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Since setting up its MaS department in 1966, SGS-ATES has led the way in
European MaS technology.

Between the major landmarks of the first European-designed MaS calculator in
1968 and the F8 microprocessor in 1977, we brought you a full range of memories:
1K static and 4K dynamic RAMs, a lK x 8 EPROM, a 2K x 8 ROM .....
and now we bring you the Z-80.

Not only the Z-80 but a team of experts dedicated to the development of the
Z-80 device family, Z-80 systems, applications and interface devices.

Moreover, we've set up a comprehensive European network of "local" micro­
computer application centres packed with the most up-to-date equipment available,
staffed with highly-experienced software engineers and located in UK, Sweden, Italy,
France and Germany.

SGS-ATES and Zilog: a vast reserve of know-how and resources committed to
the advancement of microprocessors - stay with us and be part of the Z-80 conquest.
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Z-80 MICROCOMPUTER PRODUCT LINE

Introduction
The l-80 LSI component set includes all

of the logic circuits necessary for the user to
(mild high performance microcomputer systems
with virtually no external logic and an absolute
minimum number of lowest cost standard mem­
ory components. The l-80 component set is
backed by advanced software, a disk based
hardware/software development system and
complete training and support. The entire l-80
product line has been developed as a single,
highly integrated entity to insure that the user
can develop his system qUickly and still obtain
all the performance advantages of the l-80
component set.

High System Throughput
The architecture of the l-80 CPU includes

a superset of 158 instructions, with more
internal registers and addressing modes than
second generation microcomputers and extre­
mely fast interrupt response time. All of these
features mean that in any given amount of time
the l-80 can perform far more work (processor
throughput) than any other micro-computer
system available today. This throughput advan­
tage allows users to continually expand the
features and capab,ilities of their systems with ..
out increasing hardware costs.

Low Memory Costs
One of the major features of the l-80

CPU is that it greatly reduces system memory
costs. The expanded set of 158 software instruc­
tions results in a tremendous reduction in the
memory required for any typical application. In
addition, the l-80 CPU provides all refresh and
timing signals to directly drive dynamic memo­
ries so that the l-80 LSI components can inter­
face to most standard 4K dynamic memories
with virtually no external logic. The l-80 CPU
uses a technique whereby the memory address
is generated very early in memory cycles, per­
mitting the high speed l-80 CPU to operate
with standard speed memories, again reducing
system memory costs. The l-80 CPU was
design~d to operate with standard memory
products from any source since these devices
will always be less expensive than custom mem­
ories designed for any particular microcomputer.

Low I/O Costs
The l-80 LSI component set includes

four general purpose programmable I/O circuits
that contain all of the logic required to imple··
ment fast I/O transfers with minimal CPU over­
head. These circuits have a built-in ripple priority
interrupt control circuit (the device closest to
the CPU has the highest priority) and all the
logic necessary for nesting of interrupts to any
level. Using the programmable features of these
circuits, the user can configure the devices to
interface with a wide range of peripheral devices
with virtually no other external logic. These
features make the peripheral device controllers
in a l-80 system much simpler and therefore
lower in cost.

Low System Hardware Costs
The l-80 component set requires very

little support circuitry. All devices require a
single +5 volt power supply and, a single phase
TTL clock. In addition, all control signals are
directly compatible with I/O and memory
devices so that system control circuits are not
reqUired. External interrupt control circuits are
not required since these are included in every
l-80 I/O circuit. DMA circuits are generally not
required due to an extremely fast interrupt
response and powerful I/O block transfer
capability within the CPU.

Low Development Costs
SGS-ATES offers more than a fully

integrated line of LSI components. Everything
is provided that is necessary for the user to
easily develop his own proprietary system using
the l-80 components. This includes complete
software packages, disk based development
systems and training. For example, the expanded
l-80 software instruction set coupled with the
easy to learn l-80 assembly language and
reference cards make assembly language pro­
gramming much easier than previously possible.
For larger programs, PL/l may be used to
speed up the development cycle, to enhance
program documentation and to improve program
maintainability.



Z-80 MICROCOMPUTER SUMMARY

Central Processor Unit/Z-80-CPU
o Single chip, N-channel processor
o 158 instructions - Includes all 78 of the

8080A instructions with total software com·
patibility. New instructions include 4-, 8­
and 16-bit operations with more useful
addressing modes.

D 17 internal registers (more than twice the
8080A registers), including two real index
registers.

D Three modes of fast interrupt response plus
a nonmaskable interrupt.

D Directly interfaces standard speed static or
dynamic memories with virtually no external
logic.

D 1.6J.Ls instruction execution speed.
D Single 5V supply and single-phase TTL Clock.
D Out-performs any other microcomputer in 4-

4-,8-, 16-bit applications.
D Requires 25% to 50% less memory space

than the 8080A CPU.
D Up to 500% more throUgllput than the

8080A.
D TTL compatible tri-state data and address

busses.

Interface and Control Circuits
Parallel Input/Output Controller/Z-80-PIO

Programmable circuit that allows for a
direct interface to a wide range of parallel in­
terface peripherals without other external logic.

Serial Input/Output Controller/Z-80-SIO
Programmable circuit that allows for a

direct interface to a wide range of serial inter­
face peripherals without other external logic.

Counter Timer Circuit/Z-80-CTC
Contains four independent programmable

counter timer circuits for control of real tim~

events.

Direct Memory Access Controller/Z-80-DMA
Programmable circuit that can directly

transfer data between the SIO or Pia and
memory on a CPU cycle steal basis ..

All 2-80 controllers have built in nested
priority interrupt control and fast interrupt
response capability (up to 6 times faster than
the 8080A).

All 2-80 controllers monitor peripheral
status to eliminate any type of CPU polling.
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Z-80 COMPONENTS
Introduction

The SGS-ATES third generation micro­
computer components are the most advanced
and comprehensive set of LSI microcomputer
products available today. The major compo­
nents in the l-80 product line are an extremely
high performance central processing unit (CPU),
a programmable parallel input/output controller
(PIO), a programmable serial input/output con­
troller (SIO), a versatile counter timer circuit
(CTC) and a high speed direct memory access
controller (DMA).

All of the l-80 components utilize the
industry standard N-channel silicon gate tech­
nology to provide the highest density at the
lowest cost. Depletion load technology is also
used to provide high performance with a single
5V power supply.

The CPU, PIO, SIO and DMA are packag­
es in standard 40-pin DIPs; the CTC comes in a
standard 28-pin DIP. All require only a single
5V power supply plus the l-80 single-phase
TTL level clock.

Z-80 CPU
The l-80 CPU is an extremely powerful,

third generation CPU which incorporates a
number of major features over the standard
8080A CPU while retaining total software
compatibility. Major improvements include:
o More than twice as many registers on the
CPU chip, including two real index registers
o Many more addressing modes 0 More than
twice as many instructions 0 Three modes of
extremely fast interrupt response 0 A separate
non-maskable interrupt to a fixed location.

Another unique feature of the l-80 CPU
is its ability to generate all of the control signals
for standard memory circuits. Static memories
can be interfaced using only an external address
decoder for chip selects. In addition the l-80
CPU provides all of the refresh control for
dynamic memories, and the l-80 control bus
timing signals are directly compatible with all
widely used, standard speed, 18- and 22-pin
4K RAMs (16-pin 4K RAMs require only an
external address multiplexer). Thus dynamic
RAMs can be interfaced with virtually no
additional external logic. This provides the user
with the ability to easily interfa~e to the lowest
cost dynamic memories without reducing CPU
operational speed.

By selecting the best standard memory for
a given application, the user can reduce his
product manufacturing costs, and the product
development expenses will also be much lower.

The l-80 CPU is designed to be totally
software compatible with the standard 8080A
microprocessor to facilitate the user's transition
to the l-80. By using the l-80 component set
and the most economical memory for the
particular application, the user need only re­
layout any 8080 based design and use any exist­
ing software programs to obtain an immediate
and very significant reduction in system hard­
ware costs. A major advantage is that the same
ROMs that are used in the 8080 system can be
used in the l-80 system. At a later date the soft­
ware programs can be upgraded, taking advan­
tage of the powerful l·80 instruction set and
the full capability of the l-80 component set to
obtain increased performance and even further
cost reduction for memory components.

The l-80 CPU is an extremely fast and
versatile device. Full instruction cycle times for
non-memory reference instructions are 1.6.us
and the CPU responds to interrupts very rapidly
(the 8080 requires up to 6 times as long to
respond, and uses more than twice as much
memory storage). This fast interrupt response,
in conjunction with new I/O block transfer
instructions, allows the CPU to directly control
many peripherals without the costly use of
DMA hardware and it greatly reduces the size
of software routines required for peripheral
control, again saving memory space and costs.

Probably the most important feature of
the l·80 microprocessor family is its repertoire
of 158 software instructions. The original 78
instructions of the 8080A CPU are included
using the same OP codes; thus, the l-80 can
execute 8080 or 8080A programs stored in
existing ROMs. The l-80 new software instruc­
tions provide an expanded capability for the
user, such as: 0 Additional addressing modes,
including indexed and relative LJ Memory to
memory block transfers and searches D Bit
manipulation and testing in any register or
memory location D Many new I/O instructions,
including block I/O transfers 0 A wide range of
memory or register rotates and shifts (logical
and arithmetic) 0 Expanded 16-bit arithmetic
o Expanded BCD arithmetic.
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Parallel Input/Output (PIO)
The Z·80 PIO circuit uses an advanced

interrupt driven,program controlled I/O transfer
technique for easy handling of virtually any
peripheral with a parallel interface. Without
other logic, the PIO can interface most line
printers, paper tape readers or punchers, card
readers, keyboards, electronic typewriters and
other similar devices.

The PIO contains all of the interrupt
control logic necessary for nested priority
interrupt handling with very fast response time.
Thus additional interrupt control circuits are
not needed and servicing time is minimized.
The parallel I/O can handle two high speed I/O
ports, and it interrupts the CPU after each I/O
transfer is complete.

The PIO circuit include two independent
ports, each with eight I/O lines and two hand·
shake lines which are programmed by the CPU
to operate in one of four modes: 0 Byte
output with interrupt driven handshake 0 Byte
input with interrupt driven handshake 0 Bidi·
rectional byte bus with interrupt driven hand·
shake 0 Control mode wherein any bit can be
programmed as an input or output.

A major feature of the PIO is its ability to
generate an interrupt on any bit pattern at the
I/O pins, thus eliminating the need for the
processor to constantly test I/O lines for a par·
ticular peripheral status condition. This feature
greatly enhances the ability of the processor to
easily handle peripherals, while also reducing
software overhead.

Serial Input/Output (SIO)
The SIO circuit is a programmable I/O

device similar in concept to the PIO, except
that it is designed to handle peripherals with a
serial data interface such as floppy disks, CRTs
and communication terminals. Each SIO circuit
can handle a full duplex serial I/O channel. The
device will handle data that is asynchronous
with 5· to 8·bit characters and with I, 11 or 2
stop bits. The SIO will handle 5· to 8·bit syn·
chronous data including IBM BiSync and SDL
communication channels. CRC generation and
parity checking are also included.
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Counter Timer Circuit (CTC)
The CTC circuit contains four versatile

clocks, each with its own nested priority
interrupt control. All clocks have a minimum
resolution of 8/ls and can generate interrupts in
the range of 8/ls to 32 ms. The circuit may also
be used in a mode in which it counts external
events. Another major feature is that an
interrupt can be programmed to occur after the
occurrence of an external event. The four tim·
ing circuits greatly ease the CPU software handl­
ing requirements for many real-time control
applications. For example, the CTC allows the
implementation of a very low·cost TTY or CRT
I/O port, and simple sector control of floppy
disk subsystems.

Direct Memory Access Controller (DMA)
The DMA circuit is provided for those

applications in which data must be transferred
directly into memory at a very high rate rather
than going through the central processor unit.
This circuit is not needed for most applications
due to the fast interrupt response and block
transfer capabilities of the Z-80 CPU. However,
in large systems applications with many high
speed peripherals, such as floppy disks, commu­
nications channels, etc., the DMA circuit can
greatly improve system performance by totally
controlling block transfers between I/O circuits
and the system memory.

The DMA circuit contains all control for
four I/O circuits including a block length
counter and a memory address pointer. The
circuits also have a ripple priority chain so that
virtually any number of DMA channels can be
implemented. The DMA circuit communicates
directly between the I/O circuits and the
system memory after obtaining a DMA acknow­
ledge signal from the CPU.



MUS
INTEGRATED
CIRCUITS

The SGS-ATES Z80 product line is a complete set ofmicro­
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z80 and Z80A CPU's are third generation single chiI
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU's are very easy to imple­
ment into a system because of their single voltage require­
ment plus all output signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel, ion implanted, silicon
gate MOS process.

Figure I is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program­
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers 01

as 16-bit register pairs. There are also two sets of accumu­
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex­
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

Fig. 1[- ZSO, ZSOA CPU BLOCK DIAGRAM

8SlT
DATA BUS

.II,
16-B11
ADDRESS BUS

Product Specification

multiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two I6-bit index registers allow tabular data manipu­
lation and e'!sy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register is used
in a powerful inferrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the il\terrupting device supplies the lower 8 bits of the
pointer. An indirect caU is then made to this service address.

FEATURES

• Single chip, N-channel Silicon Gate CPU.
• 158 instructions-includes aU 78 of the 8080A instruc­

tions with total software compatibility. New instruc­
tions include 4-, 8- and 16-bit operations with more
useful addressing modes such as indexed, bit and relative.

• 17 internal registers.
• Three modes of fast interrupt response plus a non­

maskable interrupL
• Directly interfaces standard speed static or dynamic

memories with virtually no external logic.
• 1.0 /lS instruction execution speed.
• Single 5 VDC supply and single-phase 5 volt Clock.
• Out-performs any other single chip microcomputer in

4-,8·, or 16-bit applications.
• All pins TTL Compatible
• Built-in dynamic RAM refresh circuitry.

Fig. 2 - ZSO, ZSOA CPU REGISTERS
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Pin Description

PIN CONFIGURAnON

AO-AIS Tri-state output, active high .. AO-AI5
(Address Bus) constitute a 16-bit address bus. The

address bus provides the address for
memory (up to 64K bytes) data
exchanges and for I/O device data exchanges. Input, active low. The Interrupt Request

signal is generated by [/0 devices. A
request will be honored at the end of the
current instruction if the internal soft­
ware controlled interrupt enable flip-flop
(IFF) is enabled

Output, active low. HALT indicates that
the CPU has executed a HALT software
instruction and is awaiting either a non­
maskable or a maskable interrupt (with
the mask enabled) before operation can
resume. While halted, the CPU executes
NOP's to maintain memory refresh
activity

Input, active low. WAIT indicates to the
2-80 CPU that the addressed memory or
I/O devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Output, active low. RFSH indicates that
the lower 7 bits of the address bus con­
tain a refresh address for dynamic
memories and the current MREQ signal
should be used to do a refresh read to all
dynamic memories.

WAIT
(Wait)

[NT
(Interrupt
Request)

HALT
(Halt state)

RFSH
(Refresh)

zao,cpu
ZBOACPU

Tri-state input/output, active high.
DO - 07 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and I/O devices

00-0 7
(Data Bus)

MJ
(Machine
Cycle one)

MREQ
(Memory
Request)

Output, active 10w.MI indicates that the
current machine cycle is the OP code
fetch cycle of an instruction execution.

Tri-state output, active low. The memory
request signal indicates that the address
bus holds a valid address for a memory
read or memory write operation.

NMI
(Non
Maskable
[nterrupt)

Input, active low. The non-maskable
inter~request line has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen­
dent of the status of the interrupt enable
flip-flop. NMI automatically forces the
2-80 CPU to restart to location 0066H.

BUSAK Output, active low. Bus acknowledge is
(Bus used to indicate to the requesting device
Acknowledge) that the CPU address bus, data bus and

tri-state control bus signals have been set
to their high impedance state and the
external device can now control these signals.

10RQ
(Input/
Output
Request)

RD
(Memory
Read)

WR
(Memory
Write)

Tri-state output, active low. The 10RQ
signal indicates that the lower half of the
adQress bus holds a valid I/O address for
a I/O read or write operation. An 10RQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt response vector can be placed
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to read data from
memory or an I/O device. The addressed
I/O device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to
be stored in the addressed memory or [/0
device.

BUSRQ
(Bus
Request)

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers I and R
and set interrupt to 8080A mode. During
reset time, the address and data bus go to
a high impedance state and all control
output signals go to the inactive state.

Input, active low. The bus request signal has
a higher priority than NM[ and is always rec­
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals to go to a high impedance state so
that other devices can control these busses

6



Timing Waveforms

INSTRUCTION OP CODE FETCH
The program counter content (PC) is placed on the

address bus immediately at the start of the cycle. One half
clock time later MREQ goes active. The falling edge of
MREQ can be used directly as a chip enable to dynamic
memories. RD when active indicates that the memory
data should be enabled onto the CPU data bus. The CPU
samples data with the rising edge of the clock state T3'
Clock states T3 and T4 of a fetch cycle are used to refresh
dynamic memories while the CPU is internally decoding
and executing the instruction. The refresh control signal
RFSH indicates that a refresh read of all dynamic memories
should be accomplished.

MRTa

Ffo

MEMORY READ OR WRITE CYCLES
IJIustrated here is the timing of memory read or write

cycl~ther than an OP code fetch (Ml cycle). The MREQ
and RD signals are used exactly as in the fetch cycle. In
the case of a memory write cycle, the MREQ also becomes
active when the address bus is stable so that it can be used
directly as a chip enable for dynamic memories. The WR
line is active when data on the data bus is stable so that it
can be used directly as a R/W pulse to virtually any type of
semiconductor memory.

INPUT OR OUTPUT CYCLES
Illustrated here is the timing for an I/O read or I/O write

operation. Notice that during I/O operations a single wait
state is automatically ins~rted (Tw*). The reason for this is
that during I/O operations this extra state allows sufficient
time for an I/O port to decode its address and activate the
WAIT line if a wait is required.

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE
The interrupt signal is sampled by the CPU with the

rising edge of the last clock at the end of any instruction.
When an interrupt is accepted, a special MI cycle is
generated. During this MI cycle, the IORQ signal becomes
active (instead of MREQ) to indicate that the interrupting
device can place an 8-bit vector on the data bus. Two wait
states (Tw*) are automatically added to this cycle so that a ;;;;
ripple priority interrupt scheme, such as the one used in the
Z80 peripheral controllers, can be easily implemented.

- :::.'-:::"- :TL-_-
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The following is a summary of the Z80, Z80A instruction
set showing the assembly language mnemonic and the sym­
bolic operation performed by the instruction, A more de­
tailed listing appears in the Z80-CPU technical manual, and
assembly language programming manual, The instructions
are divided into the following categories:

8-bit loads Miscellaneous Group
16-bit loads Rotates and Shifts
Exchanges Bit Set, Reset and Test
Memory Block Moves Input and Output
Memory Block Searches Jumps
8-bit arithmetic and logic Calls
16-bit arithmetic Restarts
General purpose Accumulator Returns

& Flag Operations

In the table the following terminology is used,

b a bit number in any 8-bit register or memory
location

cc flag condition code
NZ - non zero
Z - zero
NC non carry
C carry
PO Parity odd or no over flow
PE Parity even or over flow
P - Positive
M Negative (minus)

Mnemonic Symbolic Operation Comments--
LD r,s r +- s s'= r, n,(HL),

(IX+e), (lY+e)

LDd, r d+-r d==(HL), r
(IX+e),(lY+e)

LD d, n d+-n d == (HL),
(IX+e), (IY+e)

LD A,s A s s == (BC), (DE),
(nn),I, R

LDd,A d+-A d == (BC), (DE),
(nn),I,R

LD dd, nn dd +-nn dd == Be. DE,
HL, SP, IX, IY

LD dd, (nn) dd +- (I1n) dd == Be. DE,
HL. SP, IX, IY

LD (nil), ss (nn) +- ss ss == Be. DE.
HL, SP. IX, IY

LD SP.ss SP +- ss ss = HL. IX. IY
PUSH ss (SP-I) +- sSH: (SP-2) +- sSL ss = BC. DE.

HL. AF, IX, IY
POP dd dd L +- (SP): ddH +- (SP+ I) dd = BC. DE.

HL, AF. IX, lY

EX DE. HL DE -HL
EX AF. AF' AF - AF'
EXX

(BC) (BC)DE - DE'
HL HL'

EX (SP). ss (SP) ., sSL: (SP+ I) .. sSH ss == HL. IX, IY

8

Instruction Set

d - any 8-bit destination register or memory location
dd - any 16-bit destination register or memory location

- 8-bit signed 2's complement displacement used in
relative jumps and indexed addressing

L - 8 special call locations in page zero. In decimal
notation these are 0, 8, 16, 24, .32, 40,48 and 56

n - any 8-bit binary number
nn - any 16-bit binary number
r - any 8-bit general purpose register (A, B, C, D, E,

H, or L)
- any 8-bit source register or memory location

sb - a bit in a specific 8-bit register or memory location
ss any 16-bit source register or memory location
subscript "L" the low order 8 bits of a 16-bit register
subscript "H" the high order 8 bits of a 16-bit register

( ) == the contents within the ( ) are to be used as a
pointer to a memory location or I/O port number

8-bit registers are A, B, C, D, E, H, L, I and R
16-bit register pairs are AF, BC, DE and HL

16-bit registers are SP, PC, IX and IY

Addressing Modes implemented include combinations of
the following: Immediate Indexed

Immediate extended Register
Modified Page Zero Implied
Relative Register Indirect
Extended Bit

Mnemonic Symbolic Operation Comments

LOI (DE) +- (HL), DE +- DE+ I
HL +-HL+I, BC +- BC-I

LDIR (DE) +- (HL), DE +- DE+ 1
HL +-HL+I. BC +- BC-I
Repeat until BC 0

LDD (DE) +- (HL), DE +- DE-I
HL+-HL-I.BC+-BC-I

LDDR (DE) +- (HL), DE +- DE-I
HL +- HL-I. BC +- BC-I
Repeat until BC 0

CPI A-(HL). HL HL+I
BC +- BC-I

CPIR A-(HL,). HL +- HL+I A-(HL) s~ts
BC +- BC-I. Repeat the flags only
until BC = 0 or A (HL) A is not affected

CPD A-(HL), HL +- HL-I
BC +- BC-I

CPDR A-(HL), HL +- HL-I
BC +- BC-I. Repeat
until BC= 0 or A (HL)

ADD A, s A+-A+s

ADC A, s A +- A + s + CY CY is the

SUB s A+-A-s carry flag

SBC A, s A +- A - s -CY s== r, n.(HL)
ANDs A+-AAs (lX+e), (IY+e)

ORs A+-AYs
XORs A +- A GlS



Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
I-

::>
CP s A s s = r, n (HL) oll BIT b, s Z<-Sb Z is zero flag

...l (IX+e), (IY+e) ::i- SET b, s sb <- I s r.(HL)<t INC d d<-d+1 vi

.:i5
d = r, (HL) l- RES b, s sb <- 0 (IX+e).(IY+e)

'" (IX+e), (IY+e) a;
DEC d d<-d-I IN A, (n) A <- (n)

IN r,(C) r <- (C) Set flags

ADD HL,ss HL +- HL + S5 INI (HL)<-(C),HL<-HL+ I

ADC HL,5S HL <- HL + ss + CY }~"BC. DE B+-B-I

w
SBC HL, ss HL <- HL - ss - CY

tIL,SP INIR (HL) +- (C), HL +- HL + I
i= B+-B-I;,.;

ADDIX,ss IX <- IX + ss SS == BC, DE,::!: Repeat until B =0
i= IX, SP

IND (HL) +- (C), HL <- HL - I~ ss == BC, DE,<t ADDIY,ss IY <-IY + SS
I- B<-B-I

I- IY, SP ::>
a;

INC dd i= INDR (HL)<-(C)HL~HL-I

~ dd +- dd + I dd == BC DE ::> B~ B-1
HL, SP, IX. IY ~

Q Repeat until B 0
DEC dd dd <- dd - I dd == Be. DE, z

~ OUT(n) A (n) <- A
tIL, SP. IX, IY I-

OUT(C}, r (C)<- rt
DAA Converts A contents into Operands must ~ OUTI (C)<- (HL) HL HL + I

':l packed BCD following add be in packed B<-B-I<t or subtract BCD format...l
OTIR (C)<-(HL).HL<-HL+ I

oll B B-1
0 CPL A +-A Repeat until B =0w
<:: NEG A<-OO-A
5 aUTO (C)<- (HL), HL <- HL - I

CCF CY <- CY B<-B I
SCF CY +- I OTDR (C) <- (HL) HL <- HL I

Nap No operation B<-B-I
en Repeat until B 0
::> HALT Halt CPU
~

~ DI Disable In"lerrupts JP nn PC <-nn rPO
<t

EI Enable Interrupts JP cc, nn If condition cc is true
cc ~C

PE...l
...l

PC <-nn, else continue P
~ 1M 0 Set interrupt mode 0 8080A mude

JR e PC<-PC+e M
i 1M I Set interrupt mude I Call tu 0038H

1M ~ Set interrupt mode ~ Indirect Call JR kk. e If condition kk is true
kk <~Z NC

PC <- PC + e, else continue C

RLC s ~ lP (ss) PC ~ss ss HL, IX, IY
s

DJNZ e B<-B I if B =0

RL s continue. else PC <- PC + e

CALL nn (SP-I) <- PC H rPO
RRC s en (SP-~) PCL·PC<-nn

cc ~(
PI.' .

...l

...J CALLcc.nn If condition cc is false P<::
RRs w continue. else same as C Men

1:- CALL nn

SLA s ~ll
en

RST L (SP-I) <- PC H:;; s= r (tIL) I-
00:

Q S (IX+e). (IY+e) <t (SP-1) +- PC L' PC H <- 0z !;;<:: PC L <- L
en SRAs
~

;:
:..;

RET PCL <- (SP),I-«
:; SRLs PCH <- (SP+ I)
00: RET cc If condit ion cc is false r1'0

en
continue, else same as RET Z 1'1:

RLD
z
00:

cC t::>
RETI Return from interrupt, I'

I-
;:;: same as RET

,\1

RRD RETN Return from non-
maskable interrupt

9



ZBO-CPU A.C. Characteristics

TA= DOC to 70°C, Vcc= +5V ± 5%, Unless Otherwise Noted.

tH Any Hold Time 'ror Setup Time

[12) te= tW('~H) + tw(<I>L) + t r + tf

[I) lacm" tw(<I>H) + tf-75 75

[2) taci= tc-80

[3) tca= 'w(<I>L) + 1,-40

[4) 'eaf= tw('H.) + 1,.-60

[5) tdcm" te - 210

[6) tdc;= tw('~L) + t,-210

[7) Icdf= tW(<I>L) + 'r-8O

CL= 50 pI'

Min. Max. Unit

4 [12) #:iec.:

180 [E) nsee
180 2000

30

145
110

(1)
[2)
[3)
[4)

230
90

50
60

[5)
[6)
(7)

Data Output Delay
Delay to Float During Write Cycle
Data Setup Time to Rising Edge of Clock During MI Cycle
Data Setup Time to Falling Edge of Clock During M2 to M5
Data Stable Prior to WR (Memory Cycle
Data Stable Prio, to WR (lto Cycle)

Data Stable From WR
------------+-=-=-4--+--4------1

Clock Period
Clock Pulse Width. Clock High
Clock Pulse Width. Clock Low

Oock Rise and Fall Time

Address Output Delay
Delay to Float
Address Stable Prior to KfREQ (Memory Cycle)
Address Stable Prior to 10RQ, RD or WR(lto Cycle)

Address Stable from RD, WR.IORQ 0' MREQ
Address Stable From RD or WR During Float

te
tw (,~ H)

t w (,~ L)

trd

tD(AD)

tF(AD)
tacm
tact

tea
teaf

to (D)

tF (0)

tS't> (D)
ts,~ (0)

Idem
tdci
tedf

AO-15

00-7

...

...

C
L

=SOpF

--

100
100
100 f I ,Opl'

181 nsel: [8) IW(MRL)= tc-40
191 nsee

[9) tW(MRH)= Iw('~H)+ If-- 30
90 nsel,;
10 nsee

f L =,0pF
100 osec

IU osee

100 osee
130 osec

f L =SOpF'00 osec
110

80
90 osee

f L =50pF
100 nsec

1101
[10) tw(WRL)= tc-40

130 osec
(1. = 50pF

130 osec
--

180 nsec
C1. = 50pF150 nsec

70

300

80

80

80

120
110

90

100

I11I

MREO Delay Frum Failing Edge u' Cluck. MREO Luw
MREO Delay From Rising Edge of Cluck. MREO H,gh
MRFO Delay From Fallmg Edge 01 Cluck MRE'J High
Pulse W,d,h. MREO Luw
Pulse Wid,h, 1JREO High

-----------+---+---If--+--.-----l

RFSH Delay F,om RiSing Edge of Cluck. RFSH Luw
RFSH Delay From Rising Edge or Clock. RFSH High

BUSAK Delay Frum Rising Edge ul Clock. BUSAK Low
BlJSAK Delay Frum Falling Edge uf f1uck. BlJSAK High

Delay lu Fluat IMREO.IORO. RD and WR)

Pulse Width. NMI l.ow

ii1JSR5 Setup Time 'u Rising Edge uf Cluck
.------+--+.--4-~~----~

Mi S'able PrIOr 'u IORO lIn,errupt Ack )

iNT Selup Time tu RISIng Edge of Cluck

MI Delay From Rising Edge of Clock. MI Luw
Mi Delay Frum Rising Edge of Clock. Mi High

'DL(RF)
'DH.(RF)

'DL(MI)
'DH(MI)

'DL<l>(1R)
'DL$(1R)
tDH<l>(lR)
tDH'i>(1R)

'DL<l> (WR)
'DL'i>(WR)
'DH$(WR)
tw(WRL)

'I' If)

BUSRO 's (BO)

tmr

iNT 's (IT)

NMI 'w(NML)

'DL<l> (RD)
'DL$(RD)
'DH<l>IRD)

t---r tDH<P(RD)

I-W_A_IT_+_IS,.;..lWT_,,.;.1__+-_W_A_IT_Se_,u_p_T_,m_e_'''_F_all_ln_gE_:d_ge_u_ff_'O_Ck --t__+-_-+__+.-_.._

HALT 'D (HTl.__+-_H_A_LT_De_I_aY_T_lm_e_F_ru_m_Fa_II_lng_E_.dg_e_ur_f_lu_ck__ f L = 50pF

BlJSAK 'DUBAl
'DH (BAl1 ,.

RFSFT 's IRS)

'DL<P(MR)
'DH<l> (MR)
'DH<P(MR)
twIMRL)
'w(MRH)

1----+--

NOlES

A Dala ..hould hl' elllJbled onlut!lt:' ('Pli data hu~ when RDls a'lIve Durmg IIllerrupl acknowledge dala
should tw t'nahlt'd when Mi and IORO arc both lJcllve

B AlIl'onlftJl sIgnal..; arc Internally ..ynl.:hwllIl.ed ~Illhey may be totally asynchronous wilh rcspe'l
fUlhedud;

( The RESET signal must be adlVl' lllr a minimum Ilf J dock tydes
o OUlput Delay 'IS lOlJded (apal.:llan,~

TA =70o
( V,c =+5V ±5'i;

Add IOnsec delay for dch 5Dpf increase in load up to a maximum of 200pf for the data bus & Ioopr for
address & control lines

l- Althoug.h \Iall' hy deSign, t('sling guarantees IY.'(IJlHI III ~oo ,use, maximum

Load circuit for Output

'"""OU'I'IH#'UT.'IO..i",·,,·nUfIlOU'TUT

eLI 1 ,...

10



Z80A-CPU A.C. Characteristics

TA= DoC to 70°(', Vcc= +5V ± 5%, Unless Otherwise Noted.

'DL(MII
IDH(MI)

'DL<l> (WRl
'DL4>(WR)
IDH4>(WR)
'w(WRL)

IDL<l>(lR)
'DLi(lR)
IDH<l>(lR)

__-+_'_DH4> (lRl

'DL<l> (RDl
'DL<i> (RDl
IDH<l> (RD)
'DH4>(RD)

Min Max Unit Test Condition

.25 1121 IJse~ (121 Ie = IW(<l>H) + Iw(<l>L) + Ir + If
110 lEI nse,
110 2000

10

110
90

(L "50pf lacm = 'w(<l>H) + 11'.65nset.: 111
.II

141 121 tad = 'e -70

150 131 lea =Iw(<I>l) + Ir - 50
90

35 [4J leaf" 'w(<l>L) + Ir • 45
50 Cl = 50pl
5 151 Idem =Ie - 170

16
171 16J Idci =Iw(<lJl) + I, 170

171 ledf =Iw(<I>l) + Ir - 70

85
85
85 (L SOpl

IHI 181 Iw (MRL) ='c - 30
191

[91 Iw(MRHl = 1w(<l>Hl + If- 20
75

85 (I." SOpf
85
85

85 nsec
95 nsee

CL " 50pf
85 nsee

85 nsee

65
80 CL " 50pF
SO

(101
11 0J Iw(WRl) =Ie -30

100 nsel.: Cl =50pF
100 nsec

130 nset Cl =50pF
120 met:

RFSH Dela; From Rising Fdge of Clock RFSH Low
RFSH Dela; From Rising Edge 01 Clock. RFSH H'gh

MREO Delay Frum Falling Edge 01 Clock MREO Low
MREO Delay From Rising Edge of Clock. MREQ High
MREO Delay From Falhng Edge of Clock. MREO High
Pulse Widlh. MREO Low
Pulse Widlh. MREO High

Clock Period
Clock Poise Wldlh. Clock High
Clock Pulse Widlh. Clock Low
Clock Rise and Fall Time

Address OUlPUI Delay
Delay 10 Floal
Addr... Slable Prior 10 MRFO (Memory Cyde)
Address Siable Prior 10 10RO. RD or WR 1110 (yel,)
Address Siable from RD. Wit 10RO or MREQ
Address Stable Frum R5 or WR During Float

Data Output Delay
Delay 10 Flo3lDuring Write Cyde
Data Setup Time to Rising l~dge 01 Clllt.:k Durm!:! MI (,,~..:It:

Data Setup Time to Falling Edge ot Cl\ll.:k DUring. M~ !II M5
Data Stable Priur 10 WR (Memmy C)dt'l
Dala Slable Poor 10 WR 1110 (yele I
Data Stable From WR

Parameter

10RO Delay From Rising Edge of Clock. 10RO Low
IORQ Delay From Falling Edge of C1ock.IORQ Low
IORO Delay From Rising Edse of Clock. 10RO High
10RO Delay From Fallins Edge of Clock, IORO High

RD Delay From Rising Edge of Clock. RD Low
RD Delay From Falling Edge ofUock. RD Low
RD Delay From Rising Edge of CI.ock. RD High
RD Delay From Falling Edge of (Jock. RDHigh

WR Delay From Rising Edge of Clock. WR Low
WR Delay From Falling Edge of Clock. Wi{ Low
WR Delay From Falling Edge of Clock. Wi{ High
Poise Widlh. WR Low

MI Delay From Rising Edge of Clod MI Low
Mi Delay From RiSing Edge of Clock Mi High

----+--+--+--I----~

IDL4> (MRl
IDH<l> (MR)
IDH4>(MR)
Iw (MRL)
Iw (MRH)

IDID)
IF(D)
IS<l>(D)
IS4>(D)
Idem
tdd
tl.:dl

Symbol

I,

Iwl<l>H)
Iwl<l>li
11,1

ID(AD)
If (AD)
l;Jl,:m

l;Jd

It.:a

I~al

IDLIRF)
IDH(RF)

Signal

IF (C) Delay 10 Floal (MREO. 10RO RD and WRI

's(RS)

BUSRO Is (BO)

NMI Iw(NML)

[II] Imr =2'c + 'w(<l>H) + If - 65

70

300

KO

KO

50

100
100

60

80

IIIIMI Siable Prior '0 10RO (lnterrup' Ack I

BUSRQ Setup Time to Rising Edge of Clod

Pulse Width, NM I Low

!NT Setup Time 10 Rising Edge 01 Cllll.:k

RESET Setup Time 10 Rising Edge of Clock

HAL T Drlay Tune FrlHll ~:allillg Edge of C1Ol:k

BUSAK Delay From Rising Edge of Clock. BliSAK Low
BUSAK Delay From Falling Edge of Clock. BUSAK High

WAIT Setup Time tll Falling Edge 01 flo(kIslWTI

IDIHTl

I mr

fNf Is liT!

BUSAK IDL (BA)
IDH(BAl

WAIT
1--.

HALT

NOTES

A Data should be enabled onto the CPU data bus when RD is active During interrupt acknowledge data
should be enabled whenm and IT':il«J are both active

B All control signals are internally synchronized. so they may be lotally asynchronous with respect
to the clock.

C The irnm'signal musl be active for a minimum of .3 clock cycles
o Output Delay vs Loaded CapaCitance

TA::: 70°C Vee =+5V ±5r;t
Add 10nsee delay for each 50pf increase in load up 10 maximum of 200pf for dala bus and 1OOpf for
address & eonlrol lines.

E Although static by design. testmg guarantees tw(lflH) of 200 J,lsec maximum

Load circuit for Output

iti"',POONT ';."."

FAOMOUTPUT
UNOEATEST

ell I,,,,,,.

II



Timing measurements are made at the following
voltages, unless otherwise specified:

AO-A15

AO- 15

{

IN

DO-7

OUT

'OliMli

WFi

lORD

HALT

12

CLOCK
OUTPUT
INPUT
FLOAT

''I'' "0"
V

cc
-0.6V 0.45V

2 V O.BV
2 V O.BV

ClV ± O.5V

'OIHTi

A.C. Timing Diagram

'FlO)

leal

lea

lcdt



Absolute Maximum Ratings
Temperature Under Bias
Storage Temperature
Voltage On Any Pin with Respect to Ground
Power Dissipation

Specified operating range
-65°C to +150°C

-0.3V to +7V
l.5W

Note: For ZBO-CPU all AC and DC characteristics remain the same for the military grade parts except Icc.
Icc'" 200 rnA

* Comment
Stresses above those listed under" Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Z80-CPU D.C. Characteristics
TA= DoC to 70°C, Vcc=5V ± 5% unless otherwise speCified

Symbol Parameter Min. Typ. Max. Unit Test Condition

VILC Ooek Input Low Voltage -0.3 0045 V

VIHC Ooek Input High Voltage Vcc-O.6 Vcc+0.3 V

Vil Input Low Voltage -0.3 0.8 V

VIH Input High Voltage Vee V

VOL Output Low Voltage 004 V IOl= L8 rnA

VOH putput High Voltage 2.4 V IOH= -250 p,A

ICC Power Supply Currenr 150 rnA

III Input Leakage Current 10 p,A YIN= 0 to Vee

IWH Tri-State Output Leakage Current in Float 10 p,A Vour= 2.4 to Vee

ILOl Tri-State Output Leakage Current in Float -10 p,A Vour= O.4V

IW Data Bus Leakage Current in Input Mode ±10 ~A o<;VlN<;Vee

Z80A-CPU D.C. Characteristics
TA= DoC to 70°C, Vcc= 5V ± 5% unless otherwise specified

Capacitance
TA= 25°C, f= I MHz,
unmeasured pins returned to ground

Symbol Parameter Max. Unit

C,~ Clock Capacitance 35 pF

CIN Input Capacitance pF

Cour Output Capacitance 10 pF

Capacitance
TA=25°C,f= I MHz',
unmeasured pins returned to ground

Symbol Parameter Min. Typ. Max. Unit Test Condition

VILC Ooek Input Low Voltage -0.3 0.45 V

VIHC Ooek Input High Voltage Vcc-0.6 Vcc+O 3 V

Vil Input Low Voltage -0,3 0.8 V

VIH Input High Voltage Vee V

VOL Output Low Voltage 004 V IOl= L8rnA

VOH Output High Voltage 2A V IOH= -250 ~A

ICC Power Supply Current 90 200 rnA

III Input Leakage Current 10 ~A VIN= 0 to Vee

ILOH Tri-State Output Leakage Current in Float 10 ~A Vour= 204 to Vee

ILOl Tri-State Output Leakage Current in Float -10 ~A VOUT= O.4V

IW Data Bus Leakage Current in Input Mode ±10 ~A O<;VIN <;Vee

13



PIN CONNECTIONS ORDERING NUMBERS:

All
A12
ADA

14

_

A
15

__-

'I'

°4 --­
°3
°5
°6

+5V

°2
°7
DO
0;

INT-

NMI
HAL T
MREO ....

iOR6

1
2
3
4

5
6
7
8

9
10 31
11 Z 80 CPU 30

12 Z80A 29
13 28
14 CPU 27

15 26

16 25
17 24
18 23
19 22
20 21

___ A

lO
A9
AS
A7

_A6
AS
A 4
A3__ A

2
A 1
AO
GNO
RFSH

M1
RESET
BUSRQ

-WAIT
BUSAK
WR
AD

Z80CPU
Z80CPU
Z80ACPU
Z80ACPU
Z80CPU
Z80ACPU

01 for dual in-line ceramic package (metal-seal)
81 for dual in-line plastic package
01 for dual in-line ceramic package (metal-seal)
81 for dual in-line plastic package
F1 for dual in-line ceramic package (frit-seal)
F1 for dual in-line ceramic package (frit-seal)

MECHANICAL DATA (dimensions in mm)

40-PIN CERAMIC DUAL IN-LINE PACKAGE
(METAL-SEAL)

40-PIN CERAMIC DUAL IN-LINE PACKAGE
(FRIT-SEAL)

14

40-PIN PLASTIC DUAL IN-LINE PACKAGE
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CPU
BUS
I/O

MUS
INTEGRATED
CIRCUITS

The SGS-ATES Z80 product line is a complete set ofmicro­
computer components, development systems and support
software. The Z-80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z-80 Parallel I/O (PIa) Interface Controller is a
programmable, two port device which provides TTL com­
patible interfacing between peripheral devices and the
Z80-CPU. The Z80-CPU configures the Z80-PIO to inter­
face with standard peripheral devices such as tape punches,
printers, keyboards, etc.

Structure
• N·Channel Silicon Gate Depletion Load technology
• 40 Pin DIP
• Single 5 volt supply
• Single phase 5 volt clock
.. Two independent 8-bit bidirectional peripheral interface

ports with "handshake" data transfer control

Features
• Interrupt driven "handshake" for fast response
• Anyone of the following modes of operation may be

selected for either port·
Byte output
Byte input

Fig.3 - Pia BLOCK DIAGRAM

IIi
CPU f DATA

8

BUS
INTERFACE ~....._6"'-M1itl

PIO CONTROL
LINES L'·,·~7'"'""'''''''

Product Specification

Byte bidirectional bus (available on Port A only)
Bit Mode

• Programmable interrupts on peripheral status conditions
• Daisy chain priority interrupt logic included to provide

for automatic interrupt vectoring without external logic
• Eight outputs are capable of driving Darlington

transistors.
• All inputs and outputs fully TTL compatible.

PIO Architecture

A block diagram of the Z80-PIO is shown in figure 3.
The internal structure of the Z80·PIO consists of a
Z80-CPU bus interface, internal control logic, Port A I/O
logic, Port B I/O logic, and interrupt control. logic. A
typical application might use Port A as the data transfer
channel and Port B for the status and control monitoring.

The Port I/O logic is composed of 6 registers with
"handshake" control logic as shown in figure 4. The
registers include: an 8-bit input register, an 8-bit output
register, a 2·bit mode control register, an 8·bit mask ,register,
an 8-bit input/output select register, and a 2·bi! mask
control register. The last three registers are used only when
the port has been programmed to operate in the bit mode.

DATA
OR CONTROL

PERIPHERAL
INTERFACE

DATA
OR CONTROL

• Not used in bit mode

INTERRUPT CONTROL LINES

15



Mode Control Register-2 bits, loaded by CPU to select the
operating mode: byte output, byte input, byte bidirec­
tional bus or bit mode.

Data Output Register-8 bits, permits data to be transferred
from the CPU to the peripheraL

Data Input Register-8 bits, accepts data from the peri­
pheral for transfer to the CPU

Mask Control Register-2 bits, loaded by the CPU to specify
the active state (high or low) of any peripheral device

Fig. 4 - A TYPICAL PORT I/O BLOCK DIAGRAM

Register Description

interface pins that are to be monitored and, if an inter~

rupt should be generated when all unmasked pins are
active (AND condition) or, when any unmasked pin is
active (OR condition). '

Mask Register-8 bits, loaded by the CPU to determine
which peripheral device interface pins are to be moni­
tored for the specified status condition.

Input/Output Select Register-8 bits, loaded by the CPU to
allow any pin to be an output or an input during bit
mode operation.

MODE
CONTROL
REG
(2 BITS)

INTERNAL BUS

MASK
CONTROL
REG
(2 BITS)

HAND­
SHAKE
CONTROL
LOGIC

8 BIT I/O BUS

• Used in the bit mode only to allow generation of an
interrupt if the peripheral I/O pins go to the specified state

16



Z80-PIO Pin Description

CPU jDATA
.US

PlO
CONTROL
FROM
CPU

DTDO

B/A Sel

C/O Sel

CE

<I>

ARDV

ASTB

·0.,.,.,.,
·5.,.,
BADY

8STB

lSD-CPU Data Bus (bidirectional, tristate)

Port B or A Select (input, active high)

Control or Data Select (input, active high)

Chip Enable (input, active low)

System Clock (input)

PORT A
I/O

PORTe
I/O

Ml

IORQ

RD

lEI

lEO

INT

B ROY

Machine Cycle One Signal from CPU (input,
active low)

Input/Output Request from lSO·CPU (input,
active low)

Read Cycle Status from the lSO·CPU (input,
active low)

Interrupt Enable In (input, active high)

Interrupt Enable Out (output, active high), lEI
and lEO form a daisy chain connection for
priority interrupt control

Interrupt Request (output, open drain, active
low)

Port A Bus (bidirectional, tristate)

Port A Strobe Pulse from Peripheral Device
(input, active low)

Register A Ready (output, active high)

Port B Bus (bidirectional, tristate)

Port B Strobe Pulse from Peripheral Device
(input, active low)

Register B Ready (output, active high)

Timing Waveforms

OUTPUT MODE

An output cycle is always started by the execution of an
output instruction by the CPU. The WR pulse from the
CPU hItches the data from the CPU data bus into the
selected port's output register. The write pulse sets the
ready flag after a low going edge of <1>, indica ting da ta is
available, Ready stays active until the positive edge of the
strobe line IS received indicating that data was taken by the
peripheraL The positive edge of the strobe pulse generates
an INT if the interrupt enable flip flop has been set
and if this device has the highest priority,

W'R"

PORT OUTPUT ---v-L--+--f---"-r­
(8BITSI

MODE 0 {OUTPUll TIMING

WA" = R5 CE CiD lOAD

INPUT MODE

MODE 1 IINPUTI TIMING

PORT INPUT -_·"""'-=r~-r::I'---­
IBSITSI

RD"

AD" = AD CE CiD lOAD

When STROBE goes low data is loaded into the
selected port input register. The next rising edge of strobe
activates INT if interrupt enable is set and this is the
highest priority requesting device, The following falling
edge of <I> resets Ready to an inactive state, indicating that
the input register is full and cannot accept any more data
until the CPU completes a read. When a read is complete
the positive edge of RD will set Ready at the next low
going transition of <1>, At this time new data can be loaded
into the PIO,

17



BIDIRECTIONAL MODE
This is a combination of modes 0 and I using all four

handshake lines and the 8 Port A I/O lines. Port B must be
set to the Bit Mode. The Port A handshake lines are used
for output control and the Port B lines are used for input
control. Data is allowed out onto the Port A bus only when
A STB is low. The rising edge of this strobe can be used to
latch the data into the peripheral.

BIT MODE
The bit mode does not utilize the handshake signals

and a normal port write or port read can be executed at any
time. When writing, the data will be latched into the output
registers with the same timing as the output mode.

When reading the PIO, the data returned to the CPU will
be composed of output register data from those port data
lines assigned as outputs and input register data from those
port data lines assigned as inputs. The input register will
contain data which was present immediately prior to the
falling edge of RD. An interrupt will be generated if
interrupts from the port are enabled and the data on the
port data lines satisfy the logical equation defined by the
8-bit mask and 2-bit mask control registers

Timing Waveforms (continued)

~~~~lJS ---------{

WR' = AD' CE . C75 ' IORO

6~~~BUS ~.:;.WO;:;.R::.0"'"r'..ro.::;==::.::J'-- _

ffiT-~
OCCURS HERE

AD

-
L DATA WORD 1 PlACEOQN BUS

• Timing Diagram Refers to Bit Mode Read

INTERRUPT ACKNOWLEDGE
During MT time, peripheral controllers are inhibited from

changing their interrupt enable status, permitting the INT
Enable signal to ripple through the daisy chain. The peri­
pheral with lEI high and lEO low during INTA will place a
preprogrammed 8-bit interrupt vector on the data bus at
this time,. lEO is held low until a return from interrupt
(RETI) instruction is executed by the CPU while lEI is
high. The 2-byte RETI instruction is decoded internally by
the PIO for this purpose.

i'NT

IORO r-} IO'A'OANOMlIN01CATE
. INTERRUPT ACKNOWLEDGE lIN-TAl

'----<!>-J

OO.Dl-----;0~-------iGJ}------

(~

RETURN FROM INTERRUPT CYCLE
If a Z80 peripheral device has no interrupt pending and

is not under service, then its IEO=IEL If it has an interrupt
under service (Le., it has already interrupted and received
an interrupt acknowledge) then its lEO is always low, in­
hibiting lower priority chips from interrupting. If it has
an interrupt pending which has not yet been acknowledged, M1

lEO will be low unless an "ED" is decoded as the first byte
of a two byte opcode. In this case, lEO will go high until
the next opcode byte is decoded, whereupon it will again
go low. If the second byte of the opcode was a "40" theh
the opcode was an RETI instruction.

After an "ED" opcode is decoded, only the peripheral
device which has interrupted and is currently under service
will have its lEI high and its lEO low. This device is the
highest priority device in the daisy chain which has receiv-
ed an interrupt acknowledge. All other peripherals have
IEI=IEO. If the next opcode byte decoded is "4D", this
peripheral device will reset its "interrupt under service"
condition.

------- /..----------------
----------'
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PIO Programming

LOAD INTERRUPT VECTOR

The Z80-CPU requires an 8-bit interrupt vector be su pplied
by the interrupting device. The CPU forms the address for
the interrupt service routine of the port using this vector.
During an interrupt acknowledge cycle the vector is placed
on the Z-80 data bus by the highest priority device request­
ing service at that time. The desired interrupt vector is
loaded into the PIO by writing a control word to the
desired port of the PIO with the following format.

INTERRUPT CONTROL
Bit 7 I interrupt enable is set-allowing

interrupt to be generated.

Bit 7 0 indicates the enable nag is reset and
interrupts may not be generated.

Bits 6,5,4 are used in the bit mode interrupt
operations; otherwise they are
disregarded.

Bits 3,2, 1,0 signify that this command word is an
interrupt control word.DUDI

Sigllili~s this ({\lIlrol wmL! is ~111 in(~rrtlpi

VCl.:tor

SELECTING AN OPERATING MODE
When selecting an operating mode, the 2·bit mode con­

trol register is set to one of four values. These two bits are
the most significant bits of the register, bits 7 and 6; bits 5
and 4 are not used while bits 3 through 0 are all set to II II
to indicate "set mode."

D7 D6 DS D4 D3 D2 01 DO

~~
"----v----' '----y-------"

mode word signifies Illode word
to be sel

If the "mask follows" bit is high (D4 = I), the next
control word written to the port must be the mask.

D7 Dn D5 04 D] D2 DI DU

EI~
Only those pontines whose mask bit is a 0 will be monitored 1m
gener:..ltlng an interrupl

X=unused bit

Mode MI Mo
Output 0 0

Input 0 I

Bidirectional I 0

Bit I I

The interrupt enable flip-flop of a port may be set or
reset without modifying the rest of the interrupt control
word by the following command.

O? On Do D4 03 02 01 OU

~GJ~I~I~EL~B

MODE 0 active indicates that data is to be written from
the CPU to the peripheral

MODE I active indicates that data is to be read from the
peripheral to the CPU.

MODE 2 allows data to be written to or read from the
peripheral device.

MODE 3 is intended for status and control applications.
When selected, the next control word must set the I/O
Register to indicate which lines are to be input and
which lines are to be output.

I/O = I sets bit to input.
I/O =0 sets bit to output.

07 Dn DS 04 03 02 01 00Eb--a 1/0411/0311/0211/01 1 1/0 0 ]
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Z80-PIO A.C. Characteristics

TA = 0° C to 70° C, Vcc = +5 V ± 5%, unless otherwise noted

Number Symbol Parameter Min Max Unit Comments

20-- TdCIRDYrl
21 TdCIRDYf)
22 TwSTB
23 TsSTBIC)

[6J

CL = 50 pF
[3J

[5J See Note A
Note A

CL=50pF

[5J CL = 50 pF
[5J

12J

15J

[5J
CL = 50 pF

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

130
160

1!30

210
180
490
440

50
o

115

140

50
250

90
o

200

Clock Cycle Time 250 [lJ
Clock Width IHlgh) 105 2000
Clock Width (Lowl 105 2000
Clock Fall Time 30
Clock Rise Time -------------1-----1-.. 30
f.E BIA. CI E to R5 IORO 1 Setup Time
Any Hold Time for specified Setup Time
R5 IORO to Clock TSetup Time
R5 IORO 1 to Data Out Delay 380
RD, IORO T to Data Out Float Delay ------+---+-110
Data In to Clock T Time
IORO L to Data Out (INTA Cycle)
M1 1 to CloGk T Setup
Ml T to 1 Setup Time (M 1 Cycle)
Ml 1 to lEO Delay Iinterrupt --------t----+--~190
Immediately preceding M 1 ) 190
lEI to IORO 1 Setup Time (INTA
lEI 1 to lEO 1 Delay
lEI T to lEO T Delay lafter ED Decode)
IORO T to Clock 1 Setup Time ITo Activate
READY on Next Clock Cycle) 220 ns
Clock 1 to READY T Delay-----------l-200 ---;-....,---1-. ns
Clock 1 to READY ! Delay 150 ns
STROBE Pulse Width 150 [4J ns
STROBE T to Clock 1 Setup Time ITo Activate
READY on Next Clock Cycle)
IORO T to PORT data stable (Mode 0)
PORT DATA to STROBE T Setup (Mode 11
ST'R6"BE 1 to PORT DATA Stable (Mode 2)
STROBE T to PORT DATA Float Delay (Mode 2)

to INT 1 Delay (Mode 3)
L Delay

TcC
TcCh
TcCL
TfC
TrC
TsCS(RI)
Th
TsRI(C)
TdRIIDO)
TdRI(DOr)·­
TsDI(C)
TdlOIDOI)
TsM1ICr)
TsM1ICf)
TdMlIIEO)

TsIEIIIO)
TdlEIIIEO 1
TdIEI(IIOr)
TsIOIC)

1
2
3
4
5-·
6
7
8
9

lO­
II
12
13
14
15

16
17
18
19

24 TdIO(PD)
25 TsPDISTBI
26 TdSTBWD)
27 TdSTBIPDz)
28 TdPDIINT)
29 TdSTBIINT)

Notes A 2 5 TcC > (N-21 TdlEI (IEOG) + TdM 1(lEO) + TsIEI(lO)+TTL Buffer Delay If any
B. M 1 Must be active for a minimum of 2 clock cycles to reset the Pia
[11 TcC = TwCh + TwCI + TrC + TfC
[2J Increase TdRIIDO) by 10 nsec for each 50 pF Increase In loading up to 200 pF max
131 Increase TdIO(DOTI by 10 nsec for each 60 pF Increase In loading up to 200 pF max
141 For Mode 2. TwSTB > TsPD(STBI
[51 I~crease these values by 2 nsec for each 10 pF Increase In loading up to 100 max
161 TsCSIRl1 may be reduced However the time subtracted from TsCS(RI) will be to TdRI(DO)

Capacitance
TA=25°C,f=IMHz

Output Load circuit

if.1
""O'NT R,"'"

FROM OUTPUT CIIl ·.CR
UNOERT{st CRI 1 •

Tel 250,-A CR
2

~ '=' CR J

CR,

Cl-50pIONOnD1

SOpION All OTHERS
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Z80A-PIO A.C. Characteristics

TA = 0° C to 70° C, Vee = +5 V ± 5%, unless otherwise noted

Number Symbol Parameter Min Max Comments

Cl 50 pF
[3J

[5J

[5J
CL 50 pF

[5J Cl= 50 pF
[5J

[2J

[5J See Note A
See Note A
[5J CL= 50 pF
[5J

[6J

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

190
210

200

230
200
540
490

50
o

115

220

140

50
340
210

o

400
170
170

[1]
2000
2000

30
-1-----1-- 30

430
------1------4-160

Clock Time
Clock (High)
Clock Width (low)
Clock Fall Time
Clock Rise Time -----------
IT 8 lA, CI E to RD, IORO ! Time
Any Hold Time for specified Setup
R15, 1Oi'ITi to Clock T Time
RD IORO 1 to Data Out
RD IORO i to Data Out Float
Data In to Clock T Time
IORO ! to Data Out {INTA Cyclel
M1 ! to Clock T Setup
M1 i to Clock! Setup Time (M1 Cycle)
M1 1 to lEO 1 Delay (Interrupt---------!-----l--300
Immediately 1iifi 1 I
lEI to IORO (INTA Cyclel
lEI! to lEO
lEI T to lEO Delay (after ED Decodel
IORO i to Clock ! Setup Time ITo Activate
READY on Next Clock- 220 ns
Clock! to READY T uellay.~--------...,1_200--+----+- ns
Clock ! to READY ! Delay 150 ns
STROBE Width 150 [4J ns
STROBE to Clock ! Time (To Activate
READY on Next Clock
IORO T to PORT data stable (Mode 0)
PORT DATA to STROBE T Setup (Mode 1I
STROBE ! to PORT DATA Stable (Mode 2)
STROBE T to PORT DATA Float Delay (Mode 21
PORT DATA Match to INT ! Delay (Mode 3)
STROBE T to INT 1 Delay

TslElllOI
TdlEIIIEO I
TdIEI(IIOrl
TslOICI

TdC(RDYr)
TdC(RDYI)
TwSTB
TsSTB(C)

TcC
TcCh
TcCl
TfC
TrC
TsCS(RII
Th
TsRI(CI
TdRI(DOI
TdRI(DOrl
TsDI(CI
TdlOIDOl1
TsMl ICc)
TsMllCI)
TdM 1IIEO)

TdIO(PDI
TsPD(STBI
TdSTB(PDI
TdSTB(PDz)
TdPD(INTI
TdSTB(INT)

20­
21
22
23

3
4
5
6
7
8
9

lO­
II
12
13
14
15

16
17
18
19

24
25
26
27
28
29

Notes A 2 5 TcC > IN-2) TdlEI (IEOG) + TdM 1(IEOI + TsIEI(IO) + TIL Buffer Delay, If any
B M 1 Must be active for a minimum of 2 clock cycles to reset the PIO
[1 J TcC TwCh + TwCI + TrC + TIC
[21 Increase TdRI(DO) by 10 nsec for each 50 Increase In loading up to 200 pF max
[3J Increase TdIO(DOT) by 10 nsec for each pF Increase In loading up to 200 pF max
[4] For Mode 2 TwSTB > TsPD(STBI
[5J Increase these values 2 nsec for each 10 pF Increase In loading up to 100 max
[6J TsCS(RII may be However the time subtracted flOm TsCS(RI) will be to TdRI(DOI

21



Timing measurements are made at the following voltages,
unless otherwise specified:

CLOCK

rrBIA.cf15

{

OUT

0007

IN

IORQ

lEI

lEO

READY
(AROY OR BROY)

Si'ROBE
(A5TB OR B 5TB)

MOOED

MODEl
AO-A7
BO-B7

MODE2

MOOE3

11

A.C. Timing Diagram

"1" "0"

CLOCK Vcc-0.6V 0.45V
OUTPUT 2V 0.8V
INPUT 2V 0.8V

FLOAT t>.v ±0.5V



Absolute Maximum Ratings
Temperature Under Bias
Storage Temperature
Voltage On Any Pin with Respect to Ground
Power Dissipation

Specified operating range
-65°C to +150°C

-O.3V to +7V
O.6W

Note: All AC and DC characteristics remain the same for the military grade parts except Icc.
Icc= 130 rnA

* Comment
Stresses above those listed under ~Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

Z80-PIO and Z80A-PIO D.C. Characteristics
TA= O°C to 70°C, Vcc= +5V ± 5%, unless otherwise noted

Symbol Parameter Min. Max. Unit Test Condition_.
VILC Clock Input Low Voltage -0.3 0.45 V

VIHC Clock Input High Voltage Vcc-0.6 Vcc+O.3 V
--

-03 VVIL Input Low Vllitage O.X

VIH Input High Vlli 2 VL'c V
~.

VOL Output Low Voltage 0.4 V IOL :':.0 IllA
-

V
~.

Output High Vllitage 2.4 1011.250 JlA

ICC Power Supply Current 70 rnA

III Input Leakage Current 10 p.A VIN=OtoVCL'

ILOH Tri·State Output Leakage Currellt III Fillat 10 p.A Your = 2.4 to VCL'

ILOL Tri·State Output Leakage Current ill Fillat -10 p.A VOUT = 0.4 V

ILO Data Bus Leakage Current III Input Moue ±IO p.A o~ VIN ~ VL'L'

IOHD Darlingtlln Drive Current -J 5
,.-

r-;nA VOH -I5V

Port B Only
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PIN CONNECTIONS ORDERING NUMBERS:

Z80PIO
Z80PIO
Z80APIO
Z80APIO
Z80PIO
Z80APIO

O2
07
0 6
~

Control/Data Sli

POf! B/A Sol

~

~
As
A4

GND
A:J
A2
A,

Ao
ASf.8
B STB

A ROY

DO
0,

0 3
DC
Os

Mf
iC:i1fO
1m

~
B6
B5
B4
B3
B2
B,
BO
+SV

-l-
INT ENABLE IN

WI'
INT ENABLE OUT

B ROY

01 for dual in-line ceramic package (metal-seal)
.81 for dual in-line plastic package
01 for dual in-line ceramic pac;kage (metal-seal)
B1 for dual' in-line plastic package
F1 for dual in-line ceramic package (frit-seal)
F1 for dual in-line ceramic package (frit-seal)

MECHANICAL DATA (dimon.ion in mm)

40-PIN CERAMIC DUAL IN-LINE PACKAGE
(METAL-SEAL)

40-PIN CERAMIC DUAL IN-LINE PACKAGE
(FRIT-SEAL)

24

40-PIN PLASTIC DUAL IN-LINE PACKAGE
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MOS
INTEGRATED
CIRCUITS

The SGS·ATES Z80 product line is a complete set of micro·
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high·performance
microcomputer systems with virtually no other logic and
a minimum number of low cost standard memory elements.

The l80·Counter Timer Circuit (CTC) is a programmable,
four channel device that provides counting and timing
functions for the Z80·CPU. The l80·CPU configures the
l80·CTC's fOUl independent channels to operate under
various modes and conditions as required.

Structure

• N·Channel Silicon Gate Depletion Load Technology
• 28 Pin DIP
• Single 5 volt supply
• Single phase 5 volt clock
• Four independent programmable 8·bit counter/16·bit

timer channels

Features

• Each channel may be selected to operate in either a
counter mode or timer mode.

• Programmable interrupts on counter or timer states.

Fig. 5 - CTC BLOCK DIAGRAM

+5V GNU 'I'

I 11
DATA

CONTROL

Product Specification

• A time constant register automatically reloads the
down counter at zero and the cycle is repeated.

• Readable down counter indicates number of counts·to·go
until zero.

• Selectable 16 or 256 clock prescaler for each timer
channel.

• Selectable positive or negative trigger may initiate timer
operation.

• Three channels have zero count/timeout outputs capable
of driving Darlington transistors.

• Daisy chain priority interrupt logic included to provide
for automatic interrupt vectoring without external logic.

• All inputs and outputs fully TTL compatible.

CTC Architecture

A block diagram of the l80·CTC is shown in figure 5.
The internal structure of the Z80·CTC consists ofa l80-CPU
bus interface, internal control logic, four'counter channels,
and interrupt control logic. Each channel has an interrupt
vector for automatic interrupt vectoring, and interrupt
priority is determined by channel number with channel 0
having the highest priority.

The channel logic is composed of 2 registers, 2 counters
and control logic as shown in figure 6. The registers include
an 8-bit time constant register and an 8-bit channel control
register. The counters include an 8-bit readable down
counter and an 8-bit prescaler. The prescaler may be
programmed to divide the system clock by either 16 or 256.

ZERO COUNT/TIMEOUT II

CLOC K/TRIGGER II

ZERO COUNT/TIMEOUT I

CLOCK/TRIGGER I

ZERO COUNT/TIMEOUT 2

CLOCK/TRIGGER 2

CLOCK/TRIGGER J
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Channel Counter and Register Description

Time Constant Register 8 bits, loaded by the CPU to
initialize and re-Ioad Down Counter at a count of zero.

Channel Control Register - 8 bits, loaded by the CPU to
select the mode and conditions of channel operation.

Down Cobnter - 8 bits, loaded by the Time Constant
Register unaer program control and automatically at a

count of zero. At any time, the CPU can read the number
of counts-to-go until a zero count. This counter is de­
cremented by the prescaler in timer mode and CLK/TRIG
in counter mode.

Prescaler -f. 8 bit counter, divides system clock by 16 or
256 for decrementing Down Counter. It is used in timer
mode only.

Fig. 6 - CHANrliEL slOCK DIAGRAM

CHANNEL
CONTROL
REGISTER

AND LOGIC
(8 BITS)

TIME
CONSTANT
REGISTER

(II BITS)

'I' PRESCALER
(8 BITS)

ZERO COUNT/TIMEOUT

EXTERNAL CLOCK 'TIMER TRIGGER

Z80-CTC ~!.!1 Description,

CLK/TRG,3 Channel,3 External Clock or Timer Trigger
(Input)

CLK/TRG\il Channel f/J External Clock or Timer Trigger
(Input)

CLK/TRG2 Channel 2 External Clock or Timer Trigger
(Input)

Channel \il Zero Count or Timeout
(output, active high)

ZC/TO\il

CLK/TRG I Channel I External Clock or Tinier Trigger
(Input)

CHANNEL
SIGNALS

,~

-5V

~LK/TRG2
ZCIT02

ClK/TRGJ

CLKITRGI
]-_......... lelTO,

°G
01

02
CPU 03

DATA
BUS 04

05

06

07
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ZBO-CTC Pin Descriptio~ (continued)

ZC/TOI

ZC/TO::

IORO

Channel I Zero Count or Timeout
(output, active high)

Channel:: Zero Count or Timeout
(output, active high)

Channel Select (input, active high). These
form a 2-bit binary address of the channel
to be accessed.

Z80·CPU Data Bus (bidirectional, tristate)

Chip Enable (input, ~ctive low)

System Clock (input)

Machine Cycle One Signal from Z80-CPU
(input, active low)

Input/Output Request from Z80·CPU (input,
active low)

RD Read Cycle Status from the Z80-CPU (input,
active low)

lEI Interrupt Enable In (input, active high)

lEO Interrupt Enable Out (output, active high).
lEI and lEO form a daisy chain connection
for priority interrupt control

INT Interrupt Request (output, open drain,
active low)

RESET RESET stops all channels from counting and
resets channel interrupt enabl~ bits in all
control registers. During reset'Wne ZC/TOf/j_2
and INT go to the inactive states, lEO reflects
the state of lEI, and the data bus output drivers
go to the high impedance state (input, active
low)

CSO_ 1 CE~ CHANNEL ADDRESS

Timing Waveforms

CTC WRITE CYCLE
Illustrated here is the timing for loading a channel control

word, time constant and interrupt vector. No wait states are
allowed for writing to the CTC other than the automatically
inserted (Tw*). Since the CTC does not receive a specific
write signal, it internally generates its own from the lack of
an RD signal.

ferRO

T, T, T,

CTC READ CYCLE
Illustrated here is the timing for reading a channel's

Down Counter when in Counter Mode. The value read
onto the data bus reflects the number of external clock's
rising edges prior to the rising edge of cycle (T2)' No wait
states are allowed for reading the CTC other than the auto­
matically inserted (Tw*).

INTERRUPT ACKNOWLEDGE CYCLE

\'-----~;-

~- --

Some time after an interrupt is requested by the CTC, the
CPU will send out an interrupt acknowledge (Mi and IORO).
During this time the interrupt logic of the CTC will determine M1

the highest priority channel which is requesting an interrupt.
To insure that the daisy chain enable lines stabilize, channels
are inhibited from changing their interrupt request status
when Mi is active. If the CTC Interrupt Enable Input (lEI)
is active, then the highest priority interrupting channel
places the contents of its interrupt vector register onto the
Data Bus when IORO goes active. Additional wait cycles
are allowed.
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Timing Waveforms (continued)

RETURN FROM INTERRUPT CYCLE
If a l80 peripheral device has no interrupt pending and is

not under service, then its lEO = lEI. If it has an interrupt
under service (Le. it has already interrupted and received an
interrupt acknowledge) then its lEO is always low, inhibit­
ing lower priority chips from interrupting. If it has an inter­
rupt pending which has not yet been acknowledged, lEO
will be low unless an "ED" is decoded as the first byte of a
two byte opcode. In this case, lEO will go high until the next
opcode byte is decoded, whereupon it will again go low. If
the second byte of the opcode was a "40" then the opcode
was an RETI instruction.

After an "ED" opcode is decoded, only the peripheral
device which has interrupted and is currently under service
will have its lEI high and its lEO low. This device is the high·
est priority device in the daisy chain which has received an
interrupt acknowledge. All other peripherals have lEI = lEO.
If the next opcode byte decoded is "4D", this peripheral
device will reset its "interrupt under service" condition.

Wait cycles are allowed in the MI cycles.

lEI

lEO

,
------_--/
___________--J/

T1

DAISY CHAIN INTERRUPT SERVICING

Illustrated at right is a typical nested interrupt sequence
which may occur in the CTC In this sequence channel 2
interrupts and is granted service. While this channel is being
serviced, higher priority channel I interrupts and is granted
service. The service routine for the higher priority channel
is completed and a RET! instruction is executed to indicate
to the channel that its routine is complete. At this time the
service routine of lower priority channel 2 is completed.

CTC COUNTING AND TIMING
In the counter mode the rising or falling edge of the CLK

input causes the counter to be decremented. The edge is
detected totally asynchronously and must have a minimum
CLK pulse width. However, the counter is synchronous with
<P therefore a setup time must be met when it is desired to
have the counter decremented by the next rising edge of <P.

In the timer mode the prescaler may be enabled by a rising
or falling edge on the TRG input. As in the counter mode,
the edge is detected totally asynchronously and must have
a minimum TRG pulse width. However, when timing is to
start with respect to the next rising edge of <P a setup time
must be met. The prescaler counts rising edges of <P.

28
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eTC Programming

SELECTING AN OPERATING MODE

When selecting a channel's operating mode, bit f/J is set to
I to Indicate this word is to be stored in the channel control
register.

llSl!}I:".
lli\11 H ~l()IlJ (J'\ I 1

HI III IlO

Bit 2 = f/J

Bit 2 = I

No time constant will follow the channel
control word. One time constant must be
written to the channel to initiate operation.

The time constant for the Down Counter
will be the next word written to the selected
channel. If a time constant is loaded while a

channel is counting, the present count will
be completed before the new time constant
is loaded into the Down Counter.

Bit 7 f/J

Bit 7 = I

Channel interrupts disabled.

Channel interrupts enabled to occur every
time Down Counter reaches a count of zero.
Setting Bit 7 does not let a preceding count
of zero cause an interrupt.

Bit I = f/J

Bit I = I

Chann~continuescounting.

Stop operation. If Bit 2 = 1 channel will
resume operation after loading a time
constant, otherwise a new control word
must be loaded.

Bit 6 = f/J

Bit 6 = I

Bit 5 =f/J

Bit 5 = I

Bit 4 = f/J

Bit 4 = I

Bit 3 =f/J

Bit 3 = I

Timer Mode Down counter is clocked by
the prescaler. The period of the counter is:

tc • P • TC

tc =system clock period
P = prescale of 16 or 256
TC = 8 bit binary programmable time
constant (256 max)

Counter Mode - Down Counter is clocked
by external clock. The prescaler is not used.

Timer Mode Only-System clock <P is divided

by 16 in prescaler.

Timer Mode Only-System clock <P is divided
by 256 in prescaler.

Timer Mode negative edge trigger starts
timer opera tion.
Counter Mode - negative edge decrements
the down counter.

Timer Mode - positive edge trigger starts
timer operation.
Counter Mode - positive edge decrements
the down counter.

Timer Mode Only - Timer begins operation
on the rising edge of 1'2 of the machine
cycle following the one that loads the time
constant.

Timer Mode Only - External trigger is valid
for starting timer operation after rising edge
of T2 of the machine cycle following the
one that loads the time constant. The Pre­
scaler is decremented 2 clock cycles later if
the setup time is met, otherwise 3 clock
cycles.

LOADING A TIME CONSTANT

An 8-bit time constant is loaded into the Time Constant
register following a channel control word with bit 2 set. All
zeros indicate a time constant of 256.

LOADING AN INTERRUPT VECTOR

The Z80-CPU requires that an 8·bit interrupt vector be
supplied by the interrupting channel The CPU forms the
address for the interrupt service routine of the channel
using this vector. During an interrupt acknowledge cycle
the vector is placed on the Z80 Data Bus by the highest
priority channel requesting service at that time. The desired
interrupt vector is loaded into the CTC by writing into
channel f/J with a zero in D0 D7-D3 contain the stored in­
terrupt vector, D2 and DI are not used in loading the vector.
When the erc responds to an interrupt acknowledge, these
two bits contain the binary code of the highest priority
channel which requested the interrupt and D0 contains a

zero since the address of the interrupt service routine starts

at an even byte. Channel 0 is the highest priority channel.
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ZBO-CTC A.C. Characteristics

TA =0° C to 70° C. Vee =+5 V ± 5%. unless otherwise noted

Number Symbol Parameter Min Max Unit Comments
-

1 TcC Clock Cycle Time'- 250 111 ns
2 TwCh Clock Width IHlgh) 105 2000 ns
3 TwCl Clock Width (low) 105 2000 ns
4 TfC Clock Fall Time 30 ns
5- TrC- ,Clock Rise Time 30-r-- ns
6 Th All Hold Times 0 ns

* 7 TsCSIC) CS to Clock T Setup Time 160 ns
* 8 TsCEIC) IT to Clock i Setup Time 150 ns

9 TsIO(C) IORO 1 to Clock T Setup Time 115 ns
10- TsRDIC)- R5 to Clock T Setup Time 115 ns

* 11 TdC(DO) Clock 1 to Data Out Delay 200 ns [2)
12 TdCIDOz) Clock T to Data Out Float Delay 110 ns
13 TsDIIC) Data In to Clock T Setup Time 50 ns
14 TsMlIC) M 1 to Clock TSetup Time IINTA or M 1 Cycle) 90 ns
15- TdM 111EO) Ml! to lEO 1 Delay linterrupt - 190---ns 131

Immediately preceding M 1 1 ) See Note A
16 TdIOIDOT) IORQ 1 to Data Out Delay (I NTA Cycle) 160 ns [21
17 TdIEI(lEOf) lEI 1 to lEO 1 Delay 130 ns 131
18 TdIEI(IEOr) lEI T to lEO T Delay (after ED Decode) 160 ns 13)

*19 TdC(INT) Clock r to INT 1 Delay TcC+ 160 ns Timer Mode
*20- TdCTRIINT) ClK/TRG r to INT L

TsCTR(C) Satisfied TcC+ 160 ns Counter Mode
TsCTR(C) not Satisfied 2TcC+370 ns

21 TcCTR ClK Cycle Time 2TcC ns Counter Mode
22 TrCTR ClK/TRG Rise Time 50 ns
23 TfCTR ClK/TRG Fall Time 50 ns
24 TwCTRl ClK/TRG Width (low) 200 ns
25- TwCTRh - ClK/TRG Width (High) 200 ns
26 TsCTRICc) ClK T to Clock T Setup Time for Immediate Count 210 ns Counter Mode
27 TsCT,RICtl . TRG T to Clock i Setup Time for 210 ns Timer Mode

enabling of Prescaler on follOWing Clock T
28 TdCIZCTOr) Clock T to ZC/TO T Delay 190 ns
29 TdCIZCTOf) Clock 1 toZC/TO 1 Delay 190 ns

Notes A 2.5 TcC > (N-2) TdIEI(IEOF)+ TdM 1(IEO)+TsIEI(IO)
8 RESET must be active for a minimum of 3 clock cycles
11) TcC = TwCh + TwCI + TcC + TrC
12) Increase delay by 10 nsec for each 50 pF increase In loading. 200 pF maximum for data lines and 100 pF for control lilies
131 Increase delay by 10 nsec for each 10 pF Increase in loading. 100 pF maximum

OUTPUT LOAD CIRCUIT

CAl - CA4 lN914 OR EQUIVALENT
CR

2
Cl 50 pF ON ALL PINS
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Z80A-CTC A.C. Characteristics

TA 0" C to 70" C. Vee +5 V :t S'l, lInless otherwise noted

Number Symbol Parameter Min Max Unit Comments

1 TdC Clock Cycle Tlfne 400 [1] ns
2 TwCh Clock Width (High) 170 2000 ns
3 TwCl Clock Width (lOl,y1 170 2000 ns
4 TIC Clock Fall Time 30 ns
5- TrC- Clock Rise Time 30-r- ns
6 Th All Hold Times 0 ns

* 7 TsCS(CI CS to Clock T Setup Time 250 ns
* 8 TsCE(C) EE to Clock i Setup Time 200 ns

9 TsIO(CI 10RO ! to Clock T Setup Time 250 ns
10-- TsRDICI- Ri5 to Clock i Setup Time 240 ns

*11 TdCIDO) Clock ! to Data Out Delay 240 ns [21
12 TdC(DOz) Clock i to Data Out Float Delay 230 ns
13 TsDIIC7 Data In to Clock i Se!up Time 60 ns
14 TsMllCI M1 to Clock i Setup Time (INTA or M 1 Cycle) 210 ns
15- TdMlIIEO) M11 to lEO! Delay I,nterrupt 300-r- ns [3]

Immediately preceding M 1 ) See Note A
16 TdIOIDOT) 10RO 1 to Data Out Delay IINTA Cycle) 340 ns [21
17 TdIEIIIEOt) lEI 1 to lEO 1 Delay 190 ns 13]
18 TdIEI(JEOrl lEI i to lEO i Delay (after ED Decodel 220 ns 131

*19 ITf Clock j to INT 1 Delay TcC+230 ns Timer Mode
*20 IOL I I\III\J II' i to INT 1

Satisfied TcC+230 ns Counter Mode
TsCTR(C) not Satisfied 2TcC+530 ns

21 TcCTR ClK Cycle Time 2TcC ns Counter Mode
22 TrCTR ClK/TRG Rise Time 50 ns
23 TfCTR ClK/TRG Fall Time 50 ns
24 TwCTRl ClK/TRG Width (lowl 200 ns
25- TwCTRh- ClK/TRG Width (Hlghl 200 ns
26 TsCTRICcl ClK j to Clock 'j Setup Time for Immediate Count 300 ns Counter Mode
27 TsCTRICt) TRG j to Clock i Setup Time for 210 ns Timer Mode

enabling of Prescaler on following Clock i
28 TdC(ZCTOrl Clock i to ZC /TO i Delay 260 ns
29 TdC(ZCTOt) Clock! to ZC /TO ! Delay 190 ns

Notes A 2,5 TcC > (N-2) TdIEI(JEOF)+TdM 1(IEOI+ TslEl(lOI
B RESET must be active for a minimum of 3 clock cycles
111 TcC = TwCh + Twel + TcC + TrC
[21 Increase delay by 10 nsec for each 50 pF Increase In loading, 200 pF maximum for data lines and 100 pF for control lines
[3] Increase delay by 10 nsec for each 10 pF Increase In loading,. 100 pF maximum

OUTPUT LOAD CIRCUIT

CR , - CR4 lN914 OR EQUIVALENT
CR

2
CL " 50 pF QN ALL PINS

31



Timing measurements are made at the following voltages,
unless otherwise specified:

CLOCK

CS 0-1

DATA

DATA

DATA

lEI

lEO

ClK II
TRG o.]

.32

A.C. Timing Diagram

"'" "0"

CLOCK Vcc-O.6V O.45V
OUTPUT 2V O.8V

INPUT 2V O.8V

FLOAT t!.V ±O.5V



Absolute Maximum Ratings
Temperature Under Bias
Storage Temperature
Voltage On Any Pin with Respect to Ground
Power Dissipation

O°C to 70°C
-65°C to +150°C

-O.3V to +7V
O.8W

* Comment
Stresses above those listed under" Absolute Maximum Rating" may cause permanent damage to the device. This is a stress rating only and
functional operation of the device at these or any other condition above those indicated in the operational sections of this specification is
not implied. Lxposure to absolute maximum rating conditions for extended periods may affect device reliability.

Z80-eTC D.C. Characteristics
TA= DoC to 70°C, Vcc= 5V ± 5% unless otherwise specified

Symbol Parameter Min Max Unit Test Condition

VILe I Clock Input Low Voltage -0.3 0045 V

VIHC Clock Input High Voltage [1] Vcc-06 VCC+03 V

VIL Input Low Voltage -0.3 0.8 V

VIH Input High Voltage 2 Vec V

VOL Output Low Voltage 004 V 'OL 2 rnA

VOH Output High Voltage 204 V 'OH = -250 IJ.A

'CC Power Supply Current 120 rnA Te = 400 nsec

III Input Leakage Current 10 IJ.A VIN=OtoVCC

'LOH Tri-State Output Leakage Current in Float 10 J..LA VOUT = 2A to VCC

'LOL Tri-State Output Leakage Current in Float -10 J..LA VOUT OAV

IOHD Darlington Drive Current -1.5 rnA VOH = 1.5V

REXT 390n

Z80A-CTC D.C. Characteristics
TA= DoC to 70°C, Vcc= 5V ± 5% unless otherwise specified

Symbol Parameter Min Max Unit Test Condition

V,LC Clock Input Low Voltage -0.3 OA5 V

VIHC Clock Input High Voltage [1] VCC-06 VCC+0 .. 3 V

VIL Input Low Voltage -0.3 08 V

VIH Input High Voltage 2 VCC V

VOL Output Low Voltage 0.4 V 'OL = 2 rnA

VOH Output High Voltage 2.4 V IOH -250 IJ.A

'CC Power Supply Current 120 rnA TC 250 nsec

III Input Leakage Current 10 J..LA VIN = 0 to Vec

'LOH Tri-State Output Leakage Current in Float 10 J..LA VOUT 2A to Vce

'LOL Tri-State Output Leakage Current in Float -10 J..LA VOUT OAV

'OHD Darlington Drive Current -1 5 rnA VOH 1.5V

REXT 390£2
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Capacitance
TA=2SoC,f= I MHz

Symbol

C",

COUT

Parameter

Clock Capacitance

Input Capacitance

Output Capacitance

Max. Unit Test Condition

20 pF Unmeasured Pins

5 pF Returned to Ground

10 pF

PIN CONNECTIONS
ORDERING NUMBERS:

GNO

lIll
ZCITOe

lCITO,

ZCITOz

IORQ
INT ENABl.E OUT

iNT
INT ENAIL.E IN

Iii

MECHANICAL DATA (dimensions in I]1ml

03
Dz
0,
Of
+l5V

ClKITRot

ClKITRG,

ClKITRGZ

ClKITRG3

- cs,
cse
REID
~..

Z80CTC
Z80CTC
Z80ACTC
Z80ACTC
Z80CTC
Z80ACTC

D 1 for dual in-line ceramic package (metal-seal)
B1 for dual in-line plastic package
D1 for dual in-line ceramic package (metal-seal)
B 1 for dual in-line plastic package
F1 for dual in-line ceramic package (frit-seal)
F1 for dual in-line ceramic package (frit-seal)

28-PIN CERAMIC DUAL IN-LINE SLAM PACKAGE

28-PIN CERAMIC DUAL IN-LINE PACKAGE
(FRIT-SEAU

28-PIN PLASTIC DUAL IN-LINE PACKAGE

~~~
J),Q2

373m..
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MUS
INTEGRATED
CIRCUITS

The Z-80 DMA (Direct Memory Access) circuit is a pro­
grammable single-channel device which provides all address,
timing and control signals to effect the transfer of blocks of
data between two ports within most micmprocessor-based
systems. These ports may be either system main memory or
any system peripheral i/o device. The DMA can also search
a block of data for a particular byte (bit maskable), with or
without a simultaneous transfer.

Structure
• N·channel Silicon Gate Depletion Load Technology
• 40 Pin DIP
• Single 5 volt supply
• Single phase 5 volt clock
• Sing,1e channel, two port

Features
• Three classes of operation:

- Transfer Only
-Search Only
-Search-Transfer

• Address and Block Length Registers fully buffered.
Values for next operation may be loaded without dis­
turbing current values.

• Dual addresses generated during a transfer (one for read
port and one for write port).

• Programmable data transfers and searches, automatic­
ally incrementing or decrementing the port addresses
from programmed starting addresses (they can also remain
fixed).

Fig. 7 - DMA INTERNAL BLOCK DIAGRAM

Product Specification

• Three modes of operation:
-Byte-at-a-time' One byte transferred per request
-Burst' Continues as long as ports are ready
--Continuous: Locks out CPU until operation complete

• Timing may be programmed to match the speed of any
port

• Interrupts on Match Found, End of Block, or Ready,
may be programmed.

• An entire previous operation may be repeated automat­
ically or on command. (Auto restart or Load)

• The DMA can signal when a specified number of bytes
has been transferred, without halting transfer

• Multiple DMA's easily configured for rotating priority.
• The channel may be enabled. disabled or reset under

software control
• Complete channel status upon program (CPU) request.
• Up to 1.25 megabyte/second Search.
• Daisy-chain priority interrupt and bus acknowledge in­

cluded to provide automatic interrupt vector(ng and bus
request control, without need for additional external
logic

• TTL compatible inputs and outputs
• The CPU can read current Port counters, Byte counter,

or Status Register. A mask byte can be set which defines
which registers can be accessed during read operations.

+5V GND

A15 AO D7 DO

iN"! lEI lEO BAI BAO RDY

CONTROL
AND

STATUS
REGISTERS

BUS CONTROL
LOGIC
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DMA Architecture
A block diagram of the Z80 DMA is shown in Figure 7.

The internal structure consists of the following circuitry:

• Bus Interface: provides driver and receiver circuitry 10

interface to the Z80-CPU Bus

• Control I-ogicand Registers. set the class, mode and other
basic control parameters of the DM A

• Address. Byte Count and Pulse Circuitry: generates the
proper port addresses for the read and write operations,
with provisions for incrementing or decrementing the
address. When zero bytes remain to be handled, the byte
count circuitry sets a nag in the status register Pulse
circuitry generates a pulse each time the byte counter
lower 8-bits equal the pulse register.

• Timing Circuitry: allows the user to completely specify
the read/write timing for each port

• Match Circuitry. holds the match byte and a mask
byte which allows for the comparison of only certain
bits within the byte. If a match is encountered during a
Search or Transfer, this circuitry sets a nag in the status
register.

• [NT and BUSRQ Circuitry.' includes a control regis­
ter which specifies the conditions under which the DMA
can generate an interrupt; priority encodi~to select
between the generation of an INT or BUSRQ output
under these conditions; and an interrupt vector register
for automatic vectoring to the interrupt service routine

• Status Register: holds current status of DMA.

Register Description

The following DMA-internal registers are available to the
programmer:

Control Registers: Write only; 8 bits. Hold DMA control
information: such as, when to initiate an interrupt or pulse,
what mode or class of operation to perform, etc.

Timing Registers: Write only; 8 bits. Hold read/write timing
parameters for the two ports.

Interrupt Vector Register: Read/write; 8 bits. Holds the
8-bit vector that the DMA will put onto the data bus after
receiving an IORQ during an interrupt acknowledge se­
quence if it is the highest priority device requesting an
interrupt (This register is readable only during interrupt
acknowledge cycles.)

Block Length Register: Write only; 16 bits. Contains total
block length of data to be searched and/or transferred.

Byte Counter: Read only; 16 bits. Counts number of bytes
transferred (or searched). On a Load or Continue the Byte
Counter is reset to zero. Thereafter, each byte transfer o­
peration increments it until it matches the contents of the
Block Length Register, at which time End of Block is set in
the status register and operation is suspended if program­
med. Also if so programmed the DMA will generate an
interrupt.
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Match Register: Write only; 8 bits. Holds the byte for
which a match is being sought in Search operations.

Mask Register: Write only; 8 bits. Holds the 8-bit mask to
determine which bits in the match register are to be ex­
amined for a match.

Starting Address Registers (Port A and Port B): Write only;
16 bits each. Hold the starting addresses (upper and lower
8 bits) for the two ports involved in Transfer operations. In
Search Only operations, only one port address would have
to be specified. Only memory starting addresses require
both upper and lower 8 bits; I/O ports are generally ad­
dressed with only the lower 8 bits, and in this case the ad­
dress contained in the register is a generally ftxed address.

Address Counters (Port A and Port B): Read only; 16 bits
each. These counters are loaded with the contents of the
corresponding Starting Address Registers whenever Search­
es or Transfers are initiated with a Load or Continue. They
are incremented, decremented or remain ftxed, as pro­
grammed.

Pulse Control Register: Write only; 8 bits. The content of
trus register is continuously compared with the lower eight
bits of the byte counter. When they become equal, the INT
output is activated. Since this occurs while BUSRQ and
BUSAK are both active, the CPU does not interpret trus as
an in terrupt request. Instead, the signal is used to commun­
icate with a peripheral I/O device. When the Pulse Control
Register contains a value n, the first pulse is generated after
n + I bytes of search or transfer. The next and all subse­
quent pulses occur at 256-byte intervals.

Status Register: Read only; 8 bits. Match, End of Block,
Ready Active, Interrupt Pending, and DMA Cycle Occurred
bits indicate these functions when set.

Modes of Operation

The DMA may be programmed for one of three modes of
operation. (See Command Register 2B.)

• Byte at a time. control is returned to the CPU after each
one-byte cycle

• Burst: operation continues as long as the DMA's RDY
input is active, indicating that the relevant port is ready
Control returns to the CPU when RDY is inactive or at
end of block or a match if so programmed

• Continuous: the entire Search and/or Transfer ofa block
of data is completed before cont rol is returned to CPU



Classes of Operation
The DMA has three classes of operation: Transfer only,

Search Only and a combined Search-Transfer. (See Com­
mand Register lA.)

During a Transfer, data is first read from one port and
then written to the other port, byte by byte. (The DMA's
two ports are termed Port A and Port B.) The ports may be
programmed to be either system main memory or peripher­
al I/O devices. Thus, a block of data might be written from
a peripheral to another; or it might be written from one
area in main memory to another; or from a peripheral to
main memory.

During a Search, data is read only, and compared byte by
byte against two DMA-internal registers, one of which con­
tains a match byte and the other an optional mask byte
which allows only certain bits to be compared. It any byte
of searched data matches, a DMA-internal status bit is set:
ifprogrammed to do so, the DMA will then suspend operation
and/or generate an interrupt.

The third class of operation is a combined Search­
T'ransfer. In such an operation a block of data is transferred
as described above until a match is found; then, as in a
Search Only operation, the transfer may be suspended and/
or an interrupt generated

Addressing
The DMA's addressing of ports is either fixed or sequen­

tial, incrementing or decrementing from a starting address.
The length of the operation (number of bytes) is specified by
the programmed contents of a block length register. The
DMA can address block lengths of up to 64K bytes. During a
transfer two separate port addresses are generated, one dur­
ing the Read cycle and one during the Write cycle.

Operating Sequence

Once the DMA has been programmed it may be "En­
abled" (Command Register 2A or 2D). In the enabled con­
dition when Ready goes active the DMA will request ~he

bus by bringing BUSRQ low. The CPU will acknowledge
this with a BUSACK which will normally be attached to
BAl. When the DMA receives BAI it Will start its program­
med operation releasing BUSRQ to a "high" state when it
is through.

Z-80 DMA Pin Description

+5V

GND

<P

Do An
0, A,

0, A,

~~ST~EM 0, A)

BUS O.

A,

0, A,

0, A, SYSTEM

A, :3~AESS

BUS rs~ A,

CONTROL ~ A"
~ BAD

AU

An

A"

A"

~~/:AIT} ~~~TAOl

}'NTERRUPT
CONTROL

System Address Bus All sixteen of these pins are
used by the DMA to address system main mem­
ory or an I/O port (output)

System Data Bus. Commands from the CPU,
DMA status and data from memory or peripher­
als are transferred on these tristate pins (input/
output)
Power

Ground

System clock (input)

INT

lEI

lEO

RDY

Machine cycle One signal from CPU (input)

Input/Output Request to and from the System
Bus (input/output)

Memory REQuest to the System Bus (input/
output)

ReaD to and from the System Bus (input/output)

WRite to and from the System Bus (input/output)

Chip Enable: may also be programmed to be
WAIT during time when BAI is low (input)

BUS ReQuest.. Requests control of the CPU
Address Bus, Data Bus and Status/Control Bus
(input/output, open drain)

Bus Acknowledge In Signals that the system
buses have been released for DMA control
(input)

Bus Acknowledge Out.. BAI and BAO form a
daisy-chain connection for system-wide priority
bus control (output)

INTerrupt request (output, open drain)

Interrupt Enable In (input)

Interrupt Enable Out lEI and lEO form a daisy­
chain connection for system-wide priority inter­
rupt control (output)

ReaDY is monitored by the DMA to determine
when a peripheral device associated with a DMA
port is ready tor a read or write operation
(input.. programmable as active high or low)
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DMA Command Write Cycle

Illustrated here is the timing associated with a command
byte or control byte being written to the DMA which is to
be loaded into internal registers, Z80 Output instructions
satisfy this timing,

DMA Timing Waveforms

<I>

D A T A --!--+__--I

DMA Register Read Cycle

This timing is used when a read operation is performed on
the DMA to access the contents of the Status Register,
Address Counter or other readable registers Z80 Input in­
structions satisfy this timing, DATA

STD Memory Timing

This timing is exactly the same as used by the l80-CPU to
access system main memory, either in a Read or Write
operation. The DMA will default to this timing after a
power-on reset, or when a Reset or Reset Timing command
is written to it; and unless otherwise programmed, will use
this timing during all Transfer or Search operations involving
system main memory. During the memory Read portion of
a transfer cycle, data is latched in the DMA on the negative
edge of <P during T3 and held into the following Write cycle
During the memory Write portion of a transfer cycle, data
is held from the previous Read cycle and released at the end
of the present cycle.

NOTE: The DMA is normally programmed for a 3 T-cycle
duration in memory transactions, But WAIT is
sampled during the negative transition of T2, and
if it is low, T2 will be extended another T-cycle,
during which WAlT will again be sampled_ The
duration of a memory transaction cycle may thus
be indefinitely extended_

I T, I T, I T3 I
,.---fLJLJLJL

-LATCHED BY DMA ON BUS DURING A TRANSFER

WAIT I \
~ ,. __ .__ -' L _

HELD FROM PREVIOUS READ

STD Peripheral Timing

This timing is identical to the l80-CPU's Read/Write timing
to I/O peripheral devices The DMA will default to this
timing after a power-on reset, or when a Reset or Reset
Timing command is written to it; and unless otherwise pro­
grammed, will use this timing during all Transfer or Search
operations involving I/O peripherals. During the I/O Read
of a transfer cycle, data is latched on the negative edge of <P
during T3 and is then held into the Write cycle, During an
I/O Write, data is held from the previous Read cycle until
the end of the Write cycle

NOTE. If WAIT is low during the negative transition of
Tw*, then Tw* will be extended another T-cycle
and WAIT will again be sampled. The duration of a
peripheral transaction cycle may thus be indefinitely
extended
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DMA Timing Waveforms (continued)

I
SHOWN PROGRAMMED FOR 4 CYCLES I

1""'00----- VARIABLE LENGTH--_

1, I 1, I 1, I 1,

Variable Cycle

Ao - A15

iORO
r-
I

r-
M~EQ

I

r-
AD I

The Variable feature of the DMA allows the user to program
the DMA's memory or peripheral transaction timing to val ues
different than given above in the standard default diagrams.
This permits the designer to tailor his timing to the particular
requirements of his system components, and maximizes the
data transfer rate while eliminating external signal condition­
ing logic. Cycle length can be two to four T-cycles (more if
WAIT is used). Signal timing can be varied as shown. During
a transfer, data will be latched by the DMA on the clock edge
causing the rising edge of RD and will be held on the data
lines until the end of the following Write cycle.

(See Timing Control Byte, page 9).
WAiT IMEM) .1

r-
I

\L. _

DMA Bus Request and Acceptance for
Byte-at-a-Time, Burst,
and Continuous Mode

Ready is sampled on every rising edge of <P. When it
is found to be active, the following rising edge of <P
generates BUSRQ. After receiving BUSRQ the CPU will
grant a BUSAK which will be connected to BAI either
directly or through the Bus Acknowledge Daisy Chain.
When a low is detected on BAI for two consecutive
edges of <P, the next rising edge of <P will start an active
DMA cycle.

DMA Bus Release at End of Block
for Burst or Continuous Mode

Timing for End of Block and DMA n'ot programmed
for Auto-restart.

WAiT 1101 I \__ ________-J '- _

DMA INACTIVE~DMAACnVE

BUSRO l\----..---X
I-~:~:~~;~I

DMA ACTlVE .....~DMA INACTIVE

DMA Bus Release with 'Ready'
for Burst and Continuous Mode

The DMA will relinquish the bus after RDY has gone
inactive (Burst mode) or after an End of Block or a
Match is found (Continuous mode). With RDY inactive,
the DMA in Continuous mode is inactive but maintains
control of the bus (BUSRQ low) until the cycle is re­
sumed when RDY goes active

-I-

RDY )--'0--'--+(-----' CONTINUOUS
'y-BURSTMODE r-MODE
t}~----- - - ---------7

DMA ACTlvE-.-I- ~N~~TlVE -~_DMAACTIVE
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Reading from the DMA Internal Registers

DMA Bus Release for Byte-at-a-Time Mode

In the Byte mode the DMA will release BUSRQ on
the rising edge of <P prior to the end of each Read cy­
cle in Search Only or each Write cycle in a Transfer, re­
gardless of the state of RDY. The next bus request will
come after both BUSRQ and BAI have returned high.

DMA Bus Release with Match for
Burst or Continuous Modes

When a Match is found and the DMA is programmed
to stop on Compare, the DMA performs an operation on
the next byte and then releases bus.

RDY ..;..A;;;.C.;..T -----?),.. _

BUSRa ~\--

BAi ~/
DMA ACTIVE I_DMA INACTIVE

BUSRa --,....----\;>--~<r-/
1

- BYTE N--I.... BYTE N+l ....1
MATCH FOUND IN

THIS BYTE DMA ACTIVE ..... _DMA INACTIVE

Reading the DMA Internal Registers

The CPU can read seven internal DMA registers, always
in the following order: Status, lower byte of the Block
Length register, upper byte of the Block Length register,
lower byte of the Port A Address, upper byte of the Port A
Address, lower byte of the Port B Address and the upper
byte of the Port B Address.

The Read Mask register must be programmed to either
include or exclude any of these seven registers by program-

ming a 1 (include) or 0 (exclude) in the appropriate posi­
tions of the Read Mask register. After a Reset or Load, the
read sequence must be initiated through an Initiate Read
Sequence command (Command Byte 2D). The sequence of
reading all registers that are not excluded by the Read Mask
register must be completed before a new Initiate Read Se­
quence or RD Status command.

Programming the DMA

Previous sections of this specification have indicated the
various functions and modes of the DMA. The diagrams and
charts below show how the DMA is programmed to select
among these functions and modes and to adapt itself to the
requirements of the user system.

The Z80-DM A chip may be in an" enable" sta te, in wh ich
it can gain control of the system buses and direct the trans­
fer of data between its ports. or in a "disable" state, when
it cannot gain control of the bus Program commands can
be written to it in either state. but writing a command to it
automatically puts it in the disable state. which is maintained
until an enable command is issued to the DMA. The CPU
must program it in advance of any data search or transfer by
addressing it as an I/O port and sending it a sequence of
comman<;l bytes via the system data bus using Output in­
structions. When the DMA is powered up or reset by any
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means, the DMA is automatically placed into a disable
state, in which it can initiate neither bus requests nor data
transfers nor interrupts.

The command bytes contain information to be loaded
into the DMA's control and other registers and/or informa­
tion to alter the state of the chip. such as an Enable Interrupt
command. The command structure is designed so that cer­
tain bits in some commands can be set to alert the DMA to
expect the next byte writ ten to it to be for a particular
internal register.

TIle following diagrams and charts give the function of
each bit in the six different command bytes. Two of these
are defined as being from Group I. and are termed command
bytes 1A and I B These Group I commands contain the
most basic DMA set-up information The other four are
categorized as Group 2. and are termed commands 2A. 2B.
2C and .~D. Group 2 words specify more detailed set-up
information



Programming the DMA (continued)

Command Register lA

0= N/A (Command lBI
1 = Transfer
0= Search

1 1 = Search/Transfer
0= Port B - Port A
1 = Port A - Port B

In
Time
Sequence

BLOCK LENGTH (UPPER BYTE)

A "1" in positions 03 through 06
means that the indicated byte will fol­
low. Note that the sequence of bytes
is absolutely rigid.

lbe OMA always transfers or search­
es one byte more than the number
written into the Block Length registers.
A "0" in the block length register re­
sults in the transfer or search of 216 +
I bytes. The shortest programmable
block length is therefore two bytes
long, programmed by writing a 1 into
the Block Length register.

Command Register IB

o= Port B-Memory
1 = Port A-Memory
0= Port B-I/O

1 1 = Port A-I/O
o= Port Address Decrements
1 = Port Address Increments

1 = Port Address Fixed

Timing Byte

Command Register 2A

1 Stop On Match
L..-_+-_-+ 1 = Interrupt Enable

L..- -+__j- 1 = DMA Enable

MASK BYTE (1 =MASK =IGNORE; 0 =UNMASK =COMPARE)

MATCH BYTE

o 0 =Cycle Length =4
o 1 =Cycle Length = 3
1 0 = Cycle Length = 2

0= iORQ Ends Y, Cycle Early
0= MREO Ends Y, Cycle Early

0= Fm Ends Y, Cycle Early
0= WR Ends Y, Cycle Early

For transfers, this byte is nonnally written twice, once
for Port A and again for Port B.

41



Programming the DMA (continued)

Command Register 2B

Byte = 0
Continuous:= 0

Burst 1
Do not program = 1

1 If "Interrupt Before Requesting Bus"
is selected (by a 1 in bit 6 of the In­
terrupt Control byte), the lo80 DMA
does not request the bus until the
following set of instructions has been
receiyed by the lo80 DMA:

• Enable after RETI command (B7
in Command byte 2D)

• Enable DMA command (87 in
Command byte 2D)

r. A RET! instruction that resets the
IUS (Interrupt Under Service
latch) in the Z-80 DMA

Interrupt Control Byte I

Interrupt Vector

1 = Status Affects Vector
1 Interrupt Before Request Bus

PORT B STARTING ADDRESS (LOW·ORDER HALF)

0= Interrupt On RDY
1 = Match
0= End Of Block
1 = Match, End Of Block

Command Register 2C

0= Ready Act'lve Low
1 Ready AClive High

0= Ct Only
1 = cEMIITf Multiplexed

0= Stop On End or Block
1 = Auto Repeal On End at Block
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Programming the DMA (continued)

Command Register 2D

HEX
C3

C7
CB
CF
03
AB
AF
A3

87
83
A7

BF
B3

8B
87

BB

0= Reset Interrupt circuitry, disable interrupt and bus request logic. unforce
internal ready condition, disable "MUXCE" and stop auto repeat

1 ~ Reset Port A Timing to standard 2-80 CPU timing
a = Reset Port B Timing to standard 2 80 CPU timing
1 Load starting address for both ports. clear byte counter·
0= Addresses continue from present locations, clear byte counter
a = Enable interrupts
1 Disable interrupts
a = Reset and disable interrupt circuits (like RETI) and un force the internal

ready condition
1 = Enable DMAJ Both affect all operations except interrupts, but do not
a = Disable DMA reset any functions
1 Initiate read sequence to the first register designated as readable by the

Read Mask register
1 = Set read status so next read is from status register
a = Force an internal ready condition independent of the ROY input. Used

for memory-to-memory operations where no ROY signal is needed
This command does not function in the "byte-at-·a··time" mode

a = Clear Match and End of Block status bits
1 = Enable after RETI so OMA will request bus only after receiving a RETI

Must be followed by an Enable OMA command
a = Read mask is the following byte

Read Mask (1 = enablel

Status
'----- Byte Counter (low byteI

'------- Byte Counter (high bytel
'---------- Port A address (low byte)

'------------- Port A address (high byte)
'-------------- Port B address (low byte)

'----------------- Port B address (high byte)

* Loading Port Addresses The "Load" command (CF in Com­
mand Register 20) loads a fixed address only into a port selected
as the source, not into a port selected as the destination. There­
fore. the destina tion address must be loaded by temporarily mis­
labeling the destination as the source

The following example is a set-up procedure for a transfer from
Port A to Port B:

I Command byte IA with B as source port
2 Command byte 20 with CF = load
3 Command byte IA with A as source port
40 Command byte 20 with CF = load
50 Command byte 20 with 87 = Enable OMA

This manipulation is required only when the destination has a
fixed address

Status Register

Has Not Occurred
Has Occurred

a
a = Match

a 0 btl Of Block
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Programnling the DMA (continued)

The Sample DMA Program shows how the DMA may be programmed to transfer data from memory (port A) to a peripheral
device (port B). In this example, the Port A memory starting address is lOS0H and the Port B peripheral fixed address is OSH.
Note that the data flow is lOOIH bytes-one more than specified by the block length. The table of DMA commands may be
stored in consecutive memory locations and transferred to the DMA with an output instruction such as OTIR.

Sample DMA Program

D7 D6 D5 D4 D3 D2 D1 DO HEX

1) Command Register lA sets OMA to a I 1 1 1 1 a a 1 79
receive block length, Port A starting Group ! Block Length Block Length Port A Upper Port A Lower B ->A Command Byte 1A
address and temporarily sets Port Bas One Upper Follows LO\'Ver Follows Addr Follows Addr Follows Temporary For Tramfer, No Search
source Loading B Address

21 Port A address Hower!

I
50

3) Port A address lupped 10
4) Block length (lower) 00
5) Block length (upped 10

6) Command Register 1B defines Port A as a a a 1 a 1 14
memory with incrementing address Group No Timing Address Address Port Is This Is Byle 1B

One FolloVw'S Changes Increments Memory Port A

7) Command Register 1B defines Port 8 as a a 1 a 1 a 2B
peripheral with fixed address Group No Timing Fixed Not Used Port Is This Is Byte 1B

One Follows Address I/O Port B

8) Command Register 28 sets mode to 1 a a 1 C5
Burst, sets OMA to expect Port B Group Burst Mode No Interrupt No Upper Port BLower Byte 2B
address Two Control Byte Address Addr Follows

Follows

9) Port B address lIo.......erl I aS

10)Command Register 2C sets Ready 1 a a a 1 a BA
active High Group Not Used No Auto No Wait RDY Not Used Byt.2C

Two Restart States Active HIGH

11)Command Register 20 loads Port B 1 a CF
address and resets block counter Group Load Byte2D

Two

12)Command Register 1A sets Port A as a a a 1 a 1 03
source· Group No Addr Or Block Length Bytes A ->B Byte lA, Transfer

One No Search

13)Command Register 20 loads Port A 1 a CF
address and resets block counter, • Group Load Byte 20

Two

14)Command byte 2D enables DMA to 1 a B7
start operation Group Enable OMA Byte 20

Two

NOTE: The actual number of bytes transferred is one more than specified by the block length
• These commands are necessary only in the case of a fixed destination address
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Absolute Maximum Ratings
Temperature Under Bias
Storage Temperature
Voltage On Any Pin with

Respect to Ground
Power Dissipation

O°C to +70°C
_65°C to +150°C
-O.3V to +7V

*Comment

Stresses above those listed under" Absolute
Maximum Rating" may cause permanent
damage to the device. This is a stress rating
only and functional operation of the device
at these or any other condition above those
indicated in the operational sections of this
specification is not implied. Exposure to
absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. Characteristics

TA =cOe to 70°C, Vee =sv ±5% unless otherwise specified

Symbol Parameter Min Max Unit Test Condition

VILe: Clock Input Low Voltage -03 045

VIHC Clock Input High Voltage VCC- 6 5.5

VIL Input Low Voltage -0.3 08 V

VIH Input High Voltage 20 55

VOL Output Low Voltage 04 10L = 3 2 rnA for BUSRQ
10L = 2 0 rnA for all others

VOH Output High Voltage 2.4 10H = ·250~A

ICC Power Supply Current z.sODMA 150 rnA tc = 400 ns
Z·80A DMA 200 rnA Ie =25005

III Input Leakage Current 10 ~A VIN = 0 to VCC

ILOH Tri"State Output Leakage Current in Float 10 ~A VOUT = 24 to Vce

i LOL Tri·Stalc Output Leakage Current in Float -10 ~A VOUT=04V

ILD Data Bus Leakage Current in Input Mode ±IO ~A 0<; VIN <; VCC

Capacitance

TA =25°C, f = I MHz

Symbol Parameter Max. Unit Test Condition

Cct> Clock Capacitance 35 pF Unmeasured Pins

C1N Input Capacitance 5 pF Returned to Ground

CaUl Output Capacitance 10 pF

Vee

FROM

V:fr~To-<~>--_--I<::I--"" CL = 50 pF. Increase delay by IO ns for each 50 pF
increase in CL, up to 200 pF maximum.
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A.C. Timing Diagrams

ZSO and ZSOA as a Peripheral Device (Inactive State)

Timing measurements are made at the following voltages. unless otherwise specified: "1 ,. "0"

CLOCK 42V 08V
OUTPUT 20V 08V
INPUT 20V 08V
FLOAT :'V +05V

'I'

toM(IOl-

lEI

lEO

INT
CONDITION

NOTE: This diagram does not show an actual timing sequence. Refer to this diagram only for the detailed timing relationships
of individual edges. Use the illustrations in the "DMA Timing Waveforms" section as an explanation of the various
timing sequences.
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A.C. Characteristics

Z80-DMA as a Peripheral Device (Inactive State)

TA = O°C to 70°C, Vcc = +5V+5%, Unless Otherwise Noted

210 160 nsec

190 130 om
300 190 met

210

500

200 150 met

200 150 nsec

"l w('I'HI

tWltl'll

" ,

fJi1r" 15'I'lC51

IOAlal

tS'I'WI
00 7

IF(01

'SUEtl

'" lS'/,(Ml)

(NT IOlln

BAO IOHmQI
IOLleQI

Clm:kPI,"o{1

Control S'<jlldl Setup Tim\! 10 A'SI!Hj Edql'o! 'l'dur,nq
W"11! Cycle jlORQ W-A CEl

.",:,"0 "",,'"

lEI Sewp T'lfnc to FallIn!] Ed~W of IORO Ilutlll<j JNTA Cycle

,tU U""'V"''' HUll

J,," PliO< 'u MIlS,,, NOll, A

Ml St:lllfJ T,me to R,SilHj E{J~Je of 'I' durllllj fNT A or Ml
Cyete See Note B

AD S'~ll1P T,tTle to RISIII[J Et1~jI! of ,I· dllr,nq M1 Cyel.'

BAD oel"y from R,Sing Edge of BAI
BAO Del.ly horn Failing Ed\jc of BAI

Z.. 800MA

400

170
170

111

30

Z.·80A DMAo

105
105

111
2000
2000

30

380

UNIT

mec
met

* Z-80A DMA Timing Specifications are preliminary

Z80-DMA as a Bus Controller (Active State)
T A = DoC to 70°C, Vcc = +5V±5%, Unless Otherwise Noted

PARAMETER

BUSAO 10(80)

IFIC) Delay to Float (MR'EO lORa AD and WRl

400
180
180

tc - 40

250
2000 110
2000 110

30

100
130
100
110

80
90

100
100

nsec
2000 nsec
2000 nsec

30 nsec

110
90

mec
mec

150
90

mec
mec

85
85 mec
85 mec
85 nsec

75 nsec
85 mec
85 mec
85 nsec

85
95
85 nsec
85 r1SCC

65
80
80
80

NOTES: II Data must be enabled onto the DMA data bus when Rl5 is active. II Z-80A DMA timing specifications are preliminary
II All standard Z-80 CPU and Z-80A CPU
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A.C. Timing Diagrams

Z80 and Z80A as a Bus Controller (Active State)

Timing measurements are made at the following voltages. unless otherwise specified: .",. "0"

CLOCK 4 2V 08V
OUTPUT 20V 08V
INPUT 20V 08V
FLOAT ':"V +05V

AO-A15

A O- 15

{

IN

°0-7

OUT

~al------k

'flO!

This diagram does not show an actual timing sequence. Refer to this diagram only for the detailing timing relationships of
individual edges.
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MECHANICAL DATA (dimensions in mm)

40-PIN CERAMIC DUAL IN-LINE SLAM PACKAGE

[ . 11.38 I

[::~ EJ:~:::::~
ORDERING NUMBERS:

Z80-0MA 01 for dual in-line ceramic slam package
Z80-0MA B1 for dual in-line plastic package
Z80A-OMA 01 for dual in-line ceramic slam package
Z80A-DMA Bl for dual in-line plastic package

40-PIN PLASTIC DUAL IN-LINE PACKAGE
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MUS
INTEGRATED
CIRCUITS

General Description

The Z80-SIO (Serial Input/Output) is a dual-channel
multi-function peripheral component designed to satisfy
a wide variety or'serial data communications require­
ments in microcomputer systems. Its basic function is a
serial-to-parallel, parallel-to-serial converter/controller,
but-within that role-it is configurable by systems
software so its "personality" can be optimized for a
given serial data communications application.

The Z80-SIO is capable of handling asynchronous
formats, synchronous byte-oriented protocols such as
IBM Bisync, and synchronous bit-oriented protocols
such as HOLC and SOLC. This versatile device can also be
used to support virtually any other serial protocol for
applications other than data communications (cassette
or floppy ~isk interfaces, for example).

The Z80-SIO can generate and check CRC codes in
any synchronous mode and can be programmed to
check data integrity in varioUs mudes. the device also
has facilities for modem controls in both channels. In
applications where these controls are not needed, the
modem controls clitl be lised for general-purpose 110.

Fig.8 - 810 BLOCK DIAGRAM

DATA

CONTROL

INTERRUPT
CONTROL

LINES

Product Specification

Structure

.. N-channel silicon-gate depletion-load technology

.. 4O-pin DIP

.. Single 5 V power supply

.. Single-phase 5 V clock

.. All inputs and outputs TTL compatible

Features

.. Two independent full-duplex channels

.. Data rates in synchronous or isosynchronous modes:
• 0-500K bits/second with 2.5 MHz system

clock rate
• 0-800i{ bits/second with 4.0 MHz system

clock rate

.. Receiver data registers quadruply buffered; trans­
mitter doubly buffered.

.. Asynchronous features:
• 5, 6, 7 or 8 bits/character

SERIAL DATA

__ CHANNEL CLOCKS
SYNC
WAifillmlY

MODEM DR
OTHER CONTROLS

MODEM OR
OTHER CONTROLS

SERIAL DATA

CHANNEL CLOCKS
SYNC
WAIT/READY
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Z-80 SIO Pin Description

• I, I V2 or 2 stop bits
• Even, odd or no parity
• x I, x 16, x 32 and x 64 clock modes
• Break generation and detection
• Parity, overrun and framing error d~tection

• Binary synchronous features:
• Internal or external character synchronization
• One or two sync characters in separate registers
• Automatic sync character insertion/deletion
• CRC generation and checking

• HDLC and SDLC features:
• Abort sequence generation and detection
• Automatic zero insertion and deletion
• Automatic flag insertion between messages
• Address field recognition
• Support for one to eight bits/character
• Valid receive messages protected from overrun
• CRC generation and checking

• Interrupt features:
• Daisy-chain interrupt logic provides automatic

interrupt vectoring with no external logic
• Programmable interrupt vector
• Status Affects Interrupt Vector mode for fast

interrupt processing

• CRC-16 or CRC-CCITT block frame check

• Separate modem control inputs and outputs for both
channels

• Modem status can be monitored

Pin Description

DO-D7. System Data Bus (bidirectional, 3-state). The
system data bus transfers data and-commands between
the CPU and the Z80-SIO. Do is the least significant bit.

B/A. Channel A Or B Select (input, High selects Chan­
nel B). This input defines which channel is accessed
during a data transfer between the CPU and the
Z80-SIO. Address bit Ao from the CPU is often used for
the selection function.

C/o. Control Or Data Select (input, High selects Con­
trol). This input defines the type of information trans­
fer performed between the CPU and the Z80-SIO. A
High at this input during a CPU write to the Z80-SIO
causes the information on the data bus to be interpreted
as a command for the channel selected by BfA. A Low at
cii5 means that the information on the data bus is data.
Address bit AI is often used for this function.

CEo Chip Enable (input, active Low). A Low level at
this input enables the Z80-SIO to accept command or
data input from the CPU during a write cycle, or to
transmit data to the CPU during a read cycle.

~. System Clock (input). The Z80-SIO uses the stand­
ard Z80 System Clock to synchronize internal signals.
This is a single-phase clock.

Ml. Machine Cycle One (input from Z80-CPU, active
Low). When Mi is active and iIT> is also active, the
Z80·CPU is fetching an instruction from memory; when
Mi is active while IORQ is active, the Z80-SIO accepts Mi

FIG. 9 -- Z80·SI0/0 PIN CONFIGURATION FIG. 10 - Z80-SI0/1 PIN CONFIGURATION

DO RIOA

J..
DO

0, RiCA 0,
02 hDA 02,.{ fiCA ~{DATA 03

SYNCA
OArA 03

BUS 0, IUS 0,
Os w,RiYA

05
06

"',} 06
D)

ClsA MODEM " D)

o.~ CONTROL

CE OCOA
~

SID {
.00

SID { zao.SIOfl
CONTROL Mi

}",
CONTROL

FROM ;ORa R.OB FROM
CPU

AD Rlhee
CPU

hOB

sv SYNCB sv
ONO WIROY8 ONO.,

~ l MODEM

.,.

DAISY { iNT DA'SY { iNi
CHAIN lEI ~ ] CONTROL CHAIN

lEIINTERRUPT, 'NTERRUPT
CONTROL lED OCOB CONTROL lEO

BrA c/o
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Z-80 SIO Pin Description

and 10RQ as an interrupt acknowledge if the Z80-S10 is
the highest priority device that has interrupted the
Z80-CPU.

IORQ. Input/Output Request (input from CPU, active
Low). 10RQ is used in conjunction with BIA, C/O, CE
and RD to transfer commands and data between the CPU
and the Z80-810. When a, RD and 10RQ are all active,
the channel selected by BIA transfers data to the CPU (a
read operation). When CE and 10RQ are active, but iffi is
inactive, the channel selected by BlAis written to by the
CPU with either data or control information as specified
by C/o. As mentioned previously, if 10RQ and Mi are ac­
tive simultaneously, the CPU is acknowledging an inter­
rupt and the Z80-S10 automatically places its interrupt
vector on the CPU data bus if it is the highest priority
device requesting an interrupt.

RD. Read Cycle Status. (input from CPU, active Low).
If iffi is active, a memory or I/O read operation is in
progress. iffi is used with BIA, CE and 10RQ to transfer
data from the Z80-810 to the CPU.

RESET. Reset (input, active Low). A Low RESET dis­
ables both receivers and transmitters, forces TxDA and
TxDB marking, forces the modem controls High and dis­
ables all interrupts. The control registers must be re­
written after the Z80-S10 is reset and before data is
transmitted or received.

lEI. Interrupt Enable In (input, active High). This sig­
nal is used with lEO to form a priority daisy chain when
there is more than one interrupt-driven device. A High

on this line indicates that no other device of higher pri­
ority is being serviced by a CPU interrupt service routine.

lEO. Interrupt Enable Out (output, active High). lEO
is High only if lEI is High and the CPU is not servicing an
interrupt from this Z80-SI0. Thus, this signal blocks
lower priority devices from interrupting while a higher
priority device is being serviced by its CPU interrupt ser·
vice routine.

INT. Interrupt Request (output, open drain, active
Low). When the Z80-S10 is requesting an interrupt, it
pulls JiiIT Low.

W/RDYA, W/RDYB. Wait/Ready A, Wait/Ready B
(outputs, open drain when programmed for Wait func­
tion, driven High and Low when programmed for
Ready function). These dual-purpose outputs may be
programmed as Ready lines for a DMA controller or as
Wait lines that synchronize the CPU to the Z80-S10 data
rate. The reset state is open drain.

CTSA, CTSB. Clear To Send (inputs, active Low).
When programmed as Auto Enables, a Low on these
inputs enables the respective transmitter. If not pro­
grammed as Auto Enables, these inputs may be pro­
grammed as general-purpose inputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-risetime
signals. The Z80-S10 detects pulses on these inputs and
interrupts the CPU on both logic level transitions. The
Schmitt-trigger buffering does not guarantee a specified
noise-level margin.

ZI04Il1/1

IIi

12
-'3-~
15 AICA

TIDA1. Tia

:: ~r:~A

iiTSA}rnA MOMII
~ COHT~Ol
OCOA

FIG. 11 - Z80·SIO/2 PIN CONFIGURATION

CPU r
00 RIDA

f'"

0, AiCi
.02 flDA

oml 03 fiCA
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05 WrROYA

06

"'"}0,
cTsA 1l00EIl

J@ CONTROL

r CE OCOA

SID REm
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Z-80 SIO B.onding Options

Architecture

Bonding Options

The device internal structure includes a Z80-CPU inter­
face, internal control and interrupt logic, and two full­
duplex channels. Each channel contains read and write
registers, and discrete control and status logic that pro­
vides the interface to modems or other external devices.

Read Register Functions

Transmit/Receive buffer status. interrupt status and
external status

RRO

In the Internal Synchronization mode (Monosync
and Bisync), these pins act as outputs that are active
during the part of the receive clock (RxC) cycle in which
sync characters are recognized. The sync condition is
not latched, so these outputs are active each time a sync
pattern is recognized, regardless of character bounda­
ries.

The constraints of a 40-pin package make it impossible
to bring out the Receive Clock, Transmit Clock, Data
Terminal Ready and Sync signal3 for both channels.
Therefore, Channel B must sacrifice a signal or have
two signals bonded together. Since user requirements
vary, three bonding options are offered:

• Z80-SIO/O has all four signals, but fXCB and RXCii
are bonded together (Fig. 9).

• Z80-SIO/ I sacrifices 'i5TRB and keeps TxCB, RxCB
and SYNCB (Fig. 10).

• Z80-SI0/2 sacrifices SVN'Ci3 and keeps TxCB, iW':B
and DTRB (Fig. II).

vate the SYNC input. Once SYNC is forced Low, it is wise
to keep it Low until the CPU informs the external sync
logic that synchronization has been lost or a new mes­
sage is about to start. Character assembly begins on the
rising edge of RxC that immediately precedes the falling
edge of SYNC in the External Sync mode.

The read and write register group includes five 8-bit
control registers, two sync-character registers and two
status registers. The interrupt vector is written into an
additional 8-bit register (Write Register 2) in Channel B
that may be read through Read Register 2 in Channel B.
The registers for both channels are designated in the text
as follows:

WRO-WR7 - Write Registers 0 through 7
RRO-RR2 Read Registers 0 through 2

The bit assignment and functional grouping of each
register is configured to simplify and organize the pro­
gramming process. Table I lists the functions assigned
to each read or write register.

RxDA, RxDB. Receive Data (inputs, active High).

DTRA, DTRB. Data Terminal Ready (outputs, active
Low). See note on bonding options. These outputs fol­
low the state programmed into the DTR bit. They can
also be programmed as general-purpose outputs.

SYNC A, SYNC B. Synchronization (inputs/outputs,
active Low). These pins can act either as inputs or out­
puts. In the Asynchronous Receive mode, they are in­
puts similar to CTS and DCD. In this mode, the transi~

tions on these lines affect the state of the Sync/Hunt
status bits in RRO. In the External Sync mode, these lines
also act as inputs. When external synchronization is
achieved, SYNC must be driven Low on the second rising
edge of R;C after that rising edge of RxC on which the
last bit of the sync character was received. In other
words, after the sync pattern is detected, the external
logic must wait for two full Receive Clock cycles to acti-

RTSA, RTSB. Request To Send (outputs, active Low).
When the RTS bit is set, the RTS output goes Low. When
the RTS bit is reset in the Asynchronous mode, the out­
put goes High after the transmitter is empty. In Syn­
chronous modes, the RTS pin strictly follows the state of
the RTS bit. Both pins can be used as general-purpose
outputs.

DCDA, DCDB. Data Carrier Detect (inputs, active
Low). These pins function as receiver enables if the
Z80-SIO is programmed for Auto Enables; otherwise
they may be used as general-purpose input pins. Both
pins are Schmitt-trigger buffered to accommodate slow­
risetime signals. The Z80-SIO detects pulses on these
pins and interrupts the CPU on both logic level transi­
tions. Schmitt-trigger buffering does not guarantee a
specific noise level margin.

TxDA, TxDB. Transmit Data (outputs, active High).

RxCA, RxCB. Receiver Clocks (inputs). Receive data
is sampled on the rising edge of RxC. The Receive Clocks
may be I, 16, 32 or 64 times the data rate in Asyn­
chronous modes. These clocks may be driven by the
Z80-CTC Counter Timer Circuit for programmable
baud rate generation. Both inputs are Schmitt-trigger
buffered (no noise level margin is specified). See the
following section for bonding options.

TxCA, TxCB. Transmitter Clocks (inputs). TxD

changes on the falling edge of TxC. In Asynchronous
modes, the Transmitter Clocks may be I, 16, 32 or 64
times the data rate; however, the clock multiplier for the
transmitter and the receiver must be the same. The
Transmit Clock inputs are Schmitt-trigger buffered for
relaxed rise- and fall-time requirements (no noise level
margin is specified). Transmitter Clocks may be driven
by the Z80-CTC Counter Timer Circuit for program­
mable baud rate generation. See the following section
for bonding options.
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Z-80 SIO Architecture

WRD

WR1

WR2

WR3

WR4

Register pointers, CRC initialize. initialization com­
mands for the various modes, etc.

Transmit/Receive interrupt and data transfer mode
definition

Interrupt vector (Channel B only)

Receive parameters and control

Transmit/Receive miscellaneous parameters and
modes

The logic for both channels provides formats, syn­
chronization and validation for data transferred to and
from the channel interface. The modem control inputs
Clear to Send (CTS) and Data Carrier Detect (DCD) are
monitored by the discrete control logic under program
control. All the modem control signals are general pur­
pose in nature and can be used for functions other than
modem control.

WR5 Transmit parameters and controls

WR6 Sync character or SOLC address field

WR7 Sync character or SOLe flag

Write Register Functions

Table 1. Functional Assignments of Read and Write
Registers

FIG. 12 - TRANSMIT AND RECEIVE DATA PATH

For automatic interrupt vectoring, the interrupt con"
trol logic determines which channel and which device
within the channel has the highest priority. Priority is
fixed with Channel A assigned a higher priority than
Channel B; Receive, Transmit and External/Status in­
terrupts are prioritized in that order within each chan­
nel.

RIOA

RICA

CPU 110

_~ '·"H""
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Z-80 SIO Architecture
Data Path

The transmit and receive data path illustrated for Chan­
nel A in Figure 12 is identical for both channels. The
receiver has three 8-bit buffer registers in a FIFO ar­
rangement in addition to the 8-bit receive shift register.
This scheme creates additional time for the CPU to ser­
vice an interrupt at the beginning of a block of high­
speed data. Incoming data is rOll ted through one of
several paths (data or CRC) depending on the selected
mode and-in Asynchronous modes-the character
length.

The transmitter has an 8-bit transmit data register
that is loaded from the internal data bus, and a 20-bit
transmit shift register that can be loaded from the sync
character buffers (WR6 and WR7) or from the transmit
data register. Depending on the operational mode, out­
going data is routed through one of four main paths
before it· is transmitted from the Transmit Data Output
(TxO).

Functional Description

The functional capabilitb of the 280-S10 can be
described from two different points of view: as a data
communications device, it transmits and receives serial
data, and meets the requirements of various data com­
rnunications protocols; as a 280 family peripheral, it
interacts with the 280-CPU and other 280 peripheral
circuits, and shares the data, address and control
busses, as well as being a part of the 280 interrupt struc­
ture. As a peripheral to other microprocessors, the
280-S10 offers valuable features such as non-vectored
interrupts, polling and simple handshake capability.

The first part of the following functional description
describes the interaction between the CPU and 280-SI0;
the second part introduces its data communications
capabilities.

I/O Interface <::apabilities

The 280-SIO offers the choice of Polling, Interrupt
(vectored Elr non-vectored) and Block Transfer modes to
transfer data, status and control information to and
from the CPU. The Block Transfer mode can be im­
plemented under CPU or OMA control.

Polling. There are no interrupts in the Polled mode.
Status registers RRO and RRI are updated at appropriate
times for each function being performed (for example,
CRC Error status valid at the end of the message). All
the interrupt modes of the 280-S10 must be disabled to
operate the device in a polled environment.

While in its Polling sequence, the CPU examines the
status contained in RRO for each channel; the RRO status
bits serve as an acknowledge to the Poll inquiry. The
two RRO status bits 00 and D2 indicate that a data
transfer is needed. The status also indicates Error or
other special status conditions (see "280-SI0 Program­
ming"). The Special Receive Condition status contained
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in RRI does not have to be read in a Polling sequence
because the status bits in RRI must be accompanied by a
Receive Character Available status in RRO.

Interrupts. The 280-S10 offers an elaborate interrupt
scheme to provide fast interrupt response in real-time
applications. Channel B registers WR2 and RR2 contain
the interrupt vector that points to an interrupt service
routine in the memory. To service operations in both
channels and to eliminate the necessity of writing a
status analysis routine, the 280-S10 can modify the in­
terrupt vector in RR2 so it points directly to one of eight
interrupt service routines. This is done under program
control by setting a program bit (WRI. 02) in Channel B
called "Status Affects Vector." When this bit is set, the
interrupt vector in WR2 is modified according to the
assigned priority of the various interrupting conditions.
The table in the Write Register I description (280-SI0
Programming section) shows the modification details.

Transmit interrupts, Receive interrupts and External/
Status interrupts are the main sources of interrupts.
Each interrupt source is enabled under program control
with Channel A having a higher priority than Channel
B, and with Receiver, Transmit and External/Status
interrupts prioritized in that order within each channel.
When the Transmit interrupt is enabled, the CPU is
interrupted by the transmit buffer becoming empty.
(This implies that the transmitter must have had a data
character written into it so it can become empty.) When
enabled, the receiver can interrupt the CPU in one of
three ways:

• Interrupt on the first received character
• Interrupt on all received characters
• Interrupt on a Special Receive condition

Interrupt On First Character is typically used with the
Block Transfer mode. Interrupt On All Receive Charac­
ters has'the option of modifying the interrupt vector in
the event of a parity error. The Special Receive Condi­
tion interrupt can occur on a character or message basis
(End Of Frame interrupt in SOLC, for example). The
Special Receive condition can cause an interrupt only if
the Interrupt On First Receive Character or Interrupt
On All Receive Characters mode is selected. In Interrupt
On First Receive Character, an interrupt can occur from
Special Receive conditions (except Parity Error) after
the first receive character interrupt (example: Receive
Overrun interrupt).

The main function of the External/Status interrupt is
to monitor the signal transitions of the CTS, DCD and
SYNC pins; however, an External/Status interrupt is also
caused by a Transmit Underrun condition or by the
detection of a Break (Asynchronous mode) or Abort
(SOLC mode) sequence in the data stream. The interrupt
caused by the Break/Abort sequence has a special fea­
ture that allows the 280-S10 to interrupt when the
Break/Abort sequence is detected or terminated. This
feature facilitates the proper termination of the current
message, correct initialization of the next message, and



Functional Description
the accurate timing of the Break/Abort condition in ex­
ternal logic.

CPU/DMA Block Transfer. The Z80-SIO provides a
Block Transfer mode to accommodate CPU block trans­
fer functions and DMA controllers (Z80-DMA or other
designs). The Block Transfer mode uses the WAIT/
READY output in conjunction with the Wait/Ready bits
of Write Register I.. The WAIT/READY output can be
defined under software control as a WAIT line in the CPU
Block Transfer mode or as a READY line in the DMA
Block Transfer mode.

To a DMA controller, the Z80-SIO READY output in­
dicates that the Z80-SIO is ready to transfer data to or
from memory. To the cPu, the WAIT output indicates
that the Z80-SIO is not ready to transfer data, thereby
requesting the CPU to extend the 110 cycle. The pro­
gramming of bits 5, 6 and 7 of Write Register I and the
logic states pf the WAIT/READY line are defined in the
Write Register I description (Z80-SIO Programming
section).

Data Communications Capabilities

In addition to the 110 capabilities previously discussed,
the Z80-SIO provides two independent full-duplex
channels that can be programmed for use in Asynchro­
nous, Synchronous and SDLC (HDLC) modes. These dif·
ferent modes are provided to facilitate the implementa­
tion of commonly used data communications protocols.
The following is a short description of the data com­
munications protocols supported by the Z80-SIO. A
more detailed explanation of these modes can be found
in the Z80-810 Technical Manual.

Asynchronous Modes. The Z80·SIO offers transmission
and reception of five to eight bits per character, plus op­
tional even or odd parity. The transmitter can supply
one, one and a half or two stop bits per character and
can provide a break output at any time. The receiver
break detection logic'interrupts the CPU only at the start
and end of a received break. Reception is protected
from spikes by a transient spike rejection mechanism
that checks the signal one-half a bit time after a Low
level is detected on the Receive Data input. If the Low
does not persist-as in the case of a transient-the char­
acter assembly process is not started.

Framing errors and overrun errors are detected and
buffered together with the partial character on which
they occurred. Vectored interrupts allow fast servicing
of error conditions using dedicated routines. Further­
more, a built-in checking process avoids interpreting a
framing error as a new start bit: a framing error results
in the addition of one-half a bit time to the point at
which the search for the next start bit is begun.

The Z80-SIO does not require symmetric Transmit
and Receive Clock signals-a feature that allows it to be
used with a Z80-CTC or any other clock source. The
transmitter and receiver can handle data at a rate of I,
1/16, 1/32 or 1164 of the clock rate supplied to the
Receive and Transmit Clock inputs.

In Asynchronous modes, the SYNC pin may be pro­
grammed for an input that can be used for functions
such as monitoring a ring indicator.

Synchronous Modes. The Z80-SIO supports both byte­
oriented and bit-oriented synchronous communication.
Synchronous byte-oriented protocols can be handled in
several modes that allow character synchronization with
an 8-bit sync character (Monosync), any 16-bit sync pat·
tern (Bisync), or with an external sync signal. Leading
sync characters can be removed without interrupting the
CPU. CRC checking for synchronous byte-oriented
modes is delayed by one character time so the CPU may
disable CRC checking on specific characters. This per­
mits implementation of protocols such as IBM Bisync.

Both CRC-16 (XI6+X15+X2+1) and CCilT
(X16 + X12 + X5 + I) error checking polynomials are sup­
ported. In all non-SDLC modes, the CRC generator is in­
itialized to O's; in SDLC modes, it is initialized to I's.
(This means that the Z80-SIO cannot generate or check
CRC for IBM-compatible soft-sectored disks.) The
Z80-SIO also provides a feature that automatically
transmits CRC data when no other data is available for
transmission. This allows very high-speed transmissions
under DMA control with no need for CPU intervention at
the end of a message. When there is no data or CRC to
send in Synchronous modes, the transmitter inserts 8- or
16-bit sync characters regardless of the programmed
character length. Since the CPU can read status informa­
tion from the Z80·,sIO, it can determine the type of
transmission (data, CRC or sync characters) that is tak­
ing place at any time.

The Z80-SIO supports synchronous bit-oriented pro­
tocols such as SDLC and HDLC by performing automatic
flag sending, zero insertion and CRC generation. A spe­
cial ~ommand can be used to abort a frame in transmis­
sion. The Z80-SIO automatically transmits the CRC and
trailing flag when the transmit buffer becomes empty.
An interrupt warns the CPU of this status change so an
abort may be issued if a transmitter underrun has oc­
curred. One to eight bits per character can be sent,
which allows transmission of a message exactly as
received with no prior information about the character
structure in the information field of a frame.

The receiver automatically synchronizes on the lead·
ing flag of a frame and provides a synchronization sig­
nal that can be programmed to interrupt. In addition,
an interrupt on the first received character or on every
character can be selected. The receiver automatically
deletes all zeroes inserted by the transmitter during char­
acter assembly. It also calculates and automatically
checks the CRC to validate frame transmission. At the
end of transmission, the status of a received frame is
available in the status registers. The receiver can be pro­
grammed to search for frames addressed to only a speci­
fied user-selectable address or to a global broadcast ad­
dress. In this mode, frames that do not match the user-
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selected or broadcast address are ignored. The Address
Search mode provides fot a single-byte address recog­
nizable by the hardware. The number of address bytes
can be extended under software control.

The Z80-S10 can be conveniently used under DMA
control to provide high-speed reception. The tSO-SIO
can interrupt the CPU when the first character of ames­
sage is received. The CPU then enables the oMA to trans­
fer the message to memory. The Z80-S10 then is~ues an
End Of Frame interrupt and the CPU checks the status
of the received message. Thus, the CPU is freed for other
service while the message is being received. A similar
scheme allows message transmission under OMA con­
trol.

Z80·SIO Programming

status information includes error conditions, interrupt
vector and standard communications-interface signals.

To read the contents of a selected read register
other than RRO, the system program must first
write the pointer byte to WRO in exactly the same
way as a write register operation. Then, by ex­
ecuting an input instruction, the contents of the
addressed read register can be read by the CPU.

The status bits of RRO and RRI ate carefully
grouped to simplify status monitoring. For exam­
ple, when the interrupt vector indicates that a
Special Receive Condition interrupt has occurred,
all the appropriate error bits can be read from a
single register (RRI).

PARITY ERROR • RESIDUE DATA FOR EIGHT
R, OVERRUN ERROR R' BITS/CHARACTER PROGRAMMED

'------CRC/FRAMING ERROR
'-------END OF FRAME (SDLC)

t USl:D WITH SPECIAL RECEIVE CONDInON MODE

--All SENT

I FIELD 81TS I FIELD 81TS INIIN PREVIOUS SECOND PREVIOUS
8m 8m
o 3
o 4
o 5·
o 6
o 7
o 8
1 8
2 8

07 06 05 04

• USED WITH "EXTERNAUSTATUS
INTERRUPT" MOOE

07 06

'-----II:TC~~~~~E~~.V:Ili1.~~~
----- T, 8UFFER EMPTY

'----------- DCD
'---------- SYNC/HUNT

'------------- CTSL--============ ~~~~l~~~/EOM

FIG. 12 - READ REGISTER BIT FUNTIONS

READ REGISTER 1t

READ REGISTER 0

80th channels contain command registers that must
be programmed via the system program prior to opera­
tion. The Channel Select input (B/A) and the Controll
Data input (C/O) are the command structure addressing
controls, and are normally controlled by the CPU ad­
dress bus. Figure 14 illustrates the timing relationships
for programming the write registers, and transferring
data and status.

To prog~am the Z80-SI0, the system program first
issues a series of commands that initialize the basic
mode of operation and then other commands that qual­
ify cuftditions within the selected mode. For example,
the Asynchronous mode, character length, clock rate,
l1umber of stop bits, even or odd parity are first set,
then the interrupt mode and, finally, receiver or
transmitter enable. The WR4 parameters must be issued
before any other parameters are issued in the initializa­
tion routine.

The Z80-S10 contains eight registers (WRO-WR7) in
each channel that are programmed separately by
the system program to configure the functional
personality of the channels. With the exception of
WRO, programming the write registers requires two
bytes. The first byte contains three bits (00-02) that
point to the selected register; the second byte is
the actual control word that is written into the
register to configure the Z80-SI0.

Write Registers

WRO is a special case in that all the basic com­
mands (CMOo-CM02) can be accessed with a single
byte. Reset (internal or external) initializes the
pointer bits 00-02 to point to WRO.

Read Registers

The Z80-S10 contains three registers, RRO-RR2 (Figure
12).that can be read to obtain the status information for
each channel (except for RR2 Channel 8 only). The

READ REGISTER 2

W~~~:IINTERRUPT
\ VECTOR

'YARlAIII.E IF "STATUS AFFECTS
VECTOR" IS PROGRAMMED
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FIG. 13 - WRITE REGISTER BIT FUNCTIOI;\IS

Z-80 SIO Programming

WRITE REGISTER 0

I 01 I 06 I 05 I 04 I 03 I 02 I 01 I DO ,

~ ~ l
o 0 1
o 1 0
o 1 1
1 0 0
1 0 1
1 1 0
1 1 1

REGISTER 0
REGISTER 1
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER 5
REGISTER 6
REGISTER 7

WRITE REGISTER 4

PARITY ENABLE
.- PARITY EVEN/Iili(j

SYNC MODES ENABLE
1 STOP BIT/CHARACTER
1'I, STOP BITS/CHARACTER
2 STOP BITS/CHARACTER

01 06

NUll CODE

~~~~l:~T~Tst~%~ INTERRUPTS
CHANNEL RESET
ENABLE INT ON NEXT Rx CHARACTER
RESET TxlNT PENDING
ERROR RESET
RETURN FROM INT (CH-A ONLY)

NUll CODE
RESET Rx CRC CHECKER
RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EDM lATCH

WRITE REGISTER 1

05 I D41D3U2j~

~I r [--~--- m~!:E~:;tgTEs VECTOR
(CH B ONLY)

o 0 Rx INT DISABLE
o 1 Rx INT ON FIRST CHARACTER I
1 OINT ON All Rx CHARACTERS lPARITY AFFECTt VECTOR) •
1 1 ~~~?~Rfll Rx CHARACTERS PARITY DOES NOT AFFECT

• OR ON

~~~m ~MqION ~~~MON
'------WAIT/READY ENABLE

WRITE REGISTER 2 (CHANNEL B ONLY)

I INTERRUPTlVECTOR

WRITE REGISTER 3

Rx ENABLE
'----- SYNC CHARACTER lOAD INHIBIT

'-------ADDRESS SEARCH MODE (SDlC)
----Rx CRC ENABLE

'----------ENTER HUNT PHASE
'--------- ------AUTO ENABLES

Rx 5 BITS/CHARACTER
Rx 7 BITS/CHARACTER
Rx 6 BITS/CHARACTER
Rx 8 BITS/CHARACTER

8 BIT SYNC CHARACTER
16 BIT SYNC CHARACTER
SDLC MODE (01111110 FLAG)
EXTERNAL SYNC MODE

Xl CLOCK MODE
X16 CLOCK MODE
X32 CLOCK MODE
X64 CLOCK MODE

WRITE REGISTER 5

Tx CRC ENABLE
RTS
SDLC/CRC-16

'-------------- Tx ENABLE
L- -----•.-------- SEND BREAK

i~ ~ ::i~/b~~ri_mJ~HARACTER
11 6 BITS/CHARACTER
Tx 8 BITS/CHARACTER

WRITE REGISTER 6

- SYNC BIT 0 ~
SYNC BIT 1

._- SYNC BIT 2
SYNC BIT 3
SYNC BI1 4 )­
SYNC BIT 5
SYNC BIT 6
SYNC BI11

-ALSO SDLC ADDRESS FIELD

WRITE REGISTER 7

SYNC BIT 8

1
SYNC BIT 9
SYNC BIT 10
SYNC BIT 1,1

--. SYNC BIT 12 •
SYNC BIT 13
SYNC BIT 14

- SYNC BIT 15

•FOR SOLC IT MUST BE PROGRAMMED
TO "01111110" FOR FLAG RECOGNITION
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Synchronous Modes (continued)

Z-80 SIO Timing
Timing

Read Cycle. The timing signals generated by a
ZBO-CPU input instruction to read a Data or Status byte
from the ZBO-SIO are illustrated in Figure 14a.

Write Cycle. Figure 14b illustrates the timing and data
signals generated by a ZBO-CPU output instruction to
write a Data or Control byte into the ZBO-SIO.

FIG. 14a - READ CYCLE FIG. 14b - WRITE CYCLE

RD

Ml

DATA DATA ____----'X'-__IN__>c=

Interrupt Acknowledge Cycle. After receiving an
Interrupt Request signal (INT pulled Low), the
ZBO-CPU sends an Interrupt Acknowledge signal
(Mi and IORQ both Low). The daisy-chained inter­
rupt circuits determine the highest priority inter­
rupt requestor. The lEI of the highest priority
peripheral is terminated High. For any peripheral
that has no interrupt pending or under service,
lEO =lEt. Any peripheral that does have an interrupt
pending or under service forces its lEO Low.

To insure stable conditions in the daisy chain,
all interrupt status signals are prevented from
changing while Mi is Low. When IORQ is Low, the
highest priority interrupt requestor (the one with
lEI High) places its interrupt vector on the data bus
and sets its internal interrupt-under-service latch.

Return From Interrupt Cycle. Normally, the
ZBO-CPU issues a RETI (RETurn from Interrupt) in­
struction at the end of an interrupt service routine.
RET! is a 2-byte opcode (ED-4D) that resets the
interrupt-under-service latch to terminate the in­
terrupt that has just been processed. This is ac­
complished by manipulating the daisy chain in the
following way.

The normal daisy chain operation can be used to
detect a pending interrupt; however, it cannot distin­
guish between an interrupt under service and a pending
unacknowledged interrupt of a higher priority. When­
ever "ED" is decoded. the daisy chain is modified by
forcing High the lEO of any interrupt that has not yet
been acknowledged. Thus the daisy chain identifies the
device presently under service as the only one with an lEI

FIG. 14c INTERRUPT ACKNOWLEDGE CYCLE FIG. 14d - RETURN FROM INTERRUPT CYCLE

DATA -----.---~---

Mi ~_----.r--

lORD ~ /

I
1,---------------'-'

lEI

RD

lED

M1

'I'

'\.------------~
RD
lEI ~-:'~~~ ~ 7
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Z-80 SIO Timing

High and an lEO Low. If the next opcode byte is "4D,'

the interrupt-under-service latch is reset.

The ripple time of the interrupt daisy chain (both the
High-to-Low and the Low-to-High transitions) limits
the number of devices that can be placed in the daisy
chain. Ripple time canb~ improved with carry-look­
ahead, or by extending the interrupt acknowledge cycle.

Daisy Chain Interrupt Nesting

Figure 15 illustrates the daisy chain configuration of
interrupt circuits and their behavior with nested inter­
rupts (an interrupt that is interrupted by another with a
higher priority).

FIG. 15 - TYPICAL INTERRUPT SEQUENCE

Each box in the illustration could be a separate exter­
nal Z80 peripheral circuit with a user-defined order of
interrupt priorities. However, a similar daisy chain
structure also exists inside the Z80-SIO, which has six
interrupt levels with a fixed order of priorities.

The case illustrated occurs when the transmitter of
Channel B interrupts and is granted service. While this
interrupt is being serviced, it is interrupted by a higher
priority interrupt from Channel A. The second interrupt
is serviced and-·~upon completion-a RETI instruction is
executed or a RETI command is written into the
Z80-SIO, resetting the interrupt-under-service latch of.
the Channel A interrupt. At this time, the service rotine
for Channel B is resumed. When it is completed,
another RETI instruction is executed to complete the in­
terrupt service.

CHANNEL A
RECEIVER

CHANNEL A
TRANSMITTER

CHANNEL A
EXTERNAL

STATUS
CHANNEL B
RECEIVER

CHANNEL B
TRANSMITTER

CHANNEL B
EXTERNAL

STATUS

1. PRIORITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS

2. CHANNEL B TRANSMITTER INTERRUPTS AND IS ACKNOWLEDGED.

3. EXTERNAUSTATUS OF CHANNEL A INTERRUPTS SUSPENDING SERVICE OF CtiANNEL B
TRANSMITTER.

IEI-:L
-=:JlOW

4. CHANNEL A EXTERNAL/STATUS ROUTINE COMPLETE RETI ISSUED. CHANNEL B
TRANSMITTER SERVICE RESUMED.

5. CHANNEL B TRANSMITTER SERVICE ROUTINE COMPLETE, SECOND RETI ISSUED
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Electrical Characteristics

FIG. 16 - TYPICAL INTERRUPT SEQUENCE

AC Characteristics
TA=O°C, Vee= +5V, ±507o

lEO

laO-SIO Z80A-SIO

Signal Symbol Parameter Min MOl Min Ma' Unit

Clock PerIod 400 4000 250 4000 ns
Clock Pulse Width clock HIGH 170 2000 105 2000 ns
Clock Pulse Width clock lOW '70 2000 105 2000 ns

1.1, Clock Rise and Fall Times 0 30 0 30 ns

'" Any Unspecified Hot! Time for setup limes 0 0 ns
speof,ed below

CE irA I",ICSI ContrOl SIgnal Setup Time 10 nsJng edge of '60
CD lORa l/J dunng Read or Wnte Cycle

lo ..~(O) Data OulPUl Delay from uSing edge 01 ih dUring 240 220
Read Cycle

15 ,.\(0) Data Setup Time to rlsmg edge 01 dl dUring 50 50

00 .0. Wnleor Ml Cycle
'n,(O) Data Outpul Detay from falling edge 01 tOAD 340 '60

dUring INTA CYCle
1,(0) Delay fa Floallng Bus lOUlpUl bufler disable lime) 230 110

lEI Isl1EIl fEI Setup Time 10 falling edge of IORO dutlng 200 '40
INTA Cycle

'0..(10) lEO Delay Time from riSing edge 01 lEI '50 '00
(aller ED decode)

lEa 10d10) lEO Delay Time Irom f?lfJng edge 01 lEI '50 '00 ns
10",(10) lEO Delay Time from failing edge of M1 (lnlerrUpl 300 '90 ns

occurnng lust pnor 10Ml)

M' I~,.~{Ml) Ml Selup Time 10 riSing edge of dJ dUring INTA 90
or Ml Cycle

t~)RDI 240

·If WAIT from Ihe- 510 is 10 be UM'd. cr. IORQ. C/O and M1 mU51 be vaJid for as long a5 Ihe- Wail condilion is 10 peni51.
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Electrical Characteristics

AC Characteristics

TID

'.
~ N

.. II ITrH'. .'
)-

_,,,m
'U

{
""l,·UU' 'I

~---lcIR.CI---""

1'----"'11£ ARST BIT OF
DATA CHARACTER

-'.IRCll- -IwIRCHI-

flIT

R.O

10R.C ISYI ~ 100 ns

1'---+---'1 "----------

NOTES,

I. Th~ SYNC input must be driY~n Low on the- risingedgr orR;(: delayed two complde clock cycles (rom the last bit oCtile
!lync character

2. Dafa chancter u5C'mbly ~gins on thl! next Rttein Clock cycle after the last bit of the sync chancter is rttt'ivled

ZBll·SIO ZBllA·SIO

Signa' Symbol Paramet.r Min M.. Min M.. Unit

10 13 10 13
iNT' 5 9 5 9

CTSA CTSB
I,(PHI MJOtmum HIGH Pulse Width lor latching Slale 200

Inlo register and generating Interrupt
OCQA, 5C51i, Iw(PL) Minimum LOW Pulse Width lor latching slale 200
SYNCA SYNCB

¢ penods

SYNCA SYNCB

400 400 ns
TxCA rxes 180 180 ns

180 180 ns

TxDATxOBt lo(TxD) TxD OUlput Delay Irom falhng Edge 01 he 400 300
(xl Clock Mode)

'dR><C) Receive ClOCk Penod 400 400 ns
RXCA AxeS I,(ACH) Receive Clock Pulse Width clock HIGH 180 180 ns

I,(ACL) Receive Clock Pulse Wldlh clock LOW 180 180 ns

0 0 ns
,40 140 ns

tl~od~5. th~ sY5t~m clock ($) rat~ must be at l~as( 4.5 tim~s th~ maximum data rate
RESET must be activ~ a minimum of on~ complete eb cycle
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Electrical Characteristics

AC Characteristics

iIll

, '_OIC_�w_._A'==u= lo~IWAI

WAIT FUNCTION

.~'
READY FUNCTION

IoIC{WfR) WAIT/READY Delay Tune Irom lORD or CE In
W8ltMode

IoH<b{W/R) WAIT/READY Delay Til"" lrom lal~ng edge 01 4>
WAIT/READY HIGH Wart Mode

IoFbIW/R) WAIT/READY Delay Tome lrom nsong edge 01 FbC
Data Bll. Ready Mode

toTx(W/R) WAIT/READY Delay Time from cantero' Transrr;lll
Data Bd, Ready Mode

Ioltb(W/R) ~ Delay Tltne Irom nSlng edge 01 q,
WAi'i'iR'EADY tOW Ready Mode

Slgn.' Symbol Parametar

iNT Delay TIme from nSlng edge of (j,

Z80-SIO Z80A-SlO

Min Min Max

200 200

300 210

150 130

10 13

120 '20

Unit

DC Characteristics
TA =O°C to 70°C, Vee= + 5V, ±5OJo

Capacitance
TA=25°C, f= 1 MHz

R,21)("

FROM

~:f:~TO-<I>---<~_~--I<I----'

250,·A
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Package Information

Dl DO D, DO Dl DO

D3 02 D3 D2 D3 02

DS D4 DS D4 DS D4

D7 06 D7 D6 D7 D6

iiiT _iOiiii iiiT iOiiii iiiT IDAD

CE lEI _CE lEI CE
lED BiA lED BiA lED siA

ii Cllt ii Cllt ii Cllt

VDD 1m VOD 1m VDD 1m

'IV7Il1lYA 10 _DND WiRoYA DND W'i1iiivl DND
lSD·SIOID

SYNCA 11 WIl'ffi WRiiYii SYNCA WliiiYB
AIDA 12 SYiiCir SYiiCir A.DA

13 R.DB RICA RIDB A.CA iiiCi

TIci 14 iiiTiC8 hCA_ iiiCi T.CA fiCa

TlDA 15 hDB hOA hce TlDA TlDB

16 DTRB DTRA TlDB _iiTiiB
17 iffiij RTSA RTse Rffi
IS ffiij CTSA ffiij CTSA CTse

19 jjffi iiCOA DCDB iiCOA oCiii
2D iiEffi iiEffi mIT

MECHANICAL DATA (dimensions in mm)

40-PIN CERAMIC DUAL IN-LINE SLAM PACKAGE

~~M
5080I. 11.38 l

[;:m~:Et~
ORDERING NUMBERS:

Z80-SIO 01 for dual in-line ceramic slam package
Z80-8IO Bl for dual in-line plastic package
Z80A-SIO 01 for dual in-line ceramic slam package
Z80A-SIO Bl for dual in-line plastic package

40-PIN PLASTIC DUAL IN-LINE PACKAGE

52"'"

)
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MUS
INTEGRATED
CIRCUITS

General Description

The Z80-SIO (Serial Input/Output) is a single-channel
multi-function peripheral component designed to satisfy
a wide variety of serial data communications require­
ments in microcomputer systems. Its basic function is a
serial-to-parallel, parallel-to-serial converter/controller,
but-within that role-it is configurable by systems
software so its "personality" can be optimized for a
given serial data communications application.

The Z80-SIO is capable of handling asynchronous
formats, synchronous byte-oriented protocols such as
IBM Bisync, and synchronous bit-oriented protocols
such as HDLC and SDLe. This versatile device can also
be used to support virtually any other serial protocol for
applications other than data communications (cassette
or floppy disk interfaces, for example).

The Z80-SIO can generate and check CRC codes in
any synchronous mode and can be programmed to
check data integrity in various modes. The device also
has facilities for modem controls in both channels. In
applications where these controls are not needed, the
modem controls can be used for general-purpose I/O.

FIG. 17 - SIO/9 BLOCK DIAGRAM

Product Specification

Structure

II N-channel silicon-gate depletion-load technology

II 4O-pin DIP

II Single 5V power supply

.. Single-phase 5V clock

II All inputs and outputs TTL compatible

Features
II One full-duplex channel

.. Data rates in synchronous or isosynchronous modes:

• O-SooK bits/second with 2.5 MHz system clock
rate

• 0-8ooK bits/second with 4.0 MHz system clock
rate

II Receiver data registers quadruply buffered; trans­
mitter doubly buffered.

.. Asynchronous features:

• 5, 6, 7 or 8 bits/character
• I, 1V2 or 2 stop bits
• Even, odd or no parity

DATA

CONTROL

>Q",
"'z ....·ou

111 INTERNAL
CONTROL

LOGIC

INTERRUPT
CONTROL

LINES

CHANNEL A
READIWRITE
REGISTERS

f SERIAL DATA

~ CHANNEL CLOCKS

svm:
W1iIT1IfEAIW

MODEM OR
OTHER
CONTROLS
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• x I, X 16, x32 and x64 clock modes
• Break generation and detection
• Parity, overrun and framing error detection

• Binary synchronous features:
• Internal or external character synchronization
• One or two sync characters in separate registers
• Automatic sync character insertion/deletion
• CRC generation and checking

• HDLC and SDLC features:
• Abort sequence generation and detection
• Automatic zero insertion and deletion
• Automatic flag insertion between messages
• Address field recognition
• Support for one to eight bits/character
• Valid receive messages protected from overrun
• CRC generation and checking

,~ r DD
D,
D,

""1
DJIU. D,
D.
D.
D,

Ci

.OD {
Rim

COIUROt ..
fROM l"'iiifo

"
DO NOT
CONNECT

~~:;:[T{
iiii

'""D

FUNCTIONAL PIN CONFIGURATION

• Interrupt features:
• Daisy-chain interrupt logic provides automatic

interrupt vectoring with no external logic

• Programmable interrupt vector
• Status Affects Interrupt Vector mode for fast

interrupt processing

• CRC-16 or CRC-CCITT block frame check

• Modem control inputs and outputs

• Modem status can be monitored

Write Register 2 (interrupt vector) and the Status
Affects Vector bit in Write Register I are, however, still
programmed by selecting Channel B with the B/A select
input. All other bits in Write Register I or Channel B
must be programmed to O.

0, DO

03 0,

0, 0,

0, 06

iii iOiii
lEI CE

lED ,IA
ii1~, C/~

VDD Il1I

Wi1im

iiiCi
fiU; }oo_
ii'fiiA 00"'.
iffiA
rnA
DEDi

ifffiT

PACKAGE CONFIGURATION

Ordering Information

Z80A-SIO/9 0 I = 4 MHz maximum clock rate,
ceramic package, O°C to + 70°C
temperature range

Z80A-SIO/9 BI = 4 MHz maximum clock rate,
plastic package, O°C to + 70°C
temperature range
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Z80-SI0/9 B1

2.5 MHz maximum clock rate,
ceramic package, O°C to +70°C
temperature range

= 2.5 MHz maximum clock rate,
plastic package, O°C to + 70°C
temperature range



MECHANICAL DATA (dimensions in mm)

40-PIN CERAMIC DUAL IN-LINE SLAM PACKAGE 40-PIN PLASTIC DUAL IN-LINE PACKAGE

I . 11.38 I

[::~ Et:::::[J
~~"48.26

5080

ORDERING NUMBERS:

Z80-SIO/9 Dl for dual in-line ceramic slam package
Z80-SIO/9 Bl for dual in-line plastic package
Z80A-SIO/9 Dl for dual in-line ceramic slam package
Z80A-SIO/9 Bl for dual in-line plastic package
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MUS
INTEGRATED
CIRCUITS

Features

• Two independent full-duplex channels with separate
modem controls. Modem status can be monitored.

• Receiver data registers are quadruply buffered; the
transmitter is doubly buffered.

• Interrupt features include a programmable interrupt
vector, a "status affects vector" mode for fast
interrupt processing, and the standard Z80 peripheral
daisy-chain interrupt structure that provides automatic
interrrupt vectoring with no external logic.

• [n xl clock mode, data rates are 0 to SOOK bits/second
with a 2.5 MHz clock, or 0 to 800K bits/second with
a 4.0 MHz clock.

• Programmable options include 1, 1 ~ or 2 stop bits;
even, odd or no parity; and xl, x 16, x32 and x64 clock
modes,

• Break generation and detection as well as parity-,
overrun-and framing-error detection are available.

Product Specification
Description

The 280 DART (Dual-Channel Asynchronous
Receiver/Transmitter) is a dual-channel multi-function
peripheral component that satisfies a wide variety of
asynchronous serial data communications requireme~ts

in micro-computer systems. The 280 DART is used as a
serial-to-parallel, parallel-to-serial converter/controller in
asynchronous applications. [n addition, the device also
provides modem controls for both channel. In application
where modem controls are not needed, these lines can be
used for general-purpose I/O.

SeS-ATES also offers the Z80 SIO, a more versatile
device that provides synchronous (Bisync, HDLC and SDLe)
as well as asynchronous operation).

The Z80 DART is fabricated with n-channel
silicon-gate depletion-load technology, and is packaged
in a 40-pin plastic or ceramic D[P.

Fig. 1 - PIN FUNCTION Fig. 2 - PIN ASSIGNMENTS

D 1 Do

D3 D2

CPU D5 Df,

DATA BU5 D7 D6

I MODE:M

CH-A iNT 10RO

lEI IT

lEO Jf, BIA

rONTROl M1 33 C/O

VDD
Z80 -DART

32 R5

CONTROL
W/RDYA 10 Z80A-DART 31

GND

FROM CPU RIA 30 WRDYB

RxDA 12 29 RIB

RxCA 28 RxDB

CH-B TxCA If, 27 R xTxCB

TxDA 15 26 TxOB

DTRA 16 25 DTRB

RT5A 2f, RT'5B
elSA 23 C158

DeDA 19 22 DCDB

.5V
ClK 20 21 RESET

GND ClK

5-4603
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BIA. Channel A Or B Select (input, High selects Channel B),
This input defines which channel is accessed during a data
transfer between the CPU and the Z80 DART,

C/O. Control Or Data Select (input, High selects Control)
This input specifies the type of information (control or
data) transferred on the data bus between the CPU and the
Z80 DART.

CE. Chip linable (input, active Low), A low at this input
enables the Z80 DART to accept command or data input
from the CPU during a write cycle, or to transmit data
to the CPU during a read cycle.

CLK. System Clock (input), The Z80 DART uses the
standard Z80 single-phase system clock to synchronize
internal signals.

CTSA, CTSB. Clear To Send (inputs. active Low). When
programmed as Auto Enables,a Low on these inputs enables
the respective transmitter. If not programmed as Auto
Enables, these inputs may be programmed as general­
purpose inputs. Both inputs are Schmitt-trigger buffered
to accomodate slow-risetime signals,

Do-D7 • System Data Rus (bidirectional, 3-state) transfers
data and commands between the CPU and the Z80 DART,

DCDA, DCDB. Data Carrier Detect (inputs. active Low),
These pins function as receiver enables if the Z80 DART
is programmed for Auto Enables; otherwise they may be
used as general-purpose input pins. Both pins are
Schmitt-trigger buffered.

Pin Description

MI ,Aftlelli»e Cycle Olle (input from Z80 CPU, active Low).
When Mi and RD are both active. the Z80 CPU is fetching
an instruction from memory: when MI is active while
(ORO is active. the Z80 DART accepts M I and 10RO as
an interrupt aknowledge if the Z80 DART is the highest
priority device that has interrupted the Z80 CPU,

10RQ. 1111'11 t/Oll tI'lIt Rn/IH'St (input from CPU, active
Low). 10RO is used in conjunction with B/A. C/D, CE and
RD to transfer commands and data between the CPU and
the Z80 DART When fE. RD and 10RO are all active,
the channel selected by B/A transfers data to the CPU (a
read operation), When CE and 10RO are active, but RD
is inactive. the channel selected by B/A is written to by the
CPU with either data or control information as specified
by c/D,

RxCA, RxCB. Receil'er Clocks (inputs). Receive data is
sampled on the rising edge of RxC. The Receive Clocks may
be I. 16.3:'. or 64 times the data rate,

RD. I~etl" Cvcle SttltllS (input from CPU. active Low). If
RD is active: a memory or I/O read operation is in progress.

RxDA. RxDB. ReceilJe Dc1tc1 (inputs, active High),

RESET. Resl't {input. active Low), Disables both receivers
and transmitters. forces TxDA and TxDB marking, forces
the modem controls High and disables all interrupts,

RIA. RIB. Rill)! Illdictltor (inputs. Active Low). These
inputs are similar to CTS and DCD. The Z80 DART
detectes both logic level transitions and interrupts the CPU.
When not used in switched-line applications. these inputs
can be used as general··purpose inputs.

RTSA. RTSB. Re'llIest to Selld (outputs. active Low),
DTRA, DTRB. Data 'j'erminc1l Rec1dy (outputs. active Low). When the RTS bit is set. the RTS output goes Low. When
These outputs follow the state programmed into the the RTS bit is reset. the output goes High after the
DTR bit. They can also be programmed as general-purpose transmitter empties,
outputs.

lEI. Interrupt Ellable /11 (input, active High) is used with
lEO to form a priority daisy chain when there is more
than one interrupt-driven device. A High on this line
indicates that no other device of higher priority is being
serviced by a CPU interrupt service routine

lEO. Interrupt Enc1ble Out (output, active High). lEO is
High only if lEI is High and the CPU is not servicing an
interrupt from this Z80 DART. Thus, this signal blocks
lower priority devices from interrupting while a higher
priority device is being serviced by its CPU interrupt
service routine.

INT. Interrupt Request (output. open drain, active Low).
When the Z80 DART is requesting an interrupt, it
pulls INT Low.
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TxCA. TxCB. h'lIlSlIlitter Clocks (inputs), TxD changes on
the falling of TxC. The Transmitter Clocks may be 1.16.
3:'. or 64 times the data rate: however. the clock multiplier
for the transmitter and the receiver must be the same. The
Transmit Clock inputs are Schmitt-trigger buffered, Both
the Receiver and Transmitter Clocks may be driven by tre
Z80 CTC Counter Time Circuit for programmable baud
rate generation

TxDA. TxDB. '!rtlIlSlllit D,lta (outputs, active High),

W/RDYA. W/RDYB, 1!'c1it/Retldv (outputs. open drain
when programmed for Wait function, driven High and Low
when programmed for Ready function), These
dual-purpose outputs may be programmed as Ready lines
for a DMA controller or as Wait lines that synchronize the
CPU to the Z80 DART data rate. The reset state is open
drailL



Functional Description

The functional capabilities of the Z80 DART can be
described from two different points of view; as a data
communications device, it transmits and receives serial data,
and meets the requirements of asynchronous data
communications protocols; as a Z80 family peripheral, it
interacts with the Z80 CPU and other Z80 peripheral
circuits, and shares the data, address and control buses, as
well as being a part of the Z80 interrupt structure. As
a peripheral to other microprocessor, the Z80 DART
offers valuable features such as non-vectored interrupts,
polling and simple handshake capability.

The first part of the following functional description
introduces Z80 DART data conununications capabilities;
the second part describes the interaction between the CPU
and the Z80 DART.

A more detailed explanation of Z80 DART operation
can be found in the Z80 SIO Teclmical Mallllal
(Document Number 03-3033-01). Because this manual
was written for the 280 SIO, it contains information
about synchronous as well as asynchronous operation.

Communications Capabilities. The Z80 DART provides
two independent full-duplex channels for use as an
asynchronous receiver/transmitter. The following is a short
description of receiver/transmitter capabilities. For more
details, refer to the Asynchronous Mode section of the

Z80 SIO Technical Manllel/. The Z80 DART offers
transmission and reception of five to eight bits per
character, plus optional even or odd parity. The
transmitter can supply one, one and a half or two stop
bits per character and can provide a break output at any
time. The receiver break detection logic interrupts the CPU
both at the start and end of a received break. Reception is
protected from spikes by a transient spike rejection
mechanism that checks the signal one-half a bit time
after a Low level is detected on the Receive Data inpuL
If the Low does not persist - as in the case of a
transient the character assembly process is not started.

Framing enors and overrung errors are detected and
buffered together with the character on which they
occurred. Vectored interrupts allow fast servicing of
interrupting conditions using dedicated routines.
Furthermore, a built-in checking process avoids
interpreting a framing error as a new start bit: a framing
error results in the addition of one-half a bit time to the
point at which the search for the next start bit is begun.

The Z80 DART does not require symmetric Transmit
and Receive Clock signab a feature that allows it to be
used with a Z80 CTC or any other clock source. The
transmitter and receiver can handle data at a rate of I , 1/16,
1/32 or 1/64 of the clock rate supplied to the Receive and
Transmit Clock inputs. When using Channel B, the bit rates
for transmit and receive operations must be the same
because RxC and TxC are bonded together (RxTxCB).

Fig. 3 - BLOCK DIAGRAM

f SERIAL DATA

}CHANNEL CLOCKS

WAIT IREADY

I
MODEM OR
OTHER CONTROLS

RIB

f SERIAL DATA

CHANNEL CLOCK

WAIT IREADY
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CONTROL ---y L...__---I
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I/O Interface Capabilities. The Z80 DART offers the
choice of Polling, Interrupt (vectored or non-vectored) and
Block Transfer modes to transfer data, status and control
information to and from the CPU. The Block Transfer
mode can be implemented under CPU or DMA controL

POLLING There are no interrupts in the Polled mode.
Status registers RRO and RRI are updated at appropriate
times for each function being performed. All the interrupt
modes of the Z80 DART must be disabled to operate the
device in a Polled environmenL

While in its Polling sequence, the CPU examines the
status contained in RRO for each channeL the RRO status
bits serve as an acknowledge to the Poll inquiry. The two
RRO status bits Do and D2 indicate that a data transfer is
needed. The status also indicates Error or other special
status conditions (see "Z80 DART Progranuning").
The Special Receive Condition status contained in RR I
does not have to b~ read in a Polling sequence because
the status bits in RRI are accompanied by a Receive
Character Available status in RRO.

INTERR UPTS The Z80 DART offers an elaborate
interrupt scheme that provides fast interrupt response in
real-time applications. As a member of the Z80 family.
the Z80 DART can be daisy-chained along with other
Z80 peripherals for peripheral interrupt-priority
resolution. In addition, the internal interrupts of the
Z80 DART are nested to prioritize the various interrupts
generated by Channels A and B. Channel B registers WR2
and RR2 contain the interrupt vector that points to an
interrupt service routine in the memory .. To eliminate the
necessity of writing a status analysis routine. the Z80
DART can modify the interrupt vector in RR2 so it points
directly to one of eight interrupt service routines. This is
done under program control by setting a program bit
(WRI, D2 ) in Channel B called "Status Affects Vector"
When tltis bit is set, the interrupt vector in RR2 is modified
according to the assigned priority of the various
interrupting conditions.

Transmit interrupts, Receive interrupts and External/
Status interrupts are the main sources of interrupts .. Each
interrupts source is enabled under program control with
Channel A having a higher priority than Channel B, and
with Receiver, Transmit and External/Status interrupts
prioritized in that order within cach channeL When the
Transmit interrupt is enabled, the CPU is interrupted by the
transmit buffer [JeW/Hill)! empty. (This implies that the
transmitter must have had a data character written into it
so it can become empty.) When enabled, the receiver can
interrupt the CPU in one of three ways:

• Interrupt on the first received character

• Interrupt on all received characters

• Interrupt on a Special Receive condition

Interrupt On First Character is typically used with the
Block Transfer mode. Interrupt On All Receive Characters
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Functional Description (continued)

can optionally modify the interrupt vector in the event of
a parity errOL The Special Receive Condition interrupt
can occur on a character basis. The Special Receive
condition can cause an interrupt only if the Interrupt On
First Receive Character or Interrupt On All Receive
Characters mode is selected. In Interrupt On First Receive
Character, an interrupt can occur from Special Receive
conditions (except Parity Error) after the first receive
character interrupt (example: Receive Overrun interrupt).

The main function of the External/Status interrupt is to
monitor the signal transitions of the CTS, DCD and RT pins;
however. an External/Status interrupt is also caused by the
detection of a Break sequence in the data stream. The
interrupt caused by the Break seq uence has a special feature
that allows the Z80 DART to interrupt when the Break
sequence is detected or terminated. This feature facilitates
the proper termination of the current message, correct
initialization of the next message, and the accurate timing
of the Break condition

C!'('1I>.111 /lloe}\ lRLYS1J:R The Z80 DART
provides a Block Transfer mode to accomodate CPU block
transfer functions and DMA block transfers (Z80 DMA or
other designs) The Block Transfer mode uses the W/RDY
output in conjunction with the Wait/Ready bits of Write
Register I The W/RDY output can be defined under
software control as a Wait line in the CPU Block Transfer
mode or as a Ready line in the DMA Block Transfer mode

To a DMA controller. the Z80 DART Ready output
indicates that the Z80 DART is ready to transfer data to
or from memory. To the CPU. the Wait output indicates
that the ZRO DART is not ready to transfer data thereby
requestiLlg the CPU to extend the I/O cycle.

Intenlal Architecture

The device internal structure includes a Z80 CPU
interface, internal control and interrupt logic. and two
full-duplex channels Each channel contains read and write
registers. and discrete control and status logic that provides
the interface to modems or other ex ternal devices

The read and write register group includes five 8-bit
control registers and two status registers. The interrupt
vector is written into an additional 8-bit register (Write
Register 2) in Channel B that may be read through Read
Register 2 in Channel B The registers for both channels arc
designated as follows:

WRO-WR5 Write Registers 0 through 5
RRO-RR2 Read Registers 0 through 2

The bit assignment and functional grouping of each
register is configured to simplify and organize the
programming process.



Intenlal Architecture (continued)

Data Path. The transmit and receive data path illustrated
for Channel A in Figure 4 is identical for both channels.
The receiver has three 8-bit buffer registers in a FIFO
arrangement in addition to the 8-bit receive shift register.
This scheme creates additional time for the CPU to service
a Receive Character Available interrupt in a high-·speed data
transfer.

The logic for both channels provides formats, bit
synchronization and validation for data transferred to and
from the channel interface. The modem control inputs
Clear to Send (CTS). Data Carrier Detect (DCD) and Ring
Indicator (RI) are monitored by the control logic under
program control. All the modem control signals are general
purpose in nature and can be used for functions other than
modem control. The transmitter has an 8-bit transmit data register that

For automatic interrupt vectoring, the interrupt control is loaded from the internal data bus, and a 9-bit transmit
logic determines which channel and which device within the shift register that is loaded from the transmit data register.
channel has the highest priority. Priority is fixed with
Channel A assigned a higher priority than Channel B;
Receive, Transm,it and External/Status interrupts are
prioritized in that order within each channel.

Fig. 4 - DATA PATH

INTERNAL DATA BUS

RXOA

RECEIVE

DATA

FIFO

l·BIT
DELAY

RECEIVE

ERROR

FIFO

1
1

RECEIJ''
ERROR
LOGIC

Read, Write and Interrupt TiIning

To insure stable conditions in the daisy chain, all
interrupt status signals are prevented from changing wIllIe
MIis Low. When IORQ is Low, the highest priority
interrupt requestor (the one with lEI High) places its
interrupt vector on the data bus and sets its internal
interrupt-under-service latch.

Refer to the Z80 510 Technical Manual for additional
details on the interrupt daisy chain and interrupt nesting.

Read Cycle. The timing signals generated by a Z80 CPU
input instructions to read a Data or Status byte from the
Z80 DART are illustrated in Figure Sa.

peripheral is terminated High. For any peripheral that has
no interrupt pending or under service, lEO lEI. Any
peripheral that does have an interrupt pending or under
service forces its lEO Low.

Write Cycle. Figure Sb illustrates the timing and data signals
generated by a Z80 CPU output instruction to write a
Data or Control byte into the Z80 DART.

Interrupt Acknowledge Cycle. After receiving an Interrupt
Request signal (INT pulled Low), the Z80 CPU sends an
Interrupt Acknowledge signal (Ml and IORQ both Low).

The daisy-chained interrupt circuits determine the highest
priority interrupt requestor. The lEI of the highest priority
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Read, Write and Interrupt Timing (continued)

Return From Interrupt Cycle. Normally, the Z80 CPU
issues an RETI (Return From Interrupt) instructions at the
end of an interrupt service routine RETI is a 2-byte
opcode (ED-4D) that resets the interrupt-under-service
latch to terminate the interrupt that has just been
processed.

When used with other CPUs, the Z80 DART allows the
user to return from the interrupt cycle with a special
command called "Return From Interrupt" in Write Register
oof Channel A. This command is interpreted by the Z80
DART in exactly the same way it would interpret an RET I
command on the data bus

Fig. 5a - READ CYCLE Fig. 5b - WRITE CYCLE

M1 ----------------- M1 ------------------

AD ------------------

IORO ''-..\ /

DATA ....X'- I_N x==

T,T,

OUT

TwT,

DATA -----------{

CE oJ '--I- ..J '- _

T,

CLOCK

Fig. 5c - INTERRUPT ACKNOWLEDGE CYCLE Fig. 5d - RETURN FROM INTERRUPT CYCLE
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Z80 DART Programming

To program the Z80 DART, the system program first
issues a series of commands that initialize the basic mode
and then other commands that qualify conditions within
the selected mode. For example, the character length, clock
rate, number of stop bits, even or odd parity are first set,
then the Interrupt mode and, finally, receiver or transmitter
enable.

Both channels contain command registers that must be
programmed via the system program prior to operation ..
Th~Channel Select input (B/A) and the Control/Data input
(C/O) are the command structure addressing controls, and
are normally controlled by the CPU address bus.

Writer Registers. The Z80 DART contains six registers
(WRO-WR5) in each channel that are programmed
separately by the system program to configure the
functional personality of the channels (Figure 4). With the
exception ofWRO, programming the write registers requires
two bytes. The first byte contains three bits (00 -02 ) that
point to the selected register; the second byte is the actual
control word that is written into the register to configure
the Z80 DART.

WRO is a special case in that all the basic commands
(CMDo-CMD2 ) can be accessed with a single byte Reset
(Internal or external) initializes the pointer bits Do -02 to
point to WRO. This means that a register cannot be pointed
to in the same operation as a channel reseL

Write Register Functions

Register pointers, initialization commands for
the various modes, etc.

WR I Transmit/Receive interrupt and data transfer mode
definition.

WR2 Interrupt vector (Channel B only)

WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters and
modes

WR5 Transmit parameters and controls

Read Registers. The Z80 DART contains three registers
(RRO-RR2) that can be read to obtain the status
information for each channel (except for RR2, which
applies to Channel B only). The status information includes
error conditions, interrupt vector and standard
communications-interface-signals.

To read the contents of a selected read register other
than RRO, the system program must first write the pointer
byte to WRO in exactly the same way as a write register
operations. Then, by executing an input instructions, the
contents of the addressed read register can be read by the
CPU.

fhe status bits of RRO and RRI are carefully grouped
to simplify status monitoring. For example, when the
interrupt vector indicates that a Special Receive Conditions
interrupts has occurred, all the appropriate error bits can be
read from a single register (RRI).

Read Register Functions

RRO Trasmit/Receiver buffer status, interrupt status
and external status

RRI Special Receive Condition status

RR2 Modified interrupt vector (Channel B only)
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REGISTER 0
REGISTER'
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER 5

READ REGISTER I"

ALL SENT

NOT USED

'--- PARITY ERROR

L- Rx OVERRUN ERROR

L- FRAMING ERROR

L- NOT USED

WRITE REGISTER 0

10,10, I0, 10.10, I0, I0, 100 I

T-C!
o 0 NULL CODe
o 0 NOT USED
o 1 RESET EXT/STATUS INTERRUPTS
o 1 CHANNEL RESET
1 0 ENABLE INT ON NEXT Rx CHARACTER
'0 RESET TxlNT PENDING
1 1 ERROR RESET
1 1 RETURN FROM INT (CH·A ONLY)

'-------NOT USED

WRITE REGISTER 2 (CHANNEL B ONLYl

10, I0.1 0, 10.10, I0, I0, IDo I

Ei[ ~~,~~"
WRITE REGISTER 4

10,10,10, 10.10,10, ID,I~

ITT I L PARITY ENABLE

L PARITY EVENI5DiJ

o 0 NOT USED
o 1 1 STOP BIT/CHARACTER
1 0 1 'IJ STOP BITSICHARACTER
1 1 2 STOP BITS/CHARACTER

NOT USED

o 0 Xl CLOCK MODE
o , X'6 CLOCK MODE
, 0 X32 CLOCK MODE
, 1 X64 CLOCK MODE
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Z80 DART Read and Write Registers

READ REGISTER 0

I0, :0.1 0, '0,0310, I0, IDo I

EL
~~'L Rx CHARACTER AVAILA,BLE

LINT PENDING (CH, A ONLY)

Tx BUFFER EMPTY

DCD }RI
USED WITH "EXTERNAlI

ers STATUS INTERRUPT"

NOT USED MODE

BREAK

READ REGISTER 2

I0, I0, I0, I0.1 0, I0, I0, IDo I

E~ug:;)V3"" INTERRUPT
V4 VECTOR

'-V5

V6

V7

WRITE REGISTER 1

[~,~!.Qi,d.':2.J

[t~
L EXT INTENABLE

L hiNT ENABLE
STATUS AFFECTS VECTOR
ICH B ONLY)

o 0 Ax INT DISABLE )
o 1 Rx INT ON FIRST CHARACTER OR ON
1 OiNT ON ALL Rx CHARACTERS (PARITY SPECIAL

AFFECTS VECTOR) RECEIVE
1 liNT ON ALL Rx CHARACTERS (PARITY CONDITION

DOES NOT AFFECT VECTOR)

WAIT/READY ON R/T

'------ WAIT/READY FUNCTION

'------ WAIT/READY ENABLE

WRITE REGISTER 3

NOT USED

L- AUTO ENABLES

Rx 5 BITS/CHARACTER
Rx 7 BITS/CHARACTER
Rx 6 BITS/CHARACTER
Rx 8 BITS/CHARACTER

WRITE REGISTER 5

~~

lli~
' L= :~:USED
~NOTUSEO

Tx ENABLE

SEND BREAK

o 0 Tx 5 BITS (OR LESSj/CHARACTER
o 1 Tx 7 BITS/CHARACTER
1 0 Tx 6 BITS/CHARACTER
1 1 Tx 8 BITS/CHARACTER

DTR



AC Electrical Characteristics

Ci, c/o, 8'A
-~-------f./

IORQ,iffi

---------f./

DO·OJ

---------f------V

Number Symbol Parameter
Z80 DART Z80A DART

Unit
Min Max Min Max

I TcC Clock Cycle Time 400 4000 250 4000 ns

:: TwCh Clock Widith (High) 170 2000 105 2000 ns

3 HC Clock Fall Time 30 30 ns

4 IrC Clock Rise Time 30 30 ns

- 5 - TwC1 Clock Width (Low) 170 - r 2000 - 105 - 2000 ns -

6 TsAD(C) cr, C/O, B/A to Clock t Setup Time 160 145 ns

7 TsCS(C) IORQ, RD to Clock t Setup Time 240 115 ns

8 TdC(DO) Clock t to Data Out Delay 240 220 ns

9 IsDI(C) Data In to Clock t Setup Time 50 50 ns

- 10 - TdRD(DOz) - RD t to Data Out Float Delay 230 110 - ns -

11 TdIO(DOI) IORQ t to Data Out Delay (INTA Cycle) 340 160 ns

I:: TsM I(C) Mi To Clock t Setup Time 210 90 ns

13 TsIEI(IO) lEI to IORQ t Setup Time (iNT A Cycle) ::00 140 ns

14 TdMI (lEO) M1 t to lEO t Delay (interrupt immedia- 300 190 ns
tely preceding MIt)

15 - TdIEI(lEOr) - lEI t to lEO t Delay (after ED decode) 150 100 _. ns -

16 TdIEI(IEOf) lEI t to lEO t Delay 150 100 ns

17 TdC(INT) Clock t to INT t Delay 200 200 ns

18 TdIO(W/RWf) IORQ t or CE t to W/RDY t Delay 300 210 ns
(Wait Mode)

19 TdC(W/RR) Clock t to W/RDY t Delay (Ready Mode) 120 120 ns

~ 20 - TdC(W/RWz) - Clock t to W/RDY Float Delay (Wait Mode) 150 130 f- ns -

79



AC Electrical Characteristics (continu~d)

ffi, iiCD, iii ~------
I-------{G)>-----+I

ToD
----+--

noD
-------'

---'
Unit ISymbol Parameter

Z80 DART Z80A DART
Nwnber

Min Max Min Max

1 TwPh Pulse Width (High) 200 200 ns

2 TwPI Pulse Width (Low) 200 200 ns

3 TcTxC TxC Cycle Time 400 00 400 00 ns

4 TwTxCI TxC Width (Low) 180 00 180 00 ns

5 - TwTxCh - TxC Width (High) 180 _ 00_1-180 - _ 00 _ - ns

6 TdTxC(TxD) TxC t to TxD Delay 400 300 ns

7 TdTxC(WjRRf) TxC t to W/RDY t Delay (Ready Mode) 5 9 5 9 Clk
Per.

8 TdTxC(INT) TxC t to INT t Delay 5 9 5 9 Clk
Per.

9 TcRxC RxC Cycle Time 400 00 400 00 ns

10 TwRxCI- RxC Width (Low) 180 r-- 00 180 - - 00 - I- ns

11 TwRxCh RxC Width (High) 180 00 180 00 ns
12 TsRxD(RxC) RxD to RxC l' Setup Time (xl Mode) 0 0 ns
13 ThRxD(RxC) RxD Hold time (xl Mode) 140 140 ns

14 TdRxC(WfRRf) RxC t to WjRDY t Delay (Ready Mode) 10 13 10 13 Clk

TdRxC(INT) -tRxC t to INT t Delay

Per.
I- 15 10 r- 13 - 10 t- 13- elk -

Per.
In all modes, the Clock rate must be at least five times the maximum data rate
ifF.'SF.Tmust be active a minimum of one complete Clock Cycle
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Absolute Maximum Ratings*

Voltages on all inputs and outputs with respect to GND
Operating Ambient Temperature
Storage Temperature

-03 to +7.0 V
As Specified in Ordering Information

-65 to + J50°C

• Stresse, greater than those listed under ;\b,olute Maximum Rating, may lau'e permanent damage to the devile I hi, i, a stress rating
only: operation of the device at any londition ahove tho,e indicated in the operational ,el tiollS 01 the,e ,peciliLation, i, not implied
) xpo,ure to ah,olute maximum ratin}'. londitions lor extended period, may allelt devile reliability

Standard Test Conditions

The characteristics below apply for the following standard test conditions.
unless otherwise noted. All voltages arc referenced to GND. Positive current
flows into the referenced pin .. Standard conditions arc as follows:

• +4.75V ~ V« ~ +5.::5 V

• GND==OV

• r;\ as specified in Ordering Information

All ac parameters assume a load capacitance of 100 pF max. Timing
references between two output signals assume a load difference of 50 pF max

DC Characteristics '1';\ 0°Ct070°C,Vcc +5V,±5%

21K

Symbol Parameter Min Max Unit lest Condition

V)L( Clock Input Low Voltage -0.3 +045 V

VIII(' Clock Input High Voltage V((-0.6 +5.5 V

Vll Input Low Voltage -0.3 +08 V

VIII Input High Voltage +:2.0 +5.5 V

VOL Output Low Voltage +04 V 101. == 20 mA

VOII Output High Voltage +24 V 1011 -250 I-' A

IL Input/3-State Output Leakage Current -10 +10 I-'A 04<V<24V
1---..

IURI ) RI Pin Leakage Current -40 +10 I-'A 0.4 < V < 2.4V

1('( Power Supply Current 100 rnA

f?}
1485

025

l~

MECHANICAL DATA (tlnnensions in mm)

40-PIN CERAMIC DUAL IN-LINE SLAM PACKAGE

~lm.1

~L3~?2t48.26
50.80

ORDERING NUMBERS:

Z80 DART 01 for dual in-line ceramic package
Z80 DART BI for dual in-line plastic package
Z80A DART DI for dual in-line ceramic package
Z80A DART B1 for dual in-line plastic package

40-PIN PLASTIC DUAL IN-LINE PACKAGE
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