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Zilog offers microprocessors in
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 com-
ponents, development systems,
and microcomputer boards. You'll
also find a section on the in-depth
training courses now offered for
most Zilog products.

Zilog components, the basic
building blocks for our other
microcomputer products, include
the 8-bit Z80® Microprocessor
and its family of intelligent

Microcomputers in Every Form

peripherals, the Z8T™ Family of
Single-Chip Microcomputers, and
the 16-bit Z8000T™ Micro-
processor and its family of in-
telligent peripherals.

New products introduced in
this data book are the Z800T™
Family .of Microprocessors, which
continues the Z80@ tradition, and
the Z80,000™ Microprocessor,
which establishes Zilog's
supremacy in the 32-bit market.
Also new is the Z8070 APU
Arithmetic Processing Unit for the
Z800, Z8000, and Z80,000
microprocessor families.

Zilog offers a wide variety of |
development environments, rang-
ing from the inexpensive Z8 and
Z8000 Development Modules to
the more elaborate EMS 8000
Development System.

Also offered are Models 11, 21,
and 31 of the System 8000 high-
performance, time-sharing com-
puter system. In addition, EMS
8000 and Z-SCAN 8000 both pro-
vide in-circuit emulation for the
Z8000 Family of Microprocessors,
and Z-SCAN 800 provides in-
circuit emulation for the Z800
Family.
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Gilog Z80° Family

Sefs the Industry

Standard for 8 Bifs

N L A I

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

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

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

This guide to the Z80 Family of
state-of-the-art microprocessors
and intelligent peripheral con-
trollers demonstrates Zilog's con-
tinued support for the 280

members of the Z80 product
family—a family first introduced

in 1976 that continues to enjoy

growing customer support while
family chips are upgraded to
newer and ever-higher standards.

The 28400 Z80 CPU Central
Processing Unit rapidly
established itself as the most
sophisticated, most powerful, and
most versatile 8-bit
microprocessor in the world. It
offers many more features and
functions than its competitor.

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

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

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

"power versions are the Z80 CPU,

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




The easily programmed, dual-
channe! 28420 Z80 PIO Parallel
input/Output Controller offers
two 8-bit 1/O ports with individual
“handshake and pattern recogni-
tion logic. Both I/O ports operate
in either a byte or a bit mode. In
addition, this device can be pro-
grammed to generate interrupts
for various status conditions.

All common data communica-
tions protocols, asynchrénous
as well as synchronous, are
remarkably well handled by the
Z8440 Z80 SIO Serial Input/Out-
put Controller. This dual-channel

receiver/transmitter device offers
on-chip parity and CRC genera-
tion/checking. FIFO buffering and
flag- and frame-detection genera-
tion logic are also offered.

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

Timing and event-counting
functions are the forte of the
Z8430 Z80 CTC Counter/Timer
Controller. The CTC provides

four counters, each with in-
dividually programmable
prescalers. The CTC is a conve-
nient source of programmable
clock rates for the SIO.

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




Z8400
Z80°CPU Central
Processing Unit

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

B Eight MHz, 6 MHz, 4 MHz and 2.5 MHz @ Duplicate sets of both general-purpose and
clocks for the Z80H, Z80B, Z80A, and Z80 flag registers are provided, easing the
CPU result in rapid instruction execution design and operation of system software
with consequent high data throughput. through single-context switching, back-

B The extensive instruction set includes string, qround‘f"re‘?mund programming, and .
bit, byte, and word operations. Block single-level interrupt processing. In addi-
searches and block transfers together with tion, two 16-bit index registers facilitate pro-
indexed and relative addressing result in gram processing of tables and arrays.
the most powerful data handling capabilities @ There are three modes of high-speed inter-
in the microcomputer industry. rupt processing: 8080 similar, non-Z80

B The Z80 microprocessors and associated per %pheral d§v1ce, apd Z80 F émily )
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.

i A —>
A f——
| ——]wrea A —
SYSTEM | <+—]iORa Ay f——>
CONTROL ) «——RD Ay p——
-« WR As ——> Ayq 1 40 [ A
Ag Az [ 2 39 [ A
~——] RFSH A7 — | ADDRESS a3 38 ] As
As }——> ( BUS Au] s w7 A
——F HALT Ay p— Aas s 361 4
Apl—— ck s 3s[] As
| WAIT Ay f—— o Q7 a1 A
cPU ZB80CPU  Ap s> ps[]s 3] As
CONTROL | — | iNT Aqg et ps [ 327 A2
——l Wi Ay fre— s [] 10 socru & [ A
Ats [ +sv|:nz° 0[] A
—| RESET o, [] 12 29[ o
g |te—s o, [} 13 28 ] RFSH
CPU ( . 1BUSREQ Dy |+— Dy [] 14 a7 m
co,,,,';'{,,s_ < ~«————] BUSACK Dz |t o, [ 15 26 [ ] RESET
O3 j«—> | DATA iNT ] 18 25 ] BUSREQ
——]ck Oy [«— ( BUS Nwi [] 17 24 [] WAIT
—]+5V D5 [— HALT [] 18 23 g BUSACK
——>=|GND Dg |-+—> MREQ [] 19 22 []WR
07 fe—-> iora ] 20 21 [] RD
Figure 1. Pin Functions Figure 2. Pin Assignments
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General
Description

The Z80, Z80A, Z80B, and Z80H CPUs are
third-generation single-chip microprocessors
with exceptional computational power. They
offer higher system throughput and more effi-
cient memory utilization than comparable
second-and third-generation microprocessors.
The internal registers contain 208 bits of
read/write memory that are accessible to the
programmer. These registers include two sets

of six general-purpose registers which may be -

used individually as either 8-bit registers or as
16-bit register pairs. In addition, theré 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 —» I |
CLOCK —
CPU
TIMING i
CONTROL
8 SYSTEMS 5CPU

AND CPU  CONTROL
CONTROL
OUTPUTS

INPUTS

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
780 1/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

+ 11

ADDRESS
LOGIC AND
BUFFERS

16-BIT
ADDRESS BUS

Figure 3. Z80 CPU Block Diagram
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280 Micro- The Zilog Z80 microprocesscr 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 ap.p.lications.with rfli.nin.lum requir?ments 0 The DMA (Direct Memory Access) con-
for‘ a.ddltlonal logic, fac.llltatu.’lg the design of troller provides dual port data transfer
efficient and cost-effective microcomputer- operations and the ability to terminate data
ba;eld S)llqsten;s. ened fi it transfer as a result of a pattern match.
ilog has designed five components to pro- .
vide extensive support for the Z80 micro- @ The SIO (Serial Input/Qutput) controller
processor. These are: offers two channels. It is capable of
. operating in a variety of programmable
B The PIO (Parallel Input/Output) ope.rates in modes for both synchronous and asyn-
both data-byte I/O tragsfer modeA(w1th chronous communication, including
handshaking) and in bit mode (without Bi-Sync and SDLC.
handshaking). The PIO may be configured . .
to interface with standard parallel 0 The DAHT (Dual.Asynch?onous Receiver/
peripheral devices such as printers, tape Transmitter) dev1<;e provides 'low' cost
punches, and keyboards. asynchronous serial communication. It has
o two channels and a full modem control
0 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.q., 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-tlops 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 FLIPFLOPS STATUS
IX INDEX REGISTER IFF1 iFF2
¥ INDEX REGISTER ;u = INTERRUPTS DISABLED STORES IFF1
1 = INTERRUPTS ENABLED DURING Nmi
. SERVICE
SP STACK POINTER
INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER IMF, IMFy
1 INTERRUPT VECTOR R MEMORY REFRESH H 0 INTERRUPTMODEO
1 0 INTERRUPT MODE 1
1 1 INTERRUPT MODE 2
8 BITS
Figure 4. CPU Registers
2001-0213 7

ndd ¢ez



Z80 CPU Register Size (Bits) Remarks
Regis.ters A A Accumulator 8 Stores an operand or the results of an operation. N
(Continued) ", “Flags 8 See Instruction Set.
B, B General Purpose 8 Can be used separately or as a 16-bit register With C.
C, C General Purpose 8 See B, above.
D, D General Purpose 8 Can be used separately or as a 16-bit register with E.
E, E General Purpose 8 See D, above.
H, H' General Purpose 8 Can be used separately or as a 16-bit register with L.
L, L General Purpose 8 See H, above.
Note: The (B,C), (D,E), and (H,L) sets are combined as follows:
B — High byte C — Low byte
D — High byte E — Low byte
H — High byte L — Low byte
I Interrupt Register 8 Stores upper eight bits of memory address for vectored interrupt
processing.
R Refresh Register 8 Prpvidés user-transparent dynamic memory refresh. Lower seven
bits are automatically incremented and all eight are placed on
) the address bus during each instruction fetch cycle refresh time.
X Index Register 16 Used for indexed addressing.
104 Index Register 16 Same as IX, above.
Sp Stack Pointer 16 Holds address of the top of the stack. See Push or Pop in instruc-
. tion set.
PC Program Counter 16 Holds address of next instruction.
IFF|-IFF, Interrupt Enable 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: Mode 1 — Peripheral Interrupt service, for
General NMI and INT. The NMI is a non-maskable - use with non-8080/Z80 systems.
Operation interrupt and has the highest priority. INT is a

lower priority interrupt and it.requires that

B Mode 2 — a vectored interrupt scheme,
usually daisy-chained, for use with Z80

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

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

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

Family and compatible peripheral devices.

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

rupt responses are shown in the CPU Timing
Section.




Interrupts:
General
Operation
(Continued)

Non-Maskable Interrupt (NMI). The non-
maskable interrupt cannot be disabled by pro-
gram control and therefore will be accepted at
all 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 (M]) cycle in
which IORQ becomes active rather than
MREQ, as in normal Ml 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 is
similar to the 8080 microprocessor interrupt
service procedures. The interrupting device
places an instruction on the data bus. This is
normally a Restart instruction, which will initi-
ate a call to the selected one of eight restart
locations in page zero of memory. Unlike the
8080, the Z80 CPU responds to the Call in-
struction with only one interrupt acknowledge
cycle followed by two memory read cycles.

Mode 1 Interrupt Operation. Mode 1 oper-
ation is very similar to that for the NMI. The
principal difference is that the Mode 1 inter-
rupt has a 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 (IEQ), which is fed to the
next lower priority device. The first device in
the daisy chain has its IEIl 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 IEO line is
raised, allowing lower priority peripherals to
demand interrupt servicing.

The 780 CPU will nest (queue) any pending
interrupts or interrupts received while a
selected peripheral is being serviced.

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

Action IFF} IFF, Comments
CPU Reset 0 0 Maskable 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 A,R instruction . . IFF) — Parity flag
execution

Accept NMI 0 IFF, IFF] — IFF,)

- (Maskable inter-
rupt INT disabled)
IFFy — IFF) at
completion of an
NMI service
routine.

RETN instruction
execution

IFF,

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 pow{erful a}nd versatl'le Jpstructlon sets " O Rotates and -shifts
available in 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
etwe emory and I/O. It als
memory or b'tw €0 MEemory « / also D 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 280 A variety of addressing modes are
instruction set and shows the assembly implemented to permit efficient and fast data
language mnemonic, the operation, the flag transfer between various registers, memory
status, and gives comments on each instruc- locations, and input/output devices. These
tion. The Z80 CPU Technical Manual addressing modes include:
(03-0029-01) and Assembly Language O Immediate
Programming Manual (03-0002-01) contain
. significantly more details for programming O Immediate extended
use. O Modified page zero
The instructions are divided into the .
. . O Relative
following categories:
. 0 Extende
O 8-bit loads : tended
: (m]
O 16-bit loads Indexed
O Register
0O Exchanges, block transfers, and searches giste .
. . : . . ] ister indire
O 8-bit arithmetic and logic operations Register indirect
. . O Implied
O General-purpose arithmetic and CPU 23
control O Bit
8-Bit Symbolic Flags Opcode No.of No.of M No.of T
Mnemonic Operation s Z H P/V N 76 543 210 Hex Bytes Cycles States Comments
Load
Group LDr, 1! rer e o X o X o o 0 r r 1 1 4 r.r’_ Reg.
LDr, n r—n e e X o X o 0 r 110 2 2 7 000 B
e w0 C
LDr, (HL)  r— (HL) o e X s X o o ol r 110 1 2 7 0l0 D
LDr, (IX+d) r~— (IX+d) o ¢ X ¢ X o o101 DD 3 5 19 o E
0l r 101 100 H
. . -d- 00 L
LDr, (IY+d) r—(¥+d) e 4 X ¢ X e nulel D 3 5 19 m A
ol r 110
—d -
LD(HL),r  (HL) —r « e X o X e . 01 110 r 1 2 7
LD (IX+d), r (IX+d) - r e o X o X e o 11 011 101 DD 3 5 19
01110 r
-d -
LD((IY+d), r (IY+d) - r e o X e X e o 11 111 101 FD 3 5 19 *
01110 r
-d -
LD(HL,n  (HL)=n e s X o X o s 00110110 36 2 3 10
S n—
LD(X+d),n (IX+d) —'n e s X o X o o 11011101 DD 4 5 19
00110 110 36
—d =
, oz
LD(IY+d),n (I¥+d) —n e e X e X o 111100 FD 4 5 19
00 110 110 36
C—d-
. PR
LDA, (BC) A - (BO) e e X ¢ X o 00001 010 OA 1 2 7
LDA, (DE) A — (DE) e ¢ X ¢ X o o oIl 010 1A 1 2 7
LDA, () . A — (nn) o ¢ X ¢ X o o 0111010 35 3 4 13
—n-
—n—
LD(BC), A  (BC) = A e s X e X o o 00000010 02 1 2 7
LD (DE), A (D) — A e e X ¢ X o s 00010010 .12 1 2 7
LD(nn), A (an) — A o« ¢ X o X o 0011000 32 3 4 13
. . -n-
-
LD A, 1 A-1 i 1 X 0 X IFF 0 1110110 ED 2 2 9
~ 01010 111 57
LD A, R A-R 1 1 X 0 X IFF 0 11101101 ED 2 2 9
01011 111 SF
IDIL A I1-A o s X @ X o » 11 101 101 ED 2 2 9
01 000 111 47
LDR, A R-A o e X e X o o 11101 100 ED 2 2 9

01 001 111 4F

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

10
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No.of No.of M No.of T

16-Bit Load Symbolic Flags
Cr oup Mnemonic Operatlon P/V N 76 543 210 Hex Bytes Cycles States Comments
LD dd, nn dd «~ nn X o X o o 00 dd0 001 3 3 10 dd  Pair
- n- 00 BC
- n- 0l DE
LD IX, nn IX ~ nn X o X o o 11 011 101 DD 4 4 14 10 HL
00 100 001 21 1 SP
—n-—
—n-
LDIY, nn IY - nn X o X o o 11 111 101 FD 4 4 14
00 100 001 21
-n-—
—-n -
LD HL, (nn) H~ (an+1) X o X o o 00 101 010 2A 3 5 16
. L'~ (nn) -_n -
—-n-—
LD dd, (nn) ddy ~ (nn+1) X o X o o 11 101 101 ED 4 6 20
ddp, ~ (nn) 0l ddl 011
-n—
—-n-
LD IX, (nn) IXH - (nn+1) X o X o o 11 011 101 DD 4 6 20
IXy, = (nn) 00 101 010 2A
-n -
—n-
LD 1Y, (nn) IYH ~ (nn+1) X o X o o 11 111 101 FD 4 6 20
1YL, — (nn) 00 101 010 24
—-n -
—-n-
LD (nn), HL (nn+1) = H X o X o o 00 100 010 22 3 5 ‘16
(nn) ~ L - n-
-n-
LD (nn), dd (nn+1) — ddy X o X o o 11 101 101 ED 4 6 20
(nn) = dd, 01 ddo 011
-n-
—— .
LD (nn), IX (nn+1) = IXy X o X o o 11 011 101 DD 4 6 20
(nn) — IXy, 00 100 010 22
—-n -
—-n -
LD (nn), IY (nn+1) = IYH X o X o o 11 111 101 FD 4 .6 20
(nn) — IYL 00 100 010 22
—n-—
- n - .
LD SP, HL SP — HL X o X o o 11 111 001 F9 1 1 6
LD sP, IX SP — IX X o X o o 11011100 DD 2 2 10
11 111001 F9
LD SP, IY SP -~ 1Y X o X o o 11 111 101 FD 2 2 10
11 111 001 F9 qq Pair
PUSH qq (SP-2) ~ qqL X o X o 11 qq0 101 1 3 11 00 BC
(SP-1) ~ qqH 01 DE
SP -~ SP -2 . 10 HL
PUSH IX (SP-2) — IX|, X o X o o 11 011 101 DD 2 4 15 11 AF
(SP-1) — IXy 11 100 101 ES
SP — SP -2
PUSH 1Y (SP~-2) — IYL, X o X o o 11 111 101 FD 2 4 15
(SP-1) — IYy 11 100 101 ES
SP - SP -2
POP qq qqy = (SP+1) X o X o o 11 gqq0 001 1 3 10
qqL — (SP) ’
SP - SP +2
POP IX IXH ~ (SP+1) X o X o o 11011 101 DD 2 4 14
Xy, ~ (SP) 11 100 001 El
SP —~ SP +2
POP 1Y IYyg — (SP+1) X o X o o 11 111 101 FD 2 4 14
1Yy, — (SP) 11 100 001 El
SP — SP +2
NOTES: dd is any of the register pairs BC, DE, HL, SP.
qq is any of the register pairs AF, BC, DE, HL.
(PAIR)Y, (PAIR)y, refer to high order and low order eight bits of the register pair respectively,
e.g., BCL = C, AFy = A.
Exchange., EXDE HL  DE - HL X o X o 1101011 BB 1 1 4
Block EX AF, AF’ AF ~ AF X o X o o 00 001 000 08 1 1 4 .
EXX BC -~ BC' X o X o o 11 011 001 D9 1 1 4 Register bank and
Transfer, DE -~ DE' auxiliary register
: HL —~ HL' bank exchange
Block Search gy (5p) y 1 - (sp+1) X o X o 11100011 E3 1 5 19
Groups L (SP) .
EX (SP), IX Xy - (SP+1) X o X o o 11 011 101 DD 2 6 23
IXy, -~ (8P) 11,100 011 E3
EX (SP), IY IYH -~ (SP+1) X o X o o 11 111 101 FD 2 6 23
1Yy, - (SP) 11 100 011 E3
0]
LDI (DE) - (HL) X 0 X t o 11 101 101 ED 2 4 16 Load (HL) into
DE — DE+1 10 100 000 A0 (DE), increment
HL —~ HL+1 the pointers and
BC - BC-1 ® decrement the byte
counter (BC)
LDIR (DE) — (HL) X 0 X 0 o 11 101 101 ED 2 5 21 IBC #0
DE ~ DE+1 10 110 000 BO 2 4 16 IfBC =0
HL —~ HL+1
BC —~ BC-1
Repeat until
BC =0
NOTE: @P/V flag is 0 if the result of BC—1 = 0, otherwise P/V = 1,
2001-001 11
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Exchange. Symbolic Flags Opcode No.of No.of M No.of T

Block Mnemonic Operation s z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
Transfer, o) .
LDD (DE) — (HL) e ¢ X 0 X ¢t O e 11101100ED 2 4 16
Block Search DE — DE-1 10 101 000 A8
Groups HL — HL-1
(Continued) BC ~ BC-1 1) :
LDDR (DE) ~ (HL) e+ ¢« X 0 X 0 O e 11101101 ED 2 5 21 I{BC # 0
DE — DE-1 10 111 000 B8 2 4 16 IBC = 0
HL — HL-1
BC — BC-1
Repeat until
BC =0
€] 0}
CPI A - (HL) 1 1 X 1 X ¢ 1 e 11701100 ED 2 4 16
HL — HL+1 10 100 001 Al
BC — BC~1
©] 0}
CPIR A - (HL) t t X 1 X t 1 e 1101100ED 2 5 21 1 BC # 0 and
A # (HL)
HL — HL+1 10 110 001 Bl 2 4 16 I BC = Oor
BC — BC-1 ) A = (HL)
Repeat until :
A = (HL)or
BC =0
, €) 0]
CPD A - (HL) t 1 X 1 X 1 1 e 11100100 ED 2 4 16
HL — HL-1 10 10! 001 A9
'BC - BC-1
€] @ -
CPDR A - (HL) It X 1 X 1 1 e 11101101 ED 2 5 21 1 BC # 0 and
A # (HL)
HL — HL-1 10111 001 B9 2 4 16 1BC = Oor
BC — BC-1 A = (HL)
Repeat until
A = (HL)or
BC =0
‘NOTES: @P/V flag is O if the result of BC =1 = 0, otherwise P/V =1,
@ P/V flag is 0 at completion of instruction only.
@ zflagis 1 it A = (HL), otherwise Z = 0.
8-Bit ADDA,r A-A+r L1 Xt X Vot 10f0 - 1 i 4 r  Regq,
Arithmetic ADD A, n A-A+n t 1 Xt X Voo 1 1pio 2 2 7 000 B
and Logical -0 - e
Group ADD A, (HL) A —~ A + (HL) t ot X+ XV o 1 oo 1 2 7 0l E
ADD A, (IX+d) A — A + (IX+d) t ¢+ X 1 XV 0 1 1ouilol pb 3 5 19 - 100 H
. 10 [60q] 110 . 101 L
- d - 1 A
ADD A, (IY+d) A = A + (IY +d) t 1+ X ¢ X V o't 11urlei Fb 3 5 19
10 110
- d - .
ADCA, ¢ A~ A+s+CY i1 X ¢t X V 0 1t sl(sHaIxj)y(cItxr,r:i,
L (IX+d),
SUB s A-A-s t X1 X V1o (IY +d) as shown
SBCA, s A - A-s-CY t 1 Xt XV 11 for ADD instruction.
AND s A-AAs t 1+ X1 X P O O The indicated bits
OR A-AV t 1+ X0 X-P O O [ replece the (000 in
- ® s the ADD set above.
XOR s A-Aes t + X 0 X P 0 O
CPs A-s t1r X ot X Vo1 i}
INCr rer 4+l t t Xt XV o e 00 r[00 1 1 4
INC (HL) (HL) —(HL)+1 t 1 X t X V.o « 00l00x 1 3 11 -
INC(IX+d)  (IX+d) ~ t ¢+ X t XV 0o e 1101110l DD 3 6 23
(IX+d)+1 ) . 00 110 [1oQ) ‘
) . - d -
INC(Y+d)  (IY+d) ~ 1 ¢+ X 1 X V 0o e 1111100 FD .3 6 23
(Y +d)+1 00 110 {io0]
- d -
DECm me—m-1 1 1t X 1t X V 1 101 m is any of r, (HL),

(IX+d), IY+d)
as shown for INC.
DEC same format
and states as INC.
Replace with
in opcode.
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General- Symbolic Flags 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 Commonts

Arithmetic DAA Convertsacc.content ¢ t X 1 X P o 00 100 111 27 1 1 4 Decimal adjust

into packed BCD accumulator.
and following add or
subtract with packed

CPU Control BCD operands,

Groups CPL A-A e o X 1 X e 1 00 101 111 2F 1 1 4 Complement
accumulator (one's
complement).

NEG A-0-A t + X 1+ X vV 1 11 101 101 ED 2 2 8 Negate acc. (two's
. 01 000 100 44 complement).
CCF CY - CY s o X X X o 0 ¢ 00 111 111 3F 1 1 4 Complement carry
flag.
SCF CY -1 e ¢ X 0 X e« 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP No operation e o X o X o o o 00 000 000 00 1 1 4
HALT CPU halted ¢ o X o X o o o 01 110 110 76 1 1 4
DI « IFF -0 e o X o X o o 11 110 011 F3 1 1 4
El » IFF - 1 o o X o X o o o 11 111 011 FB 1 1 4
MO Set interrupt e o X e X o o o 11 101 101 ED 2 2 8
mode 0 01 000 110 46
M1 Set interrupt e s X o X o o 11 101 10! ED 2 2 8
mode 1 01 010 110 56
M2 Set interrupt o 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.
+ indicates interrupts are not sampled at the end of El or DI

16-Bit ADDHL.ss  HL — HL+ss e « X X X e 0 t  00ssl 00l 1 3 11 ss_Reg,

s s 00 BC
Arithmetic ADCHL,ss HL-HL+ss+CY t & X X X V 0 1 11100101 ED 2 4 15 0l DE
Group 01 ss1 010 10 HL

11 SP
SBC HL, ss HL «~ HL-ss-CY t ¢t X X X V 1 1 11 101 101 ED 2 4 15
01 ss0 010
ADD IX, pp IX-1X + pp e o X X X 0 1 11 011 101 DD 2 4 15 pp__Reg
01 ppl 001 00 BC
0l DE
10 IX
11 SP
ADDIY, rr I¥ = 1Y + or e ¢ X X X ¢ 0 1 11 111 101 FD 2 4 15 rr_Reg.
00 rrl 001 00 BC
0l DE
10 1y
11 Sp
INC ss ss —ss + 1 e o X o X o o o 00 ss0 011 1 1 6
INC IX X—-IX+1 o o X o X e s o 11011100 DD. 2 2 10
00 100 011 23
INCIY IY-IY +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
DECIX X - 1X-1 ¢ ¢ X ¢ X o o 11 011 101 DD 2 2 10
00 101 011 2B
DECIY IY — 1Y -1 e o X o X o o o 11 111 101 FD 2 2 10
00 101 011 2B
NOTES: ss is any of the register pairs BC, DE, HL, SP.
pp is any of the register pairs BC, DE, IX, SP.
rr is any of the register pairs BC, DE, 1Y, SP.
Rotate and
shif‘ Group RLCA e ¢ X 0 X ¢ 0 1t 00 000 111 07 4 Rotate left circular
A accumulator.
RLA [7—q] s ¢ X 0 X e 0 1 000011 17 4 Rotate left
A accumulator.
RRCA e o X 0 X ¢ 0 1 00 001 111 OF 4 Rotate right circular
A accumulator.
RRA [1—0 ] e ¢ X 0 X e 0 1 00 011 111 IF 4 Rotate right
A accumulator.
RLCr t ¢+ X 0 X P 0 11 001 011 CB 8 Rotate lelt circular
. 00 r register r.
RLC (HL) t 1+ X 0 X P 0 1 11 001 011 CB 15 r___ Reg.
00 110 W B
001
RLC (IX+d) {1 X 0 X P O t loulol DD z 302
r,(HL),(IX +d),(IY +d) 11 001 011 CB 100 H
- d - 01 L
00 0] 110 m A
RLC (IY +d) t + X 0 X P 0 1 11 111 101 FD 23
11 001 011 CB
- d -
Instruction format
00 110 and states are as
RLm t X 0 X P 0 1t shown for RLC's.
m=r,(HL),(IX+d),(dY +d) To form new
opcode replace
RRC m 1 1 X 0 X P O 1 or RLC's

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

with shown code.

2001-001
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Rotate and Symbolic Flags Opcode No.of No.of M No.of T
Shiﬂ Group Mnemonic Operation H P/VN C 76 543 210 Hex Bytes Cycles States Comments
Continued
< . vxro i m
mer,(HL),(IX +d),(IY +d)
SLA m 0 0 X P 0 1
mer,(HL)(IX +d),(Y +d) ’
SRA m 0 X P O 1 101
mer,(HL) (IX +d),(IY +d)
sRLm ~ 0—~[7—=0 }—[cY] 0 X P O I I
mer,(HL),(IX+d),(IY +d)
RLD [-2[3-0] [7-4]3-0] 0 X P O s 11101100 ED 2 5 18 Rotate digit left and
A ) 01 101 111 6F right between
the accumulator
: and location (HL).
RRD [F-4]3-0}—[7-4]3-0] 0 X P 0O e 11101100 ED 2 5 18 The content of the
A oy 01 100 111 67 upper half of
the accumulator is
unaffected.
Bit Set, Reset &iTb,r Z-1p 1 X X 0 « 11001011CB 2 2 8 r__ Reg.
0l b r° 000
and Test BITb, (HL)  Z — (HD) 1-X X 0 « 11001011CB 2 3 12 o0 C
Group 0l b 110 010 D
BIT b, (IX+d)p Z — (IX+d)p 1 X X 0 11 011 101 DD 4 5 20 011 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 0l1 3
‘ 100 4
101 5
110 6
11 7
SETb, r h =1 e X o o o 11 001 011 CB 2 2 8
b r
SET b, (HL) (HL)p = 1 o X o o 11 001 011 CB 2 4 15
I b 10
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 -
[ 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 10
RESb, m mp = 0 « X o o o [0 To form new
m = r, (HL), opcode replace
(IX+d), of SET b, s
(IY +d) with [[0]. Flags
and time states for
SET instruction.
NOTES:  The notation my, indicates bit b (0 to 7) or location m.
Iump JP nn PC —~ nn e X o o 11 000 011 C3 3 3 10
- n -
G‘l’Ollp - n - cc Condition
JP cc, nn If condition cc is e X o o o 11 cc 010 3 3 10 000 NZ non-zero
true PC «— nn, - n - 00l Z zero
otherwise - n - 010 NC non-carry
continue 01l C carry
100 PO parity odd
101 PE parity 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 —
JIRC, e fC=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 is met.
PC - PC+e ' .
JRNC, e fCc=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 is met.
PC - PC+e
JPZ e HzZ=90 e X o o o 00 101 000 28 2 2 7 If condition not met.
continue - e-2 -
HzZ=1, 2 3 12 If condition is met.
PC — PC+e
JRNZ, e HzZ=1, e X o o o 00 100 000 20 2 2 7 1If condition not met.
continue - e~2 =
iz =0, 2 3 12 1f condition is met.
PC — PC+e
JP (HL) PC — HL * X o o o 11 101 001 E9 1 1 4
JP (IX) PC - IX o X o o o 11 011 101 DD 2 2 8

11 101 001 E9
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Jump Group Symbole Flags o Opcode No.of No.of M No.of T
(continued) Mnemonlc Operation s Z H P/V (o] 76 543 210 Hex Bytes Cycles States Comments
JP (1Y) PC -~ 1Y e o X o X o o 11 111 101 FD 2 2 8 !
11 101 001 E9
DINZ, B-—B-1 e o X o X o o 00 010 000 10 2 2 8 B =0.
’ 4B =0, —-e-2 —
continue
IB=#0, 2 3 13 1tB =+ 0.
. PC ~ PC+e
NOTES: e represents the extension in the relative addressing mode.
e is a signed two's complement number in the range < -126, 129 >.
-2 in the opcode provides an effective address of pc + e as PC is incremented
by 2 prior to the addition of e.
Call and CALL nn (SP-1) — PCH e ¢ X e X e e o 11001101CD 3 5 17
(SP-2) — PCL — n -
Return Group 5C — oo R
CALLcc, nn If condition e o X o X o o o 11 cc 100 3 3 10 If cc is false.
cc is false ~- n -
continue, - n - 3 8 17 If cc is true.
otherwise same as
CALL nn y
RET PCL, — (SP) s e X o X o o o 11 001 001 C9 1 3 10
PCy — (SP+1)
RET cc If condition e ¢ X e X o e o 1] cc000 1 1 5 . Iccisfalse
cc is false
continue, 1 3 1 If cc is true.
otherwise cc____Condition
000 NZ non-zero
RET 001 Z zero
RETI Return from e ¢+ X o X s s e 11I01101ED 2 R VR e
interrupt 01 001 101 4D 100 PO perity odd
RETN! Return from e o X o X o o o 11 101 101 ED 2 4 14 101 PE parity even
non-maskable 01 000 101 45 110 P sign positive
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) — PCy, 000 O0H
PCH - 0 001 O08H
PCL — p 010 10H
011 18H
100 20H
101 28H
110 30H
111 38H
NOTE: "'RETN loads IFFg — IFF)
Input and INA, (n) A-(n e o X o X o o o 11 011 011 DB 2 3 11 ntoAg ~ Ay
- n - Acc. to Ag ~ A5
Output Group -, © r - (O .1t X 1 X P 0 s 111011001 ED 2 3 12 Ctohg ~ A7
if r = 110 only the ' 0l r 000 Bto Ag ~ A5
flags will be affected
o .
INI (HL) - () X+ X X X X 1 X 11 101 101 ED 2 4 16 CtoAg ~ A7
B~ B-1 ‘ 10 100 010 A2 Bto Ag ~ Als
HL - HL + 1 @
INIR (HL) - (C) X 1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 110 010 B2 (1 B#0) BtoAg ~ Als
HL « HL + 1 2 4 16
Repeat until (It B=0)
B=0
®
IND (HL) — (C) X 1+ X X X X 1 X 11 101 101 ED 2 4 16 CtoAg ~ A7
B~B-1 ' 10 101 010 AA Bto Ag ~.Al5
HL — HL-1 ©)
INDR (HL) ~ (C) X 1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ Ay
B~B-1 10 111 010 BA (It B#0) BtoAg ~ A5
HL — HL-1 2 4 16
Repeat until (If B=0)
B=0
OUT (n), A (n) - A e ¢ X o X o o o 11 010 011 D3 2 3 11 ntoAg ~ A7
- - n - Acc. to Ag ~ A5
OUT(C), r C)-r o o X o X e o o 11 101 101 ED 2 3 12 CtoAg ~ Ay
- 0l r 001 BtoAg ~ A5
: O]
OUTI (C) — (HL) X+ X X X X 1 X 11 10t 101 ED 2 4 16 CtoAg ~ A7
B-B-1 10 100 011 A3 BtoAg ~ A5
HL - HL + 1 @ .
OTIR (C) - (HL) X 11X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B~-B-1 10 110 011 B3 (1t B#0) BtoAg ~ Als
HL ~ HL + 1 2 4" 16
Repeat until (It B=0)
B=20
O]
OUTD (C) = (HL) X 1 X X X X 1 X 11 101 101 ED 2 4 16 CtoAg ~ A7
B~-B-1 . 10 101 011 AB BtoAg ~ Ajs
HL — HL-1

NOTE: @ 1f the result of B—1 is zero the Z flag is set, otherwise it is reset.
@ Z flag is set upon instruction completion only.

2001-001
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Inpu! and Symbolic Flags Opcode No.of No.of M No.of T
Output Gfoup M Op i s 2z H P/VN C 76 543 210 Hex' Bytes Cycles States Comments
(Continued) 0] : -
OTDR (C) — (HL) X1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-1 10 111 011 (11 B0) Bto Ag ~ A5
HL — HL-1 2 4
Repeat until B = 0 (If B=0)
NOTE: (D)Z flag is set upon instruction completion only.
Summary of Dy Do
Flﬂg‘ Instruction s 2z H PV N C Comments
N ADDA, s; ADCA, s 1 t X t X V 0 1t 8-bit add or add with carry. .
Operatlon SUBs; SBC A, s; CP s; NEG 1 t X ¢t X vV 1 ! 8-bit subtract, subtract with carry, compare and negate accumulator.

AND s t 1+ X 1 X P 0 0 } ) ) ’

ORs, XOR s 1 1 X 0 X P 0 0 Logical operations,

INC s i 1 X t X vV 0 e 8-bit increment.

DEC s 1 1 X 1t X VvV 1 8-bit decrement.

ADD DD, ss e ¢ X X X e 0 16-bit add.

ADC HL, ss ! t X X X vV 0 1 16-bit add with carry.

SBC HL, ss r 1 X X X VvV 1 1 16-bit subtract with carry.

RLA, RLCA, RRA; RRCA e o X 0 X 0 1 Rotate accumulator.

RL m; RLC m; RR m; t 1 X 0 X P 0 1 Rotate and shift locations.

RRC m; SLA m;
SRA m; SRL m

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

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

CPL e ¢ X 1 X e 1 o Complement accumulator.

SCF e ¢ X 0 X e 0 1 Set carry.

CCF e e X X X e 0 1 Complement carry.

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

}gihfl\;gDRo,UOT;]}?OLgTPDR § : g(( § § § : :} Block input and output. Z = 0if B # 0 otherwise Z = 0.

ighi,LESDR J)E ;(( § ’ g ))E é g :} Block transfer instructions. P/V = 1 if BC # 0, otherwise P/V = Q.

CPI; CPIR; CPD; CPDR X t X X X 1 1 o Block search instructions. Z = 1 if A = (HL), otherwise Z = 0. P/V =1

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

H Half-carry flag. H = 1 if the add or subtract Any one of the CPU registers A, B, C, D, E, H, L.
operation produced a carry into or borrow. from 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 if 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 ii 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 in range < 0, 65535 >.
packed BCD format.

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

a carry from the MSB of the operand or result.

16
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Pin
Descriptions

BRy-Ajy5. 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
1/0O 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-D7. Data Bus (input/output, active High,
3-state). Do~-D7 constitute an 8-bit bidirectional
data bus, used for data exchanges with
memory and [/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.

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

MREQ. Memory Reguest (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 I/O device. The addressed I/O
device or memory should use this signal to
gate data onto the CPU data bus.

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

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

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

WR. Write (output, active Low, 3-state). WR
indicates that the CPU data bus holds valid
data to be stored at the addressed memory or. -
1/0O 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

@ ]/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  states T3 and T4 of an M1 cycle dynamic RAM
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 T3. During clock

refresh can occur while the CPU starts
decoding and executing the instruction. When
the Refresh Control signal becomes active,
refreshing of dynamic memory can take place.

F T . , T \ Tw \_ v T3 Ta -
cLock _/ [« ﬁ \ J \ / \_j \__/
. by -
S -0
Ao-A4s j PC ":’ § REFRESH ADDR X
Ol | :
O—~ ®© (D
WREQ N s %
7z / :‘ )
D <@
A T\ »
@~ |~ @.r':*“
war { ~ 7 N
i _Dx — /{
e or] -
Do-D7 :E—-——QR—"; ‘X;AL!D DATA

RFSH

L..{i *J,‘i_

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

Figure 5. Instruction Opcode Fetch
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CPU Memory Read or Write Cycles. Figure 6
shows the timing of memory read or write
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,

Timing
(Continued)

Ap-Ays

READ
OPERATION

WRITE
OPERATION

4 7/
Do-D’ . g

y

T T2 Tw

AvYAYWE

g rya

f%

T3

edd
X VALID ADDRESS

ey Y

—|

[ et o /L
| 4/

gl s

na

7/

TN
AN
AN
LN

3

{ vaLD
DATA

L ¢

@

rya

7/ —

DATA OUT

Figure 6. Memory Read or Write Cycles

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.

2005-883 |
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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 1/O read or I/O write operation. state allows sufficient time for an I/O port to
(Continued) During /O operations, the CPU automatically decode the address from the port address lines.
T2 Tw* Tw T3
wo [N T\ YN
N o |/ st_, L,
®
Ao-A7 X VALID PORT ADDR‘ESS :’: C
@ ’ ] —i><—
foRa T " /
N—@-—» —--L_ —a (1)
o o T [ e
WA . N,
@ —-—®<—
5 \ ” 43.
1o ¢ S OhE
OPERAF"I'Elga e @ ] /L ®—> T
- X 7 7 VALID
- AN Y ’ll DATA
Lo o
W /I @~
wm!|": *®_: ® O
OPERATION /%
Do-Dy e ’” DATA OUT y—

NOTE: Ty,*= One Wait cycle automatically inserted by CPU.

Figure 7. Input or Output Cycles

Interrupt Request/ hcknowledge Cycle. The During this M1 cycle, IORQ becormes 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.

Twe Tw 7

\—/_lsu;-/_‘ Lj—\_

3

Ao-A1s . X PC i

,,
®

S/
—= @) |- — 52
10RQ - P
S/

@)
& 1 —x| -ot-|(18) |-—
@~ T =el]
WAIT Vi R
i i 0
/£
Do-D7 ) L6E( - Y vauio para X
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 Non-Maskable Interrupt Request Cycle, normal instruction fetch except that data put

Timing NMI is sampled at the same time as the mask- on the bus by the memory is ignored. The
(Continued)  able interrupt input INT but has higher priority ~ CPU instead executes a restart (RST) operation
and cannot be disabled under software control. and jumps to the NMI service routine located
The subsequent.timing is similar to that of a at address 0066H (Figure 9).
LAST M CYCLE
LAST T TIME Ty Tz T3 Te Ts

AYAWAVAWAW
m::::w::::I::::::::::::I:f:::::

Ag-A1s [ PC x- REFRESH x
Wi i Vi
] ®\|._ -® - @[~
MREQ / M-
® | B—s S—

i 3
i
o
r
v
ANC
7 1
\ 1)
T

* Although NMLI is an asynchronous input, to quarantee its being must occur no later than the rising edge of the clock cycle
recognized on the following machine cycle, NMI's falling edge preceding TLAST.

Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU lines to a high-impedance state with the rising

samples BUSREQ with the rising edge of the edge of the next clock pulse. At that time, any
last clock period of any machine cycle (Figure external device can take control of these lines,
10). If BUSREQ is active, the CPU sets its usually to transfer data between memory and

address, data, and MREQ, IORQ, RD, and WR 1/0 devices.

Tu Tx Tx Tx

= oS

l/“l:

— £
O
BUSACK
FLOAT p—
Ao-A1s E—-f’ <
- @ - |®
Do-D3 ; . FLOAT <—
] [=@® - |+=®
MREQ
5. WR } " FLOAT :r—-
oRa . —

L
|
T“?

HALT UNCHANGED

NOTE: T = Last state of any M cycle. ’ Tx = An arbitrary clock cycle used by requesting device.

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

Timing receives a Halt instruction, it executes NOP output is active and remains so until an inter-
(Continued)  states until either an INT or NMI input is rupt is received (Figure 11).
M1 I M1 : -

Ty L T T T T T

CLOCK

HALT

Halt Instruction I

Received .
NMI

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

Figure 11. Halt Acknowledge Cycle

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

M1 -

S AYAYAWAVAWAWAY

~° Hl@_,- o or
N LNV 7 N

— — @ |-—
Ao-A1s : S/ fon ::
—] @ —
Do-D7 ,E_/f FLOAT

Ed
N
!
-

Bz
3

ol
2|
0

E]
=
@

X!

7777777 | \

o
c|
I
>
)
x|

|

X
>
4
-

Figure 12. Reset Cycle
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AC Characteristics

Z80 CPU Z8OA CPU Z80B CPU Z80H CPUY
Number Symbol Parameter Min Max Min Max Min Max Min Max
1 TcC Clock Cycle Time 400* 250* 165* 125*
2  TwCh . Clock Pulse Width (High) 180* 110* 65* 55+
3 TwCl Clock Pulse Width (Low) 180 2000 110 2000 65 2000 55 2000
4 TIC Clock Fall Time — 30 — 30 - 20 — 10
5. — TrC Clock Rise Time 30 30 20— — —10—
6 TdCr(A) Clock t to Address Valid Delay — 145 — 110 — 90 — 80
7  TdA(MREQf)  Address Valid to MREQ 125 — 65" — 35 — 200 —
| Delay
8  TdC{MREQf) Clock ! to MREQ ! Delay — 100 — 85 — 70 — 60
9  TdCr(MREQr) Clock | to MREQ 1 Delay — 100 — 85 — 70 — 60
10 — TwMREQh 'MREQ Pulse Width (High) 170* 110* 65 45"~ — —
11  TwMREQI MREQ Pulse Width (Low) 360* — 220 — 135 — 100* —
12 TdC{(MREQr) Clock | to MREQ ! Delay — 100 — 85 — 70 — 60
13 TdCHRDY) Clock | to RD | Delay — 130 — 95 — 80 — 70
14  TdCr(RDr) Clock 1 to RD 1 Delay — 100 — 85 — 70 — - 60"
15 — TsD(Cr) Data Setup Time to Clock 1 50 35 30 - V— — —
16  ThD(RDr) Data Hold Time to RD ! — 0 — 0 - 0 — 0
17 TsWAIT(CY) “WAIT Setup Time to Clock | 70 —_ 70 — 60 — 50 —_
18  ThWAIT(Cf)  WAIT Hold Time after Clock ! — 0 — 0 — 0 — 0
19  TdCr(Mli) Clock t to M1 | Delay — 130 - 100 — 80 — 70
20 — TdCr(Ml1r) Clock 1 to MI 1 Delay 130 100 80— — —70—
21  TdCr(RFSHf)  Clock 1 to RFSH | Delay — 180 — 130 — 110 - — 95
22  TdCr(RFSHr) Clock ! to RFSH 1 Delay — 150 — 120 — 100 — 85
23 TdCi(RDr) Clock | to RD t Delay — 110 — 85 - 70 — 60
24 TdCr(RDf) Clock 1 toRD } Delay —_— 100 — 85 —_ 70 — 60
25 — TsD(CH) Data Setup to Clock | during 60 50 40 0— — —
M,, Mz, My or Mg Cycles . _ :
26 TdA(IORQM) Address Stable prior to IORQ ! 3200 — 180* — 1100 — 75* o
27 TdCr(IORQf)  Clock 1 to TORQ ! Delay — 9 — 5 — 65 - 55
28 TdCKIORQr) Clock } to TORQ ! Delay — 110 — 85 — 70 — 60
29 TdD(WR{) Data Stable prior to WR | 190 — 80* — 25*  — 5% —
30 — TdCH(WRf) —— Clock | to WR | Delay ' 90 80 70— — —60—
31  TwWR WR Pulse Width 360° — 2200 — 135*  — 100 —
32 TdCHWRr) Clock | to WR t Delay — 100 — 80 — 70 - 60
33 TdD(WRI) Data Stable prior to WR ! 20 — -100 — -55*  — 55* —
34 TdCr(WR{) Clock t to WR | Delay —_ 80 —_ 65 — 60 — .55
35 — TdWRr(D) Data Stable from WR 1 120* 60* — 30* —15*— — —
36  TdCHHALT)  Clock | to HALT 1 or | — 300 — 300 — 260 — 225
37  TwNMI NMI Pulse Width 80 — 80 — 70 — - —
38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock t 80 — 5 — 50 — 40 —

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

following page.

1 Units in nanoseconds (ns). All timings are preliminary and

subject to change.
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" AC Characteristics (Continued)

280 CPU Z80A CPU Z80B CPU Z80H CPU}
Number Symbol Parameter Min Max Min Max Min Max Min Max
39 ThBUSREQ(Cr) BUSREQ Hold Time after Clock ! 0 — 0 — 0 — 0 —
40 — TdCr(BUSACK()~Clock t to BUSACK | Delay 120 100 - 90 — —80
41 TdC{(BUSACKr) Clock | to BUSACK ! Delay — 110 — 100 — 90 — 80
42_ TdCr(Dz) Clock ! to Data Float Delay — 90 — 90 - — 80 — 70
43 TdCr(CTz) Clock t to Control Outputs Float —_— 110 — 80 —_ 70 — 60
Delay (MREQ, IORQ, RD,
and WR)
44 TdCr(Az) Clock ! to Address Float Delay — 110 — 90 — 80 — 70
45 — TdCTr(A) - MREQ t, IORQ 1, RD t, and 160* 80* 35* 20"—= —
WR ! to Address Hold Time
46 TsRESET(Cr) RESET to Clock t Setup Time 90 — 60 — 60 — 45 —
47 ThRESET(Cr) RESET to Clock t Hold Time — o] — 0 — 0 — 0
48  TsINTH(Cr) INT to Clock ! Setup Time 80 — 80 — 70 — 55  —
49 ThINTr(Cr) INT to Clock t Hold Time — 0 - 0 — 0 — 0
50 — TdMI1{(IORQf) —MI1 | to TORQ |} Delay 920* 565* 365" 270"- —
51 TdCH(IORQY) Clock l to IORQ | Delay — 110 — 85 — 70 — 60
52 TdCHIORQr) Clock 1 to IORQ 1 Delay — 100 — 85 — 70 — 60
53 TdC{D) - Clock | to Data Valid Delay — 230 — 150 — 130 — 115
*For clock pericds other than the minimums shown in the table,
calculate parameters using the following expressions. Calculated
values above assumed TrC = TIC = 20 ns.
t Units in nanoseconds (ns). All timings are preliminary and
subject to change. :
Footnotes to AC Characteristics
Number Symbol 280 Z80A Z80B
TcC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC +TIC  TwCh + TwCl + TrC + TIC
2 TwCh Although static by design, Although static by design, Although static by design,
TwCh of greater than 200 ps TwCh of greater than 200 us TwCh of greater than 200 ps
is not guaranteed is not guaranteed is not guaranteed
7 —TdA(MREQf) —TwCh + Ti{C - 78 ———TwCh + TIC - 65 TwCh + TfC - 50
10 TwMREQh TwCh + TiC - 30 TwCh + TIC - 20 TwCh + TIC — 20
11 TwMREQI1 TcC - 40 TeC - 30 TecC - 30
26 TdA(IORQf) TcC - 80 TcC - 70 TeC - 55
29 TdD(WRf) TcC - 210 TeC - 170 TcC - 140
31 —TwWR TeC - 0 ——————————TcC - 30 TeC - 30
33 TdD(WR{) TwCl + TrC - 180 TwCl + TrC - 140 TwC1l + TrC - 140
35 TdWRr(D) TwCl + TrC - 80 TwCl + TrC - 70 TwCl + TrC - 55
45 TdCTr(A) TwCl + TrC - 40 }TwCl + TrC - 50 TwCl + TrC - 50

50 TdMI{(IORQS) 2TeC + TwCh + TIC — 80 = 2TcC + TwCh + TIC - 65 2TcC + TwCh + TiC - 50

AC Test Conditions:

ViH =20V VoH =20V
ViL =08V VoL = 08V
ViIHC = Ve -06V  FLOAT = 05V
ViLc = 045V
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Absolute Storage Témperature ________ -65°Cto +150°C Stresses greater than those listed under Absolute Maxi-
Maximum Temperature mum Ratings may cause permanent damage to the device.
Rati der Bi S ified . This is a stress rating only; operationof the device at any
atings under bias ........ pecitied operating range condition above those indicated in the operational sections
Voltages on all inputs and of these specifications is 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 ..... FE 1.5W device reliability.
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: ’
o S* = 0°Cto +70°C,
+4.785V < Vo = +5.25V 21K
o E* = -40°Cto +85°C, FNBER TEST
+478V = Voo = +85.25V
o M* = -55°C to +125°C, 100 pF A
+485V < Vo< +585V I
*See Ordering Information section for package N = -
temperature range and product number.
DC Symbol Parameter Min Max  Unit Test Condition
Character-
istics Vie Clock Input Low Voltage -0.3 045 V
Viuc Clock Input High Voltage Vee-6 Vec+.3  V
ViL Input Low Voltage -0.3 0.8 v
Vig Input High Voltage 2.0 Vee A\ .
Vo Output Low Voltage 0.4 A% Io,= 1.8 mA
Vou Output High Voltage 2.4 \ Iog = -250 4A
Iee Power Supply Current
Z80 150! mA
Z80A 2002 mA
Z80B 200 mA
I Input Leakage Current 10 wA Viy = 0toVee
Lo 3-State Output Leakage Current in Float -10 10° pA Vout = 0.4 to Voo
1. For military grade parts, Icc is 200 mA. 3. Aj5-Ag. D7-Dg, MREQ, IORQ, RD, and WR.
2. Typical rate for Z80A is 90 mA.
" 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
Ta = 25°C, f = 1 MHz.
8085-029 25
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Ordering
Information

Product Package/ : Product Package/

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
78400 Cs 2.5 MHz Same as above 28400A DS 4.0 MHz Same as above
/28400 DE 2.5 MHz Same as above Z8400A - PE 4.0 MHz Same as above
28400 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-pin)
78400 PS 2.5 MHz Same as above 78400B DS 6.0 MHz Same as above’
Z8400A CE 4.0 MHz Z80A CPU (40-pin) 78400B PS 6.0 MHz Same as above
Z8400A CM 4.0 MHz Same as above ’ v

*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°%C, M = -55°C to +125°C, MB = -55°C to +125°C with
MIL-STD-883 Class B processing, S = 0°C to +70°C.
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28410
Z80° DMA Direct

Memory Access Controller

ilog

Product
Specification

September 1983

Features B Transfers, searches and search/transfers in address registers. An entire previous
Byte-at-a-Time, Burst or Continuous modes. sequence can be repeated automatically.
Cycle length and edge timing can be pro- B Extensive programmability of functions.
grammed to match the speed of any port. CPU can read complete channel status.
Dual port addresses (source and destination) B Standard Z-80 Fémily bus-request and
generated for memory-to-I/O, memory- prioritized interrupt-request daisy chains
to-memory, or I/O-to-1/O operations. implemented without external logic.
Addresses may be fixed or automatically ‘Sophisticated, internally modifiable inter-
incremented/decremented. " rupt vectoring.
B Next-operation loading without disturbing Direct interfacing to system buses without
current operations via buffered starting- external logic.
General The Z-80 DMA (Direct Memory Access) is a Transfers can be done between any two ports
Description  powerful and versatile device for controlling (source and destination), including memory-to-

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.
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Figure 1. Pin Functions

I/O, memory-to-memory, and I/O-to-1/O. Dual
port addresses are automatically generated for
each transaction and may be either fixed or
incrementing/decrementing. In addition, bit-
maskable byte searches can be performed
either concurrently with transfers or as an
operation in itself.
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General
Description
(Continued)

\\

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

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

The Z-80 DMA 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 2-80 DMA has

three basic classes of operation:

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

Searches for a particular 8-bit maskable

byte at a single port in memory or an I/O
peripheral

i B8 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 /O devices. Thus,
a block of data may be written from one
peripheral to another, from one area of main
meméry to another, or from a peripheral to
main memory and vice versa.

SYSTEM
BUSES

= =)

cpu DMA
iNT INT
—{ ROY
1EI
+5V
=]
2070y .
cTc
2CIT0z  INT f—ro —e
IEO
= IR IEO
RxCA  INT . INT
TxCA  IEO tEt
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.

O 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

10
: _P_ERIPHERAI.

o~
MEMORY
o1~ ’7
- 1o
] PERIPHERAL

-

poE:

1. Search memory

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

4. Search IO

5. Transter /0-10-l/O (optional search)

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

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

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

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

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

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

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

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

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

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

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

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

- address of each port.

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

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

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

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

T Ti—aft—To—m| =Ty >

2.CYCLE EARLY ENDING

a-cYCLE FOR CONTROL SIGNALS

4 CYCLE

Figure 5. Variable Cycle Length
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Functional
Description
(Continued)

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

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

In this process, CPU control is transferred
directly to the interrupt routine, so that the
next instruction executed after an interrupt
acknowledge is the first instruction of the inter-
rupt routine itself.

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

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

Pin
Description

BRg-Ays. 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 is normally connected to the Bus
Acknowledge pin of the CPU. Lower-priority
DMAs have their BAI connected to the BAO of
a higher-priority DMA.

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

_resolution over bus control.

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

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

are active and the I/O port address on the

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

CLK. System Clock (input). Standard Z-80
single-phase clock at 2.5 MHz (Z-80 DMA) or
4.0 MHz (Z-80A DMA). For slower system
clocks, a TTL gate with a pullup resistor may
be adequate to meet the timing and voltage
level specification. For higher-speed systems,
use a clock driver with an active pullup to
meet the Vi 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-Dy. System Data Bus (bidirectional,
3-state). Commands from the CPU, DMA
status, and data from memory or I/O
peripherals are transferred on these lines.

IEL. [nterrupt 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 Fnable 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 inter- nowledge is indicated when both MT and
(Continued)  rupt. The CPU acknowledges the interrupt by IORQ are active. v
pulling its IORQ output Low during an M1 MREQ. Memory Request (output, active Low,
cycle. It 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, it indicates a DMA
external device. It can be used this way only transfer request from or to memory.
when the DMA is bus master (i.e., the CPU'’s BD. Read (bidi ional ve L
BUSREQ and BUSACK lines are both Low D). Steac (biclirectional, actlve Low, 3 state).
and the CPU cannot see interrupts). s an input, this indicates that the CPU wants
A to read status bytes from the DMA’s read
IORQ. Input/QOutput 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 port address.
status bytes from or to the CPU, respectively; . .
this DMA is the addressed port if its CE pin RDY.' feady .(n'lput, programmable active Low
o YD T . or High). This is monitored by the DMA to ]
and its WR or RD pins are simultaneously d . h ioheral devi ated (]
active. As an output, after the DMA has taken Satermme when a peripherat device assoglate ©
control of the system buses, it indicates that with a _D MA port 18 ready for a read or write 14
the 8-bit or 16-bit address bus holds a valid operation. Depending on the mode of DMA &
port address for another I/O device involved in ~ ©P®T fatlo.n (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).
M1. Machine Cycle One (input, active Low). As an input, this indicates that the CPU wants
Indicates that the current CPU machine cycle to write gontrol or command bytes to the DMA
g is an instruction fetch. It is used by the DMA write registers. As an output, after the DMA
to decode the return-from-interrupt instruction bas 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 ¢ounters
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.
_—> ”:LEDRSIJFST PULSE BYTE
PRIORITY Loaic COUNTER PORT A
Loaic ADDRESS
SYSTEM ﬁ ﬁ SYSTEM
D:;g <7 > INTERNAL BUS MUX SBIS)RESS
(8 BIT) (16 BIT)
CONTROL PORT B
Figure 6. Block Diagram
20320130
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Internal
Structure
(Continued)

The 21 writable control registers are
organized into seven base-register groups,
most of which have multiple registers. The
base registers in each writable group contain
both control/command bits and pointer bits
that can be set to address other registers within
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:

WR0-WR6 — Write Register groups 0
through 6 (7 base registers plus 14 associ-
ated registers)

RRO-RR6 — Read Registers 0 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-
tially 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

WR0O Base register byte
Port A starting address (low byte)
Port A starting address (high byte)
Block length (low byte)
Block length (high byte)

Base register byte
Port A variable-timing byte

WR1

WR2 Base register byte

Port B variable-timing byte
WR3

Base register byte
Mask byte

Match byte

Base register byte
Port B starting address (low byte)
Port B starting address (high byte)
Interrupt control byte
Pulse control byte
Interrupt vector

WR4

WRS
WR6

Base register byte

Base register byte
Read mask

Read Registers

BUSACK

CPU

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
BUSREQ
o
I0RQ_
M_REQ
"D
W
COMMON Z::(A's

SYSTEM BUSES

COMMON
[ DECODER

COMMON

_ CEWAT ___
o B5AO
FROM HIGHER-PRIORITY - DMA €0
INTERRUPTING DEVICE ™™}
RDY
FROM
110
DEVICE

—_ CEWAIT .
Al A0 | TO. NEXT DMA
bMA TO LOWER-PRIORITY
ma L 1EO I |NTERRUPTING DEVICE
RDY
FROM
1o
DEVICE

Figure 7. Multiple-DMA Interconnection to the Z-80 CPU
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Progrdmming

The Z-80 DMA has two programmable fun-
damental states: (1) an enabled state, in which
it can gain control of the system buses and
direct the transfer of data between ports, and
(2) a disabled state, in which it can initiate

‘neither bus requests nor data transfers. When

the DMA is powered up or reset by any means,
it is automatically placed into the disabled
state. Program commands can be written to it
by the CPU in either state, but this auto-
matically puts the DMA in the disabled state,
which is maintained until an enable command
is issued by the CPU. The CPU must program
the DMA in advance of any data search or
transfer by addressing it as an I/O port and
sending a sequence of control bytes using an
Qutput instruction (such as OTIR for the

Z-80 CPU).

Writing. Control or command bytes are writ-
ten into one or more of the Write Register
groups (WR0-WR6) by first writing to the base
register byte in that group. All groups have
base registers and most groups have additional
associated registers. The associated registers
in a group are sequentially accessed by first
writing a byte to the base register containing
register-group identification and pointer bits
(1's) to one or more of that base register's-
associated registers.

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

Reading. The Read Registers (RRO-RR6) are
read by the CPU by addressing the DMA as an
I/O port using an Input instruction (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; D5 Ds Dy D; D; Dy Dy

DAx[ [T [x] ]

| sTatus BYTE

= DMA TRANSFER HAS OCCURRED
= READY ACTIVE

= INTERRUPT PENDING
= MATCH FOUND
= END OF BLOCK

Fr

1
0
0
0
0

Read Register 1

LI T TT]

[ ] BYTE counteR (HiGH BYTE)

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

. Initiate Read Sequence or Read Status

command.

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

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

1. Temporarily declare Port B as source in

WRO.

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

5. Enable DMA in WR6.

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

Lol N

Read Register 2

[T T T T T T T ]svrecounterwowsyre

Read Register 3

[T T T T T T [ ]ProntaAabbress counTER (LOW BYTE)
" Read Register 4

T T T T T [ 1 |PorraADDRESS COUNTER (HIGH BYTE)

Read Register § .

[T T T T T [ ] ]ronrsaboress cCoUNTER (LOW BYTE)

Read Register 6

I I A A

I PORT B ADDRESS COUNTER (HIGH BYTE)

Figure 8a. Read Registers
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Programming
(Continued)

Write Register 0 Group
D, Dy Dy D, Dy D, Dy Dy

BASE REGISTER BYTE

0 0 DO NOTUSE

0 1 = TRANSFER

1 0 = SEARCH

1 1 = SEARCH/TRANSFER
= PORT B ~PORT A

= PORT A - PORT B

PORT A STARTING ADDRESS
(LOW BYTE)

PORT A STARTING ADDRESS
(HIGH BYTE)

BLOCK LENGTH
(LOW BYTE)

BLOCK LENGTH
{HIGH BYTE)

Write Register 1 Group
D, Dy Ds D, D, D, D, Op

WR ENDS ¥2 CYCLE EARLY = 0 |
RD ENDS % CYCLE EARLY =

[
MREQ ENDS "2 CYCLE EARLY = 0

wmoo

[ 0] ease ReGIsTER BYTE

0 = PORT A IS MEMORY

1= PORTAIS IO

= PORT A ADDRESS DECREMENTS
PORT A ADDRESS INCREMENTS

PORT A ADDRESS FIXED

w0 a0

| T Tolo] T T T JeontavariasLe iming BYTE

0 =TORQ ENDS ‘/x CYCLE EARLY

Write Register 2 Group
D; Dg Dy Dy Dy D; Dy Do

[o] T 1 T To[o]c]easereastensyre

m PORT B VARIABLE TIMING BYTE

WA ENDS v CYCLE EARLY = 0

RD ENDS ¥ CYCLE EARLY

=
ENDS ¥2 CYCLE EARLY = 0

“a0o0

0 = PORT B IS MEMORY

1 = PORT B IS 'O
0 = PORT B ADDRESS DECREMENTS
1 = PORT B ADDRESS INCREMENTS

{ } = PoRT B ADDRESS FixED

1 = CYCLE LENGTH = 3
0 = CYCLE LENGTM =2
1 DO NOT U

0 = IORQ ENDS ¥ cchE EARLY

0 0= CYCLELENGTH = 4
]
1
1

Write Register 3 Group
Os D, Dy D; Dy Dy

DMA ENABLE = 1 l
INTERRUPT ENABLE = 1

| 0 [0 ] BASE REGISTER BYTE

1 = STOP ON MATCH

MASK BYTE (0 = COMPARE)

MATCH BYTE

Write Register 4 Group
D, Dy Dy Dy Dy D, D, D,
[0 [ 1] BAsE REGISTER BYTE .

BYTE =
CONTINUOUS = 0
BURST = 1 0
DO NOT PROGRAM = 1

PORT B STARTING ADDRESS
(LOW BYTE)

PORT B STARTING ADDRESS -
(HIGH BYTE)

INTERRUPT CONTROL BYTE '

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

INTERRUPT ON RDY = 1
STATUS AFFECTS VECTOR =1

PULSE CONTROL BYTE

INTERRUPT VECTOR

= INTERRUPT ON RDY
= INTERRUPT ON MATCH
= INTERRUPT ON END OF BLOCK
= INTERRUPT ON MATCH
AND END OF BLOCK

FIED AS SHOWN
LY IF “STATUS

VECTOR IS AUTOMATICALLY (|) 0
MODI 01

ON 1.0
AFFECTS VECTOR" BITIS SET \1 1

Write Register 5 Group
D; Dy Ds O, Dy D, D, D,

READY ACTIVE LOW
READY ACTIVE HIGH

=
= CE/WAIT MULTIPLEXED
TOP ON END OF BLOCK

UTO RESTART ON END OF BLOCK

0
1
0=
1 = Al

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

HEX COMMAND NAME

“00 ——

00 = C3 = RESET
[ = C7 = RESET PORT A TIMING
[ ) = CB = RESET PORT B TIMING
1 0 0 1 1=CF=LOA
1 0 1 0 0=D3= CONTINUE
0 1 0 1 1= AF = DISABLE INTERRUPTS
0 1 0 1 0= AB=ENABLE INTERRUPTS
0 1 0 0 0=A3= RESET AND DISABLE INTERRUPTS
0 1 1 0 1=B7=ENABLE AFTER RETI
0 1 1 1 1=BF = READ STATUS BYTE
0 6 0 1 0=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=87=ENABLEDMA
0 0 0 0 O=83=DISABLE DMA
0 1 1 1 0=BB=READ MASK FOLLOWS

READ MASK {1 = ENABLE)

l—— STATUS BYTE
BYTE COUNTER (LOW BYTE)
BYTE COUNTER (HIGH BYTE)
PORT A ADDRESS (LOW BYTE)
PORT A ADDRESS (HIGH BYTE)
PORT B ADDRESS (LOW BYTE)
PORT B ADDRESS (HIGH BYTE)

Figure 8b. Write Registers
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Comments D7 Dg Ds Dg D3 D2 D4 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 Transler, No Search
Follows Follows Loading B
Address*
Port A address (lower) 0 1 o} 1 0 0 o] o] 50
Port A address (upper) 0 0 0 1 0 0 0 0 10
Block length (lower) 0 0 0 0 0 0 0 0 00
Block iength (upper) 0 o} 0 1 0 0 0 0 10
WR1 defines Port A as o] 0 0 1 0 1 0 0 14
memory with fixed No Timing Address Address Port is
incrementing address. Follows Changes Increments Memory
WR2 defines Port B as o] [¢] 1 0 1 0 1 0 28
peripheral with fixed No Timing Fixed Port is
address. Follows Address 1o
WR4 sets mode to Burst, 1 1 0 0 0 1 0 1 C5
sets DMA to expect Port B No Interrupt No Upper Port B Lower
address. Burst Mode Control Byte Address Address
Follows Follows
Port B address (lower) 0 0 0 0 0 1 0 1 05
WRS sets Ready active High. 1 0 0 0 1 0 1 0 8A
No Auto No Wait ROY
Restart States Active High
WRG 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 Q ¢ 1 1 05
No Address or Block A —3=B Transfer, No Search
Length Bytes
WRS 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 is one more than specified by the block length.
*These entries are necessary only in the case of a fixed destination address.
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Inactive

In its disabled or inactive state, the DMA is

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

Peripheral)

Write timing is illustrated in Figure 10.
Reading of the DMA's status byte, byte

_counter or port address counters is illustrated

= U
cs___\_

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.

cul

JLIILrL

[ ——

2

Ed
o

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-I/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 I/O
transactions, which include one automatically

Tv | T2 | T3

{¢———— MEMORY READ —— js¢——————— |/0 WRITE ———————>|

inserted wait cycle between Ty and T;. If the
CE/WAIT line is programmed to act as a
WAIT line during the DMA's active state, it is
sampled on the falling edge of Ty 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-
initely extended.

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

I T2 1 Tw | T

Ao-A1s _m . x

- T

e /
RD _-—\ J

\ T

- - | MEMORY
Po-p7 }nmvss DATA (

DATIA BUS DRIVEN BVl DMA

cewar 1 T TYTTTT
CEIWAIT —'F——--’ "r——'-

Figure 12. Memory-to-I/O Transfer
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Active State
Timing
(DMA as Bus
Controller)
(Continued)

ao-ais __[) )
. 0~A1S8 x
ioRa \
READ
RD \
Do-D7 —5 WH DMA DRIVES DATA BUS )—
L
MREQ \ /
WRITE
W v/

W Vi Vi

I

Figure 13. I/O-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 variable-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

/O cycle. The CE/WAIT line 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 transters, data is latched on the
clock edge causing the rising edge of RD and
held through the end of the write cycle.

o T\ ST
iﬁ—'—\__['l"r“"""" -
RD, WR VA . r.l_-l_

2CYCLE  3CYCLE  4CYCLE
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.

. |
R

oMA __j DMA
INACTIVE ™ ACTiVE

Figure 15. Bus Request and Acceptance

2032-0137, 0138, 0139
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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)

« _LILr

ACTIVE

RDY
NACTIVE

CURRENT BYTE ‘ DMA
OPERATION INACTIVE

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

BUSREG

BUSREQ

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.

N I O

ACTIVE

——,
RDY e ———

INACTIVE

7 o

| LAST BYTE \
l IN BLOCK 1

DMA
INACTIVE

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

ACTIVE

15 e ffe e

Y
INACTIVE

BUSREQ

—F

BYTE u
READ IN

BYTEn+1
READ IN

MAYCH FOU ND

; ' - mAcnvE

Figure 19. Bus Release on Match
(Burst and Continuous Modes)
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Absolute Operating Ambient Stresses greater than those listed under Absolute Maxi-
Maximum Temperature Under Bias . . . As Specified Under mum Ratings may cause permanent damage to the device.
Rati Ordering Information This is a stress rating only; operation of the device at any
atings ) ring ' condition above those indicated in the operational sections
Storage Temperature ,,,,,,,, -65°C to +150°C of these specifications is not implied. Exposure to absolute
. . maximum rating conditions for extended pericds may affect
Voltage On Any Pin with device reliability.
Respectto Ground.......... -0.3Vto +7.0V
Power Dissipation.................... 1.5 W
Test The characteristics below apply for the All ac parameters assume a load capacitance
Conditions following test conditions, unless otherwise of 100 pF max. Timing references between two
noted. All voltages are referenced to GND output signals assume a load difference of 50
(0 V). Positive current flows into the refer- pF max.
enced pin. Available operating temperature
ranges are:
g S* = 0°Cto +70°C, T
+4.75V = Ve = +5.25V 2K
@ E* = -40°C to +85°C, P NbER TEST
+4.75 V< Vcc < +5.25V
B M* = -55°C to +125°C, £
+45V=Vc=< +55V I
*See Ordering Information section for package = b b
temperature range and product number.
DC Symbol  Parameter Min Max  Unit Test Condition
Charac-
teristics Ve Clock Input Low Voltage -0.3 0.45 \'
Vise Clock Input High Voltage Vee-6 55 v
Vi Input Low Voltage -0.3 0.8 v
Vig Input High Voltage 2.0 5.5 \
Vo Output Low Voltage 0.4 V  IoL= 3.2mA for BUSREQ
Io. = 2.0 mA for all others
Vou Output High Voltage 2.4 V  Iog = 250 pA
Icc Power Supply Current
Z-80 DMA 150 mA
Z-80A DMA 200 mA
I Input Leakage Current 10 wh Vi = 0to Ve
Iio 3-State Output Leakage Current in Float +10  pwA Voyr = 0.4 Vio Voo
Itp Data Bus Leakage Current in Input Mode +10 pA O0sViy=sVee
Voo = 5V 5% unless otherwise specified, over specified temperature range.
Capacitance Symbol Parameter Min Max  Unit Test Condition
C Clock Capacitance pF Unmeasured Pins
Ciy Input Capacitance pF Returned to Ground
Cout Output Capacitance pF
Over specified temperature range; { = 1 MHz
8085-0209 39
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Inactive
State

AC
Character-
istics

Z2-80 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— T{C——————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 1 Setup 280 145 ns
8 TdDORDf)  RD! to Data Output Delay 500 380 ns
9  TsWM(Cr) Data In to Clock 1 Setup (WR or MI) 50 50 ns
10— TdCH(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) IEI} to JORQ | Setup (INTA Cycle) 140 140 ns
13 TdIEOr(IEIr) IEI! to IEO 1 Delay 210 160 ns
14  TJIEO{(IEIf) IEI! to IEO | Delay 190 130 ns
15 TdMl(IEO)__.__‘Mj_l to IEO | Delay (interrupt just prior to
MI1l) 300 190 ns
16 TsM1{(Cr) MI | to Clock 1 Setup 210 90 ns .
17 TsM1r(Cf) M1 t to Clock ! Setup 20 -10 ns
18 TsRD(Cr) RD ! to Clock | Setup (M1 Cycle) ‘ 240 118 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  TdBAI(BAOf) BAI | to BAO | Delay 200 150 ns
22 TsRDY(Cr) RDY Active to Clock ! Setup 150 100 ns

NOTE:

1. Negative minimum setup values mean that the first-mentioned event can come after the second-mentioned event.
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Inactive stock 43v by
State s 30 g
AC
Character- Ve
istics N\
(Continued) O [+ [+O ®
CE (-
ioRa AN
WR
0 4—@—»[ '
£
= /
I e — |«O®
Do-D7
()
-~—@® +-®
1EL \
,4—@—» 4—»‘—-@
IEO \1 /-
m_r . \‘
INTERRUPT ’L
CONDITION .
BAl \
' ~ ~ ® [~
ACTIVE '
rox /
INACTIVE !
NOTE:
Signals in this diagram bear no relation to one another unless specifically noted as a numbered item.
'
2032-0144
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Active
State

AC
Character-
istics

Z-80 DMA Z-80R 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 TC Clock Rise Time 30 ' 30
§—TiIC———Clock Fall Time 30 30—
6 TdA Address Output Delay 145 110
7 TdC(Az) Clock 1 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/0 Cycle) (1)-80 (1)-70
*10—TdRW(A)—RD, WR 1 to Addr. Stable Delay (3) +(4)-40 (3) +(4)-50
*11  TdRW(Az) RD, WR 1 to Addr. Float (3) +(4)-60 (3) +(4)-45
12 TdC{(DO) Clock | to Data Out Delay 230 150
*13 TdCr(Dz) Clock 1 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(WfM) Data Out to WR | Setup (Memory Cycle) (1)-210 (1)-170
17 TsDO(W{I) Data Out to WR 1Setup (I/O cycle) 100 100
‘18 TdWr(DO) WR 1 to Data Out Delay (3) + (4)-80 (3) +(4)-70
19 Th Hold Time for Any Specified Setup Time 0 . 0
20——TdCr(Mf)—Clock 1 to MREQ ! Delay ' 100 85—
21 TdCi(Mf)  Clock | to MREQ | Delay 100 85
22 TdCr(Mr) Clock 1 to MREQ | Delay 100 85
23 TdCH(Mr) Clock | to MREQ 1 Delay 100 85
24 TwMl MREQ Low Pulse Width (1)-40 (1)-30
*25—TwMh MREQ High Pulse Width (2) +(5)-30 (2)+(5)-20
26 TACiIf)  Clock | to IORQ | Delay 110 85
27  TdCr(If) Clock 1 to IORQ | Delay 90 175
28  TdCr(Ir)  Clock ! to IORQ 1 Delay 100 85
*29  TdCK(Ir) Clock | to IORQ 1 Delay 110 85
30—TdCr(Rf)——Clock 1 to RD | Delay 100 85—
31 TdCA(Rf) Clock | to RD | Delay 130 95
32 TdCr(Rr)  Clock I to RD f Delay 100 85
33  TdCi(Rr) Clock | to RD t Delay 110 85
34  TdCr(Wf) Clock ! to WR | Delay 80 65
35 —TdCHWf)——Clock | to WR | Delay 90 80—
36  TdCr(Wr) Clock 1 to WR 1t Delay 100 80
- 37 TdCi(Wr) Clock | to WR t Delay 100 80
38 TwWl1 WR Low Pulse Width (1)-40 (1)-30
39 TsWA(Cf) WAIT to Clock | Setup 70 70
40——TdCr(B)— Clock 1 to BUSREQ Delay 150 100—
41  TdCr(lz)  Clock | to IORQ, MREQ, RD, WR Float
Delay 100 80

NOTES:

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

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

4. Asterisk (*) before parameter number means the parameter is not illustrated in the AC Timing Diagrams.
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Signals in this diagram bear no relation to one another unless specifically noted as a numbered item.
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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) 78410 PE 2.5 MHz 780 DMA (40-pin)
78410 CM 2.5 MHz Same as above 78410 PS 2.5 MHz Same as above
78410 Cs 2.5 MHz Same as above . Z8410A CS 4.0 MHz Z80A DMA (40-pin)
78410 DE 2.5 MHz Same as above Z8410A DS 4.0 MHz Same as above
78410 DS 2.5 MHz Same as above Z8410A PS 4.0 MHz Same as above
*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -85°C to +125°C, S = 0°C to +70°C.
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Z8420
Z80° PIO Paraliel
Input/Output Comntroller

Product
Specification

September 1983

Features

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

O Both ports have interrupt-driven handshake
for fast response. :

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

Programmable interrupts on peripheral
status conditions.

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

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

General
Description

The Z-80 PIO Parallel I/0 Circuit is a pro-
grammable, dual-port device that provides a
TTL-compatible interface between peripheral
devices and the Z-80 CPU. The CPU config-
ures the Z-80 PIO to interface with a wide

- range of peripheral devices with no other

external logic. Typical peripheral devices that
are compatible with the Z-80 PIO include most
keyboards, paper tape readers and punches,
printers, PROM programmers, etc.

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

~+——1Dg Ay [e——
~——»{ D, Ay fe——>
~——] D, Ay et
DATA ~a——] D3 B Ay ——
BUS | Dy Ay fe——>
~——{ D5 As |—— > PORT A
~——p{ D Ag j——n
~—1D7 A7 f——>
| B/A SEL ARDY e
——| /D SEL ASTB |———
conthoed —|cE  zsomo &
i L M By
——|i0RQ B2
————|RD B3
84
] 45y Be PORT B
——}GND Bs
By
] CLK
BRDY
INTERRUPT | | T BT
CONTROL { — e
~——— E0

Figure 1. Pin Functions

accomplished under interrupt control. Thus,
the interrupt logic of the PIO permits full use
of the efficient interrupt capabilities of the
Z-80 CPU during /O transfers. All logic
necessary to implement a fully nested interrupt
structure is included in the P1O.

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

D, 1 4[] o;
o, [ 2 391} o,
ps [ 3 38 [J D5
CeE[] a7 [I™i
b s 36 | ] iGRG
sBA] 6 3s[] RD
a7 3]s,
A []e 33[] 86
Ao 2] 8
a0 3t [].s
GND [ 11 z6oPI0 geg
A 0] 12 29 ;]a,
A ] 13 28 []8
A e 27 [ 8o
A 15 26[] +sv
ASTB[] 16 25} ek
BsTB [ 17 20 [JiEl
ARDY [] 18 23 (] INT
Do [ 19 22 (J 1E0
0[] 20 21 [] BRDY

Figure 2. Pin Assignments
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General
Description
(Continued)

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

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

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

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

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

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

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

Individual bits can be masked off.

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

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

SYSTEM
BUSES

() [

+5V
cPU PIO

INT iNT

1EI

+5V

=

IEl
2CIT0,
cTc
ZCITO2  INT p—— —
IEQ
IET )
RxCA INT INT
TxCA IEO IEl
RxCB
TxCB
WI/RDYB RDY
sio DMA

Figure 3. PIO in a Typical Z80 Family'Environmex'n
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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 I/O logic, Port B I/0O logic, the input bits is High or Low, and second,
and interrupt control logic (Figure 4). The whether an interrupt is generated when any
CPU bus interface logic allows the Z-80 PIO to one unmasked input bit is active (OR condi-
interface directly to the Z-80 CPU with no tion) or if the interrupt is generated when
other external logic. The internal control logic all unmasked input bits are active (AND
synchronizes the CPU data bus to the per- condition).
ipheral device interfaces (Port A and Port B). Interrupt Control Logic. The interrupt control
The two I/O ports (A and B) are virtually logic section handles all CPU interrupt pro-
1der}hcal and are used to interface direcly to tocol for nested-priority interrupt structures.
peripheral devices. ‘ Any device's physical location in a daisy-chain
Port Logic. Each port contains separate input configuration determines its priority. Two lines
and output registers, handshake control logic, (IEI and IEO) are provided in each PIO to
and the control registers shown in Figure 5. form this daisy chain. The device closest to the
All data transfers between the peripheral unit CPU has the highest priority. Within a PIO,
and the CPU use the data input and output Port A interrupts have higher priority than
registers. The handshake logic associated with those of Port B. In the byte input, byte output,
each port controls the data transfers through or bidirectional modes, an interrupt can be
the input and the output registers. The mode generated whenever the peripheral requests a
control 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 is, lower priority devices may
port are to be outputs and enables these bits; not interrupt higher priority devices that have
the remaining bits are inputs. The mask reg- not had their interrupt service routines com-
ister and the mask control register control pleted by the CPU. Higher priority devices
Mode 3 interrupt conditions. The mask register may interrupt the servicing of lower priority
specifies which of the bits in the port are devices.
active and which are masked or inactive.
INTERNAL
c?gé?(?L PORT “5/‘“ g:lTéONTROL W
2 N A f—
o }HANDSHAKE
8 —
A Y — e
—r 8
CONTROL [+ &h'ConrmoL
PORT
2 V Vo ‘<—}nmnsnnxe
INTERRUPT —
CONTROL
3
INTERRUPT CONTROL LINES
Figure 4. Block Diagram
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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 in the CPU provides the most signifi-
cant eight bits of the pointer. Each port (A and
B) has an independent interrupt vector. The
least significant bit of the vector is automati-
cally set to O within the PIO because the
pointer must point to two adjacent memory
locations for a complete 16-bit address.

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

The PIO decodes the RETI (Return From

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

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

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

-
INPUT/

MODE
CONTROL
REGISTER

(2 BITS)

INTERNAL BUS

QUTPUT
SELECT
REGISTER

DATA
OUTPUT
REGISTER
(8 BITS)

@ BlTS)

- OUTPUT
ENABLE

> 8-BIT /O BUS

MASK : it
MASK
ggglgg; REGISTER REGISTER
:> (8 BITS)
S {8 BITS)

INPUT

INTERRUPT
CONTROL
LoGIC

HAND-

READY
SHAKE HANDSHAKE
CONTROL }

STROBE ( CONTROL

LOGIC

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

interrupt If the peripheral I/O pins go to the specified state,

Figure 5. Typical Port 1/0 Block Diagram
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Programming Mode 0, 1. or 2. (Byte Input, Qutput, 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 is designed for use with
the Z-80 CPU in interrupt Mode 2 (Figure 7). When inter-
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:

I/0O Register Control. When Mcde 3 is selected, the mode
control word must be followed by another control word that
sets the 1/0 control register, which in turn defines which
port lines are inputs and which are outputs (Figure 8).

Lofoe]oslod 1 ][ 1]
—t IDENTIFIES MODE

CONTROL WORD

DON'T CARE
MODE SELECT

0 0 MODEO
MODE 1
MODE 2
MODE 3 _

Y
—o -

Figure 6. Mode Control Word

EEEbBRE]

L IDENTIFIES INTERRUPT
VECTOR

USER SUPPLIED INTERRUPT
VECTOR

Figure 7. Interrupt Vector Word

DERERDDRE!
0 SETS BIT TO OUTPUT

1 SETS BIT TO INPUT

Figure 8. 1/0 Register Control Word

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

Mask Control Word. This word sets the mask control
register, allowing any unused bits to be masked off. If any
bits are to be masked, then D4 must be set. When 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).

DRPDOanN
IDENTIFIES INTERRUPT

CONTROL WORD

i

Dy = 0 NO MASK WORK FOLLOWS
Dq = 1 MASK WORD FOLLOWS

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

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

D7 = 0 INTERRUPT DISABLED
D7 = 1 INTERRUPT ENABLED*

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

Figure 9. Interrupt Control Word

oo oo [ [ 5:] o]

MB,-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

IR DEICIKIKD]
T R I IDENTIFIES INTERRUPT

DISABLE WORD
L DONTCARE

D7 = 0 INTERRUPT DISABLE
D7 = 1 INTERRUPT ENABLE

Figure 11. Interrupt Disable Word
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Pin
Description

Bg- By. 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.

BRDY. 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 is stable and ready for transfer to the peripheral
device.

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

Bidirectional Mode. This signal is active when data is
available in the Port A output register for transfer to the

peripheral device. In this mode, data is not placed on the
Port A data bus, unless ASTB is active.

Control Mode. This signal is disabled and forced to a Low
state. :

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

Output Mode. The positive edge of this strobe is issued by

the peripheral to acknowledge the receipt of data made
available by the PIO.

Input Mode. The strobe is issued by the peripheral to load
data from the peripheral into the Port A input register.
Data is loaded into the PIO when this signal is active.

Bidirectional Mode. When this signal is active, data from
the Port A output register is gated onto the Port A bidirec-
tional data bus. The positive edge of the strobe acknowl-
edges the receipt of the data.

Control Mode. The strobe is inhibited internally.

By-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/R. 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 is
‘High when the Port A input register is empty
and ready to accept data from the peripheral
device.

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

C/D. -Control Or Data Select (input,

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

‘CE. Chip Enable (input, active Low). A Low
on this pin enables the PIO to accept com-
mand or data inputs from the CPU during a
write cycle or to transmit data to the CPU dur-
ing a read cycle. This signal is generally
decoded from four 1/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-D9. Z-80 CPU Data Bus (bidirectional,
3-state). This bus is used to transfer all data
and commands between the Z-80 CPU and the
Z-80 PIO. Dy is the least significant bit.

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

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

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

IORQ. Input/Output Request (input from Z-80
CPU, active Low). IORQ is used in conjunc-
tion with B/A, C/D, CE, and RD to transfer
commands and data between the Z-80 CPU and
the Z-80 PIO. When CE, RD, angm 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 Ml are active simultaneously, the
CPU is acknowledging an interrupt; the inter-
rupting port.automatically places its interrupt
vector on the CPU data bus if it is the highest
priority device requesting an interrupt.
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Pin MI1. Machine Cycle (input from CPU, active the PIO interrupt logic; when M1 occurs

Description Low). This signal is used as a sync pulse to without an active RD or IORQ signal, the PIO
(Continued) control several internal PIO operations. When is reset.
both the Ml and RD signals are active, the RD. Read Cycle Status (input from Z-80 CPU,
2-80 CPU is fetching an instruction from active Low). If RD is active, or an I/O opera-
memory. Conyersely, when. both M1 and , tion is in progress, RD is used with B/A, C/D,
IORQ are active, the CPU is-acknowledging CE, and IORQ to transfer data from the Z-80
an interrupt. In addition, M1 has two other PIO to the Z-80 CPU.

functions within the Z-80 PIO: it synchronizes

Timing The following timing diagrams show typical T T2 Twa T T

timing in a Z-80 CPU environment. For more oLk I l l | l | l | l |

precise specifications refer to the composite

ac timing diagram. oiB, BiA 1 X

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

‘or for writing data to one of its ports. No

Wait states are allowed for writing to the ioHa ——_\_—___/——'

PIO other than the automatically inserted
Twa. The PIO does not receive a speci- DATA Da - X

fic write signal; it internally generates

its own from the lack of an active . —————\—/—
RD signal. WA

*WR = RD s CE » C/D » IORQ

Figure 12. Write Cycle Timing

Read Cycle. Figure 13 illustrates the timing . o Tn . .

for reading the data input from an external cLx _I—U—L—I——L_r—l_l——]_
device to one of the Z-80 PIO ports. No Wait

states are allowed for reading the PIO other o
than the automatically inserted Twa. ¢/o, BIA 1 JC
Output Mode (Mode 0). An output cycle ' - '—\ ’ f

(Figure 14) is always started by the execution
of an output instruction by the CPU. The WR* m
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 R ——\______/—
after a Low-going edge of CLK, indicating
data is available. Ready stays active until the DATA our
positive edge of the strobe line is received,

indicating that data was taken by the periph- RD* ——_—\______/_
eral. The positive edge of the strobe pulse
generates an INT if the interrupt enable flip-
flop has been set and if this device has the
highest priority.

‘RD = RD  CE » C/D » IORQ

Figure 13. Read Cycle Timing

CLK

WR*

PORT
OUTPUT

READY

STROBE

*WR = RD * CE » C/D » IORQ

Figure 14. Mode 0 Output Timing
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Timing
(Continued)

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

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.

SAMPLE

*RD = RD ¢ CE ¢ C/D » IOROQ

Figure 15. Mode 1 Input Timing

Bidirectional Mode (Mode 2). This is a com-
bination of Modes 0 and 1 using all four hand-
shake lines and the eight Port A I/O lines
(Figure 16). Port B must be set to the bit mode
and its inputs must be masked. The Port A
handshake lines are used for output control
and the Port B lines are used for input control.

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

ARDY

ASTB

PORT A
DATA BUS

DATA OUT

INT

BSTB

BRDY

" *WR = RD s GE » C/D » IORQ

Figure 16. Mode 2 Bidirectional Timing
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Timing Bit Mode (Mode 3). The bit mode does not lines assigned as inputs. The input register

(Continued) utilize the handshake signals, and a normal contains data that was present immediately
port write or port read can be executed at any prior to the falling edge of RD. An interrupt is
time. When writing, the data is latched into generated if interrupts from the port are
the output registers with the same timing as the enabled and the data on the port data lines
output mode (Figure 17). satisty the logical equation defined by the 8-bit

When reading the PIO, the data returned to mask and 2-bit mask control registers. How-
the CPU is composed of output register data ever, if Port A is programmed in bidirectional
from those port data lines assigned as outputs mode, Port B does not issue an interrupt in bit
and input register data from those port data mode and must therefore be polled.

cLK

PORT
DATA SUL ] x DATA WORD 1 X oataworoz X

INY DATA MATCH \__ (

OCCURS HERE

iora { /
RD { 4
Do-D7 —( oATAIN )=
*Timing Diagram Refers to Bit Mode Read ZDAm WORD 1 PLACED ON BUS

Figure 17. Mode 3 Bit Mode Timing

Interrupt Acknowledge Timing. During Ml usnl . l | I -
. STATE

time, peripheral controllers are inhibited from
changing their interrupt enable status, permit-

SAMPLE

ting the Interrupt Enable signal to ripple - j iNT —
through the daisy chain. The peripheral with H o
IORQ AND M1

|

cLK

1EI High and IEO Low during INTACK places ioRa \ / INDICATE
a preprogrammed 8-bit interrupt vector on the l%\mocs
data bus at this time (Figure 18). IEO is held i /

Low until a Return From Interrupt (RETI)
instruction is executed by the CPU while IEI is 1e0 X
High. The 2-byte RET! instruction is decoded

internally by the PIO for this purpose. b

Figure 18. Interrupt Acknowledge Timing
Return From Interrupt Cycle. If a Z-80 per- IEO Low. This device is the highest-priority
ipheral has no interrupt pending and is not ~ device in the daisy chain that has received an
under service, then its IEO = IEIL If it has an interrupt acknowledge. All other peripherals
interrupt under service (i.e., it has already -have IEl = IEQ. If the next opcode byte
interrupted and received an interrupt acknowl- decoded is “4D," this peripheral device resets
edge) then its IEO is always Low, inhibiting its “interrupt under service” condition.

lower priority devices from interrupting. If it
has an interrupt pending which has not yet . . . . . . . . .
1 2 3 ‘4 1 2 3 4 1

been acknowledged, IEO is Low unless an ik W i

“ED"” is decoded as the first byte of a 2-byte

opcode (Figure 19). In this case, IEO goes i —\_____/—‘_\___/_—

High until the next opcode byte is decoded,

whereupon it goes Low again. If the second m \___/ \ /

byte of the opcode was a "4D,"” then the

opcode was an RETI instruction. 0a-D7 _ {_E ) L
After an "ED" opcode is decoded, only the — _ _ _ _ _ _ _ y
peripheral device which has interrupted and is B e v
1 . . X .
currently under service has its IEI High and its o S

Figure 19. Return From Interrupt
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AC .
Charac-
teristics

Do-D7

READY
{ARDY OR BRDY)

STROBE
(ASTB OR BSTB)

MODE 0
MODE 1
Ao-A7
Bo-B7
MODE 2
MODE 3
INT
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Z-80 PIO Z-80A PIO 2-80B PIOI®!
Min Max Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns) (ns) . (ns) Comment
1 TeC 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 TiIC Clock Fall Time 30 30 20
5 —TrC Clock Rise Time 30 30 20
6  TsCS(RI) CE, B/A, C/D to RD,
IORQ | Setup Time 50 50 50 (6]
7 Th Any Hold Times for Specified
Setup Time 0 0 0 0
8 TsRI(C) RD, IORQ to Clock 1 Setup
Time 115 115 70
9 —TdRI(DO) —— RD, TORQ lto Data Qut Delay 430 380 300 [2]
10 TdRI(DOs) RD, IORQ 't to Data Out Float
Delay 160 110 70
11 TsDI(C) Data In to Clock t Setup Time 50 50 40 CL = 50 pF
12 TdIO(DOI) IORQ | to Data Out Delay
(INTACK Cycle) 340 160 120 [3]
13 — TsM1(Cr) M1 | to Clock t Setup Time 210 90 70
14 TsM1(Cf) mLto Clock | Setup Time ’
(M1 Cycle) 0 0 0 [8]
15 TdAMI1(IEO) M1 | to IEO | Delay (Interrupt
Immediately Preceding M1 1) 300 190 100 [5, 7]
16 TsIEI(IO) IEI to IORQ | Setup Time
(INTACK Cycle) 140 140 100 [7]
17 —TdIEI(IEOf) — IEI | to IEO | Delay 190 130 120 5]
CL = 50 pF
18 TdIEI(IEOr) IEI t to IEO t Delay (after ED
Decode) 210 160 160 [5]
19 TcIO(C) IORQ t to Clock | Setup Time :
(To Activate READY on Next
Clock Cycle) 220 200 170
20 —TdC(RDYr)—— Clock | to READY t Delay 200 190 170 [5]
CL = 50 pF
21 TdC(RDYf) Clock | to READY | Delay 150 140 120 [5]
22 TwSTB ' STROBE Pulse Width 150 - 150 . 120 [4]
23 TsSTB(C) STROBE t to Clock | Setup
Time (To Activate READY on
Next Clock Cycle) 220 220 150 [5]
24 —TdIO(PD)——— IORQ 1 to PORT DATA Stable -
Delay (Mode 0) 200 180 160 : [5]
25 TsPD(STB) PORT DATA to STROBE 1
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 t 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 1 to INT | Delay 490 440 350

NOTES:

{1] TeC =.TwCh + TwCl + TrC + TIC.

[2] Increase TARI(DO) by 10 ns for each 50 pF increase in load
up to 200 pF max.

[3] Increase TdIO(DOI) by 10 ns for each 50 pF, increase in
loading up to 200 pF max.

[4]) For Mode 2: TwSTB > TsPD(STB).

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

[6] TsCS(RI) may be reduced. However, the time subtracted
from TsCS(RI) will be added to TdRI(DO).

[7] 2.5 TcC > (N-2)TdIEKIEOS) + TAMI(IEO) + TsIEKIO)
+ TTL Buffer Delay, if any.

[8] M1 must be active for a minimum of two clock cycles to
reset the PIO. '

[9] Z80B PIO numbers are preliminary and subject to change.
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Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Maxi-

Maximum withrespectto GND.......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Ratings ) ] This is a stress rating only; operation of the device at any
g Operating Ambient condition above those indicated in the operational sections
Temperature ................. As Specified in of these specifications is 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.
noted. All voltages are referenced to GND
(0 V). Positive current flows into the refer-
enced pin. Available operating temperature =
ranges are: 24K
S* = 0°C to +70°C, FiNOER TEST
+475V<=Vee=s +5.25V
B E* = -40°C to +85°C, 100 pF Y
+4.75V < Vec= +5.25V I
m M = -55°Cto +125°C, = T %
+4.5V=sVee=< +58V
*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 A
Vige Clock Input High Voltage Vee-0.6 Ve +03 Vo
Vi Input Low Voltage -0.3 +0.8 A4
Viy Input High Voltage +2.0 Vee A
Vo Output Low Voltage +0.4 A Iop = 20 mA
Vou Output High Voltage +2.4 \Y Ion = -250 pA
I Input Leakage Current +10.0 nA Vin = 0to Ve
Lo 3-State Output Leakage Current in Float +10.0 pA Vour=0.4 V to Ve
Iec Power Supply Current 100.0 mA Vou=18V
Ioup Darlington Drive Current -1.5 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; { ‘= 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 CMB 4.0 MHz Z80A PIO (40-pin)
78420 CM 2.5 MHz Same as above Z8420A CS 4.0 MHz Same as above
728420 CMB 2.5MHz Same as above Z8420A DE 4.0 MHz Same as above
78420 CS 2.5 MHz Same as above Z8420A DS 4.0 MHz Same as above
78420 DE 2.5 MHz Same as above Z8420A PE 4.0 MHz Same as above
78420 DS 2.5 MHz Same as above 78420A PS 4.0 MHz - Same as above
78420 PE 4.0MHz  Same as above 78420B CsS 6.0 MHz Same as above
78420 PS 4.0 MHz Same as above 78420B DS 6.0 MHz Same as above
Z8420A CE 4.0 MHz Z80A PIO (40-pin) 78420B PS 6.0 MHz Same as above
28420A CM 4.0 MHz Same as above
*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to +125°C, MB = 55°C to +125°C with

MIL-STD-883 Class B processing, S = 0°C to +70°C.
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28430
#80° CTC Coumnter/

Timer Civcuift

Product
Specification

September 1983

Features @ Four independently programmable O Selectable positive or negative trigger
counter/timer channels, each with a initiates timer operation.
readable downcounter and a selectable o Standard Z-80 Family daisy-chain interrupt
16 or 256 prescal(?r. 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 0 Interfaces directly to the Z-80 CPU or—for
transistors. baud rate generation—to the Z-80 SIO.
General The Z-80 CTC four-channel counter/timer each channel is programmed with two bytes; a
Description can be programmed by system software for a third is necessary when interrupts are enabled.
broad range of counting and timing applica- Once started, the CTC counts down, reloads
tions. The four independently programmable its time constant automatically, and resumes
channels of the Z-80 CTC satisfy common counting. Software timing loops are completely
microcomputer system requirements for event eliminated. Interrupt processing is simplified
counting, interrupt and interval timing, and because only one vector need be specified; the
general clock rate generation. CTC internally generates a unique vector for
System design is simplified because the CTC each channel. '
connects directly to both the Z-80 CPU and the The Z-80 CTC requires a single +5 V power
Z-80 SIO with no additional logic. In larger supply and the standard Z-80 single-phase
systems, address decoders and buffers may be system-clock. It is fabricated with n-channel
required. silicon-gate depletion-load technology, and
Programming the CTC is straightforward: packaged in a 28-pin plastic or ceramic DIP.
~—»1 Dy CLKITRGy [
~—»] Dy ZCITOy p——a
-] D2
CPU ~—p| D3 CLK/TRGy -t D
ns;g hana 21 2CM0y [— | CHANNEL o: ; :: E g:
~—{ D5 : SIGNALS Ds : 3 2 :l s
<] 0 CLKMRG, [*— o, e 25 [ oo,
10 Zcmo, |—> GND [ 4[] +sv
> CcE ro 6 23 [ ctkmRe,
ere | =% CLKMTRG; |+— zemoo 7 zza?A?l% 22 [ cLkmre,
con‘r:ou. —| ¢S - zcmo, [ 8 21 [J CLKTRG,
Fc%': > r:Ta RESET J= 26110, E 9 20 g CLKITRG;
o . jORQ 10 19 CSy
DAISY IREIIJ ZzﬂsooAccT'fc E) E 1 18 j (i
CHAIN {::] €0 iNT [ 12 17 [ ] RESET
INTERRUPT ny el [ 13 16 ] cE
CONTROL INT w1 15 [] etk
CIK +IV GI‘D
Figure 1. Pin Functions Figure 2. Pin Assignments
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Functional
Description

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

During operation, the individual counter
channel counts down from the preset time con-
stant value. In counter mode operation the

- counter decrements on each of the CLK/TRG

input pulses until zero count is reached. Each
decrement is synchronized by the system
clock. For counts greater than 256, more than
one counter can be cascaded. At zero count,
the down-counter is automatically reset with
the time constant value.

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

a preset down-counter.

Thus, the time interval is an integral mul-
tiple of the clock period, the prescaler value
‘(16 or 256) and the time constant that is preset
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 in
a standard Z-80 daisy-chain interrupt struc-
ture. Channel 0 is the highest priority and
Channel 3 the lowest. Interrupts can be
individually enabled (or disabled) for each of
the four channels.

Architecture

The CTC has four major elements, as shown

in Figure 3.

B CPU bus I/O

B Channel control logic

W 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 [

DATA e A o
FROM BUS InTernaLBUs )| MTERRUPTH . |
280 CPU W - R LogIC il

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

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

INTERNAL
CONTROL
LOGIC

b INT

3 ) Zcrmo
ﬁ COUNTER/
TIMER

LOGIC

K 4 CLK/TRG

. 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 (Ml 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
LOGIC

TIME
CONSTANT

INTERNAL BUS
h— REGISTER

8-BIT

DOWN- \_, ZCITO
COUNTER
CLKITRG ——————>

CLOCK ——»] PRESCALER

Figure 4. Counter/Timer Block Diagram

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

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

grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

O Interrupt enable (or disable)

Operating mode (timer or counter)

B Timer mode prescaler factor (16 or 256)

Active slope for CLK/TRG input

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

O Time constant data word to follow

O 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:

O 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 1/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; CSp
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-impedarice state. All
channels must be completely reprogrammed
after a hardware reset.

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

If the channel control word has both bits D
and Dj set to 1, the addressed channel stops
operatinig, 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.

L"L’slf’sl”' °=l°zl° u.,]

1 = VALUE OF 256
0 = VALUE OF 16

: INTERRUPT

1 ENABLES INTERRUPT

0 DISABLES INTERRUPT

MODE

0 SELECTS TIMER MODE

1 SELECTS COUNTER MODE
PRESCALER VALUE*

CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD

RESET
0 = CONTINUED OPERATION
1 = SOFTWARE RESET

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

CLKITRG EDGE SELECTION
0 SELECTS FALLING EDGE
* 1 SELECTS RISING EDGE

TIMER T

0 = AUTOMATIC TRIGGER WHEN
TIME CONSTANT 1S LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Programming Trigger Mode (Timer Mode Only). Dj selects

(Continued)

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

When Dj is set to 1, the timer is triggered
externally through the CLK/TRG input. The
time constant word is programmed during an
1/O write operation, which takes one machine
cycle. The timer is ready for operation on the
rising edge of the second clock pulse (T5) of
the following machine cycle. Note that the first
timer decrement follows the active edge of the
CLK/TRG pulse by a delay time of one clock
cycle if a minimum setup time to the rising
edge of clock is met. If this minimum is not
met, the delay is extended by another clock
period. Consequently, for immediate trigger-
ing, the CLK/TRG input must precede T; by
one clock cycle plus its minimum setup time. If
the minimum time is not met, the timer will
start on the third clock cycle (T3).

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

Time Constant to Follow. A 1 in D5 indicates
that the next word addressed to the selected
channel is a time constant data word {for the
time constant register. The time constant word
may be written at any time.

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

Figure 6. Time Constant Word

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

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

Time Constant Programming. Before a chan-
nel can start counting it must receive a time
constant word from the CPU. During program-
ming or reprogramming, a channel control
word in which bit 2 is set must precede the
time constant word to indicate that the next
word is a time constant. The time constant
word can be any value from 1 to 256 (Figure
6). Note that 004 is interpreted as 256.

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

The system clock period (qS)

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

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

Consequently, the time interval is the pro-
duct of ¢ x Px T. The minimum timer resolu-
tion is 16 X ¢ (4 ps with a 4 MHz clock). The
maximum timer interval is 256 X ¢ X 256 (16.4 ms
with a 4 MHz clock). For longer intervals
timers may be cascaded. :

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

DICACACA LAY

L 0 = INTERRUPT VECTOR WORD
V-V 1 = CONTROL WORD

SUPPLIED

BY USER
CHANNEL IDENTIFIER

(AUTOMATICALLY INSERTED
BY CTC)

0 0 = CHANNELO

0 1= CHANNEL1

1 0 = CHANNEL 2 s
1 1 = CHANNEL 3

Figure 7. Interrupt Vector Word

2041-0160, 0161
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Pin
Description

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

edge on this pin decrements the down-counter.

In timer mode, an active edge starts the timer.

CSp-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)).

Dy-D7. System Data Bus (bidirectional,
3-state). Transfers all data and commands
between the Z-80 CPU and the Z-80 CTC.

SYSTEM
BUSES

=

1EI

+5V

=

1€l

zcmo,
cTe
zcmo,  INT —
1EQ
1B 1E0
RxCA iNT INT
TxCA  IEO 1Et
RxCB
TxCB
WIRDYB RDY
slo 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.

1IEO. 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 in its down-counter.

IORQ. Input/Qutput 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 Z2-80 CTC. During a write
cycle, IORQ and CE are active and RD
inactive. The Z-80 CTC does not receive a
specific write signal; rather, it internally
generates its own from the inverse of an active
RD signal. In a read cycle, IORQ, CE and RD
are active; the contents of the down-counter
are read by the Z-80 CPU. If IORQ and MI are
both true, the CPU is acknowledging an inter-
rupt request, and the highest priority inter-
rupting channel places its interrupt vector on
the Z-80 data bus.

MI. Machine Cycle One (input from CPU,
active Low). When M! 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 if it has highest priority, and if
a channel has requested an interrupt (INT).

RD. Read Cycle Status (input, active e Low).
Used in 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
reqgisters; the ZC/TO and the Interrupt outputs
go inactive; IEO reflects IEI; Do D7 go to the
high-impedance state.

ZC/TOy-ZC/TOg3.. Zero Count/Timeout (output,
active High). Three ZC/TO pins corresponding
to Z-80 CTC channels 2 through 0 (Channel 3
has no ZC/TO pin). In both counter and timer
modes the output is an active High pulse when
the down-counter decrements to zero.
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Read Cycle Timing. Figure 9 shows read
cycle timing. This cycle reads the contents of a
down-counter without disturbing the count.
During clock cycle Ty, the Z-80 CPU initiates a
read cycle by driving the following inputs
Low: RD, IORQ, and CE. A 2-bit binary code
at inputs C3) and CSg selects the channel to
be read. M1 must be High to distinguish this
cycle from an interrupt acknowledge. No addi-
tional wait states are allowed.

Timing

T T2 Twa T3 T4

X CHANNEL ADDRESS X

CSo, CS1, CE

DATA

Figure 9. Read Cycle Timing

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

! The CTC does not have a write signal input,
so it generates one internally when the read
(RD) input is High during Ty. During T2
IORQ and CE inputs are Low, MI must be

High to distinguish a write cycle from an inter-,

rupt acknowledge. A 2-bit binary code at
inputs CS1 and CSg 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

—t
X CHANNEL ADDRESS X

CSo, CS1, CE

=T
RD 7
-t
==
CER

DATA X SN X

Figure 10. Write Cycle Timing

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

CLKITRG

INTERNAL
TIMRER

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

i
CLKITRG w
INTERNAL W
COUNTER
zciTo

Figure 12. Counter Mode Timing

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 is 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.

2041-0162, 0163, 0164, 0165
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Interrupt
Operation

+5V

-L—I 1€l IEO IL'ITEI IEQ |——H—I—li IEO I——HI—I IE)

HIGHEST PRIORITY
DEVICE

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

LOWEST PRIORITY
DEVICE

DEVICE 0 DEVICE 1 DEVICE 2 DEVICE 3

0 I_L

Figure 13. Daisy-Chain Interrupt Priorities

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

A Z-80 CTC channel may be programmed to

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

Ty T2 Twa Twa T3 Ts

1El / \
[\
DATA { VECTOR »

Figure 14. Interrupt Acknowledge Timing

were written to the CTC during the program-
ming process; the next two bits are provided
by the CTC interrupt control logic as a binary
code that identifies the highest priority chan-
nel requesting an interrupt; the low-order bit
is always zero.

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

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

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

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

Do-D7 “ ED \, “ 4D 'L
wm ;F

Figure 15. Roturn From Interrupt Timing
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Absolute Voltage_s on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respectto GND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Rati . ] . . This is 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 is not implied. Exposure to absolute
o o maximum rating conditions for extended periods may affect
Storage Temperature. ....... -65°Cto +180°C  gevice 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
o S* = 0°Cto +70°C,
+4.75V =V = +525V 100 20
o E* = —40°C to +85°C,
+4.75V = Vee = +5.25V = = =
o M* = -55°C to +125°C,
+45V=Voe =< +55V
DC Symbol Parameter Min Max  Unit Test Condition
Character-
istics Vie Clock Input Low Voltage -0.3 +045 V
VIHC Clock Input High Voltage Vcc—.G VCC +.3 V
Vi, Input Low Voltage -0.3 +0.8 \
Vi Input High Voltage +2.0  Vee \
VoL Output Low Voltage +04 V Iop = 2mA
Vou Output High Voltage +2.4 \ Iou= —250 pA
Iec Power Supply Current +20 mA
I Input Leakage Current. +10 7.8 Vin = 0to Ve
Iio 3-State Output Leakage Current in Float +10 rA Vour = 0.4 to Ve
Ioup Darlington Drive Current ' -1.5 mA Vog = 1.5V
REXT = 3909
Symbol Parameter Max  Unit Condition
CLK Clock Capacitance - 20 Unmeasured pins
Cin Input Capacitance 5 returned to ground
Cout Output Capacitance - 10
Tp = 25°C,f = 1 MHz
L}
8085-0239 67
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Z-80 CTC Z-80A CTC Z-80B CTC
Min Max Min Max Min Max

21D 08Z

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 TwCl Clock Width (Low) 170 2000 105 2000 65 2000
4 TIC Clock Fall Time 30 30 20
5 — TrC ————— Clock Rise Time 30 30 20
6 Th All Hold Times 0 0 0
7  TsCS(C) CS to Clock 1 Setup Time 250 160 100
8  TsCE(C) ‘CE to Clock 1 Setup Time 200 150 100
9  TsIO(C) TORQ | to Clock 1 Setup Time 250 115 70
10 — TsRD(C) —— RD |} to Clock 1 Setup Time 240 115 70
11 TdC(DO) Clock ! to Data Out Delay 240 200 130 [2]
12 TdC(DOz) Clock | to Data QOut Float Delay 230 110 . 90
13 TsDI(C) Data In to Clock 1 Setup Time 60 50 40
14 TsMI(C) M1 to Clock t Setup Time 210 90 70
15 — TdMI(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  TdIEKIEOf) IEI | to IEO | Delay 190 130 100 {3]
18  TdIEI(IEOr) IEI 1 to IEO 1 Delay
(After ED Decode) 220 160 110 {3]
19 TdC(INT) Clock 1 to INT } Delay (TcC +200) (TcC + 140) TcC +120 [4]
20 — TdCLK(INT)— CLK/TRG 1 to INT |
tsCTR(C) satisfied (19) +(26) (19) +(26) (19) + (26) [5)
tsCTR(C) not satisfied (1) +(19) +(26) (1) +(19) +(26) (1)+(19) +(26) [5]
21  TcCTR CLK/TRG Cycle Time (2TcC) (2TcC) 2TcC [5]
22  TrCTR CLK/TRG Rise Time 50 50 40
23 TiCTR CLK/TRG Fall Time 50 50 ) 40
24  TwCTR] CLK/TRG Width (Low) 200 200 120
25 — TwCTRh CLK/TRG Width (High) 200 200 120
26 TsCTR(Cs) CLK/TRG ! to Clock | Setup _
Time for Immediate Count 300 210 150 [5]

27 TsCTR(Ct) CLK/TRG ! to Clock 1 Setup
: Time for enabling of Prescaler - B

on following clockt 210 210 150 [4)]
28  TdC(ZC/TOr) Clock 1 to ZC/TO t Delay 260 190 140
29 TdC(ZC/TOf) Clock | to ZC/TO | Delay ) 190 190 140
[A] 2.5 TcC > (n-2) TAIEI(IEOf) + TdMI1(IEQ) + TsIEKIO) (3] Increase delay by 2 ns for each 10 pF increase in loading,
+ TTL buffer delay, if any. 100 pF maximum.
[B] RESET must be active for a minimum of 3 clock cycles. [4] Timer mode.
NOTES: [5] Counter mode.
i (6] RESET must be active for a minimum of 3 clock cycles.

[1]1 TeC = 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.

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

Number Temp  Speed Description Number Temp  Speed Description

78430 CE 2.5 MHz 780 CTC (28-pin) Z8430A CMB 4.0 MHz Z80A CTC (28-pin)
78430 CM 2.5 MHz Same as above Z8530A Cs 4.0 MHz Same as above
28430 CMB 2.5MHz Same as above Z8430A DE 4.0 MHz Same as above
78430 CS 2.5MHz . Same as above Z8430A - DS 4.0 MHz Same as above
28430 ‘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 = 2.5MHz Same as above Z8430B (O] 6.0 MHz Same as above
28430 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.

00-2022-02



Z8440

Z80° SIO Serial
Imput/Output Controller

zaNlele)

Product

Specification

September 1983

Features O Two independent full-duplex channels, with O 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,

O Data rates of 0 to 500K bits/second in including 1BM Bisync, SDLC, HD_LC'
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 insertion/deletion, abort genera-

tion/detection and flag insertion.

O Asynchronous protocols: everything O Recei q L druply buffered
necessary for complete messages in 5, 6, 7 ecelvgr ata Ijeglsters quadruply pu lered,
or 8 bits/character. Includes variable stop transmitter registers doubly buffered.
bits and several clock-rate multipliers; O 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. Iis 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 is provided for CPU or‘DMA~

{0 RxDA | 4———
<—]|o, FXCA |e—
{0, TXDA f——s
Di;: +«——>|D; - TXCA |+—— A=k w010,
Bus | ——| o, SYNCA [-—» 0,2 39 [] o,
<] D5 WIROVA |——> CHANNEL A os [ 8 3o,
~—{ D o o, 37 [ o5
|0, RTSA [ Nt s 3s [] ioRG
CTSA [«+——— { MODEM e e 3s[] CE
DYRA [——— ( GONTROL €0 [ 7 3al] BA
~——=| CE  2.80 810/2 DCUA |«—r wi[]e 33 Ellcﬁ
———| RESET +sv[]oe 32| ] R6
— ¥ WiRDYA [ 10 31 {] ano
CON:::; ——>] ora RxDB |w~—— SVNCA [ 1 zsoslonz [] wirove
cpu) —|F RxCB |=— RxDA (] 12 29 RxDB
TX0B fm— RCA [ 13 28 [] AxCB
—e s | roa o[l vos
—{ 8k CHANNEL B iy
oTRA [ 16 25 [] 6TRB
RTSB [—— RTSA [] 17 24 7] ATSB
DAISY | ~— iNT CT58 [«+—— | MODEM cTsA [ 18 23 [] cTsB
lNTE::lfI:#{ " DR [—— [ CONTROL WE 1 22 L] b¢08
CONTROL | <——] €0 bcos oLk [ 20 - 21 {7} RESET

+5V  GND CLK

Figure 1. Z-80 SIO/2 Pin Functions

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

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

The Z-80 SIO 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 | 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:

B 72-80 SIO/2 lacks SYNCB
m Z-80 SIO/1 lacks DTRB

m 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 Ag
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 butfered to accommodate slow-
risetime signals. The SIO detects pulses on
these pins and interrupts the CPU on both
logic level transitions. Schmitt-trigger buffer-

{0y RxDA | +——
-—{ 0, AACA |———
+—]0, TxDA f———p
CPU } «——=]p, TxCA |w—— o, 1 40 [] 0,
DATA o B o,
sus | —| o« SVNCA |[+— a2 1(}o,
<—| g WIRDYA f——t CHANNEL A o5 [ 3 -3 [Jo,
] 0y o, [ ¢ 37 [1 og
+—| D, RTSA [———» W [ds 36 [ ] iORG
CTSA |+——— | MODEM e [Js s []CE
5TRA |——» [ CONTROL €o 7 uf{Jei
———=| CE  2.80 81071 BCDA |[4— mi[]s af]eb
—| RESET +svdoe 32 [J 7D
—| Wi RxDB | ¢——— WIRDYA [] 10 2.80 stors [Jono -
CONTROL | ———={ iORG AxCB |e— §vNCa [ 1 30 [] WiRrbve
F:gn a5 Tx08 . RxDA [ 12 29 [] SYNCB
THCB |+— HxCAB 13 28 [] RxDB
. 5VNGB |e— ) TxCA [ 14 27 [} RxCB
= WIRDYE |——— ; TxDA [] 15 26 [] TxCB
——| B8R CHANNEL B OTRA [] 16 25 [ TxoB
. RTSA [ 17 24 [ ] RTSB
— RTSE |—— e -
DAISY | ~«— INT [ MODEM CTsA [ 18 23 []] T8
ALl gem—— -] * CONTROL 5CoA [ 19 . 22 [7] BCO
INTERRUPT 6co8 f+—— ek [ 20 o1 [ Feser
conTroL | +———] 0 O [] RES

+5V GND CLK

Figure 3. 2-80 SIO/1 Pin Functions

Figure 4. 2-80 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- MIl. 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 Ml is active while IORQ is
IEL. Interrupt Enable In (input, active High). iactlve, the 51O 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 ~ L1'®se clocks may be driven by the 80 CTC
CPU is not servicing an interrupt from this Counter Timer Circuit for programmable baud
SIO. Thus, this signal blocks lower priority rate generation. Both inputs are Schr{11tt'—
devices from interrupting while a higher trigger buflered (no noise level margin is
riority device is being serviced by its CPU specified). N
?nterruypt service routige. Y ~ In the Z-80 SIO/0 bonding option, RxCB is
INT. I A ( 4 bonded together with TxCB.
. Interrupt Request (output, open drain, J— .
active Low). When the SIO is requesting an RD.- Read CY01gSfafus (.mput from CPU,
interrupt, it pulls INT Low. active Low). If RD is active, a memory or I/O
— ) read operation is in progress. RD is used with
IOBQ' ]nput/Ouz‘pu.f Beque‘si (1ngut frém 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 transter commands ) ) )
and data between the CPU and the SIO. When R{(DA. Rxl?B. Receive Data (inputs, active
CE, RD and IORQ are all active, the channel High). Serial data at TTL levels.
selected by B/A transfers data to the CPU (a RESET. Reset (input, 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 f-e———
. s |——
cPu o oo, TxCA |e—— b"n
DATA J——
BUs ) *—] o SVRCA |+—n E]'n,
— WiRDYA f——n CHANNEL A 04
-— :: RTSA f—— = %To%
CTSA {«—— { mODEM [ ce
DTRA }———» [ CONTROL :] BIA
——=|CE  z.80sl0/0 DCOA |=— {]co
———| RESET 170
conrror | | ion Rx08 |e——— 1, zoosio g:::m
FROM{ ——|@o RRTRCB | gﬂaca
——| cib sﬁ * > [ RxTxCa
WIRDYB |~ :]T DB
e L CHANNEL B :]Dm
DAISY | <——no INT . ::z: —_:— MODEM %:%
INTERRUPT ' DTHE ~ ( CONTROL [ ocos
CONTROL | =——IEO Bcos |-—— [ Reset
LU
Figure 5. Z-80 S10/0 Pin Functions Figure 6. Z-80 SIO/0 Pin Assignments
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Pin
Description
(Continued)

CONTROL 6 A

rewritten atter the SIO is reset and betore 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 asynchrgﬁ)_us 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 is achieved, SYNC must be _
driven Low on the second rising edge of RxC
after that rising edge of RxC on which the last
bit of the sync character was received. In
other words, after the sync pattern is detected,
the external logic must wait for two full
Receive Clock cycles to activate the SYNC
input. Once SYNC is forced Low, it should be
kept Low until the CPU informs the external
synchronization detect logic that synchroniza-
tion has been lost or a new message is about to
start. Character assembly begins on the rising
edge of RxC that immediately precedes the
falling edge of SYNC in the External Sync
mode. -

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

} CHANNEL CLOCKS
-

INTERNAL
CONTROCL
LOGIC

CHANNEL A

CHANNEL A
CONTROL
AND
STATUS
REGISTERS

it

<«—»  SYNC
WAIT/READY

CHANNEL A
CONTROL

AND
STATUS

MODEM OR
OTHER CONTROLS

INTERNAL BUS

CPU
BUS IO

ifi
U

!

INTERRUPT INTERRUPT
CONTROL ———| CONTROL
LINES LOGIC

CHANNEL B
CONTROL

STATUS
REGISTERS

Figure 7. Block Diagram

CHANNEL B
CONTROL

AND
STATUS

MODEM OR
OTHER CONTROLS

R VAR VY

CHANNEL B

SERIAL DATA

CHANNEL CLOCKS
-«—»  SYNC

WAIT/READY
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illustrates some of these protocols. The follow-
ing is a short description of them. A more
detailed explanation of these modes can be
found in the Z-80 SIO Technical Manual.

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

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

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, it interacts with the The first part of the following discussion
Z-80 CPU and other peripheral circuits, shar- covers SIO data-communication capabilities;
ing the data, address and control buses, as the second part describes interactions between
well as being a part of the Z-80 interrupt struc- the CPU and the SIO.
ture. As a peripheral to other microprocessors,
!
UART
—— CHANNEL
A
SYNCHRONOQUS
COMMUNICATIONS
CONTROLLER —
MICROPROCESSOR INTERRUPT
INTERFACE CONTROLLER
—,
-
UART
— CHANNEL
B
SYNCHRONOUS
COMMUNICATION
CONTROLLER —
<= CHANNEL ,
MICROPROCESSOR —> A
INTERFACE <—»
< CHANNEL
——>
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

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

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

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

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

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

2042-0107
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Data
Communi-
cation
Capabilities
(Continued)

characters can be removed without interrupt-
ing the CPU. .

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

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

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

The SIO supports synchronous bit-oriented
protocols such as SDLC and HDLC by per-
forming automatic flag sending, zero insertion
and CRC generation. A special command can
be used to abort a frame in transmission. At

- the end of a message the SIO automatically

transmits the CRC and trailing flag when the
transmit buffer becomes empty. If a transmit

PARITY

START sTOP

underrun occurs 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 in the information field of a frame.

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

'
MARKING LINE —I rDATA l | T ' I DATA | '11 l DATA ]r‘ VMARKING LINE

ASYNCHRONOUS

I SVNCT DATA ]

z ¢
5%

. I DATA l
£ G
5

CRCy I

CRC2 ]

MONOSYNC

o

£
5

[ SYNC I SYNC | oara |

| oara I CRC:

CRC2 I

5 G
SIGNAL

£
ST

BISYNC

l DATA |

| DATA I CRC: | CRC2

EXTERNAL SYNC

l FLAG l ADDRESS I

o,
5
INFORMATION

oo ]

CRC2 | FLAG —I

5 G
SDLC/HDLCIX.25

Figure 9. Some Z-80 SIO Protocols
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T " T
| lSYNC i SYNS I SYNC I DATA I DATA J DATA | DATA I

[
8

16

Figure 10. Six-Bit Sync Character Recognition
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1/0 Interface
Capabilities

The SIO offers the choice of polling, inter-
rupt (vectored or non-vectored) and block-

transfer modes to transfer data, status and con-

trol information to and from the CPU. The
block-transfer mode can also be implemented
under DMA control. ’

Polling. Two status registers are updated at
appropriate times for each function being per-
formed (for example, CRC error-status valid at
the end of a message). When the CPU is
operated in a polling fashion, one of the SIO’s
two status registers is used to indicate whether
the SIO has some data or needs some data.
Depending on the contents of this register, the
CPU will either write data, read data, or just
go on. Two bits in the register indicate that a
data transfer is needed. In addition, error and
other conditions are 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 modily three bits of the interrupt vec-
tor in the status register so that it points direct-
ly to one of eight interrupt service routines in
memory, thereby servicing conditions in 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 is interrupted by the transmit buifer
becoming empty. (This implies that the
transmitter must have had a data character
written into it so it can become empty.) The

~receiver can interrupt the CPU in one of two

ways:
B Interrupt on first received character
B Interrupt on all received characters

Interrupt-on-first-received-character is
typically used with the block-transfer mode.
Interrupt-on-all-received-characters has the
option of modifying the interrupt vector in the
event of a parity error. Both of these interrupt
modes will also interrupt under 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-
received-characters mode is selected. In
interrupt-on-tirst-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) in the data stream.
The interrupt caused by the break/abort
sequence allows the SIO to interrupt when the
break/abort sequence is 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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I/O.Inter!aée
Capabilities
(Continued)

In a Z-80 CPU environment (Figure 11), SIO
interrupt vectoring is “automatic’’: the SIO
passes its internally-modifiable 8-bit interrupt
vector to the CPU, which adds an additional 8

bits from its interrupt-vector (I) register to form-

the memory address of the interrupt-routine
table. This table contains the address of the
beginning of the interrupt routine itself. The
process entails an indirect transfer of CPU
control to the interrupt routine, so that the
next instruction executed after an interrupt
acknowledge by the CPU is the first instruction
of the interrupt routine itself.

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

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

SYSTEM
BUSES

e

CcPU DMA

iNT INT

IEN

+5V

IEI
ZCITOy
cTC

2CT0z INT —e

IE0

3] €0
RXCA  INT | iNT
TxCA IO IEt
RxCB
TxCB

WIROYA

WIRDYB RDY
sio DMA

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:

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

The register group includes five 8-bit control
registers, two sync-character registers and two
status registers. The interrupt vector is written

' into an additional 8-bit register (Write Register

2) in Channel B that may be read through
another 8-bit register (Read Register 2) in
Channel B. The bit assignment and functional

"grouping of each register is configured to

simplify and organize the programming pro-
cess. Table 1 lists the functions assigned to
each read or write register.

Read Register Functions

RRO 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, initializa-
tion commands for the various modes, etc.

WR!1 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

WRS5 Transmit parameters and controls

WR6 Sync character or SDLC address field

WR7

Sync character or SDLC flag
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The logic for both channels provides for-
mats, synchronization and validation for data
transferred to and from the channel interface.
The modem control inputs, Clear To Send
(CTS) and Data Carrier Detect (DCD), are
monitored by the external control and status
logic under program control. All external
control-and-status-logic signals are general-
purpose in nature and can be used for func-
tions other than modem control.

CPU to service an interrupt at the beginning of
a block of high-speed data. Incoming data is
routed through one of several paths (data or
CRC) depending on the selected mode
and—in asynchronous mocdes—the character
length. ; v

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

butters or from the transmit data register. i
Depending on the operational mode, outgoing
data is routed through one of four main paths
before it is transmitted from the Transmit Data
output (TxD).

Data Path. The transmit and receive data path
illustrated for Channel A in Figure 12 is iden-
tical for both channels. The receiver has three
8-bit buffer registers in a FIFO arrangement,
in addition to the 8-bit receive shift register.
This scheme creates additional time for the

CPU O

/O DATA BUFFER

TO CHANNEL B,
EXTERNAL STATUS LOGIC,

INTERNAL DATA 8US
CONTROL LOGIC, ETC. ;

1T

1T

WR7 WR6
RECEIVE RECEIVE I SYNG o TER I I SyNe REGISTERI I TRANSMIT DATA'
DATA ERROR
FIFO FIFO
—
| 20-BIT TRANSMIT SHIFT REGISTER [ sg}?ﬂ
1
ASYNC
SYNC
DATA 1 DATA
. TRANSMIT
RECEIVE RECEIVE soLe | MULTIPLEXER |—» TxDA
RCA —»| CLOCK ERROR SATA & 2.BIT DELAY
Loaic HUNT MODE (BISYNC) Loaic ZERO INSERT
———————— (5BITS)
\ sy
| - SDLC.CRC c
RECEIVE
RxpaA —»-| LBIT SYNCREGISTER o o | 3 8iTs |»| SHIFT REGISTER
DELAY & ZERO DELETE o
(8 BITS) CRC TRANSMIT T<Ch
GENERATOR cLock Loaic | ™
{1 PEE e
ASYNC DATA CRC
CRC DELAY
REGISTER
@ BITS)
cRC
CHECKER CRC RESULT
SDLC.CRC L

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
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; 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 simplily status monitoring. For
example, when the interrupt vector indicates
that a Special Receive Condition interrupt has
occurred, al] 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-WR7 in Figure
14) that are programmed separately to con-
figure the functional personality of the chan-
nels; WR2 contains the interrupt vector for
both channels and is only in the Channel B
register set. With the exception of WRO, pro-
gramming the write registers requires two
bytes. The first byte is to WRO and contains
three bits (Dg~D5) 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 is 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-D5 to point to WR0. This
implies that a channel reset must not be com-
bined with the pointing to any register.

READ REGISTER 0

| L—- Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY

DCco
SYNC/HUNT
cTs .
Tx UND )
BREAK/ABORT
“Used With “External/Status
Interrupt” Mode
READ REGISTER 1t
' L
ALL SENT
| FIELD BITS | FIELD BITS IN
IN PREVIOUS SECOND PREVIOUS
BYTE BYTE

1.0 0 0 3

0 1 0 0 4

1.1 0 [ 5

o 0 1 0 [

1.0 1 0 7

0 1 1 0 8

1 1 1 1 8

0 0 0 H 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 Receive Condition Mode

READ REGISTER 2*

[©:0e [0< 04 [a 0201 [ 04]

INTERRUPT
v4 VECTOR

tVariable if “"Status Affects
Vector” is Programmed

(*CHANNEL B ONLY)

Figure 13. Read Register Bit Functions
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Programming  WRITE REGISTER 0 ‘ WRITE REGISTER 4

(Continued) [5:]0e ] ]0.]0: ], 5.5 ' [.T54 [5: [oe [0 0:[ 5]

11 L eariTy enasLe
0 0 O REGISTERO PARITY EVEN/ODD
0 0 1 REGISTER1
o 1§ hESleTERs 0 0 SYNC MODES ENABLE
1 0 o0 REGISTER4 0 1 1STOP BITICHARACTER
1 © 1 REGISTERS 1 0 1Y% STOP BITSICHARACTER
Y 1 0 REGISTERS 1 1 2STOP BITSICHARACTER
1 1 1 REGISTERT
0 0 8BITSYNC CHARACTER
0 0 0 NULLCODE 0 1 16BIT SYNC CHARACTER
.0 0 1 SENDABORT (SDLC) 1t 0 SDLC MODE (01111110 FLAG)
0 1 O RESET EXT/STATUS INTERRUPTS 11 EXTERNAL SYNC MODE
0 1 1 CHANNEL RESET
10 0 ENABLE INT ON NEXT Rx CHARACTER 0 0 X1CLOCKMODE
10 1 RESET TxINT PENDING 0 1 X16 CLOCK MODE
1 1 0 ERRORRESET 1 0 X32 CLOCK MODE
1 1 1 RETURN FROM INT (CH-A ONLY) 1 1 X64 CLOCK MODE
NULL CODE

RESET Rx CRC CHECKER
RESET Tx CRC GENERATOR
RESET Tx UNDERRUN/EOM LATCH

a-0o
~ocao

WRITE REGISTER 1 WRITE REGISTER 5

L ExriNT ENABLE | L 1 chcenasLe 1]
Tx INT ENABLE RIS (0]
. STATUS AFFECTS VECTOR SDLCICRC-16 (=]
(CH. B ONLY) : Tx ENABLE
SEND BREAK m
0 0 RxINTDISABLE 1=
0 1 RxINT ON FIRST CHARACTER 0 0 Tx5BITS(OR LESS)CHARACTER Q
1 0 INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECTOR) o 0 1 Tx7BITSICHARACTER
1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFECT 1 0 Tx6 BITSICHARACTER
VECTOR) N 1 1 Tx 8 BITS/ICHARACTER
WAIT/IREADY ON RIT “Or On DTR
WAIT/READY FUNCTION Special
WAITIREADY ENABLE Condition
WRITE REGISTER 2 (CHANNEL B ONLY) WRITE REGISTER 6

Vo . ! SYNC BIT O
Al SYNCBIT 1
2 SYNG BIT 2
v3 \ INTERRUPT SYNCBIT3 \,
v4 ( VECTOR SYNC BIT 4
V5 SYNC BIT 5

-

v
V6 SYNC BIT 6
v7 SYNCBIT7

*Aiso SOLC Address Field

WRITE REGISTER 7

WRITE REGISTER 3

'———Rx ENABLE | L——SVNC BIT8
SYNC CHARACTER LOAD INHIBIT SYNC BIT 9
ADDRESS SEARCH MODE (SDLC) SYNC BIT 10
Rx CRC ENABLE ) SYNCBIT11 \ |
ENTER HUNT PHASE SYNC BIT 12
AUTO ENABLES SYNC BIT 13

’ SYNC BIT 14
SYNC BIT 15

Rx 5 BITS/ICHARACTER
Rx 7 BITSICHARACTER “For SDLC it Must Be Programmed

Ax 6 BITSICHARACTER 10 “011$1110" For Flag Recognition
Rx 8 BITSICHARACTER

-=0o0
~o=o0

Figure 14. Write Register Bit Functions
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Timing

CE, /D, BIA

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 I[EO
Low. For devices with no interrupt pending or
urider 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
IORQ is Low, the highest priority interrupt
requestor (the one with IEI High) places its
interrupt vector on the data bus and sets its

T T, Tw T T

o Wh

X—
foRG ./

Figure 15. Read Cycle

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.

Thé 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 Z2-80 CPU Product

Specification.

CLOCK I I I I I I I l ' I I |

]

_________ e e
IEI 7 I§

— e o e e | Vm—m—m——
DATA { vecToR )-

N/

Figure 17. Interrupt Acknowledge Cycle
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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... ..-03Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings v xoe . . This is a stress rating only; operation of the device at any
atings Operating Ambient As Spécified in condition above those indicated in the operational sections
Temperature ........... Ordering Information of these specifications is not implied. Exposure to absolute
o o maximum rating conditions for extended periods may affect
Storage Temperature........ -65°Cto +150°C device reliability.
Test The characteristics below apply for the +5v
Conditions following test conditions, unless otherwise -
noted. All voltages are referenced to GND crom ouTPUT
(0 V). Positive current flows into the refer- UNDER TEST
enced pin. Available operating temperature "
ranges are: 1008F “h
S* = 0°C to +70°C, 1 1
+4.75V=V,.= +525V T
@ E* = -40°C to +85°C,
ISV < Ve = +5.
+:1 » o ce S 205 \ The product number for each operating
M* = -55°C to +125°C, temperature range can be found in the
+45V=V o= +55V ordering information included in the pro-
*See Ordering Information section for package duct specification (see 1982/83 Zilog Data
temperature range and product number. Book, document number 00-2034-02).
DC Symbol Parameter Min Max Unit Test Condition
Charac-
teristics ViLe Clock Input Low Voltage -0.3 +0.45 \
Vine Clock Input High Voltage Vec-0.6 Vee+0.3 \
A\ Input Low Voltage -0.3 +0.8 \
Vin Input High Voltage +2.0 Vee \
VoL Qutput Low Voltage +0.4 ) Ior = 2.0mA
Vou Output High Voltage +2.4 \' oy = —250 kA
I Input Leakage Current +10 rA Viy = 0to Ve
IoL 3-State Output Leakage Current in Float +10 P2 Vour = 0.4 V to Ve
Iisy) SYNC Pin Leakage Current +10/-40 wA 0<Vin<Vee
Icc Power Supply Current 30 mA
Over specified temperature and voltage range.
Capacitance Symbol - ~ Parameter Min Max Unit Test Condition
C Clock C_apacitance 40 pF  Unmeasured
Civ Input Capacitance 5 pF  pins returned
Cour Output Capacitance 10 pF  to ground
Over specified temperature range; { = IMH,
8085-0006 83



AC

Electrical
Character- N /r—\_/—\—
istics
CE, CID, BIA ) ><
M—@——»
10RQ, RD )¢
) i \ )
’ ~—®—
- o ®
Do-Dy >< 5
n
ioRa N\ /
F-@-* @
M1 s )
}
-
IEI \‘
~—®- B
1E0 \( }I
15 r”\ )
. 18 (9
WiRBY v L
Z-80 SIO ~ Z-80A SIO Z-80B SIO*}
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 TeC Clock Rise Time 30 . 30 15 -
§——TwCl——————Clock Width (Low) 170—2000——105—2000——70—2000——
6 TsAD(C) CE, C/D, B/A to Clock ! Setup Time 160 145 60
7 TsCS(C) IORQ, RD to Clock 1 Setup Time 240 115 60
8 TdC(DO) Clock 1 to Data Out Delay 240 220 150
9 TsDI(C) Data In to Clock t Setup (Write or M1 Cycle) 50 50 30
10——TdRD(DOz)—RD 1 to Data Out Float Delay - 230 110 90—
11 TdIO(DOI) IORQ | to Data Out Delay (INTACK Cycle) 340 160 100
12 TsMI(C) MI to Clock | Setup Time 210 90 75
13 TsIEI(IO) IEI to IORQ | Setup Time (INTACK Cycle) 200 140 120
14 TdAMI(IEO) Ml | to IEO | Delay (interrupt before M1) 300 190 160
15~—TdIEI(IEOr)—IEI 1 to IEO t Delay (after ED decode) 150— 100 70—
16 TdIEKIEOS) IEI | to IEO | Delay 150 100 70
17 TAC(INT) Clock 1 to INT | Delay 200 - 200 150
18 TAIO(W/RWf) TORO ! or CE | to W/RDY | Delay Wait
Mode) : 300 210 175
19 TdC(W/RR)  Clock ! to W/RDY | Delay (Ready Mode) 120 o120 100
20——TdC(W/RWz)—Clock | to W/BDY Float Delay (Wait Mode) 150 130 110—

21 Th Any unspecified Hold when Setup is specified 0 ,0 0

* Z-80 SIO timings are preliminary and subject to change.
t Units in nanoseconds (ns).
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AC

: 0
e I SN
istics X o) -
(Continued) . _—_5‘\ ~ . :
S \ DS N
© i ®
~—®—
TxD )§
0
WIRDY \
'O}
w )\
i @ .
I @ | O
—D—>
RxD X
WIRDY \
@
W N
SVNG \[—@—
®
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 oo 330 o 2
4 TwTxCl TxC Width (Low) 180 o 180 o 100 o 2
5  TwTxCh TxC Width (High) 180 o 180 o 100 o 2
6 TdTxC(TxD) TxC | to TxD Delay (x1 Mode) 400 300 220 2
7 TdTxC(W/RRf) TxC ! to W/RDY | Delay (Ready Mode) 5 9 5 9 5 9 3
8  TdTxC(INT) TxC | to INT } Delay 5 9 5 9 5 9 3
9 TcRxC RxC Cycle Time 400 =S 400 % 330 o 2
10 TwRxCl RxC Width (Low) 180 o 180 o 100 o 2
11 TwRxCh RxC Width (High) 180 o 180 3 100 o 2
12 TsRxD(RxC) RxD to RxC 1 Setup Time (x1 Mode) 0 0 0 2
13 ThRxD(RxC) RxC ! to RxD Hold Time (x1 Mode) 140 140 100 2
14 TdRxC(W/RRf) RxC 1 to W/RDY | Delay (Ready Mode) 10 13 10 13 10 13 3
15 TdRxC(INT) RxC 1 to INT | Delay 10 13 10 13 10 13 3
16 TdRxC(SYNC) BRxC ! to SYNC ! Delay (Qutput Modes) 4 7 4 7 4 i 3
17 TsSYNC(RxC) SYNC | to RxC 1 Setup (External Sync
) Modes) -100 -100 -100 2
NOTES:

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

1. Z-80B SIO

timings are preliminary and subject to change.

2. Units in nanoseconds (ns).

3. Units equal to System Clock Periods.

2044-013
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Ordering Product Package/ Product Package/
Information Number Temp  Speed Description Number Temp  Speed Description
78440 CE,CM 2.5 MHz 780 S10/0 78441A DE,DS 4.0 MHz Z80B SI1O/1
(40-pin) (40-pin)
78440 CMB,CS 2.5 MHz Same as above - Z8441A PE,PS 4.0 MHz Same as above
78440 DE,DS 2.5MHz Same as above 78441B CS 6.0 MHz Z80B SIO/1
78440 PEPS 25MHz  Same as above (40-pin)
78440A CE,CM 4.0 MHz 7Z80A SIO/0 784418 DS 6.0 MHz Same as above
(40-pin) 784418 PS 6.0 MHz Same as above
Z8440A CMB,CS 4.0 MHz Same as above 78442 CE,CM 2.5 MHz 780 SIO/2
Z8440A DE,DS 4.0 MHz Same as above , - (40-pin)
Z8440A PE,PS 4.0 MHz Same as above 78442 CMB,CS 2.5 MHz Same as above
Z8440B Cs 6.0 MHz Z80B SIO/0 78442 DE, DS 25MHz Same as above
(40-pin) 78442 PEPS 25MHz  Same as above
78440B DS 6.0 MHz Same as above 784424 CE,CM 4.0 MHz 7804 SIO/2
78440B PS 6.0 MHz Same as above (40-pin)
78441 CE,CM 2.5MHz 780 SIO/1 ' 78442K CMB,CS 40MHz  Same as above
' (40-pin) 78442A  DEDS 4.0MHz  Same as above
z8441  CMB,CS 2.5MHz  Same as above 78442A  PEPS 4.0MHz  Same as above
78441 DE,DS 2.5 MHz Same as above 784428 Cs 6.0 MHz 780B SIO/2
78441 PE,PS 2.5 MHz Same as above (40-pin)
78441A  CE,CM 4.0 MHz Z80A SIO/1 Z8442B DS 6.0 MHz Same as above
‘ (40-pin) 78442B PS 60MHz  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°b, MB = -55°C to +125°C with
MIL-STD-883 with Class B processing, S = 0°C to +70°C.
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23470 Z80° DART
Dual Asynchronous
Recelver/Transimitter

Product
Specification

Septelmber 1983

Features O 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.

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

O Receiver data registers are quadruply buf- standard Z-80 peripheral daisy-chain irllter-
fered: the transmitter is doubly buffered. rupt structure that provides automatic inter-

rupt vectoring with no external logic.

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

Description The Z-80 DART (Dual-Channel Asynchro- modem controls are not needed, these lines

nous Receiver/Transmitter) is a dual-channel

multi-function peripheral component that

satisfies a wide variety of asynchronous serial

data communications requirements in micro
computer systems. The Z-80 DART is used a

sa

" serial-to-parallel, parallel-to-serial converter/

controller in asynchronous applications. In

addition, the device also provides modem con-
trols for both channels. In applications where

Dy +—— |-«———— RxDA
Dy [-4————— RxCA
Dy p————> TxDA
chU Dy <——] | TxCA
D:Lg Dy ——1 j—— W/RDYA
D ~——]
Dg -] = RIA

CE ~——>1
RESET ———» Z.80 DART
M i
COHNTROL 10RQ ———1 <¢—— RxDB
F'f;‘.’,ﬂ RD———] | «————— FxTxCB
— TxDB
b ——— WiRDYB
B/A ———>]
——
—
DAISY INT =—— [e—CTsB
CHAIN el 5E
INTERRUPT
CONTROL 1EQ -——f [-~——— DCDB
-+5V GND CLK

Figure 1. Z80 DART Pin Functions

MODEM
CONTROL

MODEM
CONTROL

can be used for general-purpose I/O.

Zilog also offers the Z-80 SIO, a more ver-
satile device that provides synchronous
(Bisync, HDLC and SDLC) as well as asyn-
chronous operation.

The Z-80 DART is fabricated with n-channel
silicon-gate depletion-load technology, and is
packaged in a 40-pin plastic or ceramic DIP.

o [ . 40 [0,
Dy [ 2 3 []0,
>CH_A D[] 3 38 []o,
o, [ ¢ 37 [ os
N s 36 [] iorRa
E[s 35} CE
IEO E 7 ul]BA
mi[e af{]cio
Voo [] ¢ a2 []/D
wiRovA [ 10 31 ] anNp
E Z-80 DART P
3 RiA [ 11 30 [] WiRovB
RxDA [T 12 29 ) RiB
RxCA [ 18 28 [] RxDB
TxCA [ 14 27 [] RxTxCB
XA [] 15 26 ] TxDB
CH-B DTRA [ 15 25| ] OTRB
RTSA [ 17 24 [ ] ATSB
CisA[] 18 2s[] cTsE
DeoA [ 19 22 [7] bcoB
cak[da 21 [] RESET
J

Figure 2. Pin Assignments
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Pin
. Description

B/A. Channel A Or B Select (input, High
selects Channel B). This input defines which
channel is accessed during a data transfer be-
tween the CPU and the Z-80 DART.

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

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

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

CTSA, CTSB. Clear To Send (inputs, active
‘Low). When programmed as Auto Enables, a

Low on these inputs enables the respective
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.

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

the CPU and the Z-80 DART.

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

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

1EOQ. Interrupt Enable Out (output, active
High). IEO is High only if IEI is High and the,
CPU is not servicing an interrupt from this
Z2-80 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, it pulls INT Low,

MI. 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 is
active, the Z2-80 DART accepts Ml and IORQ

as an interrupt acknowledge if 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 in 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 is written to by the
CPU with either data or control information as
spemfled by C/D.

RxCA, RxCB. Receiver Clocks (mputs)
Receive 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 is active, a memory or I/O
read operation is 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, , Active -
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,
active Low). When the RTS bit is set, the RTS
output goes Low. When the RTS bit is reset,
the output goes High after the transmitter
empties.

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

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

W/RDYA, W/ RDYB. Wazf/Heady (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 ditferent points of description introduces Z-80 DART data com-
view: as a data communications device, it 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, it 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 Z2-80 DART also features a dual channel Ring In-
DART offers valuable features such as non- dicator (RIA, RIB) input to facilitate
vectored interrupts, polling and simple hand- local/remote or station-to-station communica-
shake capability. tion capability.
Communications Capabilities. The Z-80 Framing errors and overrun errors are
DART provides two independent full-duplex detected and buffered together with the
channels for use as an asynchronous character on which they occurred. Vectored
receiver/transmitter. The following is a short interrupts allow fast servicirig 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 time 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 is 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 in 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
CHANNEL A : CHANNEL CLOCKS
INTERNAL CHANNEL A |— WAIT/READY
CONTROL READ/WRITE
LOGIC REGISTERS
CHANNELA | . MODEMOR
ﬁ coﬂiggEan | OTHER CONTROLS
DATA ““ STATUS " w
Be 0 < INTERNAL BUS
CONTROL I> u CHANNEL 8 : MODEM OR
DISCRETE [—— OTHER CONTR
A S
INTERRUPT -#—~1 [INTERRUPT CHANNEL B
CONTROL ===} CONTROL READ/WRITE
LINES ——i LOGIC REGISTERS
:: SERIAL DATA
CHANNELB 1, CHANNEL CLOCK
[~ WAIT/IREADY
+5VGND CLK
Figure 3. Block Diagram
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Functional
Description
(Continued)

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

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

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

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

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

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

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

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

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

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

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

To a DMA controller, the Z-80 DART Ready
output indicates that the Z-80 DART is ready to
transfer data to or from memory. To the CPU,
the Wait output indicates that the Z-80 DART is
not ready to transfer data, thereby requesting
the CPU to extend the I/O cycle.
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Internal The device internal structure includes a Z-80 organize the programming: process.
Architecture CPU interface, internal control and interrupt The logic for both channels provides for-
logic, and two full-duplex channels. Each mats, bit synchronization and validation for
channel contains read and write registers, and data transferred to and from the channel inter-
discrete control and status logic that provides face. The modem control inputs Clear to Send
the interface to modems or other external (CTS), Data Carrier Detect (DCD) and Ring
devices. Indicator (RI) are monitored by the control
The read and write register group includes logic under program control. All the modem
five 8-bit control registers and two status " control signals are general purpose in nature
registers. The interrupt vector is written into and can be 'used for functions other than
an additional 8-bit register (Write Register 2) modem control.
in Channel B that may be read through Read For automatic interrupt vectoring, the inter-
Register 2 in Channel B. The registers for both rupt control logic determines which channel
! channels are designated as follows: and which device within the channel has the
WRO-WRS — Write Registers 0 through 5 hlghe.st prlorlty.. Prlorlty is fixed with Channel
RRO-RR2 — Read Registers 0 through 2 A assigned a higher priority than Channel B;
9 9 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 is iden- rupt in a high-speed data transfer.
tical for both channels. The receiver has three The transmitter has an 8-bit transmit data
8-bit buffer registers in a FIFO arrangement in register that is loaded from the internal data
addition to the 8-bit receive shift register. This bus, and a 9-bit transmit shift register that is
scheme creates additional time for the CPU to loaded from the transmit data register.
RECEIVE TRANSMIT DATA
===
e |
AXCA —> Rggil?\é(a I SHIFT REGISTER iSTBAl.*r“' I——— SRANSMIT |~>Tx0A
L
o T 3BITS —PSHIF?:F‘\;%E)SETER HE:FE{(:JZRE ClOANSMIT ¢ [—TxcA
1 11t
Figure 4. Data Path
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Read,
Write and
Interrupt
Timing

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

Status byte from the Z-80 DART are 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 =IEI. Any
peripheral that does have an interrupt pending
or under service forces its IEO Low.

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

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

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

Ty T2 Tw Ts T

CLOCK F | ; | | | l | I I

CE \X_[ CHANNEL ADDRESS X

iorRQ
RD
mi
Lo )
DATA out
N/

VECTOR -

Figure 5c. Interrupt ‘Acknowledg'e 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 Ty

CLOCK F | F | l I I | I |

CE \x { CHANNEL ADDRESS x

&

DATA . x

IN _X

Figure 5b. Write Cycle

|
|
1
- |
|
Do-D7 —( &0 ‘, { ) ;
|
IE1 . /I :
|
IEO : /

‘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 input (C/D)
are the command structure addressing con-
trols, and are normally controlled by the CPU
address bus.

Write Registers. The Z-80 DART contains six
registers (WR0O-WRS) in each channel that are
programmed separately by the system program
to configure the functional personality of the
channels (Figure 4). With the exception of
WRO0, programming the write registers requires
two bytes. The first byte contains three bits
(Dg-Dy) that point to the selected register; the
second byte is the actual control word that is
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-Dy 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, initialization commands for
the various modes, etc.

WR1 Transmit/Receive interrupt and data transfer
mode definition.

WR2 Interrupt vector (Channel B only)
WR3 Receive parameters and control

WR4 Transmit/Receive miscellaneous parameters
‘ and modes

WRS Transmit parameters and controls

Read Registers. The Z-80 DART contains
three registers (RR0-RR2) that can be read to

" obtain the status information for each channel

(except for RR2, which applies to Channel B
only). The status information includes error
conditions, interrupt vector and standard
communications-interface signals.

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

RR1  Special Receive Condition status
RR2 Moditied interrupt vector (Channel B only)
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Z-80 DART READ REGISTER 0

Read and Write [B:1: 5 [0.]0: [0, [ 010, ]
Registers '
g l L Rx CHARACTER AVAILABLE
INT PENDING (CH. A ONLY)
Tx BUFFER EMPTY
DCcD
RI
USED WITH “EXTERNAL/
cTs STATUS INTERRUPT”
NOT Usep | MODE
BREAK
READ REGISTER 1* READ REGISTER 2
[o:] 06 [0 [pa]Ps 020, oo | (oo [0 [ou [os]02 | o oo | ’
I ALL SENT I L vo
NOT USED Vit
PARITY ERROR V2
Rx OVERRUN ERROR ~ . V3™ \ INTERRUPT
FRAMING ERROR V4 VECTOR
NOT USED V5
*Used With Special Receive Condition Mode V6
v7
**Variable If "'Status Affects
Vector” Is Programmed
\ .
WRITE REGISTER 0 - WRITE REGISTER 1
[0:]P% ], 0. [0s [, [0 [ou ] {or{os [0s [0 [0 [0 [01 [0 |
L o o o ReGISTERO I EXT INT ENABLE
.0 0 1 REGISTER{ Tx INT ENABLE
0 1 0 REGISTER2 STATUS AFFECTS VECTOR
0 1 1 REGISTER3 (CH.B ONLY)
1 0 0 REGISTER4
1 0 1 REGISTERS 0 0  RxINTDISABLE .
0 1 RxINTON FIRST CHARACTER OR ON
1 0 INT ON ALL Rx CHARACTERS (PARITY | SPECIAL
AFFECTS VECTOR) RECEIVE
g g 2 Nguin.ugggs 11 INTONALL Rx CHARACTERS (PARITY | CONDITION
DOES NOT AFFECT VECTOR) .
0 1 0  RESETEXT/STATUS INTERRUPTS
0 1 1  CHANNEL RESET WAIT/READY ON RIT
1 0 0  ENABLEINT ON NEXT Rx CHARACTER
. 10, 1  RESETTxINTPENDING WAIT/IREADY FUNCTION
1 1 0 ERRORRESET WAIT/READY ENABLE
1 1. 1  RETURN FROM INT (CH-A ONLY) . !
NOT USED
WRITE REGISTER 2 (CHANNEL B ONLY) . WRITE REGISTER 3

[0 [2c]os JouTou oz o oo [0:]0s s [0 s o o, o

I I L v [ | L. reenasLe
vi NOT USED (MUST BE PROGRAMMED 0)
v2 AUTO ENABLES
va L 0 0 Rx5BITSICHARACTER
INTERRUPT 1 Rx7BITSICHARACTER .
va { VECTOR 0 Rx6 BITSICHARACTER
vs ) 4 1 Rx8BITSICHARACTER
v6

WRITE REGISTER 4 WRITE REGISTER 5

EEEEEERE] BB

lLaoco

&

l PARITY ENABLE | NOT USED
PARITY EVEN/ODD . RTS

0 0 NOTUSED NOT USED

0 1 1STOP BITICHARACTER : Tx ENABLE

1 0 1% STOP BITSICHARACTER

1 1 2STOP BITSICHARACTER SEND BREAK

NOT USED 0 0 - Tx5BITS(OR LESSYCHARACTER

0 1  Tx7BITSICHARACTER

0 0 X1 CLOCKMODE 1 0  Tx6BITSICHARACTER

0 1 . X16CLOCK MODE 1 1 Tx8BITSICHARACTER

1 0  X32CLOCK MODE DTR

1 1  X64CLOCK MODE
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Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respect to GND -03Vto +7.0V mum Ratings may cause permanent damage to the device.
. pectio =il . ) : This is a stress rating only; operation of the device at any
Ratings Operating Ambient As Specified in condition above those indicated in the operational sections
Temperature Ordering Information of these specifications is not implied. Exposure to absolute
"""""" 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- i
enced pin. Available operating temperature 21K
ranges are: Fﬁmgg;g;
g S* = 0°Cto +70°C,
+475V=Vec= +5.25V opr 50
B E* = —40°C to +85°C, I
+4, 75 V= Vee=s +5.25V < L& =
B M* = -55°Cto +125°C,
+45V=Voes +585V
DC Symbol Parameter Min Max  Unit Test Condition
Charac- -
teristics Vite Clock Input Low Voltage -0.3 +045 V
Vinc Clock Input High Voltage Voc-0.6 +5.5 \
Vi Input Low Voltage -0.3 +0.8 \
Vin Input High Voltage +2.0 +5.5 \
VoL Output Low Voltage +0.4 v Iop = 20mA
Vou Output High Voltage +2.4 A% Iog = -250 A
I Input/3-State Output Leakage Current -10 +10 HA 0.4<V<2.4V
Hmny RI Pin Leakage Current -40 +10 rA 0.4<V<2.4V
Iec Power Supply Current 100 mA
Ty = 0°C1t070°C, Vo = +5V, 5%
8085-0006 95
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AC . O}
Electrical ~® ' \
Charac- oLk m
teristics —'/ ‘_\—/ \—/
E, cib, Bk )( X
e—(D—>
e 5 X
RD \
. e—0) 3 Lo ®
Do-D7 ><
@
iona N\L /
<—®—> —-@—-—-
g N
' ®
IEI \‘ ) ) /[
<—-—@
[1.] \‘
\IGJ eny
- ——
WiRDV \ﬂ—,

Z-80 DART Z-80A DART  Z-80B DART*t

Number Symbol Parameter ) Min Max Min Max Min Max
1 TeC Clock Cycle Time 400 4000 250 4000 165 4000
2  TwCh Clock Width (High) _ 170 2000 105 2000 70 2000
3 TiC Clock Fall Time ) 30 30 15
4 TC Clock Rise Time ' 30 30 15
§——TwCl————Clock Width (Low) 170 —2000——105—2000~———70—2000—
6 TsAD(C) CE, C/D, B/A to Clock ! Setup Time 160 145 60
7 TsCS(C) TORQ, BD to Clock ! Setup Time 240 115 60
8 TdC(DO) Clock 1 to Data Out Delay 240 220 180
9 TsDI(C) Data In to Clock t Setup Time (Write or M1 Cycle) - 50 50 ; 30
10—TdRD(DOz)—RD 1 to Data Out Float Delay : 230 110 90—
11  TdIO(DOI)  TORQ | to Data Out Delay (INTACK Cycle) 340 160 100
12 TsMIC) MTI to Clock t Setup Time 210 90 75
13 TsIEKIO) IEI to IORQ 1 Setup Time (INTACK Cycle) 200 140 -+ 120
14 TdAMI(IEO)  MI } to IEO } Delay (interrupt before M1) 300 190 160
15——TdIE(IEOr)—1IEI ! to IEO 1 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  TdIO(W/RWf) TORQ | or CE | to W/RDY | Delay (Wait Mode) 300 210 175
19 TdC(W/RR) Clock 1 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 timings are preliminary and subject to change.
tUnits in ns. ’
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AC

LHYd 08Z

Electrical S —
Charac- Bt
teristics - ) )
(Continued) ~
e / 7
<—®—>
TxD X
0}
WIRDY \
®
e N\
< o .
e N~
<—@—>~ ‘k
RxD x
®
WIRDY \
<———————@——————>
w N
: Z-80 DART Z-80A DART  Z-80B DART?
Number Symbol Parameter Min Max Min  Max Min Max Notest
1 TwPh Pulse Width (High) 200 200 ' 200 2
2 TwPl Pulse Width (Low) 200 200 200 2
3 TcTxC ‘ TxC Cycle Time 400 o 400 oo 330 o 2
4 TwTxCl TxC Width (Low) 180 ® 180 o 100 o 2
5—TwTxCh TxC Width (High) : 180 —oo 180—oo 100 —oo 2—
6 TdTxC(TxD) TxC !} to TxD Delay 400 300 220 2
7  TdTxC(W/RRf) TxC } to W/RDY ! Delay (Ready Mode) 5 9 5 9 5 9 3
8  TdTxC(INT) TxC | to INT | Delay 59 5 9 5 9 3
9 TcRxC RxC Cycle Time 400 o 100 o 330 o 2
10— TwRxCl RxC Width (Low) 180— 180 —~—00 ————300—o0 2—
11 TwRxCh RxC Width (High) 180 0 180 100 oo 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 1 to W/RDY | Delay (Ready 10 13 10 13 10 13 3
Mode)
15 TdRxC(INT) RxC ! to INT | Delay 10 13 10 13 10 13 3
NOTES:
t In all modes, the System Clock rate must be at least five times 1. Timings are preliminary and subject to change.
the maximum data rate. RESET must be active a minimum of one 2. Units in nanoseconds (ns).
complete clock cycle. ’ 3. Units equal to System Clock Periods.
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Product Package/ Product Package/
Number Temp  Speed Description Number Temp  Speed Description
28470 CE 2.5 MHz 780 DART (40-pin) Z8470A CS 4.0 MHz 7Z80A DART
78470 CM 2.5MHz Same as above (40-pin)
78470 CMB 2.5 MHz Same as above Z8470A DE 4.0 MHz Same as above
78470 or] 2.5 MHz Same as above Z8470A DS 4.0 MHz Same as above
78470  DE. 2.5 MHz Same as above Z8470A . PE 4.0 MHz Same as above
78470 DS 2.5 MHz Same as above Z8470A PS 4.0 MHz Same as above
78470 PE 25MHz  Same as above . 28470B CE  6.0MHz  Z80B DART
78470 PS 25MHz  Same as above (40-pin)
784704 CE 4.0 MHz 7804 DART 28470B CS 6.0 MHz Same as above
(40-pin) 78470B DS 6.0 MHz Same as above
784704 CM 4.0 MHz Same as above Z8470B PS 6.0 MHz Same as above
Z8470A CMB 4.0 MHz Same as above

*NOTES: C = Ceramic, D = Cerdip, P = Plastic; E = -40°C to +85°C, M = -55°C to +125°C, MB = -55°C to +125°C with
MIL-STD-883 Class B processing, S = 0°C to +70°C. :
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28300 Low Power
Z80L° CPU
Central Processing Unit

Zilog

Product
Specification

September 1983

Features B The Z80L combines the high performance of B8 The Z80L microprocessors and associated
the 780 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 can be daisy-chained to allow implementa-
increased reliability and lower system power tion of a priority interrupt scheme. Little, if
requirements. This dramatic power savings any, additional logic is required for daisy-
makes the Z80L a natural choice for both chaining.
hand-held and battery backup applications. O Duplicate sets of both general-purpose and

O The Z80L CPU is offered in two versions: tflag registers are provided, easing the
78300-1—1.0 MHz clock, 15 mA typical cur- design and operation of system software.
rent consumption Two 16-bit index registers facilitate program
78300-3—2.5 MHz clock, 25 mA typical cur- processing of tables and arrays.
rent consumption O There are three modes of high-speed inter:

O The extensive instruction set contains 158 rupt processing: 8080 similar, non-Z80
instructions, resulting in sophisticated data peripheral device, and Z80 Family
handling capabilities. The 78 instructions of peripheral with or without daisy chain.
the 8080A are included as a SUb‘Se_t;‘ BO.BOA O On-chip dynamic memory refresh counter.
and Z80 Family software compatibility is
maintained.

-~ Ao
At
~«——— MREQ Ay
SYSTEM | ~———]iORG Ay
coNTROL § «— 175 Al }
~«———— WR As Aan g 10 Al
Ag Az E 2 39 Ag
=1 RFSH A7 ADDRESS At 3 38 D Ag
As BUS AuE 4 a7 [] A
<——HALY Ay as s 36 (] As
Ato ck s 35 ] As
———| WAIT An 0[] 7 3a[] A
cPU ZBOLCPU  Ap ;[ s 33[] As
CONTROL \ ——]iRT A ps [ o 32[] A
—| i Ave 05 ] 10 siIa
Ars +5v [ 11 zeoL Py, 1] A
—————{ RESET o, [ 12 29[ 6ND
Dy o; [] 13 28 [] RFSH
gz‘s’ < -——1BUSREQ D, 0o [ 14 o[ m
CONTROL \ ~+————]BUSACK 0, o, [ 1 26 ] RESET
Dy DATA iNT [] 16 25 [] 8USREQ
—JCLK Dy BUS NI [ 17 24 [] WAIT
—]+5V Ds HALT [] 18 23 '] BUSACK
—~——{GND Dg MREQ ] 19 22 [JWR
Dr iora (] 20 . 21{]RD
Figure 1. Pin Functions Figure 2. Pin Assignments
2001-0210, 0211
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General
Description

The Z80L CPUs are fourth-generation
microprocessors with exceptional computa-
tional power. They offer high system
throughput and efficient memory utilization
combined with extremely low power consump-
tion. The internal reqgisters 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 +3 V power

source, all output signals are fully decoded
and timed to control standard memory or
peripheral circuits, and it is supported by an
extensive family of peripheral controllers. The
internal block diagram (Figure 3) shows the
primary functions of the Z80L processors.
Subsequent text provides more detail on the
Z80L 1/0O controller family, registers, instruc-
tion set, interrupts and daisy chaining, CPU
timing, and low power requirements.

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

8-BIT
DATA BUS

DATA BUS
INTERFACE

INSTRUCTION
DECODER

+5V -

INTERNAL DATA BUS

GND —»

{0

CLOCK —»=

LT

8 SYSTEMS 5§ CPU
AND CPU  CONTROL |
CONTROL  INPUTS
OUTPUTS

CPU cPU
TIMING

REGISTER
ARRAY

1

ADDRESS
LOGIC AND
BUFFERS

TL e

.~ ADDRESS BUS

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

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

Family product family. This family works together in O 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-etfective microcomputer- transfer as a result of a pattern match.

ba;id szésgel;ns. 0 . o ext 8 The SIO (Serial Input/Output) controller
ine tafm] thozrggfnel? § provide exten- offers two channels. It is capable of

%‘:6 supp(.)r or the MICTOProcessor. operating in a variety of programmable
€se are: modes for both synchronous and asyn-

The PIO (Parallel Input/Qutput) operates in chronous communication, including
both data-byte I/O transfer mode (with Bi-Synch and SDLC.
handshak?ng) and in bit mode (withgut @1 The DART (Dual Asynchronous Receiver/
handshqkmg). The IPIO may be config- Transmitter) device provides low cost
uref:l 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 are also available in a low
four programmable 8-bit counter/timers, power version with the exception of the
each of which has an 8-bit prescaler. Each DMA.

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

[prime], e.g., A’). Both sets consist of the Registers), 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 inferrupt 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 €’ GENERAL PURPOSE
DV 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
IY INDEX REGISTER 0 = INTERRUPTS DISABLED STORES IFF1
;1 = INTERRUPTS ENABLED DURING RMI
SERVICE
SP STACK POINTER
INTERRUPT MODE FLIP-FLOPS
PC PROGRAM COUNTER IMF, IMFy
| INTERRUPT VECTOR R MEMORY REFRESH 9 9 TERALETMODED
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

Regls.ters A A Accumulator 8 Stores an operand or the results of an operation.
(Continued) .

F. F Flags 8 See Instruction Set.

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

Cc.C General Purpose 8 See B, above.

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

E E General Purpose 8 See D, above.

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

L, L General Purpose 8 See H, above.

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

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

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

IX Index Register 16 Used for indexed addressing.

g Index Register 16 Same as IX, above.

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

PC Program Counter 16 Holds address of next instruction.

IFF,-IFF, Interrupt Enable 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 U 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. ax}d l.nas the h]ghss.t prlOI‘l‘t}'. II;IIT isa Mode 2 — a vectored interrupt scheme,

lower priority interrupt and it requires that usually daisy-chained, for use with 280

interrupts be enabled in sottware in order to Family and compatible peripheral devices.

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

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

Mode 0 — similar to the 8080 micro-
processor.

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

Non-Maskable Interrupt (NMI). The non-

maskable interrupt cannot be disabled by pro- -

gram control and therefore will be accepted all
times by the CPU. NMI is usually reserved for
servicing only the highest priority type inter-
rupts, such as that for orderly shutdown after
power failure has been detected. After
recognition of the NMI signal (providing
BUSREQ is not active), the CPU jumps to
restart location 0066H. Normally, software

.starting at this address contains the interrupt

service routine.

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

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

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

Mode 2 Interrupt Operation. This interrupt
mode has been designed to utilize most effec-
tively the capabilities of the Z80L microproc-
essor and its associated peripheral family. The
interrupting peripheral device selects the
starting address of the interrupt service
routine. It does this by placing an 8-bit vector
on the data bus during the interrupt
acknowledge cycle. The CPU forms a pointer

using this byte’ as the lower 8 bits and the con-

tents of the I register as the upper 8 bits. This
points to an entry in a table of addresses for
interrupt service routines. The CPU then calls
the routine at that address. This flexibility in
selecting the interrupt service routine address

allows the peripheral device to use several dif-
ferent types of service routines. These routines
may be located at any available location in
memory. Since the interrupting device sup-
plies the low-order byte of the 2-byte vector,
bit 0 (Ag) must be a zero.

Interrupt Priority (Daisy Chaining and
Nested Interrupts). The interrupt priority of
each peripheral device is determined by its
physical location within a daisy-chain config-
uration. Each device in the chain has an inter-
rupt enable input line (IEI) and an interrupt
enable output line (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.
Action IFF, IFFy 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 Alinstruction ~ »  «  IFF, — Parity flag
execution
LD A,R instruction 3 . IFFy — Parity flag
execution
Accept NMI 0 IFF, IFF; — IFF,
(Maskable inter-
rupt INT disabled)
RETN instruction IFF; o IFF; — 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 poyerful e'md versah.le 1pstruct10n sets 7 Rotates and shifts
available in any 8-bit microprocessor and O Bit set ¢ and test "
identical to that of the Z80. It includes such 1t set, reset, and 1est operatons
unique operations as a block move for fast, 0O Jumps
efficient data transfers within memory or O Calls, returns, and restarts
between memory and I/O. It also allows opera- I d o
tions on any bit in any location in memory. U 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:
(O3-OO29-X'X) and Assembly Language O Immediate
Programming Manual (03-0002-XX) o1 diat tended
contain significantly more details for mmeaiate exiende
programming use. O Modified page zero
hT}flenmstructlons in Table 2 are divided into O Relative
the following categories:
P O Extended
O 8-bit loads
O Indexed
O 16-bit loads. ‘ .
O Register
0O Exchanges, block transfers, and searches . o
O Register indirect
01 8-bit arithmetic and logic operations .
O Implied
O General-purpose arithmetic and CPU )
O Bit
control
8-Bit Symbolic Flags Opcode No.of No.of M No.of T
Load Mnemonic Operation s 2 H P/VYN C 76 543 210 Hex Bytes Cycles States Comments
Group LDr, ¢ r—r' e o X o X o o o 01 r r 1 1 4 r,r'  Reg.
LDr, n r—n o o X o X o o 00 r 110 2 2 7 000 B
. - —n - 001 C
LDr, (HL)  r— (HL) e+ X o X e o s 0l 10 1 2 7 010 D
LDr, (IX+d) r— (IX+d) e o X o X o o e 11 011 101 DD 3 5 19 011 E
. 0l r 101 100 H
—d— 01 L
LDr, (i¥+d) r—(Y+d) e o X o X s s e 11110 FD 3 5 19 1 A
0l r 110
—d -
LD (HL),r  (HL) - r ¢ ¢« X e X e s o Q0 r 1 2 7
LD (IX+d),r  (IX+d) —r « « X s X e s o 1lOILI0} DD 3 5 19
01110 r
—-d -
LDAY+d),r - (I¥+d) —r o « X o X e e o 1111101 FD 3 5 19
01110 r
—d -
LD(HL, n  (HL)—n e o X o X e e o 0010110 36 2 3 10
P
LD{(IX+d),n (IX+d)~—n e« o X o X o o o 11 011 101 DD 4 5 19
00 110 110 36
—d =
< b
LD(IY+d),n (Y¥+d) —n e ¢« X o X s e o 1111100 FD 4 5 19
00 110 110 36
—d -
—n—
LDA, (BC) A — (BO) e ¢« X ¢ X e e s 00001010 OA I 2 7
LD A, (DE) A — (DE) o « X ¢ X o s o 00011000 IA 1 2 7
LD A, (nn) A — (nn) o o X ¢ X o o o 00 111 010 3A 3 4 13
-
A
LD(BC), A  (BC) - A e o X e X e e s 00000010 02 1 2 7
LD(DE), A (DE) — A « 4 X ¢ X e e« o 00010010 12 1 2 7
LD(on), A () = A e o X o X e s s 0011000 32 3 4 13
J
N
LD A, 1 Al I 1 X 0 XIFF O e 11100100 ED = 2 2 9
: 01 010 111 57
LD A, R A-R } 1 X 0 XIFFO e 11100100 ED 2 2 9
01.011 111 SF -
LDIL A 1-A e ¢ X e X e e o 11101101 ED 2 2 9
. 01 000 111 47
LDR, A R—A , e ¢« X s X.e e s 11101101 ED 2 2 9

01 001 111 4F

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

106

2001-001



16-Bit Load Symbollc Flags Opcode No.of No.of M No.of T
Group Mnemonic Operation P/VN C 76 543 210 Hex Bytes Cycles States Comments
LD dd, nn dd = nn X o X o o 00 ddo 001 3 3 10 dd Pair
—-n- 00 BC
. -n- 01 DE
LD IX, nn IX = nn X o X o o o 11 011 101 DD 4 4 14 10 HL
00 100 001 21 1 SP
- - °
. ~-n-
LDIY, nn IY — nn X o X o o 11 111 101 FD 4 4 14
00 100 001 21
—-n-
. —-n -
LD HL, (nn) H ~ (nn+1]) X o X o o o 00 101 010 2A 3 5 16
L -~ (nn) —-n -
-—n—
LD dd, (nn) ddy ~ (nn+1) X o X o o o 11 101 101 ED 4 6 20
ddj, ~ (nn) 0l dd1 011
—-n-
-n -
LD IX, (nn) IXH — (nn+1) X o X o o o 11 011 101 DD 4 6 20
IXy, — (nn) 00 101 010 2A
—-n -
—n-
LD IY, (nn) IYH — (nn+ 1) X o X o o o 11 111 101 FD 4 6 20
1YL, — (nn) 00 101 010 2A
-n-
P
LD (nn), HL (nn+1) = H X o X o o o 00 100 010 22 3 5 16
(nn) — L - n-
—-n -
LD (nn), dd (nn+1) — ddy X o X o o o 11 101101 ED 4 6 20
: (nn) — ddp, 01 ddo 011
—n-—
. —n-
LD (nn), IX (nn+1) — IXY X o X o o o 11 011 101 DD 4 3 20 -
(nn) — IX], 00 100 010 22
. —n-
—n =
LD (nn), IY (nn+1) = IYY X o X o o o 11 111 101 FD 4 6 20
(nn) — 1Yy, 00 100 010 22
—-—n -
—-n -
LD SP, HL SP — HL X o X o o o 11 111 001 F9 i 1 [
LD SP, IX SP ~ IX X o X o o o 11 011 101 DD 2 2 10
11 111 001 F9
LD SP. 1Y SP - 1Y X o X o o & 11 111 101 FD 2 2 10
11 111 001 F9 qq Pair
PUSH qq (SP=2) - qq[, X o X o s o 11 qg0 101 1 3 1 00 BC
(SP-1) — ggH 01 DE
SP - SP -2 10 HL
PUSH IX (SP-2) — IXp X o X o o o 11 Ot1 101 DD 2 4 15 11 AF
(SP-1) — IXH 11 100 101 E5
Sp - SP -2
PUSH 1Y (SP-2) — 1YL, X o X o o o 11 111 101 FD 2 4 15
{(SP-1) -~ IYY 11 100 101 E5
SP —~ SP -2
POP qg qgH — (SP+1) X ¢ X o o o 11 gq0 001 1 3 10
qql — (SP)
SP ~ SP +2
POP IX IXH — (SP+1) X o X o o o 11.011 101 DD 2 4 14
IX, - (SP) 11 100 001 El
SP — SP +2
POPIY IYH — (SP+ 1) X o X o o 11 111 101 FD 2 4 14
YL - (SP) 11 100 001 El
SP —~ SP +2
NOTES:  dd s any of the reqister pairs BC, DE, HL, SP.
qq 1s any of the reqister pairs AF, BC, DE. HL.
(PAIR)Y, (PAIR)L refer to high order and low order eight bits of the register pair respectively,
eq.BCL = C,AFy = A
Exchange.,  mxpeHL  DE-HL X o X e s ¢ 11101011 EB 1 1 4
Block EX AF, AF' AF - AF X o X o o o 00 001 000 08 1 1 4
EXX BC - BC’ X o X o o o 11 011 001 D9 1 1 4 Register bank and
Transfer. DE -~ DE’ auxiliary register
HL -~ HL’ bank exchange
Block Search gy () yr . (spen X o X e = < 1110001 E3 1 5 19
Groups L - (sP)
EX (SP), IX IXyg = (SP+1) X o X o o o 11 011 101 DD 2 6 23
Xy, -~ (SP) i1 100 O11 E3
EX (SP), IY IYy = (SP+1) X o X o o o 11 111 101 FD 2 6 23
1Yy — (SP) 11 100 011 E3
L 0 ‘
LDI (DE) — (HL) X 0 X t 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
0] counter (BC)
LDIR (DE) - (HL) X 0 X 0.0 = 11 101 101 ED 2 5 21 HBC #0
DE — DE+1 10 110 000 BO 2 4 16 I BC =0
HL — HL+1 .
BC — BC-1
Repeat until
BC =0
NOTE: @P/V flag15'0 1 the result of BC -1 = 0, otherwise P/V = 1,
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Exchange, Symbolic Flags Opcode No.of No.of M No.of T
Block Mnemonic Operation s Z H PVN C 76 543 210 Hex Bytes Cycles States Comments
Transfer, 0]
LDD (DE) — (HL) e+ ¢ X 0 X t 0 e 11101100 ED 2 4 16
Block Search DE — DE-1 10 101 000 A8
Groups HL — HL-1
(Continued) BC - BC-1 o
LDDR (DE) — (HL) « ¢ X 0 X u 0 e 11101101 ED 2 5 21 {BC = 0
DE ~ DE-1 10 111 000 B8 2 4 16 IfBC = 0 -
HL — HL-1
BC — BC-1
Repeat until
BC =0
. - @
CPI A - (HL) t ¢ X t X { 1 e 11101100 ED 2 4 16
HL — HL+1 10 100 001 Al
BC — BC-1
©) 0]
CPIR A - (HL) t 1 X t X 1 1 e 11101101 ED 2 5 21 If BC # 0and
. A # (HL)
HL — HL+1 10110 001 Bl 2 4 16 IfBC = Oor
BC — BC-1 A = (HL)
Repeat until
A = (HL)or
BC =0 .
€ O]
CPD A - (HL) 1 1 X 1 X 1 1 e 11100101 ED 2 4 16
HL — HL-1 10 101 001 A9
BC — BC-1 :
‘ Q@ 0]
CPDR A - (HL) t 1 X ¢t X 1 1 e 11101100 ED 2 5 21 If BC # 0 and
A # (HL)
HL — HL-1 10 111001 B9 2 4 16 I{ BC = O or
BC — BC-1 A = (HL)
Repeat until
A = (HL) or
BC =0
NOTES: @ PV tlag is 0 if the result of BC =1 = 0, otherwise P/V = 1.
@ PV flag 15 0 at completion of instruction only.
@ itlagis 1 A = (HL), otherwise Z = 0.
8-Bit ADD A, r A—A+r f 1 Xt XV oo 1 108 r 1 1 4 r  BRea
Arithmetic ADD A, n A-A+n t 1 X 1 X Voo 1 1npogio 2 2 7 000 B
and Logical - : o0 b
Group ADD A, (HL) A — A + (HL) t ot Xt XV 0 1 10 [000] 110 1 2 7 o1 E-. ¢
ADD A, (IX+d) A = A + (IX+d) t ot X 1t X Voo 1 11011100 DD 3 5 19 100 H
10000} 110 101 L
- d - m A
ADD A, (IY+d) A — A + (IY +d) t ot X 1 X Voo ot 11110 FD 3 5 19
10600 110
: - d =
ADCA, s A~ A+s+CY t Xt XV 0 .t “ (001 s isl_xalrj)y o[lxr, n,
(HL), (IX+d),
SUB's A~-A-s X 1 X Vo1 (IY +d) as shown
SBCA, s A~ A-s5s-CY t 1 X ¢t X vV 1 1t for ADD instruction.
AND's A-Ans t 11X 1 X P 0 O Thelind"c}“"e's
replace the {000] in
ORs A—-AVs t t X 0 X P 0 O g the ADD set above.
XOR s A-Aos t 1+t X 0 X P 0 O )
CPs A-s t ot X 1t XV 1 g 111
INCr re—r+1 t 1 Xt X V.0 - 0 r 1 1 4
INC (HL) (HL) —(HL)+1 t 1 X 1 X vV oo e« o0l0[Dd 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 [I00) ,
- d =
INC(IY+d)  (IY+d) - 1t X t X V 0 e LIl FD 3 6 23
(Y +d)+1 00 110 [109)
. - d = .
DEC'm me—m-1 t t X 1t X V 1 e i01 m is any of r, (HL),

(IX+d), (IY +dy
as shown for INC.
DEC same format
and states as INC.
Replace with
in opcode.
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No.of No.of M No.of T

General- Symbolic Flags Opcode
purpose Mnemonic Operation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
Arithmetic DAA Converts acc. content ¢+ 1 X 1 X P e 00 100 111 27 1 1 4 Decimal adjust
into packed BCD accumulator.
and following add or
subtract with packed
CPU Control BCD eperanc
Groups CPL A-A e o X I X e ] o 00 101 111 2F 1 1 4 Complement
accumulator (one'’s
complement).
NEG A-0-A t 1 X 1 X vV 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 s 0 1 00 111 111 3F 1 1 4 Complement carry
flag.
SCF CYy -1 e« ¢ X 0 X e 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP No operation o e X o X o o o 00 000 000 00 1 1 4
HALT CPU halted o o X o X 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 e o & 11 101 101 ED 2 2 8
mode 0 01 000 110 46
IM1 Set interrupt e ¢ X o X e o o 11 101 101 ED 2 2 8
, mode 1 01 010 110 56
IM2 Set interrupt e o X ¢ X o o o 11 10! 101 ED 2 2 8
mode 2 0l 011 110 SE
NOTES: IFF indicates the interrupt enable flip-{lop.
CY indicates the carry flipflop. *
* indicates interrupts are not sampled at the end of El or DI
lB-Bit . ADD HL, ss HL — HL+ss e ¢ X X X e 0 t- 00ssl 001 1 3 11 ss_ Reg,

. . 00 BC
Arithmetic  ,ocy o wL-HLesscY 1 1 X X X V O 1 LIIIOIED 2 4 15 ol DE
Group ' - ' 0l ssl 010 10 HL

i1 SpP
SBC HL, ss HL — HL-ss~CY t 1 X X X VvV 1 1 11 101 101 ED 2 4 15
01 ss0 010
ADDIX,pp IX - IX + pp e o« X X X e 0 ¢ 11011101DD 2 4 15 pp_ Reg.
01 ppl 001 00 BC
0l DE
10 IX
11 SP
ADDIY, rr IY = 1Y +rr e o X X X e 0 1 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 e o X o X o s o 00 ssO 011 1 1 6
INC IX IX-1X+1 e o X o X o o 11 011 101 DD 2 2 10
00 100 011 23
INC 1Y Iy —IY + 1 ¢ o X o X e o o 11 111 101 FD 2 2 10
00 100 011 23
DEC ss ss — ss~1 e o X o X e o o 00 ssl 011 1 1 6
DEC IX X - 1X-1 o o X o X o o o 11 011 101 DD 2 2 10
- 00 101 011 2B
DEC 1Y Iy = IY-1 e o X o X o s o 11 111 101 FD 2 2 10
00 101 011 2B
NOTES: ss is any of the register pairs BC, DE, HL, SP.
pp is any of the reqister pairs BC, DE, IX, SP.
rr is any of the register pairs BC, DE, 1Y, SP.
Rotate and
Shift Group RLCA e ¢ X 0 X o 0 1 00 000 111 07 4 Rotate left circular
accumulator.
RLA 7—0 e ¢ X 0 X e 0 t 00010111 17 4 Rotate left
A accumulator.
RRCA e ¢ X 0 X e O 1 00001111 OF 4 Rotate right circular
A accumulator.
RRA 7—0 }= e ¢ X 0 X e 0 1 00 011 111 IF 4 Rotate right
A accumulator.
RLC ¢ t t X 0 X P 0 1t 11 001 011 CB 8 Rotate left circular
’ 00 r register r.
RLC (HL) 1 1 X 0 X P 0 1 110001 CB 15 L Reg.
000 B
00 [000] 110 0wl C
RLC (X+d) i 1 X 0 X P O 1 L1010 DD s 9y P
r(HL),(IX +d).(IY +d) 11 OOdI o011 CB 100 H
- N 101 L
00.[000] 110 A
A
RLC (IY +d) t t X 0 X P 0 1t 11 111 101 FD 23
11 601 011 CB
- d -
., Instruction format
00 10 and states are as
RLm 1t + X 0 X P 0 1 shown for RLC's.
ma=r,(HL),(IX+d)(IY +d) . To form new
opcode replace
RRC m 11 X 0 X P O or RLCYs

mar,(HL),(IX +d),(1Y +d)

with shown code.
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Rotate and Symbolic Flags Opcode No.of No.of M No.of T
Shift Group. Mnemonic Operation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments

(Continued)
im0 —[F i x o x P o1 [
m=r,(HL),(IX +d),(Y +d)
SLAm [e)—{7—0}o 1 1+ x 0 X P 0 1
mer,(HL),(IX +d),(1Y +d)
SRAm t 1+ X 0 X P 0 1 101
m=r,(HL),(IX+d)(IY +d)
SRL m o~[7—e}—[c] 4, 4 x o X P 0 1 1]
me=r, (HL) (IX+d).(IY +d)
RLD 7-4j3-0 7-4j3-0fy ¢t X O X P 0 11 101 101 ED 2 5 18 Rotate digit left and
A bem 01 101 111 6F right between
the accumulator
and location (HL).
RRD 7-4fs-o}—[7-2[3-0] 1+ X 0 X P 0 e 11101101 ED 2 5 18 The content of the
Py 01 100 111 67 upper half of
the accumulator is
unaffected.
Bit Set, Reset mirb,« Z-7 X t X 1 X X 0 e 11001011CB 2 2 8 r_ Reg.
b 0l b 000 B
r
and Test BITb, (HL)  Z - (Al Xt X 1 X X 0 e 1100101CB 2 3 12 o0 C
Group . 0l b 110 i olo D
BIT b, (IX+d)p Z — (IX+d)p X 1 X 1 X X 0 11 011 101 DD 4 5 20 0ll 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 X 1t X 1 X X 0 11 111 101 FD 4 5 20 600 0
11 001 011 CB 001 1
- d = 0l0 2
0l b 110 0ll 3
100 4
. 101 8
110 6
. 17
SETb, r rp— 1 e ¢ X o X s .o o 11 001 Ol1 CB 2 2 8
b r
SET b, (HL} (HL)p = 1 o o X o X o o o 11 001 011 CB 2 4 15
b 110
SET b, (IX+d) (IX+d)p — 1 e o X o X o o 11 011 101 DD 4 6 23
11 001 011 CB
- d -
ﬂ] b 110
SET b, (IY+d) (IY+d)p ~ 1 e o X o X o o o 11 111 101 FD 4 6 2
11 001 011 CB
- d -
[ b 110
RESb, m mp — 0 e o X o X o o o s To form new
m = r, (HL), . . opcode replace
< (1X+d), [T of SET b, s
AY+d) ' with . Flags
" and time states for
SET instruction.
NOTES: The notation my, indicates bit b (0 to 7) or location m.
Iump JP nn PC — nn o o X o X o o o 11 000 011 C3 3 3 10
. - n -
Group . ) - n - cc Condition
JP cc, nn If condition cc is e o X o X o o 11 cc 010 3 3 10 000 NZ non-zero
true PC ~ nn, -~ n - 00l Z zero
otherwise - n - 010 NC non-carry
continue . 0il C carry

100 PO parity odd
101 PE parity even
110 P sign positive

JRe PC — PC+e - o e X o X o o o 00 011 000 18 2 3 12 111 M sign negative
- =2 =

JRC, e fC =0, s ¢ X o X o o o 00 111 000 38 2 -2 7 If condition not met.
continue - e-2 -
IfC =1, 2. 3 12 If condition is met.
PC — PC+e ’

JRNC, e IfC =1, e o X o X o o o 00 110 000 30 2 2 7 If condition not met.
continue - e-2 - .
fC =0, 2 3 12 If condition is met.
PC — PC+e

PZ e HZ=0 e ¢ X o X o o o 00 101 000 28 2 2 7 If condition not met.
continue - e-2 —
z=1, . 2 3 12 If condition is met.
PC ~ PC+e X

JRNZ e z=1, e ¢ X o X o o o 00 100 000 20 2 2 7 1f condition not met.
continue - e=-2 —
Hz =0, 2 3 12 If condition is met.
PC — PC+e .

JP (HL) PC — HL e o X & X o o o 11 101 001 E9 1 1 4

JP (IX) PC ~IX ce o X e X o o o 11 011 101 DD 2 2 8

11 101 001 E9
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Jump Group . Symbolic Flags Opcode No.ot No.of M No.of T
. Mnemonic Oporatlon S Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
(Continued)
: 1P (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 e o X o X o o e 00 010 000 10 2 2 8 IiB =0.
' B =0, - e-2 ~
continue
B # 0, 2 3 13 B = 0.
PC —~ PC+e
NOTES: e represents the extension In the relative addressing mode.
e 15 a signed two's complement number in the range < - 126, 129 >.
e -2 n the opcode provides an effective address of pc + e as PC is incremented
by 2 prior to the addition ot e
Call and CALL nn (SP-1) — PCH e ¢ X e X e e o ll00lI1CD 3 5 17
(SP-2) - PCY, - n -
Return Group bo o ~aZ
CALL cc, nn It condition e o X o X e o o 11 cc 100 3 3 10 If cc is false.
cc is false - n -
continue, - n - 3 5 17 If cc is true.
otherwise same as
CALL nn
RET PCy, —~ (SP) e o X o X s 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 1f cc is false.
cc is false
continue, 1 3 11 1f cc is true.
:;}r‘::;‘:e cc Condition
000 NZ non-zero
RET 001 Z zero
RETI Return from e o X & X e e e 11101101 ED 2 4 14 gi? (N:C non-carry
! carry
interrupt 01 001 101 4D 100 PO parity odd
RETN! Return from e o X o X o o 11 101 101 ED 2 4 14 101 PE parity even
non-maskable 01 CO0 101 45 110 P sign positive
interrupt 111 M sign negative
RSTp (SP-1) — PCH e o X o X o s o 1t 1 1 3 11 t
(SP-2) — PCL, 000 OOH
PCH -0 001 08H
PCL - p 010 10H
0l1 18H
100 20H
101 28H
110 30H
! 111 38H
NOTE: 'RETN loads IFF; — IFF]
Input and INA, (n) A~ (n) ¢ o X o X o o o 11 011 011 DB 2 3 11 nto Ag ~ A7
- n - Acc. to Ag ~ Alg
Output Group w-, © r—(Q) 1.t X 1 X P O e 11101101 ED 2 3 12 CtoAg ~ A7
if r = 110 only the : 01 r 000 BtoAg ~ A5
tlags will be affected
O]
INI (HL) = (C) X 1+ X X X X 1 X 11101 101 ED = 2 4 16 CtoAg ~ Ay
: B—B-1 10 100 010 A2 Bto Ag ~ Als
HL — HL + 1 ®
INIR (HL) — (C) X 1 X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ Ay
B~B-1 : 10 110 010 B2 ({ B#0) Bto Ag ~ A5
HL — HL + 1 2 4 16
Repeat until ({ B=0)
B=0
IND (HL) - (C) X 1 X X X X 1 X 11 101 101 ED 2 4 16 CtoAg ~ A7
B-B -1l 10 101 010 AA BtoAg ~ Ajs
HL — HL-1 .
INDR (HL) - (C) X X X X X 1 X 11 101 101 ED 2 5 21 CtoAg ~ A7
B-B-l 10 111 010 BA (It B#0) BtoAg ~ Ajs
HL — HL-1 2 4 16
Repeat until (If B=0)
B=0
OUT (n), A (n) ~ A o ¢ X o X o o o 11 010 011 D3 2 3 11 ntoAg ~ A7
- n - Acc. to Ag ~ Ajs
OUT (C), ¢ (Cy-r ¢ o X o X & o o 11 10} 101 ED 2 3 12 CtoAg ~ Ay
01 r 001 BtoAg ~ A
@ 15
QUTIL (C) — (HL) X+ X X X X 1 X 11 101 101 ED 2 4 - 16 CtoAg ~ Ay
B-B-1 10 100 011 A3 Bto Ag ~ Ajs
HL — HL + 1 ©)]
OTIR (C) — (HL) X 1 X X X X 1 X 11 101 101 ED 2 5 21 Clohp ~ A7
B~-B-1 10 110 011 B3 (11 B#0) BloAg ~ A
HL — HL +.1 2 4 16
Repeat until | . (IIB=0)
B=0
@
QUTD (C) ~ (HL) X 1 X X X X 1 X 11 101 101 ED 2 4 16 CtoAp ~ A7
B-B-1 10 101 011 AB Bto Ag ~ A5
HL — HL-1

NOTE: (DIt the result of B~ 1 1s zero the Z flag 1s set, otherwise it 1s reset.

(@2 flag s st upon mstruction completion only.
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Input and Symbolic Flags Opcode No.of No.of M No.of T
Output Group Mnemonic Operation s Z H P/VN C 76 $43 210 Hex Bytes Cycles States Comments
(Continued) OTDR (C) = (HL) X 1 X X X X t X 1101101 ED 2 5 2l .CloAg~ Ay
B-B-1 : 10 111 011 (1 B#0) BtoAg ~ Als
HL —~ HL-1 2 4
Repeat until (If B=0)
B=20
Summary of Dy Do
Flcxg Instruction s z H P’V N C Comments
operation ADDA,s; ADCA, s t 1 X 1 X Voo 1 8-bit add or add with carry.
SUB's; SBC A, s; CPs; NEG 1 1 X 1 X vV 1 ! 8-bit subtract, subtract with carry, compare and negate accumulator.
AND s ! t X 1 X P O O}
ORs, XOR s 1 1 X 0o Xx P o of Logicaloperations.
INC s ! 1 X t X vV 0 8-bit increment.
DEC s 1 t X 1t X vV 1 e 8-bit decrement.
ADD DD, ss e ¢ X X X e 0 1 16-bit add.
ADC HL, ss i 1 X X X V 0 1 16-bit add with carry.
SBC HL, ss i 1 X X X vV 1 1 16-bit subtract with carry.
RLA, RLCA, RRA; RRCA - ¢ ¢ X 0 X e 0 1 Rotate accumulator.
RL m; RLC m; RR m; ! H X 0 X P o 1 Rotate and shift locations.
RRC m; SLA m;
SRA m; SRL m
RLD; RRD 1 1 X 0 X P 0 Rotate digit left and right.
DAA 1 1 X ] X P o 1 Decimal adjust accumulator.
CPL e ¢ X 1 X e 1 e Complement accurnulator.
SCF e ¢ X 0 X e 0 1 Set carry.
CCF ¢ ¢« X X X e 0 1 Complement carry.
INr(C) 1t X 0 X P 0 Input register indirect.
INI, IND, OUTL; OUTD X 1 X X X X 1 . e . _
INIR: INDR: OTIR; OTDR X 1 %X X X X 1 .} Block input and output. Z = 0if B # 0 otherwise 2 = 0.
tg:RLEgDR i(( i ))E 8 § é g :} Block transfer instructions. P/V = 1 if BC # 0, otherwise P/V = 0.
CPI; CPIR; CPD; CPDR X 1+ X X X 1t 1 e Block search instructions. Z = 1if A = (HL), otherwise Z = 0. P/V = |
it BC # 0, otherwise P/V = Q.
LDA,I,LDA,R t 1t X 0 X IFF 0 The content of the interrupt enable flip-flop (IFF) is copied into the P/V flag.
BITb, s X 1 X 1 X X 0 The state of bit b of location s is copied into the Z flag.
symbolic Symbol Operation - Symbol Operation
Notation S Sign flag. S = 1 if the MSB of the result is 1. ! The flag is affected according to the result of the
Z Zero flag. Z = 1 if the result of the operation is 0. operation.
P/v Parity or overflow flag. Parity (P) and overflow . The flag is unchanged by the operation.
(V) share the same flag. Logical operations affect 0 The flag is reset by the operation.
this flag with the parity of the result while 1 The flag is set by the operation.
arithmetic operations affect this flag with the X The flag is a "don't care.”
overflow of the result. It P/V holds parity, P/V = \ P/V flag affected according to the overflow result
1 if the result of the operation is even, P/V = 0 if of the operation.
result is odd. If P/V holds overflow, P/V = 1 if P P/V flag affected according to the parity result of
the result of the ‘operation produced an overflow. the operation.
H Half-carry flag. H = 1 il the add or subtract r Any one of the CPU registers A, B, C, D, E, H, L.
operation produced a carry into or borrow from s Any 8-bit location for all the addressing modes
. bit 4 of the accumulator. allowed for the particular instruction.
N Add/Subtract flag. N = 1 if the previous opera- ss Any 16-bit location for all the addressing modes
tion was a subtract. allowed for that instruction.
H&N Hand N flags are used in conjunction with the ii 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 foliowing n . " 8-bit value in range < 0, 255 >.
addition or subtraction using operands with nn 16-bit value in range < 0, 65535 >.
packed BCD format. . ’
C Carry/Link flag. C = 1 if the operation produced

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

BRg-A)5. Address Bus (output, active High,
3-state). Ag-Ajs form a 16-bit address bus. The
Address Bus provides the address for memory
data bus exchanges (up to 64K bytes) and for
I/0O 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.

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

HALT. 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.

I0RQ. Input/Qutput Request (output, active
Low, 3-state). IORQ indicates that the lower
half of the-address bus holds a valid I/O .
address for an 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

i

placed on the data bus.

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

MREQ. Memory Request (output, active

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

- NMI. Non-Maskable fm‘errupt (input, negative

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

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

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

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

WAIT. Wait (input, active Low). WAIT
indicates to the CPU that the addressed mem-
ory or I/O devices are not ready for a data
transfer. The CPU continues to enter a Wait
state as long as this signal 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.
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CPU Timing

The C€PU executes instructions by pro-
ceeding through a specific sequence of opera-
tions:

B Memory read or write
B I/O device read or write

8 Interrupt ackpowledge

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.

y - v f
cLock —/ <D 4@.( \ \ : i /
- _— u
LS| hCe |
Ao-A1s } pC J:’ § REFRESH ADDR X
® ® | 12
O— e—(—
MREQ S S F 0 /
® ~(@®»
RD ] L
o Lo
_—
AIT I ; K
~® ~@ \
wo| ‘ . yd
— | ‘—'@ —-
Do-D» 2 TV :; 4 VALID DATA ‘r

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

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

Timing shows the timing of memory read or write

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

CLOCK /

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

)

Ao-A1s

MREQ

WAIT

RD
READ
OPERATION

Do-D7

WR
WRITE
OPERATION

Do-D7 _———g

V’l’\LID ADDRESS j:’ N
v/ 7 ~uk
— @ |
NELE
— @ -
’I(—‘ ,Il
+l<-
5 -
LidLd 7£ £ )i' VALID
A YAV SF ) DATA
~@
—@ —
la /s —p @ -

7L

T/-
DATA OUT
7L

7/

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.
T, Twe Tw_ T3
cuoex | 5\__/—\_/—!&&#/ SLIJ AN
BOX 0
Ao-A7 X VALID PORT ADDRESS ':r: I(___
@ -i"—
ioRa " /
<—®-—J O
oM 25 ®
waT oy .
@) — @)
7B N " ¥
1o >‘ |t —
oranivion =@ , Cag
M— 77 X VALID
— T ’L DATA
1® ~l@|-
WA 5 /I @«
1 ‘(:).> .(:).
le'll': iy @
OPERATION 7L
Do-Dy —————— . DATA OUT —

NOTE: Ty* = One Wait cycle automatically inserted by CPU.

Figure 7. Input or Output Cycles

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

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

Ty T2 Twe Tw* Tw T3
. cLock | i
AVAVYAVAWAY AN
’
iNT
® -G
' Ao-A1s J PC ':‘:
@ -2
M1 —\- vy /
— @ -— — 52
o — |,
(&0 ! — l - @ —
- T
WAIT . ' Vi
- ‘—@ . @—. - @
Do-D7 )— el e X vaLio pata C

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

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

Figuré 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 is sampled at the same time as the that data put on the bus by the memory is

(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 is similar to routine located at address 0066H (Figure 9).

LAST M CYCLE M1

T. T T, T
_/_\ﬂb | L/ | \__/ | \___/ | ‘_s\_/
CcLOCK
______ ® e e e e e e =
LU, VY A - — R A — e o Se S e - — - —— e —— - . w— - -—-

®
Ag-A1s X‘ PC REFRESH K
®

MREQ Q M
| l—@—

—| (1) [ | @) |~
e ®
= @) |- el L
AFSH
* Although NMI is an asynchronous input, to guarantee its being must occur no later than the rising edge of the clock cycle
recognized on the following machine cycle, NMI's falling edge preceding TLAST.
Figure 9. Non-Maskable Interrupt Request Operation

Bus Request/Acknowledge Cycle. The CPU lines to a high-impedance state with the rising
samples BUSREQ with the rising edge of the edge of the next clock pulse. At that time, any
last clock period of any machine cycle (Figure external device can take control of these lines,

10). If BUSREQ is active, the CPU sets its usually to transfer data between memory and
address, data, and MREQ, IORQ, RD, and WR 1/0O devices.

T Tx : Tx Tx

cLocK \

L
gr

s ) I
BUSREG ]
R A e 4 ‘T\
(D= —|@® |~
BUSACK " ’
- ® - e®
FLOAT ’r—
Ao-Ass S
. - ~®
Do-D7 ” FLOAT ,‘F'_
_ - ® - ~®
Wmé,ns—: b " FLOAT -
oRG : i T

3
_ ¥
®
l t

|

2
=
w|
I

HALT UNCHANGED

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

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

Timing receives a HALT instruction, it executes NOP output is active and remains so until an inter-
(Continued) states until either an INT or NMI input-is - rupt is processed (Figure 11).
M1 | Mt | M1
Te - T T2 T3 Ts T T2

CLOCK

HALT
Halt Instruction I
Received

.
[ t—|
Wi \L_J‘{@

NOTE: INT will also force a Halt exit.

*See note, Figure 9.

Figure 11. Halt Acknowledge Cycle

Reset Cycle. RESET must be active for at least  inactive, two internal T cycles are consumed
three clock cycles for the CPU to properly before the CPU resumes normal processing
accept it. As long as RESET remains active, the  operation. RESET clears the PC register, so the

address and data buses float, and the control tirst opcode fetch will be to location 0000
outputs are inactive. Once RESET goes (Figure 12).

|————————M1,

S AYAYAWAYAWAWAY
/_\»/" .

ol ok
A/ WA
O —~®p
s — {
| (@) |—

\ FLOAT
Do-D7 F
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—=| () |-
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S f—
- 7

77 ~

Iz
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[
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Figure 12. Reset Cycle

-887
118 2005-887, 888



AC o 28300-1 Z8300-3

nds 1082

Charac- ‘ (1.0 MHz) (2.5 MHz)
teristicst Min Max Min Max
Number Symbol Parameter (ns) (ns) (ns) (ns)
1 TcC Clock Cycle Time 1000* 400*
2 TwCh Clock Pulse Width (High) 470*v o 180*
3 TwCl1 Clock Pulse Width (Low) 470 2000 180 2000
4 TIC Clock Fall Time — 30 — 30
5—— TrC ————— Clock Rise Time 30 30
6 TdCr(A) Clock I to Address Valid Delay — 380 — 145
7 TJdA(MREQf)  Address Valid to MREQ . 370 — 125¢ —
| Delay
8  TdCHMREQf) Clock | to MREQ | Delay — 260 - 100
9 TdCr(MREQr) Clock 1 to WQ—I Delay — 260 — 100
10— TwMREQh MREQ Pulse Width (High) — 410* 170*
11 TwMREQI MREQ Pulse Width (Low) 890* — 360* —
12 TdCHMREQr) Clock | to MREQ t Delay — 260 — 100
13 TdC{(RDf) Clock | to RD | Delay - 340 - 130
14 TdCr(RDr) . Clock 1 to RD 1 Delay — 260 — 100
15— TsD(Cr) Data Setup Time to Clock 1 140 50
16  ThD(RDr) Data Hold Time to RD 1 — 0 — 0
17 TsWAIT(CY) WAIT Setup Time to Clock | 190 — 70 —
18- ThWAIT(C) WAIT Hold Time after Clock } — 0 — 0
19 TdCr(M1f) Clock 1 to M1 | Delay — 340 — 130
20— TdCr(Mlr) Clock t to M1 t Delay : 340 130
21  TdCr(RFSHf)  Clock 1 to RFSH | Delay ' — 460 — 180
22 TdCr(RFSHr)  Clock 1 to RFSH t Delay — 390 — 150
23 TdCi(RDr) Clock | to RD 1 Delay o — 290 — 110
24 - TdCr(RDf) Clock t to RD | Delay — 260 — 100
25 — TsD(Cf)————Data Setup to Clock | during— 160 60
. My, M3, My or Ms Cycles )
26 TdA(IORQM) Address Stable prior to IORQ 790" — 3200 —
27 TdCr(IORQf)  Clock 1 to IORQ | Delay — 240 — 90
28  TdCH(IORQr) Clock | to IORQ t Delay — 290 — 110
29 TdD(WRI) Data Stable prior to WR | 470  — 190 —
30— TdCH(WRH{) Clock | to WR | Delay 240 90
31 TwWR WR Pulse Width 890" — 360* —
32 TdCHWRr) Clock | to WR t Delay — 260 — 100
33  TdD(WRf) Data Stable prior to WR | -30" — 30 —
34 TdCr(WRf) Clock 1 to WR | Delay — 210 — 80
35— TdWRr(D) Data Stable from WR 1 — 290" 130"
36  TdCi(HALT) Clock | to HALT 1 or | — 760 — 300
37 TwNMI NMI Pulse Width 210 — 80 —
’ 38  TsBUSREQ(Cr) BUSREQ Setup Time to Clock 1 v 210 — 80 —

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

tAll timings assume equal loading on pins within 50 pF.

Timings are preliminary and subject to change.
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AC 28300-1 28300-3

Charac- Number Symbol Parameter Min Max Min Max
teristics} (ns)  (ns) (ns)  (ns)
(Continued) 39  ThBUSREQ(Cr) BUSREQ Hold Time after Clock 1 0o — J—
40 — TdCr(BUSACKI{)- Clock t to BUSACK | Delay 310 120
41  TdCHBUSACKr) Clock | to BUSACK 1 Delay — 290 — 110
42 TdCr(Dz) Clock t to Data Float Delay — 240 . 90
43 TdCr(CTz) Clock t to Control Outputs Float — 290 — 110
Delay (MREQ, IORQ, RD,
and WR) 4 ‘
44 TdCr(Az) Clock 1 to Address Float Delay — 290 — 110
45— TdCTr(A) MREQ 1, IORC t, RD 1, and 400* 160*
WR t to Address Hold Time
46  TsRESET(Cr) RESET to Clock 1 Setup Time A 240 — 90 —
47  ThRESET(Cr)  RESET to Clock ! Hold Time R 0 — 0
48 TsINT{(Cr) INT to Clock t Setup Time 210 — 80 —
49 ThINTr(Cr) INT to Clock t Hold Time — 0 — 0
50 —TdMI1{(IORQf) — M1 | to IORQ | Delay 2300* 920*
51  TdCHIORQf) Clock | to IORQ | Delay — 290 — 110
52 TdCHIORQr) Clock 1 to IORQ 1 Delay — 260 — 100
53  TdCKD) Clock | to Data Valid Delay — 290 — 230

*For clock periods other than the minimums shown in the table, calculate parameters
using the following expressions. Calculated values above assumed TrC = TIC = 20 ns.
t 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 Z8300-3
TeC TwCh + TwCl + TrC + TIC TwCh + TwCl + TrC + TiC
2 TwCh Although static by design, Although static by design,
TwCh of greater than 200 us TwCh of greater than 200 ps
is not guaranteed is not guaranteed
7 — TdA(MREQf) ————— TwCh + Ti{C - 200 —————— TwCh + TIC - 75
10 TwMREQh TwCh + TIC - 90 TwCh + TIC - 30
11 TwMREQI TcC - 110 TeC - 30
26 TdA(IORQ) TeC - 210 "~ TcC - 80
29 TdD(WRf) N TcC - 540 TcC - 210
3] — TwWR ——————— TcC - 110 TeC - 40
33 TdD(WR{) TwCl + TrC - 470 TwCl + TrC - 180
35 TdWRr(D) TwCl + TrC - 210 TwCl + TrC - 80
45 TdCTr(A) TwCl + TrC - 110 TwCl + TrC - 40
50 TdMI{(IORQY) 2TcC + TwCh + TIC - 210 2TcC + TwCh + TIC - 80
AC Test Conditions:
ViH =20V
ViL =08V
VIHC = Ve -0.6 V
Viic = 045V
VoH = 20V
VoL =08V

FLOAT = 205V
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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 i 3 3 This is a stress rating only; operation of the device at any
atings under Bias ........ See Ordering Information condition above those indicated in the operational sections
Voltages on all inputs and of these specifications is 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  device reliability.
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:
mS* = 0°Cto +70°C, sy
+475V = Ve = +5.25V 21k
FROM OUTPUT
UNDER TEST
100 pF =0
*See Ordering Information section for package
temperature range and product number. = = =
DC Symbol Parameter Min Max  Unit Test Condition
Charac-
teristics ViLe Clock Input Low Voltage -0.3 045 V
Viac Clock Input High Voltage Vee-6 Vec+.3  V
ViL Input Low Voltage -0.3 0.8 )
Vig Input High Voltage 2.0 Vee V
VoL Qutput Low Voltage 0.4 ) Ior= 1.8 mA
Vou Output High Voltage 2.4 A Ioy = -250 uA
I Input Leakage Current 10 uA Vin = Oto Ve
Iio 3-State Output Leakage 100 pA Vour = 0.4 to Ve
Icc Power Supply Current
Temperature
o°C 25°C 70°C
Frequency Max Max Typical Max Unit
Z8300-1 (1.0 MHz) 30 26 15 20 mA
Z8300-3 (2.5 MHz) 45 42 25 35 mA
1. Ajs-Ag, D7-Dg, MREQ, IORQ, RD, and WR.
Capacitance Symbol Parameter Min Max Unit Note
Ccrock Clock Capacitance 35 pF
. Unmeasured pins
Ciy Input Capacitance S pF returned to ground
Cout Output Capacitance 10 pF
Ta = 25°C, f = 1 MHz.
8085-0221 121
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Ordering Product Package/ Product Package/

Information  Number Temp  Speed Description Number Temp  Speed Description
78300-1 PS  1.OMHz  780L CPU (40-pin) 783003  PS +2.5MHz  Z80L CPU (40-pin)
Z8300-1 Cs 1.0 MHz Same as above 78300-3 CS 2.5 MHz Same as above

NOTES: C = Ceramic, P = Plastic; S = 0°C to +70°C.
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28320 Low Power
Z8OL° PIO Parallel
Empuil/ Oufiput

\

Alog

BC and DC Characteristics

Preliminary

September 1983

Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absclute Maxi-
Maximum withrespecttoGND. ......... -0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
. . This is a stress rating only; operation of the device at any
Ratings P
As Specified in condition above those indicated in the operational sections
Operating Ambient Ordering Information of these specifications is not implied. Exposure to absolute
Temperature in Product Specifications maximum rating conditions for extended periods may affect
"""" ~ device reliability.
Storage Temperature........ -65°Cto +150°C " -
" Test The characteristics below apply for the w5V
Conditions following test conditions, unless otherwise
noted. All voltages are referenced to GND 21K
(0 V). Positive current flows into the refer- FROM ouTPUT
enced pin. Available operating temperature
range is:
N 100 pF 260
o S* = 0°Cto +70°C, "
+4.75V =< VCC = +5.25V
*See Ordering Information section in.product specifications N = B
for package temperature range and product number.
DC Symbol Parameter Min Max Typical Unit Condition
Charac- Ve Clock Input Low Voltage -0.3 +0.45 v
teristics ViHe Clock Input High Voltage Vcc—-0.6 Vec+0.3 v
Vi Input Low Voltage » -0.3 +0.8 v
Vig Input High Voltage +2.0 Vee -V
VoL Qutput Low Voltage +0.4 \ IoL = 20mA
Vou Output High Voltage +2.4 v Iog = =250 A
i Input Leakage Current +10 uh Viy = Oto Voo
Ilo 3-State Output Leakage
Current in Float +10 7.8 Vout = 0.4to Voo
I sy SYNC Pin Leakage Current +10/~-40 uA Viy = 0to Vee
Icc Power Supply Current:
SIO 30 20 mA
PIO 20 13 mA
CTC 20 13 mA
Iogyp? ' Darlington Drive Current -15 mA Voy = 1.5V
RexT = 3900

Over specified temperature and voltage range.
NOTES:

[1] SIO only
{2] CTC and PIO only
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Z8320-1 and 28320-1 Z8320-3
. N *
780L PIO Number Symbol Parameter Min Max Min Max Notes'
AC o 1 TcC Clock Cycle Time 1000 400 [1]
Characteristics 1,y Clock Width (High) 470 2000 170 2000
(Continued)
3 TwCl Clock Width (Low) 470 2000 170 2000
4 TiC Clock Fall Time 30 30
5 — TrC Clock Rise Time 30 30
6  TsCS(RI) CE, B/A, C/D to RD,
IORQ | Setup Time 140 50 [6]
7 Th Any Hold Times for Specified
’ Setup Time 0 0
8 TsRI(C) RD, IORQ to Clock t Setup
Time 300 115
9 — TdRI(DO) —— RD, IORQ | to Data Out Delay 1090 430 [2]
10  TdRI(DOs) RD, IORQ 1 to Data Out Float
Delay . 410 160
11 TsDI(C) ' Data In to Clock 1 Setup Time 140 50 CL = 50 pF
12 TAIO(DQOI) IORQ | to Data Out Delay .
(INTACK Cycle) 860 340 [3]
13 — TsM1(Cr) M1 | to Clock 1 Setup Time 540 210
14 TsM1(Cf) M1 1 to Clock ! Setup Time
(M1 Cycle) 0 0 [8]
15 TdMI(IEO) Ml | to IEO | Delay (Interrupt
Immediately Preceding M1 1) 760 - 300 [5, 7]
16 TsIEI(IO) 1EI to IORQ | Setup Time
(INTACK Cycle) 360 140 [7]
17 — TdIEI(IEOf) — IEI | to IEO | Delay 480 190 [5]
CL = 50 pF
18 TdIEIEOr) IEI t to IEO 1 Delay (after ED
Decode) 540 210 [5]
19 TclO(C) IORQ ! to Clock | Setup Time
(To Activate READY on Next )
Clock Cycle) 560 220
20 TdC(RDYr) Clock | to READY 1 Delay 510 200 [5]
CL = 50 pF
21 — TdC(RDY{) — Clock | to READY | Delay 390 150 [5]
22 TwSTB STROBE Pulse Width 390 150 - [4]
23 TsSTB(C) STROBE 't to Clock | Setup
Time (To Activate READY on )
Next Clock Cycle) 560 220 [5]
24 TdIO(PD) IORQ t to PORT DATA Stable
Delay (Mode 0) 510 200 [5]
25 — TsPD(STB) — PORT DATA to STROBE t
Setup Time (Mode 1) 660 260
26 TdSTB(PD) STROBE ! to PORT DATA
) Stable (Mode 2) 590 230 5]
27 TdSTB(PDr) STROBE 1 to PORT DATA Float
Delay (Mode 2) 510 200 CL = 50 pF
28 TdPD(INT)  PORT DATA Match to INT |
Delay (Mode 3) 1360 540
29 TdSTB(INT) STROBE 1 to INT! Delay 1240 490
NOTES: :
[1}) TeC = TwCh + TwCl + T:C + TIC. {6] TsCS(RI) may be reduced. However, the time subtracted
[2] Increase TdRI(DO) by 10 ns for each 50 pF increase in load from TsCS(RI) will be added to TdRI(DO).
up to 200 pF max. [7} 2.5 TeC > (N-2)TAIEKIEOf) + TAMI(IEO) + TsIE[(IO)
(3] Increase TdAIO(DQOI) by 10 ns for each 50 pF, increase in . ::_TTL Buffer Delay, if any.
loading up to 200 pF max. . [8] M1 must be active for a minimum of two clock cycles to
{4] For Mode 2: TwSTB > TsPD(STB). reset the PIO.
{5] Increase these values by 2 ns for each 10 pF increase in * Timings are preliminary and subject to change.
loading up to 100 pF max.
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Z8330 Low Power
Z80L° CTC Counter/
Timer Circuit

Zilog

EC and DC Characteristics

Preliminary

September 1983

Absolute Voltages on all inputs and outputs . Stresses greater than those listed under Absolute Maxi-
Maximum with respectto GND.......... ~0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratings - ” . This is a stress rating only; operation of the device at any
g As Specified in condition above those indicated in the operational sections
Operating Ambient Ordering Information  of these specifications is not implied. Exposure to absolute
Temperature ''''''' in Product Specifications maximum rating conditions for extended periods may affect
: device reliability.
Storage Temperature. ....... -65°Cto +150°C
Test The characteristics below apply for the +5V
Conditions following test conditions, unless otherwise
noted. All voltages are referenced to GND 2K
(0 V). Positive current flows into the refer- FROM OuTeuT
enced pin. Available operating temperature
range 1s: 100 pF ::sAo
@ S* = 0°C to +70°C,
+475 V=V s +528V
*See Ordering Information section in product specifications
for package temperature range and product number.
DC Symbol Parameter . Min Max Typical Unit Condition
Charac- ViLe Clock Input Low Voltage -0.3 +0.45 \
teristics Vinc Clock Input High Voltage Vec-0.6 Voc+0.3 v
ViL Input Low Voltage -0.3 +0.8 v
Vig Input High Voltage +2.0 Vee v
VoL Output Low Voltage +0.4 v IoL = 2.0mA
Vou Output High Voltage +2.4 v Iog = —250 pA
111 ) Input Leakage Current +10 wA VIN = 0to Ve
Ilo 3-State Output Leakage
Current in Float +10 A Vout = 0.4to Voo
Insn! SYNC Pin Leakage Current +10/-40 A VIN = Oto Ve
Icc Power Supply Current:
SIO 30 20 mA
PIO 20 13 mA
CTC 20 13 mA
Ioup? Darlington Drive Current -1.5 ' mA Vou = 1.5V
Rpyr = 3900

Over specitied temperature and voltage range.

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

Z80L CTC

AC
Characteristics

| [« ~| =0 '
cLock _/ Z- ’ \ L_\ E_/
A _— —
Oy ‘
CSo, CS1
[«—CO— ‘@*%
[~—0O— MO
READ oRQ \ | J{
RO O
C o= +®»{
DATA { J\E_—
O @1
€S0, €S1 ); :[(
O [«®>
& /]
WRITE | *@"I
[~~~ ~o~|
DATA j :K
| [«©®~
i e
‘«—c::)—— ~O~|
ACKNOWLEDGE ioRa \_ f
DATA ¥
==

IEO

INT

CLKITRGo-3
(COUNTER
MODE)

CLKITRGo-3
(TIMER
MODE)

ZCITOo-2

128



78330-1 - Z8330-1 Z8330-3
23333.3 and (1.0 MHz) (2.5 MHz)

N t i i *
780L CTC- uniber Symbol Parameter Min Max Min Max Notest
AC 1 TcC Clock Cycle Time 1000 400
%‘:r:’t‘?:tee’é?“cs 2 TwCH Clock Width (High) 470 170

mnu
3 TwCl Clock Width (Low) 470 2000 170 2000
4 TIC Clock Fall Time 30 30
5 TiC Clock Rise Time 30 30
6— Th All Hold Times 0 0
7 TsCS(C) CS to Clock t Setup Time 640 250
8  TsCE(C) CE to Clock 1 Setup Time 510 200
9 TsIO(C) IORQ | to Clock 1 Setup Time 640 250
10 TsRD(C) RD ! to Clock ! Setup Time 610 240
11 TdC(DO) Clock 1 to Data Out Delay 610 240 [2]
12— TdC(DOz) Clock | to Data Out Float Delay 590 230
13 TsDI(C) Data In to Clock t Setup Time 160 60
14  TsMI(C) MI to Clock 1 Setup Time 540 210
15 TdMI(IEO) M1 | to IEO | Delay (Interrupt
immediately preceding M1) 760 300 . [3]
16  TdIO(DOI) IORQ ! to Data Out Delay 860 340 [2]
(INTA Cycle) '
17 — TJAIEI(IEOf) — IEI } to IEO | Delay 490 190 3]
18  TdIEKIEOr) IEI t to IEO 1 Delay
(After ED Decode) 560 220 [3)
19 TdC(INT) Clock t to INT } Delay (1) +510) ((1) +200) [4]
20 TdCLK(INT) CLK/TRG t to INT! .
tsCTR(C) satistied ((19) +(26)) ((19)+(26)) [5]
tsCTR(C) not satisfied ((1)+(19)+(26)) (1)+(19)+(26)) [5]
2] — TeCTR — CLK/TRG Cycle Time 2TcC 2TcC [5]
22 TrCTR CLK/TRG Rise Time 50 50
23 TICTR CLK/TRG Fall Time 50 50
24  TwCTRI CLK/TRG Width (Low) 510 200
25  TwCTRh CLK/TRG Width (High) 510 200
26 — TsCTR(Cs) CLK/TRG 1 to Clock t Setup
Time for Immediate Count 760 300 : [5]
27 TsCTR(Ct) CLK/TRG 1 to Clock t Setup
Time for enabling of Prescaler )
on following clockt 540 210 [4]
28  TdC(ZC/TOr) Clock t to ZC/TO t Delay 660 260
29  TdC(ZC/TOf) Clock | to ZC/TO |} Delay 490 190
NOTES:
[1] TcC =.TwCh + TwCl + TrC + TIC. * RESET must be active for a minimum of 3 clock cycles.
{2] Increase delay by 10 ns for each 50 pF increase in loading, t Units are nanoseconds unless otherwise specified; parenthetical
200 pF maximum for data lines, and 100 pF for control lines. numbers reference the table number of a parameter, e.g., (1)
[3] Increase delay by 2 ns for each 10 pF increase in loading, refers to TcC; timings are preliminary and subject to change.
100 pF maximum.
(4] Timer mode.
[5] Counter mede.
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28340 Low Power
Z8OL" SID Serial
Imput/Qutput

Zilog

BC and DC Characteristics

Preliminary

September 1983

Absolute Voltages on all inputs and outputs Stresses greater than those listed under Absolute Maxi-
Maximum with respectto GND. ......... ~-0.3Vto +7.0V  mum Ratings may cause permanent damage to the device.
Ratings . . This is a stress rating only; operation of the device at any
g . As Specified in condition above those indicated in the operational sections
Operating Ambient Ordering Information of these specifications is not implied. Exposure to absolute
Temperature in Product Specifications maximum rating conditions for extended periods may affect
"""" device reliability.
Storage Temperature. . . .. ... -65°Cto +150°C
Test The characteristics below apply for the +5v
Conditions following test conditions, unless otherwise
noted. All voltages are referenced to GND 2K
(0 V). Positive current flows into the refer- FROM OUTPUT
enced pin. Available operating temperature
range is:
g* . : 100 pF 20
g S* = 0°Cto +70°C,
+4.75V=Vee= +525V
*See Ordering Information section in product specifications ) . .
for package temperature range and product number.
DC Symbol Parameter Min . Max Typical Unit Condition
Ch'arc.:c- ViLe Clock Input Low Voltage -0.3 +0.45 v
teristics Vine Clock Input High Voltage Voe-06 Vee+0.3 v
ViL Input Low Voltage -0.3 +0.8 v
ViH Input High Voltage +2.0 Vee \
VoL Output Low Voltage +0.4 v oL = 2.0 mA
Vou QOutput High Voltage +2.4 v Iogy = —250 kA
I Input Leakage Current +10 kA ViN = 0to Ve
Ilo 3-State Output Leakage .
Current in Float . +10 A Vout = 0.4 to V¢
IL(SY)I SYNC Pin Leakage Current +10/-40 wA Vin = Oto Ve
Icc Power Supply Current:
SIO 30 20 mA
PIO 20 13 mA
CTC 20 13 mA
Ionp? Darlington Drive Current -15 mA Vo = 1.5V
Rgxt = 390Q

Over specified temperature and voltage range.

NOTES:
{1] SIO only
(2} CTC and PIO only
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7Z8340-1 and . ~—O—

Z8340-3 ’ i \ '
Z80L SIO ; o \_/ L
AC _./ ‘_—\__/‘_'\_/ :__/
Characteristics :
CE, CID, BIA . : >< X
e
ioRQ, RD >< X

Do-D7

1ORQ

IE1 _-\‘

iNT
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Z8340-1 and
Z8340-3

Z80L SIO

AC
Characteristics
(Continued)

28340-1 Z8340-3
(1.0 MHz) (2.5 MHz)
Number Symbol Parameter Min Max Min Max Notesf
1 TcC Clock Cycle Time 1000 4000 400 4000
2 TwCh Clock Width (High) 470 2000 170 2000
3 TiIC Clock Fall Time 30 30
4 TC Clock Rise Time 30 . 30
5 TwCl . Clock Width (Low) 470 2000 170 2000
6 TsAD(C) CE, C/D, B/A to Clock t Setup Time 410 160
7—TsCS(C) TORQ, RD to Clock t Setup Time 610 240
8 TdC(DO) Clock t to Data Out Delay 610 240
9 TsDI(C) Data In to Clock | Setup (Write or M1 Cy;cle) 140 50
10 TdRD(DOz) RD ! to Data Out Float Delay 590 230
11 TdIO(DOI) IORQ ! to Data Out Delay (INTACK Cycle) 860 340
12 TsMI(C) ‘M1 to Clock t Setup Time 540 210
13 TsIEKIO) IEI to TORQ | Setup Time (INTACK Cycle) | 510 200
14— TdM1(IEQO)——M1 | to IEO | Delay (interrupt before M1) 760 300
15  TdIEKIEOr) IEI 1 to IEO 1 Delay (after ED decode) 380 150
16,  TdIEKIEOf) IEI | to IEO | Delay 380 150
17 TdC(INT) Clock t to INT } Delay - , 510 200
18  TdIO(W/RWf) TORQ ! or CE | to W/RDY | Delay Wait
Mode) 760 300
19  TdC(W/RR) Clock t to W/RDY ! Delay (Ready Mode) 310 120
20 TdC(W/RWz) Clock | to W/RDY Float Delay (Wait Mode) 390 150
0 0

21 Th Any unspecified Hold when Setup is specified

t Units are nanoseconds unless otherwise specified;

timings are preliminary and subject to change.
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Z8340-1 and
Z8340-3

Z80L SIO

AC
Characteristics
(Continued)

€TS8, BED, SYNE
| e i
4 .
B P |
TxC N
® ® '
. 0; | &
>0 >§
'O,
L/
WIRDY
)
oS

RxD

WIRDY N
nt \
SYNG N
®
28340-1 Z8340-3
(1.0 MHz) (2.5 MHz) :
Number Symbol Parameter Min Max Min Max Notest
1 TwPh Pulse Width (High) 500 200
2 TwPl Pulse Width (Low) 500 200
3  TcTxC TxC Cycle Time 1000 o 400 o
4  TwTxCl TxC Width (Low) - 460 ] 180 )
5 TwTxCh TxC Width (High) 460 ) 180 o
6—TdTxC(TxD)—TxC | to TxD Delay (x1 Mode) 1000 400
7 TdTxC(W/RRf) TxC | to W/RDY | Delay (Ready Mode) 5 9 5 9  Clk Periods*
8  TdTxC(INT) TxC | to INT | Delay 5 9 5 9  Clk Periods*
9 TcRxC RxC Cycle Time 1000 o 400 o
10 TwRxCl RxC Width (Low) 460 o 180 o
11  TwRxCh RxC Width (High) 460 o 180 o
12— TsRxD(RxC)~—RxD to RxC 1 Setup Time (x] Mode) 0 0
13 ThRxD(RxC) - BxC ! to RxD Hold Time (x1 Mode) 360 140
14  TdRxC(W/RRf) RxC 1 to W/RDY ! Delay (Ready : .
Mode) 10 13 10 13 Clk Periods*
15 TdRxC(INT) BxC 1 to INT } Delay 10 13 10 13 Clk Periods*
16  TdRxC(SYNC) RxC ! to SYNC ! Delay (Output '
Modes) 4 7 4 7 Clk Periods*
17 TsSYNC(RxC) SYNC ! to RxC ! Setup (External Sync
Modes) 100 100

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

RESET must be active a minimum of one complete Clock Cycle.

} Units are nanoseconds unless otherwise specified;
timings are preliminary and subject to change.
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A High=-RPeriormance 1G=B8t Archifectnre
Wit $2-11 kdigration in kdind

September 1983

Plgeta i 5t Lo i, e

. A Complete Solution. Contin-
uing the family concept so suc-
cessfully introduced by its 8-bit
780 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 Z8000 Family lets you design
advanced concepts frorn the
mainframe and minicomputer
worlds into microcomputer
systems.

And because the Z8000 Family
was built around a unifying set of
protocols and interconnections,
present ana 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 begin-
ning; the growing family now in-
cludes parts to provide memery
management, DMA transfer, and
extended processing.

System Fiexibility. Even the
smallest Z8000 systems offer
high throughput and easy pro-
gramming far superior to any ex-
isting microprocessor alternative.
In mid-range applications, Z8000
components offer very powerful
solutions to the design problems

of word processing, intelligent ter-

minals, data communications, in-
strumentation, and process con-
trol. In a complex network of
multiple processors, smart
peripheral components, and a
distributed memory configuration,

the Z8000 Family provides perfor- multiple-processor systems can
mance and versatility exceeding be joined by the Z8038 Z-FIO
that of much larger—and far FIFO Interface Unit.
more expensive—minicomputers. An Unmatched CPU. The Z8000
Higher Throughput, Reduced microprocessor is not just a wider
Cost. The powerful instruction data path, more registers, more
set, high execution speed, regular data types, more addressing
architecture, and numerous modes, more instructions and
special features of the Z8000 more addressing space. It brings
microprocessors dramatically in- big-machine concepts to the level
crease system throughput. In- - of components. Its general-
telligent Z8000 peripheral con- register architecture avoids
trollers and extended processing bottlenecks associated with
units unburden the CPU and dedicated or implied registers.
boost throughput even further. Special features support parallel

Simply put, the Z8000 Family processors, operating systems,
offers more for less money. The compilers, and the implementa-
Z8000 microprocessors give mid- tion of virtual memory.
range minicomputer performance The Z8000 CPU is also a very
at microprocessor cost. At com- fast machine. Its throughput is
ponent prices, Z8000 peripheral - greater than that of any other
controllers perform complex 16-bit microprocessor with com-

- system functions that previously parable clock speeds. And the

required an entire PC board.  Z8000 CPU is available with

The Z8000 Family is designed speeds ranging from a moderate
for multiple-processor opera- 4 MHz clock rate that allows you
tion—an economical way of the choice of slow-access, low-
greatly increasing system perfor- cost memories to a high-speed 10
mance. Many special features for MHz clock rate for high-
multiple Z8000 CPUs facilitate the performance systems. From the
design of muiltiple-processor four versions of the Z8000 micro-
systems that share access to a processors, you can select the.
common memory. The Memory one best suited to your needs: the
Management Units can Z8001 for large memory applica-
dynamically relocate code and tions, the Z8002 for small
protect memory areas. The memory applications, the Z8003
Z8090/4 Z-UPC Universal for virtual memory, or the Z8004
Peripheral Controller, a complete for multiprocessors sharing a
slave microcomputer, and the common, small memory.

Z8070 Floating Point Emulation
Package for high-speed
arithmetic, can manipulate data
off-line. Asynchronous parts of
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Better. Trends are increasingly
toward systems with multiple
users, complex programs, secur-
ity requirements and memories
that don’t stop growing. These
design problems pose guestions
not sufficiently answered by other
microprocessor families.

Exemplifying the Z-Family com-
mitment to advanced architec-
ture, the Z8010 Memory Manage-
ment Unit (Z-MMU) and the
Z8015 Paged Virtual Memory
Management Unit (Z-PMMU) both
provide flexibility in code seg-
menter page relocation and
sophistication in memory protec-
tion rarely found in the
microprocessor world. These
devices encourage modular soft-
ware development—a critical fac-
tor as programs reach new levels
of complexity.

You are free from specifying
where information'is actually
located in physical memory
because the Z-MMU and Z-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 Z-MMU
or Z-PMMU. Various configura-
tions of these devices can ran-
domly relocate all 128 segments
output by the Z8000 CPU in any
of its available memory systems.

For even more sophisticated
memory management, the Z8000
microprocessors include a new -
member that supports virtual
memory via an instruction abort
mechanism. The Z8003 Virtual
Memory Processing Unit
(Z-VMPU) can implement either
segmented virtual memory that
allows demand swapping of
segments, or a paged virtual

memory in which the unit of
memory allocation is 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 inadver-
tent user access, as execute-only,
and so on. A write warning zone
is especially useful in stack
operations so the operating
system can deal with growing
stacks.

Peripheral Probiem

Solvers. Z8000 peripheral com-
ponents are not dumb I/O cir-
cuits. They perform intelligent,
complicated tasks on their own.
They unburden the CPU, reduce
bus traffic, and increase system
throughput. Complex system
tasks that previously required
burdensome conglomerations of
MSI can now be handled off-line
by Z-BUS peripherals with little
CPU overhead. Multifunction
Z-BUS peripherals are extensively
programmable, so each can be
precisely tailored to its applica-
tion.

Counting, timing, and parallel
}/O problems seem less tiresome
with the Z8036 Z-CIO Counter
and Parallel /O device. It has
three 16-bit counter/timers, and
three 1/O ports. It can even dou-
ble as a programmable interrupt-
priority controller. Data com-
munications are neatly handled"
by the Z8030 Z-SCC Serial Com-
munication Controller and the
28033 Z-ASCC Asynchronous
Serial Communications Controller,
dual-channel muiti-protocol com-
ponents that support between
them all popular communications

formats. Direct memory access is
amply supported by the Z8016
Z-DTC DMA Transfer Controlier, a
fast dual-channel device that
enhances the addressing power
of the Z8000 CPU in stand-alone
or parallel-processor environ-
ments. General-purpose control
and data-manipulation problems
are smoothly solved by the Z8034
Z-UPC Universal Peripheral Con-
troller, 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

Microcomputer. Bits and pieces
of asynchronous parallel-
processing systems are intercon-
nected by the Z8038 Z-FIO FIFO
Input/Output, a surprisingly fiex-
ible device that can interface any
major microprocessor and most
peripherals to the Z-BUS. Its
buffer depth can be expanded
without limit using the

Z8060 Z-FIFO.

Where high-speed error detec-
tion and correction are essential,
the Z8065 Burst Error Processor
(Z-BEP) offers a choice of four
selectable industry-standard
polynomials and three corrections
algorithms. It is effective for data
rates of up to 20M bits per sec-
ond. If encryption or decryption of
data is necessary, the Z8068 ‘
Data Ciphering Processor (Z-DCP)
supports three standard ciphering

' options and key parity check. It

can also input, output, and en-
cipher simultaneously. To perform
high-speed arithmetic now, the
Z8070 Floating Point Emulation
Package (with IEEE P754 Stan-
dard format) can be implemented
with any Z8000 microprocessor.
Later this software package will
be replaceable by the Z8070
Floating Point Arithmetic Pro-
cessing Unit itself.
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HS001/2
%4S0C0™ CPU Cemiral
Processing Unil

Zilog

Product
Specification

September 1983

Features O Regular, easy-to-use architecture O Resource-sharing capabilities for multi-
O Instruction set more powerful than many processing systems
minicomputers O Multi-programming support
O Directly addresses 8M bytes O Compiler support
O Eight user-selectable addressing modes O Memory management and protection provid-
O Seven data types that range from bits to ed by Z8010 Memory Management Unit
32-bit long words and byte and word strings O 32-bit operations, including signed multiply
O System and Normal operating modes and divide
O Separate code, data and stack spaces 0 Z-BUS compatible
O Sophisticated interrupt structure O 4, 6 and 10 MHz clock rate _
General .The Z8000 is an advanced high-enc.l 16-bit struction; multiprocessing by a combination of
Description ~ microprocessor that spans a wide variety of ap- instruction and hardware features; and com-
' . " plications ranging from simple stand-alone 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 is
characterized by an instruction set more —5 ADys s
) s . us
powerful tban many mlnlcornputgrs, abunc}ant - L Ay |
resources in registers, data types, addressing ~—{ e ADy; f—>-
. . ADq; >
modes and addressing range; and a regular READWRITE D
architecture that enhances throughouput by ~——| NORMALISYSTER ADy s
avoiding critical bottlenecks such as implied or ~——{BYTEWGRD AD, |-
dedicated registers. STATUS - ADs [+ | anpRESS/
CPU resources include sixteen 16-bit o AD:
general-purpose registers, seven data types s, ADs |
that range from bits to 32-bit long words and <—{STo AD, [
byte and word strings, and eight user- ADy f—>
electable addressing modes. The 110 distinct RoL il Za00z o
s g CONTROLY __,.s570p cPU ADy |
instruction types can be combined with the ADy fe—s- )
i ; pus | —»|BUSREG —_—— e —
various data types and add.ressmg.modes to co"mm_{ e r - 2007
form a powerful set of 414 instructions. [ |
Moreover, the instruction set is regular; most J— : SN f— :
instructions can use any of the five main ad- INTERRUPTS{ —»-{ Wi | stel— ARCeEN |
dressing modes and can operate on byte, word W | SNz |
and long-word data types. . [ |
! P MULTI-MICRO ] —|M) | SNy f—> |
The CPU can operate in either the system or controLy <], | |
normal modes. The distinction between these L SEGT [«— JECMENT N
two modes permits privileged operations, B
thereby improving operating system organiza- T
tion and implementation. Multiprogramming is +5V GND CLK RESET
supported by the “atomic” Test and Set in- .
. / Figure 1. Z8000 CPU Pin Functions
2001-0089
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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 Z800!1 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 Z8001 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 Z8001, Z8002 and Z8010 are fabricated
memory extension up to 48 megabytes for the with high-density, high-performance scaled
78001 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 in 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. :
- l Ro [7 RHO 017 RLO o] l T T — 3]
T RRO
A1 [15 RH1 i RL1 o] - w [ — E — 1
T RQO
RR2 { e Az - — l l Re[ " RH2 1 RL2 ]
1 RR2
R il . — l Ri[  RH3 1 RL3 |
e ‘ Ra | RH4 j RL4 | : { [ i - —]
1 RR4
Rs | RH5 j ALS ] . [ E . ]
RRE { R | A : — | Rée[  RHs i RL8 | s
[ CIT; T AL ] RRS ’ rrf T T ALY ]
R8 {15 o]
RR8 [ nna{ Ra[1s o]
o | | a8 ra[ ]
R0 | | Ras
RR10 [ Rio ]
A | ] RR10
i1 |
Az [ | iz 1
RR12 { ’“3[ I RR12 l R“,I ]
R14’ SYSTEM STACK POINTER (SEG. NO.) RQ12 Raiz
R4 | . NORMAL STACK POINTER (SEG. NO.) A4 i -
P ms' [ SVETEM STAGK POINTERTOFFSEN | ARt ms [ SYSTEM STACK POINTER ':l
R1s | NORMAL STACK POINTER (OFFSET) Ris | NORMAL STACK POINTER
F igure 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 is 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- (E) s o
of-count. The raté counter determines the time | S |R°vf| L]
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 28001, the program
15 o 15 0
lov°|“|nla|°|°|°|nﬁ|“1°|°!oLclﬂ“:?::vw Inlsml:n]vxsluw:lolnlnlclzls[wvlnnlnl nlnl}éﬁ:gf
lsmls‘“'““l"'ejﬂz‘“|“|°|°[Z|5I""l”‘]ﬂ“l"l}%ﬁ"‘gﬁ’ L R Rt e I R ||2§3§?2¥
l" [ | SESMENTNuweeR | 0,0, 0,0 0 0 0,0 I —_— 78002 Program Status Registers
l I ! I [ I [ SEfMEN:OFF[SEY i 1 L Il 1 1 I
78001 Program Status Registers
l"‘ TR ILL“|°|°|"|"|°JLI | Lo T o o fegegey o0y
I UPPER OFFSET , I o 0,0, 0,0,0,0 Iﬂ Z8002 Program Status Area Pointer
1 1 1 | ! 1
Z8001 Program Status Area Pointer \
Figure 5. 'Z8000 CPU Special Registers
fnterrupt The Z8000 provides a very flexible and descending order of priority for traps and in-
and Trap powerful interrupt and trap structure. Inter- terrupts is: internal traps, non-maskable inter-
Structure rupts are external asynchronous events requir- rupt, segmentation trap, 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 in 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 instruction, privileged instruc-
tions and segmentation trap). The vectored
and non-vectored interrupts are maskable. Of
the four traps, the only external one is the
segmentation trap, which is generated by the
78010.

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 in-
struction, or for an EPA instruction. The

and non-vectored interrupt.

When an interrupt or trap occurs, the cur-
rent program status is automatically pushed on
the system stack. The program status consists
of the processor status (PC and FCW) plus a
16-bit identifier. The identifier contains the
reason or source of the trap or interrupt. For
internal traps, the identifier is 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 is automatically loaded
from the program status area in system
memory. This area is 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 in 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 is directly accessed by the CPU using a
segmented addressing scheme and can be
managed by the Z8010 Memory Management
Unit.

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 in its own seg-
ment. The 8 megabytes of Z8001 addressing
space is 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 in any one of its 128
segments, provided it is 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
Z8001 are called logical addresses. The,
Memory Management Unit t :kes 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 is .
actually located in 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. B

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 15 87 . 0
wocicaL aporess | seamentno. || OFF SET |

I_MEMORY 1
MANAGMENT
UNIT

BASE
ADDRESS
REGISTER

FILE

Figure 6. Logical-to-Physical Address
Transformation
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Extended The Zilog Extended Processing Architecture Z8000 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

O Specialized instructions for external proc- main CPU’s performance 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

. functions such as array processing, special

B Increases throu.gh'put of the system by using input/output processing, and data communica-

up to four.spec1ahzed external processors in tions processing are typically assigned to
- parallel with the CPU. extended processor hardware. These extended

O Permits modular design of Z8000-based processors are complex computers in their own
systems. ' right.

@ Provides easy management of multiple The Zilog Extended Processing Architecture
microprocessor configurations via “single combines the best concepts of these proven
instruction stream” communication. performance boosters with the latest in high-

‘ o ) density MOS integrated-circuit design. The

' O Simple }ntercc?nnectlon between exten.ded result is an elegant expansion of design
processing units and Z8000 CPU requires no capability—a powerful microprocessor
additional external supporting logic. architecture capable of connecting single-chip

O Supports debugging of suspect hardware EPUs that permits very effective parallel
against proven software. processing and makes for a smoothly inte-

O Standard feature on all Zilog 8000 CPUs. grated instruction stream from the 28000 pro-

' grammer’s point of view. A typical addition to

Specific benefits include: the current Z8000 instruction set might be

O 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-

a Control of EPUs is accomplishéd vié a 3\?;: ously monitgr (;h.e CPU 1 nstr.'uction stream.
“single instruction stream” in the Z8000 en an extended instruction 18 d.etected, the
CPU, eliminating many significant system approp riate EPU requnds, obt.almng or

. placing data or status information on the
software and bus contention management 7-BUS using the Z8000- ted trol
obstacles that occur in other multiprocessor signalsljari dgperforming ?; nfil:cfiorfzz :i?récte d
(e.g:, master-slave) organization schemes. The 28000 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

| I STOP LINE l
. EPU DJ DEDICATED E:D-—-I DEDICATED 28000 EPU D—J EEDICATED EPU DEDICATED
1 MENORY 2 @ MEEvrng CcPY 3 u:y:gnv 4 wewoRy | -
g S S Ig IFE
L — ' 2.8US com?usm INTERFACE ‘Q
1 [0 | [ |
MEMORY
PERIPHERAL PERIPHERAL MANAGEMENT
MEMORY
Figure 7. Typical Extended Processor Configuration
2007-00}
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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

B Data transfers between CPU registers and
EPU registers

W EPU internal operations

B Status transfers between the EPUs and the
78000 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

® Indirect Register
W Direct Address
@ 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

'

28000 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 is 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.

START
EPU

STOP
LINE ACTIVE
?

FETCH
NEXT
INSTRUCTION

1

EPU
INSTRUCTION
?

EPA TRAP
SERVICE
ROUTINE

CPU
EXECUTES
INSTRUCTION

MONITOR Z-BUS
INSTRUCTION
STREAM

EPU
INSTRUCTION
?

I—‘__“_' _________ b |

CPU GENERATES

DATA/ADDRESS

AND PLACES ON
Z.BUS

EXECUTES
INSTRUCTION

____________ ———

SET STOP
LINE AT CPU
UNTIL EPU
FREE

A DATA OR ADDRESSES ARE PLACED ON THE BUS AND USED BY THE EPU IN THE EXECUTION OF AN INSTRUCTION.

Figure 8. EPA and 28000 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 I/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 1/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
Register | recister aporess |—=] operano | ;r:;is?;:nem of the
Immediate In the instruction
. ' The content of the location
Indfrect I REGISTER ADDHEsq———>l ADDRESS whose address is in the
Register 2 register |
< The content of the location
A(]l)é:::; I ADDRESS } I OPERAND I r;::::: :;::mss is in the
The content of the location
i REGISTER ADDRESS »WSPLACEMENT whose address is the
ndex address in the instruction,
BASEA v offset by the content of
the register
The content of the location
o VAL whose address is the
3 tent of the program
l}f;::g;i [_oiseiacement  |— P [[operano ] countor, offset by the
displacement in the
instruction
The content of the location
Base REGISTER ADDRESS BASE ADDRESS whose address is the
+ OPERAND address in the register,
Address DISPLACEMENT - offset by the displacement
in the instruction
The content of the location
Base REGISTER ADDRESS |—| BASE ADDRESS whose address is the
, address in the register,
Index REGISTER ADDRESS |1 DISPLACEMENT () offset by the displace-
ment in the register
Figure 9. Addressing Modes
2045-0285
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Input/
Output

A set of 1/O instructions performs 8-bit or '
16-bit transfers betwen the CPU and [/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. I/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 unlecading
the Memory Management Unit. The status in-
formation distinguishes between standard and
special I/0O 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 guest, 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 o Bit Manipulation
gtel:nmcxry instructions: B Rotate and Shift
B Load and Exchange O Block Transfer and String Manipulation
0 Arithmetic o Input/Output
@ Logical n CPU Control
O Program Control
Load Clock Cycles*
and Mnemonics Operands Addr. Word, Byte Long Word Operation
Exchange Modes
Ns SS SL NS SS SL
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
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 g9 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 18 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 tod SS =S

g ted Short Offset SL = Segmented Long Offset
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Load and

Clock Cycles

Exchange
. g Mnemonics Operands Addr. Word, Byte Long Word Operation
(Continued) Mod
0des 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—=n(mn=0...19)
LDbM R,sre,n IR 11 - - Load Multiple .
DA 14 15 17 I +3n R « src (n consecutive words)
X 15 15 18 (n=1...16)
LDM dst,R,n IR 11 - - 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 28 Autoincrement contents of R
X 16 16 19 23 23 26
PUSH IR, src R 9 - - 12 - - Push
PUSHL IM 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
Ccp 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 - - Deérement byn
DECB ' IR 1 - - 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 107 - - 744 - - Divide (signed)
DIVL M 107 - - 744 - - Word: Ry, — Ry n41 + src
IR 107 107 107 744 744 744 R, — remainder
DA 108 109 111 745 746 748 Long Word: R, 42,n43 — Ry, n43 + src
X 109 109 112 746 746 749 Rp,n+1 — remainder
EXTS dst R 11 - - 11 - - 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 11 - - 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 41 — Rn41 «sre
IR 70 - - 282* - - Long Word: R, . ny3—Rn+2 n+3
DA 71 72 74 283* 284 286" * Plus seven cycles for each 1 in the
X 72 72 178 284* 284" 287" multiplicand
NEG dst R 7 - - Negate
NEGB IR 12 - - dst — O - 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 - - 14 - -
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 is 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

ntrol .
Co Mnemonics Operands Addr. Word, Byte Long Word Operation
Modes N5 ss s NS S5 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
DBJNZ ) R—~R-1
If R # 0: PC «— PC + dst (range -254to 0)
IRET* - - 13 - 16 Interrupt Return
PS —~ @ SP
Autoincrement SP
P ‘ce, dst IR 10 - 15 (taken) Jump Conditional
IR 7 - 7 (not taken) If cc is true: PC «— dst
DA 7 8 10
X 8 8 11
IR cc, dst RA 6 - - Jump Conditional Relative
If cc is true: PC « PC + dst
(range -256 to +254)
RET cc - 10 - 13 (taken) Return Conditional
7 - 7 (not taken) If cc is true: PC — @ SP
Autoincrement SP
sC src ™M 33 - 39 System Call
~ Autodecrement SP
@ SP — old PS
Push instruction
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 1111 14
BIT dst,R R 10 - - Test Bit Dynamic
BITB Z flag — NOT dst bit specitied by
contents of R
RES - dst,b R 4 - - Reset Bit Static
RESB IR 1 - - Reset dst bit specified by b
DA 13 14 16
X 14 14 17
RES dst, R R 10 - - 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 IR 11 - - S flag — MSB of dst
DA 14 15 17 dst « all 1s
X 15 15 18

*Privileged instruction. Executed in system mode only.
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Rotate

Clock Cycles

g;‘; t Mnemonics Operands Addr. Word, Byte Long Word Operation
Modes Ns ss s. NS ss SL
RL dst,n R 6forn=1 Rotate Left
RLB R 7forn =2 by n bits (n = 1, 2)
BRLC dst,n R 6forn =1 Rotate Left through Carry
RLCB R Zforn=2 by nbits(n = 1, 2)
RLDB R,src - R 9 - - Rotate Digit Left
RR dst,n R 6forn=1 Rotate Right
RRB R Zforn=2 ~ bynbits(n =1, 2)
RRC dst,n R 6forn=1 Rotate Right through Carry
RRCB R Z7forn =2 by nbits(n = 1, 2)
RRDB R,src R 9 - - Rotate Digit Right
SDA . dst, R R (15 + 3n) (15 + 3 n) Shift Dynamic Arithmetic
SDAB . Shift dst left or right
SDAL " by contents of R
SDL dst, R R (15 +3 n) (15 + 3n) Shift Dynamic Logical
SDLB Shift dst left or right
SDLL by contents of R
SLA dst,n R (13 + 3 n) (13 +3n) Shift Left Arithmetic
SLAB. by n bits
SLAL
SLL dst,n R (13 + 3 n) (13 + 3 n) Shift Left Logical
SLLB o by n bits
SLLL
SRA _dst,n R (13 + 3n) (13 + 3 n) 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 RX,.src, Ry,cc IR 20 - - Compare and Decrement
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 is true or Ry = 0
CPI 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, Increment and Repeat
CPIRB- . : Ry - src
Autoincrement src address
Ry — Ry -1
Repeat until cc is 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

. Mnemonics Operands Addr. Word, Byte Long Word Operation
Manipulation . Modes
. NS SS SL NS SS SL
(Continued)
CPSDR dst, src, R, cc IR . (1]l + l4n) Compare String, Decr. and Repeat
CPSDRB dst - src
Autodecrement dst and src addresses
R<~R-1
Repeat until cc istrue or R = 0
CPSI dst, src, R, cc IR 25 - - Compare String and Increment
CPSIB dst - sre
: Autoincrement dst and src addresses
R—~R-1
CPSIR dst, src, R, cc IR (11 + 14 n) Compare String, Incr. and Repeat
CPSIRB dst - src
Autoincrement dst and src addresses
R—R-1
Repeat until cc istrue orR = 0 2]
1]
LDD dst, src, R IR 20 - - Load and Decrement g
LDDB dst — src bt
Autodecrement dst and src addresses %)
R—R-1 a
- X
LDDR dst, src, R IR (11 + 9n) Load, Decrement and Repeat a
LDDRB dst — src
Autodecrement dst and src addresses
R+—~R-1
Repeat untilR = 0
LDI dst, src, R IR 20 - - Load and Increment
LDIB dst « src
Autoincrement dst and src addresses
R—~R-1
LDIR dst, src, R IR (11 + 9n) Load, Increment and Repeat
LDIRB . dst « src
) . Autoincrement dst and src addresses
R~R-1

Repeat untilR = 0

TRDB. dst,src,R IR 25 - - Translate and Decrement
dst «— src (dst)
Autodecrement dst address

R—R-1

TRDRB dst, src, R IR (11 + 14 n) Translate, Decrement and Repeat
dst «— src (dst)
Autodecrement dst address
R—~R-1
Repeat untilR = 0

TRIB dst, src, R IR 25 - - Translate and Increment
dst — src (dst)
I Autoincrement dst address

R—~R-1
TRIRB dst, src, R IR (11 + 14 n) Translate, Increment and Repeat
i dst — src (dst)
\ Autoincrement dst address
R—~R-1

Repeat untilR = 0

TRTDB srcl,src2, R 1R 25 - - Translate and Test, Decrement
' RHI1 « src 2 (src 1)
Autodecrement src | address
R—R-1
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Block Transfer Clock Cycles
and String

Manipulati Mnemonics Operands Addr. Word, Byte Long Word Operation
anipwation Modes ng g5 S Ns SS SL
(Continued) s
TRTDRB srcl,src2,R IR (11 + 14 n) Translate and Test. Decr. and Repeat

RH1 — src 2 (src 1)
Autodecrement src | address
R—~R-1

" RepeatuntilR = O or RH1 = 0

TRTIB srcl,sre2,R IR 25 Translate and Test, Increment
RHI1 « src 2 (src 1)
Autoincrement src 1 address
R—~R-1

TRTIRB srcl,src2, R IR (11 + 14 n) . Translate and Test, Incr. and Repeat -
. RH1 « src 2 (src 1)
Autoincrement src 1 address
R+~ R-1
Repeat until R = 0 or RH1 = 0

Input/ IN* R, sre R, 10 - - Input
Output - INB* , DA 12 - - R « src
IND* dst, src, R IR 21 - - Input and Decrement
INDB* : dst — src )
Autodecrement dst address
R—~R-1
INDR* dst, src, R IR (11 + 10 n) 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 untilR = 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 until R = 0
OUTI* dst,src,R IR 21 - ~ Output and Increment
OUTIB* dst « src
. Autoincrement src address
R+~R-1
OTIR* dst, src, R IR (11 + 10 n) Output, Increment and Repeat
OTIRB* dst — src
Autoincrement src address
R—~R-1

Repeat until R = 0

*Privileged instructions. Executed in system mode only.
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Input/Output
(Continued)

Clock Cycles

Mnemonics Operands Addr. Word, Byte Long Word Operation
Modes N5 ss sL NS S5 sL
SIN* R, src DA 12 - - Special Input
SINB* R+~ src
SIND* dst, sre, R IR 21 - - Special Input and Decrement
SINDB* dst « src )
Autodecrement dst address
R—R-1
SINDR* dst, src, R IR (11 + 10n) Special Input, Decrement and Repeat
SINDRB* dst = src
Autodecrement dst address
R~R-1
Repeat until R = 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 gntil R=0
SOuUT* 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
Autocincrement src address
/ R—~R-1
Repeat until R = 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* int - 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 instructions. Executed in system mode only.

dst « CTLR
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CPU Clock Cycles
Control

(Continued) Mnemonics Operands lﬁd;lr. " Word, Byte Long Word Operation
odes  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
MRBIT * : - - 7 - - . Test Multi-Micro Bit
' Set S if M is Low; reset S if Mj is High.
MREQ* dst R (12 + 7n) Multi-Micro Request V
MRES * - - 5 - - Multi-Micro Reset
MSET * - - 5 - - Multi-Micro Set
NOP - - 7 - - ’ No Operation
RESFLG flag - 7 - - Reset Flag N
(Any combination of C, Z, S, P/V)
SETFLG flag - 7 - - Set Flag
(Any combination of C, Z, S, P/V)
"Privileged'instructions. Executed in 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 . Overtflow P/V =1 0100
N NOV No overflow P/V =0 1100
PE Parity is even P/V =1 0100
PO Parity is odd P/V =0 1100
GE " Greater than or equal (signed) (SXORP/WV) =0 1001
LT * Less than (signed) (SXORP/WV) =1 0001
GT Greater than (signed) [ZOR (SXOR P/V)] = 0 1010
LE Less than or equal (signed) [ZOR (S XOR P/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 identical flag settings and binary fields in the instruction:
Z = EQ,NZ = NE, C = ULT, NC = UGE, OV = PE, NOV = PO
Status ST3-STy Definition ST;-STp 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
0111 Vectored interrupt acknowledge 1111 Reserved
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Pin
Description

ADy-AD)s5. 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 valid.

BUSACK. Bus Acknowledge (cutput, 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 input.

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

ADy [] 1 48] ADs
A, [] 2 a7 ] SN
ADyp[]3 a1 sNs
ADy [ 4 45 ] Ao,
Ay, 5 44 ] Aps
ap; [ 8 4311 ap,
s70F [ 7 421 sn,
AWK a1 [] aps
ADys ] 9 40 I ap,
" apy [ 10 39 [ ap,
+5V E i} 38 % AD,

vi 12 37 SNz
wigne 22" %o
SEaT [ 14 35 [ ] cLock

i [ 15 34[]as
RESET [] 16 33 ] ReserveD
o ] 17 218w
MREG [] 18 st NS
ps 19 30 drw
sty [ 20 29 [7] 5USACK
sT, [ 2t 28 | wWaIT
sty [ 22 27 | ] 5USREG
sT, [ 23 26 [ sN,
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
is in the normal or system mode.

NVI. Non-Vectored Interrupt (input, 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 is 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.

SNp-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. QOutput by the Z8001 only.

STg-STs. Status (outputs, active High, 3-state).
These lines specily the CPU status (see table).

STOP. Stop (input, active Low). This input can
be used to single-step instruction execution.

VI. 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 is not ready for data transter.

Reserved. Do not connect.

apg [ 1 40 [ ap,
AD1g E 2 39 J ADg
Apy [ 3 38 [] ap,
AD [ 4 37 ] ADs
ap [ 5 36 |1 Ap,
stop[] s 35 [] Ap;
w07 34| Ap,
apys [ 8 33[] Ao,
ADu [ 9 32 [] A,
+sv 10 28002 [] anD
vi[] 1 30 [] cLock
NV [] 12 29[ AS
Nmi [ 13 28 | ] RESERVED
RESET [ 14 27 ] 8iW
Mo [ 15 26 [ NS
MREG [] 16 25 [ ”RW
bs [] 17 24 [[] BUSACK
st [] 18 23 [] WAIT
sT; [ 19 22 [7] BUSREQ
st [ 20 21[] ST

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
tollowing 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 exaci 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 CP1J 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

T | T2

read cycle, a 16-bit address is placed on the
ADg-ADj5 outputs early in the first clock
period, as shown in Figure 12. (In the 28001,

Ta

cLocK | I
VIAIT \
¢— INSERTS WAIT STATE
STATUSES
(B/W, NIS, \V,
STo-ST) /\

SHo-SHe SEGMENT NUMBER

X

»
[

= [\

\

/___

/

AD A
READ /QHEMOR\‘ ADDRESS|

DS
READ

DATAIN

RIV/
READ

X\‘IEMORY ADDRESS X

AD
WRITE

allg

DATA OQUT

bS5
WRITE

nivi ¢
WRITE

N2

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 SNp-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-Dy5) is addressed by the low-order address
middle of the second clock cycle by the falling (Ag = Low), and the least significant byte
edge of Clock. If WAIT is Low, an additional (Dg-D7) is addressed by the high-order
clock period is added between Ty and T3. address (Ag = High).

WAIT is sampled again in the middle of this
Input/ I/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 /O addresses.
ically inserted between Ty and T3 (Figure 13).
Ty T2 Twa ’ Ta
CLOCK ) l ~ I I
WAIT
A/INSERT WAIT STATE
s X X
NIS Low
s TN\ /
—_— HIGH
MREQ
oD X PORT ADDRESS| :)- —————— C
INPDU—$ \ ’
RIW / \
INPUT
ot x PORT ADDRESS! X DATA OUT X
ounPué \ / ‘
o |\ /
Figure 13. Input/Output Timing
2045-0289
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Interrupt and The Z8000 CPU recognizes three interrupt
Segment inputs (non-maskable, vectored and non-
Trap Request vectored) and a segmentation trap input. Any

and

High-to-Low transition on the NMI input is

Acknowledge asynchronously edge detected and sets the

i,

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 T
in the last machine cycle of any instruction.

In response to an interrupt or trap, the sub-
sequent IF] cycle is 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 is decremented in
preparation for pushing starting information
onto the system stack.

The next machine cycle is the interrupt

| 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 ADp-AD;5 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 exira user status. For the segmentation
trap, the high byte is the Memory Management
Unit identifier and the /low byte is undefined.

After the acknowledge cycle, the N/S output
indicates the automatic change to system
mode. :

ACKNOWLEDGE STATUS
CYCLE

CYCLE OF ANY \
INSTRUCTION (ABORTED)

‘ T T2 T 1 aseseesaes T T T2

SAVING
AUTOMATIC WAIT STATES

/ N/ \

NN\

N

INTERNAL
Nl

ACKNOWLEDGE

DO

. IDENTIFIER

MREQ

Figure 14. Interrupt and Segrhont Trap Request/Acknowledge Timing

Status . The machine cycles following the interrupt
Saving acknowledge or segmentation trap acknowl-
~ Sequence 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 identifier.
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 A Low on the BUSREQ input indicates to the
Acknowledge CPU that another device is requesting the

Timing

Address/Data and Control buses. The asyn-
chronous BUSREQ input is synchronized at the
beginning of any machine cycle (Figure 15). If

BUSREQ is Low, an internal synchronous
BUSREQ signal is 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 is released, it is synchron- control of the bus.
ized with the rising clock edge and the
i Y M CYCLE AVAILABL
CLOCK | r————- | | | | I__
SUSREQ-\ 7
G e
BUSACK \
a—\_/*“;__ _______________ a
SN :)._._ _<
AD pad B S ..<
rEa VA
BIW.:?W,SJI% ¥ ~\SAME AS PREVIOUS CYCLE
Figure 15. Bus Request/Acknowledge Timing
Stop The STOP input is 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 Tj,
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 is completed, any
remaining T states of the IF| cycle are then
executed and the CPU continues its operation.

KX

< < REFRESH
AD re - -~ Abohess > —

INSTRUCTION

/' \

REFRESH —_
ADDRESS

N\ /

I S—

MEMORY REFRESH

/\
X
/7

>< <

WREQ
STo-ST3 x 18
BIW \

RIW HIGH

Figuro 16. Stop Timing

2045-0291, 0292
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Certain extended instructions, such as
Multiply and Divide, and some special instruc-
tions need additional time for the execution of
internal operations. In these cases, the CPU
‘goes through a sequence of internal operation
machine cycles, each of which is three to eight

clock cycles long (Figure 17). This allows fast
response to Bus Request and Refresh Request,
because bus request or refresh cycles can be
inserted at the end of any internal machine
cycle.

T

STo-8T3 X INTERNAL OPERATION

= I\

\
AD X UNDEFINED r-
/'

MREQ, DS, RIW

HIGH

BIW UNDEFINED

NIS SAME AS PREVIOUS CYCLE

l

Figure 17. Internal Operation Timing

Momory When the 6-bit prescaler in the refresh

Refresh counter has been decremented to zero, a
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-AD5 are undefined (Figure 18). Since
the memory is word-organized, Ag is always
Low durin? refresh and the refresh counter is

always incremented by two, thus stepping
through 256 consecutive refresh addresses on
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.

—

cLock l

l

|

£
>
3

8To-3T, X

REFRESH

T\

\
AD X REFRESH ADDRESS Yo o ==
—

[13

RIW, IV, m§} SAME A PREVIOUS CYCLE

Figure 18. Memory Refresh Timing
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Halt

A HALT instruction executes an unlimited
number of 3-cycle internal operations,
inter-spersed with memory refresh cycles
whenever requested. An interrupt, segmenta-
tion trap or reset are the only exits from a
HALT instruction.

The CPU samples the VI, NVI, NMI and
SEGT inputs at the beginning of every T3
cycle. If an input is found active during two
consecutive samples, the subsequent IF; cycle
is exercised, but ignored, and the normal
interrupt acknowledge cycle is started.

Reset

$To-8T,

BUSACK

A Low on the RESET input causes the follow-
ing results within five clock cycles (Figure 19):

‘B ADg-ADj5 are 3-stated

@ AS, DS, MREQ, ST-ST3:
BUSACK and MO are forced High

B SNp-SNg are forced Low
Refresh is disabled
B R/W, B/W and N/S are not affected

When RESET has been High for three clock
periods, two consecutive memory read cycles

are executed in the system mode. In the Z8001,
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. '

ALL HIGH

(IEAE

L~ N A

Figure 19. Reset Timing

2045-0295
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Composite

AC Timing RESET
Diagram
nmi
This composite timing dia-
R gram does not show actual
VI, NVI timing sequences. Refer to
this diagram only for the
detailed timing relationships
SEGT of individual edges. Use the
preceding illustrations as an
explanation of the various
ﬁ timing sequences.
[
Mo
Timing m%as?rﬁments are
made at the following
sTOoP % voltages:
High Low
—— Clock 4.0V 0.8v
WAIr )4 Output 2.0V 0.8V
Input 2.0V 0.8V
" Float AV 205V
GUSREQ XA X
G ©) .
BUSACK v AT v
27 @
()
- -®
4 p
cock /) Z S S
N ®
mOne =~
SHo-SNg X - N e
O —®
i R
ADDRESS S -
N .
S . ——
L (@D— =@~
ADo-AD15 DATA IN @ :>§ o
~ S
bt et “1
H ®~ I~
DATA OUT 1 g 4
® b —
) 16
D ® @ - @ 74
WMREQ A N @ P o —
¢ ~—@® \ ‘.ﬁ
s ‘ @4 @] — - e
@ —®—
. l. ) "
() PR—
MEMORY READ _/ ~ *(V St e
MEMORY WRITE _/
Ds
INPUTIOUTPUT _/
" INTERRUPT
ACKNOWLEDGE _/
STo-ST.
READﬁgnﬁ‘éz
NORMAL/SYSTEM,
BYTEIWORD
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28001/Z8002  Z8001A/Z8002A Z8001B/Z8002Bt

Number Symbol Paramotor 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) ) 108 2000 70 2000 40
4 TiIC Clock Fall Time 20 10 10
5 TrC Clock Rise Time 20 —15 10—
6 TdC(SNv) Clock 1 to Segment Number Valid . 130 110 70
(50 pF load) i
7 TdC(SNn) Clock 1 to Segment Number Not Valid 20 10 5
8 TdC(Bz) Clock t to Bus Float 65 55 40
9 TdC(A) Clock 1 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 Valid 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
18— ThDR(DS) Read Data to DS t 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 - B85 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 1 Delay 80 60 45
24 TdC(ASH) Clock t 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) AS 1 to Read Data Required Valid 360" 220" 140*
28 TdDS(AS) DS t 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 1 Delay 70 65 45
35— TdDS(DW)—— DS 1 to Write Data Not Valid 75* 45* 25*
36 TdA(DSR) Address Valid to DS (Read) | Delay 180" 110* 65*
37 TdC(DSR) Clock 1 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/0) | to Read Data Required Valid 330* 210* 120*
42 TdC(DSf) Clock | to DS (/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 1 Setup Time R 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 1 Setup Time 140 70 50
53 TsVI(C) VI, NVI to Clock 1 Setup Time 110 50 40
54 ThVI(C) VI, NVI to Clock t Hold Time Z0 - 20 10
55 TsSGT(C)——— SEGT to Clock 1 Setup Time - 70 55 40
56 ThSGT(C) SEGT to Clock 1 Hold Time 0 0 0
57 TsMI(C) MI to Clock ! Setup Time 180 140 80
58 ThMI(C) MI to Clock ! 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 t Setup Time 90 80 60
65— ThBRQ(C)—— BUSREQ to Clock ! Hold Time 10 —10 5
66 TdC(BAKTr) Clock 1 to BUSACK 1 Delay 100 75 60
67 TdC(BAKI) ' Clock t to BUSACK | Delay 100 . 75 60
68 TwA Address Valid Width 150* 95* 50*

69. TdDS(S) DS 1 to STATUS Not Valid 80" 55* 30*

*Clock-cycle-time-dependent characteristics. See table on following page. t Units in nanoseconds (ns). All timings are preliminary. 163
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. 28001/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) TeC +.TwCh - 60 ns TeC + TwCh - 40 TeC+ TwCh - 30 ns

17 TdA(MR) TwCh - 50 ns TwCh - 35 ns TwCh - 20 ns

19—— TwMRh~———TcC - 40 ns TcC - 30 ns TcC - 20 ns

20 TdAMR(A) TwCl - 35 ns TwCl - 35 ns TwCl - 20 ns

21 TdDW(DSW) TwCh - 50 ns TwCh - 35 ns TwCh - 25 ns

22 TdMR(DR) 2TcC - 130 ns 2TcC - 100 ns 2TcC - 60 ns

25 TdA(AS) TwCh -450 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———— TcC + TwCh - 105 ns TeC + TwCh - 70 ns

35 TdDS(DW) TwCl - 30 n; TwCl - 25 ns TwCl - 15 ns

36 TdA(DSR) TcC - 70 ns TcC - 55 ns TeC - 35 ns

38 TwDSR * TcC + TwCh - 80 ns TeC + TwCh - 80 ns TeC + TwCh - 30 ns

40 TwDSW TcC - 65 ns TeC - 85 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

TcC - 70 ns
TwCl - 15 ns

4TcC + TwCl - 30 ns
2TcC + TwCh - 75 ns
TwCh - 30 ns

TcC - 50 ns

TwCl - 10 ns
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Absolute

Voltages on all inputs and outputs

Stresses greater than those listed under Absolute Maxi-

Maximum withrespectto GND.......... -0.3Vto +7.0V mum Ratings may cause permanent damage to the device.
Ratingas . . This is a stress rating only; operation of the device at any
g Operating Ambient condition above those indicated in the operational sections
Temperature........ See Ordering Information of these specifications is not implied. Exposure to absolute
i ti diti f tended iod fect
Storage Temperature........ -65°Cto +150°C gﬁgﬁ:ﬁg,‘;ﬁg?on Hons for exlended periods may atiec
Test The characteristics below apply for the +sv
Conditions . following test conditions, unless otherwise ax
noted. All voltages are referenced to GND )
ps . FROM OUTPUT
(0 V). Positive current flows into the refer- UNDER TEST
enced pin. Available operating temperature
ranges are: ’ 100 pF "
o S* = 0°Cto +70°C, :[
+4.75V =<V < +528V = T 7
O E* = —40°C to +85°C, :
+4.75V < Voo < +5.25V All ac parameters assume a total load
R o Cmmo capacitance (including parasitic capacitances)
o M* = —-55°C to +125°C,
445V <V < +55V of 100 pF max, except for parameter 6 (50 pF
= cec = T 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
_Ch'arqder' VcH Clock Input High Voltage Vee-04 Vece+0.3 v "Driven by External Clock
istics Generator
Veo Clock Input Low Voltage -0.3 0.45 A Driven by External Clock
Generator
Vig Input High Voltage 2.0 Vec+0.3 v
Vig ReSeT  Input High Voltage on RESET 2.4 Voo to .3 A
pin .
ViL Input Low Voltage -0.3 0.8 A
Vou Output High Voltage 2.4 v Ioy = -250 pA
VoL Output Low Voltage . 0.4 .V Iop, = +2.0 mA
I Input Leakage +10 pA 04 = V= +24V
L SEGT Input Leakage on SEGT pin -100 100 uA
IoL Output Leakage +10 uh 04 < V= +24V
Icc Ve Supply Current 300 mA
8085-0006 165
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Ordering Product Package/ Product Package/

Information Number Temp Speed Description Number Temp Speed Description

78001 CE 4.0 MHz CPU (segmented, Z8002 DS 4.0 MHz CPU (nonseg-
S 48-pin) i’ mented, 40-pin)
78001 CM 4.0MHz  Same as above 78002 PE 4,0 MHz  Same as above
78001 CMB 4.0 MHz Same as above 78002 PS 4.0 MHz Same as above
78001 CS 4.0 MHz  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
780014 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 Z8002B CE 10.0 MHz  Same as above
- Z8001A PE 6.0 MHz Same as above - 7Z8002B CM 10.0 MHz Same as above
Z8001A PS 6.0 MHz  Same as above 28002B CMB 10.0 MHz  Same as above
78002 CE 4.0 MHz CPU (nonseg- Z8002B = CS 10.0 MHz  Same as above
mented, 40-pin) 78002B DE 10.0MHz Same as above
28002 CM.  4.0MHz  Same as above 78002B DS 10.0MHz Same as above
28002 CMB  4.0MHz  Same as above 78002B PE  10.0MHz Same as above
28002 CS ~ 40MHz  Same as above 78002B PS 10.0MHz Same as above

28002 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, 3 = 0°C to +70°C.
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- Z8003/4 Z8000™ Z-VMPU

Virtual Memory
Processing Unit

Product
Specification

September 1983

FEATURES

2]

Regular, easy-to-use architecture.

Instruction set more powerful than many minicom-
puters.

O Direct addressing capability of up to 8M bytes in
each address space.

O Supports
systems.

implementation of virtual - memory

Eight user-selected addressing modes.

Wide range of data types including bits, bytes,

words, 32-bit long words, and byte and word strings. -

B Binary-compatible with Z8001/2 CPUs.

Separate System and Normal operating modes.
B Sophisticated interrupt structure.

B Resource-sharing capabilities for multlprocessmg
systems.

@ Multi-programming support.

O 32-bit operations,
divide.

o Z-BUSTM compatible.
O Multiple clock rates: 4, 8, or 10 MHz.

including signed multiply and

GENERAL DESCRIPTION

The Virtual Memory Microprocessor Units (Z8003 and
78004 Z-VMPUs) accommodate applications that range
from the simplest to the most compiex.

The Z8003 Z-VMPU wuses both segmented and
nonsegmented address spaces. It also provides facilities
for the implementation of demand segment swapping or
a demand paged virtual memory system.

The Z8004 Z-VMPU uses only nonsegmented address
spaces. It also provides facilities for the implementation
of a demand paged virtual memory system.

Both Z-VMPUs interface with the entire Z8000 Family of
support components. Used alone or with Z8000 Family
components, the advanced architecture of these LSI
Z-VMPUs permits the implementation of systems that
have the flexibility and the sophisticated features usually
associated with minicomputers or mainframe com-
puters. ‘

" The Z8003/4 microprocessors are binary compatible

with other Z8000 Family microprocessors. The features

- that distinguish these microprocessors from the Z8001
and Z8002 microprocessors are the abort capability and -

the Test and Set status.

An abort request function aids in the implementation of
virtual memory systems. The abort function is initiated

~ by memory management circuitry external to the

Z-VMPU when an address issued by the Z-VMPU
references information (data or instructions) that is not in
main memory. After the abort interrupt function, a ser-
vice routine must bring the page or segment containing
the addressed data into main memory. The mainstream
program is then restarted at the point of interruption. An
abort interrupt differs from a standard interrupt in that
the executing instruction is stopped immediately upon

. detection of the interrupt; this prevents the loss of infor-

mation needed for a successful restart.
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The Test and Set instruction (TSET), in addition to its
semaphore test and set function, causes status code
1111 to be placed onto output lines STp—ST3 during the
data read bus transaction. It can be used by external cir-
cuitry to lock memory to prevent it from being accessed
by any other device during the execution of the current
TSET instruction.

The architectural features of the Z-VMPU combine to
produce a powerful and versatile microprocessor. These
features result in the following benefits:

High-density code
Efficient compilation of programs
Support for typical operating system operations

Complex data structures

Large-scale virtual memory systems

e —————————

The Z-VMPU is designed so that a powerful memory
management system can be used to improve the utiliza-
tion of the main memory either as a standard memory or
as a virtual memory configuration. Zilog produces
Memory Management Units (Z-MMUs) designed for use
with the 28003 Z-VMPU to implement both virtual and
nonvirtual memory systems.

The architectural resources of the Z-VMPUs include six-
teen I6-bit registers, seven data types (ranging from bits
to 32-bit words, and byte and word strings), eight ad-
dressing modes, and a powerful instruction set.

A general mechanism has been provided for extending

the basic instruction set through the use of external
devices called Extended Processing Units (EPUS). In
general, an EPU is dedicated to performing complex and
time-consuming tasks (such as floating-point arithmetic)
so as to unburden the Z-VMPU. Figure 1 shows a
simplified block diagram of the Z-VMPU. .

I REFRESH |
CONTROL
GENERAL ARITHMETIC
I PURPOSE LOGIC
REGISTERS UNIT l
| REFRESH
I COUNTER l
I < INTERNAL DATA BUS > INTZE.:glskcE
l I insTRUCTION | PSAP |
| _BUFFER | PROGRAM I:____I
| —_———— STATUS I
REGISTERS .
I INSTRUCTION
EXECUTION r————n EXCEPTION |
CONTROL F— _PCc 4 HANDLING
I . ow CONTROL I
28000 CPU |

Figure 1. Block Diagram
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ARCHITECTURE

General-Purpose Registers

The Z-VMPU is a register-oriented machine that contains
sixteen 16-bit general-purpose registers. All general-
_purpose registers can be used as accumulators and all
but one can be used as index registers or. memory
pointers.

Register flexibility is created by grouping and overlap-
ping multiple registers (Figure 2). For byte operations,
the first eight 16-bit registers can be treated as sixteen
8-bit registers. The sixteen 16-bit registers can also be
grouped in pairs to form eight 32-bit long-word registers.
Similarly, the register set can be grouped in quadruples
to form four 64-bit registers.

Stacks. Z-VMPUs can use stacks located anywhere in
main memory. Call and Return instructions, as well as in-
terrupts and traps, use an implied stack. Two stack
pointers are available, the System Stack Pointer and the
Normal Stack Pointer. The two stacks separate
operating system (System mode) information from ap-
plication program (Normal mode) information. The user
can manipulate the Stack Pointer with any instruction
available for register operations because the Stack
Pointer is part of the general-purpose register group.

In the Z8003 Z-VMPU, register pair RR14 is the implied

Stack Pointer for segmented operation. Register R14

contains the 7-bit segment number and R15 contains the

16-bit offset. Register R15 is used as the Stack Pointer

during nonsegmented operation. Since the Z8004 runs

only in the nonsegmented mode, register R15 is used as
~ the Stack Pointer.

Ro[7 RHO o}

R [15 RH1

R2 | RH2

RQO

R3 [ RH3

Ra | RH4

Rs [ RHS

RQ4

R | RHE

A7 [ RH7

RQ8

R14’ | SYSTEM STACK POINTER (SEG. NO.) RQ12
R14 I (NSPSEG) NORMAL STACK POINTER (SEG. NO.)

R15’ | SYSTEM STACK POINTER (OFFSET)
R15 [ (NSPOFF) NORMAL STACK POINTER (OFFSET)

Z8003

GENERAL
PURPOSE
REGISTERS

Special-Purpose Registers

The Z-VMPUs also provide 16-bit special-purpose
registers. These registers include Program Status
registers, Program Status Area Pointer register(s), and a
Refresh Counter. The configurations of the special-
purpose registers for the Z8003 and 28004 Z-VMPUs are
shown in Figure 3.

Program Status Registers. This group of registers con-
sists of the Program Counter (PC) register and the Flag
and Control Word (FCW) register. The PC register con-
tains the address of the next instruction to be loaded into
the CPU. The low-order byte of the FCW register con-
tains the following flags:

C, Carry flag, is used to indicate that a carry was made
out of the high-order bit position of a register used as an
accumulator.

Z, Zero flag, is generally used to indicate that the result
of an operation was zero.

S, Sign flag, is generally used to'indicate that the result
of an operation was negative.

P/V, Parity/Overflow flag, is generally used to indicate
either even parity (after logical operations on byte
operands) or an overflow condition (after arithmetic
operations).

D, Decimal-Adjust flag, is used in BCD arithmetic to in-
dicate the type of instruction that was executed (addition
or subtraction).

RLO 0

=

Ro [ RHO

R | RH1 RL1

RQO

R2 [ RH2 ' RL2

R3 [ RH3 RL3

Ra | RH4

Rs [ RH5

Re [ RH6

R RH7 : RL7

.
-
-
.
i o
B
|
|

Ro [

R0 |

RR10

R11

A1z [

RR12

E]
~
o

[N [N NN NN B NN B N By RS iy NN GUNS g W B DU By R By S gy NNy BT

R13 [

RQ12

R14 [

RR14

R15' | SYSTEM STACK POINTER (OFFSET)
Ri1s [ NORMAL STACK POINTER (OFFSET)

28004

Figure 2. Z-VMPU General-Purpose Registers
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H, Half Carry flag, is used to convert the binary result of
a previous addition or subtraction into the correct
decimal (BCD) result. .

The high-order byte of the FCW register contains control
bits which are used to control the Z-VMPU operating
modes and to enable various types of interrupts. The
following control bits are contained in the FCW:

NVIE, Nonvectored Interrupt Enable bit. This bit must
be 1 to enable the Z-VMPU to accept non-vectored inter-
rupts.

VIE, Vectored Interrupt Enable bit. This bit must be 1
to enable the Z-VMPU to accept vectored interrupts.

S/N, System/Normal bit. This bit indicates the current
Z-VMPU operating mode. When 0, S/N specifies Normal
mode; When 1, S/N specifies System mode. The Z-VMPU
output N/S represents the-complement of this bit.

EPA, Extended Processor Architecture mode bit.
This bit, when 1, indicates that the system contains an
Extended Processing Unit (EPU) and extended instruc-
tions are to be executed by the appropriate EPU. When
0, this bit specifies that extended instructions will be
trapped for software emulation.

SEG, Segmentation mode bit (Z8003 only). When 1,
this bit specifies that the Z-VMPU is in segmented ad-

dressing mode; when 0 it specifies that the Z-VMPU is.in’

the nonsegmented addressing mode.

15 . 0

onen‘onoonoooouanlnssznvsn
IlllllllllllllllwORD

— I FLAG AND
ISEG' SIN IEPA VIE |NVIE| 0 0 0 [ c I z | s | PV I bl l H I 0 o CONTROL
] 1 | WORD

I o | SEGMENT NUMBER
1 1 1 ! 1 ]

IOIOIO 0, 0 0 Oﬂl

PROGRAM
COUNTER

SEGMENT OFFSET
| B -

28003

FLAG AND
CONTROL
WORD

PROGRAM
COUNTER

0
[Tl oo s oo o e [z s [m] o o] o .7 ]
| |

[ ADDRESS
[ l I l 1 1 | L L 1 1

28004

Figure 3. Program Status Registers

Program Status Area Pointer (PSAP) Register. A Pro-
gram Status Area (PSA) array in main memory is used to
store new program status information (i.e., sets of FCW
and PC values). Each time an interrupt or trap occurs,
the current program status is saved and a new program
status is loaded into the status registers from the Pro-
gram Status Area. The address of the table that contains
new program status values is contained in a Program
Status Area Pointer (PSAP) register (Figure 4). The low-
order byte of the offset address is assumed to be all
zeros; therefore, the Program Status Area must start on
a 256-byte boundary.

Refresh Register. The Z-VMPU contains a program-
mable counter that automatically refreshes dynamic
memory. The Refresh Counter register consists of a 9-bit
row counter, a 6-bit rate counter, and an Enable bit
(Figure 5). The 9-bit row counter can address up to 256
rows and is incremented by two each time the rate
counter reaches end-of-count. The rate counter deter-
mines the time between successive refreshes. It con-
sists of a programmable, 6-bit modulo-n prescaler (n =

1-64), driven at one-fourth the Z-VMPU clock rate.

Refresh can be disabled by programming the refresh
Enable/Disable bit. If this register is not needed for
memory refresh, it can function as an on-board internal
timer. ,

SEGMENT NUMBER
° IR A R T

UPPER OFFSET °
L

I >I UTPERI;OINTIERI o, 06 0,0 0 0

-Z8004

Figure 4. Z8003 Program Status Area
Pointer (PSAP) Registers

Figure 5. Refresh Register/Counter
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SYSTEM AND NORMAL MODES

The Z-VMPUs can run in either System or Normal mode.
In System mode, all instructions can be executed and all
Z-VMPU control registers can be accessed. This mode is
useful in programs that perform operating system func-
tions.

In Normal mode, some instructions, such as the I/0 in-
structions, cannot be executed. In addition, the Z-VMPU
control registers cannot be accessed. This mode is in-
tended for use by application (user) programs.

The use of separate Z-VMPU System and Normal modes
promotes the integrity of the system by preventing user
programs from having access to the operating system
and the control registers. The current operating mode is
specified by the S/N bit of the FCW register. The comple-
ment of the state of this bit is output by the Z-VMPU on
line N/S. Output N/S can be used to separate System and
Normal address spaces.

ADDRESS SPACES

Programs and data can be located in the main memory
of the computer system or in peripheral devices. In
either case, the location of the information must be
specified by an address before that information can be
accessed. A set of these addresses is called an address
space.

The Z-VMPUs support two different types of addresses
and thus two categories of address space:

O Memory addresses, which specify locations in main
memory.

o 1/O addresses, which specify the ports through
which peripheral devices are accessed.

Within the two general types of address spaces (memory
and 1/0), there are several subcategories. Figure 6

shows the address spaces that are available on both.

types of Z-VMPUs.

The difference between the Z8003 and the Z8004
Z-VMPUs lies not in the number and type of address
spaces, but rather in the organization and size of each
space. For the Z8003, the memory address space con-
tains 8M bytes of addresses grouped into 128 separate
segments. For the Z8004, the memory space is a
homogeneous collection of 64K bytes of addresses. In
both the Z8003 and the Z8004, each /O address space
contains 32K byte port addresses and 64K word port ad-
dresses.

When an address is used to access data, the address
spaces can be distinguished by the state of the status
lines (STp—-ST3) and by the value of the Normal/System
line (N/S). The states of the four status lines are deter-
mined by the way the address was generated. The value
of the N/S output line is the complement of the S/N con-
trol bit in the FCW register.

The 23-bit segmented addresses are divided into 7-bit
segment identifiers (segment numbers) and 16-bit off-
sets to address locations relative to the beginning of the
specified segment. In hardware, segmented addresses
are contained in a register pair or in a long-word memory
location. The segment number and offset of an address
can be manipulated separately or together by all
available word and long word operations.

In an instruction, a segmented address can have one or
two representations; long-offset or short-offset. A long-
offset address occupies two words, with the first word
containing the 7-bit segment number and the second
word containing the 16-bit offset. A short-offset address
requires only one word, which combines the 7-bit seg-
ment number with an 8-bit offset (range 0-256). The
short-offset mode allows very dense encoding of ad-
dresses and minimizes the need for long addresses to
directly access each 8M byte address space.

Nonsegmented addresses are 16 bits and Ipermit access
of up to 64K of contiguous byte locations.

The Z8004 operates only in the nonsegmented address
mode. The Z8003 can operate in either the segemented
or nonsegmented address mode. When the Z8003 is in
nonsegmented mode, all address representations
assume implicitly the segment number contained in the
7-bit segment number field of the PC.

IO Addresses

There is a set of I/O instructions that perform 8- or 16-bit
transfers between a Z-VMPU and its 1/O devices. 1/O
devices are addressed with 16-bit /O port addresses. An
I/O port address is similar to a memory address;
however, the 1/0 address space is not part of the
memory address space. Memory-mapped l/O can be im-
plemented by dedicating memory locations to 1/0 device
registers. Two types of I/O instruction are available:
Standard and Special. Each type has its own address
space. Special /O instructions are used for loading and
unloading memory management units.

MEMORY ADDRESS SPACES

SYSTEM MODE | NORMAL MODE

INSTRUCTIONS | INSTRUCTIONS
DATA DATA
STACK STACK

/O ADDRESS SPACES

SYSTEM MODE

STANDARD I/0
SPECIAL /O

Figure 6. Address Spaces on the 28003 and Z8004
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INSTRUCTION ADDRESSING MODES

The information included in Z-VMPU instructions con-
sists of the function to be performed, the type and size of

data elements to be manipulated, and the locations of

the data elements. Locations are designated by register
addresses, memory addresses, or 1/0 addresses. The
addressing mode of a given instruction defines the
method used to compute the address. Addressing
“modes are explicitly specified or implied by the instruc-
tion. Locations are designated using one of the following
addressing modes:

Register Mode (R). The data element is located in
one of the 16 general-purpose registers or a control
register.

Immediate Mode (IM). The data element is located
in the instruction.

Indirect Register Mode (IR). The data element can
be found in the location whose address is given in a
specified register.

Direct Address Mode (DA). The data element can
be found in the location whose address is given in
the instruction.

E Index Mode (X). The data element can be found in
the location whose address is the sum of the con-
tents of an index value in a specified register and an
address in the instruction.

Relative Address Mode (RA). The data element
can be found in the location whose address is the
sum of the contents of the Program Counter and a
displacement given in the instruction.

@ Base Address Mode (BA). The data element can be
found in the location whose address is the sum of a
base address in a specified register and a displace-
ment given in the instruction.

@ Base Index Mode (BX). The data element can be
found in the location whose address is the sum of a
base address in one specified register and an index
value in a second specified register.

INSTRUCTION SET

Major Groups

The major groups of instructions provided by the
Z-VMPU are described in the following paragraphs. A
detailed summary of the instructions is presented in
Table 3 (located at the back of this document).

Load and Exchange. These instructions move data
among registers or between registers and main memory.

Arithmetic. These instructions perform integer
arithmetic. The basic instructions (e.g., add, subtract,
multiply and divide) in this group use standard two’s
complement binary format. Support is also provided for
implementing BCD arithmetic. '

Logical. These instructions perform logical operations
(i.e., AND, OR, XOR, and complementation) on the bits of
specified operands. The operands can be bytes or
words. The Test Long (TESTL) instruction, however, per-
mits logical operations to be performed on 32-bit quan-
tities.

-Program Control. These instructions affect the Pro-
gram Counter, thereby controlling program flow.

Bit Manipulation. These instructions manipulate in-
dividual bits in registers or main memory.

Rotate and Shift. These instructions shift and rotate the
contents of registers.

Block Transfer and String Manipulation. These in-
structions perform string comparisons, string transla-
tions, and block transfer functions.

~Input/Output. These instructions transfer bytes, wordg,

or blocks of data between peripheral devices and the
Z-VMPU registers or main memory.

Z-VMPU Control. These instructions modify Z-VMPU
control and status registers or perform those functions
that do not fit into any of the preceding instruction
groups.

Extended. These instructions perform Extended Pro-
cessor Unit (EPU) internal operations, data transfers be-
tween memory and EPU, data transfers between EPU
and the Z-VMPU, and data transfers between EPU flag
registers and the Z-VMPU Flag And Control Word (FCW).

Processor Flags

The processor flags contained by the program status
registers provide a link between sequentially executed
instructions. The link is provided in the sense that the
result of executing one instruction may alter one or more
flags. The new flag values (states) can then be used to
determine the operation of a subsequent instruction
(typically a conditional jump instruction). The following
six flags are available for use by the programmer and the
processor:

Carry (C)

|- Zero (2)

B Sign (S)
Parity/Overflow (P/V)
Decimal-Adjust (D)
Half Carry (H)

-

172



Table 1. Condition Codes

CC Field
Code Meaning Flag Settings Binary Hex
F  Always false — ' 0000 0
T  Always true —_ 1000 8
Z Zero Z=1 0110 6
NZ Not zero Z= 1110 E
C Carry ‘ C=1 0111 7
NC No carry C=0 1111 F
PL Plus S=0 1101 D
Ml Minus S=1 0101 5
NE Not equal Z=0 1110 E
EQ Equal Z=1 0110 6
OV Overflow PV =1 0100 4
NOV No overflow PV =0 1100 C
PE Parity is even PNV =1 0100 - 4
PO - Parity is odd PV =20 1100 C
GE Greater than or equal (signed) (SXORPIV) =0 1001 9
LT Less than (signed) (S XOR P/V) = 1 0001 1
GT  Greater than (signed) [ZOR (S XOR PNV)] = 0 - 1010 A
LE Less than or equal (signed) [ZOR (S XOR PV)] = 1 0010 2
UGE Unsigned greater than or equal C=0 1111 F
ULT Unsigned less than C=1 0111 7
UGT Unsigned greater than [(C=0ANDZ=0]=1 1011 B
ULE Unsigned less than or equal (CORZ) =1 0011 3

Noto: Some condition codes have identical flag settings and binary fields in the instruction, i.e., Z = EQ, NZ = NE, C = ULT, NC = UGE, OV = PE,

NOV = PO.
\

Condition Codes

Flags C, Z, S, and P/V are used to control the operation
of conditional instructions (such as Conditional Jump).
The operations performed by this type of instruction de-
pend on whether or not a specified Boolean condition ex-

ists on the four flags. Sixteen functions of the flag set-
tings found to be frequently used are encoded in a 4-bit
condition code (CC) field, which forms a part of all condi-
tional instructions. These 16 codes are described in
Table 1.

MULTI-MICROPROCESSOR RESOURCE
CONTROL '

The Z8003 and Z8004 Z-VMPUs include both hardware
and software support for controlling access to shared
resources in multi-microprocessor systems. Z-VMPU
pins Ml (Multi-Micro In) and MO (Multi-Micro Out) and in-
structions MSET (Set MO), MREQ (access request),
MBIT (Test MI), and MRES (reset MO) can be used to

form a prioritized resource access control system. Such
a system would, for a Z-VMPU, 1) issue requests for ac-
cess to a shared resource, 2) test the access status for

the resource (available/not available) and 3) when ac-

cess is granted, exclude all other Z-VMPUs in the system
from the resource until-use of the resource is complete.
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TEST AND SET INSTRUCTION (TSET)

The TSET instruction implements. synchronization
mechanisms in multiprogramming and multiprocessing

“environments. TSET tests and sets semaphores that .

control access to shared resources. The testing and set-
ting of a semaphore requires the semaphore to be read
from memory, modified, then written back into the same
memory location. To prevent other processors from re-
" questing access to a resource during a test and set pro-
cess, status code 1111 is placed onto status lines
STo-ST3 during the data read transaction to specify that

an uninterruptable memory operation is taking place.
Status code 1111 is particularly useful in a multiple
microprocessor environment to permit external circuitry
to preclude memory access by another device between
the read transaction and the write transaction of the test
and set operation. Request input BUSREQ is also dis-
abled during a test and set operation to ensure that the
test and set operation is not interrupted; this action is
useful in a single-processor system. )

EXTENDED PROCESSING ARCHITECTURE

The Z-VMPU has an Extended Processing Architecture
(EPA) facility which extends the basic functions of the
Z-VMPU by using external devices called Extended Pro-
cessing Units (EPUs). A special set of extended instruc-
tions controls the operations to be performed by each
EPU. When a Z-VMPU encounters an extended instruc-

tion, it either traps the instruction, or it performs the data
transfer portion of the instruction. The data manipulation
portion of the instruction is executed by the involved
EPU. Whether the Z-VMPU traps or transfers data
depends on the setting of an EPA bit in its Flag and Con-
trol Word (FCW) status register.

EXCEPTIONS

The Z8003 and Z8004 Z-VMPUs support four types of ex-
ceptions (conditions that alter the normal flow of pro-
gram execution): interrupts, traps, instruction aborts,
and reset.

Interrupt and Trap Structure

The Z8003 and Z8004 Z-VMPUs have a flexible and
powerful interrupt and trap structure. Interrupts are ex-
ternal events requiring Z-VMPU attention and are
generally triggered by peripherals needing service.

Traps are synchronous events resulting from the execu- .

tion of certain instructions.

Both Z8003 and Z8004 Z-VMPUs support three inter-
rupts: nonmaskable (NMI), vectored (VI), and nonvec-
tored (NVI). -

Both Z-VMPUs support several types of traps: System -

Call, EPU instruction, and privileged instruction. In addi-
tion, the Z8003 supports a Segment/ Address Translation
(SAT) trap. Of the above traps, only the last is initiated by
external events. Such events are normally generated by
a memory management system. The remaining traps oc-
cur when instructions limited to the System mode are
used in the Normal mode, when a System Call instruc-
tion .is executed, or when an EPA instruction is en-
countered.

The descending order of priority for traps and interrupts
is: internal traps, nonmaskable interrupts, segment/ad-

dress translation traps, vectored interrupts, and nonvec-
tored interrupts.

When an interrupt or trap occurs, the current program
status information is automatically pushed onto the
System stack. The new . program status is then
automatically loaded into the Program Status registers
from the Program Status Area in System program
memory: This area of memory is identified by the Pro-
gram Status Area Pointer (PSAP).

Instruction Abort Function

The Z-VMPU monitors its ABORT input during each bus
transaction it generates. The timing for an_Instruction
Abort operation is shown in Figure 7. If the ABORT input
is asserted during clock cycle T, of a memory access,
the currently executing instruction is automatically
aborted. If no abort is indicated but input WAIT is
asserted, input ABORT is also tested during each wait
cycle (Tw). When an Instruction Abort condition is in-
dicated (ABORT is asserted) the WAIT input must also be
asserted for five cycles to permit the Z-VMPU internal
control mechanism to abort the current instruction.
When the WAIT input is deasserted, the Z-VMPU
acknowledges any pending interrupt request. Therefore,
the memory management circuitry that caused the inter-
rupt to be aborted should also request an interrupt to the
software routine that restores-the Z-VMPU registers and
the main memory so that the aborted instruction can be
reissued.
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Figure 7. Instruction Abort Timing

VIRTUAL MEMORY SYSTEMS

Virtual memory systems permit programs to reference
an address space that exceeds the main (physical)
memory. In virtual memory systems, high-speed main
memory is supported by medium- and low-speed storage
devices (secondary memory) such as hard disks or flop-
py disks. When a Z-VMPU in a virtual system issues an
address that references information not in main
memory, a software swap operation must be initiated.
This swap retrieves the block containing the referenced
location, loads it into main memory, and restarts the
aborted mainstream program at the point of interruption.
- The swap operation is transparent to the user and to the
executing program; therefore, the system appears to
have a memory that is not constrained by physical size.
The maximum size of a virtual memory is determined by
the address structure used and by the capabilities of the
system memory management hardware and software.

Segmented and Paged Virtual Memories

External circuitry can be used to implement either a
segmented virtual memory or a paged virtual memory. In
a segmented virtual memory, information is transferred
between main memory and secondary storage devices
on a segment-by-segment basis. The Z8003 Z-VMPU
permits use of variable-length segments of up to 64K
bytes.

In a paged virtual memory system, each segment is
divided into fixed-size pages (standard size is 2048
bytes). Main memory is divided into page ‘‘frames.” In-
formation is then transferred between main memory and
the secondary storage devices on a page-by-page basis.
The Z8003 Z-VMPU can support both segmented or
paged virtual memory systems. The Z8004 supports only
the paged virtual memory approach.

External Hardware Support

The detection of a logical address that references a loca-
tion outside main memory (i.e., an addressing fault) and
the initiation of the required swap operation must be per-
formed by memory management circuitry external to the
Z-VMPU.

A swap operation is started by the initiation of a
Segment/Address Translation (SAT) trap request func-
tion in the Z-VMPU. Since the Z8004 does not have a
SAT input, one of the NMI, VI or NVI inputs must be used
instead. Low levels on Z-VMPU inputs ABORT, SAT and
WAIT initiate SAT requests.

These inputs are sampled at the falling clock of the sec-
ond clock cycle of a bus transaction. Input WAIT must be
asserted for at least five clock cycles. Input ABORT must
be deasserted on or before the rising edge of the WAIT
signal. The same timing can be used for both WAIT and_

ABORT. Input SAT- should be asserted until the trap

acknowledge bus transaction is indicated by Z8003
Z-VMPU status code 0100.

External circuitry is needed to record the information for-
instruction restart. The following assumptions about the
operating system must also be true:

The fault‘ handler does not generate a fault until all
critical data is saved.

B Accessing the System stack never causes a fault.
(Either the segment is in memory or a memory
management mechanism warns of a potential stack
overflow.)

B |/O buffers are always in main memory, so /O in-
structions never cause a fault.

2084-007
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‘

B The Program Status Area is always in main memory.

The following information must be saved by external cir-
cuitry to restart the instruction interrupted by the ad-
dressing fault:

B The value of the Program Counter during the initial
instruction fetch cycle (cycle identified by status
code 1101).

B The address that caused the fault.

The -code that was on the status lines during the
aborted cycle.

B For paged memories, the number of successful data
accesses made by the instruction. ’

Software Support

The software required for virtual memory operation nor-
mally consists of a fault handler and a restart routine.
The fault handler is started during each Z-VMPU abort
request operation. The fault handler is responsible for
saving information about the aborted instruction and for
the initiation of a request which brings the segment (or
page) containing the referenced location in main

memory. The state of the aborted program (Flag and
Control Word (FCW), Program Counter (PC), and the
register file must be saved and another process dis-
patched while the missing segment (or page) is being
fetched from secondary memory.

When the page or segment containing the referenced
location is loaded into main memory, an instruction
restart routine must be executed. This instruction restart
routine must restore the operating environment that ex-
isted when the instruction/program abort was initiated.
This routine must establish the PC value that points to

the aborted instruction. It must also decode the instruc-

tion's opcode to determine whether or not any of the
Z-VMPU's registers were modified before the instruction
execution cycle in which the abort occurred. If registers
were modified, the instruction restart routine must return
these registers to a state in which the restarted instruc-
tion behaves as if no abort had occurred. The flow chart
in Figure 8 illustrates a possible control sequence for a
software restart routine. The instructions requiring
remodification of system registers and the manner in
which these registers must be modified depend upon the
type (segmented or paged) of virtual memory system im-
plemented.

BUS TRANSACTIONS

Status Outputs

- The Z-VMPUs provide output that specifies the type of
transaction on the Address/Data bus. Output line RIW
specifies whether a read or write operation is involved.
Output line B/W specifies whether the transaction in-
volves byte or word data. Qutput line N/S specifies the
mode of operation, Normal or System. In addition to

INSTRUCTION
ABORT

READ ABORT
DATA FROM MEMORY
MANAGEMENT
SYSTEM

'

BACK-UP
PROGRAM COUNTER

ABORT DURING
INSTRUCTION
FETCH CYCLE?

ABORTED
INSTRLIJCTION
REGISTER FILE?,

RESTORE
MODIFIED REGISTERS
TO CORRECT STATE

v

&

Figure 8. Flow Chart of an Instruction Restart Routine

these lines, output lines STy-ST3 encode additional
characteristics of the current bus transaction. These
lines can present any of sixteen 4-bit status codes which
define specific characteristics of the current bus trans-
action. The available status codes are listed and defined

~in Table 2.
Table 2. Status Codes
ST3-STo
Binary Definition
00GCO Internal Operation
0001 Memory Refresh
0010 I10 Reference
0011 Special I/O Reference (e.g., to an MMU)
0100 Segment/Address Translation Trap
i Acknowledge
0101 Nonmaskable Interrupt Acknowledge
0110 Nonvectored Interrupt Acknowledge
0111 Vectored Interrupt Acknowledge
1000 Data Memory Request
1001 Stack Memory Request
1010 Data Memory Request (Extended Process-
ing Architecture) '
1011 Stack Memory Request, (Extended Process-
ing Architecture)
1100 Instruction Space Access
1101 Instruction Fetch, First Word
1110 Extended Processing Unit—2Z-VMPU

Transfer

1111 Bus Lock, Data Mem»ory Request
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Memory Read and Write

Memory read and instruction fetch cycles are identical,
éxcept for the status code on the STp-ST3 outputs:
Memory write is similar to memory read except for the
R/W status and the timing of DS and data valid true. Dur-
ing a memory cycle, a 16-bit offset address is placed on
the ADg-AD15 outputs early in the first clock period
(Figure 9). In the Z8003, a 7-bit segment number is also
output on SNg-SNg one clock period earlier than the
16-bit address offset. Issuing the segment number early
minimizes address translation overhead by enabling the
memory management circuitry to overlap its operations
with the Z-VMPU instruction execution cycle.

Ty T2

Avalid address is indicated by the rising edge of Address
Strobe (AS). Status and mode information becomes valid
early in the memory access cycle and remains stable
throughout it. The access cycle can be extended in
length by the addition of wait cycles.

The Read/Write line (R/W) indicates the direction of the
data transfer. R/IW is High for transfers to the Z-VMPU.
R/W is Low for transfers from the Z-VMPU.

Word data (B/W is Low) to or from the Z-VMPU is
transmitted on lines ADg-AD15. Byte data to the Z-VMPU
is transmitted in AD4yg-AD7, from odd addresses
(ADg=1) and in ADg-AD1s from even addresses
(ADo =0). Byte data from the Z-VMPU is replicated in
ADg-AD7 and ADg-AD1s5, regardless of address.

Ts

CLOCK

—

X

WAIT
| &— INSERT WAIT STATE(S) AT THIS TIME
STATUS
(BIW, NIS,
STo-5Ts)
SNo-SNg SEGMENT NUMBER X X:

=TT\
O\

|

READ

AD XIIEMORY ADDRESS!

WRITE

AD

RIW /
XMEMORY ADDRESS| X

DATA OUT

T\

/]

N NI

Figure 9. Memory Read and Write Timing
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I/0 Transactions

11O transactions, which are generated by the execution
of I/O instructions, move data to or from peripherals or
ZVMPU support devices. As shown in the timing
diagram presented in Figure 10, I/O transactions have a
minimum length of four clock cycles; wait cycles can be
added to lengthen transaction periods to meet the needs
of slow peripherals. Status line outputs indicate whether
access is to the Standard 1/0 (0010) or Special I/O (0011)
address spaces.

110 transactions are always performed with the Z-VMPU
in System mode (N/S = Low). The rising edge of AS in-
dicates that a valid address is present on lines

T T2

AD(-ADj1s. Since the 1/O address is always 16 bits long,
the segment number lines in Z8003 are undefined.

For byte transfers (BIW = High) in Standard I/O space,
addresses must be odd; for byte transfers in Special 1/0
space, addresses must be even.

Word data (B/W = Low) to or from the CPU is transmit-
ted on ADp-AD5. Byte data (B/W = High) is transmitted
on ADg-AD15 for Special 1/0. This allows peripheral
devices or CPU support devices to attach to only eight of
the 16 ADg-ADqg lines. The Read/Write line (R/W) in-
dicates the direction of the data transfer: peripheral-to-
CPU (Read: R/IW = High) or CPU-to-peripheral (Write:
RW = Low).

Twa Ts

[ ]

]

| INSERT WAIT STATE(S) AT THIS TIME

_STATUS
(BI/W, ST(-ST3}

X

NIS

E—_\_/

INPUT

A Y
AD x PORT ADDRESS m——————

A

RV __/

OUTPUT

AD X PORT ADDRESS X

DATA OUT

, RIW \

N N

Figure 10. Input/Output Transaction
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Wait Add-On Cycles

As shown in Figures 9 and 10, the WAIT input line is
sampled on a falling edge of CLK one cycle before data
is sampled (DS is Low for a read or write operation). If
the WAIT input line is Low when sampled, another cycle
is added to the transaction before data is sampled or DS
is deasserted (goes High). During an added wait cycle,
input WAIT is sampled again on the falling clock edge; if
it is Low, another wait cycle is added to the transaction.
This use of the WAIT input permits transactions to be ex-
tended arbitrarily to accommodate, for example, slow
memories or /O devices that are not yet ready for data
transfer.

Memory Refresh Timing

When the 6-bit prescaler in the refresh counter has been
decremented to zero, a refresh cycle is started (Figure
11). The 9-bit refresh counter value is put on ADg—ADg;
lines ADg-AD5 are undefined. Unless disabled, the
presettable prescaler runs continuously, therefore any
delay in starting a refresh cycle is not cumulative.

While the STOP input is Low, a continous stream of
memory refresh cycles is executed without using the
refresh prescaler. The refresh count, however, is in-
cremented.

Internal Operation Timing

Certain instructions, such as multiply and divide, need
additional time to execute internal operations. In these
cases, the Z-VMPU goes through a sequence of internal
operation machine cycles, each three to eight clock
cycles long (Figure 12). This allows fast response to bus
and refresh requests because a bus request or a refresh

cLOCK

WAIT

STo-STy

]

X
T\
—\

REFRESH

Y

A
J) W

\
AD X REFRESH ADDRESS  Jrwme wee
J

RIW, BIW, m‘s} SAME AS PREVIOUS CYCLE

i

Figure 11. Memory Refresh Timing

cycle can be inserted at the end of any internal machine
cycle.

Although the address outputs during clock cycle Tq are
undefined, Address Strobe (AS) is generated to satisfy
the requirements of Z-BUS-compatible peripherals and
self-refresh dynamic memories.

Reset Function

A Low on the RESET input causes the following results
within five clock cycles (Figure 13):

1. ADo-AD¢5 are 3-stated.

2. AS, DS, MREQ, BUSACK, MO, and STop-STg are forced
High. .

3. SNp-SNg are forced Low.

4. Refresh is disauicd.

5. R/W, B/W and N/S are undefined.

When RESET is again High, the Z8003 Z-VMPU executes
three memory read cycles in a System mode of opera-
tion. During these three word read cycles, the Z-VMPU
reads, in sequence, the following information from seg-
ment O:

1. The flag and control word (FCW) from offset location
0002. ‘

2. The Program Counter segment number from location
0004 and offset from location 0006.

In the Z8004 Z-VMPU, only two read cycles are per-.

formed. During the first cycle, the FCW is read from
location 0002. During the second cycle, the 16-bit PC
value is read from location 0004. The program is started
during the following machine cycle.

J
cLocK —[

|

g
2
S

STo-sTs X
I \ /

INTERNAL OPERATICN

A
AD X UNDEFINED r-
/
WREG, DS, RIW HIGH
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1

Figure 12. Internal Operating Timing
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BUS REQUEST, INTERRUPT AND
ACKNOWLEDGE

A Low on the BUSREQ input indicates to the Z-VMPU
that another device is requesting the address/data and
control lines. The asynchronous BUSREQ input is syn-
chronized at the beginning of any machine cycle (Figure
14). If BUSREQ is Low, an internal synchronous
- BUSREQ signal is generated, which, after completion of

the current machine cycle, causes the BUSACK output
to go Low and all bus outputs to go into the high-
impedance state. The requesting device (typically a
DMA) can then control the bus.

When BUSREQ is released, it is synchronized with the
rising clock edge. The BUSACK output goes High one
clock period later to indicate that the Z-VMPU will take
control of the bus.

Interrupt and Segment/Address Translation Trap
Request and Acknowledge '

Any High-to-Low transition on the Z-VMPU's NMI input
(Figure 15) is_asynchronously edge-detected and sets
the internal NMI latch. The VI, NVI, and SAT inputs, as
well as the state of the internal NMI latch, are sampled at
the beginning of Ts.

In response to an interrupt ortrap, the subsequent IF4
cycle is exercised. The Program Counter, however, is

not updated, but the System Stack Pointer is
decremented in preparation for storing status informa-
tion on the System stack.

The next machine cycle is the interrupt acknowledge
cycle. This cycle has five automatic wait states, and ad-
ditional wait states are possible.

After the last wait state, the Z-VMPU reads the informa-
tion on ADg-AD{5 and stores it temporarily, to be saved
on the stack later in the acknowledge sequence. This
word identifies the source of the interrupt or trap. For in-
ternal traps, the identifier is the first word of the trapped
instruction. For external events, the identifier is the con-
tents' of the Data bus as sampled during T3 of the
acknowledge cycle. During nonvectored 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
used for extra status. For a SAT trap (assuming that a
Zilog Z8010 Z-MMU Memory Management Unit is used)
the high byte is the memory management unit identifier
and the low byte is undefined.

After the acknowledge cycle, the N/S output indicates
the automatic change to System mode.
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PIN DESCRIPTIONS

The Z8003 Z-VMPU is produced in a 48-pin package; the
728004 Z-VMPU is produced in a 40-pin package. The pin
functions of both the Z8003 and Z8004 are illustrated in
Figure 16; the pin assignments are illustrated in Figure
17. The signal names assigned to the Z-VMPU 1/0 pins
are listed alphabetically and are described in the follow-
ing paragraphs.

ABORT. Abort Request (input, active Low). This input ia
used to implement virtual memory. It is asserted by ex-
ternal circuitry when an address does not correspond to
a location’in main memory.

When ABORT is asserted with input SAT in the Z8003, or
with input NMI, VI, or' NVI in the Z8004, it initiates an
Abort Interrupt in the Z-VMPU.

ADg-ADqs5. Address/Data (inputs/outputs, active High,
3-state). These multiplexed address and data lines are
used both for I/O and memory.

AS. Address  Strobe (output, active Low, 3-state). The ris-
ing edge of AS indicates that addresses are valid.

BUSACK. Bus Acknowledge (output, active Low). A Low
on this line indicates that the Z-VMPU has relinquished
control of the bus.

BUSREQ. Bus Request (input, active Low). This line
must be driven Low to request the bus from the Z-VMPU.

BIW. Byte/Word (output, Low = Word, 3-state). This line
defines the size of the data being transferred.

CLK. System Clock (input). CLK is a + 5 V single-| phase
time-base input.

DS. Data Strobe (output, active Low, 3-state). This line
strobes data in and out of the Z-VMPU.

MI, MO. Multi-Micro In, Multi-Micro Out (input and out-

put, active Low). These two lines form a resource-
request daisy chain that allows only one Z-VMPU in a
multi-microprocessor system to access a shared
resource at the same time.

MREQ. Memory Request (output, active Low, 3-state). A
Low on this line indicates that a memory reference is in
progress.

NMI. Nonmaskable Interrupt (edge-triggered, input, ac-

tive Low). A High-to-Low transition on NMI requests a
nonmaskable interrupt.

N/S. Normal/System Mode (output, Low = System
mode, 3-state). N/S indicates the- current Z-VMPU
operating mode (System or Normal).

"NVI. Nonvectored Interrupt (input, active Low). A Low on
this line requests a nonvectored interrupt.

RESET. Reset (input, active Low) A Low on this line
resets the Z-VMPU.
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Figure 16. Pin Functions
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ab, 1 48 [ Ap,
AD, [ 2 47 ] sNs
Ay [ 3 46 [ sNs
ADy [ 4 45 ] ap,
ap, s 44[] apg
ap s 43 ] Ao,
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m[ds 41 [ aps
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NVi E 13 VMPU 36 [ anD
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Figure 17. Pin Assignments

INSTRUCTION SET SUMMARY

The Z8003/04 instruction set is presented in the instruc-
tion set summary. This summary lists the.mnemonics,
operands, addressing modes, timing, and operation for
each instruction. ‘

Timing is given as the number of CPU clock cycles re-
quired for instruction execution. Timing requirements
are given for the three possible addressing representa-
tions used in word, byte and long word operations:

0 NS nonsegmented addresses
O SS segmented short-offset addresses
O SL segmented long-offset addresses

The SS and SL address representations apply only to
those instructions for which the address of the operand

is contained within the instruction itself. The only instruc-
tions of this type are those using the DA and X address-
ing modes.

With few exceptions, timing requirements are the same
for all instructions in either segmented or nonsegmented
mode, except for those instructions that employ the SS
and SL addresses. The timing for these instructions will
differ since the number of fetches needed to load the ad-
dress, one word or two words, will vary.

NOTE

Timing values are given in the SS and SL columns of the instruction set summary
for all addressing modes, even where the address representation does not apply.
These values are given to indicate that the time requirements are the same for
both segmented and nonsegmented miodes.

INSTRUCTION VSET SUMMARY

The Z8003/4 provides the following types of instructions:
O Load and Exchange

O Arithmetic
B Logical
o

Program Control

O Bit Manipulation

O Rotate and Shift

B Block Transfer and String Manipulation
o Input/Output ‘
o CPU Control
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Load and Exchange

Clock Cycles
Addr. Word, Byte Long Word
Mnemonics  Operands Modes NS SS SL NS SS SL  Operat