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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 components
form the nucleus 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 also 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-80 CPU hard-
ware emulation, tracing bus cycles, stopping emulation on
pre-defined bus conditions, 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 tools. 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 also 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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Section1
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.

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

m Two index registers give additional memory addressing
flexibility.

= On-chip refresh logic simplifies interfacing with dynamic
RAMs.

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

Four peripheral functions 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/Output) offers two 8-bit
1/O ports with individual handshake and pattern-detection
capability.

® The Z-80 CTC (Counter/Timer Circuit) offers four versa-
tile counter/timers with individually programmable
prescalers.

® The Z-80 SIO (Serial Input/OQutput) is a powerful dual-
channel device that can operate as an asynchronous or

synchronous receiver/transmitter. The Z-80 SIO supports
all popular data communications protocols including

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

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

The normal clock rate for Z-80 components is 2.5 MHz,
but all are available in a Z-80A version with a maximum
clock rate of 4 MHz. A vectored priority interrupt struc-
ture common to all Z-80 components handles up to 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 a 16K dynamic RAM. All three
4K static RAMs contain on-chip address registers, activated
by the Chip Enable input. Polysilicon load 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 IO lines that make it ideal for
small systems.

m The Z6142 is identical to the Z6114, 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 industry-standard 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 Z80 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 efficient memory utilization when
compared to second generation microprocessors. In
addition, the Z80 and Z80A CPU’s are very easy to imple-
ment into a system because of their single voltage require-
ment plus all output 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

Z-80'CPU
Z-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

e Single chip, N-channel Silicon Gate CPU.

® 158 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
useful addressing modes such as indexed, bit and relative.
17 internal registers.

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.
Out-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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Z80, Z80A CPU PIN CONFIGURATION

Ag-Ajs
(Address Bus)

Dg-D7
(Data Bus)

M
(Machine
Cycle one)

MREQ
(Memory
Request)

IORQ
(Input/
Output
Request)

Tri-state output, active high. Ag-Aj s
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.

Dg - D7 constitute an 8-bit bidirectional
data bus. The data bus is used for data
exchanges with memory and I/O devices.

Output, active low. M indicates that the
current machine cycle is the OP 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 I/O 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 response vector can be piaced
on the data bus.

Tri-state output, active low. RD indicates
that the CPU wants to read data from
memory or an 1/O device. The addressed
1/O 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 [an
device.

RFSH
(Refresh)

HALT
(Halt state)

WAIT

(Wait)

INT

(Interrupt
Request)

NMI

(Non
Maskable
Interrupt)

RESET

BUSRQ
(Bus
Request)

BUSAK
(Bus

Output, active low. RFSH indicates that
the lower 7 bits of the address bus con-
tain a refresh address for dynamic
memories 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 or
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 I/O 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 line 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. NMT automatically forces the
Z-80 CPU to restart to location 0066.

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

Input, active low. 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-stat¢ output control
signals to go to a high impedance state so
that other devices can control these busses.

Output, active low. Bus acknowledge is
used to indicate to the requesting device

Acknowledge) that the CPU address bus, data bus and

tri-state control bus signals have been set

ta thair hich fmmadanae otntn aed iha
L P Y -\LIEJI unyvumn..\.o Sld e atlu lllb

external device can now control these signals
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INSTRUCTION OP CODE FETCH
The program counter content (PC) is placed on the L o] i
address bus immediately at the start of the cycle. One half 5 = 3 ‘r, A
clock time later MREQ goes active. The falling edge of ’
MREQ can be used directly as a chip enable to dynamic = L
memories. RD when active indicates that the memory so-ais T ¥ J__ ReenesnapDn ]
data should be enabled onto the CPU data bus. The CPU weew |\ /E T
samples data with the rising edge of the clock state T3. - e m— T
RO
Clock states T3 and T4 of a fetch cycle are used to refresh PR R, T PR R —— S
dynamic memories while the CPU is internally decoding s 2 B s s
and executing the instruction. The refresh control signal M —‘\____m__; |
RFSH indicates that a refresh read of all dynamic memories oo-~07 — —()-

should be accomplished.

MEMORY READ OR WRITE CYCLES

Illustrated here is the timing of memory read or write _ e Memccy Read Cycte ————aa— Hhemory Wive Crete =
cycles other than an OP code fetch (M cycle). The MREQ % ¥ Ta no| on "
and RD signals are used exactly as in the fetch cycle. In " I g VO e WS e U s U e V) e WY
the case of a memory write cycle, the MREQ also becomes sa-ms —1Y T e T Y
active when the address bus is stable so that it can be used _ ! — T R
directly as a chip enable for dynamic memories. The WR LT ]
line is active when data on the data bus is stable so that it 7 \ / '
can be used directly as a R/W pulse to virtually any type of WA 1 r
semiconductor memory. - (7}—i [ SETReUT -
L, S SN U S VRN OSSN S N N SO it
INPUT OR OUTPUT CYCLES
Mustrated here is the timing for an I/O read or IfO write L w | ot | m N
operation. Notice that during I/O operations a single wait ’ SN B VS B NN W S SR B U
state is automatically inserted (Tw*). The reason for this is Ao A7 FORT ADORES 1
that during I/O operations this extra state allows sufficient - \ ——
time for an I/O port to decode its address and activate the - , —
WAIT line if a wait is required. T }3::;
Do - 07 —\"_'_H;
e e i i 3 o N
1 i
i | |
WR i A ; j—:——}\ﬂnk
D007 ————{ f ouT i — e
INTERRUPT REQUEST/ACKNOWLEDGE CYCLE
The interrupt signal is sampled by the CPU with the et = m
rising edge of the last clock at the end of any instruction. —— . 1 T Tot T
When an interrupt is accepted, a special M cycle is " ol ' ae I o TR ae T a1l o
generated. During this M| cycle, the IORQ signal becomes W —t———y | ————F——
active (instead of MREQ) to indicate that the interrupting B - T
device can place an 8-bit vector on the data bus. Two wait :dab I L2 I
states (Tw*) are automatically added to this cycle so that a [T \ L
ripple priority interrupt scheme, such as the one used in the e ! 1 L
Z30 peripheral controllers, can be easily implemented. — | v | —
Do - D7 : - O
vy S e T [ R 5 (e Vol
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8-BIT LOADS

16-BIT LOADS

EXCHANGES
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The following is a summary of the Z80, Z8OA 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 categories:

8-bit loads Miscellaneous Group
16-bit loads Rotates and Shifts
Exchanges Bit Set, Reset and Test
Memory Block Moves Input and Output
Memory Block Searches Jumps

8-bit arithmetic and logic Calls

16-bit arithmetic Restarts

General purpose Accumulator  Returns

& Flag Operations

In the table the following terminology is used.

d
dd

e

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

L

8 special call locations in page zero. In decimal

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

nn

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

H,orL)

s
5b
s8
subscript “L”
subscript “H™

()

any 8-bit source register or memory location
a bit in a specific 8-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 a 16-bit register

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

b = abit number in any 8-bit register or memory pointer to a memory location or I/O port number
location 8-bit registers are A,B,C,D,E,H,L, I and R
cc = 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 following:  Immediate Indexed
PO = Parity odd or no over flow Immediate extended  Register
PE = Parity even or over flow Modified Page Zero  Implied
P = Positive Relative Register Indirect
M = Negative (minus) Extended Bit
Mnemonic Symbolic Operation Comments Mnemonic | Symbolic Operation Comments
LDr,s s s=r.n, (HL), LDI (DE) «< (HL), DE < DE+1i
(IX+e), (1Y+e) g HL < HL+1, BC « BC-1
LDd,r d+r d=(HL),r e LDIR (DE) < (HL), DE < DE+!
(IX+e), (IY+e) % HL < HL+1,BC « BC-1
LDd.n Joen d = (HL), § Repeat until BC = 0
(IX+e), (IY+e) | = | LDD (DE) « (HL), DE « DE-1{
LD A, s A<s s=(BC), (DE), | = HL < HL-1, BC « BC-1
(n),1.R 2| LDDR (DE) « (HL), DE < DE-1
LDd, A deA d=(BC),(DE).| = HL < HL-1, BC < BC-1
(m),1,R Repeat until BC = 0
LD dd, nn dd < nn dd =BC, DE, " CPi A-(HL). HL < HL+1
HL,SP,IX,1Y | Z BC « BC-1
9]
LD dd,(nn) | dd < (nn) dd =BC, DE, i CPIR A-(HL), HL < HL+! A~(HL) sets
HL,SP, IX, 1Y & BC + BC-1, Repeat the flags only.
LD (nn),ss | (nn) <« ss ss = BC, DE, 5 untit BC=0o0r A=(HL) | Aisnot affected
Q
HL,SEIX.IY | 3 l.cpp A-(HL), HL « HL-1
LD SP,ss SP «s3 ss=HL, IX,IY > BC « BC-1
PUSH ss (SP-1) « Sy (SP-2) « ssp | 88 = BC, DE, % CPDR A~(HL), HL < HL-|
HL, AF, IX, IY g BC « BC-1, Repeat
POP dd ddy < (SP);ddy; < (SP+1) [ dd =BC, DE, until BC= 0 or A = (HL)
HL, AF, IX, 1Y
ADD s A<A+s
EX DE.HL | DE «+HL | ADCss A-A+s+CY CY is the
EX AF AF' | AF <« AF’ ; SUB s AeA-s carry ﬂag
EXX BC BC' =| SBCs A<A-5-CY s=r,n, (HL)
DE )| DE’ 2] ANDs Ac<AAs (IX+e), (1Y+e)
HL HL . cs OR s A<AVs
EX {SP). ss {50 -+ S5 (S?Tii"be ss =HL, iX.nJ XOR s A AWE
s
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Mnemonic Symbolic Operation Comments Mnemonic Symbolic Operation Comments
|5
| cps Asg s=r1,n(HL) = | BITb,s 25, Z is zero flag
+ Y+ ¢ | <F . =
=] INcd ded+1 ()ALl ) : SETb, s s, < | s=r, (HL)
E d=r, (HL) | RESb.s sp <0 (IXte), (IY+e)
=] -
: [X+e), (IY+e M .
“| DECd d<d-1 (IX+e), (I¥+e) IN A, (n) A<(n)
INr,(C) r < (C) Set flags
ADDHL,ss | HL < HL +ss - INI gli)Bﬁ(f),HL <HL+1
ADCHL,ss | HL <« HL + ss+CY :L: g'g' D SRl (L) {E) HL - HI
- ~ +
2| SBCHL,ss | HL«HL -ss-CY " B+)a -(1 b
S| ADDIX,ss | IX<IX+ss ss= BC, DE, Repeat until B =0
= IX, SP
S 2 IND (HL) < (C),HL < HL - 1
%[ ADDIY,ss | IY <IY #55 ss= BC, DE, . B+B-]
= IY, SP
-3 . E INDR (HL) < (C).HL <« HL - 1
< | INCdd dd+dd+1 dd = BC, DE, o B<B-1
2 =
e HL,SP,IX, 1Y % Repeat until B=0
» N 4 i OUT{C), r {C)a— T
DAA Converts A contents into | Operands must Z | OUTI (C)= (HL), HL <« HL + 1
G packed BCD following add | be in packed B<B-1
£ btract BCD tormat <
3 or sul . OTIR (C)+ (HL}, HL < HL + |
% _ B<B-1
; CPL A+<A Repeat until B=0
é NEG A<00-A OUTD (C)« (HL), HL « HL - |
CCF CY «CY B«<B-1
SCF CY « 1 OTDR (Cy«< (HL),HL « HL - 1
NOP No operation g: Bt' : B =0
2 | HALT Halt CPU ——
2| DI Disable Interrupts JP nn PC < nn NZ PO
2| El Enable Interrupts JP cc, nn If condition cc is true Z PE
= MO Set interrupt mode 0 PC « nn, else continue CCNNC P
g p 8080A mode IR PC < PC cC M
2 M Set interrupt mode | Callto 0038y | | 'R¢® e
M 2 Set interrupt mode 2 Indirect Call | JRkk,e If condition kk is true w SN2 Ne
2 PC < PC + e, else continue Z C
RLC s 7 -— 0 IP (ss) PC <ss ss=HL, IX, 1Y
- DINZ e B<B-1,ifB=0
RL s .. 7 - ] continue, else PC +PC + ¢
s
: CALL nn (SP-1) = PCy
. NZ PO
RRC s el - (SP-2) « PC| , PC < nn Cl
—
5 = | CALL cc,nn | If condition cc is false cc S NC P
RR s .-? —..1.-(-\«. = continue, else same as c M
% s = CALL nn
Z| sLas Cr—{Te—e |s=r(HL) EIRSTL (SP-1) « PCy
2 s (IX+e).(IY+e) | 2 (SP-2) < PCy ,PCY <0
w SRA s 7 —a- =
E h 5 RET ch < (SP),
= : PCy « (SP+1)
5| SRLs N H
= 5 .| RETce If condition cc is false NZ PO
RLD — e "Z_—i continue, else same as RET w i(‘ ];ii
A b ] =| RETI Return from interrupt, . N
x same as RET ¢ M
RRD I N E B ) RETN Return from non-
TG e maskable interrupt
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Zilog Z-80 CPU A.C. Characteristics
Tp= 0°C 10 70°C, Vce = +5V + 5%, Unless Otherwise Noted.

Signal Symbol Parameter Min Max Unit Test Condition
1 Cliwk Perivd 4 [121 uste (] o= L) gl P T N
@ Ty (PH) Cluck Pulse Width, Clock High - 150 [E] nsev
Ty ALY Clock Pulse Width, Clock Low 150 2000 nsec
Iy f Clock Rise and Fall Time i0 nsec
D(AD) Address Output Delay 145 AseC
'F (AD) Deluy to Float 110 nsec
Ag - Address Stable Prior to MREQ ﬂerm:ﬁj‘ycle} 111 nsec ¢, = 50pF )
S0-15 Ly Address Stable Priur to TORG. RD ur WR (1/0 Cyxle) 5 nsec L U1 Yy = bgpry * 1= 75
tea Address Stable from K_D, WR, IORQ or HEFQ 1 3] nsec R
leal Address Stable From RD or WR During Fluat 141 nsec 21 1 =1.-80
DD} Data Qutput Delay 230 nsec 31 1y = Gy * 4 - 20
FiD) Detay 1o Float During Write Cycle 30 nseL
1S4 (D) Dhata Setup Time to Rising Edge of Clock During M1 Cycle S50 nsec 14t = Ly * 1 - 60
Dy_7 1S3 (D) Data Setup Time to Falling Edge of Clock Durmg M2 10 M5 60 nsec CL = 50pF
tdem Data Stable Prior 1o WR (Memury Cycle) 15T nsec 151 tgem=1t.-210
tdei Drata Stable Prior to WR (1/O Cycle} l6] nSes
tedt Data Stable From WR 171 fo] tdCi=tW(q’L}+ lr -210
'H Any Hold Time for Setup Time 0 nsec 171 tedf = tw(‘PL) 1 -80
'DLE (MR) MREQ Delay From Falling Edge of Clock, MREQ Low 100 Asec
'DHe (MR) MREQ Delay From Rising Edge of Clock. MREQ High 100 nsev
MREQ IDHT (MR) MREQ Delay From Falling Edge of Clock. MREQ High 100 nsec (‘L = 50pF
ty (MRL) Pulse Width, MREQ) Low 18] sy I8ty (MRL)= te - 40
\w (MRH) Pulse Width, MREQ High 191 nsec
RS S [m— O tyimrH) ™ g * 1= 30
DL (IR) 1ORQ Delay From Rising Edge of Clock, JORQ Low 90 nsec
fORD 'DL$(IR} 10RQ Delay From Falling Edge of Clock, I0RQ Low T nsec € = S0nF
IDH® (IR) TORQ Delay From Rising Edge of Clock, TORQ High 00 | nsec B
IDHE (IR} I0RQ Delay From Falling Edge of Clock. IORQ High D] nsec
tDLe (RD) | RD Delay From Rising Edge of Clock, RD Low 100 | nsec
) 'DLT (RD) RD Delay From Falling Edge of Clock, RD Low 130 nsec C. = SOpE
IDHe (RD) ﬂ) Delay From Rising Edge of Clock, RD High 100 nsec L 2
1DHS (RD) RD Delay From Falling Edge of Clock, RD High 110 nsec
DLe (WR) |  WR Delay From Rising Edge of Clock, WR Low 80 | nsec
WR DL (WR) WR Delay From Falling Edge of Clock, WR Low 90 TISeC Cy = SOpF
{DHF (WR) WR Delay From Falling Edge of Clock, WR High 100 nsec L
Ly (WRL) Pulse Width, WR Low (o] nsec
— — 0]t WRL) =t - 40
i IDL (M1} MI Delay From Rising Edge of Clock, M1 Low 130 nsec | o 500F
tDH M1y | M1 Delay From Rising Edge of Clock, M1 High T30 | msec | L~ VP
RFSH :DL (RF) RFSH Delay From R::si.ng Edge of Clock, RFSH Lq.)w 180 nsec CL = 50pF
DH (RF) RF5H Delay Frum Rising Edge of Clock, RFSH High 150 nsec
WAIT 15 (WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
HALT D (HT) HALT Delay Time From Falling Edge of Clock 300 | nsec € =50pF
iNT s (1T} TNT Setup Time to Rising Edge of Clock 80 nsec
NMT Ly (NML) Pulse Width, NMT Low 80 nsec
BUSRQ L5 (BQ) BUSRQ Setup Time to Rising Edge of Clock 80 nsec
BUSAK DL (BA) BUSAK Delay From Rising Edge of Clock. BUSAK Low 120 nsec C. = SO0pF
{DH (BA) BUSAK Delay From Falling Fdge of Clock, BUSAK High TI0 | msec L
RESET s (RS) RESET Setup Time to Rising Edge of Clock 90 nsec
tE(C) Delay to Float (MREQ. TORQ, RD and WR) 100 | nsec
tr M1 Stable Prior 1o TORQ (Interrupt Ack ) i nsec Pt = 2% Ty = 1 - 80
Ve
NOTES:
TEST POINT Beraien

A Data should he enabled onto the CPL data bus when RD is active. During interrupt acknowledge data
should be enabled when M1 and IORQ are huoth active. bbbt

B All control signals are internally synchronized, so they may be torally asynchronous with respect
tu the elock
The RESET signal must be active for a numimum of 3 cluck eveles,
[ Outpur Delay vs. Loaded Capacitance

TA=T0C  Weos= +5V =57

Add 10nsec delay for each 50pf increase in load up to a maximum of 200pf for the data bus & 100pf for

i [ L R T IR
address & control lines worad Ciciat 107 Guipul

Eo AMhongh <

a

hy design. testing guarantees Tt bH} of 200 gsev maximum
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Zilog

A.C. Timing Diagram

Timing measurements are made at the following

voltages, unless otherwise specified:
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'A Z-80°CPU Z-80A CPU

COMPONENTS
Zilog Z-80A CPU A.C. Characteristics
Ty =0°C to 70°C. Ve = +5V # 5% Unless Otherwise Noted.
Signal Symbol Parameter Min Max Unit Test Condition
te Clock Period 25 1121 pisec [12] v.= + it
@ ty (PH) Clock Pulse Width, Clock High 110 1E] nsec ¢ lw(‘ﬂ-{] e S
1w (PL) Clock Pulse Width, Clock Low 110 2000 nsey
te f Clock Rise and Fall Time 0 nsec
D (AD) Address Output Delay 110 nsey
IF {AD) Delay to Float 90 nsec
Laem Address Stable Prior to MREQ (Memory Cycle) (L nsec c
Ag-1s taci Address Stable Priar lo_l(JlE_ij.R_D or WR (1/0 Cycle) [} nsec %50p M taem = twqar) * 1~ 65
T Address Stable from RD. WR. IORDQ or MREQ 13] nsec
teaf Address Stable From RD or WR During Float 14] nsec [2] =t =70
'D(D) Data Qutput Delay 150 nsec 31 t.=t +t -50
IF (D) Delay to Float During Write Cycle 90 nsec T w(oh)
1S (D) Data Setup Time to Rising Edge of Clock During M1 Cycle 35 nse 4] tea= Lol * - 45
Dy_5 1S5 (D) Data Setup Time to Falling Edge of Cluck During M2 10 M5 50 nsec CL= S0pk
Ldem Data Stable Prior 10 WR {Memory Cycle} 151 nsec 151 tem=tc - 170
tdei Data Stable Prior to WR (1/0 Cycle) 167 nsec
tedf Data Stable From WR 177 [6] t4ei = tw(d)[.) +t -170
1y Any Hold Time for Setup Time 0 nsec M tcdf= tw(d’L) + tr =-T0
{DLE (MR) MREQ Delay From Falling Edge of Clock, MREQ Low 85 nset
{DH® (MR) MREQ Delay From Rising Edge of Clock, MREQ High 85 ngec
MREQ IDHEJ'(MR) MREQ Delay From Falling Edge of Clock, MREQ High 85 nsec l"L = S0pF
Ly (MRL) Pulse Width, MREQ Low 18] nsec 8] Ly (MRL)=tc- 30
ty (MRH) Pulse Width, MREQ High (Bl nsec
— — 9] '«{ﬁi{]:t“f‘i’}f]+tr'20
1DL® (IR) IORQ Delay From Rising Edge of Clock, IORQ Low 75 THSeL
ORG IDLF (IR) IORQ Delay From Falling Edge of Clock, 1ORQ Low 5 nsec €. = SOnF
'DH (IR) 10RQ Delay From Rising Edge of Clock, IORQ High 5 nsec L~ Op
'DH® (IR) 10RQ Delay From Falling Edge of Clock, TORQ High 5 nsec
{DL® (RD) @ Delay From Rising Edge of Clock, ﬁ-__ﬁ_l.ow 85 nseC
"D 'DL® (RD) RD Delay From Falling Edge of Clock, RD Low 95 nsec C, = 50pF
IDH® (RD) RD Delay From Rising Edge of Clock. RD High 85 AseC L°
IDH® (RD) RD Delay From Falling Edge of Clock, RD High 85 nsec
DL& (WR) E Delay From Rising Edge of Clm:k,w__Rlnw 65 nsec
WR DL (WR) WR Delay From Falling Edge of Clock, WR Low 80 nsec C, = S0pF
{DHE(WR) | WR Delay From Falling Edge of Clock, WR High 80 | nsec L=
Ly (WRL) Pulse Width, WR Low o1 nsec
— — {10] 1mL)=tc -30
Wi DL (M1) M1 Delay From Rising Edge of Clock, M1 Low 100 LS PN T
1DH (M1} M1 Delay From Rising Edpe of Clock, M1 High 100 nsec L F
J— DL (RF) RFSH Delay From Rising Edge of Clock, RFSH Low 130 nsec -
RESH {DH (RF) RFSH Delay From Rising Edge of Clock, RFSH High 120 nsec CL 50pF
WAIT ts (WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
HALT D (HT) HALT Delay Time From Falling Edge of Clock 300 | nsec € = 50pF
INT 15 (IT) TNT Setup Time to Rising Edge of Clock 80 nsec
NMIT ty (NML) Pulse Width, NM1 Low 80 nsec
BUSRQ 5 (BQ) BUSRQ Setup Time to Rising Edge of Clock 50 nsec
DL (BA) BUSAK Delay From Rising Edge of Clock, BUSAK Low 100 nsec - S0pF
SUSAK | 1ot (bA) BUSAK Delay From Falling Edge of Clock, BUSAR High 160 T mec ] ‘L%
RESET 15 (RS) RESET Setup Time to Rising Edge of Clock 60 nsec
' (C) Delay to Float (MREQ, TORQ, RD and WR)} 80 | nsec
- M1 Stable Prior 10 IORQ {Interrupt Ack.) il nsee 1)t =20+ () * - 65
Vee
NOTES: _ neztun
A. Data should be enabled onto the CPU data bus when RD is active, During interrupt acknowledge data P
should be enabled when MT and TORQ are both active. UNDER TEST
B. All control signals are internally synchronized, so they may be totally asynchronous with respect
to the clock
C. The RESET signal mus! be active for a minimum of 3 clock cycles.
D. Output Delay vs. Loaded Capacitance
TA=70°C  Vec=+5V 5%
Add 10nsec delay for each 50pf increase in load up to maximum of 200pf for data bus and 100pf for
addrase & anntral lines
E.

Although static by design, testing guaraniees lw(rbH} of 200 psec maximum
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'A Z-80°CPU Z-80A CPU COMPONENTS
Zilog

Absolute Maximum Ratings

Temperature Under Bias Specified uperating range. *Comment Note:  For ZB0-CPU all AC and DC characteristics remain the
o o
Storage Temperatl..tre -65"Cto+150°C Stresses above those listed under “Absolute same for the military grade parts except I__.
Voltage On Any Pin VN te+7V Maximum Rating™ may cause permanent
itk Re:specll to Ground damage to the device. This is a stress rating 1o = 200 mA
Fower Dislgiation 15W only 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 .

Capacitance

Ta =25°C,f=1 MHz,
unmeasured pins returned to ground

Z-80 CPU D.C. Characteristics

T, =0°C ta 70°C. V. = 5V * 5% unless otherwise specified

Symbol | Parameter Min. | Typ. | Max. | Unit | Test Condition Symbol Parameter Max. | Unit

ViLe Clock Input Low Voltage 0.3 0.45 \i Co Clock Capacitance | 35 pF

Vi Clock Input High Voltage V-6 Voot \Y CIn Input Capacitance 5 pF

ViL Input Low Voltage 0.3 0.8 v Cout Output Capacitance | 10 pF
' Vg Input High Voltage 2.0 Vee \'

VOL Qutput Low Voltage 0.4 v Ig =1.8mA

Vol Output High Voltage 24 I v | 1og=250uA 7-80 CPU

¢ Power Supply Current 15¢ | mA Order‘ing IIIfOl‘]'l'lﬂtiOll

Iy Input Leakage Current 10| uA ‘ Vin=0to Vg & S

| LoH Tri-State Output Leakage Current in Float 10 A : VouT=24 to Vg SP : gi::;ird 5V £59 0° to 70°C

i oL Tri-State Qutput Leakage Current in Float 10| pA VouT=04V .El_—l:li:i:iet:g:ds f{\"i:;% ::g: :E ?;:E(‘

Ip Data Bus Leakage Current in Input Mode 10 | pA 0=VINEVee

Z-80A CPU D.C. Characteristics Capacitance
Ty =25°C.f= 1 MHz

T =0°C to 70°C, Vi, =5V*59% unless otherwise specified
unmeasured pins returned to ground

Symbol | Parameter Min. | Typ.| Max.| Unit Test Condition Symbol Parameter Max, | Unit
ViLe Clock Input Low Voltage 0.3 0.45 v Co Clock Capacitance 35 pF
VIHC | Clock Input High Voltage Vee b Veet3| v Cp lerpurt Capacitance P oF
r 1 3 i
VL nput Low Voltage 0.3 0.8 v Cout Output Capacitance 10 pF
VIH i Input High Voltage 2.0 Nas A%
VoL | OQutput Low Voltage 0.4 v Igp=1.8mA
VoH Output High Voltage 24 \Y Ig=-250uA
Iec i Power Supply Current 90 200 | mA Z 80A CPU
! 1 / i A m 0 - .
- rdering Information
| I Input Leakage Current 10 | pwA Vin=0to Ve
I i C - Ceramic
Y oH Tri-State Qutput Leakage Current in Float | C10 LA Vour=24te Ve, P — Plastic

§ _ Standard 5V 5% 0° 10 T0°C

Ipor | Tri-State Output Leakage Current in Float pA VouT=04V

=)

| ILp Data Bus Leakage Current in Input Mode ©ot10 | pA O=VINEV

11



'A 7-80°CPU Z-80A CPU

COMPONENTS
Zilog
.
Packa Package Outl
Configg::ration e Ciine
» — 2100MAX, — |
Aqq -1 40— 10 15.334 cm] |
i3 39— A9 sisinisiniainisiniainisiziniaiaiaisinls
13 -—| 38 [——e=Ag
:“-— 4 ITf—Ay r
15 5 3 - Ag 514 [1.3086)
S——mn G s[—A5 EE 11.4835)
Dy —t—f 7 34— Ay |
Dyt 8 Ay f
D5 -—9 R—=Ay 0
Dg =—a=f10 3 p——a Aq
15y ——amd 11 TEOCPU L o ag 230 MAX {5842
Dy 12 7a0a 29pe——GND *
D7 w13 28 ——»RFSH | —
Dpa—ad14 PU 1 W o v,
Dy w—a15 26 l+——FESET T
TN —w18 2 [e—TBUSRA 0.020 MIN o
WM ———=] 17 24 f——— WAIT 0.0508) . | 100 1.2 |
HALT -+——118 23 ——e=BUSAK 015 {0381 _._!‘_'_ A_‘ L 090 {.2286) 90 12541 590 {1 4986]
MREG -——] 19 zl—=Wh 023108841 700 (2541 50 (381 = e g0saT T
TORQ --—— 20 21— AD e

*Dimensions for metric system are in parentheses
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COMPONENTS

Zilog
Product Specification

The Zilog 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-80 Parallel /O (PIO) Interface Controller is a
programmable, two port device which provides TTL com-
patible interfacing between peripheral devices and the
ZR0-CPU. The Z80-CPU configures the Z80-PIO to inter-
face with standard peripheral devices such as tape punches,
printers, keyboards, etc.

Structure

® N-Channel Silicon Gate Depletion Load technology

e 40 Pin DIP

e Single 5 volt supply

® Single phase S volt clock

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

Features

e 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.
® Daisy chain priority interrupt logic included to provide
for automatic interrupt vectoring without external logic.
o FEight outputs are capable of driving Darlington
transistors.
e All inputs and outputs fully TTL compatible.

PIO Architecture

A block diagram of the Z80-PIO is shown in figure 1.
The internal structure of the Z80-PIO consists of a
Z80-CPU bus interface, internal control logic, Port A I/O
logic, Port B I/O 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 control register, an 8-bit mask register,
an 8-bit 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.

+5¥ GND @

INTERNAL
CONTROL

CPU DAT
INTERFACE

P10 CONTROL
LINES

ok

LBUS

) 3 p DATA
OR CONTROL
PORT
A - —
/o HANDSHAKE *
> PERIPHERAL
INTERFACE
DATA
OR CONTROL
} HANDSHAKE *
/

* Not used in bit mode.

INTERRUPT CONTROL LINES

FIGURE 1
P10 BLOCK DIAGRAM
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W 2-80 PIO Z-80A PIO conpoNENTS
Zilog Register Description

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—8 bits, loaded by the CPU to determine
; : < . which peripheral device interface pins are to be moni-
Data Input Register—8 bits, accepts data from the peri- tored for the specified status condition.

pheral for transfer to the CPU.

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 bits, permits data to be transferred
from the CPU to the peripheral.

) _ ) Input/Qutput Select Register—8 bits, loaded by the CPU to
Mask Control Register—2 bits, loaded by the CPU to specify allow any pin to be an output or an input during bit
the active state (high or low) of any peripheral device mode operation.

g *
INPUT/
i outPuT
4 SELECT
.-.'_ R.EG
(8 BITS)

OUTPUT
ENABLE

DATA

d reG
3 (8 BITS)

» 8 BIT /O BUS

DATA
INPUT
REG
(8 BITS) [

HANDSHAKE
LINES

INTERRUPT
REQUESTS

* Used in the bit mode only to allow generation of an
interrupt if the peripheral I/O pins go to the specified state.

FIGURE 2
A TYPICAL PORT 1/0 BLOCK DIAGRAM

14
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Zilog

Z-80 PIO Pin Description

o . M1 Machine Cycle One Signal from CPU (input,
R B active low)
92-‘1—- -—113-—-»‘1; —
GAT Oy e e % IORQ Input/Qutput Request from Z80-CPU (input,
oo Dy =B ] otwag o foRTA active low)
05+ [——=" T
an— Tk RD Read Cycle Status from the Z80-CPU (input,
PORT /A SEL — TR i active IOW)
CONTROL/DATA —= 80 PO jt———— A STE
?‘%:TFIOL THIF E“”E_ﬁ? -] -i-:u ]EI lﬂlerrupl Eﬂable IIl (lnput, active hlgh)
i '°:g_—:"’___ = s IEO Interrupt Enable Out (output, active high). 1EI
e o L and IEO form a daisy chain connection for
v— e L g priority interrupt control.
GND ————= 34 3?
P AN INT Interrupt Request (output, open drain, active
CHAIN iy - 23] 17 —asme ) low)
INTERRVET INT ENABLE IN ———-24
e {'""N*BLED"T-—”— -A? Port A Bus (bidirectional, tristate)
A STB Port A Strobe Pulse from Peripheral Device
(input, active low)
D4-D Z80-CPU Data Bus (bidirectional, tristate) A RDY Register A Ready (output, active high)
B/ASel  Port B or A Select (input, active high) BB, Port B Bus (bidirectional, tristate)

D Sel trol or Data Select (input, active hi . _
_(_:_{_ B Control ox Data;Select (aput o gh) 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 j

selected port’s output register. The write pulse sets the wara X | A
ready flag after a low going edge of &, indicating data is READY Q_T\L
available. Ready stays active until the positive edge of the st

strobe line is received indicating that data was taken by the o \__‘?*\1
peripheral. The positive edge of the strobe pulse generates INT  _
an INT if the interrupt enable flip flop has been set MODE 0 UUFEUT) FINING

and if this device has the highest priority. WR* - AD - CE - T - IORQ

INPUT MODE

When STROBE goes low data is loaded into the v
selected port input register. The next rising edge of strobe e N .
activates INT if interrupt enable is set and this is the T ——

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 PIO.

B BITS!

HEADY

RD* =RD - CE - C/D - IORQ

MODE 1 {(INPUT} TIMING



'A Z-80 PIO Z-80A PIO COMPONENTS

Zilog Timing Waveforms
BIDIRECTIONAL MODE

This is a combination of modes 0 and 1 using all four o
handshake lines and the 8 Port A 1/O lines. Port B must be aw 15 - |
set to the Bit Mode. The Port A handshake lines are used

II
for output control and the Port B lines are used for input T
control. Data is allowed out onto the Port A bus only when ASTR ‘_E,J:]‘ §
A STB is low. The rising edge of this strobe can be used to PORTA {Gatacur} faramh
latch the data into the peripheral. sawpied |
INT
;55 |I f
BESTE
L
B RDY ]I_
WR*=RD - CE - C/D - IORQ
BIT MODE
The bit mode does not utilize the handshake signals T Ty T Ty
and a normal port write or port read can be executed at any " Juunruunmononar
time. When writing, the data will be latched into the output PORT. i Y Dataworoy ) oatawornz)
registers with the same timing as the output mode. .
p 4
When reading the PIO, the data returned to the CPU will ioAa f
be composed of output register data from those port data e
lines assigned as outputs and input register data from those ——
port data lines assigned as inputs. The input register will P07 {DaTa )
contain data which was present immediately prior to the ; S s
falling edge of RD. An interrupt will be generated if * Timing Diagram Refers 10 Bit Mode Read,
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 mtime, peripheral controllers are inhibited from W || (e[ T |
changing their interrupt enable status, permitting the INT T = :
Enable signal to ripple through the daisy chain. The peri- - saes i
pheral with TEI high and IEO low during INTA will place a
preprogrammed 8-bit interrupt vector on the data bus at ra et }}2??;;‘.’,‘.’.?2125:,‘?065 e
this time. [EO is held low until a return from interrupt w )
(RETI) instruction is executed by the CPU while IEI is 0 Y
high. The 2-byte RETI instruction is decoded internally by e

the P10 for this purpose.

RETURN FROM INTERRUPT CYCLE

If a Z80 peripheral device has no interrupt pending and
is not under service, then its IEO=IEI. If it has an interrupt
under service (i.e., it has already interrupted and received T T T3 Ta n T Ty Ts T
an interrupt acknowledge) then its IEO is always low, in- @ l I I | | | | | | | ’ | | ] | l ] | | [
hibiting lower priority chips from interrupting. If it has
an interrupt pending which has not yet been acknowledged, —\—/—L—l
IEO will be low unless an “ED” is decoded as the first byte
of a two byte opcode. In this case, IEO will go high until oo
the next opcode byte is decoded, whereupon it will again ™" _\_/—\_/

go low. If the second byte of the opcode was a “4D* then

the opcode was an RETT instruction. Bo-Bs = {=}) -1‘ o ,"
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 IEO low. This deviceisthe @~ ————— =7~
highest priority device in the daisy chain which has receiv- =

ed an interrupt acknowledge. All other peripherals have
IEI=IEOQ. If the next opcode byte decoded is “*4D”, this
peripheral device will reset its “interrupt under service”
condition.

16



'A 7.-80 PIO Z-80A PIO

COMPONENTS
Zilog PIO Programming
LOAD INTERRUPT VECTOR INTERRUPT CONTROL
The Z80-CPU requires an 8-bit interrupt vector be supplied Bit 7=1 intgrrupt 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 vector is placed interrupts may not be generated.
: ; e : "
on the Z-80 data bus by the highest priority device reques Bits 6,5.4 SB e T B DIE MOs Biter e

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

D7 D& b5 D4 D3 D2 DI Do

V7 Ve Ve V4 V3 N2 W1 0

signifies this control word is an interrupt
vector

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 5
and 4 are not used while bits 3 through O are all set to 1111
to indicate “set mode.”

D7 beé Ds D4 D3 D2 D1 Do

M1 MO X X 1 1 1 1
—_——

mode word

— W
signifies mode word
Lo be set

X=unused bit

Mode Ml MO
Output 0 (0
Input 0 |1
Bidirectional 1 {0
Bit 1 |1

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 1/O
Register to indicate which lines are to be input and
which lines are to be output.

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

b7 D& D5 D4 D3 D2 D1 DO

1J04 | 10g | 1105 | 4O, | O3 | 1O, | 1O, | 1O

operations; otherwise they are
disregarded.

Bits 3,2,1,0 signify that this command word is an

iaterrupt control word.

D7 Dé (3] D4 D3 D2 i DO
Enable AND/ | Highy | Mask 0 1 I 1
Interrupt] OR Low | follows

used in Mode 3 only  signifies interrupt control word

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

D7 D& D5 D4 D3 D2 DI Do

MB; | MBg | MBs | MB, | MBy | MB, [ MB, | MBg

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

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

D7 Dé D5 D4 D3 D2 Dl Do

Int

ale! e | B XA & Bq 1




M 280 PIO 7-80A PIO

Zilog

TA =0° C to 70° C, Vcc =45 V + 5%, unless otherwise noted

COMPONENTS

Z-80 PIO A.C. Characteristics

SIGNAL SYMBOL PARAMETER MIN MAX UNIT COMMENTS
1t Clock Period 400 (1]] nsec
& W (BH) Clock Pulse Width, Clock High 170 2000 nsec
W dL) Clock Pulse Width, Clock Low 170 2000 nsec
Tty Clock Rise and Fall Times 30 nsec
T Any Hold Time for Specified Set-Up Time 4] nsec
cs, CE 15 (C5) Control Signal Set-Up Time to Rising Edge of & During Read 280 nsec
ETC. or Write Cycle
oA (D) Data Output Delay trom Falling Edge ot RD 430 nsec [2]
tsé D) Data Set-Up Time to Rising Edge of ®During Write or M1 50 nsec
" DgDy Cycle € =50pf
o (D) Data Qutput Delay from Falling Edge of IORQ During INTA 340 nsec [3]
Cycle.
tF (D) Delay to Floating Bus {Output Buffer Disable Time} 160 nsec
IEN 5 (IEN) 1E} Set-Up Time to Falling Edge of IORQ During INTA Cycle 140 nsec
DH (10} IEQ Delay Time from Rising Edge of IEI 210 nsec [5]
IEQ toL (10) IEQ Delay Time from Failing Edge of 1EI 190 nsec [6] €y =50pf
DM {10) 1EQ Uel:lfmrn Falling Edge of M1 {Interrupt Occurring Just 300 nsec [5]
Prior to M1} See Note A,
IORO tsd (IR) IORQ Set-Up Time to Rising Edge of ® During Read or Write 260 nsec
Cycle
M1 tsp (M1} | M1 Set-Up Time to Rising Edge of ® During INTA or M1 210 nsec
Cycle. See Note B.
RD 56 (RD) RD Set-Up Time to Rising Edge of ® During Read or M1 240 nsec
Cycle
15 (PO) Port Data Set-Up Time to Rising Edge of STROBE (Mode 1) 260 nsec
DS (PD) Port Data Output Delay from Falling Edge of STROBE 230 nsec 5}
Ag-Ag, (Mode 2}
Bg-87 tF (PD) Delay to Floating Port Data Bus from Rising Edge of 200 nsec C =50 pt
STROBE {Mode 2)
D1 (PD) Port Data Stable from Rising Edge of IORQ During WR 200 nsec [51
Cycle (Mode 0}
ASTE, tw (ST) Pulse Width, STROBE 150 nisec
BSTB [4] nsec
iNT 0T INT Delay Time from Rising Edge of STROBE 490 nsec
o (IT3) INT Delay Time from Data Match Quring Mode 3 Operation 420 nsec
ARDY, 1OH (RY} Ready Response Time from Rising Edge of IORQ tet nsec [5]
BRDY 460 C| =50 pf
oL {RY) Ready Response Time from Rising Edge of STROBE tet nsec (5]
400

A, 251, >IN-2) 1pg 1101+ toMm (101 + s (1E1) # TTL Buffer Delay, if any
B. M1 must be active for a minimum of 2 elock periods to reset the PIO.

Output load circuit,

EROM OUTPUT

TEST POINT

]

WVec

R IR

UNOER TEST

i

CR,-CR, 18918 OR EQUWVALENT

k1
[ P el
5 o Cy ¢ 50p7 0N Dg Oy
2 - 500t ON ALL OTHERS
2500 "
Ry
cr,

Capacitance

TA=25°C,f=1MHz

i
12
3
[4
(5

o=t ipH) tw L)
Increase tpR (o) by 10 nsec for each 50 pf increase in loading up to 200 pf max.
Increase tpy |o) by 10 nsec for each 50 pf increase in loading up to 200 pf max.

For Made 2: ty (sT) >1S (PD}
Increase these values by 2 nsec for each 10 pf increase in loading up to 100 pf max.

Symbol Parameter Max. Unit Test Condition
Ce Cluck Capacitance 10 pF _: Unmeasured Pins
CIN Input Capacitance 5 pF 1 Returned tu Ground r
Cout Output Capacitance 10 pF i l
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Timing measurements are made at the following voltages, unless otherwise specified:

e g
CLOCK 4.2v 0.8v
OUTPUT 2.0v 0.8v
INPUT 2.0V 0.8V
FLOAT AV = +0.5V
™ T2

T3/ TW T4/T3 ™

—»| 1y(CS) |-

Dp—07

-—tg IRD]
[

/

X
o

-i—tmtb]—l-

\ts.;.um|4_

\t

= t5q.{D) |""- | [==tD), typ(D}
/

4

/

/

—=| tg 10}

Ag-Ag,
Bo—By

READY
{A RDY OR
B RDY)

tgll Bl

— I-—tDH:IU}

-—

-t (PD}—=|

STROBE
{A STB OR B STB)

-
| {MODE 2|

Ag-Ag.

{MODE 1)
Bp-By <.

|

MODE 3}

-  tpeliPD) |=— —

b ey,

-

|t (PO

- =1 (RY]
| 1oulRY) |~ L

(—tp (IT3)—>

-

A

A—— 1t (1T ——]
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Zilog Z-80A PIO A.C. Characteristics

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

SIGNAL SYMBOL PARAMETER MIN MAX UNIT COMMENTS
e Clock Period 250 1 nsec
& W (e H) Clock Pulse Width, Clock High 105 2000 nsec
Wy (L} Clock Pulse Width, Clock Low 106 2000 nsec
Tt Clock Rise and Fall Times 30 nsec
th Any Hold Time for Specitied Set-Up Time 1] nsec
cs, CE 5b (CS) Control Signal Set-Up Time to Rising Edge of 1k During 145 nsec
ETC. Read or Write Cycle
DR (D) Data Output Detay From Falling Edge of RD 380 nsec | [2]
st (D) Data Set-Up Time to Rising Edge of @ During Write or 50 nsec
Dy-D7 Mi Cycle €y =50pf
o1 (D) Data Output Delay from Falling Edge of IORQ During INTA 250 nsec [3]
Cyele
tE (D) Delay to Floating Bus (Owtput Buffer Disable Time) 1 nsec
1E1 15 [)EI) 1E1 Set-Up Time toFalling edge of IORQ During INTA Cycle 140 nsec
tOH {10} IEOQ Delay Time from Rising Edge of IE| 160 nsec [5]
L 10} IED Delay Time trom Falling Edge of |E1 130 nsec [5] C =50pf
IEQ oM (10) 1EQ Delay from Falling Edge of M1 {Interrupt Occurring Just 190 nsec | [B]
Prior to M1) See Note A.
10R0 5 (1A} I0RQ Set-Up Time to Rising Edge of & During Read or y 18 nsec
Write Cycle. |
i tgp (M1) | M1 Set-Up Time to Rising Edge of ® During INTA or M1 i 90 nsec

Cycle See Note B

RD b (RD) RD Set-Up Time to Rising Edge of ¢ During Read or i 115 nsec
Cycle
15 (PD) Port Data Set-Up Time to Rising Edge of STROBE (Mode 1) 230 nsec
oS (PD) Port Data Ourput Delay from Falling Edge of STROBE 210 nsec [51
Ag-Ag, {Mode 2} :
Bg-By iF (PD) Delay to Floating Port Data Bus from Rising Edge of STROBE 180 nsec Cy =50 pt
{Mode 2}
D1 (PD) Port Data Stable from Rising Edge of IORQ During WR 180 nseg [5]
Cycle (Mode 0)
ASTE, W (ST) Pulse Width, STROBE 150 nsec
BSTB [4] nsec
iNT oun INT Delay time from Rising Edge cf STROBE 440 nsec
o (IT3) INT Delay Time from Data Match During Mode 3 Operation 380 nsec
ARDY, 1DH (RY) Ready Response Time from Rising Edge of 10RO et nsec 5|
BRDY 410 Cy = 50 pf
oL {RY) Ready Response Time from Rising Edge of STROBE et asec | 5]
360
A 25 1>IN-2) tny (10) * DM (10) 1S (1E1) + TTL Buffer Delay, if any (1] e =ty (sbp * o by * U+ Y
B. M7 must be active for a minimum of 2 clock periods to reset the PIO. [2] Increase tyR (py by 10 nsec for each 50 pf increase in loading up ta 200 pf max

[3] Increase 1) () by 10 nsec for each B0 pf increase in loading up to 200 pf max.

14] For Mode 2: ty (5T)> 15 (PD)
15] increase these vaiues by Z nsec for each 10 pf increase in joading up to 700 pf max.
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Absolute Maximum Ratings

*Comment
Stresses above those listed under “*Absolute Maximum

Temperature Under Bias  Specified operating range. Rating™ may cause permanent damage to the device.
Storage Temperature 657 Cto+150°C This is a stress rating only and functional operation of
Voltage On Any Pin With the device at these or any other condition above those
Respect To Ground N3IVie+TV indicated in the operational sections of this specifica-
Power Dissipation HW tion is not implied. Exposure to absolute maximum

rating conditions for extended periods may affect
device reliability.

Note: All AC and DC characteristics remain the same for

Z-80 PIO and Z-80A PIO e e T

T Tee = 130 mA.
D.C. Characteristics
TA =0°Cto70° C. Vee = 5 V £ 5% unless otherwise specitied
Symbol Parameter Min. | Max. | Unit Test Condition
ViLe Clock Input Low Voltage -0.3 45 v
ViHe Clock Input High Voltage Veeb | Vectd | V
ViL Input Low Voltage -0.3 0.8 v
VIH Input High Voltage 20 Vee \
VoL OQutput Low Voltage 0.4 v foL=2.0mA
Vou Output High Voltage 24 v Loy - 250 pA
lce I Power Supply Current 70 mA
I Input Leakage Current 10 HA Vpy=0to Ve
Lo Tri-State Output Leakage Current in Float 10 | wA Vour = 24 te Vee
oL Tri-State Output Leakage Current in Float -10 HA Vour =04V
Iip Data Bus Leakage Current in Input Muode £10 HA 0= VIN = Vee
loup Darlington Drive Current -1.5 mA Vog=135V
Port B Only
Package Package Outline
. -
Configuration
|- ———————— 2100 MAX. —
i 15.334 em)
e feml [ 40 [4—a= D, Hulainisinisinisizinizisiniaintisicisiols
0, -l 2 39 (i
- 3 38 HDS y
Chip Enable ——®=| 4 37 (——mT 514 (1 3056}
Cantrol/Dats Sel ——8={ 5 36 [—o [GRA | B8R (1 49351
Port B/A Sel ————ei 35 ja— RO
e [ 4 Pb—ae By !
g -—a=8 3|5 [0 0 [
e T e
Ay 31 |a—a5, 230 MAX | 5842)
GND —*{ 11 30 f—- By
Ay 12 29—,
Az'-—l- 13 T8 [ B‘
Ay -1 14 7 HBO
Ay —ae 15 2p [w—aa¥ 0,020 MIN.
A 5T8——=1 16 5 (-— 10,0508 10(! _100 { 254}
BsTB—e{17 24 [=—— INT ENABLE IN 01510381 1 090 | 2286 R0 Rl 590 149861
& RDY-4— 13 2 |—aWT 073 | 0584] | ™ T 001 284) 710 (180341 |
e 22 |——m= INT ENABLE OUT TYP
Q‘H 20 21— B RDY
*Dimensions for metric system are in parentheses

Ordering Information

C — Ceramic Example:
P — Plastic
S — Standard SV + 5% 0" to 70°C Z80-P10 C5 (Ceramic —Standard range)

E — Extended 5V + 5% —40" to 85°C
M — Military 5V + 10% —55°to 125°C
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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 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

® Each 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.

® Qutputs directly compatible with Z80-SIO.

CTC Architecture

A block diagram of the Z80-CTC is shown in figure 1.
The internal 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 &

] INTERNAL
£l CONTROL
LOGIC

pemmm— 7 RO COUNT/TIMEOUT §

e L OCK/TRIGGER 6

prmmaap ZEROQ COUNT/TIMEOUT 1

INTERRUPT CONTROL
LINES

FIGURE?

CTC BLOCK DIAGRAM

P .OCK/TRIGGER 1

) 7 ERO COUNT/TIMEOUT 2

Fmmmesnass (| OCK/TRIGGER 2

JCHANNEL 3

[ L. OCK/TRIGGER 3
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Time Constant Register — 8 bits, loaded by the CPU to
initialize and re-load Down Counter at a count of zero.

Channel Control Register — 8 bits, loaded by the CPU to
select the mode and conditions of channel operation.

Down Counter — 8 bits, loaded by the Time Constant
Register under program control and automatically at a

Channel Counter and Register Description

count of zero. At any time, the CPU can read the number
of counts-to-go until a zero count. This counter is de-
cremented by the prescaler in timer mode and CLK/TRIG
in counter mode.

Prescaler — 8 bit counter, divides system clock by 16 or
256 for decrementing Down Counter. It is used in timer
mode only.

CHANNEL
CONTROL
REGISTER

AND LOGIC

(8 BITS)

TIME
CONSTANT
REGISTER

i

EXTERNAL CLOCK TIMER TRIGGER

DOWN
COUNTER
(8 BITS)

ZERO COUNT/TIMEOUT

FIGURE 2
CHANNEL BLOCK DIAGRAM

Z-80 CTC Pin Description
op : a2 cLK/TRGY CLK/ TRGgp Channel § External Clock or Timer Trigger
D ————iy -—--L—I-DCFI'OQ l
Drt 2 (Input)
oY )m + -Z:—c:umnm
Bus :‘T“‘ [ T e CLK/TRG; Channel 1 External Clock or Timer Trigger
Df le—21— cLk/TRG, (Input)
07— ] | —2 - zciT0;
— SIS By CLK/TRG? Channel 2 External Clock or Timer Trigger
crTc 2:: 19 17 (IHPUt)
mN::g“L = _-.—'1-4—-' ptgp——— HESET
Ry "JTR?)—:"- CLK/TRG3 Channel 3 External Clock or Timer Trigger
e 5 {Input
cn.:lu { II:I __ﬁ'_- ‘+ t )
INTERRUPT ) 'EO —————] e 15y
CONTROL | iNT e—12 le—=—— GND ZC{TO@ Channel ¢ Zero Count or Timeout

23
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Zilog Z-80 CTC Pin Description (continued)
ZCITOY Channel 1 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 IEI Interrupt Enable In (input, active high)

(output, active high) o

IEO Interrupt Enable OQut (output, active high).

CS1 - CS¢ Channel Select (input, active high). These IEI and 1EO form 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 Dy Z80-CPU Data Bus (bidirectional, tristate) active low)
CE Chip Enable (input, active low) RESET RESET stops all channels from counting and
; resets channel interrupt enable bits in all

e System Clock: (inpuf) control registers. Duringreset time ZC/TOg.2
m Machine Cyc]e One S]gnal from Z80-CPU and INT g0 to the inactive states, IEO reflects

(input, active low) the state of IEI, and the data bus output drivers

go to the high impedance state (input, active

IORQ Input/Output Request from Z80-CPU (input, low)

active low)

CTC WRITE CYCLE

Ilustrated 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

Illustrated here is the timing for reading a channel’s
Down Counter when in Counter Mode. The value read
onto the data bus refiects the number of external clock’s
rising edges prior to the rising edge of cycle (T5). 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 IORQ).
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 enable lines stabilize, channels
are inhibited from changing their interrupt request status
when M1 is active. If the CTC Interrupt Enable Input (IEI)
is active, then the highest priority interrupting channel
places the contents of its interrupt vector register onto the
Data Bus when IORQ goes active. Additional wait cycles
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 = IEI. 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
two byte opcode. In this case, [EO will go high until the next
opcode byte is decoded, whereupon it will again go low. If
the second byte of the opcode was a “4D” then the opcode
was an RETI instruction.

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

Wait cycles are allowed in the M1 cycles.

DAISY CHAIN INTERRUPT SERVICING

[ustrated at right is a ty pical nested interrupt sequence
which may occur in the CTC. In this sequence channe] 2
interrupts and is granted service. While this channel is being
serviced, 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 counter 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 totally asynchronously 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 ®.

Timing Waveforms (continued)

Dy-D; —{ en » { ap
iEl ______‘,’

1E0 Yo

HIGHEST PRIDRITY CHANNEL
CHANNEL @ CHANNEL 1 CHANNEL 2 CHANNEL 3

Hi
L o= ver o Jer IT7] LI ¥ IE0

1. PRIDRITY INTERRUPT DAISY CHAIN BEFDRE ANY INTERRUPT OCCURS.
UNDER SERVICE

1 H Hi Lo
181 ItUILIIEI IE0 IE1 IEDH|F|

2. CHANNEL 2 REQUESTS AN INTERRUPT AND IS ACKNOWLEDGED.
UNUER SERVICE SERVICE SUSPENDED

+
HI
1EL 1ED i IE1 1ED Lo 1EI IFnI-L-U—||E|

3. CHANNEL 1 INTERRUPTS, SUSPENDS SERVICING OF CHANNEL 2.
SERVICE COMPLETE ~ SERVICE RESUMED

H Hl H | L
[13] tEUl—I{IEI IEUIH—IIEI IED|—0[|E1

4. CHANNEL 1 SERVICE ROUTINE COMPLETE, “RETI™ ISSUED, CHANMEL 2 SERVICE AESUMED.

N SERVICE COMPLETE
Hi HI
;‘lm 1Eul.i.[|;| IFO]LIIH IEuIi-{m IEEI_

5. SECOND "RETI” INSTRUCTION ISSUED ON COMPLETION OF CHANNEL 2 SERVICE ROUTINE

|£DIL—0‘
|E|]l—lc—

INTERNAL

COUNTER ZERO COUNT

5

20T

" __J_‘ [_
TRG —/_—\
INTERNAL 7

TIMER START TIMING
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SELECTING AN OPERATING MODE

When selecting a channel’s operating mode, bit § is set to
1 to indicate this word is to be stored in the channel control
register.

e 'S g Ity 1y s I [
LOAD
RRUP
'\lT,: le_‘r Aont RANGE SLOPE | TRIGGER | 1M1 RISTT 1
ABL CONSTANT
[RIR LN Y LSl
TAME R SOTEE 0%E Y PIME R MMM ONEY

Bit 7= Channel interrupts disabled.

Bit7=1 Channel interrupts enabled to occur every
time Down Counter reaches a count of zero.
Setting Bit 7 does not let a preceding count
of zero cause an interrupt.

Bit6=0 Timer Mode — Down counter is clocked by
the prescaler. The period of the counter is:
tc » P o TC
te = system clock period
P = prescale of 16 or 256
TC = 8 bit binary programmable time
constant (256 max)

Bit 6 =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.

Bit5=1 Timer Mode Only-System clock ®is divided
by 256 in prescaler.

Bitd4 =0 Timer Mode — negative edge trigger starts
timer operation.
Counter Mode — negative edge decrements
the down counter.

Bit4 =1 Timer Mode — positive edge trigger starts
timer operation.
Counter Mode — positive edge decrements
the down counter.

Bit3=0 Timer Mode Only — Timer begins operation
on the rising edge of T of the machine
cycle following the one that loads the time
constant.

Bit3=1 Timer Mode Only — External trigger is valid
for starting timer operation after rising edge
of T» of the machine cycle following the
one that loads the time constant. The Pre-
scaler is decremented 2 clock cycles later if

the setun time is met, otherwise 3 clock

cvcles.

CTC Programming

Bit2=0 No time constant will follow the channel
control word. One time constant must be
written to the channel to initiate operation.

Bit 2=1 The time constant for the Down Counter
will be the next word written to the selected
channel. If a time constant is loaded while a
channel is counting, the present count will
be completed before the new time constant
is loaded into the Down Counter.

Bit1=0 Channel continues counting.

Bit 1 =1 Stop operation. If Bit 2 = 1 channel will
resume operation after loading a time
constant, otherwise a new control word
must be loaded.

LOADING A TIME CONSTANT

An 8-bit time constant is loaded into the Time Constant
register following a channel control word with bit 2 set. All
zeros indicate a time constant of 256.

LOADING AN INTERRUPT VECTOR

The Z80-CPU requires that an 8-bit interrupt vector be
supplied by the interrupting channel. The CPU forms the
address for the interrupt service routine of the channel
using this vector. During an interrupt acknowledge cycle
the vector is placed on the Z80 Data Bus by the highest
priority channel requesting service at that time. The desired
interrupt vector is loaded into the CTC by writing into
channel @ with a zero in DQ. D7-D3 contain the stored in-
terrupt vector, D7 and D] are not used in loading the vector.
When the CTC responds to an interrupt acknowledge, these
two bits contain the binary code of the highest priority
channel which requested the interrupt and Dy contains a
zero since the address of the interrupt service routine starts
at an even byte. Channel @ is the highest priority channel.

1= 1, s (17 Iy ns mn I
h 2 i L]

L Yo ¥s At Va X i 0 1
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TA =0° C to 70° C, Vecc =+5 V + 5%, unless otherwise noted

Z-80 CTC A.C. Characteristics

Signal Symbol Parameter Min Max Unit Comments
te Clock Period 400 [1] ns
® tW(LPH} Clock Pulse Width, Clock High 170 2000 ns
twlfDL! Clock Pulse Width, Clock Low 170 2000 ns
e, tf Clock Rise and Fall Times 30 ns
Y Any Hold Time for Specified Setup Time 0 ns
— tgp(CS) Control Signal Setup Time to Rising Edge of & During Read 160 ns
CS, CE, etc. i
or Write Cycle
tpr(D) Data Qutput Delay from Rising Edge of RD During Read 480 ns [2]
Cycle
tgp (D) Data Setup Time to Rising Edge of @ During Write or M1 80 ns
Cycle
Dg—D7 i .
tp|tD} Data Qutput Delay from Falling Edge of IORQ During 340 ns [2]
INTA Cycle
tpiD) Delay to Floating Bus {Output Buffer Disable Time) 230 ns
IEl tglIEN} 1E| Setup Time to Falling Edge of IORQ During INTA 200 ns
Cycle
tpH (10} IEQ Delay Time from Rising Edge of IEI 220 ns 3]
s tp (10} IEQ Delay Time from Falling Edge of IEI 190 ns [3)
tpm{10) IEQ Delay from Falling Edge of M1 (Interrupt Occurring 300 ns [3]
just Prior to M1)
— tgp(IR) I0RQ Setup Time to Rising Edge of @ During Read or 250 ns
10RO %
Write Cycle
i tgp (M1) M1 Setup Time to Rising Edge of @ During INTA or M1 210 ns
) Cycle
) tgp(RD) RD Setup Time to Rising Edge of @ During Read or M1 240 ns
Cycle
N tpek T INT Delay Time from Rising Edge of CLK/TRG 2ic{d) + 200 Counter Mode
tpglIT) [NT Delay Time from Rising Edge of ® 1cle) + 200 Timer Mode
te{CK) Clock Period 2t} Counter Mode
t,, i Clock and Trigger Rise and Fall Times 50
tg{CK) Clock Setup Time to 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/TRGg_3 Prescaler on Following Rising Edge of @
tyy(CTH) Clock and Trigger High Pulse Width 200 Counter and
Tirmer Modes
tyiCTL) Clock and Trigger Low Pulse Width 200 Counter and
Timer Modes
tpH(ZC} ZC/TO Delay Time from Rising Edge of ¢, ZC/TO High 190 Counter and
T
ZC/TOg—2 . . imer Modes
tp (ZC) ZC/TO Delay Time from Falling Edge of &, ZC/TO Low 190 Counter and
' Timer Modes

Notes: [1] tg = tyyl®H) +tyy(PL) +t +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 OQUTPUT
UNDER TEST

TEST POINT Vee

CRq-CR; IN9140R EQUIVALENT
CR, Cy = 50 pF ON ALL PINS
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A.C. Timing Diagram

e g
CLOCK Ve - BV 45V
QUTPUT 2.0V 8v
Timing measurements are made at the following voltages, unless otherwise specified: INPUT 20V Bv
FLOAT AV +0.5V
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Z-80A CTC A.C. Characteristics

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

Signal Symbol Parameter Min Max Unit Comments
tc Clock Period 250 [1] ns
% tyy (PH) Clock Pulse Width, Clock High 105 2000 ns
tyy(PL) Clock Pulse Width, Clock Low 105 2000 ns
e tE Clock Rise and Fall Times 30 ns
tH Any Hold Time for Specified Setup Time 0 ns
— tgp(CS) Control Signal Setup Time to Rising Edge of ¢ During Read 60 ns
CS, CE, etc .
or Write Cycle
tpRr{D) Data Output Delay from Falling Edge of RD During Read 380 ns [2]
Cycle
tgp(D) Data Setup Time to Rising Edge of ® During Write or M1 50 ns
Dg—D7 Cycle
tp) (D) Data Qutput Delay from Falling Edge of |ORG During 160 ns [2]
INTA Cycle
te{D} Delay to Floating Bus (Output Buffer Disable Timel 110 ns
\El tS!IEH 1E| Setup Time to Falling Edge of IORQ During INTA 140 ns
Cycle
tpH 10} IEO Delay Time from Rising Edge of IEI 160 ns (3]

\EO tp{10) |IEQ Delay Time from Falling Edge of 1EI 130 ns [3]
tpm{10) IEO Delay from Falling Edge of M1 (Interrupt Occurring 190 ns (3]

just Prior to M1)
= tgp (IR} I0RQ Setup Time to Rising Edge of ¢ During Read or 115 ns
I0RQ ;
Write Cycle

Wi tgpiM1) M1 Setup Time to Rising Edge of ® During INTA or M1 90 ns
Cycle

BB tsp(RD} | RD Setup Time to Rising Edge of ® During Read or M1 115 ns
Cycle ;

e tpck{IT) | TNT Delay Time from Rising Edge of CLK/TRG 2te(®) + 140 Counter Mode
1paplIT) iNT Delay Time from Rising Edge of @ teld) + 140 Timer Mode
tolCK) Clock Period 2t ld) Counter Mode
.t Clock and Trigger Rise and Fall Times 50
tg(CK} Clock Setup Time to Rising Edge of & for Immediate Count 210 Counter Mode
tglTR} Trigger Setup Time to Rising Edge of @ for enabling of 210 Timer Mode

CLK/TRGg_3 Prescaler on Following Rising Edge of ¢
1y (CTH) Clock and Trigger High Pulse Width 200 Counter and

Timer Modes
lCTL) Clock and Trigger Low Pulse Width 200 Counter and
Timer Modes
tpH{ZC) ZC/TO Delay Time from Rising Edge of &, ZC/TO High 190 Counter and
Ti Mod
2C/TOg_2 . . imer es
tpL{ZC) ZC/TO Delay Time fromFalling Edge of &, ZC/TO Low 190 Counter and
Timer Modes

Notes: [1] tp = tyy®H) + 1y (PL) + 1 +tp.
[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

Vee
R1 =21 KD

CRq-CR, 1N974 OR EQUIVALENT
cR, C, =50 pF ON ALL PINS
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Absolute Maximum Ratings

*Comment
Temperature Under Bias 0°Cto 70°C Stressesabove those listed under ""Absolute Maximum
Storage Temperature -65° Co+150°C Rating™ may cause permanent damage to the device.
Voltage On Any Pin With This is a stress rating only and functional operation of
Respect To Ground -03Vie+TV the device at these or any other condition above those
Power Dissipation 0.8W indicated in the operational sections of this specifica-

tion is not implied. Exposure to absolute maximum
rating conditions for extended periods may affect
device reliability.

D.C. Characteristics
TA=0°C to 70° C. Voo = 5V £ 5% unless otherwise specitied
Z2-80 CTC
Symbol Parameter Min Max Unit Test Condition
ViLc | Clock Input Low Voltage -0.3 A5 \Y
ViHc | Clock Input High Voltage [1] Vee-6 | vee+3 A
ViL Input Low Voltage -03 0.8 A"
VIH Input High Voltage 20 vee v
VoL QOutput Low Voltage 0.4 V | lgL=2mA
VoH Output High Voltage 24 V | lgH = =250 pA
lce Power Supply Current 120 mA | T =400 nsec
'K} Input Leakage Current 10 A | Viy=0to Ve
ILoH | Tri-State Output Leakage Current in Float 10 uA | VouT =24 10 Ve
ILoL | Tri-State Qutput Leakage Current in Float -10 A | VouTt =04V
loHD Darlington Drive Current -1.5 mA | VexT =15V
Rext = 3900
Z-80A CTC
Symbol Parameter Min Max Unit | Test Condition
ViLe | Clock Input Low Voltage -0.3 45 \%
ViHC | Clock Input High Voltage [1] Vee-6| Veet3| V
ViL Input Low Voltage -0.3 0.8 v
ViH Input High Voltage 2.0 Vee \4
VoL Output Low Voltage 04 V | lgL=2mA
VoH Output High Voltage 2.4 V | loH = -250 A
ice Power Supply Current 120 mA | Tg = 250 nsec
g Input Leakage Current 10 uA [VIN=0t0Vee
ILgH | Tri-State Output Leakage Current in Float 10 A | VourT =24 to Ve
ILor | Tri-State Output Leakage Current in Float -10 wA | VgyT =04V
loup | Darlington Drive Current -15 mA | Vgxt =15V
RexT = 3900
Capacitance
TA=25°C,f=1MHz
Symbol Parameter Max. Unit Test Condition
Cq Clock Capacitance 20 pF Unmeasured Pins
CiN Input Capacitance 5 pF Returned to Ground
E CouTt Output Capacitance l 1o pk
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Package Package Outline
Configuration
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Product Specification

The Z-80 DMA (Direct Memory Access) circuit is a pro-
grammable single-channel device which provides all address,
timing and control signals to effect the transfer of blocks of
data between two ports within most microprocessor-based
systems. These ports may be either system main memory or
any system peripheral I/O device. The DMA can also search
a block of data for a particular byte (bit maskable), with or
without a simultaneous transfer.

Structure

N-channel Silicon Gate Depletion Load Technology
40 Pin DIP

Single 5 volt supply

Single phase 5 volt clock

Single channel, two port

Features

e Three classes of operation:

—Transfer Only

—Search Only

—Search-Transfer

Address and Block Length Registers fully buffered.
Values for next operation may be loaded without dis-
turbing current values.

Dual addresses generated during a transfer (one for read
port and one for write port).

Programmable data transfers and searches, automatic-
ally incrementing or decrementing the port addresses
from programmed starting addresses (they can also remain
fixed).

7-80 DMA
7.-80A DMA

Three modes of operation:

-Byte-at-a-time: One byte transferred per request
—Burst: Continues as long as ports are ready
~Continuous: Locks out CPU until operation complete

Timing may be programmed to match the speed of any
port.

Interrupts on Match Found, End of Block, or Ready,
may be programmed.

An entire previous operation may be repeated automat-
ically or on command. (Auto restart or Load)

The DMA can signal when a specified number of bytes
has been transferred, without halting transfer.

Multiple DM A’s easily configured for rotating priority.
The channel may be enabled, disabled or reset under
software control.

Complete channel status upon program (CPU) request.
Up to 1.25 megabyte/second Search.

Daisy-chain priority interrupt and bus acknowledge in-
cluded to provide automatic interrupt vectoring and bus
request control, without need for additional external
logic.

TTL compatible inputs and outputs

The CPU can read current Port counters, Byte counter,
or Status Register. A mask byte can be set which defines
which registers can be accessed during read operations.

+5V GND @ INT iEl IEO BUSRQ BAI BAD RDY
s o BYTEL: o BYTE/PULSE INT PRIORITY
COUNTER — COMPARATOR LOGIC BUS PRIORITY
BLOCK INT CONTROL LOGIC
-~ "LEnGTA ] PULE INTRIYAL INT VECTOR
I i CONTROL
INTERNAL BUS AND
STATUS
REGISTERS
[ PORT ASTART | | PORTBSTART | COMPARE DATA
ADDRESS ADDRESS COMPARE MASK BUS Egg‘l};ﬂm
PORT A — PORT B
———————————————— MPAR
COUNTER COUNTER &0 ares
SOURCE/DEST ADDRESS MUX ]

] |
]

A15 AD

fooo

D7

Do

DMA Internai Block Diagram

Fig.1
32
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DMA Architecture

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

® Bus Interface: provides driver and receiver circuitry to
interface to the Z80-CPU Bus.

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

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

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

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

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

® Status Register: holds current status of DMA.

Register Description

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

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 ports.

Interrupt Vector Register: Read/write; 8 bits. Holds the
8bit vector that the DMA will put onto the data bus after
receiving an TORQ 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 total
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 generate 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
8 bits) for the two ports involved 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; 8 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
BUSAK are both active, the CPU does not interpret this as
an interrupt request. Instead, the signal is used to commun-
icate with a peripheral I/O 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 functions when set.

Modes of Operation

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

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

e 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 to be either system main memory or peripher-
al 1/O 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 DMA-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 set;

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 contents 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
BAIL When the DMA receives BAI it will start its program-
med operation releasing BUSRQ to a “high™ state when it
is through.

Z-80 DMA Pin Description

Dy -—w] 35 6 — Ay
L e EL 5—m Ay
by --—] 33 4 p——= Ay
i‘g‘f*‘ 0y -—m]a2 I Ay
BUS Dy =3 22— ay
Dg -—- 29 T— ag
Dg ~t—p=] 78 40— pg
p b (sen
- 24— pg BUS
BUSRO =] 15 23— Ay
%:ITROL{ BAl ——{14 2= A
BAQ —-—1 13 zBoDMA ST An
20— Ay
19 et gy
18— Ay
[TTJ—— PPy 17— pgs
svsTem | fORD =—=110
CONTROLY MAEQ -a—m=| 12 25— RDY DA
BUS ol i 16 lt—— CEWAIT] CONTROL
Wh =—=lg 37— INT
& ] 7 36— |E0
5y ——=1 11
GND ——=] 30

Ag—A1s  System Address Bus. All sixteen of these pins are
used by the DMA to address system main mem-
ory or an I/O port (output)

Do-D4 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

o System clock (input)
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Mi Machine cycle One signal from CPU (input)

IORQ Input/Output Request to and from the System

Bus (input/output)

MREQ Memory 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/output)

CE/WAIT Chip Enable; may also be programmed to be
WAIT during time when BAI 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 (output)

INT INTerrupt request (output, open drain)

IEl Interrupt Enable In (input)

IEO Interrupt Enable Out. IEI and IEO 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

P ] e

port is ready for a read or write operation

(input, programmable as active high or low)
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satisfy this timing.
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DMA Timing Waveforms
e m
DMA Command Write Cycle _
e \.i./__._.L___J.___.
Nlustrated here is the timing associated with a command Tel=Te] \J
byte or control byte being written to the DMA whichiste [ TTTTTTTTTTTT
be loaded into internal registers. Z80 Output instructions WR \ —
DATA i E}
DMA Register Read Cycle CE
e e TORQ L
This timing is used when a read operation is perfformedon =" |======-
the DMA to access the contents of the Status Register, BB
Address Counter or other readable registers. Z80 Input in- |
structions satisfy this timing. DATA out
T | Tz i T3 l

STD Memory Timing

This timing is exactly the same as used by the Z80-CPU to
access system 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 T3 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 T;, 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 Z80-CPU’s Read/Write timing
to I/O 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/O 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
I/O Write, data is held from the previous Read cycle until
the end of the Write cycle.

NOTE: If WAIT is low during the negative transition of
Tw*, then Tw* will be extended another T-cycle
and WAIT will again be sampled. The duration of a
peripheral transaction cycle may thus be indefinitely

extended.
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WRITE DATA®
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Variable Cycle

The Variable feature of the DMA allows the user to program
the DMA’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 of 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 (more if
WAIT is used). Signal timing can be varied as shown. During

atransfer, data will be latched by the DMA on the clock edge 75 \ /

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 will
grant a BUSAK which will be connected to BAT 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 {BUSRQ low) uniil the cycle is re-
sumed when RDY goes active.

DMA Timing Waveforms (continueq)

SHOWN PROGRAMMED FOR 4 CYCLES
VARIABLE LENGTH ——————————jp{
Ty [ T2 | Ta I T4

*__ILII_JI|II L
oore ) |

WAIT {MEM) i \

WAIT 10} ] \

[ ]
ACT ( i
ROV INACT / / =

|
|
I
....... )
|
I
[

BUSRG 7

w 7 L

DMA INACTIVE —4-:-— DMA ACTIVE

BRSNS NERE

ACT §“
RDY \
INACT T
#USR0 " /
1 LAST BYTE
IN BLOCK »
DMA ACTIVE -*<-DMA INACTIVE

ACT "'"'SS'\
AY
RDY .
INACT — + CONTINUOUS
Sk I e NS
BUSRO ; /

o
-

DMA ACTIVE—#= |\ )yg —>4—DMA ACTIVE
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DMA Bus Release for Byte-at-a-Time Mode

In the Byte mode the DMA will release 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 state 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.

COMPONENTS
DMA Timing Waveforms (continued)
BYTE N —b’

apipipEuEpipinEnipint

.1 {6

[{
BUSRQ / 2
BAI

o

DMA ACTIVE——J-‘— DMA INACTIVE

Spipfniipgiginlipipinintk

ACT

{0
M ]

{ | " /
i 2,

- BYTE N+1-%=
DMA ACTIVE —»|=—DMA INACTIVE

RDY INACT

BUSRO

‘- —-—BYTE N
MATCH FOUND IN
THIS BYTE

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 control of the system buses and direct the trans-
fer of data between 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 a command to 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 Interrupt
command. The command structure is designed so that cer-
tain bits in some commands can be set to alert the DMA to
expect the next 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
D7 D6 D5 D4 D3 D2 D1 Do
0
) SRS A “1”in positions D3 through Dg
0 1 = Transfer means that the indicated byte will fol-
1 0= Search low. Note that the sequence of bytes
1 1 = Search/Transfer is absolutely rig:id.
0=Port B — Port A
1=Port A—>Port B The DMA always transfers or search-
Y es one byte more than the number
In writteninto the Block Length registers.
PORT A STARTING ADDRESS (LOWER BYTE) Time A “0” in the block length register re-
[ | ' Sequence sults in the transfer or search of 2'¢ +
1 bytes. The shortest programmable
PORT A STARTING ADDRESS (UPPER BYTE) block length is therefore two bytes
T long, programmed by writing a 1 into
Y the Block Length register.
BLOCK LENGTH (LOWER BYTE)
BLOCK LENGTH {UPPER BYTE) JF
Command Register 1B Command Register 2A
D7 D6 D5 D4 D3___D2__ DI DO D7 __D6___D5 D4 D3 D2 DI DO
0 0 (i 1 0 0
|
0 0 = Port B—Memory 1= Stop On Match
0 1= Port A—Memory 1= Interrupt Enable
1 0=Port B-1/0 1= DMA Enable
1 1=Port A-1/O
0 = Port Address Decrements y
1= Port Address Increments
=ort s K MASK BYTE (1= MASK = IGNORE; 0 = UNMASK = COMPARE)
Y *,
Timing Byte MATCH BYTE
0 0= Cycle Length = 4
0 1= Cycle Length =3
1 0 = Cycle Length = 2
0=TORQ Ends % Cycle Early
0=MREQ Ends % Cycle Early

0= RD Ends % Cycle Early

)= WR Ends % Cycle Early

For transfers, this byte is normaily written twice, once
for Port A and again for Port B.
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Command Register 2B
D7 D6 D5 D4 D3 D2 D1 DO
1 0 1
Byte=0 0
Continuous =0 1
Burst=1 0
Do not program = 1 1
y

PORT B STARTING ADDRESS (LOW-ORDER HALF)

| Y

PORT B STARTING ADDRESS (HIGH-ORDER HALF}

1]
1=p

Interrupt Control Byte!

|

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

1= Status Affects Vector
1= Interrupt Before Request Bus

'

PULSE COUNT

Y

V7 Vé V5 v4 V3 v2 V1 Vo

|

Interrupt Vector

- - O o

—

If “Interrupt Before Requesting Bus”
is selected (by a 1 in bit 6 of the In-
terrupt Control 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 Enable after RETI command (B7
in Command byte 2D)

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

B A RETI instruction that resets the
IUS (Interrupt Under Service
latch) in the Z-80 DMA

0= Interrupt On RDY
1= Match
0= End Of Block
1= Match, End Of Block
-
Command Register 2C
D D6 D5 D4 D3I D2 DI __ DO
1 1 0

F
|
|

0= Ready Active Low
1= Ready Active High

1= CE/WAIT Multiplexed
Stop On End Of Block

|

‘ 0=CE Only
0=

1 = Auto Repeat On End Of Block
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Command Register 2D

D7 D6 D5 D4 D3 D2 D1 Do

: 1 1
bix N

c3 1 1] 0 o 0 = Reset Interrupt circuitry, disable interrupt and bus request logic, unforce
internal ready condition, disable “"MUXCE" and stop auto repeat.

c7 1 4] 0 [i] 1= Reset Port A Timing to standard Z-80 CPU timing.

CB 1 1] 0 1 0= Reset Port B Timing to standard Z-80 CPU timing.

CF 1 o 0 1 1= Load starting address for both parts, clear byte counter.*

D3 1 0 1 0 0 = Addresses continue from present locations, clear byte counter.

AB 0 1 0 1 0 = Enable interrupts

AF 0 1 o 1 1 = Disable interrupts

A3 1] 1 o 0 0 = Reset and disable interrupt circuits {like RET1} and unforce the internal
ready condition

87 0 0 0 0 1= Enable DMA | Both affect all operations except interrupts, but do not

83 0 0 1] 0 0 = Disable DMA _ reset any functions.

AT 1 0 0 1 = Initiate read sequence to the first register designated as readable by the
Read Mask register.

BF 0 1 1 1 1= Set read status so next read is from status register.

B3 0 1 1 0 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.

8B 0 1 0 = Clear Match and End of Block status bits.

B7 0 1 1 0 1= Enable after RETI so DMA will request bus only after receiving a RETI.
Must be followed by an Enable DMA command.

BB 0 1 1 1 0 = Read mask is the following byte.

Read Mask {1 = enable)

L Status

Byte Counter {low byte)
Byte Counter (high byte)
Port A address (low bvte)
Port A address (high byte)
Port B address {low byte)
Port B address (high byte)

* Loading Port Addresses. The “Load” command (CF in Com-
mand Register 2D) loads a fixed address only 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 1A 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

D5 D4 D3 D2 D1 oo

0= DMA Cycle Has Not Occurred
1= DMA Cycle Has Occurred
0 = Ready Active
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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 1050f] and the Port B peripheral fixed address is 05H.
Note that the data flow is 1001 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

D7 D& D5 D4 D3 D2 | D1 Do HEX
1) Command Register 1A sets DMA to v} 1 1 1 1 a 4] 1 79
receive block length, Port A starting Group Block Length Block Length |Part A Upper | Port A Lower B—*A Command Byte 1A
address and temporarily sets Port B as One Upper Follows | Lower Follows | Addr Follows| Addr Follows Temporary For Transfer, No Search
source, Loading B Address |
2) Pori A address (lower) 0 1 0 1 a 0 /] 0 50
3) Port A address (upper] 0 o 0 1 o 0 0 4] 10
4) Block length liower} 0 0 0 1} 0 0 0 0 (1]
5) Block length (upper) 0 0 4] 1 ] ¢} o 1] 10
6) Command Register 18 defines Port A as . 0 Q t] | 1 o 1 1] 0 14
mernary with incrementing address. Group Mo Timing Address ! Address Port Is This Is Eyte 1B
One Foliows Changes | Increments Memory Port A
7) Command Register 1B defines Port B as Q a 1 | Q 1 0 0 a 28
peripheral with fixed address, Group No Timing Fixed Mot Used Port Is This Is Byte 1B
One Follows Address LEle] Port B
8] Command Register 2B sets mode to 1 1 ] o Q 1 1] 1 c5
Burst, sets DMA to expect Port B Group Burst Mode Mo interrupt Mo Upper Port B Lower Byte 2B
address. Two Control Byte Address Addr Follows
Follows
9) Port B address {lower} 0 0 a a 0 1 0 1 05
10)Command Register 2C sets Ready 1 0 4] 4] 1 Q 1 0 8A
active High. Group Not Used No Auto No Wait RDY Not Used Byte 2C
Two Restart States Active HIGH
11Command Register 2D loads Port B 1 1 1] 0 1 1 1 . CF
address and resets block counter, Group Load Byte 2D
Two
12)Command Register 1A sets Port A as ] 1] 0 Q [+] 1 0 1 03
source, * Group No Addr Or Block Length Bytes AB Byte 1A, Transfer
§ One Mo Search
13)Command Register 2D loads Port A 1 1 0 0 1 1 1 1 CF
address and resets block counter, * Group Load Byte 2D
Two
14} Command byte 2D enables DMA to 1 4] o] 1] 1 1 1 a7
start operation. Group Enable DMA Byte 2D
Two

NOTE: The actual number of bytes transferred is one more 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

Temperature Under Bias 0°C to +70°C *Comment
i o + o <
fft;)ll;zgi Ber?iﬁra;)?;em th _3533 :g +,;30 & Stresses above those listed under “Absolute
Rei S ground ’ Maximum Rating” may cause permanent
Porar I[])issipa ik 15W damage to the device. This is a stress rating

only 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.

- L3
D.C. Characteristics
Ta = 0°C to 70°C, Viog = 5V +5% unless otherwise specified.
Symbol Parameter Min. Max. Unit Test Condition
ViLe | Clock Input Low Voltage —03 0.45 v
ViHe | Clock Input High Voltage Yeoe—6 5.5 v
YiL Input Low Voltage -0.3 0.8 v
ViH Input High Voltage 20 5.5 v
VoL Output Low Voltage 0.4 v IgL = 3.2 mA for BUSRQ
1oL, = 2.0 mA for all others
VOoH Output High Voltage 24 v IgH = -250 pA
Ice Power Supply Current Z-80 DMA 150 mA | to=400ns
| Z.80A DMA 200 mA | tC=250ns
L Input Leakage Current 10 HA Vin =0t Ve
ILOH Tri-State Output Leakage Current in Float 10 HA Vour =24 to Ver
IlpoL | Tri-State Qutput Leakage Current in Float -10 KA VouT=04Y
Lo Data Bus Leakage Current in Input Mode 10 uA 0=VIN=V(r
.
Capacitance
Ta =25°C,f=1MHz
Symbol Parameter Max. Unit Test Condition
Co Clock Capacitance 35 pF Unmeasured Pins
Cin Input Capacitance 5 pF Returned to Ground
Cour Output Capacitance 10 pF
TEST POINT Vee
R, 2K
Cy = 50 pF. Increase delay by 10 ns for each 50 pF
increase in Cp, up to 200 pF maximum.
1
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Zilog A.C. Timing Diagrams
Z80 and Z80A as a Peripheral Device (Inactive State)

Timing measurements are made at the following voltages, unless otherwise specified: e e o

CLOCK 4.2v 0.8v
QUTPUT 2.0v 0.8v

INPUT 2.0v 0.8v
FLOAT AV = +0.6V
tyy (bH
‘* wlH) o T3/TW T4/T3 T

d»
tw{q)L)—p i-u— t, - \-1-—- - tf
|"“—‘"—TC—'—P‘ -+ ts,I,fCS}-—!- —| ty ‘-q—
CE \
ToRQ
WR
—a -—tg,,(RD)

iy

| tgp,(D) |- = <« t:(D), 1
Dg—D7 }
~<—tg(M1)— *—tm{D}-a—‘
M1 _——\ /
tpm(10)— =
1E1 _\

\ /

3
e

—tp(IT)—>

INT
CONDITION

NOTE: This diagram does not show an actual 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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ZB80-DMA as a Peripheral Device (Inactive State).
T = 0°C to 70°C, Vcc = +5V+5%, Unless Otherwise Noted

Z-80 DMA Z-80A DMA*
SIGNAL SYMEOL PARAMETER UNIT
MIN MAX MIN MAX
e Clock Period 400 i1l 250 [1 nsec
» twidH) Clock Pulse Width, Clock High 170 2000 105 2000 nset
ty( L) Clock Pulse Width, Clock Low 170 2000 105 2000 nsec
tr, § Clock Rise and Fall Times a0 30 nsSEc
tH Any Hold Time for Specified Setup Time 0 0 nsec
CE. WR 154 (CS) Control Signal Setup Time to Rising Edge of & during 280 145 nsec
fORO Write Cycle {TORQ, WR, CE) !
tDRID) Data Qutput Delay from Falling Edge of RD 500 380 nsec
15dh(D) Data Setup Time to Rising Edge of 4 during Write or M1 50 50 nsec
Do-7 Cycle
toi{D) Data Qutput Delay from Falling Edge of TORQ during INTA 340 250 nsec
Cycle
tRiD) Delay to Floating Bus (Output Buffer Disable Time) 160 110 nsec
1EI 1S{IEI IEl Setup Time to Falling Edge of IORO during INTA Cycle 140 140 Tisec
OHLIEN 1EQ Delay Time from Rising Edge of IE1 210 160 NSEC
oL{IO) 1EC Delay Time from Falling Edge of 1E| 190 130 nsec
1EQ W) 1EQ Delay -‘ronﬁalling Edge of M1 {Interrupt Occurring 300 190 nsec
Just Prior to M1) See Note A,
M SHMT) M1 Setup Time to Rising Edge of & during INTA or M1 210 90 nsec
Cycle. See Note B.
RD tSHIRD) RD Setup Time to Rising Edge of & during M1 Cycle. 240 115 nsec
iNT W0 TNT Delay Time from Condition Causing INT. TNT generated 500 500 nsec
only when DMA is inactive.
BAD tOHIBOI BAQ Delay fram Rising Edge of BAI 150 200 150 200 nsec
IDLIED) BAQ Delay from Falling Edge of BA| 160 200 150 jI 200 nsec

* Z-80A DMA Timing Specifications are preliminary.
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Z80-DMA as a Bus Controller (Active State)
T4 = 0°C to 70°C, Ve = +5V+5%, Unless Otherwise Noted.

A.C. Characteristics

Z-80 DMA Z-80A DMA
SIGNAL SYMBOL PARAMETER UNIT
MIN MAX MIN MAX
1 -
e Clock Period 400 | 250 - nsec
TN H) Clock Pulse Width, Clock High 180 2000 110 A ’ nsec
& W{dbL) Clock Pulse Width, Clock Low 180 2000 110 Jre o3 nsec
i f Clock Rise and Fall Time 30 k nsec
ID{AD} Address Qutput Delay 148 nsec
tF{AD] Delay to Float 110 nsec
T—_— Tacm Address Stable Prior to MREQ (Memory Cycle) oWihH) Ttf— 75 nsed
0—AT15 taci Address Stable Prior to [ORQ, RD or WR (170 Cycle} tg -~ 80 nsec
tea Address Stable from AD or WR Wbl +tr — 40 nsec
tea§ Address Stable from RD or WR during Float twidL) *tr — 60 nsec
tpiD} Data Output Delay 230 nsec
tF{D) Delay to Float during Write Cycle 90 nsec
t5db(D) Data Setup Time to FEing Edge of Clock during Read when 50 nsec
Falling Edge Ends RD
Dop-D7 t5dH(D) Data Setup Time to Falling Edge of Clock during Read when 60 nsec
Falling Edge Ends RD
tdem Data Stable Prior to WR {Memory Cycle] tc— 210 nsec
tdei Data Stable Prior to WR {1/0 Cycle) tWiBL} *+tr — 210 nsec
todf Data Stable from WR wWigL) +tr — 80 nset
H Any Hold Time where Setup Time is Specified o nsec
IDLBIMR) MREQ Delay from Rising Edge of Clock, MREQ Low 100 nsec
IDHBIMR]) MREG Delay from Falling Edge of Clock, MREQ Low 100 nsec
WREG IDHEBMR) MREQ Delay from Rising Edge of Clock, MREQ High 100 nsec
IDHBIMR] WMREQ Delay from Falling Edge of Clock, MREQ High 100 nset
WAL Pulse Width, MREQ Low o — 40 nsec
WIMRH) Pulse Width, MREQ High tWidbH) * tf — 30 nsec
tDLB{IR) 10R0 Delay from Rising Edge of Clock, IORQ Low a0 SEC
BRa tDLEIR) IORQ Delay from Falling Edge of Clock, IORQ Low t10 nsec
tDHE(IR) IORQ Delay from Rising Edge of Clock, IDRQ High 100 nsec
IDHB(IR] [ORQ Delay from Falling Edge of Clock, 1ORQ Low 110 nsec
tDLA{RD] RD Delay from Rising Edge of Clock, RD Low 100 nsec
BB tDLP(RD) RD Delay from Falling Edge of Clock, RD Low 130 nsec
LDHE(RD) E Delay from Rising Edge of Clock, RD High 100 nsec
tDHB(RD} RO Delay from Falling Edge of Clock, RD High 110 nsec
IDLL(WR} WR Delay from Rising Edge of Clock, WR Low 80 nsec
tDLFWR] WR Delay from Falling Edge of Clock, WR Low a0 nsac
WA tOHSIWR] TR Delay from Rising Edge of Clock, WR High 100 nsec
tDHBWR) WR Delay from Falling Edge of Clock, WR High 100 nsec
WINRL) Pulse Width, WR Low tg — 40 nsec
WAIT t5(WT) WAIT Setup Time to Falling Edge of Clock 70 nsec
BUSRQ tD{BQ) BUSRQ Delay Time frem Rising Edge of Clock 100 nsec
tF{C) Delay to Float (MREQ, TORQ, RD and WR} 100 nsec
NOTES:
® Data must be enabled onto the DMA data bus when
RD is active.
m All equations imply standard Z-80 CPU and Z-80A CPU
timing.

® 7-80A DMA timing specifications are preliminary.
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780 and Z8OA as a Bus Controller (Active State)

Ap-A15

Ag. 15

Do-7

BUSRQ

A.C. Timing Diagrams

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

W L4,

CLOCK
QUTPUT
INPUT
FLOAT

4.2v
2.0v
2.0v

AV =

0.8V
0.8v
0.8V
+0.5V

_j \'_} k_./,F o
| .
U (1) e
| >
'0 1AD) i -
i L
———-- 4% \( '\S""'___-‘, ‘ R ‘S(r.‘---
3| S I /gr L0 e
...... Lt '3
e I
— i i % o
N A X
"“"'“""I__ 0 (0| ' Rl T 1
TS-l»lDI;_rH ( — Ik
! TS0 3
ouT : : b
p 4
1 ™ "h
! 4= qu
! | R t‘:I
l 4= le—— Ledt
i
H i FiC)
+—='0L T MR: TOH: I (MR~ 'OH T (MA)—=] j{—:‘
1 1\ i ~ .q[
e . (« /| -
1 .
r=——=1"DLI (RO} 'DH: IRDI—= TDHT (RO} —
‘\ /'
\'l; l’](l P,Z ———
loLei jwRl
lJL ol O H i (WA
; W (WAL R 4
i Feet— Teicm 21 -
Tour Rl I oL IR
‘o Ilﬂl—-‘-l HI R s
* " !
e — Yo A e
’ oL {F![H E ™
'OH T IRD}—=] F
~ /
\h---
A
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‘\ /
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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

U M Pt T P N e S

o B e e g g

o
T -
|
|
s
3 : ;
i — - - | P P -
50
40-Pin Plastic
P I e
5 [™, |
nAx.
LR j I
IDENTIFICATION |
b L

40-Pin Ceramic

Ordering Information

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

— Ceramic Package
— 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 ZB80-SIO (Serial Input/Qutput) 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-SIO is capable of handling asynchronous
formats, synchronous byte-oriented protocols such as
1BM 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 ZB80-SIO 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.

Z-80 SIO
Z-80A SIO

Structure

B N-channel silicon-gate depletion-load technology
W 40-pin DIP

W Single 5 V power supply

B Single-phase 5 V clock

® All inputs and outputs TTL compatible

Features

8 Two independent full-duplex channels

B Data rates in synchronous or isosynchronous modes:

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

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

W Receiver data registers quadruply buffered; trans-
mitter doubly buffered.

® Asynchronous features:
® 5,6, 7 or 8 bits/character

INTERNAL
CONTROL
LOGIC

DATA

CHANNEL A
READ/WRITE
REGISTERS

F——
. SERIAL DATA

A CHANMEL A _‘[__ . CHANNEL CLOCKS

- SYNC
™ WAIT/READY

e
COSERETE [« moDEM OR

STATUS ™ OTHER CONTROLS
{CH. A) ™

CONTROL

INTERRUPT
CONTROL
LDGIC

'

INTERRUPT
CONTROL
LINES

CHANNEL B
READ/WRITE
REGISTERS

DISCRETE ™ MoDEM OR
Cﬁsl%‘l;lfl'ﬂié # {— g OTHER CONTROLS
{CH. B} E—

e
e SERIAL DATA

— CHANNEL B "'—_.._ CHANNEL CLOCKS
= SYNC
4 ™ WAIT READY

——

Figure 1. Z80-SI10 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, x 16, x32 and x64 clock modes
Break generation and detection

Parity, overrun and framing error detection

® Binary synchronous features:
e Internal or external character synchronization
¢ One or two sync characters in separate registers
e Automatic sync character insertion/deletion
e 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
Address field recognition
Support for one to eight bits/character
Valid receive messages protected from overrun
® CRC generation and checking

m Interrupt features:
e Daisy-chain interrupt logic provides automatic
interrupt vectoring with no external logic
s Programmable interrupt vector

e Status Affects Interrupt Vector mode for fast
interrupt processing

M 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

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

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-SI0. Address bit Ag from the cpU 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 Z8O-SIO. A
High at this input during a CPU write to the Z80-S1O
causes the information on the data bus to be interpreted
as a command for the channel selected by B/A. A Low at
c/D means that the information on the data bus is data.
Address bit 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 cycle, or to
transmit data to the cpU during a read cycle.

¢'. System Clock (input). The Z80-S1O 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 Ml

Oy 4—"%-4» + RxDA 7 Dy -——=
0y ™ -l—l-s'— RxCA 1 39
| 0y -q—zh —“-—l- TxDA o [P -1-—2--
DATA < 03 %3 1 ok ity gl
BUS Dy > = STNCA : BUS Dy <>
Dy <5 L———= WRDYA G- D5 <+
g <y 17 = Y L O >
Dy - g A Dy
lg———— LT5A MODEM
| 16 . p7RA [ CONTROL
[ 9 OCOA i E—
510 e . 280-510/0 : so | WeE el z80-80/1
CONTROL o —— - Egg;nul. W
o R0 — B mob_ j cry <[ il : *
RO 2 21 Ramice G RD ———
|25 o Te8 9
=] le—2% » SVNCE W
[r p—— L3 . Wrove GND >
i zu_-_ % CH-B & 20
|24 = RTSE
DAISY W le 2 cTs8 MODEM a'":; T q+
IB':!I'IE‘:IIHPT{ - —2>—» OTAE |* CONTROL INTERRUPT B ——
CONTROL ED ] le22— DeoB J CONTROL E0 ~+—1—

T n

(] B'A

Figure 2. Z80-S10/0 Pin Configuration
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Zilog Z-80 SIO Pin Description
and IORQ as an interrupt acknowledge if the Z80-SIO is on this line indicates that no other device of higher pri-
the highest priority device that has interrupted the ority is being serviced by a CPU interrupt service routine.
Z80-CPU.

IEQ. Interrupt Enable Out (output, active High). IEO
is High only if 1EI is High and the CPU is not servicing an
interrupt from this Z80-SIO. Thus, this signal blocks
lower priority devices from interrupting while a higher
priority device is being serviced by its CPU interrupt ser-
vice routine.

IORQ. Input/Output Request (input from CPU, active
Low). TORQ is used in conjunction with B/&, c/D, CE
and RD to transfer commands and data between the CPU
and the Z80-SIO. When CE, RD and IORQ are all active,
the channel selected by B/A transfers data to the CPU (a
read operation). When CE and fORQ 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 INT. Interrupt Request (output, open drain, active
by c/D. As mentioned previously, if IORQ and M1 are ac- Low). When the Z80-SIO is requesting an interrupt, it
tive simultaneously, the Cpu is acknowledging an inter- pulls INT Low.

rupt and the Z80-SIO automatically places its interrupt
vector on the CPU data bus if it is the highest priority W/RDYA, W/RDYB. Wait/Ready A, Wait/Ready B

device requesting an interrupt. (outputs, open drain when programmed for Wait func-
_ tion, driven High and Low when programmed for
RD. Read Cycle Status. (input from CPU, active Low). Ready function). These dual-purpose outputs may be
If RD is active, a memory or I/0 read operation is in programmed as Ready lines for a DMA controller or as
progress. RD is used with B/A, CE and IORQ to transfer Wait lines that synchronize the CPU to the Z80-SIO data
data from the Z80-SIO to the CPU, rate. The reset state is open drain.
RESET. Resef (input, active Low). A Low RESET dis- CTSA, CTSB. Clear To Send (inputs, active Low).
ables both receivers and transmitters, forces TxDA and When programmed as Auto Enables, a Low on these
TxDB marking, forces the modem controls High and dis- inputs enables the respective transmitter. If not pro-
ables all interrupts. The control registers must be re- grammed as Auto Enables, these inputs may be pro-
written after the Z80-SIO is reset and before data is grammed as general-purpose inputs. Both inputs are
transmitted or received. Schmitt-trigger buffered to accommodate slow-risetime
signals. The Z80-SIO detects pulses on these inputs and
IEL. Interrupt Enable In (input, active High). This sig- interrupts the CPU on both logic level transitions. The
nal is used with IEO to form a priority daisy chain when Schmitt-trigger buffering does not guarantee a specified
there is more than one interrupt-driven device. A High noise-level margin. '
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Z80-S10/1 Pin Configuration Figure 4. Z80-SI0/2 Pin Configuration
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DCDA, DCDB. Data Carrier Detect (inputs, active
Low). These pins function as receiver enables if the
7Z80-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-SIO 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-
chronous 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 RTS bit. Both pins can be used as general-purpose
outputs.

DTRA, DTRB. Data 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 cpuU 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
edge of SYNC in the External Sync mode.

In the Internal Synchronization mode (Monosync
and Bisync), these pins act 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-
ries.

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:

» 7Z80-SIO/0 has all four signals, but TxCB and RxCB
are bonded together (Fig. 2).

e 7Z80-SIO/1 sacrifices DTRB and keeps TxCB, RxCB
and SYNCB (Fig. 3).

e 780-SI0O/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/Receive buffer status, interrupt status and
external status

RR1 Special Receive Condition status
RR2 Modified interrupt vector (Channel B only)

Read Register Functions
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Register pointers, CRC initialize, initialization com-

The logic for both channels provides formats, syn-

WRO  hands for the various modes, etc. chronization and validation for data transferred to and
WRq Transmit/Receive interrupt and data transfer mode from the channel interface. The m(_)dem control inputs
definition. Clear to Send (CTS) and Data Carrier Detect (DCD) are
WR2 Interrupt vector (Channel B only) monitored by the discrete control logic under program
WRE ‘Recelva patamelsre #nd cantiol contrpl. All the modem control signals are general pur-
e R 5 pose in nature and can be used for functions other than
WR4 Transmit/Receive miscellaneous parameters an modem control.
modes
WRS Transmit parameters and controls For automatic interrupt vectoring, the interrupt con-
WR6 Sync character or SDLC address field trol logic determines which channel and which device
WR?7 Sync character or SDLC flag within the channel has the highest priority. Priority is

Write Register Functions
Table 1. Functional Assignments of Read and Write

Registers

fixed with Channel A assigned a higher priority than
Channel B; Receive, Transmit and External/Status in-
terrupts are prioritized 1n that order within each chan-
nel.
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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 8-bit transmit data register
that is loaded from the internal data bus, and a 20-bit
transmit shift register that can be loaded from the sync
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 Output
(TxD).

Functional Description

The functional capabilities of the Z80-SIO 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-SIO 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-SI0;
the second part introduces its data communications
capabilities.

1/0 Interface Capabilities

The Z80-SIO offers the choice of Polling, Interrupt
(vectored or non-vectored) and Block Transfer modes to
transfer data, status and control 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 RRO and RRI are updated at appropriate
times for each function being performed (for example,
crc Error status valid at the end of the message). All
the interrupt modes of the Z80-SIO must be disabled to
operate the device in a polled environment.

While in its Polling sequence, the CPU examines the
status contained in RRO for each channel; the RRO status
bits serve as an acknowledge to the Poll inquiry. The
two RRO status bits Dg and D, indicate that a data
transfer is needed. The status also indicates Error or
other special status conditions (see ‘“Z80-SIO Program-
ming’’). The Special Receive Condition status contained

53

Z-80 SIO Architecture

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 Z80-SIO 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-SIO can modify the in-
terrupt vector in RR2 so it points directly to one of eight
interrupt service routines. This is done under program
control by setting a program bit (WR1, 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-SI0
Programming section) shows the modification details.

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

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

Interrupt On First Character is typically used with the
Block Transfer mode. Interrupt On All Receive Charac-
ters has the option of modifying the interrupt 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 SDLC, 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 allows 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 1. The WAIT/READY output can be
defined under software control as a WAIT line in the CPU
Block Transfer mode or as a READY line in the DMA
Block Transfer mode,

To a DMA controller, the Z80-SIO READY output in-
dicates that the Z80-SIO 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 1/0 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-SIQ Programming
section).

Data Communications Capabilities

In addition to the 1/0 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 commonly used data communications protocols.
The following is a short description of the data com-
munications protocols supported by the Z80-SIO. A
more detailed explanation of these modes can be found
in the Z80-SIO Technical Manual.

Asynchronous Modes. The Z80-SIO offers transmission
and reception of five to eight bits per character, plus op-
tional even or odd parity. The transmitter can supply
one, one and a half or two stop bits per character and
can provide a break output at any time. The receiver
break detection logic interrupts the CPU 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, a built-in checking process avoids interpreting a
framing error as a new start bit: a framing error results
in the addition of one-half a bit time to the point at
which the search for the next start bit 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,
1/16, 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.

Synchronous Meodes. The Z80-5S10 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 CrRC checking on specific characters. This per-
mits implementation of protocols such as I1BM Bisync.

Both cCRrcC-16 (X!164+XI154X24+1) and cCcCITT
(X16 + X12 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-S10 cannot generate or check
CcrRC for IBM-compatible soft-sectored disks.) The
Z80-SIO 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-SIO, it can determine the type of
transmission (data, CRC or sync characters) that is tak-
ing place at any time.

The Z80-S10 supports synchronous bit-oriented pro-
tocols such as SDLC 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-SIO automatically transmits the CRC and
trailing flag when the transmit buffer becomes empty.
An interrupt warns the CPU of this status 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 flag 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-
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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-SIO
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 to memory. The Z80-SIO 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-SI0 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,
then 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/A) and the Control/
Data input (C/D) are the command structure addressing
controls, and are normally controlled by the cpuU 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 (WR0O-WR7) in
each channel that are programmed separately by
the system program to configure the functional
personality of the channels. With the exception of
WR0, programming the write registers requires two
bytes. The first byte contains three bits (Dp-D) that
point to the selected register; the second byte is
the actual control word that is written into the
register to configure the Z80-SI0.

WRO 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; t0 point to WRO.

Read Registers

The Z80-SIO contains three registers, RRO-RR2 (Figure
6), that can be read to obtain the status information for
each channe! (except for RR2 — Channel B only). The
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status information includes error conditions, interrupt
vector and standard communications-interface signals.

To read the contents of a selected read register
other than RRo, the system program must first
write the pointer byte to WRo0 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).

READ REGISTER 0

|_011uﬁ[q5]nia]uaiqz]m|nu|

M| e Rx CHARACTER AVAILABLE
‘ - —— INT PENDING (CH. A ONLY)

Tx BUFFER EMPTY
DCD
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cTs .
L T:UNDERRUNEOM |
— BREAK/ABORT -
* USED WITH “EXTERNAL/STATUS
INTERRUPT" MODE
READ REGISTER 11
(07 Tos Tos [ba [p3 oz [oi]oe]
l ALL SENT
| FIELD BITS | FIELD BITS IN
IN PREVIOUS ~ SECOND PREVIOUS
BYTE BYTE
i 0 0 0 3
0 1 a0 0 1
11 0 0 5 s
¢ 0 1 0 §
100 1 0 7
0 1 1 0 8
1011 1 g
o 0 0 2 8
L PARITY ERAOR * RESIDUE DATA FOR EIGHT
Aix GVERRUN ERROR Rx BITS/CHARACTER PROGRAMMED

CRC/FRAMING ERROR
b—e———————————END OF FRAME (SOLC)

1 USED WITH SPECIAL RECEIVE CONDITION MODE

READ REGISTER 2

{qi]nﬁﬂ]ns;mina]nzlqilnul
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i S—S T
R T
——————V3+ | IKTERRUPT
e e »uzcmn

- 1
s LR e
v7

*WARIABLE IF ~'STATUS AFFECTS
VECTOR™ !S PROGRAMMED

Figure 6. Read Register Bit Functions
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WRITE REGISTER 0 WRITE REGISTER 4
[D7 o6 [ 05 [pa 03 [p2 |01 [D0] IwinaTnsi n[n3|n|2[u1|nuj
T | L pamiry enanee
0 0 0 REGISTERO . f L PARITY EVEN/DDD
0 0 1 REGISTER1 ; | !
g 1 2 ;lggrrgg % i 0 0  SYNC MODES ENABLE
1 0 0 REGISTER4 | 0 1 1STOP BIT/CHARACTER
1 0 1 REGISTERS | 1 0 1% STOP BITS/CHARACTER
1 1 0 REGISTERS | 1 1 2 STOP BITSICHARACTER
1 1 1 REGISTER7 |
IR
0
d 0 1 smp RB0RT (S0 1 0 SDLC MODE (01111110 FLAG)
0 1 0 RESET EHIS%ATI.IS) INTERRUPTS 1 1 EXTERNAL SYNC MODE
@ 1 1 CHANNEL RESET
1 0 0 ENABLE INT ON NEXT Rx CHARACTER
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— e

WRITE REGISTER 1
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WRITE REGISTER 2 (CHANMNEL B ONLY)
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WRITE REGISTER 3
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WRITE REGISTER 5
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WRITE REGISTER b
imiua|nslm1uainz T o1 [ 00|
T
| ‘ ' ! i ——— SYNCBITO
i i . L —— — SYNC BIT 1
| | - —— SYNC BIT 2
! ‘ | — - ———SYNCBIT 3L
i b — SYNCBIT4 [~
| L SYNCBITS
. — ——— SYNC BIT 6
~————— SYNCBIT 7
~ALSO SDLC ADDRESS FIELD
WRITE REGISTER 7
[07 J06 [05 [ 04 {03 [D2] 01 ][D0]
T T
| ! ' | | ———SYNC BIT B
! | L - SYNCBITY
| | " 'S"‘E aq 1_1“
' SYNC BI .
e -~ SYNC BIT 12
o — SYNC BIT 13
! - " s - SYNC BIT 14
B eyt —— . . —— - SYNC BIT 15

“FOR 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 Z80-SIO.

T Ty

A

Tw Ty Ty

L) . L

CE S )/ CHANNELADDRESS X CE X[ channecaooress X
D / RD
M M
DATA out DATA X N _X
Figure 8a. Read Cycle Figure 8b. Write Cycle
Interrupt Acknowledge Cycle. After receiving an Return From Interrupt Cycle. Normally, the

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 IEI of the highest priority
peripheral is terminated High. For any peripheral
that has no interrupt pending or under service,
IEO=IEI. Any peripheral that does have an interrupt
pending or under service forces its IEO Low.

To insure stable conditions in the daisy chain,
all interrupt status signals are prevented from
changing while M1 is Low. When IORQ is Low, the
highest priority interrupt requestor (the omne with
1E1 High) places its interrupt vector on the data bus
and sets its internal interrupt-under-service latch.

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 IEO of any interrupt that has not yet
been acknowledged. Thus the daisy chain identifies the
device presently under service as the only one with an IEI

T T, Tw Tw T3 Ty
U I I I e O O
Mo\ /

ioAG N
B
o 7\~

DATA (JECTOR }——

Figure 8¢c. Interrupt Acknowledge Cycle
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High and an 1E0 Low. If the next opcode byte is *4D,”
the interrupt-under-service latch is reset.

The ripple time of the interrupt daisy chain (both the
High-to-Low and the Low-to-High transitions) limits
the number of devices that can be placed in the daisy
chain. Ripple time can be improved with carry-look-
ahead, or by extending the interrupt acknowledge cycle.
For further information about techniques for increasing
the number of daisy-chained devices, refer to 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-SIO, which has six
interrupt levels with a fixed order of priorities.

The case illustrated occurs when the transmitter of
Channel B interrupts and is granted 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 A CHANNEL B
CHANNEL A CHANNEL A EXTERNAL CHANNEL B CHANMNEL B EXTERNAL
RECEIVER TRANSMITTER STATUS RECEIVER TRANSMITTER STATUS
+
] HIGH HIGH HIGH HIGH HIGH HIGH HIGH
IE! IEQ iEl IEQ IEI IEQ IEL IEQ}—— IEI IEC IEl IEQ
1. PRIORITY INTERRUPT DAISY CHAIN BEFORE ANY INTERRUPT OCCURS.
b UNDER SERVICE
| HIGH HIGH HIGH HIGH HIGH
1] IEQ IE IEO IEI IEO IEI IEQ IE} IEQ 1El EOQ
LOwW Low
2. CHANNEL B TRANSMITTER INTERRUPTS AND IS ACKNOWLEDGED.
+ UNDER SERVICE SERVICE SUSPENDED
HIGH HIGH HIGH
IE IEQ IEI IEQ IE| IEQ IE1 IEQ IEA 1EQ IEI IEQ
Low Low Low LOW
3. EXTEANAL/STATUS OF CHANNEL A INTERRUPTS SUSPENDING SERVICE OF CHANNEL B
TRANSMITTER.
+ SERVICE COMPLETED SERVICE RESUMED
| HIGH HIGH HIGH HIGH HIGH
IEI IEC IEI IEQ IE IEO IE1 IEC IEI IEC 1EI IEQ F——
LOwW Low
4. CHANNEL A EXTERNAL/STATUS ROUTINE COMPLETE. RETI ISSUED, CHANNEL B
TRANSMITTER SERVICE RESUMED.
+ SERVICE COMPLETED
| HIGH HIGH HIGH HIGH HIGH HIGH HIGH
IEN IEOQ IE1 IEO IE1 IEOQ IE} IEO IEI IEC IEI IEQ e

5. CHANNEL B TRANSMITTER SERVICE ROUTINE COMPLETE, SECOND RETI ISSUED.
Figure 9. Typical Interrupt Sequence
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AC Characteristics

Electrical Characteristics

Ta=0°C, Vcc= +5V, 5%

TITW

-\

T4T3

™

| Iy(CS)

- 15RO}
—- -ty D)

= 1gqlD)

- -

- tp{ D). 1yglD)

0p—07

i0RG

.\

e |

N

4

|-ty D) =
tgpl1R) I—c—

/

Lgep | M1 ) —

/

lnullﬂa-’-|

et

—

(g {1EN ———=1

rq— tpu(10)

/

IED
g (18] |-
Z80-S10 Z8OA-SIO
Signal Symbol Parameter Min Max Min Max Unit
feldy) Clock Period 400 4000 250 4000 ns
twldH} Clock Puise Width. clock HIGH 170 2000 105 2000 ns
& twldL) Clock Pulse Width, clock LOW 170 2000 105 2000 05
L.t Clock Rise and Fall Times 1] 30 0 30 ns
e Any Unspecified Hold Time for setup imes [} 1] ns
speafied below
(E B_A_ 15,1C8) Control Signal Setup Time to nising edge of 160 145 ns
CiD. IORG & dunng Read or Write Cycle
12,40} Data Output Delay from rising edge of ¢ during 240 220 ns
Read Cycle
ts4i0) Data Setup Time 10 rising edge of & during 50 50 ns
0,0 Whnite or M1 Cycle
e todD} Data Output Delay from falling edge of IORQ 340 60 ns
during INTA Cycle
(0 Delay to Floating Bus (output buffer disable tirme) 230 10 ns
IEI 15(IEN) IE| Setup Time to falling edge of IORQ during 200 140 ns
INTA Cycle
toul MO} IEQ Delay Time trom rising edge of IEI 150 100 ns
{after ‘ED decode)
IEQ Lacl1DY IEQ Delay Time from faling edge of IEI 150 100 ns
tand 1O} IEC Delay Time from faling edge of M (internupt 300 190 ns
occurnng just prior o M1)
M1 fo,M1) M1 Setup Time to nising edge of ¢ dunng INTA 210 90 ns
ar M1 Cycle
RD Ls, AD} RD Setup Time to nsing edge of ¢ durng Read 240 115 ns

or M1 Cycle

*If WAIT from the SIO is to be used, CE, IORQ, 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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AC Characteristics

- 14(PH) -

T
CT8, DCO, SYNC -

- Ly PL)—=

- te(T,0)— -

=/ Y A U

-ty (TeL) 1 {TCH) ——=]

“TiD )‘/_

— - '|n('l',l)} -

iNT
\
A
—— N ——
IRy L} ——|
= e A, 4 =
LAST |
mc%m\rumn = Ly {RCL) | ||, (ACH)—> A
§VRE \
—- -———
(SY) = 10 ns
oy ‘oRaC

———= I, l!T} p—

ReD ><'_

LRi) R
NOTES: .
1. The SYNC input must be driven Low on the rising edge of RxC delayed two complete clock cycles from the last bit of the
syne character.

2. Data character assembly begins on the next Receive Clock cycle after the last bit of the sync character is received.

ZB0-510 ZBOA-S10
Signal Symbol Parameter Min Max Min Max Unit
— J—
i tom(IT) INT Delay Time from nsing edge of RxC 10 13 10 13 @ periods
INT tarlIT) INT Delay Time from transtion of Xmit Data Bit 5 9 5 9 & penods
twiPH) Minimum HIGH Pulse Width for laiching state 200 200 ns
CTSA, CTSB, into register and generaling interrupt
DCOA. BCDB, 1w{PL} Minimum LOW Pulse Width for latching state 200 200 ns
SYNCA, SYNCB into register and generating interrupt
to{SY) Sync Pulse Delay Time from rising edge of FxC. 4 7 4 7 o penods
A EEITR Output Modes
SYNCA. SYNCB ——
Loancl SY) Sync Pulse Delay Time from rising edge of AxC 100 100 ns
External Sync Mode
s te(TxC) Transmit Clock Period 400 ® 400 x  ns
TxCaA, TxCB tw(TCH) Transmit Clock Pulse Width, clock HIGH 180 = 180 = ns
W{TCL) Transmit Clock Pulse Width, clock LOW 180 x 180 = ns
TxDA, TxDR* to{TxD) TxD Output Delay from falling Edge of TxC 400 0 ns
(%1 Clock Made)
i s te{AxC) Recewve Clock Period 400 = 400 = ns
RxCA, RxCB tw{ACH) Receive Clock Pulse Widlh, clock HIGH 180 *® 180 = ns
twlACL) Receive Clock Pulse Width, clock LOW 180 = 180 = ns
RxDA, AxDB* 1 RxC) Setup Time 1o fising edge of AxC, x1 mode V] o ns
L{R&C) Hold Time from rising edge of AxC. xf mode 140 140 ns

“In all modes, the system clock (d) rate must be at least 4.5 times the maximum data rate.
BEEET must be active 3 minimom of one complete b cvcle.
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AC Characteristics

Electrical Characteristics

v [\ /Y —\
wr \
] I[w(ITI l——
= )
10RQ. CI h
——IpICIWR) —a= =] = IDM[N'H} — e tpLa WiR)
WA AERDY | f
| WAIT FUNCTION READY FUNCTION
780-510 Z80A-SI0
Signat Symbaol Parameter Min Max Min Max Unit
iNT tod{IT) NT Delay Time from nising edge of & 200 200 ns
1IC{WIR) WAIT/READY Delay Time from IORQ or CE in 300 210 ns
Wait Mode
toHa(W/R) WAIT/READY Delay Time from falling edge of 4. 150 130 ns
WAIT/READY HIGH, Wait Mode
WAIT'READY L AXIWIR) WAIT/READY Delay Time from rising edge of RxC 10 13 10 13 & penods
Data Bit, Ready Mode
L Tx(W/R) WAIT/READY Delay Time from center of Transmit 5 9 5 9 & periods
Data Bit, Ready Mode
La{WIR) WAITIREADY Delay Time trom rising edge of &, 120 120 ns
WAIT/READY LOW, Ready Mode
DC Characteristics
TaA=0°C to 70°C, Voc = +5V, +5%
Symb;l_ 77 Parameter - - T Min. i illa_x_ T unit .;rest Condition )
Vic Clock Input Low Voltage -03 +0.45 v
Vike Clock Input High Voltage Ve - 06 +5.5 v
Vi Input Low Voltage -03 +08 v
Ve Input High Yoltage +20 +55 v
VoL Qutput Low Voltage +0.4 v lou=2.0mA
Vou Output High Voltage +24 v lgi= — 250 A
Iy Input Leakage Current 10 +10 .S 0%V =sVoe
Iz 3State QutputiData Bus Inpul Leakage Current -10 +10 WA 0= Vi< Vge
Iusv SYNC Pin Leakage Current —40 +10 ufy 0= Vs Veoe
lee Power Supply Current 100 mA
Capacitance
Ta=25°C, f=1 MHz
Symbol Parameter Min. Max. Unit Tust Condition
c Clock Capacitance . 40 pF Unmeasured
Cny input Capacitance 5 pF pins returned
Cout Qutput Capacitance 10 pF to ground
TEST POINT
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Package Information

\J S S
Dy e 1 40 ju—nOg Dy -] 1 40 f=—s Do [ TR a0 j—Dp
03 - 2 39 je—n Dz 03 w—nf 2 39 fa—e02 03— 2 39 fee—n0z
05 cgied 3 38 fa—n0y 05 w—»i 3 38— Oy D5 w—mf 3 38 0
07 ] 4 37 fa—nUs 07— 4 37 pe— g 07w 4 37 J—>=0
N -] s 36 fa— IORD W — 5 36 | iORD N -—d 5 36 Ju— IORD
IEl —] & 35 q—ﬁ IEl —{ B 15 -d—E'E- 18l —d 6 35 4—E
1E0 g—ud 7 34 fa— B8R B0 o 7 34 fe—0 BR 160 o 7 34 fa——o BR
M 8 33 j—0o0°=T M —t 8 13 fa—o CT [Cjjpe— Y 33 j—o C/F
Voo [} 32 fe— T Voo 9 2 fe—0oO© D vop —— 9 32 fa— FRD
WE “—1 " zmeswoo ¥ HD @ —"  saon P WTE:_m =10 s 3 o
STNCA g—pd 11 : 3 |—n WROTE STHCA g 11 30— WROYE  SYNCA ] 4 30 |—= WROYE
RIOA — ] 12 29 }am SVHCE RxDA — o 12 29 fa—s STHEE  Ax0A — -} 12 29 f—o
RACR ] 13 28 Jm— Ra0B iy g R 28— MeoB A — ] 13 28 fae— RICB
TXCA —d 14 21— ATICE P — T 27 Ja—o iCB T g— 27 je— TiiE
TXDA o] 15 26 |—» Te08 TXOA o} 15 26 |-— TaCB TXOA o—1 15 26 |—» T:0B
OTHA —oy, 16 %5 |— DTRE OTE = 16 25— TeB TR e 16 25 |—» DTRE
ATSA o} 17 24 |—» ATSE ATSA oy 17 24 | ATSE ATSA o 17 u | ATSE
(TSR —a 18 23 fa— CTSE Hryg— T 2 fu— ITSE [y p— 7 e CT58
[T — T 22 |a— DCDE [ — T 72 f— OCDB T — Y 22 |u— 0OC0B
y—1 0 21 jae— RESET p—o 0 21— RESET — 2 21 | RESET
Package Outlines
V.YV T E V.-V N-F- TN R_N_E|
AN
()
" [ e e e e e e e e e e e e
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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-SI0/1 CS (Type 1 bonding, ceramic package,
) standard range)

C — Ceramic Package 780-S10/2 PS (Type 2 bonding, plastic package, standard

P — Plastic Package
range)

S — Standard Range (5V, 5%, 0°C to 70°C)
E — Extended Range (5V, +5%, —40°C to 85°C)
M — Military Range (5V, +10%, —55°C to 125 °C)
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General Description

The Z80-SIO (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-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-SIO 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-SIO 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°SI09
Z-80A SIO/9

Structure

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

Single 5V power supply

Single-phase 5V clock

All inputs and outputs TTL compatible

Features

® One full-duplex channel

m Data rates in synchronous or isosynchronous modes:

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

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

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

—

Apremmmmemnr | 5\‘
. GND

} SERIAL DATA
INTERNAL CHANNEL A -
CONTROL READMWRITE| /1 CHANNEL A % CHANNEL CLOCKS
LOGIC REGISTERS

j=— S5YNT
p—s  WAITIREADY

DATA

CPU
BUS 1O

INTERNAL BUS

A

CONTROL

7Y

—
INTERRUPT e Ll e MODEM OR
CONTROL BNk OTHER

LOGIC Lo " CONTROLS

INTERRUPT

CONTROL
LINES

7-80 SI0/9 BLOCK DIAGRAM
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e x1, x16, x32 and x64 clock modes
e Break generation and detection
e Parity, overrun and framing error detection

m Binary synchronous features:
e Internal or external character synchronization
e One or two sync characters in separate registers
e Automatic sync character insertion/deletion
e CRC generation and checking

m HDLC and SDLC features:
e Abort sequence generation and detection
¢ Automatic zero insertion and deletion
e Automatic flag insertion between messages
e Address field recognition
e Support for one to eight bits/character
e Valid receive messages protected from overrun
e 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
Modem control inputs and outputs

m Modem status can be monitored

Refer to the Z80-SIO 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 data 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 +— ] +
Fi T 5 i
Dy = 13y iR
Gata 0y =™ e 12— TR
T TR
S j 1y -y Mo
0y 3> p————= WROTA CHa
Dy = ] i S
L o7 -t T, ATER
: oA | wonem
15 DTRA
& —a 1% DEUR I
50 i L sion it
CONTROL o —L 23
i T ——] il -
= r» 27
i Lo
i a? * 2;
oy — 3] o,
T i, DO NOT
| M CONNECT
WS.'. W — q%
B
INTERRUPT "y —— T_" T
CONTROL I1EQ -——— [ - |
T A
IB M

FUNCTIONAL PIN CONFIGURATION

4 1 i 40 fu—nDp
Oy w—wf 2 19 =02
b5y 3 3 Oy
07 —nq ¢ 37 pa—=D5
W - 5 36 ju— IDRD
IE —ud & 35 fw—oFCE
IE0 o 7 3 pu—2B/A
W —] 3 33 ja—o /T
vop—— @ 32 je—07"
W 0 cion 3 GND
SYNCA g—p] 11 L
RxDA —— gt 12 29—
CA ——f 13 28 fpe—
TiEA —] 14 71—
Tk 4 15 % [—= > CouNect
OTFA o 16 2% b—
ATSA o 17 u —
CTSA —— i 18 g —
[T y— 2 f—
p—op 2 21— RESET
PACKAGE CONFIGURATION

Ordering Information
Z80A-SIO/9 CS =4 MHz maximum clock rate, Z80-SI0/9 CS =2.5 MHz maximum clock rate,

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

Z80A-SIO/9 PS =4 MHz maximum clock rate,
plastic package, 0°C to +70°C
temperature range

ceramic package, 0°C to +70°C
temperature range
Z80-S10/9 PS =2.5 MHz maximum clock rate,
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 memories are organized as
4096 1-bit words. Data storage is static; however, addresses
are clocked in by the leading edge of Chip Enable.

The 26104 is fabricated with nchannel silicon-gate
depletion-load technology. Polysilicon load resistors used in
the memory array result in a very small die size.

Features
® 4096 x 1 organization
® Static storage—no refresh required

® 76104 offers high speed; Z6104L offers low power
consumption

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

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

Functional Block Diagram

] crock |
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I 64 X 64
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T |
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Ay
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PTTLE =159

BommnE®
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mooomo

COLUMN |+ Esiiais
DECODE
:_I_|> ——————— N eurren Dour
LOGIC F
-

ADDRESS

LogGIc BUFFERS |

WE Dy Ag | Aa | Ao
A7 Ag Ay
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76104

4096 x 1 Bit
Static RAM

Access Times
Part Number Access Time Cycle Time
726104-2 150 ns 240 ns
26104-3 200 ns 320 ns
261044 250 ns 380 ns
2610414 250 ns 380 ns
26104L-5 300 ns 440 ns
Z6104L-6 350 ns 510 ns

Functional Description

Two control inputs, CE (Chip Enable, active Low)
and WE (Write Enable, active Low) determme 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 Symbol
8
a2 1[]e ] 18 vec [ I
ar z2[J 3 17 Az WE
I—n
a0 3 116 As i,
an 4 [ 15 as B
ao 5[]| 26104 |[T]1a ae 7 —d 8
ag &[] []13 a7 16 —f Aq
bout 7 [ []12 a8 Linaey [ Q.
WE 8 E : 1 Dy 14 — Ag
vss 9 ] 10 CE 1:: :;
6= A
5—F A
Ag — A1 ADDRESS INPUTS s — A
@ o
DouTt DATA QUTPUT I I
Vss GROUND
vee POWER (+5V) ie 3
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).
DOQUT 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 tpg 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 DoUT 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 DJN and
tyw must be referenced to the rising edge of CE, not of
WE.

Read/Modify /Write Cycle

A read/modify/write operation 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.

Common Dy and Doyt

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 enough
to accommodate the Write-Enable-to-Data-Out delay (twD)
plus the maximum delay for activating the external data
driver plus the specified data input set-up time.

— m r
CE
i 1
- toe | {p —
__I — lag |

i
o™ W _— m&ﬁ"ﬁ%& T Wﬁ'ﬁﬁ‘%
Wil J ‘__l_ Wi

Vin

WE
Vi
'm e
i AR
Vor
U134

OUTPUT

.
k .’ ”' i R o f. " 'ﬁ ‘. ‘.“& 5
ADDR " ) S R

Dot

— Two

Read/Modify/Write Cycle

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,

67

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 DyN: 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 8080A
and the 6800.




/
7

76104

COMPONENTS

Zilog

Interface to Z-80
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Line Reflections, Ringing and Undershoot

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 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 100£2 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 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 (=15082)
connected either to VC(, to a voltage divider or to a
capacitor.

® Series terminate at the TTL buffer with a =<100Q2
resistor.

m Use CMOS buffers, which are inherently much slower

Calculating Average Operating Current

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

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

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

m (: 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 follows:

Icc(SB) * tP+ ICC(SEL) * tCE + Q
tp + tCE

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

IcC(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

23 - 750+ 30 - 250 + 2000

| = =27mA
than TTL, and thus avoid the problem, but require that CC(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 Vg§ 03 +70 V only: functional operation of the device at these or any
Storage temperature (ambient) 65 +150 °C olhe; cor}dltipns greater than those indicated in this
: - 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

Ve = +6.0 V £10%; Ta = 0°C to +70°C

Symbol ~ Parameter Min Max Units Conditions
VOH Output High Voltage +2.4 v loH =200 pA; CE at V) L;WE at VIH
VoL Output Low Voltage +0.4 Vv loL=3.2mA; CEat V| ; WE at V|H
VIH Input High Voltage +2.0 +6.0 \
VIL Input High Voltage —0.3 v
17 1/0 Leakage Current -10 +10 HA 0<VIN<BLYV
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Zilog A.C. Electrical Characteristics
261044
Sibidl A 261042 26104-3 261044  26104L5  Z6104L-6 ..
Min Max Min Max Min Max Min Max Min Max
tAC Read Access Timel, 2 150 200 250 300 350 ns
tc Read or Write Cycle Time3 240 320 380 440 510 ns

tCE Chip Enable Pulse Width (Low) 150 105 200 105 250 105 300 105 350 105 ns

tp ﬁ-li'niigh]Enable Precharge Time 50 80 90 100 120 ns
tAS Address Set-up Time 0 0 0 0 0 ns
tAH Address Hold Time 50 80 100 120 140 ns
tow Chip Enable to Write Disable 90 110 140 180 220 ns
:wc Write Enable to Chip Disable 40 50 60 80 100 ns
tww Write Enable Pulse Width 40 50 60 80 100 ns
DS Data Input Set-up Time 60 70 80 100 120 ns
tDH Data Input Hold Time 0 0 0 0 0 ns

Write Enable and Disable

twD to Data Out 0 50 0 60 0 80 0 100 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. Output loaded with 100 pF and TTL loading. Output levels are measured at Vg = 2.0 V and Vg = 0.8 V.
2. Typical change in access time vs load capacitance is 0.1 ns/pF.
3. tg=tgE +tp + 2 * tT. Test conditions use tT = 20 ns.
4. Output waveform is dependent on output load. DQUT is guaranteed to be off within tQFF.
Power Consumption
Vee = 5.5V
26104-2, 3,4 Z26104L-4,5, 6
Symbol Parameter o o o o Unit Condition
Ta= 0cC 70°C 0C 70°C
lcc(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
Q Dynamic Power Supply Charge 2000 2000 2000 2000 pcl
TpC=mA * ns
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Capacitance sy

2
I
‘

> 1.2k
VoG =45V $10%, TA = 0°C to +70°C o —»——
Symbol Parameter Min Max  Unit l
100 pF
C Input Capacitance 5 pF . 12
Co Qutput Capacitance 5 pF
LOAD CIRCUIT
Address Pin Labeling
MSE LSB
000000 —= 111111
; < i N1 A Ay As
From a functional point of view, the labeling of RAM MsB LS8 & -
address pins is arbitrary. For the Z6104, the address pins 000000
are labeled so they address the two-dimensional cell array b | A p—
consistent with the physical layout. ——
ARRAY
111111

Cell Address Organization. Top View.

Ordering Information

Suffix Access Time Suffix Package Suffix Temperature Range
w2 150 ns & Ceramic S 0°C to +70°C, 5 V £10%
=3 200 ns P Plastic
—4 250 ns
=5 300 ns Example: Z61041-4CS = Low power, 250 ns access time, ceramic package, standard range.
—6 350 ns
Package Outline
I ‘ 045 {.114)
106 12671 : 810 {2.311) | 025 {.064)
85 (2161 A28 L300 TYP
| | (782} i
it i 294 | 747} 316 |.BO3|
F i ! I Z% 76 308 (772
720 1.309) 05 L
110 27 ! i : | gsarve || | — _____lll o
090 (229 § 1137} | a0 188} |
e 020 (051} | ™30 (762 SYMBOLIZATION
1 016 {047} AREA FOR
|«———8 EQUAL sp;\cs_s———| IDENTIFICATION
: 100 {.254) OF PIN ONE

NOTE: Dimensions in parentheses are for metric system |cm).
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Product Specification

PRELIMINARY

General Description

The Zilog Z6114 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 1/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 résult in a very small die size.

Zilog also manufactures the Z6142, which is function-
ally identical to the Z6114 except that it contains an
additional Chip Enable input (active High) and an Qutput
Enable input.

Features
m 1024 x 4 organization
m Static storage—no refresh required
= Four I/O lines
= [ndustry-standard 18-pin configuration and package

Functional Block Diagram

1 crock [
|G£NEﬁnTOR‘

A,

4 A B

Asg o u R D

Age—dJD F alo E

Agq AR F Ww c

—E € v 0
A JI5 R o
Ag 5 8 E

110,

A
1 youTteuT = :{02
——————— BUFFER /03

LOGIC L

H— 170,

ADDRESS
BUFFERS

WE Ag g Pg Ay

76114
1024 x 4 Bit
Static RAM

m Single +5 V, £10% 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
761144 250 ns 380 ns
261145 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 (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 Configuration Logic Symbol
10 |8
as 1[|e [ J18 vee WE e
as 2] [J17 a7 g i
ag 30 [ ]16 Ag G— 4
a3z 4[] 115 A9 7 A,
ap 5[ [J1a w01, |,
A1 5[] 113 102 5 b
Ao ?E :|12 /03 I 76114
¢e s[] [J11 vog 2%
GNp 9 [ 10 wEe 1—Ag
17— 4y
Ag-A11 ADDRESS INPUTS 16— Ag
CE CHIP ENABLE
Vss GROUND 18 —— Ag Vo
vee POWER (+5V) 1o, 192 1o, V08
WE WRITE ENABLE
1/01—1/04 DATA INPUT/OUTPUTS l ] |
14 13 12 11
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Read Cycle

The four [/O pins are active outputs (High or Low) only
when CE is active (Low) and WE is not active (High). The
1/O pins are 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 addressed memory loca-
tion while both CE and WE are Low. Correct information
at the IO 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 (tyww). 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 tyww 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/O 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

COMPONENTS
S
CE N
ViL
F-—_ ......... teg———
_..,| — s
Vin 37 e
% AR Y L B
AOOR ™ E‘n&% s W SRR
H— tan
Vin
WE
Vi
oSSR = tpr ==
v
vo OPEN { ouTPUT B OPEN =
b,
Vou
Read Cycle

the end of the write operation. The write timing of {pg o X NPUT =3 oUTPUT }um-
and tww must be referenced to the rising edge of CE, not b
of WE. '”_“‘ I
Write Cycle
Read/Modify/Write Cycle g ™ e
A read/modify/write cycle begins like a normal read n [
cycle, Data is read, then modified by circuitry external to . _“'l i s
the memory. The modified result is written back into the AODR TN [ e S
same memory location. Vi : %%&{ﬁ%ﬁ&:&m% i
The WE pulse width must be long enough to accom- . s
modate the maximum output buffer tum-off delay (tQFF) WE
plus the maximum delay in activating the external data Vi
driver circuits plus the input data set-up time (tpg). I ——
Von
o o DPEN
Read/Modify/Write Cycle
Applications

The Z6114 combines the convenience of fully static
RAMs with I/O and edge-triggered on-chip address registers
that simplify 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.
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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 requirements
result in a very easy interface to various microprocessors,
as shown in the following figures for the Z80, the 8080A
and the 6800.
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Line Reflections, Ringing and Undershoot

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 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 10092 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 (=15082)
connected either to Ve(, to a voltage divider or to a
capacitor.

m Series terminate at the TTL buffer with a =100

Calculating Average Operating Current
The average operating dc current consumption of the
Z6114,1CC(avg), is 2 function of three parameters:

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

® 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 internal capacitances.
The formula for calculating the average operating current

is as follows:

_ Tce(sB) * tP+ ICC(SEL) * tCE + Q
ICC(an) = .vtp+ g

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 =90 ns, tcg = 250 ns,
TA=+’70°C
40 - 90 + 55 - 250 + 2000
90 + 250

IcC(avg) < =57 mA (max)

B. lus cycle time 6114-4 at tp= 750 ns, tcg = 250 ns,
TA =+70°C
40 « 750 + 55 « 250 + 2000

istor. I < =46 mA (m
resistor CC(avg) = 750+ 250 (max)
m Use CMOS buffers, which are inherently much slower
than TTL, and thus avoid the problem, but require that
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
e v only: functional operation of the device at these or any
Voltage on any pin relative to VSS 03 +70 other conditions greater than those indicated in this speci-
Storage Temperature (ambient) —65 +150 °C fication is not implied. Exposure to absolute maximum
Temperature under bias 0 +70 °C rating conditions for extended periods may affect

reliability.

Vee = +5.0 V £10%; Ta = 0°C to +70°C unless otherwise specified.

DC Electrical Characteristics

Symbol Parameter Min Max Units Conditions
VOH QOutput High Voltage +2.4 A loH =—200 pA; CEat V|L; WE at V|H
VoL Output Low Voltage +0.4 Vv gL =3.2 mA; CEat ViL: WE at V|H
VIH Input High Voltage +2.0 +6.0 vV
ViIL Input High Voltage 0.3 \
Iz 1/0 Leakage Current -10 +10 MA 0<VINZSBEY
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Zilog AC Electrical Characteristics

Ve = +5 V £10%; Ta = 0°C to +70°C

26114-2 26114-3 261144 Z6114-5 Z26114-6

SHIA Enremetel Min Max Min Max Min Max Min Max Min Max Unit
tAC Read Access Timel. 2 150 200 250 300 350 ns
tC Read or Write Cycle Time3 240 320 380 440 510 ns
tcE Chip Enable Pulse Width (Low) 150 105 200 105 250 105 300 105 350 109 ns
tp ?,f,’:;’hf"ab'e Focharge; Time 50 80 90 100 120 ns
tAS Address Set-up Time 0 0 0 0 0 ns
tAH Address Hold Time 50 80 100 120 140 ns
tcw Chip Enable to Write Disable 90 110 140 180 220 ns
we Write Enable to Chip Disable 40 50 60 80 100 ns
tww Write Enable Pulse Width 40 50 60 80 100 ns
tpDs Data Input Set-up Time 60 70 80 100 120 ns
tDH Data Input Hold Time 0 0 0 0 0 ns
twD Write Enable and Disable to 1/0 0 50 0 60 0 80 0 100 0 120 ns
tOFF Output Buffer Turn-off Delay4 40 50 60 80 : 100 ns
tT Transition Time 50 50 50 50 50 ns

1/0 loaded with 100 pF and TTL loading. Qutput levels are measured at VoH = 2.0 Vand Vo= 0.8 V.
Typical change in access time vs load capacitance is 0.1 ns/pF.
tc = teg + tp +2 * tT. Test conditions use tT = 20 ns.

PN~

Output waveform is dependent on output load. Output buffer is guaranteed to be off within tQFF.

Power Consumption
Ve =565V
261142, 3,4 261145, 6
Symbol Parameter = iz 5 = Unit Condition
Ta= 0°C +70°C 0°c +70°C
IcC(SB) Standby Power Supply Current 70 b5 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 pC1

1pC =mA - ns
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Zilog Capacitance
Ve = 45 V £10%, Ta = 0°C to +70°C 6114 01— K
Symbol Parameter Min Max Unit J_ﬂﬂ DF
C| Input Capacitance 5 pF Hes
Co Output Capacitance 5 pF :|: %

LOAD CIRCUIT

Address Pin Labeling

0000—=1111 0000 —=1111 0000—=1111 0000—=1111

Pin 1
Az Ag Ag Ag Az Ag Az Ag Az Ag Az Ag Az Ag Az Ag
MSB  LSB
3 ; . ; 000000
From a functional point of view, the labeling of RAM Ag Aq
address pins is arbitrary. For the Z6114, the address pins
are labeled so they address the two-dimensional cell array :
consistent with the physical layout. i‘;’é;s :11):1 ;g ?ﬁ’;ﬁ fﬁg Af,
frrrnn
A9 Ad 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, 5 V £10%
—3 200 ns P Plastic
—4 250 ns
=5 300 ns Example: Z6114-4CS = 250 ns access time, ceramic package, standard range.
-6 350 ns
Package Outline
| 045 (114}
105 1.267) 210122101 | i
085 1.216) 830:12.261] i 30 TYR
e - ; e
l 204 [.747) 316 (.803)
T - |35E? 282 (716) .304 {.772)
m - "05 a
RALNE. TR t 054 TYP 010 (025) —» +—
090 f_.??gl i i 1374 350 | m'
e o 20 LGN 300 (7821 SYMBOLIZATION
016 1.041) AREA FOR
-——f EQUAL SPACES—= TDENTIFICATION
00 (.254] OF PIN ONE

NOTE [umensions w0 parentheses are for metric system (om|
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Product Specification

PRELIMINARY

General Description

The Zilog Z6142 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 1/O lines and the
Output Enable input of the Z6142 make it especially suited
for microprocessor systems with less than 4K bytes of RAM
because as few as two Z6142 devices can provide byte-wide
storage.

The Z6142 contains two Chip Enable inputs and an Out-
put Enable input. Zilog also manufactures the 26114,
which is functionally identical to the 26142 except that it
has one Chip Enable and no Output Enable. The basic
operation and electrical characteristics of the Z6142 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 a very small die size.

Features

® 1024 x 4 organization

m Static storage—no refresh required

® Four I/O lines

= Two Chip Enable inputs plus an Qutput Enable

® Industry-standard 20-pin configuration and package

76142

1024 x 4 Bit
Static RAM

® Single +5 V, £10% supply voltage

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

Access Times
Part Number Access Time Cycle Time
761422 150 ns 240 ns
26142-3 200 ns 320 ns
761424 250 ns 380 ns
76142-5 300 ns 440 ns
761426 350 ns 510 ns

Functional Description

Three control inputs—CE{, CE7 (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-
cess of a new address must be initiated by the transition of
the Chip Enable function going active, after this function
has been inactive (CE| = High or CE2 = Low) for at least
the minimum specified precharge time (tp). A High level
on the Output Enable input (OE) forces the four outputs
into the inactive (also called high-impedance or floating)
state; however, OE does not affect the internal operation of
the device.

Functional Block Diagram Pin Configuration Logic Symbol
LI
WECEq CE2 OE
B
ag 1] ® [J20 vee 6 Ag
Ag A“B R“n as 2] %"9 A7 7M1
o 8 —] Az
Ag—|D U uov E Ag 3 E 18 Ag
o FEY SE)  weony a3 4[] (117 Ag 4— A
ag_JE E . —V|  ARRAY -'s e o L | p—
rs § & 76142 L
2 $ Ao 6] 115 /04 5
i TT a1 70 114 1/02 1—Ag
[ 10 Az s[] 13 1oz 19— A7
e it > BUF. _,'“jc’; €E1 9 112 104 18— Ag
FERS [~ /03 St ——
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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 I/O functions, and Zilog’s
overall “systems concept” of integrating complex functions
in single board and multi-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/O ports and a serial I/O port,
either RS-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:

m 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-
llel I/O lines

= The Z-80 SIB—Serial I/O Board
Four full duplex serial 1/O channels for synchronous,
asynchronous or bi-sync operation

m The Z-80 AIO/AIB—Analog Input/Qutput Board
32 Single-ended or 16 differential input channels and
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two analog output channels. Offers 12-bit resolution
and requires only +5 volt supply!

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

m The Z-80 PPB—PROM Programmer Board
Offers programming capabilities for industry standard
PROMs and EPROMs.

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

m 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:

m 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 conveniently 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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“es 7Z-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 [/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
Z80-CPU and employs an on-board DC converter to allow
operation from a single +5 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 I/O
ports, I/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
PROMs for insertion into the four 24-pin PROM sockets,
allowing software debugging and terminal interface (TTY,
CRT, or disk).

Features

m 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/O 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.)

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

m 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..

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

® Programmable full duplex serial I/O port with RS-232
or current-loop interface. Can be programmed 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.

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

® Universal parallel I/O can be programmed to 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.)

m Switches on the board can be read by the CPU for var-
ious options. The software provided in the standard 1K
byte monitor can read these switches and set the com-
munication frequency to any of 14 common rates by
programming the CTC. Switches can also be used for
other similar functions.

® 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 to the

system.

® 19.6608MHz crystal oscillator divided to 2.457MHz
for Z-80 CPU operation and dividable by Z-80 CTC to
provide the serial I/O baud rates or any other desired
system frequencies.

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

s 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 breakpoints. The 3K byte version includes
a floppy disk controller and even more debug capacity.

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

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

ADD REGISTER/MEMORY/VALUE TO A/WITH CARRY

ADD REGISTER PAIR TO HL/IX/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/HL 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

85

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, JUMPIF B=0

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

SET/COMPLEMENT CARRY FLAG
NO OPERATION
HALT
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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 a
wOoNITOR

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.

oy T 1/0 CHANNELS: Serial 1/0 port with RS-232 or
3 CPU BUSSES
SevaoAnD 20 mA current loop interface;
Two {2) software configurable
Intelligent Terminal Configured from bidirectional &bit parallel I/0
Video Display Beard and Microcom- bakg i
puter Board. WL ports.
Pin Assignments

MCB — PIN OUT (COMPONENT SIDE)

1 +5 34 1/0SUB GROUPS-
2 +5 36 RFSH-

3 +b 36 ADDRESSBUS 13
4 10RQ- 37 ADDRESSBUS 11
5 DATABUSS 38 OPEN (2 21) (PULL UP}
6 20mA DATA 39 OPEN (Z 20)

7 RECEIVE DATA 40 OPEN (219}

8 DATABUSZ 41 OPEN (Z18)

9 MASTER RESET 42 OPEN(Z17)

10 MASTER RESET- 43 OPEN (Z 16}

11 CLEAR TO SEND 44  OPEN (Z 15)

12 DATABUS® 45 OPEN (Z 14)

13 DATABUS® 46 OPEN (Z13)

14 REQ TO SEND 47 OPEN (Z12}

15 XMITED DATA 48 OPEN (Z11}

16 MEMSELIN 49 OPEN (Z 10}

17 DISKC/T 50 OPEN (Z9)

18 C/T2 51 OPEN (Z8)

12 20 mA DATA RET 52 OPEN({Z7)

20 TTY TAPECNTLRET 53 OPEN(Z6)

21  MEMORY SEL OUT 54 OPEN (Z 5)

22 INTEINCTC 55 OPEN (Z 4}

23 WR-— 56 OPEN (Z 3}

24 USERSTRB3 57 OPEN (Z2)

25 DISKSTRB 58 OPEN (Z1)

26 ADDRESSBUS7 59 +5

27 ADDRESSBUS 8 60 +5

28 |IOWR- 61 +5

29 ADDRESS BUSS
30 ADDRESSBUSS
31 RESET-

32 ADDRESSBUSIS

33 1/OSUB GROUP 2—

a5 @ 50uUrte Yor

daisy chain.

SIruptT

NOTE: Open pins are definable
by user. One is pulled up for use

e for interrupt enable

MCB - PIN OUT (SOLDER SIDE)

62
63
64
65
66
67
68
69
70
"
72
73
74
75
76

77

78
79
80
81
82
83
84
85
86
87
88
89
90
a1

92

86

GND

GND

GND

TTY TAPE CNTL
-5V EXTERNAL
—5V EXTERNAL
DATA BUS 4

+12V EXTERNAL
+12V EXTERNAL
DATA BUS 2
—12V EXTERNAL
DATABUS7
DATA SET READY
DATA BUS1
DATA TERM. RDY/
XMIT CLK

20mA RECV. RETN./
RECV. CLK

SYNC DETECT
INT—

LINE SIGNAL DET.
20mA RECV.
USERC/T 3

ROM SEL OUT
USER RTCC/T
MRQ—

CTCINTE QUT

2X SERIAL CLK
BUSAK—
ADDRESS BUS 9
I0RD—

ADDRESS BUS 10

ROM SEL IN—

a3
94
95
96
97
98
99
100
10
102
103
104
105
106
107
108
109
110
111
12

113
114
115
116
117
118
119
120
2
122

90—

ADDRESS BUS 14
1/0 SUB GROUP 3—
1/0 SUB GROUP 1—
ADDRESS BUS 12
ADDRESS BUS 4
-

ADDRESS BUS 3
ADDRESS BUS 2
ADDRESS BUS 1
ADDRESS BUS®
1/0 GROUPD—
1/0 GROUP 1—
/0 GROUP 2—
/O GROUP 3—
1/0 GROUP 4~
BUS RQ—

NMI—

PIO INTE OUT
SERIAL CLK IN
(2X)

HALT-

INTE IN PIO
M1—

RD-

INTE IN SER

b

WAIT—

GND

GND

GND
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Zilog MCB Performs Supervisory Control inZ-80 Based Systems
Z80-RMB
Ram Memory Board
o
Z80-A10
Analog Input/Qutput
Board ——— Thermocouple
X-Y Plotter
Z80-10B
Inpiit/Qutpu¢ Board
Z80-MCB e
Microcomputer Board Card Reader
= Line Printer
Keyboard
Numerical Display
Z80-SIB
Serial I/O Board
K o Modem
Lzl ————— Seriai Printer
Modem

Line Printer-—/
CRT _—/

Z80-MDC
Memory /Disk

N

Floppy Disk Drives
(Up to 8)

Controller Board

TV Monitor

Z80-VDB
Video Display Board

87

Keyboard
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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 aiso 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.

CONTROL
LINES

‘ w
3
! &
:'«v -9
. N
£ 4N To
% > FLOPPY
DISK
ENCODE/
_\. GEN/CHK | SEGDOE

%

o R R ) 8
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Zilog 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.

) ® MDC employs a Z-80 PIO device to control the disk
® The MDC is designed to support a Z-80 MCB and provide drives and provide status information to the CPU.
a minimum microcomputer system. In addition to the

floppy disk controller the MDC contains up to 48K
bytes of dynamic RAM memory.

® Recommended configuration of MDC and two Shugart
801R Floppy Disk Drives provides 600K bytes of per-
ipheral mass storage.

® Data is recorded onto the floppy diskette in a serial for-
mat. The necessary parallel-to-serial and serial-to-parallel
data conversion is performed by circuitry on the MDC.

® Only a single +5v power supply is required. Voltage lev- Frequf_:m:y modulation is t_he recording mode .where each
els of +12v and —5v needed by the dynamic memory ar- dz.ata bit recordf:d 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
i ,PROM mermory mipping a]lov‘vs Hetnoty 16 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. Optional 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 circuitry. 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
MAINTENANCE

/

DATA BLOCK | LINKAGE | CRC POSTAMBLE

SECT. | TRACK

PREAMBLE | +ppR.| ADDR.

LS Y A N Y 2 U A

16 BYTES 1BYTE 1BYTE 128 BYTES 4BYTES 2BYTES

N\

SECTOR ADDRESS—100 AgAzA2A1A0 TRACK ADDRESS—0 AgAsAsAzA2A1A0
- - - -
Pin Assignments Specifications
— T (COMPONENT SIDE
MDC-TINOUT( ) POWER SUPPLY: +5 VDC +5%
1 <6 21 OPEN 41 OPEN 1.6 amps maximum current
2 45 22 OPEN 42 OPEN
3 +5¢ 23 OPEN 43 OPEN
4 ORQ- 24 OPEN 44 OPEN
5 DATABUSS 25 OPEN 45 OPEN . i ' =
2 o B sy % o CONNECTOR: 122-pin edge (100 mil spacing)
7T DR7- 27 ADDRESSBUSE 47 OPEN
8 DATABUS3 28 OPEN 48 OPEN SIZE: Length, 73"
a9 STEP- 29 ADDRESSBUSS 49 OPEN
0 SEL3- 30 ADDRESS BUS 6 50 OPEN Depth, 75"
11 WRITE GATE- 31 OPEN 51 OPEN H "
12 DATABUS 6 32 ADDRESS BUS 15 52 OPEN Spacing, 05 centers
13 DATABUSH 33 READY - 53 OPEM o o
14 DR &- 31 DRIVE PRESENT - 54 OPEN ENVIRONMENTAL: 0 —50 C temperature range.
15 DR 5— 35 REFRESH- 55 OPEM g =
16 OPEN 36 ADDRESS BUS 13 56 OPEN Up to 90% humidity without
17 START SECTOR 37 ADDRESS BUS 11 57 OPEN o
18 DRO- 38 OPEN 58 OPEN condensation.
19 SECTOR- 39 OPEN 59 +5
20 OPEN 40 OPEN i MEMORY CAPACITY: 16K, 32K, or 48K bytes dy-
MDC-PIN OUT (SOLDER SIDE) namic RAM. Memory may be
62 GND 82 SELD- 102 ADDRESS BUS 1 organized into 4K pages with
§3 GND B3 ROM SEL OUT- 103 ADDRESS BUS P ssigned to any of
B4 GND 84 OPEN 104 OPEN each_pagea ‘g ed to any of 16
85 OPEN 85 MEM REQUEST- 105 OPEN possible starting addresses.
66 READ DATA- 86 SEL 2— 106 OPEN
67 TRACK B- 87 OPEN 107 1/0 GROUP 3—
68 DATABUS 4 83 OPEN 108 HOGROUP4—
69 SPARE OUT— 89 ADDRESSBUSS 109 OPEN
70 DIRECTION-— a0 OPEM 110 OPEN
71 DATABUSZ2 91 ADDRESS BUS 10 i1y OPEN
72 OPEN 92 OPEN 112 OPEN
73 DATABUST 93 8X CLOCK 113 OPEN
74 DR 3~ 94 ADDRESS BUS 14 114 MDC PIO INT IN
75 DATABUS1 95 SUBG3— 115 Mi1-
76 DR2- 96 WRITEPROTECT— 116 READ—
77 WRITE DATA— 97 ADDRESS BUS 12 117 OPEN
78 DR 1- 98 ADDRESSBUSA4 118 OPEN
79 OPEN 99 CLOCK- 118 WAIT—
80 SEL1- 100 ADDRESS BUS 3 120 GND
B1 DR4- 101 ADDHRESS BUS2 121 GND
122 GND

89
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+5V VOLTAGE
™1 CONVERTER
5| 12| -
Y
Ajp-Ais| MEM DYNAMIC
———| PAGE MEMORY
DECODER ARRAY =
A A
Ay - Ag| CAS| RAS
|  wmemory INTERNAL
= ADDR MUX DATA BUS
A - A A
Dy-0y DATA  |eg— |
- +—| BUS
BUFFER
DISK
gﬁ;ﬂ CONTROL
BUFFER x 780
CPU CONTROL PID DISK
BUS
»| BUFFERS - e STATUS
A
Y sk
DISK READ DATA WRITE
DATA DATA PAR/SER > pata [ ] o0aTA DATA
™1 sePARATOR REG 1| SEL | p| ENCODER ®
" SHIFT CLK oo
Lo ERROR
CLK
SEL |
il _ | cre
| GEN/CHK
8 TIMING WAIT WAIT
™ conTRoL __' CONTROL
FIGURE 1
2-80 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 Z80-CPU, PIO and CTC devices are also available.

90
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s 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 to 8K

16K, 32K, 48K,
64K RAM

bytes of ROM, PROM, or EPROM.
( DC-DC
§ JCONVERTER

Z80-CPU BUS

8K
PROM, ROM,

91
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Zilog Features

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

e  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 EPROM:s 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 +bv 29 ADDRESSBUS5S
Depth 75" 2 +bv 30 ADDRESSBUSG
Spacing 05" centers 3 +5v 32 ADDRESSBUS 15
i W 5 DATABUSS 35 RFSH —
ENVIRONMENTAL: 0" — 50" C temperature range. 8 DATA BUS 3 36 ADDRESS BUS 13
Up to 90% humidity without 12 DATABUS6 37 ADDRESSBUS 11
condensation. 31 DATABUS® 59 +5y
MEMORY CAPACITY: 16K, 32K, 48K, or 64K bytes 23 WRITE — 60 +bv
dynamic RAM. Each 4K page 26 ADDRESS BUS 7 61 +bv
may have its starting address as- 27 ADDRESS BUS 8
signed to any of 16 possible val-
ues. Also sockets on board for up
to 8K bytes of non-volatile mem-
ary:{ROM, PROM. .or EFROM), RMB—PIN OUT (SOLDER SIDE)
62 GND 97 ADDRESS BUS 12
63 GND 98 ADDRESS BUS 4
64 GND 100 ADDRESS BUS 3
66 —5v 101 ADDRESS BUS 2
67 —b5v 102 ADDRESS BUS1
68 DATABUS4 103 ADDRESSBUSH
69 +12v 108 RAM DISABLE —
70 +12v 116 READ —
71 DATABUS2 117 ROM DISABLE —
73 DATABUS7 120 GND
75 DATABUS1 121 GND
856 MEM REQUEST — 122 GND
89 ADDRESS BUS9
91 ADDRESS BUS 1§
94 ADDRESS BUS 14
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_ VOLTAGE
oV *| CONVERTER
¥ 5V l+1zv‘, -5V
DYNAMIC -
MEMORY
ARRAY
RAM DISABLE
y A0-AB T tcns T RAS
RAM MEMORY INTERNAL
A12-A15 —»] PAGE - ADDRESS DATA
DECODER MUX BUS
L
AO0-A11
DATA ~
D0-D7 - - BUS
_ BUFFER
EPROM STRAP
VOLTAGE OPTION
ROM )
DISABLE ¢ {
ROM 8K BYTE
A13-A15 —» PAGE 3 ROM/ —
DECODER PROM/EPROM
AU-A9 T
CHIP
A10-A12 - SELECT

Z-80 RMB BLOCK DIAGRAM
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i ‘ PROM Programmer
Product Specification T

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 EQ. 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.

i,

Rmmees
i. "
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Operation

The IO address EQ is decoded by the ADDRESS DE-
CODE to enable the PIO. The two Least Significant Bits
of the ADDRESS BUS are used to select port 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 B and By
respectively, 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 B9 and
generating the PROGRAM PULSE: BIPOLAR from the
PIO line Bs. This pulse width is also a function of the
ZPROG utility.

Features

® Programs 16 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

Zero insertion force sockets

Single +5V power supply

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

Specifications
POWER SUPPLY: +5 VDC 5%

1.5 Amps {standby)

2.5 Amps (programming)
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

Pin Assignment

ZDS DEVELOPMENT SYSTEM VERSION

9 ADDRESS BIT 6 a7 DATABIT 4
10 ADDRESS BIT 7 48 DATABITS
16 ADDRESSBIT 9 51 DATABIT6
17  ADDRESSBIT 1 52 DATABIT 7
18 ADDRESS BIT 2 54 DATABIT O
19 ADDRESS BIT 3 55 DATABIT 1
20 ADDRESS BIT 4 56 DATABIT 3
21 ADDRESS BIT 5 57 DATA BIT 2
24 [ 88 IEI

28 Mi 109 INT

30 [ORQ 112 IE0

45 RD

95

MCZ VERSION

4 1iORO 73 DATABIT?

5 DATABITS 75 DATABIT1

8 DATABIT3 79 INT

12 DATABITE 98 ADDRESSBIT 4
13 DATABITD 99 P
26 ADDRESSBIT?7 100 ADDRESSBIT 3
29 ADDRESSBITS 101 ADDRESSBIT 2
30 ADDRESSBIT6 102 ADDRESSBIT 1
50 IEI 103 ADDRESSBIT®
51 IEO 115 M1
68 DATABIT4 116 RD

71 DATABIT 2
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ADDRESS
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PPB Block Diagram
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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 PROLOG 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 to a

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.

numbytes 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.

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

entadr specifies the entry ad dress 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.

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

All commands 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 The AGAIN command is used to repeat the
previous command.
BYTE 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.

CcorY S: pname|* [B=begadrl] [N=numbytes] [UIL]
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.

DUPLICATE 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.

FILE pname|* filename [B=begadr] [N=numbytes]
[UIL] [E=entadr] [RL=reclen]
The FILE command is used to copy the con-
tents of a PROM to a RIO file.

LIST pname|* [B=begadr] [N=numbytes]
The LIST command is used to list the con-
tents of a PROM to CONOUT (Logical Unit
for console output).

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

PROGRAM filename pname|* [B=begadr] [N=numbytes]
[UIL] [V]
The PROGRAM command is used to copy
the contents of a RIO procedure type file
to a PROM.

QUIT 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
825126  82S129 828130 828131
825140 82S141 828180 828181
8252708

[ro— '3
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g Edge Connector Pin Assignments
Description (MCZ Systems)
The PPB/16 incorporates three zero insertion force PIN DESCRIPTION
;os:kets tha.t are mounted a? the top of the card. The card 1,3, 5961 +5VPS.
is inserted into the appropriate system and extends beyond 4 IORQ—
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% AB7
gramming procedure matches that for the above EPROMs 29 ABS5
and PROMs. 30 AB6
Each card is a completely self-contained unit requiring 50 IEI - PPB - PIO
only a +5 volt supply. An on-board converter transforms 51 IEO - PPB - PIO
the +5 volts to the voltage required by the PROMs and 62—64,120-122 GND
EPROMSs. All communication with the Z-80 CPU is done 68 DB4
through the Z-80 PIO peripheral interface via a 122-pin 71 DB2
edge connector. 73 DB7
7S DB1
PROM Programmer Utility (ZPROG) s ol
99 @—. (System Clock—)
The Zilog PROM Programmer Software Utility (ZPROG) 100 AB3
is provided on the RIO operating system utilities diskette. 101 AB2
ZPROG enables the user to: 102 ABI
103 ABO
® Duplicate PROMs of the same type 115 Mi—
m Write the contents of one or more PROMs to a disk file 116 RD—
® Program PROM:s from a disk file
m List the contents of a PROM on the console = 2
® 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 1-3. 59-61 45V
m 780 control for microprocessor flexibility 9 ’ A6
® Quick load, zero insertion force, PROM sockets }(6] i;
m Power from single +5 volt power supply utility 17 Al
= ZPROG included with RIO operating system 18 A2
a Unique Program/User interface with prompt statements ;g ﬁ
READY TO READ
READY TO PROGRAM? - 2 W
READY TO VERIFY? - Ml(_ys em Clock)
m Program, List Duplicate and Verify modes of operation 30 IORQ-
45 RD—
47 D4
48 D5
51 D6
52 D7
54 DO
55 D1
56 D3
57 D2
62-64, 120122 GND
88 IEI
109 INT-
112 IEO
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PROM TYPES:
24-pin EPROM

PROM TYPES:

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

(512x 8)

(512x 8)
825180 (1024 x 8)
828181 (1024 x 8)
8252708 (1024 x 8)

16-pin Bipolar— 828126 (256 x 4)
828129 (256 x 4)
825130 (512x4)
825131 (512x 4)

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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i 7 Analog Input/Output
Product Specification o]

The Z-80 AIO 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 CPU and
may operate in a polling or interrupt mode. The system's I/O addressing may be changed by on-board jumper
selections.
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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
.
)
@ 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

@ Sample and hold amplifier

@ 12-bit converter

@ Single +5V power supply

Operation

Interfacing the AIO or AIB to the system bus is accom-
modated by the on-board PIO which is simply addressed as
I/0. 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 D/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 P10 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 D/A converters on the AIO have separate
I/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

32 single-ended/16 differential
0-5V, 010V, £2.5V, £5V,

Number of Channels
ADC Gain Ranges (Jumper

Selectable) +10V
Amplifier Gain Ranges 1to 1000
(Resistor Programmable)
Maximum Input Voltage +26 volts

without Damage
Input Impedance 100 m£2, 10 pF OFF Channel

100 m£2, 100 pF ON Channel

Mo~ A
FAv Vs

10 nA

Mhina Mirrant
A0 il

Differential Bias Current

102

TRANSFER CHARACTERISTICS

Resolution 12 bits
Throughput Time (max.) 45 usec/channel
G=1
ACCURACY
System Accuracy at +25°C  +0.025%FSR (2)
(max.) (1)
Linearity +1/2 LSB
Differential Linearity +1/2 LSB
Quantizing Error +1/218
Monotonicity (3) Guaranteed 0°C to +70°C
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Analog Output Section

OUTPUT CHARACTERISTICS

Number of Channels 2

Output Voltage Ranges +10V, 0 to 10V, +5V, 0 to 5V,
(Strap Selectable) $2.5V at 5 mA

Output Impedance 12

TRANSFER CHARACTERISTICS
Resolution 12 bits
Output Settling Time (max.) 10 usec
ACCURACY

Output Accuracy $0.0125% FSR
Temperature Coefficient of +30 ppm of FSR/°C
Accuracy

NOTES:

1. Includes offset errors, gain errors, linearity errors at
gain = 1.

. FSR mean Full Scale Range.

. No missing codes guaranteed.

4. Includes offset drift, gain drift and linearity drift.

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

Specifications (Cont’d)

STABILITY OVER TEMPERATURE 4

System Accuracy Drift +30 ppm of FSR/°C
(max.)G=1

DYNAMIC ACCURACY

Sample and Hold Aperture 30 ns
Time

Aperture Time Uncertainty +5 ns

Differential Amplifier CMR 74 dB (DC to 1 kHz)

Channel Crosstalk 80 dB down at 1 kHz, for OFF

channel to ON channel

POWER REQUIREMENTS
+5V £5% at 1.5 amp

CONNECTOR

Ansley: cable. . . . .. P/N 171-26

Ansley: socket. . . .. P/N 609-258
ENVIRONMENTAL

Operating Temperature 0°C to +70°C
Storage Temperature -25°C to +85°C

Relative Humidity 95% noncondensing

CHAN STB - |
Fa [ ]
CNTL & ANALOG :ANALDG
TIMING |- /| mux o INPUTS
STROBE .
2
- =< _J
—
§ J/I
= SAMPLE & HOLD INSTRUMENTATION
Yy AMPLIFIED AMPLIFIER
§ ASTB (A)_
128BIT 12817 fp——
| A/D D/A
CONV CONV
Péo ANALOG
: PUTS
perkig “AsTB (B) i
BUS | ':' .
A A INT A | 12817
DATA £ )r ) DA
BUS '\ Y ¥ | conv
AIO BLOCK DIAGRAM
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System Bus Connections
PINNO. DESCRIPTION PINNO. DESCRIPTION PIN NO. DESCRIPTION PINNQ. 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 iORQ 29 ABS 71 DB2 103 ABO
5 DB5 30 ABG 73 DB7 115 Mmi
6 IEO 59 +B5V 75 DB1 116 RD
7 IEI 60 +5V 79 INT 120 GND
8 DB3 61 +5V 08 AB4 121 GND
12 DB6 62 GND 99 [} 122 GND
Analog Interconnections
BOARD BOARD
SIGNAL P2 SIGNAL P3
CH 23, or CH7 RTN 1,2 Remote Common 1,2
CH 22, or CH 6 RTN 3 15V 3
CH 21, 0r CH5RTN 4 +15V 4
CH 20, or CH 4 RTN 5 Analog Common 5
CH19,or CH3RTN 6 Analog Common 6
CH 18, or CH 2 RTN 7 Analog Common 7
CH17,0or CH1RTN 8 Analog Common 8
ANALOG | CH 16, 0r CHORTN 9 Analog Common 9
INPUTS CH7 10 Analog Common 10
e 2 CH 30, or CH 14 RTN 1
oH 4 13 CH 31, or CH 15 RTN 12
Giig 14 CH 28, or CH 12 RTN 13
Eils 16 CH 29, or CH 13 RTN 14
CH 1 16 CH 26, or CH 10 RTN 15
pue . 17 CH 27, or CH 11 RTN 16
CH 24, or CH 8 RTN 17
DAC—GND 18 ANALOG | CH 25, 0or CH9RTN 18
DAC—FB 19 INPUTS | CH 14 19
ANALOG Analog Common 20 CH 15 20
OUTPUTS | DAC—GND 21 CH12 21
DAC—-OUT 22 CH 13 22
DAC-OUT 23 CH 10 23
| _DAC-FB 24 CH 11 24
VOLTAGE| -15v 25 CHS8 25
OUTPUTS | +15Vv 26 | _CHS 26

104




/
‘ . BOARDS

“es 7-80' TOB
Product Specification Parallel I/O Board

The Z-80 I0OB Parallel I/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 IOB features the use of the Z-80 P10
device that has become the standard of the microcomputer industry.

T I T L T Y
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Features Pin Assignments
B 64 programmable 1/O lines IOB—-PIN OUT(COMPONENT SIDE)
® Handshake lines for byte mode control and fast 1 +5volts 13 DATABITO
interrupt response 2 +5volts 26 ADDRESSBIT?7
i 3 +5volts 29 ADDRESSBITS
B 4 Modes of operation
? ) 0‘ hI;) firidton ditve capabilie 4 TORQ 30 ADDRESSBIT6
W 32 lines with Darlington drive cap y 5 DATA BIT 5 55 INT ENABLE IN, PIO2
B Selectable daisy chain priority interrupt structure 6 INT ENABLE OUT,PIO@ 58 INT ENABLE OUT, PI103
B Automatic interrupt vectoring with 128 possible vectors 7 INT ENABLE IN, PIO@ 59 +5volts
: 8 DATABIT3 60 +5volts
a +5 volt )
Single R gl s we 12 DATABITSG 61 +5volts
B Open space provided for user supplied interface hardware
NOTE: PINS 9—11, 1425, 27, 28, 31—-54: UNIVERSAL
PIO INTERFACE
Specifications IOB—PIN OUT (SOLDER SIDE)

POWER SUPPLY: +5 VDC 5%
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.

Eight 8-bit parallel 1/0 channels can
be programmed for byte or bit
transfer in either direction.

1/0 CHANNELS:

62 GND 100
63 GND 101
64 GND 102
65 INT ENABLE OUT P1O1 103
66 INT ENABLE IN, PIOT 1156
68 DATABIT4 116
71 DATABIT 2 118
73 DATABIT7 19
75 DATABIT 1 120
79 INTERRUPT 121
98 ADDRESSBIT 4 122

99

ADDRESSBIT3
ADDRESS BIT 2
ADDRESS BIT 1
ADDRESSBIT®

M1

RD

INT ENABLE IN, PI1O3
INT ENABLE OUT, P102
GND

GND

GND

NOTE: PINS 56, 57, 67, 69, 70, 72, 74, 76—78, 80--97, 104114,
117: UNIVERSAL PIO INTERFACE

INPUT/OUTPUT BOARD
BLOCK DIAGRAM

DATA BUS

CONTROL BUS
ADDRESS BUS

DATABUS |

WO
ADDRESS

DATA BUS
BUFFER

BUFFER

CONTROL DECODER

7%

{}

INTERNAL CONTROL BUS

[

L1

INTERMNAL DATA BUS

T Ul

11

PIO PIO
3 12)

V!

m (@

PORT B
FORT A
PORT B
PORT A

POAT &

UNIVERSAL PIO PERIPHERAL INTERFACE SPACE
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Z-80 PIO ARCHITECTURE |

A block diagram of the Z-80 PIO is shown in Figure 1.
The intemal structure of the Z-80 PIO consists of a
Z-80 CPU bus interface, internal control logic, Port A 1/O
logic, Port B 1/0 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

I0B Applications

“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 control register, an 8-bit mask reg-
ister, an 8-bit 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.

. -
Fl ure 1 8 DATA
g ) [ 0r conTROL
PIO BlOCk Diagram o INTERMAL —NJ rorTa
CONTROL R
Rhalt v | HaNDSHAKE®
=
8 ﬁ
DATABUS|  apy PERIPHERAL
teRFace BUS < INTERNAL BUS INTERFACE
110
3]
]
PIO
8 DATA
CONTROL )
LINES <" OR CONTROL
INTERRUPT “N] rorte
CONTROL 1 [t} -
HANDSHAKE *
—— | |

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 bits, permits data to 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

3
* Mot used in bit mode.

INTERRUPT CONTROL LINES

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—8 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 CONTROL
REG

(2BITS)

—

I/0 Block Diagram

g
AV =
E
ey
MASK § MODE CONTROL
REG. I 5
l 1B BITS) {s 12 BITS)
=
INTERRLPT
REQUESTS
I
HANDSHAKE DATA INPUT DATA QUTPUT INPUT/OUTPUT®
CONTROL REG REG.  poumes SELECT REG.

LOGIC

{8 BITS)

BBITS) 18 BITS)

READY

|

—
HAMDSHAKE
LINES

STROB
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* Used in Bit mode oniy 1o aliow
generation of an interrupt if the
paripheral 1'0 pins go o the
specified state,
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Product Specification PROM Memory
Board

The Z-80 PMB provides the Zilog Microcomputer Board Series with additional memory and I/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 parallel I/O device, and a Z-80 CTC providing four 8-bit counter timers.

16K, 32K
ROM, PROM
OR EPROM

PROGRAMMABLE PROGRAMMABLE

PARALLEL : COUNTERS/
I/0 PORTS 3 TIMERS

LRI TUR
CRRRRAAARARY AN
TR I




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 0.60A 28A 2.28A 3.40A
PROM-based memory address decoder. —lgx — 132? - i
+ - - — -

5 volt operation when using 5 volt ROMs or 5 volt 2716
EPROMs. NOTE: For certain EPR’OMS an external —5 CONNECTOR: 122-pin edge
and +12 volt power supply is required. (100 mil. spacing)
On board PIO provides sixteen parallel I/O 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 only), 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 or

PROM used. Each 2K page may
be assigned any one of 32 pos-
sible starting addresses.

-

= = =
-« “E @
= t== E
g 25 g
TRI- g
STATE g
BUFFERS I
L&)
5
< a -
(= = E
=5 £
le lsl g

cTC

p-
[=]

7N, MT 2%

INTERNAL

DaTA BUS

16K {32K]
BYTE ROM,

PROM, EPROM,
MEMORY

INTERNAL CONTROL BUS

ARRAY

s

CONTROL

. Nl
=1
CONTROL g
BUS =
DATA BUS ADDRESS
BUFFER/ -
DATA BUS BUFFER DECODE

CONTROL BUS

DATA BUS
ADDHESS BUS
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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 +5V 048 094 AB14
003 +5V 049 : 095
004 IORQ— 050 IEO . PMB . PIO 096 )
005 DBS 051 097 AB12
006 . 052 098 AB4
007 IEI. PMB. PIO 053 Q99 &—(System Clock—)
008 DB3 054 100 AB3
009 PIO.0. A0 055 101 AB2
010 PIO.0. 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 +5V 106
015 PIO.0. A4 061 +5V 107
016 PIO.0. 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 PIO.0.B.STRB— 068 DB4 114 ZC/T00
023 . 069 +12V 115 Ml1—
024 PIO.0.BO 070 +12V 116 RD—
025 PIO. 0. Bl 071 DB2 117 ROM . DISABLE—. (IN)
026 AB7 072 . 118 ZC/TO2
027 ABS 073 DB7 119 ZC/TO1
028 PIO.0. B2 074 . 120 GND
029 ABS 075 DB1 121 GND
030 AB6 076 122 GND
031 PIO.0.B3 077
032 AB15 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.RB7 085 MRQ-
040 086 .
041 087
042 088 ;
043 089 AB9
044 090 g
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/O

ADDRESS
DECODE

il zs0cTC BAUD RATE C

AT TP

CPU
INTERRUPT
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Description

The Z-80 Serial Interface Board (SIB) provides a pro-
grammable serial input/output interface for the MCB OEM

board series. The SIB contains 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 RS-232-buffered, and one channel
will accomodate a 20 ma-TTY current-loop interface. An
on-board DC/DC converter generates the RS-232 voltage
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 +SV P.S.

4 IORQ-
5 DB5

8 DB3

9 MASTER RESET
12 DB6

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
115 M1-
116 RD-

112

Features

® Bus compatible with MCB series of boards

® Four programmable, bi-directional serial communication
channels

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

B 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 50 to 9600 (asynchronous) and DC to
56K baud (synchronous)

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

® Programmable I/O address selection

SIB Specifications

SERIAL 1/O:

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

SERIAL MODES:

Synchronous or asynchronous using virtually any serial
protocol.

SERIAL INTERFACE:
CHANNEL INTERFACE
0 RS8232
1 RS8232
2 RS232
3 RS232 or 20ma current loop

CONTROL INTERFACE:

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

I/O PORT ADDRESSING:

20 jumper selectable 1/O ports.

BAUD RATE:
Programmable from 50 to 9600,

ELECTRICAL SPECIFICATIONS:

+5 VDC £ 5%

Maximum current = 1.5 amps

CONNECTOR:

122-pin edge (100 mil spacing), AUGAT PN 14005-19P1

PHYSICAL CHARACTERISTICS:

Length: 7.7” (19.7 cm)
Depth: 7.5 (19.1 ¢cm)

Mol oo, ALAY OO 10
LILCRIIESS, JJDL (V.10 LrllU

Etch Layers: Two
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For Hardware Development

The ZDS-1 Series provide the tools necessary for the designer to easily debug and test Z80 and Z80A Micro-
processor-based hardware. Functions normally supplied 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 As a ROM/RAM Simulator the Development System
directly to the prototype system and behaves like the Z80 lends its memory to the user’s prototype system with the
or Z80A Microprocessor, only under direct control of the memory mapping features.

user, to enable: ® Memory Mapping allows the user to describe the phys-

® Setting or resetting of all registers and RAM memory ical nature of the memory to be used by the proto-
locations. : type system. A memory map is defined by the user to
specify which addresses exist in the prototype and

® Setting or resetting of interrupt controls. . :
g g P which address locations are to be “borrowed” from

® Single or multiple instruction stepping. the Development System.
® Setting or displaying of I/O Port information. ® The ZDS-1/40 Development System also permits mem-
e Start/Stop control of program execution. 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 Logic Analyzer the Development System mon-
itors and stores pertinent CPU bus activity and terminates

program execution in an orderly manner when user defined As a PROM/EPROM Programmer the Development
events occur. Some examples are: System provides the functions necessary to write, read, ver-
. i ) R . ; ify and duplicate PROMS. This is an optional feature pro-
* Storageof addiees, datarsad contiol businfomation vided by the ZDS/PPB and ZDS/PPB/16 PROM Programmer
MG CHEEL S IO, Option, or ZDS/CIB Printer and Prolog PROM Programmer
® Storage of only user defined bus transactions; e.g. Interface.

Memory read, 1/O write.

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

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

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 1/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 units to specific
device handling programs.

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

O 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.
® ADVANCED ASSEMBLER
0 Relocatable or absolute object code format.
0 External Symbol references.
o Global Symbol definitions.
O Macros and conditional Assembly.

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

0 Include directive permits additional files to be merged
into the source program at assembly time.
= LINKER
O Assigns absolute addresses to program modules.
O Resolves External references.
o Permits overlays or memory gaps.

0 Produces memory map and Global address table.

TEXT EDITOR

(m]

[m]

]

[m]

Paged work space permits any size of file to be edited.
Automatic backup file creation for protection.
Access to other files during edit session.

All edit operations for locating and modifying lines
within a file are based on character string matching.

PROM MONITOR

a

a

]

Low level device handlers for system console and
floppy disc.

Bootstrap loader for ease in system initialization.

Machine language Debug package.

ZDOSII DISC FILE HANDLING PACKAGE

]

(=]

Allocates all disc space automatically on an “as needed
basis.

Supports sequential access to file or direct access to
any specific disc address.

TABBING

[u]

a

Supported throughout the system.

Compact storage 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 diskette media. Each
package comes complete with object software, technical
and user documentation, and instructions for use with the
ZDS-1 System.
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ZDS-1/40 4MHz Development System

The ZDS-1/40 provides a powerful standalone development system for use with the Z80 or Z80OA Micropro-
cessor and associated 4MHz peripheral components. Precise emulation is provided by using two microprocessors,
a Z80A-CPU which is inserted info 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.

® FExiernal Z80A-CPU for direct connection to the user’s
prototype system.

® Precise emulation for 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 software.

-

Features
® Z80A-CPU—The 4MHz version of the powerful Z80 ®m Memory Mapper—Enables the user to describe the phys-
MiCro-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
m 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 60K bytes on a single
board, allowing more room for I/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 memory in the user system to be phys-

® Real-Time Storage Module—Enables the monitoring of g:al‘ly located at a different address in the Development
specific address, data and control bus lines during selected ystem.
operatipns, e.g. Memory Read, Memory Write, 1/O Read, ® User Clock Integrity—is verified to insure the clock sup-
I/O Write. plied by the user does not fall below 25@KHz.

® Breakpoint Module—Enables the monitoring and testing ® 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.

m [/O Poris—The user may have access to all I/O Ports when
in User Mode and User Clock is selected.
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7Z.DS-1/40 Debug Command Package

The ZDS-1/40 Debug Command Package provides powerful disc based software to support the Z8OA-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 the 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 memory 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.

(Display 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 will be terminated.
The option fields of the command may estab-
lish a break to occur 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 all
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, L, 2 or disable).
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PORT

PROM

PULSE

QUIT

REGISTER

SAVE

SET

STATUS

TRACE

Provides a means to single step from 1 to n in-
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 to be loaded and
initialized.

Enables a single character to be input 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
files 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 microcomputer with dual floppy discs, optional peripherals and interfaces to assist the user in the
software 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 I/O ports
EQH through EFH. This enables the user to execute his program in a real time environment.

Features

m 60K bytes of RAM memory

= 3K PROM Monitor Program with 1K of ded-
icated Monitor Scratch pad area.

® Programmable Hardware Breakpoint Module
enabling the suspension of instruction ex-
ecution at a given address or activity (Mem-
ory or 1/0). Programmable Real Time Stor-
age Module to store CPU activity (address,
data and control bus), for up to 256 events,
to monitor memory or 1/0 Port activity.

® [n-circuit emulator with three foot connec-
tion cable to user system.

® 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
the real-time debug module. This break can
be on a memory read, memory write, I/O
port read, or IO port write. Addresses, data
and data masks can also be specified. A break
from the user program can also be caused by
pressing the Monitor button on the front 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.

Allows the user to compare blocks of mem-
ory.

Provides access to memory locations. These
memory locations may be displayed as a block
or observed one at a time for examination and
modification.

Allows the user to store a specified data byte
throughout a range of memory addresses.

Transfers file images formed by the SAVE
command into system memory, ready to be
executed by the GO Command.

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 a 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
to 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 registers after each

instruction.

PORT

PULSE

QUIT

REGISTER

SAVE

SET

TRACE

Permits examination and/or modification of
I/0 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
to synchronize external test equipment.

Returns control to 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 into
specified or memory 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 9600 baud.

Specifications
SCREEN FORMAT
Characters per line 80
Lines per display 24
Character set 96 character ASCII

Character format

MECHANICAL
TERMINAL
Size
Weight
KEYBOARD
Size
Weight

ENVIRONMENTAL
Operating Temperature
Storage Temperature
Humidity

ELECTRICAL
Power Consumption
Domestic Power
Export Power

5 x 7 dot matrix

12" high, 177 wide, 157 deep
35 pounds

3” high, 17 wide, 8” deep
5 pounds

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 to 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 USASCIHI
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 5 copies
Weight 15 1b. single part, 12 Ib. with
7 1b. carbon multipart
Thickness 0.003 to 0.020 inches
Ribbon Cartridge with continuous

loop (0.25" x 15 yds.)
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Zilog Hardware Expansion Options

Zilog Offers avariety 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 LSI 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 1/O
bits. The card also contains plated through holes for insertion
of a Z80-CTC to provide four counter-timer channels. The
uncommitted PIO’s and/or user supplied CTC can be inter-
faced with the system’s daisy-chain priority interrupt struc-
ture. Unused space is provided with 16-pin dip locations
(Vec on pin 16, and GND on pin 8) to 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 to design our own family of interface boards;
ASPIO, CIB and RXB.

ZDS/ASPIO
AUXILIARY SERIAL 1/0 BOARD

The ASPIO hoard provides one auxiliary parallel com-
munications interface and one auxiliary serial 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 interface 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 to 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.

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 parallel printer interface previously : ;
described under ASPIO. Utility software is provided for each N S TR S S R 5 Mt
interface eliminating the need for the user to develop his

own utilities. ZDS/PPB PROM Programmer Board
A PPB is a combination PROM/EPROM programmer

ZDS/PPB/16 PROM ngrammer 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 EPROM’s — 2704 and 2708

following types: BIPOLAR — 7610, 7611, 7620, 7621, 7640 and 7641
EPROM’s — 2716 All programming activity is under direct control of the
BIPOLAR — 82827, 828181, 828131 software utility program provided.

125



VA Z.DS-1Series

SYSTEMS

Zilog

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-
culations. In both of these versions, a 16-bit integer data
type provides compact storage and rapid computation for
status and control variables. 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 not 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 commonly 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 language.

Zilog FORTRAN opens the door to the richest traditions
of scientific programming in a small, inexpensive environ-
ment.
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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
programming 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 fully block structured lang-
uage with an IF-THEN-ELSE clause, a case selector (actual-
ly implemented in the syntax of the IF statement), block
REPEAT and EXIT statements, procedure 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 language 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 control of hardware re-
sources, a second level 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
linked 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:

Regional Offices
EASTERN MIDATLANTIC MIDWESTERN
Sales and Technical Center Technical Center Sales and Technical Center
Zilog, Inc. Zilog, Inc. Zilog, Inc.
76 Treble Cove Road P.O. Box 92 830 East Higgins, Suite 114

North Billerica, MA 01862
Telephone: (617) 667-2179
TWX 710-347-6660

SOUTHWESTERN

Sales and Technical Center
Zilog, Inc.

18001 Sky Park Blvd., Suite K

Irvine, CA 92714
Telephone: (714) 549-2891
TWX 910-595-2803

Bergenfield, NJ 07621
Telephone: (201) 3859158
TWX 710-991-9771

NORTHWESTERN

Sales and Technical Center
Zilog, Inc.

10340 Bubb Road
Cupertino, CA 95014
Telephone: (408) 446-4666

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

Additional Zilog Literature

For information on products not covered 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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Cupertino, California 95014
oR DER LIST Telephone (408) 446-4666
TWX 910-338-7621

TO ORDER ZILOG LITERATURE:

m Give fullname, title, company name and address, and telephone at the top of this literature order list.

s 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.

m Large orders i.e., more than five manuals, are shipped via UPS and cannot be shipped to a P.O. Box. UPS
delivery time takes from 3—7 working days.

® Small orders are sent Third Class via U.S. Mail. Delivery time for Third Class mail takes from 10—14 days.
m International/Overseas orders are sent Air Mail Printed Matter via U.S. Mail. Delivery time takes up to three
weeks.
Qty. SEND BACK ORDER QTY. SEND BACK ORDER
APPLICATION NOTES SOFTWARE (CONT'D}
1 Z-80 Ap Note (Interrupt). . . ... ...... O [0 Z80PLZSpecSheet .............. ad
0 Z-80 Ap Note (Dynamic RAM). . ... ... O _ [0 z80COBOLSpecSheet............ 0O
BOARDS [0 Z-80Fortran SpecSheet . .. ......... O
0 Z-80 Microcomputer Board Catalog. . . . . O Z-8000
SYSTEMS [0 Z-8000 Architectural Overview. .. ... .. O
[0 2Z-80ZDS-1 Series Brochure. .. ....... O O 2Z8000Brochure . ........cuuvuna- a
[0 Z-80 MCZ-1 Series Brochure . ........ O MISCELLANEOQUS
[0 2Z-80MCZ 1/05Spec Sheet . ......... O [ u.s. &cCanada Rep & Dist. List . ...... O
[0 Z-80 MCZ 1/36SpecSheet.......... O oo B OPrcaliSt s i s et O
[0 Z80RIOSpecSheet .............. O [0 Other ..ttt |
{1 Z-80Basic SpecSheet.............. O

Orders for these items will not be processed prior to receipt of check or money order. No P.O. numbers please.
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QaQTyY. SEND BACK ORDER QTyY. SEND BACK ORDER
[0 ZilegDataBook ............. 5.00 O SYSTEMS {CONT'D)
COMPONENTS [0 2Z-80 MCZ 1/20, 1/25 H/W Manual . 4.50 [
1 2Z-80 CPU Technical Manual. . . ... 7.50 [ [0 z-80 MCZ 1/30 H/W Manual ... .. 450 O
0 z-80 Program Reference Card . ... 1.95 [J O 2z-80MCZ 1/35 H/W Manual . .. .. 450 O
[0 2Z-80PIO Technical Manual ... ... 4,50 O SOFTWARE
{1 z-80 CTC Technical Manual. . . ... 450 (1 [0 Z-80 MCB S/W Manual . ........ 4,50 O
[ 2-80SI0 Technical Manual ... ... 7.50 O O 2z-800S 2.1S/W Manual . ....... 10.00 O
BOARDS [0 2z-80 ZDSPROM User Manual . ... 2.00 (O
[J Z-80 MCB H/W Manual . ........ 450 [J O *2-80 MCZ PROM User Manual . ... 2.00 OJ
[0 2-80 MDC/E H/W Manual ....... 4.50 O [0 Z-80 Assy Lang. Prog. Manual . ... 7.50 [
0 Z-80 RMB/E H/W Manual . ...... 450 [ [0 Z-80 Basic Interpreter User Manual . 10.00 ]
[0 Zz-8010B H/W Manual ......... 250 (O Z-80 RIO S/W User’s Manual
OO0 z-80CIBHMW Manual ......... 2.50 [ {3-piece package:)
[0 Z-80SIB H/W Manual ......... 450 O O 1) Operating System User Manual . 16.00 [1
(] *Z-80 PMB H/W Manual . ........ 4,50 OJ [0 2) Assembler Linker User Manual .. 7.50 (I
(0 Z-80PPB H/W Manual ......... 450 O 3) Text Editor User Manual . . . . .. 7.50 O
O 2z-80 AIO/AIB H/W Manual . . . ... 450 O [0 Z-80PLZ Language Report - . . . .. 7.50 O
[0 *Z-80 PPB/16 H/W Manual ....... 4,50 O [0 2Z-80PLZ Version User Guide .. .. 250 (1
J *Z-80 MCZ 1/05 H/W Manual . . ... 450 [ [0 Zz-80 MCZ COBOL Language Report 15.00 []
0 Z-80 MCZ COBOL User Guide . . .. 5.00
I
| | COMMENTS

*Not available at this time. Will not back order.



Price: $5.00
Printed in U.S.A.

Zilog, Inc.

10340 Bubb Road
Cupertino, California 95014
Telephone (408) 446-4666
TWX 910-338-7621



