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USE IN LIFE SUPPORT DEVICES FOR SYSTEMS MUST BE EXPRESSLY AUTHORIZED

SGS-THOMSON PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT OF SGS-THOMSON
Microelectronics. As used herein:

1. Life support devices or systems are those which (a) are 2. A critical component is any component of a life support
intended for surgical implant into the body, or (b) support device or system whose failure to perform can reason-
or sustain life, and whose failure to perform, when ably be expected to cause the failure of the life support
properly used in accordance with instructions for use device or system, or to affect its safety or effectiveness.

provided with the product, can be reasonably expected
to result in significant injury to the user.
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Z80 FAMILY OVERWIEW

Estabilished as the industry standard, the Z80 CPU
offers many features not found on comparable mi-
croprocessors: on chip refresh for dynamic memo-
ries, comprehensive bit test, reset instructions,
block transfer and search instructions, two 16 bit
index registers, powerful vectored interrupts and
a dual register bank for fast context switching.
Complementing the power of the CPU is a com-
plete family of versatile peripheral components.

And today, with the introduction of low power
CMOS versions, the Z80 is more than ever the first
choice for 8-bit applications.

Central Processor Unit

The Z80 CPU features 158 instruction, software
compatible whit all the 78 of the 8080A with added
powerfu bit, word and string operations. Three mo-
des of high speed interrupt including a unique vec-
tored interrupt. Dual register sets for context
switching plus two 16-bit index registers for memory
reference.

Direct Memory Access

The Z80 DMA performs data transfers and sear-
ches in a wide variety of 8-bit CPU environments.
It is uniqgue among DMA'’s in that it takes full con-
trol of the systems address, data and control bu-
ses - and is therefore a special purpose processor
- when enabled by the CPU to do so. The DMA al-
so provides complete interfacing to the system bus.

Parallel Input/Output

The Z80 PIO is a programmable two port device
which provides a TTL compatible interface between
peripheral devices and the Z80 CPU. The program-
mer can configure the Z80 PIO to interface with a
wide range of peripheral devices with no other ex-
ternal logic required.

L7 S5 THONN

Counter/Timer Circuit

The Z80 CTC is a programmable component with
four independent channel that provide counting and
timing functions for microcomputer system based
on the Z80 CPU.

The programmer can configure the CTC to opera-
te under various modes to interface with a wide ran-
ge of devices.

Serial Input/Output

The Z80 SIO is a dual channel multi-function peri-
pheral component designed to satisfy a wide va-
riety of serial data communications requirements
in microcomputer systems.

Its basic function is a serial-to-parallel, parallel-to-
serial converter/controller but within that role its per-
sonality is software configurable so that it can be
optimized for a given serial data communications
application.

Dual Asynchronous Receiver Transmitter

The Z80 DART is a dual channel multi-function pe-
ripheral component that satisfies a wide variety of
serial data communications requirements in micro-
computer systems. The Z80 DART is used as a
serial-to-parallel, parallel-to-serial converter/control-
ler in asynchronous applications.

In addition it also provides modem controls for both
channels.

4 Clock Speeds and 4 Package Types

The NMOS & CMOS family Z80 offers a wide se-
lection of speeds with 2.5, 4, 6 and 8 MHz versions
and come in plastic and ceramic dual-in-line pac-
kages as well as leaded plastic quad-in-line
packages.




CROSS REFERENCE

SUFFIX DESCRIPTION

TEMP. SUFFIX

BASE PART | SPEED SUFFIX (MHz) PACKAGE SUFFIX o g o

NUMBER 25 40 6.0 8.0 PL FR CE PL LC e b ]

+ > *

S - 3

I

SGS-THOMSON | Z84XX * A B H B F D C na 1 6 2

ZILOG Z084XX na 04 06 08 P D C V L S E M

SGS-THOMSON |Z84CXX na A B H B na D C na na 6 2

TOSHIBA TMPZ84XX na * -6 -8 P na na T na na * na

ZILOG 2084CXX na 04 06 08 P D C V L S E M

SHARP LH508X na * na na * pa na na na na * na

NEC uPD70008AXX| na -4 -6 -8 * pa na na na na * na

DEVICE TYPE

CPU DMA PIO CTC SIlo DART

SGS-THOMSON | Z8400 28410 28420 28430 28440/1/2 28470
ZILOG 208400 208410 208420 208430 208440/1/2 na
SGS-THOMSON | Z84C00 284C10 Z84C20 Z84C30 284C40/1/2 na
TOSHIBA TMPZ84C00 | TMPZ84C10 | TMPZ84C20 | TMPZ84C30 | TMPZ84C40/1/2 | na
ZILOG Z084C00 2084C10 Z084C20 Z084C30 Z084C40/1/2 na
SHARP LH5080 LH5083 LH5081 LH5082 na na
NEC uPD70008A | na na na na na

Notes: * Standard Version - No suffix required
na: Not Available
SGS-THOMSON
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PART NUMBER IDENTIFICATION

Example: ’ 28400 H A

2K

Circuit Designator
Speed
No letter
A

B
H

Package

© 3 AN
cocow

B Plastic

D Ceramic

F Frit-Seal

C Leaded Plastic - Chip Carrier

Temperature Range

1 O0to + 70°C
6 —40to + 85°C
2 -55t0 + 125°C

ISTR i
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Z80C CPU CMOS VERSION

» THE INSTRUCTION SET CONTAINS 158 IN-

STRUCTIONS. THE 78 INSTRUCTIONS OF
THE 8080A ARE INCLUDED AS A SUBSET ;
8080A AND 780 SOFTWARE COMPATIBILITY
IS MAINTAINED

8 MHz, 6 MHz AND 4 MHz CLOCKS FOR THE
Z80CH, Z80CB AND Z80CA, THE Z80C CPU,
RESULT IN RAPID INSTRUCTION EXECU-
TION WITH CONSEQUENT HIGH DATA
THROUGHPUT

THE EXTENSIVE INSTRUCTION SET IN-
CLUDES STRING, BIT, BYTE, AND WORD
OPERATIONS. BLOCK SEARCHES AND
BLOCK TRANSFERS TOGETHER WITH IN-
DEXED AND RELATIVE ADDRESSING RE-
SULT IN THE MOST POWERFUL DATA
HANDLING CAPABILITIES IN THE MICRO-
COMPUTER INDUSTRY

THE Z80C MICROPROCESSORS AND ASSO-
CIATED FAMILY OF PERIPHERAL CONTROL-
LERS ARE LINKED BY A VECTORED
INTERRUPT SYSTEM. THIS SYSTEM MAY BE
DAISY-CHAINED TO ALLOW IMPLEMENTA-
TION OF A PRIORITY INTERRUPT SCHEME.
LITTLE, IF ANY, ADDITIONAL LOGIC IS RE-
QUIRED FOR DAISY-CHAINING

DUPLICATE SETS OF BOTH GENERAL-PUR-

.POSE AND FLAG REGISTERS ARE PRO-

VIDED, EASING THE DESIGN AND
OPERATION OF SYSTEM SOFTWARE
THROUGH SINGLE-CONTEXT SWITCHING,
BACKGROUND-FOREGROUND PRO-
GRAMMING, AND SINGLE-LEVEL INTER-
RUPT PROCESSING. IN ADDITION, TWO
16-BIT INDEX REGISTERS FACILITATE PRO-
GRAM PROCESSING OF TABLES AND AR-
RAYS

THERE ARE THREE MODES OF HIGH SPEED
INTERRUPT PROCESSING : 8080 SIMILAR,
NON-Z80 PERIPHERAL DEVICE, AND Z80
FAMILY PERIPHERAL WITH OR WITHOUT
DAISY CHAIN

ON-CHIP DYNAMIC MEMORY REFRESH
COUNTER

SINGLE 5 V + 10 % POWER SUPPLY

= LOW POWER CONSUMPTION :

- 9mATYP. AT 4 MHz
- 15mATYP. AT 6 MHz

September 1988

- 20 mATYP. AT 8 MHz
- LESS THAN 10 pA IN POWER DOWN
MODE

= EXTENDED OPERATING TEMPERATURE

- 40°CTO+85°C

DIP-40
(Plastic)

DIP-40

PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)

LOGIC FUNCTIONS

i Ao

A
MREQ Az
10RQ Ay
/D A
WR As

SYSTEM
CONTROL

RFSH Ar ADDRESS
8uUs

HALT Ay
WA eaC00 Au

cPU
CONTROL

ERINEERIIN

cru
conhat \ =—] fUsAck 0,
DATA
BUS

T T

I

1/32

13



Z84C00

DESCRIPTION

780 CMOS Family is fabricated using SGS-THOM-
SON’ CMOS Silicon Gate Technology, which pro-
vides low power operation and high performance.

The Z80C CPU is third-generation single-chip
microprocessors with exceptional computational
power. They offer higher system throughput and
more efficient memory utilization than comparable
second-and third-generation microprocessors. The
internal registers contain 208 bits of read/write
memory that are accessible to the programmer.
These registers include two sets of six general-pur-
pose registers which may be used individually as
either 8-bit registers or as 16-bit register pairs. In ad-
dition, there are two sets of accumulator and flag
registers. A group of "Exchange" instructions makes
either set of main or alternate registers accessible

Figure 1 : Dual in Line Pin Configuration.

to the programmer. The alternate set allows oper-
ation in foreground-background mode or it may be
reserved for very fast interrupt response.

The Z80C also contains a Stack Pointer, Program
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 out-
put signals are fully decoded and timed to control
standard memory or peripheral circuits, and is sup-
ported by an extensive family of peripheral control-
lers. The internal block diagram (figure 3) shows the
primary functions of the Z80C processors. Subse-
quent text provides more detail on the Z80C I/0 con-
troller family, registers, instruction set, interrupts and
daisy chaining, and CPU timing.

Figure 2 : Chip Carrier Pin Configuration.
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Z84C00

Figure 3 : CPU Block Diagram.
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CPU REGISTERS

Figure 4 shows three groups of registers within the
CPU. The first group consists of duplicate sets of 8-

Figure 4 : CPU Registers.

Main Register Set

bit registers : a principal set and an alternate set
(designated by '[prime], e.g., A’). Both sets consist

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

IX Index Register

1Y Index Register

SP Stack Pointer

PC Program Counter

| Interrupt Vector R Memory Refresh

8 Bits

&7

SGS-THOMSON
ICROELECTRONICS

INTERRUPT FLIP-FLOPS STATUS

—| IFF1 [ IFF2
0=INTERRUPTS DISABLED ~ STORES IFF1
1 = INTERRUPTS ENABLED DURING NMI
- SERVICE

INTERRUPT MODE FLIP-FLOPS

IMFa IMFo
0 0 INTERRUPT MODE 0
0 1 NOT USED
1 0 INTERRUPT MODE 1
1 1 INTERRUPT MODE 2
3/32
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Z84C00

of the Accumulator Register, the Flag Register, and
six general-purpose registers. Transfer of data be-
tween these duplicate sets of registers is accom-
plished by use of "Exchange" instructions. The
result is faster response to interrupts and easy, ef-
ficient implementation of such versatile programm-
ing techniques as background-foreground data
processing. The second set of registers consists of
six registers with assigned functions. These are the
I (Interrupt Register), the R (Refresh Register), the
IX and IY (Index Registers), the SP (Stack Pointer),
and the PC (Program Counter). The third group con-
sists of two interrupt status flip-flops, plus and addi-
tional pair of flip-flops which assists in identifying the
interrupt mode at any particular time. Table 1 pro-
vides further information on these registers.

INTERRUPTS : GENERAL OPERATION

The CPU accepts two interrupt input signals : NMI
and INT. The NMI is a non-maskable interrupt and
has the highest priority. INT is a lower priority inter-
rupt and it requires that interrupts be enabled in soft-
ware in order to operate. INT can be connected to
multiple peripheral devices in a wired-OR configu-
ration.

Table 1. CPU Registers

The Z80C has a single response mode for interrupt
service for the non-maskable interrupt. The mask-
able interrupt, INT, has three programmable re-
sponse modes available.

These are :

= Mode 0 - compatible with the 8080 microproces-
sor.

= Mode 1 - Peripheral Interrupt service, for use with
non-8080/Z80 systems.

= Mode 2 - a vectored interrupt scheme, usually
daisy-chained, for use with Z80 Family and com-
patible 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 process-
ing depends upon the type of interrupt that was de-
tected. Details on interrupt responses are shown in
the CPU Timing Section.

NON-MASKABLE INTERRUPT (NMI)

The non-maskable interrupt cannot be disabled by
program control and therefore will be accepted at all
times by the CPU. NMI is usually reserved for ser-
vicing only the highest priority type interrupts, such
as that for orderly shut-down after power failure has
been detected.

Register Size (Bits) Remarks

A A Accumulator 8 Stores an Operand or the Results of an Operation

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

1 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 instruction fetch
cycle refresh time.

IX Index Register 16 Used for indexed addressing.

Y Index Register 16 Same as IX, above.

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in
Instruction Set.

PC Program Counter 16 Holds address of next instruction.

IFF4—IFF2 | 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).

4/32
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Z84C00

After recognition of the NMI signal (providing BUS-
REQ is not active), the CPU jumps to restart loca-
tion 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 Z80C response to a maskable interrupt input fol-
lows 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 (MI) cycle in Which IORQ_becomes active
rather than MREQ, as in normal M1 cycle.

In addition, this special M1 cycle is automatically ex-
tended by two WAIT states, to allow for the time re-
quired to acknowledge the interrupt request.

MODE 0 INTERRUPT OPERATION

This mode is similar with the 8080 microprocessor
interrupt service procedures. The interrupting de-
vice 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 loca-
tions in page zero of memory. Unlike the 8080, the
Z80 CPU responds to the Call instruction with only
one interrupt acknowledge cycle followed by two
memory read cycles.

MODE 1 INTERRUPT OPERATION

Mode 1 operation is very similar to that for the NMI.
The principal difference is that the Mode 1 interrupt
has a restart location of 0038H only.

MODE 2 INTERRUPT OPERATION

plies the low-order byte of the 2-byte vector, bit 0
(Ao) 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 configuration. Each device in the chain has an
interrupt enable input line (IEl) and an interrupt en-
able output line (IEO), which is fed to the next lower
priority device. The first device in the daisy chain has
its IEl input hardwired to a High level. The first de-
vice has highest priority, while each succeding de-
vice has a corresponding lower priority. This
arrangement permits the CPU to select the highest
priority interrupt from several simultaneously inter-
rupting peripherals.

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

The Z80C CPU will nest (queue) any pending inter-
rupts or interrupts received while a selected periph-
eral is being serviced.

INTERRUPT ENABLE/DISABLE OPERATION

Two flip-flops, IFF1 and IFF2, referred to in the reg-
ister description are used to signal the CPU inter-
rupt status. Operation of the two flip-flops is
described in table 2. For more details, refer to the
Z80 CPU Technical Manual.

Table 2. State of Flip-Flops

Action IFF2|IFF, Comments
This interrupt mode has been designed to utilize CPU Reset 0 | 0 | Maskable Interrupt
most effectively the capabilities of the Z80C micro- INT Disabled
processor and its associated peripheral family. The DI Instruction 0 0 | Maskable Interrupt
interrupting peripheral device selects the starting Execution INT Disabled
address of the interrupt service routine. It does this El Instruction 1 1 | Maskable Interrupt
by placing an 8-bit vector on the data bus during the Execution INT Enabled
interrupt acknowledge cycle. The CPU forms a LD A, | Instruction | + | IFF2 — Parity Flag
pointer using this byte as the lower 8-bits and the Execution )
contents of the | register as the upper 8-bits. This LD A, R Instruction| - | - | IFF2 — Parity Flag
points to an entry in a table of addresses for inter- Execution _
rupt service routines. The CPU then jumps to the Accept NMI 0 |IFFy| IFFy — IFF2
routine at that address. This flexibility in selecting (maskable
the interrupt service routine address allows the pe- interrupt
rioheral ; ; _ . INT disabled)
pheral device to use several different types of ser: .
vice routines RETN Instruction {IFFa| - IFF2 — IFF¢ at
e . Execution Completion of

These routines may be located at any available lo- an NMI Service
cation in memory. Since the interrupting device sup- Routine.

Ly SGS-THOMSON 532
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CPU INTERRUPT SEQUENCE

SET BUSRO FIF

END OF
INSTRUCTION

SET NMt FIF

1FFIz1

NON
MASKABLE
INTERRUPT

MASKABLE
INTERRUPT
MOOE

NO

Notes : 1. INT and NMI are always acted on at the end of an instruction.
2. BUSRQ is acted on at the end of a machine cycle. .
3. While the CPU is in the DMA MODE, it will not respond to active inputs on INT or NMI.
4. These three inputs are acted on in the following order of priority.
1) BUSRQ -- highest
2) NMI
3) INT -- lowest.

6/32 g
Kyy 555NN
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Z84C00

INSTRUCTION SET

The Z80C microprocessor has one of the most
powerful and versatile instruction sets available in
any 8-bit microprocessor. It includes such unique
operations as a block move for fast, efficient data
transfers within memory or between memory and
1/0. It also allows operations on any bit in any loca-
tion in memory.

The following is a summary of the Z80C instruction
set and shows the assembly language mnemonic,
the operation, the flag status, and gives comments
on eachinstruction. The Z80 CPU Technical Manual

16-BIT ARITHMETIC OPERATIONS
ROTATES AND SHIFT

BIT SET, RESET, AND TEST OPERATIONS
= JUMPS

u CALLS, RETURNS, AND RESTARTS

= INPUT AND OUTPUT OPERATIONS

A variety of addressing modes are implemented to
permit efficient and fast data transfer between vari-
ous registers, memory locations, and input/output
devices. These addressing modes include :

n Immediate

Immediate extended

and Z80 CPU Programming Manual contain signifi- N
cantly more details for programming use. » Modified page zero
The instructions are divided into the following ca- = Relative
tegories : = Extended
= 8-BIT LOADS = Indexed
= 16-BIT LOADS = Register
» EXCHANGES, BLOCK TRANSFERS, AND - Reg[sterlndlrect
SEARCHES = Implied
= 8-BIT ARITHMETIC AND LOGIC OPERATIONS = Bit
» GENERAL-PURPOSE ARITHMETIC AND CPU
CONTROL
16-BIT ARITHMETIC GROUP
i Flags Opcode Noof | N°of |N°of
Symbolic H M T
Symbol Operation slz| ] [pvn[c|76 sa3210] P [Byies| o D lsates] SO ™EMS
ADD HL, ss| HL « HL + ss ele[X[X|X] « [0]2|00 ss1 001 1 3 11 | ss Reg.
ADC HL, ss| HL « HL +ss + CY |$[?|X|X|X| V (0|%|11 101 101| ED 2 4 15
01 ss1 010 00 BC
»
SBC HL, ss| HL « HL +ss = CY |$ |3 |X|X[X| V [1]{§]|11 101 101| ED 2 4 15 ?0 PXE
01 ssO 010 11 sp
ADD IX, pp| IX « + pp o|e|X|X|{X|{ « [0O]T]11 011 101| DD 2 4 15
01 ppi 001 pp Reg.
ADD IY, rr | IY « IY +rr oo [X|X|X] « |O[s]|11 111 101| FD 2 4 15 | 00 BC
00 rr1 001 01 DE
INC ss SS ¢ ss + 1 oo {X]e[X]| « |*]|+|00 .ssO 011 1 1 6 10 IX
INCIX | IX e IX+1 efe|X|e|X| « {s]|+|11 011101/ DD | 2 2 |10 |11 sP
00 100 011| 23 fr Reg.
INC IY IY < 1Y +1 ef|e|X]|o|X]| o |e]e)11 111 101| FD 2 2 10 | ————
00 100 011| 23 00 BC
DECss | ss < ss-1 oo X[+ [X] + |+]+|00 ss1 011 1 1 6 | 01 DE
DEC IX | IX &« IX—1 efefX{+(X]| + [+|+]11 011 101| DD | 2 2 |10 |10 1Y
00 101 011| 2B 11 8P
DEC IY IY « 1Y -1 efe|X)e|X]| ¢ |e]+|11 111 101] FD 2 2 10
00 101 011| 2B
Notes : ssis any of the register pairs BC, DE, HL, SP.
pp is any of the register pairs BC, DE, IX, SP.
rr is any of the register pairs BC, DE, 1Y, SP.
Ly7 SGS-THOMSON 732
YJ ICROGLECTRONICS
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Z84C00

INSTRUCTION SET (continued)

8-BIT LOAD GROUP

N° of [N° of
Symbol Symbolic Flags Opcode Hex N° of M T Comments
y Operation z| [H| |Piv 76 543210 Bytes| cycles [States
LDr 1 rer < [ X] e [X] - o1 r r 1 1 4 r,r' Reg.
LDrn ren X[ IX| - 00 r 110 2 2 7 000 B
“n = 001 C
LD 1, (HL) | r « (HL) X[ |x] . o1 r 110| DD | 1 2 7 | o010 D
LD 1, (IX+d) | r « (X + d) ox] x| - 11 011 101 3 5 19 o011 E
o1 r 101 100 H
«— d - 101 L
LD r, (IY+d) | r « (Y + d) <Ix|e x| - 11 111 101 FD | 3 5 19 | 111 A
o1 r 110
— d -
LD(HL), r | (HL) < r ox[e x| - 01 110 r B 2 7
LD(IX+d), r | (IX +d) 1 ox] x| - 11 011 101| DD | 3 5 19
01 110 r
« d -
LD(IY+d), r | (1Y +d) < r cx| x| - 11 111 101| FD | 3 5 19
01 110 r
— d -
LDHL), n | (HL) « n Sx|e x| - 00 110 110| 36 | 2 3 10
«— n -
LD(IX+d), n | (X +d) < n olx|e x| - 11 011 101| DD | 4 5 19
00 110 110| 36
«— d -
«— n -
LD(IY+d), n | (Y +d) < n olx| x| - 11 111 101| FD | 4 5 19
00 110 110| 36
— d -
«— n -
LD A, (BC) | A « (BC) clx|e|x] - 00 001 010| 0A | 1 2 7
LD A, (DE) | A « (DE) olx[ex] . 00 011 010| 1A | 1 2 7
LD A, (nn) | A & (nn) olx| x| - 00 111 oto| 3A | 3 4 13
«— n b d
«— n e d
LD(BC), A | (BC) « A olx|e]x] - 00 000 010| 02 | 1 2 7
LD(DE), A | (DE « A cx]ex] . 00 010 o010 12 | 1 2 7
LD(nn), A | (nn) « A eAxtelx] - 00 110 oto| 32 | 3 4 13
< n d
«~— n e
LDA 1 |Acl tx|o|x]| IFF 11 101 101| ED | 2 2 9
01 010 111]| 57
LDAR |A«R TIX|o|x]| IF 11 101 101| ED | 2 2 9
01 011 111 5F
LDLA [I1«A olx|e|x] - 11 101 101| ED | 2 2 9
01 000 111 47
LDRA |ReA clx|ex] - 11 101 101| 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) 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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Z84C00

INSTRUCTION SET (continued)

16-BIT LOAD GROUP

. Flags Opcode -N° of [N° of
Symbolic N° of
Symbol . H M T (¢} t
ymbo Operation H| [Prv|N|c|76 543210 "° (Bytes|o o ltates|
LD dd, nn | dd « nn «|X| ¢ ||| 00 ddo 001 3 3 10 | dd Pair
e n - 00 BC
< n - 01 DE
LD IX,nn | IX &« nn «|X| ¢ ||+ |11 011 101| DD 4 4 14 | 10 HL
00 100 001| 21 11 SP
— n -
«— n -
LDIY,nn | IY < nn «[X] ¢ |¢]] 11 111 101] FD 4 4 14
00 100 001| 21
“«— n -
«~ n -
LD HL, (nn)| H « (nn + 1) «|X| * |«|+|[00 101 010{ 2A 3 5 16
L « (nn) «— n -
— n -
LD dd, (nn)[ ddn « (nn + 1) «X| ¢ ||+ (11 101 101| ED 4 6 20
ddL « (nn) 01 dd1 011
«— n -
— n -
LD IX, (nn) | Xy « (nn + 1) *|X| ¢ |«|*]11 011 101| DD 4 6 20
IXL « (nn) 01 101 010( 2A
« n -
— n —
LD 1Y, (nn)| 1Yy « (nn + 1) «IX| ¢ |+|[11 111 101) FD 4 6 20
IYL « (nn) 00 101 010{ 2A
« n -
«— n -
LD (nn), HL| (nn + 1) « H *|X| ¢ |+|+|00 100 010( 22 3 5 16
(nn) « L « n -
« n -
LD (nn), dd| (nn + 1) « dduy «|X| ¢ ||+ |11 101 101| ED 4 6 20
(nn) « dd. 01 ddo 011
«— n -
«— n -
LD (nn), IX| (nn + 1) « IXy «|X| ¢ [+]|11 011 101| DD 4 6 20
(nn) « IXL 00 100 010| 22
«— n -
—~ n -
LD (nn), IY] (nn + 1) « 1Yy «|X| ¢ |ef+|[11 111 101] FD 4 6 20
(nn) « 1YL 00 100 010| 22
— n -
—~ n -
Notes : dd is any of the register pairs BC, DE, HL, SP.
qq is any of the registers pairs AF, BC, DE, HL.
(PAIR)x, (PAIR)L refer to high order and low order eight bits of the register pair respectively,
e.g.,, BCL=C, AFu=A.
L7 SGS-THOMSON 932
7[ MICROELECTRONICS

21



Z84C00

INSTRUCTION SET (continued)
16-BIT LOAD GROUP (continued)

o Flags Opcode . Ne of 1 Ne of
Symbolic Neof [ "y T
Symbol Operation s|z| [n| [Prv|n|c|76 543210 " Bytes| ¢ cies [states Comments
LD SP, HL| SP « HL e [X[e[X] ¢ [¢]e]11 111 001] F9 1 1 6
LD SP, IX.| SP « IX e|e(X[e[X] ¢ [¢][+]|11 O11101| DD | 2 2 10
11 111 001| F9
LD SP, IY | SP « IY efe[X{e[X| o f[efe]11 111 101| FD 2 2 10
11 111 001| F9 .
PUSH qq | (SP - 2) « qq. elefx]e{x] « {ef+f11 gqo 101 1 3 | 11 | 99_Pair
(SP - 1) < qan 00 BC
SP »SP -2 01 DE
PUSH IX | (SP —-2) « IXL e|e|X[e|X| ¢ [¢[*]|11 011101 DD | 2 4 15 | 10 HL
' (SP — 1) « Xy 11 100 101| E5 11 AF
SP - SP-2
PUSHIY | (SP—2) « IYL oo [X[e[X] ¢ [¢fe]11 111 101 FD 2 4 15
(SP—1) « IYy 11 100 101| E5
SP —» SP -2 ’
POP qq | qgn « (SP + 1) oo |X|e(X| * |*|*|11 gqO 001 1 3 10
qqL < (SP)
SP —» SP +2
POP IX Xy « (SP + 1) e|*|X|*|X| * |*|*|11 011101 DD | 2 4 14
IXL « (SP) 11 100 001 Ef
. SP > SP +2
POP IY IYh « (SP + 1) efe|X|e|X| * |e|s|11 111 101| FD 2 4 14
IYL « (SP) 11 100 001| E1
SP —» SP + 2
Notes : dd is any of the register pairs BC, DE, HL, SP.
qq is any of the registers pairs AF, BC, DE, HL.
(PAIR)H, (PAIR). refer to high order and low order eight bits of the register pair respectively,
e.g., BCL=C, AFy=A.
EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS
. Flags Opcode N°of |N° of
Symbolic Neof | "y T
Symbol operation |s|z] [u| [Prv|n[c|76 543210 " [Bytes | cycies [states| SO TS
EX DE, HL,| DE « HL, o« X|e[X]| * [¢|+|11 101 011| EB 1 1 4 Register
EX AF, AF'| AF < AF' | [X|*|X] « |*|*|00 001 000| 08 1 1 4 Bank and
EXX BC < BC' oo [X[e[X]| « [¢|¢]|11 011 001| D9 1 1 4 | Auxiliary
DE < DE' Register
HL < HL' Bank
. Exchange
EX (SP),HL{ H < (SP + 1) el [X]e|X| ¢ |e|*|11 100 011| E3 1 5 19
L < (SP)
EX (SP), IX| IXy < (SP + 1) oo X|efX]| * [¢|e]11 O11101| DD | 2 6 23
IXL < (SP) 11 100 011| E3
EX (SP), IY| IYy < (SP + 1) oo X[ [X] * [efe|11 111 101| FD 2 6 23
IYL < (SP) 11 100 011| E3

Notes : 1. If the result of B — 1 is zero the Z flag is set, otherwise it is reset.
2. Zflagis set upon instruction completion only.

10/32 g
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Z84C00

INSTRUCTION SET (continued)
EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (continued)

. Flags Opcode . Ne°of [N°of
Symbol Symbolllc Hex [N O| m T Comments
Operation Z| |H| [P/V 76 543 210 Bytes | ¢y cles [states
@ Load (HL) into (DE),
LDI (DE) « (HL) . 0 T 11 101 101 ED 2 4 16 | increment the
DE « DE + 1 10 100 000( AO pointers and
HL « HL + 1 decrement the byte
BC «+~BC -1 counter (BC)
@
LDIR (DE) « (HL) . 0 0 11 101 101 | ED 2 5 21 If BC =0
DE « DE + 1 10 110 000| BO 2 4 16 If BC =0
HL « HL + 1
BC «BC-1
Repeat Until
BC =0
O}
LDD (DE) « (HL) . 0 1 11 101 101| ED 2 4 16
DE « DE + 1 10 101 000| A8
HL « HL + 1
BC « BC -1
: &)
LDDR (DE) « (HL) . 0 0 11 101 101| ED 2 5 21 If BC#0
DE « DE - 1 10 111 000| B8 2 4 16 IfBC =0
HL « HL -1
BC «BC -1
Repeat Until
BC=0
® @
CPI A « (HL) o) T o) 11 101 101| ED 2 4 16
HL « HL + 1 10 100 001 | A1
BC « BC -1
@ @
CPIR A - (HL) ) T o) 11 101 101| ED 2 5 21 If BC # 0 and
A # (HL)
HL « HL + 1 10 110 001| B1 2 4 16 fBC =0or
BC « BC -1 A = (HL)
Repeat Until
A=(HL)orBC=0
® @
CPD A - (HL) T o T 11 101 101 | ED 2 4 16
HL « HL + 1 10 101 001| A9
BC <« BC -1
@ @
CPDR A - (HL) o) T ) 11 101 101| ED 2 5 21 If BC = 0 and
A # (HL)
HL « HL + 1 10 111 001| B9 2 4 16 | If BC =0 or
BC «BC-1 A = (HL)
Repeat Until
A=(HL)orBC =0
Notes : @® If the result of B — 1 is zero the Z flag is set, otherwise it is reset.
@ Zflag is set upon instruction completion only.
11/32
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Z84C00

INSTRUCTION SET (continued)

8-BIT ARITHMETIC AND LOGICAL GROUP

. Flags Opcode Ne° of |N° of
Symbolic = Neof [ " T
Symbol | gperation [s|z| W] [pv[n]c| 76 543 210 | " [Brtes| cyetes [states| o
ADDAr | AeA+r sl (x|s|x] v |o 10 r 1 1 4 | r Reg.
ADDA,n | A«A+n seIx|s|x] v [ofs]| 11 110 2 2 7 | 500 B
< n o= 001 C
ADD A, (HL) | A« A+ (HL) |t{t (x| {x] v fo[s]| 10 110 | - 1 2 7 | o010 D
ADD A, (IX+d)| A« A+ (X +d)[s|S|X[s|X| Vv ]o|t]| 11 o011 101 | DD | 3 5 19 | 011 E
10 110 100 H
«~ d - 101 L
ADD A, (IY+d)| A« A+ (Y +d)[3[t[x[t|x] v [o]s] 11 111 101 [FD| 3 5 19 | 111 A
10 110
« d -
ADCA's | Ae—A+s+CY[sft|x|s|x| Vv o]t sis any of r, n,
SUB s AcA-s slelx|e x| v 1] (HL), (IX+d),
SBC A, s A—A-s-CY|T|T|X|T|X]|V [1]% (IY+d) as shown
AND s A«—AAs T8 |X]1|X] P JO]O for ADD
OR s A«AVs $1E[X|o|X| P |O]O instruction. The
XOR s A—A®s 1P [X|o|X| P OO indicated bits
CPs A«s TITIX[EIX| V|12 replace the
INC r rer+i slex|s (x| v |o|-| o0 r 1 1 4 | [000] in the
INC (HL) | (HL) « (HL) +1 {3 |3 |X|3|X] v |o|«] 00 110 1 3 11 | ADD set above.
INC (IX +d) | (X +d) e sleIx|s (x| v |o 11 011 101 |DD| 3 6 23
(X +d) + 1 00 110
« d -
INC (IY+d) | (IY +d) « s x|t (x| v |o 11 111 101 | FD | 3 6 23
(Y + d) +1 00 110
«~ d -
DEC m mem-1 TIEIX)E X V|1 101 mis any of r,
(HL), (IX+d),
(IY+d) as shown
for INC. DEC
same format
and states as
INC. Replace
with
[101]in opcode.
1232 L7 S5s-THOMSON
MICROELECTRONICS
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Z84C00

INSTRUCTION SET (continued)

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

. Flags Opcode . N° of |N° of
Symbolic N° of
Symbol operation  |s|z| |H| |piv|n|c|76 543210) " |Bytes cy’:.es states| COMENS
DAA Converters acc ; TITIX]3|X] P |«]3]00 100 111]| 27 1 1 4 | Decimal
content into packed Adjust
BCD following add or Accumulator.
subtract with packed
BCD operands
CPL A<A oo |X[{1|X[ ¢ |1]+|00 101 111 2F | 1 1 4 | Complement
Accumulator
(one's
complement)
NEG A«—0-A PIEIX|S (X[ VvV [1]t]11 101 101| ED | 2 2 8 | Negate Acc.
01 000 100( 44 (two's
complement).
CCF CY « CY o |« [X|X]X] « |O|$]00 111 111 8F | 1 1 4 | Complement
Carry Flag.
SCF CY « 1 |+ [X|O[X]| ¢ [Oj1|00 110 111| 37 | 1 1 4 | Set Carry
Flag.
NOP No Operation «|«|X|O|X| « |O[1]00 000 000| 00 1 1 4
HALT | CPU Halted oo |X]e[X] * [+]e]0O1 110 110| 76 1 1 4
DI* IFF <0 oo X[ [X]| ¢ f¢|*]|11 110011 F3 | 1 1 4
EI* IFF « 1 ofe|X|e|X| ¢ [*f+|11 111011 FB | 1 1 4
IM O Set Interrupt e |[X[e[X] ¢ [¢]+]11 101 101 ED | 2 2 8
Mode 0 01 000 110| 46
IM 1 Set Interrupt e {X[e|X]| ¢ [*]|+f11 101 101| ED 2 2 8
Mode 1 01 010 110| 56
M2 Set Interrupt efe|X[{e|X] ¢ |*|+|11 101 101| ED | 2 2 8
Mode 2 01 011 110| 5E

Notes : IFF indicates the interrupt enable flip-flop. CY indicates the carry flip-flop. * indicates interrupts are not sampled at the end of El

or D
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Z84C00

INSTRUCTION SET (continued)
ROTATE AND SHIFT GROUP

Mnemonic Symbolic Flags Opcode No.of No.of MNo.of T
Operation s z H PV N C 76543210 Hex Bytes Cycles States Comments
RLCA e+ X 0 X e 0% 00000111 07 1 1 4 Rotate left circular
A accumulator.
RLA e ¢ X 0 X o 0 ¢ 00010111 17 1 1 4 Rotate left
A accumulator.
RRCA e o« X 0 X o 0% 00001111 OF 1 1 4 Rotate right circular
A accumulator.
RRA e ¢ X 0 X o 0 ¢ 00011111 1F 1 1 4 Rotate right
_ 4 accumulator.
RLCr ! ¢ X0 X PO ¢ 11001011 CB 2 2 8 Rotate left circular
v 00 r registerr.
RLC (HL) ! ¢ X0 X P o0 ¢ 11001011 CB 2 4 15 r Reg
00 [oo0] 110 000 B
RLC (IX +d) ! ¢ X0 X PO ¢ 11011101 DD 4 6 23 001 C
1, (HL), (IX+d), (IY+d) 11001011 CB 010 D
—d— 011 E
oo11o 100 H
RLC (IY +d) PP X0 X PO ¢ 11111101 FD 4 6 23 101 L
- 11001011 CB 111 A
—d—
00 110 Instruction format
RLm ! P XoXxpPo ¢ and states are as shown
m = r,(HL),(IX+d),(IY+d) for RLC’s. To form new
RRC m $ 2 X0XPoO 3 opcodereplace or
m = r,(HL),(IX+d),(IY+d) RLC'’s with shown code.
RRm t P XxXo0XPoO
m = r,(HL),(IX+d),(1Y+d)
SLAm o — X 0XPoO?
m = r,(HL),(IX+d),(1Y+d)
SRAmM 1L X0XPoO S
m = r,(HL),(IX+d),(1Y+d)
SRLm o—fF—g—-foy]t t X 0O X PO
m =1,(HL),(IX+d),(IY+d)
RLD !ﬂmﬂ $ $ X0 XP O e 11101101 ED 2 5 18 Rotate digit left and
* " 01101111 6F right between the
RRD nu:'m-ln ! $ X0 X P O o 11101101 ED 2 5 18 accumulator and
' “ 01100111 67 location (HL). The content
of the upper half of
the accumulator is
unaffected.
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Z84C00

INSTRUCTION SET (continued)
BIT SET, RESET AND TEST GROUP

R F N° of |N° of
Symbol Symbo."c K opeods Hex |N°ofl m T Comments
Operation Z| |H P/VIN|C| 76 543 210 Bytes Cycles [States
BIT b, r Zerp ! 1[X| X «| 11 001 011 | CB 2 2 8 r, Reg.
— ot b r 000 B
BIT b, (HL) | Z « (HL)p $ 1{x| x |o|-] 11 o001 o011 | cB | 2 3 2 | 901 ¢
01 b 110 016 D
BIT b, (IX+d)y| Z « (IX+d)p B 1{x| X [o]+] 11 o011 101 | DD | 4 5 20 | 011 E
11 001 011 | CB 100 H
«d - 101 L
01 b 110 111 A
BIT b, (IY+d)y| Z « (IY +d)p B 1]x| x |of+] 11 111 101 | FD | 4 5 20 | b Bit Tested
11 001 011 | CB 1500 o
- d - 001 1
01 b 110 010 2
SET b, r | rp &1 . o|X| « [+]+] 11 o001 o011 ]| cB | 2 2 8 |011 3
O b r 100 4
SET b, (HL) | (HL)p « 1 eIxfelx| « {«f+] 11 o001 011 ]cB | 2 4 15 | 101 5
it it
SET b, (IX+d)| (IX +d)p « 1 . o|x| « [+]+] 11 o011 101 | DD | 4 6 23
11 001 011 | CB
— d -
G b 110
SET b, (IY+d)| (Y + d)p « 1 . o|X| + [+f+] 11 111 101 | FD | 4 6 23
11 001 011 | CB
«— d -
G1) b 110
RESb,m | mp 0 Ax{eIx| - ||| 0 T°cf°;': new
m=r, (HL), opco
(X + (d) ) replacelzl
Y+ d of SET b, s
'+ d) with (10].
Flags and
time states for
SET
instruction.
Notes : The notation mp indicates bit b (0 to 7) of location m.
L5 SGS-THOMSON 1532
Y wicRoELECTRONICS
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Z84C00

INSTRUCTION SET (continued)

JUMP GROUP
: Flags Opcode Ne of | Noof [N°of
Symbolic 0
Symbol . Hex M T Comments
y operation s|z| [H| |P/v|N|c|76 543210 Bytes| o cles [states
JP nn PC « nn efe(X{e|{X] <« ||<{11 000 011| C3 3 3 10
. « n -
« n - cc Condition
JP cc, nn If condition ccis true |« |« |X|*|X]| <« ||| 11 cc 010 3 3 10 | 000 NZnon-zero
PC « nn, otherwise « n - 001 Z zero
continue “~ n - 010 NC non-carry
011 C carry
100 PO parity odd
101 PE parity even
110 P sign positive
111 M sign negative
JRe PC« PC + e el |X|[*X]| * [+|+|00 011 000| 18 2 3 12
—e-2 >
JRC, e If C = 0, continue el e {X|[e|X] * |+|+|00 111 000| 38 2 2 7 If condition not
If C =1, PC « PC+e —e-2 > met.
2 3 12 | If condition is
met.
JRNC, e [ If C =1, continue e |X|[e[X| ¢« [+[+|00 110 000| 30 2 2 7 If condition not
IfC =0, PC « PC+e «—e-2 - met.
2 3 12 | If condition is
met.
JPZe If Z = 0 continue el (X|[+|X] = |*[+|00 101 000| 28 2 2 7 If condition not
: IfZ=1, PC « PC+e —e-2 > met.
2 3 12 | If condition is
met.
JRNZ e If Z = 1, continue e «[X[+|X]|] « |+[+]|00 100 000| 20 2 2 7 If condition not
If Z=0, PC « PC+e —e-2 > met.
2 3 12 | If condition is
met.
JP (HL) PC « HL oo |X|e|[X|] o [+f+|11 101 001| E9 1 1 4
JP (IX) PC « IX oo |X|e[X|] « [+[+f11 011 101{ DD 2 2 8
. ' 11 101 001 E9
JP (IY) PC « IY sl e[ X|[e|X]| ¢ [+|(11 111 101| FD 2 2 8
11 101 001| E9
DJNZ, e B«B-1 el e|X[{*[X| ¢« |+|+[00 010 COO| 10 2 2 8 If B =0.
If B = 0, continue —e-2 >
If B#0, PC« PC+e 2 3 13 | fB=0.

Notes : e represents the extension in the relative addressing mode. e is signed two's complement number in the range < — 126, 129 >.
e — 2in the opcode provides an effective address of pc + e as PC is incremented by 2 prior to the addition of e.

1682 L37 SGS-THOMSON
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Z84C00

INSTRUCTION SET (continued)

CALL AND RETURN GROUP

. Flags Opcode N Ne° of [N°of
Symbol Symbo."c Hex '; t°' M T Comments
Operation S H| |P/VIN|C[76 543210 Y1es | cycles |States
CALLnn | (SP-1)« PCy |- ofx|{ « [<|+]11 001 101| cD | 3 5 17
(SP -2) « PCL « n -
PC « nn « n -
CALL cc, nn| If condition cc is . X} ¢ [+]*}11 cc 100 3 3 10 | If ccis false.
false continue, «~ n - :
otherwise same as «— n - 3 5 17 | If ccis true.
CALL nn
RET PCL « (SP) . «[X| ¢ [<¢[-] 11 001 001| C9 1 3 10
PCH « (SP + 1)
RET cc If condition cc is . «(X| <+ |ef+] 11 cc 000 1 1 5 | If ccis false.
false continue,
otherwise same as 1 3 11 | If ccis true
RET cc Condition
RETI Return from . «|X| ¢ |+[+] 11 101 101| ED 2 4 14 | 000 NZ Non-zero
interrupt 01 001 101| 4D 001 Z Zero
RETN' | Return from . P T vor qoreo [ e [ | aa | 2)0 RO Roneeny
non-maskable 01 000 101/ 45 any
interrupt 100 PO Parity Odd
101 PE Parity Even
RSTp (SP—-1)« PCyq |- XY e eyttt AN 1 3 11 11410 P Sign Positive
(SP - 2) « PCL 111 M Sign Negative
PCh « 0 t p
PCL <P 000 OH
' 001 08H
010 10H
011 18H
100 20H
101 28H
110 30H
111 38H
Note : RETN loads IFFz — IFF1.
LS5 SGS-THOMSON 17132
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Z84C00

INSTRUCTION SET (continued)

INPUT AND OUTPUT GRUP

. Flags Opcode Neof | N°of
Symbolic N° of
Symbol N Hex M T Comments
Y Operation z| [H| |Pv 76 543210 BYtes | ¢ycles [states
INA (n) | Ae(n) . o x| . 11 011 o11| DB | 2 3 11 [ ntoAg~A;
«— n - Acc. to Ag - Ats
CtoAg - As
INr, (C) r« (C) ! TIX| P 11 101 101| ED 2 3 12 8 A
If r = 110 only the flags 01 r 000 to Ag ~ As
will be affected
@
INI (HL) « (C) $ X[x| x 11 101 101 ED | 2 4 16 [CtoAg - Ay
B«B-1 10 100 010 A2 B to Ag -~ Ays
HL « HL + 1
INIR (HL) « (C) 1 X{X| X 11 101 101| ED 2 5 21 CtoAg -~ Az
B«B-1 10 110 010| B2 (if B#0) B to Ag - Ays
HL « HL + 1 2 4 16
Repeat unil B = 0 (if B=0)
@
IND (HL) « (C) 3 X{X[ X 11 101 101| ED 2 4 16 | Cto Ap ~ A7
B«B-1 10 101 010 AA Bto Ag ~ Ass
HL « HL -1
INDR (HL) « (C) 1 X[x| x 11 101 101| ED | 2 5 21 | CtoAg ~ As
BeB-1 10 111 010( BA (if B0) Bto Ag -~ Ass
HL « HL -1 2 4 16
Repeat until B = 0 (if B=0)
OUT (n), A | (n) « A . < Ix| 11 010 011| D3 | 2 3 11 | nto Ao ~ As
«— n - Acc.to Ag.Ais
oUT ©),r | (€) . x| [x| - 11 101 101| ED | 2 3 12 | Cto Ao~ A
01 r 001 BtoAs - Ars
0}
ouTl (C) « (HL) : X[(x| x 11 101 101| ED | 2 4 16 | Cto Ag ~ A7
B«~B-1 10 100 011 A3 B to Ag ~ A1s,
HL « HL + 1
OTIR (C) « (HL) 1 x|x| x 11 101 101} ED | 2 5 21 | CtoAg ~ A7
Be«B-1 10 110 011 B3 (if B0) Bto Ag ~ Ass
HL « HL + 1 2 4 16
Repeat until B = 0 (if B=0)
0] . CtoAg - Ay
OouTD (C) « (HL) 3 X[X]| X 11 101 101| ED 2 4 16 | Bto Ag ~ Aqg
BeB-1 10 101 011 AB
HL <« HL -1
@
\. OTDR (C) « (HL) 1 X[{X| X 11 101 101| ED 2 5 21 | CtoAg ~ Ay
BeB-1 10 111 011 (if B=0) Bto Ag ~ Aqg
HL « HL + 1 2 4 16
Repeat until B = 0 (if B=0)
Note : 1. If the result of B— 1 is zero the Z flag is set, otherwise it is reset.

18/32
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Z84C00

SUMMARY OF FLAG OPERATION

Symbol Operation
S Sign Flag. S = 1 if the MSB of the result is 1.
Y4 Zero Flag. Z =1 if the result of the operation is 0.

PN Parity or Overflow Flag. Parity (P) and overflow (V) share the same flag. Logical operations affect
this flag with the parity of the result while arithmetic operations affect this flag with the overflow of
the result. If P/V holds parity, P/V =1 if the result of the operation is even, P/V =0 if result is odd. If
P/V holds overflow, P/V = 1 if the result of the operation produced an overflow.

H Half-carry Flag. H = 1 if the add or subtract operation produced a carry into or borrow from bit 4 of
the accumulator.
N Add/Subtract Flag. N = 1 if the previous operation was a subtract.

H&N H and N flags are used in conjunction with the decimal adjust instruction (DAA) to properly correct
the result into packed BCD format following addition or subtraction using operands with packed BCD
format.

c Carry/Link Flag. C =1 if the operation produced a carry from the MSB of the operand or result.
) The flag is affected according to the result of the operation.

. The flag is unchanged by the operation.

0 The flag is reset by the operation.

1 The flag is set by the operation.

X The flag is a "don't care".

\" P/V flag affected according to the overflow result of the operation.

P P/V flag affected according to the parity result of the operation.

r Any one of the CPU Registers A, B, C, D, E, H, L.

s Any 8-bit location for all the addressing modes allowed for the particular instruction.
ss Any 16-bit location for all the addressing modes allowed for that instruction.

ii Any one of the two Index registers IX or IY.

R Refresh Counter

n 8-bit Value in-Range < 0.255 >

nn 16-bit Value in Range < 0.65535 >
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SYMBOLIC NOTATION

32

Instruction DS7 Y4 H P/V [N %o Comments

ADD A, s ;ADC A, s TLEIX)3[X| V|0l | 8-bit Add or Add with Carry.

SUBs;SBCA,s;CPs; $1s X2 (X]| Vv [1]t | 8-Bitsubtract, subtract with carry, compare and

NEG negate accumulator.

AND s P13 X1 (X P |O]|O ) .

OR s, XOR s tltixlolx| P lolo Logical Operations

INC s TUT|X|E X[V [0f-e]| 8-bitIncrement

DEC s IS |X| T |X]| V [1]=]| 8-bitDecrement

ADD DD, ss s | X|X[X]| = [0]T| 16-bit Add

ADC HL, ss TS |X|X|X]| VvV [0]?!| 16-bit Add with Carry

SBC HL, ss TITIX|X]|X| V |[1]|? | 16-bit Subtract with Carry.

RLA, RLCA, RRA ; RRCA e[ |X]O|IX]| « |0]|? | Rotate Accumulator.

RLm ;RLC m;RRm; P12 |X|0|X| P |0]|?! | Rotate and Shift Locations.

RRC m ;SLAm
SRAmM;SRL m

RLD ; RRD $1t|X|0|X]| P |0]« | Rotate Digit Left and Right

DAA TIT|X|T|X]| P |<|?| Decimal Adjust Accumulator.

CPL el |X|1[X] « [1]+| Complement Accumulator

SCF e || X|[O]|X]| ¢« [O]|1] SetCarry

CCF e | [X|[X]|X] ¢« |0]% | Complement Carry

IN T (C) $1E|X|O0|X| P |0] | InputRegister Indirect

INI, IND, OUTI ; OUTD XPTIXIX|X]| X |[1]- . )

INIR : INDR ; OTIR :OTDR X |1 [X|X|X]| x [1]- glticla Input and Output. Z = 0 if B # otherwise

LDl ; LDD X|X|X|0|X| $ |0] -« | Block Transfer Instructions. PV =1 if BC # 0,

LDIR ; LDDR X{X[X|0|{X| 0O (0]« | otherwise P/V=0

CPI ; CPIR ; CPD ; CPDR X3 IX|X[X| $ [1]¢| Block Search Instructions. Z =1 if A =
(HL),otherwise Z = 0. P/V =1 if BC = 0,
otherwise P/V = 0.

LDAI; LDAR o X110 |X|IFF| 0|« | The content of the interrupt enable flip-flop (IFF)
is copied into P/V flag.

BIT b, s X|T|X|1|X| X |0/[«| The state of bit b of location is copied into the Z
flag.
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Z84C00

PIN DESCRIPTIONS

Ao-A1s. Address Bus (Output, Active High, 3-state).
Ao-A1s form a 16-bit address bus. The Address Bus
provides the address for memory data bus ex-
changes (up to 64 K bytes) and for I/O device ex-
changes.

BUSACK. Bus Acknowledge (Output, Active Low).
Bus Acknowledge indicates to the requesting device
thatthe CPU address bus, data bus, and control sig-
nals 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 current 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 ap-
plications. Extended BUSREQ periods due to
extensive DMA operations can prevent the CPU
from properly refreshing dynamic RAMs.

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

HALT. Halt State (Output, Active Low). HALT indi-
cates that the CPU has executed a Halt instruction
and is awaiting either a non-maskable or a mask-
able interrupt (with the mask enabled) before oper-
ation can be resumed.

While halted, the CPU executes NOPs to maintain
memory refresh.

INT. Interrupt Request (Input, Active Low). Interrupt
Request is generated by 1/O devices. The CPU ho-
nors 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 applica-
tions.

IORQ. Input/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 /O read
or write operation.

IORQ is also generated concurrently with M1 dur-
ing an interrupt acknowledge cycle to indicate that

&7_' SGS-THOMSON

an interrupt response vector can be placed on the
data bus.

M1. Machine Cycle One (Output, Active Low). M1,
together with MREQ, indicates that the current ma-
chine cycle is the opcode fetch cycle of an instruc-
tion 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
avalid 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 indi-
cates that the CPU wants to read data from mem-
ory 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 in-
itializes the CPU as follows : it resets the interrupt
enable flip-flop, clears the PC and Registers | and
R, and sets the interrupt status to Mode 0. During
reset time, the address and data bus go to a high-
impedance state, and all control output signals go
to the inactive state.

Note that RESET must be active for a 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 memory or |/O devices
are not ready for a data transfer. The CPU continues
to enter a Wait state as long as this signal is active.
Extended WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. Write (Output, Active Low, (3-state). WR indi-

cates 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 Z80C CPU executes instructions by proceed-
ing through a specific sequence of operations :

» Memory read or write

» |/O device read or write

» Interrupt acknowledge

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

INSTRUCTION OPCODE FETCH
The CPU places the contents of the Program
Figure 5 : Instruction Opcode Fetch.

Counter (PC) on the address bus at the start of the
cycle (figure 5). Approximately one-half clock cycle
later, MREQ goes active. When active, RD indicates
that the memory data can be enabled onto the CPU
data bus.

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

T T2 Tw

F—T\
cLoCK -/ (D> |\«

—

»

¢§=

Ao-Ass

>

REFRESH ADDR

-

%

a4

1

Do-Dy

P L@

VALID DATA

/ e

L——p—@ ~ @

\ V.

Note : Tw-Wait cycle added when necessary for slow ancilliary devices.
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MEMORY READ OR WRITE CYCLES becomes active when the address bus is stable.

Figure 6 shows the timing of memory read or write The WR line is active when the data bus is stable,
cycles other than an opcode fetch (M1) cycle. The so that it can be used directly as an R/W pulse to
MREQ and RD signals function exactly as in the =~ most semiconductor memories.

fetch cycle. In a memory write cycle, MREQ also

Figure 6 : Memory Read or Write Cycles.

Ty T2 Tw T3

= AYA WA

A

B
T

—] {@ —4
RD 74 /£
S

N

O . ) o
Ao-Aus ){ v}/u:uunsss :” N'
- T[@ B @/J;H
Haea ) 14 14—
o @;LF ot[®
@ |-

READ -
OPERATION - "@ @-, 4
| e —F \
w0 1| -
-

ke o @

| hd I
wR v (forre———, @)=
WRITE L.-@-—-.@-}_(

OPERATION

Do-D7 - . DATA OUT
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Z84C00

INPUT OR OUTPUT CYCLES

Figure 7 shows the timing for an I/O read or I/O write
operation. During I/O operations, the CPU automati-

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

Figure 7 : Input or Output Cycles.

T2 . Tw* Tw T3
croex _j 1\__/’_\_/_—kk.yi.ﬂ/ \_/LJ s‘__/ |
§oF ®
— S,
Ao-Az VALID PORT ADDRESS L. N
@ @)~
iona \ % _/
(@) Ho<C) 0
&) 1
@»\L | @l ®
£
WAIT / /1 \_/,
@ -1 (@)=
RD /f— yO B
1o 0
READ —{ @ |- @ M:‘— )
OPERATION £
X Ll i X VALID
A AN S 4 DATA
6 o
WR /£ /. @~
1o «()>
WRITE “_, ® ~(@)>
OPERATION /%
Do-D; — ¢ ’“ DATA OUT p——
~f/
Note : Tw* = One Wait cycle automatically inserted by CPU.
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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 in-
struction (figure 8). When an interrupt is accepted,

Figure 8 : Interrupt Request/Acknowledge Cycle.

a special M1 cycle is generated.

During this M1 cycle, IORQ becomes active (instead
of MREQ) to indicate that the interrupting device can
place an 8-bit vector on the data bus. The CPU auto-
matically adds two Wait states to this cycle.

Tu T T2 Twa Twa Tw T3
o ‘-—\.__/—-\__/__\L_/—_!s s f_\_
T L o
'
iNT
® ®
Ao-Ays pc ;: )
/a
® ]
i ) 5 }l
—» @ - - 52
iORQ ~ #u Sk
g ! : | 4—@ o -t
WAIT r \
18
- ~® @~ |-
"
Do-D7 Vass g X vaui0 0ATA
o———, \ W W W W
Notes : 1. T.=Last state of previous instruction.
2. Two Wait cycles automatically inserted by CPU (*).
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NON-MASKABLE INTERRUPT REQUEST
CYCLE

NMI is sampled at the same time as the maskable
interrupt input INT bus has higher priority and can-
not be disabled under software control. The sub-

Figure 9 : Non-maskable Interrupt Request Operation.

sequent timing is similar to that of a normal instruc-
tion fetch except that data put on the bus by the
memory is ignored. The CPU instead executes a
restart (RST) operation and jumps to the NMI ser-
vice routine located at address 0066H (figure 9).

ILASTucVCI.E
T " 1 T T s -
cwcx_/——\—/—_\——} f_./——\_)[_\__/_\\_/!__\_./
______ a0 o= D RSP PSPPI RS (I Py
m ------------- - e e Gte GEn W G G S SN e e W S G . S - = . K ke —-
Ao-A1s PC REFRESH
L j}
\ -
- \ /
_’®|‘_ + @ |~ |e—()—>!
- ) Y

* Although NMIis an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling edge must oc-

cur no later than the rising edge of the clock cycle preceding Tiast.
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BUS REQUEST/ACKNOWLEDGE CYCLE to a high-impedance state with the rising edge of the

BIGRES wi i next clock pulse. At that time, any external device
;I;‘I;e (I')aZIEJ sé?:(\:ﬁleseBriLcl’gﬂng :‘[:;1 ﬂ;qeagf':i?'n%edg; c?; can take control of these lines, usually to transfer
(figure 10). If BUSREQ is active, the CPU sets its  data between memory and l/O devices.
address, data, and MREQ, IORQ, RD, and WR lines

Figure 10 : Z-Bus Request/Acknowledge Cycle.

T Tx Tx Tx

ay
]

~@~ - @/L:
BUSACK .

L.
7

" FLOAT £
Ao-A1s /s <
— - |-®
FLOAT p—
Do-D7 Lo .
— «-@® - <«®
MREQ FLOAT
B, WR ) — -
ioRa

L
¥
®
| }

- 1

HALT UNCHANGED

Notes : 1. T = Last state of any M cycle.
2. Tx = An arbitrary clock cycle used by requesting device.
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HALT ACKNOWLEDGE CYCLE

When the CPU receives an Halt instruction, it ex-
ecutes NOP states until either an INT or NMI input
is received. When in the Halt state, the HALT out-
putis active and remains so until an interrupt is pro-
cessed (figure 11).

RESET CYCLE
RESET must be active for at least three clock cycles

Figure 11 : Halt Acknowledge Cycle.

for the CPU to properly accept it. As long a RESET
remains active, the address and data buses float,
and the control outputs are inactive. Once RESET
goes inactive, three internal T cycles are consumed
before the CPU resumes normal processing oper-
ation. RESET clears the PC register, so the first op-
code fetch will be to location 0000 (figure 12).

!
M1 {

\ Ty

cLock

HALY

Halt Instruction 1
Recelved

Note : INT will also force a Halt exit.
* See note, Figure 9.

Figure 12 : Reset Cycle.

cLocK

T

~or["® or[
RESET /\ i ‘j \ /
| @ | @
Ao-A1s 3 /e
— @ -
Do-by \ s FLOAT
’ o @ |
i /
iy /4 ) N
SACK
HALT
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POWER DOWN

When the CPU system clock is stopped at either a
high or low level, the CPU stops its operation and
maintains registers and control signals.

However Iccz2 Stand-by Supply Current is guaran-
teed only when the supplied system clock is stopped
at a low level during T4 state of the following ma-
chine cycle (actually that is M1 cycle and executes
NOP instruction) next to OPcode fetch cycle of
HALT instruction. The timing diagram when
POWER DOWN function is implemented by HALT
instruction is shown in figure 13.

This function can be easily realized when a clock
generator controller is connected with the CPU.
RELEASE FROM POWER DOWN STATE

The system clock must be supplied to the CPU to
release power down state.

When the system clock is supplied to the CPU CLK
terminal, CPU restarts operation continuously from
the state when power down function has been im-
plemented.

Note the followings when release from power down
state.

(1) When external oscillator has been stopped to
enter power down state, some warming-up time
may be required to obtain precious and stable
system clock for release from power down state.

(2) When HALT instruction is executed to enter
power down state, the CPU will_enter HALT
state. An interrupt signal (NM! or INT) or RESET
signal must be generated after the system clock
is supplied to release power down state. Other-
wise the CPU is still in HALT state-even if the
system clock is supplied.

Flgure 13 : Timing Diagram of Power Down Function by Halt Instruction.

OPCODE FETCH
"" CYCLE OF HALT -
INSTRUCTION (MICYCLE)
T, T T T T, T T 1

) 2 3 % ' 2 3 4
Cux

EXECUTION OF
NOP (M1 CYCLE)

mo [ L —

AaLl I

5-8096
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AC CHARACTERISTICS

Z84CO0A | Z84C00B | Z84C00H
N Symbol Parameter Min. [Max.| Min. |Max.| Min. [Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)
1 TcC Clock Cycle Time 250 | DC | 165 | DC | 125 | DC
2 TwCh Clock Pulse Width (high) 110 | DC | 65 | DC | 55 | DC
3 TwCl Clock Pulse Width (low) 110 | DC | 65 | DC | 55 | DC
4 TfC Clock Fall Time 30 20 10
5 TrC Clock Rise Time 30 20 10
6 TdCr(A) Clock T to Address Valid Delay 110 90 80
7 | TJA(MREQf) | Address Valid to MREQ | Delay 65 35 20
8 | TdACH(MREQf) | Clock  to MREQ | Delay 85 70 60
9 | TdCr(MREQr) | Clock T to MREQ T Delay 85 70 60
10| TwMREQh MREQ Pulse Width (high) 110 65 45
11 TWMREQ! MREQ Pulse Width (low) 220 135 100
12| TdCf(MREQr) | Clock { to MREQ T Delay 85 70 60
13|  TdCf(RDf) Clock 4 to RD | Delay 95 80 70
14| TdCr(RDr) Clock T to RD T Delay 85 70 60
15 TsD(Cr) Data Setup Time to Clock T 35 30 30
16 ThD(RDr) Data Hold Time to RD T 0 0 0
17| TSWAIT(Cf) | WAIT Setup Time to Clock { 70 60 50
18*| ThWAIT(Cf) | WAIT Hold Time after Clock { 10 10 10
19 TdCr(MIf) Clock T to Mi 4 Delay 100| | 80 70
20 TdCr(MiIr) Clock T to MI T Delay 100 80 70
21| TdCr(RFSHf) | Clock T to RFSH | Delay 130 110 95
22| TdCr(RFSHr) | Clock T to RFSH T Delay 120 100 85
23|  TdCf(RDr) Clock 4 to RD T Delay 85 70 60
24|  TdCr(RDf) Clock T to RD | Delay 85 70 60
25 TsD(Cf) Data Setup to Clock | during 50 40 30
Moy, M3, M4 or Ms Cycles
26 TdA(IORQY) Address Stable Prior to IORQ | 180 110 75
27| TdCr(lORQf) | Clock T to IORQ | Delay 75 65 55
28| TdCf(IORQr) | Clock | to IORQ T Delay 85 70 60
29|  TdCHWRY) Data Stable Prior to WR 1 80 25 5
30| TdDf(WRf) Clock { to WR | Delay 80 70 60
31 TWWR WR Pulse Width 220 135 100
32| TdCf(WRr) Clock { to WR T Delay 80 70 60
33| TdD(WRI) Data Stable Prior to WR { - 10 - 55 - 55
34|  TdACr(WRf) Clock T to WR . Delay 65 60 55
35| TdWRr(D) Data Stable from WR T 60 30 15
36| TdCf(HALT) | Clock | to HALT T or i 300 260 225

Note : * Not compatible with NMOS Specifications.
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Z84C00

AC CHARACTERISTICS (continued)

Z84COOA | Z84C00B | Z84CO0H
Ne|  Symbol Parameter Min. [Max.|Min. [Max.| Min. [Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)
37 TwNMI NMI Pulse Width 80 70 60
38 | TsBUSREQ(Cr) | BUSREQ Setup Time to Clock T 50 50 40
39* | TcCBUSUREQ(Cr) | BUSREQ Hold Time after Clock T 10 10 10
40 | TdCr(BUSACKI) | Clock T to BUSACK | Delay 100 90 80
41 | TdCf(BUSACKr) | Clock { to BUSACK T Delay 100 90 80
42 TdCr(Tz) Clock T to Data Float Delay 90 80 70
43 TdCr(CTz) Clock T_to Control Outputs Float 80 70 60
Delay (MREQ, IORQ, RD, and WR)
44 TdCr(Az) Clock T to Address Float Delay 90 80 70
45 TdCTr(A) MREQ T, IORQ T, RD T, and WR T to Address 80 35 20
Hold Time
46 | TsRESET(Cr) RESET to Clock T Setup Time 60 60 45
47*| ThRESET(Cr) | RESET to Clock T Hold Time 10 10 10
48 TsINT{(Cr) INT to Clock T Setup Time 80 70 55
49* ThINTr(Cr) INT to Clock T Hold Time 10 10 10
50 | TdMIf(IORQf) Mi L to IORQ L Delay 565 365 270
51| TdCf(IORQf) Clock { to IORQ | Delay 85 70 60
52 | TdCf(IORQr) | Clock T to IORQ T Delay 85 70 60
53 TdCf(D) Clock | to Data Valid Delay 150 130 115
Note : * Not compatible with NMOS Specification.
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vee Vcc Supply Voltage with Respect to Vss -05t07 \
Vin Input Voltage - 05to Vgc +05 \%
Po Power Dissipation (Ta =85 °C) 250 mw
TsoLper | Soldering Temperature (soldering time 10 sec) 260 °C
Tsig Storage Temperature - 6510 150 °C
Topr Operating Temperature - 40to 85 °C
&7 SSsTHomson
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DC CHARACTERISTICS

Symbol Parameter . Test Conditions Min. Typ. | Max. Unit
ViLe Clock Input Low Voltage -0.3 - 0.6 \
ViHe Clock Input High Voltage Vee - 0.6 - Vee + 03 \Y
Vi Input Low Voltage (except CLK) - 05 - 0.8 Vv
Vin Input High Voltage (except CLK) 22 - Vee \%
VoL Output Low Voltage loL =20 mA - - 0.4 \)
Von1 Output High Voltage (1) loy =— 1.6 mA 24 - - Vv

Vonz Output High Voltage (2) low =— 250 pA Vee - 0.8 - - \
Iy Input Leakage Current Vss € Vin € Vee - - 10 HA
ILo 3-State Output Leakage Current in | Vss + 0.4 < Voutr <Vce | — 10 - 10 HA

Float
lcct Operating Supply Current

4 MHz Vee =5V, VL =02V - 9 15 mA

6 MHz VihH=Vec—-02V - 15 22 mA

8 MHz - 20 25 mA

lcca(1) Stand-by Supply Current Vee =5V - 0.5 10 HA

CLK = (1)
ViL=Vec-02V
V=02V

Note : 1. Icc2 Stand-by Current is guaranteed only when the supplied clock is stopped at a low level during T4 state of the following
machine cycle (M1) next to OPcode fetch cycle of HALT instruction.

TEST CONDITIONS

Ta=-40"Cto+85°C driven at Vcc — 0.6 V for a logic "1" and 0.6 V for

Vec =5V +10 % a logic "0".
ce ° = Timing measurements are made at 2.2 V for a
Vss =0V logic "1" and 0.8 V for a logic "0".

AC test conditions All AC parameters assume a load capacitance of
= Inputs except CLK (clock) are driven at 2.4 Vfor 100 pF.
alogic "1" and 0.4 V for a logic "0". Clock input is
- ORDERING INFORMATION

Type Package Temp. Clock Description

Z84C00AB6 | DIP-40 (plastic) ' —40/+ 85°C 4 MHz Z80C Central
Z84C00AD6 | DIP-40 (ceramic) —40/+ 85°C Processing Unit
Z84C00AD2 | DIP-40 (ceramic) —55/+125°C . CMOS Version
Z84CO00AC6 | PLCC44 (plastic chip-carrier) —40/+ 85°C
Z84C00BB6 | DIP-40 (plastic) —-40/+ 85°C 6 MHz
Z84C00BD6 | DIP-40 (ceramic) —40/+ 85°C
Z84C00BD2 | DIP-40 (ceramic) —55/+125°C
Z84C00BC6 | PLCC44 (plastic chip-carrier) —40/+ 85°C
Z84CO00HB6 | DIP-40 (plastic) —40/+ 85°C 8 MHz
Z84CO00HD6 | DIP-40 (ceramic) —40/+ 85°C
Z84CO00HC6 | PLCC44 (plastic chip-carrier) —40/+ 85°C
32/32 i
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Z80 DMA CMOS DIRECT MEMORY ACCESS CONTROL.

= TRANSFERS, SEARCHES AND SEARCH/
TRANSFERS IN BYTE-AT-A-TIME, BURST OR
CONTINUOUS MODES. CYCLE LENGTH AND
EDGE TIMING CAN BE PROGRAMMED TO
MATCH THE SPEED OF ANY PORT

= DUAL PORT ADDRESSES (sources and desti-
nation) GENERATED FOR MEMORY-TO-I/O,

MEMORY-TO-MEMORY,- OR |/O-TO-I/O B D
OPERATIONS. ADDRESSES MAY BE FIXED DIP-40 DIP-40
OR AUTOMATICALLY INCREMENTED/DE- (Plastic) (Ceramic)
CREMENTED

» NEXT-OPERATION LOADING WITHOUT DIS-
TURBING CURRENT OPERATIONS VIA BUF-
FERED STARTING ADDRESS REGISTERS.
AN ENTIRE PREVIOUS SEQUENCE CAN BE

REPEATED AUTOMATICALLY
s EXTENSIVE PROGRAMMABILITY OF FUNC- [+
TIONS. CPU CAN READ COMPLETE CHAN- PLCC44
NEL STATUS (Plastic)
= STANDARD Z80 FAMILY BUS-REQUEST AND (Ordering Information at the end of the datasheet)

PRIORITIZED INTERRUPT-REQUEST DAISY
CHAINS IMPLEMENTED WITHOUT EXTER-
NAL LOGIC. SOPHISTICATED, INTERNALLY
MODIFIABLE INTERRUPT VECTORING

» DIRECT INTERFACING TO SYSTEM BUSES
WITHOUT EXTERNAL LOGIC

= SINGLE 5V £ 10 % POWER SUPPLY

= LOW POWER CONSUMPTION :
- 5mMATYP. AT 4 MHz SYSTEM
- 6 MATYP. AT 6 MHz PR
- LESS THAN 10 pA IN POWER DOWN

MODE

= EXTENDED OPERATING TEMPERATURE

- 40°CTO+85°C conttys {

LOGIC FUNCTIONS

Oo A
Dy Ay
Az
A3
o, Ad
D5 As
Os As
07 Ar
As

SYSTEM
ADDRESS
BUS
BUSREQ Ay

BAl A

L

B4 zaact0 M

DESCRIPTION “ ~
The Z80C DMA (Direct Memory Access) is a power- cONTROL
ful and versatile device for controlling and process- oS sl
ing transfers of data. Its basic function of managing o
CPU-independent transfers between two ports is €0
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 1 f

a 16-bit address bus. Vec  awe e

Transfers can be done between any two ports
(source and destination), including memory-to 1/0,
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Figure 1 : Dual in Line Pin Configuration.
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Figure 2 : Chip Carrier Pin Configuration.
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memory-to-memory, and I/O-to-I/O. Dual port ad-
dresses are automatically generated for each trans-
acton and may be either fixed or
incrementing/decrementing. In addition, bit-mask-
able byte searches can be performed either concur-
rently with transfers or as an operation in itself.

The Z80C DMA contains direct interfacing to and in-
dependent control of system buses, as well as soph-

programmable features, including variable cycle
timing and autorestart, minimize CPU software
overhead. They are especially useful in adapting
this special-purpose transfer processor to a broad
variety of memory, I/0O and CPU environments.

The Z80C DMA is an n-channel silicon-gate deple-
tion-load device and uses a single + 5 V power sup-
ply and the standard Z80C Family single-phase
clock.

FUNCTIONAL DESCRIPTION

Classes of Operation. The Z80C DMA has three

basic classes of operation :

m Transfers of data between two ports (memory or
1/O peripheral)

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

m 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 ad-
dressable port, byte by byte. The ports may be pro-
grammed 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 periph-
eral to main memory and vice versa.

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 2 M bytes per second can be ob-
tained with the 4 MHz Z80C DMA or 3 M bytes per
second with the 6 MHz Z80C DMA.

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

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

MODES OF OPERATION

The DMA can be programmed to operate in one of
three transfer and/or search modes :
m Byte-at-a-Time : data operations are performed

isticated - bus and interrupt controls. Many one byte at a time. Between each byte operation
2720 LyF SGS-THOMSON
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Figure 3 : Typical Z80C Environment.

Figure 4 : Function of the Z80 DMA.
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the system buses are released to the CPU. The
buses are requested again for each succeeding
byte operation.

m 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.

n 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 gain.

In all modes, once a byte of data is read into the

DMA, the operation on the byte will be completed in

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 com-
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1. Search memory

2. Transfer memory-to-memory (optional search)
3. Transfer memory-to-1/O (optional search)

4. Search /O

5. Transfer I/O-to-1/O (optional search)

block length (cont is N-1 where N is the block
length).
COMMANDS AND STATUS

The Z80C DMA has several writable control regis-
ters and readable status registers available to the
CPU. Control bytes can be written tothe DMA when-
ever the DMA is not controlling the system buses,
but the act of writing a control byte to the DMA dis-
ables the DMA until it is again enabled by a specific
command. Status bytes can also be read at any
such time, but writting the Read Status Byte com-
mand or the Initial Read Sequence command dis-
ables the DMA.

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

Readable status registers include a géneral status

Figure 5 : Variable Cycle Lenght.
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pleted until the next byte is read in. This means that « YO |
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
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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 DMA has the unique feature of programmable .

operation-cycle length. This is valuable in tailoring
the DMA to the particular requirements of other sys-
tem components (fast or slow) and maximizes 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) as-
sociated with the source and destination ports can
be independently programmed as 2, 3 or 4 T-cycles
long (more if Wait cycles are used), thereby increas-
ing or decreasing the speed with which all DMA sig-
nals change (figure 5).

Second, the four signals in each port specifically as-
sociated with transfers of data (I/O Request, Mem-
ory 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 Z80C
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. Vari-
able addresses can increment or decrement from
the programmed starting address. The fixed-ad-
dress capability eliminates the need for separate en-
abling wires to 1/O ports.

Port addresses are multiplexed onto the system ad-
dress bus, depending on whether the DMA is read-
ing 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 re-
loaded automatically at the end of a block. This op-
tion is selected by the Auto Restart control bit. The
byte counter is cleared when the addresses are re-
loaded.

The Auto Restart feature relieves the CPU of soft-
ware overhead for repetitive operations such as
CRT refresh and many others. Moreover, when the
CPU has access to the buses during byte-at-a-time
or burst transfers, different starting addresses can

420 L7 SGS-THOMSON

be written into buffer registers during transfers,
causing the Auto Restart to begin at a new location.

INTERRUPTS

The Z80C DMA can be programmed to interrupt the
CPU on three conditions :

» Interrupt on Ready (before requesting bus)

» Interrupt on Match

= Interrupt on End of Block

Any of these interrupts cause an interrupt-pending
status bit to be set, and each of them can optionally
alter the DMA's interrupt vector. 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 Z80 Family's elaborate inter-
rupt scheme, which provides fast interrupt service
in real-time applications. In a Z80C CPU environ-
ment, the DMA passes its internally modifiable 8-bit
interrupt vector tothe CPU, which adds an additional
eight bits to form the memory address of the inter-
rupt 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 ex-
ecuted after an interrupt acknowledge is the first in-
struction of the interrupt routine itself.

PULSE GENERATION

External devices can keep track of how many bytes
have been transferred by using the DMA'’s pulse
output, which provides a signal at 256-byte intervals.
The interval sequence may be offset at the begin-
ning by 1 to 255 bytes.

The Interrupt line outputs the pulse signal in a man-
ner 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 DESCRIPTIONS

Ao-A15 .System Address Bus (output, 3-state). Ad-
dresses generated by the DMA are sent to both
source and destination ports (main memory or I/O
peripherals) on these lines.

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

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

BUSREQ .Bus Request (Bidirectional, active Low,
opendrain). As an output, it sends requests for con-
trol of the system address bus, data bus and con-
trol bus to the CPU. As an input, when muiltiple
DMAs are strung together in a priority daisy chain
via BAl and BAQ, 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 Waitinput, active Low).
Normally this functions only as a_CE line, but it can
also be programmed to serve a WAIT function, As
aCEline from the CPU, it becomes active when WR
and IORQ are active and the 1/O port address on
the system address bus is the DMA’s address,
thereby allowing a transfer of control or command
bytes from the CPU to the DMA. As a WAIT line from
memory or /O devices, after the DMA has received
abus-request acknowledge from the CPU, it causes
wait states to be inserted in the DMA's operation
cycles thereby slowing the DMA to a speed that mat-
ches the memory or I/O device.

CLK .System Clock (input). Standard Z80 single-
phase clock at 4.0 MHz (Z80CA DMA) or 6.0 MHz
(Z80CB DMA). For slower system clocks, a TTL
gate whith a pullup resistor may be adequate to
meet the timing and voltage level specification. For
higher-speed systems, use a clock driver with an ac-
tive pullup to meet the ViH specification and risetime
requirements. In all cases there should be a resis-
tive pullup to the power supply of 10 K ohms (max)
to ensure proper power when the DMA is reset.

Do-D7 .System Data Bus (bidirectional, 3-state).
Commands from the CPU, DMA status, and data
from memory or I/O peripherals are transferred on
these lines.

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

IEO .Interrupt Enable Out (output, active High). IEO
is High only if IEIl is High and the CPU is not servic-
ing an interrupt from this DMA. Thus, this signal

block lower-priority devices from interrupting while
a higher-priority device is being serviced by its CPU
interrupt service routine.

INT/PULSE .Interrupt Request (output, active Low,
open drain). This requests a CPU interrupt. The
CPU acknowledges the interrupt by pulling its IORQ
output Low during an M1 cycle. It is typically con-
nected to the INT pin of the CPU with a pullup resis-
tor 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 BUS-
REQ and BUSACK lines are both Low and the CPU
cannot see interrupts).

I0RQ ./nput/Output Request (bidirectional ; active
Low, 3-state). As an input, this indicates that the
lower half of the address bus holds a valid I/0 port
address for transfer of control or status bytes from
or to the CPU, respectively ; this DMA is the ad-
dressed 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 1/O device involved in a DMA
transfer of data. When IORQ and M1 are both ac-
tive simultaneously, an interrupt acknowledge is in-
dicated.

M1 .Machine Cycle One (input, active Low). Indi-
cates that the current CPU machine cycle is an in-
struction 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 fet-
ches, M1 is active as each opcode byte is fetched.
Aninterrupt acknowledge 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 control 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 sys-
tem buses, it indicates-a DMA-controlled read from
a memory or |/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. Depend-
ing on the mode of DMA operation (Byte, Burst or
Continuous), the RDY line indirectly controls DMA

L57 SGS-THOMSON 520
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activity by causing the BUSREQ line to go Low or
High.

WR Write (bidirectional, active Low, 3-state). As and
input, this indicates that the CPU wants to write con-
trol 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 Z80C DMA includes
driver and receiver circuitry for interfacing with an 8-
bit system data bus, a 16-bit system address bus,
and system control lines (figure 6). In a Z80C CPU
environment, the DMA can be tied directly to the
analogous pins on the CPU (figure 7) with no addi-
tional buffering, except for the CE/WAIT line.

The DMA's internal data bus interfaces with the sys-
tem data bus and services all internal logic and reg-
isters. Addresses generated from this logic for Ports
Aand B (source and destination) 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 re-
quest, and address generation. A set of twenty-one
writable control registers and seven readable status
registers provides the means by which the CPU

Figure 6 : Block Diagram.

governs and monitors the activities of these logic cir-
cuits. 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.

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

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

WRO0-WRS6 - Write Register groups 0 through 6
(7 base registers plus 14 associated registers)

RR0-RR6 - Read Registers 0 through 6

Writing to a register within a write-register group in-
volves first writing to the base register, with the ap-
propriate pointer bits set, then writing to one or more
of the other register within the group. All seven of
the readable status registers are accessed sequen-
tially according to a programmable mask contained
in one of the writable registers. The section entitled
"Programming"” explains this in more detail.

A pipelining scheme is used for reading data in. The
programmed block length is the number of bytes
compared to the byte counter, which increments at
the end of each cycle. In searches, data byte com-
parisons with the match byte are made during the
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Figure 7 : Multiple-DMA Interconnection to the Z80 CPU.
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Write Registers read cycle of the next byte. Matches are, therefore,
WRO | Base Register Byte discovered only after the next byte is read in.

Port A starting Address (low byte)
Port A starting Address (high byte)
Block Length (low byte)

Block Length (high byte)

WR1 Base Register Byte
Port A Variable-timing Byte
WR2 Base Register Byte
Port B Variable-timing Byte
WR3 Base Register Byte
Mask Byte
Match Byte
WR4 Base Register Byte
Port B starting Address (low byte)
Port B starting Address (high byte)
Interrupt Control Byte
Pulse Control Byte
. Interrupt Vector
WR5 Base Register Byte
WR6 Base Register Byte
Read Mask
Read Registers
RRO Status Byte
RR1 Byte Counter (low byte)
RR2 Byte Counter (high byte)
RR3 Port A Address Counter (low byte)
RR4 Port A Address Counter (high byte)
RR5 Port B Address Counter (low byte)
RR6 Port B Address Counter (high byte)

In multiple-DMA configurations, interrupt request
daisy chains are priorized by the order in which their
IEl and IEQ lines are connected. The system bus,
however, may not be pre-empted.

Any DMA that gains access to the system bus keeps
the bus until it is finished.

PROGRAMMING

The Z80C DMA has two programmable fundamen-
tal states : (1) an enabled state, in which it can gain
control of the system buses and direct the transfer
of data between ports, and (2) a disabled state, in
which it can initiate neither bus requests nor data
transfers. When the DMA is powered up or reset by
any means, it is automatically placed into the dis-
abled state. Program commands can be written to
it by the CPU in either state, but this automatically
puts the DMA in the disabled state, which is main-
tained until an enable command is issued by the
CPU. The CPU must program the DMA in advance
of any data search or transfer by addressing it as an
I/O port and sending a sequence of control bytes
using an Output instruction (such as OTIR for the
Z80C CPU).

WRITING

Control or command bytes are written into one or
more of the Write Register groups (WRO-WR86) by
first writing to the base register byte in that group.

LS S5s-THOMSON 7120
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ted registers in a group are sequentially accessed
by first writing a byte to the base register containing
register-group identification and ponter bits (1’s) to
one or more of that base register’s associated reg-
isters.

This is illustrated in figure 8b. In this figure, the se-
quence 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 writ-
ten to the DMA contains the bits that identify WRO
(bits DO, D1 and D7), and also contains 1’s in the bit
positions that point to the associated "Port A Start-
ing Address (low byte)" and "Port A Starting Address
(high byte)", then the next two byte written to the
DMA will be stored in these two registers, in that
order.

READING

The Read Registers (RR0-RR6) are read by the
CPU by addressing the DMA as an 1/O port using
an Input instruction (such as INIR for the Z80C
CPU). The readable bytes contain DMA status,
byte-counter values, and port addresses since the
last DMA reset. The registers are always read in a
fixed sequence beginning with RRO and ending with
RR6. However, the register read in this sequence is
determined by programming the Read Mask in
WRS6. The sequence of reading is initialized by writ-
ing an Initiate Read Sequence or Set Read Status
command to WR6. After a Reset DMA, the se-
quence must be initialized with the Initiate Read Se-
quence command or a Read Status command. The
sequence of reading all registers that are not ex-
cluded by the Read Mask register must be com-
pleted before anew Initiate Read Sequence or Read
Status command.

Figure 8a : Read Registers.

FIXED-ADDRESS PROGRAMMING

A special circumstance arises when programming
a destination 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 temporarily declaring it a fixed-source ad-
dress and subsequently declaring the true source
as such, thereby implicitly making the other a desti-
nation.

" 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.

2. Load Port B address in WR6.
3. Declare Port A as source in WRO.
4. Load Port A address in WR6.

5. Enable DMA in WR6.

Figure 9 illustrates a program to transfer data from
memory (Port A) to a peripheral device (Port B). In
this example, the Port A memory starting address is
10501 and the Port B peripheral fixed address is
05H. Note that the data flow is 1001H bytes - one
more than specified by the clock 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 Z80 CPU’s OTIR
instruction.

Read Register 0
D, Dg Dy D, Dy D, D, D,
STATUS BYTE
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0 = READY ACTIVE
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ﬁ

Read Register 1
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Figure 8b : Write Registers.
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Write Register 3 Group
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MASK BYTE (0 = COMPARE)
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Write Reglster 4 Group
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BURST
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= INTERRUPT ON MATCH
INTERRUPT AT END OF BLOCK
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P ON END OF BLOCK

12 u ‘O RESTART ON END OF BLOCK

‘Write Register 6 Group
D, O Ds D, D; D, D, Dy

BASE REGISTER BYTE

] | | I HEX COMMAND NAME
1.0 0 0 C3 = RESET

1.0 0 0 C7 = RESET PORT A TIMING
10 0 1 B = RESET PORT B TIMING
1.0 0 1 1-CF-LOAD

1 0 1 0 0=D3=CONTINUE

eneo
-coo

0 1 1 1 1=BF = READ STATUS BYTE

0 0 0 1 0=288 = REINITIAUZE STATUS BYTE
0 1 0 0 1=A7 =INTIATE READ SEQUENCE
0 1 1 0 0 =B3=FORCEREADY

G 0 0 0 1=27=ENABLE DMA

0 0 0 0 0 =23=DISABLE DMA

EAD MASK FOLLOWS

r 0 1 1 1 0=88B
I l—' STATUS BYTE
- BYTE COUNTER (LOW BYTE)

BYTE COUNTER (HIGH BYTE)
PORT A ADDRESS (LOW BYTE)
PORT A ADDRESS (HIGH BYTE)

PORT B ADDRESS (LOW BYTE)
PORT 8 ADDRESS (HIGH BYTR)

Lyy 355:THOMSON
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Figure 9 : Sample DMA Program.

Comments D, D¢ Ds Dy D3
WRO sets DMA to receive 0 1 1 1 1
block length. Port A starting Block Length | Block Length Port A Port A
address and temporarily sets Upper Lower Upper Lower
Port B as source. Follows Follows - Address Address
Follows Follows
Port A Address (lower) 0 1 0 1 0
Port A Address (upper) 0 0 0 1 0
Block Length (lower) 0 0 0 0 0
Block Length (upper) 0 0 0 1 0
WR1 defines Port A as memory 0 0 0 1 0
with fixed incrementing address. ’ No Timing Address Address Port is Memory
Follows Changes Increments
WR2 defines Port B as 0 0 1 0 1
peripheral with fixed address. No Timing | Fixed Address Port is
Follows 110
WR4 sets mode to Burst, sets 1 1 0 0 0
DMA to expect Port B address. No Interrupt No Upper
Burst Mode Control Byte Address
Follows
Port B Address (lower) 0 0 0 0
WRS5 Sets Ready Active High. 1 0 0 0 1
No Auto No Wait RDY
Restart States Active High
WR6 Loads Port B Address and 1 1 0 0 1
Resets Block Counter. *
WRO Sets Port A as Source. * 0 0 0 0 0
' No Address or Block Length Bytes
WR6 Loads Port A Address and 1 1 0 0 1
Resets Block Counter.
WR6 Enables DMA to start 1 0 0 0
operation.

Note :

The actual number of bytes transferred is one more than specified by the block length.

* These entries are necessary only in the case of a fixed destination address.

10/20

54

&7

SGS-THOMSON

MICROELECTRONICS




Z84C10

Figure 9 : Sample DMA Program (continued).

Comments D2 D Do HEX

WRO sets DMA to receive block 0 0 1 79
length. Port A starting address and B-A
temporarily sets Port B as source. Temporary for

Loading B Transfer, No Search

Address *
Port A Address (lower) 0 0 0 50
Port A Address (upper) 0 0 0 10
Block Length (lower) 0 0 0 00
Block Length (upper) 0 0 0 10
WRH1 defines Port A as memory with 1 0 0 14
fixed incrementing address.
WR2 defines Port B as peripheral with 0 1 0 28
fixed address.
WR4 sets mode to Burst, sets DMA to 1 0 1 C5
expect Port B address. Port B Lower

Address

Follows
Port B Address (lower) 1 0 1 05
WRS5 Sets Ready Active High. 0 1 0 8A
WR6 Loads Port B Address and 1 1 1 CF
Resets Block Counter. *
WRO Sets Port A as Source. * 1 0 1 05

A-B Transfer, No Search
WR6 Loads Port A Address and 1 1 1 CF
Resets Block Counter.
WR6 Enables DMA to start operation. 1 1 1 87
Note : The actual number of bytes transferred is one more than specified by the block length.
* These entries are necessary only in the case of a fixed destination address.
LS5 SGS-THOMSON 120
Y MicROELEGTRONICS
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INACTIVE STATE TIMING (DMA as CPU Peripheral).

In its disabled or inactive state, the DMA is ad-
dressed by the CPU as an I/O peripheral for write
and read (control and status) operations. Write tim-
ing is illustrated in figure 10.

Reading of the DMA’s status byte, byte counter or
port address counters is illustrated 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 approximately one T-cycle after they become
active.

ACTIVE STATE TIME (DMA as Bus Control-

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
Z80C CPU's timing of read and write cycles for
memory and /O peripherals, with one exception :
during a read cycle, data is latched on the falling
edge of T3 and held on the data bus across the
boundary between read and write cycles, through
the end of the following write cycle.

Figure 12 illustrates the timing for memory-to-1/O
port transfers and figure 13 illustrates I/O-to-mem-
ory transfers. Memory-to-memory and |/O-to-1/O
transfers timings are simply permutations of these
diagrams.

The default timing uses three T-cycles for memory

Figure 12 : Memory-to-1/0O Transfer.

transactions and four T-cycles for I/O transactions,
which include one automatically inserted wait cycle
between Tz and Ta. If the CE/WAIT line is pro-
grammed to act a WAIT line during the DMA’s active
state, it is sampled on the falling edge of T2 for mem-
ory transactions and the falling edge of Tw for I/O
transactions. If CE/WAIT is Low during this time an-

Figure 10 : CPU-to-DMA Wrtite Cycle.

R)f__(: """'j_ r

Do-D7

Figure 11 : CPU-to-DMA Read Cycle.
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other T-cycle is added, during which the CE/WAIT
line will again be sampled. The duration of transac-
tions can thus be indefinitely extended.

VARIABLE CYCLE AN EDGE TIMING

The Z80C 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 of four-T-cycle (more if Wait cycles are
inserted), thereby increasing or decreasing the
speed of all signals generated by the DMA. In addi-
tion, the trailing edges of the IORQ, MREQ, RD an
WR signals can be independently terminated one-
half cycle early. Figure 14 illustrates this.

In_the variable-cycle mode, unlike default_timing,
10RQ comes_active one-half cycle before MREQ,
RD and WR. CE/WAIT can be used to extend only
the 3 or 4 T-cycle variable memory cycles and only
the 4-cycle variable /0 cycle. The CE/WAIT line is
sampled at the falling edge of T2 for 3- or 4-cycle
memory cycles, and at the falling edge of Ts for 4-
cycle I/O cycles.

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

BUS REQUESTS

Figure 15 illustrates the bus request and accept-
ance timing. The RDY line, which may be pro-
grammed active High or Low, is sampled on every
rising edge of CLK. If it is found to be active, and if

Figure 13 : 1/O -to-Memory Transfer.

the bus is not in use by any other device, the follow-
ing rising edge of CLK drives BUSREQ low. After
receiving BUSREQ the CPU acknowledges on the
BAI input either directly or through a multiple-DMA
daisy chain. When a Low is detect on BAI for two
consecutive rising edges of CLK, the DMA will begin
transferring data on the next rising edge of CLK.

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 Z80C 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 Continuos 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 AND 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

VO READ — ———————t |- MEMORY WRITE ——
T | 12 | Ww | T T | T2 | T
CLK
Ao-Ags _I x J‘C
iona \ v
READ
b \ [
Do-Dy )'_uo‘me!A_( DMA DRIVES DATA BUS
wRga \ 1
WRITE
T
L Vi e e
1
Ly7 SGS-THOMSON 1920
Y/ saicrocLEcTROMCS
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(figure 18). The action on BUSREQ is thus some-
what delayed from action on the RDY line. The DMA
always completes its current byte operation in an or-
derly fashion before releasing the bus.

By contrast, BUSREQ is not released in Continuos
mode when RDY goes inactive. Instead, the DMA
idles after completing the current byte operation,
awaiting an active RDY again.

BUS RELEASE ON MATCH

If the DMA is programmed to stop on match in Burst
or Continuous 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 sheme, matches are determined while the
next DMA read or write is being performed.

The RDY line can go inactive after the matching

Figure 14 : Variable-Cycle and Edge Timing.

operation begins without affecting this bus-release
timing.
INTERRUPTS
Timings for interrupt acknowledge and return from
interrupt are the same as timings for these in other
280 peripherals (See Applicatilonn Note "Z80 Fam-
ily Interrupt Structure).
Interrupt on RDY (interrupt before requesting bus)
does not directly affect the BUSREQ line. Instead,
the interrupt service routine must handle this by is-
suing 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 reset the Interrupt
Under Service latch in the Z80 DMA.

Figure 15 : Bus Request and Acceptance.

rr-r e ==
ora -\ T TITT
WG\ rrTTrTres
D, W TR -:-

2.CYCLE 3-CYCLE  4.CYCLE
EARLY END EARLY END EARLY END

e

OMA OMA
NACTIVE > acTive

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

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

ok | | | I | I | | l coLx _w
| e
BUSREQ ! [
| e INACTIVE \. Y
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Bl BUSREQ ’
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Figure 18 : Bus Release When Not Ready

Figure 19 : Bus Release on Match (Burst and

(Burst Mode). Continuous Modes).
ax [ LS R N U o o I 9 o I N
T S W
oY s Y wacive S

BUSREG

wacTvE

CURRENT 8YTEC T DMA
rmon = Ptnve

BUSREG

avIc o oYTEnet omA
HEAD IN HEAD IN mACTIVE
AND

MATCH FOUND
ONBYTER

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vece Vce Supply Voltage with Respect to Vgs -05t07 \"
VN Input Voltage - 0.5t0 Vgc + 0.5 \
Po Power Dissipation (Ta =85 °C) 250 mwW

TsoLper | Soldering Temperature (soldering time 10 sec) 260 °C
Tstg Storage Temperature — 65 to 150 °C
Topr Operating Temperature - 40to 85 °C

DC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Typ. Max. | Unit
ViLe Clock Input Low Voltage -0.3 0.6 Vv
ViHc Clock Input High Voltage Vee - 0.6 Vee + 0.3 Vv
Vi Input Low Voltage -05 0.8 \

(except CLK)
Viy Input High Voltage 2.2 Vee \
(except CLK)
VoL Output Low Voltage loL = 3.2 mA for BUSREQ 0.4 \Y
loL = 2.0 mA or all others
VoH1 Output High Voltage (1) lon == 1.6 mA 24 Vv
Vou2 Output High Voltage (2) lon =— 250 pA Vee - 08 Vv
I Input Leakage Current Vss € Vin € Vee + 10 UA
ILo 3-State Output Leakage Vss + 0.4 < VN < Vee + 10 UHA
Current in Float
lcct Operating Supply Current :
4 MHz Vee =5V, fCKL = 1/TcC(min) 5 7 mA
6 MHz Vig=Vec—-02V,V =02V 6 10 mA
lcce Standby Supply Current Veec =5V, Vy=Vec-02V 10 LA
Vi =02V
LS5 SGS-THOMSON 1520
Y $1CROELECTRONICS

59




Z84C10

TEST CONDITIONS
TaA=—40°C to + 85°C
Vec=5V £10%
Vss=0V

,at.Vcc — 0.6 V for a logic "1" and 0.6 V for a logic
"o
Timing measurements are made at 2.2 V for a logic

AC TEST CONDITIONS

Inputs except CLK (clock) are driven at 2.4 V for a
logic"1"and 0.4 V foralogic "0". Clock inputis driven

CAPACITANCE

100 pF.

"1"and 0.8 V for a logic "0".
All AC parameters assume a load capacitance of

Symbol Parameter Test Conditions Min. Max. Unit
C Clock Capacitance Unmeasured Pins 5 pF
Cin Input Capacitance Returned to Ground 5 pF
Cour Output Capacitance 5 pF
INACTIVE STATE AC CHARACTERISTICS
. Z84C10A Z84C10B
N Symbol Parameter Min. Max. Min. Max.
(ns) (ns) (ns) (ns)
1 TcC Clock Cycle Time 250 DC 165 DC
2° TwCh Clock Width (high) 110 DC 65 DC
3 TwCl Clock Width (low) 110 DC 65 DC
4 TrC Clock Rise Time 30 20
5 TfC Clock Fall Time 30 20
6 Th Hold Time for any Specified Setup Time 0 0
7 | Tsc(Cr) IORQ, WR, CE ! to Clock T Setup 145 60
8 | TdDO(RDf) RD ! to Data Output Delay 380 300
9 | TsWM(Cr) | Datain to Clock T Setup (WR or MI) 50 30
10| TdCf(DO) IORQ ! to Data Out Delay (INTA cycle) 160 100
11| TdRD(Dz) RD T to Data Float Delay (output buffer disable) 110 70
12 | TsIEI(IORQ) | IEI | to IORQ | Setup (INTA cycle) 140 100
13 | TdIEOr(IEIr) | IEI T to IEO T Delay 160 70
14 | TAIEOA(IEIf) | IEI! to IEO | Delay 130 70
15| TAMI(IEO) | MI { to IEO | Delay (interrupt just prior to MI {) 190 100
16| TsMIf(Cr) | MI{ to Clock T Setup 90 70
17| TsMIr(Cf) | MI T to Clock 4 Setup - 10 -10
18| TsRD(Cr) | RD ! to Clock T Setup (M cycle) 115 60
19 TdI(INT) Interrupt Cause to INT Delay (W’ generated 500 450
only when DMA is inactive)
20 | TdBAIr(BAOY) | BAI T to BAO T Delay 150 100
21 | TdBAIf(BAOf) | BAI | to BAO | Delay 150 100
22| TsRDY(Cr) | RDY Active to Clock.T Setup 100 50
Note: 1. Negative minimum setup values mean that the first mentioned event can come after the second mentioned event.

. 16/20
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INACTIVE STATE AC CHARACTERISTICS (continued).

—
CLOCK 42V 08V
QUTPUT 20V 08V
INPUT 20V o8V
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ACTIVE STATE AC CHARACTERISTICS

. Z84C10A Z84C10B
N%)  Symbol Parameter Min. | Max. | Min. | Max.
(ns) (ns) (ns) (ns)
1 TeC Clock Cycle Time 250 DC 165 DC
2 TwCh Clock Width (high) 110 DC 65 DC
3 TwCl Clock Width (low) 110 DC 65 DC
4 TrC Clock Rise Time 30 20
5 TfC Clock Fall Time 110 90
6 TdA Address Output Delay 110 90
7 TdC(Az) Clock T to Address Float Delay 90 " 80
8 | TsA(MREQ) | Address to MREQ | Setup (memory cycle) 65 35
9 | TsA(IRW) | Address Stable to IORQ, RD, WR | Setup 180 110
(1/0 cycle)
*10| TdRW(A) | RD, WR 7 to Addr. Stable Delay 90 35
*11| TdRW(Az) | RD, WR T to Addr. Fioat 95 65
12| TdCf(DO) Clock | to Data Out Delay 150 130
*13| TdCr(Dz) Clock T to Data Float Delay (write cycle) 90 70
14| TsDI(Cr) Data in to Clock T Setup 35 30
(read cycle when rising edge ends read)
15|  TsDI(Cf) Data in to Clock | Setup 50 40
(read cycle when falling edge ends read)
*16| TsDO(WfM) | Data out to WR Setup (memory cycle) 80 25
17| TsDO(Wfl) | Data Out to WR | Setup (I/O cycle) 100 55
*18| TdWr(DO) | WR T to Data Out Delay 70 30
19 Th Hold Time for Any Specified Setup Time 0 0
20 TdCr(Mf) Clock T to MREQ { Delay 85 70
21| TdCi(Mf) | Clock | to MREQ | Delay 85 70
22| TdCr(Mr) Clock T to MREQ T Delay 85 70
23 TdCf(Mr) Clock | to MREQ T Delay 85 70
24 TwMI MREQ Low Pulse Width 220 135
*25 TwMh MREQ High Pulse Width 120 65
26 TdCf(If) Clock | to IORQ | Delay 85 70
27 TdCr(If) Clock T to IORQ | Delay 75 65
28| TdCr(ir) | Clock T to IORQ T Delay 85 70
*29 TdCi(Ir) Clock { to IORQ T Délay 85 70
Notes : 1. Numbers in parentheses ére other parameter-numbers in this table ; their values should be substituted in equations.
2. All equations imply DMA default (standart) timing.
3. Data must be enabled onto data bus when RD is active.
4. Asterisk (*) before parameter number means the parameter is not illustrated in the AC Timing Diagrams.
18/2
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ACTIVE STATE AC CHARACTERISTICS (continued)

i Z84C10A Z84C10B
Ne| Symbol Parameter Min. | Max. | Min. | Max.
(ns) (ns) (ns) (ns)
30( TdCr(Rf) | Clock T to RD { Delay 85 70
31| TdCi(Rf) | Clock { to RD | Delay 95 80
32| TdCr(Rr) | Clock T to RD 4 Delay 85 70
33| TdCf(Rr) | Clock 4 to RD T Delay 85 70
34| TdCr(Wf) | Clock T to WR ! Delay 65 60
35| TdCH(Wf) Clock | to WR { Delay 80 60
36 |- TdCr(Wr) | Clock Tto WR T Delay 80 70
37| TdCf(Wr) | Clock | to WR T Delay 80 70
38 TwWi WR Low Pulse Width 220 135
39 ( TsWA(CH) | WAIT to Clock | Setup 70 60
40| TdCr(B) | Clock T to BUSREQ Delay 100 90
41| Tdcr(lz) | Clock T to IORQ, MREQ, RD, WR Float Delay 80 70
Notes : 1. Numbers in parentheses are other parameter-numbers in this table ; their values should be substituted in equations.

2. All equations imply DMA default (standart) timing.
3. Data must be enabled onto data bus when RD is active.
4. Asterisk (*) before parameter number means the parameter is not illustrated in the AC tTiming Diagrams.
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ACTIVE STATE AC CHARACTERISTICS (continued).
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ORDERING INFORMATION

Type Package Temp. Clock Description
Z284C10AB6 | DIP-40 (plastic) —~40/ + 85°C 4 MHz Z80C Direct
Z84C10AC6 | PLCC44 (plastic chip-carrier) - 40/ + 85°C Memory Access
Z84C10BB6 | DIP—40 (plastic) — 40/ + 85°C y Unit
Z84C10BC6 | PLCC44 (plastic chip-carrier) - 40/ + 85°C 6 MHz

20/20
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Z80C PIO CMOS VERSION

» PROVIDES A DIRECT INTERFACE BETWEEN
Z80 MICROCOMPUTER SYSTEMS AND PE-
RIPHERAL DEVICES

= BOTH PORTS HAVE INTERRUPT-DRIVEN
HANDSHAKE FOR FAST RESPONSE

= FOUR PROGRAMMABLE  OPERATING
MODES : BYTE INPUT, BYTE OUTPUT, BYTE
INPUT/OUTPUT (port A only), AND BIT
INPUT/OUTPUT

= PROGRAMMABLE INTERRUPTS ON PERIPH-
ERAL STATUS CONDITIONS

» STANDARD Z80 FAMILY BUS-REQUEST AND
PRIORITIZED INTERRUPT-REQUEST DAISY
CHAINS IMPLEMENTED WITHOUT EXTER-
NAL LOGIC

» THE EIGHT PORT B OUTPUTS CAN DRIVE
DARLINGTON TRANSISTORS (1.5 mA at
1.5V)

= SINGLE5V £10 % POWER SUPPLY

u LOW POWER CONSUMPTION :

- 2mAtyp. at 4 MHz
- 3mAtyp. at 6 MHz
- lessthan 10 pA in Power Down mode
= EXTENDED OPERATING TEMPERATURE :
- 40°CTO+85°C

DESCRIPTION

The Z80C PIO Parallel /O Circuit is a programm-
able, dual-port device that provides a TTL-com-
patible interface between peripheral devices and
the CPU. The CPU configures the PIO to interface
with a wide range of peripheral devices with no other
external logic. Typical peripheral devices that are
compatible with the PIO include most keyboards,
paper tape readers and punches, printers, PROM
programmers, etc.

One characteristic of the Z80 peripheral controllers
that separates them from other interface controllers
is that all data transfer between the peripheral de-
vice and the CPU is accomplished under interrupt
control.

Thus, the interrupt logic of the PIO permits full use
of the efficient interrupt capabilities of the CPU dur-
ing I/O transfers. All logic necessary to implement a
fully nested interrupt structure is included in the PIO.

September 1988

B D
DIP-40 DIP-40
(Plastic) (Ceramic)

PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)

LOGIC FUNCTIONS
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Figure 1 : Dual in Line Pin Configuration.
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Figure 2 : Chip Carrier Pin Configuration.
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NC = NO CONNECTION

Another feature of the PIO is the ability to interrupt
the CPU upon occurrence of specified status condi-
tions in the peripheral device. For example, the PIO
can be programmed to interrupt if any specified pe-
ripheral alarm conditions should occur. This inter-
rupt capability reduces the time the processor must
spend in polling peripheral status.

The Z80C PIO interfaces to peripherals via two in-
dependent general-purpose /O ports, designated
Port A and Port B. Each port has eight data bits and
two handshake signals, Ready and Strobe, which

214 L7 SGS-THOMSON

control data transfer. The Ready output indicates to
the peripheral that the port is ready for a data trans-
fer. Strobe is an input from the peripheral that indi-
cates when a data transfer has occured.

OPERATING MODES

The 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 pro-
grammed to output data. Both ports have output reg-
isters 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 in-
dicates to the external device that data is available -
atthe 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 PI1O sets the Ready signal, which is
detected by the external device. The external device
then places data on the I/0 lines and strobes the I/O
port, which latches the data into the Port Input Reg-
ister, resets Ready, and triggers the Interrupt Re-
quest, 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 in-
terrupts and handshake signals from both ports.
Port B must be set to Mode 3 and masked off. In
operation, Port A is used for both data input and out-
put. 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 en-
abled).

.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 is
generated if the condition of one input changes, or
if all inputs change. The requirements for genera-
ting an interrupt are defined during the programm-
ing 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 is programmed for
active Low inputs and the logic functionis AND, then
allinputs at the specified port must go Low to gener-
ate an interrupt.
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Data outputs are controlled by the CPU and can be

written or changed at any time.

w Individual bits can be masked off

a The handshake signals are not used in Mode 3,
Ready is held Low, and Strobe is disabled

» When using PIO interrupts, the CPU interrupt
mode must be set to Mode 2.

INTERNAL STRUCTURE

The internal structure of the Z80C PIO consists of a
CPU bus interface, internal control logic, Port A /O
logic, Port B 1/O logic, and interrupt control logic
(figure 3). The CPU bus interface logic allows the
PIO to interface directly to the CPU with no other ex-
ternal logic. The internal control logic synchronizes
the CPU data bus to the peripheral device interfaces
(Port A and Port B). The two I/O ports (A and B) are
virtually identical and are used to interface directly
to peripheral devices.

PORT LOGIC

Each port contains separate input and output regis-
ters, handshake control logic, and the control regis-
ters shown in figure 4. All data transfers between
the peripheral unit and the CPU use the data input
and output registers. The handshake logic associ-
ated with each port controls the data transfers
through the input and the output registers. The
mode control register (two bits) selects one of the
four programmable operating modes.

The control mode (Mode 3) uses the remaining reg-
isters. The input/output control register specifies
which of the eight data bits in the port are to be out-
puts and enables these bits ; the remaining bits are
inputs. The mask register and the mask control reg-
ister control Mode 3 interrupt conditions. The mask

Figure 3 : Block Diagrém.

register specifies which of the bits in the port are ac-
tive and which are masked or inactive.

The mask control register specifies two conditions :
first, whether the active state of the input bits is High
or Low, and second, whether an interrupt is gener-
ated when any one unmasked input bit is active (OR
condition) or if the interrupt is generated when all
unmasked input bits are active (AND condition).

INTERRUPT CONTROL LOGIC

The interrupt control logic section handles all CPU
interrupt protocol for nested-priority interrupt struc-
tures. Any device's physical location in a daisy-chain
configuration determines its priority. Two lines (IEl
and IEO) are provided in each PIO to form this daisy
chain. The device closest to the CPU has the hig-
hest priority. Within a PIO, Port A interrupts have
higher priority than those of Port B. In the byte input,
byte output, or bidirectional modes, an interrupt can
be generated whenever the peripheral requests a
new byte transfer. In the bit control mode, an inter-
rupt can be generated when the peripheral status
matches a programmed value. The PIO provides for
complete control of nested interrupts. That is, lower
priority devices may not interrupt higher priority de-
vices that have not had their interrupt service rou-
tines completed by the CPU. Higher priority devices
may interrupt the servicing of lower priority devices.
If the CPU (ininterrupt Mode 2) accepts aninterrupt,
the interrupting device must provide an 8-bit inter-
rupt vector for the CPU. This vector forms a pointer
to alocation in memory where the address of the in-
terrupt service routine is located. The 8-bit vector
from the interrupting device forms the least signifi-
cant eight bits of the indirect pointer while the |'Reg-
ister in the CPU provides the most significant eight
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Figure 4 : Typical Port I/O Block Diagram.
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* Used in the bit mode only to allow generation of an interrupt
if the peripheral 1/0 pins go to the specified state.

bits of the pointer. Each port (A and B) has an inde-
pendent interrupt vector. The least significant bit of
the vector is automatically set to 0 within the PIO be-
cause the pointer must point to two adjacent mem-
ory locations for a complete 16-bit address.

Unlike the other Z80C peripherals, the PIO does not
enable interrupts immediately after programming. It
waits until Ml goes Low (e.g., during an opcode
fetch). This condition is unimportant in the Z80C en-
vironment 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 in the system knows at all times whether
it is being serviced by the CPU interrupt service rou-
tine. No other communication with the CPU is re-
quired.

CPUBUS I/0 LOGIC

The CPU bus interface logic interfaces the PIO di-
rectly to the 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 programming and, in turn, controls the oper-
ating functions of the PIO. The control logic syn-

414 L7 S5s-THOMSON

chronizes the port operations, controls the port
mode, port addressing, selects the read/write func-
tion, and issues appropriate commands to the ports
and the interrupt logic. The PIO does not receive a
write input from the CPU ; instead, the RD, CE, C/D
and IORQ signals generate the write input internally.

PROGRAMMING
MODE0, 1, OR 2.

(Byte Input, Output, or Bidirectiona/) Programming
a port for Mode 0, 1, or 2 requures two words per
port. These words are :

A MODE CONTROL WORD. Selects the port oper-
ating mode (figure 5). This word may be written any
time.

AN INTERRUPT VECTOR. The Z80C PIO is de-
signed for use with the Z80C CPU in interrupt
Mode 2 (figure 6). When interrupts are enabled, the
P10 must provide an interrupt vector.

MODE 3

(Bit Input/Output). Programming a port for Mode 3
operation requires a control word, a vector (if inter-
rupts are enabled), and three additional words, de-
scribed as follows :

I/0 REGISTER CONTROL. When Mode 3 is se-
lected, the mode control word must be followed by
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Figure 5 : Mode Control Word.

mmmnnnn
IDENTIFIES MODE
CONTROL WORD
DON'T CARE
MODE SELECT
o o MJDEO
0 1 MODE1
1 0 MODE2
1 1 MODE3J

Figure 6 : Interrupt Vector Word.

(o:JoeosToufos oz o o ]

l__ IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7 : /O Register Control Word.

CODROA0E
0 SETS BIT TO OUTPUT

1 SETS BiT TO INPUT

Figure 8 : interrupt Control Word.

IDENTIFIES INTERRUPT
CONTROL WORD

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

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

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

D; = 0 INTERRUPT DISABLED
Oy = 1 INTERRUPT ENABLED*

another control word that sets the I/O control regis-
ter, which in turn defines which port lines are inputs
and which are outputs (figure 7).

INTERRUPT CONTROL WORD. In Mode 3, hand-
shake is 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 generating an interrupt. Two logic
conditions or functions are available : AND (if all
input bits change to the active level, an interrupt is
triggered), and OR (if any one of the input bits
changes to the active level, aninterrupt is triggered).
Bit De sets the logic function, as shown in figure 8.
The active level of the input bits can be set either
High or Low. The active level is controlled by Bit Ds.
MASK CONTROL WORD. This word sets the mask
control register, allowing any unused bits to be
masked off. If any bits are to be masked, then D4
must be set. When D4 is set, the next word written
to the port must be a mask control word (figure 9).

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 10).

Figure 9 : Mask Control Word.

COORRDDE|

MBg-MB; MASK BITS. A

BIT IS MONITORED FOR AN
INTERRUPT IF IT IS
UEFINED AS AN INPUT AND
THE MASK BIT IS SET TO 0.

Figure 10 : Interrupt Disable Word.

107[Ds|Ds[DejO O |1 |1

IDENTIFIES INTERRUPT
DISABLE WORD
DON'T CARE

D; = 0 INTERRUPT DISABLE
Dy = 1 INTERRUPT ENABLE

&y

SGS-THOMSON 514
MICROELECTRONICS

69



Z84C20

PIN DESCRIPTIONS

Aq-A7. Port A Bus (Bidirectional, 3-state). This 8-bit
bus transfers data, status, or control information be-
tween Port A of the PIO and a peripheral device. Ao
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 oper-
ation 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 is stable and ready for trans-
fer to the peripheral device.

INPUT MODE. This signal is active when the Port A
input register is empty and ready to acceptdata from
the peripheral device.

BIDIRECTIONAL MODE. This signal is active when
data is available in the Port A output register for
transfer to the peripheral device. In this mode, data
is not placed on the Port A data bus, unless ASTB
is active.

CONTROL MODE. This signal is disabled and
forced to a Low state.

ASTB. Port A Strobe Pulse From Peripheral Device
(Input, Active Low). The meaning of this signal de-
pends on the mode of operation selected for Port A
as follows :

OUTPUT MODE. The positive edge of this strobe is
issued by the peripheral to acknowledge the receipt
of data made available by the PIO.

INPUT MODE. The strobe is issued by the periph-
eral to load data from the peripheral into the Port A
input register. Data is loaded into the PIO when this
signal is active.

BIDIRECTIONAL MODE. When this signal is active,
data from the Port A output register is gated onto
the Port A bidirectional data bus. The positive edge
of the strobe acknowledges the receipt of the data.

CONTROL MODE. The strobe isinhibited internally.

Bo-By7. Port B Bus (Bidirectional, 3-state). This 8-bit .

bus transfers data, status, or control information be-
tween Port B and a peripheral device. The Port B
data bus can supply 1.5mA at 1.5V to drive Darling-
ton transistors. Bg is the least significant bit of the
bus.

B/ A. Port B Or A Select (Input, High = B). This pin
defines which port is accessed during a data trans-
fer between the CPU and the PI1O. A Low on this pin
selects PortA; a Hngh selects Port B. Often address
bit Ag from the CPU is used for this selection func-
tion.

614 L7 S5s-THOMSON

BRDY. Register B Ready(Output, Active High). This
signal is similar to ARDY, except that in the Port A
bidirectional mode this signal is 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 sig-
nal 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 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 data bus is being used to transfer data between
the CPU and the PIO. Often address bit A1 from the
CPU is used for this function.

CE. Chip Enable (Input, Active Low). A Low on this
pin enables the PIO to accept command or data in-
puts fromthe CPU during a write cycle or to trans-
mit data to the CPU during a read cycle. This signal
is generally decoded from four I/O port numbers for
Ports A and B, data, and control.

CLK. System Clock (Input). The Z80C PIO uses the
standard single-phase Z80C system clock.

Do-D7. CPU Data Bus (Bidirectional, 3-state). This
bus is used to transfer all data and commands be-
tween the CPU and the PIO. Do is the least signifi-
cant bit.

IEL. Interrupt Enable In (Input, Active High). This sig-
nal 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 is High
and the CPU is not servicing an interrupt from this
PIO. Thus this signal blocks lower priority devices
from interrupting while a higher priority device is
being serviced by its CPU interrupt service routine.
INT. Interrupt Request (Output, Open Drain, Active
Low). When INT is active the PIO is requesting an
interrupt from the CPU.

IORQ. Input/Output Request (Input from CPU, Ac-
tive Low). IORQ s used in conjunction with B/A, C/D,
CE, and RD to transfer commands and data be-
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tween the CPU and the PIO. When CE, RD, and
IORQ are active, the port addressed by B/A trans-
fers data_to the CPU (a read operation). Converse-
ly, 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 MI are active simulta-
neously, the CPU is acknowledging an interrupt ; the
interrupting port automatically places its interrupt
vector on the CPU data bus if it is the highest priority
device requesting an interrupt.

MI. Machine Cycle (Input from CPU, Active Low).
This signal is used as a sync pulse to control sev-
eral internal PO operations. When both the M1 and
RD signals are active, the CPU is fetching an_in-
struction 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 PIO : it synchronizes the PIO interrupt
logic ; when M1 occurs without an active RD or
IORQ signal, the PIO is reset.

RD. Read Cycle Status (Input from CPU, Active
Low). If RD is active, or an 1/Q operation is in pro-
gress, RD is used with B/A, C/D, CE, and IORQ to
transfer data from the PIO to the CPU.

TIMING

The following timing diagrams show typical timing in
a Z80C CPU environment. For more precise speci-
fications refer to the composite ac timing diagram.
WRITE CYCLE

Figure 11 illustrates the timing for programming the
Z80C 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
notreceive a specific write signal ; it internally gener-
ates its own from the lack of an active RD signal.

READ CYCLE

Figure 12 illustrates the timing for reading the data
input from an external device to one of the P10 ports.
No Wait states are allowed for reading the PIO other
than the automatically inserted Twa.

OUTPUT MODE (MODE 0)

An output cycle (figure 13) 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 regis-
ter. 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 peripheral. The positive edge of the
strobe pulse generates an INT if the interrupt enable
flip-flop has been set and if this device has the hig-
hest priority.

INPUT MODE (MODE 1)

When STROBE goes Low, data is loaded into the
selected port input register (figure 14). The next ris-
ing edge of strobe activates INT, if Interrupt Enable
is set and this is the highest-priority requesting de-
vice. The following falling edge of CLK resets Ready
to an inactive state, indicating that the input register
is full and cannot accept any more data untilthe 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.

BIDIRECTIONAL MODE (MODE 2)

This is a combination of Modes 0 and 1 using all four
handshake lines and the eight Port A /O lines (figure -
15). Port B must be set to the bit mode and its in-
puts 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.

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 is latched into
the output registers with the same timing as the out-
put mode (figure 16).

When reading the P10, the data returned to the CPU
is composed of output register data from those port
data lines assigned as outputs and input register
data from those port data lines assigned as inputs.
The input register contains data that was present
immediately prior to the falling edge of RD. An inter-
rupt is generated if interrupts from the port are en-
abled and the data on the port data lines satisfy the
logical equation defined by the 8-bit mask and 2-bit
mask control registers. However, if Port A is pro-
grammed in bidirectional mode, Port B does not
issue an interrupt in bit mode and must therefore be
polled. .

LyF S5S-THOMSON L
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Figure 11 : Write Cycle Timing.

Figure 12 : Read Cycle Timing.
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Figure 13 : Mode 0 Output Timing.
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INTERRUPT ACKNOWLEDGE TIMING

During M1 time, peripheral controllers are inhibited
from changing their interrupt enable status, permit-
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 17). IEO is held Low until a Return From In-
terrupt (RETI) instruction is executed by the CPU
while IEl is High. The 2-byte RETI instruction is
decoded internally by the PIO for this purpose.

RETURN FROM INTERRUPT CYCLE

If a Z80C peripheral has no interrupt pending and is
not under service, then its IEO = IEI. If it has an in-
terrupt under service (i.e., it has already interrupted
and received an interrupt acknowledge) then its IEO

8/14
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is always Low, inhibiting lower priority devices from
interrupting. If it has an interrupt pending which has
not yet been acknowledged, IEO is Low unless an
"ED" is decoded as the first byte of a 2-byte opcode
(figure 18). In this case, IEO goes High until the next
opcode byte is decoded, whereupon it 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 periphe-

ral device which has interrupted and is currently

under service has its IEI High and its IEO Low. This

device is the highest-priority device in the daisy
chain that has received an interrupt acknowledge.

All other peripherals have IEl = IEO. If the next op-

code byte decoded is "4D", this peripheral device

resets its "interrupt under service" condition.
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Figure 14 : Mode 1 Input Timing.
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Figure 15 : Mode 2 Bidirectional Timing.
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Figure 17 : Interrupt Acknowledge Timing.
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AC CHARACTERISTICS
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AC CHARACTERISTICS (continued)

. Z84C20A | Z84C20B

N°|  Symbol Parameter Min. |Max.| Min. [Max.
(ns) | (ns) | (ns) | (ns)
1 TcC Clock Cycle Time 250 165
2 TWCh Clock Width (high) 105 65
3 TwCl Clock Width (low) 105 65
4 TiC Clock Fall Time 30 20
5 TrC Clock Rise Time 30 20
6 | TsCS(R) | CE, B/A, C/D to RD, IORQ | Setup Time 50 50
7 Th Any Hold Times for Specified Setup Time 40 40
8 TsRI(C) RD, IORQ to Clock T Setup Time 115 70
9 | TdRI(DO) | RD, IORQ { to Data Out Delay ) 380 300
10| TdRI(DOs) | RD, IORQ T to Data Out Float Delay 110 70
11 TsDI(C) Data In to Clock T Setup Time 50 40
12| TdIO(DOI) IORQ { to Data Out Delay (INTACK Cycle) 160 120
13 TsMI(Cr) MI { to Clock T Setup Time 90 70
14| TsMI(C) | MI T to Clock | Setup Time (Ml Cycle) 0 0
15[ TdMI(IEO) | MI{ to IEO { Delay (interrupt immediately preceding MI ) 190 100
16| TsIEIIO) | IEI L to IORQ | Setup Time (INTACK Cycle) 140 100
17 | TdIEI(IEOf) | IEI{ to IEO | Delay 130 120
18 | TAIENIEOr) | IEI T to IEO T Delay (after ED decode) 160 150
19|  TclO(C) IORQ T to Clock | Setup Time 200 170
(to activate READY on Next Clock Cycle)
20 | TdC(RDYr) | Clock | to READY T Delay ) 190 | 170
21| TdC(RDYf) | Clock | to READY { Delay 140 120
22 TwSTB STROBE Pulse Width 150 120
23| TsSTB(C) | STROBE T to Clock | Setup Time 220 150
(to activate READY on Next Clock Cycle)

24 TdIO(PD) IORQ T to PORT DATA Stable Delayl(Mode 0) 180 160
25| TsPD(STB) | PORT DATA to STROBE T Setup Time (Mode 1) 230 190
26 | TdSTB(PD) | STROBE . to PORT DATA Stable (Mode 2). 210 180
27 | TdSTB(PDr) | STROBE T to PORT DATA Float Delay (Mode 2) 180 160
28| TdAPD(INT) | PORT DATA Match to INT . Delay (Mode 2) 490 430
29 | TdSTB(INT) | STROBE 1 to INT ! Delay 440 350

Note :

12/14

* Not compatible with NMOS specifications.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vce Vcc Supply Voltage with Respect to Vss -05t07 )
Vin Input Voltage - 05to Vge + 0.5 \
Po Power Dissipation (Ta =85 °C) 250 mwW

TsoLper | Soldering Temperature (soldering time 10 sec) 260 °C

Tsta Storage Temperature —65to 150 °C
TorR Operating Temperature — 40 to 85 °C
DC CHARACTERISTICS (1)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
ViLe Clock Input Low Voltage -0.3 - 0.6 \%
Vine Clock Input High Voltage Vee - 0.6 - Vee +0.3 \%
Vi Input Low Voltage -05 - 0.8

(except CLK)
ViH Input High Voltage 22 - Vee \"
(except CLK)
VoL Output Low Voltage loL =2.0 mA - - 0.4 \
VoH1 Output High Voltage (1) loy =— 1.6 mA 24 - - Vv
VoH2 Output High Voltage (2) lon =— 250 pA Vec - 0.8 - - \
Iy Input Leakage Current Vss € Vin € Vee - - +10 LA
loL, 3-State Output Leakage Vss + 0.4 < Vout < Vee - - + 10 pA
Current in Float
lce Operating Supply Current :
4 MHz Vee =5V, CLK =4 MHz - 2 5 mA
6 MHz Viu=Vec—02V,V, =02V - 3 8 mA
lcca Stand-by Supply Current Veec =5V, CLK = V¢ - 0.5 10 HA
. Viu=Vec-02V
V=02V
*loHp Darlington Drive Current Vox =15V, Rext =1.1 kQ -15 - -50 mA

Notes : 1. * Applied to Port B only.
2. Typical value is specified at 25 “C.

TEST CONDITIONS

Ta=-40°Cto+85°C
Vee =5V+10%

Vss =0V

AC TEST CONDITIONS

= Inputs except CLK (clock) are driven at 2.4V for
a logic "1" and 0.4V for a logic "0". Clock input is

driven at Vcc - 0.6V for a logic "1" and 0.6V for
a logic "0".

a Timing measurements are made at 2.2V for a
logic "1" and 0.8V for a logic "0".

All AC parameters assume a load capacitance of

100pF.

L7 SGs-THOMSON 19/14
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ORDERING INFORMATION

Type Package Temp. Clock Description
Z84C20AB6 | DIP-40 (plastic) —40/+ 85°C ) Z80C Parallel 1/0
Z84C20AD6 | DIP-40 (ceramic) —40/+ 85°C 4 MHz Unit CMOS
Z84C20AD2 | DIP-40 (ceramic) —-55/+125°C Version
Z84C20AC6 | PLCCA44 (plastic chip-carrier) —40/+ 85°C
Z84C20BB6 | DIP-40 (plastic) —40/+ 85°C
Z84C20BD6 | DIP-40 (ceramic) —40/+ 85°C 6 MHz
284C20BD2 | DIP-40 (ceramic) —55/+125°C
Z84C20BC6 | PLCC44 (plastic chip-carrier) —40/+ 85°C

14/14
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Z84C30

Z80C CTC CMOS VERSION

= FOUR INDEPENDENTLY PROGRAMMABLE
COUNTER/TIMER CHANNELS, EACH WITH A
READABLE DOWNCOUNTER AND A SE-
LECTABLE 16 OR 256 PRESCALER. DOWN-
COUNTERS ARE RELOADED
AUTOMATICALLY AT ZERO COUNT

» THREE CHANNELS HAVE ZERO COUNT/TI-
MEOUT OUTPUTS CAPABLE OF DRIVING
DARLINGTON TRANSISTORS

u SELECTABLE POSITIVE ORNEGATIVE TRIG-
GER INITIATES TIMER OPERATION

s STANDARD Z80C FAMILY DAISY-CHAIN IN-
TERRUPT STRUCTURE PROVIDES FULLY

- VECTORED, PRIORITIZED INTERRUPTS
WITHOUT EXTERNAL LOGIC. THE CTC MAY
ALSO BE USED AS AN INTERRUPT CON-
TROLLER

= INTERFACE DIRECTLY TO THE Z80C CPU
OR-FOR BAUD RATE GENERATION - TO THE
Z80C SIO

= SINGLE 5V =10 % POWER SUPPLY

= LOW POWER CONSUMPTION :
- 3mATYP. AT 4 MHz
- 4mATYP. AT 6 MHz
- LESS THAN 10 pA IN POWER DOWN

MODE

» EXTENDED OPERATING TEMPERATURE :

- 40°CTO+85°C

DESCRIPTION

The Z80C CTC four-channel counter/timer can be
programmed by system software for a broad range
of counting and timing applications. The four inde-
pendently programmable channels of the CTC sat-
isfy common microcomputer system requirements
for event counting, interrupt and interval timing, and
general clock rate generation.

System design is simplified because the CTC con-
nects directly to both the CPU and the SIO with no
additional logic. In larger systems, address de-
coders and buffers may be required.

Programming the CTC is straightforward : each
channel is programmed with two bytes ; a third is
necessary when interrupts are enabled. Once
started, the CTC counts down, reloads its time con-
stant automatically, and resumes counting. Soft-
ware timing loops are completely eliminated.
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Z84C30

Interrupt processing is simplified because only one
vector need be specified ; the CTC internally gener-
ates a unique vector for each channel.

The Z80C CTC requires a single + 5 V power sup-
ply and the standard Z80C single-phase system
clock. ltis fabricated with n-channel silicon-gate de-
pletion-load technology, and packaged in a 28-pin
plastic or ceramic DIP.

Figure 1 : Dual in Line Pin Configuration.
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FUNCTIONAL DESCRIPTION

The Z80C 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 par-
ameters. If the timing mode is selected, the control
word also sets a prescaler, which divides the sys-
tem 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 constant value. In
counter mode operation the counter decrements on
each of the CLK/TRG input pulses until zero count
is reached. Each decrement is 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 interval as small
as 4 us (Z80CA) without additional logic or software
timing loops. Time intervals are generated by divi-
ding the system clock with a prescaler that decre-
ments a preset down-counter.

Thus, the time interval is an integral multiple of the
clock period, the prescaler value (16 or 256) and the
time constant that is preset in the down-counter. A
timer is triggered automatically when its time con-
stant value is programmed, or by an external
CLK/TRG input.

Three channels have two outputs that occur at zero

S8 s8¢ count. The first output is a zero-count/timeout pulse
/ﬂmmnﬂ_e S C 317 e aam at the ZC/TO output. The fourth channel (Channel
onol] 7 39 [INC 3) does not have a ZC/TO output ; interrupt request

neg e 38 NC. is the only output available from Channel 3.

a v —
zc,,Z‘;E .‘: 2: chz The second output is Interr.upt‘ Request (INT), which
ne g 35 [JcLkiTRG, occurs if the channel has its interrupt enabled dur-
zcm0,[12 284C30 3¢ [Ine, ing programming. When CPU acknowledges Inter-
zcimo, s 33 [CLKITRG, rupt Request, the CTC places an interrupt vector on

jora[]1¢ 32 [JCLKITRG, the data bus.
:'ECOE 1: :; ?'ZL:”RG’ The four channels of the CTC are fully prioritized
e s i, jcvs. and fit into four contiguous slots in a standard Z80C
e T ! daisy-chain interrupt structure. Channel 0 is the hig-
rooooooooao— S hest priority and Channel 3 the lowest. Interrupts
glz gulEgils ,g g g can be individually enabled (or disabled) for each of
Rt the four channels.
NC = NO CONNECTION
2/14
LNy SGS-THOMSON
Y/ ricRomECTRONIGS
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ARCHITECTURE

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

= CPU bus /0

= Channel control logic

» Interrupt logic

» Counter/timer circuits

CPUBUS I/O

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

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 in-
terrupts interface properly with the Z80C CPU inter-
rupt system. The logic controls the interrupt priority
of the CTC as a function of the IEl signal. If IEl is
High, the CTC has priority. During interrupt process-
ing, the interrupt logic holds IEO Low, which inhibits
the interrupt operation on Lower priority devices. If
the IEI input goes Low, priority is relinquished and
the interrupt logic drives IEO Low.

If a channel is programmed to request an interrupt,
the interrupt logic drives IEO Low at the zero count,
and generates an INT signal to the CPU. When the
CPU responds with interrupt acknowledge (M1 and
I0RQ), then the interrupt logic arbitrates the CTC
internal priorities, and the interrupt control logic

Figure 3 : Functional Block Diagram.

places a unique interrupt vector on the data bus.

If an interrupt is pending, the interrupt logic holds
IEO Low. When the CPU issues a Return From In-
terrupt (RETI) instruction, each peripheral device
decodes the first byte (ED16). If the device has a
pending interrupt, it raises IEO (High) for one M1
cycle. This ensures that all lower priority devices can
decode the entire RET! instruction and reset proper-

ly.
COUNTER/TIMER CIRCUITS

The CTC has four independent counter/timer cir-
cuits, each containing the logic shown in figure 4.

CHANNEL CONTROL LOGIC

The channel control logic receives the 8-bit channel
control word when the counter/timer channel is pro-
grammed. The channel control logic decodes the
control word and sets the following operating condi-
tions :

= Interrupt enable (or disable)

= Operating mode (timer or counter)

» Timer mode prescaler factor (16 or 256)

= Active slope for CLK/TRG input

= Timer mode trigger (automatic or CLK/TRG
input) :

= Time constant data word to follow

u Software reset

TIME CONSTANT REGISTER

When the counter/timer channelis programmed, the
time constant register receives and stores an 8-bit
time constant value, which can be anywhere from 1
to 256 (0 = 256). This constant is automatically

DATA 8 cpu

FROM ous

z80 cPU 1o
controL {6

< > INTERRUPT
INTERNAL BUS LOGIC fe——— IEI
L—> IEO

INTERNAL
CONTROL
LOGIC

|———= iNT

3 ) ZCcio
COUNTER/
TIMER
4 CLK/TRG

L7 SGS-THOMSON sn4
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Figure 4 : Counter/ Timer Block Diagram.
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CLOCK PRESCALER

loaded into the down-counter when the counter/time
channel is initialized, and subsequently after each
zero count.

PRESCALER

The prescaler, which is used only in timer mode,
divides the system clock frequency by a factor of
either 16 or 256. The prescaler output clocks the
down-counter during timer operation. The effect of
the prescaler on the down-counter is a multiplication
of the system clock period by 16 or 256. The pres-
caler factor is programmed by bit 5 of the channel
control word.

DOWN COUNTER

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

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

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

and L7 S5s-THOMSON

PROGRAMMING

Each Z80C CTC channel must be programmed
prior to operation.

Programming consists of writing two words to the
I/0 port that corresponds to the desired channel.
The first word is a control word that selects the oper-
ating 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 channel during the count oper-
ation, the count continues to zero before the news
time constant is loaded into the counter.

If the interrupt on any CTC channel is enabled, the
programming procedure should also include an in-
terrupt vector. Only one vector is required for all four
channels, because the interrupt logic automatically
modifies the vector for the channel requesting ser-
vice.

A control word is identified by a1 inbit0. A1in
bit 2 indicates a time constant word is to follow. In-
terrupt 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 CS1 and CSz. A 2-bit binary
code selects the appropriate channel as shown in
the following table

Channel CS; CSy
0 0 0
1 0 1
2 1 0
3 1 1

RESET

The CTC has both hardware and software 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 ZO/TO
and Interrupt outputs go inactive, IEO reflects IEI,
and Do-D7 go to the high-impedance state. All chan-
nels must be completely reprogrammed after a
hardware reset.

The software reset is controlled by bit 1 in the chan-
nel control word. When a channel receives a soft-

MICROELECTRONICS
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ware 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 D1 and D2
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 pro-
grammed. In timer mode, if D3 = 0, operation is trig-
gered automatically when the time constant word is
loaded.

CHANNEL CONTROL WORD PROGRAMMING

The channel control word is shownin figure 5. It sets
the modes and parameters described below.

Interrupt Enable. Dz 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
Ds selects either timer or counter mode.

Prescaler factor (Timer Mode Only). Ds selects fac-
tor—either 16 or 256.

Trigger slope. D4 selects the active edge or slope of
the CLK/TRG input pulses. Note that reprogramm-
ing the CLK/TRG slope during operation is equival-
ent to issuing an active edge. If the trigger slope is
changed by a control 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.

Trigger mode (timer mode only). D3 selects the trig-
ger mode for timer operation. When D3 is reset to 0,

‘Figure 5 : Channel Control Word..

the timer is triggered automatically. The time con-
stant word is programmed during an 1/O write oper-
ation, which takes one machine cycle. At the end of
the write operation there is a setup delay of one
clock period. The timer starts automatically (decre-
ments) on the rising edge of the second clock pulse
(T2) of the machine cycle following the write oper-
ation. Once started, the timer runs continuously. At
zero count the timer reloads automatically and con-
tinues counting without interruption or delay, until
stopped by a reset.

When D3 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 (T2) 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 triggering, the CLK/TRG input must
precede T2 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 continuously, with-
out interruption or delay, until stopped by a reset.

Time constant to follow. A 1 in Dz indicates that the
next word addressed to the selected channel is a
time constant data word for the time constant regis-
ter. The time constant word may be written at any
time.

A 0 in D2 indicates no time constant word is to fol-
low. This is ordinarily used when the channel is al-
ready in operation and the new channel control word

[o,[o‘|0,|o‘in,‘@5,fuﬂ

INTERRUPT —J
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT

MODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

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

CLKITRQ EDGE SELECTION

l, CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD

— RESET
0 = CONTINUED OPERATION
1 = SOFTWARE RESET

————— TIME CONSTANT
0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

TIMER TRIGGER*

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLK!TRG PULSE STARTS TIMER

“TIMER MODE ONLY

L7 SGS-THOMSON 4
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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 D2 set.

Software reset. Setting D1 to 1 causes a software
reset, which is described in the Reset section.

Control word. Setting Do to 1 identifies the word as
a control word.

TIME CONSTANT PROGRAMMING

Before a channel can start counting it must receive
a time constant word from the CPU. During pro-
gramming or reprogramming, a channel control
word in which bit 2 is set must precede the time con-
stant 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 001g is interpreted
as 256.

In timer mode, the time interval is controlled by three

factors : :

» The system clock period (¢)

» The prescaler factor (P), which multiplies the in-
terval by either 16 or 256

Figure 6 : Time Constant Word.

oo oo o]

| L

TCs TCa

TCq TC3

Figure 7 : Interrupt Vector Word.

L 0 = INTERRUPT VECTOR WORD
Vi-Va

1 = CONTROL WORD
SUPPLIED

BY USER
CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED
BY CTC)
0 0 = CHANNELO
0 1 = CHANNEL 1
1 0 = CHANNEL 2
1 1 = CHANNEL?J

ot L3 S5S-THOMSON

= The time constant (T), which is programmed into
the time constant register. s

Consequently, the time interval is the product of ¢ x
P x T. The minimum timer resolution 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

Ifthe CTC has one or more interrupts enabled, it can
supply interrupt vectors to the CPU. To do so, the
CTC must be pre-programmed with the most-signi-
ficant five bits of the interrupt vector. Programming
consists of writing a vector word to the I/O port corre-
sponding to the CTC Channel 0. Note that Do of the
vector word is always zero, to distinguish the vector
from a channel control word. D1 and D2 are not used
in programming the vector word. These bits are sup-
plied by the interrupt logic to identify the channel re-
questing interrupt service with a unique interrupt
vector (figure 7). Channel 0 has the highest priority.

PIN DESCRIPTIONS

CE. Chip Enable (input, active Low). When enabled
the CTC accepts control words, interrupt vectors, or
time constant data words from the data bus during
an /0 write cycle ; or transmits the contents of the
down-counter for the CPU during an I/O read cycle.
In most applications this signal is decoded from the
eight least significant bits of the address bus for any
of the four 1/Q port addresses that are mapped to
the four counter-timer channels.

CLK. System Clock (input). Standard singlephase
Z80C system clock.

CLK/TRGo-CLK/TRG3. External Clock/Timer Trig-
ger (input, user-selectable active High or Low). Four
pins corresponding to the four CTC channels. In
counter mode, every active edge on this pin decre-
ments the down-counter. In timer mode, an active
edge starts the timer.

CSo-CS1. 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 Ao and A1).

Do-D7. System Data Bus (bidirectional, 3-state).
Transfers all data and commands between the CPU
and the CTC.

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

MICROELECTRONICS
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IEO. Interrupt Enable Out (output, active High). High
only if IElis High and the CPU is not servicing anin-
terrupt from any CTC channel. IEO blocks lower
priority devices from interrupting while a higher
priority interrupting device is being serviced.

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

IORQ. Input/Output Request (input from CPU, ac-
tive Low). Used with CE and RD to transfer data and
channel control words between the CPU and the
CTC. During a write cycle IORQ and CE are active
and RD inactive. The CTC does not receive a spe-
cific write signal ; rather, it internally generates its
own from the inverse of an active RD signal. In a
read cycle, IORQ, CE and RD are active ; the con-
tents of the down-counter are read by the CPU. If
IORQ and M1 are both true, the CPU is acknow-
ledging an interrupt request, and the highest priority
interrupting channel placesits interrupt vector on the
data bus.

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

RD. Read Cycle Status (input, active Low). Used in
conjunction with IORQ and CE to transfer data and
channel control words between the CPU and the
CTC.

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

ZC/TOg-ZC/TO2. Zero Count/Timeout (output, ac-
tive High). Three ZC/TO pins corresponding to CTC
channels 2 through 0 (Channel 3 has no ZC/TO pin).
In both counter and timer modes the output is an ac-
tive High pulse when the down-counter decrements
to zero.

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 Tz, the CPU initiates a
read cycle by driving the following inputs Low : RD,
IORQ, and CE. A 2-bit binary code at inputs CS+
and CSp selects the channel to be read. M1 must
be High to distinguish this cycle from aninterrupt ac-
knowledge. No additional wait states are allowed.

WRITE CYCLE TIMING

Figure 10 shows write cycle timing for loading con-
trol, time constant or vector words.

The CTC does not have a write signal input, so it
generates one internally when the read (RD) input
is High during T1. During T2 IORQ and CE inputs
are Low. M1 must be High to distinguish a write cycle
from an interrupt acknowledge. A 2-bit binary code
atinputs CSy and CSp selects the channel to be ad-
dressed, and the word being written is placed on the
data bus. The data word is latched into the appro-
priate register with the rising edge of clock cycle Ta.

TIMER OPERATION

In the timer mode, a CLK/TRG pulse input starts the
timer (figure 11) on the second succeeding rising

Figure 8 : A Typical Z80C Environment.

SYSTEM
BUSES

I
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IE!
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TXCA  IEO 1E1
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TxCB
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Figure 9 : Read Cycle Timing.

€Sy, €Sy, CE
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Csp, €S1, CE
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edge of CLK. The trigger pulse is asynchronous and
it must have a minimum width. A minimum lead time
(210 ns) is required between the active edge of the
CLK/TRG and the next rising edge of CLK to enable
the prescaler on the following clock edge. If the
CLK/TRG edge occurs closer than this, the initiation
of the timer function is delayed one clock cycle. This
corresponds to the startup timing discussed in the
programming section. The timer can also be started
automatically if so programmed by the channel con-
trol word.

COUNTER OPERATION.
In the counter mode, the CLK/TRG pulse input de

crements the downcounter. The trigger is asyn-
chronous, but the count is synchronized with CLK.
For the decrement to occur on the next rising edge
of CLK, the trigger edge must precede CLK by a
minimum lead time as shown in figure 12. If the lead
time is less than specified, the count is delayed by
one clock cycle. The trigger pulse must have a mini-
mum width, and the trigger period must be at least
twice the clock period.

s L7 SGs-THOMSON

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

Figure 11 : Timer Mode Timing.

S I O

CLKITRG

INTERNAL START TIMING
TIMER

Figure 12 : Counter Mode Timing.
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INTERRUPT OPERATION

The CTC follows the Z80C system interrupt proto-
col for nested priority interrupts and return from in-
terrupt, wherein the interrupt priority of a peripheral .
is determined by its location in a daisy chain. Two
lines—IEl and IEO-in the CTC connect it to the sys-
tem daisy chain. The device closestto the + 5 V sup-
ply has the highest priority (figure 13). For additional
information on the Z80C interrupt structure, refer to
the Z80 CPU Technical Manual.

Figure 13 : Daisy-chain Interrupt Priorities.

HIGHEST PRIORITY LOWEST PRIORITY
oEvVICE DEVICE

sV DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3

" H HI M 'iil'L

3] 13 (] 39 (] 139 1€
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INTERRUPT OPERATION

Within the 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 interrupted by a device or channel with
lower priority until service is complete. Higher
priority devices or channels may interrupt the ser-
vicing of lower priority devices or channels.

A CTC channel may be programmed to request an
interrupt every time its down-counter reaches zero.
Note that the CPU must be programmed for inter-
rupt 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 IEl input is High (indicating that it has priority
within the system daisy chain) it places an 8-bit in-
terrupt vector on the system data bus. The high-
order five bits of this vector were written to the CTC
during the programming 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 al-
ways zero.

INTERRUPT ACKNOWLEDGE TIMING

Figure 14 shows interrupt acknowledge timing. After
an interrupt request, the CPU sends an interrupt ac-

Figure 14 : Interrupt Acknowledge Timing.

knowledge (M1 and IORQ). All channels are in-
hibited from changing their interrupt request status
when M1 is active—about two clock cycles earlier
than IORQ. RD is High to distinguish this cycle from
an instruction fetch.

The CTC interrupt logic determines the highest
priority channel requesting an interrupt. If the
CTC interrupt enable input (IE) 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 in-
serted at this time to allow the daisy chain to stabi-
lize. Additional 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 serviced.
Figure 15 shows RETI timing.

If several Z80C peripherals are in the daisy chain,
|El settles active (High) on the chip currently being
serviced when the opcode ED16 is decoded. If the
following opcode is 4D1s, the peripheral being ser-
viced is released and its IEO becomes active. Addi-
tional wait states are allowed.

T T2

Twa Twa T3 Ta

o 2

{ vecrton )

DATA

n— /
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Figure 15 : Return From Interrupt Timing.
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AC CHARACTERISTICS
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Z84C30

AC CHARACTERISTICS (continued)

Z84C30A Z84C30B
N®|  Symbol Parameter Min. | Max. | Min. | Max.
(ns) (ns) (ns) (ns)
1 TcC Clock Cycle Time 250 165
2 TwCh Clock Width (high) 105 65
3 TwCl Clock Width (low) 105 65
4 TiC Clock Fall Time 30 20
5 TrC Clock Rise Time 30 20
6 Th All Hold Times 0 0
7 TsCS(C) CS to Clock T Setup Time 160 100
8 | TsCE(C) | CE, to Clock T Setup Time 150 100
9 TslO(C) IORQ ! to Clock T Setup Time 115 100
10| TsRD(C) | RD,  to Clock T Setup Time 115 70 -
11| TdC(DO) Clock T to Data Out Delay 200 130
12| TdC(DOz) | IORQ, RD T to Data Float 110 90
13 TsDI(C) Data in to Clock T Setup Time 50 40
14| TsMI(C) | MIto Clock T Setup Time 90 70
15| TdMI(IEO) | MI ! to IEQ | Delay 190 130
(interrupt immediately preceding MI)
16 | TdIO(DOI) IORQ ! to Data Out Deldy (INTA cycle) 160 110
17 | TdIEI(IEOf) | IEI | to IEO | Delay 130 . 100
18 | TdIEI(IEOr) | IEI T to IEO T Delay (after ED decode) 160 110
19| TdC(INT) Clock T to INT | Delay (1)TcC+140 (1)TcC+120
20 | TACLK(INT) | CLK/TRG T to INT L (2) 2)
tsCTR(C) satisfied TcC+160 TcC+160
tsCTR(C) not satisfied 2TcC+370 2TcC+370
21 TcCTR CLK/TRG Cycle Time (2) 2TcC (2) 40
22 TrCTR CLK/TRG Rise Time 50 40
23 TICTR CLK/TRG Fall Time 50 40
24 TwCTRI CLK/TRG Width (low) 200 120
25| TwCTRh | CLK/TRG Width (high) 200 120
26 | TsCTR(Cs) | CLK/TRG T to Clock T Setup Time (2) 210 (2) 150
for Immediate Count
27 | TsCTR(Cs) | CLK/TRG T to Clock T Setup Time (1) 210 (1) 150
for enabling of Prescaler on following Clock T
28 | TdC(ZC/TOr) | Clock T to ZC/TO T Delay 190 140
29 | TdC(ZC/TOf) | Clock | to ZC/TO | Delay 190 140
Notes : 1. Timer mode.
2. Counter mode.
12/14
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Z84C30

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Ve Supply Voltage with Respect to Vss -05t07 \
Vin Input Voltage - 0510 Ve +05 Vv

"Pp Power Dissipation (Ta =85 °C) 250 mw

TsoLper | Soldering Temperature (soldering time 10 sec) 260 °C
Tsig Storage Temperature — 6510 150 °C
Topr Operating Temperature — 40 to 85 °C

DC CHARACTERISTICS (1)

Symbol Parameter Test Conditions Min. Typ. Max. | Unit
ViLe Clock Input Low Voltage : -0.3 - | o6 \%
Vine Clock Input High Voltage Vec - 0.6 - Vee + 03[ Vv
Vi Input Low Voltage - 05 - 0.8 \

(except CLK)
Vin Input High Voltage 2.2 - Vee \
(except CLK)
VoL Output Low Voltage loL =2.0 mA — - 0.4 )
Vou1 Output High Voltage (1) lon =— 1.6 mA 24 - - \
Vo2 Output High Voltage (2) loy =— 250 HA Vce - 0.8 - - \
Iy Input Leakage Current Vss < ViNn € Vee - - +10 LA
ILo 3-State Output Leakage Vss + 0.4 £ Vout £ Veo - - +10 A
Current in Float
lcet Power Supply Current
4 MHz Vee =5V, CLK =4 MHz - 2 5 mA
6 MHz Viu=Vec—-02V,V,L =02V - 4 7 mA
lccz Stand-by Supply Current Vece =5V, CLK = V¢ - 0.5 10 HA
Viu=Vec—-02V
Vi =02V
loHD Darlington Drive ‘Current (1) Vox =15V, Rexr = 1.1 kQ -15 - -5.0 mA

Note :" 1. Applied to ZC/TQo, ZC/T01 and ZC/T02.

TEST CONDITIONS
Ta=—40°Cto +85°C
Vec=5V £10%
Vss=0V.

AC TEST CONDITIONS.

n Inputs except CLK (clock) are driven at 2.4 V for
alogic "1"and 0.4 V for a logic "0". Clock input is

driven at Vcc—0.6 V for a logic "1" and 0.6 V for
a logic "0".

» Timing measurements are made at 2.2 V for a
logic "1" and 0.8 V for a logic "0".

All AC parameters assume a load capacitance of
100 pF.
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Z84C30

ORDERING INFORMATION

Type Package Temp. Clock Description
Z84C30AB6 | DIP-28 (plastic) —40/+ 85°C Z80C Counter
Z84C30AD6 | DIP-28 (ceramic) —40/+ 85°C 4 MHz Timer Control
Z84C30AD2 | DIP-28 (ceramic) —55/+125°C CMOS Version
Z84C30AC6 | PLCC44 (plastic chip-carrier) —~40/+ 85°C
284C30BB6 | DIP-28 (plastic) —40/+ 85°C
Z84C30BD6 | DIP-28 (ceramic) —40/+ 85°C 6 MHz
Z84C30BD2 | DIP-28 (ceramic) —55/+125°C
Z84C30BC6 | PLCC44 (plastic chip-carrier) —40/+ 85°C

14714 SGS-THOMSON
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. 284C40
Z84C41-284C42

Z80C SIO CMOS VERSION

s TWO INDEPENDENT FULL-DUPLEX CHAN-
NELS, WITH SEPARATE CONTROL AND
STATUS LINES FOR MODEMS OR OTHER
DEVICES

» DATATRANSFER RATE UP TO 800K BIT/SEC-

OND

ASYNCHRONOUS PROTOCOLS : EVERY-

THING NECESSARY FOR COMPLETE MESS-

AGES IN 5, 6, 7 OR 8 BITS/CHARACTER.

INCLUDES VARIABLE STOP BITS AND SEV-

ERAL CLOCK-RATE MULTIPLIERS ; BREAK

GENERATION AND DETECTION ; PARITY ;

OVERRUN AND FRAMING ERROR DETEC-

TION

SYNCHRONOUS PROTOCOLS : EVERYTHING

NECESSARY FOR COMPLETE BIT- OR BYTE-

ORIENTED MESSAGES IN 5,6, 7 OR 8

BITS/CHARACTER, INCLUDING IBM BISYNC,

SDLC, HDLC, CCITT-X.25 AND OTHERS.

AUTOMATIC CRC GENERATION/CHECKING

SYNC CHARACTER AND ZERO INSER-

TION/DELETION, ABORT GENERATION/DE-

TECTION AND FLAG INSERTION

RECEIVER DATA REGISTERS QUADRUPLY

BUFFERED, TRANSMITTER REGISTERS

DOUBLY BUFFERED

HIGHLY SOPHISTICATED AND FLEXIBLE

DAISY-CHAIN INTERRUPT VECTORING FOR

INTERRUPTS WITHOUT EXTERNAL LOGIC

SINGLE 5V + 10% POWER SUPPLY

LOW POWER CONSUPTION :

- 25mATYP. AT 4MHz

- 4mA TYP. AT 6MHz

- LESS THAN 10uA IN POWER DOWN MODE

EXTENDED OPERATING TEMPERATURE

-40°CTO +85°C

DESCRIPTION

The Z80C. SIO Serial Input/Output Controller is a
dual-channel data communication interface with
extraordinary versatility and capability. Its basic
functions as a serial-to-parallel, parallel-to-serial

September 1988

DIP-40

PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)

converter/controller can be programmed by a CPU
for a broad range of serial communication applica-
tions.

The device supports all common asynchronous and
synchronous protocols, byte-- or bit-oriented and
performs all of the functions traditionally done by
UARTSs, USARTSs and synchronous communication
controllers combined, plus additional functions tradi-
tionally performed by the CPU, Moreover, it does
this on two fully-independent channels, with an ex-
ceptionally sophisticated interrupt structure that
allows very fast transfers.

Full interfacing is provided for CPU or DMA control.
In addition to data communication, the circuit can
handle virtually all types of serial /O with fast (or
slow) peripheral devices.

While designed primarily as a member of Z80 fam-
ily, its versatility makes it well suited to many other
CPUs.

1/24
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PIN DESCRIPTIONS

Figures 1 through 6 illustrate the three pin configu-

rations (bonding options) available in the SIO. The

constraints of a 40-pin package make it impossible

to bring out the Receive Clock (RxC), Transmitt

Clock (TxC), Data Terminal 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 Z80C SIO-2 lacks SYNCB

» Z80C SIO-1 lacks DTRB

= Z80C SIO-0 as a four signal, but TxCB and
RxCB are bonded together

The first bonding option above (SIO-2) is the
preferred version for most applications. The Chip-
Carrier package version, having a 44-pin facility, re-
sume the three bonding option configurations. It is
named Z84C44 (figure 7). The pin description are
as follows :

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

C/D. Control Or Data Select (Input, High Selects
Control). This input defines the type of information
transfer performed between the CPU and the SIO.
A High at this input during a CPU write to the SIO
causes the information on the data bus to be inter-
preted as a command for the channel selected by

Figure 1 : Z80C SIO-2 Logic Functions.

B/A. A Low at C/D means that the information on the
data bus is data. Address bit A1 is often used for this
function.

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

CLK. System Clock (Input). The SIO uses the stand-
ard Z80 System Clock to synchronize internal sig-
nals. This is a single-phase clock.

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

Do-D7. System Data Bus (Bidirectional, 3-state).
The system data bus transfers data and commands
between the CPU and the Z80C SIO. Do is the least -
significant bit.

DCDA, DCDB. Data Carrier Detect (Inputs, Active
Low). These pins function as receiver enables if the
SIO is programmed for Auto Enables ; otherwise
they may be used as general-purpose input pins.

|0, R10A | e—r
-—=| D, RiCA |o—
<——=|0, 108 —u
(S R — TiCA |o—no
DATA R
sus | —|o. SUNCA |=—a
| Dy WIRDYA p——e CHANNEL A
-] o
|0, RTSA ——e
CT5A [«—— | mopEM
DYRL f——e [ CUMTHOL
— o] ce DCOA |o——
———| Reser  ZB4CA2
—| M1
CONTHOL | ——| iOHG Ai0B |o——
FROM = .
cpu) —| @ RiCH |-—
o8 b
——| o il DO .
3 WIRDYS f——a
—| A CHANNEL B
RTSB
DAISY |+ e—1 iNT €158 |+——— | MODEM
CHAIN - CONTROL
3 A
InteRRUPTS ——=|" 0788 f——e
CONTROL | <=— it0 0COB |e—— )
Ve GND  CLK
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Z84C40-Z284C41-284C42

Figure 2 : Z80C SIO-2 Dual in Line Pin

Configuration.
o, [ 40 b 0,
0,[] 2 9 [Jo,
o, ] 3 f]o,
o, [« 37 [ o,
Nt [ s s [] ionG
€ []s s[]ce
€0 [ 7 34 [ wik
wi[]s af[]co
Vee (s 12[] AD
wikoYa (] 10 3 [Jono
$VNCA [ n ZB4C42 5 1 yimpva
RiDA [ 12 29[ Awo8
RCA (] 13 " 28[] RacB
TaCA [ 14 2r [] 1acB
IADAE 15 26 [7] TaD8
o7AA [] 16 25[7] oTRB
ATSA 17 2 :] RTSB
CTsA [ 1 23 [] cise
OCDA 19 22 (] ocod
CLK l; 20 21 [] Res€T

Both pins are Schmitt-trigger buffered to accommo-
date slow-risetime signals. The SIO detects pulses
on these pins and interrupts the CPU on both logic
level transitions. Schmitt-trigger buffering does not
guarantee a specific noise-level margin.

Figure 3 : Z80C SIO-1 Logic Functions.

DTRA, DTRB. Data Terminal Ready (Outputs, Ac-
tive Low). These outputs follow the state pro-
grammed into Z80C SIO. They can also be
programmed as general-purpose outputs.

In the Z80C SIO-1 bonding option, DTRB is omitted.

IEL. Interrupt Enable In (Input, Active High). This sig-
nal is used with IEQ to form a priority daisy-chain
when there is more than one interrupt-driven device.
A High on this line indicates that no other device of
higher priority is being serviced by a CPU interrupt
service routine.

IEO. Interrupt Enable Out (Output, Active High).IEO
is High only if IEIl is High and the CPU is not servic-
ing an interrupt from this SIO. Thus, this signal
blocks lower priority devices form interrupting while
a higher priority device is being serviced by its CPU
mterrupt service routine. 3

INT. Interrupt Request(Output Open.Drain, Active
Low), When the SIO is requesting an interrupt, it
pulls INT Low.

I0RQ. /nput/Output Request (Input from CPU, Ac-
tive Low). IORQis used in conjunction with B/A, C/D,
CE and RD to transfer commands and data between
. the CPU and the SIO. When CE, RD and IORQ are
all active, the channel selected by B/A transfers data
to the CPU (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

cpPu
DATA
BuUS

CONTROL
FROM
cpPuU

DAISY
CHAIN
INTERRUPT
CONTROL

L LD L T

|

CHANNEL A

MODEM
CONTROL

CHANNEL B

MODEM
CONTROL

RN

|

Vec OND CLx

&7
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Figure 4 : Z80C SIO-1 Dual in Line Pin
Configuration.
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control information as specified by C/D. If IORQ and
M1 are active simultaneously, the CPU is acknow-
ledging an interrupt and the SIO automatically
places its interrupt ve,cgo:r on the CPU data bus if it

Figure 5 : ZCC SIO-0 Logic Functions.

is the highest priority device requesting an interrupt.

M1. Machine Cycle (Input from Z80C CPU, Active
Low). When M1 is active and RD is also active, the
Z80C CPU is fetching an instruction from memory ;
when M1 is active while IORQ is active, the SIO ac-
cepts M1 and IORQ as an interrupt acknowledge if
the SIO is the highest priority device that has inter-
rupted the Z80C CPU.

RxCA, RxCB. Receiver Clocks (Inputs). Receive
data is sampled on the rising edge of RxC. The Re-
ceive Clocks may be 1, 16, 32 or 64 times the data
rate in asynchronous modes. These clocks may be
driven by the Z80C CTC Counter Timer Circuit for
programmable baud rate generation. Both inputs
are Schmitt-trigger buffered (no noise level margin
is specified).

In the Z80C S10-0 bonding option, RxCB is bonded
together with TxCB.

RD. Read Cycle Status (Input from CPU, Active
Low). If RD is active, 2 memory or |/O read oper-
ation is in progress. RD is used with B/A, CE and
IORQ to transfer data from the SIO to the CPU.

RxDA, RxDB. Receive Data (Inputs, Active High).
Serial data at TTL levels.

RESET. Reset (Input, Active Low). A Low RESET
disables both receivers and transmitters, forces
TxDA and TxDB marking, forces the modem con-

<[ g RXDA fe—
~—{ D¢ RxCA =t
-] D> TXDA |~
CPU ~<+—| D3 TxCA  fat—
PATAY _ .lp, SYNCA |a—nr
BUS | . o WRDYA |——n CHANNEL A
-] Dg
-0, RTSA [—
TTSA fe—— | MODEM
Z84C40 DTRA p—r CONTROL
I TCDA |e—o
————1 RESET
— M7 RXDB |t—rn
CONTROL] ——={ IORQ RxTxCB f——
FROM —— RD TxDB |——=
CPU SYNCB |—m
- S WOV CHANNEL B
: RTSB |—m
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INTERRU el
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Figure 6 : Z80C SIO-0 Dual in Line Pin

Configuration.
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Figure 7 : Chip Carrier Pin Configuration.
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NC = No Connection.

trols High and disables all interrupts. The control
registers must be rewritten after the SIO is resetand
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/Outputs,

Active Low). These pins can act either as inputs or
outputs. In the asynchronous receive mode, they
are inputs similar to CTS and DCD. In this mode,

~ the transitions on these lines affect the state of the

Sync/Hunt status bits in Read Register 0 (figure 14),
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 ris-
ing edge of RxC on which the last bit of the sync
character was received. In other words, after the
sync patternis 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 syn-
chronization detect logic that synchronization has
been lost or a new message is about to start. Char-
acter 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 outputs that are ac-
tive 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 in recognized, regardless
of character boundaries.

In the Z80C SIO-2 bonding option, SYNCB is
omitted.

TxCA, TxCB. Transmitter Clocks (Inputs). In asyn-
chronous modes, the Transmitter Clocks may be 1,
16, 32 or 64 times the data rate ; however, the clock
multiplier for the transmitted and the receiver must
be the same. The transmit Clock inputs are Schmitt-
trigger buffered for relaxed rise- and fall-time re-
quirements (no noise level margin is specified).

Transmitter Clocks may be driven by the Z80C CTC
Counter Timer Circuit for programmable baud rate
generation. In the Z80C SIQ-0 bonding option,
TxCB is bonded together with RxCB.

TxDA, TxDB. Transmitt 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 Programmed for Wait
Function, Driven High and Low when Programmed
for Ready Function). These dual-purpose outputs
may be programmed as Ready lines fora DMA con-
troller or as Wait lines that synchronize the CPU to
the SIO data rate. The reset state is open drain.
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Figure 8 : Block Diagram.
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FUNCTIONAL DESCRIPTION

The functional capabilities of the Z80C SIO can be
described from two different points of view : as a
data communication device, it transmits and re-
ceives serial data in a wide variety of data-communi-
* cation protocols ; as a Z80C family peripheral, it
interacts with the Z80C CPU and other peripheral
circuits, sharing the data, address and control
buses, as well as being a part of the Z80C interrupt
structure. As a peripheral to other microprocessors,

the SIO offers valuable features such as non-vec-
tored interrupts, polling and simple handshake ca-
pability.

Figure Qillustrates the conventional devices that the
SIO replaces.

The first part of the following discussion covers SIO

data-communication capabilities ; the second part de-
scribes interactions between the CPU and the SIO.

Figure 9 : Conventional Devices Replaced by Z80C SIO.
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DATA COMMUNICATION CAPABILITIES

The SIO provides two independent full-duplex chan-
nels that can be programmed for use in any common
asynchronous or synchronous data-communication
protocol. Figure 10 illustrates some of these proto-
cols. The following is a short description of them. A
more detailed explanation of these modes can be
found in the Z80 Family Technical Manual.

ASYNCHRONOUS MODES

Transmission and reception can be done inde-
pendently on each channel with five to eight bits per
character, plus optional even or odd parity. The
transmitters can supply one, one-and-a-half or two
stop bits per character and can provide a break out-
put at any time. The receiver break-detection logic
interrupts the CPU both at the start and end of a re-
ceived break. Reception is protected from spikes by
a transient spikerejection mechanism that checks
the signal one-half a bit time after a Low level is de-
tected on the receive data input (RxDA or RxDB in
figure 6). 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 interrupts allow fast servic-
ing of error conditions using dedicated routines. Fur-
thermore, a built-in checking process avoids
interpreting a framing error as a new startbit : a fram-
ing 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 Z80C CTC or many other clock sour-
ces. The transitter and receiver can handle data at
arate of 1, 1/16, 1/32 or 1/64 of the clock rate sup-
plied to the receive and transmit clock inputs.

In asynchronous modes, the SYNC pin may be pro-
grammed 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 syn-
chronization with an 8-bit sync character (Mono-
sync), any 16-bit sync pattern (Bysinc), or with an
external sync signal. Leading sync characters can
be removed without interrupting 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 multiple in-coming sync
characters, as shown in figure 11.

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 implementation of protocols such as
IBM Bisync.

Both CRC-16 (X'® + X'® + X2 + 1) and CCITT (X'®
+ X4 X5+ 1) error checking polynomials are sup-
ported. 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 periph-
erals such as hard-sectored floppy disk, but it can-
not 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 transmissions. This allows
very high-speed transmissions under DMA control
with no need for CPU intervention at the end of a
message. When there is no data or CRC to send in
synchronous modes, the transmitter inserts 8- or
16-bit sync characters regardless of the pro-
grammed character length.

The SIO supports synchronous bit-oriented proto-
cols such as SDLC and HDLC by performing auto-
matic flag seding, zero insertion and CRC
generation. A special command can be used to
abort a frame in transmission. At the end of a mess-
age the SIO automatically transmits the CRC and
trailing flag when the transmit buffer becomes
empty. If a transmit underrun occurs in the middle
of amessage, 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 structure in the in-
formation field of a frame.

The receiver automatically synchronizes on the
leading flag of a frame in SDLC or HDLC, and pro-
vides a synchronization signal on the SYNC pin ; an
interrupt can also be programmed. The receiver can
be programmed to search for frames addressed by
a single byte to only a specified user-selected ad-
dress 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 ad-
dress bytes can be extended under software con-
trol. For transmitting data, an interrupt on the first
received character or on every character can be se-
lected. The receiver automatically deletes all zeroes
inserted by the transmitter during character assem-
bly. It also calculates and automatically checks the
CRC to validate frame transmission. At the end of

L7 SGS-THOMSON 7124
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transmission, the status of a received frame is avail-
able in the status registers.

The SIO can be conveniently used under DMA con-
trol to provide high-speed reception or transmission.
In reception, for example, the SIO can interrupt the
GPU when the first character of a message is re-

Figure 10 : Some Z80C SIO Protocols.

ceived. 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.
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STATUS FLOW-CHART

Figure 12a : Status Flowchart. Figure 12b : Status Flowchart.
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Figure 12¢ : Status Change Flowchart.
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Figure 12d : Status Change Flowchart.
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Figure 12e : Status Flowchart.
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1/0 INTERFACE CAPABILITIES

The SIO offers the choice of polling, interrupt, (vec-
tored or non-vectored) and block-transfers modes
to transfer data, status and control 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 performed (for
example, CRC error-status valid at the end of a
message). When the CPU is operated in a polling
fashion, one of the SIO’s two status registers is 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 register indicate that a data transfer is
needed. In addition, error and other conditions are
indicate. The second status register (special receive
conditions) does not have to be read in a polling
sequence, until a character has been received. All
interrupt modes are disabled when operating the de-
vice in a polled environment.

INTERRUPTS

The SIO has an elaborate interrupt scheme to
provide fast interrupt service in real-time applica-
tions. A control register and a status register in
Channel B contain the interrupt vector. When pro-
grammed to do so, the SIO can modify three bits of
the interrupt vector in the status register so that it
points directly to one of eight interrupt service rou-
tines in memory, thereby servicing conditions in both
channels and eliminating most of the needs for a
status-analysis routine.

Transmitt interrupts, receive interrupts and exter-
nal/status interrupts are the main sources of inter-
rupts. Each interrupt source is enabled under
program control, with Channel A having a higher
priority than Channel B, and with receive, transmit
and external/status interrupts prioritized in that order
within each channel. When the transmit interrupt is
enabled, the CPU is interrupted by the transmit buff-
er becoming empty. (This implies that the transmit-
ter must have had a data character written into it so
it can become empty). The receiver can interrupt the
CPU in one or two ways :

n Interrupt on first received character

= Interrupt on all received characters

Interrupt-on-first-received-character is 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 spe-
cial receive conditions on a character or message
basis (end-of-frame interrupt in SDLC, for example).

This means that the special-receive condition can
cause an interrupt only if the interrupt-on-first-re-
ceived-character or interrupt-on-all-received-charac-
ters mode is selected. In interrupt-on-first-received-
character, an interrupt can occur from special-receive
conditions (except parity error) after the first-received-
character interrupt (example : receive-overrun inter-
rupt).

The main function of the external/status interrupt is
to monitor the signal transitions of the Clear To Send
(CTS), Data Carrier Detect (DCD) and Synchroni-
zation (SYNC) pins (figures 1 through 6). In addi-
tion, an external/status interrupt is also caused by a
CRC-sending condition or by the detection of a
break sequence (asynchronous mode) or abort se-
quence (SDLC mode) in the data stream.

The interrupt caused by the break/abort sequence
allows the SIO to interrupt when the break/abort se-
quence is detected or terminated. This feature facili-
tates the proper temination of the current message,

Figure 13 : Typical Z80C Environment.
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correct initialization of the next message, and the
accurate timing of the break/abort condition in ex-
ternal logic.

In a Z80C CPU environment (figure 13), SIO inter-
rupt vectoring is "automatic” : the SIO passes its in-
ternally-modificable 8-bit interrupt vector to the
CPU, which adds an additional 8 bits from its inter-
rupt-vector (1) register to from the memory address
of the interrupt-routine table. This table contains the
address of the beginning of the interrupt routine it-
self. The process entails an indirect transfer or CPU
control to the interrupt routine, so that the next in-
struction executed after an interrupt acknowledge
by the CPU is the firstinstruction of the interrupt rou-
tine itself.

CPU/DMA BLOCK TRANSFER

The SIO's block-transfer mode accommodates both
CPU block transfers and DMA controllers (Z80C
DMA or other designs). The block-transfer mode
uses the Wait/Ready output signal, which is se-
lected 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 indi-
cates that the SIO is ready to transfer data to or from
memory. To the CPU, the WAIT output indicates the
SIO is not ready to transfer data, thereby request-
ing the CPU to extend the I/0 cycle.

INTERNAL STRUCTURE

The internal structure of the device includes a Z80C
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 control and
status logic that provides the interface to modems
or other external devices.

The registers for each channel are designated as
follows :

WRO0-WR?7 - Write Registers 0 through 7
RRO-RR2 - Read Register 0 through 2

The register group includes five 8-bit control regis-
ters, two sync-character registers and two status
registers. The interrupt vector is written into an ad-
ditional 8-bit register (Write Register 2) in Chan-

nel 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 con-
figured to simplify and organize the programming

1424 L3y SGS-THOMSON

process. Table 1 list the functions assigned to each
read or write register.

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

DATA PATH

The transmit and receive data path illustrated for
Channel A in figure 13 is identical for both channels.
The receiver has three 8-bit buffer registers in a
FIFO arrangement, in addition to the 8-bit receive
shift register.

This scheme creates additional time for the CPU to
service an interrupt at the beginning of a block of

Read Register Functions

RRO Transmit/Receive Buffer Status, Interrupt
Status and External Status

RR1 Special Receive Condition Status

RR2 Modified Interrupt Vector (channel B only)

Write Register Functions

WRO Register pointers, CRC initialize,
initialization commands for the various
modes, etc.

WRH1 Transmit/Receive Interrupt and Data
Transfer Mode Definition

WR2 Interrupt Vector (channel B only)

WR3 Receive Parameters and Control
WR4 Transmit/Receive Miscellaneous
Parameters and Modes

WR5 Transmit Parameters and Controls
WR6 Sync Character or SDLC Address Field
WR7 Sync Character or SDLC Flag

high-speed data. Incoming data is routed through
one of several paths (data or CRC) depending on
the selected mode andin asynchronous modesthe
character length.

The transmitter has an 8-bit transmit data buffer reg-
ister that is loaded from the internal data bus, and
a 20-bit transmit shift register that can be loaded
from the sync-character buffers or from the transmit
data register.

Depending on the operational mode, outgoing data

is routed throught one of four main paths before itis
transmitted from the Transmit Data output TxD).
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Figure 14 : Transmitt and Receive Data Path (channel A).
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PROGRAMMING

The system program first issues a series of com-
mands that initialize the basic mode of operation
and then other commands that qualify conditions
within the selected mode. For example, the asyn-
chronous mode, character length, clock rate, num-
ber 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 pro-
grammed via the system program prior operation.
The channel-select input (B/A) and the control/data
input (C/D) are the command-structure addressing
controls, and are normally controlled by the CPU ad-
dress bus. Figures 17 and 18 illustrate the timing re-
lationships for programming the write registers and
transfering data and status.

READ REGISTER
The SIO contains three read registers for Chan-

;l' SGS-THOMSON

nel B and two read registers for Channel A (RRO-
RR2 in figure 14) that can be to obtain the status
information ; RR2 contains the internally-modifi-
able interrupt vector and is only in the Channel B
register set. The status information includes error
conditions, interrupt vector and standard com-
munications-interface signals.

To read the contents of a selected read register
other than RRO, the system program must first write
the pointer byte to WRO0 in exactly the same way as
awrite register operation. Then, by executing a read
instruction, the contents of the addressed read reg-
ister 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 ap-
propriate error bits can be read form a single regis-
ter (RRI). '

15/24
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WRITE REGISTERS

The SIO contains eight write registers for Chan-
nel B and seven write registers for Channel A (WR0-
WR?7 in figure 15) that are programmed separately
to configure the functional personality of the chan-
nels ; WR2 contains the interrupt vector for both
channels and is only in the Channel B register set.
With the exception of WRO0, programming the write
registers requires two bytes. The first byte is to WR0
and contains three bits (Do-D2) that point to the se-

Figure 15 : Read Register Bit Functions.

lected register ; the second byte is the actual con-
trol word that is written into the register to configure
the SIO.

WRO is a special case in that all of the basic com-
mands can be written to it with a single byte. Reset
(internal or external) initializes the pointer bits Do-D2
to point to WRO. This implies that a channel reset
must not be combined with the pointing to any reg-
ister.
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Figure 16 : Write Register Bit Functions.
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TIMING

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

READ CYCLE

The timing signals generated by a Z80C CPU input
instruction to read a data or status byte from the SIO
are illustrated in figure 16.

WRITE CYCLE

Figure 16 illustrates the timing and data signals
generated by a Z80C CPU outputinstruction to write
a data or control byte into the SIO.

INTERRUPT-ACKNOWLEDGE CYCLE

After receiving an interrupt-request signal from an
SIO (INT pulled Low), the Z80C CPU sends an in-
terrupt-acknowledge sequence (M1 Low, and IORQ
Low a few cycles later) as in figure 18.

The SIO contains an internal daisy-chained interrupt
structure for prioritizing nested interrupts for the vari-
ous functions of its two channels, and this structure
can be used within an external user-defined daisy
chain that prioritizes several peripheral circuits.

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

To insure stable conditions in the daisy chain, all in-
terrupt status signals are_prevented from changing
while M1 is Low. When IORQ is Low, the highest
priority interrupt requestor (the one with IEI High)

Figure 17 : Read Cycle.

places its interrupt vector on the data bus and sets

its internal interrupt-under-service latch.

RETURN FROM INTERRUPT CYCLE
Figure 19 illustrates the return form interrupt cycle.

“ Normally, the Z80C CPU issues a RETI (Return

From Interrupt) instruction at the end of an interrupt
sevice 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 dis-
tinguish between an interrupt under service and a
pending unacknowledged interrupt of a higher
priority. Whenever "ED" is decoded, the daisy chain
is modified by forcing 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-acknow-
ledge cycle.

For further information about techniques forincreas-
ing the number of daisy-chained devices, refer to
the Z80C CPU Data Sheet.

Figure 18 : Write Cycle.
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Figure 19 : Interrupt Acknowledge Cycle.

Figure 20 : Return from Interrupt Cycle.
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vee Vce Supply Voltage with Respect to Vgs -05t07 \
Vin Input Voltage - 051to Vge +05 v
Pp Power Dissipation (Ta =85 °C) 250 mw

TsoLper | Soldering Temperatdre (soldering time 10 sec) 260 °C
Tstg Storage Temperature — 65 to 150 °C
Top Operating Temperature — 40 to 85 °C

CAPACITANCE (T, =25°C)

Symbol Parameter Test Condition Min. Typ. Max. Unit

CcLock | Clock Capacitance - - 7 pF
Cin Input Capacitance f=1MHz - - 5 pF

Cout Output Capacitance - - 10 pF
DC CHARACTERISTICS (Tp=—40°Ct085°C,Vec =5V +10%, Vss =0V)

Symbol Parameter Test Conditions Min. Typ. Max. Unit
ViLe Clock Input Low Voltage -0.3 - 0.6 \
Vine Clock Input High Voltage Vec-06f - Ve +0.3 \Y
Vi Input Low Voltage - 05 - - 08 v

(except CLK)
Vi Input High Voltage 2.2 - Vee \
(except CLK)
VoL Output Low Voltage loL =2.0 mA - - 0.4 \'
VoH1 Output High Voltage (1) lon =— 1.6 mA 24 - - \
Vohz Output High Voltage (2) lon =— 250 pA Vee - 0.8 - - \']
It Input Leakage Current Vss < ViN £ Vee - - +10 HA
ILo 3-State Output Leakage Vss + 0.4 < Vour < Ve - - + 10 HA
Current in Float
l(sy) SYNC Pin Leakage Current Vgs + 0.4 < Vout £ Ve - 40 - 10 HA
Vee =5V, CLK =4 MHz
lect Operating Supply Current : ViH =Vic =Vec - 02V
4 MHz ViL=Vjc=02V - 25 6 mA
6 MHz Vee =5V, fCLK = I/T¢cC(min) - 4 10 mA
lcca Stand-by Supply Current ViH=Vec - 02V - - 10 HA
(except SYNC pin) CLK =V =02V, Vgc =5V

TEST CONDITIONS
Ta=-40°Cto+85°C
Vec=5V+10%

Vss=0V

AC TEST CONDITIONS

n Inputs except CLK (clock) are driven at 2.4 V for

driven at Vcc — 0.6 V for a logic "1" and 0.6 V for

a logic "0".

= Timing measurements are made at 2.2 V for a
logic "1" and 0.8 V for a logic "0".

100 pF

alogic "1" and 0.4 V for a logic "0". Clock input is

20/24
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Z84C40-Z284C41-284C42

AC CHARACTERISTICS

ThCS)
CE.c1D.B/A, IORQ | —W 2
O
RO+ L—@
DATA (Dg - D7) )_
(D)—
10RQ . f
e—(2)—~ 12
™I S ]F
D
(3] \ {
Fe—(12) @_,i
1E0 !‘_ f—-——
(8)
Nt j

—.v:\l
WiRoY
WI/RDY

L7 SGS-THOMSON 21/24
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Z84C40-284C41-284C42

AC CHARACTERISTICS (continued)

Z84C40 | Z284C40
/1/2A /1/2B
Ne° Symbol Parameter Min. IMax.| Min. IMax. Unit
1 TcC Clock Cycle Time 250 | DC | 165 | DC ns
2 TwCh Clock Width (high) 105 DC | 70 | DC ns
3 TfC Clock Fall Time 30 15 ns
4 TrC Clock Rise Time 30 15 ns
5 TwCl Clock Width (low) 105 | DC | 70 | DC ns
6 | TsCS(C) | CE, C/D, B/A, IORQ to Clock T Setup Time 145 60 ns
7 TsRD(C) RD to Clock T Setup Time 115 60 ns
8 TdC(DO) Clock T to Data Out Delay 220 150 ns
9 TsDI(C) Data In to Clock T Setup (write or MI Cycle) 50 30 ns
10 | TdRD(D02) | RD T to Data Out Float Delay 110 90 ns
11| TdIo(Do1) IORQ | to Data Out Delay (INTACK cycle) 160 120 ns
12| TsMI(C) | M1 to Ciock T Setup Time 90 75 ns
13 TsIEI(IO) IEl to IORQ | Setup Time (INTACK cycle) 140 120 ns
14 | TdMI(IEO) M1 ltolEO L Delay (interrupt before M1) 190 160 ns
15*| TdIEI(IEOr) | IEI T to IEO T Delay (after ED decode) 160 110 ns
16 | TdIEI(IEOf) | IEI ! to IEO | Delay 100 70 ns
17| TdC(INT) | Clock T to INT 4 Delay 200 150 ns
18 | TdILO(W/RWf)| 10RQ | or CE | to W/RDY | Delay (wait mode) 210 175 ns
19| TdC(W/RR) | Clock T to W/RDY | Delay (ready mode) 120 100 | ns
20 | TdC(W/RWZ) | Clock 4 to W/RDY Float Delay (wait mode) 130 110 ns
21| Th, Th(CS) | Any unspecified hold when setup is specified. 0 0 ns
Note : * Not compatible with NMOS Specifications.

22/24
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Z84C40-284C41-284C42

AC CHARACTERISTICS (continued)

‘@.‘—@—‘4 - LB
TX0 )
. & .
WI/ROY
T
. &> -
&t
-—@—q.@_.
RXD
RSV -\
iNT
SVNC
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Z84C40-284C41-Z284C42

AC CHARACTERISTICS (continued)

N Z84C40 | z84C40
vl s | o 11/2A /1/2B Uni
ymbo arameter Min. [Max.| Min. [Max. nit
22 TwPH Pulse Width (high) 200 200 ns
23 TwPI Pulse Width (low) 200 200 ns
24 TcTxc Txc Cycle Time 400 330 ns
25| TwTxcl Txc Width (low) 180 | o [100| o ns
26| TwTxch | Txc Width (high) 180 | w | 100 | oo ns
27 | TdTxC(TxD) | TXC ! to TxD Delay (X1 mode) 300 220 ns
28 [TATXC(W/RRf)| TXC | to W/RDY | Delay (ready mode) 5|9 |5 |9 CLK
Periods
29 | TdTXC(INT) | TXC | to INT | Delay 5|9 |5 |9 CLK
Periods
30| TcRxC Rxc Cycle Time 400 | o |330| e ns
31| TwRxCl Rxc Width (low) 180 | oo | 100 | oo ns
32| TwRxCh | Rxc Width (high) 180 | s | 100 | o ns
33 | TsRxD(RxC) | RxD to RxC T Setup Time (xI mode) 0 0 ns
34 | TARXD(RxC) | RxC T to RxD Hold Time (x| mode) 140 100 ns
35 [TARXC(W/RRf)| RxC T to W/RDY ! Delay (ready mode) 10 | 13 | 10 | 13 CLK
Periods
36 | TARXC(INT) | RxC T to INT | Delay 10 | 13 | 10 | 13 CLK
Periods
37 |TdRXC(SYNC)| RxC T to SYNC | Delay (output modes) 4 |7 | 4|7 CLK
Periods
38 | TsSYNC(RxC) | SYNC | to RxC T Setup (external sync modes) -100 100 ns
ORDERING INFORMATION
Type Package Temp. Clock Description
Z84C40/1/2AB6 | DIP-40 (plastic) —40/+ 85°C Z80C Serial 110
Z84C40/1/2AD6 DIP-40 (ceramic) —40/+ 85°C 4 MHz Controller
Z84C40/1/2AD2 DIP-40 (ceramic) —55/+125°C
Z84C44AC6 PLCC44 (plastic chip-carrier) —40/+ 85°C
Z84C40/1/2BB6 | DIP-40 (plastic) —40/+ 85°C
Z84C40/1/2BD6 DIP-40 (ceramic) —40/+ 85°C 6 MHz
Z84C40/1/2BD2 | DIP-40 (ceramic) —55/+125°C
Z84C44BC6 PLCC44 (plastic chip-carrier) —40/+ 85°C
24724 LSy SGS-THOMSON
’I MICROELECTRONICS
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MICROELECTRONICS 28400

Z80 CPU CENTRAL PROCESS UNIT

n THE INSTRUCTION SET CONTAINS 158
INSTRUCTIONS. THE 78 INSTRUCTIONS OF
THE 8080A ARE INCLUDED AS A SUBSET ;
8080A AND Z80* SOFTWARE COMPATIBILITY
IS MAINTAINED

u 8MHz, 6MHz, 4MHz AND 2.5MHz CLOCKS
FOR THE Z80H, Z80B, Z80A, THE Z80 CPU,
RESULT IN RAPID INSTRUCTION EXECU-
TION WITH CONSEQUENT HIGH DATA
THROUGHPUT

= THE EXTENSIVE INSTRUCTION SET IN-

CLUDES STRING, BIT, BYTE, AND WORD

OPERATIONS. BLOCK SEARCHES AND

BLOCK TRANSFERS TOGETHER WITH IN-

DEXED AND RELATIVE ADDRESSING RE-

SULT IN THE MOST POWERFUL DATA

HANDLING CAPABILITIES IN THE MICRO-

COMPUTER INDUSTRY

THE Z80 MICROPROCESSORS AND ASSOCI-

ATED FAMILY OF PERIPHERAL CONTROL-

B/F D
DIP-40

(Plastic and Frit-Seal) (Ceramic)

PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)

LERS ARE LINKED BY A VECTORED
INTERRUPT SYSTEM. THIS SYSTEM MAY BE
DAISY-CHAINED TO ALLOW IMPLEMENTA-
TION OF A PRIORITY INTERRUPT SCHEME.
LITTLE, IF ANY, ADDITIONAL LOGIC IS RE-
QUIRED FOR DAISY-CHAINING

LOGIC FUNCTIONS

= DUPLICATE SETS OF BOTH GENERAL-PUR- = o —=
POSE AND FLAG REGISTERS ARE PRO- i N
VIDED, EASING THE DESIGN AND sysTEN 67 e
OPERATION OF SYSTEM SOFTWARE coNTROL b M
THROUGH SINGLE-CONTEXT SWITCHING, " wE—
BACKGROUND-FOREGROUND PRO- = ar f——= | aooress
GRAMMING, AND SINGLE-LEVEL INTER- __ N 8us
RUPT PROCESSING. IN ADDITION, TWO o S
16-BIT INDEX REGISTERS FACILITATE PRO- L B [~
GRAM PROCESSING OF TABLES AND AR- cru B A —
'RAYS CONTROL — .:_rl :: —-_—_’

» THERE ARE THREE MODES OF HIGH SPEED o asf—o
INTERRUPT PROCESSING : 8080 SIMILAR, S o
NON-Z80 PERIPHERAL DEVICE, AND Z80 cru — dames ol
FAMILY PERIPHERAL WITH OR WITHOUT conriit { — oz 0 fo—o
DAISY CHAIN Y N $-00

= ON-CHIP DYNAMIC MEMORY REFRESH v o) DS
COUNTER —_—fo o|]—

November 1988 ' 1/33
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DESCRIPTION

The Z80, Z80A, Z80B and Z80H CPUs are third-
generation single-chip microprocessors with excep-
tional computational power. They offer higher
system throughput and more efficient memory utili-
zation than comparable second-and third-gener-
ation microprocessors. The internal registers
contain 208 bits of read/write memory that are ac-
cessible 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 "Ex-
change" instructions makes either set of main or al-
ternate registers accessible to the programmer. The
alternate set allows operation in foreground-back-

Figure 1 : Dual in Line Pin Configuration.

ground mode or it may be reserved for very fast in-
terrupt response.

The Z80 also contains a Stack Pointer, Program
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 + 5V power source. All out-
put signals are fully decoded and timed to control
standard memory or peripheral circuits, and itis sup-
ported by an extensive family of peripheral control-
lers. The internal block diagram (figure 3) shows the
primary functions of the Z80 processors. Subse-
quent text provides more detail on the Z80 1/O con-
troller family, registers, instruction set, interrupts and
daisy chaining, and CPU timing.

Figure 2 : Chip Carrier Pin Configuration.

a0 ©[] Ao =
~e. <Bx Yrirfifrszzs
Aa ] 3 8] as § 4 3 2 1 4443 42 &) 40
Aud 4 a7 é Ar k(7 3 185
A.sE s [0 A o, e 3 14,
CLK 6 3s As D; 9 37 ]A;
o, [ 7 U] A 05 o 136 [142
03] af] A A
0 s JZJAz Dg O 35 QA
s 28400 A,
os [] 10 nfJa s * 1%
VccE n 28400 ] % Yec g i
o, (] 12 29[ anp 02 [ 2 j'ﬁsu
0w 20 [] FFSm 07 Qs n M
0 [ 14 200 mi Dg []'s . 30 [JRESET
o [ 1s 2 g RESET 0, flr 29 []BUSREQ
i_r 16 25 jnu_s—nso 19 20 2) 22 23 24 25 26 27 5-8097
N[ 17 24 ] WA - 7]
HALY [ 18 23 [] BUSACK |§§|§,§l§§§§§§l§ »
MREG [ 19 2[]Wwa === &4
ioRG [ 20 2 [] o °
NC : No connection.
2133 Lyy SGs:THOMSON
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Figure 3 : CPU Block Diagram.

8-8IT
DATA BUS

DATA BUS
INTEHFACE

INSTRUCTION
DECODER

(=

+5V

GND —»-

U

CPU
TIMING
CONTROL

U7

8 SYSTEMS 5 CPU
AND CPU  CONTROL
CONTROL
OUTPUT!

CLOCK —p

REGISTER
ARRAY

ADDRESS
LOGIL AND
BUFFERS

16-BIT
ADDRESS BUS

Z80 MICROPROCESSOR FAMILY

The Z80, Z80A, Z80B and Z80H microprocessor is
the central element of a comprehensive micropro-
cessor product family. This family works together in
most applications with minimum requirements for
additional logic, facilitating the design of efficient
and cost-effective microcomputer-base systems.

Five components to provide extensive support for
the Z80 microprocessor. These are :

» The CTC (Counter/Timer Circuit) features four
programmable 8-bit counter/timers, each of
which has an 8-bit prescaler. Each of the four
channels may be configurated to operate in
either counter or timer mode.

The PIO (Parallel Input/Output) operates in both
data-byte 1/O transfer mode (with handshaking)
and in bit mode (without handshaking). The PIO
may be configured to interface with standard par-
allel peripheral devices such as printers, tape
punches, and keyboards.

The DMA (Direct Memory Access) controller pro-
vides dual port data transfer operations and the
ability to terminate data transfer as a result of a
pattern match.

The SIO (Serial Input/Output) controller offers
two channels. It is capable of operating in a var-
iety of programmable medes for both synchron-
ous and asynchronous communication, mcludlng
Bi- Synch and SDLC.

&7

SGS-THOMSON
MICROELECTRONICS

» The DART (Dual Asynchronous Receiver/Trans-
mitter) device provides low cost asynchronous
serial communication. It has two channels and a
full modem control interface.

Z80 CPU REGISTERS

Figure 4 shows three groups of registers within the

- Z80 CPU. The first group consists of duplicate sets
of 8-bit registers : a principal set and an alternate
set (designated by’ [prime], e.g., A’). Both sets con-
sist of the Accumulator Register, the Flag Register,
and six general-purpose registers. Transfer of data
between these duplicate sets of registers is accom-
plished by use of "Exchange" instructions. The re-
sult is faster response to interrupts and easy,
efficient implementation of such versatile pro-
gramming techniques as background-foreground
data processing. The second set of registers con-
sists of six registers with assigned functions. These
are the | (Interrupt Register), the R (Refresh Regis-
ter), the IX and IY (Index Registers), the SP (Stack
Pointer), and the PC (Program Counter). The third
group consists of two interrupt status flip-flops, plus
and additional pair of flip-flops which assists in ident-
ifying the interrupt mode at any particular time. Table
1 provides further information on these registers.

3/33
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Figure 4 : CPU Registers

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

IX Index Register

IY Index Register

SP Stack Pointer

PC Program Counter

| Interrupt Vector R Memory Refresh

INTERRUPT FLIP-FLOPS STATUS

IFF1

0 =INTERRUPTS DISABLED
| 1=INTERRUPTS ENABLED

IFF2

DURING NMI

STORES I_EF_1J
SERVICE

8 Bits INTERRUPT MODE FLIP-FLOPS
IMFa IMFo
0 0 INTERRUPT MODE 0
0 1 NOT USED
1 0 INTERRUPT MODE 1
1 1 INTERRUPT MODE 2
Table 1. CPU Registers. )
Register Size (Bits) Remarks

A A Accumulator 8 Stores an Operand or the Results of an Operation

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
| 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 instruction fetch
cycle refresh time.

IX Index Register 16 Used for indexed addressing.

Y Index Register 16 Same as IX, above.

SP Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in

; Instruction Set.

PC Program Counter 16 Holds address of next instruction.

IFF4—IFF2 | 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).

4/33
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INTERRUPTS : GENERAL OPERATION

The CPU accepts two interrupt input signals : NMI
and INT. The NMl is a non-maskable interrupt and
has the highest priority. INT is a lower priority inter-
rupt and it requires that interrupts be enabled in soft-
ware in order to operate. INT can be connected to
multiple peripheral devices in a wired-OR configu-
ration.

The Z80 has a single response mode for interrupt
service for the_non-maskable interrupt. The mask-
able interrupt, INT, has three programmable
response modes available.

These are :

» Mode 0 — similar with the 8080 microprocessor.

= Mode 1 — Peripheral Interrupt service, for use
with non-8080/Z80 systems.

= Mode 2 — a vectored interrupt scheme, usually
daisy-chained, for use with Z80 Family and com-
patible peripheral devices.

The CPU services interrupts by sampling the NM|
and INT signals at the rising edge of the last clock
of an instruction. Further interrupt service process-
ing depends upon the type of interrupt that was de-
tected. Details on interrupt responses are shown in
the CPU Timing Section.

NON-MASKABLE INTERRUPT (NMI)

The non-maskable interrupt cannot be disabled by
program control and therefore will be accepted at all
times by the CPU. NMI is usually reserved for ser-
vicing only the highest priority type interrupts, such
as that for orderly shut-down after power failure has
been detected.

Adter recognition of the NMI signal (providing BUS-
REQ is not active), the CPU jumps to restart loca-

places an instruction on the data bus. This is nor-
mally a Restart Instruction, which will initiate 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 instruction with only one inter-
rupt acknowledge cycle followed by two memory
read cycles.

MODE 1 INTERRUPT OPERATION

Mode 1 operation is very similar to that for the NMI.
The principal difference is that the Mode 1 interrupt
has a restart location of 0038H only.

MODE 2 INTERRUPT OPERATION

This interrupt mode has been designed to utilize
most effectively the capabilities of the Z80 micropro-
cessor and its associated peripheral family. The in-
terrupting 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
contents of the | register as the upper 8-bits. This
points to an entry in a table of addresses for inter-
rupt service routines. The CPU then jumps to the
routine at that address. This flexibility in selecting
the interrupt service routine address allows the pe-
ripheral device to use several different types of ser-
vice routines. These routines may be located at any
available location in memory. Since the interrupting
device supplies the low-order byte of the 2-byte vec-
tor, bit 0 (Ao) must be a zero.

Table 2 : State of Flip-Flops.

tion 0066H. Normally, software starting at this Action IFF2|IFF2 Comments
address contains the interrupt service routine. CPU Reset 0 | 0 | Maskable Interrupt
J— INT Disabled
MASKABLE INTERRUPT (INT) DI Instruction 0 0 | Maskable Interrupt
Regardless of the interrupt mode set by the user, execution INT Disabled
the Z80 response to a maskable interrupt input fol- El Instruction 1| 1 | Maskable Interrupt
lows a common timing cycle. After the interrupt has execution ) INT Enabled
been detected by the CPU (provided that interrupts LD A, lnstruction | = | = | IFF2 — Parity Flag
are enabled and BUSREQ is not active) a special execution ) )
interrupt processing cycle begins. This is a special LD A, R Instruction| = | « | IFF2 — Parity Flag
fetch (M) cycle in which TORQ becomes active i"ec“tt“;\l"—w P T
rather than MREQ, as in normal M1 cycle. In addi- ceep L _(@1sl<_a)ble terruot
tion, this special M1 cycle is automatically extended INT disabled) P
by two WAIT states, to allow for the time required to .
acknowledge the interrupt request. RETN Instruction |IFF,| + | IFF, — IFF; at
MODE 0 INTERRUPT OPERATION execution Completion of
an NMI Service
This mode is similar to the 8080 microprocessor in- Routine.
terrupt service procedures. The interrupting device
LS7 SGS-THOMSON 593
Y/ HicRoELECTRONICS
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INTERRUPT PRIORITY (Daisy Chaining and
Nested Interrupts)

The interrupt priority of each peripheral device is
determined by its physical location within a daisy-
chain configuration. Each device in the chain has an
interrupt enable input line (IEl) and an interrupt en-
able 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 de-
vice has highest priority, while each succeding de-
vice has a corresponding lower priority. This
arrangement permits the CPU to select the highest
priority interrupt from several simultaneously inter-
rupting peripherals.

The interrupting device disables its IEQ line to the
next lower priority peripheral until it has been ser-
viced. After servicing, its IEO line is raised, allowing
lower priority peripherals to demand interrupt servic-
ing.

The Z80 CPU will nest (queue) any pending inter-
rupts or interrupts received while a selected periph-
eral is being serviced.

INTERRUPT ENABLE/DISABLE OPERATION

Two flip-flops, IFF1 and IFF2, referred to in the reg-

ister description are used to signal the CPU inter-
rupt status. Operation of the two flip-flops is
described in table 2.

I/O. It also allows operations on any bit in any loca-
tion in memory.

The following is a summary of the Z80 instruction
set and shows the assembly language mnemonic,
the operation, the flag status, and gives comments
oneachinstruction. The Z80 CPU Technical Manual
and Z80 CPU Programming Manual contain signifi-
cantly more details for programming use.

The instructions are divided into the following ca-

tegories :

= 8-BIT LOADS

= 16-BIT LOADS

= EXCHANGES, BLOCK TRANSFERS, AND
SEARCHES .

= 8-BITARITHMETIC AND LOGIC OPERATIONS

= GENERAL-PURPOSE ARITHMETIC AND CPU
CONTROL

= 16-BIT ARITHMETIC OPERATIONS

u» ROTATES AND SHIFT

» BIT SET, RESET, AND TEST OPERATIONS

= JUMPS

s CALLS, RETURNS, AND RESTARTS

= INPUT AND OUTPUT OPERATIONS.

A variety of addressing modes are implemented to
permit efficient and fast data transfer between vari-
ous registers, memory locations, and input/output
devices. These addressing modes include :

= IMMEDIATE

» IMMEDIATE EXTENDED

= MODIFIED PAGE ZERO

= RELATIVE
INSTRUCTION SET = EXTENDED
The Z80 microprocessor has one of the most power- = INDEXED
ful and versatile instruction sets available in any 8- = REGISTER
bit microprocessor. It includes such unique » REGISTER INDIREDT
operations as a block move for fast, efficient data = IMPLIED
transfers within memory or between memory and x BIT
6/33 .
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INSTRUCTION SET (continued)

8-BIT LOAD GROUP

° N° of [N° of
Symbol Symbo'lic Flags Opcade Hex N° of M T Comments
Operation H| [PV 76 543 210 Bytes| ¢ cles [states
LDr 1 rer X|e|X] - 01 r r 1 1 4 r,r' Reg.
LDrn ren X|e[X] = 00 r 110 2 2 7 000 B
“cn - 001 C
LD, (HL) | r e (HL) x|-|x| - o1 r 110| DD | 1 2 7 {010 D
LD 1, (IX+d) | 1« (X + d) X[ x| - 11 011 101 3 5 19 [ 011 E
01 r 101 100 H
«— d - 101 L
LD r, (IY+d) | r & (Y + d) x|-Ix] - 11 111 101| FD | 3 5 19 | 111 A
o1 r 110
« d -
LD (HL), r | (HL) «r X|-|x]| - 01 110 r 1 2 7
LD (IX+d), r | (IX +d) < r X[e[X] -« 11 011 101| DD | 3 5 19
01 110 r
« d -
LD (IY+d), r| (IY +d) < r X|e|x| - 11 111 101| FD | 3 5 19
01 110 r
— d -
LD (HL), n | (HL) «n X|o|x| -« 00 110 110| 36 | 2 3 10
— n -
LD (IX+d), n | (IX + d) « n X[ x| - 11 011 101| DD | 4 5 19
00 110 110 36
« d -
— n -
LD (IY+d), n| (IY +d) « n X[ x| - 11 111 101| FD | 4 5 19
00 110 110| 36
«— d -
« n -
LD A, (BC) | A « (BC) X|[efx]| - 00 001 010| OA | 1 2 7
LD A, (DE) | A « (DE) X|efx]| - 00 011 010| 1A | 1 2 7
LD A, (nn) | A « (nn) X|efx] - 00 111 010| 3A | 3 4 13
— n -
«— n -
LD (BC), A | (BC) « A X[ [X] -« 00 000 010( 02 | 1 2 7
LD (DE), A | (DE « A X| x| - 00 010 010| 12 | 1 2 7
LD (nn), A | (nn) « A X|e|x] - 00 110 010| 32 | 3 4 13
L o n -
“«— n -
LDAIl |Ael x|o x| IFF 11 101 101| ED | 2 2 9
01 010 111]| 57
LDAR [A«R x|o|x| IFF 11 101 101| ED | 2 2 9
01 011 111| 5F
LDLA |[leA X| | x| - 11 101 101| ED | 2 2 9
01 000 111| 47
LDRA |R«A X|e|x]| - 11 101 101| 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) is copied into the P/V

flag.

For an explanation of flag notation and symbols for mnemonic tables, see Symbolic Notation section following tables.

<7
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INSTRUCTION SET (continued)

16-BIT LOAD GROUP

Flags Opcode o N° of |N° of
Symbol gy:r::g‘:, 9 d Hex gyt:; M T Comments
p H| |P/V 76 543 210 Cycles |States
LD dd, nn | dd « nn o IX| e 00 ddo 001 3 3 10 | dd Pair
«n - 00 BC
cn- 01 DE
LD IX, nn | IX < nn o [ X[ e 11 011 101| DD 4 4 14 | 10 HL
00 100 001 21 11 SP
— n -
«— n -
LDIY,nn | IY « nn o x| - 11 111 101| FD | 4 4 | 14
: 00 100 001| 21
“~ n -
\ — n -
LD HL, (nn)| H « (nn + 1) o] . 00 101 010 2A | 3 5 | 16
L « (nn) “~ n -
— n -
LD dd, (nn)| ddy « (nn + 1) o Ix| - 11 101 101| ED | 4 6 | 20
dd, « (nn) 01 dd1 011
« n -
— n -
LD IX, (nn)| IXy « (nn + 1) o IX| e 11 011 101| DD 4 6 20
IXL « (nn) 01 101 010( 2A
« n -
« n - .
LD 1Y, (nn)| IYH « (nn + 1) o X]| e 11 111 101 FD 4 6 20
IYL « (nn) 00 101 010 2A
« n -
« n -
LD (nn), HL| (nn + 1) « H o [X]| e 00 100 010| 22 3 5 16
(nn) « L «n -
«— n -
LD (nn), dd| (nn + 1) « ddy o (X[ o 11 101 101| ED 4 6 20
(nn) « dd. 01 ddo 011
« n -
«— n -
D (nn), IX{ (nn + 1) « IXy o[ X| e 11 011 101| DD 4 6 20
(nn) « IX_ 00 100 010| 22
— n -
«— n -
LD (nn), IY | (nn + 1) « IYy o X[ e 11 111 101| FD 4 6 20
(nn) « 1Y, 00 100 010| 22
«'n -
« n -

Notes : dd is any of the register palrs BC, DE, HL, SP.
qq is any of the register pairs AF, BC, DE, HL.
(PAIR)H, (PAIR)L refer to high order and low order eight bits of the register pair respectlve|y,
e.g., BCL=C,AFu=A.
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28400

INSTRUCTION SET (continued)
16-BIT LOAD GROUP (continued)

i Flags Opcode ° Ne°of |N°of
Symbol gymbtt).hc Hex : ‘Of M T Comments
peration H| |P/v|N|C|76 543210 VS| Cycles |states
LD SP, HL | SP « HL X|e[X] = l+]11 111 001| F9 1 1 6
LD SP, IX | SP « IX X|«|X| « |+|+|11 011 101| DD 2 2 10
11 111 001 | F9
LD SP, IY SP « IY X|[+|X]| - «|l+f{11 111 101]| FD 2 2 10
11 111 001| F9
PUSH qq | (SP-2) < qqL X{+|X| « [<]+]11 qqo 101 1 3 1 | qq Pair
(SP - 1) « qau
SP - SP -2 00 BC
PUSH IX (SP = 2) « IXL X|[X] « [<|+|11 011 101| DD 2 4 15 01 DE
(SP = 1) « Xy 11 100 101 E5 10 HL
SP » SP -2
PUSH IY (SP=2) « 1Y, X[e|X]| * {*|f11 111 101| FD 2 4 15
(SP = 1) « 1Yy 11 100 101| E5
SP >8P -2
POP qq | qgu « (SP + 1) X|«|{X] « |+|+]|11 qgo 001 1 3 10
qqL « (SP) '
SP - SP + 2
POP IX Xy « (SP + 1) X|«|X]| - «|<} 11 011 101| DD 2 4 14
IXL « (SP) 11 100 001{ E1
SP - 8P +2
POP IY Yy « (SP + 1) X||X]| - «iei 11 111 101| FD 2 4 14
IYL « (SP) 11 100 001| E1
SP 5> SP+2
Notes : dd is any of the register pairs BC, DE, HL, SP.
qq is any of the register pairs AF, BC, DE, HL.
(PAIR)H, (PAIR)L refer to high order and low order eight bits of the register pair respectively,
e.g., BCL=C, AFy=A.
EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS
. Flags Opcode N° of |N° of
Symbol Symbolic 9 P Hex ;Ptof M T Comments
Operation H| |[P/v|N|c|76 543 210 Y1eS) cycles states
EX DE, HL, | DE < HL, X|<|X| « |+f{-|[11 101 011| EB 1 1 4 Register Bank
EX AF, AF' | AF < AF' X{e|X| « [+]|+]| 00 OO0t OCO| 08 1 1 4 and Aucxiliary
EXX BC « BC' X|[X]| = |+]+| 11 011 001| D9 1 1 4 Register Bank
DE «~ DE' Exchange
HL < HL'
EX (SP), HL| H « (SP + 1) X|[X]| = {+|+]11 100 011 E3 1 5 19
L« (SP)
EX (SP), IX | IXy <> (SP + 1) X[+|x| « |-|[+]|11 011 101{ DD | 2 6 23
XL <> (SP) 11 100 011| E3
EX (SP), IY | IYy <> (SP + 1) X|e[x| « {+]<]11 111 101| FD | 2 6 23
1YL < (SP) 11 100 011| E3
Notes : 1. If the result of B — 1 is zero the Z flag is set, otherwise it is reset.
2. Zflag is set upon instruction completion only.
LSy SGS-THOMSON 933
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Z8400

INSTRUCTION SET (continued)

EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (continued)

Flags o ° N° of |N° of
Symbol gy:::"'::' 29 Opcode Hex : t:sf M T Comments
P z| |H| [PV 76 543 210 VIES| cycles [states
@ Load (HL)
LDI (DE) « (HL) . 0 1 11 101 101| ED | 2 4 6 |into (DE),
DE « DE + 1 10 100 000| AO increment the
HL « HL + 1 pointers and
BC « BC -1 decrement the
byte counter (BC)
10} .
LDIR (DE) « (HL) . 0 0 11 101 101| ED 2 5 21 1f BC # 0
DE « DE + 1 10 110 000| BO | 2 4 16 | IfBC=0
HL « HL + 1
BC«BC-1
Repeat Until
BC=0
. @
LDD (DE) « (HL) . 0 7 11 101 101 | ED 2 4 16
DE « DE + 1 10 101 000(| A8
HL « HL + 1
BC «~BC -1
@
LDDR (DE) « (HL) . 0 0 11 101 101| ED 2 5 21 IfBC#0
DE « DE + 1 10 111 000( B8 2 4 16 fBC =0
HL « HL + 1
BC «~BC -1
Repeat Until
BC =0
&) 0)
CPI A « (HL) T o T 11 101 101 | ED 2 4 16
HL « HL + 1 10 100 001 | A1
BC « BC -1
) @
CPIR A - (HL) o) o3 o} 11 101 101| ED 2 5 21 If BC # 0 and
A = (HL)
HL « HL + 1 10 110 001| Bt 2 4 16 If BC =0 or
BC « BC - 1 A= (HL)
Repeat Until
A=(HL)orBC=0
&) @
CPD A - (HL) ) T o 11 101 101| ED | 2 4 16
HL « HL + 1 10 101 001| A9
BC <« BC -1
® 0] :
CPDR A - (HL) 7 T ot 11 101 101| ED 2 5 21 If BC # 0 and
A = (HL)
HL « HL + 1 10 111 001| B9 2 4 16 If BC =0 or
BC «~BC -1 . A = (HL)
Repeat Until
A=(HL) orBC =0

Notes : ®. If the result of B — 1 is zero the Z flag is set, otherwise it is reset.

@. Zflag is set upon instruction completion only.

10/33

128

&r

SGS-THOMSON
MICROELECTROKICS




28400

INSTRUCTION SET (continued)

8-BIT ARITHMETIC AND LOGICAL GROUP

Symbolic Flags Opcode N° of| N°of |N°of
Symbol Operation Hex Bytes M T Comments
s|z| [H| |P/v|N|c| 76 543 210 Cycles |States
ADDAr |AcA+r sl x|s|x] v ]o|s] 10 r 1 1 4 | r Reg.
ADDA N |Ae«A+n slex|s x| v [o]s] 11 110 2 2 7 | 500 B
< n = 001 C
ADD A, (HL) | A=A+ (HL) || [x[s|x]| Vv |o 10 110 1 2 7 | o010 D
ADD A, (IX+d)| A= A+ (X +d)|3 |3 ]x[s|x] v ]o[s] 11 o011 101 |DD| 3 5 19 | 011 E
10 110 100 H
« d - 101 L
ADD A, (IY+d)| A A+ (Y +d) [t |3 [x]s[x] v ]o|s] 11 111 101 [FD| 3 5 | 19 [ 11T A
10 110
« d -
ADCA,s- | A« A+s+CY [T|T|X[|X| V|02 sisanyofr n,
SUBs . |AcA-s slaIx|s x| v 1] (HL), (1X+d),
SBCA, s AcA-s=-CY|T|T|X|T|X]V [1]? (IY+d) as shown
AND s AcAAs sle|x|[1[x] P |o]o for ADD
CRs AcAVs t{3[X[o|x| P |o|oO instruction. The
XOR s A—A®s {3 IX[o|X| P |O]|O indicated bits
CPs A-s TIEIX|EIX] Vv [1]e replace the
INC r rer+1 s1eix]|s (x| v [o]|-] oo r 1 1 4 | [000] in the
INC (HL) | (HL) &= (HL) + 1 |33 |X|2|X| V [o|+] 00 110 1 3 11 | ADD set above.
INC (IX +d) | (IX+d) e S|t (x| v |o|+| 411 011 101 [DD| 3 6 23
(X +d) + 1 00 110
« d -
INC (IY+d) | (IY +d) « slex|s (x| v |o|+| 11 111 101 | FD | 3 6 23
(1Y + d) +1 00 110
« d -
DEC m mem-—1 TIEIX[EIX] V [1]- 101 m is any of r,
(HL), (IX+d),
(IY+d) as shown
for INC. DEC
same format
and states as
INC. Replace
with
in opcode.
L7 SGS-THOMSON 11733
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Z8400

INSTRUCTION SET (continued)

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

i Flags Opcode Ne of| N°of |Neof
Symbol Symbollnc Hex gutes| M T Comments
Operation s H| [PV 76 543210 VIS Cycles |states
DAA Converters acc content | X{1{x| P 00 100 111| 27 1 1 4 Decimal
into packed BCD Adjust
following add or Accumulator.
subtract with packed
BCD operands
CPL AcA . X|1[X]| - 00 101 111} 2F 1 1 4 Complement
Accumulator
(one's
complement)
NEG A—0-A 1 X[t |X] Vv 11 101 101| ED 2 2 8 Negate Acc.
01 000 100 44 (two's
complement).
CCF CY « CY . X|[X[X]| = 00 111 111| 3F 1 1 4 Complement
Carry Flag.
SCF CY « 1 . X|0|X]| - 00 110 111 37 1 1 4 Set Carry
Flag.
NOP No Operation . XjeiX|[ = 00 000 000| OO0 1 1 4
HALT CPU Halted . X|e|[X]| 01 110 110| 76 1 1 4
DI* IFF « 0 . X|e|X] = 11 110 011| F3 1 1 4
EI IFF « 1 . XX} - 11 111 011| FB 1 1 4
IM 0 Set Interrupt . X|e|X]| = 11 101 101| ED 2 2 8
Mode 0 01 000 110| 46
IM 1 Set Interrupt . X[]X]| = 11 101 101| ED 2 2 8
Mode 1 01 010 110| 56
IM2 Set Interrupt . X|IX]| - 11 101 101| ED 2 2 8
Mode 2 01 011 110 5E
Notes : IFF indicates the interrupt enable flip-flop.
CY indicates the carry flip-flop.
indicates interrupts are not sampled at the end of El or DI.
12/33 [y7 SGS-THOMSON
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Z8400

INSTRUCTION SET (continued)

16-BIT ARITHMETIC GROUP

i Flags Opcode o N° of [N° of
Symbol g;::':?i:f\ g L Hex gyt:; M T Comments
P/V[N[C|76 543 210 Cycles [States
ADD HL, ss | HL « HL + ss X « |0]|3]00 ss1 001 1 3 11 ss Reg
ADC HL, ss | HL « HL + ss + CY X vV |of{| 11 101 101 ED 2 4 15 00 BC
01 ss1 010 01 DE
SBC HL, ss | HL « HL + ss = CY X vV 1|3 [11 101 101| ED 2 4 15 | 410 HL
01 ssO 010 11 Sp
ADD IX, pp | IX « IX + pp X « |ofs]11 o11 101| DD | 2 4 15
01 ppl 001 PP Reg
ADD IY, rr | IY « IY +rr X « [0|$]11 111 101| FD 2 4 15 00 BC
00 rr1 001 01 DE
INC ss ss < ss + 1 X « [+]||00 ssO O11 1 1 6 10 IX
INC IX IX « IX+1 X « |+]-]11 011 101| DD 2 2 10 | 11 SP
00 100 011 23 ' Reg
INC IY IY « 1Y +1 X « |e|+|11 111 101| FD 2 2 10
00 100 011| 23 00 BC
DEC ss Ss < ss — 1 X + [+]+]00 sst 011 1 1 6 01 DE
DEC IX | X« IX—1 X < |«|+|11 o011 101 DD | 2 2 | 10|10 W
00 101 011 2B 11 8P
DEC IY IY «1IY -1 X e |e|-|11 111 101| FD 2 2 10
00 101 011| 2B
Notes : ss is any of the register pairs BC, DE, HL, SP.
pp is any of the register pairs BC, DE, IX, SP.
rr is any of the register pairs BC, DE, IY, SP.
L7 S5s-THOMSON 13533
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Z8400

INSTRUCTION SET (continued)
ROTATE AND SHIFT GROUP

Mnemonic Symbolic Flags Opcode No.of No.of MNo.of T
Operation s 2z H PNV N C 76543210 Hex Bytes Cycles States Comments
RLCA e ¢« X 0 X e 0 ¢ 00000111 07 1 1 4 Rotate left circular
A accumulator.
RLA e ¢« X 0 X o 0 ¢ 00010111 17 1 1 4 Rotate left
* accumulator.
RRCA e « X 0°X o 0 % 00001111 OF 1 1 4 Rotate right circular
A accumulator.
RRA e « X0 X o 0% 00011111 1F 1 1 4 Rotate right
* accumulator.
RLCr ] . !¢ X0 X P 0O ! 11001011 CB 2 2 8 Rotate left circular
00 r ' registerr.
RLC (HL) 1P X0 X P O ! 11001011 CB 2 4 15 r Reg
00[000]110 000 B
RLC (IX +d) 1 X0 X PO ) ! 11011101 DD 4 6 23 001 C
r, (HL), (IX+d), (IY+d) 11001011 CB 010 D
—d— o011 E
oo[000] 110 100 H
RLC (lY + d) ! ¢ X0 X PO ! 11111101 FD 4 6 23 101 L
— 11001011 CB 111 A
—d-o
0 110 Instruction format
RL m {1 XxXo0XxXPo? and states are as shown
m = r,(HL),(IX+d),(iY+d) for RLC's. To form new
RRCm 1 X0 XP o3 - opcode replac e or
m =r,(HL),(IX+d),(iY+d) RLC's with shown code.
RRm tIX0XPoOG? '
m = r,(HL),(IX+d),(iY+d)
SLAm Ef—3- : X0 XPoO:
m =r,(HL),(IX+d),(iY+d)
SRAm =@ P xoxPot [0
m = r,(HL),(IX+d), (iY+d)
SRLm [N p— TP X o X Po? 111
m =r,(HL),(IX+d),(iY+d)
RLD [2Ts0] P11 X0 X P O o 11101101 ED 2 5 18 Rotate digit left and
* " 01101111 6F right between the
RRD :n-'_ln $ 2 X0 X P O e 11101101 ED 2 5 18 accumulator and
A Ho 01100111 67 location (HL).

The contentof the upper
half of the accumulator
is unaffected.

— b7 3NN
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28400

INSTRUCTION SET (continued)
BIT SET, RESET AND TEST GROUP

i Flags Opcode Neo of| N°of [Neof
Symbol SVmbo'Ilc Hex |g tes M T Comments
Operation H| [P/V|N|C| 76 543 210 YI€S] oycles |states
BITbr | Zer 10x] x |[o]+] 11 o001 ot1 | cB | 2 2 8 | rnr Reg
— or b r 000 B
BIT b, (HL) | Z « (HL)s 1{x| x |of«| 11 o001 o011 | cB | 2 3 12 [ 001 ¢
01 b 110 010 D
BIT b, (IX+d)p| Z « (IX+d)p 1{x| x |o|-]| 11 o011 101 | DD | 4 5 20 | 011 E
11 031 011 | cB 100
— -
101 L
01 b 110 111 A
BIT b, (IY+d)p| Z « (Y +d)p 1{x| x |o|-]| 11 111 101 | FD | 4 5 20 | b Bit Tested
11 001 011 | cB 000 0
- d - 001 1
01 b 110 010 2
SET b, r | rp e 1 «|x| « [+|| 11 o001 ot1|cB | 2 2 8 [o0o11 3
01 o r 100 4
SET b, (HL) | (HL) « 1 oIx] + |+]+] 11 o001 011 |cB | 2 4 15 [ 1015
G > i
SET b, (IX+d)| (IX' +d)p & 1 x| ¢ [+]|+] 11 o011 101 | DD | 4 6 23
11 001 011 | CB
— d -
G1 b 110
SET b, (IY+d)| (IY + d)p « 1 x| o [e]ef 11 111 101 | FD | 4 6 23
11 001 011 | CB
«— d -
01 b 110
RESb,m | mp« 0 x| - -] Go T°f°;"‘”ew
m =r, (HL), opcode
(X + (d) ) replace|_1_T_|
Y + d of SET b, s
Y9 with [10].
Flags and
time states for
SET
instruction.
Note : The notation ms indicates bit b (0 to 7) or location m.
L5y SGS-THOMSON 15/33
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28400

INSTRUCTION SET (continued)

JUMP GROUP
i Flags Opcode o N° of |N° of
Symbol cs)ymb:hc P Hex : tof M T Comments
peration H| |P/V|N|C|76 543210 V&S| tycles [states
JP nn PC < nn X[ - «| 11 000 011| C3 3 3 10
«— n -
«— n - cc Condition
JP cc, nn If condition cc is true | X| . «|11 cc 010 3 3 10 | 000 NZnon-zero
PC « nn, otherwise « n - 001 Z zero
continue «~ n - 010 NC non-carry
011 C carry
100 PO parity odd
101 PE parity even
110 P sign positive
111 M sign negative
JRe PC« PC +e | X[ - « (00 011 000| 18 2 3 12
—e-2-
JRC, e If C = 0 continue o[ X e «| 00 111 000| 38 2 2 7 If condition not
If C=1PC « PC+e — e-2 > met.
2 3 12 | If condition is
met.
JRNC, e If C = 1, continue o | X| . <100 110 000| 30 2 2 7 If condition not
If C =0, PC « PC+e —e-2-> met.
2 3 12 | If condition is
met.
JPZe If Z = 0 continue <[ X[ - +| 00 101 000| 28 2 2 7 If condition not
If Z=1PC « PC+e —e-2 > met.
2 3 12 | If condition is
met.
JRNZ e If Z =1, continue [ X]| . «| 00 100 000| 20 2 2 7 If condition not
IfZ=0, PC « PC+e — e-2 > met.
2 3 12 | If condition is
met.
JP (HL) PC « HL SIX| - «| 11 101 001| EO 1 1 4
JP (IX) PC « IX oI X[ . +111 011 101} DD 2 2 8
11 101 001| E9
JP (lY) PC « IY <X - {11 111 101| FD 2 2 8
11 101 001] E9
DINZ,e | B« B-1 < |X| - +| 00 010 000| 10 2 2 8 |IfB=0.
If B = 0, continue —e-2 -
If B # 0, PC « PC+e 2 3 13 | fB=0.

Notes : e represents the extension in the relative addressing mode.
e is a signed two’s complement number in the range <— 126, 129>.
e — 2 in the opcode provides an effective address of pc + e as PC is incremented

by 2 prior to the addition of e.
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28400

INSTRUCTION SET (continued)

CALL AND RETURN GROUP

o o
Symbolic Flags Opcode N° of N of |N° of
Symbol Operation Hex Bytes M T Comments
P S H P/V[IN|C| 76 543 210 y Cycles [States
CALL nn (SP-1)« PCy |- «|X| ¢ |+]+|11 001 101| CD 3 5 17
(SP - 2) « PCL «— n -
PC « nn —~ n -
CALL cc, nn| If condition cc is . «|X|[ ¢ f¢]*]| 11 cc 100 3 3 10 | If ccis false.
false continue, « n -
otherwise same as «— n - 3 5 17 | If cc is true.
CALL nn
RET PCL « (SP) . «|X| ¢ [+]+] 11 001 001| C9 1 -3 10
PCh « (SP + 1)
RET cc If condition cc is . <|X| <+ [e]|[11 cc 000 1 1 5 If cc is false.
fase continue,
otherwise same as 1 3 11 | If ccis true
RET cc Condition
RETI Return from . «[X| ¢ ||| 11 101 101| ED 2 4 14 | 000 NZ Non-zero
interrupt 01 001 101| 4D 001 Z Zero
RETN' | Return from . N BRI R s e
non-maskable 01 000 101| 45 any
interrupt 100 PO Parity Odd
101 PE Parity Even
RSTp (SP-1)«PCHq |- X e ]| 11 t 111 1 3 11 [110 P Sign Positive
(8P - 2) « PCL 111 M Sign Negative
PChy « 0 t p
PCL«<p 000 00H
001 08H
010 10H
011 18H
100 20H
101 28H
110 30H
111 38H
Note : 1. RETN loads IFF2 - IFF4.
LSy SGS-THOMSON 17/33
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28400

INSTRUCTION SET (continued)

INPUT AND OUTPUT GRUP
i Flags Opcode o of| NooOf [N°of
Symbol gy:»:?it‘:] Hex g ‘:sf M T Comments
P z| |H| [PV 76 543210 VeS| cueles [states
IN A, (n) A« (n) - . . . 11 011 011| DB 2 3 11 ntoAg . Az
« n - Acc. to Ag - Ays
INT, (C) | 1 (C) HNE p 11 101 101| ED | 2 3 12 | CloAo- Ay
If r = 110 only the flags 01 r 000 BloAs - Ats
will be affected
®
INI (HL) « (C) 3 X X 11 101 101| ED 2 4 16 | Cto Ag -~ A7
B«B-1 10 100 010| A2 Bto Ag -~ Ays
HL « HL + 1 :
INIR (HL) « (C) 1 X X 11 101 101 | ED 2 5 21 CtoAg ~ A7
BeB-1 10 110 o10| B2 (if B20) Bto Ag - Ass
HL « HL + 1 2 4 16
Repeat unil B = 0 (if B=0)
@
IND (HL) « (C) $ X X 11 101 101| ED 2 4 16 | Cto Ag ~ A7
B«B-1 10 101 010| AA Bto Ag ~ Ays
HL « HL - 1
INDR (HL) « (C) 1 X X 11 101 101| ED 2 5 21 CtoAg -~ A7
BeB-1 10 111 010| BA (it B20) Bto Ag - A1s
HL « HL -1 2 4 16
Repeat until B = 0 (if B=0)
OUT (n), A | (n)« A . . . 11 010 011 | D3 2 3 ia! ntoAp - Az
« n - Acc.to Ag-A1s
OUT (©), r | (C) &« o Ix|. . 11 101 101 ED | 2 3 12 | Cto A0~ A7
01 r 001 BtoAs - Ass
@
OouTI (C) « (HL) b X X 11 101 101 | ED 2 4 16 | Cto Ap ~ A7
B«B-1 10 100 011| A3 Bto Ag ~ Ays
HL « HL + 1
OTIR (C) « (HL) 1 X X 11 101 101 ED 2 5 21 CtoAg -~ A7
B«B-1 10 110 011 B3 (if B#0) Bto Ag ~ Ags
HL « HL + 1 2 4 16
Repeat until B = 0 (if B=0)
@ CtoAp ~ A;
OouTD (C) « (HL) 1 X X 11 101 101| ED 2 4 16 | Bto Ag ~ Ays
B«B-1 10 101 011| AB
HL « HL - 1
@
OTDR (C) « (HL) 1 X X 11 101 101| ED 2 5 21 CtoAg ~ A7
BeB-1 10 111 011 (if B0) Bto Ag - Ats
HL « HL + 1 2 4 16
Repeat until B =0 (if B=0)
Note : @. If the result of B - 1 is zero the Z flag is set, otherwise it is reset.
18/33 LN7 SGS-THOMSON
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28400

INSTRUCTION SET (continued)
SUMMARY OF FLAG OPERATION

Instruction Ds7 z H P/V|N [::° Comments

ADD A, s ;ADCA, s Ple x| e | X| v |o|? | 8bit Add or Add with Carry.

SUBs;SBCA s;CPs;NEG |1 |3 |X]|Z|X]| V [1]7 | 8Bitsubtract, subtract with carry, compare and negate
accumulator.

AND s sl x|1{x| P {ofo . )

OR's, XOR s sisIxlolx] P lo]o Logical Operations

INC s THT X e {X]| VvV |0] < | 8bitIncrement

DEC s S XS X VvV [1]«| 8-bit Decrement

ADD DD, ss e | XXX . 0| % | 16-bit Add

ADC HL, ss TP XX |{X]|] VvV [0]7 | 16-bit Add with Carry

SBC HL, ss LT X|X|X]|] V |1]% | 16-bit Subtract with Carry.

RLA, RLCA, RRA ; RRCAA sl X|0]|X . 0 | { | Rotate Accumulator.

RLm ;RLC m;RRm; $lt[X|o|[X]| P |0|? | Rotate and Shift Locations.

RRC m;SLAm
SRAm;SRL m

RLD ; RRD 1P X|o]X 0 | + | Rotate Digit Left and Right

DAA ST (X[ [X]| P |+|? | Decimal Adjust Accumulator.

CPL sl X|1|X] ¢ | 1]+ | Complement Accumulator

SCF sl X]0][X . 0 |1 | SetCarry

CCF el e | XXX « | 0| | Complement Carry

IN 1, (C) T1T|X]0o]|X]| P |0}« | InputRegister Indirect

INI, IND, OUTI ; OUTD X[ x| X|[Xx] x 1] ) )

INIR : INDR : OTIR ; OTDR 11 Ix!IxIxl x {11 Block Input and Output. Z = 0 if B # otherwise Z = 0

LDl ; LDD X|X|[X]o]X]| ¢ 0 | « | Block Transfer Instructions. PV = 1 if BC # 0,

LDIR ; LDDR X|X[X]0o|X]|] 0 0 | « | otherwise P/V =0

CPI ; CPIR ; CPD ; CPDR X3 [X[X][|X $ 1 | « | Block Search Instructions. Z = 1 if A = (HL),
otherwise Z = 0. PV = 1 if BC # 0, otherwise PV = 0.

LDA ILLDAR T3 | X|0|X|IFF |0 | < | The content of the interrupt enable flip-flop (IFF) is
copied into P/V flag.

BIT b, s X|$ [ X|1]|X]|] X |0| | The state of bit b of location is copied into the Z flag.

(37 SGS-THOMSON 19533
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Z8400

INSTRUCTION SET (continued)
SUMMARY OF FLAG OPERATION

Symbol Operation
S Sign Flag. S =1 if the MSB of the result is 1.

Z Zero Flag. Z =1 if the result of the operation is 0.

PN Parity or Overflow Flag. Parity (P) and overflow (V) share the same flag. Logical operations affect
this flag with the parity of the result while arithmetic operations affect this flag with the overflow of
the result.-If P/V holds parity, P/V = 1 if the result of the operation is even, P/V = 0 if result is odd. If
P/V holds overflow, P/V = 1 if the result of the operation produced an overflow.

H Half-carry Flag. H = 1 if the add or subtract operation produced a carry into or borrow from bit 4 of
the accumulator. :

N Add/Subtract Flag. N = 1 if the previous operation was a subtract.

H&N H and N flags are used in conjunction with the decimal adjust instruction (DAA) to properly correct
the result into packed BCD format following addition or subtraction using operands with packed BCD
format. ’

Cc Carry/Link Flag. C = 1 if the operation produced a carry from the MSB of the operand or result.

) The flag is affected according to the result of the operation.

. The flag is unchanged by the operation.
0 The flag is reset by the operation.
1 The flag is set by the operation.

X The flag is a "don't care".

Vv P/V flag affected according to the overflow result of the operation.

P P/V flag affected according to the parity result of the operation.

r Any one of the CPU Registers A, B, C, D, E, H, L.

s Any 8-bit location for all the addressing modes allowed for the particular instruction.
SS Any 16-bit location for all the addressing modes allowed for that instruction.

ii Any one of the two Index registers IX or IY.

R Refresh Counter

n 8-bit Value in Range < 0.255 >

nn 16-bit Value in Range < 0.65535 >
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PIN DESCRIPTIONS

Ac-A1s. Address Bus (Output, Active High, 3-state).
Ao-Ais form a 16-bit address bus. The Address Bus
provides the address for memory data bus ex-
changes (up to 64K bytes) and for I/O device ex-
changes.

BUSACK. Bus Acknowledge (Output, Active Low).
Bus Acknowledge indicates to the requesting device
that the CPU address bus, data bus, and control sig-
nals 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 NMl and is always
recognized at the end of the current 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 ap-
plications. Extended BUSREQ periods due to
extensive DMA operations can prevent the CPU
from properly refreshing dynamic RAMs.

Do-D7. Data Bus (Input/Output, Active High, 3-
state). Do-D7 constitute an 8-bit bidirectional data
bus, used for data exchanges with memory and 1/O.

HALT. Halt State (Output, Active Low). HALT indi-
cates that the CPU has executed a Halt instruction
and is awaiting either a non-maskable or a mask-
able interrupt (with the mask enabled) before oper-
ation can resume. While halted, the CPU executes
NOPs to maintain memory refresh.

INT. Interrupt Request (Input, Active Low). Interrupt
Request is generated by 1/O devices. The CPU ho-
nors 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 applica-
tions. -. -

IORQ. Input/Output Request (Qutput, 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 concur-
rently with M1 during an interrupt acknowledge cycle
to indicate that an interrupt response vector can be
placed on the data bus.

M1. Machine Cycle One (Output, Active Low). M1,
together with MREQ, indicates that the current ma-
chine cycle is the opcode fetch cycle of an instruc-
tion execution. M1, together with IORQ, indicates an
interrupt acknowledge cycle.

MREQ. Memory Request (Qutput, 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 in-
struction, 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 indi-
cates that the CPU wants to read data from mem-
ory or an |/O device. The addressed 1/O device or
memory should use this signal to gate data onto the
CPU data bus.

RESET. Reset (Input, Active Low). RESET in-
itializes the CPU as follows : it resets the interrupt
enable flip-flop, clears the PC and Registers | and
R, and sets the interrupt status to Mode 0. During
reset time, the address and data bus go to a high-
impedance state, and all control output signals go
to the inactive state.

Note that RESET must be active for a 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 memory or I/O devices
are not ready for a data transfer. The CPU continues
to enter'a Wait state as long as this signal is active.
Extended WAIT periods can prevent the CPU from
refreshing dynamic memory properly.

WR. Write (Output, Active Low, 3-state). WR indi-
cates that the CPU data bus holds valid data to be
stored at the addressed memory or I/O location.

Ly S5s-THOMSON 21133
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Z8400

CPU TIMING .

The Z80 CPU executes instructions by proceeding
through a specific sequence of operations :

= Memory read or write

= |/O device read or write

= Interrupt acknowledge

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

INSTRUCTION OPCODE FETCH
The CPU places the contents of the Program
Figure 5 : Instruction Opcode Fetch.

Counter (PC) on the address bus at the start of the
cycle (figure 5). Approximately one-half clock cycle
later, MREQ goes active. When active, RD indicates
that the memory data can be enabled onto the CPU
data bus.

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

Ty T2

] \ 't )
CLOCK —/QD’ O \ \ [ }
D <O~
Ao-A1s ) PC ’“ REFRESH ADDR x
‘{‘}’ 0} ; i 12)
@—-*5.' -~ —(G)——
MREQ A —/ () } !
R_B T vya
Ca g i
WAIT R /’ RN
o —(13, _@).q
W . f '
—| @ (u;«-— Ealiaa O}
Do-D7 b——@:} VALID DATA
— 4
~@

RFSH

L == > 2
V —

Note : Tw-Wait cycle added when necessary for slow ancilliary devices.

22/33

<7}

140

SGS-THOMSON
MICRCELECTRONICS




Z8400

CPU TIMING (continued) fetch cycle. In a memory write cycle, MREQ also
becomes active when the address bus is stable. The
MEMORY READ OR WRITE CYCLES WR line is active when the data bus is stable, so that

Figure 6 shows the timing of memory read or write it can be used directly as an R/W pulse to most semi-
cycles other than an opcode fetch (M1) cycle. The conductor memories.
MREQ and RD signals function exactly as in the

Figure 6 : Memory Read or Write Cycles.

Ty T2 Tw T3
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Z8400

CPU TIMING (continued) cally inserts a single Wait state (Tw).
INPUT OR OUTPUT CYCLES This extra Wait state allows sufficient time for an /0O
Figure 7 shows the timing for an I/O read or I/O write ﬁﬁ;tsto decode the address from the port address
operation. During I/O operations, the CPU automati- ’
Figure 7 : Input or Output Cycles.
T, Tw: Tw T
cLock J SL_/!_\__/_'V | \ F__/
® \-ﬂJ \LﬂJ .
Ao-A VALID PORT ADDRESS ':': x
) - NI
ioR } .
—H—> O =)
| l4e @>| 4
- e
® @~
—
i3 ” o
opERATION ~ @ » @={H
Do-D7 Aand 0 DATA
+® ~oe
wR » @
wm'ﬂ '@_): ® (B>
OPERATION 7L
Do-D7 o DATA OUT p—

Lo

Note : Tw* = One wait cycle automatically inserted by CPU.
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CPU TIMING (continued)

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 in-

Figure 8 : Interrupt Request/Acknowledge Cycle.

struction (figure 8). When an interrupt is accepted,
a special M1 cycle is generated.

During this M1 cycle, IORQbecomes active (instead
of MREQ) to indicate that the interrupting device can
place an 8-bit vector on the data bus. The CPU auto-
matically adds two Wait states to this cycle.

Ty T2

CcLOCK

AYAVAVAWA VAN

Twe Tw: Tw T3

@]
iNT
® ®
Ao-Ass pC o
e (® @
W \ s /

7/

—>®¢— l —q-l®i<—

ioRa " i
O | [ et
_ o T C
wWart l’ /S \4
) [ —)
Do-Dy mﬁ S ::: VALIO DATA

Notes : 1. TL = Last state of previous instruction.
2. Two Wait cycles automatically inserted by CPU (*).
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CPU TIMING (contiued) not be disabled under software control. The sub-

sequent timing is similar to that of a normal instruc-
NON-MASKABLE INTERRUPT REQUEST tion fetch except that data put on the bus by the
CYCLE memory is ignored. The CPU instead executes a

NMI is sampled at the same time as the maskable ~ restart (RST) operation and jumps to the NMI ser-
interrupt input INT but has higher priority and can-  vice routine located at address 0066H (figure 9).

Figure 9 : Non-Maskable Interrupt Request Operation.

LAST M CYCLE
LAST T TIME T Tz T A Ts
m.,,_/——\_./—\_/ St._/—\_/r—\_/_\\__/r-_\_/
______ E <L) R RPN DU I SEPPIR P
L
Ag-As
y 3 K REFRESH x
—o| (1) [ ——@lq—
m
I" ﬁ
WREG
—v@q— @l"
N5 ﬂ |
@
- @ | 4
W - —

* Although NMI is an asynchronous input, to guarantee its being recognized on the following machine cycle, NMI's falling-edge must
occur no later than the rising edge of the clock cycle preceding Tiast.
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CPU TIMING (continued)

BUS REQUEST/ACKNOWLEDGE CYCLE

The CPU samples BUSREQ with the rising edge of
the last clock period of any machine cycle (figure

10). If BUSREQ is active, the CPU sets its address, -

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

Figure 10 : Z-Bus Request/Acknowledge Cycle.

=

cLock —/_\—[—\_‘/ \ ] \
|
. B 0
.’.w)-»l-ﬂ_ 6‘)"' ‘_I<O
BUsARG !
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()] @ ||
BUSACK .
— (@) - |e®
Ao-Aus " FLOAT y
) ST
—| 0 — ()
Do-D7 e FLOAT <F"—'
WAEG - e - @
RB,WK } e FLOAT —
ioRa J) SO,
-~ @ |-
w
@ |-
RFSH 4
HALY UNCHANGED

Note : T, = Last state of any M cycle.
Tx = An arbitrary clock cycle used by requesting device.
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CPU TIMING (continued)

HALT ACKNOWLEDGE CYCLE

When the CPU receives an Halt instruction, it ex-
ecutes NOP states until either an INT or NMI input
is received. When in the Halt state, the HALT out-
put is active and remains so until an interrupt is re-
ceived (figure 11).

Figure 11 : Halt Acknowledge Cycle.

RESET CYCLE
RESET must be active for at least three clock cycles

» for the CPU to properly accept it. As long as RESET

remains active, the address and data buses float,
and the control outputs are inactive. Once RESET

- goes inactive, three internal T cycles are consumed

before the CPU resumes normal processing oper-
ation. RESET clears the PC register, so the first op-
code fetch will be to location 0000 (figure 12).

I |
M1 M1 1 M1
Ta o T T2 T3 \C Ty T2
cLOCK ’ !L-[_\
® ®
MALT ,‘
Halt Instruction
Received
NMi W

Note : INT will also force a Halt exit.
* See note, Figure 9.

Figure 12 : Reset Cycle.
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AC CHARACTERISTICS

s 28400 | Z8400A | Z8400B | Z8400H

N Symbol Parameter Min. [Max.| Min. [Max.| Min. [Max.| Min. [Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
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 T to Address Valid Delay 145 110 90 80
7 | TdA (MREQf) | Address Valid to MREQ { Delay 125* 65 35" 20*
8 | TdCf (MREQf) | Clock { to MREQ | Delay 100 85 70 60
9 | TdCr (MREQr) | Clock T to MREQ T Delay 100 85 70 60
10| TwMREQh MREQ Pulse Width (high) 170" 110* 65* 45
11 TWMREQ! MREQ Pulse Width (low) 360" 220* 135* 100"
12 | TAC{(MREQr) | Clock 4 to MREQ T Delay 100 85 70 60
13|  TdCf (RDf) Clock 4 to RD | Delay 130 95 80 70
14|  TdCr(RDr) Clock T to RD T Delay 100 85 70 60
15 TsD(Cr) Data Setup Time to Clock T 50 35 30 30
16|  ThD(RDr) Data Hold Time to RD T 0 0 0 0
17| TSWAIT(Cf) | WAIT Setup Time to Clock 1 70 70 60 50
18| ThWAIT(Cf) | WAIT Hold Time to Clock 4 0 0 0 0
19 TdCr(MIf) Clock T to MI | Delay 130 100 80 70
20 TdCr(MIr) Clock T to MI T Delay 130 100 80 70
21| TdCr(RFSHf) | Clock T to RFSH | Delay 180 130 110 95
22| TACr(RFSHr) | Clock T to RFSH T Delay 150 120 100 85
23 TdCf(RDr) Clock { to RD T Delay 110 85 70 60
24|  TdCr(RDf) Clock T to RD | Delay 110 85 70 60
25 TsD(Cf) Data Setup to Clock { during 60 50 40 30
Mz, M3, My or M5 Cycles

26 TdA(IORQY) Address Stable Prior to IORQ 1 320" 180* 110* 75*
27| TdCr(IORQf) | Clock T to IORQ ! Delay 90 75 65 55
28 | TdCf(IORQr) Clock | to IORQ T Delay 110 85 70 60
29 TdCHWR() Data Stable Prior to WR { 190* 80" 25 5*
30| TdDf(WRf) Clock | to WR | Delay 90 80 70 60
31 TWWR WR Pulse Width 360* 220* 135* 100*
32| TdCf(WRr) Clock | to WR T Delay 100 80 70 60
33 TdD(WR) Data Stable Prior to WR | 20 - 10* — 55* 55+
34| TdCr(WRf) Clock T to WR | Delay 80 65 60 55
35 TdWRr(D) Data Stable from WR T 120* 60* 30~ 15*
36| TdCf(HALT) | Clock { to HALT T or L 300 300 260 225
37 TwNMI NMI Pulse Width ’ 80 80 70 60"

* For clock periods other than the minimums shown in the table, calculate parameters using the expressions in the table on the follow-

ing page.

All timings are preliminary and subject to change.
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AC CHARACTERISTICS (continued)

. : 28400 Z8400A | Z8400B | Z8400H

N Symbol Parameter Min. [Max.| Min. [Max.| Min. [Max.| Min. [Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns) [ (ns) | (ns)
38 | TsBUSREQ(Cr). | BUSREQ Setup Time to Clock T 80 50 50 40
39 | TcBUSREQ(Cr) | BUSREQ Hold Time after Clock T 0 0 0 0
40 | TdCr(BUSACKT) | Clock T to BUSACK | Delay - | 120 100 90 80
41 | TdCf(BUSACKr) | Clock | to BUSACK T Delay 110 100 90 80
42 TdCr(Tz) - | Clock T to Data Float Delay 90 90 80 70
43 TdCr(CTz) Clock T_to Control Outputs Float 110 80 70 60
Delay (MREQ, IORQ, RD, and WR)
44 TdCr(Az) Clock T to Address Float Delay 110 90 80 70
45 TdCTr(A) MREQ T,IORQ T, RD T, and WR T | 160 80" 35* 20*
to Address Hold Time

46 | TsRESET(Cr) RESET to Clock T Setup Time 90 60 60 45
47 | ThRESET(Cr) | RESET to Clock T Hold Time 0 0 0 0
48 TsINTH(Cr) INT to Clock T Setup Time 80 80 70 55
49| ThINTr(Cr) | INT to Clock T Hold Time 0 0 0 0
50 | TdMIf(IORQf) | MI{ to IORQ 4 Delay 920* 565" 365" 270"
51 TdCf(IORQf) Clock { to IORQ 4 Delay 110 85 70 60
52 | TdCf(IORQr) Clock 1 to IORQ T Delay 100 -85 70 60
53 TdCf(D) - | Clock { to Data Valid Delay 230 150 130 115

* For clock periods other than the minimums shown in the table, calculate parameters using the expressions on the following table
All timings are preliminary and subject to change.

FOOTNOTES TO AC CHARACTERISTICS

N° Symbol Z8400 Z8400A Z8400B
1 TcC TwCh + TwCl + TrC + TfC | TwCh + TwCl + TrC + TfC | TwCh + TwCl + TrC + TfC
2 TwCh Although static by design, | Although static by design, | Although static by design,
TwCh of greater than 200 | TwCh of greater than 200 | TwCh of greater than 200
us is not guaranteed. us is not guaranteed. ps is not guaranteed.
7 TdA(MREQf) | TwCh + TfC - 75 TwCh + TfC — 65 TwCh + TfC — 50
10 TWMREQh TwCh + TfC — 30 TwCh + TfC — 20 TwCh + TfC - 20
11 TWMREQI TcC — 40 TeC — 30 TcC - 30
26 TAA(IORQf) | TcC - 80 TcC - 70 TcC - 55
29 TdD(WRf)" TcC - 210 TcC - 170 TcC - 140
31 TWWR TcC - 40 TcC - 30 TeC - 30
33 TdD(WRf) TwCl + TrC — 180 TwCl + TrC — 140 TwCl + TrC — 140
35 TdWRr(D) TwCl + TrC — 80 TwCl + TrC - 70 TwCl + TrC — 55
45 TdCTr(/S)E TwCl + TrC — 40 TwCl + TrC - 50 TwCl + TrC - 50
50 TdMIf(IORQf) | 2TcC + TwCh + TfC — 80 | 2TcC + TwCh + TfC — 65 | 2TcC + TwCh + TfC — 50
AC Test Conditions : ' Vie=0.45V
Vik=2.0V Von=2.0V
V=08V VoL=0.8V

Vihc = Vec - 0.6 V

30733

FLOAT=+05V
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28400

ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Tstg Storage Temperature Range —65to + 150 °C
Ta Temperature under Bias Specified Operating Range

\ Voltages on all Inputs and Outputs with respect to GND -03+70 \'
Pp Power Dissipation 15 w

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating
only ; operation of the device at any condition above those indicated in the operational sections of these specifications is not implied. Ex-
posure to absolute maximum rating conditions for extended periods may affect device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following
standard test conditions, unless otherwise noted. All
voltages are referenced to GND (0V). Positive cur-
rent flows into the referenced pin. Available opera-
ting temperature ranges are :
= 0°'Cto+70°C,

+475V<Vecs+5.25V
s —40°Cto+85°C,

+4.75V<Vec<+5.25V
u —55°Cto+ 125 °C,

+4.75V<Vec<+5.25V

All ac parameters assume a load capacitance of
50pF. Add 10ns delay for each 50pF increase in

load up to a maximum of 200pF for the data bus and
100pF for address and control lines.

8V

FROM OUTPUT
UNDER TEST

‘WPfI A
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DC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Max. Unit
ViLe Clock Input Low Voltage - 0.3 0.45 \%
Vine Clock Input High Voltage Voe = 06|Vec +03|  V
ViL Input Low Voltage -03 0.8 \
ViH Input High Voltage 2.0 Vce \
VoL Output Low Voltage loL =2 mA 0.4 \
Vou Output High Voltage lon =— 250 uA 24 \"
lcc Power Supply Current

Z80 150! mA
Z80A 2002 | mA
Z80B 200 mA
Z80H 200 mA
I Input Leakage Current Vin=0to Vce - 10 HA
ILo 3-State Output Leakage Current in | Vout =0.4 to Vee - 10 10 HA
Float
Notes : 1. For military grade parts, lcc is 200 mA.
2. Typical rate for Z8B400A is 90 mA. _
3. Ais-Ao, D7-Do, MREQ, IORQ, RD, and WR.
CAPACITANCE

Symbol Parameter Note Min. | Max. | Unit

CcLock Clock Capacitance 35 pF
Ciy Input Capacitance Unmeasured pins returned to 5 pF

round
Cour Output Capacitance groun 10 pF
Ta=25°C,f=1MHz.
32/33
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ORDERING INFORMATION

Type Package Temp. Clock Description
Z8400B1 DIP-40 (plastic) 0/+ 70°C
Z8400F1 DIP-40 (frit seal) 0/+ 70°C
Z8400D1 DIP-40 (ceramic) 0/+ 70°C 2.5 MHz
Z8400D6 DIP-40 (ceramic) —40/+ 85°C ’
Z8400D2 DIP-40 (ceramic) —55/+125°C
Z8400C1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8400AB1 DIP-40 (plastic) 0/+ 70°C
Z8400AF1 DIP-40 (frit seal) 0/+ 70°C
Z8400AD1 DIP-40 (ceramic) 0/+ 70°C 4 MHz
Z8400AD6 DIP-40 (ceramic) —40/+ 85°C
Z8400AD2 DIP-40 (ceramic) —-55/+125°C
Z8400AC1 PLCC44 (plastic chip-carrier) 0/+ 70°C Z80 Central
Z8400BB1 | DIP-40 (plastic) 0/+ 70°C Processing Unit
Z8400BF1 DIP-40 (frit seal) 0/+ 70°C
Z8400BD1 DIP-40 (ceramic) 0/+ 70°C 6 MHz
Z8400BD6 DIP-40 (ceramic) —40/+ 85°C
28400BD2 DIP-40 (ceramic) —55/+125°C
Z8400BC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8400HB1 DIP-40 (plastic) 0/+ 70°C
Z8400HF1 DIP-40 (frit seal) 0/+ 70°C
Z8400HD1 DIP-40 (ceramic) 0/+ 70°C 8 MHz
Z8400HD6 DIP-40 (ceramic) —40/+ 85°C
Z8400HC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
LSz SGS-THOMSON 3333
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28410

Z80 DMA DIRECT MEMORY ACCESS CONTROL

= TRANSFERS, SEARCHES AND SEARCH/
TRANSFERS IN BYTE-AT-A-TIME, BURST OR
CONTINUOUS MODES. CYCLE LENGTH AND
EDGE TIMING CAN BE PROGRAMMED TO
MATCH THE SPEED OF ANY PORT.
DUAL PORT ADDRESSES (sources and desti-
nation) GENERATED FOR MEMORY-TO-/O,
MEMORY-TO-MEMORY, OR  I/O-TO-l/O
OPERATIONS
ADDRESSES MAY BE FIXED OR AUTOMATI-
CALLY INCREMENTED/DECREMENTED
» NEXT-OPERATION LOADING WITHOUT DIS-
TURBING CURRENT OPERATIONS VIA BUF-
FERED STARTING ADDRESS REGISTERS.
AN ENTIRE PREVIOUS SEQUENCE CAN BE
REPEATED AUTOMATICALLY
EXTENSIVE PROGRAMMABILITY OF FUNC-
TIONS. CPU CAN READ COMPLETE CHAN-
NEL STATUS
STANDARD Z80 FAMILY BUS-REQUEST AND
PRIORITIZED INTERRUPT-REQUEST DAISY
CHAINS IMPLEMENTED WITHOUT EXTER-
NAL LOGIC. SOPHISTICATED, INTERNALLY
MODIFIABLE INTERRUPT VECTORING
= DIRECT INTERFACING TO SYSTEM BUSES
WITHOUT EXTERNAL LOGIC

DESCRIPTION

The 280 DMA (Direct Memory Access) is a power-
ful ad 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.

Transfers can be done between any two ports
(source and destination), including memory-to-1/O,
memory-to-memory, and 1/O-to-1/O. Dual port ad-
dresses are automatically generated for each trans-
action and may be either fixed or
incrementing/decrementing. In addition, bit-mask-
able byte searches can be performed either concur-
rently with transfers or as an operation in itself.

The Z80 DMA contains direct interfacing to and in-
dependent control of system buses, as well as soph-

September 1988

B/F D
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28410

isticated bus and interrupt controls. Many pro-
grammable 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/0 and CPU environments.

The Z80 DMA is an n-channel silicon-gate deple-
tion-load device packaged in a 40-pin plastic or ce-
ramic DIP. It uses a single + 5 V power supply and
the standard Z80 Family single-phase clock.

Figure 1 : Dual in Line Pin Configuration.
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Figure 2 : Chip Carrier Pin Configuration.
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FUNCTIONAL DESCRIPTION

Classes of Operation. The Z80 DMA has three basic

classes of operation :

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

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

= 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 ad-
dressable 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 periph-
eral to main memory and vice versa.

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 Z80 DMA or 2M bytes
per second with the 4 MHz Z80 DMA. '

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

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

MODES OF OPERATION

The Z80 DMA can be programmed to operate in one
of three transfer and/or search modes :

» Byte-at-a-Time : data operations are performed

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.
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.

Continuous : data operations continue until the
end of the programmed block of data is reached
before the system buses are releases. If a port's
Ready line goes inactive before this occurs, the
DMA simply pauses until the Ready line comes
active again.
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Figure 3 : Typical Z80 Environment.

Figure 4 : Function of the Z80 DMA.
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In all modes, once a byte of data is read into the
DMA, the operation on the byte will be completed in
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 com-
pleted 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 (cont is N-1 where N is the block
length).

COMMANDS AND STATUS

The Z80 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
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DMA untilitis again enabled by a specific command.
Status bytes can also be read at any such time, but
writting the Read Status Byte command or the In-
itiate Read Sequence command disables the DMA.

Control bytes to the DMA include those which effect
immediate command actions such as enable, dis-
able, reset, load starting-address buffers, continue,
clear counters, clear status bits and the like. In ad-
dition, many mode-setting control bytes can be writ-
ten, including mode and class of operation, port
configuration, starting addresses, block length, ad-
dress 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 Z80 DMA has the unique feature of programm-
able operation-cycle length. This is valuable in tai-
loring the DMA to the particular requirements of
other system components (fast or slow) and
maximizes 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) as-
sociated with the source and destination ports can
be independently programmed as 2, 3 or 4 T-cycles
long (more if Wait cycles are used), thereby increas-
ing or decreasing the speed with which all DMA sig-
nals change (figure 5).
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Second, the four signals in each port specifically as-
sociated with transfers of data (I/O Request, Mem-
ory 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 Z80
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. Vari-
able addresses can increment or decrement from
the programmed starting address. The fixed-ad-
dress capability eliminates the need for separate en-
abling wires to I/O ports.

Port addresses are multiplexed onto the system ad-
dress bus, depending on whether the DMA is read-
ing 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 re-
loaded automatically at the end of a block. This op-
tion is selected by the Auto Restart control bit. The
byte counter is cleared when the addresses are re-
loaded.

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

INTERRUPTS

The Z80 DMA can be programmed to interrupt the
CPU on three conditions :
" m Interrupt on Ready (before requesting bus)

= Interrupt on Match

» Interrupt on End of Block

Any of these interrupts cause an interrupt-pending
status bit to be set, and each of them can optionally
alter the DMA’s interrupt vector. 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 Z80 Family’s elaborate inter-
rupt scheme, which provides fast interrupt service
in real-time applications. In a Z80 CPU environment,
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Figure 5 : Variable Cycle Lenght..
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the DMA passes its internally modifiable 8-bit inter-
rupt vector to the CPU, which adds an additional
eight bits to form the memory address of the inter-
rupt 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 ex-
ecuted after an interrupt acknowledge is the first in--
struction of the interrupt routine itself.

PULSE GENERATION

External devices can keep track of how many bytes
have been transferred by using the DMA'’s pulse
output, which provides a signal at 256-byte intervals.
The interval sequence may be offset at the begin-
ning by 1 to 255 bytes.

The Interrupt line outputs the pulse signal in a man-
ner 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 DESCRIPTIONS

Aq-A1s. System Address Bus (Output, 3-state). Ad-
dresses generated by the DMA are sent to both
source and destination ports (main memory or /O
peripherals) on these lines.

BAI. Bus Acknowledge In (Input, Active Low). Sig-
nals that the system buses have been released for
DMA control. In multiple-DMA configurations, the
BAI pin of the highest priority DMA is normally con-
nected 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
non other higher-priority DMA has requested the
system buses. BAI and BAO from daisy chain for
multiple-DMA priority resolution over bus control.
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BUSREQ. Bus Request (Bidirectional, Active Low,
Open Drain). As and 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 BAl and BAOQ, 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 func-
tion. As a CE line from the CPU, it becomes active
when WR and IORQ are active and the I/O port ad-
dress on the system address bus is the DMA’s ad-
dress, thereby allowing a transfer of control or
command 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 acknowledge 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/0 device.

CLK. System Clock (Input). Standard Z80 single-
phase clock at 2.5MHz (Z80 DMA) or 4.0MHz (Z80
DMA). For slower system clocks, a TTL gate with a
pullup resistor may be adeguate to meet the timing
and voltage level specification. For higher-speed
systems, use a clock driver with an active pullup to
meet the Vi specification and risetime require-
ments. In all cases there should be a resistive pul-
lup to the power supply of 10Kohms (max) to ensure
proper power when the DMA is reset.

Do-D7. System Data Bus (Bidirectional, 3-state).
Commands from the CPU, DMA status, and data
from memory or 1/O peripherals are transferred on
these lines.

IEl. Interrupt Enable In (Input, Active High). This is
used with IEO to from a priority daisy chain when
there is more than one interrupt-driven device. A
High on this line indicates that no other device of
higher priority is being serviced by a CPU interrupt
service routine. :
IEO. Interrupt Enable Out(Output, Active High). IEO
is High only if IEl is High and the CPU is not servic-
ing an interrupt from this DMA. Thus, this signal
block lower-priority devices from interrupting while
a higher-priority device is being serviced by its CPU
interrupt service routine.

INT/PULSE. Interrupt Request (Output, Active Low,
Open Drain). This requests a CPU interrupt. The
CPU acknowledges the interrupt by pulling its IORQ

output Low during an M1 cycle. It is typically con-
nected to the INT pin of the CPU with a pullup resis-
tor 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 BUS-
REQ 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/0 port
address for transfer of control or status bytes from
or to the CPU, respectively ; this DMA is the ad-
dressed 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 1/O_device involved in a DMA
transfer of data. When IORQ and M1 are both ac-
tive simultaneously, an interrupt acknowledge is in-
dicated.

M1. Machine Cycle One (Input, Active Low). Indi-
cates that the current CPU machine cycle is an in-
struction 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 fet-
ches, M1 is active as each opcode byte is fetched.
Aninterrupt acknowledge 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 control 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 sys-
tem 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. Depend-
ing on the mode of DMA operation (Byte, Burst or
Continuous), the RDY line indirectly controls DMA
activity by causing the BUSREQ line to go Low or
High. ]

WR. Write (Bidirectional, Active Low, 3-state). As
and input, this indicates that the CPU wants to write
control or command bytes to the DMA write regis-
ters. 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.

MICROELECTRONICS

L7 SCS-THOMSON 522

157



28410

INTERNAL STRUCTURE

The internal structure of the Z80 DMA includes
driver and receiver circuitry for interfacing with an 8-
bit system data bus, a 16-bit system address bus,
and system control lines (figure 6). In a Z80 CPU
environment, the DMA can be tied directly to the
analogous pins on the CPU (figure 7) with no addi-
tional buffering, except for the CE/WAIT line.

The DMA's internal data bus interfaces with the sys-
tem data bus and services all internal logic and reg-
isters. Addresses generated from this logic for Ports
Aand B (source and destination) of the DMA’s single

Figure 6 : Block Diagram.

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 re-
quest, and address generation. A set of twenty-one
writable control registers and seven readable status
registers provides the means by which the CPU gov-
erns and monitors the activities of these logic cir-
cuits. All registers are eight bits wide, with
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double-byte information stored in adjacent registers.
The two address counters (two bytes each) for Ports
A and B are buffered by the two stating addresses.

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

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

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

RRO-RR6 - Read Registers 0 through 6

Writing to a register within a write-register group in-
volves first writing to the base register, with the ap-
propriate pointer bits set, then writing to one or more
of the other register within the group. All seven of
the readable status registers are accessed sequen-
tially according to a programmable mask contained
in one of the writable registers. The section entitled
"Programming" explains this in more detail.

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

In multiple-DMA configurations, interrupt request
daisy chains are priorized by the order in which their
IEl and IEO lines are connected. The system bus,
however, may not be pre-empted.

Any DMA that gains access to the system bus keeps
the bus until it is finished.

PROGRAMMING

The Z80 DMA has two programmable fundamental
states : (1) an enabled state, in which it can gain
control of the system buses and direct the transfer
of data between ports, and (2) a disabled state, in
which it can initiate neither bus requests nor data
transfers. When the DMA is powered up or reset by
any means, it is automatically placed into the dis-
abled state. Program commands can be written to
it by the CPU in either state, but this automatically
puts the DMA in the disabled state, which is main-
tained until an enable command is issued by the
CPU. The CPU must program the DMA in advance
of any data search or transfer by addressing itas an
I/0 port and sending a sequence of control bytes

Write Registers

WRO0 Base Register Byte

Port A starting Address (low byte)
Port A starting Address (high byte)
Block Length (low byte)

Block Length (high byte)

WRH1 Base Register Byte

Port A Variable-timing Byte

WR2 Base Register Byte

Port B Variable-timing Byte

WR3 Base Register Byte

Mask Byte

Match Byte

WR4 Base Register Byte

Port B starting Address (low byte)
Port B starting Address (high byte)
Interrupt Control Byte

Pulse Control Byte

Interrupt Vector

WR5 Base Register Byte

WR6 Base Register Byte

Read Mask

Read Registers

RRO Status Byte

RR1 Byte Counter (low byte)

RR2 Byte Counter (high byte)

RR3 Port A Address Counter (low byte)
RR4 Port A Address Counter (high byte)
RR5 Port B Address Counter (low byte)
RR6 Port B Address Counter (high byte)

using an Output instruction (such as OTIR for the
Z80 CPU).

WRITING.

Control or command bytes are written into one or
more of the Write Register groups (WRO0-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 associ-
ated registers in a group are sequentially accessed
by first writing a byte to the base register containing
register-group identification and ponter bits (1’s) to
one or more of that base register's associated reg-
isters.

This is illustrated in figure 8b. In this figure, the se-
quence 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 writ-
ten to the DMA contains the bits that identify WRO
(bits DO, D1 and D7), and also contains 1’s in the bit
positions that point to the associated "Port A Start-
ing Address (low byte)" and "Port A Starting Address
(high byte)", then the next two byte written to the
DMA will be stored in these two registers, in that
order.
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Figure 8a : Read Registers.
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READING Therefore, a fixed destination address must be

The Read Registers (RR0O-RR6) are read by the
CPU by addressing the DMA as an /O port using
and Inputinstruction (such as INIR for the Z80 CPU).
The readable bytes contain DMA status, byte-
counter values, and port addresses since the last
DMA reset. The registers are always read in a fixed
sequence beginning with RRO and ending with RR6.
However, the register read in this sequence is deter-
mined by programming the Read Maskin WR6. The
sequence of reading is initialized by writing an In-
itiate Read Sequence or Set Read Status command
to WR6. After a Reset DMA, the sequence must be
initialized with the Initiate Read Sequence com-
mand or a Read Status command. The sequence
of reading all registers that are not excluded by the
Read Mask register must be completed before a
new Initiate Read Sequence or Read Status com-
mand.

FIXED-ADDRESS PROGRAMMING

A special circumstance arises when programming
a destination 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.

8/22
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loaded by temporarily declaring it a fixed-source ad-
dress and subsequently declaring the true source
as such, thereby implicitly making the other a desti-
nation.

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.
» 2. Load Port B address in WR6.

= 3. Declare Port A as source in WRO.

» 4. Load Port A address in WR6.

= 5. Enable DMA in WR6.

Figure 9 illustrates a program to transfer data from
memory (Port A) to a peripheral device (Port B). In
this example, the Port A memory starting address is
10504 and the Port B peripheral fixed address is
05H. Note that the data flow is 1001H 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 Z80 CPU’s OTIR
instruction.
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Figure 8b : Write Registers.

WR ENDS % CYCLE EARLY = 0
EN

Write Reglster 0 Group
Oy 0, 0, O, D, D, D, Dy
o BASE BYTE

0O NOT USE

-0 o——
°

1 = SEARCH/TRANSFER

0 = PORT B — POAT A
1 = PORTA —PORT B

PORT A STARTING ADDRESS
(tow 8YTH
A STARTING ADDRESS

PORT
(HIOH BYTE)

BLOCK LENGTH
Low BYTH

BLOCK LENGTH
(HIGH 8YTE)

Write Roglster 1 Group
0, D, 0y 0, 0, 0; D, D,

BASE REGISTER BYTE

0 = PORT A IS MEMORY
1= PORT A IS VO

= PORT A ADDRESS DECREMENTS
= PORT A ADDRESS INCREMENTS

= PORT A ADDRESS FIXED

PORT A VARIABLE TIMING BYTE

ENDS % CYCLE EARLY =0 | 0 0= CYCLELENGTH = &
ENDS # CYCLE EARLY =0 0 1= CYCLELENGTH = 3
WREQ ENDS % CYCLE EARLY = 0 1 0= CYCLE LENGTH = 2
1__1 = DO NOY USE
0 = IORG ENDS % CYCLE EARLY
Writo Rogister 2 Group

D, Dy Dy D, Oy 0, D Dy
[0 ] o Jo]sase necisren ovre

0 = PORT 8 IS MEMORY
1 = PORT B IS VO

0 = PORT B ADDRESS DECREMENTS

1 = PORT B ADDRESS INCREMENTS

N | = PORT B ADDADSS FIXED

1

PORT B VARIABLE TIMING BYTE

YCLE LENQGTH = 4
YCLE LENGTH = 3
YCLE LENGTH = 2
DO NOT USE

= JORQ ENDS % CYCLE EARLY

DS % CYCLE EARLY = 0
WEG ENDS % CYCLE EARLY = 0
o

[
eqn

Write Reglster 3 Group
0; Dy 0y D, D, D; Dy Op
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INTERRUPT ENABLE = 1
MASK BYTE (0 = COMPARE)
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Q.|
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3
o
2
]
«o=o

PORT B ADDRESS
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PORT B
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[] INTERRUPT CONTROL BYTE
1
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b i
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' | I [ | HEX COMMAND NAME

1 0 0 0 0=C3=RESET

1 0 0 0 1=CZ=RESET PORT A TIMING

1 0 0 1 0'=CB= RESET PORT B TIMING
1.0 0 1 1-CF-LOAD

1 0 1 0 0=D3: CONTINUE

0 1 0 1 1= AF = DISABLE INTERRUPTS

0 1 0 1 0ZAB = ENABLE INTERAUPTS

0 1 0 0 0=A3=RESET AND DISABLE INTERRUPTS
0 1 1 0 1= B7= ENABLE AFTER RETI

0 1 1 1 1= BF = READ STATUS BYTE

0 1 0 = 88 = REINITIALIZE STATUS BYTE
© 1 0 0 1=A7=INITIATE READ SEQUENCE

0 1 1 0 0=B3=FORCE READY

0 0 0 0 1 =287 =ENABLE DMA
0 0 0 0 0=83=0DISABLE DMA

[——— 0 Y 1 1 0-=8B = READ MASK FOLLOWS

L— srarus avie
BYTE COUNTER (LOW BYTE)
BYTE COUNTER (MIGH BYTE)
PORT A ADDRESS (LOW BYTE}
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Figure 9 : Sample DMA Program.

Comments D, D¢ Ds D4 D3
WRO sets DMA to receive 0 1 1 1 1
block length. Port A starting Block Length | Block Length Port A Port A
address and temporarily sets Upper Lower Upper Lower
Port B as source. Follows Follows Address Address
Follows Follows
Port A Address (lower) 0 1 0 1 0
Port A Address (upper) 0 0 0 1 0
Block Length (lower) 0 0 0 0 0
Block Length (upper) 0 0 0 1 0
WR1 defines Port A as memory 0 0 0 1 0
with fixed incrementing address. No Timing Address Address Port is Memory
Follows Changes Increments
WR2 defines Port B as 0 0 1 0 1
peripheral with fixed address. No Timing | Fixed Address Port is
Follows 110
WR#4 sets mode to Burst, sets 1 1 0 0 0
DMA to expect Port B address. No Interrupt No Upper
Burst Mode Control Byte Address
Follows
Port B Address (lower) 0 0 0 0 0
WR5 Sets Ready Active High. 1 0 0 0 1
No Auto No Wait RDY
Restart States Active High
WR6 Loads Port B Address and 1 1 0 0 1
Resets Block Counter. *
WRO Sets Port A as Source. * 0 0 0 0 0
No Address or Block Length Bytes
WR6 Loads Port A Address and 1 1 0 0 1
Resets Block Counter.
WR6 Enables DMA to start 1 0 0 0
operation.

Note : Ihe actual number of bytes transferred is one more than specified by the block length.
These entries are necessary only in the case of a fixed destination address.

10/22
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Figure 9 : Sample DMA Program (continued).

Comments D> D, Do HEX

WRO sets DMA to receive block length. Port A 0 0 1 79
starting address and temporarily sets Port B as B—-A
source. Temporary for

Loading B Transfer, No Search

Address *
Port A Address (lower) 0 0 0 50
Port A Address (upper) 0 0 0 10
Block Length (lower) 0 0 0 00
Block Length (upper) 0 0 0 10
WR1 defines Port A as memory with fixed 1 0 0 14
incrementing address.
WR2 defines Port B as peripheral with fixed 0 1 0 28
address.
WR4 sets mode to Burst, sets DMA to expect 1 0 1 C5
Port B address. Port B Lower

Address

Follows
Port B Address (lower) 1 0 1 05
WR5 Sets Ready Active High. 0 1 0 8A
WR6 Loads Port B Address and Resets Block 1 1 1 CF
Counter. *
WRO Sets Port A as Source. * 1 0 1 05

A—B Transfer, No Search
WR6 Loads Port A Address and Resets Block 1 1 1 CF
Counter.
WR6 Enables DMA to start operation. 1 1 1 87
Note : The actual number of bytes transferred is one more than specified by the block length.
* These entries are necessary only in the case of a fixed destination address.
11/22
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INACTIVE STATE TIMING (DMA as CPU
Peripheral).

In its disabled or inactive state, the DMA is ad-
dressed by the CPU as an I/O peripheral for write
and read (control and status) operations. Write tim-
ing is illustrated in figure 10.

Reading of the DMA's status byte, byte counter or
port address counters is illustrated 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 approximately one T-cycle after they become
active.

ACTIVE STATE TIME (DMA as Bus Control-
ler).

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 Z80
CPU's timing of read and write cycles for memory
and |/O peripherals, with one exception : during a
read cycle, data is latched on the falling edge of Tz
and held on the data bus across the boundary be-
tween read and write cycles, through the end of the
following write cycle.

Figure 12 illustrates the timing for memory-to-1/O
port transfers and figure 13 illustrates 1/0-to-mem-
ory transfers. Memory-to-memory and I/O-to-1/O
transfers timings are simply permutations of these
diagrams.

Figure 12 : Memory-to-I/O Transfer.

Figure 10 : CPU-to-DMA Write Cycle

e LML
e T\| STTIICC

Figure 11 : CPU-to-DMA Read Cycle.

CE —————

fORQ
i ﬁ___

S L

The default timing uses three T-cycles for memory
transactions and four T-cycles for I/O transactions,
which include one automatically inserted wait cycle
between T2 and Ta. If the CE/WAIT line is pro-
grammed to act a WAIT line during the DMA’s ac-
tive state, it is sampled on the falling edge of Tz for
memory transactions and the falling edge of Tw for
1/O transactions. If CE/WAIT is Low during this time
another T-cycle is added, during which the
CE/WAIT line will again be sampled. The duration
of transactions can thus be indefinitely extended.

'R MEMORY READ } 0 WRITE |
Ty I T2 | Ty r n | T2 ] Tw ] T3 |
Ao-Ass _X x
MREQ ] \
READ {,
=
o \ —
WRITE
- \ —
Do-D7 ::)—;T:‘ﬁ?%:-"—( DATA BUS DRIVEN BY DMA
cewar || 'r";“'_—"__"—_";""‘: T
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VARIABLE CYCLE AN EDGE TIMING

The Z80 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 of four-T-cycle (more if Wait cycles are
inserted), thereby increasing or decreasing the
speed of all signals generated by the DMA. In addi-
tion, the trailing edges of the IORQ, MREQ, RD and
WR signals can be independently terminated one-
half cycle early. Figure 14 illustrates this.

In_the variable-cycle mode, unlike default_timing,
1ORQ comes_active one-half cycle before MREQ,
RD and WR. CE/WAIT can be used to extend only
the 3 or 4 T-cycle variable memory cycles and only
the 4-cycle variable I/O cycle. The CE/WAIT line is
sampled at the falling edge of Tz for 3- or 4-cycle
memory cycles, and at the falling edge of Ts for 4-
cycle 1/O cycles.

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

BUS REQUESTS

Figure 15 illustrates the bus request and accept-
ance timing. The RDY line, which may be pro-
grammed active High or Low, is sampled on every
rising edge of CLK. If it is found to be active, and if

Figure 13 : 1/0O-to-Memory Transfer.

the bus is not in use by any other device, the follow-
ing rising edge of CLK drives BUSREQ low. After
receiving BUSREQ the CPU acknowledges on the
BAI input either directly or through a multiple-DMA
daisy chain. When a Low is detect on BAI for two
consecutive rising edges of CLK, the DMA will begin
transferring data on the next rising edge of CLK.

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 Z80 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 nextbus 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.

cLx

J— VO READ MEMORY WRITE ——’
|T-|Y;|r-|v;|n|r,_|r,

aoars X X )
ioRa \ /
o /
00-07 )—'EL'NEﬂH Y T T )
WREG | [T
= S
CEIWAIT - _—-1—-—4 —_‘__
b ——H Y-
13/22
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BUS RELEASE AND 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 some-
what delayed from action on the RDY line. The DMA
always completes its current byte operation in an or-
derly fashion before releasing the bus.

By contrast, BUSREQis not released in Continuous
mode when RDY goes inactive. Instead, the DMA
idles after completing the current byte operation,
awaiting an active RDY again.

BUS RELEASE ON MATCH

If the DMA is programmed to stop on match in Burst
or Continuous 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

Figure 14 : Variable-Cycle and Edge Timing.

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 timings for these in other
780 peripherals.

Interrupt on RDY (interrupt before requesting bus)
does not directly affect the BUSREQ line. Instead,
the interrupt service routine must handle this by is-
suing the following commands to WR® :
1. Enable after Return From Interrupt (RETI)
Command - Hex B7
2. Enable DMA - Hex 87
3. A RET!I instruction that reset the interrupt
Under Service latch in the Z80 DMA.

Figure 15 : Bus Request and Acceptance.

— rrrerrrrir e
'°"°—\___I_.L..l_ L
T T
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i
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b

2.CYCLE 3CYCLE 4-CYCLE
EARLY END EARLY END EARLY END

wm

DMA oMA
INACTIVE T~ ACTIVE

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

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

DMA ACTIVE ——'-— DMA INACTIVE

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

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

ACTIVE

w LI
N Afm———
ACTIVE RDY o M o f fo o e fom
WNACTIVE (( Wﬁ
sushea . l | BYTEn | BYTEa+1 ‘I A
‘ | READ IN | Il:lnllblu l NACTIVE
]o—"‘e'i'éi'i'nz‘;“—{-— acnve Monanen”
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Ta Operating Ambient Temperature Under Bias As Specified Under
"Order Codes"
Tstg Storage Temperature - 65to + 150 °C
Vi Voltage on Any Pin with Respect to ground -3to+7 \%
Po Power Dissipation 1.5 W

Stresses greater then those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress
rating only ; operation of the device at any condition above those indicated in the operational sections of these specifications is not im-
plied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into
the referenced pin. Available operating temperature
ranges are :
= 0°Cto + 70 °C,
+475V<Vec<+525V
w —40°C to + 85 °C, :
+4.75V<Vec<+5.25V
= —55°C to + 125 °C,
+4.75V<Vec<+5.25V
All ac parameters assume a load ‘capacitance of

100pF max. Timing references between two output
signals assume a load difference of 50pF max.

‘7_ SGS-THOMSON

FROM OQUTPUT
UNDER TEST
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DC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Max. Unit
ViLe Clock Input Low Voltage -0.3 0.45 \%
ViHe Clock Input High Voltage Vec -06| 55 \%
Vi Input Low Voltage -03 0.8 Vv
ViH Input High Voltage 2.0 55 \
VoL Output Low Voltage loL = 3.2 mA for BUSREQ 0.4 \%

) loL = 3.2 mA for all others
Voh Output High Voltage lon =— 250 pA 2.4 \'
lcc Power Supply Current

78410 Z80 DMA 150 mA

Z8410A Z80A DMA 200 mA

Iy Input Leakage Current Vin =0 to Vee 10 HA
ILo 3-State Output Leakage Current in Float VouTt =0.4 to Vee -10 10 HA
ILp Data Bus Leakage Current in Input Mode | 0 < Viy < Vce -10 10 pA

CAPACITANCE

Symbol Parameter Test Conditions Min. Max. Unit
C Clock Capacitance Unmeasured Pins 35 pF
Cin Input Capacitance Returned to Ground 5 pF
Cour Output Capacitance 10 pF

Over specified temperature range ; f = 1 MHz.

MICROELECTRONICS

168

1622 L7 SGS-THOMSON




Z8410

INACTIVE STATE AC CHARACTERISTICS

. 28410 Z8410A

N Symbol Parameter Min. Max. Min. Max.

(ns) (ns) (ns) (ns)

1 TcC Clock Cycle Time 400 4000 250 4000
2 TwCh Clock Width (high) 170 2000 110 2000
3 TwCl Clock Width (low) 170 2000 110 2000
4 TrC Clock Rise Time 30 30
5 TfC Clock Fall Time 30 30
6 Th Hold Time for any Specified Setup Time 0 0

7 | Tsc(cr IORQ, ER, CE ! to Clock T Setup 280 145

8 | TdDO(RDf) RD | to Data Output Delay 500 380
9 TsWM(Cr) Data in to Clock T Setup (m or I\_/I—I) 50 50

10| TdCH(DO) IORQ ! to Data Out Delay (INTA cycle) 340 160
11| TdRD(Dz) | RD 7 to Data Float Delay (output buffer disable) 160 110
12 | TsIE(IORQ) | IEI | to IORQ { Setup (INTA cycle) 140 140

13 | TdIEOr(IElr) | IEI T to IEO T Delay 210 160
14| TdIEO(IEI) | IEI to IEO | Delay 190 130
15| TdAMI(IEO) | MI ! to IEO | Delay (interrupt just prior to MI ) 300 190
16| TsMIf(Cr) | MI L to Clock T Setup 210 90

17|  TsMir(Cf) M1 T to Clock 4 Setup 20 -10

18| TsRD(Cr) | RD ! to Clock T Setup (Ml cycle) ‘ 240 115

19| TdIINT) | Interrupt Cause to INT { Delay (INT generated 500 500

only when DMA is inactive)

20 | TdBAIr(BAOr) | BAI T to BAO T Delay 200 150
21 | TABAIf(BAOf) | BAI { to BAO | Delay 200 150
22| TsRDY(Cr) | RDY Active to Clock T Set up 150 100

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

17/22
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INACTIVE STATE CHARACTERISTICS (continued).

8y

CLOCK 42V 08V
PUT 20V 0BV
INPUT 20V 08V
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ACTIVE STATE AC CHARACTERISTICS

5 Z8410 Z8410A
N Symbol Parameter Min. Max. Min. Max.
(ns) (ns) (ns) (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 TfC 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
9 | TsA(IRW) | Address Stable to IORQ, RD, WR | Setup (1)-80 (1)-70
(I/0 cycle)
*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 50 35
(read cycle when rising edge ends read)
15| TsDI(Cf) Data in to Clock 1 Setup 60 50
(read cycle when falling edge ends read)
*16| TsDO(WfM) | Data out to WR 1 Setup (memory cycle) (1)-210 (1)-170
17| TsDO(Wfl) | Data Out to WR | Setup (/O cycle) 100 100
*18| TdWr(DO) | WR 7T to Data Out Delay (3)+(4)-80 (3)+(4)-70
19 Th Hold Time for Any Specified Setup Time [ 0
20| TdCr(Mf) Clock { to MREQ { Delay 100 85
21 TdCf(Mr) Clock T to MREQ T Delay 100 85
22 |  TdCr(Mr) Clock | to MREQ T Delay 100 85
23| TdCf(Mr) Clock | to MREQ T Delay 100 85
24 TwMI MREQ Low Pulse Width (1)-40 (1)-30
*25| TwMh MREQ High Pulse Width (2)+(5)-30 (2)+(5)-20
26 |  TdC(If) Clock 4 to IORQ | Delay 110 85
27 TdCr(lf) Clock T to IORQ ! Delay 90 75
28 TdCr(Ir) Clock T to IORQ T Delay - 100 85
*29|  TdCf(Ir) Clock | to IORQ T Delay 110 85
Notes : 1. Numbers in parentheses are other parameter-numbers in this table ; their values should be substituted in equations.

1.
2. All equations imply DMA default (standard) timing.

3. Data must be enabled into data bus when RD is active.
4.

Asterisk (*) before parameter number means the parameter is not illustrated in the AC Timing Diagrams.
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ACTIVE STATE AC CHARACTERISTICS (continued)

Z8410 Z8410A

Ne Symbol Parameter Min. Max. Min. Max.

(ns) (ns) (ns) (ns)
30| TdCr(Rf) | Clock T to RD { Delay 100 85
31| TdCi(Rf) | Clock 4 to RD { Delay 130 95
32| TdCr(Rr) | Clock T to RD | Delay 100 85
33| TdCf(Rr) | Clock 4 to RD T Delay 110 85
34 TdCr(wf) | Clock T to WR | Delay 80 65
35| TdCf(Wf) | Clock | to WR L Delay 90 80
36 | TdCr(Wr) Clock T to WR 4 Delay 100 80
37| TdCH(Wr) | Clock 4 to WR T Delay 100 80
38 TwWI WR Low Pulse Width (1)-40 v (1)-30
39| TsWA(CT) | WAIT to Clock | Setup 70 70
40| TdCr(B) Clock T to BUSREQ Delay 150 100
41| TdCr(lz) Clock T to IORQ, MREQ, RD, WR Float Delay 100 80

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

20/22

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

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

172

&y

SGS-THOMSON
MICROELECTRONICS




28410

ACTIVE STATE AC CHARACTERISTICS (continued).
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ORDERING INFORMATION

Type Package Temp. Clock Description
Z8410B1 DIP-40 (plastic) 0/+ 70°C 280 Direct
Z8410F1 DIP-40 (frit seal) 0/+ 70°C Memory Access
Z8410D1 DIP-40 (ceramic) 0/+ 70°C 2.5 MHz Unit
Z8410D6 DIP-40 (ceramic) —40/+ 85°C :

Z8410D2 DIP-40 (ceramic) —55/+125°C
Z8410C1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8410AB1 DIP-40 (plastic) 0/+ 70°C
Z8410AF1 DIP-40 (frit seal) 0/+ 70°C
Z8410AD1 DIP-40 (ceramic) 0/+ 70°C 4 MHz
Z8410AD6 DIP-40 (ceramic) —40/+ 85°C
Z8410AD2 DIP-40 (ceramic) —55/+125°C
Z8410AC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
22/22 ;
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Z80 PIO PARALLEL INPUT/OUTPUT CONTROLLER

= PROVIDES A DIRECT INTERFACE BETWEEN
Z80 MICROCOMPUTER SYSTEMS AND PE-
RIPHERAL DEVICES

= BOTH PORTS HAVE INTERRUPT-DRIVEN
HANDSHAKE FOR FAST RESPONSE

« FOUR PROGRAMMABLE  OPERATING
MODES : BYTE INPUT, BYTE OUTPUT, BYTE
INPUT/OUTPUT (Port A only), AND BIT
INPUT/OUTPUT

s PROGRAMMABLE INTERRUPTS ON PERIPH-
ERAL STATUS CONDITIONS

= STANDARD Z80 FAMILY BUS-REQUEST AND
PRIORITIZED INTERRUPT-REQUEST DAISY
CHAINS IMPLEMENTED WITHOUT EXTER-
NAL LOGIC

= THE EIGHT PORT B OUTPUTS CAN DRIVE

DARLINGTON TRANSISTORS (1.5 mA at
1.5V)

DESCRIPTION

The Z80 PIO Parallel I/O Circuit is a programmable,
dual-port device that provides a TTL-compatible in-
terface between peripheral devices and the Z80
CPU. The CPU configures the Z80 PIO to interface
with a wide range of peripheral devices with no other
external logic. Typical peripheral devices that are
compatible with the Z80 PIO include most key-
boards, paper tape readers and punches, printers,
PROM programmers, etc.

One characteristic of the Z80 peripheral controllers
that separates them from other interface controllers
is that all data transfer between the peripheral de-
vice and the CPU is accomplished under interrupt
control. Thus, the interrupt logic of the PIO permits
full use of the efficient interrupt capabilities of the
Z80 CPU during I/O transfers. All logic necessary to
implement a fully nested interrupt structure is in-
cluded in the PIO.

Another feature of the PIO is the ability to interrupt
the CPU upon occurrence of specified status condi-
tions in the peripheral device. For example, the PIO
can be programmed to interrupt if any specified pe-
ripheral alarm conditions should occur. This inter-
rupt capability reduces the time the processor must
spend in polling peripheral status. :

The Z80 PIO interfaces to peripherals via two inde-
pendent general-purpose /O ports, designated port

September 1988

(Plastic and Frit Seal) (Ceramic)

C
PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)
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Figure 1 : Dual in Line Pin Configuration.
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A and Port B. Each port has eight data bits and two
handshake signals, Ready and Strobe, which con-
trol 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 occured.

OPERATING MODES

The Z80 PIO ports can be programmed to operate
in four modes : byte output (mode 0), byte input

215 L7 SGS-THOMSON

(mode 1), byte input/output (mode 2) and bit
input/output (mode 3).

In mode O, either port A or port B can be pro-
grammed to output data. Both ports have output reg-
isters 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 in-
dicates to the external device that data is available
atthe 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 P1O 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 I/O
port, which latches the data into the Port Input Reg-
ister, resets Ready, and triggers the Interrupt Re-
quest, 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 in-
terrupts and handshake signals from both ports.
Port B must be set to mode 3 and masked off. in
operation, port A is used for both data input and out-
put. 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 en-
abled).

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 is
generated if the condition of one input changes, or
if all inputs change. The requirements for genera-
ting an interrupt are defined during the programm-
ing 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 is programmed for
active Low inputs and the logic functionis AND, then
allinputs at the specified port must go Low to gener-
ate an interrupt.

Data outputs are controlled by the CPU and can be

written or changed at any time.

m Individual bits can be masked off.

= The handshake signals are not used in mode 3,
Ready is held Low, and Strobe is disabled. )

= When using the Z80 PIQO interrupts, the Z80 CPU
interrupt mode must be set to mode 2.

MICROELECTRONICS
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INTERNAL STRUCTURE

The internal structure of the Z80 PIO consists of a
Z80 CPU bus interface. internal control logic, port A
1/O logic, port B I/O logic, and interrupt control logic
(figure 3). The CPU bus interface logic allows the
Z80 P10 to interface directly to the Z80 CPU with no
other external logic. The internal control logic syn-
chronizes the CPU data bus to the peripheral device
interfaces (port A and port B). The two I/O ports (A
and B) are virtually identical and are used to inter-
face directly to peripheral devices.

PORT LOGIC

Each port contains separate input and output regis-
ters, handshake control logic, and the control regis-
ters shown in figure 4. All data transfers between
the peripheral unit and the CPU use the data input
and output registers. The handshake logic associ-
ated with each port controls the data transfers
through the input and the output registers. The
mode control register (two bits) selects one of the
four programmable operating modes.

The control mode (mode 3) uses the remaining reg-
isters. The input/output control register specifies
which of the eight data bits in the port are to be out-
puts and enables these bits ; the remaining bits are
inputs. The mask register and the mask control reg-
ister control mode 3 interrupt conditions. The mask
register specifies which of the bits in the port are ac-
tive and which are masked or inactive.

The mask control register specifies two conditions :
first, whether the active state of the input bits is High
or Low, and second, whether an interrupt is gener-
ated when any one unmasked input bit is active (OR
condition) or if the interrupt is generated when all
unmasked input bits are active (AND condition).

Figure 3 : Block Diagram.

INTERRUPT CONTROL LOGIC

The interrupt control logic section handles all CPU
interrupt protocol for nested-priority interrupt struc-
tures. Any device's physical location in a daisy-chain
configuration determines its priority. Two lines (lEl
and IEO) are provided in each PIO to form this daisy
chain. The device closest to the CPU has the hig-
hest priority. Within a PIO, port A interrupts have
higher priority than those of port B. In the byte input,
byte output. or bidirectional modes, an interrupt can
be generated whenever the peripheral requests a
new byte transfer. In the bit control mode, an inter-
rupt can be generated when the peripheral status
matches a programmed value. The PO provides for
complete control of nested interrupts. That is, lower
priority devices may not interrupt higher priority de-
vices that have not had their interrupt service rou-
tines completed by the CPU. Higher priority devices
may interrupt the servicing of lower priority devices.

If the CPU (in interrupt mode 2) accepts an interrupt,
the interrupting device must provide an 8-bit inter-
rupt vector for the CPU. This vector forms a pointer
to a location in memory where the address of the in-
terrupt service routine is located. The 8-bit vector
from the interrupting device forms the least signifi-
cant eight bits of the indirect pointer while the | Reg-
ister in the CPU provides the most significant eight
bits of the pointer. Each port (A and B) has an inde-
pendent interrupt vector. The least significant bit of
the vector is automatically set to 0 within the P1O be-
cause the pointer must point to two adjacent mem-
ory locations for a complete 16-bit address.

Unlike the other Z80 peripherals, the PIO does not
enable interrupts immediately after programming. It
waits until M1 goes Low (e.g., during an opcode
fetch). This condition is unimportant in the Z80 en-
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Figure 4 : Typical Port I/O Block Diagram.

MODE
CONTROL
REGISTER

@mirs)

0
d

INPUT/
ouTPUT
SELECT

REGISTER

®BITs

OUTPUT
! I ENABLE

INTERNAL BUS

DATA
OUTPUT
REGISTER
BT

MASK DATA
conTROL :> ASK ——— ineut
REGISTER
REGISTER K REGISTER
@BIs) o @ eire)

w
HAND-
INVERRUPT —
L CONTROL |a—an] (SHAKE g g
106 Loaic ! 8

if the peripheral 1/0 pins go to the specified state.

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

vironment 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 in the system knows at all times whether
itis being serviced by the CPU interrupt service rou-
tine. No other communication with the CPU is re-
quired.

CPUBUS I/0 LOGIC

The CPU bus interface logic interfaces the Z80 PIO
directly to the Z80 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 programming and, in turn, controls the oper-
ating functions of the Z80 PIO. The control logic syn-
chronizes the port operations, controls the port
mode, port addressing, selects the read/write func-
tion, and issues appropriate commands to the ports
and the interrupt logic. The Z80 PIO does not re-
ceive a write input from the CPU ; instead, the RD,
CE, C/D and IORQ signals generate the write input
internally. :

4/15

‘y—l SGS-THOMSON

PROGRAMMING
MODE 0, 1,0R 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 oper-
ating mode (figure 5). This word may be written any
time.

AN INTERRUPT VECTOR. The Z80 PIO is de-
signed for use with the Z80 CPU in interrupt mo-
de 2 (figure 6). When interrupts are enabled, the PIO
must provide an interrupt vector.

MODE 3

(Bit Input/Output). Programming a port for mode 3
operation requires a control word, a vector (if inter-
rupts are enabled), and three additional words, de-
scribed as follows :

/0 REGISTER CONTROL. When mode 3 is se-
lected, the mode control word must be followed by
another control word that sets the 1/O control regis-
ter, which in turn defines which port lines are inputs
and which are outputs (figure 7).
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Figure 5 : Mode Control Word.

Figure 7 : 1/O Register Control Word.

_—: ADENYVIFIES MODE
CONTROL WORD
DON'T CARE

MODE SELECT

a 0o MdDEO
0 1 MODE1
1 0 MODE2
t 1 MODE3

[or] s Jos[oa s |02 3, [ )
[ 0 SETS BIT 70 OUTPUT

1 SETS BIT TO INPUT

Figure 6 : Interrupt Vector Word.

Figure 8 : Interrupt Control Word.

{27 [os [os[oufps[0z[0s] 0|

l__ IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

1DENTIFIES INTERRUPT
CONTROL WORD

D4 = 0 NO MASK WORK FOLLOWS
D4 = 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,

INTERRUPT CONTROL WORD. In mode 3, hand-
shake is 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 generating aninterrupt. Two logic -

conditions or functions are available : AND (if all
input bits change to the active level, an interrupt is
triggered), and OR (if any one of the input bits
changes to the active level, aninterrupt is triggered).
Bit Ds sets the logic function, as shown in figure 8.
The active level of the input bits can be set either
High or Low. The active level is controlled by bit Ds.

Figure 9 : Mask Control Word.

- MASK CONTROL WORD. This word sets the mask

control register, allowing any unused bits to be
masked off. If any bits are to be masked, then D4
must be set. When D4 is set, the next word written
to the port must be a mask control word (figure 9).

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 10).

Figure 10 : Interrupt Disable Word.

[or]es]os[oa Joa[oa[o:[oo]

MBo-MB7; MASK BITS. A

BIT 1S MONITORED FOR AN
INTERRUPT IF IT IS
DEFINED AS AN INPUT AND
THE MASK BIT 1S SET TO 0.

{orfoe]ps[oa] 0 fof4] 1]

IDENTIFIES INTERRUPT

DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

457 SGS:THOMSON 515
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PIN DESCRIPTIONS

Ao-A7. Port A Bus (Bidirectional, 3-state). This 8-bit
bus transfers data, status, or controlinformation be-
tween port A of the PIO and a peripheral device. Ao
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 oper-
ation 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 is stable and ready for trans-
fer to the peripheral device.

INPUT MODE. This signal is active when the port A
input register is empty and ready to acceptdata from
the peripheral device.

BIDIRECTIONAL MODE. This signal is active when
data is available in the port A output register for
transfer to the peripheral device. In this mode, data
is not placed on the port A data bus, unless ASTB
is active. :

CONTROL MODE. This signal is disabled and
forced to a Low state.

ASTB. Port A Strobe Pulse From Peripheral Device
(Input, Actived-ow). The meaning of this signal de-
pends on the mode of operation selected for port A
as follows :

OUTPUT MODE. The positive edge of this strobe is
issued by the peripheral to acknowledge the receipt
of data made available by the PIO.

INPUT MODE. The strobe is issued by the periph-
eral to load data from the peripheral into the port A
input register. Data is loaded into the PIO when this
signal is active.

BIDIRECTIONAL MODE. When this signal is active,
data from the Port A output register is gated into the
port A bidirectional data bus. The positive edge of
the strobe acknowledges the receipt of the data.

CONTROL MODE. The strobe isinhibited internally.

Bo-B7. Port B Bus (Bidirectional, 3-state). This 8-bit
bus transfers data, status, or control information be-
tween port B and a peripheral device. The port B
data bus can supply 1.5 mA at 1.5 V to drive Dar-
lington transistors. Bo is the least significant bit of
the bus.

B/A. Port B Or A Select (Input, High = B). This pin
defines which port is accessed during a data trans-
fer between the CPU and the PIO. A low on this pin
selects port A ; a High selects port B. Often address

615 L7 S5s-THOMSON

bit Ag from the CPU is used for this selection func-
tion.

BRDY. Register B Ready (Output, Active High). This
signal is similar to ARDY, except that in the port A
bidirectional mode this signal is 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 sig-
nal 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 Z80 data
bus to be interpreted as a command for the port se-
lected by the B/A Select line. Alow on this pin means
that the Z80 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 command or data in-
puts from the CPU during a write cycle or to trans-
mit data to the CPU during a read cycle. This signal
is generally decoded from four I/O port numbers for
ports A and B, data, and control.

CLK. System Clock (Input). The Z80 PIO uses the
standard single-phase Z80 system clock.

Do-D7. Z80 CPU Data Bus (Bidirectional, 3-state).
This bus is used to transfer all data and commands
between the Z80 CPU and the Z80 PIO. Do is the
least significant bit.

IEL Interrupt Enable In (Input, Active High). This sig-
nal 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 signalis the other signal required to form a daisy
chain priority scheme. It is High only if IEl is High
and the CPU is not servicing an interrupt from this
PIO. Thus this signal blocks lower priority devices
from interrupting while a higher priority device is
being serviced by its CPU interrupt service routine.

INT. Interrupt Request (Output, Open Drain, Active
Low). When INT is active the Z80 PIO is requesting
an interrupt from the Z80 CPU.

MICROELECTRONICS

180



28420

IORQ. Input/Output Request (Input from Z80 CPU,
Active Low). IQRQ is used in conjunction with B/A,
C/D, CE, and RD to transfer commands and data
between_the Z80 CPU and the Z80 PIO. When CE,
RD, and IORQ are active, the port addressed by B/A
transfers data to the CPU (a read operation).

Conversely, 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 s acknowledging an interrupt ; the interrupting
port automatically places its interrupt vector on the
CPU data bus if it is the highest priority device re-
questing an interrupt.

M1. Machine Cycle (Input from CPU, Active Low).
This signal is used as a sync pulse to control sev-
eral internal PIO operations. When both the M1 and
RD signals are active, the Z80 CPU is fetching an
instruction 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 Z80 PIQ : it synchronizes the PIO_inter-
rupt logic ; when M1 occurs without an active RD or
IORQ signal, the P10 is reset.

RD. Read Cycle Status (Input from Z80 CPU, Ac-
tive Low)._If RD is active, or_an |/O operation is in
progress, RD is used with B/A, C/D, CE, and IORQ
to transfer data from the Z80 PIO to the Z80 CPU.

TIMING

The following timing diagrams show typical timing in
a Z80 CPU environment. For more precise specifi-
cations refer to the composite ac timing diagram.

WRITE CYCLE

Figure 11 illustrates the timing for programming the
Z80 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 specific write signal ;itinternally gener-
ates its own from the lack of an active RD signal.

READ CYCLE

Figure 12 illustrates the timing for reading the data

“input from.an external device to one of the Z80 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 13) 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 regis-
ter. 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 peripheral. The positive edge of the
strobe pulse generates an INT if the interrupt enable
flip-flop has been set and if this device has the hig-
hest priority.

INPUT MODE (mode 1)

When STROBE goes Low, data is loaded into the
selected port input register (figure 14). The next ris-
ing edge of strobe activates INT, if Interrupt Enable
is set and this is the highest-priority requesting de-
vice. The following falling edge of CLK resets Ready -
to an inactive state, indicating that the input register
is fulland cannot accept any more data untilthe 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.

BIDIRECTIONAL MODE (mode 2)

This is a combination of Modes 0 and 1 using all four
handshake lines and the eight Port A I/O lines (figure
15). Port B must be set to the bit mode and its in-
puts 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.

BIT MODE (mode 3)

The bitmode does not utilize the handshake signals,
and a normal port write or port read can be executed
at any time. When writing, the data is latched into
the output registers with the same timing as the out-
put mode (figure 16).

When reading the PIO, the data returned to the CPU
is composed of output register data from those port
data lines assigned as outputs and input register
data from those port data lines assigned as inputs.
The input register contains data that was present
immediately prior to the falling edge of RD. An inter-
rupt is generated if interrupts from the port are en-
abled and the data on the port data lines satisfy the
logical equation defined by the 8-bit mask and 2-bit
mask control registers. However, if Port A is pro-
grammed in bidirectional mode, Port B does not
issue an interrupt in bit mode and must therefore be
polled.

K 715
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Figure 11 : Write Cycle Timing.

Figure 12 : Read Cycle Timing.
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Figure 13 : Mode 0 Output Timing.
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INTERRUPT ACKNOWLEDGE TIMING

During M1 time, peripheral controllers are inhibited
from changing their interrupt enable status, permit-
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 (figu-
re 17). IEQ s held Low until a Return From Interrupt
(RETI) instruction is executed by the CPU while IEI
is High. The 2-byte RET! instruction is decoded in-
ternally by the PIO for this purpose.

RETURN FROM INTERRUPT CYCLE

If a Z80 peripheral has no interrupt pending and is
not under service, then its IEO = IEL. If it has an in-
terrupt under service (i.e., it has already interrupted
and received an interrupt acknowledge) then its IEO

g5 _ L7 SCS-THOMSON

is always Low, inhibiting lower priority devices from
interrupting. If it has an interrupt pending which has
not yet been acknowledged, IEO is Low unless an
"ED" is decoded as the first byte of a 2-byte opcode
(figure 18). In this case, IEO goes High until the next
opcode byte is decoded, where upon it goes Low
again. If the second byte of the opcode was a "4D",
then the opcode was an RET! instruction.

After an "ED" opcode is decoded, only the periphe-
ral device which has interrupted and is currently
under service has its |E| High and its IEO Low. This
device is the highest-priority device in the daisy
chain that has received an interrupt acknowledge.
All other peripherals have |EI = IEO. If the next op-
code byte decoded is "4D", this peripheral device
resets its "interrupt under service" condition.
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Figure 14 : Mode 1 Input Timing.
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Figure 15 : Mode 2 Bidirectional Timing.
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Figure 16 : Mode 3 Bit Mode Timing.
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Figure 17 : Interrupt Acknowledge Timing.
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AC CHARACTERISTICS

Ne Svmbol P c 28420 Z8420A | Z8420B
ymbo arameter omment Min. |Max.| Min. [Max.| Min. |[Max.
. (ns) | (ns) | (ns) | (ns) | (ns) | (ns)
1 TcC Clock Cycle Time 400 | (1) {250 | (1) | 165 (1)
2 TwCh Clock Width (high) 170 [2000| 105 |2000| 65 |2000
3 TwCl Clock Width (low) 170 [2000| 105 |2000| 65 |2000
4 TiC Clock Fall Time 30 30 20
5 TrC Clock Rise Time 30 30 20
6 TsCS(RI) CE, B/A, C/D to RD, (6) 50 50 50
IORQ ! Setup Time
7 Th Any Hold Times for Specified Setup 0 0 0 0
Time :
8 TsRI(C) RD, IORQ to Clock T Setup Time 115 115 70
9 TdRI(DO) RD, IORQ ! to Data Out Delay (2) 430 380 300
10 TdRI(DOs) RD, IORQ 7 to Data Out Float Delay 160 110 70
11 TsDI(C) Data in to Clock T Setup Time CL =50 pF | 50 50 40
12| TdIO(DOI) 10RQ | to Data Out Delay (INTACK (3) 340 160 120
cycle)
13 TsMI(Cr) MI | to Clock T Setup Time 210 90 70
14 TsMI(Cf) MI T to Clock | setup Time (Mi (8) 0 0 0
cycle)
15 TdMI(IEO) MiltolEO L Delay (interrupt (5,7) 300 190 100
immediately preceding Mi {)
16 TsIEK(IO) IEl to IORQ | Setup Time (INTACK (7) 140 140 100
cycle)
17 TdIEI(IEOS) IEI | to IEQ | Delay (5) 190 130 120
CL =50 pF
18| TdIEI(IEON) IEI T to IEO T Delay (after (5) 210 160 160
ED decode)
19 TclO(C) IORQ T to Clock { Setup Time (to 220 200 170
activate READY on next clock cycle)
20 TdC(RDYTr) Clock | to READY T Delay (5) 200 190 170
CL =50 pF
21 TdC(RDYf) Clock | to READY | Delay (5) 150 140 120
22 TwSTB STROBE Pulse Width (4) 150 150 120
23 TsSTB(C) STROBE T to Clock | Setup Time (5) 220 220 150
(to activate READY on next clock
cycle)
Notes : 1 TcC=TwCh + TwC1 + TrC + TiC.
2 Increase TdRi(DO) by 10 ns for each 50 pF increase in load up to 200 pF max.
3 Increase TdIO(DO) by 10 ns for each 50 pF increase in loading up to 200 pF max.
4 For Mode 2 TwSTB > TsPD(STB).
5 Increase these values by 2 ns for each 10 pF increase in loading up to 100 pF max.
6 TsCS(RI) may be reduced. However the time subtracted from TsCS(RI) may be added to TdRI(DO).
7 25TdC > (N-2)TdIEI(IEOf) + TAMI(IEO) + TSIEKIO) + TTL Buffer Delay if any.
8 M1 must be active for a minimum of two clock cycles to reset the PIO.
11/15
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AC CHARACTERISTICS (continued)

N° Symbol P c 28420 Z8420A | Z8420B
ymbo arameter omment in. [Max.| Min.|Max.| Min. |Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)
24 TdIO(PD) IORQ T to PORT DATA Stable (5) 200 180 160
. Delay (mode 0)
25 tsPD(STB) PORT DATA to STROBE T Setup 260 230 190
Time (mode 1)
26 TdSTB(PD) STROBE | to PORT DATA Stable (5) 230 210 180
(mode 2)
27 TdSTB(PDr) STROBE T to PORT DATA Float CL =50 pF 200 180 160
Delay (mode 2)
28| TdPD(INT) PORT DATA Match to INT { Delay 540 490 430
(mode 3)
29 | TdSTB(INT) | STROBE 7 to INT T Delay 490 440 350
Notes : 1 TcC=TwCh + TwC1 + TrC + TfC.
2 Increase TdRi(DO) by 10 ns for each 50 pF increase in load up to 200 pF max.
3 Increase TdIO(DO) by 10 ns for each 50 pF increase in loading up to 200 pF max.
4 For Mode 2 TwSTB > TsPD(STB).
5 Increase these values by 2 ns for each 10 pF increase in loading up to 100 pF max.
6 TsCS(RI) may be reduced. However the time subtracted from TsCS(RI) may be added to TdRI(DO).
7 25TdC > (N-2)TdIEKIEOf) + TAMI(IEQ) + TsIEI(IO) + TTL Buffer Delay if any.
8 M1 must be active for a minimum of two clock cycles to reset the PIO.
12115 L3y SGS-THOMSON
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AC CHARACTERISTICS (continued)
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
\ Voltage on all Input and Outputs with Respect to GND -03to+70 \
Ta Operation Ambient Temperature As Specified in Order Codes

Tstq Storage Temperature Range —65to + 150 °C

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress
rating only ; operation of the device at any condition above those indicated in the operational sections of these specifications is
not implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0 V). Positive current flows into
the referenced pin. Available operating temperature

ranges are :
n 0°Cto+70°C,
+475V< Ve <+5.25V

All ac parameters assume a load capacitance of

100pF max.

FROM OUTPUT
UNDER TEST

+8V

m -40°Cto+85°C, 100 pF 220
+475V< VCC< +525V I
m -55°Cto+125°C, L L &
+475V< VCC< +525V
DC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Max. Unit
ViLe Clock Input Low Voltage -0.3 0.45 \%
Vinc Clock Input High Voltage Vee - 0.6f Vgo+0.3 \
ViL Input Low Voltage -03 0.8 \
ViH Input High Voltage 2.0 Vee \
VoL Output Low Voltage loL =2.0 mA - 0.4 \
VoH Output High Voltage loy == 250 uA 24 - \"
L) Input Leakage Current Vin =0 to Vee . -10 10 uA
ILo 3-State Output Leakage Current in Float Vout =0.4 Vto Ve -10 10 HA
lcc Power Supply Current Vou =15V 100 mA
loHD Darlington Drive Current Rext =390 Q -15 3.8 mA
Over specified temperature and voltage range.
CAPACITANCE
Symbol Parameter Test Conditions Min. Max. Unit
C Clock Capacitance Unmeasured pins returned 10 pF
Cin Input Capacitance to ground. 5 pF
Cour Output Capacitance 10 pF

Over specified temperature range ; f = 1 MHz.

14/15
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ORDERING INFORMATION

Clock

Type Package Temp. Description
Z8420B1 DIP-40 (plastic) 0/+ 70°C Z80 Parallel
Z8420F1 DIP-40 (frit seal) 0/+ 70°C Input/Output Unit
Z8420D1 DIP-40 (ceramic) 0/+ 70°C 2.5 MHz
Z8420D6 DIP-40 (ceramic) —40/+ 85°C i
Z8420D2 DIP-40 (ceramic) —55/+125°C
Z8420C1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8420AB1 DIP-40 (plastic) 0/+ 70°C
Z8420AF1 DIP-40 (frit seal) 0/+ 70°C
Z8420AD1 DIP-40 (ceramic) 0/+ 70°C 4 MHz
Z8420AD6 DIP-40 (ceramic) —40/+ 85°C
Z8420AD2 DIP-40 (ceramic) —55/+125°C
Z8420AC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8420BB1 DIP-40 (plastic) 0/+ 70°C
Z8420BF1 DIP-40 (frit seal) 0/+ 70°C
Z8420BD1 DIP-40 (ceramic) 0/+ 70°C 6 MHz
Z8420BD6 DIP-40 (ceramic) —40/+ 85°C
28420BD2 DIP-40 (ceramic) —55/+125°C
Z8420BC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
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Z80 CTC COUNTER TIMER CIRCUIT

» FOUR INDEPENDENTLY PROGRAMMABLE
COUNTER/TIMER CHANNELS, EACH WITH A
READABLE DOWNCOUNTER AND A SE-
LECTABLE 16 OR 256 PRESCALER. DOWN-
COUNTERS ARE RELOADED
AUTOMATICALLY AT ZERO COUNT

» THREE CHANNELS HAVE ZERO COUNT/TI-
MEOUT OUTPUTS CAPABLE OF DRIVING
DARLINGTON TRANSISTORS

» SELECTABLE POSITIVE OR NEGATIVE TRIG-
GER INITIATES TIMER OPERATION

= STANDARD Z80 FAMILY DAISY-CHAIN IN-
TERRUPT STRUCTURE PROVIDES FULLY
VECTORED, PRIORITIZED INTERRUPTS
WITHOUT EXTERNAL LOGIC. THE CTC MAY
ALSO BE USED AS AN INTERRUPT CON-
TROLLER

= INTERFACE DIRECTLY TO THE Z80 CPU OR-
FOR BAUD RATE GENERATION - TO THE
Z80 SIO

DESCRIPTION

The Z80 CTC four-channel counter/timer can be
programmed by system software for a broad range
of counting and timing applications. The four inde-
pendently programmable channels of the Z80 CTC
satisfy common microcomputer system require-
ments for event counting, interrupt and interval tim-
ing, and general clock rate generation.

System design is simplified because the CTC con-
nects directly to both the Z80 CPU and the Z80 SIO
with no additional logic. In larger systems, address
decoders and buffers may be required.

Programming the CTC is straightforward : each
channel is programmed with two bytes ; a third is
necessary when interrupts are enabled. Once
started, the CTC counts down, reloads its time con-
stant automatically, and resumes counting. Soft-
ware timing loops are completely eliminated.
Interrupt processing is simplified because only one
vector need be specified ; the CTC internally gener-
ates a unique vector for each channel.

The Z80 CTC requires a single + 5V power supply
and the standard Z80 single-phase system clock. It
is fabricated with n-channel silicon-gate depletion-
load technology, and packaged in a 28-pin plastic
or ceramic DIP.

September 1988

B/F D
DIP-28 DIP-28
(Plastic and Frit Seal) (Ceramic)

PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)

LOGIC FUNCTIONS
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Figure 1 : Dual in Line Pin Configuration.
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Figure 2 : Chip-Carrier Pin Configuration.
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NC = No connection.

FUNCTIONAL DESCRIPTION

The Z80 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 par-
ameters. If the timing mode is selected, the control
word also sets a prescaler, which divides the sys-
tem clock by either 16 or 256. The time-constant
word is a value from 1 to 256.

2 L7 SGS-THOMSON

During operation, the individual counter channel
counts down from the preset time constant value. In
counter mode operation the counter decrements on
each of the CLK/TRG input pulses until zero count
is reached. Each decrement is 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 intervals as small
as 4 us (Z80A) or 6.4 us (Z80) without additional
logic or software timing loops. Time intervals are
generated by dividing the system clock with a pres-
caler that decrements a preset down-counter.

Thus, the time interval is an integral multiple of the
clock period, the prescaler value (16 or 256) and the
time constant that is preset in the down-counter. A
timer is triggered automatically when its time con-
stant value is programmed, 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 (Chan-
nel 3) does not have a ZC/TO output ; interrupt re-
quest is the only output available from Channel 3.

The second outputis Interrupt Request (INT), which
occurs if the channel has its interrupt enabled dur-
ing programming. When the Z80 CPU acknow-
ledges Interrupt Request, the Z80 CTC places an
interrupt vector on the data bus.

The four channels of the Z80 CTC are fully prio-
ritized and fit into four contiguous slots in a stand-
ard Z80 daisy-chain interrupt structure. Channel 0
is the highest priority and Channel 3 the lowest. In-
terrupts can be individually enabled (or disabled) for
each of the four channels.

ARCHITECTURE

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

= CPUbus I/O

» Channel control logic

n Interrupt logic

» Counter/timer circuits

CPUBUS I/O

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

MICROELECTRONICS
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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 in-
terrupts interface properly with the Z80 CPU inter-
rupt system. The logic controls the interrupt priority
of the CTC as a function of the IEI signal. If IEl is
High, the CTC has priority. During interrupt process-
ing, the interrupt logic holds IEO Low, which inhibits
the interrupt operation on lower priority devices. If
the IEl 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 Z80 CPU. When
the Z80 CPU responds with interrupt acknowledge
(M1 and IORQ), then the interrupt logic arbitrates
the CTC internal priorities, and the interrupt control
logic places a unique interrupt vector on the data
bus.

If an interrupt is pending, the interrupt logic holds
IEO Low. When the Z80 CPU issues a Return From
Interrupt (RETI) instruction, each peripheral device
decodes the first byte (ED1e). If the device has a
pending interrupt, it raises IEO (High) for one M1
cycle. This ensures that all lower priority devices can
decode the entire RETI instruction and reset proper-

ly.
COUNTER/TIMER CIRCUITS

The CTC has four independent counter/timer cir-
cuits, each containing the logic shown in figure 4.

Figure 3 : Functional Block Diagram.

CHANNEL CONTROL LOGIC

The channel control logic receives the 8-bit channel

control word when the counter/timer channel is pro-

grammed. The channel control logic decodes the

control word and sets the following operating condi-

tions :

» Interrupt enable (or disable)

n Operating mode (timer or counter)

» Timer mode prescaler factor (16 or 256)

n Active slope for CLK/TRG input

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

» Time constant data word to follow

» Software reset

TIME CONSTANT REGISTER

When the counter/timer channelis programmed, the
time constant register receives and stores an 8-bit
time constant value, which can be anywhere from 1
to 256 (0 = 256). This constant is automatically
loaded into the down-counter when the counter/time
channel is initialized, and subsequently after each
zero count.

PRESCALER

The prescaler, which is used only in timer mode,
divides the system clock frequency 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 prescaler factor is
programmed by bit 5 of the channel control word.

DATA 8

FROM e

280 CPU : 1 %o
CONTROL 6

< > INTERRUPT
INTERNAL BUS LOGIC e——— IEI
———— IE0

INTERNAL
CONTROL
LOGIC

F—— iNT

3 zcno
TIMER
LoGIC <:

4 CLK/TRG
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Figure 4 : Counter/Timer Block Diagram.

CHANNEL
CONTROL
Loqaic

TIME
CONSTANT
REGISTER

INTERNAL BUS
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DOWN- Lo zcrTO
COUNTER
CLK/TRG ———————

eroex

DOWN-COUNTER

Prior to each count cycle, the down-counter is

loaded with the time constant register contents. The

counter is then decremented one of two ways, de-

pending on operating mode :

= By the prescaler output (timer mode)-

m By the trigger pulses into the CLK/TRG input
(counter mode)

Without disturbing the down-count, the Z80 CPU
can read the count remaining at any time by perfor-
ming 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 inter-
rupt is enabled, zero count also triggers an interrupt
request signal (INT) from the interrupt logic.

PROGRAMMING

Each Z80 CTC channel must be programmed 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 sec-
ond 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 channel during the count oper-
ation, the count continues to zero before the new
time constant is loaded into the counter.

If the interrupt on any Z80 CTC channel is enabled,
the programming procedure should also include an
interrupt vector. Only one vector is required for all
four channels, because the interrupt logic automati-

and L7 SGS-THOMSON

cally modifies the vector for the channel requesting
service.

A control word is identified by a 1in bit0. A 1in
bit 2 indicates a time constant word is to follow. In-
terrupt 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 CS1 and CSz. A 2-bit binary
code selects the appropriate channel as shown in
the following table.

Channel CS;4 CSo
0 0 0
1 0 1
2 1 0
3 1 1

RESET

The CTC has both hardware and software resets.
The hardware reset terminates all down-counts and
disables all CTC interrupts by resetting the interrupt
bits in the control registers. In addition, the ZC/TO
and Interrupt outputs go inactive, IEO reflects IEI,
and Do-D7 go to the high-impedance state. All chan-
nels must be completely reprogrammed after a
hardware reset.

The software reset is controlled by bit 1 in the chan-
nel control word. When a channel receives a soft-
ware 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 D1 and D2
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 pro-
grammed. In timer mode, if D3 = 0, operation is trig-
gered 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.

MICROELECTRONICS
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Figure 5 : Channel Control Word.

INTERRUPT

1 ENABLES INTERRUPT
0 DISABLES INTERRUPT
MODE

0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

PRESCALER VALUE®
1 = VALUE OF 256
0 = VALUE OF 16

CLK/TRQ EDQE SELECTION
0 SELECTS FALLING EDGE
1 SELECTS RISING EDGE

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

0 = CONTINUED OPERATION
1 = SOFTWARE RESET

TIME CONSTANT
0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

TIMER TRIQGER®

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

PRESCALER FACTOR. (Timer Mode Only). Ds se-
lects factor - either 16 or 256.

TRIGGER SLOPE. D4 selects the active edge or
slope of the CLK/TRG input pulses. Note that repro-
gramming the CLK/TRG slope during operation is
equivalent to issuing an active edge. If the trigger
slope is changed by a control word update while a
channel is pending operation in timer mode, the re-
sultis the same as a CLK/TRG pulse and the timer
starts. Similarly, if the channel is in counter mode,
the counter decrements.

TRIGGER MODE. (Timer Mode Only). D3 selects
the trigger mode for timer operation. When D3 is
reset to 0, the timer is triggered automatically. The
time constant word is programmed during an I/O
write operation, which takes one machine cycle. At

the end of the write operation there is a setup delay |

of one clock period. The timer starts automatically
(decrements) on the rising edge of the second clock
pulse (T2) of the machine cycle following the write
operation. Once started, the timer runs continuous-
ly. At zero count the timer reloads automatically and
continues counting without interruption or delay,
until stopped by a reset.

When Dz is setto 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 (T2) 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 triggering, the CLK/TRG input must
precede T2 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 continuously, with-
out interruption or delay, until stopped by a reset.

TIME CONSTANT TO FOLLOW. A 1 in D2indicates
that the next word addressed to the selected chan-
nel is a time constant data word for the time con-
stant register. The time constant word may be
written at any time.

A 0 in D2 indicates no time constant word is to fol-
low. This is ordinarily used when the channel is al-
ready 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 D2 set.

SOFTWARE RESET. Setting D1 to 1 causes a soft-
ware reset, which is described in the Reset section.

CONTROL WORD. Setting Do to 1 identifies the
word as a control word.

TIME CONSTANT PROGRAMMING

Before a channel can start counting it must receive
a time constant word from the CPU. During pro-
gramming or reprogramming, & channel control
word in which bit 2 is set must precede the time con-
stant 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 0016 is interpreted
as 256.

Intimer mode, the time interval is controlled by three
factors :
» The system clock period ()
n The prescaler factor (P), which multiplies the in-
terval by either 16 or 256 )
» The time constant (T), which is programmed into
the time constant register.

L7 Sts:THomsoN o4

MICROELECTRONICS

195



28430

Figure 6 : Time Constant Word.

[o, 00510, T0, 70, u.[n,,
107 | ’ [-Tc,,

Consequently, the time interval is the product of
¢ x P x T. The minimum timer resolution is 16 x ¢
" (4 ps with a 4 MHz clock). The maximum timer in-
terval 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 Z80 CTC has one or more interrupts enabled,
it can supply interrupt vectors to the Z80 CPU. To
do so, the Z80 CTC must be preprogrammed with
the most-significant five bits of the interrupt vector.
Programming consists of writing a vector word to the
1/O port corresponding to the Z80 CTC Channel 0.
Note that Do of the vector word is always zero, to
distinguish the vector from a channel control word.
D1 and D2 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.

Figure 7 : Interrupt Vector Word.

L 0 = INTERRUPT VECTO* wORD
Vi-Vy

SUPPLIED 1 = CONTROL WORD

HY USER
CHANNEL IDENTIFIER
(AUTOMATICALLY INSEFfED
BY CTC)
0 0 = CHANNELO
0 1= CHANNEL 1
1 0 = CHANNEL 2
1 1= CHANNEL3

PIN DESCRIPTION

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

614 Lyg SES-THOMSON

CLK. System Clock (Input). Standard single-phase
Z80 system clock.

CLK/TRGo-CLK/TRGs. External Clock/Timer Trig-
ger (Input, user-selectable Active High or Low). Four
pins corresponding to the four Z80 CTC channels.
In counter mode, every active edge on this pin de-
crements the down-counter. In timer mode, an ac-
tive edge starts the timer.

CSo-CS1. Channel Select (Inputs Active High). Two-
bit binary address code selects one of the four CTC
channels for an /0 write or read (usually connected
to Ao and Ay).

Do-D7. System Data Bus (Bidirectional, 3-state).
Transfers all data and commands between the Z80
CPU and the Z80 CTC.

IEl. Interrupt Enable In (Input, Active High). A High
indicates that no other interrupting devices of higher
priority in the daisy chain are being serviced by the
Z80 CPU.

IEO. Interrupt Enable Qut (Output, Active High).
High only if IEl is High and the Z80 CPU is not ser-

Figure 8 : A Typical Z80 Environment.
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vicing an interrupt from any Z80 CTC channel. IEO
blocks lower priority devices from interrupting while
a higher priority interrupting device is being ser-
viced.

INT. Interrupt Request (Output, Open Drain, Active
Low). Low when any Z80 CTC channel that has
been programmed to enable interrupts has a zero-
count condition in its down-counter.

IORQ. Input/Output Request (Input from CPU, Ac-
tive Low). Used with CE and RD to transfer data and
channel control words between the Z80 CPU and
the Z80 CTC. During a write cycle, IORQ and CE
are active and RD inactive. The Z80 CTC does not
receive a specific write signal ; rather, it internally
generates its own from the inverse of an active RD
signal. In a read cycle, IORQ, CE and RD are ac-
tive ; the contents of the down-counter are read by
the 280 CPU. If IORQ and M1 are both true, the
CPU is acknowledging an interrupt request, and the
highest priority interrupting channel places its inter-
rupt vector on the Z80 data bus.

M1. Machine_Cycle One (Input from CPU, Active
Low). When M1 and IORQ are active, the Z80 CPU
is acknowledging an interrupt. The Z80 CTC then
places an interrupt vector on the data bus if it has
highest priority, and if a channel has requested an
interrupt (INT).

RD. Read Cycle Status (Input, Active Low). Used in
conjunction with IORQ and CE to transfer data and
channel control words between the Z80 CPU and
the Z80 CTC.

RESET. Reset (Input Active' Low). Terminates all

down-counts and disables all interrupts by resetting
the interrupt bits in all control registers ; the ZC/TO
and the Interrupt outputs go inactive ; IEO reflects
IEl'; Do-D7 go to the high-impedance state.

ZC/TOo-ZC/TO2. Zero Count/Timeout (Output, Ac-
tive High). Three ZC/TO pins corresponding to Z80
CTC channels 2 through 0 (Channel 3hasno ZC/TO
pin). In both counter and timer modes the output is
an active High pulse when the down-counter decre-
ments to zero. '

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 Tz, the Z80 CPU in-
itiates a read cycle by driving the following inputs.

Figure 9 : Read Cycle Timing.

€Sy, €Sy, CE X CHANNEL ADDRESS x
ioRa \ /
— ==
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-
_ ==
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WRITE CYCLE TIMING

Figure 10 shows write cycle timing for loading con-
trol, time constant or vector words.

The CTC does not have a write signal input, so it
generates one internally when the read (RD) input
is High during T1. During T2 IORQ and CE inputs
are Low : RD, IORQ, and CE. A 2-bit binary code at
inputs CS1 and CSO selects the channel to be read.
M1 must be High to distinguish this cycle from anin-
terrupt acknowledge. No additional wait states are
allowed.

Figure 10 : Write Cycle Timing.

T T2 Twa T T

x CHANNEL ADDRESS x

Y S

CSop, CSy, CE
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-
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DATA { oUT )

Low. M1 must be High to distinguish a write cycle
from an interrupt acknowledge. A 2-bit binary code
atinputs CS1 and CSo selects the channel to be ad-
dressed, and the word being written is placed on the
280 data bus. The data word is latched into the ap-
propriate register with the rising edge of clock cycle
Ta.
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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 is asynchronous and
it must have a minimum width. A minimum lead time
(210 ns) is required between the active edge of the
CLK/TRG and the nextrising edge of CLK to enable
the prescaler on the following clock edge. If the
CLK/TRG edge occurs closer than this, the initiation
of the timer function is delayed one clock cycle. This
corresponds to the startup timing discussed in the
programming section. The timer can also be started
automatically if so programmed by the channel con-
trol word.

Figure 11 : Timer Mode Timing.

CLK/TRG

INTERNAL
TIMER

START TIMING

COUNTER OPERATION

In the counter mode, the CLK/TRG pulse input de-
crements the downcounter. The trigger is asyn-
chronous, but the count is synchronized with CLK.
For the decrement to occur on the next rising edge
of CLK, the trigger edge must precede CLK by a
minimum lead time as shown in figure 12. If the lead
time is less than specified, the count is delayed by
one clock cycle. The trigger pulse must have a mini-
mum 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.

Figure 12 : Counter Mode Timing.
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INTERRUPT OPERATION

The Z80 CTC follows the Z80 system interrupt
protocol for nested priority interrupts and return from
interrupt, wherein the interrupt priority of a periphe-
ral is determined by its location in a daisy chain. Two
lines - IEl 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 Z80 interrupt structure,
refer to the Z80 CPU Technical Manual.

Within the Z80 CTC, interrupt priority is predeter-
mined by channel number : Channel 0 has the hig-
hest priority, and Channel 3 the lowest. If a device
or channel is being serviced with an interrupt rou-
tine, it cannot be interrupted by a device or channel
with lower priority until service is complete. Higher
priority devices or channels may interrupt the ser-
vicing of lower priority devices or channels.

A Z80 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 re-
quest, the CPU sends an interrupt acknowledge.
The CTC interrupt control logic determines the hig-
hest priority channel that is requesting an interrupt.
Then, if the CTC IEl 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 were written to the
CTC during the programming process ; the next two
bits are provided by the CTC interrupt control logic
as a binary code that identifies the highest priority
channel requesting an interrupt ; the low-order bit is
always zero.

INTERRUPT ACKNOWLEDGE TIMING

Figure 14 shows interrupt acknowledge timing. After
an interrupt request, the Z80 CPU sends an inter-
rupt acknowledge (M1 and IORQ). All channels are
inhibited from changing their interrupt request status
when M1 is_active - about two clock cycles earlier
than IORQ. RD is High to distinguish this cycle from
an instruction fetch.

Figure 13 : Daisy-Chain Interrupt Priorities.
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The CTC interrupt logic determines the highest
priority channel requesting an interrupt. If the CTC
interrupt enable input (IEl) 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 in-
serted at this time to allow the daisy chain to stabi-
lize. Additional 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

Figure 14 : Interrupt Acknowledge Timing.

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 serviced.
Figure 15 shows RETI timing.

If several Z80 peripherals are in the daisy chain, |EI
settles active (High) on the chip currently being ser-
viced when the opcode ED1e is decoded. If the fol-
lowing opcode is 4D16, the peripheral being serviced
is released and its IEO becomes active. Additional
wait states are allowed.

Figure 15 : Return From Interrupt Timing.

RD Do-D7 { r—
wZIZIIIZ7 NIIE S
DATA 1, VECTOR ‘r IEQ /
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
' Voltages on all Input and Outputs with respect to GND -03to+7.0 \

Ta Operation Ambient Temperature

As Specified in Ordering Information

Tstg Storage Temperature

—651t0 + 150 °C

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating
only ; operation of the device at any condition above those indicated in the operational sections of these specifications is not implied. Ex-
posure to absolute maximum rating conditions for extended periods may affect device reliability.
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STANDARD TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0 V). Positive:current flows into
the referenced pin. Available operating temperature

ranges are :

m 0°Cto+70°C,
+4.75V<Vecc<+525V

x—-40°Cto+85°C,
+4.75V<Vecs+525V

n —55°Cto+125°C,
+4.75V<Vec<+55V

DC CHARACTERISTICS

FROM OUTPUY
UNDER TEST

'“P‘:[ A

Symbol Parameter Test Conditions Min. Max. Unit
ViLe Clock Input Low.Voltage -0.3 0.45 \
ViHe Clock Input High Voltage Vee - 0.6( Vee+0.3 \
Vi Input Low Voltage +0.3 0.8 Vv
Vin Input High Voltage +2.0 Vce \
Vou Output Low Voltage loL =20 mA 04 \
Vou Output High Voltage loy =— 250 pA +24 Vv
lcc Power Supply Current 100 mA

ILi Input Leakage Current Vin =0 to Vee -10 10 HA

ILo 3-State Output Leakage Current in Float Vout =04 to Ve -10 10 UA

loHD Darlington Drive Current Von = 1.5, Rext =390 Q -15 mA
CAPACITANCE

Symbol Parameter Notes Min. Max. Unit
CLK Clock Capacitance . Unmeasured pins returned 20 pF
Cin Input Capacitance to ground. 5 pF

Cout Output Capacitance 10 pF

Ta=25°C,f=1MHz.

10/14
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AC CHARACTERISTICS

28430 Z8430A | Z8430B

N Symbol Parameter Notes Min. |Max.| Min. [Max.| Min. |Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)
1 TcC Clock Cycle Time 400 | (1) | 250 | (1) [ 165 | (1)
2 TwCH Clock Width (high) 170 {2000 105 |2000| 65 |2000
3 TwCl Clock Width (low) 170 |2000| 105 |2000| 65 (2000
4 TiC Clock Fall Time 30 30 20
5 TrC Clock Rise Time 30 30 20
6 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 TslO(C) IORQ { ot Clock T Setup Time 250 115 70
10 TsRD(C) RD ! to Clock T Setup Time 240 115 70
11 TdC(DO) Clock T to Data Out Delay (2) 240 200 130
12 tdC(DOz) Clock | to Data Out Float Delay 230 110 90
13 TsDI(C) Data in to Clock T Setup Time 60 50 40
14 TsMI(C) MI to Clock T Setup Time 210 90 70
15 TdMI(IEO) MI L to IEO | Delay (interrupt 3) 300 190 130
’ immediately preceding MI)
16 TdIO(DOI) IORQ | to Data Out Delay 2) 340 160 110
(INTA cycle)
17| TdIEI(IEOf) IEI | to IEO { Delay - (3) 190 130 100
18 | TdIEI(IEOY) IEI T to IEO T Delay (3) 220 160 110
(after ED decode)
19 TdC(INT) Clock T to INT L Delay (4) (TeC (Tec | (TeC
+200) +140) +120)
20| TACLK(INT) | CLK/TRG T to INT { (5) :
TsCTR(C) Satisfied (19) (19) (19)
+(26) +(26) +(26)
TsCTR(C) Not Satisfied 1 1 1
+(19) +(19) +(19)
+(26) +(26) +(26)
21 TcCTR CLK/TRG Cycle Time (5) (2TeC) (2TcC) (2TcC)
22 . TrCTR .| CLK/TRG Rise Time 50 50 40
23 TICTR CLK/TRG Fall Time ‘ 50 50 40

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

Notes : 1.

XS ENFAEN)

TcC = TwCh + TwCl + TrC + TfC.

. Increase delay by 10 ns for each 50 pF increase in loading 200 pF maximum for data lines, and 100 pF for control lines.
. Increase delay by 2 ns for each 10 pF increase in loading 100 pF maximum.

. Timer mode. _

. Counter mode.

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

‘ SGS-THOMSON 14
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AC CHARACTERISTICS (continued)

o Symbol P N 28430 Z8430A | 78430B
N ymbo arameter oteS  I'Min.[Max.| Min. [Max.| Min. |Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)

24 TwWCTRI CLK/TRG Width (low) 200 200 120
25 TwCTRh CLK/TRG Width (high) 200 200 120
26| TsCTR(Cs) CLK/TRG T to Clock T Setup Time (5) 300 210 150

for Immediate Count
27 TsCTR(Ct) CLK/TRG T to Clock T Setup Time (4) 210 210 150

for enabling of Prescaler on

following Clock T
28| TdC(ZC/TOr) | Clock T to ZC/TO T Delay 260 190 140
29 | TdC(ZC/TOf) Clock 4 to ZC/TO | Delay 190 190 140

(A) 2.5 TcC > (n-2) TAIEI(IEOF) + TAMI(IEO) + TSIEI(I0) + TTL buffer delay, if any.
(B) RESET must be active for a minimum of 3 clock cycles.
Notes : 1. TcC = TwCh + TwCl + TrC + TfC.

12/14

. Timer mode.
. Counter mode.

our®N

RESET must be active for a minimum of 3 clock cycles.
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. Increase delay by 10 ns for each 50 pF increase in loading 200 pF maximum for data lines; and 100 pF for control lines.
. Increase delay by 2 ns for each 10 pF increase in loading 100 pF maximum.
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AC CHARACTERISTICS (continued)

4
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ORDERING INFORMATION

Type Package Temp. Clock Description
Z8430B1 DIP-28 (plastic) 0/+ 70°C 280 Counter
Z8430F1 DIP-28 (frit seal) 0/+ 70°C Timer Control
Z8430D1 DIP-28 (ceramic) 0/+ 70°C 2.5 MHz
Z8430D6 DIP-28 (ceramic) —40/+ 85°C :

Z8430D2 DIP-28 (ceramic) —55/+125°C
Z8430C1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8430AB1 DIP-28 (plastic) 0/+ 70°C
Z8430AF1 DIP-28 (frit seal) 0/+ 70°C
Z8430AD1 DIP-28 (ceramic) 0/+ 70°C 4 MHz
Z8430AD6 DIP-28 (ceramic) —40/+ 85°C
Z8430AD2 DIP-28 (ceramic) —55/+125°C
Z8430AC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8430BB1 DIP-28 (plastic) 0/+ 70°C
Z8430BF1 DIP-28 (frit seal) 0/+ 70°C
Z8430BD1 DIP-28 (ceramic) 0/+ 70°C 6 MHz
Z8430BD6 DIP-28 (ceramic) —40/+ 85°C
Z8430BD2 DIP-28 (ceramic) —55/+125°C
Z8430BC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
14/14
b7 35NN
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Z80 SI10 SERIAL INPUT/OUTPUT CONTROLLER

= TWO INDEPENDENT FULL-DUPLEX CHAN-
NELS, WITH SEPARATE CONTROL AND
STATUS LINES FOR MODEMS OR OTHER
DEVICES
= DATA RATES OF 0 TO 500K BITS/SECOND IN
THE XL CLOCK MODE WITH A 2.5MHz CLOCK
(Z8440), OR 0 TO 800K BITS/SECOND WITH A
4.0MHz CLOCK (Z8440A)
ASYNCHRONOUS PROTOCOLS : EVERY-
THING NECESSARY FOR COMPLETE MESS-
AGES IN 5, 6, 7 OR 8 BITS/CHARACTER.
INCLUDES VARIABLE STOP BITS AND SEV-
ERAL CLOCK-RATE MULTIPLIERS ; BREAK
GENERATION AND DETECTION ; PARITY ;
OVERRUN AND FRAMING ERROR DETEC-
TION
SYNCHRONOUS PROTOCOLS : EVERYTHING
NECESSARY FOR COMPLETE BIT- OR BYTE-
ORIENTED MESSAGES IN 5, 6, 7 OR 8
BITS/CHARACTER, INCLUDING IBM BISYNC,
SDLC, HDLC, CCITT-X.25 AND OTHERS.
AUTOMATIC CRC GENERATION/CHECKING
SYNC CHARACTER AND ZERO INSER-
TION/DELETION, ABORT GENERATION/DE-
TECTION AND FLAG INSERTION
RECEIVER DATA REGISTERS QUADRUPLY
BUFFERED, TRANSMITTER REGISTERS
DOUBLY BUFFERED
= HIGHLY SOPHISTICATED AND FLEXIBLE
DAISY-CHAIN INTERRUPT VECTORING FOR
INTERRUPTS WITHOUT EXTERNAL LOGIC

DESCRIPTION

The Z80 SIO Serial Input/Output Controlleris a dual-
channel data communication interface with extraor-
dinary versatility and capability. Its basic functions
as a serial-to-parallel, parallel-to-serial conver-
ter/controller can be programmed by a CPU for a
broad range of serial communication applications.

- The device supports all common asynchronous and
synchronous protocols, byte- or bit-oriented and
performs all of the functions traditionally done by
UARTSs, USARTSs and synchronous communication
controllers combined, plus additional functions tradi-
tionally performed by the CPU. Moreover, it does
this on two fully-independent channels, with an ex-

September 1988

" BIF D
DIP-40 DIP-40
(Plastic and Frit-Seal) (Ceramic)

PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)

ceptionally sophisticated interrupt structure that
allows very fast transfers.

Fullinterfacing is provided for CPU or DMA 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 Z80
family, its versatility makes it well suited to many
other CPUs.

The Z80 SIO is an n-channel silicon-gate dépletion-
load device and uses a single + 5V power supply
and the standard Z80 Family single-phase clock.

1/20
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PIN DESCRIPTIONS

Figures 1 through 6 illustrate the three pin configu-

rations (bonding options) available in the SIO. The

constraints of a 40-pin package make it impossible

to bring out the Receive Clock (RxC), Transmitt

Clock (TxC), Data Terminal 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 :

= Z80 SIO-2 lacks SYNCB

m Z80 SIO-1 lacks DTRB

» Z80 SIO-0 as a four signal, but TxCB and RxCB
are bonded together

The first bonding option above (SIO-2) is the
preferred version for most applications. The Chip-
Carrier package version, having a 44-pin facility, re-
sume the three bonding option configurations. It is
named Z8444 (figure 7). The pin description are as
follows :

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

C/D. Control Or Data Select (Input, High selects
Control). This input defines the type of information
transfer performed between the CPU and the SIO.
A High at this input during a CPU write to the SIO

Figure 1 : Z80 SIO-2 Logic Function.

causes the information on the data bus to be inter-
preted as a command for the channel selected by
B/A. A Low at C/D means that the information on the
data bus is data. Address bit A1 is often used for this
function.

C/E. 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 stand-
ard Z80 System Clock to synchronize internal sig-
nals. This is a single-phase clock.

CTSA, CTSB. Clear To Send (Inputs, Active Low).
When programmed as Auto Enables, a Low on
these inputs enables the respective transmitter. If
not programmed as Auto Enables, these inputs may
be programmed as general-purpose inputs. Both in-
puts are Schmitt-trigger buffered to accomodate
slow-risetime signals. The SIO detects pulses on
these inputs and interrupts the CPU on both logic
level transitions. The Schmitt-trigger buffering does
not guarantee a specified noise-level margin.
Do-D7. System Data Bus (Bidirectional, 3-state).
The system data bus transfers data and commands
between the CPU and the Z80 SIO. Dy is the least
significant bit.

DCDA, DCDB. Data Carrier Detect (Inputs, Active
Low). These pins function as receiver enables if the

cPU
DATA
8US

ce
RESET
M1
ioRG
RD

78442
CONTROL
FROM
CcPU

[0

Ba

L T

INT
il

DAISY 1
CHAIN !
INTERRUPT
CONTROL |

B

|

[

T T

CHANNEL A

MODEM
CONTROL

CHANNEL B

MODEM
CONTROL

I

Vee  unND
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Figure 2 : Z80 SIO-2 Dual in Line Pin

Configuration.
o, [ 40 L;] Dy
o, 2 19 [Jo,
o[ 3 38 [] o,
o, [ 4 37 [ o
Nt E: > so [ 10RG
e ]s 5[] CE
o (] 7 u[Jei
i E 8 n[]cbd
Vec [ s 2 [ AD
o E © zgasz VHE™
SYNCA (] 30 [ ] wiRbva
ReDA [] 12 29[ Rs0B
Axca (O 13 28 [] RxCB
TxCA 14 27 T:CB
11UA E 15 26 [] 1x08
ﬁﬁiiE 16 25 ] pTRe
RTSE [ 17 24 éﬁiﬁ
ctsa [] e 2] crse
ocoa [ 19 22 ] ocos
cun (] 20 21 [] ResET

SIO is programmed for Auto Enables ; otherwise
they may be used as general-purpose input pins.
Both pins are Schmitt-trigger buffered to accommo-
date slow-risetime signals. The SIO detects pulses

Figure 3 : Z80 SIO-I Logic Function.

on these pins and interrupts the CPU on both logic
level transitions. Schmitt-trigger buffering does not
guarantee a specific noise-level margin.

DTRA, DTRB. Data Terminal Ready Outputs, Active
Low). These outputs follow the state programmed
into Z80 SIO. They can also be programmed as
general-purpose outputs.

In the Z80 SIO-1 bonding option, DTRB is omitted.

IEL. Interrupt Enable In(Input, Active High). This sig-
nal is used with |IEO to form a priority daisy chain
when there is more than one interrupt-driven device.
A High on this line indicates that no other device of
higher priority is being serviced by a CPU interrupt
service routine.

IEO. Interrupt Enable Out (Output, Active High). [EO
is High only if IEI is High and the CPU is not servic-
ing an interrupt from this SIO. Thus, this signal
blocks lower priority devices form interrupting while
a higher priority device is being serviced by its CPU
interrupt service routine.

INT. Interrupt Request (Output, Open Drain, Active
Low). When the SIO is requesting an interrupt, it
pulls INT Low.

IORQ. /nput/Qutput Request (Input from CPU, Ac-
tive Low). IORQ is used in conjunction with B/A,
C/D, CE and RD to transfer commands and data be-.
tween the CPU and the SIO. When CE, RD and

+~—-=| 0, RAxDA |-o—
+——=] 0, A3CA |-—
~-—=| 0, T:0A p——
cruf oo, TiCA |-—no
DATA
BUS -l 0, SYNCA |——=
——=| o WIRDYA [——— CHANNEL A
|0
*——=| D, AT ———
€TSA [*——— | MODEM
i OTRA f——— [ CONTROL
—| OCDA |=——
"I RESET zmaan
—_| W Rx0B |-
CONTROL | ———=| iORQ RxCB |+——
FROM p
cPU ~————a| RD T108 p—
T2CB |+—
5 SYNCB [
———| CiD
- WIRDYB [——=
——| B8R CHANNEL B
iNt s MODEM
DAISY | ~—— N7
CHAIN I I €TS8 |=—— ! conTROL
INTERRUPT 5ED8 |+—
CONTROL | =— 'E0
Vee 6ND cix
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Figure 4 : Z80 SIO-I Dual in Line Pin

Configuration.
o, [ 4 boo
0, ([ 2 s []o,
o [] 3 w[Jo,
o, E 4 37 [J o6
w5 36 | ] iORO
(s s (] cE
1€o (] 7 3] ek
wi[]s 3f]co
Vec [ s 312 [] Ab
WIRDYA E 10 zg4q1 ¥ [JGND
svnca [ 10 {] WiRove
RxDA [ 12 29 [] SYnce
RxCA E k] 28 :] RxDB
TxCA [| 1 27 ; RxC8
Tx0A [ 15 26 [ ] TxCB
OTRA [ 16 25 :] 1208
ATSA [ 17 24 [] ATSB
cTsA [ 18 2 [] cTse
8coA [ 19 22 [] 6¢oB
cLK : 20 2 :| RESET

IORQ are all active, the channel selected by B/A
transfers data to the CPU (a_read operation). When
CE and IORQare active but RD is inactive, the chan-
nel selected by B/A is written to by the CPU with
either data or control information as specified by
C/D. If IORQ and M1 are active simultaneously, the

Figure 5 : Z80 SIO-0 Logic Function.

CPU is acknowledging an interrupt and the SIO
automatically places its interrupt vector on the CPU
data bus if it is the highest priority device requesting
an interrupt.

M1. Machine_Cycle (Input from Z80 CPU, Active
Low). When M1 is active and RD is also active, the
Z80 CPU is fetching an_instruction from memory ;
when M1 is active while IORQ is active, the SIO ac-
cepts M1 and IORQ as an interrupt acknowledge if
the SIO is the highest priority device that has inter-
rupted the Z80 CPU.

RxCA, RxCB. Receiver Clocks (Inputs). Receive
data is sampled on the rising edge of RxC. The Re-
ceive Clocks may be 1, 16, 32 or 64 times the data
rate in asynchronous modes. These clocks may be
driven by the Z80 CTC Counter Timer Circuit for pro-
grammable baud rate generation. Both inputs are
Schmitt-trigger buffered (no noise level margin is
specified).

In the Z80 SIO-0 bonding option, RxCB is bonded
together with TxCB.

RD. Read Cycle Status (Input from CPU, Active
Low). If RD is active, a memory or |/O read oper-
ation is in progress. RD is used with B/A, CE and
IORQ to transfer data from the SIO to the CPU.
RxDA, RxDB. Receive Data (Inputs, Active High).
Serial data at TTL levels.

RESET. Reset (Input, Active Low). A Low RESET
disables both receivers and transmitters, forces

cPu
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Z8440

CONTROL
FROM
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INTERRUPT
CONTROL

L L T
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MODEM
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TTETTIT T T
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Figure 6 : Z80 SIO-0 Dual in Line Pin

Figure 7 : Chip Carrier Pin Configuration.

Configuration.
o1 N 4[] 0o
0[] 2 9 [] o,
os[]3 s8] o, =
o4 ar{] o, :lﬂlf
[dm) 36 [] ioHa peid
e sfyee p#o
o[ 7 uf]en D 6ND
We wJen D wWirove

+V[9  zga40 2[)@0
W/RDYA [[] 10 280 810/0 31[] GND

SVNGA [ 11 30 [7] WiAnvB
AxoA [ 12 29 [] §VNCB
e[ 13 28 [] RxDB
™A [ 27 [7] AxTaca
oA [ 15 26 [] ™08
OTRA [ 18 25 [7] 6TRB
ATSA [ 7 24 [] RTS8
CTEA [ 18 2] crss
BCoA [ 19 22 [] beoa
ck [ 20 21 [ RESET

1) SvncB
11 RxDB
0 xca
D IxcB

22 23 2635 26 27

BEEEE =

1819 20

,l.n.no..-
~ o O

Notes : NC = No Connection.
280 SIO-0 or Dart in Asynchronous Mode.

TxDA and TxDB marking, forces the modem con-
trols High and disables all interrupts. The control
registers must be 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/Outputs,
Active Low). These pins can act either as inputs or
outputs. In the asynchronous receive mode, they
are inputs similar to CTS and DCD. In this mode,
the transitions on these lines affect the state of the
Sync/Hunt status bits in Read Register 0 (figure 14),
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 sgcond rising edge of RxC after that ris-
ing edge of RxC on which the last bit of the sync
character was received. In other words, after the
sync patternis 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 syn-
chronization detect logic that synchronization has
been lost or a new message is about to start. Char-
acter assembly begins on the rising edge of RxC
thatimmediately precedes the falling edge of SYNC
in the External Sync mode.

In the internal synchronization mode (Monosync
and Bisync) these pins act as outputs that are ac-
tive 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 Z80 SIO-2 bonding option, SYNCB is omitted.

TXCA-TxCB. Transmitter Clocks (Inputs). In asyn-
chronous modes, the Transmitter Clocks may be 1,
16, 32 or 64 times the data rate ; however, the clock

" multiplier for the transmitted and the receiver must

be the same. The Transmit Clock inputs are
Schmitt-trigger buffered for relaxed rise- and fall-
time requirements (no noise level margin is speci-
fied).

Transmitter Clocks may be driven by the Z80 CTC
Counter Timer Circuit for programmable baud rate
generation.

In the Z80 SIO-0 bonding option, TxCB is bonded
together with RxCB.

TxDA, TxDB. Transmitt 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 Programmed for Wait
function, driven High- and Low when programmed
for Ready function). These dual-purpose outputs
may be programmed as Ready lines for a DMA con-
troller or as Wait lines that synchronize the CPU to
the SIO data rate. The reset state is open drain.

L7 SGs-THOMSON 520
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Figure 8 : Block Diagram.
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FUNCTIONAL DESCRIPTION

The functional capabilities of the Z80 SIO can be de-
scribed from two different points of view : as a data
communication device, it transmits and receives
serial data in a wide variety of data-communication
protocols ; as a Z80 family peripheral, it interacts
with the Z80 CPU and other peripheral circuits, shar-
ing the data, address and control buses, as well as
being a part of the Z80 interrupt structure. As a pe-

ripheral to other microprocessors, the SIO offers
valuable features such as non-vectored interrupts,
polling and simple handshake capability.

Figure 9illustrates the conventional devices that the
SIO replaces.

The first part of the following discussion covers SIO
data-communication capabilities ; the second part
describes interactions between the CPU and the
SIO.

Figure 9 : Conventional Devices Replaced by the Z80 SIO.
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DATA COMMUNICATION CAPABILITIES

The SIO provides two independent full-duplex chan-
nels that can be programmed for use in any common
asynchronous or synchronous data-communication
protocol. Figure 10 illustrates some of these proto-
cols. The following is a short description of them. A
more detailed explanation of these modes can be
found in the Z80 Family Technical Manual.

ASYNCHRONOUS MODES

Transmission and reception can be done inde-
pendently on each channel with five to eight bits per
character, plus optional even or odd parity. The
transmitters can supply one, one-and-a-half or two
stop bits per character and can provide a break out-
put at any time. The receiver break-detection logic
interrupts the CPU both at the start and end of a re-
ceived break. Reception is protected from spikes by
a transient spikerejection mechanism that checks
the signal one-half a bit time after a Low level is de-
tected on the receive data input (RXDA or RxDB in
figure 6). 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 interrupts allow fast servic-
ing of error conditions using dedicated routines. Fur-
thermore, a built-in checking process avoids
interpreting aframing error as anew startbit : a fram-
ing 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 Z80 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 sup-
plied to the receive and transmit clock inputs.

In asynchronous modes, the SYNC pin may be pro-
grammed 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 syn-
chronization with an 8-bit sync character (Mono-
sync), any 16-bit sync pattern (Bysinc), or with an
external sync signal. Leading sync characters can
be removed without interrupting 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 multiple in-coming sync
characters, as shown in figure 11.

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 implementation of protocols such as
IBM Bisync.

Both CRC-16 (X'® + X' + X? + 1) and CCITT (X'®
+X'2 4+ X® + 1) error checking polynomials are sup-
ported. 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 periph-
erals such as hard-sectored floppy disk, but it can-
not 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 transmissions. This allows
very high-speed transmissions under DMA control
with no need for CPU intervention at the end of a
message. When there is no data or CRC to send in
synchronous modes, the transmitter inserts 8- or
16-bit sync characters regardless of the pro-
grammed character length.

The SIO supports synchronous bit-oriented proto-
cols such as SDLC and HDLC by performing auto-
matic flag seding, zero insertion and CRC
generation. A special command can be used to
abort a frame in transmission. At the end of a mess-
age the SIO automatically transmits the CRC and
trailing flag when the transmit buffer becomes
empty. If a transmit underrun occurs in the middle
of a message, an external/status interrupt warns the
CPU of this status change so that an abort may be
issued. One to eight bits per character can be sent,
which allows reception of a message with no prior
information about the character structure in the in-
formation field of a frame.

The receiver automatically synchronizes on the
leading flag of a frame in SDLC or HDLC, and pro-
vides a synchronization signal on the SYNC pin ; an
interrupt can also be programmed. The receiver can
be programmed to search for frames addressed by
a single byte to only a specified user-selected ad-
dress 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 ad-
dress bytes can be extended under software con-
trol. For transmitting data, an interrupt on the first
received character or on every character can be se-
lected. The receiver automatically deletes all zeroes
inserted by the transmitter during character assem-
bly. It also calculates and automatically checks the
CRC to validate frame transmission. At the end of
transmission, the status of a received frame is avail-
able in the status registers.
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The SIO can be conveniently used under DMA con-
trol 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 re-

- ceived. 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.

1/0 INTERFACE CAPABILITIES

The SIO offers the choice of polling, interrupt, (vec-
tored or non-vectored) and block-transfers modes
to transfer data, status and control 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 performed (for
example, CRC error-status valid at the end of a
message). When the CPU is operated in a polling
fashion, one of the SIO’s two status registers is used
to indicate whether the SIO has some data or needs

Figure 11 : Six Bit Sync Character Recognition.

some data. Depending on the contents of this reg-
ister, the CPU will either write data, read data, or just
go on. Two bits in the register indicate that a data
transfer is needed. In addition, error and other con-
ditions are indicate. The second status register (spe-
cial receive conditions) does not have to be read in
a polling sequence, until a character has’ been re-
ceived. All interrupt modes are disabled when oper-
ating the device in a polled environment.

INTERRUPTS

The SIO has an elaborate interrupt scheme to pro-
vide fast interrupt service in real-time applications.
A control register and a status register in Channel B
contain the interrupt vector. When programmed to
do so, the SIO can modify three bits of the interrupt
vector in the status register so that in points direct-
ly to.one of eight interrupt service routines in mem-
ory, thereby servicing conditions in both channels
and eliminating most of the needs for a status-ana-
lysis routine.

Transmitt interrupts, receive interrupts and exter-
nal/status interrupts are the main sources of inter-
rupts. Each interrupt source is enabled under
program control, with Channel A having a higher
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priority than Channel B, and with receive, transmit
and external/status interrupts prioritizedin 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). The receiver can interrupt the CPU in one
or two ways :

= Interrupt on first received character

= Interrupt on all received characters

Interrupt-on-first-received-character is 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 spe-
cial receive conditions on a character or message
basis (end-of-frame interrupt in SDLC, for example).
This means that the special-receive condition can
cause an interrupt only if the interrupt-on-first-recei-
ved-character or interrupt-on-all-received-charac-
ters mode is selected. In interrupt-on-first-received-
character, an interrupt can occur from special-re-
ceive conditions (except parity error) after the first-
received-character interrupt (example : receive-
overrun interrupt).

The main function of the external/status interrupt is
to monitor the signal transitions of the Clear To Send
(CTS), Data Carrier Detect (DCD) and Synchroni-
zation (SYNC) pins (figures 1 through 6). In addi-
tion, an external/status interrupt is also caused by a
CRC-sending condition or by the detection of a
break sequence (asynchronous mode) or abort se-

quence (SDLC mode) in the data stream. The inter-
rupt caused by the break/abort sequence allows the
SIO to interrupt when the break/abort sequence is
detected or terminated. This feature facilitates the
proper termination of the current message, correct
initialization of the next message, and the accurate
timing of the break/abort condition in external logic.

In a Z80 CPU environment (figure 12), SIO interrupt
vectoring is "automatic" : the SIO passes its inter-
nally-modificable 8-bit interrupt vector to the CPU,
which adds an additional 8 bits fromits interrupt-vec-
tor (I) register to form the memory address of the in-
terrupt-routine table. This table contains the address
of the beginning of the interrupt routine itself. The
process entails an indirect transfer or 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 (Z80 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 indi-
cates thatthe SIO is ready to transfer data to or from
memory. To the CPU, the WAIT output indicates
that the SIO is not ready to transfer data, thereby re-
questing the CPU to extend the 1/0 cycle.
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Figure 12 : Typical Z80 Environment.
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INTERNAL STRUCTURE

The internal structure of the device includes a Z80
CPU interface, internal control and interrupt logic,
and two full-duplex channels. Each channel con-
tains its own set of control and status (write and
read) registers, and control and status logic that pro-

and from the channel interface. The modem control
inputs, Clear To Send (CTS) and Data Carrier De-
tect (DCD), are monitored by the external control
and status logic under program control. All external

vides the interface to modems or other external de- - -
vices. Read Register Functions
The registers for each channel are designated as RRO | Transmit Eege've Bluger Status, Interrupt
follows : Statqs an gterna Fa}tus

' . . RR1 Special Receive Condition Status
WRO0-WR?7 - Write Reglsters 0 through 7 RR2 Modified Interrupt Vector (channel B only)
RRO-RFI{Z - Read Register 0 through 2 Write Register Functions
The register group includes five 8-bit control regis- WRO | Register pointers, CRC initialize,
ters, two sync-character registers and two status initialization commands for the various
registers. The interrupt vector is written into an ad- modes, etc.
ditional 8 -bit register (Write Register 2) in Chan- WR1 | Transmitt/Receive Interrupt and Data
nel B that may be read through another 8-bit register Transfer Mode Definition
(Read Register 2) in Channel B. The bit assignment WR2 Interrupt Vector (channel B only)
and functional grouping of each register is con- WR3 Receive Parameters and Control
figured to simplify and organize the programming WR4 | Transmit/Receive Miscellaneous
process. Table 1 list the functions assigned to each Parameters and Modes
read or write register. WR5 | Transmit Parameters and Controls
The logic for both channels provides formats, syn- wgs gync gEarac:er or ggtg /I:Iddress Field
chronization and validation for data transferred to yne Lharacter or ag
10720 (37 SGS-THOMSON
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control-and-status-logic signals are general-pur-
pose in nature and can be used for functions other
than modem control.

DATA PATH

The transmit and receive data path illustrated for
Channel A in figure 13 is identical for both channels.
The receiver has three 8-bit buffer registers in a
FIFO arrangement, in addition to the 8-bit receive
shift register. This scheme creates additional time
for the CPU to service an interrupt at the beginning
of a block of high-speed data. Incoming data is

routed through one of several paths (data or CRC)
depending on the selected mode and-in asynchron-
ous modes-the character length.

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

Figure 13 : Transmit and Receive Data Path (channel A).
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PROGRAMMING

The system program first issues a series of com-
mands that initialize the basic mode of operation
and then other commands that qualify conditions
within the selected mode. For example, the asyn-
chronous mode, character length, clock rate, num-
ber 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 pro-
grammed 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 normally controlled by the CPU ad-
dress bus. Figures 16 an 17 illustrate the timing re-
lationships for programming the write registers and
transfering data and status.

READ REGISTER

The SIO contains ‘three read registers for Chan-
nel B andtwo read registers for Channel A (RR0-RR2
in figure 14) that can be to obtain the status informa-
tion ; RR2 contains the internally-modifiable interrupt
vector and is only in the Channel B register set. The
status information includes error conditions, interrupt
vector and standard communications-interface sig-
nals.

To read the contents of a selected read register
other than RRO, the system program must first write
the pointer byte to WRO in exactly the same way as
a write register operation. Then, by executing a read
instruction, the contents of the addressed read reg-
ister 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 ap-
propriate error bits can be read from a single regis-
ter (RRI).

WRITE REGISTERS

The SIO contains eight write registers for Chan-
nel B and seven write registers for Channel A (WRO-
WRY7 in figure 15) that are programmed separately
to configure 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, programming the write
registers requires two bytes. The first byte is to WRO

12720 L7 SGS-THOMSON

and contains three bits (Do-D2) that point to the se-
lected register ; the second byte is the actual con-
trol word that is written into the register to configure
the SIO.

WRO is a special case in that all of the basic com-
mands can be written to it with a single byte. Reset
(internal or external) initializes the pointer bits Do-D2
to point to WRO. This implies that a channel reset
must not be combined with the pointing to any reg-
ister. :

Figure 14 : Read Register Bit Functions.
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Figure 15 : Write Register Bit Functions.

WRITE REGISTER 0
[
0 0 0 REGISTERO
0 0 1 REGISTER1
0 1 0 REGISTER2
0 1 1 REGISTER3
1 0 0 REGISTER4
1 0 1 REGISTERS
1 1 0 REGISTERG
1 1 1 REGISTER7
0 0 0 NULL CODE
0 0 1 SEND ABORT (SDLC)
0 1 0 RESET EXT/STATUS INTERRUPTS
G 1 1 CHANNEL RESET
1 0 0 ENABLE INT ON NEXT Rx CHARACTER
1 0 1 RESET Tx INT PENDING
1 1 0o ERROR RESET
1 1 1 RETURN FROM INT (CH-A ONLY)
NULL CODE

RESET Rx CRC CHECKER
RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

“zoco
—“c-o

WRITE REGISTER 1

EXT INT ENABLE
Tx INT ENABLE

-

Rx INT DISABLE

I {CH. B Ol
Q .
1 Rx INT ON FIRST CHARACTER
0
1

wa0oO

VECTOR)
T WAITIREADY ON RIT

WAITIREADY FUNCTION
WAITIREADY ENABLE

WRITE REGISTER 2 (CHANNEL B ONLY)

vo
V1

f

2
V3 \ INTERRUPT
V4 [ VECTOR
V5
V6
v?

WRITE REGISTER 3

Rx ENABLE

Ax CRC ENABLE
ENTER HUNT PHASE
AUTO ENABLES

Rx 5 BITSICHARACTER
Rx 7 BITSICHARACTER
Rx 6 BITSICHARACTER
Rx 8 BITSICHARACTER

-=0o
~o=0

STATUS AFFECTS VECTOR
NLY)

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

*QOr on
Special
Condition

SYNC CHARACTER LOAD INHIBIT
ADDRESS SEARCH MODE (SDLC)

WRITE REGISTER 4

PARITY ENABLE
PARITY EVENIODD

ﬁ

SYNC MODES ENABLE

1 STOP BITICHARACTER
1Y2 STOP BITSICHARACTER
2 STOP BITSICHARACTER

—aoo
~owo

0 0 «3BIT SYNC CHARACTER
[

1

1 1 EXTERNAL SYNC MODE

0 X1 CLOCK MODE

1 X16 CLOCK MODE
0 X32 CLOCK MODE
1 X84 CLOCK MODE

-=0o

WRITE REGISTER 5

Tx CRC ENABLE
TS

SDLCICRC-16
Tx ENABLE
SEND BREAK

Il

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

wasoco
~oc-o

DYR

WRITE REGISTER 6

SYNC BIT 0
SYNCBIT1
SYNC BIT 2
SYNC BIT 3
SYNC BIT 4
SYNC BIT 5
SYNC BIT.8
SYNC BIT 7

*Also SDLC Address Field

f

WRITE REGISTER 7

SYNC BIT 8

SYNC BIT 9

SYNC BIT 10
——SYNC BIT 11
SYNC BIT 12
SYNC BIT 13
SYNC BIT 14
SYNC BIT 15

*For SDLC it Must Be Programmed
to "01111110” For Flag Recognition

I
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TIMING

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

READ CYCLE

The timing signals generated by a Z80 CPU input
instruction to read a data or status byte from the SIO
are illustrated in figure 16.

WRITE CYCLE

Figure 16 illustrates the timing and data signals
generated by a Z80 CPU output instruction to write
a data or control byte into the SIO.

INTERRUPT-ACKNOWLEDGE CYCLE

After receiving an interrupt-request signal from an
SIO (INT pulled Low), the Z80 CPU sends an_inter-
rupt-acknowledge sequence (M1 Low, and IORQ
Low a few cycles later) as in figure 18.

The SIO contains an internal daisy-chained interrupt
structure for prioritizing nested interrupts for the vari-
ous functions of its two channels, 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 interrupt pending or
under service forces its IEO Low. For devices with
no interrupt pending or under service, IEO = |El.

To insure stable conditions in the daisy chain, all in-
terrupt status signals are_prevented from changing
while M1 is Low. When IORQ is Low, the highest

Figure 16 : Read Cycle.

priority interrupt requestor (the one with IEI High)
places its interrupt vector on the data bus and sets
its internal interrupt-under-service latch.

RETURN FROM INTERRUPT CYCLE

Figure 19 illustrates the return from interrupt cycle.
Normally, the Z80 CPU issues a RETI (Return From
Interrupt) 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 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 dis-
tinguish between an interrupt under service and a
pending unacknowledged interrupt of a higher
priority. Whenever "ED" is decoded, the daisy chain
is modified by forcing 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 IEl 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-acknow-
ledge cycle. For further information  about
techniques for increasing the number of daisy-
chained devices, refer to the Z80 CPU Data Sheet.

Figure 17 : Write Cycle.
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Figure 18 : Interrupt Acknowledge Cycle.

Figure 19 : Return from Interrupt Cycle.
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
\ Voltage on all Input-and Outputs with Respect to GND -03to+70 \
Ta Operating Ambient Temperature As Specified in Order Codes
Tstg Storage Temperature °C

Stresses greater than those listed under Absolute Maximum Ratings may cause permanent damage to the device. This is a stress rating
only; operation of the device at any condition above those indicated in the operational sections of these specifications is not implied. Ex-
posure to absolute maximum rating conditions for extended periods may affect device reliability.

TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into

+5V
the referenced pin. Available operating temperature
ranges are : 21K
# 0°Cto+70°C, FROM OUTPUT
+4.75V < Vce < + 5.25V UNDER TEST
n —40°Cto+85°C,
+4.75V < Vcee <+ 5.25V 100 oF 250
» —55°Cto+125°C, A
+4.75V<Veec <+ 5.5V
The product number for each operating temperature = = =
range may be found in the ordering information sec-
tion.
CAPACITANCE
Symbol Parameter Note Min. Max. Unit
o] Clock Capacitance 40 pF
Cin Input Capacitance Unmeasured Pins 5 pF
- Returned to Ground
Cour Output Capacitance 10 pF
Over specified temperature range ; f = 1 MHz.
Ly7 SGS-THOMSON 1520
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DC CHARACTERISTICS

Symbol Parameter Test Conditions Min. Max. Unit
ViLe Clock Input Low Voltage -0.3 | +045 \%
Vine Clock Input High Voltage Voo - 0.6(Vee + 0.3 \Y
Vi Input Low Voltage -0.3 + 0.8 \
Vi Input High Voltage 20 | Veo Vv
VoL Output Low Voltage loL =2.0 mA - + 0.4 \
VoH Output High Voltage lon =— 250 pA + 2.4 "

Iy Input Leakage Current Vin =0 to Vee -10 + 10 HA
loL 3-State Output Leakage Current in Float Vout =0.4 to Vee -10 +10 uA
I (sy) SYNC Pin Leakage Current 0 <ViNn<Vee — 40 + 10 A
lcc Power Supply Current 100 mA
Over specified temperature and voltage range.
AC CHARACTERISTICS
28440, 28440, 28440,
1,2 1, 2A 1, 2B
N® Symbol Parameter Min. |Max.| Min. |Max.| Min. [Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)

1 TcC Clock Cycle Time 400 (4000| 250 (4000| 165 |4000

2 TwCh T Clkock 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 T Setup Time 160 145 60

7 TsCS(Cl) IORQ, RD, to Clock T 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 (write or Mi cycle) 50 50 30
10| TdRD(DOz) - | RD T to Data Out Float Delay 230 110 90
11 TdIO(DOI) | IORQ | to Data Out Delay (INTACK cycle) 340 160 100
12 TsMI(C) MI to Clock T Setup Time 210 90 75
13 TsIEI(1O) IEI to IORQ | Setup Time (INTACK cycle) 200 140 120
14|  TdMI(IEO) MI L to IEO | Delay (interrupt before MI) 300 190 160
15| TdIEI(IEOTr) 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 | TdIO(W/RWf) | IORQ | 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
21 Th Any unspecified hold when setup is specified 0 0 0
16/20 L7 SGS-THOMSON
MICROELECTRONICS

220




Z8440-28441-28442

AC CHARACTERISTICS (continued)

28440, | Z8440, | Z8440,
s 1,2 1, 2A 1, 2B
N Symbol Parameter Notes  Fin [Max.| Min. [Max.| Min. |Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)
22 TwPh Pulse Width (high) 200 200 200
23 TwPI Pulse Width low) 200 200 200
24 TcTxC TxC Cycle Time 400 |  [400| o |330| o
25| TwTxCl TxC Width (low) 180 | e [180| o |100|
26 TwTxCh TxC Width (high) 180 | oo [180| o |100]| oo
27 | TdTxC(TxD) TxC | to TxD Delay (x| mode) 400 300 220
28| TATXC(W/RRf) | TxC | to WRDY | Delay CkPeriods* | 5 | 9 | 5 | 9| 5 | 9
(ready mode)
29| TATxC(INT) | TxC ! to INT { Delay CkPeriods* | 5 | 9 | 58 [ 9| 5 | 9
30 TcRxC RxC Cycle Time 400 | w |400| = [330|
31 TWRxCI RxC Width (low) 180 | o [180| = |100|
32 TwRxCh RxC Width (high) 180 | oo [ 180 o |100| oo
33| TsRxD(RxC) RxD to RxC T Setup Time (x| mode) 0 0 0
34| ThRxD(RxC) RxC T to RxD Hold Time (x| mode) 140 140 100
35| TdRXC(W/RRf) | RxC T to W/RDY | Delay Clk Periods* | 10 | 13 | 10 | 13 | 10 | 13
(ready mode)
36| TdRxC(INT) | RxC 7T to INT { Delay Clk Periods* | 10 | 13 | 10 | 13 | 10 | 13
37 | TdRxC(SYNC) | RxC T to SYNC | Delay CkPeriods* | 4 | 7 | 4 | 7| 4| 7
(outputs modes)
38| TsSYNC(RxC) | SYNC ! to RxC T Setup -100 -100 -100
(external sync modes)

In all modes, the System Clock rate must be at least five times the maximum data rate RESET must be active a minimum of one com-

plete Clock Cycle.
* System Clock.
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AC CHARACTERISTICS
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Z8440-Z8441-28442

AC CHARACTERISTICS (continued)
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Z8440-Z8441-Z8442

ORDERING INFORMATION

Type - Package Temp. Clock Description
Z8440/1/2B1 DIP-40 (plastic) 0/+ 70°C Z80 Dual
Z8440/1/2F1 DIP-40 (frit seal) 0/+ 70°C . Channel
Z8440/1/2D1 DIP-40 (ceramic) 0/+ 70°C 2.5 MHz Serial /0
Z8440/1/2D6 DIP-40 (ceramic) —40/+ 85°C i Controller
Z8440/1/2D2 DIP-40 (ceramic) —55/+125°C
Z8444C1 PLCC44 (plastic chip-carrier) 0/+ 70°C
28440/1/2AB1 DIP-40 (plastic) 0/+ 70°C
Z8440/1/2AF1 DIP-40 (frit seal) 0/+ 70°C
Z8440/1/2AD1 DIP-40 (ceramic) 0/+ 70°C 4 MHz
Z8440/1/2AD6 DIP-40 (ceramic) —40/+ 85°C
Z8440/1/2AD2 DIP-40 (ceramic) —55/+125°C
Z8444AC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8440/1/2BB1 DIP-40 (plastic) 0/+ 70°C
Z8440/1/2BF1 DIP-40 (frit seal) 0/+ 70°C
Z8440/1/2BD1 DIP-40 (ceramic) 0/+ 70°C 6 MHz
28440/1/2BD6 DIP-40 (ceramic) —40/+ 85°C
Z8440/1/2BD2 DIP-40 (ceramic) —55/+125°C
Z8444BC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
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DUAL ASYNCHRONOUS RECEIVER/TRANSMITTER

» TWO INDEPENDENT FULL-DUPLEX CHAN-
NELS WITH SEPARATE MODEM CONTROLS.
MODEM STATUS CAN BE MONITORED

= RECEIVER DATA REGISTERS ARE QUADRU-

PLY BUFFERED ; THE TRANSMITTER IS

DOUBLY BUFFERED

INTERRUPT FEATURES INCLUDE A PRO-

GRAMMABLE INTERRUPT VECTOR, A

"STATUS AFFECTS VECTOR" MODE FOR

FAST INTERRUPT PROCESSING, AND THE

STANDARD Z80 PERIPHERAL DAISY-CHAIN

INTERRUPT STRUCTURE THAT PROVIDES

AUTOMATIC INTERRUPT VECTORING WITH

NO EXTERNAL LOGIC

IN x1 CLOCK MODE, DATA RATES ARE 0 TO

500K BITS/SECOND WITH A 2.5MHz CLOCK,

OR 0 TO 800K BITS/SECOND WITH A 4.0MHz

CLOCK, OR 0 TO 1200K BIT/SECOND WITH A

6.0MHz CLOCK ‘

PROGRAMMABLE OPTIONS INCLUDE 1,1 1/2

OR 2 STOP BITS ; EVEN, ODD OR NO

PARITY ; AND x1, x16, x32 AND x64 CLOCK

MODES

BREAK GENERATION AND DETECTION AS

WELL AS PARITY-, OVERRUN- AND FRAM-

ING-ERROR DETECTION ARE AVAILABLE

DESCRIPTION

The Z80 DART (Dual-Channel Asynchronous Re-
ceiver/Transmitter) is a dual-channel multi-function
peripheral component that satisfies a wide variety
of asynchronous serial data communications re-
quirements in microcomputer systems. The Z80
DART is used as a serial-to-parallel, parallel-to-ser-
ial converter/controller in asynchronous applica-
tions. In addition, the device also provides modem
controls for both channels. In applications where
modem controls are not needed, these lines can be
used for general-purpose 1/O.

The Z80 SIO, a more versatile device, provides syn-
chronous' (Bisync, HDLC and SDLC) as well as
asynchronous operation.

The Z80 DART is fabricated with n-channel silicon-
gate depletion-load technology, and is packaged in
a 40 pin plastic or ceramic DIP.

February 1989

B/F D
DIP-40 DIP-40
(Plastic and Frit-Seal) (Ceramic)

PLCC44
(Plastic)

(Ordering Information at the end of the datasheet)
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Figure 1 : Dual ine pine Configuration.
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Figure 2 : Chip Carrier Pin Configuration.
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Note : NC = No Connection
Z80 SI0O-0 or Dart in Asynchronous Mode.

PIN DESCRIPTIONS

B/A. Channel A Or B Select (Input, High Selects
Channel B). This input defines which channel is ac-
cessed during a data transfer between the CPU and
the Z80 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 be-
tween the CPU and the Z80 DART.

2/14
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CE. Chip Enable (Input, Active Low). A Low at this
input enables the Z80 DART to accept command or
data input from the CPU during a write cycle, or to
transmit data to the CPU during a read cycle.

CLK. System Clock(Input). The Z80 DART uses the
standard Z80 single-phase system clock to syn-
chronize internal signals.

CTSA, CTSB. Clear To Send (Inputs, Active Low).
When programmed as Auto Enables, a Low on
these inputs enables the respective transmitter. If
not programmed as Auto Enables, these inputs may
be programmed as general-purpose inputs. Both in-
puts are Schmitt-trigger buffered to accomodate
slow-risetime signals.

Do-D7. System Data Bus (Bidirectional, 3-state)
transfers data and commands between the CPU
and the Z80 DART.

DCDA, DCDB. Data Carrier Detect (Inputs, Active
Low). These pins function as receiver enables if the
Z80 DART is programmed for Auto Enables ; other-
wise they may be used as general-purpose input
pins. Both pins are Schmitt-trigger buffered.

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

IEl. Interrupt Enable In (Input, Active High) is used
with IEO to form a priority daisy chain when there is
more than one interrupt-driven device. A High on
this line indicates that no other device of higher
priority is being serviced by a CPU interrupt service
routine.

IEO. Interrupt Enable Out (Output, Active High). IEO
is High only if IEI is High and the CPU is not servic-
ing an interrupt from this Z80 DART. Thus, this sig-
nal blocks lower priority devices from interrupting
while a higher priority device is being serviced by its
CPU interrupt service routine.

INT. Interrupt Request (Output, Open Drain, Active
Low). When_the Z80 DART is requesting an inter-
rupt, it pulls INT Low.

M1. Machine Cycle One (Input from Z80 CPU, Ac-
tive Low). When M1 and RD are both active, the Z80
CPU is fetching aninstruction from memory ; when
M1 is active while IORQ s active, the Z80 DART ac-
cepts M1 and IORQ as an interrupt acknowledge if
the Z80 DART is the highest priority device that has
interrupted the Z80 CPU.

IORQ. /nput/Output Request (Input from CPU, Ac-
tive Low). IORQis usedin conjunction with B/A, C/D,
CE and RD to transfer commands and data between
the CPU and the Z80 DART. When CE, RD and

MICROELECTRONICS
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IORQ are all active, the channel selected by B/A
transfers data to the CPU (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 is sampled on the rising edge of RxC. The Re-
ceive Clocks may be 1, 16, 32 or 64 times the data
rate.

RD. Read Cycle Status (Input from CPU, Active
Low). If RD is active, a memory or 1/O read oper-
ation is in progress.

RxDA, RxDB. Receive Data (Inputs, Active High).

RESET. Reset(Input, Active Low). Disables both re-
ceivers and transmitters, forces TxDA and TxDB
marking, forces the modem controls High and dis-
ables all interrupts.

RIA, RIB. Ring Indicator(Inputs, Active Low). These
inputs are similar to CTS and DCD. The Z80 DART
detects both logic level transitions and interrupts the
CPU. When not used in switched-line applications,
these inputs can be used as general-purpose in-
puts.

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 Transmit-
ter 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 Trans-
mitt Clock inputs are Schmitt-triggered buffered.
Both the Receiver and Transmitter Clocks may be
driven by the Z80 CTC Counter Time Circuit for pro-
grammable baud rate generation.

TxDA, TxDB. Transmitt Data (Outputs, Active
High).

W/RDYA, W/RDYB. Wait/Ready (Outputs, open
drain when programmed for Wait function, driven
High and Low when programmed for Ready func-
tion). 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 Z80
DART data rate. The reset state is open drain.

FUNCTIONAL DESCRIPTION

The functional capabilities of the Z80 DART can be
described from two different points of view : as a
data communication device, it transmits and re-
ceives serial data, and meets the requirements of
asynchronous data communication protocols ; as a
Z80 family peripheral, it interacts with the Z80 CPU
and other Z80 peripheral circuits, and shares the
data, address and control buses, as well as being a
part of the Z80 interrupt structure. As a peripheral
to other microprocessors, the Z80 DART offers valu-
able features such as non-vectored interrupts, poll-
ing and simple hand-shake capability.

The first part of the following functional description
introduces Z80 DART data communications capa-
bilities ; the second part describes the interaction
between the CPU and the Z80 DART.

The Z80 DART offers RS-232 serial communica-
tions support by providing device signals for exter-
nal modem control. In addition to dual-channel
Request To Send, Clear To Send, and Data Carrier
Detect ports, the Z80 DART also features a dual
channel Ring Indicator (RIA, RIB) input to facilitate
local/remote or station-to-station communication
capability.

COMMUNICATIONS CAPABILITIES.

The Z80 DART provides two independent full-du-
plex channels receiver/transmitter. The following is
a short description of receiver/transmitter capa-
bilities. For more details, refer to the Asynchronous
Mode section of the Z80 Family Technical Manual.
The Z80 DART offers transmission and reception of
five to eigh bits per character, plus optional even or
odd parity.

The transmitter can supply one, one and a half or
two stop bits per character and can provide a break
output at any time. The receiver break detection
logic interrupts the CPU both at the start and end of
a received break. Reception is protected from
spikes by a transient spike rejection mechanism that
checks the signal one-half a bittime after a Low level
is detected on the Receive Data input. If the Low
does not persist (as in the case of a transient) the
character assembly process is not started.

Framing errors and overrun errors are detected and
buffered together with the character on which they
occurred. Vectored interrupts allow fast servicing of
interrupting conditions using dedicated routines.

L7 SGS:THOMSON 314
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Figure 3 : Block Diagram.
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Furthermore, a built-in checking process avoids in-
terpreting a framing error as a new start bit : a fram-
ing error results in the addition of one-halt a bit time
to the point at which the search for the next start bit
is begun.

The Z80 DART does not require symmetric Trans-
mitt and Receive Clock signals-a-feature that allows
it to be used with a Z80 CTC or any other clock
source. The transmitter and receiver can handle
data at a rate of 1, 1/16, 1/32 or 1/64 of the clock
rate supplied to the Receive and Transmit Clock in-
puts. When using Channel B, the bit rates for trans-
mit and receive operations must be the same
because RxC and TxC are bonded together
(RxTxCB).

I/0 INTERFACE CAPABILITIES

The Z80 DART offers the choice of Polling, Interrupt
(vectored or non-vectored) and Block Transfer
modes to transfer data, status and control informa-
tion to and from the CPU. The Block Transfer mode
can be implemented under CPU or DMA control.

POLLING

There are no interrupts in the Polled mode. Status
registers RRO and RR1 are updated at appropriate
times for each function being performed. All the in-
terrupt modes or the Z80 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 Do and Dz indicate
that a data transfer is needed. The status also indi-

414

FI SGS-THOMSON

cates Error or other special status conditions (see
"Z80 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 accompanied by a Receive Charac-
ter Available status in RRO.

INTERRUPTS

The Z80 DART offers an elaborate interrupts
scheme that provides fast interrupt response in real-
time applications. As a member of the Z80 family,
the Z80 DART can be daisy-chained along with
other Z80 peripherals or peripheral interrupt-priority
resolution. In addition, the internal interrupts of the
Z80 DART are nested to prioritize the various inter-
rupts generated by Channels A and B. Channel B
registers WR2 and RR2 contain the interrupt vector
that ponts to an interrupt service routine in the mem-
ory. To eliminate the necessity of writing a status
analysis routine, the Z80 DART can modify the in-
terrupt vector in RR2 so it points directly to one of
eight interrupt service routines. This is done under
program control by setting a program bit (WR1, D2)
in Channel B called "Status Affects Vector". When
this bit is set the interrupt vector in RR2 is modified
according to the assigned priority of the various in-
terrupting conditions.

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

= Interrupt on all received characters

= Interrupt on a Special Receive condition

Interrupt On First Character is typically used with the
Block Transfer mode. Interrupt On All Receive Char-
acters can optionally modify the interrupt vector in
the event of a parity error. The Special Receive Con-
dition interrupt can occur on a character basis. The
Special Receive condition can cause an interrupt
only if the Interrupt On First Receive Character or
Interrupt On All Receive Character mode is se-
lected. 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 Rl 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 Z80 DART tointerruptwhen 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 280 DART provides a Block Transfer mode to
accomodate CPU block transfer functions and DMA
block transfers (Z80 DMA or other design). The
Block Transfer mode uses the W/RDY outputin con-
junction with the Wait/Ready bits of Write Regis-
ter 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 Z80 DART Ready output
indicates that the Z80 DART is ready to transfer data
to or from memory. To the CPU the Wait output in-
dicates that the Z80 DART is not ready to transfer
data, thereby requesting the CPU to extend the I/O
cycle.

INTERNAL ARCHITECTURE

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

The read and write register group includes five 8-bit
control registers and two status registers. The inter-
rupt vector is written into an additional 8-bit register
(Write register 2) in Channel B that may be read
through Read Register 2 in Channel B. The regis-
ters for both channel are designated as follows :

WRO0-WRS5-Write Register 0 through 5
RR0-RR2-Read registers 0 through 2

The bit assignment and functional grouping of each
register is configured to simplify and organize the
programming process.

The logic for both channels provides formats, bit
synchronization and validation for data transferred
to and from the channel interface. The modem con-
trol inputs Clear to Send (CTS), Data Carrier Detect
(DCD) and Ring Indicator (RI) are monitored by the
control logic under program control. All the modem
control signals are general-purpose in nature and
can be used for functions other than modem con-
trol.

For automatic interrupt vectoring, the interrupt con-
trol logic determines which channel and which de-
vice within the channel has the highest priority.
Priority is fixed with Channel A assigned a higher
priority than Channel B ; Receive, Transmitand Ex-
ternal/Status interrupts are prioritized in that order
within each channel.

DATA PATH

The transmit and receive data path illustrated for
Channel A in figure 4 is identical for both channels.
The receiver has three 8-bit buffer registers in a
FIFO arrangement in addition to the 8-bit receive
shift register. This scheme creates additional time
for the CPU to service a Receive Character Avail-
able interrupt in a high-speed data transfer.

The transmitter has an 8-bit transmit data register
that is loaded from the internal data bus, and a 9-bit
transmit shift register that is loaded from the trans-
mit data register.

L5 SGS-THOMSON - o
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Figure 4 : Data Path.
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READ, WRITE AND INTERRUPT TIMING

READ CYCLE

The timing signals generated by a Z80 CPU input
instruction to read a Data or Status byte from the
Z80 DART are illustrated in figure 5a.

Figure 5a : Read Cycle.

WRITE CYCLE

Figure 5b illustrates the timing and data signals
generated by a Z80 CPU output instruction to write
a Data or Control byte into the Z80 DART.

Figure 5b : Write Cycle.
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INTERRUPT ACKNOWLEDGE CYCLE

After receiving an Interrupt Request signal (INT
pulled Low), the Z80 CPU sends an Interrupt Ac-
knowledge signal (M1 and IORQ both Low). The
daisy-chained interrupt circuits determine the hig-
hest priority interrupt requestor. The |EI of the hig-
hest priority peripheral is terminated High. For any
peripheral that has no interrupt pending or under
service, IEO = |El. Any peripheral that does have an
interrupt pending or under service forces its IEO
Low.

To insure stable conditions in the daisy chain, all in-
terrupt 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 vector on the data bus and sets
its internal interrupt-under-service latch.

Refer to the Z80 Family Technical Manual for addi-
tional details on the interrupt daisy chain and inter-
rupt nesting.

RETURN FROM INTERRUPT CYCLE

Normally, the Z80 CPU issues a RETI (Return From
Interrupt) 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.

When used with other CPUs, the Z80 DART allows
the user to return from the interrupt cycle with a spe-
cial command called "Return From Interrupt" in
Write Register 0 of Channel A. This command is in-
terpreted by the Z80 DART in exactly the same way
it would interpret a RETlI command on the data bus.

Figure 5c : Interrupt Acknowledge Cycle.

Figure 5d : Return from Interrupt Cycle.
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Z80 DART PROGRAMMING

To program the Z80 DART, the system program first
issues a series of commands that initialize the basic
mode and then other commands that qualify condi-
tions within the selected mode. For example, the
character length, clock rate, number of stop bits,
even or odd parity are first set, then the Interrupt
mode and, finally, receiver or transmitter enable.

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

WRITE REGISTERS

The Z80 DART contains six registers (WR0-WR5)
in each channel that are programmed separately by
the system program to configure the functional per-
sonality of the channels (figure 4). With the excep-
tion of WRO, programming the write  registers
requires two bytes. The first byte contains three bits
(Do-D2) that point to the selected register ; the sec-
ond byte is the actual control word that is written into
the register to configure the Z80 DART.

WRO is aspecial casein that all the basic commands
(CMDo-CMD2) can be accessed with a single byte.
Reset (internal or external) initializes the ponter bits
Do-D2 to point to WRO. This means that a register

DATA —vecron) cannot be pointed to in the same operation as a
channel reset.
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Write Register Functions

WRO Register Pointers, Initialization Commands
for the Various Modes, etc.

WR1 Transmit/Receive Interrupt and Data
Transfer Mode Definition

WR2 Interrupt Vector (Channel B only)

WR3 Receive Parameters and Control

WR4 Transmit/Receive Miscellaneous
Parameters and Modes

WR5 Transmit Parameters and Controls

READ REGISTERS

The Z80 DART contains three registers (RR0-RR2)
that can be read to obtain the status information for
each channel (except for RR2, which applies to
Channel B only). The status information includes
error conditions, interrupt vector and standard com-
munications-interface signals.

814 L7 SGs-THOMSON

To read the contents of a selected read register
other than RRO, the system program must first write
the pointer byte to WRO in exactly the same way as
a write register operation. Then, by executing an
input 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 Conditions interrupt has occurred, all the
appropriate error bits can be read from a single reg-
ister (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)

MICROELECTRONICS
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Z80 DART READ AND WRITE REGISTERS

READ REGISTER 0

[o:ToeJos [ou[ou oo Too]
L Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)

Tx BUFFER EMPTY

=

oco
Rl
USED WITH “EXTERNAL/
cTs STATUS INTERRUPT"
NOT useD | MODE
BREAK
WRITE REGISTER 0
TF _:a 0 0 REGISTERO
0 0 1 REGISTER1
0 1 0 REGISTER2
¢ 1 1 REGISTER3
1 0 0 REGISTER4
1 0 1 REGISTERS
0 0 0 NULLCODE
0 0 1 NOTUSED
0 1 0  RESET EXTISTATUS INTERRUPTS
0 1 1 CHANNEL RESET
10 0  ENABLEINT ON NEXT Rx CHARACTER
1 0 1 RESET TxINT PENDING
1 1 0 ERRORRESET
1 1 1 RETURN FROM INT (CH-A ONLY)
NOT USED

WRITE REGISTER 2 (CHANNEL B ONLY)

[o:To.]

l_ vo
v
v2
v3
va
Vs
3
vz

READ REGISTER 1°

READ REGISTER 2

I ALLSENT
NOT USED
PAHIY EHRUH "-':
2
Rx OVERRUN ERROR vt \&o
W
FRAMING ERROR v [ED
=>
NOT USED vs
“Used With Special Receive Condilion Mode v6
vr
**Vanable It "Status Aftec:s
Vector” Is Programmez
WRITE REGISTER 1
l L ext it enasLe
—— TxINT ENABLE
STATUS AFFECTS VECTOR
(CH. B ONLY)
o o RX IN} UISABLE
0 1 RxINTON FIRST CHARACTER ORON
1 0 INTONALL Rx CHARACTERS (PARITY | SpECIAL
AFFECTS VECTOR) RECEIVE
11 INTON ALL Rx CHARACTERS (PARITY | CONDITION
DOES NOT AFFECT VECTOR)
WAITIREADY ON RIT
WAIT/READY FUNCTION
WAIT/READY ENABLE

WRITE REGISTER 3

Lt

RAx ENABLE
NOT USED (MUST BE PROGRAMMED 0)
AUTO ENABLES

F

0 0  RxSBITSICHARACTER
INTERRUPT 0 1 Rx7BITSICHARACTER
VECTOR 1 0  Rx8BITSICHARACTER
11 RxBBITSICHARACTER
WHITE REGISTER 4 WRITE REGISTER 5
[orTou ]2, JouTou Jos Tou Too [e:]o]os ol Jos Jo: o, oo ]
L pamy enasLe | NOT USED
PARITY EVEN/ODD RTS
0 0 NOTUSED NOT USED
0 1 1STOP BIICHARACTER
1 0 1% STOP BITSICHARACTER Tx ENABLE
1t 1 2STOP BITSICHARACTER SEND BREAK
NOT USED 0 0  Tx5B8ITS(OR LESSVCHARACTER
0 1  Tx7BITSICHARACTER
0 0 X1 CLOCK MODE 1 -0 Tx6BITSICHARACTER
0 1 X16CLOCK MODE 1 1 Tx8BITSICHARACTER
1 0  X32CLOCK MODE oTR R
11 X64CLOCK MODE
914
‘_’ 7] SGS-THOMSON
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ABSOLUTE MAXIMUM RATINGS

Symbol Parameter Value Unit
Vi Voltage on all Inputs and Outputs with Respect to GND -03t0o+70 \
Ta Operating Ambient Temperature As Specified in Ordering Information

Tstg Storage Temperature — 65 to + 150 °C

Stresses greater than those listed under Absolute Maximun Ratings may cause permanent damage to the device. This is a stress
rating only ; operation of the device at any condition above those indicated in the operational sections of these specifications is not im-
plied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

TEST CONDITIONS

The characteristics below apply for the following test
conditions, unless otherwise noted. All voltages are
referenced to GND (0V). Positive current flows into
the referenced pin. Available operating temperature

FROM OUTPUT

ranges are : UNDER TEST
u 0°Cto+70°C,
+475V<Vec<+5.25V 100 pF 250
» 40°Cto +85°C, -
+4.75V<Vec<+525V
n 55°Cto+125°C, = = =
+45V<Vec<+55V
DC CHARACTERISTICS
Symbol Parameter Test Conditions Min. Max. Unit
ViLe Clock Input Low Voltage -0.3 | +045 \)
Vibe Clock Input High Voltage Vec - 06| + 5.5 \
ViL Input Low Voltage -03 +0.8 \
ViH Input High Voltage +2.0 +55 \
VoL Output Low Voltage loL =2.0 mA + 0.4 \%
Vou Output High Voltage lon =— 250 pA +24 \
IL Input/3-State Output Leakage Current 04<V<24V -10 +10 pA
IL(R1) RI Pin Leakage Current 0 <V < Vee - 40 +10 HA
lcc Power Supply Current 100 mA
Ta=0°Ct070°C,Vecc=5V*5%.
10/14
‘_ SGS-THOMSON
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AC CHARACTERISTICS
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AC CHARACTERISTICS (continued)

236

28470, Z8470A | 28470B
N° Symbol Parameter Min. |Max.|Min. [Max.| Min. |Max.
(ns) | (ns) | (ns) | (ns) | (ns) | (ns)

1 TcC Clock Cycle Time 400 [4000| 250 |4000| 165 {4000

2 TwCh Clock Width (high) 170 (2000| 105 |2000| 70 {2000

3 TfC 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 T Setup Time 160 145 60

7 TsCS(C) IORQ, RD, to Clock T 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 Ml cycle) 50 50 30

10| TdRD(DOz) | RD T to Data Out Float Delay 230 110 90
11 TdIO(DOI) IORQ ! 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 (INTA cycle) 200 140 120

14|  TdMI(IEO) Mi | to IEO | Delay (interrupt before M) 300 190 160
15 TdIEI(IEOT) IEI T to IEO T Delay (after ED decode) 150 100 70
16 | TdIEI(IEOf) IEI { to IEQ | Delay 150 100 70
17 TdC(INT) Clock T to INT | Delay 200 200 150
18| TdIO(W/RWf) | IORQ | 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
12114
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AC CHARACTERISTICS (continued)

CTs, OCD, SYNC

WIRDY

iNT

AxC

| 6\ 1L_/—X
=l
X o
: |
—1

@
ey N
®
Nt
AC CHARACTERISTICS (continued)
28470 Z8470A | Z8470B

N° Symbol Parameter Unit Min. |Max.|Min. [Max.| Min. [Max.| -

(ns) | (ns) | (ns) | (ns) | (ns) | (ns)
1 TwPh Pulse Width (high) 200 200 200
2 TwP| Pulse Width (low) 200 200 200
3 TcTxC TxC Cycle Time 400 | o [400 | o |330| o
4 TWTXCI TxC Width (low) 180 | w |180| o [100| o
5 TWTxCh TxC Width (high) 180 | o | 180 | e |100| oo
6 | TdTxC(TxD) | TxC ! to TxD Delay 400 300 220
7 | TdTxC(W/RRf) | TxC I to W/RDY | Delay Clk Periods | 5 9 5 9 5 9

(ready mode)
8 | TdTXC(NT) | TxC i to INT { Delay ClkPerods | 5 | 9 | 56 | 9 | 5| 9
9 TcRxC RxC Cycle Time 400 | o [400 (| e [330| o
10 TwRXCI RxC Width (low) 180 | o [180| o |100| o
11 TwRxCh RxC Width (high) 180 | o [180| o [100| «
12| TsRxD(RxC) RxD to RxC T Setup Time (x| mode) 0 0 0
13| ThRxD(RxC) RxD Hold Time (x| mode) 140 140 100
14 | TdRXC(W/RRf) | RxC T to W/RDY | Delay Clk Periods | 10 | 13 | 10 | 13 | 10 | 13
(ready mode)
15| TdRxC(INT) RxC T to INT | Delay Clk Periods | 10 | 13 | 10 | 13 | 10 | 13
ky7 3E3THONSON —
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ORDERING INFORMATION

Type Package Temp. Clock Description
Z8470B1 DIP-40 (plastic) 0/+ 70°C Z80 Dual
Z8470F1 DIP-40 (frit seal) 0/+ 70°C Channel
Z8470D1 DIP-40 (ceramic) 0/+ 70°C 2.5 MHz Asynchronous
28470D6 DIP-40 (ceramic) —40/+ 85°C " Receiver
Z8470D2 DIP-40 (ceramic) —55/+125°C Transmitter
Z8444C1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8470AB1 DIP-40 (plastic) 0/+ 70°C
Z8470AF1 DIP-40 (frit seal) 0/+ 70°C
Z8470AD1 DIP-40 (ceramic) 0/+ 70°C 4 MHz
Z8470AD6 DIP-40 (ceramic) —40/+ 85°C
Z8470AD2 DIP-40 (ceramic) —55/+125°C
Z8444AC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
Z8470BB1 DIP-40 (plastic) 0/+ 70°C
Z8470BF1 DIP-40 (frit seal) 0/+ 70°C
Z8470BD1 DIP-40 (ceramic) 0/+ 70°C 6 MHz
Z8470BD6 DIP-40 (ceramic) —40/+ 85°C
Z8470BD2 DIP-40 (ceramic) —55/+125°C
Z8444BC1 PLCC44 (plastic chip-carrier) 0/+ 70°C
14/14 K
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SALES OFFICES

AUSTRALIA

NSW 2027 EDGECLIFF
Suite 211, Edgecliff centre

203-233, New South Head Road

Tel. (61-2) 327.39.22
Telex: 071 126911 TCAUS
Telefax: (61-2) 327.61.76

BRAZIL
05413 SAO PAULO

R. Henrique Schaumann 286-CJ33

Tel. (55-11) 883-5455

Telex: (39-11) 37988 "UMBR BR"

CANADA

BRAMPTON, ONTARIO
341 Main St. North

Tel. (416) 455-0505
Telefax: 416-455-2606

CHINA

BENJING

Beijing No. 5 Semiconductor
Device Factory

14 Wu Lu Tong Road

Da Shang Mau Wai

Tel. (861) 2024378

Telex 222722 STM CH

DENMARK

2730 HERLEV

Herlev Torv, 4

Tel. (45 2) 94 85.33
Telex: 35

Telefax: (45 2) 948694

FRANCE

94253 GENTILLY Cedex
7 - avenue Gallieni - BP. 93
Tel.: (33-1) 47.40.75.75
Telex: 632570 STMHQ
Telefax: (33-1) 47.40.79.10

67000 STRASBURG

20, Place des Halles
Tel. (33) 88.25.49.90
Telex: 870001F

Telefax: (33) 88.22.29.32

HONG KONG

WANCHAI

22nd Floor - Hopewell centre
183 Queen’s Road East

Tel. (852-5) 8615788

Telex: 60955 ESGIES HX
Telefax: (852-5) 8656589

INDIA

NEW DELHI 110 001

Liason Office

c/o Diners Business Services Pvt Ltd
World Trade Tower - First Floor
Barakhamba Lane

Tel. 331 4668 - 331 2840

Telex: 031 63421 DBSD IN

Telefax: 331 2830

ITALY

20090 ASSAGO (MI)

V.le Milanofiori - Strada 4 - Palazzo A/4/A
Tel. (39-2) 89213.1 (10 linee)

Telex: 330131 - 330141 SGSAGR
Telefax: (39-2) 8250449

40033 CASALECCHIO DI RENO (BO)
Via R. Fucini, 12

Tel. (39- 51)591914

Telex: 5124

Telefax: (39 51) 591305

00161 ROMA

Via A. Torlonia, 15

Tel. (39-6) 8443341/2/3/4/5
Telex: 620653 SGSATE |
Telefax: (39-6) 8444474

JAPAN

TOKYO 108

Nisseki - Takanawa Bld. 4F
2-18-10 Takanawa
Minato-Ku

Tel. (81-3) 280-4121
Telefax: (81-3) 280-4131

KOREA

SEOUL 121

8th floor Shinwon Building
823-14, Yuksam-Dong
Kang-Nam-Gu

Tel. (82-2) 552-0399
Telex: SGSKOR K29998
Telefax: (82-2) 552-1051

NETHERLANDS

5612 AM EINDHOVEN
Dillenburgstraat 25
Tel.: (31-40) 550015
Telex: 51186

Telefax: (31-40) 528835

SINGAPORE

SINGAPORE 2056

28 Ang Mo Kio - Industrial Park 2
Tel. (65) 4821411

Telex: RS 55201 ESGIES

Telefax: (65) 4820240

SPAIN

08021 BARCELONA
Calle Platon, 6 4™ Floor, 5" Door
Tel. (34-3) 2022017-2020316
Telefax: (34-3) 2021461

28027 MADRID

Calle Albacete, 5

Tel. (34-1) 4051615
Telex: 27060 TCCEE
Telefax: (34-1) 4031134

SWEDEN

S-16421 KISTA
Borgarfjordsgatan, 13 - Box 1094
Tel.: (46-8) 7939220

Telex: 12078 THSWS

Telefax: (46-8) 7504950

SWITZERLAND

1218 GRAND-SACONNEX (GENEVA)
Chemin Franois-Lehmann, 18/A

Tel. (41-22) 7986462

Telex: 415493 STM CH

Telefax: (41-22) 7984869

TAIWAN

TAIPE!

12th Floor

571, Tun Hua South Road
Tel. (886-2) 755-4111
Telex: 10310 ESGIE TW
Telefax: (886-2) 755-4008

UNITED KINGDOM and EIRE

MARLOW, BUCKS
Planar House, Parkway
Globe Park

Tel.: (44-628) 890800
Telex: 847458

Telefax: (44-628) 890391



SALES OFFICES

US.A.

NORTH & SOUTH AMERICAN
MARKETING HEADQUARTERS
1000 East Bell Road

Phoenix, AZ 85022-2699
(1)-(602) 867-6340

SALES COVERAGE BY STATE

ALABAMA
Huntsville - (205) 533-5995

ARIZONA
Phoenix - (602) 867-6340

CALIFORNIA
Irvine - (714) 250-0455
San Jos - (408) 452-8585

COLORADO
Boulder (303) 449-9000

GEORGIA
Norcross - (404) 242-7444

ILLINOIS
Schaumburg - (708) 517-1890

MARYLAND
Columbia - (301) 995-6952

MASSACHUSSETTS
Waltham - (617) 890-6688

NEW JERSEY
Voorhees - (609) 772-6222

OREGON
Tigard - (503) 620-5517

TEXAS
Austin - (512) 339-4191
Carrollton - (214) 466-8844

WASHINGTON
Seattle - (206) 524-6421

FOR RF AND MICROWAVE

POWER TRANSISTORS CONTACT

THE FOLLOWING REGIONAL
OFFICES INTHE US.A.

CALIFORNIA
Hawthorne - (213) 675-0742

NEW JERSEY
Totowa - (201) 890-0884

PENNSYLVANIA
Montgomeryville - (215) 362-8500

TEXAS
Carrollton - (214) 466-8844

WEST GERMANY

6000 FRANKFURT
Gutleutstrabe 322

Tel. (49-69) 237492
Telex: 176997 689
Telefax: (49-69) 231957
Teletex: 6997689=STVBP

8011 GRASBRUNN
Bretonischer Ring 4
Neukeferloh Technopark
Tel.: (49-89) 460060
Telex: 528211

Telefax: (49-89) 4605454
Teletex: 897107=STDISTR

3000 HANNOVER 1
Eckenerstrasse 5

Tel. (49-511) 634191
Telex 175118418
Teletex: 5118418 csfbeh
Telefax: (49-511) 633552

8500 NURNBERG 20
Erlenstegenstrasse, 72
Tel.: (49-911) 597032
Telex: 626243

Telefax: (49-911) 5980701

5200 SIEGBURG
Frankfurter Str. 22a

Tel. (49-2241) 660 84-86
Telex: 889510

Telefax: (49-2241) 67584

7000 STUTTGART

Oberer Kirchhaldenweg 135
Tel. (49-711) 692041

Telex: 721718

Telefax: (49-711) 691408

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsability for the
consequences of use of such information nor for any infringement of patents or other rights of third parties which may results from its use. No
license is granted by implication or otherwise under any _Ipatent or patent rights of SGS-THOMSON Microelectronics. Specifications mentioned
in this publication are subject to change without notice. This publication supersedes and replaces all informations previously supplied.
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