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

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

Microcomputers in Every Form
-~

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

I

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

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

_memory boards, and boards for all

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

Sets the Industry
Standard for 8 Bits

June 1982

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

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

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

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

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

functions than 1ts competitor.

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

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

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

780 CTC, and Z80 DMA.

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

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

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

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

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

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

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

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

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

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

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

INSTRUCTION INST.
DECODER REG.

+5V

GND —»

L

CPU
TIMING
CONTROL

LT

8 SYSTEMS 5 CPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

CLOCK —

reserved for very fast interrupt response.

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

8-BIT
DATA BUS

DATA BUS
INTERFACE

INTERNAL DATA BUS

REGISTER
ARRAY

ADDRESS
LOGIC AND
BUFFERS

16-BIT
ADDRESS BUS

Figure 3. Z80 CPU Block Diagram
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Z80 Micro-

The Zilog Z80 microprocessor is the central

each of which has an 8-bit prescaler. Each

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

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

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

Cc,cC General Purpose 8 See B, above.

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

E E General Purpose 8 See D, above.

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

L L General Purpose 8 See H, above.

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

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

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

IX Index Register 16 Used for indexed addressing.

Iy Index Register 16 Same as IX, above.

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

PC Program Counter 16 Holds address of next instruction.

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

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

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

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

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

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

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




Interrupts:
General
Operation
(Continued)

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

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

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

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

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

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

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

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

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

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

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

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

NMI service
routine.

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

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

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

0dd o082z

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

Repeat until
B

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

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

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

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

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

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

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

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

NOTE 'RETN loads IFF; —~ IFF)

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

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

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

O]

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

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

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

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

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

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

(O]

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

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

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

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

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

Summary of Dy Dy

Fla g Instruction s z H PV N C Comments

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

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

AND s ! t X 1 X P 0 O }

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

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

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

ADD DD, ss e ¢ X X X e 0 t 16-bit add

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

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

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

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

RRC m, SLA m,
SRA m, SRL m

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

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

CPL . e X 1 X e 1 . Complement accumulator

SCF e ¢ X 0 X e 0 1 Set carry

CCF e o X X X e 0 Complement carry

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

MREQ. Memory Request (output, active

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

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

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

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

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

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

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

17
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CPU Timing

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

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

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

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

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

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

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

Figure 5. Instruction Opcode Fetch

18

2005-882



CPU Memory Read or Write Cycles. Figure 6

Timing shows the timing of memory read or write

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

-

CLOCK ,

Ty

AW

Tz Tw

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

£ Lo

WA

L
VALID ADDRESS

A
~O~
),
o8

cls

[

—|

. @\l—w
\l‘@)

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

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

DATA OUT

I/

Figure 6. Memory Read or Write Cycles

2005-883
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CPU
Timing
(Continued)

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

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

Ts

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

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

La

Figure 7. Input or Output Cycles

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

T Ty T2

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

Tw+ Tw- Tw

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

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

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

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

NOTE: Ty = Last state of any M cycle.

Non-Maskable Interrupt Request Cycle.

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

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

LAST M CYCLE
LAST T TIME T T2

AVAVAVAYAWE

_____________ I _____ﬂ_.

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

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

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

Figure 9. Non-Maskable Interrupt Request Operation

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

CLOCK

T

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

I/O devices.

o[

BUSACK

/N

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

HALT

UNCHANGED

Tx = An arbitrary clock cycle used by requesting device.

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

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

states until either an INT or NMI input is

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

J
} M1

M1 |
Ty T T

CLOCK

HALT

\0 Ty T2

Halt Instruction I
Received

NOTE. INT will also force a Halt exit.

o

*See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

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

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

CLOCK

AWAW

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

L
N

A

7 b
o S

V7111474

B
b
o)
X

x|
>
H
-

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

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

following page.

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

subject to change.
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AC
Charac-
teristics
(Continued)

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

TcC
2 TwCh

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

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

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

Although static by design,
TwCh of greater than 200 us

Although static by design,
TwCh of greater than 200 us

is not guaranteed

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

TwCh + TwCl + TrC +
Although static by design,

TiC

TwCh of greater than 200 us

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

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

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

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

2TcC + TwCh + TIC - 65

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

2TcC + TwCh + TIC - 50

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

VOH =
VoL =
FLOAT

2
0.

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




Ordering Product Package/ Product Package/

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

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



28300 Low Power
Z80OL° CPU
Central Processing Unit

Ya

Product

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

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

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

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

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

8-BIT
DATA BUS

DATA BUS
INTERFACE

INSTRUCTION INST
DECODER REG

+5V

INTERNAL DATA BUS

GND —»

1y

CLOCK —»

ﬁ

8 SYSTEMS 5 CPU
AND CPU  CONTROL
CONTROL  INPUTS
OUTPUTS

CPU
TIMING Tl?‘PI:G
CONTROL

ADDRESS
LOGIC AND
BUFFERS

16-BIT
ADDRESS BUS

Figure 3. Z80L CPU Block Diagram

28

2001-0212



Z80L Micro- The Zilog Z80L microprocessor 1s the central of the four channels may be configured to

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

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

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

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

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

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

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

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

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

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

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

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

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

satile programming techniques as background-

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

F, F Flags 8 See Instruction Set.

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

CcC General Purpose 8 See B, above.

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

E E General Purpose 8 See D, above.

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

L L General Purpose 8 See H, above.

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

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

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

IX Index Register 16 Used for indexed addressing.

Iy Index Regqister 16 Same as IX, above.

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

PC Program Counter 16 Holds address of next instruction.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

Ndd .'T108Z

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

DI instruction 0 0 Maskable interrupt
execution INT disabled

EI instruction 1 1 Maskable interrupt
execution INT enabled

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

LD AR instruction . . IFFy — Panty flag
execution

Accept NMI 0 IFF, IFF) - IFF,

(Maskable inter-
rupt INT disabled)

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

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

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

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

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

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

Programming Manual (03-0002-XX)

contain significantly more details for O Immediate extended

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

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

add ,T108Z

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

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

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

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

(IX+d), (IY +d)

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

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

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

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

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

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

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

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

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

ndd 1082

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

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

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

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

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

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

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

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

maintain memory refresh.

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

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

placed on the data bus.

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

MREQ. Memory Reqguest (output, active

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

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

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

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

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

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

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

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

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

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

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

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

Ao-A1s X

- BN

REFRESH ADDR

® | @

I~ : i
O—f
®

i

-+ |-®

-~ @~ s

o .
O
) f

e —N‘

Do-D7

4
A VALID DATA ‘M

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

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

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

el

2
,ﬁ)

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

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

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

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

LAST M CYCLE

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

4 r
Ao-A1s pC XL REFRESH x

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

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

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

o

T Tx Tx Tx Ty

|

@j @»y«FQ

s T\ /TN X

BUSACK

é
¥
>
AR}

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

]
¥

®

I t

HALT UNCHANGED

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

Figure 10. Z-BUS Request/Acknowledge Cycle

2005-0218, 886

43

ndd 1082



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

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

| M1

[ |
T T T

CLOCK

HALT

I
Ta T T2

~®

Halt Instruction L
Received

NOTE INT will also force a Halt exit.

=

*See note, Figure 9

Figure 11. Halt Acknowledge Cycle

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

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

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

/114

Figure 12. Reset Cycle
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AC 28300-1 Z8300-2 Z8300-3

ndd 7082

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

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

TAll tmings assume equal loading on pins within 50 pF

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

TwCh of greater than 200 us
1s not guaranteed

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

TwCh of greater than 200 us

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

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

TwCh of greater than 200 us

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

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

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

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

2TcC + TwCh + TIC - 140

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

2TcC + TwCh + TIC - 80

AC Test Conditions

VIH = 20V

ViL =08V

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

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

Product Package/ Product Package/

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

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

Ya

Zilog

Product
Specification

June 1982

Features

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

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

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

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

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

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

B Direct interfacing to system buses without
external logic.

General

Description

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

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

+5V GND CLK

Figure 1. Pin Functions

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

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

Figure 2. Pin Assignments
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General
Description
(Continued)

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

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

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

Functional
Description

Classes of Operation. The Z-80 DMA has

three basic classes of operation:

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

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

B Combined transfers with simultaneous
search between two ports

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

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

SYSTEM
BUSES

e

CPU DMA

IEI

+5V

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

Figure 3. Typical Z-80 Environment

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

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

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

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

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

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

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

Z-80 DMA

1o
PERIPHERAL

o1~
mMEMORY | .
1T ] PERIPHERAL

‘Search memory

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

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

ERNAINEN

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

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

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

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

. next instruction executed after an interrupt

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

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

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

Pin
Description

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

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

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

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

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

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

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

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

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

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

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

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

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

RRO-RR6 — Read Registers O through 6

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

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

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

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

Write Registers

BUSACK

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

P

SYSTEM BUSES >

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

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

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

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

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

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

STATUS BYTE
I—1 = DMA OPERATION HAS OCCURRED

0 = READY ACTIVE

0 = INTERRUPT PENDING

0 = MATCH FOUND

0 = END OF BLOCK

F-1-]

Read Register 1

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

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

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

1. Temporarily declare Port B as source in
WRO.

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

Figure 9 1llustrates a program to transfer
data from memory (Port A) to a peripheral
device (Port B). In this example, the Port A
memory starting address 1s 1050y and the Port
B peripheral fixed address 1s 05y. Note that
the data flow 1s 1001y bytes—one more than
specified by the block length. The table of
DMA commands may be stored in consecutive
memory locations and transferred to the DMA
with an output 1nstruction such as the Z-80
CPU’s OTIR 1nstruction.

@ W

Read Register 2

Read Register 3

m PORT A ADDRESS COUNTER (LOW BYTE)

Read Register 4

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

Read Register 5

m PORT B ADDRESS COUNTER (LOW BYTE)

Read Register 6

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

Figure 8a. Read Registers
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Programming
(Continued)

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

1

1

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

1

MREQ ENDS ¥: CYCLE EARLY =

ENDS %2 CYCLE EARLY = 0

DMA ENABLE = 1 I
INTERRUPT ENABLE =

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

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

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

0 = PORT A IS MEMORY

PORT A ADDRESS INCREMENTS
] PORT A ADDRESS FIXED

“a 00—

o
1
o
1

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

DO
0 =10RQ ENDS ¥ CVCLE EARLY

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

| 0 | BASE REGISTER BYTE

0 = PORT B IS MEMORY
1= PORT BIS IO

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

= CYCLE LENGTH

= CYCLE LENGTH

= CYCLE LENGTH = 2
DO NOT USE

0 = IORQ ENDS % CYCLE EARLY

o
1
o
1

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

1 = STOP ON MATCH

MASK BYTE (0 = COMPARE)

[T ToJo[ [ [ [ ]rortavariaeLe imiNG BYTE

PORT B VARIABLE TIMING BYTE

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

-0 4 O

BYTE =
CONTINUOUS =
T =
DO NOT PROGRAM =

PORT B STARTING ADDRESS
(LOW BYTE)

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

| I PULSE CONTROL BYTE

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

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

Write Register 5 Group

D; Ds Ds D, Dy D; Dy Do

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

1 READY ACTIVE HIGH

E ONLY
CENIAIT MULTIPLEXED

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

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

COMMAND NAME

w00 —

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

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

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

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

Figure 9. Sample DMA Program

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

d
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Inactive

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

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

Peripheral)

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

o |

Figure 10. CPU-to-DMA Write Cycle

in Figure 11. These operations require less

than three T-cycles. The CE, IORQ and

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

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

Do-D7

Figure 11. CPU-to-DMA Read Cycle

Active State
Timing
(DMA as Bus
Controller)

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

-cycle.

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

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

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

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

/O WRITE |

|<—— MEMORY READ |
Ty

| T2 | T I Tl T2 | Tw | T3 ’

CLK

L[

Ao-A1s x X

READ

weea |\
—

WRITE

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

DATA BUS DRIVEN BY DMA

——— e o —— 1=

—_t— | Ve

CEIWAIT

=TT

- ——

-
1
|
|

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

| 110 READ J

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

Figure 13. 1/0-to-Memory Transfer

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

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

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

—
=\ [FIFIFT
liiﬁ—_\___ll_"r-" T ==

B, WR R R

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

Figure 14. Variable-Cycle and Edge Timing

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

) o ,.._.”._\/
BAI .__l

DMA DMA
INACTIVE "“‘ ACTIVE

t and A e

P

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

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

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

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

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

DMA ACTIVE —>'<— DMA INACTIVE

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

w LML

ACTIVE

Y
INACTIVE

SuUsRER

(———

CURRENT BYTE 3 ome
OPERATION INACTIVE

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

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

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

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

ings for these in other Z-80 peripherals. Refer

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

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

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

2. Enable DMA — Hex 87

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

Jirr

ACTIVE

—_— e ———
ROY | iy
INACTIVE

SUsSARG

/5

LAST BYTE

DMA
oo INACTIVE

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

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

MATCH FOUND
ONBYTEn

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

AC
Character-
istics

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

NOTE

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

AC
Character-
istics
(Continued)
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Active
State

AC
Character-
istics

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

NOTES.

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

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

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

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

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

Ya

Product

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

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

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

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

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

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

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

CONTROL { s

~<—1 IEO

Figure 1. Pin Functions

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

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

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

Figure 2. Pin Assignments
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General
Description
(Continued)

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

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

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

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

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

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

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

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

B Individual bits can be masked off.

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

B When using the Z-80 PIO interrupts, the

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

SYSTEM
BUSES

o

5V
cPU t PIO

INT . INT

+5V

=

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

Figure 3. PIO in a Typical Z80 Family Environment
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Internal

The internal structure of the Z-80 PIO con-

The mask control register specifies two

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

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

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

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

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

The PIO decodes the RETI (Return From

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

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

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

.
INPUT/
OUTPUT

MODE
CONTROL
REGISTER

BITS)

T

INTERNAL BUS

Q REGISTER

DATA
OUTPUT
REGISTER
(8 BITS)

SELECT
(8 BITS)

OUTPUT
ENABLE

) 8-BIT /0 BUS

DATA

INPUT
REGISTER

MASK
CONTROL REGISTER
AeareTeR | > K

(@ BITS)
2 BITS)

(8 BITS)

INTERRUPT
CONTROL
LOGIC

READY
HANDSHAKE

STROBE ( CONTROL
|-

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

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

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

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

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

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

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

o ool [ ]
_: IDENTIFIES MODE

CONTROL WORD

DON'T CARE
MODE SELECT
0 0 MODEO
01

1
1

—-o
=
o
o
m
~

=

Figure 6. Mode Control Word

L IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

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

1 SETS BIT TO INPUT

Figure 8. 1/0 Register Control Word

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

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

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

(Figure 11).

IDENTIFIES INTERRUPT
CONTROL WORD

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

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

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

D7 = 0 INTERRUPT DISABLED
D7 = 1 INTERRUPT ENABLED*

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

Figure 9. Interrupt Control Word

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

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

Figure 10. Mask Control Word

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

DISABLE WORD

DON'T CARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 11. Interrupt Disable Word
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Pin
Description

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

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

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

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

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

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

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

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

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

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

Control Mode. The strobe 1s inhibited internally.

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

1.5 mA at 1.5 V to drive Darlington transistors.

By is the least significant bit of the bus.

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

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

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

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

C/D. Control Or Data Select (input,

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

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

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

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

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

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

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

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

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

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

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

Timing

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

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

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

RD signal.

cib, B/A :)( X
&\

“WR = RD e CE « C/D « IORQ

Figure 12. Write Cycle Timing

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

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

“RD = RD o CE ¢ C/D » IORQ

Figure 13. Read Cycle Timing

/

PORT
OUTPUT X

70

READY

STROBE

*WR = RD » CE » C/D » IORQ

N

_Figure 14. Mode 0 Output Timing
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Input Mode (Mode 1). When STROBE goes
Low, data is loaded into the selected port input
register (Figure 15). The next rising edge of
strobe activates INT, if Interrupt Enable is set
and this is the highest-priority requesting
device. The following falling edge of CLK
resets Ready to an inactive state, indicating

Timing
(Continued)

LK

that the input register is full and cannot accept
any more data until the CPU completes a read.
When a read is complete, the positive edge of
RD sets Ready at the next Low-going transition
of CLK. At this time new data can be loaded
into the PIO.

5

STROBE

SAMPLE
PORT — T
INPUT

[

|

*RD = RD ¢ CE o C/D » IORQ

Figure 15. Mode 1 Input Timing

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

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

i S

ASTS \ i
PORT A

{ DATAOUT )=

DATA BUS

)

{ DATAIN )}

[

S

BSTE

SAMPLE

BRDY

*WR = RD * CE ¢ C/D » IORQ

N

Figure 16. Mode 2 Bidirectional Timing
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Timing
(Continued)

Bit Mode (Mode 3). The bit mode does not
utilize the handshake signals, and a normal
port write or port read can be executed at any
time. When writing, the data 1s latched into
the output registers with the same timing as the
output mode (Figure 17).

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

CLK

lines assigned as inputs. The input register
contains data that was present immediately
prior to the falling edge of RD. An interrupt 1s
generated 1if interrupts from the port are
enabled and the data on the port data lines
satisfy the logical equation defined by the 8-bit
mask and 2-bit mask control registers. How-
ever, if Port A 1s programmed 1n bidirectional
mode, Port B does not 1ssue an interrupt 1n bit
mode and must therefore be polled.

PORT
DATA BUS X DATA WORD 1 X

DATA WORD 2 X

OCCURS HERE

iona \ /

AD /

Do-D7

*Timing Diagram Refers to Bit Mode Read

{ DATAIN )

ZDATA WORD 1 PLACED ON BUS

Figure 17. Mode 3 Bit Mode Timing

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

A B IR |
INTERR!

cLK
SAMPLE
I_T ) INT /
L/ meATe
ACKNOWLEDGE

Twa

IORG AND M1
l INBICATE

_/———— INTACK

Figure 18. Interrupt Acknowledge Timing

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

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

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

Do-D7 —( e© ) { o )
p——

120 /—-—.

Figure 19. Return From Interrupt

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

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

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

Voltages on all inputs and outputs

Stresses greater than those lhisted under Absolute Maxi-

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

Product Package/

Product Package/

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

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






Z8430
Z80° CTC Counter/
Timer Circuit

Y

Product

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

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

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

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

a preset down-counter.

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

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

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

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

Architecture

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

m CPU bus I/O

B Channel control logic

B Interrupt logic

m Counter/timer circuits

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

CONTROL 6

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

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

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

INTERNAL
CONTROL
LoGIC

——— iNT

B

IEO

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

Figure 3. Functional Block Diagram
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Architecture
(Continued)

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

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

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

properly.

CHANNEL
CONTROL
LoOGIC

TIME
CONSTANT

INTERNAL BUS
b REGISTER

8-BIT
WN-
COUNTER

— 2CITO
CLKITRG ———————~|

CLOCK PRESCALER

Figure 4. Counter/Timer Block Diagram

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

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

grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

M Interrupt enable (or disable)

# Operating mode (timer or counter)

B Timer mode prescaler factor (16 or 256)

m Active slope for CLK/TRG input

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

B Time constant data word to follow

B Software reset

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

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

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

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

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

2041-0158
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Programming

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

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

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

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

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

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

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

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

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

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

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

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

Operating Mode. Dg selects either timer or
counter mode.

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

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

INTERRUPT
1 ENABLES INTERRUPT
0 DISABLES INTERRUPT

L =

ODE
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

ER VALUE*

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

1 = SOFTWARE RESET
TIME CONSTANT

1 = VALUE OF 256
0 = VALUE OF 16

0 = NO TIME CONSTANT FOLLOWS
1 = TIME CONSTANT FOLLOWS

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

TIMER

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Programming
(Continued)

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

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

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

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

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

706 0s [0 [0, o o oo

Figure 6. Time Constant Word

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

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

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

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

B The system clock period (¢)

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

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

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

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

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

(AUTOMATICALLY INSERTED
BY CTC)
0 0 = CHANNEL 0

V7-V3
SUPPLIED
BY USER

Figure 7. Interrupt Vector Word
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Pin
Description

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

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

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

edge on this pin decrements the down-counter.

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

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

SYSTEM
BUSES

()

+5V
CcPU pPiO

1E1

+5V

=

181
2CITOq
cTC

2CITOz  INT —d

1EQ

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

WIRDYB RDY
sio DMA

Figure 8. A Typical Z-80 Environment

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

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

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

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

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

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

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

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

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

Timing

T T2 Twa T3 T1

€So, CS1, CE X

T\

CHANNEL ADDRESS x

==
Mo/
-
DATA (ot )
N—

Figure 9. Read Cycle Timing

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

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

T T2 Twa T3 T

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

D G

DATA

Figure 10. Write Cycle Timing

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

CLKITRG

INTERNAL
TIMER

START TIMING

Figure 11. Timer Mode Timing

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

21D 082

= ¢

Figure 12. Counter Mode Timing

LEAD
TIME

CLK/TRG

INTERNAL
COUNTER

zCITO

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

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

+5V

TA{.E. .EQL[.E.

HIGHEST PRIORITY
DEVICE

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

LOWEST PRIORITY
DEVICE

DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3

HI
.EolLF .Eoli_i @ .Eo|_

Figure 13. Daisy-Chain Interrupt Priorities

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

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

IE1 / \
DATA @_

Figure 14. Interrupt Acknowledge Timing

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

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

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

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

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

Do-D7 { = ) { o )
w ;’

IEO /_

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

READ ioRa [

RD

o

DATA _7‘ JE_
® —o

CSo, CS1 x ’K

WRITE |<—@“‘*

s \
DATA X (

INTERRUPT J—
ACKNOWLEDGE IORQ

DATA

IE0 \

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

CLKITRGo-3
(TIMER 7
MODE)

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

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

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

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

(4] Timer mode.

(5] Counter mode.

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

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

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

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

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

92 00-2022-A



28440
Z80°SIO0 Serial
Input/Output Controller

Ya

Product

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

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

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

Full interfacing 1s provided for CPU or DMA

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

+5V  GND CLK

Figure 1. Z-80 SIO/2 Pin Functions

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

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

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

Pin
Description

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

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

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

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

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

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

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

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

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

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

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

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

+5V GND CLK

Figure 3. Z-80 SIO/1 Pin Functions

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

ing does not guarantee a specific noise-level

ously, the CPU is acknowledging an interrupt

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

CONTROL [

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

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

SYNCA, SYNCB. Synchronization (inputs/out-
puts, active Low). These pins can act either as
inputs or outputs. In the asynchronous receive
mode, they are inputs similar to CTS and
DCD. In this mode, the transitions on these
lines affect the state of the Sync/Hunt status
bits in Read Register 0 (Figure 13), but have
no other function. In the External Sync mode,
these lines also act as inputs. When external
synchronization 1s achieved, SYNC must be
driven Low on the second rising edge of RxC
after that rising edge of RxC on which the last
bit of the sync character was received. In
other words, after the sync pattern is detected,
the external logic must wait for two full
Receive Clock cycles to activate the SYNC
input. Once SYNC is forced Low, it should be
kept Low until the CPU informs the external
synchronization detect logic that synchroniza-
tion has been lost or a new message is about to
start. Character assembly begins on the rising
edge of RxC that immediately precedes the
falling edge of SYNC in the External Sync
mode.

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

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

is omitted.

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

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

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

} SERIAL DATA

INTERNAL
CONTROL
LoGIC

CHANNEL A
CONTROL
AND
STATUS
REGISTERS

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

WAIT/READY

CHANNEL A
CONTROL

AND
STATUS

MODEM OR
OTHER CONTROLS

i

INTERNAL BUS

& K
)

ifi
!

CHANNEL B
CONTROL MODEM OR

OTHER CONTROLS

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

CHANNEL B
CONTROL
AND

STATUS
REGISTERS

i

AND
STATUS

SERIAL DATA

il

CHANNEL CLOCKS

CHANNEL B

A I

> SYNC
WAIT/READY

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

characters can be removed without interrupt-
ing the CPU.

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

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

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

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

PARITY
START STOP

MARKING LINE

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

The receiver automatically synchronizes on
the leading flag of a frame in SDLC or HDLC,
and provides a synchronization signal on the
SYNC pin; an interrupt can also be pro-
grammed. The receiver can be programmed to
search for frames addressed by a single byte to
only a specified user-selected address or to a
global broadcast address. In this mode, frames
that do not match either the user-selected or
broadcast address are ignored. The number of
address bytes can be extended under software
control. For transmitting data, an interrupt on
the first received character or on every
character can be selected. The receiver
automatically deletes all zeroes inserted by the
transmitter during character assembly. It also
calculates and automatically checks the CRC
to validate frame transmission. At the end of
transmission, the status of a received frame is
available in the status registers.

The SIO can be conveniently used under
DMA control to provide high-speed reception
or transmission. In reception, for example, the
SIO can interrupt the CPU when the first
character of a message 1s received. The CPU
then enables the DMA to transfer the message
to memory. The SIO then issues an end-of-
frame 1interrupt and the CPU can check the
status of the received message. Thus, the CPU
is freed for other service while the message is
being received.

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

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

8

16

Figure 10.
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1/0 Interface
Capabilities

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

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

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

Transmit interrupts, receive interrupts and
external/status interrupts are the main sources
of interrupts. Each interrupt source is enabled
under program control, with Channel A hav-
ing a higher priority than Channel B, and with
receive, transmit and external/status interrupts
prioritized in that order within each channel.
When the transmit interrupt is enabled, the

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

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

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

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

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

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

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

SYSTEM
BUSES

)

CPU DMA

INT INT

+5V

1E1
zcrmo,
cTC

2o, iNT |
1E0

!

] IEQ
RxCA iNT INT

TxCA  IEO IEl

RxCB
Txc8
WIRDYA [——
WIRDYB RDY

sio DMA

S —

Figure 11. Typical Z-80 Environment

Internal
Structure

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

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

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

The register group includes five 8-bit control
registers, two sync-character registers and two
status registers. The interrupt vector is written
into an additional 8-bit register (Write Register
2) in Channel B that may be read through
another 8-bit register (Read Register 2) in
Channel B. The bit assignment and functional
grouping of each reqgister is configured to
simplify and organize the programming pro-
cess. Table 1 lists the functions assigned to
each read or write register.

Read Register Functions

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

RR1 Special Receive Condition status

RR2 Modified interrupt vector (Channel B only)

Write Register Functions

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

WR1 Transmit/Receive interrupt and data transfer
mode definition.

WR2 Interrupt vector (Channel B only)

WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters
and modes

WR5 Transmit parameters and controls

WR6 Sync character or SDLC address field

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

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

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

Read Registers. The SIO contains three read
registers for Channel B and two read registers
for Channel A (RRO-RR2 in Figure 13) that can
be read to obtain the status information; RR2
contains the internally-modifiable interrupt
vector and is only in the Channel B register
set. The status information includes error con-
ditions, interrupt vector and standard
communications-interface signals.

To read the contents of a selected read
register other than RRO, the system program
must first write the pointer byte to WRO in
exactly the same way as a write register opera-
tion. Then, by executing a read instruction,
the contents of the addressed read register can
be read by the CPU.

The status bits of RRO and RR1 are carefully
grouped to simplify status monitoring. For
example, when the interrupt vector indicates
that a Special Receive Condition interrupt has
occurred, all the appropriate error bits can be
read from a single register (RR1).

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

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

READ REGISTER 0

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

Dbco
SYNC/HUNT
CcTs .
X ™M
ORT

ﬁ

-

“Used With ExternaliStatus
Interrupt Mode

READ REGISTER 1t

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

tUsed With Special Receve Condition Mode

READ REGISTER 2*

l I
Vit
vat
vat
va
vs
ve
v

7

VECTOR

fVanable if “‘Status Affects
Vector" 1s Programmed

(*CHANNEL B ONLY)

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

(Continued)

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

saaaco000
~-200=a200
-

NULL CODE

SEND ABORT (SDLC)

RESET EXT/STATUS INTERRUPTS
CHANNEL RESET

ENABLE INT ON NEXT Rx CHARACTER
RESET Tx INT PENDING

ERROR RESET

RETURN FROM INT (CH-A ONLY)

dAaaawcooco
sa00-4s00
“omoao~0

NULL CODE

RESET Rx CRC CHECKER

RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

“so00
—“0ao0

‘WRITE REGISTER 1

EXT INT ENABLE
Tx INT ENABLE
STATUS AFFECTS VECTOR

-

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

WRITE REGISTER 2 (CHANNEL B ONLY)

V2
V3 \ INTERRUPT
V4 ( VECTOR

5
V6

F

WRITE REGISTER 3

Rx ENABLE

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

ENTER HUNT PHASE

AUTO ENABLES

ﬁl

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

aaoco
“oa0

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

| L pamiry ENABLE _
PARITY EVEN/OGD

SYNC MODES ENABLE

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

4400 ——
“omo

8 BIT SYNC CHARACTER

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

waoo
soao

X1 CLOCK MODE

X16 CLOCK MODE
X32 CLOCK MODE
X64 CLOCK MODE

asoo
“oao

WRITE REGISTER §

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

Tx ENABLE
SEND BREAK

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

aaoco
aocao

DTR

WRITE REGISTER 6

I—SVNC BITO
SYNC BIT 1
SYNC BIT 2

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

*Also SDLC Address Fieid

WRITE REGISTER 7

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

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

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

Figure 14. Write Register Bit Functions
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Timing

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

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

Write Cycle. Figure 16 illustrates the timing

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

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

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

interrupt-acknowledge sequence (M1 Low, and

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

interrupt structure for prioritizing nested inter-

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

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

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

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

Figure 16. Write Cycle

internal interrupt-under-service latch.

Return From Interrupt Cycle. Figure 18
illustrates the return from interrupt cycle.
Normally, the Z-80 CPU issues a RETI (Return
From Interrupt) instruction at the end of an
interrupt service routine. RETI is a 2-byte
opcode (ED-4D) that resets the interrupt-
under-service latch in the SIO to terminate the
interrupt that has just been processed. This is
accomplished by manipulating the daisy chain
in the following way.

The normal daisy-chain operation can be
used to detect a pending interrupt; however, it
cannot distinguish between an interrupt under
service and a pending unacknowledged inter-
rupt of a higher priority. Whenever “"ED"” is
decoded, the daisy chain is modified by forc-
ing High the IEO of any interrupt that has not
yet been acknowledged. Thus the daisy chain
identifies the device presently under service as
the only one with an IEI High and an IEO Low.
If the next opcode byte is '4D,” the interrupt-
under-service latch is reset..

The ripple time of the interrupt daisy chain
(both the High-to-Low and the Low-to-High
transitions) limits the number of devices that
can be placed in the daisy chain. Ripple time
can be improved with carry-look-ahead, or by
extending the interrupt-acknowledge cycle.
For further information about techniques for
increasing the number of daisy-chained
devices, refer to the Z-80 CPU Product
Specification.

IEC

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

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

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

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

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

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

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

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

Ya

Product

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

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

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

rupt vectoring with no external logic.

B Programmable options include 1, 1V2 or 2 ) ) )
stop bits; even, odd or no parity; and x1, ] On—c.:hlp logic for ring indication and
x16, x32 and x64 clock modes. carrier-detect status.

Description The Z-80 DART (Dual-Channel Asynchro- modem controls are not needed, these lines
nous Receiver/Transmitter) is a dual-channel can be used for general-purpose 1/O.
multi-function peripheral component that Zilog also offers the Z-80 SIO, a more ver-
satishies a wide variety of asynchronous serial satile device that provides synchronous
data communications requirements in micro- (Bisync, HDLC and SDLC) as well as asyn-
computer systems. The Z-80 DART 1s used as a chronous operation.
serial-to-parallel, parallel-to-serial converter/ The Z-80 DART is fabricated with n-channel
controller in asynchronous applications. In silicon-gate depletion-load technology, and 1s
addition, the device also provides modem con- packaged 1n a 40-pin plastic or ceramic DIP.
trols for both channels. In applications where

( Dy | €~ RxDA
Dy > le——— AxCA
Dy | TxDA
cry Dy e [«— TxCA o, [ 40 [] 0,
l,:.lrl;< Dy ] L WIRDVA o5 [ 2 3 []o,
D5 ——>] CH-A Ds[J 3 38 ],
Dg<—] |« RiA o, 4 a7 [ og
\ oy T | oem T E 5 36 g ?ETQ
- 1EI 6 35
I gg: CONTROL €0 [ 7 4[] BA
CE——> l«—— DCDA wis 33 [] cid
RESET———»] 2.80 DART Voo E 0 3 g RO
3 > WIRDYA 10 " 31 GND
CONTROL | ioRG——»] |«—— Rx0B W RA [ 11 Z-80DART |1 wirove

Flg:l:’ [ e TTrTE TI_A (R 29 B RIB

|—— TxDB EE 13 28 [] RxDB
o] e mde  rETe

B/A ———»-} CH-B DTRA [ 16 2] umé

I, RTSA [ 17 24 [] RTSB

. MODEM cTsA [ 18 23 [] €786

CHAIN ':: g CONTROL 5GPA [ 10 22 [ 5C08.

"NCONTROL |  1E0<—— l«—— ocoe ok g o [ RS

+5V  GND CLK
Figure 1. Z80 DART Pin Functions Figure 2. Pin Assignments
2044-002, 007
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Pin
Description

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

tweeri the CPU and the Z-80 DART.

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

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

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

CTSA, CTSB. Clear To Send (inputs, active
Low). When programmed as Auto Enables, a
Low on these inputs enables the respective
transmutter. If not programmed as Auto
Enables, these inputs may be programmed as
general-purpose 1inputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-
risetime signals.

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

the CPU and the Z-80 DART.

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

DTRA, DTRB. Data Terminal Ready (outputs,
active 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) 1s
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 ser-
viced by a CPU interrupt service routine.

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

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

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

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

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

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

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

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

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

RIA, RIB. Ring Indicator (inputs, Achive
Low). These inputs are similar to CTS and
DCD. The Z-80 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 inputs.

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

TxCA. TxCB. Transmitter Clocks (inputs). TxD
changes on the falling edge of TxC. The
Transmitter Clocks may be 1, 16, 32 or 64
times the data rate; however, the clock
multiplier for the transmitter and the receiver
must be the same. The Transmit Clock inputs
are Schmitt-trigger buffered. Both the Receiver
and Transmitter Clocks may be driven by the
2-80 CTC Counter Time Circuit for program-
mable baud rate generation.

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

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

The functional capabilities of the Z-80 DART

The first part of the following functional

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

Communications Capabilities. The Z-80 Framing errors and overrun errors are
DART provides two independent full-duplex detected and buffered together with the
channels for use as an asynchronous character on which they occurred. Vectored
receiver/transmitter. The following 1s a short interrupts allow fast servicing of interrupting
description of receiver/transmitter capabilities. conditions using dedicated routines. Further-
For more details, refer to the Asynchronous more, a built-in checking process avoids inter-
Mode section of the Z-80 SIO Technical preting a framing error as a new start bit: a
Manual. The Z-80 DART offers transmission framing error results in the addition of one-half
and reception of five to eight bits per a bit ime to the point at which the search for
character, plus optional even or odd parity. the next start bit is begun.
The transmitter can supply one, one and a half The Z-80 DART does not require symmetric
or two stop bits per character and can provide Transmit and Receive Clock signals—a feature
a break output at any time. The receiver break that allows it to be used with a Z-80 CTC or
detection logic interrupts the CPU both at the any other clock source. The transmitter and
start and end of a received break. Reception is receiver can handle data at a rate of 1, 1/16,
protected from spikes by a transient spike re- 1/32 or 1/64 of the clock rate supplied to the
jection mechanism that checks the signal one- Receive and Transmit Clock inputs. When
half a bit time after a Low level 1s detected on using Channel B, the bit rates for transmit and
the Receive Data input. If the Low does not receive operations must be the same because
persist—as 1n the case of a transient—the RxC and TxC are bonded together (RxTxCB).
character assembly process is not started.
1/0 Interface Capabilities. The Z-80 DART and from the CPU. The Block Transter mode
offers the choice of Polling, Interrupt (vectored can be implemented under CPU or DMA
or non-vectored) and Block Transfer modes to control.
transfer data, status and control information to
< SERIAL DATA
—$ CHANNELA I CHANNEL CLOCKS
INTERNAL CHANNEL A [ WAIT/READY
2 e
CHANNEL A : MODEM OR
. ﬁ ﬁ co‘ﬁ%ﬁ?"” E ;HER CONTROLS
soelo < INTERNAL BUS
CONTROL 7 —
STATUS l«—— 7B
INTERRUPT <+——] INTERRUPT CHANNEL B
CONTROL ——»{ CONTROL READI/WRITE
LINES -+ LoGIC REGISTERS
_—_: SERIAL DATA
‘L> CHANNELB | CHANNEL CLOCK
|— WATTRERDY
+5VGND CLK
Figure 3. Block Diagram
2044-001
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Functional
Description
(Continued)

POLLING. There are no interrupts 1n the
Polled mode. Status registers RRO and RR1 are
updated at appropriate times for each function
being performed. All the interrupt modes of
the Z-80 DART must be disabled to operate the
device 1n a polled environment.

While 1n 1its Polling sequence, the CPU
examines the status contained in RRO for each
channel; the RRO status bits serve as an
acknowledge to the Poll inquiry. The two RRO

status bits Dy and D, indicate that a data
transfer 1s needed. The status also indicates
Error or other special status conditions (see
“Z-80 DART Programming”). The Special
Receive Condition status contained in RR1
does not have to be read in a Polling sequence
because the status bits in RR1 are accom-
panied by a Receive Character Available
status 1n RRO.

INTERRUPTS. The Z-80 DART offers an
elaborate interrupt scheme that provides fast
interrupt response in real-time applications. As
a member of the Z-80 family, the Z-80 DART
can be daisy-chained along with other Z-80
peripherals for peripheral interrupt-priority
resolution. In addition, the internal interrupts
of the Z-80 DART are nested to prioritize the
various interrupts generated by Channels A
and B. Channel B registers WR2 and RR2 con-
tain the interrupt vector that points to an inter-
rupt service routine 1n the memory. To
eliminate the necessity of writing a status
analysis routine, the Z-80 DART can modify the
interrupt vector in RR2 so 1t points directly to
one of eight interrupt service routines. This 1s
done under program control by setting a pro-
gram bit (WRI1, D) in Channel B called
“'Status Affects Vector.” When this bit 1s set,
the interrupt vector in RR2 is modified accord-
1ng to the assigned priority of the various
interrupting conditions.

Transmit interrupts, Receive interrupts and
External/Status interrupts are the main sources
of interrupts. Each interrupt source is enabled
under program control with Channel A having
a higher prionity than Channel B, and with
Receiver, Transmit and External/Status inter-
rupts prioritized 1n that order within each
channel. When the Transmit interrupt 1s
enabled, the CPU is interrupted by the
transmut buffer becoming empty. (This implies
that the transmitter must have had a data
character written into 1t so it can become

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

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

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

The main function of the External/Status
interrupt 1s to monitor the signal transitions of
the CTS, DCD and RI pins; however, an
External/Status interrupt is also caused by the
detection of a Break sequence 1n the data
stream. The interrupt caused by the Break
sequence has a special feature that allows the
Z-80 DART to interrupt when the Break
sequence 1s detected or terminated. This
feature facilitates the proper termination of the
current message, correct initialization of the
next message, and the accurate timing of the
Break condition.

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

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

To a DMA controller, the Z-80 DART Ready
output indicates that the Z-80 DART is ready to
transfer data to or from memory. To the CPU,
the Wait output indicates that the Z-80 DART is
not ready to transfer data, thereby requesting
the CPU to extend the I/O cycle.
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Internal The device internal structure includes a Z-80 organize the programming process.
Architecture CPU interface, internal control and interrupt The logic for both channels provides for-
logic, and two full-duplex channels. Each mats, bit synchronization and validation for
channel contains read and write registers, and data transferred to and from the channel inter-
discrete control and status logic that provides face. The modem control inputs Clear to Send
the interface to modems or other external (CTS), Data Carrier Detect (DCD) and Ring
devices. Indicator (RI) are monitored by the control
The read and write register group includes logic under program control. All the modem
five 8-bit control registers and two status control signals are general purpose in nature
registers. The interrupt vector 1s written into and can be used for functions other than
an additional 8-bit register (Write Register 2) modem control.
in Channel B that may be read through Read For automatic interrupt vectoring, the inter-
Register 2 1n Channel B. The registers for both rupt control logic determines which channel
channels are designated as follows: and which device within the channel has the
WRO-WR5 — Write Registers 0 through 5 hlghe.st prlorzty'. Pmomty is fixed wcl:tg Cha{lr];?l
RRO-RR2 — Read Registers 0 through 2 A assigned a higher priority than Channel B;
Receive, Transmit and External/Status inter-
The bit assignment and functional grouping rupts are prioritized in that order within each
of each register is configured to simplify and channel.
Data Path. The transmit and receive data path service a Receive Character Available inter-
illustrated for Channel A in Figure 4 1s iden- rupt in a high-speed data transfer.
tical for both channels. The receiver has three The transmitter has an 8-bit transmit data
8-bit buffer registers in a FIFO arrangement in register that is loaded from the internal data
addition to the 8-bit receive shift register. This bus, and a 9-bit transmit shift register that is
scheme creates additional time for the CPU to loaded from the transmit data register.
INTERNAL DATA BUS
RECEIVE RECEIVE TRANSMIT DATA
_—I;;Y-;—— ——E:R;R—_
o o
o s, fvon
RECEIVE RECEIVE —
~] g, R I e
Figure 4. Data Path
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Read,
Write and
Interrupt
Timing

Read Cycle. The timing signals generated by
a Z2-80 CPU input instruction to read a Data or

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

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

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

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

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

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

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

CLOCK

CE \>T/ CHANNEL ADDRESS r

iorRa

RD

Mi
DATA —{ our )
N/

Figure 5a. Read Cycle

RD
IEI 7 §
DATA { vecTor )

N/

Figure 5¢c. Interrupt Acknowledge Cycle

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

Ty T2 Tw Ts T
cLock
CE "X/ cHANNEL ADDRESS X
IORQ
RD
mi

DATA X IN X

/S
/"
&

) "

Do-D7 ED

—— e

—

Figure 5d. Return from Interrupt Cycle
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Z-80 DART

To program the Z-80 DART, the system pro-

Programming gram first issues a series of commands that

initialize the basic mode and then other com-
mands that qualify conditions within the select-
ed mode. For example, the character length,
clock rate, number of stop bits, even or odd
parity are first set, then the Interrupt mode
and, finally, receiver or transmitter enable.

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

Write Registers. The Z-80 DART contains six
registers (WR0-WRS5) 1n each channel that are
programmed separately by the system program
to configure the functional personality of the
channels (Figure 4). With the exception of
WRO, programming the write registers requires
two bytes. The first byte contains three bits
(Dg-D,) that point to the selected register; the
second byte 1s the actual control word that 1s
written into the register to configure the Z-80
DART.

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

pointed to in the same operation as a channel
reset.

Write Register Functions

WRO Register pointers, 1nitialization commands for

the various modes, etc.

WRI1 Transmit/Receive interrupt and data transfer
mode definition.

WR2
WR3
WR4

Interrupt vector (Channel B only)
Receive parameters and control

Transmit/Receive miscellaneous parameters
and modes

WRS Transmit parameters and controls

Read Registers. The Z-80 DART contains
three registers (RR0O-RR2) that can be read to
obtain the status information for each channel
(except for RR2, which applies to Channel B
only). The status information includes error
conditions, interrupt vector and standard
communications-interface signals.

To read the contents of a selected read
register other than RRO, the system program
must first write the pointer byte to WR0 1n
exactly the same way as a write register opera-
tion. 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 Condition interrupt has
occurred, all the appropriate error bits can be
read from a single register (RR1).

Read Register Functions

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

RRl  Special Receive Condition status
RR2 Modified interrupt vector (Channel B only)




Z-80 DART

Read and Write

Registers

READ REGISTER 0

READ REGISTER 1*

L— ALL SENT

NOT USED

PARITY ERROR

Rx O ERROR
FRAMING ERROR
NOT USED

*Used With Speciai Receive Condition Mode

WRITE REGISTER 0

r _: 0 [ REGISTER 0
[ ] 1 REGISTER 1
0 1 0 REGISTER 2
0 1 1 REGISTER 3
1 [ ] REGISTER 4
1 0 1 REGISTER §
o 0 o NULL CODE
0o 0 1 NOT USED
0 1 0 RESET EXT/STATUS INTERRUPTS
o 1 1 CHANNEL RESET
1 [ ] ENABLE INT ON NEXT Rx CHARACTER
1 0 1 RESET TxINT PENDING
1 1 [ ERROR RESET
1 1 1 RETURN FROM INT (CH-A ONLY)
NOT USED

WRITE REGISTER 2 (CHANNEL B ONLY)

INTERRUPT
VECTOR

<< << << <<
N3 a8 SN IS

WRITE REGISTER 4

L paniry enasLe
PARITY EVEN/ODD

[_I

[ ] NOT USED

0 1 1 STOP BIT/CHARACTER

1 0 1% STOP BITS/ICHARACTER

1 1 2 STOP BITS/ICHARACTER
NOT USED

0 0 X1 CLOCKMODE

] 1 X16 CLOCK MODE

1 0  X32CLOCK MODE

1 1 X64 CLOCK MODE

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

pco
RI

USED WITH “EXTERNAL/
cTs STATUS INTERRUPT”
NoT usep | MODE
BREAK

READ REGISTER 2

vo
Vi
va*+

V3** \ INTERRUPT
vsa [ VECTOR

'
V6
v7

**Variable If "'Status Affects
Vector” Is Programmed

WRITE REGISTER 1
[0e[0s [0 Joa[ 2. [ou Jou
I L exr v enasLe
Tx INT ENABLE
STATUS AFFECTS VECTOR
(CH. B ONLY)

Rx INT DISABLE

Rx INT ON FIRST CHARACTER OR ON

INT ON ALL Rx CHARACTERS (PARITY | SPECIAL
AFFECTS VECTOR) RECEIVE

11 INTON ALL Rx CHARACTERS (PARITY | cONDITION
DOES NOT AFFECT VECTOR)

WAIT/READY ON RIT

WAIT/READY FUNCTION

WAIT/READY ENABLE

—“oco
oo

WRITE REGISTER 3

I Rx ENABLE
NOT USED (MUST BE PROGRAMMED 0)
AUTO ENABLES
Rx § BITSICHARACTER

[ ]
0 1 Rx7BITSICHARACTER
1 0 RxBBITSICHARACTER
1 1 Rx8BITSICHARACTER
WRITE REGISTER 5
I L norusen
RTS
NOT USED
Tx ENABLE
SEND BREAK
0 0  Tx5BITS (OR LESS)/CHARACTER
0 1  Tx7BITSICHARACTER
1 0  Tx6BITSICHARACTER
1 1 Tx8BITSICHARACTER

DTR
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Absolute Voltages on all inputs and outputs Stresses greater than those histed under Absolute Maxi-
Maximum with respect to GND ~0.3Vito +7.0V mum Ratings may cause permanent damage to the device.
N PECLIOLNL v : . This 1s a stress rating only; operation of the device at any
Ratings Operating Ambient As Specified in condition above those indicated 1n the operational sections
Temperature Ordermg Information of these specifications 1s not implied. Exposure to absolute
"""""" maximum rating conditions for extended periods may affect
Storage Temperature. .. ..... -65°Cto +150°C  device rehability.
Test The characteristics below apply for the *See Ordering Information section for package
Conditions following test conditions, unless otherwise temperature range and product number
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer- By
enced pin. Available operating temperature 21K
ranges are: FROM OUTPUT
B S* = 0°Cto +70°C
+475 V=<V +5.25V - 2
mE = -40°C to +85°C, I
+4.75V=Veec=s +5.25V L L 4
m M* = -55°Cto +125°C,
+45V=sVoe=s +85V
DC Symbol Parameter Min Max  Unit Test Condition
Charac-
teristics Ve Clock Input Low Voltage -0.3 +045 V
v, Clock Input High Voltage Vee-0.6 +5.5 v
IHC cC
ViL Input Low Voltage -0.3  +0.8 v
Vi Input High Voltage +2.0 +5.5 v
Vor Output Low Voltage +0.4 v Iop = 20 mA
Vou Output High Voltage +2.4 \ Iog = -250 pA
I Input/3-State Output Leakage Current -10 +10 wA 0.4<V<2.4V
Im RI Pin Leakage Current -40 +10 A 0.4<V<2.4V
Iec Power Supply Current 100 mA
Tp = 0°Ct0 70°C, Vo = +5V, £5%
8085-0006 117
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AC
Electrical
Character-
istics

e e

cLk _/
CE, cID, BIA
ioRa, AD
RD \
O
- <—®
Do-D7
10}
ionG N /
~—@—> r—@—-
wi N
—®—
€1 \‘
—®
IEO F
~(®)-
(03
w \L
\Oa

Z-80 DART  Z-80A DART  2-80B DART*}
Number Symbol Parameter Min Max Min Max Min Max
1 TcC Clock Cycle Time 400 4000 250 4000 165 4000
2  TwCh Clock Width (High) 170 2000 105 2000 70 2000
3 TiC Clock Fall Time 30 30 15
4 TrC Clock Rise Time 30 30 15
5—TwCl Clock Width (Low) 170 — 2000 —— 105 — 2000 —— 70 — 2000 ——
6  TsAD(C) CE, C/D, B/A to Clock t Setup Time 160 145 60
7  TsCS(C) TORQ, RD to Clock 1 Setup Time 240 115 60
8 TdC(DO) Clock t to Data Out Delay 240 220 150
9 TsDI(C) Data In to Clock ! Setup (Write or M1 Cycle) 50 50 30
10 — TdRD(DOz) — RD 1t to Data Out Float Delay 230 110 90 —
11 TdIO(DOI)  IORQ ! to Data Out Delay (INTACK Cycle) 340 160 100
12 TsMI(C) Ml to Clock t Setup Time 210 90 75
13 TSIEI(IO) IEI to TORQ | Setup Time (INTACK Cycle) 200 140 120
14 TdMI(IEO) MI !} to IEO } Delay (interrupt before MI) 300 190 160
15 — TdIEI(IEOr)— IEI 1 to IEO t Delay (after ED decode) 150 100 70 —
16  TdIEIIEOf)  IEI | to IEO ! Delay 150 100 70
17 TdC(INT) Clock 1 to INT | Delay 200 200 150
18  TdAIO(W/RWf) TORQ ! or CE | to W/RDY | Delay Wait Mode) 300 210 175
19 TdC(W/RR)  Clock t to W/RDY ! Delay (Ready Mode) 120 120 100
20  TdC(W/RWz) Clock } to W/RDY Float Delay (Wait Mode) 150 130 110
* All hmings are preliminary and subject to change.
1 Units 1n nanoseconds (ns)
118 2044-012



AC

gl:ctrical ——
arac-
teristics ) e
(Continued) —l\ ~
~—® i ®
~—®—
TxD X
@
WIRDY
)
w N
' ®
0 | 0}
<—®—><—{)—q
RxD
e ()———>]
oy N\
()
e N\
Z-80 DART  Z-80A DART  Z-80B DART'
Number Symbol Parameter Min Max Min Max Min Max Notest
1 TwPh Pulse Width (High) 200 200 200 2
2 TwPl Pulse Width (Low) 200 200 200 2
3 TcTxC TxC Cycle Time 400 o 400 o 330 o 2
4 TwTxCl1 TxC Width (Low) 180 ) 180 =) 100 ) 2
5— TwTxCh TxC Whdth (High) 180— oo —— 180 — o 220 2—
6 TdTxC(TxD) TxC | to TxD Delay 400 300 2
7  TdTxC(W/RRf) TxC | to W/RDY | Delay (Ready Mode) 5 9 5 9 5 9 3
8  TdTxC(INT) TxC | to INT | Delay 5 9 5 9 5 9 3
9 TcRxC RxC Cycle Time 400 o 400 oo 330 o 2
10— TwRxCl1 RxC Width (Low) 180 — o0 —— 180 — o0 —— 100 — oo 2—
11 TwRxCh RxC Width (High) 180 o 180 o 100 o 2
12 TsRxD(RxC) RxD to RxC 1 Setup Time (x1 Mode) 0 0 0 2
13 ThRxD(RxC) RxD Hold Time (x1 Mode) 140 140 100 2
14  TdRxC(W/RRf) RxC 1t to W/RDY | Delay (Ready 10 13 10 13 10 13 3
Mode)
15 TdRxC(INT) RxC ttoINT | Delay 10 13 10 13 10 13 3

NOTES.

t 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

complete Clock Cycle

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

2044-013

19Yd 08z



Ordering Product Package/ Product Package/

Information  Number Temp  Speed Description Number Temp  Speed Description
78470 CE 2.5 MHz Z80 DART (40-pin) Z8470A Cs 4.0 MHz Z80A DART
78470 CM  25MHz  Same as above (40-pin)

78470 CMB 25MHz  Same as above ZB470A DE ~ 40MHz  Same as above
78470 Cs 2.5 MHz Same as above Z8410A DS 4.0 MHz Same as above
78470 DE 25MHz  Same as above Z8470A PE  40MHz  Same as above
78470 DS 2.5 MHz Same as above Z8470A PS 4.0 MHz Same as above
78470 PE  25MHz  Same as above Z8470B CE  6.0MHz  Z80B DART
78470 PS 2.5 MHz Same as above (40-pm)
784704 CE 4.0 MHz 780A DART 78470B Cs 6.0 MHz Same as above
(40-pin) 78470B DS 6.0 MHz Same as above
78470A CM 4.0 MHz Same as above 78470B PS 6.0 MHz Same as above

Z8470A CMB 4.0 MHz Same as above

*NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with
MIL-STD-883 Class B processing, S = 0°C to +70°C

120 00-2044-A



Z8000 Family

Z1lloq







Zilog Z8000™ Family

Ya

Zilog

The Art of Staying a Generation Ahead

June 1982

Z80 Tradition in 16 bits. Continuing
the Family concept so successfully
introduced by 1ts 8-bit Z80 CPU, Zilog
devised the Z8000 Family of 16-bit
parts. As you would expect from Zilog,
this Family provides much more than
an extension of 8-bit architecture: the
78000 Family lets you design advanced
concepts from the mainframe and
minicomputer worlds into microcom-
puter systems.

And because the Z8000 Family was
built around a unifying set of protocols
and interconnections, present and
future family members are entirely
compatible. Your system can grow as
your applications mature or expand. A
whole range of functions have been
planned for from the beginning; the
growing family now includes parts to
provide memory management, DMA
transfer, and extended processing.

System Flexibility. Even the smallest
78000 systems offer high throughput
and easy programming far superior to
any existing microprocessor alter-
native. In mid-range applications,
Z8000 components offer very powerful
solutions to the design problems of
word processing, intelligent terminals,
data communications, instrumentation,
and process control. In a complex net-
work of multiple processors, smart
peripheral components, and a
distributed memory configuration, the
Z8000 Family provides performance
and versatility exceeding that of much
larger—and far more expensive—mini-
computers.

Higher Throughput, Reduced

Cost. The powerful instruchon set,
high execution speed, regular architec-
ture, and numerous special features of
the Z8000 microprocessors dramatically
increase system throughput. Intelligent
78000 peripheral controllers and exten-
ded processing units unburden the
CPU and boost throughput even more.

Simply put, the Z8000 Family offers
more for less money. The Z8000
microprocessors give mid-range
minicomputer performance at
microprocessor cost. At component
prices, Z8000 peripheral controllers
perform complex system functions that
previously required an entire PC
board.

The Z8000 Famuly is designed for
multiple-processor operation—an
economical way of greatly increasing
system performance. Many special
features for multiple Z8000 CPUs
facilitate the design of multiple-
processor systems that share access to
a common memory. The Memory Man-
agement Units can dynamically
relocate code and protect memory
areas. The Z8034 Z-UPC Universal
Peripheral Controller, a complete slave
microcomputer, and the Z8070 Floating
Point Emulation Package for high
speed arithmetic, can manipulate data
off-line. Asynchronous parts of
multiple-processor systems can be
jomned by the Z8038 Z-FIO FIFO Inter-
face Unuit.

An Unmatched CPU. The Z8000
microprocessor 1s not just a wider data
path, more registers, more data types,
more addressing modes, more 1nstruc-
tions and more addressing space. It
brings big-machine concepts to the
level of components. Its general-
register architecture avoids bottlenecks
associated with dedicated or imphed
reqisters. Special features support
parallel processors, operating systems,
compilers, and the implementation of
virtual memory.

The Z8000 CPU 1s also a very fast
machine. Its throughput is greater than
that of any other 16-bit microprocessor
with comparable clock speeds. And the
78000 CPU 1s available with speeds
ranging from a moderate 4 MHz clock
rate that allows you the choice of slow-
access, low-cost memories to a high-
speed 10 MHz clock rate for high-
performance systems. From the four
versions of the Z8000 microprocessors,
you can select the one best suited to
your needs: the Z800! for large
memory applications, the Z8002 for
small memory applications, the Z8003
for virtual memory, the Z8004 for
multiprocessors sharing a common,
small memory.

How to Manage Your Memory

Better. Trends are increasingly toward
systems with multiple users, complex
programs, security requirements and
memories that don't stop growing.
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These design problems pose questions
not sufficiently answered by other
mucroprocessor familes.

Exemplifying the Z-Family commit-
ment to advanced architecture, the
Z8010 Memory Management Unit
(MMU) and the Z8015 Paged Virtual
Memory Management Unit (PMMU)
both provide flexibility in code seg-
menter page relocation and sophistica-
tion 1n memory protection rarely found
in the microprocessor world. These
devices encourage modular software
development—a critical factor as pro-
grams reach new levels of complexity.

You are free from specifying where
information 1s actually located in
physical memory because the MMU
and PMMU make software addresses
totally independent from the actual
physical memory address. While some
microprocessor CPUs do have internal
CPU relocation registers, they are
dedicated and support few segments.
These CPUs also restrict memory pro-
tection. Not true for the MMU or
PMMU. Various configurations of these
devices can randomly relocate all 128
segments output by the Z8000 CPU 1n
any of its available memory systems.

For even more sophisticated memory
management, the Z8000 micro-
processors include a new member that
supports virtual memory via an
instruction abort mechanism. The
28003 Virtual Memory Processing Unit
can 1mplement either segmented virtual
memory that allows demand swapping
of segments, or a paged virtual
memory in which the unit of memory
allocation 1s a page within a segment.

But the memory management units
are more than relocation devices. They
offer you a host of memory protection
features that allow the system to protect
its software from unwanted uses and
users. Segments or pages can be
specified as read-only to protect them
from being overwritten, as system-
only to protect the operating system
from 1nadvertent user access, as
execute-only, and so on. A write warn-
ing zone 1s especially useful in stack
operations so the operating system can
deal with growing stacks.

Peripheral Problem Solvers. Z8000
peripheral components are not dumb
I/O circuits. They perform intelligent,
complicated tasks on their own. They
unburden the CPU, reduce bus traffic,
and increase system throughput. Com-
plex system tasks that previously
required burdensome conglomerations
of MSI can now be handled off-line by
Z-BUS peripherals with little CPU
overhead. Multifuncthion Z-BUS
peripherals are extensively program-
mable, so each can be precisely
tailored to 1ts application.

Counting, timing, and parallel I/O
problems seem less tiresome with the
28036 Z-CIO Counter and Parallel /O
device. It has three 16-bit counter/
timers, and three I/O ports. It can even
double as a programmable interrupt-
priority controller. Data communica-
tions are neatly handled by the Z8030
Z-SCC Serial Communication Con-
troller and the Z8033 Z-ASCC Asyn-
chronous Serial Communications Con-
troller, dual-channel multi-protocol
components that support between them
all popular communications formats.
Direct memory access 1s amply sup-
ported by the Z8016 DTC DMA
Transfer Controller, a fast dual-channel

device that enhances the addressing
power of the Z8000 CPU in stand-alone
or parallel-processor environments.
General purpose control and data-
manipulation problems are smoothly
solved by the Z8034 Z-UPC Universal
Peripheral Controller, a complete off-
line microcomputer-on-a-chip with
three 1/O ports. This processor
executes the same friendly, capable
instruction set as our Z8 Microcom-
puter. Bits and pieces of asynchronous
parallel-processing systems are inter-
connected by the Z8038 Z-FIO FIFO
Input/Output, a surprisingly flexible
device that can interface any major
microprocessor and most peripherals to
the Z-BUS. Its buffer depth can be
expanded without limit using the
28060 FIFO.

Where high-speed error detection
and correction are essential, the Z8065
Burst Error Processor (Z-BEP) offers a
choice of four selectable industry-
standard polynomials and three correc-
tions algorithms. It 1s effective for data
rates of up to 20M bits per second. If
encryption or decryption of data 1s
necessary, the Z8068 Data Ciphering
Processor (Z-DCP) supports three stan-
dard ciphering options and key parity
check. It can also input, output, and
encipher simultaneously. To perform
high-speed arithmetic now, the Z8070
Floating Point Emulation Package (with
IEEE P754 Standard format) can be
implemented with any Z8000 micro-
processor. Later this software package
will be replaceable by the Z8070
Floating Point Arithmetic Processing
Unit 1itself.
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Z8001/2
Z8000™ CPU Central
Processing Unit

Ya

Product

| ¥ 1] -
Zilog Specification
June 1982
Features B Regular, easy-to-use architecture B Resource-sharing capabihities for multi-
B Instruction set more powerful than many processing systems
minicomputers B Multi-programming support
B Directly addresses 8M bytes # Compiler support
B Eight user-selectable addressing modes B Memory management and protection provid-
B Seven data types that range from buts to ed by Z8010 Memory Management Unit
32-bit long words and byte and word strings B 32-bit operations, including signed multiply
B System and Normal operating modes and divide
B Separate code, data and stack spaces B 7-BUS compatible
B Sophisticated interrupt structure ® 4, 6 and 10 MHz clock rate
General The Z8000 is an advanced high-end 16-bit struction; mulhiprocessing by a combination of
Description microprocessor that spans a wide variety of ap- instruction and hardware features; and com-
plications ranging from simple stand-along pilers by multiple stacks, special instructions
computers to complex parallel-processing and addressing modes.
systems. Essentially a monolithic minicomputer
central processing unit, the Z8000 CPU 1s
characterized by an instruction set more ~—]&s ADys |
powerful than many minicomputers; abundant O L AD1s fe—r-
resources in registers, data types, addressing | WREQ :z" -~
modes and addressing range; and a regular READWRITE A e
architecture that enhances throughouput by ~<——| NORMAL/SYSTEM ADy e
avoiding critical bottlenecks such as implied or ~~——{BYTE/WORD AD; [—
dedicated registers. STATUS o :';‘ A
CPU resources include sixteen 16-bit oy ADy
general-purpose registers, seven data types <«—{sT, AD; |
that range from bits to 32-bit long words and s A AD; [
AD; j—>
byte and word strings, and eight user- cou WA z6001 ao
selectable addressing modes. The 110 distinct controLy — . |stor 200 D |
instruction types can be combined with the AD, f—s
various data types and addressing modes to c om,:g:{ — ::::Z: r —S:e - —z:;.;&;
form a powerful set of 414 instructions. [ |
Moreover, the instruction set is regular; most . I| SN p—> :
instructions can use any of the five main ad- INTERRUPTS :1 W | SNl dREmENT |
dressing modes and can operate on byte, word i | ::2 > |
and long-word data types. MULTLMICRO ﬁz | o~ |
The CPU can operate 1n either the system or CONTROL{ ~—{#io : :
normal modes. The distinction between these L SEGT F— SEOMENT B
two modes permits privileged operations, Y
thereby 1mproving operating system organiza- 1
tion and implementation. Multiprogramming is +5V GND CLK RESET
supported by the “atomic”” Test and Set in-
Figure 1. Z8000 CPU Pin Functions
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General The Z8000 CPU is offered in two versions: memory-management device is offered for the
Description  the Z8001 48-pin segmented CPU and the Z8001. The Z8010 Memory Management Unit
(Continued)  Z8002 40-pin non-segmented CPU. The main manages the large address space by providing
difference between the two is in addressing features such as segment relocation and
range. The Z8001 can directly address 8 mega- memory protection. The Z8001 can be used
bytes of memory; the Z8002 directly addresses with or without the Z8010. If used by itself, the
64 kilobytes. The two operating modes - system 28001 still provides an 8 megabyte direct
and normal-and the distinction between code, addressing range, extendable to 48 megabytes.
data and stack spaces within each mode allows The 78001, Z8002 and 78010 are fabricated
memory extension up to 48 megabytes for the with high-density, high-performance scaled
Z8001 and 384 kilobytes for the Z8002. n-channel silicon-gate depletion-load tech-
To meet the requirements of complex, nology, and are housed in dual in-line
memory-intensive applications, a companion packages.
Register The Z8000 CPU is a register-oriented and 3). For byte operations, the first eight
Organization machine that offers sixteen 16-bit general- 16-bit registers (RO...R7) are treated as sixteen
purpose registers and a set of special system 8-bit registers (RLO, RHO, ... , RL7, RH7). The
registers. All general-purpose registers can be sixteen 16-bit registers are grouped 1n pairs
used as accumulators and all but one as index (RRO ... RR14) to form 32-bit long-word
registers or memory pointers. registers. Similarly, the register set is grouped
Register flexibility is created by grouping in quadruples (RQO ... RQ12) to form 64-bit
and overlapping multiple registers (Figures 2 registers.
a0 ! Ro [7 RHO o7 RLO o] | w7 . 5 — =]
H RRO
o o L - o RQO R [1s RH1 ! RL1 o]
T RQO
e l Rz [ RH2 1 RAL2 | ne[ oz T ) ]
| RH . s ] m\zl Rr3[ RH3 j RL3 |
Ra [ RH4 1 RL4 | r
RR4 L Ra| RH4 i RL4 ]
{ Rs [ RH5 T AL ] "“‘[ -
: nae Rs| RH5 1 RLS ]
nne{ i RHe i ALe ] re[ RHE i RLE ] Rat
rr [ RH7 1 RL7 ] RRO ‘ e = T T ]
nns{ re [1s 0 le re[15 o]
Pl I RQ8 Ao 1
R0 ] RQ8
RR10 { | ]
R11 l I RR10
R11 | 1
Ri2 [ ] Rz |
RR12 l R13I I RR12 l R13I ]
R14’ SYSTEM STACK POINTER (SEG. NO ) R
A4 [ NORMAL STACK POINTER (SEG. NO ) o - ' i _1 Rarz
RR14 E 14 R15’ | SYSTEM STACK POINTER |
R1§ SYSTEM STACK POINTER (OFFSET)
Ats | NORMAL STACK :OINTER (OFFSET) I:] Ris| NORMAL STACK POINTER
Figure 2. Z8001 General-Purpose Registers Figure 3. Z8002 General-Purpose Registers
Stacks The Z8001 and Z8002 can use stacks located group, the user can manipulate the stack

anywhere in memory. Call and Return instruc-
tions as well as interrupts and traps use im-
plied stacks. The distinction between normal
and system stacks separates system information
from the application program information. Two
stack pointers are available: the system stack
pointer and the normal stack pointer. Because
they are part of the general-purpose register

pointers with any instruction available for
register operations.

In the Z8001, register pair RR14 is the
implied stack pointer. Register R14 contains
the 7-bit segment number and R15 contains the
16-bit offset. In the Z8002, register R15 1s the
implied 16-bit stack pointer.
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Refresh The Z8000 CPU contains a counter that can (n = 1 to 64), driven at one-fourth the CPU
be used to automatically refresh dynamic clock rate. The refresh period can be program-
memory. The refresh counter register consists med by 1 to 64 us with a 4 MHz clock. Refresh
of a 9-bit row counter, a 6-bit rate counter and can be disabled by programming the refresh
an enable bit (Figure 4). The 9-bit row counter enable/disable bit.
can address up to 256 rows and is incremented
by two each time the rate counter reaches end- JET — s - a
of-count. The rate counter determines the time el M Lo ™ v
between successive refreshes. It consists of a
programmable 6-bit modulo-n prescaler Figure 4. Refresh Counter

Program This group of status registers contains the status group consists of four words: a two-word

Status program counter, flags and control bits. When program counter, the flag and control word,

Information  an interrupt or trap occurs, the entire group is and an unused word reserved for future use.
saved and a new program status group is Seven bits of the first PC word designate one
loaded. of the 128 memory segments. The second word

Figure 5 illustrates how the program status supplies the 16-bit offset that designates a
groups of the Z8001 and Z8002 differ. In the memory location within the segment.
non-segmented Z8002, the program status With the exception of the segment enable bit
group consists of two words: the program in the Z8001 program status group, the flags
counter (PC), and the flag and control word and control bits are the same for both CPUs.
(FCW). In the segmented Z8001, the program
I°|°L°l° o 0,0 0 0 0 0, nlﬂl';,:;"“’ l"lsm|5"!v'sl"v'sl°l°|LLCIZISIPN|DA W —”&fv»fgf
3 0 Y e R S A N I EY A e T T
rT sseuznmumsa , | o, 0,0, 0, 0,0 0,0 I oo 28002 Program Status Registers

COUNTER
r 1 i 1 1 1 1 SEfHENITOF‘ISET 1 1 | 1 L 1 I
28001 Program Status Registers
rT SEGMENTNUMIEN‘ I"n"|°|°t°|"|°t°l ﬁ lm;wsm;omrlsnl , °|°|°|ol°|°I°I°—|
[ L ursnf;ﬁs(lv ) I o 0,0, 0,0 0,0 |Ll 28002 Program Status Area Pointer
Z8001 Program Status Area Pointer
Figure 5. Z8000 CPU Special Registers

Interrupt The Z8000 provides a very flexible and terrupts is: internal traps, non-maskable inter-

and Trap powerful interrupt and trap structure. Inter- rupt, segmentation trap, vectored interrupt

Structure rupts are external asynchronous events requir- and non-vectored interrupt.

ing CPU attention, and are generally triggered
by peripherals needing service. Traps are syn-
chronous events resulting from the execution
of certain instructions. Both are processes 1n a
similar manner by the CPU.

The CPU supports three types of interrupts
(non-maskable, vectored and non-vectored)
and four traps (system call, Extended Process
Architecture, privileged instructions and
segmentation trap). The vectored and non-
vectored interrupts are maskable. Of the four
traps, the only external one is the segmenta-
tion trap, which 1s generated by the Z8010.

The remaining traps occur when instructions
limited to the system mode are used in the nor-
mal mode, or as a result of the System Call 1n-
struction, or for an EPA instruction. The
descending order of prionty for traps and in-

When an interrupt or trap occurs, the cur-
rent program status 1s automatically pushed on
the system stack. The program status consists
of the processor status (PC and FCW) plus a
16-bit identifier. The 1dentifier contains the
reason or source of the trap or interrupt. For
internal traps, the identifier 1s the first word of
the trapped instruction. For external traps or
interrupts, the identifier is the vector on the
data bus read by the CPU during the
interrupt-acknowledge or trap-acknowledge
cycle.

After saving the current program status, the
new program status 1s automatically loaded
from the program status area in system
memory. This area 1s designated by the pro-
gram status area pointer (PSAP).

2045-0282, 0283
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Data
Types

78000 instructions can operate on bits, BCD
digits (4 bits), bytes (8 bits), words (16 bits),
long words (32 bits) and byte strings and word
strings (up to 64 kilobytes long), and word str-
ings (up to 64 kilobytes long). Bits can be set,
reset and tested; digits are used in BCD
arithmetic operations; bytes are used for
characters or small integer values; words are
used for integer values, instructions and non-
segmented addresses; long words are used for

long integer values and segmented addresses.
All data elements except strings can reside
either in registers or memory. Strings are
stored 1n memory only.

The basic data element is the byte. The
number of bytes used when manipulating a
data element is either implied by the operation
or - for strings and multiple register opera-
tions - explicitly specified in the instruction.

-Segmentation
and Memory
Management

High-level languages, sophisticated operat-
ing systems, large programs and data bases,
and decreasing memory prices are all ac-
celerating the trend toward larger memory re-
quirements in microcomputer systems. The
78001 meets this requirement with an eight

megabyte addressing space. This large address
space 1s directly accessed by the CPU using a
segmented addressing scheme and can be
managed by the Z8010 Memory Management
Unut.

Segmented
Addressing

A segmented addressing space - compared
with linear addressing - is closer to the way a
programmer uses memory because each pro-
cedure and data space resides 1n its own seg-
ment. The 8 megabytes of Z8001 addressing
space 1s divided into 128 relocatable segments
up to 64 kilobytes each. A 23-bit segmented
address uses a 7-bit segment address to point
to the segment, and a 16-bit offset to address
any location relative to the beginning of the
segment. The two parts of the segmented ad-
dress may be manipulated separately. The
segmented Z8001 can run any code written for
the non-segmented Z8002 1n any one of 1ts 128
segments, provided it 1s set to the non-
segmented mode.

In hardware, segmented addresses are con-
tained in a register pair or long-word memory
location. The segment number and offset can
be manipulated separately or together by all
the available word and long-word operations.

When contained in an instruction, a
segmented address has two different represen-
tations: long offset and short offset. The long
offset occupies two words, whereas the short
offset requires only one and combines in one
word the 7-bit segment number with an 8-bit
offset (range 0-256). The short offset mode
allows very dense encoding of addresses and
minimizes the need for long addresses re-
quired by direct accessing of this large ad-
dress space.

Memory
Management

The addresses manipulated by the program-
mer, used by instructions and output by the
78001 are called logical addresses. The
Memory Management Unit takes the logical
addresses and transforms them into the
physical addresses required for accessing the
memory (Figure 6). This address transforma-
tion process is called relocation. Segment
relocation makes user software addresses inde-
pendent of the physical memory so the user is
freed from specifying where information 1s
actually located 1n the physical memory.

The relocation process is transparent to user
software. A translation table in the Memory
Management Unit associates the 7-bit segment
number with the base address of the physical
memory segment. The 16-bit offset is added to
the physical base address to obtain the actual
physical address. The system may dynamically
reload translation tables as tasks are created,
suspended or changed.

In addition to supporting dynamic segment
relocation, the Memory Management Unit also
provides segment protection and other seg-
ment management features. The protection
features prevent illegal uses of segments, such
as writing into a write-protected zone.

Each Memory Management Unit stores 64
segment entries that consist of the segment

base address, its attributes, size and status.
Segments are variable in size from 256 bytes to
64 kilobytes in increments of 256 bytes. Pairs
of Management Units support the 128 segment
numbers available for each of the six CPU
address spaces. Within an address space,
several Management Units can be used to
create multiple translation tables.

6 0
LoaicaL aporess | seamentno. |

mEMORY - T j
| MANAGMENT
UNIT

15 8 7 0
[ orrser |

e

Figure 6. Logical-to-Physical Address
Transformation
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Extended

The Zilog Extended Processing Architecture

78000 CPU to accommodate up to four Extend-

Processing (EPA) provides an extremely flexible and ed Processing Units (EPUs), which perform
Architecture modular approach to expanding both the hard- specialized functions in parallel with the CPU’s
ware and software capabilities of the Z8000 main instruction execution stream.

CPU. Features of the EPA include: The use of extended processors to boost the

B Specialized instructions for external proc- main CPUIS performapce capability has been
essors or software traps may be added to proven with large mainframe computers and
CPU instruction set. minicomputers. In these systems, specialized
1 h b ‘ . functions such as array processing, special

u ncreafses t rou.gl.put of the sylstem by usm.g input/output processing, and data communica-
up t(il clvur.s}y;)e}clla ézed external processors in tions processing are typically assigned to
parallel with the CPU. extended processor hardware. These extended

B Permits modular design of Z8000-based processors are complex computers in their own
systems. right.

B Provides easy management of multiple The Zilog Extended Processing Architecture
microprocessor configurations via “'single combines the best conc?pts of these proven
instruction stream’’ communication. performance boosters with the latest in high-

. . . density MOS integrated-circuit design. The

B Simple }ntercqnnectlon between exten.ded result is an elegant expansion of design
processing units and 28000. CPU requires no capability—a powerful microprocessor
additional external supporting logic. architecture capable of connecting single-chip

B Supports debugging of suspect hardware EPUs that permits very effective parallel
against proven software. processing and makes for a smoothly inte-

B Standard feature on all Zilog Z8000 CPUs. grated instruction stream from the Z8000 pro-

I o grammer’s point of view. A typical addition to

Specific benefits include: the current Z8000 instruction set might be

B EPUs can be added as the system grows and Floating Point Instructions.
as EPUs with specialized functions are The Extended Processing Units connect
developed. directly to the Z8000 BUS (Z-BUS) and con-

B Control of EPUs is accomplished via a tinuously monitor th.e CPU .1nst1.~uctlon stream.
“single instruction stream” in the Z8000 When an extended instruction is detected, the
CPU, eliminating many significant system appr.oprlate EPU respo'nds, obt.ammg or
software and bus contention management placing data or status information on the
obstacles that occur in other multiprocessor Zi-gBrg?sl;sxiggpi?ofﬁ?ig%(izt(:r’lfiféfii:oaztg?iecte d

.g., ter-sl izati . :
(e-g., master-slave) organization schemes The Z8000 CPU is responsible for instructing
The processing power of the Zilog Z8000 the EPU and delivering operands and data to

16-bit microprocessor can be boosted beyond it. The EPU recognizes instructions intended
its intrinsic capability by Extended Processing for it and executes them, using data supplied

Architecture. Simply stated, EPA allows the

STOP LINE I
EPU DEDICATED EPU D—I DEDICATED 28000 EPU MDEDWATED EPU DJ DEDICATED
1 E MEMORY 2 E MEMORY cpPy 3 F MEMORY b E MEWORY
Z-BUS COMPONENT INTERFACE Q
\ ] l\ - |& ]
1 U 1 U
MEMORY
PERIPHERAL PERIPHERAL MANAGEMENT
MEMORY
Figure 7. Typical Extended Processor Configuration
2007-001
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Extended
Processing
Architecture
(Continued)

with the instruction and/or data within its inter-
nal registers. There are four classes of EPU
instructions:

B Data transfers between main memory and
EPU registers

MW Data transfers between CPU registers and
EPU registers

B EPU internal operations

B Status transfers between the EPUs and the
28000 CPU Flag and Control Word register
(FCW)

Four Z8000 addressing modes may be utilized
with transfers between EPU registers and the
CPU and main memory:

B Register

B Indirect Register
B Direct Address
B Indexed

In addition to the hardware-implemented
capabilities of the Extended Processing
Architecture, there is an extended instruction
trap mechanism to permit software simulation
of EPU functions. A control bit in the Z8000
FCW register indicates whether actual EPUs
are present or not. If not, when an extended
instruction is detected, the Z8000 traps on the
instruction, so that a software “trap handler”
can emulate the desired EPU function—a very
useful development tool. The EPA software
trap routine supports the debugging of suspect
hardware against proven software. This feature
will increase in significance as designers
become familiar with the EPA capability of the

78000 CPU.

This software trap mechanism facilitates the
design of systems for later addition of EPUs:
initially, the extended function is executed as a
trap subroutine; when the EPU is finally
attached, the trap subroutine is eliminated and
the EPA control bit is set. Application software
is unaware of the change.

Extended Processing Architecture also offers
protection against extended instruction over-
lapping. Each EPU connects to the Z8000 CPU
via the STOP line so that if an EPU is
requested to perform a second extended
instruction function before it has completed the
previous one, it can put the CPU into the
Stop/Refresh state until execution of the
previous extended instruction is complete.

EPA and CPU instruction execution are
shown in Figure 8. The CPU begins operation
by fetching an instruction and determining
whether it is a CPU or an EPU command. The
EPU meanwhile monitors the Z-BUS for its own
instructions. If the CPU encounters an EPU
command, it checks to see whether an EPU is
present; if not, the EPU may be simulated by
an EPU instruction trap software routine; if an
EPU is present, the necessary data and/or
address 1s placed on the Z-BUS. If the EPU is
free when the instruction and data for it
appear, the extended instruction is executed.
If the EPU is still processing a previous
instruction, it activates the CPU’s STOP line to
lock the CPU off at the Z-BUS until execution
is complete. After the instruction is finished,
the EPU deactivates the STOP line and CPU

transactions continue.

LINE ACTIVE
?

STATE

FETCH

NEXT
INSTRUCTION

EPU
INSTRUCTION
?

CPU
EXECUTES
INSTRUCTION

EPA TRAP
SERVICE
ROUTINE

r—--

MONITOR Z-BUS

STREAM

CPU GENERATES

DATA/ADDRESS

AND PLACES ON
Z-BUS

EXECUTES
INSTRUCTION

|

SET STOP
LINE AT CPU
UNTIL EPU

Apataor ADDRESSES ARE PLACED ON THE BUS AND USED BY THE EPU IN THE EXECUTION OF AN INSTRUCTION

Figure 8. EPA and Z8000 CPU Instruction Execution
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Addressing

The information included in Z8000 instruc-

Figure 4 illustrates the eight addressing

Modes tions consists of the function to be performed, modes: Register (R), Immediate (IM), Indirect
the type and size of data elements to be Register (IR), Direct Address (DA), Indexed
manipulated and the location of the data (X), Relative Address (RA), Base Address (BA)
elements. Locations are designated by register and Base Indexed (BX). In general, an ad-
addresses, memory addresses or /O dressing mode explicitly specifies either
addresses. The addressing mode of a given register address space or memory address
instruction defines the address space it refer- space. Program memory address space and
ences and the method used to compute the I/O address space are usually implied by the
address itself. Addressing modes are explicitly instruction.
specified or implied by the instruction.

Mode Operand Addressing Operand Value
In the Instruction  In a Register In Memory
. The content of the
Register I REGISTER ADDRMOPERAND—I register
Immediate In the instruction
Indirect - 1 The content of the location
Register rneals*rsn H I = ol I ::l;:‘: :xdd.rm is in the
" The content of the location
Direct
o whose address is in the
Address L= o] whos add
The content of the location
Ind REGISTER ADDRESS —»I DISPLACEMENT whose address is the
ndex address in the instruction,
BAse 5’ ’ - offset by the content of
the register
The content of the location
O VALUE whose address is the
Relative 1 of the prog
DISPLACEMENT + OPERAND counter, offset by the
Address E——-——-r L_I displacement in the
instruction
The content of the location
que REGISTER ADDRESS —Pl BASE ADDRESS whose address is the
Address DISPLACEMENT + ddress in the register.
offset by the displacement
in the instruction
The content of the location
Base REGISTER ADDRESS BASE ADDRESS | whose address is the
Index REGISTER ADDRESS |—»-{ DISPLACEMENT M offset byh:h!eh;ilp.ldco-’
ment in the register
Figure 9. Addressing Modes
2045-0285
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Input/
Output

A set of I/O instructions performs 8-bit or,
16-bit transfers betwen the CPU and I/O
devices. I/O devices are addressed with a
16-bit I/O port address. The I/O port address
is similar to a memory address; however, I/O
address space need not be part of the memory
address space. 1/O port and memory addresses
coexist on the same bus lines and they are
distinguished by the status outputs.

Two types of I/O instructions are available:
standard and special. Each has its own address
space. The I/O instructions include a compre-
hensive set of In, Out and Block I/O instruc-
tions for both bytes and words. Special I/O in-
structions are used for loading and unloading
the Memory Management Unit. The status in-
formation distinguishes between standard and
special I/O references.

Multi-Micro-

Multi-microprocessor systems are supported

Multi-microprocessor systems are supported

Processor in hardware and software. A pair of CPU pins in software by the instructions Multi-Micro Re-
Support is used in conjunction with certain instructions quest, Test Multi-Micro In, Set Multi-Micro
to coordinate multiple microprocessors. The Out and Reset Multi-Micro Out. In addition,
Multi-Micro Out pin issues a request for the the eight megabyte CPU address space is
resource, while the Multi-Micro In pin is used beneficial in multiple microprocessor systems
to recognize the state of the resource. Thus, that have large memory requirements.
any CPU in a multiple microprocessor system
can exclude all other asynchronous CPUs from
a critical shared resource.
Instruction The Z8000 provides the following types of B Bit Manipulation
g::nmary instructions: m Rotate and Shift
® Load and Exchange m Block Transfer and String Manipulation
B Arithmetic ® Input/Output
® Logical m CPU Control
m Program Control
Load Clock Cycles*
g:ghunge M i Op d Addr. Word, Byte Long Word Operation
Modes Ns ss SL  Ns ss sSL
CLR dst R 7 - - Clear
CLRB IR 8 - - dst — 0
DA 11 12 14
X 12 12 15
EX R, src R 6 - - Exchange
EXB IR 12 - - R < src
DA 15 16 18
X 16 16 19
LD R, src R 3 - - 5 - - Load into Register
LDB M 7 - - 11 - - R « src
LDL M 5 (byte only)
IR 7 - - 11 - -
DA 9 10 12 12 13 15
X 10 10 13 13 13 16
BA 14 - - 17 - -
BX 14 - - 17 - -
LD dst,R IR 8 - - 11 - - Load into Memory (Store)
LDB DA 11 12 14 14 15 17 dst — R
LDL X 12 12 15 15 15 18
BA 14 - - 17 - -
BX 14 - - 17 - -
LD dst, IM IR 11 - - Load Immediate into Memory
LDB DA 14 15 17 dst — IM
X 15 15 18
* NS = Non-S d SS=8 ted Short Offset SL = Segmented Long Offset
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Load and Clock Cycles
EXChunge M i Op d Addr. Word, Byte Long Word Operation
(Continued) Mod
s Ns ss SL NS Ss SL
LDA R, src DA 12 13 15 Load Address
X 13 13 16 R «~ source address
BA 15 - -
BX 15 - -
LDAR R, src RA 15 - - Load Address Relative
R ~— source address
LDK R, src M 5 - - Load Constant
R—~nn-=20...15)
LDM R,src,n IR 1 - - Load Multiple
DA 14 15 17 ‘ +3n R + src (n consecutive words)
X 15 15 18 (n=1...16)
LDM dst,R,n IR 1 - - Load Multiple (Store Multiple)
DA 14 15 17 } +3n dst «— R (n consecutive words)
X 15 15 18 (n=1...16)
LDR R, src RA 14 - - 17 - - Load Relative
LDRB R « src
LDRL (range -32768 .. +32767)
LDR dst,R RA 14 - - 17 - - Load Relative (Store Relative)
LDRB dst — R
LDRL (range -32768 ... +32767)
POP dst, IR R 8 - - 12 - - Pop
POPL IR 12 - - 19 - - dst — IR
DA 16 16 18 23 23 25 Autoincrement contents of R
X 16 16 19 23 23 26
PUSH IR, src R 9 - - 12 - - Push
PUSHL M 12 - - - - - Autodecrement contents of R
IR 13 - - 20 - - IR «~ src
DA 14 14 16 21 21 23
X 14 14 17 21 21 24
Arithmetic ADC R, src R 5 - - Add with Carry
ADCB R —~ R + src + carry
ADD R, src R 4 - - 8 - - Add
ADDB ™M 7 - - 14 - - R~ R + src
ADDL IR 7 - - 14 - -
DA 9 10 12 15 16 18
X 10 10 13 16 16 19
CP R, src R 4 - - 8 - - Compare with Register
CPB M 7 - - 14 - - R - src
CPL IR 7 - - 14 - -
DA 9 10 12 15 16 18
X 10 10 13 16 16 19
CP dst, IM IR 11 - - Compare with Immediate
CPB DA 14 15 17 dst - IM
X 15 15 18
DAB dst R 5 - - Decimal Adjust
DEC dst,n R 4 - - Decrement by n
DECB IR 11 - - dst — dst - n
DA 13 14 16 (n=1..16)
X 14 14 17
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Arithmetic Clock Cycles
(Continued) Mnemonics Operands Addr. Word, Byte Long Word Operation
Modes N5 ss sL  Ns ss sL
DIV R, src R 17 - - 744 - - Divide (signed)
DIVL ™M 107 - - 744 - - Word: Ry, ) — Ry ny) + src
IR 107 107 107 744 744 744 R, +— remainder
DA 108 109 111 745 746 748 Long Word: Ry12 143 = Ry, n43 + src
X 109 109 112 746 746 749 Rp, n+1 = remainder
EXTS dst R 11 - - 1 - - Extend Sign
EXTSB Extend sign of low order half of dst
EXTSL through high order half of dst
INC dst,n R 4 - - Increment by n
INCB IR 1 - - dst — dst + n
DA 13 14 16 (n=1...16)
X 14 14 17
MULT R, src R 70 - - 282 - - Multiply (signed)
MULTL ™M 70 - - 282" - - Word: Ry n4+1 < Bp+1 ¢ src
IR 70 - - 282" - - Long Word: R, ,,.3+—FRn4 2, n+3
DA 71 72 74 283* 284* 286* *Plus seven cycles for each 1 1n the
X 72 712 75 284* 284* 287* multiplicand
NEG dst R 7 - - Negate
NEGB IR 12 - - dst « 0 - dst
DA 15 16 18
X 16 16 19
SBC R, src R 5 - - Subtract with Carry
SBCB R «~ R - src - carry
SUB R, src R 4 - - 8 - - Subtract
SUBB M 7 - - 14 - - R ~ R -src
SUBL IR 7 - - 4 - -
DA 9 10 12 15 16 18
X 10 10 13 16 16 19
Logical AND R, src R 4 - - AND
ANDB M 7 - - R — R AND src
IR 7 - -
DA 9 10 12
X 10 10 13
COM dst R 7 - - Complement
COMB IR 12 - - dst «— NOT dst
DA 15 16 18
X 16 16 19
OR R, src R 4 - - OR
ORB ™M 7 - - R — R OR src
IR 7 - -
DA 9 10 12
X 10 10 13
TCC cc, dst R 5 - - Test Condition Code
TCCB Set LSB if cc 1s true
TEST dst R 7 - - 13 - - Test
TESTB IR 8 - - 13 - - dst OR 0
TESTL DA 11 12 14 16 17 19
X 12 12 15 17 17 20
XOR R, src R 4 - - Exclusive OR
XORB M 7 - - R < R XOR src
IR 7 - -
DA 9 10 12
X 10 10 13
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Program Clock Cycles
. M i Op d Addr. Word, Byte Long Word Operation
Modes Ng ss SL NS ss SL
CALL dst IR 10 - 15 Call Subroutine
DA 12 18 20 Autodecrement SP
X 13 18 21 @ SP — PC
PC «— dst
CALR dst RA 10 - 15 Call Relative
Autodecrement SP
@ SP — PC
PC — PC + dst (range -4094 to +4096)
DINZ R, dst RA 11 - - Decrement and Jump if Non-Zero
DBINZ R—R-1
If R # 0: PC «— PC + dst (range -254 to 0)
IRET* - - 13 - 16 Interrupt Return
PS — @ SP
Autoincrement SP
P cc, dst IR 10 - 15 (taken) Jump Conditional
IR 7 - 7 (not taken) If cc 1s true: PC «— dst
DA 7 8 10
X 8 8 11
R cc, dst RA 6 - - Jump Conditional Relative
If cc 1s true: PC «— PC + dst
(range -256 to +254)
RET cc - 10 - 13 (taken) Return Conditional
7 - 7 (not taken) If cc 1s true: PC — @ SP
Autoincrement SP
sC src M 33 - 39 System Call
Autodecrement SP
@ SP — old PS
Push 1nstruction
PS « System Call PS
Bit BIT dst,b R 4 - - Test Bit Static
Manipula- BITB IR 8 - - Z flag «— NOT dst bit specified by b
tion DA 10 11 13
X 11 11 14
BIT dst,R R 10 - - Test Bit Dynamic
BITB Z flag — NOT dst bit specified by
contents of R
RES dst,b R 4 - - Reset Bit Static
RESB IR 11 - - Reset dst bit specified by b
DA 13 14 16
X 4 14 17
RES dst,R R 100 - - Reset Bit Dynamic
RESB Reset dst bit specified by contents R
SET dst,b R 4 - - Set Bit Static
SETB IR 11 - - Set dst bit specified by b
DA 13 14 16
X 14 14 17
SET dst,R R 10 - - Set Bit Dynamic
SETB Set dst bit specified by contents of R
TSET dst R 7 - - Test and Set
TSETB 1R 1 - - S flag — MSB of dst
DA 14 15 17 dst — all Is
X 15 15 18

*Privileged instruction Executed in system mode only
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Rotate Clock Cycles

g;ﬁ 4 Mnemonics  Operands Addr. Word, Byte Long Word Operation
Modes Ns ss sL  Ns ss sL
RL dst,n R 6forn =1 Rotate Left
RLB R Tforn =2 bynbits(n = 1, 2)
RLC dst,n R 6forn =1 Rotate Left through Carry
RLCB R 7forn =2 bynbits(n = 1, 2)
RLDB R, src R 9 - - Rotate Digit Left
RR dst,n R 6forn =1 Rotate Right
RRB R Zforn =2 by nbits (n = 1, 2)
RRC dst,n R 6forn =1 Rotate Right through Carry
RRCB R 7forn =2 by nbits (n = 1, 2)
RRDB R, src R 9 - - Rotate Digit Right
SDA dst,R R (15 + 3 n) (15 + 3n) Shift Dynamic Arithmetic
SDAB Shuft dst left or right
SDAL by contents of R
SDL dst, R R (15 + 3n) (15 + 3n) Shift Dynamic Logical
SDLB Shuft dst left or nght
SDLL by contents of R
SLA dst,n R (13 + 3n) (13 +3n) Shift Left Arithmetic
SLAB by n bits
SLAL
SLL dst,n R (13 + 3n) (13 + 3n) Shift Left Logical
SLLB by n bits
SLLL
SRA dst,n R (13 + 3n) (13 + 3n) Shift Right Arithmetic
SRAB by n bits
SRAL
SRL dst,n R (13 + 3n) (13 + 3n) Shift Right Logical
SRLB by n bits
SRLL
Block CPD Ry, src,Ry,cc IR 20 - - Compare and D t
Transfer CPDB Ry - src
and String Autodecrement src address
Manipula- Ry — Ry -1
tion
CPDR Ry, sre, Ry, cc IR (11 + 9n) Compare, Decrement and Repeat
CPDRB Ry - src
Autodecrement src address
Ry — Ry-1
Repeat until cc 1s true or Ry = 0
CPl Ry, src, Ry, cc IR 20 - - Compare and Increment
CPIB Ry - src
Autoincrement src address
Ry — Ry -1
CPIR Ry, src, Ry, cc IR (11 + 9n) Compare, I t and Repeat
CPIRB Ry - src
Autoincrement src address
Ry -~ Ry -1
Repeat until cc 1s true or Ry = 0
CPSD dst, src, R, cc IR 25 - - Compare String and Decrement
CPSDB dst - src
Autodecrement dst and src addresses
R—~R-1
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Block Transfer Clock Cycles

and _String. ™ i Operand Addr. Word, Byte
Manipulation Modes N5 g5 sL
(Continued)

Long Word
NS Ss SL

Operation

CPSDR dst, src, R, cc IR (11 + 14 n)
CPSDRB

Compare String, Decr. and Repeat
dst - src

Autodecrement dst and src addresses
R—~R-1

Repeat until cc 1s true or R = 0

CPSI dst, src, R, cc IR 25 - -
CPSIB

Compare String and Increment

dst - src

Autoincrement dst and src addresses
R—~R-1

CPSIR dst, src, R, cc IR (11 + 14n)
CPSIRB

Compare String, Incr. and Repeat
dst - src

Autoincrement dst and src addresses
R—R-1

Repeat until cc1strue orR = 0

LDD dst, src, R IR 20 - -
LDDB

Load and Decrement

dst — src

Autodecrement dst and src addresses
R—~R-1

LDDR dst, src, R IR (11 + 9n)
LDDRB

ndd /10082

Load, Decrement and Repeat

dst — src

Autodecrement dst and src addresses
R—~R-1

Repeat untl R = 0

LDI dst, src, R IR 20 - -
LDIB

Load and Increment

dst — src

Autoincrement dst and src addresses
R—~R-1

LDIR dst, src, R IR (11 + 9n)
LDIRB

Load. Increment and Repeat

dst « src

Autoincrement dst and src addresses
R—R-1

Repeat until R = 0

TRDB dst, src, R IR 25 - -

Translate and D t
dst «— src (dst)
Autodecrement dst address
R—~R-1

TRDRB dst, src, R IR (11 + 14n)

Translate, Decrement and Repeat
dst < src (dst)

Autodecrement dst address
R—~R-1

Repeat until R = 0

TRIB dst, src, R IR 25 - -

T late and I t
dst «— src (dst)
Autoincrement dst address
R—R-1

TRIRB dst, src, R IR (11 + 14 n)

Translate, Increment and Repeat
dst < src (dst)

Autoincrement dst address
R—~R-1

Repeat until R = 0

TRTDB srcl,src2,R IR 25 - -

Translate and Test, Decrement
RHI1 « src 2 (src 1)
Autodecrement src 1 address
R—R-1
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Block Transfer Clock Cycles
and Strmg. M i Op d Addr. Word. Byte Long Word Operation
Manipulation Modes
(Continued) NS ss SL NS SS SL
TRTDRB srcl,src2,R IR (11 + 14 n) Translate and Test. Decr. and Repeat
RH1 « src 2 (src 1)
Autodecrement src 1 address
R—~R-1
Repeat until R = O or RH1 = 0
TRTIB srcl,src2,R IR 25 Translate and Test, Increment
RH1 « src 2 (src 1)
Autoincrement src 1 address
R—~R-1
TRTIRB srcl,sre2, R IR (11 + 14 n) Translate and Test, Incr. and Repeat
RHI1 « src 2 (src 1)
Autoincrement src 1 address
R~ R-1
Repeat until R = O or RH1 = 0
Input/ IN* R, src IR 0 - - Input
Output INB* DA 12 - - R «~ src
IND* dst, stc, R IR 21 - - Input and Decrement
INDB* dst — src
Autodecrement dst address
R~R-1
'INDR* dst, src, R IR (11 + 10n) Input, Decrement and Repeat
INDRB* dst — src
Autodecrement dst address
R~R-1
Repeat untilR = 0
INI* dst, src, R IR 21 - - Input and Increment
INIB* dst — src
Autoincrement dst address
R—~R-1
INIR* dst, src, R IR (11 + 10n) Input, Increment and Repeat
INIRB* dst +— src
Autoincrement dst address
R—~R-1
Repeat until R = 0
ouT* dst,R IR 10 - - Output
OUTB* DA 12 - - dst — R
OUTD* dst, src, R IR 21 - - Output and Decrement
OUTDB* dst — src
Autodecrement src address
R—~R-1
OTDR* dst, src, R IR (11 + 10 n) Output, Decrement and Repeat
OTDRB* dst — src
Autodecrement src address
R—~R-1
Repeat unhl R = 0
OUTI* dst, src, R IR 21 - - Output and Increment
OUTIB* dst +~ src
Autoincrement src address
R—R-1
OTIR* dst, sre, R IR (11 + 10n) Output, Increment and Repeat
OTIRB* dst « src

“Privileged mnstructions Executed 1n system mode only

Autoincrement src address
R~R-1
Repeat unhl R = 0
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Input/Output Clock Cycles
(Continued) i Operands  Addr. Word, Byte Long Word Operation
Modes Ns ss sL  Ns ss sL
SIN* R, src DA 12 - - Special Input
SINB* R « src
SIND* dst, src, R IR 21 - - Special Input and Decrement
SINDB* dst «— src
Autodecrement dst address
R—~R-1
SINDR* dst, sre, R IR (11 + 10n) Special Input, Decr t and Repeat
SINDRB* dst — src
Autodecrement dst address
R—~R-1
Repeat unthlR = 0
SINI* dst, src, R IR 21 - - Special Input and Increment
SINIB* dst «— src
Autoincrement dst address
R~R-1
SINIR* dst, src, R IR (11 + 10 n) Special Input, Increment and Repeat
SINIRB* dst «— src
Autoincrement dst address
R—~R-1
Repeat untilR = 0
SOUT* dst, src DA 12 - - Special Output
SOUTB* dst «— src
SOUTD* dst, sre, R IR 21 - - Special Output and Decrement
SOUTDB* dst «— src
Autodecrement src address
R—~R-1
SOTDR* dst, src, R IR (11 + 10n) Special Output, Decr. and Repeat
SOTDRB* dst — src
Autodecrement src address
R—R-1
Repeat untilR = 0
SOUTI* dst, src, R IR 21 - - Special Output and Increment
SOUTIB* dst < src
Autoincrement src address
R—~R-1
SOTIR* dst, src, R R (11 + 10n) Special Output, Incr. and Repeat
SOTIRB* dst «— src
Autoincrement src address
R—~R-1
Repeat untilR = 0
CPU COMFLG flags - 7 - - Complement Flag
Control (Any combination of C, Z, S, P/V)
DI* int - 7 - - Disable Interrupt
(Any combination of NVI, VI)
EI* nt - 7 - - Enable Interrupt
(Any combination of NVI, VI)
HALT* - - (8 + 3n) HALT
LDCTL* CTLR, src R 7 - - Load into Control Register
CTLR « src
LDCTL* dst, CTLR R 7 - - Load from Control Register

*Privileged nstructions Executed in system mode only

dst — CTLR
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CPU Clock Cycles

Control M jcs Operands Addr.  Word, Byte Long Word Operation
(Continued) Mod.
® NS SS SL NS SS SL
LDCTLB FLGR, src R 7 - - Load into Flag Byte Register
FLGR « src
LDCTLB dst, FLGR R 7 - - Load from Flag Byte Register
dst — FLGR
LDPS* src IR 12 - 16 Load Program Status
DA 16 20 22 PS « src
X 17 20 23
MBIT* - - 7 - - Test Multi-Micro Bit
Set S f I\TI 1s Low; reset Sf MI 1s High.
MREQ* dst R (12 + 7n) Multi-Micro Request
MRES* - - 5 - - Multi-Micro Reset
MSET * - - 5 - - Multi-Micro Set
NOP - - 7 - - No Operation
RESFLG flag - 7 - - Reset Flag
(Any combination of C, Z, S, P/V)
SETFLG flag - 7 - - Set Flag
(Any combination of C, Z, S, P/V)
*Privileged 1nstructions Executed 1n system mode only
Condition Code Meaning Flag Settings CC Field
Codes Always false - 0000
Always true - 1000
Z Zero Z =1 0110
NZ Not zero Z =0 1110
(o] Carry C=1 0111
NC No Carry C=0 1111
PL Plus S =0 1101
MI Minus S =1 0101
NE Not equal Z =0 1110
EQ Equal Z =1 0110
ov Overflow P/V =1 0100
NOV No overflow, P/V =0 1100
PE Parity 1s even =1 0100
PO Parity 1s odd 1100
GE Greater than or equal (signed) (SXORP/WV) =0 1001
LT Less than (signed) (SXORP/WV) =1 0001
GT Greater than (signed) [ZOR (SXORP/V)] =0 1010
LE Less than or equal (signed) [ZOR(SXORP/V)] =1 0010
UGE Unsigned greater than or equal C=0 1111
ULT Unsigned less than C=1 0111
UGT Unsigned greater than [(C=0AND((Z =0)] =1 1011
ULE Unsigned less than or equal (CORZ) =1 0011

Note that some condition codes have 1dentical flag settings and binary fields 1n the instruction:
Z = EQ, NZ = NE, C = ULT, NC = UGE, OV = PE, NOV = PO

Status ST3-STy Definition ST3-STo Definition

Code

Lines 0000 Internal operation 1000 Data memory request
0001 Memory refresh 1001 Stack memory request
0010 1/O reference 1010 Data memory request (EPU)
0011 Special I/O reference (e.g., to an MMU) 1011 Stack memory request (EPU)
0100 Segment trap acknowledge 1100 Program reference, nth word
0101 Non-maskable interrupt acknowledge 1101 Instruction fetch, first word
0110 Non-vectored interrupt acknowledge 1110 Extension processor transfer
0l11 Vectored interrupt acknowledge 1111 Reserved
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Pin
Description

ADg-AD5. Address/Data (inputs/outputs,
active High, 3-state). These multiplexed
address and data lines are used both for I/O
and to address memory.

AS. Address Strobe (output, active Low,
3-state). The rising edge of AS indicates
addresses are vahid.

BUSACK. Bus Acknowledge (output, active
Low). A Low on this line indicates the CPU has
relinquished control of the bus.

BUSREQ. Bus Request (input, active Low).
This line must be driven Low to request the
bus from the CPU.

B/W. Byte/Word (output, Low = Word,
3-state). This signal defines the type of memory
reference on the 16-bit address/data bus.

CLK. System Clock (input). CLK is a 5V
single-phase time-base 1input.

DS. Data Strobe (output, active Low, 3-state).
This line times the data in and out of the CPU.

MREQ. Memory Request (output, active Low,
3-state). A Low on this line indicates that the
address/data bus holds a memory address.

M;. Mo. Multi-Micro In, Multi-Micro Out
(input and output, active Low). These two lines
form a resource-request daisy chain that allows
one CPU in a multi-microprocessor system to
access a shared resource.

NMI. Non-Maskable Interrupt (edge triggered,
input, active Low). A high-to-low transition on
NMI requests a non-maskable interrupt. The

AD, 1 48[ ] ADs
ADg ] 2 a7 ] sNg
ADy [ 3 46 a SNs
ADy [ 4 451 Ap;
AD, [5 44 1] ape
aps [ 6 43 ] Ao,
sTop [ 7 a2 ] sn,
wle 4117 ap,
anis [ 0 0 [ ao,
An..lé 10 39 [] ap,
+5V S 1 38 [ ap,
vi[] 12 37 SN
Wik 22007 genzo
seGT [ 14 35 [ ] cLock
i [ 15 aal]as
RESET [ 16 33 | ] RESERVED
Mo [ 17 32[] 8w
MREQ [] 18 31 NS
bs [ 19 30 []riw
sts [ 20 29 [ ] BUSACK
s, 2 28 WA
sTi [ 22 27 [ ] 5USREG
sTo [ 23 26 [ ] sNo
SN; [] 24 25 sN,

Figure 10. Z8001 Pin Assignments

NMI interrupt has the highest priority of the
three types of interrupts.

N/S. Normal/System Mode (output, Low =
System Mode, 3-state). N/S indicates the CPU
1s 1n the normal or system mode.

NVI. Non-Vectored Interrupt (1input, active
Low). A Low on this line requests a non-
vectored interrupt.

RESET. Reset (input, active Low). A Low on
this line resets the CPU.

R/W. Read/Write (output, Low = Write,
3-state). R/W indicates that the CPU 1s reading
from or writing to memory or I/O.

SEGT. Segment Trap (input, active Low). The
Memory Management Unit interrupts the CPU
with a Low on this line when the MMU detects
a segmentation trap. Input on Z8001 only.

SNg-SNg. Segment Number (outputs, active

High, 3-state). These lines provide the 7-bit

segment number used to address one of 128

segments by the Z8010 Memory Management
Unit. Output by the Z8001 only.

STg-ST3. Status (outputs, active High, 3-state).
These lines specify the CPU status (see table).

STOP. Stop (input, active Low). This input can
be used to single-step instruction execution.

V1. Vectored Interrupt (input, active Low). A
Low on this line requests a vectored interrupt.

WAIT. Wait (input, active Low). This line
indicates to the CPU that the memory or I/O
device 1s not ready for data transfer.

Reserved. Do not connect.

A, [ 1 0[] an,
ADy [ 2 39 [1 ap,
ADy4 E 3 38 J AD;
A [ 4 37 [J Aps
aps [ s 36 [ ] AD,
stop[] 6 35 ] Aps
AN 34 [] ap,
apys [ 8 33[] Ap,
ADy ] 9 32[] A,
+5V (mR) 28002 ¥ ONP
vil]n 30 [] cLock
TE 12 2[] As
NmI [ 13 28 [ ] RESERVED
RESET [] 14 27 [] BW
Mo [ 15 26 [J NS
MREQ [ 16 25 ] RW
Bs [ 17 24 [] BUSACK
sTs [ 18 23 [] WAT
ST [] 19 22 ] BUSREG
ST [ 20 21[] STo

Figure 11. Z8002 Pin Assignments

2045-0286, 0287
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28000
CPU
Timing

The Z8000 CPU executes instructions by

stepping through sequences of basic machine

cycles, such as memory read or write, I/O

device read or write, interrupt acknowledge,

and internal execution. Each of these basic
cycles requires three to ten clock cycles to

execute. Instructions that require more clock
cycles to execute are broken up into several

machine cycles. Thus no machine cycle is

longer than ten clock cycles and fast response
to a Bus Request is guaranteed.
The instruction opcode is fetched by a

normal memory read operation. A memory
refresh cycle can be inserted just after the

completion of any first instruction fetch (IF;)
cycle and can also be inserted while the

following instructions are being executed:
MULT, MULTL, DIV, DIVL, HALT, all Shift

instructions, all Block Move instructions, and
the Multi-Micro Request instruction (MREQ).

The following timing diagrams show the
relative timing relationships of all CPU signals
during each of the basic operations. When a
machine cycle requires additional clock cycles
for CPU internal operation, one to five clock
cycles are added. Memory and I/O read and
write, as well as interrupt acknowledge cycles,
can be extended by activating the WAIT input.
For exact timing information, refer to the com-
posite timing diagram.

Note that the WAIT input is not synchronized
in the Z8000 and that the setup and hold times
for WAIT relative to the clock must be met. If
asynchronous WAIT signals are generated,
they must be synchronized with the CPU clock
before entering the Z8000.

Memory
Read and
Write

Memory read and instruction fetch cycles

are identical, except for the status information
on the STp-ST3 outputs. During a memory

CLOCK

|

T

read cycle, a 16-bit address is placed on the
ADy-AD;5 outputs early in the first clock
period, as shown in Figure 12. (In the Z8001,

T3

L

WAIT
INSERTS WAIT STATE
STATUSES X X:
(BIW, NIS,
STo-ST)
SNo-SNg SEGMENT NUMBER x x
MREQ \ /
AD K
READ xsmonv ADDRESS/ ')- J— m
bs \ /
READ
READ / \
AD x
WRITE Xﬂsuonv X DATA OUT
DS \ /
WRITE
RIW
WRITE \ /

Figure 12. Memory Read and Write Timing
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Memory

the 7-bit segment number is output on

wait cycle, and additional wait states can be

Read and SNo-SNg one clock period earlier than the inserted. This allows interfacing slow
Write 16-bit address offset to compensate for the memories. No control outputs change during
(Continued)  delay in the memory management circuitry.) wait states.

A valid address is indicated by the rising Although Z8000 memory is word organized,
edge of Address Strobe. Status and mode memory is addressed as bytes. All instructions
information become valid early in the memory are word-aligned, using even addresses.
access cycle and remain stable throughout. Within a 16-bit word, the most significant byte
The state of the WAIT input is sampled in the (Dg-Dj5) is addressed by the low-order address
middle of the second clock cycle by the falling (Ap = Low), and the least significant byte
edge of Clock. If WAIT is Low, an additional (Dop-D7) is addressed by the high-order
clock period is added between T3 and T3. address (Ag = High).

WAIT is sampled again in the middle of this
Input/ 1/O timing is similar to memory read/write Both the segmented Z8001 and the non-
Output timing, except that one wait state is automat- segmented Z8002 use 16-bit I/O addresses.
ically inserted between Ty and T3 (Figure 13).
T T2 Twa Ta
cLock I | I
WAIT
‘/INSERT WAIT STATE
s | X X
NIS Low
AS _\_/
HIGH
MREQ
D C
INPD:SI' \ ’
w_ / _
INPUT
OUTPAIR XPORI ADDRESS X DATA OUT x
OUTPD:? \ ’
= T\ /[~
OUTPUT
Figure 13. Input/Output Timing
2045-0289
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Interrupt and
Segment
Trap Request
and
Acknowledge

INTERNAL
Nmt

The 28000 CPU recognizes three interrupt
inputs (non-maskable, vectored and non-
vectored) and a segmentation trap input. Any
High-to-Low transition on the NMI input is
asynchronously edge detected and sets the
internal NMI latch. The VI, NVI and
SEGT inputs as well as the state of the internal
NMI latch are sampled at the beginning of T3
1n the last machine cycle of any instruction.

In response to an interrupt or trap, the sub-
sequent IF] cycle 1s exercised, but ignored.
The internal state of the CPU is not altered and
the instruction will be refetched and executed
after the return from the interrupt routine.The
program counter is not updated, but and the
system stack pointer 1s decremented 1n
preparation for pushing starting information
onto the system stack.

The next machine cycle 1s the interrupt

1 LAST MACHINE INSTRUCTION

acknowledge cycle. This cycle has five
automatic wait states, with additional wait
states possible, as shown in Figure 14.

After the last wait state, the CPU reads the
information on ADg-AD;j5 and stores it tem-
porarily, to be saved on the stack later in the
acknowledge sequence. This word identifies
the source of the interrupt or trap. For the
non-vectored and non-maskable interrupts, all
16 bits can represent peripheral device status
information. For the vectored interrupt, the
low byte is the jump vector, and the high byte
can be extra user status. For the segmentation
trap, the high byte 1s the Memory Management
Unit identifier and the Jow byte 1s undefined.

After the acknowledge cycle, the N/S output
indicates the automatic change to system
mode.

ACKNOWLEDGE STATUS
CYCLE SAVING

FETCH IF;

E OF ANY
INSTRUCTION (ABORTED)

‘ T T T Tt eeessesees T T T2

%

AUTOMATIC WAIT STATES

Ih

fe——sAMPLE

STo-STs

ACKNOWLEDGE

Figure 14. Interrupt and Segment Trap Request/Acknowledge Timing

Status
Saving
Sequence

The machine cycles following the interrupt
acknowledge or segmentation trap acknowl-
edge cycle push the old status information on
the system stack (Figure 12) in the following
order: the 16-bit program counter; the 7-bit
segment number (Z8001 only); the flag control

word; and finally the interrupt/trap i1dentifier.
Subsequent machine cycles fetch the new pro-
gram status from the program status area, and
then branch to the interrupt/trap service
routine.

Bus Request
Acknowledge
Timing

A Low on the BUSREQ input indicates to the
CPU that another device 1s requesting the
Address/Data and Control buses. The asyn-
chronous BUSREQ input 1s synchronized at the
beginning of any machine cycle (Figure 15). If

BUSREQ 1s Low, an internal synchronous
BUSREQ signal 1s generated, which-after com-
pletion of the current machine cycle-causes
the BUSACK output to go Low and all bus out-
puts to go into the high-impedance state. The
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Bus Request/ requesting device-typically a DMA-can then
Acknowledge control the bus.

BUSACK output goes High one clock period
later, indicating that the CPU will again take

(Continued) When BUSREQ 1s released, it 1s synchron- control of the bus.
ized with the rising clock edge and the
i mevel AVAIL
CLOCK | [-————- | | I r
Wlllﬂ_\ /
INTERNAL
BUSREQ
sUsACK \
s\ / T\ /
. > {
™ > {
W™REQ, DS, 2 Y
.’w‘"m%’.::‘, } {SAME AS PREVIOUS CVCLEX
Figure 15. Bus Request/Acknowledge Timing
Stop The STOP 1nput 1s sampled by the last falling subsequent instruction fetch is postponed until

clock edge immediately preceeding any IF;
cycle (Figure 16) and before the second word
of an EPA instruction is fetched. If STOP is
found Low between the IF) cycle, a stream of
memory refresh cycles is inserted after T3,
again sampling the STOP input on each falling
clock edge in the middle of the T3 states. Dur-
ing the EPA instruction, both EPA instruction
words are fetched but any data transfer or

STOP is sampled High.This refresh operation
does not use the refresh prescaler or its divide-
by-four clock prescaler; rather, it double-
increments the refresh counter every three
clock cycles. When STOP is found High again,
the next refresh cycle 1s completed, any
remaining T states of the IF] cycle are then
executed and the CPU continues its operation.

o o - (O
INSTRUCTION

’-—NEFRESK4.| ‘
Tin T Ton T, TS

A

=\ \/

/

R

STo-ST3 x 3

MEMORY REFRESH

wT\___ /N[
X
/

T\

RIW HIGH

Figure 16. Stop Timing
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Internal Certain extended instructions, such as clock cycles long (Figure 17). This allows fast
Operation Multiply and Divide, and some special instruc- response to Bus Request and Refresh Request,
tions need additional time for the execution of because bus request or refresh cycles can be
internal operations. In these cases, the CPU inserted at the end of any internal machine
goes through a sequence of internal operation cycle.
machine cycles, each of which is three to eight
T T2 Ta
cLoCcK —I —L
WA
$To-ST3 X INTERNAL OPERATION
AD X UNDEFINED ‘:)-—
WREQ, DS, RIW HieH
BIW UNDEFINED
NIS 'SAME AS PREVIOUS CYCLE
|
Figure 17. Internal Operation Timing
Memory When the 6-bit prescaler in the refresh always incremented by two, thus stepping
Refresh counter has been decremented to zero, a through 256 consecutive refresh addresses on

refresh cycle consisting of three T-states is
started as soon as possible (that is, after the
next IF) cycle or Internal Operation cycle).
The 9-bit refresh counter value is put on the
low-order side of the address bus (ADg-ADg);
ADg-AD;5 are undefined (Figure 18). Since
the memory is word-organized, Ag is always
Low during refresh and the refresh counter is

AD;-ADg. Unless disabled, the presettable
prescaler runs continuously and the delay in
starting a refresh cycle is therefore not
cumulative.

While the STOP input is Low, a continuous
stream of memory refresh cycles, each three
T-states long, is executed without using the
refresh prescaler.

1

$To-8Ty

REFRESH

—
= |/
T\

\
AD X REFRESH ADDRESS Y
/

SAME AS PREVIOUS CYCLE

Figure 18. Memory Refresh Timing
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Halt A HALT instruction executes an unlimited The CPU samples the VI, NVI, NMI and
number of 3-cycle internal operations, SEGT inputs at the beginning of every T3
inter-spersed with memory refresh cycles cycle. If an input 1s found active during two
whenever requested. An interrupt, segmenta- consecutive samples, the subsequent IF) cycle
tion trap or reset are the only exits from a 1s exercised, but ignored, and the normal
HALT 1nstruction. interrupt acknowledge cycle 1s started.

Reset A Low on the RESET input causes the follow- are executed in the system mode. In the Z8001,

2

ing results within five clock cycles (Figure 19):
B ADy-AD)5 are 3-stated

m AS, DS, MREQ, STo-STs.
BUSACK and MO are forced High

B SNo-SNg are forced Low
m Refresh is disabled
m R/W, B/W and N/S are not affected

When RESET has been High for three clock
periods, two consecutive memory read cycles

the first cycle reads the flag and control word
from location 0002, the next reads the 7-bit
program counter segment number from loca-
tion 0004, the next reads the 16-bit PC offset
from location 0006, and the following IF; cycle
starts the program. In the Z8002, the first cycle
reads the flag and control word from location
0002, the next reads the PC from location
0004, and the following IF] cycle starts the
program.

- 4 [ ~— '\
7 N X X -
\
. /
\
susack /
= /
Figure 19. Reset Timing
20450295 147
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Composite
AC Timing
Diagram

RESET

STOP

WAIT

BUSACK

CLOCK ;

SNo-SNe

ADo-AD15

0 50
51
52) This composite timing dia-
— gram does not show actual
). timing sequences Refer to
@ this diagram only for the
@ detailed timing relationships
>g of individual edges Use the
preceding illustrations as an
()] [« explanation of the various
>; timing sequences
8
59 Timing measurements are
made at the following
voltages
High Low
Clock 40V o8v
Output 20V o8V
Input 20V 08V
__>¢ Float AV +05V
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28001/Z8002 Z8001A/Z8002A Z8001B/Z8002B}
Number Symbol Parameter Min Max Min Max Min Max
1 TcC Clock Cycle Time 250 2000 165 2000 100 2000
2 TwCh Clock Width (High) 105 2000 70 2000 40
3 TwCl Clock Width (Low) 105 2000 70 2000 40
4 TiC Clock Fall Time 20 10 10
5 TrC — Clock Rise Time 20 5 10—
6 TdC(SNv) Clock t to Segment Number Valid 130 110 70
(50 pF load)
7 TdC(SNn) Clock t to Segment Number Not Vahd 20 10 5
8 TdC(Bz) Clock ! to Bus Float 65 55 40
9 TdC(A) Clock ! to Address Valid 100 75 50
10— TdC(Az) Clock 1 to Address Float 65 55 40—
11 TdA(DR) Address Valid to Read Data Required Vald 475* 305* 180*
12 TsDR(C) Read Data to Clock | Setup Time 30 20 10
13 TdDS(A) DS t to Address Active 80* 45" 20*
14 TdC(DW) Clock t to Write Data Valid 100 75 50
15— ThDR(DS) Read Data to DS 1 Hold Time 0 0 0
16 TdDW(DS) Write Data Valid to DS t Delay 295* 195* 110*
17 TdA(MR) Address Valid to MREQ | Delay 55 35* 20*
18 TdC(MR) Clock | to MREQ | Delay 80 70 40
19 TwMRh MREQ Width (High) 210" 135* 80*
20— TdMR(A) MREQ | to Address Not Active 70* 35* 20
21 TdDW(DSW) Write Data Valid to DS | (Write) Delay 55* 35* 15
22 TdMR(DR) MREQ | to Read Data Required Valid 375* 230* 140*
23 TdC(MR) Clock } MREQ t Delay 80 60 45
24 TdC(ASf) Clock 1 to AS | Delay 80 60 40
25— TdA(AS) Address Valid to AS t Delay 55* 35* 20*
26 TdC(ASr) Clock | to AS t Delay 90 80 40
27 TdAS(DR) AStto Read Data Required Valid 360* 220* 140*
28 TdDS(AS) DS 1 to AS | Delay 70* 35* 15*
29 TwAS AS Width (Low) 85* 55* 30*
30— TdAS(A) AS t to Address Not Active Delay 70* 45* 20*
31 TdAz(DSR) Address Float to DS (Read) | Delay 0 0 0
32 TdAS(DSR) AS 1 to DS (Read) } Delay 80* 55* 30
33 TdDSR(DR) DS (Read) | to Read Data Required Valid 205* 130* 70*
34 TdC(DSr) Clock | to DS t Delay 70 65 45
35— TdDS(DW)—— DS 1t to Write Data Not Valid 75” 45* 25*
36 TdA(DSR) Address Valid to DS (Read) | Delay 180* 110* 65*
37 TdC(DSR) Clock t to DS (Read) | Delay 120 85 60
38 TwDSR DS (Read) Width (Low) 275* 185* 110*
39 TdC(DSW) Clock } to DS (Write) | Delay 95 80 60
40 —— TwDSW ——— DS (Write) Width (Low) 185* 110* 75*
41 TdDSI(DR) DS (I/O) | to Read Data Required Valid 330* 210* 120*
42 TdC(DSt) Clock | to DS (I/O) | Delay 120 90 60
43 TwDS DS (I/O) Width (Low) 410" 255* 160*
44 TdAS(DSA) AS 1 to DS (Acknowledge) | Delay 1065* 690* 410
45——TdC(DSA) Clock 1 to DS (Acknowledge) | Delay 120 85 65
46 TdDSA(DR) DS (Acknowledge) | to Read Data 455* 295* 165*
Required Delay
47 TdC(S) Clock 1 to Status Valid Delay 110 85 60
48 TdS(AS) Status Valid to AS t Delay 50* 30* 10*
49 TsR(C) RESET to Clock t Setup Time 180 70 50
50 —— ThR(C)——— RESET to Clock t Hold Time 0 0 0
51 TwNMI NMI Width (Low) 100 70 50
52 TsNMI(C) NMI to Clock t Setup Time 140 70 50
53 TsVI(C) VI, NVI to Clock t Setup Time 110 50 40
54 ThVI(C) VI, NY NVT to Clock t Hold Time - 20 20 10
55 TsSGT(C)—— SEGT GT to Clock 1 Setup Time 70 55 40
56 ThSGT(C) SEGT to Clock t Hold Time 0 0 0
57 TsMI(C) MI to Clock 1 Setup Time 180 140 80
58 ThMI(C) MI to Clock t Hold Time 0 0 0
59 TdC(MO) Clock t to MO Delay 120 85 70
60 TsSTP(C) STOP to Clock | Setup Time 140 100 50
61 ThSTP(C) STOP to Clock | Hold Time 0 0 0
62 TsW(C) WAIT to Clock } Setup Time 50 30 20
63 ThW(C) WAIT to Clock | Hold Time 10 10 5
64 TsBRQ(C) BUSREQ to Clock ! Setup Time 90 80 60
65— ThBRQ(C)—— BUSREQ to Clock ! Hold Time 10 10 5
66 TdC(BAKr) Clock 1 to BUSACK 1 Delay 100 75 60
67 TdC(BAK() Clock 1 to BUSACK |} Delay 100 75 60
68 TwA Address Valid Width 150* 95* 50*
69 TdDS(S) DS 1 to STATUS Not Vahd 80* 55* 30"

*Clock-cycle-time-dependent characterishcs See table on following page.

t Units 1n nanoseconds (ns) All timings are preliminary.
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Z8001/Z8002 Z8001A/Z8002A Z8001B/Z8002B

Number Symbol Equation Equation Equation

11 TdA(DR) 2TcC + TwCh - 130 ns 2TcC + TwCh - 95 ns 2TcC + TwCh - 60 ns

13 TdDS(A) TwCl - 25 ns TWCI - 25 ns TwCl - 20 ns

16 TdDW(DS) TcC + TwCh - 60 ns TcC + TwCh - 40 TeC+ TwCh - 30 ns

17 TdA(MR) TwCh - 50 ns TwCh - 35 ns TwCh - 20 ns

19 TwMRh TcC - 40 ns TeC - 30 ns TcC - 20 ns

20 TdMR(A) TwCl - 35 ns TwCl - 35 ns TwCl - 20 ns

21 TdDW(DSW) TwCh - 80 ns TwCh - 35 ns TwCh - 25 ns

22 TdMR(DR) 2TcC - 130 ns 2TcC - 100 ns 2TcC - 60 ns

25 TdA(AS) TwCh - 50 ns TwCh - 35 ns TwCh - 20 ns

27— TdAS(DR)— 2TcC - 140 ns 2TcC - 110 ns 2TcC - 60 ns

28 TdDS(AS) TwCl - 35 ns TwCl - 35 ns TwCl - 25 ns

29 TwAS TwCh - 20 ns TwCh - 15 ns TwCh - 10 ns

30 TdAS(A) TwCl - 35 ns TwCl - 25 ns TwCl - 20 ns

32 TdAS(DSR) TwCl - 25 ns TwCl - 15 ns TwCl - 10 ns

33— TdDSR(DR) TcC + TwCh - 150 ns TeC + TwCh - 105 ns TecC + TwCh - 70 ns

35 TdDS(DW) TwCl - 30 ns TwCl - 25 ns TwCl - 15 ns

36 TdA(DSR) TcC - 70 ns TeC - 55 ns TcC - 35 ns

38 TwDSR TeC + TwCh - 80 ns TcC + TwCh - 50 ns TeC + TwCh - 30 ns

40 TwDSW TcC - 65 ns TcC - 55 ns TcC - 25 ns

41— TdDSI(DR)— 2TcC - 170 ns 2TcC - 120 ns 2TcC - 80 ns

43 TwDS 2TcC - 90 ns 2TcC - 75 ns 2TcC - 40 ns

44 TdAS(DSA)
46 TdDSA(DR)

4TcC + TwCl - 40 ns
2TcC + TwCh - 150 ns

48 TdS(AS) TwCh - 55 ns
68— TwA TeC - 90 ns
69 TdDS(s) TwCl - 25 ns

4TcC + TwCl - 40 ns
2TcC + TwCh - 105 ns
TwCh - 40 ns

TeC - 70 ns
TwCl - 15 ns

4TcC + TwCl - 30 ns
2TcC + TwCh - 75 ns
TwCh - 30 ns

TcC - 80 ns

TwCl - 10 ns
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Absolute Voltages on all inputs and outputs Stresses greater than those histed under Absolute Maxi-
Maximum with respectto GND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings . This 1s a stress rating only, operation of the device at any
g Operating Ambient condition above those indicated 1n the operational sections
Temperature........ See Ordering Information of these specifications 1s not imphed. Exposure to absolute
maximum rating conditions for extended ds may affect
Storage Temperature. . ... ... -65°Cto +150°C  geyice ,ehablhg,, pene Y
Test The characteristics below apply for the +5V
Conditions following test conditions, unless otherwise .
noted. All voltages are referenced to GND
1 . FROM OUTPUT
(0 V). Positive current flows into the refer- UNDER TEST
enced pin. Available operating temperature
ranges are: 100 pF o
m S = 0°Cto +70°C, I
+475V <=V, < 4525V T
B E* = —-40°Cto +85°C,
+475V < Voe < +5.25V All ac parameters assume a total load
B M = —55°C to +125°C capacitance (including parasitic capacitances)
4 5_V -V : 55V ' of 100 pF max, except for parameter 6 (50 pF
. =Vec =+ max). Timing references between two output
See Ordering Information section for package signals assume a load difference of 50 pF max.
temperature range and product number.
DC Symbol Parameter Min Max Unit Condition
.Cl!cracter- Vcu Clock Input High Voltage Vec-04  Vec+03 v Driven by External Clock
istics Generator
Veo Clock Input Low Voltage -0.3 0.45 v Driven by External Clock
Generator
Vin Input High Voltage 2.0 Vee+0.3 v
ViH ReSgT  Input High Voltage on RESET 2.4 Veeto .3 v
pin
ViL Input Low Voltage -0.3 0.8 )
Vou Output High Voltage 2.4 \ Iog = -250 A
VoL Output Low Voltage 0.4 v IoL = +2.0mA
I, Input Leakage +10 pA 04=sVy=s +24V
IiL sEGT Input Leakage on SEGT pin —100 100 whA
IoL Output Leakage +10 whA 0.4 <V s +24V
Icc Ve Supply Current 300 mA
¢
8085-0006
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Ordering Product Package/ Product Package/

Information  Number Temp Speed Description Number Temp Speed Description

28001 CE 4.0 MHz  CPU (segmented, 78002 DS 4,0 MHz  CPU (nonseg-

48-pin) mented, 40-pin)
728001 CM 4.0 MHz Same as above 78002 PE 4.0 MHz Same as above
78001 CMB 4.0MHz  Same as above 78002 PS 4.0 MHz  Same as above
78001 CS 4.0MHz  Same as above Z8002A CE 6.0 MHz  Same as above
78001 DE 4.0 MHz Same as above Z8002A CM 6.0 MHz Same as above
28001 DS 4.0 MHz  Same as above Z8002A CMB 6.0 MHz  Same as above
78001 PE 4.0 MHz  Same as above Z8002A CS 6.0 MHz  Same as above
78001 PS 4.0 MHz  Same as above Z8002A DE 6.0 MHz  Same as above
Z8001A CE 6.0 MHz  Same as above Z8002A DS 6.0 MHz  Same as above
Z8001A CS 6.0 MHz Same as above Z8002A PE 6.0 MHz Same as above
Z8001A DE 6.0 MHz  Same as above Z8002A PS 6.0 MHz  Same as above
Z8001A DS 6.0 MHz  Same as above 7Z8002B CE 10.0 MHz  Same as above
Z8001A PE 6.0 MHz  Same as above 78002B CM 10.0 MHz  Same as above
Z8001A PS 6.0 MHz  Same as above 78002B CMB 10.0 MHz  Same as above
78002 CE 40MHz  CPU (nonseg- 78002B CS 10.0 MHz  Same as above

mented, 40-pin) 78002B DE 10.0MHz Same as above
Z8002 CM  40MHz  Same as above 78002B DS 10.0MHz Same as above
28002 CMB  4.0MHz  Same as above 78002B PE  100MHz Same as above
28002 cs 4.0MHz  Same as above 78002B PS 10.0 MHz Same as above
78002 DE 4.0 MHz Same as above

*NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with
MIL-STD-883 with Class B processing, S = 0°C to +70°C
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Z8003/4 Z8000" VMPU
Virtual Memory
Processing Unit

Va

Zilog

Product
Brief

June 1982
Features B Binary, function, and pin compatbility with B Status lines indicate the read/write phase of
the Z8001/2 microprocessors. the Test and Set instruction for use in
B Designed-in compatibility with present and multiprocessor systems.
future Zilog Memory Management Units B 23-bit segmented addresses for Z8003.
(MMUs). W 16-bit non-segmented addresses for Z8004.
B Operates with up to a 10 MHz clock.

Description The Z8003/4 Virtual Memory Processor Unit on the status lines (STp-ST3), indicating the
(VMPU), a 16-bit MOS microprocessor, offers read/write phase of the Test and Set (TSET)
integral provisions for operation in a virtual instruction. This status output can be used
memory environment, in addition to the externally for arbitration of bus control.
features of the Z8001 CPU. The Z8003 VMPU In a virtual memory environment, the pro-
generates 23-bit addresses. The address space grams and data being operated on need not
is organized into 128 segments, each up to 64K reside simultaneously in main memory. Thus,
bytes in length. The Z8004 generates 16-bit ad- provision must be made for retrieving parts of
dresses. The Z8003/4 VMPU addressing a program or data located in “'secondary”
scheme distinguishes between memory space storage (such as a disk). Attempts by the
for program, data, and stack in each of two microprocessor to access instructions or data
modes, System and Normal. not in main memory are called “accesses to

For use in shared-memory multiprocessor nonresident data.” When this is done, the
systems, the Z8003/4 VMPU provides an output transaction accessing the nonresident data
must be interrupted, the state of the
— microprocessor saved, the program or data in
~—a AS AD15 et s
Bus) _ l5o ADy fs secondary storage moved to main memory, the
TIMING ) i Dy s state of the microprocessor restored, and the
| nenorwmre :::f ::: interrupted instruction restarted.
~—] NORMALISVSTER ADyo s The Z8003/4 VMPU provides an external
~—{svrEWoRD ADy f=—>- abort pin to permit the interruption of instruc-
ADg f—> | ADDRESS/
STATUSY . lor, AD; [e—» [ DATA BUS
—ST2 ADg f—>-
gy ST ADs f—i- & I
i ::: :__: ——lonThoLLer flﬁ,:ua ABORT
E e | TTEAE
CONTROL) __,s70F Yapy AD; |
ADg jt—>
BUS )| —{BUSREQ —_— = = —
CONTROL{ I st r ::‘ s ::tga‘ [ 2.8US Q
5 -
—| NMI : SNy f—> l
INTERRUPTS{ —»{¥i | Sl :ﬁ::::"l
—|wWi : ::‘: "_": : PERIPHERAL n Lpzmpnznﬂ l MMU:B
MULTI-MICRO | —>{Mi | SNof—> | \ . \.
CONTROL <—1Wo | | seomenteace |
ABORT  ——» ABORT SAT|«—ADDRESS TRANS
L __ | _tamoNTRAP |
T | MAIN MEMORY |
+5V GND CLK RESET
Figure 1. Pin Assignments Figure 2. Virtual Memory Environment
2096-001, 002
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Description
(Continued)

tion execution before the instruction com-
pletes.

When the 78003/4 VMPU is used in a
multiprocessor system, there may be dual-
ported memories used by the processors. In
this type of system, a resources manager arbi-
trates simultaneously attempted accesses to
shared resources. When a processor tests to

see if a resource is 1n use, the read/write por-
tion of the test transaction must not be inter-
rupted or the probability of a collision
increases greatly. The Z8003/4 VMPU provides
features that help to avoid collisions during
accesses to shared resources via the enhanced
TSET instruction.

Functional
Description

The 7Z8003/4 VMPU can operate in a virtual
memory environment. The virtual memory
capability is provided by an instruction abort
function on pin 33 of the Z8003 and on pin 28
of the Z8004. When this pin WAIT, and SAT
are activated at the same time, an instruction
abort sequence begins. This abort sequence
leaves the VMPU in a well-defined state, allow-
ing a software recovery. To make this recovery
smoothly, the software must know which
instruction was aborted and how much of the
instruction was executed. Figure 3 shows the
timing sequence for the abort function. Figure

4MHz 8 MHz 10 MHz
Ts 50ns 30ns 25ns
Th Ons Ons Ons

T2 Tw Tw Tw Tw _Tw Ts

=
i

L
o

-

(J_

=
.
-

Jf

) L

VIRTUAL ADDRESS ABORT

ACKNOWLEDGE
ABORT (1) CYCLE

NOTES: * = Clock Sample Points

Figure 3. Instruction Abort Timing

4 shows the sequence of hardware and soft-
ware events that occurs when an instruction is
aborted.

During the read phase of the TSET
instruction on the Z8003/4 VMPU, the status
lines STp-ST3 are all set to 1s. On the Z8001/2
all 1s on the status lines is a reserved status
encoding.

The Z8003/4 VMPU is compatible with the
78000 Family of microprocessor and peripheral
devices. Instruction set and bus transaction
protocols of the VMPU can be found in the
78000 CPU Technical Manual (document
number 00-2010-C). The VMPU enhance-
ments are described in the VMPU Product
Specification.

ABORT YES

ABORT THE
INSTRUCTION

[}

TRAP

® SAVE STATUS

* SWAP IN PROGRAM/
DATA ELEMENT

© RESTORE STATUS

¥

RESTART
|| EXECUTE NEXT o HTED

INSTRUCTION INSTRUCTION

NOTE. The abort sequence 1s inihated when mﬁ, ﬁf, and
WAIT are activated.

Figure 4. Instruction Abort Function Flow

Summary

The Zilog VMPU is the first 16-bit
microprocessor that offers integral provision
for operation in a virtual memory environment.
The upward compatibility of the VMPU with

the Z8001/2 CPU means that applications soft-
ware developed for a Z8001/2 CPU will
execute directly on the VMPU, preserving
investments in software and development tools.

154

2096-003, 004



Z8010
Z8000"'2-MMU Memory
Management Unit

Ya

Product

. agn -
Zilog Specification
June 1982
Features B Dynamic segment relocation makes software B 64 variable-sized segments from 256 to
addresses independent of physical memory 65,536 bytes can be mapped into a total
addresses. physical address space of 16M bytes; all 64
B Sophisticated memory-management features segments are randomly accessible.
include access validation that protects B Multiple MMUs can support several transla-
memory areas from unauthorized or tion tables for each Z8001/3 address space.
gn@ten’nonal access, and a write-warning B MMU architecture supports multi-program-
indicator that predicts stack overflow. . .
ming systems and virtual memory implemen-
m For use with both Z8001 and Z8003 CPU. tations.
General The Z8010 Memory Management Unit (MMU) located in the physical memory. It also pro-
Description = manages the large 8M byte addressing spaces vides a flexible, efficient method for support-
of the Z8001 CPU. The MMU provides dynamic  ing multi-programming systems. The MMU
segment relocation as well as numerous uses a translation table to transform the 23-bit
memory protection features. logical address output from the Z8001 CPU
Dynamic segment relocation makes user soft- into a 24-bit address for the physical memory.
ware addresses independent of the physical (Only logical memory addresses go to an MMU
memory addresses, thereby freeing the user for translation; I/O addresses and data, in
from specifying where information is actually general, must by pass this component.)
~«—»| ADss Az3 p—nn
<] ADus Az p—> —
<] AD13 Az s S E 1 48 H NS
AD. A omasyne [ 2 7] AW
ApDRESS! g AD: A:‘ - sEat s w5
<] AD1o Atg p—s sup [+ as[] 55
<«—>] ADg A7 p—> RESET E s hd g $To
AD Ats f—a> Az 6 43 STy
) A5 b—> :’D‘;:IECS‘SL Az 7 a2[] st;
—] SNg Y e A Lo 4 [ sTs
—] sns Ars —s An e 0[] ap,
—] SNy Az f—» aw J1o 39 [ Aps
SEGMENT N z8o010 At —a vee O 11 38 [] Apyo
NUMBER ? . : MMU A as 12 zso10 37 [] Apy
Nz ;o [ Ay [J1z  MMU 36 ] cLk
SNt A: [ A [ 14 35 [ anp
SNo ) as s 3 [ apr
O 1 wde B
DMAISEGMENT —»| DmasYNG AW |— :‘: E :: :; g ::‘5
— 1 [']
NS a0 [ 20 29 [ SNy
BUS TIMING { = S = \ sratus a Q2 28[7] SN2
bs T2 f— s [ 22 27[ sNy
_ ST f— RESERVED [ 23 26 [] SNg
CHIP SELECT —ﬁ & STo |e— sng [ 26 i
+5V GND CLK RESET
Figure 1. Pin Functions Figure 2. Pin Assignments
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General
Description
(Continued)

Memory segments are variable in size from
256 bytes to 64K bytes, 1n increments of 256
bytes. Pairs of MMUs support the 128 segment
numbers available for the various Z8001 CPU
address spaces. Within an address space, any
number of MMUs can be used to accommodate
multiple translation tables for System and Nor-
mal operating modes, or to support more
sophisticated memory-management systems.

MMU memory-protection features safequard
memory areas from unauthorized or unin-
tended access by associating special access
restrictions with each segment. A segment 1s
assigned a number of attributes when its
descriptor 1s entered into the MMU. When a
memory reference 1s made, these attributes are
checked against the status information sup-
plied by the Z8001/3 CPU. If a mismatch oc-

SEQMENT NUMBER  OFFSET/DATA

SNo-SNg ADg-AD;5

¢
-
x N  oresers
INTERNAL DATA BUS DATA
- INTERFACE
|._.__ YeN 23]
PRI T 2
S <
L | orr % &
5, o AN
vorr | ¥ 7 A
= 2] sNo-shs <
SNg s> 5

STo-sTy  SEGT
, NIS
— — e ———
STATUS  SEGMENT SUPPRESS PHYSICAL
RAI

INFORMATION T ADDRESS
REQUEST

Figure 3. The shaded areas in these block diagrams illustrate the resources used in the two
the Address Translation Mode shown on the left, addresses are tr

curs, a trap 1s generated and the CPU 1s inter-
rupted. The CPU can then check the status
reqgisters of the MMU to determine the cause.

Segments are protected by modes of permit-
ted use, such as read only, system only,
execute only and CPU-access only. Other seg-
ment management features include a write-
warning zone useful for stack operations and
status flags that record read or write accesses
to each segment.

The MMU 1s controlled via 22 Special I/O
instructions from the Z8000 CPU in System
mode. With these instructions, system software
can assign program segments to arbitrary
memory locations, restrict the use of segments
and monitor whether segments have been read
or written.

SEGMENT NUMBER  OFFSET/DATA

—— —_—
SNg-SNg. ADg-AD1s
N
X 3 e DATA
- V| rerrace
24 s
e
SN N

INTERNAL OFFSET BUS

SNo-SNs

B4
| SEGMENT
DESCRIPTOR
REGISTERS

Limir

COMPARATOR

TTRIBUTES

>

VIOLATION
CHECKER

STATUS SEGMENT SUPPRESS PHYSICAL
INFORMATION  TRAP ADDRESS
REQUEST

des of MMU operation. In
d Mode shown

1, 4q ati

1ly. In the C

on the right, specific registers are accessed using Special I/O commands.
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Segmented
Addressing

A segmented addressing space—compared
with linear addressing—1s closer to the way a
programmer uses memory because each pro-
cedure and data set can reside 1n its own
segment.

The 8M byte Z8001 addressing spaces are
divided 1nto 128 relocatable segments of up to
64K bytes each. A 23-bit segmented address
uses a 7-bit segment address to point to the
segment, and a 16-bit offset to address any
byte relative to the beginning of the segment.
The two parts of the segmented address may
be manipulated separately.

The MMU divides the physical memory into
256-byte blocks. Segments consist of physically
contiguous blocks. Certain segments may be
designated so that writes into the last block
generate a warning trap. If such a segment 1s
used as a stack, this warning can be used to
increase the segment size and prevent a stack
overflow error.

The addresses manipulated by the program-
mer, used by instructions and output by the
78001 are called logical addresses. The MMU
takes the logical addresses and transforms
them 1nto the physical addresses required for
accessing the memory (Figure 4). This address
transformation process is called relocation.

The relocation process 1s transparent to user
software. A translation table in the MMU
associates the 7-bit segment number with the
base address of the physical memory segment.
The 16-bit logical address offset is added to the
physical base address to obtain the actual
physical memory location. Because a base
address always has a low byte equal to zero,

only the high-order 16 bits are stored in the
MMU and used in the addition. Thus the low-
order byte of the physical memory location is
the same as the low-order byte of the logical
address offset. This low-order byte therefore
bypasses the MMU, thus reducing the number
of pins required.

23-BIT LOGICAL ADDRESS

[ sea no [ OFFSET ]

1

BLE OF 84 2
SEGMENT DESCRIPTOR .
REGISTERS .

.

24-BIT PHYSICAL ADDRESS

Figure 4. Logical-to-Physical Address Translation

Memory
Protection

Each memory segment 1s assigned several
attributes that are used to provide memory
access protection. A memory request from the
78001/3 CPU 1s accompanied by status infor-
mation that indicates the attributes of the
memory request. The MMU compares the
memory request attributes with the segment
attributes and generates a Trap Request
whenever 1t detects an attribute violation. Trap
Request informs the Z8001/3 CPU and the
system control program of the violation so that
appropriate action can be taken to recover.
The MMU also generates the Suppress signal
SUP in the event of an access violation. Sup-
press can be used by a memory system to inhi-
b1t stores into the memory and thus protect the
contents of the memory from erroneous
changes.

Five attributes can be associated with each
segment. When an attempted access violates
any one of the attributes associated with a seg-
ment, a Trap Request and a Suppress signal
are generated by the MMU. These attributes
are read only, execute only, system access
only, inhibit CPU accesses and inhibit DMA

accesses.

Segments are specified by a base address
and a range of legal offsets to this base
address. On each access to a segment, the off-
set is checked against this range to insure that
the access falls within the allowed range. If an
access that lies outside the segment 1s attemp-
ted, Trap Request and Suppress are generated.

Normally the legal range of offsets within a
segment is from O to 256N + 255 bytes, where
0=<N=<255. However, a segment may be
specified so that legal offsets range from 256N
to 65,535 bytes, where 0= N=<255. The later
type of segment is useful for stacks since the
Z8000 stack manipulation instructions cause
stacks to grow toward lower memory locations.
Thus when a stack grows to the limit of 1its
allocated segment, additional memory can be
allocated on the correct end of the segment.
As an aid in maintaining stacks, the MMU
detects when a write is performed to the lowest
allocated 256 bytes of these segments and
generates a Trap Request. No Suppress signal
is generated so the write is allowed to proceed.
This write warning can then be used to indi-
cate that more memory should be allocated to
the segment.

2046-029
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MMU
Register
Organization

The MMU contains three types of registers:
Segment Descriptor, Control and Status. A
set of 64 Segment Descriptor Registers supplies
the information needed to map logical memory
addresses to physical memory locations. The
segment number of a logical address deter-
mines which Segment Descriptor Register is
used in address translation. Each Descriptor
Reqister also contains the necessary informa-
tion for checking that the segment location
referenced 1s within the bounds of the segment
and that the type of reference is permitted. It
also indicates whether the segment has been
read or written.

In addition to the Segment Descriptor
Registers, the Z8010 MMU contains'three 8-bit
control registers for programming the device
and six 8-bit status registers that record infor-
mation in the event of an access violation.

Segment Descriptor Registers. Each of the 64
Descriptor Registers contains a 16-bit base
address field, an 8-bit limit field and an 8-bit
attribute field (Figure 5). The base address
tield 1s subdivided into high- and low-order
bytes that are loaded one byte at a time when
the descriptor is 1nitialized. The limit field con-
tains a value N that indicates N + 1 blocks of
256 bytes have been allocated to the segment.*
The attribute field contains eight flags
(Figure 6). Five are related to protecting the
segment against certain types of access, one
indicates the special structure of the segment,
and two encode the types of accesses that have
been made to the segment. A flag is set when
its value is 1. The following brief descriptions
indicate how these flags are used.
Read-Only (RD). When this flag 1s set, the segment 1s read
only and 1s protected against any write access.

System-Only (SYS). When this flag 1s set, the segment can
be accessed only in System mode, and 1s protected against
any access 1n Normal mode.

CPU-Inhibit (CPUI). When this flag 1s set, the segment 1s
not accessible to the currently executing process, and 1s
protected against any memory access by the CPU. The
segment 1s, however, accessable under DMA.

Execute-Only (EXC). When this flag 1s set, the segment
can be accessed only during an instruction fetch or access
by the relative addressing mode cycle, and thus 1s pro-
tected against any access during other cycles.

DMA-Inhibit (DMAI). When this flag 1s set, the segment
can be accessed only by the CPU, and thus 1s protected
aganst any access under DMA.

Direction and Warning (DIRW). When this flag 1s set, the
segment memory locations are considered to be organized
in descending order and each write to the segment 1s
checked for access to the last 256-byte block. Such an
access generates a trap to warn of potential segment
overflow, but no Suppress signal 1s generated.

Changed (CHG). When this flag 1s set, the segment has
been changed (written). This bit 1s set automatically during
any write access to this segment if the write access does not
cause any violation.

Referenced (REF). When this flag 1s set, the segment has
been referenced (either read or written). This bit 1s set
automatically during any access to the segment 1if the
access does not cause a violation.

*In the stack mode, segment size 1s 64K-256N.

BASE ADDRESS LIMIT ATTRIBUTE
FIELD  FIELD
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|
|
|
|
|
|

‘SDR63 | BAH63 | BAL63 | L63 A63

Figure 5. Segment Descriptor Registers
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Figure 6. Attribute Field in Segment Descriptor Register

Control Registers. The three user-accessible
8-bit control registers in the MMU direct the
functioning of the MMU (Figure 7). The Mode
Register provides a sophisticated method for
selectively enabling MMUs in multiple-MMU
configurations. The Segment Address Register
(SAR) selects a particular Segment Descriptor
Register to be accessed during a control
operation. The Descriptor Selection Counter
Register points to a byte within the Segment
Descriptor Register to be accessed during a
control operation.

3.2 0
hszrl}mus{unslms‘r]uusl ] MODE
0
[ ssememnsscmw R MBER EGMENT
l L L ° N | ADDRESS
7 21 0
DESCRIPTOR
[ I psc I SELECTION
L COUNTER

Figure 7. Control Registers

The Mode Register contains a 3-bit 1den-
tification field (ID) that distinguishes among
eight enabled MMUs 1n a multiple-MMU con-
figuration. This field is used during the seg-
ment trap acknowledge sequence (refer to the
section on Segment Trap and Acknowledge).
In addition, the Mode Register contains five
flags.

Multiple Segment Table (MST). This flag indicates whether
multiple segment tables are present in the hardware con-
figuration. When this flag 1s set, more than one table 1s

present and the N/S line must be used to determine
whether the MMU contains the appropriate table.

Normal Mode Select (NMS). This flag indicates whether
the MMU 1s to translate addresses when the N/S line 1s
High or Low. If the MST {lag 1s set, the N/S line must
match the NMS flag for the MMU to translate segment
addresses, otherwise the MMU Address lines remain
3-stated.
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Upper Range Select (URS). This flag 1s used to indicate
whether the MMU contains the lower-numbered segment
descriptors or the higher-numbered segment descriptors.
The most significant bit of the segment number must match
the URS flag for the MMU to translate segment addresses,
otherwise the MMU Address lines remain 3-stated

Translate (TRNS). This flag indicates whether the MMU 1s
to translate logical program addresses to physical memory
locations or 1s to pass the logical addresses unchanged to
the memory and without protection checking In the non-
translation mode, the most significant byte of the output 1s
the 7-bit segment number and the most significant bit 1s 0.
When this flag 1s set, the MMU performs address transla-
tion and attribute checking.

Master Enable (MSEN). Ths flag enables or disables the
MMU from performing its address translation and memory
protection functions. When this flag 1s set, the MMU per-
forms these tasks; when the flag 1s clear the Address lines
of the MMU remain 3-stated.

The Segment Address Register (SAR) points
to one of the 64 segment descriptors. Control
commands to the MMU that access segment
descriptors implicitly use this pointer to select
one of the descriptors. This register has an
auto-incrementing capabulity so that multiple
descriptors can be accessed in a block
read/write fashion.

The Descriptor Selection Counter Register
holds a 2-bit counter that indicates which byte
in the descriptor is being accessed during the
reading or writing operation. A value of zero
in this counter indicates the high-order byte of
the base address field is to be accessed, one
indicates the low-order byte of the base
address, two indicates the limit field and three
indicates the attribute field.

Status Registers. Six 8-bit reqisters contain
information useful in recovering from memory
access violations (Figure 8). The Violation
Type Register describes the conditions that
generated the trap. The Violation Segment
Number and Violation Offset Registers record
the most-significant 15 bits of the logical
address that causes a trap. The Instruction
Segment Number and Offset Registers record
the most-significant 15 bits of the logical
address of the last instruction fetched before
the first accessing violation. These two
registers can be used in conjunction with
external circuitry that records the low-order
offset byte. At the time of the addressing viola-
tion, the Bus Cycle Status Register records the
bus cycle status (status code, read/write mode
and normal/system mode).

The MMU generates a Trap Request for two
general reasons: either it detects an access

violation, such as an attempt to write into a
read-only segment, or 1t detects a warning
condition, which 1s a write into the lowest 256
bytes of a segment with the DIRW {lag set.
When a violation or warning condition is
detected, the MMU generates a Trap Request
and automatically sets the appropriate flags.
The eight flags 1n the Violation Type Register
describe the cause of a trap.

Read-Only Violation (RDV). Set when the CPU attempts to
access a read-only segment and the R/W line 1s Low.

System Violahon (SYSV). Set when the CPU accesses a
system-only segment and the N/S line 1s High.

CPU-Inhibit Violation (CPUIV). Set when the CPU
attempts to access a segment with the CPU-1inhibit flag set.

Execute-Only Violation (EXCV). Set when the CPU
attempts to access an execute-only segment 1n other than
an 1nstruction fetch or load relative instructions cycle.

Segment Length Violation (SLV). Set when an offset falls
outside of the legal range of a segment.

Primary Wnte Warning (PWW). Set when an access 1s
made to the lowest 256 bytes of a segment with the DIRW
flag set.

Secondary Wnte Warning (SWW). Set when the CPU
pushes data nto the last 256 bytes of the system stack and
EXCV, CPUIV, SLV, SYSV, RDV or PWW 1s set. Once this
flag 1s set, subsequent write warnings for accessing the
system stack do not generate a Segment Trap request.

Fatal Condition (FATL). Set when any other flag 1n the
Violation Type Register 1s set and either a violation 1s
detected or a write warning condition occurs in Normal
mode. This flag 1s not set during a stack push in System
mode that results 1n a warning condition. Ths flag
indicates a memory access error has occurred 1n the trap
processing routine. Once set, no Trap Request signals are
generated on subsequent violations. However, Suppress
signals are generated on this and subsequent CPU viola-
tions until the FATL flag has been reset.
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Figure 8. Status Registers
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Segment
Trap and
Acknowledge

The Z8010 MMU generates a Segment Trap
when 1t detects an access violation or a
write warning condition. In the case of an
access violation, the MMU also activates Sup-
press, which can be used to inhibit memory
writes and to flag special data to be returned
on a read access. Segment Trap remains Low
until a Trap Acknowledge signal 1s received. If
a CPU-generated violation occurs, Suppress 1s
asserted for that cycle and all subsequent CPU
instruction execution cycles until the end of
the instruction. Intervening DMA cycles are
not suppressed, however, unless they generate
a violation. Violations detected during DMA
cycles cause Suppress to be asserted during
that cycle only—no Segment Trap Requests are
ever generated during DMA cycles.

Segment traps to the Z8001/3 CPU are han-
dled similarly to other types of interrupts. To
service a segment trap, the CPU issues a seg-
ment trap acknowledge cycle. The acknow-
ledge cycle 1s always preceded by an instruc-
tion fetch cycle that 1s ignored (the MMU has
been designed so that this dummy cycle is
ignored). During the acknowledge cycle all
enabled MMUs use the Address/Data lines to
indicate their status. An MMU that has
generated a Segment Trap Request outputs a 1
on the A/D line associated with the number 1n
its ID field; an MMU that has not generated a
segment trap request outputs a 0 on 1ts
associated A/D line. A/D lines for which no
MMU 1s associated remain 3-stated. During a

segment trap acknowledge cycle, an MMU
uses A/D line 8+1i 1f its ID field 1s 1.

Following the acknowledge cycle the CPU
automatically pushes the Program Status onto
the system stack and loads another Program
Status from the Program Status Area. The Seg-
ment Trap line 1s reset during the segment trap
acknowledge cycle. Suppress 1s not generated
during the stack push. If the store creates a
write warning condition, a Segment Trap
Request 1s generated and 1s serviced at the
end of the Program Status swap. The SWW
flag 1s also set. Servicing this second Segment
Trap Request also creates a write warning con-
dition, but because the SWW flag 1s set, no
Segment Trap Request 1s generated. If a viola-
tion rather than a write warning occurs during
the Program Status swap, the FATL flag is set
rather than the SWW flag. Subsequent viola-
tions cause Suppress to be asserted but not
Segment Trap Request. Without the SWW and
FATL flags, trap processing routines that
generate memory violations would repeatedly
be interrupted and called to process the trap
they created.

The CPU routine to process a trap request
should first check the FATL flag to determine
if a fatal system error has occurred. If not, the
SWW flag should be checked to determine 1f
more memory 1s required for the system stack.
Finally, the trap 1itself should be processed and
the Violation Type Register reset.

Virtual
Memory

Several features of the MMU can be used in
conjunction with external circuitry to support
virtual memory for the Z8001/3. Segment Trap
Request can be used to signal the CPU in the
event that a segment 1s not 1n primary memory.
The CPU-Inhibit Flag can be used to indicate
whether a segment is in the memory or 1n

secondary storage. The Changed and Altered
Flags in the attribute field for each segment
can aid in implementing efficient segment
management policies. The Status Registers can
be used 1n recovering from virtual memory
access faults.

Multiple
MMUs

MMU architecture directly supports two
methods for multiple MMU configurations. The
first approach extends single-MMU capability
for handling 64 segments to a dual-MMU con-
figuration that manages the 128 different
segments the Z8001/3 can address. This
scheme uses the URS flag in the Mode Register
in connection with the high-order bit of the
segment number (SNg).

The second approach uses several MMUs to
implement multiple translation tables. Multiple
tables can be used to reduce the time required
to switch tasks by assigning separate tables to
each task. Multiple translation tables for mult-

task environments can use the Master Enable
Flag to enable the appropriate MMUs through
software. Multiple translation tables may also
be used to extend the physical memory size
beyond 16 megabytes by separating system
from normal memory and/or program from
data memory. The MST and NMS flags in the
Mode Regster can be used 1n conjunction with
the N/S line to select the MMU that contains
the appropriate table. Special external cir-
cuitry that monitors the CPU Status lines can
manipulate the MMU N/S line to perform this
selection.
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DMA Direct memory access operations may occur At the start of a DMA cycle, DMASYNC

Operation between Z8001 instruction cycles and can be must go Low for at least two clock cycles,
handled through the MMU. The MMU permaits indicating to the MMU the beginning of a
DMA 1n erther the System or Normal mode of DMA cycle. A Low DMASYNC inhibits the
operation. For each memory access, the seg- MMU from using an indeterminate segment
ment attributes are checked and 1f a violation number on lines SNg-SNg. When the DMA
1s detected, Suppress 1s activated. Unlike a logical memory address 1s valid, the
CPU violation that automatically causes Sup- DMASYNC line must be High before a rising
press signals to be generated on subsequent edge of Clock and the MMU then performs 1its
memory accesses until the next instruction, address translation and access protection func-
DMA violations generate a Suppress only on a tions. Upon the release of the bus at the ter-
per memory access basis. mination of the DMA cycle the DMASYNC lLine

The DMA device should note the Suppress must again be High. After two clock cycles of

signal and record sufficient information to DMASYNC High, the MMU assumes that the
enable the system to recover from the access CPU has control of the bus and that subse-
violation. No Segment Trap Request 1s ever guent memory references are CPU accesses.
generated during DMA, hence warning The first instruction fetch occurs at least two
conditions are not signaled. Trap Requests are cycles after the CPU regains control of the
not 1ssued because the CPU cannot bus. During CPU cycles, DMASYNC should
acknowledge such a request. always be High.

MMU The various registers in the MMU can be Opcode (Hex) Instruction

Commands  read and wrnitten using Z8001 CPU special I/O 08 Read/Write Base Field
commands. These commands have machine 09 Read/Write Limit Field
cycles that cause the Status lines to indicate an 0A Read/Write Attribute Field
SIO operation 1s in progress. During these 0B Read/Write Descriptor (all fields)
machine cycles the MMU enters command oc Read/Wnite Base Field; Increment SAR
mode. In this mode, the rising edge of the 0D Read/Write Limit Field; Increment SAR
Address Strobe 1ndicates a command is pres- OF gjﬁ;ﬂ/ Wnite Attribute Field; Increment
ent on the ADg-ADIS' 1t Chlp.Select 18 OF Read/Write Descriptor; Increment SAR
asserted and 1if this command indicates that 15 Set All CPU-Inhibst Attribute Fla

. gs

data 1s to be written into one of the MMU 16 Set All DMA-Inhibit Attribute Flags

registers, the data 1s read from ADg-AD;5
while Data Strobe 1s Low. If the command inch-
cates that data 1s to be read from one of the
MMU regsters, the data 1s placed on
ADg-AD)5 while Data Strobe is Low.

There are ten commands that read or write
various fields in the Segment Descriptor
Register. The status of the Read/Write line
indicates whether the command 1s a read or a
write.

The auto-incrementing feature of the Seg-
ment Address Register (SAR) can be used to
block load segment descriptors using the
repeat forms of the Special I/O instructions.
The SAR 1s autoincremented at the end of the
field. In accessing the base field, first the
high-order byte is selected and then the low-
order byte. The command accessing the entire
Descriptor Register references the fields in the
order of base address, limit and attribute.

Three commands are used to read and write
the control registers.

Opcode (Hex) Instruction
00 Read/Write Mode Register
01 Read/Write Segment Address Register
20 Read/Write Descriptor Selector Counter
Register

The Status Registers are read-only registers,
although the Violation Type Register (VTR)
can be reset. Nine instructions access these
reqgisters.

Opcode (Hex) Instruction

02 Read Violation Type Register

03 Read Violation Segment Number Register

04 Read Violation Offset (High-byte) Reguster

05 Read Bus Status Register

06 Read Instruction Segment Number
Reguster

07 Read Instruction Offset (High-byte)
Reqister

11 Reset Violation Type Register

13 Reset SWW Flag in VIR

14 Reset FATL Flag in VTR
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MMU
Timing

The Z8010 translates addresses and checks
for access violations by stepping through

sequences of basic clock cycles corresponding
to the cycle structure of the Z8001 CPU. The
following timing diagrams show the relative
timing relationships of MMU signals during the
basic operations of memory read/write and
MMU control commands. For exact timing
information, refer to the composite timing

diagram.

T

T2

Memory Read and Write. Memory read and
instruction fetch cycles are identical, except
for the status information on the STy-ST3
inputs. During a memory read cycle (Figure 9)
the 7-bit segment number is input on SNo-SNg
one clock period earlier than the address off-
set; a High on DMASYNC during T3 indicates
that the segment offset data is valid. The most
significant eight bits of the address offset are
placed on the ADp-AD)5 inputs early in the

CLOCK

1

NIS,
S$To-ST3

X

swo-se (|

SEGMENT NUMBER

X

DON'T CARE

X

Ag-A23

ADDRESS VALID

va

SEGT

ADg-AD1s5

MEMORY ADDRE!

\
SS )...._
J

—

mw__/

Figure 9. Memory Read Timing
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MMU first clock period. Valid address offset data 1s Segment Trap Request remains Low until Seg-
Timing indicated by the rising edge of Address ment Trap Acknowledge 1s received. Suppress
(Continued) Strobe. Status and mode information become 1s asserted during the current machine cycle
valid early 1in the memory access cycle and and terminates during T3. Suppress 1s
remain stable throughout. The most significant repeatedly asserted during CPU instruction
16-bits of the address (physical memory loca- execution cycles until the current instruction
tion) remain valid until the end of T3. Segment has terminated.
Trap Request and Suppress are asserted 1n Ty.
| v | | . |
| ' I [ |
s [ L
sTo-.;"?; >< X
SNo-SNe < SEGMENT NUMBER X DON'T CARE x
DMASYNC ; \ / \
Ag-A23 PHYSICAL ADDRESS
seat \
ADg-AD1s5 X OFFSET x DATA OUT
5 | /]
w T\ /[~
Figure 10. Memory Write Timing
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MMU
Timing
(Continued)

MMU Command Cycle. During the command
cycle of the MMU (Figure 11), commands are
placed on“the Address/Data lines during T;.

The Status lines indicate that a Special 1/0O
instruction 1s 1n progress, and the Chip Select
line enables the appropriate MMU for that
command. Data to be written to a register 1n
the MMU must be valid on the Address/Data
lines late 1n Ty. Data read from the MMU 1s

placed on the Address/Data lines late 1n the
Twa cycle.

Input/Output and Refresh. Input/Output and
Refresh operations are indicated by the status
lines STp-ST3. During these operations, the
MMU refrains from any address translation or
protection checking. The address lines Ag-Ap3
remain 3-stated.

CLOCK I I

Tt

T2

Twa

cs /
STo-ST3 X oot1 x
NIS Low
AS ] \ /
MRE HIGH
ADg-AD15 X "E“D‘,‘}Sﬂm"“ ————— < DATA INTO CPU > <
INPUT DS \ /
RIW / \
\ —_—
ADs-AD1s XTNTEV‘;‘{’,':',MA“D X DATA OUT OF CPU TO MMU X
e
ouTPUT DS \ /
RIW —_\ /_—

Figure 11. 1/0 Command Timing
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MMU

Reset. The MMU can be reset by either hard

set. In the case of an access violation, the

Timing ware or software mechanisms. A hardware MMU also activates Suppress. This Suppress
(Continued)  reset occurs on the falling edge of the Reset signal can be used to inhibit memory writes.
signal; a software reset 1s performed by a The Segment Trap remains Low until a Trap
Z8000 Special I/O command. A hardware reset Acknowledge signal 1s received. If a violation
clears the Mode Reguster, Violation Type occurs, Suppress 1s asserted for that cycle and
Reqgister and Descriptor Selection Counter. If all subsequent CPU cycles until the end of the
the Chip Select line 1s Low, the Master Enable instruction; intervening DMA cycles are not
Flag in the Mode Reguster 1s set to 1. All other suppressed, however, unless they generate a
registers are undefined. After reset, the violation. Violations detected during DMA
ADg-ADis5 and Ag-A23 lines are 3-stated. The cycles cause Suppress to be asserted during
SUPand SEGT open-drain outputs are not that cycle only, but no Trap Request 1s
driven. If the Master Enable flag 1s not set dur- generated.
1ing reset, the MMU does not respond to subse- When the MMU 1ssues a Segment Trap
quent addresses on 1ts A/D lines. To enable an Request 1t awaits a Segment Trap Acknowl-
MMU after a hardware reset, an MMU com- edge. Subseqguent violations occurring before
mand must be used in conjunction with the the Trap Acknowledge 1s received are still
Chip Select line. detected and handled appropriately. During
A software reset occurs when the Reset the Segment Trap Acknowledge cycle, the
Violation Type Register command 1s 1ssued. MMU drives one of its Address/Data lines
This command clears the Violation Type High; the particular line selected 1s a function
Register and returns the MMU to 1ts 1nitial of the 1dentification field of the mode register.
state (as 1f no violations or warnings had After the Segment Trap has been acknowl-
occurred). Note that the hardware and software edged by the Z8001/3 CPU, the Violation
resets have different effects. Status Register should be read via the Special
Segment Trap and Acknowledge. The Z8010 I/O commands 1n order to determine the cause
MMU generates a segment trap whenever 1t of the trap. The Trap Type Reqgister should also
detects an access violation or a write into the be reset so that subsequent traps will be
lowest block of a segment with the DIRW flag recorded correctly.
ACKNOWLEDGE CYCLE S
AUTOMATIC WAIT CYCLES
T T2 Twa Twa Twa Twa T3 Ta Ts
cl.ocx|||||||||I|I||I||||lr
as \_/ \
SEGT /
RIW HIGH \
S$To-ST3 X SEGMENT TRAP ACKNOWLEDGE
DS \ /
Figure 12. Segment Trap and Acknowledge Timing
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Pin
Description

Ag-Ajy3. Address Bus (outputs, active High,
3-state). These address lines are the 16 most-
significant bits of the physical memory
location.

ADg-AD,5. Address/Data Bus (inputs/outputs,
active High, 3-state). These multiplexed
address and data lines are used both for com-
mands and for logical addresses intended for
translation.

AS. Address Strobe (input, active Low). The
rising edge of AS indicates that ADyp-ADys,
STo-ST3, R/W and N/S are valid.

CLK. System Clock (input). CLK is the 3V
single-phase time-base input used for both the
CPU and MMU.

Cs. Chip Select (input, active Low). This line
selects an MMU for a control command.

DMASYNC. DMA/Segment Number Syn-
chronization Strobe (input, active High). A
Low on this line indicates the segment number
lines are 3-state; a High indicates the segment
number is valid. It must always be High during
CPU cycles and Low when the SN lines are in-
valid. If a DMA device does not use the MMU
for address translation, the BUSACK signal
from the CPU may be used as an input to
DMASYNC.

DS. Data Strobe (input, active Low). This line
provides timing for the data transfer between
the MMU and the Z8001/3 CPU.

N/S. Normal/System Mode (input, Low =
System Mode). N/S indicates the Z8001/3 CPU
or Z8016 DMA is in the Normal or System
Mode. The signal can also be used to switch

between MMUs during different phases of an
instruction.
Reserved. Do not connect.

RESET. Reset (input, active Low). A Low on
this line resets the MMU.

R/W. Read/Write (input, Low = write). R/W
indicates the Z8001/3 CPU or Z8016 DMA is
reading from or writing to memory or the

MMU.

SEGT. Segment Trap Request (output, active
Low, open drain). The MMU interrupts the
Z8001/3 CPU with a Low on this line when the
MMU detects an access violation or write
warning.

SNo-SNg. Segment Number (1nputs, active
High). The SNo-SN5 lines are used to address
one of 64 segments in the MMU; SNp is used to
selectively enable the MMU.

STo-ST3. Status (inputs, active High). These
lines specify the Z8001/3 CPU status.

ST3-STp Definition

0000. Internal operation

0001 Memory refresh

0010 I/O reference

0011 Special I/O reference (e.q., to an MMU)
0100 Segment trap acknowledge

0101 Non-maskable interrupt acknowledge
0110 Non-vectored interrupt acknowledge
0111l Vectored interrupt acknowledge

1000 Data memory request

1001 Stack memory request

1010 Data memory request (EPU)

1011 Status memory request (EPU)

1100 Instruction space access

1101 Instruction fetch, first word

1110 Extension processor transfer

1111 Bus Lock, Data Memory Request (Z8003 only)

ADo-AD7

< ADg-AD1s >

28001
CcPU

CONTROL

Figure 13. The MMU in a Z8001 System
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Pin SUP. Suppress (output, active Low, open rent bus cycle when any access violation
Description  drain). This signal is asserted during the cur- except write warning occurs.
(Continued)
Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respect to GND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings This 1s a stress rating only; operation of the device at any
g Operatmg Ambient condition above those indicated 1n the operational sections
Temperature ,,,,,,,, See ordermg information of these specifications 1s not implied Exposure to absolute
a rating conditions for extended periods may affect
Storage Temperature. . ... ... -65°Cto +150°C glef,lcn;ur:habiﬁ?y_ P v atee
Standard The characteristics below apply for the Y
Test following standard test conditions, unless 22k
Conditions otherwise noted. All voltages are referenced to oM OUTPUT
GND. Positive current flows into the refer- UNDER TEST
enced pin. Standard conditions are as follows:
B +475V = Vo< +5.25V 50 pF 20
mGND =0V I
m0°C < Tp < +70°C = = =
DC Symbol Parameter Min Max Unit Condition
Character- VcH Clock Input High Voltage Vee-04  Vece+0.3 \' Driven by External Clock Generator
istics
Ver Clock Input Low Voltage -0.3 0.45 v Driven by External Clock Generator
ViH Input High Voltage 2.0 Vee+0.3 v
ViL Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 2.4 v Iog = -250 A
VoL Output Low Voltage v o, = +2.0mA
I Input Leakage pA 0.4=<Viy=< +24V
IoL Output Leakage 7.8 04=<Viy=< +24V
Icc Ve Supply Current mA
NOTE The on-chip back-bias voltage generator takes approximately 20 ms to pump the back-bias voltage to -2 5 V after the power has
been turned on the performance of the Z8010 Z-MMU 1s not guaranteed during this period.
Ordering Product Package/ Product Package/
Information Number Temp Speed Description Number Temp Speed Description
78010 CE 4.0 MHz Z-MMU (48-pin) Z8010A CE 6.0 MHz Z-MMU (48-pin)
78010 CM 4.0 MHz Same as above Z8010A CM  6.0MHz Same as above
78010 CMB 4.0 MHz Same as above Z8010A CMB 6.0 MHz Same as above
78010 Cs 4.0 MHz Same as above Z8010A Cs 6.0 MHz Same as above
78010 PE 4.0 MHz Same as above Z8010A PE 6.0 MHz Same as above
78010 PS 4.0 MHz Same as above Z8010A PS 6.0 MHz Same as above
NOTES C = Ceramic, P = Plastic, E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with
MIL-STD-883 Class B processing, S = 0°C to +70°C
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AC Characteristics 28010 28010 28010
4 MHz 6 MHz 10 MHz
No. Symbol Parameter Min Max Min Max Min Max Notes*}
1 TcC Clock Cycle Time 250 165 100
2 TwCh Clock Width (High) 105 70 40
3 TwCl Clock Width (Low) 105 70 40
4 TIC Clock Fall Time 20 10 10
5— TrC Clock Rise Time 20 15 10
6  TdDSA(RDv) DS | (Acknowledge) to Read Data 100 80 60 1
Valid Delay
7  TdDSA(RDf) DS 1 (Acknowledge) to Read Data 75 60 45 1
Float Delay
8  TdDSR(RDv) DS | (Read) to AD Output Driven Delay 100 80 60 1
9  TdDSR(RD{) DS 1 (Read) to Read Data Float Delay 75 60 60 45 1
10— TdC(WDv) CLK 1 to Write Data Valid Delay 125 80 50
11 ThC(WDn) CLK | to Write Data Not Vahd 30 20 10
Hold Time
12 TwAS Address Strobe Width 60 50 30
13 TsOFF(AS) Offset Valid to AS'1 Setup Time 45 35 20
14  ThAS(OFFn) AS 1 to Offset Not Valid Hold Time 60 40 20
15— TdAS(C) AS | to CLK 1 Delay 110 90 50
16  TdDS(AS) DS 1 to AS | Delay 50 30 15
17 TdAS(DS) AS 1 to DS | Delay 50 40 30
18  TsSN(C) SN Data Valid to CLK t Setup Time 100 40 20
19  ThC(SNn) CLK 1 to SN Data not Valid Hold Time 0 0 0
20 — TdDMAS(C) —— DMASYNC Valid to CLK t Delay 120 80 60
21 TdSTNR(AS) Status (STy-ST3, N/S, R/W) Vald to 50 30 10
AS 1t Delay
22 TdC(DMA) CLK 1 to DMASYNC | Delay 20 15 10
23 TdST(C) Status (STp-ST3) Vahd to CLK t Delay 100 60 30
24  TdDS(STn) DS 1 to Status Not Vahd Delay 0 0 0
25 — TdOFF(Av) Offset Valid to Address Output 175 90 60 1—
Vahd Delay
26  TdST(Ad) Status Valid to Address Output 155 75 45 1
Driven Delay
27  TdDS(Af) DS 1 to Address Output Float Delay 160 130 100 1
28  TdAS(Ad) AS | to Addres Output Driven Delay 145 70 40 1
29  TdC(Av) . CLK t to Address Output Valid Delay 255 185 100 1
30 — TAAS(SEGT)— AS 1 to SEGT | Delay 160 100 60 12—
31  TdC(SEGT) CLK 1 to SEGT t Delay 300 200 100 1,2
32 TdAS(SUP) AS 1 to SUP | Delay 150 90 55 1,2
33 TdDS(SUP DS 1 to SUP 1 Delay 155 100 60 1,2
34  TsCS(AS) Chip Select Input Valid to AS 1 Setup 10 10 10
Time
35 — ThAS(CSn) AS 1 to Chip Select Input Not Vahd 60 40 20
Hold Time
36 TdAS(C) AS 1 to CLK 1 Delay 0 0 0
37  TsCS(RST) Chip Select Input Valid to RESET 150 100 60
Setup Time
38  ThRST(CSn) RESET 1 to Chip Select Input Not 0 0 0
Vahid Hold Time
39  TwRST RESET Width (Low) 2TcC 2TcC 2TcC
40 — TdC(RDv) CLK 1 to Read Data Valid Delay 460 300 190
41  TdDS(C) DS 1 to CLK 1 Delay 30 20 10
42 TdC(DS) CLK | to DS 1 Delay 0 0 0
NOTES
1. 50 pF Load
2 2 2K Pull-up

All 6 MHz timings are prelimimary

1 Units 1n nanoseconds (ns)
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28015 Z8000™ PMMU
Paged Memory
Management Unit

Product
Brief

June 1982
Features B PMMU architecture supports paged, virtual M 64 pages, each 2048 bytes 1n length, can be
memory systems for the Z8003 VMPU. mapped into a total physical address space

B Dynamic page relocation makes software of 16 megabytes.
addresses independent of physical memory B PMMU can be used to implement systems
addresses. with larger or smaller page sizes.

B Memory-management features provide B The number of accessible pages can be
access validation to protect memory areas increased by using multiple PMMUs to sup-
from unauthorized or unintentional access, port separate translation tables for each
and a write-warning indicator to prevent 78003 VMPU address space.
stack overflow.

Description The Z8015 Paged Memory Management Unit

(PMMU) is designed to support a paged virtual | A

memory system for the Z8003 Virtual Memory : :DD":

Processor Unit (VMPU). Although designed <] ADp2

primarily for the Z8003, the PMMU can also be <> ADy

used to support the other CPUs in the Z8000 <> Adw Ay f—>

Family. Memory-management features allow 2 :I,:: ::f :

access validation for memory protection and a 32?:31’ —] anr Az f—

write-warning to prevent stack overflow. An —] a5 Aty f—>

instruction abort for accesses to pages not in - "> Ars [—>

main memory allows restarting of instructions ] ﬁf,’; ::; e

in the 78003 VMPU. Each PMMU can manage —] ao, ns |—> { AopRess

a basic memory area of sixty-four 2048-byte, —] ADy At f—>

fixed-size pages. The VMPU'’s 8M byte logical 1 A*  zs01s :‘2 —

address space is translated by the PMMU into I P L A‘" |

a 16M byte physical address space. Page size — sns A f—>

can be easily changed and multiple PMMUs —> SN As —>

can be combined to support more pages. The S NMBER :: She o —

PMMU is produced in a 64-pin package. — :‘«f SUF |—»> SUPPRESS

-1 SNy
TRAP REQUEST .J TRAP
ABORT REQUEST <+ ABORT
DMAISEGMENT —] DMASYNC RW [
NS fo—
BUS TIMING {—’ A__s s [\ srarus
—> Bs ST, fe——o
ST, p&—
CHIP SELECT QJ & STo f=—
CHIP ENABLE —>| CE
Ao e
Figure 1. Pin Functions
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Functional
Description

The Z8015 Paged Memory Management Unit
(PMMU) manages the 8M byte addressing
spaces of the Z8003 VMPU. The PMMU pro-
vides dynamic page relocation as well as
numerous memory protection features.

Dynamic page relocation makes user soft-
ware addresses independent of the physical
memory addresses, thereby freeing the user
from specifying where information is located in
the physical memory. It also provides a flexi-
ble, efficient method for supporting multipro-
gramming systems. The PMMU uses a content-
addressable translation table to transform the
23-bit logical address output from the VMPU
into a 24-bit address for the physical memory.
(Only logical memory addresses go to a PMMU
for translation; I/O addresses and data bypass
this component.)

The PMMU is designed to use a memory
page 2048 bytes in length. Multiple PMMUs
can be used to support more than 64 pages
within a given address space. In addition,
PMMUs can be used to accommodate separate
translation tables for system and normal
operating modes. The basic page length of
2048 bytes can be increased or decreased
using a minimal amount of external circuitry.

The PMMU is designed to implement a
paged virtual memory using the Z8003 VMPU.
The PMMU saves sufficient information to
recover from an instruction abort due to a
page fault. The instruction can be restarted
after the required information has been placed
in primary memory and the PMMU's descrip-
tors updated to allow address translation to the
selected primary memory locations.

As an aid in implementing efficient paging
algorithms, the PMMU provides Changed and
Referenced flags for each page. The Changed

flag indicates that a page has been altered and
hence must be copied to secondary storage
before that physical memory can be used for
another page. The Referenced flag can be
used to determine which pages have not been
accessed by an executing program. This infor-
mation is useful in a variety of memory-
management algorithms.

PMMU memory protection features
safeguard memory areas from unauthorized or
unintended access by associating special
access restirctions with each page. A page is
assigned a number of attributes when its
descriptor 1s initially entered into the PMMU.
Pages are protected by modes of permitted
use, such as read only, system only, and exe-
cute only. The Valid flag indicates whether or
not a descriptor has been initialized. When a
memory reference is made, these attributes are
checked against the status information sup-
plied by the VMPU. If a mismatch occurs, the
instruction is aborted, a Trap Request signal is
generated and the VMPU is interrupted. The
VMPU then checks the status registers of the
PMMU to determine the cause of the abort.

The PMMU 1s controlled by 20 special I/O
instructions, which can be 1ssued from the
VMPU in system mode only. With these
instructions, system software can assign pro-
gram pages to arbitrary memory locations,
restrict the use of pages, and monitor whether
pages have been read or written.

The PMMU has two operating modes: an
address translation mode in which addresses
are translated automatically as they are
received, and a command mode, during which
specific registers in the PMMU are accessed
using special I/O commands.

Segmented
Addressing
and Address
Translation

The addresses manipulated by the program-
mer, used by instructions, and output by the
VMPU are called logical addresses. The
PMMU translates logical addresses into the
physical addresses required for accessing the
memory.

The 23-bit logical addresses output by the
VMPU divide an 8M byte addressing space
into 128 segments of up to 64K bytes each. A
23-bit segmented address consists of a 7-bit
segment number and a 16-bit offset used to
address any byte relative to the beginning of
the segment. The two parts of the segmented
address (segment number and offset) can be
manipulated separately.

The PMMU divides physical memory into

2048-byte pages. Pages are assumed to be
allocated 1n memory on 2048-byte boundaries
so that the 11 low-order bits of the starting
location of each page are always equal to zero.
Segments 1n a virtual memory system can con-
sist of pages that need not be in physical
storage. Those segment pages in main memory
need not be contiguous. Segments can have a
variable number of pages. Any page can be
designated so that writes into the lowest
numbered 128 bytes generate a warning trap
without an instruction abort. If such a page is
used as the last page of the system stack, the
warning trap can be used to allocate another
page to the stack segment and prevent a stack
overflow error.
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Z8016 Z8000™ DTC
Direct Memory Access
Transfer Controller

Ya

Zilog

Product
Brief

June 1982
Features B Memory-to-peripheral transfer up to 2.66M conjunction with the Z8010 Memory
bytes/second at 4 MHz. Management Unit.
B Memory-to-memory transfer up to 1.33M B Software- or hardware-controlled Wait state
bytes/second at 4 MHz. insertion.
B Two fully independent, multi-function B Programmable chaining operation provides
channels. automatic loading of control parameters
h ch 1.
B Masked data pattern matching for search from memory by each channe
and search-and-transfer operations. m Automatic loading from base registers on
each channel for efficient repetitive
mF unﬁeénzg Cciaph.on ;taerm;ts mixin(i of byte and operations.
word data during transfer operations.
9 peratio ® Z-BUS daisy-chain interrupt hierarchy and
B May be operated in logical address space in bus-request structure.
Description The Z8016 DMA Transfer Controller (DTC) is between memory and peripherals, each of the

a high-performance data transfer device
designed to match the power and addressing
capability of the Z8000 CPUs. In addition to
providing block data transfer capability

-1 SNy ADp ta—>
~«—] SNy AD1 et
<—— SN2 AD? le—>-
SEGMENT <] SN3 AD3 }a—>
NUMBER ) <o sN, ADy |
~——1 SNs AD5 j—>
~-—1 SNg ADg ft—>

ADDRESS
- S| AD7 ja—>

N7/IMMU SYNC D7 DATA
ADg [<*—> ( Bus
-«—»{ ST ADg |e—>
| STy ADqg je—>
e K 28016  ADy [+
STATUS > ST; DTC ADyp >
<> RW ADy3 f—>
~—1BW ADy4 fe—
<« N§ ADys >
~—»1 BUSREQ CS/WAIT [=—
BUS e JE——
CONTROL — BAl DREQ4, DREQ2 }4— DMA

~—] BAO DACK:, DACK, |— [ CONTROL

EOP |e—>
BUS ~—>»4 A5
TMING |\ o o 5 W '
INTERRUPT

IEH=—  coNTROL

IEQ p—>

Pttt

+5V  GND CLK

Figure 1. Pin Functions

DTC's two channels can perform peripheral-to-
peripheral and memory-to-memory transfers. A
special Search mode of operation compares

data read from a memory or peripheral source

BAI[]1 48] 1€
BUSREQ [ 2 a7 [ WNT
BAo []3 6] |
+5V[]a 4[] ck
ADo []5 as ] AS
apy [ 6 a3[] bs
ap; 7 42 [[] CSIWAIT
aps[]8 41 ] RiW
Abg o 40 [] DACK,
ADs [ 10 39 [ 7] DACK,
ADg [ 11 38 [] EoP
ap; [ 12 z;$‘1:o 37 | ] bREG:
ADg [ 13 36 [ ] DREG:
ADg [] 14 35 g BW
ADo [ 15 3s[] s7s
ADy; [ 16 3]s
ADy2 [ 17 2] sTy
ADyg [ 18 31[] sTo
ADw [ 19 £ w7
ADys [] 20 2917] SNo
SNg [] 21 28 g SN
SNs [ 22 27 [7] SN7IMMU SYNC
SNy [] 23 26[] ano
SNz [] 24 25 [7] SN2

Figure 2. Pin Assignments
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Description
(Continued)

with the contents of a pattern register. A
search can be performed concurrently with
transfers or as an operation in itself.

For all operations (Search, Transfer, and
Transfer-and-Search), the DTC can operate in
either Flowthrough or Flyby Transfer mode. In
the Flowthrough mode data is stored tem-
porarily within the DTC on its way from source
to destination. In this mode transfers can be
made between a word-oriented memory and a
byte-oriented peripheral through the bi-
directional byte-word funneling option. In
Flyby mode, data is transferred 1n a single step
(from source to destination), thus providing
extremely high throughput.

The 78016 DTC takes full advantage of the
Z8000 memory management scheme by inter-
facing directly to the Z8010 Memory Manage-
ment Unit (MMU). In this configuration, 8M
bytes of logical address range are provided for
each CPU address space. Alternatively, the
78016 DTC can operate independently of the
78010 MMU and directly address up to 16M
bytes of physical address space.

In addition to providing a hardware WAIT
input to accommodate different memory or
peripheral speeds, the Z8016 DTC allows the
user to select the automatic insertion of O, 1, 2,
or 4 Wait states for either source or destination
addresses. Alternatively, the user can disable
the WAIT input pin function and use these
software programmed Wait states exclusively.

High throughput and powerful transfer
options are of limited usefulness if a DMA
device requires frequent reloading by the host

CPU. The Z8016 DTC minimizes CPU involve-

ment by allowing each channel to load its con-
trol registers from memory automatically when
a DMA operation is complete. By loading the
address of subsequent control parameters as
part of this operation, command chaining is
accomplished. The only action required of the
CPU is to load the address of the control
parameter table into the channel’s Chain
Address register and then issue a “Start
Chain" command.

Some DMA applications may transfer data
continuously between the same two locations.
To service these repetitive DMA operations,
base registers are provided on each channel
that re-initialize the current source and
destination address registers. This re-
initialization eliminates the need for reloading
registers from memory tables.

The Z8016 DTC is directly Z-BUS compatible
and operates within the Z8000 daisy-chain
vectored-priority interrupt scheme. Addi-
tionally, a demand interleave operation is sup-
ported which allows the DTC to surrender the
system bus to the external system or to alter-
nate between internal channels. This capability
allows for virtually parallel operations between
dual channels or between a DTC channel and
the CPU.

The DTC may be used to provide a central
DMA function in close cooperation with the
CPU or to provide dispersed DMA operations
in conjunction with a wide variety of Z8000
Family peripheral controllers.

The Z8016 DTC is packaged in a 48-pin DIP
and uses a single +5 V power supply.
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28030 Z8000"'2-SCC
Serial Communications
Controller

Ya

Zilog

Product
Specification

June 1982
Features B Two independent, 0 to 1M bit/second, full- B Synchronous mode with internal or external
duplex channels, each with a separate character synchronization on one or two
crystal oscillator, baud rate generator, and synchronous characters and CRC genera-
Digital Phase-Locked Loop for clock tion and checking with CRC-16 or
recovery. CRC-CCITT preset to either 1s or Os.

B Multi-protocol operation under program ® SDLC/HDLC mode with comprehensive
control; programmable for NRZ, NRZI, or frame-level control, automatic zero insertion
FM data encoding. and deletion, I-field residue handling, abort

B Asynchronous mode with five to eight bits generation and detection, CRC generation
and one, one and one-half, or two stop bits and checking, and SDLC Loop mode
per character; programmable clock factor; operation.
break detection and generation; parity, ® Local Loopback and Auto Echo modes.
overrun, and framing error detection.

General The Z8030 Z-SCC Serial Communications communications applications. The device con-
Description  Controller is a dual-channel, multi-protocol tains a variety of new, sophisticated internal
data communications peripheral designed for functions including on-chip baud rate

use with the Zilog Z-Bus. The Z-SCC functions generators, Digital Phase-Locked Loops, and

as a serial-to-parallel, parallel-to-serial con- crystal oscillators that dramatically reduce the

verter/controller. The Z-SCC can be software- need for external logic.

configured to satisfy a wide variety of serial

-«—»} AD; TxDA p—
<] ADg RxDA 4—} :i":'IAAL ::‘ E ; :: g :::
<] ADg TRYCA ﬁ}c"A""EL Auz O w7 A0y
ADDRESS/ | <] AD4 RTxCA |«—— | CLOCKS 20, C . a7 :' ADs
DATA BUS | «—»| AD; SYNCA je—> CH-A T E 5 3 :I 55
-<+—»| AD; W/REQA — | CHANNEL E0 E s 15 J is
<] AD,  DTRIREGA |—» | CONTROLS S
— FOR MODEM, | 7 3a [} rw
<] A_Do RTSA — | bmaA, OR TRGR E N 3 3 &
BUS {—» As CTSA |— | OTHER
TIMING = = +sv[]e a2 [] csy
AND RESET (—| DS_ DCDA J=— WIREGA [] 10 28030 5 [ anp
| RIW TxDB »—»} SERIAL ma “ z-scc 2 :l FREE
CONTROL | —| Cs1 RxDB j«— | DATA ATxcA [ 12 29 [] SvNcs
—] TS5 TRXCB |<— | CHANNEL o by
s [T nand 4> ety #H e
—»| INTACK  SYNCEB | o8
'"TER“"’"l—-— = WIREGE |—» | CHANNEL [ CH-B %E . - 8 e
<«—{wo  TwmEs [—= | CONTROLS avsa [ 17 2 g DTRIREGE
RTSB = | DMA, OR cvsa [] 1 23 [] RSB
28030  CTSB [=— | OTHER BCoA [ 19 22 ] CTsB
Z-8CC  DCDB | pcLk [ 20 21 [] oo
+5V GND PCLK
Figure 1. Pin Functions Figure 2. Pin Assignments
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General
Description
(Continued)

The Z-SCC handles asynchronous formats,
synchronous byte-oriented protocols such as
IBM Bisync, and Synchronous bit-oriented pro-
tocols such as HDLC and IBM SDLC. This ver-
satile device supports virtually any serial data
transfer application (cassette, diskette, tape
drives, etc.).

The device can generate and check CRC
codes in any Synchronous mode and can be
programmed to check data integrity in various
modes. The Z-SCC also has facilities for

modem controls in both channels. In appli-
cations where these controls are not needed,
the modem controls can be used for
general-purpose 1/O.

The Z-Bus daisy-chain interrupt hierarchy
is also supported—as is standard for Zilog
peripheral components.

The 28030 Z-SCC is packaged in a 40-pin
ceramic DIP and uses a single +5 V power

supply.

Pin
Description

The following section describes the pin
functions of the Z-SCC. Figures 1 and 2 detail
the respective pin functions and pin
assignments.

ADg-ADy. Address/Data Bus (bidirectional,
active High, 3-state). These multiplexed lines
carry register addresses to the Z-SCC as well

as data or control information to and from
the Z-SCC.

AS. Address Strobe (input, active Low).
Addresses on ADg-ADy are latched by the ris-
ing edge of this signal.

CSg. Chip Select 0 (input, active Low). This
signal is latched concurrently with the
addresses on ADg-AD7 and must be active for
the intended bus transaction to occur.

CS). Chip Select 1 (input, active High). This
second select signal must also be active before
the intended bus transaction can occur. CS;
must remain active throughout the transaction.

CTSA, CTSB. Clear to Send (inputs, active
Low). If these pins are programmed as Auto
Enables, a Low on the inputs enables their
respective transmitters. If not programmed as
Auto Enables, they may be used as general-
purpose inputs. Both inputs are Schmitt-trigger
buffered to accommodate ‘slow rise-time inputs.
The Z-SCC detects pulses on these inputs and
can interrupt the CPU on both logic level
transitions.

DCDA, DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables if they are programmed for Auto
Enables; otherwise they may be used as
general-purpose input pins. Both pins are
Schmitt-trigger buffered to accommodate slow
rise-time signals. The Z-SCC detects pulses on
these pins and can interrupt the CPU on both
logic level transitions.

DS. Data Strobe (input, active Low). This
signal provides timing for the transfer of data
into and out of the Z-SCC. If AS and DS coin-
cide, this is interpreted as a reset.

DTR/REQA, DTR/REQB. Dafa Terminal
Ready/Request (outputs, active Low). These
outputs follow the state programmed into the
DTR bit. They can also be used as general-
purpose outputs or as Request lines for a DMA
controller.

IEL. Interrupt Enable In (input, active High).
IEI is used with IEO to form an interrupt daisy
chain when there is more than one interrupt-
driven device. A High IEI indicates that no
other higher priority device has an interrupt
under service or is requesting an interrupt.

IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the
CPU is not servicing a Z-SCC interrupt or the
Z-SCC is not requesting an interrupt (Interrupt
Acknowledge cycle only). IEO is connected to
the next lower priority device's IEI input and
thus inhibits interrupts from lower priority
devices.

INT. Interrupt Request (output, open-drain,
active Low). This signal is activated when the
Z-SCC requests an interrupt.

INTACK. Interrupt Acknowledge (input, active
Low). This signal indicates an active Interrupt
Acknowledge cycle. During this cycle, the
Z-SCC interrupt daisy chain settles. When DS
becomes active, the Z-SCC places an interrupt
vector on the data bus (if IEI is High).
INTACK is latched by the rising edge of AS.

PCLK. Clock (input). This is the master Z-SCC
clock used to synchronize internal signals.
PCILK is not required to have any phase rela-
tionship with the master system clock, although
the frequency of this clock must be at least
90% of the CPU clock frequency for a Z8000.
PCLK is a TTL level signal.

RxDA, RxDB. Receive Data (inputs, active
High). These input signals receive serial data
at standard TTL levels.

RTxCA. RTxCB. Receive/Transmit Clocks
(inputs, active Low). These pins can be pro-
grammed in several different modes of opera-
tion. In each channel, RTxC may supply the
receive clock, the transmit clock, the clock for
the baud rate generator, or the clock of the
Digital Phase-Locked Loop. These pins can
also be programmed for use with the respec-
tive SYNC pins as a crystal oscillator. The
receive clock may be 1, 16, 32, or 64 times the
data rate in Asynchronous modes.

RTSA., RTSB. Request To Send (outputs,
active Low). When the Request To Send (RTS)
bit in Write Register 5 (Figure 11) is set, the
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Pin RTS signal goes Low. When the RTS bit is (Monosync and Bisync) with the crystal
Description  reset in the Asynchronous mode and Auto oscillator not selected, these pins act as out-
(Continued)  Enable is on, the signal goes High after the puts and are active only during the part of the
transmitter is empty. In Synchronous mode or receive clock cycle in which synchronous
in Asynchronous mode with Auto Enable off, characters are recognized. The synchronous
the RTS pin strictly follows the state of the RTS ~ condition is not latched, so these outputs are
bit. Both pins can be used as general-purpose active each time a synchronization pattern is
outputs. recognized (regardless of character bound-
R/W. Read/Write (input). This signal specifies aries). Ic? SDLCI,IgOde’ therse p 1fn S falct as out-
whether the operation to be performed is a puts and are valid on receipt of a {lag.
read or a write. TxDA, TxDB. Transmit Data (outputs, active
SYNCA. SYNCE. Synchronization (inputs or High).dThzs% 'I?I]:ltlput lsignals transmit serial data
outputs, active Low). These pins can act either Et_ﬁi ard 1 7L levess.
as inputs, outputs, or part of the crystal TRxCA, TRxCB. Transmit/Receive Clocks
oscillator circuit. (inputs or outputs, active Low). These pins can
In the Asynchronous Receive mode (crystal be programmed 1in several different modes of
oscillator option not selected), these pins are operation. TRxC may supply the receive clock
inputs similar to CTS and DCD. In this mode, or the transmit clock in the input mode or sup-
transitions on these lines affect the state of the ply the output of the Digital Phase-Locked
Synchronous/Hunt status bits in Read Register Loop, the crystal oscillator, the baud rate
0 (Figure 10) but have no other function. generator, or the transmit clock in the output
In External Synchronization mode with the mode.
crystal oscillator not selected, these lines also W/REQA, W/REQB. Wait/Request (outputs,
act as inputs. In this mode, SYNC must be open-drain when programmed for a Wait func-
driven Low two receive clock cycles after tion, driven High or Low when programmed
the last bit in the synchronous character is for a Request function). These dual-purpose
received. Character assembly begins on the outputs may be programmed as Request lines
rising edge Of the receive clock 1mmedlately for a DMA controller or as Walt lines to
preceding the activation of SYNC. synchronize the CPU to the Z-SCC data rate.
In the Internal Synchronization mode The reset state is Wait.
Functional The functional capabilities of the Z-SCC following description briefly detail these
Description  can be described from two different points protocols.
9f view: as a data co'mmunicat.ions d.evice, Asynchronous Modes. Transmission and
it txjansmlts and receives da.ta in a wide reception can be accomplished independently
variety of data (.:ommu.mcatlons. protocols; on each channel with five to eight bits per
asa Z8000 Family peripheral, it m.teracts character, plus optional even or odd parity.
w#h t.he 280(,)0 CPU and other pfenpheral The transmitters can supply one, one-and-a-
circuits and is part of the Z-Bus interrupt half, or two stop bits per character and can
structure. provide a break output at any time. The
Data Communications Capabilities. The receiver break-detection logic interrupts the
Z-SCC provides two independent full-duplex CPU both at the start and at the end of a
channels programmable for use in any com- received break. Reception is protected from
mon Asynchronous or Synchronous data- spikes by a transient spike-rejection
communication protocol. Figure 3 and the mechanism that checks the signal one-half a
PARITY
START lsmp
W'l Wl oata || | [ oara ”‘ TMARKING LINE
ASYNCHRONOUS
| swe | oara | 77 [ oara | crei | cre. |
7l;ONOSYN(:
I SYNC I SYNC I DATA I :J( 1 DATA l CRCy I CRCz ]
SIGNAL BISYNC
| oara | 55 | oata | crei | crea |
E;;ERNAL SYNC
rFLAG I ADDRESS I lNFORJM::I'ION l CRCy J CRC2 ] FLAG l
SDI.;:IHDI.CIX.25
Figure 3. Some Z-SCC Protocols
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bit time after a Low level is detected on the
receive data input (RxDA or RxDB in

Figure 1). If the Low does not persist (as in the
case of a transient), the character assembly
process does not start.

Framing errors and overrun errors are
detected and buffered together with the partial
character on which they occur. Vectored inter-
rupts allow fast servicing or error conditions
using dedicated routines. Furthermore, a
built-in checking process avoids the interpreta-
tion of a framing error as a new start bit: a
framing error results in the addition of one-half
a bit time to the point at which the search for
the next start bit begins.

The Z-SCC does not require symmetric
transmit and receive clock signals—a feature
allowing use of the wide variety of clock
sources. The transmitter and receiver can
handle data at a rate of 1, 1/16, 1/32, or 1/64
of the clock rate supplied to the receive and
transmit clock inputs. In Asynchronous modes,
the SYNC pin may be programmed as an input
used for functions such as monitoring a ring
indicator.

Synchronous Modes. The Z-SCC supports both
byte-oriented and bit-oriented synchronous
communication. Synchronous byte-oriented
protocols can be handled in several modes,
allowing character synchronization with a 6-bit
or 8-bit synchronous character (Monosync),
any 12-bit synchronization pattern (Bisync), or
with an external synchronization signal.
Leading synchronous characters can be
removed without interrupting the CPU.

Five- or 7-bit synchronous characters are
detected with 8- or 16-bit patterns in the
Z-SCC by overlapping the larger pattern
across multiple incoming synchronous
characters as shown in Figure 4.

CRC checking for Synchronous byte-
oriented modes is delayed by one character
time so that the CPU may disable CRC check-
ing on specific characters. This permits the
implementation of protocols such as
IBM Bisync.

Both CRC-16 (X16 + X15 + X2 + 1) and
CCITT (X16 + X12 + X5 +1) error checking
polynomials are supported. Either polynomial
may be selected in all Synchronous modes.
Users may preset the CRC generator and
checker to all 1s or all 0s. The Z-SCC also
provides a feature that automatically transmits
CRC data when no other data is available for

5 BITS

transmission. This allows for 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 6-, 8-, or 16-bit synchronous
characters, regardless of the programmed
character length.

The Z-SCC supports Synchronous bit-
oriented protocols, such as SDLC and HDLC,
by performing automatic flag sending, zero in-
sertion, and CRC generation. A special com-
mand can be used to abort a frame in transmis-
sion. At the end of a message, the Z-SCC
automatically transmits the CRC and trailing
flag when the transmitter underruns. The
transmitter may also be programmed to send
an idle line consisting of continuous flag
characters or a steady marking condition.

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. The Z-SCC may also be
programmed to send an abort itself in case of
an underrun, relieving the CPU of this task.
One to eight bits per character can be sent,
allowing reception of a message with no prior
information about the character structure in
the information field of a frame.

The receiver automatically acquires syn-
chronization on the leading flag of a frame in
SDLC or HDLC and provides a synchroniza-
tion 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 (or four bits within a byte) of a
user-selected address or to a global broadcast
address. In this mode, frames not matching
either the user-selected or broadcast address
are ignored. The number of address bytes can
be extended under software control. For
receiving data, an interrupt on the first
received character, or an interrupt on every
character, or on special condition only (end-
of-frame) can be selected. The receiver
automatically deletes all Os inserted by the
transmitter during character assembly. CRC is
also calculated and is automatically checked to
validate frame transmission. At the end of
transmission, the status of a received frame is
available in the status registers. In SDLC
mode, the Z-SCC must be programmed to use
the SDLC CRC polynomial, but the generator
and checker may be preset to all 1s or all Os.

L :SYNC l SYNC:

SYNC I DATA

DATA [ DATA I DATA ]

—————
8

16

Figure 4. Detecting 5- or 7-Bit Synchronous Characters
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The CRC is inverted before transmission and
the receiver checks against the bit pattern
0001110100001111.

NRZ, NRZI or FM coding may be used in any
1x mode. The parity options available in Asyn-
chronous modes are available in Synchronous
modes.

The Z-SCC can be conveniently used under
DMA control to provide high-speed reception
or transmission. In reception, for example, the
Z-SCC can interrupt the CPU when the first
character of a message is received. The CPU
then enables the DMA to transfer the message
to memory. The Z-SCC 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. The CPU may also enable the
DMA first and have the Z-SCC interrupt only
on end-of-frame. This procedure allows all
data to be transferred via the DMA.

SDLC Loop Mode. The Z-SCC supports SDLC
Loop mode in addition to normal SDLC. In an
SDLC Loop, there is a primary controller
station that manages the message traffic flow
on the loop and any number of secondary
stations. In SDLC Loop mode, the Z-SCC per-
forms the functions of a secondary station
while a Z-SCC operating in regular SDLC
mode can act as a controller (Figure 5).

A secondary station in an SDLC Loop is
always listening to the messages being sent
around the loop, and in fact must pass these
messages to the rest of the loop by retrans-
mitting them with a one-bit-time delay. The
secondary station can place its own message
on the loop only at specific times. The con-
troller signals that secondary stations may
transmit messages by sending a special
character, called an EOP (End Of Poll),
around the loop. The EOP character is the bit
pattern 11111110. Because of zero insertion
during messages, this bit pattern is unique and
easily recognized.

When a secondary station has a message to
transmit and recognizes an EOP on the line, it

SECONDARY #1 SECONDARY #4

SECONDARY #2 SECONDARY #3

Figure 5. An SDLC Loop

changes the last binary 1 of the EOP to a 0
before transmission. This has the effect of turn-
ing the EOP into a flag sequence. The secon-
dary station now places its message on the loop
and terminates the message with an EOP. Any
secondary stations further down the loop with
messages to transmit can then append their
messages to the message of the first secondary
station by the same process. Any secondary
stations without messages to send merely echo
the incoming messages and are prohibited
from placing messages on the loop (except
upon recognizing an EOP).

SDLC Loop mode is a programmable option
in the Z-SCC. NRZ, NRZI, and FM coding may
all be used in SDLC Loop mode.

Baud Rate Generator. Each channel in the
Z-SCC contains a programmable baud rate
generator. Each generator consists of two 8-bit
time constant registers that form a 16-bit time
constant, a 16-bit down counter, and a flip-flop
on the output producing a square wave. On
startup, the flip-flop on the output is set in a
High state, the value in the time constant
register is loaded into the counter, and the
counter starts counting down. The output of
the baud rate generator toggles upon reaching
0, the value in the time constant register is
loaded into the counter, and the process is
repeated. The time constant may be changed
at any time, but the new value does not take
effect until the next load of the counter.

The output of the baud rate generator may
be used as either the transmit clock, the
receive clock, or both. It can also drive the
Digital Phase-Locked Loop (see next section).

If the receive clock or transmit clock is not
programmed to come from the TRxC pin, the
output of the baud rate generator may be
echoed out via the TRxC pin.

The following formula relates the time con-
stant to the baud rate (the baud rate is in
bits/second and the BR clock period is in
seconds):

1
2 (time constant + 2) X (BR clock period)

baud rate =

Digital Phase-Locked Loop. The Z-SCC con-
tains a Digital Phase-Locked Loop (DPLL) to
recover clock information from a data stream
with NRZI or FM encoding. The DPLL is driven
by a clock that is nominally 32 (NRZI) or 16
(FM) times the data rate. The DPLL uses this
clock, along with the data stream, to construct
a clock for the data. This clock may then be
used as the Z-SCC receive clock, the transmit
clock, or both.

For NRZI encoding, the DPLL counts the 32x
clock to create nominal bit times. As the 32x
clock is counted, the DPLL is searching the
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incoming data stream for edges (either 1 to 0
or 0 to 1). Whenever an edge is detected, the
DPLL makes a count adjustment (during the
next counting cycle), producing a terminal
count closer to the center of the bit cell.

For FM encoding, the DPLL still counts from
0 to 31, but with a cycle corresponding to two
bit times. When the DPLL is locked, the clock
edges in the data stream should occur between
counts 15 and 16 and between counts 31 and
0. The DPLL looks for edges only during a
time centered on the 15 to 16 counting
transition.

The 32x clock for the DPLL can be pro-
grammed to come from either the RTxC input
or the output of the baud rate generator. The
DPLL output may be programmed to be
echoed out of the Z-SCC via the TRxC pin (if
this pin is not being used as an input).

Data Encoding The Z-SCC may be pro-
grammed to encode and decode the serial data
in four different ways (Figure 6). In NRZ
encoding, a 1 is represented by a High level
and a 0 is represented by a Low level. In NRZL
encoding, a 1 is represented by no change in
level and a 0 is represented by a change in
level. In FM1 (more properly, bi-phase mark)
a transition occurs at the beginning of every
bit cell. A 1 is represented by an additional
transition at the center of the bit cell and a 0 is
represented by no additional transition at the
center of the bit cell. In FMO (bi-phase space),
a transition occurs at the beginning of every
bit cell. A O is represented by an additional
transition at the center of the bit cell, and a 1
is represented by no additional transition at
the center of the bit cell. In addition to these
four methods, the Z-SCC can be used to
decode Manchester (bi-phase level) data by
using the DPLL in the FM mode and program-
ming the receiver for NRZ data. Manchester
encoding always produces a transition at the
center of the bit cell. If the transition is 0 to 1,
the bit is a 0. If the transition is 1 to O the

bit is a 1.

DATA 1 1

s \

Auto Echo and Local Loopback. The Z-SCC
is capable of automatically echoing everything
it receives. This feature is useful mainly in
Asynchronous modes, but works in Syn-
chronous and SDLC modes as well. In Auto
Echo mode, TxD is RxD. Auto Echo mode can
be used with NRZI or FM encoding with no
additional delay, because the data stream is
not decoded before retransmission. In Auto
Echo mode, the CTS input is ignored as a
transmitter enable (although transitions on this
input can still cause interrupts if programmed
to do so). In this mode, the transmitter is
actually bypassed and the programmer is
responsible for disabling transmitter interrupts
and WAIT/REQUEST on transmit.

The Z-SCC is also capable of Local Loop-
back. In this mode TxD is RxD, just as in Auto
Echo mode. However, in Local Loopback
mode, the internal transmit data is tied to the
internal receive data and RxD is ignored
(except to be echoed out via TxD). The CTS
and DCD inputs are also ignored as transmit
and receive enables. However, transitions on
these inputs can still cause interrupts. Local
Loopback works in Asynchronous, Syn-
chronous and SDLC modes with NRZ, NRZI or
FM coding of the data stream.

1/0 Interface Capabilities. The Z-SCC offers
the choice of Polling, Interrupt (vectored or
nonvectored), and Block Transfer modes to
transfer data, status, and control information to
and from the CPU. The Block Transfer mode
can be implemented under CPU or DMA
control.

Polling. All interrupts are disabled. Three
status registers in the Z-SCC are automatically
updated whenever any function is performed.
For example, end-of-frame in SDLC mode
sets a bit in one of these status registers. The
idea behind polling is for the CPU to period-
ically read a status register until the register
contents indicate the need for data to be
transferred. Only one register needs to be

- \ /

)

Figure 8. Data Encoding Methods
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read; depending on its contents, the CPU
either writes data, reads data, or continues.
Two bits in the register indicate the need for
data transfer. An alternative 1s a poll of the
Interrupt Pending register to determine the
source of an interrupt. The status for both
channels resides in one register.

Interrupts. The Z-SCC interrupt scheme con-
forms to the Z-Bus specification. When a
Z-SCC responds to an Interrupt Acknowledge
signal (INTACK) from the CPU, an interrupt
vector may be placed on the A/D bus. This
vector is written in WR2 and may be read in
RR2A or RR2B (Figures 10 and 11).

To speed interrupt response time, the Z-SCC
can modify three bits in this vector to indicate
status. If the vector is read in Channel A,
status is never included; if it is read in
Channel B, status is always included.

Each of the six sources of interrupts in the
Z-SCC (Transmit, Receive, and External/Status
interrupts in both channels) has three bits
associated with the interrupt source: Interrupt
Pending (IP), Interrupt Under Service (IUS),
and Interrupt Enable (IE). Operation of the IE
bit is straightforward. If the IE bit is set for a
given interrupt source, then that source can
request interrupts. The exception is when the
MIE (Master Interrupt Enable) bit in WR9 is
reset and no interrupts may be requested. The
IE bits are write only.

The other two bits are related to the Z-Bus
interrupt priority chain (Figure 7). As a Z-Bus
peripheral, the Z-SCC may request an
interrupt only when no higher priority device
is requesting one, e.g., when IEI is High. If
the device in question requests an interrupt, it
pulls down INT. The CPU then responds with
INTACK, and the interrupting device places
the vector on the A/D bus.

In the Z-SCC, the IP bit signals a need for
interrupt servicing. When an IP bit is 1 and
the IEI input 1s High, the INT output 1s pulled
Low, requesting an interrupt. In the Z-SCC, if
the IE bit is not set by enabling interrupts,
then the IP for that source can never be set.
The IP is set two or three AS cycles after the
interrupt condition occurs. Two or three AS
rising edges are required from the time an 1n-
terrupt condition occurs until INT is activated.
The IP bits are readable in RR3A.

The IUS bits signal that an interrupt request

1s being serviced. If an IUS is set, all interrupt
sources of lower priority in the Z-SCC and
external to the Z-SCC are prevented from
requesting interrupts. The internal interrupt
sources are inhibited by the state of the inter-
nal daisy chain, while lower priority devices
are inhibited by the IEO output of the Z-SCC
being pulled Low and propagated to subse-
guent peripherals. An IUS bit is set during an
Interrupt Acknowledge cycle if there are no
higher priority devices requesting interrupts.

There are three types of interrupts:
Transmit, Receive, and External/Status. Each
interrupt type is enabled under program con-
trol with Channel A having higher priority
than Channel B, and with Receiver, Transmit,
and External/Status interrupts prioritized 1n
that order within each channel. When the
Transmit interrupt 1s enabled, the CPU 1s
interrupted when the transmit buffer becomes
empty. (This implies that the transmitter must
have had a data character written into it so
that it can become empty.) When enabled, the
receiver can interrupt the CPU in one of
three ways:

B Interrupt on First Receive Character or
Special Receive Condition.

B Interrupt on All Receive Characters or
Special Receive Condition.

B Interrupt on Special Receive Condition
Only.

Interrupt on First Character or Special Con-
dition and Interrupt on Special Condition Only
are typically used with the Block Transfer
mode. A Special Receive Condition is one of
the following: receiver overrun, framing error
1n Asynchronous mode, end-of-frame in SDLC
mode and, optionally, a parity error. The
Special Receive Condition interrupt 1s different
from an ordinary receive character available
interrupt only 1n the status placed in the vector
during the Interrupt Acknowledge cycle. In
Interrupt on First Receive Character, an inter-
rupt can occur from Special Receive Condi-
tions any time after the first receive character
interrupt.

The main function of the External/Status
interrupt is to monitor the signal transitions of
the CTS, DCD, and SYNC pins; however, an
External/Status interrupt is also caused by a
Transmit Underrun condition, or a zero count

Z-BUS
PERIPHERAL

IEl ADo-AD7 INT INTACK IEO

Z-BUS
PERIPHERAL

IE} ADo-AD7 INT INTACK IEO

2-BUS
PERIPHERAL

IEl ADg-AD7 iNT iNTACK

LI770

ADo-AD7 < l I

INT

ﬁ ?

INTACK l

I

Figure 7. Z-BUS Interrupt Schedule
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in the baud rate generator, or by the detection
of a Break (Asynchronous mode), Abort (SDLC
mode) or EOP (SDLC Loop mode) sequence in
the data stream. The interrupt caused by the
Abort or EOP has a special feature allowing
the Z-SCC to interrupt when the Abort or EOP
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
Abort condition in external logic in SDLC
mode. In SDLC Loop mode, this feature allows
secondary stations to recognize the wishes of
the primary station to regain control of the
loop during a poll sequence.

CPU/DMA Block Transfer. The Z-SCC pro-
vides a Block Transfer mode to accommodate

CPU block transfer functions and DMA con-
trollers. The Block Transfer mode uses the
WAIT/REQUEST output in conjunction with the
Wait/Request bits in WR1. The WAIT/
REQUEST output can be defined under soft-
ware control as a WAIT line in the CPU Block
Transfer mode or as a REQUEST line in the
DMA Block Transfer mode.

To a DMA controller, the Z-SCC REQUEST
output indicates that the Z-SCC is ready to
transfer data to or from memory. To the CPU,
the WAIT line indicates that the Z-SCC is not
ready to transfer data, thereby requesting that
the CPU extend the I/O cycle. The DTR/
REQUEST line allows full-duplex operation
under DMA control.

Architecture

The Z-SCC internal structure includes two
full-duplex channels, two baud rate
generators, internal control and interrupt
logic, and a bus interface to the Zilog Z-Bus.
Associated with each channel are a number of

read and write registers for mode control and
status information, as well as logic necessary to
interface to modems or other external devices
(Figure 8).

The logic for both channels provides

BAUD RATE
GENERATOR
A

—>
. } SERIAL DATA

-
CHANNEL A -—> } CHANNEL CLOCKS

INTERNAL
CONTROL
LOGIC

<—> SYNC

—> WAIT/REQUEST
CHANNEL A
REGISTERS

il

DISCRETE |—
CONTROL «— | MODEM, DMA, OR

CPU
BUS 1O < INTERNAL BUS

ADDRESS/
DATA

CONTROL

j r & STATUS l:: OTHER CONTROLS
’
DISCRETE -
CONTROL - MODEM, DMA, OR
& STATUS > OTHER CONTROLS
B —

INTERRUPT » INTERRUPT
CONTROL CONTROL

CHANNEL B
REGISTERS

—>
- } SERIAL DATA

th

CHANNEL B CHANNEL CLOCKS

AL VR VLV

—)

+5V GND PCLK

j<—>» SYNC
[—> WAIT/REQUEST
BAUD RATE
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Figure 8. Block Diagram of Z-SCC Architecture
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Architecture formats, synchronization, and validation for buffer register loaded from the internal data
(Continued)  data transferred to and from the channel inter- bus and a 20-bit Transmit Shift register that
face. The modem control inputs are monitored can be loaded either from the synchronous
by the control logic under program control. character registers or from the Transmit Data
All of the modem control signals are general- register. Depending on the operational mode,
purpose in nature and can optionally be used outgoing data is routed through one of four
for functions other than modem control. main paths before it is transmitted from the
The register set for each channel includes Transmit Data output (TxD)
ten control (write) registers, two sync
character (write) registers, and four status . .
(read) registers. In zddition, each baud rate Read Register Functions
generator has two (read/write) registers for RRO Transmit/Receive buffer status and External status
holding the time constant that determines the RR1 Special Receive Condition status
baud rate. Finally, associated with the inter- RR2 Modified interrupt vector (Channel B only)
rupt logic is a write register for the interrupt Unmodified interrupt vector (Channel A only)
vector accessible through either channel, a RR3 Interrupt Pending bits (Chiannel A only)
write-only Master Interrupt Control register RR8  Recewe buffer
and three read registers: one containing the RRI0  Miscellaneous status
vector Wit_h .Status infomatiox? (Channel B only), RR12  Lower byte of baud rate generator time constant
one containing the vector without status
(Charinel A only), and one containing the RR13  Upper byte of baud rate generator time constant
Interrupt Pending bits (Channel A only). RR15  External/Status interrupt information
The registers for each channel are Write Register Functions
designated as follows:
WRO-WR1S — Write Registers 0 through 15 WHO  CRE e, e eion ot
RRO-RR3, RR10, RR12, RR13, RR15 — Read WR1 Transmit/Receive interrupt and data transfer mode
Registers 0 through 3, 10, 12, 13, 15. defimtion
Table 1 lists the functions assigned to each WR2  Interrupt vector (accessed through either channel)
read or write register. The Z-SCC contains WR3  Receive parameters and control
only one WR2 and WR9, but they can be WR4  Transmit/Receive miscellaneous parameters and
accessed by either channel. All other registers modes
are paired (one for each channel). WRS5  Transmit parameters and controls
Data Path. The transmit and receive data path ~ WR6  Sync characters or SDLC address field
illustrated in Figure 9 is identical for both WR?7  Sync character or SDLC flag
channels. The receiver has three 8-bit buffer WR8  Transmit buffer
registers in an FIFO arrangement, in addition WR9  Master interrupt control and reset (accessed
to the 8-bit receive shift register. This scheme through either channel)
creates additional time for the CPU to service WRI0 Miscellaneous transmutter/recewver control bits
an interrupt at the beginning of a block of WRIl  Clock mode control
high speed data. Incomini; data is routed WRI12 Lower byte of baud rate generator time constant
through one of several paths (data or CRC) WRI13 Upper byte of baud rate generator ime constant
depend.ing on the selected mode (the chara‘cter WRI4 Miscellaneous control bits
length in Asynchronous modes also determines WRIS  External/Status nterrupt control
the data path).
The transmitter has an 8-bit Transmit Data Table 1. Read and Write Register Functions
Programming The Z-SCC contains 13 write registers in ignored. AD7 and ADg are always ignored as

each channel that are programmed by the
system separately to configure the functional
personality of the channels. All of the registers
in the Z-SCC are directly addressable. How
the Z-SCC decodes the address placed on the
address/data bus at the beginning of a Read or
Write cycle 1s controlled by a command 1ssued
in WROB. In the Shift Right mode the channel
select A/B 1s taken from ADg and the state of
ADs is ignored. In the Shift Left mode A/B is
taken from ADg and the state of ADg is

address bits and the register address itself
occuples ADy-AD;.

The system program first issues a series of
commands to 1nitialize the basic mode of
operation. This 1s followed by other commands
to qualify conditions within the selected mode.
For example, the Asynchronous mode,
character length, clock rate, number of stop
bits, even or odd parity might be set first.
Then the Interrupt mode would be set, and
finally, receiver or transmitter enable.
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Programming Read Registers. The Z-SCC contains eight

Interrupt Pending (IP) bits (Channel A).

(Continued) read registers (actually nine, counting the Figure 10 shows the formats for each read
receive buffer [RR8]) in each channel. Four of register.
these may be read to obtain status information The status bits of RR0O and RR1 are carefully
(RRO, RR1, RR10, and RR15). Two registers grouped to simplify status monitoring; e.q.,
(RR12 and RR13) may be read to learn the when the interrupt vector indicates a Special
baud rate generator time constant. RR2 con- Receive Condition interrupt, all the appro-
tains either the unmodified interrupt vector priate error bits can be read from a single
(Channel A) or the vector modified by status register (RR1).
information (Channel B). RR3 contains the
Read Register 0 Read Register 10
[0 [ 960, [0s [0s [0, [0, T [©[0s [0s Jou Tos [o: [0, o
L Rx CHARACTER AVAILABLE L 0
ZERO COUNT ON LooP
Tx BUFFER EMPTY 0
bco 0
SYNC/HUNT LooP
CTs 0
Tx M TWO CLOCKS MISSING
BREAK/ABORT ONE CLOCK MISSING
Read Register 1 Read Register 12
(20 ]0; [D: [0s 0. [0 0o [° ]2 Tos Tou]os [0; [, Too |
I— ALL SENT L TCo
RESIDUE CODE 2 TCy
RESIDUE CODE 1 TC2
RESIDUE CODE 0 T\ LoweR BYTE OF
PARITY ERROR TCq TIME CONSTANT
Rx O ERROR TCs
CRC ERROR TCe
END OF FRAME (SDLC) TC7
Read Register 2 Read Register 13
CACACACACACIEAEY [© 70, [0s[ou [0 o, [0, [0
|_ Vo TCs
Vi TCq
V2 TCio
\‘:j INTERRUPT VECTOR * :z:; .‘r‘:v'l’:'(‘:g':g fN"}
Vs TCi3
Ve TCia
' TC1s
*MODIFIED IN B CHANNEL
Read Register 3 Read Register 15
[°7[0s s [0 [0, 0, [0, [0 CICACACACACACAEY
L CHANNEL B EXT/STAT IP* L 0
CHANNEL B Tx IP* ZERO COUNT IE
CHANNEL B Rx IP* 0
CHANNEL A EXT/STAT IP* DCD IE
CHANNEL A Tx IP* SYNC/HUNT IE
CHANNEL A Rx IP* CTSIE
0 Tx OM IE
0 BREAK/ABORT IE
*ALWAYS 0 IN B CHANNEL
Figure 10. Read Register Bit Functions
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Programming Write Registers. The Z-SCC contains 13 write WR9) shared by the two channels that may be

(Continued)  registers (14 counting WR8, the transmit accessed through either of them. WR2 contains
buffer) in each channel. These write registers the interrupt vector for both channels, while
are programmed separately to configure the WR9 contains the interrupt control bits. Figure
functional “personality” of the channels. In 11 shows the format of each write register.

addition, there are two registers (WR2 and

Write Register 0 Write Register 3
[0 0] s Jo [0 [o, [0, T CICACADACACACAE

Rx ENABLE
[0 ] o ] NuLL cooe SYNC CHARACTER LOAD INHIBIT
[o 11 ]nuLLcone ) ADDRESS SEARCH MODE (SDLC)
[1 o | seLecT sHiFT LEFT MODE i Rx CRC ENABLE
[1 [ 1] seLECT sHiFT migHT MoDE ENTER HUNT MODE
° AUTO ENABLES

=

oJoJo] NuLLcooe [0 0] axsBirsicHaRAcTER
0 [o[1] NuLLcooe [0 [ 1] Ax7 BiTsicHARACTER
0 [ 1] 0| Reser exmsTaTUS INTERRUPTS [ 17 0 | Ax 6 BiTsicHARACTER
of1]1] senpasorT [1]1]rxsBirsicHaracTeR
1] 0|0 | ENABLE INT ON NEXT Rx CHARACTER
110}11 RESET Tx INT PENDING
1] 1] 0| errOR RESET Write Register 4
1 [1]1] reser HiGHEST WS
L CICACACACACACA Y
0| 0 | NULL CODE I_
[ 0 [ 1] ReseT Rx cRe cHECKER |_ PARITY ENABLE
| 1] 0 | ReseT Tx cRC GENERATOR PARITY EVEN/ODD
1 | RESET Tx UNDERRUN/EOM LATCH

[ 0 [ 0] sync mopEes ENABLE

B CHANNEL ONLY [0 ] 1] 15s70P BITICHARACTER

[ 1] 0] 1% sToP BiTSICHARACTER
[ 1] 1] 2sT0p BiTSicHARACTER
Write Register 1

[0 ] 0] 8BiTsyNc cHARACTER

[0, T¢ [ 05 [ D4 [ D5 [, ] Dy | Do | [0 ] 1] 168im sync cHARACTER
L [1 ] 0] soLc mooE 1111110 FLAG)
EXT INT ENABLE [1]1] exrernaL sync mobe
Tx INT ENABLE
PARITY IS SPECIAL CONDITION 0 ] 0] x1 cLock MoDE
[0 0] rxiNT DIsaBLE o] 1} xto cLock mooe
[0 [ 1] RxINT ON FIRST CHARACTER OR SPECIAL CONDITION [ [0 | xsz cLock mooe

[1]17] xe4 cLock mooe
[ 1] 0] INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION
[ 1]1] RxINT ON sPECIAL cONDITION ONLY

WAIT/DMA ON RECEIVE/TRANSMIT Write R,gister 5
WAITIDMA REQUEST FUNCTION

WAIT/IDMA ENABLE mmmmmmm

Tx CRC ENABLE

Write Register 2 RTS
SDLCICRC-16

[27]0s [0 [04 [ 05 [0z [0 [0 | Tx ENABLE

L SEND BREAK
Vo
Vi [0 o] x5 BITS (OR LESS)ICHARACTER
V2 [0 1] Tx7BirsicHarACTER
Vs [1]0] x6BirsicHARACTER
v, ( NTERRUPTVECTOR | 111] TxsBiTsicHarACTER
Vs I

DTR

=

Ve
V7

Write Register 6

SYNC7 SYNCg SYNCs SYNC4 SYNC3 SYNC2 SYNCy SYNCo  MONOSYNC, 8 BITS
SYNCy SYNCo SYNCs SYNCy SYNC3 SYNC2 SYNCy SYNCo  MONOSYNC, 6 BITS
SYNC7 SYNCs SYNCs SYNC4 SYNC3 SYNC2 SYNC4 SYNCo  BISYNC, 16 BITS

1 1

SYNC3 SYNC2 SYNCy SYNCo 1 1 BISYNC, 12 BITS
ADR7 ADRg ADRs ADRs ADR3 ADR2 ADRy ADRg sbLc
ADR7 ADRg ADRg ADRs x x X x SDLC (ADDRESS RANGE)

Figure 11. Write Register Bit Functions
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Programming

Write Register 7

(Continued) RN
SYNC;  SYNCs  SYNCs  SYNCs  SYNC;  SYNC  SYNC;  SYNCo MONOSYNC,8 BITS
SYNC;  SYNC,  SYNC;  SYNC;  SYNC;  SYNCo x x MONOSYNC, 6 BITS
SYNC{s SYNCia SYNCz SYNCz  SYNCyy SYNCig  SYNCs  SYNCg  BISYNC, 16 BITS
SYNCy  SYNCip SYNC  SYNCs  SYNC;  SYNCs  SYNCs  SYNCs BISYNC, 12 BITS
1 1 1 1 1 1 [)
Write Register 9 Write Register 12
L vis L TCo
NV C1
bLe TC2
MIE TC \ LoweR BYTE OF
STATUS HIGHISTATUS LOW TCs (* TIME CONSTANT
o Cs
Cs
[0 T o] noreser 1er
[0 ]1] cHANNEL ResET B
[ 1] 0] cHaNNEL RESET A
FORCE HARDWARE RESET .
ENEN Write Register 13
Write Register 10 [ 0c e 00 2522 ]y oo
I_ TCo
[0 [0s [0 [ D5 [0 [0 [0, | 6o
L TC1o
6 BITFBIT SYNC o1
UPPER BYTE OF
LOOP MODE TCr2 [ TIME CONSTANT
ABORT/FLAG ON UNDERRUN e
MARKIFLAG IDLE Tore
GO ACTIVE ON POLL Tous
[o]o] nez
o] we
L]0} Fm1caransiion = 9 Write Register 14
[ 1] 1] Fmo rransiTiON = 0)
CRC PRESET 15 [0 5 [0 05, [0 [0
L &r cenenaton ennee
Write Register 11 BR GENERATOR SOURCE
DTR/REQUEST FUNCTION
DD a0 Ecno
LOCAL LOOPBACK
[0 ] o | mRic our = xtaL outPuT 0[0]0| NULLcOMMAND
[ o]+ ] 7Axc our = TRaNsMIT cLock 00| 1] ENTER SEARCH MODE
TRXC OUT = BR GENERATOR OUTPUT 0|1 ]0| RESET MISSING CLOCK
L1 [ 1] vaxc our = ppLL ouTRUT 01|71 bisasLE ppLL
TREG off 10 0| SETSOURCE = BR GENERATOR
110 1| seTsouRce = ATxc
[0 T o] TransmIT cLock = RTXC PIN 1]1]o] sereFmmone
[0 [ 1] transmiT cLock = TRxC PIN 1] 1] 1] SETNRZI MODE
[ 1] 0 | TRANSMIT CLOCK = BR GENERATOR OUTPUT
[1]71] transmir cLock = peLL outpPut
Write Register 15
0 | o | Receive cLock = RTXC PIN
[0+ ] recewe cioox - e om DRNEAE0
|1 0 | RECEIVE cLOCK = BR GENERATOR OUTPUT L
[ 1] 1] receve cLock = ppLL outPuT 0
I ZERO COUNT IE
RTXC XTALING XTAL .
DCD IE
SYNCIHUNT IE
CTSIE
™ ™ 1E
BREAK/ABORT IE
Figure 11. Write Register Bit Functions (Continued)
2016-006
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Timing

The Z-SCC generates internal control signals
from AS and DS that are related to PCLK.
Since PCLK has no phase relationship with
AS and DS, the circuitry generating these
internal control signals must provide time for
metastable conditions to disappear. This gives
rise to a recovery time related to PCLK. The
recovery time applies only between bus trans-
actions involving the Z-SCC. The recovery
time required for proper operation is specified
from the rising edge of DS in the first transac-
tion involving the Z-SCC to the falling edge of

DS in the second transaction involving the
Z-SCC. This time must be at least 6 PCLK
cycles plus 200 ns.

Read Cycle Timing. Figure 12 illustrates read
cycle timing. The address on ADg-AD7 and
the state of CSp and INTACK are latched by
the rising edge of AS. R/W must be High to
indicate a Read cycle. CS; must also be High
for the Read cycle to occur. The data bus
drivers in the Z-SCC are then enabled while
DS is Low.

ADo-AD7

><

ADDRESS

X DATA VALID

RN A N
/

1Ad Y

Figure 12. Read Cycle Timing

Write Cycle Timing. Figure 13 illustrates

Write cycle timing. The address on ADg-AD+7
and the state of CSp and INTACK are latched
by the rising edge of AS. R/W must be Low to

indicate a Write cycle. CS; must be High for
the Write cycle to occur. DS Low strobes the
data into the Z-SCC.

ADo-AD7 x ADDRESS

DATA

\/tj/ﬁ

TN,

Figure 13. Write Cycle Timing

Interrupt Acknowledge Cycle Timing.

Figure 14 illustrates Interrupt Acknowledge
cycle timing. The address on ADg-AD7 and
the state of CSp and INTACK are latched by

the rising edge of .E.ﬂowever, if INTACK is
Low, the address and CSg are ignored. The
state of the R/W and CS; are also ignored for
the duration of the Interrupt Acknowledge

188
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Timing cycle. Between the rising edge of AS and the intended for the Z-SCC. In this case, the
(Continued) falling edge of DS, the internal and external Z-SCC may be programmed to respond to DS
IEI/IEO daisy chains settle. If there is an inter- Low by placing its interrupt vector on
rupt pending in the Z-SCC and IEI is High ADg-ADq. It then sets the appropriate
when DS falls, the Acknowledge cycle was Interrupt-Under-Service latch internally.
= \__/
TSo X (IGNORED) K -
INTACK \ / )
ADo-AD7 x (IGNORED) )—-/)h—( X VECTOR )—
- ,i f—
Figure 14. Interrupt Acknowledge Cycle Timing
Absolute Voltages on all inputs and outputs Stresses greater than those histed under Absolute Max1-
Maximum with respect to GND _0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings oo more : ) This 1s a stress rating only; operation of the device at any
atings Operating Ambient condition above those indicated 1n the operational sections
Temperature . ................ As Specified in of these specifications 1s not implied. Exposure to absolute
Orderi Informatio maximum rating conditions for extended periods may affect
Taering lnio: on device reliability.
Storage Temperature. .. ..... -65°Cto +150°C
Standard The characteristics below apply for the B +475V <V, o< +525V
Test following standard test conditions, unless BGND =0V
Conditions otherwise noted. All voltages are referenced to e 1k . .
GND. Positive current flows into the refer- ® T4 as specified in Ordering Information
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance
of 50 pF max.
+5V
21K +5V
FROM OUTPUT
UNDER TEST 22K
FROM OUTPUT ¢, i
100 pF ZSAO UNDER TEST
J: ]: 50 pF
Figure 15. Standard Test Load Figure 16. Open-Drain Test Load
DC Symbol Parameter Min Max Unit Condition
Charac- -
teristics Viu Input High Voltage 2.0 Vee +0.3 \
Vi Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 2.4 v Ioy= —250 pA
VoL Output Low Voltage 0.4 v Io,= +2.0mA
I Input Leakage +10.0 rA 0.4 = Viy = +24V
Ior Output Leakage +10.0 rA 0.4 = Voyr = +2.4V
Iee Vee Supply Current 250 mA
Veoe= 8V £ 5% unless otherwise specified, over specified temperature range.
Capacitance Symbol Parameter Min Max Unit Test Condition
Cmv Input Capacitance 10 pF Unmeasured Pins
Cour Output Capacitance 15 pF Returned to Ground
Cro Bidirectional Capacitance 20 pF

f = 1 MHz, over specified temperature range

2016-009  8085-006, 001
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Read and

Write s /
Timing
D S ¢
@-—Iq—» <—®—>
a X K
—O— ~ @
INTACK
@1» o—@—l .
RIW I k
READ
—>
e \ /
—® —~ @k
°* 4 —@ I\
® ® el ®
- \ v
ABouRiTe ). X
()| [a(B)>] —| (1) fa— @)
ADo-AD7 I
READ C ot
&~ m ~@k
2
2
()
wines \
@]
WIREQ
REQUEST
[——@)—
DTR/IREQ
REQUEST
. \
® :
4 MHz 6 MHz
No. Symbol Parameter Min  Max Min  Max Notes*}
1 TwAS AS Low Width 70 50
2  TdDS(AS) DS t to AS | Delay 50 25
3 TsCSO(AS) CSy to AS t Setup Time 0 0 1
4  ThCSO(AS) CSp to AS t Hold Time 60 40 1
5 —TsCS1(DS) ——CS, to DS | Setup Time 100 80 1—
6  ThCSL(DS) CS; to DS t_Hold Time 58 40
7  TsIA(AS) INTACK to AS t Setup Time 0 0
8 ThIA(AS) INTACK to AS_t Hold Time 250 250
9  TsRWR(DS) R/W (Read) to DS | Setup Time 100 80
10— ThRW(DS)——R/W to DS t Hold Time 55 40
11 TsRWW(DS) R/W (Wrnite) to DS | Setup Time 0 0
12 TdAS(DS) AS 1 to DS | Delay 60 40
13 TwDS1 DS Low Width 390 250
14 TrC Valid Access Recovery Time 6TcPC 6TcPC 2
o +200 +130
15— TsA(AS)———Address to AS 1 Setup Time 30 10 1—
16  ThA(AS) Address to AS t Hold Time 50 30
17 TsDW(DS) Write Data to DS | Setup Time 30 20
18  ThDW(DS) Write Data to DS t Hold Time 30 20
19 TdDS(DA) DS | to Data Active Delay 0 0
20—TdDSr(DR)——DS 1t to Read Data Not Valid Delay 0 0
21 TdDS{(DR) DS | to Read Data Valid Delay 250 180
22  TdAS(DR) AS 1 to Read Data Valid Delay 520 335
NOTES 2 Parameter applies only between transactions involving the SCC

1. Parameter does not apply to Interrupt Acknowledge

transactions

*Timings are prelimnary and subject to change

tUnits 1n nanoseconds (ns)
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Interrupt

Acknowledge s /
Timing _1@ -

INTACK /
<—®—>|
Bs \
—@® @
« @ |~
ADo-AD7 =4
O} —-@
—| () te— —®

®

. /
Reset
Timing
Cycle
Timing POLK \
()
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
23  TdDS(DRz) DS t to Read Data Float Delay 70 45 3
24 TdA(DR) Address Required Valid to Read Data Valid Delay 570 420
25  TdDS(W) DS | to Wait Valid Delay 240 200 4
26  TdDSH(REQ) DS | to W/REQ Not Valid Delay 240 200
27 — TdDSr(REQ)——DS t to DTR/REQ Not Valid Delay 5TcPC 5TcPC
. o +300 +250
28  TdAS(INT) AS 1 to INT Vahd Delay 500 500 4
29 TdAS(DSA) AS t to DS | (Acknowledge) Delay 250 250 5
30 TwDSA DS (Acknowledge) Low Width 390 250
31 TdDSA(DR) DS | (Acknowledge) to Read Data Valid Delay 250 180
32 — TsIEI(DSA) ——IEI to DS | (Acknowledge) Setup Time 120 100
33  ThIEI(DSA) IEI to DS 1 (Acknowledge) Hold Time 0 0
34  TdIEI(IEO) IEI to IEO Delay 120 100
35 TdAS(IEO) AS 1 to IEO Delay o 250 250 6
36 TdDSA(INT) DS | (Acknowledge) to INT Inactive Delay 500 500 4
37 — TdDS(ASQ)——DS 1t to AS | Delay for No Reset 30 15
38 TdASQ(DS) AS t to DS | Delay for No Reset 30 30
39  TwRES AS and DS Coincident Low for Reset 250 250 7
40 TwPCl PCLK Low Width 105 2000 70 1000
41  TwPCh PCLK High Width 105 2000 70 1000
42— TcPC —————PCLK Cycle Time 250 — 4000 165 —2000
43 TrPC PCLK Rise Time 20 15
44  TiPC PCLK Fall Time 20 10
NOTES:

3 Float delay 1s defined as the time required for a +0.5 V change
1n the output with a maximum dc load and mimimum ac load.

4 Open-drain output, measured with open-drain test load.

5. Parameter 1s system dependent. For any Z-SCC in the daisy
chain, TdAS(DSA) must be greater than the sum of TdAS(IEO)
for the highest prionty device in the daisy chain, TsIEI(DSA)

1n the daisy chain.

6. Parameter applies only to a Z-SCC pulling INT Low at the

beginning of the Interrupt Acknowledge transaction.

recognized as a reset by the Z-SCC.

7. Internal circuitry allows for the reset provided by the Z8 to be

* Timings are preliminary and subject to change. All timing refer-

ences assume 2.0 V for a logic "1” and 0 8 V for a logic “0".
for the Z-SCC, and TdIEI{(IEO) for each device separating them 1 Units 1n nanoseconds (ns).

2016-011, 012, 013
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General
Timing

BTxE, TRxC

TRxC, RTxC \
TRANSMIT

WIRER
REQUEST

WIREQ
WAIT

RECEIVE Z

X

)]

SVNCT
EXTERNAL

TRxC
OuTPUT

®

U I {19y 1
@-
€78, bcp j N\ /
O, I @ 1
SYNC \ /
INPUT
(@) @)
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4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
1 TdPC(REQ) PCLK | to W/REQ Valid 250 250
2  TdPC(W) PCLK | to Wait Inactive Delay 350 350
3 TsRXC(PC) RxC 1 to PCLK 1 Setup Time 50 50 1,4
4 TsRXD(RXCr)  RxD to RxC t Setup Time (X1 Mode) 0 0 1
5 —ThRXD(RXCr) — RxD to RxC 1 Hold Time (X1 Mode) 150 150 ]l—
6 TsRXD(RXCf)  RxD to RxC | Setup Time (X1 Mode) 0 0 1,5
7 ThRXD(RXCf)  RxD to RxC ! Hold Time (X1 Mode) 150 150 1,5
8  TsSY(RXC) SYNC to RxC 1t Setup Time -200 -200 1
9  ThSY(RXC) SYNC to RxC t Hold Time 3TcPC 3TcPC
+200 +200 1
10 —TsTXC(PC) TxC | to PCLK 1 Setup Time 0 0 24—
11  TdTXCHTXD) TxC | to TxD Delay (X1 Mode) 300 300 2
12 TdTXCr(TXD) TxC ! to TxD Delay (X1 Mode) 300 300 2,5
13 TdTXD(TRX) TxD to TRxC Delay (Send Clock Echo) 200 200
14 TwRTXh RTxC High Width 180 180
15 —TwRTX1———— RTxC Low Width 180 180
16  TcRTX RTxC Cycle Time 400 400
17 TeRTXX Crystal Oscillator Period 250 1000 250 1000 3
18  TwTRXh TRxC High Width 180 180
19 TwTRX1 TRxC Low Width 180 180
20 —TcTRX TRxC Cycle Time 400 400
21  TwEXT DCD or CTS Pulse Width 200 200
22 TwSY SYNC Pulse Width 200
NOTES

1 RxC 1s RTxC or TRxC, whichever 1s supplying the receive
cock . ____

2 TxC s TRxC or RTxC, whichever 1s supplying the transmit
clock_____ _

3 Both RTxC and SYNC have 30 pf capacitors to the ground
connected to them

4 Parameter applies only 1if the data rate 1s one-fourth the PCLK
rate In all other cases, no phase relationship between RxC and
PCLK or TxC and PCLK 1s required

5 Parameter applies only to FM encoding/decoding
* Timings are preliminary and subject to change
1 Units in nanoseconds (ns)
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System

Timing i“_&m / \ / m
WIREQ \
REQUEST
e O—>|
- /
le———»|
SYNC \r
OUTPUT
o \
f——O—]
TRANSMIT
WIREQ \
REQUEST I
e—(O——
AT /
®
DTRIREQ j\
REQUEST
e \
e ey

CTS, bCD
SYNC
INPUT
®
iNT
@
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*
1 TdRXC(REQ) RxC t to W/REQ Valid Delay 8 12 8 12 2,4
2 TdRXC(W) RxC 1 to Wait Inactive Delay 8 12 8 12 1,2,4
3 TdRXC(SY) RxC 1 to SYNC Valid Delay 4 7 4 7 2,4
4 TdRXC(NT) RxC 1 INT Valid Delay 8 12 8 12 1,2,4
+2 +3 +2 +3 5
5 —TdTXC(REQ)—TxC ! to W/REQ Vald Delay 5 8 5 8 34—
6 TdTXC(W) TxC | to Wait Inachve Delay 5 8 5 8 1,34
7 TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 4 7 3,4
8  TdTXC(INT) TxC | to INT Valid Delay 4 6 4 6 1,34
+2 +3 +2 +3 5
9  TdSY(INT) SYNC Transition to INT Valid Delay 2 3 2 3 1,5
10  TdEXT(INT) DCD or CTS Transition to INT Valid Delay 2 3 2 3 1,5
NOTES
1. Open-drain output, measured with open-drain test load. 4 Unts equal to TcPC
2. RxC 1s RTxC or TRxC, whichever 1s supplying the receive 5. Units equal to AS.
clock. * Timings are preliminary and subject to change
3 TxC 1s TRxC or RTxC, whichever s supplying the transmt
clock.
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Ordering Product Package/ Product Package/

Information  Number Temp  Speed Description Number Temp  Speed Description
78030 CE 4.0 MHz Z-SCC (40-pin) Z8030A CE 6.0 MHz Z-SCC (40-pin)
78030 CM 4.0 MHz Same as above Z8030A CM 6.0 MHz Same as above
78030 CMB 4.0 MHz Same as above Z8030A CMB 6.0 MHz Same as above
78030 CS 4.0 MHz Same as above Z8030A CS 6.0 MHz Same as above
28030 DE 4.0 MHz Same as above Z8030A DE 6.0 MHz Same as above
78030 DS 4.0 MHz Same as above Z8030A DS 6.0 MHz Same as above
Z8030 PE 4.0 MHz Same as above Z8030A PE 6.0 MHz Same as above
78030 PS 4.0 MHz Same as above Z8030A PS 6.0 MHz Same as above
NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to 125°C, MB = -55°C to 125°C with MIL-STD-883
with Class B processing, S = 0°C to +70°C
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28031 Z8000" Z-ASCC
Asynchronous Serial
Communications Controller

Product
Specification

Ya

Zilog

June 1982
Features B Two independent, 0 to 1M bit/second, full- B Asynchronous communications with five to
duplex channels, each with a separate eight bits per character and one, one and
crystal oscillator, baud rate generator, and one-half, or two stop bits per character; pro-
Digital Phase-Locked Loop for clock grammable clock factor; break detection
recovery. and generation; parity, overrun, and fram-
B Programmable for NRZ, NRZI, or FM data ing error detection.
encoding. B Local Loopback and Auto Echo modes.
General The 78031 Z-ASCC Asynchronous Serial The Z-ASCC has facihihies for modem
Description =~ Communications Controller 1s a dual-channel controls 1n both channels. In applications
data communications peripheral designed for where these controls are not needed, the
use with the Zilog Z-BUS. The Z-ASCC func- modem controls can be used for general-
tions as a serial-to-parallel, parallel-to-serial purpose 1/O.
converter/controller. The device contains a The Z-BUS daisy-chain interrupt hierarchy
variety of new, sophisticated internal functions 1s also supported—as 1s standard for Zilog
including on-chip baud rate generators, peripheral components.
Digital Phase-Locked Loops, and crystal The 78031 Z-ASCC 1s packaged 1n a 40-pin
oscillators that dramatically reduce the need ceramic DIP and uses a single +5 V power
for external logic. supply.
| AD; TxDA p——>
-] AD: RXDA 4—} DATA apy 1 40 [ Apy
<] AD; TRXCA |=—> )| CHANNEL ap; [ 2 a9 [ a0,
ADDRESS! | <] A4 RTZCA <——} cLocks aos L4 2 s g 40
DATA BUS | <—»} aD; A fe—o cHA Ao, [ 4 a7 [ A%
<] 4D, WIREGA |—> | CHANNEL ::; E : Z: g :_:
ADy DTHIRE%\ ﬁg:‘:lnooll;ﬁsﬂl, IEl : 7 34 [] riW
<«—»1 ADy RTSA p—>» DMA, OR —
BUS {__> s CT5A |«— | OTHER '"":"; E : :: gg:
TIMING = oreR .
AND RESET | —>] :,sw "Ti‘;: [~ wiREaA [] 10 28931 31 [] ono
CONTROL { —>{ CS; RxDB 4—} giﬁ"“‘ ﬂ E‘ " % :I ‘ﬂREQB
—1 CSo TRXCB |<— ) CHANNEL AT [ 12 =[] RB__
jra, s : GLOCKS _RxoA [mRE] 28 [] RTxCB
—| iNTACK B fe— Tmea g 14 & [ o
INTERRUPT | ___1 ¢ WIREGE |— | cHANNEL CH-B __moals 2 [ Tica
[t CONTROLS DTRIREGA [ 16 25[] Tx0B
-] ”T“’% > | For MODEM, RTsA O 17 24 [ 57RREGE
— | bma, OR orex =SB
28031  CTSE |«— | OTHER orsa [] 1 2 1 TS
2.ASCC  5GDE |u— ocoA [ 10 z ] ors8
reLk [ 20 21 [] bcos
+5V GND PCLK
Figure 1. Pin Functions Figure 2. Pin Assignments
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Pin
Description

The following section describes the pin
functions of the Z-ASCC. Figures | and 2
detail the respective pin functions and pin
assignments.

ADy-ADy. Address/Data Bus (bidirectional,
active High, 3-state). These multiplexed lines
carry register addresses to the Z-ASCC as well
as data or control information to and from

the Z-ASCC.

KS. Address Strobe (input, active Low).
Addresses on ADg-AD7 are latched by the ris-
ing edge of this signal.

—C_S_o. Chip Select 0 (input, active Low). This
signal is latched concurrently with the
addresses on ADg-AD7 and must be active for
the intended bus transaction to occur.

CSj. Chip Select 1 (input, active High). This
second select signal must also be active before
the intended bus transaction can occur. CS;
must remain active throughout the transaction.

CTSA, CTSB. Clear to Send (inputs, active
Low). If these pins are programmed as Auto
Enables, a Low on the inputs enables their
respective transmitters. If not programmed as
Auto Enables, they may be used as general-
purpose inputs. Both inputs are Schmitt-trigger
buffered to accommodate slow rise-time inputs.
The Z-ASCC detects pulses on these inputs
and can interrupt the CPU on both logic level
transitions.

DCDA. DCDB. Data Carrier Detect (inputs,
active Low). These pins function as receiver
enables if they are programmed for Auto
Enables; otherwise they may be used as
general-purpose input pins. Both pins are
Schmitt-trigger buffered to accommodate slow
rise-time signals. The Z-ASCC detects pulses
on these pins and can interrupt the CPU on
both logic level transitions.

DS. Data Strobe (input, active Low). This
signal provides timing for the transfer of data
into and out of the Z-ASCC. If AS and DS

coincide, this is interpreted as a reset.

DTR/REQA. DTR/REQB. Data Terminal
Ready/Request (outputs, active Low). These
outputs follow the state programmed into the
DTR bit. They can also be used as general-
purpose outputs or as Request lines for a DMA
controller.

IEL. Interrupt Enable In (input, active High).
IEI is used with IEO to form an interrupt daisy
chain when there is more than one interrupt-
driven device. A High IEI indicates that no
other higher priority device has an interrupt
under service or is requesting an interrupt.

1IEO. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the
CPU is not servicing a Z-ASCC interrupt or
the Z-ASCC is not requesting an interrupt
(Interrupt Acknowledge cycle only). IEO is

connected to the next lower prionity device's
IEI input and thus inhibits interrupts from
lower priority devices.

INT. Interrupt Request (output, open-drain,
active Low). This signal 1s activated when the
Z-ASCC requests an interrupt.

INTACK. Interrupt Acknowledge (input, active
Low). This signal indicates an active Interrupt
Acknowledge cycle. During this cycle, the
Z-ASCC interrupt daisy chain settles. When
DS becomes active, the Z-ASCC places an
interrupt vector on the data bus (if IEI 1s
High). INTACK is latched by the rising edge
of AS.

PCLK. Clock (input). This is the master
Z-ASCC clock used to synchronize internal
signals. PCLK is not required to have any
phase relationship with the master system
clock, although the frequency of this clock
must be at least 930% of the CPU clock fre-
quency for a Z8000. PCLK is a TTL level
signal.

RxDA{ RBxDB. Receive Data (inputs, active
High). These input signals receive serial data
at standard TTL levels.

RIA, RIB. Ring Indicator (inputs, active Low).
These pins can act either as inputs or as part
of the crystal oscillator circuit.

In normal operation (crystal oscillator option
not selected), these pins are inputs similar to
CTS and DCD. In this mode, transitions on
these lines affect the state of the Ring Indicator
status bits in Read Register 0 (Figure 8) but
have no other function.

RTxCA, RTxCB. Receive/Transmit Clocks
(inputs, active Low). These pins can be pro-
grammed in several different modes of opera-
tion. In each channel, RTxC may supply the
receive clock, the transmit clock, the clock for
the baud rate generator, or the clock of the
Digital Phase-Locked Loop. These pins can
also be programmed for use with the respec-
tive RI pins as a crystal oscillator. The receive
clock may be 1, 16, 32, or 64 times the data
rate in Asynchronous modes.

RTSA, RTSB. Request To Send (outputs,
active Low). When the Request To Send (RTS)
bit in Write Register 5 (Figure 9) 1s set, the
RTS signal goes Low. When the RTS bit is
reset and Auto Enable is on, the signal goes
High after the transmitter is empty. With Auto
Enable off, the RTS pin strictly follows the state
of the RTS bit. Both pins can be used as
general-purpose outputs.

R/W. Read/Write (input). This signal specifies
whether the operation to be performed is a
read or a write.

TxDA, TxDB. Transmit Data (outputs, active

High). These output signals transmit serial data
at standard TTL levels.

198



Pin
Description
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TRxCA, TRxCB. Transmit/Receive Clocks
(inputs or outputs, active Low). These pins can
be programmed in several different modes of
operation. TRxC may supply the receive clock
or the transmit clock in the input mode or sup-
ply the output of the Digital Phase-Locked
Loop, the crystal oscillator, the baud rate
generator, or the transmit clock in the output
mode.

W/REQA., W/REQB. Wait/Request (outputs, i
open-drain when programmed for a Wait func- ‘
tion, driven High or Low when programmed

for a Request function). These dual-purpose

outputs may be programmed as Request lines

for a DMA controller or as Wait lines to

synchronize the CPU to the Z-ASCC data rate.

The reset state is Waut.

Functional The functional capabilities of the Z-ASCC handle data at a rate of 1, 1/16, 1/32, or 1/64
Description can be described from two different points of the clock rate supplied to the receive and
of view: as a data communications device, transmut clock inputs.
it tr_ansmlts and receives da.ta in a wide . Baud Rate Generator. Each channel in the
variety of data communications protocols;
Z-ASCC contains a programmable baud rate
as a Z8000 peripheral, 1t interacts with the ;
generator. Each generator consists of two 8-bit
CPU and other peripheral circuits and 1s part f )
of the system interrupt structure. time constant registers that form a 16-bit time
o - constant, a 16-bit down counter, and a flip-flop g
Data Communications Capabilities. The on the output producing a square wave. On e
Z-ASCC provides two independent full-duplex startup, the flhip-flop on the output 1s set 1n a 2
channels programmable for use 1n any com- High state, the value 1n the time constant N
mon Asynchronous data communication pro- register 1s loaded 1nto the counter, and the Q
tocol. Figure 3 and the following description counter starts counting down. The output of =
briefly detail this protocol. the baud rate generator toggles upon reaching g
Asynchronous Modes. Transmission and 0, the value 1n the time constant register is
reception can be accomplished independently loaded 1nto the counter, and the process 1s
on each channel with five to eight bits per repeated. The time constant may be changed
character, plus optional even or odd parity. at any time, but the new value does not take
The transmitters can supply one, one-and-a- effect until the next load of the counter.
half, or two stop bits per character and can The output of the baud rate generator may
provide a break output at any time. The be used as either the transmit clock, .the
receiver break-detection logic interrupts the recewve clock, or both. It can also drive the
CPU both at the start and at the end of a Digital Phase-Locked Loop (see next section).
received break. Reception 1s protected from If the receive clock or transmit clock 1s not
spikes by a transient spike-rejection programmed to come from the TRxC pin, the
mechanism that checks the signal one-half a output of the baud rate generator may be
bit time after a Low level is detected on the echoed out via the TRxC pin.
receive data input (RxDA or RxDB 1n The following formula relates the time con-
Figure 1). If the Low does not persist (as 1in the stant to the baud rate (the baud rate is 1n
case of a transient), the character assembly bits/second and the BR clock period 1s in
process does not start. seconds):
Framing errors and overrun errors are )
detected and buffered together with the partial baud rate = o ant + 2) X (BR clock period)
character on which they occur. Vectored inter-
rupts allow fast servicing of error conditions Digital Phase-Locked Loop. The Z-ASCC
using dedicated routines. Furthermore, a contains a Digital Phase-Locked Loop (DPLL)
built-in checking process avoids the interpreta- to recover clock information from a data
tion of a framing error as a new start bit: a stream with NRZI or FM encoding. The DPLL is
framing error results in the addition of one-half  driven by a clock that 1s nominally 32 (NRZI)
a bit time to the point at which the search for or 16 (FM) times the data rate. The DPLL uses
the next start bit begins. ' this clock, along with the data stream, to con-
The Z-ASCC does not require symmetric struct a clock for the data. This clock may then
transmit and receive clock signals—a feature be used as the Z-ASCC receive clock, the
allowing use of the wide variety of clock transmit clock, or both.
sources. The transmitter and receiver can
PARITY
STiRT SIOP
MARKING LINE I l DATA [ I I r"”‘ I I N l I DATA I T TMARKING LINE
ASYNCHRONOUS
Figure 3. Z-ASCC Protocol
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For NRZI encoding, the DPLL counts the 32x
clock to create nominal bit times. As the 32x
clock is counted, the DPLL is searching the
incoming data stream for edges (either 1 to 0
or 0 to 1). Whenever an edge is detected, the
DPLL makes a count adjustment (during the
next counting cycle), producing a terminal
count closer to the center of the bit cell.

For FM encoding, the DPLL still counts from
0 to 31, but with a cycle corresponding to two
bit times. When the DPLL is locked, the clock
edges in the data stream should occur between
counts 15 and 16 and between counts 31 and
0. The DPLL looks for edges only during a
time centered on the 15 to 16 counting
transition.

The 32x clock for the DPLL can be pro-
grammed to come from either the RTxC input
or the output of the baud rate generator. The
DPLL output may be programmed to be
echoed out of the Z-ASCC via the TRxC pin (if
this pin is not being used as an input).

Data Encoding The Z-ASCC may be pro-
grammed to encode and decode the serial data
in four different ways (Figure 4). In NRZ
encoding, a 1 is represented by a High level
and a O is represented by a Low level. In NRZI
encoding, a |l is represented by no change in
level and a O is represented by a change in
level. In FM1 (more properly, bi-phase mark)
a transition occurs at the beginning of every
bit cell. A 1 is represented by an additional
transition at the center of the bit cell and a 0 is
represented by no additional transition at the
center of the bit cell. In FMO (bi-phase space),
a transition occurs at the beginning of every
bit cell. A 0O is represented by an additional
transition at the center of the bit cell, and a 1
is represented by no additional transition at
the center of the bit cell. In addition to these
four methods, the Z-ASCC can be used to
decode Manchester (bi-phase level) data by
using the DPLL in the FM mode and program-
ming the receiver for NRZ data. Manchester
encoding always produces a transition at the
center of the bit cell. If the transition is 0 to 1,

DATA 1 1 0

NRZ \

the bit is a 0. If the transition is 1 to O the
bitisal.

Auto Echo and Local Loopback. The Z-ASCC
is capable of automatically echoing everything
1t receives. In Auto Echo mode, RxD 1s con-
nected to TxD internally. Auto Echo mode can
be used with NRZI or FM encoding with no
additional delay, because the data stream 1s
not decoded before retransmission. In Auto
Echo mode, the CTS input 1s ignored as a
transmutter enable (although transitions on this
input can still cause interrupts if programmed
to do so0). In this mode, the transmitter 1s
actually bypassed and the programmer is
responsible for disabling transmitter interrupts
and WAIT/REQUEST on transmit.

The Z-ASCC is also capable of Local Loop-
back. In this mode TxD is connected to RxD
internally, just as in Auto Echo mode.
However, in Local Loopback mode, the inter-
nal transmit data 1s tied to the internal receive
data and RxD 1s 1gnored (except to be echoed
out via TxD). The CTS and DCD inputs are
also 1gnored as transmit and receive enables.
However, transitions on these inputs can still
cause interrupts. Local Loopback works with
NRZ, NRZI or FM coding of the data stream.

1/0 Interface Capabilities. The Z-ASCC
offers the choice of Polling, Interrupt (vectored
or nonvectored), and Block Transfer modes to
transfer data, status, and control information to
and from the CPU. The Block Transfer mode
can be implemented under CPU or DMA
control.

Polling. All interrupts are disabled. Three
status registers in the Z-ASCC are automat-
ically updated whenever any function is per-
formed. The 1dea behind polling is for the
CPU to periodically read a status register until
the register contents indicate the need for data
to be transferred. Only one register needs to
be read; depending on 1its contents, the CPU
either writes data, reads data, or continues.
Two bits 1n the register indicate the need for
data transfer. An alternative is a poll of the

- \ /

-

FMg \_/—\_m /_\

Figure 4. Data Encoding Methods
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Interrupt Pending reqister to determine the
source of an interrupt. The status for both
channels resides 1n one register.

Interrupts. The Z-ASCC interrupt scheme
conforms to the Z-BUS specification. When a
Z-ASCC responds to an Interrupt Acknowledge
signal (INTACK) from the CPU, an interrupt
vector may be placed on the A/D bus. This
vector 1s written in WR2 and may be read 1n
RR2A or RR2B (Figures 8 and 9).

To speed interrupt response time, the
Z-ASCC can modify three bits 1n this vector to
indicate status. If the vector 1s read in Channel
A, status is never included; if 1t 1s read in
Channel B, status 1s always included.

Each of the six sources of interrupts in the
Z-ASCC (Transmit, Receive, and Exter-
nal/Status interrupts in both channels) has
three bits associated with the interrupt source:
Interrupt Pending (IP), Interrupt Under Ser-
vice (IUS), and Interrupt Enable (IE). Opera-
tion of the IE bit is straightforward. If the IE bit
1s set for a given interrupt source, then that
source can request interrupts. The exception is
when the MIE (Master Interrupt Enable) bit in
WR9 is reset and no interrupts may be
requested. The IE bits are write only.

The other two bits are related to the Z-BUS
interrupt priority chain (Figure 5). The
Z-ASCC may request an interrupt only when
no higher priority device is requesting one,
e.g., when IEI is High. If the device in ques-
tion requests an interrupt, it pulls down INT.
The CPU then responds with INTACK, and the
interrupting device places the vector on the
A/D bus.

In the Z-ASCC, the IP bit signals a need for
interrupt servicing. When an IP bit is 1 and
the IEI input is High, the INT output is pulled
Low, requesting an interrupt. In the Z-ASCC,
if the IE bit 1s not set by enabling interrupts,
then the IP for that source can never be set.
The IP is set two or three AS cycles after the
interrupt condition occurs. Two or three AS
rising edges are required from the time an
interrupt condition occurs until INT is acti-
vated. The IP bits are readable in RR3A.

The IUS bits signal that an interrupt request
is being serviced. If an IUS is set, all interrupt
sources of lower priority in the Z-ASCC and

external to the Z-ASCC are prevented from
requesting interrupts. The internal interrupt
sources are inhibited by the state of the inter-
nal daisy chain, while lower priority devices
are inhibited by the IEO output of the Z-ASCC
being pulled Low and propagated to subse-
guent peripherals. An IUS bit is set during an
Interrupt Acknowledge cycle if there are no
higher priority devices requesting interrupts.

There are three types of interrupts:
Transmit, Receive, and External/Status. Each
interrupt type 1s enabled under program con-
trol with Channel A having higher priority
than Channel B, and with Receiver, Transmt,
and External/Status interrupts prioritized in
that order within each channel. When the
Transmit interrupt 1s enabled, the CPU 1s
interrupted when the transmit buffer becomes
empty. (This implies that the transmitter must
have had a data character wrnitten into it so
that it can become empty.) When enabled, the
receiver can interrupt the CPU in one of
three ways:

B Interrupt on First Receive Character or
Special Receive Condition.

B Interrupt on All Receive Characters or
Special Receive Condition.

B Interrupt on Special Receive Condition
Only.

Interrupt on First Character or Special Con-
dition and Interrupt on Special Condition Only
are typically used with the Block Transfer
mode. A Special Receive Condition is receiver
overrun, and, optionally, a parity error. The
Special Receive Condition interrupt 1s different
from an ordinary receive character available
interrupt only 1n the status placed in the vector
during the Interrupt Acknowledge cycle. In
Interrupt on First Receive Character, an inter-
rupt can occur from Special Receive Condi-
tions any time after the first receive character
interrupt.

The main function of the External/Status
interrupt is to monitor the signal transitions of
the CTS, DCD, and RI pins; however, an
External/Status interrupt is also caused by a
Transmit Underrun condition, or a zero count
in the baud rate generator, or by the detection
of a Break.

2-BUS
PERIPHERAL

IEl ADg-AD; INT INTACK IEO

IEl ADo-AD7 INT INTACK IEO

Z-BUS Z-BUS
PERIPHERAL PERIPHERAL

IEl ADo-AD7 iNT INTACK

ADo-AD7 <7 l I

INT

TI7571 e Rk %

1 ]

INTACK L

|

Figure 5. Z-BUS Interrupt Schedule
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Description
(Continued)

CPU/DMA Block Transfer. The Z-ASCC pro-
vides a Block Transfer mode to accommodate
CPU block transfer functions and DMA con-
trollers. The Block Transfer mode uses the
WAIT/REQUEST output in conjunction with the
Wait/Request bits in WR1. The WAIT/
REQUEST output can be defined under soft-
ware control as a WAIT line in the CPU Block
Transfer mode or as a REQUEST line in the

DMA Block Transfer mode.

To a DMA controller, the Z-ASCC REQUEST
output indicates that the Z-ASCC is ready to
transfer data to or from memory. To the CPU,
the WAIT line indicates that the Z-ASCC is not
ready to transfer data, thereby requesting that
the CPU extend the I/O cycle. The DTR/
REQUEST line allows full-duplex operation
under DMA control.

Architecture

The Z-ASCC internal structure includes
two full-duplex channels, two baud rate
generators, internal control and interrupt
logic, and a bus interface to the Zilog Z-BUS.
Associated with each channel are a number of
read and write registers for mode control and
status information, as well as logic necessary to
interface to modems or other external devices
(Figure 6).

The logic for both channels provides
formats, synchronization, and validation for

data transferred to and from the channel inter-
face. The modem control inputs are monitored
by the control logic under program control.
All of the modem control signals are general-
purpose in nature and can optionally be used
for functions other than modem control.

The register set for each channel includes
ten control (write) registers, and four status
(read) registers. In addition, each baud rate
generator has two (read/write) registers for
holding the time constant that determines the

BAUD RATE
GENERATOR
A

<__‘_‘

>
< } SERIAL DATA

CHANNEL A b } CHANNEL CLOCKS

INTERNAL
CONTROL
LOGIC

CHANNEL A
REGISTERS

|«— " RI
[~ WAIT/REQUEST

DISCRETE

ADDRESS/
DATA

CONTROL
& STATUS }|—» [ OTHER CONTROLS
A

F—

—— } MODEM, DMA, OR

INTERNAL BUS

<

CPU
BUS IO

CONTROL <I>

DISCRETE -
CONTROL

—> OTHER CONTROLS

INTERRUPT
CONTROL
LoGic

INTERRUPT >
CONTROL
LINES

CHANNEL B
REGISTERS

[*<— \ MODEM, bMA, OR
& STATUS
B >

-
< } SERIAL DATA

Al

CHANNEL B

AR VINEV IR

|—
} | CHANNEL cLOCKS

+5V GND PCLK

BAUD RATE
GENERATOR
B

[<+— RI
> WAIT/REQUEST

= |

Figure 6. Block Diagram of Z-ASCC Architecture
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Architecture baud rate. Finally, associated with the inter- Read Register Functions
(Continued)  rupt Jogic 1s o wrio register lor the IRl RR)  TransmVRecarve buffr tatus and xternal stats
write-only Master Interrupt Control register RRI Special Receive Condition status
and three read registers: one containing the RR2 Modified nterrupt vector (Cha‘;:‘el B only)
vector with status infomation (Channel B only), Unmodified misrrupt vecior (Chenzel A only)
one containing the vector without status RR3  Interrupt Pending buts (Channel A only)
(Channel A only), and one containing the RR8  Recewe buffer
Interrupt Pending bits (Channel A only). RRI0  Miscellaneous status
The registers for each channel are RR12  Lower byte of baud rate generator ime constant
designated as follows: RRI13  Upper byte of baud rate generator time constant
WRO-WR15 — Write Registers 0-5, 8-15. RRIS  External/Status interrupt information
RRO-RR3, RR10, RR12, RR13, RR15 — Read Write Register Functions
Registers 0 through 3, 10, 12, 13, 15.
Table 1 lists the functions assigned to each ‘WRO CRC mtalize, imtalizahion commands for the
read or write requster. The Z-ASCC contains various modes, shift right/shuft left command
only one WR2 a(i d Whg but they can be WRI1 Transmit/Receive interrupt and data transfer mode
4 definition
accessed by either channel. All other registers
are paired (one for each channel). WR2 Interrupt vector (accessed through either channel)
WR3 Receive parameters and control
Data Path. The transmit and receive data path WR4  Transmit/Receive miscellaneous parameters and
illustrated in Figure 7 is identical for both modes
channels. The receiver has three 8-bit buffer WR5  Transmit parameters and controls
registers in an FIFO arrangement, in addition WRS  Transmit buffer
to the 8-bit receive shift register. This scheme WR9  Master interrupt control and reset (accessed
creates additional time for the CPU to service through either channel)
an interrupt at the begn.'mlng of a block of WRI0 Miscellaneous transmitter/receiver control bits
high speed data. Incoming data 1s rquted WRI1 Clock mode control
through one of several paths depending on the
selected mode (the character length deter- WRI12 Lower byte of baud rate generator time constant
mines the data path) WRI13 Upper byte of baud rate generator time constant
The transmitter has an 8-bit Transmit Data WR14  Miscellaneous contral bits
buffer register loaded from the internal data WRIS  External/Status interrupt control
bus and an 11-bit Transmit Shift reqgister that 1s
loaded from the Transmit Data register. Table 1. Read and Write Register Functions
Programming  The Z-ASCC contains 11 write registers in mode, A/B is taken from ADs and the state of

each channel that are programmed by the
system separately to configure the functional
personality of the channels. All of the registers
in the Z-ASCC are directly addressable. How
the Z-ASCC decodes the address placed on
the address/data bus at the beginning of a
Read or Write cycle 1s controlled by a com-
mand 1ssued in WROB. In the shift right mode,
the channel select A/B is taken from ADg and
the state of ADj5 is ignored. In the shaft left

ADy is ignored. AD7 and ADg are always
ignored as address bits and the register
address itself occupies ADg4 - ADj.

The system program first issues a series of
commands to initialize the basic mode of
operation. For example, the character length,
clock rate, number of stop bits, even or odd
parity might be set first. Then the Interrupt
mode would be set, and finally, receiver or
transmitter enable.
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Interrupt Pending (IP) bits (Channel A).
Figure 8 shows the formats for each read
register.

The status bits of RRO and RR1 are carefully
grouped to simplify status monitoring; e.q.,
when the interrupt vector indicates a Special
Receirve Condition interrupt, all the appro-
priate error bits can be read from a single
register (RR1).

Programming Read Registers. The Z-ASCC contains eight

(Continued) read reqgisters (actually nine, counting the
receive buffer [RR8]) in each channel. Four of
these may be read to obtain status information
(RRO, RR1, RRI10, and RR15). Two registers
(RR12 and RR13) may be read to learn the
baud rate generator time constant. RR2 con-
tains either the unmodified interrupt vector
(Channel A) or the vector modified by status
information (Channel B). RR3 contains the

Read Register 0
[o: o Tos Jou [os o, [0, o

P

Rx CHARACTER AVAILABLE
ZERO COUNT

Tx BUFFER EMPTY

DCD

RING INDICATOR

CTS

1

BREAK

| =

Read Register 1
[0- [0s [0s [ou [os 0, [0, T |

ALL SENT

1

1

o

PARITY ERROR

Rx ERROR
FR. ERROR

o

=

Read Register 2
(2] ¢ |0 [0 | 05 [ 0; [ 01 [ o

L
Vi
V2

3
Va
Vs
Ve
V7

=

“MODIFIED IN B CHANNEL

Read Register 3

I—L CHANNEL B EXT/STAT IP*
CHANNEL B Tx IP*
CHANNEL B Rx IP*
CHANNEL A EXT/STAT IP*
CHANNEL A Tx IP*
CHANNEL A Rx IP*

[

o
*ALWAYS 0 IN B CHANNEL

INTERRUPT VECTOR *

Read Register 10
[0: 04 [0, [0 s [0, [0, o

EI

© o o oo o

TWO CLOCKS MISSING
ONE CLOCK MISSING

Read Register 12
CICICACACACACAE

L

TCo
TCy
TC2
TCs \ Lower BYTE OF
TCs [ TIME CONSTANT
TCs
TCs
TC;

=

Read Register 13
[0 ]0s 050 [ s [0, [0 0o

TCs

TCy

TC1o

011 \ upper BYTE OF
TC12 ( TIME CONSTANT
TCia

TC1a

TCis

[

Read Register 15
[2: 26 [os [oa [0s [0, [0, T

°
ZERO COUNT IE
0

DCD IE

RIIE

CTS IE

=

-

BREAK IE

JISY-Z 1£08Z

Figure 8. Read Register Bit Functions

2245-005 205



Programming Write Registers. The Z-ASCC contains 11

(Continued)

write reqgisters (12 counting WR8, the transmit
buffer) in each channel. These write registers
are programmed separately to configure the
functional “personality” of the channels. In
addition, there are two registers (WR2 and

Write Register 0

DICICYCACACYENEY

[0 To | nutL cope
[0 1] nuLL cooe
[1 [0 ] sELECT SHIFT LEFT MODE*
[1 ] 1] seLecT sHIFT RiGHT MoDE*

[

NULL CODE

NULL CODE

RESET EXT/STATUS INTERRUPTS
NULL CODE

ENABLE INT ON NEXT Rx CHARACTER
RESET Tx INT PENDING

ERROR RESET

RESET HIGHEST IUS

alala]afelele]e
alalelo]lalaleole

alolafjol«]lol«]le

0

Write Register 1
CICAC3CACACACAEY

EXT INT ENABLE
Tx INT ENABLE
PARITY IS SPECIAL CONDITION

[0 ] o] rxinT DIsaBLE

[ 0 [ 7] Rx INT ON FIRST CHARACTER OR SPECIAL CONDITION
[ 1] 07| INT ON ALL Rx CHARACTERS OR SPECIAL CONDITION
[ 1] 1] RxINT ON SPECIAL CONDITION ONLY

=

ON TRANSMIT
WAITIDMA FUNCTION
ENABLE
Write Register 2
[0-[0s [0s [0, [0, [o; [0, [0
INTERRUPT VECTOR

Vo
Vi
V2
Vs
Va
Vs
Ve
vr

WR9) shared by the two channels that may be
accessed through either of them. WR2 contains
the interrupt vector for both channels, while
WR9 contains the interrupt control bits. Figure
9 shows the format of each write register.

Write Register 3

Rx ENABLE

o

0

0

0

AUTO ENABLES
[o]
o]
Kl

=

Rx 5 BITSICHARACTER
| 1] Ax 7 BiTsicaracTER

Rx 6 BITSICHARACTER

[1]17] rx 8 BiTsicHARACTER

Write Register 4

[or] 06 Jos Joa [os Jo. [0, [ oo

L PARITY ENABLE
PARITY EVEN/ODD
[0To] oo noT PrROGRAM
[0 [1] 1sT0P BITICHARACTER
[ 1] 0] 1% stop eiTsicHARACTER

[ 1]1] 2s7op sirsicHaRACTER

0

0} 0} X1CLOCK MODE
[0 ]1] x16 cLock mooe
[ 10} xa2cLock mope
[ 1]1] xes cLock mope

Write Register §

0

RTS

0

Tx ENABLE
SEND BREAK

e

[0 0] 7x58ITS (OR LESS)CHARACTER
[0 ] 1] tx7Bi7sicHARACTER
[ 1]0] xeeimsicHaracTER
[ 1] 1] TxsBiTsicHARACTER

DTR

Figure 9. Write Register Bit Functions
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Programming Write Register 9

Write Register 12

(Contmued) ] DO
= s
NV C
oLe C2
MIE ¢ \ Lower BYTE OF
STATUS HIGH/STATUS LOW TCs ( TIME CONSTANT
[} Cs
TCe
[0 ] o] No Reser 0
[0 ] 1] cHaNNEL RESET B
[1 0] cHANNEL RESET A
| 1| 1 | FORCE HARDWARE RESET
Write Register 13
Writer Register 10
TCs
IR o
TCio
I_L ° TCn \ upper BYTE OF
[} TC1z [ TIME CONSTANT
0 TCi3
o TCu
[} TCis
[0]o] nRz
(0] 1] nezi
[ 1] 0] FmiTRaNsITION = 1)
[ 1] 1] Fmo TRANSITION = 0)
D — ]
BR GENERATOR ENABLE
BR GENERATOR SOURCE
Write Register 11 oT F
AUTO ECHO
[0, [0 [0, [0 [05 [0, [0 0o | LOCAL LOOPBACK
0]0]o] NuLL commanD
[0 ] o] TRxc out = xTAL ouTPUT 0] o] 1| ENTERSEARCH MODE
[0 [1] vxc our = TRaNSMIT cLock 0]1]0 | RESET MISSING CLOCK
[ 1] 0 | ¥Axc out = BR GENERATOR OUTPUT o]1]1] oisasLE DPLL
11 | TA%c ouT = DPLL OUTPUT 1] 0] 0] SETSOURCE = BR GENERATOR
TRC Off 1|0 1| SETSOURCE = RTxC
1] 1 o] serFmmooe
[0 T o] TraNsmIT cLoCK = RTXC PIN 1]1]17] sevNrzimoDE
[0 [ 1] TRaNsMIT cLoCK = TRXC PIN
[1]0 | TRANSMIT CLOCK = BR GENERATOR OUTPUT
[1]1] rransmiT cLock = ppLL ouTPUT
Write Register 15
0 [ o | Receive cLock = RTXC PIN
[ o [ 1 | rRecewve cLock = TRxc PIN EICACACACACACAEY
[ 1] 0 | Recewe cLock = BR GENERATOR OUTPUT L
[ 1] 1] recewe cLock = opLL outeuT I_ 0
ZERO COUNT IE
RTxC XTAL/NO XTAL 0
DCD IE
AlIE
CcTSIE
1
BREAK IE
Figure 9. Write Register Bit Functions (Continued)
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Timing

The Z-ASCC generates internal control
signals from AS and DS that are related to
PCLK. Since PCLK has no phase relationship
with AS and DS, the circuitry generating these
internal control signals must provide time for
metastable conditions to disappear. This gives
rise to a recovery time related to PCLK. The
recovery time applies only between bus trans-
actions involving the Z-ASCC. The recovery
time required for proper operation is specified
from the rising edge of DS in the first transac-
tion involving the Z-ASCC to the falling edge

of DS in the second transaction involving the
Z-ASCC. This time must be at least 6 PCLK
cycles plus 200 ns.

Read Cycle Timing. Figure 10 illustrates
Read cycle timing. The address on ADg-AD7
and the state of CSg and INTACK are latched
by the rising edge of AS. R/W must be High to
indicate a Read cycle. CS) must also be High
for the Read cycle to occur. The data bus
drivers in the Z-ASCC are then enabled while
DS is Low.

¢

/
\_

INTACK

ADo-AD7 x ADDRESS H

x DATA VALID

RIW J
/

5 \

1Aaay

Figure 10. Read Cycle Timing

Write Cycle Timing. Figure 11 illustrates

Write cycle timing. The address on ADg-AD7
and the state of CSp and INTACK are latched
by the rising edge of AS. R/W must be Low to

indicate a Write cycle. CS; must be High for
the Write cycle to occur. DS Low strobes the
data into the Z-ASCC.

/
N

ADo-AD7 x ADDRELU

DATA

N V

s \

TANR

Figure 11. Write Cycle Timing

Interrupt Acknowledge Cycle Timing.

Figure 12 illustrates Interrupt Acknowledge
cycle timing. The address on ADg-AD7 and
the state of CSp and INTACK are latched by

the rising edge of AS. _However, if INTACK is
Low, the address and CSy are ignored. The
state of the R/W and CS; are also ignored for
the duration of the Interrupt Acknowledge

208
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Timing cycle. Between the rising edge of AS and the intended for the Z-ASCC. In this case, the
(Continued)  falling edge of DS, the internal and external Z-ASCC may be programmed to respond to
IEI/IEO daisy chains settle. If there is an inter- DS Low by placing its interrupt vector on
rupt pending in the Z-ASCC and IEI is High ADo-AD7. It then sets the appropriate
when DS falls, the Acknowledge cycle was Interrupt-Under-Service latch internally.
s T\__/
Tso x (IGNORED) x
INTACK \ / "L
ADo-AD7 x (IGNORED) )——I/———( x VECTOR )—
" SN / ¥
[-]
Figure 12. Interrupt Acknowledge Cycle Timing g
N
Absolute Voltages on all inputs and outputs Stresses greater than those hsted under Absolute Maxi- "
Maximum with respectto GND.......... 03Vto+7.0V mum Ratings may cause permanent damage to the device. 7
Ratin . This 1s a stress rating only; operation of the device at any
atings Operating Ambient condition above those indicated 1n the operational sections g
Temperature ................. As Specified in of these specifications is not implied. Exposure to absolute
Ordering Information maximum rating conditions for extended periods may affect
device reliabihty.
Storage Temperature. . ...... -65°C to +150°C
Standard The characteristics below apply for the B +475V < Voo < +5.25V
Test following standard test conditions, unless mBGND =0V
Conditions otherwise noted. All voltages are referenced to B Tz as specified in Ordering Information
GND. Positive current flows into the refer- A P g )
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance
of 50 pF max.
+5V
21K +5V
FUNDER TEST 22k
FROM OUTPUT
UNDER TEST
100 pF 250
:[ ]: 50 pF
Figure 13. Standard Test Load Figure 14. Open-Drain Test Load
DC Symbol Parameter Min Max Unit Condition
Charac-
teristics Viy Input High Voltage 2.0 Vee+0.3 A
Vi Input Low Voltage -0.3 0.8 \4
Vou Output High Voltage 2.4 \4 lop= —250 A
VoL Output Low Voltage 0.4 v Iop= +2.0mA
I Input Leakage +10.0 wA 04 <V = +24V
Iop Output Leakage +10.0 s 0.4 = Voyr = +24V
Iec Ve Supply Current 250 mA
VCC = 5V = 5% unless otherwise specified, over specified temperature range
Capacitance Symbol Parameter Min Max Unit Test Condition
Ci Input Capacitance 10 pF Unmeasured Pins
Cout Output Capacitance 15 pF Returned to Ground
CI/O Bidirectional Capacitance 20 pF

f = 1 MHz, over specified temperature range

2016-009 8085-006, 001
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Read and

Write s N%:: \__/
Timing
@ X X_
@+—> q—@-»
a X X
, ~—O— O
INTACK f
RIW ] h
READ
Lo‘ -
want \N rd
—-® @~
> - Z @ | N
® —® —+®
g KX K
(D] —>| Q) f— 0
ADo-AD7 4 t
READ
@—44—» < . — @ [-—
t)
@
@
~—®—>
WIREG
REQUEST
<———(:)———-——>
DTRIREG
REQUEST
w \
® :
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TwASs AS Low Width 70 50
2  TdDS(AS) DS t to AS | Delay 50 25
3 TsCSO(AS) CSp to AS 1 Setup Time 0 0 1
4  ThCSO(AS) CSp to AS t Hold Time 60 40 1
5 — TsCS1(DS) — CS; to DS | Setup Time 100 80 11—
6  ThCS1(DS) CS; to DS t Hold Time 55 40 1
7  TsIA(AS) INTACK to AS t Setup Time 0 0
8 ThIA(AS) INTACK to AS 1 Hold Time 250 250
9  TsRWR(DS) R/W (Read) to DS | Setup Time 100 80
10 — ThRW(DS)— R/W to DS t Hold Time 55 40
11 TsRWW(DS) R/W (Write) to DS | Setup Time 0 0
12 TdAS(DS) AS 1 to DS | Delay 60 40
13 TwDSl DS Low Width 390 250
14 TrC Valid Access Recovery Time 6TcPC 6TcPC 2
o +200 +130
15 — TsA(AS) Address to AS 1 Setup Time 30 10 1—
16  ThA(AS) Address to AS 1t Hold Time 50 30 1
17 TsDW(DS) Write Data to DS | Setup Time 30 20
18 ThDW(DS) Write Data to DS t Hold Time 30 20
19 TdDS(DA) DS | to Data Active Delay 0 0
20 — TdDSr(DR) —— DS 1 to Read Data Not Valid Delay 0 0
21  TdDS{DR) DS | to Read Data Valid Delay 250 180
22  TdAS(DR) S 1 to Read Data Valid Delay 520 335
NOTES.
1. Parameter does not apply to Interrupt Acknowledge the Z-ASCC

transactions.

2. Parameter applies only between transactions involving ~‘

*Timings are preliminary and subject to change.
T Units 1n nanoseconds (ns).
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Interrupt
Acknowledge is
Timing —| |-—
INTACK Q
——]
os S
® &
<L7 ) | @ |-
ADo-AD7? £ 9 Xi
—o— —@®
— @ l— —| @ le—
o X X C
anCag| aiCag
[[{.] x
—®——]
(34 j
Reset : Py
Timing is
D @
DS
Cycle
Timing PCLK —\, -
le—()——>
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
23  TdDS(DRz) DS 1 to Read Data Float Delay 70 45 3
24 TdA(DR) Address Required Valid to Read Data Valid Delay 570 420
25  TdDS(W) DS | to Wait Valid Delay 240 200 4
26  TdDS{(REQ) DS | to W/REQ Not Valid Delay 240 200
27 — TdDSr(REQ)—— DS 1 to DTR/REQ Not Valid Delay 5TcPC 5TcPC
_ +300 +250
28 TdAS(INT) ES 1 to INT Vald Delay 500 500 4
29 TdAS(DSA) AS 1 to DS | (Acknowledge) Delay 5
30 TwDSA DS (Acknowledge) Low Width 390 250
31  TdDSA(DR) DS | (Acknowledge) to Read Data Valid Delay 250 180
32— TsIEI(DSA) —— IEI to DS | (Acknowledge) Setup Time 120 100
33 ThIEI(DSA) IEI to DS t (Acknowledge) Hold Time 0 0
34 TdIEKIEO) IEI to IEO Delay 120 100
35 TdAS(IEO) AS 110 IEO Delay 250 250 6
36 TdDSA(INT) DS | (Acknowledge) to INT Inactive Delay 500 500 4
37 —TdDS(ASQ)—— DS t to AS | Delay for No Reset 30 15
38 TdASQ(DS) AS t to DS | Delay for No Reset 30 30
39 TwRES AS and DS Coincident Low for Reset 250 250 7
40 TwPCl PCLK Low Width 105 2000 70 1000
41  TwPCh PCLK High Width 108 2000 70 1000
42 — TcPC ————— PCILK Cycle Time 250 — 4000 165— 2000
43 TrPC PCLK Rise Time 20 15
44 TIPC PCLK Fall Time 20 10
NOTES.
3. Float delay 1s defined as the time required for a +0 5 V change 6. Parameter apples only to a Z-ASCC pulling INT Low at the
1n the output with a maximum dc load and mimimum ac load. beginning of the Interrupt Acknowledge transaction.
4. Open-drain output, measured with open-drain test load. 7 Internal circuitry allows for the reset provided by the Z8 to be
5. Parameter 1s system dependent. For any Z-ASCC 1n the daisy recognized as a reset by the Z-ASCC
chain, TdAS(DSA) must be greater than the sum of TdAS(IEO) * Timings are preliminary and subject to change. All timing refer-
for the highest prionty device in the daisy chain, TsIE[(DSA) ences assume 2.0 V for a logic 1" and 0 8 V for a logic "0”.
for the Z-ASCC, and TdIEIf(IEO) for each device separating 1 Units 1n nanoseconds (ns).

them 1n the daisy chain.
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General
Timing

e \__/ T\

WIREQ
REQUEST

WI/REQ
WAIT

RTxC, TRxC
RECEIVE

TRxC, ATxC
TRANSMIT

®

TRxC
OuTPUT

®)
O
y
j El
TxD
(£
7

a9
@
8
s
3|

Oy —
—
o)
(15)-
—
()—i f«—1
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4 MHz 6 MHz

No. Symbol Parameter Min Max Min Max Notes*}
1 TdPC(REQ) PCLK | to W/REQ Vald 250 250
2 TdPC(W) PCLK | to Wait Inactive Delay 350 350
3 TsRXC(PC) RxC 1 to PCLK 1 Setup Time 50 50 1,4
4 TsRXD(RXCr) RxD to RxC 1 Setup Time (X1 Mode) 0 0 1
5 — ThRXD(RXCr) — RxD to RxC 1 Hold Time (X1 Mode) 150 150 1—
6 TsRXD(RXCH) RxD to RxC ! Setup Time (X1 Mode) 0 0 1,5
7  ThRXD(RXCf)  RxD to RxC | Hold Time (X1 Mode) 150 150 1,5
8  TsTXC(PC) TxC | to PCLK 1 Setup Time 0 0 2,4
9  TdTXCH{TXD) TxC | to TxD Delay (X1 Mode) 300 300 2
10 — TdTXCr(TXD) — TxC 1 to TxD Delay (X1 Mode) 300 300 2,56 —
11 TdTXD(TRX) TxD to TRxC Delay (Send Clock Echo)
12 TwRTXh RTxC High Width 180 180
13 TwRTX1 RTxC Low Width 180 180
14  TcRTX RTxC Cycle Time 400 400
15— TcRTXX Crystal Oscillator Period 250 — 1000 ——— 250 — 1000 ———— 3 —
16  TwTRXh TRxC High Width 180 180
17 TwTRX1 TRxC Low Width 180 180
18  TcTRX TRxC Cycle Time 400 400
19  TwEXT DCD or CTS or RI Pulse Width 200 200
NOTES

1 RxC 1s RTxC or TRxC, whichever 1s supplying the receive
clock

2 TxC s TRxC or RTxC, whichever 1s supplying the transmt
clock

3 Both RTxC and RI have 30 pf capacitors to the ground
connected to them

4 Parameter applies only 1f the data rate 1s one-fourth the PCLK
rate In all other cases, no phase relatonship between RxC and
PCLK or TxC and PCLK 1s required

5 Parameter applies only to FM encoding/decoding

* Timings are preliminary and subject to change

1 Units 1n nanoseconds (ns)
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System

RTxC, TRxC Y
Timing RECEIVE

e O—
WIREQ
WAIT /
6o
w \
——O—=

RTxC, TRxC
TRANSMIT

nEavesT \"N
—O—>|
WIREQ
WAIT
O
" Reauest \
~—O—
e——O—
CTs, DCD, R
INT \
® {
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*
1 TdRXC(REQ)  RxC t to W/REQ Valid Delay 8 12 8 12 24
2  TdRXC(W) RxC 1 to Wait Inactive Delay 8 12 8 12 1,24
3 TdRXC(INT) RxC 1 INT Valid Delay 8 12 8 12 1,2,4
+2 +3 +2 +3 5
4 — TdTXC(REQ) — TxC } to W/REQ Valid Delay 5 8 5 8 34—
5 TdTXC(W) TxC | to Wait Inactive Delay 5 8 5 8 1,34
6 TdTXC(DRQ) TxC | to DTR/REQ Valid Delay 4 7 4 7 3,4
7  TdTXC(INT) TxC | to INT Valid Delay 4 6 4 6 1,34
+2 +3 +2 +3 5
8  TJEXT(INT) DCD, RI or CTS Transition to INT Valid Delay 2 3 2 3 1,5
NOTES.
1 Open-dram output, measured with open-drain test load. 4. Units equal to TcPC.
2. RxC 1s RTxC or TRxC, whichever 1s supplying the receive 5. Units equal to AS.
clock. * Timings are preliminary and subject to change.
3. TxC 1s TRxC or RTxC, whichever 1s supplying the transmit
clock.
214 2245-008



Ordering Product Package/ Product Package/

Information  Number Temp Speed Description Number Temp Speed Description
78031 CE 4.0 MHz Z-ASCC (40-pin) Z8031A CE 6.0 MHz Z-ASCC (40-pin)
78031 CM 4.0 MHz Same as above Z8031A CM  6.0MHz Same as above
78031 CMB 4.0 MHz Same as above Z8031A CMB 6.0 MHz Same as above
78031 Cs 4.0 MHz Same as above Z8031A CS 6.0 MHz Same as above
78031 DE 4.0 MHz Same as above Z8031A DE 6.0 MHz Same as above
78031 DS 4.0 MHz Same as above Z8031A DS 6.0 MHz Same as above
78031 PE 4.0 MHz Same as above Z8031A PE 6.0 MHz Same as above
78031 PS 4.0 MHz Same as above Z8031A PS 6.0 MHz Same as above

NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, M = -55°C to 125°C, MB = -55°C to +125°C with
MIL-STD-883 with Class B processing, S = 0°C to +70°C

00-2245-01 215
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28036 Z8000"'2-CIO
Counter/Timer and
Parallel I/0 Unit

Ya

Product

| -
Zilog Specification
June 1982
Features B Two independent 8-bit, double-buffered, B Flexible pattern-recognition logic, program-
bidirectional I/O ports plus a 4-bit mable as a 16-vector interrupt controller.
special-purpose /O port. I/ O ports B Three independent 16-bit counter/timers
teature programrpablg pola‘nty, “ with up to four external access lines per
programrgable direction (Bit mode), “pulse counter/timer (count input, output, gate,
catghers, and programmable open- and trigger), and three output duty cycles
drain outputs. (pulsed, one-shot, and square-wave),
B Four handshake modes, including 3-Wire programmable as retriggerable or
(like the IEEE-488). nonretriggerable.
m REQUEST/WAIT signal for high-speed data B Easy to use since all registers are read/write
transfer. and directly addressable.
General The Z8036 Z-CIO Counter/Timer and The use of the device is simplified by making
Description Parallel I/O element is a general-purpose all internal registers (command, status, and

peripheral circuit, satisfying most
counter/timer and parallel I/O needs
encountered in system designs, This versatile
device contains three I/O ports and three
counter/timers. Many programmable options
tailor its configuration to specific applications.

«—»] AD7 PA; ja—>

] ADg PAg |

«—>| ADs PA; |«
ADDRESSIDATA | | AP+ PAc 1~ \porT A

-] AD3 PA; |—>

<] AD2 PA; lt—>

<«—>| ADy PA; f—>

~—»| ADg PAy |

BUS TIMING { —>]As PCy [—>
AND RESET | —»| 0% zg036 P[> ( oo

—»|rW 2zc10 pc, |

CONTROL { —>| CSo PCy j—>

—] CSy PB7 >

<«—] iNT PBg |«

——»| INTACK PB; |

INTERRUPT § ___ |\ PBy [«—
‘ PORT B

~«—] IEO PB3 |—>

PB, >

PB, [~

PBy fe—>

Pt

PCLK +5V GND

Figure 1. Pin Functions

data) readable and (except for status bits)
writable. In addition, each register is given its
own unique address so that it can be

accessed directly—no special sequential
operations are required. The Z-CIO is directly
Z-Bus compatible.

ap [ 1 40 [JAp;
ans[] 2 39 [ a0,
Apg[] 3 38 [JAD,
a0z 4 37 [J Ao
s[5 36 [ JCSo
rRW[] 6 3s[Jcs
ano[] 7 3 []As
PBo[] & 33 [Jrag
pei[] ¢ 32 [Jras
pe;[J 10 Z8288 31 [Jea,
pes[] 11 30 [JPas
PBs[] 12 29 [ Pa,
pBs[] 13 28 [ PAs
pBg[] 14 27 [JPas
pe;[] 15 26 [ Ay
PCLKE 16 25 [ ] INTACK
| 17 24 []INT
o] 18 23 [ +sv
Pco|: 19 22 :IPC;
pci[] 20 21[Jrc.

Figure 2. Pin Assignments
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Pin ADg-ADy. Z-Bus Address/Data ines INT. Interrupt Request (output, open-drain,
Description  (bidirectional/3-state). These multiplexed active Low). This signal is pulled Low when
Address/Data lines are used for transfers the Z-CIO requests an interrupt.
Ee_tween the CPU and Z-CIO. INTACK. Interrupt Acknowledge (1input, active
AS*. Address Strobe (input, active Low). Low). This signal indicates to the Z-CIO that
Addresses, INTACK, and CSg are sampled an Interrupt Acknowledge cycle is in progress.
while AS is Low. INTACK is sampled while AS is Low.
CSg and CS;. Chip Select 0 (input, active PAy-PAjy. Port A I/O lines (bidirectional,
Low) and Chip Select 1 (input, active High). 3-state, or open-drain). These eight I/O lines
CSp and CS; must be Low and High, respec- transfer information between the Z-CIO'’s Port
tively, in order to select a device. CSg is A and external devices.
lg’iched by AS. - PBy-PBy. Port B I/O Iines (bidirectional,
DS*. Data Strobe (1input, active Low). DS pro- 3-state, or open-drain). These eight I/O lines
vides timing for the transfer of data into or out transfer information between the Z-CIO's Port
of the Z-CIO. B and external devices. May also be used to
IEL Interrupt Enable In (input, active High). provide external access to Counter/Timers
IEI 1s used with [EO to form an interrupt daisy 1 and 2.

. chain when there is more than one interrupt- PCy-PCj3. Port C I/O lines (bidirectional,
driven device. A High IEI indicates that no 3-state, or open-drain). These four I/O lines
other higher priority device has an interrupt are used to provide handshake, WAIT, and
under service or is requesting an interrupt. REQUEST lines for Ports A and B or to provide
IEO. [nterrupt Enable Out (output, active external access to Counter/Timer 3 or access
High). IEO is High only if IEI 1s High and the ~ to the Z-CIO’s Port C.

CPU 1s not servicing an interrupt from the PCLK. (input, TTL-compatible). This is a
requesting Z-CIO or is not requesting an inter- peripheral clock that may be, but 1s not
rupt (Interrupt Acknowledge cycle only). IEO necessarily, the CPU clock. It is used with
1s connected to the next lower priority device's timers and REQUEST/WAIT logic.
[EI input and thus. inhibits interrupts from R/W. Read/Write (input). R/W indicates that
lower Brlorl_ty devices. the CPU is reading from (High) or writing to
e 5 0 DS e et Low o o some e (ol (Low) the Z.CIO.

Architecture The 28036 Z-CIO Counter/Timer and Z-Bus interface, three I/O ports (two general-

Parallel I/O element (Figure 3) consists of a

purpose 8-bit ports and one special-purpose

T
CONTROL
LoGIC

CONTROL

ADDRESS/

: DATA BUS :

(—

Z.BUS
INTERFACE

INPUTS

INTERNAL
CONTROL
Logic

—

PORT
INTERNAL BUS > A
PORT A
o
c
COUNTER/ PORT C
TIMER 3 <:> o
l—') \
COUNTER/ PORT
14 PORT B
o
:> COUNTER/ :>
TIMER 1

Figure 3. Z-CIO Block Diagram
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Architecture

4-bit port), three 16-bit counter/timers, an

Input, Output, and Buffer registers, comprise

(Continued)  interrupt control logic block, and the internal the data path registers. Two registers, the
control logic block. An extensive number of Mode Specification and Handshake Specifica-
programmable options allow the user to tailor tion registers, are used to define the mode of
the configuration to best suit the specific the port and to specify which handshake, if
application. any, is to be used. The reference pattern for

The two general-purpose 8-bit I/O ports the pattern-recognition logic is defined via
(Figure 4) are identical, except that Port B can three registers: the Pattern Polarity, Pattern
be specified to provide external access to Transition, and Pattern Mask registers. The
Counter/Timers 1 and 2. Either port can be detailed characteristics of each bit path (for
programmed to be a handshake-driven, example, the direction of data flow or whether
double-buffered port (input, output, or bidirec- a path is inverting or noninverting) are pro-
tional) or a control-type port with the direction grammed using the Data Path Polarity, Data
of each bit individually programmable. Each Direction, and Special /O Control registers.
port includes pattern-recognition logic, allow- The primary control and status bits are
ing interrupt generation when a specific pat- grouped in a single register, the Command
tern is detected. The pattern-recognition logic and Status register, so that after the port is ini-
can be programmed so the port functions like tially configured, only this register must be
a priority-interrupt controller. Ports A and B accessed frequently. To facilitate initialization,
can also be linked to form a 16-bit I/O port. the port logic is designed so that registers

To control these capabilities, both ports con- associated with an unrequired capability are
tain 12 registers. Three of these registers, the ignored and do not have to be programmed.

TO COUNTER/TIMERS 1 AND 2
(PORT B ONLY)
INTERNAL — |
2+
6
BUFFER
/
N e [P GC
CAT'CSHER
~
PATTERN
<::> RECOGNITION j‘ posr
BUFFER
REGISTER
INPUT J | N OUTPUT
< DATA BUFFER/
REGISTER /| INVERTERs
PORT CONTROL
@ PORT <£
CONTROL
A TO PORT C
Figure 4. Ports A and B Block Diagram
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Architecture
(Continued)

The function of the special-purpose 4-bit
port, Port C (Figure 5), depends upon the
roles of Ports A and B. Port C provides the
required handshake lines. Any bits of Port C
not used as handshake lines can be used as
1/O lines or to provide external access for the
third counter/timer.

Since Port C's function is defined primarily
by Ports A and B, only three registers (besides
the Data Input and Output registers) are
needed. These registers specify the details of
each bit path: the Data Path Polarity, Data
Direction, and Special I/O Control registers.

The three counter/timers (Figure 6) are all
identical. Each is comprised of a 16-bit down-
counter, a 16-bit Time Constant register
(which holds the value loaded into the down-
counter), a 16-bit Current Counter register
(used to read the contents of the down-
counter), and two 8-bit registers for control
and status (the Mode Specification and the
Command and Status registers).

The capabilities of the counter/timer are

TO PORT TO PORT
A B

L1

numerous. Up to four port I/O lines can be
dedicated as external access lines for each
counter/timer: counter input, gate input, trig-
ger input, and counter/timer output. Three dif-
ferent counter/timer output duty cycles are
available: pulse, one-shot, or square-wave.
The operation of the counter/timer can be pro-
grammed as either retriggerable or nonretrig-
gerable. With these and other options, most
counter/timer applications are covered.

The interrupt control logic provides standard
Z-Bus interrupt capabilities. There are five
registers (Master Interrupt Control register,
three Interrupt Vector registers, and the Cur-
rent Vector register) associated with the inter-
rupt logic. In addition, the ports’ Command
and Status registers and the counter/timers’
Command and Status registers include bits
associated with the interrupt logic. Each of
these registers contains three bits for interrupt
control and status: Interrupt Pending (IP),
Interrupt Under Service (IUS), and Interrupt
Enable (IE).

TO COUNTER/
TIMER 3

<\

HANDSHAKE
AND
REQUEST/WAIT

INTERNAL
BUS

PN

INPUT
BUFFER/
— | INVERTERS
—— AND

1's
CATCHER

OUTPUT
DATA
REGISTER

DATA
MULTIPLEXER

PORT
1o

INPUT
DATA
REGISTER

OuTPUT
BUFFER/

PORT
CONTROL

<::> LOGIC

—)
—

INVERTERS

INTERNAL PORT
CONTROL LINES

Figure 5. Port C Block Diagram
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Architecture

INTBEI:‘SNAL
(Continued) 4/\2
TIME CURRENT
| s ) m— 8
(MSB's) (MSB's)
16-BIT
DOWN
COUNTER
TIME CURRENT
<————> CONSTANT :> :> COUNT
REGISTER REGISTER
(LSB’s) (LSB’s)
g
i o
COUNTER/ LINES W
o 4
— | N
Q
v TO PORT 3
Figure 6. Counter/Timer Block Diagram
Functional The following describes the functions port's Data Direction register specifies the
Description  of the ports, pattern-recognition logic, direction of data flow for each bit. A 1
counter/timers, and interrupt logic. specifies an input bit, and a 0 specifies an out-
1/0 Port Operations. Of the Z-CIO's three put bit. If bits are used as I/O bits for a
1/O ports, two (Ports A and B) are general- counter/timer, they should be set as input or
purpose, and the third (Port C) is a special- output, as required. ) ) )
purpose 4-bit port. Ports A and B can be con- The Data Path Polarity register provides the
figured as input, output, or bidirectional ports capa.b.lht}{ of inverting the data p?th Al
with handshake. (Four different handshakes §pecxf%es mvertl.ng, ar}d a0 fsy.;lecx ies non-
are available.) They can also be linked to form inverting. All discussions of the port opera-
a single 16-bit port. If they are not used as tions assume that the path is noninverting.
ports with handshake, they provide 16 input or The value returned when reading an input
output bits with the data direction pro- bit reflects the state of the input just prior to
grammable on a bit-by-bit basis. Port B also the read. A 1's catcher can be inserted into the
provides access for Counter/Timers 1 and 2. In input data path I?Y programming a 1 t,° the i
all configurations, Ports A and B can be pro- corresponding b.1t position of the port’s Special
grammed to recognize specific data patterns Vo Cllontr ol register. When al 1s detected at
and to generate interrupts when the pattern is the 1's catcher input, its output is set to a 1
encountered. until it is cleared. The 1's catcher is cleared
The four bits of Port C provide the hand- by writing a 0 to the bit. In all other cases,
shake lines for Ports A and B when required. attempted writes to input bits are ignored.
A REQUEST/WAIT line can also be provided When Ports A and B include output bits,
so that Z-CIO transfers can be synchronized reading the Data register returns the value
with DMAs or CPUs. Any Port C bits not used being output. Reads of Port C return the state
for handshake or REQUEST/WAIT can be used of the pin. Outputs can be specified as open-
as input or output bits (individually data direc- drain b}: writing a 1 to the corresppndmg bit of
tion programmable) or external access lines for ~ the port’s Special I/O Control register. Port C
Counter/Timer 3. Port C does not contain any has the additional feature of bit-addressable
pattern-recognition logic. It is, however, writes. When writing to Port C, the four most
capable of bit-addressable writes. With this significant bits are used as a write protect
feature, any combination of bits can be set mask for the least significant bits (0-4, 1-5,
and/or cleared while the other bits 2-6, and 3-7). If the write protect bit is written
remain undisturbed without first reading the with a 1, the state of the corresponding output
register. bit is not changed.
Bit Port Operations. In bit port operations, the
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Description
(Continued)

Ports with Handshake Operation. Ports A and
B can be specified as 8-bit input, output, or
bidirectional ports with handshake. The Z-CIO
provides four different handshakes for its
ports: Interlocked, Strobed, Pulsed, and
3-Wire. When specified as a port with hand-
shake, the transfer of data into and out of the
port and interrupt generation is under control
of the handshake logic. Port C provides the
handshake lines as shown in Table 1. Any Port
C lines not used for handshake can be used as
simple I/O lines or as access lines for Counter/
Timer 3.

When Ports A and B are configured as ports
with handshake, they are double-buffered.
This allows for more relaxed interrupt service
routine response time. A second byte can be
input to or output from the port before the
interrupt for the first byte is serviced. Nor-
mally, the Interrupt Pending (IP) bit is set and
an interrupt is generated when data is shifted
into the Input register (input port) or out of the
Output register (output port). For input and
output ports, the IP is automatically cleared
when the data is read or written. In bidirec-
tional ports, IP is cleared only by command.
When the Interrupt on Two Bytes (ITB) control
bit is set to 1, interrupts are generated only
when two bytes of data are available to be read
or written. This allows a minimum of 16 bits of
information to be transferred on each inter-
rupt. With ITB set, the IP is not automatically
cleared until the second byte of data is read or
written.

When the Single Buffer (SB) bit is set to 1,
the port acts as if it is only single-buffered.
This is useful if the handshake line must be
stopped on a byte-by-byte basis.

Ports A and B can be linked to form a 16-bit
port by programming a 1 in the Port Link Con-
trol (PLC) bit. In this mode, only Port A's
Handshake Specification and Command and
Status registers are used. Port B must be
specified as a bit port. When linked, only Port

A has pattern-match capability. Port B's
pattern-match capability must be disabled.
Also, when the ports are linked, Port B's Data
register must be read or written before

Port A’s.

When a port is specified as a port with hand-
shake, the type of port it is (input, output, or
bidirectional) determines the direction of data
flow. The data direction for the bidirectional
port is determined by a bit in Port C (Table 1).
In all cases, the contents of the Data Direction
register are ignored. The contents of the
Special I/O Control register apply only to out-
put bits (3-state or open-drain). Inputs may not
have 1's catchers; therefore, those bits in the
Special I/O Control register are ignored. Port
C lines used for handshake should be pro-
grammed as inputs. The handshake specifica-
tion overrides Port C’s Data Direction register
for bits that must be outputs. The contents of
Port C’s Data Path Polarity register still apply.

Interlocked Handshake. In the Interlocked
Handshake mode, the action of the Z-CIO must
be acknowledged by the external device
before the next action ¢an take place. Figure 7
shows timing for Interlocked Handshake. An
output port does not indicate that new data is
available until the external device indicates it
is ready for the data. Similarly, an input port
does not indicate that it is ready for new data
until the data source indicates that the pre-
vious byte of the data is no longer available,
thereby acknowledging the input port’s accep-
tance of the last byte. This allows the Z-CIO to
interface directly to the port of a Z8 microcom-
puter, a UPC, an FIO, an FIFO, or to another
Z-CIO port with no external logic.

A 4-bit deskew timer can be inserted in the
Data Available (DAV) output for output ports.
As data is transferred to the Buffer register,
the deskew timer is triggered. After the
number of PCLK cycles specified by the
deskew timer time constant plus one, DAV is

Port A/B Configuration PCy PC, PC, PCy

Ports A and B: Bt Ports Bit /O Bit /O Bit /O Bit I/O

Port A: Input or Output Port RFD or DAV ACKIN REQUEST/WAIT Bit I/O
(Interlocked, Strobed, or Pulsed or Bit I/O
Handshake)*

Port B: Input or Output Port REQUEST/WAIT Bit I/O RFD or DAV ACKIN
(Interlocked, Strobed, or Pulsed or Bit /O
Handshake)*

Port A or B: Input Port (3-Wire RFD (Output) DAV (Input) REQUEST/WAIT DAC (Output)
Handshake) or Bit I/O

Port A or B:  Output Port (3-Wire DAYV (Qutput) DAC (Input) REQUEST/WAIT RFD (Input)
Handshake) or Bit /O

Port A or B: Bidirectional Port RFD or DAV ACKIN REQUEST/WAIT IN/OUT
(Interlocked or Strobed Handshake) or Bit /O

*Both Ports A and B can be specified input or output with Interlocked, Strobed, or Pulsed Handshake at the same time 1if neither

uses REQUEST/WAIT.

Table 1. Port C Bit Utilization
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Functional allowed to go Low. The deskew timer therefore output port knows when all the ports have
Description  guarantees that the output data is valid for a accepted the data and are ready. This 1s the
(Continued)  specified minimum amount of time before DAV same handshake as is used on the IEEE-488
goes Low. Deskew timers are available for out- bus. Because this handshake requires three
put ports independent of the type of handshake lines, only one port (either A or B) can be a
employed. 3-Wire Handshake port at a time. The 3-Wire
Strobed Handshake. In the Strobed Hand- Handshake is not avalla’ble .in the bidirectional
shake mode, data is “strobed"” into or out of mode. Because the port’s direction can be
the port by the external logic. The falling edge c}.la.ngec.l under software control, however,
of the Acknowledge Input (ACKIN) strobes bidirectional IEEE-488-type transfers can be
data into or out of the port. Figure 7 shows performed.
timing for the Strobed Handshake. In contrast Pulsed Handshake. The Pulsed Handshake
to the Interlocked Handshake, the signal (Figure 9) is designed to interface to
indicating the port is ready for another data mechanical-type devices that require data to
transfer operates independently of the ACKIN be held for long periods of time and need
input. It is up to the external logic to ensure relatively wide pulses to gate the data into or
that data overflows or underflows do not occur. out of the device. The logic is the same as the
. ) ) Interlocked Handshake mode, except that an
3-Wue Handshake.‘. T}:‘e 3jW1re. Handshake is internal counter/timer is linked to the hand-
designed for the situation in which one output shake logic. If the port is specified in the input
port is communicating with many input ports mode, the timer is inserted in the ACKIN path.
simultaneously. It is essentially the same as the The external ACKIN input triggers the timer
Interlocked Hagdshake, except that two signals 3 its output is used as the Interlocked Hand-
are used to indicate 1f an input port is ready shake's normal acknowledge input. If the port
for new data or i.f it has accepted .the present is an output port, the timer is placed n the
data. In the 3-Wire Handshake (Figure 8), the Data Available (DAV) output path. The timer is
rising edge of one status line indicates that the triggered when the normal Interlocked Hand-
port is ready for data, and the rising edge of shake DAV output goes Low and the timer out-
another status line indicates that the data has put is used as the actual DAV output. The
been accep’Fed. With the .3—Wire Handshake, counter/timer maintains all of its normal
the output lines of.many input .ports. can be capabilities. This handshake is not available to
bussed together with open-drain drivers; the bidirectional ports.
INPUT HANDSHAKE OUTPUT HANDSHAKE
DATA x vauo X DATA X nextevie
ACKIN ACKIN f
STROBED - —— (._D%?-'Ew__,l INTERLOCKED
fFo \\A\_—L__._/\mremocxen Dav \\_ P mHAKE
DATAMOVED  HANDSHAKE
DATA LATCHED TO INPUT BUFFER REGISTER STROBED
IN BUFFER REGISTER REGISTER “EMPTIED” HANDSHAKE
SIFTED FRom
‘OUTPUT REGISTER TO
BUFFER REGISTER
Figure 7. Interlocked and Strobed Handshakes
INPUT HANDSHAKE OUTPUT HANDSHAKE
DATA X vao X DATA X nextevie
DAV e — RFD LAST ONE
INPUT INPUT /
LAST ONE LAST
RFD DAC ONE w /™
outpuT __mnso INPUT SESKEW
TO INPUT REGISTER | " TiME |<.
DAC DAV %
ouTPUT OuTPUT
DATA LATCHED
IN BUFFER REGISTER BUFFER REGISTER NEXT BYTE
“EMPTIED” SHIFTED FROM
OUTPUT REGISTER TO
BUFFER REGISTER
Figure 8. 3-Wire Handshake
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Functional
Description
(Continued)

REQUEST/WAIT Line Operation. Port C can
be programmed to provide a status signal out-
put in addition to the normal handshake lines
for either Port A or B when used as a port with
handshake. The additional signal is either a
REQUEST or WAIT signal. The REQUEST
signal indicates when a port is ready to per-
form a data transfer via the Z-Bus. It is
intended for use with a DMA-type device. The
WAIT signal provides synchronization for
transfers with a CPU. Three bits in the Port
Handshake Specification register provide con-
trols for the REQUEST/WAIT logic. Because
the extra Port C line is used, only one port can
be specified as a port with a handshake and a
REQUEST/WAIT line. The other port must be
a bit port.

Operation of the REQUEST line is modified
by the state of the port's Interrupt on Two
Bytes (ITB) control bit. When ITB is 0, the
REQUEST line goes active as soon as the
Z-CIO is ready for a data transfer. If ITB is 1,
REQUEST does not go active until two bytes
can be transferred. REQUEST stays active as
long as a byte is available to be read or
written.

The SPECIAL REQUEST function is reserved
for use with bidirectional ports only. In this
case, the REQUEST line indicates the status of
the register not being used in the data path at
that time. If the IN/OUT line is High, the
REQUEST line is High when the Output
register is empty. If IN/OUT is Low, the
REQUEST line is High when the Input register
is full.

Pattern-Recognition Logic Operation. Both
Ports A and B can be programmed to generate
interrupts when a specific pattern is recog-
nized at the port. The pattern-recognition logic
is independent of the port application, thereby
allowing the port to recognize patterns in all of
its configurations. The pattern can be
independently specified for each bit as 1, 0,
rising edge, falling edge, or any transition.
Individual bits may be masked off. A pattern-
match is defined as the simultaneous satisfac-
tion of all nonmasked bit specifications in the
AND mode or the satisfaction of any non-
masked bit specifications in either of the OR or
OR-Priority Encoded Vector modes.

INPUT PORT

—| l Po—| reaen counren ,
ACKIN INPUT OUTPUT ACKIN

CIT 3

OUTPUT PORT

oAV —J>o—] JRioaer  counTeR A
DAv INPUT ouTPUT —DO—D oAV

CIT3

Figure 9. Pulsed Handshake

The pattern specified in the Pattern Defini-
tion register assumes that the data path is pro-
grammed to be noninverting. If an input bit in
the data path is programmed to be inverting,
the pattern detected is the opposite of the one
specified. Output bits used in the pattern-
match logic are internally sampled before the
invert/noninvert logic.

Bit Port Pattern-Recognition Operations. Dur-
ing bit port operations, pattern-recognition
may be performed on all bits, including those
used as /O for the counter/timers. The input
to the pattern-recognition logic follows the
value at the pins (through the invert/noninvert
logic) in all cases except for simple inputs with
1's catchers. In this case, the output of the 1's
catcher is used. When operating in the AND
or OR mode, it is the transition from a no-
match to a match state that causes the inter-
rupt. In the “"OR"” mode, if a second match
occurs before the first match goes away, it
does not cause an interrupt. Since a match
condition only lasts a short time when edges
are specified, care must be taken to avoid
losing a match condition. Bit ports specified in
the OR-Priority Encoded Vector mode generate
interrupts as long as any match state exists. A
transition from a no-match to a match state is
not required.

The pattern-recognition logic of bit ports
operates in two basic modes: Transparent and
Latched. When the Latch on Pattern Match
(LPM) bit is set to 0 (Transparent mode), the
interrupt indicates that a specified pattern has
occurred, but a read of the Data register does
not necessarily indicate the state of the port at
the time the interrupt was generated. In the
Latched mode (LPM = 1), the state of all the
port inputs at the time the interrupt was gener-
ated is latched 1n the input register and held
until IP is cleared. In all cases, the PMF indi-
cates the state of the port at the time it is read.

If a match occurs while IP 1s already set, an
error condition exists. If the Interrupt On Error
bit (IOE) is 0, the match is ignored. However,
if IOE is 1, after the first IP is cleared, it is
automatically set to 1 along with the Interrupt
Error (ERR) flag. Matches occurring while ERR
is set are ignored. ERR is cleared when the
corresponding IP 1s cleared.

When a paitern-match is present in the
OR-Priority Encoded Vector mode, IP is set to
1. The IP cannot be cleared until a match is no
longer present. If the interrupt vector is
allowed to include status, the vector returned
during Interrupt Acknowledge indicates the
highest priority bit matching its specification at
the time of the Acknowledge cycle. Bit 7 is the
highest priority and bit 0 is the lowest. The bit
initially causing the interrupt may not be the
one indicated by the vector 1f a higher priority
bit matches before the Acknowledge. Once the
Acknowledge cycle 1s initiated, the vector is
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Functional frozen until the corresponding IP is cleared. Function c/Ty C/Tp C/Tg
Description =~ Where inputs that cause interrupts might
(Continued)  change before the interrupt is serviced, the 1's Counter/Timer Qutput PB4 PBO PCO
catcher can be used to hold the value. ' Counter Input PB S PB1 PC1
Because a no-match to match transition is not Trigger Input PB6 PB2 PC2
required, the source of the interrupt must be Gate Input PB7 PB 3 PC 3
.Cleared b?fore IP is cleared or else a S.eCOI.ld Table 2. Counter/Timer External Access
interrupt is generated. No error detection is
perforrged in this mode and the Interrupt On The flexibility of the counter/timers is
Error bit should be set to 0. - :
enhanced by the provision of up to four lines
Ports with Handshake Pattern-Recognition per counter/timer (counter input, gate input,
Operation. In this mode, the handshake logic trigger input, and counter/timer output) for
normally controls the setting of IP and, direct external control and status. Counter/
therefore, the generation of interrupt requests. Timer 1's external I/O lines are provided by
The pattern-match logic controls the Pattern the four most significant bits of Port B.
Match Flag (PMF). The data is compared with Counter/Timer 2's are provided by the four
the match pattern when it is shifted from the least significant bits of Port B. Counter/Timer
Buffer register to the Input register (input port) 3's external I/O lines are provided by the four
or when it is shifted from the Output register to bits of Port C. The utilization of these lines
the Buffer register (output port). The pattern- (Table 2) is programmable on a bit-by-bit basis
match logic can override the handshake logic via the Counter/Timer Mode Specification
in certain situations. If the port is programmed registers.
to interrupt when two bytes of data are When external counter/timer /O lines are to
available to be read or written, but the first be used, the associated port lines must be
byte matches the specified pattern, the vacant and programmed in the proper data
pattern-recognition logic sets IP and generates direction. Lines used for counter/timer 1/O
an interrupt. While PMF is set, IP cannot be have the same characteristics as simple input
cleared by reading or writing the data lines. They can be specified as inverting or
registers. IP must be cleared by command. noninverting; they can be read and used with
The input register is not emptied while IP is the pattern-recognition logic. They can also
set, nor is the output register filled until IP is include the 1's catcher input.
cleared. Counter/Timers | and 2 can be linked inter-
If the Interrupt on Match Only (IMO) bit is nally in three different ways. Counter/Timer
set, IP is set only when the data matches the 1's output (inverted) can be used as Counter/
pattern. This is useful in DMA-type applica- Timer 2's trigger, gate, or counter input.
tions when interrupts are required only after a When linked, the counter/timers have the
block of data is transferred. same capabilities as when used separately. The
Counter/Timer Operation. The three only restriction is that when Counter/Timer 1
independent 16-bit counter/timers consist of a drives Cou}nter/ Timer 2's count input, i
presettable 16-bit down counter, a 16-bit Time Counter/ Timer 2 l’I.IUSt be.pr ogrammed with
Constant register, a 16-bit Current Counter its external count input disabled. )
register, an 8-bit Mode Specification register, There are three duty cycles available for the
an 8-bit Command and Status register, and the timer/counter O}ItPUt: pulse, one-shot, and
associated control logic that links these square-wave. Figure 10 shows the counter/
registers.
s L L LT L LML
COUNTER INPUT
TRIGGER I
GATE I I
| TC l TC-1 | TC-1 | TC-2 e o0 1 l B;l:\ |
PULSE OUTPUT l I
] |
SQUARE WAVE
FIRST RALF |
SQUARE WAVE
e L
Figure 10. Counter/Timer Waveforms
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Functional
Description
(Continued)

timer waveforms. When the Pulse mode is
specified, the output goes High for one clock
cycle, beginning when the down-counter
leaves the count of 1. In the One-Shot mode,
the output goes High when the counter/timer is
triggered and goes Low when the down-
counter reaches 0. When the square-wave out-
put duty cycle is specified, the counter/timer
goes through two full sequences for each
cycle. The initial trigger causes the down-
counter to be loaded and the normal count-
down sequence to begin. If a 1 count is
detected on the down-counter’s clocking edge,
the output goes High and the time constant
value is reloaded. On the clocking edge, when
both the down-counter and the output are 1's,
the output is pulled back Low. o

The Continuous/Single Cycle (C/SC) bit in
the Mode Specification register controls opera-
tion of the down-counter when it reaches ter-
minal count. If C/SC is O when a terminal
count is reached, the countdown sequence
stops. If the C/SC bit is 1 each time the count-
down counter reaches 1, the next cycle causes
the time constant value to be reloaded. The
time constant value may be changed by the
CPU, and on reload, the new time constant
value is loaded.

Counter/timer operations require loading the

time constant value in the Time Constant
register and initiating the countdown sequence
by loading the down-counter with the time
constant value. The Time Constant register is
accessed as two 8-bit registers. The registers
are readable as well as writable, and the
access order is irrelevant. A 0 in the Time
Constant register specifies a time constant of
65,536. The down-counter is loaded in one of
three ways: by writing a 1 to the Trigger
Command Bit (TCB) of the Command and
Status register, on the rising edge of the exter-
nal trigger input, or, for Counter/Timer 2 only,
on the rising edge of Counter/Timer 1’s inter-
nal output if the counters are linked via the
trigger input. The TCB is write-only, and read
always returns 0.

Once the down-counter is loaded, the count-
down sequence continues toward terminal
count as long as all the counter/timers’ hard-
ware and software gate inputs are High. If any
of the gate inputs goes Low (0), the countdown
halts. It resumes when all gate inputs are 1
again.

The reaction to triggers occurring during a
countdown sequence is determined by the state
of the Retrigger Enable Bit (REB) in the Mode
Specification register. If REB is 0, retriggers
are ignored and the countdown continues nor-
mally. If REB is 1, each trigger causes the
down-counter to be reloaded and the count-
down sequence starts over again. If the output

is programmed in the Square-Wave mode,
retrigger causes the sequence to start over
from the initial load of the time constant.

The rate at which the down-counter counts is
determined by the mode of the counter/timer.
In the Timer mode (the External Count Enable
[ECE] bit is 0), the down-counter is clocked
internally by a signal that is half the frequency
of the PCLK input to the chip. In the Counter
mode (ECE is 1), the down-counter is
decremented on the rising edge of the counter/
timer’s counter input.

Each time the counter reaches terminal
count, its Interrupt Pending (IP) bit is set to 1,
and if interrupts are enabled (IE=1), an inter-
rupt is generated. If a terminal count occurs
while IP is already set, an internal error flag is
set. As soon as IP is cleared, it is forced to a 1
along with the Interrupt Error (ERR) flag.
Errors that occur after the internal flag is set
are ignored.

The state of the down-counter can be deter-
mined in two ways: by reading the contents of
the down-counter via the Current Count
register or by testing the Count In Progress
(CIP) status bit in the Command and Status
register. The CIP status bit is set when the
down-counter is loaded; it is reset when the
down-counter reaches 0. The Current Count
register is a 16-bit register, accessible as two
8-bit registers, which mirrors the contents of
the down-counter. This register can be read
anytime. However, reading the register is
asynchronous to the counter’s counting, and
the value returned is valid only if the counter
is stopped. The down-counter can be reliably
read “on the fly” by the first writing of a 1 to
the Read Counter Control (RCC) bit in the
counter/timer's Command and Status register.
This freezes the value in the Current Count
register until a read of the least significant
byte is performed.

Interrupt Logic Operation. The interrupts
generated by the Z-CIO follow the Z-Bus
operation as described more fully in the Zilog
Z-Bus Summary. The Z-CIO has five potential
sources of interrupts: the three counter/timers
and Ports A and B. The priorities of these
sources are fixed in the following order:
Counter/Timer 3, Port A, Counter/Timer 2,
Port B, and Counter/Timer 1. Since the
counter/timers all have equal capabilities and
Ports A and B have equal capabilities, there is
no adverse impact from the relative priorities.
The Z-CIO interrupt priority, relative to
other components within the system, is deter-
mined by an interrupt daisy chain. Two pins,
Interrupt Enable In (IEI) and Interrupt Enable
Out (IEO), provide the input and output
necessary to implement the daisy chain. When
IEI is pulled Low by a higher priority device,
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trol registers with bits to implement the desired
operation. Individual enable bits are provided
for the various major blocks so that erroneous
operations do not occur while the part is being
initialized. Before the ports are enabled, IPs
cannot be set, REQUEST and WAIT cannot be
asserted, and all outputs remain high-impe-
dance. The handshake lines are ignored until
Port C is enabled. The counter/timers cannot
be triggered until their enable bits are set.
The Z-CIO is reset by forcing AS and DS
Low simultaneously or by writing a 1 to the
Reset bit. Once reset, the only thing that can
be done is to read and write the Reset bit.
Writes to all other bits are ignored and all
reads return Os. In this state, all control bits
are forced to 0. Only after clearing the Reset

Functional the Z-CIO cannot request an interrupt of the (DLC) bit is included to allow the CPU to
Description =~ CPU. The following discussion assumes that modify the system daisy chain. When the DLC
(Continued)  the IEI line is High. bit is set to 1, the Z-CIO's IEQ is forced Low,
Each source of interrupt in the Z-CIO con- independent of the state of the Z-CIO or its IEI
tains three bits for the control and status of the input, and all lower priority devices' interrupts
interrupt logic: an Interrupt Pending (IP) are disabled.
status bit, an Interrupt Under Service (IUS) As part of the Interrupt Acknowledge cycle,
status bit, and an Interrupt Enable (IE) control the Z-CIO is capable of responding with an
bit. IP is set when an event requiring CPU 8-bit interrupt vector that specifies the source
intervention occurs. The setting of IP results in of the interrupt. The Z-CIO contains three vec-
forcing the Interrupt (INT) output Low, if the tor registers: one for Port A, one for Port B,
associated IE is 1. and one shared by the three counter/timers.
The IUS status bit is set as a result of the The vector output is inhibited by setting the No
Interrupt Acknowledge cycle by the CPU and Vector (NV) control bit to 1. The vector output
is set only if its IP is of highest priority at the can be modified to include status information
time the Interrupt Acknowledge commences. It to pinpoint more precisely the cause of inter-
can also be set directly by the CPU. Its rupt. Whether the vector includes status or not
primary function is to control the interrupt is controlled by a Vector Includes Status (VIS)
daisy chain. When set, it disables lower prior- control bit. Each base vector has its own VIS
ity sources in the daisy chain, so that lower bit and is controlled independently. When
priority interrupt sources do not request ser- MIE = 1, reading the base vector register
vicing while higher priority devices are being always includes status, independent of the
serviced. state of the VIS bit. In this way, all the infor-
The IE bit provides the CPU with a means of mation obtained by the vector, including
masking off individual sources of interrupts. status, can be obtained with one additional
When IE is set to 1, an interrupt is generated instruction when VIS is set to 0. When
normally. When IE is set to 0, the IP bit is set MIE = 0, reading the vector register returns
when an event occurs that would normally the unmodified base vector so that it can be
require service; however, the INT output is not verified. Another register, the Current Vector
forced Low. register, allows use of the Z-CIO in a polled
The Master Interrupt Enable (MIE) bit allows  environment. When read, the data returned is
all sources of interrupts within the Z-CIO to be  the same as the interrupt vector that would be
disabled without having to individually set output in an acknowledge, based on the
each IE to 0. If MIE is set to 0, all IPs are highest priority IP set. If no unmasked IPs are
masked off and no interrupt can be requested set, the value FFy is returned. The Current
or acknowledged. The Disable Lower Chain Vector register is read-only.
Programming Programming the Z-CIO entails loading con- bit (by writing to it) can the other command

bits be programmed.

Register Addressing. The Z-CIO allows two
schemes for register addressing. Both schemes
use only six of the eight bits of the address/
data bus. The scheme used is determined by
the Right Justify Address (RJA) bit in the
Master Interrupt Control register. When RJIA
equals 0, address bus bits 0 and 7 are ignored,
and bits 1 through 6 are decoded for the
register address (Ag from ADj). When RJA
equals 1, bits 0 through 5 are decoded for the
register address (Ag from ADg). In the follow-
ing register descriptions, only six bits are
shown for addresses and represent address/
data bus bits 0 through 5 or 1 through 6,
depending on the state of the RJA bit.




Registers
Master Interrupt Control Register
Address: 000000
(Read/W: rite)

MASTER INTERRUPT
ENABLE (MIE)

DISABLE LOWER CHAIN (DLC)
NO VECTOR (NV)

PORT A VECTOR INCLUDES
STATUS (PA VIS)

PORT B VECTOR INCLUDES
STATUS (PB VIS)

l- RESET
RIGHT JUSTIFIED ADDRESSES
0=SHIFT LEFT (Ag from ADy)
1=RIGHT JUSTIFY (Ag from ADg)
COUNTERITIMERS VECTOR
INCLUDES STATUS (CT VIS)

PORT a
ENABLE (PBE)
Lot Lco
Rl L 0 0 COUNTERTIMERS INDEPENDENT
(CT1E) 9 1 cTrsoUTRUTGATESGTZ
1 0 CIT v's GUTPUT TRIGGERS C/
COUNTERTIMER 2 1 1 CIT1's OUTPUTIS CIT 2's
ENABLE (CT2E) COUNT INPUT
PORT C AND COUNTER/ PORT A ENABLE (PAE)

Master Configuration Control Register
Address: 000001
(Read/Write)

COUNTER/TIMER LINK
CONTROLS (LC)

TIMER 3 ENABLE
(PCE AND CT3E) PORT LINK CONTROL (PLC)
0=PORTS A AND B OPERATE INDEPENDENTLY

1=PORTS A AND B ARE LINKED

Figure 11. Master Control Registers

Port Mode Specification Registers
Addresses: 100000 Port A
101000 Port B
(Read/Write)

PORT TYPE T I— LATCH ON PATTERN MATCH (LPM)
SELECTS (°TS) ESKEW TIMER ENABLE (07E)
PTS1 PTSO. (HANDSHAKE MODES)
0 0 BITPORT
0 1 INPUT PORT PATTERN MODE SPECIFICATION
1 0 OUTPUT PORT BITS (PMS)
11 BDIRECTIONAL PMS1 PMSO
0 0 DISABLE PATTERN MATCH
INTERRUET ON WO 0 1 “AND"MODE
YTES (TB) 1 0 “OR"MODE
1 1 “OR-PRIORITY ENCODED
SINGLE BUFFERED VECTOR” MODE
MODE (S8)

INTERRUPT ON MATCH ONLY (IMO)

Port Handshake Specification Registers
Addresses: 100001 Port A
101001 Port B
(Read/Write)

HANDSHAKE TYPE SPECIFICATION -_—]— —: DESKEW TIME SPECIFICATION
BITS (HST) B

SPECIFIES THE MSB’s OF
DESKEW TIMER TIME CONSTANT

HST1 HSTO
INTERLOCKED HANDSEHAKE LSB IS FORCED 1

0 0

0 1 STROBED HANDSHAKI

1 0 PULSED HANDSHAKE

1 1 THREE-WIRE HANDSHAKE

REQUEST/WAIT SPECIFICATION BI'I‘S
WS)

BYE pwey Aweo FUNGTION
[] 0 REOUESTIWAIT DISABLED
[] 0 1 OUTPUT WA WAIT
0 1 1 INPUT WAIT
1 [ [] SPECIAL REQUEST
1 L] 1 OUTPUT REQUEST
1 1 1 INPUT REQUEST

Port Command and Status Registers
Addresses: 001000 Port A

001001 Port B

(Read/Partial Write)

.

INTERRUPT UNDER
SERVICE (IUS)

INTERRUPT ENABLE (IE)

INTERRUPT PENDING (IP)

1US, IE, AND IP ARE WRITTEN USING
THE FOLLOWING CODE:

NULLCODE {0fo0fo0
CLEARIP&IUS (0[O0}
SET IUS 0]1}0
CLEAR 1US 0f1]1
SET IP 1{0]0

CLEAR IP 1{0f1

SET IE 1110

CLEAR IE 1{1]1

INTERRUPT ERROR (ERR)
(READ ONLY)

I— INTERRUPT ON ERROR (I0E)
PATTERN MATCH FLAG (PMF)
(READ ONLY)

INPUT REGISYER FULL (IRF)
(READ ONLY)

OUTPUT REGISTER EMPTY (ORE)
(READ ONLY)

Figure 12. Port Specification Registers
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Registers
(Continued) Addresses: 100010 Port A

101010 Port B

000101 Port C (4 LSBs only)

(Read/Write)

0704 [0s Joa [os 0, o, o

—: DATA PATH POLARITY (DPP)

0=NON:INVI
1=INVERTING

Figure 13. Bit Path Definition Registers

Data Path Polarity Registers

Data Direction Registers
Addresses: 100011 Port A
101011 Port B
000110 Port C (4 LSBs only)
(Read/Write)

[0: 04 Jos Jou [0 o, [0 ] 0
—: DATA DIRECTION (DD)

0=0UTPUT BIT
1=INPUT BIT

ERTING

Special I/0 Control Registers

Addresses: 100100 Port A
101100 Port B
000111 Port C (4 LSBs only)
(Read/Write)

[0:[oe]0s [0 [0 [0, [ 0, [ 0o
——t SPECIAL INPUT/OUTPUT (SI0)

0=NORMAL INPUT OR OUTPUT
1=0UTPUT WITH OPEN DRAIN OR
INPUT WITH 1's CATCHER

Port Data Registers
Addresses: 001101 Port A
001110 Port B
(Read/Write)

[0r] 06 [0s Jou [os o, o, o

Port C Datx Register
Address: 001111
(Read/Write)

CICACACACACACACY

“I i

4 MSBs
0=WRITING OF CORRESPONDING LSB ENABLED
1=WRITING OF CORRESPONDING LSB INHIBITED
(READ RETURNS 1)

OID-Z 9€08Z

Figure 14. Port Data Registers

Pattern Polarity Registers (PP)
Addresses: 100101 Port A
101101 Port B
(Read/Write)

Pattern Transition Registers (PT)
Addresses: 100110 Port A
101110 Port B
(Read/Write)

Pattern Mask Registers (PM)
Addresses: 100111 Port A
101111 Port B
(Read/Write)

I

I

PATTERN SPECIFICATION
BIT MASKED OFF

ANY TRANSITION

ZERO

R 1
sacoao[3
~o=soxx|3

ONE TO-ZERO TRANSITION ()
ZERO-TO-ONE TRANSITION (1)

I

Figure 15. Pattern Definition Registers
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Registers Counter/Timer Command and Status Registers
(Continued) Addresses: 001010 Counter/Timer 1
001011 Counter/Timer 2
001100 Counter/Timer 3
(Read/Partial Write)

INTERRUPT UNDER SERVICE (IUS) —-I COUNT IN PROGRESS (CIP)
: (READ ONLY)
INTERRUPT ENABLE (IE) I TRIGGER COMMAND BIT (TCB)

| (WRITE ONLY - READ RETURNS 0)

—

INTERRUPT (2] GATE BIT (GCB)
1US, IE, AND IP ARE WRITTEN USING [ READ COUNTER CONTROL (RCC)
THE FOLLOWING CODE: (READI/SET ONLY
NULLCODE |0 ]o]o CLEARED BY READING CCR LSB)
CLEARIP&IUS [0 ]O |1
SETIUS joft]o
CLEARIUS |0 {1]1
SETIP |1]0]0
CLEARIP | 1]0]|1
SETIE | 1{1]0
CLEARIE | 1]1]1
INTERRUPT ERROR (ERR)
(READ ONLY)

Counter/Timer Mode Specification Registers
Addresses: 011100 Counter/Timer 1
011101 Counter/Timer 2
011110 Counter/Timer 3
(Read/Write)

CONTINUOUS SIN- —I _E OUTPUT DUTY CYCLE
GLE CYCLE (C/SC) SELECTS (DCS)
EXTERNAL OUTPUT DESIDES0 | <k outPUT
ENABLE (EOE) o 1 ONEsHOTOUTPUT
1 0 SQUARE-WAVE P
EXTERNAL COUNT
ENABLE (ECE) 1 1 DO NOT SPECIFY

EXTERNAL TRIGGER ENABLE BIT (REB)

ENABLE (ETE) EXTERNAL GATE ENABLE (EGE)

Counter/Timer Current Count Registers
Addresses: 010000 Counter/Timer 1's MSB
010001 Counter/Timer 1's LSB

010010 Counter/Timer 2's MSB

010011 Counter/Timer 2's LSB

010100 Counter/Timer 3's MSB

010101 Counter/Timer 3's LSB

(Read Only)

[ oTox Jox [ox [ox [ou s [or [on [os[on[oe o [on ]

_J l—— LEAST

MOST
SIGNIFICANT SIGNIFICANT
BYTE BYTE

Counter/Timer Time Constant Registers
Addresses: 010110 Counter/Timer 1's MSB
010111 Counter/Timer 1's LSB
011000 Counter/Timer 2's MSB
011001 Counter/Timer 2's LSB
011010 Counter/Timer 3's MSB
011011 Counter/Timer 3's LSB

(Read/Write)

[x]Pe [os [0 Jou [0 Too [0 06 ] 05 04 [0a [0z [ 04 [0 ]

—_J I— LEAST

MOST
SIGNIFICANT SIGNIFICANT
BYTE BYTE

Figure 16. Conter/Timer Registers

230

2014-014



Registers

Interrupt Vector Register

Current Vector Register

OID-Z 92082

(Continued) Addresses: 000010 Port A Address: 011111
000011 Port B (Read Only)
000100 Counter/Timers
(Read/Write) [0:[0c[0: o0 o: [0, o
Lo 2] e
—: UNMASKED IP.
INTERRUPT VECTOR O INTERRUPT PENDING
PORT VECTOR STATUS
PRIORITY ENCODED VECTOR MODE
Dy Dz Dy
X X x  NUMBER OF HIGHEST PRIORITY BIT
WITH A MATCH
ALL OTHER MODES:
D3 Dz Dy
ORE IRF PMF NORMAL
0 0 0 ERROR
COUNTERITIMER STATUS
D; Dy
00 o3
0 1 cm2
10 cm
101 ERROR
Figure 17. Interrupt Vector Registers
Register Main Control Registers Port A Specification Registers
Address Address*  Register Name Address®  Register Name
Summary 000000 Master Interrupt Control 100000 Port A’s Mode Specification
000001 Master Configuration Control 100001 Port A’s Handshake Specification
000010 Port A’s Interrupt Vector 100010 Port A’s Data Path Polarity
000011 Port B's Interrupt Vector 100011 Port A’s Data Direction
000100 Counter/Timer’s Interrupt Vector 100100 Port A’'s Special /O Control
000101 Port C’s Data Path Polarity 100101 Port A’s Pattern Polarity
000110 Port C's Data Direction 100110 Port A’s Pattern Transihion
000111 Port C's Special 1/0O Control 100111 Port A’s Pattern Mask
Most Often Accessed Registers Port B Specification Registers
Address*  Register Name Address*  Register Name
001000 Port A’s Command and Status 101000 Port B's Mode Specification
001001 Port B's Command and Status 101001 Port B's Handshake Specification
001010 Counter/Timer 1's Command and Status 101010 Port B’s Data Path Polarity
001011 Counter/Timer 2's Command and Status 101011 Port B’s Data Direction
001100 Counter/Timer 3's Command and Status 101100 Port B's Special I/O Control
001101 Port A’s Data 101101 Port B's Pattern Polarity
001110 Port B's Data 101110 Port B's Pattern Transihon
001111 Port C's Data 101111 Port B's Pattern Mask
Counter/Timer Related Registers
Address* Register Name
010000 Counter/Timer 1’s Current Count-MSBs
010001 Counter/Timer 1's Current Count-LSBs
010010 Counter/Timer 2's Current Count-MSBs
010011 Counter/Timer 2's Current Count-LSBs
010100 Counter/Timer 3's Current Count-MSBs
010101 Counter/Timer 3's Current Count-LSBs
010110 Counter/Timer 1's Time Constant-MSBs
010111 Counter/Timer 1's Time Constant-LSBs
011000 Counter/Timer 2's Time Constant-MSBs
011001 Counter/Timer 2's Time Constant-LSBs
011010 Counter/Timer 3's Time Constant-MSBs
011011 Counter/Timer 3's Time Constant-LSBs
011100 Counter/Timer 1's Mode Specification
011101 Counter/Timer 2's Mode Specification
011110 Counter/Timer 3's Mode Specification
011111 Current Vector
*When RJA = 0, A from AD), when RJA = 1, Ag from ADg
2014-015 231




Timing

Read Cycle. The CPU places an address on
the address/data bus. The more significant bits
and status information are combined and
decoded by external logic to provide two Chip
Selects (CSp and CS;). Six bits of the least
significant byte of the address are latched
within the Z-CIO and used to specify a Z-CIO
register. The data from the register specified is
strobed onto the address/data bus when the
CPU issues a Data Strobe (DS). If the register
indicated by the address does not exist, the
Z-CIO remains high-impedance.

As

H

LLég

AN
)

3

R G

Figure 18. Read Cycle Timing

Write Cycle. The CPU places an address on
the address/data bus. The more significant bits
and status information are combined and
decoded by external logic to provide two Chip
Selects (CSp and CS)). Six bits of the least
significant byte of the address are latched
within the Z-CIO and used to specify a Z-CIO
register. The CPU places the data on the
address/data bus and strobes it into the Z-CIO
register by issuing a Data Strobe (DS).

)

X

WRITE DATA

ADo-AD7 X APDRESS

Figure 19. Write Cycle Timing

Interrupt Acknowledge Cycle. When one of
the IP bits in the Z-CIO goes High and inter-
rupts are enabled, the Z-CIO pulls its INT
output line Low, requesting an interrupt. The
CPU responds with an Interrupt Acknowledge
cycle. When INTACK goes Low with IP set, the
Z-CIO pulls its Interrupt Enable Out (IEO)

INT

Low, disabling all lower priority devices on the
daisy chain. The CPU reads the Z-CIO inter-
rupt vector by issuing a Low DS, thereby
strobing the interrupt vector onto the address/
data bus. The IUS that corresponds to the IP is
also set, which causes IEO to remain Low.

—

INTACK* _\_/

= \/

—\

n /

ADo-AD7 x >~

VECTOR

*INTACK 1s decoded from Z8000 status

Figure 20. Interrupt Acknowledge Timing
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Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Maxi-

Maximum with respectto GND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings . . This 1s a stress rating only; operation of the device at any
g Operating Ambient condition above those indicated 1n the operational sections
Temperature . ................ As Specified in of these specifications 1s not imphed. Exposure to absolute
p P
Ordering Information maximum rating conditions for extended periods may affect
device reliability.
Storage Temperature. ....... -65°Cto +150°C
Standard The characteristics below apply for the B +4.75V <= Voo = +5.25V
Test following standard test conditions, unless mGND =0V
Conditions otherwise noted. All voltages are referenced to B Tz as soecified 1n Ordering Information
GND. Positive current flows into the refer- A pecihied 1 ng info )
enced pin. Standard conditions are as follows: All ac parameters assume a load capacitance
of 50 pF max.
+5V +5V
22K
FROM OUTPUT 22K
UNDER TEST
FROM OUTPUT
UNDER TEST
50 pF 250
]: A 50 pF I
Figure 21. Standard Test Load Figure 22. Open-Drain Test Load
DC Symbol Parameter Min Max Unit Condition
Charac-
teristics Vin Input High Voltage 2.0 Vo +0.3 )
Vi Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 2.4 \ Ioy= —250 uA
Voo Output Low Voltage 0.4 v Ior= +2.0mA
0.5 v Iop= +3.2mA
I Input Leakage +10.0 wA 04 < V= +24V
Iop, Output Leakage +10.0 uA 04 < Voyr = +24V
Iec Ve Supply Current 200 mA

VCC = 5V £ 5% unless otherwise specified, over specified temperature range

Capacitance Symbol

Parameter Min Max Unit Test Condition
C Input C t 10 F
N nput fapaciiance P Unmeasured Pins
Cour Output Capacitance 15 pF Returned to Ground
Cro Bidirectional Capacitance 20 pF

= 1 MHz, over specified temperature range

8085-0209, 0001
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CPU

Interface ~—— .
Timing s ‘.J\__/
—((®) | @
O (=
® _ X X
©81 Xc X
. ®
REA; \—
WRIT_E \
—
= N i ’
O] 1@ ®
ADDRESS -__—>] ADDRESS K: «—@—>]
_ —»l ® — = @ i —_—
ADo-AD7 wgltg :X DATA VALID K:
- @] Dl
()|
e —
Interrupt PATTERN MATCH
Tim lng “'.;%(:‘! x PATTERN MATCHES
@)
! @
COUNTER
INPUT
@)
PCLK / /
®
T \
Acknowledge )
Timing G|

INT
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4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TwAS AS Low Width 70 2000 50 2000
2  TsA(AS) Address to AS 1 Setup Time 30 10 1
3 ThA(AS) Address to AS t Hold Time 50 30 1
4 — TsA(DS)——— Address to DS | Setup Time 130 100 ]—
5  TsCSO(AS) CSp to &S 1 Setup Time 0 0 1
6 ThCSO(AS) CSp to AS t Hold Time 60 40 1
7  TdAS(DS) AS 1 to DS | Delay 60 40 1
8 — TsCS1(DS)—— CS; to DS | Setup Time 100 80
9  TsRWR(DS) R/W (Read) to DS | Setup Time 100 80
10  TsRWW(DS) R/W (Write) to DS } Setup Time 0 0
11 TwDS DS Low Width 390 250
12 — TsDW(DSf) Write Data to DS } Setup Time 30 20
13 TdDS(DRV) DS (Read) ! to Address Data Bus Driven 0 0
14  TdDS{(DR) DS | to Read Data Valid Delay 250 180
15 ThDW(DS) Write Data to DS t Hold Time 30 20
16 — TdDSr(DR) —— DS 1 to Read Data Not Valid Delay 0 0
17  TdDS(DRz) DS t to Read Data Float Delay 70 45 2
18  ThRW(DS) R/Wto DS 1 Hold Time 55 40
19  ThCS1(DS) CS, to DS t Hold Time 55 40
20 TdDS(AS) DS t to AS | Delay 50 25
21 Trc Valid Access Recovery Time 1000 650 3
22 TdPM(INT) Pattern Match to INT Delay (Bit Port) 1 1 6
23 TdACK(INT)  ACKIN to INT Delay (Port with Handshake) 4 4 4,6
24 — TACI(INT) Counter Input to INT Delay (Counter Mode) 1 1 6—
25  TdPC(INT) PCLK to INT Delay (Timer Mode) 1 1 6
26  TdAS(INT) &S to INT Delay
27  TsIA(AS) INTACK to AS t Setup Time 0 0
28 ThIA(AS) INTACK to AS 1 Hold Time 250 250
29 TsAS(DSA) AS t to DS (Acknowledge) | Setup Time 350 250 5
30— TdDSA(DR) —— DS (Acknowledge) | to Read Data Valid Delay 250 180
31 TwDSA DS (Acknowledge) Low Width 390 250
32  TdAS(IEO) ZS 1 to IEO | Delay (INTACK Cycle) 350 250 5
33 — TAIEI(IEO)— IEI to IEO Delay 150 100 5—
34  TsIEI(DSA) IEO to DS (Acknowledge) | Setup Time 100 70 5
35  ThIEI(DSA) IEI to DS (Acknowledge) 1 Hold Time 100 70
36 TdDSA(INT) DS (Acknowledge) } to INT t Delay 600 600

NOTES:
1.

2.

Parameter does not apply to Interrupt Acknowledge tran-
sactions.

Float delay 1s measured to the time when the output has
changed 0.5 V from steady state with minimum ac load and
maximum dc load _

Ths 1s the delay from DS 1 of one CIO access to DS | of
another CIO access

The delay 1s from DAV | for 3-Wire Input Handshake The
delay 1s from DAC 1 for 3-Wire Output Handshake One
additional AS cycle 1s required for ports 1n the Single Buf-
fered mode

5 The parameters for the devices in any particular daisy
chain must meet the following constraint the delay from
AS 1 to DS | must be greater than the sum of TdAS(IEO)
for the highest prionity peripheral, TSIEI(DSA) for the
lowest priority peripheral, and TAIEI(IEO) for each
peripheral separating them 1n the chain

6 Units equal to AS cycle +ns

* Timings are prelimnary and subject to change.

1 Units 1n nanoseconds(ns), except as noted
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Strobed .
Handshake DATA DATA VALID K

X
O] [+—D—> ﬁ
QNPUT< ACKiN \
. ‘—®—’i\___@/>1:__

DATA DATA VALID K
4—@-’
ouTPUT ﬁ Ackin \
0;
<——®—.
| 2
Interlocked
Handshake DATA x DATA VALID B
®-~—> *—P‘
INPUT ﬁ G L\ ®“ N\
RFD \ ®
( |
DATA DATA VALID X x
ouTPUT J ACKIN
DAV
\
3-Wire
Handshake DATA j DATA VALID K X
ol @~
INPUT ¢ O] —® <~
RFD
ouTPUT /
~® l
DAC 3
ouTPUT
( oara >< DATA VALID ,E( X
@“—»
e \
outpuT { - ®
RFD {
INPUT
@ﬁ l Do [+—@—
DAV
ouTPUT L
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4 MHz 6 MHz
No. Symbol Parameter Min  Max Min  Max Notes*}
1  TsDI(ACK) Data Input to ACKIN | Setup Time 0 0
2 ThDI(ACK) Data Input to ACKIN } Hold Time - Strobed
Handshake
3 TdACK{(RFD) ACKIN | to RFD | Delay 0 0
4— TwACKl ACKIN Low Width - Strobed Handshake
5 TwACKh ACKIN High Width - Strobed Handshake
6 TdRFDr(ACK) RFD t to ACKIN | Delay 0 0
7  TsDO(DAV) Data Out to DAV | Setup Time 25 20 1
8 TdDAV{(ACK) DAV ! to ACKIN | Delay 0 0
9—ThDO(ACK)—— Data Out to ACKIN | Hold Time 1 1 2—
10 TdACK(DAV) ACKIN | to DAV 1 Delay 1 1 2
11  ThDI(RFD) Data Input to RFD | Hold Time - Interlocked 0 0
Handshake
12 TdRFDi{(ACK) RFD ! to ACKIN t Delay - Interlocked Handshake 0 0
13—TdACKr(RFD)— ACKIN t (DAV t ) to RFD t Delay - Interlocked 0 0
and 3-Wire Handshake
14 TdDAVr(ACK) DAV 1 to ACKIN t (RFD t) - Interlocked and 0 0
3-Wire Handshake
15 TdACK(DAV) ACKIN t (RFD t )to DAV | Delay - Interlocked and 0 0
3-Wire Handshake
16— TdDAVI{(DAC)— DAV | to DAC t Delay - Input 3-Wire Handshake 0 0
17 ThDI(DAC) Data Input to DAC t Hold Time - 3-Wire 0 0
Handshake
18 TdDACOr(DAV) DAC t to DAV t Delay - Input 3-Wire Handshake 0 0
19 TdDAVIr(DAC) DAV ! to DAC | Delay - Input 3-Wire Handshake 0 0
20— TdDAVOf(DAC)-DAV | to DAC t Delay - Output 3-Wire Handshake — 0 0
21  ThDO(DAC) Data Output to DAC t Hold Time - 3-Wire 1 1 2
Handshake
22  TdDACIr(DAV) DAC t to DAV t Delay - Output 3-Wire Handshake 1 1 2
23  TdDAVOr(DAC) DAV t to DAC ! Delay - Output 3-Wire Handshake 0 0

NOTES:

1.

2 Unts equal to AS cycle.

This hme can be extended through the use of the deskew

* Timings are preliminary and subject to change. All hming

timers. references assume 2.0 V for a logic 1" and 0.8 V for a logic “0".

t Units 1n nanoseconds (ns), except as noted.
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Counter/
Timer [——(O—>

Timing PCLK 7 W
D>l =G L_® ® ~—@®—>]
(D>

o MEENL /N

@ [~ [ <O
COUNTER Z T
INPUT
—(® 7
TRIGGER /t T
INPUT
weuT X
“gn ).
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
1 TePC PCLK Cycle Time 250 4000 165 4000 1
2 TwPCh PCLK High Width 105 2000 70 2000
3  TwPCl PCLK Low Width 105 2000 70 2000
4 TIPC PCLK Fall Time 20 10
5 TrPC PCLK Rise Time 20 15
6——TcCI = Counter Input Cycle Time 500 330
7 TCIh Counter Input High Width 230 150
8 TwClIl Counter Input Low Width 230 150
9 TiCI Counter Input Fall Time 20 15
10 TrCI Counter Input Rise Time 20 15
11—TsTI(PC) Trigger Input to PCLK | Setup Time 2
(Timer Mode)
12 TsTICI) Trigger Input to Counter Input | Setup 2
Time (Counter Mode)
13 TwTI Trigger Input Pulse Width (High or Low)
14— TsGI(PC) Gate Input to PCLK | Setup Time 2
(Timer Mode)
15 TsGI(CI) Gate Input to Counter Input | Setup 2
Time (Counter Mode)
16 ThGI(PC) Gate Input to PCLK | Hold Time (Timer 2
Mode)
17— ThGI(CI) Gate Input to Counter Input | Hold 2
Time (Counter Mode)
18  TdPC(CO) PCLK to Counter Output Delay (Timer
Mode)
19  TdCKCO) Counter Input to Counter Output Delay
(Counter Mode)
NOTES
1 PCLK 1s only used with the counter/timers (in Timer mode), the are valid for the next counter/timer cycle.
deskew thmers, and the REQUEST/WAIT logic If these func- * Tumings are preliminary and subject to change. All iming refer-
tions are not used, the PCLK nput can be held low ences assume 2 0 V for a logic "1” and 0 8 V for a logic "0".
2 These parameters must be met to guarantee that trigger or gate 1 Units 1n nanoseconds (ns)
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REQUEST/

WAIT e /N / N/ A/

Timing
5 /
ot \
|~——
'O
REQ :J /
' (D]
&)
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
1 TdDS(REQ) DS | to REQ | Delay
2  TdDS(WAIT) DS | to WATT | Delay
3  TdPC(REQ) PCLK | to REQ t Delay
4  TdPC(WAIT) PCLK | to WAIT t Delay
5 TdACK(REQ) ACKIN ! to REQ t Delay 1,2
6  TdACK(WAIT) ACKIN ! to WAIT t Delay 3
NOTES: 3 Unts equal to PCLK cycles + ns.

1. The Delay 1s from DAV ! for the 3-Wire Input Handshake The
delay 1s from DAC 1 for the 3-Wire Output Handshake.
2. Units equal to AS cycles + PCLK cycles + ns.

* Timings are preliminary and subject to change. All timing refer-
ences assume 2.0 V for a logic 1" and 0.8 V for a logic “0".
t Units 1n nanoseconds (ns), except as noted.

OID-Z 92082

Reset ! \ .
Timing As AN /—
<————@—>
5 "™ /
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}

1 TdDSQ(AS) Delay from DS t to &S | for No Reset 40 15

2 TdASQ(DS) Delay from &S 1 to DS | for No Reset 50 30

3 TwRES Minimum Width of ZS and DS both Low for Reset 250 170 1
NOTES * Timings are preliminary and subject to change. All timing refer-

1 Internal circuitry allows for the reset provided by the 78 (DS
held Low while AS pulses) to be sufficient

ences assume 2.0 V for a logic "1” and 0 8 V for a logic “0".
t Units 1n nanoseconds (ns)

2014-026, 027
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Miscellaneous Oag ™
Port ANY INPUT
Timing )
1's CATCHER ﬂ
INPUT

o)
PATTERN
MATCH X PATTERN MATCHES
INPUT(S)
® —®
DATA TO BE \
e T ), X
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
1 Trl Any Input Rise Time 100 100
2 T Any Input Fall Time 100 100
3 Twl's 1's Catcher High Width 250 170 1
4  TwPM Pattern Match Input Valid (Bit Port) 750 500
5  TsPMD Data Latched on Pattern Match Setup Time (Bit Port) 0 0
6 ThPMD Data Latched on Pattern Match Hold Time (Bit Port) 1000 650
NOTES
1 If the input 1s programmed nverting, a Low-going pulse of the * Timings are prehminary and subject to change. All iming refer-
same width will be detected ences assume 2.0 V for a logic "1 and 0 8 V for a logic “0”,
1 Units 1n nanoseconds (ns)
Ordering Product Package/ Product Package/ o
Information  Number Temp  Speed Description Number Temp  Speed Description
78036 CE 4.0 MHz Z-CIO (40-pin) Z8036A CE 6.0 MHz Z-CIO (40-pn)
78036 CM 6.0 MHz Same as above Z8036A CM 6.0 MHz Same as above
28036 CMB 6.0 MHz Same as above Z8036A CMB 6.0 MHz Same as above
728036 Cs 4.0 MHz Same as above Z8036A CsS 6.0 MHz Same as above
78036 DE 4.0 MHz Same as above Z8036A DE 6.0 MHz Same as above
78036 DS 4.0 MHz Same as above Z8036A Ds 6.0 MHz Same as above
78036 PE 4.0 MHz Same as above Z8036A PE 6.0 MHz Same as above
78036 PS 4.0 MHz Same as above Z8036A PS 6.0 MHz Same as above

NOTES C = Ceramic, D = Cerdip, P = Plastic, E = -40°C to +85°C, MB = -55°C to 125°C with MIL-STD-883 with Class B processing,
S = 0°C to +70°C
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Z8038 Z8000™
Z-F10 FIFO Input/
Output Interface Unit

Ya

Zilog

Product
Specification

June 1982

Features

B 128-byte FIFO buffer provides asynchronous
bidirectional CPU/CPU or CPU/peripheral
interface, expandable to any width in byte
increments by use of multiple FIOs.

B Interlocked 2-Wire or 3-Wire Handshake
logic port mode; Z-BUS or non-Z-BUS
interface.

B Pattern-recognition logic stops DMA
transfers and/or interrupts CPU; preset byte
count can initiate variable-length DMA
transfers.

® Seven sources of vectored/nonvectored
interrupt which include pattern-match,
byte count, empty or full buffer status;
a dedicated “mailbox” register with
interrupt capability provides CPU/CPU
communication.

B REQUEST/WAIT lines control high-speed

data transfers.

B All functions are software controlled via
directly addressable read/write registers.

General
Description

The Z8038 FIO provides an asynchronous
128-byte FIFO buffer between two CPUs or
between a CPU and a peripheral device. This
buffer interface expands to a 16-bit or wider
data path and expands in depth to add as
many Z8060 FIFOs (and an additional FIO) as
are needed.

The FIO manages data transfers by assuming
Z-BUS, non-Z-BUS microprocessor (a general-
ized microprocessor interface), Interlocked

o |« | parta
-« ( BUS

D, D;

% poRT !PORT °

D, 175 0,

——————]

DATA
BUS

L

o
@
]
m
4
o
m
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<]
<>
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28038
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CONTROL

-

—
INTERRUPT |« [ INTERRUPT
—

{
|

FFHREREMEREES
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RARARERRENY

CONFIGURATION

bt

+5V GND

Figure 1. Pin Functions

2-Wire Handshake, and 3-Wire Handshake
operating modes. These modes interface
dissimilar CPUs or CPUs and peripherals
running under differing speeds or protocols,

allowing asynchronous data transactions and

improving I/O overhead by as much as two
orders of magnitude. Figures 1 and 2 show
how the signals controlling these operating
modes are mapped to the FIO pins.

=Rl : 4w [J+s5v
2 | 39 [J&
3 | 38 (1B
o 4 a7 Q@
B0 s ! 36 [J0
iG] eponrl PORT35 []E
g7 1 2 3B
EE s SIDE | SIDE 3 3@
mQ e | 32 []H
@O zebss D
D[] 11 Flo 30 [] &
o[ 12 ! 29 [] 0o
D[] 13 | 28 [ 01
D3] 14 | 27 an
D.[] 15 | 26 []Ds
os[] 16 | 2504
o[ 17 I 24[]0s
o,[] 18 | 23 []0s
mi[] 19 ! 22[]07
GND[] 20 : 21 [ Mo

Figure 3. FIO Block Diagram
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General The FIO supports the Z-BUS interrupt pro- specially designed to work with DMA (Direct
Description  tocols, generating seven sources of interrupts Memory Access) devices for high-speed
(Continued)  upon any of the following events: a write to a transfers. It provides for data transfers to or
message register, change in data direction, from memory each machine cycle, while the
pattern match, status match, over/underflow DMA device generates memory address and
error, buffer full and buffer empty status. Each control signals. The FIO also supports the
interrupt source can be enabled or disabled, variably sized block length, improving system
and can also place an interrupt vector on the throughput when multiple variable length
port address/data lines. messages are transferred amongst several
The data transfer logic of the FIO has been sources.
My Mo
B cpu
INTERFACE Loaic o Loaic OB PORT
] |
— DMA DMA [
pos— Loaic Loaic j—
INTERRUPT ]| MESSAGE [ INTERRUPT
LOGIC r—{ REGISTERS }—— LOGIC
|__J] PATTERN STATUS LOGIC PATTERN
| ':3;?;‘ AND REGISTERS TSL?S
- DATA j j DATA
o (2 : relin : e il 0
PORT 1 SIDE : PORT 2 SIDE
Functional Operating Modes. Ports 1 and 2 operate in The pin diagrams of the FIO are identical,
Description  any of twelve combinations of operating except for two pins on the Port 1 side, which

modes, listed in Table 2. Port 1 functions in
either the Z-BUS or non-Z-BUS microprocessor
modes, while Port 2 functions in Z-BUS, non-
Z-BUS, Interlocked 2-Wire Handshake, and
3-Wire Handshake modes. Table 1 describes
the signals and their corresponding pins in
each of these modes.

select that port’s operating mode. Port 2's
operating mode is programmed by two bits in
Port 1's Control register 0. Table 2 describes
the combinations of operating modes; Table 3
describes the control signals mapped to pins
A-] in the five possible operating modes.

Control
Signal Z-BUS Z-BUS Interlocked 3-Wire
Pins  Low Byte High Byte Non-Z-BUS  HS Port* HS Port*
[&] REQ/WT REQ/WT REQ/WT  RFD/DAV ~ RFD/DAV
DMASTB DMASTB  DACK ACKIN DAV/DAC
[e] Ds DS RD FULL DAC/RFD
(o] RW R/W WR EMPTY EMPTY
[E] cs cs CE CLEAR CLEAR
[F] iS AS c/b DATADIR  DATA DIR
[c] INTACK  Ag INTACK  INg INg
[H] IEO A) IEO ouT) ouT)
Al IEI Ay IEI OE OE
0Oj INT A3 INT OUT3 OUT3
*2 side only.

Table 1. Pin Assignments
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Functional
Description
(Continued)

Mode M) Mp B Bo Port 1 Port 2
0 0 0 0 0 Z-BUS Low Byte Z-BUS Low Byte
1 0 0 0 1 Z-BUS Low Byte Non-Z-BUS
2 0 0 1 0 Z-BUS Low Byte 3-Wire Handshake
3 0 0 1 1 Z-BUS Low Byte 2-Wire Handshake
4 0 1 0 0 Z-BUS High Byte Z-BUS High Byte
5 0 1 0 1 Z-BUS High Byte Non-Z-BUS
6 0 1 1 0 Z-BUS High Byte 3-Wire Handshake
7 0 1 1 1 Z-BUS High Byte 2-Wire Handshake
8 1 0 0 0 Non-Z-BUS Z-BUS Low Byte
9 1 0 0 1 Non-Z-BUS Non-Z-BUS
10 1 0 1 0 Non-Z-BUS 3-Wire Handshake
11 1 0 1 1 Non-Z-BUS 2-Wire Handshake
Table 2. Operating Modes
zBus <:> CHANNEL A
zscc
w ZFi0 <:> CHANNEL B
ﬁ PORT 2
28002 BWASTE =] <8>
28
PORT 3
<8>
<___> zpTC
SYSTEM DMASTE AEG
MEMORY
K::> ZFI0
Z80 BUS
. L[ e
DMASTE 280 280 ZFI0
'—"} HANDSHAKE
|e— [ SIGNALS
zfio K
SYSTEM

Z-BUS 280 BUS

Figure 4. CPU to CPU Configuration

Figure 5. CPU to I/0 Configuration
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Pins Common Pin Pin Pin Signal

To Both Sides Signals Names Numbers Description
Mo Mo 21 M] and Mg program Port 1
M; M 19 side CPU interface
+5 Vde +5 Vdce 40 DC power source
GND GND 20 DC power ground

Z-BUS Pin Numbers

Low Byte Pin Pin Port Signal

Mode Signals Names 1 Description
ADy-ADg Dg-D7 11-18  29-22 Multiplexed bidirectional address/data lines, Z-BUS
(Address/Data) compatible.
REQ/WAIT A 1 39 Output, active Low, REQUEST (ready) line for DMA
(Request/Wait) transfer; WAIT line (open-drain) output for syn-

chronized CPU and FIO data transfers.

DMASTB B 2 38 Input, active Low. Strobes DMA data to and from
(Direct Memory the FIFO buffer.
Access Strobe)
DS C 3 37 Input, active Low. Provides timing for data trans-
(Data Strobe) fer to or from FIO.
R/'W D 4 36 Input; active High signals CPU read from FIO;
(Read/Write) active Low signals CPU wnite to FIO.
CS E 5 35 Input, active Low. Enables FIO. Latched on the
(Chip Select) rising edge of AS.
AS F 6 34 Input, active Low. Addresses, CS and INTACK
(Address Strobe) sarhpled while AS Low.
INTACK G 7 33 Input, active Low. Acknowledq% an interrupt.
(Interrupt Latched on the rising edge of AS.
Acknowledge)
IEO H 8 32 Output, achive High. Sends interrupt enable to
(Interrupt lower priority device IEI pin.
Enable Out)
IEI 1 9 31 Input, active High. Receives interrupt enable from
(Interrupt higher priority device IEO signal.
Enable In)
INT ] 10 30 Output, open drain, active Low. Signals FIO iter-
(Interrupt) rupt request to CPU.

Z-BUS Pin Numbers

High Byte Pin Pin Port Signal

Mode Signals Names 1 2 Description
ADy-ADg Do-D7 11-18 29-22 Multiplexed bidirectional address/data lines, Z-BUS
(Address/Data) compatible.
REQ/WAIT A 1 39 Output, active Low, REQUEST (ready) line for DMA
(Request/Wait) transfer; WAIT line (open-drain) output for syn-

chronized CPU and FIO data transfers.

DMASTB B 2 38 Input, active Low. Strobes DMA data to and from the
(Direct Memory FIFO buffer.
Access Strobe)
DS C 3 37 Input, active Low. Provides timing for transfer of data
(Data Strobe) to or from FIO.
RW D 4 36 Input, achve High. Signals CPU read from FIO; active
(Read/Write) Low signals CPU wrnite to FIO.
Cs E 5 35 Input, active Low. Enables FIO. Latched on the
(Chip Select) nising edge of AS.
AS F 6 34 Input, active Low. Addresses, CS and INTACK are
(Address Strobe) sampled while AS 1s Low.
Ay G 7 33 Input, active High. With A}, Ap, and A3, addresses
(Address Bit 0) FIO internal registers.
A H 8 32 Input, active High. With Ag, Ay, and A3, addresses
(Address Bit 1) FIO internal registers.
Ay 1 9 31 Input, active High. With Ag, A}, and A3, addresses
(Address Bit 2) FIO internal registers.
Aj ] 10 30 Input, active High. With Ag, A, and Ay, addresses
(Address Bit 3) FIO internal reqisters.

Table 3. Signal/Pin Descriptions
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Non-Z-BUS Pin Numbers

Pin Pin Port Signal
Mode Signals Names 1 4 Description
Do-Dy Dg-D7 11-18  29-22 Bidirectional data bus.
(Data)
REQ/WT A 1 39 Output, active Low, REQUEST (ready) hine for DMA
(Request/Wait) transfer, WAIT line (open-drain) output for syn-
chromzed CPU and FIO data transfer.
DACK B 2 38 Input, active Low DMA acknowledge
(DMA Acknowledge)
RD C 3 37 Input, active Low Signals CPU read from FIO
(Read)
WR D 4 36 Input, achive Low Signals CPU write to FIO
(Write)
CE E 5 35 Input, active Low. Used to select FIO.
(Chip Select)
Cc/D F 6 34 Input, active High Identihies control byte on Dg-D7;
(Control/Data) active Low 1dentifies data byte on Dg-D7.
INTACK G 7 33 Input, active Low Acknowledges an interrupt.
(Interrupt
Acknowledge)
IEO H 8 32 Qutput, active High Sends interrupt enable to
(Interrupt lower prionty device IEl pin.
Enable Out)
IEI I 9 31 Input, active High. Receives interrupt enable from
(Interrupt higher prionty device IEO signal
Enable In)
INT ] 10 30 Output, open drain, active Low Signals FIO interrupt
(Interrupt) to CPU
Port 2-1/0 Pin Pin Pin Signal
Port Mode Signals Names Numbers Mode Description
Dp-D7 Do-D7 29-22 2-Wire HS* Bidirectional data bus
(Data) 3-Wire HS
RFD/DAV A 39 2-Wire HS Output, RFD active High. Signals peripherals that FIO
(Ready for Data/Data 3-Wire HS 15 ready to receve data DAV active Low signals
Available) that FIO 1s ready to send data to peripherals.
ACKIN B 38 2-Wire HS Input, active Low Signals FIO that output data 1s
(Acknowledge Input) recewved by peripherals or that input data 1s vahd.
DAV/DAC B 38 3-Wire HS Input; DAV (achive Low) signals that data 1s valid on
(Data Available/Data bus. DAC (active High) signals that output data 1s
Accepted) accepted by peripherals
FULL C 37 2-Wire HS Output, open drain, active High Signals that FIO
buffer 1s full.
DAC/RFD C 37 3-Wire HS Direction controlled by internal programming. Both
(Data Accepted/Ready active High DAC (an output) signals that FIO has
for Data) received data from peripheral; RFD (an input) signals
that the listeners are ready for data.
EMPTY D 36 2-Wire HS Output, open drain, active High Signals that FIFO
3-Wire HS buffer 1s empty.
CLEAR E 35 2-Wire HS Programmable 1nput or output, active Low. Clears all
3-Wire HS data from FIFO buffer
DATA DIR F 34 2-Wire HS Programmable 1nput or output. Active High signals
(Data Direction) 3-Wire HS data input to Port 2; Low signals data output from
Port 2
INg G 33 2-Wire HS Input hine to Dg of Control Register 3.
3-Wire HS
OUT, H 32 2-Wire HS Output hine from D) of Control Register 3
3-Wire HS
OE I 31 2-Wire HS Input, active Low When Low, enables bus drivers
(Output Enable) 3-Wire HS When High, floats bus drivers at high impedance
OUT3 ] 30 2-Wire HS Output line from D3 of Control requster 3.
3-Wire HS
*Handshake

Table 3. Signal/Pin Descriptions (Continued)
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Reset

The FIO can be reset under either hardware
or software control by one of the following
methods:

® By forcing both AS and DS Low simultane-
ously in Z-BUS mode (normally illegal).

W By forcing RD and WR Low simultaneously
in non-Z-BUS mode.

B By writing a 1 to the Reset bit in Control
register O for software reset.

In the Reset state, all control bits are cleared
to 0. Only after clearing the Reset bit (by

writing a O to it) can the other command bits
be programmed. This action is true for both
sides of the FIO when programmed as a CPU
interface.

For proper system control, when Port 1 is
reset, Port 2 is also reset. In addition, all Port
2's outputs are floating and all inputs are
ignored. To initiate the data transfer, Port 2
must be enabled by Port 1. The Port 2 CPU
can determine when it is enabled by reading
Control register 0, which reads “floating” data
bus if not enabled and “"0ly"” if enabled.

CPU
Interfaces

The FIO is designed to work with both
Z-BUS- and non-Z-BUS-type CPUs on both Port
1 and Port 2. The Z-BUS configuration inter-
faces CPUs with time-multiplexed address and
data information on the same pins. The Z8001,
28002, and Z8 are examples of this type of
CPU. The AS (Address Strobe) pin is used to
latch the address and chip select information
sent out by the CPU. The R/W (Read/Write)
pin and the DS (Data Strobe) pin are used
for timing reads and writes from the CPU to

the FIO (Figures 6 and 7).

The non-Z-BUS configuration is used for
CPUs where the address and data buses are
separate. Examples of this type of CPU are the
Z80 and 8080. The RD (Read) and WR (Write)
pins are used to time reads and writes from the
CPU to the FIO (Figures 9 and 10). The C/D
(Control/Data) pin is used to directly access
the FIFO buffer (C/D=0) and to access the
other registers (C/D=1). Read and write to all

ADo-AD7 = < VALID >

TO cPU

A
N

DATA FROM CPU

Figure 7. Z-BUS Write Cycle Timing
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CPU registers except the FIFO buffer! are two-step RD OR WR
Interfaces operations, described as follows (Figure 8). op=0 WRTO PTR
(Continued)  First, write the address (C/D =1) of the register © = 1)
to be accessed into the Pointer Register (State STATE 0 STATE 1
0); second, read or write (C/D=1) to the n B
register pointed at previously (State 1). Con- | L | RD OR WA
tinuous status monitoring can be performed in @0 = 1) ceser (D = 0)
State 1 by continuous Control Read operations WRTO CONTHOL STATE
(C/§= 1). REGISTER 0
RESET = 0
1The FIFO buffer can also be accessed by this two-step operation Figure 8. Register Access in Non-Z-BUS Mode
cib X X
A5 \ /
Figure 9. Non-Z-BUS Read Cycle Timing
¢ X X
Do-D7 ——-———-( FROM CPU )_—
cE \ /
Figure 10. Non-Z-BUS Write Cycle Timing
WAIT When data is output by the CPU, the When data is input by the CPU, the
Operation REQ/WT (WAIT) pin is active (Low) only when REQ/WT pin becomes active (Low) only when
the FIFO buffer is full, the chip is selected, the FIFO buffer is empty, the chip is selected,
and the FIFO buffer is addressed. WAIT goes and the FIFO buffer is addressed. WAIT goes
inactive when the FIFO buffer is not full. inactive when the FIFO buffer is not empty.
Interrupt The FIO supports Zilog's prioritized daisy Underflow Error, Buffer Full, and Buffer
Operation chain interrupt protocol for both Z-BUS and Empty. Each interrupt source has three bits

non-Z-BUS operating modes (for more details
refer to the Zilog Z-BUS Summary).

Each side of the FIO has seven sources of
interrupt. The priorities of these devices are
fixed in the following order (highest to lowest):
Mailbox Message, Change in Data Direction,
Pattern Match, Status Match, Overflow/

that control how it generates the interrupt.
These bits are Interrupt Pending (IP),
Interrupt Enable (IE), and Interrupt Under
Service (IUS).

In addition, each side of the FIO has an
interrupt vector and four bits controlling the
FIO interrupt logic. These bits are Vector

2020-006, 007, 008
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Interrupt Includes Status (VIS), Master Interrupt Enable

VIS bit. In this way, when VIS = 0, all infor-

Operation (MIE), Disable Lower Chain (DLC), and No mation can be obtained with one additional
(Continued) Vector (NV). read, thus conserving vector space. When
A typical Interrupt Acknowledge cycle for MIE = 0, reading the vector register returns
Z-BUS operation 1s shown in Figure 11 and for the unmodified base vector so that it can be
non-Z-BUS operation in Figure 12. The only verified.
difference is that in Z-BUS mode, INTACK is In non-Z-BUS mode, the IPs do not get set
latched by AS, and in non-Z-BUS mode while in State 1. Therefore, to minimize inter-
INTACK is not latched. rupt latency, the FIO should be left in State 0.
When MIE = 1, reading the vector always In Z-BUS mode IPS are set by an AS following
includes status, independent of the state of the the event.
INTACK \ /
s \_/
" /
iNT /
Figure 11. Z-BUS Interrupt Acknowledge Cycle
m /
iNT /
Figure 12. Non-Z-BUS Interrupt Acknowledge Cycle
CPU to CPU DMA Operation. The FIO is particularly well however, the CS (Chip Select) signal is not
Operation suited to work with a DMA in both Z-BUS and ignored and therefore must be kept invalid.

non-Z-BUS modes. A data transfer between the
FIO and system memory can take place during
every machine cycle on both sides of the FIO
simultaneously.

In Z-BUS mode, the DMASTB pin (DMA
Strobe) is used to read or write into the FIFO
buffer. The R/W (Read/Write) and DS (Data
Strobe) signals are ignored by the FIO;

Figures 13 and 14 show typical timing.

In Non-Z-BUS mode, the DACK pin (DMA
Acknowledge) is used to tell the FIO that its
DMA request is granted. After DACK goes
Low, every read or write to the FIO goes into
the FIFO buffer. Figures 15 and 16 show
typical timing.
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CPU to CPU

Operation amsus X ARRES H DATA FROM FI0 TO MEMORV‘)—

(Continued)

Figure 13. Z-BUS FIO to Memory Data Transaction

x ADDRESS
AID BUS FROM DMA )—(7 DATA FROM MEMORY TO FIO )—

n—-__\ /_

Figure 14. Z-BUS Memory to FIO Data Transaction

ADDRESSES >< MEMORY ADDRESS OF WRITE X
DATA
MEMORY
WRITE
uo \ / \ j_
READ

DACK

Figure 15. Non-Z-BUS FIO to Memory Transaction

ADDRESSES x MEMORY ADDRESS OF READ X
DATA DATA FROM
BUS MEMORY TO FIO
MEMORY
READ
1o
WRITE
DACK \

Figure 16. Non-Z-BUS Memory to FIO Data Transaction

2020-011, 012, 013, 014
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CPU to CPU
Operation
(Continued)

The FIO provides a special mode to enhance
its DMA transfer capability. When data is
written into the FIFO buffer, the REQ/WT
(REQUEST) pin is active (Low) until the FIFO
buffer is full. It then goes inactive and stays
inactive until the number of bytes in the FIFO
buffer is equal to the value programmed into
the Byte Count Comparison register. Then the
REQUEST signal goes active and the sequence
starts over again (Figure 17).

REQ

@ ®
ACTIVE @

®

INACTIVE y >

EMPTY FULL

OF BYTES IN FIFO

NUMBER IN BYTE COUNT COMPARISON REGISTER

NOTES:
FIFO empty.

. REQUEST enabled, FIO requests DMA transfer.

. DMA transfers data into the FIO.

. FIFO full, REQUEST 1nactive.

. The FIFO empties from the opposite port unhl the number
of bytes 1n the FIFO buffer 1s the same as the number pro-
grammed in the Byte Count Comparison register.

G WA~

Figure 17. Byte Count Control: Write to FIO

__When data is read from the FIO, the
REQ/WT pin (REQUEST) is inactive until the
number of bytes in the FIFO bulffer is equal to
the value programmed in the Byte Count Com-
parison register. The REQUEST signal then
goes active and stays active until the FIFO bui-
fer is empty. When empty, REQUEST goes
inactive and the sequence starts over again
(Figure 18).

ACTIVE

@ ®

INACTIVE

EMPTY FULL

NUMBER IN BYTE COUNT COMPARISON REGISTER

NOTES:
1. FIFO empty.
2. CPU/DMA fills FIFO buffer from the opposite port.
3. Number of bytes in FIFO buffer 1s the same as the number

of bytes programmed 1n the Byte Count Comparison regster.
4. REQUEST goes active.
5. DMA transfers data out of FIFO until 1t 1s empty.

Figure 18. Byte Count Control: Read from FIO

Message Registers. Two CPUs can communi-
cate through a dedicated “mailbox” register
without involving the 128 x 8 bit FIFO buffer
(Figure 19). This mailbox approach is useful
for transferring control parameters between
the interfacing devices on either side of the
FIO without using the FIFO buffer. For
example, when Port 1's CPU writes to the
Message Out register, Port 2's message IP is
set. If interrupts are enabled, Port 2's CPU is

interrupted. Port 2's message IP status is
readable from the Port 1 side. When Port 2's
CPU reads the data from its Message In regis-
ter, the Port 2 IP is cleared. Thus, Port 1's
CPU can read when the message has been
read and can now send another message or
follow whatever protocol that is set up between
the two CPU’s. The same transfer can also be
made from Port 2's CPU to Port 1's CPU.

REGISTER

REGISTER

“g

PORT 1
MESSAGE OUT
REGISTER

REGISTER “B”

PORT 2
MESSAGE IN
REGISTER

PORT 1
MESSAGE IN
REGISTER

REGISTER
ADDRESS
“g

MESSAGE
REGISTER

PORT 2
MESSAGE OUT
REGISTER

REGISTER
ADDRESS
ag

NOTE: Usable only for CPU/CPU interface.

Figure 19. M

Register Operati
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CPU to CPU  CLEAR (Empty) FIFO Operation. The CLEAR Data Direction bit controls the direction of data

Operation FIFO bit (active Low) clears the FIFO buffer of transfer in the FIFO buffer. The Data Direction

(Continued)  data. Writing a O to this bit empties the FIFO bit is defined as 0 = output from CPU and
buffer, inactivates the REQUEST line, and 1 = input to CPU. This bit reads correctly
disables the handshake (if programmed). The when read by either port’s CPU. For example,
CLEAR bit does not affect any control or data if Port 1's CPU reads a 0 (CPU output) in its
register. To remove the CLEAR state, write a 1 Data Direction bit, then Port 2's CPU reads a 1
to the CLEAR bhit. (input to CPU) in its Data Direction bit.

In CPU/CPU mode, under program control, In CPU/CPU mode, under program control,
only one of the ports can empty the FIFO by only one of the ports can control the direction
writing to its Control Register 3, bit 6. The of data transfer. The Port 1 CPU must program
Port 1 CPU must program bit 7 in Control bit 5 in Control Register 3 to determine which
Register 3 to determine which port controls the port controls the data direction (0 = Port 1
CLEAR FIFO operation (0 = Port 1 control; control; 1 = Port 2 control). Figure 20 shows
1 = Port 2 control). FIO data transfer options.

Direction of Data Transfer Operation. The
INITIALIZE (PROGRAM REGISTERS FOR OPERATING MODE,
PORT 2 CONFIGURATION, DATA TRANSFER CONTROL, ETC)
PORT 1
ENABLES
PORT 2
PORT 1 (CPU) l PORT 2 (CPU) PORT 2 (1/0)
| Egg:r‘:ois V"E‘x"gg;:“a::gg“ Eé(gm:&s 2WIRE 3WIRE
PARAMETERS PARAMETERS H
WITHcP“O’RT 2 WITH PORT 1 INTERFACE INTERFACE
(DMA OR ILTERRU;T- T\RANSFEHS DATA BYTE-
DRIVEN TRANSFERS, AS AT-A-TIME UNTIL
FOR PORT 1) FIFO BUFFER IS
L l | Full OR Empty
|

DMA- INTERRUPT- | Y
CONTROLLED DRIVEN
TRANSFER TRANSFER * +

|
TERMINATES ON ANY TERMINIATES ON ANY : I
OF THESE CONDITIONS: OF THESE CONDITIONS.
*DMA BLOCK LENGTH REGISTER = 0  *CPU COMPLETES BUFFER DUMP I I
:FIO PATTERN MATCH INTERRUPT :FIO PATTERN MATCH INTERRUPT | |
BYTE COUNT DISABLES REQ FIO BYTE COUNT INTERRUPT
| *FI0 Full / Empty INTERRUPT l l
| 1 | |
L\ /J | |
~ - |
. P | |
he

| | |
|
EXCHANGE VIA MESSAGE REGISTERS EXCHANGE |

PARAME’ ERS -— — — —% — — - — — — — —1 PARAMETERS
WITH PORT 2 WITH PORT 1 |
CPU CPU I
Y ¥ ¥

l CONTINUE OR REPROGRAM PORT REGISTERS WITH NEW BLOCKS OF CONTROL BYTES. I
Figure 20. FIO Data Transfer Options
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CPU to I/O
Operation

When Port 2 is programmed 1n the Inter-
locked 2-Wire Handshake mode or the 3-Wire
Handshake mode, and Port A is programmed
in Z-BUS or non-Z-BUS Microprocessor mode,
the FIO interfaces a CPU and a peripheral
device. In the Interlocked 2-Wire Handshake
mode, RFD/DAV and ACKIN strobe data to
and from Port 2. In the 3-Wire Handshake
mode, RFD/DAV, DAV/DAC, and DAC/RFD
signals control data flow.

Interlocked 2-Wire Handshake. In the Inter-
locked Handshake, the action of the FIO must
be acknowledged by the other half of the
handshake before the next action can take
place. In output mode, Port 2 does not indicate
that new data is available until the external
device indicates it is ready for the data.
Similarly, in input mode, Port 2 does not indi-
cate that 1t 1s ready for new data until the data
source indicates that the previous byte of the
data is no longer available, thereby acknowl-
edging Port 2's acceptance of the last byte.
This allows the FIO to directly interface to a
Z8's port, a CIO's port, a UPC's port, another
FIO port, or another FIFO Z8060, with no
external logic (Figures 21 and 22).

3-Wire Handshake. The 3-Wire Handshake is
designed for applications in which one output
port 1s communicating with many input ports
simultaneously. It 1s essentially the same as the
Interlocked Handshake, except that two signals
are used to indicate that an input port is ready
for new data or that it has accepted the present
data. In the 3-Wire Handshake, the rising
edge of the RFD status line indicates that the
port is ready for data, and the rising edge of
the DAC status line indicates that the data has
been accepted. With 3-Wire Handshake, the
lines of many 1nput ports can be bussed
together with open-drain drivers and the out-

put port knows when all of the ports are ready
and have accepted the data. This handshake is
the same handshake used in the IEEE-488
Instruments. Since the port's direction can be
changed under software control, bidirectional
IEEE-488-type transfers can be performed.
Figures 23 and 24 show the timings associated
with 3-Wire Handshake communications.

CLEAR FIFO Operation. In CPU-to-I/O
operation, the CLEAR FIFO operation can be
performed by the CPU side (Port 1) under soft-
ware control as previously explained. The
CLEAR FIFO operation can also be performed
under hardware control by defining the
CLEAR pin of Port 2 as an input (Control
Register 3, bit 7 = 1).

For cascading purposes, the CLEAR pin can
also be defined as an output (Control Register
3, bit 7 = 0), which reflects the current state
of the CLEAR FIFO bit. It can then empty
other FIOs or initialize other devices in the
system.

Data Direction Control. In CPU-to-I/O mode,
the direction of data transfer can be controlled
by the CPU side (Port 1) under software con-
trol as previously explained. The data direc-
tion can also be determined by hardware con-
trol by defining the Data Direction pin

of Port 2 as an input (Control Register 3,

bit 5 = 1).

For cascading purposes, the Data Direction
pin can also be defined as an output (Control
Register 3, bit 5 = 0) pin which reflects the
current state of the Data Direction bit. It can
then be used to control the direction of data
transfer for other FIOs or for external logic.

On the Port 2 side, when data direction is 0,
Port 2 is in Output Handshake mode. When
data direction is 1, Port 2 is in Input Hand-
shake mode.
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CPU to I/0
Operation DATAIN X vauooara X X vauooara X

(Continued)

Figure 21. Interlocked Handshake Timing (Input) Port 2 Side Only

DATA ouT x VALID DATA x X VALID DATA x
ACKIN \ / \ /
DAV \ / \ /

Figure 22. Interlocked Handshake Timing (Output) Port 2 Side Only

DATA IN X vaooara X X vauooara X
RFD / \ / \
out
oxv w
N
DAC / \ / \
out

Figure 23. Input (Acceptor) Timing IEEE-488 HS Port: Port 2 Side Only

DATA OUT X vamooaa X X vaupoata X
oA ____\_/___\—-/______
out
N
N

Figure 24. Output (Source) Timing IEEE-488 HS Port: Port 2 Side Only
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Programming

The programming of the FIO is greatly
simplified by the efficient grouping of the
various operation modes in the control
registers. Since all of the control registers are
read/write, the need for maintaining their
image in system memory is eliminated. Also,
the read/write feature of the registers aids in
system debugging.

Each side of the FIO has 16 registers. All 16
registers are used by the Port 1 side; Control
register 2 is not used on the Port 2 side. All
registers are addressable Oy through Fy.

In the Z-BUS Low Byte mode, the FIO allows
two methods for register addressing under con-
trol of the Right Justify Address (RJA) bit in
Control register 0. When RJA = 0, address
bus bits 1-4 are used for register addressing
and bits 1, 5, 6, and 7 are ignored (Table 4).
When RJA = 1, bits 0-3 are used for the
register addresses, and bits 4-7 are ignored.

Control Registers. These four registers specify
FIO operation. The Port 2 side control

registers operate only if the Port 2 device is a
CPU. The Port 2 CPU can control interface
operations, including data direction, only
when enabled by the setting of bit 0 in the Port
1 side of Control Register 2. A 1 in bit 1 of the
same register enables the handshake logic.

Interrupt Status Registers. These four
registers control and monitor the priority
interrupt functions for the FIO.

Interrupt Vector Register. This register stores
the interrupt service routine address. This vec-
tor is placed on Dp-D7 when IUS is set by the
Interrupt Acknowledge signal from the CPU.
When bit 4 (Vector Includes Status) is set in
Control Register 0, the reason for the interrupt
is encoded within the vector address in bits 1,
2, and 3. If bit 5 is set in Control register 0, no
vector is output by the FIO during an Interrupt
Acknowledge cycle. However, IUS is set as
usual.

Non Z-BUS Dy-Dy D3 D; D Do
Z-BUS High Ag Ay A Ry

Z.BUS Low { MAST  ADLAD Ao s A2 AL ADy
Description
Control Register 0 b 0 0 0 0 X
Control Register 1 x 0 0 0 1 x
Interrupt Status Register 0 x 0 0 1 0 x
Interrupt Status Reqister 1 x 0 0 1 1 X
Interrupt Status Register 2 x 0 1 0 0 X
Interrupt Status Register 3 x 0 1 0 1 x
Interrupt Vector Register x 0 1 1 0 X
Byte Count Reguster X 0 1 1 1 X
Byte Count Comparison

Register X 1 0 0 0 X
Control Register 2* x 1 0 0 1 X
Control Register 3 X 1 0 1 0 X
Message Out Register X 1 0 1 1 b'd
Message In Register X 1 1 0 0 X
Pattern Match Register x 1 1 0 1 X
Pattern Mask Reqister X 1 1 1 0 x
Data Buffer Register x 1 1 1 1 x

x=Don't Care
*Register 1s only on Port 1 side

Table 4. FIO Register Address Summary
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Programming Byte Count Compare Register. This register Data Buffer register. When these patterns
(Continued)  contains a value compared with the byte count match, a Pattern Match interrupt will be
in the Byte Count register. If the Byte Count generated, if previously enabled.

Compare interrupt is enabled, an interrupt will Pattern Mask Register. The Pattern Mask

occur upon compare. register may be programmed with a bit pattern
Message Out Register. Either CPU can place mask that limits comparable bits in the Pattern
a message in its Message Out register. If the Match register to non-masked bits (1 = mask).
opposite side Message register interrupt is

Data Buffer Register. This register contains
enabled, the receiving side CPU will receive g <

the data to be read from or written to the

tan interrupt request, advising that a m.e-ssa.ge FIFO buffer.

is present in its Message In register. Bit 5 in .

Control Register 1 on the initiating side is set Byte Count Register. This is a read-only
when a message is written. It is cleared when register, containing the byte count for the

the message is read by the receiving CPU. FIFO buffer. The byte count is derived by sub-

tracting the number of bytes read from the buf-

Message In Register. This register receives a fer from the number of bytes written into the

message place.d in the Message Out register by} ¢fer The count is “frozen” for an accurate
the opposite side CPU. reading by setting bit 6 (Freeze Status register)
Pattern Match Register. This register contains in Control Register 1. This bit is cleared when
a bit pattern matched against the byte in the the Byte Count register read is completed.

<

26132

26132

=) &5&:‘
—

28002 z.scc

I|©

=ip

Z-BUS

ocp

TT

CIPHER
KEY

{}

MANUAL
CONTROL

MASTER ZFI0
cPy —
iINT

NOTES:

1. Data from master CPU — Z-FIO Port 2.
2. Z-FIO Port 1 —DCP.

3. DCP —RAM.

4. RAM —Z-S5CC.

5. Z-SCC — data comm. line loop.

il

Figure 25. Typical Application: Node Controll
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Registers

Control Register 0
Address: 0000
(Read/Write)

1 = RESET

1= RT JUST ADDRESS (RJA)

(B1) (Bo)*

0 0 =ZBUSCPU

0 1 = NONZBUSCPU ’R°$';";":D
[} WIRE HS 110 POR E

1 = INTERLOCKED HS
= VECTOR INCLUDES STATUS (VIS)
1 = NO VECTOR ON INTERRUPT (NV)
1 = DISABLE LOWER DAISY CHAIN (DLC)
1 = INTERRUPTS ENABLED (MIE)

I

*READ ONLY FROM
PORT 2 SIDE

Control Register 1
Address: 0001
(Read/Write)

= REQUEST/WAIT ENABLED

= WAIT

= REQUEST

= START DMA ON BYTE COUNT

= STOP DMA ON PATTERN MATCH

= MAILBOX REGISTER FULL*
= FREEZE STATUS REGISTER COUNT
NOT USED (MUST BE PROGRAMMED 0)

- - o oo omo =

*READ-ONLY BITS

= MESSAGE MAILBOX REGISTER UNDER SERVICE*

Control Register 2*
Address: 1001
(Read/Write)

[+ 0% [oe [ou Jos 0. o oo

L 1=PORT 2 SIDE ENABLED
1=PORT 2 SIDE ENABLE HANDSHAKE

BITS 2-7 NOT USED
MUST BE PROGRAMMED 0

*THIS REGISTER READS ALL
0’S FROM PORT 2 SIDE

Control Register 3
Address: 1010
(Read/Write)

l_ PORT 2 SIDE-INPUT LINE* (PIN 33)**
PORT 2 SIDE-OUTPUT LINE (PIN 32)**
NOT USED (MUST BE PROGRAMMED 0)
PORT 2 SIDE-OUTPUT LINE (PIN 30)**
DATA DIRECTION BIT
1=INPUT TO CPU
0=OUTPUT FROM CPU
1=PORT 2 SIDE CONTROLS
0=CLEAR FIFO BUFFER

0=PORT 1 SIDE CONTROLS CLEAR
1=PORT 2 SIDE CONTROLS

*READ-ONLY BITS
**ONLY WHEN PORT 2 IS AN I/0 PORT

Figure 26. Control Registers

Interrupt Status Register 0
Address: 0010
(Read/Write)

I: NOT USED

(MUST BE PROGRAMMED 0)

l‘———— MESSAGE INTERRUPT PENDING (IP)

INTERRUPT ENABLE (IE)

afalalalole]e]e
alale]ofala]le
alelalol=lel~

INTERRUPT UNDER SERVICE (1US)

1US, IE, AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND:

NULL CODE
CLEAR IP & IUS
SET IUS
CLEAR IUS

SET IP

CLEAR IP

SET IE

CLEAR IE

Figure 27. Interrupt Status Registers
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Registers
(Continued)

ENABLE (IE)
DATA DIRECTION CHANGE INTERRUPT

DATA DIRECTION CHANGE INTERRUPT
UNDERSERVICE (US) |
DATA DIRECTION CHANGE INTERRUPT :
'

(Read/Write)
[o:IBeTos o.o: a0, ]3]

I— 1 = PATTERN MATCH FLAG*
PATTERN MATCH INTERRUPT PENDING (IP)

Interrupt Status Register 1
Address: 0011

PATTERN MATCH INTERRUPT ENABLED (JE)

L PATTERN MATCH INTERRUPT

UNDER SERVICE (IUS)

PENDING (IP) N No tomn
e ey | | | smEmsm e
cLeartpaus (010 1] raToTo] nut cope
CL::; :3: : : ‘1’ 9]0 |1 CLEARIP & IUS
0(1]0|SETIUS
SETIP11]0]0 91| 1| CLEAR WS
CLEARIP | 1]0 |1 1o 0| serwp
SETIE} 1110 1[0 1| cLearp
cLeaRIE (1] 1] o] ser e
111]1] CLEARIE

*READ ONLY BITS

Interrupt Status Register 2

Address: 0100

(Read/Write)

BYTE COUNT COMPARE INTERRUPT —] UNDERFLOW ERROR*
UNDER SERVICE (1US) + ERROR INTERRUPT PENDING (ID)
BYTE COUNT COMPARE INTERRUPT ERROR INTERRUPT ENABLED (IE)
ENABLE(E) ' !
BYTE COUNT COMPARE INTERRUPT ! ERROR INTERRUPT UNDER SERVICE (IUS)
PENDING (IP) OVERFLOW ERROR*
1US, IE, AND IP ARE WRITTEN USING l | 1US, IE, AND IP ARE WRITTEN USING
THE FOLLOWING COMMAND- THE FOLLOWING COMMAND;
NuLL cope [0 [0 0] NULL CODE
CLEARIP&IUS [0 |0 | 1 0|01 CLEARIP & IUS
seTws [0]1]0 0|10 |'seTis
CLEARIWS [0 1] 1 01|71 CLEARIUS
seTiP[T]0]0 1]0 0| seTip
cLeAr P [1]0 1 10 1] cLearp
SeTIE[1]1]0 1]1]0|seTiE
cLearie [ 1] 1] 11111 ] cLEARIE

*READ-ONLY BITS

Interrupt Status Register 3

FULL INTERRUPT UNDER SERVICE (IUS) -I ‘

FULL INTERRUPT ENABLE (IE) T

Address: 0101

(Read/Write)

I— BUFFER EMPTY*
h EMPTY INTERRUPT PENDING (IP)

FULL INTERRUPT G (IP)

1US,'IE, AND IP ARE WRITTEN USING
THE FOLLOWING

EMPTY INTERRUPT ENABLE (IE)
EMPTY INTERRUPT UNDER SERVICE (US)

BUFFER FULL®

NULL CODE [0 | 0 1US, IE, AND IP ARE WRITTEN USING
CLEARIP &S [0 [0 |1 THE FOLLOWING COMMAND:
SETWUS {01 {0 0 | 0 | NULL CODE
cLeArus [0 1] ofo[1]cLeariPaus
seTip[1]0 [0 o[1]0]serws
CLEARIP [1]0 |1 0[1]1]cLeaRUs
SETIE[1]|1}]0 1]0]0]|SETIP
clearte [1]1]1 1]o]1] cLearwp
1[1]0]|serie
1]1]1] ceare

*READ-ONLY BITS

O11-Z 8€08Z

Figure 27. Interrupt Status Registers (Continued)
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Registers Byte Count Register
(Continued) Address: 0111
(Read Only)

REFLECTS NUMBER OF BYTES IN BUFFER

Figure 28. Byte Count Register

Interrupt Vector Register
Address: 0110
(Read/Write)

SN L

NO INTERRUPTS PENDING (! l 0

BUFFEREMPTY |00 | 1

BUFFERFULL [0 |1 ] 0

OVER/UNDERFLOW ERROR | 0 {1 } 1

VECTOR STATUS BYTE COUNTMATCH [ 1]0 |0
PATTERN MATCH [ 1]0 |1

DATA DIRECTION CHANGE | 111 ]0

MAILBOX MESSAGE | 1|11

Figure 29. Interrupt Vector Register

Pattern Match Register
Address: 1101
(Read/Write)

STORES BYTE COMPARED WITH
BYTE IN DATA BUFFER REGISTER

Figure 30. Pattern Match Register

Pattern Mask Register
Address: 1110
(Read/Write)

IF SET, BITS 0-7 MASK BITS 0-7
IN PATTERN MATCH REGISTER.
MATCH OCCURS WHEN ALL
NON-MASKED BITS AGREE.

E

Figure 31. Pattern Mask Register

Data Buffer Register
Address: 1111
(Read/Write)

| IR A
NN

CONTAINS THE BYTE TRANSFERRED
TO OR FROM FIFO BUFFER RAM

Figure 32. Data Buﬁ;r Register

Byte Count Comparison Register
Address: 1000
(Read/Write)

CONTAINS VALUE COMPARED TO BYTE COUNT
REGISTER TO ISSUE INTERRUPTS ON MATCH
(BIT 7 ALWAYS 0.)

E

Figure 33. Byte Count Comparison Register

Message Out Register
Address: 1011
(Read/Write)

NN EEE

STORES MESSAGE SENT TO MESSAGE
IN REGISTER ON OPPOSITE PORT OF FIO

Figure 34. Message Out Register

Message In Register
Address: 1100
(Read Only)

ALl 1]

STORES FROM
OUT REGISTER ON OPPOSITE PORT OF CPU

Figure 35. Message In Register
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Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Maxi-

Maximum with respectto GND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Ratin This 15 a stress rating only; operation of the device at any
gs Operating Ambient condition above those indicated 1n the operational sections
Temperature ................. 0°Cto +70°C of these specifications 1s not implied. Exposure to absolute
t dit f tended d; ffect
Storage Temperature. .. ..... -65°Cto +150°C Z’jﬁ;’gﬂ;ﬁﬁﬁ,m tHons for exioncec periods may afled,
Standard The characteristics below apply for the B +475V = Voo = +5.28V
Test following standard test conditions, unless BGND =0V
Conditions otherwise noted. All voltages are referenced to B Tx as specified 1n Ordering Information
GND. Positive current flows into the refer- A pe g
enced pin. Standard conditions are as follows:
+5V +5V
22K
2.2K
FROM OUTPUT
UNDER TEST
FROM OUTPUT
UNDER TEST
S0pF :[ W 50 pF
Standard Test Load Open-Drain Test Load
DC Symbol Parameter Min Max Unit Condition
Charac-
teristics Vig Input High Voltage 2.0 Vo +0.3 v
Vi Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 2.4 v Iop= —250 uA
VoL Output Low Voltage 0.4 v Ior= +2.0mA
0.5 \ Iop= +3.2mA
I, Input Leakage +10.0 778 04 = V= +24V
Iop Output Leakage +10.0 uA 0.4 = Voyr = +2.4V
Im Mode Pins Input Leakage -100 +10.0 uA 0<Vin< Ve
(Pins 19 and 21)
Icc Ve Supply Current 200 mA
VCC= 5V + 5% unless otherwise specified, over specified temperature range.
Capacitance Symbol Parameter Min Max Unit Test Condition
Cn Input Capacitance 10 pF
Cour Output Capacitance 15 pF Unmeasured Pins
Cro Bidirectional Capacitance 20 pF Returned to Grround
Inputs tr " Any Input Rise Time 100 ns
tf Any Input Fall Time 100 ns

f = 1 MHz, over specified temperature range.

8085-0209, 0002
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TwAS &S Low Width 70 50 1
2 TsA(AS) Address to AS 1 Setup Time 30 10 1
3 ThA(AS) Address to AS t Hold Time 50 30 1
4 TsCSO(AS) CS to &S t Setup Time 0 0 1
5— ThCSO(AS) — CS to AS t Hold Time 60 40 1—
6 TdAS(DS) AS 1 to DS t Delay 60 40 1
7 TsA(DS) Address to DS | (with AS 1 to DS } = 60 ns) 120 100
8 TsRWR(DS) R/W (Read) to DS | Setup Time 100 80
9  TsRWW(DS) R/W (Write) to DS | Setup Time 0 0
10 — TwDS DS Low Width 390 250
11 TsDW(DSf) Write Data to DS | Setup Time 30 20
12 TdDS(DRV) DS (Read) | to Address Data Bus Driven 0 0
13 TdDS{(DR) DS | to Read Data Valid Delay 250 180
14  ThDW(DS) Write Data to DS t Hold Time 30 20
15 — TdDSr(DR) —— DS 1 to Read Data Not Valid Delay 0 0
16  TdDS(DRz) DS t to Read Data Float Delay 70 45 2
17 ThRW(DS) R/W to DS 1 Hold Time 55 40
18 TdDS(AS) DS 1 to AS | Delay 50 25
19 Trc Valid Access Recovery Time 1000 650 3
NOTES _ _
1. Parameter does not apply to Interrupt Acknowledge trans- 3. This 1s the delay from DS of one CIO access to DS of another
actions. FIO access (either read or write).

2 Float delay 1s measured to the time when the output has
changed 0.5 V from steady state with minimum as load and
load and maximum dc load.

* All timing references assume 2.0 V for a logic “1” and 0.8 V for
a logic "0” All timings are preliminary and subject to change.
1 Units 1n nanoseconds (ns)

a?

<O

®

© |

o3 o) N\

O ® <4
ADDRESS ADDRESS VALID —W)
A

ADo-AD1s

X

DATA VALID

Fio
READ b

g DATA

@™

Figure 36. Z-BUS CPU Interface Timing
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
20  TsIA(AS) INTACK to AS t Setup Time 0 0
21 ThIA(AS) INTACK to AS t Hold Time 250 250
22  TsDSA(DR) DS (Acknowledge) | to Read Data Vahd Delay 250 180
23 TwDSA DS (Acknowledge) Low Width 390 250
24— TdAS(IEQ)—— &S 1 to IEO | Delay (INTACK Cycle) 350 250 4—
25  TdIEKIEO) IEI to IEO Delay 150 100 4
26  TsIE(DSA) IEI to DS (Acknowledge) | Setup Time 100 70
27  ThIEI(DSA) IEI to DS (Acknowledge) t Hold Time 50 30 4
28 TdDS(INT) DS (INTACK Cycle) to INT Delay 900 800
29  TdDCST Interrupt Daisy Chain Settle Time 4
NOTES
4 The parameters for the devices 1n any particular daisy chain and TdIEI(IEO) for each peripheral, separating them 1n the
must meet the following constraint The delay from AS to DS chain.
must be greater than the sum of TdAS(IEO) for the highest * Timings are prehminary and subject to change
priority peripheral, TSIEI(DSA) for the lowest prionty peripheral t Units 1n nanoseconds (ns)
|e—@)—>
INTACK \. /
=N\___J
@ @
bs .
N
@
= § x‘
IEO

Figure 37. Z-BUS CPU Interrupt Acknowledge Timing
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
30  TAMW(INT) Message Write to INT Delay 1 1 5
31 TdDC(INT) Data Direction Change to INT Delay 1 1 6
32 TdPMW(INT) Pattern Match to INT Delay (Write Case) 1 1
33  TdPMR(INT)  Pattern Match (Read Case) to INT Delay 1 1
34— TdSC(INT) Status Compare to INT Delay 1 1 6
35  TdER(INT) Error to INT Delay 1 1
36  TAEM(INT) Empty to INT Delay 1 1 6
37  TdFL(INT) Full to INT Delay 1 1 6
38  TdAS(INT) ASto INT Delay
NOTES:
5. Write 1s from the other side of FIO. * Timings are preliminary and subject to change.
6. Write can be from either side, depending on programming 1 Units equal to AS Cycles + ns.
of FIO.
MESSAGE  WRITE oss ﬁ?._:
WRITE
REGISTER
out
DATA WRITE bs® \J 0
DIRECTION CONTROL
CHANGE  REGISTER3
WRITE DATA [ ; é |
BUFFER
REGISTER
PATTERN
MATCH —
READ DATA 8 m
BUFFER
REGISTER
| @)
- W
ouIm EmREm T X
REGISTER
- \| -®
ERROR  WRITE OR READ DS
DATA BUFFER
REGISTER
} @®
—=s 2T
EMPTY  READ DATA B8 ﬂ
REGISTER
ler &)
— \ )
FULL :l:;;sg;nu ps*
REGISTER
is —\Fﬂ—/
. @
" \
Figure 38. Z-BUS Interrupt Timing
1
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262



AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TdDS(WAIT) K_gf to WAIT | Delay 190 160
2 TdDSI(WAIT) DSl t to WAIT t Delay 1000 1000
3 TdACK(WAIT) ACKIN | to WAIT t Delay 1000 1000 1
4 — TdDS(REQ) —— DS | to REQ 1 Delay 350 300
5 TdDMA(REQ) DMASTB | to REQ t Delay 350 300
6  TdDSI(REQ) DS1 1 to REQ | Delay 1000 1000
7 TdACK(REQ) ACKIN | to REQ | Delay 1000 1000
8 — TdSU(DMA) —— Data Setup Time to DMASTB 200 150
9 TdH(DMA) Data Hold Time to DMASTB 30 20
10 TdDMA(DR) DMASTB ! to Vahd Data 150 100
11 TdDMA(DRH) DMASTB t to Data Not Vahd 0 0
12 TdDMA(DR2) DMASTB 1 to Data Bus Float 70 45
NOTES o
1 The delay 1s from DAV for 3-Wire Input Handshake. The delay * Timings are prelimnary and subject to change.
1s from DAC for 3-Wire Handshake. T Units 1n nanoseconds (ns)
m _/
DATA b
o i, \
DSi DATA |~ O—
WRITE/READ  BUFFER /
BY OTHER SIDE REGISTER
@
O3
ACKIN  INPUT/
iy )
BWASTE \ ~T® / ®
<—@-> O
REQ INIOUT 7
DATA DATA
FROM BUFFER —( 8 I
FI0 REGISTER
- ®
DMASTB
fe—®—| [_@__
WRITE DATA -
e, ) D
Figure 39. Z-BUS Request/Wait Timing
AC Characteristics
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TdDSQ(AS) Delay from DS 1 to &S | for No Reset 40 20
2 TdASQ(DS) Delay for AS 1 to DS | for No Reset 50 30
3  Tw(AS + DS) Mmimum Width of AS and DS Both Low for Reset. 500 350 1

NOTES-

1 Internal circuitry allows for the reset provided by the Z8 (DS

held Low while AS pulses) to be sufficient

| | ’

o
fomm \&

Figure 40. Z-BUS Reset Timing

—

* Timings are preliminary and subject to change.
1 Unuts 1n nanoseconds (ns)

2020-037, 038
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TsA(RD) Address Setup to RD | 80 80 1
2 TsA(WR) Address Setup to WR | 80 80
3  ThA(RD) Address Hold Time to RD 1 0 0 1
4 —ThA(WR) Address Hold Time to WR 1 0 0
5  TsCEI(RD) CE Low Setup Time to RD 0 0 1
6  TsCEI(WR) CE Low Setup Time to WR 0 0
7  ThCEI(RD) ‘CE Low Hold Time to RD 0 0 1
8 — ThCEI(WR) —— CE Low Hold Time to WR 0 0
9  TsCEh(RD) ‘CE High Setup Time to RD 100 70 1
10  TsCEh(WR) CE High Setup Time to WR 100 70
11 TwRDI RD Low Width 390 250
12 — TdRD(DRA) —— RD | to Read Data Active Delay 0 0
13 TdRDf(DR) RD | to Valhd Data Delay 250 180
14 TdRDr(DR) RD 1 to Read Data Not Valid Delay 0 0
15 TdRD(DRz) RD ! to Data Bus Float 70 45 2
16 —TwWR] ———— WR Low Width 390 250
17 TsDW(WR) Data Setup Time to WR 0 0
18  ThDW(WR) Data Hold Time to WR 30 20
19 Trc Valid Access Recovery Time 1000 650 3
NOTES . _
1 Parameter does not apply to Interrupt Acknowledge trans- 3 This s the delay from RD 1 to WR 1 of one FIO access to RD |
actions or WR | of another FIO access
2 Float delay 1s measured to the time the output has changed * Timings are preliminary and subject to change
100ng from steady state with mimimum ac load and maximum dc T Units 1n nanoseconds (ns)
cib X "K
=~
CE @ Z
®
o , © /|-
LS o
ng;-e% g 8 DATA VALID a:
@ ® —O—
v \- ® JZl‘«@»\ @\
@ 1 e
FIODV‘I’;?I'; X DATA VALID K

Figure 42. Non-Z-BUS Interface Timimg
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notest*
20 TdIEI(IEO) IEI to IEO Delay 150 100 4
21  TdI(IEO) INTACK | to IEO } Delay 350 250 4
22 TsIEI(RDA) IEI Setup Time to RD (Acknowledge) 100 70 4
23  TdRD(DR) RD ! to Vector Vald Delay 250 180
24—TwRDI(IA) Read Low Width (Interrupt Acknowledge) 390 250
25  ThIA(RD) INTACK ! to RD 1 Hold Time 30 20
26  ThIEI(RD) IEI Hold Time to RD 1 20 10
27  TdRD(INT) RD t to INT t Delay 900 800
28 TdDCST Interrupt Daisy Chain Settle Time 350 250 4

NOTES

4 The parameter for the devices 1n any particular daisy chain
must meet the following constraint The delay from
INTACK | to RD | must be greater than the sum of
TdINA(IEO) for the highest priority peripheral, TsIEI(RD)

INTACK O\

for the lowest prionty peripheral, and TdIEI(IEO) for each
peripheral separating them in the chain.

T Units 1n nanoseconds (ns)

* Timings are preliminary and subject to change

—

@—f==i

N

4—@——»

RD
-~

Do-D7
O

{ g VECTOR

Zﬁ|

X

Figure 43. Non-Z-BUS Interrupt Acknowledge Timing
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
29  TdAMW(INT) Message Write to INT Delay 5,6
30 TdDC(INT) Data Direction Change to INT Delay 5,7
31 TdPMW(INT) Pattern Match (Write Case) to INT Delay 5
32—TdPMR(INT) Pattern Match (Read Case) to INT Delay 5—
33  TdSC(INT) Status Compare to INT Delay 5,7
34  TdER(INT) Error to INT Delay 5,7
35  TJEM(INT) Empty to INT Delay 5.7
36  TdAFL(INT) Full to INT Delay 5,7
37  TdSO(INT) State 0 to INT Delay
NOTES:
5. Delay number 1s valid for State O only. * Timings are preliminary and subject to change.
6 Write 1s from other side of FIO 1 Units 1n nanoseconds (ns).
7. Write can be from either side, depending on programming of
FIO
®
MESSAGE WRITE WR*s
WRITE
REGISTER ~
our &
DATA WRITE WRHe
DIRECTION  CONTROL
CHANGE  REGISTER3
WRITE DATA WR* )
BUFFER
REGISTER
PATTERN
MATCH —
READ DATA RD*
BUFFER
REGISTER @)
@)
STATUS WRITE OR READ WR*6 OR RD*¢
COMPARE  DATA BUFFER
REGISTER @
ERROR WRITE OR READ WR* OR RD \
DATA BUFFER
REGISTER @
N4
EMPTY  READ DATA Rb4s
BUFFER
REGISTER @
2/
FULL WRITE DATA WR4s
BUFFER
REGISTER ®
8T4-8To WR*- RD* }
e N
Figure 44. Z-FIO Non-Z-BUS Interrupt Timing
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AC Characteristics

4MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TdRD(WT) CE | to WAIT Active 200 170
2 TdRDI(WT) RD1 t or WRI t to WAIT Inactive 1000 1000
3 TdACK(WT) ACKIN | to WATT Inactive 1000 1000 1
4—TdRD(REQ)——RD ! or WR | to REQ Inactive 350 300
5 TdRDI(REQ)  RDI t or WRI t to REQ Active 1000 1000
6 TJACK(REQ) ACKIN | to REQ Active 1000 1000
7 TdDAC(RD) DACK | toRD | or WR | B 100 80
8—TSU(WR) Data Setup Time to WR 200
9  Th(WR) Data Hold Time to WR 30 20
10 TdDMA RD | to Valid Data 150 100 2
11  TdDMA(DRH) RD ! to Data Not Valid 0 0 2
12 TdDMA(DRZ) RDt to Data Bus Float 70 45 2

NOTES. -

1. The delay 1s from DAV | for 3-Wire Input Handshake. The
delay 1s from DAC 1 for 3-Wire Input Handshake.

2 Only when DACK 1s active.

* Timings are preliminary and subject to change.
1 Units 1n nanoseconds (ns)

CE
RD/WR \ /
READ/WRITE OF DATA
BUFFER REGISTER |
()
-\
WR.RD4 r
WRITE/READ OF DATA j
BUFFER REGISTER
BY OTHER SIDE :
WAIT / '
D)
&
ACKIN
INPUT/OUTPUT PORT
~——O—= &
3
REG f \
— @ |
O;
DATA FROM FIO __..___( X
DACK \
"5 \
'O
S
WA \
WR J
1 | !
Pa—e—| S
FIO WRITE TO DATA X X
BUFFER REGISTER

Figure 45. Non-Z-BUS Request/Wait Timing
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
1 TdWR(RD) Delay from WR 1t to RD | 100 70
2  TdRD(WR) Delay from RD 1 to WR | 100 70
3 TwRD + WR Width of RD and WR, both Low for Reset 500 350
NOTES:
* Timings are preliminary and subject to change.
t Units 1n nanoseconds (ns).
READ \ / ’ \
Figure 46. Non-Z-BUS Reset Timing
AC Characteristics
4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*}
1 TwCLR Width of Clear to Reset FIFO 700 700
2  TdOE(DO) OE | to Data Bus Driven 0 0
3 TdOE(DRZ) OE 1 to Data Bus Float
NOTES:
* Timings are prelimnary and subject to change.
t Units 1n nanoseconds (ns).
CLEAR \Uj
INPUT 9 _
OE N
@] L@o
& DATA OUT ————— ¢ E—

Figure 47. Port 2 Side Nperation
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TsDI(ACK) Data Input to ACKIN ! to Setup Time 50 50
2 TdACK{(RFD) ACKIN ! to RFD | Delay 0 500 0 500
3  TdRFDr(ACK) RFD 1 to ACKIN | Delay 0 0
4—TsDO(DAV) Data Out to DAV | Setup Time 25 25
5 TdDAVHACK) DAV ! to ACKIN | Delay 0 0
6  ThDO(ACK) Data Out to ACKIN Hold Time 50 50
7 TdACK(DAV) ACKIN ! to DAV t Delay 0 500 0 500
8——ThDI(RFD) Data Input to RFD | Hold Tim 0 0
9  TdRFDf(ACK) RFD | to ACKIN ! Delay 0 0
10 TdACKr(RFD) ACKIN 1 (DAV 1) to RFD 1 Delay—Interlocked and
3-Wire Handshake 0 400 0 400
11  TdDAVr(ACK) DAV ! to ACKIN t (RFD 1) 0 0
12— TdACKr(DAV)—ECKIN 1 to DAV ! 0 800 0——800
13 TdACKf{(Empty) ACKIN ! to Empty 0 0
14 TdACKf(Full) ACKIN ! to Full 0 0
15 TcACK ACKIN Cycle Time 1.0 1.0
NOTES
* Timings are preliminary and subject to change
T Umits 1n nanoseconds (ns)
DATA VALID DATA X

<—®—>
ACKIN O, \t E
o] | o] ] @
T——%t }—Jg

3|

EMPTY f

<G|

FULL R

Figure 48. 2-Wire Handshake (Port 2 Side Only) Output

; g‘
DATA VALID DATA X

~(D> (O
e —
ACKIN \
o
RFD N
(5)
EMPTY }
(>
<—<|J\—>[

FULL ;

Figure 49. 2-Wire Handshake (Port 2 Side Only) Input
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AC Characteristics

4 MHz 6 MHz
No. Symbol Parameter Min Max Min Max Notes*t
1 TsDI(DAV) Data Input to DAV | Setup Time 50 50
2 TdDAVI{(RFD) DAV | to RFD | Delay 0 500 0 500
3 TdDAVHDAC) DAV to DAC t Delay 0 500 0 500
4—ThDI(DAC) Data In to DAC t Hold Time 0 0
5 TdDACIr(DAV) DAC t to DAV t Delay 0 0
6 TdDAVIr(DAC) DAVt to DAC | Delay 0 500 0 500
7 TdDAVIr(RFD) DAVt to RFD t Delay 0 500 0 500
8—TdRFDI(DAV)—RFD 1 to DAV | Delay 0 0
9 TsDO(DAC) Data Out to DAV |
10 TdDAVO{(RFD) DAV | to RFD | Delay 0
11 TdDAVO{(DAC) DAV | to DAC t Delay 0
12—ThDO(DAC) Data Out to DAC t Hold Time
13 TdDACOr(DAV) DAC t to DAV t Delay 400 400
14  TdDAVOr(DAC) DAV t to DAC | Delay 0 0
15  TdDAVOr(RFD) DAVt to RFD t Delay 0 0
16 TdRFDO(DAV) RFD tto DAV | Delay 0 800 0 800
NOTES*
* Timings are preliminary and subject to change.
1 Units 1n nanoseconds (ns)
DATA ﬁ DATA VALID X X
| O]
(PIN) DAV "@’Z ’S
38 INPUT
(PIN) RFD —ﬁ\ ‘-O--’P_‘
39 / OUTPUT
@—<—->|
() ot O~ AN
Figure 50. 3-Wire Handshake Input
DATA DATA VALID ‘K
O
(FIN) DAC )
38, INPUT z
(D ®
e
() e Lo\ ~—o—
@ o] ®
(PlN) DAV
39 ) OuTPUT
Figure 51. 3-Wire Handshake Output
2020-049

270



Ordering Product Package/ Product Package/

Information Number Temp  Speed Description Number Temp  Speed Description

78038 CE 4.0 MHz Z-FIO (40-pin) Z8038A CM 6.0 MHz Z-FIO (40-pin)
28038 CM 4.0 MHz Same as above Z8038A CMB 6.0 MHz Same as above
28038 CMB 4.0 MHz Same as above Z8038A Cs 6.0 MHz Same as above
28038 Cs 4.0 MHz Same as above Z8038A DE 6.0 MHz Same as above
78038 DE 4.0 MHz Same as above Z8038A DS 6.0 MHz Same as above
78038 DS 4.0 MHz Same as above Z8038A PE 6.0 MHz Same as above
78038 PE 4.0 MHz Same as above Z8038A PS 6.0 MHz Same as above
78038 PS 4.0 MHz Same as above

NOTES. C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = 55°C to +125°C, MB = -55°C to 125°C with MIL-STD-883_
with Class B processing, S = 0°C to +70°C
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Z8060
Z8000"'FIFO Buffer Unit
and Z-FIO Expander

Product
Specification

June 1982

Features

B Bidirectional, as{mchronous data transfer
capability

B Large 128-bit-by-8-bit buffer memory
B Two-wire, interlocked handshake protocol

B Wire-ORing of empty and full outputs for
sensing of multiple-unit buffers

B 3-state data outputs

B Connects any number of FIFOs in series to
form buffer of any desired length

B Connects any number of FIFOs in parallel
to form buffer of any desired width

General
Description

The Z8060 First-In First-Out (FIFO) Buffer
Unit consists of a 128-bit-by-8-bit memory,
bidirectional data transfer and handshake
logic. The structure of the FIFO unit is similar
to that of other available buffer units. FIFO is
a general-purpose unit; its handshake logic is
compatible with that of other members of
Zilog's Z8 and Z8000 Families.

FIFOs can be cascaded end-to-end without
limit to form a parallel 8-bit buffer of any

T
|0, : 07 |-
<—>| Dg 1 Dg |—>
| D; AIB D5 |-
1
|

DATA | <=>|D; Dy |—> DATA

BUS\ «—>{D; | D; |- BUS
<«—>»|D, 28060 D, |w—>
FIFO
-—»| D Dy |

~«—>»| Dy ] Dy |=—>

—>|ACKIN | ACKIN [<—
CONTROL { —»|RFDIDAV | RFDIDAV |<— ) CONTROL

OUTPUT | OUTPUT
ENABLE 1 ENABLE

—| DIRAIB
COMMON / < FuLL

CONTROL | ——— EMPTY
—| CLEAR

P

+5V GND

Figure 1. FIFO Pin Functions

desired length (in 128-byte increments). Any
number of single- or multiple-unit FIFO serial
buffers can be connected in parallel to form
buffers of any desired width (in 8-bit
increments).

The FIFO buffer units are available as
28-pin packages. Figures 1 and 2 show the pin
functions and pin assignments, respectively, of
the FIFO device. A block diagram is shown in
Figure 3.

RFDIDAVa [] 1 : 28[] +5V
ACKINa [] 2 ) ] RFDIDAV
FuL [ | g2 ] ACKiNg
EmpPTY [ 4 A 1B o[ ceRm
OEa 5 I 24 (] DIRAB
| —
ooa 6 zsoe0 23 |J OFs
pa 7 FIFO 22 0es
D22 []8 | 21 [ ] pss
Daa ]9 | 20 ] p2s
Daa [] 10 | 19 [ D3
Dsa [ 11 18 [ ] bas
Dea [] 12 [ [ 0se
D7a [ 13 ! 16 ] Des
GND []14 : 15[ ] D7e

Figure 2. FIFO Pin Assignments
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General

Description DATA DATA \{A: 128 x 8 \{t DATA DATA
(Continued) 8us ( BUFFER sioa BUFFER <::> BUS
A A :> MEMORY B B
A I I N
"o () e K ) exsme K o
Figure 3. Functional Block Diagram
Pin ACKIN. Acknowledge Input (input, active FULL. Buffer Status (output, active High,
Descriptions Low). This line signals the FIFO that output open-drain). A High on this line indicates that
data has been received by peripherals or that the FIFO bulffer is full.
input data is valid. OFER, OEB. Output Enable A, Output Enable
CLEAR. Clear Buffer (input, active Low). B (inputs, active Low). When Low, OEA
When set to Low, this line causes all data to be enables the bus drivers for Port A; when High,
cleared from the FIFO buffer. OEA causes the bus drivers to float to a high-
Dy-Dy. Data Bus (inputs/outputs, bidirec- impedance level. Input OEB controls the bus
tional). These bidirectional lines are used by drivers for Port B in the same manner as OEA
the FIFO to receive and to transmit data. controls those for Port A.
DIR A/B. Direction Input A/B (input, two con- RFD/DAV. Bead}f -for ‘1? ata/Data Avqi[able
trol states). A High on this line signals that (outputs RFD, actlvg High; DAV act'lve Low).
input data is to be received at Port B. A Low RF D, when High, su;na%s to the perlphe.rals
on this line signals that input data is to be involved that the FIFO is ready to receive
received at Port A. data. DAV, when Low, signals to the
peripherals involved that FIFO has data
EMPTY. Buffer Status (output, active High, ;
available to send.
open-drain). A High on this line indicates that
the FIFO buffer is empty.
Functional Interlocked 2-Wire Handshake. In inter- cates that the previous byte of the data is no
Description  locked 2-wire handshake operation, the action longer available, thereby acknowledging the

of FIFO must be acknowledged by the other
half of the handshake before the next action
can occur. In an Output Handshake mode, the
FIFO indicates that new data is available only
after the external device has indicated that it is
ready for the data. In an Input Handshake
mode, the FIFO does not indicate that it is
ready for new data until the data source indi-

acceptance of the last byte. This control
feature allows the FIFO, with no external
logic, to directly interface with the port of any
CPU in the Z8 Family—a CIO, a UPC, an FIO,
or another FIFO. The timing for the input and
output handshake operations 1s shown in
Figures 4 and 5, respectively.

VALID DATA

DATA IN :X X

X VALID DATA x

Figure 4. Two-Wire Interlocked Handshake Timing (input)

VALID DATA

DATA OUT x

VALID DATA

X

Figure 5. Two-Wire Interlocked Handshake Timing (output)
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Functional
Description
(Continued)

Resetting or Clearing the FIFO. The CLEAR
input is used to initialize and clear the FIFO.
A Low level on this input clears all data from
the FIFO, allows the EMPTY output to go High
and forces both outputs RFD/DAV 5 and
RFD/DAVpg High. A High level on CLEAR
allows the data to transfer through the FIFO.

Bidirectional Transfer Control. The FIFO has
bidirectional data transfer capability under
control of the DIR A/B input. When DIR A/B is
set Low, Port A becomes input handshake and
Port B becomes output handshake; data
transfers are then made from Port A to Port B.
Setting DIR A/B High reverses the handshake
assignments and the direction of transfer. This
bidirectional control is illustrated in Table 1.

tion change is to be made, the recommended
procedure is:

(1) Force and hold CLEAR Low.

(2) Set DIR A/B to the level required for the
desired direction.

(3) Force CLEAR High.

Empty and Full Operation. The EMPTY and
FULL output lines can be wire-ORed with the
EMPTY and FULL lines of other FIFOs and
FIOs. This capability enables the user to
determine the empty/full status of a buffer con-
sisting of multiple FIFOs, FIOs, or a combina-
tion of both. Table 2 shows the various states of
EMPTY and FULL.

Number of
~ Port A Port B Bytes in FIFO EMPTY FULL
DIR A/B Handshake Handshake Transfer i
0 High Low
0 Input Output AtoB 1-127 Low Low
1 Output Input Bto A 128 Low High
Table 1. Bidirectional Control Function Table Table 2. Signals EMPTY and FULL Operation Table

The FIFO buffer must be empty before the
direction of transfer is changed; otherwise, the
results of the change will be unpredictable. If
FIFO status is unknown when a transfer direc-

Interconnection Example. Figure 6 illustrates
a simplified block diagram showing the man-
ner in which FIFOs can be interconnected to
extend a FIO buffer.

+5V +5V
_— b3
FULL SYSTEM FULL
EMPTY I I SYSTEM EMPTY
DB‘},TS‘ EMPTY FULL D,‘J: EMPTY FULL Da‘:,rs"
DATA
PORT 2
of
28038 28060 28060
RFDIDAV ¢ ACKINA RFDIDAVs ACKINA RFDIDAVg >
HANDSHAKE
SIGNALS
ACKIN : RFD/DAVA ACKiNg A ACKINg |-¢—
OE OEa OFs OEx OEp | *———— OUTPUT CONTROL
] I _ 1 _[ _
= = CLEAR DIR A/B = = CLEAR DIR A/B
CLEAR l I SYSTEM CLEAR

DATA DIR

SYSTEM DIRECTION

Figure 6. Typical Interconnection (Simplified Diagram)
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Functional ~ Output Enable Operation. The FIFO provides DIR A/B OE; OE; Function
Description  a separate Output Enable (OE) signal for each
(Continued)  port of the buffer. An OE output is valid only 0 X 0 Disable Port A Output
when its port is in the Output Handshake Enable Port B Output
mode. The control of this output function is 0 X 1 Disable Port A Output
shown in Table 3. Signal OE operates with Disable Port B Output
lines DIR A/B. A High on a valid OE line 1 0 X Enable Port A Output
3-states its port’s data bus but does not affect Disable Port B Output
the‘ handshake operation. A Low level ona 1 1 X  Disable Port A Output
valid OE enables the data bus outputs if its Disable Port B Output
port is in the Output Handshake mode. Note
that the handshake operation is unaffected by NOTE: X = Don't care.
the Output Enable pin. Table 3. Output Control Function Table
Absolute Voltaqes on all inputs and outputs with respect Stresses greater than those listed under Absolute Maximum
Maximum toGND ..... -03Vto +7.0V Ratings may cause permanent damage to the device This1s a
LTt : stress rating only; operation of the device at any condition above
Batings Operatmg those indicated 1n the operational sections of these specifications 1s
Ambient Temperature ......... AS specified in not implied Exposure to absolute maximum rating conditions for
Ordering Information extended periods may affect device rehabihity.
Storage Temperature......... -65° to +150°C
Standard The characteristics below apply for the B +475V <V, < +525V
Test following standard test conditions, unless mGND =0V
Conditions otherwise noted. All voltages are referenced to

GND. Positive current flows into the refer-
enced pin. Standard conditions are as follows:

FROM OUTPUT
UNDER TEST

250

50;:FI Yy

Figure 7. Standard Test Load

B Tj as specified in Ordering Information. All
ac parameters assume a load capacitance of
50 pF max.

22K

FROM OUTPUT
UNDER TEST

50 pF

I

Figure 8. Open-Drain Test Load
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DC Symbol Parameter Min Max Unit Condition
Character-
istics Vi Input High Voltage 2.0 Vee +0.3 v
Vi Input Low Voltage -0.3 0.8 v
Vou Output High Voltage 2.4 v Iog = -250 A
VoL Output Low Voltage 0.4 v IoL = +2.0mA
0.5 \4 IoL = +3.2mA
I Input Leakage +10 rhA 04=<Vy=s +24V
IoL Output Leakage +10 pA 0.4 = Voyr <= +24V
Icc Ve Supply Current 200 mA
NOTE. Vo = +5 V £5% unless otherwise specified over specified temperature range
Capacitance Symbol Parameter Min Max Unit Test Condition
Civ Input Capacitance 10 pF Unmeasured pins
Court Output Capacitance 15 pF returned to ground
Cro Bidirectional Capacitance 20 pF
Input
tr Any input rise time 100 ns
t Any input fall time 100 ns
NOTE: f = 1 MHz over specified temperature range
Ordering Product Package/ Product Package/
Information  Number Temp  Speed Description Number Temp  Speed Description
78060 CE 4.0 MHz FIFO (28-pin) 28060 DS 4.0 MHz FIFO (28-pin)
28060 Cs 4.0 MHz Same as above 78060 PE 4.0 MHz Same as above
28060 DE 4.0 MHz Same as above 78060 PS 4.0 MHz Same as above

NOTES. C = Ceramuc, D = Cerdip, P = Plastic, E = -40°C to +85°C, S = 0°C to 70°C

277

0J1d 0908Z



2-Wire INPUT TIMING
Interlocked

Handshake G

Timing DATA x VALID DATA X

EMPTY

_\
~—1®
FuLL /

OUTPUT TIMING

DATA g_ VALID DATA X

EMPTY

FULL

i)

ACKNOWLEDGE INPUT TO DATA AVAILABLE TIME (BUBBLE TIME)

o \

~—®—]

OUTPUT ENABLE AND CLEAR

0,
CLEAR \ ) [
INPUT

Figure 9. Timing Diagrams

i

DATA OUT
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FIFO 2-Wire Handshake Timing. Timing for
2-wire interlocked handshake operation is

shown in Figure 9. The symbol, description

and values for the numbered parameters
(Figure 9) are given in AC Characteristics.

AC No. Symbol Parameter Min Max Units*
Character- —
istics 1  TsDI(ACK) Data Input to ACKIN ! to Setup Time ns
2 TdACK{(RFD) ACKIN | to RFD | Delay 0 ns
3 TdRFDr(ACK) RFD 1 to ACKIN | Delay 0 ns
4 TsDO(DAV) Data Out to DAV | Setup Time 25 ns
5 — TdDAV{(ACK) —— DAV | to ACKIN | Delay 0 ns —
6 ThDO(ACK) Data Out to ACKIN t Hold Time ns
7 TdACK(DAV) ACKIN | to DAV 1 Delay 0 ns
8 ThDI(RFD) Data Input to RFD | Hold Time 0 ns
9  TdRFDi(ACK) RFD | to ACKIN t Delay 0 ns
10 — TdACKr(RFD)—— ACKIN 1 to RFD 1 Delay 0 ns —
11  TdDAVr(ACK) DAV t to ACKIN t 0 ns
12 TdACKr(DAV) ACKIN 1 to DAV | 0 ns
13 TJACKIN{(EMPTY) (Input) ACKIN | to EMPTY | Delay
(Output) ACKIN | to EMPTY 1 Delay
14 TdACKINf(FULL) (Input) ACKIN | to FULL t Delay
(Output) ACKIN | to FULL } Delay
15 — ACKIN Clock Rate (Input or Output) 1.0 MHz -
16 TJACKIN{(DAV{) (Bubble Time) ns
17 TwCLR Width of Clear to Reset FIFO 700 ns
18  TdOE(DO) OE | to Data Bus Driven 0 ns
19 TdOE(DRZ) OE 1 to Data Bus Float ns
NOTES.
* All iming references assume 2 0 V for a 1Qg1c 1and 0.8 V for a
logic 0. Timings are preliminary and subject to change.
00-2123-02 279
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Z8065
Z8000"'2-BEP
Burst Error Processor

Ya

Product

-il -
Zilog Specification
June 1982
Features B Detects errors in serial data up to 585,442 B Provides three correction algorithms:
bits in length O Full-period clock-around method for con-
B Implements correction of a detected error formance to current practices
burst of up to 12 bits in length O Chinese remainder theorem, which
B Handles effective data rates of up to 20M reduces correction time by orders of
bits per second magnitude
B Provides four industry-standard polynomials O Reciprocal polynomial, which allows cor-
for error detection rection with 48-bit code
B Designed for use in both microprocessor
and microprogrammed disk-controlled
systems
General The Z8065 Burst Error Processor (BEP) pro- versions, to satisfy a broad range of applica-
Description  vides error detection and correction facilities tions. During write operations, the BEP
for high-performance, high-density disk generates check-bit words, which are append-
systems and any other system in which high- ed to the record being written onto the disk.
speed serial data transfers occur. These check-bit words are then used in subse-
For error detection, the BEP provides a guent reads and, if necessary, in correction
selection of four standard polynomials, operations.
including the more popular 56-bit and 48-but
0o s a: [ 2w0f]+sv
——>{ 0, o f—— a[]2 sf]a.
D2 Q wps[]s 3s[Jas
pata | —]o, Q@ }——» \ paTA OUT- Lpz e 70
weut\ asl——» [ CHECK BITS wei]s ss[Jas
——{ ;s (1) I Lro[6 35[]qs
1 D Qg MR []7 3a[Jor
I ar b Ae[]s 33[Jrep
s LPo er[]o 32f]po
POLYNOMIAL | —>] 0 31
SELECT {-.--» St 232:5 LPy LOCATED ERROR PZPE:‘ 22225 30 a:‘
P2 }—— [ PATTERN : 8
— o 1py pmg 12 29[ s
el U e o wfle
—lc, cpP[]1e 27[] ¢
READ ERROR AE f——> ALIGNMENT EXCEPTION D1E 15 26 ]Pz
PATTERN ~— | FFF P |———> ERROR PATTERN os[16 25fps
—lr PM2 Ds[]17 2a[]c.
. POLYNOMIAL | —>|P: PM3 -——-—»} PATTERN MATCH Da[ 18 23[] oo
SHIFT CONTROL § — p, PMs f—— D3 [J19 22 ] 04
—_—p; GND []20 21{] D,
+5V GND CP MlR
Figure 1. Pin Functions Figure 2. Pin Assignments
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General
Description
(Continued)

When a stored record is read, the BEP com-
putes the syndrome for data validation. This
syndrome is then used to determine if an error
burst is present in the retrieved data stream. If
an error is detected, the BEP can be used to
locate its actual bit pattern. The information
obtained is then made available to the host
system where it is used to correct the data
read. Any of the three algorithms can be

selected for this process.

The BEP is fabricated using silicon-gate,
N-MOS technology and is supplied in a 40-pin
dual in-line package (DIP). Figures 1
and 2 illustrate the pin functions and pin
assignments, respectively, of the Z8065. Z8065
operation requires a +5 V dc power supply
and a single-phase clock.

Pin
Descriptions

AE. Alignment Exception (output, active
High). This output goes High when a misalign-
ment condition occurs during an error-pattern
search operation.

Co-Ca. Function Select (inputs, active High).
These three lines carry the binary code used to
select the BEP functions. The codes and the
functions initiated by each are listed in

Table 1.

G ¢ G Function

L L L Compute Check Bits

L L H  Write Check Bits

L H L  Read Normal

L H H Read High Speed

H L L  Load

H L H Reserved

H H L Correct Normal (Full Period
Clock Around)

H H H  Correct High Speed (Chinese

Remainder Theorem Method)

H = High, L = Low
Table 1. Function Select Codes

CP. Clock (input, active High). All BEP
operations are timed by this external clock
input. Any input changes must be made to the
BEP when CP is High. Data is strobed into the
BEP only during the Low-to-High transition of
CP. BEP outputs are valid only after a subse-
quent Low-to-High transition occurs on CP.

Dg-Dy. Data In (input, active High). These
eight lines are used to enter data into the BEP.
Dy is the least-significant bit (LSB) position of
the input; Dy is the most-significant bit (MSB)
position of the input. Data entry occurs on the
Low-to-High transition of the input clock pulse.
Any change on Dg-D7 must take place when
the clock pulse (CP) input is High.

EP. Error Pattern (output, active High). Dur-
ing an error correction process, EP is set High
to indicate that the bit pattern of the detected
error has been found. EP is set Low each time
the BEP is initialized. EP 1s valid only during
the performance of a correction function; it
must be ignored at all other times.

ER. Error (output, active High). ER indicates
that the BEP has detected an error in the input

data stream. If the register array contains a
zero syndrome, ER is set Low to indicate that
no error was detected. If the array contains a
non-zero syndrome, ER is set High to indicate
that an error was detected. The output is valid
only after the BEP receives the last check byte
during a normal read or a read high-speed
function. The resulting syndrome is contained
by the register array. ER is set Low each time
the BEP is initialized.

LPo-LP3. Located Error Pattern (outputs,
3-state). These four lines, together with Qp-Q7
provide a 12-bit error pattern that is output
when REP is High. Q7 is the MSB of the pat-
tern; LPg is the LSB of the pattern. A High
level on any output line represents a logical 1;
a Low level a logical 0. When no error pattern
is available (REP is Low), output lines LPp-LP3
and Qp-Qy7 are maintained in a high-
impedance state.

MR. Master Reset (input, active Low). This
input controls the initialization of the BEP. Set-
ting MR Low for a minimum period of 800 ns
initialized the BEP. The BEP must be initialized
prior to performing compute check bits, read
normal, read high-speed, and load functions.

Po-P3. Polynomial Shift Control (inputs, active
High). During correction procedures using the
Chinese remainder theorem, each syndrome
obtained by the high-speed read function is
shifted individually. The Pg-P3 inputs provide
this capability: Py enables the shifting of the
first syndrome, Pj shifts the second syndrome
and so on. A High on an input allows the cor-
responding register to shift; a Low causes it to
hold. These inputs are effective only during
the correct high-speed function. Changes on
these inputs occur only when the CP input is
High.

PM2-PMy. Pattern Match (outputs, active
High). These lines are used during a Chinese
remainder theorem error-correction operation
to indicate error-pattern match conditions for
each syndrome involved. When High, an out-
put specifies that the corresponding syndrome
register has achieved a match.

Qo-Qg. Data Out (outputs, 3-state). These
eight lines are active only during write check
bit and error correction functions. At all other
times, Qp-Qy are maintained at a high-
impedance level. During the write check bit
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Pin
Descriptions
(Continued)

function, check bits are presented to these
lines one byte at a time. Qg is the LSB and Q7
is the MSB of the output. During the error-
correction function, REP enables these lines to
carry the detected error bit pattern.

REP. Read Error Pattern (input, 3-state). REP
when High, enables lines LPg-LP3 and Qp-Q7.

This error pattern information is valid only

after a High is indicated on the EP output dur-
1ing correction operations.

So-S). Polynomial Select (inputs, active High).
These two pins carry the binary codes required
to select which polynomial the BEP will imple-

ment. The select codes (logic levels) are given
in Table 2.

Number of
S) Sp Polynomial Check Bits
L L (X224 )X11+X74+%64+ X+ 1)(X12+ X114 X104 X94 X8+ X7+ X6+ X5+ X4+ X3+ X2+ X + 1)
(X114+X9+ X7+ X6+ X5+ X +1) 56
L H Xl+nxll+X2+1) 32
H L (XB+1)X12+x114+%8+X7+X3+X+1) 35
HH (XI3+1)(x35+X23+X8+X2+1) 48

H = High, L = Low

Table 2. Polynomial Select Codes

Architecture The BEP consists of four major circuit are decoded by the control logic. The outputs
groups: control logic, polynomial divide of the decoder are then used to generate the
matrix, register array, and status logic. Figure control and timing signals needed to perform
3 shows a block diagram of the BEP. the encoded function or to select the encoded
Control Logic. The control logic circuits pro- polynomial.
vide timing, reset, polynomial selection, and The Rgad Er‘ror Pattern (REP) and
read error-pattern control inputs for the Polynomial Shift Control signals enable the
remaining BEP circuits. control logic to strobe valid error bit pattern

Basic timing is provided to the control logic outputs onto the register array output lines. .
by clock mput CP. The control logic generates ~ During high-speed corrections, the polynomial
and distributes appropriate timing and control shift inputs are.used fOI.' register array, srror
signals to the remaining BEP circuits. burst-pattern bit-matching operations.

Enabling the Master Reset (MR) causes the Polynomial Divide Matrix. This matrix con-

Y
control logic to initialize all device circuits. nects the register array circuits so that each
This operation is usually performed before the data byte presented on lines Dg-D7 is suitably
execution of a selected device function. divided by the user-selected polynomial. The

Function select and polynomial select inputs connections to be made are determined by

STATUS LOGIC
ZERO DETECTION j|——— ERROR (ER)
RESET (W) —l ALIGNMENT MONITOR ——— ALIGNMENT EXCEPTION (AE)
CLOCK (CP) ﬁ
ERROR PATTERN DETECTOR |——— ERROR PATTERN (EP)

SELE’:CUTN(EB‘?:; E> N PATTERN MATCH MONITORS 3 ) PATTERN MATCH (PM-PMz)

PATTERN (RER) ——>1 controL l— ————— TT— —
| e
POLYNOMIAL SHIFT [ﬂ REGISTER |
CONTROL (P3-Pg) ARRAY
| E LOCATED ERROR
PATTERN (LP3-LPo)
POLYNOMIAL @ I |
SELECT (S1-So) | |
! |
|
| POLYNOMIAL :
DIVIDE MATRIX
DATA IN 3 |
(D7-Dg) 7 > |
! SELECTABLE POLYNOMIAL I
| DIVIDERS |
L |
Figure 3. Simplified Block Diagram
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Architecture

gating the signals supplied by the control logic

register arrangement in an 8-bit parallel form.

(Continued)  after decoding the select code on inputs Sg At the end of each write operation, the com-
and S;. puted check-bit bytes are available on lines

Register Array. This array consists of 56 flip- QO'Q7' Or} completion of a correction opera-

flop circuits used for: (1) check-bit computa- tion, the bit pattern of the detected error is

tion during write operations, (2) syndrome available on lines LPo-LP3 and QO'Q?' Input
computation during read operations, and (3) BEP deterrmr}es when a v.ahd error bit pattern
error pattern extraction during error- is on the register output lines.

correction operations. Status Logic. These circuits monitor the

The bit patterns required for array functions register array to detect the conditions listed in
are provided by the polynomial divide matrix. Table 3 and to enable the generation of the

The array and matrix circuits, together, corresponding control signals.

simulate a serial, polynomial, feedback-shift

Condition
Detected Signal

Result of Polynominal Division ER (error) High when error found; Low when no error.

Alignment during H-S and normal correction AE (ahgnment error) High when error pattern 1s incorrectly aligned.

Location of an error bit pattern EP (error pattern) High when an error-bit pattern 1s detected.

Pattern matching during H-S correction PMj, PM3, PMy (pattern match). Each signal goes High when 1its
corresponding register matches the proper section of a located burst-bit
pattern.

Table 3. Status Logic, Detected Condition and Resulting Output
Functional The BEP detects and corrects data errors Write Operation. Before data is written onto a
Description  using write, read, and correct operations. The disk or similar storage device, the BEP must

BEP operates in conjunction with external
logic: either a microprocessor or micropro-
grammed control circuitry. Master clock
inputs, the selection of polynomials and func-
tions, and the output of check bytes and error
bit patterns are initiated and controlled by
inputs from external circuits. External logic is
also used to collect data, perform calculations,
and carry out the actual modification of stored
data during error-correction operations.

The BEP contains code for four standard
polynomials (sometimes referred to as Fire
codes). This code forms the basis fo the unit's
error detection and correction functions. The
polynomial to be used is selected by a coded
input from the host system®. Table 2 lists the
polynomial select codes, the equations imple-
mented, and the number of check bits
generated by each polynomial during a write
operation. The same polynomial must be
selected for the write, read, and correction
operations performed for a given data stream.
It 15 the responsibility of the host system to
keep track of which polynomial is selected for
use with each data stream.

The BEP also contains the code required to
implement each of seven functions that can be
executed during data stream write, read, and
correction operations. The function to be per-
formed is selected by a coded input from the
host system.* The functions and their required
input code are listed in Table 1.

*NOTE In the remainder of this specification, external circuitry
and software 1s referred to as the host system.

generate and add check-bit bytes to the data to
be stored. These bytes are required for the
detection and correction of errors that may
occur during write and during subsequent
read operations.

Immediately before a write operation, the
host system must output codes to the BEP to
select the polynomial to be used and to initiate
the compute check-bit function.

The data stream to be written is entered, on-
the-fly, into the BEP as it is written onto the
disk. Data is presented to the BEP as a series
of 8-bit bytes in parallel form. Check bits are
generated by dividing each input byte by the
selected polynomial using the rules of algebra
in polynomial fields. The check bits are stored
as they are generated. Check bits are
generated in sets of 56, 48, 35, or 32 bits,
depending on the selected polynomial. When
the last input byte has been processed, the
write check-bit function is initiated by the host
system. During a check-bit write, the
generated check bits are organized into 8-bit
bytes (check-bit bytes), which are output byte
by byte in 8-bit parallel form on lines Qp-Qg.
The host system adds these check-bit bytes to
the end of the newly written file.

The polynomial selected for data write
operations must also be used in subsequent
reads of the written data. Therefore, in selec-
ting a polynomial for a write operation, the
user should consider the type of read and cor-
rection functions desired for future data
retrieval operations. The relationships between
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Functional
Description
(Continued)

the polynomials and the read and corrections
functions are:

B A read normal function must be followed by
a correct normal function. All four
polynomials can be used with this set of
read/correction functions.

B A read high-speed function must be fol-
lowed by the Chinese remainder theorem
correction function. All but the 48-bit
polynomial can be used with this set of
read/correction functions.

Read Operations. When data is read from a
disk, the BEP checks the retrieved data and
check-bit bytes for read and write errors. If
errors are detected, the host system initiates
correction functions, retrieving from the BEP
the information needed to locate and correct
the erroneous data. Immediately before star-
ting the read operation, the host system selects
the desired polynomial and either a read nor-
mal or a read high-speed function. Data and
associated check-bit bytes are then loaded,
byte-by-byte, into the BEP as they are read
from the disk. A divide operation results in
one or more syndromes (depending on the
polynomial used), which are stored in the
register array. The binary values of these syn-
dromes indicate whether or not an error was
present in the scanned data stream. If an error
was detected, ER is set High.

When an error condition 1s indicated and
correction is desired, the host system must
initiate a correct normal, a 48-bit correct nor-
mal, or a correct high-speed function. The
function selected depends on which
polynomial and which read function were
selected for the initial read operation. When
executed, the selected correction function sup-
plies the host system with the information
needed to calculate the location of the error
pattern in the data stream and to correct the
erroneous data stream bits.

Read Normal Function. When this function is
selected, the polynomial matrix is configured
to establish the selected polynomal in its
expanded form. The input stream, data and
check bit bytes, are divided byte by byte by
the expanded polynomal. The results form a
syndrome whose binary value is detected by
the status logic. If the syndrome is nonzero, ER
goes High, to indicate an error condition; if
the syndrome 1s zero, ER remains Low, to
indicate a no-error state.

Read High-Speed Function. This function is
selected when the correct high-speed function
1s used. All but the 48-bit polynomial can be
used with this function.

When selected, this function configures the

polynomial matrix to simultaneously divide
each byte of the input data/check-bit stream by
all factors of the selected polynomial. The
result of each factor division forms a separate
syndrome. Thus, the number of syndromes
developed depends upon the number of factors
in the selected polynomial. The status logic
monitors all syndromes and uses their com-
bined binary values to determine if an e