), Y 1 Axis Only 

'2a) Condition A2 
2b) Condition C 

Zilog Military Electrical Specification 
Tc = +25°C, +125°C, -55°C 

1. In process of fully implementing Condition D Burn-In Circuits. Contact factory for copy of specific burn-in circuit available. 

Quantity or 
LTPD/Max Accept 

5 

15 

2. Applies to larger packages which have an Inner seal or cavity perimeter of two inches or more in total length or have a package 
mass of ;'5 grams. . 
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Table V Group 0 
Sample Test Performed Periodically to Insure Integrity of the Package. 

MIL-STD-883 Method 5005 

Subgroup 

Subgroup 1 
Physical Dimensions 

Subgroup 2 
Lead tntegrity 

Subgroup 3 
Thermal Shock 

Temperature Cycling 

Moisture Resistance 

Seal 
3a) Fine Leak 
3b) Gross Leak 

Visual Examination 

End Point Electrical Tests 

Subgroup 4 
Mechanical Shock 

Vibration Variable Frequency 

Constant Acceleration (Centrifuge) 

Seal 
4a) Fine Leak 
4b) Gross Leak 

Visual Examination 

End Point Electrical Tests 

SubgroupS 
Salt Atmosphere 

Seal 
Sa) Fine Leak 
5b) Gross Leak 

Visual Examination 

Subgroup 6 
I nternal Water Vapor Content 

Subgroup 7(Note 3) 

Adhesion of Lead Finish 

Subgroup 8(Note 5) 
Lid Torque 

NOTES: 

Mil-Std-883 
Method 

2016 

2004 

1011 

1010 

1004 

1014 

1004 or 1010 

2002 

2007 

2001 

1014 

10100r1011 

1009 

1014 

1009 

1018 

2025 

2024 

1. Lead Integrity Condition 0 for leadless chip carriers. 
2. Applies to larger packages which have an inner seal or cavity 

perimeterof two inches or more in total length or have a package 
mass of ;'5 grams. 

Test Condition 

Condition 82 or D(Note 1) 

Condition 8 minimum, 
15 cycles minimum 

Condition C, 100 cycles minimum 

3a) Condition A2 
3b) Condition C 

Zilog Military Electrical Specification 
Tc = +25°C, + 125°C, -55°C 

Condition 8 minimum 

Condition A minimum 

Condition E or D(Note2), Y1 Axis Only 

4a) Condition A2 
4b) Condition C 

Zilog Military Electrical Specification 
. Tc = +25°C, + 125°C, -55°C 

Condition A minimum 

Sa) Condition A2 
5b) Condition C 

5,000 ppm. maximum water 
content at + 100°C 

3. Not applicable to leadless chip carriers. 
4. LTPD based on number of leads. 
5. Not applicable for solder se~1 packages. 

Quantity or 
LTPD/Max Accept 

15 

15 

15 

15 

15 

3/0 or 5/1 

15(Note4) 

5/0 
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~ ZiIill Product Specification 

FEATURES 

• Complete microcomputer, 24 I/O lines, and up to 64K 
bytes of addressable external space each for program 
and data memory. 

• 143-byte register file, including 124 general-purpose 
registers, three I/O port registers, and 16 status and 
control registers. 

• Vectored, priority interrupts for I/O, counter/timers, and 
UART. 

• On-chip oscillator that accepts crystal or external clock 
'drive, 

GENERAL DESCRIPTION 

The 28681 is the ROM less version of the 28 single-chip 
microcomputer. The 28681 offers all the outstanding 
features of the,28 family architecture except an on-chip 
program ROM. Use of external memory rather than a 
preprogrammed ROM enables this 28 microcomputer to be 
used in low volume applications or where code flexibility is 
required. 

The 28681 can provide up to 16 output address lines, thus 
permitting an address space of up to 64K bytes of data or 
program memory. Eight address outputs (ADo-AD7) are 
provided by a multiplexed, 8-bit, Address/Data bus. The 
remaining 8 bits can be provided by the software 
configuration of Port 0 to output address bits Aa-A15. 

Z8® Z8681 Military 
BOMless Microcomputer 

June 1987 

• Full-duplex UART and two programmable 8-bit 
counter/timers, each with a 6-bit programmable 
prescaler. 

• Register Pointer so that short, fast instructions can 
access anyone of the nine working-register groups. 

• Single + 5V power supply-all I/O pins TIL-compatible. 

• Available in 8 MHz. 

Available address space can be doubled (up to 128K bytes) 
by programming bit 4 of Port 3 (P34) to act as a data memory 
select output (OM). The two states of OM together with the 
16 address outputs can define, separate ,data and memory 
address spaces of up to 64Kbytes each. 

There are 143 bytes of RAM located on-chip and organized 
as a register file of 124 general-purpose registers, 16 control 
and status registers, and three I/O port registers. This 
register file can be divided into nine groups of 16 working 
registers each. Configuring the register file in this manner 
allows the use of short format instruction~; in addition, any of 
the individual registers can be accessed directly. 
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ABSOWTI: MAXIMUM RATINGS 
Guaranteed by characterization/design 

Voltages on all pins except RESET 
with respecttoGND . " ........ ; ... -0.3Vto + 7.0V 

Operating Case Temperature ........ - 55°C to + 125°C 
Storage Temperature Range ........ - 65°C to + 150°C 
Absolute Maximum Power Dissipation ............ 1.7 W 

STANDARD TEST CONDITIONS 

The DC characteristics listed below apply for the following 
standard test conditions, unless otherwise noted. All 
voltages are referenced to GND (OV). Positive current flows 
into the referenced pin. 

Military Operating Temperature Range (Te) 
- 55°C to + 125°C 

Standard Military Test Condition 
+4.5';;; Vcc';;; +5.5V 

DC CHARACTERISTICS 

Symbol Parameter 

VCH Clock Input High Voltage 

VCl Clock Input Low Voltage 

VIH Input High Voltage 

Vil Input Low Voltage 

VRH Reset Input High Voltage 

VRl Reset Input Low Voltage 

VOH Output High Voltage 

Val Output Low Voltage 

III Input Leakage 

IOl Output Leakage 

IIR Reset Input Current 

Icc Vce Supply Current 

CAPACITANCE 

Min 

3.Sa 

-O.3b 

2.0a 

-O.3b 

3.Sa 

-O.3b 

2.4a 

-10a 

-10a 

Symbol Parameter 

CMAX Maximum Capacitance 

TA = 25°C, f = 1 MHz. 

Parameter Test Status: 

a Tested 
b Guaranteed 
, Guaranteed by Characterization/Design 

662 

Stresses greater than those listed under Absolute Maximum Ratings may 
cause permanent damage to the device. This is a stress rating only; 
operation of the device at any condition above those indicated in the 
operational sections of these specifications is not implied. Exposure to 
absolute maximum: rating conditions for extended periods may affect 
device relia~ility. 

+5V 

2.1K 

Test Load 

Max Unit Condition 

Vccb V Driven by External Clock Generator 

o.sa V Driven by External Clock Generator 

Vccb V 

o.sa V 

Vceb V 

o.sa V 

V IOH = -2S01lA 

O.4a V IOl = +2.0mA 

10a ~ VIN '" OV, S.SV 

10a ~ VIN = OV, S.SV 

-soa ~ Vcc = MAX, VRl = OV 

230a mA All outputs and I/O pins floating 

Max Unit 

1Sc pf 



PORTO, 
DM 

PORT 1 

DS 
(READ) 

PORT 1 

DS 
(WRITE) 

)( 
f--®+ 

)( 

)! 
kD+ 

1-0--

16 
3 

",,-A, ) 

H>-

~I .. 
~ 

",,-A, X 
I--®--I 

~ 

Do-D, IN 

-+-

8 

CD ~y 

Do-D, OUT 

7 _I 

Y 

Figure 1. External 110 or Memory ReadlWrite Timing 

AC CHARACTERISTICS 
External 110 or Memory Read and Write Timing 

Z8681 
8 MHz 

Number Symbol Parameter Min 

1 TdA(AS) Address Valid to AS t Delay 50a 

2 TdAS(A) AS t to Addr~ss Float Delay 70a 

3 TdAS(DR) AS t to Read Data Required Valid 

4 TwAS AS Low Width Boa 

5 TdAz(DS) Address Float to DS • Ob 

6 TwDSR DS (Read) Low Width 250a 

7 TwDSW DS (Write) Low Width 160a 

B TdDSR(DR) ~ • to Read Data Required Valid 

9 ThDR(DS) Read Data to DS t Hold Time oa 

10 TdDS(A) DS t to Address Active Delay 70a 

11 TdDS(AS) ~ t to AS • Delay 70a 

12 TdRIW(AS) RfW Valid to AS t Delay 50a 

13 TdDS(R/W) DS t to RfW Not Valid 60a 

14 TdDW(DSW) Write Data Valid to DS (Write) • Delay 50a 

15 TdDS(DW) ~ t to Write Data Not Valid Delay 60a 

16 TdA(DR) Address Valid to Read Data Required Valid 

17 TdAS(DS) AStto~. Delay Boa 

NOTES; 
1. When using extended memory timing add 2 TpC. Parameter Test Status: 

TIming numbers given are for minimum TpC. a Tested 
". See clock cycle time dependent characteristics table. b Guaranteed 

K 
-@-I 

)( 

} < 
@-
~1\ 

--®-
}( 

-®-I 

Max 

420a 

200a 

410a 

• All unrts in nanoseconds (ns). c Guaranteed by Characterization/Design 

o All timing references use 2.0V for a logic "1" and O.BV fora logic "0': 

Notes' • 

2,3 

2,3 

1,2,3 

2,3 

1,2,3 

1,2,3 

1,2,3 

2,3 

2,3 

2,3 

2,3 

2,3 

2,3 

1,2,3 

2,3 
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Figure 2. Additional Timing 

AC CHARACTERISTICS 
Additional Timing Table 

Number Symbol 

1 TpC 

2 TrC,TfC 

3 T'::C 

4 TwTinL 

5 TwTinH 

6 TpTin 

7 TrTin,TfTin 

8A TwlL 

88 TwlL 

9 TwlH 

NOTES: 

Parameter 

Input Clock Period 

Clock Input Rise and Fall Times 

!r:p!..!t C!0ck Width 

Timer Input Low Width 

Timer Input High Width 

Timer Input Period 

Timer Input Rise and Fall Times 

Interrupt Request Input Low Time 

Interrupt Request Input Low Time 

Interrupt Request Input High Time 

1. Clock timing references use 3.8Vfor a logic "1" and D.8V for a logic "D". 
2. Timing references use 2.DVfor a logic "1" and D.8V for a logic "D': 
3. Interrupt request via Port 3. 

Parameter Test Siatus: 

a Tested 
b Guaranteed 
c Guaranteed by Characterization/Design 

664 

Z8681 
8MHz 

Min 

125a 

37b 

100b 

3TpCb 

8TpCb 

100b 

3TpCb 

3TpCb 

4. Interrupt request via Port 3 (P31-P33) 
5. Interrupt request via Port 3 (P30) 
• Units in nanoseconds (ns). 

Max 

1000a 

25b 

100b 

Notes· 

1 

2 

2 

2 

2 

2,3,4 

2,3,5 

2,3 



DATA IN DATA IN VALID 

----~~~~~~~~--------
DAY--------------------~~----~ ~----~~-------------------------

(INPUTj 

RDY 
(OUTPUT) 

DATA OUT 

DAY 
(OUTPUT) 

RDY 
(INPUT) 

AC CHARACTERISTICS 
Handshake Timing 

Number Symbol 

1 TsDI(DAV) 

2 ThDI(DAV) 

3 TwDAV 

4 TdDAVlf(RDY) 

S TdDAVOf(RDy) 

6 TdDAVlr(RDY) 

7 TdDAVOr(RDY) 

8 TdDO(DAV) 

9 TdRDY(DAV) 

NOTES: 
1. Inpu1 handshake 
2. Output handshake 

Figure 3a. Input Handshake Timing 

DATA OUT VALID 

Figure 3b. Output Handshake Timing 

Parameter Min 

Data In Setup Time oa 

Data In Hold Time 230a 

Data Available Width 17Sa 

f5iW ,Input to RDY, Delay 

f5iW, Output to RDY , Delay oa 

DAV t Input to RDY t Delay 

f5iW t Output to RDY t Delay oa 

Data Out to DAV , Delay soa 

Rdy ,Input to DAV t Delay Ob 

t All timing references use 2.DVlor a logic "1" and D.BVlor a logic "0': 
• Units in nanoseconds (ns). 

Parameter Test Status: 

a Tested 
b Guaranteed 
c Guaranteed by Characterization/Design 

\ 
Z8681 

Max 

17Sa 

17Sa 

200a 

Notesf* 

1 

2 

2 
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PIN DESCRIPTION 

AS. Address Strobe (output, active Low). Address Strobe is 
pulsed once at the beginning of each machine cycle. 
A.ddresses output via Port 1 for all external program or data 
memory transfers are valid at the trailing edge of AS. 

OS. Data Strobe (output, active Low). Data Strobe is 
activated once for each external memory transfer. 

POO·P07. P20·P27. P30·P37' I/O Port Lines (input/outputs, 
TIL-compatible). These 24 lines are divided into three 8-bit 
I/O ports that can be configured under program control for 
I/O or external memory interface. 

P1o·P17' Address/Data Port (bidirectional). Multiplexed 
address (Ao-A?) and data (Do-D?) lines used to interface with 
program and data memory. 

PACKAGE PINOUTS 

TIMINGf~ REm +SV 

R/W GND AND 
CONTROL l os XTAL1 

AS XTAL2 

( PO, P2" 

PO, P2, 

PO, P2, 
PORT 0 I P23 (NIBBLE P03 

PROGRAMMABLE, PO. P2. 
110 OR Ab-A'5 

PO, Z8681 P25 

PO. MCU P2. 

PO, P2, 

P3, 

P3, 

P3, 
PORT 1 

P33 (BYTE 

'~M_"'·I 
P3. 

AOr,-AD, 
P3, 

P3, 

P37 

Figure 4. Pin Functions 
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RESET. Reset (input, active Low). RESET initializes the 
Z8681. After RESET the Z8681 is in the extended memory 
mode. When RESET is deactivated, program execu­
tion begins from program location OOOCH. 

RIW. ReadNVrite (output). Rm is Low when the Z8681 is 
writing to external program or data memory. 

XTAL 1. XTAL2. Crystal 1, Crystal 2 (time-base input and 
output). These pins connect a parallel-resonant crystal to the 
on-chip clock oScillator and buffer. 

+SV P3. 

XTAL2 P3, 

XTAL1 P2, 

P3, P2, 

P3, P2, 

RESET P2. 

Rfy/ P23 

os P2, 

AS P2, 

P2, 

P33 

P3, P3. 

PO, Pl, 

po, Pl, 

po, Pl, 

P03 Pl, 

po. Pl, 

po, Pl, 

po, Pl, 

Po, Pl, 

Figure 5. 40-pin Dual·ln-Line Package (DIP). 
Pin AsSignments 



MIL-STD-883 MILITARY PROCESSED PRODUCT 

• Mil-Std-883 establishes uniform methods and proce­
dures for testing microelectronic devices to insure the 
electrical, mechanical, and environmental integrity and 
reliability that is required for mnitary applications. 

• Mil-Std-883 Class B is the industry standard product 
assurance level for military ground and aircraft 
application. 

• The total reliability of a system depends upon tests that 
are designed to stress specific quality and reliability 
concerns that affect microelectrqnic products. 

• The follOWing tables detail the 100% screening and elec­
trical tests, . sample electrical tests, and Qualificationl 
Quality Conformance testing required. 

Zllog Military PrOduct Flow . 
ENVIRONMENTAL SCREENING 
• STABILIZATION BAKE 
• TEMPERATURE CYCLE 
• CENTRIFUGE 
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Table I 
MIL·STD·883 Class B Screening Requirements 

Method 5004 

Test , 

Internal Visual 

Stabilization Bake 

Temperature Cycle 

Constant Acceleration (Centrifuge) 

Initial Electrical Tests 

Burn-In 

Interim Electri<;:al Tests 

PDA Calculation 

Final Electrical Tests 

f'lne Leak 
Gross Leak 

Quality Conformance Inspection (QCI) 
Group A Each Inspection Lot 
Group B Every Week 
Group C Periodically (Note 3) 
Group D' Periodically (Note 3) 

External Visual 

QA-Ship 

NOTES: 

MiI·Std·883 
Method Test Condition 

2010 Condition B 

1008 Condition C 

1010 Condition C 

2001 Condition E or D(Npte 1), Yl Axis Only 

1015 

lU14 
1014 

5005 
5005 
5005 
5005 

2009 

Zilog Military Electrical Specification 
Static/DCTc = +25°C 

Condition D(Note 2), 160 hours, 
TA = + 125°C 

Zilog Military Electrical Specification 
StaticlDC Tc = + 25°C 

PDA = 5% 

Zildg Military Electrical Specification 
StatiC/DCTc = +125°C, -55°C 
Functional, Switching/AC Tc = + 25°C 

Condition B 
ConditionC 

(See Table II) 
(See Table III) 
(See Table IV) 
(See Table V) 

Requirement 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 

100% 
100% 

Sample 
Sample 
Sample 
Sample 

100% 

100% 

1. Applies to larger packages which have an inner seal or cavrty perimeter of two inches or more in total length or have a package 
mass of ~5 grams. . 

2. In process of fully implementing of Condition 0 Burn-In Circuits. Contact factory for copy of specific burn-in circuit available. 
3. Performed periodically as required by Mil-Std-883, paragraph 1.2.1 b(17). 
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Table II Group A 
Sample Electrical Tests 

MIL-STD-883 Method 5005 

LTPD 
Subgroup Tests Temperature (T c) Max Accept = 2 

Subgroup 1 StaticlDC +25°C 2 

Subgroup 2 Static/DC +125°C 3 

Subgroup 3 Static/DC -55°C 5 

Subgroup 7 Functional +2SoC 2 

Subgroup 8 Functional -55°C and +125°C 5 

Subgroup 9 Switching/AC +25°C 2 

Subgroup 10 Switching/AC + 125°C 3 

Subgroup 11 Switching/AC -55°C 5 

NOTES: 
• The specific parameters to be included for tests in each subgroup shall be as specified in the applicable detail electrical specification. Where no 

parameters have been identified in a particular subgroup or test within a subgroup, no Group A testing is required for that subgroup or test. 
• A single sample may be used for all subgroup testing. Where required size exceeds the lot size, 100% inspection shall be allowed. 
• Group A testing by subgroup or ,within subgroups may be performed in any sequence unless otherwise specified. 
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Table III Group B 
Sample ~st,Peiform.d Every Week to 

Test Construction and In.ure Integrity of Auembly Process. 
MIL-STD-883 Method 5005 

Subgroup, 

SubsjrOup1 , 
Physical birrieAsions 

$ubgi'Oup2 
Resistance to Solvents . 

$ubgroup3 
Solderability 

SubgrOup 4 
Internal Visual and Mechanical 

SubgroupS 
Bond Strength 

Su~group 6(Note 3) 

Internal Water Vapor Content 

Subgroup t(Note 4) 
Seal -

7a) Fine Leak 
7b) GroSs Leak 

Subgroup s(Note 5) 

Electrostatic Discharge Sensitivity 

NOTES: 

MII:-Std-883 
MethOd 

2016 

2015 

2003 

2014 

2011 

1018 

1014 

3015 

1. Number of lea~s inspected selected from a minimum of 3 devices. 
2. Number oi bond pulls selected from a minimum of 4 devices. 

Test Condition 

Solder Temperature 
+245°C ± 5°C 

C 

1000 ppm. 
'maximum at + 100°C 

7a) B 
7b) C 

Zilog Military Electrical 
Specification 

Static/DCTc = +25°C 
A = 20·2000V 
B = >200QV 

Zilog Military Electrical 
Specification 

Static/DCTc = +25°C 

3. lest applicable only if,the package contains a dessicant. . 

Quantity or 
, LTPD/Max Accept 

2/0 

4/0 

J5(Note1) 

1/0 

15(Note2) 

3/0 or 5/1 

5 

15/0 

4. lest not required if efher 100% or sample seal test is performed between final electrical tests and external visual during Class B screening. 
5. lest required for ihitial qualification and product redesign. . ' 
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Table IV Group C 
Sample Test Performed Periodically to Verify Integrity of the Ole. 

MIL-STO-883 Method 5005 

MII-Std-883 Quantity or 
Subgroup Method Test Condition LTPO/Max Accept 

Subgroup 1 
Steady State Operating Life 

End Point Electrical Tests 

Subgroup 2 
Temperature Cycle 

Constant Acceleration (Centrifuge) 

Seal 
2a) Fine Leak 
2b) Gross Leak 

Visual Examination 

End Point Electrical Tests 

NOTE: 

1005 Condition D(Note 1), 1000 hours at 
+125QC 

Zilog Military Electrical Specification 
Tc = +25°C, +125°C, -55°C· 

1010 ConditionC 

2001 Condition E or D(Note 2), Y 1 Axis Only 

1014 
2a) . Condition B 
2b) Condition C 

1010 or 1011 

Zilog Military Electrical Specification 
Tc = +25°C, + 125°C, -55°C 

1. In process of fully implementing Condition D Burn·ln Circuits. Contact factory for copy of specific burn·in Circuit available. 
2. Applies to larger packages which have an inner seal or cavity perimeter of two inches or more in total length or have a package 

mass of ;'5 grams. 

5 

15 
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Table V Group 0 
Sample Test Performed Periodically to In,ure Integrity of the Package. 

, MIL-STD-883 Method 5005 

Mil-Std-883 
Subgroup Method Test Condition 

Subgroup 1 
Physical Dimensions 2016 

Subgroup 2 
Condition 82 or D(Note 1) Lead Integrity 2004 

Subg..oup3 
Thermal Shock 1011 Condition 8 minimum, 

15 cycles minimum 

Temperature Cycling 1010 Condition C, 100 cycles minimum 

Moisture Resistance 1004 

Seal 1014 
3a) Fine Leak 3a) Condition B 
3b) Gross Leak 3b) Condition C 

Visual Examination 1004 or 1010 

End Point Electrical Tests Zilog Military Electrical Specification 
Tc = +25°C, + 125,oC, ":'55°C 

Subgroup 4 
Mechanical Shock 2002 Condition 8 minimum 

Vibration Variable Frequency 2007 Condition A minimum 

Constant Acceleration (Centrifuge) 2001 Condition E or D(Note 2), Y1 Axis Only 

Seal 1014 
4a) Fine Leak 4a) Condition B 
4b) Gross Leak 4b) Condition C 

Visual Examihation 1010 or 1011 

End Point EI~trical Tests Zilog Military Electrical Specification 
Tc = +25°C, +125°C, -55°C 

Subgroup 5 
S.alt Atmosphere 1009 Condition A minimum 

Seal 1014 
5a) Fine Leak 5a) Condition B 
5b) Gross Leak 5b) Condition C 

Visual Examination 1009 

Subgroup 6 
Internal Water. Vapor Content 1018 5,000 ppm. maximum water 

content at + 100°C, 

Subgroup 7(Note 3) 

Adhesion of Lead Finish 2025 

Subgroup 8(Note 5) 

Lid Torque 2024 

NOTES: 
1, Lead Integrity Condition D for leadless chip carriers, , 3, Not applicable to leadless chip carriers. 
2, Applies to larger packages which have an inner seal or cavity 4. LTPD based on number of leads, 

perimeter of two inches or more in total length or have a package 5. Not applicable for solder seal packages, 
mass of ~5 grams, 
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Quantity or ' 
LTPD/Max Accept 

15 

15 

15 

15 

15 

3/0 or 511 

15(Note4) 

5/0 



PACKAGE INFORMATION 

18 

18·Pln Ceramic Package 

~~J.E:::::::I 
0.025 ~0920~' 0.300 G.ii3ii MAX 

1-0.320- -I O.oes~ ~ --11-0.040 0.130 

B .001 TT-~Ji~: 
, 0.325 +~ ~ ,tT 
1_ + 025 _I _ 0.050 I+-- .-+114- 0.100--l ~125 
r--:015 --, .. .015 I m II TVP I I MIN 

18·Pin Plastic Package 

NOTE: Package dimensions are given I~ inches. To convert to millimeter •• multiply by 25.4 

? 
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PACKAGE INFORMATION (Continued) 

~=~=~ . H==II=~ tt II I 0.010 -.- . TV' _ 
1---..... ---1 ..... ~ 1.-......... --I 1.-:;,": --11.-::= 

:t." IItN 10TH ENDa TYP "' ..... ..... 

=~::::::::::::: I . " 
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PACKAGING INFORMATION 

40 21 

T 
0.510 

I~~~r=n=rr=n::::n=;=;=:;::;~;=;=;=l 
20 

r..--m----1� 1------~':-----+l·I.,. 
~~----~I ~-------------------------------+r---------~=r-+O.02O 
+::~~ J 'MIN 

I---:::~----l 

4O-pID Plastic: DIP 

.!e!~~4O~-U-LLLLLLLLL~~U-LLLLLL~~~-U-U-LLLL21L, 
0.550 

~~~~~~~~~~~ 
20 

,. ~??~'------·I 

0230 0.056 I 

Tb~ 
o",ffi f.--~~fH~~~S ~ I.-:;~ ~L:~! 

0.040 
::t.02O 

4O-pID Cerd1p Package 

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4. 
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PACKAGE INFORMATION (Continued) 

0.1.. t'I J 0.300 ! O'r 
0.987 t f .1. 

10rT or / 
IDENTIA CA~:~~;/' 

SOCKET A 
,IDENT! FlCATION 

CERAMICLlD\ 

0.10 
EPOXY/GLASS\ 1---+----, 

PINSTAND-OFF/ I U"--~FILE 
4PL SOCKET '1- 0.200 -0.300-1 

-0.300 -0.400 

• • • • • • • • • • • • • • • • • • • 
-000000000000 

1-· 
• • • • • • • • • • • •••• ~ . . oooooooooo( 

~O.100)( 11 = 1.100 . 0.520~ t--0.3~~ 

1.690 
I . 
I 0.100)( 19 = 1.900 . 2.311 

4O-p1D Low Profile Protopack 
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PIN 1 0 
IDENTIFICATION ,,45 x 0.45 MAX 

45· x 0.045 MAX", " 

0.026.l~' .tt!::~~"" ~0'650 1 
NOMINALT ! I 

~====~~ •• lI"~ 
45· x 0.010 MAX../ 

3 PLACES I 
H ~ 0.023 ± .003 
~ - 0.105 ± .005 
_ O.174±.OO5 

44-pinPCC 

.-------~4~°:J[JE:J[J[:J[Jc:J[J[:J[Jc:J[~~~==========~~21~ 1 -r-r4-D D D D D D D D D D D D 

~~;D D D F 
20 

Ll~DDDDDUDDDDD 
IDENTIFICA~:~~ ~ .1 2.020 MAX 

SOCKET A/ ~ '1_0.050±.020 

• 1.220 MAX 'I 
L--,-___ --,--' 

0.010 
.......... -::!::.002 

TYP 

I_OR~9~~1 

-t-~_0'530SQ' I ~~~ 
~~~ MAX ~ 

U I 
O.040J 1- , -l 

±.020 . 

~I 1-+0.050±.015 BOTH ENDS _11_~·0~t3 ' 1 ~5 
_ 1--0.100 ± .010 TYP TYP ........ _0.040 + .007 TYP MIN 

, 1.900 -.002 
• REF • 

4O-pin Protopaclc 
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PACKAGING INFORMATION (Continued) 

0.062 
RADIUS 

48 25 

15" I~~:~~=J 0.180 
4 PLACEStil r- MAX 

" .. m."M.mr ~ 4 .tt~' 
1~00·.665100-~:~~~ '1- oI] I 11~0'060 

MIN. 0.060 TYP. 0.040 

48-Pin Dual-in-Line Package (DIP), 
Plastic 

@ @ @ @ @ @ @ @ @ @ @ @ @ 

©©©©©©©©©©©©© 

1.083+-l-t--t-

@@@@@@@@@@@@@ 

©©©©©©©©©©©©~ 
" , 
H-----o.1oox1h1.3oo----o-j 

~+_--------1.no--------~ 

1----------~0.1OOx23=2.300----------_I 

~------------2.470------------___I 

0.155 

~~L~ ~IT qf[if 
'------<I.,-.Ir--, i'~' , WoRLE T-mmrrrrml mmr~ u~~~1 0.064 

-10.200 0.300 J I~~::::TAND-OFF --/,i-0.018DIA ' 0.126 0.197 
-0.300 ~O.400~ 4PL TYp. 0.040 
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48-Pin Low Profile 

Protopack (T) 

NOTE: Package dimensions are given in inches. To convert to millimeters, mUltiply by 25.4, 



PACKAGE INFORMATION (Continued) . 

23 

~ 

44 

'-________ (.1151 ~.012)· ________ --' 

14 :t.3 

(.394 :!: .012) 
10 0.3 

(.1151 :!: .012) 
14 .3 

(.039:t .004) 
1 t .1 

(.002 iii .010) + 
"j.25 ~ + (.083 t.OO4) 

=+?=====:=' d_U::U:U:U:U::U:U_~--,+,------,-+_2., t·1 

(ot) t -I ~ 
.15 .......... 

44·Pln Quad Flat Pack (QFP) 

(.039 :t .008) 
1 t 2 

NOTE: QFP pad<age dimensions •• In mllimatara 
Un .. with ( ) .re In Inches. 
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ORDERING INFORMATION 

za MCU, 2K ROM, 8 MHz 
28-plnDIP 

Z0860008PSCRXX 
Z0860008PECRXX 

zaMCU 
4O-pinDIP 44-plnPee 

2KROM 

4O-pln Protopak 

2KXROM 

Z0860112PSCRXXX Z0860112VSCRXXX Z0860312TSF 
Z0860112DSERXXX 
Z0860112PECRXXX 
Z0860112DEERXXX 

4KROM 4KXROM 

Z0861112PSCRXXX Z0861112VSCRXXX Z0861312TSF 
Z0861112PECRXXX 
Z0861112DSERXXX 

Z8 MCU with BASICiDebug Interpreter, 8 MHz 
4O-pln DIP 

Z0867108PSCROO2 
Z0867108PECROO2 

za6B1 ROMlass MCU 
4O-pln DIP 4 .... pln Pee 

8 MHz 
Z086810SPSC 
Z0868108DSE 
Z0868108PEC 
Z0868108DEE 

12MHz 
Z0868112PEC 
Z0868112PSC 
Z0868112DSE 
Z0868112DEE 

16 MHz 
Z0868116PSC 

Z0868108VSC 

Z0868112VSC 
Z0868112VEC 

Z0868116VSC 

Low Cost ROMlass MCU, 8 MHz 
Z0868208PSC 
Z0868408PSC 

low P_ar ROMlea. MCU, 8 MHz 
4O-pln DIP 44-pin Pee 

Z0869108PSC Z086910avSC 

za ROMless MCU, 12 MHz 
4O-pln DIP 44-pln Pee 

Z0869112PSC 
Z0869112PEC 

Z0869112VSC 

'za ROMln. MCU, 16 MHz 
4O-pln DIP 44-pln POe 

Z0869116PSC Z0869116VSC 

Z8 MCU, 4K ROM, 
12 MHz 
4o-pinDIP 

Z8 MCU, 4K ROM, 
16 MHz 
4o-pln DIP 

Z86C1112PECRXXX Z86C1118PSCRXXX 

44-plnPLCC 44-plnPLCC 

Z86C1112VECRXXX Z86C1118VSCRXXX 

za MCU, 8K ROM 
4O-pln DIP 

Z86C2112PECRXXX 
Z86C2116PSCRXXX 
Z86C2112CEARXXX 

za MCU, 8K PROM 
4o-pln DIP 44-pln PLCC 

Z86E2112PEC Z86C2112VECRXXX 
Z86E2116PSC Z86C2118VSCRXXX 
Z86E2112CEA 

44-plnPLCC 

Z86E2112VEC 
Z86E2116VSC 

ZB6C271Z86C97 DTC 

64-Pln DIP 

Z86C2708PSCRxxx 

Z86C2708PSCRxxx 

Z86C9708PSCR314 

Z8 ROMlesa MCU 
4o-pln DIP 4 .... pln POe 

Z86C9112PEC Z86C9112VEC 
Z86C9116PSC Z86C9116VSC 

za 4K ROM MCU, 12 MHz 

Z0861112CMBRXXX 

Z8 ROMleBs MCU, 8 MHz 
4o-pln DIP 

Z08681 DSCMB 

za MCU, 4K ROM, 12 MHz 
28-pinDIP 

Z86Cl012PSC 

2:8 MCU, 8K ROM,12 MHz 
28-pln DIP 

Z86C2012PSC 

681 



Codes 

PACKAGE 
Preferred 
D=Cerdip 
P = Plastic 
V = Plastic Chip Carrier 

, Longer Lead Time 
C=Ceramic 
F .. Plastic Quad Flat Pack 
G = Ceramic PGA (Pin Grid Array) 
L = Ceramic LCC 
Q = Ceramic Quad-in-Une 
R = Protopack 
T = Low Profile Protopack 

TEMPERATURE 
Preferred 
S = O°C to +70°C 

Longer Lead Time 
E = -40°C to +85°C 
M = -55°C to + 125°C 

ENVIRONMENTAL 
Preferred 
C = Plastic Standard 
E = Hermetic Standard 
F = Protopack Standard 

Longer Lead Time 
A = Hermetic Stressed 
B = 833 Class B Military 
D = Plastic Stressed 
J = JAN 38510 Military 

Example: 
Z0869112PSC is a 12 MHz 8691 (ROMless Z8) in a plastc DIP, 00 C to +700 C, Standard 
Flow. 
Z 08691 12 P S C RXXX 

11,-----I _L 
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ROM Mask Number 
Environmental Flow 
Temperature 
Package 
Speed 
ProduQt Number 
Zilog Prefix 




