




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1/0 Ports

Enable BN (D3). If this bit is a 1, Port 35 is
configured as Data Memory output line (BM). A
hardware reset forces this bit to a 0.

of Ports 2 and 3 configures the bit as input or
output. The field also controls whether the bit
is enabled as an external interrupt source and
. . selects the output as open-drain or push-pull,
Port 1 Mode (04-05). This field selects the The field is coded as follows:

configuration of Port 1 as an output port, input

port, or address/data port as part of the external

memory interface. The coding for this field is as Field Function
follows:
00 Input’
Field Function : 01 Input and interrupt ensbled
10 Output, push-pull drivers
00 Output port . " Output, open-drain
01 Input port . ,
1X Address/data A hardware reset forces all bits of the four

registers to the 0 state,
A hardware reset forces this field to the 01
(input port) state., The ROMless part has this
field forced to 1X.

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

Eol o]

8.7.2 Port 0 Mode Register P3s "‘°°E—] L"’z°"°°ﬁ

. ‘ P3g MODE P2 MODE

The Port O Mode register programs each bit of Port
0 as an address output (part of an external memory
interface) or as an 1/0 bit (Figure 8-2). When a
bit of this reqister is a 1, the corresponding bit
of Port 0 is defined as an address output. When a
0, the corresponding bit of Port 0 is defined as
an 1/0 bit. For ROMless parts, g§ hardware reset
forces this register to all 1s for pins POg-POy4
and Os for pins POs-POy; for parts with on-chip
ROM, a hardware reset forces all pins to O.

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)

=] ]]
P33 MODE—J l— P2; MODE

P32 MODE P23 MODE

R240 BANK O () POl '
PORT

EOOROCEHD,

G0 [INPUT
J 01 | INPUT, INTERRUPT ENABLED
P07 MODE Poo MODE 10 | OUTPUT, PUSH-PULL
. 11 | OUTPUT, OPEN-DRAIN
POy MODE
v

POs MODE
P05 MODE P02 MODE Figure 8-4. Port 2/3 B Mode Register
P04 MODE P03 MODE

= 1/0; 1 = ADDRESS R250 BANK 0 (FA) P2CM

)
PORT 2/3 C MODE (WRITE ONLY)

Figure 8-2. Port 0 Mode Register

8.7.3 Port 2/3 Mode Registers

Flo oo o ]

P35 MODE—I

l——— P24 MODE

P34 MODE P25 MODE
The Port 2/3 A Mode, Port 2/3 B Mode, Port 2/3 C o1 | INPUT. INTERRUPT ENABLED
Mode, and Port 2/3 D Mode registers control the :2 83;:3%?;:&;%'&'!\
modes of Ports 2 and 3 (Figures 8-3, 8-4, 8-5, and
8-6). A separate 2-bit field for each of the bits .
\ Figure 8-5. Port 2/3 C Mode Register
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1/0 Ports

R251 BANK 0 (FB) P2DM
PORT 2/3 D MODE (WRITE ONLY)

[ [oe o Touoe [oe [on 0]

P3; MODE —j I—— P25 MODE

P3 MODE P27 MODE

00 | INPUT

01 | INPUT, INTERRUPT ENABLED
10 |OUTPUT, PUSH-PULL

11 |OUTPUT, OPEN-DRAIN

Figure 8-6. Port 2/3 D 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-riggered flip-flops associated
with external interrupt inputs. Each bit of these registers
corresponds toan interrupt generated by an external 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 resetto 0; a
0 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 these 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. .

R252 BANK 0 (FC) P2AIP
PORT 2/3 A INTERRUPT PENDING

o Tor o [or oo [oe[or o]

] L

P2; P3¢

P22 - P34

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

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

EEElll]

ol | b

P27 v P34

P2g P3s

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

8.7.5 Port 4 Direction Register

The Port 4 Direction register defines the 1/0
direction of Port 4 on a bit basis (Figure 8-9). .
If a bit in this register is a 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 BANK 0 (F6) P4aD
PORT 4 DIRECTION

ez [os s [oe [os [0 o0 oo ]

l_-_ P4g-P47 /0 DIRECTION

0 = 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 all 0s state.

R247 BANK 0 (F7) P40D
PORT 4 OPEN-DRAIN

ID7[Ds[DsIDalDalDle|lDoI.

I P4y-P47 OPEN-DRAIN

0 = PUSH-PULL; 1 = OPEN-DRAIN

.

Figure 8-10. Port 4 Open-Drain Register

8.8 HANDSHAKING CHANNELS

The Super8 has two handshaking channels. Channel
"0" is associated with Ports 1 or 4; Channel "1"
is associated with Port 0. 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 a
control wire must be answered by a transition on

‘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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1/0 Ports

__ 1
DAV
(INPUT TO SUPERS) \

RDY
(OUTPUT FROM supsna)—_\
L W

DATA ON PORT
(INPUT TO SUPERS) ( VALID DATA X )(

State 1. Ready output is high indicating that the Super8 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 Super8 forces the Ready (RDY) output low, signaling to the /O device that the data
has been latched _
State 4. The I/0 device returns the DAV line high in response to RDY going low.
State 5. The Super8 DMA or interrupt software must respond to the service request and read the con-
tents of the port in order for the handshake sequence to be completed. The RDY 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. Super8 Input Handshake—Fully Interlocked Mode

2 3 4 5

RDY 4
(INPUT TO SUPERS) / ; -
DAV \ .
(OUTPUT FROM SUPERS) ‘

SET-UP

DATA ON PORT <
(OUTPUT FROM SUPERS) VALID DATA )(

State 1. RDY input s high indicating that the I/0 device I1s ready to accept data

State 2. The Super8 writes to the port register to iniate a data transfer. Writing the port outputs
new data and forces DAV low 1f, and only if, RDY 1s high and set-up time I1s done

State 3. The I/O device forces RDY low after latching the data. RDY low causes an interrupt or DMA
request to be generated. The Super8 can write new data in response to RDY going low.

State 4. The DAV DAV output from the Super8 1s driven high in response to RDY going low.

State 5. After DAV goes high, the I/0 device s free to raise RDY high thus returning the interface
toits initial state

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

The second mode is the "strobed" or single-wire Each channel has a 4-bit counter, called the

mode. In this mode there is a single control wire Deskew Counter, that is used to count processor

and it is generated by the sender. Figures 8-13 clocks. In the "strobed" mode, this counter is

and 8-14 illustrate- the operatmn of "strobed" used to generate the set-up time and strobe width

handshaking. ) for the output handshake. In the "fully inter-
. — |

(INPUT TO SUPERS) _KI STROBE | / i

SET-UP —}»| |«— HoLo —|

DATA ON PORT I <
(INPUT TO SUPERS) X VALID DATA

[ |

Figure 8-13. Super8 Input Handshake—Strobed Mode
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DAV

(OUTPUT FROM SUPERS)

@smose

je—>}—serur

DATA ON PORT
(OUTPUT FROM SUPERS)

VALID DATA

THE SET-UP AND STROBE MINIMUM TIMES ARE DETERMINED
BY THE VALUE IN THE DESKEW COUNTER.

Figure 8-14. Super8 Output Handshake—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 handshake 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 transfer 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 P2,
Handshake Channel 0 Output P2g
Handshake Channel 1 Input P34
Handshake Channel 1 Output P35

The individual Port 2 and 3 pins should be con-

figured for the appropriate 1/0 direction as

needed 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 DAV
signal for input handshaking or the RDY signal for
output handshaking.

Handshake Output. This output provides the RDY
signal for input handshaking or the DAV signal for
output handshaking.

8.8.2 Handshake Control Registers

Each handshake channel is controlled by an 8-bit
control register (Figures 8-15 and 8-16). 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 DMA capability (Channel 0 only), and
initializing the Deskew Counter. The fields in
these registers are:

R244 BANK 0 (F4)HOC
HANDSHAKE 0 CONTROL (WRITE ONLY)

ID7‘DG|05ID4|D;|ID2LD1lDo

DESKEW COUNTER
(RANGE 1-16)

1 = HANDSHAKE ENABLE
PORT SELECT:
1=PORT1;0 = PORT 4

DMA ENABLE:
1 = ENABLED
0 = DISABLED

MODE:
1 = FULLY INTERLOCKED
0 = STROBED

Figure 8-15. Handshake 0 Control Register
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1/0 Ports

R245 BANK 0 (F5) H1C
HANDSHAKE 1 CONTROL (WRITE ONLY)

o[ o[ [ ]o ]

DESKEW COUNTER ——-J

(RANGE 1-16)

L1 = HANDSHAKE ENABLE

NOT USED

MODE:
1 = FULLY INTERLOCKED
0 = STROBED

Figure 8-16. Handshake 1 Control Register

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

Port Select (Channel 0 only)(D4). This bit
selects which port is controlled by Handshake
Channel 0. When it is set to 1, Port 1.is
selected and when it is cleared to 0, Port 4 is
selected.

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

Mode (D3). When this bit is set to 1, the "fully
interlocked" mode is enabled. When it is cleared
to 0, the "strobed" mode is enabled.

Deskew Counter (D4-D7). 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.

607



Chapter 9
Counter/Timers

9.1 INTRODUCTION

The Super8 has two identical 16-bit counter/timers
that can be programmed independently. They can be
cascaded to produce a counter 32 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.

The counter/timers can count up or down.

The
direction 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).

Cc
u
T P A
" 0 I
2 E ) v
T w E
A [+ N
- 0 - R —
B N c p
v s o H
s T u 1
A N s
N T i
T E E
R R
<€ C/TIN
CONTROL LOGIC
<—>C/T /0

Figure 9-1. Counter/Timer Block Diagram
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9.1.1 Bi-Value 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 FFFFH when counting down, or
between a count of FFFFY and 0 when counting up
(assuming continuous mode operstion), 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
enabled 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

The external event can be either the rising edge
of the counter/timer I/0 line (P2 for C/10, P3y
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
is generated on the transition from a count of 0
to a count of FFFFy or from a count of FFFFy
to a count of 0, and/or on an external event. If
configured for an external output, the output pin
toggles at this same 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 is performed only when this line

current value in the counter is loaded into a is low. The gate facility is illustrated in
special register that can subsequently be Figure 9-2.
read via software, The capture feature is needed
to look at counters on the fly, especially
cascaded counters.
GATE INPUT I l I
COUNTEROR .
TIMER INPUT I I I I I I I I
A COUNT OCCURS HERE: * * *

Figure 9-2. Gate Facility

TRIGGER INPUT

[ 1

COUNTER OR r1 I'—-—I r—l
TIMER INPUT
A COUNT OCCURS HERE: * ’ *
Figure 9-3. Trigger Operation
GATE/TRIGGER \ rom—
INPUT . \ /

COUNTER OR TIMER INPUT

L IT1 11

.

A COUNT OCCURS HERE:

*

Figure 9-4. Gate/Trigger Function
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An external input can be used as a trigger input
to a counter/timer. When this feature is selected,
an external line is monitored. A software trigger
is also 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 MODE 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.

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 likely to be dynamically
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/P37 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. 1t 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 (E0) COCT
COUNTER 0 CONTROL

o[ ]o]

0 = SINGLECYCLE -—’
1 = CONTINUOUS

0 = COUNT DOWN
1 = COUNTUP

1 = LOAD COUNTER

CINDAE

l—~1 = ENABLE COUNTER
READ 1 = END OF COUNT
WRITE 1 = RESET END OF COUNT
1 = ZERO COUNT INTERRUPT ENABLE

1 = SOFTWARE TRIGGER

1 = SOFTWARE CAPTURE

Figure 9-5. Counter 0 Control Register

R225 BANK 0 (E1) C1CT
COUNTER 1 CONTROL !

[07 l Ds | D5 | D4 i‘Da ] D, [D, °°1

0 = SINGLE CYCLE —l
1 = CONTINUOUS

0 = COUNT DOWN
1 = COUNT UP

1 = LOAD COUNTER

I— 1 = ENABLE COUNTER
READ 1 = END OF COUNT
WRITE 1 = RESET END OF COUNT

1 = ZERO COUNT INTERRUPT ENABLE
1 = SOFTWARE CAPTURE

1 = SOFTWARE TRIGGER

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 0. 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 external clock
signal applied to P36 (P26) equals the maximum Xtal fre-
quency divided by 4. The maximum quaranteed Xtal fre-
quency for the Super8 is 20 MHz, which implies a maximum
counter frequency of 5 MHz.

Reset/End of Count Status (D4). This bit is set
to 1 each time the counter reaches 0. Writing a 1
to this bit resets it, while writing a 0 has no
effect.

Zero Count Interrupt Enable (Dp). When this bit
is set to 1, the counter/timer generates an inter-
rupt request when it counts to 0. A hardware reset
forces this bit to 0.

Software Capture (D}). When this bit is set to 1,
the current counter value is loaded into the
capture register. This bit is automatically
cleared following the capture.

Software Trigger (Dg). This bit is effectively
"ORed" with the external rising-edge trigger input
and can be used by the software 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 (Ds).
Constant register are transferred to the Counter
prescaler one clock period after this bit is set.

The contents of the Time .

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

Count Up/Down (Dg). This bit determines the count
direction if internal up/down control is specified
in the Mode register. A 1 indicates up, a 0 down.

Continuous/Single Cycle (D,). 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/Timer Mode Registers

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

Capture Mode (Dy, Dg). This 2-bit field 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
1/0 pin, a value of 10 enables the bi-value count
mode and disables capture, and a value of 00
disables both capture and bi-value load.

Prog:i-ed/Extemal Up/Down Control (D). A 1
enables programmed up/down control and a 0 enables
external up/down control. If external up/down is
enabled, a 0 on P27/P3; indicates down and a 1
indicates up.

Enable Retrigger (D3). 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 (E0) COM
COUNTER 0 MODE

el o= o]

INPUT PIN ASSIGNMENTS:

]

D7 Dg D5 Ds P27 P2g
000 O0fVO o]

0 0 1}{10 TRIGGER
0 0 1 0|GATE o

0 0 1 1|GATE TRIGGER
010 0jlO CO INPUT
0 1 0 1|TRIGGER COINPUT
0 1 1 0|GATE COINPUT
0 1 1 1|GATE/

) TRIGGER COINPUT
1.0 0 0[COOUTPUT | /O

1 0 0 1|COOUTPUT | TRIGGER
1 0 1 0|COOUTPUT | GATE

1 6 1 1|COOUTPUT | GATE/TRIGGER
1 1 0 01COQUTPUT | COINPUT
1101 — UNDEFINED
1110 UNDEFINED
1111

— CASCADE COUNTERS —

CAPTURE MODE:

00 = NO CAPTURE

01 = CAPTURE ON RISING
EDGE OF P2;

10 = BI-VALUE LOAD

11 = CAPTURE ON BOTH

EDGES OF P27
0 = EXTERNAL ,
UP/DOWN CONTROL P27
1 = PROGRAMMED
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

(e [oe [os [ou [os oz |00 oo |

INPUT PIN ASSIGNMENTS: CAPTURE MODE:
D7 Dg D5 D4 P37 P3g 00 = NO CAPTURE
20 0 olvo ) ., 01 = CAPTURE ON RISING,
000 1[I0 TRIGGER EDGE OF P3;

10 = BI-VALUE MODE
0 0 1 0|GATE 1/0

11 = CAPTURE ON BOTH
0 0 1 1|GATE TRIGGER EDGES OF P3
010 0flVO C1INPUT 7
310 meom | gyt
01 1 1|GATE/ : UP/DOWN CONTROL P37

TRIGGER | C1INPUT T N CORTROL

1.0 0 olctourpur | o
100 11C1OUTPUT | TRIGGER 1 = ENABLE RETRIGGER
1 0 1 1|C10UTPUT | GATE/TRIGGER
1 1 0 olc1ouTPuT | C1INPUT
1101 UNDEFINED
1110 UNDEFINED
1111 UNDEFINED

Figure 9-8. Counter 1 Mode Register

functions asso-
of the counter/
A hardware

v

input is received while the counter/timer is selected options determine the
counting (Counter/Timer not equal to 0).  When ciated with each external line
this bit is cleared to 0, no reloading occurs. timer as illustrated in Table 9-1.

reset forces these four pins to O.
Input Pin Assignments (D4-D7). This 4-bit field

specifies the functionality of the port lines
associated with the counter/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-

If 1111 is coded in this field in the Counter O
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
external accesses are made
associated with Counter 1 (P34

32-bit counter and
thtou.igh the lines

ity (G), and enable triggering facility (T).

The

and P37).

Table 9-1.

IPA Field Encoding in Counter Mode Registers

IPA Field
c/T 6 T

EO Counter/Timer 1/0
D7 Dg D5 Dy

~- Pin Functionality --
Counter/Timer Input

(P2; or P3;)" (P2g or P3g)* Notes
0 0 0 o0 1/0 1/0 Timer
0 o 0 1 1/0 Trigger Timer
0o 0 1 0 Gate 1/0 Timer
0. 0 1 1 Gate Trigger Timer
0 1 0 0O 1/0 Input Counter
0 1.0 1 Trigger Input Counter
1] 1 1 0 Gate Input Counter
o 1 1 1 Gate/trigger Input Counter
1 0 0.0 Output 1/0 Timer
1 0 0 1 Output Trigger Timer
1 0 1 0O Output Gate Timer
1 o 1 1 Output Gate/trigger Timer
1 1 0 O Output Input Counter
1 1 0 1 Undefined Undefined Reserved
1 1 1 0 Undefined Undefined Reserved
1 11 1 Undefined Undefined Reserved for Counter 1,

Cascade for Counter 0

* Counter/timer 0 - P27 and P2g
Counter/timer 1 - P37 and P3¢
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The counter/timer 1/0 line (P27 for C/70, P3; for
C/T1) is also used as the external capture input
if the capture feature is enabled, and the up/down
control input (O=down, 1=zup) if external up/down
control is enabled.

9.2.3 Time Constant Register

This 16-bit register pair 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 reaches zero, or 3) in
re-trigger mode, when the trigger is asserted. If
capture on both edges is enabled, then this regis-
ter captures the contents of the counter on the
falling edge of the I/0 pin.

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

R226 BANK 1 (E2) COTCH
COUNTER 0 TIME CONSTANT

Elolaolo o =]

(

HIGH BYTE (COTCg-COTC5)

R227 BANK 1 (E3) COTCL
COUNTER 0 TIME CONSTANT

(o2 [0e [os [ou [0 [0z o0 [0 |

(

LOW BYTE (COTC,-COTC7)

R228 BANK 1 (E4) C1TCH
COUNTER 1 TIME CONSTANT

o [oe [os [0 [os [0z [ou [ oo |

(

HIGH BYTE (C1TCg-C1TC15)

R229 BANK 1 (E5) C1TCL
COUNTER 1 TIME CONSTANT

oo oo e

(

LOW BYTE (C1TCo-C1TC7)

Figure 9-9. Time Constant Register Format

9.2.4 Capture Register

This 16-bit register pair is used to hold the
counter value saved when using the "capture on
external event" function, This register will
capture at the rising edge of the I/0 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

el oo = [o]x] ~
L———— HIGH BYTE (C0Cg-C0C15)

R227 BANK 0 (E3) COCL
COUNTER 0 CAPTURE

Jor {0 |05 |04 {05 [ 02 | 4 | B0 |

|—————- LOW BYTE (COC-COC7)

R228 BANK 0 (E4) C1CH
COUNTER 1 CAPTURE

|D7 IDs ]Ds F)q IDan DvJ Do]
L————-——- HIGH BYTE (C1Cg-C1Cys)

R229 BANK 0 (E5) C1CL
COUNTER 1 CAPTURE

[o, [ns] DSJ D.—[ D;,lDz [ D4 anJ
L—___ Low BYTE (c1crc10;)

Figure 9-10. Capture Register Format
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Chapter 10
UART

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 programmed parity bit (odd,
even, or no parity), and the programmed number of
stop 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
(UI0) 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.

The Transmit Data output (P34) line is held mark-
ing (high) when the transmitter has no data to
send. If the Send Break (SENBRK) 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 (RENB) in the UART Receive
Control register (URC) is set. A low (spacing)
condition on the Receive Data line (P3g) indicates
a start 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 @ssembled 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 X1 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 (UIOR). The receiver
inserts 1s 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 1s for any unused bits, and
places it in the UART Data register (UIO).

MARKING LINE PARITY

START JWAKE-UP

| ¢

PARITY

START WAKE-UP START

N A

e ol |1

|

. ) DATA

*NOTES: 1. Parity, wake-up, and second stop bit are optional

2. Data can be anywhere from 5 to 8 bits

-2 STOP BITS

o
;

DATA 2STOP BITS

\

Figure 10-1. Asyﬁchmnous Transmission Data Format
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Since the receiver is buffered by one B8-bit
register in addition to the Receive Data register,
the CPU has enough time to service 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:

e If the received character is an ASCII control
character, it sets the Control Character Detect
(CCD) bit in the UART Receive Control (URC)
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.

e 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.

e If parity is enabled, the Périt'y 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
parity. Once this bit is set, it remains set
until cleared by software,

e 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.

e 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.

10.4 WAKE-UP FEATURE

The Super8 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.

WAKE-UP

STATUS WAKE-UP
MASK

WAKE-UP
MATCH

WAKE-UP D
ENABLE

RECEIVER
WAKE-UP
SEARCH
VALUE

RECEIVED
WAKE-UP
BIT

meceven| | [ ] [ 1 | ] 1

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. If 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

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 Value (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.

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

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

Set WUMSK = 1111
WUMCH =

1111 (%FF)
(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: WUENB = 0 (Wake-Up bit is ignored)
a) If a match is desired for WUMCH (all 8 bits):

Set WUMSK = 1111
WUMCH =

1111 (%FF)

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

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

(desired match value)

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

Set WUMSK = 0001
WUMCH = XXX_

1100 (%1C)

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

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

c) If a match is always desired:

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

‘

__XX (desired match bits 4,3, 2) .

If this character is received, the Wake-Up Detect (WUD) flag is always

set.

However, this will be ignored if the Wake-Up Interrupt Enable

(WUIE) bit in the UART Interrupt Enable (UIE) register is disabled.

1 10.5 AUTO-ECHO/LOOPBACK

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 (P3g) RXD. 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
(TXDTSEL) bit in the UART Transmit Control (UTC)

register must be set to 1 for this mode to work
" correctly.

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 transmitter is automatically
routed to the receiver.

RECEIVE DATA IN (RxIN)

RECEIVE DATA (RxD)
P30 0
RECEIVER
LOOPBACK
ENABLE >
[UMB]
AUTO-ECHO LOOPBACK
) S—
TRANSMIT
DATA SELECT PaiDATA
e AUTO-ECHO
' DATO)
Py A /— TRANSMIT DATA OUT (TxDATO)
\_ [ TRANSMITTER
TRANSMIT DATA (TxD) -
AE  LBENB (TXDTSEL = 1)
0 o RxD —» RxIN TXDATO — TxD
0 1 TXDATO —> RxIN TXDATO —» TxD
1 0 RxD — RxIN RxD —> TxD
1 1 RxD — TxD

TxDATO — RxIN

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 so the CPU can decide when to read a
character. This bit is automatically cleared when
the UIOR is read.

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

10.7 BAUD-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 (P24) or the baud-
rate generator (BRG); the receiver clock can come
from an external source (P2g) or the on-chip
baud-rate generator. :

If P29 is not used as a Transmit Clock input, it
can be used to output the transmit clock, the CPU
clock, the output of the baud-rate generator, or
as an 1/0 line.

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 is 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 generatoi‘ 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 P2; (Port 2, Bit 1) is not used as transmit
clock input, it may be used as an output. A
multiplexer (MUX) provided at P24 can be used to
output various clocks or ‘P24 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)

(+1)

. P20

BAUD-RATE

GENERATOR
’ BRG OUT -

(BRG)

RECEIVE CLOCK DIVIDER ‘

BRG !
2 SOURCE (UMB)

116,32,64 - _,2585:2/5!1
>—CLOCK RATE (UMA)

4

+16,32,64 > ;Egg:mrrza

TRANSMIT CLOCK DIVIDER f

P21

1— SYSTEM CLOCK
(00) PORT 2 DATA

‘I_ L
MuXx (10)

(01) SYSTEM CLOCK
| —
(1)

L_ TRANSMIT CLOCK SELECT
(UMB)

(1)

\—— CLOCK OUTPUT SELECT (UMB)

Figure 10-4. Baud-Rate Generator

s
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10.8 UART INTERFACE PINS

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

P2y Receive Clock
P3g Receive Data

P24 Transmit Clock
P34 Transmit 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)
1}

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

R239 BANK 0 (EF) UIO

UART TRANSMIT DATA (WRITE)
UART RECEIVE DATA (READ)

Flole oo o]
L——_—- DATA (Do = LSB)

Figure 10-5. UART Data Register

10.9.2 Wake-Up Match Register (WUMCH)

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

R254 BANK 1 (FE) WUMCH
WAKE-UP MATCH REGISTER

[orfoe]os o fos oz [or [0

L——— ;leS BYTE, MINUS MASKED BITS,

IS USED FOR WAKE-UP MATCH

Figure 10-6. Wake-Up Match Register

10.9.3 Wake-Up Mask Register (WUMSK)

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

[or [0 [2s [ox [os [z [o [0

l THESE BITS CC OND TO BITS
IN WAKE-UP MATCH REGISTER; Os
MASK CORRESPONDING MATCH BITS

Figure 10-7. Wake-Up Mask Register

10.9.4 UART Receive Control Register (URC)
The fields in this register (Figure 10-8) are:

RCA. Receive Character Available (Dg). 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

this bit to 0. A write to this bit position has
no effect. A hardware reset forces this bit to 0.

RENB. Receive Enable (Dy). 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

Eo oo lo o[ ]]

1 = WAKE-UP DETECT J
1 = CONTROL CHARACTER DETECT

1 = BREAK DETECT

1 = FRAMING ERROR

L— 1 = RECEIVE CHARACTER AVAILABLE
1 = RECEIVE ENABLE

1 = PARITY ERROR

1 = OVERRUN ERROR

Figure 10-8. UART Receive Control Register
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' PERR. Parity Error (Dy). 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 O by writing a
1 to this bit position. A hardware reset forces
this bit to 0.

OVERR. Overrun Ettor:(D3). 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 0.

FERR. Freming Error (Ds). 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 0. '

BRKD. Break Detect (Dg). 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°

to this bit position. A hardware reset forces this
bit "to 0. See note in section 10.9.5 for .more °
information.

CCD. Control Character Detect (Dg). This status
bit is set any time an ASCII control character is
received in the receive data stream, It stays set
until cleared to O 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.

WD, Wake-Up Detect (D;). 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 a 1 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 UART 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

(o7 [0e [os [ou[os Joz [0 oo |

1 = WAKE-UP INTERRUPT ENABLE —J '
1 = CONTROL CHARACTER

INTERRUPT ENABLE
1 = BREAK INTERRUPT ENABLE

'
|—— 1 = RECEIVE CHARACTER AVAILABLE
. INTERRUPT ENABLE

1 = RECEIVE DMA ENABLE

1 = TRANSMIT INTERRUPT ENABLE

1 = RECEIVE ERROR INTERRUPT

1 = ZERO COUNT INTERRUPT ENABLE

Figure 10-9. UART Interrupt Enable Register

ENABLE
RCAIE. Receive Character Available Interrupt
Enable (Dg). If 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 will be issued only 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 0.

RDMAENB. Receive DMA Enable (D4). 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 will be made. When the DMA channel
gains control of the bus, it will transfer the

received data to the register file or the external
memory. A hardware reset forces this bit to 0.

TIE. Transmit Interrupt Enable (D). If this bit
is set to 1, then a Transmit Buffer Empty signal
in the UTC register will 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 0. )

ICIE. Zero Count Interrupt Enable (D3). If 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. Receive Error Interrupt Enable (Dg). 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 0. ’

BRKIE. Break Interrupt Enable (Dg). If this bit

is set to 1, a transition in either direction on’

the break signal will cause an interrupt request.
A hardware reset forces this bit to 0.

Note: A break signal is a sequence of 0s., When
all the required bits, parity bit, wake-up
bit, and stop bits are 0s, the receiver
immediately recognizes a break condition (not
a framing error) and causes Break Detect
(BRKD) to be set and an interrupt request. At
the end of the break signal, a zero character
is loaded into the Receive Data register
(UIOR) and Break Detect (BRKD) is set again,
along with another interrupt request.

CCIE. Control Character Interrupt Enable (Dg). If
this bit is set to 1, then an ASCII Control
Character Detect signal in the URC register will
cause an intérrupt. A hardware reset forces this
bit to 0. '

WUIE. Wake-Up Interrupt Enable (Dy). 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 0. '

10.9.6 UART Mode A Register (UMA)

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

ID7ID@ID§ID4|D3|02101|DO|

CcLocK RATE:j
D7 Dg
00 =X1
0 1 =Xi6
1 0 =X32
1 1 =X64
BITS PER CHARACTER
Ds Dg
\ 0 0 =5BITS
0 1 =6BITS
10 =78BITS
1 1 =8BITS

I_ TRANSMIT WAKE-UP VALUE
RECEIVE WAKE-UP VALUE

1 = EVEN PARITY

1 = PARITY ENABLE

Figure 10-10. UART Mode A Register

THUVAL. Transmit Wake-Up Value (Dg). If 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. Receive Wake-Up Value (Dq). 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 used; 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 bit has no
effect, ‘

PARENB. Parity Enable (D3). When this bit is set
to 1, an additional bit position beyond those
specified in the bits/character control is added
to the transmitted data and is expected in the
received data. The 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, BPCO. Bits Per Character (D5, Dg). This

" field 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. Character Size F,ield‘ Encoding
D5 Dy Character Size in Bits
0 0 5
0 1 6
1 0 7
1 1 8

CR1, CRO. Clock Rate (Dy, Dg). 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 Rate Field Encoding
D; Dg  Mode Description
0 0o ) 1% Clock rate = 1 x data rate
0 1 16 x Clock rate = 16 x data rate
1 0 32 x° Clock rate = 32 x data rate
1 1 64 x Clock rate = 64 x data rate

R235 BANK 0 (EB) UTC
UART TRANSMIT CONTROL

lo, Ds DSID4IDS|°ZI°1I"°

TRANSMIT DATA SELECT: J
0 = OUTPUT P34 DATA
1 = OUTPUT TRANSMIT DATA

1 = SEND BREAK
STOP BITS:

0 = 1STOPBIT
1 =2STOPBITS

1 = WAKE-UP ENABLE

I— 1 = TRANSMIT DMA ENABLE
1 = TRANSMIT BUFFER EMPTY

1 = ZERO COUNT

1=T T ENABLE

Figure 10-11. UART Transmit Control Register

10.9.7 UART Transamit Control Register (UTC)

This register contains the status and comménd bits
needed to control the transmit section of the
UART. The fields in this register (Figure 10-11)
are:

TOMAENB. Transmit DMA Enable (Dg). When this bit
is set to 1, it enables the DMA function for the
UART transmit section. If this bit is set and the
Transmit Buffer Empty signal becomes true, then a
DMA request is made. When the DMA channel gains
control of the bus, it transfers bytes from the
external memory or the register file to the UART
transmit section. A hardware reset forces this
bit to 0.

TBE. Transmit Buffer Empty (Dq). 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.

IC. Zero Count (D). This status bit is set to 1
and latched when the Counter in the baud-rate
generator reaches the count of 0. This bit can be
cleared to 0 by writing a 1 to this bit position,
A hardware reset forces this bit to 0.

~ SIPBTS. Stop Bits (Ds).

TENB. Transmit Ensble (D3). Data is not
transmitted until this bit is set to 1. When
cleared to 0, the Transmit Data pin continuously
outputs 1s 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 0.

WUENB. Wake-Up Enable (Dg). If this bit is set to
1, wake-up mode is enabled for both the transmit-
ter and the receiver. The transmitter adds a bit
beyond those specified by the bits/character and
the parity. This added bit has the value specified
in the Transmit Wake-Up Value (TWUVAL) in the UMA
register. The receiver expects a Wake-Up bit
value in the incoming data stream after the parity
bit and compares this value with that specified in
the Received Wake-Up Value (RWUVAL) bit in the UMA
register. . The resulting action depends on the
configuration of the Wake-Up feature. A more
complete description is given in theé Wake-Up
Feature section (section 10.4). A hardware reset
forces this bit to 0.

This bit determines the
number of stop bits added to each character trans-
mitted from the UART transmit section. If this bit
is a 0, then one stop bit is added. If this bit
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is a 1, then two stop bits are added.  The
receiver always checks for at least one stop bit.
A hardware reset forces this bit to O.

SENBRK. Send Break (Dg). When set to 1, this bit
forces the transmit section 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. Trensmit Data Select (D7). This bit has
an effect only if port pin P34 is configured as an

output. If this bit is set to 1, the serial data
coming out of the transmit section is reflected on
the P34 pin. If this bit is set to 0, then P34
acts as a normal port and P3; data is reflected on
the P34 pin. A hardware reset forces this bit to
0.

10.9.8 UART Mode B Register (UMB)

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

[ o Toe Touos [oe [on o]

CLOCK OUTPUT SELECT :I_

D7 D¢

0 0 =P2;DATA
0 1 = SYSTEMCLOCK (XTAL/2)
1 0 = BAUD-RATE GENERATOR

OUTPUT
1 1 = TRANSMIT DATA CLOCK
1 = AUTO-ECHO
RECEIVE CLOCK INPUT SELECT:

0 =P2g
1 = BAUD-RATE GENERATOR
OUTPUT

' L 1 = LOOPBACK ENABLE
1 = BAUD-RATE GENERATOR ENABLE
BAUD-RATE GENERATOR SOURCE:
0 = P2g (EXTERNAL)

1 = INTERNAL (XTAL/4)

TRANSMIT CLOCK INPUT SELECT:
0=P2;
1 = BAUD-RATE GENERATOR OUTPUT

Figure 10-12. UART Mode B Register

LBENB. Loopback Enable (Dg). 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 0.

BRGENB. Baud-Rate Generator Enable (D1). 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 0.

BRGSRC. Baud-Rate Generator Source (D2). This bit
selects the source of the clock for the baud-rate
generator.
generator clock comes from the receive clock pin
(PZO). 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 0.

If this bit is set to 0, the baud-rate

| TCIS. Transmit Clock Input Select (D3). This bit

selects the source for the transmit section clock
input. If TCIS is cleared to 0, the source is the
transmit clock pin (P24). If it is set to 1, then
the source is the baud-rate generator output. A
hardware reset forces this bit to O.

RCIS. Receive Clock Input Select (Dg). 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 (P2g). If it is set to 1,
then the source is the baud-rate generator out-
put. A hardware reset forces this bit to 0.

AE. Auto-Echo (D5). Auto-echo mode of operation
is enabled by setting this bit to 1. 1In 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 0.
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cos1, C0SO. Clock Output Select (D7-Dg). This Aoutput. A hardware reset forces this field to
field determines the source that drives the 00. Table 10-3 shows the coding of this field.
transmit clock pin if P24 is configured as an

Table 10-3. Transmit Clock Source Field Encoding

D; Dg Output Source

P24 Data

System clock (XTAL frequency divided by 2)
Baud-rate generator output

Transmit data rate

- - 00
e Q-0

10.9.9 UART Baud-Rate Generatof Time Constant value does not take effect until the next time

Register (UBG) constant is loaded into the downcounter.
This register contains the high and low bytes The formula for determining the appropriate time
(Figure 10-13) for the 16-bit time constant used constant for a given baud rate is shown below,
to generate the desired baud rate. The time with the desired rate in bits per second and the
constant can be changed at any time, but the new baud-rate clock period in seconds.
1 B
time constant = . -1

(2 x baud rate x n x BRG input clock period)
where n=1,16,32,0or 64 x the clock rate selected in UMA register R250

R248 BANK 1 (F8) UBGH - R249 BANK 1 (F9) UBGL
) UART BAUD-RATE GENERATOR UART BAUD-RATE GENERATOR
{27 [oe [0s [ e [0a [z [o1 [ oo | for [0s [os [ o4 [0a [0 01 [0 |

I— HIGH BYTE (UBGg-UBG15) ’ I——— LOW BYTE (UBGo-UBGy)

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

__RECEIVE CLOCK SELECT
(UMB)

(+1)
P20
l RECEIVE CLOCK DIVIDER ‘
BAUD-RATE . RECEIVER
GENERATOR ’\"’- 32,64 p—> [~ cLock
BRGOUT | ~
. (BRG)
BRG CLOCK RATE (UMA)
2 SOURCE (UMB)
) 4
+16,32,64 |~ ;Egg.%""“‘“ -
‘— SYSTEM CLOCK T TRANSMIT CLOCK DIVIDER *
Pt =1 \
(00) PORT 2 DATA L__ TRANSMIT CLOCK SELECT
- (UMB)
(01) SYSTEM CLOCK
|
MUX (10)

(1)

i .
\—— CLOCK OUTPUT SELECT (UMB)

Figure 10-14 . Baud-Rate Generator
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Chapter 11
DMA Channel

11.1 INTRODUCTION

The Super8 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 0.

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

UART Receiver = =  ~==—e- > Register file or
data memory

UART Transmitter Lommmmm Register file or
data memory

Handshake Channel 0 <=--m-v 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 Cly or the starting
memory address must be present in register COy
(high byte) and C1y (low byte). Registers COy
and C1y themselves can only be accessed as part
of the working register group. The address is
auto-incremented after each DMA-controlled
transfer.

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

DMA 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 DMA CONTROL REGISTERS

The control bits that link the DMA channel to the
UART or an 1/0 port are the Transmit DMA Enable
(Tl_)MAENB) bit in the UART Transmit Control (UTC)
register for the transmitter, the Receive DMA
Enable (RDMAENB) bit in the UART Interrupt Enable
(UIE) register for the receiver, -and the DMA
Enable bit (D) in the Handshake 0 Control regis-
ter for the 1/0 ports. Only one of these three
enable bits should be set at'a given time. If
Handshake Channel 0 is linked to the DMA channel,
the data transfer direction is determined by the
direction of the handshake.

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

254 (BANKO) EMT

EXTERNAPMEM(ORY TIMING REGISTER
[ o[ [or o[ [ [or]
‘-— DMA INT/EXT

1 = EXTERNAL MEMORY
0 = REGISTERFILE

R240 (BANK1) DCH
DMA COUNT HIGH

R192 (C0) RPO = CO
DMA ADDRESS HIGH

ool o = o=

oo =]

R241 (BANK1) DCL
DMA COUNT LOW

R193 (C1) RPO = CO
DMA ADDRESS LOW

ool ]

EEllm]

Figure 11-1. DMA Control Registers
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11.3 DMA AND THE UART RECEIVER

The Receive DMA Enable bit (RDMAENB) in the UIE
register (R237) 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
UI0 register of the. UART and then clears the RCA
bit to prepare the UART receiver to receive new
data. The data is then stored at the location
whose address is contained in the DMA address reg-
ister (RR192). 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 UARI (R237) is set to
1. :

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

11.4 DMA AND THE 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.

Upon transmit, the Transmit Buffer Empty status
bit (TBE) in the UTC register (R235) 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 0. 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 negastive, 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 Super8 if the' Transmit Interrupt Enable
(TIE) bit of the UIE register (R237) of the UART
is set to 1.

The UART transmitter continues its operation with
the new data in the UIO 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 AND HANDSHAKE CHANNEL O

The DMA can be configured with Handshake Channel 0
to transfer data from register file or data memory
to 1/0 devices or vice versa through Port 1 or
Port 4. Handshake Channel 0 can be in either
fully interlocked mode or strobed mode as con-
trolled by the Handshake O Control register
(R244). The direction of DMA transfer is deter-
mined by the handshake direction, which is the
direction of the chosen port.

11.5.1 DMA WRITE (INPUT HANDSHAKE CHANNEL 0)
The 1/0 device transfers dats to register file or

data memory through Handshake Channel 0 and the
DMA channel.
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The Handshake Channel 0 Enable and DMA Enable bits
of the Harnidshake O Control (HOC) register (R244)
should be first set to 1. When the 1/0 device
puts date on the port specified in the HOC régis—
ter and activates DAV to go from high to low as in
Figures 8-11 and 8-13, 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 decreased 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)
signal to Handshake Channel 0. Handshake Channel
0 grants an interrupt request (IRQ4) to the
SuperB8. The handshake output at pin 25 is the
same as described in Figures 8-11 and 8-13 and the
DMA is waiting for the 1/0 device to put data on
the port and activate the DAV signal again.

11.5.2 DMA READ (OUTPUT HANDSHAKE CHANNEL 0)

Data is transferred from register file or data
memory to the I/0 device through the DMA channel
and Handshake Channel 0.

The Handshake Channel O 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 register.

The DMA sequence should always begin by writing
the first byte of dsta to the port to start the
DMA. This is an important 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 1/0 de-
vice should then read that first byte of data and
store it away as in Figures B-12 and 8-14. The
DMA is then activated.

11.5.2.1 FULLY INTERLOCKED MODE

At State 3 of Figure 8-12, the DMA reads the data
at the address specified in the DMA address regis-
ter (RR192) end 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 0.
Handshake Channel 0 then grants an interrupt re-
quest (IRQ4) to the Super8.

The DMA and handshake process continues as in
Figure B8-12 until an interrupt is caused by a
negative DMA count.

11.5.2.2 STROBED MODE

After the first writing of the first byte of data
to the port as in Figure 8-14, the DMA is activat-
ed at the end of strobe time. The DMA reads the
data at the address specjfied in the DMA address
register (RR192) 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
0. Handshake Channel O then grants an interrupt
request (IRQ4) to the Super8.

The handshake operation continues as in Figure
8-14 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
ENABLE — ) DMA
o ) REQUEST
INTERRUPT
FROM DEVICE Toma
REGISTER
DMA
END OF COUNT

Figure 11-2. Interrupts and the DMA
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Chapter 12
External Interface

"12.1 INTRODUCTION

The 48-pin Super8 has 40 programma'b‘]e 1/0 pins,
some of which are configurable as an external
memory interface., A description of the pins and
their functions follows (see Figure 12-1).

12.2 PIN DESCRIPTIONS

A5. Address Strobe (output, active low, 3-state).
AS is pulsed low once at the beginning of each
machine cycle. For external memory accesses,‘the
rising edge of AS indicates that addresses, R/W,
and DN signals are valid. Under program control,
AT can be placed in a high impedance state along
with Ports 0 and 1, B5, R/W, and BV if used.

D5. Data Strobe (output, active low, 3-state).
DS . provides timing for data movement to or from
Port 1 for each external memory transfer. During a

write cycle, data out is valid at the leading edge
of B5; during a read cycle, data in is valid prior
to the trailing edge of D5. DS can be placed in a
high-impedance state along with Ports 0 and 1,

A5, R/W, and BV if used.

R/W. Read/Write (output, 3-state). R/W deter-
mines the direction of data transfer for external
memory transactions. R/ is low during write
operations and high during all other operations.
R/W can be placed in a high-impedance state along
with Ports 0 and 1, AS, DS, and DM if used.

POg-PO;, Pig-P1;, P2g-P27, P3g-P3;, Pég-P47. 1/0
Port Lines (inputs/outputs, TTL-compatible).
These I/0 lines provide five 8-bit 1/0 ports that
can be configured under program control for 1/0 or
external memory interfacing. Ports 0 and 1 can be
placed in a high-impedance state under program
control, along with A5, B5, R/W, and DM if used.

2 Y mEsEr | o5V fe—
T"‘A“':g ,_;.‘7__ RIW GND 4% , POWER
CONTROL | - bt XTAL1 | } CLOCK
~«~— a5 XTAL2 f——>
LN '8 P20 | 2m
4—4l> PO, P24 ﬁ»
LN P 2% DL
UL I PP [T DL PORT2
PORT O A P04 P24 <s—b
LI P [N AL TG
<-£> POs P2g <£>
<l p, P27 |« 2s
[ supers | | 2
<2 P14 P34 <2y
<—>: P1z P3 ;90
PORT 1 s | it D PORT3
> P1y P34 |—>
UL PV Pas |22
<] Plg P3g i
<—3§-> P17 P37 <%>
<«—] P4, P4y |e—>
PORT 4 <= P4, Pas BLLNG PORT 4
(1) | <2t ps, pag f'2n [ ()
<25 P4y P4y LS

P |1 48] Poo
P []2 a7[] po,
P12 []3 46 [] Po,
P3[4 45[] Pos
P[5 44[] Po,
P15 []6 43[] pos
P1s []7 42[7] pos
P, []8 41[] oy
P2, |9 0[] p3y
P2 []10 39| ] P3s
Vee [] 11 38| ] AS
XTAL2 E 1 SUPERS g DS
XTAL1 []13 36 [ ] Pao
Pag |14 - 35[7] paq
Pas []15 34 ] vss
pag [] 16 33[] pay
pa; 17 32 ] pag
P2, []18 31[] rRW
P3, []19 30 [] RESET
p3; []20 29[7] P3g
P25 [ 21 28] p3;
P2 [|22 27[] p2;
p2; []28 26[] P2
p3; [ 24 ' 25 P3g

Figure 12-1. Pin Functions and Assignments
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RESET. Reset (input, active low). REZET is used
to initialize the Super8. when TRESET is
deactivated, program execution begins from program
address 0020, RESET is also used to enable the
Super8 test mode, ’

XTAL1, XTAL2. Crystal (oscillator input/output).
XTAL1 and XTAL2 are used to connect a parallel
resonant crystal or external clock 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 (ADg-AD7)
with access to 256 bytes of external memory. In
this configuration, the eight lower order address
bits (Ag-Ay) are multiplexed with the eight data
bits (Dg-D7).

Additional address lines can be output on the Port
0 pins, where bit 0 of that port corresponds to
Ag, bit 1 to Ag, and so on. The pins of Port O
can be defined as memory address lines or 1/0
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/0 pins, allow-
ing the Super8 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/0 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 MODE REGISTER

Bl [o[o o o o]
_|:——_ PORT 1 MODE

00 = OUTPUT
01 = INPUT
1X =" ADg-AD7

Figure 12-2. Configuring Port 1 for External Memory

R240 BANKO (F0) POM
PORT 0 MODE REGISTER

Lol ]x]
L—— PORT 0 MODE

0 DEFINES BIT AS I/0
1 DEFINES BIT AS ADDRESS

Figure 12-3. Configuring Port 0 for External Memory

Configuring Port O for external memory is accom-
plished in a similar manner, using Port 0 Mode
Register, 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 "FFy"s
writing has no effect. Similarly, if Port 0 is
configured for address lines Ag-Aqs5, it is no
longer usable as a general-purpose 1/0 port; how-
ever, if not all of the bits are defined as
address lines, the remaining bits are still
accessible as an 1/0 port. Reading Port O will
return the port dsta in those positions defined as
1/0. 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

Bl oo o o [0 ]
&

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, DS, R/W and DM, is 3-stated.
A hardware reset forces this bit to a 0. The external
memory interface can but should not be tri-stated in
the ROMless parts.

In Super8 parts with on-chip ROM, a hardware reset
configures. Ports 0 and 1 as input ports and
instruction execution begins at locstion 0020y,
which is within the on-chip ROM.

In the ROMless parts, a hardware reset configures
Port 0 pins POG-PO4, as address out and pins
P05-P0; as inputs; Port 1 is configured as an
address/data port, allowing access to 8 Kbytes of
memory. If external memory greater than 8 Kbytes
is desired, additional address lines must be
configured in Port 0. 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 0. 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 Super8 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 Timing register, R254, Bank 0
(Figure 12-5).

R254 BANKO (FE) EMT
EXTERNAL MEMORY TIMING

lD-, [os ID5 LDolD: lDz [01 IDo I
T smocseremon

0 = REGISTERFILE
1 = DATA MEMORY

Figure 12-5. External Memory Timing

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

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 (DM). DM is made available on Port 3, line 5
(P35) by setting bit D3 in the Port Mode register
to 1 (Figure 12-6).

R241 BANKO (F1) PM
PORT MODE REGISTER

R w]n]w]

| 0 = P35 MODE DETERMINED BY PORT 2/3
C MODE REGISTER .

1 = P35 = DM OUTPUT

Figure 12-6. Data Memory

12.6 BUS OPERATION

Typical data transfers between the Super8 and
external memory are illustrated in Figures 12-7
and 12-8. 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 Super8

| MACHINE CYCLE—————————>

are machine cycles (Mn), timing states (Tn), and
clock periods. All timing references .are made
with respect to the output signals A5 and D5. 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.

| n

T2 | T3

EXTERNAL .
CLOCK

bo —Y

Ag-A7 OUT

/60-07 &\

P1 X

N

\

T\

o T\

.

o _ X
-

READ CYCLE—————>|

Figure 12-7. External Instruction Fetch or Memory Read Cycle
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|¢————————— MACHINE CYCLE —————————i=]

|

T | T

EXTERNAL ’
CLOCK .

Ag-Aqs X

P1

PO ) X
A

Ag-A7IN x

Do-D7 OUT x

= N/

-

AW \

./
—

A

m_ X

F—wmrs CYCLE ———————I

Figure 12-8. External Memory Write Cycle

12.6.1 Address Strobe (AS)

All transactions start with Address Strobe (AS)
being driven low and then raised high by the
Super8. The rising edge of AS indicates that
- Read/Write .(R/W), Data Memory (DM), and the
addresses output from Ports 0 and 1 are valid,
The addresses output via Port 1 typically need to
be latched during A5, whereas Port 0 address
outputs, if used, remain stable throughout the
machine cycle,

12.6.2 Data Strobe (D5)

The Super8 uses Data Strobe (BS) to time the
actual data transfer. For write operations (RW =
low), a low on D5 indicates that valid data is on
the Port 1 ADg-AD7 lines, For read operations
(R/W = high), the address/data bus is placed in a
high-impedance state before driving D5 low so that
the addressed device can put its data on the bus.
The Super8 samples this data prior to raising DS
high, -

12.6.3 External Memory Operations

Whenever the Super8 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 DS remains in

its inactive high state. DS becomes active only

during external memory references.

12.7 EXTENDED BUS TIMING

. The Super8 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 Programmable Wait States

The Super8 can stretch the Data Strobe (DS) 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
memory). Thus, program and data membry may be
made up of different kinds of hardware chips, each
requiring its own timing.
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12.7.2 Slow Memory Timing

Another feature of the Super8 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 Super8 feature is an optional exter-
nal WAIT input using port pin P34. The WAIT 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 Timing. The WAIT input provides the means
to stretch it even further. The WAIT 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.

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

(o2 [0s [os [0« [0 [0z [0 [ oo |

TT T _
DATA MEMORY AUTOMATIC WAITS
T

00 = NO WAITS
01 = 1WAIT

10 = 2WAITS
11 = 3WAITS

PROGRAM MEMORY AUTOMATIC WAITS
00 = NO WAITS

01 = 1 WAIT

10 = 2WAITS

11 = 3WAITS

SLOW MEMORY TIMING
0 = DISABLED
1 = ENABLED

EXTERNAL WAIT INPUT
0 = P341S NORMAL I/O
1 = P341S EXTERNAL WAIT INPUT

Figure 12-9. External Memory Timing Register

12.8 INSTRUCTION TIMING

The high throughput of the Super8 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.

| T M | M2 I My

|=—

[ o 1w [ = ]

INTERNAL
CLOCK

OPERAND
INSTRUCTION
N FETCH 1 FETCH 2 FETCH(ES) ALU STORE
UTION CYCLE
OPERAND
INSTRUCTION INSTRUCTION INSTRUCTION
N+1 FETCH 1 FETCH 2 FETCH(ES) ALU STORE
cycLl
INSTRUCTION INSTRUCTION INSTRUCTION
N+2 FETCH 1 FETCH 2
|<_-—__—— EFFECTIVE | HIDDEN DELAY ——
EXECUTION TIME I UNTIL COMPLETION

) COMPLETION

Figure 12-10. Instruction Pipelining
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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 timing regardless of whether

the memory is internal or external except when

external memory timing is extended. In order to
cslculate the execution time of a program, the

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.

FETCH 1ST BYTE OF NEXT INSTRUCTION———-———-I

Figure 12-11. Typical Instruction Cycle Timing (One Byte Instruction)

Pl ) S Ao

As \__/

Ny

N/

R’W—_/i

|e————FETCH 1ST BYTE ~—————s}«—————— FETCH 2ND BYTE ———»|=— FETCH 1ST BYTE OF NEXT INSTRUCTION

Figure 12-12. Typical Instruction Cycle Timing (Two Byte Instruction)
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M, | My { M3

T3

6

PO X Ag-Ars X As-Ars X AsAss

A

; FETCH 1ST BYTE } FETCH 2ND BYTE ————}e—————— FETCH 3RD BYTE ——————»|

Figure 12-13. Typical Instruction Cycle Timing (Three Byte Instruction)

My |

X Ag-Ass X Ag-Ass X Ag-Ass X

Ag-Ars

_/ n_/ N/ N/

I FETCH 1ST BYTE } FETCH 2ND BYTE ————+}«————— FETCH 3RD BYTE }

Figui'e12-14. Typical Instruction Cycle Timing (Four Byte Instruction)

FETCH 4THBYTE

R
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‘Glossary

addressing mode: 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 mode: 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.

base address: The address ‘used, along with an
index and/or displacement value, to calculate the
effective address of an operand. The base address
is located 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 8-bit 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 mode: A Super8 counter/timer operating
mode wherein the Time Constant and Capture
registers alternate in loading the counter.

byte: A data item containing 8 contiguous bits.
A byte is the basic data unit for addressing
memory and peripherals.

capture: A "capture on external event" feature of
the Super8 that takes a snapshot of the counter
when a certain event occurs.

data memory: A memory address space that can hold
only data to be read or written, not instruction
code; data memory - is always external to the
Super8,

Deskew Counter: 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 Address (DA) addressing mode: In this
mode, the effective address is contained in the
instruction. '

Direct Memory Access (DMA): An on-chip channel
that provides high-speed transfers of data direct-
ly between memory and peripheral devices.

exception: A condition or event that alters the
usual flow of instruction processing. The Super8
CPU supports two types of exception: reset and

_ interrupts.

extended bus timing: The Super8 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 22.

Flag register: This register is used to supply
the status of the Super8 CPU at any time.

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

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

handshaking channels: The Super8 has two identi-

- cal handshaking channels which operate in two

modes--"fully interlocked" or two-wire mode, ‘and
"strobed" or single-wire mode.

Immediate (IM) addressing mwode: In this mode, the
operand is contained in the instruction.

Indexed (X) addressing mode: 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 (IA) addressing mwode: In this
mode, the instruction specifies a pair of memory
locations and this selected pair, in turn, con-
tains the actual address of the instruction to be
executed.
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Indirect Register (IR) addressing mode: 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 exception generated by
a peripheral device that needs attention. The
interrupt structure of the Super8 contains 27 dif-
ferent interrupt sources, 16 vectors, and B8
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 SuperS8.

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

local loopback mode: 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. :

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

program memory: A memory address space that can
hold code or data; program memory can be internal
or external to the SuperS8.

read access: The type of memory access used by
the CPU for fetching data operands and instruc-
tions.

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 Super8 CPU. Register file
address space is an internal register file compos-
ed of 325 8-bit wide registers that are logically
divided 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 Address (RA) addressing mode: 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
RESET line. A reset initializes the Program
Status registers.

Slow Memory timing: An optional feature of the
Super8 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.

system 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.

Universal Asynchronous Receiver/Transmitter
(UART): A full duplex asynchronous channel that
transmits and receives independently with 5 to 8
bits per character, options for even or odd
parity, and an optional wake-up feature.

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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PRELIMINARY INFORMATION

Product Specification

June 1987
78®78611 MCU
Military Electrical Specification
28603 Prototyping Device with 2K EPROM Interface
Features B Complete microcomputer, 2K (8601) or 4K B Full-duplex UART and two programmable
(8611) bytes of ROM, 128 bytes of RAM, 32 8-bit counter/timers, each with a 6-bit
1/O lines, and up to _62K (8601) or 60K (8611) programmable prescaler.
bytes addressable external space each for B Register Pointer so that short, fast instruc-
program and data memory. tions can access any of nine working register
. B l44-byte register file, including 124 general- groups in 1 us.
purpose registers, four /O port registers, ® On-chip oscillator which accepts crystal or
and 16 status and control registers. - external clock drive.
B Average instruction execution time of 1.5 us, ® Single +5 V power sﬁpply—all pins TTL
maximum of 1 us. compatible.
B Vectored, priority interrupts for I/O, ® 12.5 MHz.
counter/timers, and UART.
General The Z8 microcomputer introduces a new level stand-alone microcomputer with 4K bytes
Description  of sophistication to single-chip architecture. of internal ROM, a traditional microprocessor -

Compared to earlier 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

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.

~——1 RESET +5V [e—
""":g <— RW GND fe—o
CONTROL | «—] DS XTALY fe—0
— cLOCK
<+ AS XTAL2 p—>
<] PO, P2 fa—>
<> PO, P2, ja—>
<—»{ PO, P2; fa—>
PORT 0 P PORT 2
PROGR M(NIBBLE <> POy 2 |<—|(BIT PRO-
AMMABLE) | o, P2, le—» [ GRAMMABLE)
/0 OR Ag-As PO e 110
<] PO, P2 fa—>
<—>] PO, MCU  p2 |e—>
— PO, P2, fa—»
-—>»f P, P3,
-] P1, P3y f——
PORT 1 iy P PORT 3
(BYTE | <> P13 P3; fe— [ SERIAL AND
PROGRAMMABLE) PARALLEL 1/0
110 OR ADg-AD; | ] 7" P3¢ > | AnD ConTROL
<> P15 P35 |—n
<] P1, P b
<>} P1, P3, >

+sv ] N~ 4017 P3,
XTAL2 E 2 39 [ ps,
xTaL1 [] 3 38 [J p2,
Py, [] 4 a7 [] r2,
P3, s 36 [ P2,
RESET [ 6 35 [ p2,
RW 7 34 [] p2,
o3 [Js 33[] e2,
A []s 32[] P2,
P3; [J 1o Z8611 310 Pz
GNo 11 MCU  sof]P3,
P3, [] 12 29 [7] P3,
Po, [ 13 28 g P1,
Po, [} 14 27 Pt
PO, E 15 26 [] P15
Poy [ 16 5] P,
ro, 117 4[] P1y
pos [ 18 2] e,
Po, [] 19 2] r1,
po, [] 20 2 [P,

Figure 1. Pin Functions

Figure 2a. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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Pin
Description

&S. 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 transfers are valid at the trailing edge
of AS. Under program control, &S can be
placed in the high-impedance state along with
Ports 0 and'l, Data Strobe and Read/Write.

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

P0g-P0;, Plg-Ply, P2y-P2;, P3¢-P3;. /O 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 Z8. When RESET is deactivated,

program execution begins from internal
program location 000Cy.

ROMIless. (input, active LOW). This pinisonly
available on the 44 pin versions of the Z8611.
When connected to GND disables the

internal ROM and forces the part to function as a
28681 ROMless Z8. When left unconnected or
pulled high to V¢ the part will function
normally as a Z8611.

R/W. Read/ Write (output). R/ W is Low when -
the Z8 is writing to external program or data
memory.

XTALL XTAL2. Crystal 1, 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- Chlp clock
oscillator and buffer.
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Architecture Z8 architecture is characterized by a flexible Three basic address spaces-are available to
1/O scheme, an efficient register and address support this wide range of configurations:
space structure and a number of ancillary program memory (internal and external), data
features that are helpful in many applications. memory (external) and the register file (inter-

Microcomputer applications demand power- nal). The 144-byte random-access register file
ful I/O capabilities. The Z8 fulfills this with 32 is composed of 124 general-purpose registers,
pins dedicated to input.and output. These lines four I/O port registers, and 16 control and
are grouped into four ports of eight lines each status registers. ]

_and are configurable under software control to To unburden the program from coping with
provide timing, status signals, serial or parallel real-time problems such as serial data com-
1/0O with or without handshake, and an address/ munication and counting/timing, an asynchro-
data bus for interfacing external memory. nous receiver/transmitter (UART) and two

Because the multiplexed address/data bus is counter/timers with a large number of userse-
merged with the I/O-oriented ports, the Z8 can lectable modes are offered on-chip. Hardware
assume many different memory and I/O con- support for the UART is minimized because one
figurations. These configurations range from of the on-chip timers supplies the bit rate.

a self-contained microcomputer to a micropro-
cessor that can address 124K (Z8601) or 120K
(Z8611) bytes of external memory.
OUTPUT  INPUT Vcc GND XTAL AS DS R/W RESET
UART <: — l
' 28601
FLAGS PROGRAM 2048 x 8-BIT
o <: MEMORY M
]
FroNTER j | T
INTERRUPT" ¢l "5215152:.'#5 CoUNTER
CONTROL
PORT 2 PORT 0 PORT 1
) ADDRESS OR IO ADDRESS/DATA OR 10
(BIT PROGRAMMABLE) (NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE)
Figure 3. Fi 1 Block Diag
2037-003
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Address
Spaces

Program Memory. The 16-bit program counter

_addresses 64K bytes of program memory space.

Program memory can be located in two areas:
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 greater, 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 included with or separated

from the external program memory space.
DM, an optional I/O function that can be
programmed to appear on pin P3y, is used to
distinguish between data and '
program memory space.

Register File. The 144-byte register file
includes four I/O port registers (R0O-R3), 124
general-purpose registers (R4-R127) 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

5535
EXTERNAL
ROM OR RAM
4096
28611 jooc
N ON-CHIP
Location of
first byte of Rom
instruction
executed = — = — = o— EXTERNAL
after reset 12N DATA
1" IRQS MEMORY
10 RQS
9 1RG4
8 1RG4
interrupt 7 IRG3
Vector _ ¢ IRQ3
(Lower Byte) 51X 1RQ2
slr 1RQ2
4098
s e
(Upper Byte) 2 1Aa1 NOT ADDRESSABLE
1RGO
[} IR0
Figure 4. Program Memory Map Figure 5. Data Memory Map
LOCATION {DENTIFIERS
" 258 STACK POINTER (BITS 7-0) sPL || -
254 STACK POINTER (BITS 15-8) SPH L. COCTNE O
253 REGISTER POINTER RP 20
252 PROGRAM CONTROL FLAGS FLAGS
251 INTERRUPT MASK MR . The upper nibble of the register file address
250 | INTERRUPT REGISTER | IRQ W by “""'9"‘?;1?""“" specifies
29 | INTERRUPT PRIORITY REGISTER | IPR active working register group.
28 PORTS 0-1 MODE POTM 127
| PORTSo-1MoDE |
247 PORT 3 MODE pPam e
28 PORT 2 MODE P2m
5 TO PRESCALER PREO
244 TIMERICOUNTER 0 To -
23 T1 PRESCALER PRE1
242 TIMER/ICOUNTER 1 m
241 TIMER MODE ™R -
240 SERIAL O sio
NOT L - lower
IMPLEMENTED - m of
the register
127 file address
SPECIFIED WORKING- - -
— REGISTER GROUP - by
the instruction
points to the
GENERAL-PURPOSE specified
REGISTERS = register.
. =
3 PORT 3 )
2 PORT 2 - P2 d
1 PORT 1 ] i - —— == =1
[} PORT 0 o Qronts

Figure 8. The Register File (

Figure 7. The Register Pointer
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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.

A 16-bit Stack Pointer (R254 and R255) is used for
the external stack, which can reside anywhere in
data memory between locations 2048 (8601) or
4096 (8611) and 65535. An 8-bit Stack Pointer
(R255) is used for the internal stack that resides
within the 124 general-purpose registers
(R4-R127).

Serial Port 3 lines P3p and P3; can be programmed as  selection. If parity is enabled, the eighth bit is
Input/ serial I/0O lines for full-duplex serial asynchro- the odd parity bit. An interrupt request (IRQy) is
Output nous receiver/transmitter operation. The bit rate generated on all transmitted characters.
is controlled by Counter/Timer 0, at 12 MHz. Received data must have a start bit, eight data
bits and at least one stop bit. If parity is on, bit 7
The Z8 automatically adds a start bit and two of the received data is replaced by a parity error
stop bits to transmitted data (Figure 8). Odd flag. Received characters generate the IRQ3
parity is also available as an option. Eight data interrupt request.
bits are always transmitted, regardless of parity
Transmitted Data Received Data
(No Parity) (No Parity)
[sp]se[os[0s] n,[o.|n,]n,1m|n,|s1‘| [sp]o: [0 [0, 04[ D, [0, [ D) | 00| ST]
START BIT ’ LSYART BIT
EIGHT DATA BITS EIGHT DATA BITS
TWO STOP BITS ONE STOP BIT
Transmitted Data Received Data
(With Parity) (With Parity)
[se[sp e Tos[o.[ou[ s [ 0. [0, [os[ 57 [se]r o]0, 0. 0:[0; [0, [ 00]sT]
I—START BIT LSTAN' BIT
SEVEN DATA BITS SEVEN DATA BITS
0DD PARITY PARITY ERROR FLAG
TWO STOP BITS INE STOP BIT
Figure 8. Serial Data Formats
Counter/ The Z8 contains two 8-bit programmable pass mode) or to automatically reload the initial
Timers counter/timers (Tg and T}), éach driven by its value and continue counting (modulo-n contin-

own 6-bit programmable prescaler. The T)
prescaler can be driven by internal or external
clock sources; however, the Tg 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 (1 to 256) that has been
loaded into the counter. When the counter
reaches the end of count, a timer interrupt
request—IRQy (tg) or IRQsg (T1)—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-

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; 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-
retriggerable, or as a gate input for the internal
clock. The counter/timers can be programmably
cascaded by connecting the Tg output to the
input of T,. Port 3 line P34 also serves as a timer
output (Toyt) through which Tg, T or the inter-
nal clock can be output.
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1/0 Ports

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

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

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;
and DAV (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 0 must output the additional
lines.

Port 1 can be placed in the e high- 1mpedance
state along with Port 0, AS, DS and R/W,

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 asaBus
Request output.

—

e
(VO OR AD,-AD;)

e | HANDSHAKE CONTROLS
[ ) oav, ano kov,

78611
MCU

DAVy AN
(P3, AND P3y) |

Figure 9a. Port 1

Port 0 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 0 may be placed under handshake con-
trol. In this configuration, Port 3 lines P33 and
P35 are used as the handshake controls DAV
and RDY(. Handshake signal assignment is
dictated by the I/O direction of the upper nibble
P04-PO;.

For external memory references, Port 0 can
provide address bits Ag-A;; (lower nibble) or
Ag-As5 (lower and upper nibble) depending on
the required address space. If the address range
requires 12 bits or less, the upper nibble of Port 0
can be programmed independently as I/O while

the lower nibble is used for addressing. When
Port 0 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 R/W.

PORT O
mll\ (VO OR Ay-Ayg)

MCU

iR

HANDSHAKE CONTROLS
} DAV, AND RoYo
(P32 AND P39

T

Figure 9b. Port 0

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 provide open-drain outputs.

Like Ports 0 and 1, Port 2 may also be
placed under handshake control. In this con-
figuration, Port 3 lines P3| and P3g are used as
the handshake controls lines DAV, and RDY5.
The handshake signal assignment for Port 3 lines
P3, and P3¢ is dictated by the direction (mput or
output) assigned to bit 7 of Port 2.

78611 |e—> 'o;lrz(llo)
MCU

HANDSHAKE CONTROLS
} DAV, AND RDY,
(P3, AND P3¢

Port 3 lines can be configured as /O or
control lines. In either case, the direction of the
eight lines is fixed as four input (P3p-P33) and
four output (P34-P37). For serial I/O, lines P3
and P3; 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
(DAV and RDY); four external interrupt
request signals (IRQp-IRQ3); timer input and
output signals (Tyy and Toyt) and Data
Memory Select (DM).

PORT 3
78611 (O OR CONTROL)

—
MCU [—=
-

Figure 9d. Port 3
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Interrupts

The Z8 allows six different interrupts from
eight sources: the four Port 3 lines P3p-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 Z8 interrupts are vectored. When an inter-
rupt request is grantegi, an interrupt machine

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.

~ Clock

The on-chip oscillator has a high-gain,
parallel-resonant amplifier for connection to a
crystal or to any suitable external clock source
(XTAL!1 = Input, XTAL2 = Output).

The crystal source is connected across XTAL1
and XTAL2, using the recommended capacitors

(C = 15 pF) from each pin to ground. The
specifications for the crystal are as follows:
B AT cut, parallel resonant

® Fundamental type, 12.5 MHz maximum
B Series resistance, Ry < 100Q

643



Instruction
Set
Notation

Addressing Modes. The following notation is used
to describe the addressing modes and instruction
operations as shown in the instruction summary.

IRR Indirect register pair or indirect working-register
pair address

Irr Indirect working-register pair only

X Indexed address

.DA Direct address

RA Relative address
M Immediate

R Register or working-register address

r Working-register address only

IR Indirect-register or indirect working-register
address

Ir Indirect working-register address only

RR Register pair or working register pair address

Symbols. The following symbols are used in
describing the instruction set.

dst Destination location or contents

src Source location or contents

ce 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:

Carry flag

Zero flag -

Sign flag

Overtflow flag
Décimal-adjust flag
Half-carry flag

' Affected flags are indicated by:

mo<uNQ

0 Cleared to zero

1 Set to one

* . Set or cleared according to operation
- Unaffected

X Undefined




Condition Value Mnemonic Meaning Flags Set
Codes 1000 Always true -

0111 C Carry C=1"

1111 NC No carry C =0

© 0110 A Zero Z =1

1110 NZ Not zero Z =0

1101 ) PL Plus S =0

0101 MI Minus S =1

0100 oV Overflow vV =1

1100 NOV No overflow V=0

0110 -EQ Equal Z =1

1110 NE Not equal Z =0

1001 GE Greater than or equal (SXORV) =0

0001 LT Less than (SXORV) =1

1010 GT Greater than [ZOR(SXORV) =0

0010 LE Less than or equal [ZOR(SXORV)] =1

1111 UGE Unsigned greater than or equal CcC=0

0111 ULT * Unsigned less than C=1

1011 UGT - Unsigned greater than (C=0ANDZ=0)=1

0011 ULE Unsigned less than or equal (CORZ) =1

0000 Never true -
Formans S5 B o

One-Byte Instructions
[Copc T mooE | CLR, CPL, DA, DEC, OPC_| MODE DD, AND, CP,

| dstisrc ] or [t 1 1 o[ dsusre

[ oPC ]
| dst ] OR [1110] dst

["opc Tmook ]
[ dst | sec ]

[ Mooe T opc ]
[dstisrc | srcidst |

dlllllcl oPC l

L_srcidst — Jor[1110] src |

[_vave |
[gsvec T opc ]

DECW, INC, INCW, POP,
PUSH, AL, RLC, AR,
ARC, SRA, SWAP

JP, CALL (Indirect)

ADC, ADD, AND,
CP, OR, SBC, SUB,
TCM, TM, XOR -

LD, LDE, LDEI,
L0C, LDCI

Lo

Lo

DJNZ, JR

Two-Byte Instructions

src

dst

ADC, Al SiC '. g
LD, OR, SuB,
orfisio] se ] 32 Tcn
OR {1 110] dsf

OPC_| MODE Agcb:osoéeu& ’ca
Ciael ] LO.OR, SBC, Sus,
dst OR|[1110 dst TCM, TM, XOR
VALUE
MODE | opc Lo
src oR[1110] s
dst OR|1110 dst
MODE | OPC Lo
dst/src x
ADDRESS
cc | orc P
DAy
DA
OPC CALL
DAy
DA,

Figure 12. Instruction Formats

Three-Byte Instructions
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Instruction

Summary

- Addr Mode Opcode Flags Affected

cnl:.gmm SO0 Mirte ogeAflecte Instruction  _Addr Mode OBP"“" Flags Atfected
POrOtioR  dst wc (Hex) CZSVDH and Operatlon. "4 wc  (Hex) CZSVDH
ADC dst,src (Note 1) 10 +»+v0vw LDE dst,src rIrr 82 ------
dst — dst + src + C dst — src Irr r .92
ADD dst,src (Note 1) (o]m] e 2 (Qw LDEI dst,src Ir  Irr 83 @------
dst — dst + src ) dst — src Ir Ir 93
AND dst src (Note 1) 50 e vo0-- r—r+l;r—rr+l .
dst «- dst AND src NOP FF -——————
CALL dst DA D6 --=---- OR dst,src (Note 1) 40 -*+»0--
SP ~ SP-2 IRR D4 dst — dst OR src
@SP — PC; PC ~ dst POP dst R 5) @ —= ===
CCF EF * - - dst — @SP IR 51
C ~ NOTC SP~SP +1
CLR dst R BO -=--=--- PUSH src R 70 === ==-
dst - 0 IR Bl SP.~SP-1; @SP—src IR 71 .
COM dst R 60 -#+#+0-- . RCF CF 0-----
dst - NOT dst IR 61 C~0
CP dst,src (Note 1) A  + % %% - - RET ' AF -—=--—--
dst - src PC~@SP; SP~SP +2
DA dst R 40 *x v X -~ RL dst R 90 L IR A .
dst — DA dat IR 41 - o] 9l
DECdst . R 0 —#%#--  RLCdst R 10 aawe--
dst — dst - 1 IR 01 [E"_—E] IR 11
“on c RR dst [ R EO “ e
DECW dst RR 80 -k k- Ea E
dst — dst - 1 R 8l IR El
) RRC dst R Co IR IR
DI e &1
IMR(7) - 0 8F o __
- 8BC dst,src (Note 1) 30 LRI B
DINZ r,dst RA A ———=——- dat—dst-arc-C : :
rer-1 r=0-F SCF DF ] === -
ifr é 0 pC : T Ce-1
PC ~ + dst
: - SRA dst R DO *x e - -
Range: +127, -128 EEE R DI
H 9F —=--=--- I ------
IMR (D) - 1 SHP src_ m 3
INC dst oor rE - SUB dst, Note 1 20 LI B
dst — dst + 1 R r=2%—F dst — dstir:rc (Note
R 21 SWAP dst .= —L_ R FO X+ +X -
INCW dst RR A0 - - - :
dst — dst + 1 IR Al TCM dst,src (Note 1) 60 - %0 -~
IRET BF T . (NOT dst) AND src
FLAGS -~ @SP; SP~SP+1 TM dst, src (Note 1) 0 =-++0--
PC~ @SP; SP~SP + 2; IMR(7) ~ 1 dst AND src : '
JP cc,dst DA [ R XOR dst,src (Notel) ~ BO - **0 -~
if cc is true c=0-F dst — dst XOR src
PC — dst IRR 30
!'R cq,dst RA B .- Note 1
it ;%m__‘rl';é' + dst c=0-F These instructions have an identical set of addressing
. modes, which are encoded for brevity. The first opcode
Range: +127,-128 nibble is folund in the instruction set table above. The
LD dst,src r Im C - - - second nibble is expressed symbolically by a O in this
- srC r R 8 table, and its value is found in the following table to the
R r r9 right of the applicable addressing mode pair.
r=0-F For example, to determine the opcode of a ADC
r X c7 instruction use the addressing modes r (destination) and
X r D7 Ir (source). The result is 13.
r Ir E3 .
Ir r F3 -
R R E4 Addr Mode - Lower :
R oIm dm  wc  OpcodeNibble
IR Im E7 -
IR R F5 r r 7]
LDC_dst,src r It C2 ------ ro I g
dst — src Irr r D2 R R @
LDCI dst,src Ir Ir .C3 =------ R IR &
dst — src Ir Ir D3 R IM '
rer+lrerr+l R ™M
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R240 SIO
Serial I/0 Register
(FOy; Read/Write)

[ lelo oo e ]o]e
————: SERIAL DATA (Do = LSB)

Registers

R241 TMR
Timer Mode Register
(Fly; Read/Write)

ool oo o]
Toyr MODES ]‘1 l_o = NO FUNCTION
NOT USED = 00 1= LOADT,
ToOUT = 23

T, 0UT = 0 = DISABLE T, COUNT
INTERNAL CLOCK OUT = 11

1 = ENABLE T, COUNT

0 = NO FUNCTION

T,y MODES
EXTERNAL CLOCK INPUT = 00 1 =10ADT,

GATE INPUT = 01 0 = DISABLE T, COUNT
TRIGGER INPUT = 10 ——) 1 = ENABLE T, COUNT
(NON-RETRIGGERABLE)
TRIGGER INPUT = 11

(RETRIGGERABLE)

: R242 T1
Counter Timer 1 Register
(F2y; Read/Write)

[0, [ou] o, o.] 0, [0, 0, o]
I T, INITIAL VALUE (WHEN WRIWEW
(RANGE 1-256 DECIMAL 01-00 HEX)

Ty CURRENT VALUE (WHEN READ)

R243 PRE1
Prescaler 1 Register
(F3y; Write Only)

L COUNT MODE

0 = T, SINGLEPASS

1 = T, MODULO-N

CLOCK SOURCE

1 = T, INTERNAL

0 = T, EXTERNAL TIMING INPUT
(T) MODE

PRESCALER MODULO
(RANGE: 1-64 DECIMAL
01-00 HEX)

R244 TO
Counter/Timer 0 Register
(F4y; Read/Write)

[ 0:[06 105 ] 04 [0, ] 0 [0, [0
| T, INITIAL VALUE (WHEN WRITTEN)
(RANGE: 1-256 DECIMAL 01-00 HEX)

To CURRENT VALUE (WHEN READ)

R245 PREO
Prescaler 0 Register
(FSy; Write Only)

LCOUNT MODE
0 = T, SINGLE-PASS
1 = Ty MODULO-N

RESERVED

PRESCALER MODULO
(RANGE: 1-64 DECIMAL
01-00 HEX)

R246 P2M
Port 2 Mode Register
(F6y; Write Only)

[07 [0 040 03 [0,] 01 [0
| P2y-P2, O DEFINITION
0 DEFINES BIT AS OUTPUT

1DEFINES BIT AS INPUT

R247 P3M
Port 3 Mode Register
(F7y; Write Only)

[0:]04[05 [0, {0,]Da| D, [0,
| | 0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE

RESERVED

= INPUT P35 = OUTPUT
1P32 = DAVG/RDYO P35 = ROYO/DAVD

20 P33 = INPUT P34 = OUTPUT
10} P33 = INPUT P34 = DM
11 P33 = DAVI/RDY1 P34 = RDYNDAVA

0P31 = INPUT (T,,) P38 = OUTPUT (Toun)
1P31 - DAVZIRDY2 P38 - RDYZ0AVE.

0P30 = INPUT P37 = QUTPUT
1P30 = SERIALIN P37 = SERIAL OUT
0 PARITY OFF

1 PARITY ON

Figure 13. Control Registers




Registers R248 POIM  R252 FLAGS
(Continued) Port 0 and 1 Mode Register Flag Register
(F8y; Write Only) (FCy; Read/Write)

P0,-P0; MODE P0,-P0; MODE : | LUSE" FLAG F1
OUTPUT = 00 | | 00 = OUTPUT
INPUT = 01 01 = INPUT USER FLAG F2
Ap-Ags = 1X 1X = Ag-Ayy . HALF CARRY FLAG
EXTERNAL MEMORY TIMING STACK SELECTION : DECIMAL ADJUST FLAG
NORMAL = 0 0 = EXTERNAL .

EXTENDED = 1 1 = INTERNAL OVERFLOW FLAG

P1&’1] ;‘V%:EOUTPUT SIGN FLAG
01 = BYTE INPUT ZERO FLAG
10 = AD,-AD, FLAG
11 = HIGH-IMPEDANCE ADo-AD7,
AS, DS, RIW, Ag-A11, A12-Ars
IF SELECTED
R249 IPR . . R253 RP
Interrupt Priority Register Register Pointer
(F9y; Write Only) (FDy; Read/Write)
» [0,]0uo: o]0 [o: [0 oo
RESERVED j_ INTERRUPT GROUP PRIORITY ——: B
l L RESERVED = 000 :’J | DON'T CARE
IRQ3, IRQS PRIORITY (GROUP A) C>A>B =001 REGISTER 3
0 = IRQS > IRQ3 - ¢ A>8B>C =010
12 1Ra3 > 1RQs A>C>B =01 POINTER s
B>C>A=100 "
IRQO, IRQ2 PRIORITY (GROUP B) C>B>A =101
0 = IRG2 > IR B>A>C=110
1 = IRQO > IRQ2 RESERVED = 111
1RQ1, IRQ4 PRIORITY (GROUP C)
0 = IRQ1 > IRQ4 ——————————erd N
1 = IRQ4 > IRQ1
R250 IRQ R254 SPH
Interrupt Request Register Stack Pointer
(FAy; Read/Write) ‘(FEy; Read/Write)
RESERVED j_ _—tmw = P3 INPUT (Do = IRQO) ’ ‘ STACK POINTER UPPER
) IRQ1 = P33 INPUT BYTE (SP,-SP0)
IRQ2 = P3y INPUT

IRQ3 = P3g INPUT, SERIAL INPUT
IRQ4 = To, SERIAL OUTPUT

IRQS = Ty
’ R251 IMR ' R255 SPL
Interrupt Mask Register Stack Pointer
" (FBy; Read/Write) (FFy; Read/Write)
[0 2 [0 [0, [0s [o. [ 01 [0 [0,10,[05 [0, 03[ 0;{ 0, [0

1 ENABLES IRQ0-IRQS
(Do = IRQO) STACK POINTER LOWER

BYTE (SP,-SP;)

1 ENABLES

Figure 13. Control Registers (Continued)
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Lower Nibble (Hex)

Map
0 1 2 3 4 L 8 7 8 9 A B [+ D E F
6,5 6,5 6,5 6,5 10,5 10,5 10,8 10,8 6,5 6,5 12/10,5 | 12/10,0 65 |12/100 65
0 DEC| DEC| ADD| ADD| ADD| ADD| ADD| ADD| LD LD | DINZ R D | JP INC
R IRy ry,r2 | n,lIrz| Ra,Ri| IRz, R1| Ry, IM| IR}, IM| r),Rz2 | r2,R1 | r3,RA | cc,RA | r1,IM | cc,DA rn
6,5 6,5 6,5 6,5 10,5 10,5 10,8 10,8
1 RLC | RLC | ADC| ADC| ADC| ADC| ADC| ADC
Ri IRy | rirz | r,lra| Ra,Ri| Ra,Ri| Ry, IM| IR, IM
6,5 6,5 6,5 6,8 10,5 10,5 10,5 10,8
2 INC| INC| SUB| SUB| SUB| SUB | SUB| SUB
R IR ry,r2 | r,lIra| Rz, Ri| IRz,R1| Ry, IM| IR, IM
8,0 6,1 6,8 6,5 10,5 10,5 10,5 10,8
3 JP SRP | SBC| SBC| SBC| SBC | SBC| SBC
IRR, M 1,12 | r,Ira | Rz, Ri| IRa,R1| Ry, IM| IR), IM
8,5 8,5 6,8 6,5 10,8 10,5 10,5 10,5
4 DA DA OR OR OR OR OR OR
’ R IRy r1,r2 | r,Ira | R, R1| IRz, R1| Ry, IM| IR;, IM
10,5 10,5 6,5 6,5 10,8 10,5 10,5 10,8
5 POP | POP | AND | AND | AND | AND | AND | AND
R IRy ry,r2 | r,lr2 | R2, Ry | IR2,R1 | Ry, IM| IR;, IM
6,5 6,5 6,5 6,5 10,8 10,8 10,5 | 10,5
= 6 COM|COM | TCM | TCM| TCM| TCM | TCM| TCM
K R IR: ry,r2 | ry,lra | Ra,R1 | IRa,Ri | Ry, IM| IRy, IM
: 10/12,1|12/14,1| 6,5 6,8 10,8 10,5 10,8 10,8
g 7 PUSH|PUSH| T™M ™ ™ ™ ™ ™
= Ra IR2 ry,r2 | r,lIr2 | R2,R1 | IR, R1 | Ry, IM| IR, IM
i 10,5 10,5 12,0 18,0 . 6.1
% 8 |DECW|DECW| LDE | LDEI D'I
1) RR1 IRy | ry,Irrz | Iry, Irr2
6,5 6,5 12,0 18,0 6.1
9 RL RL LDE | LDEI ﬂ
Ri IR Irry | Ir2,Irny
10,5 10,5 6,5 6,5 10,8 10,5 10,5 10,5 14,0
A |INCW |INCW | CP CP CP CP CP CP RET
RR) IR) ry,r2 | r,Ira | R2,R1 |IR2,R1 | R, IM | IR, IM
6,5 6,5 6,8 6,5 10,5 10,5 10,5 10,5 16,0
B CLR { CLR | XOR | XOR | XOR | XOR | XOR | XOR m
R IRy r1,r2 | n,lIrz2 | R2,Ry | IR3,R1 | Ry, IM | IR), IM
6,5 6,8 12,0 18,0 10,5 6.5
¢ | rRc | rRC | DC | wDCI LD RCF
R IRy |ry, Irrz |Iny, Irra2 rn, x, R2
6,5 6,5 12,0 18,0 20,0 20,0 10,8 6,5
D SRA | SRA | LDC | LDCI |CALL* CALL| LD SC
Ri IR1 [r2,Irry |Ira, Irrs| IRR) DA |rz,x,R1
6,5 6,8 6,5 10,8 10,5 10,5 10,8 6.5
E RR RR LD LD LD LD LD Oé}‘
Ry IRy r1,Irz | Rz,R1 | IR2,R; | R, IM | IR, IM
8,5 8,5 6,5 10,8 6.0
F | SWAP|SWAP LD . h
R IR Iry, r2 R2,IR) V A " w V 1 ‘ NOP
o s/ \u D SR R —
Bytes per v v Vv
Instruction 2 3 2 3
-Lower
Nibble
Execution { Pipeline Legend:
Cycles N ¢ Cycles R = 8-Bit Address
r = 4-Bit Address
Upper 10,5 Riorri = Dst Address
Opcode —» A | CP 4¢— Mnemonic Rz or ra = Src Address
Nibble Rz, Ry
r- Sequence:
First Second Opcode, First Operand, Second Operand
Operand Operand

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

Note: The blank areas are not defined.

649




Stresses greater than those listed under Absolute Maxi-

Absolute Voltages on all pins mum Ratings may cause permanent damage to the device.
Md’_‘imum with respectto GND.......... -0.3Vto +7.0V This is a stress rating only; operation of the device at any.
Ratings Operating Ambient condition above those indicated in the operational sections
: i of these specifications is not implied. Exposure to absolute
Temperature........ See Ordering Information maximum rating conditions for extended periods may affect
Storage Temperature. . . . . ...=65°Cto +150°C  device reliability.
Standard The DC characteristics listed below apply for +5V
Test the following standard test conditions, unless
Conditions  otherwise noted. All voltages are referenced to 21K
GND. Positive current flows into the reference FROM OUTPUT
pin. UNDER TEST
Standard conditions are:
O +475V < Voo < +5.25V 150 pF o
OGND =0V I
00°C =Ty = +70°C [ T .
Figure 14. Test Load 1
DC Symbol Parameter Min Max  Unit Condition
Character- -
istics Vcu  Clock Input High Voltage 38 . Vcc V  Driven by External Clock Generator
Veu Clock Input Low Voltage -0.3 0.8 V  Driven by External Clock Generator
Viz  Input High Voltage 20 Vee v
Vi Input Low Voltage -0.3 0.8 A
Vry Reset Input High Voltage 3.8 Vee \4
VaL Reset Input Low Voltage -0.3 0.8 \'
Vou Output High Voltage 2.4 V  Iony = -250 4A -
VoL Qutput Low Voltage 0.4 V IoLr= +20mA
Ino Input Leakage -10 10 | pA OVs Viy < +5285V
IoL Output Leakage ) -10 10 wA O0Vs Viy < 4525V
IR Reset Input Current -50 pA Vec = +5.25V, Vg =0V
Iec Vce Supply Current 150 mA
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AC Characteristics

External I/0
or Memory RIW X I(
Read and B> e-@->
Write Timing poRT o X'
@r\’l
PORT 1 ){ [ oo-orin |
D> D> (Or=-
= _\m:.? ® <N
mOa o
(usr_:) @-
re—()—-1
PORT 1 K Ao-Ar X Do-D7 OUT
—o— o  naCa R E
Mll‘i’r!‘) \l e y
Figure 15. External I/0 or Memory Read/Write
No. Symbol Parameter Min Max Notes*}°
1 TdA(AS) Address Valid to &S 1 Delay 35 2,3
2 TdAS(A) ES 1 to Address Float Delay 45 2,3
3 TdAS(DR) ZS t to Read Data Required Valid 220 1,23
4 TwAS ZS Low Width 55 1,2,3
5 TdAz(DS) Address Float to DS 0
6 — TwDSR DS (Read) Low Width 185 1,2,3
7 TwDSW DS (Write) Low Width 110 12,3
8 TdDSR(DR) DS | to Read Data Required Valid 130 1,2,3
9 ThDR(DS) Read Data to DS 1 Hold Time 0
10 . TdDS(A) DS 1 to Address Active Delay 45 2,3
11 TdDS(AS) DS 1 to &S | Delay 55 2.3
12 — TdR/W(AS) —— R/W Valid to &S 1 Delay 30 2.3
13 TdDS(R/W) DS 1 to R/W Not Valid 35 2,3
14 TdDW(DSW) Write Data Valid to DS (Write) { Delay 35 2,3
15 TdDS(DW) DS 1 to Write Data Not Valid Delay 45 . 23 .
16 TdA(DR) Address Valid to Read Data Required Valid 285 i 1,23
17 TdAS(DS) ZS 110 DS | Delay 55 2.3
NOTES:

1. When using extended memory timing add 2 TpC.
2. Timing numbers given are for minimum TpC.
3. See clock cycle time dependent characteristics table.

t Test Load 1.

° All timing references use 2.0 V for a logic 1" and 0.8 V for a logic “0".

* All units in nanoseconds (ns).
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AC Characteristics

Additional
Timing
Table cLock
le— >
RGN H \
<—®—-—>‘
Figure 16. Additional Timing
No. Symbol Parameter Min Max Notes*
‘1 TpC Input Clock Period 80 1000 1
2 TrC,TIC Clock Input Rise And Fall Times . 15 1
3 TwC 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 100 2
8a TwiL Interrupt Request Input Low Time 70 2,3
8b TwiIL Interrupt Request Input Low Time 3TpC 2,4
9 TwlH Interrupt Request Input High Time 3TpC 2,3
NOTES: :
1. Clock timing references uses 3.8 V for a logic *1” and 0.8 V for 3. Interrupt request via Port 3 (P3]-P33).
alogic 0", . 4. Interrupt request via Port 3 (P3().

* 2. Timing reference uses 2.0 V for a logic "1” and 0.8 V for
alogic "0".

* Units in nanoseconds (ns).

Memory Port )
Timing Ac-Ate L ADORESS VALID
Do-D7 DON'T CARE X DATA IN VALID B
Figure17. Mofnory Port Timing

No. Symbol Parameter Min Max Notes*

1 TdA(DI) Address Valid to Data Input Delay 320 ) 1,2

2 ThDI(A) Data In Hold time 0 1
NOTES:
1. Test Load 2. *Units are nanoseconds unless otherwise specified.
2. This is a Clock-Cycle-Dependent p ter. For clock frec .

other than the maximum, use the following formula: 5 TpC - 95
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Handshake

. s DATA IN DATA IN VALID X
Timing ot i - 1
o ‘ N——CO—
. o P~
.4 \ /
Figure 18a. Input Handshake \
DATA OUT )‘ DATA OUT VALID
——1
oy N
(OUTPUT)
I ) I ()
| U
\ ® /
Figure 18b. Output Handshake
No. Symbol Parameter Min Max Notes*
1 TsDI(DAV) Data In Setup Time 0
2 ThDI(DAV) Data In Hold time 160
3  TwDAV Data Available Width 120
4  TdDAVI{(RDY) DAV | Input to RDY | Delay 120 1,2
5—TdDAVOf(RDY) —— DAV | Output to RD_Y | Delay 0 1,3
6  TdDAVIr(RDY) DAV 1t Input to RDY 1 Delay 120 1,2
7  TdDAVOr(RDY) DAV 1 Output to RDY 1 Delay 0 1,3
8  TdDO(DAV) Data Out to DAV { Delay 30 1
9  TdRDY(DAV) Rdy | Input to DAV 1 Delay . 0 140 1
NOTES:
1. Testload 1 * Units in nanoseconds (ns).

2. Input handshake

3. Output handshake

t All timing references use 2.0 V for a logic *1” and 0.8 V for
alogic*0". .

Clock- ‘
.Cycle-Time- Number Symbol Equation
Dependent
Characteristics ! TdA(AS) TpC-50
2 TdAS(A) TpC-40
3 TdAS(DR) 4TpC-110*
4 TwAS TpC-30
5——TwDSR 3TpC-65*
7 TwDSW 2TpC-55*
8 TdDSR(DR) 3TpC-120*
10 Td(DS)A TpC-40
11 TdDS(AS) TpC-30
12——TdR/W(AS) TpC-55
13 TdDS(R/W) TpC-50
14 TdDW(DSW) TpC-50
15 TdDS(DW) TpC-40
’ 16 TdA(DR) 5TpC-160*
17 TdAS(DS) TpC-30

* Add 2TpC when using extended memory timing.
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MIL-STD-883 MILITARY PROCESSED PRODUCT

® Mil-Std-883 establishes uniform methods and proce- ® The total reliability of a system depends upon tests that
dures for testing microelectronic devices to insure the are designed to stress specific quality and reliability
electrical, mechanical, and environmental integrity and - concerns that affect microelectronic products.

reliability that s required for military applications. m The following tables detail the 100% screening and elec-

® Mil-Std-883 Class B is the industry  standard product trical tests, sample. electrical tests, and Qualification/
assurance level for military ground and aircraft Quality Conformance testing required. ‘
application.

Zllog Military Product Flow

ENVIRONMENTAL SCREENING

® STABILIZATION BAKE
WAFER SCRIBE AND INSPECTION ASSEMBLY PViSUAL L | seacano | | 5 TENPERATURE CYCLE
ensmcation || Careax =] miLstoees =1 (wLsTD-803 Lot 1.0.
Method 2010) Method 2010)

cMB c™M
- LMB LM
PARTS PARTS

ELECTRICAL
TESTS

'

BURN-IN ’ FINAL
(MIL-STD-883 ELECTRICAL
Method 1015) TESTS ~

!

FINAL
‘] ELECTRICAL
TESTS

3 TEMPS

!

FINE LEAK QA
GROSS LEAK SAMPLE
ELECTRICAL

GROUP A
SAMPLE
ELECTRICAL

!

QUALITY
CONFORMANCE EXTERNAL
INSPECTION VISUAL

(acy) :

)

EXTERNAL -
VISUAL
(MIL-STD-883
Method 2009)

'

cMB cm
LMB . LM
PARTS PARTS

654



Table |
MIL-STD-883 Class B Screening Requirements

Method 5004
Mil-Std-883 «
Test Method Test Condition Requirement
Internal Visual 2010 Condition B 100%
Stabilization Bake 1008 Condition C 100%
Temperature Cycle 1010 Condition C 100%
Constant Acceleration (Centrifuge) 2001 Condition E or DNote 1), Y; Axis Only 100%
Initial Electrical Tests . Zilog Military Electrical Specification 100%
Static/DC Tg = +25°C
Burn-In 1015 Condition D(Note 2) 160 hours, '100%
Ta = +125°C
Interim Electrical Tests Zilog Military Electrical Specification 100%
' Static/DC Tc = +25°C
PDA Calculation PDA = 5% 100%
Final Electrical Tests Zilog Military Electrical Specification 100%
Static/DC Te = +125°C, —55°C
Functional, Switching/AC T = +25°C
Fine Leak 1014 Condition Az 100%
Gross Leak 1014 Condition C 100%
Quality Conformance Inspection (QCl) '
Group A Each Inspection Lot 5005 (See Table II) Sample
Group B Every Week 5005 (See Table lf) Sample
Group C Periodically (Note 3) 5005 (See Table IV) Sample
Group D Periodically (Note 3) 5005 (See Table V) Sample
External Visual 2009 100%
QA—Ship ‘ 100%
NOTES:

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 25 grams.

2. In process of fully implementing of Condition D 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 Il Group A

Sample Electrical Tests
MIL-STD-883 Method 5005

LTPD

Subgroup Tests Tempeﬁtum (Te) Max Accept=2
“Subgroup 1 Static/DC - +25°C o2
Subgroup 2 Static/DC +125°C 3
Subgroup 3 ~ Static/DC -55°C 5
 Subgroup 7 Functional +25°C 2
Subgroup 8 - Functional —55°Cand +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 Il Group B

_ Sample Test Performed Every Week to
Test Construction and Insure Integrity of Assembly Process.

MIL-STD-883 Method 5005
Mil-Std-883 Quantityor
Subgroup Method Test Condition LTPD/Max Accept
Subgroup 1 .
Physical Dimensions 2016 2/0
Subgroup 2
Resistance to Solvents 2015 4/0
Subgroup 3
Solderability 2003 Solder Temperature 15(Note 1)
+245°C + 5°C
Subgroup 4
Internal Visual and Mechanical 201 4 1/0
Subgroup 5
Bond Strength 2011 c 15(Note 2)
Subgroup 6(Note3)
Internal Water Vapor Content 1018 1000 ppm. 3/0 or 5/1
maximum at +100°C
Subgroup 7(Note 4)
Seal 1014 5
7a) Fine Leak 7a) Az
7b) Gross Leak 7b) C
Subgroup 8N 5)
Electrostatic Discharge Sensitivity 3015 Zilog Military Electrical
Specification
Static/DC Tg = +25°C
A = 20-2000V
B = >2000V 15/0

Zilog Military Electrical

Specification

Static/DC Tg = +25°C

NOTES:

s wWwn =

. Number of leads inspected selected from a minimum of 3 devices.
. Number of bond pulls.selected from a minimum of 4 devices.

. Test applicable only if the package contains a dessicant.

. Test not required if either 100% or sample seal test is performed between final electrical tests and external visual during Class B screening.
. 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.
MIL-STD-883 Method 5005

Mil-Std-883 - Quantity or
Subgroup - Method Test Conditiqn LTPD/Max Accept
Subgroup 1 ' )
Steady State Operating Life © 1005 Condition D(Note 1), 1000 hours at 5
‘ +125°C '
End Point Electrical Tests Zilog Military Electrical Specification
Tc = +25°C, +125°C, -55°C -
Subgroup 2
Temperature Cycle 1010 Condition C
Constant Acceleration (Centrifuge) 2001 Condition E or D(Note 2) v, Axis Only
Seal . 1014 B 15
2a) Fine Leak 2a) Condition Ay
2b) Gross Leak . 2b) Condition C
Visual Examination 1010 0r 1011
End Point Electrical Tests : Zilog Military Electrical Specification
Tc = +25°C, +125°C, -55°C
NOTE: '

1. In process of fully implementing Condition D Burn-In 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 25 grams. ' :
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Table V Group D

Sample Test Performed Periodically to Insure Integrity of the Package.
MIL-STD-883 Method 5005

. Mil-Std-883 Quantity or )
Subgroup Method Test Condition LTPD/Max Accept
Subgroup 1 . .

Physical Dimensions 2016 ‘ 15
Subgroup 2
Lead Integrity 2004 Condition B, or DNote 1) 15
Subgroup 3
Thermal Shock 1011 Condition B minimum,
15 cycles minimum
Temperature Cycling 1010 Condition C, 100 cycles minimum 15
Moisture Resistance 1004
Seal 1014
3a) Fine Leak 3a) Condition Ay
3b) Gross Leak 3b) ConditionC
Visual Examination 1004 or 1010
End Point Electrical Tests Zilog Military Electrical Specification
Tc = +25°C, +125°C, -55°C
Subgroup 4
Mechanical Shock 2002 - Condition B minimum
Vibration Variable Frequency 2007 Condition A minimum
Constant Acceleration (Centrifuge) 2001 Condition E or D(Note 2) v, Axis Only 15
Seal 1014 .
4a) Fine Leak 4a) Condition Az
4b) Gross Leak 4b) ConditionC
Visual Examination 10100r 1011
End Point Electrical Tests Zilog Military Electrical Specification
-Tc = +25°C, +125°C, -55°C
Subgroup 5
Salt Atmosphere 1009 - Condition A minimum
Seal 1014 15
5a) Fine Leak 5a) Condition Ay
5b) Gross Leak 5b) ConditionC
Visual Examination 1009 .
Subgroup 6
Internal Water Vapor Content 1018 5,000 ppm. maximum water 3/0 or 5/1
: contentat + 100°C
Subgroup 7(Note 3)
Adhesion of Lead Finish 2025 15(Note 4)
Subgroup 8(Note 5)
Lid Torque 2024 5/0
NOTES:

1. Lead Integrity Condition D for leadless chip carriers.

3. Not applicable to leadless chip carriers.

4. LTPD based on number of leads.
5. Not applicable for solder seal packages.

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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Product Specification

Z8° 28681 Military
ROMIless Microcomputer

June 1987

FEATURES

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

m 143-byte register file, including 124 general-purpose
registers, three 1/0O port registers, and 16 status and
control registers.

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

m On-chip oscillator that accepts crystal or external clock
drive.

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

m Register Pointer so that short, fast instructions can
access any one of the nine working-register groups.

® Single + 5V power supply—all /O pins TTL-compatible.
| Available in 8 MHz. ‘

GENERAL DESCRIPTION

The Z8681 is the ROMlIess version of the Z8 single-chip
microcomputer. The Z8681 offers all the outstanding
~ features of the,Z8 family architecture except an on-chip
program ROM. Use of external memory rather than a
preprogrammed ROM enables this Z8 microcomputer to be
used in low volume applications or where code flexibility is
required.

The Z8681 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 (ADg-ADy) 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 Ag-A1s.

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 (DM). The two states of DM 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 aregister file of 124 general-purpose registers, 16 control
and status registers, and three /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 instructions; in addition, any of
the individual registers can be accessed directly.
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ABSOLUTE MAXIMUM RATINGS
Guaranteed by characterization/design

Voltages on all pins except RESET

with respecttoGND . ..........:...-0.3Vto +7.0V
Operating Case Temperature. . . .. . .. -55°Cto +125°C
Storage Temperature Range .. ...... -65°Cto +150°C

Absolute Maximum Power Dissipation. . .......... 1.7W

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 reliability.

STANDARD TEST CONDITIONS

The DC characteristics listed below apply for the following
standard test conditions, unless otherwise noted. All

voltages are referenced to GND (0V). Positive current flows

into the referenced pin.

Military Operating Temperature Range (Tc)
-55°Cto +125°C

Standard Military Test Condition
+4.5< Vo< +5.5V -

+5V

21K

FROM OUTPUT
UNDER TEST

Test Load
DC CHARACTERISTICS
Symbol Parameter ‘Min Max Unit Condition
VeH Clock Input High Voltage 3.82 Veeb v Driven by External Clock Generator
Ve Clock Input Low Voltage -0.3b 0.82 Vv Driven by External Clock Generator
ViH Input High Voltage 2.02 VceP v
ViL Input Low Voltage -0.3b 0.82 v
VRH Reset Input High Voltage 3.82 VeeP v
VRL Reset Input Low Voltage -0.3b 0.8a %
VoH Output High Voltage 2.42 \ loy = —250 uA
VoL Output Low Voltage 0.4a \Y loL= +2.0mA
liL Input Leakage -10a . 102 uA VIN = 0V, 5.5V
loL Output Leakage -102 102 A ViN = 0V, 5.5V
IR Reset Input Current -502 uA Vee = MAX, VR = OV
lcc Ve Supply Current 2302 mA All outputs and I/O pins floating
CAPACITANCE | .
Symbol Parameter Max Unit
CMAX Maximum Capacitance 15¢ pf
Ta = 25°C,f = 1 MHz.
Parameter Test Status:
2 Tested
b Guaranteed

* Guaranteed by CharacterizétionlDesign
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Figure 1. External I/O or Memory Read/Write Timing
AC CHARACTERISTICS

External /0O or Memory Read and Write Timing

28681
8 MHz
Number Symbol Parameter Min Max Notes* °
1 TdA(AS) Address Valid to AS * Delay 502 23
2 TdAS(A) AStto Addrgss Float Delay 70a 23
3 TdAS(DR) AS t to Read Data Required Valid 4202 1,23
4 TwAS AS Low Width 802 23
5 TdAz(DS) Address Floatto DS ¥ ob
6 TwDSR DS (Read) Low Width 2502 1,23
7 TWDSW S (Write) Low Width 1602 1,23
8 TdDSR(DR) DS 4 to Read Data Required Valid 2002 1,2,3
9 ThDR(DS) Read Data to DS 1 Hold Time 02
10 TdDS(A) DS t to Address Active Delay 702 23
11 TdDS(AS) DS tto AS | Delay 702 g 23
12 TdR/W(AS) R/W Valid to AS * Delay 50a 23
13 TdDS(R/W) DS tto R/W Not Valid 602 23
14 TdDW(DSW) Write Data Valid to DS (Write) + Delay 502 2,3
15 TdDS(DW) DS 1 to Write Data Not Valid Delay 602 23
16 TdA(DR) Address Valid to Read Data Required Valid 4102 1,2,3
17 TdAS(DS) AS t10 DS ¥ Delay 802 23
NOTES:

- 1. When using extended memory timing add 2 TpC.
Timing numbers given are for minimum TpC.
J. See clock cycle time dependent characteristics table.

* All units in nanoseconds (ns).

Parameter Test Status:

a Tested
b Guaranteed

C Guaranteed by Characterization/Design

© All timing references use 2.0V for a logic “1” and 0.8V for a logic “0".
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Figure 2. Additional Timing

AC CHARACTERISTICS
Additional Timing Table

28681
. 8 MHz
Number  Symbol Parameter Min Max Notes™
1 TpC Input Clock Period 1252 10002 1 )
2 TC,TfC Clock Input Rise and Fall Times ' 25b 1
3 TWC Innut Clack Width 37b 1
4 TwTinL Timer Input Low Width 100b 2
5 TwTinH Timer Input High Width 3TpCb 2
6 TpTin Timer Input Period 8TpCb 2
7 TrTin, TfTin " Timer Input Rise and Fall Times 100b 2
8A TwiL Interrupt Request Input Low Time 1000 234
8B TwiL Interrupt Request Input Low Time 3TpCb 235
9 TwiH Interrupt Request Input High Time 3TpCb 2.3
NOTES: .
1. Clock timing references use 3.8V for a logic “1” and 0.8V for a logic “0". 4. Interrupt request via Port 3 (P34-P33)
2. Timing references use 2.0V for a logic “1” and 0.8V for a logic “0" 5. Interrupt request via Port 3 (P3¢)
3. Interrupt request via Port 3. * Units in nanoseconds (ns).
Parameter Test Status:
a Tested

b Guaranteed
€ Guaranteed by Characterization/Design
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Figure 3a. Input Handshake Timing
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Figure 3b. Output Handshake Timing
AC CHARACTERISTICS
Handshake Timing
28681
Number Symbol Parameter Min Max Notest*
1 TsDI(DAV) Data In Setup Time 02
2 ' ThDI(DAV) Data In Hold Time 2302
3 TwDAV Data Available Width 1752
4 TdDAVIf(RDY) DAV 4 Input to RDY 4 Delay 1752 1
5 TdDAVOf(RDY) DAV | Output to RDY ¢ Delay 0a 2
6 TdDAVIrRDY) DAV t input to RDY * Delay 1752 1
7 TdDAVOr(RDY) DAV % Qutput to RDY 1 Delay 0a 2
8 TdDO(DAV) Data Out to DAV { Delay 502
9 TdRDY(DAV) Rdy ¢ Input to DAV t Delay ob 2002

NOTES:
1. Input handshake
2. Output handshake

1 Alltiming references use 2.0V for a logic “1” and 0.8V for a logic “0"

* Units in nanoseconds (ns).

Parameter Test Status:

2 Tested
b Guaranteed

C Guaranteed by Characterization/Design

\

665



PIN DESCRIPTION

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

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

P0y-P07, P2¢-P27, P3¢-P35. //O Port Lines (input/outputs,
TTL-compatible). These 24 lines are divided into three 8-bit
110 ports that can be configured under program control for
I/O or external memory interface.

P1¢-P17. Address/Data Port (bidirectional). Multiplexed
address (Ap-A7) and data (Dg-D7) lines used to interface with
program and data memory.

RESET. Reset (input, active Low). RESET initializes the
28681. After RESET the Z8681 is in the extended memory
mode. When RESET is deactivated, program execu-
tion begins from program location 000C.

R/W. Read/Write (output). RW is Low when the 78681 is
writing to external program or data memory.

XTAL1, 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.

,——» RES +5V fa—o
TIMING | <—o] RiW GND |e—o
CONTROL | «+——] DS XTALY fa—1|
— cLOCK
<«—] As XTAL2 J
-] PO, P2, fa—>
<~} PO, P2y ja—>
«—p-1 PO, P2, ja—>
PORYT O p: PORT 2
(NIBBLE | <= PO, 2; ja—> (BIT PRO-
PROGRAMMABLE) S P. <«—» | GRAMMABLE)
110 OR Ag-Asg PO, 2 1o
<1 P0; 28681 P2 je—>
<] P0, MCU P2 | o
~-—»{ PO, P2; fa—>
<—{ Pl P3; fe—
<] P1, - P3; fa——o
<> P1, P3; je—o
PORT 1 PORT 3
(BYTE| =] P, P3; fe— [ SERIAL AND
PROGRAMMABLE) PARALLEL HO
primrid g g P3y f— | AND CONTROL
-—af Pi; P3; i
<] Plg P35 f—>
<] P1, P3, |—>

Figure 4. Pin Functions

+sv 1 U w0 ] rs,
xtatz [J 2 39 [] P3,
xtaLt [ 3 38 (] P2,
o[ 37 [J p2,
P, [ 5 36 [J P2
RESET [J 6 5[] 2,
RIW 7 3] k2,

o5 []s a[]r2,

As o 32[] r2,

°
P
&

[}
Z
o

10 zges8t 31[] P2
MCU 3 e,

P3, 12 29[] p3,
Po, [ 13 28 ;] P1,
PO, 14 27 [] p1g
po, [ 15 26 [] P15
po; [ 16 25 P1,
ro, [ 17 24 p1,
pos [] 18 2af] e,
Pog [] 19 2] p1,
po, [ 20 21{] P1y

Figure 5. 40-pin Dual-In-Line Package (DIP),
Pin Assignments )
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MIL-STD-883 MILITARY PROCESSED PRODUCT

® Mil-Std-883 establishes uniform methods and proce- ® The total reliability of a system depends upon tests that

dures for testing microelectronic devices to insure the are designed to stress. specific quality and reliability

electrical, mechanical, and environmental integrity and concerns that affect microelectronic products.

reliability that is required for mﬂntary applications. ® The following tables detail the 100% screening and elec-
m Mil-Std-883 Class B is the industry standard product trical tests, sample electrical tests, and Qualification/

assurance level for military ground and aircraft Quality Conformance testing required.

application. ' )

Zilog Military Product Flow

ENVIRONMENTAL SCREENING

WAFER SCRIBE AND INSPECTION PViuAL SEAL AND & TEWPERATURE CvcLe
rarication | ~Break ] msto-ssa [=| ASSEMBLY =1 usto.ees ™| tovip. ] ® CENTRIFUGE
Method 2010) Method 2010)

cMB CME
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PARTS PARTS

ELECTRICAL
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‘ FINAL
) ELECTRICAL
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BURN-IN STEMPS
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!
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EXTERNAL
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EXTERNAL
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!
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Table | \ B
MIL-STD-883 Class B Screening Requirements

Method 5004 - :
Mil-Std-883
Test Method Test Condition Requirement
Internal Visual 2010 Condition B 100%
Stabilization Bake 1008 ConditionC 100%
Temperature Cycle 1010 Condition C 100%
Constant Acceleration (Centrifuge) 2001 Condition E or DN®e 1), Y; Axis Only 100%
Initial Electrical Tests Zilog Military Electrical Specification 100%
Static/DC Tc = +25°C
Burn-In 1015 Condition DINote 2) 160 hours, 100%
Ta = +125°C
Interim Electrical Tests Zilog Military Electrical Specification 100%
Static/DC Tg = +25°C
PDA Calculation PDA = 5% 100%
Final Electrical Tests Zilog Military Electrical Specification 100%
Static/DC Tg = +125°C, —-55°C o
~ Functional, Switching/AC Tc = +25°C
Fine Leak 1014 Condition B 100%
Gross Leak , 1014 Condition C 100%
Quality Conformance Inspection (QCI) ’
Group A Each Inspection Lot 5005 (See Table i) Sample
Group B Every Week 5005 (See Table Ill) Sample
Group C Periodically (Note 3) 5005 (See Table IV) Sample
GroupD = Periodically (Note 3) 5005 (See Table V) Sample
External Visual 2009 100%
QA—Ship 100%
NOTES: '

1. Appliesto 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 Condition D 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 Il Group A
Sample Electrical Tests

MIL-STD-883 Method 5005

Subgroup Tests Temperature (Tg) Max z:gpt =2
Subgroup 1 Static/DC +25°C 2
Subgroup 2 Static/DC +125°C 3
Subgroup 3 Static/DC -55°C 5
Subgroup 7 Functional +25°C 2
Subgroup 8 Functional -55°Cand +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 in Group B
~ Sample Test Performed Every Week to
! Test Construction and Insure Integrity of Assembly Process.

MIL-STD-883 Method 5005
C Mil-Std-883 Quantity or
SUbgrpup Method Test Condition LTPD/Max Accept
Subgroup 1 ‘ ‘
Physical Dim’ensions 2016 2/0
Subgroup 2 .
Resnstance to Solvents 2015 ‘ 4/0
Subgroup 3
Solderability 2003 Solder Temperature 15(Note 1)
+245°C + 5°C
Subgroup 4
Internal Visual and Mechanical 2014 1/0
Subgroup 5
Bond Strength 2011 [ 15(Note 2)
Subgroup s(Note 3)
Internal Water Vapor Content 1018 1000 ppm. 3/0or51 -
‘ maximum at +100°C
Subgroup 7(Note 4) . ,
Seal ‘ 1014 5
7a) Fi‘ne'Leak Cor 7a) B
7b) Gross Leak o 7b) C
subgmup g(Note 5) ‘
Electrostatic Discharge Sensitivity 3015 Zilog Military Electrical
’ Specification
Static/DC Tg = +25°C
A = 20-2000V
B = >2000V 15/0
Zilog Military Electrical
Specification )
Static/DC Tg = +25°C
NOTES:
1. Number of leads inspected selected from a minimum of 3 devices.
2. Number of bond pulls selected from a minimum of 4 devices.
3. Testapplicable only if the package contains a dessicant.
4. Test not required if egher 100% or sample seal test is performed between final electrical tests and external visual during Class B screenmg
5. Testrequired for initial qualmcatlon and product redesign. -

- 670



Table IV Group C

Sample Test Performed Periodically to Verify integrity of the Die.
MIL-STD-883 Method 5005

i

Mil-Std-883 i Quantity or
Subgroup Method Test Condition LTPD/Max Accept
Subgroup 1
Steady State Operating Life 1005 Condition DNote ) 1000 hours at 5
» +125°C
End Point Electrical Tests Zilog Military Electrical Specification
Tc = +25°C, +125°C, -55°C -
Subgroup 2
Temperature Cycle 1010 Condition C
Constant Acceleration (Centrifuge) 2001 Condition E or DNote 2) v, Axis Only
Seal 1014 15
2a) Fine Leak 2a) Condition B
2b) Gross Leak 2b) ConditionC
Visual Examination 1010 0or 1011

End Point Electrical Tests

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

NOTE:

1. Inprocess of fully implementing Condition D Burn-In 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 25 grams.
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Sample Test Performed Periodically to Insure Integrity of the Package

Table V Group D

1. Lead Integrity Condition D for leadless chip carriers.
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 25 grams.

3. Not applicable to leadless chip carriers.
4. LTPD based on number of leads.

5. Not applicable for solder seal packages.

MIL-STD-883 Method 5005
. . Mil-Std-883 Quantity or -
Subgroup Method Test Condition LTPD/Max Accept
Subgroup 1
Physical Dimensions 2016 15
Subgroup 2 .
Lead Integrity 2004 Condition B, or D(Note 1) 15
Subgroup 3
Thermal Shock 1011 Condition B minimum,
15 cycles minimum
Temperature Cycling 1010 Condition C, 100 cycles minimum 15
“ Moisture Resistance 1004 '
Seal 1014
3a) Fine Leak 3a) Condition B
3b) Gross Leak 3b) ConditionC
Visual Examination 1004 or 1010
End Point Electrical Tests Zilog Military Electrical Specification
Tc = +25°C, +125°C, —-55°C
Subgroup 4 )
Mechanical Shock 2002 Condition B minimum
Vibration Variable Frequency 2007 Condition A minimum
Constant Acceleration (Centrifuge) 2001 Condition E or DNo®2), Y4 Axis Only 15
Seal 1014
4a) Fine Leak 4a) Condition B
4b) Gross Leak 4b) ConditionC
Visual Examination 1010 or 1011
End Point Electrical Tests ) Zilog Military Electrical Specification
Tc = +25°C, +125°C, -55°C
Subgroup 5 :
Salt Atmosphere 1009 Condition A minimum
Seal 1014 15
5a) Fine Leak 5a) Condition B
5b) Gross Leak 5b) ConditionC
Visual Examination 1009
Subgroup 6
Internal Water Vapor Content 1018 5,000 ppm. maximum water 3/0or5/1
content at +100°C.
Subgroup 7(Note 3) :
Adhesion of Lead Finish 2025 15(Note 4)
Subgroup 8(Note 5)
Lid Torque 2024 5/0
NOTES:
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PACKAGE INFORMATION

W W W _W_W_1

10

0.208
Mix
LEAD NO. 1 T ost0 . 9
INDENT ?jsn‘)? .
0.185
o e
T 0.040
:.ozo'l
0.010 .
=002 | f f }
0.300 T X
[ REF ] 0125 "1 7] — }‘] ‘;2,‘,,’,
MIN 0.050

NOTE:
0.031 RADIUS 18
NOTCH ALT. \

0.030
0300_ MAX
"’o.azu 0.065 feep i

—m\ e
71 :
0.009 |
0328 0,015 ‘
“_Iﬁfi—’l 20 o i

=.015
BOTH ENDS

0.100
+.010

18-Pin Ceramic Package

0.045
+.005

10

o W e B e B o B e B e B e B o e

3 | g e g ey e |
0.025 0.920

-

=gy e gy

9

|=—o0.040

0.;130

0.020
MIN

18-Pin Plastic Package

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4
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PACKAGE INFORMATION (Continued)

e N | I e
T 1
tr
s
o000 o || [ oo < Lge g
% BOTH ENDS
28-Pin Ceramic Package

R‘JVUVVVVUUVUUU‘#

1.480
MAX

l‘—m—‘l 159 //—mumuua :ﬁj .

0.010 —)

.o .
) g | g | l.-,‘%';.’ -.IL:";.,.:
0.040
2.020
28-Pin Cerdip Package
28 13
T ANNAAANNANANANANA
b
—y
Mo |
\‘IVVVVVVVVVVVV“\{
‘I“AX”

e 3
L B i 1'#.'
0.018
0.55%

128
ne W saate W -~
28-Pin Plastic Package

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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PACKAGING INFORMATION

'

ANAANAAMAAMNANANAANAR

D

YVVVVVVVVVVVV\JVVVVV\%’

i

2.070
MAX
0.620 . 0.050 0.180
0.500 T MAX
/ 7 qug } om
‘I MIN
0.015 —7 ¥
—~*c:000 v
0.650 0.090 0.110 0.021 0.060
0.610 - 6.060 0.090 *! I"m 0.040 %345
40-pin Plastic DIP
0.565
MAX P 2
GLASS P O O
0.550
MAX
N S S S T T S A T W L LT LT T
2.080
MAX
0.230 0.056
__oﬁeAzxo MAX SEALING GLASS :%—-‘ r—
[ 7 1
I 4
0.010 “‘ s
m —
Tve . _
e up | kg AR R
0.040
=.020
40-pin Cerdip Package

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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PACKAGE INFORMATION (Continued)

o 0 0 0000000000000 0 000
un | 1600000000000
0.200
0.987 0.540
0.300
0.400 .
0.533
. — 1,9 0 0 00006000 060600600pPooO
OOOO0OOOO0000
PIN1_ :
IDENTIFICATION 0.100 x 11 = 1.100 0.520 0.330 ]
‘ SOCKET A .
\ IDENTIFICATION 1.690
g 0.100 x 19 = 1.900
2.311

CERAMICLID
) 610 \
EPOXV/GLASS_\
[

T
PINSTAND-OFE—
apL

| -

0.200

i

q_o.aoo_.|

|«—0.300 —|

|+—10.400

40-pin Low Profile Protopack
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0.050
45° x 0.45 MAX
45° x 0,045 MAX~_ _.lt:Y:IEﬁL / IDENTIFICATION
0.026 ¥ 17 = ! =t
NOMINAL - ] =
1] b
] =l *0.620
p* 0.690 =R +.010
Y =3
1 +.008 =4
i ST 4 oos
p (=2
17 200 =L LT+ 002
2)_ ¥ |
45° x 0.010 MAX S a0
SPLACES 0105 +.005
w0474 .005
VIEW TOWARD PC BOARD
44-pin PCC
)

» i

BOTTOM VIEW

Coooooooooog

21
o 0 e O s B e O e T e 8 e T e |

CoOooooooooodon

20
PN <
msnnncxry 2,020 MAX
SOCKETA~" \|-—-o.oso=,ozo
| 1.220 MAX i
: . 0.530 SQ.
.~
[T i [
| BN BN SN B S S s e iy ns—
0.010
—>!|+— =002
TYP
018
00— —+| |«~L0.050+.015 BOTH ENDS ——\L—‘
— 0.100 +.010 TYP —»| |<—0.040+.007 TYP
1.9oo -.002
i REF 1
40-pin Protopack
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PACKAGING INFORMATION (Continued)

ANANANANAAANANANANANANAL A

0.560

0.540
0.062
RADIUS

L\:’VVVVVVVVVVVVV\JV\JVV‘JVVVE{
|

2.470
MAX ) ™l

2620 0.180
15° 0.600 .
4 PLACES ] MAX
0.018/0.015 RAD. TYP. [ R— 1 =T
o.zas_l__
0.015 REF -
0.009 r , ] }
0650 | o125 | .| |._0090 - 0100 . 0.060
0.610 e =" 0.060 TYP. ~"0.040
48-Pin Dual-in-Line Package (DIP),
Plastic
0.750
/‘ 0.600
o.ba1 ©© 0000000006000 ©@0 00
0.400 0000000000000
0.200
1.063
0.300
0.400
0.531 .
©0 0000006000060 06 @00 ¢
000000000000 Y N
PIN 1 IDENTIFICATION / 0.100 X 13 =1.300
SOCKET A IDENTIFICATION - 1,830
0.100 x 23 =2.300

ENCAPSULANT 155

i i [}
e, FTTTTITTTEITTT T T T] 2
o|o.zoo «o.mj'\ \\?j”:gf‘smuo-o# __”__ma l l : g‘—mw

<—0.300 —»«——0.400 —

48-Pin Low Profile
Protopack (T)

NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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PACKAGE INFORMATION (Continued)

(031 ¢+ .004) (014 ¢ .002)
By . 0354 .05

JF S
-IRRRRNAnE

34 22
(= = )
(- [TT ) (o9 012)
(- =
(——— .
(- :g:;m e
(= =
(-
= O B
11
7 T
\___ . _ /
NilililililililiLikiLiR

L (384s.012)
102 .3

(551 4.012)
144+.3

(.002 to .010)
510.25

|

SN HHHHHH]

j
| ’l
o3
" »
"2

(0.006)
A5
Nomine! (039 £ .008)
i 1¢.2

44-Pin Quad Flat Pack (QFP)

NOTE: QFP package dimensions are in milimeters
Units with () are in inches.
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ORDERING INFORMATION

Z8 MCU, 2K ROM, 8 MHz

28-pin DIP
Z0860008PSCRXX
2Z0860008PECRXX
Z28MCU
40-pin DIP 44-pin PCC 40-pin Protopak
' 2K ROM 2K XROM
Z0860112PSCRXXX Z0860112VSCRXXX 2Z0860312TSF
20860112DSERXXX
2Z0860112PECRXXX
2Z0860112DEERXXX

4K ROM 4K XROM
Z0861112PSCRXXX Z0861112VSCRXXX  Z0861312TSF

20861112PECRXXX
20861112DSERXXX

Z8 MCU with BASIC/Debug Interpreter, 8 MHz

40-pin DIP

Z0867108PSCR002
Z0867108PECR002

28681 ROMless MCU
40-pin DIP 44-pin PCC

8 MHz

Z0868108PSC
Z0868108DSE
20868108PEC
20868108DEE

Z0868108VSC

12 MHz

20868112PEC
Z0868112PSC
20868112DSE
20868112DEE

Z0868112VSC
Z0868112VEC

16 MHz

Z0868116PSC 20868116VSC

Low Cost ROMiess MCU, 8 MHz
Z0868208PSC
Z0868408PSC

Low Power ROMIess MCU, 8 MHz
40-pin DIP 44-pin PCC

Z0869108PSC Z0869108VSC

Z8 ROMiess MCU, 12 MHz

40-pin DIP 44-pin PCC
Z0869112PSC Z0869112VSC
20869112PEC

28 ROMiess MCU, 16 MHz
40-pin DIP 44-pin PCC

20869116PSC 20869116VSC

28 MCU, 4K ROM, 28 MCU, 4K ROM,
12 MHz 16 MHz
40-pin DIP 40-pin DIP

286C1112PECRXXX Z86C1116PSCRXXX
44-pin PLCC
Z86C1112VECRXXX Z86C1116VSCRXXX

44-pin PLCC

Z8 MCU, 8K ROM
40-pin DIP

Z86C2112PECRXXX
2Z86C2116PSCRXXX
Z86C2112CEARXXX

28 MCU, 8K PROM
40-pin DIP 44-pin PLCC

Z86E2112PEC
Z86E2116PSC
Z86E2112CEA

Z86C2112VECRXXX
Z86C2116VSCRXXX

44-pin PLCC

286F2112VEC
Z86E2116VSC

Z86C27/286C97 DTC

64-Pin DIP

Z86C2708PSCRxxx
Z86C2708PSCRxxx
Z86C9708PSCR314

Z3 ROMiess MCU

40-pin DIP 44-pin PCC
Z86C9112PEC 286C9112VEC
Z86C9116PSC Z86C9116VSC

Z8 4K ROM MCU, 12 MHz
20861112CMBRXXX

Z3 ROMIess MCU, 8 MHz
40-pin DIP

Z0868108CMB

28 MCU, 4K ROM, 12 MHz
28-pin DIP

Z86C1012PSC

28 MCU, 8K ROM, 12 MHz
28-pin DIP

286C2012PSC
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Codes
PACkAGE ENVIRONMENTAL .

Preferred Preferred

D = Cerdip C = Plastic Standard

P = Plastic : - ' E = Hermetic Standard
V = Plastic Chip Carrier F = Protopack Standard
.Longer Lead Time Longer Lead Time
C = Ceramic : A = Hermetic Stressed
F = Plastic Quad Flat Pack B = 833 Class B Military
G = Ceramic PGA (Pin Grid Array) D = Plastic Stressed
L = Ceramic LCC J = JAN 38510 Military
Q = Ceramic Quad-in-Line

R = Protopack

T = Low Profile Protopack .

TEMPERATURE

Preferred.

S =0°Cto +70°C

Longer Lead Time
E =-40°C to +85°C
M =-55°C to +125°C

Example: i

20869112PSC is a 12 MHz 8691 (ROMless Z8) in a plastc DIP, 0° C to +70° C, Standard
Flow.

z 08691 12 P S C RXXX

| I— ROM Mask Number
Environmental Flow

Temperature
Package

Speed

Product Number
Zilog Prefix
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ZILOG DOMESTIC SALES OFFICES AND
TECHNICAL CENTERS

CALIFORNIA

AGOUER - . o ebtins ks Beei et it e s S VO =2 1R
Campbell. T, Wit i e s ADE-ST 081 20)
Baslin: sk T e T el o B RA8 800
COLORADO

Boulder ... ..303-494-2905
FLORIDA

Largo 813-585-2533
GEORGIA

Norcross 404-923-8500
ILLINOIS

Schaumburg ... 312-517-8080

NEW HAMPSHIRE

Nashua 603 888-8590
MINNESOTA

I dina 612-831-7611
NEW JERSEY

Clark 201-382-5700
OHIO

Seven Hills 216-447-1480
PENNSYLVANIA

Ambler 215-653-0230
TEXAS

Dallas 214.987-9987

© 1989 by Zilog, Inc. All rights reserved. No part of this publica
tion may be reproduced, stored in a retrieval system, or transmit-
ted, in any form or by any means, electronic, mechanical,
photocopying, recording, or otherwise, without the prior written
permission of Zilog

The information contained herein is subject to change without
notice. Zilog assumes no responsibility for the use of any circuitry
embodied in a Zilog product. No other circuit patent licenses are
implied

All specifications (parameters) are subject to change without
notice. The applicable Zilog test documentation will specify
which parameters are tested.
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