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In 1976, Zilog emerged into the
microprocessor world with its Z80
CPU Family. With this industry-
standard classic of 8-bit architecture,
Zilog established its design expertise
and cost-efficient production
capability.

While the Z80 earned and main-
tained strong customer support,
inevitable demands for new
applications—intelligent terminals,
dedicated control and commu-
nication—spawned an accompany-
ing need for a new, lean technology.
With an instinct for simplicity and
elegance, Zilog architects created a

microcomputer with the most sophis-

ticated computing power available
on asingle chip: the Z8 Family. Ina
bold departure from the standard
A/B accumulator tradition, a fresh,
register-oriented architecture was
devised that challenges the “multi-
chip solution.” Z8-based designs
minimize chip-count while offering a
configuration that can be easily
expanded to meet the requirements
of enhancement options and future
improvements.

The Z8 Family encompasses the
whole spectrum of system develop-
ment, from prototyping to full pro-
duction. For prototyping and
preproduction, or where code flexi-
bility is important, the Z8603 and
78613 Protopack EPROM-based
parts are the most appropriate. The
ROM-based 28601 and Z8611
microcomputers are used in high-
volume production applications after
the software has been perfected.
The Z8603 1s pin-compatible with
the Z8601, and the Z8613 is com-
patible with the Z8611.

For ROMless applications, two
versions of the Z8 microcomputer
are available: the Z8681 and Z8682
ROMIess microcomputers. In addi-
tion, there is a military version of the
78611 4K ROM device, a 40-pin
ceramic package.

The newest member of the family,
the Z86L.81/286L85, is a Low Power
ROMless microcomputer available
in a 40-pin DIP and a 44-pin PCC.

The 28671 MCU is a complete
microcomputer pre-programmed
with a BASIC/Debug interpreter. This
device, operating with both external
ROM or RAM and on-chip memory
registers, is ideal for most industrial
control applications, or whenever
fast and efficient program develop-
ment is necessary.

Dedicated control 1s the key word
for Z8 applications. Since speed is a
prime consideration in such applica-
tions, the entire Z8 family is available
in both 8 and 12 MHz versions,
supported by two development
tools: the Z8 DM Development Mod-
ule and the Z-SCAN 8. The DM

provides elementary in-circuit emula-

tion (ICE) capabillity, and the Z-SCAN
8 module provides full ICE capability
including trace memory. With these
tools, the user is equipped for practi-
cally any type of Z8 microcomputer
development.

w




|
Z8 Family of Products

UART Hardware, 128 RAM

Maximum
ROM Programmable Dedicated PCB
Product Number Capacity 1/0 Pins 1/0 Pins Footprint Comments
2KROM 28601 2K 32,4 Ports 8 Power, 40-Pin DIP Masked ROM part used primarily
Control 44-Pin PCC for high-volume production.
2K Protopack 78603 0 32,4 Ports 8 Power, 40-Pin DIP Piggyback part used where program
Control plus flexibility 1s required (prototyping).
24 EPROM
2K Protopack, 78603 0 32,4 Ports 8 Power, 40-Pin DIP Low-cost/low-profile chip-on-board
Low Profile Control plus  (C.0.B))
24 EPROM
4K ROM Z8611 4K 32,4 Ports 8 Power, 40-Pin DIP Masked ROM part, used primarily
Control 44-Pin PCC for high-volume production.
4K Development 28612 0 32,4 Ports 8 Power, 64-Pin DIP ROMless part used primarily in
Part Control plus ~ 68-Pin PCC development systems.
24 External
Memory
4K Protopack 28613 0 32,4 Ports 8 Power, 40-Pin DIP Piggyback part used when program
Control plus flexibility is required (prototyping).
24 EPROM
4K Protopack, 728613 0 32,4 Ports 8 Power, 40-Pin DIP Low-cost/low-profile chip-on-board
Low Profile Control Plus  (C.0.B.)
24 EPROM
BASIC/Debug Z8671 2K 24,3 Ports 8 Power, 40-Pin DIP High level language applications.
Control 44-Pin PCC
ROMless 28681/ 0 24,3 Ports 8 Power, 40-Pin DIP Low-cost ROMIess production part
28682 Control Plus  44-PinPCC*  with reduced I/O. Program memory
8 External is external.
Memory
ROMless, Z86L81 0 24,3 Ports 8 Power, 40-Pin DIP Low Power ROMless, 50% of
Low Power Control plus  44-Pin PCC standard current draw.
8 External
Memory
ROMless, Z86L85 0 24,3 Ports 8 Power, 40-Pin DIP Low Power ROMIess with Power-
Low Power Control plus  44-Pin PCC down option.
8 External
Memory

*Available only for Z8681.




Z8® Z8601
Z8®° 28603

Zilog

Product
Specification

28601 Single-Chip Microcomputer with 2K ROM
28603 Prototyping Device with EPROM Interface

April 1985
Features B Complete microcomputer, 2K bytes of ROM, B Full-duplex UART and two programmable
128 bytes of RAM, 32 1/O lines, and up to 8-bit counter/timers, each with a 6-bit pro-
62K bytes addressable external space each grammable prescaler.
for program and data memory. B Register Pointer so that short, fast instruc-
B 144-byte register file, including 124 tions can access any of nine working
general-purpose registers, four I/O port register groups 1n 1 ps.
reg%sters, and 16 status and control B On-chip oscillator that accepts crystal or ex-
registers. ternal clock drive.
B Average ins.truction execution time of B Single +5 V power supply—all pins TTL-
1.5 us, maximum of 3 ps. compatible.
B Vectored, priority interrupts for I/0,
counter/timers, and UART.
General The Z8601 microcomputer introduces a new figured as a stand-alone microcomputer with
Description  level of sophistication to single-chip architec- 2K bytes of internal ROM, a traditional micro-
ture. Compared to earlier single-chip micro- processor that manages up to 124K bytes of
computers, the Z8601 offers faster execution; external memory, or a parallel-processing ele-
more efficient use of memory; more sophisti- ment in a system with other processors and
cated interrupt, input/output and bit-manipula- peripheral controllers linked by the Z-BUS. In
tion capabilities; and easier system expansion. all configurations, a large number of pins
Under program control, the Z8601 can be remain available for I/O.
tailored to the needs of its user. It can be con-
| FEsE +5V e +s5V [ ~ 40 [ P3g
rwna | o | GND Je— xtaLz [ 2 39 [ 3,
conTros | —— b5 XTALY fe—o xTau1 [ 3 s [] p
<«—] As XTAL2 —>}°L°°K ps; [] 4 a7 [ P2
<] o, P2y Ja—s P3, 5 36 [ P2,
<] po, P2, | RESET [ 6 35 [] p2,
<] 0, P2, e RW [ 7 3 []r2,
(isbLe | =] Po, P2y f—s | @iT pRO. os e s ez
PROGRAMMABLE) | .| po P2, |a—s- [ GRAMMABLE) as[Js 32[] r2,
V0 OR Ag-Ass | ~ ] ro‘ P2 lew | Ps; (10 ze601 1 [] Pz
s 28601 o MCU
<P, MCU P2 |e—> GND [ 11 30 [ pa,
<] PO, P2; j—n Py, [ 12 29[ p3,
N L) P3y |e——o po, [ 13 28] r1,
<> P1, P3; la— Po, [ 14 27 [ P1e
<« P, P3; ja— po, [ 15 26 [ P1;
Plavre | <] P, Pay f— | SEMAL AND Po; [] 16 5[] P14
s e P [ [ FRERS. el =B
<] Pt P3 —» Pos [] 19 22 p1y
<« P1; P3; f—> po, [] 20 21 Pty
Figure 2a. 40-pin Dual-In-Line Package (DIP),
Figure 1. Pin Functions Pin Assignments
2037-001, 002
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Pin
Description

AS. Address Strobe (output, active Low).
Address Strobe 1s 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, AS can be
placed in the high-impedance state along with
Ports 0 and 1, Data Strobe and Read/Write.

DS. Data Strobe (output, active Low). Data
Strobe 1s activated once for each external
memory transfer.

P0g-P0;. Plg-Ply, P2y-P2;, P3¢-P3;. [/O Port
Lines (input/outputs, TTL-compatible). These
32 hines 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 Z8601. When RESET is deactivated,
program execution begins from internal pro-
gram location 000Cy.

R/W. Read/Write (output). R/W is Low when
the Z8601 is writing to external program or
data memory.

XTAL1, XTAL2. Crystal 1, Crystal 2 (hme-base
input and output). These pins connect a
parallel-resonant crystal (8 or 12 MHz max-
imum) or an external single-phase clock (8 or
12 MHz maximum) to the on-chip clock
oscillator and buffer.

M,
O S EEE o e

(6 5 4 3 2 1 4443424140 \
RESET |7 39 | NC
RW |8 38 | P24
DS o 37 | P23
AS |10 36 | P2,
P3s | 11 35 | P2y
GND | 12 z.:g‘:" 3a | P2
P3; |13 33| P3;
Pog | 14 32 | P3,
Po |15 31| p1y
Po, |16 30 | P16
Ne |17 29 | P15

\\ 18 19 20 21 22232425252723)

SIS PN MR E

Figure 2b. 44-pin Chip Carrier, Pin Assignments
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Architecture

28601 architecture is characterized by a
flexible I/0O scheme, an efficient register and
address space structure and a number of
ancillary features that are helpful in many
applications.

Microcomputer applications demand power-
ful I/O capabilities. The Z8601 fulfills this with
32 pins dedicated to input and output. These
lines are grouped into four ports of eight lines
each and are configurable under software con-
trol to provide timing, status signals, serial or
parallel I/O with or without handshake, and an
address/data bus for interfacing external
memory.

Because the multiplexed address/data bus is
merged with the I/O-oriented ports, the Z8601
can assume many different memory and I/O
configurations. These configurations range
from a self-contained microcomputer to a

microprocessor that can address 124K bytes of
external memory.

Three basic address spaces are available to
support this wide range of configurations: pro-
gram memory (internal and external), data
memory (external) and the register file (inter-
nal). The 144-byte random-access register file
is composed of 124 general-purpose registers,
four I/O port registers, and 16 control and
status registers.

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

OUTPUT  INPUT Vee GND XTAL AS DS R/W RESET
MACHINE TIMING AND
PORT3 INSTRUCTION CONTROL
UART < ALV — i
PROGRAM
FLAGS MEMORY
COUNTER/ 2048 x 8-BIT
TIMERS
@ REGISTER {}
POINTER ]
REGISTER FILE — | PROGRAM
INTERRUPT 124 x 8-BIT COUNTER
CONTROL -
PORT 2 PORT 0 PORT 1
ADDRESS OR 10 ADDRESS/DATA OR /0
@IT PROGRAMMABLE) (NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE)

Figure 3. Functional Block Diagram

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 2048 bytes
consist of on-chip mask-programmed ROM. At
addresses 2048 and greater, the Z8601
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 Z8601 can address 62K
bytes of external data memory beginning at

65535
EXTERNAL
ROM OR RAM
2048
2047
ON-CHIP
Location of ROM
esuaion
o
"axscuted ™~ — — — — |
after reset 12
" 1RG5
10 1RG5
) 1RG4
] 1RG4
— 7 RQ3
r 6 Ra3
(Lower Byte)
\s N RQ2
afr [
tnteront_21 RQ1
WpperByte) a1
1 1RGO
[) RGO

Figure 4. Program Memory Map

location 2048 (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 1/O port registers (R0-R3), 124
general-purpose registers (R4-R127) and 16
control and status registers (R240-R255). These
reqgisters are assigned the address locations
shown in Figure 6.

28601 instructions can access registers

65535

EXTERNAL

DATA
MEMORY
2048
2047
NOT ADDRESSABLE

0

Figure 5. Data Memory Map

LOCATION IDENTIFIERS
255 STACK POINTER (BITS 7-0) SPL
254 STACK POINTER (BITS 15-8) SPH
253 REGISTER POINTER RP
252 PROGRAM CONTROL FLAGS FLAGS
251 INTERRUPT MASK IMR
250 INTERRUPT REQUEST REGISTER IRQ
249 INTERRUPT PRIORITY REGISTER PR
248 PORTS 0-1 MODE POIM
247 PORT 3 MODE P3M
246 PORT 2 MODE P2m
245 T0 PRESCALER PREO
24 TIMERICOUNTER 0 | o
243 T1 PRESCALER PRE1
242 TIMER/COUNTER 1 T
241 TIMER MODE TMR
240 SERIAL 10 sio

NOT
IMPLEMENTED
127
GENERAL-PURPOSE
REGISTERS
4
3 PORT 3 P3
2 PORT 2 P2
1 PORT 1 P1
0 PORT 0 PO
Figure 6. Register File

A —
1 255
e T hfsth | 0000 253
240
The upper nibble of the register file address
) provided by the register pointer specities
the active working register group
127
e
e
p
e =
The lower
nibble of
:7:' r?‘um
SPECIFIED WORKING: o address
> REGISTER GROUP e provlded by on
points to the
specifi
register
= —
- —
15
e T T
/O PORTS 3

Figure 7. Register Pointer
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Address
Spaces
(Continued)

directly or indirectly with an 8-bit address
field. The Z8601 also allows short 4-bit register
addressing using the Register Pointer (one of
the control registers). In the 4-bit mode, the
register file is divided into nine working-
register groups, each occupying 16 contiguous
locations (Figure 7). The Register Pointer
addresses the starting location of the active
working-register group.

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 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
Input/
Output

Port 3 lines P3y and P37 can be programmed
as serial I/O lines for full-duplex serial asyn-
chronous receiver/transmitter operation. The
b1t rate 1s controlled by Counter/Timer 0, with
a maximum rate of 62.5K bits/second for 8
MHz and 94.8K hits/second for 12 MHz.

The Z8601 automatically adds a start bit and
two stop bits to transmitted data (Figure 8).
Odd parity is also available as an option. Eight
data bits are always transmitted, regardless of

Transmitted Data
(No Parity)

EEDRPRRDRDGE

L—START BIT
EIGHT DATA BITS

TWO STOP BITS

Transmitted Data
(With Parity)

[sp]se] P [os[0s] 0] Ds[ 0, [ 0y [0o] 5]

I—START BIT
SEVEN DATA BITS
0DD PARITY

TWO STOP BITS

parity selection. If parity is enabled, the eighth
bit 1s the odd parity bit. An interrupt request
(IRQy4) 18 generated on all transmitted
characters.

Received data must have a start bit, eight
data bits and at least one stop bit. If parity 1s
on, bit 7 of the received data is replaced by a
parity error flag. Received characters generate
the IRQj3 interrupt request.

Received Data
(No Parity)

[se[o:]os[os]bu o3[ o. o [oo] s7]

L— START BIT
EIGHT DATA BITS

STOP BIT

Received Data
(With Parity)

[sP]P ] e] os]0a]0s 2] 01] 0] 57]

l L—START BIT
SEVEN DATA BITS
PARITY ERROR FLAG

STOP BIT

Figure 8. Serial Data Formats

Counter/
Timers

The Z8601 contains two 8-bit programmable
counter/timers (Tg and T)), each driven by its
own 6-bit programmable prescaler. The T
prescaler can be driven by internal or external
clock sources; however, the Ty 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 IRQs (T})—is
generated.

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

initial value and continue counting (modulo-n
continuous mode). The counters, but not the
prescalers, 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
(4 MHz maximum for the 8 MHz device and 6
MHz maximum for the 12 MHz device.) divid-
ed by four, or an external signal input via Port
3. The Timer Mode register configures the ex-
ternal timer input as an external clock (1 MHz
maximum), a trigger input that can be retrig-
gerable or non-retriggerable, or as a gate in-
put for the internal clock. The counter/timers
can be programmably cascaded by connecting
the T output to the input of Tj. Port 3 line P3¢
also serves as a timer output (Toyr) through
which Tg, T} or the internal clock can be out-
put.

2037-009
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1/0 Ports

The Z8601 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 soft-
ware control, the ports can be programmed to

provide address outputs, timing, status signals,
serial I/0O, 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 are
referenced through Port 1. To interface exter-
nal 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 high-impedance
state along with Port 0, AS, DS and R/W, allow-

ing the Z8601 to share common resources in
multiprocessor and DMA applications. Data
transfers can be controlled by assigning P33
as a Bus Acknowledge input and P34 as a Bus
Request output.

PORT 2(/0)

ANDSHAKE CONTROLS
} 2 AND RDY,
(P3, AND P3g)

iR

Figure Sa. 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 P3; 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-P07.

For external memory references, Port 0 can
provide address bits Ag-A;; (lower nibble) or
Ag-A)5 (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

1/0O while the lower nibble is used for address-
ing. When Port 0 nibbles are defined as
address bits, they can be set to the high-
impedance state along with Port 1 and the con-
trol signals AS, DS and R/W.

: : i PORT O
: : (IO OR Ag-Aqs)

- NDSHAKE CONTROLS
} !‘:'A!Vo AND RDYo
[/ (p3, AND P39

Figure 9b. Port 0

Port 2 bits can be programmed inde-
pendently as input or output. The port is
always available for I/O operations. In addi-
tion, 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 P3¢ are used as
the handshake controls lines DAV, and RDY>.
The handshake signal assignment for Port 3
lines P3; and P3g is dictated by the direction
(input or output) assigned to bit 7 of Port 2.

PORT 1
<I> (110 OR ADg-AD;)

- HANDSHAKE CONTROLS
} DAV; AND RDY4
> | (P3, AND P3))

Figure 9c. Port 2

Port 3 lines can be configured as I/O or con-
trol lines. In either case, the direction of the
eight lines is fixed as four input (P3yp-P33) and
four output (P34-P37). For serial I/O, lines P3g
and P37 are programmed as serial in and serial
out respectively.

Port 3 can also provide the following control
functions: handshake for Ports 0, 1 and 2
(DAV and RDY); four external interrupt
request signals (IRQp-IRQ3); timer input and
output signals (Ty and ToyT) and Data
Memory Select (DM).

PORT 3
(/O OR CONTROL)

W

Figure 9d. Port 3

10
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Interrupts

The 78601 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 glob-
ally or individually enables or disables the six
interrupt requests. When more than one inter-
rupt is pending, priorities are resolved by a
programmable priority encoder that is con-
trolled by the Interrupt Priority register.

All Z8601 interrupts are vectored. When an
interrupt request is granted, 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
(XTAL1 = Input, XTAL2 = Output).

The crystal source is connected across
XTALI and XTAL2, using the recommended
capacitors (C; =< 15 pF) from each pin to

ground. The specifications for the crystal are
as follows:
@ AT cut, parallel resonant

B Fundamental type, 8/12 MHz maximum
B Series resistance, Ry < 100 ©

11
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28603
Protopack
Emulator

The Z8603 MPE (Protopack) is used for
prototype development and preproduction of
mask-programmed applications. The Protopack
is @ ROMless version of the standard Z8601,
housed in a pin-compatible 40-pin package
(Figure 11).

To provide pin compatibility and inter-
changeability with the standard mask-
programmed device, the Protopack carries
(piggy-backs) a 24-pin socket for a direct
interface to program memory (Figure 1). The
24-pin socket is equipped with 11 ROM
address lines, 8 ROM data lines and necessary

Figure 11. The Z8603 Microcomputer Prot

k Emulator

P

control lines for interface to 2716 EPROM for
the first 2K bytes of program memory.

Pin compatibility allows the user to design
the pc board for a final 40-pin mask-
programmed Z8601, and, at the same time,
allows the use of the Protopack to build the
prototype and pilot production units. When the
final program is established, the user can then
switch over to the 40-pin mask-programmed
78601 for large volume production. The Proto-
pack is also useful in small volume applica-
tions where masked ROM setup time, mask
charges, etc., are prohibitive and program
flexibility is desired.

Compared to the conventional EPROM
versions of the single-chip microcomputers,
the Protopack approach offers two main
advantages:

B Ease of developing various programs during
the prototyping stage. For instance, in
applications where the same hardware
configuration is used with more than one
program, the Z8603 Protopack allows
economical program storage in separate
EPROMs (or PROMs), whereas the use of
separate EPROM-based single-chip
microcomputers is more costly.

B Elimination of long lead time in procuring
EPROM-based microcomputers.

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 Regqister pair or working register pair address

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

dst Destination location or contents

sre Source location or contents

cc Condition code (see list)

@ Indirect address prefix

SP Stack pointer (control registers 254-255)
PC Program counter

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

Assignment of a value is indicated by the symbol
‘", For example,
dst — dst + src

indicates that the source data is added to the
destination data and the result is stored in the
destination location. The notation “addr(n)" is used

W

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

Overtlow flag
Decimal-adjust flag
Half-carry flag

mo<®nuNAQ

Affected flags are indicated by:

0 Cleared to zero

1 Set to one

* Set or cleared according to operation
- Unaffected

X Undefined

12
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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 vV =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 C=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
Instruction
Formats Ror Rer e o7
INC 1
One-Byte Instructions
OPC_] MODE CLR, CPL, DA, DEC, OPC_| MODE ADC, ADD, AND, CP,
datsre | oR [{11 o] dmmre] DECW.INC, INGW. boP, wre o [(1 10 we | o T XaR
RRC, SRA, SWAP st Jor[1110[ ast S
[ orc__] JP, CALL (Indirect)
dst oR [T110] dst OPC_| MODE ADC, ADD, AND, CP,
. dst oR [1110] ast "th?';'ms.!x%ns“'
[orc ] sae SERE
MODE | _opC LD
[-opc_Tmooe | ADC, ADD, AND. —T— on gg
[oot | orc | e T XaR —
[ mooe [ opc | LD, LDE, LDE, r::i o:c | e
[detiore | ocidat | £06. ocl ADDRESS
[Gstisrc | opc | LD
T or {110 e °°ﬁu°"° ®
DA,
[ast [ opc | LD
[ _orc__] CALL
OA
[gsvcc | opc ] DJNZ, JR DA:
[ mra ]
Two-Byte Instructions Three-Byte Instructions
Figure 12. Instruction Formats
2037-013
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Instruction
Summary

Instruction  Addr Mode Opcode Flags Affected Instruction  Addr Mode Opcode Flags Atfected
—/———— Byte i —————— Byte
and Operation dst  src (Hox) CZSVDH and Operation "~ 4., oo (Hex) CZSVDH
ADC dst,src (Note 1) 10 * ok ok x 0 w LDE dst,src r Irr 82 - -=-- ==
dst — dst + src + C dst — src Irr r 92
ADD dst,src (Note 1) (o] m] * ok x x 0 LDEI dst,src Ir Irr 83 - === ==
dst — dst + src dst — src Irr Ir 93
AND dst,src (Note 1) 50 —swo-- ‘—r¥limomtl
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 dat R 0 - -----
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) AO * ok ok ok - — RET AF - ~- - - -
dst - src PC - @SP; SP—SP + 2
DA dst R 40 * ok x X - — RL dst —]R 90 ok ok ok — —
dst — DA dst IR 41 IR 91
DEC dst R 00 —k ok ok — — RICdst [ ———— 1R 10 ok e - -
dst — dst - 1 IR o1 i i} 1l
DECW dst RR 80 —wws-- BRA [oT—g R B e
dst — dst-1 IR 81
RRC dst R Co ok ok o
DI la— i i
IMR (7) - 0 8F  _ _ ____
SBC dst,src (Note 1) 30 R
DINZ r,dst RA A mmm e dst — dst-src-C
r—r-1 r=0-F SCF DF l-==-=--
fr+0 C~1
PC ~ PC + dst
. _ SRA dst [; R DO * % k0~ —
Range: +127, -128 afyam IR D1
El F —----- SRP src Im a - -----
IMR(7) - 1 RP ~ src
INC dst r CrE - w oo SUB dst,src (Note 1) 20 wxxx]ow
dst — dst + 1 R r=0-F dst «— dst - src
20
IR 21 SWAP dst - R FO X * *X - —
IR Fl
INCW dst RR A0 -k k- -
dst — dst + 1 IR Al TCM dst,src (Note 1) (c]m] - % %0 - -
(NOT dst) AND src
IRET BF * ok ok ok kK
FLAGS — @SP; SP—SP + 1 TM dst, src (Note 1) 701 -+ %0 - -
PC— @SP; SP—SP + 2; IMR(7) —1 dst AND src
JP cc,dst DA cD - === XOR dst,src (Note 1) BO - % *0 - -
if cc 1s true c¢=0-F dst — dst XOR src
PC — dst IRR 30
JR cc,dst RA 6B ------ Kote 1
if ‘f)cclf_trpué' + dst c=0-F These instructions have an 1dentical set of addressing
R . +127,-128 modes, which are encoded for brevity The first opcode
ange: ! mbble 1s found 1n the instruction set table above The
LD dst,src r Im C - = - - - = second nibble 1s expressed symbolically by a (J in this
dst «~ src r R r8 table, and 1ts value 1s found 1n the following table to the
R r r9 left of the applicable addressing mode pair
r=0-F For example, to determine the opcode of an ADC
r X C7 nstruction use the addressing modes r (destination) and
X r D7 Ir (source) The result s 13.
r Ir E3
Ir r F3
R R E4 Addr Mode Lower
g I‘g Eg T4t sc Opcode Nibble
IR Im E7
IR R F5 r r @
LDC dst,src r Irr C2 ------ r Ir 6]
dst — src Irr r D2 R R ]
LDCI dst,src Ir Irr C3 ------ R IR E]
dst — srlc lIrr Ir D3 R M ®
r—r+1l; rr—rr+ R ™
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R240 SIO
Serial 1/0 Register
(FOy; Read/Write)

DODDDOME
—|: SERIAL DATA (D, = LSB)

Registers

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

T Lo = NO FUNCTION
not U3e % 1=L0ADT,
}o PiriSed 0 = DISABLE T, COUNT
INTERNAL CLOCK OUT = 11 1 = ENABLE T, COUNT
0 = NO FUNCTION
EXTERNAL CLOCK INEDT = 00 1=LoADT,
GATE INPUT = 01 0 = DISABLE T, COUNT
TRIGGER INPUT = 10 1 = ENABLE T, COUNT

(NONM%RKIGERAGLQ
I
(RETRIGGERABLE)

I~}
2
bl
3
b3
<
S
"

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

CACACACACACACAEN
T‘ INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

T, CURRENT VALUE (WHEN READ)

R243 PRE1
Prescaler 1 Register
(F3y; Write Only)

L COUNT MODE
0 = T, SINGLE-PASS
1 = T, MODULO-N
CLOCK SOURCE
1 = T, INTERNAL
0 = T, EXTERNAL TIMING INPUT
(Tiw) MODE
PRESCALER MODULO
(RANGE 1-64 DECIMAL
01-00 HEX)

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

[0, [os]0sou 03[0, 0, oo
I To INITIAL VALUE (WHEN WRITTEN)
(RANGE: 1-2668 DECIMAL 01-00 HEX)

To CURRENT VALUE (WHEN READ)

R245 PREO
Prescaler 0 Register
(F5y; Write Only)

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

RESERVED

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

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

[0:[06]0s [0a]0s [0, 0 [0o]
—_‘: FOERINES BIY AS OUTPUT

P2, /0 DEFINITION
1 DEFINES BIT AS INPUT

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

0 [04[0s 04[5 ;| 0 [0
| 0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE

RESERVED

0 P32 = INPUT P35 = OUTPUT

1 P32 = DAVO/RDYO P35 = RDY0/DAVO
0? P33 = INPUT P34 = OUTPUT
Q03P = INPUT P34 = DR

11 P33 = DAVI/RDY1 P34 = RDY1/DAVi
0 P31 = INPUT (T)) P36 = OUTPUT (Toyr)

1P31 = DAV2/RDY2 P36 = RDY2/DAVZ2
0P30 = INPUT P37 = OUTPUT
1P30 = SERIALIN P37 = SERIAL OUT
0 PARITY OFF

1 PARITY ON

Figure 13. Control Registers

2037-014
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Registers R248 POIM R252 FLAGS
(Continued) Port 0 and 1 Mode Register Flag Register
(F8y; Write Only) (FCy; Read/Write)

oro..vo, MODE | | P0,-P0; MODE LUSE“ FLAG F1
WTPUT = 00 00 = OUTPUT
INPUT = 01 01 = INPUT USER FLAG F2
Ap-Ag = 1X 1X = Ag-Ay HALF CARRY FLAG
EXTERNAL Mﬁggﬁv:l“l&lﬁ STACK SELECTION DECIMAL ADJUST FLAG
IMAL = 0 = EXTERNAL
EXTENDED = 1 1 = INTERNAL OVERFLOW FLAG
P1,-P1; MODE SIGN FLAG
0 = BYTE OUTPUT ZERO FLAG
01 = BYTE INPUT
10 = AD,-AD, ARRY FLAG
11 = HIGH-IMPEDANCE ADo-AD7,
AS, DS, RIW, Ag-A11, A12-A1s
IF SELECTED
R249 IPR R253 RP
Interrupt Priority Register Register Pointer
(F9y; Write Only) (FDy; Read/Write)

[0 [0 o, [os [0, [0, [ou [0: o4 o Joa oy [0 o oo

RESERVED j_ INTERRUPT GROUP PRIORITY J _—: -
RESERVED = 000 ’7_| ! DON'T CARE

IRQ3, IRQS5 PRIORITY (GROUP A) C>A>B =001 REGISTER T

0 = IRQ5 > IRQ3 b . A>B>C =010 POINTER Ts.

1 = IRQ3 > IRQS ;>C>:=0|1 )
1RGO, IRG2 PRIORITY (GROUP B) 2zgzazim ¢

0 = IRG2 > IRGO B>A>C=110

1 = IRQO > IRG2 RESERVED = 111
IRQ1, IRQ4 PRIORITY (GROUP C)

0 = IRQ1 > IRQ4

1 = IRQ4 > IRQ1

R250 IRQ R254 SPH
Interrupt Request Register Stack Pointer
(FAy; Read/Write) (FEy; Read/Write)

[0 [ o [ox [ o o] DR
RESERVED j_ : RQO = = _—]:
lmm = :2 ::‘0:3; (B0 = 1RG0) STACK POINTER UPPER

1RG2 = P3; INPUT BYTE (SPy=SP1g)
IRQ3 = P3p INPUT, SERIAL INPUT

IRQ4 = To, SERIAL OUTPUT

IRQS = Ty

R251 IMR R255 SPL
Interrupt Mask Register Stack Pointer
(FBy; Read/Write) (FFy; Read/Write)

{07 e [s [0 [0s [0 | 0, [0 0,04 [0 [0 |03 [0 [0, [0
[ 1 ENABLES IRQO-IRQS

(0o = IRQO) STACK POINTER LOWER
BYTE (SPy-SP;)

1 ENABLES INTERRUPTS

Figure 13. Control Registers (Continued)
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28601

Lower Nibble (Hex)

Opcode
Map 0 1 2 3 ‘ 5 6 7 8 9 A B c D E F
6,5 6,5 6,5 6,5 10,8 10,5 10,5 10,5 6,5 6.5 12/10,5 | 12/10,0 6,5 12/100| 6,5
0 DEC| DEC | ADD| ADD| ADD| ADD| ADD| ADD| LD LD | DINZ R LD P INC
R1 IR1 ry,r2 | r,lrz2| Rz, Ri| IR2,R1| Ry, IM| IRy, IM| r3,R2 | r2,R1 | r1,RA | cc,RA | r1,IM | cc,DA n
6,5 6,5 6,5 6,5 10,8 10,8 10,8 10,5
1 RLC | RLC | ADC| ADC| ADC| ADC ADC
R1 IR, ry,r2 | r,lra| Ra,Ri| IRz, R1| Ry, IM| IRy, IM
6,5 6,5 6,5 6,5 10,5 10,8 10,5 10,5
2 INC| INC | SUB| SUB| SUB| SUB| SUB| SUB
Ri IRy ry,r2 | n,lra | Ra,Ri| IRz, Ry | Ry, IM| IRy, IM
8,0 6,1 6,5 6,5 10,8 10,8 10,5 10,8
3 JP SRP | SBC| SBC| SBC| SBC | SBC| SBC
IRR) M ry,r2 | r,Ira | R2,R1| IR2,R1| Ry, IM| IR;, IM
8,5 8,5 6,5 6,5 10,5 10,5 10,8 10,8
4 DA DA OR OR OR OR OR OR
R1 IR1 11,12 | r,Irz | Ra,Ri | IR, Ry | Ry, IM| IRy, IM
10,5 10,5 6,5 6,5 10,5 10,8 10,5 10,5
5 POP | POP | AND | AND | AND | AND | AND (| AND
R IR ry,r2 | r,lra | R2,R1 | IR2,R1 | Ry, IM | IR, IM
6,5 6,5 6,5 6,5 10,8 10,5 10,8 10,8
=® 6 COM|COM| TCM| TCM| TCM| TCM | TCM| TCM
=§ R IR) r1,r2 | ri,Ira | Rz2,R1 | IR2,R1 | R;, IM| IR, IM
s 10/12,1|12/14,1| 6,5 6,5 10,5 10,8 10,8 10,5
a 7 PUSH| PUSH | TM ™ ™ ™ ™ ™
é Rz IR2 r,r2 | n,lIrz2 | R2,R1 | IRz, R1 | Ry, IM | IRy, IM
= 10,5 10,5 12,0 18,0 6,1
& 8 |DECW|DECW| LDE | LDEI b
(=) RR: IR 11, Irrz | Iny, Irr2
6,5 6,5 12,0 18,0 6,1
9 RL RL LDE | LDEI
Ri IRy 12, Irry | Ir2, Irmy
10,8 10,5 6,5 6,5 10,5 10,5 10,5 10,5 14,0
A |INCW|INCW | CP Ccp CcpP CP cp CP RI::T
RR1 IR1 ri,r2 | r,Ira | Rz, Ry | IR2,R1 | R, IM | IR, IM
6,5 6,5 6,5 6,5 10,8 10,5 10,5 10,8 16,0
B CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR mi'.'r
R1 IR, ry,r2 | r1,Irz | R2, Ry | IR2,Ry | Ry, IM | IRy, IM
6,5 6,5 12,0 18,0 10,5 6.5
[+ RRC | RRC | LDC | LDCI LD Rél’
R IR1 |1y, Irr2 |Iry, Irr2 r1, x, R2
6,5 6,5 12,0 18,0 20,0 20,0 10,5 6,5
D SRA | SRA | LDC | LDCI |CALL* CALL| LD SICF
R IR: r2, Iy ,Irr1} IRR: DA |rz2, x,R1
6,5 6,5 6,5 10,5 10,5 10,5 10,5 6.5
E RR RR LD LD LD LD LD C'CF
R IR) r1, Ir2 | Rz,R1 | IR2,R1 | R, IM | IR1, IM
8,5 8,5 6,5 10,8 6.0
F SWAP | SWAP LD LD } N(')P
R IR: Iry, 12 Rz, IRy \) \ \ \ \ Y V
. o N\ 7 \a R R —
Bytes per v v
Instruction 2 8 2 3 1
Lower
Opcode
Nibble
Execution Pipeline Legend:
Cycles \ 4 Cycles R = 8-Bit Address
r = 4-Bit Address
Upper 10,5 Riorr = Dst Address
Opcode —» A CP Mnemonic Rz or rz = Src Address
Nibble Rz, R1
/ Sequence:
First Second Opcode, First Operand, Second Operand
Operand perand Note: The blank areas are not defined.

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

| 8085-002
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Absolute Voltages on all pins Stresses greater than those lhisted under Absolute Maxi-
. X N mum Ratings may cause permanent damage to the device.
l&du:.umum withrespectto GND........... 0.3Vio +7.0V This 1s a stress rating only; operation of the device at any
atings Operating Ambient condition above those indicated 1n the operational sections
Temperature. ....... See Ordering Information of these specifications 1s not implied. Exposure to absolute
maximum rating conditions for extended periods may affect
Storage Temperature. . ...... -65°Cto +150°C device rehability.
Standard The DC characteristics listed below apply for The Ordering Information section lists temper-
Test the following standard test conditions, unless ature ranges and product numbers. Package
Conditions otherwise noted. All voltages are referenced to drawings are in the Package Information section
GND. Positive current flows into the reference in this book. Refer to the Literature List for addi-
pin. tional documentation.
Standard conditions are:
O +475V < Voo < +5.28V
OGND =0V padd +5v
00°C =Ty = +70°C
1.5k 1.5k
+5V +5V 74LS04 741804
CLOCK XTAL2
21K 18K IN
Cy = 15 pf MAX
FROM OUTPUT FROM OUTPUT I
UNDER TEST UNDER TEST —
XTAL1
1500t 250 100 —I
:[ A SOM:I: A ICL=|SpIMAX
Figure 14. Test Load 1 Figure 15. Test Load 2 Figure 16. TTL External Clock Interface Circuit
(Both the clock and its complement are required)
DC Symbol Parameter Min Max  Unit Condition
Character-
istics Veu Clock Input High Voltage 3.8 Vee V  Driven by External Clock Generator
Ve Clock Input Low Voltage -0.3 0.8 V  Driven by External Clock Generator
Vig Input High Voltage 2.0 Vee \'
Vi Input Low Voltage -0.3 0.8 v
Vgu Reset Input High Voltage 3.8 Vee \4
VaL Reset Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 2.4 V  Ioyg = -250 A
VoL Qutput Low Voltage 0.4 V IoL= +2.0mA
InL Input Leakage -10 10 pA O0V=s V) =< +85.28V
IoL Output Leakage -10 10 pA O0V=s V=< +528V
IR Reset Input Current -50 pA Voo = +8.285V, VgL =0V
Icc Vcce Supply Current 180 mA

18
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External I/0

or Memory RW N X
Read and <@ aCOas
Write Timing PORT 0, )<
© &
PORT 1 j Ao-Ar { Do-D7 IN
<O [=—D— (Ol
= —\r__/ ® LN
(HEIA,:) @) N
PORT 1 X Aoy X Do-D7 OUT
| 1 6 | ll©->_
s | —Ce—
Figure 17. External I/O or Memory Read/Write
28601/3-8 Z8601/3-12
No. Symbol Parameter Min Max Min Max Notes*t°
1 TdA(AS) Address Valid to AS 1 Delay 50 35 2,3
2 TdAS(A) AS 1 to Address Float Delay 70 45 2,3
3 TdAS(DR) AS 1 to Read Data Reguired Valid 360 220 1,2,3
4 TwAS AS Low Width 80 55 1,2,3
5  TdAz(DS) Address Float to DS | 0 0
6 — TwDSR ———— DS (Read) Low Width 250 185 1,2,3
7 TwDSW DS (Wnite) Low Width 160 110 1,2,3
8  TdDSR(DR) DS | to Read Data Required Vahd 200 130 1,2,3
9  ThDR(DS) Read Data to DS 1 Hold Time 0 0
10 TdDS(A) DS 1 to Address Active Delay 70 45 2,3
11 TdDS(AS) DS 1 to AS | Delay 70 55 2,3
12— TdR/W(AS) —— R/W Valid to AS 1 Delay 50 30 2,3
13 TdDS(R/W) DS t to R/W Not Vahd 60 35 2.3
14  TdDW(DSW) Write Data Vahd to DS (Write) | Delay 50 35 2,3
15  TdDS(DW) DS t to Write Data Not Vahd Delay 70 45 2,3
16  TdA(DR) Address Valid to Read Data Required Valid 410 255 1,2,3
17 TdAS(DS) AS 1 to DS | Delay 80 55 2,3

NOTES

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

t Test Load 1

° All iming references use 2 0 V for a logic *1” and 0 8 V for a logic "0

* All umits n nanoseconds (ns)

2194-011
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Additional

Timing
Table cLock
TN S
RGN
Figure 18. Additional Timing
Z8601/3-8 Z8601/3-12

No. Symbol Parameter Min Max Min Max Notes*
1 TpC Input Clock Period 125 1000 83 1000 1
2 TrC,TIC Clock Input Rise And Fall Times 25 15 1
3 TwC Input Clock Width 37 26 1
4 TwTinL Timer Input Low Width 100 70 2
5— TwTinH ———— Timer Input High Width 3TpC 3TpC 2
6 TpTin Timer Input Period 8TpC 8TpC 2
7 TrTin, T{Tin Timer Input Rise And Fall Times 100 100 2
8a TwiL Interrupt Request Input Low Time 100 70 2,3
8b TwiIL Interrupt Request Input Low Time 3TpC 3TpC 2,4
9 TwIH Interrupt Request Input High Time 3TpC 3TpC 2,3

NOTES:

1 Clock hming references uses 3 8 V for a logic "1” and 0 8 V for

3 Interrupt request via Port 3 (P3]-P33)
4. Interrupt request via Port 3 (P3()

a logic 0"
2 Timing reference uses 2 0 V for a logic “1” and 0.8 V for * Units 1n nanoseconds (ns)

a logic "0
78603 )
Memory Port Ao-A1o )L ADDRESS VALID x
Timing I 0 i ~—0—]

Do-D7 DON'T CARE ﬂ DATA IN VALID x
Figure 19. Memory Port Timing
Z8601/3-8 Z8601/3-12

No. Symbol Parameter Min Max Min Max Notes*

1 TdA(DI) Address Vald to Data Input Delay 460 320 1,2

2 ThDI(A) Data In Hold Time 0 0 1
NOTES:
1. Test Load 2 *Units are nanoseconds unless otherwise specified.

2. This 1s a Clock-Cycle-Dependent parameter. For clock frequen-
cies other than the maximum, use the following formula:
28601/3 = 5 TpC - 165
28601/3-12 = 5 TpC - 95

20
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Handshake

Timing DATA IN ‘X ioAn N vnn:;\
O+ ®
(ou?ng}) 1 {
Figure 20a. Input Handshake
DATA OUT L DATA OUT VALID
—O—
s N /
| Gy | @
R : /
Figure 20b. Output Handshake
Z8601/3-8 Z8601/3-12
No. Symbol Parameter Min Max Min Max Notes*t
1 TsDI(DAV) Data In Setup Time 0 0
2 ThDI(DAV) Data In Hold Time 230 160
3 TwDAV Data Available Width 175 120
4 TdDAVI{(RDY) DAV ! Input to RDY | Delay 175 120 1,2
5 — TdDAVOf(RDY)-DAV | Output to RDY | Delay 0 0 1,3
6 TdDAVIr(RDY) DAV 1 Input to RDY 1 Delay 175 120 1,2
7 TdDAVOrRDY) DAV t Output to RDY 1 Delay 0 0 1,3
8 TdDO(DAV) Data Out to DAV | Delay 50 30 1
9 TdRDY(DAV) Rdy ! Input to DAV 1 Delay 0 200 0 140 1
NOTES.
1. Test load 1 * Units 1n nanoseconds (ns).
2. Input handshake
3. Output handshake
t All irming references use 2 0 V for alogic V1" and 0 8 V for
alogic 0"
Clock- Z8601/3-8 Z8601/3-12
Cycle-Time- Number Symbol Equation Equation
Dependent 1 TdA(AS) TpC-75 TpC-50
Characteristics 2 TdAS(A) TpC-55 TpC-40
3 TdAS(DR) 4TpC-140* 4TpC-110*
4 TwAS TpC-45 TpC-30
6 TwDSR 3TpC-125* 3TpC-65*
7 TwDSW 2TpC-90* 2TpC-55*
8 TdDSR(DR) 3TpC-175* 3TpC-120*
10 Td(DS)A TpC-55 TpC-40
11 TdDS(AS) TpC-55 TpC-30
12 TdR/W(AS) TpC-75 TpC-55
13 TdDS(R/W) TpC-65 TpC-50
14 TdDW(DSW) TpC-75 TpC-50
18 TdDS(DW) TpC-55 TpC-40
16 TdA(DR) 5TpC-215* 8TpC-160*
17 TdAS(DS) TpC-45 TpC-30
* Add 2TpC when using extended memory timing
2194013
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ORDERING INFORMATION

Z8 MCU, 2K ROM, 8.0 MHz Z8 MCU, 2K XROM, 8.0 MHz
40-pin DIP 44-pin PCC 40-pin Protopack
28601 PS 78601 VSt 78603 RS
Z8601CS 78603 TSt
78601 PE
28601 CE Z8 MCU, 2K XROM, 12.0 MHz
40-pin Protopack
Z8 MCU, 2K ROM, 12.0 MHz Z8603-12 RS
40-pin DIP 44-pin PCC Z8603-12 TSt
Z8601-12 PS Z8601-12 VSt
78601-12CS

Codes

First letter is for package; second letter is for temperature.

C = Ceramic DIP R = Protopack
P = Plastic DIP T = Low Profile Protopack
L = Ceramic LCC DIP = Dual-In-Line Package
V = Plastic PCC LCC = Leadless Chip Carrier
PCC = Plastic Chip Carrier (Leaded)
TEMPERATURE FLOW
S =0°Cto +70°C B =883ClassB

E = -40°Cto +85°C
M*= —55°Cto +125°C

Example: PS is a plastic DIP, 0°C to + 70°C.

FAvailable soon.
* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications.

00-2037-04
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Z8° 28611
Z8° 28612
Z8® 28613

Zilog

Product
Specification

March 1985

78611 Single-Chip Microcomputer with 4K ROM
28612 Development Device with Memory Interface
78613 Prototyping Device with EPROM Interface

Features B Complete microcomputer, 4K bytes of ROM,
128 bytes of RAM, 32 I/O lines, and up to
60K bytes addressable external space each
for program and data memory.

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

B Average instruction execution time of
1.5 us, maximum of 3 ps.

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

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

B Register Pointer so that short, fast instruc-
tions can access any of nine working-
register groups in 1 pus.

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

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

General The Z8611 microcomputer introduces a new
Description  level of sophistication to single-chip architec-
ture. Compared to earlier single-chip micro-
computers, the Z8611 offers faster execution;
more efficient use of memory; more sophisti-
cated interrupt, input/output and bit-manipula-
tion capabilities; and easier system expansion.
Under program control, the Z8611 can be
tailored to the needs of its user. It can be con-

—»| RESET +5V [
TiMiNG | o1 piy GND |e—
AND bl
CONTROL | «—] S XTAL1 4—}
a CLOCK
-] A8 XTAL2 —>
<] PO, P2 |a—n
<] PO, P2 |
<] PO, P2, e
PORT 0 PORT 2
(NIBBLE | <] POy P2 g{; m&
PROGRAMMABLE) | p P2, | BLE)
1/0 OR Ag-Ars PO 2 0o}
<] P0; 28611 P2 [
<] PO; MCU P2 la—>
<] PO, P2 e
i P, P3y j—
<] Py P3; |
-] P1, P3, |e—
PORT 1 PORT 3
(BYTE | <] P15 P3; f— | SERIAL AND
PROGRAMMABLE) | ] P3, }—p [PARALLEL 110
110 OR ADg-AD; Pla N AND CONTROL
<l P15 P35 —p
<] P, Pl f—a
| P1; P3; p—>
Figure 1. Pin Functions

figured as a stand-alone microcomputer with
4K bytes of internal ROM, a traditional micro-
processor that manages up to 120K bytes of
external memory, or a parallel-processing ele-
ment in a system with other processors and
peripheral controllers linked by the Z-BUS. In
all configurations, a large number of pins
remain available for I/O.

+5v [ 7 a0 [] P3,
xtaz [ 2 39 [] r3,
XTAL1 |: 3 38 [] p2,
Py, [ 4 a7 [ P2,
P35 36 [] 2,
RESET [] 6 35 [] p2,
RW [ 7 34 ] 2,
s []e 33[] r2,
as]e 32[] P,

P [} 10 zee11 31[]P2
GND [J 11 MCU 5[] P,

P3, [ 12 29 ] p3,
po, [ 13 28 1] P1,
PO, [ 14 27 ] P,
PO, 15 26 [] P15
PO, 16 2s[] P,
po, [ 17 2a[] p1y
pos [] 18 2] e,
Pos ] 19 22{] P,
PO, 20 2] Py,

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

2038-001, 002
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Pin
Description

KS. 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, AS can be

placed in the high-impedance state along with
Ports 0 and 1, Data Strobe, and Read/Write.

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

P0y-P07, Plg-Ply, P2-P27, P3¢-P3;. I/O Port
Lines (input/outputs, TTL-compatible). These
32 lines are divided nto 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 Z8611. When RESET is deactivated,
program execution begins from internal pro-
gram location 000Cy.

R/W. Read/Write (output). R/W is Low when
the Z8611 1s wniting to external program or
data memory.

XTALL, XTAL2. Crystal 1, Crystal 2 (time-base
input and output). These pins connect a
parallel-resonant crystal (8 or 12 MHz max-
imum) or an external single-phase clock (8 or
12 MHz maximum) to the on-chip clock
oscillator and buffer.

AN O

M
IS ot

(6 5 4 3 2 14443424140 \
RESET |7 39 | NC
RIW |8 38 | P24
DS |o 37 | P23
As |10 36 | P2,
P35 | 11 35 | P2,
GND |12 z:gv 34 | P2
P3, [13 33 | p3;
PO, [ 14 32 | P3,
po, |15 31| Py
PO, | 16 30 | P1g
Ne |17 20 | P15

N\ 18 19 20 21 22232425252123)

S S I TN MR E

Figure 2b. 44-pin Dual-In-Line Package (DIP). Pin Assignments
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Architecture

78611 architecture is characterized by a
flexible I/O scheme, an efficient register and
address space structure and a number of
ancillary features that are helpful in many
applications.

Microcomputer applications demand power-
tul I/O capabilities. The Z8611 fulfills this with
32 pins dedicated to input and output. These
lines are grouped into four ports of eight lines
each and are configurable under software con-
trol to provide timing, status signals, serial or
parallel I/0O with or without handshake, and an
address/data bus for interfacing external
memory.

Because the multiplexed address/data bus is
merged with the I/O-oriented ports, the Z8611
can assume many different memory and I/O
configurations. These configurations range
from a self-contained microcomputer to a

microprocessor that can address 120K bytes of
external memory (Figure 3).

Three basic address spaces are available to
support this wide range of configurations: pro-
gram memory (internal and external), data
memory (external) and the register file (inter-
nal). The 144-byte random-access register file
is composed of 124 general-purpose registers,
four I/O port registers, and 16 control and
status registers.

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

OUTPUT  INPUT Vcc GND XTAL AS DS R/W RESET
MACHINE TIMING AND
PORT 3 INSTRUCTION CONTROL
UART ¢ ALY — |
PROGRAM
FLAGS MEMORY
COUNTER/ 4096 x 8-BIT
TIMERS
REGISTER {}
POINTER ]
L
REGISTER FILE PROGRAM
INTERRUPT 124 x 8-BIT ] COUNTER
CONTROL
PORT 2 PORT 0 PORT 1

T

ADDRESS OR 110 ADDRESS/DATA OR 110
(NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE)

NI

110
(BIT PROGRAMMABLE)

Figure 3. Functional Block Diagram

2038-003
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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 bytes
consist of on-chip mask-programmed ROM. At
addresses 4096 and greater, the Z8611
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 Z8611 can address 60K
bytes of external data memory beginning at

65535
EXTERNAL
ROM OR RAM
4096
4095
ON-CHIP
Location of ROM
first byte of
Instruction.
oxecuted N\ o e o e o e e e e e e e o]
atterreset 12 Fa
1 1RG5
10 IRQS5
9 IRQ4
8 1RG4
i 7 1RQ3
actor
Lower Byie) 3 1Ras
S| 1RG2
abr 1RGZ
| 1RQ1
(Upper Byte) 2 IRQ1
1 1RQ0
] 1RGO

Figure 4. Program Memory Map

location 4096 (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 (R0-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.

28611 instructions can access registers

65535
EXTERNAL
MEMORY
4096
4095
NOT ADDRESSABLE
[

Figure 5. Data Memory Map

LOCATION IDENTIFIERS
288 STACK POINTER (BITS 7-0) 8PL
284 STACK POINTER (BITS 18-8) 8SPH
283 REQISTER POINTER RP
282 PROGRAM CONTROL FLAGS FLAGS
281 INTERRUPT MASK REQISTER IMR
280 INTERRUPT REQUEST REQISTER iRQ
249 INTERRUPT PRIORITY REGISTER IPR
248 PORTS 0-1 MODE POIM
247 PORT 3 MODE P3M
248 PORT 2 MODE P2M
248 T0 PRESCALER PREO
244 TIMER/COUNTER 0 T0
243 T1 PRESCALER PRE1
242 TIMER/COUNTER 1 Rl
241 TIMER MODE TMR
240 SERIAL 10 slo

NOT
IMPLEMENTED
127
GENERAL-PURPOSE
REGISTERS
4
3 PORT 3 P3
2 PORT 2 P2
1 PORT 1 P1
o PORT 0 PO

Figure 6. The Register File

————
| 255
. it fs s | 0000 253
240
The upper nibble of the register file address
) provided by the register pointer specifi
the active working register group
127
P —
= o =
[
==
The lower
nibble of
fil v;q‘:l:r
SPECIFIED WORKING- v
—— B d
REGISTER GROUP e Tnmtracyion
points to the
specified
register
b
P —
15
e
1/0 PORTS 3

Figure 7. The Register Pointer
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Address
Spaces
(Continued)

directly or indirectly with an 8-bit address
field. The Z8611 also allows short 4-bit register
addressing using the Register Pointer (one of
the control registers). In the 4-bit mode, the
register file is divided into nine working-
register groups, each occupying 16 contiguous
locations (Figure 7). The Register Pointer
addresses the starting location of the active
working-register group.

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
4096 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
Input/
Output

Port 3 lines P3; and P37 can be programmed
as serial I/O lines for full-duplex serial asyn-
chronous receiver/transmitter operation. The
bit rate is controlled by Counter/Timer 0, with
a maximum rate of 62.5K bits/second.for 8
MHz and 94.8K bits/second for 12 MHz.

The Z8611 automatically adds a start bit and
two stop bits to transmitted data (Figure 8).
Odd parity is also available as an option. Eight
data bits are always transmitted, regardless of

Transmitted Data
(No Parity)

[sesp[p:[os]os[ 0 0s] 02 ]2 [oo 5T}

‘— START BIT
EIGHT DATA BITS

TWO STOP BITS

Transmitted Data
(With Parity)

[sP]sp] P o6 ]psBa] 0s] 0.] D, 0o] 57]

l I'—START BIT
SEVEN DATA BITS

DD PARITY
TWO STOP BITS

parity selection. If parity is enabled, the eighth
bit 1s the odd parity bit. An interrupt request
(IRQy4) is generated on all transmitted
characters.

Received data must have a start bit, eight
data bits and at least one stop bit. If panty is
on, bit 7 of the received data 1s replaced by a
parity error flag. Received characters generate
the IRQj interrupt request.

Received Data
(No Parity)

[sp]p;[os[ 0] ba] 0s[ 0, B, [ D4 sT]

I—START BIT
EIGHT DATA BITS
ONE STOP BIT

Received Data
(With Parity)

[sp] e Tos[ 0|0, ]Da] D[ D] o] sT]

l-—START BIT
SEVEN DATA BITS

PARITY ERROR FLAG
E STOP BIT

Figure 8. Serial Data Formats

Counter/
Timers

The Z8611 contains two 8-bit programmable
counter/timers (Tg and T}), each driven by its
own 6-bit programmable prescaler. The T
prescaler can be driven by internal or external
clock sources; however, the Ty 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 (Tp) or IRQs (T;)—
is generated.

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

initial value and continue counting (modulo-n
continuous mode). The counters, but not the
prescalers, 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
(4 MHz maximum for the 8 MHz device and a
6 MHz maximum for the 12 MHz device.)
divided by four, or an external signal input via
Port 3. The Timer Mode register configures the
external timer input as an external clock
(1 MHz maximum), 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 T output to the input of Tj.
Port 3 line P3g also serves as a timer output
(Toyt) through which Tg, T or the internal
clock can be output.

2047-009
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1/0 Ports

The Z8611 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 soft-
ware control, the ports can be programmed to

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

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 4096 are
referenced through Port 1. To interface exter-
nal 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 high-impedance
state along with Port 0, AS, DS and R/W,

allowing the Z8611 to share common resources
in multiprocessor and DMA applications. Data
transfers can be controlled by assigning P33 as
a Bus Acknowledge input, and P34 as a Bus

Request output.
@ PORT 1
(IO OR ADy-AD;)

HANDSHAKE CONTROLS
- }DAV‘ AND RDY;
[/ (p3, AND P3,)

Figure 9a. Port 1

Port 0 can be programmed as a nibble /O
port, or as an address port for interfacing
external memory. When used as an 1/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 DAVy
and RDY(. Handshake signal assignment is
dictated by the I/O direction of the upper
nibble P04~P07.

For external memory references, Port O can
provide address bits Ag-A]; (lower nibble) or
Ag-A)s (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 address-
ing. When Port 0 nibbles are defined as
address bits, they can be set to the high-
impedance state along with Port 1 and the con-
trol signals AS, DS and R/W.

e
: : l PORT O
: : (10 OR Ag-As)

HANDSHAKE CONTROLS
-~ } AVg AND RDYo
>/ (P3, AND P3)

Figure 9b. Port 0

Port 2 bits can be programmed inde-
pendently as input or output. This port is
always available for I/O operations. In addi-
tion, 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 RDYa.
The handshake signal assignment for Port 3
lines P3; and P3g is dictated by the direction
(input or output) assigned to bit 7 of Port 2.

PORT 2(1/0)

i

WSHAKE CONTROLS
} f2 AND RDY2
(P3; AND P3y)

Figure 9c. Port 2

Port 3 lines can be configured as I/O or con-
trol lines. In either case, the direction of the
eight lines is fixed as four input (P39-P33) and
four output (P34-P37). For serial I/O, lines P3p
and P37 are programmed as serial in and serial
out respectively.

Port 3 can also provide the following control
functions: handshake for Ports 0, 1 and 2
(DAYV and RDY); four external interrupt
request signals (IRQg-IRQ3); timer input and
output signals (Tiy and Toyr) and Data
Memory Select (DM).

PORT 3
(/0 OR CONTROL)

W

Figure 9d. Port 8
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Interrupts The Z8611 allows six different interrupts from  subsequent interrupts, saves the Program
eight sources: the four Port 3 lines P3p-P33, Counter and status flags, and branches to the
Serial In, Serial Out, and the two counter/ program memory vector location reserved for
timers. These interrupts are both maskable and that interrupt. This memory location and the
prioritized. The Interrupt Mask register glob- next byte contain the 16-bit address of the
ally or individually enables or disables the six interrupt service routine for that particular
interrupt requests. When more than one inter- interrupt request.
rupt is pending, priorities are resolved by a Polled interrupt systems are also supported.
programmable priority encoder that is con- To accommodate a polled structure, any or all
trolled by the Interrupt Priority register. of the interrupt inputs can be masked and the

All Z8611 interrupts are vectored. When an Interrupt Request register polled to determine
interrupt request is granted, an interrupt which of the interrupt requests needs service.
machine cycle is entered. This disables all

Clock The on-chip oscillator has a high-gain, ground. The specifications for the crystal are
parallel-resonant amplifier for connection to a as follows:
crystal or to any suitable external clock source m AT cut, parallel resonant
(X:g‘;'}u = tIIllput, )éT‘A;ILfO: ?;ng“tl' o B Fundamental type, 8/12 MHz maximum

e crystal source 1s connected across : <
XTALI and XTAL2, using the recommended W Series resistance, f; < 100 0
capacitors (C; = 15 pF) from each pin to

28612 The Z8612 1s a development version (Figure 10) B Control lines for the new memory have

Development of the 40-pin mask-programmed Z8611. It allows been added.

Device the user to prototype the system in hardware with Pin Description. The functions of the Z8612
an actual device and to develop the code that is 1/O lines, AS, DS, R/W, XTAL], XTAL2 and
eventually mask-programmed into the on-chip RESET are identical to those of their Z8611
ROM of the Z8611. counterparts. The functions of the remaining

The Z8612 is identical to the Z8611 with the 24 pins are as follows:
following exceptions: Rg-A}). Program Memory Address (outputs).
B The internal ROM has been removed. Ap-A); access the first 4K bytes of program
B The ROM address lines and data lines are memory.
buffered and brought out to external pins.
vee ] 1 J 64 ] P3g
xtaz [ 2 e3 ] rs,
xtaut [] 3 62 [] P2y
Py [ 4 61 [ pzs .
& E : z 3 :: & & 652"%"\ 8§ & &P QPP
WE7 u:m / o 8 7 6 5 4 3 2 1 6867 66 65 64 63 62 61
5 e o [ e o i
Ao ss [] P2y Pa: 12 58 P::
Pas [] 10 ss [ P20 Pop | 13 57 | Pag
P3z E " 54 j P33 POy | 14 56 | P17
Poo [] 12 s3 [ ] P pos | 15 s5 | Pte
POy [] 13 s2 [Pty pos | 16 54| p1s
Poz [ 14 51 [] P Pos | 17 53| P1g
P []15 zge12 50 []Pts e | 18 z8612 2 | ne
pos[J18 MCU a9 [P1 anp | 10 Mcu 51 | p1s
anp [ 17 wl]rn pos | 20 50 | P12
Pos [ 18 a7 [] P12 pog | 21 a9 | P14
Pog [ 19 4[] Py poy | 22 a8 § P1g
Py ] 20 4[] P TAcK | 23 47|07
1acK [] 21 “f]or svac | 24 46 | 0g
SVNC [] 22 4[] % scLk | 25 45| os
sck [ 23 42[]0s wos | 26 4|0y
“?;E:; :;%: \272'29303|323334353037383950‘142‘3/
o [ s w ] & O 0N 0V QP o $0 B O B 50 50 B E0 o ¢ S
Dz [ 27 38[] A2
Ds [} 28 a7 [ As
An [ 20 8 éh
Ao [} %0 3 [] As
A [ a1 [ A
As [ 32 R]M
Figure 10a. 64-pin Dual-In-Line (DIP) Pin Assignments Figure 10b. 68-pin Chip Carrier Pin Assignments
2038-010, 011
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28612
Development
Device
(Continued)

Dg-Dy. Program Data (inputs). Program data

from the first 4K bytes of program memory is

input through pins Dg-Dy.

IACK. Interrupt Acknowledge (output, active
High). IACK is driven High in response to an
interrupt during the interrupt machine cycle.

MDS. Program Memory Data Strobe (output,
active Low). MDS is Low during an instruction
fetch cycle when the first 4K bytes of program
memory are being accessed.

SCLK. System Clock (output). SCLK is the
internal clock output through a buffer. The
clock rate is equal to one-half the crystal
frequency.

SYNC. Instruction Sync (output, active Low).
This strobe output is forced Low during the
internal clock period preceding an opcode
fetch.

78613
Protopack
Emulator

The Z8613 Protopack (R) is used for prototype
development and preproduction of mask-
programmed applications. The Protopack is a
ROMIless version of the standard Z8611, housed
in a pin-compatible 40-pin package (Figure 11).

To provide pin compatibility and inter-
changeability with the standard mask-
programmed device, the Protopack carries
(piggy-back) a 24-pin socket for a direct inter-
face to program memory (Figure 1). The
24-pin socket is equipped with 12 ROM

Figure 11. The Z8613 Mi puter Protopack Emul

address lines, 8 ROM data lines and necessary
control lines for interface to 2732 EPROM for
the first 4K bytes of program memory.

Pin compatibility allows the user to
design the pc board for a final 40-pin mask-
programmed Z8611, and, at the same time,
allows the use of the Protopack to build the
prototype and pilot production units. When the
final program is established, the user can then
switch over to the 40-pin mask-programmed
28611 for large volume production. The Proto-
pack is also useful in small volume applications
where masked ROM setup time and mask charges
are prohibitive and program flexibility is desired.

Compared to the conventional EPROM
versions of the single-chip microcomputers,
the Protopack approach offers two main
advantages:

B Ease of developing various programs during
the prototyping stage: For instance, in
applications where the same hardware
configuration is used with more than one
program, the Z8613 Protopack allows
economical program storage in separate
EPROMs (or PROMs), whereas the use of
separate EPROM-based single-chip
microcomputers is more costly.

@ Elimination of long lead time in procuring
EPROM-based microcomputers.

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

cc Condition code (see list)

@ Indirect address prefix

14 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.

w
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Instruction
Set

Flags. Control Register R252 contains the following
six flags:

Affected flags are indicated by:

0 Cleared to zero
Notat?on Cc Carry flag 1 Set to one
(Continued) Z Zero flag * Set or cleared according to operation
S Sign flag - Unaffected
v Overflow flag X Undefined
D Decimal-adjust flag
H Half-carry flag
Condition Value Mnemonic Meaning Flags Set
Codes 1000 Always true -
0111 C Carry C=1
1111 NC No carry C =0
0110 Z Zero Z =1
1110 NZ Not zero Z =0
1101 PL Plus S =0
0101 MI Minus S =1
0100 ov Overflow V =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(SXOR V)] =1
1111 UGE Unsigned greater than or equal C=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 -
Instruction
Formats 825 B o
INCr
One-Byte Instructions
[Copc [ monE | CLR, CPL, DA, DEC, OPC_| MODE ADC, ADD, AND, CP,
| dstisrc OR |1 1 1 0/ dstisrc gﬁsm;f?&:_’:f:’ﬁro” SIC OR EE .';g;:?us’:%:us’
RRC, SRA, SWAP dst OR [T110] dst
[_orc JP, CALL (indirect)
dst OR [T 110 dst OPC_| MODE ADC, ADD, AND, CP,
dst on [ 0] aat ] 3,0%.550 508,
srp YALUE
[mooe ] orc | Lo
["opc_| mooE | ADC, ADD, AND, sre oR[1110] src ]
d orR[1110] dst ]
E A z
[ mopE [ opc | LD, LDE, LDEI, L——-——‘—;‘s?z:: O:C Lo
mm LDC, LDCI ADDRESS
[[astisre | opc | Lo
[ : s::cldsl — Jor 110 sc | Lid DlA orc ®
DA,
[ ast T opc | Lo
[ vawe | 5C CALL
DA,
[asucc ] opc | DINZ, JR DA,
[ Rra |
Two-Byte Instructions Three-Byte Instructions
Figure 12. Instruction Formats
2037-013
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Instruction
Summary

Instruction Addr Mode Og;‘ode Flags Affected Instruction Addr Mode Ogcodo Flags Affected
e — d Operati P ——
and Operation 4o grc  (Hex) CZSVDH aRaTperalo  dst s (Hex) CZSVDH
ADC dst,src (Note 1) 10 * % ok x 0 LDE dst,src r Irr 82 @ - - ===
dst — dst + src + C dst ~— src Irr r 92
ADD dst,src (Note 1) od * k x x () * LDEI dst,src Ir Irr 83 -=---=--
dst — dst + src dst — src Ir  Ir 93
AND dst,src (Note 1) 50 .0 - r—r+1;r—rmr+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 50 - - — = = -
CCF EF - - - dst — @SP IR 51
C~NOTC SP~SP +1
CLR dst R BO ------ PUSH src R 7 @ ----~--
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) AO ok ok Kk - — RET AF - = - = - -
dst - src PC— @SP; SP-—SP + 2
DA dst R 40 * % * X - — RL dst HR Q0 * ok ok k- —
dst — DA dst IR 41 IR 91
DEC dst R 00 — .k k- — RLCdst [ — R 10 * ok ok k- —
dt-dst-1 IR 0l IR i
RR dst R EO * ok ok ok _
DECW dst RR 80 — ok ok ok — — ; -H
dst — dst - 1 IR 8l IR El
DI lulCdstII;{’1 8(1) P
IMR(7) - 0 8F  _ _____
SBC dst,src (Note 1) 30 LA B
DINZ r,dst RA A ——— = dt — dst-src-C
rer- r=0-F SCF DF l--==--
ifr#0 c C-~1
PC — PC + dst
: - SRA dst R DO * ok %0 - -
Range: +127, -128 & L R Dl
El F -—---=-- SRP src Im 31 - ==
IMR(7) - 1 RP — src
INC dst r rE -k w— — B Not
dst — dst + 1 P=0F e e
R
IR 21 Swndstllg 11::(1) X * *X — -
INCW dst RR A0 -k k- —
dst — dst + 1 IR Al TCM dst,src (Note 1) 60 - **x0 - -
IRET BF P (NOT dst) AND src
FLAGS — @SP; SP—SP + 1 TM dst, src (Note 1) 70 - % *0 - -
PC~ @SP; SP~SP + 2; IMR(7) -1 dst AND src
JP cc,dst DA D -=----- XOR dst,src Note 1 BO - % * (0 - -
if cc is true c=0-F dst — dst XOR src (ote D
PC — dst IRR 30
JR cc,dst RA cB ------ Note 1
if cc 1s true, c=0-F
PC — PC + dst These lgshi]uchons hca)é/e da? 1d§nhcal sﬁ] offaddress;g
o - modes, which are encoded for brevity. The first opcode
Range: +127, -128 mbble 1s found 1n the instruchon set table above The
LD dst,src r Im C - === second nibble 1s expressed symbolically by a O 1n this
dst — src r R 8 table, and 1ts value 1s found 1n the following table to the
R r 9 left of the applicable addressing mode paur.
r=0-F For example, to determine the opcode of an ADC
r X Cc7 nstruction use the addressing modes r (destination) and
X r D7 Ir (source). The result 1s 13.
r Ir E3
Ir r F3
R R E4
R IR ES Addr Mode Lower
R Im E6 Opcode Nibble
R Im dst  sc
IR R F5 r r 2
LDC dst,src r Irr c2 ------ r Ir El]
dst — src Irr r D2 R R 0]
LDCI dst,src Ir Irr C3 -=----- R IR &=
dst — src Irr Ir D3 R M @
r—r+l;mr—rr+l
IR M

32

8085-003



Registers

R240 SIO
Serial I/0 Register
(FOy; Read/Write)

o 5[o o5l
—: SERIAL DATA (D, = LSB)

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

MODES o = NO FUNCTION
nor U0 1=L0ADT,
}ﬂ ur = “’; 0 = DISABLE T, COUNT
INTERNAL CLOGK OUT = 31 1 = ENABLE T, COUNT
0 = NO FUNCTION
T,y MODES =
EXTERNAL CLOCK INPUT = 00 1=LOADT,
GATE INPUT = 01 0 = DISABLE T, COUNT
TRIGGER INPUT = 10 1 = ENABLE T, COUNT
(NON-RETRIGGERABLE)
RIGGER INPUT = 11
(RETRIGGERABLE)
R242 T1

Counter Timer 1 Register
(F2y; Read/Write)

0104|050 03] 02 0, [ o]
T, INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

T; CURRENT VALUE (WHEN READ)

R243 PRE1
Prescaler 1 Register
(F3y; Write Only)

I_coum MODE
0 = T, SINGLE PASS
1 = T, MODULO N

CLOCK SOURCE

1 = T, INTERNAL

0 = T, EXTERNAL TIMING INPUT
(Tiy) MODE

PRESCALER MODULO
(RANGE _1-64 DECIMAL
01-00 HEX)

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

CICACACACACAEACY
Tn INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

To CURRENT VALUE (WHEN READ)

R245 PREO
Prescaler 0 Register
(F5y; Write Only)

I_COUNT MODE
0 = T, SINGLE-PASS
1 = To MODULO-N

RESERVED

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

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

[0, ]os oo [0y 02 0 oo
- FINITION
R N

1 DEFINES BIT AS INPUT

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

CACACACACACACAEY
0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE

RESERVED

0 P32 = INPUT P35 = OUTPUT
1 P32 = DAVO/RDY0 P35 = RDYO/DAVD

00 P33 = INPUT P34 = OUTPUT
9 3133 = INPUT P34 = DM
11 P33 = DAVI/RDY1 P34 = RDY1/DAVI
0 P31 = INPUT (Tyy) P36 = OUTPUT (Toyy)
1P31 = Sszmu 2 P36 = RDY2/DAV2
0P30 = P37 = OUTPUT
1P30 = SERIALIN P37 = SERIAL out
0 PARITY OFF
1 PARITY ON

. Figure 13. Control Registers

2037-014
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Registers R248 POIM
(Continued) Port 0 and 1 Mode Register
(F8y; Write Only)
| 02] 06 [05] 04 [05] 00, [0
P0,-P0; MODE - 10!
ouTbuT= 00 :|_ ‘ | P8 Qurvpur
INPUT = 01 01 = INPUT
Ar-Ags = 1X 1X = Ag-Ay
EXTERNAL MEMORY TIMING STACK SELECTION
NORMAL = 0 = EXTERNAL
EXTENDED = 1 1 = INTERNAL
P1y-P1; MODE
00 = BYTE OUTPUT
01 = BYTE INPUT
10 = AD,-AD,
11 = HIGH-IMPEDANCE ADo-AD7,
AS, DS, RIW, Ag-A11, A12-A1s
IF SELECTED
R249 IPR
Interrupt Priority Register

(F9y; Write Only)

EICAACACACYENCY

RESERVED I INTERRUPT GROUP PRIORITY
RESERVED = 000
1RQ3, IRQS PRIORITY (GROUP A) C>A>B =001
0 = IRQS > IRQ3 A>B>C =010
1 = IRQ3 > IRGS a>c>s-om
1RGO, IRQ2 PRIORITY (GROUP B) S i+
0 = IRG2 > IRQO B2A>c- 10
1 = IRQO > IRG2 RESERVED = 111
1RQ1, IRQ4 PRIORITY (GROUP C)
0 = IRQ1 > IRQ4
1 = IRG4 > IRQ1
R250 IRQ
Interrupt Request Register

(FAy; Read/Write)

[ S—

RESERVED IRQO = P32 INPUT (Dp = IRQO)
IRQ1 = P33 INPUT

IRQ2 = P3¢ INPUT

1RQ3 = P3g INPUT, SERIAL INPUT
IRQ4 = To, SERIAL OUTPUT

IRQS = Ty

R251 IMR
Interrupt Mask Register
(FBy; Read/Write)

ﬁ

1 ENABLES IRQ0-IRQS
Do = IRQO)

1 ENABLES

R252 FLAGS
Flag Register
(FCy; Read/Write)

ul‘sER FLAG F1

USER FLAG F2
HALF CARRY FLAG
DECIMAL ADJUST FLAG
OVERFLOW FLAG
SIGN FLAG
ZERO FLAG

L ARRY FLAG

=

R253 RP
Register Pointer
(FDy; Read/Write)

%3 _]
REGISTER [ 6
POINTER | r,

s

|

DON'T CARE

R254 SPH
Stack Pointer
(FEy; Read/Write)

[0, [0, os [0, s [o:[ o4 oo
STACK POINTER UPPER

BYTE (SPy-SPyg)

|

R255 SPL
Stack Pointer
(FFy; Read/Write)

[

STACK POINTER LOWER
BYTE (SP,-SP;)

Figure 13. Control Registers (Continued)
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Opcode

Lower Nibble (Hex)

Map
0 1 2 3 4 5 6 7 8 9 A B (+] D E F
6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 6,5 6,5 12/10,5 | 12/10,0 6,5 12/10,0 6,5
0 DEC| DEC | ADD| ADD| ADD| ADD | ADD| ADD| LD LD | DINZ IR LD P INC
R IR: ry,r2 | r,Ir2| Rz,R1| IRz, R1| Ry, IM| IR, IM| 13, R2 | r2,R1 | r1,RA | cc,RA | r1,IM | cc,DA n
6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5
1 RLC | RLC | ADC | ADC| ADC| ADC ADC
R, )1:3% ry,r2 | r,lIrz| Rz2,R1| IRz,R1| Ry, IM| IR, IM
6,5 6,5 6.5 6,5 10,5 10,5 10,5 10,5
2 INC| INC | SUB| SUB| SUB| SUB| SUB| SUB
Ry IRy ry,r2 | n,lIra| Rz, Ri| IRz, R1| Ry, IM| IRy, IM
8,0 6,1 6,5 6,5 10,5 10,5 10,5 10,5
3 JP SRP | SBC | SBC| SBC| SBC | SBC| SBC
IRR) M r1,r2 | r,Irza | Rz, R1| IR2,R1| R1,IM| IR, IM
8,5 8,5 6,5 6,5 10,5 10,5 10,5 10,5
4 DA DA OR OR OR OR OR OR
Ri1 IR) ri,r2 | r,Ir2 | R2,R1 | IRz,R1| Ry, IM| IR}, IM
10,5 10,5 6,5 6,5 10,5 10,5 10,5 10,5
5 POP | POP | AND | AND | AND | AND | AND | AND g
Ri IR r1,r2 | r,lIrz | Rz,R1 | IRz, R1 | Ry, IM| IRy, IM (4]
6,5 6,5 6,5 6,5 10,5 10,5 10,5 10,5 :
= [} COM|COM|TCM| TCM| TCM | TCM | TCM | TCM ~
5 Ry 1Ry ry,r2 | r,lIrz | Rz,R1 | IRz, R | Ry, IM| IRy, IM s
° 10/12,112/14,1| 6,5 65 | 10,5 [ 10,5 | 10,5 | 10,5 -
a 7 PUSH | PUSH| TM ™ ™ ™ ™ ™ w
E R2 IR2 ry,r2 | ri,Ir2 | Rz,R1 | IR2,R1 | Ry, IM | IRy, IM =
5 10,5 | 10,5 | 12,0 | 18,0 6,1 [r]
& 8 |DECW|DECW| LDE | LDEI DI a
=) RR1 IR: 11, Irrz | Iy, Irr2
6,5 6,5 12,0 18,0 6.1
9 RL RL LDE | LDEI l".l
R IR: r2, Irry | Irz, Irmy
10,8 10,5 6,5 6,5 10,5 10,5 10,5 10,5 14,0
A |INCW |INCW | CP CP CP CP CP CP BET
RR1 IR ry,rz | 1,lrz | Ra,R1 | IRz,R1 | Ry, IM | IRy, IM
65 | 65 | 65 | 65 | 105 | 10,5 | 10,5 | 10,5 16,0
B CLR | CLR | XOR | XOR | XOR | XOR | XOR | XOR IBET
Ry IR ry,r2 | r1,Irz | Rz, R1 | IRz, Ry | Ry, IM | IRy, IM
6,5 6,5 12,0 18,0 10,5 6.5
[+ RRC | RRC | LDC | LDCI LD B'CF
R IRy ry, Irrz | Iry, Irr2 r1, 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 S’CF
R IR; r2,Irry |Ir2, Irra | IRR) DA |r2,x,R1
6,5 6,5 6,5 10,5 10,5 10,5 10,5 6,5
E RR RR LD LD LD LD LD C'CF
Ri IR 1, Irz | R2,R1 | IRz2,R1 | Ry, IM | IR), IM
8,5 8,5 6,5 10,5 6.0
F |SWAP [SWAP LD LD c
R1 1R Iry, r2 Rz,IR) } \ \ W Y Y Y Nor
. v \u S A — ~—
Bytes per v v Y
Instruction 2 3 2 3
Lower
Opcode
Nibble
Execution Pipeline Le .
gend:
Cyeles 4 Cycles R = 8-Bit Address
r = 4-Bit Address
Upper 10,5 Ri or r1 = Dst Address
Opcode —> A CP 4&— Mnemonic Rz or r2 = Src Address
Nibble Rz,R1
Sequence:
First Second Opcode, First Operand, Second Operand
Operand F d Note: The blank areas are not defined.

*2-byte mstruction, fetch cycle appears as a 3-byte instruction
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Absolute Voltages on all pins Stresses greater than those histed under Absolute Maxi-
Maximum withrespecttoGND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Ratin gs . . This 1s a stress rating only; operation of the device at any
Operating Ambient condition above those indicated in the operational sections
Temperature........ See Ordering Information of these specifications is not implied. Exposure to absolute
Storage Temperature........ -65°Cto +150°C gzﬁgzl‘:hg:ﬁgfondmom for exiended periods may afiect
Standard The DC characteristics listed below apply for The Ordering Information section lists package
Test the following standard test conditions, unless temperature ranges and product numbers. Pack-
Conditions  oherwise noted. All voltages are referenced to age drawings are in the Package Information
GND. Positive current flows into the reference section in this book. Refer to the Literature List
pin. for additional documentation.
Standard conditions are:
O +475V = Voo = +5.25V
OGND =0V il 5y
00°C = Ty = +70°C*
1.5k 1.5k
+5V +5V 74LS04 741504
CLOCK XTAL2
21K 18K IN
FROM OUTPUT FROM OUTPUT I G = 15ptMAX
UNDER TEST UNDER TEST L
150 pt g s0pt 100 —I XTAL1
I “ I A I CL = 15 pf MAX
Figure 14. Test Load 1 Figure 15. Test Load 2 Figure 16. TTL External Clock Interface Circuit
(Both the clock and 1its complement are required)
DC Symbol Parameter Min Max  Unit Condition Notes
Character-
istics Veu Clock Input High Voltage 3.8 Vee V  Driven by External Clock Generator
VoL Clock Input Low Voltage -03 08 V  Driven by External Clock Generator
Vi Input High Voltage 20 Ve \'
ViL Input Low Voltage -0.3 0.8 A
VgH Reset Input High Voltage 3.8 Vee v
VRL Reset Input Low Voltage -0.3 0.8 \'
Vou Qutput High Voltage 2.4 V  Ioy = -250 A 1
Voo, Output Low Voltage 0.4 V IoL= +20mA 1
I Input Leakage -10 10 pA O0VsVy = +528V
IoL Output Leakage -10 10 pA O0Vs V=< +528V
IR Reset Input Current -50 pA Voo = #8528V, Vg, =0V
Icc Ve Supply Current 180 mA

1. For Ag-A}], MDS, SYNC, SCLK and IACK on the 28612 version, oy = -100 4A and I, = 1.0 mA.
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External I/0

or Memory W X
Read and =@~ ~@~
Write Timing PORT 0, X'
(1]
O
W
PORT 1 x [T { Do-D7 IN }
= _\r__,’ ® N
~—O— o &)
(REIA’:) (- N /
PORT 1 X Ao-Ar x Dg-D7 OUT
—®— ~@
— | o | e
(wmlv’z') \L e ,I/
Figure 17. External I/O or Memory Read/Write
28611/2/3-8 28611/2/3-12
No. Symbol Parameter Min Max Min Max Notes*}°
1 TdA(AS) Address Valid to AS 1 Delay 50 35 2,3
2 TdAS(A) ZS 1 to Address Float Delay 70 45 2,3
3  TdAS(DR) AS 1 to Read Data Required Valid 360 220 1,2,3
4 TwAS AS Low Width 80 55 2.3
5  TdAz(DS) Address Float to DS | 0 0
6 — TwDSR ——— DS (Read) Low Width 250 185 1,23
7 TwDSW DS (Write) Low Width 160 110 1,2,3
8 TdDSR(DR) DS | to Read Data Required Vahd 200 130 1,2,3
9  ThDR(DS) Read Data to DS 1 Hold Time 0 0
10 TdDS(A) DS t to Address Active Delay 70 45 2,3
11 TdDS(AS) DS t to AS | Delay 70 55 2,3
12 — TdR/W(AS) —— R/W Valid to AS t Delay 50 30 2,3
13 TdDS(R/W) DS 1 to /W Not Valid 60 35 2,3
14 TdDW(DSW) Write Data Valid to DS (Write) | Delay 50 35 2,3
15  TdDS(DW) DS 1 to Write Data Not Valid Delay 70 45 2,3
16  TdA(DR) Address Valid to Read Data Required Valid 410 258 1,2,3
17 TdAS(DS) AS 1 to DS | Delay 80 55 2,3
NOTES:
1. When using extended memory timing add 2 TpC. t Test Load 1
2. Timing numbers given are for minimum TpC. ° All timing references use 2.0V for a logic "1"” and 0.8V for a logic "0".
3. See clock cycle ime dependent characteristics table. * All units in nanoseconds (ns).
2194-011
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Additional

S
Timing
Table cLOCK
O] |- | ~ =0
TN 1
® |
IRQN \
0 L——@-—->
Figure 18. Additional Timing
28611/2/3-8 28611/2/3-12
No. Symbol Parameter Min Max Min Max Notes*
1 TpC Input Clock Period 125 1000 83 1000 1
2 TrC,TIC Clock Input Rise And Fall Times 25 15 1
3 TwC Input Clock Width 37 26 1
.4 TwTinL Timer Input Low Width 100 70 2
5 —— TwTinH ———— Timer Input High Width 3TpC 3TpC 2
6  TpTin Timer Input Period 8TpC 8TpC 2
7 TrTin, TTin Timer Input Rise And Fall Times 100 100 2
8a TwiL Interrupt Request Input Low Time 100 70 2,3
8b TwiIL Interrupt Request Input Low Time 3TpC 3TpC 2,4
9 TwIH Interrupt Request Input High Time 3TpC 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).
a logic "0". 4. Interrupt request via Port 3 (P3p).
2. Timing reference uses 2.0 V for a logic “1" and 0.8 V for * Units 1n nanoseconds (ns).
a logic 0",
Z8612, Z8613
Memory Port Ao-Ato X ADDRESS VALID K
Timing ® O
Do-D? DON'T CARE DATA IN VALID x
Figure 19. Memory Port Timing
28611/2/3-8 Z8611/2/3-12
No. Symbol Parameter Min Max Min Max Notes*
1 TdA(DI) Address Valid to Data Input Delay 460 320 1,2
2 ThDI(A) Data In Hold Time 0 0 1
NOTES:
1 Test Load 2 * Units are nanoseconds unless otherwise specified.

2 This s a Clock-Cycle-Dependent parameter. For clock frequen-
cies other than the maximum, use the following formula:

78611/2/3 = 5 TpC - 165

78611/2/3-12 = 5 TpC ~ 95
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Handshake

DATA IN VALID

Timing DATA IN
© { @
O+ ®
o A
Figure 20a. Input Handshake
DATA OUT ‘)‘ DATA OUT VALID
—O—
DAV N
(OUTPUT) )
® | O
RDY N ®
(INPUT)
Figure 20b. Output Handshake
28611/2/3-8 Z8611/2/3-12
No. Symbol Parameter Min Max Min Max Notes*}

1 TsDI(DAV) Data In Setup Time 0 0

2  ThDI(DAV) Data In Hold Time 230 160

3 TwDAV Data Available Width 175 120

4  TJDAVI{(RDY) DAV | Input to RDY | Delay 175 120 1,2
85— TdDAVO{(RDY)—DAYV | Output to RDY | Delay 0 0 1,3
6  TdDAVIr(RDY) DAV t Input to RDY t Delay 175 120 1,2
7 TdDAVOrRDY) DAV t Output to RDY 1 Delay 0 0 1,3
8 TdDO(DAYV) Data Out to DAV | Delay 50 30 1
9 TdRDY(DAV) Rdy ! Input to DAV t Delay 0 200 0 140 1

NOTES:

1. Test load 1

2. Input handshake
3. Output handshake

1 All himing references use 2.0 V for a logic *1” and 0.8 V for

* Units 1n nanoseconds (ns).

a logic “0".
Clock- Z8611/2/3-8 Z8611/2/3-12
Cycle-Time- Number Symbol Equation Equation
Dependent 1 TdA(AS) TpC-75 TpC-50
Characteristics 2 TAAS(A) TpC-55 TpC-40
3 TdAS(DR) 4TpC-140* 4TpC-110*
4 TwAS TpC-45 TpC-30
6 TwDSR 3TpC-125* 3TpC-65*
7 TwDSW 2TpC-90* 2TpC-55*
8 TdDSR(DR) 3TpC-175* 3TpC-120*
10 Td(DS)A TpC-55 TpC-40
11 TdDS(AS) TpC-585 TpC-30
12 ———— TdR/W(AS) TpC-75 TpC-55
13 TdDS(R/W) TpC-65 TpC-50
14 TdDW(DSW) TpC-75 TpC-50
15 TdDS(DW) TpC-55 TpC-40
16 TdA(DR) 5TpC-215* 5TpC-160*
17 TdAS(DS) TpC-45 TpC-30
* Add 2TpC when using extended memory timing
2194-013
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ORDERING INFORMATION

Z8 MCU, 4K ROM, 8.0 MHz

40-pin DIP 44-pin PCC
78611 PS 78611 VSt
Z8611CS

78611 PE

78611 CE

78611 CM*

Z8 MCU, 4K ROM, 12.0 MHz
40-pin DIP 44-pin PCC
Z8611-12PS Z8611-12VSt
Z8611-12CS

Z8 MCU, 4K XROM, 12.0 MHz
64-pin DIP 68-pin PCC
78612-12PS 78612-12 VSt

Z8 MCU, 4K XROM, 8.0 MHz
40-pin Protopack
Z8613RS
Z8613 RE
Z8613 TST

Z8 MCU, 4K XROM, 12.0 MHz
40-pin Protopack

78613-12RS

Z8 MCU, 4K XROM, 8.0 MHz 78613-12 TSt

64-pin DIP 68-pin PCC
28612 PS 78612 VSt
78612 CE

Codes

First letter is for package; second letter is for temperature.

C = Ceramic DIP R = Protopack

P = Plastic DIP T = Low Profile Protdpack
L = Ceramic LCC DIP = DualIn-Line Package
V = Plastic PCC LCC = Leadless Chip Carrier

PCC = Plastic Chip Carrier (Leaded)

TEMPERATURE FLOW

S =0°Cto +70°C B = 883 ClassB
E = -40°Cto +85°C

M*= -55°Cto +125°C

Example: PS is a plastic DIP, 0°C to + 70°C.

TAvailable soon.
*For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications.
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Z8° Z8671 MCU
with BASIC/Debug
Interpreter

Zilog

Product
Specification

April 1985

FEATURES

m The Z8671 MCU 1s a complete microcomputer
preprogrammed with a BASIC/Debug interpreter.
Interaction between the interpreter and its user Is
provided through an on-board UART.

m BASIC/Debug can directly address the Z8671's internal
registers and all external memory. It provides quick
examination and modification of any external memory
location or I/0 port.

m The BASIC/Debug interpreter can call machine
language subroutines to increase execution speed.

m The Z8671’s auto start-up capability allows a program to
be executed on power-up or Reset without operator
intervention.

m Single + 5V power supply—all I/O pins TTL-compatible.
® 8 MHz

GENERAL DESCRIPTION

The Z8671 Single-Chip Microcomputer (MCU) is one of a
line of preprogrammed chips—in this case with a
BASIC/Debug interpreter in ROM—offered by Zilog. As a
member of the Z8 Family of microcomputers, it offers the
same abundance of resources as the other Z8

microcomputers.
——| RESET +5V |e—o
"'"‘A':g <«— RIW GND fe—
CONTROL | «—{ DS XTAL1 1
cLock
-« &S XTAL2 J
<—a{ PO, P2 jt—>
<] Po, P2, je—>
<] PO, P2, |e—»
PORT 0 P PORT 2
(NIBBLE | <+—>{ P03 23 [+ | (BIT PRO-
PROGRAMMABLE) | o pg P2, |«—s ( GRAMMABLE)
110 or Ag-Ars 4 110
<> P0; 28671 P25 ja—>
<«—»{ PO; MCU P2 fe—>
-<—»{ PO, P2; fe—>
<—»{ P1, P3; je——o
- P1, P3; j——o
-1 P1, P3; let——
PORT 3
<] Py P3; f—— [ SERIAL AND
PORT 1 1 P3, PARALLEL 110
110 OR ADo-AD7 | <=1 Fls * [~ | AND CONTROL
<—»{ P15 P35 >
-«—»{ P1g P3
<] P1; P3; |

Figure 1. Pin Functions

Because the BASIC/Debug interpreter is already part of the
chip circuit, programming is made much easier. The Z8671
MCU thus offers a combination of software and hardware
that is ideal for many industrial control applications. The
78671 MCU allows fast hardware tests and bit-by-bit
examination and modification of memory location, /O ports,

+5v [ 1 e P3,
x1aL2 [ 2 39 [] P3,
xTAL1 [ 3 3] P2,
p3, [ & a7 [ P2,
P3, [ 5 3s [ ] P2
RESET [] 6 3] P2,
RW [ 7 34 (] p2,
os [ s 33 % P2,
Ao 32[] p2,
P3; []10 28671 a1[] P2
GND [ 11 mev 4, gpa,
P3, [ 12 29[ P,
po, [] 13 28 [] Aoy
PO, [ 14 27 [7] Aps
Po, [ 15 26 [] ADs
Poy [ 16 25[] Ao,
po, [ 17 241 ] Aps
Pos [] 18 2 émz
Pos [] 19 2] Aoy
o, [ 20 21 [ Ao

Figure 2a. 40-pin Dual-In-Line Package (DIP),
Pin Assignments
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or registers. It also allows bit manipulation and logical
operations. A self-contained line editor supports interactive
debugging, further speeding up program development.

The BASIC/Debug interpreter, a subset of Dartmouth
BASIC, operates with three kinds of memory: on-chip
registers and external ROM or RAM. The BASIC/Debug
interpreter is located in the 2K bytes of on-chip ROM.

Additional features of the Z8671 MCU include the ability to
call machine language subroutines to increase execution
speed and the ability to have a program execute on
power-up or Reset, without operator intervention.

Maximum memory addressing capabilities include 62K
bytes of external program memory and 62K bytes of data
memory with program storage beginning at location 800y.
This provides up to 124K bytes of useable memory space.
Very few 8-bit microcomputers can directly access this
amount of memory.

Each Z8671 Microcomputer has 32 1/O lines, a 144-byte
register file, an on-board UART, and two counter/timers.

g
4

E S EE S PP
(6 5 4 3 2 14443424140 \
RESET |7 39
RW |8 38
Ds |o 37
As |10 36
P35 [ 11 28671 35
GND | 12 MU 34
P3, |13 33
POy | 14 32
po, |15 31
Po, | 16 30

NC |17

20
N\ 18 19 20 21 22 23 24 25 26 27 28

S M M E

Figure 2b. 44-pin Chip Carrier,
Pin Assignments

NC

P2,
P2;
P2;
P2,
P2,
P33
P34
P17
Plg
Pig

OUTPUT  INPUT

ittt i ‘o

Vcc GND

XTAL AS DS R/W RESET

bttt

MACHINE TIMING AND
PORT 3 INSTRUCTION CONTROL
UART ALU
—
PROGRAM
FLAGS MEMORY
COUNTER! 2048 x 8-BIT
TIMERS
REGISTER {}
POINTER
REGISTER FILE —1 PROGRAM
INTERRUPT 124 x 8-BIT — COUNTER
CONTROL
PORT 2 porTo [ Y  rorts
110 ADDRESS OR I/0 ADDRESS/DATA OR 1i0
(BIT PROGRAMMABLE) (NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE)

Figure 3. Functional Block Diagram
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ARCHITECTURE

Z8671 architecture is characterized by a flexible 1/0
scheme, an efficient register and address space structure,
and a number of ancillary features that are helpful in many
applications.

Microcomputer applications demand powerful /O
capabilities. The Z8671 fulfills this with 32 pins dedicated to
input and output. These lines are grouped into four ports of
eight lines each and are configurable under software control
to provide timing, status signals, serial or parallel 1/O with or
without handshake, and an address/data bus for interfacing
external memory.

Because the multiplexed address/data bus is merged with
the |/O-oriented ports, the Z8671 can assume many
different memory and /O configurations. These
configurations range from a self-contained microcomputer

to a microprocessor that can address 124K bytes of external
memory.

Three basic address spaces are available to support this
wide range of configurations: program memory (internal
and external), data memory (external) and the register file
(internal). The 144-byte random-access register file is
composed of 124 general-purpose registers, four 1/0O port
registers, and 16 control and status registers.

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

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. Under
program control, AS can be placed in the high-impedance
state along with Ports 0 and 1, Data Strobe, and Read/Write.

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

P0g-PO7, P1¢g-P17, P2¢-P2;, P3¢-P37. //O Port Lines
(input/outputs, TTL-compatible). These 32 lines are divided
into four 8-bit /O ports that can be configured under

program control for /O or external memory interface.

RESET. Reset (input, active Low). RESET initializes the
78671. When RESET is deactivated, program execution
begins from internal program location 000C.

R/W. Read/MWrite (output). R/W is Low when the Z8671 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 (8
MHz maximum) or an external single-phase clock (8 MHz
maximum) to the on-chip clock oscillator and buffer.

ADDRESS SPACES

Program Memory. The Z8671's 16-bit program counter
can address 64K bytes of program memory space.
Program memory consists of 2K bytes of internal ROM and
up to 62K bytes of external ROM, EPROM, or RAM. The first
12 bytes of program memory are reserved for interrupt
vectors (Figure 4). These locations contain six 16-bit vectors
that correspond to the six available interrupts. The
BASIC/Debug interpreter is located in the 2K bytes of
internal ROM. The interpreter begins at address 12 and
extends to 2047.

65535
EXTERNAL
ROM OR RAM
2048
2047
ON-CHIP BASIC/
Location of ROM DEBUG
first byte of
instruction.
xecuted "N\ fn e o e o o e o e e
after reset 4o i
1 IRQS
10 IRQ5
9 IRQ4
8 iRQ4
Imvo m:p! 7 IRQ3
ector
(Lower Byt:) & 1Ra3
5PN IRQ2
ALy 1RQ2
| iRQ1
WeperByiel iRa1
1 1RQO
[] IRQO

Figure 4. Program Memory Map
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Data Memory. The Z8671 can address up to 62K bytes of
external data memory beginning at location 2048 (Figure 5).
External data memory may be included with, or separated
from, the external program memory space. DM, an optional
1/0 function that can be programmed to appear on pin P3y,
is used to distinguish data and program memory space.

Register File. The 144-byte register file may be accessed
by BASIC programs as memory locations 0-127 and
240-255. The register file includes four 1/0 port registers
(RO-R3), 124 general-purpose registers (R4-R127), and 16
control and status registers (Figure 6).

The BASIC/Debug Interpreter uses many of the general-
purpose registers as pointers, scratch workspace, and
internal variables. Consequently, these registers cannot be
used by a machine language subroutine or other user
programs. On power-up/Reset, BASIC/Debug searches for
external RAM memory and checks for an auto start-up
program. In a non-destructive method, memory is tested at
relative location xxFDy. When BASIC/Debug discovers
RAM in the system, it initializes the pointer registers to mark
the boundaries between areas of memory that are assigned
specific uses. The top page of RAM is allocated for the line
buffer, variable storage, and the GOSUB stack. Figure 7a

illustrates the contents of the general-purpose registers in
the Z8671 system with external RAM. When BASIC/Debug
tests memory and finds no RAM, it uses an internal stack
and shares register space with the input line buffer and
variables. Figure 7b illustrates the contents of the
general-purpose registers in the Z8671 system without
external RAM.

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 location 2048
and 65535. An 8-bit Stack Pointer (R255) is used for the
internal stack that resides within the 124 general-purpose
registers (R4-R127).

Register Addressing. Z8671 instructions can directly or
indirectly access registers with an 8-bit address field. The
Z8671 also allows short 4-bit register addressing using the
Register Pointer, which is one of the control registers. In the
4-bit mode, the register file is divided into nine
working-register groups, each group consisting of 16
contiguous registers (Figure 8). The Register Pointer
addresses the starting location of the active working-register

group.

85535

EXTERNAL
DATA
MEMORY
2048
2047
NOT ADDRESSABLE

Figure 5. Data Memory Map

LOCATION IDENTIFIERS
258 STACK POINTER (BITS 7-0) SPL
254 STACK POINTER (BITS 15-8) SPH
253 REGISTER POINTER RP
252 PROGRAM CONTROL FLAGS FLAGS
251 INTERRUPT MASK REGISTER IMR
250 INTERRUPT REQUEST REGISTER IRQ
249 INTERRUPT PRIORITY REGISTER IPR
248 PORTS 0-1 MODE POIM
247 PORT 3 MODE P3M
248 PORT 2 MODE P2M
245 T0 PRESCALER PREO
244 TIMER/COUNTER 0 To
243 T1 PRESCALER PRE1
242 TIMER/COUNTER 1 ™
24 TIMER MODE TMR
240 SERIAL 110 slo

NOT
IMPLEMENTED

Figure 6. Control and Status Registers
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127

104
103

86
85

64
63

34
33

32

31

30
29

28
27

24
23

22
21

20
19

18
17

16
15

14
13

12
1

10

o ws te —w»

Figure 7a. General-Purpose Registers with External RAM

SHARED BY EXPRESSION
STACK AND LINE BUFFER

GosuB
STACK

SHARED BY GOSUB
AND VARIABLES

VARIABLES

FREE, AVAILABLE
FOR USR ROUTINES

COUNTER

USED INTERNALLY

SCRATCH

POINTER TO
CONSTANT BLOCK

USED INTERNALLY

LINE NUMBER

ARGUMENT FOR
SUBROUTINE CALL

ARGUMENT/RESULT FOR
SUBROUTINE CALL

SCRATCH

POINTER TO NEXT
CHARACTER

POINTER TO LINE
BUFFER

POINTER TO GOSUB

POINTER TO BASIC
PROGRAM

POINTER TO GOSuB

FREE

/0 PORTS

127

64
63

34
33

32
31

30
29
28
27
24
23

22
21

20
19

18
17

16
15

14
13

12
1"

10

© wh v N®

EXPRESSION
EVALUATION
STACK

FREE

COUNTER

USED INTERNALLY

SCRATCH

POINTER TO
CONSTANT BLOCK

USED INTERNALLY

LINE NUMBER

ARGUMENT FOR
SUBROUTINE

ARGUMENT/ROUTINE FOR
SUBROUTINE CALL

SCRATCH

POINTER TO INPUT
LINE BUFFER

POINTER TO END OF
LINE BUFFER

POINTER TO STACK
BOTTOM

ADDRESS OF USER
PROGRAM

POINTER TO GOSUB
STACK

POINTER TO END
OF PROGRAM

/0 PORTS

Figure 7b. General-Purpose Registers without External RAM

1/0 PORTS

3

0

Figure 8. The Register Pointer

——————
- 255
- Tl | 0000 253
240
THE UPPER NIBBLE OF THE REGISTER
FILE ADDRESS PROVIDED BY THE
’ REGISTER POINTER SPECIFIES THE
ACTIVE WORKING-REGISTER GROUP. 127
= —
-
—— -
> THE LOWER
NIBBLE OF
THE REGISTER
FILE ADDRESS
SPECIFIED WORKING-
> REGISTER GROUP <+ PROVIDED BY
THE INSTRUCTION
POINTS TO THE
SPECIFIED
. REGISTER.
r— —>
15
L
——————————— —
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PROGRAM EXECUTION

Automatic Start-up. The Z8671 has an automatic start-up
capability which allows a program stored in ROM to be
executed without operator intervention. Automatic
execution occurs on power-on or Reset when the program is
stored at address 1020y.

Execution Modes. The Z8671's BASIC/Debug Interpreter
operates in two execution modes: Run and Immediate.

Programs are edited and interactively debugged in the
Immediate mode. Some BASIC/Debug commands are
used almost exclusively in this mode. The Run mode is
entered from the Immediate mode by entering the
command RUN [fthere is a program in RAM, it is executed.
The system returns to the Immediate mode when program
execution is complete or interrupted by an error.

INTERACTIVE DEBUGGING

Interactive debugging is accomplished with the self-
contained line editor which operates in the Immediate
mode. In addition to changing program lines, the editor can
correct animmediate command before it is executed. It also
allowsthe correction of typing and other errors as a program
is entered.

BASIC/Debug allows interruptions and changes during a

program run to correct errors and add new instructions
without disturbing the sequential execution of the program.
A program run is interrupted with the use of the escape key.
The run is restarted with a GOTO command, followed by the
appropriate line number, after the desired changes are
entered. The same procedure is used to enter corrections
after BASIC/Debug returns an error.

COMMANDS

BASIC/Debug recognizes 15 command keywords. For
detailed instructions of command usage, refer to the
BASIC/Debug Software Reference Manual (#03-3149-02).

FO The GO command unconditionally branches
to a machine language subroutine. This
statement is similar to the USR function
except that no value is returned by the
assembly language routine.

GOSUB GOSUB unconditionally branches to a
subroutine at a line number specified by the

user.

GOTO GOTO unconditionally changes the se-
quence of program execution (branches to a

line number).

IF/ITHEN This command is used for conditional

operations and branches.

INPUT/IN  These commands request information from
the user with the prompt “?”, then read the
input values (which must be separated by
commas) from the keyboard, and store them
in the indicated variables. INPUT discards
any values remaining in the buffer from
previous IN, INPUT, or RUN statements, and

requests new data from the operator. IN uses

any values left in the buffer first, then requests
new data.

LET LET assigns the value of an expression to a
variable or memory location.

LIST This command is used in the interactive mode
to generate alisting of program lines stored in

memory on the terminal device.

NEW The NEW command resets pointer R10-11 to
the beginning of user memory, thereby
marking the space as empty and ready to

store a new program.

PRINT PRINT lists its arguments, which may be text
messages or numerical values, on the output

terminal.

REM This command is used to insert explanatory

messages into the program.

RETURN This command returns control to the line

following a GOSUB statement.

RUN RUN initiates sequential execution of all

instructions in the current program.

STOP STOP ends program execution and clears the

GOSUB stack.
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FUNCTIONS

BASIC/Debug supports two functions: AND and USR.

The AND function performs a logical AND. It can be used to
mask, turn off, or isolate bits. This function is used in the
following format:

AND (expression, expression)

The two expressions are evaluated, and their bit patterns are
ANDed together. If only one value is included in the
parentheses, itis ANDed with itself. A logical OR can also be
performed by complementing the AND function. This is
accomplished by subtracting each expression from -1. For
example, the function below is equivalent to the OR of A
and B.

-1-AND(-1-A, -1-B)

The USR function calls a machine language subroutine and
returns a value. This is useful for applications in which a
subroutine can be performed more quickly and efficiently in
machine language than in BASIC/Debug.

The address of the first instruction of the subroutine is the
first argument of the USR function. The address can be
followed by one or two values to be processed by the
subroutine. In the following example, BASIC/Debug
executes the subroutine located at address 2000 using
values literal 256 and variable C.

USR(%2000,256,C)

The resulting value is stored in Registers 18-19.

SERIAL INPUT/OUTPUT

Port 3 lines P3g and P37 can be programmed as serial I/0
lines for full-duplex serial asynchronous receiver/transmitter
operation. The bit rate is controlled by Counter/Timer 0, with
amaximum rate of 62.5K bits/second.

The Z8671 automatically adds a start bit and two stop bits to
transmitted data (Figure 9). Odd parity is also available as an
option. Eight data bits are always transmitted, regardiess of

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

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

|sP|sP] o, | 0] 05| b,] Ds] .] D, [ D] 7]

z

l—START BIT
EIGHT DATA BITS
TWO STOP BITS

TRANSMITTED DATA
(No Parity)

|sp{sp] P [os] [ 0.] Ds] 0, ] D, [0, [ 7]

I——START BIT
SEVEN DATA BITS
0DD PARITY
TWO STOP BITS
TRANSMITTED DATA
(With Parity)

[sp]o;[pe|Ds] D404 [0, ] 04 4] sT]

L—START BIT
EIGHT DATA BITS
ONE STOP BIT

RECEIVED DATA
(No Parity)

{sP[ P [Ds] s[04 [ D3] ;[ D] Do [5T]

I—-START BIT

SEVEN DATA BITS
PARITY ERROR FLAG
ONE STOP BIT

RECEIVED DATA
(With Parity)

Figure 9. Serial Data Formats
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I/O PORTS

The Z8671 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 I/0,
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
usedas an I/O port, Port 1 may be placed under handshake
control. In this configuration, Port 3 lines P33 and P34 are
used as the handshake controls RDY1 and DAV1 (Ready
and Data Available).

Memory locations greater than 2048 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 high-impedance state along with
Port 0, AS, DS and R/W, allowing the Z8671 to share
common resources in multiprocessor and DMA
applications. Data transfers can be controlled by assigning
P33 as a Bus Acknowledge input and P34 as a Bus Request
output.

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/0 port, Port 0 may be placed under handshake control.
In this configuration, Port 3 lines P32 and P35 are used as
the handshake controls DAVO and RDYO0. Handshake signal
assignment is dictated by the I/O direction of the upper
nibble P04-PO7.

For external memory references, Port 0 can provide address
bits Ag-A11 (lower nibble) or Ag-A15 (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 high-impedance state
along with Port 1 and the control signals AS, DS and RW.

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 configuration, Port 3 lines P3;
and P3g are used as the handshake controls lines DAV2 and
RDY2. The handshake signal assignment for Port 3 lines
P34 and P3g is dictated by the direction (input or output)
assigned to bit 7 of Port 2.

Port 3 lines can be configured as I/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 /0,
lines P3g and P37 are programmed as serial in and serial out
respectively.

Port 3 can also provide the following control functions:
handshake for Ports 0, 1 and 2 (DAV and RDY); four external
interrupt request signals (IRQO0-IRQ3); timer input and
output signals (Tiy and Toyrt) and Data Memory Select
(DM).

PORT 1
(0 OR ADp-AD7) P1g-P17

Z8671
MCU

HANDSHAKE CONTROLS
} DAV AND RDY1
——> | (P33 AND P3;)

Figure 10a. Port 1

: : P04-P0; | PORT 0
POo-P03 [ (IO OR Ag-A15)

28671

MCU

HANDSHAKE CONTROLS
} DAVO0 AND RDY0
(P32 AND P35)

Figure 10b. Port 0

G

PORT 2(//0)

Z8671 | o

Mcu | >

|«—> / P27

- } HANDSHAKE CONTROLS

DAV2 AND RDY2
(P13 AND P3g)

Figure 10c. Port 2

PORT 3
28671 (/O OR CONTROL)

MCU

Figure 10d. Port 3
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COUNTER/TIMERS

The Z8671 contains two 8-bit programmable counter/timers
(TO and T1), each driven by its own 6-bit programmable
prescaler. The T1 prescaler can be driven by internal or
external clock sources; however, the TO prescaler is driven
by the internal clock only.

The 6-bit prescalers can divide the input frequency 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—IRQ4 (Tg) or
IRQS5 (T4)—is generated.

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

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

The clock source for T1 is user-definable; it can be either the
internal microprocessor clock (4 MHz maximum) 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
nonretriggerable, or as a gate input for the internal clock.
The counterftimers can be programmably cascaded by
connecting the TO output to the input of T1. Port 3 line P3g
also serves as atimer output (Toyt) through which TO, T1 or
the internal clock can be output.

INTERRUPTS

The 28671 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 interrupt requests.
When more than one interrupt is pending, priorities are
resolved by a programmable priority encoder that is
controlled by the Interrupt Priority register.

All Z8671 interrupts are vectored; however, the internal
UART operates in a polling fashion. 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.

The BASIC/Debug Interpreter does not process interrupts.
Interrupts are vectored through locations in internal ROM
which point to addresses 1000-1011y. To process

interrupts, jump instructions can be entered to the interrupt
handling routines at the appropriate addresses as shown in
Table 1.

Table 1. Interrupt Jump Instructions

Hex Contains Jump Instruction and
Address Subroutine Address for:
1000-1002 IRQO
1003-1005 IRQ1
1006-1008 IRQ2
1009-100B IRQ3
100C-100E IRQ4
100F-1011 IRQ5
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CLOCK

The on-chip oscillator has a high-gain, parallel-resonant
amplifier for connection to a crystal or to any suitable
external clock source (XTAL1 = Input, XTAL2 = Output).

The crystal source is connected across XTAL1 and XTAL2,
using the recommended capacitance (C. = 15 pf
maximum) from each pin to ground. The specifications for
the crystal are as follows:

| AT cut, parallel resonant
® Fundamental type, 8 maximum
m Series resistance, R < 100 Q

m 8 MHz maximum

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

IM 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

cc Condition code (see list)

@ Indirect address prefix

SP Stack pointer (control registers 254-255)
PC Program counter

FLAGS Flag register (control register 252)

RP Register pointer (control register 253)

IMR Interrupt mask register (control register 251)

Assignment of a value Is indicated by the symbol “9". For
example,

dst < dst + src

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

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

Flags. Control Register R252 contains the following six
flags:

C Carry flag

¥4 Zero flag

S Sign flag

v Overflow flag

D Decimal-adjust flag
H Half-carry flag
Affected flags are indicated by:
0 Cleared to zero

1 Setto one

* Set or cleared according to operation
— Unaffected

X Undefined
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CONDITION CODES

Value Mnemonic Meaning Flags Set
1000 Always true —
0111 C Carry C=1
111 NC No carry C=0
0110 z Zero Z=1
1110 Nz Not zero Z=0
1101 PL Plus S=0
0101 Ml Minus S=1
0100 ov Overflow V=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 Lessthan (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 C=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 —
oPC CCF, DI, El, IRET, NOP,
RCF, RET, SCF
[_dst T opc ] INC r
ONE-BYTE INSTRUCTION
[Topc T mooE | CLR, CPL, DA, DEC, OPC_| MODE ADC, ADD, AND, CP,
[assre | or [11 1 o] astisre] DECH G, IRCH, POP: st or[1110] sc_| 'T'g’M?%S’?(%RSUB'
RRC, SRA, SWAP dst OR[1110] dst |
[ orc__] JP, CALL (Indirect)
[ dst 1 or [1110] dst | opc | MODE ADC, ADD, AND, CP,
st orR[1110] dst Ifgh?’;hs,g(%nsua'
[ vae |
MODEslc o or[1110] src_| w
%% ggi:‘?e;%%:&s’ dst OR [1110] dst
MODE | OPC LD
A E e |_x
[[estisre [ opc]
[dstls::dds'OPC | orR 11 0] src_| * £e DLUOPC P
DA,
[ gst T opc | Lo
oPC CALL
DA,
DJINZ, JR DA,

TWO-BYTE INSTRUCTION

THREE-BYTE INSTRUCTION

Figure 11. Instruction Formats
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INSTRUCTION SUMMARY

Addr Mode Opcode Flags Affected Addr Mode Opcode Flags Affected
Instruction Byte —— Instruction Byte ——m
and Operation dst src (Hex) C Z S VDH and Operation dst src (Hex) C Z S VDH
ADC dst,src (Note 1) 10 * % * % O » JRcc,dst RA B -
dst < dst + src + C ifccistrue, c=0-F
PC < PC + dst
ADD dst,src (Note 1) od * % % % 0 % Range +127, — 128
dst < dst + src '
L , m  C ===
AND dst src Note1) 50 —xx0—— Lodstee romoC
dst < src r R r8
dst < dst AND src R ; 9
CALL dst DA b6 - r=0-F
SP <SP -2 IRR D4 r X Cc7
@SP < PC. PC < dst X r D7
r Ir E3
CcF EF * oo Ir r F3
C<NOTC R R Ea
CLR dst R BO —————— R IR E5
dst<0 IR B1 R IM E6
IR M E7
COM dst R 60 — % * 0 — — R R F5
dst < NOT dst IR 61
LDC dst,src r Irr c2 @ ———————
CP dst.src (Note 1) AO * ke ok ok — — dst < src oot D2
dst - src
LDCI dst,src el c3 —————-
DA dst R 40w oww X ——  ggege It Ir D3
dst < DA dst IR 41 fer e+ 1
DEidst RR 00 Tk Rk ok —— LDE dst,src roor 82 @ - ——
dstdst - : o1 dst < src I r 92
DECW ost o X TEr*TT LEIGse o 83 ——————
stedst - 1 ! dst < src e r 93
DI rer+1;mr<r+1
IMR (7)<0 8F —————— NOP FF  — = — — — —
D:J_NZ rdst RA A ————— OR dst,src (Note 1) 40 — % » 0 — —
rer- r=0-F dst < dst OR src
ifr#0
PC < PC + dst POP dst R 50 @ @— === ——
Range +127, -128 dst < @SP; IR 51
SP <SP + 1
El F - ————
IMR (7) <1 PUSH src R 70 - = — — —
SP<SP -1,@SP<src IR 71
INC dst r rE — ok ok ok — — e
dst < dst + 1 r=0-F RCF CF 0 —— ———
R 20 C<o0
R 21 RET AF —
INCW dst RR A0 — ok k k— — PC < @SP;SP <SP + 2
gst—dst + 1 R Al RLost [—]R 0 ok wx— —
IRET BF " EEERE IR 91
FLAGS <« @SP,SP <SP + 1
' RLC d R 10 N
PC < @SP, SP <SP + 2, IMR (7) « 1 S e IR IS
JP cc.dst DA cD @ - = - - — =
) [— ] R EO —_— —
ifccistrue c=0-F RR dst [c] ~7 ] R E1 ¥k
PC « dst IRR 30
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INSTRUCTION SUMMARY (Continued)

Addr Mode Opcode Flags Affected Addr Mode Opcode Flags Affected
Instruction Byte —— Instruction Byte ————
and Operation dst src (Hex) C ZSVDH and Operation dst src (Hex) C€C Z SVDH
RRC dst R Co * h ok k — — XOR dst,src (Note 1) BO — % ® 0 — —
IR C1 dst « dst XOR src
SBC dst,src (Note 1) 30 * ok ok k1o NOTE" These instructions have an identical set of addressing modes,
dst<dst«src+C which are encoded for brevity. The first opcode nibble is found in
SCF DF 1 the instruction set table above. The second nibble is expressed
_____ symbolically by a O in this table, and its value 1s found in the
C<1 following table to the left of the applicable addressing mode pair
SRA dst R DO * % * 0 — — For example, the opcode of an ADC instruction using the
(<] l-ﬂ IR D1 addressing modes r (destination) and Ir (source) is 13
SRP src Im 31 - Addr Mode
RP <« src Lowel_'
dst src Opcode Nibble
SUB dst,src (Note 1) 20 * * * * 1 *
dst < dst < src r r
SWAP dst R FO X % *# X — — r Ir
— 7+ IR F1

R R
TCM dst,src (Note 1) 6] — % % 0 — —
(NOT dst) AND src R IR
T™ dst.src Notel) 70 — % % 0 — — R ™ (e]
dst AND src IR IM
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R240 SI0
Serial I/0 Register
(FOH; Read/Write)

DI CAYEAENEY
—: SERIAL DATA (D, = LSB)

REGISTERS

R241 TMR
Time Mode Register
(F1H; Read/Write)

MODES Lo = NO FUNCTION
nor 1280 > % 1=10ADT,
P 0"; i1 0 = DISABLE T, COUNT
INTERNAL CLocK ouT = 11 1 = ENABLE T, COUNT
T,y MODES 0 = NO FUNCTION
EXTERNAL CLOCK INPUT = 00 1=10ADT,
el e = 1 o = pisasie 7, couns
= 1 = ENABLE T, COUN'
(NON RETRIGGERABLE) 1
TRIGGER INPUT = 11
(RETRIGGERABLE)

R242 T1
Counter Timer 1 Register
(F2H, Read/Write)

(0 [0s]0 [0 os] 0, o o]
T, INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

T, CURRENT VALUE (WHEN READ)

R243 PRE1
Prescaler 1 Register
(F3H; Write Only)

L COUNT MODE
1 = T, MODULO-N
0 = T, SINGLE-PASS

CLOCK SOURCE

TIMING INPUT
(Tin) MODE

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

R244 TO
Counter/Timer 0 Register
(F4H; Read/Write)

CICACACACAEAENEY
I To INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

To CURRENT VALUE (WHEN READ)

R245 PREO
Prescaler 0 Register
(F5H; Write Only)

I_COUNT MODE
0 = T, SINGLE-PASS
1 = To MODULO-N

RESERVED (MUST BE 0)

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

R246 P2M
Port 2 Mode Register
(F6H; Write Only)

01 0a [ s[04 [0s] 0, 0 [oo]
P2,-P2, /O DEFINITION
0 DEFINES BIT AS OUTPUT

1 DEFINES BIT AS INPUT

R247 P3M
Port 3 Mode Register
(F7H; Write Only)

0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE
RESERVED (MUST BE 0)

0 P3; = INPUT P3s = OUTPUT
1 P3; = DAVO/RDY0 P35 = RDYO/DAVD
00 P33 = INPUT P3 = OUTPUT
2;)733:'"’"7 P3, = DM
11 RESERVED

0 P31 = INPUT () P3e = OUTPUT (Toyy)
1 P3; = DAV2/RDY2 P3g = RDY2DAV2

0 P3p = INPUT P37 = OUTPUT

1 P3p = SERIALIN P3; = SERIAL OUT

0 PARITY OFF
1 PARITY ON

Figure 12. Control Registers
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REGISTERS R248 PO1M R252 FLAGS
Port 0 Register Flag Register
(Continued) (F8p; Write Only) (FCH, Read/Write)

P0,-P0; MODE P0,-PO; MODE USER FLAG F1
°‘|‘J$5§ : 8? 3? : &l:muv USER FLAG F2
Ar-Ays = 1X 1X = Ag-Ayy HALF CARRY FLAG
EXTERNAL STACK SELECTION DECIMAL ADJUST FLAG
AL e ? Z .EJ?EE:.?,‘;‘{ OVERFLOW FLAG
SIGN FLAG
ZERO FLAG

NORMAL = 0
RESERVED (MUST BE 0)
ARRY FLAG

=

*EXTENDED = 1

=

*ALWAYS EXTENDED TIMING AFTER RESET

R249 IPR R253 RP
Interrupt Priority Register Register Pointer
(F9H, Write Only) (FDn; Read/Write)

[0:]2%]2s [0 Jos[o: oy oo 01 [0 05 [0, ]0s [0, [0 [0

RESERVED :] INTERRUPT GROUP PRIORITY n.J l E:uou-r CARE

1RQ3, IRQS PRIORITY (GROUP A) C>A>B - 001 REGISTER fs

0 = IRQ5 > IRQ3 ¢ A>B>C =010 POINTER s

1 = IRQ3 > IRQS A>C>8B =011
1RQO, IRQ2 PRIORITY (GROUP B) g ; g ; : : :g? "

0 = IRQ2 > IRQO B>A>C=110

1 = IRQO > 1RG2 RESERVED = 111
IRQ1, IRQ4 PRIORITY (GROUP C)

0 = IRQ1 > IRQ4.

1 = IRQ4 > iRQ1

R250 IRQ R254 SPH
Interrupt Request Register Stack Pointer
(FAH; Read/Write) (FEH; Read/Write)

[>:] 0 Js JouTos o, [o, To, 0704 /04 0], o]0, oo
RESERVED (MUST BE 0) —_-r_——t = =
(MUST ) :ggt‘) = :z :n:g} (Do = 1RQO) STACK POINTER UPPER

IRQ2 = P3; INPUT BYTE (SPy-SPyy)

IRQ3 = P39 INPUT, SERIAL INPUT
IRQ4 = To, SERIAL OUTPUT

IRQS = Ty
R251 IMR R255 SPL
Interrupt Mask Register Stack Pointer
(FBH, Read/Write) (FFH, Read/Write)

(22106 J0s Jou Tou Jo, [0 oo [0:]0 [0 [0 [0 [0 o o
l 1 ENABLES IRQ0-IRQ5 I
IRQO)

(0o = STACK POINTER LOWER

BYTE (SPy-SP;)

(MUST BE 0)
1 ENABLES INTERRUPTS

Figure 12. Control Registers (Continued)

55

NON 1298Z



OPCODE MAP

Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B [+ D E F
65 6.5 6,5 6.5 10,5 10,5 10,5 10,5 6,5 6,5 12/10,5 | 12/10,0 6.5 12/10,0 6.5
] DEC DEC ADD ADD ADD ADD ADD ADD LD LD DJINZ JR LD JP INC
Rq 1Ry r.rg rilrg | R2.Ry | IR2.R1 | RiM | IRy,IM | rq.R2 2.Ry ri,RA | cc,RA | riIM | cc,DA r1
6,5 6,5 6,5 6,5 10,5 10,5 10,56 10,5
1 RLC RLC ADC ADC ADC ADC ADC ADC
Ry IRy mr2 | rilre | RaRy | IRaRy | RyM | IRyIM
6,5 6,5 6,5 6,5 10,5 10,5 10,5 105
2 INC INC suB suB suB suB suB suB
Ry IRy rre | rire | RaRy | IR2Ry | RyIM | IRyIM
8,0 6.1, 6.5 6,5 10,5 10,5 10,5 10,5
3 JP SRP sBC SBC SBC SBC SBC SBC
IRR4 M rro | riro | RaRy | IR2Ry | RyM | IRyIM
8,5 8,5 6.5 6,5 10,5 10,5 10,5 10,5
4 DA DA OR OR OR OR OR OR
Ry IRy e |tz | RoRy | IRo,Ry | RyM | IRyM
105 10,5 6.5 6.5 10,5 10,5 10,5 10,5
5 POP POP AND AND AND AND AND AND
Ry IRy rr2 | e | RaRy | IRa,Ry | RiUM | IRy,IM
6.5 6,5 6.5 6,5 10,5 10,5 10.5 105
6 CcoM CcoM TCM TCM TCM TCM TCM TCM
Ry 1Ry rif2 | rulrg | RaRy | IR2,Ry | RyIM | IRqIM
E 10/12,1 { 121141 6,5 6,5 10,5 10,5 10,5 10,5
b 7 PUSH | PUSH ™ ™ ™ ™ ™ ™
5 Ro IRo ra2 | rdre | RaRy | IR2Ry | RyIM | IRqIM
z 105 | 105 | 120 | 180 6,1
2 8 DECW | DECW | LDE LDE! DI
g- RRy 1Ry rydrro | drqlrrp
6.5 6.5 12,0 18,0 6,1
9 RL RL LDE LDE! El
Ry IR¢ radrry | drp,lrry
105 10,5 6.5 6,5 10,5 10,5 10,5 10,5 14,0
A INCW | INCW cpP cP CcP cP CcP cP RET
RR4 IRy r.rp ry.lrp Ro,Ry | IR2.R1 | RyIM | IRqIM
6.5 6.5 6.5 6,5 10.5 10,5 10,5 10,5 16,0
B CLR CLR XOR XOR XOR XOR XOR XOR IRET
Ry IRy rira | ruire | RaRy | IRaRy | RiM | IRqIM
6.5 6.5 12,0 18,0 105 6,5
c RRC RRC LDC LDCI LD RCF
Ry IRy rdrrg | Irqlrrg r1.x,Rp
6,5 6,5 12,0 18,0 20,0 20,0 10,5 6.5
D SRA SRA LDC LDCI | CALL* CALL LD SCF
R1 IRy rolrry | Irplrry IRRy DA ro,x,Rq
6.5 6,5 6,5 10,5 10,5 10,5 10,5 6,5
E RR RR LD LD LD Lo LD CCF
Ry IRy IRz | RaRy | IRaRy | RIM | IRyIM
85 8.5 6,5 10,5 6,0
F SWAP | SWAP LD LD NOP
R1 IRy Ir.r2 Ra.IR+ \ \ ] Yy \J Y \/
" v\ \a -/
2 3 2 3
Bytes per Instruction
LOWER
OPCODE
NIBBLE
EXECUTION PIPELINE Legend:
CYCLES 4 CYCLES R = 8-bitaddress
r = 4-bitaddress
UPPER 105 R orry = Dstaddress
OPCODE ——» A| CP <4€——MNEMONIC Rz orrp = Src address
NIBBLE RoR
2.1 Sequence:
Opcode, First Operand, Second Operand
FIRST SECOND
OPERAND OPERAND NOTE The blank areas are not defined

“2 byte instruction fetch cycle appears as a 3-byte instruction
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ABSOLUTE MAXIMUM RATINGS

Voltages on all pins with respect

tOoGND........ -0.3Vto +7.0V
Operating Ambient
Temperature .............. See Ordering Information

Storage Temperature . . . ........... —65°Cto +150°C

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. Positive current flows into
the referenced pin.

The Ordering Information section lists package temperature
ranges and product numbers. Package drawings are in the
Package Information section. Refer to the Literature List for
additional documentation.

Standard conditions are:
B +4.75V< Vo< +5.25V
® GND = oV +5V +5V
B 0°C<Tp< +70°C
1.5k 1.5k
+5V +5V 74LS04 74LS04
241K 18K e XTaL2
CL = 15 pf MAX
FROM OUTPUT FROM OUTPUT ]:
UNDER TEST UNDER TEST L
150 pt 20 s0pf o | XTALt
I ]: ]: CL = 15 pf MAX
Figure 15. TTL External Clock Interface Circuit
Figure 13. Test Load 1 Figure 14. Test Load 2 (Both the clock and its complement are required)
DC CHARACTERISTICS
Symbol Parameter Min Max Unit Condition
VcH Clock Input High Voltage 38 Vee \% Driven by External Clock Generator
Voo Clock Input Low Voltage -0.3 0.8 \ Driven by External Clock Generator
VIH Input High Voltage 2.0 Vee \%
ViL Input Low Voltage -0.3 0.8 \
VRH Res2t Input High Voltage 3.8 Vee \
VRL Reset Input Low Voltage -0.3 08 v
VoH Output High Voltage 2.4 \ loH = =250 pA
VoL Output Low Voltage 0.4 \ loL= +20mA
e Input Leakage -10 10 uA oV VNS +5.25V
loL Output Leakage -10 10 uA ovV<Vin < +5.25V
IR Reset Input Current -50 KA Voe = +5.25V, VR = OV
lcc Vce Supply Current 180 mA
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RIW X

~@ @]
PORT 0,
CO
(i)
- =
PORT 1 X Ao-A7 } Do-D7 IN >
= \r. _ ® <N
~—O— <O ®
bs
(READ) <—GD'—-—‘>N ’
() —>|
PORT 1 X Ag-A7 X Do-D7 OUT
| ) ]
. Oma | - ) ——
DS
(WRITE) \ el y
Figure 16. External I/0 or Memory Read/Write
AC CHARACTERISTICS
External I/O or Memory Read/Write Timing
28671-8
Number Symbol Parameter Min Max Notes*t°
1 TdA(AS) Address Valid to AS # Delay 50 23
2 TAAS(A) AS *to Address Float Delay 70 2,3
3 TdAS(DR) AS 110 Read Data Required Valid 360 1,23
4 TwAS AS Low Width 80 23
5 TdAz(DS) Address Float to DS ¢ 0
6 TwDSR DS (Read) Low Width 250 1,2,3
7 TwDSW DS (Write) Low Width 160 1,2,3
8 TdDSR(DR) DS ¢ to Read Data Required Valid 200 1,2,3
9 ThDR(DS) Read Data to DS  Hold Time 0
10 TdDS(A) DSt to Address Active Delay 70 23
11 TdDS(AS) DSt to AS ¥ Delay 70 23
12 TdR/W(AS) R/W Valid to AS # Delay 50 23
13 TdDS(R/W) DS * to R/W Not Valid 60 23
14 TdDW(DSW) Write Data Valid to DS (Write) ¢ Delay 50 23
15 TdDS(DW) DS * to Write Data Not Valid Delay 70 2,3
16 TJA(DR) Address Valid to Read Data Required Valid 410 1,23
17 TdAS(DS) AS 110 DS Delay 80 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.

* Al units in nanoseconds (ns).
1 Test Load 1
° Alltiming references use 2.0V for a logic “1” and 0.8V for a logic “0"
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cLock \ / %
-] —»| |- :) |~ :)—>
O] | O] |-
TiN
-~ (——
O,
Figure 17. Additional Timing
AC CHARACTERISTICS
Additional Timing g
28671-8 s
Number Symbol Parameter Min Max Notes* -
1 TpC Input Clock Period 125 1000 1 g
2 TC,TiC Clock Input Rise and Fall Times 25 1 (-]
3 ™wC Input Clock Width 37 1
4 TwTinL Timer Input Low Width 100 2
5 TwTinH Timer Input High Width 3TpC 2
6 TpTin Timer Input Period 8TpC 2
7 TTin, TfTin Timer Input Rise and Fall Times 100 2
8a TwiL Interrupt Request Input Low Time 100 23
8b TwiL Interrupt Request Input Low Time 3TpC 24
9 TwiH Interrupt Request Input High Time 3TpC 2,3

NOTES:

1. Clock timing references use 3 8V for a logic “1” and 0.8V for a logic “0”
2. Timing references use 2.0V for a logic “1" and 0 8V for a logic “0"
3. Interrupt request via Port 3, P3¢-P33.

4 Interrupt request via Port 3, P3q
* Units in nanoseconds (ns).

ADDRESS VALID

Ao-A10 X
O l——|

Do-D7 DON'T CARE X DATA IN VALID B

Figure 18. Memory Port Timing

AC CHARACTERISTICS
Memory Port Timing
Z28671-8
Number Symbol Parameter Min Max Notes*

1 TdA(DI) Address Valid to Data Input Delay 460 1,2

2 ThDI(A) Data In Hold Time 0 1
NOTES
1 TestlLoad 2 * Units are in nanoseconds unless otherwise specified.

2. Thisis a Clock-Cycle-Dependent parameter. For clock frequencies
other than the maximum, use the following formula
28671 = 5TpC - 165




DATA IN & DATA IN VALID K
03 i ®
(Ir?PAU‘T!) ! :
Ot— ®
o2 N\ /
Figure 18a. Input Handshake
DATA OUT DATA OUT VALID
DAV
(OUTPUT)
; ® | ®
3/ | U
9
N ©
Figure 18b. Output Handshake
AC CHARACTERISTICS
Handshake Timing
28671-8
Number Symbol Parameter Min Max Notes*
1 TsDI(DAV) Data In Setup Time 0
2 ThDI(DAV) Data In Hold Time 230
3 TwDAV Data Available Width 175
4 TdDAVIf(RDY) DAV | Input to RDY ¥ Delay 175 1,2
5 TdDAVOf(RDY) DAV ¥ Output to RDY ¥ Delay 0 1.3
6 TdDAVIr(RDY) DAV * Input to RDY * Delay 175 1,2
7 TdDAVOr(RDY) DAV 1 Output to RDY 1 Delay 0 1,3
8 TdDO(DAV) Data Out to DAV ¥ Delay 50 1
9 TdRDY(DAV) Rdy ¥ Input to DAV 1 Delay 0 200 1
NOTES:
1 Testload 1 * Alltiming references use 2.0V for a logic “1” and 0.8V for a logic “0"

2. Inputhandshake
3. Output handshake

Units in nanoseconds (ns).

CLOCK CYCLE TIME-DEPENDENT CHARACTERISTICS

Z8671-8 28671-8
Number Symbol Equation Number Symbol Equation
1 TdA(AS) TpC - 75 13 TdDS(R/W) TpC - 65
2 TdAS(A) TpC - 55 14 TdDW(DSW) TpC - 75
3 TdAS(DR) 4TpC - 140* 15 TdDS(DW) TpC - 55
4 TWAS TpC - 45 16 TdA(DR) 5TpC - 215*
6 TwWDSR 3TpC - 125* 17 TdAS(DS) TpC - 45
7 TwDSW 2TpC - 90*
8 TdDSR(DR) 3TpC - 175*
10 Td(DS)A TpC - 55
11 TdDS(AS) TpC - 55
12 TdR/W(AS) TpC - 75

* Add 2TpC when using extended memory timing
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ORDERING INFORMATION

Z8 MCU with BASIC/Debug Interpreter, 8.0 MHz
40-pin DIP 44-pin PCC
28671 PS 78671 VSt
Z8671CS
28671 PE
28671 CE
728671 CM*

Codes

First letter is for package; second letter is for temperature.

C = Ceramic DIP R = Protopack
P = Plastic DIP T = Low Profile Protopack
L = Ceramic LCC DIP = Dual-In-Line Package
V = Plastic PCC LCC = Leadless Chip Carrier
PCC = Plastic Chip Carrier (Leaded)
TEMPERATURE FLOW
S =0°Cto +70°C B =883ClassB
E = -40°Cto +85°C

M*= —-55°Cto +125°C
Example: PS is a plastic DIP, 0°C to +70°C.

TAvailable soon.
* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications.
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Z8° 28681/82
ROMIless Microcomputer

Zilog

Product
Specification

April 1985

FEATURES

m Complete microcomputer, 24 1/O lines, and up to 64K
bytes of addressable external space each for program
and data memory.

B 143-byte register file, including 124 general-purpose
registers, 3 1/0 port registers, and 16 status and control
registers.

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

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

® Full-duplex UART and two programmable 8-bit
counterftimers, 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.

m Single + 5V power supply—all I/O pins TTL compatible.

W Z8681/82 available in 8 MHz. Z8681 also available in 12
MHz.

GENERAL DESCRIPTION

The 78681 and 728682 are ROMless versions of the Z8
single-chip microcomputer. The Z8682 is usually more cost
effective. These products differ only slightly and can be
used interchangeably with proper system design to provide
maximum flexibility in meeting price and delivery needs.

The Z8681/82 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.

——»| RESET +5V fe— *5"‘:“ ~ w0 [] p3
mming | o piw GND fe— XTALZE 2 39 [ ps,
conthor | «—] 55 XTAL }cu.ocx xTaLt [} 3 sa [ p2
-« AS XTAL2 p3, [ 4 7] p2,
~<«—»] PO, P2y | P [ s 36 [J p2g
<] po, 2, | RESET [ 6 35 1] P2,
<] PO, P2, |e—> RW [ 7 34 [ p2,
(NiBBLE | <—=] Pos P2, |e—> | (1T BRO- os e o
PROGRAMMABLE) | ] po, P2, |e—» [ GRAMMABLE) as]e 32[] p2,
10 OR Ag-Ars |~ %o, 20604102 P |- 110 p3, [] 10 zessuisz 31 [ P2
<« PO; MCU P2% le—> Gno ] 11 MCU 50 P,
<] Po, P2, | pP3, [ 12 29[ p3,
<] P1, P3; fe—o po, [ 13 28] P1,
<] Pt 3, Ja—o pPo, [ 14 27} P1g
PORT 1 -] P1, P3; je— PORT 3 PO, E 15 2 P1s
(BYTE | <] P13 P3; Je—— | SERIAL AND po; [] 16 251 Pl
PRQGRAM:E?P;:‘S,) - P, P3, s [ PARALLEL VO po, [ 17 24 (] P1y
<] P15 P3; f—n po; [ 18 23 : P1,
<] Pi; P35 }—> po; [] 19 220 Py,
P P3; f—an PO, : 20 21 p1,
Figure 2a. 40-pin Dual-In-Line Package (DIP),
Figure 1. Pin Functions Pin Assignments
2194-001, 002
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The Z8681/82 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-AD7) are
provided by a multiplexed, 8-bit, Address/Data bus. The
remaining 8 bits can be provided by the software
configuration of Port O to output address bits Ag-A1s.

Available address space can be doubled (up to 128K bytes
for the Z8681 and 124K bytes for the Z8682) by
programming bit 4 of Port 3 (P3,) 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 64K/62Kbytes 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 1/0O 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.

The pin functions and the pin assignments of the Z8681/82
40-pin package are illustrated in Figures 1 and 2,
respectively.

RV
fat
E ST RN
6 5 4 3 2 1 4443 42 41 40 "\
RESET |7 39 | NC
RIW |8 38 | P2,
DS |9 37 | P2;
AS |10 36 | P22
P35 | 11 z 35 | P2,
8681
GND |12 MCU 34 | P2
P3; |13 33 | P3;
PO | 14 32 | P34
PO, |15 31 P17
PO, | 16 30 | Pt
Ne |17 29| P1s
N\ 18 19 20 21 22 23 24 25 26 27 28
v o>
& Qeﬁ Qo'b QQ'\ Q\“ Lo q""q"" q" \;0

Figure 2b. 44-pin Chip Carrier,

Pin Assignments
OUTPUT  INPUT Vce GND XTAL AS DS R/W RESET
MACHINE TIMING AND
PORT 3 <._ INSTRUCTION CONTROL
UART < ALU — |
PROGRAM
FLAGS MEMORY
COUNTER/ 2048 x 8-BIT
TIMERS
@ REGISTER {}
POINTER :I
REGISTER FILE PROGRAM
INTERRUPT 124 x 8-BIT | COUNTER
CONTROL
PORT 2 PORT 0 PORT 1

i

| U ADDRESS O
(BIT PROGRAMMABLE)

LI

(NIBBLE PROGRAMMABLE)
N—

ADDRESS/DATA OR 1/0
(BYTE PROGRAMMABLE)
-

R /0

~"
2-BUS WHEN USED AS
ADDRESS/DATA BUS

Figure 3. Functional Block Diagram
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ARCHITECTURE

Z8681/82 architecture is characterized by a flexible 1/0
scheme, an efficient register and address space structure
and a number of ancillary features that are helpful in many
applications.

Microcomputer applications demand powerful /O
capabilities. The Z8681/82 fulfills this with 24 pins available
for input and output. These lines are grouped into three
ports of eight lines each and are configurable under
software control to provide timing, status signals, serial or
parallel [/O with or without handshake, and an Address bus
for interfacing external memory.

Three basic address spaces are available: program

memory, data memory and the register file (internal). The
143-byte random-access register file is composed of 124
general-purpose registers, three 1/O port registers, and 16
control and status registers.

To unburden the program from coping with real-time
problems such as serial data communication and
counting/timing, an asynchronous receiver/transmitter
(UART) and two counter/timers with a large number of
user-selectable modes are offered on-chip. Hardware
support for the UART is minimized because one of the
on-chip timers supplies the bit rate. Figure 3 shows the
78681/82 block diagram.

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¢-P3. //O Port Lines (input/outputs,
TTL-compatible). These 24 lines are divided into three 8-bit
1/O ports that can be configured under program control for
110 or external memory interface (Figure 3).

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

program and data memory.

RESET . Reset (input, active Low). RESET initializes the
78681/82. After RESET the Z8681 is in the extended
memory mode. When RESET. is deactivated, program
execution begins from program location 000Cy for the
78681 and 0812 for the Z8682.

R/W. Read/Write (output). RIW is Low when the Z8681/82 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.

SUMMARY OF Z8681 AND Z8682 DIFFERENCES

Feature 28681 28682

Address of first instruction executed after Reset 12 2066

Addressable memory space 0-64K 2K-64K

Address of interrupt vectors 0-11 2048-2065

Reset input high voltage TTL levels * 7 35-8.0V

Port 0 configuration after Reset Input, float after reset Can be Output, configured as Address bit
programmed as Address bits. Ag-A1s5

External memory timing start-up configurations

Extended Timing

Normal Timing

Interrupt vectors 2 byte vectors point directly to service 2 byte vectors in internal ROM point to 3
routines. byte Jump instructions, which point to
service routines.
Interrupt response time 26 clocks 36 clocks
*8.0V Vjy max
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ADDRESS SPACES

Program Memory*. The Z8681/82 addresses 64K/62K
bytes of external program memory space (Figure 4).

For the 28681, the first 12 bytes of program memory are
reserved for the interrupt vectors. These locations contain
six 16-bit vectors that correspond to the six available
interrupts. Program execution begins at location 000Cy
after a reset.

The Z8682 has six 24-bit interrupt vectors beginning at
address 08004. The vectors consist of Jump Absolute
instructions. After a reset, program execution begins at
location 0812 for the Z8682.

DataMemory*. The Z8681/82 can address 64K/62K bytes
of external data memory. 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 P3y4, is used to distinguish
between data and program memory space.

Register File. The 143-byte register file includes three 1/0O

port registers (RO, R2, R3), 124 general-purpose registers
(R4-R127) and 16 control and status registers (R240-R255).
These registers are assigned the address locations shownin
Figure 5.

Z8681/82 instructions can access registers directly or
indirectly with an 8-bit address field. This also allows short
4-bit register addressing using the Register Pointer (one of
the control registers). In the 4-bit mode, the register file is
divided into nine working-register groups, each occupying
16 contiguous locations (Figure 5). The Register Pointer
addresses the starting location of the active working-register
group (Figure 6).

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. An 8-bit Stack Pointer
(R255) is used for the internal stack that resides within the
124 general-purpose registers (R4-R127).

28681 28682
65536 65536
PROGRAM
MEMORY
LOCATION OF FIRST
PROGRAM BYTE OF INSTRUCTION
MEMORY EXECUTED AFTER
————— RESET (28682)
41 812w) 2066
—  Ras  —J 1w 2088
— IrRaa —]
3 BYTE INTERRUPT
— IRQ3 ——]« JUMP INSTRUCTIONS
— a2
— a1 —]
— 'R0 1 (s004) 2048
2047
NOT
LOCATION OF FIRST
BYTE OF INSTRUCTION | — — — — ADDRESSABLE
EXECUTED AFTER 1,
RESET (28681) ﬁ
— IRQ5S — 10
— IRQ4 — 2
INTERRUPT
oo |2 R .
(LOWER BYTE) . VEGTORS
1RQ2 — .
INTERRUPT
VECTOR | IRQ1 -3
(UPPER BYTE) 2
IRQO — :]
Figure 4. Z8681/82 Program Memory Map

*This feature differs in the Z8681 and Z8682.
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DEC HEX IDENTIFIERS
255 STACK POINTER (BITS 7-0) FF SPL
254 STACK POINTER (BITS 15-8) FE SPH
253 REGISTER POINTER FD RP
252 PROGRAM CONTROL FLAGS FC FLAGS
251 INTERRUPT MASK REGISTER FB IMR
250 INTERRUPT REQUEST REGISTER FA IRQ
249 INTERRUPT PRIORITY REGISTER F9 IPR
248 PORTS 0-1 MODE F8 POTM
247 PORT 3 MODE F7 P3M
246 PORT 2 MODE F6 P2M
245 T0 PRESCALER F5 PREO
244 TIMER/COUNTER 0 F4 T0
243 T1 PRESCALER F3 PRE1
242 TIMER/COUNTER 1 F2 T
24 TIMER MODE F1 TMR
240 SERIAL IO FO Sio

NOT
IMPLEMENTED
127 7F
GENERAL-PURPOSE
REGISTERS
4 04
3 PORT 3 03 P3
2 PORT 2 02 P2
1 PORT 1 01 P1
0 PORT 0 00 PO

Figure 5. The Register File

—
I 1 255
- — - f7 75 s Ty r 0000 253
l 240
THE UPPER NIBBLE OF THE REGISTER
FILE ADDRESS PROVIDED BY THE
REGISTER POINTER SPECIFIES THE
ACTIVE WORKING-REGISTER GROUP.
127
- — >
—— -
- —
= THE LOWER
NIBBLE OF
THE REGISTER
SPECIFIED WORKING- FILE ADDRESS N
> REGISTER GROUP <]~ PROVIDED BY )
THE INSTRUCTION
POINTS TO THE
SPECIFIED
L _ REGISTER. hrd
®
T ;
15 Q
——a a
110 PORTS :

Figure 6. The Register Pointer

SERIAL INPUT/OUTPUT

Port 3 lines P3 and P37 can be programmed as serial I/0
lines for full-duplex serial asynchronous receiver/transmitter
operation. The bit rate is controlled by Counter/Timer O, with
a maximum rate of 62.5K bits/second at 8 MHz or 93.75K
bits/second at 12 MHz on the Z8681.

The Z8681/82 automatically adds a start bit and two stop
bits to transmitted data (Figure 7). Odd parity is also
available as an option. Eight data bits are always

[sp]sp] o, 0] ] 0] D] 0] D, [ 0] 5]

l— START BIT

EIGHT DATA BITS
TWO STOP BITS

Transmitted Data
(No Parity)

[se[sp] P [bs[0s[0.]Ds] 0, [0, [0y] sT]

l— START BIT

SEVEN DATA BITS
ODD PARITY
TWO STOP BITS

Transmitted Data
(With Parity)

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

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

ECA A LA CACA LA CA A Kl

l—START BIT
EIGHT DATA BITS
ONE STOP BIT

Received Data
(No Parity)

[sP]P]os|Ds[D4s]0s [0, ] 0, ] Do]sT]

L— START BIT

SEVEN DATA BITS
PARITY ERROR FLAG
ONE STOP BIT

Received Data
(With Parity)

Figure 7. Serial Data Formats
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COUNTER/TIMERS

The 2Z8681/82 contains two 8-bit programmable
counter/timers (To and T4), each driven by its own 6-bit
programmable prescaler. The T4 prescaler can be driven by
internal or external clock sources; however, the Tq prescaler
is driven by the internal clock only.

The 6-bit prescalers can divide the input frequency of the
clock source by any number from 1 to 64. Each prescaler
drivesits 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—IRQ4 (Tg) or
IRQ5 (T1)—is generated.

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

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

The clock source for Ty is user-definable; it can be either 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 nonretriggerable, or as a gate
input for the internal clock. The counter/timers can be
programmably cascaded by connecting the Tp output to the
input of Tq. Port 3 line P3g also serves as a timer output
(Tour) through which Tg, Tq or the internal clock can be
output.

1/0 PORTS

The Z8681/82 has 24 lines available for input and output.
These lines are grouped into three ports of eight lines each
and are configurable as input, output or address. Under
software control, the ports can be programmed to provide

address outputs, timing, status signals, serial /O, and
parallel I/0 with or without handshake. All ports have active
pull-ups and pull-downs compatible with TTL loads.

Port 1 is a dedicated Z-BUS compatible memory interface.
The operations of Port 1 are supported by the Address
Strobe (AS) and Data Strobe (DS) lines, and by the
Read/Write (R/W) and Data Memory (DM) control lines. The
low-order program and data memory addresses (Ag-A7) are
output through Port 1 (Figure 8) and are multiplexed with
data in/out (Dg-D7). Instruction fetch and data memory
read/write operations are done through this port.

Port 1 cannot be used as a register nor can a handshake
mode be used with this port.

Both the Z8681 and 28682 wake up with the 8 bits of Port 1
configured as address outputs for external memory. If more
than eight address lines are required with the 78681,
additional lines can be obtained by programming Port 0 bits
as address bits. The least-significant four bits of Port 0 can

be configured to supply address bits Ag-A11 for 4K byte
addressing or both nibbles of Port 0 can be configured to
supply address bits Ag-A1s for 64K byte addressing.

PORT 1
(/0 OR ADg-AD7?

TO EXTERNAL

z8681/82 MEMORY

mMcu

Figure 8. Port 1

Port 0* can be programmed as a nibble /O port, or as an
address port for interfacing external memory (Figure 9).
When used as an 1/O port, Port 0 can be placed under
handshake control. In this configuration, Port 3 lines P3»
and P35 are used as the handshake controls DAV and
RDY. Handshake signal assignment is dictated by the 1/0
direction of the upper nibble P04-PO7.

For external memory references, Port O can provide address
bits Ag-A11 (lower nibble) or Ag-Aq5 (lower and upper
nibbles) 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.

In the Z8681*, Port O lines float after reset; their logic state is
unknown until the execution of an initialization routine that
configures Port 0.

*This feature differs in the Z8681 and Z28682.

Such an initialization routine must reside within the first 256
bytes of executable code and must be physically mapped
into memory by forcing the Port 0 address lines to a known
state (Figure 10). The proper port initialization sequence is:

1. Write initial address (Ag-A1s) of initialization routine to
Port 0 address lines.

2. Configure Port 0 Mode register to output Ag-A4s (or
Ag-A11).

To permit the use of slow memory, an automatic wait mode of
two oscillator clock cycles is configured for the bus timing of
the Z8681 after each reset. The initialization routine could
include reconfiguration to eliminate this extended timing
mode.
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The following example illustrates the manner in which an
initialization routine can be mapped in a Z8681 system with
4K of memory.

Example. In Figure 10, the initialization routine is mapped to
the first 256 bytes of program memory. Pull-down resistors
maintain the address lines at a logic 0 level when these lines
are floating. The leakage current caused by fanout must be
taken into consideration when selecting the value of the
pulldown resistors. The resistor value must be large enough
to allow the Port O output driver to pull the line to a logic 1.
Generally, pulldown resistors are incompatible with TTL
loads. If Port O drives into TTL input loads (I.ow = 1.6 mA)
the external resistors should be tied to Voo and the
initialization routine put in address space FFOO[-FFFFH.

In the Z8682*, Port 0 lines are configured as address lines
Ag-A15 after a Reset. If one or both nibbles are needed for

1/0 operation, they must be configured by writing to the Port
0 Mode register. The Z8682 is in the fast memory timing
mode after Reset, so the initialization routine must be in fast

memory.
: : P04-PO7 PORT O
P0p-PO3 (IO OR Ag-A15
28681/82
mMcu

- HANDSHAKE CONTROLS
DAVo AND RDYp
} (P32 AND P3g)

Figure 9. Port 0

PORT1 <

ADg-AD7 >

AS, DS, RIW

z28e681/82
Mcu

PROGRAM
MEMORY

(4K BYTES)

1/2 PORT 0 {

AA
VWV

1—AAA
I—wW\-

AA,
VWA~

<
<

VW

Figure 10. Port 0 Address Lines Tied to Logic 0

Port 2 bits can be programmed independently as input or
output (Figure 11). This port is always available for |/O
operations. In addition, Port 2 can be configured to provide
open-drain outputs.

Like Port O, Port 2 may also be placed under handshake
control. In this configuration, Port 3 lines P34 and P3g are
used as the handshake controls lines DAV, and RDY2. The
handshake signal assignment for Port 3 lines P31 and P3g is
dictated by the direction (input or output) assigned to bit 7 of
Port 2.

P20

PORT 2(I/0)
28681/82
Mcu

P27
} HANDSHAKE CONTROLS

DAV; AND RDY2
(P3; AND P3g)

RN

Figure 11. Port 2

Port 3 lines can be configured as I/0 or control lines (Figure
12). In either case, the direction of the eight lines is fixed as
four input (P3o-P33) and four output (P34-P37). For serial /0,
lines P3g and P37 are programmed as serial in and serial
out, respectively.

Port 3 can also provide the following control functions:
handshake for Ports 0 and 2 (DAV and RDY); four external
interrupt request signals (IRQ0-IRQ3); timer input and
output signals (Ty and Toyr) and Data Memory Select
(DM).

*This feature differs in the Z8681 and Z8682.

PORT 3
28681/82 (/O OR CONTROL)
Mcu

Hi

Figure 12. Port 3

2194-010,011,012,013
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INTERRUPTS*

The Z8681/82 allows six different interrupts from eight
sources: the four Port 3 lines P3y-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 interrupt
requests. When more than one interrupt is pending,
priorities are resolved by a programmable priority encoder
that is controlled by the Interrupt Priority register.

All Z8681 and Z8682 interrupts are vectored through
locations in program memory. When an interrupt request is
granted, aninterrupt machine cycle is entered. This disables
all subsequent interrupts, saves the Program Counter and
status flags, and accesses the program memory vector
location reserved for that interrupt. In the Z8681, this
memory location and the next byte contain the 16-bit
address of the interrupt service routine for that particular
interrupt request. The Z8681 takes 26 system clock cycles
to enter an interrupt subroutine.

The Z8682 has a small internal ROM that contains six 2-byte
interrupt vectors pointing to addresses 2048-2065, where
3-byte jump absolute instructions are located (Figure 4 and
Table 1). These jump instructions each contain a 1-byte

opcode and a 2-byte starting address for the interrupt
service routine. The Z8682 takes 36 system clock cycles to
enter an interrupt subroutine.

Table 1. Z8682 Interrupt Processing

Hex Contains Jump Instruction and
Address Subroutine Address For
800-802 IRQO
803-805 IRQ1
806-808 IRQ2
809-80B IRQ3
80C-80E IRQ4
80F-811 IRQ5
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
polied 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 (XTAL1 = Input, XTAL2 = Output).

The crystal source is connected across XTAL1 and XTAL2,
using the recommended capacitance (C. = 15 pf
maximum) from each pin to ground. The specifications for
the crystal are as follows:

AT cut, parallel-resonant

Fundamental type

For Z8681/28682, 8 MHz maximum

[ ]

[ ]

®m Series resistance, Rg < 100Q

]

W For Z8681-12, 12 MHz maximum

Z8681/28682 INTERCHANGEABILITY

Although the Z8681 and Z8682 have minor differences, a
system can be designed for compatibility with both
ROM less versions. To achieve interchangeability, the design
must take into account the special requirements of each
device in the external interface, initialization, and memory
mapping.

7.35T08.0V v
RH
\
\
| Wi
3.8V MIN
VRL
4 6
XTAL XTAL
cLks [ ks ™™
MAX MIN

Figure 13. Z8682 RESET Pin Input Waveform

*This feature differs in the Z8681 and Z8682.

External Interface. The Z8682 requires a 7.5V positive
logic level on the RESET pin for at least 6 clock periods
immediately following reset, as shown in Figure 13. The
78681 requires a 3.8V or higher positive logic level, but is
compatible with the Z8682 RESET waveform. Figure 14
shows a simple circuit for generating the 7.5V level.

+V

28681
RESET OR
7.35-80V 28682
OPEN
COLLECTOR
TTL GATE

Figure 14. RESET Circuit
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Initialization. The Z8681 wakes up after reset with Port O
configured as an input, which means Port O lines are floating
in a high-impedance state. Because of this pullup or
pulldown, resistors must be attached to Port O lines to force
them to a valid logic level until Port O is configured as an
address port.

Port 0 initialization is discussed in the section on ports. An
example of an initialization routine for Z8681/28682
compatibility is shown in Table 2. Only the Z8681 need
execute this program.

Table 2. Initialization Routine

Address Opcodes Instruction Comments

000C E60000 LD PO #%00 Set Ag-A15t00.

000F E6F896 LDPO1M#%96 Configure Port0as
Ag-A1s. Eliminate
extended memory
timing.

0012 8D0812 JPSTART Execute application
ADDRESS program.

65536

APPLICATION
PROGRAM

A.P. PROG START ADDRESS

JP IRQS

JP IRQ4

JP IRQ3

JP IRQ2

JP IRQ1

JP IRQO

NOT USED

JP %0812

LD POIM #%96

LD PO #%00

IRQ5

IRQ4

1RQ3

1RQ2

IRQ1

IRQO

FFFFy

812y

8004
7FFn

154

CH

Ox

28682 VECTORS

JUMP INSTRUCTIONS

28681
INITIALIZATION

28681
VECTORS

Figure 15. Z8681/82 Logical Program Memory Mapping
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Memory Mapping. The Z8681 and Z8682 lower memory
boundaries are located at 0 and 2048, respectively. A single
program ROM can be used with either product if the logical
program memory map shown in Figure 15 is followed. The
78681 vectors and initialization routine must be starting at

17FF

1015
1014

1000
FFF

812
811

800
7FF

15
14

FFF

835
834

820
81F

812
811

800
7FF

15
14

Figure 16

APPLICATION
PROGRAM

6K

NOT USED

APPLICATION
PROGRAM

4K

address 0 and the Z8682 3-byte vectors (jump instructions)
must be at address 2048 and higher. Addressesin the range
21-2047 are not used. Figure 16 shows practical schemes
forimplementing this memory map using 4K and 2K ROMs.

CHIP SELECT = (Ay2 + Ayq) * A1z * Ag - Ags

Z8682 VECTORS

FFF

812

NOT USED

28681 VECTORS
AND INITIALIZATION

2K

811

800

7FF

15

LOGICAL
MEMORY

14

PHYSICAL
MEMORY

a. Logical to Physical Memory Mapping for 4K ROM

APPLICATION
PROGRAM

NOT USED

APPLICATION
PROGRAM

28682 VECTORS

CHIP SELECT = Ayq * A2 * A13 * A1g * Ats

Ao
As

®— A5 TO ROM

7FF

35

NOT USED

28681 VECTORS
AND INITIALIZATION

LOGICAL
MEMORY

34

20

1F

12

"

PHYSICAL
MEMORY

b. Logical to Physical Memory Mapping for 2K ROM

. Practical Schemes for Implementing Z8681 and Z8682 Compatible Memory Map
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INSTRUCTION SET NOTATION

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

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

dst < dst + src

IRR Incjwect register pair or indirect working-register indicates that the source data is added to the destination
par address‘ . . data and the result is stored in the destination location. The
Ire Indirect working-register pair only notation “addr(n)” is used to refer to bit “n” of a given
X Indexed address location. For example
DA Direct address ' !
RA Relative address dst (7)
2‘ :::a rgizg?:; working-register address refers to bit 7 of the destination operand.
r Working-register address only ) . ) .
IR In direc?—reggister or indirect working-register :Iag.s. Control Register R252 contains the following six
address ags:
Ir Indirect working-register address only (o] Carry flag
RR Register pair or working register pair address Y4 Zero flag
Symbols. The following symbols are used in describingthe S Sign flag
instruction set. v Oveﬁlow flag
D Decimal-adjust flag
dst Destination location or contents H Half-carry flag
:::c gzl;rgiﬁ :)?]C: (t)ngrew (osre<;<)lir;tt§:nts Affected flags are indicated by:
@ Indirect address prefix 0 Cleared to zero
SP Stack pointer (control registers 254-255) 1 Set to one
PC Program counter * Set or cleared according to operation
FLAGS Flag register (control register 252) -— Unaffected
RP Register pointer (control register 253) X Undefined
IMR Interrupt mask register (control register 251)
CONDITION CODES
Value Mnemonic Meaning Flags Set
1000 Always true —
0111 C Carry C=1
1111 NC No carry C=0
0110 z Zero Z=1
1110 NZ Not zero Z=0
1101 PL Plus S=0
0101 Mi Minus S=1
0100 ov Overflow V=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 C=0
0111 ULT Unsigned less than C=1
1011 UGT Unsigned greater than (C=0ANDZ =0)=1
0011 ULE Unsigned less than or equal (COR2) =1
0000 Never true —
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CCF, DI, EI, IRET,
RCF, RET, SCF

INCr

One-Byte Instruction

NOP,

[Topc | mopE CLR, CPL, DA, DEC, OPC_| MODE ADC, ADD, AND, CP,
[ dstse | OR [1 11 0] dstisrc | gﬁgxl,,a?ﬁl'é?gﬁj’o", stc or[1110] sc ] %g,'a?%s‘.tg(%nsua,
RRC, SRA, SWAP [ ast  Jor[i110[ dst
OPC JP, CALL (Indirect)
| dst oR [1110] dst | OPC_| MODE ADC, ADD, AND, CP,
dst or [ 10] dst ] L2,00.S8C,SUB.
sRP YALE
MODE | opc . LD
oR [1110] src
[_opc_Twobe | ADC, ADDLANSS aot OR [1 110 ast
Com 1 o | i T won
OPC Lo
[wooE | orc | LD, LDE, LDEI, Tone
[astere [arrce | Lo, Loet oS
[dst/src OPC I LD
[ _srodst | orR[1110] sc_] ce DIAUOPC P
DA,
[ast | opc | Lo
oFc CcALL
DAy
OPC DJNZ, JR DA,
Two-Byte Instruction Three-Byte instruction
Figure 17. Instruction Formats
INSTRUCTION SUMMARY
Addr Mode Opcode Flags Affected Addr Mode Opcode Flags Affected
Instruction Byte ——m— Instruction Byte ——m
and Operation dst src (Hex) C Z S VDH and Operation dst src (Hex) C Z SVDH
ADC dst,src (Note 1) 10 * % % % O % DEC dst R 00 — ok ok k — —
dst<dst + src + C dst < dst — 1 IR 01
ADD dst,src (Note 1) (o]} * % % % O * DECW dst RR 80 — % ok ok — —
dst < dst + src dst < dst - 1 IR 81
AND dst,src (Note 1) 500 — % % 0 — — Di
dst < dst AND src IMR (7) <0 8F @ ——————
CALL dst DA D6 —-—————— DJNZ rdst RA A - —————
SP<SP -2 IRR D4 r<r-1 r=0-F
@SP < PC; PC < dst ifr#0
PC < PC + dst
CCF EF * — — — — —
C<NOTC Range. +127, —128
CLR ds! R BO —————— R (7)< 1 F o
dst< 0 IR B1
COM dst R 60 —ww0—— NCH ' LE T
dst < NOT dst IR 61 R 20
CP dst,src (Note 1) ADO * k Kk k — — IR 21
dst — src INCW dst RR AO — %k k k — —
DA dst R 40 * * * X — — dst«<dst + 1 IR Al
dst < DA dst IR 41
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INSTRUCTION SUMMARY (Continued)

Addr Mode Opcode Flags Affected Addr Mode Opcode Flags Affected
Instruction Byte — Instruction Byte ——m——
and Operation dst src (Hex) C Z SVDH and Operation dst src (Hex) C Z S VDH
IRET BF * k kK k k * RLCdst [— — R 10 * Kk Kk Kk — —
FLAGS < @SP, SP < SP + 1 L] IR 11
PC < @SP,SP <SP + 2;IMR(7) < 1 AR det A o
S [— * k Kk — —
JP co dst DA D - = IR Et
ifccistrue c=0-F
PC « dst IRR 30 RRC dst IRR g? ke ok — —
JRcc,dst RA B @ ———
ifccis true, c=0-F SBC dst,src (Note 1) 30 * ok k k1 &
PC <« PC + dst dst < dst < src < C
Range. +127, -128 SCF DF 1 — — — — —
LD dst,src roIm C ————— C«1
dst - src r R 8 SRA dst R DO % % % 0 ——
R r 9 @ I-"'m-u IR D1
r=0-F
v X c7 SRP src Im 31 - ——— —
X r D7 RP «src
roor E3 SUB dst,src (Note 1) 20 "EEERE
Irr F3 dst < dst < src
R R E4
R IR E5 SWAP dst R FO X % # X ——
R IM E6 —7F IR F1
:g I:‘q/' E; TCM dst,src (Note 1) 601 — % % 0 — —
(NOT dst) AND src
LD?_dSt’S'C |r Ire g’: ______ TM dst,src (Note 1) 70 — % * 0 — —
dst < src rr r dst AND sre
'&‘:‘Edm’c I" 'I” gg _____ XOR dst src (Note)  BO — % # 0 — —
St == sre " r dst < dst XOR src
rer+1;mr<rmr+1
LDE dst src r Irr 82 @ - - — NOTE These instructions have an identical set of addressing modes,
dst < sré e r 92 which are encoded for brevity The first opcode nibble is found in
S the instruction set table above The second nibble is expressed
LDEI dst,src Ir Irr 83 - — — — — — symbolically by a [J in this table, and its value 1s found in the
dst < src Irr Ir 93 following table to the left of the applicable addressing mode pair
rer+1,rmr<rm+1 For example, the opcode of an ADC instruction using the
addressing modes r (destination) and Ir (source) 1s 13.
NOP FF - — — — —
OR dst,src (Note 1) 40 — % % 0 —— Addr Mode Lower
dst < dst OR src dst src Opcode Nibble
POP dst R 50 @ ————=——
dst < @SP, IR 51 r r
SP <SP + 1 r Ir
PUSH src R 70 @ —————— R R
SP <SP - 1, @SP < src IR 71 R R
RCF CF 0 —————
R IM
c0 6]
RET AF - — — IR M
PC < @SP;SP <SP + 2
RL dst ; 2(1) * ke ok k — —
2194-019
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REGISTERS R240 SI0
Serial I/0 Register
(FOH; Read/Write)

Jo oo oo [5. o]
_-—: SERIAL DATA (D, = LSB)

R241 TMR
Time Mode Register
(F14; Read/Write)

p—
MODES 0 = NO FUNCTION
NOTU%‘ED:W 1=LOADT,
o OUT = 01

0 = DISABLE T, COUNT

INTERNAL ct.ock OUT = 11 1 = ENABLE T COUNT

MODES 0 = NO FUNCTION
EXTERNAL CLOCK mvﬂ =00 1=LOADT,
TE INPU'

=01 0 = DISABLE T, COUNT
TRIGGER INPU’\_‘- 10— 1 = ENABLE T, COUNT

TRIGGER INPU' r =1

(NON-
(

R242 T1
Counter Timer 1 Register
(F2H; Read/Write)

i Ty INITIAL VALUE (WHEN WRITTEN)
(RANGE 1-256 DECIMAL 01-00 HEX)

Ty CURRENT VALUE (WHEN READ)

R243 PRE1
Prescaler 1 Register
(F3H, Write Only)

LCOU MODE
1= T MODULO-N
0= T. SINGLE-PASS
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
(F4H; Read/Write)

Ty INITIAL VALUE (WHEN WRITTEN)
(igANGE. 1-256 DECIMAL 01-00 HEX)

To CURRENT VALUE (WHEN READ)

R245 PREO
Prescaler 0 Register
(F5H; Write Only)

LCOUNT MODE
0 = T, SINGLE-PASS
1 = To MODULON

RESERVED (MUST BE 0)

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

R246 P2M
Port 2 Mode Register
(F6R; Write Only)

P2,-P2, /0 DEFINITION
0 DEFINES BIT AS OUTPUT

1 DEFINES BIT AS INPUT

R247 P3M
Port 3 Mode Register
(F7H; Write Only)

CACAACACAEACY
l 0 PORT 2 PULL-UPS OPEN DRAIN
1 PORT 2 PULL-UPS ACTIVE

RESERVED (MUST BE 0)

0 Plz = INPUT P35 = OUTPUT
= DAVO/IRDYO P35 = RDYO/DAVD

00 ps, INPUT  P3 = OUTPUT

9 3% pag = INpUT Py = DM

11 RESERVED
0 P3y = INPUT (Ty) P3g = OUTPUT (Touy)
1P = nszmo'\'r'z Pz = n D‘Kvi
0 P3p =
1Py = sERlAL IN PGy = SERIAL out
0 PARITY OFF
1 PARITY

Figure 18. Control Registers
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REGISTERS R248 PO1M R252 FLAGS
Continued Port0 Rgglster Flag Regustey
( ) (F8H; Write Only) (FCH; Read/Write)
[ 0206 [0s] 04 [0, 02 [0, [0, 07 {0 [5 [ D40, [0, [ D, [0
P0,-P0; MODE POS-PO, MODE I_LUSER FLAG F1
ourEur's 0 il [ b ='ourewr usen FLaa F2
A=Ay = 1X X = Ag-Ayy HALF CARRY FLAG
EXTERNAL STACK SELECTION DECIMAL ADJUST FLAG
wea TG b R
*EXTENDED = 1 SIGN FLAG
RESERVED (MUST BE 0) ZERO FLAG
ARRY FLAG
*ALWAYS EXTENDED TIMING AFTER RESET
R249 IPR R253 RP
Interrupt Priority Register Register Pointer
(F9H; Write Only) (FDH; Read/Write)
[0: 04 [0s Tou [0 [0 [0, o, | 070405 [0, 0,0, [0, [0,
RESERVED j_ l INTERRUPT GROUP PRIORITY '1J I _|:oon"r CARE
RESERVED = 000
IRQ3, IRQ5 PRIORITY (GROUP A) I C>A>B =001 REGISTER fs
§21R68 2 inas Az8iscan FONTER ] o
IRQO, IRQ2 PRIORITY (GROUP B) [ St “
§ 2 1RG0 > a2 RESERVED = 111
IRQ1, IRQ4 PRIORITY (GROUP C)
0 = IRQ1 > IRQ4
1 = IRQ4 > IRQ1
R250 IRQ R254 SPH
Interrupt Request Register Stack Pointer
(FAH; Read/Write) (FEH; Read/Write)
CICACAEACACACAEY CICACACACACACAEY
RESERVED (MUST BE 0):1__: ::g? : :g: :::3; (Do = IRQO) | STACK POINTER UPPER
IRQ2 = P3; INPUT BYTE (8Py-SP1s)
IRQ3 = P39 INPUT, SERIAL INPUT
:RO‘ = To, SERIAL OUTPUT
=T
R251 IMR R255 SPL
Interrunt Mask Register Stack Pointer
(FBH; Read/Write) (FFH; Read/Write)
[°: [0 [0s . [0s [0, 0. [0, ] [0+ [0s [05[0, 0, [0, 0, [0
I _:1 ENABLES IRQ0-IRQS |
(Dy = 1RQO) STACK POINTER LOWER
‘ MUST BE 0) BYTE (SP,-SP;)
1 ENABLES TS
Figure 18. Control Registers (Continued)
2194-020
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Z86L.81/85 OPCODE MAP

Lower Nibble (Hex)
0 1 2 3 4 5 6 7 8 9 A B c D E F
6.5 6.5 6.5 6.5 10.5 10,5 10,5 105 6.5 6.5 12/10,5 | 12/10,0 6.5 12/10,0 6.5
0 DEC DEC ADD | ADD ADD | ADD | ADD | ADD LD Lo DJNZ JR LD JP INC
Ry IRy rir2 | rudro | RaRy | IR2Ry | RyM | IRGWM | r4B2 | 2Ry | r1RA | ccRA | 1M | cc.DA 1
6.5 6.5 6.5 6,5 10.5 10,5 10.5 10,5
1 RLC RLC ADC | ADC ADC ADC ADC | ADC
Ry IRy r1i2 | rura | RaRy | IR2Ry | RuM | IRgIM
6.5 6.5 6.5 6.5 10,5 10,5 10,5 10,5
2 INC INC sus suB suB suB sus suB
Ry IRy rir2 | rdra | RaRy | IR2Ry | RIM | IRyIM
8,0 6.1, 6.5 6,5 10,5 105 10,5 10,5
3 JP SRP SBC SBC SBC SBC SBC SBC
IRR4 M rir2 | ridra | RaRy | IRa,Ry | RyM | IR1IM
85 8.5 6.5 6.5 10,5 10,5 10,5 10,5
4 DA DA OR OR OR OR OR OR
Ry IRy rir2 | ridrz | RaRy | IR2.Ry | RyM | IR1IM
10,5 10,5 6.5 6.5 10,5 10,5 10,5 10,5
5 POP POP AND | AND AND | AND AND | AND
Ry IRy rir2 | rdre | RaRy | IRa.Ry | RydM | IRyIM
6.5 6.5 6.5 6.5 10,5 10,5 10,5 10,5
6 COM | COM | TCM ™M TCM TCM ™M TCM
Ry IRy rr2 | rdra | RaRy | IR2Ry | RM | IRy,IM
E 10/12,1 | 12/141 6.5 6.5 105 10,5 10,5 10,5
37 PUSH | PUSH ™ ™ ™ ™ ™ ™
= Ro IR r.re ridrg | Ra.Ry | IR2.Ry | RyIM | IR4.IM
a
H 10.5 10,5 12,0 18,0 6,1
'g_ 8 | DECW | DECW | LDE LDEI DI
g- RR1 1Ry rydrp | gl
6.5 6.5 12,0 18,0 6.1
9 RL RL LDE LDE! El
Ry IRy rpdrry | lrplrrq
10.5 10,5 6.5 6.5 10,5 10,5 10,5 10,5 14,0
A INCW | INCW cP cP cpP cP cP cP RET
RR4 IRy rra | ridra | RaRy | IR2.Ry | RuIM | IRyIM
6.5 6.5 6.5 6.5 10,5 10,5 10,5 10,5 16.0
B CLR CLR XOR XOR XOR XOR XOR XOR IRET
Ry IRy rr2 | rdrs | RaRy | IRa.Ry | RydM | IRyIM
6.5 6.5 12,0 18,0 10,5 6.5
Cc RRC RRC LDC | LDCI LD RCF
Ry IRy rydrro | rqlrrp r1.x.R2
6.5 6.5 12,0 18,0 20,0 20,0 10,5 6,5
D SRA SRA LDC | LDCI | CALL* CALL LD SCF
Ry IRy radrry | Iroliry IRR¢ DA r2.x,Rq
6.5 6.5 6.5 10,5 10,5 10.5 10,5 6,5
E RR RR Lb LD LD LD LD CCF
Ry IRy 11JR> | RoRy | IRo.Ry | RyIM | IRyIM
85 8,5 6.5 105 6.0
F SWAP | SWAP LD LD NOP
R | IRy Iz Ro Y Y|y vy v vy
— " [ —
—— 4 ~— — ~ N~ ——
2 3 2 3
Bytes per Instruction
LOWER
OPCODE
NIBBLE
EXECUTION PIPELINE Legend:
CYCLES 4 CYCLES R = 8-bit address
r = 4-bit address
UPPER 105 Ry orry = Dstaddress
OPCODE ——3= A| CP <¢—— MNEMONIC Raorra = Src address
NIBBLE RoR
2.7 Sequence:
Opcode, First Operand, Second Operand
FIRST SECOND
OPERAND OPERAND NOTE The blank areas are not defined
*2 bytenstruction, fetch cycle appears as a 3-byte instruction
2194-021
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ABSOLUTE MAXIMUM RATINGS

Voltages on all pins except RESET

withrespecttoGND . .............. -0.3Vto +7.0V
Operating Ambient

Temperature .............. See Ordering Information
Storage Temperature . .. ........... —-65°Cto +150°C

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. Positive current flows into
the referenced pin.

Standard conditions are as follows:
W +4.75V< Vo< +5.25V

m 0°C< Tp < +70°C for S (Standard temperature)
B -40°C < T < +85°C for E (Extended temperature)

The Ordering Information section lists package temperature
ranges and product numbers. Refer to the Literature List for
additional documentation. Package drawings are in the
Package Information section.

m GND = 0V
5V +5V +5V
21K
1.5k 1.5k
P NbeR TEST 71504 7a504
cLock XTAL2
150 pt I iy
- - = XTAL1
Figure 19. Test Load 1 Figure 20. External Clock Interface Circuit
DC CHARACTERISTICS
Symbol Parameter Min Max Unit Condition
VcH Clock Input High Voltage 3.8 Vee \' Driven by External Clock Generator
Voo Clock Input Low Voltage -0.3 0.8 \ Driven by External Clock Generator
ViH Input High Voltage 20 Vee \
ViL Input Low Voltage -03 0.8 \
VRH Reset Input High Voltage 3.8 Vee \ See Note
Ve Reset Input Low Voltage -03 08 v
VoH Output High Voltage 2.4 Vv loH = —250 A
VoL Output Low Voltage 0.4 \Y loL = +2.0mA
L Input Leakage -10 10 pA V< VN < +5.25V
loL Output Leakage -10 10 WA oV VNS +5.25V
IR Reset Input Current -50 pA Voo = +5.25V, VgL = OV
lcc Ve Supply Current 180 mA

*The Reset line (pin 6) is used to place the Z8682 in external memory mode. This i1s accomplished as shown in Figure 13

2194-022, 023
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RIW }(
PORT 0, X
om
(OFe >
()
PORT 1 XL Ag-A7 } < D007 N |
O] [+—O— o~
. \r__;/ — ~oN____
(RE:DS) () \ /
PORT 1 X Ag-A7 X Dg-D7 OUT
— I (7 [ ——
(WRI?; N \?/ y
Figure 21. External I/0 or Memory Read/Write Timing
AC CHARACTERISTICS

External I/O or Memory Read and Write Timing

28681/82 28681
8 MHz 12 MHz
Number Symbol Parameter Min Max Min Max Notes*t°
1 TdA(AS) Address Valid to AS * Delay 50 35 23
2 TAAS(A) AS tto Address Float Delay 70 45 23
3 TdAS(DR) AS tto Read Data Required Valid 360 220 1,2,3
4 TwAS AS Low Width 80 55 23
5 TdAz(DS) Address Float to DS ¢ 0 0
6 TwDSR DS (Read) Low Width 250 185 1,2,3
7 TwDSW DS (Write) Low Width 160 110 1,2,3
8 TADSR(DR) DS to Read Data Required Valid 200 130 12,3
9 ThDR(DS) Read Data to DS * Hold Time 0 0
10 TdDS(A) DS * to Address Active Delay 70 45 23
11 TdDS(AS) DS1t0 AS ¥ Delay 70 55 23
12 TdR/W(AS) R/W Valid to AS * Delay 50 30 23
13 TdDS(R/W) DS *to R/W Not Valid 60 35 2,3
14 TdDW(DSW)  Write Data Valid to DS (Write) ¢ Delay 50 35 23
15 TdDS(DW) DS 1 to Write Data Not Valid Delay 70 45 23
16 TdA(DR) Address Valid to Read Data Required Valid 410 255 1,23
17 TdAS(DS) AStto DS Delay 80 55 23

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.

* All units in nanoseconds (ns).

T Test Load 1

° All timing references use 2.0V for a logic “1” and 0.8V for a logic “0"
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O, O
cLoCK \ /
TiN
(%) S
IRQN
'O
Figure 22. Additional Timing
AC CHARACTERISTICS

Additional Timing Table

Z8681/82 28681
8 MHz 12 MHz
Number Symbol Parameter Min Max Min Max Notes*
1 TpC Input Clock Period 125 1000 83 1000 1
2 TC,TiC Clock Input Rise and Fall Times 25 15 1
3 ™WwC Input Clock Width 37 70 1
4 TwTinL Timer Input Low Width 100 70 2
5 TwTinH Timer Input High Width 3TpC 3TpC 2
6 TpTin Timer Input Period 8TpC 8TpC 2
7 TTin, TfTin Timer Input Rise and Fall Times 100 100 2
8 TwiL Interrupt Request Input Low Time 100 70 2,3
9 TwiH Interrupt Request Input High Time 3TpC 3TpC 2,3
NOTES:

1. Clock timing references use 3.8V for a logic “1" and 0.8V for a logic “0"

2. Timing references use 2.0V for a logic “1” and 0.8V for a logic “0”.
3. Interrupt request via Port 3.
* Units in nanoseconds (ns).

2194-025
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DATA IN X DATA IN VALID X
[0, i @ |
DAV
e | a—C—
Ot=—n ®
RDY /
(OUTPUT) \
Figure 23a. Input Handshake Timing
DATA OUT \ DATA OUT VALID
DAV
(OUTPUT) \ ?
| fs\ ' /1\
o/ } O LU/
RDY 0 /
(INPUT) \
Figure 23b. Output Handshake Timing
AC CHARACTERISTICS
Handshake Timing
28681/82 28681
Number Symbol Parameter Min Max Min Max Notest*
1 TsDI(DAV) Data In Setup Time 0 0
2 ThDI(DAV) Data In Hold Time 230 160
3 TwDAV Data Available Width 175 120
4 TdDAVIf(RDY) DAV | Input to RDY ¥ Delay 175 120 1,2
5 TdDAVOf(RDY) DAV { Output to RDY ¥ Delay 0 0 1,3
6 TdDAVIr(RDY) DAV 1 Input to RDY 1 Delay 175 120 1,2
7 TdDAVOr(RDY) DAV 1 Output to RDY 1 Delay 0 0 1,3
8 TdDO(DAV) Data Out to DAV { Delay 50 30 1
9 TdRDY(DAV) Rdy ¢ Input to DAV 1 Delay 0 200 0 140 1
NOTES:
1. Testload 1
2. Input handshake
3. Output handshake
1 All timing references use 2.0V for alogic “1” and 0 8V for a logic “0".
* Units in nanoseconds (ns).
2194026
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CLOCK CYCLE TIME-DEPENDENT

CHARACTERISTICS
Z8681/82 Z8681
8 MHz 12 MHz
Number Symbol Equation Equation
1 TdA(AS) TpC-75 TpC-50
2 TdAS(A) TpC-55 TpC-40
3 TdAS(DR) 4TpC-140* 4TpC-110*
4 TWAS TpC-45 TpC-30
6 TwDSR 3TpC-125* 3TpC-65*
7 TwDSW 2TpC-90* 2TpC-55*
8 TdDSR(DR) 3TpC-175* 3TpC-120*
10 Td(DS)A TpC-55 TpC-40
11 TdDS(AS) TpC-55 TpC-30
12 TdR/W(AS) TpC-75 TpC-55
13 TdDS(R/W) TpC-65 TpC-50
14 TdDW(DSW) TpC-75 TpC-50
15 TdDS(DW) TpC-55 TpC-40
16 TdA(DR) 5TpC-215* 5TpC-160 *
17 TdAS(DS) TpC-45 TpC-30

* Add 2TpC when using extended memory timing

83
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ORDERING INFORMATION

28 ROMless MCU, 8.0 MHz
40-pin DIP 44-pin PCC
78681 PS 78681 VSt
78681 CS

78681 PE

78681 CE

78681 CM*

Z8 ROMless MCU, 12.0 MHz
40-pin DIP 44-pin PCC
78681-12 PS 78681-12 VSt
Z8681-12CS

Z8 ROMless MCU, 8.0 MHz
40-pin DIP
28682 PS
78682 CS
28682 PE
28682 CE

Codes

First letter is for package; second letter is for temperature.

C = Ceramic DIP R = Protopack
P = Plastic DIP T = Low Profile Protopack
L = Ceramic LCC DIP = DualIn-Line Package
V = Plastic PCC LCC = Leadless Chip Carrier
PCC = Plastic Chip Carrier (Leaded)
TEMPERATURE FLOW
S =0°Cto +70°C B = 883ClassB

E = -40°Cto +85°C
M*= ~55°Cto +125°C

Example: PS is a plastic DIP, 0°C to +70°C.

FAvailable soon
* For Military Orders, contact your local Zilog Sales Office for Military Electrical Specifications.
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Z8°L Z86181/85 Low-Power
ROMIless Microcomputer

")
Zilog %

Preliminary
Product
Specification

April 1985

FEATURES

m Complete microcomputer, 24 1/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, 3 1/0 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.

m Low-power standby option that retains contents of
general-purpose registers.

m Single + 5V power supply—all /O pins TTL compatible.
m 8 MHz

GENERAL DESCRIPTION

The Z86L81 and Z86L85 are ROMless versions of the Z8
single-chip microcomputer. The Z86L85 has the power-
down option implemented. These products differ only
slightly and can be used interchangeably with proper
system design to provide maximum flexibility in meeting
price and delivery needs. The Z86L81/85 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 Z86L.81/85 can provide up to 16 output address lines,
thus permitting an address space of up to 64K bytes of data
and/or program memory. Eight address outputs (ADg-AD7)
are provided by a multiplexed, 8-bit, Address/Data bus. The
remaining 8 bits can be provided by the software
configuration of Port 0 to output address bits Ag-A1s.

Available address space can be doubled 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 64K/62Kbytes each.

There are 143 bytes of RAM located on-chip and organized
as aregister file of 123 general-purpose registers, 16 control
and status registers, and four /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.

The pin functions and the pin assignments of the Z86L.81/85
40-pin DIP and 44-pin Chip Carrier are illustrated in Figures
1and 2.
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—| RESET +5V f—o
TIMING | «—]riW GND fe—  zssLa Ze6L85
CONTROL | +——] 05 I_XT_ALT:;}_;;;(—I [<~——éLock |
-~ Laazp—] =~ | [ == VYmm |
<] PO, P2y jt—>
<> PO, P2 ft—>
porto | <" P2 [+ | ponT2
(NIBBLE | <+—>] PO, P2; ja—>| BIT
PROGRAMMABLE) | <—a] P, P2, |«—s | PROGRAMMABLE)
1/0 OR Ag-Ats 110
<—>1P0; 286L81/85 P2 [<—>
<«—>Po; MCU P le—p
<> PO, P2; jt—>
P N P3p fe—
-—>{P1, P3y j—
PORT1 |~ %" P+ port3
BYTE | <+ P13 P3, t SERIAL AND
PROGRAMMABLE) | <—a] P1, P3, PARALLEL /0
ADg-AD7 AND CONTROL
<> P15 P3s f—p
<«—»f P1g P3g }——>
P [N P3, —>
Figure 1. Pin Functions
+5v [ ~ 40 [ p3g
XTAL2Vmm* [ 2 39 [] s,
XTAL1/cLOCK” [ 3 38 [] P2, <.
P, [ 4 37 (] p2, \@9(;@
g oo dRoeses
rW [ 7 ] r2, (6 5 4 3 2 1 444342 41 40 '\
os s 33 [] p2, RESET |7 39 | ne
& [s 32[] p2, RW |8 38 | P24
p3; [] 10 zaeL81/85 31 [] P2, os |9 37 | P23
aNp [ 11 VU 0[] e, as | 36 | P2,
Py, [ 12 29 [ 3, p3s |11 35 | P2,
Po, [ 13 28] Py, GND |12 u‘,‘iﬂ‘"’" 34 | P2
Po, [] 14 27 ] P1s P3; |13 33 | P33
pPo, [ 15 26 [] P15 Poo |14 32 | Pa,
Po; [] 16 2] P, Po, |15 . 31| 1y
po, [ 17 2] Py, P02 |16 30 | P1s
Po; [ 18 23 [] P, NC |17 29 | P15
Po, [ 19 2] Pty \\ 18 19 20 21 22 23 24 25 26 27 28/
PO, E 20 21 : P, & S S RO SRR A E

Figure 2a. 40-Pin DIP,
Pin Assignments

Figure 2b. 44-Pin Chip Carrier
Pin Assignments

ARCHITECTURE

Z861.81/85 architecture is characterized by a flexible 1/0
scheme, an efficient register and address space structure
and a number of ancillary features that are helpful in many
applications.

Microcomputer applications demand powerful 1/0
capabilities. The Z86L.81/85 fulfills this with 24 pins available
for input and output. These lines are grouped into three
ports of eight lines each and are configurable under
software control to provide timing, status signals, serial or
parallel I/0 with or without handshake, and an Address bus
for interfacing external memory.

Three basic address spaces are available: program

memory, data memory and the register file (internal). The
143-byte random-access register file is composed of 124
general-purpose registers, three 1/O port registers, and 16
control and status registers.

To unburden the program from coping with real-time
problems such as serial data communication and
counting/timing, an asynchronous receiver/transmitter
(UART) and two counter/timers with a large number of
user-selectable modes are offered on-chip. Hardware
support for the UART is minimized because one f the
on-chip timers supplies the bit rate. Figure 3 shows the
Z86L.81/85 block diagram.
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OUTPUT  INPUT

ttt W

+5V GND

H

AS DS R/W RESET XTAL'* VpmCLOCK®*

ttt bt

MACHINE TIMING AND
PORT 3 <_ INSTRUCTION CONTROL
UART < — |
PROGRAM
FLAGS MEMORY
COUNTER/ EXTERNAL
TIMERS
@2 REGISTER ‘{}
POINTER :I
REGISTER FILE PROGRAM
INTERRUPT 124 x 8-BIT ] COUNTER
CONTROL
PORT 2 PORT 0 < ) PORT 1
10 ADDRESS OR 1/0 ADDRESS/DATA OR /0
(BIT PROGRAMMABLE) (NIBBLE PROGRAMMABLE) (BYTE PROGRAMMABLE)
N ~ —
Z-BUS WHEN USED AS
ADDRESS/DATA BUS
*Z86L81 only
**Z86L85 only

Figure 3. Z86L.81/85 Functional Block Diagram

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.

CLOCK. Clock, Z86L85. Up to 8 MHz (TTL levels).

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

P0¢-P07, P2¢-P27, P3¢-P37. //O Port Lines (input/outputs,
TTlL-compatible). These 24 lines are divided intc three 8-bit
1/0 ports that can be configured under program control for
1/O or external memory interface (Figure 3).

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

RESET. Reset (input, active Low). RESET initializes the
Z86L.81/85. After Reset, the device is in the extended
memory mode. When RESET is deactivated, program
execution begins from program location 000Cy.

R/W. Read/Write (output). R/W is Low when the Z86L.81/85
is writing to external program or data memory.

Vmm. Z86L.85. Register power backup must be maintained
at 3.0 to 5.25V while Vg is down.

XTAL1, XTAL2. Ciystal 1, Crystal 2, Z86L817 oniy (time-
base input and output). These pins connect a parallel-
resonant crystal to the on-chip clock oscillator and buffer.

ADDRESS SPACES

Program Memory. The Z86L81/85 addresses 64K/62K
bytes of external program memory space (Figure 4).

The first 12 bytes of program memory are reserved for the
interrupt vectors. These locations contain six 16-bit vectors
that correspond to the six available interrupts. Program
execution begins at location 000Cy after a reset.

Data Memory. The Z86L81/85 can address 64K bytes of
external data memory. External data memory can 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.

2343-004
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Register File. The 143-byte register file includes three I/O
port registers (RO, R2, R3), 124 general-purpose registers
(R4-R127) and 16 control and status registers (R240-R255).
Theseregisters are assigned the address locations shown in
Figure 5.

Z86L.81/85 instructions can access registers directly or
indirectly with an 8-bit address field. This also allows short
4-bit register addressing using the Register Pointer (one of
the control registers). In the 4-bit mode, the register file is
divided into nine working-register groups, each occupying

16 contiguous locations (Figure 5). The Register Pointer
addresses the starting location of the active working-register
group (Figure 6).

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. An 8-bit Stack Pointer
(R255) is used for the internal stack that resides within the
124 general-purpose registers (R4-R127).

65536
PROGRAM
MEMORY
LOCATION OF
FRSTBYTEOF | |
INSTRUCTION
EXECUTED ™ 12
AFTERRESET 1
RS — %
- 1RQ4 -
INTERRUPT
VECTOR — IRQ3 —] ; ?N?rg% .
(LOWER BYTE) S« PERRUF
1RG2 —
INTERRUPT .
VECTOR™™ | _ ]
(UPPER BYTE) IRa1 2
- 1RO —:

Figure 4. Z86L.81/85 Program Memory Map

DECIMAL HEX  IDENTIFIERS
255 STACK POINTER (BITS 7-0) FF SPL
254 STACK POINTER (BITS 15-8) FE SPH
253 REGISTER POINTER FD RP
252 PROGRAM CONTROL FLAGS FC FLAGS
251 INTERRUPT MASK REGISTER FB IMR
250 INTERRUPT REQUEST REGISTER FA IRQ
249 INTERRUPT PRIORITY REGISTER Fo PR
248 PORTS 0-1 MODE F8 PO1IM
247 PORT 3 MODE F7 P3M
246 PORT 2 MODE F6 P2M
245 T0 PRESCALER F5 PREO
244 COUNTER/TIMER 0 Fa To
243 T1 PRESCALER F3 PRE1
242 COUNTER/TIMER 1 F2 T
20 TIMER MODE F1 TMR
240 SERIAL 110 FoO 810

NOT
IMPLEMENTED
127 7F
GENERAL-PURPOSE
REGISTERS
4 04
3 PORT 3 03 P3
2 PORT 2 02 P2
1
0 PORT 0 00 PO

Figure 5. The Register File

—_—
1 255
b mhtst | 0000 Josa
240
THE UPPER NIBBLE OF THE REGISTER
FILE ADDRESS PROVIDED BY THE
REGISTER POINTER SPECIFIES THE
ACTIVE WORKING-REGISTER GROUP.
127
-
- —
-
> THE LOWER
NIBBLE OF
ey
. ADDRE
| e < e
THE INSTRUCTION
POINTS TO THE
SPECIFIED
I REGISTER.
- — -
15
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SERIAL INPUT/OUTPUT

Port 3 lines P3gp and P37 can be programmed as serial 1/0
lines for full-duplex serial asynchronous receiver/transmitter
operation. The bit rate is controlled by Counter/Timer 0, with
amaximum rate of 62.5K bits/second at 8 MHz.

The Z86L.81/85 automatically adds a start bit and two stop
bits to transmitted data (Figure 7). Odd parity is also
available as an option. Eight data bits are always
transmitted, regardless of parity selection. If parity is

[sp]sp] o, [0s|0s] b,] 04 ] b, D, | Do} 7]

l—S'MR‘I' BIT
EIGHT DATA BITS
TWO STOP BITS

Transmitted Data
(No Parity)

Isp|sp| p |bs[Ds| 04| Ds] D, | b, ] 0y] sT]

I— START BIT

SEVEN DATA BITS
ODD PARITY
TWO STOP BITS

Transmitted Data
(With Panty)

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

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

[sp[es[os|os] 0 0s] 0 |0 o] 57]

L—START BIT
EIGHT DATA BITS
ONE STOP BIT

Recelved Data
(No Parity)

Frnnoee e w]
I-—START BIT

SEVEN DATA BITS
PARITY ERROR FLAG
ONE STOP BIT

Received Data
(With Parity)

Figure 7. Serial Data Formats

COUNTER/TIMERS

The Z86L81/85 contains two 8-bit programmable counter/
timers (To and Tq), each driven by its own 6-bit
programmable prescaler. The T4 prescaler can be driven by
internal or external clock sources; however, the Tg prescaler
is driven only by the internal clock.

The 6-bit prescalers can divide the input frequency 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, IRQ4 (To) or IRQ5
(T4), is generated.
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