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1. iQué le parecid el ambiente en la Divisién de Educacifn Continua?

MIY AGRADMBLE [ AGRATABLE [ DESAGRADABLE

2. Medic de comunicacifn por el que se enterd del curso:

PERIODIC) EXCELSIOR PERIODICO NOVEDADES
ANUNCIO TITULADD DI ANUNCIO TITULADO DI FOLLETO DEL CURSO
VISION DE EDUCACION VISION DE EDUCACION
CONTINUA CONTINLIA
CARTEL MENSUAL RARIO UNIVERSIDAD COMINICACION CARTA,
TELEFONO, VERRAL,
ETC.
REVISTAS TECNICAS | FOLLETO ANUAL, | CARTELFERA UNAM ""LOS GACETA
UNIVERSITARIOS HOY" UNAM

3. Medio de transporte utilizado para venir al Palacio de Minerfia:

AITOMOVIL METRO OTRO MEDIO
PARTICIJLAR .

4. iQué camblos harfa usted en el programa para tratar de perfeccionar el
cursa?

5. (Recomendaria el curso a otras personas?

51 NO







6. iQuE cursos le gustarfa que ofreciera la DivisiSn de Educaci6n Continua?

7. La coordinacidn académica fue:

[ EXCELENTE BUENA

MALA

8, 5i estd interesado en tomar alglin curso intensivo ilufil es el horario

mis conveniente para usted?

LUNES A VIERNES | LUNES A LUNES, MIERCOLES | MARTES Y JUEVES
DE9 AI3H.Y | VIERNES DE | Y VIERNES DE DE 18 A 21 H.
DE 14 A 18 H. 17 A 21 K. 18 A 21 H,
(CON QIMIDAS)
VIERNES DE 17 A 21 H.| VIERNES DE 17 A 21 H. OTRO
SABADOS DE 9 A 14 H. | SABADOS DE 9 A 13 Y

: DE 14 a 18 H.

g. :g,QuE servicios adicicnales desearia que tuviese la Divisidn de BEducacién
Continta, para los asistentes?

0. Otras sugerencias:







Falatic de Mineriao

centro de educacion continua

divigién de estudios de

FraRTIR L
posgrado ‘?;'Lﬁ':‘g
facultad de ingenieria unam ?;1"' ;
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Si0 - Serial 1/0 Controler.

Control de entrada/salida en serie.

Introduccidn,

El desarrolle de microprocesadores ha provocade la implementacidn
de toda una familia de dispesitivos de interfase, tanto para cone

xiones en serie como en paralelo.

En 1a linea de productos de soporte del -procesador Z-80 se encuen
tra el 510, un dispositive programable para controlar la entrada
ofy salida-de datos en serie entre Z-80 y dispositives periféri—

cos (ejemplot CRT, TTY).-
En esta plAtica se presentan las caracteristicas de conexién ¥
programacidn del "SI0". (En otras familias USART, UNIVERSAL SIN

CHRONDUS ASINCHRONOQUS RECEIVER TRANSMITER).

Comunicacidn serie entre microcomputador y periféricos.

En ¢l firea de comunicacifn de datos se integran dos tipos de co-
nocimiente, uno softwate vy el otro hardware. En este {iltimo se

.entistan las sipuientes posibilidades:

a).- Tipo de conexiém: full duplex, half duplex, simplex.
b).- Tipo de interfase; voltaje, corriente.

cl.- Velocidad de transmisidn v recepcidn.



d).- HNimero de bits,

e).- Conexibn: sincrona, asincrona.
£}.- Niveles de voltaje.

£}.- Nimero de stop bits,

h}.- Paridad.

1).- Break generaciébn y deteccidn.
j).- _ Errores de deteccidn.

k).- Modem?

Y en cuante al hardware!

a).- Tipo de protocolos. (IBM, Bisincrono, HDLC, SDLC).
b).- Manejo de interrupciones,
c).- Modos de direccionamiento.

d).- Programacidn de dispositivo.

A continuacibn se muestra la arquitectura de SI0 y la dispesi-
cidén fisica de pins, con su significado y el diagrama de bloques

correspondiente.

2
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1.0 INTRODUCTION

The MOQSTEK. ZB0 product tine is & complete set of microcomputer components, develop-
ment systems and support soltware, The 280 microcomputer component set includes all
of the circuits necessary to build high-perfarmance microcomputer systems with virtually
no other logic and a minimum number of low cost siandard memdry efements,

The Z8BO-S10 (Serial Input/Output) circuit is a programmable, dual-channel device which
provides formatting of data for serial data communication, It is capable of handling asyn-
chronous, synchronous and synchronous bit oriented protocols such as iBM BiSyne, HOLC,
S5DLC and virtually any other serial protocol. It can generate CRC codes in any synchronous
made and can be programmed by the CPU for any traditional asynchronous format.

1.1 STRUCTURE

N-channel Silicon Gate Depletion Load Technology
Forty Pin DIP

Single 5 volt power supply

Single phase 5 volt clock

Two Full Duplex channels

coogano

1.2 FEATURES

Two independent full duplex channels
Data rates ~ 0 1o 550K bitsfsecand
Receiver data registars quadruply buffered; transmitter double buffered.
Asynchranous operatian
-~ 5, @, 7 or 8 bits/character
=~ 1, 14 or 2 stop bits
— Even, odd or no parity
—x1, x16, x32 and x64 clock modes
— Break generation and detection
— Parity, Overrun and Framing error detection
O Binary Synchronous gperation
— Internal or external character synchronization
— One or two Sync characters in separate registers
— Automatic Syne character insertion
— CRC generation and checking
0 HCOLC or IBM SDLC operation
— Automatic Zerp insertion and deletion
— Automaltic Flag insertion
— Address field‘f‘ecugnitiun
— |-Field residue handling
- Valid receive messages protected from overrun
— CRC generation and checking
Eight modem contral inputs and gutputs )
Both CRC-16 and CRC-CCITT {0 angd —1} are implemented
Daisy chain priority interrupt logic m-:luded 10 provide for automatic interrupt vector-
ing without exiernal logic,
All inputs and ouiputs fully TTL compatible,

ao00oo
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2.0 S10 ARCHITECTURE

A block diagram of the SI1Q is shown in Figure 1. The internal structure includes a Z80-CPU
hus interface, internal contro! and interrupt logic and two full duplex channels. The inter-
rupt contral logic detenmines which channel and which device within the channel is the
highest priority for purposes of the automatic interrupt vectoridg. Priority is fixed with
Channef A assigned higher priority than Channel 8 and the Receiver, Transmitter and
External /Status assigned priority in that arder within each channel.

The channel logic is shown in block form in Figure 2. Each channel has five B-bit cantrol
registers and three B-bit status registers. The interrupt vector is written into an 8-bit register
in Channe! B and may also be read from that channel. The receiver has three 5-bit buffer
registers in FIFQ arrangement in addition to the 8-bit input shift register. The transmitier
has one 8-bit buffer register in addition to the 8-bit cutput shift register. The CRC
generator/checkers are 16-bit shift registers with ' appropriate internal  feedback
{pronrammable) for two different CRC codes.

CHANNEL BLOCK DIAGRAM * SIOPIN QUT
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*Contiguration ol Channel B will vary sccording 10 bonding aption, See Section 2.2,
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Do-D7 Systern Data Bus (bidircctional, tri-state)

B/A Channel B or A select {input high is Channel B}

C/D Control or Data select {input high is control)

CE Chip Enable {input, active low)

M1 Machine Cyele One Signal from Z80-CPU (input, active low)
TORQ

Input/Qutpul request from 280 CPU (input, active low)



WAIT/READY A

WAIT/READY B

—— ——

CT75A, CTSE

DCDA, DCDB

RxDA, RxDB
TxDA, TxD8
AxCA, RxCH

TxCA, TxCB

RTSA, RTSB

DTRA, DTRE

Megd Cycle Status irom the Z80-CPU linput, active low)
System Clock {input)

Reset (input, active low) disables both receivers and transmitters.
T x DA and T X DB are farced marking. Modem controls are forced
high, Control registers must be rewritten after 510 is reset and before
any data is transmilted or recejved, All interrupts are disabled.

interrupt Enable In {input, active high)

Interrupt Enable Out (output, active bigh) IEl and IEQ form a
daisy-chain connection for priority interrupt contral,

Interrupt Héc’;uest {output, open drain, active low}):

Two pi:lfs, one for each channel. They may be programmed to serve
as ready lines for use with a DMA Controller or they may serve as
wait lings to synchronize the ZBO-CPU to the 510 data rate,

Clear to Send (2 pins, inputs, active low), When programmed as
AUTO EMABLES, these inputs enzhle the transmitters of their res-
pective channegls. I these pins are not programmed as transmittar
enables, they may be programmed as general-purpose input pins,
These .inputs are Schmitt-trigger buffered to allow slow-rise time
inputs.” |

Data Carrier Detect (2 pins, inputs, active low.} These pins are
similar to the CTS inputs, except that they are usable as recewer
enables rather than transtmitter enables.

L]

Receive Data, (2 pins, inputs, active high.)
Transmit Data. (2 pins, cutputs, active high.)

Receiver clocks linputs, active low.} {Two pads, one per channel.
Sea note on Bonding Option.} Schmitt-trigger buffared,

Transmitter Clocks {inputs, active low.] {Two pads, one per channel,
See note on Bonding Dption.) Schmitt-trigger buffered,

Renuest 10 Send (2 pins, oulputs, active low.) When the RTS bit is
set, the RTS pin goes tow. When the bit is reset in asynchronolus
mode, the pin goes high, but only after the transmitter is empty.
In synchronous mades, RTS is a simple output which strictly follaws
the state of the B15 bit.

v

Data Terminal Ready (2 pins, output, active low.} Pin follows
state programmed with DTR bit. [Two pads, cne per channel,
See notle on Boanding Option.}



SYNCA, SYNGCD

Extarnal Character Synchronization {2 pins, inputfoutput, active
low.) If the External 5vnchrun|zatmn mode is selecied, assembly of
characters will begin on the next rising edge of R x C. If internal
character syng modes are sclected, the pins ore cutpuis that are
active during part of the clock cycles that a sync character is recog-
nized. The sync condition is not latched, so this pin will be active
every time 2 sync paitern is recognized, regardless of characier
boundarizgs. In asynchronous modes, these ping are simple inpuls o
the HUNT/SYNC bits in States Register 0 and may be used Tor any
input function desired. However, if EXTERNALMSTATUS interrupts
are enabled in the asynchronus made, then SYNC should not be left
floating as this could cause spuripus interrupls 16 ogcur.

NOTE: When used as an external synchronization pim, it must not
become active for three system clock cycles alter the previous rising

edge of Rx C. This requiremnent normally_can be met by allpwing
SYNC 1o change only on the falling edge of R x C.

2.2 NOTE ON BONDING OPTION:

Due 1o package constraints, there are only two ping available for the three signals, T x CB,
R x CB and OTRB. Thay are normally bonded so that T x CB and R x CB are one pin,
and R x T x CB and DTRE is an available output. if there is a requirement for different
clock rates or phases for B x CB and T X CB, they may be bonded independently by sac-
rificing DTRB. See Figure 2,2,

BONDING DPTIDN
Figure 2.2

MK3884 P/N MK38856 PN
516/0 S10/1
27 |— ReTxCB 27 \— RCE
810 26 — TxDB SI0 26 — TxCB

25 — DTRE 25— TxDB




3.0 JPERATILH

Qperztion ol the SIC s delermined by the conlents of the control registers. These must

he programmed before any operations can be performed by the SIQ, Some cammands_and

modas may be changed during operation, The device status registers can be read at any time,
-

3.1 ASYNCHRONOUS MODES

The receiver ports are guadruply buffered, i.e. there are three storage registers in addition 10
the input shift register. This allows additional time for the CPLJ 1o service an interrupt at the
beginning af a block of high-speed data transfer. The error flags are also gquadruply buflered
and are loaded at the same time as the character. The RECE|VER QVERRUN and PARITY
ERRQR flags are not reset unless an ERROR RESET Cemmand (Command 6} is issued.
END OF FRAME and CRC/FRAMIMNG errors atways reflect the siate of the character
currentiy in the bufier and are not reset by ERROR RESET. Thus, when the error status is
read, it will reflect an error in the current word in the receive buffer inaddition to any parity
ar ayarrun arrprs received since the last ERROR RESET Command, In order to keep
correspondence letween the stat of the error bufier and the contents of the receive reg
isters, the status register should be read before the data (see exception). This is easily
accomplished if the vectored interrupis are used stnce a special interrupt vector is genarated
far errors or end of frame,

if the status is read after the data is read, the error data for the next data word will alsa be
included if it has been stacked in the buffer. If operations are being performed rapidly
enough so that the next character will not yet be received, then the status register will
remain valid. The exception occurs when the RECEIVE INTERARUPT.OM FIRST CHAR-
ACTER ONLY mode is selected. A special interrupt i this mode will hold error data and
the character itself leven if read from the buffer) until the ERROR RESET, Command is
issued. This prevents furiher data from becoming available in the receiver until the Reset is
issued, : ’

If the INTERRUFT OMN EVERY CHARACTER mode is selected, the interrupt vectar will
be different if ersor states exist in the status register. I receiver gverrun shouid ovcur des-
pite the guadruple bufiering, the most recent character recaived will be fnaded. The char-
acter preceding it will be lost, When the character which has been written over ather char-
actars is read, the OVERFLOW bit will be set and the SPECIAL RECEIVE CONDITION
vector raturned if STATUS AFFELCTS VECTOR is enabled,

It is possible 10 use the SIQ in a polled enwvironment. This requires monitoring of the RE
CEIVE CHARACTER AVAILABLE bit to know when 1o read a character. This bit is reset
auvtomatically when the receiva butfers are all empty. The TRANSMIT BUFFER EMPTY
bit is high whenever the transmit buffer is empty. In policd operation, it should be checked
befare writing data into the transmitter to prevent overwriting of data.

ASYNCHRONOUS FORMAT
Figure 3.0

il o
L1

. . |
MARKING LINE | START | pg | D1 t DN | PARITY |'STOP  MARKING LINE
L4 -
"/ =506 70R8—" /*"

TRANSITIONS OCCUR

OM A FALLING EDGE MAY BE EVEN, ODD, OR
OF TxC, NOT PRESENT

1, 2 0R 2 BITS




TRANSMISSION
A data character sent by the S10 will be assembled as follows in asynchronous modes:

Idle state {no characters being sent) is a marking ling fhighl unless a break has been pro-
grammed in the control register, in which case, the line will remain spacing until the SEND
BREAEK command has been removed ar the chip is reset,

Transmission cannct begin unless the TRANSMIT EMABLE bit is set, If the AUTO
EMABLES bit is selected. then CTS must be low as well, 1f the 5 bits/character mode is
sefected, then unused bits (D5, Dg, and D7) must be zere in each data byte wrnten into
the 510,

RECEIVING

Asynchronous reception will hegin when the RECEIVER ENABLE bit is set. if the AUTO
EMABLES kit is selected, the D must be low as well: A low [spacing] condition an
R x D indicates a start bit. |f the low persists For % bit timme, the start bit is assumed to be
valid and the data input is then sampled at mid-bit time until the entire character is assem-
bled. This methed of detecting a start bit improves error rejection when naise spikes exist
on an otherwise marking line. I the X1 clock mode is selected, bit synchronization must be
accomplished externally.

3.2 SYNCHRONOUS MGDES

The various wl:bchmnnus mades Al require a x1 cleek for transmission and reception,
Crata is sampled on the rising edge of RxC. Transmitter data transitions occur on the falling
edge of TxC,

'm all cases, the receiver is in a hunt mode after a reset {internal or external}. The hunt can
begin only when the receiver is enabled. Only when character synchronization has been
achieved can data transfer begin. |F there is & loss of character synchronization, the hunt
mode can be re-entered by writing a control word with the ENTER HUNT MODE bit set.

The differences in operation of the monosync, bisync and external sync modes are only in
the manner in which initial synchronization is achieved. Note: The mode of operation must
be selected before the syne characters are loaded, since the registers are used differently in
the various modaos.

MONOSYNC; (8 BIT 5YNC MODE)

Matching of a singfe sync character, prograrmmed into Write register 7, implies character
synchronmization, which anatdes data transfer,

BISYNC: {16-BIT SYNC MODE]

Maiching of twe adjacent sync characters programmed in Write Registers 6 and 7 implies
character synchranization. [n both monosyne and Bisyne modes, the SYMNC pin will be
active (low) any time the sync character sequence is detected and will remain tow for the
cloeck cyele in which it is detected,

EXTERMAL 5YNC MODE

In this moda, character assembly begins on the [irst rising edge of RxC after the 5YNGC pin
becomes active {low}. it should be held active fer at least three complete clock cycles,

In Monosync, Bisyme and External sync modes, assembly will continue until the 510 is
reset {either internally or with the Reser pin) or until the receiver is disabled {by command

or with the DCO pin in the AUTO ENABLES model or until the CPU sets the ENTEH
HUNT MODE bit.



AfNg mitial syo «oranTzatier flas been achioved, the KMenasyne, Bisyne, and External Sync
macles are Lory uailst, &y didlerenzes will L2 noted in the tolfowing whicih is maant to
apply ta ali three modes,

SYNCHRONQUS FORMATS

Figa+e 3.1 L
MONOSYNC MESSAGE FORMAT Unternal Sync Detect} UFTLQ”AL
It - i
SYNC o CRC CRC
CHARACTER | DATA FIELD | CHARACTER/CHARACTER
NO. 1 NO, 2
i ¢
BISYNC MESSAGE FORMAT (Internal Sync Detect) OPTIONAL
] I _A ]
1
SYNG SYNC _ CRC CRC
CHARACTER|CHARACTER | DATA FIELD | CHARACTER|CHARACTER
Iy NOL, 1 ND. 2
Fr ~
| EXTERNAL SYNC DETECT FORMAT QPTENAL
_ff £ k]
k) CRC CRC
DATA FIELD | CHARACTER|CHARACTER
y NG, 1 ND. 2

L

Synchronaus Modes {Except SDLC) Transmission:

A, Defautt state {after a Reset or transmitter not enabled) is a ma:rking Line. Break may
be programmed to generate a spacing line, which begins as soon as programmed,
regardless of the contents of the send register. With the transmitter enabled, and sfter

mades have been selected, defayit is continuous transmission of the 8 or 16 bit sync ’

character,
B. Several Intermipt modas are posgible:

1. Transmil interrupts enabled — every time that the transmit buffer becomes empty,
an interrupt will be generated if the TRANSMIT INTERRUPT ENABLE bit is set.

Tha interrupt may be satisfied by eithar writing another character into the trans-

, mitter ar by resetting the TRANSMITTER INTERRUPT PENDING bit with the
RESET TRANSMITTER INTERRUPT PENDING command (Command 5). |1
the intecrup? is satisfied with_this command_and nothing mare is written into the
transmitter, there will be ap further transmitler interrupts, as it is the buffer

becammg emptv that causes the mterrupt When another character is written, the

the tranamitter can again hécome empty and interrupi again.

2. External/Status interrupts enabled — If the EXTEANAL/STATUS INTERRUPT
ENABLE bit is set, Transmitter conditions such 45 starting to send CRC characters,
slarting 1o send Sync characters, DCD, 5YNC, and TTS changing state cause inter-
rupts, which have a unique vector if STATUS AFFECTS VECTOR modeis selected.
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C.

3. All interrupts may be disabled for operaticn in 2 polled mode or to prevent inter-
rupts at inappropriate {imes in a program's execution,

If CAC is not enazbled. syng characters will automatically be inserted when the trans-
mitter has no data 1o send. An interrupt is generated only after the first automatically
inserted sync character has been loaded. If CRC is enabled, the first time the trans-
mitier has no data to send, the 18-bit CRC s automatically sant, followed by sync
characters. While sending CRC, the SENDING CRC/SYNC bit is set and the TRANS-
MIT BUFFER EMPTY bit indicates-full. CRC is not calcuiated on the automatically
inserted sync characters, bat it will be caleulated on any syng chargcter sent as data
unless the CRC generator is disabled when that character i5 toaded to the transmit
shift register from the trensmit buffer, When the CRC has been sent, the TRANSMIT
BUFFER EMPTY bit goes high and an interrupt it generated to indicate that another
message can begin. Control of the CAC generator may proceed as follows:

The CRC generator should be.reset by issuing the RESET TRANSWIT CRC GENE-
RATDR Command, before any data is loaded. After CRC and the entire transritter
is enabied, data may be loaded, Before CRC is to be sent {but after the first data has
been loaded), the SENDING CRC/SYNC bit must be reset with the RESET SENDING
CRC/SYNC Command.

Because sending of the CRC is inhibited when the SENDING CRC/SYNG bit is set,
the S10 can be used to automatically insert fill characters within messages instead
of automatically sending the CRC. CRC is not calcutated on syncs automatically

inserted and when the end of the message is reached, the bit can be reset thus allowing
the CRC to be sent,

If the transmitter is disalded while a character is being sent, that character [whether
Data, CRC or SYNC} will be sent as normal but will be followed by a marking line
rather than CRC or sync characters. A character in the buffer when the transmitter is
disahled will remain in the buffer. Howsver, a programmad break will be effective
as soon as it is written intg the cantrol register. Characters being transmitted, if any,
will be Ins.t,

In all modes, characters are sent low-order bits first, i.e.,, Dp before D1, ete, for as
many bits as are programmed. This requires right-hand justification of data to be
transmitted if word length is less than 8 bits. |f word length is 5 bits or |ess, the special
technigue described in the TRANSMIT BITS/CHAR section must be used for the data
format.

Synchronous Modes (Except SOLC} Reception:
-

A,

After programming the mode and sync characters (in that order), the receiver may be
enabled. It wil! then be in the HUNT MODE and will stay in that mode until;

1. A match is made with 3 single syne character {manosync mode) or
2, A match is made with a dual syne character (BiSync moda) or

3. The externat SYNC pin is forced low. In cases (1) and {2] the external SYNC pin is
an output which indicates that character synchronization has been achieved. In case
(3}t is an inpLy. :

Character assembly beqins after sync has been achieved, Four intgrrup: modes are
possible,

i. NO INTERRWUPTS ENABLED — for a purely polled eperation or for “off line*
conditions.



2.

INTERRBLUG™ G H'!‘;f CHABRACTER ORLY. This moge waould normally be
wsed o start a scliteere polling loop or a bizck tansfer struction using the WALT/
BLCADY output to synchronize the CPU to the incoming data rale. It could also
be used with a DMA device. In this mode, the SIO will interrupt on the first char-
acter and thereafter will only interrupt if errors are dotected, The mode 5 reset with

the RESET RECEIVE INTERRUPT ON FIRST CHARACTER command

{Cammangd 4],

The first character received atier this command is issued will also cause an interrupt,
It ExternalfStatus interrupts are enabled, they may interrupt at any time. Parity
grrars do niot cause interrupts in this mode, but End-of-Frame (SDLC Mode) and
receiver ayerrun do cause interrupis,

INTERRUPT ON EVERY CHARACTER — whenever the receiver buffer has a char-
zcter an interrupt is generated. Error and special conditions generate a special vegtor
if the STATUS AFFECTS VECTOR mede is selected. A parity error may optionally
nol generate the special vector.

C. CRC checking generation may be used in the synchronous modes,

1.

3,

Calculation of the CRC on 2 particular ¢haracter begins B bit times aftar the word
has baen transferred to the receive buffer. 1f CRC is enabled before the next char-
acter is transferred to the receive buffor, CRC will be calculated on the character, [

. CRL i5 disabled befora the time of the next transfer, caloulation will proceed on the

word in pragress, but the word just transferred to tha buffar will not be included.

. This allows starting and stopping CRC checking on the various characters employed

in BiSyne,

The CRC :I':HEI‘;" he enabled and disabled as many timas as necessary for a given calgul-
ation, '

CRC Codes are selected during the mode sefection process. Either the CRC-16 poly-
nominal X186 + X154+ X2 + 1 or the SDLC polynomial X16 + X12 + X5 + 1 may
be used. In all ex¢ept SDLC mode, the CRC calculator and checker are reset to al)
0's. Transmitter and receiver must use the same polynomial,

in Mangsynec, Bisync and External Syne modes, the CRC/FRAMING ERROR bit
containg the result of the comparison -af the CRC checker to 'fall zeros” 18 bit
umas after the character has been loaded from the receive shift register to the buf-
fer. The comparison is made with gach load and is valid only as long as the char-
acter remains in the buffer, {f time increases down the page, then the following
halds:

Character A" [paded into the bufler
Character "B" ioaded into the buffer ,
I1#f CRC is disabled before “C” is in the buffer it will not be calculated on "B™.

Character *'C" loaded into buffer |
After “C* is loaded the CHCIFHAMING ERRORA blt shows the result of the
comparison thru Character A"

Character D" laaded into buffer, |, )
After D" is in buffer, the CRC/FRAMING ERROCRA bit shows the result of the
comparison thru Character "B,

Because of the serial pperation of the CRC calculation, the receiver clock (RxC)
must go through 16 cycles after the CRC character has been loadad into the receive
bufler (20 cycles after the last bit s at the SIO RxD pinl before the CRC caleulation
is complete,

L] ,

R



TRANSMISSION SDLC/HDLC MESSAGE FORMAT
Figure 3.2

o

FLAG
1111110

ADDRESS DATA FIELD CRC CRC FLAG

12

SDLC MODE TRANSMISSION:

A,

Mormally, the CRC generator should be reser {with the RESET TRANSMIT CRC
GENERATOR command) before a data block is transmitted. Reset may occur any

. time after the CRC of the previous message has been sent. During the time that CRC is
. being sent the SENDING CRC/SYNC bit will ha set, the TRANS BUFFER EMPTY

bit will not be set. After the CRC has been sant the TRANS BUFFER EMPTY bit

is set which will cause an interrupt signifying that the CRC has been sent, if trans-
mit interrupts are enabled.

The idle device state {if the transmitter is enabled) is continuous flags being transmitted,
1f the transmitter is not enabled, a marking line is sent {idle lina state).

An abort seguence may be sent by issuing the SEND ABORT command {Command 1),
This causes at least B but less than 14 one's to be sent before tha lina reverts to con-
tinuows flags. Any data being transmitted and any data in the transmit buffer will be
lost, )

One to B bits per character may be sent, See the Register Description of Write Ragister
B, Transmit Bits/Char. for an explanation of how this is accomplished, Since the number
of bitsfcharacter may be changed "on the fly”, this feature may be used 1o {ili a data
field with any number of bits. When used in cenjunction with the Receiver Residue
Codes, the 510 may recerve a message of any number of bits length and retransmit jt
exactly as received with no previous information about the character structure of the
I-field {if any). A c¢hanne in the number of bits/eharacter will not affect the charactar in
the process of being shifted gut. Characters will be sent with the number of bits prog-
ramimed at the time that the character is loaded from the buffer ta tha transmitier,

As in other synchronous modes, the two byte CRC sequence will be sent automatically
when the transmitter has fo more data to send, i.e. when there is no character in the
transmit buffer and the transmit shift register is empty. When the CRC sending begins,
the SENDING CRC/SYNC bit is set and @2 status change interrupt is generated if

external/status interrupts are enabled. This may be used as a transmitter underrun indi-
cation. After the CRC has been sent, the line reverts 1o continuous flags, without shared

Jxeros, el |,

c1111110011181100111111900.,,

8 BITS 2 MNo. 1 No. 2 011131110



Conurol of the S cencratnr may proceed as Tollows:

0. Set up necessary made {anly at initial power onl

Resct CRC qenerator

Weite lirst 2 bytes of data ii.e. address and or control bytes)

Heset SENDING CYC/SYNC bit

Write rest of data

Afier data is complete, CRC & flags will be sent automatically, and this sequence
can tepeat from 1.

SRS

Extra zeros afe automatically inserted in the data stream where required to fulfill the
requirement of & ones mastimum in a row, except for flags or aborts.

. When SDLEC maode is selected, Reset of the CRC generator is actually a preset to ail 1's.

The 5DLC CRC code muost be seipcted,

RECEPTION SDLCIHDLC MESSAGE FORMAT

Figura 3.3
FLAG ADDRESS DATA = FIELD CRC CRC FLAG
{ 01111110 8 BiTS segae ' NO. 1 NO. 2 01111110
- ; - P } -

Ll

SDLC OFERATION, RECEIVER

A.

Data transfer begins with the first non-flag character received after at |east one flag
{01113110) has been received if ADDRESS SEARCH MODE has not been enabled.
If ADDRESS SEARCH MODE is enabled, then a flag followed by either the program-
med address or the global address {1711111) is required before data transfer will begin.

1. If interrupts are disabled, the presence of characters in the receive buffer can be
det%:ted by nbsemng the HECEWE CHARACTER AVAILABLE bit in Read Rengis-
ter

2. If the INTERAUPT ON FIRST CHARACTER DNLY mode has been selected, this
would narmnally be used to initiate a block transfer. If the length of the message is
unknown, the SPECILAL RECEIVE CONDITION [End of Framel interrupt may he
used to exit the instrection of software loop, The RESET INTERRUPT ON FIRST
CHARACTER command {Command 4] must be issued betore an interrupt for 2
following block’s first character ¢an be aperated,

3. Flags ara not transferred. The extra zeros inserted in transmission are automatically

deleted,

4, Aborts are detected as 7 or more oneg's and cause 3 status interrup? {if enabled] with

the BREAK./ABOAT hit set in Read Register 0. After the RESET EXTERNALYS
STATUS INTERRUPT command {Command 2} has been issued, a second interrupt
will occur when the coninuous one's condition has been l:leafred.

in SDLC made, contro! of the receive CRG checker is automatic, It is reset by the lead-
ing flag and CRC is caleulated up to the finat flag. The CRC/FRAMING ERROR bit in-
dicates the result of the CRE check and is located in RAead register 1. f the CRC/
FRAMIMG ERROR bit is not set, then the CRC indicates a valid message A special
check sequence is used for the SDLC check because af the presel 1o alt one's, The final
check must be

oM 1100001111,

13
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Character length may he changed “on the fly." If address and contral bytes are pro-

. pessed as B-bit characters, the receiver may be switched to a smaller character length

during the time that the tirst information character is being assembled. This change
must be made quickly enough so that it is effective before the number of bits specified
have been assembled, ie., if the change is to be from the 8-bit control 1o a 7-bit informa-
tion field character length, the change must be made before the tirst 7 bits of the
I-field have been assembled.

. I address search mode is not used, or if messages have multi-bytle addresses, an un-

wanted message need not be completely read by the CPU. Once the determination has
been made that the message is not needed, writing the ENTER HUNT MODE bit will
suspend reception until another message headed by a flag has been recaived.

When the tailing flag is received, an interrupt with a special vector is generated (if
enabled}. This signals that the byie with the END OF FRAME bit set has been received.
In addition 1o the results of the CRC check. Read Register 1 has 3 bits of Residue Code
wvalid at this time, For those casas in which the number of bitz in the |-field is not an
integral multiple of the character length used, these bits indicate the boundary between
the CRC check bits and the I-field bits. For a detailed description of the meaning of
these bits, see the description of the Residue Codes in Read Register 1.

Parity checking may be used on data in the information fietd only it 57 bit characters
are used and only if a half-duplex protocol isbeing used, [There are no separate controels
for parity on the receiver and transmitier so parity cannot, for example, be simultane
ously disabled for transmitting an 8-bit address and enablad for receiving a 5-bit [-field
character].



4.0 210 PHOGRARRIING
4.1 GENERAL

The ZHO-SI0 is a multi-function peripheral component specifically designed to satisfy a
wide variety of serial data communications requirements in ticrocomputer systems, [ts
Lasie role is that of a serial to parailel, parallel ta serial converter/controfler but within that
rale it is configured by systems software programming so that its function or 'personality”’
can be optimized for a gwen serial data communications application,

To program the ZBO-SI0 the systems software issues a sernes of commands that initislize
the basic mode of operation desired and other commands 1o qualify conditions within the
mode selected i.a. Stop Bits, Bits/Char, Syne Char ete. The ceommand structure of the 280
SI0 is designed to take advantage of the powerful 280 BLOCK 1/0 instructions to simplify
programming, minimize overhead and optimize CPU interaction activities.

Each of the twe channels of the ZBQ-510 contzin command reqgisters that must be pro-
gremmad via system software prior 1o functional operation. The channe! select input [B/A)
ard the control/data input {C/D) are the command structure addressmg cnntrnls normally
controlled by the addres; bus of the 280 CPLI

ci BIA FUNCTION

] 1] Channel A Data

(4] 1 Channel B Data

1 0 Channgl A Commands/Statuy

1 i Channe! B CommandsfStatuy '

4.2 WRITE REGISTERS

The ZBO-SI10 contains eight {B) registers that are programmed {writien into) by the system
software to configure the functional perscnality of each channel. AY Write Registers, with
the exceplion of Write Register 0, require two bytes to be properly pragrammed, The first
byte contains 3 bits which point 10 the selscted register [DD-D2] the second byte is the
actug! control word that is being written that register to configure the 510,

Write Renister O is a special case, RESET (either internil command or-external input) will
initialize the 510 10 Write Register 0. All basic commancds {CMDO-CMD2) and CRC controls
ICRCO, CRC1) can be accessed with a single byte using Write Register 0.

Containgd in the first byte of any Write Register access are the basic commands {CMDD-
CMD2) and the CRC controls {CRCO, CRC1) o that maximum system contrel and flexi-
ility is maintained.

WRITE REGISTER 0
[T o5 oal 03] 07 L1 e

WRITE REGISTER 1

{
1
1
1

071 06[ 05| B4l D3l D2 D_‘IJQP;]

© 0 0O REGISTERO EXT, INT EMNABLE
i o 1 REGISTERA1 Tx INT EMAOLE
0 1 €@ REGISTER?Z2
01 ) mLsTER? : STATUS AFFECTS
1 0 0 FHREGISTERA . YECTOR [CH-B-ONLY}
1 0 1 FHEGISTERS @ 0 PHAxINTDISABLE
Vo1 ) pEGisTERS 0 1 RxINTON FIRST CHARACTER
8 O @ NULLCODE ONLY
E o 1 SEND AHCII_:_:I';;SDLCI 1 0 INTOGNALL Ax CHARACTERS
1 0 FRESETEAT.S5TATUS {NTERRUPTS -
6 1 3 CHAMNEL BESET . {PARITY AFFECTS YECTOR)
1 O { RAESETRxINTON FIAST CHARACTER 1 1 INTONALL Rx CHARACTERS
1 9 1 HCSET TxINT PENDING ) IFARITY DOES NOT AFFECT
1 1 0 ERAORA RESET JECTOR!
1 1 1  RETURN FAOM INT ICH.A ONLY]
. MULLEDOE
RESET Ax CHEC CHECKER — WaIT/READY QN RST
FESET Tx CAC GENERATCOR
WAIT FN/REA
RESET SENOING CRAC/SYNC LATCH 1 WAIT..JHELDY EE);:[J;JLE

15



WRITE REGISTER 2*

[o?loeios[pa[ palp2ipi]oo]| _
L-va
V1
V2
v3 INTERRUPT
va | veCTOA
VS
L Vi

v1_

“CAN DHLY 8E WAITTEN INTO CHANNEL B

WRITE REGISTER 4

o7 ps| Ds] Daf 03] 02 01 DY
) ., L_PARITY ENABLE

PARITY EVEN/ODD

SYNC MODES ENABLE

15TOP DT/CHARALCTER

1% STOP BITS/CHARACTER

2 STOP BITS/CHARACTER

B BITS SYNC CHARACTER

16 BIT SYNC CHARACTER

SOLC MODE (31111110 SYNC FLAG)

1 EXTERMNAL SYNC MODE

X1 CLOCK MODE

%16 CLOCK MODE

%32 CLOCK MODE

X654 CLOCK MODE

—_— [ Y ——
_— T (Y —

- O O

- O -0

L B o I o |
- O

WRITE REGISTER &

o] pst Ds]oa] 03] o2 o] po) _
| L_sYNCERITD
EYMNC BIT 3
——S5YMNCBIT 2
SYMC BIT 3
SYNCITa [
SYNCBIT 5
SYNC BIT G

SYNC BIT 1
*ALSO 50LC ADDRESS FIELD

 WRITE REGISTER 7

WRITE REGISTER 3

D?I DﬁlDEl mi 031 pz2[p1]og |
| [ Rx ENABLE

SYNC CHARACTER
LOAD INHLBIT
ADORESS SEARCH
MODE {5DLC}

Fx CAC EMABLE
EMTER HUNT MOQDE
AUTO ENABLES

Rx 5 BITS/CHARACTER
Rx 7 BITS/CHARACTER
Rx 6 BITS/CHARACTER
Rx 8 BITS/CHARACTER

-0 - D

WRITE REGISTER 5
I_??Inrﬂ b5l ba] 03[ B2] D1] D0

L_Tx CRC ENABLE
— RT3
—=esree_ZBLC/CRC-16
Tx ENABLE
SENDO BREAK
T= 6 BITS {OA LESSI/CHAAACTER
Tx 7 BITS/CHARALTER

Tx 6 BITS/YCHARACTER

Tx BEITS/CHARACTER

D-i-.-oﬂ'a
:u--ﬂ—lﬂ

FHERCEAEACE R ED —
Lo SYNCEBITE
—— SYNCEIT S
SYNC BIT 10
SYNCRBIT 11
SYNCBITI12("
SYNC 81T 13
——SYNC BIT 14
b — SYNC BIT 15

'FOR SOLC IT MUST BE PROGRAMMED
TO 01111410 FOR FLAD RECOGNITIO

16



4.3 BEAD REEISTRAN

The Z8CGSIO contans three (3} registers that can be read to obtain the status of each
channel. Status information includes error conditions, interrupt vector, and standard com-
munication inierface protocol signals. To read the contents of aselected Read Register Fha
system software must first write out to the SI0 the byie canmining pointer infgrimation
{DO-D2) in exactly the same manner as a Write Register gperation. Then by issuing a
READ pperation the contents of the sddressed Read/Status Register can be read by the
280-CPL,

The reat power in this type of command structure is that the programmer has complete
freedom alter pointing 10 the selecicd register of either Reading or Writing to initialize or
test that register, By designing software to initialize the ZB0-S10 in a modular, structured
fashion, the pragrammer can use the powerful Z80 BLOCK 1O instructions to significantly
simplify and speecd his software development and debug.

W

HEAD REGISTER O AEAD REGISTER 2 {Channal B Only)
I'D?[Dﬁfﬂﬁfﬂ_"-!‘ﬂﬂmiml_mé o7{o6{ 05{p4{D3[ D2/ O1jDO] —
| Ax CHARACTEA AVAILABLE T vo
Tx BUFFER ENPTY . L
0D vi | INTERRUPT
SYNC/HUNT ) va [ VECTOR
CTS V5
SENDING CRC/SYNG G
BAEAK/ABORT vi

YCAN OHNLY BE ACAD BY CHANMNEL A

READ REGISTER 1
[o7] 06| o8] Dal 03] D2] 01{ 0]

—ALL SENT _
I-FIELD BITS I-FIELD BITS IN
IN FREVIQUS SECOND PREVIOUS
BYTE BYTE
1 0 0 0 3
a 1 ¢ o 4
1 1 D 1] 5 —*
[+ I | g G
1 0 1 0 H
o 1 1 (] B
1 1 1 1 3
D0 0 ? 2
—PARITY EAROR *RESIDUE DATA .
Rx OVERRUN ERROR
b — CRC/FRAMING ERBDOR

END QF FRAME (SDLE)

4.4 REGISTER DESCRIPTION

Each channel contains the following control registers, addressed as commands {not datal:

Write Register 9, a command register:

|

Dq Dg | Dg Dy | Dy D, | oy Dg |
CRT | CRT -
Roset | Reser| GMD CMD | CMD | PNT | PNT | PNT
Cale Code

1 0 2 1 o 2 1 0

17
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PNTo — PNT3 {Dg-Dy)

These are pointer bits which tell the 510 into which register the foliowing byte is ta be
written, The first byte written into each channel alter a reset [either by command or with
the external reset pin} will go to write register . The byte following a read or write to any
register {not register O) will be to register O

CMDp to CMD 5 (03-Ds5) : .

These ara commands:

Command

g

CMDg

=~ O AN e L) Ao D

e Y =1=1=)

Nult Command {no aflec)

Send Abort [SDLE Modde)

Resat External/Status interrupts

Channel Reser

Reset Receive Intermapt on & irst Character
Reser Transmitter Interrupt Pending

Error Reset (fatches]

Heturn froem Interrupt (Channel & only]

o
- -T-E
(=]
-

— ok E ot O

COMMAND 0
COMMANLD 1

COMMAND 2

COMMAND 3

COMMAND 4

COMMAND 5

COMMAND G

{The NULL command} has no affect. It's normal use is to do nothing
while setting the pointers far a following byte.

{SEND ABORT) is used only with the SDLC mode to generate a
sequence of 8 ta 13 ones,

{RESET EXTERNAL/TATUS INTERRBUPTS), After an external or
status interrupt (indicating a change on a modem line or a break candi-
tion, for example) the stawus bits of Read Register O are latched. This
command reenables them ang allows interrupts 1o occur. The latching
aliows capture af short pulses on the inputs until such time as the CPU
can read the change.

{CHANNEL RESET). This command performs the same gperation as
an external resef, but only on a single channrel. The Channel A Reset
also resets the interrupt prioritization logic. All control registars must
be rewritten after this command. After this command is written, faur
extra systerm {1 clock cycles should be allowed for the SI0 reset
time hefore 2ny additional commands ar controls are written into that
channel of the 510,

{RESET RECEIVE INTERRUPT OMN FIRST RECEIVE CHAR-

CACTERLY If the INTERRUPT ONLY ON FIRST RECEIVE CHAR-

ACTER mode of operation is programmed, it needs to be reactivated

alter each complete message is received, in preparation for the next

message,

{RESET TRANSMITTER INTERRUPT PENDING.} The transmitter

will interrupt when it becomes emply il the ENABLE TRANSMIT
INTERRUPT mode is sclected, In thosa cases when thare are no addi-
tionat characters to be sent, issuing this command will prevent further
transmitter interrupts {i.e. until after the next character has been loag-
ed irfitg the ransmitier).,

IERRCOR RESET, LATCHES.) Parity and owverrrun errors are latched
in Read Register 1 until reset with this command. This allows errors

oceurring in block transfers to be examined only at the end of the
Mock.



COMMMARND T fRETURN FROM INTUEARBLFETY This commiand (which must he
issued in Channed &) is interpreted by the 510 In exactly the same way
as it wnuld interpret an RETI Command on the data bus, ie. it
would reser the |nterrupt Under Service latch of the internal device
{receiver, transmitter, ete.) undér service and thus, by means of the
daisy chain, allow lower priority devices %o interrupt. The internal |
daisy chain may be used even in systems with no external daisy
¢hain and no RETI Command by use of this command.

CRC RESET CODE 0 {Dg} and CRC RESET CODE 1 {D7}

Tagether, these bits specify three resat modas.

CRC Reser Code 1|CRC Resey Code D

Null Code {no affectl

Reset Receive CRC Checker

Reset Trarmsmit CRC Geperator
Reset SENDING CRACAYHMC latch

[ el ]
— 0 == O

WRITE REGISTER 1 contains the contral bits for the various interrupt and WAIT/READY
modes, *

Dy Dg s Dy ok Dy Dy Gg
Wal1f WiHeady Receiva Haceiva Status | Trans Ext
Arady Rondy F N/ On ntarrogt Interrupt Allecty Interrupt Interrupes
Enakile WaitF M RIT Moae 1 Mode Wettor Enaple * Enetle

-

EXT INT ENABLE (Dp}

External Interrupt Enable, allows interrupts to occur as a resuit of transitions on the DCD,
TTS or SYNC lines or as a result of a Break Condition or the beginning of sending CRC or
sync characters. DCO, TS, or SYNC if not used, should be pulled up to VQQ to pravent
spurigus interrupts from oceuring,

TRANS INT ENABLE (D)

Transmitter Interrupt Enable. [f enabled, interrupts will aveur whenever the trensmitter
buffar becomes emply,

STATUS AFFECTSVECTOR {D3) (Channel B only)

If this mode s sefected, the vector returned from an interrupt acknowledge cycle will be
variable accarding Lo the Tollowing:

e

; Va Vi vi |
. @ [§] 7] Ch B Trarmamit Suiler Empty |

4] 4] } Ch B EateinalfStatus Change

ChH o 1 a Ch, B Asceive Charpciar Avaitab|e
a 1 1 Ch B Specisl Rective Condivan
1 1] o Ch A Transmiy @uifer Eonpty
1 0 1 Ch & ExturmalfSiatas Change

Ch A ¥ 1 1] Ch A Receiva Charseier Available
1 1 1 Ch A Special Receive Condition

If this bit is 0, the fixed vecior programmed in the veECtor register is returned.



REC INT MODE @ (D3}, REC INT MODE 1 (Dg}

Receive Interrupt Mode 0 and Receive Intarrupt Mode 1 together specify the various char-
acter available conditions:

By .| Dy
REC INT | REC iNT
MODE | MODE ! | MDDE 0

] Hocmiver interrupis dmablsg

1 Aechive inlermupt on lirst charsctar Snly

4] Inlerropt on all Rectiva CharecieraParity aflects Vecior

1 Interrupl an oll Receive Charse lersPerity sercr doet not aflect Vegraf.

bt ki = O
- ek O

W/READY on R/T (Dg)

When the W/Ready line is enabled, this bit selects whather it will be active when the recaiver
is ernpty (bit=1} or when the transmit buffer is full ibit =0].

READY FN/WAIT FN {Dg)

When used with the CPU as a Wait line, this bit should he programmed “'0”", When used with
a2 DMA as a Ready line, it must be programmed 17, The ready function can occur any
time, regardless of whether the S10 s addressed or not. The Wait function is active anly if
the CPU attempts to read 510 data that has not yet been received, as would frequently
occur if block transfer instructions are used with the SIQ, or tries to write data while the
transmitl buffer is stil] {ubl

Alsa, as a Wait function, the output is open drain and occurs from the regative edge af
$. As 3 Ready function, it is actively driven high and occcurs from the positive edge of &,

WAIT/READY ENABL (D7)

The Wait/Ready pin will remain high [Ready made] or floating {Wait mode] until this kit
is programmed to one,

WRITE REGISTER 2 [Channel B only)

Write Register 2 is tho interrupt vector register and it exists only in Channel B. Vq-V7
and Vp are always returned exactly aswritten, V1-V3 are returned as written if the “'Status
Affects Vector”, Conteol bitis 70"

WRITE REGISTER 3

Write register 3 contains control bits for some of the receiver 1ogic,

Dy Cg Dy n 03 Dy Dy Dy
RCVA RCVRA Enler RECWYA AddreLi Sync Char
Hitaf Basf Auig Humi CRC Search Load Rt eivir
Char Q Char 1 Emakles Motie Enatile Mocde Inhibit Eralle

RECEIVER ENABLE (Dp) .

A 1" programmed here allows receiver aperations 10 begin,



BYNC CHAR LraD (NHIBIT (i)

Sync characters proceding a message will not be loaded into the receiver buffers H this
pption is selected, The CRE calculation is not stopped by the syng character being stripped,

ADDRESS SEARCH MCDE (D5) ‘ a

if 1he SDLC mode is selected, this mode will cause messages with addresses not matching
the programmed address or the global {11111111) address to be rejected, Le., no interrupts
ocour unless an address maich ocours if this mode is selected,

RECYR CRC ENABLE (D3]

Recewer CRC Enable, | this bit is set, g caleulation of CRC begins {or restarts) at the start
of the last character transferred from the receive register 10 the buifer stack regardless of
1tha nurmber of characters in the stack.

ENTER HUNT MODE (Dg)

(f character synchronization is lost for any reason, or if in SDLC mode, it is determined
that the contents of an ingcoming message are not needed, Hunt mode may be reantered by
writing a 1" ta this bit,

AUTO ENABLES (Dg)
If this mode is selected, the DCD and CTS inputs are_receiver and transmitter enables,

respectively. If the mode is not selected, DCD and CTS are only inputs to their corres-
ponding bits in Bead Register G,

RCVR BITS/CHAR 1 (Dg), RCVR BITS/CHAR 0 (D7)

These bits together determine the number of serial receive bits that will be assembled to
form a character.

These bits may be changed during the time that a character is being assembled, if it is dons
hiefare the number of bits currently programmed is reached.

o7 Dg {
Racewer Bits{Character 1 Receiver Bill/Charperar O Biry/ CTharme 1er
0 1 [
o 1 ?
1 1] ]
1 1 B

WRITE REGISTER 4

Write Register 4 contains control bits affecting both the receiver and transmitier.
1

o; .| g Dg D D3 %2 o Og
Cloek Clogk Svnc, Synec Siop Stop Purity
Fatg Rate Moges hadey Bita Bity Evan/ Parity
1 a 1 a 1 0 Jad

PARITY {Dg)

If this bit is ¢at, an additiona! bit position fin addition to those specified in the bits/char-
acter contrel) is added 1o transmitted data and is expected in recejve data.
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PARITY EVEN/ODD (Dq) .
If parity is specified, this bit determines whether it is sent or checked as even or odd parity,
STOP BITS 0 (D5), STOP BITS 1 {D3}

These bits detarming the pumber of stop brts added to each asynchronous character sent,
The receiver always ¢hecks for one stop bit.

The specia! [00) mode is used 1o signify that a synchronous mode is to be selected,

Oy l D,
Stop Birs t Si1ep By O
a o Sync Modes
a 1 1 S10p B Par Character
1 4] 1% 5top By Per Characier
1 1 2 Siop Bk Per Character

SYNC MODES 0 (D4}, SYNC MODES (Dg)

These select the various opticns for character synchronization:

Svno Mode 1 Svrc Mode 0_1 '
& o 8o programmed pynec
G 1 16 4t proge afmned sync
1 0 SOLC Mode {03 111710 ryne patieen]
1 1 Exturnmt Sync Mode

CLOCK RATE 0 {Dg}, CLOCK RATE 1 (D7}

Specifies the multiplier between clock and data rates. For synchronous modes X1 must be
specified. Any rate may be specified for the asynchronous modes. The same multipiier is
used for both the receiver and fransmitter,

In all modes, the system clock {:b) must be at least 4.5 X the data rate. If the X1 clock rate

is selected, bit synchronization must be accomplished axternally. .

Ciock Aate 1 * Clock Kae 0 '
[+] 0 Data Rate X 1 = Clock Aae
Q 1 Data Rple X356 = Clock Aata
1 4] Daty Ante X32 = Clock Rate
- 1 | 1 l Dain Aame 54 = Cloch Rate

WRITE REGISTER S

Write Register 5 contains mostly control bits affecting the transmitter.

D? Dﬁ 05 D4 D: Dz D‘ nu
Tranumil Tranwnil Trammiy
Bint Butaf Send Trangrmit -~ SoLLS CRL
bTR Char D Char 1 Break Enable CHCE ATS Enzble
| I A 1 1

TRANSMIT CRC ENABI;E (Dp)

This bit datermines whether CRC is to be calculated on any particular send character.
If set at the time of loading the character from the transmit buifer to the transmit shift
register, CRC will be calculated on the character, CRC will not be automatically sent unfess
this i is sor when the transmitier is completely empty.



RTS {D 4]

Request to Send i3 tho contro! bit for the RTS fin, When the RTS bit is set, the RT5
goes active [low}, When the bit is reset {to @), the BTS pin will go inactive (high} anly

after the transmitter 1s cmpty. .

SDLC/CRLC16 (D2)

This bit selects the CRC code used by both the transmitter and the receiver. When reset, the
SDLE polynomial X168 + X312 + %% + 1 is ysed, {In SDLC mode, the registers are preset r.o
“all 17" and a soecial check sequence is used,} When set, the CHC 16 piynomial %16

X 15+ X2 + 1 is used, and the CRC registers are reset te “'all 0's

TRANSMIT ENABLE (D3)

Data will not be transmitted and the TxD pin will be beld marking (high) until this bit is
set. Data gr Sync tharacters in the process of being transmitted will be completely sent if
the transmit enable bit is reset after transmission has started. CRC characiers will ngt be
completely sent if 1the transmitter is disabled during the sending of a CRC character.

SEND BREAK (Dg)

When set, this hit directly forces the TxD pin spacing, regardless of any data being trans-
mitted. When reset, the TxD pin is released,

TRANSMIT BITS/CHAR D ({Dg), TRANSMIT BITS/CHAR 1 {Dg}

These bits together control the number of bits that wi!l be sent from each byte transferred
10 the transmit buffer,

Og Cg
TrangmuL 815! Teangmal Bunt? BusICharacin
Charagte 1 Lhoperzr O

4] 1 Sor el

o 1 7

1 Q 1]

1 1 f

Bits to be sent are assumed ta be right justified. Low order bits (D) are sent first, The
"8 ar less” mode allows transmission of 1 to 5 bits in a character.

Dy Dyg Dg 0, Dy Dy 0y Dp

1 1 1 1 Q Q 4] o Sernlt one bt

1 1 1 o O L+ o o Sendi 1wa biis C-CATABIT
1 1 1] 0 1] c 1] D et three bits

] Q qa q ¥} D o v} Sench four bits

Q 4] L] o u] D [+] I+] Sandy live biny

DTR |:D-”

" Data Terminal Ready is the control bit for the DTR pin, When set, DTR is active {Iow).
When reset {(0) DTR is inactive (high).



WRITE REGISTER B

This register contains the first 8 bits of 2 BiSyne sequence, |t must be programmed with
the check address (if used) in SDLC made, and must contain the syne character in the 8-bit

sync maode, 11 is not used in the external sync mode. {
b7 Og D, [ g <7 =T Dg
SN} SYNE S5YNS Y N4 SYNZ BTYNZ SY M LA ] MOMO DR BLSYHC MOT 2

AD7Z

ADE

ADS

ADa

AD3

AD2

ADN

ADD

SDLC MODE

WRITE REGISTER 7 .

This register contains the second byte of a 16-bit synchronization sequence, or the 8-bit
sync character. For SOLC mode, it must be pregrammed to 011111710 . It is not used in
the external sync mode,

2y Dig Dg Dy D3 03 By Og
SYHNIG 5vYhN14 5YM13 E¥HN12 SWhTY SYNID SY MG SYNE
f11 S¥MNC MODE
S0LC MODE
o 1 1 1 1 1 1 0
READ REGISTER O
This is the register read if the register pointers are (000).
B, Oy D, D4 D3 o, Dy Cy
Sending Transmig Receine
Brenk/ CRCf Sync/ Builer Interrupt Characier
Abgrt Svncy CTS Huynt DcD Empty Fanding Awailahla

RECEIVE CHARACTER AVAILABLE (Dp)
This bit is set when at least one character is available in the receive buffers,

INTERRUPT PENDING (D+4) (Channel A only)

Any interrupt condition present in the entire S10 will cause thig bit to be set, but it is
present only in Channel A and is élways 0 in Channel B.

}
TRANSMIT BUFFER EMPTY (D)

The Transmit Buffer Empty bit is set whenever the transmit buffer is empty, except when
a LRC character is being sent in a synchronous mode,

DCD (D3)

Shows the state of the DCD pin a1 the time of the tast change of any of the five Externalf
Status bits, {DCO, CTS, SYNC/HUNT, BREAK/ABQORT ar SENDING CRC/SYMNCE.] To get
the current state of the DCD pin, this bit must be read immeadiately following a RESET
EXTERNAL/MSTATUS INTERRUPT command. {Command 2]

SYMC/HUNT (Dy)

'n asynechranous modes, this bit is similar to the OCD and the CTS bits, except that it
shows the state of the SYNC pin. In synchronous modes, this bit is reset when character
syRchronization is achieveg and is set by writing the ENTER HUNT MOODE bit. Unlike the
external pin, the bit remains reset until set by the ENTER HUNT MODE bit.

CTS (Dsg)

This bit is similar to the OCD bit, except that it shows Lhe state of the £TS pin,



- bem ar

v asynchronous miodes, this bit is snt when & “brezk™ is detected, After the inputs have
been re enabled by the RESET EXTERNAL/STATUS INTERBUPTS command, Command
2], tne bit will be resct when the break stops. |f EXTERNAL STATUS interrupts are
enabled, these changes of state cause interrupts, In SOLEC modd, this bit is sef by the detec-
tion of ap abort sequence [7 or mare 1'sh 1t is not used in other synchroncus modaes,

SENDING CRC/SYNCS (Dg)

In synchranous modes, CRC is automatically sent when the transmitter is empty for the
first time in & message. Interrupts are generated [if enabled} when this bit is set, but not
when reset. IF this bit is st and the TRANSMIT BUFFER EMPTY bit is not set, then the

CARC characier is being sent.” TRANSMIT BUFFER EMPTY and SENDING CRC/SYNC
both set imply that SYNC characters are being sent,

READ REGISTER 1

This register is read when the register pointers are {001). The pointers automatically reset
1o (000} after a read from this register,

Dy bg | Dg B4 Dy Oz By -Cg
End Of TAC/ Receier
Framm Frammy Dverrun Parity RAmsidug Argdua Rtsdue-
150LC) Error Errar Error Cordla 2 Cucle 1 Code O Al Sent

ALL SENT {Dg)
tn asynchronous modes, this bit is set when all characters have completely cleared the

transmitter, Transitions of this bit do not cause interrupts. 1t is always set in synchronous
modes, '

RESIDUE CODE 0 (D4} —~ RESIDUE CODE 2 (D3)
These three bits indicate the length of the I-field in the SDLC mode in those cases where
the I-field is not an integral multiple of the character fength used. Only on the iransfer on

which the END OF FRAME (SDLC) bit i sel do these ¢codes have meaning,

For a receiver setting of eight bits per character, the codes signify the following:

1-F el 1-Fld
In Privious In Second
Reridue Code 2 Hendue Coge 1 Awxgidue Code D Byie Fravious By i
1 0 0 o 3
O 1 0 0 4
1 ' i} a L3
f 13 ] 4] &
1 i} 1 0 7
1} 1 1 1] B
1 1 1 1 B
4 4] { 'y 8

|-field bits are right-justified in ali casas.

If a receive character length different from eighit bits is used for the I-field, a table similar
to the shove may he constructed for each different character leagth. For no residue, i.e,,
the last character boundary coincides with the boundary of 1he |-Field and CRC Field,
the Residue Code will always be:
Hagidue Coule 2 Rasigdue Coge 1 Aesidus Code O
1] 1 1



PARITY ERROR {Dg)

When parity is gnabled, this bit is set for thase characters whose parity does not match
the sense programmed. The bit is latched so that once an error accurs, the bit remaing set
until the ERROR RESET COMMAND, Command 5, is given,

RECEJVER QVERRUM ERROR {Dg}

This tndicates that more than four characters have been received without 2 read from the
CPU, Only the character that has been written over is flagged with this error, but when this
characier is redd, the error condition is latched wuntil reset by the ERROR RESET
COMMAND, Comimand &, If STATUS AFFECTS VECTOR hit is enabled, the character
that has been overrun will interrupt with the SPECIAL RECEIVE CONDITION vector,

CRC/FRAMING ERRORA (Dg)

It a framing error occurs {in asynchrorous rodes), this bit is set {and not latched) only
for the character on which it cccurred, Detection of a framing error adds an additional
¥ bit time to the character time 50 that the framing error will not also be interpreted as
a new start bit. in synchranous modes, this bit indicates the result of camparing tha CRC
checker to the appropriate check value,

END OF FRAME (SDLLC) (D7)

In SDLC mode, -this bit indicates that a valid ending flag has been received and that the
RC error and residue codes are valid,

READ REGISTER 2 {Channe| 8 Only}

This register contains the interrupt vector as written intc Write Register 2 if the STATUS
AFFECTS VECTOR centrot hit is not set. If that controf bit is set, it contains the interrupt
vector as it would be returned were an interrupt from the S0 to be processed exactly
at the time of the read. If no interrupts are pending, V3 = 0, Vo = 1, V4 = 1 and other
bits are as progrémmed. The register may be read only through Channel 8,

C7 %5 D¢, D, By Oz By Oy

- -
Ve Vg Vg Wy Wy * Vo Vy Vq

"V, W, and Vg are varble if STATUS AFFECTS VECTOR mods is gnabked

4.5 Z80-510 COMMAND STRUCTURE -+

Azg. | Control , DraTa BITS
= |eco| Ro | wA =} e 7Y oa ba oz o oo
o 1 1 -} CAC1 CAC O CcMD 2 MDA = e ] a a o
1 1 a CRC ] ChL g Chao 2 MWD 1 MDD O 1] o ]
SEMDING Tebuler INT Formiang
r
] 7] ] B vk [ iy CREIETAL Jisk | 1 SYNCIUNT (1%l ] TMPTY 1CH A Oady) Aplhyr Awd
1 t 1 0 CRC1 » CAC 0 Chips 2 g 1 =L1e] a 8 1
' 1 o WHCROY BN |WadFNAIRDYER [Wa iy ant 1] AsthiThione 1 | ReINTmacde o 5“:‘_';"4"f:::::‘|” TakTEN | IXTIXTEN
1 o 1 Lm:::é“““rﬂc Flﬂi!{r-wj AuDVAN Erigr | Ppine Erigy Her Cinw 7 RAev Coxle 1 i Huy Coce B } Al Fang
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4.5 ZBD-SIQ COMMAND STHUCTURE (Conr'd.)

CHEONLY
o
H L) 1 a (=51 | LRCQ CMD 2 £Mp u LR o 1 o
1 1 Q L'z Vi vi Vi v vy v v
1 ] 1 v L1 L] va Vi v LAl vl
1 1 1 0 CHEC CRC o Wb 2 = 0n 0 | M D 4] 1 1
Tynclhnar
] 1 ] AaBarThar 1 | AaBuuChar () | Auip Enables | € nlarHunibiods AwCRC EN | AckgruSearchidd LD N HeEM
4 1 1 ] CAC CRC O CMO 2 Mo Moo 1 ] |
1 1 r] Clogk Aalw 1 Chack Aate Sync Modn 1 Synt Mode O Stop Bits 1 Evop Rin D Pasery Eum'm Faraty
] 51 1 1 1 EAC Y CRCD Cid 2 =" ) MO B 1 ] 1
i
1 1 ] oTh TubuiChar 1 TuBitOrur [ | Seral GRREAN TeEM fBLCICAL 16 ATS T=CAL EN
[} 1 1 o EHE | CRLQ £MD 2 CMD 3 CMOQ Ty - a
1 1 1} SYNCAEDLGT | SYNCISOLC S | SyniDLE S | sYNCEOLE 4 | SYNLSDLC Y | 3WNESSDLG 2 ) SYNO/RDME T | 4yNLisOLC 0
i ) 1 1 - CAC CAC O CMD 2 o1 p=ple R 1 1 1
1 o 1 1} SYMC/SOLE 16 | SYNC/SOLE 14 | SYMCIADLC 12 [5YNGI0OLE 12 | S¥NC/SDLE 11 [SymCeSDLE 10 ] SYMG/SDOLE D | SYNC/SDLCE

4.6 PROGRAMMING EXAMPLE ' '
A typical start-up routine following an internal or external reset, would be as follows:
B/A CfD RD D; Dy D Dy DOy Dy Dy Og COMMENTS
1 1 1 Q o 0 o 0 a 1 i} Foincer s81 to Regisier 28
1 1 1 Vy Ve Ve Va Ya Vo ¥ Vp  Inwerrepe Vector loaded
1 1 1 o 0 0 0 0 1 1] 0 Painter secto Write Register 4B
1 v 1 o "1 x X 0 1 1 1 Even parity, 1 stop bit, X156 clock asypchro-
' ' nouy mede selected
11 10 0 0 0 0 1 0 1 Pointer set to Write Register 58 b
1 ¥ 1 a H 1 [H 1 0 1 o 7 bisfueansmit characer, transmitter >
1 ] 1 o] o a 0 i} 0 1 1 Pointer set to Write Reqgisier 30
1 1 i1 0 i 1 0 4] 0 a 1 7 bitsfreceive characrer, OCD and -CTS
’ erable Receiver and Transmittes, Receiver
enabled
1 1 1 0 c o b o o 0 1 Fainter set to Register 16
1 1 1 a o a 1 1] 1 1 1 Interrupt on every characier, status affects

Vecior exiernalfsiatus interrupts enabled
Channel B is now setup to send and receive asynchronous data,

Setup for Channel A follows:

0 1 1.0 0 0 o H 1 ] 0 Pointer 16t to Write Regizter 44
1] 1 1 (1] a 1 o 0 a 1] a SOLC modo and X1 ¢lock salecied, no parity

27



Programming Example

-

L
m
1

B/a C/D Dy O 05 Dy Dy -0y Dy Dy COMMENTS
a 1 D 1 0 D o 1 1 a Peinter set b Write Register (A, Rreset
. Receive CAC Checker

0 1 AD; ADg ADg ADy AD;y ADy AD; ADg SDLC message acdress entered

o 1 1 v} o 0 ] 1 1 1 Pointer tor to Write Repgister 74, Reset

' . mit CRL generator

0 1 D 1 1 t 1 1 ¥ 0  SDLC Flageniered

o 1 a o 1] 4] ] 0 a 1 Paoinler ser 1o Aegister 1A

a 1 a H 0 1 a 3 1 1 Interrupt  every character, status affects
woctar, exteyndl fstatus interrupls enabled

0 1 0 a [ 1 0 1 0 1 Paointer set, to Wil Segister 54, Reset
External/Statui Inlerropts

G 1 1 1 1 a 1 0 a 0 S0LC CAC Code selected, 8 bins/uansmat
character, CAC and transmilter gnabfed

0 1 1] a o 1] 0 H 1 1 Pointer set to Writa Register 3A

o 1 1 1 i 4} 1 1 ] i 8 bitsfreceive character, OCD and CTS

’ enable receiver and transmitter, roosiver is
enabled, 510 searches {or programmed
address,
Channe! A is now programmed for SDLC transfers.

o 4] e D o D o D D _ D Address byte to e sent by Ch, A

#] a D & D D D (1) D D Address or conuiol byie 1o be seny by Ch. A

| 1 1 1 1 0 0 o 0 (H Aeset SENDING CRC/SYNG
painter Lo register 0, so TRU can be auto-
matically sent at ¢nd of message,

. .



5.0 TIMING WAVEFDRRNS _— e

WRITE CYCLE Vo UMRIpG T

lltustrated here is the timing associated with a data or conirgl byte being written into the
510, Z80 output instructions satisiy this timing,

K

Ty T2 Tw T2 T4
o o L e A T A A
CE X_ CHAMNEL ADDRESS X )
R0 N\ -/ D
"D
M1

DATA X Iy _X

READ CYCLE

The timing associated with reading data or a status register within the 510 is illustrated
here. Z80 Input instructions satisfy this timing.

Tq T2 Tw T3 Ta

¢E _X CHANNEL ADDRESS X

[ORaG \ _ /
™ ./
it

DATA 1
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INTERRUPT ACKNOWLEDRGE CYCLE

Sometime after an interrupt is requested by the 5!0, the CPU will send out an interrupt
acknowledge (M1 and IORQ.} During this time, the interrupt logic of the 510 will determine
the fiighest priority function which is requesting an interrupt. To insure that the daisy chan
enable lines stahilize, channels are inhibited from changing their interrupt request status

when M1 is active flow), !f the 510 is the highest priority device requesting an interrupt,

the SIO will place the appropriate interrupt vector on the data bus when TORQ goes active,

1 T2 Tw T T3 Ta

T\ /
T<T:[]

DATA { WECTOR J—

RETURN FROM INTEARRUPT CYCLE

'f a 2B0 peripbearal device has no interrupt pending and s not under service, then itz IEQ=

" |EI, If it has &n interrupt under service fi.e, it has already interrupted and received an

interrupt acknowledge] then its IEQ is always low, inhihiting lower priority chips from
interrupting. !f it has an interrupi pending which has not yet been acknowledged, ED
will be low onlass an “ED* s decoded as the first byte of a two byte opeode. In this case,
'EQ will go high until the next opcode byte is decoded, wherespon it will again go low,
If the second byte of the opeode was & “40" then the opcode was an RETT instruction.

After an “ED* opcode is decoded, only the peripheral device which has interrupted and s
currently under service will have its IEl high and its {EQ low. This device is the highest
priority device in the daisy chain which has received an interrupt acknowledge, All other
perippherals have IEISIEQ. If the next opcade yte decodued 18 “4D", this peripheral device
will reset its © interrupt under service” condilion,

Wait cycles are all owed in the M1 cycles,

Ta Ta T1 T2 Ta Ty Tq

e MU ] B

o H— {ap )
Do-07 { ED } 4D
— — — — ——‘-u. —
IEI e
——————— -




§0 DAY CHAMY ITLOREYY SERVICING

The foltowing illustration is & 1ypical nested Interrupt sequUence which may occur in the 510,
In @ system with several peripheral chips, the other chipsmay be included in the datsy chain
with either higher or lawer priority than the 10 channefs,
! -,

In this sequence, the transmitter of Channel B interrupts and is granted service. While it is
being serviced, an externalfstatus interrupt from Channel A cccurs and is granted service.
‘The service routine for the Channel A interrupt is completed and either the RETI in-
struction is executed or the RET1 command is written into the SI10 (o indicated to Channel
A that the external/status interrupt routine is complete, At this time, the service routine for
the Chanpel B transmitter is restoed. When this routine is completed, another RETI in-
struction is executed to complete the sorvice.

CHANNEL A CHANNELA CHANMNELA CHANNELA CHANNELEB  CHAMNMEL B
RECEIVER TRANSMITTER EXTERMAL/ RECEIWVER TRAMEMITTER EXTERMNAL/

STATUS STATUS
+
— |EI IEOQ 1EY IEQ }——] IEI 1EQ IE} IEQ IEl IED et 1EQ —o

1. Prigrigy Interrupt Dai;v Chain hefore any intarrppt ocours,

UNCER SERVICE

*

Hi Hi H i el i
|+ IEl IEC e g0 e reo 0 e ko [ e g0 2 iR g0 22

2. Channel By transmitier interrepts and is acknow/sdged,

, UNDERSEAVICE ' °  SERVICE SUSPENDED

Hi Hi i L ' L
l—'« IE) 1E0i Ty IEOF [El IE{)Ji 1E1 1EQ bt 1E r'rzclI il QTR Lo

3. External{Status of Channel A interrupis suspending service af Channel B transmitter

+ SERVICE COMPLETE SERVICE RESUMED

Hi Hi Hi Hi Hi
|—'—1'EI IEOQ |—o IE} IEO €1 1E0 ] 1E1 g0 F ) 61 1e0 22 e e |0

] 'l 1

4, Channol A External/Status rovtine completa, RET! issued, Channe! B transmitter service resumed.

. SERVICE COMPLETE

Hi Hi Hi Hi Hi Hi i
L IE} IEQ tE} IEQ ——1 [El 1ED IEl tEQ IEt |EQ j "IE! IEQ 1—

5. Channel B transmitter'’s service routing complete, second BET) issued.
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7.0 ABSOL UTE MAXIMUM RATINGS® ) PRELIMINARY
Voltage on any pinrelative to GND ... ... iicii i —D.Gﬂ"u" tl:l+1:"u'

Cperating Temperature [Ambient) Ta . ..o oL L. Ce e e ;0 Cto ?GJC

Starage Teomwerature - Ceoramic {Ambienty . ... ... e ceens .-‘EﬁdC o +15E}°C

Storaqe Temperature — Plastic (Ambientl. ... oo i s ii e o e —55"C 1o +125°C

Power DissiDation . . ... . vnr v inarannns e e . 1.5W

*Commeni

Sirwamrs above thowe Lited under ~Absotore Maxwnum Reling™ may o permaosnl demage ta Lhe gewcs This is
1L 1alng anly s functong Operfaton ol the devics sl (hesg or any othar condition above those wdaed in the
ormttaiond LClions of this wpecitepon o ngt implad. Expofure 10 ubialule macimum faong conditsons for s lended
porwds may allect dewvice reliabiliy,

7.1 DC.CHARACTERISTICS
Ta=0"Cwo70°C, Voo = 5V 2 5% unless otherwise specified.

Symbo! Parameter Min, Typ. Max. thnit [ Test Condition
..ETLQ Clock [nput Low Vaoltage 0.3 A0 v

Viug | Clock |nput High Yaolage | ¥Yeoo-2 Ve | L'

Vi, | Tnput Low Voliage 0.3 od | V

Vin |  tnput High Voltane 20 Vee Y

Yoo | Duiput Low Veltags 0.4 V 1oL = 1.Bma
Yo Qutpuy High Valtage 2.4 ! L' e = 250uA
Ver Power Supply Current i 120 | mA | te = 400 msec
KT | tnput Leakage Current ! 10 | pA | Viy=0teVee
Lok Tri-State Output Leakage Curient in Float ) Iz Your = 24 1w Voo
Tt o, Tri-Gtate Qutput Leskage Cuirent in Float 10 HA L My 7 DAY
|LD'__=_ Data Bus Leakage Current in Inpurt MDE‘JE | Hp BA DRV )ySVee

1.2 CAPACITANCE

Ta = 25°C, f= 1 MH2

[ Symbal Paramuoter Max. Linit Test Condition
Cip Clock Capacitance |} pF Lnmeasured Pins
Crry Input Capacilance 5 pF | Returned 1o Ground
Caur Crutput Capacitance 10 oF
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A.C. TIMING DIAGRAM Tirning messuramanis are made a1 the 1olloweng voltages, unlss gthirwie tpecdied,

Figure 7.4 Clj'ql\,- (o Lming manyrementc
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PRELIMT Y

A.C, TIMING DIAGRAM {Cont'd,)
Figure 7.4
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A.C.CHARACTERISTICS

Figurs 7.5

L

1,=0"C1o 70

Ta™ 0°C 10 WC, Voo = +5YV 15% unless othedwiss noted
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B.0 PACKAGE CONFIGURAYION .

PACKAGE DESCRIPTION ~ 40 Pin Dual-In-Line Ceramic Package
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I PACKAGE DESCRIPTION — 40-Pin Dual-In-Line Plac  Plastic Package
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9.0 OADERING INFORMATION

PART NO. PACKAGE TYPE MAX CLOCK FREQUENCY TEMPERATURE RANGE
MK I884N 280 - 510/0 Plastic 2.5MNz 0°C to + 70°C
MKIBEAP 280 - 514/0 Ceramic 2.5MHz 0°C to + 70°C
MK3884%-10 280 - 510/0 Plastic 2.5MHz A0 C wo +85°C
MEIFBAPQ ZAO - S10/0 Ceramie 2. BMHZ AA0°C to +85°C
MX3BBaN-4  ZROA - SI0/0 | Plasig 4hiHz FCto+70°C
MIKIBBAP-4  ZR0A - 510/ | Ceramic 4AhiHz 0°Cto+70°C
MX3IBRHN Z280-510/1 | Plastic 2.5 Hz O°Cto+70°C
MK IBREP ZEQ - 5101 Ceramic 2.5MHz PCto+70°C
MK3B8SN-10 Z80 - SI101 Plastic 2.5NMHz -40°C 10 +85°C
MK IBE5P. 10 ZB0 . 5101 Ceramic 26MHz AQPC to 4B5°C
MK3IBEEN-4  ZBOA - 51041 | Plastic dMiHz 0" Cto+70°C
MK 3IARGP.4  ZEOA - SI10/1 | Ceramic 4MH2 0°'C 1o +70°C

WOTE: See Section 2.2 for explanation of the differences between the MK 3R84 and MK 3885
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1.1 : INTRODUCCION
. . _.I;-E'.-‘l" - ]
1.1.1:fDispnsitiﬁos;&;:egzadé;éﬁiiﬁﬁ'

En ¢l desarrollo de h;mﬁéhen}es b4 disﬁositivbs de Cualqhier'
clase, los 6bjetivas.b&5icds hsn sidﬁ siempre aumentar la ve-
locidad, bajar la d151pac16n, aumentar la comp1e31dad funcio-
nal, Ahora esos anet1vus parece gue h4n tomado, una nueva
fGTMd que nos llevan a nuevas d1recc1ones a medida que la in-
dustria electrénica se embarca en’'un asalto mayer a las limi-
_tac1ones fundamentales de tecnolngia de integracidn_a gran

"escala. : o LT
1 Y .
~ ‘.

El.avance 1ndustr1&1 a las memorias dinfmicas de acceso-alea-
torio -de. lﬁ X-bits (RAM) por- Ia‘explotnc1ﬁn de 'las” técnicas

de disefio del SEmICﬂHduCtDI oxido- -metitico que han probado
ser. exitosas al cﬁadruplicar-la capacidad de almacenamiento
aproximadamente.cada dos afies, Cada nuevo disefic fue realiza-
.do con una celda de memoria m&s-51mple que antes, una que-ti-

picamente requiere la m1tad de dihu;c que la anterlior,

I
1

Sin embargo,.con el surglmlentu de la memoria. RAM de 16 K- bits,
¢l potencial para 51mplif1cac1unes mayores de la celda de me-
moria parece que fueron terminadas. E1l desarrocllo de 1a me-
moria dinimica RAM-de 65 K bits usando los mé&todos corrientes
de fabricacién y técnicas de circuitos nos.llevarfan a.un ta-

maﬁoﬁggdd mucho muy grande.para.aplicaciones comerciales. oA t

Mientras tanto en el Japfn, la industria japonesa ha -intensi-
ficado sus esfuerzos em un proyecte nacional que tiene come
objetivo no solamente vencer los abstiicules presentes de la ) <
nueva generacifn de memorias, pero tambifn crean circuitos

MOS con-una muy grande integ}aciﬁn cuyas densidades serfan ' .
6rdenosde magnitud mayores que hay en dfa. Los ingenieros
japonesesi ambicionan poner unn computadora- completa en pasti-

&






o aaae e - ﬂbtener 1o m§s" pns:hlelde1¥Hﬂ5 ha, sido una meta de’ los clen~

}

n

. 1.,.'. -.. '] - ' ;‘__
‘L"l'.-l TP oA 1 '

"11as denttro.de los préximos dos aﬁu;H usando técnicas de Te-

dundﬂntla parsa resnIVer problemas patenciales de pruduccldn.
ﬂ'r‘tﬂ» S P

- F [
' v

Aunque no se han trabajadu aun’ 105 detalles PTEEiSDS la evi-

ur -4 -
dencza “de 1 expertise' 'de las JEPOHESBE en sem1cnnduLtores
se presentd al inicio de est& aﬂo CUando ¢a Nlppon Telegraph

and Telephune dnuncid un RAM experlmqntal de 65 K birs fabri-

[ I PR

cada con técnicas’ futclltogr&flcas refinadas 5ohre un chip
G R T AT

' que mlde solamente & am por lado, . ! ; 5 ]'jiﬁ it tan

o TR SR O 1nrr fiss na BHISMLO, M RUAATST 1 : )

- var g Bt Gﬁrﬂjw“cﬂbnb, uuuﬂ
tificos. unrteumerlcanos.- Hod1f1cac1nnes en el pTOCesamlentn'
y 1a estructura del dispnsitivu bﬁs1co MGS canal n nos lle-
varid a varias versiones de’ velocidad,_cada una enmarcada pa-

«aTd.aplicaciones-de RAM de"65 K hits ;¥ una micrnc0mputadora

..'!

completa de 16 bits en un’ chip. en un futuro Cercaput -
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' « AT atl.'."i Py uwl iy mai &S

El. productombaja ve]ncldad pﬂtencia da MOS. Complamentar1n "

l\.j Liar a

m e e :Lﬂnntruidn-eﬁ*subtratosﬁde silicﬁn sahre safiro han’ gldu,usai

. q.rr'ul.‘ *1*"' GYorl i fliglhw-s -

dos m:crnprocesadores’y circuitos-relacionados--fabricados-—
por. Hewlett-Packard para use en casa. Y, en, el munda blpular
A

L L " ....--

la 1bgica de” inyeccibn 1ntegrada haasldo apl:&ada por- Fair-
1. !
child y Texas Instruments a' Chlpsldﬁ i X bits RAM y microcon-

—_ir"""_.'f.--:-! Taw &

-putadoras de .16 bits.’ ea g e g .
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1,1.2 Reduciendo’ para aumentar, . - : .
Lo Ta ot

r .- i.-. . _?-. -, 3 "t N .- . L LI .

-

Una forma de lograr un COmportamiﬂntn maynr en c1rcu1tn5 MOS
canal.n._es através de reduc1r las d1men51ones del d1spos1t1-

- '+ L ke o,

vo. ~ Tal como lo ha npllcadu IHTEL lider en la 1ndustrla en

- |-.. L - -

esta« forma ‘de atagar’ el prnhlama el escalamlentn ha reduc1-

X

_— [ AL
do el. prﬁducto velocidad- -potencia a 1 plcnjoule, Tepresentan-
do una. reducc1ﬁn en un factur de cuairu'snbfe el :procesamien-
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de la compania el popular Rﬂﬁ estftico de 1024 bits, pero
logrdndose un tiempo menor de 50 nﬁro mencs. Intel llama
a ese acercamiento HMQS- ambliamente.tenida como la primera
aplicacién comercial del escalamiento hacia abajo en MOS.
El principio general de escalamiento tiene aplicacibn a dis-
'pasitivns con dimensiones de submicrometro. En el principio
ha sido aplicar para lograr que una componente tenga 3.5 m

. .
Los disefiadores MOS {y, para esa materia, los diseﬁadnrés hi-~
polares)tlenen siempre la opcifn de escalar la estructura de
los dispositives con ohjetb de reducir el producto velocidad-
potencia e incrementar la densidad. Ea teorfa, un disefador
necesita solamente reducir las dimensicnes del dispositivo -
4 utrns:parﬁmetros por un factor fijo e incrementar la mez-
cla del sustrato por un factoer, y las caracteristicas elfc-
tricas del dispositivo mejoraran -por lo menos en un factor
de escala- a una aproximacidn.de un orden. E1 producro ve-
locidad-potencia, de nuevo é'un primer orden, se mejorarin -
por un factor de escala cfibico, ;

Los_efectos-de -segundo-orden, -sin-embarge,-tienden.a limitar
lu extensidn del—-escalamiento. -.Intel-ha establecido.en un
dispositiﬁé-es:aladn_nﬂminalmente-chracterizadu'pnr'una'lnn*
gitud de canal de 3.5 (micrémetrres) (una figura de mérito
camiin, debido a su influencia en la velocidad del disposiri-
vo}. El producto velaciddd-pntencia (1 piccjnule] pudo ha-
berse mejorado mucho-mis, de aCUErde a INTEL 5i el voltaje
de zlimentacidn se hublese escalado. Fue mantenido en el
nivel estandar .de los sistemas en 5 V.

Aunyue leos d1sposxt1vns de INTEL requieren de tales refina-
mientos de fabrlcacxﬁn como reduccibn del grueso de &Sxido Y
algunas mejoras en los métedos de aislamiento de dispositi-
vo, las estructuras de los dispositivos bfisicos no cambian
y se aplican técnicas estandar de circuitos a través del am-






plio campo de los circuitos integrados de alta densidad.

M&s ailin las geometrias de patrones cada vez mis finas 1la-
madas ﬁhra mayores aplicaciones de escalamiento hLacia aba-
jo vienen ripidamente para alcanzar leos métodos fotolitogré-
_ ficos que continuamente mejoran, y aun patrones geom§tricos |
mis finos 5e pueden esperar una vez que maduren las técnicas
de fabricacifn con luz de electrones.

Entonces, Intel espera aplicar las’ técnicas a las préximas
memorias y microcemputaderas. Ea los trabajos, por ejemplo,
€5 Ln RAM Mos estdtico de 16 XK bits que tendrd un tiempe de
acceso de cerca de 50 ns y posiblemente unida Mos de 200 mil
sobre un Iado.

La un dispositivo DMOS, 1a difusibn exterior de boro de la
fuente crea un voltaje de umbral felativamente alto adyacen-
te a la fuente mientras que 1a mezcla del tipo-p més ligera
del material Temanente entre la ruente ¥ el sumidero di un -
voltaje.mis .bajo para esta porcifn . del-canal, Efectivamen--
te, ‘la regidn.de umbral-mayor.es pequefla.y di una-trascon--
Jductancia altas- La-capacitancia-se_determina-por-la longi--
fuJd total .del _canal.

1,1.3 HNMDS con un surco.

Similar al DMOS hay atln nfru, recientemente desarrollado con
técnica de canal corto que emplea canales en forma de V, o
surcos, y llevan el nombre de VMOS. Los transistores MOS se
forman con canales V marcades en silicio. Los dispositivos
estln en el topo de los canales, los canales se forman a lo
largo de las peu&ientes, ¥, en un rasgo particular de ahorro
de &reas superficial, las puertas del dispositivo :e encuen-
trun en el cuerpo del silicbn, en los bordes de los canales
(en la sima). Como los dispositivos bipolares, VMOS requie-
re d¢ una regién enterrada en un crecimiento epitaxial.






De acuerdo con los abogados de la,tecnclogia VMOS, principal-
mente’ American Microsistemas, Inc.: {AMI), f Texas Instru-
ments};el proceso evita el ﬁroblema Inherente en atentar fa-
bricar canales relativamente cortos Y escalar otros pardame-
tros.:_La misma evaluacibn pudrfn hacerse para DMOS, Sin em-
bargo, 1a disponibilidad de una tercera dimensi6n vertical al
proceso estandar NMOS, decir por cas¢ los que apoyan la tec-
nologia VMOS, proporciona un grade adicicnal de libertad que
puede ser usada para sumentar la velocidad y densidad.

.ﬁHI ha usado el proceso para fabricar RAM estitica de 4'K bits;
con un tiempo de acceso menor que 100 ns, alrededor de la mi-.
tad-del tamafic-de un chip comparable.en versiones NMOS direc-
tas.. Acercindose a produccifn hay ROM de 65 K bits que serin
accesibles en menos de 300 ns, ¥ una memoria de_énla-lectura,
borrable y reprogramable teniendo un voltaje de programacibn
de solamente 15 volts, i | '
 Adicionalmente al cambio—estructural-survo.en V; el VMOS-cla-
ma por.un cambic en el procesamiento-con.objeto-de mantener:
la longitud delrcana1~bajﬂ,“EfectivamEnte.ﬂa un micrémetro o
algo cercano, La regifn del canal debe.de ponérsele con un
perfil doblemente difundido: =E1.fe5u1tado neto en un dispo-
sitivo_que, entre otras ventajas, puede usarse para reducir

la superficie del area para 1é6gica alestaria sobre un tercio
de 10 que requieren los NMOS convencionales.

1.1.4 Enfatizando las memorias MOS.

for mucho el segmento de: las componentes orientadas a compu-
tudoras que mas crece continta siendc en memorias basadas en
varias tecnologias MOS.” Los productores de memériazs RAM di-
nimicas de 4 K bits han empe:zado a saturar el rendimiento y
tiempos de entrega, resultanda en un mercado de flujo masivo.
Se han iniciado intentos de la industria de estandarizor el






némero ‘'de patas y la interfase.

Los RAM'S dindmicos, ambos en 4 X bits y 16 K bits, parece
que han sido tomados sobre los requerimientos del procesader
_Eentrai de la cemputadora- con reducciones de tedo dramiti-
¢as, mis algunas mejoras en gconfiabilidad, los factores im-
portantes aqui. Lus sistemss basados en microprocesadores
también hacen uso de RAM dinfmicos de 4 K bits y 16 K bits,
gye son-costosds en tamafios ﬁeduaﬁns. Las memerias RAM es-
tiitrices de 4 K bits se estén empeZdndO a usar en aplicacio-
‘nes de tiempo rezl aGn cuando las memorias dindmicas cuestan
menos. Sus ventajas reposan.en un acortamiento-al ciclo-de -~
direcciones sin multiplexar y eliminacién de refrescar, que
permite una transferencia mis répida en agquellos sistemas
Qusadus en discos. |

Las MOS RAM estfticas han recibido.mucha atencién reciente-
mente.. E1 afio -pasado, MOSTEK.auments su 4104 con tiempo- de
acceso de 150 ns y.con un consumo de potencia muy-bajo -:

(80 mW). El1 4104 dentro de #1011 de margen.en.5 volts, y sus- -
interfases son TT1 para teodas-las entradas. La llave de es-
te nuevo dlprS tivo es5 una celda de cuatre transistores con
resistencias de peolisilicie usando 1a técnica de ‘implantacién
ténica. El uso Ge un dispositivo MNOS {metal-nitride-oxide
semiconductor) con estructuras para obtener poveolutilidad 11i-
mitada ha panado en interés, con' Nitron, NCR, ¥ Geral Instru-
ments ofreciende una variedad de chips. Sin embargo, preble-
mas de fatiga y de interface compleja aiin plagan en disposi-
tivos, tal como tiempo muy bajo de escritura,

1.1.5 Las memorias CCD alcanzoan el merczdo.

La primer memoria de 65 K bits realizada con té&cnica disposi-
tive-agcoplado pﬂr'carga (charpge-coupled devise, CCD) esti
ahora disponible de Fairchild y de Texas Instruments. Esos
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dispositivos,en serie ofreceﬁ la habilidad de llenar la‘bre-~

| e o

cha de . cumpnrtam1ento que existe en;un extremo alta veloci- : a

dad de"los’ RAM'S y por otro las memorias magnéticas' de”ac-
ceso, en’ serze-de ba]a velucldad.- Suponiende:que ‘10§ d1spn-:
sit:vus cep! alcancen bajos costes, estos prometen extendér” '

“la penetrac1ﬁn del-mercado.de las.memorias de' semiconducto- ~

-

res &en aplzcnclones de . almacenamieuta masivo. -.Esas aplica-
" clones. incluyen, slstemas1basadas t8n - EICTOPFGCESEdDrES,‘tET-
mlnales,‘515temas derdlver51ﬁntfam111ar m:nicomputadaras”fj_

L] R % I X B Ry
. pe
Y. mcmarlas auxlllares rﬁpidascen cumputadoras grnndes i
:"I*l. ':i.:' T ~f- J-L..-- ) .: PRSI . .' I{T‘I' E -'".-‘-‘ 5 t LI\lJl 'J' (-'\-I-L .-Tu-"]-i-' _ "

Las memorias CCD comfin ¥ currlcntes de- 65536 -bits: tienen uha

iy T

felac1ﬁn .de datos mixima de 5 M bits por segundoy consumen'

sulqmenterSHD mW -bajo las. peores“cund1c1ﬂnes de* uperac1ﬁn.

Los, chips. miden -alrededor de 40 000 mil?. La tecnologfa Je :

minufactura es 51m11ar a la d& 105 MOS - R.AM'S din&micos, ¥y _

L " LE,

L
el tamdﬂo{dﬂnlﬂ celda de nlmacanamlento es- da -0 2?‘nulz~usan--
- do-peometria de 4- 5um.,1, STL ﬂ,wL‘Hu-r” 4107 oon Tiumps gie -
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Seg han: real1zadn prugresns a densxdadeslmayures para las me~--
morlasrCCD 2. Se espern que alrequgaru&e=1os g0*s se" 103rénl
Ldpaleades del osden de M hxtsi‘" dz.ou. ¥ 0 pronsded iFEE L
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L«s memorias de hurbuJa otTo contendlente de estado sb1lido

-

para ﬂPIlCﬂLlunES de almacenamientn masive, : La~ pr1mer apll-j

-
T, l‘I

cacidn_ de ‘las memurlns Tl hurhugn fue el,anuncio’ reciEntemen-

- It E B

te hechu nor:la Bell Systeam, y Texas Instruments que han’ 1n-h
troducido comercialmente chips de 92 K bits y de-ED K b1ts

- NP A1 ST ‘ h :‘

. En 1;5 ap11cacione5 de’ la ‘Bell System, las memorias de "burbu- .

) ﬁﬁa almacenan informacién en un_sistema_que.viene de una 1iﬁ_"
nea telefbnica en casos tales como aquellos cuzndo un d1al'1

*

alcanza un nlmero que no trabaja. El 515tema..que esth’ bHJD .
-

|
‘2
i

__pruegbas. enq una oficina’de Detru1t almacena cada’ MﬂHSE]& en
un circuito 1mpresu que tlene un m§x1mo de dos paquetes de 7
. R S -

- - . "\ * .



(3



. o "'3
L] - "'_'
L l. -
1
o, . L +

- i
Ko

¥
- i = "{‘ "'"**bt

- -

burbujas. .Los paquetes “del’ tamaﬁu de 1a m1;ad de una’ caje-

- Tra'y

" fiila de qlgarrlllns.-:unt1ane cuntra chip! s de’ burbuJas, .

PRI |{1,}‘-r"‘

W
cada una capaz de almacerar 68121 hits.q Cada paquete, tlene

J‘}TJ ‘,_il-ll-:'

e .
capncldad de_almacenar 12 segundos de voz dlgita11zada.. A
ﬂicrucomputadnrqg_pn'uﬁ Chip. . ;

r=

H Yoo Eiva

.t A ” . o

-

L]
» Los mlcrnprocesadores han paSEdu una marca 1mpnrtante, con +F

+ -
R,

la 1ntraducc1ﬁn de. varios’ fahrlcantes de modelos que pueden

I R " ‘e l'_ " FEEEE

dESCFlthSE comu picrocomputadoras en un chlp.' Cnntenldus

en un solo circuito L31-hay muchas de- 1as' funciones que’ 'se -
usan para llamaT a un anf1trion de - per1fFr1ccs y circuites . ¢
de 1uturfa5e, en adicién’ al cirevito integrado de pTUCES&-“"

miento centrl, Ahora, en- ‘varios ‘casos, hasta memoTria --en
i -
CapaCIdadES suficjentes para permltlr almacenam13nto de pro-

i
N
Ls

gramas de Sistema y- datos-a procesarse- han sido puestas’en -
[] .- \] r

‘_,-1 - -y, 4 _l-"\'-
el cth del CPU. n. 2¢ L”-? o . - 47
. 1 [ . - - . . . pat L ' -
La mayeria "de los nuevos mlcrapracesadﬂrestgon vers1ones meJu—
PO T SR O
radas de ufertas nntEricrES Entunces, dlSEnﬂdOTES de’ 515—i‘*;
pm Gy L B e
temas famlllar1zados con 10% anterinres pueden prngramar -3 Sy

I: . ™

con, esencxalmente, el mismo: cun]unto de 1n5truCC1ones, usan-
. do bisicamente las mismas ayudas para’ desarrnllu,,el mismo -
i  hardware y software y anticipar el- creclmlentu de un 50% ¥ :
. agn m&s alto del 'thraughput‘ 'cuanda se usan-nuevas versio-
~nes. Comn una 51mp11f1cac1ﬁn ad1c1unal estﬁ el que se usa

- L}
b + -

una fuente finica de 5 volts. ) o

L] LI

- '-l.-
v L -
- .

Las. nuevas mlcrncomputadoras cantenldas en si mismas de-8 y* .

- de ‘16 bits proveé al dlseﬁadar de slstemas con disefios lﬁgi—' -
cos de propfsito general que puedﬂn ser apllcadns sabre wn -4 *7

l-.‘ £ =,

amplio rango de; apllcac1nne5 que 1os micros estin logrando, '

“
-
2D e, I

De entre las famlllas de procesadures reallzados~can ‘tecno- - v

LT 1‘1]3 W wad o

-~Jogta NMUS .que. han'avanzado & una nlcrncamputadora en un solo’
chip son. Intel 8080, PaerhIId Y Hcstuk F§ y Motorola ﬁﬂﬂn

-y
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Adicienalmente hay unidades de 16.bits tal como la Texas
Instruments 300, que ha sido cnnétruidn en NMOS ¥ TZL para
aplicaciones militares, |

Las miéracomputadoras recientes de INTEL ejemplifican un nf-
" mero de mejoras forjadas en la industria. Por ejemplo, 1a
8085, una éenEraciﬁn siguiente gue sale de la 8080, arqui-
tecturalmente sSe parece a8 su antecesor. Aln en el chip 8085
estén todas las funciones que se¢ usan para requerir tres
chips de 1la familia 8080, generédur del reloj, contrelador
. del sistema, y el CPU. E1 Bﬂﬂscinqrementu la relacifn méxi-
ma de datos a I Mhz y se puede formar un sistema de micre-
‘computadora minima con un RAM y un ROM multifuncién.-—Como. -
un ststema de tres chips el 8085 proveé algunas caracteris-
ticas aumencadas tezles como cuatroe interrupciones por hard-
ware, 38 lineas de entrada, y fimer de 14 bits.

Lz memoria de programa ha venide a bordo del (PU en diversos
disenos.- En £1 CPU de Intel 8748, para uno, residen 1024
bytes de ROM borrable y programable el&ctricamente. -Su dis---
ponibilidad se ve como gue ha acelerado el -desarrollao de sis-
tepds como 165 programas generados por el usuario-pueden ser’
cargados, corridos y mis alin alterada, en minutos.

1.2 Tecnologias.

La tecnologfa para hacer electrfnica integrada monolitica es
muy flexible. Redestridimensionales de conductores, aislan-
tes ¥y semiconductores que realizan funciones electrénicas se
producen por medio de una serie de etapas de procesamiento

de materiales. Hay muchas secuencias (itiles que pueden en-
plearse para fabricar funciones electrfnicas integradas. Ca-
da una de ellas tienen nombres diferentes como su fueran tec-
noclogias separadas, no obstante emplean ias mismas operacio-
.nes generales para depositar e) material semiconductor y
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forman capas con patrones predeterminados-

En la electrdnica digital, se han desarrollado dos ramas prin-'
clpales, Se identifican pgeneralmente como Bipolar y MOS de-
pendiendo del tipo de semiconductor activo que se utilice.
"En la figura 1 se tiene una representacidn gréfica de las prin-
cipales 16cﬁﬂlagias disponibles o en desarrgllo de circuitos.
inteprados de semiconductores. .

Miremos mds de cerca las tecnologias més prometedoras.
A. Procesc MOS

Los Jispositivos MOS fueron los primeros que Se usaron para la
fabricaci6n de microprocesadores de semiconductores monolfiti-

cos. Se han usado diversos métodos en lo que respecta a tipo

de canal, material de 1a campﬁerta, orientacifn del cristal, -

etc.

Fn ta tabla 1 se presenta.una-lista de-los factores:mis=impor--—-
tantes y de las opciones mfs comines.

) MOS.cinal-p. Esta es la tecnologfa MOS original desarro-
llada en la scgunda mitad de los afios 60 y obviamente la tec-

nologiz utilizada para el desarrollo del primer procesador me
nolitico. La Intel 4004 y la 8008, la Fairchild PPS25, La
"Rockwell PP34 y PPSE, La National IMP, y muchos otres produc-
tos de la l1a. generacidn fueron realizados con un proceso ca-
nal-p. La mismz se utiliza virtualmente para todos los ele-
~mentos de proceso usados en las calculadores.

Por largo tiempo, la tecnclogia de canal-p MOS ha sido' la de
batalla y la mis estzble. Sus principales ventajas som buena
respuesta, buenos records, disponibilidad entre otras. Las

.deSVEHtajas iniciales fueron
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En la tabla 1 se presenta una lista de los factores mis’ 1mportantes Y de

* ‘-_'. - - . P u.mh-ﬁ’ﬁLﬂ [
les opciones man comines, S I T
) v o -

1) Hos cannl-p Esra es la tecnologia MOS or131na1 desarrollada en la se
. - . Y . -E Fﬁ;ﬂﬂpl ]
gunda mitad de los afios &0 y cbviamente 1a tecnolog1n util1zada para el .

desarrnlla del primer prncesndnr monolitico. La Intel«&ﬂﬂ&.y la 8008, la

Fairchild FPS25, La Rockwell PPS4 y PPS 8, la National IMP, y muchos otros

productos de la la. generacifn fueron realizados con un proceso canal-p.

La misma se utiliza virtualmente para todos los elementos de procese usados

L . S ) s v .
en las calculadoras.” = . ,
N 3 ' ) e "-.IE - ir M-—--IE"E:——-& ’ N
Por- 1arga4t1empa,,1n*tecn91ugia de;panal-p HDS hn151du la de batalla.y 1la.
" i 2

mis-estable., Sus pr1uc1pale: ventajas son buena respuesta, buennn Tecords;
: ¥

[ . - o . -
¢ L]

disponibilidad entre.ocras. Las . desventajae 1n1n1ales_fueran ; -

v a) Alte woltaje de uzbral {? 3 debldo a 1n nr1entac1an del ttlstal
* ’H‘.:

i funcidn dE crabajo de la cnmpuerta—alum1n1a alta ¥ Exldu grueau.

‘-'-'r—-l--r

+

-

- ._-. . e T 4. 1_- ',}
et 1 tf't‘ 3 : . 4

h}‘ En;a velocidad debido g una-drea- grande por- cumpuer:a, ¢apac1da-'

‘ ! ke .
f M . E . . = . . :‘1'“'."'*‘}:415:' 't
- - des grandes y baja movilidad de carriers., . ., SoovTan o 2
A TR T el
vty i . =

b c) ?nlta;es de allmentnc1nn altcs gue dan-por resultadon 1ncompat1b1

.: . 4,l 1T , v r =
1 s
. . . 1lidad con los circuitos TTL. L. . -
. T T e g
R R R ! .
4 . r -

Todas:estas desventajas se han Superﬂdﬂ:, Actualmente la tecmologia de ca-

- 72. nal-p tiene bajo v. ¥ compatibilidad.TTL, 8e ha disminulde la capacitacidn

- -

.de traslape y ce ha mejorado aignificutivamente su velocidad, + Este progre-

- LI e

50 se logrd deb1dn al uso de material 100>, Estructuras alnneadan de com=

.
— ar oo

puertas-gilicio, oxido de Fstano.e implantacion de 1nnes.: - - oo
— B _I‘ "
- - - - ¢ - * .
El microprocesador PALE-16 de National Semiconductor eg un-excelente ejem—
. " . ' R e -

plo de 1o que se puede hacer con esta tecoologia. 'Le principal deéaentnja.

Ll ~ - |

ro. + . .
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remanente del proceso es la limitacidn ‘en velocidad debide a la baja velo-

[
P N

cidad de.agujerocs en dispositivos de canal-p. .

2} Canal-n MOS. La desventaja da baja velocidad de los productos de ca-
. nal-p puede eliminarse usando dispositivos-de:canal-n MOS. La gran movili-
dad de electrones énmpafada con lgs agujercs en el gilicon proporcicna una

mejor potencial en la velocidad de conmutacifin en un factor de dos a tres.

Por esa razin, todos los microprocesadores de la llamada segunda generacién

han sido disefiados con canal-n. La intel BQBO, Fairchild F-B, Motorla

. MGBGO, ¥y otros tndu%_rgprgseptan productes de segunda generaciﬁﬁ dh-gran ca

!

[
[ [
r

lidad. . . \
SR P, N L S ETUTERT Lot e

f P 2 . - . . H

La Ginica desventaja es la sensibilidad a la,contaminacién que-ﬁn ha sido eli

- minada,” pero por-medio de-procesos ultralimpios se ha pcdida;;nhtrblqr el
) . 4
. bl f . . - .
pProceso. T e ) ‘

]
- -

3) MOS cooplementario [CﬂDS}. La tecnologia CMOS.se ha cunsiderado come

- -

g atractiva pero cara, La atraccidn-se basa en las siguientes ventajas

- L]

1): Alto.factor.de. forma (igual o'mejor que la de canalen):®

| 2} Extremadamente bajo consumo de potencia (nanowatts en modo estd-
.o tico) ’ - v ' oo
3} Fuente (nica de voltaje “

. . bl -
L] - .

4) Rango.amplio de opergciﬁu con respecto.al voleaje de zlimentacién

y la temperatura ambientre, a

+

5) Alta inmunidad al ruido.

- e Las desventajas respongables del alto costo son la baja-densidad de empaque

tamiento comparable con los dispositivos de unicanal MOS ¥ la necesidad de

wvolverse un maestro en el arte de hacer el nismo Bubstrato con canal-n ¥

s . . = .






canal-p para transistores con altos rendimientos. Se-han mejorado los pro-

- by
—

cesos de control para la elaboracién y 82 han desarrolladc’las herramien-

tas pars la implantacidn de 'iones que han hecho posible hacer dispositivos
CMOS con rendimientos comparables 2 la produccidn masiva de la tecnologia

TTL. - _ : L '
Compuerta de S5ilicio, implantacifn de iones,*y aislamientc de dxido ha de-
crecidp el drea por compuerta significativamente cnmﬁaradﬁ con los citeui-
tos CMIS iniciales. Sin eshargo, todavia no es pesible comperir en la den-
sidad de empaque con los de 1a tEcnica de unicanal. ™ Pero el avance ha sida

n . " -

gignificativo pnra\p&rmitif el desarrollo de familiag graudes 55I ¥ MSI. Re

cientemente, se han producide memorias y microprocesadores’ LSI -{tales como .

COSMAC de RCA y IM61CO de Intersil). _ - _ ..

B. Procesos bipolares ' - . .
. .-‘ 3 [ . . "‘ . ik B . ) . . {f’ 1
El mercade para circuitos’digitales bipolares integrados ha sido significa _—

tivamente mayor qué;el de_la.tecﬁnihgia MOS: - Sin embargo, esto-ha side ég

clusivamente debido s-la treménda cantidad de dispositives 551 y MS5I consu

midos por la industria,  Hace-aproximademente tres-anos Be introdujeron las

oy

memorias bipolares vy cotros productos L5I. Mia recientemente, se ha lagra-

do una acelersda penetracidn del mercado para LSI con técenicas como la TzL. .

Observemos algunos de los concendientes en la técnica bipolar.

1) Ldgica Transistor-Transistor (TTL)

El mercado para la tecnologia TTL durante 1975 reporté ventas por 260 millo
nes de d5lares y para 1980 se estima del orden de 435 millones de dglares.

La popularidad de esta tecnologia se debe & 1gs sigujentes factores. -

*

a) el factor de forma adecuads ﬁara 1, mayariu,ae ;plinacinnes

b) ‘ o ‘ | (

muy bajo costo






( .' c) la disponibilidad de mfe de 300 tipos diferentes

i ..

d} un gran nimero de distribuidores . _
. RS - . L
- K - -
1
ingenieros de disafio estfn familia

an B) €l hecho de que la mayorfa de
- - -l . wor )

R Y TP T R — e . . iy
s - " % [ Aoyt e e e e

- -,riZIdOI COon €stos.
. - - - = iy )

- 1 T fud SoTe oEr AT

Por otra lado, particularmente desde el punto de vieta de la tecnq}ggia

.L5I, la tecnologia TTL tiene serias desventajas. . .

La capacidad de empaquetamiento es wuy baja, la discipacidn de-potencia es

alta, v al procesc es hastante complejo aunque la limitaciin snterior ha

¢

.8ido 'menos ‘obvia debido a la tremenda experiencia en esta tecnolagia. Ver
siones mis recientes que inecluyen la tecnologia TTL-Schottky ha resuelto

algunocs de los ‘problemas. . La densidad de empaquetamiento ha aumentado de

tal suerte qul”ictualﬁénte se tienen del orden de 300 & 400 compuertas por

- -

o - ¢hip., El consumo de potencia se ha reducido de 1ﬁ oW a, l-2oW, con cierto

. . aumanto en velocidad {4-5.ns en vez de lﬂznn}_aldmismﬂ_tiempa.: Un buen
3 - -

- ~@jemplo de-ln'querse:pueée'lngrgr con el estado del arte de }Q.Fec591ﬂgiﬂ

» -

. TTL son algunos deilos varios procesadores orientados, a bits y:?;yqé pro-
. - ductos LSI disponibles ghora. {Fairchild Macrologic, Intel 3001/3002, Memo
riss monoliticas MM6701, y AMD Am29C1)}. También, el rapido incremento de -

la lista de fabricantes de nemdria RAM bipolar testifican este progreso.

-

2]  L8gica de emiser acoplado {ECL).

- Esta tecnologfa sufre de'los mismos problemas que la TTL (potencia 'y densi

dad) vy, en ndiciﬁnf.fnlta de un aspecto gue ha hecho a la TTL exitosa, dia

- ponibilidad y popularidad);, - e . : ot

' + . — -,
- L] i - ' '

*  Sin eobarge la tecnologia ECL no tiene rival en cuanto & velocidad se refie
- . -

Y ' ' - '

r - - =+ - 3 - i ==
. . re. Hay, "actualmente, en el mercado lineas de produccidn estandar con re=-

I [ . ] ]

- = - tardusnabaju-da-lnsi Gtrn;p}ébiema es la.alta sensibilidéd.de;ln tecnologia

e
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ECL a l1la temperathraf
3} Ligica Integrada de Inyeccibn. (IEL} : '

La tecnologia izL _es la nueva y brillante estrella en el firmamento de los
semiconductores (LSI-bipolar). Esta tecnologia fue desarrollada independien
temente por la Phillips en Endhoven Holanda y en IEM en Bueblingen, ‘Alema-—
nia {&8sta ge denomina MTL o merged transistor logic).. La razdn clave de que
la tecnologia IzL sea tan.prcmetedara es el hecho de que parece haber sobre-
pasado los problemas de los métodoas hipolaéaa LSI, propiamente, la baja den
sidad de Fmpaquetamientn ¥y la alta diigg;ﬁgisq per compuerta. Con tecnolo-
gia IzL se pueden logr;r deusiﬂédes.iguélehqa‘mejarga:de ;ag tecnologias MOS

{>20Q cumpuertaafmmz} ¥ dig%ipaciﬁn de potencia que pueden competir con la

~CMOS, y al mismo tiempo velocidades bipolares (mejor de 5 ns/fcompuerta).

La slta densidad de empaquetamiento ha sldo el resultado de le eliminacisn
de todo el espacio consumido por resistencias y una suerte de puperintegra
cifn'en donde los transistores n-p-n y p-n-p se forman de tal forma que el

frea’ del colector parm el transistor p-n—p también funciona .como el irea de
L

1a base del n-p-n y el drea de la base del p-n-p estd integrada con el drea

del emigor del n'b‘“- E " .

En lo que respecta a la potencia, se ha mEjoraQn en un orden de por lo me-
nos 5 puestu.que en vez de usar 5 volrs se ugsa 1 v, También bajo la elimi
nacién de las resistencias se evita el gasto de potencia. Los valores muy
bajos de capacidades paris?tﬂn ¥y la eficiente iﬁyecc@ﬁn de carriers en la

regibn de las baaes es otro de los factores. La_exceleqte ve}ucidad se lo
gra de las bajas capscitancias y el no tener problemas de tiempo de almace
namiento. Otra c;ra;teristica es la facilid;d de mezciar ﬁircuiton digita
les y analdgicos. El {nico aspecte negative es la poca experiencia que se

-

tiene con asta tecnologia, -
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Jes y-fuerzas éépecif;caa de esas tecnulugias;pafn el curso de elementos

Revigidn comparativa

procesadores LSI menoliticos.

- -

Con este espectro de opcionea disponibles, veamos algunas de las debilida-

- .
. . . L

- . .
- - -" L] . 't
. la- siguiente es una lista de los parfmetros de importancia para procesado-
. . - r .: a * . . .\ L‘ ’ L]
res LSI. TSt -t - A .
“' _a) Area por compuerta ' TS T
- . b e bammes ei s - e = = - T
~ . - - I Svcerikes Bht-o B
b) * Velocidad .r‘rpu Yate, R ¥ . .
. . . ‘., . . - ‘l }._ . =
- - T i . R . ™ -
¢} Potencia por compuerta . - Tt
. : - o . CE -
- ' - N a ! v . r r - ?“- o
d) Costo 3 A A = -
Toaw . ’ &, ML
e) Lapacidad de interface hacia el.mupdo exterior {(fuera del chlp]
) - . . . - f " -
. Em- . - - ar "-: - -.-f - - ’-'-‘.-; o - 'f -
- La tabla 2 11:ta e 80E parametros para las tecnulnglas lideres p-MOS, n-MOS,
, - T -t .
-t o e a5 z_,.f'l - Jlr‘\lr"‘“ !.-'Lq.‘f J“--ﬁf..?;‘: .- -t -, .ﬁiz Lo
CWDS TTL, ECL ¥ I L.  Los:valores ¥ 1us rangos reglstradus BOT los reprei
_ o LY “re L . a=t L, - -
. —r v - - _I'_'_-.. - e st - - .:' . - o~ E‘ CRPI g £t : .
gentatlvBS'paraflaa-tunflgurac1unes-LEl -actuales. .7 i- S e :
: " - e e TSI SRS S | .E - -
- '\: - e m L e T- - rE. - - z- - B
- i e [ - . "1 v . * L

« Qtras 11ustrac1nnes de naturaleza cnmparatlva ge" presentan en las f1guras

P .
- .

2 y-3.

-

Bl

y 1&5 lfneas del praducto retardo X patenc1a sa dibuja tamhién.

T - 'l Jl

En la flgura 2'se presenta el” retardo “de prupaga¢15n Vs la pntenC1a

- *

- . P .'1-

L

En la 5155

ra 3 se trats ‘de cubrir la indiecacidn de comportamiento de camp1e11dad Va

— - —
L .rI:‘ - =

retardn. dE 10 anter1or podemos Eacrlblr lnn SlgulEﬂtEE conclusiones.

N

1

(1)
i

res de baja densidad y.alto factor de forma, con la técnica

IZL acercindose claramente en amhas dAreas.

W

-y

-

"

1) Las tecnologias puede sepﬁrarse en dos grandes grupos

son las que pueden escogerse., -

B

!I‘-

+

i

+ .

- Los procescs M0OS densos de bajo factor de forma y los bipola.

]
-

2} ﬁnr consideraciones de béja-pctencia, las tecnologias CMOS ¥ lzL

s

[:J. .'J.
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COMPLEJIDAD ALCANZABLE (COMPUERTAS)
o
ol

ID 1 | |
0.l 1.0 10 100 1000
RETARDO "DE™ "PROPAGACION~{ns)
FIG. 3 EL APARENTE COMPROMISO ENTRE COMPLEJIDAD

Y RENDIMIERTO. LAS FRONTERAS SON CADA -
VEZ MENQS DEFINIDAS.
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3} La complejidad de la bipolar no solamente estd limitada por la

dennidad de empnqhatlmientu pero #80lo por discipacifn de peotencia.

4) Ln:cnuplejidad de los procesos vufinn algo, pero las versiones
sencillas de cualquier tecnclogfa no remulta necesariamente en
el factor de forma requerido o facilidad de aplicnciﬁn.' También,
la experiencia con una tecnologia vs tuglquier otra puede poner

en evidencia algumas de las diferencias de procesamiento.

5) El costo es una mezela diffcil de definir de Erea por compuerta
& complejidad de procesc (tales como las dadas por el nimero de
etapas de enmamcaraniento, &) nimero de difusiones o implantacic
nes, lo critice de todas las etapas de.procesamiento, ¥ el nime—

ro total de experiencias con la tecnologfa particular).

Huch;n-de esas freas no necesarismente nos llevan a uma interérataniﬁn sen
cilla. PFor ejexzplo, no cbetante gque el drea por compuerta aparece ser una
‘wedida” muy direétl.-eaau;snn'nlgunas'cumplicacinnen; -Primero, aungue £1- -
Brea interca por ;ompuatta pueda ser pequefia, loa requerimienton de-bufers:
y otras interfaces:pueden.realizarse‘solamente-coo gran.dificultad. MEs - .-
aln, #l nimero de‘fuentes (o referenciar) de voltaje v lineam de relej a
ser votadas & todas las compuertas puede hacer esto imposible para obte-
ner una denaidad mixima. Al final de cuentas ia cantidad de Grea activa

(el Eres ocupada por transistores, resistencias, etc) puede ser solamente

una porciSn del ¢otal del &rea requerida por el chip.

Por ejenplo, los chipa de los microprocesadores mis recientes tienen un
frea activa de solamente el 50% del area total del chip. El resto lo ocu-
pa £l metal de interconexidn (los buses de 16 lineas ocupan mucho espacio),

rrayectorias de bordeo, 1lTneas de potencia, ete,
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1.1.4. Conclusiones R T
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| mente obsoleto y no se usard para.nuevos disefius con excepcidn

de calculadoras. N o

. . -
- TR

LI LI

b) MOS canal-n. Esta ed la tecnﬂlagia principal para la gran corriem
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te de los nuevon disefics para ap11c5c1nnen de ve1n¢1dad baja ¥ me

e . - 3} s, = Pre . -

n
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T -t dia en “donde un nﬁmeru mlnlmo nhsoluto de chlps ea dE gran impor-

tancia. =, - .. < S

» " . - . .\ .
c¢) €MOS. Esta tiene uso pequeiio para procesadores de unc o dos chips.
. ' . .
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d) TTL, Su uso se limita a elementos de p}ncesu-ofiEntadbs'a la téc

. —t m
— m mk mr —d o re— :

- - - »

efectivo para conetruir contreladores periféricomsi-y es un buen
- . t .

. acercamiento a-usar para emular-arquitecturas-de -miquinas existen.
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e} ECL,: Este serd probablemente el vehiculu mediante el cual se in

. T - -
f ' -

trnduciran los microprocesadores a las grnndesﬂcumputadoraa. El

! ’ -

i~ &nfasis se pondria en la complejidad y el comportamiento serd pro

bablemente limitado como la TTL.

f) IZL. La pregunta principal scerca de la tecnologia 12L 5e centra

alrededor de su novedad y a'la falta de un buen entendimiento de

qué es 1o que va a proporc1nnnr._ ﬁparece hasta ‘este punto gque

ta
n-- .

IZL cubre el egpectro completo de ap11cac1anes con la excapclﬁn

5 LTE acr

nica de- rabanzdas de bits. La tecnologia TTL es un nétodd’ costo- »






Como punto final podemos decir ‘que -Iz‘IL es la que tiene mis potencial y cu-

Eata tiene la capacidad de interface directa al mundo real analgico, que
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TABLA 2
R f‘arim&t_roa clave pilra las tecnclogias LST iideres
tecnologia FMOS -n-MOS | CMOS  |TTL BCL - |1L
Areafcompuer N - -5 -
ta (mil?) 8-12 6-B 10-30 [20-60 ]20-50 }4-6
Prop retardo/ [ >100 40-100 | 15-50 § 3-10 [o's-2 [ »5
compuerta’ -5 ! - .
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1.2 FAMILIAS LOGICAS

En loe Gltimoe 25 afics han nacido y desaparecido diversas familias lfgicas,
bagadas en t&cnicas de construccidn discreta, monolftica o hibrida. De las
tecnologias remanentes, las mis populares {DTL,TTL,ECL y CMOS) tiene las si

guientes prapiedades

. Se dispene de compuertas. NAND y KOR

. 5S¢ dispone de compuartas AND, DR y OB exclusive en }n mayoria de
las series

. Se dispone de flip-flops JIC ¥ D

. Wiveles légicos restaurados a la salida de las componentes

. Se gavantiza £] nimero de cargas a la galida bajo las peores condi-
ciones

. 5e dispone de contadorea, registros, sumadores, decndificadures. e
lectores de datos y otras funciones de medians (MSI) y gran (LSI)

intepracidn.

Fn esta secciln.presentaremos-alguncs-ejenplos.de-los diversos componeates

disponibles.en.el mercado,. desde_las mie simples . haste las mis complejas.

Es muy importante observar la complejidad creciente de los ejemplos. .El ob
jetive es poner de panifieets el nimero de componentes e interconexiones lo

gradas en los diversos casos que Be presentan.
1.2.1 Familia 1ldgica Serie 54174

La familia 1631:; 54174 XX es una serie de ciycuitos integrados realizados
con tecnologia TTL con velocidad media ¥y alta, La familia inéluye un nime-
ro amplic de funciones presentadas en diversos paguetes. La serie 34 se ca
racteriza por temer una temperatura de operacifn, con un rango que va de

-55°C a + 125°C. La serie 74 se caracteriza por un rango mwenor que va de
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0°C a + 70°C.

La 16gica de 1la serie 54174 se define usando LOGICA POSITIVA, usando la

miguiente convercidn:

VOLTAJE BAJO = '0' LOGICO

"VOLTAJE ALTO = '1' LOGICOD

1} SK7400 Compuerta HAND cuadruple con dos entradas positivan







4) SNY442 Decodificador BCD a Decimal

LOGIC D AG LAM -
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Este €5 una compenente realizada con tecnologia TTL MS1 (Integracidn de me

diana escala)

5} SN7&M0 Flip Flop JK
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El flip-flop S5N747C envia 1la asalida durante la subida del pulso. Esta com
ponente estf dimefiada especialmente para aplicacicnes de mediana y alta QE

locidad, puede ahorrar energin,

En esta familia ge tiemen wls de 300 funcienes repartidas entre la tecnolo

gia TTL ¥ TTL Schottky, Se dimpone de los siguientes tipos de elementos:

1) Elementos Aritmticos

2) Contadores

3) Selectores/Mulriplexores de datos
4) Decodificadores- -

5) Condificadores Ty

§¢) Expansores

7) Flip-Flop

B) Compuertas NAND/ROR/AND/OR y ﬁuffars
9) Compuertas inversores AND-OR/AND-OR
10) Latches
11) Memorias.

12} Registros

1) Elementos Aritméticos
Los ofs importantes son las unidades LégicascAritméticas, sumadores

y comparadores,






2} Contadores

’ % - (s ’

I w3, Y o - B + 1 -
-Son.contadores sincronicos de 4 hita, ‘contadores hac1n arriba y "hacia

I -,
F ’ =y omrae

abajo con modo de conirol cnntadnréaﬁde dEcaﬁasi?Etc:;_:..mﬂ.:
- t '.-."""' LI 4_‘[ i]___‘__. - ] -_Lf“" - :,.'.:_-,--I.!:-‘n.-a..l': ) .
)] Selectnresfﬂhltlplexnres de datua . * .
SRR P EE G e. 1, fo N L L -

Lna hay de l& n 1, de 8 a 1 de 4 aly de 2 a 1 Con los que ne puede

il

.n.-.+""

cubrir cualquier _problema de selecc1§nfmu1t1plexnje.

- i

a . e SR O S R C v e e i
4) Decodificedorea. L - _ L = .

- - - mar om — - - . o ¥ -

Se tlenen BCD a Dec1mal Excesu 1 a decimal, 4 a 16 llneas, 2’ a h lI—

- r - [ RS
SO &
H

neas, BCD a decodificador de siete segmentos .,

. Lol
EEL R - . . .
- i - > - - vt " .. - i

5 Condificadores i - -
Hay de 10° lineas a 4 1ineas y 8 lineau a3 " Tt
——————— - . o - N .
b} Expansarea . ) JA ' e
Expansﬁrgsrde 4 entradas y de tres entradas ' - e '
- 3 oWt "ot Ll - B - “‘I.fL
1y  Flip-Flops ) . Lo T
. - . . r._ r . ., - ; . - b"--.-i""\. .,T;.'
Tipe JK, JK maestro-esclave, tipoe D ¥ RS, : .
) . . - DL R L iz
[ " " - T
a) : L L \
-, ) LU EI T LT it .
%) Son los componentes estandar .. . ) ..
10) AND v OR, HﬁND,NDR, inversores, Latches AL _—

- - L

11) Memorias

Memorias de solo lectura (ROM), en memoria RAM (acceso aleatorio)

L]
T r

12} Registros .

Hay de & ¥y 8 bits, carga en paralelo, en serie..’

L

Entrada en serie-salida en paralelo, entrada en paralelo y salida en serie,

Existe, ademis, una variedad muy grande de funciones realizadss con otras
’ i - - ":-.' {- - -
tecnologias, tales como MSI/TTL, ECL, MOS, etc. -
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. Y » . b r L% -
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1,2,2, Tecnologfa de Gran escala de Integrn:iﬁn (LSI)
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En la lctunlidad adenls de loa mi:roprncesadares, exlaten otros elementos
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Este puerto “de nntrada!salida consiste de un cerrnjn (Latch) de B b1ts cun

Lis, & it ..-

buffere de malida de 3 estados junto com una geccifn légica: para seleecifn

y control de disposi}ivu:. También cuenti con un flip-flop de se;viciu ph

- .
3

ra la generacifn y control de interrupciones de un microprocesador,

Uson de eate dispositivo para sistemas de microcomputadoras,
k
f

1) Buffar ccntfoladn por’ compuertas

2) Bus-Driver bidireccional
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3} Interruptor de un puerto de entrada

4) Interruptor del puerto de instrucciones -
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(Qué es un Microprocesador?

Responder a csta pregunta hubiese sido mas facil hace 2 ahos
que hoy dia, iPor qué? porque la industria y la tecnologia microe-
léctricas son, quizd, las mis cambiantes del munde, considerando
cualyquier rama del saber humano., Esto se debe, sin duda, a 1a am-
plisima gamz de aplicadiones de sus derivados y sub-productos. Es
un hecho aceptado, hoy dia, gque el advenimiente del microprocesador
es un acontecimiento de importancia similar al de 1a utilizacidn
de la energia eléctrica, 2 principios de siplo, Esta afirmacién
podrd pareccer exagerada a algunas personas. Examinemes, sin embar
g0, ¢l desarrollo histérico de los microprecesadorcs,. como se mues

tra ¢n la siguiente tabla:

Afio Procesador Tecnologia’ Reloj Transistores  Direccio
MHZ) namiento
1972 8008 PHOS .5 2000 . 16 K.
1974 8080 EMO5 ya 4500 g4 K.
1976 Z80 NMOS 4 6000 t4 K.
1978(Fn.) 8086 NMOS (VLSI) 5-8 20000 1 M.
1978 (Dic) ZB8000 NMOS (VLSI) ~4 17500 8 M.
18789 08000 NMOS (VI.S1} g 68000 16 M.

En esta tabla observamos s6lo los mids representativos de les
microprocesadores: de INTEL, el B008, BOB0 y 8086; de Zilog el -

Z80 y ZB000; de MOTOROLA, el M6BD00.






Observamos ¢l dramdtico incremento en velocidad y grado de
integracifn. De 1972, afio de la aparicidén del 8008, a la fecha,-
hemos pasado de un ciclo de reloj de 1/2 Mz a Bhﬂz,]mralﬂlammmtﬂtum:
16 veces en velocidad., Asimismo de 2000 transistores, hemos pasa
do a 68000, para wun aumento de 34(!!) veces en la densidad bisi-
ca de la unidad. Con los procesadores hoy, podemos direccionar -
hasta 16 M bytes, vs, sdlo 16 K de un 8008; un incremente de 1000

veces!

Pcro no sflo en ¢l procesador central existen estas capacl
dades. Las memorias han sufrido cambios proporcionales- En 1976,
la memoria mis densa en ¢l mercado era de 4K hits, hoy dia, con
CCD's ¥y mquria de burbuja magnética, tcnemos capacidad de hasta
256 K bits en un thip' Un incremento de 64 veces en la capacidad

del almacenamiento. &

De-l1a misma manera. los controladores, purifﬁricns, e;c.,*-
se han modificado. El resultado final &s que, hey en dia, con cua
tro 'chips', tenemos capacidad de cOomputo mds o menos equivalente
a la de una CDC 6600. Como marco de referencia menc&nnﬂmo% a uste
des que en 1970, el documento de CIC que describe a esta miquina empie
za ¢on un -capitule que, -traducide 1itera]meﬁte, es "Justificacién

4

de las Grandes Computaderas".

La conclusidn de esta introduccién un poco atropellada-es-lia

slpuiente;






1) Hoy dia es posible adquirir capacidad de cdmputo a ba-
jo precio en magnitudes que hasta hice una década eran dificiles

de justificar por su complejidad.

2) Los costes de cémputo se han reducide dramdticamente. -
La tendencia es a seguir disminuyende. Con la intepracidn que au-

menta, los costos s¢ abaten.

3) El 'software' es cada vez mas sofisticado. Los micro-—
computadores de hoy aceptan los lenguajes de ayer (COBOL, FORTRAN,

BASIC, PL/I, PASCAL, etc.). )

4) Los costos bajos y la alta intepracidn propician nuevas
arquitecturas en miquinas 'prandes'. Las computadoras del mafiana-

serian arreglos de decenas o cientos de microprocesadores.

Pero; apesar de nuestras 'conclusiones', no hemos -alin respon

dido a la prepgunts inicial. (Qué es un microprocesador?

De la anterior discusidén se desprenden varias caracteristi-

cas de los microprocesadores:

1)  Seon pequenos {fisicamente).
2) Son baratos (comparativamente).
3) Tienen capacidad de cémputo.

4] Poseen mcmoria.






(En resumen, pues, pedemos decir que un microprocesador ¢S
un computador pequeilo y barate? 5i y no. En la introduccidn men
clonamos que e5 hoy mis dificil responder a la prepunta que hace
algunos afios. Esto se debe a que hay, hoy, varios tipes de micro
procesadaores. . ;Por qué? porque a cambico de reducir el tamafio (¥
disminuir el comnsumo de energia) perdemos, tambhién, velocidad., A
las 4 ¢aracteristicas de la lista anterior, hay que agregar una -

mis:
5} Son "lentos".

(Qué entendemos por "lentos"? Un micro (procesador) tipi-
co actual, tiene un reloj de 2-5 MHz, es decir su ciclo bisice de
de instruccidn es de ~250 ns. En contraste, las miquinas rapidas
pueden trabajar a velocidades de -5 ns., Es decir, 50 veces mis -
Tapido.

. F

Es clare que no en todas los casos [deshecho en muy pdcos)
necesitamos velocidades de e¢se orden. Entonces los microsistemas
se han subdividido en varios grupos, dependiendo del problema a

que estfin orientades. BRasicamente, pues, podemos dividir a los

microprocesadores en familias:

a) Microprocesadores ridpidos, "bit slice" (MSI)
b) Microprocesadores orientades a bytes (L,S1)
¢) Microcemputadoras. (VLST)

d) Micro-miniprocesadores (VL5I}






Para que nuestra definicidn quede completa, pues, hay que
decir que un microprocesador cae dentro de alguna de las anterio-

res familias.

La definicidn de un microprocesador es pues, la sigulen-

-

te:

Un microprecesador es un dispesitivo electrénico digital de
alta integracidn, gue incorpora todas las caracteristicas basicas
de una computadeora convencional; que es de bajo coste, bajoe consumo
de potencia y qgue pertencce a alguna de las 4 categorias mencionadas

anteriormente.

Para que nuestra definicién quede clara, hay que especifi

car qué entendemos por computador 'convencional’.
Este es un sistemn digital que: .

1} Tiene medios de entrada.
2) Tiene un almacen, en donde pueden estar instrucciones ¢
datos,

3) Tiene una seccidn capaz de ejecutar.cdlculos aritméticos

I

¥ 1ogicos.
4} Tiene medios de salida.
5} Tiene una unidad de contrel, capaz de escoger de entre

distintos cursos de accidn, dependiendo de los dates.






En este curso nos restringiremos a estudiar microprocesa-

dores del tipo (b) debido a que:

1) Son los mis usados.
2) Son los mis desarrollados.
3) Son los mis Dtiles en el contexto de nuestro pais.

4) Son los mis baratos,

4

Con el objeto de introducir al estudioso al campo de los microproce
sadores, sin cmbarge, mendicnaremos brevemente, a un representante de las cate

gorias &, < v d.

- -

Micreoprocesadores 'Bit Slice’.

Este tipo de micros tienen la caracteristica de scr '"rebana
das" ("slices") de procesado. Esto significa que cada elemento-
del procesador estd.disefiado para un nOmere pequefio de bits {diga-
mos-N bits). De esta manera, unicendo M eclementos,-es posible con-

figurar una computadora de MXN bits.

El ejemple que presentamos es el procesador serie 3000, de
Intel. Este procesador tiene.un ancho -fo rebanada) de 2 bits por
elemento. Para. legrar.un computador de 16 bits de ancho es necesa
rio, pues, ligar o unir & CPU's y -sus correspondientes memorias y

unidades de control.

La serie 3000 es, ademis microprogramable., Ho se debe con-

fundir el té&€rmino "microprogramable' con el de microprocesador. -






Estos conceptos no estin ligados en forma alguna. De hecho la ma-

yor parte de los procesadores '‘grandces" son microprogramados.

En esencia, el microprograma c¢s un conjunto de instrucciones,

llamada micropasos, que son los elementos basicos de upa instruccidn

de la miquina.

Por ejemplo, la instruccidn:

-

ADD ALB (suma A = A+B)

en donde A y B son nGmeros de punto flotante, consta de una serie de

pasos mis basicos. Se puede decir que cada instruccidn de miquina:
ADD AR

de un procesador microprogramable, es una llamada al microcddigo -

{de hecho, a una rutina de é&ste).

4 Un procesador microprogramable, pues, tiene en su interior,
una pequefia computadora con memoria ROM, en la cual estin los mi-

cropasos del acervo de instruccienes de la miquina en cuestidn.

E] A este tipo de¢ programas se les conoce como [firmware', pa-

Ta distinguirloes del. 'software’ y del 'hardware',

La serie 3000, como deciamos, es microprogramable., Esto

hace que el disefiador defina su propio conjunto de instrucciones.






Ademis, este micro es bipolar. [Lsto significa que los tiem
pos de conmutacién (de 0 a 1 y viceversa} son del orden de 30-50 -
macrosegundos {es decir 30-50 x 10 ® seg.), con cicles bdsicos de

150 ns en el procesador central.

isto hace que este procesador seca répido y versfiitil; por -
otro lado, es care (relativamente) e implica que, para <ada disefo,
el ingeniero debe de elaborar su propio conjunto de instrucciones ¥y

su propia arquitectura y, por supuesto, su proplio 'software'.

Es posible, sin embargo, e¢mular otro procesador conocido ¥
mejorar su "thruput' (relacién de resultades/seg.) copiando el con-

junto de instruccicnes Je algin procesader comercial.

Seria posible, por ejemplo, disefiar un precesador idéntico a
un ZB0 con serie 3000, De esta forma tendriamos el 'software' del

Z80 y la velecidad de los dispositiveos bipolares.
Microprocesadores Orientados a 'Bytes'.

Estos comprenden al 8080, 6800 y Z8C ¥ son el tema fundamen-

tal de este curso,
Sus caracteristicas basicas son las siguientes:

1) CPU ¢n un 'Chip'.
2) Palabras de 8 bits (1 hyte),

3) Bajo costo,






4} Amplio acervo de periféricos.
5) 'Softwarc' de alto nive!l ya'dESﬂerI]ndu.{Cmmpilﬂdnres.
. intérpretes, censambladores, ctc.)
6) Pecquefio nimero de integrados para lograr una configura-
cidn basica (que cumpla con la definicidn de computado-

ra}.

Puesto que van a ser el tema de las sesiones siguientes, de
jaremos su tratamiento para capitulos posteriores, en donde son tra
- a

tadoes con gran detalle.
Microcomputadoras.

De lo que se ha venido discutiendo, parece no ser muy obvio
que a una familia se le llame microcomputadoras, cuando tedas 1o
son. En realidad, lo que queremos seflalar es que, en realidad, -
los procesadores antes mencionados confarman-a una microcomputado-
ra 50lo mediante el uso de varios 'Chips'. En esta familiasinclui
mos a aquellos circuitos gue incorpnraﬁ todo lo necesario para te-
ner una computadora en un ¢ircuiteo integrado. Es decir, en un -

'Chip' esti concentrado el procesador, la memoria de programas y -

de datos, los puertﬂSTﬂe entrada/salida y la unidad de control..

De agqui que hagamos la distincidn entre un micreoprecesador
(3000, 6800, etc.) y un microcomputador. Ejemplo de este dltimo
¢s ¢l procesador 8748 de Intel. Tsta micro posee puertos, CPU,
64 bytes de RAM y 1K de EPROM, tode en el mismo circuito integra

do. -






Micro-miniprocesadores.

Lo que deseamos sefialar, al acufiar este término es que cste
tipo de microprocesadores tienen ya, las curacteristicas de un mi-

niprocesador:

a) Palabras de 16 o mas bits de ancho.
b) Amplio espacic de direccionamiente {del orden de Megapa-
labras}).

c) Instrucciones comunmente asocladas a maquinas "grandes'.

Ejemplos de E&ste scon el 8086 de INTEL, el Z8000 de Moztek ¥

el 68000 de Motorola.

Estas miquinas incluyen en su 'set' de instrucciones aritmé

tica "complicada™ (multiplicacién y divisibn), direccicnamiento in

directo, et.






Perspectivas.

Al desarrollo de los micros hay que asociar el desarrollo de
otro tipo deelectrénica. En particular, la electrdnica de la trans
duccidn hace que sea posible atacar problemas del munde analdgico -

en lorma digital.

Por cjemplo, TRW ha desarrollado convertidores A/D (analdgi-
ca o digital) con velocidad de conversidn de 35 mseg. para. 8 bits. Companias co
moe Analog Devices, por mencionar sélo una, tienen convertidores D/A
(digital z analégico) de tiempos de conversidén de 40 mseg para 8 -

bits.

Las perspectivas que esto abre son pricticamente ilimitadas
En 1a figura se muestra un sistema de¢ contrelautomitico basadoe cn

un 3085 v los convertidores arriba mencionados.

A 1/0 8 1/0 D

/ 0 R /

D RAM 8 0 A
5 M

{Este es un control analfgico/fanalégico logrado com sdlo 5
"Chips'. iQué& tipo de control? El1 que el programador dcsee! -
Con s6lo cambiar el programa interno, el sistema se convierte en
otro cualquiera. Los viejos problemas de inestabilidad en con-

troles de miquinas herramicntas se eliminan con un motor de pa-






La solucidon de largas ecuaciones diferenciales simplemente pier-
de sentido.

4

Tiempo de respuesta en modo estable:
200 pseg.

Hay, en nuestra opinidn dos campos de accién biisicos para -
los microprocesadores: el campo industrial y el campo de.la infor

mitica.

En el campo de 1la indust}ia, es ficil vislumbrar las reper-

cusiones que la siguiente consideracifn podrid tener:

Cualquier sistema de control puede constar de una ‘computado

ra para controlar el proceso.

' En el campo de !a informitica, es obvioc que 1a caida de pre
clos en los sistemas-de c¢oémputo debe repercutir grandemente, Mids
ain 31 se¢ toma en cuenta que no sdle se abaten los precios, sino

también aumenta la capacidad de cémputo.

Especular al respecto en esta frea es fiacil. Algunas pre-
dicciones: las computadoras se convierten en articulos de hogar;
los sistemas de reconocimiento y sintesis de voz permiten ripidos
avances en robdtica; las memorias de dico desaparecen para ceder
su lugar, 2 CCD's y memorias de burbuja; las arquitecturas de camﬁi

tadoras-se orientan a multi-microprocesamientos (pionercs- en esta



-



Area son Cm* y Tandem, de propSsito especial, asi como AHR para
LISP);.en resumen, la necesidad de cénocimiento en el drea de 1la
microelectrénica y, en particular, de'los microprocesadores se
presenta como algo inmediato. La tecnologia de los microprocesa

dores estd firme y bien establecida.
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MICROPROCESADOR ZRB0:UN PASO ADELANTE

El procesador 280 surgld$ como una reapuesta de mercado a la enor-
me Popularidad del BOBD de INTEL, En su afin competitive, la com-
pafifa fabricante (Zilog) obtuvo un nroducto excepcional, due es -

alin actual, a zesar de los nuevos procesadores de 16 Bits,

Vedse la sigulente Tabla:

NO. DE INSTRUCCIONES 6800 8080 Z80
Registros de 8 bhits 72 ri: 158
Registros de 16 bits 2 14
Registros de fndice 1 2
Modos de direccién 8 10
Direccidn de E/S 0 256 256
Bits de bandera 6 5 6
Voltaje requerido +5V  +5V,-5,+12v +5V
Velocidad de reloj mdxima 1MHZ ZMBZ 4MHZ
Com»atible con TTL 51 NO 51
Medos de interruncisn 2 1 4
Refrescamiento de memoria

automdcico NOD NG 51
velocidad relativa en eje-

cucisn 5.86 5.46 1.0

' 1

-
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5.3 INSTRUCTION OP CODES

This section describes cach of the Z-80 inatructions and provides tables listing the OF codesfor every
instruction. In exch of these tables the OF codes in bold type are identical to those offered in the BOS0A
CPU, Also shown is the assembly language mremonic thal is used for ¢ach instruction. All instruetion OF
codes are listed In hexadecimal notztion, Slngle byte OP codes require two hex characters while double
byte OP codes Tequire four hex ¢hgsécten, The conversion fram hex to binary is repeatud here for
convenience, '

Hex Binary Decimal Hex Binary Dasimal
0. = 0000 = O 8 = 1000 = 8
1= e = I 9 = Jpoi = 9
2 = pOl0 = 2 A = wlg = 10
3 = 001t = 3 B = 101t = I
4 = o0 = 4 C = 100 = 12
s = Dot = 0§ - D = 1101 = 13
6§ = 0110 = & E = 116 = 14
7 = Ol = 7 B = It = 1§

Z-80 instruction maemonics consist of an OP code and zero, one or two operands. Inatructions in
which the operand is implied have no operand. Instruclions which have only one logicat operand or those in
which one operand s invariant (such a3 the Logical OR intlructlon) are represented by a one opetand
maemenic. Insiructions which may have two varying operands e reprasented by two opersnd mnemonics,

LOAD AND EXCHANGE

Table §.3-1 d=fines the OF code for all of the 8-bit load instructions implemented in the Z-80 CP,
Alio shown in this table is the type of addrexsing vsed lar cach inttruction. The source of the da(a s found
on the wop horizantal row while the destination i specified by the left hand column. For example, load
registes € from register B vaes the DP code 4BH. In 2!! of the tables the OPF code 13 specified o hexadecimal
notation and the 43k f=0103 1000 binary) code is fetched by the CPU from the external menrany durng
MI time, decoded end then the register tranafer is sutomatically performed by the CPU.

The assernbly language mnemonic for this #ntice group is LD, followed by the destinalion followed
by the squrce (LD DEST., SOURCE), Note that several combinalions of sddresting modes are posrible. For
example, the source may use register addrensing and the destinatlon may be register indirtci; sirch as load
the memory localion pointed 1o by register IIL with the contents of register D, The OP code for this
cperation would be 72, The mnemonic for this load inslruction would be as followa:

LD (HL), O
The parenthesss around the HIL mesns tha! the contents of HL aee used 23 a pointar to 8 memory ocation,
In all Z-80 load instruction mnemonics the destination is always llsted fimst, with the wource following, Tha

Z-80 easembly language has been definad for ease of programming. Every instruction is sell Jocumenting
and programs wntten in Z-80 language #re caxy to maintain, [

) Note in tahle 5.3-! that some load OP codes that are availabte in tha Z.80 use two byies. This is mn

efMicient method of memory utilization sinse 8, 16, 24 or 32 bitinstruciions are implemenlted in the Z-80.
" Thus often utilized instructions sich as arfthmetic or logical operntions are only 8-bits which resubisin
better memary utilization than is zchieved with fixed instruction sizes such ag 1&-bits

“e - - . -
All load instructions vsing indexed eddressing for cither the source or destination location
actually use three byles of memory with the third byte being the displacement 4. For example a load
eegtster E with the operend pointed to by 1X with an ofTset of +8 would be written:

. " LDE, (IX +8)

23
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The instruction sequence for this in memory would be:

ror - L e - .
e’ Addtem A DD},
- . DP‘Cﬂdl: ? » r ki
Atl| 5B . ) . . "
A+2| 0& Displacernent aperand -
. . , L :*"t

rir

S . : e
The two extended addrening instructions are alsc threc byte instructlons. For example the instruciion to
load the gecumulator witly th: op:rand in mmnry location 6F32H would be written:

LD A, {6F 32H)
and its instructian sequence would be:

Addrew A} 3A ] OP Code : e

"
-

A+l 32 | low arder addrén
A*2 | 6F | high order address

Natice that the Tow order portion of the address is always the finst operand.

. The load immediate instruciions for the peneral purpose B-hit regisiers aze twn-byl- imtructions. The
inmytruction Joad reglster H with (ke value 36H would be written:

S yomoo, '
] L] I_DH ]6” i aror, , e, . :
and its sequence would be: . o ST LR EVE R -
1 ) —_ .
Address A 26 | OP Code
LS i 1. fllpt;rmd } ' r -'r.:-; g e
QR - £
L A
Loading a memaory localion using {ndexed iddrcmng for the dulinltlm and immediate ldd'rtmn; for the
source requires four byles, For example: 4 R
. | T
DX -i520 - T
would appsar as: ¢ : L e o o
r L] Fas [ .
1, ' o, LRI
Addresa d | DD ' : BTTRE LA T
OP Code - . - C o,
A+l]| %6 ] ‘ .
A+2[ FL ! qi;phnemmt 15 in’ s
!__[ signed two's complement) © 7 TaacL e e -
At3} 2t Joa - .o
j operand 10 Joad . R .

. P
Motjes that wllh any md:xed add ressing the dnsplacemcnt llw:y: fn!!nw: dutcuy af ter the ﬂl" Gud!
w T "
Table 5.3-2 specifTes the lﬁ-bit losd operations. Thiy table it very similar io the previous one, Notice
that the extended 3ddressing capabiiaty covers afl regiscer pairs. Also notice that reglsier indirect operations
spe:ifyin; the stack pl:u'nler are the PUSH and POP instructions. The mnemonic for thesr ingtructiom Iy
“PLISH" and “POP."” These differ from ather 16 Bt Joads in thal the stack pointet I aviomatieslly deepe-

mented and incremented as each byte is pushed onic or popped from the stack rr.mlclive'f Faor ull'llplc
the instruction: "

4,

L]



PLISH AF

is a single byte instruction with the OP cade of FSH, When this instruction {s executed the follawing
sequence is generdled;

Decrement SP_  éiet”
T
LD (sPha "* T
- ! Decremant SP
LD (5P}, F
Thus the external stack now appears as follows:
[
(s Top of stack
(SP+1){ A
-
}—-_ﬁ
—
. i
U ke | | n
1. E: i _l._fﬁug'" Y
a x| ) p |l mlm l_u "
L1 - :
. r“ - F lrl o
i: i J' o - I - ! -l o
1 :n ; -
il | II | »w T{ L I uw| o
o] q Fele[wluta
EEEANDLOE
IE [ v I _r- : - - : - - j -
T e TSy i‘I-,| i f-n E .- 4] i L § [
e || | 1= .! ,

il it i i LI 1 K F-'ll.l v £ I1 I !
I wel | IFIFITIZIRIT)R 1T
s LR R & I
=R i
.!ll'l m‘:u III :“ I E_- J_ I

k HEREE i
” ‘ % BIT LOAD GAOUP
LD*

TABLE 5,31



The POP instruction Is the exact reversa of » PUSH. Notice that #% PUSH and POP Instructions uililize 1
16-bil operand and the high order byte is shways pushed finst and posped last. That i a:

PUSH BC U PUSH B then C

PUSE DE fsPLUSH D then E

PUSH HL isPUSHH then L

POP ML 15POP LthenH.

The instruction uiing extended immed [ate sddresting for the source cbvicusly requires 2 bytes of deis
following the OF code. For example: _
LD DE, 06554

will be:

Addreg A 11} OPCoda i
A+l | 59 { Low order operand to register E
A+2 ! 0& | High order operand to register D

In &) extended bmmedinte or e x1ended addressing modes, the low order byte stwayy sppean Drul after the
0P code.

Tabla 5.3-3 tista the 1&-bit exchange instzuctions implernented in the 280, OP code O8H allows the
programimer 10 switch between the two pairs of sccumulator flag registers while DOH allows the pro-
grammer 1o switch between the duplicate set of six general purpase registers. These OF coder are only one
byle in length to absolutely minimize the time necessary to petform the exchange so that the duplicate
banks can ha used 10 effect very fast inlerrupl response times.

BLOCK TRANSFER AND SEARCH

-

Table 5.34 lals the extramely poweeful block transfer instructions, All of theis instructions oporats
with thras registers, C . A

1L, points to the tource loction.
DE polints to the destination location.
BC 3 a byle counter.

After the programmer haa initialized chees three sepistens, any of these four Instructions may be ysed, The
LDI (Load and Incremeni) instructian maves one byie from Lthe Jlocation poinied to by HL to the Jocatien
pointed te by DE, Regisier peirs HL end DE are then automatically incremented and are ready to point io
the following locations. The byte counter (regisler pair 3T} is also decremented ai this 1kne. This instiac.
tion i3 valuable when blocks of dsta must be maved but other types of proceasing are required berween sech
move, The LDIR {Load, incremeni and repeat} inslauciion is 4n exténdon of the LD Inuruction. The tame
load and increment operetinn iz repested Luril the byie coumter reaches the count of zero. Thin, (b tingle
intlruction ¢#n move any block of data from one jocation 1o any other,

Nate that gince 16-bit regisiers are vsed, 1he tize of the bock can be up (0 64K bytes (1K = Iﬂﬂ}
long and it can be moved from any location in memory to 2ny other location, Ferthermore he blacks can
be overlapping zince there are absolutely no consirabits an the data thai Is vsad in the theee segister pairs,

The LDD gnd LODR Instructions are very ymilar to the LD] 2nd LDIR. Tha unEIy differance i that

register pairt HL gnd DE gre decremented afier every move so that 3 block transfer stacis from the highest
address of the delgnated block rather than the lowest. '

16



e r—— ——n e ——
st | - : I o |
Sa| &1z & |a a | v
<2 .l % o w Ciaa o
™ - :
[a] = L L+ i
Hm E e Me oot I8 .1
e =

[}
I _ e—t e .__1

Had FALCFY00: 5

L

HUACE

1|.t..|
: r oo
Mm CarlReel BoaBac|Rae.
- ll.lrll.l . Fr—
fa ] a 8w
W L Fnﬂ.ﬂ [T
[= " [a] £ un
= =1 Omce| Tw
=]
Ennﬂ
“ A i |
b b3t =
& er._._ ﬂ_n._n
» Y AP R PV PO L
M} =] .
=] wilde e’

e TE——— .-.-...l-.lr.:_

1

1%
*t DD

lryled €

e
.=
B3

HL
;.

MPLIED ADORNISING

FLD!
TARLE 5.3-2
BC DE mHL

EXAND EXX!

EXCHANGES
TARLE R a-3

23

AP

18 BIT LCAD GROWLP
‘PUSH' AND "POP

AF

ac,

OE
-]

_rar

\lMFLIEﬂ :L l

REQ
INDIR,

8 |l# s Ix 12z &
IV S VRV NI I, S I
&
Eadl o W .ﬂm
A

AR
N,

OEETINATION

h ]

7

NOTE: The Push & Fag Inctrpations st
the & shar drecy snaseytion

INSTALCYIONS

FUSH



ROURCE

] [ 37] LOI' = Load {0F Fatr= [HL)
A Ina Wi I O, K'vu BC
[ En ‘LDIA, = Lasd [DE}m——{HL}
By g L B D, D BT, Rapraad sl G~ 9
CELATINATION :f,_.',::n IDE)
- ar] LD = Ll [GE e {HL}
AR mivre i OF, O B
I ED | LDLA" - Laug IDEF—fMLE
t 1.} Gz WL & DE, Sog B, Rogsaat unpd 3G = 0

Frg HL  Paoiniu b phures
A DE  poing w destialion
Rat BC 00 brly sawn e

HSLOCK TRANSFER GROUP
TASLE B3y—4

Table $.3-5 mpecifies the OP codes for the four block sesrch instructions. The ficst, CP! (compars aad
incremnent) compares the dals in the accumuielgr, with the conients of the memory locaticn poiaisd ta by
register HL. The result af the compare I3 ptored in ane of the flog bits fsee section 6.0 for & deisli.d expla.
nation of the Mag operations) and the HL register pair is then incremented and the byte countes (register
pair BCY is decreménted,

The inztryction CP!R ix merely an extension of the CFl lugtruction in which the compsre is repeated
unti! gither & match it found or the byre zounter (register pair BC) becormes tero, Thus, this singlz instrug-
tion can search the eatire memary for any B2it charasier,

The CPD {Compare wrd Decrement) and CPOR {Compare , Decrement and Repeat) ate ghmitar
Instructions, uien only diffesence being thal they decsement HL alier every compue 30 thal they tcarch
the memory in the opposita direction, {The s4erch s oravtsd ot the highest locatien in the memory Mock),

I'tshould be emphaztzed again hat thase block trantfer and comparc mstructlnm are extremely
powerful in string ran:gylation applicanpny.

ARITHMETIC AND LOGICAL

Tzhle £ 3-6 ligts all of the B-bit arithmetls opecetions that can ba parfomed with the secumulstey,
pla0 listed are the bnerement (INC) 2nd decrement (0G0 inslyuctions. In all of thete lnstructisss, ¢ xcept
INC and DEC, ilie 1pecified 8-bit operation is perfomed tetween the data in the secumidaior and the
source cata specified in the table, The resuil of the oneration is pfaced in the sccomulator with the txcep-
rion of compare (CP) Mat leases the sceumulater unaflected, All of these cperations affect the iaz
registes as o rewwlt of the specilizd operauon, (Section 64 provides all of the detnls on how the M s are
afTecied by any instruction type), INC and DEC instructions specif{y & rezister or 3 memory locan . 1;
both saurce and destination of the seqult, When the source aperand is addressed using the indew 1episten
the displacemenl must follow dizertly, With lmunediate godiening the sctual operznd will falow aectly,
For example the instrugion:

AND OTH
would sgppenr ag;

L

Addremy A Eé £ O LCoda
A+ rﬂ?l Noetand

2%



SEARCH

LOCATION
RE{).
INDIR,
t=O
T |ED o ]|
At Iz Hi, Dae BC
ED CFIR’, Inc HL, Cec AT
B1 ripaal atid {1 = D or find melch
. Eg “TPO" Dac 1L B B
i
ED | "CPLR' Dec HL & B
I' Arpaal unn Ly = § or Hind mach

HL paints 1o Focallon in bmmory
L0 b counp red wlih swttemutalor
cof L 13

BEC s byte Etuntaf

HLOCK SEARLH GROUP .
TABLE ©. %3

Asguming that the accumulator contained Lhe value FIH the result of 03H would be placed in the
accumulator; .

Acc before operation 1111001 = F3H

Oparand 0000 011! = Q7L

Resull to Ace 0000 0011 = 3

The Add instruction {ADD) performs a binary add between the dara in the sourcs location ard the

dx14 in the accumu'ator. The subtract (SUB) does 2 binary subtraction: When the ndd with eany i tpetifind
[ADC) ar the subtract with carry (SBC), Lhen the carry Mag is 2lso added or subiracted res pactively. Tl
Maggard decimal adiust instrectipn {DAA) in the £-80 (Fully described in sectior 6.0) illow anthunetiz
operations for: .

. multiprecision packed BED numbers
multiprecision ¥igred or znagned binary numbery

multiprecition two's Complement gigned numbers
Oiuher instructions in thus groug are logical and {AND), lopcal or (QR), exclusive or (XUK) and compare {CP).

There are five general pur pose arithmelic instructions Lhat operate on the atcumutatu of carry fTag,
These five are listed 0 table 5.3.7. The decimal adjusl tstruction can adjust For subtraction 11 well as add.
ition, thus making BCD arithmetic opetalions simple. Nove that ro allow for this aperation the Bag N usd,
This flag is set if the last arithmetic operation was & subtrsc). The aegate sccumuletor INEG) usiructien
furms the twa's compiement of the aumber in the accumuliaicr, Finally notice that a jiyet Gty imstruciion
i not included in the Z-80 since this operation can be ewsily achizved through other instruction such a5 2
logical AND of the accumulatar with isell’

k

Table 5.3-8 bists all of the !6-bit arithmstic Opetations between §6-bil registers, There are five proups
of instructions including add with carry and sublzact with carry. ADC and SBC affect all of the Nags, These
two groups simplify address calculation eperations or other 16-bit arithmelic operations

1
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18 BIT AR{THMETIC
TABLE 6.2--#

ROTATE AND SWHIFT

A major capability of the Z-80 o1 its ability to rolate of shift data in the sccumulator, any general pu-
puse register, or any memory {ocation, All of the rotats and shifi OF codes are shown in tghe §.3-%. Alsy
uwleded in the Z-80 are arithimetic and logical shift operalions Thete operytiony ere ysefud in 4 extremely
wite range of applications including integer multiphication and division, Two BCD digpt rolals instiuctions
(RRD and RLD) allow & digit in the accumulator to be rolated with the two digitein @ remary locsdon
puimicd 10 by register pair HL, {See figure 5,3-9). These instructions allow for efficient BCD angturtie,

BIT MANIPULATION

The ability 10 32!, reset and test individual bits in & register or memory location is nezded in almont
every program. These bits may ba Aags in @ general purpote software rautine, indlcations of eatestal con-
1rol conditions or data packed Hito memory localions Lo make memoty unjization mote ificient.

The Z-80 has Lhe ahelity to ser, reset or test 2ny bit in the accumutater, iny general purpnse registzs
of any memory location with » single instruction. Table 5.3-10 lists the 240 instructions that are svalable
for this purpose. Hegister addrassing can specify the accumulator of any genetal purpus register on which
the operstion is 10 be performed, Register indirect and indeaed addrening are svailahls to opersle €0
extemz memory locations. Bit test cperalions s¢t the ze10 Mag (2} if the wested biris & zero, (Refer o
section 6.0 for further eaplanation of flag operation}.

JUMP, CALL AND RETURN

Figure 5.3-11 biats all of the jump, call and retern instiructions implemented in the Z-20 CPU. A jump
is a branthin a progam where the program counter is loaded with the 16-bit velue ssspecilicd by ene of 11
taree mvuilsble addressing modes {Immediate Extended, Relative or Register Indireet), Notige that the jump
group has several different conditions that can be specified to be met before the jump will ba made. 17
these conditions are nol met, the program merely continves wath the next sequential instryction, The
conditions are a!l dependent on the data in the flag register, {Reler 10 s2enion 6.0 for details on the ag
registert The immediate extended addresing is used te jump to any location in the memsry. Thisin
strugtion Tequires three bytes {two to specify the 16-bit address) with the low order address bys first
followed by the high crder 1ddeesa wyte,

i
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For example an unconditional Jump to memory lacation 3E3'II-_I would be:.

Addesss A T I._ OF Cods
" At) 32 ) Low order address

A¥2 II 3E I'i'!r'gh ordes sddrea

The relative jump instruction uses only (wo bytes, the Iucond byte iz a tigned two's complement i

placement form Lhe existing PC. This displacement can be jn the range of +12% ta -126 and iz svrzsared
from the address of the instruction O cude.

, .
Three types of register indirect jumps are alvn i ded Thess instroztions sre impbencnisd by leading
the registe peir HL or one of the index registers ™X g 1 Aitzenly nto the PO This capatvility 2lows for

" program iumps to be 2 function of previovs ca'culatjors.”

A call is » special form of a jumn where the addicss of the byte following the call invtrocrion b
puzhed onto the stack Sefure the jump 15 made, A Tefuca iastriciion is the reverse of 2 caf beosuie the
dile anthe top of the stack iy popped directly inlo the FC 2a form a jump address, The sl wpd cotwp
instructions allow frar sirnple suhinootine aod luverapt Handling, Two gpecial retum Msteg o ions huve Beea
ingluded in the Z-80 family of components. The return drom interrupt insteuation (RETY and trz rerum
from ron maskabie interrupt {RETN) are treated in the CPU as an uncondhional return identical ta the OP
code CSH, The difference is that (REIT) ¢an be vrd ay ine end of an interrupt recting and st 7-30 prphart
chips wid recognase vhia execation oF Lhis insiri €050 lur prog f Gontrol of nesied priocity interopt handling,
This lnstruction coupled with the Z-80 petiphera! devies implamantation thmplities the nonme! return from
nested tnienupt, Mithoul this feature the Tullowing scltwsrs cogueace woubld be nettsaay’ 1o = Tov ihe
interrypting device that the interrupt rouling is completed:
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Duzabie Intarrupt — prevent jatesjupt befors
foeLine it exited,

DA — notify perirha al that rervice
OUT n, 4 1outina is complet

' Erable Laterow st
—_— T .
"

Retuzn

Thiz seven hyte sequence can be replaced with the 1wo byte RETI nstructlon In the Z-80. This is important
dnee intesrupt servica tlme often must he minimized

Ta faeilitate program loap erntent tha instruction DINZ ¢ can ba usad advantzgeously. This twe byte,
relative jump Lnstruction degrementsthe A register and e junpecouys if the B register haanot been decre
menied 10 zera, The relative displrcament i3 exgresiad 23 ¢ upned (wo's complement mumber, A timpls on
smple of ity use might ba: :

-— .1 — r— s
Address _ !nstruction . Commenty .
NN+1 - IDR T - ' isel B ragister to count of 7
N+2toN+9 (Perlanm o eequencs
] 0f imatructions) i1nop to be performed 7 times
N+l0,N+11  DINZ -8 . cstejumpfrom N+ Q210N +2
N+12 (Mext fnstrucrion) d :
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} oo 1 i
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o H = 1 { I L i
RETURN FROM | HEQ, i | . 1 i I
INT ‘AR ItWDcR, fgrary 0y ! . i I i
¥TUAN FAOH i e e : J ;
KETUAN N
NON MASKAELS | FRG er! bk I ‘ ! i
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FHAN ONE FUARGSL, . Lo .
REFEH T SECTHOY .
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Table 5.3-172 bsts *he gight OF codes for the recteet inytruction, This instroclion is a single byie call to any
of the cight zdgresses Wisied. The simple mnemonic for these sight calls is a'so shown , The value of this n-
structian is chad freguently esed 1outings can be called with thas ingtruction Lo minimize memory vscge,
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RESTART GROUP
TABLE 53-12

INPUT{OUTPUT

The Z-80 has gn extensive &1 of Input and Quipul insiructions as shown in table $.3.70 gnd 1240
3.3-14. The addressing of the input or autput device can be tither absolute or register indisezt, usio the €
register. Notice that in the register indirect addressing Mmonde iz can be trantferred hepween th* 140 devices
and any of the internal registers. In addition ¢ight block transler ins'ructions have heen irmplemented, Thags
instructions ar= simi'ar 1o the memory block ransfers except that they use register pair 1L fora o Ter
the memory source {uutpul cowrmanus) of destination (input commands) while registe; D w wsad ar o Myt
counter. Regsater € olds the addsess of the port for which the input or output cormand is degired Sircs
register B 16 ¢ight bits in length, the 1O biock transfer tonunand handles up 1o 256 hytes.

In the insiructions IN A, n and OUT n. A t_he /0 device address appears in the lower half of the add-
ress bus (Ag A7) while the accumulator content ia yronslerred in the upper half of the address bus. In 22! e
ister indirect inpul output instructions, including Block 10 translery the coment of register € is Uznslered
10 the lower ha!f of the address bus (device zddrexs) while the content of regisier B is transferred 1o the
upper half of the address bus,
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THF — tHPUT & £D
Ina HL, Dvo B f A2

THIR = INF, Ing HL, .| D

Dux B, REPEAT (P pvind
: mIG, 1 (M : |, BLOCK 1Py
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Day HL, Bac 8 ' ) I
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*INDR'=INFUT, Doy HL, D
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INPUT GROUP
TAELE 6,313

CPU CONTROL CROLP

The final (able, tablo 5.3-15 (lustraies the slx genenl purpose CPU control instructions, The NOF izg Jo
nothing inftrucnion, The HALT instruction suspends CPU operation uniil & sehsequent intarrit & ioceived,
while the DI and F are usad to lock out 3nd enabls interiep o The threa inferrupt mods comm sz nds 10 toe
CPU inio any of the three avnilable interiupl respense modes at joblows M mode 2e10 (s et tha intenmpling
device can insert any tnstruction on the dats bus end sl w ks CPU 1o execute it, bode T iy » sirs Y ied
mode where the CPU autamatically execuses a testart {AST? o locatlon 0038H to that no exiernr] Aurdwara
it required, (The old PC content is pusied onlo the itack). Moda 2 is the most powerful in that it sliows for
tn indirect ¢all 10 any location in menwry. With thiy mode the CPU forms 8 [6-bit memory sddreds whies
the upper B-bits are the content of t2piser | and the 1ower A-nits are pupplind by the Interupting devica.
This address points 1o the flrst of two segucniial bytes in o tsble where the address of the cerdee routing is
loczted, The CPU putomatically obtaine che statilng address and performa » CATL to this addrezs

i ]
Address of interrup: ( u— Puinter fo Intermupt tabla Reg
gervice sauline Pre -"""_J Viivppes sdisess,
' L ! I Perlgheral suppllesJower addres
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5.0 FLAGS e

Fach of the iwo Z-80 CPU Flag registers containt six bits of information which: are wt OF ress by
various CPI gperations. Fout of thess bits are testable; that i, Lhey are uszd a3 conditions _fur Jump, calt o
seturn instruciions, For example a jumgp may be desited only if 2 spc-:ii:ic bit in the fiag register is set, The
faur Lestahle flag bils are: '

1) Carry Flag (C) = This flag is the carry from the highest order bit of the accumulator. For example, the
carry Nag will be set during en add instruction where a carry from the hig!?::sl bit wf l.ht aucumut_atcr
is peneraled, This flag is also set if a hortow 18 gencrated during a subtraclion instruction The shift
and rolale insteuctions also affect this but.

2) Zero Flag (Z) — This flag le set if the result of the up:mltonl loaded a zero into the aceumnutator. Qe
wise jU[5 resst,

3) S'gn Flag (S} — This Nag is intended to be used with signed numbers and it is set i the result
il the operzlion was negative, Since but T {MSA) represenis the sign of the number (4 negative
fumber has 2 1 in I::il 71, thit Nlag stoues the state of bit 7 in the accumula.or,

4) Parity/OverNow Plag (BfV) — This dual pumose Nag indicates the party of the resultin the sccumuiatos
when logicai operslions are performed fsach 23 AND A, B and it represents overlow when signed
Lwi's complernen) atithunetic operations are performed, The Z-80 averfluw ilup indicates that the
Iwo's complement number i the accumu!zlod is bn eror since it hag exceeded the max.mign pa -
sibie (+ 127} er is fess than the minimum possitle (128} sumber than can ba represensd 1 twi'a
complement notatinn, For example eonsider adding:

+120~=  OI)1 1000
H05= (1101001

C= 0 1110000 = -95 {wrong) Overflow has occured

Here the result is incorrect, l‘;_}verﬂuw has occurred and yet there is no carry to indicate an frroz.
For this cate the overflow flag would be set. Also consider the addition of two negative pumbers:

Sa ML 1gLl
-lg= T1L1 00o0

C= 1 J1101001 = -11 correct

Notice that the answer iz correct but the carry s et s that this flag can net be used as zir ever-
Mow indicator. In this case the overflow would not be szt '

Far logcal onerations (aND, OR, XOR) this Nagis ser i Lhe parity af the resali fseven andine
resel iDL 5 0dd,

There are slyp 1wo non-lesiable bits in the flag register. Borh of chese are vyed for 8CD anthmstic, They &

1) Half caery (H) — This ks the BCD catry or busrow sesult from the teast significant four Sits of opeistion,
When ustng the DAA {Decimal Adjust Instruction) this Mlag is used to correct the resedt or'y
previous packed decimal add or sublract.

2} Subtract Flag (N) — Slnce the tlgorithm for correcilng BCD operations is dl¥ferent for additlo: or
subtraction, this Nag |s used 1o specily whal Wype of Instructlon wad execuied tast 19 that i
DAA uperation will be correcl Tor either addition or subtraclion.

The Flag regisier can be sccessed by the programmer und irs format is as follows:

Y f T t 1

S|Z1X{HR|X|PPVIN]|C

X means Mag i1 inde1erminale.
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Table &0-1 Jists how each flag bit is &ffez18d by varivuy CU imiractions. In this table a " indicates
that the Instruction does nol changs the fig 207X meant that o fag goes 1o a0 indtatominars stale, a0
mizang that it is recel, & 17 menns 165108 15 set and the symbol *§7 ingicates tmat il is 24 or 1238t sccording 10
the previous discussion. Note tht any iDStrUchUn NOL 8 ppeanng i Lhis tabje doi not 2ffear say of the l2gL

Tahle 6.5 1 inctudes o Few tpecin] cnves 1het nust be Aacribed 0 esity, Notics thet the olock sranch
instruction sels the 2 [lag if the last compare epeiation indisaled 4 match batween the scuics ans the
acciemulator dils, Alsa, the parity flag Is set il e byte counver (register pasr BC) is not squal ta zero. This
game use of the parity flag is made with the biock move instrecliont. Another tpecial case it during black
input or outpul instructions, here the Z flag is used to indicale the state of register B which is used ps 2 byle
counter, Metice that when the 1O block transier 1 commiele, the zero flag will be resat 10 & zero {Le 2=0)
while in the case of 2 block move command the parity flag is rezet when the operalion is compleie, & fiml
case is when the refresh or | register is loaded inlo the accumulator, the intesrupt enable Qip Nlop is leadsd

into Lhe parity Nlag so that the complela slate of the CF1 can Yz zaved 2l any time. .
ST e om ow o e b m s — . - .711--. )

o B
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I F
Instriict1on 5 mrneT iy
_ i Cl‘.u NIH o t
ALY A3, ADC A 1i8(V][s]0fs T &biradd or add with tarery
SUBy, SHC A3, CPu, MEG 4 I Vr: it b yubtract, subtrazt with gy, comparce and
i [ negate zcctmulalor
AND o|tle tlﬂ 1 1 Logica! operatlons
OR i X0R s O P $700 | And set’s different fzg
1N sl f(V]ti0]2 E-bit incremend
DEC m LIS TLAE AR AL B-hly Jecrement
AUD DD, T wje e 0|X | lobirsdd
ADC HL, 11 tletvislo X 16-bie add with canry
*BOHL L 3 t}v: i|x 16 Wi sublract with camy
HLA; RIDA RRA, RRCA | $|eio[ef0/D | Roiate accumulaley
RL m: RLE m; BR i, kT m prlsirjziafa l Rotate and ahifl location 1
SLA in, SHA m; SRL m
RLO RRD - liF :fﬂ!ﬂ Roeeee digit lelt mnd rlght
DaAA bt P.tlﬂ 1 | Decimal adjusl accumluoe
CrL % afebll| | Complement accumnula.cr
SCF Lieie -i'ﬂur Eetcary T
CCF t~"';r10lx | Complement carry
Hf e 0D - iiP'“‘J!ﬂ * Tnput register indicegt
ML IRDG OUTLL OUTH o ;l.l-'Kile ii‘ Bloek fnput and outpyt
PR INDR: OTIR; OTDR . 1ix[:'.-;'.ax it 2= 00therwise Z = |
Lo, Lhn .|X l‘“’;{" ] ::1 tock tranafer instruchioig
LD!R,L.:JDR, alX n[x Q10 ) PV LIFHCS O, otherwie AR & 0
CP1, CPIE  CRD,Ce0R al g Hx{.".}( Block sarch tnstructiong
P Zalifa s (L), othinse 2e 0
¢l |I ' BAS = L FBC w3, utherwie By a )
LD A LLD AR v $IEE :Fﬁ 01 The content of the intermpt enable Mg Nop ([FF)
! Is copied inte the IV oy
BIT b, s .l X-KJH P Thewale of blt bof [acarion 3 # copind Inta e 2.7 ag
NEG 114 Vh lrt Megate secumulator

The follawing notation 1y used in this 2hle:

Smhﬂl . %ﬁﬂh

T Carryflink Mag C=1 if the pperitan producsd a carry From ta MSN of U Opeisnd of Haat

z Zarg Nag 7ul F the rewult of the operatice W zan.

5 Sign Tug §=1 if it MSH of e rault i ora,

v Fanty o grprflaw Pog Fariny (P} and cratfow (V) thare the ssmie Pag Taglasl SferTtas et it

withy the paaty »f e wawlt whide oot e T igacsbicad nflect thi Neg with the v 0w g e Fi Ry
hodds padity, %1 v o tha remalF Of 97 GACILOR e, BV GGl 7 107 3 FV i 0 Ehste T <
e re el uf e oparebicn prafucd an dYen]ow. "

H *lalf-agry (Tag. HeL i U edd o7 aublmet Opererlol producid B camy 19te o bow s Fown bl B4 GF e ato, angr
N AS3[EuBract Bag NWmL IF (he nrovious apemdon way s b it

H apd M flag are uied 10 conjunotion with The daclinnd ad st fnatryc Goa (BAA) 1o ProgeLy corimt b -
fult 7o packed GCTI fomul fotlounang mIdIlion of suitrasCun sung opmpants erth prted DUD P o

"hy flag kg alieeled pooording 1o U tknal oF the Opan o,

e g o wnCftprs By B opeiialon,

The oy 11 et by the operaran.

Tha Magis w21 by the opermlion,

The Mag oow Udon] derd T

FFY Cagr aMocweed wocerd ng ta tha orerdlow reat of e opantian,

P lap aliected soppeding fo Che padty MRl of the opecpion

Any aumn of e L'I"lf' "fﬁ“?:“ :4,'4!:; C, D-.LE.J{. I;.II

Any 8 bit tacation [ d the derp B9l wllowad for tha pardculsg initruction |
Sy 1h-ir) Tocnivn Far o3 Lha &ddre g Miades o) éwnd For thal inlhuctlml bilian
Any o of (ha two sndes registont 1X, or FY.

Keireh ousies

it valus in mnge <1, 2355

1Bt vidua Ln mnge <0, E3435>

Aqy S=bit focetion for all the addrrizing mades wllowrd Fou W parsioular igstruction,

3 FARREY" Talm—Cte

SUMMARY OF FLAG QPERATION
TABLE .01

4






7.0 SUMMARY OF OF COCES AND EXECUTION TIMES

The following section gives a summary of the Z-E) inttpuctions set. The instruclions e wgically screnged
into groups as shown on Lables 7.0-1 through 7.0-11, Each table thows the axsembly Ianguags mnemonis
(P code, the aclual OT code, the symbolic operanon, the conisat of the fag regpster followm] 1he trecu-
tion of each mstruction, Lhe number of bytes tequired for gach instrection as wel} as 1hs numocr of memaey
cycles and the tota) number of T states (extzrna! glock periods) required for the fcidu'ng and £xacuiion cf
each imstrugtion. Care has been taken to make each table self-explanatory without r=quising uny crost refer
ence wilh the est or other tables

43



F oot

L]
; Symboiic E Fup 1 OFCods I :l. !:‘H m
Meamonke 4 Opooutiom | CIZFY SINIH 7 343 210 | Byvm | Cychs | Cyciss | Commeny
thr, r L fe T ‘Il alwpwra g1 o« r |t 1 4 nr hay.
1Dt m !T—l 'I'Il sfwiwla DG ¢ 10| 1 2 7 000 B
E . n - W
LD 1, (HL} r - HL) alw «i{b1 r 11D 1 F T alo [+]
LD 1, (1K s} r= (1K) (A E] « |17 OIL 101 3 H 1y ol E
Mo g : M
! .- 4 tal L
1 -
LOL(MY~d) | ro(fY+a) | ufafs -ilnli 1o |3 5 " (3]} A
. i } B v 110
i Ml d -
LMY e tHL) -y alu]n .l-i- jo 1k ¥ 1 7
LodXed),r © tikegpuer (s fapelafecn D0 ) g § ¥
| T T
! IR T O
LD Y+l ¢ ;{n"-‘|._| falejepeiateiunrgon |1 ;3 L
' RARN Pl | 4
: | & SRR
MMyt s ! {Hleg i ‘i". -lnll ;ru T T ] i h] 10
] 4 f o+ m -
1D X+ p § (Dvd)en [ ole -k-!-l-iu i1 am I 3 I
| S I > 110 110 |
'. | bpjgm 9 -
i i = [ — 1
Lo rarm » (fsg)mn | olafuinpels by migm g 5 w |
! i1 oo w0 e H
I - =
j - v =
LD A M) | A~ (BO) |- . foq 001 Dag 1 1 T
LD A, (D) | A=(DE) afwfetals ool o | H 1
DA tan) | Awian) ajafwlaejoo urose |3 ‘ 1
! - -
i - - ]
LD (B, A IBC) v A wluloaiale (D0 DDODIT | | 2 1 i
LD {DE} A I.DEJ'-A‘ - ofw o0 Did Q10 1 1 |
Loimal & | inol=a L wl®tae 00 11O DIO | 3 £ 1} ;
- -
le- & =
LD A A=l sl JIIFF L] O a [11 01 101 i 2 ¥ I
‘ ’ ul Gl 111
Loan A=R . “FH[“ ghi] 1oL Jal | 2 1 9
a1 011 111
nta |w=a alafwlwfwfalpr dJor i [ 2 1 9
: | fﬂzfm e ’
LDR, & Bea N B P TR LT T 1 .
bl fo1 Wbl 11 | |
Motws 1, st sy of e mprien A, B C, D E K L

IFF tnacontent of the Inlerupl snatle Dip-Niag UFF) | coplad infa ta 77V (Tag

Fug Notatioh!  »= flg ol affectnd, 0= Nug remt, | = fiag at, X = flag v unknawn,
F= Mag b aTucied nccording to the rwault of the cparmtian,

— - _

-

B-BIT LOAD GROLP
TAELE 7.041
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| = R -
W h!::l:l..ll I 1 el '.'.Illlr Frum | Droiey | Snim | Commaps
[EYT™ o -y w[a|ala] 2+ o0 asn by }_i: 18 '-l o
| ( -
1 - & = - =
l i Pl -J [ TR}
LK, e ] LN+ na alwierwle el m gl oy 1 " [T .3
] HE R (LA«
s
I [ [
LD Y, IY = s alafw -J» LT NVRRTT I I T M
o 100 gyl
- =
- L] -
Lo ML ey | Mo=dmani) | s ag)a)efon memie] » 1 i*
L = ) L i - -
I O
LD M, imal [y, o e #l) -‘nl. .I.* aflop 100y o ' * ] ‘
F oy o b i i i Do a1 e ]
i ; | P T—
l ] F :- R }
LD D bt | IRy + e 1) 'f'i‘ . slepin bt 1ol | 4 f »
| o« I 1 I MR T
= - [
J ' I |r'l- LI
Lo ¥, {ua) J h‘"-t-*n"- .!.. sfefrin o 4 L »
TFp = taa] ! [ 5 e
! |1 - ,
L D
iany NL | im*ll=M alw -|-i LI g Qi) 3 | H
Lmi}=L ] | ]— -
] H ‘ Ik | I ]
AD bl | fmatll i [ .]--. w1 el el 4 1 o
) o ey i Tor amo dnn
= K =
- u =
LI {mal, TX tunl}ﬂIxH sl efaiwfufi1 801 IM i s w0
‘ D-.I'-J.'IL o Ly DiQ
b » o+ | J
- § =
L famy, IT | ddwsldefy g | wlel slwl slw 10 120 1y | 4 [ k]
toay =Y, o 10g Ak ‘
- 1 =
I, S
Lo £F, KL ] rF-NL wlr -|4F- MR N‘II 1 1 &
Lo zr, tx [T} wla -l- alal by W m* 1t H "
! LA Y
Lbyr v iy *la i|o|i l*” il F] ] I
j | LU T w P
FUTH 4y in:l-n-“'_lls----'-li ot kg Fl in | & =
IS LRl WY II [T - X3
MEH & F'"“"“"“L:' -iﬂl;-f-ltm. .o » T W e
ﬂl‘-—h-—l:" Ll o 1l n alF
LM T =, rlefe|al efupel ramy . L5
l”-"""n'" [T 1] 1
MOF gy aoy e BPp | | -|~ M ELE R AR i | 1
! "y U ||-1 |
[ I N 4 u"-ﬁhj} #|w' wlwnpafal g ! 1 '} 1+
Pagetn [ P10 mm{ |
LY Fig e itrep] » .i-!-’: SEETRIERTTY B BV I b
et N R ER R LT [

Notme 42 1 uaF o the ragistm pulss B, D, 1L, 57
o haam¥ BT ChY imgheiay paary A K, MG T L
D] Ry, P4 L Ly ofr b Mgl U il e o A s o s Flintow P TPty

P W) tC aFyTa

Pl Pipaptiom 1 % 7 Bgg ot affarsied, @0 Pl e, 1 Ol i, K & Paag 18 il o,

¥l iy L il kol S Bt ol 3 L g

168IT LOAD GROUP |
TADLE F.0-2
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ma T Ma, I Ma [
ol of afT
LEasunionmic v Swcan 1o dbcHe | Diekmbands
TTEXDL RL | | | p 1t l4 ;
EX aF, AF | ! (S |
ExX) afe]ef=iais it anr 2 {1 I 4 Rughaes bomk nad
(u: g i | o B 1 yuglabar
| M LUTRE I i : Bunk vachung!
EX(SF, HL 1 K= 15k an|w -‘-!- 1ot b 5 4
LT ; Ir f ' I
CEXEPL X | st belafolojeyo|n ot 2or |2 (" \ 23
rxL-tsr: ! 1l
EX (SPL IY l"f"ui_S}-f” wlafwe]=]=]=f1l LIL IO H & i}
l‘rL-ISH i IGD D1
«.l,]
Lo IDE)y=tHLY |w|"j01 ] u‘n I el 1 4 13 :ait_nuhl:-
VE = D 18 102 oo oria i n 2l
HL = ItL+1 decramcnat 1ra by in 1
BT = ME™ | tom s (DO}
LDIR LDE) = 1HL) mie D)D) il a1 181 H ) H LHES Y O
BE = DL+ Moo oed Fg o, L | 14 ITES =y
HL =~ HL# ! r
B = B ) !
Kopdal upttl F
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’ o
LoD ey =Ly gefa| o) «fopo pr oo o2 [ T {
Dk« DE-1 ! M WOF Land
1L = HL-
B - W)
LbDN DE)~ LY |sfelv]efu]ajn oy 1 g 1 r1l 1§ Ty
DE = Dk oI G |3 4 ' HAC-10
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T Tl |
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o\
Lo ]| A = HL} sfefafafe]e a0 wonaor |2 1 1%
HL = tHie] l 10 108 001
Tl Tl
: rolei
{rir A ={HL) w[2{EER 0] % 00 a2 o H ] 1 ITBC w O x J ]
HL =L+ 1 10 1o dy | oz 1 & W =D nr A v LY
[T AT | .
R st wnid
A=glIL)ar
Mg
D |
Cro A = {HL) stefafapr)ofowae o2 1 In
L = aiL-i ' LY TR T ) l
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EXCHAMGE GROUP AND BLOCK TRAMNSFER AND SEARCH GROUR
TABLE 7.0-3
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_16-BIT ARITHMETIC GROUP
TABLE 708
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3.0 INTRODUGTION .

The ZBO Parallel 1O Circuit is a programmaoble, two port dovice which provides a TTL
compatible inlerfaee hetween peripheral devices and the 280-CPU. The CPU can configure
the ZBO-PIO 1o interface with a wide range of peripheral devices with no othor external
logic required. Typical peripheral devices that are fully compatible with the Z8G-P10 includy
most keyboards, paper tope readers and punches, printers, PROMN programmers, ete. ‘The
ZBO-PIO utilizes N channel silican gate depletion load technology and is packaged 0 a
40 pin DIP. Major features of the ZB3-PID inchude:

Two independent 8 bil bidirectional peripheral interface ports with “handshake’
data transfer controf

+  Interrupt driven ‘handshake” for fast response

. Any one of four distinct modes of operation may be selected for a port including:

Byie output
Byte input-
Byte tiditectional bus (Available on Port A anly)
Bit conirol mode
All with interrupt contrelled handshake

- Daisy chain priority interrupt logic included ta provide for automatic interrupt
vectoring without external logic

Eight autputs are capable ¢f driving Qarlington transistors
» Al inputs aned oupuets fully TTL eompatible

+  Single 5volt supnly and single phase clock required.

One of the unique leatures of the Z30-PI( that separates it from ather interface controllers
is that all data transfer between the peripheral device and the CPU is accomplished under
tetal interrupt control. The interrupt logic af the PIO permits full usage of the efficient in-
terrupt capabilities of the ZB0D-CPU during 1/D transiers. All logic necessary 1o implement a
fully nested interrupt structure is included in the PIC so thar additional circuils are not
required. Another unique feature of the P10 is thar it can be programmed to interrupg
the CPU on the occurrence of speciffed status conditions in the peripheral devica, For
example, the PIO can be pragrammed ta interrupt if any specified peripheral alarm con-
ditions should aeceur, This interrept capahiifly reduces the amount of time thit the pro.
cessor must spond nopolling penpharal status. :



2.0 PIO ARCHITECHTURL

A block dismram of the ZL0-P10 is shown in figure 2.0-1, The internal struclure of the
ZBO-PIO consists of a 2B0 CPU bLus inlerface, internal control "logic, Far: A LD legic,
Port B 1/O togic, and interrupt contral bsgic, The CPFU bus interly logic allows the
PiO to inturisce dircetly 1o the ZBC-CFU with no other exiernal logic. However, address
decoders andfor Fine butfers may be required lor loige systems, The internat control togic
synchronizes the CPU datay bus 1o the perinheal deviee interlaces (Part A and Port Bl
The two 1A ports (& and B are wirtdally identical and are used 10 interface directiy to
peripheral deviges.

P10 BLOCK DIAGRAM

Frgure 2.0-1
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The Port O logic is composed of 6 registers with “handshake™ control logic as shown in
figure 2.0-2. The registers include: an 8 bit data input register, an'8 bit dara curput register,
a 2 bit mode conral register, an 8 bit mask register, an B bit inputfoutput seiect register,
and a 2 bit mask conlrol register.

PORT 1/0 BLOCK DIAGRAM

Figure 2.0-2
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Thrr 2-bit muodde control register 15 Igaded by the CPU to select the desired aperating marle
ihyte outpul, byte input, byte bidirectional bus, or hit cantral moda), All dma transler
between Lhe peripheral device and the CPU is achieved through the data input and data
cutnut reqisters. Data may be written inta the culput regisier by the CPU or read back to
the CPU drom the it cegister at any time, The hamdshuke lines associated with each port
are used to control 1the data transfor between 1he PIO and 1he peripheral device,

The 3-bit mask register and the B-bit inputfoutput seleet register are used only in the bit
gontrol mode. In this inode any of the 8 peripheral data or contral bus pins can be prog-
rammet to be wn input or an output as specilied Ly the select register. The mask register
is used in this mode in canjunction with a special interrupt feawure. This feature 2llows an
interrupt 1o be generated when any or all of the unmasked pins reach @ specified state
feither high or lowl. The 2-bit mask control register specifies the agtive state desired {high
or low} and il the inwereupt should be genaerated when all unmasked pins are active [AND
condition} or when any unmasked pin is sctive {OR condition). This feature reduces the
reguirement for GPLU stalus checking of the peripheral by aliowing an interrept to be auio-
matically generated on specitic peripheral status comditions, For example, in a system with
3 alarm canditions, an interrupt may be gencrated if any one occurs or if all three occur.,

The interrupt controt [ogic section handfes all CPU interrupt protocol lor nested priority
interrupt struciures. The priarity of any dJevice is determined by its physical location in a
daisy chain configuration, Two lings are prowided in each PIO to lorm this daisy chain, The
device closest 1o the CPL has the highest priority. Within a PIO, Port A interrupts have
higher pricrity than those of Fory B, Ia the byte input, byte ouipd? or bidirectional modes,
an interrupt can be generated whenever a new byte transfer (5 requested by the peripheral.
v the hit control minele an interrupt can be yonerated when the peripheral statas matches a
proyrammed valua, The PIO provides {or complete contral of nested interrupts. That is,
lower priority devices may not interrupt higher priority devices thut have nat had their
interrupt service routine completed by the CPU. Higher priority devices may interrept the
servicing of lower priority devices.

When an interrupt is accepted by the CPU in mode 2, the interrupling device must provide
#n B-bir interrupt vectoe for the CPUL This vector is used to form a pointer to 7 location
in the computer memory where o address of the interrupt service routine 1s Incated.
Tha 8-bit vector from the interrupting device forms the least signilicant 8 bits of the indirect
pointer while the | Register in the CPU provides 1the most significant 8 bits of the pointer,
Euch port A and B} has an independent interrupt vector. The least significant bi1 of the
vector s automatically set to a & within the PIQ since the pointer must puing 1o two ad-
jacent memary locations for a complete 16-bit address,

The PO decodes the RETI (Return from interrupt} instruction dircctly from the CPU data
Lus so that each PIQ in the system knows at all times whether it is being serviced hy the
CPU-interrupt service routine without 2oy other communication wilh the CPL,

4



3.0 PIN DESCHIFTIGN

A thageain of the 280-Fi0 pin eantivmation is shown in figyre 370-1, This section deseribes
the function of each jun. )

D7-0p

B/A Set

£/0 Sel

ZB0-CPU Data Bus itidireenonal, tristals)
This bue is used 10 transfer all data and commands betwean the Z80-
CPL anck the ZBO-PIO. Dy is thu feast sieniticant bit of the bus.

Part B or A Select linput, aclive high)

This pin defines which port will Le accessed during a data transier bet-
ween the ZBD-CPU and the ZB0-PID. A low level on this pin selects
Port A while a high level selects Port B, Often Address bit Ag from the
CPU will be used for this seleetion function.

Control or Data Select {input, active finh)

This pin defings the type of dala transfer to be performed bwiween the
CPU and the PIQ. A liigh level on this gin during & CPL write to the
P10 causes the 280 data bus 1o be interpreted as @ command far tha
port selected by the B/A Select line, A law level on this pin means that
the Z80 data hus is being used to transfer data betwecn the CPU arcd
the PIQ, Often Address bit Aq from the CPU will be used for this func-
tion.

Chip Enable (input, active low)

A low level o this pin enahles the PIQ 1o accept command or data
inputs from the CPU during a write cycle or to transmit data to the
CPU during 2 read cycle. This signal is generally a decode of four
/0 port numbers that cncompass port & and B, data and control.

System Clock{input!
The Z80-PIQ uses she standard 280 systam clock to synchronize certsin
signals internaliy. This is a single phzse clock.

Maching Cycle One Signal from CPU finput, active low)

This signal from the CPU is used as a sync pulse 1o contral several
internal PIO operations. When M1 is agtive and the RD signal 1§ active,
the ZBOD-CPU is fetching an instruction from memory. Conversely,
when M1 is active and IQRQ 15 active, the CPU is acknowledging an
interrupt. In addition, the M1 signal has two other functions within the
Z80.P10.

1. M1 synchronizes the PIO interrupt fogic.

2. When M1 occurs without an active RD or {ORQ signal the
PO lapic enters a reset state.

Input/Ouinut Request from 280-CFU (input, active law}

The 10RO signal_is used in conjunction with the B/A Select, C/D
Select, CE, and RD sicnals 1o transfer commands and data bevween
the ZBG-CPU and the Z50-P10. When CE, RD ard TONQ are active,
the port addressed by B/A will transfer data to the CPU { a read! oper.
ation). Conversely, when CE aned JORQ are active but RD is not active,
then the port addressed by B/A will be written into from the CPU with
either data or cantrol information 2« specified by the C/D Sclect signal.
Also, if IORQ and M7 are active simulianeously, the CPLU is ucknow-
ledging an interrupt and the inturrupting pert will antomatically place
its imerrupt vector on the GPU data bug if it is the Pighest device re
questing an interrupt.
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A RDY

Rea Cycle Status from the ZB0-CPU {input, active low]
It RO is active a MEMORY READ ar I/Q READ operation is in prog-
ress. The RD signal is used with B{A Select, $/D Selegt, TF and TORO

signals to transfer data from the ZBU-PIO 10 the Z80-CPU.

Interrupt Enabte In {input, active high}

This signal is used to fonn a priority interrupt aisy chiin when mora
than one interrupt driven device is beiog used, A high hevel on this pin
indicares that no owher devices of higher priviity are being serviced
by a CPU interrupi service routine,

tnterrupt Enahle Cut foutput, active high}

The IEQ signal is the other signal recuired 1o form a daisy chain prie-
rity scheme. [t is high only if 1E] is high and the CPU is not scrvicing
an interrupt troin this PIO. Thus this signal blocks lower priority de-
vices from interrupting while a higher prigrity duvice is being servicad
by its CPLY interrup service routine.

Interrupt Request {output, open drain, active low)
When INT is active the Z80-PIC i3 reguesting an nterrept freem the
ZBO-CRU,

Port & Bus {hidirectional, tri-state)

This 8 bit bus is used to transfer data andfor s1atus or control infor-
mation between Port A of the ZB0-PID and a peripheral device. Ag
i the least significant bit of the Port A data bus.

Port A Strobe Pulse from Periphoral Device {input, active low)
The meaning of this signal depends on the mode of operation selected
for Port A as follows:

1} Output made: The positive edge of 1his strobe is issued by the
peripheral o acknowledge the receipt of data macde availalile by
1he PIQ.

2} Input mode: The strobe Ts issued by the peripheral (o load data
fram the peripheral inte the Port A inpuot register. Bata is load-
ed it the PIO when this signal is active,

3}  Bidirectional mode: When this signat is active, data from the
Port A output register is gated onto Port & bidirectional data
bus. Tie posilive edge ol the strobe acknowledqes the receipt
of the data,

4]  Coniral mode: The strobe is inhibiled internally.

Reqgister A Ready {output, active high)
The meaning of this signal depends on the mede ol operation selvcted
for Port A as follows:

17 Qutput mode: This signal goes active to indicate that the Part
A cuput register has boen lgaded wd the peripheral daty bus
13 stabde and roady for transler to the peripheral device,

2} Inpot mode: This signal is active when the Pore A input register
is empty and is ready 1o aceept ata from the peripheral device.

31 Bidirectional mede: This signal is active when data is avijlable
in Port A output regisier {or transfer 10 1he periphoral device,
tn_this mode data is nol placed o the Part A data bus unless
A STH is active.
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BRDY

4)  Contrat mode: Tivg sigral is disabled aoegd foreed to a low state,

Fart & dus thitireetional, trsinto)

This 8 bit vus 15 Usert 16 1ransler dna and/or status or canwol infar
malion hetveeen Porl B ot the PO and a periphe &l device, The Part @
data Lus is capable of supplying 1.5ma@ 1.5¢v e drive Darlington
tansistoes. Br s the least significant bit of the bas.

Port B Strobe Pulse from Peripberal Cevice {input, active low)
The muaning of this signal is similar to that o} A 518 with the folloyv-
ing excention:
in the Port A Lidirectional mode this signal strobes data from the
peripheral device into the Part A input register,

Register B Ready foutput, acove lighl

The meaning of this signal is similar to that of A Ready with the follov.

ing oxceptian.,
In the Port A Lidirectional mode this signal is hinh when the Purt A
input register s cmpty and reacly to accept data from the peripheral
device.

PIO PIN CONFIGURATION

Figure 3.0-1
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4.0 PROGRAMMING THE PIO
4.1 RESET

The Z8O-PIO automaticatly enters a reset state when power is applied, The reset state per-
forms the Following lunctlions:

11 Both port mask reqisters are resel ta inhitxit all port data bits.

2} Port data bus lines are set to a high impedance stale and the Aeady "handshake'’
signals are inuetive (low). Modo 1 1s automatically selected,

31 The vector address registors arg not reset.
4] Bath porl interrupt enable flip flops are reset,
£}  Both port autput registers are reset.

In addition to the automatic power on reset, the PIO can be rese: by appiying an K signal
without the presence of @ RD or I[ORQ signal. If no AD or TORQ is detected during Rl
the PIO will enter the reset state immediately afier the M1 signal goes inactive, The purpase
of this reset is to allow a single external gate to gencrate a reset without a power dawn
seguence. This approach was required due to the 40 pin packaging limitation, tt is recom-
mended thet in breadboard systems and final systems with a "Aeset’” push butten that a
M1 reset be implemented for the PiQ.

1408

.' CEU HESET —
. — PIC M1
£PU M1

A software RESET s possible as described in Seclion 4.4, however, use of this method
during early system debuy may not be desirable because of non-functional system hardveare
(buts buflers or memory far examplea). .

Once the PIO has entered the internal reset siatw it is held there until the PIO receives o
control word from the CPU,

4.2 LOACING THE INTERRUPT VECTOR

The P10 has been designed to aperate with the ZB0-CPU using the madn 2 interrupt res-
ponse. This mode wequires that an interrupt veelor be supplicd by the interrupsting device.
This vectar is used {3y the CPU to lorm the address {or the interrupt service routine af that
port. This vector is placed on the 280 data bus rluring an interrupt acknowledge cycle by
the highest priority device requesting service at that time. {Refer 1o the Z80-CPU Techmical
Manual for details en how an interrupt is serviced by the CPU). The desired interrupt
vector is loaded intoe the PIO by writing a contrul word to the desited port of the PIO with
the following format:

D7 DG o5 ba D3 D2 D1 Da
V7 VG Wi v V3 w2 W1 An

L]
A-/;ig nifics this contiol =ard

it an interrupt vector




DO ts wecd ot = o oy ey it oo nywdrn low edsn VYT thee VI to B loadct into the
weelor tegister A4 maerrppt actnowdndye Tiee, the veCtor of (he interrupting part will
appear 2 the Z80 data bus esscliy 2z 2hoswn in the format nbove.

»
'

4.3 SELECTING AN OPERATING MODE

Purt A of the PIQ may be operatue in any of our distinct modes: Mode 0 foulput mode],
Meele 1 {input model, fMode 2 {bidirectional madel, and Mode 3 fzontrol mode), Hiote
that the modo nurbzers have buen selegwed for mnemonic significancze; ie. 0-0Out, 1=1a,
2=Bidirestional. Port B can aperate in any of these modos except Mode 2. )

The made of pperation must Le established by writing a contral word to the PID in the
following farmat:

D7 D6 05 D4 n3 D2 o1 0o

1 R X X i 1 1 ) hI X=umied it

'\a—a-\‘FH b \,\—-— —

maoda word stntifies made ward (0 be fet

Bits D7 and DG from the binary code for the desired mode according ta the following
table:

o7 1) MODE

0 ] 0 foutpurl

1] T 1 {inpul|

1 [} 2 {tiditcctional)
1 1 3 {conuol

10

Bits D5 and D4 are ignered. Birs D3-D0 must be set 1o 11171 1o indicate *Set Mode',

Selecting Mode O enables any data written to the poit output register by the CPU ta ke
cnabled onto the port dota bus. The contents of the output register may be changed at any
time by the CPU simply Ly writing a new data word to the port, Also the current contents
of the output register may be read back to the ZBO-CPU at any 1ime through the execution
of an input instruclion, : -

with Mode O active, & data wrile frem the CPU causes the Ready handshake line nf that
pont (o oo high 10 notify the peripharal that data is available, This signal reqmains higs unril
a strabe is received from the puripherat, The rising edae of the strobe generates an intecrept
{if it has been enabled) and causes the Ready line to g inactive. This very simple handshake
is similar to that used in many peripheral devices.

Seiecling Mada 1 puts the part inte the inpat mode, To start handshake operation, 1the CRLY
merchly perfooms an input readd operation from the port. This activates the Ready line to
the peripheral 1o signify that data should be loaded inte the ernply input register. The peri.
plural device then strobes data into the poart mput cegister using the strabie e, Again, the
rising cdge of the strobe causes an interrupt request fil 11 has been enabled) ane dooclivares
the Reatly signil. Data may be strobed inlo the sput register regardless of the state of
the Ready signal if care is taken 1o prevent a datas averrun condition.

Mode 2 is a hidirectional data transier mode which ases all four handshiuke Vines, Thorefore
anly Port A may be uscd for Mode 2 oparation, Motle 2 operation uses the Part A hang-



shake sitnls for output control and tha Pert B handshake signals for input control, Thus,
bBaoth A BDY and B RIDY may be active simulianeoasly. The only operational diflerence
belween Mode O and the oulput portion of Muode 2 is that data from the Port A outnut
register is allosvedl on to the port dlia bus only when A 5TB is active in order to achieve 2
bidirectional copability,

Mode 3 eperation is intended for status and control applications and does not utilize the
handshake signals. When Mode 2 is selected, the next control word sent 1o the PICH must
define which ef the port data bus lines are 10 be inputs and which are outputs. The fanmua
of the contral word is shown below!

o7 DE bG D4 o3 Dz o1 o0

W07 | 4Og | 10/5 | 1/0q | 1Oz | WOz | MOy | 1/Og

If vy bit is set to a one, then the corresponding data bus line will be used as an input.
Conversely, il the bit is reset, the ling will be used as an output.

During Mode 3 operation the strobe signal is ignored and the Ready line is held fow, Data
mmay be written to a port or read [rom 2 port by the Z80.CPLJ 2t any time during Mode 3
operation. {An exceptian to this i$ when Port A is in Mode 2 and Port B is in Moie 3).
When reading a port, Lhe data rewrned to the CPU will be composed of input data from
pport data bus lines assigned as inputs plus port ouiput regisler data from those lines assignet
as outputs.

4.4 SETTING THE INTERRUPT CONTROL WORD

The interrupt control word for each port has the {ollowing farmat:

o7 D6 [¥5 D4 03 D2 D Co
Enable | 4 Hight fdashs
Interrupt uHDI L:M Follavs o ' 1 1
L - % 4

A a4
usad i Mowle 3 onby  sigimilies interrgpt control werg

1f bit D?=1 (he interrupt enabln lip flop of the port is set and the port may generate an

interrupt, If hit D?=0 the enabie flag is resel and intarrupts may not be generated. [ an
inferrupt occurs while D7=0, it will be latched internally by the PIOD and passed onto the
CPU when PIO Iraerrupts are Re-Enabled {D7=1}), Bits 56, D5 and [3-} are used mainly with
hMade I operation, however, setting bit DA of the interrupt contral word during any mocle
of aperation will cause a pending interrupt to be reset. These three bits are used 1o allow
for interrupl operation in Mode 2 whgn any group of the {/0 lines go to certain defined
states. Bit 06 {AND/OR) delines the logical operation to be performed in part maonitoring.
' bit DG~1, and AND lunction is specificd and 1} D620, an OR linclion is specified, Fa
exaraple, if the AMD function is specilied, all hits mwust yo o g specificd state belure an
interrupl will be generaied while the OR funcrion will genecate an inlerrunt i1 any speci Tied
bit goes 10 the aclive state.

Bir D5 defines the active palarity of the port data bus line to e monitored. 1§ bit D5=1
tha poit dita lines are menitored lor o high state while i DS=0 they will e monitored
for a low stale,

1"



1F it D=1 ke next canred weard sent 10 1he PIO most Jedine oo rmosk as follows:

—

oz 3 15 D4 [#K] 02 &1 00

MBy MBg | MB8g MEg ME3 | MOy May | MBy

Only those port ines whose mask bit is zero will be menitored for generating an interrupt.

The interropt enalie tlip flop of a port may be set or reset without modifying the rest of
the interrupt contial word by using the foillowing command:

e

Int
e < [ o5 T~

If an external Asynchronous interrupt could occur while the processor is writing the disatic
word 1o the PIO (03H] then a systemn problem emay occur, If interrupis are enabied in tha
procassor it is possible that the Asynchronous interrupt will occur while the processor is
writing the disatile word to the PIG, The PO will genarate an INT and the CFU will acknow.
leclge it, howaver, by this tima, the PO will have received the disable word and de-zetivated
its interrupt structure. The result is that the P10 will not send in its interrupt vector during
the interrup acknowitedge cyele because 11 15 disabled and the CPLU will fetch an erronecus
veotor resulting in a program fault. The cure for this prabslem is to disable interrupts within
the CPL witli the DI instruction just before the PIO 15 disabled and then re-enable interrupts
with the El instruction, This action causes the CPU to ignore any faulty interrupts proguced
by the PIO while it is being disabled. The code sequence would be:

LD A,03H

Dt : DISABLE CPU
QUT {FIOLA ; DISABLE PI1O
Ei ; ENABLE CPU



50 TIMING

5.1 QUTPUT MODE (MODE 0

Figure 5.0-1p iflustrites the timing associated with Mode O operation. An output cycle is
always started by the exccution of an sutput instruction by tho CPU. A WR® pulse is
generatet hy 1he PIO during a CPU {0 write operation and is used tG [ateh the dota from
the CPU qlata Lus ino addressed port’s (A or B} ocutput register. The rising eclge of the
WR* pulse then raises the READY line after 1he next falling edge of I to indicate that
dlata is availalle for the peripheral dovice. In mast systems, the rising edge of the READY
signal ean b used as a larching sianal in the peripheral device. The READY signal will
remain active until & positive edge is received from the §THOLE line indicating that the
peripberal ias taken the gata shown in Figure 5.0-1 5.0-1a, If already aclive, READY will be
forced low 1% < cycles after the falling edge of TORQ if the port’s output regisiar is written
inta. READY will return high on the first falling edge of 1 after the rising edge of IORQ
as shown in figure 5.0.15, This action guaraniees that READY is lew while port data is
changing and (hal 2 positive edge is generated on READY whenevar an Quiput instruction
15 execulog,

MODE O {QUTPUTITIMING MODGE 0 {OUTPUT) TIMING
Figurn .0-1a Figure 5.0-1b

12 1w T n
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READY N - * REALDY
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Wit - 0D CE - o0+ IO ¥ArTwD: CF- &0 - IGRY

By conneciing READY 10 STHUBE 3 pusitive pulse with a duration of one ¢lock periad
can be grented as shewn in Figure 5.0-1e The positive_cdge of READY/STROBE will not
generale an interou)d bogause the positive portion of STROBE is less than the width of F41
and a5 such will notl tencrate an inteniupt due Lo the internal logic confliguration of the
FIO,

[f the PICY is not in o teset stabus (e, a contral modo as bheen selecied), the output register
may be loaded before Mode O is selected, This allows port output lines to become active
in a user defined state. Far example, assume the outputs are desired to becomne active in
a logic one state, the lollowity would be the initialization sequence:

a) PIQ RESET

b} Load Interrupt Wector

c} Seleet Mode 1 {input) lzutomatic due re RESET)

d} Wrile FF to Data Port

el Sclect Mode 0 [Qurpuets qo 1o 175"

fi Enuble Interrypd if desired

13
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5.2 INPUT MCDE (MODE 1]

Figure 5.0-2 illustrates the timing of an input cyele. The peripheral initiates this cycle using
The STROEE line atier the CPL has performed a data read. A low level an this line loads
data into the port input register and the rising edge ot the STROBE line activates the
interrupt request line (INTY if the interrupt enable is set and this is the highest priority
requosting device., The next falling edge of the clogk hine {] will then reset the READY
tine to an inactive state signifying that the input registar is full ang furiher toading must be
inftibited until the CPU reads the data. The CPU will in the course of its inferrupt servics
routing, read the data from the interrupiing port, When this oteurs, the positive edge from
the CPU RD signal will raise the READY Line with the next |ow geing transition of &,
indicating that new data can be loaded inta tha PIO.

Since RESET causes READY to go low a dummy Input instruction may be needed in some
systems 1o cause BEADY 10 9o high the first {ime in arder 10 start “handshaking ',

MODE 1 {INPUT) TIMING

Figure 5.0.2a ' Figure 5.0- 2ty

i
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I alrearhy ;mlimMEADY will Lbe forcod low one and one hall 3 periods Tollowing Lhe
falliny adye of IORQ during a read of a PIQ port as shown in Figure 5.0-2b. 1f the user
strebies data into the PIO only when READY is high, the forced state of READY wall
prevant input register data’ from ehanging while the CPU is reading the P1O. Head!.r will
ao high again after 1he rising edge of the 10RO as privigusly descriled.



6.3 BIDIRECTIONAL MOULE {(MODE 2)

This moide is merely o combination of Mode 0 and Mode 1 using all four handshake lings.
Since it requires all four haes, il is available oniy on Port A, When this mode is used on
Port A, Port B must he set 1o the Bit Control Moade. The same interrupt vector will be
returned for a Mode 3 interrupt on Port B and an input transler interrupl during Made 2
operation of Porl A, Ambiguity is avoided il Port B is operated in a polled mode and the
Pary 1§ mask register i5 set to inhabet afl bits,

Figure 5.0-3 itlusirates the tming for this mode. [0 is alimast identical to that previously
described for Mode O and Moddz 1 with the Port A handshake lines used for output control
andd the Port 8 lings used lor input contral; The dilference between the two maodes is that,
in Mode 2, data is allowed out onto the bus ouly when the A STROBE is tow. The rising
edge of this strobe can be uscd to lawch the data into the peripheral since the data will
remain stable vntil alier this edge. The input pantion of Mode 2 operates identically to
Mode 1. Mote that both Part & and Port B must have their inwerrupts enabled te achieve an
inteoopt driven bidirectional transfer.

PORT A, MODE 2 {BIDIRECTIONAL) TIMING

Figure 5,
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The peripheral musl nol gate data onto a por| daia bus while & 5TB is active. Bus con-
tention is avoided il 1he peripheral uses B B ST8 to gate input dala onto the bus. The PIO uscs
the B 3 SIB low level (o sample this data, The P has heen desicned syith 2 zerg hold time
reuirement for the data when latching in this mods so that this simnle gating structore can
be used by the peripharal, That is, th_t}l!gln cin be disabled from the bus immediately alter
the strabe vising edye. Note that if A S5TU is low during & read operation of Port A {in res
ponse 1o a B STH imerrupt} the data in the autpul register will ba read by the CPU instoead
of the correct data i the data input rut_;lsu-_r_'il_ﬁg_currem data is [piched in 1he input rogisier
it just cannot Le read by the CPU while A STB is low. !f Ihe A STH signal could o low
during a CPU Read, it should Le ttocked from reaching the A 5TB B _input of the PID whila
BROY i5 low {the CI'U read will cccur while BRDY s Iuw as the RD signal returns BROY
high).



54 CONTRCL MOQODE (MODE J)

The control mods dees nat utiliza the hangshake sinals znd 2 normal port write or port
tead can te executed at any tima. Wehen writing, 1he data-witt be fatched into output rogi-
sters with the same timing a8 Mode 0. A HDY will he forced low whenever Port A s ope-
rated in Mode 3. B RDY will Le held low wheneeer Port 8 is aperated in Mode 3 unless
Port & isin Mode 2. 1o the o0 case, the state ol & BDY will not be affected.

When reacling the PIQ, the data returned to the CPLU will be composed of output reqgister
data from those port dala hines assigned as outputs and input register data frem those port
data lines assigned as inpuls. The input register will contain data which was present immed-
iately prior 1o the falling edge of RD. Sec Figure 5.04,

MODE 3 TIMING
*Figure 5.0.4a
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A interrupt will be qenerated if interrupts from tha port are enabled angl tho data on the
port data lines satisfivs the logical equation dufingd by the 8bit mask control registers.
Another interrupt will nhot be generated untl a change occurs in the states of the logical
equation, A Mode 3 interrupt will be gencrated only it (e result of a Mode 3 luyical apar-
ation changes from talse to true. For example, assume that the Mode 3 loagical goustion is
an “OR " funcrion. An wiimasked port data line becomes active and an interrupt is requested,
If a second unmasked port data ling becomes active concurrently with the first, o new
interrupt will not be requested sincg & change in the result of the Mode 3 logical operstion
has not occurred. Note that port pins deflined as outputs can contribute to the logicat
equation il their bit positions are unmagked.

If the result of a logicat operation becomes troe inunedictely prior to or during M, an
interrupt will e requested aher the trailing edgs of M1, provided the logical gquation re-
mains true after M7 relurns high.

16



Figure 5.0-41 is an examnple of Mode 3 interrupts. The port has becn placed in Mode 3
and OR logic selucted aml signals are defined 1o Le high, Al ot Lits AG and A1 urg masked
aut znd are nol moniored Wereby ereating a two input ppositive logic OR gate la the
timing diagram AD is shown geing high a3nd creating an inferrupt’ {INT goes low) and the
CPU responds with an interrupt Acknowledge cyele [INTA), The PIO port with its interruept
pending sends in its Vector and the CPU goes off into the Interrupt Service Routine. AQ is
shown guing inactive eithar by itself or perhaps as a result of action 1aken in the Interrupt
Service Routine (making the lagical egquation falsel. An arrowe is shown at the point in time
whore the Service RBouling issves the RETE instruction whiclh clears the PIQ interrupt
strugture. A1 is next shown going high making the lomcal equation-true and gengrating
another interrupt. Two imponant points need to be made from this example;

1] A1 must not go high belore AQ goes low or elsg the logical equation will not go
false — a requirement for A1 10 be able to generate 3n interrupt. '

2} In order for Al 1o generate an interrdpt it must be high after the RET issued
Ly AD's Survice Routine clears the P10 Interrupt structure. I other words, 1f
AT wers A positive pulse that occereed altor A0 wint Tow (1o make the eguation
false} and went low betare the RETI had cleared the Intercupt Strugture it would
have been missed. The logic eguation must become faise after the INTA for
AQ's service and then must be true or go crue alter RET! clears the previous
interrunt for another interrupt to occur.

MODE 3 EXAMPLE
Frgure 5.0.dh
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6.0 INTCRRUPT SEAVICING

Some Lime ofter an interrupt is regquostad Ins the PIQ, tha CPU will send 2ul an interrupt
acknawledge (M1 and [OROQL During this tine the interrupt logie of the P10 will dewomine
the highest pricrity port which is reguetting an interrapt. (This is simply the cevice with
its Interrupt Enable fnpot high and its Interrupt Enable Ouiput low), To nsure that the
daisy chain enable lings siahilize, devices are inhibited from chanaing their inlerrupt request
status when RM1 s active. The highest prigrity device places the contents of its interrupt
vector reqister onto the 280 data bus during intetiunt acknowledye.

Figure 6.0-1 illustraies the timing associated with interrupt resuests. During M1 time, no
new intorrupt requests can bg gengrated, This gives time for the Int Enable signals Lo ripple
thraugh up 1o four PIQ circuils. The PIO with [EI high and 1EQ Tow during INTA will place
the 8.Lit interrunt veclor of the appropriste port on the data bus al this time,

tf an Tnterrupt requested By the PIO is acknawledged, the requesting port is ‘under service’,
1EQ af this port will remain low until a return fram inerrept instruction (RETH is execuied
while 1E1 of the porl is high. I an interrupt request is nol acknowledged, FEQ will be forced
high for one M1 cyele after the PIO decodes the opeode "EDY, This action guarantees that
the two byte RETI instruction is decaded by the proper P13 port. See Figure 6.0-2,
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Figure €.0 3 illustrates a typical nested interrupt sequence that could occur with four ports
connected in the daisy chain, 1n this sequence Port 2A retuiests and is granted an inteesoat,
While this port is being serviced, a nigher priority port (1B] requests and 5 granied an
inlerrupt. The service rootine for the higher priority port s campleled and a8 RET! inst-
raction is executed fo indicale 1o the port that its routine 1§ camplate, At this time 1ha
service routine of the lower pricrity port is completed.
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OUTPUT LOAD CIRCUIT TEST #omn
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se guarda el c6digo en una tabla,

Al encontrarse este RSTB, los registres del® Z0 seiguar-
dan en el mapa de registres, para ser analizados., El uso
,de la,tecla.paso_a paso {(single step), cancela todos'los
'Breakpﬂ@qts:‘ : . . N -+

-

* Tecla paso a paso (single-step)
Esta tecla, le permite al usuaric ejecutar unaiinstruccién

a2 la vez,de programas que estdn en desarrollo, de esta mane-
; " PR

- L

ra poder interrogar el Status completo del CPU,

* Tecla ejecutar

S B N
Esta tecla, ordena al CPU comenzar la"ejecucién del progra
ma del.usuario en la localidad que se especifique o en la —-

que est& apuntando el contador de programa.



~ MAPA DE MEMORIA -

LN
=

anao

28008 NO USADA
27FFH RAM USUARIO
2400 H 1 K BYTE
23FFH TABELA DE BREAKPOINTS
23CIH Y MEMORIA DE TRAZADO DEL
CPU
23COH MAPA DE REGISTROS
23A9H
23A8H AREA DEL STACK
23904
238F
RAM USUARIO
. 2000
1FFEH NO USADA
1800
17FFH PROM 2
1000 #
OFFFH
PROM 1
0800H
07FF

2BUG MONITOR




DECODIFICACION DE PUERTQS,

Los puertos de entrada y 5alida,'se encuentran. total-

mente decodificados.

DIRECCIQON DEL PUERTO DISPOSITIVO
g0H - 83H ‘ z80 ~ P10
B8H - BBH SEGMENTOQS
BECH - BFH DIGITOS
P 10O
BOH PA DATA REGISTER
81 PB DATA REGISTER
B2 PA CONTROL REGISTER

B3 B CONTROL-REGISTER



CJEMPLO 1:

Escribir al despliegue,

El siguiente programa mueve el cardcter 8 de derecha

a izguierda, a lo large del despliegue,

ORG 2000H; Punto de Entrada
D20ms EQU 064FH:Subrutina para retraso de
28milisegundos -
SEGMEN EQU B8 ;Puertoc gue selecciona seg-
mentos
DIGITO EQU 8CH Puerto gue selecciona el dI
gito
/
HDNITQﬁ EQU 6§68 7Reentrada al monitor
LD A, O0H
ouT {Segmen) At Activa todos los seg -
mentos
LD H,QLlH
LOOF ] QuUT {qigito},AfSEleccicna Primer digito
CALL D20ms

CALL D2D0ms

CALP D20ms



3

CALL D20ma
- —EAEL -~ D20ms ' ; Retardo de aprox, 100ms
RLCA ; Roetacidin al siguiente digito
JR LOOP : Regresa

= INTERRUPCION POR Fl0 -

2000 3E 2@ _ LD A,21RH
2002 ED 47 LD I,A inicializa I = 21
2004 JEQO0 LD A,B0
2006 DE 82 CuUT {82H} ,A Vector de Interr.
V7 VeV5SVWaAvViIVvV2VlD
2008 JE4F LD A,4FH;P10 Modo de operacidn
Entrada OQlXXTTIIJ]
200a D382 QuUT {82}, A
200C 3EB7 . LD A,B7H Interr. control MODE
[1xxx,0111]
200E Dlaz2 ouUT (82),A
2010 . ED5E 1M 2 Modo 2 de interrupcién



2012
2013

2100

2200

2201

FB EI Habilitar interrupcisn

16 HALT

TABLA DE SERVICIO DE INTERRUPCION

0022 :

Apunta a la Direccitin 2200

RUTINA DE SERVICIO DE INTERRUPCION

- e e -

ED4D RETI iRegreso de interrupcidn
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Ensamblador:

La mayoria de les microprocesadores que se encuentran en el mer
cado tienen como scoporte de programacidn proygramas gque faci%i-
tan al usuario la tarea de intrgducir y ejecutar Sus prugramés,
entre €stos se tiene a monitores, editores, ensambladores, tra-

ductores, intérpretes y compiladores. *

El proptsite de estp platica serii ¢l conocer la actividad del -

programa llamado monitor ¥ la del ensamblador.
Monitor:

Un moniteor mnos permite por lo regular introducir cdédigo a2 meme

ria, desplegarle en algiin tipo de display, cambiarlo, aumentar-

lo o reducirle, copiarle de una seccifn de memeria a otra, chser
var el contenido de 1los registros del sistema, agregar puntos

de ruptura {break points) para monitorear al programa y por fil-

timo ejecutarlo a partir de una direccién dada por el usuario,

Este programa (per lo regular pequefio) recibe de un teletipo o
pantalla comandos de un caricter, y consta de alpunas rutinas
de utileria para apeyar en cierto modo al usuario. Por ejemplo:

conversidn de cbdipos ASCIJ-BCD, BCD-ASCII.

LLa entrada comunmente se tealiza introduciendo en ASCII el pro-
grama en c&digo de miquina, representacién hexadecimal, las ri-

tinas de apoyo traducen el ASCIT al hexadecimal correspondien-



te (representacibn interna), ocupando 4 bhits de cada caricter.
Una vez terminada la insercién del programa, &ste puede ejecu-—
tarse. Esta labor es compleja ya que el usuario cada vez intro
duce todo el ctdigo del programa en forma numérica, lo cual in-

crementa la posibilidad de falla,

Ensamblador:

El programa ensamblador surge de la necesidad de facilitar la

interfase entre hombre-méquina. Varios son sus propdsitos pero
quizfs el mis importante es el de facilitar la escritura y che-
queo del {lujo de un programa, yva que la entrada al ensambla-
dor se realiza utilizando mneménicos ficilmente reconocibles y
memorizables por el usuaric en lugar de los cBdigoes de miquina

correspondientes.

Varias son las rutinas que integran al programa ensamblador, la
primera denominada scanner lee una linea de cfdigo revisando
formato previamente establecide. (Libre o fijo) pudiendo dis-

criminar c8diges vilides de etiquetas.

Una etiqueta simplemente representaz el nombre de una direccifin,

a la que, durante el desarrclle del programa se har3 mencifin.

La segunda rutina tiene como finalidad la formacién del cbdigo
correspondiente al mnembnico de entrada dejando 1libres las lo-

calidades que requieran posteriormente ser resueltas.



5.3 WRITING TO THE DISPLAY
-
The following program causes the character "B8" to nove

from right to left across the display.

2000 73T 00 LD  A,00H

2002 D3 88 DUT  (B8H),A  ;ACTIVATE ALL SEGMENTS
2004 3E 01 LD A,01H

2006 D3 8C LOOP: QUP  (BCH),A. SELECT FIRST DIGIT
2008 CD 4F 06 CALL D20MS

200B CD 4F (6 CALL D20MS

200E CD 4F 06 CALL D20MS

2011 CD 4F 06 CALL D20MS

2014 CD 4F 06 CALL D20QWMS :DELAY APPROX 100MS
2017 07 . RICA : {ROTATE TO NEXT DIGIT
2018 18 EC JR  LOOP-$  ;LOOP BACK

Enter the program and Execute address 2ﬂ00.1 Use MON
key to return to ZBUC., This is not a good program to Single
Step through, as the 3inzle Step routines use the display which

degtroys the "B" character leoaded in the first two instructions,

5-4 INTERRUPT DRIVEN DELAY

The following program uses Channel zefo of the Z8O-CTC
to interrupt after a fixeé delay, rather than th& software
timing loop (D204S) used in the previous example, This pro-
gram uses the Z80 Mode 2 interrupts in which the interrupting

cevice sends in a vector during the Interrupt Acknowledge

5-7



La labor .e zmbas rutipas se apoyaz en tablas de informacidn, la
primera los cBGdipos de traduccién de mneménico a cddigo de mé-
quina, la segunda (tabla de etiquetas) lleva el Tecuento de las

direcciones a las que se ha asignadeo un nombre especial o sea

el nombre etiqueta.
- * '
En general la mayoria de los ensambladores leen varias veces
(2 veces) el programa escrito en mnemdnicos para completar afue
llas lecalidades que en pasos anteriores no pudieron ser resuel

tos. A esta actividad 1a bibliografia se refiere como nimero

de pasadas del ensamblador,. -
A continmpacifn se muestra la salida del ensamblador habiende

ensamblado correctamente un programa cualquiera.
En los listados anteriores observamos la salida del programa en

samblador, en ella 1z primer columna nos indica 1la direccién £f%
sica en donde fueron ensamblados.los cbddiges de miéquina de la
segunda columna, los que ha su vez corresponden a los mneméni—

cos utilizades por €1 usuario, en la misma linea del programa.
Errores:

.Dtra rutina del programa ensamblador 2 1la cual puede llamarse en
cualquier instante es la rutina de error laz cual contabiliza los
errores del usuario haciéndocelo saber al final. Son errores:
la inclusidn de mnembnicos no establecidos, la definicién de eti
quetas fuera de la sintaxis aceptéda, los saltos o llamadas a

subrutina.a etiquetas inexistentes, etc.

A continuacifn se analizarin los siguientes programas con la fi-
nalidad de introducirnoes a la programacién con los mneménicos del

sistema Z-80, estos programas ser&n explicados en el curse.



Accumulator ia rotated left once each time the break-

peint is encountered.

1 INTERRUPT DRIVEN DELAY

21
47
00

2000 3E
ED
31
3E
D3
3E
D3

2002
2004 23
oo
8l
A5
8t

2007
2009
200B
200D
200F FF
8h
01

38
D3
3E
ED

2011
2013
2015 SE

2017 FB

76
63 17 20

2018
2019

100P:

ORG 2000H
LD A,21H

D I,A

1D  SP,2300H
LD A,00H

LD (84H),A
LD A,0ASH
OUT (84H),A
LD A,OFFH
OUT (8KH),A
LD A,01H

IM 2

ET

HALT

JP  LOOP

Reget using 351 to clear CTC.

s INITIALIZE TI=21

s INITIALTZE STACK POINTER

1 CTC VECTOR

1 CONFIGURE CTC-~SEE PAGE 26

1OF MICRO REFERENCE MANUAL

t TABLE OF INTERRUPT SERVICE ROUTINES

2100 00 22

; INTERRUPT SERYICE ROUTINE

2200 FE
2201 07
2202 ED 4D

EX
RI1CA
RETI

;ENABLE INTERRUPTS

s ROTATE ACCUMULATOR

tRETURN FROM INTERRUPT CLEAR
1 CTC



5.5 GENERATE AN INTERRUPT FROM THE PIO

Place a 10K ohm pull-up resistor from ASTRB (marked near
wire wrap area) to +5 volts. Enter the following program that
initializes the PIO to accept an interrupt on the A Port. Set
5 BREAKPOINT at 2200 and Execute from 2000, The display will
ga dark as the Z80-CPU has executed the HALT instructien.
Take a clip lead and momentarily touch ASTRE to CND, which
will cause a PIO interrupt and the breakpeoint should be dig-
played. For more details on the 280-PIO upefatinn. see the

MOSTEK or Zileg PIO Technical Manual,

; PIO INTERRUPT TEST

2000 3E 21 LD A,21H

2002 ED 47 1D I,A s INITIALIZE I

2004 3E 00 LD A,00

2006 D3 82 OUT {B2H},A JVECTOR

2008 3E 4F LD A,4FH {5ET UP PIO FOR INPUT

200A D3 82 OUT (82H),A MODE - SEE PAGE 25 OF MI-

200C 38 87 1D A,87H 1CRO REF MANUAL MODE TWO

200E D3 82 OUT (B2H),A  ;INTERRUPTS

2010 ED SE  IM 2

- 2012 FB BT

2013 76 HALT

; INTERRUPT SERVICE RQUTINE TABLE
2100 00 22

5-10



; INTERRUPT SERVICE ROUTINE
2200 FB EI .
2201 ED 4D RETI - JRETURN AND CLEAR PIO

-

-6 USING THE Z80 STARTER KIT AS AN EPROM PROGRAMMIER

Due to limitations in the memory allotted for the ZBUG
Monitor, {i; had t6 fit in a 2K byte ROM) some restrictions
were placed on the operation of the EPROM programmer. These
restrictions are fully documented in Section 3-13 and should
not hinder the average user of the Z80 STARTER KIT. -

Should a user desire to program the entire contents of
a 2758 (1024 bytes) or a 2716 {2048 bytes) EPROM, the above
mentioned restrictions need to be removed. The following two
example programz give the user the capability of copying any
block of memory to any other block of menory, plus allowing
any RAM location to be the source of data for the EPROM pro-
gramme?.- These programs can be put on cassette tape to be
lpaded into RAM when needed, or they can be put into EPROM
in the PROM1 socket for on-line use.

The first program is a copy utility based on the 280
block move instruction. It can be uséd to copy a block of
data from any memory location (source data) to any nevw mem-
ory location (destination dgta}. It can also be used to copy
the data from an EPRON in either socket PROM1 or PROMZ2 into
RAM for minor medification before re-programming. To use the
following program initialize the ZB0 registers using the REG
EXAM key ag follows:

5-11



Because the 2758/2716 EPROMa can be programmed a block
or section at a time, the capaﬁility is prrovided by the ini-
timlization of 23C2ZH and 23CJH to start the programming at
any address in the EPROM., This feature can be uged to pro-
gram a full 2K byte EPROM with less than 1K of RAM in the
gtandard kit by prﬁgramming the EPROM a section at a time.

; PROGRAM TO MOVE ANY RAM BLOCK TO ANY
s STARTING ADDRESS IN EPROM
2000 3E 0Ot ¢ci2y LD A,01H

., 2002 32 DA 23 LD  (PRPLG).A ySET PROM PROG FLG
. 2005 E5 PUSH HL BYTE COUNT IN HL
2006 C1 PQP BRC ;SAVE IT
- 2007 ES PUSH HI,
2008 3A CO 23 LD A,{23COH) ;SOURCE DATA
2008 67 - LD H,A
200C 3A C1 23 LD A,(23C1iH)
200F 6F ID L,A
2010 3A C2 23 LD  A,(23C2H) {DESTINATION DATA
2013 57 LD I,A
2014 34 €3 23 ID A, (23C3H)
2017 5F . LD E,A '
2018 3 25 c12a; LD A,25H4 ;CTC FOR 26 MS
' 201A D3 86 OUT (86H),A  12C/TO, NO INTR
201G 3E CB ID  A,203D
201E D3 86 OUT (B6H),A ;TIME CONST

201F 3E 80 LD A ,B0H ;CLEAR DISPLAY, SET

§5-13.



2022
2024
2026
2028
2024
2020
202E
2031
2032
2035
2036
2039
2034
203D
203E
2041
2042

D3

ED

3B
D3

JE
D3

EA

CL

A
67

8C
AD
o¢

ac’

03
86
18

ca

c1

&F

3A
57
34
5F

C3

c2

C3

ol

20

23

23

23

23

06

cuT

{DIGIH} A

LDI

LD
ouT
LD
ouT
JP
POP

A,00H
(DIGLH},A
AL,OM
(86),A
PE,C124
BC

A, {23C0H)
H,A
A,(23C1K)
L,A

&, (23C2H)
DA

A, {23C3H)
E,A '

CC512B

5-14

+PROM PROG EN = 1
;WALT STATE INSERTED
tUNTIL CTC TIMES TWICE
jCLEAR PROM PROG EN

s RESET CTC2

tLOOP BACK IF BC-1 NE O

;:RESTORE BYTE COUNT

1 SOURCE DATA

1DEST DATA

+USE ROM CODE



TRIPLE PRECISION BINARY MULTIPLY — Z30 LISTING
PROGRAM  INSTRUCTION : TIME IN
LABEL MNERIONICS OPERAND FIELD COMMENTS BYTES HSEC
L MLTPLY: LD BC,00H :CLEAR PARTIAL SUM 3 4.0
2 LD DELOH :BUFFER iN ALTER— 3 4.0
3. LD HL.OCH :NATE REGISTER SET. 3 4.0
4, EXX 1 1.8
n, 1D GC,1800H ;LOAD C\WITH 24 3 .0
5. RLOOP: L ALAPART+2) - 3 2.8
7. AN QiH _:HETI\UB LEB 2 2.8
3 cp C ; COTMPANRE WITH PREVIOUS 17 14
9, LD . CA ;LSO & SWAP OLDNE 1 1.6
10, In ZSHIET :DOES CLIHHENT=FREUIGUS? 2 5828
1. G& A 1 1.6
12. LD HL,IBPART+2} 3 4.0
12 IR Z,ADD + ADD 1F LEB IS D 2 4.8/2.8
14, EXK FSURTRAGCT MAND FROM 1 1.6
e Nl{*ﬁf S[sls ]f/ WA —
TRIPLE FRECISION BINARY MULTIPLY ~ ZBO LISTING (CONTINUED) 79
PROGRAM  INSTRUCTION . TINE IN
LABEL MNEMONICS OPERAND FIELD COMMENTS BYTES HEEC
15, LD AD JPARTIAL SUM 1 1.3
1G. SUB’ {HL} ;SUBR. LS BYTE 1 2.0
17. LD D.A SAVEIT IN D 3 1.6
18. DEC HL, DECHENENT BPART 1 2.4 :
19, LD AL 1 1.6
20. 5BC [HL)} . SUN. 1AIDDLE BYTES i 2.8 ;
21. LD C.A SAVEITING 1 1.6
22. DEC HL, 1 2.4 :
23, LD AB ) 1 1.6 !
24, SBC {HL :SUB. M$ BYTE 1 2.8
25. LD B, A (SAVEIT INB 1 1.6 :
26, JR + SHIFTD ;GO TO SHIFT 1 AR :
27. ADD: EXX ;ADD MARD TO PARTIAL 14 1.6
78. 15 AD ;5L 1 1.6 !
9. ADD (HL} :ADD LS BYTE 1 2.8 ,
20, LD 0.4 ;SAVE RESULTS IN D 1 16 1
31, DEC HL 1 2.4

IO CR, 7/

*8

-



TRIPLE PRECISION BINARY MULTIPLY — 280 LISTING {(CONTINUED) o0 :

e L L

_FHU'GHAM THETRUCTION TINE IN

LAEEL R ERINICS DPERAND FIELD COLAENTS EYTES HEEC

12, L AL ' ;LOAD MIDDLE 8YTE FRCM € 1 1.6
a3, ADG (L (SAVEITING 1 28 :
BT L C.A 1 1.6 [
35, DEC HL 3 2.4 |
36. LD 4B 1 1.5 i
P ADC {HLI : ADD N5 BYTE 1 2.8 '
Iz LD B.A EAVE ITING 1 1.5 l
39, SHIETO: EXX SWAP REGISTERS 1 1.6 ;
as, SHIET: LD HL, APART TLOAD A FAST POINTER 3 0 !I
41. SHA [ LY 1 2.4 i
az. NG HL 1 24 ,j
a3, : KA ML - ] 2 6.0 ;
el INE HL 1 2.4 E
&5, AR {HL} 2 6.0 t
56, EXX (SWAP & SHIET PARTIAL SUM 1 1.6 !
a7, SAA B 3.2 i
I
!
i

H{r‘?ﬂ'ur“ﬂ 'W 2z i@.@”_m_, et

N AR E iy i T B T ———————— ——— Ju - '-‘ R |
-...J,i ‘ . r e
[ e P —— _-..-_--....._._-.........-,_.L...;_._...__.. B P U

TRIPLE PRECISION BINARY MULTIPLY — 222 LISTIHG [SONTINUED] 8

e mmb B FEis my

?

,
PROGRAM  INSTRUCTION THAE N
LABEL MNENDONICS QPERAAND FIELD COoORMMENTS BY¥TES HSET t
A8, ., AR C 2 1.2 :
as. RA b 2 a2 7
51, RR £ 2 Y S
51, AR H 2 32
52, nr L 2 12 -:
53, EXX 1 15 :
5a. DINZ MLOOP . :REPEAT UNLESS DONE 2 6232 .
55, DONE: EXX 1 1.6 i
5G. Lo HL,p JSAVE RESULT IN MEMORY 3 4.0 :
5. LD HU.B JSTARTIMNG AT P 1 23 .
55, NG HL 1 2.4 :
59, Lo - {HLLE 1 24 F
co. NG : HL 3 2.4 -
13 LD {HL)O 1 23 ]
62, INC HL 1 2.4 f
63, LD (HLLE 1 2.8 1

LT T

. ""HL—- —, P ——




. i
TRY LE PREC'SICN BINARY MULTIPLY — 287 LISTING {CONTINUEDY 842

. PROGRAM  (NSTRUCTICN TIME LN
! LadEL MNEMONICS CPERAND FIELD - COMMENTS BYTES pSEC
I g1, INC HL 1 2.4

g5. LD (HLEMH 1 2E i
: G0, ING HL 1 2.4

37. LD fHLIL 1 28

e

-

‘\"- - = . r\‘l‘/;'-(-'—:' .rvr q“g IL_’f'mr -
'E_""“ ""'"_."’_i .

i —— = o= ==y

SEARCH A MEMORY BLOCK FOR A SUBSTRING — 280 LISTING 7o
FROGRAM INSTRALCTION TIME IN
LABEL RMANEMONICS OPERAND FIELD COMMENTS BYTES HSEC
1. SCARCH: Lo HL, BF :INITIALIZE BLOCK POINTER 3 4.4
2. Lo IX, 55P ANITIALIZE SUBSTRING POINTER & 56
3, Le D558 ANITEALIZE SURSTRING LENGTH 2 2.8
2, LD BC.BLNGT JNITIALIZE BLOCK LEHGTH 3 2.0
5. LOO#: L {svarl ML SAVE BLCCK POINTER 3 G4
g, P2 Lb ALK ) GCTEEBYTE a 1.6
7. & COMPANE % TH BLOGK VALUE 2 6.4
8, Jn ZMATCH-S AHL) = & MATCI FQUND 2 2.2
a. JP FE,LOwHH MO MATCH CHECK MEXT BYTE ] 4.0
10, Jn ENDELK-$ . NO MATCH END OF BLOCK 2 2.4
11. CONT: EX AF AR TESTORT STATUS FRCM CP) 1 1.0
2. IR MZENDALK-S DLOCK END HIT CEFONESSCND 2 28
13, ING 1X ANCAEMENT SUBSTRING POINTER 2 4.0 i
1. IR F2-5 ' CHECK NEXT BYTE 2 a8 !
13. ENDALK: LD HL, 00004 MO MATCHRETURN WITH MLa B 3 a0 ;
16. n DONI -$ 2 28 !
17, MATCH; EX AF AF- SAVE STATUS FROM CPI ) 16 r
1. DEC D DECRIMENT 55 LENGTII 1 1.6 ‘ 1
18, Jn NZCONT-S AF NOT ZEAGQ CONTINUE 2 4.3 [
) MATCHING -
20, LD HL ST MATCH RETLUHN HL-~BVAK J G4 ]
21. OONE; .
e NOETTEN-Z290) - e
! H T
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3.1

3.2

' CHAPTER 3

Elements of the Centrol Basic Language

Humbers and Constants

In Control Basic all numbers are integers and must
Be less than 32767. Numbers are Btared internally
as lé-bit two's complement ({low byte-high byte).
Far programming and imnput/output, numbers are
expressed in decimal, hexadecimal, or the ASCI!
character code, Hexadecimal numbers are denoted by
the character "$" followed by up to 4 hexadecimal
digits, For example, %21 and 331 are both stored
internally as B20l90081 00000P00; 3¥FFF4 and -12 are

"bath stored internally as 111191é9P 1111llll. An

AS5CII code (7-bit) is5 denoted by a colon (:)
followed by an ASCII character. For example, :A
has the value 65 {or 41H} and is stored internally
either as one byte, 81900841, or 'as two bytes,
A1p0CADYl P00QeDV, depending on how it is used.

Variables

There are 52 variables denoted by letters A through

Z and AY through . 2@. There is also an array €(I).
The dimension of this array {i.,e., the range of the
index I} is set auvtomatically to make use of all
the memory space that is allocated but left unused
by the text of the current program ({.e,, @ through
SIZE/2; =see SIZE function below. Also see sectian
8,1,1 or 8.2.1 on memory allocatien.). Each
variable and each elemenkt of the array #8(1) uses
two bytes of memory stored low byte-high byte,

The &ame memory sSpace that is used to store the
array ®(I) can alsoc be accessed, one byte at a
time, through &{J) {or as strings Lthreugh 3{J)
where J zuns from @ through SIZE. That is, &{(B) is
the low bhyte of 8(B), &{l) is the high byte of
8{gy, &{2) is the low byte of &(1), &(3) is the
high byte- of @(1}, etc,. Strings of up to 132
characters each can be stored in the same memory
area and are accessed through 5(J). The length N
of the string 5{J) is stored in &{J); the 7-bit
ASCII characters of the string are stored in &{J+1)
through &{J+N). Thus, $(J+N+1l) can be ancther
string.



CROMEMCD 3¥ CONTROL DBASIC INSTHUCTION MAEUUAL
3 Elements of the Cantrol Basic Langrege

'The multiple naming of the same memory space is
intentienal, This not only gives the programmer
the freedom to allocate available memory between
Aarrays and strings but also is very convenient for
packing and unpacking data, and for string
manipulation,

Functions

Control Basic has 16 built-in functions, which are
described below. The wvalues returned by these
functions will always be printed in decimal unless
the user reguests the answer in hex. This may be
done by means of the format controls of the PRINT
command, section 5.4.1. In the following = and vy
denote variable or constant expressions.

ABS(x) gives the absolute value of x.

RND{x} glves a random number between 1 and
# [inclusive).

SIZE gives the number of bytes allocated
te, but left unused by the current
program Iin the text area. Sae
section 8.1.1 or 8.2,1 for a
discussion of memory allocation.

SGHN [ %) returns a 1 If x is positive (eor
zero) or a =1 If % is negative.

AND(x,y) glves the l6-bit Beolean AND of x
and vy.

OR{x,y} gives the 1&-bit Boolean inclusive
OR of x and vy.

XOR(x,y) gives the 16-bit Boolean exclusive
OR o¢of x and v¥. Note that
XOR(x,%FFrt) gives the one's
complement of x, and -x gives the
two's complement of X. (The result
z of this operation must be in the
range =-32767 < z ¢ 32767. Hence
there i5 no one's complement of
7FFFH nor two's complement of
BE0GH, )
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3.4

r GET(x} glves the B8-bit contents {1 byte} of
memory location x.

IN(x) gives the l-byte value input from
port %, where @<=x<{=255.

LOC gives the absolute address of 8(8),
L{@), and ${d).

Arithmetic and Compare Operators

Control Basic allows the following operators in
variable and constant expressions:

i divide.

* multiply, or logical AND.
- subtract, or kwe's complement,
; add, or logical DR.
» greater than (compare).
< less than (compare}.
= equal te (compare).
¥ not equal to (compare).
b= gréater than of egqual to {compare}.
= less than or equél to (compare).
The operations +, -, *, and / result in a wvalue

between -32767 and 32767, Results outside this
range will cause an error, and Control Basliec will
print "HOW?". All compare operators result in a 1

if true and a 0 if false (not true).

In the Logical context, a € is False and any nhon-
gero value is True. Thus, the add operatoer {+) is
also used as logical OR, and the multiply aperator
i*) is also used as logical AND, For logical
complement, one may use f=.° Far example:

A+E can mean & OR B.
A*B can mean A AND B.
B=4 can mean HNOT A.
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- -by-bit Boolean
: hat if one wants the 16-bit :
?;;E :ne should use the function_ANDth,B} instead
éf'thu logical AND just described, The same

applies for Boolean OR and XUR.

Expressions

Expressions are formed from numerical elements with
arithmetic or compare cperators between them,
Humarfical elements include constants {decimal, hex,
or ASCII), variables, two-byte array elements 8(I),
one-byte arvay elements &(J), functions, and ecther
expressions in parentheses. A "+" or a "-" sign
can alse be used as a unary operator. The
hierarchy for evaluating expressions {s as follaows:
functions are evaluated first, then parentheses
{from the innermost), then multiplication and
division, then addition and subtractien, then the
compare operations. Cascaded * and / or cascaded +
and - are evalvated from left to right. Compare
cperators cannokt be cascaded. Several commented
examples of both legal and illegal expressions
follow:

1+2%3 has the value 7, not 9.

22143 is false and has the wvalue

§ {> is used as a compare

eperator and 2 1is not

greater than 1+3}.

2%5/3 has the wvalue 3, while
2/73*5 is 0 due to
truoncation.

A+-3 . . 'lis invalid, but A>-3 iIs
allowed.
he<X<B , is invalid; {A<X) * [X<B)

is the proper way of
testing whether X |Is
between A and B.

[AYB)*X + {A=B)*Y is5 equal to X If AdB, is

: equal to ¥ Iif A=B, and lIs

egual to B8 if A<B.

(&(B)>=:A)*{5{B}<=:2)*2 + [&[B)>=:D)*{&(H)<=:0)
has a wvalue of 2 if the
character &(8) 1ls a letter,
a wvalue of 1 {if it is -a
digit, and a value of @
otherwise,

i@
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' CHAPTER 4

Control Basic Syntax

Contrel Basic General Syntax

There are a number of special definitions used
throughout this manual as well as some general
rules of syntax which sheuld be followed when
entering and editing Control Basic programs., The
definitions of important terms follow:

Command -
Applies to Control Basic keywords which may be
used in either direct commands or statements,

direct command =
Commands which may be typed directly Erom the
console in response to the Contrel RBasic
prompt.

statement -
A numbered line.in a Control Basic program
which is composed of one or several commands.

multiple-command statement -
A numbered line In a Control Basic program
which 1s composed of several commands {on the
same line) separated by semi-colons.

function -
One of ten control structures intrinsic to
Control Basic which may be used 1in
expressions. [Hote that commands may not be
used in expressions.)

¢urrent program -
The program which may be entered or edited
directly without first LoADIng it; the pregram
which prints on the console when "LIST" is
typed.

text area -

The area of memory reserved for storage of the
current program and the arrays.

11
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There are also a number of rules of syntax to be
followed when entering and editing Control Baslc
programs. These are summarized below:

1.

A& Contraol Basic programs consists of one or
more numbered statements. The statement
number must be an integer between 1 and 32767,
inclusive.

Multiple-command statements {see above) must
use semi-colons (:) teo separate the commands.
There are three exceptions to this: GOTO,
STOF, and RETURN cannot be followed by a semi-
colon or other commands; they must be the last
command on any given line,

When the direct command "RUN" is issued, the
statement with the lowest line number is
executed first, followed by the one with the
next lowest line number, et<¢. The statements
GOTO, RUW, STOP, GOSUB, and RETURN can alter
this sequence, however, by causing control rto
branch te a specific line number {see Chapter
5}1

Execution of the c¢ommands within a multiple-
command statement s from left to right., The
IF command is a special case In that if the
condition tested is false, 2ll commands to the
right of that point will be skipped over and
execution will contipue with the next lipne.

Spaces (blanks) may be used or omltted freely
but for the following exceptions: constants,
and command and function keywords may not
contain embedded blanks. They may be
abbrevlated, however: =see section 4.2,

Execution of a running program or listing of
any type of output may be aberted by pressging
the Control-C key {uswvally the two keys, CTRL
and €, depressed simultaneously) on the
canscle input device.

Throughcout this manual, portions of axampler

programs which are underlined signify Ethat
those expressions are user-typed.

12
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4.2 - Abbreviations and Summary of Commands

Control Basic command and functien keywords may he
abbreviated {f desired. Since the Interpreter
Stores programs as the actual ASCII characters
which make up the statements and this requires one
byte per chavacter (see Memory Allocation
sections), the abbreviated forms of commands
greatly reduce their memory Storage reguirements,
This is important if the program is to be stored in
PROM for future use (sSee SAVE and EPROM commands).
For example, the following command line:

1@ FOR I=1 TO 10689 STEP 2.; PRINT I , ; MNEXT I

would perform exactly the same function if
abbreviated to the form:

18 F.I=1T01¢085.2;P.1,;ME.I

This second line regquires only about half the bytes
for storage as the first line. However, since this
second line is not very leqible, it is recommended
that a programmer develop a program using the full-
word commands, and only translate it to the
abbreviated form just, prier to programming it into
FROM. )

The abbreviatlions are formed by truncating several
of the trailing letters and replacing them with a
period {.). For example, "P.", "PR.", “PRI.", and
"PRIN." all stand for the word “PRINT". <Command
keywords cannot be truncated to a shorter length
than the minimum abbreviations given below or
Control Basic will print “WHAT?". Alsc note that
the word "LET" in a LET statement may be omitted
alteogether., There are three columns in the table
below: the first shows all Control Basic commands,
the second shows only those which may be used in
numbered statements (these may alsc be used as
direct commands), and the third celumn shows Ethe
‘ten Control Basic functions. The shortest keyword
abbreviations are:

13
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nirect commands

¢ INSTRUCTION MANLGAL

Stabtements

Funccioans

AUTORUN=AUTORUN AUTORUN=AUTORUN A.=ABS

C.=CALL C.=CALL AND=AND

. =EPROM G.=GET

F.=FOR F,.=FOR IN=IMN

G.=560TO G.=00T0 L.=LOC

GOS.=GOSUB GOS.GOSUB OR=0R

IF=1t IF=IF R.=RND

IN.=INPUT IN,=INPUT S =SI1ZE
SLET {implied) =LET (implied) SGN=SGN

L,=LIST X =xOR

LO. =LOAD

LOCK=LOCK

NEW=NEW

NE.=NEXT NE. =HEXT

NU.=NULL

0.=0UT 0.=0UT

P, =PRINT P.=PRINT

PUT=PUT PUT=PUT .

Q.=QUIT

R.=RDOS

R.=RETURN R.=RETURN

R L =R REM=REM

RUN=RUN RUN=RUN

S.=5AVE

5.=STEP S.=STEP

TO=TO TO=TO

W.=WIDTH

*  These commands are found in model MCB-216 only.

As defined in section 4.1,
statement, which,

input device without a line number preceding it,
is a direct command.
stared by Contrel

immediately.

a command 1s part of a

turn, 15 part of a program,
However, when a command (5 typed at the console

Direct commands are
Basic but are

it

executed

not

The commands listed in the second column above may
be used both as statements of stored programs and
as direct commands. Those not listed in column two
but listed In column one may be used as direct
commands only. There are three groups of special
cases:

14
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4.3

1, When used as direct commands, GOSUB, INPUT,

and RUM cannot be followed by semi-colons and
other commands.

2, AUTORUMN, NEXT, RETURNW, REM, STEP, S5TOP, and TO
are meaningless as direct commands. However,
NEXT, STEP, and TO may be used within a direct
FOR command all typed on one line as,shown in
this example:

FOR I=8 TO 255 STEP 4; PRINT #%,,I,; NEXT

3. When used 1n statements, GOTQ, RETURN, and
STOP must be the last command on the line
{cannot be followed by semi-colons and other
commands) .,

.Memory Orgapizatien of Control BRasic

Thae text of the current program is stored in memory
one ABCII character per byte. Line numbers are low
byte-high byte l6-bit binary and are stored with
the text (section 8.1.1 or 8.2.1). The amount of
memory space available for the current program may

. be changed by means of the LOCK command '(section
"5,7.,1). The number, of bytes available to ({(by LOCK

or by default), but left unused by, the <¢urcent
progtam may be obtained with the SIZE Eunction
isection 3.3). These unused bytes are used for
storage of the two-byte, one-byte, and string
grrays [(section 3.2).

One may not use the LOCK command to set Ethe
boundary at any page that already has current
program text im it, nor at any page below the
hottom of the text area. if the LOCKed area is
exceeded during the entering of a statement of the

. gurrent pregram, Control Basic will print "“"SORRY"

and will accept no more statement inpuk until more
space 1s made available, either by deleting some
present lines or by unbOCKing more text arcea.

Contral Basic allecates storage in “pages™, or 256-

byte units, Medel CB-388 has roughly the following
organigation:

15
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page @ — not used

pages 1,2, &nd 131 - used for I/0 routlines,
variables, and stack storage

pages 4 through 3! - text area far current
program and arrays

pages 32 through 227 and 24¢ through 255 -

"used for SAVEd program files

pages 228 through 239 - storage of Control

Basic program itself

Model MCB-216 has a slightly different
organization:

pages P threough 15 - storage of Control Basic
program ltself

pages 16 through 31 - used for previcusly-
stored programs in PROM

pages 32 and 323 -~ used for variables and- stack
storage

pPages 34 and 35 - text area for current
Rrogram and arrays

pages 36 through 255 - used for SAVEd program
files

Much more detailed information on memory allgcation
including listings of the data areas in RAM will be
found in sections B8.1.1 {(model CB-308) and 8.2.1
fmodel MCB-216}).

16
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CHAPTER 5

Control Basic Commands and Statemehts

Assignment Commands

LET Command

The LET command can be used to evaluate expresslons
and store the values in variables, the double byte
array @{(I), and the single byte array &{J). More
than one variable or array element may be sebt by a
single LET commpand. Some examples of the use of
LET are: .

10 LET A=m214-5%6, A(A-3)=4*A, &(25)=118
28 LET Uf=(A<B)+AND{ABS {X-1) ,%FF)+; %
38 LET AO=B8=p

48 LET @({d)=-1, &(g}=0

58 A=3, Bm2*A

Note that statement 3@ will not set both AP and Bg.
to zero, The second equal sign (=) in this command
is a compare operateor (see section 3.4); thus only
AG will be altered according to whether B8 is equal
er {8 not egual to 8.

Note also that after statement 48 is executed, the
value of B({@) will! not bhe -1. This is because
E{2*I) is the same as the low order byte of &(I),
and &(2*I+1) i{s the same as the high order byte of
€(I). Thus &{l1) will be 255 and @(@} will be -254,

The word "LET"” is optional. Thus statement 50 sets
A to 3 and P to 5.

PUT Command

The PUT command can bhe used to evaluate axpressions
and store the values (which must be between 0 and
255) into absolute memory locatians. The faorm of
PUT 1s

PUT(x) = a,b,C,...

where a, b, and ¢ are expressions whoese values are
stored in consecutive memory locations beginning

17
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with the address which is the value of the
expresslion x. Elther single or consecutive memory
locations may be altered with the PUT command. An
example of the use of PUT is

19 PUT(%280@8)=%1]1,AND{X+3,%FF) ,{X+3)/%180,%CD,3%A4,%EC, %CY
28 PUTE(X+3) = :H, :0, :W, :D, ¥, %D

where part of a machine language subroutine (LD
HL,X+3; CALL ECadH; RET) is PUT into memory
locations %B8&é8 through 1886, and the string of
ASCII code for "HOWDY <CR>" is put into locaticns
*+3 through X+8, A better way of unpacking the low
and high bytes of X+3 {n statement 1§ is to
initialize the two byte array @{I) to the address,
X+3, and then use the one byte array, &(I) or
Y L(I+l) as appropriate, to specify low or high byte:

5 LET @{@)=xX+3
16 PUT(%888)=%l)l, &({f), &(1), %CD, %A4, REC, %C9

The counterpart of PUT is GET , but GET is a
function as opposed to a command, GET(x) can be
used in any expression and returns the contents of
absolute memory location x.

1B
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5.2.1

5.2,2

Contreol Commands

IF Command

The IF command consists of the word IF followed by
an expression, and then fecllowed by one or more
other commands. An example is:

10 IF A<B LET %X=3; PRINT 'A IS LESS THAN B'

The command above tests the value of the expression
A<B. If it is true (l.e., if 1t is not zerno}), the
commands In the rest of the line of this statement
will be executed, If the value of the expression
ls false ({(i.e., if it §is =zeroc), the rest af this
statement will be skipped over and execution will
contipue with the next Statement. Mote that the

ward "THEN" is5 not used.

GOTO Command

The GOTO commangd consists of the word GOTO faollowed
by an expression. An example is:

lg GOTO 128

This statement causes the program being executed to
jump Eo Statement 129. Note that a GOTO command
cannot be followed by a semi-colaon and other

commands. It must end In a carriage return. The
statement

18 GOTO A*10+8

causes the program to jump to a variable statement
number as computed from the wvalue of the
expression, )

Indiscriminate wuse of GOTO statements makes a
program difficult to follow and should be avoided.
On the other hand combining short and logically
related commands in a single statement can make a
pProgram easler to understand and is highly
recommended, Consider the following example of a
dame; this pregram uses many GOTOs but does not
take advantage of multiple-command statements,

19
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10 PRINT “ymUMBERS, NUMBERS, WHO CAN GUESS MY NUMBERS?™

2@ LET Xnﬁﬂﬂflﬂﬂj

LET HN=E2
33 PRINT "I HAVE A NUMBER BETWEEN 1 AND 180"

g IHPUT "YOUR GUESS" G

68 LET H=N+l

78 IF HW>»2@ GOTO 138

gg IF Gr¥ GOTO 168

g0 IF G<x GDTO 1848 '
16¢ PRINT “YOU GDT IT IM", N, ™ GUESSES”
119 PRINT "LET'S pLAY AGAIN"

120 GOTO 28

138 IF G=X GOTO 140

148 PRINT "NO, IT was", X

158 GOTO lig

168 PRINT "TRY A SMALLER NUMEER®
178 GOTO 5@

18@ PRINT "TRY A BRIGGER NUMBER"

1%8 GOTO 5¢

This 1s a working program, . .but it could have been
much ¢leaner and easier te understand with half of
the GOTO statements deleted and with a few of the
other statements combined:

12 PRINT "NUMBERS, NUMBERS, WHO CAN GUESS MY NUMBERS?Z®
2@ LET X=RND(188), N=0

46 PRINT "I HAVE A NUMBER BETWEEN 1 AND 1£8"

54 INPUT "YOUR GUESS™ G; LET Nwh+1

78 IF (N>2Q)*{GIX)} PRINT "NO, IT WAS", X; GOTO 118

8¢ IF G>X PRINT "TRY A SMALLER NUMBER"; GOTO 5@

99 IF G<X PRINT “TRY A BIGGER NUMBER™; GOTG 5@

168 PRINT "YOU GOT IT IN", N, " GUESSES"
11@ PRINT "LET'S PLAY AGAIN®"; GOTO 20

5.2.3 FOR Command

The FDOR and NEXT commands are used to sSet up loops
in Control EBasic. The FOR statement consists of
the word FOR followed by a varlable or a double
byte arrvay element, an equal sign, an expression,
the word TOQ, ancther expresslion, and opticnally the
word STEP and a third expression, The varjable or
the two byte array element is called the control
variable of the loop. It is set to the value of
the first expression before entering the loop. The
second expresgssion is the limit of the control
variable. It is evaluated and stored Internally at
entry, The third expression is the step size, and
it is alsc evaluated and stored at entry. It can

20 .
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he positive, negative, or zero. If the step size
is not specified, it is assumed to be +1. After
the step size is stored, execution of Control Basic
continues with the next statement or the next
command of a multiple-command statement.

NEXT Command

The MEXT command conslsts of the word NEXT followed
by the c¢ontrol wvariable of the loop. The control
variable is updated by the amcunt of the step size
and is then compared with the limit of the coentrol
variable., TIf it 1Is within the limit (inclusive),
Contrel Basic will locop back to the command that
follows the FOR command and repeat the loop. If
the updated control wvariable 1s cutside the linit,
the interpal storage for this loop is cleared and
Control Basic proceeds to execute the statement
which follows the NEXT statement.- The following
example will illustrate the use of FOR-NEXT loops
with varying STEP sizes:

18 PRINT "TEST",

20 FOR T=1 TO 3

30 PBRINT T,

48 NEXT T

58 PRINT; PRINT 'COUNT DOWN',

68 FOR C=1¢8 TO 98 STEP =1

78 PRINT C,
_Be@ NEXT ¢

9@ PRINT °* .ee'; PRINT '"STEP',
188 FOR @{3)al@ TQ -15 STEP -5
118 PRINT B(3),
120 NEXT @{3)

oK

>RUN

TEST 1 ! 3

COUNT. DOWN leg a9 98 var

STEPR 13 5 5] =5 ~1@ -15

21
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5.2.5

Notes on FOR-NEXT Loops

The following are several unusual features of
Control Basic PFOR-NEXT loops which are worth
mentioning. Numbers 4 through 7 below are not
recommended 1f the user is attempting to write
clean, easily debugged code.

1. The loop will be executed at least once ho
matter what the initial value, step size, and
the limit of the control variable are.

2. If the step size is 8, the loop will never end
unless the control variable ls altered inside
the ].CIGP-

3. After the loop &8 finisﬁed. the coentrol
varlable will have the final updated value,
which is outside the limit, '

q, Since Control Basic 1s interpreted rather than
compiled, 1t is perfectly acceptable te put
the MNEXT statement physically before the FOR
statement as long as there are GOTO=E to make
Control Basic "see" the FOR before the NEXT.

3. It is also acceptable te have unegual numbers
. of FORs and NEXTs, as long as thete are IFfs
and GOTOs so that Coptrol Rasic will not *see"
a NEXT without first encountering a FOR with

the same control variable.

6. It is acceptable to have a GOTD out of the
loep and later GOTO back ints the loop. It is
alsc acceptable to have a GOTO out of the loop
and never come back Inte the loop. In the
latter case the loop remalins "active"; it
takes some sStack space but is harmless
otherwise.

7. When a new FOR command having a cantrol
’ variable that is the same as an old but still
active FOR loop is encountered, the old loop

1s purged.

a. FOR-NEXT loops can he nested as long as each

level uses a different control variable, The
depth is limited anly by stack space.
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If a KHEXT commmand for the outer loop s
encountered inside the inner loop when using
nested FOR-NEXT loops, the inner loep is
purged automaktically,

Note that the above apply to Cromemco Control Basic
but do not necessarily apply to other Basic-like
langquages. For example the following program does
not work on many of them:

18 REM TRY THIS WITH BOTH A>B AND ALY
15 INPUT A

20 For J=1 T 2
3@ IF A<O GOTOD 58
40 NEXT J

58 PRINT &

680 FOR I=1 TGO 3
78 FOR J=1 To 2
8¢ NEXT J

99 NEXT I

1g9 GoTO 15

Although this program works with Centrel Basic,
it's a bit obscure.
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5.3 Subroutines

c.3.1 GosSyB Commandg

The GOSUB statement Is =similar to the GOTO
statement except that (a) the <¢urrent statement
number a&nd posltion within the statement are stored
internally (this allows cantrel te be transferred
back by RETURN); and (b) other commands separated
by semi-colons can follow it in the statement. The
following are legal GOSUB statements:

1p GosuB 124

20 GOSUB A*)1P2+B

3@ GosUB 12@; IF C<=8 GOTD 190

i@ REM IF C>@ THE GOTO ABOVE WILL NOT BE EXECUTED

Statement 1@ will cause the execution to Jjump to
statement-12@8; when a RETURN command (seé following
secticn} Is encountered, control will transfer back
to the next following sStatement or command of a
multiple-command statement. Stacement 28 will
cause the execution to jump to a variable statement
number as computed from the value of the expressio

A*lp+B, .

5.3.2 RETURN Commanhd

A 'RETURN command must be the last command In a
statement and followed by a carriage return (i.e..
it cannot be followed by a seml-coleon an? other
commands). When a RETURN command is encountered,
it will cause the execution to Jjump back to the
command feollowing the most recent GOSUB command.

An active FOR-NEXT lcop in the calling program {s
ne lenger active in the subroutine bbt will be
restored to be active after the subroutine RETURNS
te the calling program.  Any active FOR-NEXT loop
in the subroutine itself will be purged
automatically when RETURMN 1s encountered.
Variables are always glohal; therefore subroutines
can have no local varliables,

GOSUBsE can be nested, The depth of nesting is
limited only by the stack space and can be no more
than 24 levels deep. GOSUBs are also recursive
with the limitation that all varlables and arrays
are glcbal. For example, consider the function
F(N) of positive fntegers ¥ such that:
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5.3.3

F({l}=1
F{(N}=N*F{N-1) for N>l

One can write the follewing test program to
illustrate the function F(N} using recursive GOSUBs
{underlined words are user—-typed;:

19 INPUT 'GIVE ME A SMALL POSITIVE INTEGER'
26 GOSUR 1@8

1¢ PRINT 'F(', #1,N, ")=', F

40 STOP
19@ IF Nw] LET F=l; RETURN

118 N=N~1; GOSUB 19@; N=N+1

1280 F=N*F; RETURN :

OK
> RUN

GIVE ME A SMALL POSITIVE INTEGER:6
F(6)=720

Note that F(N) as defined above is simply the
factorial function.

RUN Command

The RUN command consists of the word RUN followed
eptionally by a page number. The RUN command is a
subroutine call on a grand scale. If a page number
is given, it calls the Control Basic program SAVEd
{or EPROMed) on that page., 1If a page number is not
given, it calls the Control Basic program in the
active text area. The RUNW and GOSUB commands
differ in that a GOSUB command calls a subroutine
that is within the same program as the calling
routine, whereas a2 RUY command calls a subpregram
which is in a separate file. A subprogram in a
separate file has the advantage that 1t has Ilts own
set of line npumbers, Since RUN may be used in a
statement, the following is & legal program:

¢ RUN 4@
" 2@ PRINWT "FEND OF FACTORIAL"

This would run the program given above in section
5.3.2, assuming it had been SAVEd on page 492,
Thus, 1t 1Is easy to see how different programs
could share the same set of debugged "library"
subprograms.
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5.3.5

The RUN command can be nested and I8 recursive. As
it is for GOSUB, the depth of nesting is limited by
stack space, and one should bear in mind that all
variables and arrays are global,

AUTQDRUN Ccmmagg

The AUTORUN command is a feature of model MCB-2186
control Baslc only. If the first line in a Basic
program stored on page 1PH begins with the command
AUTORUN, then that program f{on page 1@H) will run
auvtomatically each time the computer is reset.

The console serial port of the computer will
automatically be set to 968@ baud. However, it Is
easy for the pregram to change the baud rate to
another value.

For example, if the following program is stored on
page 18H, -

1@ AUTORUN
20 OUT(@) = 384
3@ RUN %11

the baud rate will he changed to 328 with one stop
bit {see the SCC Input/Output Register Descripticn
in the S8CC Instruction Manuazl), and then the
ptogram beginning on page 11H will be RUN., This

. process pccurs every time the computer Is hardware

reset,

It should be noted that during normal execution
{{.e., In.all cases except after a2 hardware reset
or power—-on) the line beginning with the word
"AUTORUN" is treated as a REMark.

STQF Command

The STOP command consists of the word STOP followed

by a carrfage return. It cannot be followed by =
semi-colon and other commands on the same line.
The S5TOP command goes with the RUN command in the
same way that RETURN goes with GOSUB, The
principle difference betwaen the two sets of
commands is that RUN-STOP may be used to call a
subprogram in a separate file with its own set of
line numbers.
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S5TOP returns control from a subprogram te the
calling program (which will continue RUNning);
however, if the program which is RUNning when STQP
i3 encountered 18 the current program in the text
area, execution is terminated and the prompt is
given,. IfE the end of file 1s reached in a
subprogram before a STOP statement i3 encountered,
Control Basic will also return toc direct mode
instead of to the calling preoegram. An example will
illustrate the way STOP passes control Erom
subprogram to calling pregram. The follewing is a
pragram which has been previously stored (SAVEd ar
EPROMed) at page 32:

18 PRINT “"THIS IS A PROGRAM ON PAGE 32"
20 RUW 31

38 PRINT "END OF PROGRAM ON PAGE 32"

48 STOP

and the next listing is a program which has bheen
previgusly stored at page 33:

19 PRINT 'BUT THIS PROGRAM IS ON PAGE 33
28 SToOP

RUNning the program on page 32 will produce the
following result:

QK

>RUN 32 '
THIS IS5 A PROGRAM ON PAGE 32
BUT THIS PROGRAM IS OM PAGE 233
ExvD OF PROGRAM ON PAGE 32

Note that this will have no effect on the current
program In the text area If there is one. This
means that one dees not need to LOAD a program to
RUN 1k, a most useful feature (see sectlon 5.3.3
for more informaticont. .

CALL Cammand

The CALL command is used te call a machine language
subroutine. The word CALL is followed by an
expression and then a list of arguments enclosed in
parentheses, The value of the expression is the
absplute address of the entry of the machine
language subroutine. The argument list consists of
none, or one or more arguments. Each argument is a
variable, a one byte array element, or a two byte
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array element, Arguments are separated from one
another by commas, and the entire 1list is enclosed
in & pair of parentheses,

The machine language subroutine can be stored in
memoty by a leoader, an assembler, a monitor
program, or by Control BRasic itself. To s5ktore a
wmachine language subroutine with Control Basic, one
may use the LET or PUT commands., The example of
sectien 5.1,2 illustrates this. We can now CALL
this machine language routine to print the word
"HOWDY" on the conscle with the statement:

3d CALL %3890

[This example will work only if there is a console
printing reoutine whose starting address' is at
ECh4H, as there lg for model CB-388 Control Basic.]
Note that no arguments were passed Iin this CALL
statement. .

Arguments are passed by addresses and these
addresses are stored in the stack before Contraol
Basic passes control to the machine language

svbroutine. The arguments are stored in a "Last’

In-First Out™ or LIFO format; thus, the last
argument on the statement line will be the first
one POPed off the stack, The number of arguments

is passed in the € register. The subroutine must
POP the stack (C) times even if it does not need

- the arguments. Other than this arrangement of the

stack, bthe subroutine can change all registers
without any limitation. When the subroutine is
finished, it uses a RET (ZBB instruction) to EBOPB
the stack once more, which also returns control to
Control Basic. Another example illustrating
argument passing is:

¢ CALL %2080 (A, &{3*B+1), ©8{3)}

In this example the subroutine at memory location
2088H is called and passed the three arguments, A,
E{3*B+1}, and &{3). Upcn entrance to the machlne
routine, the C register contains the pumber 3. The

. stack pointer points to the address of €{3}, which
- is followed by the address of &(3*B+1), the address

of A, and finally the return address,

28
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Input and Output Commands

ERINT Command

The PRINT command 1is used to print all types of
output on the conscle device, including strings,
constants in both decimal and hexadecimal, and the
values of variables, arrays, and expressions. Its
format (s the word "PRINT" followed by a list of
items separated by commas. The items in the list
may include any of the following:

1. Constants {decimal, hexadecimal, ASCII).

2. Variables (A through 2 and A@ through Z@).

3. One-bhyte, two-byte, and string array elements.

4. Expressions formed from any of the above,
arithmetic and compare operators, and the

legal functions,

5. Strings surrounded by matched pairs of single
ot deuble guotes,

b, Format control characters described later in
this section.

A sample PRINT command follows which shows several
af these items. Note the use of both gquoted and
unguoted strings, a wvariable, and a constant
expression:

10 PRINT '"THIS ', "OR THAT ", S$(A+3}), X, 2*%1-5/4

QK
»RUN
THIS OR THAT PLUS -9 5

The string array $(A+3) has beaﬁ set elsewhere to
the string "PLUS", and the wvariable X has been
previously set equal to -9.

The items in the print list can also be format
controls, The 2allowable characters to uSe as
format contrels are summarized briefly below,
followed by a more detalled description and some
illustrations. '
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speci fy leading spaces or hexadecimal

, 1 specify number of hexadiglts
, (preceding) specify additional leading
5Epaces
. fsucceeding} specify no CR-LF at end of
item

_ tab to & specific celumn
The character "#" followed by a number n means
print leading spaces (if necessary) to make numbers
at least n spaces wide. ESpaces ¢an also be added
by means of extra commas between jitems. The format
control "#%%* means print numbers in 4 hexadligits,
whereas "§%" means print the low order byte of a
number only, in 2 hexadigits. & format control
stays effective until changed by another format
control or until the PRINT command ends. The
default format if no contrel 1s specified 1s %6.
The following example will illustrate these points:

19 PRINT 1, -2, 345, -67B9
. 20 PRINT §3, 1, -2, 345, -6749
3@ PRINT %%, 1, -2, 345, -g789
4¢ PRINT #%%, 1,, -2,, 345,, -6788
59 PRINT #%, 1,, -2,, 345%,, -67B9

0K
>RUN .
1 -2 ' 345 -6789
1 ~2345-6789
POELFFPEOLS9ESTD
88¢l FFFE Bl59 EGT7H
g1 FE 59 7B

The uwunderline or back-arrow character (ASCII SFH)
is used as a format control te indicate tabbing to
a particular ecolumn on the consecle device. It
should be followed by a number n which is the
column number; this will cause the cursocr or print
head to move to that position. The print positions
are numbered from left to right beginning with 1.
If n ig 1, the curser (print head) will move to the
left margin without a line feed. For model MCB-216
of Conktrel Basic, the cursor will move to position
n independent of its present position, i.e, it may
move -either left or right. Model CB-3@8, however,

allows movement only to the right of the present
pesitian.

ia
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'The PRINT command ¢genetates a carriage return and
!ine feed at the end of the last item in cthe
command, However, if thare is a comma at the wvery
end of the line, the CR~LF is n¢ot generated. The
following example will illustrate both the tab
feature just discussed and the suppressed CR-LF:

1@ PRINT 'THIS',
2¢ PRINT ' IS ', .

3@ PRINT 'PRINTED ON ONE LINE'
4@ PRINT 'WE HAVE', 1@, 'O = 0', 18, '- / /!

QK

>RUN

THIS IS5 PRINTED ON OHE LINE
WE HAVE & # #

Note Ethat statement 48 of this example is seomewhat
special purpeose in that it will work correctly only
With modal MCB-216 and with a console device which
will print non-destructive spaces such as a

. teletype.

INPUT Command

The INPUT command is used to premptk bthe operator to
type in an expressicn or a string to be saved by
the program in a variable, an array element, or a
string array. The word INPUT is followed by a llst -
of items ({any of the above)} separated by commas.
The items may alse be Strings (gquoted in single er
double quotes) or tab: cantrols for the terminal.
These 1tems look and behave exactly like those used
in a PRINT statement ({see sectlan 5.4.1}. For
example, the underline or back-arrow character
{ASCII 5FH) may be used to specify INPUT at a .
particular column on the copnsole terminal.
follewing are two examples which will illustrate
some of the features of INPUT statements, The
first example shows tab conktroel and the second
stows how to Input character strings ({(underlined
sections are ko be user-typed):
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1@ INPUT "INPUT ‘A* HERE" A, 38, “"AND 'B' THERE"

28 PRINT #8, A, _3D, B

0K
>RUN
INPUT "A' HERE:123

AND 'B' THERE:456

123 . 456

Note that the gquoted letters 'A' and 'B' are
cansidered part of the strings shown because they
are In single quotes and the strings are In double
quotes. This ecculd be reversed {letters in
doubles; strings in singles); however, if both the
strings and the letters are quoted with the same
synmbol, Contrecl Basic will not understand and will
print "WHAT?" (see Chapter 6).

19 INPUT "GIVE ME A STRING: “, $(23)
28 PRINT "¥YOU TYPED '"“, S(23), "'"
igd IHPUT X, B8{11}

40 PRINT X, 8(1})

0K
» RUN
GIVE ME A STRING: THIS IS A STRING.
YOU TYPED 'THIS IS A STRING.T
X:3*545*6 '
B(11):X¥T

45 46

In this example the operator answered the first
input inguiry by typing "THIS IS5 A STRING.",
answered the second one by "31*5+45*%6", and answered
the third one by "X+1", MNote that in statement 30
where a variable and an array element are the input
items, the names of the wvariables, "x" and "68{11}",
are alsc printed automatically by Contrcl Basic as
prompts. If the operater makes an errver in
response to the prompt, Control Basic will also
recry that part of the INPUT and reprint the
prempt. When the input item i3 a string array as
it is in statement 10, there is no automatic prompt
and whatever the operator tymes is always accepted.
We now rerun the same program giving several
unusual inputs to see their effect:

32
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OK
»RUN
GIVE ME A STRING: %72{'*
¥OQU TYPED '&741x* —
Hrg2f1w
WHAT?
x:2/9
HOW?
X:B (8200}
SORRY
X:2+1
8{I1):{3+4)*5}
WHAT? —
8(11):{3+4)*5
3 35

Programmers not wishing tao take advantage of the
automatic variable name prompt can supply their own
in a pair of single or double guotes preceding the
variable or array name without a comma betwean
them. The next example will illustrate:

1@ INPUT "PLEASE GIVE ME YOUR " ,"WEIGHT {IN LBS}" X
20 LET yY={la*X+11)/22
30 PRINT 'THAT IS ABOUT ', #8, ¥, " KILOGRAMS"

OK

>RUN '

PLEASE GIVE ME YOUR WEIGHT (IM LBS):HUNDRED AND FORTY
WHAT? .

WEIGHT (IN LBS):140

THAT IS ABOUT 64 KILOGRAMS

Hote that only the prompt "WEIGHT ({(IN LBS)" is
repeated; the string "PLEASE GIVE ME YOUR " Iis
separated from the input item by a comma and is
thus net repeated follewing an incorrect response.
The expression in statement 20 handles the unit
conversioen and rounding in integer arithmetic,

S5.4.3 QUT Command

The QUT command is used to output a byte of data to
any I/0 port. The format of the commpand is

DUT({x) = y
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where x is the port number and 1s an expression
with a value between B and 255 {8-FFH), and y is an
expression also with a value between € and 255,
which is the actual byte of data to be aoutput,

The counterpart of OUT is INM, but IN is a function
rather than a ¢ommend. The Iinput function IN(x) is
used to read data cor status infeormation in from an
I/0 port. The port number x is again an expression
with a value between 8 and 255 {@-FFH). This
function, like any other functieon, cannot stand for
a command by itself. Thus in the following example
illustrating the use of the OUT command and the IN
function, statemant 1P is invalid while the other
statements are legal.

16 IN(3}

20 PRINT #%, IN{(3),, SIZE,, LOC
38 LET A=AND(IN{B+1),%40)

10 QUT({B+1)=A
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Non-Executable Commands

REM Command

The word *REM™ may be used in a Contral Basic
statement to denote & REMark 1ine, This "command"
is non-executable and everything follewing the REM
on that statement line (preceding the GCR) is
ignored by the Interpreter. REM may alsoc appear on
the same line with other commands in a nultiple-
command statement; everything preceding the REM
command will be executed but the rest of the line
is again ignored. There are several commands which
must be the last command on & line; these cannot be
followed by even a REM command. They are: GOTO,
RETURN, and 3TOP, {Also note that the word
"REMARK" may be used instead of "REM" {f you wish
since the letters "ARK" are Ignored anyway.] The
following example 1llostrates the use of REM:

19 REM

28 REM **% ritle of Program #*#**

3@ REM

4@ PRINT "RECIPE"; REM PRINT "CQOKBOCK"

In this example statements 19, 2¢, and 38 will be
ignored during execution of the preogram; statement
48 will cause Control Basiec to print the word
" RECIPE" but not the word "COOKBOOK",

AUTORUN Command

Note that AUTORUN is treated exactly like a REMark

in every case except when the computer hardware
reset Is pressed, in which case AUTORUN causes the
Control BRasic program at page 16{%18) to begin
executing. AUTORUN I8 a feature of the MCB-218§
model of Control Basic snly. For more information
see Section 5.3.4,
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5.6, 1

S5.6.2

Editing Commands {(direct only}

HEW Command

The NEW command is used to delete the current
program stored in the text area. It is a direct
command which 1s executed by typing "NEW <CR>" from
the console device. MNEW is executed automatically
upon entering Control BRasic initially and wupen
issuing a LOAD command (section 5,7.4}).

LIST Command

The LIST command is used to print some or all of
the statements of the current program in the text
area in numerical order on the conscle device. It
is used frequently in entering, editing, and
verifying Control Baslc programs,. There are
several legal forms of LIST; the simplest is to
type “LIST <CR>", which will then list the entire
current program from beginning te end. A more

complete format is

LIST ®,n

where X 15 the beginning line number (a conétant}
and n is the number of lines to be LISTed.. Both

.these values are optional, and the comma (,) should

be omlitted if n is. The following examples will

illustrate these points further:

LIST 1286 prints all statements beginning
with line number 120.

LIST 124,3 prints at most {i.e., fewer will
be printed If fewer are present)
3 statements beginning with line
120.

LIST ,29 prints at most 2¢ statements
starting with the ‘beginning line
of the current program.

L.99,1 prints only statement number 98,
if there is one. 'Note the abbre-
viated form of LIST (Chapter 4).
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5.7

5.7.1

Storage and File Commands jdirect only]

LOCK Command

The LOCK command 1Is used to change the boundary
between the current program text area and the area
reserved for SAVEing program files. A sample LOCK
caommand is

LOCK 40

which will set the boundary between the text area
and the SAVE area at 2880H (page 40D=page 28H}.
Thus pages 4 through 39 (CB-308) or 34 through 39
{MCB-216} become allocated to the current program
text and pages 4@ through 255 can be used to SAVE
files, The LOCKed value (see "TXTLMT" in Menory
Allocation, section 8.i.1 or 8.2,1) is set when
Cantrol Basic is c¢cold started to 32 (28H} for model
CB-31¢8 and 36 (24H) for meodel MCB-216. If these
values are lowered by means of the LOCK command
after a program has been entered inte the text
area, Control Basic will print "SORRY" if the page
number specified would inciude part of that current
program. For example, suppeSe the current program
resides in pages 4 through AH. The ceoemmand "LOCK
tA" will print "SORRY" but the c¢ommand *“LOCK %8"
will be accepted and executed,

IF the LOCK command is used to Increase the size of
the current program area, it is up to the user to
make sure that this does not endanger any
previously SAVEd files. The allowable range of the
LOCK command is 5~255 (S5H-FFH) for CB-3l0B and 35-
255 {23H-FFH) for MCB-216.

SAVE Command

The SAVE command i5 usSed to save Lhe current

preogtam in a particular page of memory. . The page
number given should be above the LOCKed text area
and generally coinci{dent only with read/write
memary sSpace. A sample SAVE command s

SAVE %43

whare the current pregram will be saved in memory
beginning at 439#H. when the SAVE command is
finished, Controcl Basic will print & messagn
indicating how many pages of memory were used. For
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9.7.3

example the message
SAVED ON PAGE %43 TO %45

means that the c¢urrent program now occupies all of

-pages 43H and 44H, and all or part of page 45H. If

the copy does not compare with the original (for
example, if there is no RAM at the specified page},
Contrel Basic will print “SORRY". "SORRY* will
2lso be printed if ohe attempts to SAVE a program
In pages B through gone less than the LOCKed number
{i.e., B through 31 for CB-3¢8 and ¢ through 35 for
MCB~216, as they are initially confiqured), This
region is reserved by Contrel Basic for varlables,
gtack, and the current text {see section H.l.1 or
12.1}-

The SAVE command may also be used in conjunction
with a 32K Bytesaver to program 2716 (2516) PROMs.
Remember to¢ turn on the program power of the
Bytesaver board before issuing the "SAVE command.
Used In this way, SAVE will take several minutes to
execute due to the wait states regquired by the
2716's while programming,

EPROM Command

The EPROM ccmmand may be wused to save the current
program In blank or erased 2788 PROM5. The PROMs
must be loaded onto a Cromemco Bytesaver board
residing in currently addressed memory. A
convenient place to have the PROMs reside when
using medel CB-388 of Control Basic Is from

" addresses FOPOH to FFFFH,. or simply the top half of

the Bytesaver which contains CB-3g8. A sample
EPROM command Is

EPROM 64

-

where the current program will be saved in PROMS
addressed beginning at 4@60H (page &4D=page 46H).

.-The page number must be divisible by 4 (since

2788's are 11X bytes long, or 4 pages). This
command will take several minutes to execute, where
the amount of elapsed time will depend on the
length of the preogram being saved.

When the EPROM c¢ommand is Ffinished, Centrol Basic
will print & message Indicating how many pages of
memory were used (always a mieltiple of four pages).
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If the copy does not compare with the oariginal,
Contreol Basic will print “SORRY", See the BSAVE
command, section 5.7.2, for infoermation an
Programming 2716 (2516) PROMs.

LOAD Command

PFragrams which have been saved with the BSAVE or
EPRDOM commands may be copied back to the text area
for editing by means of the LOAD command. This
process performs an automatic "NEW"; in other words
the current program in the text area is deleted.
An example use of LDAD iIg

LOAD %43

where the file stored on page 43H (or at 4300H in
memory) 1is copied inte the text area. If ne
Program is stored at page 43H, Controel Basic prints
"SORRY". Also, since the length of any given
Stored program Is contained In the first twe bytes
of the first page (see section 8,1.1 or 8.2.1),
Control Basic knows immediately if it will f£it inte
the text area. If It willl net £fit, "SORRY" is
printed and no LOADIng takes place. The size ., of
the text area may be increased (to allow for

LOADing wvery leng programs) by means of the LOCK
command, section $.7.1.

.
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Console Terminal Commands (direct only)

WIDTH Command

The WIDTH command may be used to compensate for the
hon-standardization of conscle terminals by
alloewing the wuser to set both a scft and hard
screen width or margln., A sample WIDTH command is

WIDTH 72,808

which sets the soft margln at column 72 and the
hard margin at column 88. When the soft margin has
been exceeded during output, Control Basic will
generate a carriage return-line feed segquence after
any space character {and thus, at the ends of
words). When the hard margin has been exceeded, it
generates an immediate CR~LF. The values above are
good cholces for an 88~column CRT. The default
WIDTH for Control Basic model CB-38B 1s 60,68 and
for MCB-216 it s 72,72. The allowable usable

.range for the first number is @-129 and for the

second is B-255.

Since WIDTH is a direct command, it cannot be set
by a statement irnr a program. However, It is
sometimes useful to be able te change the screen
width in a particular program. One methed of doing
this is to use the PUT command to alter the RAM
locations where the soft and hard marglns are
stored ({see “MARGN" in Memory allocation, sectian
8.1,1 or B8.2.1). An example of this (for CB-328)

is

1g PUT($3E2) = 72,88
which has the same effect as the WIDTH example
above, A similar command may be used to set the
margins for MCB-216:

18 PUT(%21E3) = 72,BP

10
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NULL Command

The NULL command is used to set the number of nulls
transmitted by Control Basic after any carriage
return-line feed sequence., This allows the user to
set carriage return time for hardcopy devices such
as teletypes. & sample NULL command is

NULL 3

which causes Control Beasic ko transmit 3 null
characters after every CR-LF. The default value
for NULL upon entering Conhtrol Basic {(either model)
is 8. The allowable, usable range of the value is
g-128. -

11
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Monitor—-Entrance Commands (direct only}

QUIT Command

The OQUIT command is used to return control to a
system monltor. For Cantrol B8asic model CB-308
this is assumed tc be the 288 Moniter (madel ZIM-
188} located at EBEPH in memory. Typing “QUIT"
will cause a jump from Control Basic to EBB8H, the
warm start leocation for ZIM-198. It is acceptable
for programmers to use their own moniter If
desired; however, there must still be a PROM
containing & JP or CALL instruction at E@@BH to
pass caontrel teo this monitor, One may use cne of
the Control Basic restarts to go back to CB-3@8
after finishing with use of the monitor. These are
summarized below along with thelr entrance
addresses;

name address functlon
initial start E4@@H initializes everything;

moves I/0 routines to RAM.

cold start E486H inttializes evervthing
except I/C.

 new program

warm start E424H warm start which does not
re-initialize margins or
EOL nulls, etec. but does
clear program area; same
effect as NEW command.

stored program

warm start E42FH normal warm start for CB-
388; program is preserved,
but stack pointer iIs re-
initialized.

Thus, a typlcal re~entrance to CB-388 after using

the 288 Monitor would be the command "GE42F <Cm>"
{Go to E42FH) ., ‘

Cantrol Baslc medel MCB-216 also has a QUIT
command, However, in thls c¢ase the Monitor has
been merged with and is a part of Control Basic.
Therefore, typing "OUIT" will pass contral to the
warm start of the Monitar, and typing "B <CR>* will
pass control from the Monltor back to the Control

42
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.9.

Basic warm start (see alsc section B8.2,4). The
stored program will never be cleared because the
Monitor always enters at the MCB-216 “"stored
program warm Sstart." This 'is shown below alang
with the entrance addresses of the other restarts:

name address function

initial and
cold start 422N initializes everything and

sets baud rate of coansole
terminal.

new program }

warim stark 447H warm start which deoes not
re-initialize margins or
console baud rate, etc. but
does clear program area;
game effect as NEW command.

stored program

warm start 452H noermal warm start for MCB-
216; program is preserved
but stack pointer is re-
initialized. The Monlter
“B" command causes a jump
to this location.

RDOS Command

The RDOS command is a Eeature of nmodel MCB-216

only. It is provided for users of this version of
Contrel Basic who also have a 4FDC Disk Controller
board in their system and one or more disk drives.
Typing "RDOS"™ as a direct command causes control to
pass from Control Basic to the warm start of the
resident ROM monitor on the 4FDC known as RDOS,
The disk read or write commands of RDOS may then be
used to lecad pregrams inte or save them from
memary, respectively. See the RDOS Manuval for more
information.

To return to Control Basic after using RDOS, type
"G452 <CR>" to enter at the "stored program warm
start" listed in section S.9.1 abeove. You may also
return via one of the other MCB-216 restarts listed
in that section,

., CROMEMCO 3K CONTROL BASIC INSTRUCTION MAMUAL ?’J
L Control Basic Commands and Statements
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Introduccidn:

r

El término microcomputador ha side usado para describir virtual
mente cada tipo de pequefio dispositivo de cdmputo disefiade en -

los ultimos 5 afios.

El mayor impacto de la tecnolegia de gran integracidn se ha en-
contrade en la tecnelogia MOS (Metal Oxide Semiconductor), con
ella es posible fabricar sistemas de cbmputo utilizando un peque

fio nimero de componentes.

Para tener una mejor comprensidn del funcionamiento de un siste
ma de cémputo basade en un microprocesador a continuacién dare-
MOS Una descripciﬁn_mﬁs o menos detaliada de 1la arquitectura del
microprocesador Z-80, su funcionamiento interno y su relacidn -

con @l mundo exterior.

Cualquier sistema de cdimputo consiste de 3 partes:

1.- CPl (Unidad Central de Proceso),

2.- Memoria

3.- -Interfases con dispositivos periféricos ¢ (I/0) entrada/sa-
lida.

El CPU es el corazdén del sistema, en particular para un sistema
de computc basado en un microprocesador, este Gltime serd la par

te mds importante.



Sistema Minimo,

En la siguiente fipgura se muestra una configuracidn minima del
sistema basado en el procesador Z-80, en el cual se Dbservq la

relacifin de logs 5 elementos hasicos:

1.~ Fuente de poder 5 volts.,
2,- QOscilador,

5.~ Memoria {RAM, ROM o PROM).
4.- Circuitos de entrada/salida.

5.- Cru. -

L
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9.0 HARDWARE IMPLEMENTATION EXAMPLES

This chapter it Inténded ta serve a3 abasic intraduction to implementing systerns with the Z§0-CPU.

MINIMUM SYSTEM

Figure 9.0-1 is a diagram of a very simple Z-80 system, Any Z-B0 system must include the following
five clements:

1} Five volt pawer supply
2) Oscillaror

3) Memory devicas

4} [JO circuits

5y CPU '
Iy
§HII!T
I
.

ouTFUT INRLT
DATA DaTh
FIGURE 8.0-1

MINIMUM Z80 COMPUTER SYSTEM

Since the ZEO-CPU onty requires a single 5 volt supply, most small systems can be implemented using
enly this single supply.

The oscillater can be very simple since the only requirement s that it be a 5 volt square wave. For
tystems not running at full speed, 1 simple RC oscillator ¢an be used. When the CPU is operated near the .
highest possible frequency, a crystal ascillator s generally required because the system timing will not ¥
tolerate the drift or jirter that an RC weiwork will generate, A crystal oscillator can be made from inverters
and a [ew discrele componenis or monolithic cireuits are widely availzble.

The external memaory ¢an be any mixture of standard RAM, ROM, or PROM. In thly timple example
we have shown a single 5K bit ROM (1K byres) being utilized as the entire memory system. Far this
enample we have assumed that the Z40 internal register conllguration coataing sufficient Readf¥rite
storage so thar external RAM memory is not required.



Eugiy ra penlires O e o0 Mttt interfiaze Lo the “real world.” TR this simiple
whnoocc. ae e hecwrputisuwa B Dt vl vester nd the putis an & bil status waord. The
fput dete ot Le garsd put iz Jdaig bus e g any sandard tri-slate driver while the ouiput data could
be Jaichzd wih any type of standard 1TL 1ateh. For 1his exanipie we have used a Z20-I'0 for the [/O
clreutl. This single circet altaches to tie ¢3ta bus as shown and provides lhe required 16 bits ol TTL :
compaitble 170, (Reter to the 280.PIO manual fur detads on the operation of this gircuiit.} Notice in thi
gxample that with anly thres LS1 circuits, 3 simple oscillator 2nd a single § volt power supply, &

powerful campuzr has been implemented.

ADDING RAM

Most compsiter systems require some amount of external ReadfWrite memory for data trorage and to
implement a “stack.” Figure 9.0-2 illustraies how 156 bytes of static memory can be added 10 the previcus
exszmple. In this example the memory space 1s sssumed 1o be organized as lollows: -

Address
LLEI]

IK byles

ROM

- B3FFH ~

256 byles | 0400H

RAaM -
04FFH

APDAESS BUS

TN N

YRES 0 e, BD Jab TE, MR8 Rofho ) il
a 1K al WA 260 x4
ROM RaM Ay R RAM A
LR P WA Lo cey b NBlamw e 12
dg-dy 9943 444
DATA BUS
FIGURE 5.0-2

ACKM & RAM IMPLEMENTATION EXAMPLE

In this diagram the address space 15 deseribed m hexideclmal natation. Far this example, address bit Ao
geparetes the ROM space from the RAM space so that it can be used for the chip sefect funciion, For
lnger smounis of externad ROM or RAM, a simple TTL decoder will be required 1o form the chip selects.

MEMORY SFEED CONTROL

For many applications. it may be desirable to use slow nrertaries 1o reduce cosis. The WAIT line on
the CPU allows 1he Z-50 10 operate with any speed memtory. Dy referring back to section 4 you will nottce
izl the memory 3ccess thme requircinents are masl severe dunng the M3 cyele instruction feich, All other
e Ry aveesscs have an additional one half of 2 ek c¥cle 10 be completed. For Lhis reason il may be
desitable i some applications ta 2dd vne wail stae 10 the M| cycle so that slower memories can be used.
Figure ".0-3 iy an example uf 2 simple circuil that will accom plish this task. This circnt can be chanped to
add a sinple wiil s131e 10 any mentory access s shewn in Fipure 9.0-4,

Z-80 CPU.- Descripcifn del integrado.
El Z-80 se encuentra empﬁquntado en un circuito integrado de 40
pins (patas), en la siguiente figura se desc;ibe la funcisn de
cada una de ellas y en el texto su actividad y significado elec

tronico,
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30 Z.80CPUPIN DESCRIPTION

The Z-80 CPU is packaged in an industry standard 40 pin Dual In-Ling Package. The IfQ pins are shown
in figure 3.0-1 and the function of e2ch is described below,

SY¥STEM
Ern T ROL
oy
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oy
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{Address Bus)
DG-D?
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¥,
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MREQ

{Memory Request}

u'I
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GG
LE
WH
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HALT
wait
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-
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Z-80 PN CONFIGURATION
FIGURE 2.0-1

Tri-state output, active high, A-A, ¢ constitete 2 16bit address bus, The
address bus pruvides the address for memory {up to 64K bytes) data
exchanges and For 1/0 devics data exchanges. I/ addressing uses the 8 lower
acdress bitg 10 allow the user Lo directly select up o 256 inpul or 256 output
ports. Ag is the leasy signilicant address it During refresh Lime | the lower

T b contatt a valid refresh address,

Tri-state inputfoutput, active high, Dg'-D—,- conslilute an 8.bit bidirectional
data bus, The data bus is used for data exchanges with memory and 10
devices.

Output, active low. M| indicales that the cureene mtachine eycle it the QP
code fetch cycle of an instructivn execetion. Mule that during execution
of 2-byte opvodes, Y| is pencraled as each op code byte is Fetched These
two byle up-cades always bepin with CBE, DDII, EDH or FDH, M1 also
accurs willl [ORQ do indicate an jnterrupt acknowledge cycle,

Tri-stale outputl, active fow. The niemory requesl signat indicates that the
address bus holds a valid address for a memory read or memory wrile
operation,



1ORG
(Input/Quipul Reguest)

[P —

RD
(Memory Read)

WR
{Memory Write)

RFSH
{Refresh)

HALT
{Halt statc)}

WAIT
(Wait)

[INT
{Interrupt Request}

M1
(Non Maskable
Interrupr)

Tri-state oulpuat, zetive Iow, The IORD signal indicates that the lower half of !
(e address bus hotds a valid 1/0 address for a 1O read or write operation, An

IR signal is also peograted with an M] stgnal when an interrupt is belng
deknowledped 1o indicule thiut an interrupt tesponse veclor can be placed on

the data bus Irterrupt Acknowledge operations occur during M; time while

1O uperations never vecur during M y lime.

Tr-siale cutpul, active tow. RD indicates Lhat the CPU wants to read data
from memory or an [fO device, The addressed IO device ar memory thould
bse this signzl Lo gaie data anto the CI'U data bus,

Tri-stale oulpul, active low. WR indicates that the CPU data bus holds valid
data to be siored in the addressed memary or JO device.

Qutput, active low, RFSH indicates that the lower 7 bits of the address
bus conlain a relresh address for dynamic memories and the current MREQ
zgnal should be used 1o di & relresn rezd to all dynamic memeries,

Oulpus, active low. HALT indicales that the CPU has executed a HALT soft-
ware inttruction and is awalung either a non maskable or a maskable inter-
rupt {with the mask enabled) before operation can resume, While halted, the
CPU execures NOM's to maintain memory relresh activity,

Input, active low. WAIT indlcates 1o the Z-80 CPU that the addressed
memory or 1f0 devices are not ready for a data transfer. The CFU continues
to enler wait states for as fong at this signal is active, This signal allows
memary or [fO devices of any speed 1o be synchroaized to che CPU.

Inpui, active low. The Interrupt Request signal is generated by 1/0Q devices. A
request will be honored ai the end of the current instruction if the internal
software controlled interrupt enable Nip-flop {{FF) is enabled and if the
BUERL signal is not active. When the CPU accepts the interrupd, an acknow!-
edge signal {1ORQ during M | 1ima) is sent out 21 the beginning of the next
instruction cycle. The CPU can respond to an inlerrupt in chres different
modes that are described in detad! in secrion 5.4 {CPU Control Instructions).

Input, negative :dgr%‘_%gered. The non maskable inierrupt request Hne has 2
higher priorlty than INT end bs always recognized at the end of the current
instruction, independenl of the statuy of the interrupt enahts ﬂip-ﬂup‘m
sutomalically forces the Z-80 CPU to restant to location D066y . The program
counler 13 awcomatically saved in the external stack 3o that the user can retum
10 the program that was interrupled. Note that continuous WAIT cycles can
prevent the current tnstruciion frem ending, and that a BUSROQ will override

a NMI. *



RESET

BUSRQ
{Bus Request)

BUSAK
{Bus Acknowledge)

Input, active low. RESET forces the pregram counter to zero and initializes
the CPUY. The CPL initabization 1o lides:

() Drisable the interrupt enable Rip-flap
2) Set Register t = Ofy,

3} Set Register R =00y,

4% Set Intertupt Modle

During reset time, the address bus and data bus go 10 a high impedancs slate
and all control outpul signals go to Lhe inagtive siate,

Input, active Yow, The bus request stgnal is used 1o request the CPU address

bus, data bus and tri-state vulput control signals to go to a high impedance
state so that other devices can controd these buses. When BUSRE is activated,
the CPU will s2t these buses 1o a high impediance sate s soon as the current

CPU machine cyele it terminated.

Output, active low. Bus acknowledge is used to indicate to the requesting
devlce that the CPY address bus, data bus and Lri-state control bus signals
have been set to their high impedance state and the external device can now
conirul these signals.

Single phase TTL Teve! clock which requires only s 330 ohm pulf-up resdstor
o +5 volty ta meet all clock requirements,

Z+80 Arquitectura Interna,

En la siguiente figura se incluye la arquitectura del

CPL.



2.0 Z-80 CPU ARCHITECTURE

A block diagram of 1he internal architecture of the 780 CPU is suown in (Tgure 2.0-1 - The diggram
shows all of the maior elements in the CPU and it should be referred to throughout the following
description.

T
DA TA LS

CATA BLI%
LONTROL

INTEANAL DATA BUS > ALL

INSTRULCTION
DECODE
- ¥
=1
13 CONTACL ]

LU AND AEGISTERS

IYETEM o™y

COMTROL ::>NH'I'NJL

LIGhaLL

ARORESE
GONTROL
5V OND + 18017
ADDRELS BUS

Z-80 CPU BLOCK DIAGRAM
FIGURE 2.0-1 -

2.1 CPU REGISTERS

The Z-80 CPU containa 208 bits of R/W memary that ace accessible to the programmer. Figure 2.0-2
ustrares how this memory is configured into eighteen 8.bit registers and four 16-bit registers. AL Z-80
regisiers are implemented using static RAM, The registers include two seis of six genersl purpose registers
that may be used individually as S-bit registers or in paits ay 16-bit registers. There ane 3l {wo sews of
accumulater and {lag regisrers.

Special Purpose ]-Iegisteru \

1. Program Counier [FCY. The program counter holds the ! &-bit address of the current instruction being
fetched from memory. Tha PC is sutomatically incrémentad after its contants kave been transferred
to the address lines, When a program jump occurs the new value is automatically placed in the PC,
overrtding the incrementer, -

2. Stack Pointer (SP). The stack pointer holds the 16-bit address of the current top of 1 stack located
anywhere in external sysiem RAM memory, The external stack memory iy organized a8 a lagt-tn first.
out {LIFQ) file, Drata can be pushed ontao the stack rom specific CPU registers or popped off of the
stack into specific CPU registers through the execution of PUSH and POP instructions. The data
popped from Lhe ttack is sfways the last data pushed onto it The stack allows simple implementation
of multiple Jevel interrupts, unlimited subroutine nesting and simplification of many lypes of darz
manipulakion,



Registros:

El CPU Z80 contiene 208 (bits) celdas de memoria estitica de
acceso aleatorio de lectura/escritura accesibles al pregramador,
ordenadas formando registros seghn Sse muestra en la siguiente fi

gura en donde:

PC.- Contador del programa.

SP.- Apuntador a pila o stack. ,
IX.- b
} Registros de indice. Lk
IY.- ) o
I .- Registro de direccidn de pAgina en interrupciones.’

R .- Registro para refrescamiento de memoria.

v
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Z:80 CPU REGISTER CONFIGURATION
FIGURE 2.0-2 _
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1. Two Index Registers (IX & I¥). The two independent index registers hold a 16-bit base address that
is used in indexed addressing modes. In this mode, an index register it vaed as a bate to paint 10 a
regian In memaory frem which data iy 10 be stored or reirieved. An additional byte is included in
indexed instruciions to specily = displacement frem this base. This displacement iz specified 25 a two's
complement signed integer, This mode of addressing greatly sim plifies many types of programs,
especially where 1ables of data are used.

4. Interrupt Fage Addresy Register (1), The Z-80 CPU can be operated in s mode where an indirect il
1o any memory location can be achieved in response 10 an interrupt. The 1 Register s used for this
putpose 10 store the high order 8-bits ol the indirect address while the Interrupting device provides the
lower §-bits of the address. This feature allows intesrupt rovtines 10 be dynamically located anywhere
in memwry with gbsolute minimal access time to the rouling,

5. Memary Refresh Reglster (R). The Z-80 CPU! contalns 3 memory refreth counter to enzble dynamic
remaories 10 be used with (he same eate a3 static memories. This 7.bit register is automatleally incre-
menled after each instructeon fetch . The duta in the refresh counter 1s sent out on the lower portion
of tha wldiess bus alung with a refresh coniral signal while the CPU is Jecoding and executing the
fetchied instruction, This mode af refresh is 101ally trangparent to the programmer and does not slow
dewn the CPU operation, The prograntmier can load the R register for tesling purposes, but this
regisies 15 narmally not used by the programmer,

Accomulntor and Flag Registers

The CPU inctudes twoa independent 8-bit accumulztors and asociated B-bii flag registers. The accumu.
fator holds 1he resubis of 8-bit arithmene or Jogical eperations while the Mag repsier indicawes spegific
conditions for B or 16-bit operaitons, such as indiczling whether or not the result of an operation is equal
o zerg, The programmer selects the aecumulater and tag pair that he wishes tu work with with a single
exchange instruction so thal he may easily work with either pair,
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Des conjuntos de registros de trabajo accesibles al programader
forman la unidad de almacenamiento internc del CPU, pudiéndese
intercambiar a gusto del programador a través de una sola ins-—
truccidn lo cual simplificarid el manejo de interrupciones redu-

ciendo el tiempo de arencidn a la rutina de interrupcidn.

Unidad Aritmét&ca!Lﬁgica (BLAY.

La ULA del microprocesador Z-80 permite la ecjecucidn de las si-

guientes operaciones:

Cperaciones de Acumulador:

Incrementa, decrementa,
Corrimientos y rotaciones.

Prende, apaga o prueba un bhit,

Operacicnes Aritméticas:

Suma, resta.

Operaciones Lbgicas:

AND, OR, OR Exclusiva, Comparacién.



Banderas:

S Z @ H @ P/V N c

(Carry): Bandera de acarreo: se genera como un noveno bit del
acumulador en operaciones de suma y comc (Borreow) bit

de Jdeudz en 1la resta.

{Zerp): Bandera que se enciende cuando el resultado de una ope

cifn es zero,.

(Negative Sign): Bandera de signo. 5e enciende si el resulta-
do de una operacibn es negativo, esta es una copia del

7 bit o mAs significative del acumulador.

(Parity/Overflow): Para operaciones l&égicas esta bandera indi-
ca la paridad del resultado. Prendiéndose si la pari
dad es par. Para operaciones aritméticas en 2 comple

menta con cantidades seguidas.

(t,8): Banderas para manejo de cantidades en BCD,



2.0 CPU TIMING

The Z-80 CPU executes instructions by stepping through a very precise tet of 2 few bale operations.
Thee include:
Memory read or write

/O device read or write
Interrupt acknowledge .

All instructions are merely a saries of these basic operationy, Each of these busic operations can take from
three Lo six clock periods ro complete or they can be lengthened to synchronize the CPU to the speed of
external devices, The basic clock pertods are referred 10 a3 T eycles and the basic operations are referred to
as M [for machine) eyeley, Figure 4,040 flustezies how a typical instruction will be merely a series of
specitic M and T oycles. Notice that this instruction consisis of three machine eycles (M1, M2 and %13} The
first machine cycle of any instruction is a feteh eycle which is four, five ot six T cyeles long {unlesy length-
ened By Lhe wail signal which will be fully described i the next section). The [eich eyele (M1) 15 used 10
frich the OF code of the next instruction to be executed. Subsequent machine cycles move data between
the CPU and memory or /O devices and they may have anywhere-from three ta five T cycles (again they
may be lengthened by wait states to synchronize the extarnal devices to the CPU). The following para-
graphs describe the timing which occurs within any of the basic machire ¢ycles. In section 10, the exact
tming for each instruction is specitfied.

T Cydls

M1 | M2 ] (L)
1OF Cade Fatchl WMy Bead) | Mgy W)

Ingiruction 5 el

. BASIC CPt) TIMING EXAMPLE
FIGURE 4.0-0

All CPU timing can be broken down Into a few very simple timing diagrams as shown in Agure 4.0-1
through 4.0-7. These diagrams show the following basic operations with and without wait states (wait states
are sdded to synchronlze the CPU (o slow memory or [0 devices).

40-1. !rstruction OF code fetch (M1 cycle)

40-2.  Memory data read or write cycles

403, [0 read or write cycles

4.04. BusRequest/Acknowledge Cycle

4.0-5, Interrupt RequestfAcknowledge Cycle

40-6. Non maskable Interrupl Request/ Acknowledge Cycle
4.0-7, Exit from a HALT instruction



Azeistye de InstrucCiones y Contrel,

En cada cperacibn de fetch la instruccidn obtenida es colocada
en el registro de instrucciones, el cual es entrada de ia uni-—
dad de contrel en donde se lleva a cabo la decodificaciBn y se-
cuenciacibn de sefiales de control necesarias para la ejecucidn

de la instrucecidn, tante internas come externas al CPU,

Cicleos del CPU,

T Periodo bisico de reloj.
M Cicles de mfiquina,

HI""MS Ciclos de instruccién,



INSTRUCTION FETCH

v

Figure 4.0-1 shows the riming during an Mt cycle (OP code fetch). Notice that (e PC is placed an the
address bus al the beginning of the M1 cyele. Gne halll glock time later the MREG sigral poes active. At this
time the address 10 the memory has had 1ime 10 stabilize so it the fallmg edge of MRLQ can be used
dircctly 25 2 chip enable clock (¢ dynamic memories. The KD lire atse poes active w indicaie 1hat the
memary read data shoutd be enabled ante the CPU daia bus. FThe CPU samples the data from the memory on
the data bus wath the nising edge of the clock ol state T3 and this samme edge is used by e CPU e turn off
the RD and MRT} signals. Thus the daia has already been sampled by the CPU hefure 1he KD signal becomes
inactive. Clock state T3 and T4 ul'a fetch cyele ure used 10 teftesh Jynamic memaories. {The CPU uses this
time (o decode and execute the lelched mstruction so that ne ether uperation could be performed ai this
time}. During T3 und T4 the lower 7 bits of the address bus coniain 2 memory refresh adidress and the RFSH
signa! becomes gerive to indicate that a refresh read of all dymamic memories should be accomplished. Netice
that 2 RL} signal is not generated durning refresh time to prevent datz fram differenl memory segmenls from
being gated ento the data bus, The MEEQ signal during refrech time should be used to perform a refresh read
of all memary elements. The rairesh signal can not be used by itsell since the refresh address is only guaren-
ieed 10 e stable during MREQ time,
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INSTRUCTION &P CODE FETCH
FIGLUAE 4.0-1

Figure 4,0-1 A iJustrates how the fetch cyele is delayed if the memory activates the WAIT lime. Dur-
ing T2 and every subsequent Tw, the CPU samples the WATT line with the falling edge af <k 1T the WAIT
line i active ar this time, another wail state will be entered during the fellowing cycle. Using this technigue
the read eycle can be lengihensd to match 1he access 1ime of any Lype of memory device.



Las siguientes pliginas resumecn la actividad del CPU en funcibn

del tiempo para cada operacidn bdsica o ciclo bfAsico del Z80.

La explicacifn serd complementada durante la sesidn correspon-—
diente del curse y no ghondaremes mfis sobre este tema en estos

apuntes.

Ciglo M, Fetch del c8dige de operacidn.
Ciclos de lectura/escritura a memoria.
Ciclos de entrada/salida.

Ciclo de requerimicnto y agotaciéin del bus.
Ciclo de interrupcién, |

LCicle de interrupcibn no enmascarable.

Ciclos 'durante la instruccién de alto.
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FIGURE 4.0-1A

MEMORY READ OR WRITE

Figure 4.0-2 ustrates the timing of mamury read or write cycles other than an OF code fetch (M
¢ycle). These cyeles are generally three clock paricds long unless wait staies are requested by the memuory
vig the WAIT signal, The MREQ sienal and the RI signal are used the same as i the ferch cyele. In the case
ol 4 memary wrile cyile, the MRLEi 2laey bevomes active when the addeess bus is stable so thal it can be
used directly a3 a chip enable for dynamie memories. The WR hoe is active when datz oo the data bus i
stable so that i can be used direcily a3 a RyW pulse ta virlually any tvpe of wmiconductor memary.
Furthermare the WR signal goes inactive one half T stare before 1he address wnd data bus contents are

changed so (that the wverfap requirements Tor virtually any 1ype af semiconductor memory 1ype will be met.

v
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MEMORY READ OR WRITE CYCLES
] FIGURE 4 0-2
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Fipure 4.0-2A iliustrates how o WAIT request signal will lengthen any mémory read or wrile opera-
tion, This eperation is identical 1o that previously described for a fetch eyele. MNotice in this flgure that &
separale read and a separate wrile cycle are shawn in the same figere although reed and write cyees ean
never occur stmudlaneously.
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MEMORY READ OR WRITE CYLLES WITH WAIT STATES
FIGURE 4.0-24

™WPUT OR OUTPUT CYCLES

Figure 4.0-3 lustrates an 10 read or 1fO write opestion. Notice that during [/O operations a single
wait stale is automatically inseried. The reason for Lhisis that during IO operations, the time from when
the 1ORQ sipnal poes active unl the CPU must samiple the WATT line i5 very short and without this extr
state sufficient time does nat exist fur an /0 port to decode its address and activate tha WAIT Jine il 2 wait
15 required. Also, without this wall state i s diffleult 1o design MOS 1/0 devices that can operate at full
CPU speed. During this wait state time the WAIT request signal is sampled. During a read 10 operation,
the RT line is used to enable the addressed por: onto the data bus just as in the case of a memory read. For
1/ write operations, the WR ling is used as 2 ctock to the IfO port, again with sufficient overlap timing
avtomatically provided so Lthat the rising edgs may be vsed a5 3 data clock.

Figure 4.0-3A illustrates how additional wait states may be added with the WATT line, The operation
is identical 1o thal previausly described,

RBUS REQUEST,’ACKNUWLEDGE CYCLE

b —

Figure 4.0-4 illustrates the timing for 2 Bus RequestfAcknowledge cycte. The BUSRO signal is
simpled by the CPL with the rising edge of the 1ast clock period of any machine cycle. If the BUSED
signal is active, Ihe CPU will set its address, data and Irisiate control signals to the high impedance state
with 1he 1ising edge of the next glock pulse. Ar that rime any external device can control the buses to
transfer data berween memory and 170 devices, {This is generally known as Direct Memory Access [DMA]

- using eyvle stealing). The maxemunt time fur the CPU 1o respond La a bus request is the length of 2 machine
cvele und 1he external controller can mainrain control of the bus for as many clock cycles as is desired,
Note, however, that if wery long DMA cyctes are used, and dynamic memories are being used, Lhe exiernal
controtler must also perform the refresh funciion. This suztion only occurs if very large blocks of data are
transferred under OMA control Also note thar during a bus request cycle, the CPU cannol be imterrupted
by either a WM of an TNT signal 1
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INTERRUIT REQUEST/ACKNOWLEDGE CYCLE

Figure 4 0-5 {ustrates the uming ensociated with an interrupt cyele, The interrupt signal (INT) is
sampied by the CPU with Lhe rising edge of the last clock at the end of any instrucrion. The signal will nat be
accepted if the internal CPUT software controlled interrupt enable Nip-Nop is not set or if the BUSRQ signal
is active. When the ignal is accepred nspectal M1 cycle is generated, During this special M| ¢ydle the IEERQ
signal becwimes active {instead of the normal MREQ) ta indicate that the interrupting device can place an
§-bit vector on the data bus, Notice that 1wo wait slates are automatically added ro this cycle, These states
are added so thet 3 ripple prority inlerrupe scheme can he easily implemented. The two wait states allow
gufficient time for the ripple sighals to stabilize and identify which 1jQ device must insert the response
vector. Reler to section B0 for details on hew the interrupt responss vector is uiilized by the CPUL
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Figure 4.0-5A illusirates how additional wait states can e added 1o the interrapt response cycle,
Apain the operation is identival to that previously desenbed,
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NON MASKAEBLE INTERRUPT RESPONSE

Figure 4.0-6 illustrates the request/ucknowledge cyele for the non maskable mterrupt, This signal is
sarmipled ot the saine time as the intererapet line, Bon this line has pricsity ever the wormal inlerrupt and it can
not be disabled ender software contred, 105 sl Tuncton st provide immediate response to important
stgnuls such as animpending poswer fulure . The CPU response 1oy non Maskable interrupt is simdar 10 a
nermal memory read opergtion, The only difference being thar the content af the daw bus is igngred while
the progesser automativally stores the PCin the external stack and jurips 1o Jucalion 0066y,. The Lervice
touting fur the nur mashable inlerrupy Must begin 2t tis location il this interropt is used.

RALT EXIT

Whenever ¢ soltware hull instructivn is excouled the CPU begins executing NOP's until an internapt is
received feither a nun maskable ura maskable interrup while the interrupr lip Nup is enabled). The two
interrupt fines 2re samplod with 1he rising cuck edge duing each T4 state as shown in Agoe 40-7. 1 a oo
mathable mierrnpl has keen recerved ora naskable mieirnpi hs been récerved and 1he interrept gnable
fTip-Mugr b5 set, the the holt stare will be exited 'on the neat rising cluch adpe. The folluwing cycle will then
be uninterrupt acknom ledge cvele correspanding to the type el ineenip Hee was received, 1 botl) are
recerved uf this dme, 1hen the ten maskable ave will be ack nuwledged since it bas Tnighest priority, The
purpose ol executing NOP mstructions while in e haft stane is 10 keep the miemory refresh sials active,
Eacle eyele i tlie bt stade is o nommnal 30 0ichy cyele except ilat e data received Doy (e mganary is
fgnored wind o NOW inglanction is Soreed intermally voothe CI'U, The halt acknowledge sivnal is aciive during
this (ime o indivate thar e processor Bin the halt seate,
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o A C CHHARACTERISTICS
Ta=0Cuo TO'C, Ve = +5V & 5%, Unless Otherwlso Noted.
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TIMING WAVEFORMS
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v Willlam R. Blood, Jr. sararoi inc., infegrated Cireeaty Divigion, Mosa Arr

1 In the realm of microprocessors, bipolar large-scale
egrated circuitry has evolved very differently from the
etal-oxide-sermcanductor LSE technologies. bts big scll-
ng poim is its speed, which can only be optimized for
ny giver microprocessor application if the designer has
onlrol of the processor’s bus stirocture, word size, and
nstruction set. The need for such control has led to the
it-slice approach in bipolar L3Y circuits, which is quite
nlike the meore general-purpose byte orientation of
lower MOS Microprocessars.

The Fastest bipclar technology is emitter-coupled
agic, and ECL is the basis for the MIJOB0Q lamily of
landard bit-slice parts. :

ha 10300 lamily

There are nine members in the 100D ECL bit-slice
amily. Each handles 4-bit-wide data paths, bul since
ach is designed around the slice concept, it can parallel
tsell 1o build a processor aof any given word widlh.
Moreover, each contains data peris for easy interconnec-
ion te oLlher LS circuits. The family includes:

1 The MC10800 basic 4-bit arithmetic-and-logic unit.
' The MC]0807 microprograrm-control circuit.
1 The MC 10802 timing controlier.
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8 The MC10803 memory-inletface circuit.

B The MC10804 and MCID8DS, which are 4- and 5-bit

level tzanslators for hooking ECL 1o TTL.

# The MCI10B0S, 2 dual-access buffer memory.

8 The MCI108QT 5-bil bus transceiver.

8 The MC1{808 programmable myltibit shilier.

The parts also hook onto compatible ECL memorics, such

as the MCM L0146 1,024-bit random-access memory.
The speed of the family is mainly attributable 10 new

circuit design 1echniques, rather than sny breakihrough

in inegrated-circuil processing. An cxample is the inter-

nal logic thar operates ofl a - 2.voll supply. which is

better suited than a 5-v supply (0 the operation of

multiplexers, registers, and some other commonly used

logic eiements. Those elements can thus be easily inle-

grated with those circuit elements like adders that are

betier built with the series-gated ECL struciures pawered
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by the coaventional — 5.2-¥ supply. Further, since the
10200 family of parit employs 1he same [abrication
process as the MCMI0I46 high-speed 1,024-by.1-bit
ECL RAM, they enjoy all the benefits of long-established,
high-volume production.

The ALU chip

At the heart of Lhe family is the MCI0E00 4-bit
aritl:mﬂin-and-logjo-unit (ALU) slice, which was the
first in the family of standard ECL products to be devel-
aped, The chip pcrt‘orms the Iogw. arithmelic, and shil
functions required ib exccule various machine insiruc-
tions. Becuuse the part was Lhe first bailt wilh Ihe new
~2-¥ logic destga, circui} complexity was held w Lhe
equivalem of 4 conservative 150 gates. Fhe arca of the
chip, which employs slandard design rules and double-
layer metalization, is less than 15,000 squace mils.

Electronics / Fetcuary 1, 1979
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1 Controier. The M 106531 macroorogram-conirol chig, which & alg @ 4Dl -wicks S%cu, genacates Ihe microprogram AdG:ess Snd provices
mnpciotnmnph'lll SAOuance Conlrol Fhes SOOrem Duses interisce 10 macroprogrdim Meimary, 1 other parts and 1o eulernal Test pointe.

The 10800 aperates with three dala porus, as shown in
Fig. . The [ and the O buses are bath 4 bits wide and
bidirectional. The ihird, the A bus. is & 4.bit-wide
irput-only port. Conirol of 1the ALU is by 17 select lines,
ASy through AS,,. The select lines controf alt gircuit
functions and determine the source and destination for
ALU data. A full set of condition-code oulputs, which
include parity, carry, overflow, and zero-detect, simplify
branch testing. Unique among bit-slice processor
elements is the 10800's ability 10 perform both binary
and binary-coded-decimal {BCD) arithmetic with equal
ease and speed. Direct BCD arithmelic i gaining in
popularity in businers computers, process controllers,
#nd 1est sysiems where human interface i3 most oflen in
a BCD format. The chip also leatures & signal overfiow
shift network that indicates when an arithmetic lefl shilt
has prompied a sign-bit change,

The MCI0801 microprogram-contral chip is the
companion part to the processor elernént and carries out
the sequencing of operations. The development of Lhe
10801, which packs $50 equivalent gales onlo a 25 ,000-
square-mil chip, proceeded all the more confidently
because of the high yizlds already obtained with Lhe less
complex 10800 par.

The 10801, alsa a 4-bit-wide slice, is shown in Fig. 2,
The control-memory-address register CRy holds the
microprogram memory address, while the remainiag

Elsctronlcs /February 1, 15759

blocks in the hgure provide logic for the sequenting
operation. Regisier CR,, called the repeat register, is a
special feature that adds greaily o the 10801°s speed
and Pexibility. Aside from iz uscfulness as s cyele
counier, which allows single instructions o subroutines
1o be executed 2 specific number of times by aulomati-
cally keeping 1rack of locp count, testing for end count,
and remaining in ar leaving the loop on test resylt,
register TRy further provides a return destination for
microprogram inlerrupis.

Register CR. is 3¢t up 10 hold & machine instruction
starting address or an interrupt vector. Register CR,,
however, is unique 1o the 10801 in that it inlerfaces
microprogram ceatral 1o external test paints. The regis-
ter can be haded with ary given bits of stalus informa-
tion, whercupon it will test those bils for conditional
microprugrain jumps. Moreover, its cunlents can be sel
or cleared under prugram conirol 10 signal the proces-
sor's sialus, Finally, CR, can hold the page address in a
ward- of pige-organized microprogram. In thal case,
memory address register CRy would hold only the micro-
program word address.

Registers CR.-CR; form a four-werd last-in, first-out
{LIFO) stack for nesting subroutines within a program.
With the logic built into the 10801, operalion of the LIFQ
is complelely automatic, H needed. however, the LIFO
can be extended or Lested for full stack through the [ bus
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of the O bus ports. Two branch inputs—1he branch {B)
and extended branch [XH}— supply status for condition-
al microptogram jumps.

The whole part is lied wegelher with 16 instructions
that ace built inle the nexil-address logic Block, These
instructions, listed in Table 1. contrgl Lhe source for each
new microprogram word address and have been designed
to save bath microprogram memory size and develop-
ment time. For example, an 8-bit shill in Lthe ALU can be
done with only two microprogram words—& repeat-
subrouline instruction (RSR) (o load the repeat number
{8) into register CR,, and a repeat instruction (RP1) to
parform ke cight shils.

Control of timing

Ciock control, olten one of the mosL complex segments
of processor design, is implemented with a single chip—
the MC10302. As shown in Fig. 3, the chip conlains the
logic to gencrale multiple phases, simplily system start
and stop, and provide some diag postic capabilily. '

The 10802 12kes a clock inpul, usually from a ¢rystel
wscillator, and splits 1he signal inlo separale phases wilh
its four-phase shificr block. The number of differem
phases can bc programmed for (wa, three, or four
phases. The go/hall, tun/maintenance, and starl inputs
control system start and stop operations. The single-
cyclessingle-phase inpul helps with diagnostics by
advancing the sysiem oOne clock phase or a complete
¢ycle for cach stariing signal inpul. Finzlly, a synchron-
izer network built intc 1he part ¢ases interfacing to thc
stapt inpul,

Hooking the it slice processar ta slower memory and

peripherais calls for the MCLOBOS interface chip. The,

part is designed far maximum speed. i can simulta-
neoysly roule datz while addressing the memaory or
peripherals. With 600 equivalent gales packed into a
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- Jump by aeadl skdrest inputs #d losad sddress inlo C-H,, '
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21,000-square-mil arex, the 10803 is actually denser
than the 1080 microcontrotler, The diference is due Lo
» less complex metalization patlern used in the memory
intcrface chip. '

The 10803 has i own ALLL Al urt,i-.nm.d as bl
shces, scveral 10803s miay be copngcted in parallel 10
meet any particular system dats and uddress reguire-
ments, &5 shown in Fig. 4, the circuil hos data and
address ports far inter{acing to peripheral equipment,
plus the § bus and O bus for connecting direcily 1o other
10800 parts. In addition, a fifth port with pointer inputs
W the ALY can be used 45 @ source uf addrus modifiers
or corstants for memory addressing.

A memory-address register holds the memery address
while & memory-data register buffers incoming or cutgo-
ing data. A separate four-word register file stores infor-
mation that is needed in the course of memory address-
ing. such as Lhe page addresses or the value of the
program counler, index regisier, or stack pointer,

Some select inpuis 1o the dala-interface logic have
contro] of a total of 17 dala-transfer operations between
buses and registers. Other select inputs control the funce
tion of the ALy and determine the source and destinzlion
of data through microfunclions and destination-decoding
logic. Although the ALy is normally used for memory
addressing, 11 can perform seven basic funclions —add,
sublract, OR, AND, ¢xclusive-OR, shifl-1cf, and shtl'l:-
right —on a wide variety of daia sources.

Certain systems cun Loke advamage of the 10803 1o
reduce parts count, A peripheral controller, for example,
transfers and formats data and usually requires hittle
arithmetic capability. Such a system uses the [0803 both
for inpulfoutput {140} control and Bs ils main ALY,
climinating the need lor a 10200,

Tying tha parts into s aystem

The simplicity with which the parts of the 10400
bi-slicc family can be assembled inle a microprogram.
mable 16-bil minicomputer or signal processor is evident
from Fig. 5. Although structures will vary depending on
the application, the example illustraies several key
leatures. Eleven 181 chips, together with a few medium-
scale integrated parls and supporling high-speed memo-
ry devices, are all Lhal is required.

Bus poris on the V080G, 10801, and 10803 direciiy
intercennect, The 10801 micropregram contraller sup-
pites n address to microprogram memory, stlecting ane
microprogram worid. Each word is divided inlo groups of
bits ¢alled fHelds (represented by the broad arrows ot
botlom}, Each held independently conirols 2 system
section. Since all fitlds are present al the same time in
each microprogram word, Lhe various system sections
can operate simultaneously for maximum system speed.

A system [unction performed by aii the fields in one
microprogram word is called a microinstruction. Several
microinstructions may be required for one machine
instruction. System performance, therefore, is deter.
min¢d by the number of microinstzuctions in a system
pnd Lhe speed of each microinstruction, Microtngiruction
cycle time for & 16-bit 10800-family-based system is
aboul 100 nanoseconds,

The operation of Lhe system in Fig. 5 ¢an be eaplained
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Tyslam stan, 310D, 20d clock control for dRagnostics. A Har synd'i-
rmmﬂmﬁﬁuhtmmbmtpnmmm

in terms of the relatianship of microprogram ficlds to the
LSl blocks. Two fields comrolling the 10801 generate
each new microprogram address. An instruction feld
selects ane af the 16 program-Row instruciions given in
Table I, and once selected, all logic needed lo execote
the instruction is mntamcd in the 10801. However, some

instructions reyuire addilional informativn. For exam-
T ple,

2 umple-nenl-address or  jump-lo-subrouline
instruction requires a deslinstivn, which s supphicd I
the next-address microprugram Lield. An imporians

feature of the 10801 is the ability to routs neat-address
~data through 1he O-bus pori (or ALL or memory inter-

face constants, bil-mask Pallerns, and offsets when the
ficld is not required for microprogram flow.

Branch control is a third field associated with micro-
program addressing. Most programs have to make a
large number of flow decisions either from ALU condi-
tian codes, such as ::ro-dl:tuimn overfiow, and sign bil.
or [rom external test points. Under command of the
cantrol field, those stalus signals are multiplexed into the
108401 hranch inpois - lhruugh contral logic. Brench
instruclions thal have been tuilt intw the 10801 include
branch on- condition, branch 1a subroutine, and branch
ard modily. ™

The 10800 performs arnhm:m: logic, and shift opera-
Lions on dats withia its ALU; register fle, and/cr memo-
ry nterface. The bus structyre of the processor in Fig. 5
also allows the ALU 10 generate microprogram addresses
through the I bus, il required. Morzover, the LU will
operate in either- binary or BCD data formats as
contralled by the ALU microprogram field.

Unlike must other bipolar bit-slice lamilies, 1he 10800

_family leaves the register filc as a separate block. The
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advantages of thal are 1he possibility of file eapansion Lo
any size and the Reaibility of organization. Bul most
impartant is the ability of the ALU and memory-interlface
circuits 1o share the register file without Lying cach ouher
up. Some of the devices that may be used for ihe
register-file block include MCI0145 16-by-d-bit RAMS
and the MCI0806 dual-address stack.

The 10803 interlaces 1o peripheral equipment through
data and address ports, The § and O buses can roule 140
information directly 1o or frem the required internal
processor circuils. An architectural sirengih of the fami-
ly is the 108033 ability 1o transfer data and w generate
memery addresses independent of ALU operation. When
not used Jor L0 contrel, the ALY in the [080) can even
be paralicled with the main ALY lor double-precision
arithmetic.

Beyond the man components already discussed that
are required (or processer design, bus-inierface paris as
well a8 special-purpose LS| circuits are needed to solve
additional system problems. The MCI0804 through
MCIQEDS lail into Lhose ¢categorics,

More circulis

The 10804 and 10805 are bidirectional level transla-
tors for hooking ECL buses 10 transislor-transisior logic.
Many high-speed £CL processars will need 10 interface to
TTL-compatible peripherals. Other translators, such as
the 10124 and 10125, handle the imerfacing of individu-
al address and conuol lines. The 10804 and 10805 offer
complele inlerfacing with™ translation of bidireciionzl
data buscs, The 10804 is a 4-bit-wide part in 2 L6-pin
package. while the |0805 bandles 5 bits in & 20-pin
package. The two can alse be combined 1o permit effi-
cient transtation of 9-bit data bytes. Figure & shows the
internal logic used by bath 1ypes for cach bil,

A MECL/TTL select line controls the direction of data
through the circuit. That cambines with an ouiput
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disabie 10 force 1the TTL sisde into a three-slate mode and
ECL to an ¢quivalent low-logic-level output. An internal
latch holds data in cither direction. The latch-bypass
input routes data atcund the lawch for faster translation
1ime or to transfer dala while holding information in the
latch. The 1CBOS is also designed w drive a heavy
capacitive load and, 2s such, can interface an ECL
processor dxmctly to MOS miain memory 'mth high speed
and a minimum of paris.

A uselul varislion

The MCI10807 5-bil Iransceiver was produced when
the demand arose lor an ECL circuit with L0805 {ync-
tionality, bul withoul TTL-level translators. This circuil,
shown in Fig. 7. is idertical with the 10805 bul has ECL
signals on both ports. The buffered bidirectional ECL
driver/receivers allow complex ECL bus neiworks 10
maintain a Ml transmission-line environment.

The MC10806 dual-address stack represents a mile-
stong in wtandard ECL LSt products. Although equivalent
gate count is not enlirely perlinent as a description of a
memary-type part, circuit complexity can be judgud
fram the chip's large 35,500-mil-squarc arca. Again,
experience gained with the 10800 family has allowed
circuit complexity so to increase thal the 10806 is almast
two and a hall times larger than the 10800,

The 10806 is imemied primarily as a data buffer
between the high-speed ECL processor and slower periph-
crals; however, & versatile dual read/write bus sicuciure
alse allows the circuit wp funclion as a last-ig, firsi-oul Gz
firsi-in, first-out stack, or as a 10800-syslem register Ale,
The 10B0& has two bidirectional data buses, the A and
the B bus, each with access to & 32-by-9-bit memory
(Fig. B). Having output regisier laiches in series with
both data buses gives the circuil 2 masi¢r-slave appear-
gnce where the memory cells are master slages and the
laiches are slaves. :

Electronics/February 1. 1579



-— MULTIMLEXERS

RANSIETOR:
wrree ot . T
NPT — i
GuTHIT a ouThIT
-—--;Q-Q- i CLOCK —%——-—'
L 1 F L
arrass] Y aveast
3
—ef kELLt]
Ty IE1
3
~1
|
ECL DISABLE TTLOISANLE TYMCAL
EACH HT
DECODE o8 & WITX
- B Thi
ELDEE  LATEH
ECLTTL  QUTRUT #rrALT
SELECT  DISAMLE

0. Translators. The MC 10804 and 30805 bioweciions! el [Hansly-
tork inlertace ECL and TTL cwcuits. The crcul for w single bil &
shown: Ihe inlernal laton can b used K compenants 1or wn ECL bus.
wihuCh may be much Instar than the TTL s

The A- and B-address inputs esch select & memory
word fer the corresponding buses. Separate ¢locks and
write- and data-enablc lines control read and write oper-
ations for each side. Parity checking is automatic on 1he
9-bit data word and optional on Lhe address inpuls.
When parity is used, the write operation is prohibited on
any address with incorrect purity. Parity can be bypassed
in those systems nol requiring ir.

The abilivy w2 write from both data ports could lead 10
priorily problems: writing diferenl data on the A and B
data buses into Lhe same word address could cause loss
of one or both data words. In order to eveoid such an
cccurrence, address-conlention logic in Lthe 10806 looks
at write-cnables and addresses Lo detect and indicate
address conflicts.

Multibit shiftar

The MCICRDE programmahte multiple-bit shifter is
ancther example of standard LS Lhat solves a syslem
problem. Using ALU circuits, which shift data only | or 2
bits per micrainstruction, becomes Lime-¢onsuming when
data most be shilted many places for such jobs as
formatting, bil testing, or normalizing Aoaling-point
numbers. The 10808 shifis data any number of bis in 4
single 10-ns pass,

Each eircuit is a 16-bit shifter organized as shown in’
Fig. 9. The algarithm used can be combined with Lhe
ECL wired-OR feuture T unlimited expapsion—4 chips
for a 32-bit shifter, 16 for a 64-bit shifer, and so on,
Since expansion is in a horivonlal manaer, only the delay
of o single part results, regardless of shilter size.

The¢ number of bits shifted is programmed through
scale-lactor inputs. Data-shift inputs select one of the
cight possible shill types or oulput contruls listed in
Table 2. Two of the shift-right and -left instructions
(3RC and SLC) program the scale [actor as a 2's comple-
ment number, controlling both direction and distance of
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shift. A sign-bit input controls the sign-bit polarity and
thus allows the circuit to operate in sither positive or
negalive logic formats.

With Lhe additional 10800 chips, the extremely high-
performance processor of Fig. 10 can be built. Transla-
lots at inlerface points give the processor TTL-compati-
ble inputs and outpuls. A 10806 data buffer holds 32
data words, allowing the TTL bus to be slower than the
ECL system micreinstruction ¢ycle time. The 10806 dual-
bus struciure easily adapls to Lhe bidirectional dala bus,
so that both incoming and cutgoing data can be stored.

Obtaining higher parformancs

The data bus lollowing the 10806 buffer is rouled
directly 1o the microprogram control. Compared {o
Fig. G, Lhis bus struclure saves instruction-execution time
since a starting address aced mot go through memory
interfuce, bul the ALU no longer has a direct path to
micraprogram control.

The systen also uscs the 10806 lor a register file. The
first half of a microinstruction reads a register Rle via
the O bus, and then the second microinstruction half
rultes ALL resulls 10 memory interface or back to regis-
ter file with the | bus, O bus tatch, internal to the 10800
holds the © bus input during the second o eliminate race
conditions within the ALl The other register file por
rowles dati throwgh the shilter w Lthe alil A bus, o
memory inlerfice, or 1o microprogriem conlrol. The
1080% shifter is pluged in front of the AL for single-pass
shill andl test. Data shifting through the part only 1akes
aboul 10 ns, and thercfore the serics arrangemenl has
little eilect un microinsienguun cycle lime. Moreaver,
the same microprogram ALy held can control both the
10508 and 10800 lor a very powerlu! 4 LU Functicon sat.

A pipeline register 15 placed beitween microprogram
memoery and the data-handling LS50 circuits to reduce
microinstruction cycte time. The register permits parallel
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#. BhiMer. A programmasle muttphke-bit shiflar, 1he MC10808 shills 18 inpul bits frem O ta 15 plaqas to 1he laft, to 1he righl, or i rskation.
Cascadabds ke 1he other Di-slice parts, {he greyil can be easily expanded 1o [arger W Sites ab no Sacrilce in Speed.
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apcration between micraprogram coniral and the rest of
the processar. While the ALy, register file, and memory
inierface are executing one micrainstruction, the (QROI
is generaling 4 new micropregram Mmemary address.
Pipelining is optional in @ system built with the 10800
family —the 10801 interfaces direcily to the micrapro-
gram in cither case,

A final feature ol Lhe high-petformance procegsor of
Fig. 10 is the use of branch. LU, and interface-decoding
togic. Those blocks altow a retatively wide pipeline regis-
1er feeding a large number of 151 control inpuls (o be
driven from a narrow microprogram word, For example,
3 &-bit microprogram held can select | af 64 alu
instructions. The 43U logic, however, may require 12 10

CEheclronica fFebivary 1, 1979

20 control inputs, The Tunout is performed in decode
logic commonly built with fast 10139 progremmable
read-only memories (PROMS). In addition 10 reducing
mictoprogram size for cost reasons, decoding logic
allows microprogram Felds 1o be structured lor casier
programiing, The decoding logic docs not slow system
performance since il is possible o go from clock 1o the
10801"s address outpul through microprogrammed RAM
ar PROM and (rom decading hogic Lo pipeline register, all
within the ¢yele Lime of one microinstruction.

Futura ECL L51

Mutorolg has developed a MECT. 10,000 Macrocell-
array integrated circuil that i eompanible with the
ORMG pares and allows rapid development of high-specd
I8! circuits with eomplexities of up 1o 758 equivalent
gales. Allhough the Macrocell wrray will be used 1w
develop spevialized circuits far specilic custumers and
syslema, the advantapes of Lhis 151 concepl will also leud
to new standard products in Lhe 1B famaly.

The plans are thus 10 usc new circuit developments to
build on the 1080 (amily tather than around it. New
functions under consideration include an advanced 8-bit
arithmelic-and-logic 2nd » very high-speed, expandable
51 array multiplier. These circuits, plus the Macrocel)
array concept, will be featured inan ariicle on £CL LS in
the pext inuce,
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There's a quiet revolution going on in 1he manufacturing
world that is slowly changing the lock of the faclary
fioor. Spearheaded by mipi- and microcomputer
1echnologies, electrenles is controlllng wnd monitoring
processes far more efficiently wnd quietly than clangy
eleciromechanical relays—and with minimem human
tupervision.

Although the applicalion of elecizonict 10 manufactur-
ing ha been samewha! slow, deypite 1he availability of the
lechnology, distincl irends can be cbserved. These in-
clude:

« A proliferation of mk:mcumput:r; in process-control -

applicaticns, mainly brought an by their low prices, flex-
ipility of reconfiguration, and suitability for dedicated
funclions.

» A new gencration of robots for small-parts assembly,
and the appearance on the production ilne of smarer
rebats. Some can make machining and processing deci-
sions,

+ An increase in Lhe use of elecironic 100ls, such as fasers
and electron-beam guns, 10 treal malerials.

* New tlectronic dala-logging instryments thal now
monitor more manufaclyring processes than scores of
human pperators flarmerly did. .

* Greater use of compuler software through computer-
aided design. computer-aided manufaciurng, and design
sutemation 1o cut lengthy production times and increase
thraughpur fanes. . .

A niche lor micracamputors

The declining cosl of microcomputer products has in-
creased thetr use as industrial controllers, An B-bit
migracompuier system an a single printed-circuil {PC}
board can now be purchased For 3300 1o $400—Tar lower
than the $1500 10 52000 lar a minkcomputer o do the
same task. And the microcompuier's use at an indusirial
controller Is more elMicient; a minicomputer has far more
computing power than its application needs, In addition
the microcompuler, with jis smaller size—and hence less
caslly software program-—is easier 1o reconfigure {or
changing applications.

Many micrecomputers in industry are being used as
dedicated controllers, Typically several microcomputers,
each handling a specific function and all Lied Logether by a
minicompuler, can be found in a plant, The minicom-
puler performs the larger data-manipulation task and acts
as an inlerface between the microcomputers and a
monitoring waticn, which may be & CRT terminal (Fig. 1)
A prinicr may alse be included.

A high-volume applixalion like aulometive sheel-metal
gauging illusirazcs the microcompuler's use. The conven-

Ragar Allan  Assoclate Eglior
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The microcomputer invades
the production line

‘Mechanoctechniques’ yield to the
‘silent revolution’ of electronics

tional method is to use visual and manual inspection when
sampling and checking sheet-metal parts Tor correct
dimensions. This 15 done of finc and only al infreguent in-
lcrvals, Becnuse il takes a relatively long lime, Wih a
microgomputer, several gauging sensors can be tet up 10
scan samples online, The job can ke done laster apd more
frequently, and rthis ensures (hat fewer out-of-
specification sheel-metal paris will get through. Inspec-
tions are alo more accurake.

The low cost of microcomputer 2 boards has, in many
cawy, simplified the servicing of eclecirgnx conatrol
systems. A defective microcomputer board in s dediceted

* process-control sysiem can simply be isoleted and dijeard-
e and a replacement quickty put in. Larger and more ex-
penEive microcompuoters, however, require  lroubie-
shooling and repair by service personnel in the plant; the
P boards are simply too costly to discard.

This poses a problem: plant service persannel are most-
ly house electricians and ill-equipped 1o repair complex
cicetronlc equipment, The shortage of (echnically prefi-
cienl mzintenance workers is part of a larger problem that
the manulacturing indusiries face as the compuler is ap-
plied in its many forms: production supervisors and

(1] Bacauss of ity iow coal and repregramming ecibillty,
tha microtompuier |3 being used in many dedicalsd in
duslrsl spplicetions. Typically swvarnl microcompuins
are llad Into & minlcomputer, which partorms lrgsr dals-
manipulillon snd sanlysis tasks.
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managery must be ay lamuliar with compuice technolagy
{both hardware and soliware aspecis) 2% they are with ihe
processes they nanage,

An indicptien ol {he prawiop use of mini- and
MiCTvom Ll rs in mang Facturiing i The rise i sales of
singhe vard a0 w0 boands far imerlaciig wilh process
variables, Typically sueh hoards conlaiil Ay convenioes,
oA cmderiges,  signgloenndiiomng  companents,  aod
risligde ving circadry., Sonee seguice latle or no gdditional
ooy amd vun b itz Gaced foe e sensar dircuely.
Noarls al su e bossirads are designed Do pleg into and in-
terface detentls wuth the - or miciowampater they e
designed 1or) the bink waaally is made i the compuler's
card-cage Mrasing,

Recerily smarl digital programming and contraller in-
strumends for process control have begun (0 appear.
Typical of such equipment is the microcomputler-based
DCP 00 from Honeywell, Fort Washinglon, 'a. It com-
bings in one box a variable-szipoint vs lime programmer

» wilh a three-mode controdler. The programmerfconiroller
has a keyboard through which an pperator can eater and
control process inputs. The unil ¢an sore up io nine
separaie programa consisting of up w 200 ramp or soak
segmenis pluy event swilches.

Analog Devices in Norwood, Mass,, has gong several
sieps (urther with a 1olal microcompuder-based, closed-
loop, real-lime measuremenl and condrol syslem (Tig. 2).
Known as MACUSYM I, the system has a (kT and
kevboard and i designed lor scientific and industrial ap-
plications feguiing the avqoisition, slorage, compula-
tien, reduclion, presentalion, and oulpulting of high-and
low-level sigrals [eomm universally wwed sensors {lher-
mocouples, SIFRIN Fauges, resistive lemperature devices,
£1C.). The system makes use of, 3 high-levet language
called MACRasic, an ¢uension of Bate, (0 allow
nonicchincal operalors 10 use it. As many as 256 channels
of analog input dala can be accommndated with plug-in

[2] This cloged-loop system Irom Anmlog Dervices Is
desigrwd lor 1edal process measuremani and contral by
an unphltind operator. The system, MACSYM I, interfaces
wilh all popular induslris| sensoss.

Pot cards (had inter!ace dirsoily Lo pearly any ko pro-
cesa variatle, -

Mora robois ary appuering

MNew roboiy Tar pari assembly are praving mare alnzas-
tive [or indusiriat haich awsernbly {inearly three-fourths of
all assembly operations in the U.S. are of the, Baich-
assembly varigiy). Uniit recenily mnst robots wete ased
foq such operelion o wekding, parts iremsder, Jdie casting,
forging, and it operation of punch prosas. Regont
robols haye invhided sersicas with high inicthgemee . 1hey
can recuegiiee paeyroanelal welds and properly  psi-
totied pehiae oaols as well as do the work,

Al the recent Third fndusinal Robot Conivrence and
Exhibitign in Chicaga, Unimation Inc. of Danbury,
Conn., introduced the [irst commercially availabie
microprocessor-conirolled robol sperifically designed lor
the assembly of small items, such as elecironic com-
penenis and hardware, Kaown as Puma (programmable
universal manpuiator for assembly), il was deseloped
jeimily by Unimation and General MMotors in Decrgir,

GM is vaing several Pumas for small-panis assembly.
The small robol can repeatedly posilion an object, staying
wirhin & wlerance of 0.004 in {0,100 mm, »bich iy only
slightly thicker rhan a human hair. The heart of the 175-1b
{79-kg) robat is 5 Digital Equipment Corp, LAI1-11 micro-
provessor, which controls five other microprocessors,
cach dedicated 10 one of live robol arm axes. The motions
correspond (0 waid roiation, shoulder ronation, cibow
rolation, wrisi bend, and hand rotation, The robol can
lift up to 7.7 Ib (1.3 ky), including the weight pf ity end
manipulator. Under maximum load, sy arm-lip veloaty is
1.3 00/5 (101 emysh. Arm and controlfler may be weparated
from each oiher by as much as 10 f1 (1, meters) by means
of a cable assembly.

Early last year the Wesiinghouse Eleciric Corp.
Rescarch and Development Center in Pinsbuorgh submit-
ted 10 Lhe Npiional Science Foundalion a second-phase
proposal on programmable sutomation of batch-as-
sembly aperations, The first phase of this study,
"“Programmable assembly research technology traasler o
indusiry.”" was completed in October E977, and il bed o
the preliminary design ol za automaled system (o senail
matcrs {Fig. ). Help Tor the study was supplied by 5RI1 In-
lernalional of Menlo Park, Cakif.; the Charles Siark
Draper Laboratory at the Massachuosetts Institute of
Technology in Cambridge, and the University of Massa-
chusetls in Amherst,

Lt oy Ak parl of the first-phase study for 1he Naiional Science

Foundatlgn, Westinghouse conducted a worldwide review
of programmable-assembly technology, [ analyzed aboul
&0 dilferent Weslinghouse product hines belore deciding
on small motors as the mosi adaplable 10 programmable
aslomatk assembly. Aboul 450 differenl molor styles
werd assembled experimentally. The average baich size
wai 500, and thers were an average of 13 changecvers per
shifi, The pilol system, known as APAS (edaplable pre-
grammable assembly sysiemp, wes lested over a three-
month production schedule,

Richard 0. Abrabam, Westinghouse's manager lor
programmithle agtuamation, caplains Al bl
arcimpananl in the automation ol Buch-assembly apera-
Lors, it v cgually imporam o Bave o, micro-
procewur-bosed vesual- inspection systoiis oy clecking m-
coming parts amd Tod awoertaming proper wsembly seps
ang siyle changes. b is also impaniant 19 siress (he need

1
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" for programmable-parts preseniation equipment and soft-
ware (0 manage 1he changeover requiresd lor different
product siyles.” '

Advances are being made in graup conltal of robols.
Al the Leningrad Polytechnical Instilute in the Soviel
Unian, reséarchers have devived & computer sysiem thal
controly up 1o X) sepsing robais in real time. The re-
scarchers eapeet 10 increase 1his handling capacily 1o 40
robws s as mre «ophisticaled machines are developed with
built-in controllers. In the presenl projerl, an operator 31
the sysiem's conirol panel direcls specific robols (o carry
oul dedicated tashs and to take correclive actions, if
RECESSATY.

The celt cencepl

L.ast year the Foungdation of Scientific and Industrial
Research at the University of Trondheim in Norway set
up what it calls the First full-seale isboralory production
line 1o use a collular coneepr. Under this, manulacturing
ereralions are hroken down into "cellv,” each a1 a dif-
ferenl plant. Each cell is respantible Tor the manufasture
of swpecilic subassembplies for g particular product. The
cells are micrconnctied by & nelwork of material and
subassembly  supply lines. The MNorwegian  projesct
manufaciured comples diesel-engine pars for Wickman
Manulaciuring of Morway,

{n the cellular concept (Fig. 4 the owipyt per manhour
of labwr is reporied 1o be considerably higher than that of
conventional manufaciuring methods, even when the ad-
ditiona! costs of 1he interconaecting material and

[3] & pilol avtomated sszembly line ior manuiaciuring
small mators has bean desigoed by Weslnghouse Elsc-
lric's Aasearch and Development Canler a3 parl of 5 H3-
tipaal Sclence Foundalion siudy on grogrammabla

-
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subassembly supply liaes are taken ina account. Each cel)
has al ity core one robot,

The cell sysiem can be aperated day and nighl, requir-
ing warker participation only during the day. All that js
needed for unatiended night operalion 15 proper plan-
ning, 50 1he robot has an ample supply of materials and
enough siorage arca for compleied subasemblies. The
robot is a six-arm model manufaciured by Cincinnai
Milacron. Cincinnati, Ohio.

According to Prof. Oyvind 8Bjorke, head ot Lhe
Morwegian foundanion™s produclien cnginecring
laboratory, the ceil concept, with its flesibilily Tor
manulBeuwiring differenl parts, has proved parricularly
useful in Norway.

“This cell concepl, ' T says, "*has been quile beneficia)
10 us in terms of increasing productivity, mainky due 10
our social and geographical conditions. Norway is a coun-
try thay has a small and scatlered populalion, which s
desirable for national security reasons Bl is undesirable
for manufacruring. We cannol get a large CORgentration
of skilled workers in any one indusirial center, This is like
bringing 1ht mouniain to Mohammed if you can’l bring
Mohammed 10 the mountain.'!

Lasers for materials traatmant

I3 it drilling, curting, welding, Ireating, or the removal
ol malerialy, the tzser can be found taking on more of
these ysks in the plant as ils precision and pawer are in-
creased and irs price drops Qucther, Manufaciurers are
findinn the new lasers more reliable, better deslgned for

aulomation. Assisting have besn SRl Internationsl, the
Charies Siark Dyaper Laboratory sl 1he Massschussits in-
slituteé ol Tachnology, snd The Unlversity of Mass-
sEhusEiYE,
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indusiey wse, apd somples rogweraie thana thowe previousiy
avirilable, '
WD reeent o oseRens 00 gl pawer, D0, laners

PRI NIAT Y Gangy div b mere popudar [or

el b and reatpse, e lacr, lawer Irealment ol
materiats s thie lastestgroncng wwpment of all laser wales,

.nest i their applwaliohs gy Jewareh. "

Ui of the st dynamie il promisiag areas of in-
disirinl Leer applicativns s in phemaking Gor prind-
gz, whery Caster printiog ngetanouds and lower coses are
magor advaniages, | ascr seaneers ang ised 10 expose prin-
ting plates as large as 4§ by B anches {122 by 152 cm)
direvtly frome ilie pasted-up page, 1hay elininaling sgveral
in-betwgen sieps requived with conventional methods,
pany medium- and small-circulation ncwsmncn ang us-
itig laser platemakers.

There alse have been gevancey in compuier control of

[4] The cwil concepl of degentraliced manulsciuring hat
at it core & robol prOgrammae ta work day dnd night, at-
ignded by kumans only during the day. The sysiem in-
cre#aiws throughpuis la Job-lot manufaciyring. Proposed
by Ihe Foundation of Sclanthic snd indusirisl Aesasrch st
the Universily ol Trondhsim In Norway, It iz being used
with a Clacinpati Milacron six-erm sebal Lo mlnululun
complax dissal-anglne parts.

Flanning
lunéljoms

Finishad-product llln-:l

E

lasers. Af Wesion Gl Enguitcering Resegech Cootee
nedr Prnweolon, 8,1, 3 haghospeed, compuicr-ceniralled
Laser hat Boen doee cloped L spot-w e hd mimiatwed-velay ter-
minals, Vhe lacer's apntovelding speed of J0imes per sey-
ond s four times Bdet Than the pesistanee weiding syntg
il replaces. The spaen gonsisls o a "m-u.nl ERYH
power) pulsed MNd: YA ineodymium: viiriam-aluminim.
garnei} laser and an Y- podulioning Lable, «hpse posi-
Hon aCCUTACY s wilhin O in (N.00025 ¢m). The lases
and positioning 1able are under the comrol of a
microprocessor, which monitors position coordinates by
use of lincar encoders.

Arother Tavorile and revent rechnclogical 1oal fer

v

welding and hardening metals is the electron.beam gun,’

[tx use For selective heal treaning of metals offers advan.
tapes gver other technigues: i is faster 10 use than 1he
laser, more accurale than induction-headng sysiems. and
more sodective ip reseluion than standard  Mamge-
hardeping techniques. And il is more enetgy cllicknt than
sll threr. These advamages, however, aren’t withowl
drawbacks. Eleciron-beam sysiems arc still ety expen.
sive,

An  eleciron-beam  welding  process  was H.‘Cv:.'l'l'l:ly
devejoped by Technical Materinls Ine. of Lincoln, R.I.,
for weldling formerly lncompalible metals in stirips of
ytlimited lengths. The provess mahes possible the welding
of gold with copper, silver wlth copper, invar with
stainless sleel, and sleel with copper. The ey 1o Lhe
wrkling process is a trivide cleviron gun that generaies the
eleciron beam. A highatabiliy alumina insulator is
shiglded from prublem-causing vapors and 1% precisely
pesitioned for minimal Ihermat expansion. Gun operation
i agcomplished winh a 8-kV polential, which vompare
favarably with a potential of aboul 1350 kY necdea by
most eleciron-beam welders, Advanced elecironic con.
trols for the gun's cleviro-opiical focusing syslem are
responsible for the [ower potential,

Kesping tabs on Ihe process

Thanks In microprocesser technology, inexpensive
data-logging instrgments ate making process contrgd
moce scientific. This, in turn, hat made passible betier
voniral Over processes. bevause of the availability of more
accurgie and sysl:mlllc data-collection and  anaiysis
lechnigues.

Daia loggers can be found in nearly every indusirial ap-

plication, from loed procesdng and matecials treaiment
ta papermaking znd the gencration of steam, The high
speed and accurate data-volleiipn advaniages fow possi-
He have made absolete mere cxpensive and slower equip-
menl, iike pen-chart recorders.

A ypical data-logping applicalion is recorded in the
tiles gl the John Fluke Manufaciuring Co. in Mountiake
Terrace, Wash. To gblain more conired aver the Iinal pro-
ducl, a producer of clecirically conducling aluminpm bus
Bars uscd a Fluke Model 22404 Jala lopger to keep tvack
of temperaivre and voltage dada, The dola were collogted
i poinl-torpuint paies abang gach bar e sheioning
relative oomductivity a5 @ Function ol the bar's sl
ullvy, and type, The Feasan (or medsalring teniperalure in
addition 10 +gllage wis 1o provide Deller ditg covrelation.
‘The instrument alvo monitored 1he bus bars (or dangerous
overhealing &l five wparale poinls every second. And in
w3 equipped Lo noiily operators of overhealing and Lo
Lurn 1he process off if necessary, All ol the collected data
were led 10 @ minicomputer Tor analysis.
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The challenge of 1echnolegy transter

Many “U.5. mancvlacioring expers say  the
reehinulogy 10 inGroase produclivity has besn hong
for wome Time. Bnawing how 1o gyl it 1 prachcal
ya#g rapidly !5 really the problem, Ihey add. The
laser, lor example, has baen a reaearch 1504 In the
labodatory for well owvad 2 decads, but enly in the
las! faw yaars hay )l been apolied succaaslufly in
manufacluring planis. Similarly the mmcompuier
wild avallable long baforg 11 was applied In Industry
on a wide scale,

Farhaps the problem funs deeper than whal is
parcelvad, Prol, Gusiav Qlling. chairman ol Bradiey
Univergily's Capastment ol Manulacturing
Tachnoiogy in Pecria, 11, 2nd a former practicng
angines: wilh extenslve indusial axpatlence, puls
IT this way:

“ULS. academic ressdrchers and more practical
produchonfmanufaciuring individualy ara not an
funa wilh 2ach other. Rach graup nesds to gel more
invalved with each oiher's esporignces—Itha
academician with the grodoction manutactuelng
par3on’s real-liia axpariences in the pHanl and the
praduchion person wilh 1he academicien’s
theoralical contributgns. This will alss snsure an

\.

easier transluon lor enginearing qraduatas into in-
dusiry.”™

Fro!, Oling oies loreign countnas with meoe ad-
vanced mdusinal apphcalons ol elecirarncs than
the US =Japan Geimany, and MNoreay. in [hess
countries, he Says, acagemic and sndusthizl peoply
widh hand in hand 1o sgive ngusiny’s problams. 1n
many Lasea, promotions 10 professorships are
bazaed on the wndoadual's industrial expernence as
well as aclantilis contributions [n some counliies a
professgr wno lecivres v 8 univeraily may alsoc
work 1 indusity [0 solve aglomation prablems
Prol, Oywing Bjorke's work on cellular manulactur-
ing, dek¢ribad in 1his reporl, IS a0 ezampie.

As parl ol ils long-range plans, Computer Alded
Marulaclurlng Inlernational, & Teéxas-Dased
resaarch organization, has an sducaltiorfinduniry
commiiies ol whish Prat, Olhng i3 charrman. (15 obe
Jactive i% 10 shimulale cooparalion bheiween in-
dusirial, sducational, and prolasscnal groups
thrguygh Inlarmation exchangad, camman resaaeh
areas, fagully and slucenl extRanges. and the
devslopmen| of educalional progeams in compuler-
aided design and computel-akded manulactunng,

The irend is 10 incorporale mare intelligence [n data-
logging inslruments and 1o provide them with wider
ranges ©f oplions, since some of thoir wsers are nol
lechnically proftcient and indusirial applikations differ
widcly. )

ar

Greater use of CAD, CAM, and DA

Indursiry has slowdy begun 10 make greater use of
computer-aided design (CADNY, computer-zided manu-
facturing (CAMD, and Josign automation {(DA) as
manufaciuring has bevome more complex and praductivi-
Iy hay not hept pace wilh rising costs for labor and
maicrials. In countries like Japan, where high industrial
productivily is a national goal, CAD is used in necarly
every industry, For example, the government-awned Nip-
ran Telegraph and Telephone Corp. recently opened a
service 10 the public that provides via relephons 1he sup-
poriing woftware Tor developing L1 microprocessor pro-
grams, The information comes from (he dala banks of a
natienal compulcr.

Adlhaugh total use of CAD and CAM—the complelely

. automaled factory-—is slill far off, manufocturing experis

are emphasizing the potentinl of each technigue, Com-
puler Ajded Manufaciuring International of Arlington,
Tex., a research organization composed of leading
witldwide industrint companies, has begn developing
compuler programs and manufactuning siralegies 1o help
auiomate produciion systems. These are intended 10 lexd
1o higher manufaciuring produciivity,

e such program is CAPP (computer-aided process
plimmingl, a progeasm that links CAD and CAM, CAPP
feaiures a parts-cosling scheme that aflows almast any
parl in a faclory 1o be deseribed from a Tew fundamental
grorneiric thapes. Wilh a ¢ AT Lerminai and a keyboard, a
designer in a plant wung CAPP can call up at once, or
eveh ofeale instantly, a parl noedsd {or manulaciuring.
There is no need Tor lime-gonsuming enginecring draw.
ings. Al ol 1the part’s manulacluring characleristics are
described i detail on the £ W1 SCreen.

AR o Tt W e, Gt i S VI et B

One repron why more industrial manufacturers don't
use more programs like CAPPis the high iniial gost of
sofiware preparation and generalion. Although CAPP
has proved cost-eifective Tor Indusirial applications, it s
being used in few job-lot companies, They are sheptical of
tnvesting the 5100 000 ncoded vypucally o0 build just a
GLussifying ehalu base with CAPE. For o 20 15Kk ilem job
B, 0t weeks are needed (o build the classilvng data

hase, and about one-third 4 1his 1ime s spont planning

how 10 pel such a data base Iogerther,

Automating the design of PC boards

An area in manulacturing where application of the
compuler's power has made notable progress is in the
design of ¢ boards, Here DA | design automation, is us-
ing the compuier not wnly Lo generate precision design
data (such as vo-board artwork} bul aiso to lay out op-
timally the gircuit components and inlerconnections on
the board, With CAD, compuler-aided design, compon-
enl placement and inter¢onncciion are performed
manually.

D& has been applied suevessfully in the design of demye

P birards with high-specd 10y like FCL femitter-coupled-

logic). & job vittually impossible 19 achieve without the
compuler's aid. Given a lagie diagram of such basic Jata
as Ihe componenis 1o be aned, the size of The PC board,
and the required wiring, a DA program can produce inier-
conneclion palterns for the moul complex mulilayered #C
boards.

A leader in applyimg DA 1o BC-hoart design,
Automated Systenns dne, in Bl Segundo, Calif., recently
introduced 8 software maduole (Place ) that makes it
possible 10 route The interconnections for large PO boards
ol high density, a Job thar previously could not be done
avtomancally. l'or example, usiig the Place [ module, a
designer can Jay out @0 cards as darge as 15 by 1R inches
{30 by & cong will 300 dil lerent devices. This v done by
saphistiadd vechnigues That allow o compuler tedroup

circui eleaments wecording tosimabar Tunglinms. *
L
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Technical articles

Two versions of 16-bit chip span
microprocessor, minicomputer needs

Larger, 48-pin package addresses 8 megabytes of memory;
regularity of instruction set makes programming easy

ty Masatoshl Shima, sog i, Cupertine. Cant

O A microprocessor would gain ready acceptance if il
could fil immediziely into apptications of current 8- and
16-bil microprocessors and al the same lime have an
advanced architecturs that was eapandable to ensure
long product lifetime. The Z30OC from Zilog Inc. meels
the first gowl easily—and does so with 1) times the
throughput of existing microprocessors. To meet the
. second goal, the ZEOOO has departed from the traditional
byle-criented microprocessor design and maoved 1oward
the mor¢ regular architecture of minicompuiers.

Witk many of the architectural leatures of minis and
some pluses as well, the ZB0OY) is dcsijn:ﬂ for minicom-
puter g5 well as microcomputer applications. To begin
with, il handles szven data types, from bits to word
strings, and oifers eight selectable addressing mades. [ty
81 distinct operation codes cambine with the various
dala 1ypes and addressing modes to form a rich 414
instruciion s¢l more powerlul than that of most mini-
computers. Moreover, the sel exhibils 2 high depree of
regularily: morc Lhan 90% of 1he instruclions can use
any of five main addressing mades with &-bit byte, 16-bit
word, and 32-bit long-word data types.

Among its archilectural resources are a large number
of on-chip regislers—24 14-bit regisiers in all—that
dramaltically reduce the number ol memory references
needed in pregramming. Sizicen of those registers am
general-purpose, and all except one can be used as index
registers wilhout restrictions.

Also aiming at minicomputer applications is the
Z8000's large direct-memory-addzessing capability of &
megabyles. Instead of ireating it as linear space, howev-
cr, the ZBOOO crganizes memory into a set of 128
segments of up to 65,536 bytes cach. A segmenled space
is closer 10 the way the pragrammer uses memory —each
procedure and data space, either local or global, resides
in ils own segment. To Turther facilitate wse of a1} Lhat
space, 2 memory-managemenl chip will work with the
Z8000 in perferming the dynamic relocation and memo-
ry proteclion needed in a large system,

Two versions

But because the 28000 must salisly existing micrapro-
cessor needs, two versions are alered, Besides the 48-pin
memory-segmented version with 23 lines that addresses
B.megabyles, a 40-pin chip is offered with 16 lines to
address 64 kilobyles —the equivalent of one segment.

Elaetronlca s Docomber 21, 1978

Expansion is puaranteed from the 40-pin ta the 48-pin
version; Lhe sepmented ZBOOD can run any nonseg-
menled code in any one of iis 128 segments uging a
lead- program-sialus insiruction.

Finally, the ZBOOC boasts (wo operating modes,
system ard normal. that keep operzting-sysiem and
applications programming separale, as in computer
systems. Each mode has a scparale stack, and the
arrangement isolates globa! leatures like privileged
instructions from normal programming.

An n-channel melal-gxide-semiconducior chip built
with scaled-down depletion-load silicon-gate technatogy,
Lhe ZE000 squeezes aboul 17,500 transisiors into an area
of 238 by 256 mils. Its density — 148 gales per sguare
millimeier —surpasses that of previous microprocessars
(see also “Geneatogy of the Z8000,™ p. 83). The chip
uses & S-volt supply and requires a single-phase
4-megahertz {250-nanosecond} clock lor timing. As al

P RINR R E R )
B e R med )

P
el “‘1 %‘;:‘.t

pre o’
Danes. The 16-b ZB0O0 contral processing un is built wilth scaked
nchannel depletion-cad siicon-gate lechnology. The chip, which
crems aboul 17,500 hanmetors nio & 238-by-256-md o 393
Mrkeralor-SqUa area, has & denty of aDoul 148 gates/ma.
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1 Two versions. The ZBOCO I3 miCroproCessor sockets with Ha
40-pin  romapmanied verslon, which has 16 thed Tor dectly
addresang 64 idobytes of Memory. The menicomplnsr-iio 46-pin
VrBIONn B0 7 Segmond-adarckd s, H can sdoress B megatytes |

least three clock cycles in the central processing unit are

required for one memory ¢ycle, the Z3000 needs memo-

ry devices with a cycle time of 750 ns and an access thme
of 430 ns,

As shown in Fig. 1, the 28000 has in addition Io its
address and data bum and clock and power-supply
inputs six types of control buses: bus-timing, slalus,
CruU-state, interrupl, bus. and multiple-microprocessor
contro!, The three bus-timing gonirol sutputs toordinale
the data flow over the chip's address/data lines. An
address sizobe signals that addresses are valid, and a
data sirobe times the window for valid data in and out of
the CPU. The memory-request line is a timing signal that
caset interfacing to dynamic memory.

CPU utatus .

The aext bus provides information on Lhe cru's status.
A read/write line gives carly siatus of the forthcoming
eycle, while a normal/system line indicates which of Lhe
two modes thc cpu is in for the current cycle. A
word/byle line indicales whelher the CPU is accessing 16
bits of data or B bits. The four slatus-control lines form a
4-bit word that indicetes several bus slatuses, including
memory-request, stack, lirst- and subsequent-word
tnstruction fetch, interrupt acknowledgments, internal
operalion, and cthers.

~The next of the control buses are three CPU-utate
Inputs. The resct line initializes the cpu. A wait line
signals the cpu that data transfer is not ready. The stop
line haits internal cpu operalion [although dynamic
memory 13 still refreshed). The CPU can be atopped each
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2. Registers. Elxtenn 16-bit registars are arganized Into high and low
byles (RH and AL), 32-tat long-words (AAY, angd B4-bil Quad-worce
(RO, Four words nieluding lhe progiam couniss, conlain B
progeam 51418 and twd mote Doinl 10 e dltw-INOQ AT-6la s Sed.

Lime the first word of an instruction is fetched.

A pair of lings governs the centrol of alf the ZE0DQ's
buses. Driving the bus-request input low instructs the
cpu 1o put all its address/data, bus-timing, and siatus-
control lines into & high-impedance state sa that other
devices can use them. The CPu signals it has relinguished .
control with ils bus-acknowledge oulput.

Another pair of lines is used wilh certain instructions
to coordinate multiple-microprocessor systems. The
mulii-micre outpul line issues a request, while the input
ling recognizes oulside requests. Thus any cpy in 1
multiple-microprocessor sysiem can, for example,
exclude all other asynchronous CPUs from being able 10
access B critical resource.

Finally, there are three interrupt inputé and, in the
segmented vertion of the ZEOOD, a trap mput. Intersupts
are asynchronous events triggered typically by peripher-
als needing the CPU's allention, and traps are synchro-
npus eventi resulting from the execution of specific
instructions thal occur each time the instruction is
executed with the same set of data. The 1wo are handled
in a similar fashion by the 28000,

The Z200Q iy & regisier-orienied machine, placing
little consirainl on the use of its 1§ general- -purpose

Eiectronica/Decemper 21. {978
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: Genealogy of the ZB00O

Tha charges 0 Microprocessar archieciure from the firsts
generation B-bll devices to the tourth-generation ZBO0O0
havé been both switt amd dramatic. Developments have
been guided sllarnalsly by technology bmitations and oy
the hirdware and sofiware damands of (e

Thus, the shorteomings af 1he first 8-bit microprocessor,
tha BO08 daveloped in 1871, wera lschnologlcal. Matal-
oxlde-samiconducior processing was relathaly new and
cel imiis 10 circuit complesily, Also, MICIOProcessors wara
actually ofishoots of calculator designs. being cewloped
by semicondullol and nat compuier houses So perform-
Ance and Jeaturas lah much to be desired,

Advances In processing technology gave mlcroproces-
B designers & powerful 1880 with which te btk 1he neat
penacation o mMiCrOproCesos — n-channel  stcon-gale
MOS 1hat boosied circult spesds by 8 tagtor of four aver
pravicus p-channal technology, Thus, tha 8080, borm In
874, began the second Janeration ol Microprocesson.

By the 1ime tha third generation o microgrocessors
entered 1ha design stage. usas had bacome more sophds-
ncated and were involved i high-level languages. Dais-
processing sppications grew in popuarnity, and the disk-
oparating syslem was introduced. H was those soliwara
requirements thal indcaled the arpas neading Improve-
e, and the Z80 ackiressed the problem with software-
oranted leatures. i addad & ke NUMber of pew ingtroc-
1ons and 8 sacond regisrer gal, wo Indax registers, and

‘batter Intarrupt handing. S, because the Z80 mantains

BRFCE-Codde compallbilty -with the BOBO, many criilcal
Dotllenecks wala inheritad,

Tha 780 marked the finl axpioitation of the oniginal
MICIOprOCessor siructone £nd instruction format. Attempts
to add capabiities would require two of three B-bit insiruc-
ticn feiches —and erceedingly poar use of memory band-
widih and space, Mrveover, ihe Incieasing popularity of
high-level lanQuagey, plus e demand for much larges
pdorassing space fused Dy e plummeting Costs ol
memery, putsirpped 1he capabillies of an 8-bil micropro-
cessy. The warlous trands foward large programe,
complex distributad Intellipent systems, and advanced

memory management all pointad 10 8 16-bit archlreciura.

Bul it was Ziog he.'s conclusion that & chip with
miricompier perlormance could nol last 8 decada with-
out 32-pll Operations BNd memory Segmentation. Thus It
chose [he mora athanced appooach of the 78000,

The table compsres micioprocessors. Tha Companion
graph indicates relative parlormance; 1haugh tha aguation
provides no absolutes, It sarves as an indicatar lar both
hardware and saftwars since It takes instructiong,
adgressing, datla types and spead i account,
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& Architecturn. The Z0000 booste Ihroughpu! with 8 ook shead instruction decoder and nc:nlerﬁlagp:\ Ny indeznal Bus. Thanks i oarl to
oy ragutarily of (M inelruction sal, an insifuclion aclually beguny sxecution whis il iz enlering the inSrgHON ragister, -

registers. Indeed, with but one cxc:plion (the sack imtrucliun: can manipulale Lhe slack poinler, siice it ..
pointer), N0 registers are ever implied in 2n instruction * -in the general- “purpose register group. -

and none whatever have :p:cml restrictions. Bottlenecks™ ' The twe running modes of the ZB0DOO cach have a copy
found in early microprocessor” designs, like dediceted of the stack pointer—one for “the system mode and
sccumutators, are thus avoided, so thal programming is  another for the normal mode —as implied by the primed

efficient and straightforward. All 16 of the 1 6-bil repis< ", registers Ry and Ris* in Fig. 2. Although the siacks are

iers (Ro~R.s) can be used as accumnulators. All except Ry . acpnraled lhr: nurmal slack' registers can be acc:ssnd in

¢in be-used 23 index registers, base registers, and as. the syslem modc by using the' load-control-word ingtruc-
memary pointers for indizect addressing. tion. Having 1wo sets of stack pointers facil.tlates 1ask-

. switching when interrupts or traps octur, The normat

: lﬂnihll ugllt-r architecturs: . . stack is-always kept-clear of system informatien, since
As shown in. Flg 2, 1he flexibility of the r:guttrs is the information saved On Lhe occurrence of interrupts or
.’-....._...lﬂ'urdud by.a unique arrangement of ovarlaps and pairs. * Iraps is always’ pushed’on’the system s.nck I:H:l'DT: the
h The 16 8-bit regisiers (RHy~RH;y ans and Rl RES) 8l of ™ new program status is loaded: ;
{ which may be used as eccumulateis) are averlapped with 854 1n addition 1c the peneral-purpose n:g'lsmrs thtrc are
e Whe first eight 16-bit registers {Ru 1} The ¢ight 32-bil " the program-sialus registers, which conlain thc[ Aags,
fllew: :ln“.wurd rcgm_:r_s {RRy" RR.) ar: rcgmer pairs, Tand " ‘Contre! bits! and: program’ counter,In': th¢T4U*pm ron-
| -ttw cthe four ﬁ-l-l:n"q'ﬁad -word' r:gtslcrs [RQu-RQu} whlch o s:gmznicd version of -t ZB0O0} 1the pragram. sidius is
§ 2utTare used. by .a (ew:insiructions Sach as’ multiply, dmd: n ™ hetd _in 1-.m"lﬁ bit "registers:Ithe Riret isiihe]fag and

I and extend sign, are n:gsster quaﬁruplu U oenmy = Mgl wurd thc s:cund is lhe prugmrn counter. In the
neinegMifpethe nonsegmented, version:ofyihe chip, the _I_e_lslw!.!:gmented v:r&mn. program "statug i$ 4" full' fowr words:
boB TR g b ‘general-purpose regisler; R, is the stack pnml:'r' 1 the I"Iag and conlrol word, B two—wurd pr?g,ram counter,

*:-::'-r: [n'the segmenled version, the tast two registers; Ruq and  and & word reserved t'or ﬁ.:tun: use.’ ")
< Rl

A heaneba Y l

{or long-ward register RRi:); are needed 10 hald lhe s Anolher. register.; holds the ™ polnter “far the new-
ktack pdlhu:r With' R s19ring (e segnient number while < program.status 1 area:rELicomprises; two: words in the
R., conlains Lthe offset. The cnly instructions thal vse the3 fu-gmtnmd version and: one cword in the nons:gmenlcﬂ
£~ ptagk pointer exclusively- areicalli-call. relative, rewwrn,  version. Lastly,alrefresh’register contains a 9-bit cov-

apd retern from interrupt: 1he push and pop mstmcuuns ‘:lzr for autematic ﬂ:frﬁh of dynamic memaries.

|
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Kany modes. Over 50% of the ZB000"s inatrucilans work with any of ive main addressing modes, proGl ol the thip's software regularty. A

Gad-adormusing nsl ruetion that sccapls ol sighl Modes sCCommodzies any lhu oporand- doressing Sherme deared.
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4 lnalruction formata. Tight iofmat (a) uses only one 16-Dif word, is
wxaciied quickly, el saves memocry. CGerassl Ioemal (b), vsad 1or
trytpe, woidh, Or Kong widnds, SpeCibat e sodrassing Mo Lang (e
2 nddreas-moca bita mnd the source regmier mamoe.

& izt of the following basic machine cycles: memory read
aor write, inpul/output-device read or write, and internal
data execulion. Since the memory cycle uses three clock
cycles 1o fetch the instruction or data from memory or to
write data into memary, ¢ach machine cycle also uses 2
minimum of three clock cycles, though for complex
operations it can exlend to ag many as eight.

The matter of timing

Ideally, for oplimum throughput, all instruction time
should be memoery-cycling Lime; no clock cyeles should
be wasled on caher phases of the instruction cycle. Simu-
lations of a wide variely of benchmark programs have
shown that, on the average, the effective memory cycle
time {also called the bus-utilization time or bus efficien-
¢y} of the Z3000 is 80% 1o 85% of the instruction Lime
snd up to $0% if jump instructions are excluded. This
efficiency is a significant improvement over the 65% 1o
T0% of the §-bit Z80 micraprocessor.

One reason for the high efficiency of the 28000 is its
kok-ahead instruction decoder and accelerator, shown in
the archileciwral block diagram of Fig, 3. Since the
look-shead is lied to the internal bus, and since the
instruction set is very regular, an instruction can aclually
begin execution while it i still being stored in the
sstruction register. The lock-zhead makes for a signifi-
capt improvement in throughput, for ¢xample, in the
¢ese of direct and indexed memory addressing (the most

alty used addressing modes alter register address),
ich the Z800C does nat require any additiona! clock
nPlu ta decode the insteuction in deciding whether it is
or long offset. The load-regisics-to-register instruc-

L Program ststus. The naw-Drogram-gtalus arnem ot it two
wenihs kongs P 7 o] signiicant bits in the spcond word somclty The
begning of o el N Mamory Hom which the M SOCCTRM Hats
is tetched in responte [0 INeTUPIE and reps.

tion has been optimized to require only the three elock
cycles of its memary sccess. In most instructions, in fact,
the data-manipuiation time is fully overlapped wilh the"
fetching of the first word of the nest instruction.

Throughout the design of the ZB000, meticulous
zllention was paid (o accelerating and optimizing cach
inslruction in proportion to ils siatistice! imporiance.
Some instructions and data references are aligned in a
single word 10 speed execution, simplifly logic, and get a
larger range when the relative addressing mode is used.

To further increase execution speed, as well as to
reduce memory usage, the most frequently used instruc-
lions in the Z8000 have been coded as onc word. Among
these arc jump relalive, decrement and jump on nen-
zern, load immediate bye, load immediste word, and
call relative. Moregver, the sophisticated, interruptible,
preprogeammed block and string insiructions c<an
exeCule memory-to-memory dala manipulations as fast
2s B35,000 bytes per second.

Extra instryclions

A number of powerful instructions not found oa
previous microprocessors were added to the Z8000
repertoire, There are those that handle the new data
typea— instructions iike multiply and divide thal manip-
ulate 32-bit long-words—and other instructions that

‘load and store multiple words. And there are instructions

that increment and decrement the contents of any regis-
ter o memory !ocation by any aumber from 1 10 16
Finally, multiple addressing modes for the push, pop.
load, and stare instructions enhance performance,

An imporlant part of microprocessor design is the
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Even a minimum systam based an a ZB000 microproces-
sor aapcules inslructions fast and ks easy 16 program.
Soon 10 be available & a lzmily ol associated chips that
will axlend 1hase advantages 1o complax Z8000-based
computer fystems and natworky,

The members af tha famity incluga;
® The Z-MMU memory-managemant unit 1hat 1akes cars
ot memory segmenlalion and prolection snd address
trensiation.
u The Z-UPC universal peripheral controllar, a Z8 single-
chip mirecomputer used as a general-puiposs prograrm-
mzble paripheral device with the ZBO0O.
® The Z-CKJ counler and paraleH /D chip, with thvoe
programmabile 16-bet counters, 1wo B-bit bidireciional 170
poris, And & 4-bit 170 port,

' The Z8000 family

B The Z-510 serial-)/0 clrcuit, which has twg fUl-dophex
channels and |3 capable of handling asymchronous and
bisynchronous protocols st data rales of up o 880 kio-
bytes per sacond.

B The Z-MBU microprocessor butter umit, a 128-by-8-bh
first-in, lirsl-out bulter Ihat can be cascaded to any depth
to CONNeCt asynchronous paraliel processors to the ZB0DU
when et

& The Z-FAIFQ rsl-in, hrti-nut butter memory, atso 128 by
B bits, for expancing ttw Z-MBLU depin or interfacing 1/ G
ports 1o usar aquipmenl,

B The Z-bus FAMs, 8 palr of random-acoess Mamory
chips—a 2.04B-by-8-bit Nuly stalic RAM and & se
retreshing 4 09G-by-8- b-l pseudo-siatic RAM—Ior smail
loce| stovage, -

instruction formal, since logic complexily {(and hence
clip size) depends heavily upon its complexity, Design-
ing inle the instruction set tolal software regularity
(where all instructions can use all data iypes and
addressing modes) is ideal, and 1hal goal is one 1owards
which the ZE0O00 has striven,

OF the eight selcciable addressing modes (see lable),
the five main modes —register, indirect register, immedi-
ale, direct address, and indexed address—can be used
with nearly all instructions, excepling a lew such as
rotate and shifl instzuctions, The three other addressing
modes — relative address, base sddress, and base indexed
address —have been added 1o all load and store instruc-
tions. To save memory space, the relative addressing
mode applies addiionally 1o jump, call, and decrement
and jump on non-zero insiructions. Some instructions
hiave “buill-in auteincrementing and auto-decrementing
addressing modes. Finally, a load-address instruction,
which can use all of the eipht addressing modes, supports
even the most sophisticated operand-addressing schemes.

tnatruction tormals

The formals l[or Z8000 instructions are shown in,

Fig- 4. The 2 most significant bils in the instruction word
determine whether the Light instruction formal {2} or the
peneral instruction format (b) is used, Use of the tightly
coded instruction—a single word —reduces inslruction-
memary usage and speeds execution.

As lang as the 2 most significant bils are not both 15,
the geacral instruction fermat applies. Those 2 bits in
conjunction with the source-register field in the instroe-
iion are sufficient for specifying any of the five main
addressing modes. As shown in Fig. 4b, an all-zzro
source specification distinguishes immediale or direct
gddressing from indirect and indexed addressing, both of
which require a scurce register. Source and destination-
register helds in the instruciion formal are 4 bits wide
lor addressing the |6 peneral-purposs repisiers.

The Z8000 docs not have memory-to-meémory arith-
metic instructions. However, 'it performs memery-le-
mermory Lransfers on a sophisticated set of preprogram-
med block-transfer and string-manipulation instructions
and offers siere immediale, push immediale, and
compare immedigie  instructions, Thal arrangement

Elactronics / Decembar 21, 1978

provides 3 more compact instruction format with more
op codes available for additional instructians than would
be possible with the general memory-lo-memory
addressing mode used in the Digital Equipment Carp,
PDP-11 minicomputer, which has two sets of addrening
modes and regisier helds. !

Interrupte and traps

The ZB000's seven interrupts aad 1raps, bolh internal
and cxternal, arc arranged in priority. The three inter- .
rupts are all exterral inputs: noamaskable int:n‘uﬁ.
vectored interrupl, and nanvectored interrupt. [
vectored And noaveclored interrupts are maskable, Of
the four 1raps, the only ¢alernal gne is the segment input,
which is found in onrly the 48-pin segmented version of
the chip. The remaining three traps occur when certain
instructions limited to the system mode are called in the
normal mode, ar lor the system-call instryction, or for an
illegal instruction. The descending pricrity order of the
1raps and interrupts is! internal traps, nonmaskable
interrupls, segmeni trap, and veclored and nonvectored
inLerrupl.

When an inlerrupl of trap occurs, the program status,
which i3 ¢ontained in twe 16-hit words in the nonseg-
mented vepsion and three words in the segmented
version, is pushed onta the syslem slack followed by an
additional word. This extra word 1ypically indicacss the
reasen for the occurrence.

In the case of an internal trap. Lhe reason word is the
first word of the trapped instruction. In the case of the
segmenl trap and for all interropts, the reason is the
veclor on the data bus that is read by the CpU during the
interrupt- or trap-acknowledpe machine cycle.

The previgus program status Lthus having been pushed
on the system stack, o new program status is feiched
from the new-program-stetus table (Fig. 5) that is speci.
Fed by Lhe new-program-siatus atea pointer. As in Fig.
2, that poinier is Lhe most significant byle in the new-
program-sialus arca poinler register. In he case of the
segmented version of the ZEOOO, the pointer is two words
in gll—the segment number is specificd by the 7 moat
significant bits of its sccond word. Afler Lhe interrupt or
the trap has 1erminated, a reset sequence is entered. A
new program siaius is then fetched from a fixed location

' ‘87
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L Address reprasantation Sagrmenled addresses appanr kS @ ong
word (32 Exts) when reproseited in 8 regiiier of in mmory {31 Inoan
LGN, howreer, an Addrekd Can B s ungle wind (D O 3 long
wind (&) il it 8 within 1he 50 256 localiona of & segment.

.in memory at the beginning ol segment 0.

Facilitaling the scparstion of operating-system pro-
gramming frem applications programming are Lhe
system and normal operuling modes of the ZB000. The
distinction is made by privileged instruclions, which cen
only be executed in the system mode and are trapped
when encounlered in the instruction fiow of normal.
moede operztion. Those instructions include all
input/outpul instructions, halt, enable/disable interrup,
lcad control word, store control word, load new program
status, return from interrupt, and all mu!uplc micropro-
CLL30r inELTuCLioNS.

High-level languages, sophisticated operaling systems,
farge programs and daws bases, and decreasing memory
prices arc all mocelerating the trend towards Jarger
memory space in microcompuler sysiems. But even when
it is avallable, questions are raised: how is it best
accexsed by a programmer? and what memory-manage-
ment mechanism best allows the system to manzge it
memary on the user's behalf? In answer, the ZE00D
proposes a segmenled addressing schems,

The segment number is an unsigred 7-bit inleger
ranging from 0 to 127; the offser is arn unsigned 1é&-bit
integer ranging from 0 to 65,5335,

When tepresented in a register, a segmented address is
always a regisler pair or long word (Fig. 6a). The lwa
words may be manipulaled separately or together by any
af the word and long-word register operations. All
segmented gddresses exist in memory as 3 long word.

A segmented address in an ingtruction, however, has
vwo different forms: either with a long offset (Fig. 6¢), in
which the wddress occupies lwa words, or with a short
offs¢l that is ong word. The shart ofTser, which, as shown
in Fig. &b, implies that Lhe most significant 8 bils of the
offeet are all zera, can be used whenever 1he address s

aa

t. Memory mansgemani. The Z-MMU memory-mansgemanl chip
CATIES out The mamony rllocslion om iegical [o physical a0oress by
addmng the 16-Cat oMoyt valug 1o 8 24-Dif Dass sodress AssoCcinled
with each segment. Two Z-kbils hancie a8 128 mgments.

within Lhe first 255 locations of a segment, That repre-
seatation permits very densc encoding of addresses and s
convenient ol only lor indexed addressing, bul for direct
addressing when short dala segments are used of when
subroutines start a1 the beginning of a segment.

Mamory-managemant chip

Those addresses manipulated by the programmer,
used by Lhe instructions, and appearing at Lhe oulpul of
the Z8000 arz called logical addresses. Transforming the
logical addresszs, which comprise the segment and offset
concatenation, into a 24-bit physical address is the jab of
the Z-MMU memory-manegement unit {see “The
28000 family,” p. 87}.

That lurufurmmian of Jogical address into a physical
address, called relocation, is performed by this ¢hip as
shawn in Fig. 7. A 24-bil origin or buse is logically
sssocialed with each segment. To form the 24-bit physi-

. cal address, the Z-MMU adds the 16-bit offser 10 1he

base for the given segment. {In operation, the ZA0OO
sends out the segment aumber half & clock period ahead
of the 16-bit offsel address to compensate lor the time
the unit needs to do this.) Thus the ZB0OO can directly
address half of a 16-megabyte physical memory space.

[n addilicn to n:lugatmn the Z-MMLU provides
segment management‘and protection from undesired
writeover. Each such unit stores 64 segment eniries that
consist of the segment base address gnd its attribules,
size, and status. Begments can vary In size from 256
byles to 64 kilobyles in increments of 256 bytes.

Using 2 pair of these units with the ZEDOD accommo-
dates all of the 128 segment numbers. Morcover, soveral
Z-MMUs can be used Logether Lo accommodate several
translation 1ables, altheugh only u single pair may be
cnabled at any one time. !

-Elsctronlcs / Degamber 2 ! 1878
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THE MCS-48™ FAMILY Notas:

BB — MICAGCOMPUTER WITH HOM

8748 — MICROCOMPUTER WITH EFROM

BQ)s — MIKCRQCOMPUTER WITHOUT ROM

8243 — LD EXPANDER

A3155 — ACM PROGAAM MEMOAY AND 11D EXPANDER
475 — EFAOM PROGRAM MEMORY AND /O EXPANDER
8155 — DATA !.IEHCIR‘I"I AND I'Q EXFPANDER

» The Basic Family will be expanded with additional 1/Q
and processor elaments,

¢ Most 8080 peripherals and Standard memory products
are giractly compatible. '

CN CHIP FEATURES

2 BIT CPY
1K WORDS OF PROGHAM MEMORY
84 WORDS OF DATA MEMCRY
27 /0 LINES
INTERVAL TIMER/EVENT COUNTER
OSCILLATOR AND CLOCK DRIVER
RESET CIRCLNT
INTERRUPT CIRCUIT

» Totally self conteined. All thal is required is 5 Volts.

SPECIAL FEATURES

SINGLE 5¥ SUPPLY :
40 PIN DIP

PIN COMPATIBLE ROM AND EPRCM

2.5 unac CYCLE

ALL INSTRUCTIONS 1 OR 2 CYCLES

SINGLE STEP

8 LEVEL STACK

2 WORKING REGISTER BANKS

RC, ATAL, QR EXTERANAL FREQUENCY .
SOURCE

* = J0OR-15 CLOCK QUTRUT

a v 7 & w & 4 =& =

» All contained on the single chip.
* Low power standby on ROM version,

-
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e All major functional computer efemen!s are integraled
on the singfe chip.



HIAS BI-DIRIETIONAL™ PORT STAUGTLURE

INTERNAL
e

FLIF
FLDF

ci |

WRITE

MLl

By

e Allows inputs and output to be mixed on a single port.

o All output ports can also be read for diagnostics and
temporary storage purposas.

[

M54 PADQRAM MEMORT MAP

L
i
048 __SEL LU
T i SEL M8
R
; 1l
ONCHIF
1 ey LOCATION 7 - TIMER
H INTEARUPT wECTORS
. FRADGR s HLRE
. ]
1
1 o LOCATION ) = EXTERNAL
: (NTERHLPT VECTORS
F] FRCGAAM HEHE
1
MEBET VECTORS
o 7]_']"*]’[![‘[“ T PRGALM HERE
ADDRER

» B035 aif address references are extarnal.

» 8048/8748 addrass references below 1K are internal and
all raferences above 1K are automatically routed to the

axternal bus.

o 70% of ali applications fall below 1K.

Notes: S
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* The 12 bit program counter can address 4K of program
memory.

Last bit of program counter ¢an be diractly manipulated
by the instruction soltwara.

DATA MEMCRY MAF
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HRLETLY
wEGETEAE ADCHRILEL £
'™ | it RAMK B
---------- M BLIETED
..... 2- ——
]

I OO IO M O RY W DR M1 ALY
RE U0 10 ADOAE XS 2 mORDE OF
ERTERNAL Ak

» Additional pages of 256 x 8 can be axternally addressed.

Second register bank and stack depth are oplional,
alfowing resident memory to be from 32 x 81to 56 x 8.

e Bank switch is done with one command.
+ Stack stores the program counter and status word.



PAOGRAM COUNTEA STACK

InTER
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* § leve! stack provides for generous subrouting nesting.
* Program sialus word is stored next lp program.counter

in the stack,

« ‘Tha stack depth is oplional. Unused stack locations may
be used lor data memory.

-

MOGRAM BTATUS WORD [FEW)

SAVED M FTALX ETMEK MINTER
)
L ] F
oy F7 ] Fy [ 7] — i [ I L 1

nchk Lk
¢r  ERRAY
AL AUKILLAMY CARRY
M Mads
M RRGIIT A R LECT

s Status word can be directly manipulated by the software.
* Machine state is autornatically restored after a return

fram interrupt,

MNotas:
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TRENEVENY COUNTER

FRERCALIN

ETay W ——a o

CLLANED O TTART TrnnER

[ - 3
"7 cetwerom

START
Bl TR
Y

is selected.

ETARY

ThLA

or 1

LiWAD DR AEAD
A O
TIMER FLAD
T THeFL
TN EOUNTIR
[PE T ]
WOT CLLANED OM RESET Foid

_ _:D— W

e Tost 1 {T1}is specified to be counter input if that option

* Alf options can be selected under software control.
o Timer or counter can be preset, read, stopped, and

started.

+ Timar/counter overflows at 2535, causing set flag or

optional interrupt,

DUAGRAM OF #0408 CLOCK UTILITIZS

XTad 2

=
-3
- Q FTATE COUNTIR r—" Amet O Winl

LI ]

B Lo
Cutgt 1
UM ON
HAT 1008 Tear . Mt
. T
Sk hph
+ 1y
"""m:mnn'_b_‘_ st

o ALF signal is always ‘available as a clock output.
* Tost G (TO) may be specified to be ciock out under

software control.

INSTAUCTION CYCLE

2.0 unaa CYCLE
L | W | | 8w {8 ]| =
[T
PNET. [Pl 0=r ) IXECLTION T
CUTHIT ADDAEES | LNE BT DUTHIT OGN ESS

s All instruction cycles consist of 5 internal states.

s Ovgriapped operation alfows for fast instruction

axacution.

Noaites:



MCS-48" CYCLE TIMING

ALL

WP EXTEAMRAL wROCAAM
MEMOAY FETCH

AL EER L L I ADLRERL HST AL TN DO B WL HEAD
';( >< }( UBEVE § n TE AMAL § -
FOAT M-1Y 1 ADORY KX T 1K ADDNE I X_H'-'H‘rm ‘nmbhuutﬂ""lﬁﬂ‘ -
(=% ]
rar——

+ One period of ALE designates a cycle.
* Port 2 1/0 data is restored afler external mamory fatch.

s Cycle timing is compatible to standard and custom
mamaory and 1/Q devices.

POWER DOWN SEGUENCE Notes:

FOVER SLPPLY ™
i

FROCE S50R I
INTERRUFTED | I
MOWER ELPpL Y | b NOHHM AL
FAIL SIGNAL l__l_____mmnn
[ i SEQUENCE
| FOLLOWE
1 | |
RESET |I 1
1 | J— ; __
PaTh SAVE ACCEES TO
ROUT IME DATA A &AM
EXEQUTED MMM TEC

* Power down mode allows data to be maintained in 64
RAM registars while removing powser from remainder of
circuitry.



TESTING AND DEBUG Motes;

LT

i T\? T

ATER
[3TER parenmaL

A ETER B CIRCUITRY
ALE . CIMELITAY ‘/\

"

——

EDGE TRIGQERED

4-BIT LATCH
MR Ay
w2021 n *
1 "craua-
MEWORY
'ﬁ B | sounce
MEN
;] __'__* b t
BBIT LATCH

O

» FA pin allows for a separation of internal memory and
CPU.

* All program execution can be routed outside to a debug
or last memory for quick maodification.

BINGLE STEP TIMING

DATE BUE o S B S ik S W . war - — ———— ( [ 18]

i ACTTVE EVLe i O CreLs | BTOP CYELE

¢ Single step allows processor lo exsecute pne instruction
el a lima. While stopped, address of ngxt instruction is
available externally.

At
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SPECIAL INSTRUCTION SET FEATURES Notes:

FOR BCO ARITHMETIC:
Decimal Adjust A
Swap 4-bll Nikbles ot &
- Exghange lawer nibbiles of & and Register
Rolate A kit or right with or without Carry
FOR LOOCKLUP TABLES:
Load & trom Page 3 of ROM (Address in b}
Load & frem Current Page ol ROM (Addreas in A)

¢ Tha 4 bit operations allow MCS5-48 to perform with many
of the advantages of the 4 bit microcornputers,

» Look-up tables tacilitate the implementation of complex
afgorithms with a minimum of execution time,

SPECIAL INSTRUCTION SET FEATURES

FOR LQOP COUNTERS:
Cecrimeni Regiyier and Jump H not juerd.
FOR BIT MANIPULATION:
AMD 1a A [immediats dats or Register)
QR to A (Imuneedate Jata o Hegister)
XOR 10 A {Immediste osid or Regisier)
AND 1o Cuiput Pars
QR 10 Qutpul Perz
Jump Cendltionally ¢n any bit in A

* Bit manipulation essential for /0 operations and logical
design with micrecomputers.

» Loop counter allows program loops to be implamanted.

UEING A LODP COUNTER

LOAD BINARY &
M NEJIST1EA A2

I

¢na|ﬂ1u|:

= BEGIMN

O bk
EXECUTED
B TIMES

GMI RLBEGH



USING LOGHZAL INSTRUCTIONS

AMHD — [BIt Rxaet}
aeoo111

Mtk tin AcC)

1
1g110101 Cutpul For
pagdndQ1 Result of AND
Bty Unchanged
Bite Renrt
OR — (il 54Y)
og001111 Mask
305101401 . Oulpul Port
ya111111 Aenufl of OR
l l L Bils Set
Biis Unchenged
XOR — (Compare)
00001711 Mk
1011030 % Accumulater
1 1104

lg 1 E g Ranull of XOR
Bits that Compars

Mate: If X0 ol an pid ssfus pagd o naw vidus & 3 ho bie have changad.

DATA TAANSFER INSTAUCTIOMNS

FACGH AM DAT&
! l:lllﬂﬂ'n’ W oR ¥ l
: 1+ datm i T, |
1 A WORE |G RES
ADD Oy [ )
e ANL AN .
L] DaL DHL
1 ML ELI WAL
| MDYE (1Y HiEH alH
ANLD L
ArLD Y M HL wCH0 [reae ENTERNAL
ENFANGEN k.t R T e P
oy T A L A YDV ]
I LT
L
Y L MY
TIMER FHOGR LM
| COWNIER TATUE WORE !
I 1
r
' O CHIF D

FIATE 1 T il

& The accumulalor serves as the cenler of the machine,

JUMP INSTRUCTIONS

MNotes:

Unconditional Conditianal {Direci tn Current Paga)
JMP Dirmct 2K Jo
CALL Dirsct 2K JNC Caery
RET JZ
RETR Aepiores Status JNZ Aceumulaior
JMPP @ A Indirect through A JTO Test
{Currenl Pags} JNTOD
{Single Byts| JT1
JNT1 Tast 1
JFD Flag @
JE Ftag 1
JBI Accumulatar B
JTF Tima=r Flag
JHL Intarrup

* The more conditional jumps the betler.
¢ All bits in the accumulator can be lested.

in



EXPAMNSION CAPABILITIES Notes:

Piagram Memory (0 AK words)
Slandard ROM .
Slandard EFADM
AQM and G
EPROM snd 11O

Data Mamaory (1o 320 words)
Slandard RAM
Low Power HAM
RAM sno 11D

Inpul/Juipyt (ualimiled)
MC5-43 11D Expander
IC5-80 110 Davices
Feriphwi gl Microprocesiors

Epecial Inluriaces
MCS-20 Pyripherals

* Full memory and /O axpansion provided without axtra
logic.
« Both standard and custorn products available.

EXPANDING
PROGARAM MEMORY

area 1K = B ERAOM

23948 1K 3 B AGM

B73% 2K x B EFAOM with 1/Q
£35S 2K k& POM whh 15O
8116 IK v 3 ROM

¢ Both standard ROM/PROMSs and custom ROM/PROMs
arg available for program memory expansion.

EXPANDING MCS-48" PROGHAM MEMORY
USING 5TANDARD MEROAY PAGDUCTS

3
" okt m i)
&048  mir oz 1_-|>, agomi e
2218
‘—_t‘\ LATCH RO
s 175 -
MR i et T ]

Wl e 0 ACH

* Basic 3K program memory system as shown,
* 8212 demulliplexes addrass from bus.

* Port 2 contains high order address linas that are static for duration of the {ransfer,
after which port data is restored. '
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[HSTﬁUCTIQN FETCH FROM EATERNAL PAGGHAM MEMORY

o

FSEN

I

Ii.;ii FLﬂ!TIHﬁX ” FLOAT MG X x FLOAT NG
7 ra

THETRUCT N

ADDRESS

ANaltea!

EXPANDING MC5-48™ PROGRAM MEMORY
LUSING STANDARD MEMORY PRODUCTS

FROG R WE WO T

1/‘ ADCHE S5
i =Tron/
onconen ™ e [ ® i
PORT g T . nar: (-7 acm
pata
H ‘ 0‘ —] I ~—
ALt A2 H - ACDALLE
- LATCH
"o ) t :J .
DATA
it - [ | ] s
> ADDREEE
PLEN
T o |
[ LR, T T
DATA
Bur

® Full 4K program memory system using standard ROMor PROM products.
¢ Decoder selects axternal ROM/PROM.
» B212 latch demultiplexes address from data.

EXTEANAL PROGRAM MEMORY INTERFACE

ALE
PSEN

WA

8048 gl

aus

FIp#

=1 ALE
RD

oH

FAYPA

TEMT )
IMPUTS

N SN
=
y S

FLE N )

» Basic 3K program memory system,
e §355/8755 provides a direct intertace to 8048,

» Additional two 8 bit qurts are addressed lika dala

memory.

a
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EXPANDING MNotas:
DATA MEMORY

M 256 = & Static RAM

L ARR! 256 a 4 S5tatic RAM

Ean| 256 1 &4 CMOS Slatic AAM
B155 256 n B AAMTimer/1/O

* Compatible with most static RAMSs, including low power
5101,

¢ BO4B also conmtains a low power standby pin for the
rasident 64 x B data memory.

£HEB IKTERFACE TD 256 X 3 5TYANDARD MEMORIES

N A S il
it - [ TRF ] 1214 ﬁl:l [ThA ] ﬁﬂ:l

B 2111#?151& = i CR —
B2 & - Ay A =
o oo i T T A o ‘
uy bo L. oD i
1 ] ‘ )

 —

f
Ik

AREAD FROM EXTERMAL DATA MEMORY

WIS FLOATINGW ADDRE ssX m FLOATING
4 .

FLOATING

WRITE TO EXTERNAL DATA MEMORY
™ I
3 Hmnmx.tmnr_mx FLD.!HM.‘.X DaTA X FLOATING




5048 INTERFACE TO 256 X 8 STAMDARD MAEMORIES

Hut \": (] |> ]
aiss
ot m™EX ‘C:I:) "o
Al RAM e TIMER N
#4048 an 134
EE— T W N
FORT o
K1
WPUTE

K ow

Equivalent to five standard components.

Sevaral 81555 can be used to expand data memory.
The timer leature i3 prograrmmable, similar to 8253.
The 1/0 is also programmable, similar to 8255,

f242
4212
$255
(3.1
8155
BT5S

EXPANDING 11O

172 Expander (16 linas)

112 Latch {8 lines)

Ganaral Purposs O (24 iines)
RAM with 170 {20 Jines)

ACM with 1O {16 Hnes)
EPROM with O {716 linea)

* A large selection of devices are avaifable to provide
simple input and output facilities.

* infegrating /0 with memory provides for minimum

package count.

® B255 provides opticnal 1/0 strobes,

Mo
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EXPAMDER INTERFACE

CHIP SELECT CONMECTION IF MORE
- THaMN LHE EXFANDER 15 USED

CEDw

Moo

TEST
INFUTS

L4

= | CLOCE

- a3

mmkj:Ib DATA N
2

M

lal

Lt

S —
)
" C_'_:DHD
S —

MNotas:

e Expansion can also take place on bus port.

OUTPUT EXPANDER TIMING

MOORELY L-RiTH

BATA 1 lITE

[ 1) 3 B ]
ﬂ'} @™ Map
2% =t L1} wRITE

n LI

» Saveral 8243s may be appendad to the port 2 4 bit bus.
* Addressing is accomplished via chip select.

I? Program line strobes data.

LOW COST (/0 EXFARMON

ront 1

mOAT

iild

=]

TR -2

1HEE

I

BEYY

5TE D43 £Te D)

188Y
188

ITh DGl

FROeG

EW 1L

15
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. THE THREE COMPONENTY HCS5-43 LYSTEM MNoras:

&355. 8153
ll-'ln
i . e 1
MD ct --
AT 2 .
ALE WFIAS -

|
A
EES

¥
" : .
3

f ¥ . MORT
"IN r i Fead et Ors At AGienagx o

1] pOAT

CLT &
Al S EF PAM

At o+ - —-—— -
AS 10/3 v
THMER
. 1 ) L 1
s System provides: - wea AV

4K word Program Memory

320 word Data Memory TN N
53 1/O Lines . o o S

2 Timer/Counters ‘

INTERFACE TO MCS-80 PERIPHERALS
2ud td b S bon an) ol Debnagge od Bm 28b5E MneveD

AN t|e2 gine £iv betaigmosok 2 priztebbA
 peth @m;' £12b 2a0o12 9ail MBS
H rmu.:mu.l
o ael— ﬁ?{l“;ic’é“ ROFT
RO
o f—vi ~ LI - ®mcn1 e
< . § D07
i A WL
I OPTION #l——s "= = oo ot e P
I I B —
1 A
T - - ""l A, la “n I *"'"'L'"""-.-: |1
: \"1:‘ - P .,_, - @ :ﬂ:ﬂT ; .
A i |\ raocammsLe A N | ‘
<ot o] FERIMHERAL PORT
i

T INTEAFACE sry
(1.1

» QOPTION #1 - Porls are addressed as dara HAM . L
e OPTION #2 - Ports are addressed via output port

]
N



SPECIAL PERIPHERALS

E214
FEL
4214
4751

Prigrily [nlesrupl
USART

Kayboard /(Cisplay
Interval Timer

NOolas:

« Whils most MCS-80 peripherals are MCS-48 compal-
ibfa, the ones shown are the most popular,
e Poripherals reduce system cost by providing low
compeonent count and specialized interfaces.

KEYHOARD/DISPLAY INTEAFACE

IhT

T

L1

WA

DaTa
! S -

WH

(Hi)
ELYROARD
A  DISPLAY

KEvACkaAD
INFUTS

| it

BCAM
4 Joutruts

LI DISFLA Y
hd CUTRUT
. 18| DAY
QuTMT

a-{e

* Provides easy interface o a 64 key matrix and two 16

digit displays.

MC5-40 EXFANSION CAPABILITY

1 [1.#]
TimLh
" | ]
b
W W TR [ 1Y)
s LIl RE-]
ian ETIY ]

ADDREEL
LATCH

1l

ETARTI ARD
AL Qg

ETAKDARD
R

1’];

ﬁ

i

1000

Lt ]

<

{L

Lro ]
LBapT

L)
WE ¥ BOARTUTIEMLAY

s 4§ KT

1
SER{AL LEM ML
WTRIT T

T L

-
u Iy BOAAD DEFLAY

+« All modes of expansion may be used simulianaously.
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THE EXPANDERD MCS-48 SYSTEM Holos:

1 ) Munmipyr ol Ampiinbly 150 Linss

108 o
-
BIE BaAK mrs
1M =" 1 B3RE
4BILE T T ARIEE
(3, 1] 23] ] (1R ] A
s .
-
0dn 2018 a4y [
_ et #356 BI55 a8
3 e s TN
2 .
z
(1] ([ ] L 1] L1+
g
L
: $12
2
2 »18 [T BE
il (=T e Py 1
W65 29188 P 1SS
[ "] el ] (el J ik
m
04 -
b (LT BQIE
:'1"2 [ s 2.X36
(1 1155 NIEE
- . ol Lt L[]
s 0 2038
oL S 56 W 2B (A
1K 3 F1 13

PROCA AN MEMORY | RO |

* The BO35 aliows the user o match his program memory
requirements.exactly.

DEVELOPMENT SUPPORT

INYELLEC® Assemblar
UPP PROM Programmer
PROMPT 48

ICE-437

Uzer's Libvary
Application Engliesn
Tralning Courses

» Development support is as important as components.

o MCS5-487training is avallable and affords the best
opporlunity to learn the family.

18



PROMPT 48 FEATURES Nores:

8748 EFAOM Programmsr

Hax Keyboard/Display

Real Tims Exscution

Single Step

B Broak Pointa

Exsmina/Modity alb internal Ragistars
TTY taterlace lor A5232)

Hex Topa Load [Dump [TTY)

A0 Porte available to Usar

* 4 & % 5 & 4 & =

e [ ow Cosl.
» Self contained bench top enclosure.

prompt 48
Gt EETEIE
! Pl | p—— | e
n Mwwrk WLE A Tl ot PRl

INTELLEC® MICROCOMPLITER
DEVELOPMENT $YSTEM FEATURES

& Renlcant MTS-28 Macro Adsernbler
* Univarsal PROM Programmes Modula
* |[CE-487

* Dk Opersting System

* High Spead Pacipharals

* A sell contained microcomputer development lab-
oratory.

14
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The 28000 fumily is 8 new set of microprocessor
componeiats [CPU, CPU suppert chips, peripherals,
and memoties) which supports the Z8000 architec-
ture, The account of how architectursl goala wers
selected &nd achieved for two key members of thia
family —che ZAOOO CPU end the memory mensge
ment unit—ilustrates how much of n challenge
microprocessor architecture representa to the semi-
conductor industry, MOS technology shows enor-
mous patential, but it i1 still difficult to use because
of limitations on pin count, power dissipation, apeed,
and complexity.?

Since this discussion ia restricted to technical
issuen, wa will not sllude to the many additione? fog-
tord {marketing considerations, humen considera-
tions, self-imposed restnictions, ute,) which make ar-
chitecturs auch 8 fscinating and diffiedle disciplire.
Furthermors, no sttempt has besn made (o ex-
haustively describe the Z8D00 architectuors and com-
ponents, Interasted readers should conault tha
specific manuals for s more complete description.??

The goals of the Z8060 architecturs:
Intreased capabilitles, archltactural
compalibility, intreased clarity

The primary reason for introducing o new aystem
architecture ia to significantly improve the control
and proceasing capabilities of microproteasors while
maintaining their prica’periormance advantages.
. Technical advances have permitted the implemanta-
tion uf subislantielly incroased processor power, but
the most significant molivation for 2 new component
family is generality, Only through such & family
could we provida for erchitecturaily compatible
growth over a wide range of processivg power re
quireraents.

OLE-BIAZ TRORZ0O0] 0800 Th « |WTY JEEE

Increased capabilities,
architectural compatibility, and
clearly defined interfaces were
the chief architectural goals of
Zilog's new Z8BOOO microprocessor
family. Here is an account

of how those goals were met

for two members of that family—

the Z8000 CPU and the MMU.

Orur upproach was a staged systemn architecture
which attempta to provide new cornponents, enhane-
od features, und new functions, while protecting tha
user's investment in hardware and sgftwars. The
Z8000 family supporte a single unified architeccurs
for all small, medium, and high-end user epplications
which are implemented using a mix of componenta
within the eame family.

The goala of the Z8000 architecture can bo grouped
inta three categories: increased capabilities, architsc-
tural compatibility over a wide range of processing
powers, gnd increasad clarity, Ip all these cases the
resulting architectural features apply either to the
baslc erchitecturs (that seen by an applications pro-
ETEMMEr| or to system architecture (that seen by &
ayitem designer or an operating eystem progrum-
et}

Increased capabilities. All existing B-bit miecro-
processors end many 16-bit minicomputers suffer
from having & small address space. So, one of our
gouls wus ta provide access to a large address spaca
(3M bytes). A second goal was to provide mors e
mottrces in terma of regiaters |16 general-purpose
16-bit registers), in terms of data types {from bits to
32 Lita), and in terms of additional instructions com- .
pered to existing microprocessors (multiply and
divide, multiple register saving inatructions,
apecinlized instructiona for compiler support etc.),

Tofacilitate complex applications il was important
Lo support multiprogramming with good hardware
support of tank switching, interrupte, traps, and two
execution modus. Operating systema also required a
good hardware protection syatem.

Finally, we wanted to incresse overall ayatem per-
formence. This resclted in the choice of 2n impleman-
tation using & 16-bit-wide data path to memary.

COMPUTER



Arcidtect uee) eomypatitility. Dne of the inaportant
lessons Aearned froun previoca computer system
deaigna ia thot the design ol o new farily erchitecturs
i% o rare occurrence. One way toepply thislesson is to
desigh a unifisd architecture compatible over a wide
tange of processing powara. If we anticipata veser
growth from amali to large systemas within a fpmily
architacturs, then auch an spproach can algnificantly
Lcreass its life,

The two versions of the ZE000 (& 40-pin
unsegmented and a4 48-pin segmented version) wre
designed to achieve {his goal, but many aother
features cuntribute ndimectly to the family com-
patibility, For small splications an unsegmented
23006 with ooe of move B4 K-byte address apaces can
be used. For medium epplications, 8 segmentad
ZB000 and one memory management unit allows
direct actens (o 4M bytes of addresa space. For larga
applications a segmented ZHO0OJ end multiple pairs of
MMUs allow the usa of several SM-byte nddress
EpECHS,

Sin¢e the segmented Z00O can run {n an unseg:
mented modes, both ayetems are compatible. Finally,
to schisve even lorgor processing power through
hardware replication, the architecture provides basic
mechenlamy for both multiprocesalng and dis-
tributed procesaing.

Clarity, Clarity in an architecturs i» o measure of
how well key interfaces are defined and apecifisd.
This is an elusive but lmportant gnal in a family
where new and unforeseen components will be added
during the Life of fts architocture,

We felt bus protocols were so important
that we developed an Independent
specification for the Z-bus along with the
individual device manuals.

Clarity in termy of the hasic srchitacture means
regularity and extendability of the instruction set, ai
well ms the genersl and simple handling of the
operating aystem interfacea. Clarity bn terma of the
system architecture menna & well-defined mathod of
communication bebween the varicus components,
The key iink between thase componenta is the Z-hus,
which is a shared systern bus. In the section on com
munication with other devices, we describe some of
tha various types of bus protocols. At Zilog we falt
this was so imporiant that we developed an indepén-
dont specificaticn for the Z-hua along with the in-
dividual device manuals,*

_ Comparison with olher system archliactures

We are convinced that the differences between
microprocesacr sysiam architecturs and large com-
puter aystem architecture are not sufficient Lo ™
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quire & different design approach, aithough they cor
tainly influenen the details of design compromises.
The last section of this paper deals with implemnenta.
tion tradeoffs and illustrates some particulsr ¢om-
procises. [In a few places we mix implementation
consideratinns with descriptions of arthiteetural
tradeoffs. Despita the importance of soparsting an er-
chitacture from s implemantation, we feund that
Lhia separation is often absent during the sctual cres-
tian of & new architectizre.)

Two differances hetween conventional computer
aystams and microprocesser syatems hmve the
greatest impact: price structure snd component
houndary diffarsncea. For high-end LS1 systems, it
raekes sense tg have one unifisd architecture, but
unlike their computer family counterparts (1AM
3604370, PDP-11) fifferent implementations cannot
ba justified on w price/performance basis, Speed and
prerformance are mainly dependent on the atate of
technology, and therefors, for & given ppplication, a
user will waste the apesd willingly sincy apother
alower irnplementation would coat the serne, Thia
does not exclude different versions of ane implamen-
tation, which reflect only different test and produc-
tion criteria such as package type, functional tem-
pereture renge, and even speed rangn,

Mast computer systems have both external and in-
ternal interfxees, External interfaces which define

syatem bounduries are piten standardized (e.g., the .

[BM channel interface or the DEC unibus). Theinter
nal inker{aces of most mini or large computer systems
are ggsent/ally hidden. In contrast, the component
boundaries of » microprocessor-based system repre-
sent actual interfaces, and moat users must be fxmil-
tar with them as well a3 with external interfaces,
Because the component interfaces are mare visibla
and oftan must be more general, the microprocaasor-
oriented aystemn bus emergan a8 & Koy atandardiza-
tica link to allow s wider mix of components and
designa.

The basle architeciure

Address upsee considerations. It ja advantagecus
to have mote than one address space, with each ad-
dresa space ga lerge a8 possible, In the ZEOGQ,
memary references and [#0 references are viewed as
references Lo different address spaces. The () space
is discussed In the section below on communication
with other devices. Memory references may be in
atructiona or data and stack accenses, with each type
of acoess paagihlie in either pystem or normal modes,
The Z80D) distinguishes between each of thess
reference poasibilities by using different combina-
tions of ita sLatus lines. Separating the varipua ad-
dress spaces can be used to increase the total nember
of addressable bytes and to achieve protection. The
size of each addreaa apace depends on the versions of
the ZEMQ yaed. The 40-pin package version allows
each nddress space to be at most B4K bytes, the
48-pin package veraion allows each sddreas space to
be at most S000K bytes.

"



12

The 40-pin version is intended for systems, citen
used a5 dedicsted uyatems, where the program and
data apaces are simull. In this case, ralccation is not
usually imporisnt. aing the different address
apaces, one hus n simple way Lo addressin practiceup
to 4 » 64 bytes {with s maximum of 6 2 64K bytes).
Sorw simple protection is achieved by ssparating
tiiexa apaces in hardware.

'he 48-pitt vergion with one or more MMU3 is in-
tended fur the medium to large spplications where
relocation and belter memory protection e impor-
tuni.® In these cases, statny information can also be
tsed 10 3¢parite between pddreas apaces by using
multiple MM s, But it is alsoessentinl to schievethe
detailed memury protection required. (1t is possible
touge the 40-pin versiwn without an MMU | For these
high-end applications, the sddress spaces are solarge
that one is unlikely to exhaust them. Eaperience with
large computers shows that 8M byter iy probably
adeguate. The current implementation of the ZB00A
uses EM-byte adidrews spaces, byt the architecture
provides for 31-bit addreas [214TM byteal.

In both veruiony, the 28000 plipwa direct access
tu cuch sddress spuce. Direct &ccess moans that the
wddredses vsed in instructions or registers have as
many bita us the addreas space size requires. [n other
schemes the effective address is & combination of &
shorter Gedd in the instruction and other extenaion
bits often found in an implied register. Deapite the
shorter address fiplds, we belisve this “indirect ae-
cess’” doea not sove bytes, becauss extrainstructions
muat be used o load and seve the implied registers,
which are Lyjrically in short supply.

Hegisters, Tha ZB0OO is primarily & memory-to-
register arc hiterture. This charpcteriatic does not en-
tirely exclude other organizetions, and mechanisms
exist in the ZADOO to aupport them. For example,
memary-Le-memory operations are suppeorted for
sirings, whereas stuck operations are supported for
procedure and process changes. ‘This choice provides
upward compatibility with the ZB0. A register ar-
chitectura also resulis in good performance, since
register acceases are made at a greater apeed than
memory accesses in the current implamentation.

Experience with register-criented machines seems
to confirm thut four general-purposeregistars arenot
snough and Lhat o "proper’’ number s between eight
and 32.% The ZEG0U aupports bytes, words (18-bit),
wnd long words (32-bit}, and s few instructions even
use quadruple-word {64-bit) data elements. If we
choose 15, LE-bit registers allow ejght 32-bit registera
a3 well ag four 64-bit registers [Figure 1). Since ad-
dreases are 32 bits, the necesaity of et least eight
32-hit registers way obvious. The impwet of the §-bit
reglster field on the instruction format depends alsg
on the noumber of pddreas modes ang operands. Six-
Leen regristers ulluwed & reasonable tradeodf, wheroas
32 registers would have resultad in too few one-word
instructigna.

With ane minor reatriction sny register can be used
by eny instruction a3 an mecumulotor, solrce
vperand, index, or memary poititer. This regulanity of

Lhe structure i3 sp importanl thet it is worthwhils to
sacrifice any poaaible encoding impravements in in-
struction formats which could result from dedicating
registors Lo special functiona, Encoding improve-
menis based on instruction lreguency, so chat ire
quent inatructions use one word, are more effectivein
saving spece without having a negative elfect on the
architectura,

Why not have specialized registers? The
difficulty lies in the fact that the
resirictions caused by dedication are
inconsistent with sne another.

Most applications dedicats the available registers
o specific functicne. For example, most high-lavel
langusages require a atack pointer and a stack frazae
pointer. Then why not, ooa might argue. have
specialized registers? The difficulcy lies in the fact
that vhe restrictions caused by dedication are incon-
siatent with one another, 1f the architectura supplies
only general-purpose registers, the user is free Lo
declicate them co specific usages for his application
without reatrictions. This ls importent in the context
of mictoprocessors where user applications are nat
well known and where high-level languages are atill
uged infrequently,

For exemple, the ZBOD0 allows saftware stacks ta
b lmplemented with any regiater. There are also two
hardware supparted atacks, but the registers used
sre still general-purpose and can participate in any
operation. There is oo allocated seack frame poineer,
#ince any regiater can be used by means of tha proper
combination of addressing modes, The savings reatiz-
ed by register specializetion are unattractive when
the given function can atill be performed simply. The
loas that would result from restriceing the applica-
tions would be Loo great. [n contrast, significent sav-
ings result from excloding RO from wze as an index or
memory pointer. This exclusion allows one to disgin-
guish between the indexed and direct addreasing
modes which use the same combination of thy ine
striuction address tuode field. The price is smadl, since
R0 el can be an acumulator or source register and
15 olhers accumulator, index, andfor memory
pointers are availahle. 1o this case the restriction
mude BENye.

Another decision Lo be made aboot registerais cheir
size. Since the architecturs handles tmultipls data
types we must have moltiple date registar wizes,
which can hold each data type. The solution of the
problem ia implemented in Lhe architectura by pair-
ing registera, twa i-byte registers maks 8 word
repster, two word Tegistera make a long word
register, ete,

Data types. Users would like to have a3 many
directly Implementod data types as posaible. A data
type is supported when it hne a hardware representa-
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Flgure 1. CPU reglaters (aegmienied version).

tion: and Instructions which directly apply Lo it. New
data types can always be sairmulated in torms of basic
data types, but hard ware aupport provides faster and
mnre convenient operations. At the same time, a pro-
liferation of fully supported data types complicates
the archilecture and the implementationa.

The 28000 supports several primitive Lypas in the
architeclure and provides expanaion mechanisma.
Tho bazic data types ars obvicualy the ones expected
to be sed moat frequantly. The extended dets types
wry bruilt using existing data types and manipulated
using sxiating inatructions.

The basic data type |s the hyte, which in also the
- hasic addrassable element. All other data types are
referenced using their first byte address and their
length in bytes. The architecture also supporta the
following data types: bytes (B bits), words |16 bits),
long worda {32 bits], bytea, and word stringa. 1n addi-
tion, bits are fully supported &nd addressed by
number within a byte or word. BLD digita are sup-
ported and represontod as Lwo §-bit digits in 1 byte.
na conaequence of this dats type crganization is
that byta, word, and long-word registers are needed

Fegruary 18579

to aupgort them. The 28000 even provides quadruple
reglatar—another axtansion—used in long-word
manipulation.

Other data types are supported by naing one of the
preceding dats types; for example, addresyga are
manipulated as long words, gnd each elament (seg-
ment number er offsett can be manipulated as n byte
or & word. Instructions are ona ta five-word strings,
the progrem status is four words, ete,

Av the family grows, support for new duta types
will be gdded. The architacture will need Lo support
tham ln its registers ot ih memory if they de not fit in
rogisters {as strings are implemented today). But
muoat important, the erchitecture will have to support
the addition of new instructians Lo its repertoire,

Instructions. In designing an instruction format
the architect must decide how to allocate a Limited
humber of bits to the opeode field, addreas moda field,
and other opersnd subfields, Instruction usage
aLatiatics arethe best source of dats tolnfuence deci-
sjona eboul instruction et format." * ' Behind their
usage lies a strong technical position: we do not

/. >
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beligve that eny one of the various instruction set
stturtures—regisler orlented, memory orlented,
stack oriented, symmetrical, or aaymmelrical,

- ete,—are always betlor when used exclusively. Thua
.o the tusk of the archivect i3 Lo decide what his most im-
pariant goals are, and for each of them adept the best
featurea of the varioss structures so that on the
svernge, and for his set of gowlse, an pptimum sclution
can be found. Weda not believe that the optimum will
be vory sharpi: it will ba more like & range of epplica
tions for whicl, the 1esulting composite structure
works well. We decided touse a registor structure for
compatibility, multiple word instructions for speed,
memory-lo-memry inatructiona for strings, stack
structure for procass control and procedure support,
“sheort” instrucrion for byte denxily improvement,
eLLC.

Instruction format conaideration The Z8000 has
over 110 distinet inatruction types: several instrug-
tion formats are ilustrated in Figure 2. The apeode
field specifies the type of instruction {for example,
ADD and L), The mode field indicales the address
ing modes (for example, Register (R), Direct Address
{DAY. The data clement Lype (WIB) and regisler
designator fieldy complete the basic instruction
Helda. Long word instructions use a diffurent opeode
value [rum Lheir byte or word counterpart. Freguent
instruetions are encoded in asingle woed, and less fre-
quent instructiona which use more than cwo
vperands use Lwo words. There are ofien additional
ficlda for special elements such as immodiate valuea
or cendiLion code deacriptors (CC), Instructions can
designate one, two, or Lhree oparands explicitly. The

"instruction TRANSLATE ANDTEST is thae anly one with
four operands and is nlso the only ooe with an implied
regisier operand,

Several restraints can guide the proper choice of an
instruction format, A large number of opcodes (used
or raservedl is very itnportant: having a given in-
struction implemented in hardware suves bytes and
improves speed, But one usuzlly needs to concen-

- tzate more on the completenesy of the operations
available oo a particular data type rather than on ad-
ding more and more esokeric instractiona which, if us-
ed [requenily, will not sigruficantly affect perfor-

" mance. Greal caro inuat be given to the problem of ex-
punding the instruction set so, for examplo, new data
typus can be added.

Addressing modes. The Z8GG0 has eight address-
ing modes: register (RY, indirect register [IRY, direct
address (DAY, indexed LX), immediae {1M]), base ad-
dress [BA), bage indexed (BX), end refative address
(KA} Severa! other uddressing modey are implied by
apacilic instructions such 89 AULOINCTEINENL or Bulo-
deerement.

Althuogha very lerge number of addresaing modey
is bencficial, usage stotislica demonatrale Lkat not all
combinations of operznds, addresa modes, and
operaLors are meaningful ¥ The live basic uddressing
modes of B, 1R, DA, X, and IM are the most frequent-
Iy used and apply to meat instructions with more
than one address mode. For two-gperand instruc-
tions, statistics show that most of the time the
deatination is & registar. {ther cases of addressing
mode combinationa and !ess basic addreasing modes
are associated with apecial instructions. Thus, the
frequent combination of autodecrement for the
destination operand with the five besic address
rodes for the source operand is pravided by the PUSH
instruction. The combination of autgincrement ad-
dressing modes for both source and destination
operands ie one of tha block move jnatructions. In
essence, the addresy mode field space has been traded
for opcode Feld apace. This allows rmore instructions
and combinationa while staying within & eneword
forrmat.

The price for this tradeofi is the infrequent occur-
rence of pairs or triples of inatructions simulsting a
missing addressing mode Thia aituation accurs in
most ingtruction sets in any case.

Code density. Because Current migroproteasors are
restricted to primitive pipeline atructures, their
speed is largely dependent on the number of execuped
insuruction words. Therefore, code density s not anly
imporiant becauas of program size reduction but siso
bucunse of speed improvement. One would like to en-
code in the amallest number of bits the most frequent
instrugtions. The basic instruction size incremeant
was chosen to be » word for reasons dealing with
alignment, speed penalties, and hardware complexi-
ty. Thus the moat freguent one and {wo-operand in-
structions take pne word in their reyister or register-
to-regiater forms. Lesa frequent instructions or ip-
structions which use more than two operands use at
least two werds.,

The ZEH goes even further by selecting saveral
special inatruzctions & “'short” instructicns which
talkie only one word, when normally they would taku
two woards, These instructions, such as LOAD BYTE
REGISTER IMMEDIATE and LOAaD WORD REGISTER M.
MEDNIATE (for small immediate values), CaLL RELA-
TIVE, and JUMP RELATIVE, are so [requent statiatical-
ly that they deserve such specis] treatrment.

A oneward JUMP HELATIVE and GECREMENT AND
JUuMPos o~ ZERQ Also have a very significant impact
on dpved. The short offset mechanism used by ed-
dresses land described below) is also designed o
allow one-word addresses. Compored Lo previous
microprocessora, bhe largest reduction in aize and in-
creass n speed results from the Z8000's consistent
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and regalar etracturi-of the srchitacture and fromily
cwore powerful instrurtion et —which altows fcwer
inetructions Lo aceomplah o given task,

High-lvwel language support, For mlcreproossor
usery, the trossition from axsemlly language to high.
tevel languages will ullow greatar freedom from ar-
chitectural depenidency and will improve sase of pro-
gamuning.* 14 is easy and pompiing to adapt a com-
puter nrehitecture tu execute a particular high-level
language efficiently,” Most programming languages
act a5 & filter nnd can be supporfed by & subset of
available hardware with graater efficiency.’ But effi-
ciency for ona particuler high-leve! langunge is Likely
to lead to inefticiency for unrelated languages. The
28000 will be uaed in a wide variety of applicationa,
and we know Lhal & large number of users will siill be
using atagmbly languuges. Since the ZE000 iz a
general-purpose microproceasor, ianguage suppart
has been provided only through the inclusion of
features designed to minimize typical comapilation
end todepenerstion problomy, Ameong thess i the
regulanity of the Z8B00Q addressing modes and data
types. The odidressing struciore provided by segmen-
tation shauid supporl procedures thet result from
structured programming. Accoss 10 paramaters and
local veriables on the procedurs stack [s supportad by
index with short cffset addrosa mode as well as basa
nddress and base indexed address modes. In addi-
tion, address arithmetic Is aided by the INCREMENT
BY :TOIsand CECREMENT BY 1 T 12 inwtructions,

Testing of date, logical evalustion, Initfalization,
and comparison of data are made possible by the in-
structiotts TEST, TEST CONDITION CODES. LOAD TM-
MEDATE INTC MEMORY, ond SOMPARE IMMEDHATE
WITH MEMORY. Compilars &nd 'aspemblers
menipulate charncier strioge frequently, and the inr
sLructions TRANSLATE, TAANSLATE AND TEST, BLOCK
COMPARE, &nd COMPARE STRING all result in dramatie
speod {mprovementa over soltware simulations of
these imporlant tasks, sspeclally for certain typea of
tanguegus. In addition, any register can be used 8z a
atack pointer by the PUSI and POP instructions.

Segmentalion. In order to provida for convenient
code generation and data aecess, addresses must also
be esay Lo manlpulate. Architectures with direct ac-
cess to memory typically use a linear addrese space,
so that mddress arithmetic may be used on the antire
address. In this cuse, addresses are manipulated as
one of the dats types of the same size. This rumoves
the need to distinguieh an address a9 a new data type.
Incontrast, the Z8000 has & non-linear addrean apace.
Addresses are made of two parts: a 7-bit segment
numbar and » 16bit offsst. Only the offsel par-

. ticipates in address arithmatic, The segment pumber
in easentially a poinler to s part of tha total sddress
space, whichcan vary in size from 0 ta 64K bytes. The
hardware roprosentation of a segmentad sddressisa
long word or a registor peir (Figure 3|, which allows
the easy manipulation of each part of the address.

The segmented sddresses are one of the key
mechanisms used (o support both large and amal
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memory systems sfficiently. The two versions of the
L8000 implementation, the 40-pin unsegmented and
the 48-pin ssgmented, allow the maintenance of the
srchitectural compatibility and sese the growth be-
tweon thess twe application groups, The segmentad
address space guaranteea that sach BiHK-byts ad-

dress space of the 40-pin version becomes one of the
sogments of the 48-pin version. Each 40-pin version's
18-bit address bocomes an offsel within the ssgment,
and a mode ezists in the 48-pin packege versicn in
which 40-pin version code can ba executed. Further-
more, compatibility with any turrunt 8-bit micgo-
processcr such an the Z80 is easy, and a new micre
computer rich kg tha Z8 can address axternal data in
a shared segmeant with the Z8000,

The hardware performance of the Z8000 is alao im-
praved by addrosa segraentation. Since a scgment
eumber doas not participats in arithmetie, it csn be
put on the bus before the result of an address com-
putation is available. This featura allows the usa of
MM Ua with essantialiy no impact cn memory sccess
time by aliowing it to function in parelle] with the
CPU. Indexing operations are also faster because on-
ly & 15-bit sddition must be performad. Becauss of
the distinction batween the segment number and its
offset, one can usa shorter addreases without soft-
wart constraints. Short addresses can use & short off-
ant (fower than 288 hytes) and theraby roduce pro-
gram slze {Figure 3).

Finally, it ja very easy to ansocluts with sach of the
128 segment of tho addreas space the protection and
dynamic relocation features deairable for larger ays-
tema. Relocation allowa a user towrite his application
ualng logical addresses indepandent of any physical
addresses. Relocst/on is essential, for exampls, in a
disk-basaed genersl dats processlng aystem with
sevaral uaers. Relocation iz noi essential lor

dadicatod upplications with code Lypically residing in
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ROM. Usira whose total memory nesds nre small are
alzo unlikely to need relocation,

In summery, the choice of % segmented address
space hus provided—at low cost and with few prac
tical imnitstions—a powerfis aohition to the problem
of user growth, relocation, and protection na well as
virtzal memory implementation. 'Wu believe that a
linear address space could have achieved thems
reaults but et & considerably higher prica.

The systam architegiure
Proteetion facilltles. The ZS000 protection

facillties can be divided into ayetem protection
features and memory protection features. Ex-

" perience with large computers has domonstrated the

advantayes of heving at least two execution modes
with different ecceas rights to hardwars [acilities.
The Z50GA provides 1he system end normal modes for

this purpuse. A simple protection syatem resulis

from the -presence of thess two modes and their

- .

e are o« lefiner CRIPT TARA FTL L0 iR
rupLy, traps, and mode changes, Programs in normal
mode which attempt to execute o privileged instruc-
tion will canae a trap and & change to system mode.
The switch from user [0 s¥atem mode can also be
caused by the aystem coll instruction. These
mechanizms enforee protection and help in designing
rellable and efficient operating syatems with clean
dyer interfaces. Several other trapa ere required to
achieve A consustent system: aegnenution trap,
privileged instruction trap, &ng undelined instruc-
tion trep.

A desirsble memory protection schema is ooz for
which protection information iread only, read write,
exocuta only, systam only, siza of dats or code, etc ia
ensily associated with the dats snd code st ructurea of
& given application. It i3 alse one Jor wivich a larg#
number of different types of protecticn information
can be verified.

The relpcation and memery protection
miechanisms described above are provided by an ex-
ternol devics: the memory management unit.® To pro-
vide relocation and protection features directly on
the Z80 would have demmeded too much aimplifica-
tion. The external MMU haathe further advantageof
providing for easier growth by the sddition of com-
ponienta. The ZE00C 40-pin peckage does nat have to
carry the burden of the unused advenced relocation
and protection features, althoygh somo form of pro-
tection can beachioved by hardwera separation of Lhe
different address spacea. With multiple MMUs, the
48-pin package user can control the relocation and
protection complexity desired in his application.

The memory management uynit, The MMU per

. forms throe functlons: (1) address transiation of

logical address to phyaical sddrass valng dyramde
relocation, [2) memary protection, and (3) segment
roanagement. The addresses manipalated by the pro-
grammer, used by the instructions, and sutput by the
ZB00G are called logical addreases. The MMU uses
thawe logical addressus, composed of a 7-hit segraent
number and 16-bit nffget, end trapsforms them intoa
24-bit physical addross (Figure 4). A 24-hit origin or
bass [a logically associated with each segment. To
form u 24-bit physical middress, the 16-bit offset is ad-
dad to the basa for tha given zegment, [n effect, with
the help of oos memory management device, tha
ZAON0 can address 8M bytes directly within &
16M-hyte physical mumory space. The ressons for
the chaice of a large physical address spaceincludean
expectation that large sy stemd will want to cee exize
bits for complex resource management purposes.
Each segment is given s number of stiributea when
it ig lnitially entered into the MMU. When & memory
referance i3 mede, the pretection mochaninm checke
these attributes againsl the status information from
tha CPU. If & mjsmateh oecurs, g Leap is generated
which interrupts the CPU. The CPU can then check
the MMU statns registers 1o determine Lhe cause of
the trop, Segment sttributes include segment sizg
ond type iread only, system only, execute only, in-
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valid DRIA invalid DU, oic dthes segruent protes
tion feabores include & write warning cone useful for
‘#lacli gparationa.

- 7 When w memory protection viclation is detectad s

write inhibit Uine guarcntees Lhat memory will not be
lncorrectty changed. The invadid DM A and CPU bity
indicats thot the eniry cannot ba used by the DM Aor
CPU reapectively, bucouso cither the eegment
rumber ja jllegal or Lke seginent entry ia pot Joaded.
This fas1 feature, in conjunction with the segment
biscory information {zerment “changed’ and seg-
mend “referenced’” bits) und tie segmentation trzp
mezkanism, allows the implumentation of a virtual
pegmunted memery wysLuem.

The MMU coraer i o §8-pin peckage (Flgure 5}
Fie chip Innuta are the siggstent nember, the upper 8
bits af the effset, and slatus informatics from the
CPU. The outputs trom the seyment chip are the up-
per o bite of th? 24-bit physical address and the
segticatalion trap ne. Since the memory manage-
ment device prozesses only the upper 8 bils of Lhe of -
aet, the tower 4 bits go directly to memory. This ja
equivalent 1o having zeras in the B lowsr bits of the
24-bit wriprin, Thus, tha memory management devies
aaly nueds bo storg the vnper 16 bits of ench base ad-
dress. Segment Lodt protection is done in the
memary management devies, and thus segments can
be pritecied in izcrements of 256 bytea,

Each MMU stores 64 aegmment entriss that consist
of the segment bese addreay, ita atiributes, siza, and
status, A pair of MM Us suppart the 128 segments
avallable in on address space, Additional MMUsean
be used (o accommodate multiple translation tables,
Using the status information provided witheachref
erence, pairs of MM Us can be enabled dynamically.

The memory menagement device functions con:
stantly while memory references are made, but its
translation und protection tables are loaded and un-
loaded a3 an 1O peripheral. To achieve this, the
memory ranagement device has chip seloct, addras
strabe, dala strobe, and read!write lines. The Z8000
spirial byte 110 instructions Lhat use the upper byt
of the data bus can lued or unload the memory
management device,

Mode cwitebing: interrupt and trap handling
Frem amall users in deticated process cootrol ap-
Elic2tione to large users in ganeral purposs data pro-
cessing applications, asynchronous events auchesin-
tercupta and synchronous events like traps must be
handled, When these svents sccur, (ho atate of any
currenily executing program muet ba saved during
what js penerally called a lask switek or process
switch. The users bepefit from the availability of
mary {nterrupts and traps. They also benefit from a

fast, sy, and uniform handling of procoes switch-

ing.
Peripherals using interrupts have widsly varying

. conatraints un interrupt processing time, To solve

this problem, peripherals with the same charac-
teristics arc aften udscriated with one of severalinter-
rupts. A priority enforced among the soveral inter-
rupts alluwa the required processing time te be
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gunranteed. Enabling or disabling the variocs inter-
rupls iz the mechanism used to enforce this process-
ing priority.

In the Z&000, we lelt that three levels of interupta
wern sufficient. A nor-mackably interrupt representa
a catastrophic event which requlres special handling
to preserve aystem {ntegrity. In addition there are
two meskable interrupis: mon-vectored interrupis
and vectored interrupis, which correspond to a fixed
mapping of interrupt proceasing routines and to a
varinble mapplag of interrupt processing routines
depending on the vector presented by the peripheral
to the ZBO00,

Both interrupts and traps result in similar proceas
switches, Informatlon relatad to the old procesa ilta
program statua) 1s seved on a apecial syatem stack
with a code describin g the reason for the awitch., This
allows recurive task switches to occur while lenving
the normal stack undisturbed by system inforema-
tion. The state of the new process {its new program
status} is lnaded from a special aren In memory —the
progTam status area—designated by o pointer resd
dent in the CPU (see Figure &),

The use of the stack and of a pointer to the program
status area are apecific choices mada to allow mr
chitectural compatibility if new interrupts or traps
are added to the srchitecture. The choice of the twg
modes of expeution has a strong impact on the design
ofclean user interfacea. Experience hat shown that fin
large systerns the normal moda inatruction set and
the uset intarfaces together conatitute the most im-
portant alement in achieving architectursl come
putibility.

Communication with gther devices: the Z-hus, The
Trbus is the shared bus which linka all the com-
ponents of the Z800O family.* The variety and perfor-
mance requirements of the cotmponents are so dif-
ferent thut in fact the Z-bus is compased of five buses:
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& memory bus, an 10 bus, an interrupt bus, and two
resouree request buses (Figure 7).

The Z-bus is called a " shared" bus because several
components can use it A bus user i3 8 CPU or a pe
riphersl which can ususlly generate one or more bus
transactions wuch aw memory deta request or an [H)
request Identical buas transactions tannot take place
ot the same time, bul serialization mechanisms wllow
spquantial ues of the Z-bus, Architecturally, the
buses can be grouped into two structurss. The /O
structure yses the /O bus and the interrupt bus, The
memory structure uses the rmemory bus with or with-
out addreas extenalons, Both structures can usa the
resource requeal bus and the mastership request bus.

Esch bus conaists of a aet of signals and the pro-
tocals which preside over the various types of Lran-
sxctions, Part of each protocol is the timing relation
ship between ralevant signals, The 28000 CPU pro-
vides most of these timing relations, Tha ndvantage
of such & cholce is the significant reduction in the
number of components required to build such a
system. Qne confcquence is that bus transactions
cannot be sborted or delayed freely since some
devices, especially memory, have apacific timing con-
strainis. The most important considaration for the
Z-hun i the aeed to interface to multiplexed address
and data lines of the Z&D0G CPU which must £t in 40-
and 48-pin packages. The Z-bus meintaine these
multiplexed address and data lines, Vary Yitde apeod
could be gained by demultiplexing these lines for
memory referunces since memoties nre themselves
multiplexed, The most Importani sdvantage of o
multiplexed Z-bus in the direct addressability of
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Figure 7. 2-bus signala.

peripheral internal registera This foaturs allows the
construction of complex peripherals which maintain
a simple program interface.

The Z-bua is known a8 & _transparent or seyh-
chronous bus. ZE(H0 components do not require that
their ¢clocks be mynchronized with the CPU clock. The
signala used by each transaction provide all the
neceaanty timing. This concept is important: it
allows, for wxample, [+ references tobe independent
of the spead and clock frequencies required by other
Z-buan transsctions,

10 bus versus memory bur The /0 and memory
buses are the moat important, The Z8000 family ar-
chitegture dlatinguishes between memory snd 140
spaces and thus pequires apeeific IfQ Instructions.
This architectural separation allows batper protec-
tion and has & nicer potential for extension. Tha 110
and mamoty buses use o 16-bit addressidsts bus,
which nllows 18-bit /0 mddreases and B- or 16-bit
duta glemsents. Memory addresses are 16 bits for tha
40-pin package or extended to 23 bits using the seg-
menLed version. Thus, the memory bus iy in fact &
logical address bus, The increaped speed require -
ments of future microprocessors ialikely to be achiev-
ed by teiloring memory and L/O references wo their
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respoctive churactunistic reference patterna and by
Uaing simultanecus 1O and memory referencing.
These tuture poasibilities require an architectural
separation today. Mamory-mapped 1A0 is otill poas-
ble, but we foel the loas of protection and potential ax-
pandability are toc aevere Lo justify memory-mapped
1/ by itaelf.

Both thie 10 and metnory buses need addreas, data,
and control signals. On¢ jmportant implamentation
decigion was to overlap the signals used by the
memory ang 110 bucos on the same ZE0OO CPU pins,
with the cbvious dxcestion of the status signals used
todistinguiak hetwenn the pwo types of bus requests.
Fur the curreni 28000 Implementation the mpsylting
red:etion in number of pinsis significant. [n gontrast
the impazsibility of Joing concorrent memary and
O referencing i@ not very significant singe their
Bpceds are cusentivly the sone,

In additicn, meruntieg and pecphersls both bepefit
from Lhe availebility of enrly status information
definicg tha bus trepsnction type (1M versus
ruerauly, rend vertue write) nhecd of the actual tran-
paction £o that bidirectional drivers and other hard-
wire eletuents oy be ynailad before the referance.
The status lines of the ZEAMK) TP provide this type
ol patly status,

The 10 srrucrure. Sinee inany peripherals are con-
nacted with one CPU, the /D bus in shared end
setiulization muost be provided. One solution lovolves
Uaing a masierfsleve protoccl. The CPU i a master
which can initiste an [/ transation at any tlmes. The
peripherals are alaves which participate io a transac-
tion only when requested by the master. In arder to
find vut if a peripheral needs to be servicod the mastar
can poll each in turn. The Z-bus also providea g faster
way of gatting the atlenlion of a master: an interrupt
bus. In contrast, with tha 150 transaction data by,
each peripharal aharing the interropt bus may "'ty
touse it simoltansously. The interrupt bus uses an in-
terrupt line, interrupt acknowledge line, and two
mare lines used to form o daisy chain The daisy chain
iz ap implementation of 8 distributed arbigration
policy between the requeats. Priovity of procossing is
determined by the position in the daisy chain, snd
peripherals can be proempted. [ntermupt vociors are
used to determine the jidentity of Lhe peripherals re-
fuesting service via an ipterrupt.

Other buses. The Lwp resgurse request bupas are
used Lo request the congrol of the Z-bus from tha CPU
and to request control of any generalized resource,

The 28000 CPU ar any Z-bus compatible CPU does
nat need to request Lhe bua to sccess it as & maater,
and ig, thorefore, the defanit master. Other devices
cen request bua mastership, bul they muat go
through & non-preemptive distributed arbitration us-
ing anothcer daisy chain. The CPU alwaya relin-
quishes the bus at the end cf ita current bos {rangac-
tion.

The resource request chain is 8 generalization of
that concept in which each respurce requedtor has
equal impartance snd can use the resource in n non-
preemptive manner, This mechanism in the ZH000
CPU purmits one to implement in soltwaré the kind
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of exclusion and serialization mechanisms needed for
multiple distributed systems with critical resource
ghering,

Multiprocessing. In the context of today's large
mainframe systama characterized by multiple pro-
cesses aharing one processor, one is tempted to
design distributed processing systems with many
lew-cost micruprocessors running dedicated pro-
cesases. Such an approach distributes intelligence
towards the peripherals, results in modulanzation,
ond permits sssier development and growth. Unfor-
tunately, in the past, the problam wilh such an ap-
proach hus been aoftware and not hardware, Thua one
cannot by expected to provide detailed solutions in
hardware Lo a software problem that has not been
solved vet. However, some basic mochenisms have
been provided Lo aliow the sharing of address apaces:
large segmunted address spaces and the extetnal
MMU tnake this possible, and a reagurce request bus
is provided which in conjunction with scftware pro-
vides theexclusion and serialiration control of shared
critical resources. These mechaniama and new
petipherals like the Z-F10 have been designed to
aliow easy asynchronous communication between
different CPa.

Implemantation tradectis

The key [amity decision: producibllity. Confronted
with the problem of designing a new LSI-based
system architecture, we could have ignored package
size considerations by accepting packages with 64 or
more ping, or we could have ignored masa production
technology constraints by using dia sizes larger than
260 mils squars. Such sclutlons are often justified in
the implemenlation of an existing computer system.
The component boundaries, packsge imitations, and
technological limitations are secondary to achieving
the goal of exact membership in the computer family.
But if one were to design a new aystem srchitecturs
with the same jack of constraints, the individual com-
ponent would not be pricecompetitive—only the
total aystem would be. A new Bystem architecture
based on this approach could anly be used to design
yet aoother traditivnal compuler,

The ZB000 tamily provides basic, general-
purpose blocks out of which a system
solution to most problems can be
implemented.

The ZE000 family market is latendad to be much
broader, and each component of the family must be
economically viable. The staged introduction of com-
ponents which are economically viable by themselvea
allaws us to gerva the market from very small con-
figurations to very large configurations by using
move components, in eny combingtion Not only do
we bglisve that this approach doss not restrict
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syatemn architecturat pasaibilities, but we also believe
that the family will ba more effective bacauas it will
grow with its customer.

The 28000 family does not always attempt to pro-
vide epecific architectural aelutions, often im-
plemented in hardware, Lo all system architecture
problema. Instead, it provides basic, general-purpose
blocks out of which a system solutich Lo most pro-
blems can ba implementsd. The multi-microproces-
sor and distributed ey stem capzhilities of the ZAMKY)
family illustrate the use of open-ended mechaniams
tosolve  varisty of architectural problems, while the
memory managerment of nddress space iluntrates a
specific problem supported by a specific solu-
tion—the MMU. Howaver, other solutions more ap-
propriate Lo 8 particular problern can beused and an
advance [n the atate of the art might be mapped intoa
new device for the family.

This wvision of the family often resulta in com-
ponenta more powerful and complex than sn applica-
tion may require, The user ehould not take this as a

for alarm, but rather an the reason his mpplics-

- tiona growth wiil be ansinr,

Banic CPL implementation decisioos. The Z8000
currently uses a 16-bil duta bus{Figure 8}, an internal
register array of 16-bit registers, and a 16-bit parallel

ALU., These implementation decisions, which were
guided by the technological and practical considers.
tions, have a strong impact on performanca. |

Teo achieve good performance with the instruetion
formal and data typa envisioned for the 28000, only
16-bit bus seens sdequate; a 32-bit bus would have
neceazitated using an unacceptable §6-pin or larger
package. Optimal performace ia cbtained with this
chosen bua width if the size of the frequently used
regiater-lo-regisler operstions becomes one word.
The choice of ALU and internal register widths is a
tradeofl between apeed of the most frequent opera-
tions and the chip area needed to implement a widar
ALU or data path inside the CPLU.

Nona of thesa implamentation decisions should
limit the architecture. [nstructions are frgm one to
five worda long, and data types and sddresses are not
limited to 16 bica. For example, 32-bit wards ara one
of the main data types of the machines, and addresses
oecupy twoe words. The ocddress mechaniam il
lustrates the strong distinction between an architec-
ture and its implemsntation. The wrchitectural ad-
dress representation uses a 32-bit word of which 8
bits wra reserved and ! is & short formatflong format
dencriptor. Thuas, the ZBOOG architecture provides up
to 31-bit addresses, but only 23 are currently im-
plemented and 23 pina of the current puckage BrY
nl]ncat.ad to addresses.

MMU tradeafts. The MMU and its relation to the
Z3000 CPU illustrate iradeofis that a microproceasar
architect and designer team must make Lo ensure
vcomponent manulacturabilicy,

Tu achieve the goals of good erchiteciural com-
patibility for high-end sy stems, it was necessry Lo in-
clude the protection and reloestion mechanicms
deacribed above, But if all desired {eatures were im-
plemented a3 8 onechip CPU/MMU combination, it
would have been too large and, therefore,
uneconomical. And if & reduced set of features were
implemented, it would have been architecturaliy too
primitive. Thua, the choice was made to meintain all
fentures and use Lwo chips. This new organization
has several significant sdvantages, auch as n
capability for muitiple MMUs, and allowa the access
of a DMA device to the MMU. '

Given the choice of an external MM, the next sat

+of decislons concerne package size and circult speed.

Having each relocated segment start on a word boun-
dury would have required a 64-pin package and & very
fagr 24-hit adder (in fact, & 16-bit adder and 8 bits of
carry propagation|. [n contrast, the decision 19 atert
megmetits oo 256-byle boundaries allows Lhe use of &
48-pin package, & fent B-bit adder, and 8 bita of carry
propagetion. The laiter solution is technically
superior and places practically no restriction on the
architecture. Segment granularity can ba viewed as
an implementation restriction snd not as an architec-
tural restriction.

Muking the B low-order bits of the of{sst go directly
1o memory oloo signilicanLly reduces memory access
time, Since dynamic memories use thesa bits first,
maoat of the MMU relocation time ig hidden during a
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naormat remory 2ceeay. The availability of segment
numbers sarlier than the aasociated offsot hits rein-
forcax this adventags and sllows tha MM U to result
in easentially no memoary access speed reduction.
Each MMU entry alsc requires & bits less for busn
and pegmaent sizs value This s important: it i»
desirable to pack aa many entries as posaible per
MM, With 84 entries a 2K-bit memory is needed,
which is technologically difficult in view of the
amount of logic surrounding this memory and the
complexicy of ite organization.

The fact than an MM iy on)y connected to the op-
per hyte of the data bus requires the use of special 13
instructions for its loading end obliges ua to replace
the poesible use of an automatic demand loading of
entries by explicit instruction loading. T'o compen-
sate for the time penalty associated with the leading
of potentially unused entries, multiple MMUa are
used. They not only allow tha implermentation of 128
entries, but pairg of MMUs can ba automatically
enabled by the aystem and nonnal mods plns effec-
ting o fal] environment awitch at efectronle apoed.

W foel this example illustrates cue Important
design approach: to compromise 25 littla as possible
on advanced architecturs| features but to socept
compromises which result in implementation ease in
order to achjeve economical componenta.

Concluslon

The architectural sophistication of the new 16-bit
micreproceasors js rapidly apprnaching the level of

‘the minicomputer and larga computer. Problems

such a3 component families, large address spaces,
bus standards, 1O structures, software investments,
and architectural compatibility mre being directly ad-
dreased. Soma of the solutiona to these problems zre
known, and therefore che transition from B-bit micro
processors was telatively easy. Bui the challenges
ahead—networks, distributed processing, new ap-
plicaticna—are much harder. The impact of micro
proceasars is abready enormous, but we Irel they will
achieve the often-predicied computer revolution only
after these new prohlems are solvid W
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The Intel MCS-48 family of single-chip microcom-
puLersrorcaicg &t Jeast nine different mirrocomputer
chips having 8 commeon inatruction set but different
armounts ol on-chip read-only memory,’ read!
write memary, and inputioutput {see Tabla . Ac-

Table 1.
MCS-48 microcompuiare,

ON-CHIP QH-CHIF

PACKAGE  PROGRAM  DaTa
FART & SLZE MEMGRY MEMOARY 17D

(pina) (bytes) {bytes) lhrs
BB 40 1€ ROM- G- F
A74B 40 1K EPAOMS - Ga=® a7
a035 40 none* [T R b
8049 40 2K ROM- 1287 a7
35 40 rone* 128 27
ann i 1K ROM B4 21
022 LE) 2r. ROM G 2iphus 2 B-ta AFD cony,
B4 AQ K AOM Bd 14 plys masier sy%. infl,
FE]] 40 ¥ EPRCH! &4 18 2Mis masier Syx. wIl.

* Expancabu b 48 with £alercal Chips
** Pyy 256 bytes or more of ealernal dala mamary wiin eaternal chps

Teble 2.
MECS5-45 wxpander chips.
. QN -ChiF ON-CHIP
PACKALE  PROGRAM  DATA
FART # SIZE MEMOAT MEMORY 140
(pins) {byles) ibtes) (inas)
B354 a0 2K ACM none 16
755 40 . 2K EPHOM  naec 16
8155556 40 | ROAE 256 . 22 plys nmerscounter
kL] 24 neng nong 18
22

0B VA TG 2 D Th -

A system designer and teacher,
who has made liberal use of
microcomputers in his own work

and whose students have designed

BO48 processors, reviews the
capabilities and limitations of the
MCS-48 family of microcomputers.

cording to Intel, the MCS-48 family was orginally
aimed primarily at the ''4-bit market’"—users of In-
tel's 4040 and othar low-cost microcontrollezs. He-
cent entries into the family {the 8021, 8022 041, and
8741) are increasingly specialized for low-end micro
controller applicationa. The MCS-48 family haa met
this market very well. .

The MC5-48 family was also aimed at & second mar
ket—applications that require an expandable, single
chip. genernl-purpose microcomputer. A shown in
Table 2, sovers] axpansion chips are available to pro-
vide an MC5-45 computer with up to 4K bytas of pro-
gram ROM, 256 or more bytas of weterna] RWM. and
aa many 1) bits ws a desigoer would sver nued. 1o ad-
dition, the external /O bus of the MCS-48 family
allows easy interfacing of standard 8080/8085-com-
patible periphersl chips. Nevertheless, tha architec-
ture of the MCS-48 family makes it difficult tousein
many generai-purpeae spplications, where a more
capable §-hit architacture is roquired.

Baslc archilacture

Figura | shows Lhe basic structure of an MCSHE
microcompuler chip, (Table 1 gives the facilities
pvailable lor each of the microcomputers in the
MCS548 family that had been announced by late
1978.) The first mamber of the family was introduced
inlnte 1976 —the 8048 with 1K bytes of gn-chip ROM,
64 bytes of RWM, timer/counter, and 27 [/O bits. A
detailed deacription of the entire family can be found
i the user’s manual published by Intel.!

The MCS-48 i a single-accnmulator architecturs,
Progrum memary and dats memory ere logically and
physicelly separatad [thus, the MCS5-45 ix not & von
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Newmann “machine!). The maximom program ad- +5
dress space lincluding external ROM) supported by )
the architecture is 4K bytes. Thers are s maximum of ] -
256 bytes of on-chip linternall dats memery, of which .
128 bytes are implemented in the current family T e ’T‘W Ay Pig-17
Jeader, the 8049. In addition to Internal date memary, MER
the MCS-48 directly supporta 256 bytes of external = i '
data memory. - i B74-37
Moat MCS-48 family members have 27 /O pins, ar- Nt —s] d
ranged aa three 8-bit porta. twoteat inputs, andanin-  — .
terrupt input. Additional pins are provided for mch 55—+ CRy i PROG

tunctions ms power-on reset, single-stepping, and cr[ac]rofas[—] sr |ww
A1

memory and 110 expansion atrobes. One 8-bit port . A P20-23
and part of » sacond are used to form w multiplexsd nml:]r A
address and dats bus for 5D and memery expansion,

The MCS-48 has a single-level interrapt wystem T 11t —dl
fenly one interrupt in service st a Limel and Bcceptsin-
terrupts from two aspurces—its internal timer! W=l T
counter and an externa] interrapt input pin. Inter- ; Ly Bt
rupt cally und returns putomatically push and pop
the program counter and ceriain internal atatua flags Ea =¥ PROGAM DATA

: - . MEMORY KEMORY D 0
using & stack in the internal data memory. 02K Dytes 84-294 brytes _
p-»

Program store and program control

The MCS 48 architectute supports & maximum of -]5
4K bytes of program atgre, configured as shown in . ,
Figure 2. However, a close lock sl program-atora Figure 1. Baslo siructura of @ 1ypical mumber of Intel’s MCS-48 lamiiv
organization shawa that the MCS-48 way originally of micrecompuiars. '
designed as u 2K-byte machine, with the sscond

2K-byte capability added a8 8 clumey afterthought. AQDRESS  PALE  MEMOAY

Thiscreates two problems with the addreseing mech- Lhea) P BANK

Bnism. F&F g
First, the program counter isreally only 11 bits and g

thus addresses inatrgctions only within a 2K-byte __—

bank of program store, Jump and subroutine call in- e

atructions likewise specify an 11-bit address. The ¢

preblem, then, is how to provide » 1 2th sddreas bit.
Intel’s solution is as follows. Provide an {nternal 'EFDE' —_— 1

flag, M B, that can be set and cleared by two inatruc- —— -

ticns IS¥L MU and 551 M Bo, reapeclively). Whenever ey ;

A jump or subroutine cell is exocatod, buko Lha 11 low- B

crder PC bita from the inatruction, and lead the high- EFF

crder bit from MB. On subrouting calls and relurns, 8

puah and pop the entire 1 2-bit address. . ??E —_—
There are some probilemas with this solution. First, —— .

in a general sequence of jumps and calls in a 4K ays: e :

temn, we don't alway s know whera we came from, and _ 00

therefore we don't know the current vulua of MB. So IFE

in general, m SEL MB: instruction must precede every £ 2

jump or cull. Naturelly the programmer can some 2 = Jol

times avoid this instruction on a case-by-case basis, 3 g 2FF

but this is ancther thing to worry about. =1 = ? 0
Having solved the first problem, wa think we un- El = 200

derstand the addressing mechanism untll we write 3 { ¥ 1FF

our firsl interrupt routine. Then we wake up in the a I

middle of the night thinking, "Whoops! MH can't be & 100 -

tead ws part of the processor state PSW, Hut MHA z GFF

must be set Lo a new value in order todo jusmpa within - 0

the interrupt routine. How can the old value be re- | 650

storad on return? ‘Welie nowoke o fewhpursdreaming
up possible solutions—don’t use calls or jumpsin in-  Figure 2 MC5-30 program memoty.
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How to choose a miciocompuier

Thare are al least six faglors 19 consider in choos-
g i MmCiocomputén (oF ancrocomputer lamly) tor
o JHeiuCl apploalaa

Capatilily. Tho pll quil My e HOM, Y,
O coprdliniiy, amcl S pesad fo a1y B oo mnenl
ol the apphcalion, plus a8 dosgn margan HOM,

AWM, ang Q capatulily can De delgrmingd lrom tho
manuiaciurers Wetalure, while speed IS best delar.
mindd frvn banchmark programi lailered for the
glven application.

Wiih some LC8, (he amouni of AQM, Avws, and
WO cwn be increased Dy using eaird chips. This o
pandabuhty helps « 1he b ix initlally underestimat-
&d o il Ih& markeling departmeni changes Lhe re-
quiremenis. |l |he applicatian pushes (the absolule
memory himts ot (he 2, i1 becormes mare defficoit
{and papensive] Lo duvelep the programs.,

Exlenslbilly. The deyigner myst sonsider whather
ImEGred ver3ions ol the G will be cllared. AL C-Dasag
product aesignad ir 1979, for axample, might be rede-
signed w1981 [0 raduce cosl of 10 add Tealures, (I
willd than be dasiracle to eliminata sxira ROM, AWM,
and O chips or avold having 19 add them or pick a dil-
(arant wC} Dy using & new version of theofiginal .G with
the extra capabilily bullt in, Of Cour se, many producls
do not unoergs thae #yoluton; bul i) proguct evaluticn
isexpacied, the arciteciural limma of the seleciad JC
should bo gxaminad in light gt potaniisl applicalion re.
quiramanis. Qna can sxpect [ower hardware and 3oit:
warg devalapmant costs and, probably, [Ower manu-
factyning coats if the enhanced product LSes an up-
graded version @l the original i rather than &
Complalaly new ong,

Cost. In mos) areas ol the private sector, minkmiz-
ing cost 15 a goal, ang minimiang «C cosl usuaily
maans minimizing 1he number ol IS packagey, Cost
I what pravenis tha designar from pleking & Gray-1
in responsa to lhe firat lacior above, or &0 1BM 370 In
reapansa o lhe second factar,

Il the job 15 well dalined and nd product anhands-
manl 15 anticipalmd, q 13 relativey aasy to ling »
minimum-casl LG that will do the job. Otherwiss,
ihere &fw many mofe tradeoifs lo be considerad,
A simplar uG archilaglure usyally impllaz a smalisr
IZ de and lower ¢hup coat, but [t may also 1eGuire
more chipa to support il ster. (Fer mample, a LG
wilhout & WAIYIREADY ine may be mory diftigull ta
interface 10 sams iypes of peripherals or memgory.)
An expandacie oG will Tacditate aler producl evolu-
tiogn (1 the praduc! is successful), bol may increase
inklil produgt cgst bocausa ol nalruction efficiency,
mermngsy size, BWO ping, or speed sacriticad by tha chip
designers [0 maks axpansion f drhancemant
oossibie,

Axallabllily. Many manutaciuning ofganzalions re-
Quire A sacond apurce Io: all componenls, bolh I en:
sure that parts will b available, even ! Some dizasiuer
belaily one scurce, and to enjoy tha noimal benalits ol
compatiionin a fres markel,

The desgner o1 3 new product is often IeMpiegd 1o
select balwean 3w with one or two 200MCES and GRA
wilh ng souwices (yel—""We'll have samples 1N thres
months™} I is raky 10 ¢commil 1o any par unlesy your

purchasing department can ordel [and fecene) 100
pieces Irom a distrbulor's shall. Manufaglurars lave
been known 19 £lip schadules and even Cancel parly.

On the olher hand, markeling and £oat [aciuis Can
motivate e seiclmn gl g nol-yel avalabe o vety
e s N0 ine oo g et e reninoed o Conngancbillners
b Bl uess on grer oo Ao e g 4
iy L o st iy o] cos iy sty soay bie
cheaper it 10 lamy dun g ause o allows a more el
cient gesgn wilh lewar IC pachages

Expecied producl hietime stiould atso be Compared
with 1he azpected liletima of the uG. Even b il is in-
axpangive ¢urrenily, 4 S 1hat has besn argund or &
few yoary may be o bad endlce produchon guaniles
may (8l and prices rige 11 & Téw mMore yORrS 35 nawer
chipy are phased inlg new designa. Ol course, this
doesn’l apply f your company algne is ordering
100,000 plocus par yoar,

Zupporifcols. Hardwara and suftware Support loals
ara sasgntlal lor Limely devalopment ol a LC-based
producl. The support 16613 Gl 2 nawly inlreduced L&
cannol be sxppcted 10 b B3 extgnsive OF radabis as
ihose of an eelaglished uC lamily. This engourages lhe
use ol an aslabhshed oGl quick developmeant 18 need-
pd, or an watenaibla oG lamily with reusable fools |f
producl avalulion i3 expecled.

Mosl single-chip T3 are programmed in assambly
language, and a good macrokssembler (3 amust. Moal
manufaciurars supply solvware toals (hal run an (haur
awn davalgpmeant systams, However, il Lhare are o
1han one of TWi programmery on 1he prizjedl, the need
tor good tex! edidoes. simulators, and documenlalion
faciliLies makes il dearanie 10 ron alk seiiware suppor
tools gn a large centrl compuling facility. Tha ap-
propriala "cross agsgmbidera”™ and simulalgrs may ar
may nol be olfared by the chip manclaciurer.

During progucl devetopmenl |t 13 obviovsly
necassary o tesl and change programs running on Lha
product hardware. Siném mest singie-ehip o Ce
ultimately use mask-programmable ROM (o store thalr
programs, anciber means /s nesded 1o atcre and
change programs during development withoul makng
naw masks Some T8 have pin-compaticla versions
with gr-¢hp EPROM inateds of AOM thal allows reuss
of tha uG g with diflarant programy. Many have pro-
visiond for uslng waternal EFACM chips instead ol tha
gr-ghip ROM, I producilon quantihey are low, or [f
saltware changes are eapaclad aliar progyct inlrodyc-
tion, EFROM varsicny may ba essantisl

Basicas EPROM [ac)llies, tne main support tool
provided by the chup manulscturer i3 the wneclreuit
amylator, which stores 1ha sollware program in tha
RWM of a gevelopment system and amuiales the pG
through & cabie and plug inseried in place of Ihe oG in
the producl. An emulalon is s vsetul ool lordebugging
bath hardware and softwang, However, wilhnew u G, il
may nol ba available a5 3000 a5 Ine 2 chips are, and
avan il il ia, 1l may shdl have bugs.

Specilic Ischnical 1actors. Many specihc lechmcal
lacIors can ba exzmined i dElevpung whelher 3l
will do Lhe [of at hand — power conSumption, spesd.
TTL compalibilily, pagkage &ize, instrutiion set, How-
Bver, once it is gaterminod that the xG can dea the job,
the other 1aciors above lend Lo eqeal or autweigh this
rachnical "niceness” of the wC chip gretuleciure.
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terrupt rovtines; determine Lhe value of MB exper-
mentally by doing a jump toa fixed location and see-
ing whether it winds up in MBG or MB1; keep a soft-
ware copy of MB, updsting it {with Interrapts dis.
abled, of course} every time we dos SEL MBi: make all
the code fit in 2K, as we expected to do at the start of
the praject; and 80 on, The text morning we read the
fine print todiscover that the MC5-48 forces the most
significant bit of the program counter Lo G during all
interrupt rautines. We should put all of our interrupt
code in the bottom 2K of memaory and not touch MH;
in fact, we should forget that MB exjasf

The requirement to put interrept code in the bot-
tom 2K mekey Lhe MUS-48 very difficult touse as a
4K machine in a real-time application. Not oaly mus:
the basic interrupt service routine be in the bottom
2K but alsoany utility routine that might becalled by
{t—that in, any code executed before an Interrupt re-
turn instruction is executed. This could be wall cver
half the cods in an interrupt-driven environment.

But the main problem we {ind with MCS4R pro-
Eram store, after writing half of our applications pro-
grame, is thot the address space iz just too small,
With only two chips (and soon with just ane, I'm aure)
we cen fill the sntire 4H-byte address space of the
MCS5-48 with cods for our origine! application, new
features, diagnoatics, and—of course--patches.

Conditionut jumps specify an 8-bit target
address in the current page; it would be
far more useful to have a signed offset

from the current address.

The annual halving of the cost of 1€ memory im-

plies thet every year we will need another nddress bit -

for the maximum-size application program (since
most evalving products tend to use Lhe decrensed
memory coat to incrensa features, not to reduce pro-
duct cost). Clearly, then, 8 4H Lmit is too low for any
new architecture, even a singlechip microcomnputer.

Besides the 2K memory benks, program ators is
also divided into 258-hyte pages. Conditional jumps
apecify an B-bit Larget address in the current page. 1t
would be far mare usefyl to have a sighed affset from
the current address; this would increase the like
lihood af being able to use the sherl jumnp addreas,
since mast brunch targels ere within 128 bytes of the
branch instruction.? More importantly, it would
eliminate the partitioning problem created when
meny procedures muag be packed into the memory
space and aplit across page boundariea,

The only indirect jump instruction alse uses an
B-bit targel address in the current page. Very
strangely, this instruction uses an 8-bit valoe in the
accumulakor not as the target address, but axa point-
¢r to a program-store byle in the current page thal
containg the turget addruss. So the page contuining

. Lheindirect jumyp instruclion must alss contain all of

the rontines to be jumped to, as well as & ailly little
table that containg their starting addresses in the
page. This not only wastes space and time, but
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worse, makes it impossible Lo dynamically computan
target address after nssembly time, aince the jump
table iz in ROM. In my receni experience, three ax-
perienced programmers have coded MCS-48 indirect
jumps improperly. belipving " The manual must have
2 Ly po—the contents of Lthe eceumutator must be the
target sddroys itself"” In any case, instnuctions sup
porting indirect jumps and colls anywhere in Lhe pro-
gram store (1 2-bit addresa) would be far more useful.

Arithmatic and logical operations

The WCS-48 containg a single aceumulstar in
which arithinetic and logical cpernations take place.
Unary operations on the secumulator are s follows:

increment,

decramant,

elear,

obe's cormplement, -
decimal adjust,

swap nibbles,

rotata left,

rocels left with carry,
rotete right, and

ratate right with carry,

Binary nperations combine the accumulator and an
operand specified by ana of the addressing modes de-
scribed in the next section. The binary operations are;

add, . 3
add with carry.

ARD,

O, and

ezclusive OR.

There are also "'data-move’” operations that load or
store the accumulater,

The muin difficulty with MC5-48 operations is not
the aperations themselves but the lack of condition
codes for testing their resulis. Only the accumulator
can be tested for zero or negative, and an overflow bit
is hot provided, making comparisons of nigned two's-
complement numbers very frustrating.

Operands

bost data moves and binary operations use an on-
chip readwrite internal data memery {see Figure 5i
accessible by two eddressing modes: REGISTER and
INTERNAL REGISTER ISNDIRECT. The three other ad-
dressing modes are EXTENNAL REGISTER INDIRECT,
IMMEDIATE, and ACCUMULATOR INDIRECT.

[ HEGISTER mode an operand i3 contained in a
register specified by a 3-bit field in the instruction, A
MMug bit BS, sat by a 3E1L Ik instruction, specifies ane
of two B-byte Tegister banks, coresponding to inter
nal dava memory Incacinnx -7 if B4 §5 0 and 24201 §f
BBSis I. Thoespecified register may bo loaded with un
immedinte value, moved tooor from Lthe uecumuoloor,
combined with Lhe sccurnulator hy arithmeue or
logicel operations, incremented, decremented, or
used as m loop coURter,

T
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Flgure 3. MCS5-43 Inismal deis memory.

INTERNAL HEGISTER INDIRECT ellows sither RO or
R1 in the current register bank 1o be used aa an &-bit
pointer to interna] data memory. The addregsed byte
may be loaded with an immediate valve, moved toor
from the secumulator, combined with the sceumu:
lalor, or incremented (but for 8ome obacure reason
nat decremented, even though the necessary "hole™
exists in the instruction set).

Locations 823 of the internal data memory are re
served for a return address stack (8 entries, 2 byles
per entry). These Jocaliona are writlen by interrupts
and subroutine calls and read by interrupt and sub-
routine return instructions. The stack iz 1oo small,
making it hard to write precedural code, which imim-
portant in larger programs | 2K-4K hytes). The pro-
gramuner must constantly worry. about salling se-
quences and Zenerally enable interrupts only st the
top level of Lhe progrem to avoid overflowing the
stack,

There are no inatructions to directly push or pope
byte. However, the stack can ba rather incon-
veniently written or resd by extracting the stack-
pointer field fram the PSW, building the appropriate
address, wnd using INTERNAL REGISTER INDIRECT
mode.

The architeciurg also supports up to 256 bytes of
external data memory {which regides oh a separate
chipl, accessed by EXTERNAL REGISTER INDIRECT
mode. Fither 110 or R! in the current register bank
may be used as un 8:bit pointer Lo externsl data
memury; the gddressed byte may be copied into the
actumulalor of written from Lhe geccumulatar.

Since pointers are contained in 8-bit registers, the
maximum amount of directly accessible data mem-
ory aupported by Lthe MCS5-48 grchitecture 13 236
byles internal pluas 256 bytes external, However,
bunk ywitching via UO hita cen be used Lo addreas
any desired amount of sdditipnal external data
memory.

The modes for reading operands from program
gtore are rather Hmitad. [n 1MMEDIATE mode an
operand is contained in the byte following the in-
struction; imrmediate operanda can either be Joaded
intn or combined with the accumulalor or be loaded
inlo internal data memory with REGISTER or INTER.
NAL KEGISTER INDIRECT modes.

[n ACCUMULATOR INDIRECT mode the accumulator
is iused na &n 8-bil poinLler Lo an operand in either the
cufrent pageor paga 3 of program store; only one type
of nperation uses thia mode, and it loads the accumu-,
lutor with the specified operand.

A number of instructions specify somae "'special”
operands implicitly, such ws the program statuy
word, /0 paotts, titmericounter, carry bit, and two
1-kit flags, Foand F1.

Tha MC5-48 addressingmodes aresimple. but they
provide maost of the facilities a program needs. Still,
there nre 1o0me deficiencies. The mnst seviowny prob-
lemis the way in which operandy in program store
are addressed. Sines program store only in the cur-
rent page and in page 3 can be read through a pointer,
either lookup tables muag all be located in page 3 or
the code that reads each table must ba in the same
page as the table. This ia Inconvenient if more than
one 258-byte translation teble is needed. [t also
makes it difflcule to do a ROM check sum self-test
routine—a checksum subroutine would heve to be
placed in every page of program store{and wince there
ia no indirect subroutine ¢ell, the muain checksum pro-
gram would have to contain a separate call instrue
tion to each page's checkaum routine),

For most programs. the method of indirectly ad-
dressing data memory through R and R is accept:
ahie, but, for some data-atruciore manipulations, one
wishea for ane or two more registers that could be
used aa pointers,

The 256-byte limijt on directly addruasable intarna)
data memory is toa low. The 8040 already contains
128 bytes of RWM, and [ntel sthould soon he able 1o
provide the full 256 bytea of RWM on one chip. The

. architecture cannot make straightforward use pf

technology improvements for more RWM ance this
Limmit iw reached. -
Inputioutpul and interrupils

Most MC5-48 microcomputers have three 8-bit 'O
porls, a8 shown in Figure 1. Twa of the portail and 2)
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are “"quesi-bidirectional,™ &n interfacing arrange-
meat shdwn in Figure 4, This type of I/D port was
firat introduced in the Fairchild F8.* In this arrange-
ment, ench L0 pin is bulh an open-drain output and
“aninput pin with s high-impedance pullup tothe logic
1 level. When a pin is used for output, the cotrespond-
ing input buffer is unused except, possibly, for check-
ing the output value. When a piniaused for input, the
corresponding output bit must be set to logic 1 so
that the L'O device drives ooly the high-impedance
pullup. This can be contrasted with a tristate /O
port, which provides both aetive pullup and sctive
pulldewn in output mode and high impedance io in-
put mods, Electrically. tristale 140 is more desirable,
but it requires extra control bita to set the [0 direc-
tion fat each port or bit. Intel has improved the guasi-
* bidirectionnl design by briefly providing active
ruther than pessive pullup whesever a 1 is written to
the part, which apesds up 0-to-i transitions.

What guesi-bidirectiona]l /) means to the pro
grammer ia that input data on the port in logically
ANDed with tha currant output. Ports | and 2 are sel
toall 1's Al aystem reset, and the programmoer must
leave biLa inlended for inputs set at output valun 1 at
all timen. Tha third port |bus) has conventionsl
tristats putputs and can be used for eight strobed io-
puts, for eight scrobed outputs, or for adding external
program or data memary.

Four eperations on the ports are available:

read input veluc into accumulator (1K),

load gutput lateh from accumolator IOUTL),

logical AND output latch with immediate mask
* (ANL|, and

logical ON qutput latch with immediate mask ORLI.

Tha logieal operations allow & program Lo set or
clear any bit or group of bits in one Lnatruction.
However, since the mask js an immediate value in
Program atore, the bits to be sat or cleared muat be
known at masembly time. Otherwise, 8 copy of the
cutput value most be kupt in data memory, combined
with the mask by logical operutiona on the accumu-
lator, and loaded inta the port. {In general, the quasi-
bidirectional interfuce prevents simply reading the
port 10 get the old value of the sutput latch.)

A novel “expander-gort™ nrrangement allows lour
external 4-bit 10 parls to be added Lo an MCS-48
uvsing a five-wire interface, Again, four sperstions oo
the ports are available:

read input value into sccumutatar,

load gutput latch from pccumulatar,

logical AND autpat lateh with accumulalor, and
legical 08 gutput latch with accumuiatar,

Only the low-order four bits of the accumulator ars
used in these operationa. For thesa ports, dynamic
gelection of mask hits [a poasible becausa tha mask [
in the secumulator. On the olher hand, dynemic sglee
tion takes more overhead becauss the sceumulator
must be loaded with Lhe mask {and then poaaibly re
stored Lo it oid value). ]

Both the on-chip and expander 11O port instrue.
tions contain tha port number a2 an immodiste valus
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In tha instruction: it is not poastble to specify the port
humber dynamically in a register. This makes it im-
poasible to write reusable 11O handlers for identical
devices on differont ports of the MCS-48 or of the
snme expander chip. The sama problem exiats in the
MUCS5-48's older brother, the 8080, However, it i less
serious in the MUS-48 for two reasons, First, the
MC5-48 is intended for smaller applications less Like
ly ta employ many copiea of the same ') device, See-
ond, the avsilable }/O expsansion modes do allow
dynamic device selection when each device uses a
saparate [/ chip.

The processar architecturs directly supports only

L
Pk
PORT

AND ?

t

256 bytes of external deta tnemory and four externa! -

4-bit /0 ports, However, theamount of external data
memory and /G con be incressed to any practical
amount using ot-chip HVO-port hits ta implement
program-controlled bank swilching.

In addition to the [0 ports, an MC5-48 has three
additional input pins thet can be teated by condi-
tional jump instructions. All are multipurpose
pina—T0, which can be set up a3 e clock cutput ynder
program control: T1, which can be used a3 the input
to the onchip timerfcounter; end the external inter-
tupt input.

The MCS-4i8 necepts interrupta from two sources—
8 level-sensitive input pin and an on-chip timer/
counter. When en interrupt is serviced, the 12-bit PC
and four atatus bits (carry, half carry, flag 0, register
bank select] are pushed onto the intermal stack.
Depending on Lhe 3ource, a jump to either location 3
or location 7 is taken. The interrupt system in single-
level; interrupt service routlnea canmot be inter-
rupted. An interrupt return instruction restores the
PCand statusbits and allows lurther interrupta tobe
serviced.

At the time of this writing, the Tl interrupt input is
generally uselesa for counting or timing asyn-
chronous external events, because the eurrent chip
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Figure 5. Typa Y bus conlred signals.

Jeatures & poorly designed synchronizer thet

spmetimes misses inpul edges and hence ekipa
counts. This is Lhe second time in six months that [
have seen an LS] chip whose designers were ap-
parently unaware of problems insynchronizer design
{the other was Lhe ZB0-510), which Zilog has since fix-
ed). | would sugpext thal ehip designers read some of
Lhe papers on the subject' and thal academics warn
their atudenls of the increasing likelihood of syn-
chronization problems in modern system design,

Ease al pragramming

Compated Lo some of Lhe older 4-bit and B-bit miero-
processora, the MUS-48 is a nice machine Lo program,
bot it leaves much to be desired compared with mn
MEB0], & %8, or even an BOBS. The single-accumulator
architecturs, the lack of indax registers, and the
absencn of even a direct data memory addreasing
mode means that the programmer must constantly
be moving things back and forth between the ac-
cumulalor, the two “pointer’” registers RO and R1,
and Lhe reat of the data memory (and keeping track of
them!l, One may write macros Lo esse the burden
samewhat, &t the expense of more ineflicient cods in
the cramped address apace. For example, ane ¢an
write a macro to simulate o direct data-memory-
addressing mode:

LDA  MACKD MEMADDH
MOV RO AMEMADDR
MUY AgRD

ExD

RCr, | .‘;_-

HAllll of twnhun: g PRV
[ur, dlihmnt sirabes ior dlmmlnt phobn}

B n-

O e

A microproceaser memory and KO bus has many

. jdeniitylng charactarislica—dals and addreas word

iangih, multizlexed or ngamuiliplaxed addrasa and

slalus, separits or memonsmagpwd VO, snd otharn.? 1

Ia Inlwesling 1o look o twa populu readiwrila chock- |
I“immt‘.l i-,’q.--' "1:'.

Lot us cail thafirgtischnlque a Type | (of 1}intertace,
uatd by tha Intsl BD3S, 5088, and MOS-48 fam|lles As
shaown in Figura 5, |hare ara two mutually sxclusive

. conirol futsas, Emd"ﬁ, that Indlutilmﬂd o willa
operation,
. Wa'll call iha second (echmiqus Type Z(or 2), usad by
= tha Ziog Z8, 280, 26000, wnd slsc by (ha Molore s 8600
; \‘.amil"; (Parhapa (1 should bo TEn'Pi M tecausy 1he
. WMBBOO cama first, but Z locks mod, llke 2} It by also
~uwed In principla by MGS-48 expandas ports. As shown
*in Flgure &, ihars I3 & single control pulse, REG, and &
. Jevel slgnal Fw that Ingticatos which typa of opsiation
In to take place. The liming ol Ay [a similer 1o thal of an
o Bddress mignal.

Figure 7 shows how 1o use a Typs £ proceasorwitha

Typt | paipharg chip, The decoding shown in the
n TIGLFE Can b saslly Implemented with one-haif ol d TTL -
... "THLE1I0 dunl 2-to-4 decodar [thie Sven istved an exlin
».; genirai input for diallnnullmnn mtmnnwmurr and

Lowma n

*

* YO -ganIrach. AMBuming thai processor and pariphe

. "paripheral; expscts Frw 1iming 1o be slmilr In

afal aponds Ard Comparable, there shoyld te RO prob-
lem In gatlafylng ihe timing requlramant of githar tha
procassor o the pariphacal ehip.

Figure 8 shirwe an attampltouse s Type | procumr
with a Type Z peripheral chip. The loglcal AND of RD and
WA Irom (he procesadr nicaly produces REG for the
Type Z perpheral. AD nas the comrect logie value to
sarve 33 AW, tut s timing |a & problem. The Type 2

chargcter 10 ah address signal, that ta, |t should be
walld lang balora the RET pulae appears. The only way
wa could wnaurs this would ba 10 arilciily deley FED
tong encugh for 5 to sattely the selup iime of Atw. Un-
1ortunaiely, #uch a dulay {unlaas highly asymmatric)
would also dalay the tralling edge of REQ untll keng
atier Aw (F) had gons sway~agaln a problem. .

The clednesl way 10 uss & Type | procosyd with
Type Z paripharal chips I8 1o use an gy llne an .
Fvi, For wxemple, 1he legst significant it of the ¥O -
port agdfwsd COult b reserved as Few. Hardwars
dacoding & actusl port numbars would ugd 1ha highee
ofder bits, then saflware would have (o enaurs 1hat
wiltes alweys ysed oot pnn lddrlun. and ready
used aven. )

Tha concluslen is thath is Hm to cOnMEL Typel- i
.+ pertaherats to Trpe 2 pridoieion, bul thet the leverss O
can be difllcull. Ilthlt}uiuhlwwlnuumodoutorm"ﬂ
there mathod to this rn.d'nul‘?’ L RV

n
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Figure §. Typs £ hus contral signals.

To use such macros, however, the programmer muat
Zive up some registers for use by the macros. In the
above example, macros would use RO, leaving only
K1 available to tha program as s pointer variabla.
{Buffer copying and other routines requiring Lwo or
mare pointers gat Lo be a problem |

The lack ¢f saymmetry in the instruction set aiso
creates programming headsches. For example, why
are 1here 1XC RO, DEC Ro, and INC RO instructions, but
not REC gRo? Or, why can we conditionally jump on
C.Z. T0, and T'1 conditiona Lrue or false, but on FO, F1,
TF. and sccumulator bits only true? Except for ac-
cumulator bits false, the proper "holes' axist in the
instruclion set; in fact, it probably took more logic Lo
turn Lhe instructions off Lthan tolet them work. 1 have
been told chal these “unimportant’” instructions
Jeave room [or future enhancements, but any worth-
while architectural enhancements would require
changes more aweeping than s few special-purpose
opcodes.

While nice programs can hLe written for the
MEC5-48, they take more eflort than those wrikten far
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Flgure 8. Unsceeplable |-to-2 inlerface,

a "“general-purpose’’ architecture. Programming dif-
ficulty and expensze also increase as we bump against

the memaory limits of the BO4B. If we are writing one .
short (< 1K-byie} program and shipping 50,000 units

with it, the programming exponse i quile justifiable,

I1f we are writing 10 different 2K- to 4K-byte pro
grams, each of which will be shipped with 5000 units,

we might be betler off eelecting a cleaner (sibeit more
vxpensive] machine,

Some electrical characteristics

The M{5-48 uses InLel's relisble n-channel silican-
gote MOS process. Several second sources lor the



Family have been announced —AMD, NEC, Signe
tice, Siernens, Intersil, RCA. Both Intersil and RCA
have atdotinced plana for CMCS versions of MCS-48
chips.

The MCS548 chips use = single +5 volt supply and
have logic input and ouiput levela that are fully TTL
compatible, As with all M3 microprocessora, the
output drive is limited —ypically four or five low-
power Schottky (BT LI unit boads.

MC4- 48 chipa contsin an gacillator tg generate the
processor clock (nominally § MHzl from an extertal
cryatal or RC cireuit. [t is also posaible Lo connect an
externa! ¢lock directly to the oseillator input. The
output of the oscillator feeds a divide-by-three
counter whose out putinaminally 2 MHz) controlathe
internal statea of the processor, Since the divide-by-
three counter cannot be synchronized externally, pro-
cesaar 10 cannot Le referenced very well Lo the
&Mz clock for tricky interfaces, nor can processora
bs run in lock-step from o common clock in a tri-
plicated microcomputer {author’s pet project}.

The MUC5-48 family satisfied the usual
Intel strategy of being the first in the
marketplace with an imperfect but useful
product.

The MCS548 chipa have an active-low reset input
pin conneacted to an internal high-irnpedunce pullyp
resistor and Schmite trigger. Thus, power-an reset
can be accomplished by an external 1 mF capacitor. I[4
in o Lttla more difficult to add s logic-controlled reset
lfor example, by & wetchdog timerl. since open-cod-
lector or discrete Lransistor drive i3 required. And
unleas the driver circuit is sophiaticated, s logic-
commanded reset will disable the processor for e long
time, duw ta the time constant of the power-on resat
cirenit—about 200 msec. In nny case, resel deatroys
the state of Lhe processor. 18 would be nice to have a
nonmaskable interropt jas in the 8085} that could be
used for applications auch as watehdog Limera.

Development tools

Intel supports two major develcpment tools for the
MOS8 family—a cross assembler and an in-cirenit
crulator, 1CE, both of which run ont an Intel MIS
microcomputer development ayslem. Unfortunately,
[ntel dovs not support any MCS-48 sasernblers or
simulators that run on a large computing system, a
neceanity for any large development project.

However, they can be obtained from independent

aoftware houses and consultants such as Microtee,
Intel MDS software for the MCS-48 lacke the con-
sistency one expects from a good set of software

.tnols, For example, there are at least three very dif-

ferent syntaxes Lhat an engineer or programmer
might use tochange the value of a memory location in
tha M DS, depending on whether the meaitor, ICE, or

PROM progrummer is being used. The monitor hasa
nice syntax that allows us to apen a location, change
it, and continue to the next location with w wmall
number of keystrokes. In ICE, to read and change
four locations, we must Lype (machine t:.fpﬂ under-
lined):

" CHYTE 144 TD 147
Ul4sll= Q1K JAK BFH §9H
* CII"I"'I”L {ai=i127 FF8A
Tada the same thing in the PROM programmer, the

PTOETAnUNG Lypes:

* DISPLAY FROM Lis TG 147

DO90 01 3A BF 39

* CHANGE l44w |l 2T.FF8A
Ineither syntax one waatas keystrokes, and it's sasy
tolose track of the nddreasin a long string. Thisisn't
Log terrible until we discover chat [CE has inter-
preted and printed addresses and data in hex, whila
the PROM programmer has assumed inputs in deci-
ma!l end printed outputs in hex (except for inpyt FF,
whick tha PROM progremmer rejects becauss it
looks like an assermbler label!).

Another canstant annoyance ja that the MDS ac-
cepts poly the RUB character for deleting characlers
{schaing the deleted charmerer); backspace ia not sup-
ported. [t would hava been easy enpugh o suppore
both erane characiers, making both teleprinter nnd
CRT users happy.

Conclusion

The MCS-48 microcomputer family was & reascn:
able contribution Lo the steteof theart when it wesin-
troduced in 1976, in spite of its Aaws. 1t achieved its
desipgn goals and satizfied the usual Intel strategy of
being the firet in the marketptace with an imperfect
but useful product.

The MCS5-48 is an acceptabla cholce for applica-
tipns with inltial extimated requirements of less than
1K bytes of program atars, 64 bytea of data memory,
and cnly one or two diflerent progrems to be devel:
oped. Designers whose applications requira more
memory or differen. prograums in different chipa
thould seek a more gensral-purpose architecture,
such as the Z8 or GAD].

[ heve spent ruch of this article complaining that
the MC5-45 la not & general-purposs B-bit microcom-
puter. This may seem unfair, since sorne peopls at In-
tel claim the MTC5-48 was pever intended to go much
beyond the ¢ld 4-bit market. So why eriticize it on
that basis? First, to help designera who might other-
wisa be tempted to use it ina larger epplication {Intel
sales engineers frankly recommend their three-chip
BOB5 aystam In such casssl. Second. to help designers
who have slrandy selected the MOS-448 for a larger ap-
plication. Third, becauss discussion of genersl
ayetem requirements should benefit futurs system
designers and chip desiguers alike. Finally, bacause
Intel does not now olfer a ciean architecture suitabls
for the more general-purposs, single-chip, expan-
dable microcomputer market, end [ think they
should. B
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SIISTEH.RE INTEGRADOS ERN INGEWIERIA

Frecuentemente, el disefador de un sistema debe de enfrentarse a
la alternativa de disenar desade el nivel bisico de "chips" o a -
base de sistemas intagrados que cumnslan una funcidn esvecifica.

Esta dltima alternativa se presenta con mayor facilidad en el -
drea de los microprocesadores norgue el "software” permite adan-
tar con facilidad un grunc de periféricos a las neceslidades de -
un problema especifico. Loz oroblemas de control industrial; ma-
nejo de dispositives electro-mecidnicos, acdsticos y optercs; co-
municacidn de datos y otros afines, no son mids que el condiciona
miento y transformacidn de senales. Si ésto se nuede lograr en -
forma digital (como casi siempre es —osible hacerlo) un micronpro
cesador €8s la herramienta mds adecuada, En este sentido hay gue

considerar los sigulentes puntcs:

1) Velocidad de muestreo.

2) Complejidad del nroceso.

En base a és8to, es posible decidir s8i es factible captar y nroce
gar la informacisn a un naso sﬁficiente. Para ello hay gue cﬁnsi :
derar el tipo de convertidos y el micronrocesador a utilizar.
Hoy dfa, el convertidor mds veloz de sefiales analdgico a digita—
les utiliza cerca de 50 nancsegundos para obtener 8 bits. Esto -
nos paermite muestrear a 20 MHZ, S5in embargo, un procéso de onera
cidn sobre este tipo de muestras requerirfa de un procesador con
un ciclo de migquina de 50 nicosegundos (sl suponemos mil onera-
c¢iones por muestra). S8lo los nrocesadores mgs gsofisticados (y -
ningn micre} son cavaces de alcanzar tales velocidades. Fl estil
do dgi arte nos vermite manejar anchos de banda reales de hasta

20 KHZ. (Ver 2920).



La ﬁaycr parte de las aplicacicnes (o al menps una narte impcrtaﬂ
ta del espectro de anlicaciones) no requieren de un ancho de ban-
da- tan amplio. El —Drocesador Z80, con 4MHZ en su ¢iclo basico -
abarca un ancho de bandaz que alcanza hasta 40 mil muestras/seg.

{ 50 operaciones/muestra) para un ancho de banda efectivo de 20
KHZ. S1 consideramos 200 oneraciones/muestra, el ancho de banda -

baja hasta 5KHZ.

Una vez establecido el tipo de nroceso, es necesario seleccionar
@l tino de sub-sistemas a usar ¥y la forma de programar el procesa
dor en cuestidn. En el textc se menclonardn disrnositivos de con-
versidn gue permiten cbtener hasta 180,000 muestra%fseg. A mixima
velbdidad, el ZBQ nuede ejecutar cerca de 10 instruccionEQ{mues-

tra.

ESTANDARES EN MICROSISTEMAS

En la actualidad, cada fabricante de microcomputadoras utiliza -
sus propies canales de comunicacidn interna (o buses). Por razo-
nes histdricas, sin embarge, dos de ellos sobresalen por suv  am—

pliba definicidn y utilizacidn:

1) HMultibus

2} 5-100

El primero es usado nor INTEL, NATIONAL ¥ algunos thps_fabricaﬂ
tes. El canal 5-100, sin embargo, ha sido adontado por una gran

cantidad de fabricantes y es en &1 en el gue nos enfocaremos. En
las figuras 1 a 4 se muestran las caracteristicas del canal 5—;9&
Para noscotros, el interés de este estdndar radica en el hecho de
gque existen al menod las sigulentes tarjetas compatibles con di-

cheo canal:



a)
b)
c}
4)
e)
£)
q)
h)

i)
1)
k)
1)

m)

Sistema
Sigtema
Eistemg
SBistema
Sistema
éistema
Sispgma

Sistema

con relss).

Sistema
Sistema
Sistema
Sistema
Sistema
Sistema
Sistema
Sistema

Sistema

de
de
de
de

de

rrpcesador central.
memoria (4K) RAM,

memoria (16K} RAM.
memoria {R4K) RAM.

memoria [(BE) ROM.

nrogramador de ROM's.

de

de

de
de
de
de
de

de

.de

de
Je

Estag tarjetas

puertos naralelos.

nuertos eléctricamente aislades (opto-aceplados y

grificas a monitor,

conversidn a video.

interfaz a grabadora {cassette},.
interfaz a disco flexible,

conversidn A/D y D/A,

puertos serie y paralelo.
secuenciliadores.a-base de interruncicones.
interfaz a impresora.

ctmoure completce (CPU, RAM, ROM, puertos).

¢ sub-sistemas son producidoa npor, al menos, 10 fa

bricantes (lo que garantiza su permanencia}l y fluctdan en costos

entre 200 y 2300 ddlares avroximadamente. De esta manera, producir

un dispositivo gque muestree una senal analéglica, esté& aislado de -

altos voltajes y accicne uno o varios motores de waso, imnlica se

leccicnar los m8dulos adecuados (en este caso a, b, h, m ¥ o; o -

bien q, h, m y o), fabricar la fuente de poder corresnondiente y

nrogramar el sistema.



Ante la imposibilidad de examinar cada subsistema, hemcs seleccio

nado un ejemplo de disefic gue utiliza las siguientes tarjetas:

1) CPU {a).

2) RAM (e).

3) lInterfaz a disco (1}.

4) Interaz serial/paralelo (m).
5] Sacuenciados {o).

6} Interfazz a video (j).

El sistema diseiladc trabaja, simultdneamente, con una terminal in
teractiva, un nar de discos flexibles, una impresora ¥ 4 monito=-

res de video.

El enlace entre los monitores y el micronrocesador se logrd a tra
vés de otro tiwo de interfaz: el R5-232. Esta interfaz es muy im-
portante en el drea de los microprocesadoras ya gue es virtualﬁeg
te uﬁiversal. La asignacifn y funciones de los ';ins' de este ti-

po de interfaz se muestran en las fiquras 5 a 3.

LA INTEGRACICH DE UN DISEHO

51 tomamos en cuenta gque existen tarjetas que se ajustan a estin-
dares internacionales; gue existen suficientes de ellas. para faci
litar el trabajo de desarrollo y gue es factible »roducir solamen
te, en£0nces, algunos mfdulos especializados, verempﬁ'la conve—

niencia de avrovechar al méximo el diseno modular,

El disefo modular es caracteristico del disefio usando microproce-

sadores ¥ se puede resumir en los sigquientes pasos:

1} Identificacién del probiema.

2) Seleccifin de los mddulos {o sub-sistemas adecuados).



3]

4)
2}
B)
7)
8)
9)

Diseﬁé de alguno (s] gue no existan en el mercade (normalmen-
te a nivel de alambrado o 'wire-wrap'}.

Selecclén del lenguaje de mrogramacidn.

Programacién del sistema.

Pruebas en un simulador/emulador,

Modificaciones al sistema {(Pasa al punto €),.

Implantacitn fisica. ‘

Pruebas y ajustes finales.

Como se menciond antericrmente, la mejor forma de ilustrar estas

etapas es usando un ejemplo de disefio. Este ejemplo utiliz6 mddu

los estandar, Interfaces y adaptaciones y serd descrito en fun-

cién de- los 9 »untos sefiglados,

1.

Identificacifn del problema.- Se reguiere de un Sistema que

permita cagtar informacién alfanumérica (nombres y ntmercs). Es-

ta informacidn corresponde a personas f£fsicas a las que se asigna

un nfimero, Cada nfimerc se clasifica en alguno de cuatro gruonos*,

Los nfimeros deben desnlegarse en monitores alejados del punto de

gaptura y deben de actualizarse-al mismo.tiempa gue 8Se capturan.

Algunos de ellos deben ser eliminados selectivamente y deberin =

desaparecer de los monitores.

2,

Seleccidn de los mé&dulos.- Se selecclonaron los siguientes -

médules para el diseno;

a)
L)
c)
d)

a)

M&dulo procesador ZB0.

Dos mddulos de memoria de 16K cada uno,
Un md3dulo de interfaz a disco,

Un md@ula de interfaz a consola.

Dos mddulos para generacifin de los ciclos de reloj e interrup



cién, con dos puertos serie cada uno.

£} Cuatro mé&dulos da conversitin de R$232 a RS5170 (video compues-—

te) .

1. Disefio adiclonal.- Se utilizaron monitores comerclales gque -

fueron modificadogs para enlazarse con RS170.

4. Se selecclond el lenguaje ensamblador ya que era nacesarioc tg
ner acceso a los dispositivos del sistema selectivamente (lo que
elimina casi todos los comwiladores) vy deberla ser altamente efi-

clente {por lo que es preferible a un intérprete),

5. Programacién del sistema.- El sistema fue nrogramado en su -

parte de captacidn (indicada por un * v en su parte electré&nica).

6. Pruebas en up Simulador.- Las pruebas se efectuaron exhausti

vamente, perc sin orobar afin el proceso de ilnterrupciones.

7. Modificaciones al sistema.

8, Implantacidn ffsica.- Se enlazd el sistema con los monitores

Fl

via ‘cable coaxial.

9. Pruebas y ajustea.- Se detectarcn algunos nroblemas de sin-

cronla y acoolamiente que fueron corregidos.



Introduccian.

Definicién del Problema.
Solucién Propuesta,
“Hardware;

a). Procesador.

B). Heﬁoria.

c). Interfaz a 'Diskette’'.

d). Interfaz a Consola e Impresora.
e¢}. Reloj en Tiempo Real.

f). Interfaz R5-232 a R.F,.
"Software'.

a). Sistema de'Manejo de Niscos y Periféricos.
b]. Sistema de Tiempe Compartido.
c). Sistema de MGltiples 'Stacks',
d}. Sistema de Captacién.

e). Sistema de Reportes,

Conclusiones.



Sistema de Despliegue en Tiempo Real

Utilizando un Microprocesador.

Introduccién.

v

La misiftn bisica de cualquier computadora -micro, mini
o maxi- consiste en manejar informaciébn, bien sea en forma numé-
rica, alfabética o alguna otra (imfigenes, sonides, etc.). Lacom
putadora solo puede manejar esta informacién utilizando transduc
tores, de modo que los dipites, sénidns, imigenes, etc. puedan
representarse digitalmente y en forma codificada. Por este sim-
ple proceso de codificacidn (y su subsecuente deccdificacién) es
posible analizar, reproducir, amplificar, distribuir, etc., etc.
alguna de las informaciones va mencionadas. En el caso que hos
ncﬁpa, la informacidn a manejar es de indole numérica {niimeros
de dncumentns] y se desea convertirla en informacidn v15ual (des
plegdndola en mnnltores) Esta 1nfurmac15n debe ser mane;ada,
ad}cionalmente, de sﬁbrfe que pﬁeda ser clasificada, recuperada
¥ exhibida (o desplegada) en medios impresos y visuales en tiem

po real. Es decir, los datos son captades, almacenados, proce-

sados, impresos, clasificados y desplepgados simultéﬁeamentel Pa
ra e¢llo se utilizan técnicas de interrupcién en ‘rnund;rﬂbin‘.
Ademis, es preciso que la respuesta del sistema nelse degrade
en ningiin momento. Esto se logrdé usando un sistema de 'stacks’
miltiples y procesamienta en paralelo, como se describe a conti

nuacién.



1. Definicidn del Problema.

En una dependencia oficial, se manejan documentos que
son identificades con un nfimero de secuencia. Estos documen-
tos se deben captar y los nimeros correspondientes deben ser desple
gados en monitores de Forma tal que el p@iblico pueda, ffcilmen-
te, localizar el nfimero del documento. Para ello, los documen-
tos (y sus nfimeros correspondientes} se distribuyen en-d gTUpOS
Y se asigna un monitor a cada grupo. Adicionalmente en cada mo
niter, los nfimeros deben aparecer en aorden creciente. Cada mo-
nitor debe poder desplegar hasta 500 nfineros. Los nfimeros debe
rin ser lo suficientemente grandes para ser de fficil observacibn.
La captacifn de los documentos debe poder hacerse simultineamen
te con el despliegue en los monitores, y la impresién de cier-—
tos resultades parciales {asi como la captacitn) deben tener egf

caza o nula influencia en el tiempo de respuesta del sis-

tema.

La captacifn de los documentos deberi estar sujeta a
normas defvalidaci&n vy a restricciones de seguridad, de .manera
que el sistema no se dafie por fallas de energia u otras eventua
les. 'Finalmente, la computadora deberi encontrarse ‘en un lugar
fisicamente alejado de la sala de despliegue, No se desea, sin
embargo, agregar sistemas de transmisidén de datos (tales <como

mddems] para mantener el costo del sistema en niveles bajos,

.. /0

4
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2. Solucidén Propuesta,

Para cubrir las necesidades anteriores sefialadas se -
propuso el siguiente equipo bhsico:

1). Un microprocesador 280.

2). 32 k byteérﬂe memeria real.

3). Un sistema de diskettes de 500 k bytes.
4). Interfaz g disco.

5). Interfaz a impresora.

67 . Inierfaz a consola,

7). 4ﬂ§n£erfﬂces para puertos serie.

8). Reldj en tiempo real.

9y. 4 interfaces RS-232 a R.F.
10)}. Una consola.
11). Una impresora,

12}. 4 monitoras.

Para este equipo, por compuesto, fue necesario desa-—
rrollar ¢l 'software' consecuente, que se divide en 4 sistemas

biisicos.
Y. Sistema de manejo de discos vy perifér{cns.estﬁn-
dar.
2). Sistema de tiempo compartido.
3). Sistema de captacibn.

4). Sistema de rTeportes.
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Con excepcidn de los monitores,-todo &1 sistema se -
encuentra ccntéhidn en uﬁ chasis central, con bus 5-100 y tarje
tas con reguladores independientes. La fuente general del sis-
tema provee de V?Itﬂjﬂﬁ noe regulados. El enlace entre el pro
cesador central ¥y los monitores se efecta a través de cable coa
xial de 50 ohms. A continuacidn se hace una breve descripcion

tanto del 'hardware' como del 'software'. Nos detendremos, s5in

amhargé. en los puntes que, creemos son de mayor interés.
[
3. Hardware.

a). Procesador., El CPU trabaja a 4 MHZ y es, bi-
sicamente, una versidn mejorada del B080 de INTEL. El autor ha
tenide oportunidad de comparar ambos sistemas y estima que el -

280 del orden de 50% més eficiente que el BOBO.

b}. Memoria, La memoria es dinfdmica y se encuen-

tra contenida en 2 tarjetas de 16 k bytes cada una.

c). Interfaz a diskette. Esta interfaz, a dife—
rencia de otros equipos, nho gtiliza DMA para hacer transferen—
cias a y de disce. Esto dégrada al sistema un poco en relacibn
con otros eguivalentes que si usan DMA, 8in emhargo; la degra-
dacifn es muy pequefia debido a que el CPU posece instruccioneﬁ
de miquina que permiten también hasta 1.6 megabits/seg. (200 %
bytes/seg.). Puesto que la velocidad de transferencia de un -
diskette es de 250 k bytes/seg,, la degradacibn es de un 20%, -

relativa a un sistema que pudiese transferir, en DMA un ciclo
' f



de. 4 MHZ.

d). Interfaz a Consola e Impresora. Las interfa-
ces a conscla y a impresora son, simplemente, dos puertos serile
y paralelo, respectivamente. (Con circuiteria adicional para -

lograr los niveles estindar RS-232).

e¢). Reloj en Tiempo Real. El circuito de reloj -
en tiempo real es un dispositivo programable, con un ciclo mixji
mo de tiempo de 16.32 milisegundos. Este reloi, ademids, tiene
la caracteristica de poder causar una interrupcifn con la cuen-

ta terminal.

Como es conocide para el Z80, la parte més sipnifica-
tiva de 1la localidad de interrupcion estf dada por el conﬁen{dn
del registro del procesador denominado LRegistro I". La parte
menos significativa es definida por el dispositive que causa la
interrupcidn (en este caso el reloj). En esta aplicacidn,

I =12 {0007 DDIUB}

H
¥ la parte dada por el reloj corresponde a

R = ﬁﬂH (0110 EGDDB)
-de “forma que la interrupcidn nos lleva a la localidad.

<[> <R> = 12&DH

En esta localidad se encuentra un apuntador a la ruti

na de interrupcién,

El procese de concutenacifn y llamada a la localtidad



de servicio de la interrupcifn son dados por el 'hardware' del
procesador, augumﬁticamente. 1 ) , -
£f). Interfaz R5-232 a R.F. En esta eplicacién,

los monitores deben ser lo suficientemente grandes como para fa
cilitar la observacibn por parte del usuario. Se especificaron,

pues, pantallas de mis de 19 pulgadas. Como se sabe, las termi

nales de video estfindar no alcanza estas dimensiones. Debido a

ello, fue necesario adaptar un monitor comercial y proveerle de

la lﬁgica necesaria para que éste actuara como terminal de des-
pliegue. Esto implica que, al sistema del tubo de rayes catddi

cos se .le anexen:

1). Un generador de caracteres.

2). Memoria suficiente para almacenar la pégina de des
pliegue.

3). Un generad;r de R.F, tal que la informacidn almace
nada s& concentre en una seflal de video .suscepti-
ble de ser "interpretada" por el monitor., ’

4). Logica de control.

El circuito que se selecciond, hace uso de un micropro
cesador 3870 de Motorola para lograr todas las funcipne; previas
al punto (3) antes mencionado., Esto permite tener, en un cif—
cuito, toda la electrbnica necesaria para, de hecho, implementar
una terminal de video. Por otra parte, el circuito es compati- .
ble con el bus estindar del computader [S—1dﬂ], lo cual permite

conservar la modularidad del sistema.



- La tarjeta, pues, recibe informacifn serial R5-232 a
300 bauds y convierte esta inforamcidén en caracteres gue alma-
cena en una pigina de memoria, y los cuales envian en-una sefal

de video compuesto al monitor de despliegue.

Debe hacerse notar que,la'informaciﬁn que se desplie-
ga es diferente para cada uno de los monitores y que transmite
a 30 bédds impone serias restricciones al sistema, {Para es-
cribir 4 lineas se pierden cerca de 8 segundos) sin embargo, por
razones de tiempo de implantacifin (el sistema, enlsu totalidad
se implement& en 60 dias) se tuvo que trabajar con estos siste-
mas lentos. La solucifn que se lc di6 al problema de velocidad

se discute mis adelante.

Un diagrama a bloques de la interfaz a video se mues-

tra en la figura 1.
4. Softwvare.

a). Sistema de Manejo de Discos y Periféricos. El
sistrma operativo:se utiliza para manejar archivos tante en dis-
¢os como aquellos que corresponden a las terminales {de hecho,
cualquier—dispesitivo dé E/5, sea disco, impresora 0 algin ctro
puede ser tratado como.un archive. Asl se maneja en lenguaies

come COBOL, por ejemplo). Se usan las siguientes rutinas.

1). Crea archivo. -

2). Selecciona disco.



+3}. Cambia de nombre a archivo.
4). Lee de consola.
éj. ESCriEe en censola.,
67. 'Escribe en impresorﬁ.
7). Abre un archivo.
8). Cierra un archivo.-
9), Lee de un archivo.
'10). Escribe en un archivo.

11}, Borra un archive.

! : .o

- ) . ' * =
El enlace al sistema operativo sigue las convenclones

del sistema CP/M, que se desarrolld para el 8080 y que se ha con
"vertido en un estfndar. (Digital Research).

b). Sistema de Tiempo Compartido. Este sistema -
funcicna generandn'inter;upcinnes que se reconocen aproximadamen
te cada ? segundes. La informacién correspondiente a los nfime—
ros que se despliegan en pantalla estd divida en 4 Areas y es
examinada ciclicamente con cadd interrupcién. Con cada ciclo de
"round-robin', se escribe una linea (64 caracteres) si Sse cumple

alguna de las siguientes condiciones:-

1}. Hay informacidn nueva (alglGn ntimero fué dado de al
ta o de baja)l. |

2). La cantidad de nlimeros en memoria excede la capapi
dad de despliegue del monitor, (cada moniter des-

pliega 16 lineas de 64 caracteres cada una).



Los nfimercs se presentan en orden. num@rico ascendente
y se actualizan con cada alta o baja. Es decir, Luundc se da -,
de alta un decumento, el nfirero se inserta en el lugar corres—
pondiente y recorre a todos los subsecuentes un lugar a la derg
cha. En el caso de una baja, el niimero ceorrespondiente se ecli-
mina y tedos los nimeros subsecuentes se recorren un lugar a la
izquierda, La informacidn se "sortea' durante la captacibn, de

manera que este mdédulo solamente despliega informacifn ya actua

lizada.

Como se mencion§ anteriormente, la velocidad de trans
misifn es de 20 caracteres/seg. Esto implica que se requieren
de un poco mis de dos segundos para desplegar 10 ntmercs, como
se ilustra‘en la figura 2. Si supunemug que..lps cuatro menito-
res requieren de servicio, veremos que el sistema de captaciﬁn'
s6lo obtendréd el control de procesador marginalmente, ya que las
interrupciones se suceden cada 2 segundos. Esto ocasiona que el
tiempo de respueta se hiciera intolerantemente grande. Dade que
los monitoes pueden desplegar (en "scroll') hasta 500 nfimeros,
no es dificil suponer que al menos 2 de ellos estin en actividad
constante y el tiempo de respuesta sea; en promedic Inaceptable.
Por ello, se adoptd el siguiente método.

¢). Sistema de Miltiples Stacks. Como es conoci-.
do, cuando se acepta una interrupcidn, es indispensable guardar
el 'status' del sistema previo a la interrupcibn. Esto implica,
nnfmalmente, el uso del 'stack' para este almﬁcenamientu. En

operacidn estindar los pasos que se siguen para el despliegue



son los siguientes:

i < 1). Se acepta la interrupcién.,* ’
2). Se guarda el 'status’ en el 'stack'.’
3). Se toma una linea de 64 caracteres de memoria.
4). Si se cumple alguna de las condicignes antes sefia
ladas se "escribe" la 1{nea'en el momento en tur-
no.
-;ﬁi:”Se recupera el 'status' del 'stack'.

6). Se prosigue en donde habfa entrado la interrupcién.

Eventualmente, el punto 4 se 1lleva, en ejecucidn,

64 x 1/30 segundos. (Los ~2 segundos que Se habian mencionade).

Para evitar una pérdida de tiempo tan marcada, se to-

mon las siguientes _medidas:

1}. Se ejecuten los puntos 1 al 4. Sin embargo, cuan
do se escribe un carficter (el n-&simo de 64) se
guarda este 'status' en un nuevo "stack’.

©2). Se habilitan interrupciones por una condicién del
UART que indica "cardcter transmitido".
3). Se regresa al 'stack' original.

4). Se reinstaura el ’'status' previo a la internpcidn.

Cvando (después de 33 300 y segundos} el UART interrum-
pe por caricter transmitide (TRE), se iniciatel sistema a par-

tir del punto 1. Despufs de 64 interrupciones, se regresa al



modo de reloj (en donde el timer interrumpe). E1 diagrama de -

flujo se muestra en la figura 3.

Cun este sistema, se dispone de la diferencia entre el
tiemp> de transmisidn y el de proceso de E/S para proceso del pro
grama principal. Considerando cerca de 3 us, por instruccidn,
en 33 300 y seps. podemos ejecutar cerca de 11 000 instruccio—
-nes.——{Como_referencia, todo el programa es de cerca de 1 500

instrucciones de AZMS0).
El diagrama del proceso se muestra en la figura 3.

d). Sistema de Captacidn. La captura de datos se
logra en paralelo con el sistema de despliegue en tiempo real -
come ¥a se sefials. Es esta la parte en la que un nGmero se da
de alta o de baja.  Ademfs el mbdulo de captacifn incluye una
serie de opciones adicionales que, en conjunto con altas y ha-—

jas son-acho, a saber:

- k)

). L (lave. Actualizacidn del pase al sistema.

2). M (ensaje. Despliegue de textos en los monitares.

3). B (espliepue. Vaciado de los contenidos-de archi-
vo. |

4)..6-(uarda. Copia la imagen en despliegue de dis-
Co-

+5).-T {rae. Copia la imageq de ui§cc a memoria .

6). A (l1ta. Toma un documente ¥ lo almacena en un ay -

chivo histérico y tiene, ademfis, 4 opciones:

20



i). Despliega cl ntlmero en el momento indicado.

ii). Guarda e! documento en discn} sin desplie-
gue,

ii1}. Toma un documento de-disco -y -despliega,

su nimero en el memento correspondiente.

ig}.~Toma todos los documentos de disco y des-
pliega sus nfimeres en el momento correspon

diente.

7). B {aja. Cancelg un nfimero y lo incluyé en un ar-
"chivo histdrico, con las siguientes opciones:
‘i). Elimina el niimero del monitor correspondien
. te.
1i}. Elimina el nimero de disco.
8). F (in. (Cierra.archivos;-deshabilita-reloj e inte
rrupci&nes y entrega+cnntrn1 al sistema opera-

tivo.

La opcidn se le indica al sistema tecleando, simple-
mente, la primera letra. A continuacién haremos una brevisima

descripcidn-de alguna de las opciones,

r

— La opcidn Llave permite al usuaric modificar la cla
ve de entrada al sistema. Ninglin usuario puede ha-
cer use del sistema si no proporcicna esta clave au
torizada.

~ La opcidn 2 permite enviar textos a los monitores



deteniendo, momentfineaméente, el_despliegue de los
nimeros en los monitores.

— La opcifn 3 permite verificar el contenido del ar—
chivo creado por la opcidn ii de 1la funciodn de al—
tas.

— La opcién 4 tiene por objeto poder eliminar una ima-
gen del contenido de cada uno de 195 monitores. Es
to es necesario cuando se desee interrumpilr temporal
mente el despliegue sin tener que re-éﬁrgar tedos -
los documentos.

— Como complemento a la opcifn anterior, la opcidn 5
permite restaurar la condicidn de la memoria para
re-iniciar el despliegue,.

~— Las cpciones 6, 7 ¥ 8 se explican en su descripcidn.
Hay, sélo, que h§cer notar‘que tﬂqa a{ta y tnda;bé-
ja quedan registradas en archivos que se manejarin

postericremente.

el. Sistema de Reportes. A partir de las altas y
bajas es posible recopilar la siguiente informacién:

1). Documentos que e€stin en disce pero que ain no se

han dado de alta.
2). Documentos que estfin en deéplieEue.
3). Documentes que han causado baja porque han sido
pracesados.
4}. Documentos que han causadn1bajﬁ por cancelacifn.

5). Estadfsticas de aquellos documentos-que estéin pen



dientes de proceso, es decir, aquellos que cstin,

en despliepue.

5. fLConclusiones.

El sistema antes bosquejado, fue desarrcllado tenien-
do en mente las siguientes metas biisicas:

1}. Bajo costo.

2). Corto tiempo de implementacién.

3). Confiabilidad.

4). Alta eficiencia.

Para lograr alcanzar los cuatro puntos, simultineamen
te, fue necesario conjuntgr equipo y programas que estuvieran -
fuertemente ligades. Por esta razdn, todo el sistema fue e5CT1
to en cbdigo de miquina utilizando el ensamblador residente.
Unicamente se escribid un segmento (el correspondiente al punto
5 del sistema de reportes) en un lenguaje de alto nivel (COBOL).
Como resultado se lograron eficiencia y economia en el c6digo.
Todo el 'software’™ (incluyendo tablas y textos) exceptuando la
parte de reportes, requlere de 5 k bytes. Esta filtima (que fun
clona "off-line")} requiere de 12 k bytes de los cuales las pri-
meras 4 opciones ocupan 3 k y la Gltima (escrita en COBOL) re-

quiere de 9 k.

De la experiencia adquirida se puede constatar algo

tan trillade ya en la industria electrfnica actual: el uso de mi



croprocesadores y de circuitos asociados acelera y abarata enor
memente los desarrolles hibrides (en los cudles 'software' y -
'hardware' son ambos importantes). Hay que enfatizar, sobre to
do, que la seleccidn de equipo que se ajﬁ;te 8 estindares de am
plia aceptacidn es un punto clave para la viabilidad de siste—
mas como el gue aqui se reporta. En nuestro caso esos estfinda-
res empiezan con el procesador (el compilador COBOL genera cddi
go BDEE; que es un subconjunto del Z80}, pasando por el canal del
::umpu}adcr (el BUS 5-100 permitid consepguir el reloj} en tiempo
real-é interfaces sin necesjidad de desarrollarlas) y terminan-
do con el 'software' (el compilador COROL es ANSI, asi como -
ﬂtrns.lenguajes; por otra parte usar CP/M permitid usar este -
compilador en particular). Es relativamente ficil apreciar que
el tiempo de desarrollo en otras circunstancias hubiera multi-
plicado el tiempo y sobre todo el esfuerzo y costo del sistema.
Es .por experiencias come, €sta que se puede explicar la reticen

cia justificada a adoptar miquinas nuevas que Son incempatibles

con otras.



igure3  Summary of Register Farmats For TU-ART, Each Device

ii— i—

qﬁ e el R il
| REF.
GFFSETl FUNCTION ] o7 i D6 0o D4 o3 [ D2 01 Dd —‘T’AGE
(b IN STATUS TRE RDA PG SBD FBD SRY ORE FME &
Q QUT STATUS STOP 9500 4800 2408 1200 208 - 165@ 118 7
1 IN SERIAL MSs8 Direction of shift — L 5B 7
1 QUT SERIAL MSB Direction of shift — LS8 7
2 CuUT COMMAND - . THES HBD INE RS7 8RK RES 7.8
3 IN INT ADDR 1 1 14+ 12 16 1 1 1 a
3 OUT INT MASK  Ts/PI7 T4 TBE ®/DA T3 SENS T2 T1 B
4 IN PARALLEL M5B . LS8 a
4 DUT PARALLEL MSB L5B 8
599 OuUT Timer 1-5 MSB {Delay=count x 64 psec, HBD=9) 9
{Delay=count x B usec, HBD=1}
11* |?| 14 |5-m-ﬂ--l'l,qm
] o [] Tame 1
] ] ¥ Tamr 3
] 1 * SENS
-] 1 1 T sinin 3
1 [ | & AQa
1 -] ] THE
1 1 B Temm i
1 1 1 Temm 59 |7
-

%w
| Priori TU-ART's (Hex] .
ty Z-80 INTA Response Source of Interrupt
D7 | D6 | DS | D4l D3 02| D1 | DO

15 {Highest) 210 2|8 |8 | Device A, Timar 1

H Blo ol 1|0 | Device A Timer2
13 @ | @108 | Device A, SENSA
12 M~ | w m | B O [ 11| a | Device A, Timer 2

1 SISl e|1]|ele]|e| owicea RDA
10 233 @] 1]0]1]8 /! DeviceA, TBE

9 < p < ail111 (a0 Device A, Timer 4

8 B a| ! @{1]1]1]|0 /| Device A, Timer5 (P17}
7 Tl z | a|110fle|@a]|ad | Devied, Timer1

6 Dlo|a|1[8|06|1]a6/| Devces, Timer 2

3 & & | o |1 (@8 (1|00 | Oevice B, SENSE

4 Elgtg|v|9|1]1]0] Devicer, Timer3

3 LY 1| 1]e|a]@ | DeviceB, RDA

2 T 1178 |1] @ | DeviceB, TEBE

1 1T11]1| 8|8 | DeviceB, Timer4

B (Lowest} | V([ 1 1]0] Device B, Timer 5 (P17}

10
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INTRODUCTION TO THE CROMEMCO STHGLE CARD COMPUTER

The Cromenmco Single Card Computer {SCC} is & sophisticated

mlcrocomputer-with the followlng layout:

TO/FROM EXTERMAL DEVICES

J1 J2 J3 i?
Parallel Farallel Farallel Berial
- 1/0 1/0 1/0 1/0
Port @AH Fort 9BR Port ¢uLH Port @@-¢2H
I I - | [
| < l ' .

ZEOA | e e 1T «—— 5100
cPy ' | i Bus
| i 1 |
| | t I

ROM RAM INTERVAL INTERRUPTS
MEMORY MEMORY TIMESS
Adg@-1FFFH  2¢p$-23FFH Forts @5-@6H Port @3H

The 5-100 bus interface sllows convenient expansion of the system
if desired. " The SCC is guaranteed to work with all of Cromemceo's S-100
products, including analog I/0, color graphics, and RAM/ROM memory.

Progrem execution begins as scon as power iz applied {after an

mutomatic power-on-reset).
) +

The SCC. ia melf-contelined except for the uzer-supplied power
aupplies. These power supplies may be unregulated and should supply
+8 volts at 1.24, +18 volts at 1Q0MA, and -18 volts at 50MA.



The following sections cover programming infOrmation, including
the Z-80 CPU technicml menusl end Informatlon sbout the If0 registers on
tﬁé SCC; a functional description, which explains the operation of each
" component in the SCC; and the S-100 interface, which describes the bus
interface characteristlics of the 5CC,

3CC INFUT/QUTPUT REGISTER DESCRIPTION

In the following sectlons, each I/f0 port (register} will be

discugsed. i
PORT ADDRESS IH/OUT - . DESCRIFTION
) I Status Reglsater:
o7 D6 D5 DL D3 p2 ol
Trensmit Read Int. Start Full Ser- Over-
Buffer Tata Pepnd-  Bit BEit ial FRun
Bmpty Avail. ing Detect Detect ReV  Err

The functions of these flags mre indicated in the feollowing sections.

D7 Transmitter Buffer Pmupty {TBE):
L L I

A high in Bit 7T indicstes that the transmittep detm buffer is ready
to accept a new byte, TBE goea high as scon as the seriel transmitter
begins to send the byte currently in the buffer. Since the transmitter
is "double-buffered", the user may respond to the TBE signal and load the
buffer even hefore the previous byte has been toially tranamitted. TBE
alsc activutes interrupt request 5. TBE is cleared when the buffer is

loaded and is set by the RESET command.

D6 Recelver Datn Available {RDA):

A high in bit 6 indicates thek s byte of data is available from the
recelver buffer. Thias flag remsina high until the buffeyr ia read. A

D¢

Frame
Error



RESET command clears the flag., If the buffer is not read by the
time the next byte from the receiver is ready, the nev byte will write
over the old brte and the overrun error flag wlll be set. RDA also

activates inberrupt request L,

D5 Interrupt Pending (IPG):

4 high in bit 5 indi{cates thel one or more of the elght interrupt
request sources has become sctive. This flag goes high at the same
Lime as the interrupt request pin of the TMS 5501,

bh Start Pit Detect (SBG):

"A high in bit 4 Indicates that the serial receiver haa detectad
a start bit, This bit remains high until the full character has beun
received. G5BD is clemred by BESET command. Thisz bit is provided for
test pu}pnsés.

ol —— ——

D3 Full Bit Detect (FBD):

The FBD flag in bit 3 goes high one full bit time after the
gtart bit has been detected. This bit remains high until the full
charucter hus been recelved. FEBD is clemred by a RESET command,

This bit is provided for test purpoaes,

D2 Serial Recalive [SRV):

A high in bit 2 indicates high level on the serial data input line,
A lew in bit 2 indicates e low level on the serial data input line, 3SRV
is high when no dets is being recelved. This bit is provlded for breuk

detection and for test purposes.



D1 Overrun Error (ORE):

A high in bit 1 indicates that the receiver has loaded tha rezosiver
dats buffer before the previous contents wvere read. ORE is cleared

after the atatus port is read or by the RESET ¢ommand.

Dp Frame Errar {FME]:

A high in bit ¢ indicates an error in one or both of the stop bits
vhich "framed” the last recelved data byte. FME remains high until a

valid character i3 recefved.

® OUT Baud Rate Register. Loading this register seta the baud rate

and stop bits for seria)l receive snd transmit data. Bit

aspipnment 1s &3 followe:

BT D6 D5 DX D3 2 D1 D¢
STOP  ob6pp  4Bgp 21 12¢¢ gL 15¢ 11
BITS

LT STOF L

A high in bit T selects one Bitop bit for serlal receive and
trunsmit data, A low in bit T selects two stop bits.

- - - —_—

D6-D BAUD RATE

A high in one of the lower seven bits aelectslthe
corresponding baud rate, If more than one bit ia high, Ehe
highest rate selected will result. If none of the bita are high,
the gerial transmitter and receiver will be disabled. (For special
purposes, these haud rptes can be octupled -- see the description

of HBD in the command register.)

1IN Recelver Datn. This register contains an agsembled byte of data

from the serial reglster.



Vs

1 OUT Transmitter Data. This register is loaded with date for the

gerial ‘transmitter.

2 IN  Hot Assigned. Reading this port causes no response from the

SCL. This mddress is available for other parts ¢f the

computer system,

2 OUPF Command Register., The format for the command register is

as fpllows:

------- latehed-—-c—emnn
Dy D6 b5 pk D3 b2 D D
Not Hot HIGH THTA RETT

Used Used Teat BAUD Enable 5S5el. Break ;Reset

DS Test Bit (TES):

A high io bit % disables the internal interrupt
priority logic and then enables the internal clock. Thus,
the aignal on the INT pin of the 5501 %ecomes a TIL level
elock ur'1562.5 Hz {12.5 kHz if HBD is high -- see D% High

Baud helow}, TRS should be low for normal operstion.

Db High Bsud (HBD):

A high id bit L uctuplea.the rate of thelinfernali
clack. This ceuses the ipterval timers to count eight
times féster apd the serianl datas rates to increase
eight-fold. When bit b iIs high, baud rates up to 76.8K

are available for high speed data transfers.

D3 INTA Fnable {(INE}:

A high in bit 3 allows the 5501 to respond to an Interrupt
Acknowledge by gating a Restert instruction into the data bus



at the correct time and resetting its internal Interrupt
request latch. '

A low 1n bit 3 preventsz the 5501 from detecting an
INTA cycle, Bit 3 should be high for normal operation.

D2 RSTT Select {RST):

A high in bit 2 connects the MSH of the parallel
input pert to the interrupt request latch for the lowest
priority interrupt {interrupt 7). A 1&H-to-high
transition on the M5B of the parallel input port [PIT]
will activate the interrupt request latch,

A low in-bit 2 ecennects the output of Timer 5 to
the interrupt raquest latch for the lowest priority
interrupt (interrupt T}. When the timer count reaches
ZE{D,'the interrupt request latch will be activaeted.

DL Break (BRK):

A high In bit 1 holds the serisl transmitter output
'in the low state {spacing). RES w{1l override (see D@
Reset belcw}._ h

A low In bit 1 mllows nérpal operation. BEK should

be low_for normal aperntian.

D@ Reset {RES):

A high in bit @ causes the follovlng actions:

1} The Berinl Recelver goes into search mode;
RDA, SBD, FBD, and ORE are set to zero., The
econtents of the recelver buffer are not affected,

2) The Serial transmitter output 18 set high
{marking). If Df and D1 are both high, the RES
function will override., BRES sets TEE high,

-6 -



3) The interrupt request register ia cleared excépt
for the TBE interrupt reguest which is set high.

L) The intervel timers are cleared,

HES I3 not latched.

#3 IN Inferrupt Address: This register conteins the encoded

address of the highest priority interrupt currently
requesting service. This address is identical to the
"Restert” instrurction op-code for the interrupt
acknowledge. Thus, the register contenta may be (in

order of service priority}:

HEX SOURCE

CT = -~ - - Timer 1

CF - - - - Timer 2

DT - - - - INT

OF - — - - Timer 3.

ET = - = - Beceiver Date Available
EF = -~ - - Tranemitter Buffer Empty
F7 = = = - Timer b

FF = = = = Timer % or PIT

This register is provided for servicing Interrupts via

poiling.. After the register {8 read, the corresponding
bit in the interrupt reguest register is reset, If the
register is resd vhen no interrupt is pending, it will

read $FFH. ° '

g3 out Interrﬁpt Mask: The contents of this f&gister are
legically "And"-ed with ocutput from'tﬂe interrupt
reguest régister on the 5501. A high bit in the Interrupt
mask allows the corresponding request to pass on Inteo the
priority encoder. A low bit in the interrupt mask inhihits
the corresponding interrupt from passing any further.
Since the Interrupt reguests are latched Independently of the
stage of the mask, an interrupt may be requested while the



gh IN

gh QUT

@5 IN -

@5 oUT

magk bit is low., The regquest will be retalned until the
mask 1s chenged snd the reguest allowed to pass on {assuming
no RES command in the interim)., The mask bit assignrments

are:

[ R
Dt D D5 ok D3 D2 pL ng
Tiner 5 Timer I TBE RDA Timer 3 INT Timer 2 Timer 1
E17

Parallel Input: This register contains the date presented at

J3. The periphersl supplying data to the SCC can indicate
data avallahle by actlvating the INT line {or by raising the
M5B of the parallel ipput if the REST bii in the command
reglster is high).

Parallel Qutput: This regiater contains the data which

drives the parallel cutput buffers at J3, The TTL output
buffers which drive J3 may be put in a high-impedsnce state
by pulling down on Disable [pin 12}.

Hot Connected: Addressing this port csuses no response
from the SCC. This address 1s available for use by other

parts of the computer system,

Timer 1: This reglater cnniuins the epunt used to start

Timer 1. This count i3 decremented by 1 every 6L nseconds
after initial loading. When the count reaches zero, bit @

of the interrupt request register is set and the timer
dizgabled, Since the maximum count ia 255, the longest
interval ia 255 x 6L uyseconds = 16.32 mseconds. Accurscy

1s pius @ and minus 6L nseconds. Loading & count of zero
causes an lemedinte Interrupt request to the interrupt request

register. Loading & new count while the timer 1l counting



#6 IN
g& oUT
#7 IR
@7 our
pB IN
g8 ouT
49 IN
B9 ouT

$AH IN

fAH oUT

#BH IN

PEH QUT

reinitializes the timer vithout an interrupt request, If
HBD is high in the command register, the timers will count

B times as fast.

ot Connected: Sarme as Input €5.

Timer 2: Operates in the same fashion as timer 1.

Hot Connected: GSame as Input 95.

Timer 3: Gpefates in the same fashion as timer 1.

Not Conmected: Same as Input 85.
Timer 4: Operates in the same fashion as timer 1.

Hot Connected: Same as Input @5.

Timer 5: Operates in the zame fashion as timer 1..

Parallel Input: This register contains the data presented

et J1. The computer reads this port on the rising edge of
READ STB (J1 pin 2L).

Parallel Qutput: This register containa output data driving

Jl., Datm 13 stable st least 100 nenoseconds before DATA
YALID goes high {J1 pin 10),

Parallel [nput: Same as @AH IN, except connector J2 i3 used.

Parallel Qutput: Same ns PAH OUT, except connecter J2 is used.

BCH - @PFFH are not used,



FUNCTIONAL. DESCRIPTION

CENTRAL PROCESSOR UNTT .

The CPU used in the Cromemco 5CC Microcomputer is s Z8OA
integrated circuit. The 2804 operates on an 8-bit deta bus and
a 16.bit address btus. The CPU can &ddress 65,536 memary locationsa
and select 256 input/foutput (T/0) devices. A total of 158
instructiona are recognized by the Z80A. The time to execute an
inatruction vnries from one one.millicnsth of & second (1 microsecond
or usec.) toc an indefinately long peried which the user may control
through the "WAIT" input.

The Z80A is an enhanced version of the 8080A CPU. The 78
instructions of the B080A are ineluded in the 2804 instruction set
as well as muny new instructionsa such as block move, bleock I/O,
black search,;bit test, and ao on. FPlease refer to the ZB0-CPU
Manuel for detalls. - _ .

READ ONLY MEMORY (ROM)

The S5CC has sockets for U 2716 type {programmseble) ROMs. : Each
2716 13 a modqle of 2048 memory locatinni, and each location econtains
an 8-bit "byte" which is set when the ROM is programmed and may be
interpreted by the CPU as instruction or data when the ROM 1s read.
The contents of the 2716 may be changed by erasing the stored bytes
{this 1s done by exposing the 2716 to ahortwave ultraviolet light)
and reprogramming on & device such as the Cromemeo 16KBS PROM
prograzmer. The contents of the 2716 cannot be changed during

execution of the stored program; hence the name "Read Gnl} Memory" .
When the SCC haa powver applied, it automatically reaets and

begins to execute the program stored in the fipst 2716, ICLS, If
the program requires more than 20LE {89PH) bytes of storage, 1t

- 10 -



may be continued on 8 second 2716 plugged into the ICLY socket, and
even to ICs L3 and 42, These four ROM modules provide 8192 (2¢@@H)
brtes of storage out of the 65,536 (14@¢@#H)} which the CPU can aeddress.
If more memory is required, the SCC can be used with any of Cromepmen's

memary products,

———— !

- B

Allacatlon of memory is summarized .in Figure 3.1.
READ WRITE MEMORY {RAM)

The 5CC is aupﬁlied with 1024 (4@gH) lecations of read-write
memory (contained in ICs 33 and 34). These locations may be used
for general purpose scratchped and program space. As seen in
Figuéé 3.1, ihe RaM iz located above the ROMs in memuri:, B1g2_9125
(2APEH-23FFH ] .

Additicnal RAM may be added in the free memory space using

5-100 memory carda, such as the Cromemec LKZ end 16KZ.

o H = MmN = La] oo X Lr] m%
T ==l TR L = T = = =, =1
=424 =3 8 B8 ¥ 32 B
- NN\
g [t
ZENIRADNNE
C o BIES R
NS FREE FOR EXPANSION
£ ANNNNE
x\\\\E
\\\\\:: .
A N =Y =
°352E8 B 2 W 5 & % o8
e v = R I E

] l L -+ - . ;P
&1t as. ) wzom Bmotte-, o7 FIGURE?3.1:- BKPU MEMORY<Y o 37 °° "¢ ekl
—aws 315 no Eooc® oo T ol 7 maowald e 0 L in S WwOTA

Astr waln, ol goifusgis Bloa-Te I R I - T Trmon
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v A sumuary of logical/physical memory is shown in Table 3,1.

TABLE 3.1: GSUMMARY OF LGGICALHEHYSICAL MEMORY

LOGICAL ADNHESS PHYSICAL ADDRESS TYPE
HEXADECIMAL DECTMAL .
doig-aTFF d-2ph7 - 1cLs 2716

| g8gp-piFF LB 495 IchY 2716
1¢3p-1TFF Lgos-6143 Ich3 2716
18p@-1FFF 61Lh-B151 ICck2 2716
2@¢P-23FF 8192-9125 TC33/3 hols

MEMOKY DISABLE .

A memory bootstrap option isg Included in the SCC for applications
which regulre the Gn—baard memory to be dlsahled When the pootstrap
mode has been disnbled {by cutting the trace labelled "DISABLE" which is
located bBelow RN2 on the PC board), all memory on the SCC is disabled
when DT {MSB) of output port $AH is et high. The memory will be
reenabled if either DT of output port PAH is set low or if the
5;;;;? line ia pulled low, .

When the on-board memoary is disabled, the SCC switches to the
E-100 bus for all pmemory accesses. When cn-board memory is enabled,
the 5-100 memory upefatea in parallel, although the SCC only “listens"
to its internal memery. Memory write ecycles will affect both internal

and axternz] memaries.
MEMORY EXPANSION

Additional memory may be used with the SCC up to the addressing
limit of the CPU, 65536 bytes. Applications requiring more than this
amount of memory should use the bank select feature found an Cromenco

-memory producta, This will allov an eight-fold expansion in memory afze.

- 12 =



Ho modifications ere required for external memory usage. The
5CC mutomatically switches to the 5-100 bus for mccesa to memory

sddressed above the top of on-board memory.

It 1s alright to overlap portions of internal and external
memory ; there will be no bus conflict., The S5CC will read the internal
memory and ignore the external memory in the overlep regicn. Both
memorieg will be written in parallel, Thus a LK RAM card addressed
at 20¢8H would function like a 3K card addrassed at 2HPPH, with the
normal 5CC memory functioning in the addreas range 2934H-23FFH.

SERTIAL INPUT/OUTEUT

The aerial I/D on the SCC is done through a Universal Asynchronous
Hecéiver-Transmitter (UART) integrated circuit. This device performs
parallei tn‘3eria1 converslon and routine error checking operations
for the CFU. The UART containg five regiaters of Importance: the
commund register, used to initlalize and reset the UART; the baud rate
regiater , used to eontrol tranpsmission and }eceptiun rates; the ntatus
reglister, used to signal campietion of data transfer and flag errors;
and the receiver dete and transmitter date redisters, used to bhuffer

data between the UART and CPU.

Full information on the format and wuee of these reglsters will

te found in the aection on -"Programming Information'.
=T
PARALLEL I/f0 NRTIL
There are s8ix registers on the SCC devoted to'parallel I/0. Three
registers are used to lateh outbound datsa and three regféters are used

to read Inbound data. This provides a total of 2L bits, of TTL-puffered
signals, both incoming end cutbhound,

- 13 -



TIMERS . ) . .

The SCC provides five Internal timers, which are accessed through
the five timer command porte and a timer status port vhich is common
to the UART atatus port. Each timer accepts a byte vhich represents a
delnay count {#-255) to be counted down by the timer chﬂck. When the
count reaches zero, the "Interrupt Pending" atatus bﬁp if ast.

Alternatively, the timer may be used to generate an éctunl interrupt to
the CPU if the Interrupt system 1s being used. Maximum delsy is 16.32

milligeconds.,

INTERRUPTS ) .

.The SCC provides tvo sets of ipterrupt structures: a maskablas
set and & single non-maskable interrupt (ﬁﬁf]. The WMI signal will
aluﬁyu override program execution. This q;é;al ia-avni}gble to the
user on S5-100 pin 12 aa L. . . |

The maskable Interrupt set can Interrupt program execution
cnly i1f the CPU has executed 'the enable interrupt instruction. Then,

- progran execution may be interrupted under one ¢f eight conditions:

1) Timer 1 timeocut

2) Timer 2 timeocut

3] THT (external rﬁqﬁeat]

L) Timer 3 timeout

5] IUART receiver data available
6) UART transmitter buffer empty
7) Timer L timecut

8) Timer 5 timecut

These conditiona are listed {n the order of priority with the most
important firat. If two conditions become true together, the condition
with the higher priority geta CPU service first. Each of the elght
conditiona 1a enahled by a gpecifis bit in the interrupt mask register on the 5CC.

I -1} -
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I/0 PORT SUMMARY

Table 3.2 surmarizes the alloeation of SCC 1/0 ports.

PORT ADDRESS

dg v

1

g2

#3

@5

p6

g7
.98 .
- f9 .-

gaH

#BH

TABLE 3,2:

INFUT FUNCTION

UART Status

UART Revr, Date
Hot Used
Interrupt Address
Parallel In {J3)
Not Usegd

Not Used

Not Used

Kot Used

Hot Used
Parallel In (J1}
Parallel In {J2}

ALLOCATION OF I/0 PORTS

QUTPUT FURCTION

Baud Rate

UAHT TX, Data
UART Command
Interrupt Mask
Parallel Out (J3)
Timer 1

Timer 2

Timer 3

Timer b

Timer 5

Parallel Out (J1)
Parallel Qut {J2)

{5

THE 8-100 BUS INTERFACE

This gection deals with the implementation of S-100 afignals by the

SCC. A series of charts shovwg the behavior of the bua during each

possible type of CPU cycle.

These charts are patternad aftay thoese in

the Z280A Technical Manual {inecluded with this manual) for emsy

reference.

A summary of bus pinout is found in Table k. 1.

One S5-100 signal does not occur mormally on the ZBO, namely PSYRC,

This signal, which alignals the beglnning of & new machine cycle ia™

T

synthesized from the MREQ and TORQ signalg in the following way: PSthl
is triggered by the falling edge of either uignal and atays high until

the next rising edge of the clock (§2).

Wavelorma for an instruction fetch are shown 1n Figﬁ?ﬁs 1l and 2.

waveforms for other memory eycles are shown in Figurea 3 and 4; I/0

cycles are shown in Figurea 5 and 6,

and hold acknowledge sequence, Figure 8 shows an interrupt request

followed by an interrupt acknowledge cycle.

Figure T shows a hold request

'Flgure 2 shows the

response to NMI nni Filgure 10 shows an exit from halt. ,:
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TUART Digital Interface
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Introduction

" The Cromemco TU-ART {Twin Universal Asyn-
chronous Receiver and Trentmitter} provides two
channels of duplex serial data exchange; two channels
of parallel data exchange; and ten interval timers. Sta-
tus information 15 available through polling or by
interrupt. In addition, each interval timer activates
an interrupt and two  interrupt reguest lines are
brought out for the user. The TU-ART has its own
crystal-controlled clock and interfaces to the 5100
bus asynchronously so that CPU clock frequency is
not critical. The TWU-ART incorporates two TMS
5501 NMOS 1/O Centroller chips.

1.1 Definitions

[
=

J

Throughaut this manual the twe TMS 5501 chips
«~ill ba referred to as “Device A" and “Device B.”
Device & {IC 4} is the leftmost chip. Device B [IC 5)
is the rightmost chip. Device A is nearer the heat
sink and drives serial connecter J4 and parallel ¢onnec-
tor J2. Oevice B is located 1o the right of Device A
and drives seriagl connector JS and parallel connector
J3,

1.2 Switch Selectable Options
Adcressing The TU-ART

The systern CPU views the TU-ART as a dual assem-
bly of inputfoutput ports with interrupt capability.
The CPU normally reads data or status from the
TU-ART via the 5-10Q bus by executing an IN A,
{rort} instruction, and writes dats or commands (o the
TU-ART by executing an OUT (part}, A instruction.

There are fourteen 1/O ports used for data transfers,

nmands and status by Device A, and another four-
en by Devica B {see Figure 2J. The user may indepen.
dently switch select Device A and Device B 1/0 Base
Addresses {the four most significant 1/0 address bits):
the four least significant bits of the I/0 address on the

S-1908 bus then determine the offset from the selected
base address.

The base address of Device A is selected by DIP
switch positions 6 thru 3; the base address of Device 8
is selected by DIP switch positions 10 thru 7 {see Fig-
ure 1). Motice that positioning a switch ON conditions
the TI-ART to respond to 2 logic @ on its assoctated
address line; an OFF switch corresponds to Jagic 1.

For example, if DIP switch positions 6 thru 3 are
ON, and positions 10 thre 7 are OFF, then the TU-
ART Device-A Command Register is mapped in1o oul--
put port @2H, and the Cevice B Command Hegister is-
mapped into output part PF 2H, -

Note that Device A bits A7, AB and A5 also controf
07, D6 and 05 of the TU-ART's Z-80 mode 2 Inter-
rupt Acknowledoe responsa vectar.

Interrupt Mode

When this switch {position 1) is ON, the TU-ART
operates in the B0BY interrupt mode: one of eight
"Restart:” instructions is gated to the data bus during
an Interrupt Acknowledge cycle. Since the TU-ART
can interrupt from one of 16 different sources, it is
necessary to poll the devices if the TU-ART is in 8080
mode (see “Operation Using 8083 Mede Interrupts’'},

When switch position 1 s QFF, the TU.ART re-
sponds in Z-B@ maode 2. In this mode, the TU-AR~
supplies a byte to the daia bus during Interrupt
Acknowledge that is used as the lower eight bits of a
memory address. The Z-80 supplias the upper eight
bits from the | register and autornatically reads the cor-
responding memary location, as well as the pext loca:
tion, to find the starting location of an interrupt
reutine. {Refer to Section 3.1 andfor the 2-89 CPU
Reference Manual, Zifog, 1977, for details.)

Normal/Reverse Address

When this switch {pasition ‘ij is ON, it allows Device
A and Device 8 to swap base addresses by means of
an output tg ong of the parallel ports {Software
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Address-Reverse). This allows either Device A or
-~ Device B to be driven by & software driver whose port
assignments are frezen in memary. Setting the switch
OMN connects the MSB of Device A's parallel output
porf 1o the Aeverse Address control so that addresses
may be flipped under software control. Te flip ad-
dresses, output a byte with D7 high to Device A's
paralle! eutput port,. To return 1o normal addressing,
output a byte with D7 low to Device B's paralle! gut:
put port. When switch position 2 is OFF, the Address
- Rewerse switch is disconnected from the parallel port.

The Addrass Reverse signal is brought out to pin 1

of J2 and J3. When the Address Reverse switch is ON.
pin 1 will show the state of the TU-ART: i

Pin 1= @ means Reverse Mode,
Pin 1= 1 means Normal Mode,

Whan the Address Reverse switch is OFF, pin 1 of
J2 or J3 may be grounded externally to place the TU-
ART in reverse Mode [Hardware Address-Reverse).
Do not ground pin 1 of J2 or J3 while the Reverss
Address switeh is ON as this will conflict with opera-
tion of Davice A's paralle! port.

Figure1 TU-ART Switch Settings

iM2 (2-8@ Interrupts)

Hardware Address Reverse

r

Ad =1
Device A AB=1
Base Address | ul
Al =1
L AT =1
Ad =1
Deviceg | AB=1
Base Address

AG =1

A7 =1

i

¥

g —
S —
g S—

N
O

L

IMQ (8088 Interrupts)

———

Software Address Aeverse

c

Ad =]
AS=0

AB =0

- I

A7 =1

9

Adw=p

L

ASw

a E ’

AB= 0

G

A=

=]

Caution: Base :ddresses BAH and 30H are used by LECT; and S58H is used by Cromemco’s PRI Printar

Crememco’s 4FDC Floppy Disc Controller; 4BH I3 Iaterface,

used by Cromemco memory boards with BANK SE-
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i3 lﬁterrupt Priority Chain

When more than one TU-ART is used in a system, it
is necessary to coordinate the [nterrupt Responses
in order to prevent bus conflict during Interrupt
Acknowledge cyeles. This is done by first connecting
J1 PRIORITY DUT from the highest priority TU-ART
to J1 PAIQAITY IN of the next highest priority TU-
ART, then connecting J1 PRIOAITY OUT of the
secand TU-ART 10 11 PRIORITY IN of the next TU-
ART, and so on until all TU-ARTs are connected, The
J1 PRIQAITY IN pin of the highest priority board is
teft unconnected. Device A& f5 internally prioritized
over Devige B on each TU-ART.

1.4 Status Bit Selection

The connection of status flag bits to data bits is
dane on the PC beoard at the focation of the status
socket below J4. Cromemco software canventions
assipn DE=Receiver Data Available [RDA), and D7=
Transmitter Buffer Empty (TBE). Fer specialized
assignments (like more than one bit per flag) see the
following “"Status Socket™ section.

Status Socket

The status flag bits available on input port & are
connected to the dsta bhits by foil traces in the
“status’ socket located between IC's B and 9.

The flag assignment used by all Cromemco- soft-
ware is discussed in the section entitled “‘Register
Description.”™

I necessary, the flags may be assigned to different
data bits. This may be most easily done as follows:

1. Notice that the flags are arranged along the’
left row of pads and that the data bits are
arranged alang the right side row of pads. Note
also that only those 8 traces connecting the
right and left pads are not covered by the solder
mask. There are 5 traces which pass through this
area which are covered.

2. Use a razor bfade or a sharp knife to cut al! B ot
the traces connecting the laft and right rows of
pads, Be very careful not to cut the trages which
are covered by the solder mask,

3. Install and solder a 16 pin IC socket in the 2 ]
rows of pads.

4. Install a 16 pin “component header” in the
socket.

5. Using small (24 or 2B Awg) insulated wire
connect the flags (on the left} to the desired
data bits {ocn the right} on the ‘component
header,

6. The component header is now a “'plug’* for your
particular flag assignment. Several different
flag assignment “plugs’” can be prepared in the
same manner and uvsed at different times 1o suit

- --the requirements of the software being exe-
cuted.

Any given flag may be assigned to mere than one
data bit. However, each data bit can bave only cne Tlag
assigned to it,
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1.5 Interface Options

TTY 20mA

To drive a Teletype, tha following connections

shouid be made {at J4 or J5 for Device A or B res- .

-pxctivety}: PR _

ASR-33 TTY

J4/15 PIN 23 connects to Yarmingl strip “BL*, terminal
- #7 leurrant into prister)

TU-ART

J4/45 PIN 25 connects 1o Terming!  strip “BL"™, terminal
’ #6 [raturn current from printer)

/U5 PIN 17 connectsic Termingl atrip “BL*, terminsl
#4 leurrant into keyhoard)

JAAS PIN 24 canpects 1o Tarminal sirip “BL”, terminal
#3 [raturn current from
kwyhord)

Cautian: 120 VAC it aluno prerant on tarminal strip “BL"
at tarminals #1 and #2.

RS/232C

An R5232 terminal {such as a CAT) may be plugged
inta an interface cable directly out of J4 or J5. The
TU-ART assumes the role .of data-set {computer) in
this case, See Figure B: Terminal to TU-ART Cable
for this comneclion,

Parallel1/0

The parallel port output drivers may be tri-stated
by grounding pin 8 of the parallel port (J2, J3L A
bidirectional bus may be implemented by simply
wiring the input and output lines together and using
pin B to control the direction of data flow, Pin 8 low
implies data input to the TU-ART &nd pin 8 high
implies data cutput from the TU-ART,
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Figure2 Summary Of TU-ART I/0 Port Addresses
—— A P, %
CFFSET A7 AG AL A4 A3 A2 AT AR [ FUNCTION ':
@ y o 0 B O IN Device A status register
i) @ 0 0 9 OUT Device A baud rale register
1 g ¢ a1 IN Device A receiver data register
1 g 0 9 1 OUT Device A transmitter data register
2 . g 0 1 @ OUT Device A& command register
3 Device A g g ¢ 4 IN Device A interrupt address register
3 Base Afjdm“ g ¢ 1 1 QUT Device A interrupt mask registar
4 (seeFig. N 0 | 5 ¢ IN Device A parallel port
4 g 1 0 B CQUT Device A paralle] port
5 l 2 1 @ 1 OUT Device A timer 1 |
6 g 11 @ CUT Device A timer 2
7 o 1t 1 1 OUT Device A timer 3 |
g 1 9 0 9 OUT Device A timer 4 !
9 1 8 @ 1 QUT Device A timer 5 :
8 P ¢ o 02 IN Device B status register ]
@ 9 0 ¢ @ QUT Device B baud rate register
1 15 I R R IN Device B receiver data register )
1 ¢ 2 o 1 OUT BDevice B transmitter data register
2 @ 0 1 @ | OUT Device B command register
3 Device B e -1 1 IN Device B interrupt address register J.
3 Base Address g 8 1 1 OUT QDevice B interrupt mask register !
4 (sceFig.7) © 1 @ O IN Device B parallel port ‘
4 ' @ 1 p @ OUT Device B parzllel port i
5 g 1 0 1 QOUT Device 8 timer 1
6 0 1 1 4@ OUT Device B timer 2
7 g 1 1 1 OUT Device B timer 3
8 1 9 90 9 QUT Device B timer 4
9 i a8 0 3 QUT Device B timer 5
NOTES:
All of the following unassigned ports are free for sys-
tem use: (N 2, IN 6 through IN 9, IN 1@ through
N 15 and QUT 19 through QUT 15.
If Device A and Device B are set to the same base -
address, Device A will override.
Device A s IC 4.
Device B is tC 5.
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2.1 Offset IN/OUT Description

Each of the twenty-eight TU-ART registers is
viewed a5 an WO paort by the system CPL, The fune-
tion of each register is discussed in the following sub-
sections. The sub-section headings consist of an 1/0
port address offset, follawed by either “IN” or “QUT,”
followed by tha TU-ART register name, The descrip-
tions given helow apply equally to Davice A registers
and Deviea B registers, Refer ta Figure 3 for a sum-
raary of TU-ART register formats.

E3IN Status Renister

The CPU reads the contents of this register to de-
termine the status of the Device A/Device B serfal port.
The status bit asstignments may be altered by cutting
FC foil traces and installing a jumper wire header {sae
Section 1.4],

02 |os | o8 (e [p3 Jor | or | ca
Tramwrir | Al Ini, Start Full - Crowri F tiamag
Buller Dyt Perad Bur Bir i un | Eqew
Empry Al ng Detecl | Dot | Rex Error

D7 Transmitter Buffar Empty [TBE}

A high in bit 7' indicates that the transmitter data
buffer is ready te accept a new byte. TBE goes high as
soon as the serial transmitter begins to send the biyte
currently in the buffer, Since the trangmitter s “dou-
ble-buffered,” the user may respond to the THE signal
gnd load the buffer éven before the previous byte
has been totally transmitted. TBE also activates
interrupt request %, TBE is cleared when the buffer is
loaded and is set by the AESET command.

'D6 Receiver Data Available {RDA}

A high in bit G indicates that a byte of data is avail-
able from the receiver buffer, This flag remains high
until the buffer iy read. A RESET command clears the
flag. If the buffer is not read by the time the next hyte
from the receiver is ready, the new byte will write over
the old byle and the overrun error flag witl be set.
RDA also activates inte:rupt request 4, ‘

D5 tnterrupt Pending {IPG)

A high in bit § indicates that >ne or mare of the
gight interrupt reguest sources has become active. This
flag goes high at the same time as the interrupt request
pin ol the TMS 6EQ1.

D4 Start Bit Detect {SBD)

A high In bit 4 indicates that the serial receiver has
detacted a start bit. This bit rermains high unti| the full
character has been received. SBD is cleared by RESET
command, This bit is provided for test purposss. -

3 Full Bit Detect (FBD)
b -
The FBD flag in bit 3 goes high one full bit tir ~
after the start bit has been detected, This bit rema.
high until the full character has bean received. FBD i
cleared by a RESET command. This kit is provided
for test purposes.

D2 Seriat Receive (SRV)

A high in bit 2 indicates high level on the serial data-
input line. A low [n bit 2 indicates a low level on the
serial data input line, SRV is high when nc data is be-
ing recaived, This bit is provided for break detection
and for test purposes,

D1 Overrun Ervor {ORE)

A high in bit 1 indicates that the receiver has Iﬁaaed
the receiver data buffer before the previous contents
were read. ORE is cleared aftar the status port s read
or by the RESET command.

D@ Frame Error (FME)

A high in bit @ indicates an error in one or botk of
the stop bits which “framed” the last received dats
byte, FME remains high until a valid character Is re-
ceived, -
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,Bﬂ 0UT Baud Rate Register

The CPU joads this register to sel the baud rate
and stop bits for serial receive and transmii data, Bit
assignmenis are as follows:

py |D6 |05 (D4 |pa |p2 | D1 | D@

STOP| 5600 | 4809 | 2400] 1200| 300| 150| 110
LEITS |

D7 Stop

A high in bit 7 selects one stop bit for serial receive
and transmit data. A low in bit 7 selects two stop
bits

D6-0Df Baud Rata

A high in one of the lower seven bits selects the
corresponding baud rate. |f more than one bit is high,
the highest rate selected witl result, 1f none of the bits
are high, the serial transmitter and receiver wil§ be
disabled, [For special purposes these baud rates can he
‘~ptupled—sea the description aof HBD in the command

gister.)

B1 IN Receiver Data

The CPU reads this register to obtain the assembled
byte of data froan the serial receiver.

P1 GUT Transmitier Data

The CPU loads this register with a data byte for
cerial transmission. -

(2 IN Not Connected

Reading this pdrt cavses no response from the
TU-ART, This input port is available 1o other parts of
the computer system.

D2 0UT Command Register

The format for the command register is as follows:

latched

Dy |DB |D5 | D4 D3 o2 |D1 D9

Mot | Noi HIGH{INTA | RST7

Usec! Ueed | Test | 8AUD| Enable | Sel.  {Break|Reset

DS Test Bit (TBb)

4 high in kit 5 disables the internal interrupt priori-
ty logic 2nd then enables the internal clock. Thus, the
signal on the INT pin of the 5501 becomes a TTL
tevel clock of 1562.56 Hz {125 kHz if HBD is high—
see D4 High Baud” below). TBS should be low for

normal operation,

D4 High Baud [HBD)

& high in bit 4 octuples the rate of the internal
clock., This causes the interval timers to couni eight
times faster and the serial data rates to increase eighl-
fald, When bit 4 is high, baud rates up to 76.BK baud
are availabla for high speed data transfers,

D3 INTA Enahle {INE)

A high in hit 3 allows the 5581 to respond to 2n
Interrupt Acknowledge by gating a Restart instrog-
tion into the data bus at the correct time and resetting
its internal interrupt request latch,

A low in hit 3 prevents the 5581 from detecting
an INTA cycle. Bit 3 should be high for narmal oper-
ation.

D2 RST7? Select {RS57)

A high in hit 2 connects the MSB of the paralley
input port to the interrupt reguest latch for the
lowest priority interrupt [interrupt 7). A low-1o-high
transition on the M5B of the parallel input port {P17)

will activate the interrupt request latch,

A law in bhit 2 connects the output of Timer & to
the interrupt reguest latch for the lowest priority intar-
rupt (interrupt 7). When the timer count reaches zero,

the interrupt request latch will be activated,

D1 Break (BRK}

A high in bit 1 holds the serial transmitter output in
the low state {spacing). RES will override (see "D
Reset’" belowl,

A low in bit 1 allows narmal operation. BRK should
be low for normal cperation,

D@ Reset [RES}

A high in bit { causes the following actions:
a) The Serial* Receiver geoes into search mode;
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BDA, 580, FBD, and ORE are set to 2ura,
The rontents of the receiver buffer are not
- affected.

b} The Serial trensmitter output is set high_{mark-
ing). 1 DO and 01 are-beth-high, the RES
- function_wil override. RES sets TBE high,

c) The interrupt register is cleared except for the
TBE interrupt request which is set high.

d] The interval titners are cleured

HES is not latched.

83 IN Interrupt Address

The CPL reads this register to obtain the encoded
acidress of the highest prigrity interrupt currently re.
questing service. This address i3 identical to the
“Hestart”™ instruction op-code for the interrupt
acknowledge. Thus, the register contents may be (in
arder of service priority):

CONMTENTS SOURCE
c7 Timer 1
CF Tirmer 2
D7 Sens
DF Timer 3
E? Receiver Data Available
EF Transmitter Buffer Supply
F? Timer 4
FF Timer & or PI?

This register is provided for sarvicing interrupts via
polling. After the register is read, the corresponding
bit in the interrupt. request register is reset. If the re-
gister it read when no interrupt is pending, it will
read OFFH,

B3 OUT Interrupt Mask ,

07 L6 Db Da D3 02 m o9

Timers|Timerd | TBE { ADA|Timesd | Sens | Timer? | Timerl
P17 1

The contents of this register are [ogically “And " ed
with output from the interrupt request register on the
§531. A high bit in the interrupt mask allows the cor-
respanding request to pass on into the prierity enced-
er, A low bit in the interrupt mask inhibits the corres.
ponding interrupt from passing any fusther. Since the

- interrupt requests are [atched independently of the

state of tha mask, an interrupt may be requested while
the mask bit is low, The request will be retained until

the mask is changed and the request aliowed 1D pass .

on {assuming no RES cammand in the interim).

A4 IN Parallel Input

This register contains the data presented at J2 (Qw
vice A} or at J3 {Device B). The input data must be
stable 75 ns after Input Strobe goes low. The peripher:
a! supplying data to the TU-ART can indicate data
available Ly activeting the SENS line {or by raising the
MSB of the parallel input if the RS? bit in the r:nm
mand reglsu.r is high}. H

When uging 2-B@ block input commands, it 15
necessary t¢ supply data at full speed. The input pen-
pheral should simply pult down the WAIT line {pin 21
of 11 or J3) whenever input Sirobe goes low and
shouid not let WAIT go high until the next byte iz pre-
sented to the TU-ART. (The TU-ART will not read
this byte unti! Input Strobe goes low again.)

84 QUT Paraliei Gutput

This register contains the data which drives the
paralle! output buffers. The output data is guarantged
stable 1.45 usec after the falling edge of Qutput
Strobe. The TTL output buffers which drive J2 {Da-
vice A) and J3 (Device B) may be put in a high-impe-

dance state by pulling down en Disabte {pin B).

When using the 2-8@ block output commands, it is
nob necessary to receive data at full speed. The output
perinheral should simply pull down the WAIT line
{pin 21 of J2 or J3} whenever Qutput Strobe goes lov
znd not lat WAIT go high until tha cutput peripherai
has had time to “digest™ the data,

a5 14 Not Connecied

Sama a5 Input P2.
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05 0UT Timer 1

The CFU outputs a “count” 1o this register 1o starg
Timer 1. This count is decremented by 1 every 64
pseconds after initial loading, When the count reaches
zero, hit @ of the interrupt request register is set and
the timer disabled. Since the maximum count 15 255,
the longest interval is 255x64 usec, = 16.32 msec,
Accuracy i3 plus O and minug §4 usec. Loading & count
of zero causes an immediaie interrupt request 1o the
Jffterrupt request register. Loading a new count while
the timer s counting re-initializes the timer without an
interrupt reguest. |f HBD js high in the command
register, the timers will count B times as fast.

€5 IN Mot Connected

Same as Input 02,

- B85 0UT Timer 2

]

i -

Operates in the same fashion as Timer 1,

87 IN Not Connected

) Same as Input 92,

87 0UT Timer 3

Operates in the same fashion as Timer 1.

B3 IN Not Connected

Same as Input B2,

B8 0UT Timer 4

Operates in the same fashion as Timer 1.

G9IN Mot Connected

Same as Input B2,

G 0UT Timer 5

Oparates in the same fashion as Timer 1.

BAH-OFFH IN And OUT Not Gunnguted

Addressing these 1/O ports causes no response from
the TU-ART. These }/O ports are available to other
jratts of the computer system,

Figure 3 Summary 0f Register Formats For TU-ART, Each Bevice

OFFSET| FUNCTION D7 o6 (D5 | pa | o3 | b2z { o1 | oo E.Egé
8 IN STATUS TBE _ RDA IPG S$BD FBD SRV ORE FME 6

B OUT STATUS  STOP 9600 480@ 24p0 1200 3¢ 150 118 7

1 IN SERIAL = MSB Direction of shift LSB 7

1 OUT SERIAL  MSB Direction of shift ~  LSB 7

2 OUT COMMAND - - . TBS HBO INE RS? BRK RES 78

3 I INT ADDR 1 1 4% 2% 10t 1 1 1 B

3 OUT INTMASK T5/M17 T4 TBE "RDA T3 SENS T2 T1 8

4 (N PARALLEL MS8 LSB 8

' 4 OUT PARALLEL MSB 158 8
5.9 QOUT Timer 1-5  MSB {Delay=count x 64 psec, HBD=@) 9

{Delay=count x 8 usee, HBD=1!

]

m i ooy of Din g

e L L.
- = -
- iy W

VT uwutr |
Terer 2
SEmE
Taran 3
A4

TRE
Tl &
Tumer &7
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Interrupt Operation J

3.1 Operation
The TU-ART offers sophisticated interrupt capabili- USIHQ ZBE] [nterrupts
ties, including on-hoard- pricrity encoding, interrupt

generation, Intorrupt  acknowledgment, wnd  daisy
chain expandability. These features, in conjunction
with the Cromemco 4 MHz 2-80 processor, make very
high throughput possible.

IMFORTANT

Both channels of the TU-ART must he proper-
ly initialized. An uninitialized TU-ART may gen-
erate spurious interrupts! Further, the rest of the
system must he interrupt compatible {all Cro-
memco boards are, although the BK Bytesaver
requires the interrupt modification shown on the
BK Bytesaver schematic).

A description of interrupt cperation follows for
both the Z-BB and BRBO 1ype intarrupt modes.

When the TU-ART is used with the Cromemco ZPL,

all 16 of the possible interrupt sources on tha TU-ART

£an generate a Unique respanse without the need for

chaining the interrupt requests and polling the re-

sponses. This means fast response from interrupt
request to service routine and, when coupled with the
4MHz Z-80, an extremely powerful realtime system
can be implemented.

A “high priority’ interrupt request is one which
takes precedence over lower priority requests, This is

shawn in the following table where the interrupts Sn‘:‘r '

viced first are at the top.
It is, of course, possible to use the interrupt

mask of each Device to setectively enable and disabte
the sources of interrupts (refecence the description of
OUT 83, Interrupt Mask, in the previous section],
Remember 'that the |NE bit in the status register must

ke high for correct operation of Interrupt Acknowl--

edge cycles. Also, be sure that the Z-8B0 has executec
the interrupt mode setting” command QEDSEH

Table 1 280 (Mode 2) Response

. . TU.ART’s [Hex!}
Priority Z-89 INTA Response Source of Interrupt
07 _,DE D DA ER3|02|D1| DG

15 {Highest) Bl o|e|e ;e | DeviceA, Timer
14 @810 1| @ | Device A, Timer2
13 B|@|1]@d| @ | Device A SENSA
12 ~ |l o |l o | @] &)1 11§ | Device A, Timer3
1 Cl<| <|p{1ie|a|p{| DeviceA RDA
10 E ‘E ‘E @) 1]|@8 |1 | @ | Device A, TBE

g <)l g} ®| i1 ]8 0| OeviceA Timerd

8 o[ a| a[@[1{1|1]|0 | DeviceA Timer5 (P17}

7 13| 5| 119|0|e|0] Devies Timer!

6 ol|lo |l o1 |0|e&]| 10 | DeviceB, Timer?2

5 Sl lgl 1@l 1|0 | e | DevieB SENSB

4 i o o i g 1 [l Device B, Timer 3

3 Wlvwtw gl 1|le| 9| e | DevieB, RDA

2 1 1 g1 1] Device B, TBE _ -
1 1 Ij11914a Device B, Timer 4 |
§ {{owest) : i ‘ 1711 ]1]@ " Device B, Timer 8 {PI7) |
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{*IM2") and the interrupt enable command OFBH

“EF'}. Both of these instructions must be executed

cach time the Z-80 js RESET,

Assuming that both the 2.80 and the TU-ART have
been initialized, the reception of a byte of serial data
at Device B would initiate the following sequence ot
events:

al The assembled byte is loaded into the receiver
data buffer,

b} The ADA status bit s set and the interrupt

.. request register (bit 3] is set.

* ¢} If bit 3 of the interrupt mask of the Device in
question is a one, the request passes on to the
priority encoder. [f bit 3 is a zera, ne further
action occurs until the mask is changed.

d} The priarity encoder compares all incoming in-
terrupt requests and sets its output 1o the value
of the highest priority incoming interrupt. Thus,
since Device B receives the serial data byte in
our example: the priority encoder will set its
output to “priority 3" if Timers 1, 2, 3, and
SENSB from Device B are inactive or masked
out. -

e] Device B's INT pin goes high, which in turn pulls

PINT low an the S-100 bus,

The Z.80 checks the interrupt line at the end of

the current instruction, and finding the line

active, goes into an Interrupt Acknowledge

{(INTA] cycle, :

gl The occurrence of the INTA cyele is detected
by the TU-ART which then transmits PRIORI-

\if}

TY OUT = 0 to connector J3. This temporarily
disables Interrupt Acknowledge f{rom lower
priority boards. If no board with higher priority
is halding PRIORITY IN low, and if Device A
has no interrupt pending, then Device B gates
the proper 2-80 INTA response vector onto the
data bus. In this example, Device B would place
18H logically ORed with (A7) (AB) [AS) D000
from Device A's base address on the data bus.
The corresponding bit in the interrupt request
latch is reset.

h! The 2.80 reads the INTA response byte and
appends it to the byte in the | register, This
then forms a sixteen bit address which points
to the first of two sequential bytes in memory
which in turn designate the actwal starting ad-
dress of the service routine. The CPU automa-
tically executes 3 CALL 10 this starting address.

3.2 Operation Using
3836 Mode Interrupts

When the TU-ART is used in 2-80 interrupt mode 0
it is necessary to “‘chain’ Device B through the SENS
input on Device A. This requires one of the eight INTA
responses, RST2 PD7HY, 1o be sorviced by a routine
which polls the status and interrupt address registers
of Device B. The remaining seven INTA responses are
serviced immediately. The resulting priority assign-
ments are shown in Table 2.

Table 2 z8p (Moce 0) Response

—— mbiiiemrerey " —
Lot TU-ART's {Hex] )
Priarity 8080 INTA Response Souca of Interrupt
15 {Highest} CF{RSTR) Cevice A, Timer 1
14 CF IRSTY) Device A, Timer 2,
i3 07 IRST2) Deyice B, Timer 1 _
12 . ¥ IRSTZ2) Device B, Timer 2.,
11 b7 (R5T2I Device B, SENSBE
10 D7 {RST2| Device B, Timer 3
9 D7 {R5T2) Device B, RDA
8 07 {R5T2) Device 8, TRE
7 7 IRST2) Device B, Timer 4
B D7 IRST2) Cevice B, Timer 5 (P17}
5 D7 (HST2) Devics B, SENSA
4 DF {RET3) Device A, Timer 3
3 E7 (AST4| Device A, RDA
2 £F {RST5) Device A, TBE
1 ] F7 {RSTB} Cevice A, Timer 4
D {Lovrest) FF [AST7] Device A, Timer 5 (F17] |

11
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It is of course, possible to use, the Interrupt mask of
each Device to selectively enable and disable the
sources of interrupts {referéence the discussion of
OuUT 23, Interrupt Mask, in the previous section),

It is not necessary to resat the INE status bit of
Device B to zero even though Device B can never re-
spond directly to an Interrupt Acknowledge (INTA}
cygle. The INTA status information is not fed to De-
vice B if BO8D mode INTA has been selected on the
Option DIP Switch, Therefore, the SH81 never at-
tempis to drive the bus during INTA,

Mo wiring changes are necessary to disconnect the
IMT pin of Device B frorn the FINT driver and to
connect it ta the Device A SENS pin. All this is done
watomatically when 8989 mode INTA has been select-
ed on the Qption D Switch. Note that SENSA at
Ji 15 still connected. Pulling this line low will gener-
ate an interrupt request. The Z-Bf must executa the
E! instruction {@FBH] after resets or interrupts before
2n interrupt may take place,

The sequence of events carrespaending to Device B
receiving a byte of sarial data are as follows:

al The assembled byte is loaded into the receiver
data buffer, ’

bl The RDA status bit .is set - the interrupt re-
quest register hit 3 is set, and the IPG status
bit is set in the device which received the charag-
ter {Device B in this example).

cl {f bit 3 of the interrupt mask of the device in
question is a one, the interrupt request passes
on to the priority encoder, 1f bit 3 is a zero, no
further action oceurs until the mask is changed.

d] The priority encoder compares all incoming
interrupt requests and sets.its output to the
value of the highest priprity incoming interrupt.
Thus, if Device B received the serial data byte
in our example, the priority encoder wilt sot its
eutput to priority three if and only if Device B's
Timars 1, 2, and 3 and SENSE arc inactive ar
maskwel nne,

e} Device B's INT pin goes high which in turn acti-
vates the SCS pun of Davige A

i If bit 2 of Device A's interrupt mask is a one,
the interrupt request will pass on to the priority

gl

h}

k)

enceder. |f bit 275 a zero, no further action™
oceurs until the mask is changed,

The pricrity encoder in Device A compares all
incoming interrupt requests and sets its ouiput
1o the value of the highest priority. incoming -
interrupt. In our example, the intarrupt from
Davice B activates the SENS input at Device A,
This interrupt will have 1op priarity if and only
if Device A's Timers 1 and 2 are inactive or
masked oul.

Device A's INT pin goes high which in turn pulls
PINT low on the 5-100 bus,

The CPU chacks the interrupt line at the end of
the current instruction and, finding it active.
goes into an Interrupt Acknowledge {INTAI
cycle.

The occurrence of the INTA cycle is detected by
the TU-AAT which then transmits PRIORITY
OUT = $# to J1. This temporarily disables later.
rupt Acknowledge from lower priority boar!

i1f no board with high priority is holding PR,
ORITY IN low, Device A will gate an B08Q
INTA response onto the bus, In this example,
Device & would place @D7H on the data bus
{RST2), The corresponding bit in Device A's
inierrupt request register is reset.

The Z-BQ reads the INTA response byte and’
performs a CALL to location 18H, the starting
address aof the HST2 service routine.

The service routine located at starting location
1@H, reads the status register of Device B. If
tPG is zero, no interrupts are pending in Davicy
B sa that the intarrupt reguest must hawve
originated from the SENSA line. The service

_routine branches to the appropriate subroutine,

If IPG is one, Device B has an interrupt prend-
ing which must be serviced, The source of the
interrupt is determined by reading Device B's
Intermipt Address register. In our exampl;-the
interrupt Address register would contain E7H.
When this byte is read, the corresponding bit
of the interrupt reguest regisier will be resar
The service routine has now determined the tn,
cause of the interrupt and branches to the ap.
proptiate subroutine,



3 .i..%,-, centro de educacion continua
E}l divisién de estudios de posgradeo
facultad de ingenjieria unam

HICROPROCESADORES: TEORIA Y APLICACIONES

BY TEJ S AV ER
11

MARZO, 1 9 8 0

Fulacio da Mineria Calle da Tocubao 5 primer klso México 3, D. F Tel: 321.40-20






Operating the BYTESAVER Il board simply involvas
inserting from one to eight 2708 PROM devices in
sockets ROMOQ - ROM?7 {(any sockels may be usead or
left unused), setting four swilch groups to configure
the board, plugging the boardinto a convenient 5-100
bus siot, then applying system power. To program a
FROM, you will additionally need to run soltware
described in Section 3, PROM PADGRAMMING iN-
STRUCTIONS,

2.1 Switch Options-An Overview

The BYTESAVER Il is configured by setting four
switch groups located along the top edge ol the board
{see Figure 1}, To provide anoperational gverview, ang

forlater quick reference, the function of each switchis
briefly explained in this section.

PROGRAN POVIER TOGGLE SYNITCH

The PROGRAM POWER switch turns the -+33.5 volt
dc to dc power supply ON and OFF. Position this
switch ON before PROM programming; pasition it OFF
when done to prevent inadvertent re-programming.

PROGRAT! ENABLE SWITCHES

The eight PROGRAM ENABLE switches individually
enable and inhibit programming sockets ROMO thru
ROMY. An ON switch enables programming; an OFF
switch inhibits programming. These switches may be
alternately viewed as MEMORY PROTECT switches,

Figure 1: SWITGH LOGATIONS
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preventing any memaory wrile aperations when in the
QFF positian.

To enable and disable socket programming, associ-
ate ihe board socket numbers [ROMO-ROM7) with
the numerals printed abowve the switch DIP (7 to thefar
laft, @ to the far right).

BANK-SELECT SWITCHES

The eight BANK SELECT switches map the BYTE-
SAVER Il into any combination of B4K-hyte memory
.banks {bank D — bank 7). Sefling a BANK SELECGT
switch ON logically places the board In the corres-
pondingly numbered memory bank; an OFF swilch
logically removes the board from a bank. Again, as-
sociate the bank number with the numerals printed
above the BANK SELECT swiichas, not the numerals
an the CIP proper.

ADOR/CONTROL SWITCHES

The ADCR/CONTROL switches control several dif-
lerent functions (see Figure 2),

The BANK ENABLE/DISABLE switch enables multi-
ple B4K memory banks (bank 0—bank 7) when OM, and

disables multiple banks when OFF {normal direct £
addressing).

The DMA ENABLE/DISABLE swilch enables DMA
OVERRIDE when ON and disables DMA OVERRIDE
when OFF. For normal direct 64K DMA addressing,
position the switch OFF. When performing DMA with
memaory banks enabled, turn the switch ON. The DMA
IN/OUT switch is active only when DMA OVERRIDE is
enabled. With DMA OVERRIDE enabled, the BYTE-
SAVER Il will respond directly to a DMAin the board's
16-bit address range by board enabling if DMA is IN,
and by board disabling if DMA is OUT, regardless of
current active memory bank status at the time. This
feature effectively permits the user to defing one
board out of several stacked in different memory
banks as the DMAboard (the one with DMAIN), and ihe
boards in other memory banks as non-OMA boards
{the one with OMA QUTY,

The WAIT STATE switch is used to match the CPL
cycle time to the 2708 FROM 450ns {max} memaory
access ime, Posltioning the WAIT STATE switch ON
intfroduces one wait state durlng each machine cycle;
the OFF position introduces no wait states. When
used in & Cromemco system with a ZPU running at 4

9

Figure 2; ADDR/CONTROL SY/ITCHES

SWITCH
NUMBER
1. BANK EHABLE
2. DMA OVERRIDE
3, OMA IN/OUT
Co4, WAIT STATE
3. AlS BLOCK SELECT

G, Al4 BLOCK SELECT

T. Al BLOCK SELECT

a8 KOT UEED

FURCTION
ON =ENABLED
OFF = DISABLED

ON =ENASLED
OFF = HSABLED

Ol =DMA OUT
QFF = DA IN

0N = ONE WAIT STATE
OFF = NO WAIT STATES
ON ={AI15=HI}
OFF ={a15=L0)
OGN =(Al4 =HI)
OFF ={&15=L0]

{N =[AlI3=HI)
OFF = (A3 = LD}

13 4 7 8
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MHz, position the switch ON. The switch may be feft
,OFF when operaling at 2 MHz.

The three high order address select switches A13,
A14 and A15 memory map the BYTESAVERII into one-
of-eight 8K-byte memory "blocks.” Setting all three
switches OFF maps the BYTESAVER |l inlo the lowest
BK-byte block cf memary (0000H - 1FFFH); setting all
switches ON maps the board Inlo the highest BK-byte
block (ECCCH — FFFFH).

——— "

To program a 2708 PROM in sockel ROM 7, all
switch seltings remain the same exce pt the PROGRAM
POWER swilch, which must be turned ON. @

The following example illustrates all uf the B‘ETESAUEH
Il special features,

EXAMPLE 2

EXAMPLE 1

Suppase you have a 4 MHz Cromemco system,
and you wani o memory map your BYTESAVER i
into the highest 8K-byte memory block (EQO0DH -
FFFFH). As a slandard praclics, you decide o program
2708 PROMs in socket ROM7 anly. Also assume
there is no other memory overfapping the uppermost
8K ol memory, So muitiple moamory banks are nol
required

For memory read operalion, the BYTESAVER i
swilch setlings would then be as shown in Figure 3.

O T

Suppose you set your Cromemco ZPU card for 2
MHz operaifon, and assign your BYTESAVER II to
memopry block 4 {(8000H-9FFFH). Again as a stan-
dard praclice, you program 2708 PROMs in socka!
ROMT only, )

Also assume another Cromemco mamory board
with BANK SELECT exisis for DMA transfers anly In
averlapping memory B000H — BFFFH, bank T (& °
16KZ RAM card, for exampie). You then decide to
map the BYTESAVER Il Info memory bank 0 so that it
wilf be gnablad on a system RESET ora PowerON
Clear (see Section 2.5 lor datails).

=

- Figure 3: EXAMPLE

1 SWITCH SETTINGS
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PAOGRAM ENABLE
ROM 7
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BANKYS NIABLED

OM A& QWERAIDE DISABLED ——

IRREL EVANT SINCE M4
OVvERRIDE CISABLED

ONE WAIT STATE

oSl ksl Al
NOT USED —— J




Tha correct BYTESAVER If switch seltings for this
configuration are then shown in Figure 4. 8

ROMO-ROM7), and the remaining ten addresslines
AC-A9 are used to address pne-of-1024 bytesona
2708 PROM (see Figure 5).

The sections which immediaiely follow discuss allof .
‘the BYTESAVER Il special features and operational F[gure BBYTESAVERIIADDRESSING
mades touchad upon in this section in grealer detail, : .
. . . Execute GUT {40), A }—Seleci bank 0 - bank 7 :
i i combination
2.2 Addressing The Bytesaver li A15
L . . Atd Select one-af-efght
Addressing a byle on the BYTESAVER Il involves A3 | BYTESAVER lis
{four levels of selection: choosing a memory bank, a Al2 ]
memory board, an 1C chip, and finally chogsing 1he A1l Select one-of-eight
byte-on-chip. A0 2708 chips
- Memory banks are addressed by the CPU outputiing .
a conire! word 1o an integral QUTPUT PORT 404 ig
contgined on each BYTESAVER il board. Board, chip A7
and byle-on-chip are all decoded from the sixteen bit AG
addrass sent out by the CPU on the 5-100 bus. A% -of-1024
Since the board capacity [s 8K bytes, board selectis Ad g::::’t one-of-102
generated by the high order address lines A13, Al4 ig
and A15. There are eight ROM sockets, sa the nexl At
ihree high order address lines A10, A1T and A12 are AD
used to hardware generate chip enable (selaecting - L
-
Figure 4: EXARIPLE 2 SWITCH SETTINGS
PROGE & R L
L € I
ICTHINTS gam
FROGRAM ENZBLE
ROM 7
PROGRAM DHEASLE
RQW 3-ROM & BANK |- BANK 7
BOMRD (W BAN O
SN BYTESAVER II pupus pnseren
oMA OVERRIDE EMABLED—
DmMa oUT
MO WAIT §5TATES ————] h
A%l k14107 813 i
NOT USED




2.3 Board SELECT/GHIP Select

The three high order S-100 bus address lines ara
hardware compared to switches A13, A4 and A15in
the ADDR/CONTROL switch group. Any swilch ON
coitesponds 1o a selected logic 1 onits corresponding
addre:ss tine; any swilch OFF selects a logic 0 on its
corresponding address line. The eight swilch saiting
combinations and their corresponding BYTESAVER |
memory block assignments are tabulated below.

Tahle 1
SWITCH BYTESAVER Il

AS | Aa1s | a3 MEMORY ASSIGNNENT

OFF OFF OFF | pood — 1FFF: BLOCK 0

OFF OFF ON | 2000 — 3FFF; BLOCK 1°

OFF ON  OFF | 4000 — 5FFF: BLOCK 2

OFF ON  ON | 6000 — 7FFF: BLOCK 3

ON  OFF OFF | 8000 — OFFF; BLOCK 4

ON  OFF ON | ADOO — BFFF; BLOCK S

ON ON  OFF | COO0 — DFFF: BLOCK 6
y ON ON  ON | E000 — FFFF; BLOCK 7

Each ROM socket ROMO - ROM7 spans a 1K-byte
swath of memory. Address lines A0 -Al12 feed aone-
ol-eight decoder {IC19 inthe BYTESAVER It Schematic)
ta generate select signa!ls for each ROM socket, The
entire 64K address space may then be spanped by
gight BYTESAVER Il boards. Figure & illustrates such )
anarrangement along withthe address range spanne
by each ROM socket. )

EXAMPLE 3

Suppose you programmed four 2708 PROM s with
Cromemco's Z-80 MONITOR and 3K Control BASIC.
The Z-80 MONITOR spans addresses EODOH - E3FFH,
and Control BASIC spans E400H - EFFFH. To foad
these programs, you would then place the four |
prograrmvmmed FROMs in sockets ROMO, ROMT, ROM2
and ROM3 on a BYTESAVER Il assigned to EDOQH - -
FFEFH with A13=1, Ald4=1 and Al5=i.0

Carefully note that another memaory medule may
not be mapped into the "hole” created by an empty
BYTESAVER IlROM socket. The BYTESAVER llreads
an empty ROM socket as memory data OFFH, and
actively drivesthe S-100 0| bus lines D10-D17 atlogic

Figure 6: EIGHT BYTESAVER 11s SPANNING THE G4 ADDRESS SPACE
] . BOARD . SOCKET I
AROCRE3SES ADDRESSES OORERS
/ FoM # -::;;
ADOHESS o E FROO
FRFF ow 5 00
b i
our 2
o BTTESAYER & ' :":" :::
ROM O
o HY TESAYER & “u: Li Ecm;
. ghon W _HOM B naaq 2l
BYTESAVEH % 2
o BTTEBAVEA § z:; 2400
. AGD S trearens /u’" HOM T zlx
ACM &
e BY TESAVER | "G:ﬁ ::gz
s A
- == .
Row 2 o400 -
Row | g4
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1 levels theraby creating a Bl bus conflict when
competing with another mamory modula.

2.4 Rlemory Banks

BANK SELECT is an optional board feature which
efaclively allows memaory expansion beyond the CPL's
64¥ direct addressing range. This feature may be
compietely disabled by switch selecting BANK DISABLE
in the ADDR/CONTROL switch group. When this is
- ‘done, the eight BANK SELECT switch settings become
irrefevant. In this mode the BYTESAVER Il exists only
in the assigned 8X-byte memory Block of the CPU's
84K direct addressing rangs for memory read, PROM
programming and DMA oparations.

To enable memary banks, switch selaci BANK ENABLE
in the ADDR/CONTROL switch group. When thisg is

done, the BYTESAVER Il is logically placed in one ¢°
morg §4K-byle mamory.banks with the aight BAN
SELECT switches, and bank addressing is softwaro
controtled by execuling the QUT {40H), A (or equivalent)
Z-80 instruction.

Memory may be stacked up to eight banks deep {see
Figure 7). Positioning ona gr more BANK SELECT
swilches ON places a BYTESAVER It in cach corres-
ponding memory bank. On the olher hand, positioning
all switches OFF completaly removes the board from
the memory map (except possibly for DA transters—
see Saction 2.6). - .

As stated above, memery banks are activated and
de-activaled under software control. Each BYTESAVER
Il containg an integral OUTPUT PORT 40H which
latchas the bits of the control byte output to it by the
CPU, Each set bit (logic 1) enables its corresponding

Figure 7: THE MERORY MAP WITH MULTIPLE MEMORY BANKS
+orm — I I - IJ‘I
| 1 I-
I - =y
. [ 1oL
! 15-8!T [ . -4
- ADDRESS [~ |-
FFFFR | . . . - 1 |-
i s | pLock? - -1 -
B uiniiataly A | stzr By TES
- .BLOCK & 3 -1 1. TOTAL
- EI.:,L'ZJG.H 5 BRREEEN
'bLt;qK 4 - h -1 |- ]
: B‘LDICJK 3L s _1_
oo i 1 1 |BANK Y
BLOCK 2 - "1 |JdBank e
__________ 1 |_BAMK S
e “1 |IB8aNK 4
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memory bank, and each reset cit (logic Q) aisablesils
‘bank. Control byte bit 7 (M3B) conlrols memaory bank
7, bit 8 controls memory bank B, etc.

if the BYTESAVER Ilis switch mapped into any of the
banks activaled by lhe control byte (logical OR), the
board responds when addressed and thus is placed
*in" the memory map. When this condition occurs, lhe
green LED indicator lights. Conversely, if the BYTE-
SAVER lis switch mapped into no bank aglivated by
the ocutput control byte, the board will not respond
when addressed and thus is "put” of the memory man.
wWhen a control byte inactivates the board, the green
LED indicator goes out, and more specifically, the
board responds by tri-stating {lloating) all of lts output
lines. This behavior allows two or more memary boards
with BANK SELECT to occupy the same or overlap-
ping 16-bit address space but in different memaory
banks, provided only one board is memory bank active

at a time, and all olher boards are inactive. Memory ™
bank conlticts may result if:

a) Twoor more address ovarlapping memory boards
are switch assigned lo the same memaory bank, or

b} Two or more 16-bit address overlapping memaory
beoards assigned to disjgint memory banks
are simultaneously activated by the same control
byte. '

EXAMPLE 4

Suppose two BYTESAVER s are both mapped
Inio the yuppermosi 8K of memary and their menory
bank Switches are set as shown in Figure 8 The
rasulting memory map is then shown in Figure 9.8

Figure 8: EXAMPLE 4 SWITCH SETTINGS "
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* Exaculing the instructions below activates
memory banks 2 and 3, and de-activates all
cther memory banks, The instructions then
place both board A and board B in inactive
mamory banks (both boards inaccessible).

To continue the same sample, the sample programs
_ahead illustrate how to memory bank enable and
disable the two boards.

ADDR | OBJECT MNEMONIC COMMENT

ooon | 3EOC LD A000011D0B | :LOAD 000G 1100 INTC REG. A
0002 0340 OUT  {30H)LA CUTPUT CONTROL BYTE TO
D004 — - PORT 40H

JNEXT INSTRUCTION

Figure 9: EXAMPLE 4 MEMORY MAP
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* Executing the instructions below simultaneously
activates both boards Aand B, and thusis illegal.

ADDR | OBJECT MNEMONIC COMMENT
D000 LD  A100000018 | ;LOAD 1000 0001 INTO REG. A
D002 QUT ({40H)A OUTPUT CONTROL BYTE TO
0004 - PORT 40H .

(MEXT INSTRUCTION -

= Executing the instructions below places board A

in an active memory bank, ard board B in an
inactive memory bank (board A available for

memory read, PROM programming and DMA
transfers; board B inaccessible).

ADDR | OBJECT MNERWONIC COMMENT
0000 | 3E01 LD~ A00000001B | ;LOAD 0000 D001 INTO REG. A
0002 | D340 | OUT (40HLA ;OUTPUT CONTROL BYTE TC
0004 — - ' PORT 4GH

" {NEXT INSTRUCTION -

» Exacuting the instructions balow places board A
in an inactive memaory bank and board B in an
active memory bank (board A inaccessible; board

Bavailable for memoryread, PROM pmgrammmg
and DMA transfers).

ADDR| OBJECT MNEMONIC COMMENT
0000 | 3EEBC | LD AD1100000 |;LOAD G110 0000 INTO REG. A
0002 | D340 | OUT (40H)A :OUTPUT CONTROL BYTE 10
0004 - | = PORT 40H

‘ ;NEXT INSTRUGTION

2.5 SELECT BANK 8 On RESET Or
POVIER-ON-CLEAR (POC)

When system power is first applied, or after a
subsequent system RESET, the BYTESAVER Il will
respond in ona of two different ways, If multiple

memory banks are DISABLED, the board will remain
“in” the memory map n the CPU's B4K-byte direct

.t addressmg range.

#f multiple memory banks are ENABLED, memnry
hank 0 is automatically hardware aclivated by a system
RESET ora PQC, and bank 1 -bank 7 are de-activated.

10

Thus, a RESET or a POC 1o the boards in Example 4~
would activate board A, and de-activate board B.

2.6 Direct Memory Access

A device may request direct memory access to the
BYTESAVER I by asserting the § 100 bus line pHOLD
low. The CPU grants the request by driving line pHLDA
{hald acknowledge] high. When control line pHLDA is
high, the device then maydirectly drive the 5-100 bus
address lines and conlrol lines {(which are tri-stated
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during OMA transters when pHLDA is high}, and use
the data bus lines for reading or writing without CPU
intervention. The device may then transfer data at a
rate limited only by the memory access time.

The general features of & DMA transfer are than:

« Fast asynchronous read or write access to mamory.

s The DMA device should not be responsitle for
many overhead tasks {such as memary bank
switching) 1o keep the memory access as quick
as possible, .

s Tha access is direct—ng CPU intervention to
slow Lhe transfer.

= The DMA device must be capable of controlling
and driving the tri-slated address, data and con-
trol busses.

Inline with this ganeral philosophy, the BYTESAVER -

{I's OMA response behavior is controlled by two swilches
in the ADDR/CONTROL switch groupy; CMA OVERRIDE
and DMA INJOUT. There are four possible switch

setling combinations; each is tabulated and discusse.
below. '

The first table entry indicales the boart behavior
with DMA QVERRIDE DISABLED {note that Inthis case
the DMA IN/OUT switch satting is irrelevant). Here, tha
key phrase |s “correctly addressed;” the BYTESAVER
I'will respond for memory read, write (PROM program-
ming} or DMA transfers only when it is in an aclive
memory bank {if muitiple memory banks are enabled],
and the S-100 bus acldress falls within the board’s
assigned 8K block of memary. The board in effect
does not differentiate between 2 DMA data transter
and a normal read/wrlie cycle in any way.

The BYTESAVER Il does differentiate between DMA
and non-DiA transfers with DMA OVERRIDE ENABLED,
as shown in the Iast two fable entries. A typical
application demonstrating how DMA OVERRIDE works
is shown in Figure 10,

Here, two BYTESAVER lIs are assignad 1o the same
1B6-bit address space with switches A13, A1d4 and A15,
board A is assigned to memory bank 0, and board B g
memary bank 1 {any other Cromemco memaory boards

Table 2

BYTESAVER Il RESPONSE

DMA OYERRIDE. | D2A IN/CUT
SVATGH SWITCH
DISAElEE:I IN or OUT
ENABLED ouT

ENABLED IN

Board enables when
correctly addressed
fof aithar CMA or
ron-DMA fransfers,

Board enables when
correcily addressed
for non-DMA transfers
inormal operation);
board disables during
any system .DMA
transfer.

Board enables when
correctly addressed
for non-DMA trans-
fars; board enablas
when he OMA de-
vice addresses the , ’
board's assigned 8K
block of memory,
regardless of which
banks were active
befora tha DMA re- | -
quest,




Byiesaver il

with BANK SELECT and DMA OVERRIDE could also

-he used in the example). For non-DMA transfers, both
boards are available for read/write operations when
correctly addressed {board Ais in memory bank 0 at
EDOOQH — FFFFH and board B is in memory bank 1 at
EOQQH — FFFFHY..

When the CPU grants an asynchronous DMA request
by driving the pHLDA line high, beard A automatically
disables and board B enables when the 3-100 bus
address isin the range EQQO0H - FFFFH, regardiess of
which board was in an active memary bank befare the
request.

Thus, the DMA OVERRIDE fealurg is sgen as a
means of overriding logical memory bank bounda.
ries during a DMA transfer. This provides afast way
of vactoring the DMA device to the DMA board {the-
ane with DMA IN}and disabling all non-DMA boards
(the oneswith DMA QUT) without burdening the DMA
device with any overhead memory bank switching
responsibilities. )

It should be noted that after the DMA transfer is
completed, both BYTESAVER s revert back {o the
same memary bank status which existed before the
DMA transfer.

Ftgure 10: DA OVERRIDE EXAKTPLE CONFIGURATION

BOARD B
RESPOMNDS TOD
Gma REQUESTS

A\

BanK SELECT

[ -
-8
]

BOARD A
DISABLES DURING
DM& TRANSFERS

A\

8K BYTESAVER IT’

BANK SELECT

A

MEMORY BANMS EHAELED—”
DMA OVERRIDE ENASLED

OMA [N
AlS=|
Ald=]
A13=1

r =G

AlS

Al4

Ald
8K BYTESAVER 7™

MEMDRY BANKS ENABLED
DyA OVERRIDE ENARLED

Oma ouT
=1
&)

j}w




LAl

')

.-n.-

—— o — A A—— et
L = e

R

The 2708 Is an 8,192-bit ultraviolet light erasable
and electrically programmable read-only mamary chip.
The 2708 is erased, thereby forcing all bits to the logic
1 state, by expasing the chip's transparent guartz
window to intense wtraviolet radiation, Consult the
2708 manufacturer's literature for detalled erasure
proceduras.

To program a 2708 PAOM, insert an erased 2708
into a PROGRAM ENABLED BYTESAVER Il socks!
with the system power OFF, turn ON the system
power, lum the PROGHAM POWER switch ON, thaen
execule one of the Cromemee system programming
commands described in the lollowing secliona. If the
PROM is to remaln in the same sogket after program-
ming, the sockel would thenbe PROGRAM DISABLED.
The PROGRAM POWER swiltch should be turned OFF
atter programming to prevent inadvertent re-program-
ming of other PROMs on the board.

Each 2708 byte is programmed by selectively changing
lagic 1 {erased) bits to the logic O state as required by
the pattern being pregrammed. 2708s may be re-
programmed without intervening erasure provided no
attemptis made to change logic 4 bits back ta the logic
1 state—only complete EPROMerasure can f-::-rt:e this
transition.

The Cromemco PROM programming scHware de-
scribed below writes a squrce code byta to each 2708
address in sequence. This procass s then repeatad
until al 1,024 bytes of source code data have been

written to the PROM 380 separate imeas. The BYTESAVER.

I responds to each memory write cycle by forcing the
CPU into an idle state by asserting the CPU pRDY line
low, driving the eight 2708 data cutput pins with the
source code byte, and applying a digitally counted 192
usec PROGRAM PULSE (low for 16 usec, high for 176
usec) to the 2708 PROGRAM input pin while the
CS/WE line is held at +12 volts. Upan completion of
the 192 usec intervat, the pRDY line s again asserted
high, and program execution resumes. Programming
time for one 2708 is then approximately {192 usec/byle)
x {1,024 bytes} x {360 programming passes} =
seconds,

Specitic 2708 programming examples appearin tha
next three sections. Section 3.1 {llusirates how to
program 2708s using Cromemco's Z-80 MONITOR,
DEBUG and ROS system commands, Section 3.2
discusses programming using 3K Control BASIC, and
Section 3.3 iliustrates how ta program 2708s from Z-
80 Assembly Language code.

3.1 Programming From DEBUG, Z- 80
Monitor Or ROS

DEBUG (on disc package madel FDA-S/L), 2-80
MONITOR {model number ZM-108) and RQS (model
number ZA-808) all suppart a one line 2708 program-
ming command. The respective command lormats are
ilustrated below:

-P EQDQ E3FF FCOQ<CR> ' (DEBLG)
:PEQOD ERFF FCOO<CR> {Z-80 MONITOR)
PROM, EQOO, E3FF, FCOO <CR> (ROS) ’

where <CR> stands for pressing the RETURN key.
£ach command would result in praogramming a PROM
located at FCOOH -FFFFH with source code located at
EDOOH ~ E3FFH. Alternatively, these commands could
have been entered as:

-P E000 5400 FCOO <CR>> (DEBUG)
‘P EDQ0 5400 FCOO <CR> (Z-80 MONITOR)
PROM, 000, S400, FCOO<CR> {ROS)

using the swath operator.

The first two arguments in each command define the
source code starting location and extent in mamory.
The source code location may be specilied in terms of
absolute addresses asin the first three axamples, orin
terms of a starting addrass and a swath width as In the
last three. The third argument defines the 2708 starting
address on the BYTESAVER . The size of the source
file {its swath width) and the 2708 starting address
must be an exact multiple of 400H (the addresses
must end in gither 000H, 400H, 800H or COOH) ar the
command wili be rejected and an error messaga
issued.

After pn::graaning the 2708, the source codae i -

compared to the PROM contents, and any discrepan-
Cies are printed out according ta the format illustrated
below:

E000 2C 20 FCOO
E28C 03 05 FEBC
E3FF C9 ED FFFF

This prntoutindicates the sourc: code byte 2CH at
EOGOH was Incorrectly programmed intg the 2708 as

2DH at address FCOOH, etc, (f there are discrepancies, .
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often reprogramming the 2708 with the same source
code wlll change "stubborn™ b|ts to their proper state.

jfthera are No programming errors, the user is prompted -

for @ new commangd,

EXAMPLE 5

Assume you have 2K-bytes of develpopment solt-
ware localed at 1000H - 17FFH which you wani to
store in 2708 PROM, Two srasad 27085 occupy
sockets ROME and ROMT on & BYTESAVER H

" assigned 10 memory area E000H — FFFFH.

To program the PROMS, you would then PROGRAM
ENABLE sockeis ROMS and ROM7T, turn the PRO-
GRAM POWER switchh ON, and issug one of the
fallowing commands, dependmg on which operating
System is running:

-2 1000 17FF FBOO<CA> = or (DEBUG)
-E 1000 S800 FBOOLCR >

‘P 1000 17FF FBOO<CA> or (Z-80

:P 1000 S800 FBOO<CR> MONITOR)
PROM,1000,17FF.FBO0<CR> or  (ROS)

PROM, 1000,5800.F800<CR>

w

Allar programming is complete, the PROGRAM
POWER switch should ba turned OFF &

Storing a disc file program in 2708 PROM is usually
accomplished by reading the disc scurce file inlg
RAM, then executing the DEBLUG “P" (Program Proms)
cammand to write the RAM data to PRCOM located
elsewhara in memory. A potential problam exists when
" programming 2708s with a ".HEX" extension object
file using this procedure,

Moving a source file from disc 10 RAMis accomplished
using the “F" {specify lile name) and the *R” [read disc
tile) DEBUG commands. Thesa commands will attemat
to load the .HEX file from the disc into RAM beginning
at the address specified by the “OR{G" slatement
contained in the source code. The address 50 defined
may nol be RAM at all, or the area specified may be
inconvenlent for other reasons. To circumvent this

problem, the HEX file should be readinto aconventent

RAM area by specifying an appropriate displacement
as the argument of the DEBUG “R" command (see

nexi example}. For further details, refer 1o Cromemco’s -

. Macro Assembler Manual, |

EXAMPLE &

Suppose you have a program named SAMPLE
which ig "ODRGed” at 9200H. You use Cromamco's

ASMB program to create a HEX objac! tile on disc.
You would fike io read the HEX file from the disc 10
AAM starting at 200+, and then io use this data {0
program a 2708 PROM residing at FCOOH — FFFFH.

With DEBUG running, you would then type:

“-FSAMPLEHEX<CA>

This specities the file name as"SAMPLEHEX." Then
type: |

-R7000H

This reads the Hie lrom the disc with e displacemeant
of 7000H. The displacement 7000H is added to the
ORG operand 9200H to yeld the loading point
g200H+7000H= 10200H=0200H when the carry is
discarged Then 1yper

-P 200 5400 FCOO<CR>

This command programs the 2708 at FCOOH with
the source code focated at 200H - 5FFH. »

3.2 Programming From 3K Controi
BASIC

3K Control BASIC (model numbar CB-308) program
text may be stored in 2708 FROM for subsequant
loading and axecutlon by issuing an “EPHDM direct
command.

To SAVE a Control BASIC (CB) program ina 2708
FROM:

a) Determing the length of the CB program tex!
using tha CB SIZE function value.

h) PROGRAM ENABLE sockets containing erased
2708 PROMs.

¢) Turn the PROGRAM POWER switch ON.

d} 'ssue an EPROM ppp command where “ppp” is
the 2708 PROM starting "page” address.

e] Alter receiving a CBmessage indicaling success-
ful programming, turn the PROGRAM POWER
switch OFF.

3K Control BASIC Iogically partitions memary into
"pages,” whare | page = 258 bytes, Pages (0 and 1
{O000H ~ 01FFH) are not used by CB; pages 2and 3
{0200H — 03FFH) are used for varigbles, the input
buffer and the stack; pages 4 thru 31 {0400H - 1FFFH)
are normally used for CB program text and arrays; and
pages 32 on (2000H - end of user RAMN) are normally
used to save CB program liles {see Figure 11).

The 'EPROM ppp’ command is used to program
2708s with the CB text area for laler axecution, the
'LOAD ppp’ command reads a file from memaory back

- jnto the text area for editing, and the 'RUN pop’

14

command initiates execution of the program text
located al page 'ppp.’
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-The-phge numbear arguments of the EPROM, RUN
and LOAD commands are specified In decimal. Forthe
EPROM command, the page argument is the starling
‘address of erased 2708 PROM. This numbermustbe a
muitiple of 4, and sufficient erased PROM should slart
at this address to contain all of the CB program text. If
the CB text does not completely fill any 2708, the
remainder f lhe PROM will be filled with data 0OH, and
thus tha unused area is not available for other
data &r CB text,

To determine the GB program text length, first clear
the lext araa wilh the NEW command, then execute

the CB program shown below which evaluates ana
oufpuls the SIZE function value. The SIZE function
evaluates to the number of bytes allocated to, but left
unused by the program fext.

>t PRINT SiZE
>2 STOP
>RUN

f1a2

The output {7,142 decimal In this exampla) gives the
size of the unfifled CB text buffer. This number should
berecorded lorlater relerence. The size of the unfilled

Figure 11; CONTROL BASIG MEMORY MAP

ADDRESS PAGES |
]
FFEF . ;
H; - [
* s i
!

COOOH

} 32-255 (20H-FFH}

8000H
4000H |—._ |
cB FILES i

2000H J
- - CB PROGRAM
TEXT AND ARRAYS 4-3rto4H-|fH1
oocH |} 0-3{00H~03H) .
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I. INTRODUCCION

. Muchos disenadores deciden incorporar los microprocesadcores a sus
provectos debido a su reducida camplejidad funcicnal y bajo precio.
5in embargo, los mayores problemas vendrdn durante la programacion
del microprocesador, por lo qué no as raro ver proyectos realiza-
dos alrededor de un microprocesador de 30 dSlares y gue ha regueri

do inversiones de hasta 70,000 dflares de software,

Para desgsarrollar un sistema gue incluya micrornrocesador se necesi-
tard por lo menos una persona del Srea de electrSnica y otra del -
drea .de programacifn. Una razdn fundamental es gue habrid que deci-
dir la distribucitn de funciones entre hardware y software, De una
forma general, cuantas m&s funciones se hagan descansar sobre el -
software, mis flexibilidad de uso y posibilidades de cambio en su
diseno tendrd el sistema, tanto en la fase de desarrollo como du-

rante su funcionamiento. Es razonable pasar funcicnes a hardware -
cuandao elﬂmicroprocesador sea incapaz de realizarlas, hien por su

estructura interna o por su limitada capacidad de procesc.

El mis elemental {nqrediente de scftQare y a veces el Gnico con el
que-tiene que enfrentarse el disefiador de un sistema gue incluye -
un microprocesador, €8 cl lenguaje de prbgramaci&n. Un microproce-
sador realiza l;s acciones que le especifica un programa. Un pro-

grama estéd formado por una seguencia de instruccicnes. Una instruc
ci6n es una secuencia de bits que tiene un significado para la uni

dad de control del microprocesador.



El conjunto de instruccicnes vilidas para un microprocesador es lo

gue se denomina su linguaje de miguina. Programar en lenguaje de ma

gquina supone escribir secuencias de ntimeyos en binario gue son di-

rectamente descodificables por 1os circuitos de la unidad de con-

trol o interpretables por los microprogramas de la memoria de con-

trol. Son varias las dificultades que se plantean al programar di-

rectamente en lenguaje de méquina, entre otras tenemos:

1,

Los cfdigos de operacifn son dificiles de recordar en binaria.

La codificacifn es lenta y dificil por los nimercs en binarioc.

Las direcciones de los operandes de las instrucciones son diff
ciles de recordar. Muchas instrucciones contienen direccicnes
relativas ¥ a la hora de corregilr presentan gran dificultad es

pecialmente cuando hay que insertar o suprimir instrucciones.

51 se consldera gue el preograma no funcionard a la primera -
prueba es diffeil seguir las ejecuclones de prueba a través de

direcciones en binaria.

El lenguaje de mfguina es el que produce mayor grado de incom-
patibilidad entre programas. Un programa escrito en lenguaje -
de mdquina sdlo puede Ser trasladado a otro microprocesador -

igual al primero.

Al cabo de un cierto tiempo un programa en lenguaje de miguina

28 imposible de entender hasta por su propio autor.

La programa¢ifSn en lenguaje de migquina puede sistematizarse y mejo

rarse utilizandoc una metodologia adecuada,



-
7
El andlisis previeo, la confeccidn de diagramas de flujo, el escri-

bir previamente el programa en algln lenguaje simbdlico, el confeg
cionar tablas de simbolos y el empleo del sistema octal o hexadeci

mal pueden constituir una buena ayuda.

La automatizacién de estas ayudas & la programacifin se concreta en
la utilizacién de los lenguajes ensambladores. Se debe hacer notar
gue con el nombre de ensamblador se conocen dos cosas muy distin-

tas. Se llama ensamblador a un lenguaje simbSlico en que se pueden
escribir programas para un microprocesador y tambifin recibe el mis
mg nombre el programa traductor encargado de convertir los progra-
mas escritos en lenguaje simbOlico en programas objeto en lenguaje
de m&éuina. Son tres las grandes ayudas gue proporciona el ensam-

bladeor al ﬁrogramadnr: le permite utilizar neménices para designar

operaciones; nombres para designar direcciones Yy para especificar

datos [constantes).

La distqpcia fque separa los lenguajes de alto nivel del ensembla-

dor es mucﬂn mayor gue la que separa a éste del lenguaje de migui-
na. Al pasar a programar en lenguaje de alte nivel pasamos a mane-
jar no ya nuestro microprﬂcesadof, con sSu estructura de registros,
acumuladores, stacks ypuertos sino un precesador de estructura dis

tinta, cocncebido no para ser realizado fisicamente, sino para adap

tarse a la solucifn de problemas planteadgs.

Es necesaric programas-traductores bastante complejos, llamados -
compiladores, para generar programas en cfdigo de migquina a partir

de sentencias en lenguaje de alto nivel.
En la eleccidén de un microprocesador, casi m&s importante gue su -

arguitectura o velocidad de trabajo e€s la de un buen ensamblador -
¥/o compilador. El presente trabaijo da una idea de las facilidades
que a nivel de microprocesaderes existen, principalmente en lo re-

ferente a lenguajes de alto nivel.



II. LENGUAJE ENSAMBLADCOR

El lenguaje ensamblador es una herramienta de scftware bidsica. Hay
dos tipos generales de programas ansambladores y estdn disponibles
para microcomputadores: cross-assembler y self-assembler. Cualguier
microprocesador ahora producido tiene ung o Mis programas Crosss-—
assembler. Comunmente el fabricante de chips escribe un cross-assem
bler antes de gue el micropracesador esté ffsicamente disponible. -
Cross-assembler son populares porgue muchas microcomputadoras no -
fueron configuradas para manejar convenientemente operaciones de -
ensamblador, mientras gue las gomputadoras grandes eguipadas con -
mas i&presoras adecuadas y mds espacio de memoria, ofrecen al pro-
gramador muchas convenienc¢ias., El cross-assembler estd preparado -
para funcionar sgbhre otra miAguina, miniordenador y ordenador, asf
como cross-assembler, el self-assembler estd escrito con uh siste-

ma de computacidn definido en mente.

La operaciﬁh de un self-assembler es altamente denendiente del - -
equino de entrada ¥ salida gue rodea al microprocesador. Este sig-
tema de dependencig especifica puede algunas veces causar proble-

Mas .

Varias de las caracteristicas de ensambladores son rotenclalmente

importantes pera los usuarios de microcomputadoras, por ejemplo, -
ensambladores relocalizables permiten que las localidades de memo-
ria del programa de lenguaje de miquina sean transparentes para el
usuario. Algunos ensambladoras-conocidos como ensamblacdores absolu

tos-siempre comienzan a almacenar el programa de lenguaje de maguil
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na en la misma localidad fija de memoria; otros ofrecen varias al-
ternativas empezando localizaciones y permiten algunas limitacio-

nes de ligadc de programas segmentados en diferentes localizacio-

has.

Una caractoeristica de ensamblado condicional esti disponible con -
algungs programas de ensamblador. Esto permite al usuario decidir
cual de las varias secciones del nrograma serd ensamblada y a en-

contrar el orden mis eficiente para ensamblar.

‘La capacidad de macros en un programa ensamblador permite al usua-
rio usar una sola instruccidn del lenguaje ensamblador para llamar
a una secuencla especifica de instrucciones del lenguaje de magui-
na, Esta puede ser una muy fuerte herramienta cuando ciertas se-

cuencias son repetidas durante un mismo programa.



III.

LENGUAJES DE ALTQ NIVEL B

La utilizaci&n de un lenguaie de alto nivel reduce los costos de -

programacifn, incrementa la habilidad del software producido y sim

plifica el mantenimiente ¥ documentacibdn de los programas gi lo -

comparamos con la utilizacidn de lenguajes de bajo nivel ([migquina

o ensamblador}. Como contrapartida, la utilizacitn de lenguajes de

alto nivel supone la utilizacifn de voltdmenes de memoria gque son -

desde un 10 a un 100%® mayocres gue los gque necesitarfa un programa

equivalente en.ensamblador.

Algunas ventajas innegables de lgs lenguajes de alte nivel son:

1.

Fiabilidad de los programas. Los lenguajes escritocs en algln -
lenguaje de alto nivel son muchc m&s compactos. Se entiende mu
cho mfs fdcilmente, 10 que hace cada sentencia o grupo de sen=~

tenciag,

Rapide?'de puesta a punto, La velocidad de codificaciéin para -
un programador viene a ser de unas 100 instrucciones por dia -
(contando tiempos de preparacién, deruraclfn, ete.), Esta velo
cidad es indepéndiente del lenguaje. Como un mismo programa es
crito en un lenguaje de alto nivel puede tener diez veces me-

nos lines que uno en ensamblador, el aumento de velocidad es -

considerable.

La vida media de los lenguajes del alto nivel sobre los ensam-
bladores es otra de las grandes ventajas, Mientras el lengualje
ensamblador cambia para cada arquitectura de microprocesador,

el lenguaje de alto nivel es independiente de estos cambios,
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Desarrcllando el compilador adecuado se pueden tener todos los

programas escritos en este lenguaje, adaptados a cualguier nue
vo microprocesador. La independencia_de los programas res>ecto
al microprocesador utilizado para una aplicacifén no es sdlo al
go deseable, sincgue es una necesidad sl unoc no guiere verse -
atrapado por el desarrcllo de software. Actualmente, el desa-

rrollo de nueva programacidn es mucho mis costosa y lenta gque

la adopcli6n de un nuevo microorocesador, cuando de la adopcidn
del microprocesador nuede depender la permanencia en el merca-
do. Si hay gue partir de cerc a cada cambic, el resultado pue-
de ser desastrosq. Si por el contrario, hemos adoptado un len-
guaje de programacién de alto nivel y esténdar, podremos apro-
vechar no s6lco la propia experiencia sino la de otros grupos -

que va se hayan enirentadeo con experiencias similares,

De los tres puntos anteriores no debe inferirse la inutilidad dél
lenguaije eqsamhladur. Un microprocesador Puede no contar con compl
ladores. Un lenguaje de alteo nivel puede no proporclonar acceso a
ciertas caracteristicas deseadas del microprocesador. En estos ca-
508 hay gue utilizar forzosamente el ienguaje ensamblador, La no -
utilizacifin del compilador puede tambilén venir dictada por medidas
econdmicas. El problemas es el eéceso de memoria gue vara un progra
ma dadeo ocupa el-cﬁdigc generade por compilador. 5i se estd proyec
tando un sistema del gue se van a vender pocas unidades, interesa
rebajar el costo de programacién que es fijo y muy superior al de_
la memoria. Si se van aproducir miles de sistemas puede resultar -

rentable usar ensamblador, con lo gue se podrd ahorrar una canti-

dad consjiderable de memoria. Hay un punto para un clerto nfimero de



sistemas fabricados, en el que se equilibran amhbos costos. g

Dado que el precio de la memoria bajarf en los prdximos anos {64KB
por 500 dfSlares en 1976 y 256KB por 300 dflares en 1980), este pun
te no cesard de desplazarse a favor de la utilizaci6n de lenguajes

de alto pnivel,

En conclusidn, en un sistema que Iincluye un microprocesador, gran
parte del disefic ¥y por lo tante de los costos va ligada a la pro-

gramacidn y depende del lenguaje de nrogramacién utilizado,

La figura siguilente muestra que la mayoria de los problemas de soft

ware derivan de programas muy larges - aquellos gue sobrepasan los
64K bytes dg cédigo fuente - los cuales representan apenas el cua-

troe por ciento del total de la programacién. La IBM ha encontrado

20 o, 20p
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que la capacidad del hombre en programacidn y el tiempo de CPU pof

1000 lfneas de cédigo ensamblader (incluyendo lineas de comentarios)
crece exponencialmente ¢ercano con el tamano del programa. Si la -
extensidn del programa es largo se esperard un promedio de error -

creciente e inconsistencias del programa.

Otra parte del problema es la profusifn de lenguajes de nrograma-
cidn, muchos de los cuales han side llamados solucin universal a
su arriho. En realidad hay poca esperanza para esos lenguajes. La
explicacifn es gue no son eficientes dentro de un comfin denomina-
dor aln y cuando realizardn la transformada rfpida de Fourier, ge-
neracién de reportes y disenc simple de férmulas. Lo mejor que se
puede hacer es utilizar el lenguaje correcto en ls aplicacidn co-
rrecta, Basic es muy bueno para nrogramas rapidos de 20 lineas y -
Cobol sigue siendo el mejor para reportes financieros., Fortran, el
lenguaje té€cnico m&s favorecido estd ganando nuevos adeptas con el
estindar de la ANS5I-1%78 que incluye muchas de las mediores caracte
risticas del Pascal. Sin embargoc, el lenguaje ensambiador sigue -
siendo el mds.rdpido seglin lo muestra la ccmﬁaraciﬁn de la Figura

1 para la ejecucidén de un programa de matemdticas.

El PL1ll, goza de una muy buena cantidad de usuarics y afin sin haber

ganado la popularidad de Basic, Fortran y Cobel.

Si no se estd familiarizado con APL, une se puede sorurender de co
mo con un simile golpe de tecla puede cumplir, especialmente en -

procesamiento de arreglos, funciones complejas.
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Pero un teclado especial con letras griegas y la mucha potencia de

el lenguaje plantea problemas: S1 no Se usa APL todo el tiemno, se

gastard mas tiempe buscando en el manual las funciones compleijas,

que escribiendo un programa largo en Fortran.

TIEMPO CLASIFICACION DE USUARIO {(ESC. 4)
RELATIVD FACILILAD
| DE DE SATISFALC-
LERGUAJE EJECUCION | VENDEDOR | 1JSO EFICIENCIA | CION TOTAL |
APL - 1BM 3.4 2.6 3.4
BASIC 3-5 DEC 2.5 2.2 2.4
COBOL 5-10 BURROO-
GHS 3.5 3.1 3.3
CEC 3.7 2.2 3.5
HONEY-
WELL 3.2 3.0 3.2
IBM
{AUGE) 1.4 3.1 3.3
FORTRAN 2-3 DEC 3.2 3.2 3.1
IBM
(AUGE} 3.3 3.0 3.3
ONA
SYSTEMS 1.7 3.6 3.8
PASCAL - UCsD 3.2 2.8 3.0
PL /1 - IMB 3.5 3.6 3.4
FIGUEA 1

Un muestreo reciente de programas ofrecidos para microcomputadoras

en su mayor parte paquetes de utileria - revelan gue un 37% estin -

escritos en lenguaje de miguina, 37% en lenguaje ensambladeor, 1l0% -~

en Basic,

lenguajes muy diversos (Figura 2).

7% en Fortran y 3% en Pascal. El resto estd escrito en




MACHINE ASSEMBLY BASIC FORTRAN PASCAL

50 4 l MC PRQUETES
- TODO EL
40 | 4 21 SOFTWARE
30 ¢
20 |
10 |
ATV
. FIGURA 2,
Para todas las computadoras {incluyendoc las microcomputadoras), la

mezcla de lenguajes de disefio de sistemas es bastante diferente.
Ensamblador esti afin mizx adelantado gue Fortran {ensamblador 46% -
vy Fortran 15%), mientras que c&6digo de miguina, Pascal ¥y Basic ha-

cen cérca de un V7% cada uno.

En aplicaciones de software, incluyendo micros vy computadoras, el
lenguaje ensamblador sigue siendo principal (40%) seguido por Ba-

sic (30%}, Fortran (8%} y un amplio rango de otros lenguajes.

Electronics Design reallzd una encuesta con cbjeto de saber en don
de se encontraban los ingenierocs de software. M&s del 50% de las -
companias investigadas empleaban mencs de 5 ingenieros en scoftware

y €l 15% mis de 40. Figura 3.
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]
LENGUAJES DE ALTO NIVEL EN EL MERCADO {

Teda una serie de emnresas de software ¢ofrecen los lenguajes de alte
nivel de siempre (Fortran, Cobel, Algol y. Basic) con ciertas restric
ciones, para los microwrocesadores mds pooulares. Estos lenguajes -
tienen el iﬁconveniente de que fueraon creados en un ambiente total-

mente ajenc a las necesidades de los micromrocesadores.

Primero Intel y méds tarde Motorola, han nresentado lenguajes mds -
aproplados a las necesidades de sus clientes. El PL/M, aungue crea-
do inicialmente nor Intel nara su serie 8000 existe ahora rara otros
microprocesadores como Motorola 6800, wvor ejemple. En 1275 Motorola
Presentd, el MPL, lenguaje de alto nivel para 6800. Ofrece come »o:i
bilidades peculiares el f&cil manejo a nivel de bit, la posibilidad
de definir éstructuras de datos ~arecidos al Cobol ¥ de incluilr sen-
tencias en lenguaje ensamblador.

La generacidn de cfdigo de miquina funcicna en 2 pases. En un orimer

r

naso, el comnmilador genera un rograma enlensamhlador, que luego  es
ensamblado obteniendo el cfdigo objeto. La posibilidad de conocer el
cOdigo genuerado y por lo tanto de poderlo retocar tigne como contra-—

partida un tiemno de compilacidn mavor.

Plessey tiene el Pl-microp, una extensign del 2lgol y Mits dotd a su
Altair 8800 de un super-basic. Toda esta evolucidin en el drea de -
software hiz2o gue vara finales de 1975, Texas Instruments nara su -
nueve micronrocesadeor, prerarard comniladores de Cobol, Fortran y Ba

S5IC.
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Segn Electronics -Design de Marzo de 1379 los paquetes de utilerfa,
ofrecidos frecuentemente en floppy disks, no pueden proveer mucha -
utilidad sl no se estd familiarizadeo con ellos. Usualmente contie-

nenh muchas de las siguientes herramientas de software:

- Editores. Ayuda a introducir y modificar el programa fuente.

- Compi ladores y ensambladores, Traducen el programa fuente a c6-
digo de mdguina, Si se desea diselar sistemas operativos, en-
cuentre un traductor que imprima o muestre {display} el cdigo
fuente y objeto pasc a baso, Haylusualmente cuatro campos, uno
cara la etiqueta, cédigo de operacién, operando y comentarios.
Durante la depuracidn se desea frecuentemente un desensamblador
que retraduzca el cédige objeto a un lenguaje fuente y la habi-
lidad para mostrar mapas de almacenamiento y contenides de re-
gilstro,

- Macroensambladores, Ensambla grupos de instrucciones llamados -
ror nombre, y trabaja ﬁhcho como subrutinas ‘o funciones en len-
guajes de alto nivel,

- Cargadéres. Transfieren el c6digo cbjeto de algdn medio externc
{cinfa' o disco} dentro de RAM, Los ligadores cargadores »ueden,
adicionalmente eslabonar juntos diferentes mfdulos de programa,
Y una caracteristica de relocalizacidn permite cargar dentro de
blnqueslde direccifn diferente, tal come fueron asignados par -
el traductor. Obviamente, en este caso, cargador y traductor de
beh ser capaces de comunhicarse,

- Intérpretés. Los int&roretes son una herramienta muy popular -
¢on lg8 microprocesadores, Permiten la utilizacidﬁ de gramiti-
cas{aSGciadas a compiladores {Basic, APL, Liép, ete,), pero di-

fieren de E&stos en gue procesan el programa fuente sin generar
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ctdigo de maqulna "internretando® las inatrucciones del progra-
ma.fuente cada veaz que este dltimec se ejecuta. Esto imnone res-
tricciﬂnes en el tamafio de la memoria durante ejecucidn (va que
el Intérprete debe estar en memoria durante la ejecucidn de cual
guier programa) y en la velocidad de ejecucidn (ya que un intér
prete es, en realidad, un programa gue hace lo gue otro le impo
ne), Sin embargo, unh intérnrete nuede ser pegqueno (hay versio-
nes de Basil¢c en 3K bytes) y ofrece facilidades de depuracién -
gue resﬁltan atractivas para prugramadnres bisohos.
Depuraﬁcres. FPermiten examinar y cambiar contenidos de memoria
Yy empezar o parar la ejecucidn enuna predeterminada localiza-
cifn o condicifn (breakpoint). Otros depuradores auxiliares in-
cluyen trazo ¥ pruebas de flujo, los cuales muestran cuando -
clerto contenido de direcciéin cambia ¥ c&me el control es trans
ferido dentro de el programa,

Rutinas de Graficaciﬁn.tConvierte los datos de salida en formas
analﬁg{cas. Ellos van desde un pequeﬁb rrograma dibuja una gré-
fica simple sobre un TTY a sistemas complejos gue producen des-
pliegues tridimensionales de mltiples colores, complementados
con letreros en diferentes tamzilos de caracteres.,

Manejo de Base de Datos. Es imvortante para sistemas que tienen
que operar sobre un gran cantidad de datos, siempre a través de
las manipulaciones que deber&n ser muy simples. Las facilidades
auxiliares de prueba de computadora, control de inventarios Yy o=
sistemas ae reservacidén correrfn a vasoc de tortuga sin el acce-
80 directo a4 memoria, rutinas de bisqueda y manioulacidn de ca-

denas,
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Librerfas. Son similares a los sistemas DEM, sera ellos alimen-
tan programas mis bien gue datosd. Esta utilerfa es bastante nue
va, asf que s58lo estd disponible para compradores nrincipales.
éistemas Operativos. Incluyen varias de las utilerlas discuti-
das, hardlers nara I/0, rutinas de comunicacisn, cargadcres de
bootstrap ¥y jprogramas similares gue hacen todo el trabajo hard-
ware ficil.
Cross-software. Permite desarrollar programasa para una computa-
dora especf{fica, usualmente una microcomputadora, sobre una com
putaﬁora huasped, la cual es usualmente una mini o tiempo com-
pa}tido del centro principal, perc tambié&n puede ser un sistema
égsnrrnllado con base en microorocesadores.
Simuladores. Son programas ¢rgsSsS que hacen gue una computadora
huesped trabaje como la target machine asf que se puede probar

el desarrollo del software huesped antes de gue el sistema esté

disponible.



La Tabla 1 muestra qué paquetes

ofrecen algunos vendedores.
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LITHLESEY

VTTHHASEY oI

HALIHAAINT

HA1IAW00

HAMWDT ONTANTT

YOLIME

HEOOHHEA

HOLTNCET

HOLY IS

INTAATFN IS5 LMD

SHALGAS DWNIINHILIO

TIMLIOS SSCRID

SATRAEd OTTdAY

SANY TTAIG T

American Micro-
systems

The Boston Sys-
tems Office

Cam -assmicrosys
tams o
Control Data

Cromames

Data General
Digital Equip~
ment Corp.
Digital Re—
search [(*}

Forth (*}
Heurkon

Hudge Taylor &
Associates
Ihsas Manufac—
turing

Innewva Systems
Innovatek Micro
systems -
Intersit

Micro Informa—
tion Systems

Lj*}
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W TEWISSY

HITHESSY R

T ITals
HAGAYT LNIHNTTY

HOLTIA

HOLT:H

HOIVIINIS |

L ITIRAYW ASYd WLV

SWALSAS DNILIYEIA0

TTYMTLAOS SR

ST ITTEdY

SIOFNYTTAOSTH

Microtec

| Mono1ithic

} Systems
Mostek
Motorala Mi-
crosystems

National Soft
ware Exchange
{*)

FRS Corp. (*)
oA Soled-Sta—
te Division
Rockwell Inter
national -

Ryan~-Farland
(*)

Signetics MOS
UP Dio
Software Dyna-
mics (*) '
Technical Sys—
tems Consult.

Tewas Instru-
ments ’
Wintek

Woodley Asso— -
ciates [*) .
Wyle Rabora
ries | :

(*} Indica firmas de software,

Tabla 1
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Los sistemas operativos de multilenguaie se estin volviendo nopula-
re3. En el lenguaje del sistema Zilog's PLZ se pueden mezclar len-
-guaj?é d; ensamblader ¥ de alto niwvel y el procesador Technology's
PTQ permite mezclar varios lenguaijes de alto nivel en un solo pro-
grama. Mientras se usa lo existente en software en una mayor concu-

rrencia, se aspera mds Siatemas "mix-and-match" para mantener aba-

1o el costo de software.

Otro medio barato para el mismo fin son les "canned"({enlatados} prg
grams. El archivo de scftware regularmente se paga el solo en un -
mes siempre por los compradores principales y mis tarde los peﬁue—

nos compradores pueden cbtener sSu sistema de cualguier tienda de -

computador y adaptarlo a los pagquetes de software de sus bidsquedas.

APLICACIONES DE LENGUAJES DE ALTO NIVEL EN TIEMPO REAL

e ha desarrolladeo una verqiﬁn en tiempo real del lenguaje de pro-
gramacidn Basic para uso dé adquisicidn de Qatos y anlicaciones de
control, El intérprete estd basado sobré.el Lowrence Livermore La-
voratories Basic con la adicifn- de comandeoa a2l medic ambiente de
tiempo real. Este intérprete ha sido adaptado a varios aistemas de
microcomputadoras basados en el Intel B0B0, incluyendo un sistema

con un bus de 16 bit de IO,

El seat de instrucciones extendido de este Basic de tiempo real fue
definido después de examinar varlas versiones de microcomputadoras

de Basic similar.

El intérprete principal reguiere de 4,25k bytes para 3i mismo y de

L.75k bytes adicionales para los



TABLAS DE DATOS COMPARATIVOS

MICROCCMPUTADORAS Y MICROPROCESADORES

ABREVIATURAS

DMA - Acceso directo a memorila
INSTR - Instrucciones

K - Kilo

K-B - Keyboard

515 ), S Multiplexor

0/5 - Qnerating System
POR! - Bus paralelo

R-T - Tiempo real

T/5 - Time-share

UNLIM - Unlimited

WD - Paiabra

12



. _ CAPACTDAD FUEETOS DE | FUERTOS DE ' T
FABRICANTE TIPO DE DIREC. ENTRADA SALIDA PERIFERICOS SOFTWARLE
stock: diskettd
dos systems
Essex Intorna- | 8X-200 J=E byte 2 lines 1l line Dedicate a|Assembler, For
tional {PMOS) 4l instr, apnlica- tran: decimal.
tions adjust arithme
tic -
General Instru | 8000 48 reg's 3 l1ineas 3 lineas Todas las | BCD arithmetic
mants AEG, {FMOS) B-b B-h g-b opciones i8x1 scratch
Germany, SGES5 J=-chips 48 instr. . pad. Assembler
Italy on simolator
on Fortran
Mostek 1870 fd-K 4 lineas 4 lineas Todas las | Binario timer
NMOS-g5i- 70 instr. B-b/mort A-b/wort onclones with programma
gate hle prescaler.

Emulation and
wrototyning
are PROM based

4
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Programas de usparic. El paquete de punto flotante requiere de 1.75
K bytes. El micropac tiene un monitor y un drea de trabajo del moni
tor. la cual ocupa localidades de memoria de la 0000-1020 hexadeci-

mal.

El paguete de punto flotante arranca de la 1100 (Hex) el intérprete
principal a la 1800 (Hex.}, el comienze de los programas de wsuaric

gon a partir de la 2900 (Hex.) y el final de la memoria a 2FFF.

El set de instruccicnes en tiempo real incluye, entre otras, las si

gulentes:

ST™ Pone tiempo de dfa {segundos)

GTM Toma tiempo de dla (segundos)

TON Arrance el programa al tiempo X

DoT Saca datos (16 bits)

DIN Mete datos (16 bits)

ATO Entrada de seﬁalianaldgica a digital

DTA Salida de senal digital a analdgica

Multiporogramacifn en tiempo real teniendo comeo software lenguaje -

Pascal para sistemas peguenos.

Un usuario de un microprocesador Pascal ouede desarrollar software

para aplicacicones de propfsito general usande una de dos computado-
ras huesped: el usuario simple F5%90 floppy-disk-based minicomputer,
o ei multi-usuarie 08990 hard-disk based minicomputer. Los micropro
cesadores Fascal comprenden una variedad de herramientas de softwa-
re de soporte, Incluyendo un editor lterativo Iinteligente para pre-

paracidn de fuente, un compilador que genera cfdigo de intérnrete,
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un generador de ¢6digo que suple al cfdigo objeto primero, y un in-

térprete de depuracifn iterativo.

24
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: ) ) CAPACIDAD |PUERTOS DE | PUERTOS DE : - '
FABRICANTE’ TIPQ DE DIREC. [|ENTRADA SALIDA PERIFERICOS . SOFTWARE
1BM 5100 porta| 16Ka 64K |14-key-K-B |[CRT, tdpe [CRT, TU, |Basic 0/S, APL
ble -comnu-} byte tape car-— URAM-TU K-B Tape, {resident) APL
ter (NMOS) tridge Printer orinter y Basic
Dec {(Western LSL-111 32K 400 1/0: 33 1I | I/0; DMA CRT (UT-50]Basic, Fortran
DIG MCP-1600 FDP-11-03 custaom neas 823-K, Bus | Paper-tane|IV, Diagnos=— °’
NMOS } instr. FPor: DMa WD /S tics, 9/, T/5
16: L MOUOX Macro II, etc.
RCA CoP-1801 64K 8 ports B/256 CRT, TT4, jAssembler (non
(CMOS5) 58 Instr. | 250 lfneas | 8-b/ports Parner tane|resident s-pa-
o cassette ckage CDP,
18z900,
Intel 4004 4-K 16 32 Paper tape|Sin lenguajes
Intellec 4-AMD| (DMOS) 46 Instr. | 4-b/port 4-b/part k~b prin- |de alto nivel
ter
Intel 8080 (NMOS)| B4K 44 44 Todas las |21l options
Model MDS 78 Ipstr. | 4-b/oort 4-b/port opciones external mem.
. axcepto nonrelocatable
tape PL/M
Intersic IM-6100 32-k byte | 64/256 64/256 Todas las |All options ardg
{69001 Tawgfn) | {CMOS) 60 instr. | 12-b/port 12-b/port opciones availahle ex~
ternally
ME ASSOCIATES 502 (NMOS) 64K 2/MUX un- p, Todas las  Todas las opcid
{JOLT) 139 instr. lim. B-b/ 8-h/port onciopnes nes excepto
poOTt excepto lenguajes de
tape Y alto nivel
disk
Mostek 50065 (BMOS)Y 32-K -a -a Requiere—- | Interfase con-
51 instr. interface | troller
oo

44

- —— -



Type-1 System

CAPACIDAD | PUERTOS DE | PUERTOS DE]
FABRICANTE TIFD DE DIREC. ENTRADA SALIDA FPERIFERITOS SDF?WHRE
Fairchild 3850 (NMDS)| 64-K 2/252 2/252 . Todas las Debug, text
: 70 instr. B-b/port 8-b/port {onciones edit, applica-
I tions programs
General Instru-|CP-1600 & 64-K 2/unlim. 2/unlim, Todas las 0/8, programas
ments Corp. {NMOS) B7 instr. 16=-b/port lé-b/oort |opciones de aplicacidn
excepto dis| ne macro y al-
co cassette| to nivel
“crorola MC-6800 64K byte /104 /104 Todas las Debug, macro
{Exorcisear) [{HMOS) 72 instr. B-b/port 8-b/port opciones Todas las op-

. Si-gate (no k-=k) ciones, PL/M
hational Semi- |IMP-B/1l6 E4-K 0/unlim. O/unlim. Todas las Seif-assenbler
conductor {HMOS} 87 instr. [ MUY B/16-0) B8/14-b opciones y ! debug, time
(PACE) port port tape car- |share, etc. Al-

tridge tg nivel SL¥/
, PL
ational Semi- |SC/MF 1024 byte [ O0/unlim. O/untim. |Special K- |Pointer addresg
conductor (PMOS) B/disnlay |} ing auto-index
OC Ccustom Hex software
for economy
calculator K-~BA
display .
P Plasgey Miproc-146 E4-K 32/25%6 Unlim. Todas las Todas las opcig
{bipolar) 82 instr. 16-b/port with ext opciones. nes a@xcept ma-
{MUX) No cassette| cro assembler
tane No. O/5
Intel, on-chip ;8048/8748 8-K 1/0 resi- 1/0 resi- |Floppy disk|MDS based assen
MC [(MC5-48) Si-gate 90 instr. dent dent CRT/K-B bler, aditor,
NMOS 17 lines 17 lines chips monitor (MEXA)
Rockwell PPS-B (PMOS) 32-K byte | 4/30 4/30 Todas las |No resident me
International 109 instr. | 8-b/port 8-b/port opciones exjmory. All othed

cento car- |

ontions.




. CAPACTDAD FUERTOS DE | PUERTOS DE
FABRICANTE - TIPOD DE DIREC. ENTRADA 4 SALIDA PER;FERICDS SOFTHWARE
tridge APS assemulator
- and system ana-
lysis module
Scientific Mi- |SMS-300 8-K 1/512 1/512 K-B maber Assembler resiq
craosystems (MC-|{bipoclar) as regui- g8-b/port B-b/port tape dent or nonresi
5IM) red dent,, Relocatad
ble maczo appli’
cations pro- |
grams
Texas Instru-— TMS-9900 32-K 1/256 1/256 Todas las I/0 memocry mer-
ments {990/4) (NMOS Si- | 69 instr. 16-b/port | l6=-b/port |opciones ex ged or separatg
gate) cepto car- | Portable ANSI
tridge Fortran as3gm-
hler. 411 on-
) tions
Texas Instru- SEP-9440 32-K 1/256 1/258 Same Mismo software
ments (32L-16 £9 instr. le-b/wort l6-h/port Airborne navi-
bit) : . gational »roce
' | ssor, guldance
system )
Texas Instru- SBE-0400 A [ T2L-MM co-] Data-in Data—-ocut User's Assembler on -’
ments {(12L-4 bit)| mo requeri| 12-b 12-b peripheraig PROMS accnrdin$
bipolar do 512 to user's
instr. needs
Signetics 2650 {NMOS | 32-K 2 2 Todas las Fortran resi-
{2650-PC 1008) | depletion 77 instr. 8-b/port g-b/port apciones dent.
moce ) issembler abso

lute memory-
debug C/%
{16/32-b}
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CAPACIDAD PUERTQS DE { PUERTOS DE
FABRICANTE TIPD DE DIREC. NTRADR SALIDA PERIFERICOS S50F TWARE
BEC (Japan) MPD-BQROD |64-K 1171, 280 171, 280 |Todas las |Todas las op-
{PDA=50} {XMOS} 78 instr. | 8-b/port g-h/port apciones ciones. Memory
) No k-h not relocata-
bie. Ho imking
loader
Electronic Ea 9002 As regui- Standard Standard Controller |All options.
Arrays {1105) red I1/0 1/0 applica- Fortran emula-
46 instr, tions tor editor.
Adavanced micro|AM 2300 A requi~ 2905/6/7 2905/6/7 all options|AMD ASM micro
devices ({(rally | {(3chottky red user type bus program. Assem
architecture) TTL-L51} definid 1 tranceiver hler: user's
own software
Zilog Z-80 64-K Option 44 | Option 44 |Todas las |Software campa
(XMOS) 178 instr. | 8-b/port 8-b/port opciones tible to 8L=DA
rR-T disk 0O/5,
files of any
SizZ85 Macro-
assembler, Ba-
sic, PL/2, 1l6-
hit BCD add,
subtract !
M0S Tech, Inc. |MCS-66021 2-K I/0 rnort Simplifi- |[Appliance Not compatible
6612 (NMOS | 37 1nstr. and address ca 1/0 bus|{controller | to 6800 softwa
si-gate) bus or serial re. More ins-—
I/0 port pore truction with
single-byte of
code, Decimal
mede
Micro Nova MNova i-K 47 line 47 line Todas las | R-T O/5 Basic
Data General (MROS si- |} word I1/0 contre| 1/0 contrg| opclones Extensive li-
gate) ller | ller ] brary, multi-
nly/divide B

e






Aplicaciones

Directorio de Alumnos del Curso Micreprocesadores; Teorfa y

Marzo, 19 80.

KENT BRAILOVSKY A.
UNAM

Profesor

Faciltad de Ingenierfa
México 20,D.F

Tel, 548, 21,99

ROLANDO A, CARRERA MENDEZ
Instituto de Ingenlerfa, UNAM
México 20, D.F,

SILVERIO CRUZ CARDENAS A,
VIDRIERA LOS REYIE S5.A.
Av. Presidente Juirez 2039
Tlalnepantla, Fdo, de Méx,
Tel,565.02.1]1 Ext. 117

JUAMN FERNANDO DELGCADO ALEMAN
FACULTAD DE PSICOLOGIA

UNAM

Mexico 20, D, F,

Tel, 554.76.,32

ALBERTO DOMENGE M
5n.]. de Letrdn 13
México 1,D.F,

Tel, 510,00, 41

JUAN MANUEL FIERRO RODRIGUEZ
SAHO

Czada, de los Tenorios 91 #6 D
Ex Ida. Coapa

México 22, D,T7,
Tel.594,91,48

Marinn Nal, 308-2
México 17, 13, .,
Tel.527.6.809

Ma. Hernfindez Zarco 53
Col. Alamos

México 13, D.F,
Tel.530.44.11

Tenorios 317
Villa Cosapa
México 22, I}, F.

Prtes. de las Aguilas 154
Tecamachalce

México 10, D.F.
Tel.589.30.70

Norte 5 A-4614

Dir.Gral, de Agua Potable y Alcantarillado Def. de la Rép.

Reforma 2()
Meéxico, D, F.
Tel.535,11.90

ENRIQUE GARCIA GONZALEZ
NCR DE MEXICO S5.A., DE C.V.
Alfonso Herrera 75

México 4, D,F.

Tel.546.48,45

CARLOS A. GARCIA MDREIRA
Atlapulco 46 7 .,

Vergel del Sur

México 22, D,F,

Tel, 671.17.97

México ,D.F, N
Tel,587.87.93

Madin 24
Ftes. de Satélite, Edo. de Méx,
Tel,572.25, 82



10,

il.

12,

13.

14.

15.

16,

JOSE ANTONIO GARCIA S ACO
Sta, Ma. 1a Redonda 165 -1

Col, Guerrero

México, D, F,

Tel, 526.65.93

HEBERTO GUERRERCD LOPEZ
INST', DE SEGURIDAD SOCIAL
DE ILAS RFUERZA § ARMADAS
Jufe del Depro. de Const.

Av. Industria Militar 1053-5°
México, D.F.

Tel,557.24,66 Ext.12]

JORGE GUIZAR GONZALEZ
SISTEMAS COMPUTACIONALES
AVANZADQS S.A.

Emerson 412

México,D.F,

Tel, 254.24,13

LUEVANGC GUZMAN JOEL
UA DE ZACATECAS
Lépez Velarde s/n
Zacatecas, Zac,

Tel, 2-08, 27

JOSE JAVIER LEON HERRERIAS
FISHER GOVERNOR DE MEXICO S.A,
lkla, de la Guaracha 127

Haucalpan, Edo. de México

Tel, 376,06.33

SALVADOR LESSO ROCHA
SQUARE D de MEXICO S5A.

Clzada. Javier Rojo G6mez 1121 (Antes 270)

iztapalapa, México, D . F,
Tel, 686, 30,00

LUIS MARTINEZ VAZ (UEZ
SECRETARIA - DE PROGRAMACION
Y PRESUPUESTO

Jefe de la Upidad de aupervisidn y Control

Delegacién Regional de la SPP
Campeche, Campeche
Tel, 625,52

MIGUEL ANGEL PECH CABRERA
INSTITUTO DE INVESTIGACIONES
BIBLICGRAFICAS, BIBLIQOTECA
NACIONAL

Rep. del Salvador 70

México 1, D, F.

Tel, 512:93.16

Avila Camacho 25
Hutzachal . .
México, D.F.
Tel, 589, 48.33

Calle 21de Mzo. 102
Benito Judrez
Zacatecas, Zac.

Av.Texcoco 1-C

Echegaray , Jurez Pantitlin
México, D.F,

Tel,763,06.19

Plan Sn, Luia 406
Wva. Stal Marfa
México, D F,
Tel, 556,74, .'i?

Calle 12 N, 135
Campeche, Cam.,
Tel, 637,32

Av. del Rosal 290 Edif.20-4C)
Molino de Rosas

México 19, D_F,



17.

18.

19,

20,

21.

22,

23.

24.

PABLO PEREZ ALLCAZAR
Instituto de Ingenieria
UNAM

México 20, D F

ERNESTC PREZA AYALA

T.LATINOAMERICANA DE INGENIERIA S.A.

Tuxpan 34
México, D.F.
Tel,584.40,22

LUIS ANTONIO SALAZARZAVALA
INSTITUTO MILES DE TERAPEUTIA
EXPERIMENTAILL

CALZ. XOCHIMIL.CO 77

MEX1Q0O 22, D.F.

Tel. 573,24, 46

LEITICIA RIVAS SERRANO

ENEP IZTACALA
TLALNEPANTLA, EDO, DE MIEEX,
TEL.565.22,33

RAFAEL JOSE SALIN .
IMSS
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