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Zilog offers microcomputers 1n
every form: from components and
development systems to board-level
products and complete general-
purpose microcomputer systems.
This edition of the Zilog Data Book
describes Zilog components,
development systems, and micro-
computer boards. You'll also find a
section on the in-depth training
courses now offered about most
Zilog products.

Zilog components, the basic
building blocks for our other
microcomputer products, include

Microcomputers in Every Form
-~

the 8-bit Z80® Microprocessor and
its family of intellhigent peripherals,
the Z8™ Family of Single-Chip
Microcomputers, and the 16-bit
Z8000™ Microprocessor and 1ts
family of intelligent peripherals.
Zilog offers a wide variety of
development environments, rang-
ing from the inexpensive Z8 and
78000 Development Modules to the
more elaborate PDS 8000 and
ZDS-1 Development Systems to the
ultra-sophisticated multi-user
Z-LAB 8000 Development System.
In addition, EMS 8000 and Z-SCAN

I

8000 both provide in-circuit emula-
tion for the Z8001 and Z8002
Microprocessors.

Our Z80 MCB Board Family
offers a complete solution for pro-
totype and production designs in
which you don’t want to design a
microcomputer from scratch. This
well-established family includes a
7280 CPU board, several types of

_memory boards, and boards for all

types of digital and analog I/O. A
complete set of card cages,
enclosures, and other accessories
makes this family easy to use.
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Zilog

Sets the Industry
Standard for 8 Bits

June 1982

Zilog remains an industry leader,
thanks to continuing innovation 1n
microcomputer concepts and inte-
grated design as exemplified in the
Z80 Family microcomputer
products.

At Zilog, innovation means using
proven, sophisticated mainframe
and minicomputer concepts and
translating them into the latest LSI
technologies. Integration means
more than designing an ever-
greater number of functions onto
a single chip. Zilog integrates
technologies—LSI design
enhanced by advances 1n
computer-based system archi-
tecture and system design
technologies.

Zilog offers microprocessor
solutions to computing problems:
from components and development
systems to OEM board-level pro-
ducts and general-purpose
microcomputer systems.

This guide to the Z80 Family of
state-of-the-art microprocessors
and 1intelhgent peripheral con-
trollers demonstrates Zilog's con-
tinued support for the Z80
microprocessor and the other
members of the Z80 product
family—a family first introduced in
1976 that continues to enjoy grow-
ing customer support while family
chips are upgraded to newer and
ever-higher standards.

The Z8400 Z80 CPU Central Pro-
cessing Unit rapidly established
itself as the most sophisticated,
most powerful, and most versatile
8-b1it microprocessor in the world.
It offers many more features and

functions than 1ts competitor.

In addition to being source-code
compatible with the 8080A
microprocessor, the Z80 offers
more nstructions than the 8080A
(158 vs. 78) and numerous other
features that simplify hardware
requirements and reduce program-
ming effort while increasing
throughput. The dual-register set
of the Z80 CPU allows high-speed
context switching and more eth-
cient interrupt processing. Two
index registers give additional
memory-addressing flexibility and
simplify the task of programming.
Interfacing to dynamic memory 1s
simplified by on-chip, program-
mable refresh logic. Block moves
plus string- and bit-manipulation
instructions reduce programming
effort, program size, and execution
time.

Now the Z8300 Z80L CPU extends
the range of Z80 applications. This
low-power version retains all Z80
CPU functions while providing
dramatic power savings and
increased reliability.

The four traditional functions of
a microcomputer system (parallel
1/O, serial I/O, counting/timing,
and direct memory access) are
easily implemented by the Z80
CPU and the following well-proven
family of Z80 peripheral devices:
780 PIO, 780 SIO, Z80 DART,

780 CTC, and Z80 DMA.

The easily programmed, dual-
channel Z8420 Z80 PIO Parallel
Input/Output Controller offers two
8-bit I/O ports with individual
handshake and pattern recognition

logic. Both I/O ports operate in
either a byte or a bit mode. In
addition, this device can be pro-
grammed to generate interrupts for
various status conditions.

All common data communica-
tions protocols, asynchronous
as well as synchronous, are
remarkably well handled by the
Z8440 Z80 SIO Serial Input/Out-
put Controller. This dual-channel
receiver/transmitter device offers
on-chip parity and CRC genera-
tion/checking. FIFO buffering
and flag- and frame-detection
generation logic are also offered.

If asynchronous-only applica-
tions are required, the cost-
etfective 28470 Z80 DART Dual
Asynchronous Receiver/Transmit-
ter can be used in place of the Z80
SIO. The Z80 DART offers all Z80
SIO asynchronous features in two
channels.

Timing and event-counting func-
tions are the forte of the Z8430 Z80
CTC Counter/Timer Controller.
The CTC provides four counters,
each with individually program-
mable prescalers. The CTC 1s a
convenient source of program-
mable clock rates for the SIO.

With the Z8410 Z80 DMA Direct
Memory Access Controller,
data can be transferred directly
between any two ports (typically,
1/O and memory). The DMA trans-
fers, searches, or search/transfers
date in Byte-by-Byte, Burst, or
Continuous modes. This device can
achieve an impressive 2M bits per
second data rate 1n the Search
mode.

w
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Zilog Specification
June 1982
Features B The instruction set contains 158 instructions. may be daisy-chained to allow implemen-
The 78 instructions of the 8080A are tation of a priority interrupt scheme. Little,
included as a subset; 8080A software com- if any, additional logic is required for
patibility is maintained. daisy-chaining.

® Six MHz, 4 MHz and 2.5 MHz clocks for the ® Duplicate sets of both general-purpose
Z80B, Z80A, and Z80 CPU result in rapid and flag registers are provided, easing
instruction execution with consequent high the design and operation of system soft-
data throughput. ware through single-context switching,

B The extensive instruction set includes string, b.ad(iquo unii-‘fotreground prog}"amnixing(,j;n d
bit, byte, and word operations. Block tSI ng et— evle 6 1;: te‘rrgpt pro<;ess1n<f;. ? adal
searches and block transfers together with ion, two 10-Dit index fr egkljters ZCI itate
indexed and relative addressing result in program processing of tables and arrays.
the most powerful data handling capabilities B There are three modes of high speed inter-
in the microcomputer industry. rupt processing: 8080 compatible, non-Z80

B The Z80 microprocessors and associated per}p;xerai de.etv}ice, aii Z%O dFémlli .
family of peripheral controllers are linked peripheral with or without daisy chain.
by a vectored interrupt system. This system ® On-chip dynamic memory refresh counter.
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General
Description

The Z80, Z80A, and Z80B CPUs are third-
generation single-chip microprocessors with
exceptional computational power. They offer
higher system throughput and more efficient
memory utilization than comparable second-
and third-generation microprocessors. The
internal registers contain 208 bits of read/write
memory that are accessible to the programmer.
These registers include two sets of six general-
purpose registers which may be used
individually as either 8-bit registers or as
16-bit register pairs. In addition, there are two
sets of accumulator and flag registers. A group
of “"Exchange” instructions makes either set of
main or alternate registers accessible to the
programmer. The alternate set allows operation
in foreground-background mode or it may be

INSTRUCTION INST.
DECODER REG.

+5V

GND —»

L

CPU
TIMING
CONTROL

LT

8 SYSTEMS 5 CPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

CLOCK —

reserved for very fast interrupt response.

The Z80 also contains a Stack Pointer, Pro-
gram Counter, two index registers, a Refresh
register (counter), and an Interrupt register.
The CPU is easy to incorporate into a system
since it requires only a single +5 V power
source. All output signals are fully decoded
and timed to control standard memory or
peripheral circuits, and it is supported by an
extensive family of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the Z80 processors.
Subsequent text provides more detail on the
280 I/O controller family, registers, instruction
set, interrupts and daisy chaining, and CPU
timing.

8-BIT
DATA BUS

DATA BUS
INTERFACE

INTERNAL DATA BUS

REGISTER
ARRAY

ADDRESS
LOGIC AND
BUFFERS

16-BIT
ADDRESS BUS

Figure 3. Z80 CPU Block Diagram

2001-0212



Z80 Micro-

The Zilog Z80 microprocessor is the central

each of which has an 8-bit prescaler. Each

processor element of a comprehensive microprocessor of the four channels may be configured to
Family product family. This family works together in operate in either counter or timer mode.
most applications with minimum requirements B The DMA (Direct Memory Access) con-
for. a.dditional logic, fac'lhtatu}g the design of troller provides dual port data transfer
efficient and cost-effective microcomputer- operations and the ability to terminate data
based systems. transfer as a result of a pattern match.
Zilog has designed five components to pro- )
vide extensive support for the Z80 micro- ® The SIO (Serial Input/ Qmp“‘t) controller
processor. These are: offerstt‘wo F:hannel§.tlt 1? capable of .
. operating in a variety of programmable
# The PIO (Parallel Input/Output) ope'rates in modes for both synchronous and asyn-
both data?byte Y O'tran.sfer mode.(w1th chronous communication, including
handshaking) and in bit mode (thhqut Bi-Sync and SDLC.
handshaking). The PIO may be configured )
to interface with standard parallel B The DA‘RT (DualAAsynch?onous Receiver/
peripheral devices such as printers, tape Transmitter) device prov1des‘low. cost
punches, and keyboards. asynchronous serial communication. It has
o two channels and a full modem control
B The CTC (Counter/Timer Circuit) features interface.
four programmable 8-bit counter/timers,
Z80 CPU Figure 4 shows three groups of registers foreground data processing. The second set of
Registers within the Z80 CPU. The first group consists of registers consists of six registers with assigned
duplicate sets of 8-bit registers: a principal set functions. These are the I (Interrupt Register),
and an alternate set (designated by ' [prime], the R (Refresh Register), the IX and IY (Index
e.qg., A'). Both sets consist of the Accumula- Registers), the SP (Stack Pointer), and the PC
tor Register, the Flag Register, and six (Program Counter). The third group consists of
general-purpose registers. Transfer of data two interrupt status flip-flops, plus an addi-
between these duplicate sets of registers is tional pair of flip-flops which assists in identi-
accomplished by use of “Exchange” instruc- fying the interrupt mode at any particular
tions. The result is faster response to interrupts time. Table 1 provides further information on
and easy, efficient implementation of such ver- these registers.
satile programming techniques as background-
MAIN REGISTER SET ALTERNATE REGISTER SET
A ACCUMULATOR F FLAG REGISTER A’ ACCUMULATOR F’  FLAG REGISTER
B GENERAL PURPOSE C GENERAL PURPOSE B’ GENERAL PURPOSE C’ GENERAL PURPOSE
D GENERAL PURPOSE E GENERAL PURPOSE D’ GENERAL PURPOSE E’ GENERAL PURPOSE
H GENERAL PURPOSE L GENERAL PURPOSE H GENERAL PURPOSE L' GENERAL PURPOSE
8 BITS
16 BITS INTERRUPT FLIP-FLOPS STATUS
IX INDEX REGISTER IFF1 IFF2
1Y INDEX REGISTER 0 = INTERRUPTS DISABLED STORES IFF1
L1 = INTERRUPTS ENABLED DURING Rl
SERVICE
SP STACK POINTER
INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER IMFa IMFy
| INTERRUPT VECTOR R MEMORY REFRESH H O ERRupT MODED
1 0 INTERRUPT MODE 1
1 1 INTERRUPT MODE 2
8 BITS
Figure 4. CPU Registers
2001-0213
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Z80 CPU Register Size (Bits) Remarks

Ré gis'lers A A Accumulator 8 Stores an operand or the results of an operation.
(Continued) F, F Flags 8 See Instruchon Set.

B, B General Purpose 8 Can be used separately or as a 16-bit register with C.

Cc,cC General Purpose 8 See B, above.

D, D General Purpose 8 Can be used separately or as a 16-bit register with E.

E E General Purpose 8 See D, above.

H H General Purpose 8 Can be used separately or as a 16-bit register with L.

L L General Purpose 8 See H, above.

Note: The (B,C), (D,E), and (H,L) sets are combined as follows:
B — High byte C — Low byte
D — High byte E — Low byte
H — High byte L — Low byte

I Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
processing.

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically
mncremented and placed on the address bus during each
structhion fetch cycle.

IX Index Register 16 Used for indexed addressing.

Iy Index Register 16 Same as IX, above.

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop 1n instruc-
tion set.

PC Program Counter 16 Holds address of next instruction.

IFF)-IFFp Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4).

IMFa-IMFb Interrupt Mode Flip-Flops Reflect Interrupt mode (see Figure 4).

Table 1. Z80 CPU Registers
Interrupts: __The CPU accepts two interrupt input signals: B Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems.
Operation interrupt and has the highest priority. INT is a B Mode 2 — a vectored interrupt scheme,
lower priority interrupt and it requires that usually daisy-chained, for use with Z80
interrupts be enabled in software in order to Family and compatible peripheral devices.

operate. INT can be connected to multiple
peripheral devices in a wired-OR configura-
tion.

The Z80 has a single response mode for
interrupt service for the non-maskable inter-
rupt. The maskable interrupt, INT, has three
programmable response modes available.
These are:

B Mode 0 — compatible with the 8080 micro-
processor.

__The CPU services interrupts by sampling the
NMI and INT signals at the rising edge of the
last clock of an instruction. Further interrupt
service processing depends upon the type of
interrupt that was detected. Details on inter-
rupt responses are shown in the CPU Timing
Section.




Interrupts:
General
Operation
(Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannot be disabled by pro-
gram control and therefore will be accepted at
all times by the CPU. NMI is usually

reserved for servicing only the highest priority
type interrupts, such as that for orderly shut-
down after power failure has been detected.
After recognition of the NMI signal (providing
BUSREQ is not active), the CPU jumps to
restart location 0066H. Normally, software
starting at this address contains the interrupt
service routing.

Maskable Interrupt (INT). Regardless of the
interrupt mode set by the user, the Z80
response to a maskable interrupt input follows
a common timing cycle. After the interrupt has
been detected by the CPU (provided that
interrupts are enabled and BUSREQ is not
active) a special interrupt processing cycle
begins. This is a special fetch (M1) cycle in
which IORQ becomes active rather than
MREQ, as in normal M1 cycle. In addition, this
special M1 cycle is automatically extended by
two WAIT states, to allow for the time required
to acknowledge the interrupt request.

Mode 0 Interrupt Operation. This mode 1s
compatible with the 8080 microprocessor inter-
rupt service procedures. The interrupting
device places an instruction on the data bus.
This is normally a Restart Instruction, which
will initiate a call to the selected one of eight
restart locations in page zero of memory.

Mode 1 Interrupt Operation. Mode 1 oper-
ation is very similar to that for the NMI. The
principal difference 1s that the Mode 1 inter-
rupt has a restart location of 0038H only.

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most effec-
tively the capabilities of the Z80 microproc-
essor and its associated peripheral family. The
interrupting peripheral device selects the
starting address of the interrupt service
routine. It does this by placing an 8-bit vector
on the data bus during the interrupt acknowl-
edge cycle. The CPU forms a pointer using
this byte as the lower 8-bits and the contents of
the I register as the upper 8-bits. This points to
an entry in a table of addresses for interrupt
service routines. The CPU then jumps to the
routine at that address. This flexibility in
selecting the interrupt service routine address
allows the peripheral device to use several dif-
ferent types of service routines. These routines

may be located at any available location in
memory. Since the interrupting device sup-
plies the low-order byte of the 2-byte vector,
bit 0 (Ag) must be a zero.

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a daisy-chain config-
uration. Each device in the chain has an inter-
rupt enable input line (IEI) and an interrupt
enable output line (IEO), which is fed to the
next lower priority device. The first device in
the daisy chain has its [EI input hardwired to a
High level. The first device has highest
priority, while each succeeding device has a
corresponding lower priority. This arrange-
ment permits the CPU to select the highest
priority interrupt from several simultaneously
interrupting peripherals.

The interrupting device disables its IEO line
to the next lower priority peripheral until it has
been serviced. After servicing, its [EO line is
raised, allowing lower priority peripherals to
demand interrupt servicing.

The Z80 CPU will nest (queue) any pending
interrupts or interrupts received while a
selected peripheral is being serviced.

Interrupt Enable/Disable Operation. Two
flip-flops, IFF) and IFFy, referred to in the
register description are used to signal the CPU
interrupt status. Operation of the two flip-flops
is described in Table 2. For more details, refer
to the Z80 CPU Technical Manual and Z80
Assembly Language Manual.

Action IFF, IFF, Comments
CPU Reset 0 0 Maskable interrupt
INT disabled
DI instruction 0 0 Maskable interrupt
execution INT disabled
EI instruction 1 1 Maskable interrupt
execution INT enabled
LD A,I instruction . . IFFy — Parity flag
execution
LD AR instruction . . IFFy — Panty flag
execution
Accept NMI 0 IFF, [IFF; — IFF;
(Maskable inter-
rupt INT disabled)
RETN instruction IFFy e IFFy — IFF; at
execution completion of an

NMI service
routine.

Table 2. State of Flip-Flops
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Instruction The Z80 microprocessor has one of the most O 16-bit arithmetic operations
Set povs{erful and versatl.le 1pstructlon sets O Rotates and shifts
available 1n any 8-bit microprocessor. It ) .
includes such unique operations as a block O Bit set, reset, and test operations
move for fast, efficient data transfers within O Jumps
memory or between memory and I/O. It also
Y - Y o O Calls, returns, and restarts
allows operations on any bit in any location in
memory. O Input and output operations
The following is @ summary of the Z80 A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
language mnemonic, the operation, the flag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-01) and Assembly Language O Immediate
Programming Manual (03-0002-01) contain
significantly more details for programming O Immediate extended
use. O Modified page zero
The instructions are divided into the .
. i O Relative
following categories:
. O Extended
O 8-bit loads
. O Indexed
O 16-bit loads
O Register
O Exchanges, block transfers, and searches g
- . . . O Register indirect
O 8-bit arithmetic and logic operations g
. . O Implied
O General-purpose arithmetic and CPU P
control O Bit
8-Bit Symbolic Flags Opcode No.of No.of M No.of T
M i O s z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
Load
Group IDr, r' r—r' e o X o X o o o 0l r r' 1 1 4 r,r’ Reg.
LDr, n r—n e o X e X o o o 00 r 110 2 2 7 B
—n- W C
LDr, (HL)  r~ (HL) e ¢ X o X e e o 0l r 10 1 2 7 010 D
LDr, (IX+d) r— (X+d) e ¢« X e X e o o 110111001 DD 3 5 19 o1 E
o1 r 101 100 H
- 01 L
LDr, (IV4d) r— (IY+d) e o X o X e o o 1111101 FD 3 5 19 m A
01 r 110
—-d -
LD(HL),r  (HL) —r e ¢ X e X e o o 0110 r 1 2 7
LD (IX+d), r (IX+d) —r e o X o X e o o 11011101 DD 3 5 19
01110 r
LD(Y+d),r (Y+d) —r e ¢ X ¢ X e o o 11111100 FD 3 5 19
01 110 r
- d -
LD(HL,n  (HL)-n e ¢ X e X s e o 00110110 3 2 3 10
P
LD (IX+d),n (X+d) - n e o X e X e e o 11011101 DD 4 5 19
00 110 110 36
-d -
e
LD(IY+d),n (IY+d) —n e o X o X o o o 11 111 101 FD 4 5 19
00110 110 36
-d -
P
LD A, (BO) - (BO) e o X o X e e o 00001010 OA 1 2 7
LD &, (DE) ~ (DB) e ¢ X ¢ X o e o 0001100 1A 1 2 7
LDA, (nn) A — (mn) e o X e X o e o 0011100 3 3 4 13
S n—
—n-
LD(BC), A  (BO) - A e ¢ X e X e e e 00000010 02 I 2 7
LD(DE),A  (DE) - A e ¢ X e X o s e 0000000 12 1 2 7
LD(nn), A (nm) = A e o X o X o e s 00110010 32 3 4 13
—n—
—a-
LDA, I A-1 t ¢ X 0 XIFFO e 11101100 ED 2 2 9
01010 111 57
LD A, R A-R t + X 0 XIFF O o 11101101 ED 2 2 9
01011 111 SF
LDL A I-A e o X o X e e s 11101101 ED 2 2 9
01 000 111 47
LDR, A R-A e ‘e X e X e e o 11101101 ED 2 2 9
01 001 111 4F

NOTES r, r' means any of the registers A, B, C, D, E, H,
IFF the content of the interrupt enable flip-flop, (m) "
copied into the P/V flag
For an explanation of flag notation and symbols for
mnemonic tables, see Symbolic Notation section
following tables

10
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16-Bit Load Symbolic Flags Opcode No.of No.of M No.of T

0dd o082z

Group Mnemonic Operation 8 2z H PVN C 76 543 210 Hex Bytes Cycles States Comments
LDdd, nn dd ~ nn e o X o X o o o 00 ddo 001 3 3 10 dd Pair
-n- 00 BC
~n- 01 DE
LDIX, nn IX - nn e o X o X o o o 11011 101 DD 4 4 14 10 HL
00 100 001 21 11 SP
-n-—
-n-
LDIY, nn IY « nn o o X o X o o o 11 111 101 FD 4 4 14
00 100 001 21
-n-
-n-
LD HL, (nn) H~ (nn+1) e o X o X o o o 00 101 010 2A 3 5 16
L — (nn) -n-
—-n-
LD dd, (nn) ddy = (nn+1) e o X o X o o o 11 101 101 ED 4 6 20
dd[, ~ (nn) 0l ddl o011
—-—n -
-n-—
LD IX, (nn) IXH ~ (nn+1) e o X o X o o o 11 011 101 DD 4 6 20
IX[, — (nn) 00 101 010 2A
-n-—
-n-
LD 1Y, (nn) IYH ~ (nn+1) o ¢ X o X o o o 11 111 101 FD 4 6 20
1YL, - (nn) 00 101 010 2A
—-n-
-n-—-
LD (nn), HL (nn+1) — H e o X o X o o o 00 100 010 22 3 5 16
(nn) — L ~n-—
—-n-
LD (nn), dd (nn+1) = ddy e o X o X o o o 11 101 101 ED 4 6 20
(nn) — ddp, 01 ddo 011
-n-
-n-—
LD (nn), IX (nn+1) - IXy e o X o X o o o 11 011 101 DD 4 6 20
(nn) — IXp, 00 100 010 22
—-n—
-n-
LD (nn), IY (nn+1) — Iy e ¢ X o X o o o 11111101 FD 4 6 20
(nn) — IYL, 00 100 010 22
-n-
-n-
LD SP, HL SP — HL e o X o X o o o 11 111 001 F9 1 1 6
LD SP, IX SP ~ IX e ¢ X o X o o o 11011100 DD 2 2 10
11 111 001 F9
LD SP, IY SP — 1Y e ¢ X o X o o o 11 111 101 FD 2 2 10
11 111 001 F9 g9 Par
PUSH qq (SP-2) — qqL o ¢ X o X o o o 11 gq0 101 1 3 11 00 BC
(SP-1) ~ qqH ol DE
SP - SP -2 10 HL
PUSH IX (SP-2) ~ IX, e o X o X o o o 11011100 DD 2 4 15 11 AF
(SP-1) — IXH 11 100 101 ES
SP - SP -2
PUSHIY (SP-2) — I¥p, e o X e X o o o 1111101 FD 2 4 15
(SP-1) — IYY 11 100 101 ES
SP - SP -2
POP qq qgH = (SP+1) e o X o X o o o 11 gq0 001 1 3 10
qqL — (SP)
SP -~ SP +2
POP IX IXH — (SP+1) e o X o X o o o 11011 101 DD 2 4 14
IXL, ~ (SP) 11 100 001 El
SP - SP +2
POPIY IYH ~ (SP+1) e o X o X o o o 11 111 101 FD 2 4 14
1YL, — (SP) 11 100 001 El
SP — SP +2 .
NOTES  dd 1s any of the reguster pawrs BC, DE, HL, SP.
qq 18 any of the register pairs AF, BC, DE, HL
(PAIR)Y, (PAIR)L refer to high order and low order eight bits of the register pair respectively,
eg,BCL=C AFy = A
Exchange, EXDE,HL  DE - HL e ¢ X ¢ X e o o 11101011 EB 1 1 4
Block EX AF, AF' AF -~ AF e o X o X o o o 00 001 000 08 1 1 4
EXX BC - BC' e o X o X o o o 11 011 001 D9 1 1 4 Register bank and
Transfor. DE - DE' auxiliary register
HL -~ HL' bank exchange
Block Search gy (sp) 11 - (sp41) e ¢« X o X o e ¢ 1110001 E3 1 5 19
Groups L - (SP)
EX (SP), IX IXg -~ (SP+1) e o X o X o o o 11011100 DD 2 6 23
IXp, - (SP) 11 100 011 E3
EX (SP), IY IYH - (SP+1) s ¢ X o X o o o 11111101 FD 2 6 23
¥y, - (SP) 1) 11 100 011 E3
LDI (DE) — (HL) e ¢ X 0 X 1t 0 o 11101 101 ED 2 4 16 Load (HL) into
DE -~ DE+1 10 100 000 A0 (DE), increment
HL -~ HL+1 the pointers and
BC — BC-1 decrement the byte
counter (BC)
LDIR (DE) — (HL) e ¢ X 0 X 0 0 = 11101 101 ED 2 5 21 HBC+0
DE — DE+1 10 110 000 BO 2 4 16 1fBC =0
HL — HL+1
BC — BC-1

Repeat until
B

NOTE (D) P/V flag 15 0 if the result of BC—~1 = 0, otherwise P/V = 1
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Exchange, Symbolic Flags Opcode No.of No.of M No.of T
i O

Block M s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments
Transfer, @
LDD (DE) — (HL) e ¢« X 0 X t 0 e 11101101 ED 2 4 16
Block Search DE ~ DE-1 10 101 000 A8
Groups HL - HL-1
(Continued) BC - BC-1
LDDR (DE) ~— (HL) e « X 0 X 0 0 e 11101101 ED 2 5 21 IBC # 0
DE — DE-1 10 111 000 B8 2 4 16 IBC =0
HL — HL-1
BC — BC-1
Repeat until
BC =0
Q@ Q@
CPI A - (HL) t ¢ X t X t 1 e 111011001 ED 2 4 16
HL — HL+1 10 100 001 Al
BC — BC-1
@ 0}
CPIR A - (HL) t + X t X t 1 e 11101101 ED 2 5 21 1f BC # 0 and
A # (HL)
HL — HL+1 10 110 001 Bl 2 4 16 IBC = Oor
BC — BC-1 A = (HL)
Repeat unhl
A = (HL) or
BC =0
) 0]
CPD A - (HL) t + X t X t 1 s 11100101 ED 2 4 16
HL — HL-1 10 101 001 A9
BC — BC-1
@ ©)
CPDR A - (HL) t + X t X t 1 e 11101101 ED 2 5 21 1 BC # 0 and
A # (HL)
HL — HL-1 10 111 001 B9 2 4 16 IBC = Oor
BC — BC-1 A = (HL)
Repeat until
A = (HL) or
BC =0
NOTES @PN flag 15 0 1f the result of BC—1 = 0, otherwise P/V = 1
(@ 2Zflagis 11 A = (HL), otherwise Z = 0
8-Bit ADD A, r A—A+r t 1 X 1 X Vo0 1t r 1 1 4 r  Reg.
Arithmetic ADDA, n A-A+n t 1 X 1t XV oo t 0] 110 2 2 7 000 B
and Logical T o0 b
Group ADDA,(HL) A~ A + (HL) t t X t X V 0o t 10009 110 1 2 7 o1l E
ADD A, (IX+d) A — A + (IX+d) t t Xt XV 0 1 1101100 DD 3 5 19 100 H
101 L
11 A
ADD A, (IY+d) A — A + (IY+d) t 1t Xt XV oo 1t 1111100 FD 3 5 19
10 [00] 110
- d -
ADCA, s A~ A+s+CY t + Xt X V 0 t sxsa{x)y?I(xr, r;,)
(HL), (IX+d),
SUB's A—A-s t ot Xt X V1 1t (IY + d) as shown
SBCA, s A - A-s-CY t t Xt X V. 1 1 for ADD 1nstruction.
AND s A-AAs t t X 1 X P OO Thex ‘"d‘;‘“s
replace the [000] in
ORs A-AVs t + X 0 X P 0 O the ADD sot above
XOR's A-Aes t t X 0 X P 0O
CPs A-s t ot Xt XV 11
INCr r—r+1 t t X 1t XV 0 e 00r 1 1 4
INC (HL) (HL) —(HL)+1 1t X 1t X V o e 00110[00 1 3 11
INC (IX+d)  (IX+d) - t 1 X t X V 0 e 11011100 DD 3 6 23
(IX+d)+1 00 110 [I09]
- d =
INC(IY+d)  (IY+d) — t 1+ X t X V 0 e 1111101 FD 3 6 23
(Y +d)+1 00 110
- d -
DECm me—m-1 t t Xt X V 1 e @ m s any of r, (HL),

(IX+d), IY +d)
as shown for INC
DEC same format
and states as INC
Replace with
1n opcode
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General- Symbolic F Opcode No.of No.of M No.of T
Purpose Mnemonic Operation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
Arithmetic DAA Convertsacc content t t X t X P e 00 100 111 27 1 1 4 Decimal adjust
1nto packed BCD accumulator.
and following add or
subtract with packed
CPU Control 30D eporanch
Groups CPL A-A ¢ o X 1 X o 1 o 00 101 111 2F 1 1 4 Complement
accumulator (one's
complement).
NEG A-0-A t t X ¢t XV 1 1 11 101 101 ED 2 2 8 Negate acc. (two's
_ 01 000 100 44 complement).
CCF CY - CY e ¢ X X X ¢ 0 1t 00 111 111 3F 1 1 4 Complement carry
flag.
SCF CY -1 e ¢ X 0 X o 0 1 00 110 111 37 1 1 4 Set carry flag
NOP No operation e o X o X o o o 00 000 000 00 1 1 4
HALT CPU halted o ¢ X o X o o o 01 110 110 76 1 1 4
DI % IFF - 0 e o X o X o o o 11 110 011 F3 1 1 4
El » IFF — 1 e o X o X o o o 11 111 011 FB 1 1 4
MO Set interrupt e o X o X o o o 11 101 101 ED 2 2 8
mode 0 01 000 110 46
M1 Set interrupt e o X o X o o o 11 101 101 ED 2 2 8
mode 1 01 010 110 56
M2 Set interrupt e o X o X o o o 11 101 101 ED 2 2 8
mode 2 01 011 110 SE
NOTES  IFF indicates the interrupt enable flip-flop
CY indicates the carry thp-flop.
* indicates interrupts are not sampled at the end of EI or DI §
- ]
16-Bit ADDHL,ss  HL — HL+ss e + X X X o 0 t  00ssl 00l 1 3 11 s Reg. s
: s 00 BC
Arithmetic ADCHL,ss HL-HL+ss+CY & & X X X V 0 t 11101101 ED 2 4 15 01 DE P
Group 01 ssl 010 10 HL
11 SP
SBC HL, ss HL ~ HL-ss-CY t + X X X V 1 1t 11 101 101 ED 2 4 18
01 ss0 010
ADD IX, pp X~ 1IX + pp e ¢ X X X o 0 11 011 101 DD 2 4 15 pp__Reg.
01 ppl 001 00 BC
01 DE
10 IX
11 SP
ADDIY, rr Iy = IY + rr e ¢ X X X o 0 t 11 111 101 FD 2 4 15 rr_Reg.
00 rrl 001 00 BC
0l DE
10 1Y
11 Sp
INC ss ss — 88 + 1 e o X o X o o o 00 ss0 011 1 1 6
INC IX K~IX+1 e o X o X o o o 11 011 101 DD 2 2 10
00 100 011 23
INC 1Y ¥ -1Y + 1 e o X o X o o o 11 111 101 FD 2 2 10
00 100 011 23
DEC ss s8 — ss—1 e o X o X o o o 00 ssl 011 1 1 6
DECIX X - IX-1 e o X o X o o o 11 011 101 DD 2 2 10
00 101 011 2B
DEC1Y IYy - 1Y-1 e o X o X o e o 11 111 101 FD 2 2 10
00 101 011 2B
NOTES  ss1s any of the reqster pairs BC, DE, HL, SP
pp 1s any of the reguster pairs BC, DE, IX, SP
rr 1s any of the requster pairs BC, DE, IY SP
Rotate and
shih Group RLCA e ¢ X 0 X e 0 00 000 111 07 1 1 4 Rotate left circular
A accumulator
RLA 70 e ¢ X 0 X ¢ 0 1t 00 010 111 17 1 1 4 Rotate left
A accumulator
RRCA e ¢« X 0 X e 0 1 00 001 111 OF 1 1 4 Rotate nght circular
A accumulator
RRA 7—0 e ¢ X 0 X & 0 1t 00 011 111 1F 1 1 4 Rotate right
A accumulator
RLCr t + X 0 X P 0 1t 11 001 011 CB 2 2 8 Rotate left circular
00 r register r
RLC (HL) 11 X 0 X P O 1 11001011l CB 2 4 15 L Reg
000 B
00 [000] 110 w0l C
RLC (IX +d) .\ 4+ X 0 X P 0 ¢ 110110 DD 4 6 s 307
r,(HL),(IX +d),(IY +d) 11 001 011 CB 100 H
- d - o L
00 [00] 110 1 A
RLC (IY +d) t ¢t X 0 X P 0 1t 11 111 101 FD 4 6 23
11 001 011 CB
Instruction format
and states are as
RLm t t X 0 X P 0 1 shown for RLC's
ma=r,(HL),(IX +d),(IY +d) To form new
opcode replace
RRC m 7—=0 X 0 X P 0 1 or RLC's

m=r,(HL),(IX+d),(IY +d)

with shown code
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Rotate and Symbolic Flags Opcode No.of No.of M No.of T
Shift GI'OI.IP i Op i H PVN C 76 543 210 Hex Bytes Cycles States Comments
Continued
( " oxr o
ms=r,(HL),(IX +d),(IY +d)
SLA m 0 0 X P 0 1
m=r,(HL),(IX +d),(IY +d)
SRA m 0 X P 0 1 T0T
m=r,(HL),(IX +d).(IY +d)
SRL m 0= 7—0 0 X P 0 1
m=r,(HL),(IX +d),(IY +d)
RLD [1-4Js-0] [7=2]3-9] 0 X P 0o e 11101101 ED 2 5 18 Rotate digit left and
A WD) 01 101 111 6F night between
the accumulator
and location (HL)
RRD [f-4[3-0]—{7-4[3-0] 0 X P O o 11101100 ED 2 5 18 The content of the
N 0 01100 111 67 upper half of
the accumulator 18
unaffected
Bit Set, Reset &b, - Z-Tp 1 X X 0 e 11001011 CB 2 2 8 r__ Reg.
and Test — o b r
BIT b, (HL) Z ~ (HL)p 1 X X 0 11001 011 CB 2 3 12 01 C
Group 0l b 110 010 D
BIT b, (IX+d)p Z — (IX+d)p 1 X X 0 o 11 011 101 DD 4 5 20 01l E
11 001 011 CB 100 H
- d - 101 L
0l b 110 11 A
b Bit Tested
BIT b, (IY+d)p Z ~ (IY+d)p 1 X X 0 11 111 101 FD 4 5 20 000 0
11 001 011 CB 001 1
- d = 010 2
01 b 110 011 3
100 4
101 5§
110 6
1 7
SET b, r h— 1 ¢ X o o o 11 001 011 CB 2 2 8
@ b r
SET b, (HL) (HL)p - 1 ¢ X o o o 11 001 011 CB 2 4 15
b 110
SET b, (IX+d) (IX+d)p ~ 1 e X o o o 11 011 101 DD 4 6 23
11 001 011 CB
- d -
M b 110
SET b, (IY+d) (IY+d)p ~ 1 e X o o o 11 111 101 FD 4 6 23
11 001 011 CB
-d -
I b 110
RES b, m mp ~ 0 * X o o o To form new
m = r, (HL), opcode replace
(IX+d), of SET b, s
IY+d) with E Flags
and time states for
SET 1instruction.
NOTES  The notation my, indicates bit b (0 to 7) or location m
Jump JP nn PC ~ nn e X o o o 11 000 011 C3 3 3 10
- n -
Group - n - cc Condition
JP cc, nn If condition cc 1s o X o o o 11 cc 010 3 3 10 000 NZ non-zero
true PC ~ nn, - n - 001 Z zero
otherwise - n - 010 NC non-carry
continue 011 C carry
100 PO panty odd
101 PE party even
110 P sign positive
JRe PC —~ PC+e e« X o o o 00 011 000 18 2 3 12 111 M sign negative
-e=2 =
JRC.,e IC=0, * X o o o 00 111 000 2 2 7 If condition not met.
continue - e-2 - '
fC=1, 2 3 12 If condition 18 met.
PC —~ PC+e
JRNC, e IfC =1, e X o o o 00 110 000 30 2 2 7 If condition not met.
continue - e-2 -
IC=0, 2 3 12 If condition 18 met.
PC — PC+e
PZ e fZ=0 e X o o o 00 101 000 28 2 2 7 If condition not met.
continue - e-2 ~
Itz =1, 2 3 12 If condition is met.
PC — PC+e
JRNZ, e HZ=1, o X o o o 00 100 000 20 2 2 7 If condition not met.
continue - e-2 -~
tZ =0, 2 3 12 If condition 18 met.
PC ~ PC+e
JP (HL) PC — HL e X o o o 11 101 001 E9 1 1 4
JP (IX) PC - IX * X o o o 11011100 DD 2 2 8

11 101 001 E9
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]ump Group Symbolic Flags @ Opcode No.of No.of M No.of T
1 ps f
(Continue d) P s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
P (IY) PC ~ IY o o X o X o o o 11 111 101 FD 2 2 8
11 101 001 E9
DINZ, e B~-B-1 o o X o X o o o 00 010 000 10 2 2 8 B =0
B =0, -e-2 —
continue
B =0, 2 3 13 1B #0
PC — PC+e
NOTES e the in the relative g mode
€18 a signed two's complement number in the range < =126, 129 >
-2 1n the opcode provides an effective address of pc +e as PC 1s incremented
by 2 prior to the addition of e
Call and CALL nn (SP-1) — PCH e o X o X e o o 11001100CD 3 5 17
(SP-2) — PCL, -~ n -
Return Group bo Ju
CALLcc, nn  If condition e o X o X o o o 11 cc 100 3 3 10 If cc 18 false
cc 1s false -~ n -
continue, - n - 3 5 17 If cc 18 true
otherwise same as
CALL nn
RET PCp, ~ (SP) e o X o X o o o 11 001 001 C9 1 3 10
PCH — (SP+1)
RET cc 1f condition e o X o X o o o 11 cc 000 1 1 5 If cc 1s false.
cc 15 false
continue, 1 3 11 If cc 15 true.
otherwise cc Condition
same as 000 NZ non-zero
001 Z  zero
RETI Return from © e X ¢ X e e+ HIMIIED 2 4 14 0 NC nonocermy
carry
nterrupt 01 001 101 4D 100 PO panity odd
RETN! Return from e ¢ X e X e e o 11101101 ED 2 4 4 10 pE
panty even
non-maskable 01 000 101 45 110 P sign positive
interrupt 111 M sign negative

RST p (SP-1) — PCyH e o X o X o o o 11t 11 1 3 11 t

(SP-2) —~ PCL, 000 00H
PCH - 0 001 O8H
PCL ~p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H

NOTE 'RETN loads IFF; —~ IFF)

INA, (n) A~ (n) e o X o X o o o 11 011 011 DB 2 3 11 nto Ap ~ A
Input and R Ao 1o Ag ~ Al
Output Group INr. © r—(C) \ 1 X t X P 0 e 11101100 ED 2 3 12 CtoAg ~ A7

if r = 110 only the 0l r 000 Bto Ag ~ A5
flags will be affected @
INI (HL) = (O) Xt X X X X t X 11 101 101 ED 2 4 16 CtoAg ~ A7
B~B-1 10 100 010 A2 Bto Ag ~ Ajs
HL — HL + 1

INIR (HL) - (O X 1 X X X X t X 11 101 101 ED 2 5 21 CtoAg ~ A7
B~B-1 10 110 010 B2 (1f B#0) Bto Ag ~ A5
HL — HL + 1 2 4 16
Repeat until (IfB=0)
B=0

O]

IND (HL) - (C) X ¢t X X X X t X 11 101 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 101 010 AA Bto Ag ~ Al
HL —~ HL-1

INDR (HL) = (O) X 1 X X X X t X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 111 010 BA (1f B#0) Bto Ag ~ Als
HL ~ HL-1 2 4 16
Repeat until (If B=0)

OUT (n), A (n) = A e o X o X o t X 11 010 011 D3 2 3 11 nto Ag ~ A7

- n - Acc to Ag ~ Alg
OUT (C), r ©C)=r e o X o X o t X 11 101 101 ED 2 3 12 CtoAg ~ Ay
01 r 001 Bto Ag ~ A5

OUTI (C) — (HL) X @ X X X X t X 11 101 101 ED 2 4 16 CtoAg ~ A7
B~—B-1 10 100 011 A3 Bto Ag ~ Ajg
HL — HL + 1

OTIR (C) — (HL) X 1 X X X X t X 11 101 101 ED 2 5 21 CtoAg ~ A7
B~ B-1 10 110 011 B3 (If B+0) Bto Ag ~ A5
HL — HL + 1 4 16
Repeat until (If B=0)
B=0

(O]

OuTD (C) - (HL) X 7T X X X X 1 X 11 101 101 ED 2 4 16 CtoAg ~ Ay
B~ B-1 10 101 011 AB Bto Ag ~ Ajs
HL —~ HL-1

NOTE @ 1f the result of B— 1 1s zero the Z flag 1s set, otherwise 1t 1s reset
(@ N Flag 1s 1 1f data bit 15 1, othewise N Flag 1s 0

2001-001
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Input and Symbolic Flags Opcode No.of No.of M No.of T

Output Gr oup Mnemonic Operation ¥4 H PVN C 76 543 210 Hex Bytes Cycles States Comments

(Continued) OTDR (C) — (HL) X X X X t X 1110110l ED 2 5 21 CtoAg ~ A7
B-B-1 10 111 011 (If B#0) BtoAg ~ A5
HL - HL-1 2 4 16
Repeat until (If B=0)
B=0

Summary of Dy Dy

Fla g Instruction s z H PV N C Comments

OPerqﬁon ADD A, s, ADCA, s t t X t X V 0 t 8-bit add or add with carry

SUBs, SBC A, s, CP s, NEG 1 1 X ¢+ X vV 1 1 8-bit subtract, subtract with carry, compare and negate accumulator

AND s ! t X 1 X P 0 O }

ORs, XOR s 1 1t X 0 X P o of Logwaloperations

INCs ! t X t X V 0 e 8-bit increment

DECs t t X 1t X V 1 e 8-bit decrement.

ADD DD, ss e ¢ X X X e 0 t 16-bit add

ADC HL, ss 1 t X X X VvV 0 1 16-bit add with carry

SBC HL, ss 1 1 X X X vV 1 1 16-bit subtract with carry

RLA, RLCA, RRA, RRCA e * X 0 X e 0 t Rotate accumulator

RLm, RLCm, RR m, t t+ X 0 X P 0 1 Rotate and shift locations

RRC m, SLA m,
SRA m, SRL m

RLD, RRD 1 t X 0 X P 0 e Rotate digit left and right

DAA t t X 1t X P e 1t Decimal adjust accumulator

CPL . e X 1 X e 1 . Complement accumulator

SCF e ¢ X 0 X e 0 1 Set carry

CCF e o X X X e 0 Complement carry

INr (C) ! t X 0 X P 0 e Input register indirect

INI, IND, OUTI, OUTD X t X X X X 1 - -

INIR, INDR, OTIR, OTDR X 1 X X X X 1 .} Block mnput and output Z = 01f B # 0 otherwise Z = 0

tgih,LEBDR § § § g § é g :} Block transfer instructions P/V = 11f BC # 0, otherwise P/V = 0

CPI, CPIR, CPD, CPDR X t X X X 1 1 o Blocksearch mstructions Z = 1 1f A = (HL), otherwise Z = 0 P/V = 1

1if BC # 0, otherwise P/V = 0
LDA,I,LDAR t 1 X 0 X IFF 0 o The content of the interrupt enable flip-flop (IFF) 1s copied into the P/V flag
BITb, s X t+ X 1 X X 0 The state of bit b of location s 1s copied into the Z flag
Symbolic Symbol Operation Symbol Operation
Notation S Sign flag. S = 1 if the MSB of the result 1s 1. H The flag 1s affected according to the result of the
Z Zero flag. Z = 1 1if the result of the operation 1s 0. operation.
PV Parity or overflow flag. Parity (P) and overflow . The flag 1s unchanged by the operation.
(V) share the same flag. Logical operations affect 0 The flag 1s reset by the operation.
this flag with the parnity of the result while 1 The flag 1s set by the operation.
arithmetic operations affect this flag with the X The flag 1s a “don't care ”
overflow of the result. If P/V holds panty, P/V = \ P/V flag affected according to the overflow result
1 1if the result of the operation 1s even, P/V = 0:f of the operation.
result 1s odd. If P/V holds overflow, P/V = 11f P P/V flag affected according to the parity result of
the result of the operation produced an overflow. the operation.

H Half-carry flag. H = 1 if the add or subtract r Any one of the CPU requsters A, B, C, D, E, H, L.
operation produced a carry 1nto or borrow from s Any 8-bit location for all the addressing modes
bit 4 of the accumulator. allowed for the particular instruction.

N Add/Subtract flag. N = 1 1if the previous opera- ss Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that mnstruction.

H&N Hand N flags are used in conjunction with the u Any one of the two index registers IX or IY.
decimal adjust instruction (DAA) to properly cor- R Refresh counter.
rect the result into packed BCD format following n 8-bit value in range < 0, 255 >.
addition or subtraction using operands with nn 16-bit value 1n range < 0, 65535 >.
packed BCD format.

C Carry/Link flag. C = 1 1f the operation produced

a carry from the MSB of the operand or result.
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Pin
Descriptions

Ag-A)s. Address Bus (output, active High,
3-state). Ag-A)5 form a 16-bit address bus. The
Address Bus provides the address for memory
data bus exchanges (up to 64K bytes) and for
I/O device exchanges.

BUSACK. Bus Acknowledge (output, active
Low). Bus Acknowledge indicates to the
requesting device that the CPU address bus,
data bus,_and control signals MREQ, IORQ,
RD, and WR have entered their high-
impedance states. The external circuitry
can now control these lines.

BUSREQ. Bus Request (input, active Low).
Bus Request has a higher priority than NMI
and is always recognized at the end of the cur-
rent machine cycle. BUSREQ forces the CPU
address bus, data bus, and control signals
MREQ, IORQ, RD, and WR to go to a high-
impedance state so that other devices can
control these lines. BUSREQ is normally wire-
ORed and requires an external pullup for
these applications. Extended BUSREQ
periods due to extensive DMA operations can
prevent the CPU from properly refreshing
dynamic RAMs.

Do-Dy. Data Bus (input/output, active High,
3-state). Do-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and [/O.

HALT. Halt State (output, active Low). HALT
indicates that the CPU has executed a Halt
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 NOPs to
maintain memory refresh.

INT. Interrupt Request (input, active Low).
Interrupt Request is generated by I/O devices.
The CPU honors a request at the end of the
current instruction if the internal software-
controlled interrupt enable flip-flop (IFF) is
enabled. INT is normally wire-ORed and
requires an external pullup for these
applications.

IORQ. Input/Quiput Request (output, active
Low, 3-state). IORQ indicates that the lower
half of the address bus holds a valid I/O
address for an I/O read or write operation.
IORQ is also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate that an interrupt response vector can be
placed on the data bus.

MI. Machine Cycle One (output, active Low).
M1, together with MREQ, indicates that the

urrent machine cycle is the opcode fetch
cycle of an instruction execution. M1, together
with IORQ, indicates an interrupt acknowledge
cycle.

MREQ. Memory Request (output, active

Low, 3-state). MREQ indicates that the address
bus holds a valid address for a memory read or
memory write operation.

NMI. Non-Maskable Interrupt (input, negative
edge-triggered). NMI has a higher priority
than INT. NMI is always recognized at the end
of the current instruction, independent of the
status of the interrupt enable flip-flop, and
automatically forces the CPU to restart at loca-
tion 0066H.

RD. Read (output, active Low, 3-state). RD
indicates that the CPU wants to read data from
memory or an /O device. The addressed 1/O
device or memory should use this signal to
gate data onto the CPU data bus.

RESET. Reset (input, active Low). RESET
initializes the CPU as follows: it resets the
interrupt enable flip-flop, clears the PC and
Registers I and R, and sets the interrupt status
to Mode 0. During reset time, the address and
data bus go to a high-impedance state, and all
control output signals go to the inactive state.
Note that RESET must be active for a minimum
of three tull clock cycles before the reset
operation is complete.

RFSH. Refresh (output, active Low). RFSH,
together with MREQ, indicates that the lower
seven bits of the system's address bus can be
used as a refresh address to the system’s
dynamic memories.

WAIT. Wait (input, active Low). WAIT
indicates to the CPU that the addressed mem-
ory or I/O devices are not ready for a data
transfer. The CPU continues to enter a Wait
state as long as this signal is active. Extended
WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. Write (output, active Low, 3-state). WR
indicates that the CPU data bus holds valid
data to be stored at the addressed memory or
1/O location.

17
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CPU Timing

The Z80 CPU executes instructions by pro-
ceeding through a specific sequence of opera-
tions:

B Memory read or write
W [/O device read or write
B Interrupt acknowledge

The basic clock period is referred to as a
T time or cycle, and three or more T cycles
make up a machine cycle (M1, M2 or M3 for
instance). Machine cycles can be extended
either by the CPU automatically inserting one
or more Wait states or by the insertion of one
or more Wait states by the user.

Instruction Opcode Fetch. The CPU places
the contents of the Program Counter (PC) on
the address bus at the start of the cycle (Figure
5). Approximately one-half clock cycle later,
MREQ goes active. When active, RD indicates
that the memory data can be enabled onto the
CPU data bus.

The CPU samples the WAIT input with the
falling edge of clock state T2. During clock
states T3 and T4 of an M1 cycle dynamic RAM
refresh can occur while the CPU starts
decoding and executing the instruction. When
the Refresh Control signal becomes active,
refreshing of dynamic memory can take place.

1 ! 2 ] w ] ] 3 a |
cLock J@. <O \ \ [
S SO S ./
) . O
Ao-Ats ) pC ;’} REFRESH ADDR X
] ® @
ot — 8=
MREG , P Ae @) .
® (>
i_'b T g4
- <‘® —
_ o(F o
WATY 1 . N
® <@~
W) .y )
Do-Dy I——E VALID DATA X

NOTE: T,,~Wait cycle added when necessary for slow ancilliary devices.

Figure 5. Instruction Opcode Fetch
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CPU Memory Read or Write Cycles. Figure 6

Timing shows the timing of memory read or write

(Continued) cycles other than an opcode fetch (M1) cycle.
The MREQ and RD signals function exactly as
in the fetch cycle. In a memory write cycle,

-

CLOCK ,

Ty

AW

Tz Tw

MREQ also becomes active when the address
bus is stable. The WR line is active when the
data bus is stable, so that it can be used
directly as an R/W pulse to most semi-
conductor memories.

£ Lo

WA

L
VALID ADDRESS

A
~O~
),
o8

cls

[

—|

. @\l—w
\l‘@)

@-> |4
il '~ a )f VALID
AR WY 14 ,L DATA

Ao-A4s
WMREG
WAIT
RD
READ
OPERATION -
Do-D7
WR
WRITE
OPERATION
Do-D7

DATA OUT

I/

Figure 6. Memory Read or Write Cycles

2005-883
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CPU
Timing
(Continued)

Input or Output Cycles. Figure 7 shows the
timing for an I/O read or I/O write operation.
During I/O operations, the CPU automatically

inserts a single Wait state (Ty,). This extra Wait
state allows sufficient time for an I/O port to
decode the address from the port address lines.

Ts

T2 Tw* T
_’ \ 4
cLock _/ ‘\\__/——\_/-L!SLI ’ \[{ / s j \
®
< ®
Ao-Ay X VALID PORT ADDRESS l:’:
® @~
oG T e /
o o ATS AT ;
WAIT i J;J R_/f
® @) -
- \ ” Jf.
o . @
omiiin)  Of gk
_ Yo wag d vaoo W
p peual /4 LLILW | -
| @ @ ~
- A - @ -
wml':'g :_> ® l~— ®
OPERATION /4
Do-Dy g - DATA OUT —

NOTE: T+ = One Wait cycle automatically inserted by CPU.

La

Figure 7. Input or Output Cycles

Interrupt Request/Acknowledge Cycle. The
CPU samples the interrupt signal with the ris-
ing edge of the last clock cycle at the end of
any instruction (Figure 8). When an interrupt
is accepted, a special M1 cycle is generated.

T Ty T2

During this Ml cycle, IORQ becomes active
(instead of MREQ) to indicate that the inter-
rupting device can place an 8-bit vector on the
data bus. The CPU automatically adds two
Wait states to this cycle.

Tw+ Tw- Tw

CcLOCK
AYAVAVAVWAVAN
T
® ®
Ao-A1s PC j’:
9 |
. Y ” -
— @ - — 52
- —
& J - ’;—@ O
o B
Bo-B7 < . VALID DATA

NOTE: 1) Ty, = Last state of previous instruction.

2) Two Wait cycles automatically inserted by CPU(*).

Figure 8. Interrupt Request/Acknowledge Cycle
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CPU
Timing
(Continued)

NOTE: Ty = Last state of any M cycle.

Non-Maskable Interrupt Request Cycle.

NMI is sampled at the same time as the mask-
able interrupt input INT but has higher priority
and cannot be disabled under software control.
The subsequent timing is similar to that of a

normal instruction fetch except that data put
on the bus by the memory is ignored. The
CPU instead executes a restart (RST) operation
and jumps to the NMI service routine located
at address 0066H (Figure 9).

LAST M CYCLE
LAST T TIME T T2

AVAVAVAYAWE

_____________ I _____ﬂ_.

_.@<.' @
Ao-A1s X' PC X REFRESH
=@ - @ =
) \L ® ﬂ@/T ~o|
e \ i
le—@—1

* Although NMI 1s an asynchronous 1nput, to quarantee 1its being
recognized on the following machine cycle, NMI's falling edge

must occur no later than the rising edge of the clock cycle
preceding T AST.

Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU
samples BUSREQ with the rising edge of the
last clock period of any machine cycle (Figure
10). If BUSREQ is active, the CPU sets its ___
address, data, and MREQ, IORQ, RD, and WR

CLOCK

T

lines to a high-impedance state with the rising
edge of the next clock pulse. At that time, any
external device can take control of these lines,
usually to transfer data between memory and

I/O devices.

o[

BUSACK

/N

- |~® - |-®
I
Ao-Ats N " FLOAT <
Do-Ds v " FLOAT <r——-
Prm—
J— ™ ~® - |-
MREQG
m’m FLOAT —
ioRa  S—
= RON
w
—- @ |<-

HALT

UNCHANGED

Tx = An arbitrary clock cycle used by requesting device.

Figure 10. Z-BUS Request/Acknowledge Cycle
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CPU
Timing
(Continued)

Halt Acknowledge Cycle. When the CPU
receives a Halt instruction, it executes NOP

states until either an INT or NMI input is

received. When in the Halt state, the HALT
output is active and remains so until an inter-
rupt is received (Figure 11).

J
} M1

M1 |
Ty T T

CLOCK

HALT

\0 Ty T2

Halt Instruction I
Received

NOTE. INT will also force a Halt exit.

o

*See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least
three clock cycles for the CPU to properly
accept it. As long as RESET remains active, the
address and data buses float, and the control
outputs are inactive. Once RESET goes

inactive, three internal T cycles are consumed
before the CPU resumes normal processing
operation. RESET clears the PC register, so the
first opcode fetch will be to location 0000
(Figure 12).

CLOCK

AWAW

R~ | ® 9«[
Ao-A1s ‘E—-#" o <-
—| |
Do-D7 ‘H” FLOAT

L
N

A

7 b
o S

V7111474

B
b
o)
X

x|
>
H
-

Figure 12. Reset Cycle
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AC 280 CPU Z80A CPU Z80B CPU}
Charac- Min Max Min Max Min Max
teristics Number Symbol Parameter
1 TcC Clock Cycle Time 400* 250* 165*
2 TwCh Clock Pulse Width (High) 180* 110* 65*
3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000
4 TiC Clock Fall Time - 30 — 30 — 20
5 —TrC Clock Rise Time 36- 30 20-
6 TdCr(A) Clock t to Address Valid Delay — 145 — 110 — 90
7 TdA(MREQ) Address Valid to MREQ 125 — 65* — 35" —
| Delay
8  TdCHMREQf) Clock | to MREQ ! Delay — 100 — 85 - 70
9  TdCr(MREQr) Clock t to MREQ t Delay — 100 — 85 — 70
10 —TwMREQh MREQ Pulse Width (High) 170* 110* 65*
11 TwMREQ! MREQ Pulse Width (Low) 360" — 220" — 135 —
12 TdCHMREQr) Clock | to MREQ 1 Delay — 100 — 85 —— 70
13 TdCf(RDf) Clock | to RD } Delay — 130 — 95 — 80
14 TdCr(RDr) Clock t to RD t Delay — 100 — 85 — 70
15 — TsD(Cr) Data Setup Time to Clock t 50 35 30
16 ThD(RDr) Data Hold Time to RD t — 0 — 0 — 0
17 TsWAIT(Cf)  WAIT Setup Time to Clock | 70 — 70 — 60 —
18 ThWAIT(Cf)  WAIT Hold Time after Clock } — 0 — 0 — 0
19 TdCr(M1f) Clock t to M1 } Delay -~ 130 — 100 - 80
20 —TdCr(Mlr) Clock 1 to M1 t Delay 130 100 80-
21 TdCr(RFSHf)  Clock t to RFSH | Delay — 180 — 130 - 110
22 TdCr(RFSHr)  Clock t to RFSH t Delay —_ 150 — 120 — 100
23 TdCH(RDr) Clock ! to RD t Delay — 110 — 85 — 70
24 TdCr(RDf) Clock t to RD | Delay — 100 — 85 — 70
25 —TsD(Cf) Data Setup to Clock } during 60 50 43—
M,, Mz, My or Mg Cycles
26 TdA(IORQf) Address Stable prior to IORQ } 320" — 180 — 110 —
27  TdCr(IORQf)  Clock t to TORQ ! Delay — 90 — 75 — 65
28  TdCKIORQr) Clock | to TORQ t Delay — 110 — 85 — 70
29 TdD(WRf) Data Stable prior to WR | 190* — 80 — 25 —
30 — TdCH(WRf) —— Clock | to WR | Delay 90 80 70~
31 TwWR WR Pulse Width 360 — 220*  — 138*  —
32 TdCHWRr) Clock } to WR t Delay —_ 100 — 80 — 70
33 TdD(WR{) Data Stable prior to WR | 200 — -100 — -85* —
34 TdCr(WRf) Clock t to WR } Delay — 80 — 65 — 60
35—TdWRr(D) Data Stable from WR t 120* 60* 30*
36 TACH(HALT) Clock } to HALT tor | — 300 — 300 — 260
37  TwNMI NMI Pulse Width 80 — 80 — 70 —
38  TsBUSREQ(Cr) BUSREQ Setup Timeto Clock t 80  — 5 — 50 —

* For clock periods other than the minimums shown 1n the table,
calculate parameters using the expressions 1n the table on the

following page.

1 Units 1n nanoseconds (ns) All imings are preliminary and

subject to change.
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AC
Charac-
teristics
(Continued)

Z80 CPU Z80A CPU Z80B CPUY}
Number Symbol Parameter Min Max Min Max Min Max
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock t 0 — 0 — 0 —
40 — TdCr(BUSACKI{) -Clock t to BUSACK | Delay 120 100 90-
41 TdC{(BUSACKr) Clock | to BUSACK t Delay — 110 — 100 — 90
42 TdCr(Dz) Clock 1 to Data Float Delay — 90 e 90 - 80
43 TdCr(CTz) Clock 1 to Control Outputs Float — 110 — 80 — 70
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr(Az) Clock t to Address Float Delay — 110 — 0 — 80
45 — TdCTr(A) MREQ 1, [ORQ 1, RD 1, and 160" 80* 35"
WR 1 to Address Hold Time
46 TsRESET(Cr) RESET. to Clock 1 Setup Time 90 - 60 — 60 —
47 ThRESET(Cr) RESET to Clock t Hold Time — 0 — 0 — 0
48 TsINTf(Cr) INT to Clock 1 Setup Time 80 — 80 — 70 —
49 ThINTr(Cr) INT to Clock t Hold Time — 0 - 0 — 0
50 —TdM1f(IORQf)—MI | to IORQ | Delay 920* 565 365*
51 TdCH(IORQ) Clock | to IORQ | Delay — 110 — 85 -— 70
52 TdC{(IORQr) Clock 1t to IORQ 1 Delay — 100 — 85 — 70
53 TdCi(D) Clock | to Data Valid Delay — 230 — 150 — 130
* For clock periods other than the minimums shown 1n the table,
calculate parameters using the following expressions Calculated
values above assumed TrC = TfC = 20 ns
1 Units 1n nanoseconds (ns) All timings are preliminary and
subject to change. All imings assume equal loading on pins with
50 pF
Footnotes to AC Characteristics
Number Symbol 280 Z80A Z80B

TcC
2 TwCh

7 — TdA(MREQf) —TwCh + TiC - 75
TwCh + TiC - 30

10 TwMREQh
11 TwMREQI1
26 TdA(IORQf)
29 TdD(WRf)
31— TwWR
33 TdD(WRf)
35 TdWRr(D)
45 TdCTr(A)

TwCh + TwCl + TrC + T{C TwCh + TwCl + TrC +TiC

Although static by design,
TwCh of greater than 200 us

Although static by design,
TwCh of greater than 200 us

is not guaranteed

1s not guaranteed
TwCh + TIC - 65
TwCh + TIC - 20

TwCh + TwCl + TrC +
Although static by design,

TiC

TwCh of greater than 200 us

1s not guaranteed
TwCh + TIC - 50
TwCh + TfC - 20

TeC - 40 TeC - 30 TeC - 30
TcC - 80 TcC - 70 TcC - 85
TcC - 210 TcC - 170 TcC - 140
TcC - 40 TcC - 30 TcC - 30

TwCl + TrC - 180
TwCl + TrC - 80
TwCl + TrC - 40
50 TdMI1{(IORQf) 2TcC + TwCh + TiC - 80

TwCl + TrC - 140
TwCl + TrC - 70
TwCl + TrC - 50

2TcC + TwCh + TIC - 65

TwCl + TrC - 140
TwCl + TrC - 55
TwCl + TrC - 50

2TcC + TwCh + TIC - 50

AC Test Conditions*
Vig =20V
Vi =08V
ViHC = Ve -0.6 V
ViLg = 045V

VOH =
VoL =
FLOAT

2
0.

oV
8V
+0.5V
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Absolute Storage Temperature........ -65°Cto +150°C Stresses greater than those listed under Absolute Max-
Maximum Temperatur e mum Ratings may cause permanent damage to the device.
Rati der B S s This 1s a stress rating only; operation of the device at any
atings undaer bias ........ pecitied operating range condition above those indicated 1n the operational sections
Voltages on all inputs and of these specifications 1s not implied. Exposure to absolute
outputs with respect to ground .-0.3 Vto +7 V maximum rating conditions for extended periods may affect
Power Dissipation .................... 1.5 W  devicerehabilty.
Standard The characteristics below apply for the All ac parameters assume a load capacitance
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 50 pF in-
Conditions otherwise noted. All voltages are referenced to crease in load up to a maximum of 200 pF for
GND (0 V). Positive current flows into the the data bus and 100 pF for address and control
referenced pin. Available operating lines.
temperature ranges are:
m S* = 0°Cto +70°C, +5V
+475V < Voo < +5.25V 21K
B E* = -40°C to +85°C, FROM OUTPUT
+475V = Voo = +5.25V UNDER TEST
B M* = -55°C to +125°C, - 8
+45V < Vo= +55V “’°"‘I A O@
*See Ordering Information section for package %
temperature range and product number = = = a
DC Symbol Parameter Min Max  Unit Test Condition
Character-
istics Vie Clock Input Low Voltage -0.3 0.45 V
Viac Clock Input High Voltage Vee-6 Vec+.3  V
Vi Input Low Voltage -0.3 0.8 v
Vi Input High Voltage 2.0 Vee v
VoL Output Low Voltage 0.4 v Iop= 1.8 mA
Vou Output High Voltage 2.4 v Ion = -250 pA
Icc Power Supply Current
780 150  mA
Z80A 2002 mA
Z80B 200 mA
Ig Input Leakage Current 10 wA Vv = Oto Voo
ILEAk 3-State Output Leakage Current in Float -10 10 4A Vout = 0.4 to Ve
1. For mihitary grade parts, Icc 1s 200 mA 3 Aj5-Ag, D7-Dg, MREQ, IORQ, RD, and WR
2. Typical rate for Z80A 1s 90 mA.
Capacitance Symbol Parameter Min Max Unit Note
Cecrock Clock Capacitance 35 pF
Unmeasured pins
Ciy Input Capacitance 5 pF returned to ground
Cout Output Capacitance 10 pF
Tg = 25°C, f = 1 MHz
8085-029 25




Ordering Product Package/ Product Package/

Information  Number Temp Speed Description Number Temp Speed Description
78400 CE 2.5 MHz 780 CPU (40-pin) Z8400A CMB 4.0 MHz Z80A CPU (40-pin)
78400 CM 2.5 MHz Same as above Z8400A CS 4.0 MHz Same as above
78400 CMB 2.5MHz Same as above Z8400A DE 4.0 MHz Same as above
28400 Cs 2.5 MHz Same as above 78400A DS 4.0 MHz Same as above
78400 DE 2.5 MHz Same as above Z8400A PE 4.0 MHz Same as above
78400 DS 2.5 MHz Same as above Z8400A PS 4.0 MHz Same as above
78400 PE 2.5 MHz Same as above Z8400B CS 6.0 MHz Z80B CPU (40-p1n)
28400 PS 2.5 MHz Same as above 78400B DS 6.0 MHz Same as above
Z8400A CE 4.0 MHz Z80A CPU (40-pin) 78400B PS 6.0 MHz Same as above
Z8400A CM 4.0 MHz Same as above
*NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with

MIL-STD-883 Class B processing, S = 0°C to +70°C
26 00-2001-A



28300 Low Power
Z80OL° CPU
Central Processing Unit

Ya

Product

ngn -
Zilog Specification
June 1982
Features B The Z80L combines the high performance of B The Z80L microprocessors and associated
the Z80 CPU with extremely low power con- family of peripheral controllers are linked
sumption. It has the identical pinout and by a vectored interrupt system. This system
instruction set of the Z80. The result is may be daisy-chained to allow implementa-
increased reliability and lower system power tion of a prionty interrupt scheme. Little, 1f
requirements. This dramatic power savings any, additional logic 1s required for daisy
makes the Z80L a natural choice for both chaining.
hand-held and battery backup applications. B Duplicate sets of both general-purpose and
B The Z80L CPU is offered in three versions: tlag registers are provided, easing the
Z8300-1—1.0 MHz clock, 15 mA typical cur- design and operation of system software.
rent consumption Two 16-bit index registers facilitate program
78300-2—1.5 MHz clock, 20 mA typical cur- processing of tables and arrays.
rent consumption X X
. B There are three modes of high-speed inter-
28300-3—2.5 :VIHZ clock, 25 mA typical cur- rupt processing: 8080 compatible, non-Z80
rent consumption peripheral device, and Z80 Family
B The extensive instruction set contains 158 peripheral with or without daisy chain.
instructions, resulting in sophisticated data " O ; ;
’ n-chip dynamic memory refresh counter.
handling capabilities. The 78 instructions of pay Y
the 8080A are included as a subset; 8080A
and Z80 Family software compatibility is
maintained.
M1 Ay p——>
Ay >
~<—————1 MREQ Ay P
SYSTEM /| <+——]IO0RQ Ay >
CONTROL ~¢——— RD Ay
D LI As p—— an g1 0[] Ao
Ag [ Az [ 2 39 [ A
<« 7FsH A7 —— | ApDRESS A8 3] A
As —> ( BUS [t ] A
< HALT Ay p——> as s 36 [] As
A —> ck[J e 351 As
———{ WAIT Ay p—— o, 07 4[] A
cPu Z80LCPU  Apf—> 5[] s 3] A
CONTROL |\ — | A p— 05[] o 2] A
—{ M Ay f—> s [] 10 31 [] A
A::___.. +sv [ n zeoL chy 0[] 4
———] RESET o, [] 12 29[] aNo
Do [ 075 13 28 [ RFSH
gs‘;(—»ﬁs—ns—é Dy jt—— nnEu 27 [ i
CONTROL \ <+———BUSACK D j+—> o, [ 15 26 [ ] RESET
Dy fe——> | DATA iNT ] 16 25 [] BUSREQ
——alcLK D4 f«——> [ BUS Wi [ 17 24 [] WA
—]isv Ds ft—s- HALT [] 18 23 [[] BUSACK
] GND Dg j——> MREQ [] 19 22 JWR
D7 fe——> ioRG [] 20 21 ] RD
Figure 1. Pin Functions Figure 2. Pin Assignments
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General
Description

The Z80L CPUs are fourth-generation
microprocessors with exceptional computa-
tional power. They offer high system
throughput and efficient memory utilization
combined with extremely low power consump-
tion. The internal registers contain 208 bits of
read/write memory that are accessible to the
programmer. These registers include two sets
of six general-purpose registers which may be
used individually as either 8-bit registers or as
16-bit register pairs. In addition, there are two
sets of accumulator and flag registers. A group
of “"Exchange” instructions makes either set of
main or alternate registers accessible to the
programmer. The alternate set allows operation
in foreground-background mode or it may be
reserved for very fast interrupt response.

The Z80L also contains a Stack Pointer, Pro-
gram Counter, two index registers, a Refresh
register (counter), and an Interrupt register.
The CPU is easy to incorporate into a system
since it requires only a single +5 V power

source, all output signals are fully decoded
and timed to control standard memory or
peripheral circuits, and it 1s supported by an
extensive family of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the Z80L processors.
Subsequent text provides more detail on the
Z80L I/O controller family, registers, instruc-
tion set, interrupts and daisy chaining, CPU
timing, and low power requirements.

Z80L Low Power Feature. The Z80L Family
offers state-of-the-art microprocessor perfor-
mance with extremely low power consumption.
Its low power requirement rivals comparable
CMOS microprocessors. The Z80L Family's
lower power consumption provides the ability
to reduce system power requirements and
enables its use 1n applications not previously
possible. The Z80L is very well suited to bat-
tery backup applications or to systems
operating primarily on batteries in hand-held
or portable systems.

8-BIT
DATA BUS

DATA BUS
INTERFACE

INSTRUCTION INST
DECODER REG

+5V

INTERNAL DATA BUS

GND —»

1y

CLOCK —»

ﬁ

8 SYSTEMS 5 CPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

CPU
TIMING Tl?‘PI:G
CONTROL

ADDRESS
LOGIC AND
BUFFERS

16-BIT
ADDRESS BUS

Figure 3. Z80L CPU Block Diagram
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Z80L Micro- The Zilog Z80L microprocessor 1s the central of the four channels may be configured to

processor element of a comprehensive microprocessor operate in either counter or imer mode.

Family product family. This family works together in B The DMA (Direct Memory Access) con-
most applications with minimum requirements troller provides dual port data transfer

for additional logic, facilitating the design of operations and the ability to terminate data

efficient and cost-effective microcomputer- transfer as a result of a pattern match.

bal%;d ;iésge;l& . 4 B The SIO (Serial Input/Output) controller
_ine afrm yhcoggﬁnents provide exten- offers two channels. It 1s capable of

f[};:e suppo.rt or the MICTOProcessor. operating 1n a variety of programmable
ese are: modes for both synchronous and asyn-

B The PIO (Parallel Input/Output) operates in chronous communication, including
both data-byte I/O transfer mode (with Bi-Synch and SDLC.
handshak'mg) and 1n bit mode (without B The DART (Dual Asynchronous Receiver/
handsha.kmg). The .PIO may be config- Transmutter) device provides low cost
urgd to mterfa(.:e with standard parallel asynchronous serial communication. It has
peripheral devices such as printers, two channels and a full modem control
tape punches, and keyboards. interface.

B The CTC (Counter/Timer Circuit) features B These peripherals will also be available in a
four programmable 8-bit counter/timers, low power version with the exception of the
each of which has an 8-bit prescaler. Each DMA.

Z80L CPU Figure 4 shows three groups of registers foreground data processing. The second set of
Registers within the Z80L CPU. The first group consists registers consists of six registers with assigned
of duplicate sets of 8-bit reqgisters: a principal functions. These are the I (Interrupt Register),
set and an alternate set (designated by ' the R (Reifresh Reguster), the IX and IY (Index

[prime], e.qg., A’). Both sets consist of the Regsters), the SP (Stack Pointer), and the PC

Accumulator Register, the Flag Register, and (Program Counter). The third group consists of

six general-purpose registers. Transfer of data two 1nterrupt status flip-flops, plus an addi-

between these duplicate sets of registers 1s tional pair of fhip-flops which assists in 1denti-
accomplished by use of “"Exchange’ instruc- fying the interrupt mode at any particular
tions. The result is faster response to interrupts time. Table 1 provides further information on
and easy, efficient implementation of such ver- these registers.

satile programming techniques as background-

MAIN REGISTER SET ALTERNATE REGISTER SET
A ACCUMULATOR F FLAG REGISTER A’ ACCUMULATOR F' FLAG REGISTER
B GENERAL PURPOSE C GENERAL PURPOSE B’ GENERAL PURPOSE C’' GENERAL PURPOSE
D GENERAL PURPOSE E GENERAL PURPOSE D’ GENERAL PURPOSE E' GENERAL PURPOSE
H GENERAL PURPOSE L GENERAL PURPOSE H' GENERAL PURPOSE L’ GENERAL PURPOSE
8 BITS
16 BITS INTERRUPT FLIP-FLOPS STATUS
1X INDEX REGISTER IFF1 IFF2
1Y INDEX REGISTER 0 = INTERRUPTS DISABLED STORES IFF1
; 1 = INTERRUPTS ENABLED DURING NMi
SERVICE
SP STACK POINTER
INTERRUPT MODE FLIP FLOPS
PC PROGRAM COUNTER IMF, IMFp
| INTERRUPT VECTOR R MEMORY REFRESH H O NTERRUPTMODEO
1 [ INTERRUPT MODE 1
1 1 INTERRUPT MODE 2
8 BITS
Figure 4. CPU Registers
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Z80L CPU Register Size (Bits) Remarks
Regis?ers A, A Accumulator 8 Stores an operand or the results of an operation.
(Continued)

F, F Flags 8 See Instruction Set.

B, B’ General Purpose 8 Can be used separately or as a 16-bit register with C.

CcC General Purpose 8 See B, above.

D, D General Purpose 8 Can be used separately or as a 16-bit register with E.

E E General Purpose 8 See D, above.

H, H General Purpose 8 Can be used separately or as a 16-bit register with L.

L L General Purpose 8 See H, above.

Note: The (B,C), (D,E), and (H,L) sets are combined as follows:
B — High byte C — Low byte
D — High byte E — Low byte
H — High byte L — Low byte

I Interrupt Reqister 8 Stores upper eight bits of memory address for vectored interrupt
processing.

R Refresh Register 8 Provides user-transparent dynamic memory refresh. Automatically
incremented and placed on the address bus during each
instruction fetch cycle.

IX Index Register 16 Used for indexed addressing.

Iy Index Regqister 16 Same as IX, above.

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop 1n instruc-
tion set.

PC Program Counter 16 Holds address of next instruction.

IFF|-IFF, Interrupt Enable Flip-Flops  Set or reset to indicate interrupt status (see Figure 4).

IMFa-IMFb Interrupt Mode Flip-Flops  Reflect Interrupt mode (see Figure 4).

Table 1. Z80L CPU Registers
Interrupts: The CPU accepts two interrupt input signals: B Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non-maskable use with non-8080/Z80 systems.
Operation interrupt and has the highest priority. INT is a B Mode 2 — a vectored interrupt scheme,

lower priority interrupt and it requires that
interrupts be enabled in software in order to
operate. INT can be connected to multiple
peripheral devices in a wired-OR
configuration.

The Z80L has a single response mode for
interrupt service for the non-maskable inter-
rupt. The maskable interrupt, INT, has three
programmable response modes available.
These are:

B Mode 0 — compatible with the 8080 micro-
processor.

usually daisy-chained, for use with Z80
Family and compatible peripheral devices.

__The CPU services interrupts by sampling the
NMI and INT signals at the rising edge of the
last clock of an instruction. Further interrupt
service processing depends upon the type of
interrupt that was detected. Details on inter-
rupt responses are shown in the CPU Timing
Section.
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Interrupts:
General
Operation
(Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannot be disabled by pro-
gram control and therefore will be accepted
all times by the CPU. NMI is usually reserved
for servicing only the highest prionity type
interrupts, such as that for orderly shutdown
after power failure has been detected. After
recognition of the NMI signal (providing
BUSREQ is not active), the CPU jumps to
restart location 0066H. Normally, software
starting at this address contains the interrupt
service routine.

Maskable Interrupt (INT). Regardless of the
interrupt mode set by the user, the Z80L
response to a maskable interrupt input follows
a common timing cycle. After the interrupt has
been detected by the CPU (provided that
interrupts are enabled and BUSREQ is not
active) a special interrupt processing cycle
begins. This is a special fetch (M1) cycle in
which IORQ becomes active rather than
MREQ, as in a normal Ml cycle. In addition,
this special M1 cycle 1s automatically extended
by two WAIT states, to allow for the time
required to acknowledge the interrupt request
and to place the interrupt vector on the bus.

Mode 0 Interrupt Operation. This mode is
compatible with the 8080 microprocessor inter-
rupt service procedures. The interrupting
device places an instruction on the data bus.
This is normally a Restart Instruction, which a
call will initiate a call to the selected one of
eight restart locations in page zero of memory.

Mode 1 Interrupt Operation. Mode 1 oper-
ation is very similar to that for the NMI. The
principal difference is that the Mode 1 inter-
rupt has a vector address of 0038H only.

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most effec-
tively the capabilities of the Z80L microproc-
essor and its associated peripheral family. The
interrupting peripheral device selects the
starting address of the interrupt service
routine. It does this by placing an 8-bit vector
on the data bus during the interrupt
acknowledge cycle. The CPU forms a pointer
using this byte as the lower 8 bits and the con-
tents of the I register as the upper 8 bits. This
points to an entry in a table of addresses for
interrupt service routines. The CPU then calls
the routine at that address. This flexibility in
selecting the interrupt service routine address
allows the peripheral device to use several dif-
ferent types of service routines. These routines

may be located at any available location in
memory. Since the interrupting device sup-
plies the low-order byte of the 2-byte vector,
bit 0 (Ag) must be a zero.

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a daisy-chain config-
uration. Each device in the chain has an inter-
rupt enable input line (IEI) and an interrupt
enable output line (IEQ), which is fed to the
next lower priority device. The first device in
the daisy chain has its IEI input hardwired to a
High level. The first device has highest priori-
ty, while each succeeding device has a cor-
responding lower priority. This arrangement
permits the CPU to select the highest priority
interrupt from several simultaneously interrup-
ting peripherals.

The interrupting device disables its IEO line
to the next lower priority peripheral until it has
been serviced. After servicing, its IEO line is
raised, allowing lower priority peripherals to
demand interrupt servicing.

The Z80L CPU will nest (queue) any pending
interrupts or interrupts received while a
selected peripheral is being serviced.

Interrupt Enable/Disable Operation. Two
flip-flops, IFF) and IFF,, referred to in the
register description are used to signal the CPU
interrupt status. Operation of the two flip-flops
is described in Table 2. For more details, refer
to the Z80 CPU Technical Manual and Z80
Assembly Language Manual.

Ndd .'T108Z

Action IFF;, IFF, Comments
CPU Reset 0 0 Maskable 1nterrupt
INT disabled

DI instruction 0 0 Maskable interrupt
execution INT disabled

EI instruction 1 1 Maskable interrupt
execution INT enabled

LD A,I instruction . . IFF, — Panty flag
execution

LD AR instruction . . IFFy — Panty flag
execution

Accept NMI 0 IFF, IFF) - IFF,

(Maskable inter-
rupt INT disabled)

RETN instruction IFFy o IFFy — IFF; at
execution completion of an
NMI service
routine.

Table 2. State of Flip-Flops
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Instruction The Z80L microprocessor has one of the most O 16-bit arithmetic operations

Set powerful and versatile instruction sets O Rotates and shifts
available in any 8-bit microprocessor and . .
identical to that of the Z80. It includes such O Bit set, reset, and test operations
unique operations as a block move for fast, O Jumps
efficient data transfers within memory or O Calls, returns, and restarts

between memory and 1/0. It also allows opera-

tions on any bit in any location in memory. O Input and output operations

The following is a summary of the Z80L A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
. language mnemonic, the operation, the flag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-XX) and Assembly Language O Immediate

Programming Manual (03-0002-XX)

contain significantly more details for O Immediate extended

programming use. O Modified page zero
hT}fleulnstruchons in Table 2 are divided into O Relative
the tollowing categories:
8.bit 1 dg g O Extended
O 8-bit loads
16-bit load O Indexed
0O 16-bit loads
O Register
O Exchanges, block transfers, and searches o
O Reaqister indirect
O 8-bit arithmetic and logic operations
O Imphed
0O General-purpose arithmetic and CPU .
O Bit
control
8-Bit Symbolic Flags Opcode No.of No.of M No.of T
Load M i Op s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
Group LDr,r' P e ¢ X ¢ X o o s O r ¢ 1 1 4 Reg
LDr, n r—n e ¢ X o X e s ¢ 00 r 110 2 2 7 0
—n= 0o o
LDr, (HL)  r— (HL) e o X e X e e o 0 r 10 1 2 7 00 D
LDr, (IX+d) r— (IX+d) e o X o X s e o 1lOIIIN DD 3 5 19 ol E
o r 10l 100 H
—d - 01 L
LDr, (IY+d) r— (I¥+d) e o X s X s e s 11100 FD 3 5 19 m A
ol r 110
—d -
LD (HL),r  (HL)—r e o X ¢ X e s o 010 r 1 2 7
LD (IX+d), r (X+d) ~r e ¢ X e X e s o 11Ol DD 3 5 19
01 110 r
-d -
LD(Y+d),r (I¥+d) ~r e ¢ X e X e o o 1lllI] FD 3 5 19
01110 r
—-d -
LD (HL),n  (HL) ~ n e o X e X s o o 001010 36 2 3 10
—n-
LD (IX+d), n (IX+d) —n e ¢ X e X s e o 11011101 DD 4 5 19
00 110 110 36
—-d -
N
LD(Y+d),n (IY+d) —n e o X o X s e s 111101 FD 4 5 19
00 110 110 36
-d -
—n-
LD A, (BC) A - (BC) e ¢ X e X e e e 00001010 OA 1 2 7
LD A, (DE) A — (DE) e o X e X e e o 00011010 1A 1 2 7
LDA, (nn) A~ (nn) e o X o X s e s 0011100 3A 3 4 13
P
—n—
LD (BC), A  (BC) - A e« X e X s e e 00000010 02 1 2 7
LD (DE), A  (DE) - A o o X ¢ X o s e 00010010 12 1 2 7
LD(nn), A (nn) — A e ¢ X o X e s o 00110010 32 3 4 13
P,
PR
LDA, 1 A-1 {1 X 0 X IFF O e 11101101 ED 2 2 9
01010 111 57
LDA,R A-R {4 X 0 XIFF O s 11101101 ED 2 2 9
01011 111 SF
D1 A I-A e ¢ X ¢ X e e o 11101100 ED 2 2 9
01000 111 47
LDR, A R-A « ¢ X e X s e o 1lI01101 ED 2 2 9
01001 111 4F

NOTES r, r’ means any of the reqisters A, B, C, D,
IFF the content of the interrupt enable flip Ilop (IFF)
copied into the P/V flag
For an explanation of flag notation and symbols for
mnemonic tables, see Symbolic Notation section
following tables
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16-Bit Load Symbolic Flags Opcode No.of No.of M No.of T
. oymoe

add ,T108Z

Gr oup i s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments
LD dd, nn dd ~ nn e o X e X o o o 00 ddo 001 3 3 10 dd Pair
-n- 00 BC
-n- 01 DE
LD IX, nn IX = nn o o X o X o o o 11 011 101 DD 4 4 14 10 HL
00 100 001 21 11 SP
—-n -
—n -
LDIY, nn IY — nn e o X o X o o o 11 111 101 FD 4 4 14
00 100 001 21
—n-—
—-n -
LD HL, (nn) H ~ (nn+1) e o X o X o o o 00 101 010 2A 3 5 16
L — (nn) —n-—
—n -
LD dd, (nn) ddy - (nn+1) o ¢ X o X o o o 11 101 101 ED 4 6 20
ddp, — (nn) 01 ddl 011
—n-
—n-
LDIX, (nn)  IXg — (nn+1) e o X e X e e e 110111001DD 4 6 20
IX[. — (nn) 00 101 010 2A
—n-—
—-—n -
LDIY, (nn)  IYH — (nn+1) e ¢ X e X e o o 11111101 FD 4 6 20
1YL — (nn) 00 101 010 2A
—n-
-n-
LD (nn), HL  (nn+1) — H e o X e X e o o 0010001022 3 5 16
(nn) — L —n-—
-n-—
LD (nn), dd  (nn+1) — ddy e« o X e X s o e 1110110l ED 4 6 20 .
(nn) — ddp. 01 ddo 011
—n-
—n-
LD (nn), IX (nn+1) — IXH e o X o X o o o 11 011 101 DD 4 6 20
(nn) — IX], 00 100 010 22
—n—
—n-—
LD (nn), IY (nn+1) — IYH e o X o X o o 11 111 101 FD 4 6 20
(nn) — 1Y, 00 100 010 22
-n-—
—-—n -
LD SP, HL SP — HL e o X e X o o o 11 111 001 F9 1 1 6
LD SP, IX SP — IX e ¢ X o X o o o 11 011 101 DD 2 2 10
11 111 001 F9
LD SP, IY SP - IY e ¢ X o X o o o 11 111 101 FD 2 2 10
11 111 001 F9 qq Pair
PUSH qq (SP-2) — qqL, e o X o X o o o 11 gg0 101 1 3 11 00 BC
(SP-1) ~ qay 01 DE
SP - SP -2 10 HL
PUSH IX (SP-2) — IXL e o X e X o o o 11 011 101 DD 2 4 15 11 AF
(SP-1) — IXH 11 100 101 ES
SP —~ SP -2
PUSH IY (SP-2) — IV, e ¢ X o X o o o 11 111 101 FD 2 4 15
(SP-1) — IYy 11 100 101 ES
SP - SP -2
POP qq ggH — (SP+1) e o X o X o o o 11 gq0 001 1 3 10
qqL, — (SP)
SP — SP +2
POP IX IXH — (SP+1) e o X o X o o o 11 011 101 DD 2 4 14
IXp, ~ (SP) 11 100 001 El
SP — SP +2
POP IY IYyg —- (SP+1) e o X e X o o o 11 111 101 FD 2 4 14
1Yy, — (SP) 11 100 001 El
SP -~ SP +2
NOTES  dd s any of the register pairs BC, DE, HL, SP
qq 1s any of the register pairs AF, BC, DE, HL
(PAIR)y, (PAIR), refer to high order and low order eight bits of the register pair respectively,
eq,BCL = C, AFy = A
Exchange: EX DE, HL DE —~ HL e o X o X o o o 11 101 011 EB 1 1 4
Block EX AF, AF AF -~ AF e o X o X o o o 00 001 000 08 1 1 4
EXX BC -~ BC' e o X o X o o o 11 011 001 D9 1 1 4 Register bank and
Transfer, DE - DE' auxihary reqister
HL -~ HL' bank exchange
Block Search gy (qp) 11 1 (sph o ¢ X o X o e e 1110001 E3 1 5 19
Groups L - (SP)
EX (SP), IX IXyg ~ (SP+1) e o X o X o o o 11 011 101 DD 2 6 23
IXp - (SP) 11 100 011 E3
EX (SP), IY IYH -~ (SP+1) ¢ o X o X o o o 11 111 101 FD 2 6 23
1Y, ~ (SP) 11 100 011 E3
O
LDI (DE) — (HL) e ¢ X 0 X 1t 0 e 11 101 101 ED 2 4 16 Load (HL) into
DE — DE+1 10 100 000 A0 (DE), increment
HL — HL+1 the pointers and
BC - BC-1 decrement the byte
counter (BC)
LDIR (DE) — (HL) e ¢ X 0 X 0 0 o 11 101 101 ED 2 5 21 IfBC #0
DE —~ DE+1 10 110 000 BO 2 4 16 If BC =0
HL — HL+1
BC — BC-1
Repeat until
BC =0
NOTE @P/V tlag 1s 0 1f the result of BC-1 = 0, otherwise P/V = 1
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Exchange, Symbolic Flags Opcode No.of No.of M No.of T

Block Mnemonic Operation s 2z H PVN C 76 543 210 Hex Bytes Cycles States Comments
Transfer, )
LDD (DE) — (HL) e ¢ X 0 X 1 0 o 11 101 101 ED 2 4 16
BIOCk searCh DE — DE-1 10 101 000 A8
Groups HL — HL-1
(Continued) BC - BC-1
LDDR (DE) — (HL) e ¢ X 0 X 0 0 o 11 101 101 ED 2 5 21 IfBC #£0
DE — DE-1 10 111 000 B8 2 4 16 fBC =0
HL — HL-1
BC -~ BC-1
Repeat until
BC =0
@ @
CPI A - (HL) t 1t X t X 1 1 e 11 101 101 ED 2 4 16
HL — HL+1 10 100 001 Al
BC -~ BC-1
@ ©)
CPIR A - (HL) t 1t X 1 X 1t 1 e 11 101 101 ED 2 5 21 If BC # Oand
A # (HL)
HL — HL+1 10 110 001 Bl 2 4 16 IfBC = Oor
BC — BC-1 A = (HL)
Repeat until
A = (HL) or
BC =0
@ (O]
CPD A - (HL) t1 X 1 X 1t 1 e 11 101 101 ED 2 4 16
HL — HL-1 10 101 001 A9
BC — BC-1
©) 0]
CPDR A - (HL) 1 X 1 X 11 e 11 101 101 ED 2 5 21 1f BC # 0 and
A # (HL)
HL — HL-1 10 111 001 B9 2 4 16 IfBC = Oor
BC — BC~-1 A = (HL)
Repeat until
A = (HL) or
BC =0
NOTES (D P/V flag 15 0 if the result of BC—1 = 0, otherwise P/V = 1

@zflagis 1 1f A = (HL), otherwise Z = 0

8-Bit ADD A, r A-A+r Tt X 1 X Voo 1 J r 1 1 4 r Reg
Arithmetic ADD A, n A-A+n t 1 X 1 X Voo t+ unpmio 2 2 7 000 B
and Logical - o0 5
Group ADDA, (HL) A~ A + (HL) t 1 X 1t X V o0 1t 10[000) 110 1 2 7 oll E
ADD A, (IX+d) A — A + (IX+d) t + X t XV 0o t 110111001 DD 3 5 19 100 H
101 L
- d - 1 A
ADD A, (IY+d) A — A + (IY +d) t t X 1t X V 0o 1 111110 FD 3 5 19
10 [000] 110
- d -
ADCA,s A~ A+s+CY t t X t X V 0 1t s 15;{” OIer' I;
(HL), (IX+d),
SUBs A~ A-s t t X 1 X VvV 1 1 (IY +d) as shown
SBCA, s A - A-s-CY t X t X VvV 1 1 for ADD 1nstruction
AND's A-AAs i1 X 1 X P OO Thel "‘d‘Ch“‘s
replace the n
ORs A-AVs 1 1t X 0 X P 0O the ADD set above
XOR s A-Aes 1 1 X 0 X P 0O
CPs A-s tor X ot X Vo1
INCr rer+1 1t X 1 XV 0 e 00T 1 1 4
INC (HL) (HL) —(HL) +1 1t 1 X 1t X V 0o e 00110 1 3 11
INC (IX+d)  (IX+d) — -t X t X V 0 e 11011100 DD 3 6 23
(IX+d)+1 s 00 110 [[09)
/ - d -
INC(Y+d)  (Y¥+d) — t 1+ X 1 X V 0o e 11111100 FD 3 6 23
(Y+d)+) 00 110
DECm me—m-1 t t X t X V 1 e m s any of r, (HL),

(IX+d), (IY +d)

as shown for INC
DEC same format
and states as INC.

n opcode
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General- Symbolic Flags Opcode No.of No.of M No.of T
Purpose M i Op z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
Arithmetic DAA Convertsacc content t t X t X P e 00 100 111 27 1 1 4 Decimal adjust
into packed BCD accumulator
and following add or
subtract with packed
CPU Control BOD operande
Groups CPL A-A e e X 1 X e 1 e 00101111 2F 1 1 4 Complement
accumulator (one's
complement).
NEG A-0-A t t X 1t XV 11 11 101 101 ED 2 2 8 Negate acc. (two's
. 01 000 100 44 complement)
CCF CY - CY e ¢ X X X e 0 1t 00 111 111 3F 1 1 4 Complement carry
flag
SCF CY —1 e o X 0 X o 0 1 00 110 111 37 1 1 4 Set carry flag
NOP No operation e o X o X o o o 00 000 000 00 1 1 4
HALT CPU halted e o X o X o o o 01 110 110 76 1 1 4
DI % IFF - 0 e ¢ X o X o o o 11 110 011 F3 1 1 4
El » IFF — 1 e o X o X o o 11 111 011 FB 1 1 4
MO Set interrupt e o X o X o o o 11 101 101 ED 2 2 8
mode 0 01 000 110 46
M1 Set interrupt e o X o X o o o 11 101 101 ED 2 2 8
mode 1 01 010 110 56
M2 Set interrupt e o X o X o o o 11 101 101 ED 2 2 8
mode 2 01 011 110 SE
NOTES  IFF indicates the interrupt enable flip-flop
CY indicates the carry flip-flop
* 1ndicates interrupts are not sampled at the end of EI or DI
16-Bit ADDHL,ss  HL — HL+ss e + X X X o 0 1  00ssl 00l 1 3 Il s Reg.

. . 00 BC
Arithmetic ADCHL,ss HL-HL+ss+CY 1 { X X X V 0 1 11101101 ED 2 4 15 0l DE
Group 0l ssl 010 10 HL

11 SP
SBC HL, ss HL — HL-ss-CY t 1 X X X VvV 1 1t 11 101 101 ED 2 4 15
01 ss0 010
ADD IX, pp X~ IX + pp e o X X X o 0 1t 11 011 101 DD 2 4 15 Reg.
01 ppl 001 00 BEE
01 DE
10 IX
11 SP
ADDIY, rr IY - 1Y + rr e o X X X e 0 11 111 101 FD 2 4 15 r_Reg.
00 rrl 001 00 BC
0l DE
10 1Y
11 SP
INC ss ss —ss + 1 ¢ o X ¢ X o o o 00 ss0 011 1 1 6
INC IX X-IX+1 e o X o X o o o 11 011 101 DD 2 2 10
00 100 011 23
INC 1Y IY - 1Y + 1 e ¢ X o X o o o 11 111 101 FD 2 2 10
00 100 011 23
DEC ss ss — ss—1 e o X o X o o o 00 ssl 011 1 1 6
DEC IX X - IX-1 e o X o X o o o 11 011 101 DD 2 2 10
00 101 Ol1 2B
DEC 1Y IY - IY-1 o ¢ X o X o o o 11 111 101 FD 2 2 10
00 101 011 2B
NOTES  ss1s any of the register pairs BC, DE, HL, SP
pp 1s any of the register pairs BC, DE, IX, SP
rr s any of the register pairs BC, DE, 1Y, SP
Rotate and
Shift Group  RLCA s+ X 0 X e 0 1 000001 07 1 1 4 Rotate left circular
A accumulator
RLA 7—0 ¢ ¢ X 0 X ¢ 0 1 0010l 17 1 1 4 Rotate left
A accumulator
RRCA 7—0 e ¢ X 0 X o 0 1 00 001 111 OF 1 1 4 Rotate right circular
A accumulator
RRA 7—0 * ¢ X 0 X o 0 1 00 011 111 IF 1 1 4 Rotate right
A accumulator
RLCr t t X 0 X P 0 1 11 001 011 CB 2 2 8 Rotate left circular
00 r reqgister r
RLC (HL) t t+ X 0 X P 0 1 11 001 011 CB 2 4 15 —-———HO g
00 [000] 110 0 C
RLC (IX+d) ' 1 X 0 X P 0 1 lloill0l DD 4 6 P
r,(HL),(IX +d),(IY +d) 11 001 011 CB
4 100 H
" - 01 L
00 [099) 110 A
RLC (IY +d) t + X 0 X P 0 1 11 111 101 FD 4 6 2
11 001 011 CB
Instruction format
and states are as
RLm 11 X 0 X P O 1 shown for RLC's
mmr,(HL),(IX +d),(IY +d) To form new
opcode replace
RRC m L1 X 0 X P oo i B or RLC's

mar,(HL),(IX +d),(IY +d)

with shown code
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Rotate and Symbolic Flags code No.of No.of M No.of T
Shiﬂ Group ot Op H PV N C 76 543 210 Hex Bytes Cycles States Comments
Continued
( " o xp o
m=r,(HL),(IX +d),(IY +d)
SLAm 0 0o X P O 1
m=r,(HL),(IX +d) (IY +d)
SRA m - 0 X P 0 1 101
ma=r,(HL) (IX +d),(IY +d)
SRLm o~{7—0 }—[cv] 0o X P oo I
mar,(HL),(IX +d),(IY +d)
RLD (-4f3-0] [7-4]3-0] 0 X P 0 e 11100101 ED 2 5 18 Rotate digit left and
A o) 01 101 111 6F night between
the accumulator
and location (HL)
RRD [7-a]3-0}—[7-4]3-0] 0 X P 0 e 11101100 ED 2 5 18 The content of the
A ) 01 100 111 67 upper half of
the accumulator 1s
unaffected
Bit Set, Reset &b, - Z-Tp 1 X X 0 e 11001011 CB 2 2 8 r__ Reg
and Test — or b r o
BIT b, (HL) Z — (HL)p 1 X X 0 o 11 001 011 CB 2 3 12 01 C
Group ol b 110 010 D
BIT b, (IX+d)p Z — (IX+d)p 1 X X 0 o 11 011 101 DD 4 5 20 011 E
11 001 011 CB 100 H
- d - 101 L
01 b 110 111 A
b Bit Tested
BIT b, (IY +d)p Z ~ (IY +d)p 1 X X 0 11 111 101 FD 4 5 20 000 0O
11 001 011 CB 001 1
- d - 010 2
0l b 110 o1 3
100 4
101 5
110 6
11 7
SETb, r rh = 1 e X o o o 11 001 011 CB 2 2 8
b r
SET b, (HL) (HL)p ~ 1 e X o o 11 001 011 CB 2 4 15
b 110
SET b, (IX+d) (IX+d)p — 1 ¢ X o e o 11 011 101 DD 4 6 23
11 001 011 CB
- d -
00 b 110
SET b, (IY+d) (IY+d)p — 1 o X o o o 11 111 101 FD 4 6 23
11 001 011 CB
- d -
[ b 110
RES b, m mp — 0 ¢ X o o o i To form new
m = r, (HL), opcode replace
(IX +d), [0 of SET b, s
Y +d with Flags
and time states for
SET instruction.
NOTES  The notation my, indicates bt b (0 to 7) or location m
]ump JP nn PC -~ nn e X o o o 11 000 011 C3 3 3 10
- n -
Group - n - cc Condition
JP cc, nn 1f condition cc 18 « X o o o 11 cc 010 3 3 10 NZ non-zero
true PC — nn, - n - 001 Z zero
otherwise - n - 010 NC non-carry
continue 011 C carry
100 PO panty odd
101 PE panty even
110 P sign positive
JRe PC ~ PC+e o X o o o 00 011 000 18 2 3 12 111 M sign negative
-e-2 —
JRC, e C =0, o X o o o 00 111 000 38 2 2 7 If condition not met
continue -e~2 -
C=1, 2 3 12 If condition 1s met
PC — PC+e
JRNC, e IC =1, e X o o o 00 110 000 30 2 2 7 1f condition not met.
continue —-e~2 —
HC =0, 2 3 12 If condition 1s met.
PC — PC+e
PZe fz=0 o X o o o 00 101 000 28 2 2 7 If condition not met.
continue - e=2 —
Hz =1, 2 3 12 If condition 1s met
PC — PC+e
JRNZ, e HZ =1, e X o o o 00 100 000 20 2 2 7 1f condition not met
continue - e-2 —
ItZ =0, 2 3 12 1f condition 1s met
PC - PC+e
JP (HL) PC ~ HL o X o o o 11 101 001 E9 1 1 4
P (IX) PC -~ IX ¢« X o o 11 011 101 DD 2 2 8

11 101 001 E9
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Jump Group Symbolic Flags @ Opcode No.of No.of M No.of T
o

M s z H PVN C 76 543 210 Hex Bytes Cycles States Comments
(Continued)
JP (1Y) PC — 1Y e o X o X o o o 11 111 101 FD 2 2 8
11 101 001 E9
DINZ, e B-B-1 o o X o X o o o 00 010 000 10 2 2 8 tB=0
IfB =0, - e-2 -
continue
IfB =0, 2 3 13 fB#0
PC — PC+e
NOTES e rep the in the relative add

mode
e 1s a signed two's complement number in the range < -126, 129 >
e -2 1n the opcode provides an effective address of pc + e as PC is incremented
by 2 prior to the addition of e

ndd 1082

Call and CALL nn (SP-1) — PCH e ¢ X o X e e e 11001101CD 3 5 17
(SP-2) — PCL - n -
Return Group be o -z
CALL cc, nn If condition o ¢ X o X o o o 11 cc 100 3 3 10 If cc 15 false
cc 1s false - n -
continue, -~ n - 3 5 17 If cc1s true
otherwise same as
CALL nn
RET PCL — (SP) o ¢ X o X o o o 11 001 001 C9 1 3 10
PCH ~ (SP+1)
RET cc If condition e ¢ X o X o o o 11 cc 000 1 1 5 If cc 1s false
cc 1s false
continue, 1 3 11 If cc 1s true
:;}::‘::e cc Condition
000 NZ non-zero
RET 001 Z  zero
RETI Return from e o X e X e o e 11101101 ED 2 4 14 gi? gc ;‘::YCE"”
interrupt 01 001 101 4D 100 PO panty odd
RETN! Return from e o X o X o o o 11 101 101 ED 2 4 14 101 PE panty even
non-maskable 01 000 101 45 110 P sign posttive
interrupt 111 M sign negative
RSTp (SP-1) — PCH e o X o X o o o 11t 111 1 3 11 t p
(SP-2) — PCL 000 O0H
PCy — 0 001 08H
PCL - p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H
NOTE 'RETN loads IFF) — IFF|
Input and IN A, (n) A - (n) e ¢ X o X e e ¢ 11011011 DB 2 3 11 nto Ag ~ A7
~ n — Acc to Ag ~ A5
ou‘put Group INr, (C) r—(C t t X t X P 0 o 11 101 101 ED 2 3 12 CtoAg ~ Ay
if r = 110 only the 0l r 000 Bto Ag ~ Ais
flags will be affected
(O]
INI (HL) - (O) Xt X X X X 1t X 11 101 101 ED 2 4 16 Cto Ag ~ Ay
B - B-1 10 100 010 A2 BtoAg ~ Als5
HL — HL + 1
INIR (HL) - (C) X 1 X X X X 1t X 11 101 101 ED 2 5 21 CtoAg ~ A7
B - B-1 10 110 010 B2 (If B0) BtoAg ~ A5
HL — HL + 1 2 4 16
Repeat until (1fB=0)
B=0
@
IND (HL) - (©) Xt X X X X t X 11 101 101 ED 2 4 16 CtoAg ~ Ay
B~B-1 10 101 010 AA BtoAg ~ Ajs
HL — HL-1
INDR (HL) - (©) X1 X X X X t X 11 101 101 ED 2 5 21 Cto Ag ~ A7
B - B-1 10 111 010 BA (1f B#0) BtoAg ~ A5
HL — HL-1 2 4 16
Repeat until (If B=0)
B=0
OUT (n), A (n) - A e o X o X o t X 11 010 011 D3 2 3 11 nto Ag ~ Ay
- n - Acc to Ag ~ A5
OUT(C), r C)—r e ¢ X o X o 1 X 11 101 101 ED 2 3 12 CtoAg ~ Ay
ol r 001 Bto Ag ~ Als
QUTI (C) — (HL) X (P X X X X t X 11 101 101 ED 2 4 16 CtoAg ~ A7
B - B-1 10 100 011 A3 BtoAg ~ A5
HL — HL + 1
OTIR (C) — (HL) X 1 X X X X 1t X 11 101 101 ED 5 21 Cto Ag ~ Ay
B~ B-1 10 110 011 B3 (f B£0) Bto Ag ~ Al
HL —~ HL + 1 2 4 16
Repeat until (If B=0)
B=0
0]
QUTD (C) — (HL) Xt X X X X t X 11 101 101 ED 2 4 16 Cto Ag ~ A7
B B-1 10 101 011 AB BtoAg ~ Ajs5
HL ~ HL~1

NOTE @ 1f the result of B~ 1 15 zero the Z flag 1s set, otherwise 1t 1s reset
@ N Flag 1s 1 1f data bit 1s 1, othewise N Flag 1s 0
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lnput cmd Symbolic Flags Opcode No.of No.of M No.of T
ou‘put Group Mnemonic Operation s z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
(Continued) OTDR (C) = (HL) X X X X t X 1110110 ED 2 5 21 CtoAg ~ A7
B-B-1 10 111 011 (1 B#0) BtoAg ~ A5
HL — HL-1 2 4 16
Repeat until (If B=0)
B=0
Summary of Dy Do
Fla g Instruction s z H PV N C Comments
OPQrQiion ADDA,s, ADCA, s t 1 X 1t X vV o0 1 8-bit add or add with carry
SUBs, SBC A, s, CP s, NEG 1 t X 1t X vV 1 1 8-bit subtract, subtract with carry, compare and negate accumulator
AND s 1 t X 1 X P 0 0 }
OR's, XOR s i1 1 X 0 X P 0o of Logicaloperatons
INCs 1 t X t X V 0 e 8-bit increment
DEC s to1 X 1 X vV 1 e 8-bit decrement
ADD DD, ss e ¢ X X X e 0 1 16-bit add
ADC HL, ss 1 t X X X V 0 1 16-bit add with carry
SBC HL, ss 1 t X X X vV 1 1 16-bit subtract with carry
RLA, RLCA, RRA, RRCA e ¢ X 0 X e 0 1t Rotate accumulator
RL m, RLC m, RR m, t t X 0 X P 0 1 Rotate and shift locations
RRC m, SLA m,
SRA m, SRL m
RLD, RRD H 1 X 0 X P 0 Rotate digut left and right
DAA 1 t X 1t X P e Decimal adjust accumulator
CPL . e X 1 X o 1 . Complement accumulator
SCF e ¢ X 0 X e 0 1 Set carry
CCF e ¢ X X X ¢ 0 1 Complement carry
INr(C) 1 1 X 0 X P 0 . Input register indirect
INI, IND, OUTI, OUTD X +t X X X X 1 - -
INIR, INDR, OTIR, OTDR X 1 X X X X 1 .} Block input and output Z = 01f B # 0 otherwise Z = 0
ot TooR rrrEyrR LS :} Block transfer instructions P/V = 11 BC # 0, otherwise P/V = 0
CPI, CPIR, CPD, CPDR X 1+ X X X 1 1 e Block search instructions Z = 11f A = (HL), otherwise Z = 0 P/V = 1
1if BC # 0, otherwise P/V = 0
LDA I.LDAR 1 X X IFF 0 e The content of the interrupt enable fhp-flop (IFF) 1s copied into the P/V flag
BITb, s X + X 1 X X 0 e The state of bit b of location s 1s copied 1nto the Z flag
Symbolic Symbol Operation Symbol Operation
Notation S Sign flag. S = 11f the MSB of the result 1s 1. 1 The flag 1s affected according to the result of the
Z Zero flag. Z = 11 the result of the operation 1s 0 operation.
P/V Panty or overflow flag. Parity (P) and overtlow . The flag 1s unchanged by the operation
(V) share the same flag. Logical operations affect 0 The flag 1s reset by the operation
this flag with the parnity of the result while 1 The flag 1s set by the operation
arithmetic operations aftect this tlag with the X The flag 1s a "don't care.”
overflow of the result If P/V holds parnty, P/V = \ P/V flag affected according to the overtlow result
1 1f the result of the operation 1s even, P/V = 01f of the operation.
result 1s odd. If P/V holds overtlow, P/V = 11 P P/V flag affected according to the parity result of
the result of the operation produced an overflow. the operation
H Half-carry flag H = 1 if the add or subtract r Any one of the CPU reqgisters A, B, C, D, E, H, L.
operation produced a carry into or borrow from s Any 8-but location for all the addressing modes
bit 4 of the accumulator allowed for the particular instruction.
N Add/Subtract flag. N = 11f the previous opera- ss Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that instruction.
H&N H and N flags are used in conjunction with the 1 Any one of the two index reqisters IX or IY.
decimal adjust instruction (DAA) to properly cor- R Refresh counter
rect the result into packed BCD format following n 8-bit value 1n range < 0, 255 >.
addition or subtraction using operands with nn 16-bit value 1n range < 0, 65535 >.
packed BCD format.
C Carry/Link tlag. C = 1 if the operation produced

a carry from the MSB of the operand or result.
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Pin
Descriptions

BAg-As. Address Bus (output, active High,
3-state). Ag-As form a 16-bit address bus. The
Address Bus provides the address for memory
data bus exchanges (up to 64K bytes) and for
1/O device exchanges.

BUSACK. Bus Acknowledge (output, active
Low). Bus Acknowledge indicates to the
requesting device that the CPU address bus,
data bus, and control signals MREQ, IORQ,
RD, and WR have entered their high-
impedance states. The external circuitry
can now control these lines.

BUSREQ. Bus Request (input, active Low).
Bus Request has a higher priority than NMI
and 1s always recognized at the end of the cur-
rent machine cycle. BUSREQ forces the CPU
address bus, data bus, and control signals
MREQ, IORQ, RD, and WR to go to a high-
impedance state so that other devices can
control these lines. BUSREQ 1s normally wire-
ORed and requires an external pullup for
these applications. Extended BUSREQ
periods due to extensive DMA operations can
prevent the CPU from properly refreshing
dynamic RAMs.

Dg-Dy. Data Bus (input/output, active High,
3-state). Dg-Dy constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and I/O.

HALT. Halt State (output, active Low). HALT
indicates that the CPU has executed a Halt
instruction and 1s awaiting either a non-
maskable or a maskable interrupt (with the
mask enabled) before operation can resume.
While halted, the CPU executes NOPs to

maintain memory refresh.

INT. Interrupt Request (input, active Low).
Interrupt Request is generated by I/O devices.
The CPU honors a request at the end of the
current instruction if the internal software-
controlled interrupt enable flip-flop (IFF) 1s
enabled. INT 1s normally wire-ORed and
requires an external pullup for these
applications.

IORQ. Input/Output Request (output, active
Low, 3-state). IORQ indicates that the lower
half of the address bus holds a valid /O
address for an I/O read or write operation.
IORQ 1s also generated concurrently with M1
during an interrupt acknowledge cycle to indi-
cate that an interrupt response vector can be

placed on the data bus.

E. Machine Cycle One (output, active Low).
M1, together with MREQ, indicates that the
current machine cycle 1s the opcode fetch
cycle of an instruction execution. M1, together
with IORQ, indicates an interrupt acknowledge
cycle.

MREQ. Memory Reqguest (output, active

Low, 3-state). MREQ indicates that the address
bus holds a valid address for a memory read or
memory write operation.

NMI. Non-Maskable Interrupt (input, active
Low, edge-triggered). NMI has a higher pri-
ority than INT. NMI is always recognized at the
end of the current instruction, independent of
the status of the interrupt enable flip-flop, and
automatically forces the CPU to restart at
location 0066H.

RBRD. Read (output, active Low, 3-state). RD in-
dicates 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.

RESET. Reset (input, active Low). RESET
initializes the CPU as follows: it resets the
interrupt enable flip-flop, clears the PC and
Registers | and R, and sets the interrupt status
to Mode 0. During reset time, the address and
data bus go to a high-impedance state, and all
control output signals go to the inactive state.
Note that RESET must be active for a mimimum
of three full clock cycles before the reset
operation is complete.

RFSH. Refresh (output, active Low). RFSH,
together with MREQ), indicates that the lower
seven bits of the system’s address bus can be
used as a refresh address to the system's
dynamic memories.

WAIT. Wait (input, active Low). WAIT
indicates to the CPU that the addressed mem-
ory or I/O devices are not ready for a data
transfer. The CPU continues to enter a Wait
state as long as this signal 1s active. Extended
WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. Write (output, active Low, 3-state). WR
indicates that the CPU data bus holds valid
data to be stored at the addressed memory or
1/O location.
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CPU Timing

The CPU executes 1nstructions by pro-
ceeding through a specific sequence of opera-
tions:

B Memory read or write
B /O device read or write
W Interrupt acknowledge

The basic clock period 1s referred to as a
T time or cycle, and three or more T cycles
make up a machine cycle (M1, M2 or M3 for
instance). Machine cycles can be extended
either by the CPU automatically inserting one
or more Wait states or by the insertion of one
or more Wait states by the user.

Instruction Opcode Fetch. The CPU places
the contents of the Program Counter (PC) on
the address bus at the start of the cycle (Figure
5). Approximately one-half clock cycle later,
MREQ goes active. When active, RD indicates
that the memory data can be enabled onto the
CPU data bus.

The CPU samples the WAIT input with the
falling edge of clock state Ty. During clock
states T3 and T4 of an M1 cycle dynamic RAM
refresh can occur while the CPU starts
decoding and executing the instruction. When
the Refresh Control signal becomes active,
refreshing of dynamic memory can take place.

Ao-A1s X

- BN

REFRESH ADDR

® | @

I~ : i
O—f
®

i

-+ |-®

-~ @~ s

o .
O
) f

e —N‘

Do-D7

4
A VALID DATA ‘M

NOTE T,,-Wait cycle added when necessary for slow ancilhary devices

Figure 5. Instruction Opcode Fetch
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CPU Memory Read or Write Cycles. Figure 6 MREQ also becomes active when the address

Timing shows the timing of memory read or write bus 1s stable. The WR Line 1s active when the
(Continued) cycles other than an opcode fetch (M1) cycle. data bus 1s stable, so that 1t can be used
The MREQ and RD signals function exactly as directly as an R/W pulse to most semiconduc-
in the fetch cycle. In a memory write cycle, tor memories.
T T2 Tw Ta
i A 'l
CLOCK _/ \ \ \
. I, _—
Ao-A1s x VALID ADDRESS ’" m
f ~uf
— — @ 4—}.1
WREG » ) V4
Ocg 4

el

2
,ﬁ)

)
READ |
OPERATION — |~® @ .H Cy
- \ Lidl s & { vALID
Po-P7 / <\ , J5 )] DATA
@
- | t*. ~
WR
| @)l
WRITE l—@—>]
OPERATION

Figure 6. Memory Read or Write Cycles
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CPU Input or Output Cycles. Figure 7 shows the inserts a single Wait state (Ty). This extra Wait
Timing timing for an I/O read or I/O write operation. state allows sufficient time for an I/O port to
(Continued) During I/O operations, the CPU automatically decode the address from the port address lines.
Ty Twe Ty T3
AN AWEANYEYAYA
o L
|~ @
Ao-A7 X VALID PORT ADDRESS v C
@ 4-@4—
- o - —
@~ | @ I+ ®
Ly ) N
@ —q»@d—-
7B ’s )
RE.AIOD - @ - @-P ~;—1 T
OPERATION Ty o/ f TS
—tf ARW WY s DATA
0 ~lo
WA " /{ >l@~
wnul1": :_., ® b=
OPERATION /L
Do-Dy =] o DATA OUT
NOTE T+ = One Wat cycle automatically inserted by CPU.
Figure 7. Input or Output Cycles
Interrupt Request/Acknowledge Cycle. The During this M1 cycle, IORQ becomes active
CPU samples the interrupt signal with the ris- (instead of MREQ) to indicate that the inter-
ing edge of the last clock cycle at the end of rupting device can place an 8-bit vector on the
any instruction (Figure 8). When an interrupt data bus. The CPU automatically adds two
is accepted, a special M1 cycle is generated. Wait states to this cycle.
T T T2 Twe Twe Tw T3
e AYAVAVAVAWAVAN
T L, Ly
iNT
® ®
Ao-Ays PC :
C—P
— @ |-— — 52
ioRa i /4
0 | ] (78 ed—
o 25
WATT 7/ \
- |e@®@ ®>| |- &
Do-D7 vead e VALID DATA C
NOTE 1) Ty, = Last state of previous mnstruction 2) Two Wait cycles automatically inserted by CPU(*).
Figure 8. Interrupt Request/Acknowledge Cycle
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CPU Non-Maskable Interrupt Request Cycle. that of a normal memory read operation except

Timing NMI 1s sampled at the same time as the that data put on the bus by the memory 1s

(Continued) maskable interrupt input INT but has higher ignored. The CPU instead executes a restart
priority and cannot be disabled under software (RST) operation and jumps to the NMI service
control. The subsequent timing 1s similar to routine located at address 0066H (Figure 9).

LAST M CYCLE

JAVAWAWA f WAWA /:
m::::ﬂZ:f::::::::_::I:::ZZJI:f::::_:ﬁ

4 r
Ao-A1s pC XL REFRESH x

@) |- |- |
RFSH !
I
* Although NMI 1s an asynchronous input, to guarantee 1ts being must occur no later than the rising edge of the clock cycle
recognized on the following machine cycle, NMI's falling edge preceding Ty AST
Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU lines to a high-impedance state with the rising
samples BUSREQ with the rising edge of the edge of the next clock pulse. At that time, any
last clock period of any machine cycle (Figure external device can take control of these lines,
10). If BUSREQ 1s active, the CPU sets 1its usually to transfer data between memory and

address, data, and MREQ, IORQ, RD, and WR  1/O devices.

o

T Tx Tx Tx Ty

|

@j @»y«FQ

s T\ /TN X

BUSACK

é
¥
>
AR}

- ~® - =@
FLOAT —
Ao-Ats — {
R C) -~ [~
Do-D7 ) " FLOAT <—-
— ) - |~®
MREQ
7B, WR i " FLOAT J’!_
IORQ e

]
¥

®

I t

HALT UNCHANGED

NOTE Ty = Last state of any M cycle Tx = An arbutrary clock cycle used by requesting device

Figure 10. Z-BUS Request/Acknowledge Cycle
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CPU Halt Acknowledge Cycle. When the CPU
Timing receives a HALT instruction, it executes NOP
(Continued) states until either an INT or NMI input 1s

received. When 1n the Halt state, the HALT
output 1s active and remains so until an inter-
rupt 1s processed (Figure 11).

| M1

[ |
T T T

CLOCK

HALT

I
Ta T T2

~®

Halt Instruction L
Received

NOTE INT will also force a Halt exit.

=

*See note, Figure 9

Figure 11. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least
three clock cycles for the CPU to properly
accept it. As long as RESET remains active, the
address and data buses float, and the control

nactive, two internal T cycles are consumed
before the CPU resumes normal processing
operation. RESET clears the PC register, so the
first opcode fetch will be to location 0000

outputs are inactive. Once RESET goes (Figure 12).
] —_———
T T2
rocx . m
—| <—@
~@on ok
RESET / \ 7_/ Y /
Ao-Ass ;H’ FLOAT %_
- -
Do-D7 4: " FLOAT
— -——
M1 / -

/114

Figure 12. Reset Cycle

2005-887, 888
44



AC 28300-1 Z8300-2 Z8300-3

ndd 7082

Charac- (1.0 MHz) (1.5 MHz) (2.5 MHz)
teristicst Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ns)
1 TeC Clock Cycle Time 1000* 650" 400*
2 TwCh Clock Pulse Width (High) 470* 300* 180*
3 TwCl Clock Pulse Width (Low) 470 2000 300 2000 180 2000
4 TIC Clock Fall Time — 30 — 30 — 30
5—— TrC ——— Clock Rise Time 30 30 30
6 TdCr(A) Clock 1 to Address Valid Delay — 380 — 250 — 145
7  TdA(MREQf)  Address Valid to MREQ 3700 — 200 — 125 —
| Delay
8  TdCH{(MREQf) Clock | to MREQ | Delay — 260 — 170 — 100
9  TdCr(MREQr) Clock t to MREQ 1 Delay — 260 — 170 — 100
10— TwMREQh MREQ Pulse Width (High) 410* 270* 170*
11 TwMREQI MREQ Pulse Width (Low) 890* — 580* — 360 —
12 TdCHMREQr) Clock ! to MREQ t Delay — 260 — 170 — 100
13 TdCi(RDf) Clock | to RD | Delay — 340 — 230 — 130
14 TdCr(RDr) Clock 1 to RD t Delay — 260 — 170 — 100
15— TsD(Cr) Data Setup Time to Clock 1 140 90 50
16  ThD(RDr) Data Hold Time to RD 1 — 0 — 0 — 0
17 TsWAIT(CY) WAIT Setup Time to Clock | 190 — 120 — 70 —
18 ThWAIT(CY) WAIT Hold Time after Clock | —_ 0 —_ 0 — 0
19  TdCr(M1f) Clock 1 to M1 | Delay — 340 — 230 — 130
20— TdCr(Mlr) Clock t to M1 1 Delay 340 230 130
21  TdCr(RFSHf)  Clock 1 to RFSH | Delay — 460 — 310 — 180
22  TdCr(RFSHr) Clock 1 to RFSH t Delay — 390 — 260 — 150
23 TdCH(RDr) Clock | to RD t Delay — 290 — 180 — 110
24 TdCr(RDf{) Clock 1 to RD | Delay - 260 — 170 e 100
25 — TsD(Cf)— Data Setup to Clock } during 160 110 60
M;, Mz, My or Mg Cycles
26 TdA(IORQM) Address Stable prior to IORQ | 790 — 5100 — 3200 —
27  TdCr(IORQf)  Clock t to IORQ | Delay — 240 - 160 — 90
28  TdCH(IORQr) Clock } to IORQ t Delay — 290 — 190 — 110
29  TdD(WRI) Data Stable prior to WR | 470* — 280" — 190 —
30— TdCH(WRI) Clock | to WR | Delay 240 160 90
31  TwWR WR Pulse Width 890* — 580* — 360 —
32  TdCi(WRr) Clock | to WR 1 Delay — 260 — 170 — 100
33 TdD(WR{) Data Stable prior to WR | -30* — +30*  — 300 —
34  TdCr(WRf) Clock 1 to WR | Delay — 210 — 140 — 80
35— TdWRr(D) Data Stable from WR 1 290* 190* 130*
36  TACf(HALT)  Clock } to HALT t or | — 760 — 510 — 300
37  TwNMI NMI Pulse Width 210 — 140 — 80 —
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock {210  — 140 — 80  —

*For clock periods other than the minimums shown 1n the table, calculate parameters
using the expressions 1n the table on the following page

TAll tmings assume equal loading on pins within 50 pF

Timings are preliminary and subject to change
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AC
Charac-
teristicst
(Continued)

TwCh of greater than 200 us
1s not guaranteed

7—— TdA(MREQf)—TwCh + TfC - 200
10 TwMREQh TwCh + TIC - 90
11 TwMREQI1 TcC - 110
26 TdA(IORQf) TeC - 210
29 TdD(WRf) TcC - 540

TwCh of greater than 200 us

1s not guaranteed
TwCh + TIC - 130
TwCh + TIC - 60

Z8300-1 Z8300-2 Z8300-3
Number Symbol Parameter Min Max Min Max Min Max
(ns)  (ns) (ns)  (ns) (ns)  (ns)
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock t 0 — 0 — 0 —
40 — TdCr(BUSACKI{) - Clock t to BUSACK | Delay 310 210 120
41 TdC{(BUSACKr) Clock | to BUSACK t Delay — 290 — 190 — 110
42 TdCr(Dz) Clock 1 to Data Float Delay — 240 — 160 — 90
43 TdCr(CTz) Clock 1 to Control Outputs Float — 290 — 190 — 110
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr(Az) Clock t to Address Float Delay — 290 —_ 190 — 110
45— TdCTr(A) MREQ t, IORQ t, RD 1, and 400* 260 160*
WR 1 to Address Hold Time
46 TsRESET(Cr) RESET to Clock 1 Setup Time 240 — 160 — 90 —
47 ThRESET(Cr) RESET to Clock t Hold Time — 0 — 0 — 0
48  TsINTKCr) INT to Clock 1 Setup Time 210 — 140 — 80 —
49  ThINTr(Cr) INT to Clock 1 Hold Time - 0 — 0 — 0
50 — TdM1{(IORQf) — M1 | to IORQ | Delay 2300* 1500* 920*
51 TdC{(IORQf) Clock | to IORQ | Delay — 290 — 190 — 110
52 TdC{(IORQr) Clock 1 to IORQ t Delay — 260 — 170 — 100
53 TdCH(D) Clock | to Data Valid Delay — 290 — 400 — 230
*For clock periods other than the mimimums shown 1n the table, calculate parameters
using the following expressions Calculated values above assumed TrC = T{C = 20 ns
1 All timings assume equal loading on pins with 50 pF
Timings are preliminary and subject to change
Footnotes to AC Characteristics
Number Symbol Z8300-1 Z8300-2 Z8300-3
1 TcC TwCh + TwCl + TrC + TfC TwCh + TwCl + TrC +TfC TwCh + TwCl + TrC + TiC
2 TwCh Although static by design, Although static by design, Although static by design,

TwCh of greater than 200 us

1s not guaranteed
TwCh + TIC - 75
TwCh + TIC - 30

31— TwWR TcC - 110
33 TdD(WRf) TwCl + TrC - 470
35 TdWRr(D) TwCl + TrC - 210
45 TdCTr(A) TwCl + TrC - 110
50 TdMI{(IORQS) 2TcC + TwCh + TIC — 210

TcC - 70 TcC - 40
TcC - 140 TcC - 80
TcC - 360 TcC - 210
TeC - 70 TcC - 40

TwCl + TrC - 300
TwCl + TrC - 140
TwCl + TrC - 70

2TcC + TwCh + TIC - 140

TwCl + TrC - 180
TwCl + TrC - 80
TwCl + TrC - 40

2TcC + TwCh + TIC - 80

AC Test Conditions

VIH = 20V

ViL =08V

VIHC = Vcc -06V
ViLc =045V
Vou =20V

VoL =08V
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Absolute Storage Temperature ........ -65°Cto +150°C Stresses greater than those listed under Absolute Maxi-
Maximum Temperature mum Ratings may cause permanent damage to the device.
Rati Bi o) ) This 1s a stress rating only; operation of the device at any
atings under Bias ........ See Ordering Information condition above those indicated 1n the operational sections
Voltages on all inputs and of these specifications 1s not implied. Exposure to absolute
outputs with respect to ground .-0.3 Vto +7 V maximum rating conditions for extended periods may affect
Power Dissipation .................... 1.5 W  device rehability.
Standard The characteristics below apply for the All ac parameters assume a load capacitance
Test following standard test conditions, unless of 100 pF. Add 10 ns delay for each 50 pF 1n-
Conditions otherwise noted. All voltages are referenced to crease 1n load up to a maximum of 200 pF for
GND (0 V). Positive current flows into the the data bus and 100 pF for address and control
referenced pin. Available operating lines.
temperature ranges are:
B S* = 0°Cto +70°C, 5V
+475V = Voo = +5.28V 21k
m E* = -40°C to +85°C, FROM OUTPUT
+475V < Voo < +5.25V UNDER TEST
B M* = -55°C to +125°C, -
+45V = Voo = +55V ‘WP‘I uh
*See Ordering Information section for package
temperature range and product number = = =
DC Symbol Parameter Min Max  Unit Test Condition
Charac-
teristics Viie Clock Input Low Voltage -0.3 045 'V
Vinc Clock Input High Voltage Vee-6 Vec+.3  V
Vi Input Low Voltage -0.3 0.8 v
Vig Input High Voltage 2.0 Vee v
VoL Output Low Voltage 0.4 \4 IoL= 1.8 mA
Vou Outpu'{ High Voltage 2.4 A Iog = -250 wA
I Input Leakage Current 10 wA Vin = 0to Ve
ILEAk 3-State Output Leakage Current 1n Float -10 10! rA Vour = 0.4 to Ve
Iec Power Supply Current
Temperature
0°C 25°C 70°C
Frequency Max Max Typical Max Unit
78300-1 (1.0 MHz) 30 25 15 20 mA
78300-2 (1.5 MHz) 35 30 20 25 mA
78300-3 (2.5 MHz) 45 40 25 35 mA
1 Ajs-Ag, D7-Dg, MREQ, IORQ, RD, and WR
Capacitance Symbol Parameter Min Max Unit Note
Cerock Clock Capacitance 35 pF
. Unmeasured pins
Ciy Input Capacitance 5 pF returned to ground
Cout Output Capacitance 10 pF
Tx = 25°C, f = 1 MHz
8085-0221
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Ordering
Information

Product Package/ Product Package/

Number Temp  Speed Description Number Temp  Speed Description
78300-1 PS 1.0 MHz Z80L CPU (40-pin)  Z8300-2 CS 1.5 MHz Z80L CPU (40-pin)
78300-1 Cs 1.0 MHz Same as above 78300-3 PS 2.5 MHz Same as above
78300-2 PS 1.5 MHz Same as above 78300-3 CS 2.5 MHz Same as above

NOTES C = Ceramic, P = Plastic, S = 0°C to +70°C.
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28410
Z80° DMA Direct
Memory Access Controller

Ya

Zilog

Product
Specification

June 1982

Features

B Transfers, searches and search/transfers in
Byte-at-a-Time, Burst or Continuous modes.
Cycle length and edge timing can be pro-
grammed to match the speed of any port.

B Dual port addresses (source and destination)
generated for memory-to-I/O, memory-
to-memory, or I/O-to-1/O operations.
Addresses may be fixed or automatically
incremented/decremented.

B Next-operation loading without disturbing
current operations via buffered starting-

address registers. An entire previous
sequence can be repeated automatically.

B Extensive programmabulity of functions.
CPU can read complete channel status.

B Standard Z-80 Family bus-request and
prioritized interrupt-request daisy chains
implemented without external logic.
Sophisticated, internally modifiable inter-
rupt vectoring.

B Direct interfacing to system buses without
external logic.

General

Description

The Z-80 DMA (Direct Memory Access) is a
powerful and versatile device for controlling
and processing transfers of data. Its basic
function of managing CPU-independent
transfers between two ports is augmented by
an array of features that optimize transfer
speed and control with little or no external
logic in systems using an 8- or 16-bit data bus
and a 16-bit address bus.

] Ao f—n
+—1 Dy Ay p———>>
<0, Y
SYSTEM | . |p .
DATA N As
BUS a——p| Dy Ay p—
+——] D5 Ay p———
|0 A f—— | SYSTEM
7 v ADDRESS
As f—— [ Bus
<«—» BUSREG Ao f—n
B —
co"TRgt =1 BAI Ay p——>
~<«—— BAO An p——>
280 DMA
Az f——
Az p——
Ay p——
e Ll Ass p——s
SYSTEM | <> 1oRad
CONTROL ~+——— MREQ RDY je—— DMA
. — CEWAIT |«—— | CONTROL
<«— WR INT/PULSE fp
INTERRUPT
&l ‘__} CONTROL
IEQ p—>

+5V GND CLK

Figure 1. Pin Functions

Transfers can be done between any two ports
(source and destination), including memory-to-
1/0, memory-to-memory, and I/O-to-1/0. Dual
port addresses are automatically generated for
each transaction and may be either fixed or
incrementing/decrementing. In addition, bit-
maskable byte searches can be performed
either concurrently with transfers or as an
operation 1n itself.

As ] 1 w0 [] A
a2 ] A
alds s []m
Azgl 37 [] INT/PULSE
alds 36 [] 1EO
s 3] oo
ck 7 34 ] o
WR[]s 3]0,
m]e 32[] 0s
©Ra ] 10 200 pma ST H ™
+sv[]n 30 [] aND
WREQ [] 12 29 [ 0s
BAG [] 13 28 1] 0g
E‘“E“ 27 ] o7
BUSREQ [] 15 26 [J Wi
CEWAIT [] 16 25 [] ROY
as 17 24 ] s
Ae] 18 2] 4
A 19 22[] A
Az [ 20 21 1] Ann

Figure 2. Pin Assignments
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General
Description
(Continued)

The Z-80 DMA contains direct interfacing to
and independent control of system buses, as
well as sophisticated bus and interrupt con-
trols. Many programmable features, including
variable cycle timing and auto-restart,
minimize CPU software overhead. They are
especially useful in adapting this special-

purpose transfer processor to a broad variety
of memory, I/O and CPU environments.

The Z-80 DMA is an n-channel silicon-gate
depletion-load device packaged in a 40-pin
plastic or ceramic DIP. It uses a single +5 V
power supply and the standard Z-80 Family
single-phase clock.

Functional
Description

Classes of Operation. The Z-80 DMA has

three basic classes of operation:

B Transfers of data between two ports (memory
or I/O peripheral)

B Searches for a particular 8-bit maskable
byte at a single port in memory or an I/O
peripheral

B Combined transfers with simultaneous
search between two ports

Figure 4 illustrates the basic functions
served by these classes of operation.

During a transfer, the DMA assumes control
of the system address and data buses. Data is
read from one addressable port and written to
the other addressable port, byte by byte. The
ports may be programmed to be either system
main memory or peripheral I/O devices. Thus,
a block of data may be written from one
peripheral to another, from one area of main
memory to another, or from a peripheral to
main memory and vice versa.

SYSTEM
BUSES

e

CPU DMA

IEI

+5V

IEI
zcImo,
cTC
ZCImo;  INT p—— —
1IEO
IEl IEO
RxCA INT INT
TxCA  IEO ! IEl
RxCB
TxCB
WIRDYA }—— —
WIRDYB RDY
sio DMA

Figure 3. Typical Z-80 Environment

During a search-only operation, data is read
from the source port and compared byte by
byte with a DMA-internal register containing a
programmable match byte. This match byte
may optionally be masked so that only certain
bits within the match byte are compared.
Search rates up to 1.25M bytes per second can
be obtained with the 2.5 MHz Z-80 DMA or 2M
bytes per second with the 4 MHz Z-80A DMA.

In combined searches and transfers, data
is transferred between two ports while
simultaneously searching for a bit-maskable
byte match.

Data transfers or searches can be pro-
grammed to stop or interrupt under various
conditions. In addition, CPU-readable status
bits can be programmed to reflect the
condition.

Modes of Operation. The Z-80 DMA can be
programmed to operate in one of three transfer
and/or search modes:

B Byte-at-a-Time: data operations are per-
formed one byte at a time. Between each
byte operation the system buses are released
to the CPU. The buses are requested again
for each succeeding byte operation.

B Burst: data operations continue until a
port’s Ready line to the DMA goes inactive.
The DMA then stops and releases the system
buses after completing its current byte
operation.

B Continuous: data operations continue until
the end of the programmed block of data is
reached before the system buses are
released. If a port's Ready line goes inactive
before this occurs, the DMA simply pauses
until the Ready line comes active again.

Z-80 DMA

1o
PERIPHERAL

o1~
mMEMORY | .
1T ] PERIPHERAL

‘Search memory

Transfer memory-to-memory (optional search)
Transfer memory-to-1/O (optional search)
Search 110

Transfer I/0 to-1/O (optional search)

ERNAINEN

Figure 4. Basic Functions of the Z-80 DMA
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Functional In all modes, once a byte of data is read into decreasing the speed with which all DMA
Description = the DMA, the operation on the byte will be signals change (Figure 5).
(Continued)  completed in an orderly fashion, regardless of Second, the four signals 1n each port
the state of other signals (including a port’s specifically associated with transfers of data
Ready line). (I/O Request, Memory Request, Read, and
Due to the DMA's high-speed buffered Write) can each have its active trailing edge
method of reading data, operations on one terminated one-half T-cycle early. This adds a
byte are not completed until the next byte 1s further dimension of flexibility and speed,
read in. This means that total transfer or allowing such things as shorter-than-normal
search block lengths must be two or more Read or Write signals that go nactive before
bytes, and that block lengths programmed 1nto data starts to change.
the .DMA must be one byte less than the . Address Generation. Two 16-bit addresses are
desired block length (count 1s N-1 where N is d by the 7.80 DMA f very transt
the block length). generated by the or every transfer
operation, one address for the source port and
Commands and Status. The Z-80 DMA has another for the destination port. Each address
several writable control registers and readable can be either variable or fixed. Variable
status registers available to the CPU. Control addresses can increment or decrement from
bytes can be written to the DMA whenever the the programmed starting address. The fixed-
DMA is not controlling the system buses, but address capability ehminates the need for
the act of writing a control byte to the DMA separate enabling wires to /O ports.
disables the DMA until 1t 1s again enabled by a Port addresses are multiplexed onto the
specific command. Status bytes can also be system address bus, depending on whether the
read at any such time, but writing the Read DMA 15 reading the source port or writing to
Status Byte command or the Initiate Read the destination port. Two readable address
Sequence command disables the DMA. counters (2 bytes each) keep the current
Control bytes to the DMA 1nclude those address of each port.
which effect immediate command actions such
as enable, disable, reset, load starting-address Auto Restart. The starting addresses of either
buffers, continue, clear counters, clear status port can be reloaded automatically at the end
bits and the like. In addition, many mode- of a block. This option 1s selected by the Auto
setting control bytes can be written, including Restart control bit. The byte counter 1s cleared
mode and class of operation, port configura- when the addresses are reloaded.
tion, starting addresses, block length, address The Auto Restart feature relieves the CPU of
counting rule, match and match-mask byte, software overhead for repetitive operations
interrupt conditions, interrupt vector, status- such as CRT refresh and many others. More-
affects-vector condition, pulse counting, auto over, when the CPU has access to the buses
restart, Ready-line and Wait-line rules, and during byte-at-a-time or burst transfers, dif-
read mask. ferent starting addresses can be written into
Readable status registers include a general buffer registers during transfers, causing the
status byte reflecting Ready-line, end-of-block, Auto Restart to begin at a new location.
byte-match and interrupt conditions, as well as Interrupts. The Z-80 DMA can be programmed
2-byte registers for the current byte count, to interrupt the CPU on three conditions:
Port A address and Port B address. .
B Interrupt on Ready (before requesting bus)
Variable Cycle. The Z-80 DMA has the
unique feature of programmable operation- ® Interrupt on Match
cycle length. This 1s valuable in tailoring the B Interrupt on End of Block
DMA to the particular requirements of other
system components (fast or slow) and max-
imizes the data-transfer rate. It also eliminates ﬁ:ﬁm
external logic for signal conditioning. CLK
There are two aspects to the variable cycle ._ZACVCLE_J{_%W“ enoING
feature. First, the entire read and write cycles e—sovare—“5 FOR CONTROL SIGNALS
(periods) associated with the source and I . S -
destination ports can be independently pro-
grammed as 2, 3 or 4 T-cycles long (more if .
Wait cycles are used), thereby increasing or Figure 5. Variable Cycle Length
2032-019
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Functional
Description
(Continued)

Any of these interrupts cause an interrupt-
pending status bit to be set, and each of them
can optionally alter the DMA's interrupt vec-
tor. Due to the buffered constraint mentioned
under “"Modes of Operation,” interrupts on
Match at End of Block are caused by matches
to the byte just prior to the last byte in the
block.

The DMA shares the Z-80 Family's elaborate
interrupt scheme, which provides fast inter-
rupt service in real-time applications. In a
Z-80 CPU environment, the DMA passes its
internally modifiable 8-bit interrupt vector to
the CPU, which adds an additional eight bits
to form the memory address of the interrupt-
routine table. This table contains the address
of the beginning of the interrupt routine itself.

In this process, CPU control is transferred
directly to the interrupt routine, so that the

. next instruction executed after an interrupt

acknowledge 1s the first instruction of the inter-
rupt routine itself.

Pulse Generation. External devices can keep
track of how many bytes have been transferred
by using the DMA's pulse output, which pro-
vides a signal at 256-byte intervals. The inter-
val sequence may be offset at the beginning by
1 to 255 bytes.

The Interrupt line outputs the pulse signal 1n
a manner that prevents misinterpretation by
the CPU as an interrupt request, since it only
appears when the Bus Request and Bus
Acknowledge lines are both active.

Pin
Description

Ry-A)5. System Address Bus (output, 3-state).
Addresses generated by the DMA are sent to
both source and destination ports (main
memory or I/O peripherals) on these lines.

‘BAI. Bus Acknowledge In (input, active Low).
Signals that the system buses have been
released for DMA control. In multiple-DMA
configurations, the BAI pin of the highest
priority DMA 1s normally connected to the Bus
Acknowledge pin of the CPU. Lower-priority
DMAs have their BAI connected to the BAO of
a higher-priority DMA.

BAO. Bus Acknowledge Out (output, active
Low). In a multiple-DMA configuration, this
pin signals that no other higher-priority DMA
has requested the system buses. BAI and BAO
form a daisy chain for multiple-DMA priority
resolution over bus control.

BUSREQ. Bus Request (bidirectional, active
Low, open drain). As an output, it sends
requests for control of the system address bus,
data bus and control bus to the CPU. As an
input, when multiple DMAs are strung
together in a priority daisy chain via BAI and
BAO, it senses when another DMA has
requested the buses and causes this DMA to
refrain from bus requesting until the other
DMA is finished. Because it is a bidirectional
pin, there cannot be any buffers between this
DMA and any other DMA. It can, however,
have a buffer between it and the CPU because
it is unidirectional into the CPU. A pull-up
resistor is connected to this pin.

CE/WAIT. Chip Enable and Wait (input,
active Low). Normally this functions only as a
CE line, but it can also be programmed to
serve a WAIT function. As a CE line from the
CPU, it becomes active when WR and IORQ
are active and the 1/O port address on the

system address bus is the DMA's address,
thereby allowing a transfer of control or com-
mand bytes from the CPU to the DMA. As a
WAIT line from memory or I/O devices, after
the DMA has received a bus-request ack-
nowledge from the CPU, it causes wait states
to be inserted 1n the DMA'’s operation cycles
thereby slowing the DMA to a speed that
matches the memory or I/O device.

CLK. System Clock (input). Standard Z-80
single-phase clock at 2.5 MHz (Z-80 DMA) or
4.0 MHz (Z-80A DMA). For slower system
clocks, a TTL gate with a pullup resistor may
be adequate to meet the timing and voltage
level specification. For higher-speed systems,
use a clock driver with an active pullup to
meet the Vg specification and risetime
requirements. In all cases there should be a
resistive pullup to the power supply of 10K
ohms (max) to ensure proper power when the
DMA is reset.

Dg-Dg. System Data Bus (bidirectional,
3-state). Commands from the CPU, DMA
status, and data from memory or I/O
peripherals are transferred on these lines.

IEl. Interrupt Enable In (input, active High).
This is used with IEO 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.

IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the
CPU is not servicing an interrupt from this
DMA. Thus, this signal blocks lower-priority
devices from interrupting while a higher-
priority device is being serviced by its CPU
interrupt service routine.
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Pin INT/PULSE. Interrupt Request (output, active opcode byte is fetched. An interrupt ack-
Description Low, open drain). This requests a CPU 1nter- nowledge 1s indicated when both M1 and
(Continued) rupt. The CPU acknowledges the interrupt by IORQ are active.
pulling 1ts IORQ output Low during an M1 MREQ. Memory Request (output, active Low,
cycle. 1t is typically connected to the INT pin 3-state). This indicates that the address bus
of the CPU with a pullup resistor and tied to holds a valid address for a memory read or
all other INT pins in the system. This pin can write operation. After the DMA has taken con-
also be used to generate periodic pulses to an trol of the system buses, 1t indicates a DMA
external device. It can be used this way only transfer request from or to memory.
when the DMA is bus master (1.e., the CPU'’s BD. Read (bidirectional. active L 3
BUSREQ and BUSACK lines are both Low Ao and (bidirectional, active Low, 3-state).
and the CPU cannot see mterrupts). s an 1nput, this indicates that the CPU wants
____- to read status bytes from the DMA's read
IORQ. Input/Output Request (bidirectional, registers. As an output, after the DMA has
active Low, 3-state). As an input, this indicates taken control of the system buses, it indicates a
that the lower half of the address bus holds a DMA-controlled read from a memory or /O
valid I/O port address for transfer of control or o1t address.
status bytes from or to the CPU, respectively; .
this DMA is the addressed port if its _éfpin RDY,’ Ready ‘(ui'lput, Programmable active Low
U . or High). This is monitored by the DMA to
and its WR or RD pins are simultaneously q . . - .
active. As an output, after the DMA has taken etermine when a. peripheral device assoc.lated
control of the system buses, it indicates that with a ,DMA port 1s ready for a read or write
the 8-bit or 16-bit address bus holds a valid operation. Depending on the mode of DMA
port address for another /O device involved in  operation (Byte, Burst or Continuous), the RDY
a DMA transfer of data. When IORQ and M1 line indirectly controls DMA activity by caus-
are both active simultaneously, an interrupt ing the BUSREQ line to go Low or High.
acknowledge is indicated. WR. Write (bidirectional, active Low, 3-state).
ML. Machine Cycle One (input, active Low). As an input, this indicates that the CPU wants
Indicates that the current CPU machine cycle to write control or command bytes to the DMA
is an nstruction fetch. It 1s used by the DMA write registers. As an output, after the DMA
to decode the return-from-interrupt instruction has taken control of the system buses, it
(RETI) (ED-4D) sent by the CPU. During two- indicates a DMA-controlled write to a memory
byte instruction fetches, M1 is active as each or I/O port address.
Internal The internal structure of the Z-80 DMA Specialized logic circuits in the DMA are
Structure includes driver and receiver circuitry for inter- dedicated to the various functions of external
facing with an 8-bit system data bus, a 16-bit bus interfacing, internal bus control, byte
system address bus, and system control lines matching, byte counting, periodic pulse
(Figure 6). In a Z-80 CPU environment, the generation, CPU interrupts, bus requests, and
DMA can be tied directly to the analogous pins  address generation. A set of twenty-one
on the CPU (Figure 7) with no additional buf- writable control registers and seven readable
fering, except for the CE/WAIT line. status registers provides the means by which
The DMA's internal data bus interfaces with the CPU governs and monitors the activities of
the system data bus and services all internal these logic circuits. All registers are eight bits
logic and registers. Addresses generated from wide, with double-byte information stored in
this logic for Ports A and B (source and des- adjacent registers. The two address counters
tination) of the DMA's single transfer channel (two bytes each) for Ports A and B are buffered
are multiplexed onto the system address bus. by the two starting addresses.
—_> " Bbs PULSE BYTE
pm%n'gv LOGIC COUNTER A‘;%:TE A
SYSTEM ﬁ ﬁ SYSTEM
D:l’l: t INTERNAL BUS MUX :32“!33
(8 BIT) U i} (16 BIT)
PORT B
couﬂ\ol.<:_:> coNTRoL c;:"ﬁ%:'. MATCH ADDRESS
LOGIC REGISTERS LoGIC
Figure 6. Block Diagram
2032-0130
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Internal
Structure
(Continued)

The 21 writable control registers are
organized 1nto seven base-register groups,
most of which have multiple registers. The
base registers in each writable group contain
both control/command bits and pointer bits
that can be set to address other registers within
the group. The seven readable status registers
have no analogous second-level registers.

The registers are designated as follows,
according to their base-register groups:

WRO0-WR6 — Write Register groups 0
through 6 (7 base registers plus 14 associ-
ated registers)

RRO-RR6 — Read Registers O through 6

Writing to a register within a write-register
group involves first writing to the base
register, with the appropriate pointer bits set,
then writing to one or more of the other
registers within the group. All seven of the
readable status registers are accessed sequen-
tally according to a programmable mask con-
tained in one of the writable registers. The sec-
tion entitled "Programming” explains this in
more detail.

A pipelining scheme is used for reading data
in. The programmed block length is the
number of bytes compared to the byte counter,
which increments at the end of each cycle. In
searches, data byte comparisons with the
match byte are made during the read cycle of
the next byte. Matches are, therefore, dis-
covered only after the next byte is read in.

In multiple-DMA configurations, interrupt-
request daisy chains are prioritized by the
order in which their IEI and IEO lines are con-
nected (Zilog Application Note 03-0041-01, The
Z-80 Family Program Interrupt Structure). The

system bus, however, may not be pre-empted.
Any DMA that gains access to the system bus
keeps the bus until it is finished.

Write Registers

BUSACK

WRO Base reqister byte
Port A starting address (low byte)
Port A starting address (high byte)
Block length (low byte)
Block length (high byte)
WR!1 Base reqister byte
Port A variable-timing byte
WR2 Base reqister byte
Port B variable-timing byte
WR3 Base register byte
Mask byte
Match byte
WR4 Base register byte
Port B starting address (low byte)
Port B starting address (high byte)
Interrupt control byte
Pulse control byte
Interrupt vector
WR5 Base register byte
WR6 Base reqister byte
Read mask
Read Registers
RRO  Status byte
RR1 Byte counter (low byte)
RR2 Byte counter (high byte)
RR3 Port A address counter (low byte)
RR4 Port A address counter (high byte)
RR5 Port B address counter (low byte)
RR6 Port'B address counter (high byte)
COMMON: INT
BUSREG
cPu Wi
IoRQ
WREQ
RD
WR
COMMON ::E(A«[s

P

SYSTEM BUSES >

~
COMMON |—+—| COMMON
e d
_ CEWAT ___ __ CEWAIT i
L»| BRI BA Al BAO |—» TO NEXT DMA
FROM HIGHER-PRIORITY IEl DMA IEO &l DMA €0 TO LOWER-PRIORITY
INTERRUPTING DEVICE ™| = INTERRUPTING DEVICE
RDY RDY
FROM FROM
110 110
DEVICE DEVICE
Figure 7. Multiple-DMA Interconnection to the Z-80 CPU
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Programming

The Z-80 DMA has two programmable fun-
damental states: (1) an enabled state, in which
1t can gain control of the system buses and
direct the transfer of data between ports, and
(2) a disabled state, 1n which 1t can inihate
neither bus requests nor data transfers. When
the DMA 1s powered up or reset by any means,
1t 1s automatically placed into the disabled
state. Program commands can be written to 1t
by the CPU 1n either state, but this auto-
matically puts the DMA 1n the disabled state,
which 1s maintained until an enable command
1s 1ssued by the CPU. The CPU must program
the DMA 1n advance of any data search or
transfer by addressing 1t as an I/O port and
sending a sequence of control bytes using an
Qutput nstruction (such as OTIR for the
Z-80 CPU).

Writing. Control or command bytes are writ-
ten into one or more of the Write Reqgister
groups (WR0-WRS6) by first writing to the base
register byte in that group. All groups have
base registers and most groups have additional
associated registers. The associated registers
in a group are sequentially accessed by first
writing a byte to the base register containing
register-group identification and pointer bits
(1's) to one or more of that base register’s
associated registers.

This is illustrated in Figure 8b. In this
figure, the sequence in which associated
registers within a group can be written to is
shown by the vertical position of the associated
registers. For example, 1if a byte written to the
DMA contains the bits that identify WRO (bits
DO, D1 and D7), and also contains 1’s in the
bit positions that point to the associated “Port
A Starting Address (low byte)"” and “Port A
Starting Address (high byte),” then the next
two bytes written to the DMA will be stored in
these two registers, in that order.

Reading. The Read Registers (RRO-RR6) are
read by the CPU by addressing the DMA as an
1/O port using an Input nstruction (such as
INIR for the Z-80 CPU). The readable bytes
contain DMA status, byte-counter values, and
port addresses since the last DMA reset. The

Read Register 0
D, Dy Ds Dy D; D, D; Do

STATUS BYTE
I—1 = DMA OPERATION HAS OCCURRED

0 = READY ACTIVE

0 = INTERRUPT PENDING

0 = MATCH FOUND

0 = END OF BLOCK

F-1-]

Read Register 1

registers are always read 1n a fixed sequence
beginning with RRO and ending with RR6.
However, the register read 1n this sequence 1s
determined by programming the Read Mask 1n
WR6. The sequence of reading 1s imihialized by
writing an Initiate Read Sequence or Set Read
Status command to WR6. After a Reset DMA,
the sequence must be inihialized with the
Initiate Read Sequence command or a Read
Status command. The sequence of reading all
registers that are not excluded by the Read
Mask register must be completed before a new
Initiate Read Sequence or Read Status
command.

Fixed-Address Programming. A special cir-
cumstance arises when programming a desh-
nation port to have a fixed address. The load
command 1n WR6 only loads a fixed address to
a port selected as the source, not to a port
selected as the destination. Therefore, a fixed
destination address must be loaded by tem-
porarily declaring it a fixed-source address
and subsequently declaring the true source as
such, thereby implicitly making the other a
destination.

The following example 1llustrates the steps 1n
this procedure, assuming that transfers are to
occur from a variable-address source (Port A)
to a fixed-address destination (Port B):

1. Temporarily declare Port B as source in
WRO.

Load Port B address in WR6.
Declare Port A as source in WRO.
Load Port A address in WR6.
Enable DMA 1in WR6.

Figure 9 1llustrates a program to transfer
data from memory (Port A) to a peripheral
device (Port B). In this example, the Port A
memory starting address 1s 1050y and the Port
B peripheral fixed address 1s 05y. Note that
the data flow 1s 1001y 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 1nstruction such as the Z-80
CPU’s OTIR 1nstruction.

@ W

Read Register 2

Read Register 3

m PORT A ADDRESS COUNTER (LOW BYTE)

Read Register 4

D:D:L__D:lj PORT A ADDRESS COUNTER (HIGH BYTE)

Read Register 5

m PORT B ADDRESS COUNTER (LOW BYTE)

Read Register 6

[T T T T T T T rorre aopress counter tiGH BYTE)

Figure 8a. Read Registers
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Programming
(Continued)

WR ENDS ¥ CYCLE EARLY =0 [}
RD ENDS_¥2 CYCLE EARLY =0 0

1

1

WR ENDS ¥ CYCLE EARLY =0 0
RD ENDS % CYCLE EARLY =0 ]
WMREQ 1

1

MREQ ENDS ¥: CYCLE EARLY =

ENDS %2 CYCLE EARLY = 0

DMA ENABLE = 1 I
INTERRUPT ENABLE =

Write Register 0 Group
D, Dy Ds D, Dy n, D, D,
BASE BYTE
0 0 DO NOTUSE
0 1= THANSFER
1 0=
1 1= ssAncHrmmsFER
0 = PORT B - PORT A
1= PORTA -~PORT B
PORT A
(LOW BYTE)
PORT A STARTING ADDRESS
(HIGH BYTE)
BLOCK LENGTH
(LOW BYTE)
LT T T T T weievs ™
(HIGH BYTE)
Write Register 1 Group

D, Dy Dy D, Dy D, D, Dy

[o] T [ [ [1]0]o]sAsenreaister Byre

0 = PORT A IS MEMORY

PORT A ADDRESS INCREMENTS
] PORT A ADDRESS FIXED

“a 00—

o
1
o
1

0 = CYCLE LENGTH = 4
1 = CYCLE LENGTH = 3
0 = CYCLE LENGTN =2
1=

DO
0 =10RQ ENDS ¥ CVCLE EARLY

Write Register 2 Group
D7 Dg Ds Dy Ds D, Dy Dy

| 0 | BASE REGISTER BYTE

0 = PORT B IS MEMORY
1= PORT BIS IO

0 0 = PORT B ADDRESS DECREMENTS
0 1 = PORT B ADDRESS INCREMENTS
1 1= porr & ADDRESS FixED

= CYCLE LENGTH

= CYCLE LENGTH

= CYCLE LENGTH = 2
DO NOT USE

0 = IORQ ENDS % CYCLE EARLY

o
1
o
1

Write Register 3 Group
D, Dg Ds D, D3 D, Dy Do
0 | 0 | BASE BYTE

1 = STOP ON MATCH

MASK BYTE (0 = COMPARE)

[T ToJo[ [ [ [ ]rortavariaeLe imiNG BYTE

PORT B VARIABLE TIMING BYTE

Write Register 4 Group
D; Dg Ds D, Dy D; Dy Dy
[0 | 1] ase ReaisTeR BYTE

-0 4 O

BYTE =
CONTINUOUS =
T =
DO NOT PROGRAM =

PORT B STARTING ADDRESS
(LOW BYTE)

PORT B ADDRESS
(HIGH BYTE)
BYTE
l = INTERRUPT ON MATCH
INTERRUPT ON RDY = 1 1= mrsaaun AT END OF BLOCK
STATUS AFFECTS VECTOR = 1 1 = PULSE GENERATED

| I PULSE CONTROL BYTE

VECTOR IS AUTOMAYICALLV 0 0 = INTERRUPT ON RDY
E 0 1 INTERRUPT ON MATCH
0 INTERRUPT ON END OF BLOCK
1 = INTERRUPT ON MATCH
AND END OF BLOCK

A.S SHOWN
F “STATUS
AFFECTS VECTOR“ BITIS SET

Write Register 5 Group

D; Ds Ds D, Dy D; Dy Do

110 0!1]0|BASE BYTE
0 = READY ACTIVE LOW

1 READY ACTIVE HIGH

E ONLY
CENIAIT MULTIPLEXED

= STob ON END OF BLOGK
AUTD RESTART ON END OF BLOCK

Write Register 6 Group
D, Dg Ds D, Dy D, D, D,
BASE REGISTER BYTE

COMMAND NAME

w00 —

[ ] RESET
00 RESET PORT A TIMING
[ RESET PORT B TIMING
1.0 0 1 1= = LOAD
1.0 1 0 0= CONTINUE
01 0 1 1= = DISABLE INTERRUPTS
01 0 1 0= ENABLE INTERRUPT!
01 0 0 0= RESET AND DISABLE INTERRUPTS
01 1 0 1= ENABLE AFTER RETI
0 1 1 1 1=BF=READ STATUS BYTE
0 0 0 1 = 8B = REINITIALIZE STATUS BYTE
0 1 0 0 1=A7=INITIATE READ SEQUENCE
0 1 1 0 0=B3=FORCEREADY
0 0 0 0 1=287=ENABLEDMA
0 0 0 0 0=283=DISABLE DMA
o

E—— 1 1 1 0=BB = READ MASK FOLLOWS
READ MASK (1 = ENABLE)

l— STATUS BYTE
BYTE COUNTER (LOW BYTE)
BYTE COUNTER (HIGH BYTE)

for Attt hom
H
MATCH BYTE PORT B :LOW BVTEE))
PORT B (HIGH BYTE)
Figure 8b. Write Registers
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Comments D7 D¢ Ds D4 D3 D2 D1 Do HEX
WRO sets DMA to receive 0 1 1 1 1 0 0 1 79
block length, Port A start- Block Length Block Length Port A Port A B—» A
Ing address and temporarily Upper Lower Upper Lower Temporary
sets Port B as source Follows Follows Address Address for Transfer, No Search
Follows Follows Loading B
Address*
Port A address (lower) 0 1 0 1 0 0 0 o] 50
Port A address (upper) 0 0 0 1 0 0 0 o] 10
Block length (lower) 0 0 0 0 0 0 0 0 00
Block length (upper) 0 0 0 1 0 0 0 0 10
WR1 defines Port A as 0 0 0 1 0 1 0 0 14
memory with fixed No Timing Address Address Port 1s
incrementing address Follows Changes Increments Memory
WR2 defines Port B as 0 0 1 0 1 0 1 0 28
peripheral with fixed No Timing Fixed Port 1s
address Follows Address 110
WR4 sets mode to Burst, 1 1 0 0 0 1 0 1 Cs
sets DMA to expect Port B No Interrupt No Upper Port B Lower
address Burst Mode Control Byte Address Address
Follows Follows
Port B address (lower) 0 0 0 0 0 1 0 1 05
WRS sets Ready active High 1 ] 0 0 1 0 1 0 8A
No Auto No Wait RDY
Restart States Active High
WRE loads Port B address 1 1 0 0 1 1 1 1 CF
and resets block counter *
WRO sets Port A as source * 0 0 0 0 0 1 0 1 05
No Address or Block A —>»B Transfer, No Search
Length Bytes
WR6 loads Port A address 1 1 0 0 1 1 1 1 CF
and resets block counter
WR6 enables DMA to start 1 0 0 0 0 1 1 1 87
operation

Figure 9. Sample DMA Program

NOTE The actual number of bytes transferred 1s one more than specified by the block length
*These entries are necessary only in the case of a fixed destination address

d
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Inactive

In its disabled or 1nactive state, the DMA 1s

State Timing addressed by the CPU as an I/O peripheral for
(DMA as CPU write and read (control and status) operations.

Peripheral)

Write timing 1s 1llustrated in Figure 10.
Reading of the DMA's status byte, byte
counter or port address counters 1s illustrated

o |

Figure 10. CPU-to-DMA Write Cycle

in Figure 11. These operations require less

than three T-cycles. The CE, IORQ and

RD lines are made active over two rising edges
of CLK, and data appears on the bus approx- ¢
imately one T-cycle after they become active.

CLK I I I I I I I I
CE —— o
ioRa \ S
RD 'X__— !
)

Do-D7

Figure 11. CPU-to-DMA Read Cycle

Active State
Timing
(DMA as Bus
Controller)

Default Read and Write Cycles. By default,
and after reset, the DMA’s timing of read and
write operations is exactly the same as the Z-80
CPU's timing of read and write cycles for
memory and I/O peripherals, with one excep-
tion: during a read cycle, data is latched on
the falling edge of T3 and held on the data bus
across the boundary between read and write
cycles, through the end of the following write

-cycle.

Figure 12 illustrates the timing for memory-
to-I/O port transfers and Figure 13 illustrates
I/O-to-memory transfers. Memory-to-memory
and I/O-to-1/O transfer timings are simply per-
mutations of these diagrams.

The default timing uses three T-cycles for
memory transactions and four T-cycles for /O
transactions, which include one automatically

inserted wait cycle between Tj and T3. If the
CE/WATT line is programmed to act as a
WALIT line during the DMA’s active state, 1t 1s
sampled on the falling edge of T, for memory
transactions and the falling edge of Ty for I/O
transactions. If CE/WAIT is Low during this
time another T-cycle is added, during which
the CE/WAIT line will again be sampled. The
duration of transactions can thus be indef-
nitely extended.

Variable Cycle and Edge Timing. The Z-80
DMA's default operation-cycle length for the
source (read) port and destination (write) port
can be independently programmed. This
variable-cycle feature allows read or write
cycles consisting of two, three or four T-cycles
(more if Wait cycles are inserted), thereby
increasing or decreasing the speed of all
signals generated by the DMA. In addition,

/O WRITE |

|<—— MEMORY READ |
Ty

| T2 | T I Tl T2 | Tw | T3 ’

CLK

L[

Ao-A1s x X

READ

weea |\
—

WRITE

- MEMORY
Do-D7 __.::)_ DRIVES DATA {

DATA BUS DRIVEN BY DMA

——— e o —— 1=

—_t— | Ve

CEIWAIT

=TT

- ——

-
1
|
|

Figure 12. Memory-to-I/O Transfer
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Active State

| 110 READ J

Timin MEMORY WRITE ——»
(DMA gc:s Bus I ool T | Tw | T ' T T | T
Controller) oLk
(Continued)
Ao-A1s x x x
ioRQ
READ
= \
Do-D7 )_Ilomfmm—( DMA DRIVES DATA BUS
e T
WRITE
- \L/
CEIWAT _""_""_J - "—-"j \ -1

Figure 13. 1/0-to-Memory Transfer

the trailing edges of the IORQ, MREQ, RD and
WR signals can be independently terminated
one-half cycle early. Figure 14 illustrates this.

In the vanable-cycle mode, unlike default
timing, IORQ comes active one-half cycle
before MREQ, RD and WR. CE/WAIT can be
used to extend only the 3 or 4 T-cycle variable
memory cycles and only the 4-cycle variable
1/O cycle. The CE/WAIT hine is sampled at the
falling edge of Ty for 3- or 4-cycle memory
cycles, and at the falling edge of T3 for 4-cycle
I/O cycles.

During transfers, data is latched on the
clock edge causing the rising edge of RD and
held through the end of the write cycle.

—
=\ [FIFIFT
liiﬁ—_\___ll_"r-" T ==

B, WR R R

2CYCLE  3CYCLE 4 CYCLE
EARLY END EARLY END EARLY END

Figure 14. Variable-Cycle and Edge Timing

Bus Requests. Figure 15 illustrates the bus
request and acceptance timing. The RDY line,
which may be programmed active High or
Low, is sampled on every rising edge of CLK.
If it is found to be active, and if the bus is not
in use by any other device, the following rising
edge of CLK drives BUSREQ low. After receiv-
ing BUSREQ the CPU acknowledges on the
BAI input either directly or through a
multiple-DMA daisy chain. When a Low is
detected on BAI for two consecutive rising
edges of CLK, the DMA will begin transferring
data on the next rising edge of CLK.

) o ,.._.”._\/
BAI .__l

DMA DMA
INACTIVE "“‘ ACTIVE

t and A e

P

Figure 15. Bus Req
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Active State
Timing
(DMA as Bus
Controller)
(Continued)

Bus Release Byte-at-a-Time. In Byte-at-a-
Time mode, BUSREQ is brought High on the
rising edge of CLK prior to the end of each
read cycle (search-only) or write cycle
(transfer and transfer/search) as illustrated in
Figure 16. This is done regardless of the state
of RDY. There is no possibility of confusion
when a Z-80 CPU is used since the CPU
cannot begin an operation until the following
T-cycle. Most other CPUs are not bothered by
this either, although note should be taken of it.
The next bus request for the next byte will
come after both BUSREQ and BAI have
returned High.

Bus Release at End of Block. In Burst and
Continuous modes, an end of block causes
BUSREQ to go High usually on the same rising
edge of CLK in which the DMA completes the
transfer of the data block (Figure 17). The last
byte in the block is transferred even if RDY
goes inactive before completion of the last byte
transfer.

Bus Release on Not Ready. In Burst mode,
when RDY goes inactive it causes BUSREQ to
go High on the next rising edge of CLK after
the completion of its current byte operation
(Figure 18). The action on BUSREQ is thus
somewhat delayed from action on the RDY
line. The DMA always completes its current
byte operation in an orderly fashion before
releasing the bus.

By contrast, BUSREQ is not released in
Continuous mode when RDY goes inactive.

DMA ACTIVE —>'<— DMA INACTIVE

Figure 16. Bus Release (Byte-at-a-Time Mode)

w LML

ACTIVE

Y
INACTIVE

SuUsRER

(———

CURRENT BYTE 3 ome
OPERATION INACTIVE

Figure 18. Bus Release When Not Ready
(Burst Mode)

Instead, the DMA idles after completing the
current byte operation, awaiting an active RDY
again.
Bus Release on Match. If the DMA is pro-
grammed to stop on match in Burst or Con-
tinuous modes, a match causes BUSREQ to go
inactive on the next DMA operation, i.e., at
the end of the next read in a search or at the
end of the following write in a transfer (Figure
19). Due to the pipelining scheme, matches
are determined while the next DMA read or
write is being performed.

The RDY line can go inactive after the
matching operation begins without affecting
this bus-release timing.

Interrupts. Timings for interrupt acknowledge
and return from interrupt are the same as tim-

ings for these in other Z-80 peripherals. Refer

to Zilog Application Note 03-0041-01 (The Z-80
Family Program Interrupt Structure).

Interrupt on RDY (interrupt before request-
ing bus) does not directly affect the BUSREQ
line. Instead, the interrupt service routine
must handle this by issuing the following
commands to WR6:

1. Enable after Return From Interrupt (RETI)
Command — Hex B7

2. Enable DMA — Hex 87

3. An RETI instruction that resets the
Interrupt Under Service latch in the
Z-80 DMA.

Jirr

ACTIVE

—_— e ———
ROY | iy
INACTIVE

SUsSARG

/5

LAST BYTE

DMA
oo INACTIVE

Figure 17. Bus Release at End of Block
(Burst and Continuous Modes)

AcTivE ———Hf———
v | S -
INACTIVE e
sushEa
| BYTER 3 BYTE R+t
I READ IN READ IN T acrive
AND

MATCH FOUND
ONBYTEn

Figure 19. Bus Release on Match
(Burst and Continuous Modes)
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Absolute Operating Ambient Stresses greater than those hsted under Absolute Maxi-
Maximum Temperature Under Bias . .As Specified Under mum Ratings may cause permanent damage to the device.
Rati Ordering Information This 1s a stress rating only, operation of the device at any
atings raering or 1on. condition above those indicated in the operational sections
Storage Temperature. . . . . . -65°Cto +150°C of these specifications 1s not implied Exposure to absolute
maximum rating conditions for extended periods may affect
Voltage On Any Pin with device reliabihty
Respect to Ground . ...-0.3Vto +7.0V
Power Dissipation... ................ 1.5 W
Test The characteristics below apply for the All ac parameters assume a load capacitance
Conditions following test conditions, unless otherwise of 100 pF max. Timing references between two
noted. All voltages are referenced to GND output signals assume a load difference of 50
(0 V). Positive current flows into the refer- pF max.
enced pin. Available operating temperature
ranges are:
m S* = 0°C to +70°C,
+475V =V, = +5.25V 21K
mE* = -40°Cto +85°C, P NbER TeST
+4.75V <= Vee = +5.25V
B M* = —-55°C to +125°C, 10057 *
+45V<=V,(.<+55V I
*See Ordering Information section for package = = b
temperature range and product number
DC Symbol  Parameter Min Max Unit Test Condition
Charac-
teristics ViLe Clock Input Low Voltage -03 045 V
Viac Clock Input High Voltage Vee-6 5.5 A4
Vi Input Low Voltage -0.3 0.8 \4
Viu Input High Voltage 2.0 5.5 v
VoL Output Low Voltage 0.4 V  Ior= 3.2mA for BUSREQ
Ior = 2.0 mA for all others
Vou Output High Voltage 2.4 V  Iog = 250 A
Icc Power Supply Current
Z-80 DMA 150 mA
Z-80A DMA 200 mA
I Input Leakage Current 10 A Vi = 0to Ve
Iron 3-State Output Leakage Current 1n Float 10 wA  Vour = 2.4 to Ve
TioL 3-State Output Leakage Current 1n Float -10 A Voyr =04V
Iip Data Bus Leakage Current in Input Mode +10 A 0=Vy=Vce
Ve = 5V +£5% unless otherwise specihed, over specified temperature range
Capacitance Symbol Parameter Min Max  Unit Test Condition
C Clock Capacitance 35 pF Unmeasured Pins
Cin Input Capacitance 5 pF Returned to Ground
COUT Output Capacitance 10 pF
Over specified temperature range, { = 1 MHz
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Inactive
State

AC
Character-
istics

2-80 DMA  Z-80A DMA
Number Symbol Parameter Min Max Min Max Unit
1 TcC Clock Cycle Time 400 4000 250 4000 ns
2 TwCh Clock Width (High) 170 2000 110 2000 ns
3 TwCl Clock Width (Low) 170 2000 110 2000 ns
4 TrC Clock Rise Time 30 30 ns
— 5—TIC Clock Fall Time 30 30 ns —
6 Th Hold Time for Any Specified Setup Time 0 0 ns
7  TsC(Cr) IORQ, WR, CE | to Clock t Setup 280 145 ns
8 TdDO(RDf) RD! to Data Output Delay 500 380 ns
9  TsWM(Cr) Data In to Clock t Setup (WR or MI) 50 50 ns
—10— TdC{(DO) ——IORQ | to Data Out Delay (INTA Cycle) 340 160 ns —
11 TdRD(Dz) RD 1 to Data Float Delay (output buffer
disable) 160 110 ns
12 TsIEKIORQ) IEIl to TORQ | Setup (INTA Cycle) 140 140 ns
13 TdIEOr(IEIr) IEIt to IEO t Delay 210 160 ns
14  TdIEO{(IEIf)  IEI | to IEO | Delay 190 130 ns
—15__TdMI(IEO) —_MI } to IEO | Delay (interrupt just prior to
Ml) 300 190 ns
16  TsMIf(Cr) MI | to Clock 1 Setup 210 90 ns
17 TsMIr(Cf) MI 1 to Clock | Setup 20 -10 ns
18  TsRD(Cr) RD | to Clock 1 Setup (M1 Cycle) 240 115 ns
19 TdI(INT) Interrupt Cause to INT } Delay (INT generated
only when DMA is inactive) 500 500 ns
_20 __ TdBAIr(BAOr)_BAI 1 to BAO t Delay 200 150 ns —
21  TdBAIf(BAOf) BAI | to BAO ! Delay 200 150 ns
22 TsRDY(Cr) RDY Active to Clock ! Setup 150 100 ns

NOTE

1 Negative mimimum setup values mean that the first-mentioned event can come after the second-mentioned event
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Inactive
State

AC
Character-
istics
(Continued)
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Active
State

AC
Character-
istics

Z-80 DMA Z-80A DMA
Number Symbol Parameter Min(ns) Max(ns) Min(ns) Max(ns)
1 TcC Clock Cycle Time 400 250
2 TwCh Clock Width (High) 180 2000 110 2000
3 TwCl Clock Width (Low) 180 2000 110 2000
4 TrC Clock Rise Time 30 30
— 5 —T{C————Clock Fall Tim 30 30—
6 TdA Address Output Delay 145 110
7 TdC(Az) Clock t to Address Float Delay 110 90
8 TsA(MREQ) Address to MREQ } Setup (Memory Cycle) (2) +(5)-75 (2) +(5)-75
9  TsA(IRW) Address Stable to IORQ, RD, WR | Setup
(I/O Cycle) (1)-80 (1)-70
*10——TdRW(A)—RD, WR ! to Addr. Stable Delay———————(3) + (4)-40—————(3) + (4)-50
*11 TdRW(Az) RD, WR ! to Addr. Float (3) +(4)-60 (3) +(4)-45
12 TdC{(DO) Clock | to Data Out Delay 230 150
*13  TdCr(Dz) Clock t to Data Float Delay (Write Cycle) 90 90
14 TsDI(Cr) Data In to Clock t Setup (Read cycle when
rising edge ends read) 50 35
—15——TsDI(Cf) Data In to Clock | Setup (Read cycle when
falling edge ends read) 60 50
*16  TsDO(WIM) Data Out to WR } Setup (Memory Cycle) (1)-210 (1)-170
17 TsDO(W1I) Data Out to WR | Setup (I/O cycle) 100 100
*18  TdWr(DO) WR t to Data Out Delay (3) +(4)-80 (3) +(4)-70
19 Th Hold Time for Any Specified Setup Time 0 0
—20——TdCf(Mf)——Clock | to MREQ | Delay 100 85—
21 TdCr(Mr)  Clock 1 to MREQ t Delay 100 85
22 TdCf(Mr)  Clock | to MREQ t Delay 100 85
23 TwMl MREQ Low Pulse Width (1)-40 (1)-30
*24  TwMh MREQ High Pulse Width (2) +(5)-30 (2) +(5)-20
—25—TdCr(If)——Clock 1 to IORQ ! Delay 9 75—
26  TdCr(Ir) Clock t to IORQ ! Delay 100 85
*27  TdCi(Ir) Clock } to TORQ t Delay 110 85
28  TdCr(Rf) Clock 1 to RD | Delay 100 85
29  TdCI(Rf) Clock } to RD } Delay 130 95
—30——TdCr(Rr)—=Clock ! to RD t Delay 100 —85—
31 TdCi(Rr) Clock | to RD t Delay 110 85
32  TdCr(Wf) Clock t to WR | Delay 80 65
33  TdCf(Wf)  Clock | to WR | Delay 90 80
34 TdCr(Wr)  Clock t to WR t Delay 100 80
—35——TdC{(Wr)—-Clock | to WR t Delay 100 80—
36 TwWl WR Low Pulse Width (1)-40 (1)-30
37  TsWA(Cf) WAIT to Clock } Setup 70 70
38 TdCr(B)  Clock ! to BUSREQ Delay 150 100
39 TdCr(Iz)  Clock t to IORQ, MREQ, RD, WR Float
Delay 100 80

NOTES.

1. Numbers 1n parentheses are other parameter-numbers 1n this table, their values should be substituted in equations.

2 All equations imply DMA default (standard) timing
3 Data must be enabled onto data bus when RD 1s active.

4 Astensk (*) before parameter number means the parameter 1s not 1llustrated 1n the AC Timing Diagrams
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Ordering Product Package/ Product Package/

Information Number Temp  Speed Description Number Temp  Speed Description
78410 CE 2.5 MHz 780 DMA (40-pin) Z8410A CE 4.0 MHz Z80A DMA (40-pin)
28410 CM 2.5 MHz Same as above Z8410A CM 4.0 MHz Same as above
78410 CMB 2.5 MHz Same as above Z8410A CMB 4.0 MHz Same as above
78410 Cs 2.5 MHz Same as above Z8410A CS 4.0 MHz Same as above
78410 DE 2.5 MHz Same as above Z8410A DE 4.0 MHz Same as above
78410 DS 2.5 MHz Same as above Z8410A DS 4.0 MHz Same as above
28410 PE 2.5 MHz Same as above Z8410A PE 4.0 MHz Same as above
78410 PS 2.5 MHz Same as above Z8410A PS 4.0 MHz Same as above
*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to + 125°C with

MIL-STD-883, Class B processing, S = 0°C to +70°C.
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28420
Z80° P10 Parallel
Input/Output Controller

Ya

Product

A ugn [
Zilog Specification
June 1982
Features B Provides a direct interface between Z-80 B Programmable interrupts on peripheral
microcomputer systems and peripheral status conditions.
devices. ®m Standard Z-80 Family bus-request and
B Both ports have interrupt-driven handshake prioritized interrupt-request daisy chains
for fast response. implemented without external logic.
B Four programmable operating modes: byte B The eight Port B outputs can drive Dar-
input, byte output, byte input/output (Port A lington transistors (1.5 mA at 1.5 V).
only), and bit input/output.
General The Z-80 PIO Parallel I/O Circuit 1s a pro- accomplished under interrupt control. Thus,
Description  grammable, dual-port device that provides a the interrupt logic of the PIO permits full use

TTL-compatible interface between peripheral
devices and the Z-80 CPU. The CPU config-
ures the Z-80 PIO to interface with a wide
range of peripheral devices with no other
external logic. Typical peripheral devices that
are compatible with the Z-80 PIO include most
keyboards, paper tape readers and punches,
printers, PROM programmers, etc.

One characteristic of the Z-80 peripheral
controllers that separates them from other
interface controllers 1s that all data transfer
between the peripheral device and the CPU 1s

~—>{ D, Ag f——
~—>1 D, Ay fe—>
~—|D; Az fe——>

DATA | <-——|Ds Ay f—
BUS |\ «—]0, Ag fe—
~——1Ds As [—> PORT A
~——>{ D Ag f—
~—{0; A7 f——
———| B/A SEL ARDY
——|ciD SEL ASTB |e——
PIO -

CONTROL{ — ™| CE Z-80 PIO Bp >
—_—| By f—>
——i0RQ B, f—>
—|RD B; j——>

By f—>
— 5V Bs f—> PORT B
~———] GND Bg [——>
By [
—cLk
BRDY —
wrerruet | | T ]

CONTROL { s

~<—1 IEO

Figure 1. Pin Functions

of the efficient interrupt capabilities of the
Z-80 CPU during I/O transfers. All logic
necessary to implement a fully nested interrupt
structure 1s included 1n the PIO.

Another feature of the PIO 1s the ability to
interrupt the CPU upon occurrence of speci-
fied status conditions 1n the peripheral device.
For example, the PIO can be programmed to
interrupt 1if any specified peripheral alarm con-
ditions should occur. This interrupt capability
reduces the time the processor must spend 1n
polling peripheral status.

o[ 40 {Jo,
o, [ 2 38 [Jo,
ps[] 3 38 [Jos
CE[] 4 a7 [ W
cb]s 3s []ioRa
BA[] 6 35 [] ”b
A7 aal]s,;
as[] s ssés,
A;,Es 32[] B
AL om0 STH
GND [ 11 30 [Js;
as[d 12 2[]s,
A [ 13 28 [ 8
A e 27[] 8
A 15 26 ] +5v
AsTB [ 16 25[Jcik
BSTB [ 17 24 [JE
ARDY [] 18 23 []INT
Do [ 19 22 [ €O
o, [] 20 21 [] BRDY

Figure 2. Pin Assignments
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General
Description
(Continued)

The Z-80 PIO interfaces to peripherals via
two independent general-purpose 1/O ports,
designated Port A and Port B. Each port has
eight-data bits and two handshake signals,
Ready and Strobe, which control data transfer.
The Ready output indicates to the peripheral
that the port 1s ready for a data transfer.
Strobe 1s an nput from the peripheral that
indicates when a data transfer has occurred.

Operating Modes. The Z-80 PIO ports can be
programmed to operate in four modes: byte
output (Mode 0), byte input (Mode 1), byte
input/output (Mode 2) and bit input/output
(Mode 3).

In Mode 0, either Port A or Port B can be
programmed to output data. Both ports have
output registers that are individually addressed
by the CPU; data can be written to either port
at any time. When data 1s written to a port, an
active Ready output indicates to the external
device that data 1s available at the associated
port and 1s ready for transfer to the external
device. After the data transfer, the external
device responds with an active Strobe 1nput,
which generates an interrupt, if enabled.

In Mode 1, either Port A or Port B can be
configured 1n the input mode. Each port has
an input register addressed by the CPU. When
the CPU reads data from a port, the PIO sets
the Ready signal, which 1s detected by the
external device. The external device then
places data on the I/O lines and strobes the
1/O port, which latches the data into the Port
Input Register, resets Ready, and triggers the
Interrupt Request, if enabled. The CPU can
read the input data at any time, which again
sets Ready.

Mode 2 1s bidirectional and uses Port A,
plus the interrupts and handshake signals from
both perts. Port B must be set to Mode 3 and
masked off. In operation, Port A 1s used for
both data input and output. Output operation
18 sumilar to Mode 0 except that data 1s allowed
out onto the Port A bus only when ASTB 1s
Low. For input, operation 1s similar to Mode 1,
except that the data input uses the Port B
handshake signals and the Port B interrupt (af
enabled).

Both ports can be used in Mode 3. In this
mode, the individual bits are defined as either
input or output bits. This provides up to eight
separate, individually defined bits for each
port. During operation, Ready and Strobe are

not used. Instead, an interrupt 1s generated 1f
the condition of one input changes, or 1if all
nputs change. The requirements for gener-
ating an interrupt are defined during the pro-
gramming operation; the active level 1s
specified as either High or Low, and the logic
condition 1s specified as either one input active
(OR) or all inputs active (AND). For example,
if the port 1s programmed for active Low
inputs and the logic function 1s AND, then all
inputs at the specified port must go Low to
generate an interrupt.

Data outputs are controlled by the CPU and
can be written or changed at any time.

B Individual bits can be masked off.

B The handshake signals are not used in
Mode 3; Ready 1s held Low, and Strobe 1s
disabled.

B When using the Z-80 PIO interrupts, the

Z-80 CPU interrupt mode must be set to
Mode 2.

SYSTEM
BUSES

o

5V
cPU t PIO

INT . INT

+5V

=

IE!
2¢/T04
cre
2C1T02  INT fr—
IEQ j
B __IEO
RXCA  INT iNT
TXCA  IEO 1€l
RxCB
TxCB
WIRDYB RDY
sio DMA

Figure 3. PIO in a Typical Z80 Family Environment
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Internal

The internal structure of the Z-80 PIO con-

The mask control register specifies two

Structure sists of a Z-80 CPU bus interface, internal con- conditions: first, whether the active state of
trol logic, Port A 1/O logic, Port B I/O logic, the input bits 1s High or Low, and second,
and interrupt control logic (Figure 4). The whether an interrupt 1s generated when any
CPU bus interface logic allows the Z-80 PIO to one unmasked nput bit 1s active (OR condi-
interface directly to the Z-80 CPU with no tion) or 1if the interrupt 1s generated when
other external logic. The internal control logic all unmasked 1nput bits are active (AND
synchronizes the CPU data bus to the per- condition).
ipheral device interfaces (Port A and Port B). Interrupt Control Logic. The interrupt control
The two I/O ports (A and ‘B) are virtually logic section handles all CPU interrupt pro-
identical and are used to interface directly to tocol for nested-priority interrupt structures.
peripheral devices. Any device's physical location 1n a daisy-chain
Port Logic. Each port contains separate input configuration determines 1ts priority. Two lines
and output registers, handshake control logic, (IEI and IEO) are provided in each PIO to
and the control registers shown 1n Figure 5. form this daisy chain. The device closest to the
All data transfers between the peripheral unit CPU has the highest priority. Within a PIO,
and the CPU use the data input and output Port A interrupts have higher priority than
reqgisters. The handshake logic associated with those of Port B. In the byte input, byte output,
each port controls the data transfers through or bidirectional modes, an interrupt can be
the 1nput and the output registers. The mode generated whenever the peripheral requests a
control register (two bits) selects one of the new byte transfer. In the bit control mode, an
four programmable operating modes. interrupt can be generated when the periph-

The control mode (Mode 3) uses the remain- eral status matches a programmed value. The
ing registers. The input/output control register PIO provides for complete control of nested
specifies which of the eight data bits in the interrupts. That 1s, lower priority devices may
port are to be outputs and enables these bits; not interrupt higher priority devices that have
the remaining bits are inputs. The mask reg- not had their interrupt service routines com-
1ster and the mask control register control pleted by the CPU. Higher priority devices
Mode 3 interrupt conditions. The mask register may interrupt the servicing of lower priority
specifies which of the bits in the port are devices.
active and which are masked or inactive.

Logic PORT <7 OR CONTROL
T\ "Ao <—_—l}NANDSNAKE
8 i
A kY — . renm
CONTROL l} PORT 7> OR ConTROL
II% <——}NANDSHAKE
INTERRUPT —
CONTROL
3
INTERRUPT CONTROL LINES
Figure 4. Block Diagram
2006-0316
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Internal
Structure
(Continued)

If the CPU (in interrupt Mode 2) accepts an
interrupt, the interrupting device must provide
an 8-bit interrupt vector for the CPU. This vec-
tor forms a pointer to a location in memory
where the address of the interrupt service
routine is located. The 8-bit vector from the
interrupting device forms the least significant
eight bits of the indirect pointer while the
I Register 1n the CPU provides the most signifi-
cant eight bits of the pointer. Each port (A and
B) has an independent interrupt vector. The
least significant bit of the vector 1s automati-
cally set to 0 within the PIO because the
pointer must point to two adjacent memory
locations for a complete 16-bit address.

Unlike the other Z-80 peripherals, the PIO
does not enable interrupts immediately after
programming. [t waits until M1 goes Low (e.g.,
during an opcode fetch). This condition 1s
unimportant in the Z-80 environment but might
not be if another type of CPU 1s used.

The PIO decodes the RETI (Return From

Interrupt) instruction directly from the CPU
data bus so that each PIO in the system knows
at all himes whether 1t 1s being serviced by the
CPU interrupt service routine. No other com-
munication with the CPU is required.

CPU Bus I/0 Logic. The CPU bus interface
logic interfaces the Z-80 PIO directly to the
Z-80 CPU, so no external logic is necessary.
For large systems, however, address decoders
and/or buffers may be necessary.

Internal Control Logic. This logic receives the
control words for each port during program-
ming and, 1n turn, controls the operating func-
tions of the Z-80 PIO. The control logic syn-
chronizes the port operations, controls the port
mode, port addressing, selects the read/write
function, and issues appropriate commands to
the ports and the interrupt logic. The Z-80 PIO
does not receive a write input from the CPU;
instead, the RD, CE, C/D and IORQ signals
generate the write input internally.

.
INPUT/
OUTPUT

MODE
CONTROL
REGISTER

BITS)

T

INTERNAL BUS

Q REGISTER

DATA
OUTPUT
REGISTER
(8 BITS)

SELECT
(8 BITS)

OUTPUT
ENABLE

) 8-BIT /0 BUS

DATA

INPUT
REGISTER

MASK
CONTROL REGISTER
AeareTeR | > K

(@ BITS)
2 BITS)

(8 BITS)

INTERRUPT
CONTROL
LOGIC

READY
HANDSHAKE

STROBE ( CONTROL
|-

*Used in the bit mode only to allow generation of an

Interrupt If the peripheral /O pins go to the specified state.

Figure 5. Typical Port I/O Block Diagram
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Programming Mode 0. 1, or 2. (Byte Input, Output, or

Bidirectional). Programming a port for Mode
0, 1, or 2 requires two words per port. These
words are:

A Mode Control Word. Selects the port operating mode
(Figure 6). This word may be written any time.

An Interrupt Vector. The Z-80 PIO 1s designed for use with
the Z-80 CPU 1n interrupt Mode 2 (Figure 7). When nter-
rupts are enabled, the PIO must provide an interrupt
vector.

Mode 3. (Bit Input/Output). Programming a
port for Mode 3 operation requires a control
word, a vector (if interrupts are enabled), and
three additional words, described as follows:
1/0 Register Control. When Mode 3 1s selected, the mode
control word must be followed by another control word that
sets the I/O control register, which 1n turn defines which
port lines are inputs and which are outputs (Figure 8).

o ool [ ]
_: IDENTIFIES MODE

CONTROL WORD

DON'T CARE
MODE SELECT
0 0 MODEO
01

1
1

—-o
=
o
o
m
~

=

Figure 6. Mode Control Word

L IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

[o1] 06 Jos] o] s [ oz [ o« o
0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

Figure 8. 1/0 Register Control Word

Interrupt Control Word. In Mode 3, handshake 1s not
used. Interrupts are generated as a logic function of the
input signal levels. The interrupt control word sets the
logic conditions and the logic levels required for gener-
ating an interrupt. Two logic conditions or functions are
available: AND (if all input bits change to the active level,
an interrupt 1s triggered), and OR (if any one of the input
bits changes to the active level, an interrupt 1s triggered).
Bit Dg sets the logic function, as shown 1n Figure 9. The
active level of the input bits can be set either High or Low.
The active level 1s controlled by Bit Ds.

Mask Control Word. This word sets the mask control
register, allowing any unused bits to be masked off If any
bits are to be masked, then Dg must be set. When Dy is set,
the next word written to the port must be a mask control
word (Figure 10).

Interrupt Disable. There is one other control
word which can be used to enable or disable a
port interrupt. It can be used without changing
the rest of the interrupt control word

(Figure 11).

IDENTIFIES INTERRUPT
CONTROL WORD

D4 = 0 NO MASK WORK FOLLOWS
Ds = 1 MASK WORD FOLLOWS

Ds = 0 ACTIVE LEVEL IS LOW
Ds = 1 ACTIVE LEVEL IS HIGH

D¢ = 0 INTERRUPT ON OR FUNCTION
Dg = 1 INTERRUPT ON AND FUNCTION

D7 = 0 INTERRUPT DISABLED
D7 = 1 INTERRUPT ENABLED*

*NOTE. THE PORT IS NOT ENABLED UNTIL
THE INTERRUPT ENABLE IS FOLLOWED
BY AN ACTIVE M1

Figure 9. Interrupt Control Word

MBo-MB; MASK BITS. A
BIT IS MONITORED FOR AN
INTERRUPT IF IT IS

DEFINED AS AN INPUT AND
THE MASK BIT IS SET TO 0.

Figure 10. Mask Control Word

[0 [0o[0s[oa 0 fof1]1]
IDENTIFIES INTERRUPT

DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 11. Interrupt Disable Word
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Pin
Description

BRy- Ay. Port A Bus (bidirectional, 3-state).
This 8-bit bus transfers data, status, or control
information between Port A of the PIO and a
peripheral device. Ag is the least significant
bit of the Port A data bus.

ARDY. Register A Ready (output, active
High). The meaning of this signal depends on
the mode of operation selected for Port A as
follows:

Output Mode. This signal goes active to indicate that the
Port A output register has been loaded and the peripheral

data bus 1s stable and ready for transfer to the peripheral
device.

Input Mode. This signal 1s active when the Port A input
reqister 1s empty and ready to accept data from the
peripheral device.

Bidirectional Mode. This signal 1s active when data 1s
available 1n the Port A output register for transfer to the
peripheral device In this mode, data 1s not placed on the
Port A data bus, unless ASTB 1s active.

Control Mode. This signal 1s disabled and forced to a Low
state.

ASTB. Port A Strobe Pulse From Peripheral
Device (input, active Low). The meaning of
this signal depends on the mode of operation
selected for Port A as follows:

Output Mode. The positive edge of this strobe 1s 1ssued by
the peripheral to acknowledge the receipt of data made
available by the PIO

Input Mode. The strobe 1s 1ssued by the peripheral to load
data from the peripheral into the Port A input register.
Data 1s loaded into the PIO when this signal 1s active
Bidirectional Mode. When this signal 1s active, data from
the Port A output register 1s gated onto the Port A bidirec-
tional data bus. The positive edge of the strobe acknowl-
edges the receipt of the data.

Control Mode. The strobe 1s inhibited internally.

Bo-By. Port B Bus (bidirectional, 3-state). This
8-bit bus transfers data, status, or control
information between Port B and a peripheral
device. The Port B data bus can supply

1.5 mA at 1.5 V to drive Darlington transistors.

By is the least significant bit of the bus.

B/K. Port B Or A Select (input, High = B).
This pin defines which port is accessed during
a data transfer between the CPU and the PIO.
A Low on this pin selects Port A; a High
selects Port B. Often address bit Ag from the
CPU is used for this selection function.

BRDY. Register B Ready (output, active High).

This signal is similar to ARDY, except that in
the Port A bidirectional mode this signal 1s
High when the Port A input register is empty
and ready to accept data from the peripheral
device.

BSTB. Port B Strobe Pulse From Peripheral
Device (1input, active Low). This signal 1s
similar to ASTB, except that in the Port A
bidirectional mode this signal strobes data
from the peripheral device into the Port A
input register.

C/D. Control Or Data Select (input,

High = C). This pin defines the type of data
transfer to be performed between the CPU and
the PIO. A High on this pin during a CPU
write to the PIO causes the Z-80 data bus to be
interpreted as a command for the port selected
by the B/A Select line. A Low on this pin
means that the Z-80 data bus is being used to
transfer data between the CPU and the PIO.
Often address bit A| from the CPU is used for
this function.

‘CE. Chip Enable (input, active Low). A Low
on this pin enables the PIO to accept com-
mand or data inputs from the CPU during a
write cycle or to transmit data to the CPU dur-
ing a read cycle. This signal 1s generally
decoded from four I/O port numbers for Ports
A and B, data, and control.

CLK. System Clock (input). The Z-80 PIO uses
the standard single-phase Z-80 system clock.

Dg-Dy. Z-80 CPU Data Bus (bidirectional,
3-state). This bus 1s used to transfer all data
and commands between the Z-80 CPU and the
Z-80 PIO. Dy is the least significant bat.

IEL. Interrupt Enable In (input, active High).
This signal 1s used to form a priority-interrupt
daisy chain when more than one interrupt-
driven device is being used. A High level on
this pin indicates that no other devices of
higher prionity are being serviced by a CPU
interrupt service routine.

IEO. Interrupt Enable Qut (output, active
High). The IEO signal 1s the other signal
required to form a daisy chain priority scheme.
It 1s High only if IEI is High and the CPU is
not servicing an interrupt from this PIO. Thus
this signal blocks lower priority devices from
interrupting while a higher priority device 1s
being serviced by 1ts CPU interrupt service
routine.

INT. Interrupt Request (output, open drain,
active Low). When INT is active the Z-80 PIO
1s requesting an interrupt from the Z-80 CPU.

IORQ. Input/Output Request (input from Z-80
CPU, active Low). IORQ is used in conjunc-
tion with B/A, C/D, CE, and RD to transfer
commands and data between the Z-80 CPU and
the Z-80 PIO. When CE, RD, and IORQ are
active, the port addressed by B/A transfers
data to the CPU (a read operation). Con-
versely, when CE and IORQ are active but RD
is not, the port addressed by B/A is written
into from the CPU with either data or control
information, as specified by C/D. Also, if
IORQ and M1 are active simultaneously, the
CPU 1s acknowledging an interrupt; the inter-
rupting port automatically places 1its interrupt
vector on the CPU data bus if it is the highest
priority device requesting an interrupt.
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Pin
Description
(Continued)

MI1. Machine Cycle (input from CPU, achve
Low). This signal 1s used as a sync pulse to
control several internal PIO operations. When
both the M1 and RD signals are active, the
Z-80 CPU 1s fetching an instruction from
memory. Conversely, when both M1 and
IORQ are active, the CPU 1s acknowledging
an interrupt. In addition, M1 has two other
functions within the Z-80 PIO: 1t synchronizes

the PIO interrupt logic, when M1 occurs
without an active RD or IORQ signal, the PIO
1s reset.

RD. Read Cycle Status (input from Z-80 CPU,
active Low). If RD 1s active, or an 1/O opera-
tion 1s 1n progress, RD 15 used with B/A, C/D,
CE, and IORQ to transfer data from the Z-80
PIO to the Z-80 CPU.

Timing

The following timing diagrams show typical
timing in a Z-80 CPU environment. For more
precise specifications refer to the composite
ac timing diagram.

Write Cycle. Figure 12 illustrates the
timing for programming the Z-80 PIO

or for writing data to one of its ports. No
Wait states are allowed for writing to the
PIO other than the automatically inserted
Twa. The PIO does not receive a speci-
fic write signal; it internally generates
its own from the lack of an active

RD signal.

cib, B/A :)( X
&\

“WR = RD e CE « C/D « IORQ

Figure 12. Write Cycle Timing

Read Cycle. Figure 13 illustrates the timing
for reading the data input from an external
device to one of the Z-80 PIO ports. No Wait
states are allowed for reading the PIO other
than the automatically inserted Twa.

Output Mode (Mode 0). An output cycle
(Figure 14) is always started by the execution
of an output instruction by the CPU. The WR*
pulse from the CPU latches the data from the
CPU data bus into the selected port’s output
register. The WR* pulse sets the Ready flag
after a Low-going edge of CLK, indicating
data is available. Ready stays active until the
positive edge of the . trobe line is received,
indicating that data was taken by the periph-
eral. 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 priornty.

“RD = RD o CE ¢ C/D » IORQ

Figure 13. Read Cycle Timing

/

PORT
OUTPUT X

70

READY

STROBE

*WR = RD » CE » C/D » IORQ

N

_Figure 14. Mode 0 Output Timing
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Input Mode (Mode 1). When STROBE goes
Low, data is loaded into the selected port input
register (Figure 15). 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 CLK
resets Ready to an inactive state, indicating

Timing
(Continued)

LK

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 sets Ready at the next Low-going transition
of CLK. At this time new data can be loaded
into the PIO.

5

STROBE

SAMPLE
PORT — T
INPUT

[

|

*RD = RD ¢ CE o C/D » IORQ

Figure 15. Mode 1 Input Timing

Bidirectional Mode (Mode 2). This is a com-
bination of Modes 0 and | using all four hand-
shake lines and the eight Port A I/O lines
(Figure 16). Port B must be set to the bit mode
and its inputs must be masked. The Port A
handshake lines are used for output control
and the Port B lines are used for input control.

If interrupts occur, Port A's vector will be used
during port output and Port B’s will be used
during port input. Data is allowed out onto the
Port A bus only when ASTB is Low. The rising
edge of this strobe can be used to latch the
data into the peripheral.

i S

ASTS \ i
PORT A

{ DATAOUT )=

DATA BUS

)

{ DATAIN )}

[

S

BSTE

SAMPLE

BRDY

*WR = RD * CE ¢ C/D » IORQ

N

Figure 16. Mode 2 Bidirectional Timing
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Timing
(Continued)

Bit Mode (Mode 3). 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 1s latched into
the output registers with the same timing as the
output mode (Figure 17).

When reading the PIO, the data returned to
the CPU 1s composed of output register data
from those port data lines assigned as outputs
and nput register data from those port data

CLK

lines assigned as inputs. The input register
contains data that was present immediately
prior to the falling edge of RD. An interrupt 1s
generated 1if 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. How-
ever, if Port A 1s programmed 1n bidirectional
mode, Port B does not 1ssue an interrupt 1n bit
mode and must therefore be polled.

PORT
DATA BUS X DATA WORD 1 X

DATA WORD 2 X

OCCURS HERE

iona \ /

AD /

Do-D7

*Timing Diagram Refers to Bit Mode Read

{ DATAIN )

ZDATA WORD 1 PLACED ON BUS

Figure 17. Mode 3 Bit Mode Timing

Interrupt Acknowledge Timing. During M1
time, peripheral controllers are inhibited from
changing their interrupt enable status, permut-
ting the Interrupt Enable signal to ripple
through the daisy chain. The peripheral with
IEI High and IEO Low during INTACK places
a preprogrammed 8-bit interrupt vector on the
data bus at this ime (Figure 18). IEO 1s held
Low until a Return From Interrupt (RETI)
instruction 1s executed by the CPU while IEI 1s
High. The 2-byte RETI instruction 1s decoded
internally by the PIO for this purpose.

A B IR |
INTERR!

cLK
SAMPLE
I_T ) INT /
L/ meATe
ACKNOWLEDGE

Twa

IORG AND M1
l INBICATE

_/———— INTACK

Figure 18. Interrupt Acknowledge Timing

Return From Interrupt Cycle. If a Z-80 per-
ipheral has no interrupt pending and 1s not
under service, then its IEO = IEI If it has an
interrupt under service (1.e., 1t has already
interrupted and received an interrupt acknowl-
edge) then 1ts IEO 1s always Low, inhibiting
lower priority devices from interrupting. If it
has an interrupt pending which has not yet
been acknowledged, IEO 1s Low unless an
“ED" 1s decoded as the first byte of a 2-byte
opcode (Figure 19). In this case, IEO goes
High until the next opcode byte 1s decoded,
whereupon 1t goes Low again. If the second
byte of the opcode was a "4D,” then the
opcode was an RETI instruction.

After an “"ED” opcode 1s decoded, only the
peripheral device which has interrupted and 1s
currently under service has 1its I[EI High and its

IEO Low. This device 1s the highest-priority
device 1n the daisy chain that has received an
interrupt acknowledge. All other peripherals
have IEI = IEQO. If the next opcode byte
decoded 1s "4D,"” this peripheral device resets
its “'interrupt under service” condition.

Do-D7 —( e© ) { o )
p——

120 /—-—.

Figure 19. Return From Interrupt

2006-0329, 0330, 0331
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Z-80 PIO Z-80A PIO Z-80B PIOI]
Min Max Min Max Min Max

Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ns) Comment
1 TcC Clock Cycle Time 400 [1] 250 [1] 165  [1]
2 TwCh Clock Width (High) 170 2000 105 2000 65 2000
3 TwCl Clock Width (Low) 170 2000 105 2000 65 2000
4 TiC Clock Fall Time 30 30 20
5 —TrC ———— Clock Rise Time 30 30 20
6  TsCS(RI) CE, B/E, C/D to RD,
IORQ | Setup Time 50 50 50 [6]
7 Th Any Hold Times for Specified
Setup Time 0 0 0 0
8  TsRI(C) RD, TORQ to Clock t Setup
Time 115 115 70
9 —TdRI(DO) —— RD, TORQ !to Data Out Delay 430 380 300 [2]
10 TdRI(DOs) RD, TORQ 1 to Data Out Float
Delay 160 110 70
11 TsDI(C) Data In to Clock t Setup Time 50 50 40 CL = 50 pF
12 TdIO(DQI) IORQ | to Data Out Delay
(INTACK Cycle) 340 160 120 [3]
13 —TsM1(Cr) M1 | to Clock 1 Setup Time 210 90 70
14 TsMI1(Cf) mLto Clock | Setup Time
(M1 Cycle) 0 0 0 (8]
15 TdMI(IEO) MI | to IEO | Delay (Interrupt
Immediately Preceding M1 ) 300 190 100 [5, 7]
16 TsIEI(IO) IEI to IORQ | Setup Time
(INTACK Cycle) 140 140 100 [7]
17 — TdIEI(IEOf) —IEI | to IEO | Delay 190 130 120 [5] ——
CL = 50 pF
18 TdIEI(IEOr) IEI t to IEO 1 Delay (after ED
Decode) 210 160 160 [5]
19 TcIO(C) IORQ 1t to Clock | Setup Time
(To Activate READY on Next
Clock Cycle) 220 200 170
20 —TdC(RDYr)—— Clock | to READY 1 Delay 200 190 170 [8] ——
CL = 50 pF
21 TdC(RDYf) Clock | to READY t Delay 150 140 120 [5]
22 TwSTB STROBE Pulse Width 150 150 120 (4]
23 TsSTB(C) STROBE ! to Clock | Setup
Time (To Activate READY on
Next Clock Cycle) 220 220 150 [5]
24 — TdIO(PD)—— IORQ t to PORT DATA Stable
Delay (Mode 0) 200 180 160 [5]
25 TsPD(STB) PORT DATA to STROBE t
Setup Time (Mode 1) 260 230 190
26 TdSTB(PD) STROBE | to PORT DATA
Stable (Mode 2) 230 210 180 [5]
27 —TdSTB(PDr)— STROBE ! to PORT DATA Float
Delay (Mode 2) 200 180 160 CL = 50 pF
28  TdPD(INT) PORT DATA Match to INT |
Delay (Mode 3) 540 490 430
29  TdSTB(INT)  STROBE ! to INT | Delay 490 440 350
NOTES [6] TsCS(RI) may be reduced. However, the time subtracted
[1] TcC = TwCh + TwCl + TrC + TiC. from TsCS(RI) will be added to TdRI(DO).
[2] Increase TdRI(DO) by 10 ns for each 50 pF increase 1n load [7] 2.5 TcC > (N-2)TdIE(IEOf) + TdMI(IEO) + TsIEKIO)
up to 200 pF max. + TTL Buffer Delay, if any.
[3] Increase TdIO(DOI) bY 10 ns for each 50 pF, increase in [8] M1 must be active for a mmmum of two clock cycles to
loading up to 200 p! reset the PIO.
[4] For Mode 2. TWSTB > TSPD(STB) [9] Z80B PIO numbers are preliminary and subject to change.

[5] Increase these values by 2 ns for each 10 pF increase in
loading up to 100 pF max.
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Absolute

Voltages on all inputs and outputs

Stresses greater than those lhisted under Absolute Maxi-

Maximum with respectto GND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Rati . . This 1s a stress rating only; operation of the device at any
atings Operating Ambient condition above those indicated in the operational sections
Temperature ,,,,,,,,,,,,,,,,, As Specified in of these specifications 1s not implied. Exposure to absolute
Ordering Information maximum rating conditions for extended periods may affect
g device reliability.
Storage Temperature. ....... -65°Cto +150°C
Test The characteristics below apply for the All ac parameters assume a load capacitance
Conditions following test conditions, unless otherwise of 100 pF max. Timing references between two
noted. All voltages are referenced to GND output signals assume a load difference of
(0 V). Positive current flows into the refer- 50 pF max.
enced pin. Available operating temperature
ranges are: .
+5
B S* = 0°Cto +70°C,
+475V=sVees +5.25V 2
mE* = -40°Cto +85°C, FiNbER TesT
+4.73V=<Veec=s +5.25V
2!
B M* = —55°Cto +125°C, o O
+485V=Vee=s +5585V
*See Ordering Information sechon for package = - =
temperature range and product number
DC Symbol Parameter Min Max Unit Test Condition
Charac-
teristics Vie Clock Input Low Voltage -0.3 +045 V
Vine Clock Input High Voltage Vee-0.6 +5.5 v
Vi Input Low Voltage -0.3 +0.8 \
Vin Input High Voltage +2.0 +5.5 A
VoL Output Low Voltage +0.4 \ Iop = 20mA
Vou Output High Voltage +2.4 \ Ioy = -250 uA
I Input Leakage Current -10.0 +10.0 wA 0<ViN<Vce
I 3-State Output/Data Bus Input Leakage Current  -10.0 +10.0 uA 0<Vin<Vce
Iec Power Supply Current 100.0 mA Vou=1.5V
Ioup Darlington Drive Current -1.5 3.8 mA Rexr = 390 @
Over specified temperature and voltage range
Capacitance Symbol Parameter Min Max  Unit Test Condition
C Clock Capacitance 10 pF Unmeasured
pins returned
Cix Input Capacitance 5 pF to ground
Cour Output Capacitance 10 pF
Over specified temperature range; f = IMH,
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Ordering

Product Package/

Product Package/

Information  Number Temp  Speed Description Number Temp  Speed Description
78420 CE 2.5 MHz Z80 PIO (40-pin) Z8420A DE 4.0 MHz Z80A PIO (40-pin)
78420 CM 2.5MHz Same as above Z8420A DS 4.0 MHz Same as above
78420 CMB 2.5MHz Same as above Z8420A PE 4.0 MHz Same as above
78420 CS 2.5 MHz Same as above Z8420A PS 4.0 MHz Same as above
78420 DE 2.5 MHz Same as above 78420B CE 6.0 MHz Z80B PIO (40-pin)
78420 DS 2.5 MHz Same as above Z8420B CM  6.0MHz Same as above
78420 PE 4.0 MHz Same as above 78420B CMB 6.0 MHz Same as above
78420 PS 4.0 MHz Same as above 78420B CS 6.0 MHz Same as above
Z8420A CE 4.0 MHz Z80A PIO (40-pin) 78420B DE 6.0 MHz Same as above
Z8420A CM 4.0 MHz Same as above 78420B DS 6.0 MHz Same as above
Z8420A CMB 4.0 MHz Same as above 78420B PE 6.0 MHz Same as above
78420A CS 4.0 MHz Same as above 78420B PS 6.0 MHz Same as above
*NOTES. C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = 55°C to +125°C with

MIL-STD-883 Class B processing, S = 0°C to +70°C
00-2006-A






Z8430
Z80° CTC Counter/
Timer Circuit

Y

Product

. -
Zilog Specification
June 1982
Features B Four independently programmable B Selectable positive or negative trigger
counter/timer channels, each with a imtiates timer operation.
readable downcounter and a selectable B Standard Z-80 Family daisy-chain interrupt
16 or 256 prescaler. Downcounters are structure provides fully vectored, prioritized
reloaded automatically at zero count. interrupts without external logic. The CTC
B Three channels have Zero Count/Timeout may also be used as an interrupt controller.
outputs capable of driving Darlington B Interfaces directly to the Z-80 CPU or—for
transistors. baud rate generation—to the Z-80 SIO.
General The Z-80 CTC four-channel counter/timer each channel 1s programmed with two bytes; a
Description can be programmed by system software for a third 1s necessary when interrupts are enabled.
broad range of counting and timing applica- Once started, the CTC counts down, reloads
tions. The four independently programmable its time constant automatically, and resumes
channels of the Z-80 CTC satisfy common counting. Software timing loops are completely
microcomputer system requirements for event eliminated. Interrupt processing is simplified
counting, interrupt and interval timing, and because only one vector need be specified; the
general clock rate generation. CTC internally generates a unique vector for
System design 1s simplified because the CTC each channel.
connects directly to both the Z-80 CPU and the The Z-80 CTC requires a single +5 V power
Z-80 SIO with no additional logic. In larger supply and the standard Z-80 single-phase
systems, address decoders and buffers may be system clock. It is fabricated with n-channel
required. silicon-gate depletion-load technology, and
Programming the CTC 1s straightforward: packaged in a 28-pin plastic or ceramic DIP.
~—»] Do CLKITRGq |<—
<] Dy ZCITOp b—>
~—»{ D2
CPU | «—]D; CLKITRGy je— b, 2% Ds
Paus | <] M0t [— \ CHANNEL D: E ; 7 g D2
<05 SIGNALS s 27 o,
<> Ds CLKITRG, [<— o, [ 25 [ 0o
~]er zcmo, — anp s 4[] +sv
] 2:0 ro e 23 [] cLKiTRG,
™ CLKITRG, f=— zcrmo, Z80 CTC 5, [ cLKITRG:
eou'r::f. —>| cS 200, E: Z80A cTC 21 gcu(nne;
FROM | —»| Wi RESET < zcmo, O 9 20 [T} cLkiTRGs
CPU | __ .| iora jora [ 10 1§:CS
—»|a 2zsoctc 1oRa g
paisY [— ol Z80ACTC 10 O 1wl]cs
CHAIN { o Nt [ 12 17 [ RESET
INTERRUPT g | 13 6] cE
CONTROL \ <—] INT wmi [ 15 [] cLk
CLK +IV GID
Figure 1. Pin Functions Figure 2. Pin Assignments
20410154, 0155
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Functional
Description

The Z-80 CTC has four independent counter/
timer channels. Each channel is individually
programmed with two words: a control word
and a time-constant word. The control word
selects the operating mode (counter or timer),
enables or disables the channel interrupt, and
selects certain other operating parameters. If
the timing mode is selected, the control word
also sets a prescaler, which divides the system
clock by either 16 or 256. The time-constant
word 1s a value from | to 256.

During operation, the individual counter
channel counts down from the preset time con-
stant value. In counter mode operation the
counter decrements on each of the CLK/TRG
mnput pulses until zero count 1s reached. Each
decrement 1s synchronized by the system
clock. For counts greater than 256, more than
one counter can be cascaded. At zero count,
the down-counter 1s automatically reset with
the time constant value.

The timer mode determines time intervals as
small as 4 ps (Z-80A) or 6.4 us (Z-80) without
additional logic or software timing loops. Time
intervals are generated by dividing the system
clock with a prescaler that decrements

a preset down-counter.

Thus, the time interval is an integral mul-
tiple of the clock period, the prescaler value
(16 or 256) and the time constant that is preset
in the down-counter. A timer is triggered auto-
matically when its time constant value is pro-
grammed, or by an external CLK/TRG input.

Three channels have two outputs that occur
at zero count. The first output is a zero-
count/timeout pulse at the ZC/TO output. The
fourth channel (Channel 3) does not have a
ZC/TO output; interrupt request is the only
output available from Channel 3.

The second output is Interrupt Request
(INT), which occurs if the channel has its
interrupt enabled during programming. When
the Z-80 CPU acknowledges Interrupt Request,
the Z-80 CTC places an interrupt vector on the
data bus.

The four channels of the Z-80 CTC are fully
prioritized and fit into four contiguous slots 1n
a standard Z-80 daisy-chain interrupt struc-
ture. Channel 0 is the highest priority and
Channel 3 the lowest. Interrupts can be
individually enabled (or disabled) for each of
the four channels.

Architecture

The CTC has four major elements, as shown
in Figure 3.

m CPU bus I/O

B Channel control logic

B Interrupt logic

m Counter/timer circuits

CPU Bus I/0. The CPU bus I/O circuit
decodes the address inputs, and interfaces the
CPU data and control signals to the CTC for
distribution on the internal bus.

CONTROL 6

DATA s A oo
FROM BUS nTernaLBus ) NTERRUPT L, g
Z80 CPU <__—: 10 LOGIC

Internal Control Logic. The CTC internal
control logic controls overall chip operating
functions such as the chip enable, reset, and
read/write logic.

Interrupt Logic. The interrupt control logic
ensures that the CTC interrupts interface prop-
erly with the Z-80 CPU interrupt system. The
logic controls the interrupt priority of the CTC
as a function of the IEI signal. If IEI 1s High,
the CTC has priority. During interrupt

INTERNAL
CONTROL
LoGIC

——— iNT

B

IEO

I s )zcmo
COUNTER/
TIMER
1
Losic <I CLKITRG

Figure 3. Functional Block Diagram
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Architecture
(Continued)

processing, the interrupt logic holds IEO Low,
which inhibits the interrupt operation on lower
priority devices. If the IEI input goes Low,
priority is relinquished and the interrupt logic
drives IEO Low.

If a channel is programmed to request an
interrupt, the interrupt logic drives IEO Low at
the zero count, and generates an INT signal to
the Z-80 CPU. When the Z-80 CPU responds
with interrupt acknowledge (M1 and IORQ),
then the interrupt logic arbitrates the CTC
internal priorities, and the interrupt control
logic places a unique interrupt vector on the
data bus.

If an interrupt is pending, the interrupt logic
holds IEO Low. When the Z-80 CPU issues a
Return From Interrupt (RETI) instruction, each
peripheral device decodes the first byte
(EDjp). If the device has a pending interrupt,
it raises IEO (High) for one M1 cycle. This
ensures that all lower priority devices can
decode the entire RETI instruction and reset

properly.

CHANNEL
CONTROL
LoOGIC

TIME
CONSTANT

INTERNAL BUS
b REGISTER

8-BIT
WN-
COUNTER

— 2CITO
CLKITRG ———————~|

CLOCK PRESCALER

Figure 4. Counter/Timer Block Diagram

Counter/Timer Circuits. The CTC has four
independent counter/timer circuits, each con-
taining the logic shown in Figure 4.

Channel Control Logic. The channel control
logic receives the 8-bit channel control word
when the counter/timer channel is pro-

grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

M Interrupt enable (or disable)

# Operating mode (timer or counter)

B Timer mode prescaler factor (16 or 256)

m Active slope for CLK/TRG input

B Timer mode trigger (automatic or CLK/TRG
input)

B Time constant data word to follow

B Software reset

Time Constant Register. When the counter/
timer channel is programmed, the time con-
stant register receives and stores an 8-bit time
constant value, which can be anywhere from 1
to 256 (0 = 256). This constant is automatic-
ally loaded into the down-counter when the
counter/timer channel is initialized, and subse-
quently after each zero count.

Prescaler. The prescaler, which is used only
in timer mode, divides the system clock fre-
quency by a factor of either 16 or 256. The
prescaler output clocks the down-counter dur-
ing timer operation. The effect of the prescaler
on the down-counter is a multiplication of the
system clock period by 16 or 256. The pre-
scaler factor is programmed by bit 5 of the
channel control word.

Down-Counter. Prior to each count cycle, the
down-counter is loaded with the time constant
register contents. The counter is then
decremented one of two ways, depending on
operating mode:

B By the prescaler output (timer mode)
B By the trigger pulses into the CLK/TRG
input (counter mode)

Without disturbing the down-count, the Z-80
CPU can read the count remaining at any time
by performing an I/O read operation at the
port address assigned to the CTC channel.
When the down-counter reaches the zero
count, the ZC/TO output generates a positive-
going pulse. When the interrupt is enabled,
zero count also triggers an interrupt request
signal (INT) from the interrupt logic.

2041-0158
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Programming

Each Z-80 CTC channel must be pro-
grammed prior to operation. Programming
consists of writing two words to the I/O port
that corresponds to the desired channel. The
first word is a control word that selects the
operating mode and other parameters; the
second word is a time constant, which is a
binary data word with a value from 1 to 256. A
time constant word must be preceded by a
channel control word.

After initialization, channels may be
reprogrammed at any time. If updated control
and time constant words are written to a chan-
nel during the count operation, the count con-
tinues to zero before the new time constant is
loaded into the counter.

If the interrupt on any Z-80 CTC channel is
enabled, the programming procedure should
also include an interrupt vector. Only one vec-
tor is required for all four channels, because
the interrupt logic automatically modifies the
vector for the channel requesting service.

A control word is identified by a 1 in bit 0.
A 1 in bit 2 indicates a time constant word is to
follow. Interrupt vectors are always addressed
to Channel 0, and identified by a 0 in bit 0.

Addressing. During programming, channels
are addressed with the channel select pins CS)
and CS;. A 2-bit binary code selects the
appropriate channel as shown in the following
table.

Channel CS; CSg
0 0 0
1 0 1
2 1 0
3 1 1

Reset. The CTC has both hardware and soft-
ware resets. The hardware reset terminates all
down-counts and disables all CTC interrupts
by resetting the interrupt bits in the control
registers. In addition, the ZC/TO and Interrupt
outputs go inactive, IEO reflects IEI, and

Do-D7 go to the high-impedance state. All
channels must be completely reprogrammed
after a hardware reset.

The software reset is controlled by bit 1 in
the channel control word. When a channel
receives a software reset, it stops counting.
When a software reset is used, the other bits in
the control word also change the contents of
the channel control register. After a software
reset a new time constant word must be written
to the same channel.

If the channel control word has both bits D)
and D; set to 1, the addressed channel stops
operating, pending a new time constant word.
The channel is ready to resume after the new
constant is programmed. In timer mode, if
D3 = 0, operation is triggered automatically
when the time constant word is loaded.

Channel Control Word Programming. The
channel control word is shown in Figure 5. It
sets the modes and parameters described
below.

Interrupt Enable. D7 enables the interrupt, so
that an interrupt output (INT) is generated at
zero count. Interrupts may be programmed in
either mode and may be enabled or disabled
at any time.

Operating Mode. Dg selects either timer or
counter mode.

Prescaler Factor. (Timer Mode Only). Ds
selects factor—either 16 or 256.

Trigger Slope. Dy selects the active edge or
slope of the CLK/TRG input pulses. Note that
reprogramming the CLK/TRG slope during
operation is equivalent to issuing an active
edge. If the trigger slope is changed by a con-
trol word update while a channel is pending
operation in timer mode, the result is the same
as a CLK/TRG pulse and the timer starts.
Similarly, if the channel is in counter mode,
the counter decrements.

INTERRUPT
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT

L =

ODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

ER VALUE*

L CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD
RESET
0 = CONTINUED OPERATION

1 = SOFTWARE RESET
TIME CONSTANT

1 = VALUE OF 256
0 = VALUE OF 16

0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

CLK/TRG EDGE SELECTION
0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

TIMER

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Programming
(Continued)

Trigger Mode (Timer Mode Only). Dj selects
the trigger mode for timer operation. When D3
1s reset to 0, the timer 1s triggered automatic-
ally. The time constant word 1s programmed
during an I/O write operation, which takes one
machine cycle. At the end of the write opera-
tion there is a setup delay of one clock period.
The timer starts automatically (decrements) on
the rising edge of the second clock pulse (Tp)
of the machine cycle following the write opera-
tion. Once started, the timer runs contin-
uously. At zero count the timer reloads
automatically and continues counting without
interruption or delay, until stopped by a reset.

When D3 1s set to 1, the timer 1s triggered
externally through the CLK/TRG input. The
time constant word 1s programmed during an
1/O write operation, which takes one machine
cycle. The timer 1s ready for operation on the
rising edge of the second clock pulse (T)) of
the following machine cycle. Note that the first
timer decrement follows the active edge of the
CLK/TRG pulse by a delay time of one clock
cycle if a minimum setup time to the rising
edge of clock 1s met. If this minimum 1s not
met, the delay 1s extended by another clock
period. Consequently, for immediate trigger-
ing, the CLK/TRG input must precede Ty by
one clock cycle plus its minimum setup time. If
the minimum time 1s not met, the timer will
start on the third clock cycle (T3).

Once started the timer operates contin-
uously, without interruption or delay, until
stopped by a reset.

Time Constant to Follow. A 1 in Dy indicates
that the next word addressed to the selected
channel 1s a time constant data word for the
time constant register. The time constant word
may be written at any time.

A 01n Dy indicates no time constant word 1s
to follow. This 1s ordinarily used when the
channel 1s already 1n operation and the new
channel control word 1s an update. A channel
will not operate without a time constant value.
The only way to write a ime constant value 1s
to write a control word with Dj set.

706 0s [0 [0, o o oo

Figure 6. Time Constant Word

Software Reset. Setting D) to 1 causes a soft-
ware reset, which 1s described in the Reset
section.

Control Word. Setting Dg to | 1dentifies the
word as a control word.

Time Constant Programming. Before a chan-
nel can start counting 1t must receive a time
constant word from the CPU. During program-
ming or reprogramming, a channel control
word 1n which bit 2 1s set must precede the
time constant word to indicate that the next
word 1s a time constant. The time constant
word can be any value from 1 to 256 (Figure
6). Note that 00;¢ 1s interpreted as 256.

In timer mode, the time interval 1s controlled
by three factors:

B The system clock period (¢)

B The prescaler factor (P), which multiplies
the interval by either 16 r 256

B The time constant (T), which 1s programmed
into the time constant register

Conseguently, the time interval 1s the pro-
duct of ¢ XxP xT. The minimum timer resolu-
tion 1s 16 X ¢ (4 us with a 4 MHz clock). The
maximum timer 1nterval 1s 256 X ¢ X 256 (16.4 ms
with a 4 MHz clock). For longer intervals
timers may be cascaded.

Interrupt Vector Programming. If the Z-80
CTC has one or more interrupts enabled, 1t
can supply interrupt vectors to the Z-80 CPU.
To do so, the Z-80 CTC must be pre-pro-
grammed with the most-significant five bits of
the interrupt vector. Programming consists of
writing a vector word to the I/O port cor-
responding to the Z-80 CTC Channel 0. Note
that Dg of the vector word 1s always zero, to
distinguish the vector from a channel control
word. D) and Dy are not used in programming
the vector word. These bits are supplied by
the interrupt logic to 1dentify the channel
requesting interrupt service with a unique
interrupt vector (Figure 7). Channel O has the
highest priority.

I— 0 = INTERRUPT VECTOR WORD
1 = CONTROL WORD
CHANNEL IDENTIFIER

(AUTOMATICALLY INSERTED
BY CTC)
0 0 = CHANNEL 0

V7-V3
SUPPLIED
BY USER

Figure 7. Interrupt Vector Word
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Pin
Description

CE. Chip Enable (input, active Low). When
enabled the CTC accepts control words, inter-
rupt vectors, or time constant data words from
the data bus during an I/O write cycle; or
transmits the contents of the down-counter to
the CPU during an I/O read cycle. In most
applications this signal is decoded from the
eight least significant bits of the address bus
for any of the four I/O port addresses that are
mapped to the four counter-timer channels.

CLK. System Clock (input). Standard single-
phase Z-80 system clock.

CLK/TRGq-CLK/TRG3. External Clock/Timer
Trigger (1input, user-selectable active High or
Low). Four pins corresponding to the four Z-80
CTC channels. In counter mode, every active

edge on this pin decrements the down-counter.

In timer mode, an active edge starts the timer.
CS¢-CS). Channel Select (inputs active High).
Two-bit binary address code selects one of the
four CTC channels for an I/O write or read
(usually connected to Ag and A}).

Dg-Dy. System Data Bus (bidirectional,
3-state). Transfers all data and commands
between the Z-80 CPU and the Z-80 CTC.

SYSTEM
BUSES

()

+5V
CcPU pPiO

1E1

+5V

=

181
2CITOq
cTC

2CITOz  INT —d

1EQ

I =)
RxCA INT INT
TXCA  IEO IEl
RxCB
T<CB

WIRDYB RDY
sio DMA

Figure 8. A Typical Z-80 Environment

IEL. Interrupt Enable In (input, active High).
A High indicates that no other interrupting
devices of higher priority in the daisy chain
are being serviced by the Z-80 CPU.

IEO. Interrupt Enable Out (output, active
High). High only if IEI is High and the Z-80
CPU is not servicing an interrupt from any
Z-80 CTC channel. IEO blocks lower priority
devices from interrupting while a higher
priority interrupting device is being serviced.

INT. Interrupt Request (output, open drain,
active Low). Low when any Z-80 CTC channel
that has been programmed to enable interrupts
has a zero-count condition 1n its down-counter.

IORQ. Input/Output Request (input from CPU,
active Low). Used with CE and RD to transfer
data and channel control words between the
Z-80 CPU and the Z-80 CTC. During a write
cycle, IORQ and CE are active and RD
nactive. The Z-80 CTC does not receive a
specific write signal; rather, it internally
generates 1ts own from the inverse of an active
RD signal. In a read cycle, IORQ, CE and RD
are active; the contents of the down-counter
are read by the Z-80 CPU. If IORQ and Ml are
both true, the CPU is acknowledging an inter-
rupt request, and the highest priority inter-
rupting channel places 1its interrupt vector on
the Z-80 data bus.

M1. Machine Cycle One (input from CPU,
active Low). When M1 and IORQ are active,
the Z-80 CPU is acknowledging an interrupt.
The Z-80 CTC then places an interrupt vector
on the data bus 1f it has highest priority, and if
a channel has requested an interrupt (INT).

RD. Read Cycle Status (input, active Low).
Used 1n conjunction with IORQ and CE to
transfer data and channel control words

between the Z-80 CPU and the Z-80 CTC.

RESET. Reset (input active Low). Terminates
all down-counts and disables all interrupts by
resetting the interrupt bits in all control
registers; the ZC/TO and the Interrupt outputs
go mactive; [EO reflects [EI; Dp-D7 go to the
high-impedance state.

ZC/TOg-2ZC/TOg. Zero Count/Timeout (output,
active High). Three ZC/TO pins corresponding
to Z-80 CTC channels 2 through 0 (Channel 3
has no ZC/TO pin). In both counter and timer
modes the output 1s an active High pulse when
the down-counter decrements to zero.
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Read Cycle Timing. Figure 9 shows read
cycle iming. This cycle reads the contents of a
down-counter without disturbing the count.
During clock cycle Ty, the Z-80 CPU initates a
read cycle by driving the following inputs
Low: RD, IORQ, and CE. A 2-bit binary code
at inputs CS;) and CSp selects the channel to
be read. M1 must be High to distinguish this
cycle from an interrupt acknowledge. No addi-
tional wait states are allowed.

Timing

T T2 Twa T3 T1

€So, CS1, CE X

T\

CHANNEL ADDRESS x

==
Mo/
-
DATA (ot )
N—

Figure 9. Read Cycle Timing

Write Cycle Timing. Figure 10 shows write
cycle timing for loading control, time constant
or vector words.

The CTC does not have a write signal input,
so it generates one internally when the read
(BRD) input is High during T;. During Ty
IORQ and CE inputs are Low. M1 must be
High to distinguish a write cycle from an inter-
rupt acknowledge. A 2-bit binary code at
inputs CSj and CSy selects the channel to be
addressed, and the word being written is
placed on the Z-80 data bus. The data word is

T T2 Twa T3 T

CSo, CS1, CE X CHANNEL ADDRESS X
IORQ \ /
———y
RD
-
_—
M1 U

D G

DATA

Figure 10. Write Cycle Timing

latched into the appropriate register with the
rising edge of clock cycle T3.

CLKITRG

INTERNAL
TIMER

START TIMING

Figure 11. Timer Mode Timing

Timer Operation. In the timer mode, a
CLK/TRG pulse input starts the timer (Figure
11) on the second succeeding rising edge of
CLK. The trigger pulse 1s asynchronous, and 1t
must have a minimum width. A minimum lead
time (210 ns) is required between the active
edge of the CLK/TRG and the next rising edge
of CLK to enable the prescaler on the follow-
ing clock edge. If the CLK/TRG edge occurs
closer than this, the inihation of the timer
function 1s delayed one clock cycle. This cor-
responds to the startup timing discussed 1n the
programming section. The timer can also be
started automatically if so programmed by the
channel control word.

21D 082

= ¢

Figure 12. Counter Mode Timing

LEAD
TIME

CLK/TRG

INTERNAL
COUNTER

zCITO

Counter Operation. In the counter mode, the
CLK/TRG pulse input decrements the down-
counter. The trigger is asynchronous, but the
count is synchronized with CLK. For the
decrement to occur on the next rising edge of
CLK, the trigger edge must precede CLK by a
minimum lead time as shown in Figure 12. If
the lead time 1s less than specified, the count
is delayed by one clock cycle. The trigger
pulse must have a minimum width, and the
trigger period must be at least twice the clock
period.

The ZC/TO output occurs immediately after
zero count, and follows the rising CLK edge.
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Interrupt
Operation

+5V

TA{.E. .EQL[.E.

HIGHEST PRIORITY
DEVICE

The Z-80 CTC follows the Z-80 system inter-
rupt protocol for nested priority interrupts and
return from interrupt, wherein the interrupt
priority of a peripheral 1s determined by 1its
location 1n a daisy chain. Two lines—IEI and
[EO—1n the CTC connect it to the system daisy
chain. The device closest to the +5 V supply
has the highest priority (Figure 13). For addi-
tional information on the Z-80 interrupt struc-
ture, refer to the Z-80 CPU Product Specifica-
tion and the Z-80 CPU Technical Manual.

LOWEST PRIORITY
DEVICE

DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3

HI
.EolLF .Eoli_i @ .Eo|_

Figure 13. Daisy-Chain Interrupt Priorities

Within the Z-80 CTC, interrupt priority 1s
predetermined by channel number: Channel 0
has the highest priority, and Channel 3 the
lowest. If a device or channel is being serviced
with an interrupt routine, 1t cannot be inter-
rupted by a device or channel with lower
priority until service is complete. Higher
priority devices or channels may interrupt the
servicing of lower priority devices or channels.

A Z-80 CTC channel may be programmed to
request an interrupt every time 1ts down-
counter reaches zero. Note that the CPU must
be programmed for interrupt mode 2. Some
time after the interrupt request, the CPU sends
an interrupt acknowledge. The CTC interrupt
control logic determines the highest prionty
channel that 1s requesting an interrupt. Then,
if the CTC IEI input 1s High (indicating that 1t
has priority within the system daisy chain) 1t
places an 8-bit interrupt vector on the system
data bus. The high-order five bits of this vector

IE1 / \
DATA @_

Figure 14. Interrupt Acknowledge Timing

ming process; the next two bits are provided
by the CTC interrupt control logic as a binary
code that 1dentifies the highest priority chan-
nel requesting an interrupt; the low-order bit
1s always zero.

Interrupt Acknowledge Timing. Figure 14
shows interrupt acknowledge timing. After an
interrupt request, the Z-80 CPU sends an inter-
rupt acknowledge (M1 and IORQ). All chan-
nels are inhibited from changing their inter-
rupt request status when M1 is active—about
two clock cycles earlier than IORQ. RD 1s
High to distinguish this cycle from an instruc-
tion fetch.

The CTC interrupt logic determines the
highest priority channel requesting an inter-
rupt. If the CTC interrupt enable input (IEI) 1s
High, the highest priority interrupting channel
within the CTC places its interrupt vector on
the data bus when IORQ goes Low. Two wait
states (Twa) are automatically inserted at this
time to allow the daisy chain to stabilize. Addi-
tional wait states may be added.

Return from Interrupt Timing. At the end of
an interrupt service routine the RETI (Return
From Interrupt) instruction initializes the daisy
chain enable lines for proper control of nested
priority interrupt handling. The CTC decodes
the 2-byte RETI code internally and determines
whether 1t is intended for a channel being ser-
viced. Figure 15 shows RETI timing.

If several Z-80 peripherals are in the daisy
chain, IEI settles active (High) on the chip
currently being serviced when the opcode
ED)6 1s decoded. If the following opcode is
4D, the peripheral being serviced 1s released
and its IEO becomes active. Additional wait
states are allowed.

Do-D7 { = ) { o )
w ;’

IEO /_

Figure 15. Return From Interrupt Timing
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Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respecttoGND.......... -0.3Vito +7.0V mum Ratings may cause permanent damage to the device.
Ratin ] . . . This 1s a stress rating only; operation of the device at any
atings Operatmg Ambient As Speleled n condition above those indicated in the operational sections
Temperature ........... Ordering Information of these specifications 1s not imphed. Exposure to absolute
o o maximum rating conditions for extended periods may affect
Storage Temperature. ... .... -65°Cto +150°C  device reliability.
Test The characteristics below apply for the *See Ordering Information section for package
Conditions following test conditions, unless otherwise temperature range and product number
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer- +5V
enced pin. Available operating temperature 21K
ranges are: FROM OUTPUT .
UNDER TEST
mS* = 0°Cto +70°C, [
+4.75V<=Vo=< +525V 100 pF or
mE* = -40°Cto +85°C, :[ T
+4.75V <Veec < +5.285V = T =
m M* = -55°Cto +125°C,
+45V=Voo= +55V
DC Symbol Parameter Min Max  Unit Test Condition
Character-
istics ViLe Clock Input Low Voltage -0.3 +0.45 V
Viac Clock Input High Voltage Vee-6 Vee+.3  V
ViL Input Low Voltage -0.3 +0.8 v
Vig Input High Voltage +2.0 Ve A
VoL Output Low Voltage +0.4 \ Ior = 2mA
Vou Output High Voltage +2.4 \ Iog= 250 pA
Icc Power Supply Current +120 mA
Ii; Input Leakage Current +10 4A Vin = 0to Ve
Iion 3-State Output Leakage Current in Float +10 7 Vour = 2.4to Ve
IioL 3-State Output Leakage Current 1n Float -10 pA Vour = 04V
Ioup Darlington Drive Current -1.5 mA Voyg =15V
Rgxr = 390Q
Capacitance Symbol Parameter Max  Unit Condition
CLK Clock Capacitance 20 pF Unmeasured pins
Cix Input Capacitance 5 pF returned to ground
Cour Output Capacitance 10 pF
Ty = 25°C, f = 1 MHz
8085-0239
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AC
Character-
istics

READ ioRa [

RD

o

DATA _7‘ JE_
® —o

CSo, CS1 x ’K

WRITE |<—@“‘*

s \
DATA X (

INTERRUPT J—
ACKNOWLEDGE IORQ

DATA

IE0 \

]
()
iwT X /
@ @ —@
CLKI/TRGo-3 5
(COUNTER ‘
MODE)

CLKITRGo-3
(TIMER 7
MODE)

2CIT00.2 ]l‘ \
‘—@—V 4—@—»
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2-80 CTC Z-80A CTC Z-80B CTC
Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ns) Notes*
1 TcC Clock Cycle Time 400 (1] 250 [1] 165  [1]
2 TwCH Clock Width (High) 170 2000 105 2000 65 2000
3 TwCl1 Clock Width (Low) 170 2000 105 2000 65 2000
4 TiC Clock Fall Time 30 30 20
5— TrC Clock Rise Time 30 30 20
6 Th All Hold Times 0 0 0
7 TsCS(C) CS to Clock t Setup Time 250 160 100
8  TsCE(C) CE to Clock t Setup Time 200 150 100
9 TsIO(C) IORQ | to Clock 1 Setup Time 250 118 70
10 — TsRD(C) —— RD !} to Clock t Setup Time 240 115 70
11 TdC(DO) Clock ! to Data Out Delay 240 200 130 [2]
12 TdC(DOz) Clock | to Data Out Float Delay 230 110 90
13 TsDI(C) Data In to Clock t Setup Time 60 50 40
14 TsM1(C) M1 to Clock t Setup Time 210 90 70
15 — TdM1(IEO)— M1 | to IEO | Delay (Interrupt
immediately preceding M1) 300 190 130 [3]
16 TdIO(DOI) IORQ | to Data Out Delay 340 160 110 [2]
(INTA Cycle)
17 TdIEI(IEOf) IEI | to IEO | Delay 190 130 100 [3]
18 TdIEI(IEOr) IEI t to IEO t Delay
(After ED Decode) 220 160 110 [3]
19 TdC(INT) Clock t to INT | Delay (TcC + 200) (TcC + 140) TcC+120 [4]
20 — TdCLK(INT)— CLK/TRG 1 to INT}
tsCTR(C) satisfied (TcC +230) (TcC + 160) TeC+130 [5]
tsCTR(C) not satisfied (2TcC +530) (2TcC+370) 2TcC+280 [5]
21 TcCTR CLK/TRG Cycle Time (2TcC) (2TcC) 2TcC [5]
22 TrCTR CLK/TRG Rise Time 50 50 40
23 T{CTR CLK/TRG Fall Time 50 50 40
24 TwCTRI CLK/TRG Width (Low) 200 200 120
25 — TwCTRh —— CLK/TRG Width (High) 200 200 120
26 TsCTR(Cs) CLK/TRG 1 to Clock t Setup
Time for Immediate Count 300 210 150 [5]
27 TsCTR(Ct) CLK/TRG 1 to Clock t Setup
Time for enabling of Prescaler
on following clockt 210 210 150 [4]
28 TdC(ZC/TOr) Clock 1 to ZC/TO 1t Delay 260 190 140
29 TdC(ZC/TOf) Clock | to ZC/TO | Delay 190 190 140

[A] 2.5 TcC > (n-2) TdIEI(IEOf) + TdMI(IEO) + TsIEI(IO)
+ TTL buffer delay, if any
[B] RESET must be active for a mimimum of 3 clock cycles

NOTES:
[1] TcC = TwCh + TwCl + TrC + TiC
[2] Increase delay by 10 ns for each 50 pF increase in loading,
200 pF maximum for data lines, and 100 pF for control lines

[3] Increase delay by 2 ns for each 10 pF increase 1n loading,
100 pF maximum.

(4] Timer mode.

(5] Counter mode.

[6] RESET must be active for a minimum of 3 clock cycles.

* All imings are preliminary and subject to change.
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Ordering Product Package/ Product Package/

Information = Number Temp  Speed Description Number Temp  Speed Description
78430 CE 2.5 MHz 780 CTC (28-pin) 78430A CMB 4.0 MHz Z80A CTC (28-pin)
78430 CM 25MHz Same as above Z8530A CS 4.0 MHz Same as above
78430 CMB 2.5MHz Same as above Z8430A DE 4.0 MHz Same as above
28430 CS 2.5 MHz Same as above Z8430A DS 4.0 MHz Same as above
78430 DE 2.5 MHz Same as above Z8430A PE 4.0 MHz Same as above
78430 DS 2.5 MHz Same as above Z8430A PS 4.0 MHz Same as above
78430 PE 2.5 MHz Same as above 78430B Cs 6.0 MHz Same as above
78430 PS 2.5 MHz Same as above 78430B DS 6.0 MHz Same as above

Z8430A CE 4.0 MHz Z80A CTC (28-pin)  Z8430B PS 6.0 MHz Same as above
Z8430A CM 4.0 MHz Same as above

*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with
MIL-STD-883 Class B processing, S = 0°C to +70°C.
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28440
Z80°SIO0 Serial
Input/Output Controller

Ya

Product

Zilog Specification
June 1982
Features B Two independent full-duplex channels, with B Synchronous protocols: everything
separate control and status lines for modems necessary for complete bit- or byte-oriented
or other devices. messages in 5, 6, 7 or 8 bits/character,
B Data rates of 0 to 500K bits/second in including IBM Bisync, SDLC, HPLC'
the x1 clock mode with a 2.5 MHz clock CCITT-X.25 and others. Automatic CRC
(Z-80 SIO), or 0 to 800K bits/second with a generation/checking, sync character and
4.0 MHz clock (Z-80A SIO). zero 1nsertion/deletion, abort genera-
_— b tocol thi tion/detection and flag insertion.
synchronous protocols: everything .
necessary for complete messages in 5, 6, 7 . Fecelv.eti data r.'etglste:i"s qkl;xladbrugly L:;xffered,
or 8 bits/character. Includes variable stop ransmitier registers doubly buliered.
bits and several clock-rate multipliers; m Highly sophisticated and flexible daisy-
break generation and detection; parity; chain interrupt vectoring for interrupts
overrun and framing error detection. without external logic.
General The Z-80 SIO Serial Input/Output Control- bit-oriented, and performs all of the functions
Description  ler is a dual-channel data communication traditionally done by UARTs, USARTs and

interface with extraordinary versatility and
capability. Its basic functions as a serial-to-
parallel, parallel-to-serial converter/controller
can be programmed by a CPU for a broad
range of serial communication applications.
The device supports all common asyn-
chronous and synchronous protocols, byte- or

synchronous communication controllers com-
bined, plus additional functions traditionally
performed by the CPU. Moreover, it does this
on two fully-independent channels, with an
exceptionally sophisticated interrupt structure
that allows very fast transfers.

Full interfacing 1s provided for CPU or DMA

<0, RXDA je——
10, RXCA |—
~«—]0, TxDA
n::z O3 _TxcA o, 1 0[]0,
Bus | <——| 0. SVNCA o, [ 2 1 []o,
~«—>| WIRDYA CHANNEL A o[ 38 (] o,
| Dg - o, [« 37 [] og
e RTSA wWrds 3 [] iora
CTsA MODEM E(s as[]CE
DTRA CONTROL €0 [ 7 3[R
—|CE  z.80si0/2 DCDA mi]s s[Jcb
——| RES +sv]o 32 [] RO
— W WiRDYA [ 10 31 [ eND
coNTROL | o O Rx0B svNea [ 1 Z80 $1912 4 gmm.
cpu) —| R RxCB RxDA [ 12 29 [7] Rx0B
TxDB AxcA [ 13 28 [ ] RxCB
— cib TxCB T<CA [] 14 27 [] TxcB
Bk WIRDYB CHANNEL B TxDA [ 15 26 [] Tx08
> DTRA [] 16 25 [] oTRE
RTSB RTSA [] 17 24 [ ] RTSB
DAISY | <——] INT cTsB MODEM CTsA [ 18 23 [] cTs8
mu:::::{ e oTRE conTRoL PCOA [ 10 22 [ 060
CONTROL | <——] 1EO DCoB ok [ 20 21 [] RESET

+5V  GND CLK

Figure 1. Z-80 SIO/2 Pin Functions

Figure 2. Z-80 SIO/2 Pin Assignments
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General
Description
(Continued)

control. In addition to data communication, the
circuit can handle virtually all types of serial
1/O with fast (or slow) peripheral devices.
While designed primarily as a member of the
Z-80 family, its versatility makes it well suited
to many other CPUs.

The Z-80 SIO is an n-channel silicon-gate
depletion-load device packaged in a 40-pin
plastic or ceramic DIP. It uses a single +5 V
power supply and the standard Z-80 family
single-phase clock.

Pin
Description

Figures 1 through 6 illustrate the three pin
configurations (bonding options) available in
the SIO. The constraints of a 40-pin package
make it impossible to bring out the Receive
Clock (RxC), Transmit Clock (TxC), Data Ter-
minal Ready (DTR) and Sync (SYNC) signals
for both channels. Therefore, either Channel B
lacks a signal or two signals are bonded
together in the three bonding options offered:

m Z-80 SIO/2 lacks SYNCB
| Z-80 SIO/1 lacks DTRB

B Z-80 SIO/0 has all four signals, but TxCB
and RxCB are bonded together

The first bonding option above (SIO/2) is the
preferred version for most applications. The
pin descriptions are as follows:

B/A. 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 SIO. Address bit Ay
from the CPU is often used for the selection
function.

C/D. Control Or Data Select (input, High
selects Control). This input defines the type of
information transfer performed between the
CPU and the SIO. A High at this input during
a CPU write to the SIO causes the information
on the data bus to be interpreted as a com-
mand for the channel selected by B/A. A Low
at C/D means that the information on the data
bus is data. Address bit A is often used for
this function.

CE. Chip Enable (input, active Low). A Low
level at this input enables the 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.

CLK. System Clock (input). The SIO uses the
standard Z-80 System Clock to synchronize
internal signals. This is a single-phase clock.

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 accommodate slow-
risetime signals. The SIO detects pulses on
these inputs and interrupts the CPU on both
logic level transitions. The Schmitt-trigger buf-
fering does not guarantee a specified noise-
level margin.

Dg-Dy. System Data Bus (bidirectional,
3-state). The system data bus transfers data
and commands between the CPU and the Z-80
SIO. Dy is the least significant bit.

DCDA., DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables if the 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 SIO detects pulses on
these pins and interrupts the CPU on both
logic level transitions. Schmitt-trigger buffer-

<10, RxDA |+—no
~<«—10, RXCA |e—
~—|0, TxOA ——n
CPU | «——|p, TXCA j—o o, 1 40 [] 0,
PaTe| —=]o. SYNCA f=—> o[ 2 w0 [o,
| g WIRDVA |——> CHANNEL A s[O3 38[]o,
| D o, [« a7 [ og
<«—| 0, RATSA ——> Wrlls 36 [] ioRG
c MODEM E[]s s []CE
5TRA |—— ( CONTROL 0 [ 7 3a[]siA
—|CE z-80s10/1 DCDA |+—— w[]s £ m )
—| RESET +sv[]e 32[] R0
—| Wi RxDB |e—— WIRDYA [] 10 2.80 s1011 31 [JanD
CONTROL | ——»] iGRG RXCB je—— §VNCA [ 11 30 [] wiRbve
F"‘:g'l" p— Tx08 f——n RxDA [ 12 20 [] SVNCB
THCB |e—— RxCA [] 18 28 [] RxDB
B SYNCB |+—> TXCA [ 14 27 [] RxCB
= WIRDYS |——> TxDA [] 15 26 [] TxCB
—»| BA CHANNEL B BTRA E 16 2 :| 08
_ 7758 f—> iy g 2 [ s
DAISY | <«—] iNT o1 MODEM TSA [ 18 2 []cTsE
CHAIN | ___ | CTS8 |[=— / CONTROL BCDA [ 19 22 [] bCOB
INTERRUPT DCDB [+—— —
CONTROL | <—] IEO ck [ 20 21 [] RESET

+5V GND CLK

Figure 3. Z-80 SIO/1 Pin Functions

Figure 4. Z-80 SIO/1 Pin Assignments
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Pin

ing does not guarantee a specific noise-level

ously, the CPU is acknowledging an interrupt

Description  margin. and the SIO automatically places its interrupt
(Continued) DTRA, DTRB. Data Terminal Ready (outputs vector on the CPU data bus if it is the highest
active Low). These outputs follow the state pro- ~ Priority device requesting an interrupt.
grammed into Z-80 SIO. They can also be pro- M1. Machine Cycle (input from Z-80 CPU,
grammed as general-purpose outputs. active Low). When Ml is active and RD is also
In the Z-80 SIO/1 bonding option, DTRB is active, the Z-80 CPU is fetching an instruction
omitted. from memory; when M1 is active while IORQ is
IEl. Interrupt Enable In (input, active High). tactxve, the SIO accepts.Ml and IQRQ as an
This signal is used with IEO to form a priority interrupt acknowledge if the SIO is the highest
daisy chain when there is more than one priority device that has interrupted the Z-80
interrupt-driven device. A High on this line CPU.
indicates that no other device of higher pri- RxCA, RxCB. Receiver Clocks (inputs).
ority is being serviced by a CPU interrupt ser- Receive data is sampled on the rising edge of
vice routine. RxC. The Receive Clocks may be 1, 16, 32 or
IEO. Interrupt Enable Out (output, active 64 times the data rate in asynchronous modes.
High). IEO is High only if IEI is High and the These clocks may be driven by the Z-80 CTC N
CPU 1s not servicing an interrupt from this Counter Tlm.er Circuit for programmable baud ®
SIO. Thus, this signal blocks lower priority ra‘te generation. Both 1r'1puts are Schn.utt'- °
devices from interrupting while a higher ts’;ggiireg;lﬁered (no noise level margin is %
priority device is being serviced by its CPU ; -
; : : In the Z-80 SIO/0 bonding option, RxCB is
interrupt service routine. '
T Ipt ‘R ¢ (out 4 bonded together with TxCB.
. Interrupt Request (output, open drain, = .
active Low). When the SIO is requesting an BD. Read Cycle Status (input from CPU,
interrupt, it pulls INT Low. active Low). If RD is active, a memory or /O
— . read operation is in progress. RD is used with
IORQ. Input/Quiput Request (input frc?m CPU' B/A, CE and IORQ to transfer data from the
active Low). IORQ is used in conjunction with SIO to the CPU.
B/A, C/D, CE and RD to transfer commands . )
and data between the CPU and the SIO. When R*DA. RxDB. Receive Data (inputs, active
CE, RD and IORQ are all active, the channel High). Seral data at TTL levels.
selected by B/A transfers data to the CPU (a RESET. Reset (input, active Low). A Low
read operation). When CE and IORQ are RESET disables both receivers and transmit-
active but RD is inactive, the channel selected ters, forces TxDA and TxDB marking, forces
by B/A is written to by the CPU with either the modem controls High and disables all
data or control information as specified by interrupts. The control registers must be
C/D. If IORQ and M1 are active simultane-
] Dy RxDA je———
- Dy RxCA j+—
<D, TXDA p——s
CPU | |0, TXCA j-—r o, 1 40 [] by
n:t',: |0, SYNCA |«—> 0[] 2 3 []o,
|0, WIRDVA ——» CHANNEL A ps [ 3 38 [J o,
PR P o, ]« 37 [dos
|0, RTSA p— wWrlds 36 [] ioRG
CTSA |«—— | moDEM e e 3s[]CE
DTRA |—— ( CONTROL o [ 7 u[]BA
——|CE  2.80s10/0 OCOA |w—— we n[]co
——»| RESET _#sv [m] 32[]RD
CONTROL | — & ﬁ RxDB |+—— %E :: z-80 siolo :1 g;:iﬁ
"“f'ﬂ R AXTHCE |a— RoA [ 12 20 [] SVnce
TXDB f——> AxCA [ 13 28 [] RxDB
= SYNCB |«—> TxCA [ 14 27 [[] AxTxCB
C,? WIRDYB |———> TxDA [] 15 26 [] Tx08
—| e CHANNEL B BTRA [ 16 25 [ o7RE
RTSB f—s RTSA [ 17 24 [ ] RTSB
DAISY | <—iNT 758 |«—— | mobeEm CrsA(] e 23 [] CTSB
wremmer ) | i el R " . o [ e
+5V  GND CLK
Figure 5. Z-80 SIO/0 Pin Functions Figure 6. 2-80 SIO/0 Pin Assignments
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Pin
Description
(Continued)

CONTROL [

rewritten after the SIO is reset and before data
is transmitted or received.

RTSA ,RTSB. Request To Send (outputs,
active Low). When the RTS bit in Write
Register 5 (Figure 14) is set, the RTS output
goes Low. When the RTS bit is reset in the
Asynchronous mode, the output goes High
after the transmitter is empty. In Synchronous
modes, the RTS pin strictly follows the state of
the RTS bit. Both pins can be used as general-
purpose outputs.

SYNCA, SYNCB. Synchronization (inputs/out-
puts, active Low). These pins can act either as
inputs or outputs. In the asynchronous receive
mode, they are inputs similar to CTS and
DCD. In this mode, the transitions on these
lines affect the state of the Sync/Hunt status
bits in Read Register 0 (Figure 13), but have
no other function. In the External Sync mode,
these lines also act as inputs. When external
synchronization 1s achieved, SYNC must be
driven Low on the second rising edge of RxC
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 activate the SYNC
input. Once SYNC is forced Low, it should be
kept Low until the CPU informs the external
synchronization detect logic that synchroniza-
tion has been lost or a new message 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.

In the internal synchronization mode
(Monosync and Bisync), these pins act as out-
puts 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 boundaries.

In the Z-80 SIO/2 bonding option, SYNCB

is omitted.

TxCA, TxCB. Transmitter Clocks (inputs). In
asynchronous modes, the Transmitter Clocks
may be 1, 16, 32 or 64 times the data rate;
however, the clock multiplier for the transmit-
ter and the receiver must be the same. The
Transmit Clock inputs are Schmitt-trigger buf-
fered for relaxed rise- and fall-time require-
ments (no noise level margin is specified).
Transmitter Clocks may be driven by the Z-80
CTC Counter Timer Circuit for programmable
baud rate generation.

In the Z-80 SIO/0 bonding option, TxCB is
bonded together with RxCB.
TxDA, TxDB. Transmit Data (outputs, active
High). Serial data at TTL levels. TxD changes
from the falling edge of TxC.

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

} SERIAL DATA

INTERNAL
CONTROL
LoGIC

CHANNEL A
CONTROL
AND
STATUS
REGISTERS

D
CHANNEL A } CHANNEL CLOCKS
j«—>»  SYNC

WAIT/READY

CHANNEL A
CONTROL

AND
STATUS

MODEM OR
OTHER CONTROLS

i

INTERNAL BUS

& K
)

ifi
!

CHANNEL B
CONTROL MODEM OR

OTHER CONTROLS

INTERRUPT <=——] INTERRUPT
CONTROL —| CONTROL
LINES < LoaGic

CHANNEL B
CONTROL
AND

STATUS
REGISTERS

i

AND
STATUS

SERIAL DATA

il

CHANNEL CLOCKS

CHANNEL B

A I

> SYNC
WAIT/READY

Figure 7. Block Diagram
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Functional The functional capabilities of the Z-80 SIO the SIO offers valuable features such as non-
Description can be described from two different points of vectored interrupts, polling and simple hand-
view: as a data communications device, it shake capability.
transmits and receives serial data in a wide Figure 8 illustrates the conventional devices
variety of data-communication protocols; as a that the SIO replaces.
Z-80 family peripheral, 1t interacts with the The first part of the following discussion
Z-80 CPU and other peripheral circuits, shar- covers SIO data-communication capabilities;
ing the data, address and control buses, as the second part describes interactions between
well as being a part of the Z-80 interrupt struc- the CPU and the SIO.
ture. As a peripheral to other microprocessors,
UART |
I— CHANNEL
A
SY
COvONTROLLER  [—
||
Mt -~ INTERRUPT
INTERFACE CONTROLLER
-— ___—L
UART |
— CHANNEL
B
SYNCHRONOUS
‘COMMUNICATION
CONTROLLER —
< CHANNEL
MICROPROCESSOR — A
INTERFACE  ~<—|
[<——— CHANNEL
. B
Figure 8. Conventional Devices Replaced by the Z-80 SIO
Data The SIO provides two independent full- interrupts allow fast servicing of error condi-
Communi- duplex channels that can be programmed for tions using dedicated routines. Furthermore, a
cation use in any common asynchronous or synchro- built-in checking process avoids interpreting a
Capabilities nous data-communication protocol. Figure 9 framing error as a new start bit: a framing
illustrates some of these protocols. The follow- error results in the addition of one-half a bit
ing 1s a short description of them. A more time to the point at which the search for the
detailed explanation of these modes can be next start bit 1s begun.
found 1n the Z-80 SIO Technical Manual. The SIO does not require symmetric transmit
Asynchronous Modes. Transmission and and receive clock signals—a feature that
reception can be done independently on each allows 1t to be used with a Z-80 CTC or many
channel with five to eight bits per character, other clock sources. The transmitter and
plus optional even or odd parity. The transmit- recewver can handle data at a rate of 1, 1/16,
ters can supply one, one-and-a-half or two stop 1/32 or 1/64 of the clock rate supplied to the
bits per character and can provide a break recerve and transmit clock inputs.
output at any time. The receiver break- In asynchronous modes, the SYNC pin may
detection logic interrupts the CPU both at the be programmed as an input that can be used
start and end of a received break. Reception 1s for functions such as menitoring a ring
protected from spikes by a transient spike- ndicator.
rejection mechanism that checks the signal Synchronous Modes. The SIO supports both
one-half a bit ime after a Low level 1s detected byte-oriented and bit-oriented synchronous
on the receive data input (RxDA or RxDB 1n communication.
Figure 5). If the Low does not persist—as 1in Synchronous byte-oriented protocols can be
the case of a transient—the character assembly handled 1n several modes that allow character
process 1s not started. synchronization with an 8-bit sync character
Framing errors and overrun errors are (Monosync), any 16-bit sync pattern (Bisync),
detected and buffered together with the partial or with an external sync signal. Leading sync
character on which they occurred. Vectored
2042-0107 97
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Data
Communi-
cation
Capabilities
(Continued)

characters can be removed without interrupt-
ing the CPU.

Five-, six- or seven-bit sync characters are
detected with 8- or 16-bit patterns in the SIO
by overlapping the larger pattern across multi-
ple in-coming sync characters, as shown in
Figure 10.

CRC checking for synchronous byte-
oriented modes 1s delayed by one character
time so the CPU may disable CRC checking on
specific characters. This permits implementa-
tion of protocols such as IBM Bisync.

Both CRC-16 (X16 + XI5 + X2 + 1) and
CCITT (X16 + X12 + X5 + 1) error checking
polynomials are supported. In all non-SDLC
modes, the CRC generator is initialized to 0's;
in SDLC modes, it is initialized to 1's. The SIO
can be used for interfacing to peripherals such
as hard-sectored floppy disk, but it cannot
generate or check CRC for IBM-compatible
soft-sectored disks. The SIO also provides a
feature that automatically transmits CRC data
when no other data is available for transmis-
sion. This allows very high-speed transmissions
under DMA control with no need for CPU
intervention at the end of a message. When
there 1s no data or CRC to send in syn-
chronous modes, the transmitter inserts 8- or
16-bit sync characters regardless of the pro-
grammed character length.

The SIO supports synchronous bit-oriented
protocols such as SDLC and HDLC by per-
forming automatic flag sending, zero insertion
and CRC generation. A special command can
be used to abort a frame in transmission. At
the end of a message the SIO automatically
transmits the CRC and trailing flag when the
transmit buffer becomes empty. If a transmit

PARITY
START STOP

MARKING LINE

underrun occurs in the middle of a message,
an external/status interrupt warns the CPU of
this status change so that an abort may be
issued. One to eight bits per character can be
sent, which allows reception of a message with
no prior information about the character struc-
ture 1n the information field of a frame.

The receiver automatically synchronizes on
the leading flag of a frame in SDLC or HDLC,
and provides a synchronization signal on the
SYNC pin; an interrupt can also be pro-
grammed. The receiver can be programmed to
search for frames addressed by a single byte to
only a specified user-selected address or to a
global broadcast address. In this mode, frames
that do not match either the user-selected or
broadcast address are ignored. The number of
address bytes can be extended under software
control. For transmitting data, 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 character 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 SIO can be conveniently used under
DMA control to provide high-speed reception
or transmission. In reception, for example, the
SIO can interrupt the CPU when the first
character of a message 1s received. The CPU
then enables the DMA to transfer the message
to memory. The SIO then issues an end-of-
frame 1interrupt and the CPU can check the
status of the received message. Thus, the CPU
is freed for other service while the message is
being received.

l | DATAT I '_II DATA l I I I DATA I T TMARKING LINE

ASYNCHRONOUS
I SYNC | DATA I 59 I DATA | CRCy l CRC2 J
~ MONOSYNC
I SYNC I SYNC l DATA I i I DATA 1 CRCy [ CRC2 J
SIGNAL " “Bisync
| oara | 54 | pata | cre, | crc, |
EXTERNAL SYNC
-5 G
L FLAG lennessl |NFOR;M:TION | crer | cre. | Fae |
SDLCIHDLCIX.25
Figure 9. Some Z-80 SIO Protocols
6 BITS
ISVNC s‘{NCl SYNC DATA DATA DATA DATA
1 I
e ———

8

16

Figure 10.
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1/0 Interface
Capabilities

The SIO offers the choice of polling, inter-
rupt (vectored or non-vectored) and block-
transfer modes to transfer data, status and con-
trol information to and from the CPU. The
block-transfer mode can also be implemented
under DMA control.

Polling. Two status reqisters are updated at
appropriate times for each function being per-
formed (for example, CRC error-status vahd at
the end of a message). When the CPU 1s
operated 1n a polling fashion, one of the SIO's
two status registers 1s used to indicate whether
the SIO has some data or needs some data.
Depending on the contents of this register, the
CPU will either write data, read data, or just
go on. Two buts in the register indicate that a
data transfer i1s needed. In addition, error and
other conditions are indicated. The second
status register (special receive conditions) does
not have to be read in a polling sequence,
until a character has been received. All inter-
rupt modes are disabled when operating the
device in a polled environment.

Interrupts. The SIO has an elaborate interrupt
scheme to provide fast interrupt service in
real-time applications. A control register and a
status register in Channel B contain the inter-
rupt vector. When programmed to do so, the
SIO can modify three bits of the interrupt vec-
tor in the status register so that it points direct-
ly to one of exght interrupt service routines in
memory, thereby servicing conditions 1n both
channels and eliminating most of the needs for
a status-analysis routine.

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 hav-
ing a higher priority than Channel B, and with
receive, transmit and external/status interrupts
prioritized in that order within each channel.
When the transmit interrupt is enabled, the

CPU 1s interrupted by the transmit butfer
becoming empty. (This imples that the
transmitter must have had a data character
written 1nto 1t so 1t can become empty.) The
recewer can interrupt the CPU in one of two
ways:

B Interrupt on first received character
B Interrupt on all recewved characters

Interrupt-on-first-received-character 1s
typically used with the block-transfer mode.
Interrupt-on-all-received-characters has the
option of modifying the interrupt vector in the
event of a parity error. Both of these interrupt
modes will also interrupt under special receive
conditions on a character or message basis
(end-of-frame interrupt in SDLC, for example).
This means that the special-receive condition
can cause an interrupt only if the interrupt-on-
first-received-character or interrupt-on-all-
recelved-characters mode 1s selected. In
interrupt-on-first-received-character, an inter-
rupt can occur from special-receive conditions
(except parity error) after the first-received-
character interrupt (example: receive-overrun
interrupt).

The main function of the external/status
interrupt is to monitor the signal transitions of
the Clear To Send (CTS), Data Carrier Detect
(DCD) and Synchronization (SYNC) pins
(Figures 1 through 6). In addition, an exter-
nal/status interrupt is also caused by a CRC-
sending condition or by the detection of a
break sequence (asynchronous mode) or abort
sequence (SDLC mode) 1n the data stream.
The interrupt caused by the break/abort
sequence allows the SIO to interrupt when the
break/abort sequence 1s detected or ter-
minated. This feature facilitates the proper ter-
mination of the current message, correct
initialization of the next message, and the
accurate timing of the break/abort condition in
external logic.
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1/0 Interface
Capabilities
(Continued)

In a Z-80 CPU environment (Figure 11), SIO
interrupt vectoring 1s “automatic”’: the SIO
passes 1ts internally-modifiable 8-bit interrupt
vector to the CPU, which adds an additional 8
bits from 1its interrupt-vector (I) register to form
the memory address of the interrupt-routine
table. This table contains the address of the
beginning of the interrupt routine 1itself. The
process entails an indirect transfer of CPU
control to the interrupt routine, so that the
next instruction executed after an interrupt
acknowledge by the CPU 1s the first instruction
of the interrupt routine itself.

CPU/DMA Block Transfer. The SIO's block-
transfer mode accommodates both CPU block
transfers and DMA controllers (Z-80 DMA or
other designs). The block-transfer mode uses
the Wait/Ready output signal, which 1s
selected with three bits in an internal control
register. The Wait/Ready output signal can be
programmed as a WAIT line 1n the CPU block-
transfer mode or as a READY line in the DMA
block-transfer mode.

To a DMA controller, the SIO READY output
indicates that the SIO 1s ready to transfer data
to or from memory. To the CPU, the WAIT out-
put indicates that the SIO is not ready to
transfer data, thereby requesting the CPU to
extend the I/O cycle.

SYSTEM
BUSES

)

CPU DMA

INT INT

+5V

1E1
zcrmo,
cTC

2o, iNT |
1E0

!

] IEQ
RxCA iNT INT

TxCA  IEO IEl

RxCB
Txc8
WIRDYA [——
WIRDYB RDY

sio DMA

S —

Figure 11. Typical Z-80 Environment

Internal
Structure

The internal structure of the device includes
a Z-80 CPU interface, internal control and
interrupt logic, and two full-duplex channels.
Each channel contains its own set of control
and status (write and read) registers, and con-
trol and status logic that provides the interface
to modems or other external devices.

The registers for each channel are desig-
nated as follows:

WRO0-WR7 — Write Registers 0 through 7
RRO-RR2 — Read Registers 0 through 2

The 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
another 8-bit register (Read Register 2) in
Channel B. The bit assignment and functional
grouping of each reqgister is configured to
simplify and organize the programming pro-
cess. Table 1 lists the functions assigned to
each read or write register.

Read Register Functions

RRO Transmit/Receive buffer status, interrupt
status and external status

RR1 Special Receive Condition status

RR2 Modified interrupt vector (Channel B only)

Write Register Functions

WRO Register pointers, CRC initialize, 1nitializa-
tion commands for the various modes, etc.

WR1 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

WR6 Sync character or SDLC address field

WR7?7 Sync character or SDLC flag
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Internal The logic for both channels provides for- CPU to service an interrupt at the beginning of
Structure mats, synchronization and validation for data a block of high-speed data. Incoming data is
(Continued) transferred to and from the channel interface. routed through one of several paths (data or
The modem control inputs, Clear To Send CRC) depending on the selected mode
(CTS) and Data Carrier Detect (DCD), are and—in asynchronous modes—the character
monitored by the external control and status length.
logic under program control. All external The transmitter has an 8-bit transmit data
control-and-status-logic signals are general- buffer register that is loaded from the internal
purpose 1n nature and can be used for func- data bus, and a 20-bit transmit shift register
tions other than modem control. that can be loaded from the sync-character
. . buffers or from the transmit data reqister.
l?laiu Pag); T}g}:ransTlg §nc;.rece1vle2d.at«'a dpath Depending on the operational mode, outgoing
! usitlgateb ir , anmle Tl;n lgure hls 1hen- data is routed through one of four main paths
tlc§ or both ¢ l1annels. he recelver has three before 1t 1s transmitted from the Transmit Data
8-bit buffer registers in a FIFO arrangement, output (TxD)
in addition to the 8-bit receive shift register.
This scheme creates additional time for the
CPU IO
TO CHANNEL B,
EXTERNAL STATUS LOGIC, INTERNAL DATA BUS
CONTROL LOGIC, ETC. if
| _“E_CEZE_ 11 __“.E_CE'_VE_ | svnc REGISTER svnc nselernJ [rnmsmn I"“‘I
DATA ERROR
T we | [ Ao |
20-BIT TRANSMIT SHIFT REGISTER | s"‘"
e JW
TRANSMIT
RECEIVE RECEIVE spLe MULTIPLEXER |—»- TxDA
Rx€A —»-| cLoCK ERROR DATA & 2:BIT DELAY
Loaic __HUNT MODE (BISYNG) _ Losic ZERO INSERT
(5 BITS) SYNC
| * SDLC-CRC CRC
RECEIVE
e NG REGISTER [g»-| aBiTs [»-| sHIFT REGISTER .
bl GENERATOR cLooKk Loaic [+ TCA
i P fome
ASYNC DATA CRC
CRC DELAY
REGISTER
(8 BITS)
CRC
SDLCCRG CRC RESULT
Figure 12. Transmit and Receive Data Path (Channel A)
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Programming

The system program first issues a series of
commands that initialize the basic mode of
operation and then other commands that
gualify conditions within the selected mode.
For example, the asynchronous mode,
character length, clock rate, number of stop
bits, even or odd parity might be set first; then
the interrupt mode; and finally, receiver or
transmitter enable.

Both channels contain registers that must be
programmed via the system program prior to
operation. The channel-select input (B/A) and
the control/data input (C/D) are the command-
structure addressing controls, and are normal-
ly controlled by the CPU address bus. Figures
15 and 16 illustrate the timing relationships for
programming the write registers and transfer-
ring data and status.

Read Registers. The SIO contains three read
registers for Channel B and two read registers
for Channel A (RRO-RR2 in Figure 13) that can
be read to obtain the status information; RR2
contains the internally-modifiable interrupt
vector and is only in the Channel B register
set. The status information includes error con-
ditions, 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 opera-
tion. Then, by executing a read instruction,
the contents of the addressed read register can
be read by the CPU.

The status bits of RRO and RR1 are carefully
grouped to simplify status monitoring. For
example, 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 (RR1).

Write Registers. The SIO contains eight write
registers for Channel B and seven write
registers for Channel A (WR0-WR?7 in Figure
14) that are programmed separately to con-
figure the functional personality of the chan-
nels; WR2 contains the interrupt vector for
both channels and is only in the Channel B
register set. With the exception of WRO0, pro-
gramming the write registers requires two
bytes. The first byte is to WR0 and contains
three bits (Dp-Dy) that point to the selected
register; the second byte is the actual control
word that is written into the register to con-
figure the SIO.

WRO 1s a special case in that all of the basic
commands can be written to it with a single
byte. Reset (internal or external) initializes the
pointer bits Dg-D; to point to WRO. This
implies that a channel reset must not be com-
bined with the pointing to any register.

READ REGISTER 0

Rx CHARACTER AVAILABLE
INT PENDING (CH A ONLY)
Tx BUFFER EMPTY

Dbco
SYNC/HUNT
CcTs .
X ™M
ORT

ﬁ

-

“Used With ExternaliStatus
Interrupt Mode

READ REGISTER 1t

L A sent
| FIELD BITS | FIELD BITS IN
IN PREVIOUS SECOND PREVIOUS
BYTE BYTE
1.0 0 0 3
01 0 0 4
1.1 0 0 5
o 0 1 [ 6
1.0 1 0 7
0o 1 1 0 8
111 1 8
00 0 2 8
L—— PARITY ERROR *Residue Data For Eight
Rx OVERRUN ERROR Rx Bits/Character Programmed
CRC/FRAMING ERROR
END OF FRAME (SDLC)

tUsed With Special Receve Condition Mode

READ REGISTER 2*

l I
Vit
vat
vat
va
vs
ve
v

7

VECTOR

fVanable if “‘Status Affects
Vector" 1s Programmed

(*CHANNEL B ONLY)

Figure 13. Read Register. Bit Functions
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Programming  WRITE REGISTER 0

(Continued)

[
REGISTER 0
REGISTER 1
REGISTER 2
REGISTER 3
REGISTER 4
REGISTER §
REGISTER 6
REGISTER 7

saaaco000
~-200=a200
-

NULL CODE

SEND ABORT (SDLC)

RESET EXT/STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER
RESET Tx INT PENDING

ERROR RESET

RETURN FROM INT (CH-A ONLY)

dAaaawcooco
sa00-4s00
“omoao~0

NULL CODE

RESET Rx CRC CHECKER

RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

“so00
—“0ao0

‘WRITE REGISTER 1

EXT INT ENABLE
Tx INT ENABLE
STATUS AFFECTS VECTOR

-

(CH B ONLY)
0 0 RxINT DISABLE
0 1 RxINT ON FIRST CHARACTER
10 INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR)
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT
VECTOR)
WAIT/READY ON RIT -0ron
WAIT/READY FUNCTION Special
WAIT/READY ENABLE Condition

WRITE REGISTER 2 (CHANNEL B ONLY)

V2
V3 \ INTERRUPT
V4 ( VECTOR

5
V6

F

WRITE REGISTER 3

Rx ENABLE

SYNC CHARACTER LOAD INHIBIT
ADDRESS SEARCH MODE (SDLC)
Rx CRC ENABLE

ENTER HUNT PHASE

AUTO ENABLES

ﬁl

Rx 5 BITS/ICHARACTER
Rx 7 BITSICHARACTER
Rx 6 BITSICHARACTER
Rx 8 BITS/ICHARACTER

aaoco
“oa0

WRITE REGISTER 4
[0: [0 To. Tou Tou [o. o, Jo

| L pamiry ENABLE _
PARITY EVEN/OGD

SYNC MODES ENABLE

1 STOP BIT/CHARACTER
1%, STOP BITS/ICHARACTER
2 STOP BITS/ICHARACTER

4400 ——
“omo

8 BIT SYNC CHARACTER

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

waoo
soao

X1 CLOCK MODE

X16 CLOCK MODE
X32 CLOCK MODE
X64 CLOCK MODE

asoo
“oao

WRITE REGISTER §

DICIEACACACACY
‘ ‘—-——Tx CRC ENABLE
RIS
SDLCICRC-16

Tx ENABLE
SEND BREAK

Tx 5 BITS (OR LESS)/CHARACTER
Tx 7 BITS/ICHARACTER
Tx 6 BITS/ICHARACTER
Tx 8 BITS/ICHARACTER

aaoco
aocao

DTR

WRITE REGISTER 6

I—SVNC BITO
SYNC BIT 1
SYNC BIT 2

SYNCBIT3 \,
SYNC BIT 4
SYNC BIT §
SYNC BIT 6
SYNC BIT 7

*Also SDLC Address Fieid

WRITE REGISTER 7

o[22 o T2, [os [0, o oo
|—SVNC BIT8
SYNC BIT 9
SYNC BIT 10

SYNC BIT 11
SYNC BIT 12
SYNC BIT 13
SYNC BIT 14
SYNC BIT 15

*For SDLC It Must Be Programmed
to 01111110 For Flag Recognition

Figure 14. Write Register Bit Functions
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Timing

The SIO must have the same clock as the
CPU (same phase and frequency relationship,
not necessarily the same driver).

Read Cycle. The timing signals generated by
a Z-80 CPU input instruction to read a data or
status byte from the SIO are illustrated in
Figure 15.

Write Cycle. Figure 16 illustrates the timing

and data signals generated by a Z-80 CPU out-

put instruction to write a data or control byte
into the SIO.

Interrupt-Acknowledge Cycle. After receiv-
ing an interrupt-request signal from an SIO
(INT pulled Low), the Z-80 CPU sends an

interrupt-acknowledge sequence (M1 Low, and

IORQ Low a few cycles later) as in Figure 17.
The SIO contains an internal daisy-chained

interrupt structure for prioritizing nested inter-

rupts for the various functions of its two chan-
nels, and this structure can be used within
an external user-defined daisy chain that
prioritizes several peripheral circuits.

The IEI of the highest-priority device is
terminated High. A device that has an inter-
rupt pending or under service forces its IEO
Low. For devices with no interrupt pending or
under service, IEO =IEI.

To insure stable conditions in the daisy
chain, all interrupt status signals are pre-
vented from changing while M1 is Low. When
TORQ is Low, the highest priority interrupt
requestor (the one with IEI High) places its
interrupt vector on the data bus and sets its

Ty T2 Tw Ty T
cLock F I f l ] I I l I I
CE, cib, B/A X/ )<
iora /
RD
mi \
DATA ‘, out F
Figure 15. Read Cycle
T T2 Tw Ts T
cLock F | F | I | I | F[ I
|
TE, /b, BiA >/ ! WX
__‘Q | JE—
ioRa |
RD =
|
_ |
1] T

Figure 16. Write Cycle

internal interrupt-under-service latch.

Return From Interrupt Cycle. Figure 18
illustrates the return from interrupt cycle.
Normally, the Z-80 CPU issues a RETI (Return
From Interrupt) instruction at the end of an
interrupt service routine. RETI is a 2-byte
opcode (ED-4D) that resets the interrupt-
under-service latch in the SIO to terminate the
interrupt that has just been processed. This is
accomplished 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 distinguish between an interrupt under
service and a pending unacknowledged inter-
rupt of a higher priority. Whenever “"ED"” is
decoded, the daisy chain is modified by forc-
ing High the IEO 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 IEI High and an IEO 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
can be improved with carry-look-ahead, or by
extending the interrupt-acknowledge cycle.
For further information about techniques for
increasing the number of daisy-chained
devices, refer to the Z-80 CPU Product
Specification.

IEC

Figure 18. Return from Interrupt Cycle
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Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respect to GND ...-0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings oo g ! ' Ths 1s a stress rating only; operation of the device at any
atings Operating Ambient As Speécified in condition above those indicated 1n the operational sections
Temperature ........... Ordering Information of these specifications 1s not implied. Exposure to absolute
o o maximum rating conditions for extended periods may affect
Storage Temperature. . ...... -65°C to +150°C device rehability.
Test The characteristics below apply for the v
Conditions following test conditions, unless otherwise 2
noted. All voltages are referenced to GND FHOM OUTPUT
(0 V). Positive current flows into the refer- UNDER TEST
enced pin. Available operating temperature "0
ranges are: w "‘I wh
m S* = 0°Cto +70°C, L 1 T
+4.75V=Voe< +5.25V o7
B E* = -40°Cto +85°C,
+4.75V < Vee=s +5.25V
B M* = -55°Cto +125°C,
+45V=Vee=s +55V
*See Ordering Information section for package
temperature range and product number.
DC Symbol Parameter Min Max  Unit Test Condition
Charac-
teristics Vie Clock Input Low Voltage 03 +045 V
Vinc Clock Input High Voltage Vec0.6 +5.5 V'
Vi Iriput Low Voltage -0.3  +0.8 4
Vig Input High Voltage +2.0 +5.5 v
VoL Output Low Voltage +0.4 v Iop = 2.0 mA
Vou Output High Voltage +2.4 \ Iog = -250 pA
Iy Input Leakage Current -10 +10 rA 0<ViN<Vce
L 3-State Output/Data Bus Input Leakage Current -10 +10 pA 0<ViN<Vee
Iy SYNC Pin Leakage Current -40 +10 A 0<Vin<Vee
Iec Power Supply Current 100 mA
Over specified temperature and voltage range.
Capacitance Symbol Parameter Min Max Unit Test Condition
C Clock Capacitance 40 pF  Unmeasured
Ciy Input Capacitance 5 pF  pins returned
Cour Qutput Capacitance 10 pF  to ground
Over specified temperature range, f = 1MH,
8085-0006
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AC

Electrical
Character- oLk _/ ‘_-\__/_\_
istics
CE, cID, BIA X
oW, X
RD \
T o ke
Do-D7 X 5
Og
ioRa N\L /
[+—@—> r-@-—’
wi N
1)~
IEl __\i {
~—G ‘@*j
IE0 \:
()~
@ 1
iNT
iy xr_@j‘—‘ j
Z-80 SIO Z-80A SIO Z-80B SIO*}
Number Symbol Parameter Min Max Min Max Min Max
1 TeC Clock Cycle Time 400 4000 250 4000 165 4000
2 TwCh Clock Width (High) 170 2000 105 2000 70 2000
3 TiIC Clock Fall Time 30 30 15
4 TrC Clock Rise Time 30 30 15
5 — TwC1 —— Clock Width (Low) 170 —2000 ——105 —2000 —— 70 —2000 —
6  TsAD(C) CE, C/D, B/A to Clock t Setup Time 160 145 60
7 TsCS(C) TORQ, RD to Clock t Setup Time 240 115 60
8 TdC(DO) Clock 1 to Data Out Delay 240 220 150
9 TsDI(C) Data In to Clock 1 Setup (Write or M1 Cycle) 50 50 30
10 — TdRD(DOz)— RD 1 to Data Out Float Delay 230 110 90 —
11 TdIO(DOI)  IORQ !} to Data Out Delay (INTACK Cycle) 340 160 100
12 TsM1(C) M1 to Clock t Setup Time 210 90 75
13 TSIEIIO) IEI to IORQ ! Setup Time (INTACK Cycle) 200 140 120
14  TdMI(IEO)  MI | to IEO | Delay (interrupt before M1) 300 190 160
15 — TAIEI(IEOr)— IEI t to IEO t Delay (after ED decode) 150 100 70 —
16  TAIEI(IEOf)  IEI | to IEO | Delay 150 100 70
17 TAC(INT) Clock 1 to INT } Delay 200 200 150
18  TAIO(W/RWf) TORQ ! or CE | to W/RDY | (Delay Wait Mode) 300 210 175
19 TdC(W/RR) Clock t to W/RDY ! Delay (Ready Mode) 120 120 100
20 — TAC(W/RWz)— Clock } to W/RDY Float Delay (Wait Mode) 150 130 110 —
21 Th Any unspecified Hold when Setup is specified 0 0 0

* Z-80 SIO hmings are preliminary and subject to change.
t Units 1n nanoseconds (ns)
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AC

gl;:ctrlctal P —
aracier-
istics ) N
(Continued) v
= TN/ \ S N
©® i ®
[~—®—
TxD X
0
WIRDY \
()
NT AN
' ®
RxC rﬂ
0 { Q)
@
RxD X :K
—®
WIRDY \
{5
INT \
VNG N O—=
(®)
Z-80 SIO Z-80A SIO Z-80B SIO!
Number Symbol Parameter Min Max Min Max Min Max Notest
1 TwPh Pulse Width (High) 200 200 200 2
2 TwPl Pulse Width (Low) 200 200 200 2
3 TcTxC TxC Cycle Time 400 © 400 ) 330 o 2
4 TwTxCl TxC Width (Low) 180 ® 180 © 100 o 2
5— TwTxCh TxC Width (High) 180— 00 —— 180 — 00 —— 100 — o 2
6 TdTxC(TxD) TxC | to TxD Delay (x1 Mode) 400 300 220 2
7  TdTxC(W/RRf) TxC | to W/RDY | Delay (Ready Mode) 5 9 5 9 5 9 3
8  TdTxC(INT) TxC | to INT | Delay 5 9 5 9 5 9 3
9  TcRxC RxC Cycle Time 400 o 400 o 330 2
10— TwRxCl1 RxC Width (Low) 180— 00 —— 180 — o0 —— 100 — o 2
11 TwRxCh RxC Width (High) 180 o 180 © 100 o 2
12 TsRxD(RxC) RxD to RxC 1 Setup Time (x1 Mode) 0 0 0 2
13 ThRxD(RxC) RxC 1 to RxD Hold Time (x1 Mode) 140 140 100 2
14  TdRxC(W/RRf) RxC 1to W/RDY | Delay (Ready Mode) 10 13 10 13 10 13 3
15 TdRxC(INT) RxC 1 to INT | Delay 10 13 10 13 10 13 3
16 TdRxC(SYNC) RxC 1 to SYNC | Delay (Output Modes) 4 7 4 7 4 7 3
17 TsSYNC(RxC) SYNC | to RxC t Setup (External Sync
Modes) -100 -100 100 2
NOTES:
1 In all modes, the System Clock rate must be at least five times 2. Units 1n nanoseconds (ns).
the maximum data rate. 3. Units equal to System Clock Periods.

1. Z-80 SIO timings are preliminary and subject to change.
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Ordering
Information

Product Package/ Product Package/
Number Temp  Speed Description Number Temp  Speed Description
78440 CE,CM 2.5MHz 780 SI0/0 Z8441A DE,DS 4.0 MHz Z80B SIO/1
(40-pin) (40-p1in)
78440 CMB,CS 2.5 MHz Same as above 78441A PE,PS 4.0 MHz Same as above
78440 DE,DS 2.5 MHz Same as above 78441B CS 6.0 MHz Z80B SIO/1
78440 PEPS 25MHz  Same as above (40-pm)
784404 CE,CM 4.0 MHz 7804 SIO/0 78441B DS 6.0 MHz Same as above
(40-pin) 78441B PS 6.0 MHz Same as above
78440A CMB,CS 4.0 MHz Same as above 78442 CE,CM 2.5 MHz 780 SIO/2
78440A DE,DS 4.0 MHz Same as above (40-pin)
78440A PE,PS 4.0 MHz Same as above 78442 CMB,CS 2.5 MHz Same as above
78440B CS 6.0 MHz Z80B SIO/0 78442 DE,DS 2.5 MHz Same as above
(40-pmn) 78442 PEPS 25MHz  Same as above
£8440B. DS 6.0MHz  Same as above 78442A CECM 40MHz  Z80A SIO/2
78440B PS 6.0 MHz Same as above (40-p1in)
78441 CE,CM 2.5 MHz 780 SIO/1 78442A CMB,CS 4.0 MHz Same as above
(40-pin) 78442A DE,DS 4.0 MHz Same as above
78441 CMB,CS 2.5 MHz Same as above 784424 PE,PS 4.0MHz  Same as above
78441 DEDS 2.5 MHz Same as above 78442B cs 6.0 MHz  780B SIO/2
78441 PEPS 2.5 MHz Same as above (40-pin)
78441A CE,CM 4.0MHz  Z80A SIO/1 784428 DS  6.0MHz  Same as above
(40-p1n) 78442B PS 6.0MHz  Same as above
7Z8441A CMB,CS 4.0 MHz Same as above

*NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with

MIL-STD-883 with Class B processing, S = 0°C to +70°C
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Z8470 Z80° DART
Dual Asynchronous
Receiver/Transmitter

Ya

Product

| ] -
Zilog Specification
June 1982
Features B Two independent full-duplex channels with B Break generation and detection as well as
separate modem controls. Modem status can parity-, overrun- and framing-error detec-
be monitored. tion are available.

B In x1 clock mode, data rates are 0 to 500K B Interrupt features include a programmable
bits/second with a 2.5 MHz clock, or O to interrupt vector, a “status affects vector”
800K bits/second with a 4.0 MHz clock. mode for fast interrupt processing, and the

B Receiver data registers are quadruply buf- standard Z-80 perlphera'll daisy-chain nter-
fered; the transmutter 1s doubly buffered. rupt structure that provides automatic inter-
