—

DOC1013

SB8010
Z80 CPU CARD

REFERENCE MANUAL

APPLICABILITY D

REVISION DATE 12/20/83

B |

1011 Grand Central Avenue. Glendale, California §1201-3010 (818) 244-4600




1.0

ANTRODUCTION

The Micro/sys 8B8Ql0 is a highly versatile card
comprised of a ZI-80 microprocessor, 4 general
purpose 28 pin sockets for byte-wide ROM and/or
RAM chips, a Z-80 CTC counter-timer, and a serial
I/0 poert (USART) using Intel's B251., A bootstrap
¢ption is provided for loading an operating system
into main memory using an on-~bocard PROM,

On-board memory can be mapped in varicus ways to
match the memory chips selected, The mapping
options are accomplished using a PROM., The User
may install his own PROM if a different mapping is

desired. Bowever, the six mappings provided
should satisfy most users,

The serial I/0 chip uses the counter-timer chip as
the clock source for both receiver and transmitter
to that baud rate i1s pregrammable by software.
RS-232 buffers are provided for all the serial
ocutputs and inputs. In an interrupt driven
system, the serial chip (8251) uses the CTC as an
interrupt controller, enabling the serial chip

(8085 peripheral) to benefit £from <the
sophisticated ZI-80 interrupt scheme.

The CTC c¢can alsc be used ag an interrupt
controller for external events as well as a
general purpose counter and/or timer.

Detailed card operation 1s discussed 1n section 2,
Section 3 explains all user options. Section ¢
provides register addresses of all the on~-board

I/0 functions as well as rough quidelines to
several modes cof coperation.

Appendix B contains a Zilog Z—80 data sheet with a
mnemonics summary. Detailed Z-80 programming
information is not provided a2s this is commonly
available elsewhere. Appendix C and D contain
8251 and CTC data sheets and/or programming
information. Refer to these appendices for I/0Q
programming guidelines while obtaining specific
ragister addresses from Section 4. Appendix E and
F contain the data programmed into the memcry
deccder PROM and the I/0 decoder PROM. Finally,
appendix G contains the PAL (Programmable Array
Logic) equations.
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2.0

2,1

2.2

2.3

IHEQRY OF OPERATION

BUEFFERDS

All address lines, data lines and output ¢ontrol
lines are buffered to provide sufficient drive to
a2 multi-module system. The address and control
buffers are unidirectional, pointing towards the
bus. The only time they are turned 0ff {in high
impedance state) is during a DMA cycle,

The data buffer is bidirectional. It is pointing
out (to the bus) during a write operation or an
on-board read. It is pointing in during a read

which is not on-board. It is turned off during a
DMA cycle.

Four input CPU control lines, namely BUSREQ/,
WAIT/, INT/ and NMI/, are driven directly off the
bus, These lines are static protected by pull up
resistors. The advantage of this arrangement is
greater respense sSpeeds, This is aspecially

important with the WAITRQ/ signal when operating
with dynamic memories.

RESET CIRCOUIT

The 5B8010 reset circuit provides a reset pulse to
the CPU and the SYSRESET/ line on the bus when
either the push button reset is activatred or power
is turned on. The pulse generated is synchronized
with the beginning of a fetch cycle and has a
fixed duration irrespective of the duration of the
push button reset signal. The purpocse of this
scheme is to avoid the possibility of erasing
dynamic memories using CPU refresh. Upon reset

the CPU starts fetching instructions from address
0.

MAIN LOGIC

Most ¢of the lcogic¢ functions on the card are
performed using a PAL (Programmable Array Logic)
at Ol and 2 PROMS (U8 and U7). The PROMS provide
the PAL with decoded address siqgnals for cn-board
memory and I/0, The PAL, along with CPU contrel

signals and address lines Al and A2, does the
following:
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2.4

2.5

ad. Determines direction of the data buffer
b, Enables the serial I/0 port

C. Enables the timer/counter ship

d. Enables the boot flip flop

e, Generates STD bus signals MCSYNC/ and INTAR/

Appendices E and F contain the data programmed
into the decoder PROM's. Appendix G contains the
PAL equation.

ON-SOARD MEMORY

Four general purpose memory sockets are provided
that can be configured to accept ROM/PROM/EPROM
and/or RAM chips of sizes 2,4 or 8K bytes. (See
restrictions in section 3.2.1). A memory map PROM
(U7) enables these chips according to one of §
different combinations of sizes anad mappings
Selectable via option posts. The MEemory maps
Selected all start at address zero, The §
mappings provided will satisfy moest users,
Bowever, the user may program his own PROM if a
different mapping is desired (Up to 8 different
mapplngs can be programmed.). Appendix D contains
the data programmed into this PROM. The 6
mappings mentioned here may be conditicned with a
Signal from the boot flip flop (U2 pin 6} if J6
pins 8 and 10 are connected. When this signal is
Bigh (pin 19 of U7 is high), a different set of
memory map is enabled. These additional maps are
used for bootstrapping. See next section,

Whenever on-board memory is accessed, the MEMEX
line is activated, disabling off-board memory that
occupies the same memory space. Thus a §4 K RAM
card can be used as main memcery without any
conflict with on-board memory. It should be
noted, however, that the memory cards that ¥YOu use
should comply with the STD specifications with
respect to MEMEX if vyou wish to use Overlapping
on-bcard memory. (A few manufacturers have
"forgotten" MEMEX in their design.)

BO0T CIRCUIT

The boot circuit allows a program on disc,
cassette, etc. to be loaded into memory. When
power 1s switched on or when a reset pulse is
generated, the boot flip flop (U2 pin 6) outputs a
high lc¢gic level. If J6 pins B8 and 10 are
connected, this level is routed to U7 pin 19.



This selects a different set of memory maps at U7
as discussed in the previous section. This memory
mapping will enable a PROM at address zero which

can be used (in most cases) to boot a program
from, say, disc into memory.

Once the program in the boot PROM has been
executed, the PROM can be switched off via an I/0
cperaticon. (It can also be switched back on with
an I/0 operation). Two memory map options are
provided for booting, both of which are starting
at address zero. This again will satisfy most
users. If desired, the user may custom program
his own memory map PROM, in which case 8 different
maps <¢an be programmed.




2.6

ON-ROQARD 1/0Q

Two LSI chips, the B251 and 2z80-~CTC, provide
serial I/0 and timer/counter functions,
respectively. The 8251 is a general purpose,
single channel USART capable of being programmed
Lo operate in most serial data transmission
technigues presently in use. The SB8010 card
Supports only asynchronous transmission and
reception., Most asynchronous baud rates from 50
Lo 4800 are programmable. Data and control
signals CTS, RTS and DTR are buffered using RS-232
line drivers and receivers. The serial I/Q
Signals are available at connector J2. The pins
are arranged so that a standard RS232 "D type

connector can be directly connected to J2 using
flat ribbon cabkle,

The Z80~-CTC is a counter/timer chip having four
independent channels, each with a readable 8 bit
downcounter and a selectable 16 or 256 prescaler
(for timer mode only}. Three channels have "zaro
count” outputs. All channels have clock/trigger
inputs that start the timer in the timer mode or
decrement the counter in the counter mode. The 4
clock/trigger inputs and the 3 "zeroc count"
ocutputs are available unbuffered at connector J3.

When using the 82531, cne channel of the CTC has to
be programmed to provide the receive and transmit
clocks. The other three channels may be used as
general purpose timers or counters. Since the CTC
is a 2-80 peripheral, a commcon use of it is as an
interrupt controller (3 channels in this case).
This is done by programming a channel to operate
in the counter mode with a time constant of 1. If
interrupts are enabled, the first pulse at the
respective trigger input will generate an
interrupt. The 8251, not being a 2-80 peripheral
can thus use the CTC tc operate as an interrupt
driven serial I/0, The CTC is placed at the top
of the interrupt prioerity chain. (Rafer to
Section 2.7). I/0 address decoding is done using
a PROM, The card uses 8 I/0 addresses starting at

address F{ HEX. If these I/0 addresses interfere
with other I/0 addresses, the user may program his

own PROM, Appendix F contains the data programmed
into the 1/0 decoder PROM. |




2.7 INTERRUPT SYSTEM

This section will discuss briefly the 2Z-80
interrupt system and the interrupt management
particular to this card. A more thorough 2%-80
interrupt description is widely available in
manufacturer publications and the unfamiliar user
should refer to those.

There are three modes of maskable interrupts
programmable by software: Mode (0 =~ the
interrupting device places an instruction on the
data bus, This is normally a restart instruction
which will initiate a call to one of 8 restart
locations, Mode 1 - In this mode no vector is
placed on the bus and the CPU goes to lccation
00388H. Mode 2 - In this mode the CPU uses the
byte transferred by the peripheral as the lower
byte of a peinter directing the CPU to a table of
service routine addresses. The high byte of the
pointer is furnished by the previously loaded

interrupt register. The CPU then jumps to the
routine at that address.

There is also one non-maskable interrupt input.
Here the CPU performs a restart 0066H.

No interrupt is recognized when BUSREQ/ signal is
active,

2-80 peripherals resolve interrupt priority by
means of their own logic, unlike 808C/8085
peripherals that require an interrupt controller.
Each peripberal has IEI (Interrupt Enable Inable)
and IEOQ (Interrupt Enable Qutput). These pins are

daisy chained by connecting them as shown in
figqure 2.1.

VCC

| —

-=1 IEI | -—| IEI | ——| IEI | -—| IEI | |
| | [ | 1 | I | To lower
|_IEQ |=-- |_1BQ _|-- | _L1EQ [-- |_IEQ | priority
top 2nd 3rd dth peripherals
priority priority pricrity priority

Figure 2.1

A device will not request an interrupt if its IEI
is low in which case it will also turn its IEOQ
low, It will also turn IEO low when it reguests
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an interrupt itself. Thus IEOQO/IEI propagate
downwards, disabling all the lower priority
interrupts. When Servicing the interrupt the CpQ
automatically disables all other lnterrupts unless
an "enable interrupt® command nas been issued in
the interrupt service routine (which will enable
nesting the interrupts). Upen completion of the
Service routine an RETI instruction 1s executed,.
This instruction is recognized by the interrupting
Peripheral causing it to turn IEO high again {if

no higher priority requests an interrupt at this
instance).

As outlined in Section 2.6 the time/ccunter chip
can be used as an interrupt controller to service
non A-80 peripherals (e.g., the on-board 8251
and/or external events). If the serial chip is
not used, up to four interrupt channels are
available, otherwise only three interrupt channels
are available. (One channel is used as a baud
rate generator £or the serial <hip.) To use a
channel for generating interrupts, the CTC isg
programmed for the counter mede with interrupts
enabled, a value of 1 is loaded as a time
constant, and an interrupt vector is loaded, When
a level changes at the TRG/CLK input, the counter
will decrement t¢ zeroc and issue an lnterrupt,
Channel ¢ is the highest pricrity and channel 3 is
the lowest, The IEI pin of the CTC is tied high,
thus placing it on teop of the priority chain.
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3.0 CONFIGURATION AND QPTIONS

3.1 EATERNAL CONNECTORS

There are three external connectors - Jl, J2, and
J3. Jl is the STD bus edge connector. For pinout
description refer to STD bus specificaticns, J2
and J3 are the serial I/0 and the timing/counting
I/0 interface respectively. Tables 3.7 and 3.8
describe J2 and J3 respectively. Table 3.1
provides ceonnector part numbers from ANSLEY as a

reference, Similar connectors from diffarapt
manufacturers may be used.

TABLE 3.1 SUGGESTED CONNECTORS
— — . — _
CONNECTOR NO. OF [ ANSLEY
PINS I P/N
—_— — ——— _¢__,
J2 14 | 609-1401M
|
J3 16 | 809-16Q01M
— |
3.2 QN-BOARD MEMORY

3.2.1 RESTRICTIONS

Cn-board 2X, 4K, and 8K memory chips of any kindg
may be used provided their access time from chip
enable or chip select (not output enable!) does
not exceed 215ns for a 4MHZ CPU card version or
405ns for a 2.5MHZ CPU card version. Wait states
cannct be generated on-board to alleviate this
restriction.

3.2.2 CONFLIGURING THE MEMORY SQCRETS

The memory sockets are 28 pin universal sockets
capable of accepting variocus 24 or 28 pin memory
chips. The following chips may be used: S§tatic
RAMS and ROM/PROM/EPRCM chips of 2K x 8, 4K x 8§
and 8K x 8. To confiqure a socket for a chip,
follow the fcllowing procedure:




Determine which socket you need to place

the chip in by selecting the appropriate

memory map to be used. (Refer to Table
3.7).

Determine which option post group

corresponds to that socket by using
Table 3.2.

—— .

R — wil A

TABLE 3.2 OQPTION FOSTS TO
SOCKET DESIGNATION

i

SOCKET CORRESPONDING
QPTION POSTS

—

U13 J7
014 Js
uls J9
Ul6 J10

Use Table 3,3 to determine the

connection at the option post from step
b,

TABLE 3.3 CONFIGURATION CF
THE OPTION POST (from b) 5

\
\, MEMORY
\ SIZE
\ 2KX8 4RX8 8KX8
TYPE \
\
RAM 382 254 2&4
I
ROM/PRCM/ ! |
EPROM 182 ! 254 2&4
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The memory chip is then placed in the lower part
of the socket 1if 1t is a 24 pin device, For
further clarification refer to Figure 3.1

FIG. 3.1 A TYPICAL S0CKET AND ITS CORRESPONDING OPTION POST

WRITE

SOCKETS : OPTION POSTS:
UL3,ul4,uls,Uls 37,38,39,310




3.2.3

3

2.4

ENBRLING TEE SQCEETS

Each chip can be individually enabled by a
connection at J5. With any memory map selection
{Table 3.7) the user may select only part of the
memory map by not connecting all the jumpers at
J3. For example, the user can have an 8K PRCM
located between 4000H and 6000H-] by selecting map
option 7 (Table 3.7) but only enabling Ol1% by
connecting J5 pins 5 and 6. So only at these
addresses will there be an on—-board access, and

external overlapping memory will be masked by
MEMEX,

Refer to Table 3.4 to determine connections at J5,

| TABLE 3.4 enabling the
’ memory snckets
TO ENABLE - CONNECT
SQCKET: J3 PINS:
Ul3 l s 2
| Ul4 3 & 4
| |
Uls > & 6
gle I 7 & 8
—_ i |

MEMORY MAPS AND BOOT OPTICN

There are two different sets of mMemory mags
selectable via the boot flip-flep if J6 pins 8 and
10 are connected. If instead, J6 pins 7 and 8 are
connected the boot flip-flop does not play any
role and only the first set (Set ¥l) of memary

maps are available. 1In either case the particular
map within a set is selectable on J§.

The boot flip-flop is set after power-on reset or
a4 push button reset, This is its main function --
Lo enable a PRCM initially so that the PRCM can
lead an operating system. The boot flip—flop can
then be reset by an 1/0 operation. Refer to Table
3.5.



il

0of a power-on or push button reset.

TABLE 3.5 BCQOT FLIP FLOP CONTROL
CPERATICN DO THIS I/C RESULT IF J6
DESIRED OPERATION 8 & 10 CCNNECTED
SET BOQT CUTPUT 0 TO PORT MEMCRY MAFP SET
FLIP-FLOP F6H .(See Note 2) - #2 ENABLED
RESET BQQT QUTPUT 1 TO PCRT MEMORY MAF SET
FLIP-FLOP Fe6H #1 ENABLED
(See Note #1)
T
I
Note 1: If only memcry map set #1 is desired, |
connect J6 7&8 in which case the boot |
flip-flop effect is disabled. l
I
Note 2: Boot flip-flop is alsoc set as a result |
I
I

Memory map set #1 contains 6 different memory maps
that take care of various c¢ombinations of
RCMS5/PROMS/EPROMS and RAMS. Memory map set §2,
(intended to locad an operating system into main
memory} contains 2 different maps. The 2 memory
map cptions of set #2 are configured on J6 in such
a way as to not have any identical configuration
for set #1 on J6é. Thus if a map on set %2 1is
selected there can only be an on-bcard memory
operaticn if the beoot flip-flop is on., Once it is
turned off, set #1 is enabled, as explained above,
but the configuration on J6 does not select any
map from this set.

Table 3.6 shows how to configure J6 for selecting

the particular memory map. The table contains
boxes showing memory size at each of the four

sockets (Ul3 through Ul6). Also absolute location
in the memory space is shown.
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3.3

3.3.1

3.3.2

3.4

J.4.1

J.4.2

MEMEX AND IOEXP

MIMEX

Option posts E and F are connected when this card
is o drive the MEMEX line. This card must drive

the MEMEX line if there is an on-boargd accessible

memory or if no other card in the system drives
MEMEX.

LCEXD

Opticn posts D and C must nermally be connected.
It can be left open for the rare ccecasion that an
external circuit would control this line.

ON-BOARD I/Q

The on-board CTC {(counter/timer controller) is
used partly to provide the baud rate for the on-
bocard serial I/0 chip. (Channel zero of the CTC
is dedicated for this purpose.) Refer to the
programming section for further detail. Also
refer to the programming section for the I/0
addresses, The flip~flop 1is alse an I/0
addressable device; it is completely described in
section 3.2.3.

CUTPUT CONNECTORS

Tables 3.7 and 3.8 show the pin assignments for
the output connectors J2 and J3, used for the
serial I/0 and the timer/counter controller
respectively,

I1/Q CONFIGURATIONS

The timer/counter controller can be configured on
option post J4 to accept at its four CLK/TRG
inputs one of six possible on-bocard socurces.
Three ¢f the six sources are the CTC's own 2C/TO
outputs so that the counters can be cascaded. Two
of the sources are the 8251's (the serial chip)
TXRDY and RXRDY signals for interrupt operation of
the 8251. See section 2.6. The remaining source
1s the maximum frequency that the CTC can count --
l1/2 CPO clock. Table 3.2 provides the pin
descripticon of J4.




—

TABLE 3.7 OUTPUT CONNECTOR J2 - 14 pins
(SERIAL I/0 CONNECTOR)

-

|

PIN SIGNAL | DESCRIPTION
1, 13 GND For use as ground reference
3 TXD Transmitted Data see note
5 RXD Received Data " "
7 RTS Request~to—-send " "
9 CTS Clear-to—-send " "
14 DTR Data terminal ready " "
All _
cther NC No connection
Note: This card is confiqured as DCE thus all signals
are referenced tc the cpposite side (DTE).




TABLE 3.8

CUTPUT CONNECTOR J3 ~ 16 pins

(TIMER/COUNTER CONNECTOR)

10

12

14

le

All
cdd
Pins

|

|

!

i

SIGNAL DESCRIPTION
CLK/TRGOC Trigger or clock input to channel
zero of CTC
CLE/TRG1 Trigger or clock input to channel
cne of CTC
CLK/TRG2 Trigger or clecck input to channel
two of CTC
CLEK/TRG3 Trigger or clock input to channel
three of CTC
2C/TOO0 Zero count or time-out ocutput
channel zero of CTC
2C/TCL Zero count or time-~out output
channel cne of CTC
ZC/TO2 Zero count or time-out output
channel twoe of CTC
NC No connection
GND

—rLam A T




TABLE 3.9 CCNFIGURATION OPTION POST J4
J4 5IGNAL DESCRIPTION
PIN
1 CLK/TRG0 Clock/trigger input of CTC
channel 1
2 1/2 CPU CLOCK 1.25 MHZ OR-2 MHZ FOR 2.5 MHY or
| 4 MEZ CPU respectively
3 CLK/TRGL | Clock/trigger input of CTC
Channel 1
4 | ZC/TO0 Zero count/time-qut of CTC
Channel 9§
3 CLK/TRG2 Clock/trigger input of CTC
Channel 2
6 ZC/Tel Zero count/time-out of CTC
Channel 1
7 TXRDY Qutput of serial chip (8251)
|
8 ZC/TOZ Zero count/time-cut of CTC
Channel 2
I
9 | RXRDY Qutput of serial chip (8251)
I
10 [ CLK/TRG3 Clock/trigger of CTC Channel 3
- | - —
Note: These signals are also available at the
output connector J3. see table 3.8
3.4.2.1 USING THE SERIAL CHIP
J4 pins 1 and 2 must be connected when using the

serial chip since channel zero of the CTC provides
J4 pin 4 is the qutput of channel
Zero, From here it is divided by two and made 50%

1ts baugd rate,.

duty cycle before reaching the serial chip.
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Refer to Table 3.7 for the serial connector pin
description. All the inputs and outputs are
buffered by RS-232 buffers. The pins are
conveniently positicned so that a cable with an
RS-232 "D" connector at one end and a flat cable
connector at the other can easily by made.

TOo use the serial chip inthe interrupt mode the
signals RXRDY and TXRDY (J4 pins 9 and 7
respectively} are connected each to one of the
three available CLK/TRG signals (J4 pins 3, 4, ar
10). Also jumpers A and B must be connected.
Refer to the programming section and Section 2.5,

3.4.2.2  USING THE CTC TC CONTROL EXTERNAL INTERRUPTS

The available CLK/TRG inputs of the CTC are
connected via the output connector J3 to the
interrupting source. Alsc jumpers A and B8 must be
connected. It should be noted that these inputs
are not buffered and go directly to the MOS inputs
af the CTC. For further clarification refer to
Section 2.6 and the programming section.
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4.0 RROGRAMMING

This section provides I/0 register addresses for
the serial chip and the CTC, as well as gquidelines
to programming the CTC to provide the baud rate
for the serial chip and interrupt control.

This section will not serve to instruct the uger
how to program the three LSI chips on-board. For
this purpose the user should refer to the attached
manufacturer's data sheets in appendices B, C, and
E as well as other manufacturer publications.

Programming the boot flip-flop 18 not given here

as it was more conveniently presented in Section
3.2.3.

4.1 I/0 ADDRESSES !

¢.1.1 RERIAL CHIP ADDRESSES

The serial chip has two addresses selected

according to the C/D (Command/Data) input being
'l" or '0'., Refer to Table 4.1.

TABLE 4.1 - Serial Chip (8251)
Register Address

ADDRESS C/D REGISTER
F4 | Q DATA
F5 1 CONTROL/ STATUS

3-11




4.1.2 CTC CHIP ADDRESSES

The CTC has four addresses, Each address selects
a different channel. Refer to Table 4.2

il — P

TARLE 4.2 CTC addresses

| - - . .
ADDRESS | CHANNEL

FG 0

Fl I 1

) 2

F3 3

4.2 SERIAL CHIP BAUD RATE PROGRAMMING

CHANNEL 0 of the CTC is used to generate the haud
rate for the serial chip. All the standard
asynchronous baud rates from 50 to 4800 can be
programmed (except 50 baud for a 4MHZ CPU). Use
Table 4.3 to determine the CTC time constant and
the serial chip baud rate factor for a particular
baud rate selection.
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TABLE 4,3 BAUD RATE

SELECTICN

CTC CHANNEL

SERIAL

ACTUAL BAUD RATE

3-13

BAUD RATE | TIME CONSTANT CHIP
) BAUD
DESIRED RATE
2.5 MHz{ 4 MHZ FACTCR |2.5 ME= 4 MEz
CPU CPu MHz CPy
| 50 195 _— X64 50,08 _—
110 89 142 X6 4 109.73 110.04
150 65 104 X6 4 150.24 150.24
300 32 52 X6 4 305.18 300.48
6060 65 104 X16 600.96 600.96
1200 32 52 X16 1220.70 | 1201.92
2400 16 26 X16 2441.41 | 2403.85
| 4800 8 13 X16 4882.80 | 4807.69
9600 4 _ X16 9765.60 _—




1.2.1 GUIDELINES FOR BAUD RATE PROGRAMMING

The following two operations on the CTC set the
baud rate:

(1} Output to pert -~- 01¥XXX1lll disable interrupts/counter
FO {channel 0) mode/time constant

follows/reset/control word

{2} Cutput to port
FO (channel 0} —— TIME CONSTANT (From Table 4.3)

What still remains in order to set the baud rate
is toc program the serial chip for the desired baud
rate factor (léx or 64x) according to Table 4.3.

4.3 USING_THE CTC AS AN INTERRUPT CONTROLLER

The CTC can be used as an interrupt
controcller for the serial chip and/or external
events, See Section 3.4.2 for configqurations.

The fcllowing set of operations accomplishes this
(Eor a particular channel).

(1} CQutput toc selected 11X*X111 1interrupt enable /
channel counter mode / time

constant follows /
reset / control word

(2) Qutput tc selected —-- 0000CC01L time constant of 1
channel

(3) Output to channel VWVVV000 £five significant bits
Q(FQ) ** of the interrupt vector

X - Den't care

* - In the case of the serial chip this should be 1.
This will trigger an interrupt on the rising edge
cf a signal.

** - (Only one interrupt vector 15 used feor all the
channels and is lcaded at channel 0.

For further clarification refer to Appendix D --
Manufacturer's Data sheet

4.4 RESETTING THE SERIAL CHLP

For a safe reset 0f the serial chip always loacd
the following sequence to port FS {C/D=1l) rataer
than just the reset command itself: QO0H, 0CGH,
00H, and 40H. A software reset 40H on 1ts own
does not always work. '

3-14
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Product Specification

Z8400/Z84C00 NMOS/CMOS
Z80® CPU.
Central Processing Unit

FEATURES

The extensive instruction set containg 158 instructions,
including the 8080A instruction set as a subset.

B NMOS version for low cost high performance solutions,
CMOS version for high performance low power de-

a NMOS Z0840004 - 4 MHz, 20840006 - 6.17 MHz,
Z0840008 - 8 MHz.

m CMOS ZB4C0006 - DC to 6.17 MHz, Z84C008 - DCto
8 MHz, Z84C0010 - DC to 10 MHz, Z84C0020 - DC -
20 MHz

B 5 MHz version can be operated at 6,144 MHz clock.

- —d B Ag 3
a —
el BRES Ay f——=
sysTem | +——{of Ay ——
conrroL § ——J76 A f——n
e L] P
NP
~+——AFEA A [——= | appress
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¢ -—q HALT oy fp—r
g f——i-
————nWaT Ay —
ceu ooy Auf—*
COH'I'MLl] e L Ay ——>
———=] N Ay
Ay p—
-] RESET
B fr——
EPU ¢ e —u ) AUSREQ Dy [rat—
cm:g:{-—-wmu D frtierer——ar-
Dy for—— DATA
—f CLK Dy fr——n | BUS
e EX1 Dy, i
e GND Dy Jo—»
Dy i )

Figure 1. Pin Functicns

m The Z80 microprocessors and associated family of
peripherals can be finked by a vectored interrupt sys-
tem. This system can be daisy-chainedto allow implem-
entation of a priority interrupt scheme.

m Duplicate set of both general-purpose and fiag registers.
o Two sixteerrbit index registers.

m Three mades of maskable interrupts:
Mode 0—BCBOA similar;
Mode 1-—Non-Z80 envirenment, location 38H;
Mode 2—Z80 tamily peripherals, vectorad interrupts.
m On-chip dynamic memory refresh counter.

aa [ w ] A
LI%) 2 393“0
ap ]2 »0
ma[] s ] s
g 5 A
ck [ & 5] As

o] 7 ul]a
ol]s 3] A

s 2] s

D nJs
+5¥ w[] M
Dy = (] anp
] z {] RFSR
Op ]

[N e [ RESET
INT 25 | '] BUSREG
[ ] 4[] Wam
HALT 23 | ] BUSACK
@hEG 22 [] Wh
FORG 2] A0

Figure 2. 40-pln Dual-in-Line (D!P), Pin Assignmants
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GENERAL DESCRIPTION

The CPUs are fourth-generation enhanced microproc-
assors with exceptional computationat power. They offer
higher system throughput and more efficient memory
utilization than comparable second- and third-generation
microprocessors. The internal registers contain 208 bits of
readfwrite memory that are accessible to the programmer.
These registers include two sets of six general-purpose
registers which may be used individually as either B-bit
registers or as 16-bit register pairs. In addition, there aretwo
sets of accumulator and flag registers. A group of
“Exchange™ instructions makes either set of main of
aliernate registers accessible to the programmer. The
alternate set allows operation in foreground-background
mode or it may be reserved for very fast interrupt response.

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

&-BIT
ﬁ DATA BUS

DATA HUS
INTERFACE
INSTRUCTIOMN < MNSTRUCTION
DECODER REETER INTERNAL DATA BUS
+5¥ —i
AND —= lL REGISTER
CLOCK — ARRAY
CPU crMY
TIMING
e ) ot ]: I
ADDRAESS
. LOAIC AMD
BUFFERS
LR e
AND ON
COMTROL  ENPUTS 18-BIT
OUTPUTS ADDRESS BUS

Flgure 3. Z80C CPU Block Diagram
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Table 1. Z80C CPU Registers

Register Size {Bits) Remarks

A A Accumulator 8 Stores an operand ar the resuits of an operation.

F.F* Flags 8 Ses Instruction Set.

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

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

o.Df General Purpose a Can be used separately or as a 16-bit register with E.

'E,E’ General Purpose 8 Can be used separalely or as a 16-bit register with E.

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

LoL! General Purpose B Can be used separately or as a 16-bit register with L.

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

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

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

1X Index Ragister 16 Used for indexed addressing.

Y Index Register 16 Used for indexed addressing

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

PC Program Courtter 16 Holds address of next instruction.

IFF1-IFF2 Interrupt Enable Flip-Flops Set or reset to indicate interrupt status (see Figure 4},

iMFa-iMFb interrupt Mode Flip-Fiops Reflect Interrupt moade {sea Figure 4},

failure has heen detected. After recognition of the NMI
signal (providing BUSREG is not active), the CPU jumps to
restart location 0066H. Narmally, scftware starting at this
address contains the interrupt service routine.

Maskable Interrupt (NT). Regardiess of the interrupt
mode set by the user, the CPU response 1o & maskable
interrupt input follows a comman timing cycle. After the
interrupt has been detected by the CPU {provided that
interrupts are enabled and BUSREQ is not active) a special
interrupt processing cycle begins. This is a special fetch
(FMT) cycle in which JORG becomes active rather than
MREQ, as in a normal M1 cycle. In addition, this special M1
cycle is automatically extended by two WAIT states, to allow
for the time reguired to acknowledge the interrupt request.

Mode 0 Interrupt Oparation. This mode is similar 1o the
B0BO microprocéssor interrupt service procedures. The
interrupting device places an instruction on the data bus.
This is normally a Restart instruction, which will initiate a call

1o the selected one of eight restart locations in page zero of
memory. Unlike the 8080, the Z80 CPU responds to the
Call instruction with only ona interrupt acknowlodge cycle
followad by two memory read cycles.

Made 1 Interrupt Operation. Mode 1 operation is very
similar to that for the NMI. The principal difference is that the
Mode 1 interrupt has only one restart iacation, 0038H.

Mede 2 Interrupt Operation. This interrupt mode has been
designed to most effectively utilize the capabilities of the
Z80 microprocessor and s associated peripheral family. The
interrupting peripheral device selects the starting address
of the interrupt service routine. It does this by placing an 8-
bit vector on the databus during the interrupl acknowledge
cycle. The CPU forme a pointer using this byte as the lower
8 bits and the contents of the | register as the upper 8 bits.
This points to an entry in a table of addresses for inferrupt
sarvice routines. The CPU then umps to the routine at that




address. This Rexibifity in selecting the interrupt service
routine address allows the peripheral device fo use several
clﬁemnttypesofsewlcerwlhes.Theeemumesmaybe
focated at any available location in memory. Since the
iﬂemq:lingdavinewppieshelaw—orderbyleofu\o2-byle
vector, bit 0 {A;) musl be a zero.

. Interupt Enable/Disable Operation. Two flip-flops, IFF

and IFF,, referred to in the register description, are used to
signal the CPU interrupt status. Operation of the two
flip-fiops is described in Table 2. For more details, refer to
the Z80 CPU Technical Manual (03-0028-01) and Z80
Assembly Language Programiming Manual (03-0002-01).

Table 2. State of Flip-Flops
Action IFFy IFFz Comments
CPU Reset 1] 0  Maskable interrupt
. : TNT disabled

Dl instruction execution Q 0 Maskabile interrupt

. INT disabled

El ingtruction execution 1 1 Maskabie inferrupt
TNT enabled

LD Al instruction execution - . IFFp — Parity flag

LD AR instruction execution @ e iFFy — Parity flag

Aocept NRAT o = Maskaple interrupt
TNT disabled

RETN instruction executon  IFFz  »  IFFz — IFFy at
completion of an
NMI sarvice

routine.

INSTRUCTION SET

The microprocessor has one of the most powerful and
versatile instruction sets available in any 8-bit micro-
processor. It includes such unigue operations as a block
move for fast, efficient data transfers within memory, or
batween memory and /0. It also allows aperations on any
bit in any location in memory.

The following is a summary of the instruction set which
shows the assembly tanguage mnemonic, the operation,

theflag status, and gives comments on gach instruction. For .

an explanation of flag notations and symbols for mnemonic
tables, see the Symboiic Notations section which follows
these tabies. The Z80 CPU Technical Manual (03-0029-01),
the Programmer's Reference Guide (03-0012-03), and
Assembly Language Programming Manual (03-0002-01)
contain significantly more details for programming use.

The instructions are divided into the following categories:
8-bit loads

16-bit loads

Exchanges, block transfers, and searches

8-bit arithmatic and fogic operations

General-purpose arithmetic and CPU control

16-bit arithrnetic operations

m]
O
w]
a
o
O
o Rotates and shifts

ri Bit set, reset, and test operations

O Jumps

O Calls, returns, and restarts

O Input and output operations

A variaty of addreésing modes are implemented to permit
efficient and fast data transfer between various registers,

memory locations, and input/output devices. These
addressing modes include:

Immediate
Immediate extendsd
Modified page zero
Relative

Extended

Indexed

Register

Register indirect
implied

Bit

oo oo ooaood




8-BIT LOAD GROUP

Symbolic Flags Opcode No.of No,of M No.of T
Mnemonic Opemtion 8 Z H PIWH C 76 543 210 Hax BSylss Cycles Sisies Comments
Lo rr s e X « X o o ¢ O r r 1 1 4 Lt Reg.
1Drn r~n s =« X = X = = « 00 1 10 2 2 7 ooo B
-n— 001 ¢
LD 7 (HL) = (HL} « & X & X s = ¢ 01 r 10 1 z 7 010 D
LOLOX+d) r—@X+d) « = X » X » & o 11 011 101 DD 3 5 19 o1 E
0 r 1o : 100 H
bt * ke ’ 101 L
LOL{Y+c) r—{¥Y+d) =« ® X = X ¢ e « 11 111 101 FD 3 5 19 . 111 A
' or r 110
LOMHL), ¢ (HL) =T e « X o X e o » 01 10 & 1 2 7
LO(X+d),r (X+dj~r o = X o X » & o 11 01t 101 DD a 5 19
o1 10
¢-d-0
LO{Y+d)r (Y+ch+r o ¢ X » X * o o 11 111 101 FD 3 5 18
01 10 r
. -
3 tbHL.n  HL=n * s X » X o s o 00 110 10 36 2 3 10
? bl 1 b
; LD@X+d.n @X+dj+=n ¢ o X ¢ X s + ¢ 11 011 101 DD 4 5 19
110 110 36
—g-—

-y




8-BIT LOAD GROUP (Continued)

Symbolic Flags No.ot No.otM No.of T

Opcode
Mnemonic Opsmtion 8§ 2 H PVNC 78 543 210 Hex Byms Cycles States Comments

LD@Y+dLn @Y+d)=n o o X o X » » « 11 111 101 FD 4 5 19
: 00 110 110 36

-] -

Q—n-"
LDA,{BC) -~ A=—(BC} » ¢ X. o X e s = 00 001 010 QA 1 2 7
LD A, (DE) A+~{DE) e s X «' X « o » 00 D1 010 1A 2 7
LD A, (nn) A+ (nn) « o X = X o & 00 111 010 3A 3 4 13
‘—n—.
Q—n-.'
LDBCLA (BO«A * o X = X e« & & 0O 000 OO O2 1 2 7
LD(DE),A  (DE)+A e« o X e X o s v 00 010 010 12 1 2 7
LD(np A (nnj+—A s a X o X v » o 00 110 010 32 3 4 13
T epe
; -—n—
LDA,I Al $ 4 X 0 XIFFO = 11 101 10t ED 2 2 8
' ol 010 w1 57
LD AR A=—R $ ¢+ X 0 XIFFO « 11 101 101 ED 2 2 9
_ ot 011 111 5F
LD A I+~ A s & X o X » s o 11 101 101 ED 2 2 ]
o1 000 111 47
tDR.A R—A s ¢ X » X » s = 11 101 10t ED 2 2 9
01 001 111 4F
NOTE: {FF, the content of the irterrupt enabla fip-flop, (IFF 5). is copled inta the P/Y tag.
18-BIT LOAD GROUP
Symbolic Fiags Opcods No.of No.ofM No.of T
Mnemonic Openstion 5 Z H PINN C. 76 543 210 Hex Byws Cyclss States Comments
LDdd,nn  ad+nn s o X ¢ X s » = 00 dd0 OO 3 3 10 dd _ Pair
“n- 00 BC
-n—+ 01 DE
LD IX, nn IX = an « o X o X s e s 11 01t 101 DO 4 4 14 10 HL
00 00 001 A 1 $p
Ll § B
. bl 1 R
LOIY, nn IY »=nn e« « X o X » = + 11 111 101 FO 4 4 14
0o o 21
.—n—b
d—n—b
LDHL.{rp He+—(n+1) o o X o X o o » 00 101 010 2A 3 5 16
L = (nn) —n--
. e
LDdd, (o) ddg+{nn+t) ¢ » X « X & ¢ ® 11 101 101 ED 4 8 20
dd_ = (nn) o1 ddi on

-—y =

—p .

NOTE: (PAIA), (PAIR), refer to high order and low order eight bits of the register pair raspectively. 8.9, BC = C, AFy = A,

10



18-BiT LOAD GROUP (Continued)

Symbolic Fiags Opcode No.of No.ofW No.of T
Mnemonic Opesrstion 8 2 H PN C 76 543 210 Hex Byws Cycles Sixkes Comments
LD (X, {nn) Ky=(n+1} » = X = X o « ¢ 11 0N 1 DD 4 -] 20
X+ {nn} 00 101 010 2A
'-n—.
.—"—b
Lo, (m) [Yu=(n+l) = o X o X « » » 11 11t 1 FO 4 8 20
¥, + () 00 01 o010 2A
I—n—b
Q—n—b
Lo HL  (n+1)=H =» = X » X = « & 00 100 010 22 3 5 16
{nn)+L -n—+
.-nﬂb
LD().dd  (nn+1)=ddy » « X o X = = = 11 101 10t ED 4 & 20
{nn) + cd_ ™ dodo ONn
had 1
-— =
LO(@n), X (pn+t)e=Dy & = X ¢ X ¢ o o 11 0N 01 oD 4 6 20
{nn) + I 00 100 010 22 .
O-ln-
. -ne-
LD {nn), I¥Y n+N+1fYy « » X ¢ X = ¢ « 11 N 101 FD 4 6 20
{ramp = 1Y 00 100 010 22
Ll | e d
l’-r‘.-—b
LDSPHL SP+HL « o X o X e e » 11 111 OH FQ 1 1 [}
LD 5F IX WS -=IX e o X « 3% « & « 11 0tt 101 DD 2 2 10
. 11 111 001 FO
LD SF, I¥ SP=IY w o+ X ¢ X = & =« 11 111 101 FD 2 2 10
11 111 001 F8 aq Pair
PUSH qq (SP-2)+=qq * * X * X « € » 11 qggd 101 1 a 1 00 BC
BP~1)*qay ot DE
SP—+5F -2 10 HL
PUSH X BP-2)«IX » = X =« X =« « « 11 0N 1 Db 2 4 15 11 AF
(SP=1) Xy 11 100 101 E5
SP—+8P -2 .
PUSH IY BP-2)+IY, = = X & X = » & 11 11t 11 FD 2 4 1§
(8P -1} =Yy 11 100 10t E5
SP—-S5P -2
POP aq qoq~@BP+1)+ & X = X o = « 11 qg0 001 1 3 10
qaL ~(3F)
SP—+~5SP +2
POP IX IXq=(SP+1) » = X o X » = » 11 011 101 DD 2 4 14
1%+ (5P 11 100 00t E1
5P —+ 5P +2
POP 1Y Wye-(SP+1) ¢ « X & X .+ « ¢ 13 111 1 FG 2 4 14
¥, + (SPF) 11 100 0 B
SP—=+8P +2

NGTE: (PAIR)., (PAIR), refor to high order and low order eight bits of the regiatsr pair respectively, 8.9, BC = C. AFy = A

1"




EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS

Symbolic Flaga Opoods No.of No.ofM No.of T
Mnemonic Operstion 3 2 H PNNC 78 543 210 Hex Bytes Cycles States Comments
EXDE, HL DE += HL e s X » X « « o {1 101 O EB 1 1 4
EXAF,AF"  AF=AF s ¢ X e X a o s 00 001 OO0 OB 1 1 4
EXX B« B! e« « X o X = ¢ « 11 011 001 D9 1 1 4 Register bank
DE - DE’ and auxiary
HL » HL' register bark
echangs
EX{SFLHL H+«(SP+1) » » X * X « o o 11 100 011 E3 1 5 19
L+ (SP)
EX(SP)IX Xy=(SP+%) » » X * X o o s 11 011 10t DD 2 8 23
X+ (SP) 11 100 Ott E3
EX(SPLIY Wy=(SP+1) & o X » X & a o 11 111 10t FD 2 6 23
YL == (SP) 11 100 O E3 :
LD (DE)«=HL) = s X O x(Pu « 1t 101 101 ED 2 4 16 Load (HL)into
DE«DE+1 10100 000 A0 (DE}, incremeent
HL +~HL+1 the peinters and
BC + BC~1 decrement the
bysa courtar
® €0)
LDIR DEj=(H) = » X 0 X 6 0 + 11 11 101 ED 2 5 21 fBC#OD
DE +DE +1 10 110 000 BO 2 4 16 HBC~0
HL+=HL+1 :
BC+BC-1
Repeat uniil
BC =0
@
DD - (DE+~MHL +« « X 0 X § 0 « 41 tO1 1M ED 2 4 18
DE +=DE-1 10 101 000 A4
HL=HL-1
" BC=BC-1
LDDR ®E+~{H) =+ ¢ X © x?o = 1t 1M1 101 ED 2 5 21 HKBC¥0O
DE+DE-1 : 10 111 000 B8 2 4 1% IfBC =0
HL+HL-1
BC—BC-1
Repeat untd
BC=0 ®
cPI A~ (HL) $ 4§ X $ X &£ 1 « 41 101 10v ED 2 4 15
HL = HL+1 10 100 001 At
BC+BC-1

NOTE: (@ PN flagiaOifthe resul of BC—1 = 0, otherwise PAV = 1.
@ P flagis 0 oniy at completion of instruction.
@ Zfagis1ilA = Hi , otherwiesZ « 0.

12



EXCHANGE, BLOCK TRANSFER, BLOCK SEARCH GROUPS (Continued)

Flags Opcode No.of No,of8l No.ofT
Mnemonic Operstion 8§ Z H PNN C 78 543 210 Hex Byles Cycles Siales Commenis
@ @
CPIR A —(HL) t ¢ X ¢ X ¢t 1+ 1 101 101 ED 2 5 21 BC#0and
Aw(HL)
HL = HL+1 10 110 D1 B1 2 4 18 HBC=0Oor
BC —BC~1 A = (HL)
Repest until
A = {HL)or
BC=0 ' ®
- (€
CPD A= {HL) $ 8 X ¢ X 4 1 e« 11 01 101 ED 2 4 16
HL - HL -1 10 101 001 A9
8C~—BC~1 ®
CPOR A= (HL) t ¢ X # xc?1 « 11 101 11 ED 2 . 21 HBC¥#0and
A+ (HL)
HL « HL-1 10 111 001 B8 2 4 16 IiBC = Qor
BC~BC-1 B = (HL)
Rapeat untd
A = (HiL}or
BC=0
NOTE: () PAVHagistdtha resultof BC- 1 = D, ctherwise PV = 1.
2 PV fag is 0 only at complation of instruction.
¢ Zfagis1iA = (HL). otherwisaZ = 0.
8-BiT ARITHMETIC AND LOGICAL GROUP
. Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonle Operstion § 2 H PN C 76 543 210 Hex Bytss Cycles Strtes Comments
ADDA, ¢ AvAsr $ ¢+ X ¢ X VOt 10 v 1 1 4 Reg.
ADDAR  AwA+n $ 4 X ¢ xv 0ot m [066] 110 2 2 7 o000 B
-n—- o C
pic D
ADDA (ML) A+aA+HL ¢ $ X ¢ X V 0 ¢ 10 110 1 2 7 011 E
ADDA, (X+dA+A+(X+dy ¢ § X ¢ X V 0 % 11 011 101 DD 3 5 19  t00 H
10 110 10 L
g 11 A
ADDA(Y+dA~A+0Y+d) ¢+ ¢ X ¢ X V 0 ¢ 11 111 101 FD 3 5 19
10 110
4—d-b
ADC A, 8 A+~A+s+CY $ ¢ X § X ¥V 0 ¢ siganyofsn,
SUBs A+rA-s $ 8 X 8 X v 1 [010] (HL), (X + o),
SBCA,s AvA-5-CY$ ¢ X 4 X Vv 1 ¢ 671} (Y +dyas
AND s A«A>s ¢# 1t X1 X POOD shown for ADD
ORs A=A>s § $ X O X P DO instruction. The
XORs A~—Aes ¢t X 0 X P OO indicated bits
CPs A-5 $ 0t X 8 X Vo1t 1t replace the
[006] in the
ADD set above,
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8-BIT ARITHMETIC AND LOGICAL GROUP (Continued)

Symbolic No.of No.ofM No.of T
Wnemonic  Operation s Z H PV N 78 543 210 Hex Cycles States Comments
INC T Fer+d t t Xt XV O 0 r [0 1 1 4
INC (HL) {HL) -~
{HLy+1 $ F X ¢ XV o« 00 110 [100] 1 3 11
INC(X+d) (X+dy+ t ¢+ X ¢ X VO e 11 011 101 DO 3 6 23
(X +d)+1 go 110 [Io0]
- -
INC(Y+d) (Y+d)+ t 1 Xt X v o s 11 111101 FD 3 & 23
{IY+dp+1 o0 nmo [760)
ﬁ-d—v
DECm mem-1 $ 03 X 8 X V1o

NOTE: s any of , (HL), (X +d, (I + cfy a8 shown for INC, DEC same format and stales as INC. Replace [1o0 Y with [307 ] in opcode.

GENERAL-PURPOSE ARITHMETIC AND CPU CONTROL GROUPS

Symbolic Opcode No.of No.ofM No.of T
Mnemonic  Operation g 2 H PAYN C 76 543 210 Hex Bytes Cycles States Comments
DAA @ $ ¢+ X ¢t X P « ¢ 00 100 111 27 1 1 4 Decimal adjust
accumulator.
CPL Ar—A s & X 1 X e 1 & D0 107 111 ZF 1 1 4 Complament
accumulgtor
{one's
complemsnt).
NEG A+Q-A 0+ X X v 1 ¢ 11 101 11 ED 2 2 B Negate acc.
01 000 100 44 (two's
complemant).
CCF CY~CY » o X X X e 0 %+ 00 111 111 J3F 1 .1 4 Complement
carry flag.
SCF CY+1 s ¢« X 0O X » 0 1 00 110 111 37 1 1 4 Set carry flag.
NOP Nooperation = ¢ X e X = = 00 000 OO0 OC 1 1 4
HALT CPUhalted & o X & X = = « 01 130 110 78 1 1 4
Dl % IFF+0 e o X = X e s o tt 110 011 F3 1 1 4
El % IFF+1 « ¢+ X o X o o = 11 111 011 FB 1 1 4
MO Setinterrupt e ¢ X « X e = « 11 101 101 ED 2 2 )
mode 0 01 Q00 116 46
IM1 Satinterrupt ® & X e X = ¢ s 11 101 101 ED 2 2 8
mode 1 0ot 010 110 56
M2 Setinterrupt  « * X = X ® e & 91 101 101 ED 2 2 8
mode 2 01 011 110 SE

NOTES: @ converts accumulator contert into packesd BCD following add or subteact with pachked BCD operands.
IFF indicates the intarrupt enable fip-op.

CY incicates the carry tip-flop.
# inglicales interrupts are ot sampled at the end of Elor DI
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16-BIT ARITHMETIC GROUP

Symbolic Flags Opcode No.of No.of M No.of T
Mnemonic  Operation 8 Z H PIVN C 76 543 210 Hex Byles Cycles Statex Commernts
ADDHL,ss HL+HL+ss *» ¢ X X X « 0 § 00 s oOO1 1 3 11 58 Reg.
aa BC
ADCHL, ss ML~ o1 DE
HL+ss+CY ¢ ¢ X X X v 0o ¢ 11 101 101 ED 2 4 15 ia HL
ot =51 010 11 SP
SBCHL, 88 HL+
HL-s3—CY 4 $ X X X ¥ 1 % 11 11 101 ED 2 4 16
' 01 ss0 €10
ADDIX.pp IX+—X+pp +» » X X X = 0 ¢ 11 011 01 DD 2 4 13 pp_ Reg
™ ppt O 00 BC
o OE
1w X
11 sP
ADD Y, rr =i+ e ® X X X e 0 § 11 111 101 FO 2 4 15 fr Reg.
ml o 00 BC
INC ss ss+8s+1 o 2 X e X & = » 00 ss0 O1 1 1 6 o DE
ING 1X 1% = 1X+1 « & X » X s = « 11 011 10t DD 2 2 10 10 Iy
00 011 23 11 SP
INC 1Y Y —Iy¥+1 s« X ¢ X = & o 31 111 101 FD 2 2 10
0e 1 23
DEC ss a5+ 55-1 e« o X o X % & « 00 s31 O1 1 1 6
DEC1X IX = X1 = » X @« ¥ & o o 11 011 W1 OD 2 2 10
0 101 o1 2B
DEC 1Y I¥ =1y -1 « o ¥ &« X & & =« 11 111 0t FD 2 2 10

00 101 o011 28

ROTATE AND SHIFT GROUP
Symbolic Flaga Opcode NHo.of No.ofM Ne.otT
Mnemonic Opemation s Z H P/VN C 76 543 210 Hex Bytes Cycles States Comments
ALCA . « + X 0 X e Ot 00 000 111 07 1 1 4 Rotateleft
ciycular
accumulater,
RLA '-. « «» X 0D X e 0 1 00 010 111 37 1 1 4 Rotate laft
accumulatar.
RRCA '- « &« X 0O X s 0 ¢ 00 001 111 OF 1 1 4 Retate right
circular
accumulator,
RRA L= [ov] » + X 0 X s 0 t 00 O11 1t1 F 1 1 4 Rotate right
. accumulator




ROTATE AND SHIFT GROUP {Continued)

Symbalic Fiags Opcode No.of No.ofM No.of T
Mnemonic Operstion s 2z H PVN C 76 543 210 Hex Bylss Cycles States Comments
ALCr t ¢+ X 0 X P 0+4 11 001 01t CB 2 2 8 Rotate left
00 r circular
registar 1.
RLC {HL) $ $ X0 X PO ¢ 11 00 011 CB 2 4 5 Reg.
00 000 110 000 B
[er] '. o0 o]
RLC (iX+d) $t ¢+ X 0 X P O $ 11 011 101 DD a 8 23 o010 D
r{HUL0X +d), (Y + d) 11 001 011 CB ott E
—d- 001 H
00 10 100 L
111 A
ALC (¥ +d) t ¢+ X 0 X PO % 11 111 101 FD 4 & 23
11 001 011 CB
—g—- instruction
] 00 110 tormat and
ALm fore—{T—t]"4 4 x 0 X P O 3 o10 States are as
m = LHL I+ d) 1Y +d) shawn for
RLCs. To form
pRCm MT==1-E ¢ ¢ x 0 X P 0 % new opcode
ma [ (HLL0K+d)(0Y +d) replace[000]
or RLCs with
shown code.
RRm F=1H 1+ 1+ x 0o x P o0
m=GEHL), X+ LY + o)
stam [EPF{T—el=t ¢+ X 0 X P 0 }
ma= [(HLLOX +d) (Y + d)
sram L= 4+ ¢ x o x P 0 ¢
1 e £ (HLY (X + ) {1Y + o)
sALm 71— ¢ # X 0 X P O KK
m=r(HLLEX+ d) (Y +d)
ALD mmmm t § X 0 X P O + 11 101 10t ED 2 5 18 Rotate digit
. 0t 101 111 6F lett and
right between
the accumu-
{ator and
— focation (HL).
RRD - $t ¢+ X 0 X PO + 11 101 101 ED 2 5 18 Thecontent
* ) o1 100 111 &7 of the upper
half of the
accumulator
is unaffacted.
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BIT SET, RESET AND TEST GROUP

Symbolic Flags Opcode No.of No.ofM No.of T
Mnemonic Opemsion 8 2 H PVN C 78 543 210 Hax Byiss Cycles States Comments
BITb,r Z+rp X $ X 1 X X0 = 11 001 11 CB 2 2 & r__Reg
o b T 000 B
BITb,{HL) Z+(HlL)y X £ X1 X X0 = 11 001 011 CB 2 3 12 001 ¢
01 b 10 o1 D
BITo{X+d)p Z+0X+dy X ¢ X 1 X X 0 = 11 011 101 DD 4, 5 20 01t E
11 001 011 CB 100 H
—d- 101 L
o1 b 110 1M1 A
b  Bit Tested
BITO{Y+dp Z+0¥+d)p . X ¢ X 1 X X 0 = 11 11t 101 FO 4 5 20 00C O
11 0ot 011 CB 001 1
—d— oo 2
01 b 110 o1t 3
SETh.r 1 ¢« ¢ X » X s = & 11 001 0V1 CB 2 2 8 100 4
b 101 5
SETh, (HD (HLjp+1 » » X + X = & o 11 001 011 CB 2 4 5 110 &
b 110 1m 7
SETh, (X+d) {X+djpb+=1 ¢ X = X = o « 11 011 101 DD 4 6 23
11 o1 01 CB
d—d—b
0 b 10
SETDY+d) (Y+dp=1 =« ¢ X ¢ X = = » 11 111 101 FD 4 6 23
11 001 011 CB
- -
v 110
RES b, m mp, +~ 0 « e« X s X o o « [0 To farm new
mmr; (HL), opcode replace
(X +d). (Y +d) [(1]cfSETh, &
with[1C} Flags
and time
states for SET
instruction,

NOTE: The notation my, indicates location m, bit b (010 7).
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JUMP GROUP

Symbollc Flags Opcade No.of No.ofM No.of T
Mnemcnic Operation 8 Z H FP/VN C 78 8543 210 Hax Bytes Cycles Statss Comments
JPnn PC+ nn e« « X o X o » & 11 000 O C3 3 3 10 cc  Condition
~-n-— 000 NZ{non-2aro)
—n—. oM Z(zero)
JPec,nn licondionce = = X ¢ X & e @ 11 cc 010 3 a 10 010  NC {non-carry)
is true PC+nn, N 011 Cicarty)
gtherwise ~n-—+ 100 PO (parity odd)
cortinug 101 PE {parity even)
JRe PC~PC+e = = X o X « » » (00 011 00C 18 2 3 12 110 P {sign positiva)
—g-Z2- 111 M(sign negative)
JRC, e fC=0, s o X » X & & « 00 111 000 38 2 2 7 I condition not met.
continue —g-2-
fC=1, 2 3 12 If condition is met.
PC+PC+e
JRNC. e IFC=1, e s X » X » » o 00 110 000 30 2 2 7 If gondition not met.
continue —g-2—
fC=0, 2 3 12 It condition is met.
PC—PC+e
JPZ e HZ=0 e« o X = X s e « D0 107 000 28 2 2 7 If condition nat met.
continue —p-2--
fZ=1, 2 3 12 i congiition is met.
PC+~PC+e
JANZ & (fZ=1, e = X o X o « ¢« 00 100 000 20 2 2 7 If condition not met.
continue —p—Z-
HZ=0, 2 k) 12 if condition s met.
PC+ FC+e
JPHL)  PC+HL « = X ¢ X =« » s 11 101 Q01 E9 1 1 4
JP (1) PC +IX e = X o X+ o« s 11 01 101 DD 2 2 B
11 101 001 ED
JP{IY) PC 1Y s« X o X &« » & 11 111 1001 FD 2 2 8
11 101 001 ES9
DJNZ,e B+B-1 e o X » X v & « 00 010 000 10 2 2 B FB=0
fB=0, +g-2—
continueg
If B%0, 2 3 13 1 B¥0.
PC—FPC+e

NOTES: & represents the extensian in the relative addressing moda.
#is & signal twa's complement number in the range < ~ 126, 120>,
u— 2 inthe opcode provides an effective address of pe + e as PC is incremented by 2 priof to the addittion of o,
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CALL AND RETURN GROUP

Symbolic Flags Opcode No.of No.otM No.ofT
Mnemonic Operation - 4 H P/WNC 76 543 210 Hex Bytes Cycles States Commenis
CALLrn (SP—1~PCHq + = X = X = ¢ » 11 001 101 CD 3 5 17
BP-2)+PC —n—-
PC +nn, —n—-
CALL ¢,nn if condition e o X o X » o o 11 cc 100 3 3 10 If cc is false.
cc ig false —n-+
continue, -+ 3 5 17 If cc is true.
otherwise
same as
CALL nn
RET PCL=—(SP} » » X » X = « « 11 00t 001 C8 1 3 10
PCH+BP+1)
RETcc 1 condition « ¢ X o X s s s 11 oo 000 1 1 5 I} cc is false.
cc s false
continue, 1 3 11 Ifcoigtrue,
atherwise
same as RET cc  Condition
000 NZ {non-zerc)
o Z (zero)
010 NC (non-carry)
RETI Returnfrom = = X & X & & = 11 101 101 ED 2 4 14 011 Ciearry)
interrupt 01 001 101 4D 100 PO (parity odd)
RETN1 Returnfrom ¢ ¢ X » X = & « 11 101 101 ED 2 4 14 101 PE {parity even)
nor-maskabie 01 000 101 45 110 P {sign positive)
interrupt 111 M (sign negative)
RST p SP=N+PCH » =« X » X » ¢ » 11 t 11 1 3 " t p
{SP-2+PC 000 00H
PCH+D oot 08H
PCL~p 010 10H
11 1BH
100 204
101 2BH
140 30H
111 38H

NOTE: *RETN lpads IFFz = IFFy
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INPUT AND QUTPUT GROUP

Symbolic Flags Opcode No.of No.ofM No.of T

Mnemonic Opsration § 2 H PVYNC 76 543 210 Hex Byles Cycles Statea Comments

INA {0} A—in) » o X « X o« « « 11 011 O DB 2 3 11 ntoAg ™~ Az

~n-— Acc.1o Ag ™ Aqs

NG r=(C) t 4 X3 X PO 11 101 101 ED 2 3 12 ClaAgnv Ay
ifr=110only ot r 000 BloAg~ Aqg
the fags wilt
pe affecied

@

INI HU—{) X £ X X X X1 X 11 10t 101 ED 2 4 16 CloAg~Ay
B+~B-1 10 100 010 A2 BloAg~ Asg
HL+=HL+1 (D

INIR (HO+~(C) X 1 X X X X 1 X 11 101 11 ED 2 5 21 CloAg~Ar
B+B-1 10 110 010 B2 (It B#0) BtoAg~ Ag
HL=HL+1 2 P 18
Repeat until (HB=0)

BE=0D
©

ING (HL) = {C} X 3 X X X X1 X 11 101 101 ED 2 4 18 CtoAg~ Az
B~B-1 10 101 010 AA BloAg~ Arg
HLeHL-1 (@

INOR HU=@© X 1 XXX X1X 11 10 101 €D 2 5 21 ClohgmAy
B+B-1 10 111 016 BA T B#D) BioAg ™ Aqg
HL +=HL-1 2 4 16
Repeat untl (fB=0)

B=0

QUT{n}. A {ny=A e ¢ X » X s o o 11 010 011 03 2 3 1 nicAg~ Ay

+n—+ Acc. 1o Ag~ Aqg

OUT(Chr ()=t s ¢ X n X » = s 11 101 101 ED 2 3 12 CtoAg~ A7

o1 rooot BioAg~ Ay

ouTl ©@=HD X 1t X XXX 1X 11 101 101 ED 2 4 18 CtoAgn Ay

B+B-1 10 100 011 A3 B Ag~ Agg
HL=HL+1 (D

TR {Cy ~(HL} X1 XX XX1 X 11 101 101 ED 2 5 A CioAgn Az
B=~B-1 10 110 011 B3 ( Bw0) BtoAgr~ Aqg
HL = HL+1 4 4 16
Aepeat unt (B =0}

B=0
@

ouTD Cr+—{HL) ¥ o8 X XX X 1 X 11 101 10t ED 2 4 16 CtoAgr Ay
B+8-1 10 101 011 AB BtoAg~ Ag
HL = HL -1

OTDR {C) = (HL) x(?x XX X1 X 11 101 101 €D 2 5 21 CloAg~Ar
B=B-1 10 111 on (If B0} B o Ag ~ Ays
HL+—=HL-1 2 4 16
Repeat unti {iB=0)

E=0

NOTES: (D Itthe resutt of B - 1 iz zero, the'Z Nlag s set; otharwise itis reset.
(@ 2 fagis set upon instruction completian only.




A

SUMMARY OF FLAG OPERATION

rd Dy
instructiona s 2z H PV N € Comments
ADD A, s: ADC A, 5 $ ¢+ X 2 X Vv 0 ¢ B-bit add or add with carry.
SUBS; SBCA 5 CPs;NEG  # X ¢ X Vv 1 t B hit subtract, subtract with camy, compare and negate
accumnutator.
AND s { § X 1 X P 0 O Logical operation.
Ofis XORs t § X 0 X P 0 0 Logical operation.
INCs P} ¢ Xt X ¥V 0 . 8-bitincrement,
DECs $ 0+ X ot X Vo1 . B-bit decrement.
ADDDD, 85 e« & X X X = 0 16-bit add.
ADC HL, s8 i} 3§ X X X v 0 % 16-bit add with carry.
SBCHL, 58 t 3 X X X v 1 ¢ 16-bit subtract with carry.
RLA; RLCA; RAA; RRCA » « X 0 X e« 0 Rotate accumulator,
AL m; RLC m; RR m; 4 4 X 0 X P 0 % Rotate and shift locations.
RRC m; SLA m;
SAA m; SALm
RLD; ARD t ¢+t X 0 X P 0O = Rotate digit left and right.
DaA t ¢+ X ¢ X P s 3 Diecimal adjust acocumulator,
CPL s o+ X 1 X s 1 e Complament accumulator.
SCF « & X 0 X = 0 1 Setcarry.
CCF s &« X X X ¢ 0 ¢ Compiement carry.
M r{C) {1 ¢+ X 0O X P 0 » Input register indirect.
INI; IND; OUTI; OUTD X t X X X X 1 Biock input and output. Z = 1ifB % 0, otherwise Z = 0.
INIR; INDR; OTiR; OTDR X 1 X X X X 1 « Block input and output. Z = 1if B# 0, otherwise Z = 0.
L0 LDD X X% X 0 X 3 0 o Block transfer instructions. PAY = 1if BC # 0, otherwise PV = 0.
LCHRA; LDDR X X X 0 X 0 49 » Block transfer instructions. PV = 1if BC # 0, otherwise PV = 0.
CPI; CPR; CPD; CPDR X $ X X X ¢ 1 Block searchinstructions. Z = 1itA = (HL), otherwise Z = 0.
PV = 1ifBC # 0, otharwise PV = 0.
LDALLDAR t ¢+ X 0 X IFF 0 = {FF. the content of tha interrupt enatie flip-flop, (IFFy), is copied
into the P/ flag.
BITh.s X ¢ X 1 X X 0 The state of bit b of Iocation s is copied into the Z flag.
SYMBOLIC NOTATION
Symbol Operstion Symbol Operation
8 Signfiag. § = 1ifthe MSB of the resultis 1. $ The flag is affected according to the result of the
Z Zerofiag. Z = 1 iftha resuft of the operationis 0. operation.
PN Parity or overfiow flag. Parity (P} and overflow (V) . The ftag is unchanged by the operation.
share the same flag. Logical operations affect 0 The flag is reset by the operation.
this flag with the parity of the resuft while 1 The fiag is set by the operation.
arithmetic operations affect this flag with the X The flag is indeterminate.
overflow of the result. IF PV holds parity: PV = 1 v PV flag affected according to the overfiow result
i the result of the operation is even; PV = 0 if of the operation.
resutt is odd, i PAV holds overflow, PV = 1ifthe P PV flag affected according to the parity result of
result of the operation produced an overfiow. if - the operation.

P/V does not hold gverflow, PV = 0.

H* Haltcarry flag. H = 1 if the add or subtract
operation produced a carryinto, or borrow fram,
bit 4 of the accumulator.

N*  AddfSubtract flag. N = 1 if the previous
operation was a subtract.

c Carry/Link flag. C = 1 if the operation produced
acarry from the MSB of the operand or result.

-

Any one o the CPU registers A, B, C. D, E, H. L.

Any B-bit location for all the addressing modes

allowed for the particular instruction.

S5 Any 16-bit location for all the addressing modes
allowed for that instruction.

fi Any one of the two index registers X or IY.

R Refresh counter.

n 8-bit value in range < 0, 255 >,

nn  16-bit value in range < 0, 65535 >.

w0

* 14 ano N flags are used in conjunction with the dacimal adjust instruction (DAK) o properly correct the result into packed BCD format following acidition or

subtraction ugic  2e ands with packed BCO format.
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CPU REGISTERS

Figure 4 shows three groups of registers within the CPU.
The firgt group consists of duplicate sets of 8-tat regnsters: a
principal set and an alternale set [designated by * (prime),
e.g.. A'. Both sets consigt of the Accumulator register, the
Flag register, and six general-purpose registers. Transfer of
data between these duplicate sets of registers is
accomplished by use of "Exchange” instructions. The
result is faster response to imterrupts and easy, efficient
implemeantation of such versatile programming techmques

MAIN AEGISTER SET

as background-foreground data processing. The second
set of registers consists of six registers with assigned
functions. These are the | (interrupt register}, the R (Refresh
reqnsten), the IX and IY {Index registers}, the SP (Stack
Painter), and the PC {Program Counter). The third group
consists of two interrupt status flip-flops, plus an additional
pair of flip-flops which assists in identifying the interrupt
mode al any particular time. Table 1 provides further
information on these registers.

ALTERMATE REGISTER SET

ACCUMULATOR

FLAG REGISTER

© ACCUMULATOR

FLAG REGISTER

GENERAL PURPOSE

GENERAL PUARGSE

" GENERAL PURPOSE

GENERAL PURFOSE

GENERAL FURPOSE

GENERAL PURFPOSE

' GEMERAL PURPOSE

GENERAL FLRPOSE

GENERAL PURFOSE

GENERAL PURFOISE

' GENERAL PURPOSE

GENERAL PURPOSE

B BITE

16 BITS

1% INDEX REGISTER

Y INDEX REGISTER

SP STACK POINTER

Pz PAOGRAM COUNTER

b INTERRLUFT VECTOR R MEMORY REFRESH

- - —— B BTE ———————

INTERAURT FLIP-FLOPS STATUS

FFy IFE

0 = INTERRUPTS DISABLED STORES FFF1
1 = INTERRUPTS ENABLED DURING Hai
SERVICE

INTERAUPT MQOE FLIP-FLOPS

IMFy IMFy,

1] [ INTERAURT MOGE G
i 1 NOT USED

1 1 INTERRUST MODE 1
1 1

MITERAUPT MODE 2

Figure 4. CPU Registers

INTERRUPTS: GENERAL CPERATION

The CPU accepts two interrugt input signals: NMI and INT.
The NMI is a non-maskable interrupt and has the highest
pricrity. INT is a lower priority interrupt and it requires that
interrupts be enabled in software in order to operate, iNT
can be connected to multiple peripheral devices in a
wired-OR configuration.

The 780 has a single response mode for interrupt service
on the non-maskable intermupt. The maskable interrupt,
iNT, has three programmable response modes available.
Thess are:

8 Mode O

m Mode 1 — Peripheral Interrupt service. for use with
nen-8080/280 systems.

- sirmiiar to the 8080 microprocesson

m Mode 2 - a vectored interrupt scheme, usually daisy-
chained, for use with the 280 Family and compalible
peripheral devices.

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

Non-Maskable Interrupt (NMI. The nonmaskable
interrupt cannot be disabled by program contrc)l_and
theretore will be accepted at ali tmes by the CPU. NMiw
usuaily reserved for servicing only the highest priority type
interrupts. such as that for orderly shutdown after power




PIN DESCRIPTIONS

Ag-Aq5. Address Bus (output, active High, 3-state). Ag-Aq¢s
form a 16-bit address bus. The Address Bus provides the
address for memory data bus exchanges (up to 84K bytes)
and for /O device exchanges.

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

BUSREQ. Bus Request (input, active Low). Bus Request
has a higher priority than NMI and is always recognized at
the end of the current machine cycle. BUSREQ forces the
CPU address bus, data bus, and control signals MREQ,
I0RQ, RD, and WR to go to a high-impedance state so that
other devices can control these lines. BUSREQ is normally
wired-OR and requires an external pullup for these
applications. Extended BUSREQ periods due to extensive
DMA operations car prevent the CPU from properly
refreshing dynamic RAMs.

Dy-D7. Data Bus (inputioutput, active High, 3-state). Do-Dy
constitute an 8-bit bidirectional data bus, used for data
exchanges with mamaory and 170,

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

INT. jnterrupt Request (input, active Low). Interrupt Regquest
is generated by I/O devices. The CPU honors a request at
the end of the currert instruction if the internal
software-controlled interrupt ‘enable flip-flop {iFF)
enabled. TNT is normalty wired-OR and requires an external
pullup for these applications.

10RQ. input/Output Request (output, active Low, 3-state].
IORQ indicates that the lower half of the address bus holds a
valid 1/C address for an 1/O read or write operation. IORQis
also generated concurrently with M1 during an interrupt
acknowledge cycle to indicate that an interrupt response
vector carl be placed on the data bus.

M1. Machine Cycle One (output, active Low). M, together
with MREQ, indicates that the current maching cycle is the
opcode fetch cycle of an instruction execution, M3, together
with IORQ. indicates an interrupt acknowledge cycle.

MREG. Memoary Reguest {output, active Low, 3-stats).
MREQ indicates that the address bus holds a valid address
for amemory read or memory write aperation.

Non-Maskable interrupt (input,_negative edge-
triggered). NMI has a higher priority than INT. NMl is aiways
recognized at the end of the current instruction,
independent of the status of the interrupt enable flip-fiop,
and automatically forces the CPYU to restart at focation
(G0B6H.

RD. Read {output, active Low, 3-state). RD indicates that the

CPU wants to read data from memaory or an HO device. The
addressed 0 device or memory should use this signal to
gate data onto the CPU data bus.

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

RFSH. Refresh (output. active Low). RFSH, together with

MREQ, indicates that the lower seven bits of the system’s

address bus can be used as a refresh address to the
systern's dynamic memories.

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

WR. Write (output, active Low 3-state). W indicates that the
CPU data bus holds valid data to be stored at the addressed
memaory or KO tocation.
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CPU TIMING

The Z80 CPU executes insiructions by proceeding through
a spocitic sequence of operations:

m Memory read or write

| /O device read or write

® Interrupt acknowledge

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

Instruction Opcode Fetch. The CPU places the contents
of the Pragram Counter (PC) o the address bus at the start
of the cycle {Figure 5). Approximately_one-half clock cycle
later, MREQ goes active. When active, RD indicates that the
mernary data can be enabled onto the CPU data bus.

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

AF ] 4 T2 ] Tu ~\h ] T3 Ty ]
cLock _/..@.. (D> \ \ KJ \ / \ / \
o-l =0 |
-—(— - . (O]
Ro-Ass ] [ :’:' )’ REFAESH ADDA X
a0z
-3 ; N (D
D~ O; !
MREG K . (@ ¥
@ ~ @
AD ] \ E
Do e O T
T { 7\
@ @
LR ¢ " f
Du-D7 kF \‘ \: \: \: s5 X vau.n oATA _X !
—® [~z

i

RFSH

Figure 5. instruction Opcode Fetch
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Memory Read or Write Cycles. Figure 6 showsthetiming  becomes active when the address busis stable. The WR line
of memery read or write cycles other than an opcode fefch  is active when the data bus is stabie, so that it can be used
{MT) cycle. The MREQ and RD signals function exactly asin  directly as an RW pulse to most semiconductor memories.
the fetch cycle. In a memory write cycle, MREQ also

Ty Tz Tw Ts
CLOCK J \ \ \ f \ f \
—,
.' —~ @ |"I—
Ap-Aqs @:m ADGRESS H
zr = I
. ‘_® — -
MREG L S
T o B R [
WAIT { / . / \
— \f@ O
RO T aa’ J
READ -
OPERATION — el By - ®
— ~F ALID
w00y — Yt — L
| W
Wﬁ 1
WRITE 53—t () {35
OPERATION
Do-D7 r T DATAOUT

Figure 6. Memory Read or Write Cycles
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Input or Qutput Cycles. Figure 7 shows the timing foran  extra Wait state allows sufficient time for an /O port to
IO read or IO write operation. During I/O operations, the  decode the address from the port address lines.
CPYU automatically inserts a single Wait state (Twa). This
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9, @
Ag-A7 _) VALID POHT ADDRESS _’:{ C
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Do-D7 p ALY oy DATA
o ~lop-
|
wa A4 4’?.:@*
wml';'_: i (3
OPERATION ey o
Do-07 : ':: DATA DUT

¥/
Twa = Dne wait cycle sutomaticaily insartad by CPU.

Figure 7. Input or Qutput Cycles




interrupt Request/Acknowledge Cycle. The CPU  During this M1 cycle, IORQ becomes active (instead i
samples the interrupt signal with the rising edge of the last MREQ) to indicate that the interrupting device can place an
clock cycle atthe end of any instruction (Figure 8). When an 8-bit vector on the data bus. The CPU automnatically adds
interrupt is accepted, a special M1 cycle is generated.  two Wait states 1o this cycle. :
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Non-Maskable Interrupt Request Cycle. NMiissampled  memory read opsration except that data put on the bus by
at the same time as the maskable interrupt input NT buthas ~ the memory is ignored. The CPLI instead executes a restart
higher pricrity and cannot be disabled under software (RST) operation and jumps to the NMI service routine
control. The subsequent timing is similar to that of a normal located at addrass 0066H (Figure 9).

LAST M CYCLE
Ty T Tz T Ta Ta
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S [RC2IS b~V Rl Ay gt A wm——mt e n e —— -
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WRAE } ;k
l e S—
—| (1) |- - () [
NE :
- \ /
= Although NMI is an h Inpast, to g Its lwing g don the 2 cycie, NMY's talling edge must accaur no later than the rising sdge

of the clack cycle preceding fhe last staka of mry instructlan cycte {Ty).

Figure 9. Non-Maskable Interrupt Request Operation




Bus Regquest/Acknowladge Cycle. The CPU sampies to a high-impedance state with the rising edge of the next
BUSAED with the rising edge of the last clock period of any  Clock pulse. At that time, any external device can take
machine cycle {Figure 10). If BUSREQ is active, the cPU controt of these lines, usually to transfer dala between
sets its address, data, and MREQ, IORQ, RD, and WR fines  memory and /O devices.

T : T Tx Tx _
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BUSREG ! | \ Y 4‘7 'ﬁ
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NOTES: 1) T = Lasl state of any M cycle.
2] Tx = An arbltrary clock cycle used by requesting device,

Figure 10. BUS Requeét!Acknowiedge Cycle




Halt Acknowledge Cycle. Whenthe CPU receivesa HALT  active and remains so until an interrupt is received (Figure
instruction, it executes NOP states until either an [N INT or NME 11}, INT will also force a Halt exit.
input is received. When in the Halt state, the FALT output is

ot M1 | M1
Ta T4 T2 T3 T4 T Tz
CLOCK
HALT X i
Hali Insiruction
Recaivad *
i_l w

* Although NI Is an asynchronous input, to g its balng Ized on tha ol hl

later than the rfising sdge of the clock cycle pretading the last siate of any inslruclion eyv:lo (T

cycla, NMI's falling edga musl occur no

Figure 11. Halt Acknowledge

Reset Cycle. RESET must be active for at least three clock  internal T cycles are consumed before the CPU resumes
cyales for the CPU to properly accept it. Aslong as RESET  normal processing operation. RESET clears the PC register,
remains active, the address and data buses fioat, and the so the first opcode fetch wilt be to location Q000H
control outputs are inactive. Once RESET goes inactive, two {Figure 12).
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Figure 12_ Reset Cycle




Power-Down mode of operation {Only applies to CMOS
780 CPU).

CMOS Z80 CPU supports Power-Down mode of operation.

This mode is aiso referred to as the "standby mode”, and
supply cument for the CPU goss down as low as 10 uA
{Where specified as icg,).

Power-Down Acknowledge Cyele. When the clock input
tothe CPU 15 stopped al ether a High or Loweved. the CPU
siops s operaton and mairtaing all registers and control
signals However ..o (standby supply current] is
guaranteed only whenthe system clock s stopped at a Low

HALT

level gunng T, of the maching cycle lollowang the execihon
o! the HALT instruction The timing diagram for the
power-down functon, when implemented with the HALT
instruction, is shown m Figure 13.

Py

T F

Figure 13. Power-Down Acknowledge
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Power-Down Release Cycle. The system clock must be  NOTES:
supplied to the CPU 1o release the power-dawn state. When 1) When the external osciialor has been stopped to enter the power-down
the system clock is Supp!ied to the CLK input, the CPU state, sorme warm-up time may be required to obtain a stable clock for

. . . the release.
restarts operabons trom the point at which the power—down 2} when the HALT instruction is executed to enter the pawer-down state,
state was implemented. the CPU will also enter the Halt state. An interrupt signal {either NMT or
The timing diagrams for the release from power-down mode Ty ar a RESET signal must be appled to the CPU after the system
are shown in Figure 14. clock i supplied in order to release the power-down state.
T Tz T1 T T

r i

Figure t4a.

n T2 L Ta
o rd
i Cd

ARSET

HALT /
. i s

Figure t4b,

T T2 Ta T T T2 Twva Twa,

CLK
! -
ri rd

Figure t4c.

Figure 13. Power-Down Releass




ABSOLUTE MAXIMUM RATINGS

Stresses greater than those listed under Absoiute Maximum Ratings may
cause pemnanent damage to the device. This is a stress rating only;
operation of the device at any condition above thase indicated in the
operalional sections of these specifications is rot implied. Exposure to
absclute rmaximum rating conditions lor extended periods may affect
device reliability.

Voltage on Voo with respecttoVgs. ... ... ~0.3Vio +7V
Yoltages on all inputs with respect

toVgg ..o ~0.3VioVee + 0.3V
Operating Ambient

Temperature .. ... ... ... See Ordening Information
Storage Temperature . ... ... ... . ... ~-65°C to +150°C
STANDARD TEST CONDITIONS

The DC Characteristics and capacitance sections bslow
apply for the following standard test conditions, unless
otherwise noted. All voltages are referenced to GND {0V).
Positive current flows inte the referenced pin.

Available operating temperature ranges are:
m S=0rCio +70°C
Yoltage Supply Range:
NMOS: +4.75V € VCC € +525V
CMOS: +4.50V < VCC £ +5.50V
| E=-40°C o 100°C, +4.50V < VCC < +5.50V

All ac parameters agsume a load capacitance of 100 pf. Add
10 ns delay for each 50 pfincrease in load up to a maximum
of 200 pf for the data bus and 100 pf for address and contrel
lines. AC timing measurements are referenced to 1.5 volts
{except for clock, which is referenced to the 10% and 90%
paints). : :

The Ordering nformation section lists temperature ranges
and product numbers. Package drawings are in the
Package Information section. Refer to tha Literature List for
additional documentation.

24K

FROM OUTPUT o
UNDER TEST

L1}
-

g

100pt =




DC CHARACTERISTICS (Z84C00/CMOS Z80 CPU)

Symbol Parameter Min Max Unit Condition
Vi Clock input Low Voltage -0.3 0.45 v
VIHG Clock Input High voltage Ver— 6 Voo +.3 v
ViL |nput Low voltage -03 0.8 W
Vid Input High Voltage 22 Ve v
VoL Quiput Low Voitage 0.4 W lgL = 2.0mA
YOHy Qutput High Voltage 2.4 v lgn = —1.6mA
VoHg Cutput High Voltage Vec-0.8 v loy = —250pA
Iccy Pawer Supply Current 4 MHz : 20 mA Voo = 6V
6 MHz 30 mA Vi = Yoo - 0.2V
8 MHz 40 mA Wi = 0.2V
10 MHz 50 mai
20 M2 00 m#y Voo = 9V
folo?) Standby Supply Current 10 pA Voo = 5V
CEK = (0}
Vi = Voo — 0.2V
VL = 0.2v
I Input Leakags Current -10 10 uA Vin = Qdto Vg
o 3-State Qutput Leakage Currentin Float -10 102 wh Vour = dto Voo

1. Measurements made with outputs ficating.

2. AP, O7-Dg. MAEQ, IDRG. RD, and WR,

3. |CC;; standby supply current is guaranteed only when the supplied clock is stopped at a lew leved during T4 of the magchine cycle immediately fellwing
the execution of a HALT ingtruction.

CAPACITANCE
Symbol Parameter Min Max Unit
ColocK Clock Capacitance ’ 10 pf
Cin Input Capacitance 5 pf
Caut Output Capacitance 15 pf

Ty = 25°C, f = 1MHz.
Unmeasurad pins returned to ground.
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AC CHARACTERISTICS? (z84C00/CMOS Z80 CPU)
V=50V £ 10%, unless otherwise specified

Z84C0004  ZB4CO00B ZBACOO0B Z84C0010 ZB4CO0Z0[1] Unit Note

No Symbaol Parameter Min Max Min Max Min Max Min Max Min Max
1 TeC Clock Cycle time 250" DC 162 DC 125" 0BC 100" DG 50° DC n3
2 TwCh Clock Pulse width (high) 10 DC 65 BC 55 DC 40 DC 20 OC n3
3 TwCl Clock Putse width {low) 110 ODC B85 DC 55 DC 40 DC 20 DC ns
4 TIC Clack Fall time 30 20 10 10 10 nS
5 TG Clock Rise time 30 20 10 10 10 nS
6 TdCrA) Address vaild from Clock Rise 110 20 80 65 57 ns [2]
7 TdA(MREQF Address valid to /MREG Fall 85" 35* 20* 5* -15* nSs
8 TdCH{MREQf) Clock Fall to MREQ Fail delay 85 70 60 55 40 n3
9 TdCAMREQr) Chck Rise to MREQ Rise delay 85 70 B0 55 40 n3
10 TwMREQH MREQ pulse width {High) 1o 65" 45 30 10 ns [3]
11 TWMREQI MREQ pulse width {low) 220* 132* 100" 75" a5t ns 3]
12 TACHMERQr) Clock Fait to MREQ Risa delay 85 70 60 55 40 n3
13 TdCHRDH) Clock Falt to /RD Fall delay 95 80 70 65 40 ns
14 TJCr{RDr} Clock Riser to /RD Rise delay BS 70 80 55 40 nS
15 TsD(Cr) Data setup time to Clack Rise 35 30 30 25 12 nS
16 ThD{RDr) Data hold time after /RD Rise ¢! 0 ¢l ¢] v} nS
17 TsWAIT(Cf)  MWAIT setup time to Clock Fall 70 80 50 20 75 ns
18 THWAITICH  MWAIT hold time after Clock Fall 10 10 10 10 10 nS
19 TdCr(M1f} Ciock Rise to M1 Fail delay 100 80 70 65 45 nsS
20 TdCr{Mtr} Clock Riss to /M1 Rise dslay 100 80 70 65 45 nS
21 TdCr(RFSHf} Clock Rise to {RFSH Fall delay 130 110 95 a0 60 nS
2z TdCr(RFSHr) Clock Rise to /RFSH Rise delay 120 100 B85 B0 &0 nsS
23 TdCHRDr} Clock Fall to /RD Rise delay a5 70 60 55 40 n3
24 TdCr{RDBf) Clock Rise to /RD Fall delay 85 70 60 55 40 n3
25 TsD{Cf) Data setup to Clock Fall during

M2, M3, M4 or M5 cycles 50 40 30 25 12 nS
26 TdA(IORQf)  Address stable prior to 1807 107" 75" a0 o nS

AORQ Fall
27 TJCKIORO) Clock Rise to /IORQ Fal! delay 75 65 55 50 40 nS
28 TdCHIORQr) Clock Fall to ACRQ Rise delay BS 70 80 55 a0 ns
29 TdD{WRfiMw Data stabie priot to /WR Fali 80* 22" 5* a0* -10* nS
30 TdCHWR Clock Fali to /WR Fall delay 80 70 60 55 40 nS
31 TwWH MR pulse widih 220* 13z 100" 75" 25 nS
32 TdCH{Whr) Clock Fall to /WR Rise delay &0 70 60 55 40 n3
33 TdD{WRHHO Data stable prior to /WR Fall -10* -55" -55* -0 -30° ns
34 TdCwRf)  Clock Rise to /WR Fall delay 65 60 60 850 40 nS
35 TdWRrD) Data stable from /MWR Rise 60° 30" 15* Lo o nsS
36 TdCHHALT) Clock Fall to HALT 'L’ or 'H 300 260 225 0 70 nS
ar TwiNMI MMI pulse width a0 B0 [0 =] 60 nS
38 TsBUSREQ /BUSREQ setup time 50 50 40 a0 15 nS

(Cn to Clock Rise

“For Llock penods other than the snrmums shown, Galculate parameters Lsng the lable on the foliowing page
Caicuated values above assumed TiC = TIC = 20 ns.

TUnts 0 nanoseconds (s)

11 For loading > 50 pl. Decraase width by 10 ns for each additlonal 50 pf. .

‘74 M1z CMOS 780 is obsoleled and replaced by 6 MHz

as



AC CHARACTERISTICS! (Z84C00/CMOS Z80 CPU; Continued)
V,.=5.0V 1 10%, uniess otherwise specified

78400004 ZB4CO006 ZBACOO08 ZBACOD10 ZBACO020[1] Unit Mote
No Symbol Parameter Min Max Min Max Min Max Min Max Min Max
39 ThBUSREQ /BUSREQ held time 10 10 10 10 10 ns
{Cn) after Clock Rise
40 TdCr Clock Rise to [BASACK 100 20 80 75 40 nS
{(BUSACKS  Fall delay
41 TdCf Clock Fall to /BASACK 100 90 a0 75 40 ns
(BUSACKr}  Rise delay
42 TdCrDz} Clock Rise 1o Data float delay Q0 B0 70 65 40 ns
43 TdCHCTz) Clock Rise to Control Outputs
Float Dalay ({MREQC, f/IORQ,
MRD and AWR) 80 70 60 65 40 nS
44 TdCr(Az) Clock Rise o Address 80 80 70 75 a0 nS
float delay
45 TdCTr(A} Address Hold time from MREQG,  B0* as* 20" 20" o nS
ACRG, RD or MR
46 TsRESET{Cr) /RESET to Clock Risa setup time 60 60 45 40 15 nS
47 ThRESEWCry /RESET to Clock Rise Hold time 10 10 10 10 10 ns
48 TsINTHCr} {/INT Fall to Clock Rise a0 70 55 50 15 nS
Setup Time
49 ThINTY(Cr) ANT Rise to Clock Rise 10 10 10 10 10 nS
Hold Time _ ) _
50 Tdmtf M1 Fall to /IORQ Fall delay 565" 359 270* 220" 100% nS
(IORCH)
51 TFdCHIORQH  /Clock Fall to /IORG Fali delay B5 70 60 55 45 nS
52 TdCHIORQR Clock Rise to /IORQ Rise dalay 85 70 B0 55 a5 nS
53 TdCHD) Clock Fall to Data Valid delay 150 130 15 110 75 ns
Hotes:
* For Clock periods other than the minirmum shown, calculale parameters using the following table.
Calculated values above assumed TiC = TfC = maxirmum.
** 4 MHz CMOS 780 s obsoletad and replaced by & MHz
[1] ZBACOOZ0 parameters are guuaranteed with 50pF load Capacitance.
[2] If Capacitive Load is ottwr than 50pF, plaase use Figure 1. to calculate the value.
[3] Increasing detay by 10nS for each 50pF increase in loading, 200pF max for data lines, and 100pF lor contred lines.
FOOTNOTES TO AC CHARACTERISTICS
No  Symbol Parameter 784C0004" ZB4C0005 ZB4C0008 ZB4C0G10 Z84C0020
1 TcC IwCh + TwCl + Tr(C + TIC
7 TdAMREQf) TwCh + 11C -65 -50 R ) -45 -45
10 TwMREQh TwCh + TiC -20 -20 -20 -20 -20
11 TwMREQI TcC -30 -30 -25 -20 =29
26 TdAJIORQD ch -70 -55 -50 -50 -50
2 TdD{WRD 1cC =170 -140 -120 -B0 -60
31 TwWwR TG -30 -30 -5 =75 -5
33 [dD{WRf) TwCt + TrC -140 -140 -120 -60 -60
35 1dWRr(D) TwCl + TrC -70 -55 -50 -40 -25
45 TaCTr{A) TwCl + TrC -50 -50 -45 -30 -30
50 1dMIEIORQNH 2TcC + TwCh + TIC -65 -50 -45 -30 -30
AC Test Conditions: Wiy = 20V ¥ou = 1.5V Vimg = Voo —08V FLOAT = 205V
Vi =08Y VoL = 1.8 v YiILE = 045V
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Figure 1. Address Delay Characteristics
{Parameter 8)
DC CHARACTERISTICS (Zs400MNMOS Z80 CPU)
All parameters are tested unless otherwise noted.
Symbol Parameter Min Max Unit Test Condition
YiLe Clock Input Low Voltage ~-0.3 0.45 v
ViHe Clock Input High Voltage: Ve~ 6 Voo +.3 v
WiL fnput Low Voltage -3 08 W
Vi input High Voltage 2.0t Vee v
VoL Qutput Low Voltage 0.4 W I, =2.0ma
Vou Qutput High Voltage 2.4 v loH= =250 kA
oo Fower Supply Current 200 A Mote 3
Iy Input Leakage Current 10 T Vin=0t0 Ve
Lo 3-State Qutput Leakage Current in Fipat ~10 102 WA VouT=0.410Veg
1. For military grade parts, refer to the Z80 Mililary Elecirical Spacification.
2. Ays-Ag Dy-Dy, FREQ, IOATL D, and WR.
3. Measurements made with cutputs #oating
CAPACITANCE
Guaranteed by design and characterization.
Symbol Parameter Min Max Unit
CoLock Clock Capacitance 35 pf
Cin Input Capacitance 5 pf
Cout Qutput Capacitance 15 pt
NOTES:

Ta = 25°C.1 = 1 MHz.
Unmeasured pins returned to ground.
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AC CHARACTERISTICS! (Ze400/NMOS Z80 CPU)

Z0B40004 20840006  Z0840003

Number Symbol Parameter Min Max Min Max Min Max
1 TG Clock Cycle Time 250" 162" 125°
2 TwCh Clock Pulse Width (High) 110 2000 65 2000 55 2000
3. TwCl Clock Pulse Width (Low) : 110 2000 65 2000 55 2000
4 TIC Clock Fall Time a0 20 10
5 Ri(¥] Clock Rise Time 30 20 10
[ TdCr{A) Clock 1 to Address Valid Delay 110 90 80
7 TdAMREQH Address Valid to MREQ + Delay 65" 35" 20*
8 TdCHMREQR  Clock 4o MREQ ¢ Delay 85 70 &0
9  TdCHMREGH)  Clock tlo MREQt Delay 85 70 60
10 TWMREQh MREQ Pulse Width (High) 1ot 65"t 4501
11 TWMREQI MREQ Pulse Width (Low) 220" # 1351 1601t
12 TACHMREQr)  Clock + to MREQ 1 Delay 85 70 60
13 TdCHROH Clock b to RD | Delay 95 80 70
14 TdCr(RDR Clock t to RD t Delay B85 70 60
15 TsD{Cr) Data Setup Timetc Clock * 35 3G 30
1%  ThD(RDH Data Hold Time to RD * 0 0 0
17 TeWAIT(CR WAIT Setup Time to Clock 4 70 60 50
18 ThWAIT(CT WATT Hold Time after Clock + 0 Q Q
18 TdCr{M1h Clock # 1o M1 4 Delay 100 80 70
20 TdCr{M1n Clack tto M1 t Delay 100 an 70
21 TdCrRFSHI) Clock tto RFSH + Delay 130 110 95
22 TdCHRFSHN  Clock tto RFSH ¢ Delay 120 100 85
23 TdCHRDr) Clock + to AD 1 Delay 85 70 60
24 TdCr{ROM) Clock t to BD 4 Delay 85 70 60
25 TsD{CH) Data Setup to Clock + during Mo, Mz, 50 40 30
My, or Mg Cycles
26  TdAQORQH Address Stable prior 10 1ORQ 180°* 110* 75"
27 TdCr(IORQH Clock 1 to IORGH+ Delay 75 65 55
28 TdCHIORQr  Clock b0 IORQ 1 Delay 85 70 60
29 TdD{WRN Data Stable prior to WR + BO* 25+ 5°
30 TdCHwR) Clock + toWR & Delay 80 70 60
31 TWWR WR Pulse Width 220" 135" 100"
32 TdCHwWRr) Clock + to WR 1 Delay 80 70 60
33 TdD{WRA Data Stable prior to WH -10* -55* 55*
34 TdCrWRl Clock t 1o WR + Delay 65 60 55
35  TdWR(D) Data Stable from WH 1 60" 30° 15°
36 TACKHALT) Clock +to HALT for ¢ 300 260 225
37 TwNMI NMI Pulse Widith 80 70 0
38  TsBUSREQICH) BUSREQ Setup Time to Clock t 50 50 a0

* For clock penods other than the rinmums shown, calculate parameters using the table an the following page. Calgulated values above
assumed e = TIC = 20 ns.
tunits in nanosaconds {ng}.

wFubadrvggﬂ!pl,DsuamwﬂhbyiOmforoachadclﬂma!Sﬁpt
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AC CHARACTERISTICS' (z8400/NMOS Z80 CPU; Continued)

20840004 20840006 Z0gaA0ons
Number Symbol Parameter Min Max Min Max Min Max
3¢ ThBUSREQICr BUSREQ Hold Time after Clock t ) 0 0
40 TdCr{BUSACKS) Clock *to BUSACK + Delay 100 a0 80
41 TACHBUSACKN Clack b to BUSACK 1 Delay 100 90 80
42 TdCr{Dz) Clock * to Data Float Delay 0 80 70
43 TdCr{CTz) Clw Contral @tputs lio_at Delay 80 70 80
{(MREQ, FORQ, RD, and WH)
44 TdCr{Az) Clock * ta Address Float Delay 90 80 70
45 TICTHA) MREQ t, IORQt, ADt, and WR t 10 80" 35+ 20"
Address Hald Time
46 TSRESET(Cr)  RESET to Clock t Setup Time 60 60 45
47 TRRESET(CH  RESET to Clock t Hold Time 0 0 0
48 TelNTHTK INT to Clock t Setup Time a0 70 55
49 THRINTCH INT to Clock t Hold Time 0 Q 0
50 TAMIHIORGH M1 +toIORQ + Delay 565" 365* 270"
51 TdCHIQRQRH Clock + 10 IORG + Delay 85 70 60
52 TdCHIORCH) Clock 1 1ORG t Delay 85 70 60
53 TQCHD) Clock + to Data valid Delay 150 130 115
“For clock periods other than the mirimums shown, calculate parameters using the following table. Calculated values above
assumed TG = TIC = 20 ns.
tilnits in nanoseconds (ns).
FOOTNOTES TO AC CHARACTERISTICS
Number Symbol General Parameter 20840004 Z0BA000G 20840008
t TcC TwCh + ™WCl + TiC + TIC
7 TAAMREQR TwCh + TIC - 65 - 50 -45
10 TwMRAEQhH TwCh + TIC ~20 ~20 -20
11 TwMRECH TeC - 30 -~ 30 -25
26 TAA{IORQR TeC - 70 ~55 - 50
28 TdD{WRT TcC - 170 - 1440 —120
3 TwWR TeC - 30 -30 -25
33 TdD{WRF TwCl + 7T - 140 —140 -120
35 TWRrD} Twll + T - 70 -53 — 50
45 TACTRA) TwCl + ®C - 50 - 50 -45
50 T 1HIORC 2Tcs + Twilh + TIC - 65 —50 —45
AC Test Conditions:
Wiy = 2.0¥ Vo = 1.5V
Vi =08V Vg = 15V
¥ing = Yo —06V FLOAT = £+05Y
Vi =045V

3%
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Operation

Synchronous 5-8 Bit Characters;
Internal or External Character
Synchronization; Automatic Sync

Insertion

Asynchronous 5-8 Bit Characters;
Clock Rate—1, 16 or 64 Times Baud
Rate; Break Character Generation; 1,
114, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect and ]

Handling

® Synchronous Baud Rate—DC to 64K

The Intel® 8251A is the industry standard Universal Synchronous/Asynchronous Receiver/Transmitter
(USART), designed for data communications with Intel's microprocessor families such as MCS-48, 80, 85, and
IAPX-86, 88. The 8251A is used as a peripheral device and is programmed by the CPU to operate using
virtually any serial data transmission technique presently in use (including IBM “bi-sync'’). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serial data stream
for transmission. Simultaneously, it can receive serial data streams and convert them into parallel data charac-
ters for the CPU. The USART will signai the CPU whenever it can accept a new character for transmission or
whenever it has received a character for the CPU. The CPU can read the complete status of the USART at any
time. These include data transmission errors and control signais such as SYNDET, TxEMPTY. The chip is
tabricated using Intel’s high performance HMOS technology.

Baud

8251A
PROGRAMMABLE COMMUNICATION INTERFACE

m Synchronous and Asynchronous

B Asynchronous Baud Rate—DC to 19.2K

Baud

Fuli-Duplex, Double-Buffered
Transmitter and Receiver

Error Detection—Parity, Overrun and

Framing

Compatible with an Extended Range of
Intel Microprocessors

28-Pin DIP Package

All Inputs and Outputs are TTL
Compatible

Available in EXPRESS and Military

Versions

<:> DATA
BUS
D; By BUFFER

CLK el peapwRiTE
C/O_ o CONTROL
LOGIC

B

L-4

MODEM
CONTROL

iNTERNAL
DATA BUS

!
R | B B U

I

N~

TRANSMIT
BUFFER |—=TD
(P .S}
|, TxRDY
TRANSMIT
conTroL =T
a— THC
RECEIVE
BUFFER [«—RxD
{8-P)
. AxRDY
RECEIVE Azt
CONTROL
oo SYNDET

Figure 1. Block Diagram
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o, 281 D,
o, 2 273 o,
rRxD[]3 26 [ v,
GNO [ 4 25 I RxC
0,5 24 [ OTR
o,C s 23 [J RTs
o, 7 B261A 22 [JO5R
o, s 21 [} reseY
A\ 9 20 CLK
wR [0 19 ™™D
s Cn 18 [] TxEMPTY
o ]2 17 [ €7s
RO 13 16 [[] sYNDET/BD
RxrOY ] 14 15[ T«ROY
205222-2 .

Figure 2. Pin Configuration
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FEATURES AND ENHANCEMENTS

The 8251A is an advanced design of the industry
standard USART, the Intel® 8251. The 8251A oper-
ates with an extended range of Intel microproces-
sors and maintains compatibility with the 8251. Fa-
miliarization time is minimal because of compatibility
and involves conly knowing the additional features
and enhancements, and reviewing the AC and DC
specifications of the 8251A.

The 8251A incorporates all the key features of the
8251 and has the following additional features and
enhancements:

8251A has double-buffered data paths with sepa-
rate /0 registers for control, status, Data In, and
Data Out, which considerably simplifies control
programming and minimizes CPU overhead.

In asynchronous operations, the Receiver de-
tects and handles “break’ automatically, reliev-
ing the CPU of this task.

A refined Rx initialization prevents the Receiver-
from starting when in “break” state, preventing
unwanted interrupts from a disconnected
USART.

At the conclusion of a transmission, TxD line will
always return to the marking state unless SBRK
is programmed.

Tx Enable logic enhancement prevents a Tx Dis-
able command from halting transmission until all
data previously written has been transmitted. The
logic also prevents the transmitter from turning
off in the middle of a word.

When External Sync Detect is programmed, In-
ternal Sync Detect is disabled, and an External
Sync Detect status is provided via a flip-fiop
which clears itself upon a status read.

Possibility of false sync detect is minimized by
ensuring that if double character sync is pro-
grammed, the characters be contiguously detect-
ed and also by clearing the Rx register to all ones
whenever Enter Hunt command is issued in Sync
mode.

As long as the 8251A is not selected, the RD and
WR do not affect the internal operation of the
device.

The 8251A Status can be read at any time but the
status update will be inhibited during status read.

The 8251A is free from extraneous glitches and
has enhanced AC and DC characteristics, provid-
ing higher speed and better operating margins.

Synchroncus Baud rate from DC to 64K.

Be sure to visit ChipDocs web site for more information.

FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchro-
nous Receiver/Transmitter designed for a wide
range of Inte! microcomputers such as 8048, 8080,
8085, 8086 and B088. Like other 1/0 devices in a
microcomputer system, its functional configuration is
programmed by the systemn’s software for maximum
flexibility. The 8251A can support most serial data
techniques in use, including 1IBM “bi-sync”.

In a communication environment an interface device
must convert parallel format system data into serial
format for transmission and convert incoming serial
format data into parallel system data for reception.
The interface device must also delete or insert bits
or characters that are functionally unique to the
communication technigue. In essence, the interface
should appear “transparent” to the CPU, a simple
input or output of byte-criented system data.

Data Bus Buffer

This 3-state bidirectional, 8-bit buffer is used to inter-
face the 8251A to the system Data Bus. Data is
transmitted or received by the buffer upon execution
of INput or OUTput instructions of the CPU. Control
words, Command words and Status information are
also transferred through the Data Bus Buffer. The
Command Status, Data-In and Data-Out registers
are separate, 8-bit registers communicating with the
system bus through the Data Bus Buffer.

This functional block accepts inputs from the system
Control bus and generates control signals for overall
device operation. it contains the Control Word Reg-
ister and Command Word Register that store the
various controi formats for the device functional defi-
nition.

" RESET (Reset)

2-2

A “high” on this input forces the 8251A into an
“idle” mode. The device will remain at “idle” until a
new set of control words is written into the 8251A to
program its functional definition. Minimum RESET
pulse width is 6 tgoy (clock must be running).

A command reset operation also puts the device
into the “Idle” state.
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Figure 3. 8251A Block Diagram Showing Data Bus Buffer and Read/Write Logic Functions

CLK (Clock)

The CLK input is used to generate internal device
timing and is normally connected to the Phase 2
(TTL) output of the Clock Generator. No external in-
puts or outputs are referenced to CLK but the fre-
quency of CLK must be greater than 30 times the
Receiver or Transmitter data bit rates.

WR (Write)
A “low” on this input informs the 8251A that the
CPU is writing data or control words to the 8251A.

RD (Read)

A “low” on this input informs the 8251A that the
CPU is reading data or status informaticn from the
8251A.

2-3
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Cc/D RD WR CS
0 0 1 0 |825{ADATA — DATABUS
0 1 0 O |DATABUS — 8251ADATA
1 0 1 0 |STATUS — DATABUS
1 1 0 0 |DATABUS — CONTROL
X 1 1 0 |DATABUS — 3.STATE
X X X 1 |DATABUS — 3-STATE
C/D (Control/Data)

This input, in conjunction with the WR and RD in-
puts, informs the 8251A that the word on the Data
Bus is either a data character, control word or status
information.

1 = CONTROL/STATUS; 0 = DATA.
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CS (Chip Select)

A “low” on this input selects the B251A. No reading
or writing will occur unless the device is selected.
When CS is high, the Data Bus is in the float state
and RD and WR have no effect on the chip.

Modem Control

The 8251A has a set of control inputs and outputs
that can be used to simplify the interface to almost
any modem. The modem control signals are general
purpose in nature and can be used for functions oth-
er than modem control, if necessary.

DSR (Data Set Ready)

The D3R input signal is a general-purpose, 1-bit in-
verting input port. lts condition can be tested by the
CPU using a Status Read operation. The DSR input
is normally used to test modem conditions such as
Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is a general-purpose, 1-bit
inverting output port. It can be set “low” by program-
ming the appropriate bit in the Command instruction
word. The DTR output signal is normally used for
modem control such as Data Terminal Ready.

RTS (Request to Send)

The RTS output signal is a general-purpose, 1-bit
inverting output port. 1t can be set “low” by program-
ming the appropriate bit in the Command Instruction
word. The RTS output signal is normally used for
modem control such as Request to Send.

CTS (Clear to Send)

A “low" on this input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte
is set to a “one”. If either a Tx Enable off or CTS off
conditiort occurs while the Tx is in operation, the Tx
will transmit all the data in the USART, written prior
to Tx Disable command before shutting down.

Be sure to visit ChipDocs web site for more information.

Transmitter Buffer

The Transmitter Buffer accepts parallel data from
the Data Bus Buffer, converts it to a serial bit stream,
inserts the appropriate characters or bits (based on
the communication technique) and outputs a com-
posite serial stream of data on the TxD output pin on
the falling edge of TxC. The transmitter will begin
transmission upon being enabled if CTS = 0. The
TxD fine wilt be held in the marking state immediate-
ly upon a master Reset or when Tx Enable or CTS is
off or the transmitter is empty.

Transmitter Control

The Transmitter Control manages all activities asso-
ciated with the transmission of serial data. It accepts
and issues signals both externally and internally to
accomplish this function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is
ready to accept a data character. The TxRDY output
pin can be used as an interrupt to the system, since
it is masked by TxEnable; or, for Poiled operation,
the CPU can check TxRDY using a Status Read op-
eration. TxRDY is automatically reset by the leading
edge of WR when a data character is loaded from
the CPU.

Note that when using the Polied operation, the
TxARDY status bit is not masked by TxEnable, but will
only indicate the Empty/Full Status of the Tx Data
Input Register.

TxE (Transmitter Empty)

When the 8251A has no characters to send, the
TxEMPTY output will go “high”. it resets uponh re-
ceiving a character from CPU if the transmitter is
enabled. TXEMPTY remains high when the transmit-
ter is disabled. TxEMPTY can be used to indicate
the end of a transmission mode, so that the CPU
“knows” when to “turn the line around” in the half-
duplex operational mode.

In the Synchronous mode, a “high” on this output
indicates that a character has not been loaded and
the SYNC character or characters are about to be or
are being transmitted automatically as “'filers’. Tx
EMPTY does not go low when the SYNC characters
are being shifted out.
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Figure 4. 8251A Block Diagram Showing Modem and Transmitter Buffer and Control Functions

TxC (Transmitter Clock)

The Transmitter Clock controls the rate at which the
character is to be transmitted. In the Synchronous
transmission mode, the Baud Rate (1x) is equal to
the TxC frequency. In Asynchronous transmission
mode, the baud rate is a fraction of the actuat TxC
frequency. A portion of the mode instruction selects
this factor; it can be 1, ¢ or Y, the TxC.

For Example:

If Baud Rate equals 110 Baud,

TxC equals 110 Hz in the 1x mode.
TxC equals 1.72 kHz in the 16x mode.
TxC equals 7.04 kHz in the 64x mode.

The faliing edge of TxC shifts the serial data out of
the 8251A.

Receiver Buffer

The Receiver accepts serial data, converts this seri-
al input to parallel format, checks for bits or charac-
ters that are unique to the communication technique
and sends an “assembled” character to the CPU.
Serial data is input to RxD pin, and is clocked in on
the rising edge of RxC.

Be sure to visit ChipDocs web site for more information.

Receiver Control

This functional block manages all receiver-related
activities which consists of the following features.

The RxD initialization circuit prevents the 8251A
from mistaking an unused input line for an active low
data line in the “break condition”. Before starting to
receive serial characters on the RxD line, a valid “1"
must first be detected after a chip master Reset.
Once this has been determined, a search for a valid
low (Start bit) is enabled. This feature is only active
in the asynchronous mode, and is only done once
for each master Reset.

The False Start bit detection circuit prevents false
starts due to a transient noise spike by first detecting
the falling edge and then strobing the normal center
of the Start bit (RxD = low).

Parity error detection sets the corresponding status
bit.

The Framing Error status bit is set if the Stop bit is
absent at the end of the data byte (asynchronous
mode).
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RxRDY (Receiver Ready)

This output indicates that the 8251A contains a
character that is ready to be input to the CPU.
RxRDY can be connected to the interrupt structure
of the CPU or, for polled operation, the CPU can
check the condition of RxRDY using a Status Read
.operation.

RxEnable, when off, holds RxRDY in the Reset Con-
dition. For Asynchronous mode, to set RxRDY, the
Receiver must be enabled to sense a Start Bit and a
complete character must be assembled and trans-
ferred to the Data Qutput Register. For Synchronous
mode, to set RxRDY, the Receiver must be enabled
and a character must finish assembly and be trans-
ferred to the Data Output Register.

Failure to read the received character from the Rx
Data Qutput Register prior to the assembly of the
next Rx Data character will set overrun condition er-
ror and the previous character will be written over
and lost. If the Rx Data is being read by the CPU

when the internal transfer is occurring, gverrun error
will be set and the old character will be lost.

RxC (Receiver Clock)

The Receiver Clock controls the rate at which the
character is to be received. in Synchronous Mode,
the Baud Rate (1x) is equal to theactual frequency
of RxC. In Asynchronous Mode, the Baud Rate is a
fraction of the actual RxC frequency. A portion of the
mode instruction selects this factor: 1, Y46 or %4 the
RxC.

For Example:

Baud Rate equals 300 Baud, if

RxC equals 300 Hz in the 1x mode;
RxC equals 4800 Hz in the 16x mode;
RxC equals 19.2 kHz in the 64x mode.

Baud Rate equals 2400 Baud, if

RxC equals 2400 Hz in the 1x mode;
RxC equals 38.4 kHz in the 16 mode;
RxC equals 153.6 kHz in the 64 mode.

—
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BUFFER
(P -S)

i o TxD

[ TXRDY
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CONTROL —= TxEMPTY

oe— TxC

BUS
D; Do BUFFER
RESET____ |
CLK—=]peaDwRITE <::>
co__ .| conTrOL
RB J tocic
WA__og
[+
s |
D3R
DTR
MODEM
7% CONTROL
ats -
INTERNAL
DATA BUS

N~

le RxD

e SYNDET/
BRKDET
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Figure 5. 8251A Block Diagram Showing Receiver Buffer and Control Functions

Be sure to visit ChipDocs web site for more information.
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Data is sampled into the 8251A on the rising edge of
RxC.

NOTE:

In most communication systems, the 8251A will be
handling both the transmission and reception oper-
ations of a single link. Consequently, the Receive
and Transmit Baud Rates will be the same. Both
TxC and RxC will require identical frequencies for
this operation and can be tied together and con-
nected to a single frequency source (Baud Rate
Generator) to simplify the interface.

SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is used in Synchronous Mode for SYNDET
and may be used as either input or cutput, program-
mable through the Control Word. it is reset to output
mode low upon RESET. When used as an output
(internal Sync mode), the SYNDET pin will go “high”
to indicate that the 8251A has located the SYNC

character in the Receive mode. if the B251A .is pro-
grammed to use double Sync characters (bi-sync),
then SYNDET will go “high” in the middle of the last
bit of the second Sync character. SYNDET is auto-
matically reset upon a Status Read operation,

When used as an input (external SYNC detect
mode), a positive going signal will cause the 8251A
to start assembling data characters on the rising
edge of the next RxC. Once in SYNC, the “high”
input signal can be removed. When External SYNC
Detect is programmed, Internal SYNC Detect is dis-
abled.

BREAK (Async Mode Only)

This output will go high whenever the receiver re-
mains low through two consecutive stop bit se-
quences (including the start bits, data bits, and parity
bits). Break Detect may also be read as a Status bit.
It is reset only upon a master chip Reset or Rx Data
returning to a “one” state.

§ ADDRESS BUS {
AO
{ CONTROL BUS y
/O R| 170 W| RESET 2
(1L
{ DATA BUS y
Q Q o)
c/ib (23 0;-0, RD WR  RESET CLK
8251A
205222-6

Figure 6. 8251A Interface to 8080 Standard System Bus

Be sure to visit ChipDocs web site for more information.
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DETAILED OPERATION DESCRIPTION

General

The compiete functional definition of the B251A is
programmed by the system’s software. A set of con-
trol words must be sent out by the CPU to initialize
the 8251A to support the desired communications
format. These control words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER OF STOP
BITS, SYNCHRONCUS or ASYNCHRONOUS OP-
ERATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to se-
lect either internal or external character synchroni-
zation.

Once programmed, the 8251A is ready to perform its
communication functions. The TxRDY output is
raised “high” to signal the CPU that the 8251A is
ready to receive a data character from the CPU. This
output (TxRDY) is reset automatically when the CPU
writes a character into the 8251A. On the other
hand, the 8251A receives serial data from the MO-
DEM or 1/0 device. Upon receiving an entire charac-
ter, the RxRDY output is raised “high” to signal the
CPU that the 8251A has a complete character ready
for the CPU to fetch. RxRDY is reset automatically
upon the CPU data read operation.

The 8251A cannot begin transmission until the Tx
Enable (Transmitter Enable)} bit is set in the Com-
mand Instruction and it has received a Clear To
Send (CTS) input. The TxD output will be held in the
marking state upon Reset.

c/o -1 MODE INSTRUCTION
c/b =1 SYNC CHARACTER 1
SYNC MODE
ciD - 1 $YNC CHARACTER 2 ONLY
C/D =1 COMMAND INSTRUCTION
cio-0 < DATA 2
c/b =1 COMMAND INSTRUCTION
cb-0 2 DATA -
¢/b =1 | commanD INsTRUCTION
205222-7
*The second sync character is skipped if mode instruction has
programmed the B251A to single character sync mode. Both
sync characters are skipped if mode instruction has programmed
the 8251A to async mode.

Figure 7. Typical Data Block

Be sure to visit ChipDocs web site for more information.
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Programming the 8251A

Prior to starting data transmission or reception, the
8251A must be loaded with a set of control words
generated by the CPU. These control signals define
the complete functional definition of the 8251A and
must immediately follow a Reset operation (internal
or external).

The control words are split into two formats:

1. Mode instruction
2. Command Instruction

Mode Instruction

This instruction defines the general operational
characteristics of the 8251A. It must follow a Reset
operation (internal or external). Once the Mode In-
struction has been written into the 8251A by the
CPU, SYNC characters or Command Instructions
may be written.

Command Instruction

This instruction defines a word that is used to control
the actual operation of the 8251A.

Both the Mode and Command Instructions must
conform to a specified sequence for proper device
operation (see Figure 7). The Mode Instruction must
be written immediately following a Reset operation,
prior to using the 8251A for data communication.

All control words written into the 8251A after the
Mode Instruction will load the Command Instruction.
Command Instructions can be written into the 8251A
at any time in the data block during the operation of
the 8251A. To return to the Mode Instruction format,
the master Reset bit in the Command Instruction
word can be set to initiate an internal Reset opera-
tion which automatically places the 8251A back into
the Mode Instruction format. Command instructions
must follow the Mode Instruction or Sync characters.

Mode Instruction Definition

The 8251A can be used for either Asynchronous or
Synchronous data communication. To understand
how the Mode Instruction defines the functional op-
eration of the 8251A, the designer can best view the
device as two separate components, one Asynchro-
nous and the other Synchronous, sharing the same
package. The format definition can be changed only
after a master chip Reset. For explanation purposes
the two formats wili be isolated.
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NOTE:

When parity is enabled it is not considered as one
of the data bits for the purpose of programming
word length. The actual parity bit received on the
Rx Data line cannot be read on the Data Bus. In
the case of a programmed character length of less
than 8 bits, the least significant Data Bus bits will
hold the data; unused bits are “don’t care” when
writing data to the 8251A, and will be “zeros” when
reading the data from the B251A.

Asynchronous Mode (Transmission)

Whenever a data character is sent by the CPU the
8251A automatically adds a Start bit (low level) fol-
lowed by the data bits (least significant bit first), and
the programmed number of Stop bits to each char-
acter. Also, an even or odd Parity bit is inserted prior
to the Stop bit(s), as defined by the Mode Instruc-
tion. The character is then transmitted as a serial
data stream on the TxD output. The serial data is
shifted out on the failing edge of TxC at a rate equal
to 1, Ve, OF V44 that of the TxC, as defined by the
Mode instruction. BREAK characters can be contin-
uously sent to the TxD if commanded to do so.

When no data characters have been loaded into the
8251A the TxD output remains “high’” (marking) un-
less a Break (continuously low) has been pro-
grammed.

Asynchronous Mode (Receive)

The RxD line is normally high. A falling edge on this
line triggers the beginning of a START bit. The validi-
ty of this START bit is checked by again strobing this
bit at its nominal center (16X or 64X mode only). If a
low is detected again, it is a valid START bit, and the
bit counter will start counting. The bit counter thus
iocates the center of the data bits, the parity bit (if it
exists) and the stop bits. If parity error occurs, the
parity error flag is set. Data and parity bits are sam-
pled on the RxD pin with the rising edge of the RxC.
If a low level is detected as the STOP bit the Fram-
ing Error flag will be set. The STOP bit signals the
end of a character. Note that the receiver requires
only one stop bit, regardless of the number of stop
bits programmed. This character is then loaded into
the parallel I/0 buffer of the 8251A. The RxRDY pin
is raised to signal the CPU that a character is ready
to be fetched. If a previous character has not been
fetched by the CPU, the present character replaces
it in the 1/O buffer, and the OVERRUN Error flag

PENT L, | L, | B,

BAUD RATE FACTOR

- Q 1 0 1

0 0 1 1

SYNC
MODE

CHARACTER LENGTH
0 1 0 v

X)) | (16X | (64X)

- 1] Q 1 1

5 6 7 8
BITS | BITS { BITS | BITS

PARITY ENABLE

1= ENABLE 0= DISABLE
EVEN PARITY GENERATION/CHECK

1=EVEN 0=00D
NUMBER OF STOP BITS

— 0 0 1 1

- g 1 0 1

2
BITS

1 %
INVALID| g7 | giTs

(ONLYAFFECTS Tx; Rx
NEVER REQUIRES MORE
THAN ONE STOP BIT)
205222-8

Figure 8. Mode Instruction Format, Asynchronous Mode

Be sure to visit ChipDocs web site for more information.
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is raised (thus the previous character is lost). All of
the error flags can be reset by an Error Reset In-
struction. The occurrence of any of these errors will
not affect the operation of the 8251A.

Synchronous Mode (Transmission)

The TxD output is continuously high until the CPU
sends its first character to the 8251A which usually
is a SYNC character. When the CTS line goes low,
the first character is serially transmitted out. All char-

Once transmission has started, the data stream at
the TxD output must continue at the TxC rate. If the
CPU does not provide the 8251A with a data charac-
ter before the 8251A Transmitter Buffers become
empty, the SYNC characters (or character if in single
SYNC character mode) will be automatically inserted
in the TxD data stream. In this case, the TXEMPTY
pin is raised high to signal that the 8251A is empty
and SYNC characters are being sent out. TXEMPTY
does not go low when the SYNC is being shifted out
(see figure below). The TXEMPTY pin is internally
reset by a data character being written into the

acters are shifted out on the falling edge of TxC. 8251A.
Data is shifted out at the same rate as the TxC.
GENERATED
TRANSMITTER OUTPUT DgD1-——-— Dx BY 8251A
-4 ¥ l -4
0 markiNG | STnT DATA BITS PARITY stop |
DOES NGT APPEAR
RECEIVER INPUT Dg Dy ———-Dx ON THE DATA BUS
START - PARITY STOP |
RxD fou DATA‘B.ITS T TP
PROGRAMMED
CHARACTER
LENGTH

TRANSMISSION FORMAT

CPUBYTE (58 8ITS/CHAR)

s
4

DATA CHARACTER

rys

—f %

ASSEMBLED SERIAL DATA OUTPUT (TxD}

-~

r

START PARITY STOP
BIT DATA CHARACTER BIT BITS
. — -+
RECEIVE FORMAT
SERIAL DATA INPUT {RxD)
X -
STARY PARITY STOP
ar DATA CHARACTER T BITS
4 f— e

CPUBYT

€ (5-8 BITS/CHAR)*

i &

DATA CHARACTER

77

4 ¢

*NOTE:

If character length is defined as 5, 6, or 7 bits the unused bits are set to “zero”.

205222-9

Figure 9. Asynchronous Mode

Be sure to visit ChipDocs web site for more information.
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Synchronous Mode (Receive)

In this mode, character synchronization can be inter-
nally or externally achieved. If the SYNC mode has
been programmed, ENTER HUNT command should
be included in the first command instruction word
written. Data on the RxD pin is then sampled on the
rising edge of AXC. The content of the Rx buffer is
compared at every bit boundary with the first SYNC
character until a match occurs. If the 8251A has
been programmed for two SYNC characters, the
subsequent received character is also compared;
when both SYNC characters have been detected,

the USART ends the HUNT mode and is in charac-
ter synchronization. The SYNDET pin is then set
high, and is reset automatically by a STATUS READ.
It parity is programmed, SYNDET will not be set until
the middle of the parity bit instead of the middle of
the last data bit.

In the external SYNC mode, synchronization is
achieved by applying a high level on the SYNDET
pin, thus forcing the 8251A out of the HUNT mode.
The high level can be removed after one RxC cycle.
An ENTER HUNT command has no effect in the
asynchronous mode of operation.

D, Dg Dy, D, D; D, D, D,
SCS |ESD] EP [PEN| L, (L, | O | O
CHARACTER LENGTH
IS 1 0 1
0 0 1 1
5 6 7 B
BITS | BITS | 8ITS | BITS
PARITY ENABLE

(1= ENABLE)
(0 = DISABLE)

EVEN PARITY GENERATION/CHECK
1=EVEN
0=00D

EXTERNAL SYNC DETECT
1= SYNDET IS AN INPUT
0 = SYNDET IS AN OUTPUT

NOTE:

In external sync mode, programming double character sync will affect only the Tx.

+ SINGLE CHARACTER SYNC
1 = SINGLE SYNC CHARACTER
0=DOUBLE SYNC CHARACTER
205222-11

Figure 10. Mode Instruction Format, Synchronous Mode

Be sure to visit ChipDocs web site for more information.
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Parity error and overrun error are both checked in
the same way as in the Asynchronous Rx mode.
Parity is checked when not in Hunt, regardless of
whether the Receiver is enabled or not.

The CPU can command the receiver to enter the
HUNT mode if- synchronization is lost. This will also
set all the used character bits in the buffer to a
“one,” thus preventing a possible false SYNDET
caused by data that happens to be in the Rx Buffer
at ENTER HUNT time. Note that the SYNDET F/F is
roset at each Status Read, regardless of whether
internal or external SYNC has been programmed.
This does not cause the B251A to return to the
HUNT mode. When in SYNC mede, but not in
HUNT, Sync Detection is still functional, but only oc-
curs at the “known’” word boundaries. Thus, if one
Status Read indicates SYNDET and a second
Status Read also indicates SYNDET, then the pro-
grammed SYNDET characters have been received
since the pravious Status Read. (If double character
sync has been programmed, then both sync charac-
ters have been contiguously received to gate a SYN-
DET indication). When external SYNDET mode is
selected, internal Sync Detect is disabled, and the
SYNDET F/F may be set at any bit boundary.

COMMAND INSTRUCTION
DEFINITION

Once the functional definition of the 8251A has
been programmed by the Mode Instruction and the

Sync characters are loaded (if in Sync Mode) then
the device is ready to be used for data communica-
tion. The Command Instruction controls the actual
operation of the selected format. Functions such as:
Enable Transmit/Receive, Error Reset and Modem
Controls are provided by the Command instruction.

Once the Mode Instruction has been written into the
8251A and Sync characters inserted, of necessary,
then all further *‘control writes” (C/D = 1) will load a
Command instruction. A Reset Operation (internal or
external) will return the 8251A to the Mode Instruc-
tion format.

NOTE:
Internal Reset on Power-up:

When power is first applied, the 8251A may come up
in the Mode, Sync character or Command format. To
guarantee that the device is in the Command In-
struction format before the Reset command is is-
sued, it is safest to execute the worst-case initializa-
tion sequence (sync mode with two sync charac-
ters). Loading three 00Hs consecutively into the de-
vice with C/D = 1 configures sync operation and
writes two dummy O0OH sync characters. An Internal
Reset command (40H) may then be issued to return
the device to the “idle” state.

CPUBYTES (5-8 BITS/CHARI

]

DATA CHARACTERS

&
-

ASSEMBLED SERIAL DATA QUTPUT (TxD)

d b
Y »

SYNC
CHAR 1

SYNC
CHAR 2

DATA CHARACTERS

RECEIVE FORMAT

SERIAL DATA INPUT (RxD)

T r

-t b

SYNC
CHAR 1

SYNC
CHAR 2

DATA CHARACTERS

Pa—

CPU BYTES (5-8 BITS/CHAR)

— ¥

DATA CHARACTERS

g
v ¥

i &

L o

206222-12

Figure 11. Data Format, Synchronous Mode

2-12
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b, 0, ©O DO, D, D, D, 0
EH iR RTS ER [SBRK| RxE | DTR | TxEN

ANSMIT ENABLE

DATA TERMINAL
READY

“high”" will force DTR
output to zero

RECEIVE ENABLE
1 = enable

0 = disable

SEND BREAK
CHARACTER

1 = forces TxD “low"
0 = normal operation

ERROR RESET

t = raset orror flags
PE, OE, FE

REQUEST TO SEND

“high” will force RTS
output to 7ero

INTERNAL RESET

“high” returns 82514 10
Mode Instruction Format

ENTER HUNT MODE*

NOTE:

Error Reset must be performed whenever RxEnable and Enter Hunt are programmed.

1 - enable search for Sync
Characters

*(HAS NO EFFECT IN
ASYNC MODE)

20522213

Figure 12. Command Instruction Format

STATUS READ DEFINITION

In data communication systems it is often necessary
to examine the “status” of the active device to as-
certain if errors have occurred or other conditions
that require the processor’s attention. The B251A
has facilities that allow the programmer to “read”
the status of the device at any time during the func-
tional operation. (Status update is inhibited during
status read.)

Be sure to visit ChipDocs web site for more information.
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A normal “read” command is issued by the CPU
with C/D = 1 to accomplish this function.

Scme of the bits in the Status Read Format have
identical meanings to external output pins so that
the B251A can be used in a completely polled or
interrupt-driven environment. TxRDY is an excep-
tion.
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Note that status update can have a maximum delay of 28 clock periods from the actual event affecting the
status.

SYNDET/

DSR BRKDET FE OF PE TxEMPTY| RxRDY | TxRDY

| S
Note 1

SAME DEFINITIONS AS /O PINS

PARITY ERROR

The PE flag is set when a parity
error is detected. It ;s reset by
the ER bit of the Command
Instruction. PE does not inhibit
operation of the 82514

OVERRUN ERROR

The OE flag 1s set when the CPU
does not read a character hefore
the next one becomes available

It 1s reset by the ER it of the
Command Instruction. OE does
not inhibit operation of the B251A
however_ the previously overrun
character 1s lost

FRAMING ERROR {Async onty)
The FE flag is set when a vahid
Stop bit 1s not detected at the
————— e end of every character It s reset
by the ER hit of the Command
Instruction. FE does not inhibit
the operation of the 8251A_

DATA SET READY  Indicates
that the DSR s at a zero levei.

L

205222-14

NOTE:
1. TxRDY status bit has different meanings from the TxRDY output pin. The former is not conditioned by CTS and TxEN;

the latter is conditioned by both CTS and TxEN.
i.e. TXRDY status bit = DB Buffer Empty
TxRDY pin out = DB Buffer Empty ® (CTS = 0) ® (TXEN = 1)

Figure 13. Status Read Format

2-14
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APPLICATIONS OF THE 8251A

L ADDRESS BUS f
L CONTROL BUS ]
[
i
S DATA BUS (
T
f
N ‘
RxD fe——ow-——J EIATOTTL
CONVERT
™ ——-—l {OPT) SR
82514 | O | {
- BAUD RATE
CRT
TxC GENERATOR TERMINAL 2
205222-15

Figure 14. Asynchronous Serlal Interface to CRT Terminal, DC—9600 Baud

ADDRESS BUS 1

||

CONTROL BUS |

DATA BUS B

-
L |
il

8251A RAxC ”—l OR PERIPHERAL
e DEVICE

SYNDET

205222-18

Figure 15. Synchronous interface to Terminal or Peripheral Device

2-15
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APPLICATIONS OF THE 8251A (Continued)

C ADDRESS BUS X

l I CONTROL BUS
1]

§ DATA BUS 1

RxD
TxD
_ PHONE
Bsao=——  asvnc LINE
OTRj— =] MODEM INTER.
- FACE

82514 €S p—r
RTS jo——

Aat 8AUD
g RATE
TxC GENERATOR TELEPHONE
LINE
205222-18
Figure 16. Asynchronous Interface to Telephone Lines
ADDRESS 8US )
L’ CONTROL BUS \
) DATA BUS y
' AxD
TxD
8261A PHONE
AxC LINE
= INTER.
FACE
SYNC
SYNDET MODEM
cTip—
lﬁ p—
D3R foe—r
oTR
TELEPHONE
LINE
205222-17

Figure 17. Synchronous Interface to Telephone Lines

NOTES:

1. AG timings measured Von = 2.0 VoL = 0.8, and with load circuit of Figure 18.

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses.

3. Assumes that Address is valid before Rp {.

4. This recovery time is for Mode Initialization onty. Write Data is allowed only when TxRDY = 1. Recovery Time between
Writes for Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy.

5. The TxC and RxC frequencies have the following limitations with respect to CLK: For 1x Baud Rate, fry or fry <

1/(30 toy): For 16x and 84x Baud Rate, {1y or fry < 1/(4.5 t¢gy). This applies to Baud Rates less than or equal to 64K Baud.
6. Reset Pulse Width = 6 tgy minimum; System clock must be running during Reset.

7. Status update can have a maximum delay of 28 clock periods from the event affecting the status.

8. In external sync mode the tes spec. requires the ratio of the system clock (clock) to receive or transmit bit ratios to be
greater than 34.

8. A float is defined as the point where the data bus falls below a logic 1 (2.0V @ Igy limit) or rises above a Logic O {o8v @
loL limit).

2-16
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias ...... 0°Cto 70°C
Storage Temperature .......... —65°Cto +150°C
Voltage on Any Pin

with Respect to Ground.......... —0.5Vto +7V
Power Dissipation ........................... 1w

NOTICE: This is a production data sheet. The specifi-
cations are subject to change without notice.

*WARNING: Stressing the device beyond the “Absoiute
Maximum Ratings” may cause permanent damage.
These are stress ratings only. Operation beyond the
“Operating Conditions"” is not recommended and ex-
tended exposure beyond the “Operating Conditions”
may affect davice reliability.

D.C. CHARACTERISTICS T, = 0°Cto 70°C, Voc = 5.0V £10%, GND = OV*

Symbol Parameter Min Max Unit Test Conditions

ViL Input Low Voltage —-0.5 0.8 A

ViH Input High Voltage 2.0 Veo Vv

VoL Qutput Low Voltage 0.45 Vv loL = 2.2 mA

VOoH Output High Voltage 2.4 \' loH = —400 pA

lorL Output Float Leakage +10 pA VouT = Voo to 0.45V

e Input Leakage 10 pA ViN = Vg to 0.45V

lcc Power Supply Current 100 ma All Outputs = High
CAPACITANCE T, = 25°C, Vgc = GND = OV

Symbol Parameter Min Max Unit Test Conditions

CiN Input Capacitance 10 pF fc = 1 MHz

Cio I/0 Capacitance 20 pF Unmeasured pins returned

to GND

A.C. CHARACTERISTICS T, = 0°Cto 70°C, Vg = 5.0V £ 10%, GND = ov*

Bus Parameters (Note 1)

READ CYCLE ‘
Symbol Parameter Min Max Unit Test Conditions
tan Address Stable Before READ (CS, C/D) 0 ns (Note 2)
tRA Address Hold Time for READ (C3, C/D) 0 ns (Note 2)
trA READ Pulse Width 250 ns
tRD Data Delay from READ 200 ns 3,CL = 150pF
torF READ to Data Floating 10 100 ns (Note 1, 9}
WRITE CYCLE
Symbol Parameter Min Max Unit Test Conditions
taw Address Stable Before WRITE 0 ns
twa Address Hold Time for WRITE 0 ns
tww WRITE Pulse Width 250 ns
tow Data Set-Up Time for WRITE 150 ns
twpD Data Hold Time for WRITE 20 ns
tRv Recovery Time Between WRITES 6 toy (Note 4)

2-17
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A.C. CHARACTERISTICS (Continued)

OTHER TIMINGS

Symbol Parameter Min Max Unit | Test Conditions
tcy Clock Period 320 1350 ns | (Note5, 6)
tp Clock High Pulse Width 120 toy—90 ns -
iy Clock Low Pulse Width 90 ns
tr. t¢ Clock Rise and Fall Time 20 ns
tDTx TxD Delay from Falling Edge of TxC 1 us
frx Transmitter Input Clock Frequency

1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 615 kHz
trrw Transmitter Input Clock Pulse Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 tcy
treo Transmitter input Clock Pulse Delay
1x Baud Rate 15 oy
16x and 64x Baud Rate 3 toy
fRx Recsiver Input Clock Frequency .
1x Baud Rate Dc 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate bC 615 kHz
tRPpw Receiver input Clock Pulse Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 toy
trRPD Recaeiver Input Clock Pulse Delay
1x Baud Rate 15 toy
16x and 64x Baud Rate 3 tcy
tTxRDY TxRDY Pin Delay from Center of Last Bit 14 tcy | (Note7)
tTxROY CLEAR | TXRDY | from Leading Edge of WR 400 ns | (Note 7)
tRxRDY RxRDY Pin Delay from Center of Last Bit 26 tcy | (Note 7)
tRxRDY CLEAR | RXRDY | from Leading Edge of RD 400 ns | (Note7?)
tis Internal SYNDET Delay from Rising
. Edge Of m 26 tCY (Note 7)
tes External SYNDET Set-Up Time After
Rising Edge of RxC 16tcy | tapp—tcy | ns | (Note?)
tIEMPTY TXEMPTY Delay from Center of Last Bit 20 toy | (Note 7)
twe Contro! Delay from Rising Edge of 8 c (Note 7)
WRITE (TxEn, DTR, RTS) Y
tcr Control to READ Set-Up Time (DSR, CTS) 20 tcy | (Note7)
*NOTE:

For Extended Temperature EXPRESS, use MIL 8251A electrical parameters.

2-18
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A.C. CHARACTERISTICS (Continued)

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF)

+20
- *e v
£
>
3
g Q
-
E \SPEC.
=]
-

-10 /

20 /

-100 -50 0 +50 +100
A CAPACITANCE {pF)
205222-19
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT

\

24

2.0 20

> TEST POINTS <:

0.8 0.8 8251A ouT

0.5 I
205222--20
G

AC Testing: Inputs are driven at 2.4V for a Logic “1" and 0.45V I

for a Logic “0". Timing measurements are made at 2.0V for a -

togic “1” and 0.8V for a Logic "0". C, - 150 pF

206222-21
Figure 18
WAVEFORMS
SYSTEM CLOCK INPUT
CLOCK ¢
205222-22
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WAVEFORMS (Continued)

yg-ecesoe

3snd
ONITJWVS LN
| (3a0W xai)
{300W X91) SAOIHII INY Bl ———=ja—— (o o g
\ ﬁ / {3a0W x1) 3%y
MdY, -
_ Qudy,

Laviva X L8 viva / 118 LHV1S \ 4, ViV xy

(JHIH SLYVLS HILNNOD ANVE *H)

Viva ANV XO0TD H3AIFO3H

£2-222502
X |OV_A X vivaxi
Tx»a, xE—I'# T
13a0W*st) 2y
\ / 4 . (3QOW 1) Q0L
T adLs Mdly

V1VvQ ANV XJ0TD H3LLINSNYHL
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WAVEFORMS (Continued)

WRITE DATA CYCLE (CPU — USART)

TxRDY / N\

I tTARDY CLEAR

. ww » |
Wr 1
'o—l DWW -——.—<-¢1 twD
OON'Y CARE } N'T CAR
DATAIN (DB) { DATASTABLE co £

- [ il

& AW tWA /
205222-25
READ DATA CYCLE (CPU <« USART)
RnR[;V / w_
tRxRADY CLEAR
- —
*“ tROD —] I.—lo;
DATA OUT (D.8.) DATA FLOAT { vataout acTive ) CATAFLOAT
<o \l"" WA —
e N tAR tRA —
20522226
2-21
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WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

DTR. RTS
{NOTE =1) )(
r-— we +l
_ '~ ww »|
Wr \ /
i
|.__ 1DW — 4-.1 two
DATA IN (D. 4 >
(D.8.) 4 )
l<—-4— tAw ..__.,‘ tWA

c/D Vi N
= t - taw ~——,|/‘WA

205222-27
READ CONTROL OR INPUT PORT (CPU <— USART)
DSR.CTS
(NOTE =2) X
Id———~ tCR —-l
-— tRR ————t—I
" | A
—c-‘ -— tAD ——a -— tDF
DATA OUT L )
(DB} x
Mq—l tAR |e— ——i tRA r*——-
c/D Wi X
_bl tAR f——— pR— - '"A |._
& \ T
205222-28
NOTES:
1. Twg includes the response timing of a control byte.
2. Teg includes the effect of CTS on the TxENBL circuitry.

2-22

www. chipdocs . con Be sure to visit ChipDocs web site for more information.



8251A

WAVEFORMS (Continued)
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WAVEFORMS (Continued)
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WAVEFORMS (Continued)
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Z80° CTC Counter/
Timer Circuit

EN

Product
Specification

March 1981
Features ® Four independently programmable m Selectable positive or negative trigger
counter/timer channels, each with a initiates timer operation.
readable downcounter and a selectable B Standard Z-80 Family daisy-chain interrupt
16 or 256 presca].er. Downcounters are structure provides fully vectored, prioritized
reloaded automatically at zero count. interrupts without external logic. The CTC
B Three channels have Zero Count/Timeout may also be used as an interrupt controller.
outputs capable of driving Darlington m Interfaces directly to the Z-80 CPU or—for
transistors. baud rate generation—to the 2-80 SIO.
General The Z-80 CTC four-channel counter/timer each channel is programmed with two bytes; a
Description  can be programmed by system software for a third is necessary when interrupts are enabled.
broad range of counting and timing applica- Once started, the CTC counts down, reloads
tions. The four independently programmable its time constant automatically, and resumes
channels of the Z-80 CTC satisfy common counting. Software timing loops are completely
microcomputer system requirements for event eliminated. Interrupt processing is simplified
counting, interrupt and interval timing, and because only one vector need be specified; the
general clock rate generation. CTC internally generates a unique vector for
System design is simplified because the CTC each channel.
connects directly to both the Z-80 CPU and the The Z-80 CTC requires a single +5 V power
Z-80 SIO with no additional logic. In larger supply and the standard Z-80 single-phase
systems, address decoders and butffers may be system clock. It is fabricated with n-channel
required. silicon-gate depletion-load technology, and
Programming the CTC is straightforward: packaged in a 28-pin plastic or ceramic DIP.
~—n1 Do CLKITRGy [
] Dy 200y et
-] O
CPY | i Dy CLKITRGy fa—— Da n D
n:z: {0, 2em0i b —» | cpanmEL 0 E ; 2 go:
-y Dy SIGNALS e C 3 2 : B
-l Dy CLK/TRG; fee— o e =[] o
-1 260, ano []s 2] +sv
—] CE ap e 23 £] cLKTRGy
ere | TS CLKITRGy j— zomo, [ X80 CTE 22 [] cuumras
cowtmoL | —] & zcmo, '8 21 [ cixray
"éo,u- - ;‘6 RESET fea— zero, O 0 20 [ cimra,
sy ioAa [ 10 w[] csy
o z::noAi:"ﬁ: 0 [ 11 18 [] cso
:l.l':ll'l = W 17 [] neser
mrennuer | ' & ol e
CONTROL | IN¥ Wi [ e 5[] ok
CLK +5V GND
Figure 1. Pin Functions Figure 2. Pin Assignments
20410154, 0155
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Functional The Z-80 CTC has four independent counter/  a preset down-counter.
Description timer channels. Each channel is individually Thus, the time interval is an integral mul-

: programmed with two words: a control word tiple of the clock period, the prescaler value
and a time-constant word. The control word (16 or 256) and the time constant that is preset
selects the operating mode (counter or timer), in the down-counter. A timer is triggered auto-
enables or disables the channel interrupt, and matically when its time constant value is pro-
selects certain other operating parameters. If grammed, or by an external CLK/TRG input.
the timing mode is selected, the control word Three channels have two outputs that occur
also sets a prescaler, which divides the system at zero count. The first output is a zero-
clock by either 16 or 256. The time-constant count/timeout pulse at the ZC/TO output. The
word is a value from 1 to 256. fourth channel (Channel 3) does not have a

During operation, the individual counter ZC/TO output; interrupt request is the only
channel counts down from the preset time con- output available from Channel 3.
stant value. In counter mode operation the The second output is Interrupt Request
counter decrements on each of the CLK/TRG (INT), which occurs if the channel has its
input pulses until zero count is reached. Each interrupt enabled during programming. When
decrement is synchronized by the system the Z-80 CPU acknowledges Interrupt Request,
clock. For counts greater than 256, more than the Z-80 CTC places an interrupt vector on the
one counter can be cascaded. At zero count, data bus.
the down-counter is automatically reset with The four channels of the Z-80 CTC are tully
the time constant value. prioritized and fit into four contiguous slots in
The timer mode determines time intervals as a standard Z-80 daisy-chain interrupt struc-
small as 4 ps (Z-80A) or 6.4 us (Z-80) without ture. Channel 0 is the highest priority and
additional logic or software timing loops. Time Channel 3 the lowest. Interrupts can be
intervals are generated by dividing the system individually enabled (or disabled) for each of
clock with a prescaler that decrements the four channels.
Architecture The CTC has four major elements, as shown Internal Control Logic. The CTC internal

in Figure 3.

# CPU bus /O

W Channel control logic
B Interrupt logic

B Counter/timer circuits

CPU Bus 1/0. The CPU bus I/O circuit
decodes the address inputs, and interfaces the
CPU data and control signals to the CTC for
distribution on the internal bus.

control logic controls overall chip operating
functions such as the chip enable, reset, and
read/write logic.

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

INTERNAL
CONTROL
Logic

INTERRUPT
LogIic

Figure 3. Functional Block Diagram
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Architecture
(Continued)

. processing, the interrupt logic holds IEO Low,

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

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

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

CHANNEL
CONTROL
Loare

TIME
INTERNAL BUS CONSTANTY
REGISTER

oo [

4 zere
COUNTI

CLKTRG UNTER

cLocx

Figure 4. Counter/Timer Block Diagram

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

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

grammed. The channel control logic decodes

the control word and sets the following
operating conditions:

B Interrupt enable (or disable)

8 Operating mode (timer or counter)

B Timer mode prescaler factor (16 or 256)

W Active slope for CLK/TRG input

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

@ Time constant data word to follow

B Software reset

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

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

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

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

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

2041-0158
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Programming

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

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

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

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

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

Channel CS; C§g

0 0 0
1 0 1
2 1 0
3 1 1

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

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

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

If the channel control word has both bits Dy
and D5, set to 1, the addressed channel stops
operating, pending a new time constant word.
The channel is ready to resume after the new
constant is programmed. In timer mode, if
D3 = 0, operation is triggered automatically
when the time constant word is loaded.

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

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

Operating Mode. Dj selects either timer or
counter mode.

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

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

INTERRUPT

1 ENABLES INTERRUPT
0 DISABLES INTERRUPT
DE

MO
0 SELECTS TIMER MODE
1 SELECTS COUNTER MODE

PRESCALER VALUK®
1 = VALUE OF 256
0 = VALVE OF 18

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

L CONTROL OR VECTOR
0 = VECTOR
1 = CONTROL WORD
e

R 1}
¢ = CONTINUED OPERATION
1 = SOFTWARE RESET

T

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

TIMER TRIGGER"

0 = AUTOMATIC | AIGGER WHEN
TIME CONSTANT IS LOADED

1 = CLKITRG PULSE STARTS TIMER

*TIMER MODE ONLY

Figure 5. Channel Control Word
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Programming -
(Continued)

Trigger Mode (Timer Mode Only). Dj selects
the trigger mode for timer operation. When D3
is reset to 0, the timer is triggered automatic-
ally. The time constant word is programmed
during an I/O write operation, which takes one
machine cycle. At the end of the write opera-
tion there is a setup delay of one clock period.
The timer starts automatically (decrements) on
the rising edge of the second clock pulse (T2)
of the machine cycle lollowing the write opera-
tion. Once started, the timer runs contin-
uously. At zero count the timer reloads
automatically and continues counting without
interruption or delay, until stopped by a reset.

When Dj is set to 1, the timer is triggered
externally through the CLK/TRG input. The
time constant word is programmed during an
1/0O write operation, which takes one machine
cycle. The timer is ready for operation on the
rising edge of the second clock pulse (Ty) of
the following machine cycle. Note that the first
timer decrement follows the active edge of the
CLK/TRG pulse by a delay time of one clock
cycle if a minimum setup time to the rising
edge of clock is met. If this minimum is not
met, the delay is extended by another clock
period. Conseguently, for immediate trigger-
ing, the CLK/TRG input must precede T; by
one clock cycle plus its minimum setup time. If
the minimum time is not met, the timer will
start on the third clock cycle (T3).

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

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

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

QJ \L__L:z:

TCa 1C3

Figure 6. Time Constant Word

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

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

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

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

B The system clock period (¢)

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

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

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

Interrupt Vector Programming. If the Z-80
CTC has one or more interrupts enabled, it
can supply interrupt vectors to the Z-80 CPU.
To do so, the Z-80 CTC must be pre-pro-
grammed with the most-significant five bits of
the interrupt vector. Programming consists of
writing a vector word to the /O port cor-
responding to the Z-80 CTC Channel 0. Note
that Dg of the vector word is always zero, to
distinguish the vector from a channel control
word. Dj and D3 are not used in programming
the vector word. These bits are supplied by
the interrupt logic to identify the channel
requesting interrupt service with a unique
interrupt vector (Figure 7). Channel C has the
highest priority.

QORI
I ‘ l— 0 = INTERRUPT VECTOR WORD
1=

Vr-V3
SUPPLIED CONTROL WORD
BY USER
CHANNEL IDENTIFIER
(AUTOMATICALLY INSERTED
8Y CTC)
0 0 = CHANNEL C
0 1 = CHANNEL 1
1 0 = CHANNEL 2
1 1 = CHANNEL 3

Figure 7. Interrupt Vector Word
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Pin
Description

CE. Chip Enable (input, active Low). When
enabled the CTC accepts control words, inter-
rupt vectors, or time constant data words from
the data bus during an 1/O write cycle; or
transmits the contents of the down-counter to
the CPU during an I/O read cycle. In most
applications this signal is decoded from the
eight least significant bits of the address bus
for any of the four I/O port addresses that are
mapped to the four counter-timer channels.
CLK. System Clock (input). Standard single-
phase Z-80 system clock.
CLK/TRGy-CLK/TRG3. External Clock/Timer
Trigger (input, user-selectable active High or
Low). Four pins corresponding to the four Z-80
CTC channels. In counter mode, every active

edge on this pin decrements the down-counter.

In timer mode, an active edge starts the timer.

C8¢-CS). Channel Select (inputs active High).
Two-bit binary address code selects one of the
four CTC channels for an I/QO write or read
(usually connected to Ag and A;).

Do-Dy. System Data Bus (bidirectional,

3-state). Transfers all data and commands
between the Z-80 CPU and the Z-80 CTC.

SYSTEM
BUSES

INT

3]
RxCA INT
TACA  IEQ

tEO
INT
]

RxC8
Tice

WIADYB

Figure 8. A Typical 2-80 Environment

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

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

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

IORQ. /nput/Output Request (input from CPU,
active Low). Used with CE and RD to transfer
data and channel control words between the
Z-80 CPU and the Z-80 CTC. During a write
cycle, IORQ and CE are active and RD
inactive. The Z-80 CTC does not receive a
specific write signal; rather, it internally
generates its own from the inverse of an active
RT)_siqnal. In a read cycle, IORQ, CE and RD
are active; the contents of the down-counter
are read by the Z-80 CPU. If IORQ and M1 are
both true, the CPU is acknowledging an inter-
rupt request, and the highest priority inter-
rupting channel places its interrupt vector on
the Z-80 data bus.

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

RD. Read Cycle Status (input, active Low).
Used in conjunction with IORQ and CE to
transfer data and channel control words
between the Z-80 CPU and the 2-80 CTC.

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

ZC/TOg-ZC/TO3. Zero Count/Timeout {output,
active High). Three ZC/TO pins corresponding
to Z-80 CTC channels 2 through 0 (Channel 3
has no ZC/TO pin). In both counter and timer
modes the output is an active High pulse when
the down-counter decrements to zero.
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' Read Cycle Timing. Figure 9 shows read
cycle timing. This cycle reads the contents of a
down-counter without disturbing the count.
During clock cycle Ty, the Z-80 CPU initiates a
read cycle by driving the following inputs
Low: RD, IORQ, and CE. A 2-bit binary code
at inputs CS; and CSg selects the channel to
be read. M1 must be High to distinguish this
cycle from an interrupt acknowledge. No addi-
tional wait states are allowed.

Timing

i

=y
T
-
—
DATA our
N/

Figure 9. Read Cycle Timing

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

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

T T2 Twa Ty T

X X

C8o, C81, CR CMANNEL ADDRESS

DATA

Figure 10. Write Cycle Timing

latched into the appropriate register with the
rising edge of clock cycle Twa. No additional
wait states are allowed.

CLKITRO

INTERNAL
TIHMR

START TIMING

Figure 11. Timer Mode Timing

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

]
cLkiTRa w
INTERNAL W
COUNTRR
zeIT0

Figure 12. Counter Mode Timing

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

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

2041 0162, 0163, 0164, 0165
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Interrupt
Operation

+5V

T_W. wof-#fu o}

HIGHEST PRIORITY
DEVICR

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

LOWEST PRIORITY
oevicE

DEVICE 3

o

DEVICE O DEVICE 1 DEVICE 2

Figure 13. Daisy-Chain Interrupt Priorities

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

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

L1
m- T 7__\___ -
DATA 1‘ VECTOR \,

Figure 14. Interrupt Acknowledge Timing

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

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

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

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

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

Do-B7 A \ Wl o
wm_ ZTTTTY

=0 /_

Figure 15. Return From Interrupt Timing
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APPENDIX E : MEMORY DECODER PROM
P/N 745473

MICRC/SYS B/N DPOQO2

PROM PROM
ADDRESS DATA ADDRIESS DATA
000 FF 080 PE
i $ 081 FE
082 FD
QLlF =FF 083 FD
020 FF 084 FB
l - 085 FB
L 086 F7
C3F FF 087 F7
- Q40 FE 088 FF
041 7D l/
042 FB Jf
w-043 F7 QUFE FF
044 FF QAQ FE
l _ L 0Al FE
0A2 FE
0SF FF 0A3 FE
060 FE QA4 FD
061 FE 0AS FD
062 FD QAG FD
063 FD QA7 'D
064 FB 0A3 'FB
085 B QA% )
066 FF OAA FTF

L / v !

Q7F FF OBF FF




PROM PROM

ADDRESS DATA ADDRESS DATA
0CO FE 0F0 FE
0C1
0c2 L L
0C3 FE
0C4 FD OFF 33
0C5 100 FE
0Ce 101 FE
0C7 FD 102 FF
0C8 FB 11F FF
0C9 FB 120 FE
0CA F7 121 FE
0CE F7 122 FD
oce FF 123 FF

]

| } ! v
0DF FE 13F FF
0EQ FE 140 FF
CE1l 1 !
0E2 ¢ ) v/
0E3 FE 1FF FF
OE4 FD
0ES
0E6 {
0E7 FD
0ES FB
0E9 i
0EA
0EB FB
QEC 77
0ED
0EE L

CEF F7




APPENDIX G : pPar EQUATIONS

/N PL0O002A

MCSINC = RD * WR * ATX(pin 23)
PATACUT = RD * ACK(pin 23) + MEMSEL (pin 14)

LORQ * ICDEC * RD + ACX(pin 23) +*

CTCCZ = IQODEC * A3

B25.CE = IQRQ * IODEC * 5T « A2
PORTY = TIORQ * IODEC * WR * a1 = a2

SELECT (pin 15) = Cs1 + C32 = CS3 + s34

INTAZ(pin 21) = 1IORQ * Ml






