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Introduction

Zilog’s Component, Board and Development System
Data Book provides design engineers with detailed specifi-
cations of the Zilog products they will use in constructing
their own micro-computer systems. Included are each of
the following:

Z-80 family of MOS LSI microcomputer components
Zilog memory components

MCB series of microcomputer board products

ZDS-1 series of microcomputer development systems

The Z-80 family of MOS LSI microcomputer componenis
form the nucteus of this group of products. Together they
provide the highest performance family of 8-bit components
available, permitting system designers to enjoy unprecedent-
ed benefits at modest costs. Typically, designers will choose
component level solutions to their system problems when
the volume of production for a given system merits the in-
vestment in engineering (usually 500 or more systems).

In lower volume applications or in situations where
problems other than microcomputer design require most
of the engineer’s time and talent, the MCB series of micro-
computer board products permits the use of Z-80 techno-
logy without large investments in PC Board design. MCB
boards can get microcomputer products in production

faster and more reliably with lower front-end costs. Many
designers of higher volume products alse use MCB boards
for early prototyping and pilot production—moving to
their own PC board designs as the volume increases.

The ZDS-1 series of development systems provides hard-
ware and software design and diagnostic tools for use in the
development Z-80 based products at either the component
or the board level. Hardware tools include Z-8¢ CPU hard-
ware emulation, tracing bus cycles, stopping emulation on
pre-defined bus cenditions, verification of clock integrity,
and mapping of development system memory into the
space of the system under test. For software development,
a complete disk operating system, text editor, macro assem-
bler, and linker are provided together with comprehensive
software debug toois. Optional programming languages such
as PLZ, FORTRAN, and BASIC provide additional design
capability as well as a means for using the ZDS as a general
purpose laboratory computer.

Beyond the products in this Data Book, Zilog alse man-
ufactures a series of general purpose microcomputers for
OEM or large end customer use. These products are cur-
rently described by individual specifications and brochures.
These will be collated to form a Microcomputer System
Data Book in the spring of 1979.
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Components

Zilog components fall into two categories: the Z-80
family of microprocessor circuits and the Z6100 family of
read/write memories.

The Z-80 Microprocessor Family

The Z-80 CPU has rapidly established itself as the most
powerful, most sophisticated and most versatile 8-bit
microprocessor. Although source-code compatible with the
popular 8080A microprocessor, the Z-80 CPU has many
additional features that simplify hardware requirements and
programming while increasing execution speed.

® Dual register set allows high-speed context switching and
interrupt processing.

s Two index registers give additional memory addressing
flexibility.

m (On-chip refresh logic simplifies interfacing with dynamic
RAMs.

a Powerful block move and string manipulation as well as
bit manipulation instructions reduce programming
effort, program size and execution time.

Four peripherat [unctions are generally required in
microcomputer systems: parallel input/output, serial input/
output, counting/timing, and direct memory access, These
basic functions are provided by four Z-80 peripheral
circuits that complement the Z-80 CPU:

® The Z-80 PIO {Parallel Input/Qutput) offers two 8-bit
1/O ports with individual handshake and pattern-detection
capability.

® The Z-80 CTC (Counter/Timer Circuit) ofters four versa-
tile counterftimers with individuaily programmable
prescalers.

m The Z-80 SIO (Serial Input{Qutput) is a powerful dual-
channel device that can operate as an asynchronous or
synchronous receiver/transmitter. The Z-80 810 supports
all popular data communications protocols including

Bisyne, SDLC and HDLC. Additionally, the Z-80 SIO
offers on-chip parity and CRC generation/checking,
FiFOQ buffering, and flag and frame detection/generation
logic.

B The Z.80 DMA (Direct Memory Access) is a sophisticated
controller that transfers data directly between any two
ports (I/O and memory, for example). The Z-8¢ DMA
can search for data patterns even when transferring,

The normal clack rate for Z-80 components is 2.5 MHz,
but all are available in 2 Z-80A version with a maximum
clock rate of 4 MHz, A vectored priority interrupt struc-
ture commen te all Z-80 components handles up te 128
vectored interrupts defined by loadable registers in both the
peripherals and the CPU. No external interrupt controller
is required.

Read/Write Memories

In addition to microprocessor components, Zilog offers
three 4K static RAMs and a2 16K dynamic RAM. All three
4K static RAMs contain on-chip address registers, activated
by the Chip Enable input. Polysilicon toad resistors used in
the memory arrays of the static RAMs result in a very
small die size.

& The Z6104 is organized as 4096 addresses by one bit.

m The Z6114 is organized as 1024 addresses by four bits,
with four bidirectional I/O lines that make it ideal for
small systems,

® The Z6142 is identical to the Z61 14, except that it offers
an Output Enable input and an additional Chip Enable
input for greater flexibility in small microprocessor-
based systems.

m The Z6116 is an industrystandard 16K by one bit
dynamic RAM, available in a range of access times,

These Zilog components are manufactured with n-chan-
nel depletion-load silicon-gate technology using ion-implant-
ation and shallow junctions for high performance and pro-
jection printing on four-inch wafers for high yield and low
cost.
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Product Specification

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The 7280 and Z80A CPU’s are third generation single chip
microprocessors with unrivaled computational power. This
increased computational power results in higher system
through-put and more ¢fficient memory utilization when
compared to second generation microprocessors. In
addition, the Z8(0 and ZROA CPU’s are very easy to imple-
ment info a system because of their single voltage require-
ment plus all putput signals are fully decoded and timed to
control standard memory or peripheral circuits. The circuit
is implemented using an N-channel, ion implanted, silicon
gate MOS process.

Figure 1 is a block diagram of the CPU, Figure 2 details
the internal register configuration which contains 208 bits
of Read/Write memory that are accessible to the program-
mer. The registers include two sets of six general purpose
registers that may be used individually as 8-bit registers or
as 16-bit register pairs. There are also two sets of accumu-
lator and flag registers. The programmer has access to either
set of main or alternate registers through a group of ex-
change instructions. This alternate set allows foreground/
background mode of operation or may be reserved for very
fast Interrupt response. Each CPU also contains a 16-bit
stack pointer which permits simple implementation of

7Z-80°CPU
7Z-80A CPU

multiple level interrupts, unlimited subroutine nesting and
simplification of many types of data handling.

The two 16-bit index registers allow tabular data manipu-
lation and easy implementation of relocatable code. The
Refresh register provides for automatic, totally transparent
refresh of external dynamic memories. The I register is used
in a powerful interrupt response mode to form the upper 8
bits of a pointer to a interrupt service address table, while
the interrupting device supplies the lower 8 bits of the
pointer. An indirect call is then made to this service address.

FEATURES

® Single chip, N<channel Silicon Gate CPU.

® 58 instructions—includes all 78 of the 8080A instruc-
tions with total software compatibility, New instruc-
tions include 4-, 8- and 16-bit operations with more
nseful addressing modes such as indexed, bit and relative.

e 17 intemnal registers.

e Three modes of fast interrupt response plus a non-
maskable interrupt.

& Directly interfaces standard speed static or dynamic
memories with virtually no external logic.

¢ 1.0 us instruction execution speed.

& Single 5 VDC supply and single-phase 5 volt Clock.

¢ (Qut-performs any other single chip microcomputer in
4., 8-, or 16-bit applications,

¢ All pins TTL Compatible

& Built-in dynamic RAM refresh circuitry.
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Z-80, Z-80A CPU Pin Description
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Z80, Z80A CPU PIN CONFIGURATION

Ag-Als
(Address Bus)

Do -D7
{Data Bus)

My
(Machine
Cycle one)

MREQ
{Memory
Request)

IORQ
{Input/
Output
Request)

{Memory
Read)

WR
(Memory
Write)

""" E

Tri-state output, active high. Ag-Ajs
constitute a 16-bit address bus. The

address bus provides the address for

memory (up to 64K bytes) data

exchanges and for /O device data exchanges.

Tri-state input/output, active high.

D - D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and 10 devices.

Output, active low.ﬁl indicates that the
current machine cycle is the QP code
fetch cycle of an instruction execution.

Tri-state output, active low, The memory
request signal indicates that the address
bus holds a valid address for a memory
read or memory write operation.

Tri-state output, active low. The IORQ
signal indicates that the lower half of the
address bus holds a valid IO address for
a I/0 read or write operation. An IORQ
signal is also generated when an interrupt
is being acknowledged to indicate that an
interrupt 1esponse vector can be placed
on the data bus.

Tri-state output, active jow. RD indicates
that the CPU wants to read data from
memory or an I/0 device. The addressed
1/0 device or memory should use this
signal to gate data onto the CPU data bus.

Tri-state output, active low. WR indicates
that the CPU data bus holds valid data to

he stared in the addressed memory or 1/0
device,

RFSH
(Refresh)

HALT
(Halt state)

WAIT
(Wait)

INT
(Interrupt
Request)

NMI
(Non
Maskable
Interrupt)

RESET

BUSRQ
{Bus
Request)

BUSAK
(Bus
Acknowledge)

Qutput, active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memoties and the current MREQ signal
should be used to do a refresh read to all
dynamic memories,

Output, active low. HALT indicates that
the CPU has executed a HALT software
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
NOP’s to maintain memory refresh
activity.

Input, active low, WAIT indicates to the
Z-80 CPU that the addressed memory ar
1/O devices are not ready for a data
transfer. The CPU continues to enter wait
states for as long as this signal is active.

Input, active low. The Interrupt Request
signal is generated by 1/0 devices, A
request will be honored at the end of the
current instruction if the internal soft-
ware controlled interrupt enable flip-flop
(IFF) is enabled.

Input, active low. The non-maskable
nterrupt request {ine has a higher priority
than INT and is always recognized at the
end of the current instruction, indepen-
dent of the status of the interrupt enable
flip-flop. NMI automatically forces the
Z-80 CPU to restart to [ocation 0066y.

Input, active low. RESET initializes the
CPU as follows: reset interrupt enable
flip-flop, clear PC and registers [ and R
and set interrupt to 8080A mode. During
reset iime, the address and data bus go to
a high impedance state and all control
cutput signals go to the inactive state.

Input, active tow. The bus request signal has
a higher priority than NMI and is always rec.
ognized at the end of the current machine
cycle and is used to request the CPU address
bus, data bus and tri-state output control
signals to go to a high impedance state so
that other devices can control these busses.

Qutput, active low. Bus acknowledge is
used to indicate to the requesting device
that the CPU address bus, data bus and
tri-state control bus signals have been set
to their high impedance state and the

external device can now control these signals
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INSTRUCTION OP CODE FETCH

The program counter content (PC} is placed on the
address bus immediately at the start of the cycle. One half
clock time later MREQ goes active. The falling edge of
MREQ can be used directly as a chip enable to dynamic
memories. RD when active indicates that the memaory
data should be enabled onto the CPU data bus. The CPU
samples data with the rising edge of the clock state Tj.
Clock states T3 and T4 of a fetch cyele are used to refresh
dynamic memories while the CPU is internally decoding
and executing the instruction. The refresh control signal
RFSH indicates that a refresh rcad of all dynamic memories
should be accomplished.

MEMORY READ OR WRITE CYCLES

Iustrated here is the timing of memory read or write
cycles other than an OP code fetch (M cycle). The MREQ
and RD signals are used exactly as in the fetch cyvele. In
the case of a memory write cycle, the MREQ also becomes
active when the address bus is stable so that it can be used
directly as a chip enable for dynamic memories. The WR
line is active when data on the data bus is stable so that it
can be used directly as a R/W pulse (o virtually any type of
semiconductor memory.

INPUT OR QUTPUT CYCLES

Ilustrated here is the timing for an 1/Q read or IfO write
operation. Notice that during IfQ operations a single wait
state is automatically inserted {Tw*). The reason for this is
that during 1/O operations this extra state allows sufficient
time for an 1/0 port to decode its address and activate the
WAIT line if a wait is required.

INTERRUPT REQUEST/ACKNOWLEDGE CYCLE

The interrupt signal is sampled by the CPU with the
rising edge of the last clock at the end of any instruction.
When an interrupt is accepted, a special M| cycle is
generated . During this My cycle, the IORQ signal becomes
active (instead of MREQ) to indicate that the interrupting
device can place an 8-bif vector on the data bus. Two wait
states (Tw*) are automatically added to this cycle so that a
ripple pricrity interrupt scheme, such as the one used in the
Z80 peripheral controllers, can be easily implemented,

Timing Waveforms
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16-BIT LOADS

EXCHANGES

COMPONENTS

The following is a summary of the Z80, ZBOA instruction

Instruction Set

set showing the assembly language mnemonic and the sym-
bolic operation performed by the instruction. A more de-
tailed listing appears in the Z80-CPU technical manual, and
assembly language programming manual. The instructions
are divided into the following calegories:
Miscellaneous Group

8-bit loads

16-bit loads

Exchanges

Memory Block Moves
Memory Block Searches
8-bit arithmetic and logic
16-bit arithmetic

General purpose Accumulator

& Flag Operations

Rotates
Bit Set,

and Shifts
Reset and Test

Input and Qutput

Jumps
Calls

Restarts

Returns

In the table the following terminology is used.

d
dd
e

mom om

any 8-bit destination register or memory location
any 16-bit destination register or memory location
8-bit signed 2's complement displacement used in

relative jumps and indexed addressing

-
I

= B special call Iocations in page zero. In decimal

notation these are 0, 8, 16, 24, 32, 40, 48 and 56

=

any 8-bit binary number
any 16-bit binary number
any 8-bit general purpose register (A, B, C, D, E,

H,orL)

5

b
s =
subscript “L”
subscript “H"

0

any 8-bit source register or memory lecation
a bit in a specific B-bit register or memory location

any 16-bit source register or memory location
the low order 8 bits of a 16-bit register
the high order 8 bits of 2 16-bit register

the contents within the { ) are to be used as a

b = a bit number in any &-bit register or memory pointer to a memory location or 1/Q port number
location 8-bit registersare A, B,C,D,E,H, [, 1and R
¢¢ = flag condition code 16-bit register pairs are AF, BC, DE and HL
NZ = non zero 16-bit registers are SP,PC, IX and 1Y
Z = zero
NC = non carry Addressing Modes implemented include combinations of
C = carry the foliowing:  Immediaie Indexed
PO = Parity odd or no over flow Immediate extended  Register
PE = Parity even or over flow Madified Page Zero  implied
P = Positive Relative Register Indirect
M = Negative (minus) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic Symbolic Qperation Comments
LDr,s 1+s s=r.n.{HL). LDI (DE) « (HL), DE — DE+1
{TX+e}, (TY+e) ; HL < HL+1, BC + BC-1
LDd,r d«r d=(HL),r g LDIR (DE) « (HL), DE < DE+|
(IX+e), (IY+e) " HL «~ HL+1, BC «~ BC-!
LDd. n den d= (HL), = Repeat until BC = 0
(1X+e), (IY+e) { & LDD (DE} < (HL), DE ~ DE-1
LD A, s A<s s=(BC), (DE). | = HL < HL-1,BC « BC-1
(an), I, R $ | LDDR {DE) « (HL), DE + DE-1
LDd, A deA d=(BC).(DE). | = HL < HL-1, BC « BC-1
(mn),1,R Repeat until BC =0
LD dd, nn dd < nn dd = BC, DE, ] CH A-{HL), HL « HL+|
HL,SPIX, 1Y | % BC « BC-1
!
LD dd,(on) | dd +(on) dd =BC, DE, Z| CPIR A~(HL). HL < HL+1 A~(HL) sets
HL.SP, IX. IY = BC < BC-1. Repeat the {lags only.
LD (nn), ss (nn) < ss ss = BC, DE, ‘8‘ untit BC =0 or A= (HL}) A is not affected
HL.SPAXAY 1 3 epp A-(HL), HL « HL-I
LD SP, ss SP « 55 ss = HL, IX, IY - BC « BC-1|
+— . - — = x
PUSH ss (S8P-1} ssH.(SP 2} S8 ;.: BC, DE, g CPDR A<(HL), HL « HL-1
L. AF.IX.TY 3 BC < BC-i. Repeat
POPdd | ddp — (SP):ddyy ~(SP+1) | dd = BC, DE, until BC=0 o1 A = (HL)
HL, AF, IX. IY —
| = e ———— ADDr g A-A+s
EX DE.HL | DE - HL ADC s AcA+s+CY CY is the
EX AF,AF | AF —~ AF" é SUB s AcA-s carry flag
EXX BC BC” =| SBCs A+ A-s-CY s=r,n, (HL)
:JIE -| DE' 2| ANDs A—AAs (IX+e), (1Y +e)
EX (SP). 55 (SP) = s H;m“ = HL IX. 1Y OR s A—AVs
EX {8P}.ss { ;"a)L.( Prij sy SS=HL, X011 XOR s AcA®s
P . —_—
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Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
S CP s A-s s=r,n(HL) ; BIT b, s Z<—s_b Z is zero flag
2| ncd ded b (TX+e), (LY+e) 2 SETbh,s sp < | s=r. (HL)
& d=r,(HL) e | RESb,s 5, =0 (IX+e), (IY+e)
; EX+e), ([Y+e =
“| DECd ded-l (Bse), (Tve) IN A, (n) A<(n)
INr,(C) r<({C) Set flags
ADDHIL,ss {| HL « HL +ss e bE INI EH‘E}B*-(F),HL <~HL+ 1
ADCHL,ss | HL < HL + ss +CY B=BL )
’ HL, SP HL} « -
2| SBCHL,ss | HL«HL-ss-CY ' INIR EP}B _(f}’HL HL+ i
Z | ADDIX.ss | [X<IX s ss =BC. DL, Repeat until B=0
= IX, SP
= -5 IND (HL) « (C),HL « HL - |
Z| ADDIY.ss | IY < 1Y +5s ss =BC, DE, - B<B-1
= Y, SP =
= ) &= HL) < (C).HL < HL -
2| N dd dd «dd+1 dd = BC, DE, > INDR %34—)8 {I) ot
2 . =] -
HL, SP, [X, 1Y =) Repeatuntil B=0
DEC dd dd < dd -1 dd =BC, DE, Z OUT(n), A | (M) <A
HL,SP, [X, 1Y E OUT(C), r (C)er
DaAa Converis A contents into | Operands must Z| ouTl {C)« (HL), HL < HL + |
o packed BCD following add | be in packed B<EB-1
5 ot subtract. BCD tormat OTIR {Cy< (HL). HL + HL + |
< — B<~B-1
:Té C_PL A=A Repeat until B =0
X NEG A« 00_——A OUTD (C)= (HL), HL. + HL - |
CCF CY «CY B<B-1
SCF CY « | OTDR {C) < (HL).HL « HL - 1
NQP No operation ﬁ*_ Bt- i HB=0
3| HaLr Halt CPU e e E——
| Disable Interrupts IP nn PC < nn NZ PO
§ El Enable Interrupts JP cc, nn If condition cc is true e Z PE
Gl IMO Set interrupt mode 0 8080A mode PC < nn, else continue NC P
@ . JRe PC <PC +e C M
| IMI Set interrupt mode 1 Call to 0038y n - .
M2 Set interrupt mode 2 Indirect Call e JR kk,e If condition kk is true Kk NZ NC
2 PC < PC + e, else continue zZ C
RLC s 1P (s5) PC « 55 &= HL, IX, IY
: DINZ e B<B-1,ifB=0
RLs -.w ---u. L continue, else PC < PC +e
B "
CALL nn {SP-1) « PCH N
[ ——— | NZ PO
RRC s ” (SP-2) = PCy ,PC < n 7 PE
3 2 CALL ¢, nn | H condition cc is false N Ne P
.| RRs o continue, else same as cC M
f= s CALL nn
- _
Z| SLAs g s=r.(HL) £|RSTL (SP-1) ~ PCy4
2 s (IX+e).(IY+e) | & ;SCP'Z) <PC,PCy~0
wh —
o] sras = 2 1t
= L RET PC) ~(SP),
5{ SRLs vl s3] PCH = (SP+1)
¥ 3 RET cc If condition cc is false N2 PO
RLD 1 g continue, else same as RET Z PE
1 441 u Toali T|1HL. . N
A E RETI Return from interrupt, ‘ '\?( !
o same as RET ¢ M
RRD D B R E (Y RETN Return from non-
AL T maskable interrupt
L
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Zilog Z-80 CPU A.C. Characteristics
Ty = 0°C 10 70°C. Ve = +5V * 5%, Unless Otherwise Noted,

Signal Symbol Parameter Min Max Unit Test Condilion
t Clock Period 4 L3y sew 113 ['c=tw(¢'Hl' Iw{dﬂ_l‘ T+
o L PR Clock Pulse Width, Clock High . 180 {E] nsey
ty (0L) Chock Pulse Widil, Clock Low 180 200K nsec
Loy Cleck Rise and Fall Tine 30 nsee
Dy AD) Address Cutpan Delay 145 N56C
F{aAD} Delay 1o Flowd 110 nsec
e Address Stable Prur 1o MREQ {Memory Cyeled 171 e -
A0-15 o Address Stable Privr 10 TORQ, RD or WR ()0 Cyle} [ wee ] CL70PF I taem = gty * - 73
o Address Stable trom K_D, WR, TOR(G or MREQ 131 WSE
Eeal Address Saghbe Frems RIYor WR Duming Flost (E)] [T 21 1, =1, 80
'D (D Dary Cutgnan Delay 230 nseu B, =gy 1, - 40
tF D) Delas 10 Floal During Wrale Cygle S0 nsev
TS (D Diata Sevup Time o Bisny bdge ot Clock During M1 Cyele 0 nsey 41 b= lwidlLy t 1 - 00
Dp_2 155 1M Data Sewp Time to Falling Edge of Olock Dutmg M2 o MS 60 nseC C[ =5QpF
dem Data Stable Privr 1o WR {Memury Cyele) [E3 T : 151 tdem = 1o 210
de Drata Stabte Proor 1y WR (170 Cyeled lal TISCC
Ledr Data Stahle From WR Ll 6] b = Ly * 1 ~ 210
14 Any Huold Tire lor Seiup Time 4] nses {71 tear = tw(lﬂ.) T =30
OLP (MR} MREQ Delay From Falling Edge of Clock. MRED Low 1040 nsey
\DHb (MR) MRFQ Delay From Rising Edge of Clock, MREC High 100 nsey
MREQ \DH® (MR) MRLC Delay From Falling Edge of Clock. MREQ High 100 nsec FL = 50pF
lw (MRL} Pulse Width, MRF( Low [E]] nsey It Ly {MRL) - b - 0
Ly (MRH) Pulse Width, MREQ thgh 91 nseL
— p— 19 bR Tagr ¥ - 40
DL (IR} 10R Delay From Rusing Edge of Clock, IQRG Low 30 nses
ioRG DIF (IR} 10R(} Delay From Falling Edge of Clock, IGES) Low 110 nsed € = 50pF
‘DHo (fR) | 1ORG Delay From Rising Edge of Clock, TORG High TO0 | reec L™
IDHE (IR) 10R0Q Delay From Falling Edge of Clock, [ORG) High 1o nsex
\DLe {RD) | PD Delay From Rising Edge of Clock, RD Low 180 | nsec
== 'OLF (RD) RD Delay From Falling Edge of Clock, RD Low 130 nsec N
RD IDHE {RD} RD Delay From Rising Edge of Clock, RD High TO0 [ CL=30F
'OHE (RD) RD Delay From Falling Edge of Clock, RD High L] nse;
0L (WR) E Delay From Rising Edge ofCIock,‘\\"_'iLow 80 AseC
"R DLF (WR) WR Delay From Falling Edge of Ciock, WR Low 50 nsec €, = S0pE
IDHF (WR) |  WR Delay From Falling Edge of Clock, WH High 0 nsec L
b (WRL) Pulse Width, WR Low naoi nse¢
— — 11O} 1Ry =1 - 40
i DL M1} M1 Delay From Rising Edge of Clock, M1 Low 130 L AN
tDH M1) M1 Delay From Rising Edge of Ciock. M1 Righ T3 | nec | L P
Pt 'BL(RF) RFSH Delay Frum Rising Edge of Clock, RFSH Low 180 nsec _
RF5H T - . = Cy =50pF
IDH (RF) RFSH Delay From Rising Edge of Clock, RFSH High 150 nsec L
WAIT I |WT) WAIT Setup Trme tu Falling Edge of Clock 0 nsec
HALT 1D {HT) HALT Delay Time From Falling kdge of Clack 300 | nsec €\ = 50pF
INT Ty TNT Setup Time 10 Rising Edge of Cluck 0 nsec
NM1 t (NHL) Pulse Width, M Luw s0 nsec
BUSRQ L (BO) BUSRD Se1up Time tu Rising Cdge of Cluck B0 nsec
BUSAR (DL iBA} BUSAK Delay From Rusing Edge of Clock, BUSAK Low 110 nse C = 50pF
tDH{BA) BUSAK Delay Frum Falling Edge of Clack, BUSAK High 110 nsec L P
RESET I (RS) RESET Sewp Time tw Rising Edge of Clock o0 nse;
F(C) Delay to Flua1 (MRED, TORD, RD and WE) 100 | nsec
e M1 Stable Prior to JORG {Interrupt Ack ) 111 nsec P e = 0% Tty = T X0
v
NUTES.
THST AN LA AL

4 Dala should he enabled antn 1lie CPL data bus when R avive, Dunng iterrupt ackpowdedge datu
shuuld be enabled wien M1 and TORG are both actve jisedariiedd
B Al control ssprals are incernalfy synclirumed. s ey miay be lokally csvrchoemous with respec
T the cluck.
U The RESET saignal must be acowe tor a nueimum of 3 duek eveles
T Output Delay vs. Loaded Capag:tunce
TA =050 Ve +3V 45
Add 10nsec delay for each 50pf increase in load up to 2 maximum of 200pf lor the data bus & 100pf for

: Cad e
addreer & control lines LG G bl e Uudpul

b Anheogste by design testing gugreniees 1 pg of 200 s rasimuen



Z 7Z-80°CPU Z-80A CPU

COMPONENTS

Zilog

A.C. Timing Diagram

Timing measurements are made at the following

voltages, unless otherwise specified:

wpw

g

CLOCK Vcc-.ﬁv 45V
OUTPUT pALAY E A
1y INPUT 20V AV
FLOAT AV 105V
bW (PH)
L |
N RYE I\f\/\i\;\_
e iAD0)
W §L} e
Ap. a5 [
‘o (AD)
£
LY {3" F %‘f LY YT xf
Ag-15 )gr >\ (L b i . ol
1) 12 . "‘l
4 [0} =—
" —— . 38"-.
IN 1§: . ﬁ :"\__
D, =11, o4 T “UF (o)
0-7 s o) I " f_Grr H
ouT .__)g_‘_% >
oLty oH (w1 — |-— 1= tea
i N Vi ™ tea
N (;{: IDH (RF) . W —
0L (RF}—=] {
1
SFER /f [ |
s i —
l'o17 ma) 041 (MR~ Sul R OWE (MR- }£
MREQ Tacmi =t ‘e ) I (WAL | \\_5,‘ o A
It = L1 W MRH) ! ol L
pLT [RD) OH - {RO}—= DHE (RG]~ —
. . /_
RO N / m
{( $— .]
1} IETHS L)
0L B — }--‘uwrmn:
W RIS T P ol Iy
LA IR oLk R T
oo :ﬂ‘_s* ,l?_ ﬂ_d o —
-
10RQ t A |
=1 -1 [ "aci .
™ R TR T
1 'DHE [RO-=] }_—-—
ﬁ ; { \\n---f
; DL (WR) YT
—= ToHT (WR =] }—
—
__ ~ 7
W oo e o
wal
9 WT) 0 (HTY
HALT \
San|| W k—ﬂb—/
iNT 2 }!”\ |
o ——
NmI _\ P
‘w(ﬁuﬂ
BUSARQ
| 'num],
BUSAK \L }I
'S IRSK | "W
RESET 4
- LY




Z Z-80°CPU Z-80A CPU

COMPONENTS

Zilog Z-80A CPU A.C. Characteristics

Ty = 0°C 10 70°C, Ve = +5V * 5% . Unless Otherwise Noted.

Signal Symbol Parameter Min Max Unit Test Condition
1 Clnck Pering 15 12 piseL
& 1y (BH) Clock Pulse Width, Clock High 110 [E] ngey
1y L) Clock Pulse Width, Clock Low 110 2000 nséy
w
L Clack Rise and Fall Time E) nee
1D{AD) Address Cutput Delay 110 nsé
TF(ADY Delay to Fhom LTH] SeC
Taem Address Stable Prior to MREQ (Memory Cycle) [l nses € = S0pF
A8 Tadi Address Stable Priar to TORG, RD ar WR (1/0 Cycle) T7] nsec L=NF
ea Address Stable from RI}. WR, FORQ or MRED 151 nseL
Teal Address Stable Frem RD or WR During Fioat [E)] [N
(D) Data Guipul Delay 150 nsev
IF (D} Delay to Float During Write Cycle 90 s
154 (D) Diala Setup Time to Rising Edge of Clock Durmg M1 Cyole 35 nse
DO—'.? 153 (D) ata Setup Time 10 E_a_l!ing Ldge uf Clock During M2 1o M5 50 nseC CL = S0p¥F
Tderm Data Siable Privr 1 WR (Memaory Cycle) 151 nse
der Data Siahie Prior lu_“_’l'l (i0 Cycled [6] nscy
tedf [ata Stable From WR KL
7 Any Hold Time for Setup Time i) nsev
DL# (MR) MREQ Delay From Faliing Fdge of Clock, MREQ Fow 8BS nsew
DHD (MR) MREQ Delay From Rising Edge of Clock, MREQ High 85 HSEC
MREQ) lDH$('MR) MREDQ Delay From Falling Edge of Clock, MREC} High BS5 nseC ('L = S0pk
Ly (MRL) Pulse Width, MEEQ Low 18] nsec
Lw (MR Pulse Width, MREQ High 191 nSEC
DL (IR} IGRO Delay From Rising Edge of Clack, FJRQ Low T3 nser
IDLE (IR) IORD Delay From Falling Edpe of Clock, TORG Low 85 nsec - .
ORY | (Dioqry | TORG Delay From Rising Edge of Clock, IORQ High 3¢ T reee ]| CL7OWF
DHE (iR} iOR() Delay From Falling Edge of Clnck, IORCG High [ nsec
{DL® (RDY 'Ii_T) Delay ¥From Rising Edge ol Clock, @Lw 85 ngec
Ty IDL® (R[N RD Delay From Failing Edge of Clock, RD Low a5 nsec ©, = SOpF
IDH (RD) RD Delay From Rising Edge of Clock. RD High 85 nSEC I
IDHT (RD) RD Delay From Falling Edge of Clock, RD High 85 nsec
IDLG (WR) E{ Delay From Rising Edge of ('lotk.—\‘fj!.ow 65 nsec
e LS (WR) WR Delay From Falhing Edge of Clock, WR Low &0 nsec -5
wR \DHE (WR) |  WR Delay From Falting Edge of Clock, WR High % | mec | (L OPF
Tw (WRL} Pulse Width, WR Low [t] nyec
_— DL(MI) MI Delay From Rising Edge of Clock, M1 Low 100 | nsec a
Mt DH M1) I Delay From Rising Edpe of Clock, M1 Hy 00 nsec CL 30pF
T DL {RF RFSH Delay From Risng Edge of Clock, RFSH Low 130) ngec -
RESH |DH(,RF)} RFSH Delsy From Rising Edge of Clock. RFST High T30 | msee | CL=300F
WaIT L5 (WT) WAIT Sewup Time to Failing Edge of Clock m ngec
HALT 1D (HT} HALT Delay Time From Falling Edge of Clock 00 | nsec C\ = StpF
NT %) TNT Setup Time to Rising Edge of Clock 50 nsec
N1 Ly (ML) Pulse Width, NM1 Low 8 nsec
BUSR( 5 (BQ) BUSRQ Setup Time to Rising Fdge of Clock 50 nses
‘DL (BA) BUSAK Deiay From Rising Edge of Clock, BUSAK Low L0 nsec €. = SOpF
BUSAK {DH (BA) BUSAK Delay From Falling Edge of Clock, BUSAK High 100 nsec 1 p
RESET 5 {RS) RESET Setup Time to Rising Edge of Clock &0 nsec
() Delsy 10 Float (MREG, TORC, RIY and WR) 80 | nsec
tor M1 Stabie Prior 10 10RO (Interrupl Ack.) [1N]] nse
NOTES: TEST POINT
A. Data shald be enabled anto the CPU data bus when D it active. During interrupt acknowledge data Fnou
should be enabled when M1 andmare both achive, JMDER TEST

B. Al control signals are internally synchromized, so they may be totally asynchronous with respect
to the clock
The RESET signal must be active for a minimum of 3 clock cycles.
Dutput Delay vs. Loaded Capacitance
TA=70°C  Vec=+5Y 5%
Add 10nsec delay for each 50pf increase in load up to maximum of 200pf for data bus and 100pf for

address & control Hnee,

E. Although statie by design, testing guarantees t 4y of 200 psec maximum

vr

10

Bl 0= Logatny * by P4 T i

[
{2
3
4
15}
161
("

(8]
19]

taem = tagdH) * U 65

taei = 1 =70

tea = lypLy * 1y - 50
af = L) 41 -45
taem =l - 170

tdei * twgal) "= 170

tcdr= tw(¢L) tt - 70

lw(M_RL}= t. -3

'w(bTiEH] = 1““,“] - 20

110 tW(‘WL) = Ic =30

[l ‘mr=2‘c”w(¢H}”f'65

e
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'A Z-80'CPU Z-80A CPU COMPONENTS
Zilog
Absolute Maximum Ratings

Temperature Under Bias Speuilied uperaling range. *Comment Meme:  For 280-CPU all AC and DC charactersstics cemam the
Storage Temperature -£5°C 1o +150°C Stresses abave those listed under “Absolute same for the military prade parls except |_..
Voliage On Any Pin 0.3V 1o 7V Maximum Rating™ may cause permanent
with Respect to Liround damage to the device. This is a stress raling 1go = 200mA
Power Dissipation 1.5W onty and functional operation of the device

at these ot any other condition above those
indicated in the operational sections of this
specification is not implied. Exposure to
absolute maxitnum rating conditions fot
extended periods may affect device reliability.

Capacitance

T4 =25°C,f=1 MHz,

7Z-80 CPU D.C. Characteristics

= @, ro=g 7 3 o

T, = 0°C 1w 70°C. ¥ = 5V £ 5% unless otherwise spevified unmeasured pins returned to ground
Symbol | Parameter Min. | Typ. | Max. | Unit | Test Condition Symbol | Parameter Max. | Unit
YiLc Cluck lnput Low Yaoltage 0.3 .43 W Cs Clock Capacitance 33 pF
ViHe Clock Tnput High Voltage Voo Vot3 v . Cm Input Capacitance 5 pF
VIL Input Low Voltage -3 0.8 v Cout Qutput Capacitance | 10 pF
¥YIn Input High Voltage 20 Voo v

VoL QOuiput Low Voltage : 0.4 Vol g slemaA

Vo Output High Voltage 24 v log=250uA Z-so CPU

Lec | Power Supply Current 150 | mA Ordering Information
Tl Input Leakage Current 100 uA ViN=0to Ve, C - Ceramic

_ , N , P — Plastic
I10H Tn-State Ouiput Leakage Current in Float | wA Vou=241a ¥eg S - Standard 5V 5% 0° to 70°C
_ - E — Extended 5V *5% —40° to 85°C
ILoL Tri-State Output Leakage Currert in Float 10| ph VorT=04v M — Military 5V :30% -55° to 125°C
D Dhatu Bus Leakage Current in lnput Mede 10 | pA OSVINTV

Z-80A CPU D.C. Characteristics Capacitance
Tp =25°C.£2 1 MHz

T =0°C to 70°C, V.. =5V£5% untess otherwise specified
A el 14 ]
unmeasured pins relurned o gruund

Symbol | Pammeter Min. | Typ.| Max.| Unit| Test Condition Symbol | Parameter Max. | Unit
Ve Clock Tnput Low Voltage 0.3 0.45 v Co Clock Capacitance 35 pF
Ymc Cloek Input High Voltage Viog 6 Voot ¥ O © lnput Capacitance 5 oF
YIL Input Luw Voltage 13 08 v CouT Output Capacitance 0 pE
Viy Lnput High Veltage 240 Ve v
VoL Cuiput Low Vollage 0.4 v lor=1.8mA
v, Output High Voitage 24 v Igy=-230uA
| OH put feh Volug o Z-80A CPU
1 ;i 2
! cc Power Supply Current 90 00 | mA Ordel'illg I lformati{)ll
I Input Leakage Current . 1] 1A V=010V
! ; . C - Ceramic
o . Tri-State Output Leakage Current in Flaat . 1] HA VouTr=241o Ve ‘F;,_ zlas{;c 45V £5% 07 10 76°C
t H s Siandam = o
ILoL Tri-Staze Output Leakage Current in Float ; -10 JIZ Vour=04v
|
Ip Data Bus Leakage Current in Inpui Mode i L10 A 0= Viy=Voe

11



'A 7Z-80°CPU Z-80A CPU COMPONENTS

Zilog

Package Package Outline

Configuration
- . 2100 MAX. — ]
Agy —oi1 4 A1 E {5,334 cm}
Mz a—y2 3wl [elsialziziziniainisiniaizlnlalatnlalnlis! _
Ay m—o] 3 B4y i
Pyg-—oi4 — iy :
A5 %6 |——w fg 514 {t J056t
b ——a 6 35— Ag EBE 11 45351
Dy p—ped 7 34— Ay |
Dyt 8 Bh—wA i
Dy at—pd 9 R— L0
Dy —i 70 N - Ay
5y 11 Z80CPU ] eny Z20 MAX [ 5847}
Oym—d12 ;004 22pe———ocrD t
Dy g 13 28 |—==RFSH J‘ ——
Op-a—adid PV W) a
Oy et 15 26— AESET 1 l
TNT ——-{16 25 t#——BUSRQ 0020 MIN
T —a] 17 2afa— WaIT 10,0608 (00 L7sar
AALT -w—]n 23 ——=BUSAK 01510381} |L 090 1.2285+ o 590 11 4986} |
MREG -s—] 19 2zl WA TH23 105847 o0 2sat 1017 go3at
10B0 p—o, 20 21 |——#=RO TYP.

*Dimensions for metric system are in parentheses
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COMPONENTS

Zilog
Product Specification

The Zileg Z-80 product line is a complete set of micro-
computer components, development systems and support
software. The Z-80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually no other logic and a
minimum number of low cost standard memory elements.

The Z-8Q Parallel 1/O (PI0O) Interface Controller is 2
programmable, two port device which provides TTL com-
patible interfacing between peripheral devices and the
Z80-CPU. The Z80-CPU configures the Z&8O-P10 to inter-
face with standard peripheral devices such as tape punches,
printers, keyboards, etc.

Structure

e N-Channel Silicon Gate Depletion Load technology

40 Pin DIP

Single 5 volt supply

Single phase 5 volt clock

Two independent 8-bit bidirectional peripheral interface
ports with “handshake™ data transfer control

Features

¢ Interrupt driven “*handshake” for fast response
® Any one of the following modes of operation may be
selected for either port:
Byte output
Byte input

7.-80 PIO
7.-80A PIO

Byte bidirectional bus (available on Port A only)
Bit Mode
& Programmable interrupts on peripheral status conditions.
e Daisy chain priority interrupt logic included to provide
for automatic interrupt vectering without external logic,
& FEight outputs are capable of driving Darlington
transistors.
& All inputs and outputs fully TTL compatible.

PIO Architecture

A block diagram of the Z80-P10 is shown in figure 1.
The internal structure of the Z80-P10 consists of a
Z80-CPU bus interface, internal control logic, Port A I/O
logic, Port B IO logic, and interrupt control logic. A
typical application might use Port A as the data transfer
channel and Port B for the status and control monitoring.

The Port I/O logic is composed of 6 registers with
“handshake” control logic as shown in figure 2. The
registers include: an 8-bit input register, an 8-bit output
register, a 2-bit mode contrel register, an &-bit mask register,
an 8-hit input/output select register, and a 2-bit mask
control register. The last three registers are used only when
the port has been programmed to operate in the bit mode.

INTERNAL
CONTROL
LOGIC

cPU DA
INTERFACE

PIO CONTROL
LINES

i3] INTERRLUPT
f.5] CONTROL

8 DATA N
DR CONTROL
PORT
A | —
I10 HANDSHAKE *

p—

\ PERIPHERAL
INTERFACE
DATA
OR CONTROL
} HANDSHAKE *
/

* Not used in bit mode.

INTERRUPT CONTROL LINES

FIGURE 1
PIO BLOCK DIAGRAM

13



'A 7-80 PIO Z-80A PIO

COMPONENTS

Zilog Register Description

Mode Control Register—2 bits, loaded by CPU to select the
operating mode: byte output, byte input, byte bidirec-
tional bus or bit mode.

Data Output Register—8 hits, permits data to be transferred
from the CPU to the peripheral.

Data Input Register—8 bits, accepts data from the peri-
pheral for transfer to the CPU.

Mask Control Register—2 bits, loaded by the CPU ta specify
the active state (high or low) of any peripheral device

interface pins that are to be monitored and, if an inter-
rupt should be generated when all unmasked pins are
active (AND condition) or, when any unmasked pin is
active (OR condition).

Mask Register—R bits, loaded by the CPU to determine
which peripherul device interface pins are to be moni-
tored for the specified status condition.

Input/Quiput Select Register—8 bits, loaded by the CPU to
allow any pin to be an output or an input during bit
mode operation,

Y
INPUT/
il ouTPUT
Y SELECT
A reG

{8 BITS)

oUTPUT
ENARLE

M DATA
4] ourrur

INTERRUPT
REQUESTS

* LUsed in the bit mode only to allow generation af an
interrupt if the peripheral 1/Q pins go to the specified state.

A TYPICAL PORT I/O BLOCK DIAGRAM

4 REG
i (8 BITS)

> 8 BIT /O BUS

DATA
INPUT
REG N st

{8 BITS) REikiat

HANDSHAKE
LINES

FIGURE 2

14



M 2-50 PIO 72-80A PIO

COMPONENTS
Zilog Z-80 PIO Pin Description
‘s . M1 Machine Cycle One Signal from CPU (input,
T :__‘T:.:',' active low)
[ . et 17y JRE—
Bata E:"d—gg" ‘:—3":: . IORQ Input/Quiput Request from Z80-CPU (input,
o o w2 o B e active low)
. z:qL—- -o—-?—-:: T

[
PORT B/A SEL ——(—™ 7

CONTROL/DATE ——w 280. FIO
SEL
PO - 4 2
CONTAGL CHIP ENABLE — - Ta“
FROM W — - e e 8,
ey IORD —— ...,T..s)
7] -—3-5--—- ft——an B,
rerae
e 3 B
ay— 20 o Erma O
1" - B
GN [ i o B?
25
B L 2 npov
ool n a7 _BETE
CHAN T -———]

T 4
T INTENABLEIN — 0 o
INT ENABLE DUT s

D?'DD Z80-CPU Data Bus (bidirectional, tristate)
B/A Sei  Port B or A Select (input, active high)
C/DSel  Control or Data Select (input, active high)

RD Read Cycle Status from the Z80-CPU (input,
active low)

IEI Interrupt Enable In (input, active high)

1EO Interrupt Enable Out (output. active high). IE1
and [EQ form a daisy chain connection for
priority interrupt control.

INT Interrupt Request (output, open drain, active
low}
AO'A? Port A Bus (bidirectional, tristate)

A STB Port A Strobe Pulse from Peripheral Device
(input, active low)

A RDY
By-B Port B Bus (bidirectional, tristate)

Register A Ready (output, active high)

B STB Port B Strobe Pulse from Peripheral Device

CE Chip Enable (input, active low) {input, active low)

] System Clock (input} B RDY  Register B Ready (output, active high)
Timing Waveforms

OUTPUT MODE

An output cycle is always started by the execution of an
output instruction by the CPU, The WR pulse from the
CPU latches the data from the CPU data bus into the
selected port’s output register. The write pulse sets the
ready flag after a low going edge of &, indicating data is
available. Ready stays active until the positive edge of the
strobe line is received indicating that data was taken by the
peripheral. The positive edge of the strobe pulse generates
an INT if the interrupt enable flip flop has been set
and if this device has the highest priority.

INPUT MODE

When STROBE goes low data is loaded into the
selected port input register. 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 & 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 will set Ready at the next low
going transition of &. At this time new data can be loaded
into the P10.

-

ERVAN

PORT QUTPUT
1B BITS) -{ L i

¢ L
]
AEADY

STRAGBE ‘ ?-\
INT t

MOCE O ICJTPUTE TIMING

WR* = RD ' CE - CJD  10RQ

AN

STROBE "\
SAMPLE

PORT INPYT = =——— \If———-

18 BITS!

READY J 14
o

T ||I
i
. f'

- L

RD* = RD - CE - /D IORQ

E st

MODE 1 (INPUT] TIMIRG



% 7-80 PIO Z-80A PIO

COMPONENTS

Zilog
BIDIRECTIONAL MODE

This is a combination of modes O and 1 using all four
handshake lines and the 8 Port A I/O lines. Port B must be
set to the Bit Mode. The Port A handshake lines are used
for output control and the Port B lines are used for input
control. Data is allowed cut oato the Port A bus only when
A STB is low. The rising edge of this strobe can be used to
latch the data into the peripheral.

BIT MODE

The bit mode does not utilize the handshake signals
and a normal port write or port read can be executed at any
time. When writing, the data will be latched into the output
registers with the same timing as the cutput mode.

When reading the P10, the data returned to the CPU will
be composed of output register data from those port data
lines assigned as outputs and input register data from those
port data lines assigned as inputs. The input register will
contain data which was present immediately prior to the
falling edge of RD. An interrupt will be generated if
interrupts from the port are enabled and the data on the
port data lines satisfy the logical equation defined by the
8-bit mask and 2-bit mask control registers.

INTERRUPT ACKNOWLEDGE

During M1 time, peripheral controllers are inhibited from
changing their interrupt enable status, permitting the INT
Erable signal to ripple through the daisy chain. The peri-
pheral with 1E§ high and [EQ low during INTA will place a
preprogrammed 8-bit interrupt vector on the data bus at
this time. IEQ is held low until a return from interrupi
(RETT) instruction is executed by the CPU while IEI is
high. The 2-byie RETI instruction is decoded internally by
the PIO for this purpose.

RETURN FROM INTERRUPT CYCLE

If a Z80 peripheral device has no interrupt pending and
is not under service, then its IEO=IEL. If it has an interrupt
under service {i.e., it has already interrupted and received
an interrupt acknowledge) then its IEQ is always low, in-
hibiting fower priority chips from interrupting. If it has

an interrupt pending which has not yet been acknowledged,

IEQ will be low unless an “ED” is decoded as the first byte
of a two byte opcode. In this case, IEOQ will go high until
the next opcode byte is decoded, whereupon it will again
go low. [f the second byte of the opcode was a “4D™ then
the opcode was an RET] instruction.

After an “ED” opcode is decoded, only the peripheral
device which has interrupted and is currently under service
will have its IEI high and its IEQ low. This device is the
highest priority device in the daisy chain which has receiv-
ed an interrupt acknowledge. All other peripherals have
IEI=IED. If the next opcode byte decoded is “4D”, this
peripheral device will reset its “interrupt under service™
condition.

Timing Waveforms

A ROY

A STH

FORT A
DATA BUS

Wy

6578

BERDY

WR* =RD-CE - {/D - IDRG

FORT
DATA BLIS

J_DaTAwoRD ] X OsatawokDz [

INT DATA MATCH
DCCURS HERE

5%
S

ARG 1 f

D Bz

0RA

IoaTain b—

DATA WORD 1 PLACED O BUS

* Tumting Diagram Refers 1 Bit Mode Read.

LAST T . af
STATE "| rzlr' |T" .h! |
L]
__ SANFLE
INT Wi
10RG ‘. ! 10T AND T INDICA TE .
. INFERRLPT &0 KNGWL EDGE [INTAI
w ,'
1E0 'd
IE
T Tz Ty Ta T Tz T3 Ta T,

O -0y ‘J ED } —‘i 40 fL

“El
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'A 7.-80 PIO Z-80A PIO

COMPONENTS

Zilog PIO Programming
LOAD INTERRUFPT VECTOR INTERRUPT CONTROL

The Z80-CPU requires an 8-bit interrupt vector be supplied Bit 7=1 interrupt enable is set--allowing
by the interrupting device. The CPU forms the address for interrupt to be generated.
the interrupt service routine of the port using this vector. Bit7=0 indicates the enable flag is reset and
During an interrupt acknowledge cycle the veclor is placed interrupts may not be generated.
on the Z-80 data bus by the highest priority device request- Bits 6.5.4 are used in the bit mode interrupt

ing service at that time. The desired interrupt vector is
foaded into the P10 by writing a control word to the
desired port of the P10 with the following format.

L7 b D3 24 D3 D2 Dl Du

V7 V6 V5 V4 Vi W2 ¥1 ]

agnifizs this conirol word is an interrupt
vec Lol

SELECTING AN OPERATING MODE

When selecting an operating mode, the 2-bit mode con-
trol register is set to one of four values. These two bits are
the most significant bits of the register, bits 7 and 6; bits 3
and 4 are not used while bits 3 through 0 are all set to 1111
to indicate “set mode.”

D7 Dé6 05 D4 3 D2 D} Do

Ml MO X X
[ —

mode word

Vv
sigrufies mode word
1o be set

X=unused bit

Maode

M
Qutput 0

0

1

1

Input
Bidirectional
Bit

7T oE

MODE 0 active indicates that data is to be written from
the CPU to the peripheral.

MODE 1 active indicates that data is to be read from the
peripheral to the CPU,

MODE 2 allows data to be written to or read from the
peripheral device.

MODE 3 is intended for status and control applications.
When selected, the next control word must set the /O
Register to indicate which lines are to be input and
which lines are to be output,

1/Q =1 sets bit to input.
I/O = 0 sets bit to output.

o7 D& D3 D4 D3 D2 D! bt

V0, | 10g | 405 | 104 | YO3 | 110, | 170, | 110,

17

operations; otherwise they are

disregarded.
Bits 3.2,1,0 signify that this command word is an

interrupt control word.,

07 3133 =3 e} B3 Dz Bl Do
Eaable AND | High) | Mask u | . |
Intersuptl] OR Low | follows

AN ra
~

W
used in Mode 3 only  signifies imerrupt control word

If the “mask follows™ bit is high (D4 = 1), the next
control word written to the port must be the mask.

D? Do Ds Dd 3 D2 bl 3]

MB ME MB ME, MB MB, | MB MB
7 6 5 ) 3 1 Q

Only those port lines whose mask bit is a 0 will be monitored for
gENErating an nterrupt.

The interrupt enable flip-flop of 2 port may be set or
reset without modifying the rest of the interrupt control
word by the following command.

D7 Diir [ER3 D4 D3 o2 D na
Int
Enahle X X X 0 i) | 1




Z Z-80 PIO Z-80A PIO COMPONENTS
Zilog Z-80 PIO A.C. Characteristics

TA=0°C to 70° C, Vec = +5 V £ 5%, uniess otherwise noted

SIGNAL SYMBOL PARAMETER MIN MAX ' UNET COMMENTS

Tt Clock Periad 400 11§ nsec
& ty B H| Ciock Pulse Width, Clock High 170 2000 nsec

Ty gLy Clock Pulse Width, Clock Low 170 2000 nged
1y, 4 Clock fise and Fall Times 30 nERT
T Any Hold Time for Specified Set-Up Time 1} e

Cs,CE 5 (0S5} Contral Signal Set-Up Time to Rising Edge ol @ During Read 280 nsec

ETC. ar Write Cyele
toR () Data Output Delay beom Falling Edge of BT 430 nsec 12j
196 D) Data Set-Up Time to Rising Edge of ®0uring Write or M1 B0 nsec

BgDy Cycle CL =50pf
Do) Dats Quiput Delay fram F3lling Edge of 10RO During ENTA 340 nsec 13]

Cycle,

F (o Delay ta Floating Bus {Output Butfer Disable Timel 160 nsec

IEl S EN (El Set-Up Time 1o Falling Edge of 10RQ Duwring INTA Cycle | 140 nsec
1oH {10} IED Drelay Time fram Rising Edge of 1E1 0 nses 16}

IEQ DL (10} |EQ Detay Time from Falling Edge of 1E| 190 nsec [6: CL=50pt
1o 1) 1EQ Delay trom Falling Edge of M1 {Interrupt Occurring Just 300 nsec [5]

Prior ta M1} Ses Note A,

10RO 5 {IR) IORQ Set-Up Time to Rising Edge of 4 During Raad or Write 250 nzac
Cycle
M tgp 1) | M Ser-Up Time to Rising Edge of ¢ During INTA or M1 210 nsec
Cycle. See Note B.
RD 54 (RO} RD Set-Ugp Tume to Rising Edge of & During Read or B 240 nsec
Cycle
15 (PO Part Dala Set-Up Tirme to Rising £0ge of STROBE (Mode 14 260 nsec
s 1P Port Data Quipur Delay from Falling Edge of STROBE 230 nsec [5}
Ag-Ag. {Mode 2}
8pB7 F iPD} Delay to Flosting Port Data Bus from Rising Edge of 200 nsEC C) = 60pf
STROBE {Mode 2}
ol o) Part Data Stable from Rising Edge of TORQ During WH 200 ned ig]
Cyele {Mode 0}
ASTH, 1w 5T) Pulse Width, STROBE 150 rsec
BSTH [4] nsec
iwT oo INT Delay Tune from Rising Edge of STROBE a0 | neec
to (T INT Delay Time from Data Match During Maode 3 Operation 420 nEec
ARDY, 0H IRY} Ready Response Time {rum Rising Edge of IDRD T nsec 1
BROY 460 €L =50pf
DL IRY) Ready Respanse Time fram Rising Edge of STROBE et nsec 18]
400
A 2B N2 g (o) * oM a5 (e * TTL Buffer Delay it any 1] te ™ty papy * Wy (b 4 * Y
B. M1 must be active for a minimum of 2 cluck periods ta reset the PIO. 12] Increaw tpg (D) by 10 nsec for each 50 pf increase in foading up to 200 pf max.
[3] Inerease 1oy gy by 10 nsec for each 50 pf increase in loading up to 200 of max.
N [8] For Mode 2: T
Output lead circuit. W ISTI >»18 (PD) _ _
e [8] Increase these values by 2 nsec for each 10 pf increase in loading up to ¥00 of max
TEST POINT L
::3:.:?:;?',_ |' T k}ﬂ LW, LR,  1N9160R EOUIVALENT
! ! Ca S00F TH DG B
= #) "2 S0t O AL ATHERS
CL 2504
l _ Py
- - Cn‘
Capacitance
- o —
TA=25"C,.f=1MHz
Symbol Parameter Max. Unit Test Candition
Ce Clock Capuciiance 10 pF : Unmieasured Pins
(‘IN Input Capaciance N ofF ! Returned 1o Grownd
H .
. T 5 :
COL'T Output Capacitance 19 ! b i

18
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[ twibHr

Timing measurements are made at the following voltages. unless otherwise specified:

A.C. Timing Diagram

eqr oy
CLOCK 4.2V 0.8V
OuUTPUT 2.0V 0.8v
INPUT 2.0v 0.8v
FLOAT AV = 405V
T2 T3/ Tw T4T2 T

bl ) - !,—v| e -—l - t;
le—1c Ligo (St ] | iyiCS] |
CE Y
— - tg..IRD}
1
7D /
—=| tgI0] e e -t (D], ty (0}
/] A
Dg—07 \ /
10 (D) =
(g [IR][-— J—
10RC /
+ts¢{M1}—r‘
" /
tnm{loi—" -
I1EI LY
Tl Elf— - |~—th"01
IED hY j
=] tn (10} |=—
Ag-Ag. ™S
B
o-67 | S
-ty (PO —=
READY
(A RDY OR
B RDYI
- =1, (RYI
S v AL TN
STROBE

[A STE OR B 5T8)

S

tpgiPD] [=— .

-9

At 1T 3=

/
. (MODE 2|
|
Ag-A |
0 .7 < tMODE
By-85
| MODE 3)
NT

19
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4 2-50°PIO 7-80A PIO

COMPONENTS

Zilog

TA =0°C to 70° C, Vee = +5 V * 5%, unless otherwise noted

Z-80A PIO A.C. Characteristics

SIGNAL SYMBOL PARAMETER MIN | MAX | uNIT COMMENTS
te Clock Perigd 250 |+ nseC
& ty (B H Clock Pulse Wedth, Clock High 105 2000 nseC
W b} Clock Pulse Width, Cluck Low 102 2000 nsac
. 5 Clock Rise and Fall Times 30 nsec
th Any Hold Time for Specified Su1-Up Time o] ngec
cs, CF G (GS) Control Signal Set-Up Time 1o Rising Edge oi & During 145 neec
ETC. Read of Write Cyele
DR () Data Cutput Delay From Falling Edge of AD 380 nEes 12
5 (0} Data Set-Up Time to Rising Fdge of 4' During Write or 50 nges
Dp-Dy M1 Cycle G =50 ptf
o140y Data Outpur Delay from Falling Edge of FOAG During INTA 250 noec [3}
Cyele
tF (o) Defay to Floating Bus {COwtput Buffer Disable Timel 110 nsec
tEl 5 e JE{ Set-Up Time taFalling edge of TOAC During INTA Cycle 140 fnLge
10H (IO} IEC Delay Time from Rising Edge of |E) 160 nsec 6]
oL ao) IEC) Delay Time from Falling Edge of 1E| 130 nsec |8 Cp - 50 pf
IEQ oM {15 1EC Delay from Falling Edge of M1 {Interrupt Occurring Just 120 nsec 1[5
Prior to M1] See Mote A.
HORO 15 iR IR Set-Up Time to Rising Edge of ¢ Duning Read or 116 neec
Write Cycle.
M1 b (M1 1 Set-Up Time to Rising Edge of & During INFA or M1 90 mec
Cycle See Note B
RD tsd {RD) FD Set-Up Time to Rising Edge of ¢ During Read or M 115 nsec
Cycle
15 {PD) Port Data Set-Up Time to Rising Edge of STROBE (Mode 1} 230 nsas
s Fn) Port Data Qurput Delay from Failing Edge of STROBE 210 nsec (51
Ap Ay, {Mode 3
BBy IF (PO Delay to Floating Port Ciata Bus from Rising Edge of STROBE 180 nsec Cp = 50 pf
{Mode 2}
D POy Porr Data S1able from Fising Edge of IORG During WR 180 nsec [5]
Cycle (Mode GI
ASTB, W ST} Pulse Width, STROBE 150 rges
BSTR |af nsec
INT o Hm INT Delay time from Rising Edge of STAOBE 440 nsec
nuTH INT Delay Time from Data Match During Mode 3 Operation 280 nsee
ARDY, tOH (RY) Ready Response Tirne from Rising Edge of 10RQ et nsoc 5l
BRDY 410 G =50 pf
oL (RY) Ready Response Trme from Rising Edge of STROBE et asee | 18]
160
A gtc‘){N-?] tOL [0y * TOM (G ¢ 15 el * TTL Buffer Detay, it any N7 =ty by * b * 0t 4
B. M1 raust be active for a minimum of 2 clock periods to reset the PIG, [2: Increase typ oy bv 10 nsec for each 60 bt increass w loading up to 200 pf max
13: Ingcrease oy o) by 10 nsec for each 50 pf increage in lpading up to 200 of max,
[a)

m

20
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Zilog
Absolute Maximum Ratings

Specified operating range.
-657 Cta +150° C

Temperature Linder Bias
Storape Temperalure
Voliage On Any Pin With

Respect To Ground
Power Dissipation

AV 4TV
6w

Z-80 PIO and Z-80A PIO
D.C. Characteristics

TA=0"Cio 70" . Voo = 5 W £ 8 unless otherwise specitied

*Comment
Stresses above those listed under “*Absolute Maxirmum
Rating” may cause permanent damage to the device.
This is a stress rating only and functionat operation of
the device al these or any olher condition above those
indicated m the operativnal sections of this specifica-
tion 15 not implied. Exposure 1o absolute myximum
rating conditions for extended periods may alfect
device reliabilily.

Note: All AC and DC characteristics remain the same for

the military grade parts except L.

Io= 130 ma.

Symbol Parameter Min Max. | Unit Test Condition

VIUC Clock Inpur Low Vollage -0.3 45 v

Ve Clock Input High Voltage Vood | Yeot3 |V

ViL Input Low Vollage -0.3 08 v

Yin Inpur High Valtage o Yo Y

VoL Output Luw ¥aoltage 0.4 v lgL =20 mA

Vou Output High Voltage 24 Vi loH - 250 pA

ICC Power Supply Current 70 mA

Iy Input Leakage Current 10 HA Via = Do Ve

1 .OH Tri-5tate Output Leakage Currend i Float L A Your = 241 Vee

Yoo Tri-State Qutput Leakage Current in Flaat - 10 HA Vour =04V

]LD Dala Bus Leakage Current in Input Mode +10 MA 0= VIN < Veeo

loHD Darlington Dirive Current 1.5 mA Vog=13¥
Port B Oaly

Package
Configuration

Package Outline

16 334 £m)

D, —==1y 40 [o—a- Oy misinisisisisivivisininininintsinioinis)

D, -] 2 3% [t D, i

05-‘—.-3 u--—.--l:)5

Chip Enapise —— =14 37 [Tt 514 [1 F056}
Conreol/Cara Sl ———-ne & 36— TORD AR (1 4535}
Poct B/ Sal —— el a5 [— 7D

Ay —in] 7 M[a—p-E, _t

Aot—ls g B[ L0 0 0 96 O O S i

AW gamo B[

A, -] 10 3 [t 1y 230 MAX 1.BE421
GND — ™11 30 [ea—a= By r i

. 12 - e ; — c— . P

Ayt 13 78 e B, A Ty Tistyiy el el Ty TuiyTyTuTy Tyl .

Ay —un] 14 27 [—-B, ] ! I

Ay i 15 2 [m— 5V 0,020 MIN !
A STE—] 16 B[ 13,0508 |* I 001 Al |
B 5TBE—{17 4 [o——— INT ENABLE IN 515 1 0381: —-I - e e 301 2786} EETECTD - 500 |t 49861 _
& ROY-a— 13 zi | TNT 073, 0584 : 100 ¢ 2541 TI 11 80341

D =—={13 22 |—= INT ENABLE DUT Tve

W £ 1 |—=B RDY

*Dirmensions for metric system are 1n parentheses

ZIQDMAY, ——

Ordering Information

 — Ceramic

P — [Mastic

S — Standard 5V + 59.0%ta 7T0°C

E — Extended 5V + 5% —40° to 85°C
M — Military 3V 1_ID'?: —55" 1o 125°C

Example:

Z80-P10 CS (Ceramic —§tandard range)

-~
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Product Specification

The Zilog Z80 product line is a complete set of micro-
computer components, development systems and support
software. The Z80 microcomputer component set includes
all of the circuits necessary to build high-performance
microcomputer systems with virtually ne other logic and
a minimum number of low cost standard memory elements.

The Z80-Counter Timer Circuit (CTC)is a programmable,
four channel device that provides counting and timing
functions for the Z80-CPU. The Z80-CPU configures the
Z80-CTC’s four independent channels to operate under
various modes and conditions as required.

Structure

N-Channel Silicon Gate Depletion Load Technology
28 Pin DIP

Single 5 volt supply

Single phase 5 volt clock

Four independent programmable 8-bit counter/16-bit
timer channels

Features

® FEach channel may be selected to operate in either a
counter mode or timer mode.
® Programmable interrupts on counter or timer states.

Z-80 CTC
7-80A CTC

A time constant register automatically reloads the

down counter at zero and the cycle is repeated.
Readable down counter indicates number of counts-to-go
until zero.

Selectable 16 or 256 clock prescaler for each timer
channel.

Selectable positive or negative trigger may initiate timer
operation.

Three channels have zero count/timeout outputs capable
of driving Darlington transistors.

Daisy chain priority interrupt logic included to provide
for automatic interrupt vectoring without external logic.
All inputs and outputs fully TTL compatible.

Outputs directly compatible with Z80-SI10.

CTC Architecture

A block diagram of the Z80-CTC is shown in figure 1.
The intemal structure of the Z80-CTC consists of a Z80-CPU
bus interface, internal control logic, four counter channels,
and interrupt control logic. Each channel has an interrupt
vector for automatic interrupt vectoring, and interrupt
priority is determined by channel number with channel @
having the highest priority.

The channel logic is composed of 2 registers, 2 counters
and control logic as shown in figure 2. The registers include
an 8-bit time constant register and an 8-bit channel control
register. The counters include an 8-bit readable down
counter and an 8-bit prescaler. The prescaler may be
programmed to divide the system clock by either 16 or 256,

+5V GND b

DATA

B INTERNAL
{ coNTROL

passmmemmly 7 RO COUNT/TIMEQUT &

[ LOC K TRIGGER. @

- ZERO COUNT/TIMEOQUT 1

CONTROL

Ll

INTERRUFT CONTROL

NES

FIGURE?

CTC BLOCK DIAGRAM

[  LOCK TRIGGER

p———p TERO COUNT/TIMEOQUT 2

[ L OCK TRIGGER 2

WCHANNEL 3

[ E OCK TRIGGER 3

22



% Z-80' CTC Z-80A CTC COMPONENTS

Zilog Channel Counter and Register Description
Time Constant Register — 8 bits, loaded by the CPU to count of zero. At any time, the CPU can read the number
initialize and reoad Down Counter at u count of zero. of counts-to-go until a zero count. This counter is de-

. cremented by the prescaler in timer mode and CLK/TRIG
Channel Control Register — 8 bits, loaded by the CPU to in counter mode.

select the mode and conditions of channel operation.

Prescaler — 8 bit counter, divides system clock by 16 or
Down Counter — 8 bits, loaded by the Time Constant 256 for decrementing Down Counter. It is used in timer
Register under program control and automaticaily at a mode only.

CHANNEL TIME

NTROL
Sg(“mg CONSTANT
AND LOGIC REGISTER

{% BITS)

{3 BITS)

INTERNAL BUS

DOWN
COUNTER
(8 BITS)

ZERO COUNT/TIMEQUT

PRESCALER
{8 BITS)

EXTERNAL CLOCK TIMER TRIGGER

FIGURE 2
CHANNEL BI.LOCK DIAGRAM

Z-80 CTC Pin Description
g + -’:—mnm;. CLK;’TRG@ Channel @ External Clock or Timer Trigger
M -qu- i 20T (ll’] ut}
D7 at—El |2
oY ] 0= 2"..‘._.... _-__z:’ CLKITAG)
Bus 2“7"‘ o IO e CLK/TRG{ Channel 1 External Clock or Timer Trigger
D -+.- —2L cLac; (Input)
07 — ] % o
g —::-- o o2l CLK/ TRG; CLK/TRG? Channel 2 External Clock or Timer Trigger
Lo ——————
) e e ()
FROM Ml ————
ceu mf:_&:)—':- CLK/TRG3  Channel 3 External Clock or Timer Trigger
Bt f 10— 2 (e
INTERRYPT § |60 ~#——— p————— +5v
CONTROL | Y 12— e 5 oo ZC/TOgy Channel @ Zero Count or Timeout

(output, active high)
23
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Z-80 CTC Pin Description (continued)

ZCITOy Channel ! Zero Count or Timeout RD Read Cycle Status from the Z80-CPU (input.
{output, active high) active low}
ZC/TO? Channel 2 Zero Count or Timeout 1EI tnterrupt Enable In (input. active high)
(output, active high) o
1IEO Interrupt Enable Out (output, active high).
CS)--CSp  Channel Select (input, active high}. These IEI and [EQ fonm a daisy chain connection
form a 2-bit binary address of the channel for priority interrupt control
to be accessed. — .
INT Interrupt Request (output, open drain.
D7 —Dp Z80-CPU Data Bus (bidirectional, tristate}) active low)
CE Chip Enable (input, active low) RESET RESET stops all channels from counting and
. reseis channel interrupt enahle bits in ail
h System Clock (input) control registers. During reset time ZC/TOp_2
Mi Machine Cycle One Signal from Z80-CPU and INT go to the jnactive states, IEQ reflects
(input, active low) the state of IEI, and the data bus output drivers
2o to the high impedance state {input, active
IOR(Q input/Output Request from Z80-CPU (input, low)
active low)
Timing Waveforms
CTC WRITE CYCLE

Mustrated here is the timing for loading a channel control
word, time constant and interrupt vector, No wait states are
allowed for writing to the CTC other than the automatically
inserted (Tw™). Since the CTC does not receive a specific
write signal, it internally generates its own from the lack of
an RD signal.

CTC READ CYCLE

Hlustrated here is the timing for reading a channel’s
Down Counter when in Counter Mode. The value read
onto the data bus reflects the number of external clock’s
rising edges prior to the rising edge of cycle (T4 ). No wait
states are allowed for reading the CTC other than the auto-
matically inserted (T,,*).

INTERRUPT ACKNOWLEDGE CYCLE

Some time after an interrupt is requested by the CTC, the
CPU will send out an interrupt acknowledge (M1 and TORQ).
During this time the interrupt logic of the CTC will determine
the highest priority channel which is requesting an interrupt.
To insure that the daisy chain cnable lines stabilize, channels
are inhibited from changing their interrupt request status
when M1 is active. If the CTC Interrupt Enable Input (IE1)
is active, then the highest priority interrupting channel
places the contents of its interrupt vector register onto the
Data Bus when m goes active. Additional wait cvcles
are allowed.

24
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RETURN FROM INTERRUPT CYCLE

If a Z80 peripheral device has no interrupt pending and is
not under service, then its IEQ = [EI. If it has an interrupt
under service (i.e. it has already interrupted and received an
interrupt acknowledge) then its [EQ is always low, inhibit-
ing lower priority chips from interrupting. If it has an inter-
rupt pending which has not yet been acknowledged, IEO
will be low unless an “ED” is decoded as the first byte of a
wo byte opeode. In this case, I[EQ will go high until the next
opcode byte is decoded, whereupon it will again go low. 1t
the second byte of the opcode was a “4D™ then the opcede
was an RETI instruction.

After an “ED’ opcode is decoded, only the peripheral
device which has interrupted and is currently under service
will have its 1EI high and its [EO low. This device is the high-
est priority device in the daisy chain which has received an
interrupt acknowledge. All other peripherals have IEI = IEQ.
If the next opcode byte decoded is <*4D™, this peripheral
device will reset its “interrupt under service” condition.

Wait cvcles are allowed in the M1 cycles.

DAISY CHAIN INTERRUPT SERVICING

Nllustrated at right is a ty pical nested interrupt sequerce
which may occur in the CTC. In this sequence channe] 2
interrupts and is granted service. While this channei is being
scrviced, higher priority channel 1 interrupts and is granted
service. The service routine for the higher priority channel
is completed and a RETI instruction is executed to indicate
to the channel that its routine is complete. At this time the
service routine of lower priority channel 2 is completed.

CTC COUNTING AND TIMING

In the counfer mode the rising or falling edge of the CLK
input causes the counter to be decremented. The edge is
detected totally asynchronously and must have a minimum
CLK pulse width. However, the counter is synchronous with
& therefore a setup time must be met when it is desired to
have the counter decremented by the next rising edge of ®.

In the timer mode the prescaler may be enabled by a rising
or falling edge on the TRG input. As in the counter mode,
the edge is detected totlally usynchronously and must have
a minimum TRG pulse width, However, when timing is to
start with respect to the next rising edge of ¢ a setup time
must be met. The prescaler counts rising edges of .

25

Timing Waveforms (continued)
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HIGHEST PRIDRITY CHANNEL
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M m I 75 P S T3] ML E0

1. PRIOBITY INTERFUPT DAISY CHAIN BEF DRt ANY INTERRUPT RLLURS.
IluI'L

NAFR SERVICE
uulL

T
a1 i L P IEU]“—l-IEI 1[nl—i{m

Z. CHANNFL ? REDUESTS AN INTERRUPT AND IS ACKROWLEDGED.
IHHNER SERVICE SERYVICE SUSPENDED

H HI La IEIJI 1] |IEI

1E] (}31]
3. CHANKEL T INTERRUPTS. SUSPENDS SERVICING OF CHAKNEL 2.
SEAVICE COMPLETE  SERVICE RESUMED
| HI
|—‘m

Hl |
1EDHIEI 1EQ .

4. CHANMEL 1 5E RVICE ROUTINE COMPLETE, "RETI” ISSUED, CHANNEL 2 SERYICE AESUMED.

SERVICE COMPY FIF
1

1] 1EQ L11]

1€l IEQ 10 1Et IF0 1o

HI
IEDIH—II!EI L131) H (1] 1E0
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Zilog CTC Programming

SELECTING AN OPERATING MODE Bit2=9¢ No time constant will fellow the channel
control word. One time constant must be

When selecting a channel’s operating mode. bit ) is set to . . .
8 4 8 0 written to the channel to initiate operation,

1 o indicate this word is to be stored in the channel control

register. Bit 2=1 The time constant for the Down Counter
will be the next word written to the selected
. b s M o " " e channel. If a time constani is loaded while a
I\t[':'::::w Mol HANGE SLOPE | TRIGULER 11(1)5::, RIS channel is counting. the present count will
: ARl be completed before the new time constant
. T is loaded into the Down Counter.
FIMEH W00 4% TIE B AL T S
Bit1=0 Channel continues counting.
Bit7=9  Channel interrupts disabled. Bit1=1  Stopoperation. If Bit 2= 1 channel will
Bit 7=1 Channel interrupts enabled to occur every resume operanonl after loading a time
time Down Counter reaches a count of zero constant, otherwise a new control word
Setting Bit 7 does not let a preceding count must be loaded.
of zero cause an interrupl.
Bit6=0 Timer Mode — Down counter is clocked by LOADING A TIME CONSTANT
the prescaler. The period of the counter is: o ) , ,
(- e P s TC An 8-bit time constant is loaded into the Time Constant
¢ . register following a channel control word with bit 2 set. All
te = system clock period o >
P = prescale of 16 or 256 zeros indicate a time constant of 256.
TC = 8 bit binary programmable time
constant {256 max}
(L4 Fra re [LF] [H]] i Iy (£
Bile=1 Counter Mode — Down Counter is clocked

by external clock. The prescaler is not used.

Bit5=0 Timer Mode Only-System clock & is divided
by 16 in prescaler.
LOADING AN INTERRUPT VECTOR

Bit5=1 Timer Mode Only-System clack ®is divided
by 256 in prescaler. The Z80-CPU requires that an 8-bit interrupt vector be
lied b i ing ¢ .
Bit4=0 Timer Mode — negative edge trigger starts supplied by the interrupting channel. The CPU [orms the

address for the interrupt service routine of the channel
using this vector. During an interrupt acknewledge cycle
the vector is placed on the Z&0 Data Bus by the highest
priority channel requesting service at that time. The desired

timer operation.
Counter Mode — negative edge decrements
the down counter.

Bii4=1 Timer Mode — positive edge trigger starts interrupt vector is loaded into the CTC by writing into
timer operation. channel ¢ with a zero in D, D7-D3 contain the stored in-
Counter Mode — positive edge decrements terrupt vector, 9 and D| are not used in loading the vector.
the down counter. When the CTC responds to an interrupt acknowledge, these
Bit3=0 Timer Mode Only — Timer begins operation two bils contain the binary code of the highest priority
on the rising edge of Ty of the machine channel which requested the interrupt and Dy contains a
cycle following the one that loads the time zero since the address of the interrupt service routine starts
constant. at an even hyte. Channel @ is the highest priority channel.
Bit 3 =1 Timer Mode Only — External trigger is valid
for starting timer operation after rising edge o o o o o " o "
of Ty of the machine cycle following the
one that loads the time constant. The Pre- v b b 4 B 5 s n 1

scaler is decremented 2 clock cycles later if

the setun time is met. otherwise 3 clock
cycles.
26
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TA =0°C ta 70° C, Vee = +5 V + 5%, unless otherwise noted

Z-80 CTC A.C. Characteristics

Signal Symbol Parameter Min Max Unit Comments
tc Clock Period 400 (11 ns
P iy {PH) Clock Pulse Width, Clock High 170 2000 ns
Ty (PL) Clock Pulse Width, Clack Low 170 2000 ns
T, tf Clock Rise and Fall Times 20 ns
Ty Any Hold Time for Specified Setup Time 0 ns
CS BF ete. tgp (CS) Control Signal Setup Time to Rising Edge of ® During Read 160 res
T ar Write Cyele
toRr!D} Data Output Delay from Rising Edge of RD During Read 480 ns [2]
Cycle
tgg (D} Data Setup Time to Rising Edge of © During Write or M1 &0 ns
Cycle
Dp—-D7 ) _
10D} Data Output Delay from Falling Edge of IORQ During 340 ns 12|
INTA Cycle
D) Delay to Floating Bus (Output Buffer Disable Timel 230 ns
IEJ tg{lE1} 1E| Setup Time to Falling Edge of IORQ During INTA 200 ns
Cycle
tpy {10} IEQ Delay Time from Rising Edge of 1EI 220 ns 3]
[EO tpL {1 IE0Q Delay Time from Falling Edge of IE! 190 ns [3]
tom {10} IEQ Delay from Falling Edge of M7 {Interrupt Qccurring 300 ns (3]
just Prior to M1)
—_— tgq IR} 10RQ Setup Time to Rising Edge of & During Read or 250 ns
IO0RC )
Write Cycle
i tgp(M1) M1 Setup Time to Rising Edge of @ During INTA or M1 210 ns
Cycle
=5 t5p(R0O! | RD Setup Time to Rising Edge of & During Read or M1 240 ns
Cycle
T tpck!IT) | [NT Delay Time from Rising Edge of CLK/TRG 2toi®) + 200 Counter Mode
D!l T! INT Delay Time from Rising Edge of & tgid] + 200 ; Timer Mode
telCK} Clock Periad 2tele} Counter Made
te. tf Clock and Trigger Rise and Fall Times 50
tg{CK] Clock Setup Time to Rising Edge of © for Immediate Count 210 Counter Mode
tgiTR) Trigger Setup Time to Rising Edge of @ for Enabling of 210 Timer Made
CLK/TRGg_3 Prescaler on Following Rising Edge of @
t{CTHY Clock and Trigger High Pulse Width 200 Counter and
Timer Modes
ytCTL) Clock and Trigger Low Pulse Width 200 Counter and
Timer Modes
tnH (2C) ZC/TO Delay Time from Rising Edge of ¢, ZC/TO High 180 Counter and
Ti ™
ZC/TOg—2 . _ . imer Modes
n(ZC) ZCITO Delay Time from Falling Edge of &, 2C/TO Low 190 Counter and
) Timer Modes
Notes: [1) tg = 1W{CI‘1H) + tW!(bL] t+t, t g

[2] Increase delay by 10 nsec for each 50 pF increase in loading, 200 pF maximum for data lines and 100 pF for control lines.
i3] increase delay by 2 nsec for each 10 pF increase In lcading, 100 pF maximum
|41 RESET must be active for a minimum of 3 clock cycles,

QUTPUT LOAD CIRCUIT

FROM QUTPLT
UMDER TEST

TEST POINT Vee

CRy - CR; INS14 OR EQUIVALENT
Cp S0pFONALL PINS
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A.C. Timing Diagram

e uge
CLOCK Vee - BV 45
ouTPUT 20V BvY

Timing measurements are made at the following valtages, unless otherwise specified: INPUT 20V av
FLOAT AV +0.6V
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Z-80A CTC A.C. Characteristics

TA =0°C to 70° C, Vec = +5 V £ 5%, unless otherwise noted

Signal Symbal Parameter Min Max Unit Comments
o Clock Period 250 [1] ns
® ty ) Clock Pulse Width, Clack High 105 2000 ns
tW{lI’L] Clock Pulse Width, Clock Low 105 2000 ns
e, T Clock Rise and Fall Times 30 ns
tH Any Hold Time for Specified Setup Time 0 ns
— 15 {CS! Cantrol Signa! Setup Time to Rising Edge of & During Read 60 ns
C5,CE, etc |
ar Write Cycle
tpr{D Data Output Delay from Faliing Edge of 8D During Read 380 ns (2]
Cycle
tgq!D! Data Setup Time to Rising Edge of & During Write or M1 50 ns
Dg—D7 Cycle
tp) (D} Data Output Delay from Faliing Edge of IORG During 160 ns | (2]
INTA Cycle
(D) Delay to Floating Bus {QOutput Buffer Disable Time} 110 ns
(1 g flEN {EI Setup Time to Falling Edge of IORQ During INTA 140 ns
Cycle
tpHy 1O} IEQ Delay Time from Rising Edge of {EI 160 ns 3]

\EQ 1o O} IEQ Delay Time from Falling Edge of 1EI 130 ns [3]
tpm {10} IEQ Delay from Failing Edge of M1 {tnterrupt Cceurring 190 ns [3]

just Prior to M1)
—_ 15g R 10RQ Setup Time to Rising Edge of @ During Read or 1156 ns
IDRQ .
Write Cycle

i tgpi{M1) M1 Setup Time to Rising Edge of ¢ During INTA or M1 90 ns
Cycle

75 1gpiRD) RD Setup Time to Rising Edge of © During Alead or M1 115 ns
Cycle )

Th tpekITH | INT Delay Time from Rising Edge of CLK/TRG 2teld) + 140 Counter Mode
el iNT Delay Time from Rising Edge of ¢ told) + 140 Timer Mode
1= {CK) Clock Periad 2tc{e) Caunter Mode
ty, t Ctlock and Trigger Rise and Fall Times 50
tS{CK} Clock Setup Time ta Rising Edge of @ for Immediate Count 210 Counter Mode
tg{TR} Trigger Setup Time to Rising Edge of @ for enabling of 210 Timer Mode

CLK/TRGQp--3 Prescaler on Following Rising Edge of ¢
1w (CTHI} Clock and Trigger High Pulse Width 200 Counter and

Tirner Modes
wyiCTL) Clock and Trigger Low Pulse Width 200 Counter and
Timer Modes
1pH{ZC) ZC/TO Delay Time from Rising Edge of @, Z&/TO High 190 Counter and
Timer Modes

ZC/TOg_2 _ , mer

1pL{zC) ZC/TO Delay Time from Falling Edge of ®, ZC/TO Low 190 Counter and
Timer Modes

Notes: [1] 1o = tyt®H) + g iL) + 1 + ;.
[2] increase delay by 10 nsec for each 50 pF increase in loading, 200 pF maximum for data lines and 100 pF for control lines.
(3] Increase delay by 2 nsec for each 10 pF increase in loading, 100 pF maximum.

(4] RESET must be active for a minimum of 3 clock cycles.

OUTPUT LOAD CIRCUIT

FROM QUTPUT
UNDER TEST

TEST POINT

Voo
Ry=21K3

CR, -CR, 1N314 OR EQUIVALENT
tR, €y =50 pF ON ALL FINS
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Absolute Maximum Ratings

*Comment

0"Cto 70°C

Temperalure Under Bias
-65° C to+150° C

Storage Temperature
Woltage On Any Pin With

Stressesabove those listed under “Absolute Maximum
Rating"™ may cause permaneni damage to the device.
This is 1 stress rating only and functional operation of

Respect To Ground IViesTY the device at these or any other condition above those
Power Dissipation 0.B8W indicated in thie vperational secuions of this specifica
lion is nol nplied. Exposare Lo absolute maximum
rating vonditions {or extended penods may alfect
device rehability.
D.C. Characteristics
TA =0°C 1 70° ", Voo = 5V £ 5% unless eiherwise specitied
Z-80 CTC
Symbal Parameter Min Max Unit Test Condition
ViLc | Clock Input Low Vohage -0.3 A5 v
V|HC | Clock input High Voltage {11 Veo -6 | Voo +3| V
ViL Input Low Voltage 03 08 v
VY input High Voltage 20 Vee v
VoL Output Low Voltage 04 V | lgL =2 mA
VoH Qutput High Voltage 24 V | 1loH = -250 gA
Ice Power Supply Current 120 mA | Te = 400 nsec
11 Input Leakage Current 10 ud | V=010 Veg
1ILOH Tri-State Cutput Leakage Current in Fipat 10 HA | VoyuT =241t Voo
ILpL | Tri-State Qutput Leakage Current in Float =10 #A | VouT =04V
loHp | Darlington Drive Current -15 mA | VeyT = 1.5V
Rex T = 3900
Z-80A CTC
Symbol Parameter Min Max Unit | Test Condition
ViLe | Clock Input Low Voltage 03 A5 v
VIHC | Clock Input High Voltage [1] Ve -6 Voot 3 v
ViL Input Low Voltage -0.3 Q.8 Vi
VIH Input High Voltage 20 Ve Y
VoL Output Low Voltage 0.4 V | lgL=2mA
VoH Output High Voltage 2.4 VvV | lgy = ~250 pA
folo) Pawer Supply Current 120 mA | T = 250 nsec
N} Input Leakage Current 10 pA | Vi =0to Ve
I ou | Tri-State Output Leakage Current in Float 10 A | Vour =24 e Vee
ILgL | Tri-State Output Leakage Current in Float =10 pA | Vot =04V
lgHD | Darlington Drive Current -15 mA | Ve = 1.5V
RexT =3900
Capacitance
TA=25°C,f=1MHz
Symbol Parameter Max. Unit Test Conditon
Cop Clock Capacitance 20 pF Unrneasared Pins
CIN Input Capacitance 5 pt Returned to Ground
. CouT Output Capacitance 1 H pr
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Product Specification

7.-80 DMA
7.-80A DMA

The Z-80 DMA (Direct Memory Access) circuit is a pro- ® Three modes of operation:
grammable single-channel device which provides all address, —Byte-at-a-time: One byte transferred per request
timing and control signals to effect the transfer of blocks of —Burst: Continues as long as ports are ready
data between two ports within most microprocessor-based —Continuous: Locks out CPU until operation complete
systemns. These ports may be either system main memory or ® Timing may be programmed to match the speed of any
any system peripheral [fO device. The DMA can also search port.
a block of data for a particular byte (bit maskable), with or e Interrupts on Match Found, End of Block, or Ready,
without a simultaneous transfer, may be programmed.
Structure ® An entire previous operation may be repeated automat-
e N-channel Silicon Gate Depletion Load Technology ically or on command. (Auto restart or Load}
e 40 Pin DIP ® The DMA can signal when a specified number of bhytes
® Single S volt supply has been transferred, without halting transfer.
e Single phase 5 volt clock ® Multiple DMA’s easily configured for rotating priority.
e Single channel, two port ® The channel may be enabled, disabled or reset under
software control.
Features ' ® Complete channel status upon program (CPU) request.
® Three classes of operation: ® Up to 1.25 megabyte/second Search.
—Transfer Only ® Daisy-chain priority interrupt and bus acknowledge in-
—Search Only cluded io provide automatic interrupt vectoring and bus
~Search-Transfer request control, without need for additional external
® Address and Block Length Registers fully buffered. logic.
Values for next operation may be loaded without dis- ® TTL compatible inputs and outputs
turbing current values. #® The CPU can read current Port counters, Byte counter,
® Dual addresses generated during a transfer {one for read or Status Register., A mask byte can be set which defines
port and one for write port). which registers can be accessed during read operations.
® Proprammable data transfers and searches, automatic-
ally incrementing or decrementing the port addresses
from programmed starting addresses (they can also remain
fixed).
+5V GND o INT |El JEO BUSRQ 8A1 BAD RDY
[ _ _BYTE_ _ ] BYTE/PULSE INT PRIORITY
COUNTER | — COMPARATOR LOGIC BUS PRIORITY
BLOCK INT CONTROL LoGIC
[~ TuenGtH ~ PULSE INTERVAL INT VECTOR
T ﬁ CONTROL
INTERNAL BUS > STAAh'Ii'?Js
< REGISTERS
PORT A START [ PORTBSTART | COMPARE DATA
ADDRESS ADDRESS COMPARE MASK BUSEggTHOL
- PORTA _ — — _ PORTB_ _ | COMPARATOR '
COUNTER COUNTER
SOURCE/DEST ADDRESS MUX
11 _ _
T Tl T T T
A1E AQ D7 Do M{ MEMRC 1ORQ RD WR CE/WAIT

DMA Internai Biock Diagram

Fig.1
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DMA Architecture

A block diagram of the Z80 DMA is shown in Figure 1.
The internai structure consists of the tollowing circuitry:

® Bus {nterface: provides driver and receiver circuitry to
interface io the Z80-CPU Bus.

& Control Logic and Registers: set the class, mode and other
basic control parameters of the DMA.

® Address, Byte Count and Fulse Circuitry: generates the
proper port addresses for the read and write operations,
with provisions for incrementing or decrementing the
address. When zero bytces remain to be handled, the byte
count circuitry sets a flag in the status register. Pulse
circuitry generates a pulse each time the byle counter
lower 8-bits equal the pulse register.

® Timing Circuitry: allows the user to completely specify
the read/write timing for each port.

e Match Circuitry: holds the match byte and a mask
byte which allows for the comparison of only certain
bits wilhin the byte. If a match is encountered during a
Search or Transfer, this circuitry scts a flag in the status
register.

o JNT and BUSRQ Circuitry: includes a control regis-
ter which specifies the conditions under which the DMA
can generate an interrupt; priority cncoding logic to select
between the generation of an INT or BUSRQ output
under these conditions; and an interrupt vector register
for autematic vectoring to the interrupt service routine.

e Status Register: holds current status of DMA.

Register Description

The following DM A-internal registers are available to the
PIOgraminer:

Control Registers: Write only; 8 bits. Hold DMA control
information: such as, when to initiate an interrupt or pulse,
what mode or class of operation to perform, etc.

Timing Registers: Write only; 8 bits. Hold read/write timing
parameters for the two poris.

Interrupt Vector Register: Read/write; 8 bits. Holds the
&bit vector that the DMA will put onto the data bus after
receiving an IORQ during an interrupt acknowledge se-
quence if it is the highest priority device requesting an
interrupt. {This register is readable only during interrupt
acknowledge cycles.)

Block Length Register: Write only; 16 bits. Contains totz!
block length of data to be searched and/or transferred.

Byte Counter: Read only; 16 bits. Counts number of bytes
transferred (or searched). On a Load or Continue the Byte
Counter is reset to zero. Thereafter, each byte transfer o-
peration increments it until it matches the contents of the
Block Length Register, at which time End of Block is set in
the status register and operation is suspended if program-
med. Also if so programmed the DMA will gengrate an
interrupt.

33

Match Register: Write only; 8 bits. Holds the byte for
which a match is being sought in Search operations.

Mask Register: Write only; 8 bits. Holds the 8-bit mask to
determine which bits in the match register are to be ex-
amined for a match.

Starting Address Registers (Port A and Port B): Write only;
16 bits each. Hold the starting addresses (upper and lower
& bits) for the two ports invelved in Transfer operations. In
Search Only operations, only one port address would have
to be specified. Only memory starting addresses require
both upper and lower 8 bits; I/O ports are generally ad-
dressed with only the lower 8 bits, and in this case the ad-
dress contained in the register is a generally fixed address.

Address Counters (Port A and Port B): Read only; 16 bits
each. These counters are loaded with the contents of the
corresponding Starting Address Registers whenever Search-
es or Transfers are initiated with a Load or Continue. They
are incremented, decremented or remain fixed, as pro-
grammed.

Pulse Control Register: Write only; & bits. The content of
this register is continuously compared with the lower eight
bits of the byte counter. When they become equal, the INT
output is activated. Since this occurs while BUSRQ and
BUSAX are both active, the CPU does not interpret this as
an interrupt request. Instead, the signal is used to commun-
icate with a peripheral 1/0 device. When the Pulse Control
Register contains a value n, the first pulse is generated after
n + 1 bytes of search or transfer. The next and all subse-
quent pulses occur at 256-byte intervals.

Status Register: Kead only; 8 bits. Match, End of Block,
Ready Active, Interrupt Pending, and DMA Cycle Occurred
bits indicate these functicns when set.

Modes of Operation

The DMA may be programmed for one of four modes of
operation. (See Command Register 2B.)

e Bvte at a time: control is returned to the CPU after each
one-byte cycle.

® Burst: operation continues as long as the DMA’s RDY
input is active, indicating that the relevant port is ready.
Control returns to the CPU when RDY is inactive or at
end of block or a match if so programmed.

& Continuous: the entire Search and/or Transfer of a block
of data is completed before control is returned to CPU.
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Classes of Operation

The DMA has three classes of operation: Transfer only,
Search Only and a combined Search-Transfer. (See Com-
mand Register 1A.)

During a Transfer, data is first read from one port and
then written to the other port, byte by byte. (The DMA’s
two ports are termed Port A and Port B.) The ports may be
programmed {e be either system main memory or peripher-
al IO devices. Thus, a block of data might be written from
a peripheral to another; or it might be written from one
area in main memory to another; or from a peripheral to
main memory.

During a Search, data is read only, and compared byte by
byte against two DM A-internal registers, one of which con-
tains a match byte and the other an optional mask byte
which allows only certain bits to be compared. If any byte
of searched data matches, a DM A-internal status bit is seL;
if programmed to do so, the DM A will then suspend operation
and/or generate an interrupt.

The third class of operation is a combined Search-
Transfer. In such an operation a block of data is transferred
as described above until a match is found: then, as in a
Search Only operation, the transfer may be suspended and;
or an interrupt generated.

Addressing

The DMA’s addressing of ports is either fixed or sequen-
tial, incrementing or decrementing from a starting address.
The length of the operation {(number of bytes) is specified by
the programmed contenits of a block length register. The
DMA can address block lengths of up to 64K bytes. During a
transfer two separate port addresses are generated, one dur-
ing the Read cycle and one during the Write cycle.

Operating Sequence

Once the DMA has been programmed it may be “En-
abled” (Command Register 2A or 2D). In the enabled con-
dition when Ready goes active the DMA will request the
bus by bringing BUSRQ low. The CPU will acknowledge
this with a BUSACK which will normally be attached to
BAI When the DMA receives BAT it will start its program-
med operation releasing BUSRQ to a “high™ state when it
is through.

Oy w—a=] 35 B— Ay
Dy —n] 34 S A
Oy =— 33 4 f—a= Ay
SD‘LF'T‘;E"‘ [ e kX 3 4y
BUS Dy —=] 31 - Ay
Dy —mf 20 1 4
Dg ——trf 28 wl—w oy
o <]z a3
- M ag aus
BUSAO w—we] 15 23— ay
guols'lTROL{ Bl —ae{na 2= ay
BAD 12 e 21— A
20— Az
19— By
18— ay4
[T p— ¥ 17— A
svstem | 1OR0 —w] 0
CONTROLS MREC w—] 12 25 |— ROY DHA
BLS FD ] 16 [— m} CONTROL
wA -—nlg —— N1
44 };':,m':.“oﬂ"
& el 7 w—w 0
B s LU
GND ——a=] 30

Ag—Ays  Systemn Address Bus. All sixteen of these pins are
used by the DMA to address system main mem-
ory or an 1/Q port (output)

Dp—D7  System Data Bus. Commands from the CPU,
DMA status and data from memory or peripher-
als are transferred on these tristate pins {input/

output)
+5V Power
GND Ground
& System clock {input)
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Z-80 DMA Pin Description

Mi Machine cycle One signal from CPU (input)

IORQ Input/Qutput Request to and from the System
Bus (input/output)

MREQ Memery REQuest to the System Bus (input/
output)

RD ReaD to and from the System Bus (input/output)

WR WRite to and from the System Bus (input/foutput)

CE/WAIT Chip Enable; may also be programmed to be
WAIT during time when BAT is low {(input)

BUSRQ  BUS ReQuest. Requests control of the CPU
Address Bus, Data Bus and Status/Control Bus
(input/output, open drain)

BAI Bus Acknowledge In. Signals that the system
buses have been released for DMA control
(input)

BAO Bus Acknowledge Out. BAI and BAO form a

daisy-chain connection for system-wide priority
bus control (cutput)

TNT INTerrupt request (output, open drain)
IEI Interrupt Enable In (input)
IEQ Interrupt Enable Qut. IEI and {EQ form a daisy-

chain connection for system-wide priority inter-
rupt control {output})

RDY ReaDY is monitored by the DMA to determine
when a peripheral device associated with a DMA
port is ready for a read or wirite operaiion
(input, programmable as active high or low)
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DMA Command Write Cycle

Ilustrated here is the timing associated with a command
byte or control byte being written to the DMA which is to
be loaded into internal registers. Z80 Qutput instructions
satisfy this timing.

DMA Register Read Cycle

This timing is used when a read operation is performed on
the DMA to access the contents of the Status Register,
Address Counter or other readable registers. Z80 Input in-
structions satisfy this timing.

STD Memory Timing

This timing is exactly the same as used by the Z80-CPU to
access systern main memory, either in a Read or Write
operation. The DMA will default to this timing after a
power-on reset, or when a Reset or Reset Timing command
is written to it; and unless otherwise programmed, will use
this timing during all Transfer or Search operations involving
system main memory. During the memory Read portion of
a transfer cycle, data is latched in the DMA on the negative
edge of & during T and held into the following Write cycle.
During the memory Write portion of a transfer cycle, data
is held from the previous Read cycle and released at the end
of the present cycle.

NOTE: The DMA is normally programmed for a 3 T-cycle
duration in memory transactions. But WAIT is
sampled during the negative transition of Ty, and
if it is low, Ty will be extended another T-cycle,
during which WAIT will again be sampled. The
duration of a memory transaction cycle may thus
be indefinitely extended.

STD Peripheral Timing

This timing is identical to the ZBO-CPU’s Read/Write timing
to IO peripheral devices. The DMA will default to this
timing after a power-on reset, or when a Reset or Reset
Timing command is written to it; and unless otherwise pro-
grammed, will use this timing during all Transfer or Search
operations involving I/Q peripherals. During the I[/O Read
of a transfer cycle, data is latched on the negative edge of @
during T3 and is then held into the Write cycle. During an
[/O Write, data is held from the previous Read cycle until
the end of the Write cycle.

NQTE: If WAIT is low during the negative transition of
Tw*, then Ty * will be extended ancther T-cycle
and WAIT will again be sampled. The duration of a
peripheral transaction cycle may thus be indefinitely
extended.
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DMA Timing Waveforms
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WRITE DATA® HELD FROM PREYIOUS READ
—————— e
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R —— e [ S

*LATCHED BY DMA ON BUS DURING A TRANSFER
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Variable Cycle

The Variable feature of the DMA allows the user to program
the DM A’s memory or peripheral transaction timing to values
different than given above in the standard default diagrams.
This permits the designer to tailor his timing to the particular
requirements af his system components, and maximizes the
data transfer rate while eliminating external signal condition-
ing logic. Cycle length can be two to four T-cycles (mare if
WAIT is used). Signal timing can be varied as shown. During
atransfler, data will be latched by the DMA on the clock edge D
causing the rising edge of RD and will be held on the data

lines until the end of the following Write cycle.

(See Timing Control Byte, page 7.)

DMA Bus Request and Acceptance for
Byte-at-a-Time, Burst,
and Continuous Mode

Ready is sampled on every rising edge of ®. When it
is found to be active, the following rising edge of ¢
generates BUSRQ). After receiving BUSRQ the CPU witl
grant a BUSAK which will be connected to BAI either
directly or through the Bus Acknowledge Daisy Chain.
When a low is detected on BAI for two consecutive
edges of &, the next rising edge of ¢ will start an active
DMA cycle.

DMA Bus Release at End of Block
for Burst or Continuous Mode

Timing for End of Block and DMA not programmed
for Auto-restart.

DMA Bus Release with ‘Ready’
for Burst and Continuous Mode

The DMA will relinquish the bus after RDY has gone
inactive (Burst mode) or after an End of Block or a
Match is found (Continuous mode). With RDY inactive,
the DMA in Continuous mode is inactive but maintains
control of the bus {(BUSRG low) uniil ithe cycle is re-
sumed when RDY goes active,

DMA Timing Waveforms (continuea)
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DMA Bus Release for Byte-at-a-Time Mode

In the Byte mode the DMA will reicase BUSRQ on
the rising edge of ® prior to the end of each Read cy-
cle in Search Only or each Write cycle in a Transfer, re-
gardless of the statc of RDY. The next bus request will
come after both BUSRQ and BAI have returned high.

DMA Bus Release with Match for
Burst or Continuous Modes
When a Match is found and the DMA is programmed

to stop on Compare, the DMA performs an operation on
the next byte and then releases bus.

DMA Timing Waveforms (continved)
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Reading the DMA Internal Registers

The CPU can read seven internal DMA registers, always
in the following order: Status, lower byte of the Block
Length register, upper byte of the Block Length register,
lower byte of the Port A Address, upper byte of the Port A
Address, lower byte of the Port B Address and the upper
byte of the Port B Address.

The Read Mask register must be programmed to either
include or exclude any of these seven registers by program-

ming a 1 (include) or O (exclude) in the appropriate posi-
tions of the Read Mask register. After a Reset or Load, the
read sequence must be initiated through an Initiate Read
Sequence command (Command Byte 2D). The sequence of
reading all registers that are not excluded by the Read Mask
register must be completed before a new Initiate Read Se-
quence or RD Status command.

Programming the DMA

Previous sections of this specification have indicated the
various functions and modes of the DMA. The diagrams and
charts below show how the DMA is programmed to select
among these functions and modes and to adapt itself to the
requirements of the user system.

The Z80-DM A chip may be in an “enable’ state, in which
it can gain centrol of the system buses and direct the trans-
fer of data betwcen its ports, or in a “disable™ state, when
it cannot gain control of the bus. Program commands can
be written to it in either state, but writing & command o it
automatically puts it in the disable state, which is maintained
until an enable command is issued to the DMA. The CPU
must program it in advance of any data search or transfer by
addressing it as an I/O port and sending it a sequence of
command bytes via the system data bus using Output in-
structions. When the DMA is powered up or reset by any

means, the DMA is automatically placed into a disable
state, in which it can initiate neither bus requests nor data
transfers nor interrupts.

The command bytes contain information to be loaded
into the DMA’s control and other registers and/or informa-
tion to alter the state of the chip, such as an Enable [nterrupt
command. The command structure is designed so that cer-
tain bits in some commands can be set to alert the DMA to
expect the nexi byte written to it to be for a particular
internal register.

The following diagrams and charts give the function of
each bit in the six different command bytes. Two of these
are defined as being from Group 1, and are termed command
bytes 1A and 1B. These Group 1 commands contain the
most basic DMA set-up information. The other four are
categorized as Group 2. and are termed commands 2A, 2B,
2C and 2D. Group 2 words specify more detailed set-up
information.
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Command Register 1A

o7 D8 D5 D4 D3 D2 b1 DO

0

0=Port B - Fort A
1="Poit A —=Port B

¥

v] 0 = N/A {Command 1B}
0
1

PORT A STARTING ADDRESS {LOWER BYTE!}

[ [ ¥

PORT A STARTING ADDRESS {UPPER BYTE}

| ¥

BLOCK LENGTH (LOWER BYTE)

BLOCK LENGTH {UPPER BYTE}

Command Register 1B

A “1” in positions D3 through Dg

1 = Transter means that the indicated byte will fol-
0= Search low. Note that the sequence of bytes
1 1 = Search/Transfer is absolutely l'lgld

The DMA always transfers or search-
es one byte more than the number
In writteninto the Block Length registers.
Time A 0" in the block length register re-
Sequence sults in the transfer or search of 2'¢ +
1 bytes. The shortest programmable
block length is therefore two bytes
long, programmed by writing a 1 into

the Block Length register.

Command Register 2A

o7 D& 05 D4 D3 0z 01 [a]4] D7 D6 D5 D4 D3 D2 D1 oo
0 0 0 1 0 0
o 0 =Port B—Memory — 1= Stop On Match
0 1= Port &—Memory 1 = Interrupt Enable
1 0=Pont 8-1/0 1= DMA Enable
1 1= Port A—I/Q)
0= Port Address Decrements ¥
1= Port Address Increments
1= Port Address Fixed MASK BYTE (1= MASK = IGNORE; 0 = UNMASK = COMPARE]
4 *r
Timing Byte MATCH BYTE
1] 0=_Cycle Length=4
i} 1=Cycle Length =3
1 0= Cycle Length =2

0=T0ORG Ends % Cycle Early
0 =MREQ Ends ¥% Cycle Early
0= HD Ends % Cycle Early
)= WR Ends % Cycle Early

For transfers, this byte is normally written twice, once
for Port A and again for Port B.
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Command Register 2B

D7 DE [uls) D4 D3 D2 D1 Do

1 ) 1
Byte=10 0
Continuous = ¢ 1
Burst =1 0
Do not program = 1 1
y

PORT B STARTING ADDRESS (LOW-ORDER HALF!}

I

PORT B STARTING ADDRESS (HIGH-QORDER HALF)

!

‘ 1= Status Affects Vector
1= Interrupt Before Request Bus

'

PULSE COUNT

Y

V7 V6 V5 V4 V3 V2 Vi va

|

0= Interrupt On RDY
1= Match

0= End Of Black

1= Match, End Of Block

\nterrupt Control Byte!

1 = Interrupt On Match
1 = Interrupt At End Of Block
1= Pulse Generated

Interrupt Vector

- -]

Command Register 2C

b7 D6 D& D4 D3 o2 D1

—

If *Enterrupt Before Requesting Bus”
is selected (by a 1 in bit & of the In-
terrupt Contrel byte), the Z-80 DMA
does not request the bus until the
following set of instructions has been
received by the Z-80 DMA.:

B Epable after RETI command (B7
in Command byte 2D)

W Enable DMA command (87 in
Command byte 2D)

B A RETI instruction that resets the
[US (Interrupt Under Service
latch} in the Z-80 DMA

Do

1

0= Ready Active Low
1= Ready Active High

1= CEMWAIT Multiplexed

|
|
i 0= CE Only

= Stop On End Of Block
= Auto Repeat On End Jf Block
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Command Register 2D

o7 [ui] D5 D4 03 [ 01 [mid]
1 1 1
ex T

Cc3 1 o 0 0 0 = Reset Interrupt cirguitry, disable interrupt and bus request logic, unforce
internal ready condition, disable "MUXCE"" and stop auto repeat.

c? 1 [+] 0 0 1= Resat Port A Timing to standard 2-80 CPU timing.

CB 1 1} 1] 1 0 = Reset Port B Timing to standard Z-BO CPU timing.

CF 1 0 1] 1 1= Load starting address for both ports, clear byte counter.®

D3 1 ¢} 1 4] { = Addresses continue from present locations, clear byte counter,

AR 0 1 0 1 0 = Enable interrupts

AF o] 1 i] 1 1 = Disable interrupts

A 1] 1 a 0 01 = Reset and disable interrupt circuits {like RETI} and unforce the internal
ready condition

87 1] b] Q (] 1= Enabla DMA | Both affect all operations except interrupts, but do nat

a3 b] 0 a L}] 0 = Disable DMA_l reset any functions.

AT 0 1 Q [} 1 = Initiate read sequence 10 the first register designated as readable by the
Read Mask register.

BF 1] 1 1 1 1= Set read status so next read is from status register,

83 0 1 1 4] 0 = Force an internal ready condition independent of the RDY input. Used
for memory-to-memory operations where no RDY signal is needed.
This command does not function in the “byte-at-a-time’ mode.

1z 1] a L] 1 11 = Clear Match and End aof Block status bits.

B? 4] 1 1 D 1 = Enabie after RET| so DMA will request bus anly after receiving a RETI.
Must be followed by an Enable DMA command.

BE Q 1 1 1 (= Read mask is the following byte.

Read Mask {1 = enable)

L Status

Byte Counter {low bytel
Byte Counter (high byte}
Port A address {(low bvte)
Fart & address {high byte)
Port B address {low bytel
Port B address (high byte}

* loading Port Addresses. The “Load”’ command (CF in Com-
mand Register 2D) loads a fixed address enly into a port selected
as the source, not into a port selected as the destination. There-
fore, the destination address must be loaded by temporarily mis-
labeling the destination as the source.

The following example is a set-up procedure for a transfer from
Port A to Port B:

1. Command byte 1A with B as source port

2. Command byte 2D with CF = load

3. Command byte LA with A as source port

4, Command byte 2D with CF = load

5. Command byte 2D with 87 = Enable DMA

This manipulation is required only when the destination has a
fixed address.

Status Register

D7 Dg D5 04 D3 02 01 )]

D =10OMA Cycle Has Kot Occurred
1= 0OMA Cycle Has Oecurred
= Peady Active
0 = intarrugt Pending
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The Sample DMA Program shows how the DMA may be programmed to transfer data from memory (Port A) to a peripheral
device (Port B). In this example, the Port A memory starting address is 1050 and the Port B peripheral fixed address is 05H.
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 OTIR.

Figure 1: Sample DMA Program

: o7 06 05 D4 D3 D2 D1 Do HEX
1} Commend Register 1A sews OMA to Q 1 1 1 1 0 a 1 79
receive block length, Port A slarting Group Block Length Block Length  Port A Upper Part & Lower B A Command Byts 1A
address and termporarily sets Port B as Ona Upper Follows | Lower Follows ; Addr Follows ' Addr Follaws Terporary For Transfer, Mo Search
EOUrCE, Loading B Address
2} Port A address (lower} 1] 1 i] 1 1] 1] a [\] B0
3} Port A address [upper) o 0 1] 1 o] 1] a 1] 10
4} Block length flower! 1] 0 0 0 ! 0 Q 0 1] oo
6} Block lengrh {upper) V) 0 1] 1 1] 4] Q V] 10
6} Command Register 1B defines Port A as 1] 0 a 1 4] 1 1] Q 14
memory with incrementing aduress. Group Mo Timing Address Address Port Is This I3 Byie 1B
g Foltows Changes Increments Memory Port A
7} Command Register 1B defines Port B as 1] Q 1 - 0 1 0 0 0 28
peripheral with fixed address, Group Mo Timing Fixed Mot Used Port Is This Is By 1B
Cne Follows Address [Fle] Port B
3} Cammand Regster 2B sets mode to 1 i 0 a a 1 o 1 [oi:3
Burst, sets DMA to oxpect Port B Group Burst Mode Mo interrupt Mo Upper Port B Lower Byte 2B
address, Two Contral Byte Address Addr Follows
Follews
9] Port B address |lcver) o I ] o 0 a 1 o 1 05
10}Cammand Register 2C ets Ready 1 § 1] Q 1] 1 1] 1 ] BA
active High. Group Mot Lsed No Auto Mo Wait ROY Mot Used Byte 2C
Two Restart States Active HIGH
11Command Register 20 loads Port B 1 i Q 0 1 1 1 1 CF
address and resets block countar. Group Load Byte 2D
Two
12]Command Register 1A sets Pott A as ] V] o 4] a 1 Q 1 03
source, ¥ Group No Addr Or Block Length Bytas A B Byta 1A, Transfer
One Mo Search
131Command Reqgister 2D loads Fort A 1 1 Q 0 1 1 1 1 CF
address and resets block counter. * Group Load Byte 20
Twwd
14l Command byte 20 enables DMA to 1 4] a a 1 1 1 E7
start operation. Group Enabe DMA Byte 2D
Twa

NOTE: The actual number of bytes transferred is one maore than specified by the block length.
* These commands are necessary only in the case of a fixed destination address.
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Absolute Maximum Ratings

0°C to +70°C
—65°C to +150°C
—03Vto+7V

Temperature Under Bias
Storage Temperature
Valtage On Any Pin with

Respect to Ground
Power Dissipation

1.5W

*Comment

Stresses above those listed under ““Absolute

Maximum Rating” may cause permanent

damage to the device. This is a stress rating
enly and functional operation of the device
at these or any other condition above those
indicated in the operational sections of this
specification is not implied. Exposure to
absolute maximum rating conditions for
extended periods may affect device reliability.

D.C. Characteristics
Ta=0"Cto 70°C, Vor = SV £5% unless olherwise specified.
Symbol Paramertes Min. Max, Unit Test Condition
ViLe | Clock Inpul Low Voltage -03 0.45 v
¥IHe | Clock Input High Voitage ¥eoe-46 5.5 v
ViL Input Low Voltage —0.3 0.8 v
YiH Input High Voltage 20 5.5 A
YoL Qutput Low Veltage 4 v I, = 3.2mA lor m
oL, = 2.0 ma for all others
YoH CQutput High Voltage 24 v loH = -250 pA
Icc Fower Sapply Current Z-30 DMA 15¢ mA | =400 ns
7-80A DMA 200 mA | te=7350ns
37 Input Leakage Curcent 10 @A VIN = Dto ¥ir
11oH | Tri-State Curput Leakage Current in Float 19 [TES YouTr =24 to Voo
Ipop | Tri-State Output Leakage Current in Float -10 HA VouT =04V
LD [tz Bus Leakage Cureznt in Inpul Mode 210 HA 0= VN= Yoo
Capacitance
Ty = 25°C,f=1MHz
Symbol Parameter Max. Unit Test Condition
Ce Clock Capacitance 35 pF Unmeasured Pins
CiN Input Capacitance 5 pF Returned to Ground
CouT Output Capacitance 10 pF

TEST PONT
)

kALY

CL = 50 pF. Increase delay by 10 ns for each 50 pF
increase in C1, up to 200 pF maximum,
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780 and Z80A as a Peripheral Device (Inactive State)

Timing measurerents are made at the following voltages, unless otherwise spacified:

tyy (PL}-» -— —r-: |-¢-tf

e - 15, (CS}—>

g‘ .
3
/

T3/TW

-\

T4/73

A.C. Timing Diagrams

g g

CLOCK 4.2y a8V
QUTPUT 2.0v a8y

INPUT 20V 08V
FLOAT av = +D.BY
T1

WR n o
" /
| -»| 1gq,(D} |« —»| [=—tp(D), ty

Do-D7 < j}

-—tg (M) —> -ty (D)
/

tDMuo;—-L -
IEL \
- tg(IEI}——

0 \

— tDL(lo:l -—

|

z
o

INT

1t {IT)—»

CONDITION

NOTE: This diagram does not show an actuval timing sequence. Refer to this diagram only for the detailed timing relationships
of individual edges. Use the illustrations in the “DMA Timing Waveforms™ section as an explanation of the various

timing sequences.
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Z80-DMA as a Peripheral Device (Inactive State).
T = 0°C to 70°C, Ve = +5V+5%, Unless Otherwise Noted

Z-80 DMA Z-80A DMA*
SIGNAL SYMBGL PARAMETER UNIT
WIN A X MIN MAX
1 Clack Period 400 f1] 250 11 nsec
CIJ i Hi Clock Pulse Widrh, Clock High 170 2000 105 2000 nsec
Tl L) Clock Pulse Widih, Clock Low 170 2000 10 L 20060 nser
o f Clock Hise and Fall Times 0 30 s
tH Any Hold Time for Specilied Sewp Time (] o nsec
CE, WR L5hicS) Control Signal Setup Time to Rising Edge ot g+ during 280 145 nsec
IGRG hite Cyele (IORC. WR, OF)
tDR{D] Data Cutput Delay from Falling Edge of RD 500 320 nsec
1S4iD) Dats Setup Tirme 1o Rising Edge of & during Write or M1 50 ) nsec
Dg-7 Cycle
tDI{D) [Crata Cutput Delay fram Falling Edge of TORD dunng INTA 340 250 nsee
Cycle
Ry Delay to Fhoating Bus (Dutput Buffer Disable Timel 160 o nsec
IE) tSIHEL) 1EN Setup Tirme 1o Falling Edoe of [ORD during INTA Cyele 140 140 nser
IBH{IEN IEQ Delay Time from Hising Edge of IEL 210 160 nsec
Lo 1EQ Delay Time from Falling Edge of 1E] 190 120 nsee
1EQ HMEIQ] I1EQ Delay from Falling Edge of M1 {laterrupt Oegurring 300 190 ner
Just Prior to MT) See Mote A
M7 SBIMI 7 Setup Time o Rising Cdge of & during INTA ar M1 210 90 et
Cycle. See Note B.
ED TSP AR AD Setup Tivme to Rising Edge of @ during M1 Cycle. 240 118 nger
Nt toITY INT Delay Time from Condituan Causing INT. THT generated 500 G0 nsec
only when T#A is inactive,
BAQ tHIBO) BAQ Delay from Rinng Edge ot BAI 150 200 160 200 nseg
toLIBO) BA&O Delay from Faling Edge of BaY thQ 200 180 i 200 hsge

* Z-80A DMA Timing Specifications are preliminary.
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Z80-DMA as a Bus Controller (Active State)
Ta= 0°C to 70°C, Vee = +5V+45%, Unless Otherwise Noted.

A.C. Characteristics

Z-80 DMA 2.80A OMA
SIGNAL SYMBOL PARAMETER UNIT
MIN MAX MIN MAX
tc Clock Perigd 400 nsec
i H} Clock Pulse Width, Clock High 180 2000 nsee
¢ Wb L] Clock Pulse Width, Clock Low 180 2000 nsec
I, ¢ Clock Rise and Fatl Time 30 nses
to(AD} Address Output Delay 145 neec
tF{AD) Delay to Float 110 nsec
ATmA taem Adtdress Stable Prior ko MREQ {Memery Cycle) t{bHY *+ t — 75 nsec
0=A15 [ Address Stable Pror to I0RQ, RD or WR {0 Cycle] o — B0 nses
tea Address Stable from RO or R L) Tt 40 nges
teaf Address Stable from RO or WR during Float i) +1r - B0 nget
0o Data Qutput Detay 230 ngec
tFiD) Delay to Float during Write Cycle an nsec
5Dy Data Setup Time to Rising Edge of Clock during Read when &0 ses
Falling Edge Ends RD
Dp--D7 5 D) Data Setup Time ta Falling Edge of Clock curing Rewd wher 60 nset
Falling Edge Ends@
tdem (rata Stable Prior to WH iMemary Cycle] - 214 nsed
Tdei Data Stable Prior to WR (1/0 Cycle) L} +tr — 210 nsec
todf Data Stable from WR WBL) Tt — B0 nte
tH Avy Hold Time where S2tup Time is Specified Q nsec
tDLB{MR] MHEQ Delay from Rising Edge of Clock, MREQ Low 100 nsec
DHEMR) PREQ Delay from Falling Edge of Clock, MREQ Low 100 nsec
WREG 1OHBMR) WREQ Delay trom Rising Edge of Clock, MREC High 100 nsec
\DHE{MR) MHREQ Delay from Falling Edge of Clock, MEEQ High 100 nsec
tyiEIRLY Fulse Whdth, MEEQ Low 1 —40 nsec
twiMEaH] Pulse Whdth, MREC High oy H) e — 30 nsec
DL IR} TORQ Delay from Rising Edge of Clock, IORD Low a0 nser
iora IOLEBIR] TCUHG Delay from Fall:ng Edge of Ctock, IORD Low 110 nsgr
IDHS R} IORQ Delay from Rising Edge of Clock, IDRQ High 100 nsec
“DHERY 10RC Delay from Falling Edge of Ciock, 10RO Law 114 nsec
DLBIRD) E_Q Delay frorm Rising Edge of Clock, R_ELGW FiLt] nsec
) IODLPBRD) RI} Delay from Falling Edge of Clock, RO Low 130 nsec
tDHE{RDE RD Delay “rom Rising Edge of Clock, RD High 100 nsec
IDHS{R D} RD Delay from Falline Edoe of Clock, RD High 110 nsec
tDLB{WR W_R Delay fram Rising Edge of Clock, WR Low 80 nsec
IDLHMWR] WR Delay irom Falling Edge of Clock, WR Low 90 nsec
Wh tDHBWRI E Delay fram Rising Edge of Clock, WR High 100 nsec
IDHBVRE WR Delay from Falliag Edge of Clock, WR High 100 nses
TWIWRLI Pulse Width, WH Low 1o — 40 L
WAl 150WT) WAIT Setup Time o Falling Edge of Clugk Fiil nses
BUSRD ID{BAY BUSAQ Delay Time froam Rising Edge oi Clock 160 nSEC
{2w] Delay tu Fluat {MREQ, IORT, RD and WR) 100 nsed
NQOTES:

B Data must be enabled

RD is active.
®  All equations imply standard 2-80 CPL} and Z-80A CPU

timing.

onto the DMA data bus when

® Z-80A DMA timing specifications are preliminary.
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Z80 and ZBCQA as a Bus Controller (Active State)

Ag_als

Ag_1s

Timing measurements are made at the following voltages, uniess otherwise specified:

A.C. Timing Diagrams

e e
CLOCK 4.2V 0.8V
QUTPUT 2.0v 0.8v
INPUT 2.0v 0.8v
FLOAT AV = +05V

g ——
i 1 H
1
2 - Z JE ] { \
Ty |1L)
!
o140 :
£
~ e LG ‘\,.-____.l'\(,_q.___.y( % S<'-—_
_/E':. ______ - - — L4, ol ‘]" ol NS
| Vo lsim f—
. { ————\ —}',ﬁ-
N :
+ .
) om il iy _\' .
et by —-— by .
's-l-qu]*br Hi —— _Sfl . Fion
i o
out | ) >
; 1 Prhy-—-
t ] Leal
L . |
1 i . I = lea
|§ | : -Il—- l——cdt
| b | i
| i i i e ICI
. - QHl MR | i i _| ' —
'"1—"‘:‘0L-T- IMAI 'OH MA— - L‘E—I : I | tpui MR)—— i 3’—_\
1 | : '
'nm_pN I e | twy wmu-y.‘_ N . } -
| ) I W AN o o |
DL IRD OHHRM—— | o oni A=l | | f=—
| <t \ {i ] we=
R . 'ouiowey | 7 . \
H : r--l ; - D1 (WA
E "-‘_: 'dcm :l # lw ‘w_-R-lb '-. \\‘---‘
RTERILT oL ' o
TBH (LR =] o pe) = —
! \
; ; ’ ~ V4
i fr-—— .m i
; — ‘oA T
YRR R D=
, . /_
! L LT
:‘ou WA
| = pH-t A=
[ ~ /
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This diagram does not show an actual timing sequence. Refer to this diagram only for the detailing timing relationships of
individual edges.
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Zilog | Package Outline

O S P e S

L o o e e e o e e g

L ]
|
I
[ ]
- s ——— P - »liam - . .
% "o [ K £
40-Pin Plastic
e e e L —
2 D |
L \“) |
. —
¥ T J L L J LT L 0000 = == 0=/ — T T 0CJ LJd L = T d
[ .
AL 4“.—-1
[P . " ) ' |
& i R e
f‘?‘_ Wil mw
| i.__ '
L
012 —s=fju—
[| o ¥ o
|
- ""‘" ------ - |I|z: - 'l-_%wmm %‘J |"_ _'E_;"" -
40-Pin Ceramic
Ordering Information
Examples:

Z-80 DMA CS (ceramic package, standard range)
Z-80 DMA PS (plastic package, standard range)

C — Ceramic Package
P — Plastic Package

— Standard Range (5V, +5%, 0°C to 70°C)
Extended Range (5V, +5%, —40°C to 85°C)
— Military Range (5V, +10%, - 55°C to 125°C)
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Product Specification

General Description

The Z80-SIO (Serial Input/QOutput) is a dual-channel
multi-function peripheral component designed to satisfy
a wide variety of serial data communications require-
ments in microcomputer systems. Its basic function is a
serial-to-parallel, parallel-to-serial converter/controller,
but—within that role—it is configurable by systems
software so its “‘personality’’ can be optimized for a
given serial data communications application.

The Z80-SI0O is capable of handling asynchronous
formats, synchronous byte-oriented protocols such as
iBM Bisync, and synchronous bit-oriented protocols
such as HDLC and spLc. This versatile device can also be
used to support virtually any other serial protocol for
applications other than data communications (cassette
or floppy disk interfaces, for example).

The Z80-SIQ can generate and check CRC codes in
any synchronous mode and can be programmed to
check data integrity in various modes. The device also
has facilities for modem controls in both channels. In
applications where these controls are not needed, the
modem controls can be used for genmeral-purpose 1/0.

Z-80° SIO
Z-80A SIO

Structure

@ N-channel silicon-gate depletion-load technology
H 40-pin DIP

m Single 5 V power supply

B Single-phase 5 ¥ clock

B All inputs and outputs TTL compatible

Features

® Two independent full-duplex channels

B Data rates in synchronous or isosynchronous modes:

o 0-500K bits/second with 2.5 MHz system
clock rate

o 0-800K bits/second with 4.0 MHz system
clock rate

B Receiver data registers quadruply buffered; trans-
mitter doubly huffered.

B Asynchronous features:
* 5.6, 7 or 8 bits/character

(e
: -
‘ SERIAL DATA

-
|t CHANNEL CLOLKS

/T CHANNEL A CHAN
e SYNE
"= WAITREADY

INTERNAL CHAMNEL A
- SV GND & EGNTROL READ/WRITE
‘ REGISTERS - ——
; ;?)'NSFSSIE& l—— MODEM OR
' STATUS = OTHEA CONTROLS
{CH. &) —

INTERNAL BUS

4
l BUS 1i0

CONTROL

=

INTERRUPT
CORTADL
LOGIC

Ty

INTERAUPT
CONTROL

LINES

CHANMEL B
READ'WRITE
REGISTERS

—
DISCRETE ~ re——
MODEM OR
CONTROL &  fe———
T UTHER CONTROLS

STATUS
(CH. Bl ™

——

— —-
le . SERIAL DATA

il

o CHANNEL GLOCKS
Foe——p SYNL

™ WAITREADY

CHANNEL B

Figure 1. Z80-510 Block Diagram
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Zilog Z-80 SIO Pin Description

1, 1% or 2 stop bits

Even, odd or no parity

x 1, x16, x32 and x 64 clock modes
Break generation and detection

Parity, overrun and framing error detection

@ Binary synchronous features:
s Internal or external character synchronization
¢ One or two sync characters in separate registers
» Automatic sync character insertion/deletion
& CRC generation and checking

m HDLC and SbLC features:

Abort sequence generation and detection
Automatic zero insertion and deletion
Automatic flag insertion between messages
Address field recognition

¢ Support for one to eight bits/character

¢ Valid receive messages protected from overrun
s CRC generation and checking

B Interrupt features:

¢ Daisy-chain interrupt logic provides automatic
interrupt vectoring with no external logic

» Programmable interrupt vector
o Status Affects Interrupt Vector mode for fast
interrupt processing
B CRC-16 or CRC-CCITT block frame check

m Separate modem control inputs and outputs for both
channels

m Modem status can be monitored

Pin Description

Dg-D4. System Data Bus (bidirectional, 3-state). The
system data bus transfers data and commands between
the cpPU and the Z80-SIO. Dy is the least significant bit.

B/A. Channel A Or B Select (input, High selects Chan-
nel B). This input defines which channel is accessed
during a data transfer between the CPU and the
Z80-SI10. Address bit Ay from the CpPU is often used for
the selection function.

C/D. Control Or Data Select (input, High selects Con-
trol). This input defines the type of information trans-
fer performed between the CPU and the Z80-S10. A
High at this input during a CPU write to the Z80-510
causes the information on the data bus to be interpreted
as a command for the channel selected by B/A. A Low at
¢/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 Z80-SIO to accept command or
data input from the cPU during a write ¢ycle, or to
transmit data to the cpu during a read cycle.

4). System Clock (input). The Z80-8IO uses the stand-
ard Z80 System Clock to synchronize internal signals.
This is a single-phase clock.

M1. Machine Cycle One (input from Z80-CPU, active
Low). When Mi is active and RD is also active, the
Z80-CPU is fetching an instruction from memory; when
M1 is active while TORQ is active, the Z80-SIO accepts M1

oy q-%» + RDA 0g -q—'“:—h-
0y e Pk By g
o] ! B 14 Ta0A Py e z
0ATA O3 g pa— = Tal% DATA O
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Figure 2. Z80-S10/0 Pin Configuration Figure 3.
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and IORQ as an interrupt acknowledge if the Z80-810 is
the highest priority device that has interrupted the
Z80-CPU.

I0RQ. Input/Output Request (input from CPU, active
Low). TORQ is used in conjunction with B/A&, ¢/D, CE
and RD to transfer commands and data between the CPU
and the Z80-S10. When CE, RD and TORQ are all active,
the channel selected by B/A iransfers data to the CPU (a
read operation). When CE and [ORQ are active, but RD is
inactive, the channel selected by B/A is written to by the
CPU with either data or control information as specified
by ¢/D. As mentioned previously, if [ORQ and M1 are ac-
tive simultaneously, the CPU is acknowledging an inter-
rupt and the Z80-S10 automatically places its interrupt
vector on the cpu data bus if it is the highest priority
device requesting an interrupt.

RD. Read Cycle Status. (input from CPU, active Low),
If RD is active, a memory or 170 read operation is in
progress. RD is used with /A, CE and JORQ to transfer
data from the Z80-SIO to the CPU.

RESET. Reset (input, active Low). A Low RESET dis-
ables both receivers and transmitters, forces TxDA and
TxpB marking, forces the modem controls High and dis-
ables all interrupts. The control registers must be re-
written after the ZB0-SIQ is reset and before data is
transmitted or received.

1EL. Interrupt Enable In (input, active High). This sig-
nal is used with 1EO 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 pri-
ority is being serviced by a CPU interrupt service routine,

IEQ. Interrupt Enable Out (output, active High). IEQ
is High only if IEI is High and the CPU is not servicing an
interrupt from this Z80-SI10. Thus, this signal blocks
lower priority devices from interrupting while a higher
priority device is being serviced by its CPU interrupt ser-
vice routine.

INT. Interrupt Request (output, open drain, active
Low). When the ZB0-SIQ is requesting an interrupt, it
pulls INT Low.

W/RDYA, W/RDYB, Weait/Ready A, Wait/Ready B
(outputs, open drain when programmed for Wait func-
tion, driven High and Low when programmed for
Ready function). These dual-purpose outputs may be
programmed as Ready lines for a DMA controller or as
Wait lines that synchronize the CPU to the Z80-510 data
rate. The reset state is open drain.

CTSA, CTSB. Clear To Send (inputs, active Low).
When programmed as Auto Enables, a Low on these
inputs enables the respective transmitter. If not pro-
grammed as Auto Enables, these inputs may be pro-
grammed as general-purpose inputs. Both inputs are
Schmitt-trigger buffered to accommodate slow-risetime
signals. The ZB0-SIO detects pulses on these inputs and
interrupts the CPU on both logic level transitions. The
Schmitt-trigger buffering does not guarantee a specified
noise-level margin,
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DCDA, DCDB. Data Carrier Detect (inputs, active
Low). These pins function as receiver enables if the
Z80-SIO is programmed for Auto Enables; otherwise
they may be used as general-purpose input pins. Both
pins are Schmitt-trigger buffered to accommodate slow-
risetime signals. The Z80-SI10 detects pulses on these
pins and interrupts the CPU on both logic level transi-
tions. Schmitt-trigger buffering does not guarantee a
specific noise level margin,

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

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

RxCA, RxCB. Receiver Clocks (inputs). Receive data
is sampled on the rising edge of RxC. The Receive Clocks
may be 1, 16, 32 or 64 times the data rate in Asyn-
chroncus modes. These clocks may be driven by the
Z80-CTC Counter Timer Circuit for programmable
baud rate generation. Both inputs are Schmitt-trigger
buffered (no noise level margin is specified). See the
following section for bonding options.

TxCA, TxCB. Transmitter Clocks (inputs}. TxD
changes on the falling edge of TxC. In Asynchronous
modes, 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 for
relaxed rise- and fall-time requirements (no noise level
margin is specified). Transmitter Clocks may be driven
by the Z80-CTC Counter Timer Circuit for program-
mable baud rate generation. See the following section
for bonding options,

RTSA, RTSB. Reguest To Send (outputs, active Low).
When the RTS bit is set, the RTS output goes Low, When
the RTS bit is reset in the Asynchronous mode, the out-
put goes High after the transmitter is empty. In Syn-
chronous modes, the RTS pin strictly follows the state of
the ®TS bit. Both pins can be used as general-purpose
outputs.

DTRA, DTRB. Dafa Terminal Ready (outputs, active
Low). See note on bonding options. These outputs fol-
low the state programmed into the DTR bit. They can
also be programmed as general-purpose outputs.

SYNC A, SYNC B. Synchronization (inputs/outputs,
active Low). These pins can act either as inputs or out-
puts. In the Asynchronous Receive mode, they are in-
puts similar to CTS and DCD. In this mode, the transi-
tions on these lines affect: the state of the Sync/Hunt
status bits in RRO. 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 acti-
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vate the SYNC input. Once SYNC is forced Low, it is wise
to keep it Low until the cPu informs the external sync
logic that synchronization has been lost or a new mes-
sage is about to start. Character assembly begins on the
rising edge of RxC that immediately precedes the falling
edpe of SYNC in the External Sync mode.

In the Internal Synchronization mode (Monosync
and Bisync), these pins aci as outputs that are active
during the part of the receive clock (RxC) cycle in which
sync characters are recognized. The sync condition is
not latched, so these outputs are active each time a sync
pattern is recognized, regardless of character bounda-
T1es.

Bonding Options

The constraints of a 40-pin package make it impossible
to bring out the Receive Clock, Transmit Clock, Data
Terminal Ready and Sync signals for both channels.
Therefore, Channel B must sacrifice a signal or have
two signals bonded together. Since user requirements
vary, three bonding options are offered:

e Z80-S10/0 has all four signals, but TxCB and RxCE
are bonded together (Fig. 2).

s 780-SI0/1 sacrifices DTRB and keeps TxCB, RxCB
and SYNCB (Fig. 3).

e 780-SI0/2 sacrifices SYNCB and keeps TxCB, RxCB
and DTRB (Fig. 4).

Architecture

The device internal structure includes a Z80-CPU inter-
face, internal control and interrupt logic, and two full-
duplex channels. Each channel contains read and write
registers, and discrete control and status logic that pro-
vides the interface to modems or other external devices.

The read and write 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 Read Register 2 in Channel B.
The registers for both channels are designated in the text
as follows:

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

The bit assignment and functional grouping of each
register is configured to simplify and organize the pro-
gramming process. Table 1 lists the functions assigned
to each read or write register.

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

RR1 Special Receive Condition status
RR2 Modified interrupt vectar (Channel B only}

Read Register Functions
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Register pointé?s‘ CRC initialize, initiatization com-

The logic for both channels provides formats, syn-

WO mands for the various modes, eic. chronization and validation for data transferred to and
wriy Transmit/Receive interrupt and data transfer mode from the channel interface. The m?dem control inputs
definition. Clear to Send (CcT8) and Data Carrier Detect (DCD) are
WR2 Interrupt vector (Channet B only) monitored by the discrete conirol logic under program
WR3 Recsive parameters and control contrpl. All the modem control signals are general pur-
- - 3 pose in nature and can be used for functions other than
WR4 Transmit/Receive miscetlaneous parameters an modem control.
mades
WRS Transmit parameters and controls For automatic interrupt vectoring, the interrupt con-
WRE Sync character or SDLC address field trol logic determines which channel and which device
WR? Syne character or SDLC flag within the channel has the highest priority. Priority is

fixed with Channel A assigned a higher priority than

Channel B; Receive, Transmit and External/Status in-

Table 1. Functional Assignments of Read and Write terrupts are prioritized in that order within each chan-
Registers nel.

Write Register Functions
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Figure 5, Transmit and Receive Data Path
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Data Path

The transmit and receive data path illustrated for Chan-
nel A in Figure 5 is identical for both channels. The
receiver has three 8-bit buffer registers in a FIFO ar-
rangement in addition to the 8-bit receive shift register.
This scheme creates additional time for the CPU to ser-
vice 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 modes—the character
length.

The transmitter has an B-bit {ransmit data register
that is loaded from the internal data bus, and a 20-bit
transmit shift register that can be loaded from the syn¢
character buffers (wR6 and wR7) or from the transmit
data register. Depending on the operational mode, out-
going data is routed through one of four main paths
before it is transmitted from the Transmit Data Qutput
(TxD).

Functional Description

The functional capabilities of the Z80-SIQ can be
described from two different points of view: as a data
communications device, it transmits and receives serial
data, and meets the requirements of various data com-
munications protocols; as a Z80 family peripheral, it
interacts with the Z80-CPU and other Z80 peripheral
circuits, and shares the data, address and control
busses, as well as being a part of the Z80 interrupt struc-
ture. As a peripheral to other microprocessors, the
Z80-SI0O offers valuable features such as non-vectored
interrupts, polling and simple handshake capability.

The first part of the following functional description
describes the interaction between the CPU and Z80-510;
the second part introduces its data communications
capabilities.

1/0 Interface Capabhilities

The Z80-SI0 offers the choice of Polling, Interrupt
(vectored or non-vectored) and Block Transfer modes to
transfer data, status and conirol information to and
from the cpu. The Block Transfer mode can be im-
plemented under CPU or DMa control.

Polling. There are no interrupts in the Polled mode.
Status registers RR0 and RR| are updated at appropriate
times for each function being performed (for example,
cre Error status valid at the end of the message). All
the interrupt modes of the Z80-SIO must be disabled to
operate ihe device in a polled environment,

While in its Polling sequence, the CPU exantines the
status contained in RRo for each channel; the RRO status
bits serve as an acknowledge to the Poll inquiry. The
fwo RRO status bits Dy and D, indicate that a data
transfer is needed. The status also indicates Error or
other special status conditions (see *‘Z80-S[0 Program-
ming'’}. The Special Receive Condition status contained
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in RR1 does not have to be read in a Polling sequence
because the status bits in RR1 must be accompanied by a
Receive Character Available status in RRO.

Interrupts. The Z8(0-SI0 offers an elaborate interrupt
scheme to provide fast interrupt response in real-time
applications. Channel B registers WR2 and RR2 contain
the interrupt vector that points to an interrupt service
routine in the memory. To service operations in both
channels and to eliminate the necessity of writing a
status analysis routine, the Z80-SI0 can modify the in-
terrupt vector in RR2 so it points directly to one of eight
interrupt service rouiines. This is done under program
control by setting a program bit (WRI, Dy} in Channel B
called ““Status Affects Vector.”” When this bit is set, the
interrupt vector in WR2 is modified according to the
assigned priority of the various interrupting conditions.
The table in the Write Register 1 description (Z80-SIO
Programming section} shows the modification details.

Transmit interrupts, Receive interrupts and External/
Status interrupts are the main sources of interrupis.
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
interrupts prioritized in that order within each channel.
When the Transmit interrupt is enabled, the CPU is
interrupted by the transmit buffer becoming empiy.
(This implies that the transmitter must have had a data
character written into it so it can become empty.) When
enabled, the receiver can interrupt the CPU in one of
three ways:

* [nterrupt on the first received character
» Interrupt on all received characters
* Interrupt on a Special Receive condition

Interrupt On First Character is typically used with the
Block Transfer mode. Interrupt On All Receive Charac-
ters has the option of modifying the interrupf vector in
the event of a parity error. The Special Receive Condi-
tion interrupt can occur on a character or message basis
(End Of Frame interrupt in spLc, for example). The
Special Receive condition can cause an interrupt only if
the Interrupt On First Receive Character or Interrupt
On All Receive Characters 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
SYNC pins; however, an External/Status interrupt is also
caused by a Transmit Underrun condition or by the
detection of a Break (Asynchronous mode) or Abort
(sDLC mode) sequence in the data stream. The interrupt
caused by the Break/Abort sequence has a special fea-
ture that aflows the Z80-SIO to interrupt when the
Break/Abort sequence is detected or terminated. This
feature facilitates the proper termination of the current
message, correct initialization of the next message, and
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the accurate timing of the Break/Abort condition in ex-
ternal logic.

CPU/DMA Block Transfer. The Z80-SIO provides a
Block Transfer mode to accommodate CPU block trans-
fer functions and DMA controllers (Z80-DMA or other
designs). The Block Transfer mode uses the WAIT/
READY output in conjunction with the Wait/Ready bits
of Write Register . The WAIT/READY output can be
defined under software conirol as a WAIT line in the CPU
Block Transfer mode or as a READY line in the DMA
Block Transfer mode,

To a DMA controller, the Z80-SIQ READY output in-
dicates that the Z80-S10 is ready to transfer data to or
from memory. To the CPU, the WAIT output indicates
that the Z80-SIO is not ready to transfer data, thereby
requesting the CPU to extend the 140 cycle. The pro-
gramming of bits 5, 6 and 7 of Write Register 1 and the
logic states of the WAIT/READY line are defined in the
Write Register 1 description (Z80-SIO Programming
section). :

Data Communications Capabilities

In addition to the (/0 capabilities previously discussed,
the Z80-SIO provides two independent full-duplex
channels that can be programmed for use in Asynchro-
nous, Synchronous and SDLC (HDLC) modes. These dif-
ferent modes are provided to facilitate the implementa-
tion of cornmonly used data communications protocols.
The following is a short description of the data com-
munications protocols supported by the Z80-S10. A
more detailed explanation of these modes can be found
in the Z80-8J0O Technical Manual.

Asynchronous Modes, The Z80-SI10 offers transmission
and reception of five to eight bits per character, plus op-
tional even or odd parity. The transmitier 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 only 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. If the Low
does not persist—as in the case of a transient—the char-
acter assembly process is not started.

Framing errors and overrun errors are detected and
buffered together with the partial character on which
they occurred. Vectored interrupts allow fast servicing
of error conditions using dedicated routines. Further-
more, 4 built-in checking process avoids interpreting a
framing error as a new start bit: a framing error results
in the addiiion of one-half a bit time to the point at
which the search for the next start bit is begun.

The Z80-SIO does not require symmetric Transmit
and Receive Clock signals—a feature that allows it to be
used with a Z80-CTC or any other clock source. The
transmitter and receiver can handle data at a rate of 1,
1716, 1/32 or 1/64 of the clock rate supnlied to the
Receive and Transmit Clock inputs.
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In Asynchronous modes, the SYNC pin may be pro-
grammed for an input that can be used for functions
such as monitoring a ring indicator.

Synchrenous Modes. The Z80-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 pat-
tern (Bisync), or with an external sync signal. Leading
sync characters can be removed without interrupting the
CPU. CRC checking for synchronous byte-oriented
modes is delayed by one character time so the CPU may
disable CRC checking on specific characters. This per-
mits implementation of protocols such as 1BM Bisyne.

Both cRC-16 (X16+ X154 X24+1) and CCITT
(X16 4+ Xi2 4+ X5 + 1) error checking polynomials are sup-
ported. In all non-SDLC modes, the CRC generator is in-
itialized to 0’s; in SDLC modes, it is initialized to 1’s.
(This means that the Z80-SI10 cannot generate or check
crC for I1BMm-compatible soft-sectored disks.) The
Z80-SI0 also provides a feature that automatically
transmits CRC data when no other data is available for
transmission. This allows very high-speed transmissions
under DMA control with no need for CPU intervention at
the end of a message. When there is no data or CRC to
send in Synchronous modes, the transmitter inserts 8- or
16-bit sync characters regardless of the programmed
character length. Since the CPU can read status informa-
tion from the Z80-SIQ, it can determine the type of
transmission {data, CRC or sync characters) that is tak-
ing place at any time.

The Z80-SIO supports synchronous bit-griented pro-
tocols such as SbLC and HDLC by performing automatic
flag sending, zero insertion and CRC generation. A spe-
cial command can be used to abort a frame in transmis-
sion. The Z80-810 automatically transmits the CRC and
trailing flag when the transmit buffer becomes empty.
An interrupt warns the CPU of this statos change so an
abort may be issued if a transmitter underrun has oc-
curred. One to eight bits per character can be sent,
which allows transmission of a message exactly as
received with no prior information about the character
structure in the information field of a frame.

The receiver automatically synchronizes on the lead-
ing fag of a frame and provides a synchronization sig-
nal that can be programmed to interrupt. In addition,
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 char-
acter 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 receiver can be pro-
grammed to search for frames addressed to only a speci-
fied user-selectable address or to a global broadcast ad-

dress. In this mode, frames that do not match the user-
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selected or broadcast address are ignored. The Address
Search mode provides for a single-byte address recog-
nizable by the hardware. The number of address bytes
can be extended under software control.

The Z80-SIO can be conveniently used under DMA
control to provide high-speed reception. The Z80-510
can interrupt the cPU when the first character of a mes-
sage is received, The CPU then enables the DMA to trans-
fer the message 1o memory. The Z80-510 then issues an
End Of Frame interrupt and the cPU checks the status
of the received message. Thus, the cpu is freed for other
service while the message is being received. A similar
scheme allows message transmission under DMA con-
trol.

Z80-SI1O Programming

To program the Z80-SIO, the system program first
issues a series of commands that initialize the basic
mode of operation and then other commands that qual-
ify conditions within the selected mode. For example,
the Asynchronous mode, character length, clock rate,
number of stop bits, even or odd parity are first set,
ther the interrupt mode and, finally, receiver or
transmitter enable, The WR4 parameters must be issued
before any other parameters are issued in the initializa-
tion routine.

Both channels contain command registers that must
be programmed via the system program prior to opera-
tion. The Channel Select input (B/&) and the Control/
Data input (/D) are the command structure addressing
controls, and are normally controlled by the CPU ad-
dress bus. Figure 8 illustrates the timing relationships
for programming the write registers, and transferring
data and status.

Write Registers

The Z80-SIO contains eight registers (WRO-WR7) in
each channel that are programmed separately by
the system program to configure the functional
personality of the channels. With the exception of
WRO, programming the write registers requires two
bytes. The first byte contains three bits (Dg-Dy that
point to the selected register; the second byie is
the actual control word that is written into the
register to configure the Z80-S10.

WRD is a special case in that all the basic com-
mands (CMDg-CMD3 can be accessed with a single
byte. Reset (internal or external) initializes the
pointer bits Dg-D; Lo point to WR0.

Read Registers

The Z80-SIO contains three registers, RRO-RR2 (Figure
6), that can be read to obtain the status information for
each channel (except for RRz — 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 systemm program must first
write the pointer byte to WRO in exactly the same
way as a write register operation. Then, by ex-
ecuting 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 exam-
ple, 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).
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WRITE REGISTER D
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1 1 INT ON ALL Rx CHARACTERS (PARITY DOES NOT AFFE
VECTOR)
" SPECIAL
WALT/READY ON R/T
/READY FUNCTION CONDITON

WRITE REGISTER 2 (CHANNEL 8 ONLY)

(D7 [ 06 ] D5 [ Da B3] D2 ] 01 DO

—
SR vz

3 ] INTERRUPT

v

V4 j VECTOR
v5

V7

WRITE REGISTER 23

L—— Rx ENABLE

SYNG CHARACTER LOAD INHIBIT
-~-- ADDAESS SEARCH MODE (SDLC)

Rx CRC ENABLE

ENTER HUNT PHASE

AUTO ENABLES

t 07 [0 [ D5 {04 [D3 [ D2 ] 01 | DG !
| .
[

9 0 Rx5 BITS/CHARACTER
8 1 Rx7 BITS/CHARACTER
1 0 Rr 5 BITS/CHARACTER
1 1 Rx § BITSCHARACTER

WRITE REGISTER 4

—“mmo

m'lns]nslm1ua|nzlnl1lnlni

L PARITY ENABLE _
PARITY EVEW/DDD

:L—__. -

[T

SYNC MODES ENABLE

1 STOP BIT/CHARACTER
1%z STOP BITS/CHARACTER
2 STOF BITS/CHARACTER

—_— e
—

 BIT SYNC CHARACTER

16 BIT SYNG CHARACTER
SOLC MOOE (01111110 FLAG)
EXTERNAL SYHNC MODE

—- e
-

X1 CLOCK MODE

X16 CLOCK MOBDE
X32 CLOCK MODE
X64 CLOCK MODE

Y= _ N

WRITE REGISTER 5

[Drlns[nslmiuajnz[m]un|
1

L 1 bee—— T4 CRE ENABLE
N
P e SDLC/GRE-16
| Tt ENABEE
SEND BREAK

0 0 Tx5BITS {OR LESSNCHARACTER

0t Tx7 BITSAHARACTER

1 0 Yx6 BITS/CHARACTER

1 1 Tx & BITS/CHARACTER

DA

WRITE REGISTER B

[_{os!usimlua
!

uz]mlu}nl

| :
. -——— SYNC BIT 1
L ! —— ——SYNCHT 2

L—— gvnc BT ul

——SYRC BT 3 L
— -+ — SYHC BIT 4

: oo — ——SYNC BIT 5

\ - e - = ——SYHNC WMTE

—-—— ——— §¥YNC BIT 7

~ALSD SOLC ADDRESS FIELD

WHITE REGISTER 7
I_DLLDG T

SYAL BIT 10
SYNC BIT 11
- SYNC BIT 12 s '

;03 %_[ [
.[ : stnc BIT 8
j - SYNCBIT 9 l
i

R T SYNG BIT 13
i e - - SYNC BIT 14

= e : ’ SYNC BIT 15

“FJR SOLC IT MUST BE PROGRAMMED

TO “01111110° FOR FLAG RECOGNITION

Figure 7. Write Register Bit Functions
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Timing
Read Cycle. The timing signals generated by a

Z80-CPU input instruction to read a Data or Status byte
from the Z80-SIO are illustrated in Figure 8a.

Z-80 SIO Timing

Write Cycle. Figure 8b illustrates the timing and data
signals generated by a Z80-CPU output instruction to
write a Data or Control byte into the Z§0-S10.

A
ce =X/
iAo /T
AD Yo

T2 Tw T3 T4
LT LI 1 J L

CHANNEL ADDRESS X

DATA out

Figure 8a. Read Cycle

& X

1080 :\

CHANNEL ADDRESS

DATA X N X

Figure 8b. Write Cycle

Interrupt Acknowledge Cycle. After receiving an
Interrupt Request signal (INT pulled Low), the
Z80-CPU sends an Interrupt Acknowledge signal
(M1 and TORQ both Low). The daisy-chained inter-
rupt circuits determine the highest priority inter-
rupt requestor. The 1Ef 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 IEQ Low.

To insure stable conditions in the daisy chain,
all interrupt status signals are prevented from
changing while MI is Low. When iORQ is Low, the
highest priority interrupt requestor {(the one with
1IEI High) places its interrupt vector on the data bus
and sets its internal interrupt-under-service latch.

Return  From Interrupt Cycle. Normally, the
Z80-CPU issues a RETI (RETurn from Interrupt) in-
struction at the end of an interrupt service routine.
RETI is a 2-byte opcode (ED-4D) that resets the
interrupt-under-service latch to terminate the in-
terrupt that has just been processed. This is ac-
complished 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 distin-
guish between an interrupt under service and a pending
unacknowledged interrupt of a higher priority. When-
ever “ED" is decoded, the daisy chain is modified by
forcing High the (EC 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

T Ta Tw Tw T3 Ty
W N\ /.

o ./ T

.

Figure 8¢c. Interrupt Acknowledge Cycle

|
1
l
Vara Farat
gDy { ED ) { Al ) T
o |
wo__ 4 i
|
IED tf

Figure 8d. Relurn from Interrupt Cycle
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High and an 1EO Low. If the next opcode byte is <4n,”
the interrupt-under-service latch is reset.

The ripple time of the interrupt daisy chain (both the
High-to-Low and the Low-to-High transitions) limits
the number of devices that can be placed in the daisy
chain. Ripple time can be improved with carry-look-
ahead, or by extending the interrupt acknowledge cycle.
For further information about techniques for increasing
the number of daisy-chained devices, refer to Zilog
Application Note 03-0041-01 (The Z80 Family Program
Interrupt Structure).

Daisy Chain Interrupt Nesting

Figure 9 illustrates the daisy chain configuration of
interrupt circuits and their behavior with nested inter-

Z-80 SIO Timing

rupts (an interrupt that is interrupted by another with a
higher priority).

Each box in the illustration could be a separate exter-
nal Z80 peripheral circuit with a user-defined order of
interrupt priorities. However, a similar daisy chain
structure also exists inside the Z80-SI10, which has six
interrupt levels with a fixed order of priorities.

The case illustrated occurs when the transmitter of
Channel B interrupts and is granied service. While this
interrupt is being serviced, it is interrupted by a higher
priority interrupt from Channel A. The second interrupt
is serviced and—upon completion—a RETI instruction is
executed or a RETI command is written into the
Z80-SI0, resetting the interrupt-under-service latch of
the Channel A interrupt. At this time, the service rotine
for Channel B is resumed. When it is completed,
another RETI instruction is executed to complete the in-
terrupt service.

CHANNEL & CHANNEL B
CHAMMEL 4 CHAMNEL A EXTERNAL CHANMEL B CHANMNEL D EXTERNAL
RECEWER TRAMSMITTER STATUS RECEIVER TRHANSMITTER ETATUS
"
| HIGH HIGH HIGH HIGH HIGH HIGH HIGH
13] IEQ 1] IEC IE IEC 1= IEQ 1El IEC E| IEQ
1. PRIQRITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS.
+ UNDER SERVICE
| HIGH HIGH RIGH HIGH HIGH
J4E IEQ IEI IEQ IE| EQ IEH IEO IE} iEQ IEI IEQ
Low LOW
2. CHANNEL B TRANSMITTER INTERRUPTS AND 1S ACKNOWLEDGED.
+ UNDER SERWICE SERVICE SUSPENDED
HIGH HIGH HIGH
13} IEQ IE{ IEC IEI IED 1E| IEC IE4 IEQ IEI IEC
LOw LOw LWy LOWw
3. EXTERNAL/STATUS OF CHANNEL A INTERRUPTS SUSPENDING SERVICE OF CHANMNEL B
TRANSMITTER.
+ SERVICE COMPLETED SERVICE RESUMED
HIGH HIGH HIGH HHGH HIGH
IEI IEQ IE1 1EQ HEL IEC 1El IEC IEl IEC IEI IFQ) f——
LOW LOwW
4. CHANNEL A EXTERNAL/STATUS ROUTINE COMPLETE. RETI ISSUED, CHANNEL B
TRAMSMITTER SERVICE RESUMED.
+ SERVICE COMPLETED
| HIGH HIGH HIGH HIGH HIGH HIGH HIGH
JiEl IED IEY \EQ IE} IEQ IEI IEC iEl IED IEI IEQfF——

5. CHANMNEL B TRANSMITTER SERVICE ROUTINE COMPLETE. SECOND RETI ISSUED.

Figure 9. Typical Interrupt Sequence
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Electrical Characteristics

AC Characteristics
Ta=0°C, Vo= +5V, £5%

T THTW T4Ta m
i
"
15 C5)——d | tHICS)
CE
[~ 15, RO
] L1, i 01
AD
L{
e tg 01 [ e |- t¢{0). IgR(
D0y )
et 1ol 11—
g~ fyy{ D)
] te (1R}
g, (M ]—
/
leIIDI-DJ |-
1EI \
-t tglIEN| ————-1 I‘- Ipuil0}
IED /
=] Ip(10)] e
ZBG-510 ZBOA-SI10
Signal Symbsl Paramater Min Max Min Max Unit
tfd) Clock Pengg 400 4000 250 4000 ns
Tl rH} Clock Pulse Widih. clock HIGH 170 2000 105 2000 ns
& twiAL) Clock Pulse Whdih, clock LOW 170 2000 105 2000 s
ot Ciock Fise and Fall Times 0 30 il 30 ns
Tu Any Unspecified Hol Tiee tor setup hmes o s} ng
speafied below
CE.BA_ 15, (€8] Control Simal Selup Time 1o nsing edoe of 160 145 ns
C0. IORQ & dunng Read ar Wite Cycle
{o,[00 Dala Oulput Detay from riging edge o & duning 240 220 ns
Read Cycle
Lol O} Data Selup Time 1o nsing edge of & duing 50 50 ng
0.0 Wnile or M1 Cycle
= ted D Data Output Detay from fathrg edge of IDRQ 340 %0 ns
durng INTA Cycle
=0} Delay 1o Floating Bus [autput butfer disable tme) 230 1o ns
IEI L (IEI) IE1 Selup Tirne 1o taling edge of IORD duning 200 140 ns
iNTA Cycle
Tonsh 10 JEC Delay Tume from naing edge of IEL 150 0wy s
|ater ED decode)
EC P ile]] IEC Dielay Tirme: Ircam falhing edge of IE 150 100 rs
(10} IEC Diatay Time teom falling edge of M1 (interrupt 300 W ns
Docournng just prior tg M1)
R ts 1M1 Mt Setup Time 1o nsing edge of ¢ dunng INTA 210 a0 ns
ar M Cycke
AD To ol RO RO Setup Time to nsing edge ol ¢ dunng Read 240 115 ns

or M1 Cycle

*If WAIT from the SIO is o be used. CE, IORG, C/D and M1 must be valid for as long as the Wait condition is to persist.

Figure 9. Typical Interrupt Sequence
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Electrical Characteristics

AC Characteristics

l-q,—-- P —3

e — . q
©75, btD. STE \

- Iy PL |

- e

e S

— by TeL}

] ‘><:’_

— —| 1Ty
. y

e 1 LY p—

a1 T EH} ——ee

iRy |
] s, * -
SYNG CHARACTER N A

Ll

=

o
...

S —

| [—
lllH:C (37} = 100 ns

——m] 1ppgdlT

Red _)(

-
LEC (R

NOTES:

1. The SYNC inpust must be driven Low on the rising cdge of RxC defayed two complete clock «yeles from the last bit-of the
sync character.
2. Data character assembly begins on the mex1 Receive Clock cycle after Lhe last bit of the syac character is recrived.

280-510 ZBOA-SIO
Signal Symbal Paramelsr Min Max Min Max Unit

o tomalITH T Detay Trme Irorn rising edge of FxC 10 13 10 13 & penods
INT IprdIT) INT Delay Time from Iransdien of Xmit Dala B k] 9 5 ] & penods

tyiPH) Mirumum HIGH Pulse Width for latching slate 200 200 ns
CT5A, CTSB, Nt register and generating ntermupl
DCG&, OCES, tulPLY MArimm LEW Pulse Widlh for latching state 200 200 ns
SYNCA, SYNCB im0 register and generating internupl

toud 5V Sync Pulse Delay Time iam nsing edge of AxC, 4 7 4 T dpensds
SYMNCA =YNCE Cuput Mooas
SYMCA. SYNCI =

CA.SYNEB ST Sync Pulse Delay Time fram rising evige ot ARG 100 0 ns
Extemat Sync Mode

e te[TxC) Transmit Clock Pedod 400 ® 400 = s
™CA, TXCB Tw{ TCH} Transmut Clock Pulse Width, clock HIGH 180 = 180 ® g

1wt TCL) Transmit Glock Pulse Width, clock LOW 180 x 180 £ ns
TxDA. TsDB~ 1A THE) TxD Qulput Datay from taling Edge of TG 40 300 ns

[x1 Clock Mode)

L tefFoes) Raceive Clock Period 400 % 400 x i
RaCA. ReCB Lul ACH] Recewe Clock Puise Widin, clock HIGH 180 T 180 * ns

Wl ACLY Racane Clock Puige Widlh. clock LOW 180 © 180 = n3
PxDA, RuDR* 1o R C) " Setup Time ta sising adge of AxC, x1 mode ol 15 ns

R Hold Time Iram rising edge of RxC. x1 mode 140 140 s

*In all modes, the system ¢lock (6) rate must be a1 least 4.5 simes the maximum data rate.
T must be 2ot n of ane complets b rvele.

a0
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AC Characteristics

Electrical Characteristics

Nt
—— =] tpall T ———
PR L
i0RD. CE X
o —— IGICIW R ——el 3] I-q— IgHa(W At —] [ae—tpL{ W)
WAIT:READY k A L —
| WAIT FUNCTION READY FUNCTION
ZB0-510 IR0A-SI0
Signal Symbal Parameter Min Max Min Max Unit
iNT LT} iNT Delay Time from nsmng edge of & 200 200 s
GIC{WR) WATTIREALY Delay Time from JORG or CE in 200 210 s
‘Wart Mode
oM Wi R) WAIT/READLY Detay Time (rom lalking edge o &. 150 130 ns
WATTTREADY HIGH. Wal Moce
WAIT READY 1P W R} WAITIREADY Detay Tume Irom rising edge of FlxC 10 13 1D 13 4 penods
Data Bit, Ready Mode
toTx WP} WAIT/READY Defay Time from centar of Trangmit 5 |-} 5 5 & periods
Data Bit. Ready Mode
toLa (WA WAITIREADT Deday Time from nsing adge of . 120 120 ns
WAITIREADY LOW. Ready Mode
DC Characteristics
Ta=0°C to 70°C, Voo= +5V, 5%
B Syrnl;al_ T P_ar-a_ln.e.ler T Iﬁin i ll-lax _____ Unit Tesi Conditicn
VT Clock Input Low Voltage 3 + 045 ¥
Vi Clock Inpat High Yoltage Yeo— 08 +55 v
' Input Low Voltage -03 +08 W
Via Input High Vallage +20 +55 v
' Dutpu: Low Voltage +04 ¥ Iy = 2.0 MA
Vau Cutput Hhgh Yollage +24 ¥ Iy = — 250 iy
Iy Inp Leakage Gurren: 10 +10 wh J£WVy eV
Iz 3State OuiputiData Bus input Leakage Current -10 +10 wA 0% Wiy % Ve
(I SYMC Pin Leakage Current - 40 +10 . 0% Vi & Voo
lep Power Supply Current 00 mai
Capacitance
Ta=25°C, f=1MHz
Symbol . Parameter Min. Max. Unit  Tesl Condiilon
c _Clock Capacitance a0 pF Unmeasured
Gy Input Capacitance 5 pF pins returned
Cout Qutpul Capacilance 13 pF te ground
¥
TEST POINT e
° 21Kt
FAOM
DUTPUT
UNDER
TEST

6l
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L I ~ 40 fw—nDp
D3 t—ied 2 39 $u—w D7
D5 ] 3 38 Fa—m 0y
07—} 4 37 o U
INT — 5 36 f=— 10R0
[ J—— 35 |—me CE
I ] 7 M p—— G/A
[Ty 31— ey
Vog —— 9 32 b W
T w—1 0 agsi0r0 31— SO
STHEA ] 11 . 3 | WEE
RadAh —d 12 P o SYNCE
T q— ] | 28 fae— Rxdp
XA — 27 fa— FTcCE
TEDA g1 15 26 |——m TEDB
OTRA w—] 16 25 |—a DOTRD
RSA o 17 24 §—p RTSE
CTSA —pd 18 27 la— L7586
OCOR __f 19 22 foa— 0T
—q N 7 fu— FESET

0] ] 1 ~ 40 fa—e Oy
03 w—wq 2 39 b 0
[ 38— 0y
07 —d 4 ET R T—
W -—] s 36 fu— i0RT
B —] & 35 fu—0 >GCE
€0 ] 7 34 Ju— BAR
CEp— 13 fu— /D
Yoo [] 12 je— RO
@ — " sy ™
SYNCA o d 11 | WRWE
AzlA —— gl 17 99 Jm—am- SYNCE
ACA ] 13 28 fu— Ru0B
Tieh ] W 27— B
TRDA o § 15 2% fu—0 T8
DTAA ] 16 25 |——n TeDB
ATSA gL 17 24 |— o FTSE
iTSA — ] 1B 7 ba—. 50
D';T——I' L] 22 be— icos
— 21 Ja— FESEV

Package Information

0 w—wd 1 ~ o fu—eDy
03 mt—ad 2 99 f—n B2
05 g—rd 1 18 ey
OF wt—pef 4 17—
iNT w— 5 36 fe— iORO
B —d 5 a5 o EE
B0 | 7 3 e 7%
M — ] s 33 fu—o-cA
Voo 8 12 fe— B
@ 1 " 2sesi0i2 np— e
$THCA wg—a 14 30— WROVE
Rz0A —ad 92 29 p—
RICA ——d 13 23 fue— FaCE
TR —n] 14 zr fa— Ttk
DA a1 15 6 |— TeDB
OTRE 1 16 75— DTRE
ATSA {17 2 |—w A58
€15 ] 18 23 fa— ETS8
08 e 19 2z fa— 08
4— | m 21— FESET

T

.ﬂg

L A e S e e

[ISLELR L N N R

SR p g

- o 1 - -

By WTHENE

4Ab-Pin Ceramic

62
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Zilog Ordering Information

Bonding, Package and Temperature Identification

/0 — Type 0 Bonding Examples:

/1 — Type 1 Bonding

/2 — Type 2 Bonding Z80-SIO/1 CS (Type 1 bonding, ceramic package,
' standard range)

C — Ceramic Package Z80-SI0/2 PS (Type 2 bonding, plastic package, standard

P — Plastic Package
range)

§ — Standard Range (5V, =35%, 0°C to 70°C)
E — Extended Range (5V, +5%, —40°C to 85°C)
M — Military Range (5V, %10%, —355°C to 125°C}

f3
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Product Specification

General Description

The Z80-310 (Serial Input/Qutput) is a single-channel
multi-function peripheral component designed to satisfy
a wide variety of serial data communications require-
ments in microcomputer systems. Its basic function is a
serial-to-parallei, parallel-to-serial converter/controller,
but—within that role—it is configurable by systems
software so its “‘personality” can be optimized for a
given serial data communications application.

The Z80-SI0 is capable of handling asynchronous
formats, synchronous byte-oriented protocols such as
IBM Bisync, and synchronous bit-oriented protocols
such as HDLC and SDLC. This versatile device can also
be used to support virtually any other serial protocol for
applications other than data communications (cassette
or floppy disk interfaces, for example).

The Z80-8i0 can generate and check CRC codes in
any synchronous mode and can be programmed to
check data integrity in various modes. The device also
has facilities for modem controls in both channels. In
applications where these controls are not needed, the
modem controls can be used for general-purpose 1/0.

7-80°SI0M9
Z-80A SIO9

Structure

8 N-channel silicon-gate depletion-load technology
# 40-pin DIP

& Single 5V power supply

m Single-phase 5V clock

m All inputs and outputs TTL compatible

Features

m One full-duplex channel

® Data rates in synchronous or isosynchronous modes:

o 0-300K bits/second with 2.5 MHz system clock
rate

e 0-800K bits/second with 4.0 MHz system clock
rate

® Receiver data registers quadruply buffered; trans-
mitter doubly buffered.
m Asynchronous features:
& 5,6, 7 or 8 bits/character
e 1, 1% or 2 stop bits
& Even, odd or no parity

5gx
0w

—— % SEMIAL DATA

INTERNAL CHANMEL A P

CONTROL READMWAITE /1 CHANNEL A | cHaMNEL CLOCKS

LOGIC REGISTERS [
| —— EYNC
e WATTIAEADY
DATA
ng l,’,o < INTERNAL BUS
CONTROL —
D/

S
I

INTERRUPY c%,'f,‘;':g{i e MODEM OR

CONTRDL STATUS QOTHER

LOGIC CH. 4) *  CONTROLS
INTERRUPT
CONTROL
LINES

Z-80 SIQ/9 BLOCK DIAGRAM
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e X1, %16, x32 and x64 clock modes
e Break generation and detection
» Parity, overrun and framing error detection
® Binary synchronous features:
e Internal or external character synchronization
e One or two sync characters in separate registers
e Automatic sync character insertion/deletion
s CRC generation and checking

m HDLC and SDLC features:
e Abort sequence generation and detection
e Automatic zero insertion and deletion
« Automatic flag insertion between messages
e Address field recognition
e Support for one to eight bits/character
& Valid receive messages protected from overrun
® CRC generation and checking
® Interrupt features:

e Daisy-chain interrupt logic provides automatic
interrupt vectoring with no external logic

e Programmable interrupt vector

e Status Affects Interrupt Vector mode for fast
interrupt processing

m CRC-16 or CRC-CCITT block frame check
m Modem control inputs and outputs
m Modem status can be monitored

Refer to the Z80-SI0 Product Specification (August
1978) and the Z80-SIO Technical Manual (August 1978)
for detailed functional and electrical descriptions. All
functional and electrical descriptions in these pub-
lications are applicable to the Z80-SIO, except that
Channel B cannot be used for daia input or output and
pins 22 to 30 must not be connected.

Write Register 2 (interrupt vector) and the Status
Affects Vector bit in Write Register 1 are, however, still
programmed by selecting Channel B with the B/ A select
input. All other bits in Write Register 1 or Channel B
must be programmed to 0.

Dy a—aed 1 ~ w pa—n Oy
03 m—d 2 07
“ . 05 wt—mq 2 30— Dy
:r: -] w_ o I ] & 7 fpe—wli
D?""s:"' ‘u_'“;":: W w1 5 36 fu— IORT
e n: - ’:—%- q+;-i- Ly - [rg— Y = f— 3
;: -n%- . ‘Tm f L2 H 20
" 12— ZTr_: WnEN TR ) 33— o/
6 N 7 CWTRAN
g_m i vop E 2 f—FF
wmm{ '“_? :_' 2808108 n g mj’.""— " zeswop oo
fen o] e e SYMCA g 11 30—
o - E Rl —pe] 12 2 -
- o el B —ef 11 % f—
o T CoNNECT THCR —af 7 -
:::m " s 3 ok o] 15 m - >
L kg w—T—d] f— 2 TR — 6 -
B RTER gy 7 2 —=-
Nu Iu A ] F=J a—
¢5 e o 72 fa—
— 2 29 RESET
FUNCTIONAL PIN CONFIGURATION PACKAGE CONFIGURATION
Ordering Information
7Z80A-SIO/9 CS =4 MHz maximum clock rate, Z80-S10/9 CS =2.5 MHz maximum clock rate,
ceramic package, 0°C to +70°C ceramic package, 0°C to +70°C
temperature range temperature range
ZSOA-SI09 PS =4 MHz maximum clock rate, Z80-S10/9 PS8 =2.5 MHz maximum clock rate,

plastic package, 0°C to +70°C
temperature range

plastic package, 0°C to +70°C
temperature range
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Description
The Zilog Z6104 and Z6104L high-performance 4096-bit
static read/write random access memaries are organized as
4096 1-bit words. Data storage is static; however, addresses
are clocked in by the leading edge of Chip Fnable.

The Z6104 is fabricated with nchannel siticon-gate
depietion-load technology. Polysilicon load resistors used in
the memory array result in a very small die size,

Features
® 4096 x | organization
& Static storage—no refresh required

76104 offers high speed; 261041 offers low power
consumption

Separate pins for data input and output
Industry-standard 18-pin configuration and package
Single +5 V, £10% supply voltage

Fully TTL compatible (Fan-out: two U.L, or eight
LSTTL loads)

Functional Block Diagram

TE

CLOCK
I GENERATOR

F L

Ay —
Aq

Ag

A3 e—

By me—]

A w—

M IDCT R

CELE T

AR
Y B
L

mooamg

6 X 64
KEMRY
ARAAY

LOGIC

WE Oy

(]

i

COLUMN
DECODE

h OUTRUT
/| BuFFER

—DouTt

ADDRESS

BUFFERS
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76104

4096 x 1 Bit
Static RAM

Access Times
Part Number Access Time Cycle Time
Z6104-2 150 ns 240 ns
Z6104-3 200 ns 320 ns
Z261044 250 ns 380 ns
2610414 250 ns 380 ns
Z6104L-5 300 ns 440 ns
Z261041L-6 350 ns 510 ns

Functional Description

Two control inputs, CE {Chip Enable, active Low)
and WE (Write Enable, active Low) determine device
operation. Although data storage is static, the 12-bit address
is clocked into the on-chip address register by the High-to-
Low transition of CE. Correct address information is, there-
fore, required only during a narrow timing window (tAH)
after the transition on CE. Each access of a new address
must be initiated by a High-to-Low transition on CE after
CE has been High for at least the minimum specified
precharge time (tp).

Pin Connections Logic Symbel
B 1w
a 1[]e [] 13 vee | I
ar 2] [ 17 42 WwWE TE
a3 []16 2a :— :°
1 M
an o[ []15 as i —s
Alg B E 26104 |j 14 Ag 17— 8
ag 5[] ] 13 29 16— Ay
cour 7] (112 a5 BT e
WE 8 E j 1 oy 14— A
10 & 13— A
ves 9 E : 12— %
e
5 —f A
Ag—A11 ADDRESS INPUTS i—1a,
EE CHIP ENABLE b Oar
Din DATA INPUT
DouT DATA GUTPUT I |
Vss GROUND
Voo POWER {+5V) 1 7
WE WRITE ENABLE
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Read Cycle

The data output (DQUT) is active (High or Low) only
when CE is active (Low) and WE is not active (High).
DQUT is inactive (also called open, floating or 3-stated)
when the chip is deselected or in the write mode.

Write Cycle

Input data is written into the address memory location
while both CE and WE are Low, Correct information at
the data input (D[N} is required only during a narrow
timing window starting t]y§ before the end of a write opera-
tion that is determined by either CE or WE going High.

The timing diagram depicts a write cycle with the
shortest possible WE pulse width {tww). WE can go Low
simultaneously with (or even before) CE goes Low, but this
requires a wider write pulse since WE may not go High
earlier than tCw after the High-to-Low transition of CE.

If WE goes High while the chip is still selected, a read
operation is started and DouIT becomes active,

WE can stay Low until or beyond the rising edge of CE.
In this case, the Low-to-High transition of CE determines
the end of the write operation. The timing of By and
tyw must be referenced to the rising edge of CE, not of
WE,

Read/Modify {Write Cycle

A tead/modify/write operation begins like a normal read
cycle. Data is read, then modified by circuitry extenal to
the memory. The modified result is written back into the
same memeory location.

Common Dy and Doy

DN and DQUT can be tied together to form a bidirec-
tional data bus; however, for read/modify/write operation,
the timing must be adjusted to avoid bus-contention prob-
lems. The write pulse width (WE Low) must be long encugh
to accommaodate the Write-Enable-to-Data-Out delay {twp)
plus the maximum delay for activating the external data
driver plus the specified data input set-up time.
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Microprocessor Applications

The Z6104 combines the convenience of fully static
RAMs with edge-triggered on-chip address registers that
simplify timing and address/data busing in microprocessor
systems.

The edge-triggered address registers are clocked by the
High-to-Low transition of CE. Any access to a new address
must therefore be initiated by CE becoming active (going
Low). Other than this, the Z6104 is as straightforward and
easy to understand as any fully static RAM,
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The data output buffers are active only while WE is High
and CE is Low. Data is written into the selected storage cell
when CE and WE are both Low simultaneously. Since the
write operation is fully static, there is only one constraint
on DIN: it must be stable and valid for a specified set-up
time before the end of the write operation, as defined by
either WE or CE going High.

These simple and straightforward timing requirements
result in a very easy interface to various microprocessors,
as shown in the following figures for the Z80, the 3030A
and the 6800.
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Zilog
Line Reflections,

Large MOS memory arrays are usually driven by TTL
buffers with fairly fast rise and fall times (less than 5 ns).
When the lines driven by these buifers are longer than six
inches, they do not represent a lumped capacitive load;
rather, they act as transmission lines with distributed induct-
ance and capacitance and a typical characteristic impedance
of 10082 to 150€2, depending on line width.

A transition generated by the TTL buffer travels along
the line at a speed of approximately six inches per nano-
second. When the transition reaches the far end of an
unterminated line (usually the farthest MOS load), it
doubles its amplitude and travels back towards the buffer,
where it is again reflected by the low TTL output imped-
ance, thus changing its sign and resulting in the familiar
ringing.

The first reflection of a High-to-Low transition can go
substantially negative: A +3 to +0.5 V transition at the
driver results in a +0.5 to —2 V reflection. On an MOS
input, this negative undershoot forward biases the input-to-
substrate diode, injects current into the substrate and can
disturb the data content of the memory. There are three
proven methods for reducing these reflections.

m Terminate the far end of the line with a resistor (==150£2)
connected either to Ve, to a voltage divider or to a
capaciios.

m Series terminate at the TTL buffer with a =10082

Ringing and Undershoot

Calculating Average Operating Current

The average operating dc current consumption of the
26104 and Z6104L, ICC(avg), is 2 function of three
parameters: -

= Icc(sB): The standby or precharge current while the
memory is disabled.

® ICcC(SEL): The select current while the memory is
enabled.

m (Q: The charge consumed during each memory cycle in
the charging and discharging of internal capacitances.

The formula for calculating the average operating current
is as foliows:

IcC(SB) * P+ ICC(SEL) * tCE+ Q
tP+ICE

The following examples illustrate the effect af cycle
time on average operating current: power consumption is
reduced when the cycle time is lengthened.

I0C(avg) =

A. Max Speed: 610414 at tp = 90 ns, tCE = 250 ns,
Ta = +70°C
23 - 90+ 30+ 250+ 2000
90+ 250

ICC(avg) = = 34 mA (max)

B. 1 us Cycle Time: 6104L-4 at tp = 750 ns, tCE = 250 ns,
Ta =+70°C

resistor.
w Use CMOS buffers, which are inherently much slower 1CC(avg) = 23 - 756+ 30 - 250+ 2000 =27 mA (max)
than TTL, and thus avoid the problem, but require that ave 750+ 250
the memory timing permits the added delay.
Absolute Maximum Ratings
. . ) Stresses greater than those listed in this table may cause
Rating Min Max  Unit permanent damage to the device, This is a stress rating
Voltage on any pin relative to V§§ 03 +70 V only: functional operation of the device at these or any
Storage temperature (ambient) 65 +150 °C othe_r cogdltlpns greater than those indicated in thl;
_ R specification is not implied. Exposure to absolute maxi-
Temperature under bias 0 +70 C mum rating conditions for extended periods may affect

reliability.

D.C. Electrical Characteristics

Voo =+8.0 V £10%; Ta = 0°C 10 +70°C

Symhol Parameter Min Max Units Conditions
VoH Output High Voltage +2.4 v lgH =-200 pA; CE at Vi ; WE at ViH
VoL Qutput Low Voltage +0.4 v oL = 3.2 mA; CE at V|_; WE at V|H
VIH Input High Voltage +2.0 +6.0 v
ViL Input High Voltage 0.3 v
¥ I/0 Leakage Current -10 +10 uA O<VINSDD YV
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Zilog A.C. Electrical Characteristics
261044
Symbol Parameter Z6104-2 26104-3 Z6i104L4 Z6704L-5 Z6104L-6 e
Min Max Min Max Min Max Min Max Min Max
tAC Read Access Timel, 2 150 200 250 300 30 s
tc Read or Write Cycle Time3 240 320 380 440 510 ns
tCE Chip Enable Pulse Width {Low) 150 105 200 105 260 105 300 10% 350 105 ns
tp ?Sii:hl}inabie Precharge Time 50 80 90 100 120 ns
TAS Address Set-up Time 0 0 D g 0 ns
tAH Address Hold Time 50 80 100 120 140 ns
icw Chip Enable to Write Disable 90 110 140 180 220 ns
}cwc Write Enable to Chip Disable 40 50 60 20 100 ns
tww Write Enable Pulse Width 40 50 60 80 100 ns
tDs Data Input Set-up Time 80 70 80 100 120 ns
tnH Data Input Hold Time a 0 0 0 0 ns
typ  urite Enable and Disable C 5 0 6 0 B0 0 100 O 120 s
tOFF Output Buffer Turn-off Detayd 40 50 60 80 100 ns
T Transition Time 50 50 50 50 50 ns
1. Output loaded with 100 pF and TTL loading, Output levels are measured at VoH = 2.0 Vand Vo =08 V.
2. Typical change in access time vs load capacitance is 0.1 ns/pF.
3. tc=1tgE +tp+ 2+ tT. Test conditions use tT = 20 ns.
4, Qutput waveform is dependent on output load. DQUT is guaranteed to be off within toFF.
Power Consumption
Ve = 5.5V
261042, 3,4 Z6104L4,5, 6
Symbol Parameter o o o o Unit Condition
Ta= 0°C 70°C ocC 70°C
lGC(SB) Standby Power Supply Current 60 45 40 30 mA CE = High
ICC(SEL) Selected Power Supply Current 85 65 60 45 mA CE = Low
8] Dynamic Powar Supply Charge 2000 2000 2000 2000 pC1
1pC = mA * ns
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Z:llog CapaCitance 5Y

—
i’; 12k
= -n° o 6104
Ve =46V +10%, Ta=0Cta+70°C e
Symbol Parameter Min Max  Unit
100 pF
Ci Input Capacitance 5 pfF 2%
Co Qutpur Capacitance 5 pF
LOAD CIRCUIT
Address Pin Labeling
M5B LSEB
000000 —= 111111
. . . . PIN1 A A5
From a functional point of view, the labeling of RAM WSH 158 AL -
address pins is arbitrary. For the Z6104, the address pins 060000
are labeled so they.address the two-dimensional cell array b | % _—
consistent with the physical layout. dage oY
ARRAY
111111
Cell Address Organization. Top View.
Ordering Information
Suffix Access Time Suffix Package Suffix Temperature Range
=2 150 ns C Ceramic S 0°C to +70°C, 5V +10%
-3 200 ns P Plastic
—4 250 ns
=5 300 ns Example: Z6104L-4CS = Low power, 250 ns access time, ceramic package, standard range.
—-6 350 ns
Package Outline
I ‘ 045 (114}
: $10 (2.311) 025 £.064)
:;:: :i:’:" I 590 (2.261) \ 300 TYF
| i l 17621 = - -—
e T
S | i i 294 (7471 316 1803
T o ime | ! _17 gf'f ! | z2 17161 30 (372
V20 3061 ' 1Y ] e i lé—a;aﬁ’—ﬁ—:_—l !
wozm b . o84 TP | +| | 010 (0251 —eimm
60 12290 _-"| -— | 1137} ' | 350 1889] |.'.
I I N srueorzaron
-—3 EQUAL SPACES-—-——-| ICENTIFICATION
106G 1.2541 OFf PIN ONE

NOTE. Dimensions in parenthéses are for metric sysiem {cmi
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Zilog
Product Specification

PRELIMINARY

General Description

The Zilog 26114 is a high-performance 4096-bit static
RAM organized as 1024 4.bit words. Data storage is static;
however, addresses are clocked in by the leading edge of
Chip Enable. The four bidirectional I/O lines of the Z6114
make it especially suited for microprocessor systems with
less than 4K bytes of RAM because as few as two 26114
devices can provide byte-wide storage.

The Z6114 is fabricated with n-channel silicon-gate
depletion-load technology. Polysilicon load resistors used
in the memory array result in a very small die size.

Zilog also manufactures the 26142, which is function-
ally identical to the Z6114 except that it contains an
additiohal Chip Enable input (active High) and an Qutput
Enable input.

Features
m 1024 x 4 organization
W Static storage -no refresh required
= Four I/O lines
a Industrystandard 18-pin configuration and package
Functional Block Diagram
3
| CLOEK
GEMERATOR
4 A‘ B
:: g E A g E 64 %64
| e L e (P25
aq 5 5 E
ﬂ 110,

I
L3t CODE b ouTPUT :;,32
—————— ¥ |BUFFER [—— "3
LUGHC — 0,

| LOGIC |

ADDRESS
BLIFFERS

Ag A Bo Ay

g
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76114
1024 x 4 Bit
Static RAM

® Single +5 V, 210% supply voltage

® Fully TTL compatible (Fan-out: two U.L. or eight
LSTTL loads)

Access Times
Part Number Access Time Cycle Time
761142 150 ns 240 ns
Z6114-3 200 ns 320 ns
Z6114-4 250 ns 380 ns
Z6114-5 300 ns 440 ns
Z6114-6 350 ns 510 ns

Functional Description

_ Two control inputs, CE (Chip Enable, active Low) and
WE (Write Enable, active Low) determine device operation.
Although data storage is static, the 10-bit address is clocked
into the on-chip address register by the High-to-Low transi-
tion of CE. Correct address information is, therefore,
required only during a narrow timing window (t A1) after
the transition on CE. Each access of a new address must be
initiated by a High-to-Low transition on CE after CE has
been High for at least the minimum specified precharge
time {tp).

Pin Configuration Logic Symbol
[
re 1] [ 112 vee WE o
a5 2] [ J17 a7 .
2 30] e ns S—|n
A3 4E 315 Ag 7— Ay
ag s[]| zeme e wos ],
ar s 113 1oy o s
a2 7 [ ]12 1og * zemma
ce s[] [J11 1voa 2%
GND 8 [] []10 WE t—14g
17— Ag
Ap-A11  ADDRESS INPUTS 16— a
CE CHIP ENASLE 8
vgg GROUND 1B—hg :
Ve POWER (+5V} va, 197 oy 104
WE WRITE ENABLE

HO1—1/D4 DATA INFUT/OUTPUTS

L]

Mo o171



4 2614

Zilog

Read Cycle

Write Cycle

COMPONENTS
— Ym
73
Wi |
The four 1O pins are active outputs (High or Low} only l e I - tee | e
when CE is active (Low) and WE is not active (High). The Ve | ! S—
1/O pins are inactive (also called open, floating or 3-stated) aoon el vALD ”“x\-i;'*:ff:;f:
when the chip is deselected or In the write mode. h -
_ ¥in
WE L .
[ tap — = e e
Input data is written into the addressed memory loca- von ,
tion while both CE and WE are Low. Correct information vo OPEN ouTPUT e
Vm

at the T/O pins is required only during a narrow timing
window starting tpg before the end of a write operation
determined by either CE or WE going High.

The write timing diagram depicts a write cycle with the
shortest possible WE pulse width (tww). WE can go Low
simultaneously with, {or even before) CE goes Low, but
this requires a wide write pulse since WE may not go High
earlier than tCw plus tww after the High-to-Low transition
of CE. If WE goes High while the chip is still selected, a
read opeation is started and the I/Q pins become active
outputs,

WE can stay Low until or beyond the rising edge of CE.
In this case, the Low-to-High transition of CE determines
the end of the write operation. The write timing of tp§
and tww must be referenced to the rising edge of CE, not
of WE.

Read/Modify/Write Cycle

A readfmodily/write cycle begins like a normal read
cycle, Data is read, then modified by circuitry external to
the memory. The modified result is written back into the
same memory location.

The WE pulse width must be long enough to accom-
modate the maximum output buffer turn-off delay (tQFF)
plus the maximum delay in activating the external data
driver circuits plus the input data set-up time (tpg).

il OPEN

vn Ly lf« TILY 1 T e W Y 1‘1
ADOR VALID e o By

=== [ ———ie-|

Read/Modify /Write Cycle

Applications

The Z6114 combines the convenience of fully static
RAMs with /O and edge-triggered on-chip address registers
that simplily timing and address/data busing in micro-
Processor systems.

The edge-triggered address registers are clocked by the
High-to-Low transition of CE. Any access to a new address
must therefore be initiated by CE becoming active (going
Low). Other than this, the Z6114 is a straightforward and
easy to understand as any fully static RAM.

73

The 1/O output buffers are active only while WE is High
and CE is Low, Data is written into the selected storage
cell when CE and WE are both Low simultaneously. Since
the write operation is fully static, there is only one con-
straint on input data: it must be stable and valid for a
specified set-up time before the end of the write opera-
tion, as defined by either WE or CE going High.

These simple and straightforward timing reguirements
result in a very easy interface to various microprocessors,
as shown in the following figures for the Z30, the 8080A
and the 6800,
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Interface to Z-80
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Zilog
Line Reflections, Ringing and Undershoot

Large MOS memory arrays are usually driven by TTL
buffers with fairly fast rise and fall times (less than 3 ns).
When the lines driven by these buffers are longer than six
inches, they do not represent a lumped capacitive load;
rather, they act as transmission lines with distributed induct-
ance and capacitance and a typical characteristic impedance
of 10002 to 15012, depending on line width,

A transition generated by the TTL buffer travels along
the line at a speed of approximately six inches per nano-
second. When the transition reaches the far end of an
unterminated line (usually the farthest MQS load), it
doubles its amplitude and travels back towards the buffer,
where it is again reflected by the low TTL output imped-
ance, thus changing its sign and resulting in the familiar
ringing.

The first reflection of a High-to-Low transition can go
substantially negative: A +3 to +0.5 V transition at the
driver results in a 0.5 to =2 V reflection. On an MOS
input, this negative undershoot forward biases the input-to-
subsirate diode, injects current inte the substrate and can
disturb the data content of the memory. There are three
proven metheds for reducing these reflections.

m Terminate the far end of the line with a resistor (=15082)
connected either to YV, to a voltage divider or to a
capacitor.

m Series terminate at the TTL buffer with a =~10082
resistor.

s Use CMOS buffers, which are inherently much slower
than TTL, and thus aveid the problem, but require that
the memory timing permits the added delay.

Calculating Average Operating Current

The average operating dc current consumption of the
Z6114, 1CC(avg), is a function of three parameters:

® Icc(sB): The standby or precharge current while the
memory is disabled.

m ICC(SEL): The select current while the memory is
enabled.

m (Q: The charge consumed during each memory cycle
in the charging and discharging of intemnal capacitances,

The formula for calculating the average operating current
is as follows:

IcC(SB) * tP + ICC(SEL) * tCE + Q
tp+ ICE

ICC(avg) =

The following examples illustrate the effect of cycle
time on average operating current: power consumption is
reduced when the cycle time is lengthened.

A. Max Speed 6114 at tp=90ns, tog = 250 s,
TA=+?0°C
40 - 90+ 55 - 250 + 2000
90 + 250

IcCavg) < =57 mA (max)

B. 1us cycle time 6114-4 at tp= 750 ns, tog = 250 ns,
Tp =+70°C
40 - 750 + 55 = 250 + 2000
750+ 250

ICC(avg) < =46 mA (max)

Absolute Maximum Ratings

Min Max Unit
03 +70 v
-65 +150 °C
Temperature under bias 0 +70 °C

Rating
Voltage on any pin relative to V5§

Storage Temperature (ambient)

Stresses greater than those listed in this table may cause
permanent damage to the device. This is a stress rating
only: functional operation of the device at these or any
other conditions greater than those indicated in this speci-
fication is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect
reliability.

Voo = +6.0 V £10%; Ta = 0°C to +70°C unless otherwise specified.

DC Electrical Characteristics

Symbol Parameter Min Max Units Conditions
VOH Qutput High Valtage +2.4 v IoH =—200 uA; CE at ViL; WE at VIH
VoL Qutput Low Voltage +0.4 Vv lgL=32 mA; CE at V|L;mat VIH
VIH Input High Voltage +2.0 +6.0 v
vViL Input High Voltage 0.3 v
Iz 1/0 Leakayge Current -10 +10 HA 0<V|N<5B5EV
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Zilog AC Electrical Characteristics

Voo =+5 V £10%; Ta = 0°C to +70°C

Z6114-2 Z6114-3 Z61144 261145 Z26114-6

Symboi Parameter Unit
Min Max Min Max Min Max Min Max Min Max

tAC Read Access Time1, 2 150 200 250 300 350 ns
e Read or Write Cycle Time3 240 320 380 440 510 ns
tCE Chip Enable Pulse Width (Low) 150 105 200 105 250 105 300 105 360 109 ns
tp ﬁ_r:iighl}inable Precharge Time 50 80 90 100 120 ns
tAS Address Set-up Time 0 0 0 1] o ns
tAH Address Hold Time 50 80 100 120 140 ns
tow Chip Enable to Write Disable 90 110 140 180 220 ns
we Write Enable to Chip Disable 4¢ 50 60 80 100 ns
AW Write Enabde Pulse Width 40 50 60 80 100 ns
tDg Data Input Set-up Time 60 70 a0 100 120 ns
iDH Data Input Hold Time 0 0 a 0 0 ns
wD Write Enable and Disable to 1/0 ] 50 0 6o 0 80 & 100 0 120 ns
toFF  Output Buffer Turn-off Delay4 40 50 60 80 100 ns
T Transition Time 50 50 50 50 50 ns
1. 1/0 loaded with 100 pF and TTL loading. Qutput levels are measured at Vgy =2.0Vand VoL = 0.8 V.
2. Typical change in access time vs load capacitance is 0.1 ns/pF.
3. tc=teg +tp +2 - tT. Test conditions use tT = 20 ns,
4. Qutput waveform is dependent on output load. Qutput buffer is guaranteed to be off within tQFF.
Power Consumption
Vee =565V
Z6114-2, 3,4 261145, 6
Symbol Parameter Ta= o°C +70°C 0°c +70°C Unit Condition
lCCiSB) Standby Power Supply Current 70 55 50 40 mA 'CE = High
ICC{SEL) Selected Power Supply Current 95 75 70 55 mA CE = Low
Q Dynamic Power Supply Charge 2000 2000 2000 2000 pC)
1pC =mA - ns
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Zilog Capacitance v
1.7k
Voo =+5 V £10%, Ta = 0°C 1o +70°C e
Symbol Parameter Min  Max  Unit 100gF
12k
Ci Input Capacitance 5 pF
Co Output Capacitance 5 pF
LOAD CIRCUIT
Address Pin Labeling
0000—1111 0000 —=1111 0000—=1111 0000—1111
Pin 1
Az Ag By Ag Ag Mg Ag Ag Ag Ag A3 Ao A3 Ap Az Ag
MS8  LSB
. . . . 000000
Fram a functional point of view, the labeling of RAM Ag Ay
address pins is arbitrary. For the Z6114, the address pins
are labeled so they address the two-dimensional cell array
. - ; 64X 16 64 X 16 64 X 16 64 X 16
consistent with the physical layout. ARRAY ARRAY ARRAY ARRAY
AREERN
Ag Agq

Cell Address Organization. Top View.

Ordering Information

1. 762

Suffix Access Time Suffix Package Suffix Temperature Range
-2 150 ns C Ceramic S 0°C te +70°C, 5V £10%
=3 200 ns P Plastic
-4 250 s
=5 300 ns Example: Z6114-4CS = 250 ns access time, ceramic package, standard range.

-6 350 ns
Package Outline
| 05 118}
105 1 267} 210 42.311) : 025 (06
R 890 12 261} ‘ 300 TYP

10 | 279 *. 54 Tve
a0 .22 1.13%
Q20 1.051)
6 1.0a1)
-———B EQUAL SPACES ——
106 {2540

NOTE fumensions 0 paremhbeses are far metnc system lomb

.234 |.747) 316 { BO3|
282 17960 304 {772}

010 1.D25) —= +——
ELE: )]
300 ¢ ?62]-.- SYMBOLIZATION
AREA FOR
IDENTIFICATION
OF PIN ONE

77



Va

COMPONENTS

Zilog

Product Specification

PRELIMINARY

General Description

The Zilog 26142 is a high-performance 4096-bit static
RAM organized as 1024 4-bit words. Data storage is static;
however, addresses are clocked in by the leading edge of
Chip Enable. The four bidirectional I/O lines and the
Outpui Enable input of the 26142 make it especially suited
for microprocessor systems with less than 4K bytes of RAM
because as few as two 26142 devices can provide byte-wide
storage.

The Z&6142 contains two Chip Enable inputs and an Out-
pui Enable input. Zilog also manufactures the Z61i4,
which is fuactionally identical to the Z6142 except that it
has one Chip Enable and no Quiput Enable, The basic
operation and electrical characteristics of the 26142 are
the same as those of the Z6114.

The Z6142 is fabricated with n-channel silicon-gate
depletion-load technology. Polysilicon load resistors used in
the memory array result in & very small die size.

76142

1024 x 4 Bit
Static RAM

® Single +5 V, 210% supply voltage

® Fully TTL compatible (Fan-out: two U.L. or eight
LSTTL loads)

Access Times
Part Number Access Time Cycle Time
7261422 150 ns 240 ns
26142-3 200 ns 320 ns
261424 250 ns 380 ns
Z6142-5 300 ns 440 ns
76142-6 350 ns 510 ns

Functional Description

Three control inputs—CE 1, CE2 (Chip Enables) and WE
(Write Enable)--determine device operation. Although data
storage is static, the 10-bit address is clocked into the on-
chip address register whenever the two ANDed Chip Enable
inputs make the Chip Enable function go true. Correct
address information is, therefore, required only during a
narrow timing window (t AH) after this transition. Each ac-

Features cess of a new address must be initiated by the transition of
5 1024 x 4 organizatio the Chip Enable function going active, after this function
_ & N has been inactive {CE| = High or CE3 = Low) for at least
& Static sterage—no refresh required the minimum specified precharge time (tp). A High level
® Four [/O lines 0;1 ﬂ’lt; Output ErEa}Jle ir;gu(ti (}ng:l.l) _forcc:is the f'ou;1 outt_pu;s
. . ) into the inactive (also calle -impedance or floating
= Two Chip Enable inputs plus an Output Enable state; however, OF does not affect the internal operation of
m [ndustry-standard 20-pin configuration and package the device.
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Section 2
Boards

Zilog brings to the OEM board market the same advan-
tages it brought to the microprocessor market—the power-
ful architecture of the Z-80 and Z-80A CPU, the world’s
most advanced 8-bit microprocessor, clever design with
maximum thru-put per board due to an intelligent mix of
processor, program memory and /O functions, and Zilog’s
overall “systems concept™ of integrating complex functions
in single board and muiti-board configurations.

The leading member of the Zilog Board Family is the
Z-80 MCB. This single board computer provides Z-80 CPU,
16K RAM standard (4K optional), 4K ROM, PROM or
EPROM, two 8-bit parallel I/Q ports and a serial [/O port,
either R8-232 or 20 mil amp. current loop. All this on a
single 7.7" x 7.5”" computer card! In addition, this power-
ful single-board computer requires only a +5 volt supply!
For system expansion, it mates to the standard Zilog bus,
the same bus used in Zilog’s mainframe MCZ-1 computers.

The Zilog Board Family includes:

® The Z-80 RMB—RAM Memory Board
16K to 64K dynamic memory cards allow for maxi-
mum memory expansion

® The Z-80 IOB—Input/Output Board
Four Z-80 PIOs give the user 64 programmable para-
el I/O lines

m The Z-80 SIB—Serial 1/0 Board
Four full duplex seriat 1/0 channels for synchronous,
asynchronous or bi-sync operation

8 The Z-80 AIOfAIB—Analog Input/Qutput Board
32 Single-ended or 16 differential input channels and

81

two analog output channels. Offers 12-bit resolution
and requires only +5 volt supply!

® The Z-80 PMB—PROM Memory Board
Allows up to 32K ROM, PROM or EPROM on-board
plus dual 8-bit parallel I/O ports and four 8-bit pro-
grammable counter/timers

& The Z-30 PPB—PROM Programmer Board
Offers programming capabilities for industry standard
PROMs and EPROMs.

m The Z-80 MDC—Floppy Disk Controller Board
Controls up to 8 disk drives plus contains 48K of
RAM memory

w The Z-80 VDB—Video Display Board
Displays text in 24 lines of 80 characters each or dis-
plays graphics in a 240 x 560 dot matrix

Accessories:

s SCE-4—Standard Card Enclosure
Includes power supply, 4-slot card cage, fan and en-
closures

Additional hardware such as wire-wrap boards, extender

cards, card cages, enclosures and power supplies are also
available.

Zilog Microcomputer Boards offer what the OEM needs
most—solutions. A convenientily sized board series (7.7 x
7.5”"), a powerful mix of modular subsystems, the Zilog
standard bus, easy hardware interface (boards require +5
volts only) and a wide range of accessories.

Zilog Microcomputer Boards—A Generation Ahead—Today!
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“ies 7-80°' MCB
Product Specification Microcomputer
Board

The Z-80 MCB Microcomputer Board is a complete single board computer with its own self-contained mem-
ory plus serial and parallel I/O ports. It features the use of the Z-80 CPU, Z-80 CTC, Z-80 PIO, and Z-6616 de-
vices that have become standard components in the microcomputer industry.
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Description

The Z80-Microcomputer Board (MCB) is a modular,
single-board computer. It is designed around the Zilog
Z30-CPU and employs an on-board DC converter to allow
operation from a single +35 volt power supply. This board
is highly flexible, and can be customized by the user for
specific applications.

The basic configuration consists of the Z-80 CPU, 4K or
16K bytes of dynamic RAM, provision for up to 4K bytes
of PROM, ROM, or EPROM, both parallel and serial 1/O
ports, [/O port decoders, and a crystal controlled clock.
The parallel port is implemented with the Z-80 PIO with

area reserved for user-supplied driver and/or receiver logic.
One of the four timers in the Z-80 CTC is used as a baud
rate generator for the serial interface implemented with an
8251 USART. Strapping options are available for selecting
several memory and 1/O port configurations, terminal inter-
face schemes, and operating modes. Expansion of the card
is made possible by feeding all buffered address, data, and
control lines to a 122-pin edge connector, Two versions of
monitor software (1K and 3K bytes) are available in bipolar
PROM:s for insertion into the four 24-pin PROM sockets,
allowing software debugging and terminal interface (TTY,
CRT, or disk).

Features

w Z-80 CPU single-chip n-channel processor with 158 in-
structions (including all of the 8080A’s 78 instructions
with total software compatibility). New instructions
include memory-to-memory block transfers, I/0 block
transfers, 16-bit arithmetic, 9 types of rotates and shifts,
bit manipulation and many new addressing modes.

(See Z-80 CPU Product Specification for specific details.)

® 16K or 4K bytes of low-power dynamic RAM.

s MOS EPROM, fuseable bipolar PROM or masked ROM
sockets for user’s program storage. Optional Zilog mon-
itor software is available in 1K, and 3K byte versions..

m Strapping options can relocate both the RAM and ROM
memories into any segment of the 64K address space.

w Programmable full duplex serial I/O port with RS-232
ot current-loop interface. Can be programimed to oper-
ate at 14 separate baud rates from 50 baud to 38.4K
baud. Can operate using any asynchronous or synchro-
nous protocol.

® Modem control signals including Request To Send and
Clear To Send are provided with the RS-232 interface.

m A separate reader control line is available for teletype
terminals not equipped with automatic reader control.

# Universal parallel IO can be programmed te define any
direction and data-transfer characteristics for two 8-bit
ports. Full flexibility in buffering and terminating the
parallel ports is provided by uncommitted driver/ter-
mination device locations. Data transfer can be accom-
plished under full interrupt control, (See Z-80 PIO
Product Specification for specific details.)

m Z-80 CTC includes four programmable counter/timer
circuit channels. It is used as the programmable baud
rate generator; additional channels can be used as real-
time clocks. (See Z-80 CTC Product Specification for
specific details.)

® Switches on the board can be read by the CPU for var-
ious options. The software provided in the standard [K
byte monitor can read these switches and set the com-
murication frequency to any of 14 commen rates by
programming the CTC. Switches can also be used for
other similar functions.

m Board contains I/O port address decoders which can
decode 32 unique contiguous port addresses. Several
of these are used to select the channels of the USART,
PIO and CTC. Additional decoded port select signals
are available for various peripherals attached io the
system.

® [9.6608MHz crystal oscillator divided to 2.457MHz
for Z-80 CPU operation and dividable by Z-80 CTC to
provide the serial [JO baud rates or any other desired
system frequencies.

® Bus drivers are provided for memory and 1/0 expan-
sion to other boards that are a part of the series.

m Optional 1K byte monitor software has terminal handler,
load and punch routines as well as set and display mem-
ory commands. A Go command begins execution of user
programs. There are debug aids such as set and display
registers and breakpoinis. The 3K byte version includes
a floppy disk controller and even more debug capacity.

® Tri-state buffers on all data, address and control lines.

® One nonmaskabie and three maskable interrupts.
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MCB Block Diagram
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Summary of Z-80 CPU Instruction Set

ADD REGISTER/MEMORY/VALUE TC A/WITH CARRY

ADD REGISTER PAIR TO HLAX/TY

ADD REGISTER PAIR TO HL WITH CARRY

SUBTRACT REGISTER/MEMORY/VALUE FROM A/
WITH BORROW

SUBTRACT REGISTER PAIR FROM HL WITH BORROW

DECIMAL ADJUST

AND REGISTER/MEMORY/VALUE WITH A

OR REGISTER/MEMORY/VALUE WITH A

EXCLUSIVE OR REGISTER/MEMORY/VALUE WITH A

COMPARE REGISTER/MEMORY/VALUE WITH A

COMPARE/INCREMENT/DECREMENT/HL, DECRE.
MENT BC/REPEAT

INCREMENT/DECREMENT REGISTER/REGISTER PAIR
MEMORY

COMPLEMENT A/2'S/1'S{

LOAD REGISTER/REGISTER PAIR/MEMORY WITH
REGISTER/REGISTER PAIR/MEMORY/VALUE

LOAD (DE) WITH (HL), INC/DEC/Hi. AND DE, DEC
BC/REPEAT

ROTATE RIGHT/LEFT, CIRCULAR/THRU CARRY/
REGISTER/MEMORY

ROTATE RIGHT/LEFT DIGIT

SHIFT REGISTER/MEMORY, LEFT ARITHMETIC

SHIFT REGISTER/MEMORY, RIGHT LOGICAL

SET/RESET/TEST BIT IN REGISTER/MEMORY

CALL SUBROUTINE IF CONDITION TRUE/UNCON-

DITIONAL CALL

JUMP IS CONDITION TRUE/UNCONDITIONAL JUMP
JUMP RELATIVE IF CONDITION TRUE/UNCONDITION-

AL RELATIVE JUMP
JUMP TO (HL), (IX), OR (1Y)
RESTART CALL
EXCHANGE REGISTERS
EXCHANGE REGISTER PAIR AND STACK

RETURN FROM SUBROUTINE IF CONDITION TRUE/

UNCONDITIONAL RETURN
POP/PUSH REGISTER PAIR FROM/TO STACK
SET INTERRUPT MODE 0/1/2
ENABLE/DISABLE INTERRUPTS
RETURN FROM INTERRUPT/NMI INTERRUPT
DECREMENT B, JUMPIFB=0

INPUT/OUTPUT REGISTER

INPUT/OUTPUT, (HL), INC {DEC) HL, DEC B/REPEAT

SET/COMPLEMENT CARRY FLAG
NO OPERATION
HALT

85
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MCB Applications

The Z-80 MCB can be used in many applications tra-
ditonally not available to single microcomputer boards.
Many of the functions previously performed by external
hardware are now implemented in the Z-80 CPU and peri-
pherals. The performance per unit board area has been
greatly optimized, thus eliminating the need for extra
cards, card cages, back planes, and connectors for many
applications. The Z-80 MCB can be used for machine con-
trollers, customized small business computers, automated
test stands, customized data acquistion systems, process
control systems, communications or display controllers,
multiprocessor systems, and word processing systems, just
to name a few. The diagram below shows the Z-80 MCB
used with the Zilog Video Display Board to configure an
intelligent terminal.

VIDED El
il TOR

Specifications

POWER SUPPLY:
CONNECTOR:

SIZE:

ENVIRONMENTAL:

MEMORY CAPACITY:

+5V DC +5%, current. 2 amps
max {with 3 PROMs)

122-pin edge {100 mil spacing)
Augat PN 14005-19P1

Length, 7.7"

Depth, 7.5

Spacing, 0.5" centers

0° - 50°C temperature range. Up
to 90% humidity without con-
densation.

4K or 16K bytes dynamic RAM
plus up to 4K bytes PROM, ROM
or EPROM. Expandable by use
of Z-80 RMB RAM board to
64K bytes of main memory.

55 e 1/O CHANNELS: Serial /0 port with R$-232 or
EveoaD 20 mA current loop interface;
Two (2) software configurable
Intelligent Terminal Configured from bidirectional 8-bit parallel 1/0
Video Display Beard and Microcom- ..«
pllter de‘ * SERIAL ports-
Pin Assignments

MCB — PIN OUT (COMPONENT SIDE)

1 +b 34  1/O SUB GROUP®—
2 +h 35 RFSH-
3 1B 36 ADDRESS BUS i3
4 1ORO- 37 ADDRESSBUS 11
5 DATABUSS 38 OPEN({Z 21) (PULL UP)
6 20mA DATA 39 OPEN(Z20)
7 RECEIVE DATA 40 (QPEN (2 19)
8 DATABUS3 41  OPEN {Z 18}
9 MASTER RESET 42 OPEN (2 17)
10 MASTER RESET- 43 QOPEN (Z 16)
11 CLEAR TO SEND 44  QPEN{Z 15}
t2 DATABUSG 45 OPEN {Z 14)
13 DATABUS ¢ 46 OPEN{Z13)
14 REQTOSEND 47  OPEN (212}
15 XMITED DATA 48 OPEN{Z 11}
16 MEM SELIN 49 OPEN{Z 10}
17 DISK C/T ED  OPEN (2 9}
18 C/T2 51 OPEN (Z 8}
18 20 mA DATA RET 52 OPEN{Z7)
20 TTY TAPE CNTL RET 53 OPEN (Z6)
21  MEMORY SELOUT 54 (OPEN (Z 5)
22  INTE INCTC 55  QPEN (2 4)
23 WR- B6 OPEN (Z 3}
24 USERSTRB 3 57 OPEN{Z 2}
25 DISKSTRB B8 OPEN{Z 1}
26 ADDRESSBUS7 58 +5
27 ADDRESSBUS S8 BD 45
28 IOWR- 61 +5
29 ADDRESSBUSS
30 ADDRESS BUSH NOTE: Open pins are definable
3 RESET- by user. One s pulled up for use
32 ADDRESSBUSS a3 a source for intorrupt enable
33  1/QSUB GROUP 2— daisy chain.

MCB — PIN OUT (SOLDER SIDE)

82 GND
63 GND
64 GND

65 TTY TAPE CNTL

66 bV EXTERNAL

67 SV EXTERNAL

68 DATABUSA4

69 +12V EXTERNAL

70 +i2v EXTERNAL

71 DATABUSZ

72 12V EXTERNAL

73 DATABUS?Y

74 DATASET READY

76 DATABUS1

76 DATA TERM. RDY/
XMIT CLK

77 20mA RECV. RETN./
RECV. CLK

78 SYNC DETECT

79 INT-

80 LINE SIGNAL DET.

81 20mA RECV.

82 USERC/T3

83 AOMSELOUT

84 USER RTCC/T

85 MRQ-—

86 CTCINTE OQUT

87 2ZXSERJIALCLK

85 BUSAK-
89 ADDRESS BUS®
80 1ORD-—

gy aDDRESS BUS 10
92 ROM SEL IN—

86

93 B

94 ADDRESS BUS 14
95 /O SUB GROUP 3-
96 1/OSUB GROUP 1-
97 ADDRESS BUS 12
98 ADDRESS BUS4
99 -

100  ADDRESS BUS3
11 ADDRESS BUS 2
102 ADDRESS BUS 1
103 ADDRESS BUS®
104 1/0 GROUPD -

105 /0 GROUP 1—-

106 I/OGROUP 2—-

107  1/O GROUP 3—
108 1/0 GROUP 4—
108 BUSRQ-

110 ANMi—

1t PIOINTE OUT

112 SERIAL CLK IN

{2X)
113 HALT-
114 INTE IN PIO
115 M-
116 RD-
t17 INTE IN SER
118 ad
119 WAIT-—
1% GND
127 GND
122  GND
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Zilog MCB Performs Supervisory Control in Z-80 Based Systems

Z80-RMB
Ram Memory Board

/_

Z80-AIO 4
Analog Input/Output
Board

= Thermocouple

/ X-Y Plotter
Z80-10B
Input/Output Board
Z80-MCB X el |
d
Microcomputer Board Card Reader
——————Line Printer
Keyboard

Numerical Display

Z80-SIB
Serial 1/O Board

Floppy Disk Drives
{(Up to 8}

Line Printer-——/
CRT ——’ Z80-MDC

Memory /Disk k.
Controller Board

TV Meonitor
Keyboard

.
Z80-VDB
Video Display Board
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s o Z-80'MDC
Product Specification Memory Disk
Controller

The Z-80 Memory Disk Controller provides the Z-80 Microcomputer Board series and MCZ-1 System with
all data formatting required for reading and writing onto a floppy disk system from RAM storage. Up to 8
floppy disks may be controlled by one MDC. The MDC also provides up to 48K bytes of dynamic RAM mem-
ory for program or data storage. The card interfaces directly to all other boards in the MCB series.

DC-DC
b {CONVERTER

CONTROL
LINES

£80-CPU BUS

TQ
> FLOPPY
DISK

DATA
ENCODE/
DECODE
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Features

® WAIT control logic synchronizes the speed of the CPU
to the disk read orwritespeed by setting the CPU WAIT
line to an active state until a complete byte of data has
been assembled.

® Recommended configuration of MDC and two Shugart
201R Floppy Disk Drives provides 600K bytes of per-
ipheral mass storage.

® MDC employs a Z-80 PIO device to control the disk
® The MDC is designed to support a Z-80 hgng and prt}llvide drives and provide status information to the CPU.
a minimum micrecomputer system. In addition to the . . . .
Sy ik ol e MOC oo 0 465 ® Dt ot e ooy St g s o,
bytes of dynamic RAM memory. : OSSALY P alan p
y 4 data conversion is performed by circuitry on the MDC.
® Only a single +5v power supply is required. Voltage lev- F requency modulation is t.he recording mode 'where each
els of +12vand -5Sv needed by the dynamic memory ar- data bit recorded on the diskette has an associated clock
ray are provided by a voltage converter on the board. bit recorded with it.
. ® Formatting of serial data into the disk is accomplished
¢ ?ROM Memory Mappig a]lov_vs memory to be_ mapped under program control by the Z-80 CPU on a MCB Mic-
in 4K bytes to one of 16 starting address locations. rocomputer Board. Opiional PROM-based firmware is
® Memory array utilizes 16K bit dynamic RAM devices. available from Zilog to control up to eight Shugart 801R
Floppy Disk Drives. This firmware assumes that 32
® Disk read/write accuracy ensured by 16 bit Cyclic Re- data sectors (records) are utilized per track and 77

dundancy Check (CRC) code cir

cuitry.

tracks are utilized per disk. The firmware provides all
control functions for the disk and performs all data
transfer. The Sector Data Format is illustrated below:

FORWARD/BACKWARD
LINKAGE FOR FILE

MAINTENANTCE

/

SECT. | TRACK
preameLe | SEET | LT | DATABLOCK [ LINKAGE | CRC | POSTAMBLE
Y Y S WY L Y W A
16BYTES 1BYTE 1BYTE 128BYVTES 4BYTES 2ZBYTES
SECTOR ADDRESS—100 AgdzAzA1Ag  TRACK ADDRESS—0 AgApAsAzAzAtAg
L] - - -
Pin Assignments Specifications
DC-—- T (COMPONENT SIDE
MDC--PIN OUT (C ) POWER SUPPLY: +6 VDC +5%
t +5u 21 OPEN 41 OPEN 1.6 amps maximum current
2 45 22 OPEN a2 OPEN
3 +5y 23 OPEN 43 QPEN
4 IDRG~— 24 OQPEMN 44 {QFEN
5 DATABUSE 26 OQPEM 45 OPEN . i - -
& OPEN 26 ADDRESS BUS7 46 OPEN CONNECTOR: 122-pin edge {100 mil spacing)
? DR I- 27 ADDRESS BUS S 47 OPEN ,
8 DATABUS3 28 OPEN a8 GPFN SIZE: Length, 7.3
3 STEP.- 26 ADDRESS BUSS 49 OPEN -
10 SEL3- 30 ADDAESS EUS 6 50 GPEH Depth, 7.5
11 WRITE GATE— 31 GPEN 51 OPEN . "
12 DATABUSE 32 ADDRESS BUS 15 52 OPEM Spacing, 05 centers
13 DArABUSE 3 HEADY- 53 OPEN o o
14 DR6- 34 DRIVE PRESENT- 54 OPEN ENVIRONMENTAL.: 0 - 580 C temperature range.
15 DR5- 35 REFRESH— 55 OPEN =" i
16 DPEN 36 ADDRESS BUS 13 ﬁ g:E: Up to 90% humidity without
17 STARTSECTOR 37 ADDRESS BUS 11 .
18 DAD I8 OPEN 58 OPEN condensation.
19 SECTOR - ¥ OPEN 89 +6y
20 OPEM 40 OPEN ::l -y MEMORY CAPACITY: 16K, 32K, or 48K bytes dy-
1
MDC-PIN QUT {SOLDER SIDE) namic HAM. Memory may‘be
B2 GND 82 SELD- 102 ADDRESS BUS 1 organized into 4K pages with
B3 GND 83 ROMSEL GUT- 10 ADDRESS BUSH i
53 o B hom, 2 poos each_ page ass!gned to any of 16
85 OPEN 8 MEM REQUEST 05 QPEN possible starting addresses.
b6 READ DATA- 86 SEL 2w 106 OPEN
57 TRACKE- 81 OPEN 107 1O GROUP 3—
68 DATABUS 4 88 OPEN W8 10 GROUPA-—
B9 SPARE OUT— 89 ADDRESS BUS® 109 OPEN
70 DIRECTION— 90 OPEN 110 OPEN
71 DATABUS2 91 ADDRESS BUS 10 1T OPEN
72 DFEN 92 QPEN 112 OPEN
7 DATABUS 7 93 8XCLOCK 113 OPEN
74 DR3- 84 ADDRESS BUS 14 114 MDCPIC INT N
75 DATABUS 95 SUBGI_ 1E Wi~
%5 DR 2- 9 WRITE PROTECT 116 READ
17 WRITE DATA— 97 ADDRESS BUS 12 117 OPEN
78 DA - 98 ADDRESS BUS 4 N8 OPEN
19 OPEN 99 CLOCK - 13 waiT—
B0 SEL - 100 ADDRESS BUS 3 120 GND
81 DR4- 101 ADDRESS BUS 2 121 GND
172 GND

89
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+hY VOLTAGE
> CONVERTER
Al Ay MEM DYNAMIC
PAGE MEMORY
DECDDER ARRAY |
A
Au- Ali CAS| RAS
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> ADDR MUX DATA BUS
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DATA DISK
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i SEL _—
= | CRC
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8 o] TIMING | WAIT WAIT
CONTROL CONTROL
FIGURE 1

Z-80 MDC BLOCK DIAGRAM

ADDITIONAL INFORMATION

A complete set of Hardware and Software User’s Manuals

is available for use with the MCB. These manuals contain
both logic and schematic diagrams and give detailed inform-
ation on the operation of the MCB. Technical manuals on
the Z8O-CPU, PIO and CTC devices are also available.
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e 7-80° RMB
Product Specification RAM/ROM
Memory Board

The Z-80 RMB RAM/ROM Memory Board provides the Zilog Microcomputer Board Series with additional
memory capacity, consisting of 16K, 32K, 48K, or 64K bytes of dynamic RAM and sockets for up io 8K

16K, 32K, 48K,
84K RAM

bytes of ROM, PROM, or EPROM.
d DC-DC

i RN A IR

_i |7
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Zilog Features

® 16K, 32K, 48K, or 64K bytes of dynamic RAM per board utilizing 16K bit dynamic RAMs.

®  Sockets for up to eight ROM or PROM devices per board. These sockets are intended for 24-pin packages in either a
512 x 8 or a 1K x 8 configuration. Pin compatible PROMs include: 6341, 6381, 828181, 2704, 2708, 2716.
NOTE: For EPROMs an external -5 and +12 volt power supply is required.

& PROM decoder allows each 4K segment of memory to have a starting address at any of 16 boundaries within the 64K
of addressable memory space.

®  Only a single +5 volt supply is required. An on-board voltage converter is included to provide the +12 volt and -5 volt sup-
plies needed by the dynamic RAM devices.

Specifications Pin Assignments
POWER SUPPLY: +5 VDC +5%
1.6 amps maximum current
RMB—PIN OUT {COMPONENT SIDE)
CONNECTOR: 122-pin edge {100mil spacing)
SIZE: Length 77" 1 +5v 29 ADDRESSBUS5
’ Depth 75" 2 +bv 30 ADDRESSBUSGE
. v 3 +bv 32 ADDRESS BUS 156
Spacing - 05" centers 5 DATABUSS 35 RFSH —
ENVIRONMENTAL: 00 - 500 C temperature range. 8 DATABUS3 36 ADDRESS BUS 13
Up to 80% humidity without 12 DATABUS6 37 ADDRESS BUS 11
condensation. 31 DATA BUSP 50 45v
MEMORY CAPACITY: 18K, 32K, 48K, or 64K bytes 23 WRITE — 60 +bv
dynamic RAM. Each 4K page 26 ADDRESSBUS 7 61 +bv
may have its starting address as- 27 ADDRESSBUS 8
signed to any of 16 possible val-
ues. Also sockets on board for up
to 8K bytes of non-valatile mem-
ory (ROM, PROM, or EPROM]. RMB—PIN OUT (SOLDER SIDE)
62 GND 97 ADDRESSBUS 12
63 GND 98 ADDRESS BUS4
64 GND 100 ADDRESS BUS3
66 —bv 101 ADDRESS BUJS 2
67 -bv 102 ADDRESSBUS1
68 DATABUSA4 103 ADDRESSBUSP
69 H2v 108 RAM DISABLE —
70 +12v 116 READ —
71 DATABUSZ 117 ROM DISABLE —
73 DATABUS? 120 GND
75 DATABUS1 121 GND
86 MEM REQUEST — 122 GND
89 ADDRESS BUS9
81 ADDRESS BUS 1D
94 ADDRESS BUS 14
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Product Specification PROM Pfograllsﬂolgg

The Zilog PROM Programmer Board (PPB) provides the capability to program 16 and 24-pin bipolar
PROMs and 24-pin EPROMs. The board incorporates zero insertion force sockets and power conversion to
permit a single +5 volt power supply operation. System bus interface is implemented by the Z-80 PIO and
is simply addressed as I/O with the device address of E@yy. The compatible software utility ZPROG provides
the capability to program from a disk file and verify PROM contents from the disk file, to list the PROM con-
tents onto a terminal or printer, and to duplicate a PROM.

*

)
R
CE
" p
A
N
-
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Operation

‘The [/O address E@ is decoded by the ADDRESS DE-
CODE to enable the PIO. The two Least Significant Bits
of the ADDRESS BUS are used to select part A or B and
configure the PIO for control or data transmission. Port A
is set in the ‘bidirectional’ mode for reading and writing
PROM data in the VERIFY and PROGRAMMING mode
respectively. Port B is set in the ‘output’ mode to control
the ADDRESS COUNTER, CHIP SELECT / BUS CON-
TROL and PROGRAM PULSE circuitry. The ADDRESS
COUNTER is cleared and clocked by PIO lines By and By
respeciively, and produces ten address lines to the program-
ming socket. The CHIP SELECT and PROGRAM PULSE:

EPROM are controlled by PIO lines By and B3. The pro-
gramming pulse width is a function of the ZPROG utility
and is set in software for the EPROM device being program-
med. The BUS CONTROL circuitry accomodates the read-
ing of PROM contents or writing to PROM via PIO Port A
and is controlled by PIO line Bg. Bipolar devices are pro-
grammed by enabling the high voltage drivers on the data
bus with the chip select (CE) controlled by PIO line By and
generating the PROGRAM PULSE: BIPOLAR from the
PIO line Bg. This pulse width is also 2 function of the
ZPROG utility.

Features

® Programs [6 and 24-pin bipolar PROMs: 7610, 7611,
7620, 7621, 7640, 7641, and 24-pin EPROMs: 2704,
2708

Programs 7603 PROMs using supplied adapter.
Program from a disk file

Verify PROM contents from a disk file

List PROM contents to a terminal

Duplicate a PROM

Zeto insertion force sockets

Single +5V power supply

Compatible with all MCB based systems and Develop-
ment system.

Specifications

POWER SUPPLY: +5 VDC 6%
1.5 Amps {standby)

2.5 Amps {programming)

CONNECTOR: 122-pin edge (100 mil spacing)
SIZE: Length: 7.77

Depth: 7.5

Spacing:  0.5” centers

0° - 50°C temperature range
Up to 90% humidity

ENVIRONMENTAL:

Pin Assignment

ZDS DEVELOPMENT SYSTEM VERSION

g ADDRESSBIT 6 47 DATABIT 4
10 ADDRESS BIT 7 48 DATABITS
16 ADDRESSBIT D 51 DATABIT6
17 ADDRESS BIT 1 52 DATABIT 7
18 ADDRESS BIT 2 54 DATABIT®
19 ADDRESSBIT 3 55 DATABIT 1
20 ADDRESS BIT 4 56 DATABIT3
21 ADDRESSBIT 5 57 DATABIT 2
24 P - 88 {El
28 Mi 100 iNT
30 0RO 112 iEO
45 RD

95

MCZ VERSION

4 iORO 73 DATABIT?

5 DATABITS 75 DATABIT 1

8 DATABIT3 79 INT

12 DATABITS 98 ADDRESSEBIT 4
13 DATABITD a9 P

26 ADDRESSBIT 7 100 ADDRESSBIT3
20 ADDRESSBIT S 101 ADDRESSBIT 2
30 ADDRESSEBIT 6 102 ADDRESSBIT 1
60 IEI 103 ADDRESS BIT B
51 [EO 115 M1
68 DATABIT4 116 RD

71 DATABIT 2
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Zilog PROM Programmer Utility

The ZILOG PROM Programmer Utility (ZPROG), operates
with the ZDS-PPB, MCZ-PPB, ZDS-PPB/16, MCZ-PPB/16
or PROLQG Interface (CIB) boards.

ZPROG provides an environment in which the user can:
—Duplicate PROMs of the same type
—Duplicate PROMs of different types
—Write the contents of one or more PROMs toa

disk file

—Program PROMs from a disk file
_List the contents of a PROM on the console
—Display and modify any byte of a PROM

ZPROG COMMANDS

The following parameter definitions apply to the ZPROG
commands:

pname a PROM name from the applicable PROMs.

begadr specifies the address at which the command
should begin reading or programming,

pumbytes specifies the number of bytes to read or pro-
gram.

UL specifies which nibble (upper or lower) is to be
read or programmed.

M specifies that the user wishes to enter modify
mode to modify the buffer after reading from
the source PROM, and before programming the
destination.

v specifies that the contents of the destination is
verified against the source and the programming
step skipped.

entadr specifies the entry address of the file to be
created (File command only).

reclen specifies the record length of the file to be

created (File command only).

Summary of Commands

The following notation is used in the command description.

| is used to denote ‘or’, e.g., pname|* means either
a pname or an asterisk “* may be used.

[] isused to denote an optional parameter, e.g.,
[M ] means ‘M’ may be included in the command
line or left out,

All cormmands can be abbreviated by giving the first letter
only. Commands and options can be entered in either
upper or lower case except in the PROM names which must
be entered as listed.

AGAIN

BYTE

cory

DUPLICATE

FILE

LIST

NEXT

PROGRAM

QUIT
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The AGAIN command is used to repeat the
previous command.

pname|* The BYTE command is used to
read or program one byte of a PROM in the
same manner in which the buffer is displayed
in modify mode.

S: pname}* [B=begadrl] [N=numbytes] [U|L]

D: pname|* [B=begadr2] [N=numbytes2]
[UIL] [M] (V]

The COPY command is used to copy (or ver-

ify) the contents of one PROM to another

PROM which may have different attributes.

pnamel|* [B=begadr] [N=numbytes] [M] [V]
The DUPLICATE command is used to copy
(or verify) the contents of one PROM to
another PROM of the same type.

pnamel* filename {B=begadr] [N=numbyies]
[UIL] [E=entadr] {RL~=reclen]

The FILE command is used to copy the con-
tents of a PROM to a RIO file.

pname|* [B=begadr] [N=numbytes]

The LIST command is used to list the con-
tents of a PROM to CONOUT (Logical Unit
for console cutput).

The NEXT command is used to repeat the
previous command (with begadr adjusted for
the program command).

filename pnamel* [B=begadr] [N=numbytes]
[UIL] [V]

The PROGRAM command is used to copy

the contents of a RIO procedure type file

to a PROM.

The QUIT command is used to exit the
ZPROG environment and return to the RIO
executive. Any open files are closed.
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Product Specification PROM Programmer
Board

The Z-80 PPB/16 provides the ZDS and MCZ systems with PROM programming capability for the following
PROMs:

2716

828126 828129 8285130 828131
825140 825141 828180 828518l
8252708
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g Edge Connector Pin Assignments
Description (MCZ Systems)
The PPB/16 incorporates three zero insertion force PIN DESCRIPTION
sockets that are mounted at the top of the card. The card 1,3, 59-61 +SVP.S.
is inserted into the appropriate system and extends beyond 4 10RO
the end of the card cage to allow easy access to the sockets. 5 DBS
One 24-pin socket is used for the 2K x 8 EPROM (2716). 3 DB3
Another 24-pin socket is used for the 1K x 8 PROMs and 12 DB6
a 16-pin socket for 1K x 4 PROMs. PROMs not listed above 13 DBO
may also be programmed provided their pinout and pro- 2% AR7
gramming procedure matches that for the above EPROMs 29 ABS
and PROMs. 30 AB6
Each card is a completely seff-contained unit requiring 50 IEI - PPB - PIO
only a +5 volt supply. An on-board converter transforms 51 IEQ - PPB - PIO
the +5 volts to the voltage required by the PROMs and 62—64, 120-122 GND
EPROMs. All communication with the Z-80 CPU is done 68 DE4
through the Z-80 PIO peripheral interface via a 122-pin 71 DB2
edge connector. 73 DR7
75 DB1
1 79 INT-
PROM Programmer Utility (ZPROG) 9% AB4
99 $—. (System Clock—)
The Zilog PROM Programmer Software Utility (ZPROG) 10? ) igg
is provided on the RIO operating system utilities diskette. i?n AB1
ZPROG enables the user 1o: 103 ABO
= Duplicate PROMSs of the same type 115 Ml—
® Write the contents: of one or more PROMs to a disk file 116 RD—
® Program PROMs from a disk file
a List the contents of a PROM on the console . .
» Display and modify any byte of a PROM Edge Connector Pin Assignments
(ZDS Systems)
Features
PIN DESCRIPTION
m Two board versions—the MCZ-PPB/16 and ZDS-PPB/16 3. 50_61 5V
m 7.80 control for microprocessor flexibility 9 ’ A6
m Quick load, zero insertion force, PROM sockets ig ig
w Pawer from single +5 volt power supply utility 17 Al
m ZPROG included with RIO operating system 18 ﬁ
® Unique Program/User interface with prompt statements ;g Ad
READY TO PROGRAM’ 21 s
) k
READY TO VERIFY? %‘; g;l(ﬁyﬁem Clock)
® Program, List Duplicate and Verify modes of operation 30 I0RQ-
45 Rb-
47 D4
48 D5
51 Do
52 D7
54 DO
55 D1
56 D3
57 D2
62-64, 120122 GND
88 IEI
109 INT—
112 TEQ

99
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PROM TYPES:
24.pin EPROM

PROM TYPES:

24-pin EPROM—2716
24-pin Bipolar— 825140
825141

(512x 8)

(512 8)
825180 (1024 x 8)
825181 (1024 x 8)
8252708 (1024 x 8)

16-pin Bipolar— 828126 (256 x 4)
825129 (256 x 4)
825130 (512x 4)
828131 (512x4)

CONTROL INTERFACE:

TTL interface with MCZ series data, address, and control
signals,

ELECTRICAL SPECIFICATIONS:

+5 VDC £ 5%
Maximum Current—2.5 AMPS during programming
1.5 AMPS during read

100

PPB/16 Specifications

CONNECTOR:
122-pin edge (100 mil spacing} available from:

VENDOR PART NO.
Garry Mfg. Co.  4000-2
Augat 14005-19P1

PHYSICAL CHARACTERISTICS:

Width: 7.7 inches (19.6 cm)

Height: 9.0 inches (22.9 cm)

Thickness: 0.062 inches {0.16 cm)

Spacing between cards: 1.0 inches (2.54 cm) centers
Maximum component height: 0.9 inches (2.29 ¢cm)
Etch layers: two

ENVIRONMENT:
0° to 50° C ambient operating
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Product Specification Analoglnput/m |

The Z-80 AIQ is a completely compatible 12-bit analog input/output system for the Z-80 Microcomputer
Board Series or any system composed of these boards.

The analog to digital portion has 16 differential or 32 single-ended channels with input voltages ranging from
2.5mV full scale to 10V full scale. The digital to analog portion provides two 12-bit D/A converters with doub-
le buffering to minimize output switching transients. The output voltage is selectible for bipolar or unipolar
operation ranging from 2.5mV full scale to 10V full scale. This analog system is interfaced as I/O to the CPUand
may operate in a polling or interrupt mode. The system's /O addressing may be changed by on-board jumper
selections.

. L7 SVaing o®

i

101



% 7.-80°AIOAIB

BOARDS

Zilog

Features

Z-80 AIO

16 differential or 32 single-ended analog channels
Input voltage range: 2.5mV full scale to 10V full scale
High gain instrumentation amplifier

Sample and hold amplifier

Maximum throughput: 45 per channel
Two 12-bit converters
Double buffered output

°
e
L ]
®
® 12-bit converter
.
®
°
® Single +5V power supply

Z-80 AIB

@ 16 differential or 32 single-ended analog channels

® Input voltage range: 2.5mV full scale to 10V full scale
@ High gain instrumentation amplifier

@ Sampie and hold amplifier

® 12-bit converter

® Single +5V power supply

Operation

Interfacing the ALC or AIB to the system bus is accom-
modated by the on-board PIG which is simply addressed as
If0. The ADDRESS DECODER (block diagram) uses ten
addresses to direct all board operations. Five addresses are
used in conjunction with the system control lines and data
bus to program the PIO operating mode, select the analog
input channel and read the 12-bit A/D conversion result.
One address is used to read the status register. The remaining
four addresses are characteristic to the AIO board and are
used in conjunction with the data bus to operate the two
12-bit Df A converters.

By selecting the PIO port A or B control addresses, the
PIO may be programmed to interrupt the CPU system and
supply an interrupt vector address upon completion of an
A/D conversion. The selection of an analog input channel
automatically requests an A/D conversion. The CONTROL
and TIMING will gate the requested analog input channel
to the ANALOG MULTIPLEXER, strobe the SAMPLE and
HOLD AMPLIFIER and request conversion of the A/D

CONVERTER. Upon completing the conversion, the A/D
CONVERTER will respond to the PIO through the CON-
TROL and TIMING that the converted data is ready. At this
time, the PIO may interrupt the system or the system may
read the status register to find that the conversion data is
ready and the results have not previously been read.

The two 12-bit DfA converters on the AIO have separate
1/O addresses for the upper and lower bytes of the data
word,

A word is formed by loading the eight least significant
bits into the D/A converter where they are latched and buf-
fered from the D/ A inputs until the final four bits of the
data word are received. The combined 12 bits of data are
then gated and latched simultaneously to the D/A inputs.
This double buffering scheme prevents conversion of part-
ial words, and therefore, eliminates spiking in the output
signal.

Specifications

Analog Input Section

INPUT CHARACTERISTICS

Number of Channels 32 single-ended/16 differential
ADC Gain Ranges (Jumper 0-5V,0-10V, #2.5V 5V,
Selectable) 10V
Amplifier Gain Ranges 1to 1000
(Resistor Programmable)
Maximum Input Voltage
without Bamage
Input Impedance

126 volts

100 m£2, 10 pF OFF Channel
100 m£2, 100 pF ON Channel
Bias Current 20 nA

Differential Bias Current 10 nA

TRANSFER CHARACTERISTICS

Resolution 12 bits

Throughput Time (max.) 45 usec/channel
G=1

ACCURACY

System Accuracy at +25°C  +0,025%FSR(2)
(max.)} (D

Linearity +1/2 LSB
Differential Linearity +1/2 L.SB
Cuantizing Eiror +1/2 LSB

Monotonicity (3) Guaranteed 0°C to +70°C
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Analog Output Section
OUTPUT CHARACTERISTICS STABILITY OVER TEMPERATURE 4
Number of Channels 2 System Accuracy Drift +30 ppm of FSR/°C
Cutput Voltage Ranges 10V, 0 to 10V, £5V, 0 to SV, (max.}G=1

(Strap Selectable) 2.5V at 5mA
Qutput Impedance 10 DYNAMIC ACCURACY
TRANSFER CHARACTERISTICS Sample and Hold Apertuce 30 ns
Resolution 12 bits Aperture Time Uncertainty +5ns
Qutput Settling Time {max.) 10 usec Differential Amplifier CMR 74 dB (DC to 1 kHz)

Channel Crosstalk 80 dB down at I kHz, for OFF

ACCURACY channel to ON channel
Output Accuracy +0.0125% FSR
Temperature Coefficient of +30 ppm of FSR/°C POWER REQUIREMENTS

Accuracy +5V £5% at 1.5 amp
NOTES: CONNECTOR
1. lnf:lu_dels offset errors, gain errors, linearity errors at Ansley: cable. . . . . . P/N 171-26

gain = L. Ansley: socket. . . . . P/N 609-258

2. FSR mean Full Scale Range.
3. No missing codes guaranteed.
4. Includes offset drift, gain drift and linearity drift.

Typical at 25°C and rated power supplies unless otherwise
noted.

ENVIRONMENTAL

Operating Temperature
Storage Temperature
Retative Humidity

0°C to +70°C
-25°C to +85°C
5% noncondensing

- CHAN 5TB -
- g L J
ADD; ADDR Bl CNTL & ANALOG 3 ANALOG
BUS : DECODE TIMING |- MUX v INPUTS
STROBE .
(]
=
| = |3
CONTROL R g ]
LINES z ~d '
| |- SAMPLE & HOLD INSTRUMENTATION
Y f ¥ AMPLIFIED AMPLIFIER
12BIT 1287 pou
a/D D/A
CONV CONV
Péo ANALOG
DATA g OUTPUTS
BUS | S5T8B IBI'-__,
A p| wT e | 12BIT
DATA R B _ U}fA
BUS ¥ | conv
AIO BLOCK DIAGRAM
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System Bus Connections
PINNO. DESCRIPTION PINNO. DESCRIPTION PINNO. DESCRIPTION PINNO. DESCRIPTION
1 +5V 13 DB 63 GND 100 AB3
2 +5V 23 WR 64 GND 101 AB2
3 +5V 26 AB7? 68 DB4 102 AB1
4 {ORO 29 ABS 71 D82 103 AB®
5 DBS 30 ABG 73 DB7 115 M1
6 IEQ 59 +5V 75 DB1 116 RD
7 IEI 60 +BV 79 INT 120 GND
8 DB3 61 +BV 08 AB4 121 GND
12 DB6 62 GND 99 0 122 GND
Analog Interconnections
BOARD BOARD
SIGNAL P2 SIGNAL P3
CH 23, or CH 7 RTN 1.2 Remate Common 1,2
CH 22, or CH 6 RTN 3 15V 3
CH 21, 0r CH5RTN 4 +16V 4
CH 20, or CH 4 RTN 5 Analog Common 5
CH 19, or CH3 RTN 6 Analeg Common 6
CH 18, or CH2 RTN 7 Analog Common 7
CH12, or CH1RTN 8 Analog Common 8
ANALOG CH 16, or CHORTN 9 Analog Common 9
INPUTS CH 7 10 Analog Common 10
g:g :; CH 30, or CH 14 RTN 11
cH 4 13 CH 31, or CH 15 RTN 12
oH 3 14 CH 28, or CH 12 RTN 13
CH 2 38 CH 29, or CH 13 RTN 14
CH 1 16 CH 26, or CH 10 RTN 15
oH 0 17 CH 27, or CH 11 RTN 16
L CH 24, or CH 8 RTN 17
DAC—GND 18 ANALOG | CH25 0or CHORTN 18
DAC—FB 19 INPUTS CH 14 19
ANALOG | Analog Common 20 CH 15 20
OUTPUTS| DAC—GND 21 CH 12 21
DAC—OUT 22 CH 13 22
DAC—OUT 23 CH 10 23
| _DAC-FB 24 CH 11 24
VOLTAGE [ -16v p1 CH 8 25
OUTPUTS | +15v 26 |_CH9 %
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Product Specification Parallel I/O Board

The Z-80 IOB Parallel 1/O Board is part of the Zilog Microcomputer Board Series which provides a modular
approach to a complete computing and processing system. The IOB is bus compatible and directly interfaces
to all other cards in the MCB Series. It provides eight additional programmable 8-bit parallel I/O ports to aug-
ment the two contained on the Z-80 MCB Microcomputer Board. The I0B features the use of the Z-80 P10
device that has become the standard of the microcomputer industry.

o m o om omom i AR W E om EE
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Features

BOARDS
Pin Assignments
® 64 programmable /O lines IOB—-PIN OUT(COMPONENT SIDE)
Handshake lines for byte mode conirol and fast 1 +5volts 13 DATABITO
interrupt response 2 +5volts 26 ADDRESSBIT7
i 3 +5volts 29 ADDRESSBITS
4 Modes of operation
. .hl;) lington drive capabilit 4 TORQ 30 ADDRESSBITE
32 lines with Darlinglon drive capabitity 5 DATABIT 5 55 INT ENABLE IN, P02
Selectable daisy chain priority interrupt structure 6 INT ENABLE QUT, PIO® 58 INT ENABLE OUT, P1O3
Automatic interrupt vectoring with 128 possible vectors 7 INT ENABLE IN, PIOB 69 +5volts
: 8 DATABIT3 60 +5 volts
+5 volt suppl
Single volt power Supply 12 DATABITS 61 +5volts

Ovpen space provided for user supplied interface hardware

Specifications

POWER SUPPLY: +5 VDC 6%
Supports up to 10 Watts total
power dissipation,

CONNECTOR: 122-pin edge {100 mil spacing}
SIZE: Length® 7.7
Depth, 7.5"

Spacing, 0.5" centers.
ENVIRONMENTAL: 0° — 50°C temperature range.
Up to 90% humidity without
condensation.
/O CHANNELS: Eight 8 bit parallel 1/0 channels can
be programmed for byte or bit
transfer in either direction.

NOTE: PINS 3-11, 14-25, 27, 28, 31-54: UNIVERSAL
PIO INTERFACE

I0B-PIN OUT (SOLDER SIDE)

62 GND 100 ADDRESSBIT 3
63 GND 101 ADDRESSBIT 2
64 GND 102 ADDRESSBIT 1

65 INT ENABLE QUT P101 103 ADDRESS BIT®
66 INT ENABLE IN, PIO1 1156 M1

68 DATABIT4 116 RD

71 DATABIT 2 118 INT ENABLE IN, PIO3
73 DATABIT? 119 INT ENABLE QUT, PIO2
75 DATABIT 1 120 GND

79 INTERRUPT 121 GND

98 ADDRESSBIT4 122 GND

990

NOTE: PINS &6, 57, 67, 69, 70, 72, 74, 7678, 80--97, 104-114,
117: UNIVERSAL PO INTERFACE

INPUT/OUTPUT BOARD
BLOCK DIAGRAM

UATA BUS

CUMTHOL BUS
ANDDRESS BUS

DATA BUS 1o
DATABUS | BUFFER ADDRESS
BUFFER CONTROL DECOGER
INTERNAL CONTROL BUS
! INTERNAL DATA BUS
FID PO PID D]
13 2 [t L

CORT A 8
RTR

3
PORT &

o
5]
&
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Z-80 PIO ARCHITECTURE

A block diagram of the Z-80 PIO is shown in Figure 1.
The internal structure of the Z-80 PIO consists of a
Z-80 CPU bus interface, internal control logic, Port A /O
logic, Port B I/0 logic, and interrupt control logic. A
typical application might use Port A as the data transfer
channel and Port B far the status and control monitoring,

The Port I/O logic is composed of & registers with

10B Applications

“handshake” control logic as shown in Figure 2. The
registers include: an 8-bit input register, an 8bit output
register, a 2-bit mode control register, an 8-bit mask reg-
ister, an &-bit inputfoutpur select register, and a 2-bit
mask control register. The last three registers are used only
when the port has been programmed to operate in the bit
mode.

.
Figure 1 8 DATA T
g _ [ % CONTROL
PIO BIOCk Diagl‘am T INTEANAL
CONTROL N PORTA
Loeic HANDSHEAKE "
[
a ﬁ
CaTh BLS &p PEHIPHER‘AL
T renrace B:.is] < |MTERNAL BUS INTERFACE
1!
5
|
8 naTa
o e [ OR CONTROL
INTERRUPT —N! ronte
CONTROL o [
—V HAN[‘,SHAK(‘J
—
3
" Mnt used in hit made.
INTERALUFT CONTROL LINES
REGISTER DESCRIPTION

Mode Control Register—2 bits, loaded by CPU to select the
operating mode: byte output, byte input, byte bidirec-
tional bus or bit mode.

Data Output Register—38 bits, permits data Lo be transferred
from the CPU to the peripheral.

Data Input Register—8 bits, accepts data from the peripher-
al for transfer to the CPU.

Mask Control Register—2 bits, loaded by the CPU to spec-
ify the active state (high or low) of any peripheral
device interface pins that are to be monitored and, if

an interrupt should be generated when all unmasked pins
are active (AND condition), or when any unmasked pin
is active (OR condition).

Mask Register—8 bits, loaded by the CPU to determine
which peripheral device interface pins are to be moni-
tored for the specified status condition.

Input/Output Select Register—38 bits, loaded by the CPU to
allow any pin to be an output or an input during bit
mode operation,

Figure 2
A Typical Port

MASK CONMTROL
KEL.
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o
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Product Specification PROM Memory
Board

The Z-80 PMB provides the Zilog Microcomputer Board Series with additional memory and 1/O capacity.
It consists of sockets for up to 32K bytes of PROM memory using ROM, PROM or EPROM, a Z-80 PIO
dual port parallet 1/O device, and a Z-80 CTC providing four 8-bit counter timers.

16K, 32K
ROM, PROM
OR EPROM

PROGRAMMABLE PROGRAMMABLE
PARALLEL COUNTERS/
1/0 PORTS TIMERS
....... — ———y

£
=
Z
B
£
z
H
£

MASLANRHRREY I
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type PROMs.

BOARDS
Features Specifications
16K bytes per board utilizing 2708 EPROMs or 6381 POWER SUPPLY: +5V £5%
with  With With
32K bytes per board utilizing 2716 type EPROMs or Without 2708 2716 6381
2316 type ROMs. Memory Max  Max  Max
Program memory addressing is implemented by using a 5v 0.e0A 28A 2.28A 3.40A
PROM-based memory address decoder. - gV - lggi — —
+12V — . — -

5 volt operation when using $ volt ROMs or 5 volt 2716
EPROMs. NOTE: For cerraz:n EPRQMS an externgl ~-35 CONNECTOR: 122-pin edge
and +12 volt power supply is required. {100 mil. spacing)
On board PIO pfovides sixtee:n parallel IIQ lines. On- SIZE: Length: 7.7
board CTC provides four 8-bit counters/timers. Depth: 7.5
Accepts all industry standard ROM, PROMs and EPROMs, Spacing: .5” centers
both bipolar and NMOS—2708, 2716 (5 volt enly), ENVIRONMENTAL: 0°—50°C temperature range
825181, 2708, 7640, 7641, 2516, 2316, 2758.

MEMORY Up to 16K or 32K bytes of

CAPACITY: memory depending on which

NON-VOLATILE type of ROM, EPROM aor

PROM used. Each 2K page may
be assigned any one of 32 pos-
sible starting addresses.
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Pinout for PROM Memory Board
PIN NUMBER SIGNAL NAME PIN NUMBER SIGNAL NAME  PIN NUMBER SIGNAL NAME
001 +5V 047 093 )
002 +5Y 048 094 AB14
003 +5V 049 X 095 .
004 IORQ— 050 IEO . PMB . PIO 096 .
005 DB5 051 097 ABI12
006 ) 052 098 AB4
007 IEL. PMB. PIO 053 099 $—(System Clock—)
008 DB3 054 100 AB3
009 PIO . 0. A 055 101 AB2
010 PIO.D. Al 056 102 AB1
011 PIO.0. A2 057 ) 103 ABO
012 DB6 058 IEQ . PMB. CTC 104
013 DBO 059 +5V 105
014 PIO. 0. A3 060 +5Y 106
015 PIO.0. A4 061 +5V 107
016 PIO.O. AS 062 GND 108
017 PIO. 0. A6 063 GND 109 )
018 PIO.0. A7 064 GND 110 CK/TO
019 PIO.0.A.RDY 065 : 111 CK/T1
020 PIO.0.A.STRB- 066 —5V 112 CK/T2
021 PIO.0.B.RDY 067 -5V 113 CK/T3
022 Pi0.0.B.STRB- 068 DB4 114 ZC/TO0
023 } 069 +12V 115 Ml—
024 PIO . 0. BO 070 +12V 116 RD—
025 PIO . 0. Bl 071 DB2 117 ROM . DISABLE—. (IN)
026 AB7 072 . 118 ZCITO2
027 ABS 073 DB7 119 ZCITO1
028 PIO.0.B2 074 . 120 GND
029 ABS 075 DBI 121 GND
030 AB6 076 122 GND
031 PIO. 0. B3 077
032 ABI15 078 .
033 PIO. 0. B4 079 INT—
034 PIO.0.BS 080
035 ; 081
036 AB13 082
037 AB11 083
038 PIO. 0. B6 084 .
039 PIO.0.B7 085 MROQ-
040 086 )
041 087
042 088 .
043 089 AB9
044 090 .
045 091 AB10
046 092
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Product Specification Serial Interface
Board

The Z-80 SIB contains four software controlled serial channels for handling most synchronous and
asynchronous communication protocols.

SERIAL I/C
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Description

The Z-80 Serial Interface Board (S1B) provides a pro-
grammable serial input/output interface for the MCE OEM
board series. The SIB centains four programmable, bi-direc-
tional serial communication channels (USARTS), which
support both synchronous and asynchronous data formats,
Each USART is programmable by means of a control byte
loaded by the Z-80 microprocessor. The USART accepts
data characters from the Z-80 in a parallel format and con-
verts them into a continuous serial data stream for trans-
mission. The USART can simultaneously receive serial
data streams and convert them into parallel data characters
for the Z-80 CPU,

All four channels are R5-232-buffered, and one channel
will accomodate a 20 ma-TTY current-loop interface. An
on-board DC/DC converter generates the RS-232 voitage
levels, allowing the SIB to be powered by a single +5 volt
supply.

Three Z-80 CTC {Counter Timer Circuit) devices are on
the SIB. One CTC is dedicated to establishing one of 14
baud rates for each of the four USARTS. Two CTCs are
used to accomodate Z-80 interrupt capability for receive
and transmit operation for each USART.

Environment
0° to 50°C ambient operating temperature
Interrupt Configuration

Interrupt interface to Z-80 CPU via two Z-80 CTCs.
Request generated for transmitter or receiver ready (TXRDY -
RXRDY).

Edge Connector Pin Assignments

PIN DESCRIPTION
1,3, 59-61 +5V P.S.

4 IORQ—

5 DB5

8 DB3

9 MASTER RESET
12 DE6

13 DBO

23 WR-

26 AB7

29 ABS

30 AB6

62—64, 120-122 GND

68 DB4

71 DB2

73 DB7

75 DBI

79 INT—

98 AB4

99 ®—. (SYSTEM CLOCK-)
100 AB3

101 AB2

102 AB1

103 ABO

113 M1

116 RD-—

112

Features

& Bus compatible with MCB series of boards

s Four programmable, bi-directional serial communication
channels

® Half or full duplex data transfer
@ Synchronous or asynchronous operation

® Four RS-232 interfaces, one 20 ma current-loop inter-
face

® Three Z-80 CTCs, one {for baud rate generation, two for
interrupt control

® Baud rates from 30 to 9600 (asynchronous) and DC to
56K baud (synchronous)

® Three clocking options: on-board clock, system clock,
external clock

= Programmable 1/0 address selection

SIB Specifications

SERIAL I/0:

Four serial input and four serial output channels configured
with 8251 USARTS.

SERIAL MODES:

Synchronous or asynchronous using virtually any serial
protocol.

SERJAL INTERFACE:
CHANNEL INTERFACE
0 RS232
1 R8232
2 R8232
3 R5232 or 20ma current loop

CONTROL INTERFACE:

TTL interface with MCZ series data, address, and control
signals.

1/0 PORT ADDRESSING:

20 jumper selectable I/O ports.

BAUD RATE:
Programmable from 50 to 9600.

ELECTRICAL SPECIFICATIONS:

+5VDC £ 5%

Maximum current = 1.5 amps

CONNECTOR:

122-pin edge {100 mil spacing). AUGAT PN 14005-19P]

PHYSICAL CHARACTERISTICS:

Length: 7.7" (19.7 em)
Depth: 7.5” (19.1 cm)
Thickness: .0627{0.16 ci)

Etch Layers: Two



TxRDY

BOARDS

Block Diagram

RxRDY

1112

EIA/RS-232 EIA/RS-232 EIA/RS-232 EIA/RS-232 CUSOF:;EPNT
INTER- INTER- INTER- INTER-
FACE EACE FACE FACE INTER-
: FACE
) - . -
i = e =
<= <= d=
a5} oo D?
USART USART USART USART
RxRDY | LrxrOy - b
TxRDY TxRDY ﬁ @
b4
ol Kt
|_
¥ ¥ V& Yy
o »| CONTROL
AND EXT
cTC Q cTC CLK cTC 5
e =] BUFFER w
[ L
F -~ m ‘g
O )
@ =
-t
7
o N/
EXTL CLK < | /o DATA BUS DATA BUS
CLK 1 SEL ADDRESS BUEFER BUFFER
= DECODER CONTROL
A
¥
Q)
wn ]
- |
» 28] L] %
= | % W
° 2| [ =
- E i o
4] it}



Section 3
Development Systems




Ya

Zilog

Section 3
Development Systems

For Hardware Development

The ZDS-1 Series provide the tools necessary for the designer to easily debug and test 280 and Z80A Micro-
processor-based hardware. Functions normally supplicd by many pieces of special purpose design equipment
are integrated in by the ZDS-1 Series Development Systems.

As an Emulator the Development System connects
directly to the prototype system and behaves like the Z80
or Z80OA Microprocessor, only under direct control of the
user, to enable: .

® Setting or resetting of all registers and RAM memary
locations.

& Setting or resetting of interrupt controls.
# Single or multiple instruction stepping.
® Setiing or displaying of I/Q Port information.

# Start/Stop control of program execution.

As a Logic Analyvzer the Development System mon-
itors and stores pertinent CPU bus activity and terminates
program execution in an orderly manner when user defined
events occur. Some examples are:

® Storage of address, data and control bus information
during each bus transaction.

® Storage of only user defined bus transactions; e.g.
Memory read, [/ O write.

® Suspensien of program execution on occurance of a
user defined event.

# Display 2 history of the last n bus events, where n
equals from one through 256 events.

As a ROM/RAM Simulator the Development System
lends its memory to the user's prototype system with the
memory mapping features.

® Memory Mapping allows the user to describe the phys-
ical nature of the memory to be used by the proto-
type system. A memory map is defined by the user to
specify which addresses exist in the prototype and
which address locations are Lo be “borrowed” from
the Development System.

# The ZD5S-1/40 Development System also permits mem-
ory address to be declared write protected or non-
existent so that if any access is attempted a break in
program execution will occur.

As a PROM/EPROM Programmer the Development
System provides the functions necessary to write, read, ver-
ify and duplicate PROMS. This is an optional feature pro-
vided by the ZDS/PPB and ZDS/PPB/16 PROM Programmer
Option, or ZDS/CIB Printer and Prolog PROM Programmer
Interface.

For Software Development

ZDS-1 Series Development Systems provide a standalone microcomputer system utilizing the versatile RIO
Operating System for the creation, editing, assembly and debug of the software for the powerful Z80 Micro-

Processor.

The RIO Operating System with relocatable modules and /O management is a general purpose computing
system with an architecture that is designed to facilitate the development process, provide straight-forward
linkage to various systems routines, and enable expansion of system features to meet the particular needs of

individual users.
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Features
" 0S EXECUTIVE

O Map requests for operations on logical uniis to specific
device handling programs.

U Commands may be issued to OS from the console or
by an executing program.

0 Any number of user defined commands may be added
to the system.

0 Command sequences may be recorded in files and ex-
ecuted as a group.
B ADVANCED ASSEMBLER
u Relocatable or absolute object code format.
o External Symbol references.
o Global Symbol definitions.
O Macros and conditional Assembly.

0 Paged symbol table permits assembly of arbitrarily
large programs in standard memory.

0 Include directive permiis additional files to be merged
into the source program at assembly time.
= LINKER
O Assigns absolute addresses 1o program modules.
0 Resolves External references.
O Permits overlays or memory gaps.

O Produces memory map and Global address table.

TEXT EDITOR

o Paged work space permits any size of file to be edited.

O Automatic backup file creation for protection.

O Access to other files during edit session.

0 All edit operations for locating and modifying lines
within a file are based on character string matching.

PROM MONITOR

& Low level device handlers for system console and
floppy disc.

0 Bootstrap loader for ease in system initialization.

D Machine fanguage Debug package.

ZDOSII DISC FILE HANDLING PACKAGE

O Allocates all disc space automatically on an *as needed
basis.

D Supports sequentiai access to file or direct access to
any specific disc address.

TABBING .

O Suppeorted throughout the system.

0 Compact sterage of tabbed text on disc.

Utilization of a standalone microcomputer permits all program preparation and verification to take place in the same environ-
ment. Smooth and rapid transition from program input, to assembly and linkage to execution and debug provide a rapid and in-

expensive solution for software development.

Optional software languages include a BASIC interpreter,
a Fortran compiler and Zilog’s own powerful PLZ family of
system programming language processors.

All software is supplied on floppy disketie media. Each
package comes complete with object software, technical
and user documentation, and instrnictions for use with the
ZDS.1 System.
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Product Specification ZDS-1Series

.ZDS-1/40 4MHz Development System

The ZDS-1/40 provides a powerful standalone development system for use with the Z80 or Z8UA Micropro-
cessor and associated 4MHz peripheral components. Precise emulation is provided by using two microprocessors,
a Z8DA-CPU which is inserted into the prototype system and a second Z80-CPU which is internal to the devel-
opment system. This method allows precise emulation up to clock frequencies of 4MHz.

While similar in functional capability to the ZDS-1/25 Development System the ZDS-1/40 provide special
features, shown below.

® Exiernal ZBOA-CPU for direct connection to the user’s
protolype system.

® Precise emulation [or systems employing clock rates to
4MHz.

* Memory mapping and protection in-blocks of 1024 bytes,

* User memory refresh, even when an emulation is suspend-
ed.

® Verification of user clock integrity.
® Memory address translation.

® Detection of memory accesses to write protected or non-
existent blocks.

® New powerful disc-based debug sofiware.

Features
® Z80A-CPU-The 4MHz version of the powerful Z80 w Memory Mapper—Enables the user to describe the phys-
micTo-processor. ical nature of the memory to be used. The user may util-

ize the memory in the Development System, his own sys-
tem or a combination of both in blocks of 1024 bytes.
In addition each block may be assigned properties of be-
ing non-existent or write protected to aid in the debug
& Floppy Disc Drives—Each providing for the storage of up and development of the prototype system.

to 300,000 bytes on an inexpensive, removable diskette,

®  Main Memory—Capacity of up to 6@K bytes on a single
board, allowing moze room for 1/O options. Standard
system includes 32K bytes.

® Memory Address Translator—Is an additional feature

® RIO Operating System—With Relocating Assembler, Link- provided with the Memory Mapper. It enables a block
er, Text Editor and Logical File Structure. (1024 bytes) of memaory in the user system to be phys-

= Real-Time Storage Module—Enables the monitoring of ically located at a different address in the Develapment
specific address, data and control bus lines during selected System.
operations, e.g. Memory Read, Memory Write, [/O Read, ® User Clock Integrity—is verified to insure the clock sup-
/O Write. plied by the user does not fall below 25¢KHz.

® Breakpoint Module -Enables the monitoring and testing m Refresh—will always occur even when emulation is sus-
of specific address, data and control bus states to stop pended, to maintain data integrity if dynamic RAM’s
program execution or to create a scope sync. are employed.

8 [/Q Ports—The user may have access to all 1/O Ports when
in User Mode and User Clock is selected.
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ZDS-1/40 DPebug Command Package

The ZDS-1/40 Debug Command Package provides powerful disc based software to support the Z80A-CPU
Emulator module. The command repertoire not only includes debug commands for monitoring and analyzing
execution of programs under test, but also includes initialization commands to describe the nature of the mem-
ory storage being utilized. Once the memory configuration has been established, it may be saved on disc and
reloaded as required, thereby eliminating the need to define thc memory configuration prior to each emulation
session. The following list describes the available commands:

MAP

DMAP

WRITE

BREAK

DISPLAY
MEMORY

FILL

GET

HISTORY

INTERRUPT
MODE

Creates a map that describes the physical na-
ture of the user’s memeory address space. This
enables the user to define memory in blocks
of 1024 bytes to exist in either the user sys-
tem or the Development System. In addition,
the properties of each block may be specified
as either non-existent or write protected.

(Disptay Map) —Allows the user to display a
single entry, range of entries or the entire map
and allows the user to edit the map.

Determines whether a break occurs when a
memory write is attempted to an address which
has the property of being write protected.

Is used to specify when the Real-Time execu-
tion of a user’s program wilf be terminated.
The option fields of the command may estab-
lish a break to ogcur on any combination of
the following events:

—Address Compare

—Data Compare or Compare with Mask
—Memory Read or Write

—Port Read or Write

Is used to display the contents of a memory
location or group of locations. If single bytes
are displayed the user may change the con-
tents of each byte.

Causes a given data string to be stored in ali
locations specified by the command.

Loads a memory image file from disc and loads
its entry address into the program counter.

Begins execution of the user’s program. An ad-
dress may be specified from which program
execution will begin. If the program had pre-
viously terminated execution due to a break,
then the GO command will restore EMULAT-
OR status and resume execution.

Enables the display of the last n events stored
in the Real-Time Storage Module, where n
equals from 1 through 256. Data displayed
will be:

—Address Bus (16 bits)

—Data Bus (8 bits)

—Control Bus (7 bits)

Provides for the display, setting and resetting
of the interrupt mode of the emulator (mode
0, 1, 2 or disable).
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PORT

PROM

PULSE

QuUIT

REGISTER

SAVE

SET

STATUS

TRACE

Provides a means to single siep from ! tonin-
structions. All CPU registers are displayed af-
ter the selected number of instructions has
been executed.

Is used to exit the Debug environment and
cause the operating system 1o be loaded and
initialized.

Enables a single character to be inpui from
any selected port and displayed. The user may
then enter a data byte to output to the spec-
ified port.

Transfers program control to the resident De-
bug software contained in the Development
System PROM’s.

Is similar to the BREAK command except
that program execution is not suspended. In-
stead a Sync pulse is generated. This pulse is
available as a sync for external test equipment.

Is used to enable return from current pro-
gram to the calling program.

Enables the examination and modification of
any or all CPU registers.

Enables the contents of memory to be copied
onto disc along with the entry address. These
fites may then be retrieved using GET com-
mand. The contents are assigned a file name
to permit each of location on the disc.

Enables the sequential storage of data bytes
into memory at the address specified by the
user.

Displays the emulation status, e.g. interrupt
mode, clock source, break and trace argu-
ments.

Allows the user to specify which types of bus
transactions will be stored in the Real-Time
Storage Module. The user may specify any
one or a combination of the following types
of operations:

—Memory Reads

—Memory Writes

—Port Reads

- Port Writes
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ZDS-1/25 2.5MHz Development System

-

The ZDS-1/25 Development System is a low cost standalone development system used with the Z80 CPU
for prototype development of systems employing clock rates not exceeding 2.5MHz. This system provides a
standalone microcompuier with dual floppy discs, optional peripherals and interfaces to assist the user in the
soltware and hardware development activity of a Z80-based system. Two modes of operation are provided to
accomplish this: User Mode and Monitor Mode. In Monitor Mode the system enables the user to utilize the
RIO operating system to develop, edit and modify his software. In User Mode, the system memory and peri-
pheral devices may partially or totally be allocated to the prototype system, with the exception of /O ports
EQH through EFH. This enables the user to execute his program in a real time environment.

Features

= 60K bytes of RAM memory o RRE IR

m 3K PROM Monitor Program with 1K of ded-
icated Monitar Scratch pad area.

® Programmable Hardware Breakpoint Module
enabling the suspension of instruction ex-
ecution at a given address or activity (Mem-
ory ar I/Q). Programmable Real Time Stor-
age Module to store CPU activity {(address,
data and control bus}, for up to 256 cvents,
to monitor memory or I/0 Port activity.

® In-circuit emulator with three foot connec-
tion cable to user system,

w Memory mapping to describe the nature of
the memory used, either user or ZDS mem-
ory. Mapping occurs using blocks contain-
ing 256 bytes each.

= Dual Floppy disc drives having a combined storage cap-
acity of 600,000 bytes.

® RIO operating system providing a combination of a
Text Editor, Assembler, Linker and ZDOSII File Man-
agement System.
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ZDS-1/25 Debug Command Package

The ZDS-1/25 Debug Command Package provides the capability to control, analyze and debug programs whic
may reside in internal or external prototype memory, or a combination of both. Debug commands are contained
in 3K of PROM and use 1K of RAM for a “*scratchpad™ area. The following is a list of the debug commands and
their functions:

BREAK

COMPARE

DISPLAY

FILL

GET

GO

INTERRUPT
STATUS

HISTORY

JUMP

MOVE

NEXT

Sets an automatic hardware breakpoint into PORT
the real-time debug module. This hreak can
be on a memory read, memory write, I/0
port read, or I/O port write. Addresses, data
and data masks ¢an also be specified. A break
from the user program can also be caused by
pressing the Monitor button on the {ront pan-
el, In either case, a break causes the state of
the user’s CPU to be stored so that execution
can be resumed later, Control returns to the

debug level.

PULSE

QuIT

Allows the user to compare blocks of mem-
ory.

REGISTER

Pravides access to memory locations. These

memory locations may be displayed as a block

or ohserved one at a time for examination and

modification.

Allows the user to store a specified data byte SAVE
throughout a range of memory addresses.
Transfers file images formed by the SAVE SET
command into system memory, ready to be

executed by the GO Command.

TRACE
Begins execution of the user’s program. Ex-
ecution can begin at any specified address, or
it can continue from a previous breakpoint.
A programmed or manual break is required
to return control back to the debug level.

Allows the user to display and modify the
state of the interrupt enable flip-flop.

Is normally issued after a break from 2 user
program. This instruction lists on the term-
inal the state of the address, data and control
busses of the CPU during the execution of up
1o 255 bus transactions that occurred in the
user’s program just prior to a break.

Transfers control to a starting address of pro-
gram, but the system remains in the Monitor
Mode.

Allows the user to transfer a block of mem-
ory of any size from any location to any o-
ther location.

Executes one or “N” instructions and prints

the contents of the CPU repistars after each

instruction.

Permits examination and/or modification of
I/O port data.

Is identical to Break except that a pulse is
provided, via a BNC connector, each time
the specified condition occurs, and the pro-
gram continues to execute. Pulse can be used
ta synchronize external test equipment.

Returns control ta the OS level.

Provides access to the Z80-CPU registers.
They may be displayed in their entirety or
opened one at a time for examination and
change. The register command also allows
the user to display and modify the address
flag and interrupt mode.

Stores the RAM image of linked programs
and subroutines on the user’s disk.

Stores data entered from the terminal intc
specified or memeory locations.

Specifies if memory read, memory write, port
read and/or port write conditions are to be
stored in the Real-Time Debug Module during
execution of the user’s program.
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Peripheral Equipment

Zilog provides peripheral equipment to enhance the performance of the ZDS systems to get the job done.

ZDS/CRT Terminal

The CRT Terminal provides an alphanumeric display con-
taining 1920 (80 characters/line x 24 lines) with attached
keyboard to serve as the system console. Communication
between the terminal and the ZDS-1 Series System occurs
in a character-by-character mode at transfer rates of 110,
300, 1200, 2400, 4800 or 2600 baud.

Specifications
SCREEN FORMAT
Characters per line 80
Lines per display 24
Character set 96 character ASCII

Character format 5 x 7 dot matrix

MECHANICAL
TERMINAL
Size 127 high, 17 wide, 15 deep
Weight 35 pounds
KEYBOARD
Size 3 high, 17" wide, 87 deep
Weighi 5 pounds
ENVIRONMENTAL

Operating Temperature
Storage Temperature
Humidity

ELECTRICAL
Pawer Consomption
Domestic Power
Export Power

0° to 50°C.
—30°to 70°C.
0 to 95% non-condensing

150 watts

105-130 volts; 60 Hz
105-130, 210-260 volts;
50Hz
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ZDS/Printer Terminal

The ZDS/Printer provides a low cost, highly reliable character printer for use with the ZDS-1 Series Development Systems.
This printer features excellent print quality with sharply defined characters, Its small size, mobility and attractive appearance
make it well suited to the laboratory or office environment.

Both upper and lower case characters of the full 96-character set
are impact printed within a 9 x 7 dot matrix tc maintain a printing
speed of 120 characters per second.

Bidirectional printing allows the printer to develop the
shortest printing path. A read/write memory stores up
to 132 printable characters that will comprise the
next line, allowing “look ahead” for the next
print position, The result is faster through-
put and increased reliability.

Specifications
Print Speed 120 character/second
{bidirectional)
55 lines/min. {132 char-
actersfline)
250 lines/min. (10 char-
actersfline)
Characters/{Inch 10
Characters/Line 132
Lines/Inch Vertical 6
Paper Width (Maximum) 15 inches
Character Set 96 USASCII
Forms Length Selector 2 Channel VFU
Forms Specification:
Type Continuous fanfold, edge per-
forated
Width 4 variable 4 inches to 15 inches
Copies Original and $ copies
Weipht 15 1b. single part, 12 ib. with
7 1b. carbon multipart
Thickness 0.003 to 0.020 inches
Ribbon Cartridge with continuous

loop (0.257 x 15 yds.)
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Zilog Offers avaricty of hardware expansion features to tailor ZDS-1 Series Development Systems to best
suit the users’ microprocessor development needs. A standard bus interface structure allows the use of modu-
lar boards, each packaged with very high density LS components for maximum reliability and performance.
In addition, software is provided with standard interface to enable immediate use the interface.

ZDS/PIB
PARALLEL INTERFACE BOARD

The PIB provides a basic parallel interface between the
ZDS-1 Series Development System and external devices pro-
vided by the user. Two Z80-PIO components are provided
with supporting logic to give the user 32 bidirectional I/O
bits. The card also contains plated through holes for insertion
of a Z80-CTC to provide four counter-timer channels, The
uncommitted PEQ’s and/or user supplied CTC can be inter-
faced with the system’s daisy-chain prioriiy interrupt struc-
ture. Unused space is provided with 16-pin dip locations
(Vce on pin 16, and GND on pin 8} 1o allow the addition of
logic at the user’s discretion. A four-bit dip switch enables
1/O port address selection while additional control logic dir-
ects port transaction with the system bus.

The flexability of the PIB is demonstrated by Zilog in
using it {o design our own family of interface boards;
ASPIO, CIB and RXB.

ZDS/ASPIO
AUXILIARY SERIAL 1/0 BOARD

The ASPIO board provides one auxiliary parallel com-
munications interface and one auxiliary seriul communica-
tions interface for the ZDS-1. A parallel interface is designed
for communications with the printer supplied by Zilog. Also
a printer employing the interfuce characteristics of the Cen-
tronics Model 306C may be used {e.g. Tally Model 1202 or
1602, Wang 200W). A serial interface, utilizing a Universal
Asynchronous, Receiver/Transmitter, is provided tc enable
synchronous or asynchronous, full duplex communication
with external devices employing RS-232C interface charac-
teristics. Utility software is provided for the parallel printer
interface and diagnostic (exerciser) software is provided for
the serial interface.

]
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ZDS/CIB
CENTRONICS INTERFACE BOARD

Two specialized parallel interfaces are provided, one
dedicated to interface with a Prolog 90 Series Prom Program-
mer and the other for a paralle]l printer interface previously B
described under ASP10. Utility software is provided for each T e e
interface eliminating the need for the user to develop his

own utlities. ZDS/PPB PROM Programmer Board
A PPB is a combination PROM/EPROM programmer

ZDS/PPB/16 PROM Programmer Board board which is designed to handle the programming, read-
The PPB/16 is a functional equivalent of the PPB, pre- ing, duplication and verification of the following:

viously described, except it is designed to accomodate the FPROM’s — 2704 and 2708

following types: BIPOLAR — 7610, 7611, 7620, 7621, 7640 and 7641
EPROM’s — 2716 All programming activity is under direct contrel of the
BIPOLAR — 82527, 825181, 8238131 software utility program provided.
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Software Expansion

In addition to the RIO Operating System Zilog provides a broad range of higher level languages to simplify
and accelerate microprocessor software development activity,

BASIC

Zilog's newest Extended BASIC Interpreter sets a new
standard in precision and speed performance for the most
popular microcomputer language. Two versions of the sys-
tem—a version of business BASIC with a 13-digit BDC data
type—and a scientific version with the conventional 32-bit
floating binary data type—guarantee the optimal mix of
speed and precision for any application from professional
quality business data processing to extensive scientific cal-
cuiations. In both of these versions, a 16-bit integer data
type provides compact storage and rapid computation for
status and control variabies. Finally, the string data type per-
mits manipulation of variable length text in a uniquely pow-
erful subscripted notation. Both interpreters have extensive
access to disk files through Zilog’s ZDOSII disk operating
system.

Internally, the Zilog BASIC Interpreter has advanced the
state of the art in microcomputer language both in its math-
ematical packages and in its method of variable reference.
Transcendental functions supplied in the Zilog BASIC pack-
age use the powerful technique of rational approximations
to limit the number of arithmetic operations performed in
their evaluation while guaranteeing accuracy. The fundamen-
tal arithmetic operations all use rounding of results rather
than truncation to further enhance system accuracy. The
Interpreter itself maintains all variable references in an en-
coded form to eliminate the need for execution time sym-
bol table searches. As a result of these advances, BASIC pro-
vides the convenience of an interpretive environment, speed
normally net found in an interpreter and random access to
disk files through a sophisticated disk operating system.

FORTRAN IV

FORTRAN has long been accepted as the standard for
scientific programming and is the “native” language of many
part-time programmers. Zilog supports FORTRAN with a
compiler conforming to the ANSI 1966 specification. This
level of FORTRAN is commounly referred to as FORTRAN
v.

Full conformance, with the exception of COMPLEX data
types, to the generally accepted ANSI standard insures that
accumulated libraries of FORTRAN programs will be im-
mediately usable in the ZDS-1 environment. There is no
need to translate to a special microcomputer fanguage.

Zilog FORTRAN opens the door to the richest traditions
of scientific programming in a small, inexpensive environ-
ment.

PLZ

PLZ is Zilog’s own family of system implementation lang-
uages. Designed specifically with the system programmer in
mind, PLZ provides an extremely sophisticated structured
programuming environment. Implemented at two separate
language levels and in distinct translator packages, PLZ of-
fers a complete solution to microcomputer system program-
ming problems.

in its highest level, PLZ is a fulty block structured lang-
uage with an IE-THEN-ELSE clause, a case selector (actual-
ly implemented in the syntax of the IF statement), block
REPEAT and EXIT statements, proceduse references and,
of course, RETURN’s. Data types include BYTE, WORD,
INTEGER, SHORT INTEGER and POINTER as well as
ARRAYS of any type and RECORD’s composed of group-
ings of the various basic types, arrays, or even other records.

At this langpage level, both an Interpreter and a Compiler
are available. The interpreter provides a fast and convenient
means of program development and debugging, while the
highly efficient Compiler generates Z80 Object code.

For applications requiring total controt of hardware re-
sources, a second tevel of PLZ provides all the block struc-
turing and control conventions of the full compiler, but
uses assembly language statements rather than compiler level
expressions and assignments. Thus, it acts as a PLZ compat-
ible structured assembler and produces code which can be
kinked directly to modules translated by the compiler.

Regardless of the scope or complexity of a systems pro-
gramming problem, PLZ will provide a simple, elegant, and
complete environment for its solution.
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WE WANT YOU TO KNOW MORE . . .

To assist you in selecting the right Zilog products for your application and to keep you abreast of the latest
developments in our technology, each Zilog field office has one or more Field Applications Engineers. They
can be reached at the locations below for quick and accurate information about Zilog products:

EASTERN

Sales and Technical Center
Zilog, Inc.

76 Treble Cove Road
North Billerica, MA 01862
Telephone: (617) 667-2179
TWX 710-347-6660

SOUTHWESTERN

Sales and Technical Center
filog, Inc.

18001 Sky Park Blvd., Suite K

Irvine, CA 92714
Telephone: (714) 549-2891
TWX 910-595-2803

Regional Offices

MIDATLANTIC

Technical Center

Zilog, Inc.

P.0. Box 92

Bergenfield, NJ 07621
Telephone: (201) 385-9158
TWX 710-991-9771

NORTHWESTERN

Sales and Technical Center
Zilog, Inc.

10340 Bubb Road
Cupertino, CA 95014
Telephone: (408) 446-4666

Additional Zilog Literature

MIDWESTERN

Sales and Technical Center
Zilog, Inc.

830 East Higgins, Suite 114
Schaumburg, IL. 60195
Telephone: (312) 885-8080
TWX 210-291-1064

For information on products not cavered in this Data Book or for more detailed information than provided
here, you may order additional literature direct from Zilog by filling out the literature order form which ap-

pears on the next page and sending it to:

Zilog, Inc.
10460 Bubb Road

Cupertino, California 95014
Telephone: (408) 446-4666

TWX 910-338-7621
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; Zilog
10340 Bubb Road

Cupertino, California 95014

0R DER Ll ST Telephone (408) 446-4666
TWX 910-338-7621

TO ORDER ZILOG LITERATURE:

8 Give fullname, title, company name and address, and telephone at the top of this literature order list.

w For items requiring payment: Manual orders totaling less than $100.00 must be accompanied by a check or
money order. Orders exceeding $100.00 will be processed if accompanied by a purchase order number.
Large orders i.e., more than five manuals, are shipped via UPS and cannot be shipped 1o a P.O. Box. UPS
delivery iime takes from 3—7 working days.

m Small orders are sent Third Class via U.S. Mail. Delivery time for Third Class mail takes from 10—14 days.
w International/Overseas orders are sent Air Mail Printed Matter via U.S. Mail. Delivery time takes up to three
weeks.
aTyY. SEND BACK ORDER aTy¥. SEND BACK ORDER
APPLICATION NOTES SOFTWARE (CONT’D}
0 2z-80Ap Note {tnterrupt). . . ... ...... l ] Zz-80PLZSpecSheet . ............. g
1 Z-80 Ap Note (Dynamic RAM). .. ... .. O J Zz-80COBOL SpecSheet............ O
BOARDS {1 2Z-80 Fortran Spec Sheet . . .. ........ Ol
O 2z-80 Microcomputer Board Cataiog. . . . . O Z2-8000
SYSTEMS O Z-8000 Architectural Overview. .. .. ... O
[ Z-80ZDS$-1Series Brochure. .. .. .. ... ad 0 Z-8000Brochure .. .....c.c..u..unn O
O Z-80MCZ-1 Series Brochure . ... .. ... O MISCELLANEQUS
0 Z-80MCZ 1/05Spec Sheet . .. ... .. .. | O U.S. & Canada Rep & Dist. List . ...... !
0 2Z-80 MCZ 1/35Spec Sheet . . ... .. ... | O PriceList . . o0t e e i e eeea s 1
O Z-80RIOSpec Sheet . ............. ] O Other ... oo &
[0 2Z80BasicSpecSheet.............. 1l

Orders for these items will not be processed prior to receipt of check or money order. No P.O. numbers please.

QTyY. SEND BACK ORDER QTY. SEND BACK ORDER
1 ZilogDataBook ............. 500 O SYSTEMS {(CONT'D]
COMPONENTS b1 z-80MGZ 1/20, 1/25 H/W Manual . 4.50 O
(1 2Z-80 CPU Technical Manual . . .. .. 7.50 O O 2z-80MCZ 1/30 HMW Manual ... .. 4.50 (O
0 2-80 Program Reference Card . ... 1.956 [ 00 2z-80MCZ 1/35 HW Manual . .. .. 450 0
(] 2Z-80°10 Technical Manual . ..... 450 O SOFTWARE
(0 2Z-80CTC Technical Manual ., . .. .. 450 O O Z8MCBSMWManual ......... 4.50 O
0 2-80SIQ Technical Manual . .. ... 7.50 O [ z8005215MWManual . ....... 10,00 OO
BOARDS 0 27-80 ZDS PROM User Manual . ... 2.00 1
1 2-80 MCB H/W Manual . . ....... 4.50 O ] *Z-80 MCZ PROM User Manual .. .. 2.00 O
[1 Z-80 MDC/E H/W Manual .. ..... 450 O O =z-8oass'yLang. Prog. Manual . ... 7.50 O
0 2Z-80 RMB/E H/W Manual ....... 450 O Z-80 Basic Interpreter User Manual . 10.00 [
O 2z-8010B H/W Manual ......... 2,50 O Z-80 RIO S/W User’s Manual
O Z80CIBHM Manual ......... 2.50 [ {3-piece package:)
O 2Z-80SIB H/W Manual .. ....... 450 O O 1) Operating System User Manual . 15.00 U
[1 *Zz-B0OPMB H/W Manual . . ....... 450 O __ [ 2) Assembler Linker User Manual . . 7.50 [1
O 7BOPPBH/W Manual ......... 450 0 ] 3) Text Editor User Manual . . .. .. 750 O
0O zsoaAl0/AlB H/MW Manual . ... .. 450 O O 2Zz-80PLZ Language Report . . . .. . 7.50 O
] *Z-80 PPB/16 H/W Manual .. ..... 450 (O O z-80PLZ Version User Guide .. .. 250 (0
11 *z-8BOMCZ 1/05 H/W Manual .. ... 450 ] 2Z-80 MCZ COBOL Language Report 15.00 [
0 2Z-80 MCZ COBOL User Guide . . .. 500 O
COMMENTS

*Not available at this time. Will not back order.
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