cations
Handbook

MR

O)))
Q2




Z80° Family
]
Product

Specifications
Handbook

Zilog

Pioneering the
Microworld






Table of Contents
1

280 Family ... ... e e 3
Z8400 CPU Central Processing Unit .. .....cuuuiittettieee it titiee et et eta et iie e iinaeeenaeans 5
Z8410 DMA Direct MemOTY ACCESS . . . ot vve et ttee e et teeee e et e teee it e eene e enneenneeeneenns 27
28420 PIO Parallel Input/Output Controller . ... .....uu ettt et e 45
28430 CTC Counter/Timer Circuit ... ..ottt et ettt ettt ettt e tia e eennaans 59
28440/1/2 SIO Serial Input/Output Controller . ... .. ...ttt it 71
28470 DART Dual Asynchronous Receiver/Transmitter ... .........oiutiiitinieiiin et iinninneeennenns 87
Z80L Low Power Family

Z8300 CPU Central Processing Unit ... ......iutiiiiitiie ittt iie it et iae e taiar e eiaeenennas 101
28320 PIO Parallel Input/Output AC & DC Characteristics . .........oivreuintiiiineiiiiiiineenneeans 123
Z8330 CTC Counter/Timer Circuit AC & DC Characteristics .........ouveiieretiineeneeeennneeeneenns 127
78340 SIO Serial Input/Output AC & DC Characteristics ... .....viiiiiin ittt it einnans 131
Packaging Information

PaCKAGE SUMMATY . o\ttt ettt ettt et ettt et ettt e e e ettt e e it e e e e 137
28-Pin PaCKagES . ..ottt e e e e 138
40-Pin Packages ................. e e e e e e e e e e e 139

28-, and 44-Pin Leadless Packages ............ e e e e e e e e e e 141






Z80
Family

Zilog

Pioneering the
Microworld






Zilog Z80" Family

Sets the Industry

Standard for 8 Bits

September 1983

Zilog remains an industry
leader, thanks to continuing in-
novation in microcomputer con-
cepts and integrated design as
exemplified in the Z80 Family
microcomputer products.

At Zilog, innovation means
using proven, sophisticated main-
frame and minicomputer con-
cepts and translating them into
the latest LSI technologies. In-
tegration means more than
designing an ever-greater number
of functions onto
a single chip. Zilog integrates
technologies—LS! design
enhanced by advances in
computer-based system archi-
tecture and system design
technologies.

Zilog offers microprocessor
solutions to computing problems:
from components and develop-
ment systems to OEM board-level
products and general-purpose
microcomputer systems.

This guide to the Z80 Family of
state-of-the-art microprocessors
and intelligent 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
growing customer support while
family chips are upgraded to
newer and ever-higher standards.

The Z8400 Z80 CPU Central
Processing Unit rapidly
established itself as the most
sophisticated, most powerful, and
most versatile 8-bit
microprocessor in the world. It
offers many more features and
functions than its competitor.

In addition to being source-
code compatible with the 8080A
microprocessor, the Z80 offers
more instructions than the 8080A
(158 vs. 78) and numerous other
features that simplify hardware
requirements and reduce pro-
gramming effort while increasing
throughput. The dual-register set
of the Z80 CPU allows high-speed
context switching and more effi-
cient interrupt processing. Two
index registers give additional
memory-addressing flexibility and
simplify the task of programming.

Interfacing to dynamic memory is
simplified by on-chip, program-
mable refresh logic. Block moves
plus string- and bit-manipulation
instructions reduce programming
effort, program size, and execu-
tion time.

The new Z80L Low-Power
Family widens the range of
possible Z80 applications. Pro-
ducts in this family retain all the
functions of the standard com-
ponents while providing dramatic
power savings and increased
reliability. Available now in low-
power versions are the Z80 CPU,
Z80 CTC, Z80 PIO, and Z80 SIO.

The four traditional functions of
a microcomputer system (parallel
110, 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: Z80 PIO, Z80 SIO, Z80
DART, Z80 CTC, and Z80 DMA.

w



The easily programmed, dual-
channel Z8420 Z80 PIO Parallel
Input/Output Controller offers
two 8-bit I/O ports with individual
handshake and pattern recogni-
tion 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 genera-
tion logic are also offered.

If asynchronous-only applica-
tions are required, the cost-
effective Z8470 Z80 DART Dual
Asynchronous Receiver/
Transmitter 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
functions are the forte of the
28430 Z80 CTC Counter/Timer
Circuit. The CTC provides four

counters, each with individually
programmable prescalers. The
CTC is a convenient source of
programmable clock rates for the
SIO.

With the 28410 Z80 DMA
Direct Memory Access Con-
troller, data can be transferred
directly between any two ports
(typically, /0O and memory). The
DMA transfers, searches, or
search/transfers date in Byte-by-
Byte, Burst, or Continuous modes.
This device can achieve an im-
pressive 2M bits per second data
rate in the Search mode.




28400
Z80°CPU Central
Processing Unit

Zilog

Product
Specification

September 1983

Features B The instruction set contains 158 instructions. may be daisy-chained to allow implementa-
The 78 1nstructions of the 8080A are tion of a priority interrupt scheme. Little, 1f
included as a subset; 8080A software com- any, additional logic 1s required for daisy-
patibility 1s maintained. chaining.

Eight MHz, 6 MHz, 4 MHz and 2.5 MHz ® Duplicate sets of both general-purpose and
clocks for the Z80H, Z80B, Z80A, and Z80 flag reqgisters are provided, easing the
CPU result 1n rapid instruction execution design and operation of system software
with consequent high data throughput. through single-context switching, back-
The extensive instruction set includes string, ground-foreground programming, and
bit, byte, and word operations. Block single-level interrupt processing. In addi-
searches and block transfers together with tion, two 16-bit index registers facilitate pro-
indexed and relative addressing result in gram processing of tables and arrays.
the most powerful data handling capabilities B There are three modes of high-speed inter-
1n the microcomputer industry. rupt processing: 8080 similar, non-Z80
The Z80 microprocessors and associated peripheral device, anﬁ 280 Famlli
family of peripheral controllers are linked peripheral with or without daisy chain.
by a vectored interrupt system. This system B On-chip dynamic memory refresh counter.
M Ay p—
A f—
<——J MREQ A f—
SYSTEM | <——]i0Ra Ay [—>
CONTROL <«———RD Ay p——>
~«~——— WR As p— Ay 1 0[] ap
A [— A [ 2 39 [ A
~«——RFSH A7 ——> | ADDRESS Asa E 3 3] As
A |——> [ BUS A s 7 A
~——HALT Ay f— as[s 36 [ Ae
Aro ck [ 35 [] As
——>| WA Ay f—> o, 7 3a[] A
cPU Z8OCPU  Apf—> ;[ s 33[] A
CONTROL | — | inT Az f——> ps [] o 32[] A2
— M Ay D [] 10 31 [] A
Z80CPU
At f—> +5V 1 30 Ao
——>| RESET D, E 12 29 [] aNp
Do |e— o, [ 13 28 [] RFSH
CPU / . ]BUSREQ Dy je—> o [] 14 27 [ wi
con'r:gi < ~<«——BUSACK D, fe—> o, [ 15 26 [] RESET
D3 f«——> | DATA INT [] 16 25 [] BUSREQ
—>]cLk Dy f«—> ( BUS i [ 17 24 [] WA
——]+s5v D [—> HALT [] 18 23 [ ] BUSACK
—{GND Dg |—> MREQ [ 19 22 [] WR
07 fe—> ioRQ E 20 21 [] RD
Figure 1. Pin Functions Figure 2. Pin Assignments
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The 780, Z80A, Z80B, and Z80H CPUs are
third-generation single-chip microprocessors
with exceptional computational power. They
offer higher system throughput and more effi-
cient 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 reqgisters 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 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 1t 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
Z80 1/O controller family, registers, instruction
set, interrupts and daisy chaining, and CPU
timing.

8-BIT
DATA BUS

DATA BUS
INTERFACE

INSTRUCTION
DECODER

+5V

INTERNAL DATA BUS ALY

GND —»

4
e )
LT

8 SYSTEMS 5 CPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

CLOCK —p»

U
TIMING

REGISTER
ARRAY

ADDRESS
LOGIC AND
BUFFERS

16-BIT
ADDRESS BUS

Figure 3. Z80 CPU Block Diagram
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280 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 rpi.ninllum require;ments W The DMA (Direct Memory Access) con-
for. a}:ldltxonal 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
ba;eld sftergs. cmed fi . transfer as a result of a pattern match.
ilog has designed five components to pro- )
vide extensive support for the Z80 micro- ® The SIO (Serial IHPUVQUtPUt) controller
processor. These are: offers two .channel.s. It is capable of
. operating in a variety of programmable
B The PIO (Parallel Input/fOutput) opgrites in modes for both synchronous and asyn-
both datatbyte 1/ O.trar}s er mode.(w1t chronous communication, including
handshaking) and in bit mode (without Bi-Sync and SDLC.
handshaking). The PIO may be configured )
to interface with standard parallel B The DABT (Dual.Asynch?onous Receiver/
peripheral devices such as printers, tape Transmitter) devxge prov1des.low. cost
punches, and keyboards. asynchronous serial communication. It has
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 qf 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.g., 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 REQISTER 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
IY INDEX REGISTER 0 = INTERRUPTS DISABLED STORES IFF1
L = INTERRUPTS ENABLED DURING NMi
SERVICE
SP STACK POINTER
INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER IMFa MFy
| INTERRUPT VECTOR R MEMORY REFRESH H 0 NOERRuPTMODEO
1 [] INTERRUPT MODE 1
1 1 INTERRUPT MODE 2
8 BITS
Figure 4. CPU Registers
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780 CPU Register Size (Bits) Remarks

Regis.ters 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 reqister 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 Register 8 Stores upper eight bits of memory address for vectored interrupt
processing.

R Refresh Reqister 8 Provides user-transparent dynamic memory refresh. Lower seven
bits are automatically incremented and all eight are placed on
the address bus during each 1nstruction fetch cycle refresh time.

X 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 in instruc-
tion set.

PC Program Counter 16 Holds address of next instruction.

IFF|-IFF, Interrupt Enable Fhp-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
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 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:

m Mode 0 — similar to the 8080 micro-
processor.

B Mode 2 — a vectored interrupt scheme,
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.




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 imes 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 1s a special fetch (M1) cycle in
which IORQ becomes active rather than
MREQ, as 1n 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.

Mode 0 Interrupt Operation. This mode 1s
similar to the 8080 microprocessor interrupt
service procedures. The interrupting device
places an instruction on the data bus. This 1s
normally a Restart instruction, which will imiti-
ate a call to the selected one of eight restart
locations 1n page zero of memory. Unlike the
8080, the Z80 CPU responds to the Call in-
struction with only one interrupt acknowledge
cycle followed by two memory read cycles.

Mode 1 Interrupt Operation. Mode 1 oper-
ation 1s 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 reqister 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 flexibihity 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 1n
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 1its
physical location within a daisy-chain config-
uration. Each device in the chain has an inter-
rupt enable 1input line (IEI) and an interrupt
enable output line (IEO), which 1s fed to the
next lower priority device. The first device 1n
the daisy chain has its IEI 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 1t has
been serviced. After servicing, 1its IEO line 1s
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 1s being serviced.

Interrupt Enable/Disable Operation. Two
thip-flops, IFF) and IFF,, referred to in the
reqister description are used to signal the CPU
interrupt status. Operation of the two flip-flops
1s described 1n 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
El instruction 1 1 Maskable interrupt
execution INT enabled
LD A,I instruction . . IFF — Parity flag
execution
LD A,R instruction . . IFFy — Parity flag
execution
Accept NMI 0 IFF, [FF, — IFF,
(Maskable inter-
rupt INT disabled)
RETN instruction IFFy o IFF; — IFF} at
execution completion of an
NMI service
routine.

Table 2. State of Flip-Flops




Instruction The Z80 microprocessor has one of the most O 16-bit arithmetic operations
Set povsferful a_nd versau'le 1pstruct10n sets O Rotates and shifts
available in any 8-bit microprocessor. It ) i
includes such unique operations as a block O Bit set, reset, and test operations
move for fast, efficient data transfers within O Jumps
ry and I/O. It also
memory or bgtween memory a d O O Calls, returns, and restarts
allows operations on any bit in any location in
memory. O Input and output operations
The following is a 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 O Relative
following categories:
. O Extended
O 8-bit loads !
. ] >
O 16-bit loads Indexed
O Exchanges, block transfers, and searches O Register
0O 8-bit arithmetic and logic operations Register indirect
O General-purpose arithmetic and CPU O Implied
control O Bit
8-Bit Symbolic Flags Opcode No.of No.ot M No.of T
Loud Mnemonic Operation S 2z H PPVN C 76 543 210 Hex Bytes Cycles States Comments
Group LDr, ¢ r—r' e o X o X o o o o r r 1 1 4 r.r' .
IDr, n r—n e e X o X o o o 00 r 110 2 2 7 B
—n— w0l C
LDr, (HL)  r— (HL) e+ X ¢ X e o o O r 10 1 2 7 010 D
LDr, (IX+d) r— (IX+d) e ¢« X ¢ X e e o 1lol10} DD 3 5 19 o E
o r 101 100 H
—d = 100 L
LDr, (IY+d) r— (IY+d) e o X o X e o o 11110l FD 3 5 19 A
01 r 110
-d -
LD(HL,r  (HL) —r e o X s X e s o 00T 1 2 7
LD (X+d), r (IX+d) - r e o X o X e o e« 11011101 DD 3 5 19
01110 r
—d =
LD(IY+d),r (Y+d) —r e o X ¢ X e o o 1lll0lI FD 3 5 19
01110 r
—-d -
LD(HL,n  (HL) - n e o X ¢ X o e o 00110110 2 3 10
“n-
LD (X+d),n (X+d) - n e o X o X e o o 11011101 DD 4 5 19
00 110 110 36
-d -
—n-
LD(Y+d).n (IY+d) = n e o X o X o o o 1111101 FD 4 5 19
00110 110 36
—-d -
-
LDA, (BC) A - (BC) e o X o X o o o 00001010 OA 1 2 7
LDA, (DE) A — (DE) o o X ¢ X s o o 000100 1A 1 2 7
LDA, (n) A - (nn) e + X o X o e o 001100 3 3 4 13
—n—
—n-
LD(BC),A  (BC)- A o o X o X e e s 0000000 02 1 2 7
LD(DE),A  (DE)~ A e o« X o X s s o 000000 12 1 2 7
LD(m), A (on) - A e o X s X o o o 0011000 32 3 4 13
“n=
—n-
LDA, 1 A-1 t 1 X 0 XIFFO e 11101100 ED 2 2 9
01010 111 57
LDA, R A-R t 1 X 0 XIFFO e 11101100 ED 2 2 9
01011 111 5F
LDLA I-A e o X ¢ X o o o 11100101 ED 2 2 9
01000 111 47
LDR, A R-A e o X o X o o o 111001101 ED 2 2 9
01 001 111 4F

NOTES. r, r’ means any of the registers A, B, C, D, E, H, L
IFF the content of the interrupt enable flip-flop, (IFF) 18
copied nto 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 No.of No.of M No.of T
3 e
Group 8 Z H P/VN C 76 543 210 Hex Bytes States Comments
LD dd, nn dd ~ nn e o X e X o o o 00 dd0 001 3 3 10 dd Pair
~n-— 00 BC
~-n- 01 DE
LDIX, nn IX — nn e 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 e~ (nn+1) e o X e X o o o 00 101 010 2A 3 5 16
L ~ (nn) - n-
-n-
LD dd, (nn) ddH - (nn+1) e o X o X o o o 11 101 101 ED 4 6 20
dd], — (nn) 01 ddl 011
PR
—-n—
LD IX, (nn) IXH —~ (nn+1) e o X o X o o o 11 011 101 DD 4 6 20
IXp - (nn) 00 101 010 2A
—n-—
-n-
LD 1Y, (nn) IYH ~ (nn+1) e 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) — IXyg ¢ o X e X e o e 11011100DD 4 6 20
(nn) — IXL 00 100 010 22
-n-
—-—n-
LD (nn), IY (nn+1) — IYy e o X o X o o o 11 111 101 FD 4 6 20
(nn) — IY[, 00 100 010 22
—-n-
—-n—
LD SP, HL SP — HL o o X o X o o o 11 111 001 F9 1 1 6
LD SP, IX SP - IX e o X o X o o o 11 011 101 DD 2 2 10
11 111 001 F9
LD SP, IY SP - IY e o X o X o o o 11 111 101 FD 2 2 10
11 111 001 F9 99 Pair
PUSH qq (SP-2) = qqL, e o X o X o o o 11 gq0 101 1 3 11 00 BC
(SP-1) — qqHy [0} DE
SP - SP -2 10 HL
PUSH IX (SP-2) — IX, e o X o X o o o 11 011 101 DD 2 4 15 11 AF
(SP-1) - IXy 11 100 101 ES
SP - SP -2
PUSH IY (SP-2) — 1Y, e o X o X o o o 11 111 101 FD 2 4 15
(SP-1) — I¥Yy 11 100 101 ES
SP - SP -2
POP qq qqH — (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 1Y IYH ~ (SP+1) o o X o X o o o 11 111 101 FD 2 4 14
1Y[, — (SP) 11 100 001 El
SP - SP +2
NOTES  dd 1s any of the requster pairs BC, DE, HL, SP
qq 15 any of the requster pairs AF, BC, DE, HL
(PAIR), (PAIR)[ refer to high order and low order eight buts of the reguster pair respectively,
eq,BCL=é',AFH=A
Exchange, EXDE,HL  DE - HL e o X o X e e o 11101011 EB 1 1 4
Block EX AF, AF’ AF ~ AF e o X o X 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 register
HL -~ HL' bank exchange
Block Search ;y (op) 5y 1 (spry) e ¢ X o X e e o 1110001 B3 1 5 19
Groups L - (SP)
EX (SP), IX IXyH - (SP+1) o o X o X o o o 11 011 101 DD 2 6 23
IX], - (SP) 11 100 011 E3
EX (SP), IY IYYH « (SP+1) L e X o o o 11 111 101 FD 2 6 23
IYy, - (SP) 10 11 100 011 E3
LDI (DE) — (HL) e o X 0 X 1t 0 o 11 101 101 ED 2 4 16 Load (HL) into
DE — DE+1 10 100 000 AO (DE), increment
HL — HL+1 the pointers and
BC —~ BC-1 @ decrement the byte
counter (BC)
LDIR (DE) — (HL) e o X 0 X 0 0 o 11 101 101 ED 2 5 21 IBC#0
DE —~ DE+1 10 110 000 BO 2 4 16 I BC =0
HL ~ HL+1
BC —~ BC-1
Repeat until
BC =0
NOTE (@) P/V flag 15 O 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 M i (o) s 2z H P/VN 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 o)
LDDR (DE) — (HL) e ¢« X 0 X 0 O 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 )
CPI A - (HL) t 1 X t X ¢ 1 e 11101100 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 11101100 ED 2 5 21 1 BC # 0 and
A # (HL)
HL — HL+1 10110 001 Bl 2 4 16 I BC = Oor
BC - BC-1 A = (HL)
Repeat unhl
A = (HL)or
BC =0
Q @
CPD A - (HL) t 1 X t X t 1 e 11101101 ED 2 4 16
HL — HL-1 10 101 001 A9
BC — BC-1
Q (0]
CPDR A - (HL) t 1+ X t X 1t 1 e 111001001 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 @ P/V flag 1s 0 1f the result of BC~1 = 0, otherwise P/V = |
@ PV flag 15 0 at completion of instruction only
@ ztlagis 1 if A = (HL), otherwise Z = 0
8-Bit ADD A, r A-A+r 11X 1 X Voot r 1 1 4 r  Reg
Arithmetic ADD A, n A-A+n t ot X 1 X Voo 1 npguo 2 2 7 000 B
and Logical -0 - <
Group ADD A, (HL) A — A + (HL) t 1t X 1t XV 0 1t 10 [000] 110 1 2 7 011 E
ADD A, (IX+d) A — A + (IX+d) t + X t XV 0o t 1101101 DD 3 5 19 100 H
01 L
1 A
ADD A, (IY +d) A — A + (IY +d) t 1 X 1 XV 0o t 1u1lol FD 3 5 19
10 110
- d -
ADCA, s A — A+s+CY P X 1t X Voo o Sl(s;f)yflfx“;
L (IX+d),
SUBs A—A-s t ¢+ X ¢t X V 1 1 (IY +d) as shown
SBCA, s A - A-s-CY 11 X 1t X Vo1 for ADD instruction.
AND s A-AnAs 11 X 1 XP OO The “‘d‘c}:"e‘
replace the [000] in
OR's A-AVs 1t X 0 X P 0O the ADD sct above
XOR's A-Aes t 1 X 0 X P 0O
CPs A-s t t X t X V 1 1t
INC r rer+ 1 t 1 X 1 XV 0 e 1 1 4
INC (HL) (HL) —(HL)+1 t 1 X 1t XV 0 e 1 3 1
INC (IX+d)  (IX+d) — t + X 1 X V 0o e 11011100 DD 3 6 23
(IX+d)+1 00 110 [0}
- d -
INC(IY+d)  (IY+d) - t t X 1 X V 0o e 1111101 FD 3 6 23
(IY+d)+1 00 110 [100]
- d -
DEC m me—m-1 t t X t X V 1 e m1s 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 Flags Opcode No.of No.of M No.of T
Purpose M; i O Z H P/'VN C 76 543 210 Hex Bytes Cycles States Comments
Arithmetic DAA Convertsacc content t t X 1 X P e 00 100 111 27 1 1 4 Decimal adjust
nto packed BCD accumulator
and following add or
subtract with packed
CPU Control 30D oporands
Groups CPL A-A e ¢ X 1 X e 1 00 101 111 2F 1 1 4 Complement
accumulator (one’s
complement)
NEG A-~0-A t t X t X V 1 1t 11 101 101 ED 2 2 8 Negate acc (two's
_ 01 000 100 44 complement)
CCF CY -CY e 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 o X o X o o o 11 110 011 F3 1 1 4
EI » IFF - 1 e o X o X o o o 11 111 011 FB 1 1 4
MO Set interrupt e o X e 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 e X o o o 11 101 101 ED 2 2 8
mode 2 01 011 110 SE
NOTES  IFF indicates the interrupt enable fhp-flop
CY indicates the carry fhp-flop
* 1ndicates interrupts are not sampled at the end of EI or DI
16-Bit ADDHL,ss  HL — HL+ss e ¢ X X X e 0 1  00ssl 00l 1 3 1 ss_Reg
: : 00 BC
Arithmetic ADCHL,ss HL-HL+ss+CY 1 1 X X X V 0 t 11101101 ED 2 4 15 0l DE
Group 01 ss1 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 15
0l ss0 010
ADD IX, pp IX - IX + pp e e X X X e 0 1t 11 011 101 DD 2 4 15 pp_ Reg
01 ppl 001 00 BC
01 DE
10 IX
11 SspP
ADD IV, rr IV —IY +rr e o X X X ¢ 0 1t 11 111 101 FD 2 4 15 rr_Reg
00 rrl 001 00 BC
0l DE
10 Iy
11 sp
INC ss ss — ss + 1 e o X o X e o o 00 ss0 011 1 1 6
INC IX X~-IX+1 e o X o X e o o 11 011 101 DD 2 2 10
00 100 011 23
INCIY ¥ —-17 + 1 e o 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 ss1 011 1 1 [
DEC IX X - IX-1 e o X o X e o o 11 011 101 DD 2 2 10
00 101 011 2B
DECIY ¥ —1Y-1 e o X o X o o o 11 111 101 FD 2 2 10
00 101 011 2B
NOTES  ss s any of the register pairs BC, DE, HL, SP
pp 1s any of the register pairs BC, DE, IX, SP
r1s any of the reqister parrs BC, DE, 1Y, SP
Rotate and
Shift Group RLCA e o X 0 X e 0 1t 00 000 111 07 4 Rotate left circular
A accumulator
RLA 7—0 e o X 0 X e 0 1t 00 010 111 17 4 Rotate left
A accumulator
RRCA e o X 0 X e 0 00 001 111 OF 4 Rotate night circular
accumulator
RRA 7—0 e ¢ X 0 X ¢ 0 1 00 011 i1l IF 4 Rotate nght
A accumulator
RLCr t t+ X 0.X P 0 1 11 001 011 CB 8 Rotate left circular
- 00 r reqister r
RLC (HL) t + X 0 X P 0 1t 11 001 011 CB 15 r___ Reg
000 B
00 110 0l C
RLC (IX+d) {1 X 0 X P O i 110110 DD z 7
r,(HL),(IX+d).(dY +d) 11 0(21 0l CB 100 H
- - 101 L
00 110 111 A
RLC (IY +d) t + X 0 X P 0 1t 11 111 101  FD 23
11 001 011 CB
- 4 - Instruction format
00 110 and states are as
RLm t X 0 X P 0 1 shown for RLC's
m=r,(HL),(IX+d),(IY +d) To form new
.———- opcode replace
RRC m 1 X 0 X P 0 i o RLOe

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

with shown code

2001-001
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Rotate and Symbolic Flags Opcode No.of No.of M No.of T
Shift Group Operation H [+ 76 543 210 Hex Bytes Cycles States Comments
Continued
( ) oxro i @
mmr,(HL),(IX +d),(IY +d)
0 0 X !
mmr,(HL),(IX+d),(IY +d)
0 X 1 101
mmr,(HL),(IX+d),(IY +d)
o~{T—0 }—[cV] 0o X ! T
mm=r,(HL),(IX+d),(IY +d)
[[-4[s-0) [z-4]3-0] 0 X e 11101101 ED 2 5 18 Rotate digit left and
A CE) 01 101 111 6F right between
the accumulator
and location (HL)
RRD [-4[3-0]—{7-2[3-7] 0 X e 11101100 ED 2 5 18 The content of the
A 01 100 111 67 upper half of
the accumulator 18
unaffected
Bit Set, Reset &y, - Z-1n 1 X e 11001011 CB 2 2 8  r__ Reg
and Test — o b r
BIT b, (HL) Z — (HL)p 1 X . 11 001 011 CB 2 3 12 01 C
Group 01 b 110 010 D
BIT b, (IX+d)p Z ~ (IX+d)p 1 X . 11 011 101 DD 4 5 20 0ll E
11 001 011 CB 100 H
- d - 101 L
0l b 110 111 A
b__ Bit Tested
BITb, (IY+d)p Z — (IY+d)p 1 X . 11 111 101 FD 4 5 20 000 0
11 001 011 CB 001 1
- d - 010 2
0l b 110 011 3
100 4
101 §
110 6
1 7
SETb, r p—1 e X . 11 001 011 CB 2 2 8
b r
SET b, (HL) (HL)p ~ 1 e X . 11001011 CB 2 4 15
M b 110
SET b, (IX+d) (IX+d)p ~ 1 e X . 11 011 101 DD 4 [} 23
11 001 011 CB
-d -
b 10
SET b, (IY+d) (IY+d)p ~ 1 e X . 11 111 101 FD 4 6 23
11 001 011 CB
-d -
I3 b 10
RESb, m mp - 0 e X . To form new
m = r, (HL), opcode replace
(IX+d), of SETb, s
(IY +d) with Flags
and time states for
SET instruction.
NOTES. The notation my, indicates bit b (0 to 7) or location m
Jump JPan PC — nn . X e 11001 C3 3 3 10
- n -
Group - n - cc Condition
JP cc, nn If condition cc is e X . 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 parity odd
101 PE panty even
110 P sign positive
JRe PC -~ PC+e e X . 00 011 000 18 2 3 12 111 M sgn negative
- e-2 -
JRC, e fC=0, e X . 00 111 000 38 2 7 If condition not met.
continue - e-2 —
IC=1, 2 3 12 If condition is met.
PC —~ PC+e
JRNC, e’ IC=1, e X . 00 110 000 30 2 2 7 1f condition not met.
continue - e-2 —
fC=0, 2 3 12 If condition 18 met.
PC — PC+e
PZe Z=0 e X . 00 101 000 2 2 7 If condition not met.
continue - e-2 -
z=1, 2 3 12 If condition 18 met.
PC ~ PC+e
JRNZ, e fz=1, e X . 00 100 000 20 2 2 7 1f condition not met
continue - e-2 -
fZ=0, 2 3 12 If condition 18 met.
PC -~ PC+e
JP (HL) PC — HL e X . 11 101 001 E9 1 1 4
JP (IX) PC - X e X . 11 011 101 DD 2 2 8

11 101 001 E9
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Jump Group Symbolic . Flogs oo Opcode No.of No.of M No.of T
(Continued) P [+ 76 543 210 Hex Bytes Cycles States Ce
JP (IV) 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 e o X o X o o o 00 010 000 10 2 2 8 B =0
1iB=0, - -2 ~
continue
1fiB#0, 2 3 13 1fB#0.
PC — PC+e
NOTES. e the in the relative add! g mode.
e is a signed two's complement number in the range < -126, 129 >.
-2 1n the opcode provides an effective address of pc + as PC 1s incremented
by 2 prior to the addition of e
Call and CALL nn (SP-1) — PCH e « X o X e e o 11001100CD 3 5 17
(SP-2) — PCL, - n -
Return Group PG — o -z
CALL cc, nn  If condition e o X o X o o o 11 cc 100 3 3 10 1f cc is false.
cc is false - n -
continue, - n - 3 5 17 If cc is true.
otherwise same as
CALL nn
RET PCy, — (SP) e o X o X o o o 11 001 001 C9 1 3 10
PCH — (SP+1)
RET cc If condition e o X o X o o o 11 cc 000 1 1 5 If cc is false.
cc 18 false
continue, 1 3 11 If cc 18 true.
otherwise cc Condition
same as 000 NZ non-zero
RET 001Z zero
RETI Return from e ¢ X ¢ X e o o 111011001ED 2 4 PR gc o
interrupt 01 001 101 4D 100 PO parity odd
RETN! Return from e o X o X e o o 11101 101 ED 2 4 14 101 PE panty even
non-maskable 01 000 101 45 110 P sign positive
interrupt 111 M sign negative
RST p (SP-1) — PCH e ¢ X o X o o o 11t 111 1 3 11 t p
(SP-2) — PCL 000 00H
PCy - 0 001 08H
PCL - p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H
NOTE. 'RETN loads IFF2 — IFF}
lnput and INA, (n) A - (n) e o X o X o o o 11011011 DB 2 3 1 ntoAg ~ A7
- n - Acc. to Ag ~ A5
Output Group -, «© r—(C) t 1t X 1t X P O e 11101100ED 2 3 12 CtoAg ~ Ay
if r = 110 only the 0l r 000 BtoAg ~ A5
flags will be affected
@
INI (HL) = (C) Xt X X X X 1 X 11 101 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 100 010 A2 BtoAg ~ Aj5
HL - HL + 1 @
INIR (HL) - (C) X1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 110 010 B2 (1f B£0) BtoAg ~ A5
HL - HL + 1 2 4 16
Repeat until (IfB=0)
B=0
@
IND (HL) = (C) X+ X X X X 1 X 11101 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 101 010 AA BtoAg ~ Ajs
HL - HL-1 @
INDR (HL) - (C) X1 X X X X 1 X 11 101 101 ED 2 S 21 CtoAg ~ A7
B-B-1 10 111 010 BA (If B#0) BtoAg ~ Aj5
HL - HL-1 2 4 16
Repeat until (If B=0)
=0
OUT (n), A () - A e o X o X o o o 11 010 011 D3 2 3 11 ntoAg ~ Ay
- n - Acc. to Ag ~ Aj5
OUT(C), r ©C)-r e o X o X o o o 11 101 101 ED 2 3 12 CtoAg ~ A7
o 01 r 00l BtoAg ~ Als
ouTI (C) — (HL) X 1+ X X X X 1 X 11101 101 ED 2 4 16 CtoAg ~ Ay
B~ B-1 10 100 011 A3 BtoAg ~ Ajs
HL - HL + 1 @
OTIR (C) = (HL) X1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 110 011 B3 (I B+0) BtoAg ~ A5
HL —HL + 1 2 4
Repeat until (It B=0)
B=0
(0]
OUTD (C) ~ (HL) X 1t X X X X 1 X 11101 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 101 011 AB BtoAg ~ A5
HL — HL-1

NOTE (D)1 the result of B~ 1 15 zero the Z flag 1s set, otherwise 1t 1s reset.
(@ Z flag 15 set upon instruction completion only

2001-001

15



Input and Symbolic Fl Opcode No.of No.of M No.of T
Output Group ? 1 Operati S 2 H P/NN C 76543210 Hex Bytes Cycles States Comments
(Continued) [0)
OTDR (C) — (HL) 1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 111 011 (1 B#0) BtoAg ~ A5
HL — HL-1 2 4
Repeat unhl B = 0 (It B=0)
NOTE (D Z flag 1s set upon mstruction completion only
Summary of D, Dy
Instruction s z H PV N C Comments
Flag
ADDA, s, ADCA,s t + X + X V 0 1 8-bit add or add with carry
operatlon SUBs, SBC A, s, CP s, NEG H 1t X t X VvV 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 t 1 X 0 X P o of Logcaloperations

INCs 1 t X t X V 0 e 8-bit increment

DEC s t t X 1t X V 1 e 8-bit decrement.

ADD DD, ss e ¢ X X X e 0 ¢ 16-bit add

ADC HL, ss t + X X X V 0 1t 16-bit add with carry.

SBC HL, 1 t X X X Vv 1 t 16-bit subtract with carry

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

RL m, RLC m, RR m; 1 t X 0 X P 0 Rotate and shuft locations

RRC m, SLA m;
SRA m, SRL m

RLD, RRD t t X 0 X P 0 e Rotate digut left and right.

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

CPL e ¢ X 1 X e ] Complement accumulator

SCF e e X 0 X o 0 1 Set carry

CCF e e X X X ¢ 0 t Complement carry

INr(C) t 1+ X 0 X P 0 Input reguster indirect

INI, IND, OUTI, OUTD X ¢+ 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

tgihLEgDR ; §(( § g ﬁ :) g :} Block transfer instructions P/V = 1.1f BC # 0, otherwise P/V = 0.

CPI, CPIR, CPD, CPDR X ¢t X X X t 1 e Block search nstruchons Z = 1:f A = (HL), otherwise Z = 0. P/V = ]

1f BC # 0, otherwise P/V = 0
LDA I LDAR 1 t X 0 X IFF 0 e The content of the interrupt enable flip-flop (IFF) 1s copied into the P/V flag.
BITb, s X t+ X 1 X X . The state of bit b of location s 1s copied into the Z flag
Symbolic Symbol Operation Symbol Operation
Notation S Sign flag. S = 11f the MSB of the result 1s 1. t The flag 1s affected according to the result of the
Z Zero flag. Z = 1 1f the result of the operation 1s 0. operation.
P/V Panity or overflow flag. Panty (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 parity of the result while 1 The flag 1s set by the operation.
anithmetic 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 = v P/V flag affected according to the overflow result
1 1f the result of the operation 1s even, P/V = 01f of the operation.
result is odd. If P/V holds overflow, P/V = 1 if 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 into 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 HandN flags are used in conjunction with the 1 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 1n 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.

16
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Pin
Descriptions

Ag-A)s. Address Bus (output, active High,
3-state). Ap-Ais 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 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-Dg. Data Bus (input/output, active High,
3-state). Dg-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. [nterrupt 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/Output 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.

ML. Machine Cycle One (output, active Low).
M], together with MREQ, indicates that the
current machine cycle is 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, 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, achive Low, 3-state). RD
indicates that the CPU wants to read data from
memory or an I/O device. The addressed I/O
device or memory should use this signal to
gate data onto the CPU data bus.

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 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 is active. Extended
WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. Write (output, achve 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 Z80 CPU executes instructions by pro-
ceeding through a specific sequence of opera-
tions:

B Memory read or write
B [/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.

=Rwa

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.

cLock _/ <>
% <O~
Ao-A1s PC l:’: REFRESH ADDR X
(&> . i |
o—| ®© B o ‘
MREQ i / ®
)

o [ e
WAIT | ’ VAR
® @
wo | \ N yd
— 4_4[> (:}«+> - <—q’
Do-D7 ?—E’ vALID DATA ]
[— £

RFSH

o ke
\

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

Figure 5. Instruction Opcode Fetch

18

2005-882



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 is stable. The WR line is active when the
(Continued)  cycles other than an opcode fetch (M1) cycle. data bus is stable, so that it can be used
The MREQ and RD signals function exactly as directly as an R/W pulse to most semi-
in the fetch cycle. In a memory write cycle, conductor memories.
Ty T2 Tw T3
cLock _/ SL/_!\ J J \L/ \_
. . !
Ao-Aqs X V'A'go ADDRESS ':’ X
7. s v
-I- —+ (0] 4-3-»1
WREG @J ” » /

READ
OPERATION — [«® Dl |+
" o
" Lidd i it VALID
Do-B7 A nuul ” . DATA
1 e -@
G
| &
WR
v@}_{;—/h_i @~
WRITE le—@—»f
OPERATION
P
Do-D7 " oataout

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.
T2 Tw* Tw T3
cLock / ) s s S
IavavaVaVava
|~ @
Ao-A7 X VALID PORT ADDRESS ::ﬁ C
@) ()|~
ioRa . /
L—@—J S ONES
®:L rJ/_'c@» & ®
WaTT ) N,
@ --@<—
AD \ " ¥
n:%g | (@ |- 5 ->1 T
OPERATION s
- Li Ll k4 VALID
N = P DATA
@ ~lo|-
WA 15 @~
wnll'll': <®_: ® <@
OPERATION /L
Do-D; ———4 . DATA OUT }—

NOTE Ty*= One Wait cycle automatically inserted by CPU

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.

During this M1 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.

N T T Tw- Tw- Tw s
cLock s [_\—
BVAVAYAWAW
INT
® ®
Ao-A1s PC ':’:
~+® ()
Wi p 5 i‘
—] @ #4_ - 52
ioRG . ! -+ ’ g
@i <—L _>|@<_ r
ware \ 7 X\
- ‘—@ " ®—> |- @
Do-D7 K ,” X VALID DATA

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

2) Two Wait cycles automatically mnserted by CPU(*)

Figure 8. Interrupt Request/Acknowledge Cycle
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CPU Non-Maskable Interrupt Request Cycle. normal instruction fetch except that data put

Timing NMI is sampled at the same time as the mask- on the bus by the memory is ignored. The

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

AST M CYCLE
LAST T TIME Ty T2 Ty Te Ts

@~ @ |~
Ao-A1s X PC REFRESH x
—| (1) |- @
- \_ Vi
o ~® ~ @]~
\l i
. ®l - o~ l—(—s
" 7
A 9
. N
* Although NMI 1s an asynchronous 1nput, to quarantee 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 T 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 is active, the CPU setsits _ usually to transfer data between memory and

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

T1
cLock ] \
o]
BUSREG /[
@ |~
BUSACK
Ao-A1s E FLOAT <E——
Do-D7 i FLOAT j!_
WMREG
RB,WR E . FLOAT e
ioRa —
- e
w L
- @ |-
RFSH
HALY UNCHANGED
NOTE. Ty = Last state of any M cycle. Tx = An arhitrary clock cycle used by requesting device.

Figure 10. Z-BUS Request/Acknowledge Cycle
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CPU Halt Acknowledge Cycle. When the CPU received. When in the Halt state, the HALT

Timing receives a Halt instruction, it executes NOP output is active and remains so until an inter-
(Continued)  states until either an INT or NMI input is rupt is received (Figure 11).
M1 } } M
Te Tt T2 T3 Ts T T2
cLock

HALT }I

Halt Instruction |

Received *
wwi u®

NOTE: INT will also force a Halt exut. *See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least ~ inactive, three internal T cycles are consumed

three clock cycles for the CPU to properly before the CPU resumes normal processing
accept it. As long as RESET remains active, the = operation. RESET clears the PC register, so the
address and data buses float, and the control first opcode fetch will be to location 0000
outputs are inactive. Once RESET goes (Figure 12).

M1 _———

S AVAVAWAVAUAWAN
—{L@ﬂf—\ — :*1:4

7

e
Ao-A1s 15___1’, FLOAT <
— @ |-—
Do-Dy b " FLOAT
] |
" 7

Tli—_ueg y//144/4 i ~_

Figure 12. Reset Cycle
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AC Characteristics

280 CPU Z80A CPU Z80B CPU Z80H CPUY
Number Symbol Parameter Min Max Min Max Min Max Min Max
1 TcC Clock Cycle Time 400* 250* 165* 125*
2 TwCh Clock Pulse Width (High) 180* 110* 65* 55*
3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 TIC Clock Fall Time - 30 — 30 — 20 — 10
5 — TrC Clock Rise Time 30 30 20— — —10—
6 TdCr(A) Clock 1 to Address Valid Delay — 145 — 110 — 90 - 80
7  TAA(MREQf)  Address Valid to MREQ 125 — 65" — 35 — 20*  —
| Delay
8  TACH{(MREQf) Clock | to MREQ ! Delay — 100 — 85 — 70 — 60
9  TdCr(MREQr) Clock ! to MREQ 1 Delay — 100 — 85 — 70 — 60
10 — TwMREQh MREQ Pulse Width (High) 170* 110* 65* 45*- — —
11 TwMREQI MREQ Pulse Width (Low) 360" — 220*  — 1354 — 100  —
12 TdC{(MREQr) Clock } to MREQ t Delay — 100 — 85 — 70 — 60
13 TdCH(RDf) Clock | to RD | Delay — 130 — 95 — 80 — 70
14  TdCr(RDr) Clock 1 to RD 1 Delay — 100 — 85 — 70 — 60
15 — TsD(Cr) Data Setup Time to Clock 1 50 35 30 V= — —
16  ThD(RDr) Data Hold Time to RD 1 — 0 — 0 — 0 — 0
17 TsWAIT(C)  WAIT Setup Time to Clock | 70 — 70 — 60 — 50 —
18  ThWAIT(Cf)  WAIT Hold Time after Clock | — 0 — 0 — 0 — 0
19  TdCr(Mlf) Clock 1 to MI | Delay - 130 — 100 — 80 — 70
20 — TdCr(Mlr) — Clock 1 to MI t Delay 130 100 80— — —70—
21  TACr(RFSHf)  Clock ! to RFSH | Delay — 180 — 130 — 110 — 95
22  TACr(RFSHr) Clock 1 to RFSH 1 Delay — 150 — 120 — 100 — 85
23 TdCH(RDr) Clock | to RD 1 Delay - 110 — 85 — 70 — 60
24  TdCr(RDf) Clock 1 to RD | Delay — 100 — 85 — 70 — 60
25 — TsD(CY) Data Setup to Clock | during 60 50 40 30— — —
M,, M3, My or Mg Cycles
26 TdA(IORQM) Address Stable prior to TORQ | 3200 — 180* — 110*  — 75 —
27  TdCr(IORQf)  Clock t to TORQ | Delay — 90 — 75 — 65 — 55
28  TACKIORQr) Clock } to IORQ t Delay — 110 — 85 — 70 — 60
29 TdD(WR{) Data Stable prior to WR | 190 — 80* — 25  — 5% —
30 — TdCi{(WRf) —— Clock | to WR | Delay 90 80 70— — —60—
31 TwWR WR Pulse Width 360 — 220 — 135 — 100* —
32 TAC{(WRr) Clock | to WR t Delay — 100 — 80 — 70 — 60
33 TdD(WRf) Data Stable prior to WR | 20 — -10*  — -55* — 55* —
34  TdCr(WRf) Clock ! to WR | Delay - 80 — 65 — 60 — 55
35 — TdWRr(D) Data Stable from WR t 120* 60* 30* 15* = — —
36  TdCH(HALT)  Clock | to HALT t or | — 300 — 300 — 260 — 225
37  TwNMI NMI Pulse Width 80 — 80 — 70 — 60* —
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock 1 80  — 50 — 50 — 0 —

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

1 Umits in nanoseconds (ns) All hmings are prelimnary and

subject to change
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AC Characteristics (Continued)

Z80 CPU Z80A CPU Z80B CPU Z80H CPUY
Number Symbol Parameter Min Max Min Max Min Max Min Max
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock ! 0 - 0 _ 0 — 0 —
40 — TdCr(BUSACKI{)~Clock 1t to BUSACK ! Delay 120 100 00— — —80
41 TdC{(BUSACKr) Clock ! to BUSACK 1 Delay — 110 — 100 — 90 — 80
42 TdCr(Dz) Clock 1 to Data Float Delay — 90 — 90 — 80 — 70
43 TdCr(CTz) Clock 1 to Control Outputs Float —_ 110 — 80 — 70 — 60
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr(Az) Clock 1 to Address Float Delay — 110 —_ 90 — 80 —_ 70
45 — TdCTr(A) MREQ t, IORQ 1, RD 1, and 160* 80" 35* 20"= —
WR t to Address Hold Time
46 TsRESET(Cr) RESET to Clock ! Setup Time 90 — 60 — 60 — 45 —
47 ThRESET(Cr) RESET to Clock t Hold Time — 0 — 0 — 0 — 0
48  TsINTHCr) INT to Clock 1 Setup Time 80 — 80 — 70 - 55  —
49 ThINTr(Cr) INT to Clock 1 Hold Time - 0 - 0 — 0 — 0
50 — TdMI1{(IORQf) — M1 | to IORQ ! Delay 920* 565* 365* 270*- —
51 TdCH{(IORQ) Clock | to IORQ | Delay — 110 — 85 — 70 — 60
52 TdC{(IORQr) Clock t to IORQ 1 Delay — 100 — 85 — 70 —_ 60
53 TdCH(D) Clock | to Data Valid Delay — 230 — 150 — 130 — 118
*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 Units 1n nanoseconds (ns) All imings are prelimnary and
subject to change
Footnotes to AC Characteristics
Number Symbol Z80 Z80A Z80B

1 TeC
2 TwCh

7 —TdA(MREQ{) —TwCh + TiC - 75

TwCh + TwCl + TrC + TfC TwCh + TwCl + TrC +TiC

Although static by design,
TwCh of greater than 200 us
18 not guaranteed

TwCh + TiC - 65

Although static by design,
TwCh of greater than 200 us
18 not guaranteed

TwCh + TwCl + TrC + TIC

Although static by design,
TwCh of greater than 200 us
18 not guaranteed

TwCh + TIC - 50
TwCh + TiC - 20

TeC - 30
TeC - 85
TeC - 140
TeC - 30

TwCl + TrC - 140
TwCl + TrC - 55
TwCl + TrC - 850
2TcC + TwCh + TiC - 50

10 TwMREQh TwCh + TIC - 30 TwCh + TIC - 20
11 TwMREQ1 TcC - 40 TeC - 30 ‘
26 TdA(IORQf) TcC - 80 TcC - 70
29 TdD(WRf) TeC - 210 TcC - 170
31 —TwWR TeC - 40 TcC - 30
33 TdD(WRf) TwCl + TrC - 180 TwCl + TrC - 140
35 TdWRr(D) TwCl + TrC - 80 TwCl + TrC - 70
45 TdCTr(A) TwCl + TrC - 40 TwCl + TrC - 50
50 TAMIKIORQS) 2TcC + TwCh + TIC - 80 2TcC + TwCh + TIC - 65
AC Test Conditions.

ViH =20V VOH = 2.0V

Vi, = 08V VoL = 08V

ViHc = Voc -0.6 V. FLOAT = 0.5V

ViLc = 045V
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Absolute Storage Temperature. ... .... -65°Cto +150°C Stresses greater than those listed under Absolute Max-
Maximum T emperature mum Ratings may cause permanent damage to the device.
Rati der Bi . A Ths 1s a stress rating only; operation of the device at any
atings under bias ........ Specified operating range condition above those indicated in 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 .................... 1.5W device rehiabihty.
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,
+475V = Voo < +5.25V 2K
m E* = -40°Cto +85°C, P NbER TEST
+4.75V < Voo < +5.28V
m M* = -55°C to +125°C, 100 pF Py
+45V =<V < +58V ]:
*See Ordering Information section for package i B )
temperature range and product number.
DC Symbol Parameter Min Max Unit Test Condition
Character-
istics Viie Clock Input Low Voltage -0.3 045 V
Vige Clock Input High Voltage Vee-6 Vec+.3  V
Vi Input Low Voltage -0.3 0.8 \'
Vi Input High Voltage 2.0 Vee \'
VoL Output Low Voltage 0.4 v IoL= 1.8 mA
Vou Output High Voltage 2.4 v Iog = -250 pA
Icc Power Supply Current
Z80 150 mA
Z80A 2002 mA
Z80B 200 mA
Inx Input Leakage Current 10 wA Vin = 0to Veo
Iio 3-State Output Leakage Current in Float -10 10 A Vour = 0.4 to Voc
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
CecLock Clock Capacitance 35 pF
Unmeasured pins
Ciy Input Capacitance 5 pF returned to ground
Cout Output Capacitance 10 pF
Ta = 25°C, f = 1 MHz.
8085-029 25



Ordering
Information

Product Package/ Product Package/

Number Temp  Speed Description Number Temp  Speed Description

78400 CE 23MHz  Z80 CPU (40-pin) Z8400A CMB 4.0MHz  Z80A CPU (40-pin)
78400 CM 25MHz Same as above Z8400A Cs 4.0 MHz Same as above
28400 CMB 2.5 MHz Same as above Z8400A DE 4.0 MHz Same as above
78400 Cs 2.5 MHz Same as above Z8400A DS 4.0 MHz Same as above
28400 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
28400 PE 2.5 MHz Same as above Z8400B CS 6.0 MHz Z80B CPU (40-pin)
78400 PS 2.5 MHz Same as above 78400B DS 6.0 MHz  Same as above
Z8400A CE 4.0 MHz Z80A CPU (40-pin)  Z8400B PS 6.0 MHz Same as above
Z8400A CM 4.0MHz Same as above Z8400H PS 8.0 MHz Z80H CPU (40-pin)

*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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28410
Z80° DMA Direct
Memory Access Controller

Zilog

Product
Specification

September 1983

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-1/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 programmability 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.

g
Ol

SYSTEM
CONTROL { <+—

sus | |

=
|
ml
ol
El
2

DMA
CONTROL

INTERRUPT
CONTROL

1
HE]
El
a

<} Dy A p——a
1D, A p——
+——p] D2 A2 p——
SYSTEM
BATA! [ As
Bus | +—{ 0« A p———
-] Dg As p—>
~+—] D¢ Ay p—
—p{ D; a7 p——> | SYSTEM
ADDRESS
As f—— | BUS
BUSAEG Ay f——r
co.w ] BAI Ao s
<+——o 8A0 Ay fpr——
280 DMA
Arz p——r
Atz v
Aty e
wi Ats
e
g
E—
e
——

~——'

+5V GND CLK

Figure 1. Pin Functions

Transfers can be done between any two ports
(source and destination), including memory-to-
I/0O, memory-to-memory, and I/O-to-1/O. 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 in itself.
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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 1s 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

S —

CPU DMA

] "

iNT

1El

+5V

IEl
2cITo,
cTe
ZCIT02  INT —e
IEO
— B8 _ IEQ
RxCA  INT 1 INT
TXCA  IEO 1Bl
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.

2.80 DMA
o r_&sm“?«smn.
o1
MEMORY | ou I (
T (] PERIPHERAL
1o

1 Search memory

2 Transter memory-to-memory (optional search)
3 Transfer memory-to-/O (optional search)

4 Search IO

5 Transter l/O-to-l/O (optional search)

Figure 4. Basic Functions of the Z-80 DMA
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Functional
Description
(Continued)

In all modes, once a byte of data is read into
the DMA, the operation on the byte will be
completed 1n an orderly fashion, regardless of
the state of other signals (including a port's
Ready line).

Due to the DMA's high-speed buffered
method of reading data, operations on one
byte are not completed until the next byte is
read in. This means that total transfer or
search block lengths must be two or more
bytes, and that block lengths programmed into
the DMA must be one byte less than the
desired block length (count is N-1 where N is
the block length).

Commands and Status. The Z-80 DMA has
several writable control registers and readable
status registers available to the CPU. Control
bytes can be written to the DMA whenever the
DMA is not controlling the system buses, but
the act of writing a control byte to the DMA
disables the DMA until 1t 1s again enabled by a
specific command. Status bytes can also be
read at any such time, but writing the Read
Status Byte command or the Initiate Read
Sequence command disables the DMA.

Control bytes to the DMA include those
which effect immediate command actions such
as enable, disable, reset, load starting-address
buffers, continue, clear counters, clear status
bits and the like. In addition, many mode-
setting control bytes can be written, including
mode and class of operation, port configura-
tion, starting addresses, block length, address
counting rule, match and match-mask byte,
interrupt conditions, interrupt vector, status-
affects-vector condition, pulse counting, auto
restart, Ready-line and Wait-line rules, and
read mask.

Readable status registers include a general
status byte reflecting Ready-line, end-of-block,
byte-match and interrupt conditions, as well as
2-byte registers for the current byte count,
Port A address and Port B address.

Variable Cycle. The Z-80 DMA has the
unique feature of programmable operation-
cycle length. This is valuable in tailoring the
DMA to the particular requirements of other
system components (fast or slow) and max-
imizes the data-transfer rate. It also eliminates
external logic for signal conditioning.

There are two aspects to the variable cycle
feature. First, the entire read and write cycles
(periods) associated with the source and
destination ports can be independently pro-
grammed as 2, 3 or 4 T-cycles long (more if
Wait cycles are used), thereby increasing or

decreasing the speed with which all DMA
signals change (Figure 5).

Second, the four signals in each port
specifically associated with transfers of data
(I/0O Reguest, Memory Request, Read, and
Write) can each have its active trailing edge
terminated one-half T-cycle early. This adds a
further dimension of flexibility and speed,
allowing such things as shorter-than-normal
Read or Write signals that go inactive before
data starts to change.

Address Generation. Two 16-bit addresses are
generated by the Z-80 DMA for every transfer
operation, one address for the source port and
another for the destination port. Each address
can be either variable or fixed. Variable
addresses can increment or decrement from
the programmed starting address. The fixed-
address capability eliminates the need for
separate enabling wires to I/O ports.

Port addresses are multiplexed onto the
system address bus, depending on whether the
DMA is reading the source port or writing to
the destination port. Two readable address
counters (2 bytes each) keep the current
address of each port.

Auto Restart. The starting addresses of either
port can be reloaded automatically at the end
of a block. This option is selected by the Auto
Restart control bit. The byte counter is cleared
when the addresses are reloaded.

The Auto Restart feature relieves the CPU of
software overhead for repetitive operations
such as CRT refresh and many others. More-
over, when the CPU has access to the buses
during byte-at-a-time or burst transfers, dif-
ferent starting addresses can be written into
buffer registers during transfers, causing the
Auto Restart to begin at a new location.

Interrupts. The Z-80 DMA can be programmed
to interrupt the CPU on three conditions:

B Interrupt on Ready (before requesting bus)
B Interrupt on Match
m Interrupt on End of Block

T —T2—| T3 Ta

zovore——>| EARLY ENDING
scvoe—— > FOR CONTROL SIGNALS

scvoE— ]

CLK

Figure 5. Variable Cycle Length
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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 is 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 285 bytes.

The Interrupt line outputs the pulse signal in
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

BAg-A5. System Address Bus (output, 3-state).
Addresses generated by the DMA are sent to
both source and destination ports (main
memory or 1/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 is 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 I/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 in 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 Viy 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.

Do-Dy. 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.

IElL. 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 QOut (output, active
High). IEO is High only if IEl 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
Description
(Continued)

INT/PULSE. Interrupt Request (output, active
Low, open drain). This requests a CPU inter-
rupt. The CPU acknowledges the interrupt by
pulling its IORQ output Low during an M1
cycle. It is typically connected to the INT pin
of the CPU with a pullup resistor and tied to
all other INT pins in the system. This pin can
also be used to generate periodic pulses to an
external device. It can be used this way only
when the DMA is bus master (i.e., the CPU’s
BUSREQ and BUSACK lines are both Low
and the CPU cannot see interrupts).

IORQ. Input/Output Request (bidirectional,
active Low, 3-state). As an input, this indicates
that the lower half of the address bus holds a
valid I/O port address for transfer of control or
status bytes from or to the CPU, respectively;
this DMA is the addressed port if its CE pin
and its WR or RD pins are simultaneously
active. As an output, after the DMA has taken
control of the system buses, it indicates that
the 8-bit or 16-bit address bus holds a valid
port address for another I/O device involved in
a DMA transfer of data. When IORQ and M1
are both active simultaneously, an interrupt
acknowledge is indicated.

MI1. Machine Cycle One (input, active Low).
Indicates that the current CPU machine cycle
is an instruction fetch. It is used by the DMA
to decode the return-from-interrupt instruction
(RETI) (ED-4D) sent by the CPU. During two-

byte instruction fetches, M1 is active as each

opcode byte is fetched. An interrupt ack-
nowledge is indicated when both M1 and
IORQ are active.

MREQ. Memory Request (output, active Low,
3-state). This indicates that the address bus
holds a valid address for a memory read or
write operation. After the DMA has taken con-
trol of the system buses, it indicates a DMA
transfer request from or to memory.

RD. Read (bidirectional, active Low, 3-state).
As an input, this indicates that the CPU wants
to read status bytes from the DMA's read
registers. As an output, after the DMA has
taken control of the system buses, it indicates a
DMA-controlled read from a memory or I/O
port address.

RDY. Ready (input, programmable active Low
or High). This is monitored by the DMA to
determine when a peripheral device associated
with a DMA port is ready for a read or write
operation. Depending on the mode of DMA
operation (Byte, Burst or Continuous), the RDY
line indirectly controls DMA activity by caus-
ing the BUSREQ line to go Low or High.

WR. Write (bidirectional, active Low, 3-state).
As an input, this indicates that the CPU wants
to write control or command bytes to the DMA
write registers. As an output, after the DMA
has taken control of the system buses, it
indicates a DMA-controlled write to a memory
or I/O port address.

Internal
Structure

The internal structure of the Z-80 DMA
includes driver and receiver circuitry for inter-
facing with an 8-bit system data bus, a 16-bit
system address bus, and system control lines
(Figure 6). In a Z-80 CPU environment, the
DMA can be tied directly to the analogous pins
on the CPU (Figure 7) with no additional buf-
fering, except for the CE/WAIT line.

The DMA's internal data bus interfaces with
the system data bus and services all internal
logic and registers. Addresses generated from
this logic for Ports A and B (source and des-
tination) of the DMA'’s single transfer channel
are multiplexed onto the system address bus.

Specialized logic circuits in the DMA are
dedicated to the various functions of external
bus interfacing, internal bus control, byte
matching, byte counting, periodic pulse
generation, CPU interrupts, bus requests, and
address generation. A set of twenty-one
writable control registers and seven readable
status registers provides the means by which
the CPU governs and monitors the activities of
these logic circuits. All registers are eight bits
wide, with double-byte information stored in
adjacent registers. The two address counters
(two bytes each) for Ports A and B are buffered
by the two starting addresses.

INTERRUPT
AND BUS PULSE BYTE
PRIORITY Loaic COUNTER PORT A
Loaic ADDRESS
SYSTEM | | | I SYSTEM
°:5:< INTERNAL BUS MUX :::“”
(8 BIT) |14 | | (16 BIT)
PORT B
BUS coptRoL BYTE ADDRESS
CONTROL CONTROL STATUS MATCH
Loaic REGISTERS Loaic

Figure 6. Block Diagram
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Internal
Structure
(Continued)

The 21 writable control registers are
organized into 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

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

R WRO Base reqister byte
the group. The seven readable statu§ registers Port A starting address (low byte)
have no apalogous secgnd-level registers. Port A starting address (high byte)
The registers are designated as follows, Block length (low byte)
according to their base-register groups: Block length (high byte)
WRO-WR6 — Write Register groups 0 WRI! Base reqgister byte
through 6 (7 base registers plus 14 associ- Port A vanable-timing byte
ated registers) WR2 Base register byte
RRO-RR6 — Read Registers 0 through 6 Port B variable-timing byte
Writing to a register within a write-register WR3 lese iengtster byte
group involves first writing to the base M:fch g;e
register, with the appropriate pointer bits set, R4 tor b
then writing to one or more of the other w BSZ‘; rggltStetfn Ytafi dress (low byte)
registers within the group. All seven of the Port B :t::ting address (hi‘gh g;e)
readable status registers are accessed sequen- Interrupt control byte
tially according to a programmable mask con- Pulse control byte
tained in one of the writable registers. The sec- Interrupt vector
tion entitled “Programming” explains this in WR5 Base register byte
more €leta.11.' R . WR6 Base register byte
A pipelining scheme is used for reading data Read mask
in. The programmed block length is the
number of bytes compared to the byte counter, Read Registers
which increments at the end of each cycle. In
searches, data byte comparisons with the RRO  Status byte
match byte are made during the read cycle of RRl  Byte counter (low byte)
the next byte. Matches are, therefore, dis- RR2 Byte counter (ligh byte)
covered only after the next byte is read in. RR3  Port A address counter (low byte)
In multiple-DMA configurations, interrupt- )
request daisy chains are prioritized by the RR4  Port A address counter (high byte)
order in which their IEI and IEO lines are con- RRS  Port B address counter (low byte)
nected (Zilog Application Note 03-0041-01, The RR6 Port B address counter (high byte)
Z-80 Family Program Interrupt Structure). The
COMMON: iNT
BUSREG
BUSACK CPU M1
ToRG_
EEO
W
COMMON :';‘A“
n Do-7
<, SYSTEM BUSES >
~
COMMON — JCOMMON
DECODER
__ CEIWAIT ___ __ CEWAIT .
BAI BAO BAI BAO J—» TO NEXT DMA
DMA DMA
AT = o - AR en
FROM FROM
DEI(I?CE DE"VoICE

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, in which 1t can mnitiate
neither bus requests nor data transfers. When
the DMA 1s powered up or reset by any means,
it 1s automatically placed into the disabled
state. Program commands can be written to it
by the CPU 1n either state, but this auto-
matically puts the DMA in the disabled state,
which is maintained until an enable command
1s issued 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
Output nstruction (such as OTIR for the
Z-80 CPU).

Writing. Control or command bytes are writ-
ten into one or more of the Write Register
groups (WR0-WR6) 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, if a byte written to the
DMA contains the bits that identify WRO (bits
DO, DI 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 Dy D, D, D,
STATUS BYTE

| L— 1 = DMA TRANSFER HAS OCCURRED
0 = READY ACTIVE
0 = INTERRUPT PENDING
0 = MATCH FOUND
0=

END OF BLOCK

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 in
WR6. The sequence of reading 1s initialized by
writing an Inihate Read Sequence or Set Read
Status command to WR6. After a Reset DMA,
the sequence must be initialized 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
Inihate Read Sequence or Read Status
command.

Fixed-Address Programming. A special cir-
cumstance arises when programming a desti-
nation port to have a fixed address. The load
command in 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 1t a fixed-source address
and subsequently declaring the true source as
such, thereby implicitly making the other a
destination.

The following example illustrates the steps in
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 in 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 054. Note that
the data flow is 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 instruction such as the Z-80
CPU’s OTIR instruction.

ar W N

Read Register 2

Read Register 3

m PORT A ADDRESS COUNTER (LOW BYTE)

Read Register 4

ED:ED::D PORT A ADDRESS COUNTER (HIGH BYTE)

Read Register §

ED:ED:ED PORT B ADDRESS COUNTER (LOW BYTE)

Read Register 6

m PORT B ADDRESS COUNTER (HIGH BYTE)

Figure 8a. Read Registers
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Write Register 0 Group
D; Dy Ds Dy Dy D, Dy Do

Programming
(Continued)

BASE REGISTER BYTE

TRANSFER

EARCH
= SEARCHH‘RANSFER
RT B - PORT A
RT A - PORT B

PORT A
(LOW BYTE)

0 DO NOT USE
1
0
1

PORT A STARTING ADDRESS
(HIGH BYTE)

BLOCK LENGTH
(LOW BYTE)

BLOCK LENGTH
(HIGH BYTE)

Write Register 1 Group
O; Dg Os O, Dy D, D, D,

[ 1] 0] o] easereaister sy1e

0 = PORT A IS MEMORY
1= PORTA IS IO

0 = PORT A ADDRESS DECREMENTS

1 = PORT A ADDRESS INCREMENTS

{ | = PORT A ADDRESS FixED

[ T Tolo[ T T T ]rortavariasie iming eYTE

0 0 =CYCLELENGTH = 4
CYCLE LENGTH = 3
CYCLE LENGTN

= DO NOT USE

0= 1‘656 ENDS %: CYCLE EARLY

aasoo

WR ENDS % CYCLE EARLY = 0 |
RD ENDS_% CYCLE EARLY =
MREQ ENDS cvc».s EARLY =0

‘Write Register 2 Group
D, Dy Ds Dy Dy D, Dy Do
[ 0 [0 [ o ]Base reaister 8Yre

PORT B IS MEMORY
PORT B I

0=
1= S 110

= PORT B ADDRESS DECREMENTS
= PORT B ADDRESS INCREMENTS
} = PORT B ADDRESS FIXED

1
[
1

waoo

PORT B VARIABLE TIMING BYTE

‘WR ENDS % CYCLE EARLY = 0
RD ENDS % CYCLE EARLY =0
MREQ ENDS ¥: CYCLE EARLY = 0

= CYCLE LENGTH = 4

= CYCLE LENGTH = 3

= CYCLE LENGTH = 2
DO NOT USE

0 = IORQ ENDS ¥: CYCLE EARLY

00
0o 1
10
11

‘Write Register 3 Group
D; Dg Ds D, Dy D, Dy D

[ 0 ] ease reaisTen BYTE

DMA ENABLE = 1 | = STOP ON MATCH

INTERRUPT ENABLE = 1

Write Register 4 Group
D; Dg Ds D, Dy D, D, D,

[ 1] sasE RecisTER BYTE

BYTE = l 0
CONTINUOUS = 0 1
BURST =1 0
DO NOT PROGRAM = 1 1
PORT B
(LOW BYTE)
PORT B STARTING ADDRESS
(HIGH BYTE)
0 INTERRUPT CONTROL BYTE

= INTERRUPT ON MATCH
1 = INTERRUPT AT END OF BLOCK
1 = PULSE GENERATED

INTERRUPT ON RDY =1
STATUS AFFECTS VECTOR =1

PULSE CONTROL BYTE

INTERRUPT VECTOR

1 = INTERRUPT ON MATCH
0 = INTERRUPT ON END OF BLOCK
1 = INTERRUPT ON MATCH

AND END OF BLOCK

VECTOR IS AUTOMATICALLY {0 0 = INTERRUPT ON RDY

AFFECTS VECTOR” BIT IS SET

Write Register 5 Group
D; Dg Ds Dy D3 D, D, Dy
GTol T I [o]]o]sase BYTE

READY ACTIVE LOW
READY ACTIVE HIGH

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

HEX COMMAND NAME

"OO ——

o0 = C3 = RESET
[ C7 = RESET PORT A TIMING
00 = CB = RESET PORT B TIMING
1 0 0 1 1=CF=LOAD
1 0 1 0 0=D3=CONTINVE
o1 0 1 Al DISABLE INTERRUPTS
01 0 1 ENABLE INTERRUPTS
o1 0o o RESET AND DISABLE INTERRUPTS
o1 1 0 ENABLE AFTER RETI
01 1 1 = READ STATUS BYTE
0 0 071 REINITIALIZE STATUS BYTE
0 1 0 0 1=A7=INITIATE READ SEQUENCE
0 1 1 0 0=B3=FORCEREADY
0 0 0 0 1=87=ENABLEDMA
0 0 0 0 0=283=DISABLE DMA
r o 1 1 1 BB = READ MASK FOLLOWS
READ MASK (1 = ENABLE)

I— STATUS BYTE
MASK BYTE (0 = COMPARE) I ’ I ‘ BYTE COUNTER (LOW BYTE)
BYTE COUNTER (HIGH BYTE)
T A (LOW BYTE)
Pom A (HIGH BYTE)
MATCH BYTE PORT B (LOW BYTE)
PORT B (HIGH BYTE)
Figure 8b. Write Registers
34 20320132



€€10-Z€0Z

Ge

operation

Comments D7 Ds Ds Ds D3 D2 ] Do HEX
WRO sets DMA to receive 0 1 1 1 1 4] 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 0 50
Port A address (upper) 0 0 0 1 0 0 0 0 10
Block length (lower) 0 0 0 (o] 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 i1s
address Follows Address 110
WR4 sets mode to Burst, 1 1 0 0 1 0 1 C5
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
WRS5 sets Ready active High 1 0 0 0 1 o] 1 0 8A
No Auto No Wait RDY
Restart States Active High
WR6 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 4] 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

NOTE The actual number of bytes transferred i1s one more than specified by the block length
*These entries are necessary only In the case of a fixed destination address

Figure 9. Sample DMA Program
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Inactive
State Timing
(DMA as CPU
Peripheral)

In its disabled or inactive state, the DMA is
addressed by the CPU as an I/O peripheral for
write and read (control and status) operations.
Write timing is 1llustrated in Figure 10.

Reading of the DMA's status byte, byte
counter or port address counters is illustrated

[ 1
iona —_—\_ rT—=—===

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.

= VN F S
fﬁ

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 1s 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 [/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

1nserted wait cycle between Ty and T3. If the
CE/WAIT line is programmed to act as a
WAIT lLine during the DMA's active state, it is
sampled on the falling edge of T, for memory
transactions and the falling edge of Ty for /O
transactions. If CE/WAIT is Low during this
time another T-cycle 1s added, during which
the CE/WAIT line will again be sampled. The
duration of transactions can thus be indet-
initely 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 1if Wait cycles are inserted), thereby
increasing or decreasing the speed of all
signals generated by the DMA. In addition,

/0 WRITE

|«——— MEMORY READ
T

| T2 | Ts | Tl T2 | Tw | T8 ]

CLK

Ao-A1s x x

READ

whEa |\ [
—

\ [

DATA BUS DRIVEN BY DMA

iorRQ
WRITE
WR
- MEMORY
Do-D7 _:_ DRIVES DATA (
CEIWAIT

e e ST e e o e e e e gt T e

RN SR S B N Y USSR U S B [ O S E—

Figure 12. Memory-to-1/0O Transfer
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Active State

| 110 READ

| MEMORY WRITE ——|

Timing | |
(DMA as Bus Tt | T2 | Tw | T3 Ty | T2 | T
Controller) coLK
(Continued)
Ao-A1s _} x x
iona \
READ
[ \
Do-D7 uowm_( DMA DRIVES DATA BUS )—
WREG [
WRITE
w [
CEIWAIT [ R R A
S B 1 VA N VI
Figure 13. I/0-to-Memory Transfer
the trailing edges of the IORQ, MREQ, RD and Bus Requests. Figure 15 illustrates the bus
WR signals can be independently terminated request and acceptance timing. The RDY line,
one-half cycle early. Figure 14 1llustrates this. which may be programmed active High or
In the variable-cycle mode, unlike default Low, is sampled on every rising edge of CLK.
timing, IORQ comes active one-half cycle If it is found to be active, and if the bus is not
before MREQ, RD and WR. CE/WAIT can be in use by any other device, the following rising
used to extend only the 3 or 4 T-cycle variable 'edge of CLK drives BUSREQ low. After receiv-
memory cycles and only the 4-cycle variable ing BUSREQ the QPU acknowledges on the
I/O cycle. The CE/WAIT line 1s sampled at the ~ BAI input either directly or througha
falling edge of T for 3- or 4-cycle memory multiple-DMA daisy chain. When.a LO_V‘{ is
cycles, and at the falling edge of Tj for 4-cycle detected on BAI for two consecutive rising
/O cycles. edges of CLK, the DMA will begin transferring
During transfers, data 1s latched on the data on the next rising edge of CLK.
clock edge causing the rising edge of RD and
held through the end of the write cycle.
|nlr,|'r,|n|
e LML ~_FLMLRLALIL L
SO G— b S gl J \
e\ T wownes ___ ]
I _— [ e,
e L L L L - ] ¢
Figure 14. Variable-Cycle and Edge Timing Figure 15. Bus Request and Accep
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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 ——'4— DMA INACTIVE

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

CCURRENT BYTE |V| DMA
OPERATION INACTIVE

DY
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.

J1rr

ACTIVE
et fr e o -

| W

DY
INACTIVE

P
LAST BYTE \
DMA
F_ﬁf:fgﬁ"_’i‘_ INACTIVE

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

o LML

e /) ———Afmmm b
oY active e =

L BYTEn | BYTEn+1 oma
| READ IN' | READ IN INACTIVE

AND
MATCH FOUND
ON BYTE n

Figure 19. Bus Release on Match
(Burst and Continuous Modes)
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Absolute

Operating Ambient

Stresses greater than those listed under Absolute Maxi-

Maximum Temperature Under Bias . . . As Specified Under mum Ratings may cause permanent damage to the device.
Rati Orderi Inf t This 1s a stress rating only; operation of the device at any
atings rdering Iniormation. 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 rehability.
Respectto 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 1nto the refer- pF max.
enced pin. Available operating temperature
ranges are:
B S* = 0°Cto +70°C,
+4.75V <V < +5.25V 21K
mE* = —-40°Cto +85°C, FNbER TEST
+4.75V = Vo < +5.25V
m M = -55°Cto +125°C, il =
+45V <V, < +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 -0.3 0.45 v
Viue Clock Input High Voltage Vee-6 55 v
Vi Input Low Voltage -0.3 0.8 )
Vi Input High Voltage 2.0 5.5 A%
VoL Output Low Voltage 0.4 V  Ior= 3.2mA for BUSREQ
IoL = 2.0 mA for all others
Vou Output High Voltage 2.4 V. Iog = 250 yA
Iec Power Supply Current
Z-80 DMA 150 mA
Z-80A DMA 200 mA
I Input Leakage Current 10 pA Vi = Oto Ve
Iio 3-State Output Leakage Current in Float +10 pA  Voyr = 0.4 Vio Ve
Iip Data Bus Leakage Current 1n Input Mode +10 pA  0=Vy=Vee
Vece = 5V £5% unless otherwise specified, over specified temperature range.
Capacitance Symbol Parameter Min Max  Unit Test Condition
C Clock Capacitance pF Unmeasured Pins
Ciy Input Capacitance pF Returned to Ground
Cour Output Capacitance pF
Over specified temperature range, f = 1 MHz
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Inactive
State

AC
Character-
istics

Z-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— TfC——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 ! 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— TdCf(DO) —— IORQ ! to Data Out Delay (INTA Cycle) 340 160 ns —
11 TdRD(Dz) RD t to Data Float Delay (output buffer
disable) 160 110 ns
12 TsIEIORQ) IEI! to TORQ |} Setup (INTA Cycle) 140 140 ns
13 TdIEOr(IEIr) IEIt to IEO t Delay 210 160 ns
14 TJAIEOf(IEIf) IEI | to IEO | Delay 190 130 ns
—15___ TdMI(IEO) — Ml | to IEO } Delay (interrupt just prior to
Ml1) 300 190 ns
16 TsM1{(Cr) MI1 | to Clock t Setup 210 90 ns
17 TsMlIr(Cf) MI t to Clock } Setup 20 -10 ns
18 TsRD(Cr) RD | to Clock t 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 t to BAO t Delay 200 150 ns ——
21  TdBAIf(BAOf) BAI ! to BAO | Delay 200 150 ns
22 TsRDY(Cr) RDY Active to Clock t 3etup 150 100 ns

NOTE

1 Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event.

40



Inactive et ‘“313 353
State NeorT 30V 08V
AC
Character-
istics S\
Continued le > |[«<®
( ) O o ®
c—. 1
IoRa@ b
s
v
. \ /
~—® o le® —J l«—®
Y =
Do-D:
’ ®
LTl \
<« - |®
[l {
e—()—>| 4—»'—@
2o ! /
INT \
INTERRUPT }
CONDITION
BAI \
BAO ;
—-I @ -
ACTIVE
RDY f
INACTIVE
NOTE
Signals 1n this diagram bear no relation to one another unless specifically noted as a numbered item
2032-0144
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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 Time 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 TORQ, RD, WR } Setup
(1/0 Cycle) (1)-80 (1)-70
*10—TdRW(A)—RD, WR t to Addr. Stable Delay (3) +(4)-40 (3) +(4)-50
*11  TdRW(Az) RD, WR t to Addr. Float (3) +(4)-60 (3) +(4)-45
12 TdCf(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 — TsD1(Cf) — Data In to Clock | Setup (Read cycle when
falling edge ends read) 60 50
*16 TsDO(WM) Data Out to WR | Setup (Memory Cycle) (1)-210 (1)-170
17 TsDO(WfI) Data Out to WR ISetup (/O cycle) 100 100
*18  TdWr(DO) WR ! to Data Out Delay (3) +(4)-80 (3)+(4)-70
19 Th Hold Time for Any Specified Setup Time 0 0
20——TdCr(Mf)—Clock t to MREQ | Delay 100 85—
21  TdCi(Mf)  Clock } to MREQ } Delay 100 85
22 TdCr(Mr)  Clock ! to MREQ ! Delay 100 85
23 TdCi(Mr)  Clock | to MREQ ! Delay 100 85
24 TwMl MREQ Low Pulse Width (1)-40 (1)-30
*25——TwMh MREQ High Pulse Width (2) +(5)-30 (2) +(5)-20
26 TdCK(lIf) Clock | to IORQ | Delay 110 85
27 TdCr(If) Clock 1 to IORQ | Delay 90 75
28 TdCr(Ir)  Clock t to IORQ ! Delay 100 85
*29  TdCi(Ir)  Clock } to IORQ t Delay 110 85
30——TdCr(Rf)—Clock t to RD | Delay 100 85—
31 TdCA(Rf) Clock | to BRD | Delay 130 95
32 TdCr(Rr) Clock 1 to RD t Delay 100 85
33 TdCHRr)  Clock | to RD t Delay 110 85
34  TdCr(Wf) Clock t to WR | Delay 80 65
35 —TdCHWf)—Clock |} to WR | Delay 90 80—
36 TdCr(Wr)  Clock t to WR t Delay 100 80
37 TdCf(Wr)  Clock | to WR t Delay 100 80
38  TwWwl WR Low Pulse Width (1)-40 (1)-30
39 TsWA(Cf) WAIT to Clock | Setup 70 70
40——TdCr(B)— Clock 1 to BUSREQ Delay 150 100—
41 TdCr(Iz) Clock 1 to IORQ, MREQ, RD, WR Float
Delay 100 80

NOTES.

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

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

4. Asterisk (*) before parameter number means the parameter 1s not 1illustrated in the AC Timing Diagrams
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Active

CLOCK 4“2"\" O?V FLOAT
State $ :!u:%\ St Y 4y ey
AC
Character- o _/ N s_/—\t_/l_\_/‘_\x_/!_\_/_
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NOTE-
Signals 1n this diagram bear no relation to one another unless specifically noted as a numbered item
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Ordering
Information

Product Package/ Product Package/

Number Temp  Speed Description Number Temp Speed Description

78410 CE 2.5 MHz 780 DMA (40-pin) 78410 PE 2.5 MHz 780 DMA (40-pin)
78410 CM  2.5MHz Same as above 78410 PS 2.5 MHz Same as above
78410 CS 2.5 MHz Same as above Z8410A CS 4.0 MHz Z80A DMA (40-pin)
78410 DE 2.5 MHz Same as above Z8410A DS 4.0 MHz Same as above
78410 DS 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, S = 0°C to +70°C
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28420
Z80° P10 Parallel
Input/Output Controller

Zilog

Product
Specification

September 1983

Features

B Provides a direct interface between Z-80
microcomputer systems and peripheral
devices.

B Both ports have interrupt-driven handshake
for fast response.

B Four programmable operating modes: byte
nput, byte output, byte input/output (Port A
only), and bit input/output.

B Programmable interrupts on peripheral
status conditions.

B Standard Z-80 Family bus-request and
prioritized interrupt-request daisy chains
implemented without external logic.

B The eight Port B outputs can drive Dar-
lington transistors (1.5 mA at 1.5 V).

General
Description

The Z-80 PIO Parallel I/O Circuit 1s a pro-
grammable, dual-port device that provides a
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

<10, Ao f—>
~—10, Ay f—
~<——»{D, A, f——
DATA | <—|0; Ag fa——
BUS ~—>1D, Ay f—>
~—> D5 As|[<+—> > PORT A
~——»{ D Ag j——>
~<+——1D; A7 j——
—| B/A SEL ARDY
——{CiD SEL ASTB |t
PIO/ __ _.|ce  zsopio B fe—
CONTROL oF
—_— By fe—>
————|i0RQ B, |——
——{RD B je——>
By [—>
—|+5v Bs |«—> ) PORTB
——]GND B [——>
B; |—
——>{CLK
BRDY f———p
NTERRUPT | | T 8878 [
CONTROL { I L
~——] E0

Figure 1. Pin Functions

accomplished under interrupt control. Thus,
the interrupt logic of the PIO permuts full use
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 if any specified peripheral alarm con-
ditions should occur. This interrupt capability
reduces the time the processor must spend 1n
polling peripheral status.

o, ] 1 40 1o,
o, [ 2 39 [0,
0s [] 3 38 []os
CE[] 4 ar [J wi
co s 36 [ ] iORG
BA[] 6 35 [] RD
a7 3]s,
a8 aaaas
Ao 32[].s
MO o pio ST HE
GND [ 11 30 ] 8s
a2 298,
A 13 28 [] 8
a1 27[] 8
A [ 15 26 ] +5V
AsTB [] 16 25 [JcLk
BSTB [ 17 24 [J |
ARDY [] 18 23 [JiNT
Do [ 19 22[] €0
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 is ready for a data transfer.
Strobe is an input 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 is written to a port, an
active Ready output indicates to the external
device that data is available at the associated
port and is ready for transfer to the external
device. After the data transfer, the external
device responds with an active Strobe input,
which generates an interrupt, if enabled.

In Mode 1, either Port A or Port B can be
configured in 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 is 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 is 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 is used for
both data input and output. Output operation
is similar to Mode 0 except that data is allowed
out onto the Port A bus only when ASTB is
Low. For input, operation is similar to Mode 1,
except that the data input uses the Port B
handshake signals and the Port B interrupt (if
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 if
the condition of one input changes, or if all
inputs change. The requirements for gener-
ating an interrupt are defined during the pro-
gramming operation; the active level is
specified as either High or Low, and the logic
condition is 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 is held Low, and Strobe is
disabled.

B When using the Z-80 PIO interrupts, the
Z-80 CPU interrupt mode must be set to
Mode 2.

SYSTEM
BUSES

—

CcPU PIO

INT ¢ INT

IEI

+5V

-

IEI
2CITOy
CcTC

ZCTOz  INT —
IE0

' )
RxCA iNT INT
TxCA 1EO 1El
RxCB
TxCB

W/RDYB RDY

sio DMA

Figure 3. PIO in a Typical 280 Family Environment
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Internal

The 1nternal 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 I/O logic, Port B I/O logic, the input bits is High or Low, and second,
and interrupt control logic (Figure 4). The whether an interrupt is generated when any
CPU bus interface logic allows the Z-80 PIO to one unmasked input bt is active (OR condi-
interface directly to the Z-80 CPU with no tion) or if the interrupt is generated when
other external logic. The internal control logic all unmasked input 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 tyvo I/O ports (A and .B) are v1rt1j1ally logic section handles all CPU interrupt pro-
1der.1tlcal and are used to interface directly to tocol for nested-priority interrupt structures.
peripheral devices. Any device's physical location in a daisy-chain
Port Logic. Each port contains separate input configuration determines its priority. Two lines
and output registers, handshake control logic, (IEI and IEO) are provided in each PIO to
and the control registers shown in 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
registers. 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 input and the output registers. The mode generated whenever the peripheral requests a
control reqgister (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 is, 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-
ister 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.
2‘;:?:& 8 DATA
Logic PORT <7 OR CONTROL
A j—
uo }NANDSHAKE
8 i
A kY — , ramrunaL
CONTROL PORT 7> 3R ContROL
Il'b <_}MANDSNAKE
INTERRUPT —
CONTROL
3
INTERRUPT CONTROL LINES
Figure 4. Block Diagram
2006-0316 47



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 1n 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 in 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 is automati-
cally set to O 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. It waits until M1 goes Low (e.q.,
during an opcode fetch). This condition is
unimportant in the Z-80 environment but might
not be if another type of CPU is used.

The PIO decodes the RETI (Return From

Interrupt) instruction directly from the CPU
data bus so that each PIO 1n the system knows
at all times whether it is 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, in 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.

0
INPUT/
OUTPUT
SELECT
MODE REGISTER
CONTROL (8 BITS)
REGISTER
@8 OUTPUT
ENABLE
DATA
INTERNAL BUS OuTPUT
(8 BITS)
. »
DATA

) 8-BIT VO BUS

MASK
CONTROL REGISTER
REGISTER i REGISTER
@ BITS) @ BITS)

INPUT

INTERRUPT
CONTROL
LoGIC

HAND-
SHAKE
CONTROL
LoGIC

HANDSHAKE

CONTROL

READY
STROBE }

“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/0 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 1nter-
rupts are enabled, the PIO must provide an interrupt
vector.

Mode 3. (Bit Input/Qutput). 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/O 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]ooJosouf s a1 ] ¢]

IDENTIFIES MODE
CONTROL WORD

I

I

DON'T CARE

MODE SELECT
0 0 MODEO
0 1 MODE1

1 0 MODE2
1 1 MODE3

Figure 6. Mode Control Word

I_ IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

0] 06 [os  oe] os o [ o1 oo
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
reguster, allowing any unused bits to be masked off. If any
bits are to be masked, then D4 must be set. When Dy 1s 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
Dgs = 1 MASK WORD FOLLOWS

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

Dg = 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

[or[oe]os[oa o J o] 1 ]1]
I 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

BAg- Ry. 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. Ay 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 achive when the Port A input
register 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 achive.
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/A. Port B Or A Select (input, High = B).
This pin defines which port 1s accessed during
a data transter 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 1s 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 (input, active Low). This signal is
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 bit.

IEl. Interrupt Enable In (input, active High).
This signal is 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 priority are being serviced by a CPU
interrupt service routine.

IEO. Interrupt Enable Out (output, active
High). The IEO signal is the other signal
required to form a daisy chain priority scheme.
It is High only if IEI 1s 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 its CPU interrupt service
routine.

INT. Interrupt Request (output, open drain,
active Low). When INT is active the Z-80 PIO
is 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 is acknowledging an interrupt; the inter-
rupting port automatically places its interrupt
vector on the CPU data bus 1if 1t 1s the highest
priority device requesting an interrupt.
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Pin
Description
(Continued)

MI1. Machine Cycle (input from CPU, active

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 1nstruction from
memory. Conversely, when both M1 and

IORQ are active, the CPU is acknowledging

an interrupt. In addition, M1 has two other

functions within the Z-80 PIO: it 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 I/O opera-
tion 1s 1n progress, RD 1s 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.

*WR = RD ¢ 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 strobe 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 priority.

CLK

Ty T2 Twa T3 T

CID, BIA :X
= T\

N

“RD = RD * CE » C/D » IORQ

Figure 13. Read Cycle Timing

PORT
OUTPUT

/
1/ //)

READY

/

STROBE

) G

“WR = RD ¢ CE » C/D  IORQ

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 1s the highest-priority requesting
device. The following falling edge of CLK
resets Ready to an inactive state, indicating

Timing
(Continued)

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.

STROBE

SAMPLE
PORT -
INPUT

*RD = RD » CE » C/D » IORQ

Figure 15. Mode 1 Input Timing

Bidirectional Mode (Mode 2). This is a com-
bination of Modes 0 and 1 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.

CLK
WR*

g o

ASTB \ i
PORT A

{ DATAOUT )

DATA BUS

\
{ DATAIN \‘,

SAMPLE

INT

Ny

BSTB

BRDY

“WR = RD ¢ CE » C/D * IORQ

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 1nput register data from those port data

CLK

lines assigned as inputs. The mput 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, 1f 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

nT DATA MATCH -y
OCCURS HERE

ioRa /
L X /

— oaram )

Do-D7 { DATAIN )

ZDlm\ WORD 1 PLACED ON BUS

*Timing Diagram Refers to Bit Mode Read

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 time (Figure 18). IEO 1s held
Low until a Return From Interrupt (RETI)
instruction is executed by the CPU while IEI 1s
High. The 2-byte RETI instruction 1s decoded
internally by the PIO for this purpose.

LASTT
STATE| w | T2 | A

Twa Ty

SAMPLE
INT

[—, ORQ AND M1
iona INDICATE
\ / INTERRUPT
ACKNOWLEDGE

INTACK
wi /
1E0 \

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 [EO = IEL 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 is decoded, only the
peripheral device which has interrupted and 1s
currently under service has its IEI High and 1its

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

Do-D7 — (o ) (o )
w :’7

1IEO /_——_

Figure 19. Return From Interrupt

2006-0329, 0330, 0331

53



AC
Charac-
teristics

cLoCcK ;

BIA, c?—; X

RD, iORG

READY
(ARDY OR BRDY)

STROBR
(ASTS OR BSTH)
MODE 0

MODE 1

MODE 2

MODE 3

INT

aiaw

f—O— = [~——] jl«@—f
] ~—@—]
> @ |- o]
),
‘h[ /

®

|4

54



Z-80 PIO Z-80A PIO Z-80B PIOI9]
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 TwCl1 Clock Width (Low) 170 2000 105 2000 65 2000
4 TiIC Clock Fall Time 30 30 20
5 —TrC ————— Clock Rise Time 30 30 20
6  TsCS(RI) CE, B/A, 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 115 118 70
9 —TdRI(DO) —— RD, TORQ |to Data Out Delay 430 380 300 [2]
10  TdRI(DOs) RD, TORQ ! 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(DOI) IORQ ! to Data Out Delay
(INTACK Cycle) 340 160 120 [3]
13 — TsMI1(Cr) M1 } to Clock t Setup Time 210 90 70
14 TsM1(Cf) mLto Clock | Setup Time
(M1 Cycle) 0 0 0 [8]
15  TdMI(IEO) M1 | to IEO | Delay (Interrupt
Immediately Preceding M1 1) 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 [8] ——
CL = 50 pF
18 TdIEI(IEOr) IEI t to IEO t Delay (after ED
Decode) 210 160 160 [5]
19 TclO(C) IORQ 1t to Clock | Setup Time
(To Activate READY on Next
Clock Cycle) 220 200 170
20 —TdC(RDYr)—— Clock ! to READY t Delay 200 190 170 [5] —
CL = 50 pF
21 TdC(RDYf) Clock | to READY ! Delay 150 140 120 [5]
22 TwSTB STROBE Pulse Width 150 150 120 [4]
23 TsSTB(C) STROBE t to Clock | Setup
Time (To Activate READY on
Next Clock Cycle) 220 220 150 [5]
24 — TdIO(PD)———IORQ 1 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 1 to PORT DATA Float
Delay (Mode 2) 200 180 160 CL = 80 pF
28 TdPD(INT) PORT DATA Match to INT }
Delay (Mode 3) 540 490 430
29 TdSTB(INT) STROBE 1 to INT } Delay 490 440 350
NOTES: [6] TsCS(RI) may be reduced. However, the time subtracted
[1] TeC = 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)TAIE(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] MI must be active for a minimum of two clock cycles to
loading up to 200 pF max. 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 listed under Absolute Maxi-

Maximum with respectto GND. .. ....... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings . ] This 15 a stress rating only; operation of the device at any
g Operating Ambient condition above those indicated 1n 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
device rehabihity.
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.
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer-
enced pin. Available operating temperature R
ranges are: 21K
B S* = 0°Cto +70°C, R SR TeeT
+4.75V<Vee=< +525V
mE* = —40°Cto +85°C, 100 pF =
+4.75V<=Veec= +5.25V :[
m M* = -55°Cto +125°C, = F %
+45V=Vec=s 455V
*See Ordering Information section for package
temperature range and product number.
DC Symbol Parameter Min Max Unit  Test Condition
Charac-
teristics Vi Clock Input Low Voltage -0.3 +0.45 \
Vinc Clock Input High Voltage Vee0.6 Ve +0.3 v
Vi Input Low Voltage -0.3 +0.8 v
Vig Input High Voltage +2.0 Vee \4
Vor Output Low Voltage +0.4 v Iop, = 2.0mA
Vou Output High Voltage +2.4 \ Iog = -250 pA
Iy Input Leakage Current +10.0 A ViN = 0to Ve
Lo 3-State Output Leakage Current in Float +10.0 rA Vour=0.4 V to Ve
Iec Power Supply Current 100.0 mA Vog=15V
Ioup Darhington Drive Current -1.5 mA Rgxr = 390 Q@
Over specified temperature and voltage range
Capacitance Symbol Parameter Min Max  Unit Test Condition
C Clock Capacitance 10 pF Unmeasured
: pins returned
Ci Input Capacitance 5 pF to ground
Cour Output Capacitance 10 pF

Over specified temperature range, { = 1MH,
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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-pn) Z8420A CMB 4.0 MHz Z80A PIO (40-pin)
78420 CM 2.5 MHz Same as above Z8420A Cs 4.0 MHz Same as above
78420 CMB 2.5 MHz Same as above 78420A DE 4.0 MHz Same as above
78420 Cs 2.5 MHz Same as above Z8420A DS 4.0 MHz Same as above
78420 DE 2.5 MHz Same as above Z8420A PE 4.0 MHz Same as above
78420 DS 2.5 MHz Same as above 7Z8420A PS 4.0 MHz Same as above
78420 PE 4.0 MHz Same as above 78420B CS 6.0 MHz Same as above
78420 PS 4.0 MHz Same as above 78420B DS 6.0 MHz Same as above
Z8420A CE 4.0 MHz Z80A PIO (40-pin) 78420B PS 6.0 MHz Same as above
78420A 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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Z8430
Z80° CTC Counter/
Timer Circuit

Zilog

Product
Specification

September 1983

Features B Four independently programmable B Selectable positive or negative trigger
counter/timer channels, each with a initiates timer operation.
readable downcounter and a selectable B Standard Z-80 Family daisy-chain interrupt
16 or 256 pr escal.er. Downcounters are structure provides fully vectored, prioritized
reloaded automatically at zero count. interrupts without external logic. The CTC
m Three channels have Zero Count/Timeout may also be used as an interrupt controller.
outputs capable of driving Darlington m 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 is programmed with two bytes; a
Description  can be programmed by system software for a third is 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 is 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 CLK/TRGo )
~«—»{ D¢ 2CTOy p—>
<—»{ D2
n:':x <—»{ D3 CLKITRG je—
BUS 1 Dy ZCITOy f—n CHANNEL
~+—»] Ds SIGNALS
<+—»| Dg CLK/TRG; [+
- zcmo,; p—>
—{ CE
——| CSo CLK/TRG3 e Z80 CTC
conTRoE | — ] o8 ) » 280 CTC :
FROM | —| Wi RESET je—o
oru | 1o .
— >l 280CT
DAISY ([ —»{ IEi 280A CTC
INTERRUPY {'_‘* 1e0
CONTROL \ <— INT
CLK +IV GI‘D
Figure 1. Pin Functions Figure 2. Pin Assignments
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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 1s selected, the control word
also sets a prescaler, which divides the system
clock by either 16 or 256. The time-constant
word is a value from 1 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
nput pulses until zero count is 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 is automatically reset with
the time constant value.

The timer mode determines time 1ntervals as
small as 4 ps (Z-80A) or 6.4 ps (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
1n 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 1s Interrupt Request
(INT), which occurs 1if 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 in
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

B Counter/timer circuits

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

CPU

CONTROL 6

DATA 8
FROM :"V_'\
Z80 CPU C__:

INTERNA

___I.|> INTERRUPT
BUS LoGic [« IEI
|— IEO

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 is High,
the CTC has priority. During interrupt

INTERNAL
CONTROL
LOGIC

——— iNT

K 4 CLKITRG

COUNTER/
TIMER
LOGIC

Figure 3. F

1 Block Di

gram
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Architecture
(Continued)

processing, the interrupt logic holds IEO Low,
which 1nhibits 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 1s 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,
1t 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
LOGIC

TIME
CONSTANT

INTERNAL BUS
REGISTER

8-BIT
DOWN- L —» 7crTO
COUNTER

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 1s pro-

grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

B Interrupt enable (or disable)

B 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 1s 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 1s 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,; CSo
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

Dp-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 Dj 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 _l
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT

MODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

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

0 = CONTINUED OPERATION
1 = SOFTWARE RESET

TIME CONSTANT

ER VALUE*
1 = VALUE OF 256
0 = VALUE OF 16

CLK/TRQ EDGE SELECTION

0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

TIMER T

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
is reset to 0, the timer is triggered automatic-
ally. The time constant word is 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 (T3)
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 Dj is set to 1, the timer is triggered
externally through the CLK/TRG input. The
time constant word is programmed during an
I/O write operation, which takes one machine
cycle. The timer is ready for operation on the
rising edge of the second clock pulse (T3) 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 is met. If this minimum is not
met, the delay is 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 is 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 D; indicates
that the next word addressed to the selected
channel is a time constant data word for the
time constant register. The time constant word
may be written at any time.

A 0 in D; indicates no time constant word is
to follow. This is ordinarily used when the
channel is already in operation and the new
channel control word is an update. A channel
will not operate without a time constant value.
The only way to write a time constant value is
to write a control word with Dy set.

Figure 6. Time Constant Word

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

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

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

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

B The system clock period (¢)

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

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

Consequently, the time interval is the pro-
duct of ¢ XxP x T. The minimum timer resolu-
tion is 16 X ¢ (4 us with a 4 MHz clock). The
maximum timer interval is 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, it
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 is always zero, to
distinguish the vector from a channel control
word. D; and D; are not used in programming
the vector word. These bits are supplied by
the interrupt logic to identify the channel
requesting interrupt service with a unique
interrupt vector (Figure 7). Channel 0 has the
highest priority.

| l 0 = INTERRUPT VECTOR WORD
V7-V3

suppugp 1 = CONTROL WORD
BY USER

CHANNEL IDENTIFIER
(AUTDMATICALLV INSERTED

0 0 = CMANNELO
0 1 = CHANNEL 1
1 0 = CHANNEL 2
1 1 = CHANNEL 3

Figure 7. Interrupt Vector Word

2041-0160, 0161
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Pin
Description

CE. Chip Enable (input, active Low). When
enabled the CTC accepts control words, inter-
rupt vectors, or ime constant data words from
the data bus during an I/O write cycle; or
transmuts the contents of the down-counter to
the CPU during an /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/TRGo-CLK/TRG3. External Clock/Timer
Trigger (input, 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.

CSg-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 Aj).

Dg-Dg. 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 PIO

INT ¢ INT

IEl

+5V

=

IEl
ZCITO¢
cTC

zcrmo, iNT

—
IEO

N - __IE0
RxCA INT INT
TxCA IEO IEI
RxCB
TxCB

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 1n the daisy chain
are being serviced by the Z-80 CPU.

IEO. Interrupt Enable Out (output, active
High). High only 1f IEI is High and the Z-80
CPU 1s not servicing an interrupt from any
Z-80 CTC channel. IEO blocks lower priority
devices from interrupting while a higher
priority interrupting device 1s 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 1ts 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
mnactive. The Z-80 CTC does not receive a
specific write signal; rather, 1t 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 M1 are
both true, the CPU 1s acknowledging an inter-
rupt request, and the highest priority inter-
rupting channel places 1its interrupt vector on
the Z-80 data bus.

MI1. Machine Cycle > One (input from CPU,
active Low). When M1 and IORQ are active,
the Z-80 CPU 1s acknowledging an interrupt.
The Z-80 CTC then places an interrupt vector
on the data bus 1if 1t has highest priority, and 1if
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 1n all control
registers; the ZC/TO and the Interrupt outputs
go machive; IEO reflects IEI; Dyp-D7 go to the
high-impedance state.

ZC/TOy-ZC/TO3. 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 is an active High pulse when
the down-counter decrements to zero.
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Timing Read Cycle Timing. Figure 9 shows read

cycle timing. This cycle reads the contents of a

down-counter without disturbing the count.

During clock cycle Ty, the Z-80 CPU initiates a

read cycle by driving the following inputs
Low: RD, IORQ, and CE. A 2-bit binary code
at inputs CS; and CSg 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.

T T2 Twa Ta T

X cranneLaooress X

€So, €S1, CE

DATA { oot )
Nt

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
(RD) 1nput 1s High during T;. During T2
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 CS; and CSj selects the channel to be
addressed, and the word being written 1s
placed on the Z-80 data bus. The data word 1s

Tt T2 Twa T3 Tt

cSo, CS1, CE X channeLaooress X
iGRG \ /
==
RD ¢
-
==
TR

DATA X ~ X

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) 1s 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 initiation of the timer
function is delayed one clock cycle. This cor-
responds to the startup timing discussed in the
programming section. The timer can also be
started automatically if so programmed by the
channel control word.

s

Figure 12. Counter Mode Timing

CLKITRG

INTERNAL
COUNTER

zciTOo

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

2041-0162, 0163, 0164, 0165
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Interrupt
Operation

+5V

HI
T_{.e. .eo]_m{.ﬁ. .EO|L|.E. ol e o

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 is determined by its
location in a daisy chain. Two lines—IEI and
IEO—in 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

Figure 13. Daisy-Chain Interrupt Priorities

Within the Z-80 CTC, interrupt priority is
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, it 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 its 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 priority
channel that is requesting an interrupt. Then,
if the CTC IEI input is High (indicating that it
has priority within the system daisy chain) it
places an 8-bit interrupt vector on the system
data bus. The high-order five bits of this vector

w 7 \___:
DATA “ VECTOR ;

Figure 14. Interrupt Acknowledge Timing

were written to the CTC during the program-
ming process; the next two bits are provided
by the CTC interrupt control logic as a binary
code that identifies the highest priority chan-
nel requesting an interrupt; the low-order bit
is 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 is
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) is
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 it 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;¢ is decoded. If the following opcode is
4D, the peripheral being serviced is released
and its IEO becomes active. Additional wait
states are allowed.

Po-b7 \ A,
e ;’

IEO j—

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 respectto GND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Rati . ] e This 1s a stress rating only; operation of the device at any
atings Operating Ambient As Specified 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°Cto +150°C  device reliabulity.
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- v
enced pin. Available operating temperature 21
ranges are: FROM OUTPUT
UNDER TEST
m S* = 0°C to +70°C,
+475V <=V < +525V - 20
mE* = -40°C to +85°C, I
+4.75V = Ve =< +5.25V T =T =
B M* = -55°C to +125°C,
+45V =V, o< +55V
DC Symbol Parameter Min Max Unit Test Condition
Character-
istics Vie Clock Input Low Voltage -0.3 +045 V
Viue Clock Input High Voltage Vee-6 Vec+.3  V
Vi Input Low Voltage -0.3 +0.8 \4
Vig Input High Voltage +2.0 Ve N
VoL Output Low Voltage +04 V Ioo = 2mA
Vou Output High Voltage +2.4 \' Iou= —250 pA
Iec Power Supply Current +20 mA
I Input Leakage Current +10 A ViN = 0to Ve
Iio 3-State Output Leakage Current in Float +10 A Voutr = 0.4 to Ve
Ioup Darlington Drive Current -1.5 mA Voyg =18V
REXT = 390Q
Symbol Parameter Max  Unit Condition
CLK Clock Capacitance 20 pF Unmeasured pins
Cix Input Capacitance 5 pF returned to ground
Cout Output Capacitance 10 pF
Ty = 25°C,f = 1 MHz
8085-0239 67
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Z-80 CTC Z-80A CTC Z-80B CTC
Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) (ms) 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 250 115 70
10 — TsRD(C) —— RD | to Clock ! Setup Time 240 115 70
11 TdC(DO) Clock 1 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 1t Setup Time 60 50 40
14 TsMI1(C) M1 to Clock 1 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 TAIEI(IEOf) IEI | to IEO | Delay 190 130 100 [3]
18 TdIEI(IEOr) IEI 1 to IEO t Delay
(After ED Decode) 220 160 110 [3]
19 TdC(INT) Clock 1 to INT | Delay (TcC +200) (TcC + 140) TcC+120 [4]
20 — TdCLK(INT) — CLK/TRG 1 to INT }
tsCTR(C) satisfied (19) +(26) (19) +(26) (19) + (26) 15]
tsCTR(C) not satishied (1)+(19)+(26) (1)+(19)+(26) (1)+(19)+(26) [5]
21 TcCTR CLK/TRG Cycle Time (2TcC) (2TcC) 2TcC 5]
22 TrCTR CLK/TRG Rise Time 50 50 40
23 TICTR 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 1 Setup
Time for Immediate Count 300 210 150 [5]
27 TsCTR(Ct) CLK/TRG 1 to Clock ! Setup
Time for enabling of Prescaler
on following clock! 210 210 150 [4]
28 TdC(ZC/TOr) Clock t to ZC/TO 1 Delay 260 190 140
29 TdC(ZC/TOf) Clock | to ZC/TO | Delay 190 190 140

[A] 2.5 TcC > (n-2) TAIE(IEOf) + TdMI(IEO) + TsIELIO)
+ TTL buffer delay, 1if any.
[B] RESET must be active for a minimum 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 in 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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Product Package/ Product Package/

Number Temp Speed Description Number Temp  Speed Description

78430 CE 2.5 MHz 280 CTC (28-pin) Z8430A CMB 4.0 MHz Z80A CTC (28-pin)
78430 CM 25MHz Same as above Z8530A CS 4.0 MHz Same as above
78430 CMB 2.5 MHz Same as above Z8430A DE 4.0 MHz Same as above
78430 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
728430 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°SI0 Serial
Input/Output Controller

Zilog

Product
Specification

September 1983

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 1n 5, 6, 7 or 8 bits/character,

m Data rates of 0 to 500K bits/second in including IBM Bisync, SDLC, HD_LC' c
the x1 clock mode with a 2.5 MHz clock CCITT‘XQS and gthers. Automatic CR
(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-

. A h tocol thi tion/detection and flag insertion.

Synchironous prolocols: everything B Receiver data reqgisters quadruply buffered,
necessary for complete messages in 5, 6, 7 t " isters doubly buffered
or 8 bits/character. Includes variable stop ransmitter registers doubly bullered.
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 1s a dual-channel data communication traditionally done by UARTs, USARTs and

interface with extraordinary versatility and synchronous communication controllers com-

capabulity. Its basic functions as a serial-to- bined, plus additional functions traditionally
parallel, parallel-to-serial converter/controller performed by the CPU. Moreover, 1t does this
can be programmed by a CPU for a broad on two fully-independent channels, with an
range of serial communication applications. exceptionally sophisticated interrupt structure
The device supports all common asyn- that allows very fast transfers.
chronous and synchronous protocols, byte- or Full interfacing is provided for CPU or DMA
<«—{ 0, AxDA |e—
<o, RXCA je——
<~—]0, TX0A p—
n:::\‘ % TXCA Jo— o, 1 w[]o,
Bus | —| 0. SVNCA [<—> o, [ 2 39 []o,
<«—>| WIRDYA |——> CHANNEL A o[ 2 38 [Jo,
<« s o, [« 3710,
~«—0p; RTSA |—n w O s 1 |1 ora
CTSA |«—— | moDEM e e s[]eE
BTRA [—— ( CONTROL wo [ 7 u[] e
——|CE  z.80sl0/2 DCDA {=—— wi[s £ gus
——| REsET +sv e 32 [] D
—| ™ WIRGYA [ 10 31 [] GNo
CONTROL | — ] iGRG RXDB |e—— s [ 11 280 $19'2 o, F) wmove
Fgg: ) AXCB |e—— RxDA [ 12 29 [] RxDB
TxDB f———» AxCA [ 13 28 [] AxCB
b TxCB [+— TXCA [] 14 27 [] TxcB
ok WIRDYB [——> PRp— Tx0A [] 15 26 [] Tx0B
- oTRA [ 16 25 ] oTRB
ATSB f—> ATsA [ 17 24 [ ] ATSB
DAISY | <«— iNT CTTSB j«—— | MODEM TrsA [ e 23[] €758
III‘I‘E::U‘P"T.{ et TR |——- ((CONTROL oA [ 1 2 [ 508
CONTROL | < IEO DCDB fe— ck [ 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
I/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 1s an n-channel silicon-gate
depletion-load device packaged 1in 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 | through 6 illustrate the three pin
configurations (bonding options) available in
the SIO. The constraints of a 40-pin package
make 1t 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
W Z-80 SIO/1 lacks DTRB

m 7-80 SIO/0 has all four signals, but TxCB
and RxCB are bonded together

The first bonding option above (SIO/2) 1s 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 Ag
from the CPU 1s 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 Aj 1s 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 1nputs enables the respective
transmitter. If not programmed as Auto
Enables, these inputs may be programmed as
general-purpose mnputs. 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 Schmutt-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 1s the least significant bat.

DCDA. DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables 1f the SIO 1s programmed for Auto
Enables; otherwise they may be used as
general-purpose input pins. Both pins are
Schmitt-trigger buffered to accommodate slow-
risehime signals. The SIO detects pulses on
these pins and interrupts the CPU on both
logic level transitions. Schmitt-trigger buffer-

-0, RxDA |*—r
~—| p, AXCA |[+——
~—{0, TxDA p——>
CPU | «—]0, TxCA |——r Dy 1 40 Do
D:;; ~«~—| D, SYNCA |&—> o[ 2 1[0,
~«—| D5 WIRDYA |— CHANNEL A 0[] 3 38 [Jo,
| D o, [« 37 [] og
<«—| D, RTSA |——> wWrs 36 [ i0RG
CTSA [«—— | moDEM e s [JCE
BTRA |—— ( CONTROL o [} 7 u ]8R
——| CE 2z.80 S10/1 DCDA |[*+— wi[ls n[]co
———| RESET +5v[]e 32 [] RD
—| Wi RXDB |— WDVAE 10 31 [] ano
coNnTROL | — ] iGRG RXCB |-— SYNCA [ 11 zsosion [ wirove
FROMy —{ ™ 7x08 ——> RxDA [] 12 20 [ 5vNcs
TXCB |[+—r RxCA [] 13 28 [ ] RxDB
= fe——> TxCA [ 14 27 [] RxCB
—|e L] a5 P
—»]B& CHANNEL B oTRA [] 16 25[] 0B
rss RTSA [ 17 24 ] ATSB
DAISY | <—] INT — MODEM cTsA [ 18 23 [] €TS8
CHAIN |l Crssf= CONTROL BeoA [ 19 2 [ 508
INTERRUPT | 5CoB [«—— s P o [ meser
CONTROL | <— IE0

+5V  GND CLK

Figure 3. Z-80 SIO/1 Pin Functions

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

1ing 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. DIRB. Data Terminal Ready (outputs, vector on the CPU data bus if 1t 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- M. Machine Cycle (input from Z-80 CPU,
grammed as general-purpose outputs. active Low). When M1 1s active and RD 1s also
In the Z-80 SIO/1 bonding option, DTRB is active, the Z-80 CPU 1s fetching an instruction
omitted. from memory; when M1 1s active while IORQ 1s
IEl. Interrupt Enable In (input, active High). active, the SkIO alcc:iapts kall aré(;l éOR% alSq ar}l]
This signal 1s used with IEO to form a priority nterrupt acknowledge 1f the 15 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 1s being serviced by a CPU interrupt ser- Receive data 1s 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 1s High only 1f IEI 1s High and the These clocks may be driven by the Z-80 CTC
CPU 1s not servicing an interrupt from this Counter Timer Circuit for programmable baud
SIO. Thus, this signal blocks lower priority rate generation. Both nputs are SChmlttf
devices from interrupting while a higher trlgg?r gl)‘lﬂered (no noise level margun is
riority device is being serviced by its CPU speciied). N
Ttorruct servics rontin. Y In the Z-80 SIO/0 bonding option, RxCB 1s
iNT. A ( 4 bonded together with TxCB.
. Interrupt Request (output, open drain, — .
active Low). When the SIO is requesting an RD. Read Cycle Status (.1nput from CPU,
interrupt, 1t pulls INT Low. active Low). If RD is active, a memory or I/O
— read operation 1s 1n progress. RD 1s used with
IORQ. Input/Quiput Request (input from 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 RxDA, RxDB. Receive Data (inputs, active
CE, RD and IORQ are all active, the channel High). Serial data at TTL levels.
selected by B/A transfers data to the CPU (a RESET. Reset (input, achive Low). A Low
read operation). When CE and IORQ are RESET disables both receivers and transmut-
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. I IORQ and M1 are active simultane-
~+——} Dy RxDA |*——
| Dy RxCA |*—
<D, TxDA f——>
CPU | « — |0, TxCA |-— o, []1 40 [] oy
D;z; <0, SYNCA |=—> o, [ 2 9]0,
PRSP WIRDYA |——» CHANNEL A o; []3 38 []o,
<« D¢ o, [ ¢ 37 [] 0g
<] 0o, ATSA |—» wWrls 36 [] ioRG
CTSA |«—— | mopEM s 35 [JCE
OTRA |——» ( CONTROL eo [ 7 34 [] Bk
—|CE  z.805s10/0 BCOA |[+—— ws 33 gcli
—_—] fser +sv ]9 32 ] RD
CONTROL | — » |M“76 RxDB |e— Z%E :: z:80 sloio ;z‘) g::‘u‘;va
R —| @ [ =) — Rx0A [ 12 29 [7] 5VNCB
Tx08 f— RxCA [ 13 28 [] RxDB
— s SV S TXCA [] 14 27 [] RxTxCB
Bk WIRDYB f——> TxDA [] 15 26 ;:| Tx0B
e GHAMEL B oTRA [] 16 25 [[] 6TRB
RTSE |——» RTSA [ 17 24 [] RTSB
DAISY | «— iNT CTSB |+—— | MODEM cTsA [ 18 23 [] CTs6
INTERRUPT { o o7As [—— ( CONTROL BCDA [ 19 2 [ 5605
CONTROL | < €0 DCOB f=— ck [ 20 21 [] RESET
+5V  GND CLK
Figure 5. Z-80 SIO/0 Pin Functions Figure 6. Z-80 SIO/0 Pin Assignments
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Pin
Description
(Continued)

CONTROL 8

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 O (Figure 13), but have
no other function. In the External Sync mode,
these lines also act as inputs. When external
synchronization is achieved, SYNC must be _
driven Low on the second rising edge of 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

CPU
BUS IO < INTERNAL BUS

drain.
.
} SERIAL DATA
[ —
CHANNEL A CHANNEL CLOCKS
CHANNEL A : j«—>" SYNC____
INTERNAL CONTROL b WAIT/READY
CONTROL AND
LoGIC STATUS
REGISTERS
CHANNEL A [—
CONTROL j<«—— | MODEM OR
AND — OTHER CONTROLS
STATUS -
CHANNEL B
CONTROL |— MODEM OR
AND t:: OTHER CONTROLS
STATUS
CHANNEL B
INTERRUPT <——] INTERRUPT CONTROL
CONTROL ——| CONTROL AND
LINES - LOGIC STATUS >
REGISTERS - SERIAL DATA
CHANNEL B - CHANNEL CLOCKS

«—>  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, 1t 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, it 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
s!‘ ICATIONS
J COMMUNI CALEg ’_
L1 INTERRUPT
INTERFACE CONTROLLER
DN m
UART
T —— CHANNEL
B
SY|
COMMUNICATION
CONTROLLER —
< CHANNEL
MICROPROCESSOR zs0 | A
INTERFACE =—| G0
[<——— 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 1n 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-
ing is a short description of them. A more
detailed explanation of these modes can be
tound in the Z-80 SIO Technical Manual.

Asynchronous Modes. Transmission and
reception can be done independently on each
channel with five to eight bits per character,
plus optional even or odd parity. The transmit-
ters can supply one, one-and-a-half or two stop
bits per character and can provide a break
output at any time. The receiver break-
detection logic interrupts the CPU both at the
start and end of a received break. Reception 1s
protected from spikes by a transient spike-
rejection mechanism that checks the signal
one-half a bit time after a Low level is detected
on the receive data input (RxDA or RxDB in
Figure 5). If the Low does not persist—as in
the case of a transient—the character assembly
process is not started.

Framing errors and overrun errors are
detected and buffered together with the partial
character on which they occurred. Vectored

error results in the addition of one-half a bit
time to the point at which the search for the
next start bit is begun.

The SIO does not require symmetric transmit
and receive clock signals—a feature that
allows it to be used with a Z-80 CTC or many
other clock sources. The transmitter and
receiver can handle data at a rate of 1, 1/16,
1/32 or 1/64 of the clock rate supplied to the
receive and transmit clock inputs.

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

Synchronous Modes. The SIO supports both
byte-oriented and bit-oriented synchronous
communication.

Synchronous byte-oriented protocols can be
handled in several modes that allow character
synchronization with an 8-bit sync character
(Monosync), any 16-bit sync pattern (Bisync),
or with an external sync signal. Leading sync

2042-0107
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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 is 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

underrun occurs 1n 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 in 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 1s
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 is received. The CPU
then enables the DMA to transfer the message
to memory. The SIO then issues an end-of-
frame interrupt 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.

MARKING LINE

] I DATA l l ' I[ D"AJ_I T “ DATA | l T TMARKING LINE

ASYNCHRONOUS
[owe o | o7 [ own | oo | over |

5

MONOSYNC

IEEEEEE

£
r SYNC snc | para |
SIGNAL

<

BISYNC

.
| oara | o 4[ DATAJ cac; | cre; |
XTERNAL SYNC
FLAG | ADDRESS NFoRMATION CRC CRC, FLAG
o

SDLCIHDLCIX.25

Figure 9. Some 2Z-80 SIO Protocols

6 BITS

T :svuc I svncf

SYNC I DATA

DATA DATA I DATA I

———

N 8

16

Figure 10. Six-Bit Sync Character Recognition
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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 registers are updated at
appropriate times for each function being per-
formed (for example, CRC error-status valid 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 bits in the reqgister indicate that a
data transfer 1s 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 1n 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 1n the status register so that 1t points direct-
ly to one of eight interrupt service routines 1n
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 1s enabled
under program control, with Channel A hav-
ing a higher priority than Channel B, and with
receive, transmit and external/status interrupts
prioritized 1n that order within each channel.
When the transmut interrupt 1s enabled, the

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

B Interrupt on first received character
W Interrupt on all received 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 1f the interrupt-on-
first-received-character or interrupt-on-all-
received-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 1s to monitor the signal transitions of
the Clear To Send (CTS), Data Carrner Detect
(DCD) and Synchronization (SYNC) pins
(Figures 1 through 6). In addition, an exter-
nal/status interrupt 1s also caused by a CRC-
sending condition or by the detection of a
break sequence (asynchronous mode) or abort
sequence (SDLC mode) in 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
inihalization of the next message, and the
accurate hming of the break/abort condition 1n
external logic.
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1/0 Interface
Capabilities
(Continued)

In a Z-80 CPU environment (Figure 11), SIO
interrupt vectoring is “automatic”: the SIO
passes its internally-modifiable 8-bit interrupt
vector to the CPU, which adds an additional 8
bits from its 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 itself. 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 is 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 is
selected with three bits in an internal control
register. The Wait/Ready output signal can be
programmed as a WAIT line in the CPU block-
transfer mode or as a READY line in the DMA
block-transfer mode.

To a DMA controller, the SIO READY output
indicates that the SIO is 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

1EH
2CIT0q
cTC

2o, INT
1EO

L= __ [E0
RxCA INT INT

TxCA IEO 1El

RAxCB
TxCB
WIRDYA p——
WIRDYB ROY

=) f—

Figure 11. Typical Z-80 Environment

Internal
Structure

The internal structure of the device includes
a Z2-80 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 reqgisters for each channel are desig-
nated as follows:

WRO-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 register 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

RR1
RR2

Transmit/Receive buffer status, interrupt
status and external status

Special Receive Condition status
Modified interrupt vector (Channel B only)

Write Register Functions

WRO

WRI1

WR2
WR3
WR4

WRS
WR6
WR?7

Register pointers, CRC initialize, initializa-
tion commands for the various modes, etc.

Transmit/Receive interrupt and data transfer
mode definition.

Interrupt vector (Channel B only)
Receive parameters and control

Transmit/Receive miscellaneous parameters
and modes

Transmit parameters and controls
Sync character or SDLC address field
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 in 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 register.
?lcltc Pat:.f T}g};transxlnx gncll:.rece1v1e2d.at§dpath Depending on the operational mode, outgoing
;_ usitiateb t(})lr " annia Tl;n gure hls 1hen- data is routed through one of four main paths
ical lor both channels. 1he receiver has three before it is transmitted from the Transmit Data
8-bit buffer reqgisters 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. lL__—
| Recewe 1L _"TE_'XE_ svuc HEGISTER svnc nEelsTEaI l"""s"" "‘ll
L DATA ERROR
T | [T ]
- 20-BIT TRANSMIT SHIFT REGISTER \ SRt l
i BaTA
TRANSMIT
__ RECEIVE RECEIVE spLC MULTIPLEXER TxDA
RxCA —»| CLOCK ERROR DATA & 2-BIT DELAY
LoGie __HUNT MODE (BISYNC) _ LOGIC ZERO INSERT l
(6 BITS) SYNC
I ¥ SDLC.CRC cRe
RECEIVE
rxpa —»| LBIT S eTes > 3BiTS =] SHIFT REGISTER o
i o5 N el e
i1 P e
ASYNC DATA CRC
CRC DELAY
REGISTER
(8 BITS)
CRC
SHrocRe CHECKER 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 1nitialize 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 1illustrate 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 1n Figure 13) that can
be read to obtain the status information; RR2
contains the internally-modifiable interrupt
vector and 1s only 1n 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 1n
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 WRO, pro-
gramming the write registers requires two
bytes. The first byte is to WR0 and contains
three bits (Dg-Dy) that point to the selected
register; the second byte is the actual control
word that 1s written 1nto the reqgister to con-
figure the SIO.

WRO is a special case in that all of the basic
commands can be written to 1t with a single
byte. Reset (internal or external) 1initializes the
pointer bits Dg-D5 to point to WRO0. This
implies that a channel reset must not be com-
bined with the pointing to any register.

READ REGISTER 0

9

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

=

Dcb
SYNC/HUNT
CcTS

-

X ™M
ORT

*Used With  External/Status
Interrupt  Mode

READ REGISTER 11

[2:]0s [os [0, [s [0z [ 01 oo |
L sent
I 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
00 1 0 6
1.0 1 0 7
0 1 1 [ 8
111 1 8
o0 o0 2 8

*Residue Data For Eight
Rx Bits/Character Programmed

L—— PARITY ERROR
Rx OVERRUN ERROR
L CRCIFRAMING ERROR
END OF FRAME (SDLC)

tUsed With Special Receive Condition Mode

READ REGISTER 2*

2t
V3t INTERRUPT
VECTOR

fVanable if *‘Status Affects
Vector” is Programmed

(*CHANNEL B ONLY)

Figure 13. Read Register Bit Functions
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Programming  WRITE REGISTER 0

(Continued)

[o- [0e0s ]ou Jos Jo. Tou oo

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

daaaocoo0
sac0aaco
4O HOa0a0 —

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)

4aaacoo0o
wacoaasco
“0acaca0

NULL CODE

RESET Rx CRC CHECKER

RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

aaoco
woao

WRITE REGISTER 1

EXT INT ENABLE

Tx INT ENABLE

STATUS AFFECTS VECTOR
(CH B ONLY)

0
1 Rx INT ON FIRST CHARACTER

INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR)
INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT

VECTOR)

WAIT/READY ON RIT *Or On
WAIT/READY FUNCTION Special
WAIT/READY ENABLE Condition

ssoco

a0
E]
3
z
3
o
@
>
@
]
m

WRITE REGISTER 2 (CHANNEL B ONLY)

Vo
Vi

I

v3 INTERRUPT
va VECTOR

WRITE REGISTER 3

Rx ENABLE

ADDRESS SEARCH MODE (SDLC)
Rx CRC ENABLE

ENTER HUNT PHASE

AUTO ENABLES

F:

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

aaoo
soao0

SYNC CHARACTER LOAD INHIBIT

WRITE REGISTER 4
[0 s JouTosTox o1 oo |
PARITY ENABLE _
PARITY EVEN/ODD

0 SYNC MODES ENABLE

1 1 STOP BIT/CHARACTER

0 1Y: STOP BITS/ICHARACTER
1 2 STOP BITSICHARACTER

saoo

8 BIT SYNC CHARACTER

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

aaoco
soao0

X1 CLOCK MODE

X16 CLOCK MODE
X32 CLOCK MODE
X64 CLOCK MODE

“aoo
woao

WRITE REGISTER 5

I——-Tx CRC ENABLE
RTS

SDLCICRC 16
Tx ENABLE
SEND BREAK

F

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

aaoco
“oao

WRITE REGISTER 6

SYNC BIT 0
SYNC BIT 1
SYNC BIT 2
SYNC BIT 3
SYNC BIT 4
SYNC BIT 5
SYNC BIT 6

SYNC BIT 7

*Also SDLC Address Field

WRITE REGISTER 7

[ I—SYNC BIT 8
SYNC BIT 8
SYNC BIT 10
SYNCBIT 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

2042-0113
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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 witn IEI High) places its
interrupt vector on the data bus and sets its

CE, cib, BIA X/ X
iorRa /
RD /
L5}
DATA Sﬁ out )
Figure 15. Read Cycle
T T2 Tw Ts Ty
cLock F I F I I I l I ; I
|
GE. cIb, BIA = | gx
CE, cID, BIA X /
;
._____:E | —
iora |
R_D 1
|
mi !
—_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.

DATA e )

Do-D7 “ ED ‘, —‘, 4D ‘,
| ./,

|

|

|

|

'.
IEO l /

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 withrespecttoGND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Rati ] e . This is a stress rating only; operation of the device at any
atings Operating Ambient As Spécified in condition above those indicated in the operational sections
Temperature ........... Ordering Information of these specifications is not implied. 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 +8v
Conditions following test conditions, unless otherwise e
noted. All voltages are referenced to GND S
(0 V). Positive current flows into the refer- UNDER TEST
enced pin. Available operating temperature -
ranges are: 1o0sF h
m S* = 0°Cto +70°C, 1 1 T
+4.75 V=V < +5.25V o7
mE* = -40°C to +85°C,
+4.75V=sVec=s +5.25V
. o ce °5 The product number for each operating
B M = -55°Cto +125°C, temperature range can be found in the
+45V=V =< +55V ordering information included in the pro-
*See Ordering Information section for package duct specification (see 1982/83 Zilog Data
temperature range and product number. Book, document number 00-2034-02).
DC Symbol Parameter Min Max Unit Test Condition
Charac-
teristics Vie Clock Input Low Voltage -0.3 +0.45 \'s
Viuc Clock Input High Voltage Vec-0.6 Vec+0.3 )
Vi Input Low Voltage -0.3 +0.8 \'
Vi Input High Voltage +2.0 Vee v
Vo Output Low Voltage +0.4 \' IoL = 2.0mA
Vou Output High Voltage +2.4 \' Iog = —250 A
I Input Leakage Current +10 wA Vg = 0to Ve
IoL 3-State Output Leakage Current in Float +10 A Voutr = 0.4 Vto Vee
Iy SYNC Pin Leakage Current +10/-40 wA  0<Viy< Ve
Icc Power Supply Current 30 mA
Over specified temperature and voltage range
Capacitance Symbol Parameter Min Max Unit Test Condition
C Clock Capacitance 40 pF  Unmeasured
Cin Input Capacitance 5 pF  pins returned
Cour Output Capacitance 10 pF  to ground
Over specified temperature range; f = IMH,
8085-0006 83



AC

Electrical
Character- m
istics ‘_/
CE, CID, BIA X
e—(D—]
ioRa, AD X X
RD \
8 -—_b» <_@
Do-D7 X
n
e N\, /S
f+—@— ’:~—®—>
w1 _ﬁ‘
1E1 —ﬂ‘ ﬁ
@ .
1EO \ ‘®j{_—
L 6,
> |
J
® O,
N_'—" @
WIRDY &_
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 TIC Clock Fall Time 30 30 15
4 TrC Clock Rise Time 30 30 15
5——TwCl———Clock Width (Low) 1\70—2000——105—2000-——-—70—2000—-—
6 TsAD(C) CE, C/D, B/A to Clock ! Setup Time 160 145 60
7 TsCS(C) IORQ, RD to Clock ! Setup Time 240 115 60
8 TdC(DO) Clock 1 to Data Out Delay 240 220 150
9 TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 50 30
10—TdRD(DOz)—RD 1 to Data Out Float Delay 230 110 90
11 TdIO(DQI) TORQ | to Data Out Delay (INTACK Cycle) 340 160 100
12 TsMI(C) MI to Clock t Setup Time 210 90 75
13 TsIEI(IO) IEI to IORQ | Setup Time (INTACK Cycle) 200 140 120
14  TdAMI(IEO) Ml | to IEO | Delay (interrupt before MI) 300 190 160
15——TdIEI(IEOr)—IEI t to IEO t Delay (after ED decode) 150 100 70—
16 TdIEI(IEOf)  IEI | to [EO | Delay 150 100 70
17 TdC(INT) Clock t 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 | to W/RDY ! Delay (Ready Mode) 120 120 100
20—TdC(W/RWz)—Clock | to W/RDY Float Delay (Wait Mode) 150 130 110—
21 Th Any unspecified Hold when Setup 1s specified 0 0 0

* Z-80 SIO timings are preliminary and subject to change
T Units 1n nanoseconds (ns)
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AC

Elocwicel oo
istics ) o
(Continued) o \
N ) UEDZ N
O 1 &)
~—®—|
Tx0 X
\!j
WIRDY \
(8)
INT \
| D
I 0 | ()
@@
RxD X )K
(1)
WIRDY
()
W N
SVNE N[O
®
Z-80 SIO Z-80A SIO 2-80B SIO*
Number Symbol Parameter Min Max Min Max Min Max Notest
1  TwPh Pulse Width (High) 200 200 200 2
2 TwPpl Pulse Width (Low) 200 200 200 2
3 TeTxC TxC Cycle Time 400 © 400 o 330 o 2
4  TwTxCl TxC Width (Low) 180 o 180 o 100 oo 2
5  TwTxCh TxC Width (High) 180 oo 180 o 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 o 2
10 TwRxCl RxC Width (Low) 180 o 180 100 o 2
11 TwRxCh RxC Width (High) 180 o 180 o 100 o 2
12 TsRxD(RxC) RxD to RxC t Setup Time (x1 Mode) 0 0 0 2
13 ThRxD(RxC) RxC t to RxD Hold Time (x1 Mode) 140 140 100 2
14  TdRxC(W/RRf) RxC t to 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 t to SYNC | Delay (Output Modes) 4 7 4 7 4 7 3
17 TsSYNC(RxC) SYNC ! to RxC 1 Setup (External Sync
Modes) -100 -100 -100 2
NOTES

1 In all modes, the System Clock rate must be at least five times
the maximum data rate

1 Z-80B SIO

timings are preliminary and subject to change

2 Units 1n nanoseconds (ns)
3 Units equal to System Clock Periods

2044-013
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Ordering Product Package/ Product Package/
Information ~ Number Temp  Speed Description Number Temp Speed Description
78440 CE,CM 2.5MHz 280 SI0/0 78441A DE,DS 4.0 MHz Z80B SIO/1
(40-pin) (40-pin)
78440 CMB,CS 2.5 MHz Same as above Z8441A 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-pin)
78440A CE,CM 4.0 MHz 7804 SIO/0 Z8441B DS 6.0 MHz Same as above
(40-pin) 78441B PS 6.0 MHz Same as above
Z8440A CMB,CS 4.0 MHz Same as above 78442 CE,CM 2.5 MHz 780 SIO/2
Z8440A 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-pin) 78442 PE,PS 2.5 MHz Same as above
Z8440B DS 6.0 MHz Same as above 78442A CE,CM 4.0 MHz Z80A SIO/2
78440B PS 6.0 MHz Same as above (40-pin)
78441 CE,CM 2.5 MHz 780 SIO/1 Z8442A CMB,CS 4.0 MHz Same as above
(40-pin) Z8442A DE,DS 4.0 MHz Same as above
28441 CMB,CS 2.5 MHz Same as above Z8442A PE,PS 4.0 MHz Same as above
78441 DEDS 25MHz  Same as above 78442B CS 6.0MHz  Z80B SIO/2
78441 PEPS 2.5MHz  Same as above (40-pin)
Z8441A CE,CM 4.0 MHz 780A SIO/1 78442B DS 6.0 MHz Same as above
(40-pin) 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

Zilog

Product
Specification

September 1983

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 x] clock mode, data rates are 0 to 500K B Interrupt features include a programmable
bits/second with a 2.5 MHz clock, or 0 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 periphera}l daisy-chain inter-
fered; the transmitter is doubly buffered. rupt structure that provides automatic inter-

rupt vectoring with no external logic.

B Programmable options include 1, 12 or 2 . . L
stop bits; even, odd or no parity; and x1, B On-chip logic for ring indication and
x16, x32 and x64 clock modes. carrier-detect status.

Description The Z-80 DART (Dual-Channel Asynchro- modem controls are not needed, these lines
nous Receiver/Transmitter) is a dual-channel can be used for general-purpose I/O.
multi-function peripheral component that Zilog also offers the Z-80 SIO, a more ver-
satisfies a wide variety of asynchronous serial satile device that provides synchronous
data communications requirements in micro- (Bisync, HDLC and SDLC) as well as asyn-
computer systems. The Z-80 DART is used as a chronous operation.
serial-to-parallel, parallel-to-serial converter/ The Z-80 DART is fabricated with n-channel
controller in asynchronous applications. In silicon-gate depletion-load technology, and is
addition, the device also provides modem con- packaged in a 40-pin plastic or ceramic DIP.
trols for both channels. In applications where

( Dy -——>] j<«——— RxDA
Dy > | «———— RxCA
Dy <] j———> TxDA
CPU Dy — |«— TxCA o, 1 w0
D:I:{ 0, — | o[ 2 3 [Jo,
Dy —>} CH-A 05[] 3 38 [] o,
Dg =—] le——RIA o, [ 4 37 [ os
\ b, «—> l—» ATSA wWrs 36 [] ioRG
MODEM e [e 3 []TE
L ﬁ CONTROL 0[] 7 3a[]BA
CE——>] |«—— BCDA m]e [} cb
RESET ———»] 2-80 DART voo [ & 32 ] R
i —] WIRDYA [ 10 2.80 DART 31 geno
CONTROL | iORG——> l«——— RxDB A [ 11 30 [] WiRoYe
FRON e s Rx0A [ 12 20 [ ATB
o TxoB RxCA [] 13 28 [ ] RxDB
> WIKOVE TxCA [] 14 27 [] RxTxCB
€D ——— WIRDYS TxDA E 15 2 31’;:»3
BIA ——— e CH-B DTRA [] 16 25 ] DTRB
> RTSA [ 17 24 '] RTSB
" MODEM CTsA [ 18 23 [] CTsB
" CHAIN '::,__, . g CONTROL B5CoA [ 18 22 [ bcoE
N oNTROL 1EQ <——] l«—— bcoE o ]2 2 [1] RESET
+5V GND CLK
Figure 1. Z80 DART Pin Functions Figure 2. Pin Assignments
2044-002, 007
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Pin
Description

B/A. Channel A Or B Select (input, High
selects Channel B). This input defines which
channel 1s accessed during a data transfer be-

tween the CPU and the Z-80 DART.

C/D. Control Or Data Select (input, High
selects Control). This input specifies the type
of information (control or data) transferred on
the data bus between the CPU and the Z-80
DART.

CE. Chip Enable (input, active Low). A Low at
this input enables the Z-80 DART to accept
command or data input from the CPU during a
write cycle, or to transmit data to the CPU
during a read cycle.

CLK. System Clock (input). The Z-80 DART
uses the standard Z-80 single-phase system
clock to synchronize internal signals.

CTSA, CTSB. Clear To Send (inputs, active
Low). When programmed as Auto Enables, a
Low on these inputs enables the respective
transmutter. If not programmed as Auto
Enables, these inputs may be programmed as
general-purpose nputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-
risetime signals.

Dy-Dy. System Data Bus (bidirectional,
3-state) transfers data and commands between

the CPU and the Z-80 DART.

DCDA., DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables if the Z-80 DART is programmed for
Auto Enables; otherwise they may be used as
general-purpose 1input pins. Both pins are
Schmitt-trigger buffered.

DTRA. DTRB. Data Terminal Ready (outputs,
active Low). These outputs follow the state pro-
grammed 1nto the DTR bit. They can also be
programmed as general-purpose outputs.

IElL. Interrupt Enable In (input, active High) is
used with IEO to form a priority daisy chain
when there 1s more than one interrupt-driven
device. A High on this line indicates that no
other device of higher priority 1s being ser-
viced by a CPU interrupt service routine.

IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the
CPU 1s not servicing an interrupt from this
Z-80 DART. Thus, this signal blocks lower
priority devices from interrupting while a
higher priority device 1s being serviced by its
CPU interrupt service routine.

INT. Interrupt Request (output, open drain,
active Low). When the Z-80 DART is re-
guesting an 1nterrupt, 1t pulls INT Low.

M. Machine Cycle One (input from Z-80
CPU, active Low). When M1 and RD are both
active, the Z-80 CPU 1s fetching an 1nstruction
from memory; when M1 1s active while IORQ 1s
active, the Z-80 DART accepts M1 and IORQ

as an interrupt acknowledge 1if the Z-80 DART
is the highest priority device that has inter-
rupted the Z-80 CPU.

IORQ. /nput/Output Request (input from CPU,
active Low). IORQ 1s used n conjunction with
B/A, C/D, CE and RD to transfer commands
and data between the CPU and the Z-80
DART. When CE, RD and IORQ are all
active, the channel selected by B/A transfers
data to the CPV (a read operation). When CE
and IORQ are active, but RD is inactive, the
channel selected by B/A is written to by the
CPU with either data or control information as
specified by C/D.

RxCA, RxCB. Receiver Clocks (inputs).
Receive data 1s sampled on the rising edge of
RxC. The Receive Clocks may be 1, 16, 32 or
64 times the data rate.

RD. Read Cycle Status. (input from CPU, ac-
tive Low). If RD 1s active, a memory or I/O
read operation 1s in progress.

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

RESET. Reset (input, active Low). Disables
both receivers and transmitters, forces TxDA
and TxDB marking, forces the modem controls
High and disables all interrupts.

RIA, RIB. Ring Indicator (inputs, Active
Low). These mputs are similar to CTS and
DCD. The Z-80 DART detects both logic level
transitions and interrupts the CPU. When not
used 1n switched-line applications, these inputs
can be used as general-purpose inputs.

RTSA., RTSB. Request to Send (outputs,
active Low). When the RTS bit is set, the RTS
output goes Low. When the RTS bit is reset,
the output goes High after the transmitter
empties.

TxCA, TxCB. Transmitter Clocks (inputs). TxD
changes on the falling edge of TxC. The
Transmitter Clocks may be 1, 16, 32 or 64
times the data rate; however, the clock
multiplier for the transmitter and the receiver
must be the same. The Transmit Clock inputs
are Schmitt-trigger buffered. Both the Receiver
and Transmitter Clocks may be driven by the
Z-80 CTC Counter Time Circuit for program-
mable baud rate generation.

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

W/RDYA. W/RDYB. Wait/Ready (outputs,
open drain when programmed for Wait func-
tion, driven High and Low when programmed
for Ready function). These dual-purpose out-
puts may be programmed as Ready lines for a
DMA controller or as Wait lines that syn-
chronize the CPU to the Z-80 DART data rate.
The reset state is open drain.
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Functional

The functional capabulities of the Z-80 DART

The first part of the following functional

Description can be described from two different points of description introduces Z-80 DART data com-
view: as a data communications device, 1t munications capabilities; the second part
transmits and receives serial data, and meets describes the interaction between the CPU and
the requirements of asynchronous data com- the Z-80 DART.
munications protocols; as a Z-80 family The Z-80 DART offers RS-232 serial com-
peripheral, 1t interacts with the Z-80 CPU and munications support by providing device
other Z-80 peripheral circuits, and shares the signals for external modem control. In addition
data, address and control buses, as well as to dual-channel Request To Send, Clear To
being a part of the Z-80 interrupt structure. As Send, and Data Carrier Detect ports, the Z-80
a peripheral to other microprocessors, the Z-80 DART also features a dual channel Ring In-
DART offers valuable features such as non- dicator (RIA, RIB) input to facilitate
vectored interrupts, polling and simple hand- local/remote or station-to-station communica-
shake capability. tion capability.

Communications Capabilities. The Z-80 Framing errors and overrun errors are
DART provides two independent full-duplex detected and buffered together with the
channels for use as an asynchronous character on which they occurred. Vectored
recewver/transmitter. The following 1s a short interrupts allow fast servicing of interrupting
description of receiver/transmitter capabulities. conditions using dedicated routines. Further-
For more details, refer to the Asynchronous more, a built-in checking process avoids inter-
Mode section of the Z-80 SIO Technical preting a framing error as a new start bit: a
Manual. The Z-80 DART offers transmission framing error results in the addition of one-half
and reception of five to eight bits per a bit time to the point at which the search for
character, plus optional even or odd parity. the next start bit 1s begun.
The transmitter can supply one, one and a half The Z-80 DART does not require symmetric
or two stop bits per character and can provide Transmit and Receive Clock signals—a feature
a break output at any time. The receiver break that allows 1t to be used with a Z-80 CTC or
detection logic interrupts the CPU both at the any other clock source. The transmitter and
start and end of a received break. Reception is receiver can handle data at a rate of 1, 1/16,
protected from spikes by a transient spike re- 1/32 or 1/64 of the clock rate supplied to the
jection mechanism that checks the signal one- Receive and Transmit Clock inputs. When
half a bit time after a Low level is detected on using Channel B, the b1t rates for transmit and
the Receive Data input. If the Low does not receive operations must be the same because
persist—as 1n the case of a transient—the RxC and TxC are bonded together (RxTxCB).
character assembly process is not started.
I/0 Interface Capabilities. The Z-80 DART and from the CPU. The Block Transfer mode
offers the choice of Polling, Interrupt (vectored can be implemented under CPU or DMA
or non-vectored) and Block Transfer modes to control.
transfer data, status and control information to
< SERIAL DATA
$ CHANNEL A : CHANNEL CLOCKS
INTERNAL CHANNEL A [—> WAIT/READY
e i
CHANNELA |2 vopem
ﬁ ﬁ :> coﬂ?ggffno : OTHER C%RNYROLS
DATA ) STATUS l«— miA
soso < INTERNAL BUS
CONTROL I> CHANNELE | mopem
l} :> CDIE?-;:;E?"D E ;‘r:isn CoNTROLS
INTERRUPT <*=——] INTERRUPT CHANNEL B
Rt v & R
:: SERIAL DATA
\_—> CHANNELB | GHANNEL cLOCK
[—> WAIT/READY
+5VGND CLK
Figure 3. Block Diagram
2044-001
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Functional
Description
(Continued)

POLLING. There are no interrupts in the
Polled mode. Status registers RRO and RR1 are
updated at appropriate times for each function
being performed. All the interrupt modes of
the Z-80 DART must be disabled to operate the
device in a polled environment.

While in its Polling sequence, the CPU
examines the status contained in RRO for each
channel; the RRO status bits serve as an
acknowledge to the Poll inquiry. The two RRO

status bits Dy and D, indicate that a data
transfer is needed. The status also indicates
Error or other special status conditions (see
“Z-80 DART Programming”). The Special
Receive Condition status contained in RR1
does not have to be read in a Polling sequence
because the status bits in RR1 are accom-
panied by a Receive Character Available
status in RRO.

INTERRUPTS. The Z-80 DART offers an
elaborate interrupt scheme that provides fast
interrupt response in real-time applications. As
a member of the Z-80 family, the Z-80 DART
can be daisy-chained along with other Z-80
peripherals for peripheral interrupt-priority
resolution. In addition, the internal interrupts
of the Z-80 DART are nested to prioritize the
various interrupts generated by Channels A
and B. Channel B registers WR2 and RR2 con-
tain the interrupt vector that points to an inter-
rupt service routine in the memory. To
eliminate the necessity of writing a status
analysis routine, the Z-80 DART can modify the
interrupt vector in RR2 so it points directly to
one of eight interrupt service routines. This is
done under program control by setting a pro-
gram bit (WR1, D,) in Channel B called
“'Status Affects Vector.” When this bit is set,
the interrupt vector in RR2 is modified accord-
ing to the assigned priority of the various
interrupting conditions.

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

empty.) When enabled, the receiver can inter-
rupt the CPU in one of three ways:

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

Interrupt On First Character is typically
used with the Block Transfer mode. Interrupt
On All Receive Characters can optionally
modify the interrupt vector in the event of
a parity error. The Special Receive Condition
interrupt can occur on a character basis. The
Special Receive condition can cause an inter-
rupt only if the Interrupt On First Receive
Character or Interrupt On All Receive Char-
acters mode is selected. In Interrupt On First
Receive Character, an interrupt can occur
from Special Receive conditions (except Parity
Error) after the first receive character interrupt
(example: Receive Overrun interrupt).

The main function of the External/Status
interrupt is to monitor the signal transitions of
the CTS, DCD and RI pins; however, an
External/Status interrupt is also caused by the
detection of a Break sequence in the data
stream. The interrupt caused by the Break
sequence has a special feature that allows the
Z-80 DART to interrupt when the Break
sequence is detected or terminated. This
feature facilitates the proper termination of the
current message, correct initialization of the
next message, and the accurate timing of the
Break condition.

CPU/DMA BLOCK TRANSFER. The Z-80

- DART provides a Block Transfer mode to

accommodate CPU block transfer functions
and DMA block transfers (Z-80 DMA or other
designs). The Block Transfer mode uses the
W/RDY output in conjunction with the
Wait/Ready bits of Write Register 1. The
W/RDY output can be defined under software
control as a Wait line in the CPU Block

Transfer mode or as a Ready line in the DMA
Block Transfer mode.

To a DMA controller, the Z-80 DART Ready
output indicates that the Z-80 DART is ready to
transfer data to or from memory. To the CPU,
the Wait output indicates that the Z-80 DART is
not ready to transfer data, thereby requesting
the CPU to extend the I/O cycle.
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Internal The device internal structure includes a Z-80 organize the programming process.
Architecture CPU interface, internal control and interrupt The logic for both channels provides for-
logic, and two full-duplex channels. Each mats, bit synchronization and validation for
channel contains read and write registers, and data transferred to and from the channel inter-
discrete control and status logic that provides face. The modem control inputs Clear to Send
the interface to modems or other external (CTS), Data Carrier Detect (DCD) and Ring
devices. Indicator (RI) are monitored by the control
The read and write register group includes logic under program control. All the modem
five 8-bit control registers and two status control signals are general purpose in nature
registers. The interrupt vector is written into and can be used for functions other than
an additional 8-bit register (Write Register 2) modem control.
in Channel B that may be read through Read For automatic interrupt vectoring, the inter-
Register 2 in Channel B. The registers for both rupt control logic determines which channel
channels are designated as follows: and which device within the channel has the
WRO-WR5 — Write Registers 0 through 5 h1ghe§t pI‘]OI‘ltY'. Prlont? is fixed with Channel
RRO-RR2 — Read Registers 0 through 2 A assigned a higher priority than Channel B;
g g Receive, Transmit and External/Status inter-
The bit assignment and functional grouping rupts are prioritized in that order within each
of each reqgister is configured to simplify and channel.
Data Path. The transmit and receive data path  service a Receive Character Available inter-
illustrated for Channel A in Figure 4 is iden- rupt in a high-speed data transfer.
tical for both channels. The receiver has three The transmitter has an 8-bit transmit data
8-bit buffer registers in a FIFO arrangement in register that is loaded from the internal data
addition to the 8-bit receive shift register. This bus, and a 9-bit transmit shift register that is
scheme creates additional time for the CPU to loaded from the transmit data register.
INTERNAL DATA BUS
RECEIVE RECEIVE TRANSMIT DATA
[ Toara | | ewnon |
[ ae | [ e
N v T E ﬁ T
LoGIC
s 4[ 3pirs ] smr'*:r: E%Z)gﬁn R{ﬁé’? CLoANSMIT o |—Txca
Figure 4. Data Path
2044-003
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Read,
Write and
Interrupt
Timing

Read Cycle. The timing signals generated by
a Z-80 CPU input instruction to read a Data or

Status byte from the Z-80 DART are 1llustrated
in Figure 5a.

Write Cycle. Figure 5b illustrates the timing
and data signals generated by a Z-80 CPU out-

put instruction to write a Data or Control byte
into the Z-80 DART.

Interrupt Acknowledge Cycle. After receiv-
ing an Interrupt Request signal (INT pulled
Low), the Z-80 CPU sends an Interrupt
Acknowledge signal (M1 and IORQ both Low).
The daisy-chained interrupt circuits determine
the highest priority interrupt requestor. The IEI
of the highest priority peripheral is terminated
High. For any peripheral that has no interrupt
pending or under service, IEO =IEI. Any
peripheral that does have an interrupt pending
or under service forces its IEO Low.

To insure stable conditions in the daisy
chain, all interrupt status signals are prevented
from changing while M1 is Low. When IORQ is
Low, the highest priority interrupt requestor
(the one with IEI High) places its interrupt vec-
tor on the data bus and sets its internal
interrupt-under-service latch.

Refer to the Z-80 SIO Technical Manual for
additional details on the interrupt daisy chain
and interrupt nesting.

Return From Interrupt Cycle. Normally, the
Z-80 CPU issues an RETI (Return From Inter-
rupt) instruction at the end of an interrupt ser-
vice routine. RETI is a 2-byte opcode (ED-4D)
that resets the interrupt-under-service latch to
terminate the interrupt that has just been
processed.

T T2 Tw T3 T
cLock
CE X/ cHanne aporess X
ioRa
RD
M1
DATA { our )
) S 4

RD
IEI 7 §
DATA { vector )

) S 4

Figure 5c. Interrupt Acknowledge Cycle

When used with other CPUs, the Z-80 DART
allows the user to return from the interrupt
cycle with a special command called “"Return
From Interrupt” in Write Register 0 of Channel
A. This command is interpreted by the Z-80
DART in exactly the same way it would inter-
pret an RETI command on the data bus.

T T2 Tw T3 Ty

CLOCK

CE -~ X/ cranneLaporess X

DATA X N X

Figure 5b. Write Cycle

Do-D7 { E0 ) 4D
wm Il

—

Figure 5d. Return from Interrupt Cycle

IEO
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Z-80 DART

Programming

To program the Z-80 DART, the system pro-
gram first 1ssues a series of commands that
initialize the basic mode and then other com-
mands that qualify conditions within the select-
ed mode. For example, the character length,
clock rate, number of stop bits, even or odd
parity are first set, then the Interrupt mode
and, finally, receiver or transmitter enable.

Both channels contain command registers
that must be programmed via the system pro-
gram prior to operation. The Channel Select
input (B/A) and the Control/Data input (C/D)
are the command structure addressing con-
trols, and are normally controlled by the CPU
address bus.

Write Registers. The Z-80 DART contains six
registers (WRO-WRS5) 1n each channel that are
programmed separately by the system program
to configure the functional personality of the
channels (Figure 4). With the exception of
WRO, programming the write registers requires
two bytes. The first byte contains three bits
(Dg-D5) that point to the selected register; the
second byte 1s the actual control word that is
written 1nto the register to configure the Z-80
DART.

WRO 1s a special case in that all the basic
commands (CMDy-CMD,) can be accessed
with a single byte. Reset (internal or external)
mnitializes the pointer bits Dy-D, to point to
WRO. This means that a register cannot be

pointed to in the same operation as a channel
reset.

Write Register Functions

WRO Register pointers, inmitialization commands for

the various modes, etc.

WR1 Transmit/Receive interrupt and data transfer

mode definition.
WR2
WR3
WR4

Interrupt vector (Channel B only)
Receive parameters and control

Transmit/Receive miscellaneous parameters
and modes

WRS Transmit parameters and controls

Read Registers. The Z-80 DART contains
three registers (RR0O-RR2) that can be read to
obtain the status information for each channel
(except for RR2, which applies to Channel B
only). The status information includes error
conditions, nterrupt 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 an 1nput 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).

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)
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Z-80 DART READ REGISTER 0
Read and Write [5: 5. [ 5[5 ]5: ]2 [ 0. [ 5]
ReQISters I— Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY
oco
RI
USED WITH “EXTERNAL/
CcTS STATUS INTERRUPT”
NOT usep | MODE
BREAK
READ REGISTER 1* READ REGISTER 2
[o: ] 24 [0 o [os [0; [, o [0: 104 [0s 04 [ 05 [0, [0 [0
ALL SENT vo
[:— NOT USED l— viee
PARITY ERROR var+
Rx ERROR V3** | INTERRUPT
FRAMING ERROR v4 [ VECTOR
NOT USED V5
*Used With Special Receive Condition Mode vé
vr

**Variable If “Status Affects
Vector" Is Programmed

WRITE REGISTER 0 WRITE REGISTER 1
o o o REGSTERO | EXT INT ENABLE
0 0 1 REGISTER1 Tx INT ENABLE
0 1 0 REGISTER2 STATUS AFFECTS VECTOR
0 1 1 REGISTER3 (CH. B ONLY)
1 0 0 REGISTER4
1 0 1 REGISTERS 0 0  RxINTDISABLE
0 1 RxINTON FIRST CHARACTER OR ON
1 [ INT ON ALL Rx CHARACTERS (PARITY | SPECIAL
AFFECTS VECTOR) RECEIVE
o 5§ NuLLcooe 11 INTONALL Rx CHARACTERS (PARITY
0 1 0  RESETEXTISTATUS INTERRUPTS DOES NOT AFFECT VECTOR)
0 1 1  CHANNEL RESET WAIT/READY ON RIT
1 0 0  ENABLEINT ON NEXT Rx CHARACTER
1 0 1  RESET TxINT PENDING WAITIREADY FUNCTION
1 1 0 ERRORRESET WAITIREADY ENABLE
1 1 1 RETURN FROM INT (CH-A ONLY)
NOT USED
WRITE REGISTER 2 (CHANNEL B ONLY) WRITE REGISTER 3

[0 ]2, [s [0 os o, o oo

SS5s3858

‘WRITE REGISTER 4

[9s [0s [0J0s [0 ] 0 T
| L Rx ENABLE
NOT USED (MUST BE PROGRAMMED 0)

AUTO ENABLES

0 0 Rx5BITS/ICHARACTER

INTERRUPT o 1 Rx 7 BITSICHARACTER

v4 VECTOR 1 0  Rx6BITS/ICHARACTER
1 1 Rx 8 BITSICHARACTER

| L. paniry enasLe
PARITY EVEN/ODD

WRITE REGISTER §

[0: s o Tou 02 o
| L NOT USED
RTS

0 0  NOTUSED NOT USED

0 1 1STOP BITICHARACTER

10 1% STOP BITSICHARACTER Tx ENABLE

1 1 2STOP BITSICHARACTER SEND BREAK

NOT USED 0 0  Tx5BITS (OR LESS)CHARACTER

0 1 Tx7BITSICHARACTER

0 0 X1 CLOCKMODE 1 0  Tx6BITSICHARACTER

0 1  X16CLOCK MODE 1 1 Tx8BITSICHARACTER

1 0  X32CLOCK MODE TR

1 1 X64CLOCK MODE
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Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
: s mum Ratings may cause permanent damage to the device.
Maximum with respectto GND.......... -0.3Vto +7.0V This 1s a stress rating only; operation of the device at any
Ratings Operating Ambient As Specified in condition above those indicated 1n the operational sections
Temperature Ordering Information of these specifications 1s not implied. Exposure to absolute
PErature ........... 9 maximum rating conditions for extended periods may affect
Storage Temperature. ....... -65°Cto +150°C  device rehabilty.
Test The characteristics below apply for the *See Ordering Information section for package
Conditions tollowing test conditions, unless otherwise temperature range and product number.
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer- Y
enced pin. Available operating temperature 2%
ranges are: FROM OUTPUT
m S* = 0°C to +70°C,
+475 V<=V c=s +5.25V w00pE 50
mE' = —40°C to +85°C, I
+4.75V < Vec=s +5.25V + L1 1
m M* = -55°C to +125°C,
+45V=sVe s +85V
DC Symbol Parameter Min Max  Unit Test Condition
Charac-
teristics Vie Clock Input Low Voltage -0.3 +045 V
Vine Clock Input High Voltage Vec-0.6 +85.5 \
Vi Input Low Voltage -0.3 +0.8 v
Vig Input High Voltage +2.0 +5.5 A
VoL Output Low Voltage +0.4 \ Iop = 20mA
Vou Output High Voltage +2.4 \% Iog = -250 pA
I Input/3-State Output Leakage Current -10 +10 rA 0.4<V<2.4V
I(myy RI Pin Leakage Current -40 +10 uA 0.4<V<2.4V
Iec Power Supply Current 100 mA
Tp = 0°Ct0 70°C, Voo = +5V, 5%
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AC
Electrical
Charac- CLK
teristics —/
CE, cID, BIA
iORQ, RD
RD \
e—®——
- ~® ()
Do-D7 X
n
ioRG \§ /
wi _ﬁ‘
QJ/
[ —ﬁ‘
[—@® ‘@j
1EO \(
\ISJ
® |
- \,
._@_.‘ (®-
WIRDY kﬂ_q N
Z-80 DART Z-80A DART  Z-80B DART*t
Number Symbol Parameter Min Max Min Max Min Max
1 TcC Clock Cycle Time 400 4000 250 4000 165 4000
2 TwCh Clock Width (High) 170 2000 105 2000 70 2000
3 TiC Clock Fall Time 30 30 15
4 TrC Clock Rise Time 30 30 15
5——TwCl———Clock Width (Low) 170—2000 105—2000———70—2000—
6  TsAD(C) CE, C/D, B/A to Clock 1 Setup Time 160 145 60
7 TsCS(C) TORQ, RD to Clock 1 Setup Time 240 115 60
8 TdC(DO) Clock t to Data Out Delay 240 220 150
9 TsDI(C) Data In to Clock t Setup Time (Write or M1 Cycle) 50 50 30
10——TdRD(DOz)—RD ! to Data Out Float Delay 230 110 90—
11 TdIO(DQOI) TORQ | to Data Out Delay (INTACK Cycle) 340 160 100
12 TsM1(C) M1 to Clock t Setup Time 210 90 75
13 TsIE(IO) IEI to IORQ ' Setup Time (INTACK Cycle) 200 140 120
14 TdMI1(IEO) M1 | to IEO | Delay (interrupt before M1) 300 190 160
15——TdIEI(IEOr)—IEI t to IEO t Delay (after ED decode) 150 100 70—
16 TdIEI(IEOf) IEI | to IEO | Delay 150 100 70
17 TdC(INT) Clock t 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 TdC(W/RWz) Clock ! to W/RDY Float Delay (Wait Mode) 150 130 110

*All hmings are preliminary and subject to change
tUnits 1n ns
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AC

gl:clricul &¥s, 6B, T
arac-
teristics ) N
(Continued) _*l\ W
el /|
O 1 165
—®—
TxD X
Q>
oy N\
®
iNT) \
' @
W—M ‘\_ﬂ
; @® | (@
[e——>=——
RxD R
M
WIRDY
(5)
W N
Z-80 DART  Z-80A DART  Z-80B DART'
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 o 400 o 330 o 2
4  TwTxCl TxC Width (Low) 180 o 180 o 100 o 2
5—TwTxCh TxC Width (High) 180 —oo0 180—o0 100 —oo 2—
6  TdTxC(TxD) TxC ! to TxD Delay 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 o 2
10— TwRxCl RxC Whdth (Low) 180—00 ———180 — 00 ———158——0o0 2—
11 TwRxCh RxC Width (High) 180 180 o 100 o 2
12 TsRxD(RxC) RxD to RxC ! Setup Time (x1 Mode) 0 0 0 2
13 ThRxD(RxC) RxD Hold Time (x1 Mode) 140 140 100 2
14  TdRxC(W/RRf) RxC  to W/RDY | Delay (Ready 10 13 10 13 10 13 3
Mode)
15  TdRxC(INT) RxC tto INT | Delay 10 13 10 13 10 13 3

NOTES

1 In all modes, the System Clock rate must be at least hve times
the maximum data rate RESET must be active a mimimum of one

complete clock cycle

1 Timings are prelimnary and subject to change
2 Units 1n nanoseconds (ns)
3 Units equal to System Clock Periods

2044-013
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Ordering Product Package/ Product Package/

Information  Number Temp  Speed Description Number Temp  Speed Description
‘ 78470 CE 2.5 MHz Z80 DART (40-pin)  Z8470A CS 4.0 MHz 780A DART
78470 CM 25MHz  Same as above (40-pin)
78470 CMB 2.5 MHz Same as above Z8470A DE 4.0 MHz Same as above
78470 cs 2.5 MHz Same as above Z8470A DS 4.0 MHz Same as above
78470 DE. 2.5 MHz Same as above Z8470A PE 4.0 MHz Same as above
78470 DS 2.5 MHz Same as above 78470A PS 4.0 MHz Same as above
78470 PE 2.5 MHz Same as above 28470B CE 6.0 MHz Z80B .DART
78470 PS  25MHz  Same as above (40-pin)
78470A CE 4.0 MHz 780A DART 78470B Cs 6.0 MHz Same as above
(40-pin) 78470B DS 6.0 MHz Same as above
78470A CM 4.0 MHz Same as above 78470B PS 6.0 MHz Same as above

Z8470A CMB 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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Z8300 Low Power
Z80L"° CPU
Central Processing Unit

Zilog

Product
Specification

September 1983

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 1dentical pinout and by a vectored interrupt system. This system
instruction set of the Z80. The result 1s can be daisy-chained to allow implementa-
increased reliability and lower system power tion of a priority 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
The Z80L CPU 1s offered in two versions: flag reqgisters are provided, easing the
78300-1—1.0 MHz clock, 15 mA typical cur- design and operation of system software.
rent consumption Two 16-bit index reqisters facilitate program
Z8300-3—2.5 MHz clock, 25 mA typical cur- processing of tables and arrays.
rent consumption B There are three modes of high-speed inter-
The extensive instruction set contains 158 rupt processing: 8080 similar, non-Z80
instructions, resulting in sophisticated data peripheral device, and Z80 Family
handling capabilities. The 78 instructions of peripheral with or without daisy chain.
the 8080A are included as a subset; 8080A ® On-chip dynamic memory refresh counter.
and Z80 Family software compatibility 1s
maintained.

M Ay p———>
A p——a
~——— MREQ A p——>
SsYSTEm | <+——]ioRa A f——>
CONTROL |\ <«— /D A f—
-] WR As p——> An Q1 0[] Ao
As Az [ 2 39 [] A
<~ fFsA & —> | apbpRess Aa Q3 38 [] A
ag j— ( BUS A4 a7 [ A
~——FACT Ag [ As[ds 36 [] As
Ay f—> ck e 35{] As
—{warT Ay f——> o, [ 7 ] A
cPU Z8OLCPU Ay |—> o3[ s 33[] A
CONTROL |\ — 17 A3 05[] e 2] A
] M A f—> s [] 10 ] a
Avs f— wsv g 22 o
~——] RESET D, [J 12 29[ GND
Do f+—> o7 [ 13 28 [ ] RFSH
CPU(-—-——»FITS'EE& 0y f—n Do [ 14 27 ] Wi
BUS — ki
CONTROL \ <+—]BUSACK D f4— oy [ 15 26 [] RESET
D3 }«——> | paTA INT [] 16 25 [ ] BUSREQG
———fcLk Dy fe—> ( BUS Nmi [ 17 24 [] WA
—45V D | HALT [] 18 23 [] BUSACK
. — 1 Dg |e—> MREQ [] 19 22[] WR
D7 f—> ioRG [ 20 21[] ”RD
Figure 1. Pin Functions Figure 2. Pin Assignments
2001-0210, 0211
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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 is 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 in 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

INTERNAL DATA BUS

INSTRUCTION C: INST
DECODER REG.
+5V
GND —» il
CLOCK —
CPU
s, Z$

8 SYSTEMS 5 CPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

ADDRESS
LOGIC AND
BUFFERS

16-BIT
ADDRESS BUS

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

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

ba,?id sZ}ésgeFms. I d B The SIO (Serial Input/Output) controller
_1he tafml zhcoznglginents provide exten- offers two channels. It 1s capable of

,SI‘I;:e suppc.>r or the MmICroprocessor. operating in a variety of programmable
€se are: modes for both synchronous and asyn-

B The PIO (Parallel Input/Output) operates 1n chronous communication, including
both data-byte I/O transfer mode (with Bi-Synch and SDLC.
handshak.mg) and 1n bit mode (WlthO_Ut B The DART (Dual Asynchronous Receiver/
handshaking). The PIO may be config- Transmitter) device provides low cost
uref:l to 1nterfac?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 W These peripherals are also available 1n a low
four programmable 8-bit counter/timers, 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 registers: a principal functions. These are the I (Interrupt Register),
set and an alternate set (designated by ' the R (Refresh Register), the IX and IY (Index

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

Accumulator Reqister, 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 reqgisters 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
IV INDEX REGISTER ;o = INTERRUPTS DISABLED STORES IFF1
1 = INTERRUPTS ENABLED DURING NI
SERVICE
SP STACK POINTER
INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER MFa IMFo
| INTERRUPT VECTOR R MEMORY REFRESH 0 0 T ERRaPTMODEO
1 0 INTERRUPT MODE 1
1 1 INTERRUPT MODE 2
8 BITS
Figure 4. CPU Registers
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Z80L CPU Register Size (Bits) Remarks

ReQISters ALA 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

C,C 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. Lower seven
bits are automatically incremented and all eight are placed on
the address bus during each nstruction fetch cycle refresh time.

IX Index Register 16 Used for indexed addressing.

1Y Index Register 16 Same as IX, above

SP Stack Pomnter 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. arlld l:)as the h1gh§sfc prlOI‘l.tY. II;I}T isa B Mode 2 — a vectored interrupt scheme,

.other prtlogty mtirl"ép? an ‘ it I‘GQI.JII‘GS(; at 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
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 — similar to 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.
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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 priority type inter-
rupts, 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 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
and to place the interrupt vector on the bus.

Mode 0 Interrupt Operation. This mode is
similar to the 8080 microprocessor interrupt
service procedures. The interrupting device
places an instruction on the data bus. This is
normally a Restart instruction, which will in-
itiate a call to the selected one of eight restart
locations in page zero of memory. Unlike the
8080, the Z80 CPU responds to the Call in-
struction with only one interrupt acknowledge
cycle followed by two memory read cycles.

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 (IEO), 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.
Action IFF) IFF, Comments
CPU Reset 0 0 Maskable nterrupt
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 — Panty flag
execuhon

LD A,R instruction . . IFFy — Panty flag
execution

Accept NMI 0 IFF, IFF, — IFF,

(Maskable inter-
rupt INT disabled)

IFFy — IFF) at
completion of an
NMI service
routine.

RETN 1nstruction
execution

IFF, o

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 povs{erful c}nd versatl.le 1f1structlon sets O Rotates and shifts
available in any 8-bit microprocessor and But st ; dt .
identical to that of the Z80. It includes such D But 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 I/O. It also allows opera- I .
tions on any bit in any location 1n 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) o1 duat tended
contain significantly more details for mmediate extende
programming use. O Modified page zero
thrflel l1nstruct10ns in Table 2 are divided into O Relative
the following categories:
8-bit load O Extended
O 8-bit loads
16-bit load O Indexed
O 16-bit loads
O Reaqgister
0O Exchanges, block transfers, and searches . .
O Register indirect
O 8-bit arithmetic and logic operations .
O Implied
O General-purpose arithmetic and CPU O Bit
control 1
8-Bit Symbolic Flags Opcode No.of No.of M No.of T
Load Mnemonic Operation s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments
Group LDr, ¢ r—r' e ¢ X o X o o o 0l r r 1 1 4 r.r' Reg.
LDr n r—n e o X o X e o o 00 r 110 2 2 7 000 B
—n-— 001 e}
LD r, (HL) r — (HL) e o X o X o o o 01 r 110 1 2 7 010 D
LDr, (IX+d) r~ (IX+d) e o X o X e o o 11011101 DD 3 5 19 ol E
ol r 101 100 H
—d - . o1 L
LDr, (IY+d) r~ (IY+d) e o X e X o o o 11111001 FD 3 5 19 1 A
01 r 110
e
LD (HL), r (HL) = r e ¢ X o X o o o 01 110 r 1 2 7
LD (IX+d), r  (IX+d) —r e« ¢ X o X e o o 11011100 DD 3 5 19
01110 r
—-d -
LD (IY+d), r (¥+d) —r e ¢ X e X e o o 1111100 FD 3 5 19
01 110 r
—d -
LD(HL, n  (HL) = n e ¢ X e X o o o 001010 36 2 3 10
PR
LD (IX+d), n  (IX+d) — n e« ¢ X o X e s o 11011101 DD 4 5 19
00 110 110 36
-d -
R
LD(Y+d),n (IY+d) —n e o X o X e o o 11111101 FD 4 5 19
00110 110 36
—d -
-
LDA, (BC) A — (BC) © o X e X s e o 00001010 OA 1 2 7
LDA, (DE) A - (DE) e ¢ X e X e e o 0001100 1A I 2 7
LD A, (nn) A — (nn) e o X o X o o o 00 111 010 3A 3 4 13
-
i
LD(BC), A  (BC) - A e ¢ X e X e o o 0000000 02 I 2 7
LD (DE), A  (DE) - A e ¢ X e X e s o 0000000 12 I 2 7
LD (nn), A (on) — A e ¢ X o X e s o 001000 32 3 4 13
PR
R
LDA,I A-1 1 t X 0 X IFF 0 11 101 101 ED 2 2 9
01010 111 57
LDA,R A-R t 1 X O XIFF O s 11101101 ED 2 2 9
01 011 111 SF
LDL A I—-A e o X o X o o o 11 101 101 ED 2 2 9
01000 111 47
LDR, A R—A e ¢ X e X e o o 11101101 ED 2 2 9

01 001 111 4F

NOTES r, r’ means any of the reqisters A, B, C, D, E, H, L
IFF the content of the interrupt enable flip tlop, (IFF) is
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 lags Opcode No.of No.of M No.of T
Group (! O s Z H PVN C 78 543 210 Hex Bytes Cycles States Commaents
LD dd, nn dd - nn e o X o X o o o 00 ddo 001 3 3 10 dd Pair
- n- 00 BC
-n- 0l DE
LDIX, nn IX - nn e 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 ¢ 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) o ¢ X o X o o 00 101 010 2A 3 5 16
L ~ (nn) - n-
-n-
LD dd, (nn) ddH ~ (nn+1) o o X o X o o o 11 101 101 ED 4 6 20
ddp, = (nn) 01 ddl 011
-n-
-n-
LD IX, (nn) IXH ~ (nn+1) e o X o X o o o 11 011 101 DD 4 6 20
IXL = (nn) 00 101 010 2A
—-n-—
-n-
LD 1Y, (nn) IYH ~ (nn+1) e 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 e X o o o 00 100 010 22 3 5 16
(nn) — L -n-
LD (nn), dd (nn+1) — ddy e o X o X o o o 11 101 101 ED 4 6 20
(nn) ~ dd, 01 ddo 011
—n-—
—-—n -
LD (nn), IX (nn+1) — IXyH 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) — IYy e o X o X o o o 11 111 101 FD 4 6 20
(nn) — 1YL 00 100 010 22
-n—
—-n-
LD SP, HL SP — HL o o X o X o o o 11 111 001 F9 1 1 6
LD SP, IX SP — IX o ¢ X o X o o 11 011 101 DD 2 2 10
11 111 001 F9
LD SP, IY SP — 1Y e ¢ X o X e o o 11 111 101 FD 2 2 10
11 111 001 F9 q9 Pair
PUSH qq (SP-2) - qqL e o X o X o o o 11qgqo 10! 1 3 1 0  BC
(SP-1) — gqaH 01 DE
SP — SP -2 10 HL
PUSH IX (SP-2) — IXp, e o X o 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, o o X o X o o o 11 111 101 FD 2 4 15
(SP-1) — IYy 11 100 101 E5
SP - SP -2
POP qq qgH — (SP+1) o e X o X e o o 11 gq0 001 1 3 10
qqL = (SP)
SP — SP +2
POP IX IXH = (SP+1) e o X e X o o o 11 011 101 DD 2 4 14
XL - (SP) 11 100 001 El
SP - SP +2
POP IY IYH — (SP+1) e o X e X o o o 11 111 101 FD 2 4 14
1YL — (SP) 11 100 001 El
SP — SP +2
NOTES  dd s any of the register pairs BC, DE, HL, SP
qq 15 any of the reqister pairs AF, BC, DE, HL
(PAIR), (PAIR)L refer to high order and low order eight buts of the reguster pair respectively,
eq.BCL = C, AFy = A
Exchange, EXDE HL  DE - HL e ¢ X e X s e e 1110101l BB 1 1 4
Bl°ck EX AF, AF AF -~ AF o 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 Regquster bank and
Transfer, DE -~ DE' auxihary register
HL - HL' bank exchange
Block Search oy (p) 11 1. (spa o ¢ X e X o o o 11100011 B3 1 5 19
Groups L ~ (SP)
EX (SP), IX IXHg -~ (SP+1) e o X o L 11 011 101 DD 2 6 23
IXy, - (SP) 11 100 011 E3
EX (SP), IY IYYH - (SP+1) e o X o X o o o 11 111 101 FD 2 6 23
1Yy, -~ (SP) 11 100 011 E3
0]
LDI (DE) ~ (HL) e o X 0 X 1t 0 o 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
0} counter (BC)
LDIR (DE) — (HL) e ¢« X 0 X 0 0 e 11 101 101 ED 2 5 21 IBC %0
DE ~ DE+1 10 110 000 BO 2 4 16 IfBC =0
HL — HL+1
BC ~ BC-1
Repeat until
BC =0

NOTE @P/V flag 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 z H P/V N 76 543 210 Hex Bytes Cycles States Comments
Transter, 0]
LDD (DE) — (HL) e ¢« X 0 X t O 11101 101 ED 2 4 16
Block Search DE — DE-1 10 101 000 A8
Groups HL — HL-1
(Continued) BC —BC-1 o
LDDR (DE) — (HL) e ¢« X 0 X U 0 11101 101 ED 2 5 21 IBC # 0
DE - DE-1 10 111 000 B8 2 4 16 BC =0
HL — HL-1
BC — BC-1
Repeat until
BC =0
€] ®
CPI A - (HL) P X 1t X 11 11101 101 ED 2 4 16
HL — HL+1 10 100 001 Al
BC — BC-1
® 0}
CPIR A - (HL) tr X o1 X o1 11101 101 ED 2 5 21 1f BC # 0 and
A # (HL)
HL — HL+1 10110 001 Bl 2 4 16 IBC = Oor
BC — BC-1 A = (HL)
Repeat until
A = (HL) or
BC =0
€] 0]
CPD A - (HL) P X 1 X 11 11101 101 ED 2 4 16
HL — HL-1 10 101 001 A9
BC — BC-1
Q 0}
CPDR A - (HL) tor X o1 X o1 11101 101 ED 2 5 21 1t BC # 0 and
A # (HL)
HL — HL-1 10111001 B9 2 4 16 I BC = Oor
BC — BC-1 A = (HL)
Repeat until
A = (HL) or
BC =0
NOTES @ P/V ilag 1s 0 if the result of BC~1 = 0, otherwise P/V = 1
@ PV flag 15 0 at completion of instruction only
@ Ztlagis 13 A = (HL), otherwise Z = 0
8-Bit ADD A, r A—A+r 1t X 1 X Voo 10[00 r 1 1 4 r  Reg
Arithmetic ADDA, n A-A+n t 1+ Xt X Vo 11 [oda] 110 2 2 7 000 B
and Logical - n - o g
Group ADD A, (HL) A — A + (HL) 11 X 1 X Vo 10[000] 110 1 2 7 01 E
ADD A, (IX+d) A — A + (IX+d) t 1 X 1 X Vo 11011100 DD 3 5 19 100 H
10 [000] 110 101 L
- d - 11 A
ADD A, (IY+d) A — A + (IY +d) t 1 X 1 X Vo 11111100 FD 3 5 19
10 110
ADCA, s A — A+s+CY t + X t X V O si1sany of r, n,
(HL), (IX +d),
SUBs A—A-s tor X 1 X Vo1 (IY +d) as shown
SBC A, s A~ A-s-CY t 1 X 1 X Vo1 for ADD nstruction
AND s A—AAs I 1t X 1 X P O The indicated bits
OR A-AvV {1 X 0 X PO replace the [000] in
° - s the ADD set above
XOR's A-Aes 1 1 X 0 X P O
CPs A-s t + X t X V 1
INCr rer+l t 1 X 1 X Vo 1 1 4
INC (HL) (HL) —(HL) +1 1t 1 X 1 X Vo 1 3 11
INC (IX+d)  (IX+d) — t 1t X 1 X Vo 3 6 23
(IX+d)+1
INC(IY+d)  (I¥+d) — ot X 1 X Voo 111111001 FD 3 6 23
(IY+d)+1 00 110 [[00)
- d -
DEC m m-—m-1 t 1 X 1t X V 1 1 m 1s any of r, (HL),

(IX+d), (IY +d)
as shown for INC
DEC same format
and states as INC
Replace with

101] 1n opcode
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General- Symbolic Flags Opcode No.of No.of M No.of T
Purpose M i Op i s Z H PV N C 76 543 210 Hex Bytes Cycles States Comments
Arithmetic DAA Convertsacc content 1 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 BCD operans
Groups CPL A-A e o X I X e 1 o 00 101 111 2F 1 1 4 Complement
accumulator (one's
complement)
NEG A-0-A tt Xt X Vo1l 11 101 101 ED 2 2 8 Negate acc (two's
_ 01 000 100 44 complement)
CCF CY - CY e o X X X e 0 1 00 111 111 3F 1 1 4 Complement carry
flag
SCF CY -1 e o X 0 X e 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 ¢ 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 e 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 S6
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 fhp flop
* indicates interrupts are not sampled at the end of EI or DI
16-Bit ADDHL,ss  HL — HL+ss « + X X X * 0 1t 00ssl 00l 1 3 N = Reg
Arithmetic ADCHL ss HL—HL+#s+CY § 1 X X X V 0 1t 1110110 ED 2 4 15 0l DE
Group 0l ssl 010 10 HL
11 spP
SBC HL, ss HL — HL-ss-CY t 1 X X X V.1 o1 11 101 101 ED 2 4 15
0l ssO 010
ADD IX, pp IX - IX + pp e ¢ X X X e 0 1t 11 011 101 DD 2 4 15 pp_ Reg
0l ppl 00! 00 BC
0l DE
10 IX
11 SP
ADDIY, rr IY = IY + rr e ¢ X X X e 0 1 11 111 101 FD 2 4 15 rr_Reg
00 rrl 001 00 BC
01 DE
10 17
11 Ssp
INC ss ss — ss + 1 e o X o X o o 00 ssO 011 1 1 6
INC IX X-IX+1 e o X o X e o o 11 011 101 DD 2 2 10
00 100 011 23
INCIY IY - 1Y + 1 e o 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 e X o o o 00 ssl 011 1 1 6
DEC IX X - IX-1 e e X o X o o o 11 011 101 DD 2 2 10
00 101 O11 2B
DECIY Iy —IY-1 e o X o X o o 11 111 101 FD 2 2 10
00 101 011 2B
NOTES  ss s any of the reqister pairs BC, DE, HL, SP
pp 1s any of the register pairs BC, DE, IX, SP
rr s any of the reqister pairs BC, DE, 1Y, SP
Rotate and
Shift Group RLCA e ¢ X 0 X e 0 1 00 000 111 07 1 1 4 Rotate left circular
A accumulator
RLA 7T—0 e ¢ X 0 X ¢ 0 1 00 010 111 17 1 1 4 Rotate left
A accumulator
RRCA e ¢ X 0 X ¢ 0 1 00 001 111 OF 1 1 4 Rotate right circular
A accumulator
RRA 7—=0 e ¢ X 0 X * 0 1 00 011 111 IF 1 1 4 Rotate night
A accumulator
RLC r t t X 0 X P 0 1 11 001 011 CB 2 2 8 Rotate left circular
00 r reqgister r
RLC (HL) tt X 0 X P 0O o001l CB 2 4 15 L Reg
000 B
00 110 0 C
RLC (IX+d) {1 X 0 X P O t nolll DD 4 6 n 000
r,(HL),(IX +d).(IY +d) 11 001 011 CB 100 H
iy 01 L
00 [o5Q] 110 A
RLC (IY +d) t 1+ X 0 X P 0 1 11 111 101 FD 4 6 23
11 001 011 CB
- d -
Instruction format
00 110 and states are as
RLm I 1 X 0 X P 0 1 shown for RLC's
m=r,(HL),(IX+d),(IY +d) To form new
opcode replace
RRC m 11 X 0 X P O 1 e

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

with shown code
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Rotate and Symbolic Flags Opcode No.ot No.of M No.of T
Shift Group Operati H P/VN C 76 543 210 Hex Bytes Cycles States Comments
(Continued)
- o X P oo
m=r,(HL),(IX+d),(IY +d)
SLAm ° 0o X P o 1
m=r,(HL),(IX+d),(IY +d)
SRA m 0O X P 0 1
SRL m 0 X P 0 1 11
RLD 0 X P 0 e 11 101 101 ED 2 5 18 Rotate dignt left and
01 101 111 6F night between
the accumulator
and location (HL)
RRD 1 0 X P O 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-% 1 X X 0 ¢ 11001011CB 2 2 8 Reg
and Test = o bor
BIT b, (HL) Z — (HL)p 1 X X 0 o 11 001 011 CB 2 3 12 001 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 0ll E
11 001 011 CB 100 H
- d4 - 101 L
01 b 110 11 A
b__ Bit Tested
BIT b, (IY+d)p Z ~ (IY+d)p I X X 0 11 111 101 FD 4 5 20 000 0
11 001 011 CB 001 1
-4 - 010 2
0l b 110 o1l 3
100 4
101 §
110 6
111 7
SETb, r =1 ¢ X o o o 11 001 011 CB 2 2 8
@b r
SET b, (HL) (HL)p ~ 1 e X o o o 11 001 011 CB 2 4 15
I 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 -
0 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 -
[ b 10
RESb, m mp — 0 e X o o o m To form new
m = r, (HL), opcode replace
(IX+d), [ of SET b, s
ay+d) with Flags
and time states for
SET instruction
NOTES  The notation my, indicates bit b (0 to 7) or location m
]ump JP nn PC ~ nn o X o o o 11 000 011 C3 3 3 10
- n -
Group - n - cc Condition
JP cc, nn If condition cc 1s e 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 ¥C =0, o X o o o 00 111 000 2 2 7 If condition not met
continue - e-2 -
IC=1, 2 3 12 1f condition 1s met
PC — PC+e
JRNC, e HCc=1, e X o o o 00 110 000 30 2 2 7 If condition not met
continue - e-2 -
C =0, 2 3 12 1f condition 1s met.
PC — PC+e
PZ e HzZ=0 o X o o o 00 101 000 28 2 2 7 If condition not met
continue - e-2 -
Iz =1, 2 3 12 If condition 1s met.
PC — PC+e
JRNZ e HZ=1, ¢ X o o o 00 100 000 20 2 2 7 1f condition not met.
continue - e-2 —
IZ=0, 2 3 12 If condition 15 met
PC — PC+e
JP (HL) PC —~ HL e X o o o 11 101 001 E9 1 1 4
P (IX) PC - IX * X o 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 "
( COI') tinue d) s z H PVN C 76 543 210 Hex Bytes Cycles States Comments
JP (1Y) PC ~ 1y e ¢ X o X o 11 111 101 FD 2 2 8
11 101 001 E9
DINZ, e B~-B-1 ¢ ¢ X o X o 00 010 000 10 2 2 8 tB=0
1B =0, - e-2 -
continue
B =0, 2 3 13 ItB=#0
PC — PC+e
NOTES e rep! the in the relative add mode
e 15 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 o o X e X 11001 101 CD 3 5 17
(SP-2) — PCL - n -
Return Group bC — nn -z
CALL cc, nn If condition e o X o X o 11 cc 100 3 3 10 If cc 1s false
cc 1s false - n -
continue, - n - 3 5 17 If cc 1s true
otherwise same as
CALL nn
RET PCL, ~ (SP) o o X o X o 11 001 001 C9 1 3 10
PCH ~— (SP+1)
RET cc If condition o o X o X o 11 cc 000 1 1 5 If cc 1s false
cc 1s false
continue, 1 3 11 If cc 1s true
:au:er:‘:e cc Condition
000 NZ non-zero
RET 001 Z zero
RETI Return from o e X o X s 00100 B 2 4 14 0 8 nomeer
nterrupt 01 00! 101 4D 100 PO panty odd
RETN! Return from o o X o X o 11 101 101 ED 2 4 14 101 PE
parnty even
non-maskable 01 000 101 45 110 P sign positive
interrupt 111 M sign negative
RST p (SP-1) — PCH o o X o X o 11t 111 1 3 11 t P
(SP-2) - PCL, 000 OOH
PCH ~ 0 001 08H
PCL-p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H
NOTE 'RETN loads IFF; — IFF|
lnput and IN A, (n) A —(n) * o X e X o 11 011 011 DB 2 3 1 nto Ag ~ A7
- n - Acc. to Ag ~ A5
Output Group -, () r = (0 I 1 X 1 X P 11101 101 ED 2 3 12 CtoAg ~ A7
if r = 110 only the 0l r 000 BtoAg ~ Ajs
flags will be affected
@
INI (HL) - (C) X 1 X X X X 11 101 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 100 010 A2 BtoAg ~ Ajs
HL - HL + 1 @
INIR (HL) - (C) X 1 X X X X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 110 010 B2 (It B#0) BtoAg ~ Ajg
HL - HL + 1 2 4 16
Repeat until (It B=0)
B=0
@
IND (HL) — (C) Xt X X X X 11 101 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 101 010 AA BtoAg ~ A5
HL - HL-1 @
INDR (HL) - () X 1 X X X X 11 101 101 ED 2 5 21 CtoAg ~ A7
B~-B-1 10 111 010 BA (1f B20) BtoAg ~ Ajs
HL ~ HL-1 2 4 16
Repeat until (If B=0)
OUT (n), A (n) — A e ¢ X o X o 11 010 011 D3 2 3 11 ntoAp ~ A7
- n - Acc toAg ~ A5
OUT (C), r ©€) -r e o X o X o 11 101 101 ED 2 3 12 CtoAg ~ A7
01 r 001 BtoAg ~ A5
O]
OuTl (C) - (HL) Xt X X X X 11 101 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 100 011 A3 BtoAg ~ Al
HL — HL + 1 @
OTIR (C) — (HL) X 1 X X X X 11 101 101 ED 2 5 21 CtoAg ~ A7
B~-B-1 10 110 011 B3 (If B£0) Bto Ag ~ Ajs
HL - HL + 1 2 4
Repeat until (It B=0)
0]
OuTD (C) — (HL) X 1 X X X X 11 101 101 ED 2 4 16 CtoAp ~ A7
B~ B-1 10 101 011 AB BtoAg ~ Als
HL — HL-1

NOTE ()1 the result of B~ 1 1s zero the Z flag 1s set, otherwise 1t 15 reset
@) Z flag 1s set upon instruction completion only

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

Output Group Mnemonic Operation s 2z H PVN C 76 543 210 Hex Bytes Cycles States Comments

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

Summary ua v w

Fla g Instruction s z H P/V N C Comments

OPQrQﬁQn ADD A, s, ADCA, s t ot X 1 X VvV 0 1t 8-bit add or add with carry

SUBs, SBC A, s, CP s, NEG i 1 X 1 X vV o1 i 8-bit subtract, subtract with carry, compare and negate accumulator

AND s 1 t X 1 X P 0 O }

ORs, XOR's 1 1 X 0 X P 0o of Logcaloperations

INCs 1 1 X 1t X VvV 0 . 8-bit increment

DEC s ' 1t Xt X vV 1 8-bit decrement

ADD DD, ss . * X X X o 0 1 16-bit add

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

SBC HL, ss t 1 X X X v 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, i 1t X 0 X P 0 1 Rotate and shift locations

RRC m, SLA m,
SRA m, SRL m

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

DAA 1 ! X X P o 1 Decimal adjust accumulator

CPL e ¢ X 1 X o ] e Complement accumulator

SCF e ¢ X 0 X e 0 1 Set carry

CCF e ¢ X X X e 0 1 Complement carry

INr(C) 1 t X 0 X P 0 e Input register indirect

INI, IND, OUTI, OUTD X 1+ X X X X 1 -« _ _

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

R PooR rrxor e :} Block transfer instructions P/V = 11 BC # 0, otherwise P/V = 0

CPI, CPIR, CPD, CPDR X t X X X 1t 1 e Block search instructions Z = 11f A = (HL), otherwiseZ = 0 P/V = 1

it BC # 0, otherwise P/V = 0
LDA ILLDA,R 1 1 X 0 X IFF 0 » The content of the interrupt enable flip-flop (IFF) 1s copied into the P/V flag
BITb, s X 1+ X 1 X X 0 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. ! The flag 1s affected according to the result of the
A Zero flag. Z = 1 if the result of the operation 1s 0. operation.
P/V Panty 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 parnty of the result while 1 The flag 1s set by the operation
arithmetic operations aftect this flag with the X The flag 1s a “don't care "
overflow of the result. If P/V holds panty, P/V = 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 1f the add or subtract r Any one of the CPU registers A, B, C, D, E, H, L.
operation produced a carry into 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 = 11f the previous opera- ss Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that instruction.

H&N Hand N flags are used in conjunction with the 1 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 1n 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.

112
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Pin
Descriptions

Rg-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
/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 hnes.

BUSREQ. Bus Request (1input, 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-Dg. Data Bus (input/output, active High,
3-state). Dg-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and I/O.

HALT. Hait 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 1s generated by 1/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. /nput/Qutput 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 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.

_ﬁ_l—. Machine Cycle One (output, active Low).
M1, together with MREQ, indicates that the
current 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
location 0066H.

RD. 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 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 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 instructions by pro-
ceeding through a specific sequence of opera-
tions:

B Memory read or write

B [/O device read or write

[T PO ISR R PRGNS, PR PR

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
Ar mara Wait etatae hv the 11cer

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 To. 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.

-F T rt, \ Tw ] - Ts Ts ]
cLOCK _/4—@-» (D] \ \ , \ , \ \
@ Q@ . e o L‘/
Ao-A1s X PC 4’::: REFRESH ADDR L
"o [0 odlr] @- ;
wREa ! 7, e~} 1
® ~@~
ﬁ ] £ fo
_ o+ [Co-
wa TN
®
W | X N ) 4
- ~—® -
Do-D7 :}——E @;7;!0 DATA ;
l— -

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

Timing shows the timing of memory read or write

(Continued) cycles other than an opcode fetch (M) cycle.
The MREQ and RD signals function exactly as

in the fetch cycle. In a memory write cycle,

T2

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 semiconduc-
tor memories.

Tw T3

Ik )

Ao-A1s

7/

7/
VALID ADDRESS
i 7k

_/;\_/ \L_/J L‘j \_Z \_

7 »®¢@’1.

” ” /

l

€
2
S

7/ 7/

s
T

- — O)
. e
;G_D, .
y Z
» .
o

READ ,J B
OPERATION — =@ @ 4 ®
\ LidLd /£ £ VALID
o 4 \u v G DS &3

——@—»

WRITE
OPERATION

H
v
®
}

L ——

DATA OUT

Figure 6. Memory Read or Write Cycles
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CPU
Timing
(Continued)

Input or Output Cycles. Figure 7 shows the inserts a single Wait state (Ty,). This extra Wait

timing for an I/O read or I/O write operation. state allows sufficient time for an I/O port to
During I/O operations, the CPU automatically decode the address from the port address lines.
T, Twe T T3
cLock / \_/—_\__/-_!% \ S‘_]
A o
BOY ®
Ao-A7 X VALID PORT ADDRESS ’:’: C
@ ---—
ioRa T Lt = /
4—‘- | - 4 —
| 1 @-»l 4 4
WATY \L A N
@ (@)
7D -\ .
1o 7 = Ohs
OPIRAa'I'EI(A,: e @ ™ s ®—> Ll
yomsg VALID
—_ \nmul "y DATA
+® ~lop
WA . /1' @~
wm!ll'g C_, @ = ®
OPERATION rya
Do-Dy =i L DATA OUT y—

NOTE T+ = One Wait 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 1s generated. Wait states to this cycle.
T n T Tw- Tw- Tw T
At aVavavaVaval
] L
iNT
® ®
Ao-Aqs PC j:
<—> @
M1 _\ — f

116

5 4 —| -l-<-—
@ T[]
WAIT Vi \
- | |-
—_— T
Do-D7 — Lean g X vauio pata
NOTE 1) Ty = Last state of previous nstruction 2) Two Wait cycles automatically inserted by CPU(*)
Figure 8. Interrupt Request/Acknowledge Cycle
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CPU
Timing
(Continued)

Non-Maskable Interrupt Request Cycle.
NMI 1s sampled at the same time as the
maskable interrupt input INT but has higher

priority and cannot be disabled under software
control. The subsequent timing 1s similar to

that of a normal memory read operation except
that data put on the bus by the memory 1s
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

RYavavavavatiavs

B
X’ REFRESH X:

D =T 44_ N /H_ 9

BNI6) - @ |-
)f 1\1 4
le——

* Although NMI 1s an asynchronous input, to guarantee 1ts being
recognized on the following machine cycle, NMI's falling edge

must occur no later than the rising edge of the clock cycle
preceding Ty 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 1s active, the CPU setsits
address, data, and MREQ, IORQ, RD, and WR

CLOCK

l);

hines 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.

&
g:

o]
|
=@ |-
BUSACK
— @) -~ |~®
Ro-A1s i FLOAT e
- |=® - |~®
Do-D7 i FLOAT <_
o - —® - ~®
MREQ
__,___ ” FLOAT Jl_
- -~
i
- @ |~

RFSH

HALT

UNCHANGED

NOTE Tp = Last state of any M cycle

Tx= An arbitrary clock cycle used by requesting device

Figure 10. Z-BUS Request/Acknowledge Cycle
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CPU Halt Acknowledge Cycle. When the CPU

received. When in the Halt state, the HALT

Timing receives a HALT instruction, it executes NOP output is active and remains so until an inter-
(Continued) states until either an INT or NMI input is rupt is processed (Figure 11).
M1 | | M
Ts T T2 T3 Ta T T2
CLOCK
® F—!
HALT
Halt Instruction ) N
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 inactive, two internal T cycles are consumed
three clock cycles for the CPU to properly before the CPU resumes normal processing
accept 1t. As long as RESET remains active, the  operation. RESET clears the PC register, so the
address and data buses float, and the control first opcode fetch will be to location 0000
outputs are mactive. Once RESET goes (Figure 12).
| M1 -——
T2
w[\/\/ AYAYWAWAN
~®
~® k @]
RESET / J X\ /
—> — (®) |-—
Ro-A1s N ; FLOAT ’-
— -—
Do-D7 H’ FLOAT
—| |-—
i /
i z i
BUSACK
HALT
Figure 12. Reset Cycle
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AC Z8300-1 Z8300-3
Charac- (1.0 MHz) (2.5 MHz)
teristicst Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns)
1 TcC Clock Cycle Time 1000* 400"
2 TwCh Clock Pulse Width (High) 470" 180*
3 TwCl1 Clock Pulse Width (Low) 470 2000 180 2000
4 TiC Clock Fall Time — 30 — 30
5—TrC Clock Rise Time 30 30
6 TdCr(A) Clock t to Address Valid Delay — 380 — 145
7 TdA(MREQf)  Address Valid to MREQ 370* — 125* —
| Delay
8  TACHMREQf) Clock } to MREQ | Delay — 260 — 100
9  TdCr(MREQr) Clock ! to MREQ t Delay — 260 — 100
10— TwMREQh MREQ Pulse Width (High) 410* 170*
11 TwMREQI MREQ Pulse Width (Low) 890" — 360 —
12 TdCf(MREQr) Clock | to MREQ 1 Delay — 260 — 100
13 TdCHRDf) Clock | to RD | Delay — 340 — 130
14 TdCr(RDr) Clock 1 to RD 1 Delay — 260 — 100
15— TsD(Cr) Data Setup Time to Clock 1 140 50
16  ThD(RDr) Data Hold Time to RD 1 — 0 — 0
17 TsWAIT(CY) WAIT Setup Time to Clock | 190 — 70 —
18 ThWAIT(Cf)  WAIT Hold Time after Clock } — 0 — 0
19 TdCr(M1f) Clock t to M1 | Delay - 340 — 130
20— TdCr(Mlr) Clock t to M1 1 Delay 340 130
21 TdCr(RFSHf)  Clock 1 to RFSH | Delay — 460 — 180
22 TdCr(RFSHr) Clock 1 to RFSH t Delay — 390 — 150
23 TdC{(RDr) Clock | to RD t Delay — 290 — 110
24 TdCr(RDf) Clock t to RD | Delay — 260 — 100
25 — TsD(Cf)——Data Setup to Clock | during 160 60
M;, M3, My or Mg Cycles
26  TdA(IORQf)  Address Stable prior to IORQ ! 790*  — 320 —
27  TdCr(IORQf)  Clock t to IORQ | Delay — 240 — 90
28  TdCHIORQr) Clock | to IORQ 1 Delay — 290 — 110
29 TdD(WR{) Data Stable prior to WR } 470" — 190" —
30— TdC{(WRf) Clock | to WR | Delay 240 90
31  TwWR WR Pulse Width 890* — 360" —
32 TdCH{(WRr) Clock | to WR 1 Delay — 260 — 100
33 TdD(WR{) Data Stable prior to WR | =30 — 30" —
34 TdCr(WRf) Clock t to WR | Delay —_ 210 — 80
35— TdWRr(D) Data Stable from WR t 290* 130*
36  TAC{(HALT) Clock | to HALT t or | — 760 — 300
37  TwNMI NMI Pulse Width 210 — 80 —
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock t 210 — 80 —

*For clock periods other than the minimums shown 1in the table, calculate parameters

using the expressions 1n the table on the following page.
tAll imings assume equal loading on pins within 50 pF
Timings are prelimnary and subject to change.
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AC
Charac-
teristicst
(Continued)

TwCh of greater than 200 us
1s not guaranteed

TwCh + TIC - 200
TwCh + TIC - 90

7 — TdA(MREOQf)
10 TwMREQh

11 TwMREQI TcC - 110
26 TdA(IORQ) TcC - 210
29 TdD(WRf) TcC - 540
31 — TwWR TcC - 110

TwCl + TrC - 470
TwCl + TrC - 210
TwCl + TrC - 110
2TcC + TwCh + TIC - 210

33 TdD(WRf)

35 TdWRr(D)

45 TdCTr(A)

50 TdMI{(IORQ)

TwCh of greater than 200 us

18 not guaranteed
TwCh + TIC - 75

Z8300-1 Z8300-3
Number Symbol Parameter Min Max Min Max
(ns) (ns) (ns)  (ns)
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock t 0 — 0 —
40 — TdCr(BUSACKI{) - Clock t to BUSACK | Delay 310 120
41 TdC{(BUSACKr) Clock | to BUSACK t Delay o 290 — 110
42 TdCr(Dz) Clock 1 to Data Float Delay — 240 e 90
43 TdCr(CTz) Clock 1 to Control Outputs Float — 290 — 110
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr(Az) Clock 1 to Address Float Delay — 290 — 110
45 — TdCTr(A) MREQ t, IORQ t, RD 1, and 400" 160*
WR 1 to Address Hold Time
46 TsRESET(Cr) RESET to Clock t Setup Time 240 — 90 —
47 ThRESET(Cr) RESET to Clock t Hold Time — 0 - 0
48 TsINTHCr) INT to Clock ! Setup Time 210 — 80 —
49 ThINTr(Cr) INT to Clock t Hold Time — 0 — 0
50 —TdMI1{(IORQf) — M1 | to IORQ | Delay 2300* 920*
51 TdCHIORQM) Clock | to IORQ | Delay — 290 — 110
52 TdCH(IORQr) Clock t to IORQ 1 Delay — 260 — 100
53 TdC{(D) Clock | to Data Valid Delay — 290 —_ 230
*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.
t All imings assume equal loading on pins with 50 pF
Timings are preliminary and subject to change
Footnotes to AC Characteristics
Number Symbol Z8300-1 Z8300-3
TeC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC + TIC
2 TwCh Although static by design, Although static by design,

TwCh + TfC - 30

TcC - 30
TeC - 80
TeC - 210
TcC - 40

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

2TcC + TwCh + TiC - 80

AC Test Condihons

Vig=20V

Vip =08V

Vinc = Vec -06V
ViLc =045V
Voyg =20V

VoL =08V

FLOAT = +05V
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Absolute Storage Temperature........ -65°Cto +150°C Stresses greater than those histed under Absolute Maxi-
Maximum Temperature mum Ratings may cause permanent damage to the device.
Rati der Bi See Orderi i This 1s a stress rating only; operation of the device at any
atings unaer blas ........ ee Ordering Information condition above those indicated 1n the operational sections
Voltages on all inputs and of these specifications 1s not imphed. Exposure to absolute
outputs with respect to ground .-0.3 Vio +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 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:
B S* = 0°C to +70°C, pid
+475V = Ve = +5.25V 21K
FROM OUTPUT
UNDER TEST
100 pF 20
*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 -0.3 0.45 V
Viac Clock Input High Voltage Vee-6 Vee+.3
ViL Input Low Voltage -0.3 0.8 \
Vig Input High Voltage 2.0 Vee \
VoL Output Low Voltage 0.4 \ Ior= 1.8 mA
Vou Output High Voltage 2.4 v Ioy = -250 pA
Ing Input Leakage Current 10 rA Vin = 0to Ve
Iio 3-State Output Leakage +10'  hA Vout = 0.4 to V¢
Iec Power Supply Current
Temperature
0°C 25°C 70°C
Frequency Max Max Typical Max Unit
28300-1 (1.0 MHz) 30 26 15 20 mA
Z8300-3 (2.5 MHz) 45 42 25 35 mA
1 A)s-Ag, D7-Dg, MREQ, IORQ, RD, and WR
Capacitance Symbol Parameter Min Max Unit Note
CeLock Clock Capacitance 35 pF
Unmeasured pins
Ciy Input Capacitance 5 pF returned to ground
Cour Output Capacitance 10 pF
Ta = 25°C,f = 1 MHz.
8085-0221 121



Ordering
Information

Product Package/ Product Package/

Number Temp  Speed Description Number Temp  Speed Description
Z8300-1 PS  1.0MHz  Z80L CPU (40-pin)  Z8300-3 PS 25MHz  Z80L CPU (40-pin)
78300-1 Cs 1.0 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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Z8320 Low Power
Z80L" PIO Parallel
Input/Output

Zilog

AC and DC Characteristics

Preliminary

September 1983

Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respectto GND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Ratings This 1s a stress rating only; operation of the device at any
g As Specified 1n condition above those indicated 1n the operational sections
Operating Ambient Ordering Information of these specifications 1s not imphed. Exposure to absolute
Temperature 1n Product Spec1f1cat10ns maximum rating conditions for extended periods may affect
"""" device rehiability.
Storage Temperature. ....... -65°C to +150°C
Test The characteristics below apply for the +5v
Conditions following test conditions, unless otherwise
noted. All voltages are referenced to GND 21K
(0 V). Positive current flows into the refer- FROM OUTPUT
] . UNDER TEST
enced pin. Available operating temperature
range is:
100 pF 250
B S* = 0°Cto +70°C, "
+4.75V=Vc< +525V
*See Ordering Information section 1n product specificahons = = =
for package temperature range and product number.
DC Symbol Parameter Min Max Typical Unit Condition
Charac- ViLc Clock Input Low Voltage _03 +0.45 v
teristics Viac Clock Input High Voltage Vec-06 Vee+03 v
Vi Input Low Voltage -0.3 +0.8 \
Viy Input High Voltage +2.0 Vee \'
VoL Qutput Low Voltage +0.4 v IoL = 20mA
Vou Output High Voltage +2.4 \' Ioq = -250 uA
I Input Leakage Current +10 A VIN = Oto Ve
Iio 3-State Output Leakage
Current in Float +10 rA Vout = 0.4 to Vee
Iyt SYNC Pin Leakage Current +10/-40 A ViNy = 0to Voo
Icc Power Supply Current:
SIO 30 20 mA
PIO 20 13 mA
CIC 20 13 mA
IoHD? Darlington Drive Current -1.5 mA Vou = 1.5V
Rgxt = 390Q

Over specified temperature and voltage range
NOTES:

[1] SIO only
[2] CTC and PIO only
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Z8320-1 and

78320-3 O
Z80L PIO + O [+
AC cLock ._/
Characteristics
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78320-1 and Z8320-1 Z8320-3
78320-3 (1.0 MHz2) (2.5 MHz)

" . *
780L PIO Number Symbol Parameter Min Max Min Max Notes
AC . 1 TeC Clock Cycle Time 1000 400 (1]
Characteristics ~ , oy Clock Width (High) 470 2000 170 2000
(Continued)

3 TwCl Clock Width (Low) 470 2000 170 2000
4 TiC Clock Fall Time 30 30
5 —TrC Clock Rise Time 30 30
6  TsCS(RD) CE, B/A, C/D to RD,
IORQ |} Setup Time 140 50 [6]
7 Th Any Hold Times for Specified
Setup Time 0 0
8  TsRI(C) RD, IORQ to Clock 1 Setup
Time 300 115
9 — TdRI(DO) —— RD, IORQ ! to Data Out Delay 1090 430 [2]
10 TdRI(DOs) RD, IORQ 1 to Data Out Float
Delay 410 160
11 TsDI(C) Data In to Clock t Setup Time 140 50 CL = 50 pF
12 TdIO(DOI) IORQ | to Data Out Delay
(INTACK Cycle) 860 340 [3]
13 — TsM1(Cr) MI | to Clock t Setup Time 540 210
14 TsMI(CH M1 1 to Clock | Setup Time
(M1 Cycle) 0 0 [8]
18 TdMI(IEO) M1 | to IEO | Delay (Interrupt
Immediately Preceding M1 }) 760 300 [5, 7]
16 TsIEI(IO) 1IEI to IORQ | Setup Time
(INTACK Cycle) 360 140 [7]
17 — TdIEI(IEOf) — IEI | to IEO | Delay 480 190 [5]
CL = 50 pF
18  TdIEI(IEOr) IEI t to IEO 1 Delay (after ED
Decode) 540 210 [5]
19 TcIO(C) IORQ t to Clock | Setup Time
(To Activate READY on Next
Clock Cycle) 560 220
20  TdC(RDYr) Clock | to READY t Delay 510 200 [5]
CL = 50 pF
21 — TdC(RDYf) — Clock | to READY | Delay 390 150 [5]
22 TwSTB STROBE Pulse Width 390 150 [4]
23 TsSTB(C) STROBE 1 to Clock | Setup
Time (To Activate READY on
Next Clock Cycle) 560 220 [5]
24  TdIO(PD) IORQ 1 to PORT DATA Stable
Delay (Mode 0) 510 200 [5]
25 — TsPD(STB) —— PORT DATA to STROBE t
Setup Time (Mode 1) 660 260
26 TdSTB(PD) STROBE | to PORT DATA
Stable (Mode 2) 590 230 [51
27 TdSTB(PDr) STROBE t to PORT DATA Float
Delay (Mode 2) 510 200 CL = 50 pF
28  TdPD(INT) PORT DATA Match to INT |
Delay (Mode 3) 1360 540
29  TASTB(INT)  STROBE ! to INT! Delay 1240 490
NOTES
[1] TcC = TwCh + TwCl + TrC + TiC [6] TsCS(RI) may be reduced However, the time subtracted
[2] Increase TdRI(DO) by 10 ns for each 50 pF increase 1n load from TsCS(RI) will be added to TdRI(DO).
up to 200 pF max [7] 25 TcC > (N-2)TdIEI(IEC!) + TdMI(IEO) + TsIEI(IO)
[3] Increase TAIO(DOI) by 10 ns for each 50 pF, increase in + TTL Buffer Delay, 1if any
loading up to 200 pF max. (8] M1 must be active for a mmimum of two clock cycles to
[4] For Mode 2 TwSTB > TsPD(STB) reset the PIO
[5] Increase these values by 2 ns for each 10 pF increase in * Timings are preliminary and subject to change
loading up to 100 pF max
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Z8330 Low Power
Z80L° CTC Counter/
Timer Circuit

Zilog

AC and DC Characteristics

Preliminary

September 1983

Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Max-
Maximum with respecttoGND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Hatings This 1s a stress rating only; operation of the device at any
As Specified 1n condition above those indicated in the operational sections
Operating Ambient Ordering Information of these specifications 1s not implied. Exposure to absolute
Temperature . . ...... 1n Product Specific ations maximum rating conditions for extended periods may affect
device rehability.
Storage Temperature. . ... ... -65°Cto +150°C
Test The characteristics below apply for the +5V
Conditions following test conditions, unless otherwise
noted. All voltages are referenced to GND 2
(0 V). Positive current flows into the refer- P SwTeaT
enced pin. Available operating temperature
range is: wopr 5
B S* = 0°Cto +70°C,
+4.75 V=V, < +525V
*See Ordering Information section n product specifications
for package temperature range and product number.
DC Symbol Parameter Min Max Typical Unit Condition
Charac- Vie Clock Input Low Voltage -0.3 +0.45 s
teristics Vine Clock Input High Voltage Vec-06  Voc+0.3 v
ViL Input Low Voltage -0.3 +0.8 \'
ViH Input High Voltage +20 Vee v
VoL Output Low Voltage +0.4 v IoL = 2.0 mA
Vou Qutput High Voltage +2.4 v Ioy = —250 uA
11 Input Leakage Current +10 7. ViN = 0to Ve
Iio 3-State Output Leakage
Current 1n Float +10 wA Vout = 0.4 to Ve
Iisy)! SYNC Pin Leakage Current +10/-40 uA VN = 0to Ve
Icc Power Supply Current:
SIO 30 20 mA
PIO 20 13 mA
CTC 20 13 mA
IoHD? Darlington Drive Current -1.5 mA Vou = 1.5V
Rgxt = 390Q

Over specified temperature and voltage range.
NOTES:

[1] SIO only
[2] CTC and PIO only
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Z8330-1 and
Z8330-3

Z80L CTC

AC
Characteristics
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78330-1 Z8330-1 Z8330-3
zaasg-a and (1.0 MHz) (2.5 MHz)
780L CTC Number Symbol Parameter Min Max Min Max Notest*
AC 1 TcC Clock Cycle Time 1000 400
fcho‘:t‘,’cte‘gjﬁcs 2 TwCH Clock Width (High) 470 170
n
e 3 TwCl Clock Width (Low) 470 2000 170 2000
4 TIC Clock Fall Time 30 30
5 TrC Clock Rise Time 30 30
6 — Th ——— All Hold Times 0 0
7  TsCS(C) CS to Clock t Setup Time 640 250
8 TsCE(C) CE to Clock ! Setup Time 510 200
9 TsIO(C) IORQ | to Clock t Setup Time 640 250
10  TsRD(C) RD | to Clock t Setup Time 610 240
11 TdC(DO) Clock 1 to Data Out Delay 610 240 [2]
12 — TdC(DOz) —— Clock | to Data Out Float Delay 590 230
13 TsDI(C) Data In to Clock t Setup Time 160 60
14 TsMI(C) MI to Clock t Setup Time 540 210
15 TdMI(IEO) M1 | to IEO } Delay (Interrupt
immediately preceding M1) 760 300 [3]
16  TdIO(DOI) IORQ ! to Data Out Delay 860 340 [2]
(INTA Cycle)
17 — TdIEI(IEOf) — IEI | to IEO | Delay 490 190 [3]
18  TdIEI(IEOr) IEI t to IEO t Delay
(After ED Decode) 560 220 [3]
19 TdC(INT) Clock 1t to INT | Delay ((1)+510) ((1) +200) [4]
20  TdCLK(INT) CLK/TRG 1 to INT!}
tsCTR(C) satistied ((19) +(26)) ((19) +(26)) [8]
tsCTR(C) not satistied ((1)+(19)+(26)) ((1)+(19)+(26)) [5]
21 — TcCTR CLK/TRG Cycle Time 2TcC 2TcC [5]
22 TrCTR CLK/TRG Rise Time 50 50
23  TiCTR CLK/TRG Fall Time 50 50
24  TwCTRI CLK/TRG Width (Low) 510 200
25 TwCTRh CLK/TRG Width (High) 510 200
26 — TsCTR(Cs) —— CLK/TRG t to Clock t Setup
Time for Immediate Count 760 300 [5]
27 TsCTR(Ct) CLK/TRG ! to Clock t Setup
Time for enabling of Prescaler
on following clockt 540 210 [4]
28 TdC(ZC/TOr) Clock 1 to ZC/TO t Delay 660 260
29  TdC(ZC/TOf) Clock | to ZC/TO | Delay 490 190
NOTES
[1] TeC = TwCh + TwCl + TrC + TiC. * RESET must be active for a minimum of 3 clock cycles.
[2] Increase delay by 10 ns for each 50 pF increase in loading, t Units are nanoseconds unless otherwise specified; parenthetical
200 pF maximum for data lines, and 100 pF for control lines. numbers reference the table number of a parameter, e.g., (1)
[3] Increase delay by 2 ns for each 10 pF increase in loading, refers to TcC; timings are prehminary and subject to change.
100 pF maximum.
{4] Timer mode.
[5] Counter mode.
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28340 Low Power
Z80L° SIO Serial
Input/Output

Zilog

AC and DC Characteristics

Preliminary

September 1983

Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum  with respectto GND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
. This 1s a stress rating only; operation of the device at any
Rahngs As SDEleled in condition above those indicated in the operational sections
Operatmg Ambient Ordering Information of these specifications 1s not implied. Exposure to absolute
Temperature in Product Specifications maximum rating conditions for extended periods may affect
"""" device reliability.
Storage Temperature. . ...... -65°Cto +150°C
Test The characteristics below apply for the +5v
Conditions following test conditions, unless otherwise
noted. All voltages are referenced to GND 21K
(0 V). Positive current flows 1nto the refer- FROM ouTPuT
enced pin. Available operating temperature
range is:
d - 2
m S* = 0°Cto +70°C,
+4.75V=V,o=< +525V
*See Ordering Information section 1n product specifications ) ) )
for package temperature range and product number
DC Symbol Parameter Min Max Typical Unit Condition
Ch-an-:c- ViLc Clock Input Low Voltage -0.3 +0.45 v
teristics 1 Clock Input High Voltage Voc-06  Voc+0.3 v
ViL Input Low Voltage -0.3 +0.8 v
Vi Input High Voltage +2.0 Vee )
VoL Output Low Voltage +0.4 \' IoL = 2.0 mA
Vou Output High Voltage +2.4 A Iog = —250 kA
I Input Leakage Current +10 whA Viy = 0to Ve
Iio 3-State Output Leakage
Current 1n Float +10 rA Vout = 0.4 to Ve
Iisy! SYNC Pin Leakage Current +10/-40 pA Vin = Oto Ve
Icc Power Supply Current:
SIO 30 20 mA
PIO 20 13 mA
CTC 20 13 mA
Ioup? Darlington Drive Current -1.5 mA Vou = 1.5V
© Rgxt = 3909

Over specified temperature and voltage range

NOTES
[1] SIO only
[2] CTC and PIO only
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Z8340-1 and

Z8340-3
Z80L SIO oLk
AC —/
Characteristics o
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Z8340-1 and
Z8340-3

Z80L SIO

AC
Characteristics
(Continued)

Z8340-1 78340-3
(1.0 MHz) (2.5 MHz)
Number Symbol Parameter Min Max Min Max Notest
1 TcC Clock Cycle Time 1000 4000 400 4000
2 TwCh Clock Width (High) 470 2000 170 2000
3 TiC Clock Fall Time 30 30
4 TrC Clock Rise Time 30 30
5 TwCl Clock Width (Low) 470 2000 170 2000
6 TsAD(C) CE, C/D, B/A to Clock t Setup Time 410 160
7—TsCS(C)—— TORQ, RD to Clock t Setup Time 610 240
8 TdC(DO) Clock 1 to Data Out Delay 610 240
9  TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 140 50
10 TdRD(DOz) RD t to Data Out Float Delay 590 230
11 TdIO(DOI) TORQ ! to Data Out Delay (INTACK Cycle) 860 340
12 TsMI(C) M1 to Clock ! Setup Time 540 210
13 TsIEKIO) IEI to TORQ } Setup Time (INTACK Cycle) 510 200
14— TdMI(IEO)——MI | to IEO | Delay (interrupt before M) 760 300
15  TdIEKIEOr) IEI t to IEO 1 Delay (after ED decode) 380 150
16  TdIEI(IEOf) IEI | to IEO ! Delay 380 150
17 TdC(INT) Clock 1 to INT | Delay 510 200
18  TdIO(W/RWf) TORQ !} or CE } to W/RDY | Delay Wait
Mode) 760 300
19 TdC(W/RR)  Clock 1 to W/RDY ! Delay (Ready Mode) 310 120
20 TdC(W/RWz) Clock } to W/RDY Float Delay (Wait Mode) 390 150
21 Th Any unspecified Hold when Setup 1s specified 0 0

T Unuts are nanoseconds unless otherwise specified,

timings are preliminary and subject to change.
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Z8340-1 and

Z8340-3 R
ZBOL SIO CTS, DCD, SYNC
AC
. I 'O
Characteristics
(Continued) e N\ r/ m—
W | —C0
(—®—]
TxD x
@
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iNT \
[ 0,
S e D/ e N
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[—(D)—> ()|
RxD x K
O
WIRDY AN
—®-
iwT N
sVNC \f—o—
(%)
Z8340-1 Z8340-3
(1.0 MHz) (2.5 MHz)
Number Symbol Parameter Min Max Min Max Notest
1 TwPh Pulse Width (High) 500 200
2 TwPl Pulse Width (Low) 500 200
3  TcTxC TxC Cycle Time 1000 ) 400 o
4  TwIxCl TxC Width (Low) 460 L 180 ©
5  TwTxCh TxC Width (High) 460 L 180 L
6——TdTxC(TxD)—TxC | to TxD Delay (x1 Mode) 1000 400
7  TdTxC(W/RRf) TxC | to W/RD~. | Delay (Ready Mode) 5 9 5 9  Clk Periods*
8 TdTxC(INT) TxC ! to INT | Delay 5 9 5 9  Clk Periods*
9 TcRxC RxC Cycle Time 1000 © 400 ]
10 TwRxCl RxC Width (Low) 460 o 180 ®©
11 TwRxCh RxC Width (High) 460 © 180 %
12— TsRxD(RxC)—RxD to RxC 1 Setup Time (x1 Mode) 0 0
13 ThRxD(RxC) RxC ! to RxD Hold Time (x1 Mode) 360 140
14 TdRxC(W/RRf) RxC 1 to W/RDY } Delay (Ready
Mode) 10 13 10 13 Clk Periods*
15  TdRxC(INT) RxC 1 to INT | Delay 10 13 10 13 ClIk Periods*
16  TdRxC(SYNC) RxC t to SYNC ! Delay (Output
Modes) 4 7 4 7  Clk Periods*
17 TsSYNC(RxC) SYNC !} to RxC t Setup (External Sync
Modes) 100 100
In all modes, the System Clock rate must be at least five times * System Clock
the maximum data rate. T Units are nanoseconds unless otherwise specified;
must be active a mimmum of one complete Clock Cycle. timings are preliminary and subject to change.
00-2332-01
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Packaging Information

Zilog

January 1984

Package
Information

This table summarizes the microprocessor
components available from Zilog by number of
pins and package type. Following the table are
detailed drawings for each package type. For

further information on specific components,
see the Ordering Information section of each
product specification.

Pins Package

Component Pins Package Component
28 Ceramic, Cerdip 28430 Z80 CTC 40 Ceramic, Cerdip 28449 780 SIO/9
28 Plastc 78330 Z80L CTC 23470 280 DART
28430 780 CTC 40 Plastic 28300 Z80L CPU
. . 78320 Z80L PIO
28 Leadless Carrier, Ceramic 28430 Z80 CTC 78340 780L. SIO/0
40 Ceramic, Cerdip Z8400 Z80 CPU 78342 7Z80L SIO/2
28410 280 DMA 44 Leadless Carrier, Ceramic 28400 Z80 CPU
78420 780 PIO
78410 Z80 DMA
78440 780 SIO/0
78441 780 SIO/1 28420 280 PIO
28444 780 SIO*
78442 780 SIO/2

*NOTE: As a result of size of package, all SIO versions are included 1n one version, the Z8444.
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Package 2 .
Information e e e e e e e
(Continued)
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NOTE: Package dimensions are given in inches. To convert to millimeters, multiply by 25.4.
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Package 40 ‘ 21
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(Continued)
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Package
Information
(Continued)

0.620
0.600

0.015

0.009

0.650

0.610

AAMAAMAANAANAANAMM AN

A

I=]
o

o
12l

D

- o
B

YVVVVVVVVVVVVUWUVV\%

2,070
MAX
0.150
e
= 0.020
| MIN
0.090 0.110 0.021 0.060 N
0.060 0.090 - I“oms ~—0.040 0.125
MIN

40-Pin Plastic Package

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

140



Package
Information
(Continued)
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Zilog Sales Offices and Technical Centers

West

Sales & Technical Center
Zilog, Incorporated

1315 Dell Avenue
Campbell, CA 95008
Phone (408) 370-8120
TWX 910-338-7621

Sales & Technical Center
Zilog, Incorporated
18023 Sky Park Circle
Suite J

Irvine, CA 92714

Phone (714) 549-2891
TWX 910-595-2803

Sales & Technical Center
Zilog, Incorporated
15643 Sherman Way
Suite 430

Van Nuys, CA 91406
Phone (213) 989-7485
TWX 910-495-1765

Sales & Technical Center
Zilog, Incorporated

1750 112th Ave. N E
Suite D161

Bellevue, WA 98004
Phone (206) 454-5597

Midwest

Sales & Technical Center
Zilog, Incorporated

951 North Plum Grove Road
Suite F

Schaumburg, IL 60195
Phone (312) 885-8080
TWX 910-291-1064

Sales & Technical Center
Zilog, Incorporated
28349 Chagrin Blvd
Suite 109

Woodmere, OH 44122
Phone (216) 831-7040
FAX 216-831-2957

South

Sales & Technical Center
2Zilog, Incorporated

4851 Keller Springs Road,
Suite 211

Dallas, TX 75248

Phone (214) 931-9090
TWX 910-860-5850

Zilog, Incorporated
7113 Burnet Rd.

Suite 207

Austin, TX 78757
Phone (512) 453-3216

Zilog, Inc. 1315 Dell Ave., Campbell, California 95008

East

Sales & Technical Center
Zilog, Incorporated
Corporate Place

99 South Bedford St.
Burlington, MA 01803
Phone (617) 273-4222
TWX 710-332-1726

Sales & Technical Center
Zilog, Incorporated

240 Cedar Knolls Rd
Cedar Knolls, NJ 07927
Phone (201) 540-1671

Technical Center
Zilog, Incorporated
3300 Buckeye Rd.
Suite 401

Atlanta, GA 30341
Phone (404) 451-8425

Sales & Technical Center
Zilog, Incorporated

1301 Seminole Bivd
Suite 103

Largo, FL 33540

Phone (813) 585-2533
TWX 810-866-9740

Zilog, Incorporated
613-B Pitt St.
Cornwall, Ontario
Canada KéJ 3R8
Phone (613) 938-1121

United Kingdom

Zilog (U.K.) Limited

Zilog House

43-53 Moorbridge Road
Maidenhead

Berkshire, SL6 8PL England
Phone. 0628-39200

Telex 848609

France

Zilog, Incorporated
Cedex 31

92098 Paris La Defense
France

Phone (1) 334-60-09
TWX 611445F

West Germany

Zilog GmbH
Eschenstrasse 8

_ D-8028 TAUFKIRCHEN

Munich, West Germany
Phone 89-612-6046
Telex 529110 Zilog d.

Japan

Zilog, Japan K K

Konparu Bldg. 5F

2-8 Akasaka 4-Chome
Minato-Ku, Tokyo 107
Japan

Phone (81) (03) 587-0528
Telex 2422024 A/B Zilog J

Hong Kong

Zilog Asia Ltd

22-26 Austin Ave.

Room 1009 Austin Tower
Tsimshatsui Kowloon
Hong Kong

Phone (852) (3) 723-8979
Telex 52102 ZILOG HK

Telephone (408)370-8000 TWX 910-338-7621
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