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Procesador central 
-Ciclo b!isico de operaci6n 
-Arquitectura básica 
-Fuente de poder 
-Sistema mínim 

-SOFIWARE 
·Acervo dli instrucciones 
-Compatibilidad con el 8080 

3. UNIDAD DE CCUJNICACION SERIE 

- EL SIO 
-Operación 
-Programación 

4. UNIDAD DE CQ\IJNICACION PARALELA 

- EL PIO 
-0peraci5n 
- Programaci6n 
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TEMARIO 

S. SESH1'i PRACriCA U5A.'IDJ UN ZBO 

6. 

- Programaci6n y uso de un sistema 
microprocesador 
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- rseudo-opcr.:~ciones 

·Macros 
·Subrutinas 
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-Intérpretes 
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EVALUACION DEL CURSO 

-
CONCEPTO 

.. 
EVALUACION 

l. APLICACION INMEDIATA DE LOS CONCEPTOS EXPUESTOS 

2. CLARIDAD CON QUE SE EXPUSIERON LOS TEMAS 

.. 
3. GRADO DE ACTUALIZACION LOGRADO CON EL CURSO 

-
4. CUMPLIMIENTO DE LOS OBJETIVOS DEL CURSO 

5. CONTINUIDAD EN LOS TEMAS DEL CURSO 

6. CALIDAD DE LAS NOTAS DEL CURSO 
. 

7. GRADO DE MOTIVAC!ON LOGRADO .. EN EL CURSO 
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l. ¿Qué le pareció el ambiente en la División de Educaci1in Continua? 

/IIN AGPA!lo\BLE AGRA!l\BLE DESAGRAn\BLE 

2. ~dio de comunicación por el que se enteró del curso: 

CARTEL MENSU\L 

REVISTAS TECNICAS 

PERIODim NOVEDADES 
ANUNCIO TITULADO DI 
VISION DE IDJCACic§í 
CONTINUA 

FOLLETO DEL CURSO 

RADIO UNIVERSI!}\D COMUNICACION CARTA, 
TELEFONO, VERBAL, 
m:. 

POLLITO ANUAL CARTELERA liNAM "LOS 0\0ITA 
UNIVERSITARIOS 1-DY" UNAM 

3. Medio de trans¡::orte utilizado para venir al Palacio de Minería: 

1 

AUrutJVIL 
PARTIQJlAR 

METRO CTrRO MEDIO 

4. ¿Qué canbios haría usted en el programa para tratar de perfeccionar el 
curso? 

S. ¿Reconxmdaria el curso a otras personas? 

SI 
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6. ¿~é cursos le gustaría que ofreciera la División de Educación Continua? 

7. La coordinación académica fue: 

MAlA 

8. Si está interesado en tomar algún curso intensivo ¿Qlál es el h:!rario 
más conveniente para usted? 

VIERNES DE 17 A 21 H. VIERNES DE 17 A 21 H. OTRO 
SABAOOS DE 9 A 14 H. SABAro; DE 9 A 13 Y 

DE14a18H. 

9. ¿QJé servicios adicionales desearía que tuviese la Di visión de Educación 
ContiJUJa, para los asistentes? 

--------

10. Otras sugerencias: 
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centro de educación continua 
divioión 
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de 
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SIO • Serial J/0 Controler. 

Control de entrada/salida en serie. 

Introducción. 

El desarrollo de microprocesadores ha provocado la implementación 

de toda una familia de dispositivos de interfase, tanto para cene 

xiones en serie como en paralelo. 

En la línea de productos de soporte del-procesador Z-80 se encue!l 

tra el SIO, un dispositivo programable para controlar la entrada 

o/y snlida·de datos en serie entre Z-80 y dispositivos periféri-

) cos (cjemploT CRT, TTY). 

En esta plática se presentan las caracteristicas de conexión y 

programación del "SIO". (En otras familias USART, UNIVERSAL SIN 

CllRONOUS AS INCHRONOUS RECEIVER TRANSMITER). 

Comunicación serie entre microcomputador y perif~rico~. 

En el área de comunicación de datos se integran dos tipos de co

nocimiento, uno software y el otro hardware. En este último se 

enlistan las siguientes posibilidades: 

a).- Tipo de conexión: full duplex, half duplex, simplex. 

b).• Tipo de interfasE": voltaje, corriente, 

e).- Velocidad de transmisión y recepción. 

• 



d).- Ntlmero de bits. 

e).· Conexi6n: s'incrona, asíncrona. 

f).· Niveles de voltaje. 

g).· Número de stop bits, 

Jl).- Paridad. 

i).- Break generaci6n y detección. 

j).- Errores de detección. 

k).- Modero? 

Y en cuanto al hardware: 

a).- Tipo de protocolos_(IBM, Bisincrono, liDLC, SDLC). 

b).- ~\anejo de interrupciones. 

e).- Modos de direccionamiento. 

d).- Programaci6n de dispositivo. 

A continuaci6n se muestra la arquitectura de SIO y la disposi-

ción física de ptns, con su significado y el diagrama de bloques 

correspondiente. 
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1.0 INTRODUCTION 

• The MOSTE K 280 product line is a complete set of microcomputer components. develop
ment syotems and support software. The Z80 microcomputer componen! set includes all 
of the circuiu nece~ary to build high-performance microcomputer systems with virtually 
no other logic anda mínimum numbcr of low cost standard memdry elements. 

The ZBO-SIO (Serial lnput/Outputl circuit is a programmable, dual-channel device which 
providcs formntting of data for oerial data communication. lt is capable of handling asyn· 
chronous, synchronous and svnchronous bit oriented protocols su eh as lB M BiSync. HOLC, 
SOLC and virtually any other serial protocol. lt can generate CRC codes in any synchronous 
moda and can ~e programmed by the CPU for any traditional asynchronous formal. 

1.1 STRUCTURE 

O N-channel Silicon Gate Oepletion Load Technology 
O Forty Pin 0/P 
O Single 5 volt power supply 
O Single phase 5 volt el oc k 
O Two Full Ouplex channels 

1.2 FEATURES 

O Two indepcndent full dupleK channels 
o Data rau•s- Oto 550K bits/second 
O Re.::eiver data regismrs quadruply buffered; transmitter double buffered. · 
O Asvnchronous operation 

- 5, 6. 7 or 8 bits/character 
- 1, 1'.':i or 2 stop bits 
- Even, odd or no parity 
-x1,x16, x32andx64clockmodes 
- Break generation and detection 
- Parity, Overrun and Framing error detection 

O Binary Synchronous operation 
- Interna( or external character synchronization 
- One or two Svnc charácter-5 in separate registers 
- Automatic Sync charaeter im;ertion 
- CRC generation and checking 

O HDLC 01 IBM SDLC operation 
- Automatic Zero insertion and deletion 
- Automatic Flag insertion 
- Address lieltr'recognition 
-1-Field resiUue handling 
- Valld reccive meS">ll~es prometed from overrun 
- CRC gencration and che<:king 

O Eight modem control input< and outputs 
O 8oth CRC-16 and CRC-CCITT (-0 and -1 ~ are implemented 
O DJisy chain priority interrupt logic included to provide for automatic interrupt vector

ing without externallogic. 
O Al! inputs and outputs fully TTL eompnible. 
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2.0 SIO ARCHITECTURE 

A block diagram of the SIO isshowo in Figure l. The interna! structure includes a Z80-CPU 
bus interfJcc, interna! control and interrupt logic and tvvo flill duplex channels. Thc inter· 
rupt control loyic d~teronines wllich chormel and which dcvicc within thc chonnel is the 
highest priority for purposes of thc automatic interrupt vcctorii'lg. Priority is !ixed with 
Channel A assigned higher priority than Channel B and the Receiver, Transmitter and 
Externai/Status assigned priority in that order within each channel. 

The channel logic is shown in block form in Figure 2. Each channel has five 8-bit control 
registers and three B·bit status rcgisters. The interrupt vector is written into an S-bit rcgister 
in Channel 8 and may al.o be rcad from that channel. The receiver has thre-e S-bit buffer 
registen in FIFO arran!)l!ment in addition to the 8-bit input shift register. The transmiller 
has onc 8-bit buffer le<Jistcr in oddition to the 8-bit output shi!t rcgister. The CRC 
generator/checkers are 16-bit shift registcrS with appropriate interna! feedback 
(programmable) for two differcnt CRC codes. 

CHANNEL BLOCK DIAGRAM' 
Figuro 2.0 
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AESET 

'" 
<E O 

WAITIREADY A 
WAIT/READY 8 

DCOA,DCOB 

RxDA, RxDB 

TxDA, TxDB 

~.lflinl 

----RTSA, RTSB 

OTRA, DTRB 

n.,~d Ctcl~ s:~tus 1•o•n the ZSQ.CPU (input, active low) 

Svnem Clock (input( 

Ruet (input, active low) disobles both ret:eivers and transmitters. 
T x DA and T X DB are forced marking. Modem controls are forced 
high. Control registers must be rewritten after SIO is reset and befare 
any data is trammittcd or received. All intarrupts are disabled. 

lnterrupt Enable In (input, active hi!#l) 

lnterrupt Enable Out (output, active high) IEI and lEO form a 
daisy-chain connection for priority interrupt control. 

1 nlerrupt' R~<iuest (outpu t, open drain, activo lowi.-

Two pinS, one for exh channel. They may be programmed to serve 
as readV lines for use with a DMA Controller or they may serve as 
wait lines to wnchronize _thc Z80-CPU to the SIO data r~te. 

Clear to Send (2 pins. inputs, active low). When programmed as 
AUTO ENA8LES, these inputs enable the transmitters ot their re-s
pective charmels. lf these pins are not programined u transmitter 
enables. they may be programmed as general·purpose input pins. 
These .input o nm SchmitHrigger buffered to allow slow-risc tima 
i~puu.- ~ 

Data Carrier Detect (2 pins. inputs, active low.) These pins are 
simililr 10 the CTS inputs. except that they are usable as receiver 
enables rather than transmitter enables. 

Aeceive Data, (2 pins, inputs, active high.) 

Transmit Data_ (2 pins, outputs, active hi!Yl.l 

Aeceiver clocks (inputs, active low.) (Two pi!ds, one pcr channel. 
Sea note on 8onding Opt1on.J SchmitHrigger buffered. 

Transmitter Clocks (inputs, active low.l (Two pads. one per channel. 
See note on 8onding Option.J Schmitt-trigger buffered. 

Aenuest to Send (2 pins. outputs. active low.) When the ATS bit is 
set. the ATS pin goes low. When the bit is reset in asynchronous 
mode. the pin gocs high. but only alter the trammitter is empty. 
In synchronous modos. RTS is a simple output which strictly follows 
the state of the ATS bit. 

Data Terminal Ready (2 pin~. output. ac1ive low.J Pin follows 
state programmcd with DTR bit. (Two p;)ds, one per channel. 
Scc note on Bonding Option.) 



' 

SYNCA, SYNCB Externa! Char...:ter Synchronization (2 pin5, input/output, ac:tive 
low.) 11 the Externa! Synchronization mode Í5 sclected, assembly of 
chai...:ter5 will begin On the next rising edge of R x C. 11 interna! 
charactcr svnc modos am sclcctcd, thc pins me outputs that are 
active during pan ofthe clock cvclcs that a svnC character is re;;og
nized. Thc sync condition is not latched, so this pin will be active 
every time a synC pattcrn is re-cogmzed, "'gardles.s of character 
boundaries. In asynchronous modes, thcse pins are simple inputs to 
the HUNT/SYNC bits in Statu; Rcg1ster O and may be used lor any 
input lunction desired. However, il EXTERNALfSTATUS imerrupts 
are enablcd in the asynchronus mode, then SYNC should rlOt b~ lcft 
lloating as this could cause spurious interrupn to oecur. 

NOTE: Whe·n used osan externa! synchronization pin, it muu not 
becomc 'active lor thrcc svstem dock cycle; alter thc previous rising 
~~ R x C. This rcquiremcnt normally can be met by allowing 
SYNC to change only on the ialling edge of R x C. 

2.2 NOTE ON BONDING OPTION: 

Due to package constraints, there are only two pins available for the three signals, T x CB, 
R x CB and DTRB. They are normally bonded so that T x CB and A x CB are one pin. 
and R x T x CB and D'i'RB Íl an available outpu!. tf there is a requirement for different 
dock rate~ or phase1 lor R ~ CB and T X CB, they may be bonded independently by sac-
rilicing DTl'ffi. Sea FigUre 2.2. · 

BONDING OPTION 
fiG•te l.l 

MK3884 P/N MK3885 PfN 

510/0 510/1 

27 R~TxCB 27 = 
sro 26 hDB sro 26 """' 

25 OTRB 25 TxbB 

--·-·----·-----

• 
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Oper~tion o) the SIO is det~rmined by the contents of the control registers. These must 
be programm~d bclorc atl'{ operations can be pcrformed by the SI O. Sorne commands and 
tnodcs mav be chan~ed during operation. Th~ device status registers can be read at any time, 

' 3.1 ASYNCHRONOU$ MODES 

The re::eiver ports are quadruply buffared, i.e. thcre are three storage registers in addition 10 
the input sltilt regi~ter_ This allows additionaltime lor the CPU 10 servicc an interrupt atthe 
b~ginning of a block of high-weed data transfer. The error flags are al so quadruply buffcred 
and "'" loaded at the same time as the character. The RECEIVER DVERRUN and PARITY 
ERROR fla9$ are no¡ reset tmless an ERROR RESET Command (Command 6) is issuetl. 
ENO OF FAAME and CRC/FRAMING errors always refloct the state of the chara.c:ter 
currently in the buffer and are not reset by EA ROA RESET. Thus, whcn the error status is 
read, it will reflectan error in tbecurrent word in the mceivebufler inaddition toany paritV 
or overnJn errors rcccived since the last ERROR RESET Command. In arder to keep 
corrcspondence between the stat of !he error buffer and the contents of the re<:cive reg
istets, the status register should be read befare the data (see exception!. This is e.uily 
accomplished it the ve<:tored interrupts are u$ed since a spccia! interrupt vector is generate<l 
for errors or end of Ir ame. 

lf the status is read alter thu data is iead, tila error data for the next data word will olso be 
included if it hJs been stacked in the buffer, lf operations are being pcrformed rapidly 
enough $0 the will yet be then the status will 
remain 1 

' ' ' 
the buffer) untJithc E¡e~e:;o;,:"•.~:i·~~:.,;~~~i:::~~ lo~''""¡;,, from becoming available in ti is 

issued. 
lf the INTERRUPT ON EVERY CHARACTER mode is s.elocted, the interrupt vector will 
be differem if er<or states axis\ in the natus register. 11 re<:eiver overrun V.ould occut des
pite the quadruple buffering, the most reccnt character re<:eived will be loaded. The char· 
acter preceding it will be lost. When the charactf.r which has been wrinen 011er other char· 
acters is read. the OVERFLOW bit will be set and the SPECIAL RECEIVE CONOITION 
vector returned if STA TUS AFFECTS VECTOR rs enabled. 

11 is possible to use the SIO in a polled environmcnt. This requires monitoring of !he RE 
CE IVE CHARACTER AVAILABLE bit to know when toread acharacter. This bit isreset 
automatically when the mccive buffers are all empty. The TRANSMIT BUFFER EMPTY 
bit r< high whenever the transmit buffer is emp¡y. In pollcd oporation, it should be checked 
befare writing data into the transmitter to pre•ent overwriting of data. 

ASYNCHRONOUS FORMAT 
Figur• J.O 

MARKlNG ~IN E ~ART 1 Do 1 0 1 1 ~~ 1 ON PARITY ¡:STOP 

--~\1~-LN--~,.~,-.,-o~,•~.~~~~~~~.--' \ 
MARKING LINE 

TRANSITIONS OCCUR 1, l'h OR 2 BITS 
ONAFALLJNGEOGE MAYBEEVEN,OOD,OR 
OF TxC, NOT PRESENT 

7 
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TRANSMISSION 

A data character sent by the SIC will be assembled as lollows in asynchronou5 modes: 

ldle state (no characters beinn scnt) i5 a marking line (h1gh) unless a break has been pro
grammed in the control register, in which case, the line will rema in spacing until the SENO 
BREAK command has been removed or the chip is rcset. 

Transmission cannot begin unless the TRANSMIT ENABLE bit is set. lf the AUTO 
ENABLES bit is selected, then CTS must be low as well, 1f the 5 bits/charactcr mode is 
selected, then unused bits (D5, Ds. and D7l must be zcro in each data byte wrinen into 
the SI O. 
RECEIVING 

Asynchronous reecption will be~hen the RECEIVER ENABLE bit is set. 11 the AUTO 
ENABLES bit is sclected, the DCD" must be low as well: A low (spacinnl condition on 
A x D indicates a start bit. lf the low per5ists lor Y, bit time, the start bit i5 as5umed to be 
valid and the data input is then 5ampled a¡ mid·bit time until the entire character is assem· 
bled. This method ol detecting a nart bit improv<n error rejeetion when noise spikes exist 
on an othcrwise marking line. 11 the XI clock mode is selected, bit synchronization must be 
accomplished externally. 

3.2 SYNCHRONOUS MODES 

The various svñchronous mod111 aH require a x1 clock for transmlS'SiOn and reception. 
Data is sampled on the risLng edge of RxC. Transmitter data transitions occur on the falling 
edge.ol TxC. 

In all cases, the receiver is in a hunt mode ~ftcr a reset (interna! or externa!). The hunt can 
begin only when the receiver is enabled. Only whcn character synchronization has been 
achicved can data transfer begin. 11 there is z loss of charac:ter synchronization, the hunt 
mode can be re-cntered by writing a control word with the ENTE A HUNT MODE bit set. 

The dil!erences' in operation of the monosync, bisync and externa! sync modes are only in 
the manner in which initial synchronization is achieved. Note: The mode ol operation must 
be selectcd befare the sync characters are loadad, since the registcrs are u sed diflerently in 
thc various modcs. 

MONOSYNC; (S· BIT SYNC MODEI 

Matching of a single sync character. programmed into Write register 7, implies character 
syrn:hronization, which enal>les data transfer. 

BISYNC: (16·BIT SYNC MODE) 

Matching of two adjacent sync character5 programmed in Write Registe" 6 and 7 implies 
character synchronization. In both monosync and Disync modes, the SYNC pin will be 
active (low) anv time the sync character sequence is detected and will remain low for the 
cloc!<. cycle in wl1ich it is detected. 

EXTERNAL SYNC MODE 

In this mode, character asscmbly l.>egins on thc lirst rising edg~ of RxC alter the SYNC pin 
beconws active (low). lltilould be held active foral least thrce complete clock cycles. 

In Monosync. Bisync an<l Externa\ wnc modes. assembly will cominue until the SIO i1 
reset (either intetnallv or with the Rcset pin) or until the receiver is dis.:~bl~ (by command 
or wirh the bCO pin in the AUTO ENABLES mode) or until the CPU set~ the ENTE A 
HUNT MODE bit. 



Art•' '•1i;:1: W" '"''';at:"l 'tus !Jecr o~hi~~cd, uoe Mr>n¡¡,yrc, \)Í~\·n~. and Ex.ternal Sync 
mod•~ are ··"'Y ,:.nllr.r. "..,y di;krcn~cs will l.~ notcd in thú lollowíng wl1ici1 is moant to 
apr.>lv to allthre•• mvde~. 

SYII.CHRONOUS FORMATS 
FiS'''" 3,1 

MONOSYNC MESSAGE FORMAT (1 Jemal Sy Detect) " "' 
SYNC 

• 

OPTIONAL 
A 

ce e CRC 
CHAAt.CTER DATA FIELO CHARACTEA CHARACTEA 

BIS'rNC MESSAGE fORMAl (Interna! Sync Oe!ect) 

SYNC SYNC 
CHARACTEA CHARACTEA 

EXTERNAL SYNC DETECT FOAMAT 

r=-:-' 
[:_::'__, 

DATA 

FIEL O 

NO. 1 NO, 2 

OPTIONAL 
A 

CRC CRC 
FIELD CHARACTER CHARACTEA 

OPTIONAL 
A 

NO. 1 

CRC CRC 
CHAAACTERCHAAACTER 

N0.1 N0.2 

N0.2 

Synchnmou¡ Mode1 (Except SDLC) Transmtssion: 

A. Defautt s1a1e (alter a Reset or transmitter no! enabled) is ~ marking Line. Brtak may 
be programmed to generate a spacing line, which begins a> soon as programmed, 
regardle~s of the contents ot the scnd register. Wtth the transmiuer enabled, and aflcr 
modes llave boen s.electerl, default is continuous uansmission of the 8 or 16 bit sync 
character. 

B. Severa! 1 nterll.lPI modes are pOs.:;ible: 

2. Extcmai/Stotus interruf!ti enabled lf the EXTEANAL/STATUS INTERRUPT 
ENABLE bit is sct, Tran=iner conditions such os starting to send CRC characters, 
startlng to send Sync characters, OCD, SYNC, and ~ changing state cause inter
rupts, which have a unique vector¡¡ STA TUS AFFECTS VECTOR mode isselected. 

9 

·, 
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3. All interrupts mav he disahled for operation in a polled mode orto preven! (nter
rupa al inappropriate times in a prOgram's exeo:::ution. 

C. 11 CRC is not enahled, sync characters witl automatic~tly be inserted when the trans
mitter has no data tO send. An interrupt is generated only atter the first automatically 
inserted sync character has been loaded. tf CRC is enabled, the first time the trans· 
miuer has no data to send, the 16-bit CRC is automaticatty sent, fottowed by sync 
characters. White sending CRC, the SENDING CRC/SYNC bit is sct and the TRANS· 
MIT BUFFER EMPTY bit indicates full. CRC LS not calculated Oflthe automatically 
inserted sync characters. but it will bo calculamd on any sVnc d1anlcter sent as data 
unless !he CRC generator is dtsabled when that character is loaded to the transm'lt 
shilt register from the transmit buffer. When the CAChas been sent, the TRANSMIT 
BUFFER EMPTY bit goes high andan interrupt is generated to indicate that another · 
message can begin. Control of the CAC generator may proceed as follows: 

The CRC gencrator should be.reset by issuing the RESET TRANSMIT CRC GENE
RATOR Command. befom any data is loaded. Alter CRC and the entire transmitter 
is enabled. data may be loaded. Belore CRC is to be s.ent {but alter the !irst data has 
bcen loaded), the SENDING CRC/SYNC bit must be reset with the RESET SENDING 
CRC/SYNC Command. 

Because sending of the CRC is inhibited when ¡he SENDING CRC/SYNC bit ís set, 
the StO can be used to automatically inserl fill chaiacters within messages instead 
of automatically senérng ¡he CRC. CRC is not ca!culated on syncs automatically 
inserted and when the end of the meS$8!1(1 is reached, the bit can be reset thus allowing 
the CRC tp be sent. 

D. 1 f the transmitter is disabled whi!e a character is being sent, that character [whether 
Data, CRC or SYNC) wil! be sent as normal but will be followed by a markinQ line 
rather than CRC or sync characwrs. A character in thc buffer when the transmitter is 
disab_led will remain in thc buffer. Howovcr, a programmcd break will be elleo:::tive 
as soon as it is written into the control register. Characters being transmittcd, if any, 
will be lost. 

E. In all modes, choracterS are sent low-order bits first. i.e., Do befare D1. etc. for as 
many bits as are programmed. This requires r'rght·hand justification of dota lo be 
transmittcd if word len~tll is less than 8 bits. lfword length is 5 bitS or less, the special 
techniqua described in thc TRANSMIT BITS/CHAR section must be used for the data 
formal. 

Synchronous Modes {Except SDLC) Reception: 
• 

A. Alter prOgramming the mode and sync characters {in that arder). the reo:::eiver may be 
enabled. 11 wiflthen be in the HUNT MDDE and will stay in that mode until: 

1. A match is rnade with a single sync character {monosync mode) or 

2. A match is made with a dUal sync character (BiSync mode) or 

3. The externa! SYNC pin is forced low. In cases {1) and {2) thee~ternoiSY/iiCpin is 
an output which indicates that character synchronization has been Jchie~ed. In case 
{3) it is an jnpW.. 

B. Character assembly begins alter sync has been achieved. Four int~rrupt modei are 
pos~ible. 

1. ND INTEARUPTS ENABLED - for a purely polled operation or for "off line'' 
conditions. 



2. INTt:RflL.:~~ ')~1 rms·r CrlAHt,CTER ONLY. Thl$ mooe would n'ormJ!ly be 
U>ed \o start a svlt,•;,,re polling loop or ~ bl::-d. t•an¡fcr imtructior> usinq !he WAIT/ 
IH:Ao·,· oonput to synohronize \he CPU to the incoming data ra!e. Ir could also 
bij usc'<l \•Jith a DMA de-vice. In this motle, th~ S lO will intorrupt on the first char
íicter and th~rcafter will only interrupt it errorsare detcctcd. The n1odc is reset with 
the RESET RECEIVE INTERRUPT ON FIAST OlAAACTEA command. 
(Command 4). 
The fim character received alter this command is issued will al so cause an interrupt. 
1! E~ternai/Status interrupts are enabled, they may interrupt at arw time. Pari¡y 
crrors do nnt causa inrerrupts '" this mod", but End·of-Frame (SDLC Mode) and 
rec~iver overrun <lo cau•e interrupts. 

3. INTEARUPT ON EVERY CHAAACTER- whenever !he receiver buffer has a char
acter an interrupt is generated. Error and sPecial conditions generate a special vector 
if tha STATUS AFFECTS VECTOR mode is s.elected. A panty error may optional!y 
not gcner•te the special vector. 

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

1. Calculation of the CRC on a particular character begins 8 bit times alter the word 
has bcen tranderr~d to the receive buffer. lf CRC is enabled before the next char
acter is transferred to the mceive buffer, CRC will be calculated on the character. lf 
CRC is disabled belore the time of tho nexttransfer, calculation will proceed on the 
word in progress, butthe word just transferred to thG buffer will not be included. 
This allows starting and stopping CRC checking on the various characters employed 
in BiSvnc. 

2. The CRC may be enabled and disabled as many times as nccessary for a given calcul-
ation. · 

3. CRC Codes are selected during the mode selection process. Either the CRC-16 poly
nominal x15 + x15 + X2 + 1 or the SDLC polynomial X16 + x12 + x5 + 1 may 
be u sed. In all except SDLC mode. the CRC calculator and checker are reset to all 
O's. Transmitter and receiver mun us.e the same polynomial. 

4. In Monosync, Bisync and Externa! Sync modes, the CRC/FRAMING ER.ROR bit 
contains the result of the comparison ·Of the CRC checker to "all zeros" 16 bit 
umes alter the character has been loadcd from the receive shift register to the buf· 
fcr. The comparison is made with each load and is val id only as long as the char· 
acter remains in the buffer. lf time increases down the page, then the following 
holds: 

Character "A"Ioaded into the buffer 

Character "B" loaded into the buffer .•. 
11 CRC is di>abled belore "C"' is in the buffar it will not be calculated on "B". 

c;haracter "C"Ioaded into buffer ... 
After "C" is loaded the CRC/FRAMING ERROR bit show~ the result of the 
comparison thru Character "A" 

Character "D"Igaded into buffer •.• 
Alter :·o" i~ in buffer. the CRC/FRAMING ERROR bit shows the resol! of the 
comparison thru Character "B". 

Because of the serial oporation of thc CRC calculation, the re-ceivcr clock (RxC) 
must go through 16 cyclcs alter !he CRC character has Ueun loaded into the rece1ve 
buflcr (20 cyclus alter tlm last bit is atthe SIO RxD pinl befare the CRC calculatlon 
is complete. 

" 
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TRANSMISSION SOLC/HDLC MESSAGE FORMAl 
fivu•• 3.2 

" 

FLAG 
01111110 

ADDRESS 
8 BITS 

DATA 
"1"" 

J 

FIELD CRC 
No. 1 

CRC 
No. 2 

FLAG 
01111110 

SDLC MDDE TRANSMISSION: 

A. Normallv. the CRC generator should be reset {with the RESET TRANSMIT CRC 
GENERA TOA command) betore a data block is transmitted. Reset mav occur any 
time alter the CRC of the previous message has been sent. Dming the time that CRC is 
being sent the SENDING CRC/SYNC bit will be set. the TRANS BUFFER EMPTY 
bit will not be set. Alter the CRC has been sen! the TRANS BUFFER EMPTY bit 
is set which will cause an interi"upt signifying that the CRC has been sent, if traru. 
mil interrupts are enabled. 

' 
B. The idle device smc {if the transmitter is enabled) is continuous flags being transmitted. 

11 the transmitter is not enabled, a marking line is sent (idle line state). 

c. An abort sequence may be sent by issuing the SENO ABORT command {Command ll. 
This causes at leas! B but les-; than 14 one's lo be sent belom the line reverts to con· 
"iinuous flags. Any data being transmitted and any data in the transmi! buffer. will be 
lost. 

D. One to 8 bits per charocter may be sent. See the Register De~ription of Write Register 
5, Transmit Bits/Char. for an e~planation of how this is accomplished. Sin ce the number 
of bitslcharacter may be changed "on the fly", this feall1re may be used 10 fill a data 
field with any number of bits. When used in conjunction with !he Receiver Residue 
Codes. the SIO may roceive a message of any number of bits length and retrar~smit it 
exactly as roceived with no prt'llious information about the charactcr strueture of tha 
l·field {if any). A channe in the number of b1ts/character will not aflect the charilCtar in 
th~ process of beino shifted out. Characters will be scnt with the number of bits prog. 
rammed al the time that the character is loaded from the buffer to the transmitta~. 

E. As in other synchronou> modcs, thu two byte CRC sequence will be U!nt automatically 
when the transmitter has no more data to send, i.e. when there is no charocter in the 
transmit buffer and the transmit shift mgister is empty. When the CRC seflding begins, 
the SENDING CRC/SYNC bit is sct and a status chango interrupt is generated if 
externol/stotus intcrrupts are enahled. This may be used as a transmittcr underrun indi· 
cation. Alter thc CRC has becn sent, the line reverts to continuous flags, without shared 

.zaras, i.e .... 
0111111001111110011111100 ... 



O, Set up ncces1ory mode (only at initial power onl 
l. Resct CRC ~~nerator 
2. Writ~ lirst 2 bytes of data li.e. address and m control bytes! 
3. Reset SENOING CYC/SYNC bit 
4. Write rest of data 
5. Aft~r data is complete, CRC & flags w\11 he sen! automatically, and this sequern:e 

can rcpcat from t. 

F. Extra zcms are automatically inserted in the data stream where required to lulfill the 
r~quirament of 5 ones maximum in a row, except for flags or abmts. 

G. 'Nhen SDLC mode is s.elected, Reset of the CRC generator is actually a preset to all l's. 
The SDLC CRC code must be sele<::t&d. 

J<ECEPTION SDLCfHDLC MESSAGE FORMAT 
;:rguro 3.3 

f--''''•"oc--r-..cououR"E"s"s-r-cocAcTcAc-~•--c,",,c,c0c--r-cc"R"c~-r--cc"R"c~~---.,,,,."cc-l 
L..Qlll1110 8B!TS "1" N0.1 N0.2 01111110 

~ 

SOLC OPERATION. RECEIVER 

A. Data transfer begins with the first ilon-flag character received alter at least one flag 
(011111101 has been received if AODRESS SEARCH MOOE has not been enabled. 
lf AOORESS SEARCH MOOE is enabt&d. then a flag followed by either the program
med addrcu or the global address ( 1111111) is required befare data tramfer will begin. 

1. lf interrupts are disabled, the presence of chari!Cten in the receivc buffer can be 
detected by observing the RECE:IVE CHARACTER AVAILABLE bit in Read Regis
t~r O. 

2. 11 the INTERRUPT ON FIRST CHARACTER ONLY mode has been selected, this 
would noronally be used to initiate a block 1/ansfer. lf the length of the message is 
unknown, the SPECIAL RECE !VE CONDJTION (End of Frame) imerrupt may be 
used to e~it the instruction of software loop. The RESET INTERRUPTON FIRST 
CHARACTER command (Command 4) must be issued beiore an interrupt lor a 
following block's first charocter can be operated, 

3. Flags are not transferred. The extra zeros inserted in transmission are automatically 
delet~d. 

4. Aborts are detected as 7 or more one"s and cause a st•tus interrup: (if enabledl with 
the BREAKfABORT bit set in Read Register 0. Alter the RESET EXTERNAL! 
STATUS INTERRUPT command (Comm~nd 2) has been issued. a se<;ond interrupl 
will occu1 when the coninuous one's condition has be en cleared, 

B. In SDLC mode, control of the rnccive CRC checkei- is automotic. lt is reset by 1110 lead· 
ing flag ond CRC i.calculated up to the final flag. The CRC/FRAMING ERROf1 bit in· 
dicates the result of tl1c CRC check and is located in Aead register 1. lf the CRC/ 
FRAMING ERROR bit \S not set, then the CRC indicates a valid message. A spec1al 
check sequence is u sed for the SO LC check because o! the preset to atl one's. The final 
chec~ muu be 
0001110100001111, 



" 

C. Character length may be changed "on ¡he fly." lf address and control bytes are pro· 
cessed as B·bit choracters, ¡he receiver may be switchccJ toa smallcr character lmogth 
during the time that the tjrst "onformation charactcr is bcing assembled. Th"o~ change 
must be made quickly enough ~ that it is effective befare the number of bits specified 
have been assembled. i.e., il the change is to be from the 8 bit comrolto a 7-bit inforffia. 
tion field character length, the change must be made before the lirst 7 biU of the 
l·field have been as.sembled. 

O. 11 address search mode is not uscd, or if messagcs havc multi·bvte addrcsscs, on un· 
wanted messaoc need not be complete! y rcad by the CPU. Once the dutcrmination has 
been made that the message is not nccded, writing the ENTER HUNT MOOE bit will 
suspend reception until another message hcaded by a flag has been received. 

E. When the trailing flag is received .. an interrupt with a special vector is generated (if 
enabledl. This signals that ¡he byte with the END OF FRAME bit set has been received. 
In addition to the results of the CRC check. Read Register 1 has 3 bits of Residue Code 
val id at this tirne. For those cases in whoch the number ol bits on the l·field is not an 
integral multiple of the charact"r lenuth used. the;e llits ind"ocate the boundary between 
the CRC check bits and the l·lield bits. For a detailed de>eription of the meaning of 
these bits, see ¡he de>eription of the Residue Codes in Read Register 1. 

F. Parity checking may be used on data in the information fietd only il S. 7 bit characters 
are used and only if a half-duplex protocol isbeing uscd. (There are no separate controls 
for parity on.the receiver and uansmitter so parity cannot, for e><ample. be simultane
ously disabled for transmitting ao S·bit address and eoabled for receiving a S-bit l·field 
character). 

' 

' 
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4.0 SIO PH(lt.:;AM.~r.':NG 

4.1 GENlAAL 

The Z!lO SIO i> a multi-function p~riphe1al componen! spocif<cally de~igned to satisfy a 
widc voriety of <erial data communica!ions requ~rements in lnicrocomputer systcms. lts 
lJa>ic r<JI~ is that of a serial to parallel, parallel to seri~l convenerlcontroller bu! witilin ti1Jt 
role it is configured by svstems software programming so tha! its lunction or "personolity" 
can be optimized for a given serial data communications application. 

To program the Z8G-SIO the wstems software issues a series of commands that initialize 
the basic mode of op~ration desired and Other commands to qualily conditions within the 
modo selected i.e. Stop Bits, Bia/Char, Sync Char etc. The command structure of the ZBO· 
510 is desinned to take ad•·antage of the oowerlul ZBO BLOCK 1/0 instruwons to simpl1fy 
programming, minimize overhead and optimize CPU intcraction activitie;. 

Each of lhQ two channels of the ZB0-510 cont~in command registers that must be pro
gramrr.ed vía system software prior to lunctional operation. The channel select input 18/Al 
arod \he control/data input IC/0) are thc comm;md structure addressing controls, normally 
controlled by the oddre~s bus of the ZBO CPU. 

ciD ,,. 
o 

' 

FUNCTtON 
Ch•nnet A o .. a 
cnannot B Dota 

o 
• 
' ' 

o 

' 
Chonnot A CommandoiS\IIuo 
Chonnel B Commondo/Stotuo 

4.2 WRITE REGISTERS 

The ZBO.SIO contains eight jB) registers that are prograinmed (written into) by the system 
software 10 configure !he functional personality of each channel. All Write Registers. with 
th~ exception of Write Regi~ter O, require two byte~ to be properly programmed. The lim 
byte contains 3 bits which point to the selecte-d register 100-02) the second byte is !he 
actual control word that is being written that register to configure the SI O. 

Write ReDislcr O is a spec1al case. RESET je1ther int~rn~l command or extemJI input) will 
initialize the S lOto Write Register O. All basic commanrls jCMDO-CMD2) and CRC control S 
ICACO, CRC1) can be accessed with a single byte using Write Register O. 

Contained in the lirst byte o! any Write Re~ister access are the b"'ic commands {CMDO
CMD2) and the CRC comrols jCRCO, CRC1) so that maximum system control and llexi
bility is maintaincd. 

, ' ' , 
' ' • • •¡¡:¡;¡;¡ 

1 o 1 ~ ' 
1 1 O AEGISHA 6 
1 1 1 AEQISTíA 1 
NULL COOE 

1 SENO AOORT ISDLCI 
O AESET EXT.STA,TUS INHIU'IUPTS 

0 1 1 CHAN,.EL RfSET 
0 O RUETA•INTONfiRSTCfOARACTER 

1 0 1 flCSET l<U.JT P€NOING 
• 1 1 O f.RROR RHfT 

1 1 1 RE;TURN FROM INT ICii·A ONLVI 

. INT ENABLE 

L-'==: IN'! ENAOLE 
STATUS AFFECTS 

VECTOR ICI--l·B ONLYI 
O Ax INT DI SABLE 

O 1 Ax INT ON FIRST CHARACTER 
ON(Y 

O, INTON ALL Rx CHAAACTERS 
IPARITY AFFECTS VECTOR) 

INT ON ALL Rx CHARACTEAS 
IPARITY DOES NOT AFFECT 
VECTOR) 

-_]~--:'~'"~'~'~'~·~·;·~~~~~~~~~--------------_!~~~~;:;:;:~;;;;;;¡;;¡¡j~;¡¡, ________ _ 
O RESt:T fl• Cf<C Ct1ECKER 

O RESET l• CRCGENEAATOA 
AESET SENOINQ CRC/SYNC LA TCft 

• 



WRITE REGISTER 2* 

" 06 05 o ' o ' " DI DO 
~ '" " " " NTERRUPT 

V. VECTOR 

" " " 
;CAN ONL V a~ WfliTTEN INTO CHANNEL U 

WRITE REGISTER 4 

" "' 05 04 

o o 
o ' ' o 

' ' 

"' " "' 00 

1 
o o SYNC M 
o ' 1 STOP 

' o \~STO 

' ' 2 STOP 

PAAITY ENABLE 
PARITY EVEN/000 
OOI<S ENABLE 
B!T/CHARACTER 
PBITS/CHAAACTER 
BITSICHARACTEA 
AA ACTEA 
ARACTER 
111110SYNCFLAG) 

NC MODE 

BBITSSYNCCH 
16 BIT SYNC CH 
SOLC MOOE 101 
EXTERNALSY 

O O X1 CLOCK MOOE 
O 1 X16CLOCKMDDE 
1 O X32 CLOCK MODE 
1 X64 CLOCK MODE 

WRITE REGISTER 6 

"' BIT 1 
BIT 2 
BIT J 
BIT 4 
BIT 5 
BIT G 

'ALSOSDLCAODRESS FIELD 

WRITE REGISTER 3 

O O Rx 5 BITS/CHARACTEA 
O 1 Ax 7 BITS/CHAAACTEA 

1) Rx 5 BITS/CHARACTER 
Rx 8 BITSICHARACTER 

WRITE REGISTE A 5 

07 06 05 04 03 02 01 00 

1 

ENABLE 

Tx CRC ENABLE 

"' ~RC-16 

o o T• 5 BITS lOA LESSI 

Tx ENABLE 
SENO BREAK 
/CHAAACTEA 

o ' Tx 7 BITSICHAAAC "' ' o Tx 6 BITS/CHARAC "' ' ' Tx 8 BITS/CHARAC "' L-OTA 

W~ITE REGISTE A 7 

'FOR SOLC IT 
TO "01 111 \ 10" 

' 



The Z80-SIO contaoos threc (3) registers that can be rend to olltaio the statu> of each 
channcl. StdW< inlormation iocludes error conditiono, intmrupt vector, and stuodard com· 
municcnion imertJcC protocol signnls. Toread thc contems of a selectcd Read Register the 
systcm software must lirst write out to the SIO thc byte conr<1ining pointcr inloronation 
(DO·D2) in exactly the same manner as a Write Re~istcr operation. Then by issuing a 
REAO operation the cootenu of the addreswd Read/Status Register can be read by the 
ZBCJ.CPU. 

The real po,..<er in this type of con•maod structure is that the programmer has complete 
fr~om alter pointing 10 the selecu:d register ol either Rnoi'ng or Writing to initialize or 
test that regis!er. BV designiog software to initiali:e the ZBO·SIO in a modular, stmctured 
fashion, the programmer can use the powerful ZBO BLOCK 1/0 imtructions to signilicantly 
~impli!y and sp~eC his .oftw~re development and debug. 

------------------------------------~ 
I:EAD REGISTEA O READ REGISTER 2 (Channel B Only) 

01 06 OH 4DJD2D1Io[i! 

1 

l_l 

07 OG 05 04 " 02 01 00 
Fh CHARACTEA AVAILABLE VO 

1 !NT PENO!NG" V1 
Tx BUFFER H:PTY V2 
000 
SYNCIHUNT 
m 
SENOING CRC/SYNC 
BAEAK/ABORT 

VJ tNTERRUPT 
V4 VECTOR 

" v• 
v; 

'CMl 0NLY BE RtAD BV CHANNEL. A 

READ REGISTER 1 

07 06 05 04 " " 

' o 
o ' ' ' o o 

' o 
o ' ' ' 

" 

o 
o 
o 

' ' ' ' 

00 

t-FtE 
ALLSENT 
LO BtTS 

REVtOUS 
m '" ' o 
o 
o 
o 
o 
o 

' o o o 
-i>ARITY ERROR ' 

Rx OVERRUN E 
CRC/FRAM!NG E 

I·FIELD BITS IN 
SECONO PREVtOUS 

•m 
' ' ' • 

' ' ' ' ' "RESIOUE DATA 

' 
• ' 

ENO OF FRAME 

RROR 
RROR 
!SOLCI ;P 

4.4 REGISTER OESCRIPTION 

Ea~h.channe! contalns the following control registers, addreued as commaods {no! data): 

Write Reglstcr O, a command register: 

~¡ ~! o, o, o, o o, 

"' ~ 
Reo<! Aosot OMO OMO OMO '"' '"' '"' Code Oooo 

' o ' ' o ' ' o 
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These are pointer bits which tell the SIO into which rcgister the following byte is to be 
written. The lirst byte wr~tten into each channel alter a reset (either by command or with 
the cxtcrnal re¡ct pin) will go to write reg11ter O. Thu byte following a read or write to any 
rcgister (not regi•ter 0) will be to reg1ster O. 

• 

The~ are commands· 

Commal>d CMD2 

o o 

' o , o 

' o 

' ' ' ' ' ' ' ' 
COMMAND O 

COMMAND 1 

COMMAND2 

COMMAND 3 

COMMAND 4 

CQMMAND5 

COMMAND 6 

CMD¡ CMDo 

o o Nul! Commanc:l(no afloct) 
o ' Send Abo" tSDLC Modd 

' o . Reset Ex<trnai/St~tullnterrupts 

' ' Channel Reset 
o o Re,.¡ Reoei>e lnterrupt on Fim Character 
o ' Reset Tran.,ittor 1 nterrupt Pel>ding 

' o Error Reset llotcl1osl 

' ' Roturn from lntorrupt (01ann~l A only) 

(The NU LL command) has no offcct. lt's normal use is todo nothing 
while setting the pointers for a following byte. 

(SENO ABORT) is used only with !he SDLC mode to generate a 
sequence of 8 to 13 ones. 

IRESET EXTERNAL!STATUS INTERRUPTS). Alteran extemal oi
status interrupt (indicating a ch3ngc on a modem line ora break condi· 
tion, for example) the status lliU of Read Register O are latched. This 
command reenables them and allows interrupts to occur. The latching 
alloW!l capture of short pulses on ¡he inputs until S<JCh time as the CPU 
can read the change. 

ICHANNE L RESET). This command perlar m~ the same operation as 
an ext~rnal re5et, but only on a 5ingle channel. The Channel A Reset 
al5o resets the- interrupt prioriti2ation logic. Al! control registers must 
be rewritten alter this command. Alter thiscommand iswritten. four 
extra >y5tem (•1•) clock cycles should be ollowed for the SIO reset 
time befare ony additional commands or contro!s are written into that 
channel of the SI O. 

IRESET RECEIVE INTERRUPT ON FIRST RECEIVE CHAR· 
,ACTEA.) 11 the INTERAUPT ONLY ON FIRST RECEIVE CHAA· 
ACTEA mode ol operation is progr0mmed, it nceds to be reactivated 
alter cach complete menage is reccivcd, in preparat1on for the next 
message. 
(RESET TRANSMITTER INTERRUPT PENDING.) The transmitter 
will interrupt when it be-come~ cmpty il the ENABLE TRANSMIT 
tNTERRUPT mode ls sclected. In !hose ca~es when there are no addi· 
tional characters to be S<"nt. i~~"ing this command will pr...,ent !urther 
transmi!ler interrupts (i.c. until al!er the next character has been load· 
ed irito the trammiuer). 

(ERROR RESET. LATCHES.) PJrity and overrrun errors are latched 
in ReJd Registcr 1 until reset with this command. Thls allows errors 
OCC<Jrring in block transfers to be cxamined only at the end o! tha 
block. 



(I"H.:flii1!\J FROM iNt[nliUO'T.\ Ti,is comnhlrlcl (wl1ich must b~ 
ISSUed in Ch,HHI"I M) i; tn!Crpretec+ by thc 510 in oxactly !he SJme WdY 
as it would interpmt ~n RETI Command on tilc data bus, 'i.e. it 
•.vouttl reiet the lnterrupt Under Serv1ce latch of the interna! dcvice 
(receiver. transmittcr, cte.) undú service and thus. by means of the 
daisy chain, allow lower priority devices'l.o interrupt. Thc interna! 
daisy chain may be used E'llen in systcms with no externa! daiw 
chain and no RE TI Command by use of this command . 

• 

CRC RESET CODEO W5l and CRC RESET CODE 1 (07} 

To¡¡ether. th~e biu specify three reset modes. 

¡eRe Ro.et Code 1 CRC Re,o¡ Codo O 

1 
o o Null Codo fno altee ti 

o ' Ro•et Receioe CRC C~ecke' 

' o Re•et T<>mmlt CRC Gene,•to' 

' ' Ro"'t SENOING CRCISYNC latch 

WRITE REGISTER 1 contains the control bits for the various interrupt and lft.'AIT/R EAOY 
modes, 

'• o, '• '• o, o, o, 'o 
Wol1/ WIAOidY 1'1•""' Roe.,,. '""' T ""' 

,., 
~'~""' noad,FNI '" lnlOHUPl lntO'fUP1 A Hoc" '"""""' '"""""" ""'"" ~'~"''" "" Modo 1 MQdoO V•«Oc Eooble Eno~l• 

' 
EXT INT ENABLE lOo) 

Extornal lnterrupt Enable, allows interrupts to occur as a result of transitions on the f5CD, 
CTS or S'7J'R: llnes oras a result of a Break Condition or the beginning of sending CRC or 
sync characters. O"C'!'', CTS", or "5'1I'I"C if not used, should be pulled up to V ce to prevent 
spurious interrupts from occuring. 

TRANS INT ENABLE (0 1) 

Trammitter lnterrupt Enable. lf enabled, interrupts will occur whenever the transmitter 
bulle' be<:omcscmpty, 

STATUS AFFECTSVECTOR I02l (Cflannel B only) 

• ,,. 

11 this mode is sclected, the vector returned from an lnterrupt acknowledge cycle wlll be Ji 
''ariable according to the following: 

,, ,, "• • 
.o o o Ch B T""""" a.n., Em!>t'; 
o o ' en B E.toonoi!Sl""'Chongo 

~· o ' o Ch, B P.ocoovt Ch"''""' "'""'"'' 
o ' ' Ch B Spocool A•«;,, Condoloon 

' o o Ch A Ttontm•t Bull« Emo" 

_ij_ 
o ' Ch A E'"'""/StoM Ch•nge 

'"' ' o Ch A Aec"'" Ch""'" A'"''""' 

' ' Ch A So«'•' R'""" Condotoon 

tf thi~ bit is O, tl1e fixcd vector programmed in the vector register is returned .. 
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REC INT MODE O (DJl. REC INT MODE 1 (D4l 

Receive lnterrupt Mode O and Receive lnterrupt Mode 1 together specily the various char· 
acter available conditions: 

o, o, 
REC JNf RECINT 

MQDE MODE 1 MOOE O 

o o o Ro<:o• .. , '"""""" ~ ... bltd 

' o ' Roe .... '"'"'""' on o;.,, <hoti<!O' <>nlv 

' ' o '"'""""' on oll R..,., .. Ctlo•O<Io"-f''""' o!loet> Voe<o• 

' ' ' '"''"""' on oH Roeo,,... C""""'""-f''""' '"0< Ootl no o all«:t Vo<1o<. 

W/READY on R{T (D5J 

When the W/Rcady line is enabled, this bit selects whcther it will be active when the receiver 
is empty (bit•!) orwhen the transmit buffer is full (bit 2 0). 

READY FN/WAIT FN l05J 

When used with the CPU as a Wait fine, this bit should be programmed "0", Y.'hen used with 
a DMA as a Ready fine. it must be programmed "1". The ready lunction can occur any 
time, regardless of whether the SIO is addresscd or not. The Wait function is active only il 
the CPU al!empts to read SIO dota that has not yet been received, as would lrequently 
occur if block transfer instructions are used with the SI O, or tries to write data while the 
transmit buffer is nill full. 

Also, as a Wait function, the output is open drain and occurs lrom the negative ed91! ol 
<1•. As a Ready lunction, it is actively driven high and occurs lrom the POSitive edge of .J.. 

WAJTIREADY ENABL (D¡) 

The Wait/Ready pin will remain high (Rcady modc) or lloating (Wait mode) until this bit 
i5 programmed to one. 

WRITE REGISTER 2 (Channel 8 only) 

Write Reuister 2 is tho interrupt vector rcgi>ter ;md it exists only in Chonnel B. V4·V7 
and V o are alwavs returned exac!ly as written. V¡·VJ are returned as written if the "Status 
Allcct> Vector", Control bit is "0". 

WRITE REGISTER 3 

Write regi>ter 3 contains control bits for sorne of the receiver logic. 

o, o, o, o, o, o, o, Oo 

RCVR RCVA '"'" RECVR Add<OII Svoc c .. ., a,,,, B•nl A ole Hunt ""' s. .. <h 
,_ ......... 

Ch,, O o.,, 1 '"'"'" "~· E noh" Moo• '""'b" Eo.oU!o 

• 

RECEIVER ENABLE (Do). 

A "1" programmcd he re allows receiver operatiOrt$ tO begin. 



Sync churactcrs ¡¡rccudm~ a m~ssa~e will no! be loaded ínto !he receiver buffers if thi1 
option is sel~cte<l. The CRC calculation is not smpped by thc sync character bcin¡¡ stripped, 

ADDRESS SEARCH MCDE lD2l • 
lf the SDLC mo<le is selecte<l, this mode will cause messages with addresses not matching 
th& programmed addrcss or the global (11111111) address to be rejected, i.e., no interrupts 
occur unless an addrcss match occurs if this mode isselected. 

RECVFl CRC ENABLE IDJ) 

Rece;ver CRC Enable. lt this bit is set, a calculation of CRC begins (or restom) atthe start 
of the last character transferred from the receive register to the buffer stack regardless of 
the number of characten; in the stack. 

ENTER HUNT MODE (04I 

11 ch~racter synchronization is los! for any reason, or if in SDLC mode, it is datermined 
that the contenu of an incoming message are not needed, Hunt mode may be reentered by 
writing a "1" to this bit. 

AUTO ENABLES (Dsl 

lf this mode is selected, the DCD and CTS inputs are receiver and transmitter enables. 
respectively. lf the mode is not selected, DCD and CTS are only inputs to their corres
ponding bits in Read Rcgister O. 

RCVR BITSICHAR l (06). RCVR BITS/CHARO ID7l 

The..! bits together determine the number of serial receive bits that wil! be as~embled to 
form a character. 

These bits may be clmng~d during the time that a character is being assembled, if it is dona 
helare the number of bits currently progr~mmed is reached . 

" •• Ro<""' Bot>/Ch.,oo:tt< l R«"•"' Bon/Cho"""' O B•<IICho...:r•• 
o • • ' ' ' " • 
' ' • 

WRITE REGlSTER 4 

Write Register 4 contaim control bits aflecting both the receiver and transmitter. 
' ., "• '• "• ., ., "• '• 

Clo<k Clook Svn< Svne Sr o¡> Stop """' Hoto A"• Mo<l•• Mod" "'" "'" Evon/ Potitv 

' " ' " ' " ""' 
PARITY ~Do) 

lf this bit is set, an additional bit position (in addition to those specified in the biu/char· 
acter control) is added 10 transmilled data and is expected in rcceive data. 
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·, 

PARITY EVEN/000 (0 1) 

1 f parí IV is specif ied. this bit determines wheth er it is sent or eh c'Cked as even 01 odd parity. 

STOP BITS O I02J. STOP BITS 1 {OJ) 

These bits determine the number ol stop bits added to e~ch asynchronous character sent. 
Thc receiver always checks lor one stop b'it. 

The special (00) mode is used to signify that a synchronous mode is to be selected, 

,, ,, 
Stop B•n 1 ''""o·,, o 

o , Syno Modo~ , 
' 1 Soop Bt1 p,. Ch,.oetor 

' 
, IX Stop ~·11 P" CMt><t" 

' ' 25oo Bt11 Pet Chon•et<t 

SYNC MODES O (04). SYNC MOOES (05) 

These selectthe various options for character synchroni>ation: 

Svne Mode 1 Syne Mode O , , 8-1>'1 Pt<*ommO<IIYO< , 
' 16-l>ot POOO'OfMtod '""" 

' 
, SOLC Modo (01111110 "'"" ,.,,.,;¡ 

' ' boOtnoiSyneM-

CLOCK RATEO (061. CLOCK RATE 1 ID7J 

Specifies the multi~lier between el oc k and data rates. For synchronous rnodes X 1 must be 
specified. Anv rate may be specificd lor the asynchronous modes. The same multiplier is 
used lor both the receiver and transmitter. 

In all modes. the system dock (•1•1 must be at least 4.5 X the data rate. lf the X1 clock rate 
1 t d b't h t' t b ¡· h d te 11 osseece 

' 
S)'I1C ronoza 10n mus e accam12 ts e " m• ,. 

Cloek llo« 1 Cla<• "'"O 

, , o.,, 11110 X 1 • Ctoe> Roto , 
' Do~ "'" K 16 • Ctoe> 'la" 

' , Doto Ao10 KJ2 • Ctod RolO 

' ' O o" R "" ~ó4 • Cl<>ek RO!I 

WRITE REGISTER 5 

Write Re-gister 5 contains mo.,ly control bits alfecting th~ transmitter. 

,, '• '• '• ,, ,, '• "' T•a"""" T<Oov"" T""""" e,,, B•<>i """ T"ntm•< SOlC/ '"' "" Ch" O ""' , B"" Eooblo CHC16 "" En..,1o 

TRANSII·1!T CRC ENABLE (Dol 
• 

This bit d~termines whether CRC'is to be calculated on any panicular send character. 
11 s.ct al the tione of lo~d1ng the character from the transmit buffer lo the transmit shift 
registcr, CRC will b~ calculated on thc charucter. CRC will not Oe autoonatically s.cnt unless 
this bit is oot when 1ha trunsmi!lcr is coonplcwly empty. 



Flequest lo Sn"'l i: tho control hit for tlle RT5 pin. Wllen thc iffS hit is set, the RTS 
goes active llow). Wl1en tl1e bit is rcsct (to 0). the RTS pin will go inuctive lhigh) only 
alter the trJnsrnitter is cmpty. • 
SOLC/CRC16 1021 

This bit sel~cts the CRC code used by both the transmitter and the rec:eiver. When feslll, the 
SDLC polynomial x16 + x12 + xh ~ 1 is u¡.ed, (In SOLC mode, theregistersare presct to 
"all l's" ~nd a soccial check sequence is U$Cd,) When set. the CRC·16 polynomial X16 + 
x15 + X2 + 1 is uscd, dlld the CF1C rcgisters are resm to "all O's". 

TkANSMIT ENABLE (OJ) 

Data will not be transmitted and the TxD pin wil\ be held marking lhigh) until this bit is 
¡.e¡, Data or Sync characters in the proce$$ of being transmitted wil! be completely sent if 
the trar.smit cnable bit is reset alter transmission has started. CRC characters will no¡ be 
compfetely sen\ i1 the transmitter isdisabled during thc sending of a CRC character. 

When set, this bit directly !orces the TxD pin spacing, regardless of any data being trans· 
mitted. \'1/hen reset, the TxO pin is released, 

TRANSMIT BITS/CHARO (OS). TRANSMIT BITS/CHAA 1 (DS) 

These bits tooether control the numher of bits that will be ~nt from each byte translerred 
to the tran_smit buffer. 

' •• 
l<onsm" a,"' T '""""" 8"" 8o1IIC'"'•oo:1o< 

' " . 
o ' . "' .... 
o ' ' ' ' ' ' ' 

Bits to be sent are assumed to be right justilied. Low order biu (Ool are sent first. The 
"5 orless" mode Jllows transmission of 1 to 5 bits in a character. 

'• 'o '• '• ., ., '• 'o 

' ' ' ' ' ' o ' SooU; ono b•t 

' ' ' o ' ' ' ' 5end1 ''"" b ... O•OATA BIT 

' ' o • • ' ' • Set1<11 '""" b•" 

' • • • • ' ' • - '""' b .. , • • • ' ' • • ' .. ...... ,. b,,. 

-- --
Data Termino~! 11c"Uy is the control bit for the DTR pin. When set, DTR is active (lowl. 
Wlten reset (0) OTR is inacti~e (highl. 
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WRITE REGISTER 6 

Thi~ regi~ter contair~s the first 8 bits ola BiSync set¡uence. lt must be pr09rammed with 
the check addres~ (if uscd) in SDLC rnodc, and must contain the sync character ir1the B·bit 

1 
sync mode. 11 is not uscd in~'~"~·~·~·~·~·~'"¡'~'='~'r":'¡m~•¡'~·~·~~ª~Í~~~~=~~~!~::,"~'!:,: 

~ SYNCMO~i 
AD4 ADJ A02 AOI AOO MODE 

. 

WRITE REGISTER 7 

This register cor~taim the second byte of a 16-bit synchronization sequence, or the B·bit 
sync chara<:ter. For SOLC mode, it mus\ be pr09rammed to 0111111 O . lt is not used in 
the e~temal sync mode 

,, "• '• '• ,, ,, o, o, 

SY:I; 
-

SYNI~ SVN!J SYNI2 SYN1 1 SYNIO SYNO SYNB 

' ' ' ' ' ' ' ' 
REAO REGISTER O 

This is the register read il the register pointers are (000) 

o, o, o, '• ,, ,, o, o, 
.. 

S<•d•<>o T""'"''' Re«• .. 
B«okl CRC/ s,ne/ Bu U" '"'""""' Cl>'""""' 
Abo<l Svn01 '" Hunl ,., Emply Pondon, "'"''b'• 

RECEIVE CHARACTER AVAILABLE (Do) 

This bit is set when at leas! one character is available in the re<:eive bulfers. 

INTERRUPT PENDING !D1J (Channel A only) 

01 SYNC MODE 
SO~C MODE 

Any interrupt cor1dition present in the entire SIO will cause this bit to be set, but it is 
present only in Channel A and is always O in Channel B. 

' TRANSMIT BUFFER EMPTY (02) 

Thc Transmit Bulfer Empty bit is set whenever thc transmit buffer is empty, except when 
a CRC character is being ~ent in a synchronous mode. 

Show~ the state ol tl1e 5Cii pin ~~ the time al the la5t change of anv of the five External/ 
Smtus bits. lOCO. CTS. SYNC/HUNT. BREAK/ABOHT or SENDING CRC/SYNC.) To get 
the current state of the DCD pin, thi~ bit must be read imme<Jiately follow1ng a RESET 
EXTERNALISTATUS INTERRUPT command.lCommand 2.) 

In asynchronous modcs. this Lit is similar to thc DCD and the CTS bits, exccpt th•t it 
shows the statc of ti1e ~ pin. In synchronous '""des. this bit is reset when chnracter 
SVr1CIUOI1llation is nchiev"') and is set by writing the EN TER HUNT MOOE bit. Unlike the 
e~ternal pin, the bit rem~ins reset until set by thc ENTER HUNT MOOE bit. 

CTS IDs) 

This bit is similar to the DCD bit, e~c~pt that it shows the state ol thc CTS pin. 



In ~synchccnou~ n•udcs, thi< hiT ts so.! ~~>hen a "b:enk" Í$ dctected, Aftcr thc inputs have 
!icen re enabled (by tha flESEO EXTERNAL/ST A TUS 1 NTERRUPTS cOillmimd, Command 
21. tne bit will he rc'let when t11e break stops. lf EXTERNAL STATUS interrupts are 
~nabled, the<l! changes of nate cause imcrrupts. In SDLC mod<'. tl,is bit is sct by the detec
tion of an abort ¡.cquence (7 or more l"s\. lt is not used in other synchronous modes. 

SENDING CRC/SYNCS (061 

In synchronous modcs. CRC is automatically sent when the transm1tter is empty f..r the 
fint time in a messagc. lnterrupts are generated (if enabledl when this bit is set, bu¡ not 
when reset. 11 this bit is set and the TRANSMIT BUFFER EMPTY bit is not set, then the 
CRC character is being sent.- TRANSMIT BUFFER EMPTY and SENDING CAC/SYNC 
both set imply that SYNC characters are being sen t. 

READ REGISTER 1 

This register is read when the regiuer pointers are (0011. The pointers automatically reset 
10 (000\ alter a read from this register. 

o, o, o, o, o, o, o, .o, 

~nd Of CACI R''"""'' 
F ""'' F"m'"' o'"""" """" A'"""' nos•doo Rh•duo-

ISDLCI E"o' E"o' E"o' Cod, 1 Codo 1 Codo o A" Son< 

ALL SENT (Do). 

In asynchronous modes. this bit is set when all characters have completcly cleared the 
transmitter. Transition! ol this bit do not cause interrupts. lt is always ~et in synchronous 
mode~. 

RESIOUE COOE O !D1I- FIES!OUE CODE 2 !D3\ 

These three biu indicate the lengtl1 of the l·field in the SDLC mode in those cases where 
the l.field is notan integral multiple of the char~cter length used. Only on the transfer on 
11hieh thc END OF FA AME ISDLC) bit is set do these codes have meaning. 

For a rece1ver setling of eigh¡ bits per character, the codcs signify the following: 

f·f•lfd '"''"" '" p'""'"' fn Soc.,d 

R"od""'Coo.2 ..... <~u. Coóo' Ao1iduoC- O Bvlo Provrou1 Bvoo 

' ' ' ' ' o ' ' ' • 
' ' ' ' • 
' o ' o • 
' ' ' ' ' ' ' . ' ' • 
' ' ' ' • 
' o ' ' • 

Hield bits are right-justified in all cases. 

11 a receive chmacter lcngth dilferent from eight bits is used for the l·field, atable similar 
to the above may be construcmd for each difieren\ character length. For no residue, i.e._ 
the lma character boundary coincides with the boundary ol the l·field and CRC Field, 
the Aesidue Code will alwavs be: 

ti""'"" Co•l• ;> 
o 

' 
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PARITY ERROR {D4) 

Wher~ paritY i~ er~abled, thi~ bit i~ ~et for those char~cten whose parity does not match 
the sense programmed. The bit is latched so that once an error occurs. the bit remains set 
until the ERROR RESET COMMAND, Cornmand 6, is givDn. 

RECEIVER OVERRU~I ERROR {Ds) 

This indicaw~ that more than lour characters have been received without a read from the 
CPU. Only the character that has been written over is flagged wiih this error, but when this 
character is read. !he error cond1110n is latched until reset by the ERROR RESET 
COMMANO, Command 6. 11 STATUS AFFECTS VECTOR bit is enabled. the character 
that has been !?Verrun will interrupt with the SPECIAL RECEIVE CONDITION v~tor. 

CRC/FRAMING ERROR {Ds) 

11 a framing error occurs lin awnchronous modes), this bit is set (and not latched) only 
for the character on which it occurred. Detection ol a framing error adds an additional 
% bit time to !he character time so that the lraming error will not also be interpreted as 
a new start bit. In synchronous modes. this bit indicates the result ol comparing tha CRC 
checker to the appropriate check value. 

END OF FRAME (SDLC) ID7) 

In SDLC mode. this bit indicates that a valid ending flag has been r~eived and that !he 
CRC error and residue code1 are valid. 

READ REGISTER 2 (Channel 8 Only) 

This register contains the ii-uerrupt vector a1 wrinen into Write Register 2 if the STA TUS 
AFFECTS VECTOR control bit is not set. lf that conrro! bit is set, it contains the interrupt 
vector as it would be returned were an interrupt lrom the SIO to be pro<:essed exactly 
at the time of the read. 11 no interrupts are pP.nding, V3 ~O. V2 ~ 1, V¡- 1 and other 
bits are as programmed. The register may be read only through Channel S. 

o, o, o, o, o, o, o, o, 

"• "• "• "• "' 
• 

"' 
• "• • "• . V 1. V 2· •nd V3 _,, "'""'' of STA TUS AFHCTS VE ~TOR modo " onoblOd 

4.5 ZBO·SIO COMMANO STRUCTURE • 

""• """"' 
DATA BlTS 

1= 0
'
0 1 ~o 1 "" 1 1 " 1 " 1 " 1 • 1 .. 1 ,, 1 " 1 00 

1-1 ' • • CRC 1 CROO c .. o. _., _., • • • 
• • o CRC1 """" CMO ' 

_., _., • • • 
..... ,-. SE NDING 

"' S><•Cil•v•T 
...... ~ ........... """"' .... ' • • CRCII<NC = '"" .. ""'"'' ..... , 

1-1· . • • CRC 1 • ene o C.OP 1 CMO 1 _., • ' • 
• • • W•"'IRP' fN "'"''"'"0"" " ....... ~ ' """ 11 ""'"'"' ... , RoiNTmodoO '"'""""'" '''""" lXT 1Nl <N 

"" """"' 
• • • l""'"""""' 

"" 
RC ,,_,,,.~ 

••o"""''"~ ·~· ....... ... ._, •.. , .... ' • .. c... o ...... 
26 
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4.5 ZSO-SIO CQ~.l:I,',AI\,;0 S 1 HUt:TUI-f: (Ctml'd.l 

fl~NI.Y 

' ' • '"' 1 
ORCO CMD > ... ••• • ' • 

' ' • .. " " ., 
" 

,, 
" .. • 

' • ' " " .. •• " .. " .. 
O· ' • '"" CACO ... ... ... • ' ' 

' ' • ...... -c ... , •••. ,....,. .. o ............. ............... .. ,.,,. -............ ''"''"' LO I~M •••N -
¡.¡. ' • ·~· 

CRCO ... ... ''"'o ' • • 
' ' • c .... ""' 1 "'"" .... o ,,oc ..... , .......... ........ , ......... 

''""' '""/o.Jd ''"" 

J.l ' ' 
, CRCI CRCO -· ... ... ' • ' 

' ' • "" ''"'"""""'' ··•·•oiC>o•Q ......... T .. N lbThcoc,. ... ToCRC <N -
¡.¡. ' • '"" coco CM02 ... CAlO O ' ' • 

' ' • • '""""'' 1 •••=ce• ''"''"'"" >YNC/SCCC < """'""''' OVNCIIDlC 1 S'"CISDLC 1 1YNC."S0LC O 

¡.¡. ' • CAC 1 CACO ... . .. ... ' ' ' 
' ' • STNC/SDLC 10 !TNC/SDI.C 1< SVNC/SDlC 1J SYNC/SD<C 11 <YNCISDLC 11 """"'",. SVNC/SDLC O SYNCISCLCO 

4.6 PROGRAMMING EXAMPLE 

A typicol start·UP routine lollowing an interna! or externa! reset, would be as lollows: 

'" C/iJ " o, o, o, o, o, o, o, o, COMMENTS 

' " " " " " " ' " Poin<er ut to Rog'""' 2B 

' ,, '• '• '• 113. ,, ,, 
'" lntorrupl Vector loadod 

' " " " " " ' " " _Point<r 101 te Writo Rogi11or 4B 

' '' " ' ' " ' ' ' Even poríty. 1 "op bit,X16 clock ••vnchro· 
nou• modo '"lected 

" " " " " ' " ' Pointer .. tte Write Reo¡ister 58 " r·· 

' ' o " " ' " " 7 biu/tron•mit character, uon•mitt.r 

' " " " " " " ' ' Pointer sot te Write Reqister 38 

' ' ' ' " ' " " " " ' ' blts/receive c~aracter. oco '"' "' enable Rocoi>er and Tronsminer. Recei>er 
enalJied 

' ' " " " " " " " ' Pointer sot te Reo¡i""' lB 

' ' " " " ' " ' ' lnter<upt en evorv c~anctor. stalu> affe<.ll 
Vector e• ternal/lla!OJI intorrup" enabled 

Channel B is now setup to send and re<;eive asynchronous data. 

Setup for Cliannel A follows: 

" " o " " " " " Pomter set to Write Reo¡ioter 4A 

" " " " " " " " SDLC modo.,,~ XI el oc k solecled. no r>a•itv 
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• 

Programming Example 

BIA ciD RD 

' ' 
' ' 
' ' ' 
' ' 
' 
' ' 

• 

' 

' 
' 

' 

,, 
' 

' ' ' 
' 

' ' 

'• ' 

' ' ' 
• 

' 

'• • 

' ' ' 
' 

' 

' ' 
' 
' 
' • 

' • 
' 
' 

' ' 

Channel A is now programmed for SDLC translel"$. 

" 

' • 
' 

• 
' ' ' ' ' ' ' ' ' ' 

' ' ' 
' ' ' 

,, 
' 

,, 
' 

' ' ' ' 

., 
• 

' ' ' 

' 
' 
' ' 

' ' ' 

Do COMMENTS 
O Pcinter '"' ro Write Reg,.ter GA. Rosot 

Receive CAC Chocker 
AD 0 SO LC mess;~o acldre" entered 
1 Pcint" sot to Wr~te Registei 7A, Reset 

mit CRC geno,. ter 
O SOLC flag entorod' 

1 Pointer ser te A~i•W lA 
1 lnterrupt evory character, ot•tuo allects 

vector, externol/itotu< interrup" onablod 
Pointer ••t. lo Wtit• Reg0<10r SA, Reset 
E•ternoi/Statu< lnterrupt> 

' 

' ' ' 

SOLC CRC Codo '"'""ted, a bits/uan,mot 
character, CRC and tronomitttr Mabled 
Pointe< set te Writo Rogi,.er JA 
8 bitsheceivc choractor, Deo ond CTS 
onable receiver and transmitter, rocei>e< " 
enabled, StO oearchot lor P<<>s~<lmmed 

addre ... 

Address byte ¡o bo oont bY Ch. A 
Addre<¡ or ccnuol byte 10 be un¡ by Ch. A 
A...,t SENOING CRC/SYNC 
pcinter lo teg1$l<r O, JO CRC o•n be •uto· 
motically sent at oo>d of momg•. 



WRITE CYCLE 

lllustrated here is the timing associated with a data or control byte being written into the 
SI O, 280 o"tput innmctions satis: y this timing, 

,, ________ __,)(c ____ c'c"c""c"c'o'o"c'c'c"c'c'c' __ _,)(~-----------

• ,, __________________________________ __ 

~---------------------------------------------

DATA------------------~'>------~'"c_ ______ /\ __________ _ 

READ CYCLE 

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

'w 

U ____ JX _ __::'c"=A"c"='~'="="='='="'---~)(c __ ~--

-, ·-. 

DATA OU> 

• 



' • 

INTERRUPT ACKNOWLEOGE CYCLE 

Sometime after an interrupt is requested by the S lO, the CPU will scnd out an interrupt 
acknowledge (!iifi and iORTI.) Ouring this time, the interrupt logic of tlm SIO will determine 
the highest priority function which is requcsting an interrupt. To insure that the daisy chain 
enable fines stabilize, channels are inhibitcd from changing their interrupt request status 
when Ml is active (low). 11 the 510 is the highest priori¡y device requestin~ an intcrrupt, 
the S/0 will place the appropriatc interrupt vector on the data bus when fORO goes active. 

"' 
DATA VECTOR 

RETURN FROM INTERRUPTCYCLE 

11 a ZBO peripheral device hos no interrupt pending and is not under service, then its lEO" 
IEI. 11 it has an 1nterrupt under service (i.c. it has already interrupted and re<:eived an 
interrupt acknowledge) then its lEO is always low, inhibiting lower privrity chips from 
interrupting. lf it has an interrupt pending which has not yet been acknowledged, lEO 
will be low unless an "ED" is decoded as !he first byte of a two byte opcode. In thiscase, 
lEO will go high until thc next opcode byte is decod~d, whereupon it will again ~o low. 
lf the second byte ol the opcode was a "40" then the opcode was an RETI instruction. 

Alter an "EO" opeode is de<:oded, only the peripheral device which has interrupted and is 
currently under service will have its IEI high and.its lEO low. This device is the highest 
priority device in the daisy chJin which has rece;ved an interrupt acknowledge. All other 
periphnrals hove IEI~IEO. 11 the next opcode IJyte decodurJ ls "40", th"1speripher•l device 
will reset its "interrupt under seru'ce" condilion. 

Wait cycles are allowt!d in the Ml cycles. 

oo-o,,-------------\~•~o:>------------------<:~•~o~)----------------------
---- .. 

IEI 1 ------..J 



Tt'~ follo,·;inu H:ustrMion i~ ;; wpica! ncsted intern1p1 S~Quence which mav or::cur in the S 10. 
In a ¡ystem with sC\I~ral peripheral chips. the oth~r chinsmay be incluc!cd in the c!aisv chain 
wit11 either highcr or lowcr priority !hon !he SIO channds. · 

' In t11is sequence. the tramminer of Channel B intemtpts anc! is granted service. While it is 
being serviccd. an e~ternal/status interrupt lrom Channel A occurs and is granted service. 
The service routine for the Channel A interrupt is ~ompleted and either the RETI in· 
struction is executed or the RE TI comm~nd i; written into !heS lOto inc!icated to Channel 
A thal the external/status imerrupt routine ;, complete. At this time. the service routine (or 
rhc Chonnel B uansrnittor is resurned. \'lhen this routine is completcd, another RE TI in· 
struc tiou is exccu ¡!ld to complete the service. 

CHANNEL A 
RECEIVER 

CHANNEL A CKANNEL A 
TRANSMITTER EXTER~!AL/ 

STATUS 

CKANNEl B 
RECEtVER 

CHANNEL B CHANNEL a 
TRANSM!TTER EXHRNAL/ 

STATUS 

"; ,; "; "; ,; "; 
!El lEO IEI lEO "' "0 IEI lEO "' "o IEI lEO 

1. Priori!Y lntorrup¡ Oai~y Ch•in before ony interrupt occun. 

j HJ "; ,; "' "' Co .. 
~ IEI lEO IEI lEO IEI lEO !El lEO IEI lEO "' "o 

UNOER SERVICE 

2. ChaMI!I B "r tron<mJtrer interrupts and " ucknowledged. 

• 
• UNOER SERVICE SERV!CE SUSPENDED 

·- IEI lEO 
"; ;; ' " Co Co Co 

IEI lEO IEI lEO IEI lEO IEI lEO !El lEO 

3. E~ternal/Storu• of Channel A onterruou •uspend,nq ••••ice ol ct.onnel a ~ran•miuer 

i H; 
' VICE COMP SERVICE RESUMED 

"; "; "; "; Co 
~ !El lEO IEI lEO "' ;e o IEI lEO 1 El lEO !El lEO 

' ' LETE 

4. Channol A hternai/Sta!UI roullne completo. RE TI is¡ued. Chenr>cl E! transmotter servico resumed." 

SERVICE COMPLETE 

i Hi "; "; ;;; "; "; "; 
!El lEO !El lEO IEI lEO '" "o IET lEO . !El "o 

5. Channol E! tron<mirtor"s .. ,ic, routino comploto. rocond RET 1 ·,uuod. 
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7.0 ABSOLUTE MAXIMUM RATINGS' 

Vohage on Jl'ly pin rclative to GND ..... 
Opcratin<J T ""'flCI<l !l.! re ( Ambient l T A 
Stor;tge T<'mperaturc- Ccramic (Ambiem) 
Stor~<J'' TPmperJture- Plosttc (Ambicrn). 

... , ...... , ......... , ... -0.3V to + 7V 

. ......................... o• e to 70'C 
, ..................... -65'C to +150'C 

' . ·e .... -55 Cto+125 
Power Dissipati<Jn . . .................. . ............ 1.5W 

St'"''"' -·• '"'- lo<tt<l """'" """"'"''' """"'"'" Rorlng'' "''" ,..,,. ""'''"''""' ,_.got ro rno ,._.co Thoo ;, o 
"''" ••••"O only .,.., '"'""'"""' -'""'" o< "' ""'oco or ,...,. or I'IV orn" cond•r•on ob<rvo '"""' ••d.,.,t<l on rno 
OP<<Ohon.> •..:r •M• ol ""' "'""""'"'"" •t oor .mpl,.d. h.,_,. ro ub.,luoo '"'"'"'""" ,.""9 eonO•t<>no lor o•t•odod 
"'''""' '"" '"'~' """''' ,.,,.b,, .. ,_ 

7.1 O.C. CHARACTERISTICS 

TA a O"C to 7r:fC, V ce = 5V! 5% unlessotherwise specified. 

PRELIMINARY 

' --;; -;;;;:-- "'· Mu. """ Te>t Condnion 

'" Cloc~ ·0.3 " ' 
~ ~" 

1 . 

il' 1 

' 

1 
Input 1 11 '·" :§.: ' ~. ~ 

~ ' 
,. 

' ' 1 '· 
' ' ' ' ' ' " ' ' ' ' ' ' ' •• '' ' 1 

' " ""' ' " '"·~· 1 ''" 
-¡;;;¡ ~ 

7.2 CAPACITANCE 

TA"2S'C,fa1MHz 

Svmbol Po,.moter M ... Unir Tos! Condition 

'·• Cloá C•pacJ!ance " 
,, Unme.,ured Prn5 

C¡r-.¡ Input C•pacitance ' ,, Returned 10 Grour>d 

Cotn Output C•pacitance '" ,, 



TEST PO!NT 

n1 • 2.1Kfl: 
FROM 

OUTPUT'-----t----1~---CK:r----1 UNDER -
TEST 

. • 

• 
}) 



• 
A. C. TIMING DIAGRAM 
Ftguot 7.4 
PRELIMINARY 

,, 1 

...... ,.,.,_ 

'" 
•o~""'' 

"' 

• 

"' 

' 

-

Tomoog .,..,.,...,."""'"'lOdo oo '"' lo"o"'"" "'ltages. unln< """'"'" ''"<olood. 
Only '"' <omono mo"o"mon<l 

CLOCK 
OUTPUT 
INPUT 
FLOAT 

•o;;;;::;-¡ 
'w'''"'' 

. 

1 

f-•H•I•ICSI 

---
-------
~tQR•f>IOij 

4.2V .• v 
2.0V "' 2.0V .• v • 

óV • !O.SV 

•wi•H> 

' .. , .... t>•--¡ 
-------~~·-"~~ X __________ ¡;_ 

-------- ------------- ¡,---
--- -- ---

'•·•·'"' f---tH'""" ,, '101 
.. 

toHIIOlj ~ 

1 ''"'"' 

-
'oMIIOit- ' 

1 

-•sA·~'"' !.-.--' 

1 1 -.... ,,, ... ,, 'Sn•I•'ADt - ,,, •sw•l·'" 1 ~:::::' ~'HW•I•' 'HM .¡,(A DI 

¡--•sw·r·'""'- --¡ 'H·r·'""' 
¡ \ 1 

'o""'n 

• 1 . 1 

ioAa. Ci' ' 

J-.-oaiCIWIAr-¡ - ¡--'OH •l>tWIRI -, ¡-- •aL <l>twr "' 
..... ll,I>AQV t t \: 

-

-



A. C. TIMING OIAGRAM (Cont'd,) 
Fogu.o 7.4 

t.,IPL) 

. 'w(PH) 

. 

1------'~IT•Cl _____ ...¡ 

f.-- twiTCL)~~ t..,ITCH)_~•[ 

' 

f.-------t .. l•vl --------1 

• 

• 

• 



A. C. CHARACTERISTICS 
Fo9<1t1 7.5 

• 
• • T" • O C !O 70 C, V« • •5V iS"'·""''" "'""w''" no"d 

.,. 

"' 

•• .. 
'" 

·--
'•"''' 
·~··· .. ' ·~··h• 
•,-•, . ., ''""' ., ..... ,, 
'"" .,.,, 
'••loDo 

'" ~-·01 
'ooco• 
'"MLOI 

''"'"' 
'"'0' 
'o""'' 
•o.,noo 
'" .. "'. 
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B.O PAC'<.AGI:O C0NFIGUA/I nmJ ------ ---------------~-
PACKAGE Dt:SCRtPT!ON- 40 Pin Oual·ln·Lino Ccramic PackBga 

• .\ 
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• 0.00 ! 020 
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PACKAGE OESCRIPTION- 4Q.Pin Oual·ln-Line Pla~ Plastic Package 

" 

•• 

.. 

NQT(S 

\_ Tho fi'-" P'J"I '"' pon "'-"'"J '1 0. 100 h '""'" "'"""' '"-'< Eoch p. n ""'""' "" 
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9.0 OROERING INFORMATTON 

PART NO. PACKAGE TYPE MAX CLOCK FREOUENCY TEMPERATURE RANGE 

MK3884N 
MK388~P 

MK3BV.">:-10 

" 
MK3885P 

ZBO. 510/0 
Z80 · SI0/0 
ZBO · SI0/0 

Plastic 
Ceramic 
Plastit 
Cerarnic 

,, 

2.5MHl 
2.5MHz 
2.5MHz 

4MHz 

' O"C to + 70•c 
o· e to + 70"C 
-40"C to +ss·c 

NOTE: See Seetion 2.2 for explanation of \he differences between the MK3884 and MK3885 

,. 
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1.1 INTRODUCCION _,,_,._;., 

E o 
' . ' -

cualqUier· dispositivOs ,, ,, componentes y 
clase, 'tos Objetivos blisiccis h8n sidO_ s_i.emprc aumentar la ve
locidad, b'ajar la disipaci6n,_aumentar la complejidad funcio-. . ,. . . . ' . ' --
nal, Ahora esos objetivos parece que h.;n tomado, una nueva · 

forma que· nos llevan a nuevas direcciones a medida que la in-
' 

-. . . 
dustria electr6nlca se embarca en'un 
taciones fundamentales de tecnolog'ía 

• • • • -· • < -

escala. 

asalto mayor a las limi· 

de integración, a gran 

' 
El.avance industrial a 1as memorias dinámicas de acceso.alea

. ' 
ro r io ·de. u¡:_ K-bits (~).por- 1 a~ expl otaci6n de '1 as· toSen i e as 

de diseno del semiconductor oxido-met~lico que han probado . . . - . -

ser. exitosas al cuadruplicar la capacidad· de almacenamiento 

aproximadamente-cada dos .años, Cada nuevo ~iseñ~.fue realiza-. . . 
. do con una celda _de. memoria .más-simple que antes ;··una que··ti-

' . . 
picamente requiere la mitad de di~ujo que la anterior, 

•• 
Sin embargo,.con el;surgimiento:de la memoria RAM. de 16 );~bits·, . . . 
el potencial para sil:'lplificaciones·mayores de la celda de me-. - - . . .. . . . . . 
moriu parece que fu.eron terminadas. El desa~rollo de la me· 

moria dinámica RAM-de 65 K bits usando los métodos corrientes 

Je fabricación y técnicas' de circuitos nos.llevar!an a. un ta-

maño dadO mucho muy grande.para.aPlicaciones comerciales. 
., -. ........ 

Mientras tanto en el J~pón, In industria japonesa ha ·intensi

ficado sus esfuerzos en un proyecto nacional_ que tiene como 

objetivo no _solar.~ente vencer los obstSculos. presentes de la 

nueva generación de memorias, pero también crean circuitos 

MOS cowuna muy grande integi-ac~6n cuy~s densidades serian 

6rdenosde magnitud 'mayofe's que hoy. en dia. Los ingenieros 

japoneses:.ambicionan ponei- una· computadora· completa en pastF' 

, 
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-·· _._¡ .' 
llas denti-o.de los próximos dos afiost usando técnicas de re-
dundancia para resolver problemas potenciales de producción. 

·<"tito:·).~ ...... " ~- • · · 

Aunque no se han trabajado aun'los -de'talles precis_os la.evi· 
' ,• . . --' 1 • • ·- -·~ ·,. - ~- • : • . . 

depcia"del 'expertise' de los japoneses en sem1conductores 
. . ~ . . . -

se presentó al inicio de eSt'e ano cuando la Nippon -Telr.graph .. _, · .. •l•··· --
llnd Ttolepho'ne' iinuñ'ci6 'un RAM exPerimental de 65 K hit:s ·rabri-

- ..... ~ ,._.,.,_.,,, .... 
~ada con técnil;'aS'·fotÓlito"gráficas refinadas sobre un chip 

'- ...... ,. •• , ••. ,:_,_ •• ~ .... 1.-l•>l--~ ._ ..... 
· .• : que,m_ide solamente '6 mm por lado;_._ '.- ~-- -(¡ 1 •-'l<~ .;¡-,! ... ~·-

' 

., •' -·•-l""i~>l•II!J:" .. ~ti!l~':lHi···.~"":.a,, -, .· 
•.11-'·····•~•'•'•N' ,"• ', ,._, 

¡ 

· ·' • ~¡· .. • efe o.!l!f,J~--·o;:··!.sn<J~ n:u,o. J- • • 

--~·--""~· Obtener-lo m&s~PO'Sib'ie1d~~ M05
1
ha,sido·una·meta dé"~!OS.:.'cién--.~~ -

ti fi e os. u o rteamericanos .- Modificaciones:- en--fll procesamiento ! 

y ·la estr~ctura del disPositivo b!sico MOS canal n nos lle· · 
. ' • ; ' • "'"' ' ¡, ' ' • . • 

varií a varias' vérsiones de· velocidad,_cada una en111arcada pa· 
. - ,-·~ .. : .. · .. 

• ~. ra. aplicaciones· de RAM•de 65 K bits. y· una microcomputadora . '' ·- "' ' . ·' . ' ~ . ·. 
¡;or.¡pleta de 16'bits·en un 'chip, 'en un futuro cer¡;ano. 

. ·.- , •• , .... ,·J-l';->••··11·.···· .. · .... -
·'.!·•~".. ' ' •. -

. ..·.·~-"" ·' ., .~·•ü•'·orc'• .• :••J ~· :> .... 'C_-' 
. ' El .. proUucto• baja ve]o¡;idad-potencia.de.MOS ¡;omplementarlo,~ .. 

.. 

• 

() ... 

~-· t cor; ~ t r~í do··en1 --s~bt.i-a e·c;s;c'de" · ;iú c6r(-'~~b'i-{'~·a·fi'ro"· ha~:- Sid'o;;_;~a ~ .. ~· 
... ,.... . 

. -· ---
., 

• •• · -~ .. ,.,;,_,,¡•, ·;l• n~:!.\· '-' "·~'"""'' ....... · 
el os mi e ropro¡;e sado re.s .. y .. circuitos-relacionados --fabri ¡;a dos··· 

por. flc¡,¡lett-rackard para uso en casa. Y. en,el mundo bipolar 
' ., • .,. •• ,,, • ·'-· ··- .• J • 

la lfigica de~ iñyecci6n' integrll"da ha) sido aplicada por-Fair-
• ,. , ·" • L'-11. "•; • ':1 •. .1; -

chlld" y TexaS Instruments" a"'chi¡Js de 4 K bits RAM y microcom-
.,,ir:··--~-·-r- ·,.; · 

' 
• • •)-l. 

l.}. 2 Reduciendo· rara 
. . . .. 

• 
~- . . .. . ·' . aumentar, .. .. .,,;- ·r.: -.· , 

Una forma de lograr un comportamiclnto ulayor en circuitos MOS 
¡;anaL n.es atr11vés de'·Ted~cir las d-ime'nSio~~-s del .dis~osi~i-

··- ,,,_ .. •''"·- .. 
vo. ·.Tal ¡;omo lo' ha "aplicado. INTEL', Hder en la industria en 

~ . ' -' • ., .. ·.e ·•, -•• • ' • .. . -
est!h forma "de atai::ar' el problema, el~ esca18níiento, haJ ;educi-

• . • ' • "• !':'· •.. , '--~l'···· ' 
do el. produ¡;to velocidad-potencia a 1 pi¡;ojouJe, representan-

. • ..... ~ '·' -=~-= '. --
do una reducc'i6n en un' factor;de cu'a!ro. sobi-e el~procesamien-

... , ····-··-. '•··' 
to convenciOnal·N ~lOS; 'un'·RAM estático de 4 K bits usando ,_ - . . -. ,, •'" -·. ..,..;.. ....... ·-.. . 
la técnica~mantiene·Ias mismas dimensiones como el original 
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de Ia compañia el popular RAM estfitiCo de 1024 bits, pero 
lográndose un tiempo menor de 50 ns, o menos. lntel llama 

a ese acercamiento liMOS- ampliamente.tenida como la primera 
aplicación comercial del escalamiento hacia abajo en MOS. 
El priricipio general de escalamiento tiene aplicación a dis-· 

positivos con dimensiones de submicrometro. En el principio 
ha sido aplictlr para lograr que una componente tenga 3.5 m . 

' 

Los diseñadores MOS (y, para esa materia, los disefiadores bi-
' 

P?lares)tienen siempre la opción de escalar la estructura de 
los dispositivos con objeto de reducir el producto velocidad
potencia e incrementar la densidad. En teoria, un diseñador 
necesita solamente reducir las dimensiones del dispositivo· 

y otros. parfimetros por un factor fijo e increr.~entar la mez

cla del sustrato por un factor, y las caracterlsticas eléc

tricas del dispositivo mejoraran -por lo menos en un factor 

de escala- a una aproxi~aci6n.de un orden. El producto ve

locidad-potencia, de nuevo a ·un primer .orden, se mejorarlin 

por un factor de escala cúbico. 

l. os_ efe e tos-de ·segundo ~orden, -sin= embargo·,~ tienden a 1 imitar 

111 extensión- dei--escalamiento. --InteLha establecido.en un 

d i s pos i t Ú•o -escalado- norninalmen te -c"arac teri zado -por-una Ion

gitud de ca_nal de 3.5 (micrómetros) (una figura de mérito 

~·omún, debido a su influencia en la velocidad del dispositi

vo). El producto velocidad-potencia (1 picojoule) pudo ha-
' bL·rse mejorado rnucho-mfis, de acuerdo-a JNTEI., si el voltaje 

de alimentación se hubiese escalado. Fue mantenido en el 

nivel estnnUar .de los sistemas en 5 V. 

Aun<JUe los dispositivos de INTEL requieren de talos refina

mientos de fabricaci6r/ .::omo redu.::ción del grues~ de óxido y 

algunas mejoras en los métodos de aislamiento de dispositi

vo, las estructuras de les dispositivos básicos no cambian 

y se aplican técnicas estandar de circuitos a través del am· 

3 
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pJio campo de los circuitos integr~dos de alta densidad. 

~t{ls aún las geometrías de patrones cada ve~ mtis finas lla· 

madas para mayores aplicaciones de e,;calamiento hacia aba

jo vienen rápidamente para alcanzar los métodos fotolitogrti· 

ficos que continuamente ,mejoran, y aun pan·ones ¡:eoml!tricos 

más finos s.e puederi esperar una ve:z; que maduren las técnicas 

de fabricación _con luz de electrones. 

4 

Cr¡tonce5, Intel espera aplicar las'dcnicas o las próximas 

mon¡orias y r.ticrocomputador:as. En los trabajos, p:n ejemp_lo, 

es un RAM Mos estático de 16 K bits que tendrá un tiempo de 

ac~;e,;o de cerca de 50 ns y posiblemente unida Mos de 200 mil, 

sobre un lado. 

En un dispositivo DMOS, la difusión-exterior de ~oro de la 

fucJite crea un voltaje de umbral relativamente alto adyacen

te a la fuente mientras que 1á mezcla del tipo-p mlis liiera 

Jci material remanente entre la iuente y el sumidero dl'i un·. 

vo]taje.ml'is.bajo para·esta·porci6n.del·canal. Efectivamen-

te, ·la regi6n:de umbral .. mayor.es pequefia.y dli una.:trascon-

Ju..:: tanc i a a 1 ta: - La· capaci tancia..:se. determina ·por-la longi-

tu.! rotal.Jel .canal. 

1.1.3 NMOS con un surco. 

Similar al D~!OS hay aún otro, recientemente desarrollado con 

técnica de canal cOrto que emplea canales en forma de V, o 

surcos, y I levan el nombre de VHOS. Los transistorcl> f.IOS se 

forman con canales V marcados en silicio. Los dispositivos 

est1in en el topo de los canales, los canales se forman a lo 

largo de las pendientes, y, en un rasgo particular de ahorro 

ole áre_a superficial. las puertas del dispositiVCI !-e encuen

truu en el cuerpo Jel silicón, en los bordes de los canales 

(en la sima). Como los dispositivos bipolares, VNOS requie

re Jc una región enterrada en un crecimiento epitaxial. 

' ' 
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De acuerdo con los abogados de la, tecnologS:a 'VMOS, principal

mente· American Microsistemas, Inc.:- (AMI), y Texas Instru

ments; el proceso evita el problema inherente en atentar fa
bricar canales relativamente cortos y escalar otros parn~e-. . 
tras.-- La misma ev:~.lunci6n podr!a hacerse para DMIJS. Sin em-
bargo, la disponibilidad de una tercera dimensión vertical al 

proceso estandar NMOS, decir por caso los que apoyan la tec
nologia VMOS, proporciona un grado adicional de libertad que 

puede ser" usada para aumentar"la velocidad y densidad. 

AMI ha usado el proceso· para fabricar RAM estltica de 4 K bits, 

con un tiempo de acceso menor· que 100 ns, alrededor de la mi·.

tad.del tamano-de un chip comparable. en versiones.NMOS direc

tas._ Acei-cJindose a producción hay ROM de 65 K bits que ser1in 

accesibles en menos de 300 ns, y una memorl.a de. solo-lectura, 

borrable y reprogramable teniendo un voltaje de programaci6n 

de solamente 15 volts. 

Adiciona l111ente al cambio·-estructural-survo. en V; el VMOS· cla

ma por ... un cumbio en el procesamitÚlto-concobjeto~de mantener_

la longitud del.-canal-bajo,-·efectivamente,~a un micr6mctro o 

algo cercano. La región del canal debe.de ponérsele con un 

perfil doblemente difundido; ·~El. resultado neto-en un dispo

sitiva_ que, entre "otras ventajas, puede usarse para reducir 

la superficie del arca p~ra lógica ale~toria sobre un tercio 

de lo que requieren los·NMOS convencionales. 

L1.4 Enfatizando las memorias MOS. 

Por mucho el segmento de: las componentes orientadas a compu

t~doras que mas crece continúa siendo en memorias basadas en 

varias tecnologías MOS. ·· Los productores de memorias RAM di

námicas de 4 K bits han empe:ado a saturar t:l rendimiento y 

tiempos de entrega, resultando en un mercado de flujo masivo. 

Se han iniciado intentos de la industria de estantlariz~r el 
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número'de patas y la interfase. 

Los RAM'S dinámicos, ambos en 4 K bits y 16 K bits, parece 
que hnn sido tomados sobre los requerimientos del procesador 

central de la computadora- con reducciones de todo dramáti

cas, más a1gunas mejoras en confiabilidad, los factores im
purtantes aquí. Los sistemas basados en microprocesadores 
también hacen us~ de RAM din§micos de 4 K bits y 16 K bits, 

q4e son:costosos en tamanos peq"u:ñ_os. Las memorias RAM es-
t~ticas de 4 K bits se est!n empezando a usar en aplicacio

·fle!\ de tiempo re;¡J aún cuando las memorias dinlimicas cuestan 

r:cnos. Sus ventajas reposan.en un acortamiento-al ·ciclo··de 

direcciones sin multiplexar y eliminaci6n de refrescar, que 

permite. una transferencia más rápida en aquellos sistemas 

basados en discos. 

Las MOS RAM estáticas han recibido.mucha atención reciente

mente •. El afio -pasado, MOSTEK.aument6 su 4104 con tiempo de. 

acceso de !50 ns y.con un consumo de potencia muy~bajo ., 

(80 mW). El 4104 dentro de ,:10\ de margen.en.S volts,_ y-sus

interfas~s son TTl para todas-las entradas. La llave de es

te nuevo dispositivo es una celda de cuatro transistores con 

resistencias de polisilicio usando la técnica de'implantaci6n 

tónica. EL uso oe un dispositivo MNOS {meta1-nitride-oxide 

semiconductor) con estructuras para obtener novolutilidad li

mitada ha ganado en interlis, con'Nitron, NCR, y Geral Instru

ments ofreciendo una variedad de chips. Sin embargo, proble

mas de fatig-a y de interface compleja aún plagan en diSposi

tivos, tal corno tiempo QUY bajo de escritura. 

l.l.S Las memorias CCD alcanzan el mercado. 

La primer memoria de.65 K bits realizada con técnicu disposi

tivo-acoplado por carga (charge-coupled devise, CCD) está 

ahora disponibre de F::drchild y do Texas Instruments. Esos 
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dispositiV?S,en serie ofr~cen,la habilidad de llenar labre--. . -., .. ___ ,. __ 
eh a de. comportamiento que eJ(iste en;.un extremo alta veloci-. ·-· l~-- ...... . 
dad de':.los·_·RAM' S, ·y .por otro. Ia's memorias magnéticas' d(!,..il.c-. ' .. . . 
ceso. en' serie-!de_baja velocidad, .. Suponiendo'que 'los diSpO-: 
' . '- . .- . . -

siti_vos-CCD·_alcancen bajos costos, estos prometen extender· 

'la penetra~;i6n-del·m~rcado.de las .memorias de'se'miconducio

~es en apli'cnc'iones de .almacenamiento masivo. -,Esas aplica-

• cienes. in el u yen . sistemas; basadOs ~en :IIIi croprOces adOieS'; ~ter-.. ,....,, ~. 

minales, .sistemas· de •di ve rsi6n <familiar, ·m in icomp'Uta'dOraS ·:~~ • 
y·. 'memorias a u}: i 1 iaie s ~4pid·i'; ~~~:···c~~p'utado;as"grll~dci's' /lc'i ti- : .. w,• -·:· 

~--~-:" :'.':;··~·, :, ~:.'_ .. ~~. ·- .-- .... _ . ·. · .. j~ . ¡·• -.: -• ,;_ , iJ.i:·,J t :1~' (;u~-,':···' 
!.liS. ,JD.emor ills CCO ~Coll!Ún y cor~icnt'es . de 65536 -bit 5 't ie'n'e'n~ uila · . . . 
r'e1aci6n ,de datos máxima de 5 M biÍ:s por segundo-'y ~con-sumen• 

• '· - • ' - ¡· 
sol¡¡mente•300 mW ,bajo las. peores"c'ondicioncs:'de'· op'era'ci6n· . 
•. • ···~·- . 2 . ., 

Los chlps miden alrededor de 40 000 mil la tecnologta de 
. ' " -

m.1nufactura es Silnilar'a la.de los MOS·RAM'S dinámicos, y. · 
. .• ··•-·· ...... ' - . - ·., ·2 ---·) 

e 11 tamaño( de ',J u 'ce 1 da. de al macenamien tci. es. de·, O\' 21-nul -"lisan- · . . . . ' . . 
d r d 4 6 ',,. L • • ~!O" c:;i"!J :)·.~r-i-JO: '-'". o:ccornetr a .e.- \lm .. ,:_.,-¡_;; '''~·~· "" "', ·, , 

• ' . -·· -·· •. _-·!.-:.;."_"" •.• ....... o .;.• ';J .••. ~··· ••• -. ::..:-,.•. 8 .--.• -~ .. ¡..·.,1.·-.-<.:}·'-·•J· 
.~-- ._. . -~~· -~- -.~ . --

Su.J han, re a 1 i _;ado, progre so.S • a ._denSid_ade_s• J .. ayores: -pir¡;' 1 a"s'• me~-
.-. . -···-··. ..,;.,~., 
monas: ceo. ~-Se' espera. que. al redodor :i de;- 1 os· SO • s :se· logren -:· · '' ....... - ····· 
c<~pacidades• deiJord~ñ· de M bits'. l·: .:"' . .;t:. 1. l'~:.:.~i-.: ·•'-; · .. cr.' .... ·•· .. ' . - . . ~ ' . . . 

~ 1 ·:·:·'··-·:--;.), ' .·., .. • ... :_ .. _ ., , ... 

( 

-' -- . 

........ ·~.-' ......... ).- ... , .. . 
Ll<s memorias de burbuj8

1
; otro contendiente de estado' sólido 

para aplica~ iones de ai~acenamien~o-rnasivo. ·,la ·primel-"&Pl.t'.l· 
' . . ~ . --~-

ca e t6n _ de ·tas memor·i¡:ts ·de . liurbuj a fue e 1, anUnciO' 'Te e i en·temen·· 
,,,. ...... - -- ' . . -·· 

te hecho. por: La ;Bell Syste111, y Texas Instrwilents•'que han· in-~ 

trodu¡;ido ~;omercialmente chips de 92 K bits y de -80 K bi'ts;; · 
•'',\e/, 

,,. , ;:.y ... ·.' .. _,_ .-:.<-f)r,;¡·.( · ·- .. , . 
En las aplicaciones de la~Bell System, las memoTiis 'de 'burbu- · 

".:..-j·; almace~an información ~Íl. un._s}st~~a_-que-Viene de ~na U:-~t' ,•t • 
' " ' . nea teleflinica en casos tales como aquellos cuando un'dial . .. . . . ' . . ' 

alcanza un n!ímero que no trabaja. El-sistema,:que'esttl"b8jo'' - ,- - .-v~-~·· 

pruebas~en~una oficina'de'oetroii:j'almacena cada•Jñ'E.ñsaje·en·" ·" · 
.. ~ --.- . - _, ,. • - ' t . 

un circuito impreso que tiene un máximo de dos ·paquetes de·:· 
.. J '- -

' 

.· 

' 

, ... J 
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. ~ ...... ,,-., ---~-- '"--
~~ ~buj. a;;:-•. :~--~~s . paquetes de 1 · t~~-~~-~o,. -~~- 1_ a ... ~}.t~d -~-e, una-- cnj_e •. 
tilla de cigarrillos, •contiene cuatro chlp's de burbuJaS,· 
•. '-"~-:-···. -- - ,. - ••· 711'1 • - • 
cada una capaz de almace~ar 6812I'bits. Cada paquete,tlene 

• .~ .. (1-•l'J·~-:..- ,_ 
capacidad. de almacenar 12 seguhdos de voz digitalizada.·. 1'' · . - ' . - . ' . - ' .. :'.- :-. . . . :. -. . 
l. l. 6 . ., --. 

. ~ . . . 
Microcomputadoras en'un chip. 

' . 
• • • ,-;,¡, .. 

1 ,<;:··-· J• • • _, ' _,r,,, ...... ' 
• Los microprocesadores han 'pasil.do un'a marca importante, con ,r 

.. 
1 a' '¡n·t re·d-uc.c i6n, de. ~arioS· fabi-Ú:oh·t~-S. '¿'e ;;¿d~ los ,que pueden :· ·. 
·~·-··· .·---~~-·- ---·~ 

de"sé:Í-ibirse co~:~o microcomPuuil.or8.s· ~'n. un chiP.:· Contenidos 

• e~ un s~lo ~ir~uito LSl-.hay !DUCh.ls de· las· funciones que··Se · 3 
. . . . . . . 

usan para llamar a un anfitriOií de·p"erif6ricos y circuitos . . . . ,, . .. . ' .. 
de interfase, en adición' al circuito integrado de .procesa~···· 

• L .. • • 

1niento centrl. Ahora, en·varios 'casos, hasta memoria ··en •'' 
. ' . . . . . 

capacidades suficientes para permitir almacenamiento de pro-' . " .,. . .··. ·.... . .. 
gramas de sistema y·datos·a procesarse- han sido puestas·en 
el ch.lp. deÍ cPu. '·. u · '>11 .-... , ·.·,. 1 

' •. · ~~ ~· .: , ,:r:; ·•, •··. 
" ". . . 

La mayoría de los nuevos microprocesa·d~res. so.n ·~ver~ i-ones. mejo

radas de ofertas an teriOre's .=-·,. Ent'on~e~ ~.:.~d·¡·~"efi~dor~S·. de: sis .1 ~·· · 
tem~as. f;¡~·iliarÍzndos\con loS antei-ior~~: pu~d·~~:pro'g.ramar:~l _.¡: ....... . .,.. . ... , .-. . 
con, esencialmente, el mismo·conjunto de instrucciones, usan-

do b.isica~ente las mismas ayudas pa;a~desariollo,.él mismo ' " hardw~ore y software y anticipar el:'ciecimicnto de un 50' y 
aún mlis alt~ .del 'throughput' ,· cua~do···se usan"nuevas versio:. 

''1 .. ·-~--- .... ·• . 
dles. Como una simplificaci6n adicional estti. el que se usa 

una 'fuente única de 5 volts. 
... ' ... .. . 

' L • 

Las. nuevas microcom_pu tado r_~s .. ~o O ten.i.~as . ton , si .mismas. de- 8 Y~ 
de '16 bits proveé al di sellador dli.·siStemas con diseños 16gi·' r · 

cos de propósito general que pueden
1 ~eT aPlicados sobre· un· j ~ 

amplio rango de-.. apl icacioi'les ;qu'c lO~.!;;i~ros está~ logrando."·" · .•. ····d-·· .... 
De entre las familias de procesad<jres realizados~con.ctecno- ···' 1

' 
- ~ .•• ~-·- ... ~·~ -. , .. )~ "" -· •. , .•J 

--logía NMOS.que.han,avanzado a una ciicrocomputadora en un solo 
' ' •. '· ,. ' ' ' 

chip son Jntel 8080, fairchild y Mostck FS y Motorola 6800. 
-' . . 

i 

." 
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Adicionalmente hay unidades de 16. bits tal como la'Texas 
. ' 1nstruments 9::100, <¡ue ha sido construida en NMOS y T L para 

aplica.'ciones militares, 

.L~s miCrocomputadoras recientes de INTEL ejemplifican un nú: 
mero de mejoras forjadas en la industria. Por ejemplo, la 
8085, una generación siguiente que sale de la 8080, arqui-

• tecturalmente se parece a su antecesor. Aún en el chip 8085 

e~tán Ladas las funciones que se usan para requerir tres 
chips de la familia 0080, generador del reloj, controlador 
del sistema, y el CPU. El 808S.incrementa la relación máxi
ma de datos a 3 J.lhz y se puede .formar un sistema de micro

computadora mínima con un RAM y un ROM multifunci6n.--Como· 

un sistema de tres chips el 8085 proveé algunas caracteris· 

ticas aumentadas ules como cuatro interrupciones por hard· 

ware, 38 líneas de entrada, y timer de 14 bits. 

La memoria de programa ha venido a bordo del CPU en diversos 
diseños.· En el CPU de Intel 8748, para uno, ·residen 1024 · 

bYtes de ROM borrable y programable eHktricamente. -Su dis·-

ponibilidad se ve como que ha acelerado-et·desarrollo de sis
r,•n•as- como ··lOs programas generados por el usuario. pueden ser 

cargados, corridos y más aún alterHda, en minutos. 

1.2 Tecnolog[as. 

La tecnología para hacer electr6nica integrada monolitica es 

muy flexible. Redes tridimensionales de conductores, aislan
tes y semiconductores que realizan funciones electr6nicas se 

producen por medio de una serie de etapas de procesamieñto 

de materiales. Hay muchas secuencias útiles que pueden em

plearse para fabricar funciones electrónicas integradas. Ca

tia una de ellas tienen nombres diferentes como su fueran tec
nologías separadas, no obstante emplean las mismas operacio

_nes generales para depositar el material semiconductor y 
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fOrman ·capas con patrones predeterminados . . 

En la CJectr6nica digital, se han desarrollado dos ramas prin
cipales. Se identifican generalmente como Bipolar y MOS de
~endierido del tipo de semiconductor activo que s~ utilice. 
En la figura 1 se tiene una representaci6n gr!fica de las prin
cipales tecnologfas disponibles o en desarrollo de circuitOS· 

• integrados de semiconductores. 

/>!iremos más de cerca las tecnologfas más prometedoras. 

A. Procese MOS 

Los Jis¡)ositi\•os />JOS fueron los primeros que se usaron para la 

fab1·icaci6n de mi:::roprocesadores de semiconductores monolhi· 

cos. Se han usado diversos m6todos en lo que respecta a tipo 
d~ canal, material de la compuerta, orientación del cristal, 
etc. 

!'ro l .1 ta b l.:l 1 se presl'n ta- una-1 i s t~ de··I os cfactores ;m:is=-impor--"'"- · 

tantcs y de las opciones más comGnes. 

1) MOS-cilnal-p. Esta es la tecnología NOS original desarro

llad¡¡ en la_ segunda mitad de los ai\os 60 y obviamente la tec· 

nologfa utiliz~da para el desarrollo del primer procesador mo

noUtico. La lntel 4004 y la 8008, la Fairchild PPS25, La 

· Rockl,·eu PPS4 y PPSB, La National IMP, y muchos otros produc

tos de la la. generaci6n fueron realizados con un proceso ca

nal-p. La misma se utiliza virtualmente para todos los el.e

mentos de proceso usados en las calculadores. 

Por largo tiempo, la tecnologh de canal-p MOS ha sido' la de 

batalla y la más cst.:lble. Sus principales ventajas son buena 

respuesta, bueno~ rccords, disponibilidad entre otras. Las 

desventajas iniciales fueron 

1 
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En la tabla 1 se pre~enta una li$t& de loa factores uia'~portantea 

opciones ~a c~Únea. 

1) ttOS canal-p. Esta ea la_tecnologra .. 
\ 

' . ··-··· .... '---- ;·. --, 
. ' ~ . ' • • • ! '· ·- _ _, 

• • 
' . ' 

MOS original desarfollada en la se 
--, r.;c· ' • • ' 

gunda mitad de los años 60 y obvia~ente 
. ! 1';!'--.. "'! 

la t_ecnol_ogía,utoi)i!a_da par&_el 

' ,l. dea~rrollo del primer procesador monolítico. La, lnte1·4004-y la 8008, la 

Fairchild PPS25, La Rockwell PPS4 y PPS a; la National IMP, y muchos otros 

productos ile la la. generil.ción fueron realüados con un procea~ canal-p. 

La misma ae utiliza 

' 
virtualmente para todos los elementos de proceso usados 

en las calcul!"doraa. · ," 

1 
·--. , 

-, '' ., . j ~·' . . .. - ~ .. -~,o:-
~ . . . - . . . ' . 

Por;largo~ tiempo;-.la: tecn~logia-,de-j:,anal-?: ~S ;ha-sido-la ~e_ batalla.y la. 
... . .· 1- \ ,., " •· . ' :-; ' .. ¡ 

..ás: estable .. · Sus principales· ventajas son buena respuesta, buenoS records; 
. . ' ~ ... 

disponibilidad entre-otras. Las desventajas iniciales.fueron· 

' 

• • 

1 • ·- ,---- > 

a) Alto voltaje de u=bral (V ) debido a la orientación del-cristal, 
. t . . ~~-- j: ' ., 

función .de trabajo de' la compU;rts-aluminio slt~'f 'y. óx'ido-'grue'ao. 
--- .. ' . ¡,~· ,:, ',¡ --· ·--, e; ;! .. ::, • 

b)-''Baja velocidad debido a una -Brea grande por- co=¡>uerta, ;capacida- ¡· 

· •1 des grandes y baja moVilidad de' carriers.,_· ! 
:, ¡ \ i ¡_.j .. 

o) 
. ·-·1 . ¡;:¡ 

slim~~tac~ón altos que dsn-por resultados 

' -~ 

Voltajes de .. 
lidad con los circuitos TrL . 

. ~,., --
·---' ' ' : 

' -L·: 

' 

~ 1 '. 
-..--·~ .,¡: '\• .. . ':'.:'_- ~ . 

• :>"~ - • 
' -- ' 

inco:"•patibi-:--
• 

Todas-estas desventajas se han superado., Actualmente la tecnología de ca-

- f·. · !ll. .nal-p tiene bajo Vt y compatib~li_dad.TTL,.se ha disminuido !a.capacita~i~l_l 

.de traslape y se ha mejorado significativamente au velocidad,· Este progre-

so se logró debido al uso de 1118-terial <100>,_ estrucoturas ~lin.,sdas" de 

~ pu"r~as-silido, óxido ~e _.,staño e itiplanta<oión de iones.:; 

-' 
.. 
- ' El micoroprocesador PALE-16 de National Semi<oonductor .,g un-excelente 

' . 

' . . 
' ' ' de lo que se puede hacer con esta tecnología. ,. principal 

• 

_, -' 
·.• 

.. 

- ' 
com
' 

ejem--

' . 1 ( .·. , __ ' 

'• 

'· 
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r~manente del proceso es_ la limitación 'en velocidad debido a la baja velo-

cidad de.aguje~os en dispositivos de canal-p. . .. 
Z) Canal-n MOS. La desventaja de baja velocidad de los productos de ca-

nal-p puede eliminarse usando dispoaitivos·de·canal-n MOS. La gran movili-

d~d de electrones comparada con los agujeros en el ailicon proporciona una 

mejor potenci':'l en la velocidad de conmut'a.,_ión en un fector de dos a tres. 

Por esa razón, todos los microprocesadores de la llamada segunda generación 

-han sido diseñados con canal-o. La intel 8080, Fairchild F-8, Motorla 

MGBOO, y otros tode>'!_ repre.sentan productos 
• 

de segunda generación d'e gran ca 

lidad. ·-·· ,. . . 
' . . 

La única desventaja es la sensibilidad a la-contaminación que no ha sido eli 

min3da; p'!!To por-medio de·procesos ultralimpioS se ha podido:controlar el 
• 

proceso. 
.c. ' 

3). MOS complementario (CMOS). La tecnología CMOS. se ha considerado como 

• 
atractiva pero-~ra. La atracción·ae baaa en laa siguientes ventajas 

1)- Alto-factor-de-forma (igual o·mejor que la de canal-n);:_"· 

2) Extremadamente bajo consumo de potencia (nanowatts en modo está-

tic o) 

,, fuente Gnica de voltaje 

,, Rango.amplio de operación con respecto. al voltaje de alimentación 

y la temperatura ambiente. 

5) Alta inmunidad al ruido. 

Las desventajas responsables del alto costo son la baja·densidad de empaqu~ 

tdmiento comparable con los dispositivos de unicanal HOS y la neceBidad de 

( 
' ) 

.volverse un maestro en el arte de hacer el mismo substrato con canal-n y 

. . 



• 
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canal-p para transistores con altos rendimientos. Se· han mejorado loa pro-

casos de control para la elaboración y se han desarrollado' las hertamien-

ras para la implantación de·iones que han hecho posible hacer dispositivos 

CMOS con rendimientos comparables a la producción masiva de la tecnologra 

Compuerta de Silicio, ímplantación de ionea,~y aislamiento de óxido ha de-
. . 

crecido el área·- por compuerta significathramente comj>an.da con loS cin:ui-

to5 OtlS ·iOici,ales. Sin embargo, todavia' no es posible competir'en la den

sidad de empaque con los de la 't~Cnica de·ullicanal.- Péro el avance ha sido 

significativo para permitii el do:iasrrollo' de familias grandes SSI y MSI. Re 
\ 

cientemente, se han producido memOrias y microproceaadores'LSI (tales ~omo 

COSMAC de RCA y IM&lOO de Intersil). 

'· Procesos bipolares 

. ' mercado 
r. ' 

para bipolares inte&rados ha sidO significa 

tivamente ~yoi que' el de la tecnoi~g{a M:Js; ·.Sin embargo; esto-ha sido ex 

clusivamente debido a·la tremenda cantidad de dispositivos S~~ y MSI cona~ 

midos por 1~ in.dustri~, ~Hace· aproxilnadamente tres-años se --· introdujeron la.s 

memorias bipolares y otros productos LSI. Más recientemente, se ha 

do una acelerada penetra~ión del mercado para LSI con técnicas ~amo 

Observemos algu~os de los contendientes en la técnica bipolar. 

1) Lógica Transistor-Transistor (TTL) 

logra

' la T L. 

El mercado para la tecnología TTL durante 1975 reportó ventas por 2&0 millo 

nes de dólares y para 1980 se estima del orden de 435 millones de dólares. 

La popularidad de esta tecnolog'la se .debe a 'lOs 'siguieO:tes factore&. · 

,, ., factor '• forma adecuado para " mayoris ,. áplicaciones 

,, muy bajo costo .. 

( 

(' 

' ( 





J 

. . . . ... "" -· .. 

,, 
'" 

d) "" 

. -- ' . . . . 

disponibilidad 

gran núme.ro ,, 

>. ' ( • 

9 

,, ""' ,, JOC tipos diferentes 

" 
diatribuidoi-es 

. - .. ~.::J .. - ' ' -
mayor~~ de ingenieros de diseño estin familia - . , - ... :.,: ..... . 

-- ' - ' , 
' . ····-

Por otro lado, particularmente desde el punto de vista de 

. LSI, la tecnolOgia ITL _tiene serias desventajas. 

L~ capacidad de empaquetaQiento ea muy baji, 1i discipación de· potenCia ea 

alta, y al proceso es bastante complejo aunque la limitación anterior ha 

,aido'menos'obvia debido a la tr~enda experiencia·en esta tecnología. Ver 

~iones mis recientes que incluyen la tecnología TTL-Schottky na-resUeltO 

los 'Problemis .. La densidad de ~paquetamiento ha oumentado de algunos de 

tal suerte qua:'~ctu~lii,;nte se tienen del orden de 300-a 400-compuertaa por 

chip., El consumo de potencio se ha reducido de 10 mW a,l-2mW,_con cierto 

au1nnco en velocidad {4-5 os en vez de lO, na) nl.mismo_ tiempo._ Un buen 

. ajemplil de-lo ·que •se: puede 'lograr con ·el ese" do del ~rte _d_e ~'!- ~ec_n_?logl:a , 
TTL son algunos de: lOa varios procesadores. orientados~ a bits y. ~t_t?". pro-

d\lctos LSI disponibles ahora.' (Fairchild Macrolo'gic,_ Int_el 3001/3002, Men1.2_ 

riaa 111o0nolítica5 MM6701, y AMO A1112901). También, el riípido if!tretne_nto de 

la lista de fabricantes de net>•:iria RAM bipolar testifican este progreso. 

2) L.S1ica de emisor acoplado {ECL) 

E•ta tacnolo1ta sufre de'los mismos problemas que la TTL (potencia y denai 

dad) y, en adición;· falta~ un aspecto que'ha hecho a la TTL exitosa, di.!, 

ponibil idad y popularidad):-, 

Sin echargo la tecnología ECL no tiene 
~ 

rival en cuanto a velocidad se refie 

- . . . . 
re. Hay,·actualmente, en el mercado l~neaa de producCión eatand8r''con re-
' ' : . ,. 

cardos-abajo-de-lna: Otro.problena ea la-alta aenaibilid~d,de~la tecnología 

. ' --._,..,.·:,., 
- - ' ' . ·.;,;~ 

.,_ ' •• . -· . ;.~ .... -.-.... ~_,._, 
.• 

' ... :i ·, 

' .. ' 
.,_, ;. . ' 

.- -:._.,,.:• 
--

·' ·- . ' 

' 
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ECL a la temperatura. 

3) Lógica Integrada de InyeCción. 

La tecnología -~;, es la nueva y brillante estrella en el finnamento de los 

semiconductores (LSI-bipolar). Esta tecnología fue desarrollada independie~ 

temente por la Phillips en Endhoven Holanda y en IBM en Bueblingen, ·Alema-

nia (ésta se denomina MTL o merged transistor logic) •. La razón clave de que 

la tecnología r 2L sea '" prometedora ea el hecho d~ que parece haber sobre-

pasado loa probteman de los métodos bipolares ~51, prop~amente, la baja de~ 

sidad de empaquetamiento 

g{a 1;, se pueden logr~r 
y la alta di~~-P~<:ió~ p~r compuerta: Con tecnolo-

densidades iguales o mejores de las tecnologíaa MDS . . . - - ' ' '-

(>200 compuertaa/mm2) y di(cipación de potencia que pueden competir con la 

-CMOS, y al mismo tiempo velocidades bipolares (mejor de 5 na/compuerta). 

La alta densidad de empaquetamiento ha nido el resultado de la eliminación 

de todo el·espacio consumido por resistencias y una suerte de superintegr~ 

ci6n~en donde los transistores n-p-n y p-n-p se forman de tal forma que el 

lrea'del colector para el transistor p-n-p también 'funciona como el área de 

la base del n-p~n y el área de la base del p-n-p está integrada con el área 

dal emisor del n-P-n. 

En lo que respecta a la potencia, se ha mejorado en un orden de por lo me-

nos 5 puesto que en vez de usar 5 volta se usa 1 v. También bajo la eliml 

nación de las resistencias se evita el, gast~ de potencia: Los valores muy 

bajos de capacidades parásitao y la eficiente iñyección de carriers en la 

región de las bases es otro de los factores. La excelente velocidad se lo 

gra de las bajas capacitancias y el no tener problemas de tiempo de almace 

namiento. Otra caracter!stica es la facilidad de mezclar circuito& digit~ 

les y analógicos. El único aspecto negativo es la poca experiencia que se 
_, 

tiene con esta tecnología. 

( 

1 

' 
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l. l. J •. Revisión _comparativa 

,.-
Con este espectro de opciones disponibles, veamos algunas de las debilida-

des y·fuerus ~~pecH~caa de .!sas tecnologha.'p,.~a el curso de elementos 

procesadores LSI ~nol{ticos. 

' -
La· siguiente es una lista de los par&metros de importancia par_a_ procesado-

res LSl. .. 
" a) Ares por compuerta 

,. ---·~---· -- ' -' " ,, --· '- ·,., b)' v.,lo"Cidad 

• • 
e) Potencia por compuerta ---· - . ' ' ' -· • • • 

• 
d) Costo •.. 

' . . ., Capacidad de interface hacia el. mundo exterior (fuera del chip) 

' / ,· ,, ... .._ .. -. --:' ~ 

La tabla 2 lista esos pariimetros pan_, las tecnologías lÍder<ia p-MOS, n-l'I>S, 
• •, / ,,./'"·"'' -1 ; .... ·¡·· ~- " ~ 

,·, --~-!: ·2;.- ·•·•,-· -::~ .,._ .. L~-J". ·t.,~· 
CMOS, nt.; ECL y t-L.· Los-valores y los rangos registrados· son los repre-

..-' ;,. ,!• - -.. ,• . -· •1 .. ,.. !>'::'--· ~ ..• -· /- •• -·· ' 
sen tat i vos' para -}as -confii!Íuraciones-LSl- actuales • ' l~- - ,. ··• 

·. -' 

' . --~ ... -- --·- -·-· -- "'---- -'----------"-' _, .;:.: 
-~i -~ . r- -~- - ,_ ,_ . .. 

~--- -· . i:-o ~ '...· ._ • ··:' ..... 
Otras ilustraciones de naturaleza comparativa se presentan en las figuras . -- . . . -

'2 y-3. 
'•--r--.~ ... -•.. -~ .. ·-

En la ti&Ura 2.'se'pr'esent.i.el'retard0'de propagación Vs la potencia 
' _, - - . 

y las l!neas del producto retardo X potencia •• dibuja' también. En la 

ra 3 se trata 'de cubrir la indi~ación de comportamiento de complejidad ,, ---- -
' . '' 

podemos escribir· las :;ig,;ientea conclusiones. retardo, de lo anterior 
- ' .JV 

1) Las tecnologías puede separarse en dos grandes grupos 

. ' 
Los proceses MOS densos de bajo factor de fonu Y. los bipola-

res de b~ja densidad y.alto factor de forma, con la técnica 

I~ acercindose claramente en ambas áreas. 

2) P~r consideraciones de baja-potencia, las tecno~og!as QMOS y 1~ 
' son las que pueden 

' .. 
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FIG. 2 RETARDO DE PROPAGACION VS. 0151-
PAClON PARA LAS PRINCIPALES 
TECNOLOGIAS LSI. 

,, 

• 

·, 

12 

( ,. 
' . ' 

' 

' ' ... / 





_( 

... 

-0 
e 
~ • • ~ 
~ • IO'r---------------------------0 
o 

" • ~ 
m 
e 
N 10' 
z 
e 
u 
~ 
e 
o Clo1os 

e 
o lO' , 
• ~ • • o 
u 

10 
0.1 •. o •o •o o 1000 

RETAROo-·oE·: PROPAGACION -. { ns l 

FIG. 3 EL APARENTE COMPROMISO ENTRE COMPLEJIDAD 

Y RENDIMIENTO. LAS FRONTERAS SON CADA

VEZ MENOS DEFINIDAS. 





• • 

• 

• 

• 

3) La complejidad de la bipolar no sol~ente esti limitada Por la 

densidad de empaquetamiento pero solo por discipaci6n de potencia. 

4) 

' 

La complejidad de loa procesos varian algo, pero las versiones 

sencillas de cualquier tecnolog!a no reaulta necesariamente en 

el factor de forma requerido o facilidad de aplicaci6n. También, 

la experiencia con una tecnología va cualquier otra puede poner 

en evidencia algunaa de las diferencias de procesamiento. 

5) El cosco es una mezcla dificil de definir de área por compuerta 

y complejidad de proceso (tales e~ las dadas por el número de 

etapas de enmascaramiento, el número de difusiones o implantaci!!. 

nes, lo critico de todas las etapas de·proceaamient?• y el nGme

ro total de Ol%Jieriencias con la tecnologb paáicula.r)". 

Muchas-de esas áreas no necesariamente nos llevan a una interpretaci5n sen 

cilla. Por ejemplo, no obstante que el área por' compuerta aparece ;er una 

"medida"11111y directa,- eaaa. son algunas- complicaciones' -Primero, aunque el

lrea interna por compusrta pueda ser pequeña, loa requerimientoa·de·bufero 

y otras interfaces :pueden -realizarse· solallll!nte-con gran. dificultad.- Más - -~ 

aGD, al número de·fuente& (o referenciao) de voltaje y lfnean de reloj a 

aar rotadas a todas las e~uertao puede hacer esto imposible pnra obte

u.r una densidad ='xima. Al final de cuentas la cantidad de áren activa · 

(el ¡res ocupada por transistores, reoiatenciaa, etc) puede ser solamente 

uQS porci6n del total del área requerida por el chip. 

Por eje~plo, los chipa de loa microprocesadores ~s recientes tienen un 

¡ras activa de solamente el 50% del atea total del chip. El resto lo ocu

pa el metal de interconexión (los buses de 16 lineas ocupan mucho espacio), 

rrayectorias de bordeo, lineas de potencia, etc. 

1 
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' 

1.1.4 . 

' '·· ~-'-.:;! • . , 

' Lo siguiente deberá considerarse como un reaGmen 

·. 

.• _.,_ ,;'J.-· .:..-·· 

a) HOS canal-p. La primer tecnología usada en microprocesadores a~ 

b) 

.. . . ••· i .... _,.,., .. -.~ 
rá utílí~ads un ,_, ' --_,..---- largo tiempo. Sin embargo, es un proceSo básica ... .. 
mente obsoleto y no se usará para•nuevoa diseños con excepción 

de calculadoras. 

MOS canal-o. Esta ea la tecnolog!a principal para la gran corrie.!l _ .. .. • 
te de loa nuevos diseños para aplicacionen de velocidad baja y ~ 

'¡ >' "--
/. dia én'donde u~ nGmerÓ-I!IÍnilr>::l • absoluto de chipa ea de.gran impor-

o) 

d) 

rancia. 

• CMOS. Esta tiene uso pequeño para proceaadorea'de uno o dos chips. 

' 
TIL, Su uso se lilllita a elementos de proces_o-orientadóa a la téc 

-· .. -· 
nica de·rabanadaa de bita. La tecnolog!a TTL ea un método-costo-

efectivo para construir 

' 
controladores periféricos~-y ea un buen 

acercamiento s·usar para emular·arquitecturaa-de-máquinaa existen-

tea, 

e) ECL,: Este será p.-obablemente el vehículo mediante el cual se in .. 
troduci.-án los microprocesadores a las grandes·computadoria. El 

1- énfasis se pondría en la complejidad y el comportamiento será pr2_ 
. . 

bablemente limitado como la ITL. 

f) La pregUnta principal acerca de la 
2 tecnología I L se centra 

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

qué es lo que va a propor~ionar. Aparece hasta este punto que 

I
2
L cubre el espectro 

.. 
comPleto de aplicacicn~a la excepci6n .. , . 

• .. 

.• 
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de ECL, y la ECL con consumo da potencia cero cuando no opera 

(stand by).' 
r ... 

~- :.~;~- ... .::~ ,,.. 
como punto final pode1110s decir 'que ea la que tiene Qáa potencial y 

bre todas las 
¡ .. . ~ ' 

otras tecnolog1as en En adición, 

hta tiene la capacid~;d de interface directa 'al-¡,undo're"al analógico, que 

ea de gran impor~ancia, entre otraa, loa mercados de automóviles y de con-

• ' ! -

... ~ .... , ·. ' ' ..... ~---· ... . ·' ,, - ... 

,:,... 

_, _ _, 

.. ,. _, , . 

.. - ...•. 
' 

.• ·. . . 

.. 

·-· 

... _.!1 

·. 
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, 
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•.>ll '1 • 
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• .. 
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TAlll.A 1 

: .. ·.:: .•. '\: 
•• 1 
' 

. 
Opdori.ea disponibles ~EtaPa de proceso .. .: .. _ 

~---~-~ .. ~-~-~~-~---~~---~~-~-
.;..Material inicial 

_¡_,.....:.-~ ._! . . 
- ·- ..... ··----·-

• ' 

' 

¡ ., ... ,¡ -·--·. 

Orientaei6n' del 'crisi:al' 

---• 
'tipo 'de diapositiva b§aico . . 

' Proceso de-dep6aito, 

,. ' 1 ; 
• • 

¡ 

. . 

silicio 
Safiro 

. . 
. 

.metal cristalino 

' ' <lOO> 
<111> 

. - . . .. 

·. ' 
Cubo 1 
octaedro 

---- -
"" ''" "'" 

canal-¡> 
canal-U 

. ' (apinel) 

-· .. 
. .. ----

- ' .. 
. ' 
--------- . 

~ Difusi6n .: . ,•· ' . "., ·' : 

' -·- -----. ~~-------:------·-·-· 

Doble difusión · ~. · ~.: - '-<. 
lmPl.intación de iones .•. ,•~ ;.¡,., 

--- .............. :_. __ --·-------. 
' t -' - ' . 

Dieléctrico de 
compue:rta ' 

' ,. 

Electrodo'de la compuerta. 

Control del umbral del 

. . 

. ' 

' 

Aluminio 
Silicio 

' .. 

Metal refractario 
·---

Oxido de niquel . 
.Sxido grueso · , 
implantad6rÍ de 'iones 
frenadores de canal 
óxido undido 
proteccción de campo 

... 
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' TABLA 2 

••• . • . . .. ., • ' - Parámetros clave p&ra las tecnolograa LSl lideres 

. 
tecnologta ""'' -n-M:IS ""' m. '"" . ,',. . .. . 

. .. . .. . ... . .. 
Are.a/ compue.r 

. . . .. 
ta (lllil2) - 8-12 

,_, 10-30 20-60 20-50 4-6 

Prop retardo/ >lOO 40-100 1.5-50 3-10 0'5-2 " 
.. 

compuerta " ' . . 
(na) ' ' • 

' .. . 
Potencia· e.ad 2-3 

. .. 
0'2-0'5 <0.001" 1-3~ .. -S-15 .. <0. 2. 

t ica/ eompuer:- . • ;¡¡ 
'" • -. ~ . .. r•~o' • . ' ,. . . 

. ' . .. 

.. 
. (nv) . • . . ... . - ... . . 

Producoi6n "' 10-50 ' 3 " 10 q . . 
poteneia-vel ' 

\ 
(pJ)" . . 

.• ' 
. . e 

Número 'o "" 5 . ;Er. 6. ' 7 .7 ,_, 5-7. 
"" . .. , .. do enmaa- . ' . 

-' ' - o;~-' ' caramiento . , . . " . " . 
.. ' . . . 

Número do difu 2 3 4 4 
. 

4:.5 . 
. 

"' sionea ,... . . o é . 
' ' -- . :;. 

plant .-. ...... ,, •5 -,..,.-., ' 
I'adlidad do . interfase Pobre Razona Razona Excelen Excelen Buena 

"' 
- ble- . 

" 00 

. 

-----
. ~ - . ' .. 

• 

. - .. ··-· . .. . 
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l.2 FAMILIAS LOGICAS 

' 
En loa últiQoa 25 años han nacido y desaparecido diversas familias lógicas, 

basadas en t~cnicas de construcción discreta, ~nol{tica o h{brida. De las 

tecnolog{as re=anentes, las más popu.lares (DTL,TIL,ECL y CMOS) tiene las si 

guientes propiedades 

Se dispone de compuertas_NAND y NOR 

Se dispone de compuertas AND, OR y OR exclusivo en la mayor{a de 

las series 

Se dispone de flip-flops JlC y ~ 

Niveles lógicos restaurados a la salida de las componentes 

Se garantita el número de cargas a la salida bajo las peores condi-

e iones 

Se dispone de contadores, registros, sumadores, decodificadores, a~ 

lectores de datos y otras funciones de mediana (MSI) y gran (LSI) 

integración. 

En esta aecci6n-presentaremos·algunos:ej~plos.de-loa diversos componentes 

disponibles. en . el mercado, •. desde_laa máa . a implea . hasta las más complejas •. 

Es muy importante observar la complejidad creciente de los ejemplos •. El ob 

jetivo es poner de m.nifieato el número de componentes e interconexiones lo 

gradas en loa diversos casos que se presentan. 

l. 2.1 Familia lógica Serie 5417~ 

La familia lógica 54174 XX es una serie de circuitos integrados realizados 

con tecnologia TTL con velocidad media y alta. La familia incluye un núme-

ro amplio de funciones presentadas en diversos paquetes. La serie 54 se ca 

racteriza por tener una temperatura de operación, con un rango que va de 

-55"C a + 125"C. La serie 74 se caracteriza por un rango menor que va de 
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La 16giea de la serie 54174 se define Usando LOGICA POSITIVA, usando la 

aiguiente converci6o: 

VOLTIJE BAJO" '0 1 LOCIOO 

VOLTAJE ALTO '" 11' LOGICO 

1) SN7400 Compuerta NAND cuadruple con dos entrada& positiva& 

.. 

2) SN7402- Compuerta NOR cuadruple con dos entradaa.poaitivao 

·~.~. ·-.. ,. " 

3) SN7404 Inversor sextuple 

.. ' 
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4) SN7442 Decodific&dor BCD a Dec~l 

• 
• 

• 
• 

• 

' 

o 

---• 
• 
• 

~ 
-• 
• 

'"¡";f. ~if.t~::·: ;:;:.~;21 :.,~ :." 
•' ' . ' --' 

! ·1-• . + ! -1-• ' i .¡_ ' 

Este es una componente realizada con tecnología TTL M$1 (Integración de me 

diana escala) 

5) SN7470 Flip Flop JK 
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Jo K o Qn+l Preset Cleor Q 

o o Qo o o 1 

1 o 1 1 o o 
o 1 o o 1 1 

1 1 Qo 1 1 o 

J:J¡J2J. 

El flip-flop SN7470 envía la salida durante la subida del pulso. Esta oom 

ponente eati diseñada especialmente para aplicaciones de mediana y alta ve 

locidad, puede ahorrar energ!a, 

En esta familia se tienen mis de 300 funcio~es repartidas entre la tecnol~ 

g!a TTL y TTL Schottky, Se dispone de loa &iguientes tipos de elementos: 

l) l!.lementoll Arit::mEticoa 

2) ContadoÍ"es 

3) Selectores/Hultiplezores de datos 

4) Decodificadores-

5) Condificadores 

6) E%pansor_es 

7) Flip-Flop 

8) Compuertas NAND/NOR/AND/OR y Buffers 

9) Compuertas inversores AND-OR/AND-OR 

10) Latchea 

11) Memorias 

12) Registros 

1) Elementos Aritméticos 

Loa afia importantes son las unidades L6gicas~riODéticas, sumadores 

y comparadores, 





' 

2) 

2) Con~adorea 

•.. . - , . '1 • ' 

Son. contadores sincronicoa de 4 biril, contad~res hacia arriba y hacia 

. ' .. ·- .,.<, ' ' ~ 
de control, ab.it.jo con modo 

' . . ' . . ' , 
contadores' de dl!ca_das -; :e ce :· 

-- -.-. . :, .. ~ '· 
" Sele'ctoies)Mul ti¡ileXoreB de datos 

_,, '-~. ·-- 1 - ' ' -' . 
' -Loa hay de 16 a 1, de 8 a 1, ,. ' • ' , " 2 • ' "" , .. , .. •• puede 

cubrir cualquier 
. •'-. ' . . . - ~ ··-

problema de selecci6n/~ultiplexaje.· • 
' . " ., ,, Decodificadores 

Se tienen ·BCD a Decimal, Exceso 3 a decimal, '4 a 16 líneas', ' ' 28415:-. 

neaa, BCD"a decodificador de siete se~ntos: ' 

5) Condificadores 

-- .. 
~ay de 10 líneas a 4 Hneas y 8 Uneas 

' ' ... 
• 2 

.. 
6) Expansores 

Expansor~s de 4 entradas y de tres entradao 

• . 
7) Flip-Ylops 

.- ...... , 
Tipo JK, JK maestro-esclavo, tipo D y RS. .. , . 

" 
8) -- .. ;, . ' '-_ ' 
9) Son los c~onentes estandar 

"' AND y OR, NAND,NOR, inversores, Latches 

11) Memorias 

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

l2) Registros 

Hay de 4 y 8 bits, carga en paralelo, en serie,. 

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

... . . 
Existe, además, una variedad muy grande de funciones realizadas con otras 

::.; . 
tecnologfas, tales como MSI/TTL, ECL, MOS, e'tc • .. .. ' ·-
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1,2,2. tnt_esrac:i5n_ ü. '" ..... -; (LSI) Gran escala de 

lee microprocesadores, existen otros elemento• , ... ~ .... ' .... ~ ·- .. . ... 
con aran complejidad que sirven paia ampliar-la capacidad de loe m.icropro-

. ~- '•!~•'•· ·· .. >o 
c-.adorea_y ademáa facilitan la utilizaci6n de estos. 

ó o ' ; : • o ¡, o>• V,,, 
1) Puerto-de entrada/salida de 8bits,'-:'• 

. Jf'' :::e ·"i--' ·- ,;:-, •· 
Este p~erto'de antrada/a'~lida consiste de un cerrojo_ (Latch) de 8 bits con . '"· . . . . . . 
buffera da aalida de 3 estadoa junto con una aecci6n,l6giea·para seleeci6n 

y control de dispoa~l:ívoa. También cuenta con un flip~flop de servicio 

ra la generación y control de interrupciones de un microprocesador, 

Usoa de este dispositivo para sistemas de microcomputadorss, 
• 
• 

1) Buffer controlado por·compu~rtaa 

2) 11us-Oriv~r bidireccional .... 
J) Interruptor de un puerto de entrada 

1¡) Interruptor del puerto de instruccióne~~ 

5) Puerto de salida (con saludo) -·---

6) Cerrojo de estados . 

• • ~ - .. 
•• • 

~ - .. 
•• • • -• • -•• - • '· - .. -•• • • ' -• • -~ .. • ~ - • • -

.. 
.. 

' . 

• .... 

.. 
·.• ( \ . . 

. . 

e -- •' 
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¿Qué es un Nicroprocesador? 

Responder a esta pregunta hubiese sido más fácil h,1ce 2 años 

que hoy día, ¿Por qué? porque la industria y J¡¡ tecnologia microe-

léctric~s son, quizá, lns m5s c;~mbiantes del mundo, considerando 

cualquier ramn del sabor humano. F.sto se debe, sin duda, a la am-

plisima gama de aplicadiones de sus derivados y sub-productos. Es 

un hecho aceptado, hoy <lía, que el advenimiento del microprocesador 

es un acontecimiento de impnrtanci<t similar al de la utilización 

de la energía eléctrica, a principios de siglo. Esta afirmación 

podrá parecer exagerada a algunas personas. Examinemos, sin crnba~ 

go, el de~arrollo histórico do los microproces;~dorcs,. como se mues 

tra en la siguiente tabla: 

Año Procesador Tccnolog'ía Reloj Transistores Dire<:cio 
(!'>Hz) namicntO 

1972 8008 PJ.lOS . S 1000 16 "K. 

1974 8080 PMOS z 4500 64 K. 

1976 ZBO NMOS 4 6000 64 K. 

1978 (En.} 8086 1\MOS (VLSI} 5·8 20000 1 11. 

1978(Dic) zsooo N~ lOS (VLS I) •4 17 500 8 M. 

1979 68000 N~ lOS (VLSI) 8 68000 1 6 M. 

En esta tabla obser\'amos sólo los más representativos de los 

microprocesadores: de INTEL, el 8008, 8080 y 8086; de Zilog el 

Z80 y Z8000; de MOTOROLA, el M68000. 





• 

• 

Observamos el dram[ttico incremento en velocidad y gnllo de 

intcgraci6n. De 1972, afio de la aparición del 8008, a la fccha,

hemos pasado de un ciclo de reloj de 1/2 l·liz a 8 ~t-lz, "¡mra un aumcntot de 

16 veces en velocidad. Asimismo de 2000 transistores, hemos pas~ 

do a 68000, para un aumento de 34(::) veces en la densidad bfisi-

ca de la unidad. Con los procesadores hoy, poJemos direccionar -

hasta 16 ~!bytes, vs. sólo 16 K de un 8008; un incremento de 1000 

veces! 

Pero no sólo en el procesador central existen estas capaci 

dados. Las memorias han sufrido cambios proporcionales- En 1976, 

la memoria m(\s dc11Sa en el mercado era de 4K bits, hoy día, con 

CCD's y memoria de burbuja magnética,. tenemos capacidad de hasta 
-e 

256 K bi_ts en un 'chip' Un incremento de 64 veces en 1~ capacidad 

del almacenamiento. 

De·ta misma manera, los controladores, periféricos, etc.,-'-' . . 
se han modificado. El resultado final es que, hoy en día, con CU.!!_ 

tro 'chips', tenemos capacidad de cómputo más o menos cqui\•alente 

a la de una CDC 6600. Como marco de referencia menciono,mos a uste 

des Ql'e en 1970, el: documento de OX:: que describe a esta máquina empi!O 

za con un capítulo que, -traducido literalmente, csi"Justificaci6n 

de las Grandes Computadoras". 

La conclusión de esta introducci6n un poco atropel-lada ·es ·la 

siguiente: 
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1) Hoy día es posible adquirir capacidad de cómputo a ba

JO precio en magnitudes que hasta hace unn década eran difíciles 

de justificar por su complejidad. 

2) Los costos de cómputo se han reducido dramáticamente. -

La tcntlencia es a seguir disminuyendo. Con la integración que au

menta, los costos se abaten. 

3) 1:1 'software' es Cada vez miis sofisticado. Los micro

computadores de hoy aceptan los lenguajes de ayer (COBOL, FORTRAN, 

BASIC, PL/1, PASCAL, etc.). 

4) Los costos bajos y la alta integración propician nuevas 

arqui lecturas en m1iquinas 'grandes'. Las comput01doras del mai'iana · 

serán arreglos de decenas o cientos de microprocesadores. 

Pero; apesar de nuCstras 'conclusiones'·, no hemos aún respon 

dido a la pregunta inici;~l. ¿Qué es un microprocesador? 

De la anterior di~cusi6n se desprenden var1as caructer'ísti

cas de los microprocesadores: 

1) So o pequeños {físicamente). 

2) Seo baratos (compurutivuJilelltc). 

3) Tienen capacidad do cómputo . 

4) Poseen memoria. 
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¿En resumen, pues, podemOs decir que un microprocesador es 

un computador pequeño y barato? Si y no. En la introducción men 

cionamos que es hoy m;ís difícil responder n la pregunta que hace 

algunos años. Esto se debe a que hay, hoy, varios tipos de micro 

procesndores. ¿Por qué? porque a cambio de reducir el tamaño {y 

disminuir el consumo de energía) penlemos, también, velocidad. A 

las 4 características de la lista anterior, hay que agregar una 

más: 

S) Son "lentos". 

¿Qu6 entendemos por "lentos"? 1/n micro (procesador) tipi-

co actual, tiene un reloj de 2-S MHz, es decir su ciclo básico de 

• de instrucción es de -250 ns. En contraste, las máquinas rápidas 

pueden trabajar a velocidades de -5 ns. F.s decir, SO veces más -

rápido. 

' Es cl;!rO que no en todas Jos c¡¡sos (de_,hecho en muy pocos) 

necesitamos velocidades de ese orden. Entonces Jos microsistemas 

se han subdividido en \'arios grupos, dependiendo del problema a 

; que estfin orientados. Básicamente, pues, podemos dividir a los 

microprocesadores en familias: · 

') Microproces¡¡dorcs rápidos, "bit slicc" (MSl) 

b) Microprocesadores orientados ' bytes (L,SI) 

o) Microcomputadoras. (VLS I) 

d) Micro-miniprocesadores (VLSI) 
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Para que nuestra definición quede completa, pues, hay que 

decir que un microprocesador cae dentro de alguna de las ante·do-

res familins. 

La definición de un microprocesador es pues, la sigui en-

te : 

Un microprocesador es un dispositivo electrónico digital de 

alta integración, que incorpora todas las caractcristicas básicas 

de una computadora convencional; que es de bajo costo, bajo consumo 

de potencia y que pertenece a alguna de las 4 categorías mencion<~das 

anteriormente. 

Par<J que nuestra dilfinici6n quede clara, hay que espccifi 

car qué entendemos por computador 'convencional'· 

Este es un sistemn digital que: 

1) Tiene medios de entrada. 

2) Tiene un almaccn, en donde pueden estar instrucciones o 

datos. 

3) Tiene una sección capa:;: de ejecutar· cálculos aritméticos 

y lógicos. 1 

4) Tiene medios de salida. 

S) Tiene una unidad de control, capaz de escoger de entre 

distintos cursos de acción, dependiendo de los datos. 
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En este curso nos restringiremos ~ estudiar microproces~

dores del tipo (b) debido a que: 

1 ) Son los más usados. 

2) ''" ¡, más desarrollados. 

3) Son ¡, más Íltilcs "" o! contexto de nuestro pa'Ís. 

4) ''" ¡, mií s baratos. 

Con el objeto de introducir al estudioso al campo de los mtcroproc!:. 

sadores, sin =b~rgo; mernlionarcmos brevemente, a un representante de las cate 

gorías a, e y d. 

~1icroproccsadores 'Bit SI ice'. 

Este tipo de micros ti_enen la caracteristic~ de ser "rebana 

das" ("slices") de procesado. Esto significa que cada elemento· 

del procesador estií .diseñado para un número pequeño de bits (diga

mos-N bits). De esta manera, uniendo M clementos,-es posible con

figurar una computadora de MXN bits. 

El ejemplo que presentamos es el procesador serie 3000, de 

Jntcl. Este procesndor tiene-un ancho -(o rebanada) de 2 hits por 

elemento. Para.lograr.un computador de 16 bits de ancho es necesa 

rio, pues, ligar o unir 8 CPU's y·sus correspondientes memorias y 

unidades de control. 

La serie 3000 es, además microprogrnmahlc. No se debe con

fundir el t¡:;rmino "microprogramable" con el de microprocesador. 
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Estos conceptos no están ligados en forma alguna. De hecho la ma-

yor parte de los procesadores "grandes" son microprogr«m~dos. 

F.n esencia, el microprogr;!ma es un conjunto de instrucciones, 

llamada micropasos, que son los elementos básicos de una instrucción 

de la m1iquina. 

Por ejemplo, la instrucción: 

ADD A, B (suma A - A+B) 

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

pnsos mlís básicos. Se puede decir que cada instrucción de miiquin¡¡: 

ADD A,B 

de un procesador microprogram:ablc, es una llamada al microcódigo -

(de hecho, a una rutina de ~ste). 

lln procesador microprogramable, pues, tiene en su interior, 

una pequeña computadora con memoria ROM, en la cual están los mi-

cropasos del acervo de instrucciones de la máquina en cuestión. 

~ A este tipo de programas se les conoce como !firmware', pa-

ra distinguirlos del. 'software' y del 'hard"'are'. 

La ser1e 3000, como decíamos, es microprogramable. Esto 

hace que el diseñador d€fina su propio conjunto de instrucciones. 
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Además, este micro es bipolar. Esto significa que los tiem 

pos de conmutación (de O a 1 y viceversa) son del orden de 30-50 -

macrosegundos (es decir 30-50 x 10-, seg.), con ciclos básicos de 

ISO ns en el procesador central. 

Esto hace que este procesador sea rápido y vcrsfitil; por 

otro l;~do, es c;~ro (relativamente) e implica que, para cada diseño, 

el ingeniero debe de elaborar su propio conjunto de instrucciones y 

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

Es posible, sin embargo, emular otro procesador conocülo y 

mejorar su 'thruput' (relación de resultados/seg.) copiando el con-

junto de instrucciones de algún procesador comercial. 

Sería posible, por ejemplo, diseñar un proce'sador idéntico a 

un ZSO con serie 3000. De esta forma tendríamos el 'software' del 

ZSO y\ la velocidad de los dispositivos bipolares. 

~!icroprocesadores Orientados a 'Bytes' .. 

Estos comprenden al 8080, 6800 y Z80 y son el tema fundamen

tal de-este curso. 

Sus características básicas son las siguientes: 

1) CPU en un 'Chip'. 

2) Palabras de 8 bits (1 byte). 

3) Bajo costo. 
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4) Amplio acervo de periféricos. 

5) 'Software' de alto nivel ya dcsnrrollado. (compiladores, 

intérpretes, ensn.mbladore~, cte.) 

6) PC'queño número do integrados para lograr una configura-

ci6n básica (que cumpla con 1" definición de computado-

ra). 

Puesto que van a ser el tema d!l las sesiones siguientes, de 

jarcmos su tratamiento para' capítulos posteriores, en donde son tra 
' 

tados con gran detalle. 

Nicrocomputadoras. 

De lo que se ha venido discutiendo, parece no ser muy obvio 

que a una familia se le llame microcomputadoras, cuando todas lo 

son. En realidad, lo que queremos señalar es que, en realidad, 

los procesadores antes mencionados conforman ·a una microcomputado-

ra sólo mediante el uso de varios 'Chips'. En esta familia•incluí 

mos a aquellos circuitos que incorporan todo lo necesario para te-

ner una computadora en~ circuito integrado. Es decir, en un 

'Chip' está concentrado el procesndor, la memoria de programas y 

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

De aqu'i que hagnmos la dlstinci6n entre un microprocesador 

(3000, 6800, etc.) y un microcomputador. Ejemplo de este último 

es el procesador 8748 de Intcl. Estn micro posee puertos, CPU, 

~ , 64 bytes de RAN y lK de EPRON, todo en el mismo circuito integr_<! 

do. 



\ 



J.H ero -mini pro e esadores. 

Lo que deseamos sefialar, al acufiar este término es que este 

tipo r.lc microproces;Jdores tienen ya, las caructcrlsticas de un mi

niprocesador: 

a) Palabras de 16 o más bits de ancho. 

b) Amplio espacio de direccionamiento (del orden de Hegapa

labras). 

e) Instrucciones comunmente asociadns a máquinas "grandes". 

Ejemplos de ésto son el 8086 de INTEI., el Z8000 de Moztek y 

el 68000 de Motorola. 

Estas máquinas incluyen en su 'set' de instrucciones aritmé 

tica "complicada" (multiplicación y división), direccionamiento 111 

directo, ct. 



• 
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Perspectivas. 

Al desarrollo de los micras hay que nsocia.r el desarrollo de 

otro tipo de electrónica. En particular, la electrónica de la trans 

ducción hace que sea posible atacar problemas del nit>ndo analógico -

en forma digital. 

Por ejemplo, Tll.W ha desarrollado convertidores A/IJ (an<ilÓgi

ca ~digital) con velocidad de conversión de 3S mseg .. para. 8 bits. Coopañías co 

mo Analog Dcviccs, por mencionar. sólo una, tie~eit convertidores D/A 

(digital a analógico) de tiempos de conversión de 40 mseg p¡!ra 8 

bits. 

L<is perspectivas que esto abre son prácticamente ilimitadas 

En la figura se muestra un sistema de control automático basado en 

un SOSS y los convertidores arriba mencionados. 

A 

1 

D 

I /.O 

RAM 

8 

o 
8 

5 

1/0 

R 

o 
M 

D 

1 

A 

!Este es un control analógico/analógico logrado con sólo S 

'Chips'. ¿Qué tipo dc control? El que el programador· desee:. 

Con sólo cambiar el programa interno, el sistema se convierte en 

otro cualquiera. Los viejos problem~s de inestabilidad en con

troles de máquinas herramient<!S se eliminan con un motor de pa-
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La solución de largas ecuaciones diferenciales simplemente pier-

de sentido. 

Tiempo de respuesta en modo estable: 

zoo vseg. 

Hay, en nuestra opinión dos c~mpos de acción biisicos para -

los microprocesadores: el campo industri<ll y el campo de-la infor 

mútica. 

En el campo de la industria, es fácil vislumbrar las repcr-

cusiones que la siguiente consíderacilin podrá tener: 

Cualquier sistema de control puede constar de una ·computadQ_ 

ra para controlar el proceso. 

En el campo de la informática, es obvio que la caída de pr~ 

cios en los sistemas-de cómputo debe repercutir grandemente,, Más 

aún si se toma en cuenta que no sólo se abaten los precios, sino 

también aumenta la capacidad de cómputo. 

Especular al respecto en esta firea es fácil. Algunas pro-

dicciones: las computadoras se convierten en artículos de hogar; 

los sistemas de reconocimiento y síntesis de voz permiten rápidos 

avances en robótica; las memorias dedico desaparecen para ceder 

' ~ su lugar, a CCD's y memorias de burbuja; las an¡uitecturas de comp',!_ 

tadoras·"'se orientan a multi-microprocesamientos (pioneros- en esta 



.. 
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• 

ílrea :;on Cm* y T;~ndcm, de prop6sito especial, así como J\HR para 

LISP);.en resumen, la necesidad de cónocimicnto en el área de la 

microelectrónica y, en particular, dc'los microprocesadores se 

presenta como algo inmediato. La tecnología de los microprocesa 

dores está firme y bien establecida . 

. . 
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MICROPROCESADOR Z80:UN PASO ADELANTE 

El procesador ZSO surgió como una res~:~uesta de mercado a la enor-

me no?ularidad del BOBO de INTEL. En su af~n competitivo, la com-

~anta fabricante (Zilog) obtuvo un ~reducto excepcional, que es -

aün actual, a ?eSar de los nuevos procesadores de 16 Bits. 

Ve<'ise lo siguiente Tabla: 

NO. D' INSTRUCCIOllES 6800 8080 m 

Registros ,, ' bits 72 78 158 

Registros ,, 16 bits 2 7 14 

Registros ,, !ndice 1 o 2 
Modos ,, dirección ' 7 10 

Dirección ,, E/5 o 256 256 
Bits ,, bandera 6 5 6 

• Voltaje requerido •5v +5V,-5,+12V •5v 
Velocidad ,, reloj ~xima lMHZ 2MHZ 4HHZ 

Corn·)atible con TTL " NO " Modos ,, interru.,ción 2 1 4 

Refrescamiento de memoria 
autom<itico NO NO " velocidad relativa '" eje-
cuci6n 5.86 5. 4 6 1.0 

' 
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5.3 INSTRUCTION OP CODES 

Thí1 Kction d~sc:fibu each of the Z-81) lnuruction• and proridu !oblealistin¡ !he 01' eod u for evel)' 
lrutruction. In cach ofthc~e tablu the OP codeo In bold type are ldenticol to thooe off e red In lhe 8080A 
CPU Also •hown io tl'le assembly l•ngu1go mncmonk !fu.! Íl uS<d for each inotructlon. A.JI inslruction 01' 
codc~ are hoted In hexad<clmal nott•ion. Single byte OP code1 requiro two hu chuact<l! w~ile dou~le 
b}·tc OP codeo teqwre four ltcx c\l..;u.:ten. The conveuion fr<1111 he~ to bmary ~ rtpUttd he re for 
cunveniencc. 

"Q ..... ry """"'' "~ ..... ry """"" 
" - """" • " • - """ - • - ""' - ' • - "" - ' 
' - "'" • ' A - !OJO - " 
' - "" - ' • - 1011 - " 
' - ""' - ' ' - 1100 - " 
' - 0!01 - ' o - l!O! - " 
' - OliO - 6 E - 11!0 - " 
' - OIJl - ' ' - l! 1 1 - " 

Z..SO irutructlori m'nemollico corulst of an OP code and uro, ene or two operando. ln.r.ructi(lns IJ\ 
which !he opeund io ímplied hne no opo,and,[nslrt:<:tiolllwhich luove only onolo¡iaol Opellnd or lh'* úo 
..nlch one CP<'rond lo iJIYa~iant (ouclt u lite l.o&lcal OR lnll<uctlon) are repreunted. by a ene operan<! 
"!"emonic. lnstructlons whicl! may h•~• t'NO .. rying ope<ands ore repreoeow! by two ope111nd mnemonlcs. 

LOAD ANO EXCfiANGE 

T•ble 5.3·1 de!in.,theOP code for all of the S-bit l111d lnllructoons implementcd 1!1 the z.¡¡o CPU. 
Allo $hown 1n litis toble U the typc of oddreWng u<ed for eoch inslliJCtion. The 1011tte of lhc d•t• ir fo~nd 
en rhe top h orizontol row whlle the dutínotlen is opeci!ied by the left hand column. For e tJmple, le>d 
'"'"'"' C from regiJier B us"' the OP cede 48H. In all of the tobles the OP codo h •P<c•licd ln hu•<'« :mol 
not3tion and !he 4Bfl ( .. 0100 1000 binary) cede il fetclled by the CPU fr<>m the externo.! memurv dur""! 
M 1 time, decoded 111d then lhe register tran•fu is automolicolly perf<>rmed by tho CPU. 

The usombly J.nguage mnem<>olc for th.is enttre ,,oup Js lD. foUowed b) the Msrinotton fol!""'ed 
bji the ,.,u<Ce (W DEST., SOURCE). Note th.at JCverol combtnotlons of addrenin1 moJ., .,, pm.stble. F O< 

eumple, lhe source may uso regi•teroddrer:~.lnlalld thc destuutlon may be regUter ~~~hect; ouch "lood 
the memory Joation polnted to by rqUtor 1 ILwnh the con tena of register D. The OP co& for thu 
oporauon would be 72. The mnemonJC for !hU load imtructiOll would be u foUo .... : 

W(HL),D 

The poitnlhesos ~round !he f!Lm•on• th.at !he conten\1 ofHL are uJed as • pointer to 1 memcry loc.otlon. 
In .u Z./l O load lnJtruclion mnemonic¡ tho dutination ;, alwaysllsted nnt, with tht r.ource follcwtng. Tho 
Z./!0 usembly lonsuo¡e h.as beon de!1nod for eue of piogrammin&. Evcry lnsttuction ·,. r.t~ f docun><nnnz 
and prOJIIIns wmten in Z-80 IUIBIIIF aro n¡y te maintaEn. 

1 

Note in table S ..l·l that oome load OP codu tiLa! are , .. ¡loble in the Z-80 uoe two bylt'o.·TlU• is an 
efficient methO<! ofmemcry utillZilion shiee B, 16,24 01 32 bit inot•uc:tiono ••• impl~mentod In the Z./!0. 

' Thu• ofttll utrllud lnurucltons such 11 orlthmelk ot log¡caJ opero tlono ore only 8-bi!l whicll result sIn · 
. bet lei memo ry ut ilízotion tlun is achievcd wlth fixed iostruction slzusucll u 16-bi!L . - . . . 

All load lttJtructlons wlnJ lndexed "iddrasEng for either \be roun:e w d<Jiilllltlon location 
actuolly u,.. t!lree bytes" of memory with the tltird byto being thedhplacement d. Fcf tlll.t!tple • load 
r•&lster E with lhe opciond poirued te by IXwith"an ofr!et cf+8 would be wrllten: 

. ' .. 
lDE,(JX+8) 

" 



. ... . .. 

Th6 tnolruclion ,.quenee fot !h!s In r:nemoty would be: 

" ' • ,., . . ' 
'"" " . 

. . . '• __ , 
The ¡wo exT<nded addreulog motJucUon• are abo 1hree bylelmlruc!lono. For uamplo the l•••ruction lO 
load 1he occumulolor willo the operand on rrn:mory hx:ocion 6FJ 2H would IN wriuen: . ., 

LD A, (6F 32H) 

ond ill i:ls!tuCIIon ,.q~>er~<e would be: 

., • ._ A 1 T' CoOo 
" A+l 32 Jowordcroddtea 

A+2 6F hogh orde< addteu 

" 
' 

No !Ice thal lhe low order pottion of theoddress ls alwl)'llhe flrsT operand. 
' ' . ' " 

The lo.d ;mmediote instruciiOno ror the Jlllnerll purpose 8-tlll resltiOJI ue cwo.t.yll lmlfuctlom. 1ñe 
lnuruclion load "&ll•er H wilh thO value 36H would be wrluu: '· • • • 

f 1-". 
lDH,l6H' ·" ·•· 

and ito ,.qu~nce would be: . ' 
Addrea A 0 OP :ndo 

A+l ~ Operand .... 
Load in& a memory localion u•ins indued addressin& fct the duUnollon ori4 lmme~Ualo addte'""l for lht 
source requiru four by t.,_ For e~ample: ' · ~ ·, ·r· '" ' ' ' · '• · 

' " 
lD(IX -lS),2JH 

would oppur u: 

A+l 36 
' 

"'""A 1 DDI} O!' Codo • '' 

A+2 Fl, d11pl.ocemenl{-l51n', 
~ "~ned lwo'• complmoentl 

A+J L::J operand lo lo.d 
' 

,,. ' . ·' ' 
" ... ' '• 

,, .• ,,, •• 
J '·~ •,, 

' ' "' 
' 

J •• ' 

'' 
' 

. ' 

No !Ice lhat ·wilh any indexed add,..uJns !he displacemen!llways fo!lowa direcll)' after !he OP wde . .. '. . . '•• ._,._.,.,. '•' ., .. 
Table S.J-2 <pecifleo the 16-blt load operaliono. Thi111ble l1 '"'Y JimHor ID the ptn!oul ..... Notla! 

lhal the e~teo>ded Jddreuing capab~oty co•ersotl ••~l!er poi.-.. Also no1ice th11 re¡lrter indil~et oper;Uioni 
~pedfyonJih< mck poinoer are the PUSH md POP inmu~!lono. The mnemoni~ for !he"' ln&lno";o,.h 
"PUSH" •nd ~POP." lheoe diff~r flom olher 16-bi! J~oln 1hat tho slack po!ntu llauto,.,¡ll:ally decre· 
men1ed and increnoeroted •• oaoh bYI< 11 pushed on1o or pOpped from ~ .. ola<:k ••5P<ttive!y. For n...,¡>lc 
1he inllruction: ., - · ' • 

• 



' 
PIJ\H AF 

¡,a oJngle byte rn•trucrion with the OP e<>de of FS!i. When thr• imtrucrlon U uecuted the follnw!na 
.. quence ;, genctolcd' 

• 

Decrement Sl' . ,. ' ' if' 
' .¡_, 

LD (SP), A "~' 

Decroment SP 

LD (SP), F 
Tlnll !he extorna] st>ck now appearS as follow,: 

1• " ! 1 

1 ' 

1 
1 ! 

• 
! 1 

1 
• ·--

··' ... -- •• 
· .... ' ' 
1 -• 

. . 

' 

' • • 

(SI') 

(SP+ 1 ) 

1 

! 

' '-
1 

' 1--Top of stacli: 

' 

• 

• :5~ ::' ~ . ' • '. • '1 • • • • . ' . . 
' . • 1 .. • • • • • 
• ·1· 1·. • • .• 
• • .. 1 ·1 • '~· • ~ 

!· • • !·. • • • 1 
• • • • • • • •• 

1··· • , __ ,,-_1; 

1 

,¡ .. _¡, ! • •,• • 

-. ' 
'· 
' 1 

1 

' : 

' . 
' ' . • 

' .. 
• 

1 

8 BIT LOAD GROUP 
'LD' 

TABLE 5.3-1 

:s 

• 
, 

.. • • ',-
' ' 

1 • 1 • 
1 ,-

1 , 
' ' • 1 

1 • 

' 1 ' 
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The POf' lns!ru~tlon lt ¡he <JIICLrevelll! ofo PU9l. NoUco Úllto!! PUSH and POPJnsuucUom uUl~&e ¡• 
!6·bll aperaN)_ ond the hi¡h arder byte 11 •lwoys pusltt>J fintan<! pq>ped lall. Thttlsa: 

PUSHDC UI'USHBthcnC 
• p<Js<: DE h T'US!i D thert E 

PUSliiiL i.s PUSH 11 th~n L 

POP HL bi'OP LthenH 

The lnt\fltctiOJl uoing u tended imlll<ldlate &lid reWng for the oource clwtouoly roquJm 2 bytn of d111 
follow!na the OP ende. For uamplo: 

LDDE,0659H 

wl!l be: 

In aO utlnded im""dllll 01 u•ltld<d addreAin1 mndes, thr low order by le tlway.eppean Onl art.r 1M 
O!' codo. 

Toblo U-3 !isuthe 16-blt ex.:hln&• lnstrucUono implemented In the Z-80. OP 0110!1 0811 oOowt 1M 
propommerlo ..,.trch between tite two paltl of occumulllor flag regbtrra wtlilo 0911allowa the pro. 
gnmmer to ""'ltclo betwoen the duplica le 1<1 of 1lx ,enero! purpose re¡ister1. Thue OP ooder an only ono 
byte In lon¡th 10 absolutely minimiza the tUne nocesury te perfomi the exchan¡o co that tite" dupUCIII 
banlcs can bo U1<d te effoct v.ry fui intenupl r<t<ponse time1. · 

BLOCK TRANSFER AND SEARCH 

T•blo S.l-4 11111 tilo utrom~y poworf\JI block t~sfer Jnstrucllona. All of theao hu! ruello"' oponolt 
wltll thru rcgiltcn. • 

llL poinu to \he source loca!lon. 

DE polnn lo tho destina \ion le>Q_IIon. 

Be lJ • byte counm. 

After !he ptOJI'Immer h11 initlall Ud th<,. thr .. retiste 11 , any of theJC four inllructlllflt ,.,. b& tiU"d. Tha 
tDJ (lo.od and lncrem•nt) Jnmuction mJvu one bY'• f•om !he loca !ion pninled lo by HL lo 1~1 Jncatloll 
pointed to by DE. Re¡lolor paia m .. and DE ••• tJ,cn •uto..,.,atically incremtnted and aro rudy ro paintto 
lhc followln& !oaotlol\l. The bvte cn•mt•r (re&itter pair !'ICJ ;, abo decremtntcd Uthlt titne. Thio inl\t...,. 
tlon 11 valuable when blodcs of doto mer. !le movec! !>ut ot""r typos ofpnxusin&an requim! bcrwecn&&eb. 
mov.. The LD!Il. {lo.od, In cremen! and rcoeotj uutructio>~l is 411 exttno:l,m of !ht I.DIInt~ructlon. Tbt -
load and ineremem o~ratlon is I!PI'ilt<l ~'"" lht byto f<Krruer rneha the count of uro. thu1, thÓld<wk 
inllrucuon Cln mov. ony block of do!a from onciOC&tion to any other • 

• .Note thotlince 16-bh re ¡lo toro tro Uotd,thcliU ollhe btock can bo up to 6-Ck by_tu (1 t:: w 1024} 
Jon&and ir eu be mo••~ from ony loution In memoo-y te ony olhet !ou.tion. Flrrlll•nnOI'c tite hlxl:..o c.u 
b~ owr!tppint lineo rb•,. ••• alnolutely no constr>Llto nn tilo: dato that Jo uotd 111 th• tllree <1~ .,..;n. 

The LDD and LODR lrutructlono ore nry ·,..m llar ¡o th• LOiand lDIR. Tha nrdy dltferánoo 1s that 
l'flillet po;•ti-J land I'J~ ll't decremontrd &fter evrry mow to tllat 1 block tn111fer 1\atiJ (1'0111 lhc ~1 
addreq ortho dn'a.n•ted block 1'1\hetthan lhe !o..-ol\. ' 
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18 BIT LOAD GROUP 
'L~' 

'PUSH' At;o 'l'OP' 
TABlE 5.3-2 

• 

EXCHANGES 
'EX' ANO 'E XX' 
TABL!: 5.3-3 

" 

.. 
" 

••• u<. 

-

' i 

<m! lll'l 

" 
C1 1 

" " 1 

. 1 " 
• 1 " +'-+ .•.. '1 ... . 

>o 

" 
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" ¡·,LOo~; •l...t (0!)--IHl) 

1 
., .... ~lloO<, !loo IIC, -·-el:· O 

~•o. 
CltiTI .. ATIDN ,~o•~. 

ID!! 
! :LI>o" - ... ,.tou-t,.ll 

1 

" ~ 
" i• 

1
o. •• ,~loD!.C....; 

1 
~ ~LW -l-..lllO~HI.J 
: t..ol<llo Ct.C..Io;. -'""'"K• O 

Fl.t Hl ......... _,.. 

R .. Of ,..;""'""'''""''""' Rot IIC ;,..., __ 

BLOCK TRAN$fER GROUI' 
TASLE 6.3-4 

Toble !IJ·S ~pedri<! lile OP code• for tlle f.>ur bl..x:k wo•1th instnocUORJ. The fiul, Cl'l (comp..• o a11d 
lncremon t) com po «slh e dalt in 1ho a<cumu:.tor, Wllh the contellls of !M memooy JocaU<>u I>O<•Wd to bY 
resister HL. Tho re•uh oflhe compt!C l• oto« e i~ one of the ft.g bits (.o e uclion 6.0 fota dot~~-J •~¡;.la 
nation of lhe n., opu~toolll) and tho/IL lt8ilt<r pm is then lncromemed and lh• byte .,.,unte< («gisttr 
pair BC) is dec10mented. 

Tholnmuctlon CP!!I: i< mere! y an e~tenslon of !he CP J h"truc:lion Jn whleh thl comparo ls rtpnt.ed 
untileilhet 1 motcll 11 fouod 01 the byte eounto1 ("gbtu poir BC) bOCDml!l uro. Th111, lhia IÍIIgie lmtruc· 
tion un 1e11th lh< enli1e munory for any 8-bll chJJacttr. 

The CP!l (ComP*r< or.d O.crement) ond CPOR (Cotl'¡>aro , Docrement ond Repeat) ore slmaar 
Jnllr\lc\I<>Oo, <Jo ti o on:¡ dJ/fOI<nce beln¡ t:oot thcy ~««mt" t 1t lo n~r e•er¡· cump"'t so lh•t they t.:ud> 
the memooy '" th• opposl•• rlirectioo. ('Tlle '~""~ is '""''' 11 1~ h!~ .. l lO<:atlnn In !he rn<mory !:-Jncll). 

lt should be empllo;lud ogoin t~lltllue block !1ato<ft1 and comp.arc uutructions "'" t><tmnd¡ 
powerfu.l "' m in& mon'~~l•tíoo aprl"• ''""'· 

ARTlll..\IFTIC ANO lOGICAl ' 

Tablo 5..3-6 lislloll of the 8-blt arllhmotlc op01otoons thtt con bo perf<><med wlth lho occlnn<hto,, 
alsc li<terlo« tho lncremenl {lNC) an~ <lo<•ement (IJ'!t:) ;n,t1ucUO!II. In a!l of theu lnttructío,);. t .copt 
JNC and DEC,the opectfied B-bit operauon !s pe~fonn:d ~ttween lhe dl!a in the accumubtm •••d tbe 
coutce óiJ spc:tified in t~e lab'e. 111' ruu:t of !loe o, ... tlcn ¡, placed m the aaumu!ator wnlo th txup. 
uon of compore (CP) t~r t lea 101 the .ccumulotor •r>t.<ff« 1<1!. Al! of the10 Optlltionloffect tht fi.oz 
r<!iJietu o tosult of thelfJedfied UP<fiUOn. (S.otion 6.1l p"widosall of !he dctotls on hoot th {)¡,..,,. 
offected by ony lnsl/u.r.llon !yp<).INC ontl DEC in>t1uction• opc:dfy 1 «¡,illtr or 1 memosy \,,.;¡¡, •. ,,; 
bolh sou<Ct ond destinotioo nf t~.• •e•ull. When lh< so urce ~po1~nd IJ oddrC$SI:d uslng the ind•~ ,.~011•11 
t11e dilplscemenl mYII fo!low d•:r ctly. Wl!h lmme-1tate t~d·~<>in& tM ~cw~t DpOrmd wUI r.'\J.bw ct>:•oetly. 
Forexample lhc tMliUC<ion: 

wollid appeor u: 

ANI) 071-1 

Addua A rEfl 01' !.."oda 

A+l [Q7Í ()Derond 

" 



[:i " 
''"' ' 

., 'CI'I' 

" o .. Hl, o .. ec 

., 
'C.IR', '"' Ole. C.. r.<: 

" ....... """' '"' .... ,, .. '"''"" 
., 
"" ""'' r;>,, O<L ~oc 

~UR"P .. Hl&HC 

1
6a ¡ "'"'''""'''b.:-o .. """"''"" 

~l .... , " '"'''""' ;,. -~'"''" 
'"'" ''"""'''" "'" o..<.m''""' ... ~ .... 

BCio>v"' , ..... , 

~LOCI( S[AR<:H GROUP 
TABlE ~-.:<---1 

; .. ,..wming ihalthe ocoumut..¡or comamod ih< value FJH •h• reo u!! ofOJH would bo pl>c•d in !he 

aceumu!alor; 
Aoc befare operotion 
Ope<aild 
Roouh to Acc 

JI!IOO!l"F3H 
00000JI!•071l 
0000 0011 " OJH 

The Add innruction {ADD) perform• 1 binary odd be¡woen thc d.o!a in the source loe~~liun ord ¡h<t 
data in the •ccumu\<t~r- The >ubtrocl (SUB) dac:s a binar y subuaction: When !he odd wlth con y •• <.¡.e<:~'led 

'(ADCJ"' tho ou~\r•ct with earry (SBC), Lhon !he eo.ny rt•g" also addod or subna<:tod ••opeC'>><Iy. ;-\..., 
(1, !1' •r ,¡ dec•ma.l a~)uu 'mstructoon {DAA) m !he Z-80 (full~ deSUibed in se>:! ion liO) otlow •ntlllnctic 
opcrauons for: 

multipredsion packed BCD numbers 

muUip~eci<ion signcd or lmugncd bmary num1><11 

multiprccioion two's complemcnt Jigned numbors 

Othet inslruclioru in rhis group are Iogial and (ANO), lopcaJ or (OR), uclusive "' {XUKJ and """'""'" (CP). 

Tltere ue flve genero) pur pose arr lhm e tic rn.,ructro,, tlut opera~ oo tho atcurnulator "' cat ry f!.~. 
Thesc flve "'' Usted'" roble 5.3-7. Tite <lectm•l adjusr lllst"rctron "-' adjuit for su~mction 11 w~!J., o.:~. 
otion, thll'r nuking BCD """ltmet:c opcution• simple. Nr•re 11!>1 to ai:ow for this oper>.tion th< tla~ N o; ~!..J .. 
Thi• nag is set ifrhe ¡,_,¡ ori!hm«rc opcr>tion wu 1 >ubt,.o:•. The neg•« accumul•tur I.NL:G) hlllruc"~" 
l~rms !he tw<>'l wmn~men 1 of the number m the accumulatcr. Fin•:ly nutíe<t th.:u 1 hl<l c:.rry m•trucriun 
;, not rncludod in tire Z.J;I) """" tltis o¡>eruion can be "'"Y •chU:ved through other in"rucliura su eh .. 1 
!ogic.ol A)'-10 uf the accumulator w"h · irsclf. 

Table 5.3.8 l!st• oll of the 1 6.bJ1 arithm:tic opcr•uono b<tween 16·bit rcgJster¡. Thore aro livo grO!tp< 
cf!nstruclions htcludarg 1dd WJ\h ca u y ...,d subtract wtth catry. ADC and SBC affecL lll oftho O.go, Thnt 
two youp• Jlmp!úy address c•lculoticn opcutioru or oLhet 16-bl! arllltmotlc opcrol;on.t. 
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1•~ 51 62 

18 BIT AR!TI1MET!C 
TABL.E 6.:1-B 
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A major capabtlity of thc Z.80 ,, nsability to rot•t• 01 •hift data in tilo ~e~umulator, any g<ncral pur• 
P""' r<SL<l<r, or any momory location. AU of th<rotatc and shlft 01' coo.!es uo dlo"'n in t•~lo Sj.g AU~ 
"""luded in the Z.80 ore arll h.mctic ond Jogical ohift opcrations. T~n< opcntions uc usefu! 111 m .. uemcly 
w;~. r~nB• of •pplicatrons irocludlng integcr mult!phcation ond divilion. Two BCD dlll't ro .. lorRII<U<!Ions 
( II.RO tnd R!.:)) .uow 1 di!t'l In !he ac:cumulator to be rol..ucd with thc two dJi¡taln • r .. cmory b ... Jon 
"'""" .t to by rcgr•tcr p.tir HL. (S ce ngure S.J-9). Thcse umructions 'aUow for effic;ont BCD "~.lu~ tic 

BIT MA."'LPUI...ATION 

The ab~ny lo set,«s<t and ted indivldu.ol bits in 1 rcgister or memary locuion ;, no:d.:J in olmo;~~ 
every program. Tiresc bil• m ay bc n,gs in o general purpose •oftwaro routine. inJJcotoon• of <:<to<r,•l cc'11· 
troJ condltion.s or dJ ta packod imo rn<mory JocaUoltl to uukc memory ul!l!.utK.n moL< dflcr<nt. 

The z.ao hu Lhe oh~\ty to set, ''"'' or t••• •~Y bit in tilo aocumulnor, ony ~~ncr.ol purpll>< ~<W:tor 
or any memory IOcation with • •ingle instr~ction. To~le 5.3·10 Ji m tho 240 ins(rUoLion• that "'" ~v¡ubblc 
fc•r thio purpo•e. Rogioter addro,.in¡; can lpocifY tho a<eumul•lor or any ¡ononl purp<>se rt¡;:'~" o" w~ich 
!he Op<l• tio~ " lO be pcrformod !'legrmr indi!ect and ind.e~ed ~~-~reosln~ u< onrltbl~ to Op<r.Lr c. 
extemL mcmory locations.llit tUl op<r.llionol<l tho zero fl•s (Z} if !he <e>tod bu 1s • zero. [Refcr to 
section 6.0 for fur<~er •~pl>llotiun of nog operation). 

JL'MI', CALL ANO RETUR."l 

figwe 5.3-1 t ~lh •ll of tho jump, caU ond rcturn inmuctions implcmented in t.~e Z..W CrU. A¡umr 
is a bru~h in • prog:ram wher< the progr.m count<r is lo.1~cd with tho 16-bit vo:luo .. •peciliod by ono cf '''" 
<.'lree n•il•ble oddre"'"S modor {lmmediatc Extended, Relro.H"" or Re¡ioter /ndiroct). Notoce that ¡~,. jump 
group hu rcvcul dilfct<nt conditiont that tan bc specifoed to be met ~foro the jwnp ..;u bo 17111 do. lf 
!he re conditiono ore nul mct, !he progr>m mctely continu .. Wrth the nut sequ.entiol inllr~ctiar>. Tbc 
cond,tion• are •11 do pondont on the <!ata \n lhc !lag re&(ster. {Refcr 10 «ction 6.0 for ~.tal!.< on the noK 
r<¡¡i<lerl The immodiotc extended adi!r<wnJ i• u.sod to jump 10 >rry /oe>.tion in tho memory. T/oi> it>
suuctiÓn rcquire• thr<e byt., {lwo to >peclfy ¡he 16-bit oddrus) with U10 lo"' order ad<!rcu ~y< O frr<t 
fo::owed by the ltia,h ordcr oddt•u ~yto. 

!1 

" 
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ROTAHS ANO SHIFTii 
TAdLE 6.3-f 
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For cumpl••n unc:onditional. Jump lo mcmory location 3E32f! would bo: 

AddteU A l C1 f OP CO<Io-

At! \ 32 \ ¡.,wor~ addre~ 
A+2 ¡ 3E! Hij}l orc.ttr a.ddre.:J 

.... ::;.---

The rela\1.-e jump inotruct•o~ ur.cs only '""" b~tu, tite ~ecood byte iJ aligned two'l <»mpl......,t ~ .. 
placement form !he cl<istU.sf'C. 11U• displ~oeement can be in lho r¡n¡e oh !29 to-126 an<l i; ~ 
f rom the add"'<> of thc iruuucllon ÚL' codo. 

' Thtee type1 of rcgincr lnd!rccr J~mp• uc o!,~,¡,:'"~<~ TiteS~: in<lrJo.tloN uc trn~"''"'3J by~ 
!ho rc&lsttJ Pli1 HL or cnc nf lile •ndu r<Jisto:u ~ "' !'/ "-'••ctiY hlto t!lo PC. TIW a¡d>itty "''"""' i<Jf 

- propam]umps lo be • func•lon o' pr<Vl<>l!l 02!cubn;ort' 

! 
A caU i> 11~cial 'orm ora jum:- whore ~';e •dd••<> ,,ff~e byte !oUow.•ii!Jihe Qij b-.l.troctlon il 

pulhed onlo !he 1Uek ~<furo lh< ju::lp u madt. A utw" i.l<:nÍi;tion U lht 10"""" of a ea!!~ U.. 
<bta on lhotop of e,,, •t•<:k i$ ¡.opp<¿ <!iscctly iroto ~~.K ~o fo,m •i""'J> OIJdtcu. Tho eol.l tt!d r~tuu• 

, innruet!<ono lllcw f,,, ~ilop!e ,.,;,. ~-'~i .. o "'"' ¡.,, .. , r~r: 1 .. ...Jlin¡¡. Two l!'<...ilol rotur~ !n:tn:Ctlon; M.,.~ 
/ incJudod in tho Z.80 foonlly of ccrn¡>Ofloflls. Th• r<t~rn {rcrn intwu¡ot L~<I<Ucdcn (RE'rl) and ll>~ nuum 

from non rn.uklblo i:nerru¡>l {RETN) ore ttea1ed i~ 1~• CPU 11 U'l un<:Oalli•ional retUI'n idor,fic>IIO the O!' 
00<101 C9H. T"" ~;ffe10nce U 1h11 (RE fl) c.on be =d·11 ,,.. end ~f an inteuvpt r~utlnc ul! ill 1,..,00 l"'"riJ>tocnl 
ohi¡>~ will rc«o,¡nu• •h• ""•""';..,, < r thio in•tr ,.""'" '"' P•"~ ,, contt<d of ,..,u.~ p<iO<ny int.or<llot lwtdlln¡J. 
Thio inllluetoon cuuplod wilh U1o Z-G~ J><<ivhoml ¿,¡y¡_.,, irnplll,...nlOtiOn dm¡>Ul101 U... n<><m<_! I'<'IW'II fr<IQ 

¡ nc1te.:l !nlellll~l. '.Wl~ ~·JI tlú1 lo""" t~e í,>lluwilltllt..~l"'·'• "'""~ 10'0<11.1 !>., ""'""""')' "' ;:_;--"m U.. 
interruptln¡ de.;co <luot L~o lnlctrupt routino is completc:d: 

J2 
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"'~" OUT n, A 

- provenl tmouupr b,for~· 
rn•J•in• Jr nirr~. 

oori(~ perl!'.~l. 11 t~.a: umu 
ruUiine 1• comJ)lolo 

nu. ..,.,..n byte oequonec C.11 bo roplocod With thc rwu byte RETIImtruc!lun In th• Z.80. Thlol• imporb.nl 
lineo i~l<ti'UplserVIC. tlmc uflen mun he minilnlud. , 

To racllitalo pro~ o m loop e<•nuor thn lmtr"crlon OJNZ e can bo used 1dY>.ntoaoou5ly. Thi1 tWC> by\1, 
rola ti~ jump lnstruWon decrem<~'.',ll ~e JI rer,.i¡•.er •nt. ::" j u-np"Uccun lf the B re¡.l¡ter hu not t.con okc:no
m•nted 1<> >ero. The re!.olive displ>...,mentls ••r•<>..,d u o \J,r.ed lw.:>'1 corr.plrn¡ent aum!>c1, A cfm .. ~• 
1mplo or hs uso mi¡hr b..: -

'_,- . 
Addrea ln¡lructlon 

N,N+l LDR,7 

N+ 2 ro N+ 9 (Pe•fonno oequenu 
1>~ iOllruCtoOn;) 

Nt JO, N+ ll 

N+ 12 

- ·r 

1 ........ , 

., 

DJNZ 

(Neu lnrl'uf'lon) 

•• ••• 

-
1 ..... '" •• l'""¡·.· 

i "" ', "" .. 

Comrnena 
; «1 '1 f<Hi<lot!O C<>Wll of 7 

: bop rn Oo ptr(ou""d 7tlmel 
. :roj~mp r~mN + 1~ ,.,¡.; + 2 

-

¡~ ~ ~ • • • ' .1 ' 
' 
' 

. ' 

JU'.-IP. CALLo m RET'.JRN GROUP 
TABL!i ~.J-·'! 

~ .. o • ; .. ,. ! ' 
1 ' 1 

' ' 



Tahle 5.J..l2 ~su • he eighl ( lP oodes for lile ro,IJU in"'uction. Th.is jn¡uuction i< o !ingle byte caU 1<> any 
of the etght a<!doesw• ltsted. Th< simple mnemonic fOf the:.e toghl all< is a'IO •hown. Th< value of l!u> .n· 
"ruction is !lo>< fi<<¡Ue01lly u¡od 1 OUiio<> '"''' ~· Ciol\ed with th" on>trucl ion lo minirnile memory u..:,:o. 

~ 
~ 

1""'' ~ ' 'RJTII' 

1 
. ' 
..... ~ 'Rstr 

' ~·-
~ ·asr •r • 

' ' ., " 1 'RJTl'' • 1 
" ,_:::l-l 
• "'"'"" : ... ••u ' ' • • 

00>!~ \ " .... ,>O' 

' 
' 

"""'~ ! 
' " 

'RST Ir 

00W, ¡ _,F· 'ftOTir 

RESTARTGROUP 
TABLE 5.3-12 

l:VPUT/OUTI'UT 

Tite Z..'l0 has an e•tenu .. Scet of Input and Out pUl tiUltucUoru U oho,...n in toblt 5.J 1~ '"~ •ob!< 
5 .3· 1 4. The •~drr<>ing of the input 01 outpu 1 devtce c.n be euher absol u re or rtgi•tor indo 10 ot. '";., ~ 'h' e 
t<ElSl<l. Nottct lha 1 1 n the r<gi>l<f 10~1 roct addr<>.<in~ moJe dJ t. con b< t<aoÚtt<U bet"<'O th' 11(> 1•ov!ctt 
JIIJ any of lhe irii<Utll "Kl>!CI r. In oddition eight bloc~ lnn•f<r Ín>'tuCitons hove been iotoplrmente1!, Tho<: 
irutructions are •imi'>r to t~c memoty bl<><k tromfen U <epi th>t they use regilW ¡>¿ir lll fJr a 1 ,..,~1 ~, '<• 
tire memory '"""' { uutput co•rmantl>) m desttna'tun (onpu 1 c~mm> nd s) wJ,¡',e r<gi<to; [1 ,, u .. J ", ,, >, 1-:: 
<uunter. Re~••'er C iw'd• t!.o adJr~ss of the poli fut whtdo lho input'" out pul cnra,n,nJ tl Jo¡•te~ s;1,c; 

~•g¡>ter BU oilóht bJt> '" lenglh, •he 1/0 ~:""~ lfooofer wrnmilrld h>rt~l" up :o 2S6 byteo. 

In !he inotructions IN A, n and Ol!f n. A th< 1/0 doviec ~ddre,. n appear> ;, tho low" tuif 0¡ the adJ. 
reSl bus (A(J'A 7) whole tloe aoxumutator ~nl<nl is '"'nsfened in tho upper halfof t~.e ad~re,. bu o. lu a•.l rol'" 
Í>l<r indirc('l input output rn.uuctioru, inolud,n¡ blo><~ 1/0 lran•fers th< co"ntent of 10giotcr e u ¡1 ""''' ro<l 
10 the '"'"""lo> Ir of th< addre" bu> (devico oddress) ,_..htic thc Content of re¡¡j,¡er B ;, ttansfe11,J to tho 
upper halfoflh<•ddronbLU · 

" 



Q>U CONTROL CJI.Olll' 

-- ¡--~1 ... ~<)o¡''U> 
h.~~.T ,.. 

• 
• • ' • 1 • INPUT, ... • • • • • • • • 

1 ' • • • ' ! 1 
' ' ! 

J ,Nr-nm,JTo. 
I ... HO.,IIooB 

1 
1 , 

,NIR'-INP, '"' Hl. 
Dooi,R[PUT_,I..., ... 

INPIR 
INll 

'1110'-INPVTI 
Ooo Hl.. 1>oo a 

'INI>R'-INI'UT, Doo HL, 
[loo 1, UPU, T!P loiC 

tNPUTORCW' 
TAE!r.~ 6.3-U 

w 
~ .. • 

' .. 
w .. 
• .. 
M 

'" • .. 
~ 

•• 
" .. 
M 

" M 

The fllld toble, tibio S .3-15 Wuotrotn thtllx smen.l pui])OS~~CPU cont"'J WtructiODs. nw. Not 111 .1<>
nothlnJ inntucuon. -~ HALT inrtrU<:ti<>n wopend.l CPU op .. l!ion lllltilo rub .. qu.Zilinlutl<;>l :0 ,..,.¡"""' 
whi!o tho Dlond Ell«" uso<! lo lock out 111d enJ~I• i~(rrlu¡ 11. Th• t!u .. ~~~•on•pt mode eom:o1Hoih..,t 1bo 
CPL' ínto ony ol t'no tluceo111il.ablc lnteuupl r••P"n>< moót¡ u Jollows.lf ,.,,..s., "''" llotllb.o IA!ml¡púlv 
llevice Clll inserl any tnmuction on !he~ .. ~ bu• tndol!<.w ¡);J Q>U to oxecuk it.. loto4e 1 b o W::,!.::ied 
moc!e whtlt tM CPU au!omat!QJ!y tA<c~•••• ruwt [ll.STII<> loc.aUon 0038H to that no OO:XI~rrullwdvue 
it requirod. (Tho old PC contem is pu,;~ed onto tho atack}.. itooo 2 i11ho most pvwerful in Úllllt lllc..w¡ fOil 
ln indlrccl ~o!lto tny lo=al!on in men,urv. W,th 1111t mod~ rile CPU fon'n.ll 16-bll mcmory oddrou "''** 
lhe uppor 8-l>lu u~ U,., «onltnl of"tJ""' lond \hclowor 8·hln ""' wppllod by tM intwupllntd.-ICI. 
1hi! lddrus pclnti!O !he Orll of twu sc.; .. ,ntlal byt~! In" t<ble whete th: addrt•l oftlle .. ,~kt rout!M ls 
lucated. The CPU autuml!lcLIIy obta.inr \ho Hortlns oddrcst ll!d ,_rfurmo 1 (" lt!:.l.. to thb addr"' 
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c..O FLAGS 
.. 

' -· ... 
F.ach oftM two Z.80 CPU Flag rogislers ccntainodx biu of intormation which_ ~e o<l o~ rn.o1 by 

'"'"'"' CP!J np<rstioru.. ruur nf :ttr .. bits u e te>l>bl•: that '" they ue used 11 condouons for J~mp, cal! or 
,, 111rn ¡0,r1ucuonl. For cumple a jump may b< d-.ired only if a spedflc bH in the flag reguter n se~ The 
four te>l"hle /lag biU are: · ' 

t) Carry f1a¡ (C):. This fug it !he carry from !he hi&Jiat order b_it of th< accumulator. For cumple, the 
c.my 11.og wil! be se! dufln& anadd inmuction where a carry from th< lughe<t btt uf the accumutator 
i< o•n•ratcd Thl1 flag is abo set if a h<mow "~onoratcd durin¡ a <ublrlclion in:truc:ion. Thc <hút 
aod teta te inmuctioru also affectth" btt. 

2) 7.ero f1og (Z) ~ Thll flag lo ~et i.f \he re¡uJt oftho operntlon loaded a zcro into tlt< accumubtor. Otl.rt· 
wise Jt Js rcoet. 

J) s;JVI Fh1 (S) ~ nUs /lag illntendcd te be ""'d wlth Ugncd nt1mb<n 011d it ;, .. 1 lf the rcoult 
of (h< Of'<lalion wu ne~allvc. ~'""' bJt 7 (1-lS!l) reproscn:o th< !.ign of ti>< nunJh<r (A nt¡;Jtov~ 
numb<r h., t l ;, ~il 7). thio fl;,g sw•e• \he <tate of bit 7 in the accumulv:>r. 

4) f'arity/Overl'.ow Flag (P{V)- This dual P'"!'osc flag Indica tos the pulty of thc ,.,ult !n !hcoccumulotm 
wh•r logkai operUion, aJO r••forn10d (•o~:b ao ANDA. B.\ and ti represen!• o..-rnow \lohen lll(Md 

1 wo"< comp!emem 11 itluncli" oprrations ''"' perfcrmcd. The Z..80 ovcrfluw tl..g Íll<.iJC~<te< t!u.t tM 
two', complement num~et in the a.:cumu!•'"' is !n t<ror 1ine< it hu excee~c~ the max-'llwn 1-'· • 
"bie ( • 117) or 11 iess th"' the ntinimum rc•.,cle H 18) r ... n.ber than c.> O k "P¡eser• '~ i~ '""". 
•<>mplcment nontir>n. F~r eumpl< <CM•~« add1ng: 

+120 .. 

"" ·95 {wron&) o ... rnow huoccwtd 

He re the re<ult ;, mcorrect. Overflow hu occurrcd and yetthere i• no carry to 111dicote •n 'l!or. 
For rhi5 •·ue the ovor!low !lo¡¡ would be se t. Aloe con•ider tho tddition of <wo ne&>l~>o number.: 

-5.. 1111 lOtl 
-16• llllOOOO 

C• l!JOJOtt•-!Joorrect 

No tic• th01 !ltc answer ;, oorrcet but the carry io '"110 tlut thh /lag con nor be u1td u o11 ovor
flowinJtcator. ln thio ""'" the overflow would not be sct. 

For logJCal D:>eraüono (ANO, OR. XOR) thll flaa io .. 1 if the panty ,,fthc ,.,.~¡¡¡,e >te. >r.~ it ,~ 
rc.etifu itodd. 

Thore ore o too lwo non·lel!abl~ bito tn tho fla1 rt¡lottr. Borh of the .. are uoed fot IICD otJlh"'•li~. Th<f o:• 

l) 1 !o!f carry (H) ~ n,¡, b tho BCD rury or bYttOw rtsult from tho !out olgnlft< ant lou< ~tto nf n¡>< '"''•'". 
1\-hen u10n~ thc DAA (Decimot A~¡ust !nolrucüon) thl< flag it u~~:d to corr••tthe ro>uit ct' • 
pre'!Cilo p•cked doctmal aJd or subtract. 

2) Subtract f1tg(N) ~ Slnce tht algorithm for corroctlng BCD operotiont io ~i''fe,ent f~r ad~it(,,: ...
subtract•on. thi< nag lo used 10 <¡>e<tfy what type of ln!trucllon w•t oucu•.oc : .. , 1~ rtu~ ¡•,~ 
OAA uper~tion wtll be couecl for euher idditi<m or subtn.cllon. 

Tho FIJg regi5tcr c..n be ••cc.,ed by the pmgr.,mmer •nd iu fortuat "•• follows: 

X moam !lo¡ Jslndotermlntte. 

J9 



Toble 6,0-1 lisis ll<>W uch fbog bit is &f!e~ted by .. ,;~,,. Cl-U imuucti<>n<. In ttúo ta~lo a •...,'lndiutes 
that the Jnmucl,<>n ~<><1 n<>t c!.onge !he fl>~ •n 'X' n>e3nllltJ.~ ~\! (l,¡ 8<lt' 10 •~ ¡,,.;:••••mlnllt state,a'ft 
rn:an1 that it ;, , ... ,. a ·¡• meons tt.<l Jt ¡; ""1 an~ ~'1.: >yrob~l · ~· inu~e.tt•l <ni\ 11 11 ..,¡ "' Jt~t occordlnS 1<> 
the p1cvious diocuuion.. r:ote t~t .,,, instruch~n not 'PP'-"'•lio> u,¡¡ !-lblo dou 1>0! •ffcr:1 ony of th: OagL 

Table 6.0.! includot 1 fewspecio] """' th~ r.1U<I bt ~ot;iibed f~r ~i.tity, N <Mico Uut tho oioct. r.t.a•cll 
lnnructlon sell the z flog if u .. ]a,t compare Optr•tion indi~iled" mo•t!> t>otweelllh< J<.u<OI !nl! tbt' 
""'umulat<lf do~ Al..:l, the P"fÍiy flag is ><1 ,r l~e ~1'10 co~'""' (r!l'""' pan flC) il noi ,qu.l t.1 uro.. Thi& 
pmo use of !he pority n~g 11 mo<!e with the bOoc'. muve üutn.<:tiom. Another JP<cil.l eaw 11 d"'inl b!GQ. 
input cr outpul mstructions, here the Z fl•& is ~std to indiclle th< m te oftogtl\er B which is u«d u • byte 
counter. N<>tooo th•t w~en the l/0 blor;!< 1 ramf" ·,. com~tl<, !he :wo r .. g "'ill be /eso\ to 1 zorc (Le. ;lmQ) 
while In !he ene or • block mcve a>mmlnd !he pority n~8 ;, r«et when the opcrolion is complele. A ftn~l 
ene is w~en \he refresh Cr 1 regislef is lo•ded in lo the oo::~noul•tor,<he inteaupr enab!e Oip flop is lca4.:4 
mto the pamy fl•g 10 that the comploto <tate d 1 ho c~•J ca" ~' '"''"~ u ony time. •. . " -- -- ----·--. 
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Ú thO " "'" u< '''· •P"""'" P'"'""' on """ 1 """ ' 
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1< ond N O... .,. ,,.., J. <Onjuo<Oon """ ··~ '"""' ""'"'' '""'"'""" (DAA) lo,,.,.,. 00<'0. < "' ~
""' """ ""''" oc~ '"'""' '"''""""' """"'"" "'"'"'""'""" "'"' """"·"' "'" •"''' li<'D ''"·· .. 
. ,, "'• ~ •''""·l """'"""' •• "'' ""'"' "" '""""""· ......... """'"~'"" ,, '--''"'""'""~ 
,~ .... "~"' ., "'' """'""'"· 
''" "'• 6 "" ,, "'' ""'"'"'"--,.. ·'••" ........ ,..... 1 
P!V C.~· •"~""' "'-""''"" to '"' .,.rllow ,..., or <ho opohóoo. 
"'V <!.¡- ~'"'"" '"""''"" <o ... poO!t ,.,.,, or tho ""'""""" 

-'"Y ""' of oJ•• ~?~ ,.,~~" ~. H, C. J>, >:, "· L. 
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SUMMARY OF FlAG OPERAT!ON 
Tit!l!..l" •1.0·1 





7,0 SUMMARV OF OP COCES ANO EXECUTION TIMES 

Thc foUowin~ ocction gi•e• • oummary of thc Z-HO int!n.lt'toJ:,0 oe!. TM imtsuct:(ln.; u e :O¿iully unn¡ed 
into groups u shown on ubios 7.0.1 tltruugll 7.0.11. Euh t•~le show1 tlu: a=mbly br.a~ge mnem011'e 
OP code, the Jctual 01' code, tilo svmboli;: optr> ,;on, !he c,;..,;~nt of tJ... tl•& ''1'""' foil""''": ~!le 'feG'>· 

ti"n of ea eh insuuction, thc numb<< of by!« requil<d for ucb in~uuction as weU 11 '"" """'""' ol "'<"""')' 
cydu u1~ t~e toD.l num~er ofT s!>teo (ut"n'! d....:k p<"riod;) «quircd for the iú~t~n¡ and UO<lltion cf 
each inltruction. Caro hu beon uken to m.o.ke each ubio $Oif.up4111IO<)' without Úquu.,a•ny "'"" re fu· 
once with the tenor olher tables. 
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1.0 INTRODUCTION 

The ZBO Parallel 1/0 Circuit is a prograrnmJble. two port dnvke which provi(!es a TTL 
compatible in ter bce lr~twnen pc.,pheral deviccs and the ZBO·CPU. Thc CPU """ confiQurc 
the L:BO PIO to interface with a wide range of periphcr~l duvices wrtfl no other ~xtmnal 
logic requrrcd. Typical pcriplreral deviccs that are lully conrputiblc with the ZBO-PIO includc 
most keyboor<Js. paper tdpe rcat!crs and punches, printcrs, PRO~I progrommcrs. etc. _The 
ZBO.PiO utilitcs N channel silicon gate deplctian load tcchnalagy and is pack~'.]ed m a 
40 pin DI P. Majar featur~• al the ZBQ.PIO include: 

Two independent 8 bit bidirL-ctianal peripheral interface ports with 'hondsha~e· 
data transfcr control 

lnterrupt driven "handshakc" for fast response 

Any ane al four distinct 1110des of opcration rnny be sclected lar a port including: 

Byte autput 
Byte input. 
Byte b"rd"rrect"ronal bus (Ava"•lableon PortA only) 
Bit control mode 

Al! with interrupt controllOO handshake 

Daiw chain priority intcrrupt logic included 10 provide for automatic in1errupt 
vectofing without externallogic 

Erght outnuts are canable of driving Darlington tronsistors 

All inputs ami Otiipun lully TTL compatrble 

Single 5 volt supply onU single phase clock rcquired. 

One of the unique fea\llfes of the 280-PIO that separates it from other interface controllers 
is that all data transler between the peripheral devic~ 11r1d the CPU is accomplished undcr 
total interrupt control. Thc intemrpt logic of \he PIO permiulull usage of the e!licient in· 
tcrrupt capdbilitics of thc 280 CPU during t/0 transfers. All logic necessary to implement a 
fully nested interrupt Stlucture is included in the PIO so that additional circuits are not 
required. Another uniqu~ leature of the PIO is ti>Jt it can be programm<."d to interrrrpt 
the CPU on the nccurrcnce of specified stBIUS conditions in thc peripheral devire. For 
example, the PIO e,,, IJe prnqrmnmed to intcrnrpt if <~rlY swccified peripheral "'"'m cnn
ditions shnuld occ11r. llris interrupt capahility ruduce.s thc 01110urn oltime th:.t the pro· 
ces;or must sp<md irr poll"'!l pcriplrerol status. 



2.0 PIO ARCHITECHTURL 

A blod-. dia~ram of the <::~0-f'lO is \~.mHr in fog~re 2.0."1. Tl11' int<!Pl31 ~r.nrclur.J of tl!e 
ZBQ.PIO con~i~U of il Z!!f! C!'U [Ju; inter!;oce. ir.ll!rnal control"lo~ic. f'.:;r: '' 110 logic. 
Port B 1/0 lor¡ic. ami intcrrupt ccmml i::;~ic. Th~ Cf'U bus intcol.~~ logic ~lln;n the 
PtO to in~crl,>ce <fircctlv to the ZI:!O·CPU v.ith no other extern.lllogic. Howll'/cr. ;l<ldce;; 
dccoders <m<l/or linc lxr ifcr; m ay be rl!<]uircd lor lno ge wswons. The interna! control logic 
svnchronizno the CPU datil busto rhc ¡lerinhcrJI dCIIicc interlocr::s (l'ort A Jnd Port Bl. 
The two 1/0 ports (A nnd B ora virtuJIIy idcntical and ore u sed 10 int~rfac~ dirL>ctly lo 
peripheral dONrces. 

1'10 8LOCK DIAGRAM 
fl~rrr<2.0·1 
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The Por! 1/0 logic is cornpo;cd of 6 rcgisrer. with '"handshake"" control logic as sl10wn rn 
figure 2.0.2. The rcgistcrs include: an a bit dat~ input register. an"a bit darJ output register. 
a 2 bit mode control rcgistcr, an a bit mask re~istcr. an a bit inputfoutput s.elect register. 
anda 2 bit mask control register. 

I'ORT 1/D BLOCK DIAGRAM 
Fo~ure 2.0.2 
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Tlm 2-bit rnodc cm1trol r~uistcr is lo"dcU by tlic CPU to sclcct the dcstrcd opcrot111~ morlc 
lllytc output, hytc input, byte llitli~ecllonal bus. or ¡,¡¡ control rnodc). All duto trnn;ler 
betwccn th~ periphctal dwice ond thc CPU is ac;hiev~ th<ough thc data input and data 
output r~~ist<:rs_ Dato mov be writtcn imo thc output r"ítiswr by rhe CPU or re.1<l b.1ck to 
th~ CPU lrorn thc inp111 m•tiswr m any ti m". Thc h~nclclo"ke linns ns~ocintcU witlo c.tch port 
me tosed lo controlthc UatJ transfur betwPr•n tlln PIO amJ thc pcriphurnl dcvi~e. 

The 8-bit mas~ re~istcr and thc S-bit input/output s"lrn:t registcr are used only in the bit 
control rno<lc. In this rnodc nny <JI the 8 puriphur"l <luta m control bus pins con be prou
ramrnud to IJC "n Lnput oran OLITput as spccilie.d IJy thc select rcuisler. Thc rn.1sk regiotcr 
is u sed in this modc in conjunction with il spccial intcrrupt leature. This le~turc allows an 
interrupt to be !J!lncratcd when any or all o! the unmasked pins rcoch a spccified state 
l~ither hi~h or low). Thc 2-bit milsk control regisHlf 5pecifies the n~tive stnte Uo51fed {high 
or low) anU i! thc interru1ll shoulrl be rtenermcrl whcn all unmoskcrl pins are acuve {ANO 
condition) or when any unmaskcU pin is active {ÜR condition). This leall.lfe rerluces the 
rcquirement !or CPU status chec~ing of thc pcriphernl by allowin~ an intern,pt to be auto
m;, t ical ly gene rotcU on spcci l1c per¡¡ 1hural status coru.J i tions. For ex omplc, in o svstem wi1 h 
3 alarm conditions, aro intr.rrupt may be ~cner"tcd i! any one occu~> or il "11 three occLJr. 

Thc interrupt control logic section h~ndtes all CPU imcrrupt protocol for nested priori!~ 
intcrrupt structures. Thc pr1ority of Jny dcvicc is detcrmined lly its physical locntion in a 
Uai>y chain conligurmion. Two l1ncs are i"')vided in C3Ch PIO to form this dnisy chain. The 
device dosest to tha CPU has the highest ¡;riority. Within a PI O, Pon A interrupts hJIIe 
higher nriority than those of Port B. In the byte input, byte Outpi.lt or bidircctional modes, 
an 1nterrupt cnn be gen~ratcd wl1mwver a new byte trnnsfcr i~ requested by the perinh~ral. 
In tl1e h1t control mndc an inte1rupt can be uoncrated when the peripheral status mettGhcs" 
¡Jrour~mmcd value. The PIO provides for completa control of ncstcd inkorupts. That i~. 
lowcr priority deviccs may not intcrrupt hiuhcr priority dcvices thot havc not had their 
intcrrupt service routine cornpleted by the CPU. Higher priority devices mny interrupt the 
ocrvi<:ing ollower priority Ueviccs. 

'.\'hcn an iolterrupt is accepted by the CPU in mode 2, thc interrupting dcvicc must provide 
"n 8-bit intcrrupt vector for the CPU. This vector is uscd to form a pointer toa loc::ation 
in the comp11ter memory whem thc uJJress ol the interrupt scrvi<:e routinc is lncJtc'<l. 
Tll•J S-bit vector lrom the 1nterruptirog devic~ fornos tl1e lcast signilicant ll bits olthe indircct 
poimer whila the 1 Rcgister in the CPU provides the n>ost significant B biu of the pointcr. 
Each port lA and Bl has an independent interrupt vector. The leas! significan! bit ot the 
vector is automatically set to a O with111 the PIO sincc the pointcr must puint 10 two ad· 
jacunt m~rn,¡ry locatiuns for il cornrlete lG·I!it aUdress. 

Thc PIO dccodes th., RETI (Rcturn lrom intcrrupt) ÍllStruct;on dircctly from the CPU r.f,lta 
ll"s so thJt cuch PIO in tnc systcm knows ~~ ~11 timos whether it is buin~ s~rv;ced hy tl:e 
CPU -intel rupt ~ervic~ romirw witll(lut ~nv otlwr communicotion wiLh the CPU. 

' 
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3.0 PIN !J~$CtlW';IGN 

A t1Ídtf10in of thc ZSO 1' i O ¡l i 11 C.é.rlli~t" ,ttir,.1 i; 1h0wn in fi~ur~ 3:0-1 . Thl~ ;ection c!CI<:ri bt!> 
tl1o funct;or~ olt'.lCI1fll:1. 

BfA Sel 

CID Scl 

,,, 

ZBO CPU ÜJta Bus [hldi,ccuooJI, tristatc) 
This i>u' is m~d to trunsf<¡r .111 dJtJ an<l comm,1nds bctvwen th•• 7.80-
CPU Jnd th~ Z80-PIO. Do is thu loa>! li~nilicJnt b1l o! the bLJ>. 

Por! B orA Select (input, ¡¡¡;¡i"e high) 
This rin defines whicl1 root will 1-<' acccsscd during a data transkr bct
wcun tl1e Z80-CPU ond tl1e 7.80-PIO. 1\ lnw level on this "in 'elects 
Port A whil~ a hiuh leve! selccts Pon B. Often Adlircss bit Ao from thc 
CPU will Le usclllor this <clcction lunction. 

Control or Da1.1 St•ler.t (input, ~ctive l•inhl 
This pin defines the type of rJ.11n transfcr 10 be performe.d bwtwcen the 
CPU ~nd the PI O. A high I<'\'CI on this pin during ~CPU write ro the 
PIO causes :he Z60 data bus 10 be interpreted as a command for tha 
port sclected by thc BIA Selcct l1ne. A low lewl on this pin means that 
thc Z80 data bu; is bein~ u1cd to tronsfer dota hetweon the CPU and 
tlm PI O. Often Address bit A1 from the CPU will be used for thi~ func
tion. 

Chip Enahle (input, ilctive low) 
A Jow level on tití> pin en.1hlcs the PIO 10 occept command ur dato 
inputs fwm the CPU during a write cycle or lo transmit data to th~ 
CPU during a read cycle. This signa! is generdlly a decode of four 
1{0 por\ numbers that cncompass Pon A and B. data and control. 

System Clock{input) 
The Z6o-Pt0 uses the standard Z60 system dock to synchronize ccrtcin 
signals internally. This is a single pho;c cloek. 

Machine Cyclc One Siunnllroon CPU !input, acü;c lowl 
This sign;,J from thc CPU i1 used JS a ;ync pulse 10 control severa! 
interna! PIO operations. ·\"!hen /,\1 is acti~e and the RO signa! is ac:ive. 
thc ZBO-CPU is fctching an instruction from me:T.ory. Converselv. 
whcn Ml is active andiORO is active, ¡he CPU is ¡\Cknowled¡]ing an 
intmrupt, In addition, the MI signal h~s two other lunctions within the 
280-PIO. 

1. MI synchroni2es thc PIO interrupt logic. 

2. When Ml uccurs witl1out an active RO or lORO signa! the 
PIO logic entcrs a reset state. 

lnputfOmr>ut Reqllelt from Z80 CPU linpoJt, 11Ctive low) 
The RnlO stgnal is used in con¡unctioo with the BfA Select, CID 
Sekct, CE, ~nd RO si~nals ¡o transfer commands and dJta bctween 
the Z80-CPU ami thc ZSO-PIO. When el:, "R!l and TTiffO are ~cti·,c. 
the pon adUressed by BIA wdl trnnsier dato to thc CPU (a reml c>per
atio11). Cnnvcrsely, whco CE "mliOHO aoe <octive bu! HD is not ;,ctive. 
thcn !he port arJdrcssed by BIA wilf be writt~n imo Jrom the CPU with 
cither dJta or control information .Y. spccified by the CID Sclcct sigo"L -- -
Also. if lORO and M1 are a::tive ~imultaneously, the CPU is "cknow
ledgin~ on interrupt and th~ intcrruptin~ port will J:I\Urn~ticillly plilc~ 
it> intl.'rfU[lt voctor on tlm CPU data bus if it is tite hir¡he•t dcvic~ rc
Que5tin(l an interrupt. 
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fl~ad Cyclc Staws from the ZBO-CPU !inrmt, .lCtivc low) 
11 RQ is <JCtive a MEMORY READ or 1/0 REAO opcr~tion is m¡uoq
rcss. Th~ Ro sir¡nal is us<.•<.l with ll{A Selo;oct, C/D S~il·ct, CE JndiORo 
siun.1ls 10 transfer dma frnm the ZBU-PIO to thc Z80-CI'U. 

lntcrrupt Enoblc In lrnput, ;octivc ltigh) 
This si!rnal is uscJ to fonn a priofl\y intcrrupt daisy chain whe11 more 
than tme rnterrupt Jriven llcvice IS hcifl!l mcd. A hiuh l"v"l on this pin 
imlicarcs thut no otlwr dcvrcos ollti!JI>cr poiurity are bcinu serviced 
by a CPU rnt~rrupt servicc routinc. 

lnterrupt Enablr Out (output, ,tctivc high) 
Thc lEO signa!'' thc otlwr si(Jilal rcq"irctl to forro a <iaisy chain prio· 
rity >ehcme. lt is high only if IEI is high ~nd the CPU is not >Otvicing 
"" imcrru~t lrom th•s PI O. Thus this signal lliClcks IClwcr priority de
vices lrom mterrupting while il ltigher priority dcvicc is IJeing wrvicc<l 
by its CPU interru¡Jt service routine. 

lnterrupt Rcquest (output, open drnin, ;,ctive low) 
When INT is acu:e thc 280-PIO is rc~¡ucsting an interrupt frum the 
280-CPU, 

PortA Bus (bidirectional, tri-~tatc) 
This 8 bil bus is ""'d to tramfer data andlor status or control infor
mMion between Port A of thc 280 PIO and a periphcral device. AQ 
is the leas! significan¡ bit of thc PortA dat~ bus. 

Pon A Strobe Pul>e from Pcrinhoml Devicr (input, active lowl 
The nieoning of tl11s signa! dcpends on thc modc of orerJtron selrx:ted 
lor PortA as lollows: 

1) Output mode. The rnsitivc cdge of this ltrOIJe is i>st~eo1 by the 
pcripheral to acknowledge thc recuipt of data matlc ov,iblllc by 
1he PI O. 

2) Input mode: The strobe Ts issued by thc pcriphN~I to luad dJta 
lront thc pcripherof into the Pon A input registeo. Data is load· 
ed rnto th~ PIO when this signar is active, 

3) Bidircctional mode: Whcn this signa! is active, datJ lrc>m the 
Port A output mgister is gated onto Port A bidin<tionul data 
bus. The positive edge of thc strobc ;x;knowledgcs the receipt 
of tlm data. 

4) Control modc: Thc strobc is inhibitOO intcrnally. 

Registcr A Aeady (output, active hi¡tl) 
Tlw mcaning of this signal depcnd~ on !he mode of O¡lermion sel<.ctc-d 
lor Pon A as follows: 

1) Output modc: This srqnnl ~oes ~ctivc to indicatc th.11 thc Pon 
A otaput rcgistrr h~s bcen ln<t<led and the periplwrnl d.it" bus 
is swble ilml rcady lor tr.1nslcr to thu periphmnl dcvicc. 

21 Input mode. Tl11s >i!l"<ll is uctivc wltcn thc I'Clrt A input regr>tt~r 
is <•mpty <md is rendy to acccpt ol;l\~ lroon thc p<l<iphernl doNir.e. 

31 Bidir<"<:tional modo: This >ignJI is ;.-.tivc whom dJta is av,trl,liJfe 
·,n Poot A output rcnrstcr for translur trl thc peoiphuoal duvrce. 
In this moUe data¡, not pl,l~"<i on thc l'ofl A <1.11" L>us "nlcss 
A sTil" active. 



B STB 

6 AOY 

fort f, !l"S liJrrtuedWil.,l, lfl>/[>1~) 
Tim 8 l.Ht ll~~ rs u•erl to trnr,.tvr :ütn ,lnrl/or status''' contr<>l infn~· 
n1ntion bctw~c" Pon 8 ni 11"~ 1'10 a<1d o ¡>criphcral device. The PortO 
d"t" bus is cüpoble ol sut>t>i\'inr¡ l.Smo!@ 1.5Y 10 drivc Oarlington 
\lansi;to<>. Bo is t_lw Ir;¡;¡ ;ignilic;uu bit o! ths b~s-

Port B Strohe Pulse hom Periphe"tl Oe.·ice (input. actO.·e low) 
The mcaning ol this si!JnJI is sirnildr to that ol ~ with thc lollo,-_.. 
ing exccption: 

In thc Port A l>idircctionol mode this siqn~l strobes datJ from thc 
p-eripher~t device into the Pon A input register. 

Rc~istcr B Ready (output, activr+ high) 
The meaning of tltis signal is similar to that of A Readv with thc follow
inq cxccption: 

In the Pon A r,icilrcctionnl moclc tltis sional is loi()lt when tite Pw t ,\ 
input registur is entpty ~nd r~JdV tu nccept data from the pcriphernl 
device. 

1'10 PIN CONFIGURATION 
Figu<O :l G.l 
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4,0 PROGRAMMING THC PIO 

4.1 RESET 

The Z80-PIO autoonotically enters n resct stote whcn powcr is ~jJplicd, The rcset state per
lorms thc followint¡functions: 

1) Both port mnsk re~oste•s are resct to inhil>it ufl pon data hits. 

2) Pon datJ bus fines are scl toa high impedunce StellC Jnd thc Rea<iy "handsholo..e" 
si~nafs are in.octive ilow). Modc 1 is automoticolly sclt>cto•d. 

3) Thc vector arldrn;s fiJiltStors ~re not rcsct. 

li) Both port intcrrupt cnal>lc flip flops are r~>sct. 

5) !loth port output registcrs nrc rcsct. 

In addition to thc automatic power on r~sct, thc PIO can be reset by applying an MI signa! 
without the prescrocc ol a RO or TUlfO signa l. 1 f no ifD or i'Ol'«:i is dctected during ~.i 1 
the PIO will cmer thc rese1 state immediately alter the MI signal goes inactive, The purpos~ 
of this resut is to allow a single externa! gatr. to QCtlcrilW a reset without" power dow11 
sequencc. This appronch was requircd duc to the ~O pin packaging l1m1tation. lt is recom· 
mended that in brcadl>oard systems and finnl systcms witl1 a "Reset" push bulton lhat a 
M 1 reset be implcmented for the PI O. 

740B 
CPU HESET ___ _,¡e:_:___ 

PIO Mt 
CPU Ml 

A softwaru RESET is possible as describ!ld in Sm:lÍOil 4.4, however, use of this method 
during carly svswm dcbuu may not be desirab!e bccause of non·functional svstem hard•·,are 
(bt.a Luffcrs or mcmory for c~ample). 

Onw the PIO has cntcrcd the interna! reset stntu it is he! U therc until the PIO receivcs n 
control word from llw CPU. 

4.2 LOAOING THE INTERRUPT VECTOR 

The PIO hos bccn de;iuned 10 operutc with tlw ZBO CPU u sino the modo 2 intcrr11p! r~s· 
ponsc. This mod~ ll)quiros that on int.,rrupl vecwr be supplicd by the lntenuptin~ dcvic~. 
This vector is used hv thc CPU to lorm the address lor :he interrupt scrvicc rou!lne of that 
port. This vector i< plac~d on the ZBO data bus during an interrupt acknowledgc c·¡clc b·r 
thc highest priority dcvicc requcsting service at that time. (Reler to thc ZBQ.CPU Tc-.:hmcitl 
Manual lor details on how an irtterrupt is scrviccd tJy the CPU). The desircd interrupt 
vector is lc>udcJ into lile PIO by writin~ a contrul word to the d~si!L'<i porl of thc PIO with 
thc followinu format: 

" " '' " o; ,, o> 00 

" '" '" "' "' " " 2? "''' """"' '·''"'" 
¡, •n inwru¡" •cctor 

' 



OC ;, '-'\~d ,, .¡.,: - ·., ~• •. _, ,, t ... '·' "''"'" 'uw e o: >.!:> V7 ·~"" V 1 10 !le !u,,.kti ;m~ tb: 
V''"tor t•'qi~tur /'.l ··.:~rn¡l;l ac~!K".\IIo<J~c tin~~. ¡h~ 'JE'CIOr oi t.~e i:>t~rnJptin~ DJft will 
·•Pilcur <Jn th<' ZBO d'na ims ~·acl:l- Jo >'1~\Vn •n lh~ formal ~buvc. 

~.J SGLECTI!\JG /\N Of'ERATING MODE 

f'nn A of thc f'lO rnav he opcr,lt~"<l in any of four distinct modes: Modc O loutpu¡ nmdc). 
Modc 1 (input mrulc). •'.ilodc 2 (bidircction~l rnodc). antl Mo-l~ 3 (<:01ltrol otiOde). t:ote 
tl1;,t thc nm<ir. OLHill;ers havn 1!""" Sl·lcctc·d for mne~10nic siQnificu~~e; i.c. O--Out, 1~1n, 
2z-Bi<l~rectionnl. f'ort jj con opc-raw "' ~nv uf thesc 111odu> e~c"pt Mude 2. · 

Thc molle of opcration must be established by writing a control word to the PIO in thc 
following lormat: 

DO 

MI ' ' ' ' 

"""'¡;., maílo Ward tobo <Ot 

Bits 07 and 06 from the binJry code for thc <lesire<l mode ~ccording to the following 
toble: 

" 00 MODE 

o o O lo"t¡>utl 
o ' 1 !input) 

o 11bidire<:t;cnat) 
3(ccnuol) 

Bit,; 05 Jnd 04 are ignoreU. Bi15 03-00 nu1st be sst 10 1111 to indic~te ''Set Mode". 

Selccting Mode O enables onv <filta written to the pon output registgr by the CPU to be 
cnnbled omo ti1C por! dota bus. The contents of the outpllt rcgiot~r may be chonged .11 .my 
tilrW by the CPU simpl'f IJy Wllting a new dJ!<i word to thc pon, Al>o the current contents 
of tl1e output rcuister may be reml back to thc ZBO Cf'U at any tirllC throuuh thc cxecution 
of an input instruction. -

With Mo<le O active, a dil\0 write from the Cf'U couses the Readv handshDke liM ol that 
pon to go lrinh \<1 notify the peri¡>herulthat dnta i; :¡vJilabiP. Thi> signo! remuins hi~:, u mil 
,1 strobt' is reccivcd lrom the pcripllüral. Tha risin•t cdue of ihc strube generales nn intenupt 
(if it he¡s bccn en;,blctll anO c,1uscs thc f!caOy linc to go im,ctive. 'lhis v~ry simple fHmdshJkc 
is sim1lar 10 th~t u sed in many peripi1eral dcvices. 

Sclvclill<J Modc 1 puts tl1e por! in10 the input modc. To starl hMtlshake opcr;HiOn, ti;~ CPU 
nll!rcly perlo""~ ~n inpm read operotitln fro111 tlw port. Thi< ,1clÍ\"Jtos tl1c HNd'; lme to 
ll>~ peripl1er,1l 10 si!¡nify th"t <1.11a shoLJid be l<i~de<f into tlw erllpty inptJt ~nuiswr. The pen
IIIH•r.ll <il•vice then strobes data into thc port Íllplll te~i>tür using ¡he strobe ¡·,,c. AgJin. tite 
risirlg edgc of thc strobc causes an intcrrupt reqocst (if it has b~en enablc<IJ nnrl dc;,ctivot~ 
thc Rea<ly signal. Dat~ >naY be suobcd imo thc ínvut fC!]istcr rcgardless of thc state of 
the Rcddy sign¡¡l if cam is takcn 10 fUl'\lent a O;l!a overrun condition. 

flolodc 2 is a liidir~..:ti<>nal data transfcr ll\Ode wl11ch uses ail fnur 11.orhilh"~" l'lnc>. Thurcfore 
only Port A nray lw uscd lor Modc 2 opermion. Modo 2 ope1ation oses thc Poli A h¡¡nd-



shnku sir¡n,ls lor out¡HII cOntrol nnd thG Port ll h~ndSI1nkc si~nals for input control. Thm, 
both A fl[JY ""<1 1l llDY mny IJu active simultonuously. Tllü only oper.1110n.1l dif!ercnc" 
Llelwc•un Mo<.lc O ilrld thc oul¡l\.1\ portion of M01lc 2 is thm oJJt'! from thc Pon A output 
rcgiswr is iliiOwud on to the port ¡¡;,¡n bus only whco A STB is .,.;tivc in oroJcr to ncll•we n 
bid i 1 ce 1 iun ,,¡ cJpJbll•tY, 

Mode 3 opcration is iotcnded for status and control a~plications and does not utilizc th~ 
hamhlwkc sinnals. Whcn Mode 3 is sclcctcd, tlm next control word sen\ 10 thc PIO must 
define which of ti1C pon data lltJS lincs are to be inpe~ts and which are maput<- Thc fonn.ll 
of thc comrol word is 1hown bdow: 

"' "' 
t/0] tiOG tO/~ 1104 t/03 t/02 t/0¡ t/Oo 

' 

11 ~ny llit is set to a one, then the corresponding data lrus linc wi\1 be used asan input. 
Cunvcrscly, ilthe bit is rcset, thc linc will be used asan output. 

During Mode 3 operation thc strotw signal is ignored and the Ready line is held low. Dot~ 
may be wrinen toa port or read from a port bv the ZBO-CPU at anv time during Mode 3 
operation. IAn e~ception to this is when Port A is in Modc 2 and Port 8 is in Mode 3). 
When reading a port, the data returned to thc CPU will be composcd of input data from 
port data bus lines assiQned BS inputs plus port output regis1er data from thme lines assiyned 
as outputs. 

4,4 SETTING THE INTERRUPT CONTROL WORO 

Thc interrupt control word for each port has thc following formal: 

"' "' "' "' DO 

¡,,r""''' ANO[ Hoohl ~-· • • • • 1'"'""~"' '" "" 
fou., .. , 

u "d ;, Mndo J onty "~nll ros intot!UP1 oonnol w~rd 

11 bit 07~1 Lhe intclfUpl enahln flip flap ol the port ís set and the port may generaw an 
intcrrupt. 11 hit 07•0 the enal•lc flag is rc1et and int<Jrrupts may not b<: genermcd. 11 an 
intcrrupt occur. whilc 07"0. it ·mil be latchcd intcrnnlly hy thc PIO and passcd onto thP. 
CPU whcn PIO !mcrrupts are Rc-Enabled (07m1). Bits 06, 05 amJ 0-i are uscd mainly wnlt 
Mode :1 opcration, how,ver, setting bit O~ of thc intcrrupt contiol word during any mode 
of opcrntion will c01usc a prndinu int~rrupt toLe res~ t. These thrN· bits are used to ollow 
for interrupt oper~tion in Mode 3 wb'V' any group 11f thc 1/0 linc~ go to c~rtain definerl 
nates. Bit 06 (ANO/OH) defines the logici!l operation lo be perlormP<f in port monitoring. 
11 b1t Dli•l, and ANO function h specifiml and il 06~0, anDA hmction is SPecified, Foo 
~xampl.:, if thc 1\ND function is spccified, nll hits nlust yo to" spe<:ifi<~l stme bdore an 
imerwpt will !Je gen~rotcd while thu OR function will GCnerate an iniL'rrupt if nnv speciliud 
bit goes 10 thc active stnte. 

!lit 05 d"fincs the B<:tivc polmily of tlw por! doto bus line to h~ monitore<l. lf llit 05~1 
the po11 rl;rtn linc1 ¡ut) monitnrud lor n hi~h state while if 05~0 tltey wiiiiJe monitorecl 
for a low state. 



llbit 04~1 tf1~ nc~t conoroi ''"":! Sfnt~~~~~~~·~ijr;)_~_m_o_o_k~?-'_low:·-------

" Dl 00 

"'' ""' 

-·--:---:------c----c-c-:---:-------,----,--
Only thow port lines whose ma$k bit is zero will be monitored for gencrating an interrupt. 

" 

The intcrrupt enul•!•~ tlip flop of a por! rnay be sm or r~set witho.n modifying the res! ol 
th e i ~ t • r rup t con 11 t>l word by "sing !he follow ·,ng commano.J: 

X X o o ' 

1 1 an ex ternal Asynchronous interrupt could occur wh il e tne processor is writing tl"1e di!.:it.lc 
word to the PiO (OJHJ then a WS!em problem may occur. lf interrupts are cnabled in the 
processor i! is possible that the Asynchronous interrupt will occur whilc the processor is 
writinu the d,;able wood 10 the PI O. Tlle PIO w"1ll generote an INT un<lthe CPU will acknow· 
ledga it. l1owever, by this time. the PIO will have received the disJIJie word and de·activatcd 
Lts inmrrupt structure. TM result is that the PIO will not send in iU imerrup¡ vector during 
the interruPt a"cknowledge cycle because it is disabled and the CPU will fetch an crroneous 
vectoo resulting in a program fault. The cure lor this problern is to disable interrupt$ within 
the CPU with the DI instruction i•m before the PIO is disabled and then re·enable interrup!i 
wirh ti Le El instruction. This action causes the CPU to ignore O:lY taulty interrupU produccd 
by the PIO while it Í$ being disabled. Thecode sequ~nce would !re; 

LO A,03H 
DI 
OUT {PIO~,A 
El 

OISABL!::. CPU 
DISABL:O: PIO 
ENABLE CPU 



5.0 TIMING. 

5.1 OUTPUT MODE (MODE Oj 

Fig•1re 5.0·1u illustr,¡tes tha timi"~ ~ssociutcd with Mude O op~tillÍOrl. Ao O'o!._t¡~tH cycl" is 
~lwJys SIJrt•~rl by th~ uxccution of an out¡wt instruction by the CPU. A WR • P<~lse is 
gcncratetl ¡,V 1hc PIO dur~og a CPU 1/0 writc upc~etion and is used to l~tch thc d•lt<l frmn 
the CPU data LJus lniO ·Jddresscrl port"s (A or Bl output register. The rising cdu~ o! tlle 
WR" pulse 1heo raisl?S \he REAOY line al!cr the next fallin~ edge of •1• to iodicatc that 
dota is il'lailahle for thc per1phn1l tlevice. In most svstcms. thc risin~ e<lgc o! the READY 
si~nal can be used os u lutchin~ sional in thc lle<iuheral d('lllte. The READY siunal v¡ill 
rcmain a~1ive until "posi\1VC cdoc is r~cc1vcd fro<n the STtrOllE line indicJ\In!l tl1ot the 
pcripherJI ha> tJkcn th~ O~ta shown in Figur!! 5.0·1J. lf alrcady active, READY will b~ 
lmced low 1V, •1• cyclesaher the fatliog edge of lORO if thc port's output register iswrinen 
in lo. REAOY will rtl"'ll high on th~ first f~llinq edge o! •1• alter thc rising ed~e of lORO 
os shown in fi!luie 5.0·1b. This oction guorante"s thut READY "low whil~ port dJt.l is 
changin~ a11d that a positivc edge is gcnerated on READY whenever 011 Output instruction 
is e~ecutetJ. 

MOm; O (OUTPUTITIMING 
Figuro 5.0·\a 

MODE O (OUTPUT) TIMING 
Fi9""' 5.0-lb 
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By connccting READY 10 STROilE a pusitivc pulse with a tluration of ene dock penod 
can be t:w¡ncd :15 ¡huwn 1n Figuro 5.0-lc. lile positive c<lqe of REAOY/STROBr: will not 
genmate an imerrupt trc<;ause tl1c positiv" port1on o! STROBE is less thun the width of ¡.;rr 
andas such will not !tencrJte ao interoupt duelo thr interna! logic conligtHJtion of the 
PIO. 

11 the PIO 15 not in" msct stillUI (i.e. a control rnodc l•ns becn selectt•d), thc outpu\ register 
may l>c loa<i.ld befo re Mode O is sek-cted. This al!ows pon output lines to become active 
in J uscr delincd 5\Jte. For example, assume tha outpu\5 are desired to bccome <~et!ve in 
a lo~ic Olla 5tate, thc followill~ would be the initiali¿~tion '"'lucr.ce: 

al PIO 11ESET 
bl LoMJ lntcrrupt Vector 
e) Sclcct Mude 1 (iuput) ¡;,utomatic due ro RESETI 
di Writc F F to Da\J Port 
el Sck..::t Modo O (0utp<tt5go tO "'l's"l 
fl Ennble luu,nlpl il dcs~rcd 
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5.2 INPUTMODE (MODE 11 

Figure 5.0-2 illustmtcs the tioning of ao input cyclc. The peripheral initiutc~ this cycle u~ing 
The S'rROi':IE linc Jher the CPU has perforrn~~~ il ()~ta rcad. A low level or> this linc loads 
data irHo the por! input register and the ri~rng e<Jge ol the sTFfüBE line activates the 
interrupt request linc II~JT) 1f the intenupt enable is sut nnd lhis is the highest priority 
rcq«e~ting devicc. Thr next folling udge ol thu dock line 1•1') will then ro1set the RF.Al1Y 
l1nu toan inacllve st<He signilying tnat thc input reg.ster is full and lunher loJding lllUS\ bu 
inhobited until the CPU reads the data. Thu CPU wil! in tllC course of its interrup! service 
routin.:-. redd the data from the interrupting port. When tllÍS occurs, the positive edge hom 
tl1e CPU RO signal will r¡¡·,.a tlle READY lme w'1th the next _low goin~ trar1sition of ·~. 
indi.;ating that new da1a con be loaded into tlle ~10. 

Since RESET causes READY to go low a dummy Input inslluction may be needed in sorne 
svstenu 10 cause REAOY to go high the firsttime in arder te start "handshaking". 

MODE 1 !INPUT) TIMING 
figuro 5 0·2a 

-~~--

MDDE 1 (INPUT) TIMING (NO STROI3E I~J?Ui) 
ha<ue 5.0·2b 

~~JUL 
IFL · 

~~.-· ====:i' ::':::;.,., .. =~+=-,., ... ,._,.·===== 
\ " ' \ ••• 

-·====--== "' "' "" " .,, ,.,,, - '"~"·~·--·~"·-· ~" 

lf alreJdy .ICIÍ>~.§ADY will Le lorced low nne and ene h~lf •1• pcriods lollowin~ the 
lallirl<t ed~e of lORO durir1g a rcad ol ¡¡ PIO pon as shown in Figure 5.0-2tr. lf the uscr 
strolx•• d.lW inm d1c PIO only when REAOY is hiqh, thc IOfced >tate ol AEADY l"i•ll 
pmvcnt input rcuistcr datJ.from chang!!!!l.!"!•ilc th~ CPU is reJding thc PIO. Ready will 
go high .lgJÍn alter tl•e 11sing cttg~ ol thc lORO m fJI(IV•ously,O~scril.>ed. 



5.3 BIDIRECTION/\L MULJE (MODE 21 

This mo•le is nwrdy "comlliniltion of Mmln O and Mod~ 1 usÍilfl all four han<lsilake lincs. 
Sincc it r(.'{]UIH!< all tcmr lincs. it is nvailnblc only on Port A. Wl1Crl tllis mo<lo is uset1 on 
Port A. Pon B must he sct 10 the Bit Control Modc. The same imcrrupt vector will be 
rcturned for a Morlc 3 intcrrupt on Pon B ar1tl nn inplll trnmlcr intcrn1pt during Modc 2 
oper;¡tion of Pon A. A•nbiguity is ;rvoidcd if Port B is operatcd in n pollcd mode arld ti m 
l'nrt (l m:d· re~i>tN i; ,,.¡ lo inhilút nll bits. 

Fiytnc 5.0-3 illustr,ot"s tlw timing for this tnodc. lt is ahnost id·~nti~nl to tilar previomlv 
dcscribcd lor Modc O nncl Mo<le 1 witil tilc Porl A hondoilakc lincs uscd for oulplll corurcJI 
and thc Po•t B fines usc-d for input control. Tlw drffeocncc bctwccn thc twomo<lcs is 1hnt. 
in Mode 2, data is allowed out onto the bus only when thc A STROBE i< low. The risin~ 
e-dgc ol this strobe can be uo;cd to latch thc data imo the pcripheral sinca thc datJ will 
rcmain >tahlc until alter this cdgc. The input ¡>(ution of Mo<le 2 opcratcs idcnticalfy to 
Modc 1. Note thnt both Port A and Port B tnust hdve their int~rrupa cnabk'd to achi~ve an 
in t~• 1 up 1 driven IJ id ire<;t ional tra11sfer. 

~P~OC><CoCAC. MODE 2 {l>IDIRECTIONAL) TIM!NG 
F•g<no 5.0 3 
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The pcripheral mu•t not gate data onto a pon data· bus while A STB is active. Bus cnn
tcntion is 1!Voided ilthe peripheral uses~ lo gam input da¡~ onto the bus.. Thc PIO uses ---
the S S 18 low fwel to sample this data, The PIO has becn d~sir¡ncd with a zero hold time 
reqttirem~n! for thc riJta when l~tching in this mod~ 50th~! this sirnnlc gating structurc can 
be used by the pr,.iphcrol. Th"t 15, tho dnta can be disablcd lrom the bus immediately ¡¡ft~r 
the >lruiJe tisin~ cdt]<!. Note that if A"T;TTI i1 low during a rcc,u •Jperation of Pmt A (in re~· 
pome to u 1i-STil intcrrupt) the dnta in 1110 output reqister will he rcad by the CPU inste;,¡! 
ol lhc corrcct dJta in thc data mput r~-gistt·o. lhc correct ""'" is lat~hed in thc input mgist''' 
it just cannot !Jc rcmt by thc CPU whilc A-:~TB r<; low. 1t tl1e A-STB si~nol could !JO low 
during ~CPU flcml, it slmultl ~ !Jiockctl from rcCJChing thc -¡¡-·sre input ol the PIO whilc 
BflOY is low lthc CI'U rCdd will occur whilc Bfli)Y is low as the RD signJI rmurns BRDY 
high). 



• 

5.4 CONTflCL MOOE IMODE 3) 

'Tt;e c.:inlrol- mo~ docs no! utili~a !he haf1(),;h~kc <Í~l~ll ~nd e .-.~r:n-tl ¡.oor! Wfite"' pon 
l€iltl c;,n Le e~ecvtcd al nny time. l••hcn wn:in~, !loe dita-wi!l be iatchcd into output rcgi
stcos wilh the sa'r'C timing as f.1od~ O A FWY wPII be forccd low whencvcr Pon A is ope
ratccl in Mmle 3. 13 flDY will t,e hcld lo"' wh~""''Cf Po1! !3 is operatcd in Mode 3 unless 
Pnrt 1\ ''in r>lolle 2. In thc l~lluo cose, thc \tate ul [l llDY will not be affected. 

Whcn readong the PI O, tho~ tbta returned 10 thc CPU will be composod ol omput mqister 
data trom those pon <lata lin~s ass'1gncd as outputs and input registcr data from those port 
data lines assigned as inf)uts The input register will contain data which w;rs PfC'Senl immed
Íij\CIV prior 10-the fal!ing e<lge of AD. Sec Figure 5.0·4. 

MODE 3 TIMING 
"Figuro 5.0.4• 

,, 
POAT 
OATAGUS OATAWOA01 CATAW0110l 

lORO 

16 

DATA MATCOl OCCURS III:R~ J 

DA TAl"' 

L OATAWOA~·.PlACEDONBUS 

An interrupt will be g~narotcci if interrupts from th~ POr! ~re enabled and thr. dot.l on the 
port d;lla lm~s satisli~s the lo(lic~l equation tldinod by the B·bit mask control register.>. 
Anotl•cr ;,wrrupt will nor be uenerJted until a diMqe occurs in the staws of the logic~l 
er¡u.ltion. A Mode 3 int~rrupt will be generatcd only if the r<!iult of ;¡ Modu 3 lu~ic,¡l opu· 
nlion cllimU~S from l,¡lse to truc. For e~~mple. assuma thnt the Mode 3 logical e<.¡u.aion is 
;m "OR " func tion. An unno~sked port dJta linc hecornes ;.e tive dfld an imerrupt is rcqUL'Sied. 
lf ¡¡ SL'Cond unmasked port cl<lld line bl'Cames active concurreotly with the liT$!, a llew 
interrupt will llOI be rcqucsted since a chan!)e ill thc r~:;ult of the Modc 3IO<Jical oper~tion 
h;~s not occurred. Note thJ! port pillS defined as outputs can contribute to tl>e logocal 
equation if thcir bit positions ~re unmasked. 

lf thc rcsult of a logic~l o¡>cmtion b~comes 1TIJ~ ÍTil'l'_!.~di~tely prior lo 01 during M l."" 
intmrupt woll L~ re<¡ue•t.•d ;tltcr the trailin~ cdge of M t, provided tlw louicJI cr¡uation re· 
mJinl truc ilftcr MJ returns lli~h. 



• 

Fi~urc !J. O 4h is nn r·x~mplc of Mod~ 3 interrupts. Thr' pon has beco placcd in Modc 3 
ami 01~ lo~ic "''l"~l"ol ,utd siyroJis ;ue dofined to be hir¡h. All but bits AO an<l A 1 •• re rn.1sked 
out ~nd ·"~ n<>t nHu•iwr"d tl•erfby ClCJting a two input positivc loqic O~ g.nc. In the 
timing di~gram AO is shown going higl1 and creutinq "" inwrrupt' (fNf gocs lowl and the 
CPU respondswith <ullntorrupt Acknowlcdrjecyclc IINTAL Tilc PIO pon with ia intcrrupt 
pendin~ so.:nds in its V~'ttor and the CPU gocs off into th<' lntc<ru¡l\ Scrvice AOU!ine. AO is 
shown going inactiva cithm by itwlf or pcrhaps as a n•sult ol actior> taken in tlm lnterrupt 
Scrvice Routir>c (ll"'kinfllile logical uquation fJisel. An nnow is shown ot lile point in time 
wherc thc Scrvicu f1<l«linu "sues rile RETI instruction wl1ich cle~r. thc PIO inturrupt 
structum. Al is n''"l shown ~oing lligh rnoking thc louicill cquotion·tnJC ""~ DCI1SI,lti11J 

anorhcr interrupt. T wo importam points nced to bP made from tilOS examplc; 

1) Al mu~t not go high befare AO goes low or el se the logical equation will notgo 
!aire- a requirementlor Al ro be able to gener~tC an interrupl. · 

21 In ordcr for Alto generatc an interrupt it rnust IJe highafter the RETI issued 
I.Jy AO's Servicc Routine clcars tilc PIO's lnll"rrupt structure. In orhcr words. if 
A 1 w"'" H positivo Pulse. that occurrcd aftm AO Wl'llt low (to m" k~ the eq!l<ttion 
falsd and wcn! low beforc thc RETI had cluared thc lnterrupt Structure i< would 
havc t"oen missed. The logic cquation must bccomc false afler the INT A lor 
AO"s scrvice and thcn must be true or go true alter RETI clears the previous 
interrupt for another interrupt lo occur. 

MODE 3 EXAMPLE 
Fogure 5.0 4~ 

, fOUATIQN TRUE 

~ 
LIXHCAL 
EQUA"IION 

co~s ("LSf 

'" ' 

. 

~Q\JAT<ON TURE 

1 
~(TI ISSUro HERE 
MODE l INTERRUPT CHAA[O 

VEC"IORrN VECTOR !N 

INTA u 



G.O INHRRUf'T ~ERVICtNG 

SomQ time alter Jn it~t(~rnr¡Jl ;, r~q•.<o•:~t! !>'; •!•e PI O. !h-~ CPU wil: s~nd ::.ut aro interrupt 
acknowlc<I9C (Mi ~wl iOR.Ol. Ou•in~ Lhistinrc thc intetru[lt IO<¡ÍC olthe f'lú will dCt~roninQ 
thc highcst [lriority ¡>ort which is rct:ue!li~g an int,rrupt. (Thi• is simply the oc>vrce with 
its tntcrrupt En;¡ble Input hiQh a"d iu lntcrrupt Enable Ou¡put lowl. To imurc that th<: 
daisy chain cn~hle lines stahilize. d""ice• are inhibited lrom chonqin11 their interrupt rec¡uest 
status wh~n Mt is active. The hi~hest priority <kvicc [llaccs the contcnts ol its interrur>t 
ve<:tor rearstcr onro tite ZBD data bus rJuring intc,.upt acknowledyc. 

Fig<'rc G.O·l illustrntes tltu timrng associated with ir>lurrupt requcsa. tJuring MI trme, no 
new intcrrupt requusts ''"' l>a ~enerate<1. This giv"' time for the lnt EnHIJie si~nals lo ripple 
through up to !our PIO circuiu. T11e PIO wrth IEI hi~1 an~ lEO low(luring INTA will place 
the 8 bil intcrruot vector of the appropriatc port on tbe data bus at this time. 

!1 an tnt!'rrup¡ requcst<>d by the PIO isac~nowledged, the requesting port is "undcr service'. 
lEO of this nort will rcmain low until a return from "rntcrrupt "rnstructlon (AETII is P~ecu:ed 
while IEI of t_l!~port is hiQh. 11 an interrupt rcc¡ucst is not ocknowlcdocd. lEO will be torced 
higlt lur orw M1 cyclc aftct the PIO decodes thc opcode 'ED'. Ti1is oction guarantees that 
thc two byte RE TI instnrction is decoded by thc propcr PIO port. Sce Fioure G.0·2. 

INTERAUPT ACKNOWLEDGE TIMING 
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DAISY CHAl N INTERHU\'T SERVIC¡;.H> 

·. Ft~u<t 6.0-l 

H IGitEST PFIIORITV PllAT 

T' ' PORTIA PO!lT 1B 

i "' "' "' "' "' '" 

POAT2A PORT 26 

"' "' "' '" '" '" 
1. PRIORITV tNHRRUPT QA15V Cf'AIN BEFORE ANY INHRRUPT OCCURS. 

¡ "' "' "' " ' 
"' '" '" '" "' '" '" '" 

UNDERSE:RVICE 

2. PORT 2A RE0li(STS AN INTE!lRUPT liNO IS ACKNOWLEOGEQ. 

, .. 
i "' 0<0 " " '" '" '" '" "' '" '" '" 

UNDER SERIIICE SERIIICE SUSPENDED 

J. PORT lB INTERRUPTS. SUSPENDS SEilVICING OF PORT 2A. 

.., .. SEIIVICECOMPLEU SERVICE RESUMEO 

1 "' ¡ tE 1 IE~I "' 1 "' 
,¡ "' 

1 "' 
1rm] co 

t" '"i 1 

"' 

w 

w 

w 

. 
• POAT 10 SER VICE ROUTINE COMPLETf, ''REH' ISSUEO, PORT lA SEIWICE REWMEO 

, .. 
. 1 "' "' "' "' '" '" '" '" "' '" "' '" 

SERIIICf COMPLHE 

"' 
- ' S SO CONO ''RHI'' INSTRUCTION ISSUEQ O>J COMPLETION Of PORT 2A SER\IICE ROU11Nt. 

- -~ . 

Fi9urc é.O 3 ill.,strdtcs a typical ncsred int~rrupt scquence th~t coultl occur vittlllriur flOr!$ 
rc.\llnect~d in th~ dnisy chaiPr. In this >CQucnce Port 2A rcQHCsts ond is ~rumed nn intLJrl<l!lL 
While th1s port os l>cing serviced. a higher priority port (18) ruquests an<l is grJntl'll an 
inhlrrupt. Thc servicc routirw for the highrr prioflty pon is completc-d Jnd a RETI in•t· 
n•~tion is e><rcutcd to indicJte to !he pon thot it• routinc 11 complete. At th" fome thc 
service routine ol thc lower priority por! is complcted. 
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se guarda el código en una tabla, ' 

• 

' 

' 

Al encontrarse este RSTB, los registros-del" Z80 se~.'guar-

dan en el mapa de registros, para ser analizados. El uso 

, de 1a_ 1 te~la.paso_a paso (single stepJ, cancela todos·· lOs 

·areakpO~f!ts: 
' ' . 

* Tecla paso a paso (single-step) 

• 

Esta' tecla, le permite al usuario ejecutar una:tnstruéci6n 

a la vezJde programas que están en desarrollo, de . . . esta mane-.. . .. 
ra poder interrogar el Status completo del CPU. 

* Tecla ejecutar 

' 
Esta tecla, ordena al CPU comenzar la·ejecuci6n del progra 

ma del~usuario,en la localidad que se especifique o en la-

que esté apuntando el contador de programa. 
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- MAPA DE MEMORIA -

2BOO!l NO USADA 

27FFH RAM USUARIO 

2400 H l K BYTE 

2JFFH TABLA DE BREAKPOINTS 

23CIH Y MEMORIA DE TRAZADO DEL 

CPU 

23CO!l MAPA DE REGISTROS 

23A9H 

23ABH AREA DEL STACK 

2390H 

23BF 
RAM USUARIO 

2000 

lFFFH 
NO USADA 

lB 00 

17FFH PROM 2 

1000 H 

OFFFH 
PROM l 

OBOOH 

07FF 
ZBUG MONITOR 

01)00 



DECOOIFICACION DE PUERTOS. 

Los puertos Oe entrada y salid~, se encuentran total

mente decodificados, 

DIRECCION DEL PUERTO 

BOH 

98H 

BCH 

BOH 

Bl 

B2 

83 

BJH 

BBH 

BFH 

F 10 

" 
" 
" 
PB 

DISPOSITIVO 

zSO - PlO 

SEGMENTOS 

DlGITOS 

DATA REGISTER 

DATA REGISTER 

CONTROL REGISTER 

CONTROL··REGISTER 

• 



. 

L:JEMPLO l: 

Escribir al despliegue, 

El siauiente programa mueve el car~cter 8 de derecha 

a izquierda, a lo largo del despliegue, 

2000H; Punto de Entrada 

020ms EQU 064FH:subrutina para retraso de 

2emilisegundos 

SEGMEN EOU 98H ;Puerto que selecciona seg-

mentes 

DIGITO EOU ''" ;Puerto qoo selecciona ol d! 

gito 

• 
.MONIT~Jl- EQU "" ; Reentrada •1 monitor 

LD A,OOH 

DCT (Segrnen) ,M Activa todos lo' ''o -
mentas 

LD H,OlH 

LOOP OUT (Dtgito),AISelccciona Primer d!gito 

CAL~ D20ms 

CALL D20ms 

CAL):. D20ms 
1 



C}\LL D20ms 

1 Retardo de aprox, lOOms 

RLCA ; Rotacil'ln al siguiente d1gito 

LOOP ; Regresa 

- INTERRUPCION POR PlO -

2000 " 21 LO A, 21H 

2002 EO " LO 1 ,A inicializa I o 21 

2004 JEOO LO A ,DO 

2006 DE 82 OUT (82H) ,A Vector de Interr. 

V7 V6V5V4V3V2Vl0 

2008 3E4F co A,4FH¡Pl0 Modo de operaci6n 

Entrada OlXXIIII 

200A 0382 OUT ( 8 2) ' A 

200C 3E87 co A,87H Interr. control MODE 

[lXXX,OlllJ 

• 

200E 0382 OUT 182) ,A 

2010 EDSE 1M 2 Modo 2 de interrupción 



.. 

2012 

2013 

2100 

2200 

2201 

" 
76 

El Habilitar interrupción 

HALT 

TABLA DE SERVICIO DE lNTER~UPCION 

0022 Apunta a la Dirección 2200 

RUTINA DE SERVICIO DE INTERRUPCION 

ED4D RETI ;R~reso de interrupción 



.. • 
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Ensamblador: 

La mayoria de los microprocesadores que se encuentran en el me~ 

cado tienen como soporte de programación programas que facili

tan al usuario la tarea de introducir y ejecutar sus programas, 

entre éstos se tiene a monitores, editores, ensambladores, tra

ductores, int6rpretos y compil~dores. 

El propósito do esta plática será el conocer la actividad del -

programa llamado monitor y la del ensamblador. 

Monitor: 

Un monitor nos permite por lo regular introducir código a memo 

ria, desplegarlo en algún tipo de display, cambiarlo, aumentar

lo o reducirlo, copiarlo de una sección de memori~ a otra, obser 

var el contenido de los registros del sistema, agregar puntos 

de ruptura {break points) para monitorear al programa y por úl

timo ejecutarlo a partir de una dirección dada por el usuario. 

Este prog;:ama (por lo regular pequeño) recihe de un teletipo o 

pantalla comandos de un carácter, y consta de algunas rutinas 

de utilcria para aroy;n en cierto modo al usuario. Por ejemplo: 

conversión de códigos ASCII-BCD, BCD-ASCII. 

La entrada comunmente se realiza introduciendo en ASCII el pro

grama en código de máquina, representación hexadecimal, las rU

tinas de aroyo traducen el ASCII al hexadecimal correspondien·, 



te (representación interna), ocupando 4 bits de cada car~ctc~. 

Una ve~ terminada la inserción del programa, éste puede ejecu-

tarse. Esta labor es compleja ya que el usuario cada vez intr_Q_ 

duce todo el c6digo 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-máquina. Varios son sus propósitos pero 

quiz&s el más importante es el de facilitar la escritura y che

queo del flujo de un programa, ya que la entrada al ensambla

dor se realiza utilizando mnemónicos fácilmente reconocibles y 

mernorizablcs por el usu11rio en lugnr de los códigos de máquina 

correspondientes. 

Varias son las rutinas que integran al programa ensamblador, la 

pri111era denominada scanner lec una linea de c6di¡:o revisando 

formato previaw.ente establecido. (Libre o fíjo) pudiendo dis~ 

criminar c8digos válidos de etiquetas. 

Una etiqueta simplemente representa el nombre de una dirección, 

a la que, durante el desarrollo d.el programa se har& mención. 

La segunda rutina tiene como finalidad la formación del c6digo 

correspondiente al mnemónico de entrada dejando libres las lo

calidades que requieran posteriormente ser resueltas. 

--
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5-J WRIT!NG TO THE DISPLAY 

The following program causes the character "8" to t:'IOVE! 

from right to left across the display. 

2000 '" 00 LD A,OOH 

2002 DJ 88• OUT (88H) ,A ;ACTIVATE ALL SEG!~ENTS 

2004 JE 01 LD A,01H 

2006 DJ se LOOP, OUT (8CH),A. rSELECT FIRST DIGIT 

2008 CD 4F 06 CALL D20MS 

200B CD 4F 06 CA!.L D20MS 

200E CD 4F 06 CALL D20MS 

2011 CD M 06 CALL D20MS 

2014 CD 4F 06 CALL D2QMS ;DELAY APPROX 100MS 

2017 07 RLCA 1ROTATE TO NEXT DIGIT 

2018 18 EC JR LOOP-$ r LOOP BACK 

Enter the program a'ld Execute address 2000. use t·iON 

key to return to ZBUG. This is not a good prograrn to Single 

Step through, as the Single Step routines.u~e the display which 

destroys the "8" character loaded in the first "two instructions, 

5-4 INTERRUPT DRIVEN DELAY 

The following program uses Channel zero of the Z80-CTC 

to interrupt after a fixed delay, ra"!;her than the· software 

timing loop (D20:•lS) used in the previous example. This pro-

g~am uses the ZSO Mode 2 interrupts in which the interrupting 

Cevice sends in a vector during the Interrupt Acknowledge 

S-7 



·-
La lz.bor .ie t::71bas ::-:Jti.r:as se apoya en tablas de infonnaci6n, la 

primera :os códigos de traducciOn de mnemónico a código de má

quina, la segunda (tabla de etiquetas) lleva el recuento de las 

direcciones a las que se ha asignado un nombre especial o sea 

el nombre etiqueta. 

• 
Bñ general la mayoria de los ensambladores leen varias veces 

(2 veces) el programa escrito en mnemónicos para completar aqu~ 

llas localidades que en pasos anteriores no pudieron ser resuel 

tos. A esta actividad la bibliografía se refiere como número 

de pasadas del ensamblador. 
A continuación se muestra }¡¡ salida del eñsamblador habiendo 

ensamblado correctamente un programa cualquiera. 
En los listados anteriores observarnos la salida del programa en 

samblador, en ella la primer columna nos indica la dirección f! 

sica en donde fueron ensamblados. los códigos de máquina de la 

segunda columna, los que ha su vez corresponden a los mnemóni-

cos utilizados por el usuario, eñ la misma línea del programa. 

Errores: 

Otra rutina del programa ensamblador a la cual puede llamarse en 

cualquier instante es la rutina de error la cual contabiliza los 

errores del usuario haciéndocelo saber al final. Son errores: 

la inclusión de mnemónicos no establecidos, la definición de eti 

quetas fuera de la sintaxis aceptada, los saltos o llamadas a 

subrutina. a etiquetas inexistentes, etc. 

A continuación se analizarán los siguientes programas con la fi

nalidad de introducirnos a la programación con los mnemónicos del 

sistema Z-80, estos programas serán explicados en el curso. 

• 

• 



• .. 
Accumulator is rotated left once each time the break

point is encountered, Reset usi~g Sl to clear CTC. 

¡lNTERRUPT DRIVEN DELAY 

ORG 2000H 

2000 JE 21 LO A,21H 

2002 EO 47 LD I ,A ¡INITIALIZE 1=21 

2004 31 00 23 LD SP, 2JOOH ¡INITIALIZE STACK POINTER 

2007 JE 00 LD A,OOH 

2009 DJ 84 LD (84H) ,A ¡CTC VECTOR 

200B JE A5 LD A, OA5H 

200D DJ 84 OUT (81¡-H) ,A 1 CONFIGURE CTC-SEE PAGE 26 

¡OF MICRO REFERENCE ~1ANUAL 

200F JE FF LD A,OFFH 

2011 DJ 84 OUT (84H) ,A 

201) JE 01 LD A ,01H 

2015 ED 5E IM 2 

2017 FB LOOP: EI 

2018 76 HALT 

2019 CJ 17 20 JP LCOP 

¡'IABLE OF INTERRUPT SERVICE ROUTINES 

2100 00 22 

¡INTERRUPT SERVICE ROUTINE 

2200 FB EI ¡ENABLE INTERRUPTS 

2201 07 RLCA ¡ROTA TE ACCUMUIATOR 

2202 ED 40 RETI ¡RETURN FROM INTERRUPT CLEAR 

¡CTC 
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5-5 GE:iERATE All INTERRUPT FROM THE PIO 

Place a lOK ohm pull-up resistor from ASTRB (marked near 

wire wrap area) to +5 volts. Enter the f'ollowing program that 

initializes the PIO to accept un interrupt on the A Port. Set 

a BREAKPOINT at 2200 and Execute from 2000, The display will. 

go dark as the ZSO-CPU has executed the HALT instruction. 

Take a clip lead and mornentarily touch ASTRB to GND, which 

will cause a PIO interrupt and the breakpoint should be dis

played. Por more details on the ZSO-PIO operation, see the 

MOSTEK or Zilog PIO Technical Manual, 

¡PIO INTERRUPT TEST 

2000 )E 21 LD A ,21H 

2002 ED 47 LD 1 ,A ¡INITIALIZE I 

2004 )E 00 LD A,OO 

2006 D) 82 OUT {82H},A ¡VECTOR 

2008 )E 4F LD A,4FH 1 SET UP PIO POR INPUT 

200A D3 82 OUT (82H),A ¡MODE - SEE PAGE 25 OF MI-

200C JE 87 LD A, 87H 1 CRO REF MANUAL MODE TVIO 

200E D3 82 OUT (82H).A 1 INTERRUPTS 

2010 ED 5E IM 2 
. 

. 2012 FB El 

2013 76 HALT 

;INTERRUPT SERVICE ROUTINE TABLE 

2100 00 22: 

5-10 
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1INTERRUPT SERVICE ROUTINE 

2200 FB El 

2201 ED 4D RETI 1RETURN AND CLEAR PIO 

5-6 USING THE Z80 STARTER KIT AS AN EPROM PROGRA:•TI-lER 

Due to limitations in the mcmory allotted for the ZBUG 

Moni ter, ( i t had to fi t in a 2K byte ROM) sorne restrictions 

were placed on the operation of the EPROM progra~~er. These 

restrictlons are fully docwnented i'n Section 3-13 and should 

not hinder the average user of the ZSO STARTER KIT. 

Should a user desire to program the entire contents of 

a 2758 ( 1024 bytes) or a 2716 (2048 bytes) EPROI4-, the above 

mentioned restrictions need to be removed, The following two 

example programs give the user the capability of copying any 

block of memory to any other block of memory, plus allowing 

any RAM location to be the source of data for the EPROM pro

grammer. The~e prograrns can be put on cassette tape to be 

loaded into RA.\'1 when needed, or they can be put into EPRDr·1 

in the PROM1 socket for on-line use. 

The first program is a copy utility based on the Z80 

block move in~truction. It can be used to copy a block of 

data from any memory location (source data) to a11y new mem

ory location (destination data}. It can also be used to copy 

the data from an EPROi•l in ei ther socket PROM.1 or PROM2 into 

RAM for minor modification before re-programming. To use the 

following program initialize the ZBO registers using the REG 

EXAM key as follows, 
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Eeoause the 2758/2716 EPROMs can be orogra.•n.,.-ned a block 

or section at a ·ti!'le, the capabili t.y is pl"ovided by the ini-

tialization of 23C2H and 2JCJH to start the programming at 
• any address in the EPROM. This feature can be use~ to pro-

gram a full 2K byte EPROM with less than lK of RAM in the 

atandard kit by programming the EPROM a section ata time, 

;PROGRAM TO MOVE ANY RAM BLOCK TO ANY 

;STARTING ADDRESS IN EPROM 

2000 JE 01 ClZ1 LD A ,OlH 

.• 2002 32 DA 23 LO (PRFLG) ,A 1 SET PROM PROG FLG 

2005 E5 PUSH HL 1BYTE COUNT IN HL 

2006 Cl POP BC ;SAVE IT 

2007 E5 PUSH HI. 

2008 JA co 2) LO A,(2)COH) 1SOURCE DATA 

200B 67 LO H,A 

200C ]A Cl 23 LO A,(2)C1H) 

200F 6F LD L,A 

2010 JA C2 2) LD A,(2)C2H) 1 DESTINATlON DATA 

2013 57 LO O,A 

2014 JA CJ 2) LO A,(2)C)H) 

201? 5F LO E ,A 

2018 JE 25 C12A; LO A ,25H ¡CTC POR 26 MS 

• 201A DJ 86 OUT (86H) ,A 1ZC/TO, NO INTR 

201C JE CB LD A,20JD 

201E DJ 86 OUT (86Hl ,A ¡TIME CONST 

201F JE BO LD A, 80H 1CLEAR DISPLAY, SET 

5-1). 
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.... 
2022 DJ 8C OUT (DIGlli} ,A :PROM PROG EN = 1 

2024 ED AO LDI ;WAIT S'!'AT'!: INSERTED 

2026 JE 00 LD A,OOH rUNTIL C'!'C TBIES T\'.'ICS 

2028 DJ 8C OUT (DIGLH) ,A r CLEAR PROM PROG EN 

202A JE· 03 LD A ,O)H rRESET CTC2 

202C DJ 86 OUT (86} ,A 

202E EA 18 20 JP PE,C12A ;LOOP BACK IF BC-1 NE o 

2031 Cl POP BC ; RESTO RE BYTE COUNT 

2032 )A co 23 LD A,(2JCOH) 

2035 67 LD H ,A 

20)6 JA Cl 2J LD A,(2JC1H} ;SOURCE DATA 

2039 6P LD L,A 

203A JA C2 2) LD A, (2JC2H) 

20JD 57 LD D,A 

20JE JA CJ 2) LD A,(2JC3H) ;DEST DATA 

2041 SF LD E,A 

2042 CJ o4 06 JP CCS12B rUSE RO~! CODE 
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CROMEMCO JK CONTROL BASIC INSTRUCTION MANUAL 
3 Elements of the Control Basic Language 

CHA?TER 3 

Elements of the Control Baslc Language 

3.1 Numbers and Constants 

In Control Baslc all numbers are lntegers and must 
be less than 32767. Numbers are stored intcrn¡¡lly 
as 16-bit two's complement (low byte-high byte). 
For programmlng and input/output, numbers are 
expressed in decim;:~l, hexadecimal, or the ASCII 
character code, Hexadecimal numbers are denoted by 
the character "%" followed by up to 4 hexadecimal 
digits. For example, \21 and 33 are both stored 
intcrnally as !1010!1íl0l (HliHHliHIO¡ \FFF4 and -12 are 

·both stored inte~:nally as llll0HlD 11111111. An 
ASCII code (7-bit) is denoted by a colon (:) 
followed by an ASCII character. Fo-r example, :A 
h"s the value 65 (or 4.lll) and is stored intcrnally 
either as one byte, l:lHHHHHH, or 'as two bytes, 
l:lll:lDD00l IHHl01:l00Hl, dependlng on how it is used. 

3.2 Variables 

There are 52 variables denoted by letters A through 
z and All through Z0. There is al so an array @ (I). 
The dimension of this array (Le.·, the range of the 
index I) is set automatically to make use of all 
the memory space that is allocated but left unused 
by the text of the current program (l.e., 0 through 
SIZE/2; see SIZE function below. Also see section 
8.1.1 or 8.2.1 on memory allocation.). Each 
variable and each element of the array @(1) uses 
two bytes of memory stored low byte-hiqh byte. 

The same memory space that is used to store the 
array e(!) can al so be accessed, one byte at a 
time, through &{J) (or as strings through S{J) 
where J runs from (1 through SIZE. That is, &(0) is 
the low byte of @(0), &(1) is the high byte of 
@({1), &(2) is the low byte of @(1), &(3) is the 
hlgh byte-of @(1), etc. Strin<JS of up to 132 
characters each can be stored in the same memory 
are a and are accessed through S (J). The length N 
of thc string S(J) is stored In &(J); the 7-bit 
ASCII characters of the string are stored In &(J+l) 
through & (J+N). Thus, S (J+N+l) can be another 
strinq. 

7 



CROM.EMCO JK CONTROL DIISIC INS'.":<UC'l'ION ~Al:UJ.L 
3 Elements of the Control S.llsic tanq~.:ege 

'The multlple_ naming of the same memory space is 
lntentional. Thls not only gives the programmer 
the freedom to allocate avail<~ble memory between 
arrays and stdngs but also is very convenient for 
packing and unpacking data, and for string 
manipulation. 

3.3 Functions 

Control easic has Hl built-in functions, which are 
described below. The values retllrned by these 
functions will always be printed In decimal unless 
thE. user requests the a.nswer In hex. This may be 
done by means of the format controls of the PRINT 
command, section 5.4.1. In the following x and y 
denote variable or constant expresslons. 

ABS(x) 

RND(X) 

SIZE 

SGN(X) 

AND(x,y) 

OR(x,y) 

XOR(x,y) 

gives the absolute value of x. 

gives a rdndom number between 1 and 
X (inclusive). 

gives ·the number of bytes allocated 
to, but left unused by the current 
program In the text area. See 
section 8.1.1 or 8.2.1 for a 
di'scussion of memory dllocation. 

returns ' 1 !f. ' 1• positive (o< 
ze ro) O< ' -1 !f ' 

,, negdtive. 

g ives '"' 16-bit Boolean A<D of ' ood y. 

gives '"' 16-bi':. Boolel.ln inclusive 
DR of ' ood y. 

gives the 16-bit Boolean exclusive 
OR of x nnd y. Note that 
XOR(x,\Fl'~F) 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 is no One•S complement of 
7FFFH nor two's complement of· 
BIHHIH.) 

B 
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3 ~lements of the Control Basic Language 

GET(x) gives the 8-bit contents (l byte) of 
memory location x. 

IN(x} gives the 1-byte value input from 
port x, where [l<~x<=255. 

gives the absolute address of @([!), 
&([!), and $(1l). 

3.4 Arithmetic and Compare Operators 

Control Basic allows the following operators in 
variable and constant expressions: 

. 1 divide. 

• multlply·, or logical ANO • 

subtract, or two's complement. 

+ add, or logical OR. 

> greater than (compare) 

< less than (compare). 

" equal to (compare). 

f not equal to (compare). 

>= greater than or equal to (compare). 

<= less than or equal to (compare). 

The operations +, -, *, and 1 result in a value 
between -32767 and 32767. Results outside this 
range will cause an error, and Control Basic will 
print ~HO'.~'?". All compare operators result in a 1 
'if true and a 0 if false (not true). 

In the Logical context, a 0 is False and any non
zero value is True. Thus, the add operator (+) is 
also used as logical OR, and the multiply operator 
(*) is also used as logical ANO. For _logical 
complerrient, one rn<~y use 0=. For example: 

A+B can mean 
A* B can mean 
0=A can mean 

A OR B. 
A ANO B. 
NOT A. 
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Note that lf one wants the 16-bit-by-bit ~oolean 
;,NO, one should use the function _ANO(A,S) 1nstead 
of thc logical ANO just descr1bed. The same 
applles for tloolean OR and XOR. 

3.5 Expresslons 

Expresslons are formed from numerical elements with 
arithmetic or compare operators between them. 
Numcrlcal el~mcnts include constants (decimal, hex, 
or ASCII), variables, two-byte array elements @(I), 
one-byte array elements &(J), functions, and· other 
expressions In parentheses. A "+" or a· "-" si<¡n 
can also be used es a unary operator. The 
hierarchy for evaluatin9 expresslons is as follows: 
functlons are evaluated flrst, then parentheses 
{from the innermost), then multipllcation 11nd 
division, then addition and subtraction, then the 
compare operations. Cascaded * and ¡ oc cascaded + 
and - are evaluated from left to right. Compare 
oper11tors cannot be cascaded. Several commented 
examples of both le<¡al and illegal expressions 
follow: 

1+2*3 
2>1+3 

2*5/3 

A+-3 

has thc value 7, not 9. 
is false and has the value 
ll (> ls used as a comp11re 
operator and 2 is not 
greater than 1+3). 
has tht: value 3, while 
2/3*5 is ll due to 
truncation. 

·is invlllid, but A>-3 is 
allowed. 

A<X<B is invalid¡ (A<X) * {X<B) 
is the proper way of 
testlng whether X ls 

between A i.'!nd B. 
{A>B)*X + (A=B)*Y is equal to X if A>B, is 

equi.'!l to Y if A .. B, and ls 
equal to ~ if A<B. 

(&(8)>=:A)*(&-(8)(a:Z)*:2 + (&(S)>,.:Il)*(&-(8)<":9) 
has a value of 2 if the 
chari.'!cter &-(8) is a letter, 
a value of 1 lf it is ·a 
digit, and a vi.'!lue of 9 
otherwise, 

" 
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CHAPTER 4 

Control Basic Syntax 

4.1 Control Basic General Syntax 

There are a nurnber of special definitions used 
throuqhout this manual as well as sorne general 
rules of syntax which should be followed when 
enterlng and editing Control Basic programs. The 
definitions of lmportant terms follow: 

command -
Applies to Control Basic keywords which may be 
used in either direct commands or staternents. 

direct cornmand -
Commands whlch may be 
console In response 
prompt. 

typed directly from the 
to thc Control B<1sic 

st;:~ternent -
A numbered line 
which is composed' 

In a Control aasic program 
of one or sever;:~l commands, 

multlple-cornmand statement -
/\' numbered line in a Control Basic 
which is cornposed of severa! commands 
samc line) separated by seml-colons, 

functlon -

program 
(on the 

One of ten control structures intrinsic to 
Control B;:~slc which may be used in 
expressions. (Note that commands rnay not be 
used in expr'essions.) 

current proqram-
The program which m<~y be entered or edited 
directly without first LOADing lt; the proqram 
which prints on the console when "LIST" is 
typed. 

text arca -
The area of memory reserved for storilge of the 
current program and the arrays. 
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There are also a number of rules of syntax to be 
followed when entering and editing Control Basic 
programs. These are summarized below: 

l. A Control Basic programs consists 
more numbered statements. The 
number must be an integer between 1 
inclusive. 

of one or 
statement 
and 32767, 

2. Multiple-com,.and statements {see above) must 
use semi-colons {;) to separate the comr,¡ands. 
There are three exceptlons to thls: GOTO, 
STOP, and RETURN cannot be followed by a semi
colon or other commands; they must be the last 
command on any given line. 

3. 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, etc. The statements 
GOTO, RUN, STOP, GOSUB, and RETURN can alter 
this sequence, ho~·ever, by causing control to 
branch to a specific line number (see Chapter 
5) • 

4. Executlon of the commands within a multiple
command statement is from left to right. The 
IF command · is a special case in that if the 
condition tested ls false, all commands to the 
right of that point will be skipped over and 
execution will continue wlth the next line. 

5. Spaces (blanks) may be used or omltted freely 
but for the following e~ceptions: constants, 
and command and function keywords may not 
canta in embedded blanks. They may '"Ee 
abbreviated, however; see section 4.2. 

6. Execution of a running program or listing of 
any type of output may be aborted by pressing 
the Control-e key {usually the two keys, CTRL 
and C, depressed simultaneously) on the 
console input dev!ce. 

1.· •.rhroughout this manual, portions of example 
programs which are underlined signify that 
those expressions are user-typed. 
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4.2 Abb!-eviations ~ Summary ~ Commancls 

Control Basic command and function keywords may be 
abbreviated lf desired. Si.nce the Interprete! 
stores proqrams as the actual ASCII characters 
which make up the statements and this requires one 
byt<J per character (see Memory Allocation 
sections), the ¡¡bbreviated forms of commands 
gre¡¡tly reduce their memory stor¡¡ge requi rements. 
This is important if the program is to be stored in 
PROM for future use (S!! e SAVE and E:PROM commands). 
For example, th!! following command line: 

lO FOR I=l TO HlllD STEP 2·; PRINT 1 , ; NEXT l 

would perform exactly the same functlon if 
abbreviated to the form: 

10 F.I:.lT010DOS.2;P.I,;NE:.I 

This second llne requires only about half the bytes 
for storage as the first line. However, since this 
second line is not very legible, it is recommended 
that a programmer develop a progrem using the full
word commands, ancl only translate it to the 
abbreviated form just, prior to programming it into 
PROM. 

The abbrev iations are fo rmed 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 prlnt "WHAT?H •. Also note that 
the word "LET" in a L!::T st<J.te~<lent may be omitted 
altogether. 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 also be used as 
direct commands), and the third column shows the 

"ten Control Baste functions. Thc shortest keyword 
abbreviations are: 

13 
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TN~TRUCTION Mh~UAL 

.. 0 ¡ rcct Cornmands 

~ ,\UTORUN~AUTORUN 
c.~CALL 

f:."E?ROM 
F. -FOR 
G. =COTO 
GOS.•GOSUB 
IF=IF 
IN.,.INPUT 

"'LET (implled) 
L. =LIST 
LO. =I.OAD 
LOCK=LOCK 
NEW=NEW 
N .E;. =NEXT 
NU.mNULL 
O.=OUT 
P.=PRINT 
PUT=PUT 
Q.-QUIT 

* R.=ROOS 
R.=llETURN 
RCM"Ili':M 
RUN"'IlUN 
S.=SAVE 
S."STEP 
ST."STOP 
TO=TO 
W •. =WI OTH 

• 
Sta tements 

AUTORUN=AUTORUN 
C.:CALL 

F. =FOR 
G.=GOTO 
GOS.GOSUB 
IF=IF 
IN.=I)IPUT 

=LET (implied) 

NE. "NEXT 

O. =OUT 
P • .,PIUN1' 
PUT"PUT •· 

R.=RETURN 
REM=REM 
RUN=IlUN 

S. :STEP 
ST .=STOP 
TQcTO 

Functions 

A. =ABS 
AND=AND 
G.=GET 
IN: IN 
L. :toe 
OR=OR 
R.=RNO 
S.=SIZE 
SGN=SGN 
X.=XOR 

* Thesc commands are found in model MCB-216 only. 

As defined in section 4.1, a cornmand is pa¡:-t of a 
statement, which, in turn, is part of a prog¡:-am. 
However, when a command is typed at the console 
input device without a 1ine number preceding it, lt 
is a direct command. Di¡:-ect commands are not 
stored by Control Basic but are executed 
immedlately. 

The commands listed in the second column above may 
be used both as statements of stored programs and 
as d~rect commands. Those not llsted in column two 
but listed in column one may be uscd as dirP-ct 
commands only. There are thrce groups of speclal 
cases: 

14 
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l. When used as direct commands, GOSUB, ·INPUT, 
and RUN cannot be followed by semi-colons and 
other commands. 

2. AUTORUN, NEXT, RETURN, REM, STEP, STOP, and TO 
are meanlngless 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: 

3. 

FOR !=0 TO 255 STEP 4; PRINT f\,,1,; NEXT I 

Wh!!n used 
STOP must 
(cannot be 
commands). 

in statemcnts, GOTO, RETURN, and 
be the 1nst command on the line 
followed by semi-colons and othcr 

4.3 Memory Organizatlon of Control Baslc 

The tcxt of the current program is stored in memory 
one ASCII character per byte. Line numbers are low 
byte-high byte 16-bit binary and are stored with 
the text (section 8.1.1 or 8.2.1). The amount of 
memory space avallable for the current program may 

·be changed by means of the LOCK command '(section 
·s.7.1). The nurnber, of bytus available to (by LOCK 
or by defaultl, but left unused by, the current 
proqram may be obtained with .the SIZE function 
(sectlon 3.3). Thcse unused bytes are used for 
storage of the two-byte, one-byte, and string 
arrays (section 3.2). 

One may not use the LOCK command to ::Jet the 
boundary at any pa<Je that alrowdy has current 
proqr.lm text in it, nor at any page below the 
bottom of the text areil. <f the LOCKed area is 
exceeded during the entering of a 5tatement of the 
current program, Control !3asic will print "SOR!lY" 
o.nd wlll accept no more statement input ur1til more 
space is made available, either by deletinq sorne 
present lines or by unLOCKing more text area. 

Control Basic al loca tes storage in "pages"', or 256-
byte units. Modal CB-J¡J8 has rouqhly the following 
organization: 
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paqe ~ - not used 
paqes 1, 2, and 3 - used for I/0 routines, 

variables, and stack storaqe 
pages 4 through 31- text area for current 

program dnd arrays 
pages 32 through 227 and 240 through 255 -

used for SAVEd program files 
pages 228 throuqh 239 - storage of Control 

Basic proqr~m itself 

Modal MCB-216 has a slightly different 
organize.tion: 

pages 0 through 15 - storage of Control Basic 
program itse1f 

pages 16 through 31 - used for previously
stored programs in PROM 

pages 32 and 33 - used for variables and· stack 
storage 

pages 34 and 35 - text area for current 
program and ~rrays 

pages 36 through 255- used for SAVEd program 
files 

Much more detailed information on memory allocation 
including listings of the data areas in RAM will be 
found in sectlonS 8.1.1 (mode1 CB-3H8) and 8.2.1 
(model MCB-216). 
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5 . 1 

S .1.1 

5.1. 2 

CHAPTER 5 

Control Basic commands and Statements 

Assignment Comm~nds 

LET Command 

The LET command can be used to evalu~te expressions 
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 set by a 
single LET comm11nd. Sorne examples of the use of 
LET 11re: 

" éeT A•234-5*6, E] (A-3)'=4*A, &(25)=18 

" éeT U!l"., (A<B) +.WD(ABS (X-1) , \FF) +: * 

" éeT A!l"•Bll=ll 

" éeT @{0)=-1, &(0)'"(1 

" A=3, B•2*A 

Note that statement 30 will not set both MI and B~. 

to zero. The second equal sign ("') In this command 
is a compare operator (see secti.on 3.4); thus only 
AO wlll be altered accordlng to whether Bll is equal 
or is not eqo.ial to 0. 

Note also that after statement 411 is executed, the 
value of @ (íl) will not be -l. This is because 
&(2*1) ls the same as the low arder byte of @(IJ, 
and &(2*1+1)- is the same <tS the hi<Jh arder byte of 
@{1). Thus &(1) wlll be 25S and @(~) will be -256. 

The word ~LET" is optlonal. Thus statement 53 sets 
Ato 3 and B to 6. 

PUT Commañ.d 

The PUT command can be used to evaluate expresslons 
and storc the values {which must be between (1 and 
255) into absolute mer.~ory locations. The form of 
PUT is 

PUT(x) • a,b,c, ••• 

where a, b, and e are expressions whose values are 
stored in consecutive mcmory locations beginning 

17 
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with the address which is the value of the 
expresslon x. Elther single or consecutiva memory 
¡ 0cations may be a1tered with the PUT command. An 
examp1e of the use of PUT ls 

Hl PUT (%81!0)•%11 ,AND(X+3 ,UF) , (X+3) /%1110, %CD, %!14, %EC, %C9 
20 PUT(X+3) • :H, :0, :W, :0, :Y, %0 

where part of a machine language subroutine {LO 
UL,X+3; CALL ECA4H; RET) is PUT into memory 
lo~:ations %!!00 through i.Se6, and the strinq of 
ASCII code for MHQWDY <CR>M is put into 1ocations 
X+3 through X+B. A better way of unpacking the low 
and hiqh bytes of X+3 In statement 10 is to 
initialize the two byte array @(I) to the address, 
X+), and then use the one byte array, &(1) or 

1 &(1+1) as appropriate, to specify 1ow or hlgh byte: 

5 LET @(il)•X+3 
10 PUT(%8l'll'l)"'%11, &(ll), &(1), %CD, %A4, %EC, %C9 

The counterpart of PUT is GET , but GET ls a 
function as opposed to a command. GET(x), can be 
used In any expression and returns the contents of 
absolute memory location x. 

lB 
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5. 2. l 

5. 2. 2 

Control Commands 

IF Command 

The IF eommand 
an expression, 
other eommands. 

consists of the word IF followed by 
and then followed by one or more 

l'.n el<ample is: 

10 IF A<B LET X~J; PRINT '1'. 15 LESS THAN B' 

The command above tests the value of the expression 
A<B. If it is true (l.e., if it is not zero), the 
commands in the rest of the line of this statement 
will be el<ecuted. lf the value of the expression 
is false (i.e., if it is zero), the rest of thls 
statement will be skipped over and executlon will 
continue with the next statement. Note that the 
word "THE:N" is not used. 

GOTO Command 

The GOTO comm~nd 
by an. expression. 

consists of the word GOTO followed 
An example is: 

10 GOTO 120 

This statement causes the program being executed to 
jump to statement 120. Note that a GOTO command 
cannot be followed by a semi-colon and other 
commands. lt must end in a carrlage return. The 
statement 

Ul GOTO A"*l0+6 

causes the program to jump to 
number as computed from 
expression. 

a variilble statement 
tha value of the 

Indiscdminate use of GaTO statements makes a 
program difficult to follow and should be avoidad. 
On the obher hand comblning short and logically 
related commands in a single statement can make a 
progr¡¡.m easier to understand and is highly 
recommended. Consider the following ex<~mple of a 
game; thls program uses m<~ny GOTOs but does nat 
take adv,~ntage of multiple-cammand statements. 
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" " " " " " " " " lOO 
110 

"' 130 
140 
150 
160 
170 
180 
190 

PRINT •NUHBERS, NUMBERS, WHO CAN GUESS HY NUMBERS?• 

LET XaRND(Hl0) 
LET N"'0 
PRINT "! HAVE A NUMBER BETWEEN 1 AND 1011" 
I/IPUT •yQUR GUESS" G 
LET N=N+l 
IF N>211 GOTO 1311 
IF G>X GOTO 1611 
IF G<X GOTO 1811 
PRINT "YOU GOT IT IN", N, "GUESSES" 
PRIN'r "LET'S PLAY AGAIN" 
GOTO 211l 
IF G,.X GOTO 111(1 
PRINT "NO, IT WAS", X 
GOTO lHl 
PRINT "TRY A SMALLER NUMBER" 
GOTO 511 
PRINT "TRY A BlGGER NUHBER" 
GOTO 511 

This ls a worklng program, -but it could have been 
much cleaner and easier to understand with half of 
the GOTO statements deleted and wl th a few of the 
other statements comblned: 

lll PRINT "NUMBERS, NUMBERS, WHO CAN GUESS MY NUMBERS?" 
21l LET X'"RND(lllll), N~ll 
411 PRINT "I HAVE A NUMBER BETWEEN 1 AND 11111" 
511 INPUT "YOUR GUE:SS" G¡ LET N"N+l 
711 IF (N)211)*(G~X) PRINT "NO, IT WAS", X; GOTO 11f.l 
811 IF G>X PRINT "TRY A SMALLER NUMBER"¡ GOTO 511 
90 IF G<X PRINT "TRY A BIGGER NUMBER"¡ GOTO 511 

1011 PRINT "YOU GOT IT IN", N, "GUESSES" 
110 PRINT "LET'S PLAY AGAIN"¡ GOTO 2~ 

!QB_ Command 

The FOR and NEXT commands are used to set up loops 
in Control Basic. The FOR statement conslsts of 
the word FOR followed by a variable or a double 
byte ar'ray element, an egual sign, an expression, 
the word TO, another expression, and optionally the 
word STEP and a third e:.¡pression. The variable or 
the two byte array element is called the control 
variable of the loop. It is set to the value of 
the first expression befare entering the loop. The 
second expression is the limit of the control 
variable. It is evaluated and stored !nternally at 
entry, The third e:o¡pression is the step size, and 
lt is also evaluated 11nd stored at entry. lt can 
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be positive, negative, or zero, lf the step size 
is not specified, it is assumed to be +l. After 
the step size is stored, execution of Control Baste 
continues with the next statement or the next 
command of a multlple-command statement. 

NEXT Command -
The NEXT command conslsts of the word NEXT followed 
by the control variable of the loop, The control 
variable is up::lated by the amount of the step size 
and is then compared with the limit of the control 
variable. If it is within the limit (inclusive), 
Control Basi"c: will loop back to the cornmand that 
follows the FOR command and repeat the loop. If 
the updated control variable ls outside the lir."lit, 
.the interna! 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; 

Hl PRINT "TEST", 
20 FOR T~l TO 3 
30 PRINT T, 
~0 NE:XT T 
5~ PRINT; PR!NT 'COUNT DOWN', 
6~ FOR C=l00 TO 98 STEP -1 
71l PRINT C, 
8~ NE:XT C 
9il PRINT' ... '; PRINT 'STEP', 

lOil FOR @(3)•lll TO -15 STEP -5 
llll PRINT @ (3), 
120 NEXT @ (3) 

" >RUN 
TI·:ST 1 2 3 
COUNT- DDWN "' 99 98 
STEP '" 5 ' -5 

21 
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S.2.S Notes on FOR-NEXT L.oops 

The following are severa! unusllal features of 
Control Basic FOR-NEXT loops which are worth 
mentioning, Numbers 4 through 7 below are not 
recommended if the user is attemptlng to write 
clean, easily debugged code. 

l. The loop will be executed at least once no 
m.!ltter who!lt the initial value, step si~e, and 
the limit of the control variable are, 

2. If the step si~e is il, the loop will never end 
uoless the control variable '!s altered inside 
the loop. 

3, After the loop is finished, the control 
variable will have the final updated Vo!llue, 
which is outside the limit, 

4, Since control Basic Js interpretad rather than 
compiled, lt is perfectly acceptable to put 
the NEXT statement physically befare the FOR 
statement as long as there 11re COTOs to make 
Control Basic ~seeM the FOR befare the NEXT, 

S. It ls also 11cceptable to have unequal numbers 
of FORs and NEXTs, as long 11s there are IFs 
and COTOs so that Control Basic will not -see" 
a NEXT without first encountering a FOR with 
the same control variable. 

6. It is acceptable to have a COTO out of the 
loop and la ter COTO back into the loop, It is 
also acceptable to have a GOTO out of the loop 
and never come back into the loop. In the 
latter case the loop remains "active"; lt 
takes sorne stack space but is harmless 
otherwise, 

7 . 

'· 

When a new FOR 
variable that is 
active FOR loop 
1 s purged. 

comm11nd hav 1 ng a control 
the aame as an old but still 
is encountered, the old loop 

FOR-NEXT loops can be nested as long as 
level uses a different control variable, 
depth is limited only by stack space. 

each 
Tho 
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9. If a NEXT commm<~nd for the outer loop ls 
encountered inside the inner loop when ustng 
nested FOR-NEXT loops, the inner loop ls 
purged <~utomatic<~lly. 

Note th<~t the above i!pply to Cromemco Control Baste 
but do not necessarily apply to other Basic-ltke 
l<~nquaqes. For example the following program does 
not work on m<1ny of. them: 

10 REM TRY THIS WlTH BOTH A>B AND A<0 
15 INPUT A 
20 FOR J:.l TO 3 
31! IF A<ll COTO 511 
40 NEXT J 
51! PRINT J 
60 FOR I=l TO 3 
71! FOR J.,l TO 3 
Bll NEXT J 
90 NCXT I 

H0 COTO 15 

Although this program works with Control Baste, 
it's a bit obscure. 
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5.3.1 

5. 3.2 

subroutines 

GOSUB Command 

The GOSUB statement is similar to the GOTa 
statement except that (a) the current statement 
number and positlon within the statement are stored 
internally (this alloo;s control to be transferred 
back by RETURN); and (b) other commands sepacated 
by semi-colons can íollow it in the statement. The 
following_ara legal GOSUB statemcnts; 

10 GOSUB 121l 
21l GOSUB A*lll+B 
J(l GOSUB 12!1; IF C<=ll GOTO lB 
4(1 REM IF C>0 THE GOTO ABOVE WILL NOT BE EXECUTED 

Statement le will cause the execution to jump to 
statement·l21l; when a RETURN command (see followlng 
section) is encountered, control will transfer back 
to the next following statement or command of a 
rnultiple-command statement. Statement 20 will 
cause the execution to jump to a variable statement 
number as computed from the value of the expression 
A*lll+B. 

RETURN Command 

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 semi-colon and other 
commands). When a RETURN command is encountered, 
it· will cause the execution to jump back to the 
command following the most recent GOSUB command. 

An active FOR-NEXT loop in the calling program is 
no longer active in the subroutine bUt will be 
restored to be active after the subroutine RETURNs 
to the calling program. Any active FOR-N.E:XT loop 
in the subroutine itself will be purged 
automatically when FI.E:TURN Js encountered. 
Variables are always global; therefore subroutines 
can have no local variables. 

GOSUBs can be nested. The dt<pth of nesting is 
limited only by the stack space and can be no more 
than 24 1evels deep. GOSUBs are also' recursive 
with the limitation that all Vllriables and arcays 
are global. For example, conslder the function 
F'(N) of positive 1ntegers N such that: 
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F(l) 2 l 
F(N)2N*f'(N-l) for N>l 

One can "''rite the followinq test program to 
illustrate the function F(N) usinq recursive GQSUBs 
(underllned words are user-typed): 

10 

" )0 

" "' 1lF 

"' 
o' 
>RUN 

INPUT 
GOSUB 
PRINT 
STOP 
!F N•l 
N~N-1; 

F=N•F; 

'G!VE MF A SMALL POSITIVE 

'" ' F ( 1 ' 11 , N, 1 ) = 1 ' F 

LeT F'"l; RETURN 
GOSUB Hl0; N•t•Hl 
RETURN 

GfVE ME A SMALL POSITIVE INTEGER:6 
f'(6) 2 728 

lNTEGER' N 

Note that F(N) as defined above is simply the 
factorial function. 

RUN Command 

The RUN comrnand consists of the word RUN followed 
optionally by a paqe 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. If a page number Is not 
given, it calls the Control Basic program in the 
active text area. The RUN and GOSUB commands 
di ffer in that a GOSUB command calls a subroutine 
tbat is within the same program as the calling 
routine, whereas a RUtl cor:anand calls a subprogram 
which ls in a separate file. A subprogram in a 
separate file has the advantage that it has its own 
set of line numbers, S:lnce RUN may be used in a 
statement, the followlng ls a legal program: 

10 RUN 40 
20 PRINT "END OF FACTORIAL" 

This would '"" '"• program glven above '" Section 
5.3.2, assumlng " h•d be en SAVEd •" page "· Thus, lt le easy " ,.. how different programs 
could share t.h e same M o( <l ebug ged "library" 
subprograrns. 
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5.3.4 

s.J.s 

The RUN command can be nested and ls recursfve. 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. 

AlJ'l'ORUN Command 

The AUTORUN command is a feature of model MCB-216 
control Baslc only. If the first line in a Basic 
program stored on page l9H begins with "the command 
AUTORUN, then that program (on page UlH) will run 
automatically each time the computer is reset. 

The console 
automatlcally 
easy fo r the 
another value. 

serial 
be set 
program 

port of the computer will 
to 960C baud. However, it is 

to change the baud rate to 

For example, if the following program is stored on 
page UlH, 

10 AUTORUN 
20 OUT{0) '" 184 
30 RUN Ul 

the baud 
bit {see 
1 n the 
p~ogram 

proc:ess 
reset. 

rate will be changed to 309 with one stop 
the SCC lnput/Output Register Description 

scc Instruction Manual), and then the 
beginning on page llH will be RUN. This 
occurs every time the computer is hardware 

It chould be noted that durlng normal execution 
(i.e., In..- all cases except after !1 hardware reset 
or power-on) the line beqlnning wlth the word 
~AUTORUN" is treated as a REMark. 

.§!.Qf: Command 

The STOP command con~ists of the word STOP followed 
by a carriage return. It cannot be followed by ~ 
semi-colon ami other commands on the same 1 in e. 
The STOP command goes wlth the RON command in the 
sarne way that RETURN goes with GOSUB. The 
principie diffcrence between the two sets of 
commands is that RUN-STOP may be used to call a 
subprogr~m in a separate file with its own set of 
line ntJmbers. 

" 

' ,, 
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STOP returns control from a subprogram to the 
calllng program {which will contlnue RUNning); 
however, if the program which is RUNning when STOP 
is encountered is the current program in the text 
area, execution is terminated and the prompt is 
g iven. If the end of file is reached in a 
subpro<;~ram befare a STOP statement is encountered, 
Control Basic wlll also return to direct mode 
instead of to the calling program. An example will 
illustrate the way STOP passes control frOm 
subprogram to calling program. The following is a 
program which has been previously stored (SAVEd or 
EPROMed) at page 32: 

10 PRINT "THIS IS A PROGRAM ON PAGE 32" 
2ll RUN 33 
33 PRINT "END OF PRQGRAM ON PAGE 32ft 
43 STOP 

and the next llsting is a program whlch has been 
previously stored at page 33: 

10 PRINT 'BUT THIS PROGRAM IS ON PAGE 33' 
2ll STOP 

RUNning the program on page 32 will produce the 
following result¡ 

OK 
>RUN 32 
TIIIS IS A PROGRAM ON PAGE 32 
BUT THIS PROGRAM IS ON PAGE 33 
ENO OF PROGRAM ON PAGE 32 

Note that this will have rio effect on the current 
program in th<l te:<t area if there is one. This 
means that one does not need to LOAD a program to 
RUN lt, a most useful feature (see section 5.3.3 
for more information). 

CALL Command 

The CALL cornmand is used to call a machine language 
subroutine. The word CAL[. i~ followed by an 
expression and then a list of arguments enclosed in 
parentheses. The value of the expression is thC! 
absolute address of the entry of thC! machine 
language subrouline. The argumcnt list consist~ of 
none or one or more ar9uments. each argument lS a 

' t b te Vilriable, a one byte array C!lcmcnt, or a wo Y 

" 
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arrai' element, Arguments are separated from one 
another by commas, and the entire list is enclosed 
in a pair of parentheses. 

The machine language subroutine can be stored in 
memory by a loader, an assembler, a monitor 
program, or by Control Basic itself. To store a 
machina language subrotitine with Control Basic, one 
may use the LET or PUT commands. The example of 
section 5.1.2 illustrates this. We can now CALL 
thls machine language routlne to print the word 
"IIOWDY~ on the console with the statement: 

3~ CALL %800 

[This example wfll work only if there is a console 
•printing routine whose starting address• is at 
ECA~H, as there is for model CB-3~B Control Basic,] 
Note that no arguments were passed in this CALL 
statement. 

Arguments are passed by addresses and these 
addresses ara stored in the stack befare Control 
Basic passes control to the machine language 
subroutine. The arguments are stored in a "Last 
tn-f'irst Out~ or tiFO 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 C register. The subroutine must 
POP the stack (C) times even if it does not need 
the arguments. Other th.sn this arrangement of the 
stack, lhe subroutine can change all registers 
without any limltation. When the subrotJtine is 
flnished, it uses a RET (ZB~ lnstruction) to POP 
the St<lck once more, which also returns control to 
Control Basic. Another example illustrating 
argument passing is: 

1~ CALL %20~0 (A, &(3*6+1), @(3)) 

In this example the subroutine at memory loc<~tion 

2000H is called and passed the three <trguments, A, 
&(3*B+l), and @(3). Upon entr<>nce to the machine 
routine, the e register contains the number 3. The 
stack pointer points to the address of @{3), which 
is followed by the address of &(3*6+1), the address 
of A, and finally the return address. 
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5.4 

5. 4 • l 

Input and Output Commands 

PR!NT COI:lr.land 

The PRINT c:ommand is used to print all types of 
output on thc console devicc, including str1ngs, 
const<Jnts in both decimal and hexadecimal, nnd the 
values of variables, arrays, aml expressions, Its 
format is the .word "PRINT" followed by a list of 
items sep<Jrilted by commas. '!'he items in the list 
may include any of the following: 

l. Constants (decimal, hexadecimal, ASCII). 

2. Variables (A through Z and AO through ZO). 

3. One-byte, two-byte, and string array !!lements. 

4 • Expressions formed from 
arithmetic and compare 
legal functions, 

any of the above, 
operators, and the 

5. Strings surrounded by matched pairs of single 
or double quotes. 

6, Forr.1at control characters described later in 
this section. 

A sample PIUNT co..,mand 
of these i tems. Note 
unquoted strings, a 
expression: 

follows which shows several 
the use· of both quoted and 
variable, and a constant 

111 P!IINT 'THIS 1 wOR THAT" $(A+3), X, 2•)-5/4 

O< 
>RUN 
T!llS OR 'l'HAT PLUS -9 5 

The string array $(A+3) has been set elsewhere to 
the string "PLUS", and the vari<~ble X has been 
previously set equal to -9. 

The items In the print list can also be format 
controls, The allo"'able characters to use as 
format controls are summarized briefly helow, 
followed by a mor~ deL1lln<.J dascriptión and sor.1e 
illustrations. 
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' 

speclfy leading spaces or hexadecimlll 
specify nllmber of hexadigits 
(precedlng) specify additional leading 

spaces 
(succeeding) specify no CR-LF at end of 

i tem 
tab to a specific column 

Th" ciLaracL"r "JI" followed by a number n means 
print lcading spaces (if necessary) to make numbers 
at least n spaces wide. Spaces can also be added 
by means of extra commas between items. The format 
control "t%%M means print numbers in 4 hexadigits, 
whereas Hl%" means print the low arder byte of a 
number only, in 2 hexadi9its. A format control 
stays effective until changed by another format 
control or until the PRINT command ends. The 
default format if no control is specified is t6. 
The following example wlll illustrate these points< 

10 PRINT 1, -2, 345, -6789 
20 PRINT 13, 1, -2, 345, -6789 
30 PRINT U%, 1, -2, 345, -6789 
4fl PRINT l%% 1 1,, -2,, 345,, -6789 
50 PRINT #%, 1,, -2,, 345,, -6789 

OK 
>RUN 

1 -2 345 -6789 
1 -2345-6789 

00~1FFFE~l59ES78 
0001 FFFE 0159 E57B 
~1FE597B 

The underline or back-arrow character (ASCII SFH) 
is used as a format control to !ndicate tabbing to 
a particular column on the console device. It 
should be tollowed by a nl.lmber n which is the 
column nl!mber; this will cause the cursor or print 
head to move to that position. The print positlons 
are numbered from left to ri')ht be9inning with l. 
If n is 1, the cursor (print head) will move to the 
left margin without a line feed. For model MCB-216 
of Control Baslc, the cursor will move to position 
n independent of its present position, i.e, it may 
move -elther 1eft or right. Model CB-308, however, 
allows movement only to the right of the present 
position. 
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•The PRlNT command qenerates 
1 in e feed at the end of 

a carriage return and 
the last item in the 

comm<~nd. However, if there is a comma at the very 
end of the line, the CR-LF is not generated. The 
follawing example will illustrate both the tab 
feature just discussed ünd the suppressed CR-LF': 

" 

Hl PRINT 'TH!S', 
2D PRINT ' IS ', 
3D PRINT 'PRINTCO ON ONE LINE' 
4D PRINT 'WE !!AVE', lll, 1 0 • O', _lO, 

>RUN 
THlS IS 
\~E HAVE 

PRINTED ON ONE LINE 

e ' ' 

1 1' 

Note that statement 4\l of this example is somewhat 
special purpost! in that it will work correctly only 
With model MCB-216 and with a console device which 
will print llon-destructive spaces such as a 
teletype. 

INPUT Command 

The INPUT com~1and is used to prompt thc operator to 
type in an e:.cpreSsion or a string to be saved by 
the pro<Jram ln a variable, an array element, or a 
string array. The word INPUT is (ollowed by a list 
of items (any of the above) separt~ted by commas. 
The items may also be strings {quoted in single or 
double quotes) or tab· controls for the terminal. 
These items look and behilve e:<actly like those liSt'd 
in a PRIN'l' statemant (see sectlon 5.4.1). l'or 
C><<~mple, the underline or back-arrow character 
(ASCII 5FH) may be uued to spec!fy INPUT at a 
particular column on the console terr.dn.-.I. 
Following are two e:.camples which will illustrate 
sorne of the features of INPUT statements. The 
fj rst e:.camplo shows tab control and' the second 
sbows how to input character stri'ngs (LJnderlined 
S<:!Ctions are to be user-typed): 
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" INPU"f "INPU'f 'A' HERE" A, -
" PfHNT "· A, 30, B -

OK 
>RUN 
INPUT 'A' HERE:l23 

"· M liNO ' B ' 'l'HERE" 

liNO 'B' THERE:456 
456 

Note that the quoted letters 'A' and 'B' are 
considered part of the strings shown because they 
are in single quotes and the striogs are in double 
quotes. This could be reversed (letters in 
doubles; strings in singles); however, lf both the 
strings and the letters are quoted with the same 
symbol, Control B<~Sic will not understand and will 
prlnt "WHAT?" (see Chapter 6). 

lP INPUT "G:VE ~lE A 
20 PHlNT "YOU TYPED 
30 INPUT X, @(ll) 
4D PRlNT X, @(11) 

" >RUN 

STRING: ", 
'", $(23), 

$ ( 2 3) 
"'" 

GIVE ME 11 
YOU TYPED 
X:3*5+5*6 
@{ll):X+l 

STRING: THIS !S 11 STRING. 
'THIS IS-x-5TRING. 

' 

45- 46 

In this example the operator answered the first 
input inquiry by typing "THIS IS A STRING.", 
answered the second one by "3*5+5*6", and answerl!d 
the third one by "X+l". Note that in statement 30 
where a variable and an array elr:ment are the input 
items, the names of the variables, ~x" and "@(11)", 
are also printed automatically by Control Basic as 
prompts. lf the operator makes an error in 
response to the pronipc, Control Basic will also 
retry that part of the INPUT and reprint the 
prom~t. When the input item ls a string array as 
it is in statement 10, there is no automatic prompt 
and whatever the operator types is always accepted. 
We .now rerun the same program giving several 
unusual inputs to ~ee their effect: 
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OK 
>RUN 
GIVE ME A STRING: %?11!* 
YOU TYPED '%?#!*' 
X:%?11!* 
WfiAT? 
X: 2/0 
H0\<1? 
X:@(8000) 
SORRY 
X: 2+1 
@(11):{3+4)*5) 
\1HA T? 
@(11):(3+4)*5 

3 35 

Programmers not wishing to take advantage of the 
automatic variable name prompt can supply their own 
in a pair of single or double quotes preceding the 
variable or array namc without a comma between 
them. The next example will illustrate: 

10 INPUT "PLEASE GIVE ME YOUR ","WEIGIIT (IN t.BS)" X 
20 t.ET Y=(lO*X+ll)/22 
JO PRINT 'THAT IS ABOUT ', ~0, Y, ~ Kit.OGRM1S" 

OK 
>RUN 
Pt.EASE GIVE ME YOUR WEIGHT (IN t.BS) :HUNDRED ANO FORTY 
WHA'l'? 
WEIGHT (IN t.BS) :140 
THAT IS ABOUT 64~LOGRAMS 

Note that only the prompt "WEIGilT (IN LBS)" ls 
repeated; the string "Pt.EASE GIVE ME YOUR " ls 
separated from the Input item by a comma and is 
thllS not repeated following i'Orl incorrect response. 
Tlw expression in statc~ment 20 handles the unlt 
conversion anrl rounding in integer arithmetic • 

OUT Command 

The OUT cammand is used to output <1 byte af dat<l ta 
any I/0 port. The format af the command is 

OuT(x) = y 
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where x ls the port number and is an expression 
with a value between H and 255 (0-f'FR), and y is an 
expression also with a value between 0 and 255, 
which is the actual byte of d"ta to be output. 

The counterpart of OUT is IN, but IN is a function 
rather than a comn1and. The input function IN(x) is 
used to read data or status information in from an 
I/0 port. The port number x is again an expression 
wl th a value \.let11een 13 and 255 (0-f'FH). This 
function, like any other function, cannot stand for 
a command by itself. Thus in the following example 
illustrating the u:;e of the OUT command and the- IN 
function, statement 10 is invalld while the other 
statements are legal. 

10 IN (3) 
20 PRINT t%, IN(J),, SIZE,, tOC 
3fl LET 11"'1\ND(IN(B+l),%40) 
40 OUT(B+l)=ll 
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5. 5. 1 

5 . 5. 2 

Non-Exec~table Commands 

REM Command 

The word ~REM~ may be ~sed in a Control Baslc 
statement to denote a REMark line. This •command" 
is non-executable and cverythinq followlng the REM 
on that statement line (precedinq the CR) is 
iqnored by the lnterpreter. REM may also appcar on 
the same line with other commands in a roultlple
command stater.~ent; everything precedlnq the REM 
command wlll be exccuted but the rest of the line 
is again iqnored. There are severa! commands which 
m~st be the last command on a line; these cannot be 
TOITowed by even a REM command. They are: GOTO, 
RETURN, and STOP, {Also note that the word 
"REMARK" may be ~sed instead of "REM" if you wish 
since the letters "ARK" are iqnored anyway.] The 
following example lllustrates the use of RE:M: 

10 REM 
20 RE:M *** Tltle of Program *** 
30 nn1 
40 PRINT "RECIPE"; RE:M PRINT "COOKBOOK" 

In this example statements 10, 20, and 30 will be 
ignored durlng execution of the program; statement 
40 will cause Control Baslc 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 hardwan~ 
reset is pressed, In which case AUTORUN causes th·~ 
Control Basic program at paqe 16(%~0) to be<J!n 
executlng. AUTORUN is a feat~re of the MCB-216 
model of Cor~trol Basic only. For more information 
see section 5.3,4. 
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5.6 Editing Commands (dir-ect only) 

5. 6 .l 

5. 6. 2 

NEW command 

'I'he NEW command is used to delete the current 
program stored in the text area. It is a direct 
command whlch is executed by typing wNEW <CR>" from 
the console device. NEW is executed aútomatically 
upon entering Control Basic initially and upon 
issuing n tOAD command (se<:tion 5.7.4). 

LIST Command 

The LIST command is usad to print sorne or all of 
the statements of the current program in the text 
area in numerical arder on the console device. It 
is used frequently in entering, editing, and 
verifylng Control Basic programs. There are 
several legal forms of L!ST¡ the simplest ls to 
type "LIST <CR>", which will then llst the entire 
current program f.rom beginning to end. A more 

complete format is 

LIST X ,n 

where x is the beginning line number (a constant) 
and n is the number of lines to be LISTed •. Both 

.these values are optional, 11nd the comma (,) should 
be omitted if n is. The following examples will 
illustrate these points further: 

LIST 12fl 

LIST 120,3 

LIST ,20 

L.90,1 

prints all statements beginning 
with line number 1?0. 
prints at most (i.e., fewer wi'll 
be printedit"-fewer are present) 
3 statements beginning with line 
120. 
prints at most 20 statements 
starting with the ibeginning line 
of the current program. 
prints only statement number 90, 
if there is one. Note the abbre
viated form of LIST (Chapter 4J. 
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5. 7 

5.7.1 

5. 7. 2 

Storage ~ fi.!.!_ Commands !direct only) 

LOCK Command -
the baundary 
and the area 

sampl e LOCK 

The LOCK command is used to change 
between the current program text area 
reserved for SAVE!ng pragram files, A 
command is 

LOCK 40 

which will set the boundary between the text <~reCI 

and the SAVE Clre¡¡o at 26110H {page 40D•page 2BH). 
Thus p¡¡oges 4 through 39 {CB-308) or 34 through 39 
(MCB-216) become allocated to the current program 
text ¡¡ond pages 411 through 255 can be used to SAVE 
files, The LOCKed value {see "TXTLMT" In Mer.~ory 
Allocation, section 8.1.1 or 8.2,1) is set when 
Control Saslc is cold started to 32 (20H) for model 
CB-308 and 36 {24H) for model MCB-216. If these 
values ¡¡ore lowered by means of the LOCK command 
after a program has been entered into the text 
area, Control Basic will print "SORRY" if the page 
number specified would include part of th¡¡ot current 
program. For example, suppose the current prog¡;-am 
resides in pages 4 through AH. The command "LOCK 
lA" will print "SORRY" but the cammand "LOCK \8" 
will be accep_ted and executed, 

IF the LOCK command is used ta inc¡;-ease the size of 
the current pro9ram area, it is up to the user to 
m¡¡oke sure that this does not endanger any 
previously SAVEd files. The allowable r¡¡onge of the 
LOCK comm,:.nd ls 5-255 {SH-FFH) for CB-306 and 35-
255 {23H-FFH) for MCB-216, 

The SfiVE command is used to save the cur!ent 
program· in a particular page of memory •. The page 
number given should be above the LOCKed text are<~ 
and genu¡;-ally coincident only with ruad/write 
memory space. A sample SAVE command is 

SAVI:; %43 

where the 
beginning 
finished, 
indicating 

current pragram will be saved in memory 
at 43f!IJH. when thc SAVE command is 
Control tlaslc will print 11 mes.sagP. 

how 1nany pagas of memory ':'ere u.sed. For 
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5. 7. 3 

example the message 

SAVED ON PAGE %43 TO %45 

means that the current program now occuples 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), 
Control Basic wlll print "SORRY". "SORRY" will 
also be printed if one attempts to SAVE a program 
in pages 11 through one less than the LOCKed number 
!i.e., 11 through 31 for CB-3118 and 11 through 35 for 
MCB-216, as they are Jnitially configurad). Thls 
reglan is reserved by Control Basic for variables, 
stack, and the current text {see section B.l.l or 
8.2.1). 

The SAVE command may al so be u sed in conj unction 
with a 32K Bytesaver to program 2716 (2516) PROMs. 
Remember to turn on the program power of thc 
Bytesaver board befare isslling the 'SAVE command. 
Used in this way, SAVE will take severa! minutes to 
execute due to the wait states reqllired by the 
2716's while programming, 

EPROM Command 

The EPROM command may be llsed to save the current 
program in blank or erased 27118 PROMs. The PROMs 

'must be loaded onto a Cromemco Bytesaver board 
resJding in currently addressed rr.emory. A 
convenlent place to have the PROMs reside whcn 
using model CB-3118 of control Basic is from 

· address~s F999H to FFFFIJ,_ or simply the top half of 
the Bytesaver which contains CS-3118. A sample 
EPROM command is 

EPROM 64 

where the current program will be saved in PROMs 
addressed beglnning at 499{111 (page 64D,page 49H) • 

. The page number must be divisible by 4 (since 
2711S's are lK bytes long, or 4 pages). This 
command wlll take several minutes to execute, where 
the amount of elapsed time will depend on the 
length of the program being saved. 

When the EPROM command is finished, Control Baste 
will print a mess<~ge indicating how many pages of 
memory were used (always a multiple of four pages). 

JS 



CROMEMCO JK CONTROL BASIC INSTRUCTION MANUAL 
5 Control Basic Col'\mands and Statements 
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If the copy does not compare with the original, 
Control Basic wil1 print "SORRY". See the SAVE 
command, section 5.7.2, for informatlon on 
programming 2716 (2516) PROMs. 

LOAD Comma nd 

Programs which have been saved with the SAVE or 
EPROM commands may be copied back to the text area 
for edlting by means of the LOAD command. This 
process performs an autom11tic "NEWn; In other words 
the current program in the text area is deleted. 
An example use of LOAD ls 

LOAD %4 3 

where the file stored on p11ge 43H {or at 431HIH in 
memory) is copied into the text area. If no 
program is stored at page 43H, Control Baslc prints 
"SORRY". Also, since the length of any given 
stored program ls contained In the flrst two bytes 
of the first page (see sectior¡ 8.1.1 or 8.2.1), 
Control Basic knows immediate1y lf it will flt into 
the text area. If it wll1 not fit, "SORRY" is 
printed and no LOADing takes place. The size .of 
the text area may be increased (to allow for 
LOADing very long programs) by means of the LOCK 
command, section 5.7.1. 
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S.S Console Terminal Commands (di~ect only) 

S.S.l WIDT!l Command 

The WIDTH command may be used to compensate for the 
non-standardization cf console terminals by 
allowing tht~ user to set both a soft and hard 
screen width or margln. A sample WIDTH command is 

WIDTH 72,86 

whJch sets the soft margin at column 72 and the 
ha~d margin at column Se. When the soft ma~gin has 
been exceeded during output, Control Basic will 
generate a carriage return-llne feed sequence after 
any space char-acter (and thus, at the ends of 
words). When the hard margin has been exceeded, it 
generates an immediate CR-LF. The values above ar-e 
good choices for an 80-column cRT. The default 
WIDTH for- Control B¡ndc model ca-3e8 is 60,6{l and 
for MCB-216 it ls 72,72. The allowable usable 

. range for the first number is {l-129 and for the 
second is P-2SS. 

Since WIDTH is a dlrect command, it cannot be set 
by a statement in a program. However, it is 
sometlmes useful to be able to change the screen 
width in a P<~r-ticular program. one method of doing 
thls is to use the PUT command to alter the RAM 
locations where the soft and hard margins are 
stored (see •MARGN" in Memory Allocation, section 
8.1.1 or 8.2.1). An example of this (for CB-3ól8) ,, 

10 PUT(%3E2) • 72,8~ 

wh i eh 
above. 
margins 

has the same effect as the WIDTH 
A similar command may be used to 
for- MCB-216: 

U PUT(\21E3) • 72,8C 

40 

example 
set the 
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5. 8. 2 NULL Command 

The NULL command is used to set the number of nul!s 
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. A sample NULL command is 

NULL 3 

whlch causes Control aasic to transmit 3 null 
characters after every CR-LF. The default value 
for NULL upon enterin9 Control Basic (either model) 
Js e. The allowable, usable range of the value is 
e-128. 
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5,9.1 

Monitor-Entrance commands (direct only) 

QUIT Command 

The QUIT co:nmand is used to return control to a 
system monitor. For Control aasic model CB-3118 
this is assumed to be the Z811 Monitor (model ZM-
108) located at Eflfl0H in memory. Typing ~QUIT~ 
will cause a jump from Control Basic to E008H, the 
warm start location for ZM-108. It is acceptable 
for programmers to use their own monitor if 
desired; however, there must still be a PROM 
containing a JP or CALL instruction at EII08H to 
p<~ss control to this monitor, One may use one of 
the Control Basic restarts to go back to CB-3118 
after finishing with use of the monitor. These are 
summarized below along with their entrance 
addresses: 

~ address function 

Jnitial start E4110H initializes everything¡ 
moves I/0 routines to RAM. 

cold start E406H 

new program 
' warm start E424H 

stored program 
warm start E42FH 

lnitializes everything 
except I/0. 

warm start which does not 
re-initlalize margins or 
EOL nul!s, etc, but ~ 
clear program area¡ same 
effect as NEW command. 

normal warm start for es
Jea; program is preserved, 
but Stack pointer is re
initialized. 

Thus, a typical 
the Z811 Monitor 
(Go to E42FH). 

re-entrance to CS-3118 after 
would be the command "GE42F 

using 
<CR>" 

control Basic model f'ICB-216 also has a QUIT 
command, However, in this case the Monitor has 
be en merged wl th and is a part of Control Basic. 
Therefore, typlng ~ourT~ will pass control to the 
warm start of the Monitor, and typing ~a <CR>~ will 
pass control from the Moni to.- back to the Control 
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Basic warm start (see also section 6.2,4), The 
stored program will never be cleared because the 
Monitor always enters at the MCB-216 "stored 
program warm start." This 'is shown below along 
with the entrance addr~sses of the other restarts: 

name address function 

initial and 
cold start 

new program 

42311 

warm start 447H 

stored program 
warm start 452H 

RDOS Command 

inltializes 
sets baud 
termin<Jl. 

everything and 
rate of console 

warrn start which does not 
re-initialize margins or 
consola baud rate, etc. but 
does clear program area; 
same effect as NEW command. 

normal warm start for MCB-
216¡ program is pre!lerved 
but stack pointer is re
initialized. The Monitor 
"B" command causes a jump 
to this location. 

The RDOS command is a feature of rnodel MCB-216 
2..!!.!Y· It is provided for users 9f this version of 
Control Basic who also have a 4FOC Di-sk Controller 
board in their system and one or more disk drlves. 
Typing ~RDOS" as a dlrect command causes control to 
pass from Control Baslc 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 load programs into or save them from 
memory, respectively. See the RDOS Manual for more 
information. 

To return to Control Basic after using RDOS, type 
"G452 <CR>" to enter at the ~stored program warm 
start" listed in sect!On 5.9.1 above. You may also 
return via one of the other MCB-216 restarts llsted 43 
in that section. 
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IntroJucción: 

El término microcomputador ha sido usado para describir virtual 

mente cada tipo de pequeño dispositivo de cómputo diseñado en -

los últimos S años. 

El mayor impacto de la tecnología de gran integración se ha en

contrado en la tecnología MOS (Metal Oxide Semiconductor), con 

ella es posible fabricar sistemas de cómputo utilizando un pequ~ 

ño número de componentes. 

Para tener una mejor comprensión del funcionamiento de un siste 

ma de cómputo basado en un microprocesador a continuación dare

mos ur~:a descripción más o menos detallada de la arquitectura del 

microprocesador Z-80, su funcionamiento interno y su relación

con el mundo exterior. 

Cualqu_ier sistema de cómputo consiste de 3 partes: 

1.- CPU (Unidad Central de Proceso). 

2.- Memoria 

3.- -Interfases con dispositivos periféricos o (I/0) entrada/sa

lida. 

El CPU es el corazón del sistema, en particular para un sistema 

de cómputo basado en un microprocesador, este último será la par 

te más importante. 



SistcT~a Mínimo. 

Tin In siguiente figura se muestra una configuración minima del 

sistema basado en el pToéesador Z·SO, en el cual se observa la 

relaci6n de los 5 elementos básicos: 

1.- Fuente de poder S volts. 

2,- Osciladói, 

3. • Memoria {RAN, RO~! o PROM) . 

4.- Circuitos de entrada/salida. 

s.- cru . . . 

SB 

r 



9.0 HARDWARE IMPLEMENTATION EXAMPLES 

Tlti• clupter it ln,.nded t<> .......... bo<ic "mtroduotion lo implementing ¡ystem• with the zso.cru. 

MINilllN SYSTE.\l 

Figu~ 9.0·1 is • di>gram of • ver)' limpie Z-81) systcm. Any Z.IJO system mlUI. in dude tbo following 
fl•e clement.: 

l) Flve volt powersupply 

2) Oscülotor 

3) Memory devloU 

4) 1/0 cirouiu 

S) CPU 
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FIGURE 9.0.1 

·~"" ...... 
MINIMUM Z81l COMPUTER SYSTEM 

•• 
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SlnCO! the ZBO-CPU only requi•e. o single S •olt supply, moar sm:dl ¡ystems can be implementN usinl 
only th11 •ingle <upply. 

Th• oscillaror con be vory simple 1ince the only requirementls that ir be a S volt square wave. For 
oystem• not runmng ot fOJII tp«d. a simple RC <>>eill>l<>r con be used. Whon the CPU i• opera red "'"' the • 
hig.hest po"'ible frequoncy, o e rystol ""'11 otor \s gene rally roqt(l rod beca use the sy<l<m tirniflg will not • 
tolerJte tho drtft ur JiLI<r thJt on RC nelwork will genmlte. A crySiol osct:lotor can be m~ de from lnverters 
and 1 few discreto cunoponento u o monollthic wcuits are widd)l ••oilable. 

Tite uternal memory c1n be ony mt~ture of mndord R.A\ot, ROM, or PROM. !n thh 1implt example 
"""hne •hown • •mglc ~t..: bit R0\1 ( 1 K byt.,) b<:ing utiliz<d >1 tho entire memooy wstcm. Fot thil 
•••mple we h.l•e '"'umcd th1t the l.gO intern.:tl regi•L"< con Oguration cont•m• suffic:iem ~•d/Write 
storoge wt!t:11 <Uernol RA\\ memory is not rO<¡Uued. 

" 



" 

f•;t'' C'J•l, 1~'11"1<'' 1/() ,,. .1 ''·'" j¡ (0 in(orfJOO [Q lht "¡ca] "'0rld." fh ¡l¡j¡sinip]t 
>.¡t1 ·, , •• • •', ·-''' cu'Pill 11<1 H b'•l 'ur<J \O:!C: •c.d t~c \:tput i•on ~ bil <totu<word. The 

'"P"I ""'' ,-~~· o: C< ~,,cd onru th• ,IJ¡,¡ (!U!"~"! o~y Mnd•rd tri-<I>Le dri>er whole lhe oulpUI d•U ooold 
ho [<tol,:J "¡,¡, ony typ< of "•~dJrd rr L tatc/l. ~cr this ex.r.,p:e we h•vt U-"'d • 7.1\0-1'10 for lhe 1/0 
clrcUol. Th:. "n¡;le con:•JLI al,.dLeS lo 'hc óll bu<" <hm•n ond ptO';Ldeo lhe rcquired 16 blls oflTL 
oompJ!'oble t¡O. (Reoer to the Z80 PIO manual for deUils en thc operotion ef lldHrr<uit.) Notice in thb 
c"-1mple lh31 wioh only lluee !..'>\ drcuill, o simple oscil!•tor anda "ngle 5 >oh power supply, • 
pcworful compu1er h" be<n omplementN. 

ADDING RAM 

MoSI compLLier <Y•tem< requlro <Ome omounl of eXIernal ReadfWril< memory fcr d>ll Uorage ancl te 
implementa ""ack," Fi_~uro 9 0-2 iiiLmrol« how "'6 by res of mtio memcry oon be added 10 the pT<VÍOU! 
examplo. In ¡his oxamplc !he mOLntlfj spaco is murned lo be organizod a< follows: 
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FIGURE 9.0-Z 
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ROM& RAM tMnEMENTATION EXAMPLE 
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!n ll11s diJgram the oddroso 'P"'' n described Ln h"odecimol nota< ion. For lhis nample ,addreu bit A¡o 
"P"'"''' l!iO RO~I >r,c·o fr.,m th< RA~ opace '" lh:ot iL ""' b.o used for the t'hip sclect funclicn. For 
IJog<r "'""""" of exlernal RO.\.t or RAM, o snnplo rrt deooder WJII be requued lo forrn the chip •eleots. 

~!EUORY SPEEO CONTROL 

F,., many opplu:.rium. il moy be d"irable lo u•• dow rnemorie<IO reduce euus. The WMT"tine on 
the CPU Jlt0"'1 o he Z-&IJ Lo cperoL< wilh •nY speod mentory. Dy refernng back to section 4 you will nci!Ce 
lhal o he tnom<ory o.:.:ess time .-.<¡Ulf011l<nl< >~<111'-'>1 «•ore dunng the \!l cydt inotruction fel.:h. All other 
ntomory ""-'''"'"hove an adduional mt• !LOif ol o eh"'~ 'Ycle lo be <ompleted_ For lhi< re a$!>~ il m1y be 
do,i.,~le LLL """" applic';l!on• tu add """ wail ""• "' tho .11 t <yde se th.r olow-. momou<> can be u .. d. 
Fi~uo< :'.0-3 ""' '""'pk of a sirnp~e '""'"'! lh.o wol,l ace<"npb<h lh" r~;l;.. This coro un can be <honged lO 
add • ""~1< "'"" >101< 10 any m<n>ory ""'' .. '-> •h~wn in Fi•uro 9.0-4. 

Z·80 CPU.- Descripción del integrado. 

El Z·80 se encuentra empaquetado en un circuito integrado de 40 

pins (patas), ' en la siguiente figura se describe la funci6n d• 

cada una de ellas y en el texto su actividad y significado elec 

tróni<:o. 
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3.0 Z-80 CPU PIN DESCRIPTION 

TI>< Z~O CPU" pack;~d in on lnduo!ry mndord ~O pon Du:llln-Unc l'ackage.. The 1/0 pins :ue 5hown 
lll tlgurc l.0-1 a"'J rh~ funcuun of ,,_.¡, is des.:nbod b<luw. 
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Z·BO CPU 

2-110 I'!N CONFIGURATION 
FIGURE 3.0-1 
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Trí-..tl1c output, ac!!Ve hig~. A0-A 1 S comtltutc • 16-btt oddreu bus. Thc 
oddrcss bu o pruvides tho oddr<>S for rnemor)l (LJp tn 64K bytes) dota 
cxch>ngoo ond for 1/0 deYi« d•t• cxch•ngOI. 1/0 addr<ssing usc1 !he 8 lower 
•~drcss bus 10 •llow the u .. r lo dircc!ly sel«:l up ro 256 tnput or :!56 output 
pom. •'o is rhe 1<»1 signiftc>nt addreu bit. Dunng r<fres.h timo, rh~ lower -
7 ~;,. <on!Jtn o voltd rdro>h aJUr<". 

Trl·st>to input/outpul, activo high. 00~0-¡ constitute an 8-bit bícliroctional 
dala bus. Tlt< cl,¡, bus ts uood for data "'"hans" willt memory and l/0 
doviceo. 

Output. •cli .. low. V1 ínclic>les thattlte curtenr m•cltine cyde il the OP 
co~e fetch cyde uf ~muructiun oxecurion .• '>:ut< that during execuuon 
of l-bytc<>¡>oudcs, ~11 a ~'''r'l'd aoeach opcr.><le byte rs fetchod Those 
two byte u¡"od"alw•y> b'~" Wtlh C!lll, DDll, EDil or FOIL MI alro 
ocour< with lüR() lo mdtCJl< an mterrupt ock.nowlodge cycle. 

T<i·stale outpu 1. active low. The memory r<qt><ot signa! indica! es lhat rlte 
oddre" b"' h<rlds a valid oddreu for • memory rQd or memory wrile 
oper.rtion. 

' 



IORQ 
(lnput/Oulpul lt<que") 

RO 
('l!emory Read) 

WR 
(\1emory Wmo) 

RFSH 
(Refr .. h) 

HALT 
(H•h sraro) 

WAiT 
(Wait) 

'"' (lntorrupl Roques!) 

NM! 
¡Non Maskoble 
Inlerrupt) 

Tri-1!010 out pul, octloe low, Tho IORQ •ign•l indicolos tita! tite lower holf of 
!he oddres• bus holds a vol id 1/0 addre'-' for a 1/0 rcad or wrile ope,tion. An 
iOR(j'".,~nal JS al so goner•ted WJlh an .~11 sJ¡:nal whon on interrupt is boln¡ 
ad,llOW]od¡¡ed lo indi<:;~te lhat an intmupt '"PD1l!< ><clor can b• pl>ced On 
tho dota bu~ lntorrupl Acknowlo.Jgo O!"'!>llons occur durillg M¡ lime whilo 
1/0 up<r.uons never ""'"' dunng ~1 1 ume.. 

Tri·lllle ou1pu1, activelow. RD indioates rhat tite CPU wonts to rud datll 
fron1 memory oran 1/0 d<Yil:e. The addremd 1/0 device o¡ momory •hould 
use lhis •ignalto gole data 01110 lh< CI'U dala bu o. 

Tri-stllr oulpul, ><li•e low. WR indica te; lhot tite CPU dala bus holds val!d 
dato 10 brllor<d in the lddru .. d memory or 1/0 dcvice. 

Output, acuve low. RFSK indioate~ thot the lower 7 bits of the oddre,. 
bus oontam a rolresh add1CS! f u1 dynamic momun<• and the curren! M KEQ 
"gna] ih<>u]d be used lO do a rolresn road to •11 dynomic momories. 

Ourpur. actt .. low. HAL T indicalts lhat the CPU h11 exccuttd a HA LT sofl· 
wato instrucuon and is owcalungeither a non nu.skablo ora maskal>le iniU· 
rup1 (w01h the ma<k onabled) be foto operatton can resume. Whilo hahed, !he 
CI'U '"'""'"' t.'OP's to maintolll memory rcfresh activlly. 

Input, activo low. WAñ"indlooto. 10 ~~· Z-80 CPU that the oddres,.d 
memory or 1/0 deYJCOS •re not rc:tdy foro dotatr.~mfer. The CPU conl!nun 
lo onter wan <late> fur aslnn¡ ao lhi$ ,;gnal is acttve. Thio <i¡¡nalollowo 
memory or !{O del'le<l of any '!"'td to be syncluotliled lo the CPU. 

'" 1/0 dcvlc01. A 

if !he 

f C)'d<. 
modn thJt ore deS<tJbed in dt!Jil i ti 

Input, neg>livo edge .!!!ru!ered. The non ma<kahle inlerrupt reque51 lino has a 
hl¡¡hor prlmlly lhan !NI' ond lo always recognizod al the end uf the curront 
rrt>lfUCilOn, indcpendenl of tho """' of rh< 1ntorrupt onable fllp·flop. "'S'Mf 
automarically f ore" 1he Z·SO CPU to '"'"" to location 006611. Tho provam 
coun1or 10 auroffi3tic.lly u ved m tlt• extOrna! uack so lhat tho uoer can rotum 
to the pro¡flm lh" wzs 1nterrup1<d. ~oto lhll conttnuou< WAIT cycles oan 
preYent the curren! ln<lrUC()on from end111g, and lhat a BUSRQ Wtll 0"'mdo 
oÑMi. 

' 

,,. 
•;-.· 

' 



RESET 

BUSRQ 
(Bus Requnt) 

BUSAK 

Input. :active low. RESET '"'"'' the pt<>gtJm <OUnter to uro 1nd inili:llluo 
the CPU. The rl'U inLtulotJU<>n rndudcs: 

1) o,..,bfc the tnrcrrupt enoble nop-tlop 

J) S.t Rogister 1 ~ 001 l 

3) S.t Rcwstor R * uu11 
4) Set lntcrrupt .~l<>de O 

Dutrn~ resct time. the •ddr<" bu<ond doto bU< goto • high impo:d..,ce <lote 
and all control output si¡nols gu tu the Ín><11V< 11>10. 

Input. octiw row. Th• bu,""'"" .tgnar ;, usoJ h> ;:~;~·¡~~;::rJ11'::ij;: bus, dota bu• ond tri·•tate uutp"l oontrol •ign•ls to gn to 
IU!e 10 tlut utheo d.-i,•oo C>n •·ontrol the>C bu ~es. ll11en 
the CPL' "ill s<tthe:.c bu>es toa lu~h impedar!Ce m te 
CPU mochín e cyole is !Ctrntnated. 

(Bus Acknowledge) 
Dutput, octi" low.llus ocknowledge is used lo indic>te to the requ.,ting 
devlce thottho CPU adJ"" bt"· data bus ond tri·mte control bus signols 
have beon sello thdr hi¡;!t impe<lon<• ''"'' ond the externa] device CJ<I now 
conttul these Sll!Jl>ls. 

• S!nil• pt¡.,. TIL leve! dock which requires only 1 JJO ohm puH-up res!11or 
to +S vol u to moet all e loe k requirements. 

Z·SO Arquitectura Interna. 

En la siguiente figura se incluye la arquitectura del CPU. 



2.0 Z-80 CPU AACHITECTUAE 

A block di,gram of the interna! arohitoclure of (he 7...110 CPU 1• shown in fl~ure 2.0·1 · The diogram 
shows all of lhe "")01 ei"M"" 1n rhe CPU and 11 ohnuld l>e r<ferred to throughout the fo]]owing 
descrtptron. 

" ..... HO 
IVITI" 

"""'""" IIGN.LI 

2.1 CPU REG!STERS 

.. ... 
DAfA .... I 

DA fA Otl$ 
CCNTROC 

, .... 
"'' 

INT!ANAL o• TABUS 

INtfOUCTION 
DICOOE 

• 
"" CCF<TOOC ~ 

~ 
OtCIJTE"I 

~ 
c:o.r•o• 

r rr •o""'"' CONTROL 

oi!V QNO. , .. .,. 
'-DDOUO IUI 

Z-60 CPU BLOCK O!AGRAM 
FIGURE 2.0-1 

"" 

The Z-80 CPU contoins 208 bl!s of RjW memory 1h11 are accnsible to !he pro&nmmcr. Figure 2.0-2 
!Ilustra tes how tllis memorY is cr>nfigured into itghtcen 8-bit r<gisten and four 16-bit rc¡isters. AU Z-80 
rcsillcn arc irnplemented u Sin¡ 1r.lic RAM. Th<: r<¡¡tsters include two sets of six general purpose rc¡isters 
that m.ay be used rndtVJdually >s ~-bit registerl or rn paitl as 16-bit registeto. TIKre are a!Jo two sets of 
occumulator md fug rcgil!<rs. 

Special Pnrpose Registe.. \ 

l. Program Counter (PC). The progr•m counter holdo the 16-bit address of the current inolruclion being 
fetched from memory. The PC is outomotioally incremented ofter tls con tenis ha ve b<en tranoferred 
to the address linos. When a program 1ump oc curo th• new value is automotically ploced in the PC, 
overrlding th< tncrementer. 

2. Staek Pointer (SP). The stack pointer holdo the 16-bit oddtc'-'1 of th< currcnttop ofo otack located 
anywhere in uternol systtm RA\1 memory. The externa! lt>ck memory i) orgao¡!zed 11 • l31t-'rn fust
out (llFO) file. Dato can be pushed onto 1he <~>ck from 0peciflcCPU regíoters or popped off of the 
nack lnto <p«ific CPU re¡tsters through the uecutton of PUSH and POP ¡nstruc:lions. The dlta 
popped from the o roe k io alw•ys the last da ro pu>hed onto lt. The •t.o.ck a!lows simple lmplementotion 
of multiple leve! interrupto, unlunited subroutlne nnting •nd simpliflcation of mony !y pes of data 
mantpulation. 

' 



Registros: 

El CPU ZBO contiene 208 (bl ts) celdas de memoria estática de 

acceso aleatorio de lectura/escritura accesibles al programador, 

ordenadas formando registros según se muestra en la siguiente fi 

gura en donde: 

PC.· Contador del programa. 

SP.· Apuntador a pila o stack. 

IX.· 
J Registros de ~ndice. 

IY. • 
,, 

I Registro de dirección de página en interrupciones; 

R Registro para refrescamiento de memor1a. 

' ' 

... 

'. 
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Z·BO CPU REGISTER CONFIGURATION 
FIGURE 2.0..2 

3. Two Indu R<giu~n (IX & IY). The Ewo lndependcnl ind•x ,.:gisten hold o 16-bit base oddress U.. E 
"u .. d in inde•ed oddr<l>ing modos. In Eh" mode, on lndu EC!i«<• is u .. d .. • ba .. to polntto 1 
••gton In momory r,om whkh dato lo 10 be l!or<d or mrie•ed. An odditionol byte io illcluded in 
indo~ed '"" ru«ions 10 specify a d"pl.cement f•om ll1i1 base. Tltis displocement is specir>ed •• • rwo'o 
complement signed in les••. Th" mode of addressin¡ gru lly sim pl!nes m lliiY 1 y pes of pro¡rams, 
"Pe<ially where tablos ot" dota aro used. 

4. lnl~rrupti'Jge AddTrt> R<gisler (1). The Z-80 CPU can b~ ope,.ted in • mode whore 11tlndlroet call 
10 any memory lll<'atiOn en be achieved in tospomelo on interrupt. The l Regisler ls u"'d for1his 
purpose 10 u ore the high ord<r 8·bill of lhemduecl oddreu "hile ~10 ln!erropling device pro.; des the 
lower 8-bots of tho add«ss. This foaturo allows inlorrupt roultn05 lo be dynamically locotod anywhere 
in mentury wlth aboolule mmJma] access limo to ~lt rouline. 

5: ~!emory RdrO"Sh Regtsler (R). The Z -80 CPU conulno 1 memory refrHII eowr•er 10 enable dyramic 
rnemortealo be u~d with Ehe wne .... u 1101ic memorin. Thts 7-bll """"' is automatlcally inae· 
mented o flor each insEructonn felch. Tho d:Jla m the rofresh coumer ·,.""'out on the lower portion 
of !h< O<ldreOI bu o alurlt 1vo1h' refresh con1rnl "gnul wlule the CPU io Ue<oJmgand e~ecullns Eh< 
felcheU inSiruclion. This modo of refr.,h is totally tr'<l<PJJ<nlto th< pro¡rammer and doea nol slow 
do"n ¡he CPU oporalion. The programmer can load the R ro¡mer fot teslln& puT}JOUS, buEEhi< 
rcgi"« 11 normally nor u,..d by Ehe pro¡nmme1. 

Accumulotor ond F!ag R<sl"ero 

The CPU includes two lndependenl 8-bil acoumuiO!on and auoci3led H·blt flag regi11ers. The accumu• 
IO!or hoMs the result> of ~·bot arilhm<t re or logr.:al op«•lrons while the ll.oJ "'""' indJcates rpocir.c 
oonditrono for 8 or lb-bn opC!altons. such 10 ind"rcattfl~ wheUr<r or nm the result ofan ope11tion io equ.o.l 
to <<ro. T11< pn>srammot sele'" lhe accumul>tur anJ ll•g P"' th>t he wi.<heo tu work wilh wllh 1 ''"glo 
exchange ;rrmuctron >o llral 1•• may e;oily Work wLih eilhor pair • 

• 



' 
Dos conjuntos de registros de trabajo accesibles al programador 

forman la unidad de almacenamiento interno del CPU, pudiéndose 

.intercambiar a gu~to dc1 programador a través de una sola ins-

trucción lo cual simplificará el manejo de interrupciones redu

ciendo el tiempo de atención a la rutina de interrupción. 

Unidad Aritmética/Lógica (ULA). 

La ULA del microprocesador Z-BO permite la ejecución de las si

guientes operaciones: 

Operaciones de Acumulador: 

Incrementa, decrementa. 

Corrimientos y rotaciones. 

Prende, apaga o prueba un bit. 

Operaciones Aritméticas: 

Suma, resta. 

ÜJJeracio11es Lógic~s: 

A~O, OR, OR Exclusiva, Comparación. 

• 



Banderas: 

S ' P/V N e 

(Carry): !lnnilllra de ucarreo: se genera como un noveno bit del 

acumulador en operaciones de suma y como (Borrow) bit 

de deuda en la resta. 

(Zero): Bandera que se enciende cuando el resultado de una op~ 

e Hin es ze:-o. 
• 

(Negative SignJ: Bandera de si!<nO. Se enciende si el resulta~ 

do de una operaci6n es negativo, esta es una copia del 

7 hit o más significativo del acumulador. 

(Parity/Overflow): Parn operaciones I6gicas esta bandera indi

ca In paridad del resultado. Prendiéndose si la par,i 

dad es par. Para operaciones aritméticas en 2 compl~ 

mentn con cantidades seguidas. 

(H,S): Banderas para manejo de cantidades en BCD, 



4.0 CPU TIMING 

The z .SO CPU executes instmetions by ueppins throo¡:l!o very pr«:i# set of .o few boslc oper.niono. 
These indude: 

Memory rcad Or write 

1/0 deV1<e reod O! wrlte 

lntenupl acknowledge 

Alllnumcdons oro merely • ,.ri••of these b8S1o opero!lons. E•ch of tite !O buk oper:uionscon take from 
throe to 1ix clock periodo ro complete or they con be len~thened to synohronlle the CPU te the sp<ed of 
'"ernol de•icc•. Tho bosic dock P""'~' are referred to 01 T cycles anJ th< ""'' operotiono Jre relerred to 
•• M (for machine) cytl.,. Figure 4.0·0 ollu""!" how o typi"al imtruction W11i be merely o''"" of 
specitk ~ and T cycles. N" olla th"t Um imtructton con•isu of three n"'chine cycles (MI, M2 ond \13). Tite 
ft"l m oc hin< cyde of ony inmucuon is o ftl<h cyde whkh is four. ftve cr si~ T cydos long { unleu lenglh· 
ened by the "'Ot11ignol wtuch woll be fu\ly deocn~e~ in the next ,.ction). The fetch cyde {~11) ·,. u,.d to 
f01ch the OP codo ut" the next instructton to be executN. Sub1equent m><;hine cycle• move dota between 
the CPU and memot}' or 1/0 de, Lees ond tltey moy h••• onywhere·from three to five T cycles (ogrun th<y 
may be lengthened h. y woil .U te< to synchrortllO tbe exl<mal devices to the CPU). The foll~wing para· 
¡rapho doscribe the timing which occun wrth.Jn any of the b•slo maclune ~yclu. In s.«lion 10, th.e euct 
t\milr¡ for each inotrtJction;, specrlied. 
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BASIC CPU TIMING EXAMPLE 
FIGURE 4.CI·O 

All CPU tlmlng can be hroken down lnto • few vet}' simple t\mlnB di a gramo as"""""' In ll!Jtlre 4.0-1 
through 4.0·7. These dia~mms show the followtng baste operollons wrth and without wait otliU (wail stateo 
lt< odded te ')'nch.ronlzo the CPU to slow memot}' or 1/0 devkeo). 

4.0-1. 

4.0-2. 

4.0-3. 

4.0-4. 

4.0·5. 

4.0.fi. 

4.0-7. 

1 rutruction OP cede fetch (~ 1 cyde) 

~lemory data road or write cydes 

1/0 read or write cycleo 

iluo Request/Acknowled¡¡e Cycle 

1nterrupt Request/ Acknowledge Cycle 

Non mukohle lnterrupt Reque<t/AI:knowledse Cyde 

EJ<it from a HALT illmuction 

" 



.?2."ist~:_~ de InstrucCiones y Control. 

En cad~ operaci6n de fetch la instrucción obtenida es colocada 

on el registro de instrucciones, el cual es entrada de la uni-

dad de control en donde se lleva a cabo la decodificación y se

cuencÚ.ci6n de sef'iales de control necesarias para la ejecuci6n 

de la instrucci6n, tanto internas como externas al CPU. 

Ciclos del CPU. 

T Período básico de reloj, 

M Ciclos de máquina, 

M1 .... M3 Ciclos de instrucci6n. 



INSTRUCTIOS FETCH 

Figure 4.0-1 shows Íhe timins during an M 1 cycle (OP code fetch). Nottce thot the PC" placed on tl1< 
•ddre" bus atthe begmning of the MI cyde. One half clook time la ter lhe MREQ •.!J;~>ei active. Atthi1 
time the add ''" 1 o the memory h11 h•d 1 ime to stobili>e ><> 1lra1 the tallrng edgc uf MHL() o.n be u sed 
drrtctly as a ch•p eruble dock lo dynami< memori ... The RD lill< al•<> goe> aclrve ¡o lti~IC"< 1h>1 the 
memo<Y re•d d•ta !ltould be en.bled noto the CPU data bu•. The CPU »mples tite data 1 rom the memory ou 
the data bus wllh the nsmg edge of the clock of S!Jle TJ and this "'me edge "~"d hy thc CPU 10 1~rn off 
the lU) and '! 1<0 signJls. Thus the data hJS •lready been sompled by the CPU hcf uro 1 he RD signa! becom" 
onactive. C!ock ita !O TJ and T4 ol a fotch cyelo JI< u,.d to rcfrcoh <lynamic mem<>fÍ<S. (Tite CPU u•es lhi• 
time to d_ocode ond execute <he letch<d onwuct ion "' t\w no olh er op<ration could l>t: p<tformed >t th'to 
time). Dunn~ T3 ond T4 lhelower 7 bit< of the address bu< contam o memory refre!lt ;ddrtss and !he RFSif 
signo! become• active 10 indica!< thoJ o refrt!lt read of all dyn:~moc memorieBhould l>t: oecornpli!lted. No1ice 
that a RD SJgnal i• no1 generated dmma .-rmh tome to preven! dJta from difíerent memory segmento lrom 
bemg ga1ed on1 o t he dala bus. ne MRioQ .,gnol dunng r•fresh time should be used to perf orm o refresh read 
of oll memoty elemon!S. The refre!h "&nal "" not be used by nself 1inco the refreoh odd"" ;, on~y guoran
teed to be stable during ~time. 

r------·-----1 
'• '• ,, '• '• 

• -: 
"<F"HHAOOR 

i 1 h 1 i 

~.: ~---==~TC{-=---L=--=~==-==~-
1 1 ' •------¡-

D .. -0111 o~t 

r 1 1 1 1 

1 1 1 

!NSTRUCTION 01' COOE FETCH 
F1GURE4.0.1 

F1gure 4.0-1 A IUu.,a<es hnw 1!10 fetch cyolo is delayod if the memory acti'""' tho WAIT \in~•· 
lng TI ond ••ory subscquent Tw. lhe CI'U "'"'PI" the WAIT hne witlo the falling edge oí~'. Jfthe WAIT 
!me" acti"< >1 thi• ttn1o. onother "'"' "''' will be enteJ<d during the follow.ng cycle. U1ing this teohnlq~ 
the rud cycle ean be lengthened to match th< oecess tinl< of ony type ofmemory devl<:e. 

" 



Las siguientes p5ginas resumen la actividad del CPU en función 

del tiempo para cada oper~ción básica o ciclo b~sico del ZSO. 

La explicación será complementada durante la sesión correspon-

diente del curso y no uhonduiemos mfis sobre este tema en estos 

apuntes. 

Ciclo M1 Fetch del código de operación. 

Ciclos do lectura/escritura ' memoria. 

Ciclos do entrada/salida. 

Ciclo do requerimiento y agotaci6n dol bus. 

Ciclo do interrupción. 

Ciclo de interrupción "' enmascarable. 

Ciclos ·durante la instrucción de alto. 
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INSTRUCTION OP CODE FETCH WITH WAIT STA TES 

FIGURE 4.0·1A 

ME!ilORY READ OR WRITE 

Figuro 4.0-2 illust ral" 11!< 1 inlm~ <>f "'"""'Y read nr wtiiO cydes otllor 1han an OP codo fe1d1 (M 1 
cye!_e).~ cyeks are g~ throe dock ~nuds lo"g un lo" wan """' "" re<¡u<>t<d by the memury 
•i.>. 1he WAIT oi¡nal, The .\\lllQ ,¡'g'' and TI>< RU sign;l ••• used 1he same as •n the fet<:h c-yc·le. In the "'"' 
ola memory wnle e-y ele. 111< ~~RE al.w b«onl<O '"' ; .. ,.-loen the ad~<eu buo is stable "' tho 1 it •••n be 
u,.d directly os a clup en•blo r,, dynannc "'""'''""'- n,. IVR lme " •<ti>e when W ta o u the da <o b11< i< 
sla~le "-' lhar Ll can be u""d d<reclly "' • R,'\1' plllse ro •iri<JOIIy auy lype .,r O<IIHc<.>nductur "'""""Y· 
Funhermore Lite W R s'1gn~l g~o• in;.:ti" OrlO holfT ''"" bofore the "!rlre>< .tlld d.t!a bus .:<>ntcn" "" 
chan~ed so Li1J 1 thc o"orlap '"4"' COillCIO\' 1 "' 1 """ lly any type <>f , • .,,;,ond"' tor mentury IYP• wrll be moL 
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MEMORY REAO OR WRITE CYCLES 
FIGURE4.G-2 

' CUAOUI 

., -
' ' 

>-

' • 

,P 



• 

h¡;orc 4.0-2A ill~strot« how • WAíT rcque•t <Lgnol willlengthon any mcmory rcad or writc opera· 
tion. 1 hi< oporotlon is idcntic.lto that pro"iously descrtbed for a fetch cyclo. Notkc in u,,. flgure lhal a 
separa te ro.od anda "P3tale write cyclc are .tlown in thc sontc fogurc atlhough road and wme cydu can 
nevcr ocour •\muh:moously. 

• 
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MEMORY READ OR WRITE CYCLU WITH WAIT STA TES 
FIGURE4.0-2A 

INPUT OR OUll'UT CYCLES 

)···· CYCU 

)"~"' C•CLI 

FiKure 4.0.3 Ulusu:at., an 1/0 reod '" 1/0 write ope'*!!OJI. Noticc thot durlng 1/0 op<rationoaoin¡le 
wail ""'' is. automatically mscncd. Tho ,.,son for thil is t~ing 1/0 Operationt, thc time from when 
tho lOHQ signal goes active untll the CPU muS! samplo the WAIT h11e ]S ""Y <hurt ~nd without lhio ntra 
,.,,, sufficient time dots not exi•t fnr on 1/0 pon lo deoode I1S addreso ond activo!< the WAif lino if 1 waH 
;, t'q"'"d. A loo, withoul thlS walt stote it ·,. difficull lo de•ign MOS 1/0 de" ceo that can operate at fui! 
Cf>U opeed. Durins rhi• w•it state time the WAJT roquett ti¡nol ;, umpled. Durins • reod 1/0 operatlon, 
the llJJhno io u .. d to ert:~ble the addreucd pon onto the dora bu• jwt ., in the ,,,. of a memory read. F01 
1/0 wrne operatton•. the WR Hne is wed asa do<:k to the 1/0 pon, og,.in "''ith sumcient o,·erlap timin& 
automatically provided so th.ot the risingedge may be u.ed na data e) ocle.. 

F1gure 4.0.3A illustnte• how additiono! woit state. moy be added wilh tho 'iiiAi'f lfne. The opeutlon 
;, id<ntical to that previously descrlbod. 

BUS REQUEST/ACKNOWlEDGE CYCLE 

' Figure 4.0-4 illustr.rtn the timin& for ' Bus Requm/Acknowledge cyde _ The BUSRQ ,;grul is 
<:rmpled by 11 .. CPU with the rUin8 edge of thela" clod; ~uod ofany machine cycle. lf thc BDSRQ 
"l"'a.l" octive, the Cf'U will,.t !ts addrc.,, doto ond lri·stoto control srgnals lo the high imp<donce mil 
wit11 lb e ri>ii1g ~d~e of!he next cl<>.:k puhe. Al thot time •nY externo! demo can con ~rol the bu•es to 
1 r->n<fer da1 .1 betweon mcmmy and 1/0 dovoc••· (Tim '' ¡en< rally known " Drrec 1 .llemory Acceso [DMA) 
usms oye le stealln~)- 11•~ m.txrmunl tirne fur 1he CPU l<l reopond 101 blls "qucst IS thc long1l• of • machln• 
n•cl< Jlld 1110 cxlernal c"nlrollor con lliUHIIarn control uf 1!10 bus for., many dt1ck cycl.,., ¡, domed, 
Not<, hcm-ever, tiW ifvery Ion~ DMA cycl., '" used, and dynomlc momorLO• •re being u .. d, the externa! 
oontroller must alw perform the refre•h funcli<>n. This snu•tion only occurs if very lorse block• of do u are 
uan>ferred under OM.~_r;!~."lfol Abo note th11 durini a bu o roqu.,¡ cycle, tho CPU c;innol bo inlerrupted 
by erth<r a NMI or •n INT signo.J. r 
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Fi¡ure 4.0-S tl!ustraluth• umin~ ouoda!od WJth an lnterrupt cycle. The <nwrupt•íp>al 
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MSI 

SSI 
O In thc realm of micrOpr<>Ce$SOI'<, bipolar large-scalc 
intcgrated circuitry has evolved very differ<:ntly from thc 
metal-<l~idc-semiconductor LSI technologics. lts big sdl

·;ng poim is its spced, which can only be optimiud for 
any givcn microprocusor application if tbe dcsigner has 
control of thc: processor's bus S\ructurc, word si~e. and 
instruction sct. The nced for snch control has lcd to the 
bit·slice approach in bipolar LSI circuits, which is quite 
unliko the more gencral-purpose byte otientation of 
olower MOS microprocesson. 

The fastest bipolar tochnology is emitter-coupled 
logic, and ECL is thc basis for the Ml0800 family of 
standard biHhce parts. 

Th• 10800 lamUy 
There aro nine membcrs in the lOSOO ECL biHiice 

famity. E.ach handlcs 4-bit-wide data paths, but since 
each is designed around the slice concept, it can parallel 
it>elf to build a processor of any given word width. 
Morcover, each contain• data pont for easy inlcrooime<:· 
tion to other LS! circuits. The family indudes: 
• The MC 10800 basic 4-bit arithmetic-and-logic un•t. 
• The MC l 0801 microprogram-control circuit. 
• The MCJ0802 timing controller. 

·.- .. -

',. ' '., 

' 

' 

--·· 
' 

.. 
' ' ', .. 

. '" 

. ... 
' 



i 
l 
1 
' 

1 

•• 
"" ' 1 

' ,. 
<AICH 

' • 
' ... 

.. -' 

• 
'i 

' . ' .. 
1 ' 

, . 
:1 1: 

: 1 ••• : -~-~._...Jl"dM: 
C.O.RRY lOOU.HiAO ¡ < 

<Oo--j 
CAMY O"l'Ul lt.,..,l--~ 

' 

•• 

:. ::_ .::. :, 

A•oTHWOTI_, 
lOGIC 

""'' 

1 
' if 

····----~----

1 

., 
-As,. 

"""""" . ~ 
,: .. . . ~ 

""' 1 J 
PAAIIY OF OESU<TS IPAA REII 

" 
... ., .. 

["··~.¡ .. ;:,;;¡.¡,.:--~.~;.¡·.· ~-------- •• • , ___ _j 
tONTOOl 10 

·=,-.----·. . ... ____ ,_,_,,__===~ 
1,,., ""' ....._,l The ~10900 ~-bU &r"hmtt"'·•n<I-Jogoe '-""' tllco .. 1110 hNr! el t.l<>t<><OII.'o lomoy el hog~-~ '""""'-eouplod~ 
OIICIII&. Stn.:lurod .,......,. '"'" -. lwo clwnk:n oro bkliroouonol 11'4 oNp • t~~~oblo clllor>dllrtG Don&ty o.-.:1 ~ .. ~doto. 

• Tbe MCI080l memory-interface circuil. 
• Tbe MC10804 and MCI0805, whicb are 4- and 5-bil 
ICYCI translators for l>ookin¡ ECL to TTL. · 
• Thc MCJ0806, a dual-ac<:U* buffer memory. 
• lbe MCl0807 5-bit buJ transccÍYcr. 
• Thc MCJOS08 programmablc mu!tibit lhiftcr. 
Tbc p~ru also hook onto compatible ECL memories, lUCh 
u tbc MCM 10146 1,024-bit random-accas mcmory. 

Thc speed of the family is mainly anributoblc to ncw 
cim~it dcsign tcchniq~es, ruher ¡qn any breakthrOuJh 
in iniCJrated..:ircuot proce .. ing. An cumple is thc ínter· 
nal logic that opera tes off a - 2·volt supply. which is 
bcuu s11ited than a S-v supply to the operuion of 
multiplexen. reJÍ>te,., and sorne other commot~ly uscd 
logic clem<:nts. Thosc clcmen\1 can thus be easily intc
grated with thos.e circuit elcmcnts likc addcrs that are 
bcucr built wilh !he lerics-gated ECJ; strtLC\IItCS powcrcd 

,00 

by thc conventional - 5.2-v supply. Further, sinoe thc 
10800 famiJy of parll cmploys thc samc fabrication 
proocu 11 the MCM!OI46 high-speed l,024·by·l·bll 
ECL RAM, they enjoy all the bcncfits of lona·csc.blishcd. 
high·vol~mc production. 

TheALUchlp 

At the hcon of thc family i• thc MC\0800 4-bit 
arithmctio-and·lo¡io-unit (ALU) olioe, "hicb- "al tbc 
fir¡t in the family of 11andard ECL produm to be devcl· 
opcd. Thc chip pcrfornu the logic. arithmctic, al>d shift 
r~nction• rcquircd !.0 csccute variou• machine in>~ruc
tions. a.:c. .... thc par\ "a> tho r .. ,¡ b<Ji!L ,.¡¡h thc """' 
- 2-v logic d""ign. circuit complc>;ny "'"' hdd tu tho 
equivalen\ of M con>ervatiVc 350 g~le> Thc arca nf thc 
chip, "'hich cmplop •Lal>dard de>iJn rule• and dooblc
laycr m<:talizaticm. ;, le.s than l S.OOO >qua re mili. 
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The 10800 operates with tbrcc dala poru, u lhown in 
Fi¡. L The 1 and thc O bi!KS are botb 4 bits wide and 
bidirectional. Thc third, thc A bus. ls • 4-bit-widc 
inpul-only port. Con1roJ of !he Al. U is by 17 selec1 lina, 
AS. throu¡h AS,.. Thc select lina control all circuit 
function• and determine thc JOUr« and datination fo< 
Atu data. A full sct of oondit\on-codc OULputs, which 
indudc parity, carry, 0\'Crftow, and lcro-dc!ect, simplify 
branch tcsüng. Uniquc among bit·•licc proc:cnor 
clcmcnll is thc 10800'• ability to 'perform both binuy 
and binary-coded-decimal {BCD) arithmctic with equal 
case and speed. Direct BCD atlthmetic is gaining in 
popularity in business computen. process controllen, 
and test system• where human interface is most often in 
a BCD formal. Tbe chip alstJ featut~ a •ignal ovetftow 
shift nel,.otk that indicates when an arithmetic Ioft •hift 
has prompted a sign-bit chango. 

The MCIOSOI microprogram-control chip is the 
companion part tu the pr<>eeosor element and carries out 
the sequencing of opcrations. Thc dc•clopment of the 
10801, "'hich pack• S~O equivalent gatos onto a 25,000-
5<¡uare-mil chip, pr<>eecdcd oll the more confidently 
becau .. of the high yields alreody obtained with the IC$S 
complex 10800 part. 

The 10801, also a 4-bit-wide dice, is shown in Fig. 2. 
The control-memory-address regi>ter CR, holds the 
microprogram memory addrcso, whilc the temaining 
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bloclts in the figure provide logic for tbe scqumcing 
operation. Regíner CR1, cal!cd the repcat rcgUter, is a 
spccial featurc that adds greatly to the 10801"• speed 
and ftcxibility. Asido from its usefulness as a cyele 
C<>unter, which al!ows •ingle instructions ot subroutina 
Lo be executed a spccific ~umber of times by automati· 
cally keeping track of loop count, testin¡¡ for eod count, 
and rcmainíng in or leaving the loop on test resuh, 
register CR, turther previdos a rctum destination for 
m1cropro¡ram intcrrupts. 

Rcgister CR, is set up to hold a machinc instruetion 
J\arling oddress or an interrupt vector. Re¡ister CR,, 
boweycr, ;. uniquc to the 1080l in that it interfaces 
mkroprog:om control to euemaltc•l poin\5. The rcgi•
ter can be lu.1dcd wilh any givcn b¡t; of >l.1tu• infMma
tion, whcrcuron it "ill test tho"' biL<. fm onnditional 
microprugr••n jump>. Morcovcr, it' cuntenh can be sol 
or dearcd undcr pru~ram control 10 >ignal 1hc procc<· 
sor'• «alu•. Fln,,Jiy, CR, can hold tht pago addrc"'' in a 
word- or p.tgc-org .. nilcd micropro¡ram_ In lhat case, 
memory addrc>< rtgi<ter CR, would hold only the micro
progrum word addtC>'-

Regi5ters CR,-CR, forma four-word la•L·in, first-out 
(LIFO) otad for ne•ting subroutines witbin a program. 
With the logic built into !he 10801, opcrauon of the UFO 
is completely automati~. lf ncedcd. however, thc UFO 
can be extend~d or ltsttd for full stack through the 1 bus' 

'" 
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or the O bus port•. Two branch iopuls-the branch (Bl 
and utended branch (XB)- supply status for condition
a\ microprogram jumps. 

Tbe whole pan is ticd wgether wilh 16 inmuclions 
that are butlt into the ne~t-addrcss logic block. These 
instructicns, li<ted in Table \. conlrol the source for each 
new microprogram word addr .. _. and ha ve beon dosigncd 
lo save both microprogram memory size and dcvclop-
ment timo. l'or e•ample, an S-bit shifl in thc ALU can be 
done w11h only two microprogram word<-a repeat
subroutine instrnction (II.~R) (O load lhe re¡><al numbcr 
(S) inlo register CR,, anda ro¡><at tnotruotiim (RPl) to 
perfonn the eight shifls. 

Control ollimlng 

Clock conuol, often one of the most comple• scgmenli 
of procc>wr design. is imp\emented with o •ingle chip
the MCJ0802. As shown in fig. ~. the chip contains the 
logic to genera te multiple phases, •implify system · start 
and 110p. and provide sorne diag nos1ic capability. 

Tbe 10802 takes a clock input, usually from a crystal 
oscillator, and splhs the •ignal into se¡¡arate phas .. willl 
its four-phase shifler block. The numbcr of difTerent 
phues can b-e programmed for two, three, or four 
ph;1$Cs. The go/halt, runlmaintcnance. and slart input< 
control system >lart and &top <.>¡><rations. The single· 
cycle/single-phase input helps wi1h diagnostiC!I by 
advancing the sys1em one clock. phase or a corT.plete 
cycle for <ach staning signa! input Finally. a synchron· 
izer nctwork built into the part cases interfacing to the 
start input. 

Hooking !he bit-doCe processor 10 slower memory and 
peripherals calls for the MCI0803 interface chip. Tbc. 
pa.rt is d .. igned for maximum speed: 01 can simulta
neously r<>ute data while addr .. sing !he memory or 
poripherals. With 600 equivalen< gates packed into a 

"' 

li,QOO--<quaro-mil ne.t. thr 10803 is actually densor 
!han lhe \OSO! microconuoller. The difl"orenco is dueto 
a les• cvmplex mctolil.ati~n f>"llorn U>"d in thr t""lM<) 
interface chip : • 

The IOSOJ h~> it~ o"n 11111. Al><> mg.onilcd "'~-bit 
slico. oc•cr~l !O~OJ• m~) bo co>nncctcd in 1"''"1\cl 10 

mee! any particular ·~•tcon tbl.l ""d addrc.s roo.¡uitc· 
m<nls. A< •hown in fi¡:. 4. lhc circuil ha, d"!~ ond 
addreiS pons for intor(acing 10 periphcr~l equipmcnl . 
plu< the 1 bu• and O bu• for connecting dircctly to othcr 
10800 part•- In addition. a r>f¡h port with pointer inputs 
to the ALU can be uscd •• a •ourcc uf addrc" modifie,. 
or coMtan\5 for mcmory addr .. sing . 

A memory-address reginer holds the n>emory addreu 
while ~ memury-data regincr buffers incoming or outgo
ing dato. A ••¡:¡arate four-word registcr file <tutes infor· 
mation that is needcd in the cour<e of memory oddrc•<· 
ing. such u the pago addre•$C:• or thc value of the 
program countet, inde, register. or otack pointer. 

Son>e select input• lo tbe dota-interface logic have 
control uf a total of ! 7 dato•tran•fer operation• between 
buses and registers. Other •clect inpu!i controlthe funo· 
1ion of the ALU and determine the •ource a nd dc5tination 
of data lhrough microfunclion, and destination-decudin¡ 
logic. A\though the AlU ;, normally used for memory 
addr .. •ing. it can perform '"""n bosic functions-add, 
sublract, DR. ANO, <•clusive-OR. shift-lcft, and shif•· 
right-on a wide variety of data sourccs · 

Certain sy11ems can taKe advantage of the 10803 10 

reduce pam counl. A periphoral controller. fur cumple, 
transfcrs and formats data and usually r~uire• little 
orithmetic capabi!ity. Su eh o symm uses the 10803 both 
for input/outpm (110) control ~nd as its main ALU, 
eliminatingthe necd for a 10800. 

Wing 1~ pana lnlo • •Y•I•m 
Thc simplicity wilh which the l"'tls of the 1 Oi!OO 

bn-slice family can be nssembled into " microprogram· 
mable 16-bil miniCllmpuler or sognal proce,;ur ;, evidenl 
from Fig. S: Ahhough W~cturel will var~ dcpending on 
the application, the cumple illuslratel severa\ key 
fcatures. Eleven !.SI chiP., togelher wj¡h a few mcclium· 
¡cale integratcd pa!ls and supporling high-specd memo
ry d""ices. are atl tltat is required. 

Bus pon• on the 10800, 10801, and 10803 directly 
inten:onnect. The \0801 microprogram controllcr sup-
plies an address to microprogram memory. ><lccting onc 
microprogram word. Each word is dividcd into groups of 
bits callcd ficlds (repreoenled by the broad arrows at 
bottom). E.ach field independen!ly comrols a sy>tem 
section. Since all fields ore pr .. cnt at the same time in 
each microprogram word, tilo various systcm sections 
can ope1ate si muhaneously for muimum systcm <pecd. 

A systcm function performcd by all the fields in one 
microprogram word ;, called a microinstruction. Severa! 
microinmuclions may be re<¡uired for onc machine 
instruction. System performance, thcrdore, is dctcr· 
mincd by the number of microinstructioni in a system 
and !he specd of eacb microinmuction. Microinstructiott 
cyclc time for a 16·bit 10800-family-based synem il 
aboutlOO nanoocconds. 

The 0perotion of the systcm tn Fig. S can b-e uplaincd 
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a. nr-. Woy el lt>o .....al tn>1ng problomll iO bl!--.:. processo~ 
OOOign .,.. rumdlod by tr.o...C10802 IO'!*>g funcllon clip. r.:udong 
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in terms or Lhe rclaüonship of microprogram fields to the 
LSI bloc:h. Two fields contrclling the 10801 generate 
each """' microprogram addrOM. An in>tiuction ficld 
selocts onc of the 16 program-How instr'uction• givcn in 
Table l. and once selcctcd. all)ogic needcd to cxecutc 
the lnstrucrion il; coiltaincd in tbe1080\. Ho\l'cver • .ome 
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instructioru; rcquir~ ilddition~l inform41iun rnr exam· 
pie, a iump-lo-n~>i-dddrc,, '" jump·l<>->ubruu1inc 
iruo~ruclion rcquirt...., a d.,_lin~tiun, which ¡, •up¡>\icd b) 
lile I>Cll-~ddrn' Otli~rurrugr~m hdd. An importan\ 
fauirc of thc l!lMOI ;, tbc abilit}' to routc nc.t-addres> 
data tbrougb tl>< (}.bu; Pon for AI.U or memory inter
faCe constanu. bit-ma•l pa.uern•. and offset• "'""" the 
ñeld is not required for microprogram How 

Branch control ¡, a third ñeld """""iated with mictD
program ilddre .. ing. MO:.t prOgram> ha•e to mate 1 
largo number of How dcci•ion• cither from ALU coridi
tion codeo, •uch •• zcrO:dctection, o•erfto". and •ign bit. 
or from· externa! ttst pointS. Under command of thc 
control fie!d, thosc •tuus 5ig¡,;.¡, are muhipl<lcd into the 
10801 branch inpuu Íhrough control logic. Bnu>eh 
instructiOn, tbat bave becn buih in lO the 10801 include 
branch On condition. branch lo •ubroutinc. and bnnch 
and m<>dify. ·· 
· The 10800 perfornu ~rithmetic, logic. and •hift opera· 

tions on data within it• A tU. regi$ter file. andlor mcmo
ry interface. Thi: bus •tructure of the proa:ssor in Fi11. S 
al$o allows the ALU 10 genei'ate microprogram addrcsscs 
through thc (bus. tf requircd. Moreo•er. !he AtU will 
operatc in eithcr. binar}' or BCD data formato •• 
controllcd b) thc Alll microprogram ficld. 

Unli~e mu•i othcr bipolar bit-slicc: famili"', the 10800 
family leave. thc regist~_i file •• a scparllc block. The 
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advantag~ of 1ha1 are 1he poo.sibilil) of file eoponsion to 
any size and 1he ftcoibiliLY of organi•ation. But moot 
important is the ability of the "-lU and memory-inLCrfa« 
circuiu lo •ha re 1hc rcgincr file wi1hou1 tying cach othcr 
up Some of thc dcvices that may be uscd for thc 
rcgiiler·lilc blocl includc MCJ0145 16-by-4-bit R"-'-'' 
and tbc MC 1 0806 dual-addrcss stack. 

Thc 10803 interfaces lo peripheralcquípmcntthrough 
data and address ports. Thc l andO bu .. s can rOu1c 110 
information dircctly to or from thc rcquired interna] 
proccssor circuits. A n architec\ural strcnglh of lhc fami
ly is thc 108ú3"s abolity lo tran•fcr d•t• •nd 1<1 gen<rate 
memory o~ddrc><c> indcpcndcnt of "-'-U opcration. W~cn 
not uscd for 110 control, 1he "-'-U in thc IOHOJ can e.on 
be parallcle<l with thc malri "-LU for double-prcci•ion 
arilhmetic. 

Bcyond lhc main componento alrcady di•cns•cd !hat 
are requircd for proccssor dcsi¡n, bul·inlerface pam u 
well u •pecial-purpo•e LSI circuiU are needed to •olve 
additional system problcms. The MCI0804 throu¡h 
MCI0808 fall into lhO;Sc catcgorics. 

Mo,. c:ircull• 

The 10804 and 10805 ore bidircctional lcvcl tran•h•· 
toro for hooking ECL bu ... lo transÍ$10t·Uansiotor logK:. 
!1-lany bigh-•po;ed ECL pr<o:;CSSO<' will nccd 10 interface lo 
TTL-«>mp.ttiblc pcriphcrab. 01her tranoloton, ouch " 
the 10124 and !0125, handlc Lhe intcrfacing of illdividu
al addrcss and conuollinC$. The 10804 and !0805 otrcr 
complcle inlcrfacing with · truulation of bidircctional 
dala OO.... The 10804 ¡,a 4-biH•ide port in a 16-pin 
package. while thc 10805 handl"" 5 bits in 1 20-pin 
package. The two ean alro be combined !o permit effi· 
cien\ tn1Ula1ion of 9-bit data bytes. Figure 6 1ho-... the 
interna.! logic u>ed b)' bolh 1ypc• for cach bit. 

A MECVTTL iCICCI linc conirolo the dircctioi. of data 
through tbc circuit. That combinO$ with an oulput 

di ... ble to force the TTL •ide into a threc·ltate mode and 
El;l toan equi•alenl low-logíc·1eYcl output. An ÍJttcroal 
latch holds data in eith<r dircction. The latch-bypass 
inpulrout"" data around lhe lo~tdt for fa>ler tran•lali<>n 
time or 10 tranofcr data wbile holdtng information in ¡he 
latch. Thc 10805 i1 ~l<o de1igned 10 drive a bca•y 
capaciti•c load and. as ouch, can interface an E(L 
proccssor dilcctl~ lo MOS main memory wilh hígb spccd 
anda minimum of pam. 

A u .. lul yarialion 

Thc MC10801 S-bit lnn:.cciver was produccd whcn 
1he demand "'""" for an ECL circnil with 1080~ func
ttonalily, bu\ without nL-Icvd !ranslators. This ctrcuil, 
•hown in Fig. 7. is ideolical with the !0805 but has E(l 
•ignals on l:>olh ports. Thc buffered bidircclional ECL 
drivcr/rcccive" allow complex ECl bu• network.J 10 
maintain a full transmi.l1ion-lioe environmcnt. 

Tbe MC10806 duaJ-addrcss stack represent• a mile
stone in •tandard ECL LSI products. Ahhougb equivalen\ 
gatc counl is no! enlircly perlinent as a dcscription of a 
memory-type par!, circuit complexity can be judg"d 
from the chip's largo 15,500-mil-"lnarc arca. 1\gaon. 
upcrience gaincd with the 10800 family has allowed 
circuit complÓxity soto incrcaiC thatthc 10806 i1 aln10.1 
two ando h.olf times 1argcr than the 10800, 

Thc 10806 is intc!>dcd primarily ._. a data buffer 
betwc:cn tbe hígh-•peed ECl proccssor and slowcr pcliph
era!J; howcver. a ven.a!ile dual read/write buo olruCLnre 
also allowo tbe circuit to funCiioJt a• a laSL-in, ti m-out or 
fittt-in, first-oul st.ack. or u a l 0800-system regi•tcr file. 
The 10806 hu 1wo bidirectional data busc•. thc A alld 
1he B bus, each wi1h acceso to a 32-by-9-bit memory 
(Fig. 8). Having output registcr latcheo in iCrieo with 
botb dala buocs gives thC circuil a mas\er-sla•e appear· 
ance wherc the mcmory celb are master <lagcs and tbe 
lau:heo are o!aveo. 
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The A- and 8-addrcss inpots eoch scl~t 1 memory 
word far thc corresponding hules- S.parote docks and 
wruc- and data-enablc linos control re:~d and writc oper
ati<mS for each •idc. ParÍ!) checking is automatic on 1hc 
9-bit dat.a word and optional on Lhc addrm inputs. 
Whcn parily is uscd. !he "''itc opcration is prohibited on 
any addreu with incorrcct purity. Parity can be bypaucd 
in thosc sy>tcms nOL requinng i1. 

Thc ability 10 writc from both data pons CQU!d lead to 
prioriLy problcm.: "'fi<ing diffcrcnt dala on thc A and B 
data buses into Lhc samc "ord addras coold cau'" loss 
of one or 'ooth data "ords In order ro ovoid such an 
oc;currencc, address-conrenrion logic in the 10806 looks 
al write~nablc• and addr...., ro derecr and indicare 
addreS> confticL5. 

Mulllbll •hiflar 

The MC10808 pmgr:umnable mulriple-bit ohifter i• 
anorher example of 1tandard L.St thar solvcs a sy1tem 
problem. U•ing ALU circuir•. which 1hifl dar a only l or 2 
bits ¡>er microinstruction, bccome• time·Con•uming w hen 
dara mu•L- be shtfted many places for such jobs as 
formalling, bit Lcsting, ur normali•ing ftooting·poinr 
numbcrs. The 10~0~ shift> data any number of bits in a 
•ingle 10-ns paSI. 

Each circuit "J 16-btt shifter organi•cd as shown in' 
Fig. 9. The algorithm mcd can be c"mbin.O with the 
ECL wired-OR fcature for unlimited .xpansion-4 chips 
for a 32-bit •hifter, 16 for a M· bit •hifrer, ond so on. 
Sine<: e•pansion i1 in a horilontal monner, only the ddoy 
uf a ;ingle part results, regardlc>S of •hifter si>e. 

Thc number of bit• shifted is programmed through 
•cale-factor inpuli. Data-shift input• selec( one of thc 
eight ¡><»5ible shift ty¡>e• or output controls li>tcd in 
Table 2. Two of thc >hift·right and -lcft inotruction• 
(SRC and SLC) program thc scale factor as a 2'• comple
ment number, controlling both direction and di>tonce of 
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shift. A sign-bit input control• the sign-bit P')larity and 
rhuo allo"' the ci~uil to operate in eirhcr posí11ve or 
negativo logic formars. 

With the additional 10800 chips, the e•tremely high
performance proc...sor of fig. 10 can be built. Transla
ton at interface P')intS givc the proc;es10r TTt-compati
ble inpua and outputs. A 10806 data buffer holds 32 
data ,.ords, •llawing rhe TTL bus to be dower than the 
ECL systcm microinmucrion cycle time. The 10806 dual
busstructure ea1ily adapts to the bidirecttonal data bus, 
so tha( both incoming and outgoing data can be •torcd. 

Obtalnlnu hiQher parlormanca 

Tbc dat• bus follo"ing the 10806 buffer is routed 
di~ctly to the microprogram control. Compared to 
Fig. 6, this bu> structure •a••• i nstruction·e<ecution time 
•ince a •tarting address ncod not ~<.> through memory 
interfJce, but the ALU no longcr has J dir~t path to 
microprogram control. 

The systent also uses thc IOM06 for a rcgister file. Tbc 
first half of a microinstruction read• a register file vio 
the O bus, and thcn the second microinstrucrion half 
ruutcs AlU results lo memory interface or 1»-ck 10 regis
tcr file with thel bus. O bus latch, interna! to rhc !0800 
hold> thc O bus input during the sccond to dim.nate race 
condition' woohin the AL\J. Thc othcr regi,ter fde P')r1 
r<>Uic' Jat.t ohrough thc slultor to lfrc Alll 1\ bus, lo 
memory intcrlacc, nr 10 microprogram contrnl. The 
lll~()~ >lriftor ¡, phL<'Cd in lnmL nf Lhc AL,IJ fm ,;nglc-pa" 
shift ""<1 IoM. llat~ ,h,fting thouugh thc p.Ht only take.' 
about 10 "'·ami thcrcforc tbc serie> arrongcmcnt ha• 
littlc clfcct <>n microin,tructiun cycle lime. Moreover, 
the samc mtcroprugrnm ALU 11eld can control both thc 
lOSO~ and 10~00 for a •ery powerful ALU function u:t. 

A pipchnc "gi•ter 1S piJced betwcen microprogram 
memory anJ lhc data-handling LSt circuit• to reduce 
microinmuct ion cyclc time. The registcr pr:rmi~.> parallel 

OO. 
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ALS ARITHMHoC SHOFT lEfT 

A~S AAilliMETIC SH 1FT RIG"! 

RLT ArlTATE LEFT 

RRT ROTAr!: RIGHT 

SRC SH"T RIGnT- 1 SCOMPCEMENT 

SLC SHI'lllfT·1SCOMPli"'INT 

OQA OUTPUT OISA9LE 

SOO SIGN BIT AT ALLOUTPUTS 

operuion betwcen microprogram conlrol and 1hc rcsl of 
E he proce»or. Whik the ALU, regi•tcr f,le. ond memory 
interface are executing ene mi"oinmuction. Ü1e 10801 
is ~enerating a "~" mkropro¡¡ram memor)· address. 
P1pelinLng is optional in a •)•tem buih with the 10800 
lamily-the 10801 interface< dircctly to the micropro. 
~ram in either ca \Oc. · 

A final feature ot the high-pcrformance prOCc"-'"' of 
~ig. 10 i> the u>e of branch. ALU. and interface-dccLXling 
lugic. Tho.., bloch •llow o reloni•oly -..ide pipeline regi•· 
ter fecdtng a large numb<r of 1 SI control inputs to b< 
driHn from a narro"' mieroprogrom word. For cxamplc. 
a 6-bit microprogram f>cld can ..,¡m 1 of 64 ALU 
in•truction•: The AlU logic. howe•er. may require 12 lo 

20 control input;. Thc fnnout is performed in decode 
logic commonly built wilh fast 101~9 progrommablc 
rcad-only memories (PROMs). In additiun tu rcducing 
microprogrom ,¡," for cost rtason•. decoding logic 
allows micruprogram liclds to t>e •tructured fnr ~:~sier 
programming. Thc decoding l<>gic docs not •low system 
performance oince it i> P<Mible to go from dock to the 
1 O~ O 1 ·, addrcs< out pul through microprogrammed RAM 
or PROM and from decLXling lugic to pipeline r~gister. all 
wit hin 1 ht cycle time of one microinmuction. 

Future ECLLSI 

Mutorol• h» de•eloped a Ml,Cl. 10.000 Macrocell· 
"''"Y intcgrated CÍr<'uil thdl i' ""Lilp.Ltibk with thc 
IO~IKI par¡, .1nJ alhow' r•pid Jc>d"p'uent o( high·•pct:d 
I.SI circuit> with cnmpk•itic' ol up lll BU equivalen! 
gate> i\lthough thc Macrocell •rray will be us.ed \U 

dc•clop Sj><I.'Íali;.ed circuit' for >pcCLILc custumerJ ar>d 
>Y<lcm>, the •d•anl-'&"' of this 1$1 cunccpl will .LI>O l,..d 
10 new <tandard product' in th~ IU~OO fomtly. 

The pl•n' are thu' lo u><: new circuit de•~lopments to 
build on thc IOgtXI l•mily r•ther than around it. Ne" 
function' undcr considcration induJe an ad•anced 8-bLt 
arithmetic-01 nd-lo,ic and 1 •.ry _high·speed. e>pandable 
I.SI array multiplicr. Thc~e circuit•. plus thc Maerocell 
arra y conccpt. will b< featurcJ in ano nicle on tCL LSI in 
1hc ne.t i»uc. O 
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• The microcompute:r invades 
the production line 
'Mechanotechnlques' yleld to the 
'sllent revolutlon' of electronlcs 

There"• a qui<l r.-olution 10Ín3 on in 1~< m""ufacturing 
~orld thol is slowl~ chaniÍRI the look of the factory 
fl~or. ~pearheaded by mini- ond mlcrocompul<r 
lechnologieo, ele<!ronloo ir controllln1 ond monitoring 
prnco.,es for more effic,.ntly •nd quictly than clangy 
elcmomoohanical relayr-and with mínimum human 
ouper-ision. 

Allhough the appli<:ation of tl<eltonicoto manufactur
inl ha• b«n •omewhar olow, derplre oh< a•aJiabihty of the 
lr;hnology, dimn01 lr<nds can be ob1<1•ed. These in
dude; 
• A prolif<totion of mlaocomputen in pr«e .. -rontrol 
opplicaticns, mainly br<>u1h1 on by thrir low prlces, fle•
ibrluy of reconfiguratlon, ond suitobilily for dedicared 
funeliono. 
• A new gencration of robots for small·¡>arts auombly, 
and the appearam:e on the producrion Hne of !.maner 
robots. Sorne can mah maehinina and prowsing ded
sion•, 
• M in crease in the u .. ofeloc!ronie tool~ such asla ... s 
and eletlrOn·beam guns, ro treat materlalo. 
• Ne" eletttonic data-lo¡¡in¡ in>tn~m.nts thal now 
monitor more manufoeturinJ prO<c<$n thlfl sco<e:s of 
human operare" formedy did. • 
• Grealer use of compurer softwue lheougll wmporer· 
aided desi¡n, computer-oided mlflufa<turing, and destgn 
automation lo cut lengthy production times and incr....., 
lhrOuJhPUI rates. 

A nlche lar mlcrocampulora 
Th< deolining co" of micra<ompuler produm has in

e~ea><d 1heir "" os indumi•l eonrrollers. An !·bit 
mi;r<>compurer •r•t<m en a sin¡le prinred-<:ir<uil (Pe) 

board can now be purchosed fcr 5J00 lo S400-far lower 
than lhe SJSOO 10 $2000 for a minlc<.>mpu"r 10 do lh< 
>8m< 1ask. And the micrrxompr.uor'J u$< u on indumial 
control!..-¡, more effi<Í01'1!; a mlnlc<.>mputu lwr far more 
computing pa;oer lhan it, appllcation needo. ln oddilion 
1he microcompuler, "'ith ill smaller lize-and h.-nce less 
eo11ly softwore program-is easier lo rec<>nfi~ure for 
ohani<08 application,, 

Man1· miCr<Xomputers in induorry ore being u•ed •• 
dedi<ared controll<"· Typic•lly , .. .,al microeomputers, 
each handl1ng a •peci(Jo function and allti<d logether hy a 
mini.:omputer, can be found in 1 planl, The minlCOffi· 
pul<r performs thelarger data-manipul!tion wl: and "'" 
3> an inlerface bel,.<<n the microcompuren and a 
monitoring llation, which may be 1 en terminal (Fig. 1). 
A prinl<r may also be includ<d. 

A hi¡h-•o)um< applicaliQn like aulomot>Y<Iloeet-metal 
¡au¡:in' illumates the microcomp\ller't u«. The c<rn>en-

Rager Allan Assoclale Editor 

toonal method i<to U le •i•ual and manual in1pec1ion when 
._.mplrna and chetl:ing <hc<t-m<lol part• fcr c<rrrett 
dimenoiono. Thi• il done ofntne and only ot inlrequent in
l<f'&ls, becau« it tah• a relatively Ion¡¡ time, Wllh a 
mtcrocomput<r, •••eral ¡;auging sen10" can be,., up lo 
SCdO oamplos online. The joh can be done faner and more 
frequently, and th" ensure• that fewer oul-of
specifi<:ation oheel·m<l•l pam will gel 1hrou1h. lnspec· 
11on.. are also more accurate. 

The lo" Cl>ll of mie<ocompul<r re baardo hu, in many 
<a><>, oimpltfied the IOI'Iicin¡ of eiO>tr<tn>e eonnol 
oysteflll. A defeeti1e microeomputer baard In 1 dedicat<d 

• procao-control wsrnn con rimply be isolot<d and dbeard
ed orul a re-placnnenl quiekly put in. Utaer ond mOfe ••· 
penoi>e mi<ro<omputen, h~, require lrouble
<hO<>Ii"l ond repair by service personnel in lh< plant; the 
PC board• arO 01mply too conly te di"ard. 

Thi• pO!es a problem: plan\ sef'ice per«>nnelare most· 
ly house electricions and ill·eqnipped lo rcpair complo• 
eleclfonlc <quipmenl, The shona¡e of technically pror.. 
ciont moint<nance wor~ers ;, pon ola \ar¡<f prc~lem thal 
tito manufacturill¡ indnmin la« •• tho compni<J io IP
plie<l in itl many forms: produetion oupenolso" arul 

(11 a .. auao ol tta low cootond roprt>gfomm/rlg llo•lblll>y, 
tho mlc:rot....,pular 11 bolng no_,. In many d_,.lc:olad In• 
dull~ol appll~ollono. Typlcolly .... rol mlc,.,.....,pulozo 
oro U_,. lnto o mlnlcomputor, whlch ~r1omtolor;or doto· 
m""lpulollon ond onaly•lo tnks. 

p,.,, •• ·--~· 
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mana¡¡m "'"" 1><., laonoliar "ilh <OIIlP""' "<hMicgy 
¡bpoh hard""'' •nd •un,..,. ••rc<l<l •• lh<Y are wi•h oho 

pro'"""' th<y "''""~'· 
An inUi,·;uinll nf lh< ~~~"'''~ ""' ul mini- and 

mirr""""'l"''"' in"'"""'"'""'""¡, lhc ,¡,,in'"'" of 
o~ngio ,·ar~ 1" " board• 1<11 in~<·•l•oio•t ""h rroxc~• 

.. uobk•. 1 •·ri.:all; •u<h ho."d' """"'" ~·" con>or 1m. 
u • ""'"-"''"· <ign;~l-cnndui"""'~ c<>onp<~n<n". onol 
nrullr¡•k•m• , '""'''~. s,,, .... fl-.¡uir,• l•rll< "' 110 &<ldui"ual 
<!I<'WI!I •nd ,-,,, ¡,.. ¡,,,~raml '" llu• ''"'"" dirc-.;tly_ 
~"•··"'' Jll •U• h ,., b<'rrd• ar< Jc~t¡:,,-J 1<' rlu~ '""' and m
¡.,-¡,,.,"""'''' ""h lh< rrnnr- ur micn>:unrruocr lhc)'l<· 
d<"8""" loor: lh< hn~ "'"·'11!· ¡,"'"""in ihe <omrulor·, 
card·cd~< lu>uliug. 

R<wllly """" d•gital rrogrammons ond con1roll<r in
mumon!l t'or rrocm con11ol ha" bo¡un lo oppoar. 
Typical M •uch oquipmen! " lho micrO<omputer-ba><d 
DCPllOO from Honcywcll, fon Wa•hinJIOn, l'a. 11 com
brn<• in onc b<" a ll!iable-selpo<nl "'limo programmcr 

• "ilh a lhr«·mod• <OnlrOII<r. Th< p1o¡1ammer/oonnollcr 
ba> a k<y-ld lhrough which an opor.,or oan ent<r and 
conlfOI ptO<:<» mpu!S. Thc uni1 can "o" up lo nino 
ocpar•l< pro¡ram> con><>liOJ of up 10 200 ramp or wak 
ocsmentr plu> "'""' •wHch.-. 

Anolo~ U<'l«> in Norwo<>d, Ma"" ha• gono ><veral 
'"P' fu<lh<r "ill> a IOLal mocroconopuler-ba"d, <IOS<d

IO<Ip, real·llme rnra>uremenl and <Onl"'l ''''"'" (! ig. 2). 
Knm>n 05 MACSYM IJ, 1ho sy>l<m h"' 1 <RT and 
h)bOord and i• designe<! for <denlifoc and irrdu>trial ap
plioallom tequuing the acqui1i1Uon, "ora~<. o:ompula
I!On, redue1ion, pr=:ntalion, and oulpuUint of hith-and 
lo-<o-1<•<1 >i¡noh from uni>er .. lly u..-d "'"""" Uher
mocouplcs, "'•'" ~aug.,, ,..,,.,.,. lcmpcmuro de•iee<, 
ele.). Th< 'Y"'"' ma'-•• uoe of.a high-le•el langua1< 
call•d MA(Ila>i<, an <"<nsinn uf Ba<ic, lo allow 
nont«hnical operalors lo u•o it. A• many •• 236 ohannd• 
of anolo¡ inpul daLa con b< •«Dnomndal<d wilh plug-in 

[2] Thlo cloood-loop oyslom lrom Anolog Do•lcu lo 
Goolgnod lor 10101 p1oe.so muou,.monl ond conUol by 
•n unokl!lod OPOIJIOI. Tho oy<lom, MAC$VM 11, lnlorlocoo 
wllh oll po¡>oolor in<l<r>lriol uno.oro. 

Mar• roboili •ru a¡-opa .. ring 
Now ro~ol< for rart• a"embly aro ~ro,·lns noorc amao· 

"" 1' or indu•lrial na1oh "'''"""'' jnoaoly lhroe-fuunh• of 
oll •..cmbl¡ upcrooion• in lho U.S. &IC of,lh<.bll<h· 
O<!.<mbly •Or<<l~l Unlil r.-unlly mn\l robol< ,.,;,o U>Cj 

fo• \uoh <>¡>C'IOli"'" "' wld•nJ, palh lron•fcr, die ~"-'linf. 
fnr''"'· and lhr: "f'<ral~on ol pun<h P'"'''''- R«nl1 
mbnl< ha>< indud,-.1 •r:f'i<~ll with hi~h il>l<lh¡¡r:~><e _ 11\q 
,·an "'"'~'"'" r<-" molal wr:k!l ~nd '"'I'"•J><rly prJli
liuned nradoinc ,,_,¡, a• wdl •• do 1he "'"'k. 

Al oho rocenl lhlfd lndu<lrrol Robo! ConiL'IOnco and 
Exhobition in Chicago, Unimation 1nc. of Danbury, 
Conn., inlroduo:cd 1ho fil51 commor<>ally a'ailablo 
microproo:c.,or-oonl<olled robol •poorfically d"i¡ntd for 
lh< a"embly or •mall iiOm•, >u<h as olomonic oom
pooon" ond hard"""· Kno~n •• Puma (plo¡rommobl< 
uni<..-.. 1 monipulator for a!lemblyl, il ""' d.-.clopod 
join•ly by Unimllion ud General M010r1 in O.lroi<. 

GM i• uoin1 oc•oral Pumas lo• •mall·pam a<l<mblr. 
Th< •m.U rObolcan ropoatedly po•uion ao obj<el, Oloyin¡ 
wi<hin a 1oi<rarte< or O.OCI4 in (0.100 mm t. ~ hich ;, only 
sli¡htly thi<~Of thon a human hair. Th< h .. rt of lhc 17S-Ib 
(7~-'-il '""'" ;, • Digioal fqoipmont Corr. I.SI-11 mrcro
P'"'-'"""'· ~hkh oonl<ol• livo olhor nlicropro«"o", 
oach dediOaOCd lo one of h•o rot>o1 arm "'"'· Thc molions 
ootmf\OOd lo """' r<>lauon, >hould<r rOIItion, olt>o" 
ro1010on, ~,¡,, b<nd, an~ hand rolahon. Tho 1"1><>1 .an 
lifl up 10 7.7 lb (1.S k~l. indudm8 lh< ~•ighl of lt> end 
manipulatol. Undel ma•imum le&d, ;,., orm·lip voloci<J " 
l.l ftlr (IUI cml•l. Arm and OOnlrollor may be !<PILflled 
from .. eh olh« by a> much •• 10 fl tl,) mel<l\) by m<,¡n> 
of • eabl< ""<mbly. 

Early lall yoor lh< W<"i~hou~e El<tl<i< (.orp. 
Rc .. al<h and U.vclopmcnl C.n10r rn Pi,.bur¡¡h \ubmil· 
te<! 10 Lh< Nolional Sdtnce Foundauon a •oc;ond-phaoe 
propo<ol on pro¡¡rammoble outomation of bal<h·•>· 
~embly oporalion•. Thc fir" pha,. ol this SIUdy. 
"Pro¡rommablo O>•<mbly rc><ar<h loc;hnolo¡y lran!ler lO 
1ndumy," was rompleled in Octobor 1917, and il ltd lo 
lh< prolimina1y d<>ign of •n aulomaled I)'>IOm for unall 
molors Jfi1.11. Holp for 1ho Sludy "•• supplicd by SRI ln
lornalional of Mento Par~. Calof.; lh< Chorlo:• S1ark 
Orapor Lai>ora<Ory al lh< Ma«aohu¡em lnlUiutc of 
T..:hnolon in Cambrid¡<, and the Univouuy of Ma .... 
chusolls in Amho11t, 

'<"',.Al ~rl of lho f~r>l-pha.« study for lhe Notional Sc<encc 
Fo.ilid,;¡iQ',;•; Wo¡1inghou~e condu<1ed a world,.·id< rovicw 
of plOJiammabl<-ls\tmbly loc;hnology. 11 onoly,.d al>oul 
W d1ff<r<nl W"linghouoe produ<l hn« bol oto dc<1d1"i 
on •moll motor< a• 1h< mml adaplablc 10 pro¡¡tammable 
anloma11< outmbly. Aboul 450 diffn.-nl mo1or 11yle$ 
,..,. •...-mbl«< upcnm<n<ally. T~< 1\Cro¡c bo1<h lizo 
wa• 1>00, ond lhOr< W<T< an &•<1&1< of ll chan¡oovou pcr 
shift, Tire prlol o~OI•m, knm•n., AP-'S l•~•ptoblo pro
¡rammablo ""<mbly >Y>I<ml, was l"l<d o"' ~ thr ... 
monlh produ<tion "hcdulo. 

Riohard G. Abraham, W<ldn~IL<l<tiO'< '""""~~"' lor 
pro~ramm•hlo au1oona<ion, e>plom.: "llhh<Lu~h "'~"'' 
aro im¡><Lrllnl in <h< autumo!iou ul b,¡l<h·'""''""'' "¡><ra
lion•. it i1 oqually 1mportanl '" h.~>< ¡.,,..,.o,t, nricro
PI"'-'<"•<>r·lr•...-.1 '""al-rn,pc<li"n .,..,,.,,. hu '""''''"~ lll· 
eomin.11 po.ot> and 1<>< ~..._-.warnin~ pfop<r ••~mbl' "'1" 
and >1yle <han~·· !1 " al•u importan! 10 ""'' llro nocd 

'"' """"'"' '"' ,., ,,., 

' 



· for programmoble-pam pr<><nlal ion oquipmonl and «>fl
-.a« 1<> manago 11>< ohongoovor rcquircd fm differenl 
prod•<L Sl~lo•. •• 

.O.d>anc" a« bemg mado m ijJOup conlrol of rol>ol>. 
.0.1-lh< Lenm~rad Polytcohnical lnolilutc in lhc Soviol 
Union, rcsearche" have devi>cd o eomputer >ySiem thal 
control> up lo 2t1 «noin' robo" In rul rime. Thc r<· 

><><<i><" c.pect ro ine«a" lhi> handlinJ capacily lo 40 
rnt><>l< "' ,..,.., ""''''ll\llcatcd machm.- ar< d<Vrlopcd '""h 
lotl>lr-in cmotrlliiCt•- In the pte><nl prc>j<-ct. on "1''""'"' al 
lile oy<tem"< control panel diro:cl> >r<'fJfi< r<>bol> to ~arry 
out dedkated ra>l> and lo 11~e rorr<ell>e actiono, rl 
nece,.ary. 

The eell eoneepl 
l.aOI ycar the foundation of Sclenllno and lndu,.,ial 

Re><arch"' th,- Un••mity ofTrondheim m Nor"•Y ,., 
up -.hal it <all' th< fttSI fuli-lcaleloboratory production 
line lo U>< a cdlulor coneept. Under thio. manufacturin¡ 
o¡><ration< ar< bro<en d""n into ""«11<,'" eaeh al a d>f· 
ferent planl. Each «11 i> rnpon1iblt for lhe manufacture 
of <pecific <Uba>,.mblin for 1 porti<ular product. Thc 
telb are mtcrconn«tcd by o """'"'" of matenal and 
'"~"'"mbl~ •upply hnn. TI>< Nor-..e~ian project 
manufactur<d ,urnpl" di<>cl-onginc pan. fot Wickman 
Monufaclurrng of Norway. 

1 n l ho col! u lar conocpt (Fig. 41 o 1\e out pUl per manhoilr 
of lahor ¡, repo"cJ lo be conlidcrably highcr than thal uf 
cOn><niL<>nal manufa<luring rnethod<. <><n whcn the ad
ditional com of lhe interconneCllD8 matertal and 

[31.0. pll<>l auooma!od onomblf lino tO< lfllnUfoc>urlr>g 
omoll moloro hoo bnn doojgnod by Woo~houoo Eloc
lrlo;'o A .. oorth ond ~olopmonl C.nlor •• por1 of o No
tlonol S<:lonc~ Foundollon oludy on progrommabla 

.... _,,._,~_,...,, ~O.Joo '" ...... ~'"'"'M 

oubl•S<mbly •upply li.rc< are ta~m 1010 acrounl. Eoch ocll 
h"' al liH core onc r<>but. 

The coll >Y"'"' can be operatcd da y and night. requir
ina worOer par11c1potion onl) durin¡t The day . .O.IIIhal i> 
necded for unallendcd night operotion i> propor plan
nin¡, 1-0th< robot h .. an ample •upp!y of moterial> ond 
enou¡h >lorogc aru lor completcd oubanernbb"- Tho 
robot i, 0 >i<-aron modcl manufacturcd by Cineinnati 
lo-Mocron. Cincinnati. Ohin. 

.0.<-.:nodons to l'ool. Oyvind lljool.c. hea.d ni lhe 
Nnrw<¡tian f<1undal0on'< produclion cnginccrina 
labcrllory. tho ccll conc<pl. "ith iB n<>lbtlil)" for 
manuflou1J!OI ddferenl pam, has pr<>><d particularly 
""fui in Norway. 

""Thi• coll concopl."' 1>e ••Y•· ''hll! b<on quilt beneficia! 
10 "' in tcrms of incrc.,ing produooivit). mainly duo to 
our >O<iol and gootraphical condotiono. Norway i• a coun
tr¡· lhlt ha1 a small and s-callcrcd populalion. whieh ;, 
d«irable for national sc-<utily reaoon• but i< undesirabl< 
lor monufacsuring. We cannol ¡<1 • larae con<"'""'"'" 
of >kil1cd .. ork<r< in any on< iridu<trial e<nter. Thi1 i1 like 
brinaina lhe mountain to Mohommcd if you can"t bnn, 
Mohammcd lO the rnountain.·: 

Lasers lor material$ trutmanl 
l!o it drillin~. cutting. ~<<lding, lr<otinJ. or the rcmoval 

ol malmoh. th< lam can b-e fou11d to~LOi on more of 
llo<•< •a•<• in thc planta< il> prccision and powcrlr< in
'""'«1 and ;., price drops furthcr. M•nufacturm ore 
findina 1he new la>m more rcliable. bwer desl1ncd for 

""'""'"'""'-- Aulotlng ho•o boon Slll lnlornoll"""l tho 
Cnaoloo Sla"' Dupa<loborot<>ry otlho Mo.,ochuooUOift
olllulo ol Iochnol"'tJ• ond lho Unhotolly ot ., .. ,. 
oelluoouo. 

" 
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ondu"'y u .. ·• '"'' '""rle~ '" "'~"' .~<< o han '"""' nre•k>~•IY 
o•aolat>k. 

Wilh """'" "" ,..,.,.,.,..,., "' ""' ~"' po~or. ll >,la.o1< 
'" olw < r~·~w '·"'1'" _.,.. '""""""'" "~"" popul.r for 
, .-·.,: '"'""•' .ond "'""""'"· lu l.ou. la<« lr<OIIneol ol 
"'""""·''' 1, oloc lo•IN·~""'i"~ ···~"'""' ot allla<O>" '"'"'· 

·""",.·,ohm .orf'l~•loM• '" """"""'"'' 
""'" ,.¡ thc """' dyn.>m'<" ond prumi•ing ~rca< of in· 

"""""' ¡,...,, •rrh,.,,¡,,., " "' pLtlomalins "" ]>fin•· 
"'~· "h,w l.o•<<"f r<iouiu¡¡out<•·"""'>d' aud ]O,.<r cO<I< a« 
on.>JOI .oJ•anl.o~e•. 1 a>e:l "'""""" oro u-ed lo <<[>!>"' prin· 
oi"~ rl;•l<> a• lar~• •• 4H bY 1<1 oncho-; 021 by lll cmf 

dll<""'-' """' oiiC pO\I<d·up ra~e. 1 ""' elin>inaun¡¡ '""'"' 
i••·bel~<<n \I<P' re~uored "'"h '"""nlional moohod>. 
M•ny medoum· and <m&ll·cii<Ui•lion new<papor< aro u•· 
inslam plaooma<m. 

Th<ro alo,o h.l'e bom ••han«• '" n1n1p<>l« control ol 

]ti Tho coll coneo~l o! dooontroliud monuloctoMe ~U 
01110 cOfo o,....,, Pf<>gtommod la'"""' dn ood nigl"ll. ol• 
tondo<l b~ humono Dllly dufll\{l t~o doy. no oyol.,. 111-
ctouoo thraughputo In jot>-101 monuloeturing. Propl)fod 
by tbo Foundollon al Selontltlc ond lnduotriol ~oooorcb ot 
lho Untvorolty ot Troodholm In tlorwoy. 11 io bolng uood 
wllh a Clnclnnall Mllocron ol•·orm robct 10 monu!oc11110 
camplu doo .. l·onglno po.to. 

PI"'""'"" 
'"""""" 

, , ' 

la-eri. A' \.'."Nc\11 u,",;,·, !ón¡,;LCmo;¡; Re~<.or.:h Ú<>!<r 
""" Pron.:oton. N. l .• > ~ .. ~h·>r<:<d. <c>mpulcr-ccnl«>llod 
"""' h "' \>'""" d,· , lo•r<-..1 Lo' 'P"'"'' doJ nt,.lialur.:·• d.w 1<<· 
"''""''· 1 he¡,_.,·, 'r"•··•·cl<ioo•~ <r«d "' 211 oinw• por''""" 
'"'" " lour lim<' 1""'"' th;1n <h• """"""'" ",•id lit~ •Y"o 
io rcploc~. rhc ')>l<lll , . ..,,,;," nf a ~r"JO.~"" l.l><t~~ 

f>!>"'Cf) pul>ed Nd, Y Mi tn<Od~mium:.·¡ lri~m-aluminum. 
P•n<t) la.«r and on X- 1" ~<uionin~ lable. ~ ho~ ~,¡. 
1ion occurooy i< ,.ilh•n O.lffll '" (0.00025 cmf. Thel.l>C< 
ond pu•iüonin1 1oble ore undcr the con11ol of o 
m~<roprocO<SQr. '"hich moni!Ór> Prl'tlliou .:oordina~n" by 
u!< of linea< encod<<'· 

Anolher f>v<l!"ile and '"'""' "chnoiOHJ<:al lool for 
welding and hardcmn¡ melah io thc cle<tron-i>eam ¡un." 
IL< u<e for "loclivo heat lr .. ung of melal! offer< ad•·•n· 
ta~<o< o><r other techniquu: i1 io lamr 10 me lhau lht 
1>1<<, rmro accuratc <han induclion·h<aung •;>t<m•. aod 
moro <declive in rnoluoion than "andard 11om<· 
har<1<nin1 techniqu.-.. An~ it i• mOr<'"''~~ cfnd<-nt lh~n 
oll th>«. r~ od•an,. ... , ho""'"'· orcn"t ,.¡,hout 
dr .... baoh. EIOC"Irotl·b .. m ''"'""'' oro .,¡¡¡ '"'Y ••~n· ..... 

An elcci<On·l>eam ~V<ldin¡ procon '""' recently 
dovdo~d b~ Technical Material• lnc. of Lincoln, R. l.. 
lor woldong form<riY ln<Ompatible mctal< in mil" of 
uniLmued l<ngth•. 1 ho 1""''" ma~o• P<'•"blo the \\Cid m' 
of gold "'ilh •·oprer, ,¡¡,., wllh cor¡>er. in•or "'ilh 
""'"1"'' "<el. ""d <1«1 \Oilh copper. The k•Y IU tho 
,.,k],ng procm i< alri1>d< cl<<tr<>n gun <hat ~onorOI<"> 1he 
elec1ron beam. 1\ hiJh••tabohl~ alomin.a in>olotol ;, 
olridded lrom prubl<m·Cauoiir¡ va~n and "t< f'l<"ci .. J~ 
Po>i1ion<d for monimolthormol .. pan•ion. Gun opera1ion 
"a<;<;ompiiSh<d »Uh ofiO.OV potenlial. 10h1<h c<>mpU., 
fo•orably "'""a puteniial of abool 1$0 k\" n«deo by 
mo:.l ei<<lron·boam <~eldm. Advanc<d oloollonk <On· 
lroh for lhe ¡u""' <lootro·opúcal foou .. ong ¡ymm aro 
mpon.,bl< for oho Jower po"nlial. 

Kaepln¡¡tlbs on lhl proceu 
Thanh lo mkroprocmor tecbnololy. oM•~n>ive 

data·loginJ in>1rumenn ~t( makin¡ procou con1rol 
"'"'" """ntifoc. Thi<, in rurn. hao made PD•"~t. Ntlor 
<"Onlfol o•or proc ..... <. b«ou .. ollhe •••ilobiHI) of mor• 
O<curll< and >Y"omatic da,.·o<>lleclion and analy>io 
techniqu<,. 

DaiO logsm can b< f~und in,,.,¡~ O>ery lndu<Uiolor· 
plicauon. (mm l<>od PIO<"'"in~ anJ moterial1 lfOatment 
to ropormakm11 and tho ~enora1ion of "'""'· The hi~h 
lp«d and a<:<urato dOia·<ollecl ioo> advonlo~o' no~ po.,;. 
t:lo tlav< onado ob•olel< mnro npo:n\iO< and 1lo~er <qu>p· 
monl, liOo pen..:hor! rooordo11. 

A 1yprcal data·lonin¡ applicalion ¡, ,..,,d<d in lhe 
tilo-; of lho Joltn Fluh Monuloe1unn11 Co. in Mountl&~e 
T erra«. Waih. To obtain moro oonlr<>( "'"' 1ho linal p<o
du<t. a produocr ol <lectrioolly <ondu<tingoluminum bu1 
.ba" o<<d • Fluh M<>dclll41ll\ dala lo~H" t<> ''"'P liad 
uf t<mpo:<ahoro """ "'11•~·· Lia<•. Thc """ ,.,.,, '"llc~·oo~ 
in poinL·Iur-p<oinl paif> ulnn~ ,;a,;h h.or 111 <lcl""'¡,1• 
"lali« coli\Liucti•ll~ "' • lun<lillll 111 "" ¡,.,,·, ''"'1"'· 
ulloy. ond lyj>.:. ftl< roa'"" lm m'a'u'"'~ ten•r<••l•ll< '" 
oddnion 10 >OIIaJÍ<: "'"'lo provid< b<LI<r <lata c<>trcl•lion." 
lhc inmumenl al10 moniooro<lohe bu> har. lor d•n~«<tU> 
o .. rnealin¡ol fivc ~¡>arlt< pnin" ov<ty ,.cond. And 11 
"""' equ1pped 10 n<>lil~ oper~IOtl o/ o"rhea1in1 ard 10 
1urn 1ho proce« off if n«.-,.ary. All of 1ho rollected data 
wero ied 10 a m•nicomputor for analy<1<. 

"" '"'"""'"""" '" .... , 
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• The cha!lenge of lechnolog~ t"nsler 

'-Mny ·U S manulaclu"nq ••P•rl• sny IM 
"""''noloyy lo 1noroa;o pwduOllvay has h~<·n hore 
lo• •,omc "me """"'"Y how 1o pul 11 10 praclocal 
use raprdlj " really lhe problem. H>ey add Tl>e 
l~r.er. l<>r O<amplo. nu battn a rosea«h loolln lhe 
laDOtata<y lor well o•tt a d""ade. 1>111 only In lhe 
la!l tew rearo hu U Dnn a~plie<l o..ccoulully In 
manulacluring pl•nto Slmrlarly lhe monrcompute< 
wu avaolable long bolero 11 ""' applltd In lnduSifl 
on a wldO SCOIO. 

Pernaps the problem runs deeper tnan wMI ls 
pl!celveo. Pro l. Gu!lav OllinQ. cha~rman ol Bradley 
Un•veroll)'s Oualtmont ol Monulacturlng 
Teehn<>l<>gy '" Peooo, 111. ano a lormet practlcono 
onglneer wllh ••tenol•elncluSir•al .. porlo<>eo, pulo 
lt thll .. ay: 

"U.S. academoc ,.ooorcnero and moro practlc&l 
proouchoolmanulaclu<~ng ond,.iduolo oro not on 
luM wolh each olher. Ea eh group neodo to ~el moro 
1nvotved "'lh eaon Olher'o ••porienoeo-lhO 
ocadem.cian woth tno pr<>ductlon manutacturlng 
po~>on'o real-"1• ••P•<Ionceo in the ¡Hont ond tho 
PIOduchoo peroon wllh lhe acadomlclan·o 
tneoretical cont<il>lrtLOno Thio wln atoo enou<e an 

Tho lrend " 10 incorporal< mme inteltiaence In doto
login¡ inmumenl! and lo prevido them with widor 
ron1 .. of options, oin« oomo of lhnr ......., ~ not 
l<.;hnicolly profkienl and induotrial opplication< doffor 
"idd~. -

' 
Greater use o! CAD, CAM, and DA 

lnUn'tr~ h.h olnwl~ tl<~un 10 makc Hr<ator u<c of 
<<>mpulcr·aidcd Uc,itn (CA/JI, 'omputer-aided manu
facturin¡ ((',U!J. and Jai1n automoti<>n (DA) >< 
manufacturing ha• b«ome more complu and pr<>ductivi· 
ty llao not lop< pa« ,.;¡h ril.in& com for labor &nd 
material<. In count,.. hko Jopan, whero hi¡h lnduotrial 
productivity ;, a national 10al, CAD is u>«< in nearly 
evcry indumy. For cumple, tho go>ornmonl·ownod Nip
pon Telo~roph and Telophon< Corp. re«ntly oponed a 
<<r>ÍC< 10 tho public that prO>id" >Í>. tolophone th< •op
puninJ ..oft"Ofe for do;<lopin& L<t ml<roF<<><n<Or pro. 
gram•. Tb< inform~tion com., from lhe dota b.an~• of ~ 
national cumput<r. 

Although '"tal"" of CAD and CAM-tl\e <omplotoly 
. automRI<d lactor)·-i• >Lill for off, manofocrurin¡ "fl<'" 
,,. cmpha<izong the potenliol of each tochnique. Corn· 
p1i!er Ai~e<l Manufa¡;turinl lntern•oional or Arlington. 
Te_;., o r<S<a"h orpoi<>tion <Ompo<od of looding 
wurld,.idc indo<trial compani.-., ha• becn developin¡ 
c<>mputer program; aod manufa<turing <lrll<&iC" to holp 
auromdte pr<>duction 'Y"""''· Th.,• are intondod 10 load 
to h•~hor manufaoruring producti>ily. 

0<1<' ><<eh program ;, Ci)PP jcomputer·aided procm 
pl;""'in~l. a pmgram lhal !in~' CAD and CAM. CAPP 
fodturc• a parts.<o<lin1 oeheme that allo"'' almOOl any 
!'lfl in a factory 10 be dncnb<d from a f<W fundamental 
goomctric •h•r><'- Wuh a < AT l<rminal and • hybo.o.rd, a 
dnigner '" a planl u•in1 CAPI' con cal! up al once, or 
e>en <real< Ln<lanll)', a pan n«Jcd lor manofacturing. 
Thore i' no nocd for "mN·Omum•ng ong,.O<rin~ draw. 
i"!!'· All ol !h< part'' mo11ul>e!oring <horacl<riMic• "'" 
d<•crihod in dmil on lhc < •• 1<1t<n. 

, __ , .. ___ ... _ ... __ ... 

""""' lr•nsluon lor eog•oon<mq q<adualos onlo on
du>ll1" 

Prol. Onmg ~·re; ''"""1" "'""'""' ""h "'""' ad
>Oncod •r><lust"•' auo••c•hons <>1 etectronoc> t~an 
tne u_s -Japan G~'"'""'· ano Nor ... y '" these 
countr~es, he '""· ~caoemoc ano '"""'"'"' poopto 
.,.,, horod in Mnd to >ul•~ onousnv·s o<oOioms In 
manv co•••. pmmotmn• lo p!Oiossorsh•p• aro 
bosod oo tM oOOmdual's industrial expenence •• 
well os •clenl•hc contribul•ons In so me counl!•os a 
profenor wno tec•u•os '" a """"'"''Y may atoo 
work •n lndu•"Y lo sol>e oulomotooo problem• 
Prol. Oy,.no B¡orke's "O!k on coUula< manuloctur· 
ing, de$C<II>II<l m lh'" repon, ls on "'""'~te 

Ao pon ol '" IO<Og-<an<¡e plons. Compute< Al<acl 
~uulocturlng lnte<nauonol. a TexaS·bUIO 
<oooarch or~onozotoon. ~ .. on o-ducat•oMMullty 
commtnoo ol whlch Pro l. Otl•ng " cn..,man. 111 oO· 
jocti>O io to stomulate coopa<ollon between in· 
ouotrlal, oducollonal, and protes.,onal groups 
lh<ou~h lnlormal•on oxohanQOS, commoo reso01ch 
areas. racun1 ano stuoent o><han~••- ano tne 
oe .. lop,.nl or educatoonal prog<am• on compulor· 
aodll<l OHogn ano compute•-a"'o-d manulaetu..ng. 

One roaoon why mor< indu<trial manufocturof! don't 
"""moro pro¡ran« likc CAPP'io the hi&h •nllial 0011 of 
oon .. arc propar>tion and ¡onoration. Althou¡h CAPP 
ha. prov<d co<t-effecti>< for lndumial application<. it i< 
being u,.,d in fow job·lot companie<. They ore •l.eptkttl of 
in><llio~ tho ~lOO I)X) n<e<Jed oyp•coll~ 10 bu•ld juM o 
do>Oil ~il'8 Uaoa haoc '"' h l 'A 1'1'. l'or a 10 I~XI·itom job 
lut. 1U w 40 wceh ,.,o n<<"<~<·J '" hu•IU lhc da\\il~in~ ti JI> 
t>,..,, ;•ntl about onc·lhi<J !11th" l<mo ¡, •pcnt pl1nn•n11 
hm• to put '"'ha dota b"" lll~cther. 
Automallng the design ol PC boards 

An ttrea in manofaoturtnJ whore applkation of th< 
computor'o powcr ha< mado notable progre<! " in lhe 
do,.gn of 1•(' ~OOI<I•. Horo DA, tlcsign automalion, is U<· 
ing tho ('oonput" n<ll o"ly LO ¡onerale pr<eilion d«i11n 
dato f<U<h O< ''''·board artwork¡ boL al<o to lar out op. 
limally tho cir.·uit rompononh and •ntor<onn«!iono on 
the bo.:ord. Wi!h CAD, romputer·aided doo;ign, compOn· 
ent pla<emont and int<r<onnoction ar< p<rformod 
manual!~. 

DA hoo beon applL<d <u<emfully in lh< d«ign ofdon>< 
P( board• wüh high.;po•d 1(• li!<o E u_ (<mlllofoCoupled 
lo~k¡, a job •irtu•lly impo>'ible oo achieve wiütout the 
computor'< o id. Gi.on a lo¡ic "'"~'""' of <uch baoi< ~ata 
;n 111< componenh ro be u-cd, tho ,;,. of tho 1'<' bo•rd, 
and the requir('d "'ir in~. a lll\ pro~ram can product inltr· 
connection pattorn• for th< mo" <Omple• muh<layered N:: 

board•. 
A loodor io applyin~ DI\ to K·boord do•ign, 

Automat,-d S¡-110m1 l<w. in ~1 S<gundo, C.l•f .. recently 
inlr<>doced a \Oft~arc module IPiact llJ thar moh• il 
po«iblo 10 """' th< inrorconno¡;~ion• for l>rJ< P<' board• 
or hi~h drn'it¡-, o job th~t prc•iou>ly rould nol be done 
automaoi""li)' 1m nompl<. """~ lho l'l>e< 11 mnduk, • 
dc.•gn<r ,.,, ¡., ""' •~ ""'d' "' ¡.,~, "' 11 hy IS inohc. 
o~ by 4h ,-,..¡ ~uh 11~1 ~'''"''"L "";""- 1 h" "'l"n• hy 
1orhi""'·'''J t<chn'4"" 1 l•al ,,ll"w lh•· "'"'P"'"' '" ~r<oop 
""""¡' okmml\ .<ccorUm~ <o 1imilar 1 unCLi""'- • 
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Technical articles __________ _ e 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 

by Masatoshl Shima. Z'Jiog"'<. "'-"""' """ 

O A mi~roproces.sor would gain ready acceptance if it 
could fit immcdiately into apptkation• of curreM s-· and 
16-bit microprocc>50" and at thc "'me time have an 
advanced architccture that was e•pandable to ensure 
long product lifetime. The Z8000 rrom Zilog lnc. meets 
the lirst goal casily-and docs so with 10 times the 
lhroughput of uisting micropracasors. To mcet the 

. >econd goal, the ZROOO hu depancd from tite traditional 
byte.oriented microprocossor dosign and moved toward 
the more regular architccture of minieomputers. 

With many of the architectural fcatures of minis and 
sorne plu""s os well, the ZSOOO is dcsiincil for minicom
p~ter as well as microcomputer applications. To begin 
with, it bandlcs sevcn data types, from bits to word 
otrings, and offen eizht selec!able addreuing modcs. lts 
81 distinct oper.tion codes combine with the various 
data types ond addrcss.ing modcs to forma rich 414-
instruction se\ more p:rwerful !han that of most mini· 
comp~tcn. Morcovcr, the set e•hibit• a high degrcc of 
regularity: more !han 90% of the instructions can use 
any of five main addressing mOOa with 8-bit byte. 16-bit 
word, and 32·bit long-word data types. 

• Among Íli architectural resources are a large numbcr 
of on-chip registers-24 16-bit rC.IlÍS\on in all-that 
dramaticolly reduce !he numbcr of memory rcferenccs 
needed in programming. Si~tcen of those rc.llÍ$\ers are 
general-purposc, ond all e~ccpt one can be u>ed as inde~ 
register• without re<trictions. 

Alw aiming at minicomputer applico.tions is the 
ZBOOQ'¡ large dircct-memory-addrC$Sing capability of 8 
megabyte•.lns\ead of treating it a• linear apace, howev
cr. !he Z8000 organizo• mcmory into a set of 128 
segment• of up 10 65,536 bytes each. A •egmcnted space 
is clo•er to thc way the pro.llrammer uses memory-each 
procedure and data space. eithcr l<>e:~l or global, resides 
in its own JegmenL To furthcr fa~ilitate u<e of all that 
•pace, a memory-managemcnt chip will work with the 
Z8000 in performing the dynami~ relocation and memo
ry protection ncedcd in a largc •ystem. 

Twonr1lon1 

But bOca u 5o the Z8000 mu•t •atisfy e•isting micropro
cessor nceds, two vcrsions are offercd. Beside• the 48-pin 
memory·•egmented vef5ion with B lines that addres.es 
~.megabytes. a 40-pin chip is offered witb 16 lines to 
add<C$$ 64 kilobytes-the equivalen! of one 5egment. 

E>pan>ion ;, guarantccd from the 40-pin to the 48-pin 
vcr•ion; the segmente<! Z8000 can run any non .. g· 
mented "odc '" any onc of il< IH segmento using a 
load· prugr ~m-,tatus inslruction. 

Fiully, the Z8000 boam two operating modo•. 
system and normaL that keep operating-system and 
applicatio"' programming .eparate. as in computer 
5)'1tcms. Each mode hu 1 .eparatc 5\ack, and the 
arrangcmcm is.olates global feat~r•• lih privilcced 
inmuctions from nmmal pro~romming. 

i\n n·channel metal-o•ide-.. miconductor chip buih 
with •calcd-down dcpletion-load >ilicon-gate technology, 
the ZSOOO oqueezes about )7,500 transistoró into an arca 
of 238 by 256 mils. In den•ity-148 gates per squrc 
millimeter-surpasscs that of prcvious microproceuors 
(!OC als.o "Gcnealogy of the Z8000," p. 83). Thc chip 
uses a 5-voh •upply and requires a sin¡lc-pbasc 
4-megahem (250-nanosecond) ci<X:~ for uming. As at 

DNoo. Too t6-b'' zeooo control proco""'ll ""''; " - t 

n--ct-.onoo< d<plotoon-load ll<lie<>n-.gato tecnnoto<¡y. Tho cltlp, wNcn 

"'""" Obo>JI !7,500 1r ....... 1<1tO nlo O 23a-Cy·256-rrol or :¡¡J. 
_, ............ .,ea.~·-'"'"00.1 t08gat"''"""'· 
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lcastlbrec dock cycleo in the ccmral processing unit are 
rcquircd for one mcmory cyclc, !he Z8000 nceds mem<r · 
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As ohown in fig. !, the Z8000 has in addition lO its (RQ). FotJr WO<dB ""'ludmg tM progrom G<>JniO<. conlaln lho 
addrm and data bu'"' and clock and power-supply po-ogrom.,at~"""'""'moropoonltot"""""'~><"'l'""'""a"'"area. 
inputs oix 1ypes of control buses: bu>·limin¡, su.tu¡, 
CPÚ-state. interrupt. bw. and multlp!c-microprooes.sor 
control. Tbe three bus-timin¡ control cutputs cocrdinatc 
\be data Hcw ovor tbe chip's addrc.,/data !ines. An 
addrw molle signa!• that addrcs.es are valid, and a 
data strobe times the window for va!id data in and out of 
\bl: CPU. Thc memory-rcqucat !ine is a tímin¡ signalthát 
CUCI interfacing \O dynamic memO!')'. 

CPUibohll • 
The ne.t bw prcvidca information on thc cr•.l'• >U tu•. 

A read/write linc ¡ive> early status of thc forthcoming 
cyclc, whilc a normal/sy>tcm line indicates which of thc 
two modcs the CPU is in for thc curren\ cycle. 1\ 
wordlbyteline indLcates whcther thc CPU is acccsoing 16 
bita of data or S bits. Thc four 5\atus-controlline• forma 
4-bit word that indicotes severa! bus ll.atuses. induding 
memory-rcquest. &taü, tit&l· ond subscquent-word 
izutruetion fetch, intcrrupt acknowledgments. interna! 
operation. and others. 

The neu of tbe control buut are three CPU·Itatc 
lnputs. The rc¡et line initializeo the CPU. A wait line 
aignals !he CPU that dal.a transfer ¡, not ready. The stop 
llne hallo interna! CPU operation (ahhough dynamic 
memory i• still refreshed). The CPU can be stoppcd each 

" 

time thc fim word of an insttuctiOII is fctchcd. 
A pair of li~cs ¡O>~rns the control of all the ZHOOO"a 

buses. Oriving thc hus-rc~ucst input luw instructs tbe 
CPU to put all iu addr~ss/data, buHiming, and status· 
control linos into a high-impcdance state so that othcr 
dcvices can usethem. Thc CPLJ <ignals it has relinquished . 
comrol with its bui-acknowledge output. 

Anothcr pair of lin .. is use<! with ccrtain instructiona 
\0 coordinate multiplc-microproceucr systcl'n5. The 
mullÍ· micro out pul linc is.uc; a rcquest, whilc th~ input 
line recognízes outside rcquc<l>. Thll.! ony CPU in a 
mulliple-microproceuor systcm cu, for cumple, 
ucludc all Other "'ynchronous CPUi from bein¡ able 10 
acceu a critica! resourcc. 

Finally, there are three inlerrupt inpull and, in the 
50gmented verlion of thc 28000. a trap input. Jntcrrupts 
are asynchronous evcnts triggercd typically by peripbc.r· 
als needing the CPU'¡ attcntion. and trapo are syncbro
nous r:vcnt1 n:nhing from tbc cucution of specific 
instruction.s that occur each time the instructicn is 
exccuted with the samc se\ cf data. The two are hand!cr' 
in a similar fuhion by !he ZSOOO. 

Tnc ZSOOO i1 a rcgister-orientcd machinc, placin¡ 
litLlc conl\raint on thc use of iu 16 ¡cneral-purpote 
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re¡iucrs. lndced, with bUJ onc eoccption (the l!acl< instruclions can ~i.nipulate lhc stad ¡>QinLer, si;~ee it •• 
pointcr), no rcgiJtcrs ~re c~cr implied in an instruction · in the gcncral-purpose regís ter group. " 
and none whate•er ha•c sped,;,l restrictions. Bmtlcnecks"~' The two runn!•B modes of !he ZSOOO e~ eh hnc a copy 
found in early microprOt:cuor' design•; likc dcdiC~~ted of thc stack pointu-'cnc for · thc · syatem modc and 
tca~mu!ators. are thus avoided. so that prcgramming is anotbcr fór'thc normal mode..c.as implied by th~ primed 
cflkicnt and straíghtforward. All !6 of thc 16-bit rcgis: ·. rcgisterl R11 ' and R;,' in'f1g. 2. A!thou¡h thc <taclis are 
\CrJ (R,-R,;) CBn be uiOd as 8ccumulator5 . .Alle•ccpt Ro .. scparáic'd, th~ ñoriña! sla'Ck• rcgisters can bi: acccuéd iri 
ean be uscd IJ indcx n:gi.tcrs, b .. c rcgi•tcra. andas. tbOSystém'ñtÓdéb)'"úSinithé'load·control·wcrd iniúuc· 
mcmory pointm for indircct addmsing. tion. HaVilii 1WO sen of stack pointcrs facil:!l!lca task-

A ~•xlbla r.gt-;,•~ •rchltecture ::i~h/;~~:~;: ~:~~·~~~ ~f..';:t':m ~:;m~~i~n~0:~ 
· · · As ohown. in. Fig. 2, thc ftcxibility of the regio te" is thc information saved on thc occurrcncc of tnlcrrupts or 

1
.!-__all'or<!cd by,a,uniq\IC_!rrongement of ovcrlal" and paiis. · tra¡)i"is·alwaj,a'puohed·on·t-. ._',~-'-'-•-'.-",i">-"rbeforc thc 
1 The 16 8·bit rcgi.sters (R Ho~RH, and. R!.:;-RLi),' all' of·-1\.CW prognun st.ltus is loadcd. 

¡ j . wbich may be u5e<l as accumula'io~íi¡:¡ ovúlaj!ped witb·e~ In lddLtion lo thc gcncral·pwrposc n:gi>~.~rs; .thcrc ~re 
, 1 ' e1 u1:1~~ .. ~-'.S\.Ci¡¡h\ .. t6~bi! re¡i!~ers (Ro~~;l .. :~ho:__eigh_t ~2·~it, .thc_ progr_a.~_-•tatus registe. ro, which contain ·lh~ 1 ftags, 
1 , fi!M· ~ loa¡¡·w~rd regu_t~~ (Rft•~.l!t!t:•l ~a~~ reg,.,ter paor_l,u a.~d ·: · '·"-~!~<:1.' ~~~~~ ~nd_'. P!OB!'IIm · counter ,'• !~'-tM; T40:p¡n non
. 1 ~¡·: .. ,tU four 6~:bit qu~_d:~o/!! .r.cgt~~~" ,tRQa-R_Q.,). ":'~'e~,;:. ~&m.~n~id ·_ryrsi?'! of -~~-· ZSOOO.' thc P'?&um ltltus is 

l !1 '"'m re tLied by. a (cw,¡I\Siruc\1~ wc~ as !".u.lup.ly, d!Y'2•·.' ";hdd •!". !~ ~l6·-~!l.c!•&'•~c~:: 1_~ '~nt .sjtht; 1 fb.¡ and 
. and extcnd sign, are registcr quadruples.,, . ,..,•;o ' " con.tr.<?_l ~ord, .. !h~.,!~.~~ .. !•, t~.c .P!;?B':''!' ~nlcr. ,1 n thc 

nc.o·<•F,qm• tn >the nonscgment=rl 1 ven ion; of, thc ch1p, thc, las\ ,~segmcnted vcnion,. pro¡ram status is u' full four wordo: 
' ,;.'!""''l~blt ·gc~~eral-purpoiC rcgincr,· R 1i, ;, thc stad< pilin-tir: ,;,;!he ~aÍ(a¡;d 'iii:>Jitiol Word," i.' tWO:w'iird ¡iiósrani countcr, 

1 

':~<l 'ln:~he·_~n.tcd ve~ion, tbc !an two rcgisterS; R,. and;¡ ~iid a wOid i~CdforJu!IÍ.I'e ~;·.-;~:..; •• 1~ 1 J 
.< r.~ R11 (or long·word reCiilcr RRí,),' are ncedcd 10 hold tht; ~ AI>DihCI' . re¡istcr,, holds, . !he . P!)IOter for thc ncw· 

llack '¡i(iiiitci:'With Rf; ltiirinj¡ th.OSOgnicnl numbct ~hile <>: program.,tatuo 1 area.1.ll : compris.éi_ .. i ... ~ ¡~ords 1 in lhc ¡-1 . Ru contains !he oll'•ct. Thc on!y instructions !ha\ use thc '1 '¡.cgmenu:d vcroion · and · <01\.C <Word, in , the oon•egmented 
' r f--A' ltlct'prrint~r ·ndusiocly· l"' ,...,u,.call· relatiVe, ret~m. versioñ. Lastly.' a 1 rcfreb' rcgiuer eotlllinl a 9·bil cov

' ' ¡ aDd rcturn from interru~t: thc pu•h and 'pop iristfll~.ti~ñ.. :"~t.~; fof ."utomatic R,~ris~ of dynam!c m~ries. ' 

U 
can use any'registcr •• •'•tackopoiotcr. Howovcr, an: 1: • Thc Z8000 c~ecutes tnllr~ction> by lltpping throo~" 

'\ ""'''"''"'""""" p. ·~ .,,.,•.ov ... ¡ "·''''" •O·"-·""•'D:X01Q,>1J<"' 10 O~h1Jfll>~ • 1 ' 
~"!"C'~•lOI ' ~l'fl '"" 1 ,.,~ '·M~ ln 10J""' ~ 'l';l.l!lO"'l" ~~~"¡\:¡, bet1>C.• , ,,!., ,.,., 1 

. '\ "CLI'l"'•lJ"We ¡"''~ L 1 , '·"""·> , , ' , ~" '"''"" 1 • ¡ _ ~,.:; .~.· ..)·,., ' mo~ ~""' at1, ~~.11 ~<IC""•·iJ~' '"•·-·-·· ..• '"·" · 
Ji {;;~;~p \ ! . :'~.'~X>Ifj~loo~,IOLoa<"."{!l.''<l~.!._K~.~~~b..-~1,1&73 
~~ \\ ' •':'·'-"'X·q•'l•:.r.o ~~ '""''""''~~ ~•-•! ;,1/ ,,,¡.,,!~ti 
¡' ' f .• ··.l .-.,~,. 1'"'"' "''"'~'-d t~rl a¡c;:c• .~~~ r, '·e',.~~ '"''•' S'··· .J . - ·~le.., <l)¡:q¡·~mll~v>l·r1¡¡1rl ni ~ .. ,l,',¡o: ~""" t!·-~ ~·,P<.;" 
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"- -...cu..., '""""'"· T91>1 IO<<N.I (a) """only ooo 16-l>ol wO<d. ,. ......... "'*"'~·- .. _"""""'Y· a...w .. """"'' (b), UMd ,.,. 

~ waoo, "' long ""'do. _...11>1 --,.._ o-.¡¡ lht 
2 oddl011-""""' bots onG '"" oout"" ,_,., ...,,.,., 

1 u:tof !he fc!lowing b .. io machinc tydes: memory rud 
or write, inputloutpuHicvicc rcad or write. and inlernol 
data execuuon. Sincc thc memory cyclc use• lhrce dock 
cyclc.1o fcl~h thc in>lruclicn cr dala from mcmcry orlo 
,.,¡¡e data inlo mcmcry, c.ich mllchinc cyclc al¡o u¡es a 
mínimum of thuc dock cyclcs, though for ccmplcx 
operationo it can eucnd lo u many n ciV.t. 

The m.Her orllmlng 

ldcally, for llplimum lhroughput, all instruction time 
ohould be mcmory-cyclin¡ Linu:; no dock C)'Cies should 
be wa5ted on othcr phaoes of thc instruction cyclc. Simu
lation• of a wide varicly of bcnchmark programs havc 
1bown thal, on 1he Jvcn¡:e, the dfcctivc memory cyc:le 
time (al¡o calltd 1bc buo-uliUzalion ti m~ or buJ cfficicn
q) of thc Z8000 is 80'1. lo 85% cf the iMiruction 1irm 
and up to 90% if jump instruction1 ar<: cxcluded. This 
dlH:ieJ~Cy is a significan! improvcmcnt O>CI thc 65% lo 
70%ofthe8-bil Z80microproccuor. -

Onc rea~n fur !he high efficicncy of thc ZSOOO is i1s 
lool!-ahcad instruction do:coder and acccleralor, sho•m in 
tllc •rchitec~ur.l block diagram of Fi¡. 3. Sincc tbc 
looi:-ahi:ad is lied to lbe intcfnal bus, and since thc 
~ction set is vcry re¡ular, an instruction can actually 
bc:¡ia cucutilln whilc i1 i1 still bcing storcd in tbc 
lwttucticn rcgislcr. The lock-ahcad makcs for a sisnifi· 
C&AI impTO\'ement in throughput, for cumple, in the 
~ of direct and indexed mcmory addrcssing (thc lr\Oil 
~ntly uscd addrcs.sing modes aftcr register oddrcss), 
~eh tite ZSOOOdccs no¡ rcquirc any additional dock E' lo docode the instruction in dedding whether it is 
~ or long oll'sc:t. The l~d-ugisler·t<rreg;.tcr iiUtrUC· 

.. 

• 

L PrGgrom olltua. Tbe """--progrom-ololuo aroo poiti!Or •• t-..o 

wcwoa~ang; 1t>0 7....,.. ~ bllolf\1.., - -~ 'I>Od'Y 1ht 

I>OgiO•*'II or .... - n..........,. lrOfl'l ""'*"' ,... ,... P'c;t""' ~~.o"'" 
01 ,_,_ Í'l r-- lo 1<1~pto or><1 ~01'1-

• 

IÍOII hu bcen cplimized to rcquir<: only thc thrcc: clock 
qclco ot iu mcmocy accw.ln most in11ructions, in fact, 
tbc data-manipulation time is fully overloppcd wilh ilu: · · 
fctching of thc ~rst wor<;l of tbc nut ins1ruc1ion. 
. Throughout thc deoign of thc Z8000. mCiiculoUJ 
mc.ntion was paid to accclerating and optimizin¡ c:ach 
i"'truction in proportion lo i11 stalisticol impor!Bncc. 
Somc: instructions and data refcrcnccs are ali¡r>ed in a 
lÍn3lc ,.ord 10 specd ueculion, 1implify logi~. and get a 
larger range whcn !he rclntive addrcssing modc is Uied. 

To fuÍtber incrcaie execulion spccd, u well u !Q 

red~cc m<:mof)' ¡¡sa¡e, thc mosl frcqucntly uscd instruc
tions in the Z8000 ha ve beco coded as onc word. Among 
1hcse are jump relative, dccremcnl and jump on nGn· 
uro. load immcdia!C! by¡c, loa6 immcdi&tc ,.or<:l, and 
call rclative. MorCQvcr, the sophisticatcd, intcrruptiblc, 
prcprogrammed block and string instruclions can 
cxccutc mcmory•to-mcmcry data monipu!uiGns u fut 
as 888,000 bytes pcr ~. 

Extra lnaii'IICikina 

A nwnber of powuful instruc:tions not fou...J 0<1 
prcvious microproccstOrt _wcre added to thc ZSOOO 
repertoirc. Tbcu .re !hose that handlc thc ncw data 
typel-irutructlons likc mu!tiply ar.d divide thal manip
ulate 32·bit lon¡-worda-and otbcr i"'lructiOM that 
load and s\Gre muhiplc words. And tbcr<: are instructions 
that incrcmint and decrcmcnt !he contcnts of any rcgiJ
tcr or mcmory location by any numbcr from 1 10 16. 
Finally, mu\tiple addresoing modcs for thc pUJh, pop. 
load, 1nd •tore instructions cnh.ancc performance. 

An importan! part ot microproca.sor dcsi¡o ir. the 

' ','. ' 



The zaooo tamily 
Evan a mlnlmum system besad 011 a ZEIOOO mk:roproces· 
""' axec:utfl instnx;tlcns test &rw;! 1$ &esy 10 program. 
Soon 10 be e\18ilable ls a lamty ol associated Clllps tr..t 
wj¡ e>lef'od !hase ad'vlnlil¡¡eS 10 ~ Z&OOO-based 
computar sys1ems and r>etwor••· 

TMe memtJers of !~e lamlty ir>elud<l: 
• The Z-MMU memory-marn~geme<1t un;¡ lhat takes care 
ot memory segmenlallon a.rod Pf01ec1101l onct addrass 
tranolatloo. 
• The Z·UPC unt..,rsal penpheral con1rollar. a Z6 single
chip mlcrocom¡;>uter usad as a general·purP"'G program
mable perlpl'ieral devk:e w•tn the ZBOOO. 
• Tlle Z-CIO COU018< and pa;allet-l/0 chip. wttl'l 11v ... 
programrnabl& 16-bot COOJnt~ two 8-bOt todlreci"""IIIO 
poos. anda 4-blt 110 pOrt. 

instruction fo""at. since Logic complexity {and hencc 
chip si:e) dcpends hcavily upcn its complcxity. Dc:sign
lng inlo thc inmuction Se! total rof\warc rcgularity 
(where all instructions can u•c all data typcs and 
addrcssing modes) is ideal, and tb" goal ;. ene towards 
wbich tbe 28000 hu strivcn. -

Of thc cigbt sclcctablc addr<Ming mOO., (oec tablc). 
lhc five main mOOes-register, indire<:t rcgister, immedi
ate, dirccl addre<s, and indcxod addrcss-can be usW 
with ne.arly a!l instructions, excepling a fcw such as 
re\81c and sbift instructiOM. Thc thrcc othcr addres•ing 
mOOes-rclative addrcS5, base addrm, and bate indexW 
addres•-'have been added 10 all load and store instruc· 
tions. To -¡ave memor~ •pace, the relative addressing 
mode applics addiüonally te jump, call, and dccrcment 
ar>d jump on non-zcro instruo;tiono. Sorne instruction• 
have"buih-in autoincrementing and auto-de<:rementing 
addressing mode<_' Finally, a I<XId-addrw iMtruction, 
which can use all of thc eight addrwing moda, ¡upporu 
e ven thc most sophiuicated operand-addreo.in& schemc•. 

!nltruotion formal• 

The formal> for Z8000 in•tructions are shown in, 
Jlg_ 4. Tbc 2 most significan\ bit< in the instruction wor<l 
determine whcthcr the IÍght in•truction fortnal (a) or the 
~oneral inmuction formal (b) is u<cd. Use of the tigbtly 
cOOed innruction-a single wor<l-reduces instruetion
memory uo¡agc and spccds eucutíon. 

A• long as the 2 most significan! bits are not both h, 
!he general •nmue\ion formal applics. Thosc 2 bits in 
conjunc!Íon with the source-regi•ter field in thc instruc· 
tion are sufficient for specifying any of thc five main 
addressin¡ modc:s. Al sbown in Fig. 4b, 1n all-zcro 
s~urce srec•ficatíon distinguishc• immedb1e or díre<:t 
addreS<ing from indirect and indcxed addressing, both of 
"'hich require a source regincr. Source and destination· 
regi•tcr field• in the in<ltuC!ion formal are 4 bits widc 
for addressing tbe 16 gcneral-purpose regi<ters. 

Thc Z8000 docs not havc memory-te-memory arith· 
metic instructions. Ho"cver. ·¡¡ perfarm• memory-le
mcmory transfcrs on a rophisti<:ated sct of preprogram· 
mtd block-transfer and Wing-manipulation imtruction• 
and offe" uorc immedialc, push immcdia1e, and 
cnmrJJc immccliJIC inltruction•. That arrangement 

Eklcl•onlca/ December 21, 1978 

• Tha Z-SIO seriaHIO clrcuit. which nas two lul~duplex 
cr.annels BL'Id ls <:aPflble el handling asynchtonous and 
t>ISynchtor.ous protocols •t dala rales ol up to S80 Ido
bytes per sacond. 
• The Z·MBU mlcroproces$0r bo.m•r unit, a 128-by·S·b" 
ltrst-tn, l"st·out bu~er lhat can be cnsc•de<l to ony depth 
to coone<;t asynchtonous paralii•l prOCe$SOis to t/le Z8000 
wnen muttlprocessin¡¡ . 
• TM Z-AFO l.rsHn. hrt.t-out buffet memory, a~ 128 by 
B bits. lor expand•n~ t/le Z-MBU deplh or tntorlacln~ 110 
pcrts to user aquipment. 
• The Z·l>us RAMs. a patr ol random..acceu mamory 
ct>ips-a 2.048-by·&-blt JuJy statoc RAM ond • so!!
relreshlng 4,096-by-8-bot psei.XIe>-statlc RAM-le< omal 
loc:8ISI01age. 

provide< a more compaCI in<truction fo""at with more 
op codes availablc for additional instrue\ions than wou\d 
be po,.iblc with the general memory-to·m~mory 
oddr<Ming mOOe uoed in !he Digital E.quipmcnt Corp. 
PDP-11 minicomputer. which has two .ets of addreaing 
modcs and registcr fields. · 

lnterrupll and trap• 
The 28000"• seven lnterrupl5 and traps, botb intctlllLI 

and externa!. are ar111nged in priority. The three ínter-. 
rupu are all externa! input>: nonma&kablc interrupt, 
vectored interrupl, and nonvcctored intcrrupt. The 
•ectorcd and nO<tvectorcd interrupts are mukablc. Or 
the four traps, the only c•lernal onc ;, tbe scgmcnt iaput, 
which is found in only the 48-pin scgmented ver<ion of 
the chip_ The rcmaining three traps oc:cur whcn ccrtain 
instruction• limited to the system mode are called in the 
normal mode. or for thc systcm-c.all instr¡¡Ciiort, or for an 
illegal inmuction. The dw:endina pricrity arder of tlte 
traps and intcrrupll is: interna! traps, nonma•hble 
interrupts, •esmcn! trap, and veclored and nonvco;tored 
interrupt. 

Whcn an interrupl"' trap occurs. the prog111m status. 
which io eontained in two !6-bi< wor<ls in the nons.¡
mcntcd ve,.ion and threc word> in the segmente<! 
version, i> pushed onto tbt system stack followed by an 
additionol word. This "'"a word lypically indicates <be 
re.awn for the occurrencc. 

In thc c .. e of an interna! trap. lhc rea•on word is 1he 
r,,.¡ word of the trappcd inmuction. In the case or lhc 
segmenl trap and for all interrupt•, thc ruson i• lhe 
vector on the data bm that ;, read by !he CI'U during tltc 
intcrrupt· or trap-aci<nowledgc machine cycle. 

The prcviou• program stalu> thu> having bcen pu•hed 
on the systcm stack, a new pro~ram •tatus i• fctehed 
from the nc ... ·pro¡:ram·,lalu> tablc ( Fig. 5) that i< spcc;. 
fied by lhc nc"·progrKm·•lalu< ore. pointcr. '" in Fig. 
2, that pointer i• 1hc mO>t significan! byte in thc new
program·slatus arca poinlcr registcr. In the case of 1hc 
segmcotcd version of thc Z~OOO,the pointer ¡, t\Oo wordo 
in all-thc ¡cgmenl numbcr i• spccified by the 7 moat 
significan! bits of its >Ccond wotd. Af\cr lhe inter<upt or 
the trap has termioatcd, a reset scquence ;, enlcred. A 
new program statu• isthcn fctched from a fi,ed locatiott 

. ., 
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. in mcmory al thc be¡;inning of "'¡;menl O. 
Fa~i!it.uing !be "'!XI'~tioo of opcrating-oy>tem pro

¡ramming frum opplication• programming ar<: !he 
oyotem and normal oper~ling mcode1 of tbe Z8000. The 
di5tinction ;, made by privileged inmuclions. wbkh can 
only be ClCCII!cd in thc syotem mode and ar<: trappcd 
whcn cnoountercd in thc iiutru¡;¡ion ftow of normal· 
modc op<ration. Those innructions include all 
inpuVoutput inotructiono, bah, enable/di .. blc Ínlcrrupt, 
load control word, uorc .xmlrol word, load new program 
uauu, rclurn from interrupt, and &11 mulliple-micropro
ceuor inmuctions. 

Hi¡h-levellonguagc¡, sophiolieatcd cperatin¡¡ •Y•lcma, 
lar&c programo and d11a bas.c:o, ond dccrcuing memory 
pri= are all accclcrtting tbe treMI towards -larger 
mcmcry spacc in microcomputcr 'Y"""''· But evcn when 
it is available, quesüon• are roised: how is it bcst 
aoc:ca-cd by 1 programmer? and wllal memory·managc
momt mcchanism bcsl allows !he systcm l<> managc iu 
mem<lry on 1hc user'• bet...lf'! ln answer, thc Z8000 
ptoPJSC$ a •c¡¡mcntcd addrcssin¡¡acheme. 

The segment number is an unsi¡ncd 7-bit inlcgcr 
ranging from oto 127: thc olf"'t is u un•igncd 16-bit 
intcgcr ranging from O 10 6S,SH. 

Whcn rcprcsented in a rcgister, a scgmentcd address is 
alwa)'li a rcgiatcr pair or long word (Fíg. 6&). The two 
word$ may be manipulated separa te! y or logcther by any 
or !he word and long-word regiller operations. AH 
scgmentcd addrc,.es e•i•l in mcmory u a long won:l. 

A segmen1cd addrc>• in an instruction, howcvcr, has 
•-diff.,en¡ forms: either with a long offset (Fíg. 6c:), in 
which 1he oddrcss occ11pies two won:ls, or with a short 
offset that is onc word. Thc ohort oiTsct, wbich, as shown 
in Fig. 6b. implie• that thc most >Ígnificant 8 bits of !he 
<>lftct are all zero, can be used whenever the addrcS5 Íl 

<O'>tlt .lllo•<.s r--=- "'"' 
¡~·~':.~'lo.-:-·---~--- ·:. ' t"•••at· · 
-~'" jUO" WfA~UE:l _ .. 

1 1 
1 1 
1 ' 1 
1 1 1 1 1 

1 1 , ... 
1 ~) 
1 1 ¡-;;;;;;.- ~~ 

1 ~ 

1 

~ 1 
1 
L ----" 

7. 11.....,. ..,.noge-oll. 11>& Noii.IU mlfTIOf)'·manogomonl <:!>lp 

como<"'-" lho "*"""' roloca~ !r<om ~ te pl'lyooc:.l a<lelo'HI by 

a<ldotlg \ ... 16·1:>.1 o- v- to 1 2Hlil toase--
,¡h ach ~· Two Z·I.IMUS ,.,.,._ .. 126 wgmoniO. 

within thc firsl 2S6 location• of a scgmcnt. Thal tepr.,. 
=tation pcrmiu vcrydense cnc:oding of addrCiSCi and is 
convcnienl not only for inde~cd addrcssin¡, but for dirca 
addrcssing whcn short data scgmenli are uscd or wl>cn 
subroutines i\art u ¡he beginning of a segment. 

Memory-fllllrwoem•nl dl!p 

Thosc addresscs manipulatcd by !he programmer, 
115Cd by the in•tructions, and appcaring a1 the output of 
!he Z8000 are callcd IO¡¡ical addtCUC$. Transforming thc 
logical addtelS:&, which comprisc thc sc¡ment and oll'ICt 
concuenation, into a 24-bit physieal addreu is thc job of 
the Z·MMU memor¡-manaacmcnl unit {su "Thc 
Z8000 family," p. 87). -

Thattran.oformalion of lo¡icaladdrcu into a phy.ical 
address, callcd r<:ICC~~ticn, is performcd by this chip as 
shown in Fig. 7, A 24-bit ori¡¡in or base is logical\y 
......cioted with ea~h segmont. Te> form !he 24-bit pkysi

. cal addrtu. thc Z·MMU adds thc 16-bil olf"'l 10 thc 
base for thc givcn sc¡menl. (In opcrau'on, !he ZB()()() 
•ends o~\ !he scgment numbcr half a clock pcriod ahud 
of thc 16-bil offset addrcu to oompen .. te for thc time 
!he unil necds todo 1his.) Thus the Z8000 can diretlly 
address half nf a \6-megaby¡c physical memory spacc. 

In addition lo rclo:¡;ation, the Z-MMU prcn•id"' 
~gmcnt management•'and protcction frcm un~aircd 
writ=ovcr. Each such unit nnres 64 segmcnt cntrics that 
con.sist of !he scgmcnl base address and ils amibutcs, 
sizc, and status. Scgmcnt• con var) In oize from 256 
bytes lo 64 kilobyte• in incremenls of lS6 bytes. 

Using 1 'pair of the.e uniu with thc ZHOOO acrommo
dates all of !he 128 segmenl numbers. M"""'""', o.cver~l 
Z-MMUs can be u•ed to8clhcr lo accommodatc "'"""'1 
translation 1ables, although anly a •ingle pair may be 
enabl~ al any o~c lime. O 
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THE MC&48'" FAMILY 

!(148.- MIC~OCOMPUTEA WIH< ROM 

0748- MICROCOMPUTER WITii EPROM 

BOJ5- M>CAOCOMPUTEA WITHOUT ROM 

1243- 110 El PANDEA 

8355- ROM PAOGAAM MEMOAy ANO 110 (>PANDEA 

8710- EPROM PAOOAAM MEMOAY A"'O 110 EXPANO~A 

1155- DATA MEMO AY ANO 110 EXPANDEA 

• The Basic Family wi/1 be expended with addirional/10 
and processor elements. 

• Most 8080 peripherals and standard memory products 
are direc/ly compatible. · 

ON CHIP FEATURES 

IK WOAOS Of PAOGAAM MEMOAY 
64 WOAOS Of DATA MEMORY 

r~~==~~~~l7 I¡Q LINES INHRVAl TlloUAIEVENT COUNTER 

QSCILLATOA ANO ClOCK DRIVE!l 

RESET CIACUIT 

INHAAUPT CIACUIT 

• Total/y self conteined. A/1/hat is required is 5 VoUs. 

SPECIAL FEATURES 

• SINGLE 5V SUPPLY 

• 4Q PIN OIP 

• PIN COMPATIBLE ACit.l ANO EPROM 

• 2.5 u...: CYCLE 

• ALL INSTRUCTIONS 1 OR 2 CYCLES 

o SINGLE STEP 

o 8 LEVEL STACK 

o 2 WORKINC REGISTER 8ANKS 

• AC, n.o.L, OR HTERN.O.L FAEOUENCY 
SOUFICE 

o • 3 OR. 1§ CLOCK OUTPUT 

• Al/ contained on the single chip. 

• Low power standoy on ROM version. 

Nor~s: 1 
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• lnputs and outputs can be 'mixad on a singla port. 

• Bus can be usad to provida a standard interface for 
expenslon or /etched In ona chip epplicetions. 

• Al/ 110 fines ere TTL compelibla. 
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= ..:s.__ .... _.,_., {"'--·--· _,___ ,------------, 
" -.. 

"' " 

• Al/ mejor functional computet elements ate mtrJgrated 
on the single chip. 
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• A/lows inpUts and output to be mixsd on a singla port. 

• Al/ output ports can e/so be read 't?' diagnostics and 
temporary storaga purposas. 

' 
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::: f---------1 ~ .. c .. ., 
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• 8035 al/ eddrass refarencas ara externa/. 

• 8048/8748 address referencas below 1 K ara interna/ and 
al/ raferences abo va 1 K are eutomatically routed lo the 
externa/ bus. 

• 70% of al/ applications fa// balow 1 K. 

Notes: 3 
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• Ths 12 bit program counter can address 4K of program 
memory. 
Last bit of progre m counter can be dlrectly manipulated 
by the instructlon software. 

• 

[ 
• 
" 

" " 

DATA MrMORY MA~ 

l ......... 
••• 

..... -·-""'"'"' ... ----;r··------.-----
"'"'"'""' -........ .... 

•·L.._::::.,--.,-j r ,_, -·.......... 
••• 

·= .• """"- """ ., _.,. ., ... , .. ,.. .............. -.. .. "" ...... ~ 
• Addltional pegas of 256 x 8 can be externally addressed. 

Second register bank and stack depth ara optional, 
el/owln'g resident memory lo be from 32 x 8 to 56 x B. 

• Benk.sWitch /s done with one command. 

• Steck atores the program counter and status word . 

• 

Uor&s: 1 " 



PAQ<;R.IIM COU,.rt:A STACK 

..,..,.. 
"' -" " '" • 

" •• " " •• " " "' " 
" '" " 
" •• " - "· • - "" - " - -

• 8/evel stack pro vides for generous subroutine nesting. 

• Program status word is stored next lo program.counter 
in thB StBCk. 

• ·The stack depth is optional. Unusad stack locations m ay 
be used for data memory . 

.............. 
1+1+1 -

0\' .... . .. '""' ........ . " .... . 
01 '"''""" ..,_ OILIOT 

• Status word can be diractly manipuleted by the software. 

• Machina state is automatlcally rastored alter a return 
from lnterrupt. 

Notes: 

" ' 
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-"'""""' 
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OOIT-U ..... _ .. 
0100 1 "'' Cll .. <oo• ""' 

--.. ~ ...... 

'--o-·· ·-·~ 
• Test 1 (T1) ls speclfled to be counter input if that optlon 

ls se/ected. 

• A/1 optlons can be selected under software control. 

• Timar or counter can be preset, read, stopped, and 
started. 

• Tlmer/counter overflows at 255, causlng set flag or 
optlonal interrupt. 

«O<• - " --, ....... 
"" ·-· "" -· o ' _.,_, ... ,_ .. ·- ""' -..... ,--, •• ··-C't<LIOOU>m• "' ~ 

• ALE s/gnalls always available as a clock output. 

• Test O (TO) may be specified lo be clock out under 
software control. 

INSTJIIUCTlON CYCU: 

•• •• ·-· CI<JT>IJT oOCOISO 

1 1 1 1 1 

• Al/ lnstructlon cycles consist of 5 interna/ sietes. 

• Overlepped operetlon e/lows lar fast instruclion 
BXBCUtfon. 

• 

Nares: 
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MCS·48'" CVCI.E TIMING 

• One period of ALE designares a cycle. 

•-----~ 
" '"'""" ....... M 
~ ....... """ 

• Por! 2110 data is rastorad afler externa/ memory fetch. 

• Cycla tlming is compatible to s/andard and cuslom 
memory and 110 davices. 

I'OWER DOWN SEOUENCE Notes: 

o••u•v• 
"'''"'~' ··- ACC'lS TO 

0 ....... 
...... ,.0 

• Power down moda allows data to be mainlained in 64 
RAM registers whila removing power Ir o m ramainder of 
circuitry. 

1 



TESTlNG ANO OEBUG 

• 
·~ 

,...., 00 

• ~~ '"'"''" •• '"' 1:1 ,"""u""' 
1 '" ., .. """' 

<OGO TRIOOOR!D 
<-Oil CATC>< 

~· 
1 ,,._, • 

"tnuo· 

•• • .. ,...,., 
~ -· m• 
~ 

1 OOOHATCM 1 

u 
• EA pln ellows for a separe/Ion of Interna/ memory and 

CPU. 

• Al/ program execution can be routed outside toa debug 
or test memory for quick modification. 

SONGCE 11[P Tt .. ING 

"'___¡ 

• 

o•T>ou<--- ---------

No res; 

• •• 

-·=====:x:===~-·==· ===x:::: 
-- .... , .... '""''"" 

• Single step al/ows processor to exacute one instruction 
al a lime. Whila stopped, addr¡;¡ss of next instruction is 
availabte externally. 

• 

• 



SPECIALINSTRUCTION SET FEATURES 

FOR eCO AAITHMHIC' 
Doo"""' Ad1u•l A 
Swoo 4-bll J<lbble• olA 

- E•C~ongo IOwer nlbbl" olA •nd Aegiolo• 
RoiOIO A Jo~ o• •lghl -..llh .,. wllh""' Corr"; 

FOR LOOKVP TABLES-
1.-o.., A 11om Pogo 3 al ROM (A""'"' on Aj 
l-ood A 11om Cur,.nl Pogo ol ROl,! (ll~dl .. l in llj 

• Tho 4 bit operations allow MCS-48 to perform with many 
of tho advantages of /he 4 bit microcomputers. 

• Look-up tablas leci/itate /he implementa/ion ol complex 
algorithms with a mínimum of el!ecution t1me. 

SPECIALINSTRUCTION SET FEATURES 

FOR LOOP COUNTEASo 
ooo•o.,onl Ae~''"' ond Jump 11 nol J01o. 

FOR BIT MANIPULATION: 

AND la A(....,._ doto or Ro~ol0<) 
OA lO A p.....-rodoto or R<viOIOI) 
~OA lO A (lmmod!olo dolo or AegiOIOij 
AND lo Oulpul ""~' 
OA lO Oulpul Pona 
Jump Condllionoll~ on ony bllln A 

• Bit manipula! ion essenlial for 110 operations and togical 
design with microcomputers. 

• Loop counter allows program loops to be implementad. 

USING A LOOP COUJ<TEA 

LOAOBI-ARY§ 

IN o<OISl '" R> 
1 

1+1·1·1·1+1·1 

""'" 

Nores: 



USING LOGICALINSTRUCTIONS 
ANO -~BitRHtt) 

U0DD1111 WooO!IoACC) 

¡~!t~~·~=:Output Pot1 O Reoult o! AN[) 
11110 Unchong•d 
a11o Rooot 

OR - (81t S.t) 

00001111 
1 o • 1 o 1 o 1 

~DA -¡Comparo) 

00001111 
10110101 

'~'"t'Y 

Maok 
_ Duopul Pcrt 

Aooull o! DA 
8111 Sol 
Bdo Uncl\ollged 

·-· Accu..,ulator 
Roou11 ot ~DA 

Blto thot Comporo 
~oto. I!XO~ol"""'"'""'....,,_,_ ...... ,...,....,.,._ 

........ 
'0""'" 

CATA TRANSFER tNSTAUCT\0~5 

----- ------ -----------· -
1~ ' 

""""" "" ' 
M,yO., "'"'"" ...... , .. •• ; -""""" - - - ' - - -- "' "' ' -· •• "' ' "' '"' ,,, 

' -· '"' '" ~ 

'"'" '" """ "" o" o ... 
" "«-"'"' ' " 

• - ... •• 

' 
1 .... ;1 

""""' 1· '"""" .. 1 """'""'" ' 

1 - ' 
"' ' ' "'"~'"" "''" ' ' ... 1 ! 

f"' (~ '------- ~--------
,} 

..,, .... ··-· -... _ .... , 

• The accumu/ator serves as the center of the machina. 

JUMP INSTRUCTlONS 

Un<;<~ndtlo-.1 Cond1Uono1 (Otrect In Curronl Pooo) 

'"' o-..... 2~ '' Cony 
CALL p.,oct 7K "' 
"" " AOOUMuiOIO• o m Reo!Otn Stotuo '"' JMPP ~A lndirKI through A "' Tul o (Curront Pogo) JNTO 

(Singlo Bytol m Toot 1 
JNT1 

"' Flog O 

"' Flag 1 

"' Accumulol<>r Bit 
m Tlmor Flo11 

"' tnle<rupl 

• The more conditio_nal jumps the be/ter. 
• Al/ bits in the accumuletor can be tested. 

Not11s: 
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EXPANSION CAPABILITIES 

Pro~rom Momorf {lo 4K wordo) 
Slondord ROM 
Slandord EPROM 
ROM ond 110 
EPROM ond 110 

Dolo MomO<y (lO 320 .. ordo( 
Slandord RAM 
Low PO'"<I AAM 
RAM ond 1!0 

lnpul!Oulpul (unl;mltodl 
MCS·48 110 E>p.ndtt 

· r.¡cs-ea 110 o .. rco• 
P<rlphwr al Mroroproco.,or> 

Speolol lnl~~•<"' 
MCS-80 Ptrlptl@tolo 

• Fu// memory and 1/0 expansion provideri without extra 
logic. 

• 8oth standard 'and custom products availab/e. 

EXPANDING 
PROGRAM MEMORY 

!708 IK, 9 EPROM 
!308 1Ko8AOM 
!755 2K > 6 EPROM wlth 110 
8355 2K , 8 ROM "'llh 110 
8316 2K , a ROo.l 

• 8oth standard RDMIPROMs and Custom RDM!PROMs 
are available for program memory expansion. 

Notes: 

EXPANOING MCS·48"" PROGAAM MEMORY 
USINO ST.U.OARO loiEMORV PRODUCTS 

' '"'""" ' 

-· '" . .,,. 
r;:t ,.,c .. 

M • 
~· 

""'" .. '""" 
• Basic 3K program memory system as shown. 

• ·8212 demultiplexes address from bus. 

" -·· "" "'" 
""' "' " 

• Port 2 contains high ordsr address tinas that are staric for duration of the transfer, 
atter which port data is restored. 

" 



INSTRUCTION FUCH FRO" él.TERUAL PAOGI<AM ME.Io!ORY 

OS!'I 

• ..,., .. , 
.. 

'"' J •• 

'"' 

~oo•ns 

EXPANDING MC5-4a~ PROGRAM MEMORY 
USING STANDARD MEMORY PROOUCTS 

'"''" ' 1 '"',' •• 
' 1 .,,. " • I..I.TCH IL 

-.... __ 

• ......... ,_ • ·-· .. 
" "'" OlOI " " 

• 
,.,. -1 . 
'"""" - ,.., 
" ·~ • . . " 

h 1-; "" 
'"'"" 

- " 
nw - ••• 

-; .. ,. •• 

• Fuii4K program memory system using standard ROM or PROM products. 

• Decoder se/ects externa/ ROM/PROM. 

~ 8212/atch demultiplexes address from data. 

ElfTtiiNAL PROOAAM MEMORV INTfRFACE 

'" "' ,. .. 
"'" ~ 

iiiR ~ 

M•U " •• •oMt 
PHOM 

'" • AJO """ ... "" 
·~ •• 

~~ • ... .... 

i 
' • 

' TEIJ 1,0 
·~•un 

• Basic JK program memory system. 

• 8355/8755 provides a direct interface lo 8048. 

• Additional 
memory. 

two 8 bit ports are addressed lik.e data 

" 

Nol&s: 
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1101 
1111 
1101 

"" 

EXPANDING 
DATA MEMORY 

256' 4 SII!IC RAM 
256' 4 Slalrc RAM 
2!.6 • 4 CMOS Slotic RAM 
2!.6 • 1 RAM/Tomer/110 

• Compatible with most static RA Ms. including low power 
5101. 

• 8048 e/so contains a low power stendby pin for the 
residen/ 64 x 8 data memory. 

a1141 INTERfACE lO 256 ~ 1 STANDARD ME ... ORI[S 

< ... 
o v • 

"'" 010" o;; 

"' 011 ""' 

Note~: 

- ~ "'' ., 001 
... 2111~1Gr"" 

' "'" 
~ ""'. "'P* •• 0\111:2101... -.. .,., . 

., - - .. - -i .. .. 

AEAO fAOM EXTERNAL DATA ME ... OAY 

... 

WRITE TO EXTERNAL DATA ... EMORY 

•• 



9048 INTERFACE TO 258 X 8 STANDARD MEMORIES 

•• • 
"' 

815$ 

" '" "" 
MU 

"" ·~ 
""" IN ·~ ~ ""'" OUf . ., •• • nn -· ~.., 

• Equfvsfent lo five standard componants. 

• Severel8155s can be used to expe.nd data memory. 

• The timar feature is programmable, similar to 8253. 

• Tha 110 is also programmable, similar to 8255. 

EXPANOING 1/0 

8243 110 Eopondor (16 llnoo) 
8212 110 lote~ (lllnn) 
lU5 Gonotol Purpooo 110 (2411no•) 
un RAM wlth 110 (2D linos) 
1355 ROM wttll ttO (16 Unos) 
5755 EPROM wlth 110 (16 lir>eo) 

• A larga salection of devices are available to provide 
simple input and output facilities. 

• lntegrating 110 with memory provides for minimum 
package counr. 

• 8255 provides optiona/1!0 strobes. 

NOIJs: 



' • 
•oo 

' -· _ .. 
• 

UPA .. OU I .. TERFACE 

n CH<P "lECf C(lNN<CTION 

THA~ 0«1 """'""'" OS U 

~ " • • 
c.oc• 

'"' " • INfUU 62U 

• • ' DJ<TAIN 

" " • 

",.o•• 
"" 

'" 

• Expansion can also take place on bus port. 

OUTP\JT UPANDER TIMINQ 

........ 
"}"" " w'"' . ,. " ... 

T Savaral 8243S may be appended to tfle port 2 4 bit bus. 
Addressing is accomplisfled via chip select. 

~ Program lina strobes data. 

..ow con''" ••••N!IION 

" '' • • 
• • 

• •• -• , 
~ • 

'" • ... •• • "' _, • > • -_, • • 

"" 

No ras: 
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THE TllP.f.E COt.IPONf.:-<1" I!C~•S ~ Y$TEt.l 

-~ 

.. ;> 

• 

Not~s: 

l __ ~-:~~ 

: o""[ -, ~r 1 

_ _J L_J 

• System provides: 
3K word Program Memory 
320 word Data Mamory 
53 1/0 Unes " 
2 T/mer/Counters 

. .. . 
• 

INT"IlRfAC! lO MC~IO PEP.IPHERALS 

--\ 
~-···'· _ _. 
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....... 1 .o:T ü~b C<IOOllll 9:"1\\ rnBlQO'G • 

'""" ............ 
..... HERAL ~~~ I~T>RfAC< 1 .ORT 
~ . ¡¡¡¡ ___ _ 

. ~- • , __ -__ 

• OPTION 111 • Ports·are eddressed as data RAM 
• OPT/ON #2 - Ports are addressed via output por/ 

" 

-· 



SPECIAL PERIPHERALS NOIIIS: 

1214 P"""'' lnle<rupl 
12~1 USA~T 

1219 Ko,M•rdiO;>ploy 
12Sl ,..,.,., .. Tlmor 

• Whila most MCS-80 peripherals are MCS-48 compal
¡bfa, /he ones shown are /he mosl popular. 

• Peripherals reduce sys/em cost by provrdmg low 
componen/ count and specialized interfaces. 

KEYBOA~OIOISPLAY INTERfACE 

'" 
A 

'" 
~ = 

"" - k!Y!IOAOO 

"' "' OISP<AV 

•• •• 
"' ' 

OATA 
wo • 

-b 

p "'"""~" """'" ...... 
c~n 

••• OUIPUfl p=> 
P=?· 
~ OOIDIP\.AY 

OUT"'l 

• Provides easy interface 10 a 64 key matrix and two 16 
digit displays. 

..CS·" E.PANSION CAPAaiUH 

'" 

f. 
" 

't"'(f'J, D -·· -- ··~·"' 1 """'""" " .. ..... \ ..... '"\ """-... ""' ""'" 

- JC H H n 
"" •• H H H - -· -- -· "'""""""''"""' 

f;: 
1 1 " ' '"' " " ""'"' '"'"" '""''" . '"""' . 

" "'""""'" . ..... 
• 

lf - " '" 

e 

., ........ •• 
ír 

• Al/ modes of expansion may be usad simul/aneousfy. 

000 
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"" ... ~ •• - os ..... ,., .. 
Ulll , .. ,. ... , .. 

. , ~ •• •• 

... •• .. ~· - ... ··-... ... ... ... 
, . " " '" • ... .. ~· .. 
'" ·- '"' - ,. """' ,.. .. " ' • .. 

...,., .... ooEMORYIR"""I 

• The 8035 ellows the usar to match h/s program memory 
raquirements .e)( acl/y. 

OEVELOPMENT SUPPORT 

o llfttLlEC 0 A.ooomblot 
o UPP PROM Progr.,.,.., 
o PROMPT41 
o ICE-4f~ 

o Uoor'o Llbtll)l 
o AppUO&llon Engln .... 
o Trolnlng Cauroeo 

• Development support is as importan/ as components. 

• MCS-48~/raining is aval/ab/e and affords the bes/ 
opportunlty to /earn the femily. 

" 
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PROMPT 43 FEATURES 

• 8748 EPROM Progrommor 
• H .. Keyboord/O,.play 
• Rool Timo Exo .. nio~ 
• s;._, Stop 

• 9 Brook Poonto 
• E•omino/Modily oll inttrNI Ro¡¡im" 
• TTV IBWiou lor AS232I 
• H,, Topo Lood/Oump (TTYI 
• All 110 Pam ••oiloblo to Uoot 

• Low cosr. 
• Self contained bench fop enclosure. 

--
n • 
~~ 

.ilii 
" ~ ... _ -·· 

o .. _. .. 

-
• 

prompt 48 

• " .... .._ _, -·---

INTELLEC"' MICROCOMPUTER 
OEVELOPMENT SYSTEM FE.ATURES 

• Rtol<lont MC$-41 Macro A .. omblot 
• l.loVNtul PROM ProgromniOf lolodulo 
• IC! ... I" 
• Olok Oporoll~; Syotom 
• Hlgll Si>Md hrlphor&lo 

• A self contained microcomputer developmenr lab· 
oratory. 

NO!tJ$: 
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Tt.e l'.llOOO l~mily io a new aet of microprooeooor 
compon~nts iCPU, CPU •upport dúpo, peripherllls, 
ond .mmories) which !Upporte the ZSOOO ..,.chit.ec
t..,.., The aCcount of how o.rchit.ec\urol goah wero 
odocted and ""hieved fo:r two key mtunbers ni thi• 
fami!y-tbe ZíiOOO CPU and tho memory IIIBil.Ogt>

mont utlit-illuotroteo how muoh ol 1 ch..Ucnge 
microprocessor ouchitec<ure repre .. ntl to the oemi· 
conductor industry, MOS technology •hows enor· 
"""'" pol.eoti.ol, but it 1• otill diflicult to uoe becau.oe 
of limitaüon.o "" pin count. power di.saipo.tioli, ·~ 
and coll!plexity.' 

Slnce thhi di.cu .. ion i• reotrict6d to technical 
looueo, "'" w:il.l not oUude to the many additionol fni:
ton [marketing conoiderationa, humon cono/den· 
t.lono, self·impoeed "'"triction•, ot.t.)whlch me.ke ar
chitooctun ouch a foocin.or.ingand dlfflc:ult dhocipline. 
Funhermore, no otwm'pt hu betn made to n· 
bauotivcly describe t.he 1.8000 archltecture end com
pononto. Interooted rudero ohould conoult tho 
opecific m.onuo.ls f~r o moN complete deocription.'~ 

The goals olthe Z8000 archlteclure: 
lncrea5ed capabllllles, archlteclural 
compatlbllity, lncreased clarlty 

Th~ primary reason lar iotroduolng IIIIIW oyst.em 
aidút.ecture io 1.<> olgnlficanr.ly imprt>~l the control 
and ptoceaoing apo.bilitics of tnltroproee""o"" while 
maint.aining t.hoir priealporformaoce ad~antag ... 
Toch.Ucal od~an= hove pennit.ted the implem<~t~ta· 
tion uf •uLotuntially incroasod pr<><e•..,. power, but 
thu m""' significant mo(ivation lora new component 
family is genero.lity. Only through such a family 
could we provide lor ardlltecturolly eompatihl~ 
gtowth o~er a ...;de unge al proc:t~~,.¡.,g power ~ 
quinoment.a. 

[ncreased capabilities, 
architectural compatibility, and 
clearly defined interfaces were 
the chief architectural goals of 
Zilog's new ZBCXXJ microprocessor 
famUy. Here is an account 
of how those goals were met 
for two members of that family
the Z8DOO CPU and the MMU. 

Our approach wu a stagod eyot..m architec:tuno 
wblch at!Almpuo to pro~ide new componenuo, enhanc
od fet~tW't!o, and new functiono. wbile pro""'tillg tho 
user"s in~eotmont in b&rdwu. and ooftwu.. '!'he 
Z8000 larruly oupporta a single unlfiM Brt.hltecUU'I 
lor oll emo.ll, medio m. imd high·tmd user opplicltion• 
whoch OT# implemontM uoing o mis of <Qmpooontl 
wl<hiD the somo fo.mily. 

The goal• of the ZSOOO Brt.hltac ture ca.o bol grou pod 
in to three co t.egoriu: increasod capabilitieo , uchltac· 
turol compo.tibility over a wido unge of proceooin¡¡; 
pe"""'· md increaud clarity, In ..U these caooo tho 
rNulting uchltectural INt~o opply elt.her to the 
boolc lllchitocturo (thllt oeen by lln applicltiono pro
gnmmer¡ or to oyotemuchltec:ture (thllt oeon by 1 
oyst.em deoigner or o.n open~tlng oyotem pro¡¡n.m· 

~·· 
lncruaed upabilitieo. Al! exi!ting 8-bit micro

proceoooro ond m.onY a;.bit m.iniC<Jmputuo ouffer 
from having o omall addreu opace. So. ene o1 our 
goal• wu to provide acceso 1.<> a lariJe addreeoopaco 
18M byteo). A 111C01Ui goal woo to provide taon r.
oourceo in wmo of regioteto (16 gt!Denll•plll"poM 
16-bit registe,..). in leriW! of data typeo lfrom bi<- to 
32 bits), and in termo of add.itionol instructionl com· . 
pared to ez.ining mieroproceoooro (multiply and 
divide. multiplo regioter oovlng lnotruct!ono. 
opeci.lllized lwot.:uttion.a for compiler oupport etc.). 

T o f at:ili tata complu applicationo it wu imporullt 
"'oupport multiprograrruning ,..;¡h g<>Od hard"u. 
oupport of táok owitching. interrupto. t.ropo. and t"o 
encutian mod<lo. Opcrating syotem• al><> noquired a 
~ood hardwaro prot.e<:tion •yotem. 

Finally. we wmted to incraoe ov..-o.li oyotem per· 
forman"". Thio ruulted in tho chok<o of en impletnon
tatioo u•inga 16-bit-wide data path tomemory. 

COMPUTEA. 
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ArdJtool ural eoJ:l~~I!WUty. O~e ol lh~ importa.nt 
leooon• -loa.med fro¡n previo~; comput.er oyotem 
deAigno io th.it lho dbl>i¡¡n of o new famlly uchitectun1 
¡, a rueoccurn.noo. One way l.olOflply Wolouonio t.o 
de.<ign a unified ucili~«ture comp.oübt. ovO> a wido 
r""go of pi'OCI>I!oing powero. lf we ontlcipo.te U061" 

gr<¡wth lrom omall t.o luge oyotemo wlthin 1 fpmily 
111"Chi toc:t u..,, then ouch an approacb cu olgnlllcantly 
lncreaH !t. lile. 

Tbe two veniono of the Z8000 (e 40-pio 
un.,.¡¡mcntM and 1 48-pln ..,gment.ecl wrsion) 111"0 
deo1gned to achlevo thio gcal, but many other 
featu..,o C<>ntribute lnd!rectly to tho bmily com· 
patlbWty. For sm.aU opllcationa an unoegment.ed 
Z8000 ..tth on~ or more 64K-byte addruo o¡>BC')O un 
be u...,¡_ For mE<Iium oppUeatiruu, a oegmented 
zgooo and ooe memory manage!Of!llt uoit allow1 
direct o«eo~ t.o 4M bytu o! addrooo opace. For lar ¡re 
applicatlono a •egm811ted Z8000 and multlple pairo of 
MMUo .now the """ uf ..,vera! 8M·byte addreoo --Since !he ...,¡rment.ecl Z8000 un run In an unoeg-
mented medo, both oyo~ ue compatible. Firuolly, 
te ochl•ve evcu lorlfll< proce.,.inJ JKIWO< through 
herdwore rcpUcatlon, tho 010hit.ecturoprovideo baoic 
mechon!omo lor both mu!tipnxeoolng and dlo
t.ribut.ecl p;roc~o•ing. 

Cl&rlty. Clo.rity in on lllChitectul'f! lo • meaoure of 
how well key intd'f...,. ore defined .,d opeclli&d. 
Th!o lo an oluolve but bnpo:rtant goal In & family 
wheno now and unforeo...., eompon811t. wW be add&d 
durl:!g lhalifa ol !t.o u<h!Lec~ure. 

We felt bus protocolll were ao bnportant 
that we developed an lndependent 

apeclfleation for the Z.bua .. long with the 
iDdividual device ¡nanuala. 

' Clarlty in tenn• of tho hlloie oi-clútecture meonl 
regu!ority and ""tend.bl!ity of tholnot.ruction oet.. u 
w~U u the ~neral and simple handling o! ihl 
operoting oyotem int.erfa<:e<~. Cl&rlty In termo of the 
syotem orohitecture mormo a well-de!lned method o! 
communic11Uon betwoon the varlooo eomponontl. 
Tbe Uy link betwoen th..., compononto io the Z.buo. 
wbkh t. a shared oyotem buo. In the oection en eo.,.. 
munlcaüon wilh olhor devioes, wo de!kribe oome of 
thoo v&rlous typo!o of bus protocolo. At·Zilog we folt 
thlo ,.., "" important thet "'" do~eloped an lndopen· 
deat opoc:lfieation for the Z.buo &long with the In· 
dividua! device manualo,• 

Comparlscn wllh olhar 1ystem oro:hltactura• 

We ue convlnced that the dilfer<~nceo be~woen 
m.icroproceoaor oyatem archit.ecture and large oorn
puter ayot.em archileclw'e ue not wfficient t.o ,. 
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quire a <iLfíe1e~t ,!e•itn appro.ch. althou¡rh they cer
toínly 1nfluenc" th~ detai!o of deoigt~ comp;r<>rni..,o. 
Th& ¡..,.¡ oection of this paper deo lo with Implementa· 
tion <rad<>Offo 111d illuououo oome particular com
pr=iÍS<O. lln o 1-p~ ..-~ mio implemenU.t!on 
C<lno.iderotinno with doO<ñptlono of lllCkitoocWnl 
trodooflo. De8pito the i mpotta nce of oopa..,tin(.., &r

chitecture lron1 iWI impJemonto.tion, we lound that 
thlo seporation io oft.en ob30ntdllringtho octual croa
tlon of a new orchltecture.] 

Two diffuonceo betwHn eon"""tlonal compota:< 
aysUmo ond micropr<>e:eooor oyotemo ha"' tbe 
greotnt lmpact: priee structu.., and componen! 
b011ruiary diffenoncoo. Fru h!gh-ti~d LSl oyotemo, it 
makes senoe t.o hove ona unilied orchli«t\lrt!, but 
unlike their compute< lamlly eounterparU (18M 
360/370, PDP-1\l d>llerent bnplemenU.tiono connot 
b< justilied on o pricelperlormance bulo. Speed and 
perlormo.nc• ore main!y dependent on tlu! otate of 
t.echnolo¡¡y, and therefo..,, lora given appUcation, ~ 
uoer wiU woota the opeed willingly oineo anothor 
olower lmp\ementation would ~t the ...,., Tblo 
daos no< e.:cludo dillerent vera!on• ol one lmplome~>
tetlon. whlch ... nect only d;ffe..,nt test and produc
tlon criterio ouch as paekago type, funetional tem
peroture rango, ond even 'l'H<I rango. 

Mo•t computer systema hove both uternalond in
w-nal interface.. f.:otemal lnterfa..,. which defino 
syotem boundorie.lare olten otandordizod (e.( .. tbe 
lB M ehanntllntorfaceor che DEC unibual. Tbeinter
na\ intorf OCN ol m<>At mini or lulf" eomputor o y &tema 
are eo .. otlaUy hldden. In contra•!, tho eomponer.t 
boundarieo ol 1 rnicropr-o<O&IOI'bosed oyot.em repre
oentaetuol interfac ... and mon usero muo! be !&mil· 
lar with tl>om u weU u wilh ntemal inloerl..,.o. 
Becauoe tbo tompooent inwlaces ue more vioibla 
and oftan muot be more general, the microprocooso .. 
oriente<! ayotem bus emerll'el U a koy oto.ndardiza· 
ti0<1 link to ollow a wider mlx of eomponento and 
daigm. 

Tha baslc archilacluru 

Adduooo lpoee eooaide.-.t.lmr.o. It io j,dvantageoa.o 
to bave mote !han one oddrou space, with U~:h ad
dre"" space 11 large 11 poolible. In lhe zsooo. 
memory refermceo and 110 rel..,..nces uo vlewed 11 
roferenceo lo difieren~ addreeo epoces. Th• 110 spaee 
io discuo...,¡ In tho secticn below on eommunleation 
with olher devices. Memory refereneeo moy be in
atructio111 or data and otack oceaseJ, wilh eoch typo 
of acceso poooiblo in either oyotem or normal molles. 
Tbe ZSOOO diltinguisheo botween eaoh ol thest 
..,lerence po .. !bUities by uoing difle,...nt combina· 
Uono of 111 IWituo lineo. S.po.rating the vuioua ad
ru,,.. opaceo can be..-! tolncrea .. lhe total number 
ol adtire»oble bytes U!d to oeh.ieve proto<:Uon. The 
oW. of each &ddroos space deponds on the ver.llona of 
the ZSOOO uoed. The 41)-pfn package v""ion aUowl 
eooh oddreoo •pace to be at most 64K bytes, tho 
48·pin packaJe verolon alloWo 8llch oddreao o pace to 
¡,., ot moot SOOOK bytes. 
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·rnc 40·pin vcrsion is int<!nded for syst.ms, olt.cn 
u~ u dedic~t.ed •Y•t~ms, wher~ the progrllffi aod 
dou o¡w:.,. ..n. omall In t.his case. relocat.ion is not 
uoually imporUnt. Uoing the diffsNflt addrus 
opaoeJ, <>no hao a oimple way toaddrenill pr11cticeup 
to ~ • 64K byt<>Jlwith a rnuimum of 6 X 64K byteo). 
So"'" simple prot.ection is ~ohleved by .. parating 
tho•• >pnceo in hardware. 

'l'he 48·pin vcr•i<>n with one or moro MMU o is in
t•nded f<>f tno m..:lium to lorge opplieationo where 
relocatioo and hel.L«r memory protection uo impor
tllnl.' In U>- caks, sutuo infonnation can al"" be 
uted to ocpo.r~U> between •ddreso opw>S by uoing 
multip\e MMU o. Dut it io olsoes .. otio.l to achievetho 
det.ailed noen.ury pru<-e<:tion requlr1od. (lt io possible 
to u•~ tha 40-pin ver;wn without on MMU .1 For thooe 
hlgh..,nd oppliootiono, theaddreso spoces Btll oo l.arge 
thatone is unlihly to uhau•t them. E,:aperienco with 
largo rompu\ero oho-..o that SM bytee io probably 
•dequate. Th~ curr••t implemeoutioo o! the Z8000 
~..,• b!ll·byu. ad...,.,•• opaceo. but the arclúto<::ture 
pr0v1de0 fot 3 l·bi~ addre•s 12147M byt.u). 

In bo<h v•r•i•n•, <ho ZSOOO allow• direot acceos 
'" <'"¡, •ddrc•s •p~>CO. Diroct acceso mOOlno that tha 
~.!dr"J"~• uood in inotllJctiono or regiotoro havo"" 
many bit.• o.s the oddrM.o opaco oize ""tuirel. ln<>ther 
ochemoo tJ>e o/foctive addrM.o !o o «lmbimotion of a 
ahortu 6,¡d in the inatructioo and otber utero•ion 
biu ofun found in an 1mplied regi1ter. O..pit.! the 
s),or\.or ~ddreu fiold., we believe thio "indir-e<t ac· 
ceso" doeo not oove byteo, beeauseextro ino\ruCI.ÍOM 
muot be u•od to ¡,..d Uld oave the impliod regioters, 
which are typicaUy in ohort supply. 

ltewi$t"•· The ZSOOO io primarily a memory·to
regiour are hit.oc:~ure. Thi8 characterlotic doeo not en
t.indy udude ol.hor organiuotlooo, ond moc:haoi•m• 
uio~ In the ZSOOO to oupport ll>em. Fot oumple, 
momory-tn-memory operations are 1upported !or 
otringa, whereao •toe k <>perationo ore oupp<>rted for 
procedure and proc••• changeo. Thio choice provideo 
upword compatibilit~· with the ZSO. A ffgisU.r at· 
chiteeture also reouh . .o in go;o<>d l'<"'f<><maD<O, slnce 
ugiaur acce,.,o are m~~do at a ¡¡nater opeed than 
momory OCCe501lH in tho current implomentat.ioo. 

Experienco wlth regiotON>riented maclúnoo seems 
to confirm th•t !uur gonwo.l·purpoooregiou.ro arenot 
~nough anJ that o "proper" numbor io betwoon 01ght 
and 32.1 Tho ZSOOO oupperto bywo, word•llll-bitl. 
and long word, (32·bit), ~nd o/.,. inotructians even 
UN quodruple-word (64-bitl dou eLement-o. 11 we 
choooo \6, 16-bit regiours o.llowoight 32·bitregi•t<!ro 
ao weU ao lour 6~·bit rogioten Lfiguro 1)_ Since ad· 
dro .. es ano 32 bit•. th• neeeo•ity o( ot loaot eight 
32·bit regiali>u "'"" obvioua. The imptet o! the 4-bit 
regi•ter field on the ln•truolion lormot dependa o.! so 
O<l the number of 11ddre•• mode" on~ fiperond•. Six· 
toen registero aUQwed o r.,..,.onablo tradoofl, whereos 
32 regist<!rs would ha ve resulte<! in too ¡,.,. one-word 
insLructiona. 

Wi th onc mlnor •~•triction an y regi¡lter aon be uoed 
by any Ü>otruction u an accumulaWr, oourc~ 

OP<ronJ, illde,, or memnry point.er. Thi~reguLor:ity o! 

the structurc io so importunl that it io worthwhil~ to 
oacrifice any pos•ible e ncoding improvemcntl in Ln· 
struet.ion formato which could ""'ult !rom dodieating 
regis~e<o ~ opecial Junct.ion•. Enooding improv ... 
menu ba8fl<l on inotructlon lre<¡u~ncy, so th.ot fra. 
queM ioot.ructlons uoe<>ne word, are moro elloctive in 
oaving opace without h&ving a negotive elfoct on tha 
orchit<>cture. 

Why not have specialhed N'gister&? The 
dilficulty lies in the fact that tbe 

re,;trictions caused by dedicatiou are 
inconsiste11t with o11e IUiothcr, 

Moot applieationo dedícate the availablo regiotero 
to opecilic func\iono. f'or example. most higMovel 
]anguageo requ~re a oUck poinu.r anda ouck truDtl 
peinter. Then why not, ooo rni¡:ht orguo, h.ove 
opociali<.ed registero? The d.ifficulty Ueo m th" fact 
that the restncliono couood by dedicatioo aro incon· 
oiotont with ene 11nothor. U the architecturo ooppU"' 
only gonerol·pur¡><>H ro¡¡lsten, tho uoer io free to 
dodief.ta tbom to opedflc unges for hio appUeatiort 
withoulreotrictiooJ. nm I.J importan\ in tha ton\.Ht 
of mlc:roproce,.oro V;bere uoer applico.tioos..,.. nct 
welllmowo ~nd wh,.e high·\evell.o.nguageloreotill 
uoed lnfrequently, 

f'or cumple, tho ZBOOO o.llowo software suck.o to 
be lmplemented with any regiot<!r. Thete are o.loo two 
hOU'dW8ltl eupporn.::l otacko, but the regist.ero u$od 
are still genero.l-pu~ and can partidpato In aoy 
operatlon. There i~ no allocated stack frune pointer, 
oonce any ragioter can be u..,d by means ol tloa pn>per 
combinatlon of addnaeing modeo. The eovio¡srea!iz. 
ed by regi•ter opecialir.e;tion aro unattroctivo wheo 
the givon function can otlll be performed oimply. The 
loso thot would re•ult from reotricting the applica· 
tions would be too great. In contras\, signi/ioantoav· 
in¡n result lrom exdudin¡ RO from uoe u an indoa or 
memory pointer. núa uclusion aUow•ono to dlotln
guloh belween tbe indued and d!rect addn11lng 
modoo whioh use the """'" combin~tion o! tho in· 
etruction addrou modo fiold. Tho price io amall, ainco 
no ot!U can be an acumulator or oource regiotor ond 
lb othors accumulator, indu, ondlor memory 
pointe.-> ore o•·o.i!abla. In thU cose tho roetrlction 
m.od• een..,_ 

Another ded.s.ion to be rnade a bout regiotero io their 
1110. Sonce tho archiuo::tura h.ond.l"" multiplo dau 
types wo mus< hove multiple dou ...,g;ow oiul. 
which con hold eoch data typo. The oolution o! the 
pwblom io implemonted In the or<hiteNure by pairo 
ing registe,., two 1-byte regiote,. molle o wotd 
ragister. lwo wotd re~t.!ro noake a lon¡ wctd 
re¡is~e<, ote. 

Data t1pea. Uoero would Lik• to havo u many 
diroctl,Y Implemente<! dat.! types u po,.Jbla. A dou 
type io oupported ..-ben it hao a hordwore reprounta· 
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ti:ln andlnotruct!ona whlch direetly apply ~ it. New 
data type• Cll.'l alwayo be olmulated in ter.,. of hule 
d~u types. but bardwOHouppon providu futer and 
mnre ~onvenient opentiono. At the sama time, a p..,. 
llferation of fui! y aupported data typeo eomplieates 
tloe lll"Chitscture and the hnplement.lltiono. 

1'he 7.8000 supporto ooveral primitivo Lypoa in the 
architeuure and provideo e%panolon moch.anloma. 
Tho buic data typco aro obvioualy the onu upected 
w be uHd ~nost m.q....,.úy. n.. eitended dat.l typea 
.., bullt uth>g .W.tlng dato. t)'p6S o.nd nwtipulated 
uslng exlotlng inotruetinr,.. 

The boeic data typ<l lo the byt.e, which lo aloo the 
buic addre•soble element. All other data typo8 are 
rd~rencod u•ing their flrot by!A! addreoo and thelr 
length in bytes. The arohlu.cture oloo aupporto tbe 
foUowing dat.a LYJ>""' byl.e8 111 bit.o), wordo(\6 bits), 
long wordol32 bit.), byua, and word sLrings. lo addi· 
Uon, biu ar~ fuUy oupported and addr,.....,.¡ by 
number within a byw or word. BCD digiLa are SliP' 
porte<! and reprewnt.od 10 two t·bit dígito in l byte. 
Ono <onoequeoce of thia data type organlzation is 
that byte, word. &nd long-wDJ"d regiatero.,.. needed 
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to oupport them. The Z8000 oven provldeo quadruple 
reg!aw-onoth.r utenolon-uoed In long-word 
manipulation. 

Ot.herdata types are oupported by uoing o,..of the 
preceding dota typeo; fcr uample, addresMS are 
manipulated ao long wordo, and each element (&eg. 
ment nomber or offoet\ con be manipulat«< u a byt.o 
ora word. lnolnlctiono.,.. ona to five-wor<lottlngs, 
tho progrom atatuo io four wordo, o~. 

Ao t.ho family gt'O"I, oupport for now do.t.a typeo 
wlU be addod. Tho areh!~ure will neod to rupporr. 
them In ito regisun or In memory if they do not fit ill 
registero (u otrings are imp!emented todayl. But 
moot importan\, the archit<t<ture w!U havo tooupport 
the addítion of new instructions t.o ÍU repertoino. 

¡,..lru<Ü<JD5. In d .. lgning an inot.rucl.lon fonnat 
the architect muot decide how to atlocata a ~miud 
numbet o1 biu t.o t.he opcode field, addresa modo field, 
and other operond oubfieldo. lnot.Nctlon uoage 
atotiotioo arethe best oource o! data to !nfluenoe deci· 
•iono about inotruction oet format. '· '· ' Behind their 
u01ge ~es a etrong tochnical poeition: wo do not 
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boliOV1! that any ano of tho varioUI inotnteUon set 
otrurtureo-re¡¡ioter orlooted, memor~ or!ented, 
U.c~ oriontod, oymmotrical, or uymmetrical, 
etc.-u~ olway• bouor when uoed nclusively. Thuo 
the t~~•k uf tlwnrchiu.:t i• 1.0 decide what his most im· 
port.ant goal.~,..,. and lor each ol thomadopt the best 
f,..tUti!S of the various structu"" 10 tho.t on the 
a.veroge. and lor his oetof gools, anopUmum sclution 
can boolound. W•do not believe that Uteoptimum will 
be vory sho.rp: it will b.. more lika a ronge of applica· 
tiuns ¡.,.- wh;.;l, tho 1csulting compooito otrueture 
wnrk• well W~ decidcd to use a regiot.cr otrueture for 
comp•tibility, mulllple word in•tructi<ms for speed, 
memory·W.rnelnO<)' in•tructiooo lO< ttringo, stack 
stnJcture for proeeN ooounl llfld pm<odure suppon.. 
"olwn'' iru~trucüon foc byte density improvement.. 

••• 
l~•!,.,.c!lon /onno! con•idmuioll- The Z6000 has 

over ll O d:sti!ICt inot.roction typeo; .. vor~l iostruc· 
lion fonnots are iUum•ted in Figu:e 2. The opco>de 
field specifies the type of instruction Uor n&mple. 
A DD and LD). Tha mo>de field indica !.eS the addres"' 
ing rnodes (for eumple, Registe< IR!. Din•ct Add..eo.& 
IDA). The data oWment Lypc (WIB) 6nd register 
de•i¡¡notor lield• complet.e Lhe basic instructlon 
fiold•. Lung word inotructions use o differeot opco>de 
value hum their byte or word oounterput. Frequent 
lnstructio"~ are encoded in 6 singla wotd. and less ¡,.... 
qu~n\ instn>ctions whi<b use moro than two 
oper~nds u.., Lwo words. The,... aco olten addition6l 
fiddo fot op..cio] elements such os immodiot.e valuoo 
oc condit!Un codc dt•ocript<>ro (CC). lnotructions can 
deoi¡:nate one, two, or three opecands t•xplidtly. Tho 

, ÍDitlUCtion THA~SLA T~ ANDTEST >slh~ only ene with 
lour operands and lo .too the only ,;,. with an impUed 
ra&l•tec opennd 

Severa! restraints can guíde t.be proper choice cf an 
iMtrucUon lormat. A huge oumber o/ opco>des (uoed 
or reservedl >s vory important: having a given in· 
struction implementod in hardwar~ ooves byteo and 
improv~• op<*<i. Bu\ one u•ually n...do to concen· 
tra\~ mo<"e on the completene"' of the operations 
available on a pllrticulu dat.. type nther tb.an on ad· 
ding more and more esotenc inst.rurtlono whi<h, if us
ed fr~u<ntly, will not significantly affoct perlo<' 
manee. Greot caro muot be ¡;i,·en to the pmblem of ex
¡¡undin¡; the in>tructlon' oet so, for examplo, naw data 
lYP"• can be addod. 

r,¡ 

Addnuing m<><ko. The ZI!OOO bao oi~ht addres,. 
ing rnodes: r-egi•tor (RI. iiU!i"'cr "'gittor IIRI. di,..ct 
<Uld,...., (DA), i/Ul~~od lXI. imm~iolf (!M), bo.se od· 
d,...., IBA), bi>Jt ind~zed IRX), lUid ro·/4ti¡,• addreu 
IHAI. Sevec8.! other uddros;ing mo>de• aro impUed by 
OP<>Cific instructiono .uch as autoincrt'tnen< or aut<>
docrement 

Althou¡¡h a ury lar¡(e numb...-of addfl_,_,Jn¡( mode,, 
Ío be nclicial, u01ge ot.Dtiotics dernonotra l<· tb.at nut all 
combinations of oper~ndo, addr .. • mode9, and 
operowro are meaninglul.' The /Í\•c basio odd..eosing 
mod~s of R. 1 R. DA. X. and !M are the mo•t ítoquent· 
ly uoed and opply to most inotroctioM with ffiOJ'1l 
than one add..op moda. Foc t\Oo-o¡>eriU'Id inslcuc
tlono, ot.atiotica ahow that !DOSt af <he time the 
d .. tination ia a regioter. Other oa .. s ot add....,ing 
mode combiutiono and l••• buio add..euing mo>deo 
are aooOClat.Dd with tpocial instruction•. Thuo, the 
!requ~nt combination of autodocremenl loe the 
dcstination operand with the rive b•oic addre"" 
rnodes !or t.he source opentnd io providod by tbe PUSII 
t...lruction. The combinatlon of autolncrement ad· 
drenlng rnod.,. !or both oour<:& and deotination 
operando ia one ol the bi<>Ck movo jnatructiono. In 
eueace, the add..eu mo>de field opaca hao been traded 
for opcodc /ield •l"'ca. Tltl• allows more instructiono 
and combinationo whlle •toying within a one-word 
format.. 
Th~ price lor thit tradeoff;, the infrequent occur· 

rence of pairo or tr!plet of inot.roclions oimulating a 
miaoing add..euin11 moda. Thio oituation occuu in 
moot instruction oett ln UIY caoe. 

Coth denshy. Beca u .. cun-ent mierop'"""""'"" are 
reotricted to primlti"" pipeline structures, their 
opeo!d islugely dependent oo the numberof uocuted 
iMtruction worda. Thorefore, rode dtmsity la notonly 
importan\ becouso of pn>gnun aiur reduction but also 
bueuu.., of speed improvoment. One would like toen· 
co>de in the omalleat number o/ bits tho most lre<¡uent 
inotructions. The baoic in•troction oUe increment 
wu choeen to be a word for reaoons dealing wlth 
ah¡¡nment, opeed penalti ... and hardware oomploW. 
ty. Thuo the moot lriQUeD~ one an-d two--operand in· 
otructiona tako one won:l in the>C regist<r cr regi!ter· 
t<>-regi•tec focmo. Le11 1.-oquent instructiono ot in· 
otructions which UH more than two op•rnnds u•e at 
leaot two wcrdo. 

The Z6000 i'OO• oven further by kloctii!K oever&l 
spe<:ial inotroctions u "lhort" inotnJ<tiono wbich 
take only one wotd. when acnnally t~y would take 
two won:h. Theoo inotructicns, such u LOAD BYTE 
R~G\S'tEit t>l"WIA TE and LOAD WORD R~GlSTER IM· 
>IEiliATE (for omoll immediate valu•al. C~~~ ll~LA
TI VE, and JU"P RE\.ATIVE, are 5o fre<¡uent OtatioticaJ· 
ly that they deoecvo auch opecial tc .. tment. 

A on .. won:J JU>IP ltELA TI VE llDd O~CRl:>IE~'T AND 
J UM P o.~ ,..-.,,..- ZE ftO &!so ha ve a very aigni licant impact 
on •f"""'. The ohort offset mecb.am•m U>od by ad· 
d..,...,, land deacribed bolow) ¡, also d•si¡¡nod to 
allow one-wocd addreooes. Compor<od l<l previou• 
microproccssoro, the largest reductiun m IÍte and in· 
«.....,in opeed. <•!ult.. /ro~ tiLa Z.SOOO's conoistont 
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High·l~ud l..ngut>g• IUp¡><>ñ F<>< mlciO~I'Oe'!.IOSOt 
uoero.ll\ol.-.. n•itio" ¡,,,, U>omLly langu.oa• t.o high· 
lovollangUoge• will ~llcw gt- freedom from ar· 
chl!Ktur&l deJ><nJency 4nd WUI im¡>rove "'""" of p,. 
ganunin¡t.1 h is euy •nol Wlnptiñg t.o ada¡>t a oom· 
putor ardUt.to<ture tu ue<ute a piirticular high·lovel 
laoguage afflc.J.cnlly .• M.oo\ ¡>rogr8lomlng laoguageo 
aet u 1 lilt.or ~tnd con la ou¡>porled by o ouboet of 
o v ailable hardware wi<h ll"eoter elfldet1ey. oo Bu\ effi· 
denoy for O>le ¡>artic.:J or hlgh·level J.ingu.oge is likely 
t.o lead lo lndtocitnoy lor unrelat.ed languagea. Tbe 
7.8000 wi!l!,., uocd in a wido varíety of applicationa, 
and we knuw thot a larb'O number of usen wiU otlllb<l 
using uaembly languogol. Since the Uooo is a 
genen.\-¡>ur;><>Oe mkro¡>roc:ooaor. langÍI~ aupport 
hu ~~~ provided only through tbe incluslon of 
fearun)O d~~igncd "ro mlnimiu typica.l comjiU..tion 
ond codo-¡:eneration ¡rrob!om•. Amolig theoe lo the 
r•gularíty ol the Z8000 addrt>Soing modO. and da\ll 
l ypeo . 'T'Io~ oddre.,;, g struc \Ure provided by aegu•en· 
t.ation sbuiJ ou¡>port¡>r»e*lurea U...t re5Ult frorn 
at.ructlle<'d pro~ng. Ae«eo to paramoot.ers o.nd 
lo.:al vanoblu on tho pn.cedun atack 18 oupponed by 
indo. with •hort offset adduoo mode al well u base 
oddreoa and baoe ioduod addreoa tn<>d01. In addi· 
tioo, ad<!Hoo arithmetic lo aldlld by the INCI\EMEN'T 
BY 1 T0 JI &Dd DECIIEMEN'TIIY 1 'TO IIÍDttruc:t.iona. 

Teoting o/ dota. \o¡ieal ovaluatioD. lnltlolliatioD. 
and oom¡>~rioon of dota &re made poeaible by the in· 
Otnlctionl TEST, TEST OONDJT(Oi< 00DtS. LO.I.D JM· 
MEDI.I.TE tNro MEMDRY. ondCOMP.I.RE !MMED!.I.Tf; 
WITII MtMOIIY. Compllers end ·anemb!ero 
..,.,_¡pulat.a charact.er otril>go freqllently, ud the in
olnl~ TRANSI.ATZ. TaANil.AT!! AND tt:rr, BLOCK 
COJdP AIIE. &nd OOMP A Rl! !mil/lO oll reoult In df...,._ti~ 
·~ !mprovemenl• o'"'" software .Umulatlono of 
th...., important ta>ko, eopedally for certaln types ol 
langua¡¡~o. 1 o odditlon, any regioter ean !,., uoed u a 
atado: pointer by the PUSJI &nd POP instruc\ions. 

Seg''""'talloo. In order l<> prov:ida for co11venient 
code generetloo aod dotaoe<.eso, ~ddre .. eo muat olao 
be """Y to manlpu!at.a. Archit.eotureo w!th diroct ac
ceso to memory typici.lly uu alinear oddreoe space, 
ao thot .ddren aritbmeUc may be u&ed on U.. enrlnl 
addreoa. lir.lhi.o case, adclreoeu are manfpulated u 
one of U.. data lypa of tbe oame oizs. Thio tWlOVfiO 

the ..-ll<>dlstinguiohan oddre"" as 1 newdota type. 
1 n contraot, the Z8000 hao 1 non· lino...- addieao op.ace. 
Addre••"' ""' made of two parte: a 7-blt oegmen\ 
numtw ond a 16-bit olfoet. On\y the oi!Mt par

. t!dJ>&Iea in addreooarithm.UC. Tho Mgmotntou.mber 
lo eooentially • pointer to 1 p.arr. of thiiiOial..:ldreso 
opace, whichcan vary in 1ize from O 10 64K bytaa. The 
hardw&re rnprosontat!on of a aegmen'-'><1 oddreoo io a 
long word or 11 re¡¡i•tcr palr (Figut• 31, whleh allowo 
\he eaoy manipu\atioa of each p.arr. of the oddleu. 

The oegment.ed addreneo are one of th<; key 
medwúo""' UMd to oup¡>Ort botb larga and amall 
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F~ute 3. Ha-te ropr.Hntatlon ot pgmontod oddteu ... Atoy""'" 
ngmonlod a.dc!Hooo lo""" Wi>lll, whol!bor 11 lo In o ro;lol.,, _,-, 
or en Jnstf\IC1Infl lf\ouro J.o~ Soo¡¡montod llddte•ooo oro ~ -
wolllo !ti 1 fO!IIIItt or rtllmor¡ (Figuro 3b~ llowo-, lnotiVCilcwla U<ft 
•••• ono o! two l<><mo. Tl>o uouol 0:.11 {lo"'J o!loou toqUitoo
word• (Fbgute 3-ef: how..,or, lhotO lo oloo 1 ol">ort olloll !onn "'*' IOHI 
only ano word (~lguro 3d). 

""""'""' •Y•~ oflldently. Tho ~wo veniono of tha 
zaooo impll!menuotion, the 4()-pin unaegmen'-'><1 •"" 
tho 43-p!n •egmea~. aUow the mainW!ance of the 
•rehitocturol compulbUity and noe tho irrowth be
twoon these two appUatlon graupa. Tbe oegnwntod 
add:ua op.ace guar~~>tee& tb.at uch 64K·byw oad, 
dren opaee of the 40-pin venio" ~· ooe of tloe 
oegmonts of tho 48-pln veroioa. Each 4 ().p!n ver aion' 1 

18-bitoddre•• becomeo an offoot within the :segmont, 
onda mode eLi•ll in tho 411-pin packago voroi<>nln 
which 4()-pin verslon rxw:le ean bo ue<:uted. Further
more. comJ>&tibility wlth ony CU1'1"011t 8-blt rnla-o
pi'OCitoor ouc:h u the Z80 U. eaoy, &Dd a Delllllic:ro
eomputet .-..,h u thll za can addreu utsmol douo in 
o allared oegrnent with the zaooo. 

The ,.roware performance ol the zaooo is aloe lm· 
preved by addro .. aegrnentat!on. Sine<! a ,..grnent 
aumb<or does not particiJ>&te in arithmetlc, it eso he 
put on !he buo be/ore the result o! u eddreu com
putation is avai!&ble. TILia feature llli>wo the u11 of 
MMU• witb uoantially no im)>&ct on memory accoos 
timo by allowing it to function In parallel with the 
CPU. lnde.úng oporations are aloo futar becauoe on· 
ly • 16-bit addition mu•t be perfonned. BecauH o! 
the distinctioa betw""n the "¡p:nont au.mber &nd ita 
offKt. one can uae ohorter addre .... without ·ooft
waro conotraiou. Sbort addreo,...con uoea sbort off. 
oftt (fewer thon 2~6 bytes) ond thenoby reduot pro
gnm olu (Figure ~l. 

Flnally, it lo very eaoy to """OCllta with uch ol tho 
1 28 11gmenU of thtr oddre3. l¡>aefl tito prutection and 
dyn.o.mic reloc:ootion futur8S deoinbll! for larger 'Y• 
temo. Relocstlon oUowo a user towrite hi• applicstlon 
uoing logical addresaes independonl of any phyoical 
oddrehe!l. Relocatlon io 8Socntlol, for uample. in o 
diok-baoed pneral data proc.,..lng •r•teJn with 
oovoral uoera. Rolocatii>n lo not eueatiol for 
dfldica~ oppiicat.lotu withcode typica!ly raidin&ln 
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ltOM. U><<• whoutotalmemoey neodoareomallore 
al>o unlikely to need relotaUon. 

In oummuy, tite choice o! a ..,gmented address 
O¡>lto hu provided-at low C01il aod wlth few prao
t.ieal Umital.ion.o-o powerlul aolu.tion to tho problem 
of '""' grDWI.h, relotal.ion. ond. prot.o:tlon u well ... 
vinu&lmemory implmnentatlon. Wo bellove that a 
Uneo.r addre.oo opaa. cou\d hove achlovod theoo 
re$ulto hut ot a OOJ!oiderably higbor priCtl. 

Th• lystam archll•cture 

Prolo~tloo faoilldu. The ZSOOO prot~etion 
facilltieo en be dlvldecl into oyotem protection 
foatureo ond memory protection fe•turoo. Ea· 
perienc• with liU"ge computen hao dornonotrated the 
advaot<IK'"'' <1f having al leut lwo" '''"'cution rnod<>S 
with differenl """"'""" ri¡bto to b.ordwuo laciliti.,.. 
The Z8000 provid,.. the S)' ot.em ond normal rnod.,. for 
.\his pu'l"""' A ai:npl~ p<ot.ecti<m oyot.em reoult.s 
lrom th~ pr~ ol th~oe two modeo and theH 

-~ . .--~"" • :....-:o~~ ..• ,,,;, 1M•• • ,:: . '• ,,,_.,.. 

rupu, <rap•. and mod• cllan¡;cs.l'ro¡¡nms '"normal 
modo which attempt to "'ecute o privileged instruc
tion wiU couse a trap onda chao..., to tyttem mcde. 
The sw1lch lrom U><r "'~''""""' modo can o.l>o be 
cauoed b~- the •Y•t••m coll inotruction. These 
mochanisms en/orce prutoction ond help in designing 
relioblo and efficient nporating systorn• with dean 
u•er interfaces. Soverol other trap• ore re<¡ull"od to 
achiovo a consiJI~nt oyotcm: ><¡,;mentation trap, 
privileged mstruction U"ap, ana undelined inotruc• 
tion trap. 

A desirable memory protection Khemo i• on• lor 
which protection inform.aticn lread only, road "'Tito, 
Oxocuto only, syotom only, size of dat~ '"codo, etc.) io 
et,.ily a .. ocia~ wlth the dota and codo structU<es of 
a &iven applicotiQn, lt is also one lo• whioh a larg• 
numl>'l• o! dillerent IYP8" o! pro<ectiGn information 
c.o.n be verified. 

Tho relocation &nd memory protoction 
lnc'Chani•m• describod above are provideJ by an U· 

ter !lo! Jevice: tbe momory management u ni t.' To pro
vido rolOChi!On and protect.ion featuro• dir<>et!y on 
the Z8000 would havedemanded too much oimpUiica· 
tÍ<>Jl. Tbcexmn.ol MMU hu the furtbft advantageof 
providing for eaoi.,.. growth by tbe additi<ln o! com· 
ponen !.!l. Tbe Z8000 40-pin p!ld:age do., MI ha veto 
carry the burden o! the unua<;d ad'·""ud relocat.ion 
and protect¡on featureo, o.lthough oomo form of pro
tection un be achlavod by hardware oeparation of the 
dilferent addrn• •poca•. Witb multiplt MMU s. the 
48--pin pacl<age UIU ean control the relocation and 
pro~.eet.ion compleJ.ity de*ed i.D. hio appUo:u.ion. 

Tbo memory J»anogement lltlit. The M~IU per
fonna throe funcllono: lll addre,. tranolatioo of 
logical adr:!reo• \0 phyalcal oddre•• uolng dynamio 
reloe1tlon, 121 memoey prowtt.ion. ond. 131 ..,gment 
mana¡r&n>ent. The addrouu manlpulated by the pro
gramrner, uood by th~ i~stnlctiono, ""doutput by the 
ZSOOO are callod logico.l addre1,... Tbo MMU uoeo 
theo~ \ogical addr.,.ooo, cornpooed el a 7 ·bit oegment 
number and 16·bit n!fodt, ond tr!Uloforml tbem into a 
~4-bít phy•ico.l addr~•• Wigure 4!. A 24-blt origin or 
boM Jo logic.olly ouoclat.od witb e.ach teguw.>t. To 
lorm o 24·bit pbyoiealoddre ... tbo !&-bit offoet is ad· 
dod to tbe bue lar tho given oegment. In e!fect. ~'ilb 
the ltelp of ene memOl")' m""agoment devic"' th.o 
ZSOOO """ addr••• BM byre0 directly wlthin a 
16M·byt~ phyoical m•mory &pace. Th" reuono for 
the choice o! a lar ¡¡e phy aical.ll<ldre01 opaco include "" 
"'pectation that largo oyat.!ms will"'""t te u11ntn 
biu lor """'~"" reoource manage,..nt pulPCO"'· 

Each aegment io gi ven a nurnber olottribu ceo wben 
itiolnitially entered intothe MMU. When a memory 
rof•r~~noe io modo, tho prctection rn<JChaniom checko 
thcoo atuibuteo againot the otatuo lnformation frcm 
the CPU. 11 o miornat<:h occurs, a uap i> generatod 
wlúch intenupt.o \he CPU. The CPU a.n theo check 
the MMU status r~gilt..,.. \.o determine the cau..,cl 
the tnlp. Scgment alllibutes indud~ ""¡¡menL "'"" 
ond type lread only, oyotom only, uecute onQ-. io· 
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v~lid DMA, invalid C?ü. ~tc-1 .Jth:• ••gn>On\ proteo· 
tion !.,.tuNO indudo a "''"' "r~rni!>g zono u•eful fOT 
dac!: cpor&tiono. 
· Whcn & memory P<<>IO<:tion violation b dotected, o 
write inWbit llru!gu&ronloeff l.hat memory willnot be 
lnoomocdy changod. '!"he involid DMA and CPU bi¡, 
indicau. t hnt \he ontry canno\ be u.ed by \he DM A or 
CPU NOopecU~o!y, bocouoo oither tho oegment 
numht-t io il\egal or tbe oo¡¡o~ent en\ry i• not looded. 
Thlo la•t fNture. i~ """ÍUPCtion With the oegment 
1-.i~ in!onn•ti~.-. (o~gmomt ""changed" &nd oeg
no;:n: "n.(e,..IICKI"" biu) ond tloo ugmentation t"'p 
me:blnl•m. olio"• \M impl•mentlltion of & virtuol 
••&rn"n\od momory ")'"'""'· 

Thc MMU corneo in a 4S·pin packagoiFlgure 5). 
TI.~ chip Input• are t~.e •q¡-."cnt numbor, thc upper S 
bit-S ol th• off""<, and oLIIt.us in!onna.tlon ftom tho 
CPU. Tho outpuw !rorn the segment chip are the u¡.
J'<r ib bit• ~~ th• Z~·bit pt.yoical addreoo &nd the 
.egoncntation trap Une_ Sino~ the memory mannge
m~~tJevico pro:e•seo only tbo uwer 8 bit• of the off
•<~. tbo lower 11 biwo go diul<:tly to mernory. Thio io 
equivo.l~n! to hoving zoros !n tho Blowar bit-S of the 
2~-blt ..riL~n. Tim•. th• O•M"IOl)' man&pmeat devioe 
<mly :>ceJo lo """" thc "l'P.' 16 bita ol each baoe •d· 
dr•"'- Segm~nt ~mlt prowotion is done in \he 
n'oOmory nonn~t,o:ncnt devlo•. and thuo '""grnenta can 
be pn.:..Cted in i~cremento ol 256 byteo. 

Each M~~ U o\oTM 6~ oegmententriu that ..,na\st 
of the oegn-o<nl bese addn:n, lts attributeo, o\UI, ond 
•tatu•. A p.oir of MMUo eupp<>rt the 128 eegmente 
avalloblo ln on addreao opaco. Additiona! M MUs can 
be used to acoomrnodue multiple tranol&t(on tableo. 
U•ing the ot .. tu• infonna.t.lo~ provided wltheach,..f
vence, p.alr~ of M MUa C<On be epab\ed dyn&mieally. 

Th• rne!MI)' monogement device funotlons coo· 
stantly while memory "''"""""" are made. but its 
tron•latlon o.nd protocUon tablo• are l010ded and un
\oaded U an 110 periphero.l. To achleve thlo. \he 
memory <r.anag""""'t devlce bu chlp 116111Ct, addroa.. 
otrobe. data otrobe, and rv.dlwrita linu. The Z8000 
o¡¡<-<iol byte tiO instructiou that use the uppu byta 
of th~ da!& buo <an load or unlood the memory 
monag~mont clcvJce. 

Modo ,,.;t•hlog: lnt•m.opt ...,d tnop b...,dlf.,g. 
l'•cm omoU uo•u in dt<!lcated procesa control a¡>
ptiC!~!ono to Lor~~ useu in g~eral-p'-'fPO" data pro
ceo•i ng " ppticodono . asy n•hronou • evontl oueh es in
terrupto ond oynohronous events like trapo mu•t be 
handlod, Whon these eveots OCC\It, tbe otnte ofony 
rurrcntly d~e.:ut.ing program must be oavod during 
what ls ~eral!y call..d a t.e.sk owiteh or P"""'"" 
switch. 1"lw uoers benofit from tho uailahllity of 
mnny !nwrrupts W>d tropo. They also betoefit from a 

. laot, eooy, and unifonn handling of prOC<lOI switch
ong. 

Peripht•rals using interrupto bove .,;d~ly vorying 
. conotrointo un int.rrupt P""""''ing time. To oolve 

t.his Ptobl•·m. peripheralo with the oame charac-
1 erístico are of ten kOoocia\ed wi th one of Mver-ol inte<
rupto. A priority ~nlurcod omong the oeveral int.r
rupl-0 all .. w• tbc te<¡uircd proce•sing lime to b• 
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gu111ont.eed. Enabling or dioabling the vlll"ÍOUS in ter· 

rupt• i• \he mochaniom uoed to enforce thlo prooeoo· 
ing priority. 

In the ZBOOO, we felt lhat three levels ~f intarupto 
wero fJUfficieot, A Mn·ma.d~~lr int•rrupt n·p..,oent:s 
1 CltaSUOphio event which requlreo opecial handling 
to preoerve oyotam !ntegrity. In oddition there are 
two mukeble interrupto: non·o•clorod inlerMlpiS 
and uoctored inl<rr"pts. whlch comoopond lo a fiud 
mapping ol intatrup~ prooe .. irc routio .. and lo a 
vari1ble INipplng of interrupt proc:eoolng routineo 
deponding on the vector pnoen\00 by the poripbenl 
to tbe ZSOOO. 

Both interrupto and trapo NOoult in olmilar proc:.,o 
ow!tobeo. lnformat!on 1"1lloted to the old prooooollta 
program sto.tuo) lo ooved en a opecial.yoto!m otack 
with acode deocribing thereaoon f<>r the owiteh .. Thlo 
ollowo ,...,.,...ive ta.lt; owltchn to occur whlle le.avíng 
the normeJ otoclt undisturbed by sy•tem infor-mo.· 
tion. The state of tho now proceu 1its new pro¡¡n.m 
.r.atus) ioii)O.de<l frcm a speciol aren In memory-tho 
prognm otatuo a:rea-designatod by e pointer "'"~ 
dent in the CPU !ooe Figure 6!. 

Th• use el the otack and of a pointer lo theprogra¡n 
otatus atea ..-. opecifk choicea INido. lo ollow ..,.. 
chltecturol oompatibility if 118W interrupto or trapo 
aro addod to th~ archit.eoture. The choice of the twQ 

med•o o! exeeu tion hos a strong lmpaot on the deo ign 
of c\eao user interface•. Experlenc• ha• sho""' that in 
largo oyot.ema tho nonnal rnodtllnotrucUon oet and 
tho uoer interfacH together conotitute the most im· 
portant alement in aohleving arehlteeturo.l corn
putibi!ity. 

Communleatlon witb oth<r dnl..,o: the Z.buo. The 
7~bus lo the obared bus whlch link• oll the c<>m· 
ponen\.:! of the ZBOOO f&núly,' Tho variety and P<rfor· 
manco requiremenh of the componen\.:! &te so dif· 
f orent t ho t i n f oc t tho Z. bu • i s com pooed o f fi ve buses: 
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o memory bu:., IUlliO buo, an int.e<ropt bus, ond two 
rosourca roquaot bu""" (Figure 11. 

Tbe Z.buo ls e&!Wd a "sbued" bus beca usa oo~eral 
co"'pononta can u M !t. A bus user;. a CPU or 0 pe
ripheralwbicb can Ulually ga>el&to one or more bus 
tnonuc:tiooo ouch u lllemory W.ta rtquut oran 110 
n:qu"t. ldantical bus ttanoacti<lll8earu>ot take pl.ace 
ot tbe ..,, t.llno, but oeri&liuti<11> mechoniom.l allow 
aoquantl.ol un of the Z·bu•. Ar<:hltocturally, the 
buoaa can~ gtOUped into two llrocturN. Tha 110 
otructure <J&OO theiiO bu• and the interrupt bu o. Tba 
mernory otrurtura UlllO the memory bu o wlth or with
out oddno11 ut<onoiono. Both atructureo can u" tba 
..,..,urce roquoot bus ond lhema>t.enhip request bus. 

Eacb buo conoiota el o aet el oignals and the pro
toado which preoide over tb. ~lriouo types ol tran· 
eoctioM. Part of •th protocol is tht tlming rol.atiQJ>
ohip ~.,....., ..levOJlt oignalo. Tho 2:8000 CPU pro
...wleo moot o1 thuo tlming ~tiono. Th• ad~OJltalf" 
o/ auch o cholco io the oigníficant reduction in the 
numher of compcnento required to build oucb a 
syaU!m. One conoequence is that buo tran8octiono 
caonot be abortad or dehtyed froely oinc~ oomo 
devicao, eoped•lly mernory, ha ve opocifie titning con· 
otrointo. Thl moat importan! considerotion for the 
Z.b\1o lo the ....id to lnterfa"" to mllltiplued oddre..o 
and data lin,.. of the Z8000 CPU whiclt muot flt In 4CJ
ond 48·Pill po.ckagea. The Z.buo msintalno thcae 
multip!e:ud od~u ond data line•. Very litUo·~ 
could be pined by domultiplering theae Unas for 
m<Omory reforonceo oince memorieo ..., themool.-eo 
multiplued, Tbo moot lmpcrtant advMtage ol a 
multip!u:<od Z.buo io the direct oddraoubU!ty of 
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perlpberalinternalregiotera. This foaturo ~"'' the 
coo•trucllon of complu puripbaralo wtúch malnt.al!l 
a simple program interfao:e. 

The Z.bu• io known u a_tranopuont or uyn· 
chrorlous buo. Z.SOOO cemponenu do not require th&t 
their clocks be ll)'Tlchronized with theCPU clook. '!'he 
signalo usod by each tran!Ulction provide all the 
OOC1Ioaary timlng. Thio concept io impOrtaD!: it 
allowo,lot uunple, 110 tclerencea to be lndependoo.t 
of the rpeod and c!oc:k ftequenciu ,..quired by othor 
Z.buotranuctlono. 

I/0 buo uor>~• momory bu,_ '!'he 110 and mernory 
buseo are the ffi<>lt import.ont. The ZSOOO fomily ar· 
chltecture dlotlnguioheo between memory and 110 
opaceo and thuo requir•• •pe<:ific 110 lnotructlone. 
Thls architectural ooparatíon allowl b.t~-er proti!C· 
tion and h&l o nieer potential for ezteosion. Tbe 110 
and IOeiDOI')' bu,.. UM o 1&-b.it oddli..ldlta buo, 
whlch allowo !&bit 110 addreuei and 8- or 11;-b.it 
dlta~ota. MOlllor)' oddreaoeo..., 16 bita for the 
4tl-pin package or utanded to 23 bita uoing the aeg
menled veroion. ThU5, the memory buo io in fact a 
logica\ oddreu buo. The increaood opeed require- · 
mento ollutuN mlcroproceosort i•likoly to be ochiev· 
ed by tll.iloring m.amory ond 110 releronc., to thoir 
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reapocti"" ch!lr8Cturistic referenee pottemo and by 
ualn¡¡ oi.ñulwaoouo 110 and rnemory roferenclng. 
These luture ponibiliti•• require an uelútectutal 
Hp&ntion toda y. M*""""Y·m&pp<od 110 la otill pon¡. 
bte, but "'"lee! tholou,r proLGction ond po~Ualu· 
po ndobllit y are too """"rtl W j ustify >mmory·mapped 
1/0byitaelf. 

Both tho 110 and me•nnry Luse• aeed addreu, dota, 
and control oignalo Onc imJ>Otl.ant implomentation 
dedoion wu to ovcrbp tho oignab uoed by the 
memu:y and 110 buw• <m the """'" ZBOOO CPU pinl, 
with tl>e obviouo •~ce~tlon nf !he otatuo aignalo uMd 
todUti.nguioh botwflllll U.. twotypesof buo requNto. 
F~r thu:urren< ZBOOO lmp!e;r,..,tation lhensultlng 
tod:>ction in numberol pino ia signifiCIU>t. lnwntr.,t 
lhe irnp>csibiUty of ,loinl{ concurront memory and 
110 referencing io nut very •i¡;;nifioant olnco their 
opcedo ore ~"""nüolly th" •an•e. 

In odditim>. m«"~"''" n"dpcripherolo both bencflt 
from the avoilob!lity ul urly otatuo informatlon 
definir.¡; tho bu• Veaooction ty¡>e tilO versll• 
'·'""""'Y· rd.d vo,.uo writ<) ..¡,.,..dof tbeactu&l en... 
"""'ion"" that bidln.:tionol driver• and otlw t..nl
"'"'~ e)on,.,r.t> •""• bo ~,..;,¡.,.¡ bofore the reference. 
The •U. tu o lineo of the ZSOOO CPU prnvide thio type 
O/ o.u]y "tal~5. 

Th• J¡Q "'"'""'u". :.inco• 1nany peripherolo are con· 
n01;\ed with ono CPU. the !10 bu• lo ohued and 
oen..Uzatíon mullt boo provided. One so!ution lnvolveo 
uoing a nu.su.r/ol!.VII proi.O<:Ol. The CPU la 1 mutor 
•hic:h can initiate"" 1/0 c.r ...... tion at any Ume. The 
per1pberalo are olavu whlch part.icipate ln a l.ranlac
tioo only when tequeoted by the maoter. In order !.o 
li nd out il a periphulll needo to boo servieod the ma olor 
con poU eooh in turn. The Z.bus olso provides alaotor 
way of getting the atWntion ola maot.er: an lnt.errupt 
bu o. In contrut, with tho 1/0 transaction dot.a bi!O, 
.,.eh periphl!r&l ohuing lhe intem1pt b\!O """Y "'lry" 
louoeit simnlt•ru>outly. 1ñe interrupt but u..,. an in· 
terrupt line. interrupt ecknowledge W.., and t .. o 
mono Une_. used t.<> lorm a dai!y chain Tho dolsy chain 
io "" implernenlll.tion of e distributed &rb!tretion 
policy between theToquo•l>. Priority ol prOCéllolng lo 
d•termined by lho po,ition in tbe deioy chain, end 
petipherob can he prucmpted. lnterrupt wctoro ora 
uoed to deu.rmino tloo idcnti~y ol thl! periphcr&!o re
qoesting sen•ico via o.n inU.tTUpl. 

Orh" bus~• Tho two 1"11SQUr<:e r-equeat bu...., are 
uoed to !"@<!Uest 1ho <ontrOI ol the Z.buo trom eho CPU 
and t.o t"'luesl <Ontrol o! any generalized L"HOili"OO. 

The ZSOOOCI'U or any Z·bus compatible CPU does 
not need to ""''UOSI tloe busto acces• itu a mBHtor. 
and is. thcreloro. tho default master, Other devlces 
can n>quest buo muterohip. but they mu5t go 
through a non·preemj>t.lve distributed arbltration us· 
ing anothor d&ioy <hain. The CPU lllwayo relin· 
quiohes the huo at thl! end o! it.o current bus tran..,c. 
Uon. 

The resou"'" <"'!UC>t chain la n g.nerallzation of 
that concept in which each rosourte r-equeator h.os 
•quol importoncc and can use the i'eoourco in n non
prc..,mpt.ive '"""''"'· 1'hio m""h.onism in tho 7.8000 
CPU permits <meto Ílnplement in soltwiU"a tho kind 

of exdusion and sotializ.ation m""hanlomo noeded for 
mult.iple di!trit..oted oyotemo with criticlll reoource 
oh.ering. 

MultlprOCMoleg. In the conter.t of toclay"o lorge 
mainframe 1yo<.erruo charoeurUed by multiple pro
ceso.-. sharlng one proces!I01". one ls umpted to 
design distr1buted prOce.sing oyotemo with rnan) 
low..,ost micruproceosors running ded.icato<l pro
cesseo. Such an approach diotributeo intelligence 
towardo the peripherals. ""'ult.o in modnlariwtion, 
ond pumito.,uier development and growth. Unlor
tunately. ln the past. the problem with ouch an ap
p...,..eb t.. o bMro ooftw&re ""d not lw"d,.....,_ Thus one 
CIUUOot be ~•pected t.<> provide detaUed oolutions in 
hardware l.<l a software problem that hos not been 
solved yet. !lowevec. sorne hl!sic mochonisms have 
been providod lo allow tho sharing of oddres. spaceo: 
lerge segmente<! addNos spaceo and the externa] 
MMU meke this poooible . ..,d a reoour<e request bus 
is provided which in conjunction wi¡.b IO<>ftw..-e pro
video the ncluoion and seri&!iu.tion control of •hared 
critica\ resourceo. The"" mechaniomo and new 
periphenlo like the Z.FIO Mve been designe<! to 
aUow easy uynchronouo communicetion between 
difieren! CPU o. 

lmplemenl•tlon tredeolls 

Tl:oe key fomlly deci&ion: produdb!Uty. Confronted 
with tho problem of designing a new LSI-bo.sed 
system &rchltecture . ...., could t..v~ igno~ packoge 
siz.e conoiderotlons by accepting packages with 64 cr 
more pin•. or we could hove ignored m&!o production 
t.e<hnology conotra.into by using dle siteo ]IU"ger than 
260 mili oqu..,.e. Such solutiona &re often juotified in 
tho implementation of an e:r.iot!ng computer syotem. 
Thecomponent boundaries. package Iimitation•. ond 
technologiul Umitations are oecondary t.o R<:bieving 
the g<>alof uact ""'mbership in lhe computer fanuly. 
But if one were to design 1 new oyotem ..-dútecture 
with the •~me\ack of constrainto. thc individual com· 
ponent wuuld not be price-competitive-only the 
total oyotem would be. A new system architecturo 
hued on thio approoch could only be UAed t.<> deaign 
yet another traditionat comput•". 

The Z8000 family provides bosic, general· 
purpose blocks out of which o systern 

solution to mo:,t problems can be 
implemenled. 

The Z8000 family miU"kel l• lntended t.<> be much 
h""'d"'· a.nd each wm¡>OJ>ent of the lamll}" mun be 
economicaUy viable. The •t.ogecl int.roductioo of com· 
ponento "'h ich are economically via ble by themoelvoo 
aUowo uo to serve tbe market from very omall con· 
figuratioos to vcry lacge configurations by using 
more components, in ony comhination. Not only do 
we boliovo that thio approach doos not resttict 
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oyotem ardlitectural po .. ibi!itieo, but ... ..u... be!ieve 
that U..lo.mily Mil be more effective becauae it ...ru 
gn>w wlth its cuotomer. 

The Z8000 family d.,.. notalwayo attempt 10 pro
vide epecific archlt~ctural B<>lutlono, often im· 
pillmented in hardw.,..., to all oy,r.em archltec:ture 
problem1. lnotead.. it provideo ba,ic, general·purpoae 
block& out of whlcb • oyot.em aolutian to mo&t pro
ble""' can be implernot1tod. The multi·núcroplo>ce ... 
"""' •nd dlnnbut.ed oyot.e111 eapabi!ities of the ZBOOO 
fo.mily !Uuotrat.e tho Use of <>pon-<lnded mecbo.nlomo 
10 oolve a variety of ..-chitecturo.l problemo, while the 
memory monag•~n•nt ol oddreoo opaco Wuotrat.eo a 
op...:lflc problem ouppo<ted by • opecifie oolu· 
tion-the MMU. Howner, atber ,.¡lutiou more ap
propriata to a particular problem ea.a be uoed and an 
advanoo in the at.ate of the art. mi¡ht be m1pp<d iniO • 
new davicelor tha family. · 

Thlo vision ol the lamily oft.en resulta in com· 
ponento more powerlul and complex than an opp!ica· 
tlon roa y requino, The """' ohou!d not take thla aa a 
.,......, lor alum. but rather •• the ..... ,.¡n hit applica

. tlonl gr<>wtb will be euler. 

Baolo CPU hoplemeotation dedslooo. '!'be Z8000 
cummtly uoes a 16·\.oit data bus(Figure H), an int.ernal 
regioter &rtoy ol\6-bit rsgioten, anda 16-bit paralld 

ALU. These implemeotation decioÍOtla, whlcb .;-...., 
guided by the technological and practica! considera
tinns, have a strong imp.o.ct on perlorm.anea. . 

To achieve good perforiiliUlce with tho inouuction 
format and data type onvisionod for ths Z8000, <mly a 
16-bit buo """"" adequote; a 32-bit buo would hav& 
neo:ouit.eted <>•mg In unarceptable S6-pin or largor 
parka~e. Optimal perfor...,.Ce io obtaint>d with thio 
clm""n bu• .. -idth il tho .H.e of tite frequently uoed 
regio~r-to-regisLCr oporation• beo:omoo one -..otd . 
The rhoice of ALU and interno.! regio ter widtho io e 
trodeoff between opeod of the m01t lrequerit opera· 
tlons and the chip area needt>d to imploment a wider 
ALU or data path Jnoido tbe CPU. 

NQJ111 of !bese implomentatlOJ> declsio!l8 ohould 
limit tho architect.un. fnstrueti0Il9 are from ons to 
five wordo leo¡¡, and data types o.nd ad~ne ... re not 
limited to 16 bits. For eumple, 32-bit worda are one 
o! the mo in data typeo ol the machines, ond ~dd<eooeo 
occupy two words. The addr~u meo:ham•m il· _ 
luo~atao tb&•trong diotinctloo bet-..een on architec· 
tuN and ita implemontetlon. The arclúLec:tural ..¡: 
dreao repreoentatÍOtl uoeo a 32-bit word of whicl> 8 
bita ars réoerved and l ia o ahort forrnaUlong formal 
deocript.or. 11ms, the ZBOOOarchitecture provideo up 
1.o 3l·bit odd.-e••••· but only 23 ars curnontly im· 
pWmented ond 23 pino of tba curren! package ue 
oUoc:ated to addreooeo. 

MMU uadoolfa. The MMU and lu ralation to tite 
Z8000 CPU illustrate tnodooflo thota microproce .. or 
archlto<t and deaigner team muot mUo to en.oure 
c<Jmponent manulacturability, 

To •chieve the goals of good orchitoc<uro.l com
patibility for high-<lnd oyat.ems, itwaa noce .. ry t<> in
eludo tha protection and relocotico mtiChanicm.o 
deacrib..d above. But if al! desind leaturoo were im
ple~nent.ed as a one-ch.ip CPU/MMU combination. it 
would have been too largo and. tnerefore, 
~noconomical. And JI a reduced oet ol foatureo were 
imp)om~nted, it would havo been architecturally too 
primitive. Thuo, the choice wa• m1de to mainr.ein all 
loot""'l and use two clúpo. This new organization 
bao oe~eral oignifieant advantages, auch as a 
capability lor multipla MMU a, and allowo tha acceso 
o! a DMA devico to tha MMU. 

Glvon ~he choiea ol on oxr.emo.l MMU, tho nezt set 
. o! doci•ion• <:encerno pockago •Ue and circult •peed. 
Having eoch reloeat.ed .. gment •tart. on a wot<l boun· 
dary would hove re<¡uired a 64-pin parkapand a very 
fu< 2~-bit adder lin lact, • 16-bit adder ud 8 bita ol 
carry propogntkm). In conu ... t, tbe docitlon I<Ul.art 
oogment.o on 256·byt.e boundarieo e.llowa tha uoe of a 
48·pin package, a loot 6-bit adder, and 8 bita of carry 
propa.guion. The latt.r oolution it tochnically 
ouperior and placea pract!cally no reatrictlon on the 
ardlitecture. Segment grooularity can bo viowod aa 
an impillmenr.etion ,....trldlOJ>and notun arclútec
turalreatriction . 

M o kln g the 8 low-ordor bito of the off oet go d.irec:tly 
1<> momory a loo oi¡¡nificantly reduce• momory acceso 
lim~. Sinco dynamic Jllllmorie. uoe tho"" biu lit•t, 
moot of tho MMU relocot.ion time 10 hiddeo d\lling a 
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normal "'*"'<>J')' acc"""- The availabillty of oegment 
numbero earllel than the aoooc:iat.ed ofbet bit. rein· 
fm-eeo thlo advantoge and al.!owo the MM U t.o rrumlt 

· • In .. ...,U..Uy no memocy aeeeo• opeed reductlon. 
Each MMU eatry oleo raqulres 8 hito le11 for baoe 
and oegmmt size vo.lue. Thlo lo importan!.: !t lo 
desirable Ul pack u IIII.DY entries u pouible per 
MMU. With 64 entri .. 1 2K·bit tnemOry io needed. 
which lo technologicaUy difficult In vlow of the 
flmount of logie ourrounding this memory and the 
COD>plnity of ito organization. 

The fact than en MMU b only connected u. the nP" 
per byte of the dota buo requiras the uoe of epecial:UO 
!nstrue!lo111 for itoloadlng and obligo• uo Ulroplace 
the poeoible UM of an aut.omatio dem.and loading of 
entrie• by up~dt instruction looding. 1'o comp<lO· 
oata for the tlme penalty aoiOciated with the loading 
of potant.Wiy unuoed entriu. multiple MMUo are 
uoed. They not only aUow the impleme<>t.ltion oflZS 
entrieo. but pairs ol MMUo can be eut.omatieally 
enablod by the oyotem and normal m<>de pino effec· 
ting o. fullenvironmont ewltch at electtonlc opt>OO. 

We foel Wo o~flmplo illuetretae olle lrnportant 
dnign approo.ob: Ul CO!I>pJ"Omi.oe •• littlo N poulble 
on advancad ercliitecturo.l fe.o.tiiNI but Ul """"PI 
compromi- wbich result In implement&tion -In 
or-der to achlave eccnomical eomponcnto. 

Concluslon 

Tbe archltecturaloophlotlcatlon of the now 16-bit 
micropr"""'""~ io rapidly approoclting- tbe leve! of 
the minkomputar and larg<~ computar. l'roblems 
such ao component famiUeo. lar!r<l oddreoo opaces. 
boutandanb. 110 ot.nlctwu. ooft\l"are lnveot!l>ento. 
and erclii~tW"a.l eompatibili ty are being directly ad· 
dresoed. Sorne ol the oolutions Ul theM problemo are 
known. and therefore the tramrition from 8·bit micro
proeesooro """' tel.atlvely eaay. But the challenges 
ohesd-net\l"otko, d.istribut.ed procea•ing. new ap
plicadono-aro moch hardor. Tbe impaet ol micro
P""""'""'"" ioabudy enormou>. bot we foel they will 
achieve the often-p.-edicwrl comput.er revolution oniY 
a!ur tbese new pJ"ohlems are soJW!d. 11 
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1\.e Iat.el HCS.4lllanilly of slngle ... clúp microcom
pu tero col'.t.a i~s 8\ lea•t nine d.ill mmt microcompuw 
chi~ h.oving o =on instruction set butdUf.,..nt 
emouots o! on·chip rud-only memorj, · readl 
write memary. and in¡>u~'output 1- 'fable 11. Ac· 

Tablo 1. 
.,.cs-•s mlorocompu1oro. 

ON-l':HiP 014-CHIP 
PlCI(.I.GI. -~ DATA 

"' MU.40~Y WI.UOAI ,, ... , (DyloS) (~¡<01) ¡¡,,..¡ ., H AOM" ••• " ., 1K !.P~OIII' 6•". " '" nono' ó4'" " ., 2K~Oiol" 128"" " ., none' 128"' " " IK ROM " " ., 2' ROM " 2J ""' 1 8·"'1 AID ''''". ., 
" 110\1 " 18 pi\¡>"""\« '1>-11111. ., 
'' !.PfiC•.! " 18 ;rus""" .. sys 11111 

• Expand>Dit te •• W•lh o.L<rc.111 cnrps 
•• Plu> ~ DVto•" moro ol.,_torn.IOOI> rnornory ~"" ""'"'' cru~ 

Tsblo 2. 
"'Cs-46 upondor chtpo. 

ON-CniP ON-C~IP 

flCI(.I.GE PROGAA" ~u •m• '"' MEMOU M(U~Y "" (ptnSj (DyiOsl (D·~HI (lr .. sj 

~· 
., 1K RI)M '"' .. 

675~ ., 2K f_fflllM '""' .. 
3155/56 ., "''" '" 22 plus lomor/counter . ., " nono •• " 

A system designer and teacher, 
who has made liberal use of 
microcomputers in his own work 
and whose students haue designed 
8048 processors, reviews the 
capabilities and limitationsof the 
MCS-48 family of microcomputers. 

cording to lntel. the MCS.46 family wu orlginally 
rJmed primarily at the "4-bit markot"" -uoen of ¡,... 
~J"• 4040 aod other low-eost nticrocontroUero. Re
cent entrieo in to the family (the 8021. 802 2 . 804 l. and 
87411 are iocreaeingly opeciallied for low....,d mio.co-
coMroUer ap¡>Ueationo. The MCS48 family hu me~ 
tlú• market ~ery weU. 

The M C&4 8 f amily was abo a.imed o t • aecond tnar
kec-appUeationo ~het require an upandablo, oingle
chip. genel"ll.l•purpooe miorocomputer. Al thown in 
Table 2. Mvual upanaion ohipo ""'av.U..ble to pro
vide an MCS-48 oomputer with up 1-0 4K b)f1-U of pro
gram ROM, 256 or 111011 bywr of uw-nd RWM. ond 
•• many IJO bit-tu a desigauwould o~er oaed. In ad· 
dition. the extflrtlal 110 bus of the MCSt8 fo..mily 
aUows eaoy interfodng of oUind&rd 808018065·tom· 
potible peripheral chips. Neverthe\eoo. tha architec
ture of the MCS.48 famlly malteo it d.ifficult 1-0 uoe in 
mony geoeral·purpoa applieationa, where a mono 
eapable 8-bit arclúteo~ure io reqw.-.d. 

Baslc archltectura 

Figuro 1 showo ~he baoic otructure of an MC$--48 
microcarnput.er chip. (Tabla 1 giveo the facilities 
av..ilable lar each of the núcrocompuwo in the 
MCS.t8 family that liad '-'> anoounced by late 
1976.) The r .... t mombar ni the fanilly wu inuoduced 
in late 1976-the80411witb IK b¡rtuofon-chip ROM, 
64 bytea of RWM, timerlcounw. and 27 110 bit.i. A 
deta.iled deocript.ion ol the entire fanilly e&n be found 
in the """'"" manual pubhahed by lnu.l. 1 

"fhe MCS.48 io a ainglo-accumulot.or architecture. 
Prognm memory and dot.o momory oro log~co.Uy and 
physically .. parated (thus, the MCS--48 io nota VOll 

OIIJI¡.jj""""',...,2>f00,. • ¡.>lO 11.>.>. CO~PUTER 
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Nl!llmann'machitle!). The maximum programad
drua opaco )including e~ternal ROM) oupported by 
t.he uchit.ecture io •K bute.. There.,., 1 mui.<numof '. . 
U6 byteo o! on·dúp lintemalld.te memory, ofwhieh 
\28 byteo are implement.ed in the ourrent f&mily 
],..der, the8049. In additlon tolnternol date memory, 
th~ MC!H8 direcUy supporto 256 byteo of ext.ernal 
date m~mory. 

Moot MCS-4B !a mil y membero havo 27 110 pino, ar
ran¡od •• three 8-bit porta. two t.eot in1mto, o.nd o.n in
te<rupt input. Additioo.al pi.oo...., proYid.:l for llll<':b 
functiono .. pow10I'<Itl reHt. oing!.otepping. and 
memory llltd !JO OIIp&ZUlon otroi>N. Ono 8-bit pon 
and p&rt of a oecond. are uoed to fol'nl 1 multlpluod 
o<ldre.o and dat.a bus for l/0 and mernory upanoion. 

The MCS-48 hao a oingle-level intenupt O)"'t.!m 
(only one interrupt in oerviceat o timeland occepts in· 
terrupto from two sourceo-it• interna! timerl 
counter and an edernal interrupt input pin. Inter· 
rupt calb und retomo outomaticaUy puoh and pop 
tha program counter and certain Interna! natuo lllg'l 
using o et.o.ck in the interna! data memory. 

Program Slore 11nd program control 
. . 

The MCS.~S arehit.ecture oupporlll a mnimum of 
4K bytao of progr&m otore. conftgUred u ohown in 
Figure 2. However, a clooe look at program·otor-e 
or¡¡.n.iution obowo tbat tbe MCS·~S wao originolly 
deoi¡¡ned u • 2K·byte machine. with the oecond 
2K·byt.e capabillty added u o dumoy a!t.erthought. 
Thio crea too two problema with tha addreooing mech· 
oniom. 

First. the program counter is reallyonly 1 1 bits and 
thuo addre .. eo inot.ructions only within a 2K·byte 
bank of pn>gr.m ot.ore. Jump and wbroutine caU in
ot.ructions Likewi.e opedfy on ll·bit addren. The 
problem. then. io bow to provóde o 12th oddreoo bit. 

lnta!"o oolution io u foUowo. Provide an lnt.ema! 
flag. M B, that can be oet ond deared by two inotruc· 
tionolst:l. MUO and s>;L M Bo. reop•ctivelyl. Whencver 
n j"mp or ouLroutino c.oll is oi.,u\<><1. tnko thc lllow· 
order PC bito from !he inot.ruction. and l011d the high· 
order bit from MD. On subroutino col!• and returns. 
¡ruoh ond pop t.he en tire J2·biL addreso. 

Thoreart! oome prob!~mo" wit.h thlo ..,lution. Fir;t. 
in a general oequeoe<" oi jumpo ond callo In a 4K oys· 
tem. we don "t alwa¡·o know wbert~ wo eame from. and 
therefo,.., wc don"t know the eurrent v~lue o! MB. So 
i~ general. a SI:L MB; in•truct.ion must pt9Cede every 
jump or cbll. Natur.Uly the pn>gr&tnmer oan Oome
timeo uoid lhio instruction on a ca•e-by-c .. e baoi•. 
but thi• io anothor thing to worry about. 

Having S<llv«i the first problem. w~ thlnk we un· 
der.t.and the addres•ing mechaniom untU we writ.e 
our flr.L interrupt rout1ne. Then we wol<e up ln the 
middleof the night thinkiog. "'Whoo~l Mil ean't be 
re~~d u ~rt ol the pr<>et080r otate PSW. l!ut MB 
rnuot be .. , to ~ new value in order todojumpo within 
t.he lnu.rrupt rout.ine. How c.n Lhe old value be re
otored on retuml""W elie awake dewbourodreaming 
up poulble oolutiona-don't uoe eallo or jumpoln in· 

Februo()'19rll 

.. 

Flgu,..1. 8nlo ""'"'"'" ol o fyplcol mOmt>or olln101'o MCS..SiomH• 
of mlcre><:ompuforo. · 

.lllOR<SS ,.~¡ M!MOO• 
.... 1 

·~· """ "' 
' •• 

"' 
' ,. ., 
' "" "" • 

~ 

"' ¡ 
•• 
"' 

' ~ 
m ' • " '" ~ 

' " '" -
~ ,. 
' "' • 

Figuro 2. MCS·48 ptoQtom momory. 



.,.,, 

How lo choou a mlcrocomputer 
TMro a< e alloa>l '" laororo lo oon11der tn chooo· 

'"U ;o rnrcrocomputor ¡or mrcr<>eompulor lamri¡IIOI 
a 1" "''"< 1 applr<:at«>r r 

CopoM;r¡. Thco •¡; """'' 1,,.,. ·~""~lh HllM, 11\'1/M, 
110 c;op.rlnhtj. ,rnrl "·1""'' '" '"'"'· 1 V llnr "''"'"'""""' ·, 
ol tlw ~pplrcalron. plus a do"~"·."""º"' IIIJM, 
RWM, ano 110 caua~rlrly can O• d~IOrmmeo lrorn troo 
manula<turer·s hrero\ure ... hile spte<l ro best delor· 
minO(\ trorn t>onchrnark programo rwlored f<>r the 
gl..,n ..,plrca"on. 

Wllh oome •C•, tne amounl o! ROM, RWM, ond 
VO con Oe rncroaMd Oy uSing owa Chips Thlo ••· 
pand•blloty holpo ol rno ¡ob" rnltlolly undernllmot· 
ed "' rl rhe mvkollng departmen1 chonges lhe r"' 
ou.,emonto 11 IM applrca1., pusnes tne aboolule 
memorv l¡mots ot tne ,.C, it becamos more drl11Cull 
(and ••POns,e¡lu ""'"'"P lhe programo. 

E•tonolbrllty. Tho do11gner m11ot <On.,der whothor 
rm ~»•••• '"' orono ol1 ho .e .. tu be o llorod . A .. c-o ... o 
proouct oosrgn&CI rr, 1919, ter e••mplo, ""ght be rt(le· 
s.gnod "' 1901 te roauce cost orto oda !eatu<n 11 
"'ould lhen oe de511aOio lo el•m•n••• O> Ira ROM, A\'1/M, 
ana 110 chops (or avold ha<Jn~ \o add lhem or pie k a dil· 
toronl .e¡ Oy usrng o"""' version ol l~o<>roginai~C "'"" 
t~e e•tr• eapabrloly Oull! In. O! COUIH, manv p<O<Iuclo 
do nQt unoergo tnro ovolutoon; bulll proauco evolu\len 
is expocoea, tho arcnotocruralllll'lrlo ol tho selocood "C 
should bo •••monod In lrghl ot potenllolappllcat•on re· 
quo¡emenl! O no c1n e•pectlowe< hlrdware and ooll· 
"'are dovoloomonl C0$11 lnd. orotllrbly, '""'"' monu· 
f:octurrng co>ts r! tno ..,~ancea proauct uses an up. 
grooea '"'"'"" ol the orrgonat ~e ralher than a 
comptetery new one. 

Col l. In most arou ol the pri•ate oector, mlnlml:· 
mg COII •• a goal, ano mrnrmozong .e <O•l uoually 
mean o monim!Zong the numbor ol IC p.ar;Qgeo. COol 
1• whll preven lo tno do10gner l!om ple<rng 1 Croy-1 
in rooponoe te lho lltst l:oclor at>ovo, or In IBM 310 In 
<eooonoe lo lho secona loctor. 

lf lho ¡ob" wall dollned and nQ producrenl>on<• 
ment 1$ antrcrp<iled, n 11 rel•tlvoly "'""' to llnd o 
mrnimum-coot .e lhi11 .,¡n do lhl ¡ob. OIM<wiH, 
'""'" ore many n>a<o lrodeolfo lo be ccnsideroo. 
A oimpoor .e archllocturo uoually lmplloo a smallor 
IC doo .. nd loNer Chrp coot, but 1! may otso roQuoro 
more ~htp> to oupp<lfl 11 '""'· 1Fcr "'omple. 1 ¡oC 
wOihOut a W-'"l'REA~• une may be moro chfflcult to 
mtor1ace 10 se""' typn o! Pollp~oralo or memory.l 
An o•pandoote .e "'" facrlotate ,110r prO<Iuct e•olu· 
11on (11 lho product ¡, successlul). Out may mcrease 
'"'''"' product cool boca u•• 01 inOiructron e!lrciency, 
memory or:e, VO pono, or opeod .. orltlceo by lho chrp 
desrgnoro oe make e•p•n.,on or unancement 
po•••"'"· 

A<allabllily. Many monulacturrng organllahono r.,. 
o u ore a oecono oourco lo< all comp<lnonts. bolh ro on· 
su ro tnot parlo w1ll be ••••labio, "'"" of some d,.Uior 
belaU o ono oource, ond 10 e njoy tho normal be nel n o ol 
com~etrtoon rna he markol. 

The ~ooogner or a""" p<oauctlo ollen rompted to 
select bul ween a .e wolh ene or '"" s~urces aM ono 
w¡lh no sources¡yet-"We'll ha•e oarnpreo '" weo 
monlh•"l 11 ,. r"i<Y 10 comm" lo any par\ unless your 
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ourcnaorng de~artmonl <an oroer (aM receovel 100 
p;ec•• lrom a OIW<buLor'o onell. Manufaolurers """ 
been knowo \o strp ocnooureo ano e•en cancel parto. 

On thc urner hanu. malkotrng aM costlacturs c•n 

rrrot,.ale "'" '"'"<'""' ol " ncl·yel •••rl•b"' or '"'Y 
nr·w ,,r; 1 "'' """ ,,r; • ,,,. rJ"'' rhe pro u hu 1 •' < uruvr ''"'" 
,., ,,,,. '" ,, '·'' ....... '" '" ., ,, ""'·"" ,. /l.ltt ...... ,,, llu• "''" ,,, : 

'"''' ~·· "' """' '·"''1''' ·""1 """' ""''·'"'· rr ..... , '"' 
Clreoper rn tno Ion~'"" ~OCduOC '' dliOW5 a more ell1 
"""' oo~•on .. rlh rewor re pac>oge• 

E•POCI&CI p-rooucrlolollmo s~ould aloe be compared 
wrlh 1~1 ••pecteo lrlet1me el the .c. E•on ol 11 10 rn· 
oxpon10vo cwrre"tly, ".e that ~•• oeen oround loro 
few yearo m•v be o bod enolce. produchon Quonto\res 
may f11land pncos rioo rn • !e .. moro yoorsao newor 
cnrpo 110 phue<l onlo """' designo 01 cour~. thll 
doesn'l IPPIV if your comp•·'l alano •• orde~<ng 
100,000 piec~• p•r yeor. 

Supporl t~olo. Hardware and solowaro suppP<I 10010 
are usonllal lor umol¡ dl'oloomonl ol a ,e.o.nd 
pmduct. Tllo ouppor110Cio ol • """'' onuooucod ..C 
cannct Oe upected tobo 10 o•leno"o Qr roriable 10 

!hose o! an ootoOilOMd~C lamrly. Tnro oncouragostne 
use ol an ostaorqneo "C rl qu•c• Oe•elopment" need· 
ea, oran O>leno;blo .e lamily w"h reu .. ble looto 11 
prO<IuCI ovolulion tse•peeled 
~osl srngte--cntp ,.Cs 110 progrommt(l '" .. semOij 

ranguage, 1M 1 gOOO mocrooosembler lo omuot Mo11 
manulacturoro •upply ><rloworeloolotnot run en tnorr 
own do•olopment oystomo. Howe•er, il onere a<e moro 
tnao one or t~~<o programmoro on rho proio<l. tno nHd 
lor gOOCI to•t odrton. oimulllors. 1nd dccomentouon 
lacrlllro> m"'•• n o~•rracloro run •II>Oitv.are suppo<l 
tools on a largo central compuling lacrlllj. T~o ..,. 
prop11ate "croos auQmOrero" ano ormulol~ro mayor 
may not oo olio red b¡ tho chip man~l:octurer 

During prooucl developmenl 11 lo Obviouoly 
neee• sor y 10 teso aod e~on~e prog ramo r unnrn g en lhl 
product nard .. are s•nco moo1 .,ngto·Chrp .ca 
ultlmately uae mask-programmable AOM to otorolhelr 
programo. onot~er meana lo noedod to otero and 
chongo pr<>grlm! duMg do•olopment ,..¡¡~out makrng 
now m.,l\1 Sorne ,.Cs novo prn~pa\rCie •enlono 
\Oiit~ 0n·C~tp E?ROr,o insteod o! ROM tnot IIIO'IS reuso 
of rhe .e enrp "'"" d•lforono programo. Many hovo pro· 
vrSions for u•lng o•cornal EPROM chrpl rnsteao olt~o 
cn-cnip ROM. lf proaucllon quantlheo aro lo .. , or 11 
10 lt"' 1ro ~nangu are e• poclod olror pr<><lu ct lnlrmlu o
tron, EPROr,o •ororono mov be essontlol. 

Bosod"' EPROM lacololros, !ne motn oupporttocl 
providt(l bl t~e chrp monul.cturer os tho rn.clrcult 
omul•tor, w~rch storeo rno ocllwan progrdm '"1M 
R\'1/M of • oovelapmenl O)>l&m and omulaleo lhe .e 
tnroUgh 1 ciCle and plug onoerted '" ploce ot '""~e'" 
tM p<OO uc l. An emutator is 10 u set ut toarlor ceo ugg rng 
ooth naro .. aro """ >Oilwlre. Howe•e<, "''"' ••~ .co. 11 
may nol Ce .,.,labiO os scon •• tne ,e cnr~• .. re, and 
oven ol u,., 11 may slrll h~•<r bugs. 

Specillo roc:lutioal1octoro. Many specrhc le<hnrcol 
laciO<! can bo examrned '" Gooe.mrnong wnerner 1 .e 
.,¡u do lhe lob at hOlld- pcwer oonsumptron. spe&CI. 
ITL compouortlly, poc..,go aoxe. onstructlon set. Ho"· 
ever, enea ol,. Ootermlnod tnat lho,e c•n do IM jo O, 
lhe atho>r factor• abo•e tend lo eocal or out .. ergh tho 
tochnrcal "nicenos•" o! tne .e chip arcnroocrore. 
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terrupt rautineo; determine ~he value o! MB .,.;perj
mentally Dy doing ft jurnp \o a fixed looatlon and ..,... 
ing whether it Modo up in MBO or MB 1; keep a soft
ware copy of MB, updat.ing it lwith Interrupto di .. 
abled, of coo.n .. levery time w~ do a SF.L lo!Bi; make all 
the code lit in 2K, as"'" 01petW t.o do at the •tart of 
the projcn; ond oo on. The noxt morning we rood tho 
fine pdnt t.odio<over that tho MCs-48 !orces themoot 
oignificont bit of the program count.er to (} dw-ing al! 
interrupt routin••· We ohould pul &11 of our interrupt 
code in the bottom 2K of memory and not touch MB: 
in fact, we ohould lorget that MB oxi•tal 

The requiroment to puL lnt.errupt c<>de in the boL· 
t.om 2K make• the MCS-48 Very d¡fflcuh. \o use u o 
(K maehine in • rW-thne applieation. Not only muot 
the buic lnterrupt •ervice rout.ine be in the bottom 
2K bu! alooany uulity mutine that mlght becalled by 
!t-that io, any ende e~ecuted before an lnt.emlpt re
turn in•truction is uocut..d.. Thi• eould be~ over 
h.olf the <:<Ido in an interrupt.miven envlro~~ment. 

But the rno.in problem we flnd with MCS-4a pro> 
gram store, ofter wnting half of our appUoation• pr<> 
¡¡ram•. is thot tbe addrou opaco is juot too small. 
With only 1 wo chip• land ooon withjuot one, l'm oure) 
we can fiU tho entire •K·byte •ddre,. tpace of th.o 
MCS-4B with <:<Ido for our-~ opp!Je.tlon, new 
featureo, díag>~ootico, and-of couroe-patcl>eo. 

ConditiDnlll 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 Bddreas. 

The annual halving of tho ..,.¡ of IC memory im
plleo that every year we wiU need another addreoo bit 
for the muimum·si .. appUoation pro¡¡ram loinco 
most evolving producto tend to uoe the decreaoed 
memory rost to iocreaoe fcatureo, not to rt>duce pro
duct cost). Clearly. then. • •K Umit io too low for any 
new architecture. even a eingle-chip micm:omputer. 

Bcsidoo thu 2K memory bonko, pro¡¡ram store io 
a loo d¡v¡d..J into 2M-byte [J&gt!•. Condltional ¡umpo 
opecify an S· bit Larget addriooo in the cun-ent page. lt 
would be far rnore u .. ful to h&\'0 a signe<! offoet from 
the Clll'n"nt addr ... s; thio would inerCU<! the lik .. 
lihood of being able lo uso the short jump addro .. , 
sinoe most brunch tor~"to are within ! 28 bytes of tho 
branoh instruction.' More Ímport-antly, it would 
eUminate the partítioning problem creat.ed when 
many procedures mU>t be pscked into r.he memoey 
opaco and oplit acroos page boundarioo. 

The only indirect jump in•truction ol!IO uoe• an 
8·bít target addreos in the current page. Very 
strange-ty, this tnstruction """' an 8-blt value in tho 
•tcumulator notas th~ targe-taddreso, but as a point
~r toa pcogram-store byte in the curront page that 
oontains tho tnrget addru,., So the pogc contuininK 
the indi,..ct jump motruction must aloa canto in al! of 
thl> routines to be jumped to. as wetl oo • siltj Uttle 
t•ble tlu>t <antaino their starting addra..,. in tho 
page. Thio not only wutf!s space and time, bu~ 
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worse. makeo it impossible to dyriamically compute a 
target oddress altor usembly time. oince tbe juni¡:i 
table is in ROM. In m y recent experience. three u· 
perienced pro¡¡rammero hove ceded MCS48 indirecl 
jumps impropeTiy. believing '"The m.onual must lulvo: 
a typo-tho: contento uf th~ accumulator must he th• 
torget ad<ho; itself."" 1 n un y case. inotruction_, •up· 
¡>Orting ind"'"t jump• and o~tls anywh<•re in thc pr..
gram store IL2·bJt !lddre .. ¡ wou!d be far more uoeluL 

Arllhmetle and loglcal operallons 

The MCS48 containo a single accumulatllr ln 
which arithmctic and logical operetions take place. 
Unary operationo on tho ottumulator.,.., 11 foUowo: 

increment. 
de<ramGn~ 
dear. 
one'~ complonneDt. 
decimaladjust, 
swap nibbl••· 
rotate left, 
rotal.a left with carry, 
rote~rigbt.and 
rotate right With earry. 

Binaey <>perationo combine the aocumulator andan 
operand opecified by one of the addrosoing modeo do
scrlbed in thenext oection. The binary operationo ore; 

add, 
add with carry. 
A~ D. 
OR.and 
e~clusive o R. 

There are a)so '"data·move·· operatlons that loador 
•toro the accumulatcr. 

Thc main difficulty with MCS-48 oporations i• nct 
the operatlon• themsclves but the lack of condition 
codes for teoting their rooults. Only tho: accumulator 
ca n be tested fcr uro or nega tin, and on overflow bit 
is not proYided. mokingoomparisono of olg>~ed two· .. 
complement numbero vory lrustrating. 

Operands 

Most daca moves and binary operations uoe an on· 
chip roodlwrite interno! data memory ¡,..,Figuro 31 
occessiblc by two addreosing modes: K>:GJ~'TEK and 
I~TIK~~L HECIO'IT~ I~UIHf.CT. The three other ad· 
dre.sing modes are E.UER'AL R>;CISTEH I.~I>IRECT, 
1 MMEDIATE, ond ACCU"UI.A TOR INDIKEC'T. 

In kHOIST!:I< mode on operand io contained in a 
rer;>ster sp<>cilied by o 3-bit fie!d in the instftlction. A 
flog bit BS, oet by a SEI, "''' instruction. •pecifie• one 
of two S·byte register h.unh. con-e.ponding to in ter· 
na[ dal-a memory tocatinn• 0·7 i! m;;, O and l,.;¡¡ ,¡ 
BS is t, Th~•pocJfted reg,.ter moy !Jo J.,.dod wah un 
immedinto volue, moved t.o• <>r fr"m thu uccumulutor. 
combine<! with the accutnulator hy arithmelic "" 
lo¡¡ical ol"'rations, incremented, docremented. or 
u sed os oloopcounter. 

" 
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INTERNAL KEC ISTER INI>IHEI."I' •ilowo oithet R0 cr 
Rl in the ourrent "'gi•ter bank to be u~ed u ea 8·bit 
pointer to int.ernal da"' memory. The addnttaed byta 
may l>e l.,..dod Wlth an immedlate value. moved to w 
from tha occumulator. combine<! .,.;th tha accumu· 
llltor. or increm<nted lbut for oome oboouro roa11011 
not decrcmentlld, oven though tho n<eesoory "'hole"' 
uis~ in the inotruction ..,¡). 

Locationo ~·23 of the inl.erbsl data memory ue re
"""'"" for a rcturn addreso otack 18 entl"Ít!s, 2 by""' 
per entryl. 1"he>e lDCIItioao ItA written by interrup~ 
ond subroutine calls and raad by interrupt and oub· 
routine return instruction•. The •tack is too amaU, 
making it hard to write prrceduralcodo. wh!cb ia im· 
portant in Jarger programoi2K-.4K byte$). The pro
grammer m<>•t cunstantly ....,ny ohoot .:olling ..,. 
quences and general! y enable interrupto only Ot the 
t.op leve! ol th" progrom to avoid overllowing the · 
otack. 

There nro no inoLructions to ditoctly puah ur pop o 
byte. Howover, tha staek can be rathor ineon· 
venieally writll'a or read by ut.ract;ng the lt.ack· 
polntet lield lram tbe PSW. building the oppropriate 
ad<lreso. and UW\g JNTEIIN~~ RE<l!STER INDIRECT 

"""'• 

The arthit.<-cturo alao oupport.o up to 256 bytes ol 
ederNOl data memory (which res•de• on a separate 
chip~ a~ceosed by ~XTF.II~AL RE<HST~K II<OlRECT 
m<>de. F.llher !!O or Rl in the current ,.gister bank 
moy l>e used •• •n 8·bit poin!.er to cxlernal data 
memury; the oddre••ed byte ffiil)' l>e copied into 1he 
acoumulotor or WTitt.en from the ocoumulotor. 

Silla! point.ero are ooatained in 8-bit registe,.., the 
muimum omount of directly acreWble data mem· 
0ry oupported by the MCS·4S an:hitacture i• 2~6 
byteo interna! plus 256 by!.es externa!. However. 
bonl< owitching vio 110 bits con be u.lld to addreo• 
onY de,ired amount of odditional uternal data 
rnemory. 

The modes for reading operando from program 
otore are rother llmit.ed. In '""'~DIATF: mnde an 
oPt•rand i! contaiaed !n the b)·t.. f~!lowing tho in· 
struction; immediat.o operand• con eilh<r bo ]oaded 
into or .:u m binad with the accumulotor or beloaded 
into interna! dote momory with REG t~1"(R or JNTEII· 
NA!. ki:GISTER JNDJREI."I' modes. 

In .\CCUJ.IULATO~ ii<DIRECT modo the aerumulator 
is uoed a o an S.bit poin~r tOan operand in ~ithet the 
outcenl pageor pago 3 of program storo; only one type 
of operotion uses thio modo. and it loado the accumu·. 
lat.or with the spedfiod operand . 

A numbor o! UJnruetiOllO opecify ocmo "opecial"" 
operaads lmpUcilly, ouch as the program otatuo 
•ord. 1/0 pott.o, ti,....,.leount.er, CUT)' b!t, and two 
¡.btt O..go, FO and Fl. 

Th o M CS.4S ad.tr.. .. i n g modes "' a oi mple, b ut they 
provldo mrnt of the facilitieo a program netlds. Still, 
there ItA !Ome deficienci ... The mnat seriouo prob
lemio tho woy in whi<:h operand• in program store 
are addressed. Sloco program nore only in the .,.,,. 
rant page ond m page 3 can be reo.d through 1 pointer, 
either loohp t.ablu muot atibe located in page 3 cr 
the coda that resds Mch t.able must be in the sama 
pago aa the toble. Thio io inconvenient if more tluon 
ene 2S6·byr.o tronolation t.oble is neoded. [t also 
I!Uikeo [t diffkult todo 1 ROM checl;oum self·teot 
rouúne-o ch..,ksum subrour.i.ne ,.ould lave te bo 
placod in every pagecf pro¡¡Tam st.cre(and lince there 
is no indiract subrcutine cail. the moin checkoum pr<>
gram would ha veto eont.ain a sopar ate cal] instn:c
tion to aach poge's checkoum routlne). 

For mnat programo. the method of indi11>1:Uy ad· 
dr•••ing do"' lnemCIY through RO and R! i• •=pt· 
oble. b~t. fcr someda"'·•tructure manipu!ations, on~ 
wishoo lor one or two moro registera that could be 
u••daspointers. 

The 256·byte !Unit on diractly addreSI&ble Interna! 
data memory io too !091. The 8049 altMdy oontainl 
128 byte& of RWM. and [ntel ohould ooon beable te 
provide tlwt full256 by tea of RWM oa one chip. Tht 
ardútectu,... cannot make otraightf<>l"'ard uoe of 
technolngy improvemento for mor<! RWM once th!o 
limit io """chod. 

Jnpul/outpuland lnttl'nlpls 

Mnat MCS.48 .mkrocomputero luove tbree S· bit [/() 
porto, auhown in Figure l. Two o! the porta (1 and2J 
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...., "QuBii·bidirection.o.l," an interfacing urange. 
ment shOwn in Figure 4, Thia type oC 110 port w"" 
CJUt lotroduoed in the Fairchild F8.' In thb arnm,.,. 
rnent, e<och 110 pin iolx>th an open-dr11in ootput aod 

- an input pin with a high-irn¡>udance puUu¡~tothelogic 
lleve!. When a pin is uoed fo:r output, the cotTeo¡><>nd· 
ing input buffer ilo u nu oed ucept, poooibly, for ohecl: · 
in¡ the outp11t value. Wbeo • pin io uoecl forinput, the 
COI'T'e8pollding output bit rnust be oet to logic 1 so 
th&t the 110 devke driv"" o.oly the hlgb·lmpedanoe 
pullup. Tilla c&n be contraste<! w!th a t.riotata 110 
port. whloh provid .. lx>th active puUu¡~ aod active 
pulldown in output mod~ and higb impedance io in· 
put modo. Et...trically. triuat.. 110 io more duirable. 
but it requireo extra control bita to set t.he 110 diree
tion fore11ch pon or bit. lntal hasimproved thequasi· 
bídirectionol design by briefiy providing active 
rathu than pa .. ive pullup wheoevcr a 1 io writton to 

the port. which •P"""" up O·to-1 tro.nolt.lou. 
What quui·bidirectional 110 meano to t.be pro

gn.mmer b that input data on the ¡><>rt ilo logically 
ANoed with !he mrront out pul. PoM 1 and 2...., set 
to o.lll'• ot oyotem re•el, and tho progrommor muot 
lea ve bita inl.tmded for input. set at output valuo 1 at 
&U tlm .. _ The thlrd port lbu.o) h._. convenUon.o.l 
triotata OU!puts and can be u.oed for ei¡¡:ht a~ iD
puta, for eight otrobed output.s, or fut addin¡r 111tarnal 
program or data memory. 

Four operotiono on the ~orto are av&ilable: 

read input valuc into accumul.ator (IN), 
lOAd output l.atch lrom accumul.ator IOITI'LI. 
logical ANO output latch with immedilote .....,.k 

(ANLj, and 
logical 011 output latcb with imrnediata mnk (ORLI. 

The logi<ol operation• oUow a program. to aot or 
clear any bit or group oC bita in ooe lnotnlctioJI. 
Howevu, oince the maok io an immedlata value in 
program atore, the bita to be ... e or cleared muot be 
known al .. ..,mbty time. Oth~rwise. o eopy of the 
output valuo muot be kopt in data mcmo.-y, oomhined 
with the muk by logicol op<>r~tions on the accumu· 
lotor, and lo.oded into the ¡><>rL Un general the quu.i· 
bidir-ectio...,] inl<!r!IICO ptevent.s simply r-eadlng the 
port to g<!t the old value of the output lotch.j 

A novel "oxpandcr--p<>rt'" arrnngcmont allowo four 
externa[ 4·bit 110 porto to be added toan MC~8 
uoing a five-wire intarfaee. Again, four operations on 
the ports are available: 

ret~d tnput value into accumu!ator, 
lond output latch from DCCUmulo.tor, 
logico.l ANO output lotch with acoumulator. and 
logical 011 output t.ltch with accumulator. 

Only the low-order four blt.s of the aecumul.ator are 
uoed in thooe operationo. For these porta, dynamit 
.. lection of ma>k bits lo poooible becauoo tho mask io 
in thcaccumulator. On tho other hanJ, dynomicoeW.. 
tion t.ahs mure ovcrhcad bec.ou"" the occumulator 
must be loaded wit.h th~ maok land tben J>O!-&[bly,..,. 
stoo"ed 1.0 ita old valu~l. 

Both thc on·chip and upander 110 port instnl<· 
tions cont.oin th~ port number a; an imrnodi.flte vo.lllll 
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F~ure 4 "Ouoat-btd!..ellonoi"IJO porl. 

in !he iostruction; itis not poulble to specify the pOrt 
numbe.- dynamkally in a tegiotar. This mabo it Jm.. 
poosible to wrlte reunble IJO handlero for idontical 
doviccs on diffenmt port. of the MC5-~8 or o! the 
ottmc oxpandor chip. The u m o problem oxioto in !he 
MCS-48"s oidor brother, the 8080. Howevor, it !ole .. 
ocrious in tho MC~8 for two "'"""""· Fint, the 
M CS.~ S is intanded for •maller applkationoleoalilte
ly to empfoy many topieo of the oamo 110 devlee. See
ond, the av&ilable 110 expttnoion modos do o.Uow 
dyno.mic dovico oel.,.,tion when each devica-uoea a 
.. porate !lO chip. 

The procenor an:hitacturo directly !Dlpporta only 
2~6 bytes of ut.ornal data mtmory lllld four uten>al -
<·bit 110 porto. However. the amount ofutcrn.l dota 
memory and 110 can be inc....,oed to any practico.J 
amount uoing on·chip 110-port bits to implement 
progn.m..:ontroUod banlt switching. 

In addition to !he 110 porta. 111 MC5-48 hao three 
addition.o.l input pio• tlutt can he teotad by eondi· 
tional jump inotruction•. Al! ue multipurpose 
pin•-TO, whkh can b< ••t UjJ ~• o dock output under 
prob"""' control; TI, which """he used •• tho input 
to the on-.;hip timerlcounter; and the enemo.J lntar
ruptinput. 

The M es-~ 8 a<cept• interrupta from t wo aources
a leve!-.en;itive input pm and an on-chip timerl 
counter. When on 1ntcrrupt is oerviccd, the l2·bit PC 
and fout •tatuo bt<o (carry, hall carry, flag O. regioter 
b.nk oelocU ore pushed onto the intamo.J stack. 
O.pendin,g on the oource. a jump to either location 3 
or location 7 ia taken. The intarrupt oystam i1 aingl.e
lovel; interrupt oorvice routlne• cannot bo lnter· 
ruptad An intorrupt return Ínotructíon reotoreo the 
l'Cand st.otuo bits and allowo further interrupt.s to be 
oervioed. 

At the time ofthio writing, theTl Ínterrupt inputio 
generally uoeloos for eountlng or timing uyn· 
chronous externo.J events, becouoe the curren! chip 
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,fea~ureo a poorly de.,gne<l synchroni<or ~hu 
somotimes núss .... input edges and hence skipo 
counto. Thio is the •c-.;ond time in oix months that 1 
hav~ """" an LSl ch1p whu"" de;i¡:nen were op· 
parently unawareol problems in .ynchromzer dcoign 
(the otl>er "'"' the ztl().SJO. which ¡'.¡[og h.o• sineefix· 
ed~ l would •U.<:~eot th.ot chip d .. ignot• read sorne of 
the¡>5po'1• on the oul>¡ect •• and 1 h•t ac•demi~• warn 
the11 otud•'"'' uf th" increosing llkehhood .. r syn· 
chromzatwn problems in modem sy•tem desi¡¡n. 

Ease ol programm!ng 

Com¡>5red to oom@ of tho older 4·bit and 8·bit mic~ 
proceosoro. the MCS·4S iso nke machine LO prognm. 
but it leaves much Lo be desirecl compa.ted Wl\h on 
M6801. a 1..1!. ot even on 8085. The oingl.,.occumulatot 
architecturo. the lo<~ of indox rogioters. and lhe 
oL,.nco of evon a direcl data mcmory addroosing 
m<>de mean• that th~ programmer mu•t constanlly 
be mavins things back ond for1h between lhe ac· 
cumul.or.o.-. the two ""pointer"" regiuer• RO and Rl. 
ond the rest of the data momory (and k""ping lrack of 
lhem!). One may Wl"ilo macros lo oB•• the burdon 
oomewhat. at the expon"" of more in~IIJ<•ent codo in 
the cramped oddrus •pllce. For eumple. one ton 
wnt.e a macro t<> simulote a diroct dota·momory· 
addre .. ing m<>de: 

" 

LDA MACNll \tEMADDH 
"0V RO.•MEMADIIH 
MOV ..... Ro 
ENDI.I 

;zs COMPUTER 
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To """ ouch macroo, however,the programmer muot 
gi"~ up oome regio~ for uoe by the macroo. In th<! 
abovt! nample, mac..,.. would use RO, \oooving W>ly 
Rl .voilable U> thtr program u • pointer variable. 
(Buffer copying and other routlne; tequiring two or 
more point.ers get l.o be a problom.l 

The J.ck of oymmetry in tlle instruct.ion oet alao 
creot.eo programming headacheo. For uample. why 
arel he"' INC llO, Of:c ~<>. and INC :ltRO instructrons, but 
no\ OEC @RO? Qr, why can we conditionally jump on 
C,Z. TO, and TI eondition• trueor false, buton FO, Fi. 
TF, and """"mulato< bits only t:ue? Exeept for ac
rumu!rrtor bits fa!..,. the proper "boles" nbt in the 
instruetion set; in fact, it prohobly took more logic to 
turn the instruetions off than to let them work. 1 bave 
b«n told t\ult theoe "unimportant" inotructions 
!""ve room for future enhaneem<'nts, but any worth· 
whil~ •rchitectural enhancements would require 
chon¡¡es more oweoping thon a lew spe<:ial·purposo 
opcodc• 

While nice pn>grams c,on be written lor tho 
MCS.48, they tako more effO<t t.lum thooe writUm f<r< 
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a "general·purpooe" =hitect=. Progrommirtg dif· 
liculty and expense olso inereose ao we bump againot 
the memory limits of tho 8048. lf we aro writing ono 
ohort 1< IK·byt.ej prognm and shipplng r.o,OOO unit.o 
with il-. tho prograrrunlng eiiJI<lllS" ;, quite justifiab~. 
11 we IU'e writing 10 diftorent 2K· t.o 4K·byte pro
grams, eoch o! which will be shipped with MOO u nito, 
wo might be better off S<'lecting a deaner lolbeit moro 
expensivo) machine. 

Soma alectrlcal charactaristlcs 

The MCS.4S uses lntol'o relioble n-<:h•nnel silicon· 
gate MOS process_ Severo! !I@Cond •oorrct"> lor th<o 
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family have been announced-AMD, NEC. Signe
tito, Slemeno, lnteuil, RCA. Both lnteroil and RCA 
havo an~mmced plano !01 CMOS vero.iona of MC.s-48 
chips. 

Tho MCS48chipo use a single+& voltoupply and 
hove logic input ond output lovolo tlu<t are !uUy 'M'L 
compatible. As with o.Jl MUS mkroproceoooro, tho 
output drive is Urnitt>d-typicolly four or flve Jow· 
pow .. Schott.ky 11-'>íTLl unit looods. 

MCs-46 chips con~in on oocJllator to g~ner6te the 
procc•oor dOck ]nominally 6 Mlhl from an ouernoJ 
cryot.ol or RC circuit- It is oJoo poaoible to connect an 
externa! dock dlrectly to U,., Ollcil4\0l input. The 
output ()! the oeciUator foeds a divide-by·three 
coont<or whoso outputlnominolly 2M Hzl conl.rols the 
int.erno.l ot.otco ol thc procesl!(lr, Sin<:<! tho divide-by· 
threecountcrcannoC. be synchroniudoxternaUy, pro
ce!l!lot 110 ee.nnot Le refereneed ver¡ weU to the 
&Ml11 clock for tricky interfaceo, norcan proceosou 
be run '" !oclr.·otep from o common dock in a tri· 
plkatod rnkrocomputer (outhor"o pet projec:t). 

The MC8-4!i famiJy Batisfied the UBUIII 
Intel strategy of being the first in the 

riluketplace with an imperfect but useful 
product. 

Tho MC.s-48 chipe havo aa oet.iv•low reMt Input 
pin connec:ted to on internal hi¡rh·irnpodanCI pullup 
reoiot.or ond &hmitt trig¡rer. Thuo, power'(ln reoet 
can bol accompliohod by Rn •~ternoJ 1 mF Cl>p.>citoc. It 
io a litll• more dilfiClllt to add alogit..:ontroUed """'t 
(for eu~np!&, by o woi.Chdog timerl. !ince open·all· 
leetor or diocret.e tl'ansiotor drive io requin!d. And 
unlou the driver drcuit ie oophiaticated. o logic
commanded reset w!U dioable the proceo001 !oro long 
llme, duo to the tUne eons~t ol U>e powor-on reat 
cim.lit-ohout 200 """"· In ony cue, reset d .. tn>yo 
the st.aUt of the PJ'OC"••<>r. lt would be nice t<> ha ve o 
nonmaoKable interrupt la• in th• 808b) the.t could be 
used for applications ouch •• watchdog t.imero. 

Development tools 

1 n te! oupport!l two major development toola !or the 
MCS--I.Siomily-a c:on uoemblor U><! an ln-circuit 
cmulo.t<>r, ICE. bo>th el whioh run onan lntel MDS 
microcumpu ter d"velop ment oy otem. U nfor tuna tely, 
lntel do..,. not oupport llnY MCS48 a .. em~lers or 
oimulatol'a tbat ruo on o larp computin¡r oyotem.. a 
neceuity for any Jorge dovolopment project. 
Howevec, they con be obtainiKl from indapendeot 
aoftwa.re houoeo ond conoultant.! ooch a o Mlcrotec. ' 

lntel MDS ooltwarelorthe MCS·48lacko !he con· 
oiotency ene npect.o from • ¡¡ood oet of 100ftwa.ro 

, toola. For eumplo. there ""-" ot loaot Úlree very dif· 
ferent oyntueo that an engi"""r or progrommor 
might use to cluong<' the value of a memory loeation in 
thol MDS. depcnding on whol.ber \he monitor, ICE, or 

PROM progcommer is being uoed. Tho monitor hao a 
nk<l syntax 1.hat allowo us to cpen a location, change 
it, and co.ntinuo to the nut loeatioo with o ornall 
number o! keyotrokea. In ICE. to toad and change 
loor loeationo, we muot typc (IIlaclúne type under· 
lin<tdi: 

'-~UYTE '" TI! "' 
U!"l! 2 01 1< lAI! BFI! $91! 
:_ CI!YTE ,;¡¡;jJ.,¡,_fF .6A 

Ta do the oame thing in the PROM programmer. the 
programmor typeo: 

'"TOI<1 

l n either syntax. one waol<!s key•trokea. and it". eaoy 
to lose tnck ol the oddreu ia a long otring. Thio isn"t 
too terrible until we dixover that ICE hu lnter· 
preted and printed addreaoes and data in hea. whlle 
the PROM programmer ha• ao•umod inputs in ded• 
mal and printed ootputo in hu (ucept for input FF, 
whic.h U,., PROM programmer roje<:ts becoUH i~ 
loob lilulatl o.uembler la be!!). 

Another constant !lnnoyaneo io thot tbe MDS ae
cepu only the RUB charocter for dcleting choroct.er• 
¡..,hoing ~he deleted choracter); backopoce io not oop
ported. It WO'~ld havo '-ro """Y enough to oupport 
both eraae charocteta, making boc.h teleprinter atld 
CRT users h.oppy. 

Conclualon 

The MCS48 micr«omputor lamily wao 1 reaoon• 
ablo contribution to ~heatateol theart when it wuln· 
troducod in 1976, in op!Ut of 1\.1 flowo. lt achiovl!d ito 
design goo.lo and oo.tÍa!ied U,., usual lote! atrategy of 
being the !ira\ in the marketplace with an imperfect 
but u•eful prodoct. 

The MCS48 is an acceptable choice !01 appllee.· 
tioM with !nltiol ••timltod roquin.,...,\.1 otlesl thaa 
IK byte. cf program •to<t. 64 bytao of dota manory. 
Rnd cnly one cr twu dlflerent programo tobo devol· 
cped. Deoignero whoae appUcationo requira moro 
momory or different programo in dilferent chips 
should ...,k a more ¡-eneral·pw--pc>M orchltec:uue. 
oucb ao the Z8"" 6SOI. 

1 heve opent much of thio artíde complainin¡ thet 
tho MCS48 !s nota geneul·putp0Sf18·bit micr«om· 
puter. Thlo moy oeem un!air, since ..,me peoplo n In
tal claim tho MCs-48 wu never intonded to go muc.h 
beyood the old 4-bit muket. So wby <riticue it on 
that ba0111 F~r•t, to holp de•ignero who might other· 
wise be tempted t<> """ it ln ala:rger applkat>oo Unte[ 
saleo eng;,.,.rs frankly rec:om-,..! their threoo-c:hip 
8085 oyat.m In aueh C&Mil. Second, to help deaignon 
whoh.ovnk.,.dy oelec:ted tha MCS48 for ala:rpr •11' 
plication. Th!rd. bocauoa dioouuicn of genero! 
oyotem f'O<.IUÍnnnenta ohouid bendit futun ayot.om 
deoi.gnera and chip duignora oJike. Finally, bec:au .. 
1 ntol doeo nct now o!fer a olean architecture ouitoblo 
for the more gonoral·pur¡><>S<>, sinf>[.,.chip, e1p.on· 
dable micro<omputec market. and 1 think they 
ohould. D 
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¡ ------HL-=- '''='""''-''"'"""'"T"D"RU<"l>'<'D"l"C"EC>'-;'c:::::c:-----------f\\----
' 1:>'. - DTR, DEL el DE J:mHRf\··I,I:::Cif.;D \.../ 
ir'l L.r"l SI'1LIOo"l: 

·-------HL Lllf(, DI::. COLQC,~CJ:D/·1----·--·····- --·-···-------
~:(.; - L'lF,. tV-'l.l~lTf\I.JI.!R ore ·.niSE:i~CH.IN 
DE ,. I.Hii. DE INEEI·<•::I:CIN 

-------!0 ., 1-r G.l YA SE.ENCUENTRI'\ .. EN .. MEMOFUI'\. --
, ll ':.> O SI NO SI~ UICUErn l·(fl E)l MI:::MOR.lfl 
fl' ·•NUMIO:J(U LoE MUN.l:l OH 

·~-- l-Y,..D.lR, DEL ot DE CmHHfi-,.REC.IBO. --- --------

CR! EQU OOH 
1 LF! .• EQU_Ot\H_ 
; M~-oMIM! EQU lSOOH 
INUICE! DEF8 O lE~I ESTI'l VAR.Ir'li:!LE SE I'ILMf'ICENA EL CI'IHBIO 

,_- ;POP. MONITOR !BITS 3•2•1 & _0) ----

' ,COI-DCA: LO A, L 

C1 ; 

LD <INDICEl dt lA 
EX f'IF ,(\F' 

= NUME:F-.:0 DE MONITOR---··------

PUSH HL 
--LD DE,IDL ___ _ 

flDD HL,OE 
EX D~',HI_ lOE 

-~-LO E:CriN:::l 
f"DP HL 
1'\00 HL r ~:e ; HL 

----'- E'USH HL 
LO C, CHU 
INC HL 

" (lDL<.Il l 

<IN~i(lll 

------L0.8, tHL} 
EX DE,HL 
LO E o (hLl 
INC HL 

__ lBC~INSCD-~. "'----~-----

LO DoCHU 
EX DEoHL 

--- PUSH HL 
OR f\ 
SBC HLoBC 
f'UP DE 
JR z,C3F'1 
1-'USH DE 
cxx 
f'Of-· HL 
f"IJCIII .IX 
f'•Of:• DE 
1_1) b~) 

liDL = lNS ? 
>DE-I:OUD 
WIN 

:HL'--IDL(Il 
""----------~ 

l DE C=. { ~lUM l.-------------

Clf'5: 
EX DE,fiL 
LD (\,(DEl 
CP <HLl 
JI>: 7.' C2 
.JR NCrC3 
l IDL < NUM 
EXX 
LO HL•6.- __ 
ADD HL,DE 
LD AoL 

:IDL - NUM 
llDL ..,. ~!UM 

liC·L > .. ~!UM --=.FIN._-------·----

--
• ------------- ------

----- .• - .AND.lFH ---------------------
CP 1EH 
JR NZoC1 

... ··:i~g-~~- ---------------------------
, e : 

,..)[:;: C1 
F 

,. " 



iC3L 
C3P1l 
¡c'l: 
---

' ----

CM 

JR C'l 
EY.X 
XDR n 
EX DE,HL 
LO OoE.: 
1.0 L::.c 
f·'I.Jio' E:l.: 
f"USI 1 l:X 
l·'"l.lf"> l y 
flE'r 

J NO E!.ISTC 
:HL = IDL(IJ 

lOE: "" !NS(IJ 
tE:C ·~ CINUtlll 

;:ry --= (NL!Ml 

·-------

-------·· 

--· ---~ -·-··-

------- - -- ··-·---
!SU8RUTINA DE OESF•LfiLN'liE.NTO E lNSlCRCI.CIN A LA Ef!Tf(flf)f1: 

; A LA ENTf.:flOfl: 
DE "" 

; 8C - OIR •• ULTIMA. _e------.·-·--
OIR. DE 1'\f"UNTf\DOt.: DE J.NSEf..:CION 

HL -OIR. PRIMERI'l 
; H -OIR DEL 1c A INSERTf'lR. - - ----
; A Ll'l SALl:OA: 
; EL NUMERO HA SIDO INSErnnDO Y EL E'LOOUE SE Hl'l f~ECORRIDCl 
; 

1 ; 
'INSERTt"l: 

-------·-· -

F'()~jH E:C: 
I''"UF' IX_ 
LO ~:c;,6 

f-"USH HL 
LO !·hD._ 
LO L,E 
AllO HL, E:C 
LO AoL
fiNO lFH 
CP 1EH 

. iiX_~_Ut~;¡ (!) >-------·· --

¡ (SPll "" IDL(I) -- -··--·------'- ~ ---- ··---

-----
130 o t.2 '! 

..JR ra.Io 
INC HL 
INC HL 
F'USH.HL 
EXX 

--,----· ·----------- ----

-- ~-----
LD fiL•FDV 
t:::X t"lf , f'IF ~ '_ ____ ) A --------- - -- -
LO 8• O 
LD C•fl i8C'"" MCWI:TOR 
f\00 HL,E.:C. 
LO E• (HLl 
nlC HL 

--------- --- --

LO. D• <HL) JDE'"'FD'.'(ll 
LO HL•AREA-'!OOH i'IOOH"" 16 LINEAS 
f\00 HL • DE i HL '= FOl.< Il 

.. POP DE __ .JQE.';. INS<Lf\STl --- ----------
SE:C: HL.,OE ;c;y ·,.., U L'E "ADD" 
EXX 

--..JR NL .• IOF'5 
L!.l OE•MEJ~I':9 

; Sl-NU .SUtl lCUt\LCJ,_CONTitiUI'I-------

1 

CALL F'RlNT 
-¡~ 1 · •·-~-POR AF --·- _,:RECUI?Efi:I\.1 (Sf-'.l~-~--~__;~~~--~~ 

RET 
_ _,-_ 't0F'5: LO (lXltL 
: 1 ~ • ¡' ~---··.-_____ LO. (!X-t-l.l tH.-- l_(INS!ll L NUEVC'-------~----

PUSH DE l (SF'2) = INS(!) 

J
i tl,- ~~~·:.--~~; .. HL ____ l .. HL~INS( D'-----------------1 

POP DE J DE'"IOL.<Il-
' OEC HL 

______ Of:C...DE ___ -c:;:-cc----------
nr< r. ¡ cY"'ü 

1 



'-'~'"- '''-' u•.. -SóUCA-------------- ----~-.JR.Z·X"L ___ u.c.:.ul\u:.s._ .,,.,, TO 

-IU 

1 
' -I2: 
1 

1 

1 

!--

I3: 
1. 
! 
' 
1 
1 
ii"': 
1 

1 

' 

"XX 
LO HoD 
LD_L,C 
DEC DE 
PEC DE 
LO f'l, tDD 
CF' :':l.H 
.JR NC,Il 
DEC DE 
DSC DE 

DE" nlso:-1>."1 e-n 
·:-:::--:::-.····---

SP.cR.LF ? 
; NO. SI'ILTA • 

SJ:, f\JUSTA, 

----------

iDE - Hi~i(]"-1) ,<; 
LO 8C•'1 
AOD HL,E:C 
O::X D!~•fiL 
LD E:C,5 
l.DDk 
f"U~>H HL 
EXX 
F'OF' HL 
OR A 

... SeC HL• DE 
JR z,I'! 
EXX 
DEC HL · .• 
LO 1'\, OiLl 
CP 21H 
JR NC,l3 
DEC HL 
L'i~C HL 
D!:C DIO:: 
LO r., mEl 
CP 21H 
-!R NCoi2 
DEC DE 
DEC DE 
JR IZ 
INC DE 
PUSH l:Y 
F'OP. HL 
LO E:Co5 
LD:rR 
I'~C'T 

HU .. ,., .U!~~( .O ,"l 
iHI .• ..., l:t!C:(_I-1 l .'1 l. OE-TNS(l) .'l 

lHL',..._U!S(Il NUEVO 
:cv ., o 

.l.lNS , IDL ?. ---- -----·----

iHL - If'ISCl-::l.l ·'"----·--· 

________ , __ -----·-···· 

;r,.¡utnn 
iDE ,. l.NSC:t:l ."'-------~- ---- -----·-

lOE "" IOL 

iHL .., (NIJM) 

----

.iSUl:f(i.JJ:!riA DE ~IIJf(l·il'lDCI Y DE~Jf'LI\Zr'\ri[EN'l'O, 
¡ ('> LA EN mrtDI'l ~ 

' ' 
LJE "' OIR. ULll:MI\ 
E:C ,., DIR. f-·OH 1 1 CR DE LNGERCION 
HL ,.., OIR. Pf..:IMERfl 

i 1\ Lfl Sr\LIDfl! 
DEL BLOQUE Hi"l S:WD ELIMINADO EL NUMERO IND.!CI\00 

' QU_[Tfl: 

' ' 
! 
• 
,(lO:. . 

LO AoE 
ANO t~"H 

._JR NZ,QO 
DET DC 
l)f:C D" 
FUSH t:C 
LL' ~:c,-l, 

E:X DE •HI. 
1\00 HL • t:C 
POF" IX 

. .. --·· --~----·---

; HL._::_ IN5_{I_LNUEVO 
ilX"" (!NS(D) 

LO CIX+l),H 



SE.:C HL,Dt:: 
ciR z,o:l 
LO IILoó 
tiDD HL, Ot:: 
1..1.) (\, 1 
M!LJ HH 
CF' J.f.H 
JR NZ,CI:.! 
l"!C HL 
JNC HL 
lHl. "'IDL(I~ll 

'
,., . -· F''-.'SH 8C ¡ (SP) "' HIS(I) 

Q2P5! 

{13! 

' 

U) l)Co6 
LDIR 
1 'USH HL. 
I..D f'lofO 
(•'·'1) l!"'H 
e~· 1E•j 
LJ:-: NZ .o::>.~-5 
:!:r'C QE 
~··e DE 
~-op HL 
E:< U:Pio!IL 
L.D E:•fl 
U> Crl.. 
(.)J( ,, 

S!c:C '-11..,1)1~ 

F'OF' HL 
,JR N:.':o01 
Ll' HL, FRAHE 
'-D E;C d, 
LO:IR 

;sucmJTINt. D~-- ~.!:)ff(LJI:TUia'l ----- T''r!J,:~ ~:HCC!'. 

; O t:'!:J4t:E::5L/P':'C! .. :U' 
MI:::MOfG/\! E·.!LI MI:M.l'M 

S T'1 : 

,m STF':SET 
LO (1,5 
~LISH DE 
EX;< 
f··IN DE 
t') ~:c .. ~ 
1__() HL , F'f(flME 
U)] 1~ 
I''~C 1'1 
.JR NZoST1 
F·USH DE 
D-X 
POF:.. DE _ 

RET 

; 5 CUrHRr,-FdC:C'.18US 

; DE'~ LOC/'\Llúr'\0 E~! DONDE SE COF'lfl( Mi:MOf-.If'\ l 
'!. E'>l'·r.>:.r.üS f·'UR L.:()N'IT~I't-+:lOCIE:D 
; l'lF'UNl r. !'lL M•)I~CU. DE.. f~E:FEJ~O ir.: ll'l _______ .. 
í C[ii''Io\1 CL. M~o1:.:r.:o (\ MEM(JI'.:J'f'l 
HJICCREMENlA r:L ClJNfADUR 
;s.IGUE. !:::N. EL LOOP._ 

.;DE "".DE~ 

j SET2l CALL SETi r_._, ___ ,, 
LO~!'\, !_ 
LO <OElrA 
lNC DE 

--. ---·--~-·-----~~--- ' -------~, 

! 
.. 

LO WE> •A--'-----~~~ 
lNC DE 
CALL SET1 
EY, OErHL 
LO (HLJ oCR 
INC HL 

' • ·------ ------ ---
_____ LO __ U:!LlzLE~--

·nol' 111 --------~-



' '"' ' ". .. "" 
-· --..11"<-Z•-Dl).S 

EX DE,HL 
LlHF< 

; DE .. (f(IOCOFm) --·tiL~ ( fd::CDRD.¡. J ) w-
: 003: 

EX DE.HL 
1.0 (D~lCF'TR) tHL 
LO f'u <NUMRECl 
DE-'.2 to 
LO !NUMRECl of'l 
LD 0<:::, INF"UT 
Cf\LL PRINT 
SCF 

lf'l LA ENTRf'IOf\! 
• ¡ L;,c 
!l ---- HL " 

IY "' 

TfiMI'lNO OFL 1:'1-CIQI.II.O 
DIR ._ OCL UL T.IMO CI'IW\C'I EI·<_DEL .BLOQUE_ 

' " ' OC Lfl Cf'\DE.t-lt. 

' ' .. C' ,. Tf'lMilNO Dt:: l...t"l CtollENI'\ 

'" .. . ' L(l StoLILH'l! 
-f'l'lRIDf"lD ~·l'lF< SI SE t::NCOI-~ 1 1\ll 
HL - D.IR. OSL PR.lMSI< f'l."'tl'l:fl (-1 l i: 

:;DESTRUYE! 
-F·toRlDf\0 IMF'f"'R SI .. NU SE E~:COtHF-;Q¡ ______ ---·--

. ' 
' BUO: 
BUSCI'\: 

1 
1 
! -.----

E•Ul: 

¡-· 
8U2! 

• 

F'UlMNT: 

BC,QE,HL•E!C' Y A 

EXX 
L.D BoC 
1::::-':X __ 
I·'USH .IY 
f·Q~· DE:: 
LO (1, WEl. 
Cf·l)f( 
1 (~:·¡ f'O 
.m NZ.E:uo 
E~.X 

DJNZ 8U2 
EXX 
HET 
EXX 
DEC DE 
LDr.,mEl 
CPD 
JR E:Ul 

C¡'¡LL MOI-1~ 

C.''ILL MON2 
CALL hCIN:OI 
t:ALL MUN-'l 

'-

--- - --- . --

-------------

--------- - -·---

----.----·- ·--------

-- . .REl__ . _ ----- -·--------- __ .. _ .• 

1; __: _________ -----MENSr"\JE --------------------------------- -
lRUTINr"\~ USf"lO(IS: ---- __ __ __ --

' ACCEf•T 

~ 1: ~~'SI\.JE : 
-p ,J -

,......1'_ ¡ 

(J~¡: 1- . 
- 1 -· 

LO A o (INTCNTl _ ---------· 
OR fl ¡ HI"'Y INTERRUPCimJ PENDIENTE? 
JR NZoHENSAJE ;si: SlGUE CHECANOO 

·- OUT MASK• f'l ____ ¡ ENHf'lSCflRf'l •. JJllERR:Uf-c:IatlE5_ 
Cr'ILL f"'CCEF"T 

'1 LD OE,CRLF 

!l 
' 

.Ct"'LL .1-'"Rl.MT __________ ~--
l.D f"l, (JNf'Ul) 
Cl·" l:fLT 

--,---------

' . 



,, 

u.z: 

LLMl: 
L I_M:!: 
L.l.M8: 
LLM"': 

.LLM5! 
LU1!.! 
LLM7! 
LLMB: 
LLM'>': 
LLMfl! 
u.Ml:: , .. 
CONTf'IDUf<: 

' 

LO HL., INf··UT 
LOIR 
LO QE,LL.MA 
CI'ILL F'R:!NT 
CALL f\CCEF'T 
LO DE, L.LM::?. 
CALL. F'RINl 
Ct'IL.L FGr-.:Mf'IT 
CALL VliL.IDfl 
--~~~ :~,u.:~ 
LO 8C,5 
LO DE,CLfl'.'E. 
LO HL,INPUl 
LOIR 
LO OE,LLMB 
CALL PRINT 
CALL F·UTV.El' 
RET 
I~D DE, I_LMC 
CI'ILL F·~:'.tN T 

; TRf1NSFIERE 
:UTRn·:.ve:z. -~··-

--~--- ----
i80RW'I L.lNEfl 

-- - - -· -· 

. -.--.--. 

¡ f'ON EN DISCO 

----~~ 

---

·-- ---- --

JR LLl . - . •• - ·- ... ----- - ----'--. -----·· ---·- -
IX:n.: CI'\•LF• ''li:'CU'E U'l l.LI'IVE' •CI·(,¡_F, '1•' Jl"r'\1\1'1 !·,l.lf::RIC··E~iCI<n.:. 
DEFJ',: '.'1,' ',t;R,LF• ·~.· ¡\,1 f - 1.'Efn ll:o~L lr'of.: 
UI~F~: CR ,LF.• 'D!,SEI"l CfiME:lN~. Lf\. Ll-l"l'.'E (S/N)..:_, CR rLF:• ''} _' -
OE.F8 CR •LF, ' TflCI.EE SU NUE'.'f'"< LUi 1JE' , CR, LF, '·~ ' 
DEFE: CR, LF, '',1lJt::L'.'A A 1'1:-:CLEAR SU /'IUEVA LLA1Jf::' , cr:, LF • ''5' 
OEF8 CR•LF, 'LU'I'.'i:: 1'\CTU!'ILIZAC'(l~,CR•LIO:•.!:$.:. ___ _ 
DEFB CR•LF•'NU lECLEO LO MiSMO',CR,LF•'~' 
DE"'8 CR, LF, 'DES~A f'ISICNAR CLA'.'E?' , C~:, LF, ''f-' 
Dt.FE: CR•LF, '.TECLEE Lf1 NUEWI CLI'I'.'E~oCR•LE.~<!' ___ _ 
O".F~: Cf(•LF, '\IUELVA A I'ECU::(\R Ll'l NUE>Jt'l CUI'.'E' ,c¡c;,¡_¡.:-, ''$' 

O!~Ff: CR, l.F, 'NUEVA CL,"l'.'E I'ISICNf\0(1 ' , Cf(, u:, '"' ' 
•I:FB CR•II··, ~NU. l'l:CCUO:O LA 111.SMI"l CLI'IVE!.•C.:f::,LE.~'!' 

'iflL i''fU.Nl:.I.PID, !>Qr! 't SECLIN(lr.J~j 

-- ----------.---------
INl·•:R•,Jf'lLIJ! P!JSH 1'\F 

PUSH Hl. 

' 

LD HL.,CONTI'\OOR. 
OEC (HLl 
LO t\,2.55 
OUT_(T:tMER> •fl
.JR z,IMAGEN 
f•[Jp HL 
POP-.AF:-----
E:r 
I"<El 

·; SUE:r~UTINA DE INTERRlNO'CI.ON 

:o- 14o __ 

i16.33 MILISEGUNDOS 

----:----
¡ fl LA :t:rn ERRUPCION E:UENA 

--- ------

----- --~---·---- ·------

'iES'I t'l RUT'INA.-REC:reE-OE-Lt\-EELl\L- DEL TIMER_UN-CDMMIDO.F:MI\ ____ _ 
liPROCESI'IR LA INFORMACION DE SUS 't MEAS DE MEMORII'I 
~OME! EQU DCH iCARACTER DE CONTRQL(A CI'ISA Y BORRA} 

1 LIHTO l --EOU-MEMIM- . --~---·-- ___ e _______ _ 
i LIHT1 : EQU MEHIM+AREA 

LIMT2: EQU MEMIM~IiREA*2 
, LIMT3l EQU .MEMIM+I'If(Ef\!1:3------------------------

LIMT-1 l E!'lU MEM:IM +-1'\f~f~Allt'! 
!tllt* O:tNflMICO~'l lit"' 

¡IDL:__ Ot:FW_LIM'TQ ___ _ 
· FDL! OEF!-.1 l.IMT1 
' DEFW LIMl2 

__ OEEbL.L.IMT3'-----------------
nr:-c-o 1 , .,..,T,. 



, e 

,-- -

. -· -----=bi:r.'iJ-LIMT';-.CC'--''-"""-:..C::C::'------------··-·-~-
Of;YW ur•n:t -.. \:!/ 

lOV: 
1 

DEFW LJM'f3 .; 
OEr."!l LtMTO--- ··--·· 
DEFW Ll'MTl 
L>LFW LH'IT2 
DEFW LIMT3--------

t><w E9T/'11It:O':l ,.-,. 
-----------

FOV! O(FW LIMTO+iOOH 
. Ol::n! Ll:MTl.±.'lOOH. ---. 

HONITOH: 
; 
IMr"!CEN: 

DEF~I LIMT2+'!00H 
DSFW LIMT3+'!00H 

DEFW O 

Ll) ( HLl , 1"10 ; NUE'J{]_ INTERVALO_( 1'2 .3. SECS. l.------
F-'U':lH f:C ; 2, 75 
PUSH DE i2.75 
EX r"\F d\F.:.~ i 1 
~cxx 

1-'I.JSH t'\F 
PUSH HL ___ _ 
PUSH E:C 
F'tJSH DE 
Ft.~SH !X __ _ 

1:2.75_ 
") -.~ 

' ·- " ·" !:2.75 
¡:J. 7~'; ·----... .---- --·-- --------

. PUSH IY 03.7::> 
1 ¡ "'"'I'II.H()CF.:Nt\ I~EC:J:STFWS 
1 • 

' ' l:MU 

; 
IM3: 

1 
.TM"!: 

l... O ~:C, (MONJ.Hif() 
I..D IYoJ.NS 
(\I)D IY, E:C • 
LO Dr<IY+l) 
LO Eo<IY) 
LO IXriDV 
I'IDD rx,gc 
1.0 fh (IX+l.) 
LO Lo CDO 
F'!JSH HL 
S8C Hl,OE 

_ ::wsuJ_ -----~-- ·-·---------------

iDE"' DlR, DE I:NSERC'tON 
----·--

O.ID'JIJ'l - CY "O 

HiL "'.OIR._DE .. VENTANfl. __ _ 

i!D'J.- INS 
POP HL_ . --------------· 
JR C • IM3 i Of: • SIGUE 
i CI'ILCULI'I ~'UEL TA 
LO HL.FD'-' 
nDD HL.BC 
LO E•<HL) 
INC. HL 

. --------

LO Ot<HLl 
LO HL.-<!OOH 
1'\00.HL,DE IHL_~ IOV.(IJ_ 

C(\LL ESCLINEI'I 
•. LO .lh.{M0NI10R) 

ce• 
iESCRI8E UNA LINEA 

,JF.: NZ 'lM-'t 
_ LO Ar,-.2 _________ _ 

1'100 2 ; NUEVO MONITOR 

,---- ' . 1•- .• -
IM~: 

LO (MON.fTOR),A 

' ' . 
'1 

F'OP IY 
r•OP l.X 
i"tn··. DE. _ ... ---------
POP !::e: 
F'OI'' HL 
.:• , F 

-----
-------



-
1 

. 'm __ -, 11 
• '1' 

. ',¡ 
[¡ 

' 

' ESCLINEfl: 

l 
• 

i 
i 
IM'IPl: 

IM5: 

\ 

' 

"~ !;!!; 
,.., ._,,. ,_ 
POP AF 
E< 
RET 

LO E:,64 
LO e, <HU ;eYTE f\ ESCRIBIR 
PUSH HL ;SP./ll 
LO HL, (MONITOR l 
SRL L i*l 
PUSH HL 
tiOO HL•HL i~2 

t.!)D HL, HL ; "'"' 
F'tJP DE 
fiOD HL,QE illl5 
t.D DEtCI"ISE 
ADD H•_,l)t::: 
EX <SPl,HL 
:OX <SPl •HL 
JI'·· (HL) 

;SF'/Xl:J 
Cf'\LL MOI'/1 T 
..JR IM'S 
CfiLL MON2T 
JI~ <f.MS 
CALL MUN3T __ 
JR IM5 
CfiLL MON'IT 
EX (5P) >HL 
INC HL 
LD Ct <HU 
DJNZ IM'!Pl 
POF' Dt: 
CI'\LL fiNll.I.O 

;cy 

tCY 

;cy 

iCY 

- --o 

" 

-
-
-

---· . ·-- --- . 

---~--- -- - - --· 

-----------~--

" 
" 
o ------------- -------- ---

" -------- ·- --- ·-
-·- --- ·--

LO <IXl rL 
LD ClX+ll rH 

_tt'\CTUriL:I..ZA .ID'.' ti)_ 

RET 

)"<:+"RUTINA DE Cl.RCULD Ef! MEMORifl>~:* 

. ' ANILLO: 

! 1 
-----

• 
1 

" 

F'USH HL - ----------
PUSH HL ; (~;F·l )-(!:0P2),.!'1f''UfJTf'\OOR f'l Lfl LUJl:A 
¡_[.1 fiL,(MUN.f'flJF(J 
LO Qt:::,FD',' 
fiDO Ht_ •DE 
LO E, (liLl 

.INC HL 

; CY' ,.,0 

LO Q, (HU 
LD HLrAf(EA-'IOOH 
t\DO .. HL•DE 
LD BrH 

iDFF"SI::T 

LO C•L i[:C ,. F--lJL(l) 

~---·· 

LD HL•ootlREA.... ____ _,____ __ ______. ___ .. --· ~ 
r'lDLl HL•E:C IHL. '" .T.DL<Il - CY = 1 
EX Dt:.rHL. ;ore "' .Llli-<Il 
f"Df·: .. HL.. ··---- _ _ _ ------------~-----· 
Of( A 
SE1C HL•E:C 
POI~HL. 
RET NZ 
EX OE,HL. 
~- ' . 

; Hl',' " f~DL. ? 
_; I'':J:::CUF :t::HI'"l_f.IF:UIHI'IDO R-01-:ICJ:Nt\L. fl_ LINEfl ---·/ 

; !"i'll IR! 1 l"J~"'l m: t\L.MI'ICEN OF: ll.I'\'.'E 



~ 
"' .. ·--

' 
1; 
' . , 

~0:1\H J : 
SflRZ: 
CMND! 
1"\I)St:: 
CTLl! 
'=TL2! 
CTL3: 
CTL"'! 
PORT1: 
F'ORT:!: 
F'ORT3! 
F'ORT'I! 
1 xr~ov: 
rlMI:R! 

' MON1! 

' '· '. MON2! 

1 

1 . 
1 

1 
! 
' 

M0~13! 

1-• 
MOWl! 

' 

El:lU ¡7'1H 
EQU ,9'1H --
EQU 62H 
EOU 63H 
EOU 60H 
EQU 70H 
EQU BllH 
EQU 90H 
EOU 61H 
EOU 71H 
EOU 81H. 
EOU 91H 
C::O'J 8tlH 
f:::f1U f>SH 

Ui (\o CTU. 
.~NO TXI':rJY 
,J<;: ?:,MONJ 
L.D (),[~ 

OUT F'Ora1.r1 ____ _ 
RE'T 

ANO TXfmY 
JR z,MQNZ 
LO 1\• C ______ _ 
OUT F·ORTZ, A 
RET 

!N (\.CTL3 
M!D TXRDl' 
..JR z,MON3 
LO (hC 
OUT POr~T3 ,t\ 

~:E.T 

IN n, <CTI..4l 
f\ND TXRIJY ____ _ 
,)!"( Z, MUN•t 
Ul (1,1,; 

-------- ------------·-

·--- ---------------------

----- . 

----- ·- ----

-------~-

-------------- ---·--. 

' UUl (1"'01\T'!) d\ 
1 , .• ,,-~- -- _.,... ---- --- ---·------
' ' .. ' 
PERIFERJ:Cü')! l.. O t\, O 

1 

1 

:1 

L 
• 

,PUERTOS!. 

OUT 8tlf(1>f\------
OUT SARZ.t\ 
LO 1"1•9 ;RESET L INTA ENfl8LE 
LO CoCM/'1..0 -- _ 
CALL PUERTOS ;RESTAh:l A LOS 'l PUERTOS 
XOR A 

~~L~ ·~~~ToS_;_Sit.j I¡ái::RRUPcroN EÑ-LOS __ 'l_P_U_ERT-os --------
LO ArB'lH ;300 E:AUOSr 1 STOP 

_ LD.CrCTLl ___ ;BAUD_P.ORLON_DUT~UT ____ . ___ -----
Cf'ILL PUERTOS 
.JR F"RFCS 
LO. E:r;'i ___ ¡_'L~J.IE;RTQS 

--~·-·----~~ 

EX AF.AF' . 
LD ArC iA'"'-t DE F·uERfD LNICUtL. 

I'"Rl: _________ EX_()~_:_, r'\E_' ______ ;_(L_,___I::_Ii.L.Cll=EfLQE.....C.l.lNJl-:UL -----------
'" ., . .,. -



--
' ! IF'Rf"CS: 

'1 
1 

' TSTI·:; 
,STI'lCf(! 

DJNZ Pf~l 
t-:ET 

t.l') C, HOME 
C:"ii.L ~iUNJ. 
Cfii.L. MDN2 
Cr'\L.L MDN:l 
CALL MOWt 
LD Ao1 
OUT MI'ISf: • f\ 
MEC 
OUT TIMERoA 
LO f'lr12H 
LO IrA. 
.IM2 
EI 
FCET 

DI:FB fA 
_ ¡ r'lRI~(I DCL 

Dt:I·'S ;'!O 

-~-----

; HARELITt'\ ·¡ IMI::rü 
i J\;;:255 
>PRTMER PERIODO 

ii'."12:H (l::!XXH) .• 
;MODO ;~80 

;Hi'\~'::!:LITI'l J.NTERF'o:l)PCIONES 

- -------------

1 8'11·(:!: 
'sTr\K2! 
IiSTf'\CI(! 
T:.?.STf1CK! 

.INTCNT: 

Jt,l-~l;~(l DI~ m::r:UtJDO S'l('ICI: 
o~:Fc: 2 
DEF~I s·¡ rlf:z 
Oi::;F8 O 

' ' '------
IMDNITOR: LO A, UNTOITl 

OR A 
----~--_..IR NZ•MNT 

IN t"lo63H 
XOR (1 

-----

>RESET T8E 

__ .OUT 63H,fl 
1.0 A,::!Ofl 
OUT ¿,;:~Hof"< 

LO (\, :-6'L 

•. iDESitAKl:LII"t'\ .. TIMEB !_ ___________ _ 

~ONCDOlCI 

MNT: 

MONlT! 

' MDN:?T: 

• 
' ' MON3T: 

L~ 1-. --
~\c_1[ 

LO rnncNTl ·A 
1-0 A,¡: 
OUT f'•UI~!'l,A 

JR Sfi•.'E 
LO A,63H 

iE.»CRIE·E 8Yli:O 
/CUARDI'I HEOJ.O 

LO IMONCODE+l),A 
LO floPORTl 
LO 
JR 

LO 
LO 
LO 
'-' 
.m 

LO 
--LO 

LO 

<MN'T~2l o A 
J:MDN:ITOR 

ño73H 
<MONCUOE+1),11 
floF'DRT:? 
(MNT •·:!.l ,(\ 
J:MuNrrur..: 

Aoi~3H 
( MONCOOI;+l l • ~--··---· 
AoPOR13 ' 

' 

f'IM8.IENTE 

---.-·~-

---.-----

('!-1: 1 
v¡~ ·,;-.·-

LO <MNT~z¡,r, 
___ ..JR. :rt10NJ:TOR ~~-- ------1 

)' MON"'T:··, LO A.93H ' 1 •• l [• ' ___ LO_(MtlNCOOE·HloA. ________________ --------1 
.. • '•1 . LO AoF'URT"' 

LO (MNf+2) o(\ 
'' ___ ..JIL.IMONITOIE'~--------------------1 

' ~· ... 



e 

. 

---,.---- ' -- -- --- -·- --·- -------- --
'-""HP~~ 

___ ---!-'ó:D__!.CDNifiDOFU..._ILJJ)fLUtL..Mflf.illE:NU:D<EJ'i>63';_,,SO...--~---,"'0---
LO r'H l \..]Y 
OUT 63H,A 
EXX 

:ENr"lEIUC INTERf(UF·T TIMER 

RET 
_____ -------=--= ----------------- . 

' ' U\ST: ll<'«FIN"'"' 
FTLLERl OEFS 1260H-103H-L~9T 

' ;------------------------
; ORG 1260H 
VECTOR:_, ____ QEFW INTER',IALD 

; --------------------------

' --------------- ·-·- -- --···· ·-
FILLl: DEFS B 
iORG 126/"'H 
INT11 DEFW IOINT ----- --------------·····- .. ---
FTLL21 , DEFS 

,,, - ' 1 
iORG 127AH 
TNTZ 1 ....•. DEFW IOINT 
FJU.-31 DEFS " :ORG 128AH ' -
INT3: Of::FW IOINT_ ... .. .. ' 
FJ'LL"Il DI~FS 1 '1 
iORC 129(1H 
HIT'lt DEFI<l :rUI.NT. --------.-- - - -------- ------- ---- --- -- -·. 
' FILL51 OEFS ~ 

--

.:ORG lZAOH . ..:.......... -------- e-----------------.--------

' 

' d 

:----MENSAJES DE ERROR----

' MERF'O: O EFE: 
HERR1: O EFE.: 
CDERRl Dl:FB 

~--Dl::F!-3 
MERR2! DEF8 
MERR3l OEFE: 
/'IERf<: O EFE; 
MERR5l DEF8 

O EFE: 
DESERR! Dt::F[: 
MERR'I: OEF8 
ME!'>.:R7! DEF8 
MERR8: DEFB 
M'::Rh:9! DEFB 

OEF8 
F::NCI'l! DI:::FE:i 

DI~FD 
CF:LF: OI~FB 

E~JL'I Or~DENES 

CRrLF• 'NO$,' .• ··--·---·· ----------- ... ·-·-----
' EX!STE EL NUMERO DE CONTRA-RECI80' r CR, LF, ''$ ' 
CRrLF> 'NO Ht'\Y Of'ITOS EN MEMORl:fi' ,cRrLF 
'CUMf'lNDO NO EJECUl r'lDU' r CR", u:, '•L' __ ........ _ .. _ •. ·---. 
CRrLF,'NO HAY IMf'\GEN EN DIO>CO',Cf<rLF'•'~' 
CR rLF, 'DñTO MAL TI':CLEf\L'O' , CR r LF, ' $ ' 
CF< • LF • 'SE. D:CEDJ:O CL F"ERIODO . Mf\XIMD DE PACO' ,cf¡, LY r '$ ' 
CR, LF, 'SE HA EXCEDIDO U\ C(',PI'lClDAO Mf\XIMA' 
'DE ALMf\CENAMJ:ENTO' , Ck r LF, '4 ' 
CR, LF, 'NO I·VW .. DfiTOS DE flLTI'I .8LDISCO '. r CR, LF ... .'.:l.!. ....... .. 
CR.LF, 'FIN DE I'IRCHI'-'0 DE ALTAS' rCRrLFr ''$''· 
CR • I_F, 'COMI'INDO NO RECONLlCJ:DO' , CR, LF, ''$' 
CRrLF• 'CUAL ES SU COMt\NOO ?' .cR,LF, 'S' ... 
CRrLF, 'NUMERO MAXIMO DE CONTRA-F:EC180S E:~CEDl:OO' rCRoLF 
'""'-"NUMERO NO 1.N~3Cf('l ADO"'"·"'' r CR rLF" r '~ ' 
'fH.~'ill':Mf\ t!E NO J':lFlCI'\CUJN DE OF:DE~!CS. DE .PI'ICO •_: 
CRrLFo '1'\LHECL S.C. J7'79' >CI<,LF•LF•LFr ·~' 

• 

. ' --- -~- ---- ----~------'--~ --------·-.:.....L. -._. ': .. -,,- -
,~ ~ 1: 
' :' 

' 
l- -- ··- -·-' -------

' 1 
' ¡-------

------~--' 

---- ------------- -------------
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• SISTEMAS INTEGRADOS EN INGENIERIA 

Frecuentemente, el diseñador de un sistema debe de enfrentarse a 

la alternativa de diseñar desde el nivel' b.1sico de "chips" o a 

base de sistemas integrados que cum?lan una funci6n esoecrfica. 

Esta dltima alternativa se presenta con mayor facilidad en el 

ll.rea de los microprocesadores porque el "software" permite adan

tar con facilidad un gru~ de periféricos a las necesidades de -

un problema específico. Los ~roblemas de control industrial; ma

nejo de dispositivos electro-mecll.n_icos, acasticos y opteros; co

municaci6n de datos y otros afines, no son más que el condicion! 

miento y transformaci6n de señales. Si ésto se ~uede lograr en -

forma digital (como casi siem?re es ¡osible hacerlo} un micio~ro 

cesador es la herramienta más adecuada. En este sentido hay que 

considerar los Siguientes nuntos: 

1) Velocidad de muestre9. 

2) Complejidad del "lroceso. 

En base a ~sto, es posible decidir si es factible ca?tar y nroce 

sar la·información a un ~aso suficiente. Para ello hay que consi 

derar el tipo de convertidos y el microryrocesador a utilizar. 

Hoy día, el convertidor m~s veloz de señales analOgico a digita

les utiliza cerca de 50 nanosegundos para obtener 8 bits. Esto

nos permite muestrear a 20 MHZ. Sin embargo, un proceso de o~er~ 

ci6n sobre este tipo de muestras requerirfa de un ~rocesador con 

un ciclo de máquina de 50 ~icosegundos (si SU?Onemos mil o~era

ciones por muestra). Sólo los ~rocesadores m~s sofiaticados (y -

ningün micro) son capaces de alcanzar tales velocidades. El esta 

do del arte nos permite manejar anchos de banda reales de hasta 

20KHZ. \Ver 2920). 



La mayar parte 4e las aplicaciones (o al menos una ~arte importa~ 

te del es?ectro de a~licacianes) no requieren de un ancho de ban

da tan amplio. El ~rocesador Z80, con 4MHZ en su ciclo básico 

abarca un ancho de banda que alcanza hasta 40 mil muestras/seg. 

50 operaciones/muestra) para un ancho de banda efectivo de 20 

KHZ. Si consideramos 200 oueraciones/muestra, el ancho de banda -

baja hasta 5KHZ. 

Una vez establecido el tipo de l'roceso, es necesario seleccionar 

el tiryo de sub-sistemas a usar y la forma de programar el proces! 

dar en cuestión. En el texto se mencionarán dis~ositivos de con

versión que permiten obtener hasta 180,000 muestra~/seg. A ~xima 

velocidad, el Z80 ~uede ejecutar cerca de 10 instruccione~jmues

tra. 

ESTANDARES EN MICROSISTEMAS 

En la actualidad, cada fibricante de microcomputadoras utiliza -

sus propios canales de comunicación interna (o buses) . Por razo

nes históricas, sin embargo, dos de ellos- sobresalen por su am

plica definición y utilización: 

1) Multibus 

2) S-100 

El primero es usado ~or INTEL, NATIONAL y algunos otros fabrica~ 

tes. El canal s-100, sin embargo, ha sido adoptado por una gran 

cantidad de fabricantes y es en él'en el que nos enfocaremos. En 

las figuras 1 a 4 se muestran las características del canal S-100 

Para nosotros, el interés de este estándar radica en el hecho de 

que existen al menos las siguientes tarjetas compatibles con di

cho canal: 



• ., Sistema de ;orpcesador central. 

b) Sistema de memoria ( 4K) MM. 

o) Sistema de memoria (16K) MM. 

d) Sistema de memoria ( 6 4K) RA.,. 
e) Sistema de memoria ( SK) ROM. 

f) Sistema '?rograrnador de RO!IJ' S • 

g) Sistema de ;:>uertos rJaralelos. 

h) Sistema de puertos ell!c:tricamen te aislados (opto-acoplados y 

000 relés). 

i) Sistema de gráficas • maní ter • 

j) Sistema de conversi6n • video. 

k) Sistema de interfaz • grabadora (cassette). 

l) Sistema de interfaz • disco flexible. 

m) Sistema de conversión A/D y D/A. 

oJ Sistema de puertos serie y paralelo. 

o) Sistema de secuenciadores-a-base de interru:rciones. 

_pJ Sistema do interfaz a iml'resor a . 

q) Sistema '" c6mo:>ut.O co~~~pleto {CPU, MM, ROM, puertos). 

Estas· tarjetas o sub-sistemas son, producidos por, al menos, 10 f~ 

bricantes (lo que garantiza su permanencia) y fluctüan en costos 

entre 200 y 300 d6lares a~roximadamente. De esta manera,, producir 

un dis_positivo que muestree una señal anal6gica, estt'! aislado de -

altos voltajes y accione uno o varios motores de ~aso, im~lica se 

leccionar los m6dulos adecuados (en este caso a, b, h, m y o; o -

bien q, h, m y o) , fabricar la fuente de !JOder corres;;oondiente y 

ryroqramar el sistema. 



Ante 1~ imposib~lidad de examinar cada subsistema, hemos seleccio 

nado un ejemplo de diseño que utiliza las siguientes tarjetas: 

1) CPU ( al . 

' 1 MM ( e ) • 

3) Interfaz a disco ( 1) • 

4) Interaz serial/paralelo (m) • 

5) Secuenciados (o) • 

6) Interfaz a video ( j ) . 

El sistema diseñado trabaja, simult~neamente, con una terminal i~ 

teractiva, un par de discos flexibles, una impresora y 4 manito-

res de video. 

El enlace entre los monitores y el microprocesador se logró a tr~ 

vés de otro ti\XI de interfaz: el RS-232. Esta interfaz es muy im-

portante en el área de los micro~rocesadores ya que es virtualmen 

te universal. La asignación y funciones de los '?ins' de este ti-

po de interfaz se muestran en las figu~as 5 a 8. 

LA INTEGRACION OE UN OISE90 

Si tomamos en cuent~ que existen tarjetas que se ajust~n a es tan-

dares internacionales; que existen suficientes de el,Ias .. para fac!_ 

litar el trabajo de desarrollo y que es factible ?reducir salame~ 

te, entonces, algunos m6dulos especiali;r.ados, veremoS 1~ conve-

niencia de aprovechar al máximo el diseño modular. 

El diseño modular es caracter!stico del diseño usando microoroce-• ~ 

sadores y se puede resumir en los siguientes pasos: 

ll Identificación del problema. 

2) Selecci6n de los módulos (o sub-sistemas adecuados), 



' • 3) Diseño de al~uno (s] que no exist~n en el mercado (normalmen-

te a nivel de alambrado o 'wire-wra~'). 

4) Selección del lenguaje de programación. 

5) Programación del sistema, 

6) Pruebas en un simulador/emulador. 

7) Modificaciones al sistema (Pasa 111 ounto 6). 

8) Implant:ación f.ísica. 

9) Pruebas y ajustes finales. 

como se mencionó anteriormente, la mejor forma de ilustrar estas 

etapas es usando un ejem9lo de diseño. Este ejemplo utilizó m6d~ 

los estandar, interfaces y adaptaciones y será descrito en fun-

ción de· los 9 ;:.>untos señalados. 

1. Identificación del problema.- Se requiere de un sistema que 

permita ca.?tar información alfanumérica (nombres y nt1meros). Es:... 

ta información correspond~ a personas físicas a las que se asigna 

un número, Cada número se clasifica en alguno de cuatro grupos*. 

Los números deben desplegarse en monitores alejados del ~unto de 

ca~tura .Y deben de actualizarse-al mismo.tiempo que se capturan. 

Algunos de ellos deben ser eliminados selectivamente y deberán -

desaparecer de los monitores. 

2. Selecci6n de los m6dulos.- Se seleccionaron los siguientes 

m6dulos para el diseño; 

., Módulo procesador z 80. 

b) Do• módulos de memoria ,, l6K cada uno, 

o) Un módulo ,, interfaz • disco. 

d) Un módulo ,, interfaz • consola. ,, Deo módulos o ara generación ,, loo ciclos ,, reloj ' interruz 



ci6n, con dos puertos serie cada uno. 

fl Cuatro módulos de conversión de RS232 a RS170 (video compuesc 

to) • 

3. Diseño adicional.- Se utilizaron monitores comerciale.s que 

fueron modificados para enlazarse con RS170. 

4. Se seleccionó el lenguaje ensamblador ya que era necesario te 

ner acceso a los dispositivos del sistema selectivamente (lo que 

elimina casi todos los compiladores) y debería ser altamente efi-

ciente (por lo que es preferible a ·un intérprete). 

5. Programación del sistema.- El sistema fue programado en su 

parte de captación (indicada '-'or un * y en su parte electrónica). 

6, Pruebas en un simulador.- Las pruebas se efectuaron exhausti 

vamente, pero sin probar aün el proceso de interrupciones • 

• 
7. Modificaciones al sistema. 

B. Implantación f!sica.- Se enlazó el sistema con· los monitores 

vJ:a .. cable coaxial. 

9. Pruebas y ajustes,- se detectaron algunos ~roblemas de sin

cron!a y acoplamiento que fueron corregidos. 

' 
• 
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Sistema de Despliegue en Tiempo Real 

U ti 1 izando un Microprocesador. 

Introducción. 

La misión básica de cualquier computadora -micro, mini 

o maxi- consiste en manejar información, bien sea en forma numé-

rica, alfabética o alguna otra (imágenes, sonidos, etc.). 

putadora solo puede manejar esta información utilizando transduc 

tares, de modo que los digitos, sonidos, imágenes, etc. puedan 

representarse digitalmente y en forma codificada. Por este siro· 

ple proceso de codificación (y su subsecuente decodificación) es 

posible analizar, reproducir, amplificar, distribuir, etc., etc. 

alguna de las informaciones ya mencionadas. En el caso que nos 4lt 
ocupa, la información a manejar es de indole numérica {números 

de docúmentos) y se desea convertirla en información visual {de~ 
• . ' . 

plegándola en mon'itores). Esta informilci6n debe ser' manejada, 

adicionalmente, de su'ert'e que .Pueda ser clasificada, recuperada 

y exhibida (o desplegada) en medios impresos y visuales en tie~ 

po real. Es decir, los datos son captados, almacenados, proce-. 

sados, impresos, clasificados y desplegados simultáneamente, Pa 

ra ello se utilizan técnicas de interrupci6n en 'round-robin'. 

Además, es preciso que la respuesta del sistema no se d~8rade 

en ningún momento. Esto se logró usando un Sistema de 'stacks' 

múltiples y procesamiento en paralelo, como se describe a conti 

nuación. 



1. Definición del Problema. 

En una dependencia oficial, se manejan documentos que 

son identificados con un número de secuencia. Estos documen

tos se deben captar y los n(írneros correspondientes deben ser desple 

gados en monitores de forma tal que el públiCo pueda, fdcilmen

te, loCalizar el número del documento. Para ello, los documen

tos (y sus números correspondientes} se distribuyen en 4 grupos 

y se asigna un monitor a cada grupo. Adicionalmente en cada mo 

nitor, los números deben aparecer en orden creciente. Cada mo

nitor debe poder desplegar hasta 500 números. Los números deb~ 

rán ser lo suficientemente grandes para ser de fácil observaci6n. 

La captaci6n de los documentos debe poder hacerse simultáneamen 

te con el despliegue en los monitores, y la impresión de cier-

tos resultados parciales (así como la captación) deben tener es 

caza o nula influencia en el tiempo de respuesta del sis· 

tema. 

La captaci6n de l0i documentos deberá estar sujeta a 

normas de1validaci6n y a restriccioneS de seguridad, de ·.manera 

que el sistema no se danc por fallas de energfa u otras eventua 

les. Finalmente, la computadora deberá encontrarse ·en .un lugar 

físicamente alejado de ln sala de despliegue, No se desea, sin 

embargo, agregar sistemas de transmisión de datos (tales como 

módems) pa~a mantener el costo del sistema en niveles bajos. 

10 
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• 

• 

Z. §olución Propuesta, 

Para cubrir las necesidades anteriores señaladas se • 

propuso el siguiente equipo básico: 

1). Un microprocesador .ZSO . 

Z) . 3 2 
. , 

k bytes de memoria real. 

3). Un sistema de diskettes de 500 k bytes. 

4). Interfaz a disco, 

S). Interfaz a impresora. 

6). Interfaz a consola, ,. 
7). 4 interfaces para puertos serie . 

8) . 
•· . . 

Reloj en tiempo real. 

9). 4 iñterfaces RS-232 a R.F. 

10). Una consola. 

11). Una impre~ora. 

12): 4monitores. 

Para este equipo, por compuesto, fue necesario desa--

rrollar el 'software' consecuente, que se divide en 4 sistemas 

bfisicos. 

1 ) • Sistema do manejo do discos y periH!ricos. esttin· 

dar. 

Z) • Sisi:emil do tiempo compartido. 

3). Sistema do captación. 

4) ' Sistema do reportes. 



.· .. 
--~--- .. 
Con excepción de los monito~es,.todo el sistema se -

encuent~a contenido en un chasis central, con bus S-100 y t.arj_t 

tas con regulado~es independientes. La fuente general del sis

tema p~ovce de voltajes no ~egulados. F.l enlace entre el pr~ 

cesador central y los monitores se efectaa a trav6s de cable coa 

xial de 50 ohms. A continuación se hace una breve descripción 

tp.nto del 'hardware' como del 'software'. Nos detendrem"os, sin 

embargo, en los puntos que, creemos son de mayor interés. 
' 

3. Hardware. 

a). Procesad<lr, El CPU trabaja a 4 MHZ y es, bá-

sicamente, una versión mejorada del 8080 de INTEL. El autor ha 

tenido oportunidad de comparar ambos sistemas y estima que el 

ZS.O del orden de 50\ mlís eficiente que el SOSO. 

b). Memorta. La memoria es dinámica y se encuen

tra contenida en 2 ta~jetas de 16 k bytes cada una. 

e). Interfaz; a diskette. Esta interfaz, a di fe-

~encia de otros equipos, no utiliza DMA para hacer transferen--. 

···-

cias a y de disco. Esto degrada al sistema un poco en relación 

con otros equivalentes que si usan DMA. Sin embargo, la degra

dación e·s muy pequefía debido a que el CPU poseee instrucciones 

<le máquina que permiten también hasta 1.6 megabits/seg. (200 k 

bytes/seg.). Puesto que la velocidad de transfe~encia de un 

diskette es de 250 k bytes/seg,, la deg~adación es de un 20\, 

;·elativa a un sistema que pudiese transfe~ir, en DMA un ciclo 
• 



de.4 MHZ. 

d). Interfaz a Consola e Impresora. !.as interfa-

ces a consola y a impresora son, simplemente, dos puertos serie 

y paralelo, respectivamente. (Con circuiteria adicional para-

lograr los niveles estándar RS-232). 

e). Reloj en Tiempo Real. El circuito de reloj -

en tiempo real es un dispositivo programable, con un ciclo máxi 

mo de tiempo de 16.32 milisegundos. Este reloj, además, tiene 

la caracteristica de poder causar una interrupción con la cuen

ta terminal. 

Como es conocido para el ZSO, la parte más. signific:a

tiva de la loc:alidad de interrupc:ión está dada por el contenido 

' del r~gistro del proc:esador denominado "Registro 1". La parte 

menos significativa es definida por e~ dispositivo que causa la 

interrupción' (en este caso el reloj). En esta aplicación, 

y la parte dada por el reloj corresponde a 

R • 60H (0110 0000 8) 

-de-forma que la interrupción nos lleva a la localidaJ. 

En esta localidad se encuentra un apuntador a la ruti 

na de interrupción. 

El proceso de conc:;t'enación y lla!ll:tda a la localidad 



de servicio de la interrupcí6n son dados ppr el 'hardware' del 

procesador, automáticamente. 

f). Interfaz RS·232 a R.F. En esta aplicacilln, 

los monitores deben ser lo suficientemente grandes como para fa 

cilitar la observaci6n por parte del usuario. Se especificaron, 

pues, pantallas de m:1s de 19 pulgadas. Como se sabe, las termi 

nales de video estándar no alcanza estas dimensiones. Debido a 

ello, fue necesario adaptar un monitor comercial y proveerle de 
• 

la 16gica necesaria para que éste. actuara como terminal de des-

pliegue. Esto implica que, al sistema del tubo de rayos cat6di 

cos se .}e anexen: 

1). Un generador de caracteres. 

2). Memoria suficiente para almacenar la página de des 

pliegue. 

3). Un generador de R.F. tal que la información almace 

nada se concentre en una señal de video.suscepti-

ble de ser "interpretada" por el monitor .. 

4). Lógica de control. 

El circuito que se seleccionó, hace uso de un micropro 

cesadOr 3870 de ~1otorola para lograr todas las funcü;me_s previas 

al punto (3) antes mencionado, Esto permite tener, en uncir

cuito, toda la electrónica necesaria para, de hecho, implementar 

una terminal de video. Por otra parte, el circuito es compati- _ 

ble con el bus estándar del computador (S-100), lo cual permite 

conservar la modularidad del sistema. 



' 

La tarjeta, pues, recibe informaci6n serial RS-232 a 

300 bauds y convierte esta inforamción en caracteres que alma-. 

cena en una página de memoria, y los cuales envían en· una señal 

de video compuesto al monitor de despliegue. 

Debe hacerse notar que .la información que se desplie

ga e~ diferente para cada uno de los monitores y que tfansmite 

a 3ro bauds impone serias restricciones al sistema. {Para es

cri'Jir 4 lineas se pierden cerca de 8 segundos) sin embargo, por 

ra~ones de tiempo de implantación (el sistema, en su totalidad 

se implementó en 60 d~as) se tuvo que trabajar con estos siste

mas lentos. La solución que se le di6 al problema de velocidad 

se. discute más adelante. 

Un diagrama a bloques de la interfaz a video se mues

tra en la figura 1. 

4. Soft11are. 

a). Sistema de Han e jo de Discos y Periféricos. El 

sist•'ma operativo •se utili~a para manejar archivos tanto en dis

cos como aquellos que corresponden a las terminales (de hecho, 

cualqllier-dispnsi~ivn de E/S, sea disco, impresora o algún otro 

puede ser tratado como_un archivo. Asi se maneja en lenguajes 

como COB_P.!-_,_por -~emplo). Se usan las siguient'es rutinas. 

1). Crea archivo. 

2), Selecciona disco. 



3). Cambia de nombre a archivo.· 

4). Lee de consola. 

5). Escribe en consola, 

6). Escribe en impresora. 

7), Abre un archivo, 

8). Cierra un archivo.-

9)', Lee de un archivo. 

10), Escribe en un archivo. 

11). Borra un archivo. 

' . 
El enlace 31 sistema Óperativo s1gue 

• 
las conv~nciones 

del sistema CP/M, que se desarrolló para el 8080 y que se ha con 

·vertido en un estándar. (Digital Research). 

b). Sistema de Tiempo Compartido. Este sistema 

funci¡•na generando interrupciones que se reconocen aproximadame!!. 

te cada 2 segundos. La información co.rrespondiente a los núme

ros que se despliegan en pantalla está divida en 4 áreas y es 

examinada cíclicamente con cada: interrupción. Con cada ciclo de 

'round-robin', se escribe una línea (64 caracteres) sl se cumple 

alguna de las siguientes condiciones:· 

1). Hay información nueva (algún número fue dado de ~l 

ta o de baja). 

Z). La cantidad de números en memoria excede la capaFi 

dad de despliegue del monitor, (cada monitor desp 

pliega 16 líneas de 64 caracteres cada una). 



Los números so presentan en orden. num~rico ascendente 

y se actualizan con cada alta o baja. Es decir, cuando se da •. 

de alta un documento, el número se inserta en el lugar corres-

pondiente y recorre a todos los subsecuentes un lugar a la dere 

cha. En el caso de una baja, el número correspondiente se eli

mina y todos los números Subsecuentes se· recorren un lugar a la 

izquierda. La informaci6n se "sortea" durante la captación, de 

manera que este módulo solamente despliega información ya actua 

lizada. 

Como se mencionó anteriormente, la velocidad de tran~ 

misi6n es de 20 caracteres/seg. Esto implica que se requieren 

de un poco más de dos segundos para desplegar 10 números, como 

se ilustra en la figura 2. Si suponemos que .. los cuatro monito

res. requieren de servicio, veremos que el sistema de captación 

sólo obtendrá el control de procesador marginalmente, ya que las 

interrupciones se suceden cada 2 segund_os. Esto ocasiona que el 

tiempo de respueta se hiciera intolerantemente grande. Dado que 

los monitoes pueden desplegar (en 'scroll') hasta 500 números, 

no es difícil suponer que al menos 2 de ellos están en actividad 

constante_y el tiempo de respuesta sea; en promedio inaCeptable. 

Por ello, se adoptó el siguiente método. 

e). Sistema de Múltiples Stacks. Corno es conoci

do, cuando se acepta una interrupción, es indispensable guardar 

el 'status' del sistema previo a la interrupción. Esto implica, 

normalmente, el uso del 'stack' para este almacenamiento. En 

operación estándar los pasos que se siguen para el despliegue 



son lo's siguientes; 

• 1 ) • So acepta ¡, interrupci6n .... 

2 ) • So guarda ol 'status' •• ol 'stack' . 

3) . So toma una linea d• 64 caracteres d• memoria. 

4 ) • Si ,. cumple alguna de ¡, condiciones antes seña 

ladas ,. ''escribe" ¡, 1 in ea .. ol momento on tur-

M. 

-5-) ;-se recupera el 'status' del 'stack'. 

6). Se prosigue en donde había entrado la interrupci6n. 

Eventualmente, el punto 4 se lleva, en ejecución, 

64 x 1/30 segundos. (Los -z segundos que se habían mencionado). 

Para evitar una pérdida de tiempo tan marcada, SG to'

m~n las siguientes medidas: .-- . 

1). Se ejecutan los puntos 1 al 4. Sin embargo, cuan 

do se escribe un· carácter (el n-~siJllO de 64) se 

guarda este 'status' en un nuevo 'stack'. 

Z). Se habilitan interrupciones por una condición del 

UART que indica "carácter transmitido". 

3). Se regresa al 'stack' original. 

4). Se reinstaura el 'status' previo a la interrupci6n. 

Cuando (despul!s de 33 300 ~ segundos) el UART interrum

pe jlOr carácter transmitido (TBE), se inicia el sistema a par

tir. del punto 1. Despul!s de 64 interrupciones, se regresa al 



modo de reloj (en donde el timer interrumpe). El diagrama de -

flujo se muestra en la figura 3. 

Cun este sistema, se dispone de la diferencia entre el 

tiempJ de transmisión y el de proceso de E/S para proceso del pro 

grama principal. Considerando cerca de 3 ~s. por instrucción, 

en 33 300 ~ scgs. podemos ejecutar cerca de 11 000 instruccio-

_nes.-_{-ComO-referencia, todo el programa es de cerca de 1 500 

instrucciones de AZMSO). 

El diagrama del proceso se muestra en la figura 3. 

d). Sistema de Captación. La captura de datos se 

logra en paralelo con el sistema de despliegue en tiempo real -

como ya se sefialó. 

de alta o de baja. 

Es esta la parte en la que un número se da 

Además el módulo de captación incluye una 

serie de opciones adicionales que, en ,conjunto con altas y ba-

jas son-ocho, a saber: 

1). L (lave. Actualización del pase al sistema. 

2). M (ensaje. Despliegue de textos en los inonitores. 

3). U (espliegue. Vaciado de los contenidos-de archi-

"· 
4) ... G-(uarda. Copia la imagen en despliegue de dis-

CO· 

.5~.-.l":t.rae. Copia la image~ de ·uisco a memoria 

6). A (lta. Toma un documento y lo almacena en un ar 

chivo histórico y tiene, ademñs, 4 opciones: 

)C) 



i). Despliega el nflmero en el ~omento indicado. 

ii). Guarda el documento en disco, sin dcspli¡¡:-

gue. 

iii). Toma un documento de-disco ·y ·despliega, 

su número en el momento correspondiente. 

io}.-Toma 'todos los documentos de disco y des-.-
pliega sus números en el momento correspon 

dicnte. 

7). B (aja. Cancela un número y lo incluye en un ar

·Thivo hist6rico, con las siguientes opciones: 

·i). Elimina el nUmero del monitor correspondie!!_ 

t_e_, 

ii). Elimina el número de disco. 

8). F (in. 9~rra_archivos;-deshabilita·reloj e inte 

rrupciones y entrega control al sistema opera

tivo. 

La opción se le indica al sistema tecleando, simple-

mente, la primera letra. A continuación haremos una brevrsima 

descripción-de a~guna de las opciones. 

La opción Llave permite al usuario modificar la cla 

ve de entrada al sistema. Ningún usuario puede ha-

cer uso del sistema si no proporciona csta clave au 

torizada.. 

La opción 2 permite enviar textos a los monitores 



• 

deteniendo, momentáneamente, el despliegue de los 

números en los monitores. 

La opción 3 permite verificar el contenido del ar---

chivo creado por la opción ii de la función de al--

tas. 

La opción 4 tiene por objeto poder eliminar una ima

gen del contenido de cada uno de los monitores. Es 

to es necesario cuando se desee interrumpir temporal 

mente el despliegue sin tener que re-cargar todos -

los documentos. 

Como complemento a la opción anterior, la opción 5 

permite restaurar la condición de la memoria para 

re-iniciar el despliegue . 

Las opciones 6, 7 y 8 se explican en su descripción. 

Hay, sólo, que h?cer notar, que toda a~ta y toda;bá

ja quedan registradas en archivos que se manejarán 

posterioremente. 

e). Sistema de Reportes. A partir de las altas y 

bajas es posible recopilar la siguiente información: 

1). Documentos que están en disco pero que aún no se 

han dado de alta. 
1 

2). Documentos que están en despliegue. 

3). Documentos que han causado baja porque han sido 

procesados. 

4). Documentos que han causado baja por cancelación. 

5). Estad!sticas de aquellos documentos·que están pen 



dientes de proceso, es decir, aquellos que están 

en despliegue. 

S. Conclusiones. 

El sistema antes bosquejado, fue desarrollado tenien

do en m~ntc las siguientes metas básicas: 

1}. Bajo costo. 

2). Corto tiempo de implcmentaci.Sn. 

3). Confiabilidad. 

4). Alta eficiencia. 

Para lograr alcanzar los cuatro puntos, simultáneame~ 

te, fue necesario conjuntar er¡uipo y programas que estuvieran -

fuertemente ligaCJos. Por esta ratón, todo el sistema fue escri 

to en código de máquina utilitando el ensamblador residente. 

Unicamentc se escribió un segmento (el correspondiente al punto 

S del sistema de reportes) en un lenguaje de alto nivel (COBOL). 

Como resultado se lograron eficiencia y economia en el código, 

Todo el 'software' (incluyendo tablas y textos) exceptuando la 

parte de reportes, requiere de 5 k bytes. Esta última (que fun 

ciona "off-lino") requiere de 12 k bytes de los cuales las pri

meras 4 opciones ocupan 3 k y la última (escrita en COBOL) re

quiere de 9 k. 

De la experiencia adquirida se puede constatar algo 

tan trillado ya en la industria electr.Snica actual: el uso de mi 

• 

• 



croprocesadores y de circuitos asociados ac,elera y abarata enor 

memente los desarrollos hibridos (en los cuáles 'software' y -

'hardware' son ambos importantes). Hay que enfatizar, sobre to 

' do, que la selección de equipo que se ajuste a estándares de am 

plia aceptación es un punto clave para la viabilidad de siste-

mas como el que aqui se reporta •. En nuestro caso esos estánda

res empiezan con el procesador (el compilador COBOL genera códi 

go 8080 que es un subconjunto del Z80), pasando por el canal del 

computador (el BUS S-100 permitió conseguir el reloj en tiempo 

real e interfaces sin necesidad de desarrollarlas) y terminan

do con el 'software' (el compilador COBOL es ANSI, así como 

otros lenguajes; por otra parte usar CP/M permitió usar este 

compilador en particular). Es relativamente fácil apreciar que 

el tiempo de desarrollo en otras circunstancias hubiera multi

plicado el tiempo y sobre todo el esfuerzo y c"osto del sistema. 

Es .por experiencias como, esta que se puede explicar la reticen 

cia justificada a adoptar máquinas nuevas que son incompatibles 

con otras. 



F1gure3 Summary Of Register formats For TU·A9T,Ifach Device 
-

OFFSET FUNCTION '' 06 DO 04 03 02 "' 00 
REF. 
PAGE . 

' IN STATUS "' ROA "G SBD FBD SRV ORE FME 6 
o OUT STATUS STOP 9600 4600 2400 1200 300 . 150 110 ' 1 IN SERIAL M5e Direction of shift LSO 7 
1 OUT SERIAL M5e Direction of shilt '" 7 
2 OUT COMMANO . . . . TBS HBD INE RS7 SRK RES 7·8 
3 IN INT AODR 1 1 ,.. 12"· ,. 1 1 1 8 
3 OUT INT MASK T5/P17 T4 TSE ROA T3 SENS T2 T1 8 
4 IN PARALLEL "" LSR 8 

1 4 OUT PAHALLEL "" '" 8 

1 

,., OUT Ttmer 1-5 "" (Delay-coum x" 64¡¡sec, H8Qa0¡ ' (Delay-catmt K 8 )ISe(;, H B El~ 1) 

--· 
• 

" •• " ---• • • ·-· • • , ·-· • ' • • • • ' , ·-· ' • • ... 
• ' '" , • ·-· ' , ,_, .. , 

Table 1 ZBO {Mode 2) Response 
, 
1 

Príority 
TU-ART's (Hex) 

! Z·B01NTA Response Source of lnterrupt 

" 06 os 04 03 02 01 00 . 
15 (Highest) ' ' ' '· 0 Device A, Timar 1 
14 ' ' ' 1 0 Device A, Timer 2 
13 ' ' 1 ' 0 Devic~ A, SENSA 
12 ' w • ' ' 1 1 ' Owice A, Timer 3 
11 < < < 0 1 ' ' 0 DEWice A, ROA e e e 10 " " " ' 1 ' 1 0 Device A, TBE 
9 < < < 

' Device A, Timer' 4 < < < 1 1 ' 0 
8 • • • ' 1 1 1 0 Device A, Timer 5 (P17) ·' ·' ' ' ' > 

' 
1 ' ' 0 0 Devica 8, Timer 1 • 6 o o a 1 0 0 1 o Device B, Timcr.2 

5 > •' > 1 0 1 0 0 Device B, SENSB • • • 4 " " • 1 ' 1 1 0 Oevic€ B, Timer 3 • • 3 ~ ~ ~ 1 1 ' ' Oevice B, R DA ' 2 1 1 ' 1 ' Device B. TBE 
1 1 1 1 ' ' Device B, Timer 4 
0 (Lowest) 1 1 1 1 1 0 Oevice B, Timer 5 (PI7) 

10 
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INTRODUCTION TO THE CROMEMCO STI!CLE CARD COMPUTER 

The Cromeroco Single Card Computer {SCC) is a sophisticated 

roicrocomputer·with the following layout: 

TO/FROM EXTERIIAL DEVICES 

" " J4 

1 t ~ 
Parallel Para.llel Serial 

I/0 I/0 I/0 I/0 

Port ~AH Port ilBH Port ilil-il2H 

1 1 1 

----~---------~--~-------------{-------------~---- <<~->?J i~~o 
1 1 

! !:RY 1 

2\lll\'l-23FFH 

I!ITERVA 
TIME~S 

Porta 05-í\9H 

1 HiTEIIRUP'I'S 1 

Port I13H 

The S-100 bus interface allovs'convenient expansion of the syst~ 

if desired. ''fhe SCC is gun.ro.nteed to \IOrk vith all of Cromemco's S-100 

products, including analog I/0, color graphtcs, and ~~/ROM memory. 

ProgrW'Il execution begins as soon as po\ler. is applied (after an 

automatic pover-on-reset). 

The SCC is self-contained except for the user-supplied pover 

supplies. The•e pó~er supplies may be unregu1ated and should supply 

+8 volts at 1.2A, +18 volts at 100MA, and -18 volts at 50MA. 
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The follmáne sCctions cover progrwnming infonoation, including 

the z-80 CPU technlcal manual and informatlon about the I/0 registers on 

the SCC; a functional description, Yhich explalna the operatlon of each 

component in the SCC; and the S-100 interface, Yhich describes the bus 

interface characteristlca of the SCC. 

SCC INPUT[OUTPUT REGISTER DESCRIPTION 

In the folloving sections, each I/0 port (regtster) vill be 

dhcussed. 

PORT ADDRESS IN/OUT DESCRlPTIO!I ,, 
" Status Reghter' 

D7 n6 D5 n4 D3 " 
Transmit Read Int. Start Full Ser-
Buffer ,.,. Pend- '" m ,., 
J;mpty Avail. ing Detect Detect ,0, 

" 
Over-
Run 

'"' 
The functions of these flags are indicated in the folloving sections. 

DT Trsnsmitter Buffer Empty (TBE): 

• • 
A high in bit 1 indicates thst the transmitter data buffer is ready 

to accept a nev byte. TBE goes high as soon as the serial transmitter 

begins to send the byte currently in the buffer. Since tñe tranamitter 

is ''double-buffered", the user lii.SY respond to the TBE signal and load the 

buffer even befare the previaus byte has been tatnlly transmitted. TBE 

al~a activutes interrupt request 5. TBE is cleared ~hen the buffer is 

loaded and is set by the RES~r command. 

06 Receiver Data Available (RDA): 

A high in bit 6 indicates that a byte of duCa is available fro~ the 

receiver buffer. Thi~ flag rema.ina high until the buffer h read. A 

• 2 -

"' Frame 
Error 

• 



• 

RESET command clears the flag. If the buffer is not read by the 

time the next byte fr~ the receiver is ready, the neY byte Yill vrite 

over the old byte and the overrun error flag Yill be sct. RDA also 

actívate~ int~rrupt request 4. 

D5 Interrupt Pending (IPG): 

A high in bit 5 ind1cates th!ll one or more of the eight interrupt 

request sources has becone active. This flag goes high at the same 

time as the interrupt request pin of the TV$ 5501. 

DI¡ Start !lit Detect (SilO): 

A high in bit 4 indicates that the serial receiver has detect¿t 

a start bit. This bit remains higJ:! untll the full character has be,;¡¡ 

received. SBD is cleared by RESE'r co=nd. This bit is provided for 

test purposés. 

D3 Full Bit Detect (FBD): 

The FBD flag in bit 3 goes high one full bit time after the 

start bit has been detectad. Thia bit remains high until the ful1 

charOLct~r hus been received. FBD is cle!1red' by a RESEI' commfind. 

This bit is provide~ for teot purposes. 

D2 Serial Receive (SRV): 

A high in bit 2 indicfites high level on the serial data input line. 

A lo\/ in bit 2 indicates o. loY level on the Berial dat" input line. SRV 

is high Yhen no data is being received. This bit is provided for brct~k 

dctection an<l for tast purposes. 
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01 Overrun Error (O(lO:): 

A high in bit 1 indicates that the rece! ver has loaded the rec~iver 

datn buffer befare the prcvious contents "ere read. ORE is cleared 

aft.er the status po,·~ is read or by the RESET cornmand. 

D¡ll Fra.me Error {FMF.): 

A high in bit f/J indicates 11.11 error in one or both of the stop bits 

llhich "framed" the last received data byte. FME remains high until a 

valid character is received. 

f/J OUT Bsud Rate Register. Loading this register seta the baud rate 

and stop bits for serial receive e.nd trans::::lit data·. !lit 

asatenment io as follo,s: 

1 Ill 

!'l 

""'' BITS 
"' 96f/J0 

D7 STOP 

"' 
"' 

A high in bit 7 Selects one stop bit for serial receive and 

transmit data. A lov in bit 7 selecta tvo stop bits. - -

D6-D91 B.AUD RATE 

A high in one or the lover seven bits selects the 

corresponding baud rate. If more than one bit is high, the 

highest rate se1ected vill result. If none of the bits are high, 

the serial transmitter and receiver ..tll be disabled. (For special 

purposes, theoe baud rates can be octupled -- see the description 

of HBD in the command register.) 

Receiver Data. This register contains an asserobled byte of data 

rrom the serial register. 
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1 OUT Tran~~ltter Data. This register is 1oaded with data for the 

serial ·transmitter. 

''" llot Assigned. Readlng this port causes no response fro01 the 

SCC. This addreas is avai1ab1e for other parts of tho 

computer system. 

2 OUT Command Register. The format for the co~~and register is 

as follo"s: 

-------1atched---------

07 " !1i " 03 " m ,, 
llot •oc l!lCII '""'' RST7 
Uscd U sed Test BAUD Enahle Se l. Break : lleset 

' 

D5 Test Bit (TB5): 

A high in bit 5 di Bables the internal interrupt 

priority logic and then enables the internal clock. Thus, 

the signal on the INT pin of the 5501 becomes a TTL leve1 

clock of 1562.5 Hz (12.5 kHz if HBD is high -- see D4 lligh 

Baud helow}. TB5 should be 1ow for normal operation. 

D4 l!igh Baud (1/BD): 

A high iri bit 4 octuplea the rate of the internal 

clock. This causes the interval timers to count eight 

times fast~r anJ the serial data ratea to increase 

eip;ht-t"old. \Jlwn bit 4 is high, baud ratcs up to ¡6.8K 

are available for high speed data transfers. 

D3 HITA F.nable ( HlE): 

A high in bit 3 allows the 5501 to respond to an Interrupt 

Ackno.,ledge by gatlng a Hestart instruction into the data bus 
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at the corr~~t time and resetting its internal ~nterrupt 

request lBtch. 

A lo~ in bit 3 prevente the 5501 fro~ detecting an 

HITA cycle. Bit 3 should be high for normal operstion. 

02 RST1 Select {RS7): 

A hieh in bit 2 connects the MSB of the parallel 

input port to the interrupt request latch for the 1o~est 

priority interrupt (interrupt 7). A 1o~-to-high 

tr .. nsition 011 the MSB of the parallel input port (PI7) 

~111 activate the interrupt request latch. 

A lo~ in-bit 2 connects the output of Timer 5 to 

the interrupt'request 1atCh for the lo~est priority 

interrupt (interrupt 7). When the timer count reachcs 

zer.o, · the interrupt request latch ~ill be Be ti vated. 

Dl Break (BRK): 

A high in bit 1 hoids the serial transmitter output 

in the lo~ state {spBcing). RES ~111 ov~rride {see D~ 

Reset belo~). 

A lo~ in bit 1 Bllo~s normal operation. BRK should 

be lo~_for.normal operation. 

D~ Reset (RES): 

A high in bit ~ causes the folloving actions: 

1) The Serial Receiver goes into search mode; 

RDA, SBD, FBD, and ORE are set to zero. The 

contents of the receiver buffer are not affected. 

2)' The Serial transmHter output ia set high 

{marl<ing). If D~ snd Dl are both high, the RES 

function ~111 override. RES sets TBE high. 

- 6 -



\l3 IN 

3) The interrupt request register is ~leared exc~pt 

for the TEr: lnterrupt requeot "hich is aet high. 

~) The interval timers ar~ cleared. 

RES is not latched. 

Interrupt Address: This register contains the encoded 

address of the hlghest priority interrupt cui-rently 

requesting service. This address is identical to the 

"Restart" instruction op-code for the interrupt 

acknowledge. Thus, the register contentB may be (in 

order of service prlority): 

HEX SOURCE 

" Timer ' 
" Timer ' 
" '"" 
"' Timer 3 

E1 Rece! ver Data Available 

" Transmitter Buffer Empty 

n Timcr ' n· Timer 5 or PI7 

Thls register is provided for servicing interrupts via 

polling .. After the register is resd, the corresponding 

bit in the interrupt request register is reset. If the 

register is read vhen no interrupt is pending, it vill 

read \lFFH. 

03 OU1' Interrupt Mask: The contenta of this register are 

logically "And"-ed vith output from"t~e inte_rrupt 

request register on the 5501. A high bit in the interrupt 

mask allows the corresponding request to pass on into the 

priority encoder. A low bit in the interrupt mask inhibits 

the corresponding interrupt from psssing any further. 

Since the lnterrupt requests are lstched independently of the 

stage of the ~sk, an interrupt may be requested ~hile the 

- 7 -



mask bit is low. The request liill be retained until the 

o:nsk is chB-ne;ed B.nd the request alloo:ed to :pass on (assurnine; 

no RES co!llllland in the interim). The mask bit II.SSJgru:>ents 

are: 

"' TJmer 5 
m 

"' Timer ~ 

D5 D~ D3 D2 

TBE RDA Timer 3 HIT 

' 

"' Timer 2 Timer 1 

Parallel Input: Thia register contains the data presented at 

J). The peripheral supplying data to the SCC can indicate 

datn available by activating the INT line (or by raising the 

MSB of tbe paralle1 input if the" RS1 bit in the command 

register is high). 

O~ OUT Parallel Output: This register contains the data vhich 

drlves the parallel output buffers s"t J). The 'I"I'L output 

buffers wbich drive J3 lllll)' be put in a high-impedance statc 

by pulling down on Disable (pin 12). 

il5 IN · Not Connected: Addressing this port causes no response 

f¡·om the SCC. This address 1s avsilable for use by other 

parts of the cornputer system. 

il5 OUT Tirner 1: This regiater contllins the count used to start 

Timer l. This count is decremented by 1 every 6~ pseconds 

after initial loadin~. When the count reaches zero, bit il 

of the interrupt request register is set snd the timer 

disabled. Since the ~axim~~ count !s 255, the longest 

intervnl is 255 x 6~ .useconds "' 16.32 mseconds. Accuracy 

is plus ~ snd minus 64 pseconds. Loading a count or zero 

causes an immediate interrupt request to the interrupt re~uest 

regiSter. LoadiTÍg a new" count while the tilller iB counting 
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¡!6 IN 

reinitiali~es the timer vithout an interrupt re~uest, If 

HBD is high in the commana register, the timers vill count 

8 tim~s as fast. 

not Connected: San:e as Input 155. 

¡!6 OUT Timer 2: Operates in the sBI!le fashion as timer 1. 

\'lT IN Not Connected: Same as Input 05. 

ilT OUT Timer 3: Operates in the same fashion as timer l. 

08 IN Not" Connected: Same as Input 05. 

¡!8 OUT Timer ~: Operates in the same fashion as timer l. 

Not Connected: SIIJ:Ie as Input 05. 

\'l9.0UT Timer 5: Operates in the sa.'tle fashion as timer 1.· 

\'lAH IN Parallel Input: This register contains the data presented 

at Jl. The computer reads this port on the rising edge of 

RE".AD STB (Jl pin 24). 

0AH OUT Par~llel Output: This register contains output data driving 

Jl. D&t!l is stable at least 100 nanoseconds befare DATA 

YALID goes high (Jl pin lO). 

0BH IN Para1Jel Input: Swne as \lAH IN, except connector J2 is used. 

\'lBH OUT Pnrallel Outnut: Sa::>e as \lAH OUT, _except connector J2 is used. 

\'lCH - 0FFfl are not used. 
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FUNCTIOtiAT, D'";CRIPTION 

CENTRAL PROCESSOR UN!T 

The CPU used in the Cromemco SCC Microcornputer is a Z80A 

integrated circuit. The Z80A operates on an 8-btt data bus and 

a 16-bit address bus. The CPU can address 65,536 memory locations 

and select 256 input/output (i/0) devices. A total of 158 

instructiona are recognized by the Z80A. The time to execute an 

instruction varíes from one one~millioneth of a aecond (1 microsecond 

or~sec.) toan indefinately long perlad ~hich the user may control 

thro'Jgh the ''WAi'T" input. 

The Z80A is an enhsnced version of the 8080A CPU. The 78 

instructiona of the 8080A are included tn the Z60A instruction set 

as ~ell as many ne~ lnstructions such as block move, block I/0, 

block search,,bit test, and so on. Please refer to the Z80-CPU 

Manual for details •. 

REAO Ql/LY MD!ORY (ROM) 

The St.:C has sock.ets for 4 2716 type (prograrunable) ROMa.; Ea.ch 

2716 is a module of 2048 me~ry locations, a.~d each location contains 

an 8-bit "byte" ~hich ,ts set ~hen thl! ROM is progr&m:~~ed and may be 

interpretecl by the CPU as instruction oc data 1o1hen the ROM is read. 

The cOntenta of the 2716 may be changed by erasing the storecl bytes 

(this is done by exposing the 2716 to ahort~ave ultraviolet lightl 

and repr'ogra.mming on a device auch as the Cromemco l6KBS PROM 

progr~er. The contents of the 2116 cannot be changed during 

execution or the stored progrMI; hence the neme "Read Onl:Y Memory", 

When the SCC has poYer applied, it automatically resets and 

begins to execute the progr!1111 atored in the first 2716, IC~5. Ir 

the program requi ''~S more than 2048 ( Bili~H) bytes of storage, i t 

- 10 -

• 



msy be continued on a second 2716 plugged into the IC44 socket, snd 

evan to ICs 43 snd 42. These four ROM modules provide 8192 (20~0K) 

bytes of storsge out of the 65,536 (l~~~~H) vhich the CPU csn sddress. 

If more memory is required, the scc-csn be used vith any of Cromemeo's 

~emory products, --
Allocstion of memory is summarized-in Figure 3.1. 

READ WRITE ~f!Y (RAM) 

The SCC is supplied vith 1024 (4~~H) locations of read-vrite 

memory (contsined in ICs 33 and 34). These locstions may be used 

for ienersJ. purpose scratchpad and program space. As se en in . 
Figure 3.1, the RAM is loested above the ROMs in memory:_ 8192-9125 

(2jj0~H-23<')o'H), 

Additional RAM msy be added in the free memory apaee using 

S-l 00 roemory eards, su eh as the Cromemeo I¡)('Z and 16KZ, 

o -~ " " "" ' ~ ~ > n " S ~ &w S & & S Q & • & ~ s• S & S u & u u n•> S u Q u Q & 

~ ~ 
• " ""' "'' EXPANSION 

~ • n 

" 

o " ' ~ ~~ " " w ' ' ~ o o " "" ~ ' " o ~ ~ 

' ~ ' ~ " ~ ~ ' " • 

~ 

~ 

' 

o 
~ 

~ 
.. t . ' "'" J w:c.-~ on''"-- " FIGURE>3.1:'- '""" lo!DIORr-·• '" ,. .. ., •r,..J:.L 

::.~~S . :,.t:. "" ln!lc.'! ,-.. "·- . ·: •• .. "' ,.JJ• . •• " J h/0'-ll 

.... ,,~ .,,~". "' <]Ol!¡,.>q~~ b.h ' . • .. .• , .. , ' . ,. '"''>M 
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•.. A ~urn""'"Y or logical/physical cemory is shOllll in Table ),l. 

TABLE 3.1: SlJMMARY OF LOGICAL/PHYSICAL MEMOR"f 

LOGICAL AtlOHESS PHYSICAL ADDBESS TYPE 

HElUlDECIMAL DECIMAl, 

¡l¡'l"¡l-07FF il-2047 IC45 ""' ¡lB¡l¡l-¡lf"J<"F 2¡l~8-~il95 Ic~4 2716 

l¡j¡l¡l-17FF 4i196-61~3 IC43 2"{16 

J.8Pil-1FFF 6144-8191 IC42 2716 

2¡j¡'í;l-23FF 8192-9125 IC33/3~ 40~5 

""""' DISABLF. ·. 

A Demory bootstrap option is included in the SCC for applications 

\lhich require 

mode has been 

the en-board memory to be dissbled. When the oootstrap 
• • 

disabled (by cutting the trace 1abelled ''DISABLE" \lhich ta 

located below RN2 on the PC board), all memory on the SCC is d1Sabled 

\lhen DT {MSB) of output port ;lAH is set high. The memory will be 

reenabled if either D7 or outrut port ilAH is set lov or if the 

Pre,set line is pulled lov. 

When the en-board memury is disabled, the SCC switches to the 

S-100 bus for a11 memory accesses. When en-board memory is enabled, 

th~ S-100 ce::oory opefate~ in parallel, although the SCC only "listens" 

to its internal memory. Memory vrite cycles vl11 affect both interna! 

and external memories. 

MEMOR"f EXPANS!ON 

Additional me~ry may be used vith the SCC up to the aJdressing 

1imit o!' the CPU, 65536 bytes. Appltcations requiring more tha.'1 thls 

amount of rnernory should use the bank aelect festure found on Crornemco 

-memory products. This vill allov an eight-fold cxpansion in mernory ~lze. 

- 12 -
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No a>od1C1cationa are required tor e:~<ternal a>elllory usage. The 

SCC automatically switches to the S-100 bus tor acceae to memory 

addressed above the top of on-board memory. 

lt is alrl~ht to overlap portions ot internal and e:~<ternal 

memory; there ~ill be no bus conflict. The SCC ~ill read the internal 

memory and ignore the external memory in the overlap region. Both 

memoriee ~ill be vritten in parallel. Thus a hK RAM card addressed 

at ~~~~H would functlon like a 3K card addressed at 2h~~H, with the 

normal SCC memory tunctioning in the addreaa range 2~~~H-23FFH. 

SERIAL !NPUT/OUT?tJT 

The serial 1/0 on the SCC is done through a Universal Asynchronous 

Recetver-TTansmitter (UART) integrated circuit. This device pertorma 

parallel to serial conversion and routine error checking operations 

for the CPU. The UART contains five registers of importance: the 

command register, used to inittalize and reSet the UART; the baud rate 

register, used to control trspsmission and reception rates; the status 

regiater, used to signal completion of data transfer and flag errors; 

and the receiver data and transmitter data registers, used to buffer 

data between the UART and CPU. 

Full information on the format and use of these registers will 

be toWld in the section on ·"Programming lntoroation''. 
- ' 

PARJ\LLEL I/0 ... ' ..... 
., .. 

There are six registers on the SCC devoted tO'para.l"lel I/0 •. Three 

registers are used to latch outboWld data and three regiStere are used 

to resd inbound data. This provides a total of 2~ bits.ot TTL-buffered 

signa.ls, both incoming 1111d outb:mnd. 

- 13 -
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""''" 
The SCC provides five internal timers, "1hic11 sre acces.sed through 

the tive timer command ports and 11. timer status_port vh_ich is CO!MIOn 

to the UART atatus port. Each timer acceptn a byte v?ich representa a 

delay count (~-255) ' to be counted dovn by the timer el oc k. When the 

count reaches tero, the "Interr:upt Pending" status bÚ. 1.8 set. : ' ,, 
Alternatively, the timer may be used to generate an ~ctual interrupt to 

the,CPU if the interrupt system is being used, Maximum delay ia 16.32 

milliseconds. . ... 
IN'l't:lii!UPTS 

. The SCC provides tvo sets or interrupt structures: a maskable 

set anda single non-maskable interrupt (PMI). Tbe NMI signal vill 
•. ! 

tllvaya override program execution. This s,ignal is available to the 

user en S-100 pin 12 118 NMI. 

The maskable interrupt set can interrupt program execution 

only if the CPU has executed 'the enable int~rrupt instruction. Then, 

-progr~_execution may be interrupted under one Or eight conditions: ,, Timer ' timeout ,, Timer ' timeout 

3) IIIT (external req,;est) 

4) Timer 3 timeout 

5) UAR' recei ver da.ta available 

6) UART transmi t ter buffer 1!"'-pty 

7l Timer 4 timeout 

8) Timer 5 ttmeout 

' 

' 

These conditions are listed in the order of priority vith the most 

important fiTat. lf tvo conditions becoMe true together, the condttion 

vi th the higher priori ty geta C:PU se'rv-ice · rirst. ' Each or the eight 

conditions ia enabled by 11. specitic bit in the interrupt,~ask register on 

- 14 -
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I/0 PORT ~UMMARY 
• 

Table 3,2 summarizes the allocation of SCC I/0 ports. 

TABLR 3.2: ALLOCATION OF J/0 FQRTS 

PORT ADDRESS IliPUT FUNCTION Otn'PIJT FUNCTION 
1\l\\l ! ' UART Status Baud Rate ,, UART Rcvr 1 Data UAIIT TX, Data 

" Not Used UAI!T Command 

" lnterrupt Address Interrupt Mask 

'" Parallel In (J3) Parallel Out (J3) 

" Not Used Timer ' " Not. Used Timer ' " Not Used Timer 3 

·" Not Used Timer 4 

" Not. Used Timer 5 

'"' Parallel ,, (Jl) Parallel "'" (Jl) 

'" Parallel " (J2} Parallel ""' (J2} 

' 5 
THE S-lOO BU5 INTERFACE .. 

. ; ' 

This Bection desls vith the imple~entat.ion or S-100 signals by the 

5CC. A series of chsrts shov~ the behavior or the bus during each 

possible type or CPU cycle. These charts are patterned after those in 

the Z80A Technical Manual (included vith this ~anual) for easy 

reference. A Bwnmary or bus pinout is found in Table 4.1. 

One S-100 signal does not occur normally on the Z80, namely PSYNC. 

This signd, vhich signals the beginning of a nev machine cycle is ·· ' 
-- -syntheeized from the MREQ and IORQ signals 

' is triggered by the falling edge of eithe_r 

the next rising edge of the clock (~2). 
'• .. 

in the folloving vay:, PSY/,1! 

signal and stays high until 

ilaveforms for an instruction fetch are shovn in 1 and 2. 

~; I/0 'Oaveforms for other me010ry cycles are shovn in Figures 3 and 

cycles are shovn in Figures 5 and 6. Figure 7 shovs a hold request 

and hold scknovledge sequence. Figure 8 shovs an interrupt request 

folloved by an interrupt acknovledge cycle. 'Figure 9 shovs the 

response to NMI and Figure 10 shovs an exit from halt . 
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Introduction 

- The Cromemco TU-ART ITwin Universal Awn·· 
chronous Receiver and Tr&n$mitter) provides two 
channels of duplex serial data exchange; two channels 
of parallel data exchange; and te" interval timen .. Sta· 
tus information is available through polling or by 
imerrupt. In addition, each interval timer octivates 
an interrupt and two interrupt request lines are 
brought out for the user. The TU·ART has its owr~ 
crystal-controlled dock and interfaces to the 5-100 
bus asynchronously so that CPU clock frequency is 
not critical. The TU-ART incorporales two TMS 
5501 NMOS 1[0 Controllerchips. 

1.1 Definilions 

" j 
Throughout this manual the two TMS 5501 chips 

Nill be referred toas "Device A" and "Device B." 
Device A IIC 4) is the leftmost chip. Device B (IC 5) 
is ¡he rightmost chip. Device A is rrearer the heat 
sin!.: and drives serial connector J4 and parallel connec
tor J2. Device B is located to the right of Oevice A 
and drives serial connector J5 and parallel connector 
J3. 

1.2 Switch Selectable Options 
Adúessing The TU-ART 

The wstem CPU views the TU-ART as a dual assem
I:Jiy ol input/output ports with interrupt capai:Jility. 
The CPU normally reads data or status from the 
TU-ART vía the S-100 bus by executing an IN A, 
{non:) instruction, and writes data or commands to the 
T'J-ART by executing an OUT (port), A instruction. 

There are fourteen 1/0 ports ust.od for data transfers 
&-nmands and status by Device A, and another four: 
18n by Device B (see Figure 21. The user may indepen· 
dently switch seiect Oevice A and Oevice B 1/0 Base 
Addresses (the four most significan¡ 1/0 address bits); 
the four least sigroificant bits of the 1/0 address on the 

S-100 bus then determine the offset from the selected 
base address. 

The base address of Oevice A is selected by OIP 
switch positions 6 thru 3; the base address of Oevice B 
is selected by DIP switch positions 10 thru 7 (see Fig
ure 1). Notice that positioning a switch ON conditions 
the TU·ART to respond toa logic O on its assoclated 
address line; an OFF switch corresponds to logic 1. 

For example, rf OIP switch positions 6 ¡hru J are 
ON, ami positions 10 thru 7 are OFF. ther¡ the Tu-· 
ART Oevi<;a--A Command Register is mapped imo out-
put por! 02H, and the Oevice B Command Register i~
mapp!!d into output por! 0F2H. 

Note that Oevice A bits A7, A6 and A5 al~o control 
07, 06 aod 05 ol !he TU-ART's Z-80 mode 2 lnter
rup¡ Acknowledge re•ponse vector. 

lnterrupt Mode 

When this switch (position 1) is ON, the TU-ART 
operates in the 8080 interrupt mode: one of eight 
"Restar!:' instructions is gat!!d 10 the data bus during 
an lmerrupt Ackr¡owledge cycle. Since the TU-ART 
can interrupt from one of 16 different sources, it is . 
necessary to pollthe devices if the TU-ART is in 8íl80 
mode (see "Operation Using 8080 Mode lnterrupts"), 

When switch position 1 i~ OFF, the TU-ART rP· 
sponds in Z-80 mode 2. lo this mode, the TU-AR • 
suppltes a byte to the data bus during lflterrupt 
Acknowledge that is used as the lowt!r eight bits of a 
memory address. The Z-80 supplies the upper eight 
bits from !he 1 register and automatically read• the cor
responding memory location, as well as the ne~t loca: 
tion, to f'rnd the starting location of an imerrupt 
routine. {Refer to Section 3.1 and/or the 2-80 CPU 
Reference Manual, Zilog, 1977, for details.) 

Normai/Reversc Address 

When this switch {position 21 is ON, it allows Oevice 
A and Oevice B to swap base addresses by means of 
an o"tput lO one of !he parallel ports {Software 
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Address-Rl!llerse). This allaws either Device A or 
·• Oe\¡ice B to be driven by a software driver whose port 

assignments are frozen in memory. Setting !he switch 
ON connects the MSB of Device A's parallel output 
port to the Reverse Address control so that addre$ses 
m"ay be .flipped under software control. To flip ad
dreues. outpul a byte with 07 high to Device A's 
parallel outpul port.: To return to normal addressing, 
output a byte with 07 low to Device B's parallel out• 
put port. When switch po•ition 2 is OFF, theAddress 
RINI!r$0! switch is diseonnected from the parallel port. 

The Address Reverse sigr1al is brough! out to pin 1 

of J2 and J3. When the Address Reversa swl!ch is ON. 
p'm 1 wlll show the state of theTU-ART~ 

Pin 1 m 0 means A~<Ver$0l Mode, 
Pin 1 • 1 means Normal Mode, 

Whcn the Address Ae~ersa switch is OFF, pin 1 of 
J2 or JJ moy be grounded exterr>ally to place the TU· 
AAT in reverse Mode (Hardware Address·A~<Verse). 
Do not ground pin 1 of J2 or JJ while the A~<Ver$0l 
Address switch is ON as this will conflict with QperB· 
tion of Device A's parallel port. 

Figure 1 TU·ART Switch SeHings 

' ' 

i 
i 

1M2 (Z.801nterrupts) ---

Hardware Address Aeverse ---

OeviceA 
Base Address 

Device B 
Base Address 

A4~1--

A5-1--

A6-1 --

A4 ~ 1 

A5-1 --

A7-1 --

,. . ' . 
1 . . . 

Caution: Base <ddresses 00H and 30H are used by 

1 
Cromemco's 4FDC Floppy Oisc Controller; 40H ls 

j uied by Cromemco memory boards with SANK SE· 

' --
.. 

--- IM0 (80801nterrupts) J 
' Software Addre:>S Reverse 

A4•1il 

A7 • 0 

A4 •lil 

--A6•0 

LECT; and 50H is uied by Cromemco'5 PRI Printar 
Interface. 
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¡ .3 lnterrupt Priority Chain 

When mor~ than one TU-ART is U5ed in a system, it 
i> necassary lo coordinate the lnterrupt Responses 
in arder to prl!llent bus conflict during lnterrupt 
Acknowledge cycles. This is done by first connecting 
Jl PRIORITY OUT from the highest priority TU-ART 
to Jl PRIQAITY IN of the next highest priority TU
ART, then connecting Jl PRIORITY ÓUT o! the 
second TU·ART to Jl PRtORITY IN of the next TU
ART, and so on untll all TU-ARTs are eonnected, The 
Jl PRIORITY IN pirl of the highest priority board is 
left unconnected. Device A is internally prioritized 
over Oevice El on each TU-ART. 

1.4 Status Bit Selection 

Tha connection of status flag bin to data bih is 
done on the PC board at the location of the status 
socket below J4. Cromemco software conv'entions 
as.ign D6•Receiver Data Avallable lADA). and D7-
Transmiuer Buffer Emp¡y ITBE). For speciafized 
assignments lfike more than ene bit per flag) see the 
following ""Statu5 Socket"" section. 

Status Socket 

The status flag bits avaifable on input pon 0 are 
connected to the data bits by foil traces in the 
""status"" socket located between IC"s8 and 9. 

The flag assignment used by all Cromemeo-soft
ware is di~ussed in the section entitled "Registar 
De~ription.·· 

lf ne<:essary. the flags may ~ assigiu~d t~ .difieren! 
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 along the right side row of pads. Note 
also that only those 8 traces conne<:ting the 
right and leh pads are not covered by the solder 
mask. There are 5 traces which pass through this 
area which are covered. 

2. Use a razor blade ora sharp knife to cut al! 8 of 
the traces connecting the left and right rows of 
pads. Be very careful not to cut the traces whic~ 
are covered by the solder mask. 

3. lnstall and solder a 16 pin IC socket in the 2 
rows of pads. 

4. lnstall a 16 pin "componen! header" in the 
socket. 

5. Using small 124 or 28 Awg) insulated wire 
conne<:t the flags Ion the lelt) to the desired · 
data bits Ion the right) on the ·componen\ · 
header. 

6. The componen! header is now a "plug" lor your 
particular flag ao;ignment. Severa! difieren! 
flag assignment "plugs'" can be prepared in the 
same manner and used at difieren! times to suit 

. --the requirements of the software being e~e
cuted. 

Any given flag may be assigned to more than oae 
data bit. However, each data bit can hillle only onellag 
assigned to it. 
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1.5 Interface Options 

TTY2ITmA 

To drlve ~ Tefetype, the fol!owing conn~~etions 
should be made (at J4 or JS for De~ice A or B res-
_p¡,¡ct.ivetv): ------- -

-·-- --
TU-ART ASR-33 m 

J4{J5 P!N 23 connecU to Torminol llrip ''BL ", ttrmlnol 
#7 I<:Urront into prin,.rl 

J4/JS PIN 25 oonnects to Torminol llrip "BL ", tormlnol 
#6 ltoturn current hom printu) 

J4/J5 PIN 17 tonnect•to Tormlnol rtrip "BL", torminol 
#4 (a.mont into hyb~ordl 

J4/J5 PIN 24 coMect>to Torminol ottip "BL", tlfmiruol 
#3 lrotum curront from 
koyb<>&rdl 

Cautian: 120 VAC i• oloo proront on torminolstfip "BL" 
o\ torminalo #1 ond #2. · 

4 

RS/232C 
An RS232 terminal (such as a CATl may be plugged 

'rnto an interface cable d'~rectly out of .J4 or JS. The 
TU-ART &$SUmes the role .of data-se! (computer) in 
this case. See Fig\Jre 8: Terminal lo TU-ART C~ble 
IOf this CúfUO~ClÍOII. 

?arallell/0 
The parallel port output drivers may be tri-stated 

by grounding pin 8 of the parallel port (J2, J3). A 
bidirectional bus may be implemented by simply 
wiring the input and output lines together and using 
pin 8 to control the direction ol data flow. Pin 8 low 
implies data input to the TU·ART aml pin 8 high 
implies data output from the TU-ART. 

'··· 
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OFFSET 

0 
o 
1 
1 , 
3 
3 
4 
4 
5 
6 
7 
8 
8 

0 
0 
1 
1 , 
3 
3 
4 
4 
5 
6 
7 
8 
9 

L. 

A7A6A5A4A3A2AlA0 FUNCTION 

0 ' 0 0 IN O~Nice A status register 
o o o 0 OUT Oevice A ba<Jd rate register 
o o 0 1 IN Device A re<.:eiver data register 
o o 0 1 OUT Device A transmitter data reginer 
o o 1 o OUT Device A command register 

Device A 0 ' 1 1 IN D~vice A interrupt address register 
Base Addre:;s 0 o 1 1 OUT Device A interrupt mask register 
(see Fig. 1) o 1 o 0 IN Device A parallel port 

0 1 o o OUT Device A parallel port 
0 1 0 1 OUT Device A timer 1 
o 1 1 0 OUT Device A timer 2 
o 1 1 1 OUT Oevice A timer 3 
1 ' o 0 OUT Oevice A timer 4 
1 o o 1 OUT Device A timer 5 

' o 0 0 IN Oevice B status register 
0 o 0 o OUT O..vice B baud rate register 
0 o 0 1 IN Oevice B reeeiver data register 
o ' 0 1 OUT Oevice B transminer data register 
0 o 1 0 OUT Oevice B command register 
o 0 '. 1 1 IN Device B interrupt addressreg"1ster 

Device El 
0 o 1 1 OUT Qevice B interrupt mask register Base Address 

(seeFig.l) o 1 o o IN Device B parallel port 
0 1 ' 0 OUT Device B parallel port 

' 1 0 1 OUT Oevice 8 timer 1 
0 1 1 0 OUT Oevice 8 timer 2 
o 1 1 1 OUT Oevice 8 timer 3 
1 0 0 0 OUT Oevice B timer 4 
1 0 0 1 OUT Device B timer S 

NOTES: 
All of the following unassigned ports are !fee for svs· 
tem use: IN 2, IN 5 through IN 9. IN 10 through 
IN 15 and OUT 1 ~ through OUT 15. 

lf Device A and Device a are set tO the Mme base 
address. Device A will override. 

Device A is tC 4. 

Device a is !C 5. 

5 

' ' ' 
1 

i 
' ' 
' 
' 1 
' 

1 
' 1 

' 
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TU-ART Register Descriptions 

2.1 Offset IN/OUT Oescription 

Each of the twentv·eight TU-ART registers is 
viewed as en 1/0 port by the system CPU. The func
tion of each register is discussed in the following sub
sectioni. The sub-section headings consist ol an 1/0 
port address ofhet, follow!!'d by either "1 N" or "OUT," 
followed by the TU-ART register na111e. The descrip
tions given bclow apply equally to Davice A registers 
and Devica B mgisters. Refer to Figure 3 lora sum
mary of TU-ART register formats. 

1'.3 IN Status Register 

The CPU reads the contents of this register to de
termine the ~tatus olthe Device A/Oevice 8 serial port. 
The status bit assignments,may be altered by cutting 
PC foil trace• ~nd installing a jumper wire header (see 
Section 1.4L 

"' ~ ~ ~ "' 00 "' .. 
T'"'""'" ·~ '"' ••• '"" ~· ··- "-""""' "" ••• ·-· ·-· - ·- - ·-·~··" 

....... ~ O.lod ""''"'' "" 
,_ 

07 Transmittar Buffer Empty (TSE) 

A high in bit 7' indicates that the transmitter data 
buffer is ready to accept a new byte. TBE ooes high as 
soon as the serial transmitter begim to send tha byte 
currently in the buffer. Since the transmitter is "dou
ble·buffered," the user may respond to the TBE signa! 
and load the buffer even befare the previous byte 
has been totally transmitted. TBE also activates 
interrupt request 5. T8E is cleared when the buffer is 
loaded and is $el by the AESET CO')'lmand. 

'os Aeceiver Oalll Available {ADA) 

A high in bit 6 lndicates that a byte of data is avail
able from the receiver buffer. This flag remains high 
until the buffer is read. A AESET command clears the 
flag. lf the buffer is not read by the time \he next byte 
from the receiver is readv, the new byte will write over 
the old byte imd tha overrun error flag will be :set. 
ROA also ectivates intc.rupt request 4. 

' 

051nterrupt Pending (IPG) 

A hi¡¡h in bit S indicates that Jne or more of the 
eight interrupt reque.n sources has become active. This 
flag goes high at the o;ame time as tlle interrupt request 
pin of the TMS 5501. 

04 Start Bit Oatact {SBO) 

A high In bit 4 indicates that the serial receiver h3~ 
'detected a st~rt bit. This bit remainsh'<gh until the fui\ 
character has been received. SBO i~ cleared by RESE! 
command. This bit is provided for test purposes. · 

03 Full Bit Detect {F8D) 

The FBO flag in bit 3 goes high one full bit tlr 
alter tha nart bit has been detected. This bit rema. 
high until tila lull character has been received. FBD is 
cleared by a AESET command. This bit is provi<Jed 
for test purposes. 

02 Seri~f Receive (SRV) 

A high in bit 2 indicates high lwel on the serial data· 
input line. A low In bit 2 indicates a low level on the 
serial data input line. SRV is high when no data is be· 
ing recaiv"d. This bit is provided for break detection 
and for test purpo:ses. 

Dl Overrun Error {ORE¡ 

A high in bit 1 indicates that the receiver has loaded 
!he recet...er data buffer before the previous contents 
were read. ORE is cleared alter the statu$ port is read 
or by the AESET command. 

00 Frame Error {FME) 

A high in bit 0 indicates an error in one or both of 
tha stop bits which "framed" the last recl!ived dat3 
bvte. FME remains high until a valid character ls re· 
ceived. 
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esa OUT Baud Rate Register 
The CPU loads this register to set the baud rate 

and stop bits for serial receive and tran$11lit data. Bit 
assignmems a1e as follow.: 

07 06 05 04 03 02 01 00 

STOP 9600 4800 2400 ml0 300 150 110 
.t_BIJS -

07 Stop 

A high in bil 7 wlects one nop bit for serial receive 
and traMmit data. A low in bit 7 selects two stop 
bits. 

06·0~ B~ud Rata 

A high in one of the lower seven bits selecu the 
corre5ponding baud rate. 11 more than one bit is high, 
the highut rate selected witl result. 11 none of the biu 
are high, the serial transmitter and receiver will be 

- disabled, (For special purposes these baud rates can be 
- · '(:tupled-see the description of HBO in the command 

Jgiswr.) 

01 IN Receiver Data 
The CPU reads tliis register to obtain the assembled 

byte of data frorn ~he !.triol receiver. 

81 OUT TransmiHer Data 

The CPU load~ this register with a data byte for 
serial tr~nsmission. 

D21N Not Connected 

Reading this pOr! causes no rc5ponse from the 
TU-ART. This input port ls available to other parts of 
1hc comouter systcm. 

D2 OUT Cornmand Register 

INTA 

- --- _.:::;,. 
- _=- § =:-=- § =- ='" _-=:..::. 

05 Test Bit (TB5) 

A high in bit 5 disables the interna! interrupt priori· 
ty logic and then enables the interna! clock. Thu5. the 
signal on the INT pin of the 5501 becomes a TTL 
levef clock of 1562.5 Hz 112.5 k Hz if HBO is high
see "04 High Baud" below). TB5 should be low for 
normal operotion. 

04 High Baud (HBO) 

A trigh in bit 4 octuples the rate of the ioMnal 
clock. This causes the interval timers to count elght 
times futer and the serial data rates to increase eight· 
fold. When bit 4 is high, baud ratcs up to 76.8K ba..rd 
are availabla lar high speed data transfcrs. 

03\NTA Enable (IN E) 

A high in bit 3 allows the 5501 to respond toan 
lnterrupt Acknowledge by gating a Restan: innmc· 
tion into th~ data bus at the correcttime and resening 
iU interna! interrupt request latch. 

A low in bit 3 prevents the 5501 from detetting 
an INTA cycle. Bit 3 should be high for normal oper· 
ation. 

02 RST7 Select (RS7) 

A high in bit 2 connects the MSB of the parallel 
input port to the interrupt request latch for the 
lowest priority interrupt (interrupt 7). A low-to-high 
transition on the MSB of the parallel input port (PI7) 
will activare the interrupt request latch. 

A low in bit 2 connects the output of Timer 5 to 
the interrupt request latch for the lowest priority inter
rupt (interrupt 7). When the timer count reoches zero, 
the interrupt request latch will be activated. 

01 Break (BRK) 

A high in bit 1 holds the serialtransmitter output in 
the low state (spacing). RES will override (see "00 
Reset" below). 

A low in bit 1 allows normal operation. BR K should 
be low for normal opcration. 

D0 Reset (RES) 

A high in bit O causes the following actions: 
~) The Serial· Aeceiver goes into search mode: 
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ROA, SBD, FBD, ~nd ORE are set to 2mo. 
The r.ootents of the receiver buffer are no! 

-affected. 
b) The Serial transminer output is set high_{mark· 

ing). 11 DQ and 01 are-both-high, the RES 
function_will override. RES sets TBE high, 

~J~The inierrupt register ís cleared except for the 
TBE intcrrupt request which is set high. 

d) The interv~l tirriers are cleJred. 
RES is not latched. 

831N lnterrupt Address 

The CPU reads this register to obtain the encode<.l 
address ol the highest priority interrupt currently re· 
questing service. This address is identical to the 
"Restar!" instruction op-code for the interrupt 
acknowled!l". Thus, !he register contents may be (in 
nrrler al service priority); 

CONTENTS SOUFICE 

C1 Timer 1 
CF Timer 2 
D7 ""' DF Timer 3 
E1 Receiver Data Available 
EF Transmitter 811ffer Supply 
F7 Timer 4 
FF Timer 5 or P17 

This register is provided for s&rv•cmg interruph via 
polling. Alter the register jj read, the Gorresponding 
bit in the interrupt. request register is reoot. lf the re· 
gister is read when no interrupt is pending, it will 
read 0FFH. 

83 OUT lnterrupt Mask 

"' " o• "' O> o' D> DO 

Tim"5 Timer4 "' eoA Tim.r3 ~m Timer2 Timer1 

"" _; 

--==--· 

The contents of this register are logic~lly "And"·ed · 
with output from the interrupt request register on the 
55()1. A high bit in the imerrupt mdsk allows the cor· 
responding requcn !O pass on into !he priority encod· 
er. A low bit in the interrupt mask inhibits the corres· 
ponding interrupt from passing any further. Since th.! 
imerrupt r~<1uests are latclied independently of the 
state of tha mask, an interrupt may be requested while 
the mask bit is low. The requcst will be retained until 
the mosk is changed and the request allowad to pass 
on {assuming no RES command in the interim). 

B41N Parallellnput 
This ragister contains the data presente<i at J2 (D~ 

vice A) or input data mun be 
stable 75 nJ . The pcriphci· 
al supplyin<J data "!he can ondicate dala 
available by actívating the ( raising the 
MSB of the parallel input i i i the com· 
mand register i~ high). ' 

Whcn using Z-80 block input commands, it is 
necessary ¡o supply data at full speed. The input pe,,. 
pheral should simp!y pult down the WAIT linc (pin 21 
of J1 or JJJ whenever Input Strobe goes low atuJ 
should not le! WAif go high until the ncxt byte i! pre· 
-ented to the TU·ART. (The TU·ART will not read 
this byte untillnput Stroba goes low again.) 

84 OUT Parallel Output 
This register contains the data which drives the 

parallel output buffers. The output data is guamntced 
stablc 1.45 ¡.¡sec alter "!he fallinu edge of Output 
Strobe. The TTL output buffers which drive J2 (Du· 
vice A) and J3 (Oevice B) may be put in a high-imp~· 
dance sune by pullingdown on Di$able (pin 8). 

When using the Z-80 block output commands, it is 
not neces.ary to reo:;eive data at f{jll speed. The outp<jl 
peri;¡heral should simply pull down the WAIT line 
(pin 21 of J2 or J3) whenever Output Strobe gor.s low 
and not let WAIT go high until the output periphcro: 
has had time to "digest" the data. 

35 Jtl Not Connected 

Same ao Input 02. 
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D5 OUT Timer 1 
The CPU outputs ~ ~·count" to this r<:gister to start 

Timer 1. This count is decremented by 1 cvery 64 
pseconds alter initial looding. When the count rcach"s 
zero, bit 0 of the interrupt request register is set and 
the timer disabled. Since the maximum count is 255, 
the longest interval is 255x64 ¡JSec, " 16.32 mrec. 
Accuracy is plus 0 and minus 64 ¡<sec. Loading a count 
of zero cause5 an immediate interrupt request 10 the 
.imerrupt request register. Loading a new count while 
the timer is counting rc·initialiles the timer withoi.Jt ~n 
interrupt request. lf HBD is high in the command 
r~gister, the timers will count B times as fast. 

CS IN Not Connected 
Same as Input 02. 

SS OUT Timer 2 
Operate• in' the same fashion as Timer 1, 

071N r.!ot Connected 

07 OUT Timer 3 
Operates in the same fashion as Timer 1, 

OB IN. Not Connected 
Same as lnputl'l2. 

DB OUT Timer 4 
Operates in the same lashion as Timer 1. 

C91N rJot Connected 
Same us Input 02. 

li9 OUT Timer 5 
Operates in the same fashion as Timer 1. 

BAH-OFFH IN And OUT Nol Connected 

-. ; Same as Input 02. 

Addressing these 1/0 ports causes no response from 
the TU-ART. These 1/0 ports are available to other 
¡,arls of thc computer system . 

• Ftgure 3 Summary Of Register Formats For TU-ART, Ea eh Device '" 

• REF. 
OFFSET FUNCTION D7 D6 DS D4 DJ D2 D' DO PAGE 

' 'N STATUS TeE 'DA "G seo FBD sev ORE FME 6 
0 OUT STATUS STOP 9600 4800 2400 1200 300 "' '" 7 

' 'N SERIAL MSB Direction of shih LSB 7 

' OUT SERIAL MSB Direction of shilt LSB 7 
2 OUT COMMAND . . . . . . TeS HBD 'NE '57 B'K "' 7·B 
3 IN INT ADDR ' , 

"' 12"· "" , ' 
, B 

3 OUT INT MASK T5/P17 T4 TBE ·RoA T3 SENS T2 T1 B 

' 4 'N PARALLEL MSB LSB B 
• 4 OUT PARALLEL MSB LSB B 
' 
1 

5·9 OUT Timer 1-5 MSB IDelay"'count x 64 .t<'ec, H8D•0) 9 
IDclaymcount x 8 f!SeC, HBD•ll 

L -
-.. .. .. -~ .. ··-

• • • ·-· • ' ' ·-· • ' • .. ... 
• ' ' 

,_, 
' • • ""' • ' "' ' • ••••• • 

' ' ·~"''"'" 
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Interrupt Operatíon 

The TU-ART olfers sophisticated interrupt capabili
tics, including on-board priority encoding, interrupt 
generation, inturrupt acknowledgment, ;md Uaisy 
chain expandability. Thes~ leatures, in conjunction 
with the Cromemco 4 MHz Z-80 proce:;.sor, make very 
high throoghput pos~ible. 

IMPORTANT 

Both channels of tlle TU-ART must be proper
ly initialized. An uniniriali>ed TU-ART rnay gen
erate spurious interrupts! Further, the rest of the 
¡ystem must ,be imerrupt compatible (all Cro
memco boards are, although the BK Bytesaver 
requires the interrupt modilication shown on the 
BK Bytesaver schematic). 

A description of interrupt operation follows for 
Lloth the Z-80 and BCBC type interrupt modes. 

3.1 Operation 
Using Z801nterrupts 

Whcn the TU-ART is used with the Cromernco ZPU, 
all 16 of the possible ínterrupt >aurces Orl tha TU-ART 
ean generate a unique response without the need for 
chaining the interrupt requesn and polling the re-. 
spons.e$. This means fast response from irlterrupt 
request to service routine and, when coupled with the 
4MHz Z-80, an extremely powerful real!ime wstem 
can be implemente<1. 

A "high priority" interrupt request is one whiéh 
takes pr~edence oÍier lower priority requests. This· is 
sho.vrl in the following table where the interrupts ser
viced limare at the top. 

lt is, of course, ponible to use the interrupt 
mask of each Device to setectively enable a01d disable 
the so<.m;es of interrupts (reference the description ol 
OUT 03, lnterrupt Mask, in the previou$ $t:Ction), 
Remember'tbat tbe INE bit in the status register mtJ~t 
be high for corree! operation of lnterrupt Acknowt· 
edge cycle~. Alw, be su re that the z.ao has e~ecutec. 
the ínterrupt mode setting· command 0EDSEH 

Table 1 ZBO (Mode 21 Response 

Priurity 
TU·ART's (Hex) 

Source of lnterrupt Z·80 INTA Respon'" 

D7 .D6 DS D4 D3 D2 DI DO . 
15 (Higheu) • ' 0 0 0 Devi<:ll A, Timer 1 

" ' 0 0 1 0 Device A, ; 

" ' • 1 ' ' Device A, 

" ' w o 0 ' 1 1 0 Device A, Timer 3 

" < < < 0 1 0 ' 0. Device A, R DA e e e 0 Device A, T8E " " " " 1 0 1 • 9 < < < • 1 1 0 o Device A, Timer 4 . 
< < < 8 • • -~ 

0 1 1 1 o Device A, Timer 5 (P!7) 
" ·' 7 > > 

' 
1 0 0 ' 0 Device Timcr 1 • • Device 6 o o o 1 0 0 1 ' 5 > •' > 1 0 1 ' 0 Device w w w 

4 • " " 1 0 1 1 0 Device B, Timer 3 • • 
3 w w w 1 1 0 ' 0 Device 8, ADA 
2 1 1 . 0 1 ' Dffilice 8, TBE 
1 1 1 1 ' ' Device 8, Timer 4 

' (l (Loweul Í ; 1 1 1 0 Device 8, Timer 5 (P!7) ' 

10 



'l'U-AIU Digital Interface 

("1M2") and the interrupt enable command OFBH 
"El"). Both of these instructions mu~t be exc><:uted 
~ach time the Z-80 is RESET. --- · ·--

Assuming that both the Z-80 and the TU-A RT havit 
been irlitialized, the recept1on of a byte of serial data 
at Device B would initiate the lollowing sequence ot 
events: 

a) The anembled byte i~ lo~ded into the receivco 
data buffer. 

bl The ADA status bit is set and the interrupt 
request re~ister (bit 3) is set. 

· el" 11 bit 3 of the intenupt mask of the Device in 
qumtion is a one, the request passes on ID the 
priority encoder. 11 bit 3 is a lera, no further 
action occurs umilthe mas k is changed. 

d) The prioritv encoder compares all incoming in
terrupt •equests and sets in output to thevalue 
of the highest priority incoming interrupt. Thus, 
since Device B receives the serial data byte in 
our example; the priority encoder will set its 

to "priority 3" if Timers 1, 2, 3, and 
from Device B are inactive or masked 

out. 
e) Devi"ee B 's INT pin goes high, which i~ turn pulls 

PI NT low on the S-100 bus. 
The 2·80 checks the interrupt line at the end of 
the curren! instru.ction. and finding the line 
active, goes into an lnterrupt Acknowledge 
(INTA) cycle. 

g) The occurrence of the INTA cycle is detected 
by the TU-ART which therltt<msmitsPAIOAI· 

TY OUT= ll lo COrlrlettor Jl. This temporarily 
di:;ables lnterrupt Acknowledge lrom lower 
priority boards. 11 r10 board with higher priority 
is holding PRIORITY fN low, and if Oevice A 
has r10 interrupt pending, then Oevice 8 gates 
the proper 2·80 INTA response vector onto the 
data bus. In this e~ample, Device B would place 
18H logically O Red with (A7) (A6) (A5) 00000 
from Device A's base address on the data bus. 
The correspondiiÍg bit in tl1e interrup\ request 
latch is reset. 

h) The 2·80 reads the INTA response byte and 
appcnds it to the byte in the 1 register. This 
thcn forms a sixteen bit adUress which points 
10 the flrst of two sequer~tial bytes in memory 
which Írl tum desigr1ate the actual starting ad· 
dress of the service routir1e. The CPU automa· 
tically e~ecutes a CALL to this starting addrlrSS. 

3.2 Operation Using 
8GBIJ Mode lnterrupts 

When the TU·AAT is used ir~ Z-80 interrupt mode C 
it is necessary to "chain" Device 8 through the SENS 
input on Device A. This requires one of the eight INTA 
responses. RST2 0D7Hl. 10 be serviced by a routine 
which polls the status and interrupt address registers 
of Device B. The remaining seven INTA response$ are 
s..rviced immediately. The resulting priority assign· 
menu are showr1 in Table 2. 

Table 2 ZBD (Mode O) Response 
~ . . ·~ 

f>rioritv 
TU·ART'• (He,) 

808~ INTA Re•pan .. Souce of lnterrupt 

15 (Hiyhest) C7 (RSTOI Oevice A, Timer 1 

" CF IRSTl) Devico A, Timer 2 . 

" 07 (RST21 Dcvice B, Timcr 1. 

"· D7 (RST21 Devico B. ' 
" 07 (RST21 Device B. 

" 07 IRST21 Device B, Timer 3 
9 07 IRST2) Device B. ROA 

' 07 (RST2) OeviceB. TBE 

' 07 (RST2) Device B. Timer 4 

' 07 (RST2) Oevice B, T1mer 5 (PI7) 

' 07 (RST21 Devic• 8, s·~NSA 

' DF (RST3) Oevice A, Timer 3 

' E7 (R5T41 Oevice A. ROA 
2 EF (RST51 Oevie<; A, TBE 

' F7 (RST61 OeviceA, T•mer4 
O (Lowest) FF (RST7) Oevice A. Timer 5 (PI7) 1 

" 



TU-AIU Interfafe 

lt is of course, possible to use. the interrupt mask of 
each Oevice to selectively enable and disable !he 
sources of interrupts (reference !he discussion of 
OUT 03, lnterrupt Mask, in the previous sectÍOO!). 

lt is not necessary to reset the INE status tJit of 
Device B to 1ero even though Device B can n~ver re· 
spond directly to an lnterrupt Acknowledge (INTA) 
cycle. The INTA status informdtion is not fed to De· 
vice B if 8C8kl mode INTA has been selected on the 
Option DIP Switch. ThBrefore, the 5501 never at· 
tempts to drive the bus during 1 NT A. 

i>Jo wiring chan~es aru necessar~ disconnect the 
trJr pin of Device B frorn the PINT driver and to 
connect it to the Device A SENS pin. All this is done 
..otomatically when 8080 mode INTA has 1 
vd on the Option D!P Switch. Note that 
Jl is still connected. Pulling this line low ill gener· 
ate an interrupt request. The Z-80 must execute the 
El instruction (0FBHI alter resets or interrupts befare 
an interrupt may take place. 

The oequence ol events corresponding to Device B 
receiving a byte of S<!rial data are as follows; 

al The aSS<Jmbled byte '" loaded into the receiver 
data buffer. 

bl The ROA status bit .is .wt.· the interrupt re· 
quest register bit 3 is set. and the IPG status 
bit is •et in the device which received the charac· 
ter (Device B in this exarnple). 

el lf bit 3 of the interrupt mask of the device in 
question is a one, the interrupt request p¡¡sses 
on lo the priority encoder. H bit 3 isa Lero, no 
further action occurs until the mask is ch¡¡nged. 

di The priority encoder com)Jares all incoming 
interrupt requests and sets. its output to the 
value ol the highest priority incoming interrupt. 
Thus, il Device B received the serial data byte 
in our example, the priority encoder wil! set its 
output lo priority three if and only il Device B'< 
Timers 1. 2, and 3 and SENSB are inactive or 
mask••rl "'·':. 

el Device B"s INT pin goes high which in turn acti· 
vatr~ thc SG:S p;n .:of Da•ict A. 

fl lf bit 2 ol Device A "s interrupt mask is a one, 
the interrupt request will pass on to thc priority 

encoder. 11 bit 2 · ls a zero, no iurther· actton · 
ocr:urs until the mask i~ changed. 

gl The priority encoder in Dwice A compares all 
incoming interrupt requests and ssts its output 
to the value of the highest priority. incoming • 
inÚ¡rrupt. In our exampla, .the interrupt from · 
Device B activates the SENS input at Device A. 
This interrupt will hove top priority if and only 
if Device A"s Timers 1 and 2 are inactive or 
maske<l out. 

hl Devicc A's INT pin goes high which in turn pulls 
PINT low on the S-100 bu~. 

il The CPU ckecks tha interrupt line at the end o! 
the curren! instruction and, finding il active~ 
goes into an lnterrupt Acknowledge ONTAJ 
cycle. 

j} The occurrence of the INTA cycle isdetected bY. 
the TU-AAT which then transmits PRIOAITY 
OUT- 0 to J1. This temporarily disables lnte~· 
rupt Acknowledge from lower priority boar: 
11 no board with high priority is holding PR, 
ORITY IÑ low, Device A will ~ale an 8080 
INTA response onto the bus. In this exam¡Jie, 
Device A would place 0D7H on the data bus 
(RST2}. The corresponding bit in Device A"s 
interrupt request mgister is reset. 

k) The Z-80 reads the INTA response byte and" 
performs a CALL to locatio'n 10H; the startiny· 
address of tho RST2 servicc routine. 

1} The service routine locatcd at st¡¡rtiflg location 
10H, reads the status register ol Device B. 11 
IPG is zero, no interrup1S are pending in Devi~ll 
B so that the interrupt request must. have 
originated from the S"r"NSA line. The servic~ 
routine branches to the appropriate subroutinc. 

lf IPG is one, Device B has an interrupt¡.>en<l· 
ing which must be serviced. The source ol the 
interrupt is determined by reading Dcvice B'~ 
lnter.rupt Address register. In our exampl~;·\hu 
lnterrupt Address register would contain E7H. 
When this byte ís read, the corresponding bit 
of the interrup! request reginer will be re'ltl' 
The service routine has now determined the trl 
c~u~e of !he intcrrupt antJ branchcs to the ap· 
propriate subroutine. 
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Opcratíng Instructíons 

Operating !he BYTESAVER 11 board simply lnvolves 
inserting from one lo eight 2708 PROM devices in 
sockets ROMO- ROM 7 (any sockets m ay be usad or 
left unused), set!Lng four switch groups to con~gure 
the board. plugging the board into a convenient S-1 00 
bus slot. then applying system pawer. To programa 
PROM, ycu will additionally need to run software 
described in Section 3, PROM PROGRAMMING IN· 
STRUCTIONS. 

2.1 Switch Options·An Overuiew 

The BYTESAVER 11 is conligured by setting tour 
switch groups located 11long the top edg11 olthe board 
(se e Figure 1}. Toprovide anoperationaloverview,and 

for l11ter qulck reference, the lunction of each switch ls 
briclly explained in this section_ 

PRDGRAm POWER TOGGLE S\'JITCH 
The PROGRAM POWER swLich tums the +33.5 volt 

de to de pawer supply ON and OFF. Position this 
switch ON belore PROM programming; pasition it OFF 
when done te preven\ inadvertent re-programming. 

PRDGRAT,1 EfiABLE SVJITCHES 
' 

The eight PROGRAM ENABLE switch es individual !y 
enable and inhibí! programming sockets ROMO thru 
ROM7. An ON switch enables programming; an OFF 
switch inhibils programming. These switch es tfiiiY be 
alternatelyviewed as MEMORY PROTECT switches, 

Figure 1: SWITCH LOCATIONS 

SK DYTESAYJo:n 11~ 
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preventing any memory write operatlons when in the 
OFF position. 

To enable and di sable sockel progmmming, associ
ate the board socket rwmbers (ROMo-RO M?) wíth 
the numerals printed abo ve !he switch O 1 P (7 to !he lar 
left, O to the lar right). 

BANK ·SELECT Sl'JITCHES 
The aight BANK SELECT switches map the BYTE· 

SAVER 11 ir>to ar>y combir>ation al 64K-byle memory 
.. banks (bank O - bar>k 7). Sotting a BANK SELECT 
switch ON logical!y placas !he board In the cOrres· 
POndingly numbered memory bank; an OFF switch 
logical!y removes the board from a bank. Again. as· 
sociate the bank number with \he numerals printed 
,;¡bove the BANK SELECT swltches, not the numerals 
on the DIP pro~er. 

ADDR/CDIITRDL S\VITCHES 
The ADDR/CONTROL switches control severa! dif· 

ferer>t functions (see Figure 2). 
The BANK ENABLE/DISABLE switch enables mullí

pie 64K.memory banks (bank 0-bank 7) wher> ON, and 

disables multlple banks when OFF (normal direct 1 
addressing). 

The DMA ENABLE/DISABLE swilch eñables DMA 
OVERRIDE when ON and disables DMA OVERRIDE 
when OFF. For normal direct 64K DMA addressing, 
position the switch OFF. When performing DMA with 
memory 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 11 will respond directly toa DMA in the board's 
16-bit address ranga by board anabling if DMA is IN . 
and by board disabling if DMA is OUT, regardless of 
curren! actrve memo¡y bank status atthe time. This 
feature effective!y oermHs the usar to define one 
board out of severa! stacked in difieren!· memory 
banks as the DMA board (\he one wilh DMA IN~ and !he 
boards in other memOI)I banks es non-DMA boards 
(the one with DMA aun. 

The WAIT STA TE switch is usad lo match \he CPU 
cycle time lo !he 2708 PROM 450ns {max) memory 
access time. Posltioning the WAIT STA TE switch ON 
introduces one wait state durlng each mach1ne cycle; 
the OFF position introduces no wait states. When 
usad in a Cromemco system with a ZPU at 4 

Figure 2: ADDR/CONTROL S~JITCHES 

SWITCH 
NUMBER FU~CTION J 9AN~ ENAe~E " • ENABL.ED 

' On 'OISABL.EO 

DMA OVERRIOE " 'ENA~UO 

'· OFF"' OISABLEO 

' OMA IN/OUT " • OMA OUT 
OH•DMAIN 

• WAIT STA TE " 'ONE WAIT STAH 
OFF • NO WAIT STATES 

' Al~ BLOC~ sELECT " •(AIS•HI) 
OFF •\A!5•LO) 

• A!4 BLOC~ SELECT " '(A!4 oH!) 

Off • (A!4 • LO] 

'· Al~ Bl!XK SELECT " o (A!l• H!) 

OFf' \AI3' LO) 

' I<OT USEO 



-----
MHZ, position the switch ON. The switch may be left 
OFF when operaling al 2 MHz. 

' Tho three high arder address select switches A 13, 
A 14 andA 1 S memory map the BYTESAVER 11 in lo one
of-eight BK·byle memory "blocks." Setting all three 
switches OFF maps the BYTESAVER 11 in lo the lowest 
8K·bylll block of memo.y (OOOOH -1 FFFH); setting all 
switches ON maps the board lnto the highest S K-byte 
block (EOOOH- FFFFH). 

EXAMPLE 1 

Suppose you ha ve a 4 M Hz. Cromemco system, 
and yo u want to memory map your BYTESA VER 11 
into the highest BK-byte memory block (EOOOH -
FFFFH).As a standard pr¡¡ctice, youdedde lo program 
2708 PROMs in sockel ROM7 anly. A/so assume 
there is no other mamoryoverlapping the uppermost 
BK o/ memory, so multip/e mamory banks ere not 
requlrcd-

For memory read operarían, the BYTESAVER 11 
swilch settings would then be as shown in Figure 3. 

To programa 2708 PROM in socket ROM7, all 
switch seltings rema in /he same exce pi/he PRQGRAM 
POWER swilch, which mus/ be turned ON. a 

The to~owing exampte iltustratesalt of the BYTESAVER 
ti special features. · 

EXAMPLE 2 

Supposa you set yourCromemco ZPU card lor 2 
MHz opera/Ion, and assign your BYTESAVER lito 
memory block 4 (BOOOH·9FFFH). Agaln as a "stan· 
dard praclice, yo u pro(Jram 2 708 PROMs in socke! 
ROM7 only. 

Al so assuma another Cromemco memory board 
with BANK SELECT exisls for DMA transfers only In 
overlapplng memory BOOOH - BFFFH, bank 1 (a 
16KZ RAM card, for examp/e). You then decide to 
map /he BYTESAVER lllnto memorybankO so that 11 
wi/1 be enabled on a systam RESET ora Power·ON 
Cle¡¡r (seo Sectlon 2.5 for details). 

''"',é'----------------------------------------------C----------------------------------1 

' ' 

" 
" 

Figure 3: EXJ\InPLE 1 SWITCH SETTINGS 

PAOGRAM ENAeLE 

•o~ ' 

HK BYTESAVER 
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Tila corree/ BYTESA VER 11 switch seltings /or this 
configura/ion are /han shown in Figure 4- • 

The sections which immediately lollowdiscuss al1o/ 
·the BYTESAVER 11 special features and operational 
modcs touchad upon in this section in greater detail, 

2.2 Addressing The Bytesaver 11 
. . 

Addressing a byte on tha BYTESAVER 11 involves 
four levels of sclection: chooslng a memory bank, a 
memory board, en IC chip, and finally choosing the 
byte-on-chip, 

Memory banks are addressed by !he CPU outputt 1ng 
a control word to an integral OUTPUT PORT 40H 
contained on each BYTESAVER 11 board. Board, chip 
and byte-on-chlp are all decoded from the sixteen bit 
address sent out by \he CPU on the 5·100 bus. 

Since \he _board capacity lsSK bytes, board setect is 
generated by the high arder eddress llnes A13, A14 
andA 15. Thera are eight ROM sockets, so the next 
three high arder address lines Al O, A 11 andA 12 ara 
usad to hardware gonerate chip aneble (selectlng 

ROMü-ROM7), and the remalnlng ten addrass tinas 
AQ-A9 are u sed to address one·of-1 024 bytes on a 
2708 PROM (sea Figure 5). 

Figure 5 DVTESAVER 11 ADD RESSirlG 
' 
' Execute OUT {40), A}-Select bank O- bank 7 ' 

combination .,, .,, Salee! onc·of·elght .,, 
BYTESAVER lis 

"' "' Select one·of·elg~t 
AW 2708 chips 

" M 
A7 
AS 
A' Salee! one·of-1024 
M ' 

" bytes 

" " AO 
' . 

Figure 4: EXAMPLE 2 SWITCH SETTINGS 

so••o•• 
8(( BYTF.SAVER 11 e•""' 

" 
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2.3 Board SElECT/CHIP Selec! 
The three high arder S-tOO bus address lines are 

hardwarecompared lo switchesA 13, A 14 ar1d A 15 in 
the ADDR/CONTROL switch group. Any switch ON 
corresponds lo a selccted logic 1 on itscorresponding 
addmss line; any switch OFF setects 11 logic O on its 
corresponding address line. The eight switch selting 
combinations and their corresponding BYTESAVER 11 
memory block assigr~ments are tabulated below. 

Table 1 
1 BYTUAVER 11 

'" 1 AU 1 113 MEMORY ASSIGNr,tENT 

OFF OFF OFF 0000- 1FFF; BLOCK O 
OFF OFF ON 2000- 3FFF; BLOCK 1 
OFF ON OFF 4000- SFFF; BLOCK 2 
OFF ON ON 6000- ?FFF; BLOCK 3 
ON OFF OFF 8000- 9FFF; BLOCK 4 
ON OFF ON N:)OO- BFFF; BLOCK 5 

1 g~ ON OFF COOO- OFFF; BLOCK 6 
ON ON EOOO FFFF; BLOCK 7 

' 

Each ROM sockel ROMO- ROM? spans· a 1 K·byt¡¡ 
swath of memory. Address lines A 10-A 12 leed aone· 
ol~ight decoder {IC 19 in \he B'ífESAVER 11 Schematic) 
lo genemte select signals lor each ROM socket The 
enlire 64K address space may then be spanned by 
eight B'(TESAVER 11 boards. Figure 6 illustrates such 
an arrangemcnt along with !he address range spanned 
by each ROM socket. · 

EXAMPLE 3 

Suppose yo u programmed tour 2708 PROMs with 
Cromemco"s Z-80 MONITOR and 3K Control BASIC. 
The Z-80 MONITOR spansaddresses EOOOH- E3FFH. 
and Control BAS/C spans E400H- EFFFH. To load 
these programs, you would then place !ha four 
programmed PROMsin socketsROMO, ROM1, ROM2 
and ROM3 on a BYTESAVER lf assigned lO EOOOH
FFFFH wilh A 13=1. A 14=1 andA 15=1. a 

Carefully note that another memory module may 
not be mapped into the "hale" created by an empty 
BYTESAVER 11 ROM sa<:ket. The BYTES A VER 11 reads 
an empty ROM socket as memory data OFFH, and 
l!ctivelydrives theS-1 00 01 bus lines 010-017 atlogi~ 

Figure 6: EIGIIT BVTESAVER lis SPAIJNING THE 641( ADDRESS SPACE 

.,, .. ,, .. 
EOOO 

... ,. .. ,..' ·- "' ......... 
~ 

•n< ... vtr•' .... 
"'"'"'". 

~· ., .... ,.) ·- '"""'"' 2000 

,, ... ,.. 1 

' 

SOCK<T 

·~"""''" 

"" "" 
"" 
"" ... 
"" ·... 
0000 

"" ·"" 1000 

.. oo ... 
•• ... 
0000 



1 levels thereby creating a DI bus conflict when 
competing with another memory module. 

2.4 r,lemory Bani<S 
BANK SELECT is an optional board leature which 

ct!ectively allows memory e~pansion beyond the CPU's 
64K direct addressing range. This feature may be 
completely disabled by switch selecting 6ANK DISABI..E 
In the ADDR/CONTROL switch group. When lhls is 

· "done, the eigllt BANK SELECT switch settings become 
irre!evant. In this mode !he BYTESAVER 11 e~ists only 
In the assigned S K-byte memory block of the CPU's 
64K direct addressing ranga for memory read, PROM 
programming and DMA operations. 

To enabte memorybanks, switch select BANK ENABLE 
in the ADDRJCONTROL switch group. When thls is 

done, the BYrESAVER llls logically placad in one r .. 
mom 64K-byle memory.banks with the eight SAl\ 
SELECT switches, and bank addressing is softwam 
controlled by executing the OUT {40H), A {or equivalen\) 
Z-80 instruction. 

Memory may be stacked up \o eighl banks deep (sea 
Figure 7). Posltloning one or more BANK SELECT 
switch es ON placas a BYTESAVER ll in ea eh corres
ponding memory bank. On the other hand, posilioning 
all switches OFF completely removes the board from 
the memory map (except pos.siblytor DMA transtars
see Section 2.6). 

As staled above. memory banks are activated and 
de-activated 1.mder sottv.are control. Each BYTESAVER 
11 contains an integral OUTPUT PORT 40H which 
latches the bits ot !he control byte output to it by the 
CPU. Each set bit {logic 1) enables its corresponding 

Figure 7: THE rm,10RY MAP WITH MULTIPLE ~1H10RY BANI!S 
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memory bank, and each reset ~it (togic O) ursabtes ils 
bank. Control byte bit 7 (MSB) conlrols memory bank 
7, bLt 6 controls memory bank 6, etc. 

11 the BYTESAVER 11 is switch mapped Lnto any olthe 
banks activated by the control byte (logical OR), the 
board responds when addressed anú thus is placed 
"in" the memory map_ Whcn this condition occurs, lhe 
green LEO indicator lrghts Conversely, if the BYTE· 
SAVER 11 is switch mapped in lo no bank activated by 
the output control byte, the board will not respond 
when addressed and thus is "out" of the memory map. 
When a control byte inactLvates the board, the green 
LEO indicator goes out, and more specifically, the 
board responds by tri·stating (flo .. ting) all of lts output 
lines This behavioratlows twoormorememo¡yboards 
with BANK SELECT to occupy the same or overlap· 
ping 16-bit address space but In different memory 
bartks. provided only one board is memorybankactive 

al a time, and all other boards are inactive. Memory · 
bank conflicts may result if: 

a) T wo or more address overlappi ng memory boards 
are switch assigned lo the same mcmory bank, or 

b) Two or more t 6·bit address overlapping memory 
boards assigned lo disjoint memory banks 
are simultaneously activated by the same control 
byte. 

EXAMPLE 4 

Suppose two BYTESAVER 1/s are bo//1 mappfJd 
In lo !he uppermosr BK o/ memory. and their memory 
bank swilches are sal as shown in f¡gure 8. The 
resutring memory map is lhen shown In Figure 9. a 

Figure 8: EXA!nPLE 4 SWITCH SETII~lGS 

BYTESAI'ER 11 '" 

" ..... 
'" 
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To continua the sama sample, the sampla programs 
.. ahead lllustrate _how to "memory bar1k enable and 

disable the two boards. 

ADDR OBJECT MNEMON!C 

0000 3EOC LD i\,000011008 
0002 0340 OUT (40H).A 

"""" - -

• Executing the instructions below activates 
memory bsnks 2 and 3, and de-aclivates all 
other memory banks. The instruclions then 
place both board A and board B in inactive 
memory banks (bolh boards inaccessible). 

COMMENT 

;LQADOOOO 1100 INTO REG. A 
;OUTPUT CONTROL BYTE TO 

PORT 40H 
;NEXT INSTRUCTION 

Figure g, EXAMPlE 4 rnEMORV MAP 
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• Execoting the lnstructionS below simoltaneously 
activates both boards A añd B, and thus is illegal, 

ADDR OBJECT MNEMONIC COMMENT 

0000 LO A,1 ()(X)()()() 1 8 :LOAD 1000 0001 INTO REG. A 
0002 OUT (40H),A 
0004 -

• 
• E.>.ecuting the instructlons below places boardA 

in en 'active memory bank. and board 8 in en 
inactiva memory bank (board A available for 

ADOR OBJECT MNEMONIC 

' 

;OUTPUT CONTROL BYTE TO 
PORT 40H 

;NEXT INSTRUCTION ' 

memory read, PROM programming and DMA 
transfers; board B inaccessible). 

COMMENT 

DDDD 3EOt LO A,OOC:00001 8 ;LOADOOOO 0001 INTO REG. A 
0002 0340 OUT (40H).-:-. 
0004 - -

• Executing the instructions below places board A 
in an inactive memory bank and board 8 in an 
actove memory bank (board A inaccessibte: board 

ADDR OBJECT MNEMONIC 

DDDD 3EBO LO A,01100000 
0002 03<0 OUT (40H),A 
0004 - -

' 

2.5 SELECT BANI( O On RESET Or 
PO~JER·OrJ-CLEAR (POC) 

When system pOwer is first applled. or atter a 
subsequcnt system RESET, the BYTESAVER 11 will 
respond in one of two difieren! ways. lf mulliple 

1, memcry banks are DISABLED, the board will remain 
*in" !he memory map In the CPU's 64K·byte direct 
addressing range. _ _ 

tf multiple memory banks ara ENABLEO, memory 
bank O is autom.:tlicalty hardware activated by a system 
RESET ora POC. and tiank t -bank 7 arede·activated. 

10 

;OUTPUT CONTROL BYTE TO 
PORT 40H 

· ;NEXT INSTRUCTION · 

8 available for memory read, PROM programming 
and DMA transfers). 

' 

COMMENT 

;LOADO! lO 0000 INTO REG. A 
;OUTPUT CONTROL BYTE TO 

PORT 40H 
;NEXT INSTRUCTION 

Thus, a RESET ora POC to the boards in Example 4 .. 
would actívate board A, and de-actívate board B. 

2.6 Direct rnemory Access 
A device may request dlrect memory access to the 

BYTESAVER 11 byasserting \he &tOO bus line pHOLD 
low .. The CPU grants tha reqoest by'driving line pHLDA 
(hold acknowledge) high. When control line pHLDA ls 
high, the device then maydirectly drlve !he 8·100 bus 
address tinas and control lines (which are tri·stated 

• 



during DMA translers when pHLDA is high), and usa 
the data bus lines for reading or writing without CPU 
intervention. The device may then transler data at a 
rata limitad only by the memory access time. 

The generalleatures of a. DMA transfer are then: 

• Fas! asynchronous read or write access to memory. 

• ThB DMAdevice should not be responsibte for 
many cwerhead tasks {such as memory bank 
switching) lo keep !he memory access as quick 
as possible. 

•The access is direct-no CPU intervention to 
slow !he transter. 

• The DMA device mus! be capable of controlling 
and driving the tri·stated address, data end con· 

trol busses. 

In line with this general philosophy, the BYTESAVER 
ll's DMA respenSe behavior ls controlled by two switches 
in the ADDR/CONTROL switch group; DMA OVERRIDE 
and DMA IN/OUT. There are four POSsible switch 

setting combinations; each la tabu!ated and dlscusse. 
betow. 

The first tabla entry lndicates !he board behavlor 
with DMA QVERRIDE DISABLED {note thalln this case 
!he DMA IN/OUT switch settlng is irrelevant). Here, !he 
key phrese la "correctly addressed;" the BYTESAVER 
ti will respond for memory read, write (PROM program
ming) or DMA transfers only when 11 is ill Bll active 
memory ballk {if multiple memory banks are enebled), 
and !he S-1 00 bus address fa lis withill the board's 
assigned SK block or memory. The board in ellect 
do es no! d1fferent1ate botween a DMA data transter 
anda normal read/wrlte cycle in any way. 

The BYTESAVER 11 does dilferBr11iate between DMA 
and rlOil·DMA transfers with DMA OVERRIDE ENABLED. 
as shown in !he test two table entrías. A lypical 
application demonstrating how DMA OVERRtDE works 
is shown in Figure 10. 

He re, two BYTES A VER lis are asslgned lo the same 
16-bit eddress spacewithswltches A13, A 14and A15; 
board A is assigned lo memory bankO, and board 8 lo 
memory bank 1 (anyother Cromemco memory boarda 

' Table 2 
nMA 0\'f.RRIOE. OllA 1!1/0UT BffiSAVER 11 RESPONSE 

SVJITCII SWJTCII 

' 
CJ<SA8LED IN or OUT Board en.ableswhen 

corractly addressed 
lol either DMA " noll·DMA translers. 

ENABLED OUT Board anebles when 
correctly addressed 
fcx non-l:liAA transfers 
(normal operation); 
board disablesduring 

"'' system .DMA 
transfer. 

ENABLED IN Boardenableswhen 
correctly addressed 
lar non-DMA trans· 
fers; board enables 
when lhe DMA de-
vice addresses the 
board's assigned 8K 

. block ol memory, 
• regardless of which 

banks were active 
before the DMA re· · 
quesl. 



with BANK SELECT and DMA OVERRIDE could also 

• 
·be used in !he example). For non-DMA transfers. both 
boards are avaitabte for read/wnte operations when 
conectly addressed {board A is in memory bank O al 
EOOOH- FFFFH and board Bis in memory bank 1 al 
EOOOH - FFFFHl: 

When the CPU grants an asynchronous DMA request 
by driving the pHLDA 1ine high, board A automatically 
disables and board 8 enables when the S-100 bus 
address is in the ranga EOOOH- FFFFH, regardless of 
which board was in an active memory bank befare the 
request 

Thus. the DMA OVERRIDE feature is seen_as a 
meansof overriding togic:at memory bank bounda· 
ríes during a DMA transfer. This provldes a fas! way 
of vectoring the DMA device to the DMA board (!ht
one with DMA IN)and disabling all non·DMA boards 
(theoneswith DMAOUT)with'out burdening !he DMA 
device with any overhead memory bank switching 
responsibilities. 

tt should be noted that after the DMA transfer ls 
compteted, both BYTESAVER lis revert back to !he 
same memory bank status which existed befare the 
DMA transfer. 

Figure 1 O: Dlo1A OVERRIDE EXArolPLE CONFIGURATION 
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. { '· ' PROM Programmíng Instructions 

The 27081s an 8,192-bit ultraviolet lighl erasable 
and electrically programmable read·only memorv chio. 
The 2708 is erased, therebylorclng all bits lo the logic 
1 state, by exposing the chip's transparent quartz 
window lo Intensa ultraviolet radiation. Cortsult !he 
2708 manufacturer's literatura for detallad arasura 
procedures. 

To programa 2708 PROM, insertan erased 2708 
inlo a PROGRAM ENABLED BYTESAVEA 11 socket 
with the system power OFF, turn ON the system 
power, tum the PROGRAM POWER switch ON, !han 
execute one of the Cromernco system programming 
cvmmands described in the lollowing sections. llthe 
PROM is to rema In in lhe sama socket alter program· 
ming, thesocketwould thenbe PROGRAM DI SABLE D. 
The PROGAAM POWER switch shoutd be turned OFF 
alter programming to preven! inadver1ent re·program
ming ot othey PROMs on the board. 

Each 2708 byte is programmed by selactivelychanging 
logic 1 (erased} bits to !he logic O state as required by 
the pattern being programmed. 2708s may be re· 
programmed without rntervening erasure provlded no 
attempt is m a de to chenge logic O bits back to the logic 
1 state-onlycomplete EPROM erasure can torce this 
transition. 

The Crome meo PROM programmlng software de
scribed belowwritesa so urce cede byte lo each 2708 
address in sequence. This process is then repeated 
unt1l all 1,024 bytes ot source cede data have been 
IMitten lo the PROM 360 separata times. The SYTESAVER · 
11 responds to each memory write cycle by torcing !he 
CPU in loan 1dle state by asser1ing the CPU pRDY line 
low, driving the eight 2708 data output pins with !he 
source code byte. and applying a digitally counted 192 
use e PROGRAM PULSE (low lor 16 usec, high tor 176 
usec) to the 2708 PROGAAM input pin while the 
CSIWE line is held at,+12 volts. Upan comple!ion of 
the 192 usec interval, lhe pRDY line Js again asser1ed 
high, and pro9ram execution resumes. Programmlng 
time lor one 2708 is then approximately (192 useC/byle) 
x (1,024 bytes) x (360 programming passes) = 70 
seconds. 

Specilic 2708 programming examples appear in the 
next three sections. Section 3. t illustrates 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 ittustrates how to program 2708s trom Z· 
80 Assembly Language code. 

3.1 Programming From DEBUG. Z-80 
Monitor Or ROS 

DEBUG (on disc package model FDA·S/L}, Z-80 
MONITOR (modal number ZM-108) and ROS (modal 
number ZA-808) allsupport a one line 2708 program
ming command. The respective command lormats are 
illustrated below: 

·P EOOO E3FF FCOO<CA> · (OEBUG) 
:PEOOOE3FFFCOO<CR> (Z-80 MONfTOR) 
PROM, EOOO, E3FF, FCOO<CR> (ROS) 

where <CR> stands lor pressing the AETUAN key. 
Each command would result in programming a PROM 
located al FCOOH- FFFFH with source cede located al 
EOOOH- E3FFH. Alternatively, thesecommands could 
have been enterad as: 

·P EOOO 8400 FCOO <CA> 
:P EOOO S400 FCOO <CA> 
PROM, EOOO, 8400. FCOO<CR> 

using the swath operator. 

(0E8UG) 
(Z·80 MONITOR) 
(ROS) 

The l~rst two arguments In each command define !he 
source code starting location and extent in memory. 
The source cede location may be specilied in terms ol 
absoluta addresses as in the lirst three examples. or in 
terms ola starting address anda swBth width as In !he 
las! three_ The third argument defines the 2708 starting 
address on the BYTESAVER 11. The size olthe source 
file (its sWath width) and the 2708 starting address 
must be an exact multiple of 40QH (the addresses 
mus! end in e.ther OOOH, 400H, 800H or COOH) or the 
command will be rejected and an error message 
issued. 

After programming !he 2708, !he source coda ls 
comparad lo the PROM contents, and any discrepan· 
cies are pnnted out according lo !he formal illustrated 
below: 

EOOO 2C 2D FCOO 
E2BC 03 05 FEBC 
E3FF C9 ED FFFF 

This printoutindicates !he sourc'' coda byte 2CH al 
EOOOH was lncorrectly programmed into !he 2708 as 
2DH at address FCOOH, etc. U there are discrepancias, . 

·-



otten reprogramming !he 2708 with !he same source 
code wlll changa "stubborn" tlits lo th'Sir proper state. 
11 thera are no programlning errofi, !he user is prOmptad 
for a naw cOmmand. 

EXAMPLE 5 

Assume you have 2K·bytes of devalopmant solt· 
ware located at1000H- 17FFH which you wantto 
store in 2708 PROM. Two arasad 27085 occupy 
s.ockars ROM6 and ROM7 on a BYTESAVER 11 

· assignad lo memory area EOOOH- FFFFH. · 
To progre m the PROM S; yo u wouldthen PROGRAM 

E.NABLE sockets ROM6 and R0M7, tum /he PRO.. 
GRAM PO'IIER switch ON, and issue ona of /ha 
following command.s; dependinfJ on which operatlng 
systam is running: 

·P 1000 17FF FBOO<CR> " (DE.BUG) 
·P 1000 SBOO FBOO<CR> 

:P 1000 17FF FBOO<CR> " (l·BO 
:P 1000 SBOO FBOO<CR> .MONITOR} 

PROM, fOOO, 17FF.F800<CR> "' (ROS} 
PROM, IOOO,SBOO.FBOO<CR> 

' Alter programming is ¡;omplate, the PROGRAM 
POWER switch should be turnad OFF. • 

Storing a di se file program in 2708 PRO Mis usuaiJy 
accomplished by reading tha disc source file into 
RAM, then executmg !he DEBUG ··p·• (Program Proms) 
command lo write the RAM data to PROM located 
elsewhera in memo"ry. A potential problem exists whan 
programming 2708s with a ".HEX" extension object 
file using this procedure. 

Moving a source lile from diSC to RAM is accomplished 
using the '"F' (specily file name) and the ~R·' (read di se 
lile) DEBUGcommands. Thesacommandswill attampt 
lo load \ha .HEX file from !he disc into RAM beginning 
al tha address spec1fied by tha '"ORG" statement 
contaíned in !he so urce coda. The address so defined 
may no! be RAM at a11. or the area specified may be 
inconvenlent for other reasons. To circumvent this 
problem, the .HEX lile should be readinto aconvenient 
RAM area byspecifying an approPriate displacement · 
as the argument of the DEBUG "R" command (see 
next n~ample). For further details, refer to Cromemco's 
Macro Assembler Manual. 

EXAMPLE 6 

Suppose you hava a PIOQram named SAMPLE 
which is ""ORGed"' at9200H. vou usa Cromemco's 

.. 

ASMB program to create a .HE.X objacllile on disc. 
Yo u would like ro read the .HEX lile lrom /he disc lo 
RAM startlng at 200H, <1nd then to use thís data lo 
programa 2708 PROM residing al FCOOH- FFFFH. 

With DEBUG running, you would then type: 

·FSAMPLE.HEX<CR> 
This specilias the file na me as"'SAMPLE..HEX" Then 
type: 
·R7000H 
This reads the lile lrom /he disc with a displacement 
o/ 7000H. The displacemant 7000H is added to rhe 
ORG operand 9200H to yiald the toading pojnt 
9200H+7000H= t0200H=0200H when /he carry is 
discarded. Then typa: 
·P 200 8400 FCOO<CR> 
This command programs the 2 708 al FCOOH wilh 
the source coda /ocated al 200H- 5FFH. • 

3.2 Programming From 3K Control 
BASIC 

3 K Control BASIC (model numberCB-308) program 
text may be stored in 2708 PROM for subsequefll 
loading and execution by issuiflg an "EPROM"" direct 
command. 

To SAVE a Control BASIC (CB) program in a 2708 
PROM; 

a) Determine the length of tha CB program text 
using tha CB SIZE function value. 

b) PROGRAM ENABLE sockets contalning erased 
2708 PROMs. 

e) Turn the PROGRAM POWER switch ON. 
d) lssue en EPROM ppp command where ""ppp'" is 

the 2708 PROM starting "page" address. 
e) Alter 1eceiving a CBmessage indicating success· 

fui programmlng, tum ¡he PROGRAM POWER 
switch OFF. 

3K Control BASIC logically partitions memory into 
""pagas,"' where 1 paga = 256 bytes. Pagas O and 1 
(OOOOH- 01 FFH) ara not used by CB; pages 2 and 3 
(0200H - 03FFH) are used for variables, !he input 
buHer and the stack; pages 4 thru 31 (0400H- t FFFH) 
are normally used for CB program taxi and arrays; and 
pagas 32 on (2000H- end of usar RAM) are normally 
used to save CB program 1iles {se e Figure 11). 

The "EPROM ppp' command is used lo program 
2708s with the CB text area lar fater oxecution, the 
'LOAD ppp" command reads a file from memory back 
into the taxi area for ed<ting, and the "RUN ppp' 
command initiates executlon of the program text 
located at page 'ppp.' 



The page number argumenl6 of the EPROM, RUN 
and LOADcommands are specifieU In decimal. Forthe 
EPROM command, the page argument is the stmling 
addressoferased 2708 PROM. This numbermust be a 
multiple ol4, and sufficient erased PROM should starl 
at this address to contain all of \he CS program text. ti 
the CB ted does not completety fill any 2708, the 
remainder of lhe PROM will be lilled with data OOH, and 
thus !he unused area is not available lar other 
data ór CS te~t. 

To determine !he CBprogram taxi length, lirst clear 
the text area with !he NEW commar1d, then execute 

!he CS program shown below which evaluates anc. 
outputs the SIZE function value. The SIZE function 
evaluMes lo the number ol bytes allocated lo. but lelt 
unused by the program text. 

>1 PRINT SIZE 
>2STOP 
>RUN 
7142 

The output (7,142 decimal In this example) gives the 
Sil e ol !he unlilled CB text buffer. This number should 
be recordad lorlater relerence. The sizeofthe unlilled 

Figure 11: CONTROL BASIC rnEMORY ~1AP 
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I. INTRODUCCION 

Muchos disenadores deciden incorporar los microproces~dores a sus 

proyectos debido a su reducida complejidad funcional y bajo orecio. 

Sin embargo, los mayores problemas vendrán durante la programación 

del microprocesador, por lo que no es rar-o ver proyectos rcali,;a

dos alrededor de un microprocesador de JO dólares y que ha requerí 

do inversiones de hasta 70,000 dólares de software. 

Para desarrollar un sistema que incluya microprocesador se necesi

tar~ por lo menos una persona del área de electrónica y otra del -

área .de programaci6n. Una razón fundamental es que habrá que deci

dir la distribución de funciones entre hardware y software. De una 

r 4 forma general, cuantas más funciones se hagan descansar sobre el -

software, m§s flexibilidad de usa y pasibilidades de cambio en su 

diseña tendr~ el sistema, tanto en la fase de desarrolla cama du

rante su funcionamiento. Es razonable pasar funciones a hardware -

cuando el microprocesador sea incapaz de realizarlas, bien por su 

estructura lnterna o par su limitada capacidad de proceso. 

• 

El más elemental ingrediente de software y a veces el único can el 

que tiene que enfrentarse el diseñador de un sistema que incluye -

un microprocesador, es el lenguaje de programación. Un microproce

sador realiza las acciones que le especifica un programa. Un pro

grama est~ formado par una secuencia de instrucciones. Una instruc 

ci6n es un~ secuencia de bits que tiene un significado para la uni 

dad de control del microprocesador. 



El conjunto de instrucciones válidas para un microprocesador es lo 

que se denomina su ll!nguaJC de máquina. Programar en lenguaje de má 

quina supone escribir secuencias de nümeros en binario que son di

rectamente descodificables por los 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 m6quina, entre otras tenemos: 

l. Los códigos de operación son diffcil~s de recordar en binar~o. 

La codificación es lenta Y.diffcil por los nümeros en binario. 

2. Las direcciones de los operandos de las instrucciones son difí 

ciles de recordar. Muchas instrucciones contienen direcciones t 

relativas y a la hora de corr~gir presentan gran dificultad es 

pecialmente cuando hay que insertar o suprimir instrucciones. 

3. Si se considera que el programa no funcionará a la primera 

prueba es difícil seguir las ejecuciones de prueba a trav~s de 

direcciones en binario. 

4. El lenguaje de máquina es el que produce mayor grado de incom

patibilidad entre programas. Un prograwa escrito en lenguaje 

de máquina s6lo puede ser trasladado a otro microprocesador 

igual al primero. 

5. Al cab.; de Un cierto tiempo un programa en lenguaje de máquina 

es imposible de entender hasta por su propio autor. 

La programación en lenguaje de m.'iquina puede sistematizarse y mej~ 

rarse utilizando una metodolog!a adecuada. 



'l 
El análisis previo, la confección de diagramas de flujo, el escri-

bir previamente el programa en algün lenguaje simbólico, el confec 

cionar tablas de s!mbolos y el empleo del sistema octal o hexadeci 

mal pueden constituir una buena ayuda. 

La automatización de estas ayudas a la programación se concreta en 

la utilización de los lenguajes ensambladores. se debe hacer notar 

que con el nombre de ensamblador se conocen dos cosas muy distin-

tas. Se llama ensamblador a un lenguaje simbólico en que se pueden 

escribir prOgramas para un microprocesador y tambi~n recibe el mis 

mo nombre el programa traductor encargado de convertir los progra-

mas escritos en lenguaje simbólico en programas objeto en lenguaje 

de máquina. Son tres las grandes ayudas que proporciona el ensam-

blador al programador: le permite utilizar nemónicos para designar 

operaciones; nombres para designar direcciones y para especificar 

1 datos (constantes). 

La distapcia que separa los lenguajes de alto nivel del ensambla

dor es mucho mayor que la que separa a ~ste del lenguaje de máqui-

na. Al pasar a programar en lenguaje de alto nivel pasamos a mane-

jar no ya nuestro microprocesador, con su estructura de registros, 

acumuladores, stacks ypuertos sino un procesador de estructura dis 

tinta, concebido no para ser realLzado f!sicamente, sino para adap 

tarse a la solución de problemas planteados. 

Es necesario programas-traductores bastante complejos, llamados 

compiladores, para generar programas en código de máquina a partir 

de santem:ius en lenguaje de alto nivel. 
En la elección de un microprocesador, casi más importante que su 

arquitectura o velocidad de trabajo es la de un buen ensamblador -

Y/o compi ludo!:". El presente trabajo da una id"ea de las facilidades 

que a nivel de microprocesadores existen, p¡;-incipalmente en lo re-

ferente a lenguajes de alto nivel. 



' II. LENGUAJE ENS~~LADOR 

El lenguaje ensamblador es una herramienta de software básica. Hay 

dos tipos generales de vrogramas ensambladores y están disponibles 

para microcomputadores: cross-assembLer y self-assembler. Cualquier 

microprocesador ahora producido tiene uno o más programas crosss

assernbler. Comunmente el fabricante de chips escribe un cross-asse~ 

bler antes de que el microprocesador est~ físicamente disponible. 

Cross-assembler son populares porque muchas microcomputadoras no 

fueron configuradas para manejar convenientemente operaciones de 

ensamblador, mientras que las computadoras grandes equipadas con 

más impresoras adecuadas y más espacio de memoria, ofrecen al pro- ~ 

gramador muchas conveniencias. El cross-assembler est~ preparado

para funcionar sobre otra máquina, miniordenador y ordenador, as! 

como cross-assembler, el self-assembler está escrito con un siste-

ma de computaci<!5n definido en mente. 

La operación de un self-assembler es altamente dependiente del 

equipo de entrada y salida que rodea al microprocesador. Este sis

tema de dePendenci~ especifica puede algunas veces causar proble

mas. 

Varias de las caracteristicas de ensambladores son potencialmente 

importantes pero los usuarios de microcomputadoras, por ejemplo, -

ensambladores relocalizables permiten que las localidades da memo

ria del programa de lenguaje de máquina sean transparentes para e~ 

usuario. Algunos ensambladores-conocidos como ensambladores absolu 

tos-siempre comienzan a almacenar el programa de lenguaje de máqul 



na en la misma localidad fija de memoria; otros ofrecen varias al

ternativas empezando localizaciones y permiten algunas limitacio

nes de ligado de programas segmentados en diferentes localizacio

nes. 

Una caracterfstica de ensamblado condicional está disponible con -

algunos programas de ensamblador. Esto permite al usuario decidir 

cual de las varias secciones del ~rograma será ensamblada y a en

contrar el orden más eficiente para ensamblar. 

La capacidad de macros en un programa ensamblador permite al usua

rio usar una sola instrucción del lenguaje ensamblador para llamar 

a una· secuencia especffica de instrucciones del lenguaje de máqui

na. Esta puede ser una muy fuerte herramienta cuando ciertas se

cuencias son repetidas durante un mismo programa. 



Ill. LENGUAJES DE ALTO NIVEL 

La utilización de un lenguaje de alto nivel reduce los costos de -

programación, incrementa la habilidad del software producido y si~ 

plifica el mantenimiento y documentación de los programas si lo 

comparamos con la utilización de lenguajes de bajo nivel (máquina 

o ensamblador). Como contrapartida, la utilización de lenguajes de 

alto nivel supone la utilización de voldmenes de memoria que son -

desde un 10 a un 100% mayores que los que necesitaría un programa 

equivalente en.ensamblador. 

Algunas \'entajas innegables de los lenguajes de alto nivel son: 

l. Fiabilidad de los programas. Los lenguajes escritos en algt1n 

lenguaje de alto nivel son mucho más cOmpactos. Se entiende m~ 

cho más fácilmente, lo que hace cada sentencia o grupo de sen

tencias. 

2. Rapidez de puesta a punto, La velocidad de codificación para 

un programador viene a ser de unas 100 instrucciones por día 

(contando tiempos de preparación, denuraci6n, etc.) . Esta velo 

cidad es independiente del lenguaje. como un mismo programa e~ 

crito en un lenguaje de alto nivel puede tener diez veces me

nos l!nes que uno en ensamblador, el aumento de velocidad es

considerable. 

3. La vida media de los lenguaj~s del alto nivel sobre los ensam

bladores es otra de las grandes ventajas. Mientras el lenguaj_e 

ensamblador cambia para cada arquitectura de microprocesador, 

el lenguaje de alto nivel es independiente de estos cambios. 
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Desarrollando el compilador adecuado se pueden tener todos los 

programas escritos en este lenguaje, adaptados a cualquier nue 

vo microprocesador. La independencia de los programas res?ecto 

al microprocesador utilizado para una aplicación no es s6lo al 

go deseable, sinoque es una necesidad si uno no quiere verse -

atrapado por el desarrollo de software. Actualmente, el desa-

rrollo de nueva programación es mucho mjs costosa y lenta que 

la adopción de un nuevo microprocesador, cuando de la adopción 

del microprocesador ?Uede depender la permanencia en el merca-

do. Si hay que partir de cero a cada cambio, el resultado pue-

de ser desastroso. Si por el contrario, hemos adoptado un len-

guaje de programación de alto nivel y est~ndar, podremos apro-

vechar no sólo la propia experiencia sino la de otros grupos 

que ya se hayan enfrentado con experiencias similares. 

De los tres puntos anteriores no debe inferirse la inutilidad del 

lenguaje ensamblador. Un microprocesador puede no contar con comp~ 

!adores. Un lenguaje de alto nivel puede no proporcionar acceso a 

ciertas características deseadas del microprocesador. En estos ca-

sos hay que utilizar forzosamente el lenguaje ensamblador. La no-

util i zaci6n 

económicas. 

dP.l com1~ilador puede también 

' El problemas es el eSceso de 

venir dictada por medidas 

memoria que para un progr~ 

ma dado ocupa el código generado por compilador. Si se estl!i proye_(2 

tanda un sistema del que se van a vender pocas unidades, interesa 

rebajar el costo de programación que es fijo y muy superior al de 

la memoria. Si se van aproducir miles de sistemas puede resultar-

rentable usar ensamblador, con lo que se podrl!i ahorrar una canti-

dad c"onsiderable de memoria. Hay un punto para un cierto número de 



sistemas fabricados, en el que se equilibran ambos costos. 10 

Dado que el precio de la memoria bajar~ en los próximos años (64KB 

por 500 dólares en 1976 y 256KB por 300 dólares en 1980), este pu!!. 

to no cesarj de desplazarse a favor de la utilización de lenguajes 

<le alto nivel. 

En conclusión, en un sistema que incluye un microprocesador, gran 

parte del diseño y por lo tanto de los costos va ligada a la pro-

grrumación y depende del lenguaje de programación utilizado. 

La figura siguiente muestra que la mayoría de los problemas de soft 

ware derivan de ~'rogramas muy largos - aquellos que sobrepasan los 

64K bytes de código fuente - los cuales representan apenas el cua- •, 

t<O poc 
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'/ 
que la capacidad del hombre en programación y el tiempo de CPU por 

1000 l!ncas da código ensamblador (incluyendo lfneas de comentarios) 

crece exronencialmente cercano con el tamaño del programa. SL la 

extensión del programa es largo se es,erar<i un promedio de error 

cre~iente e inconsistencias del programa. 

Otra parte del problema es la profusión de lenguajes de programa-

ci6n, muchos de los cuales han sido llamados solución universal a 

su arribo. En realidad hay poca esperanza para esos lenguajes. La 

explicación es que no son eficientes dentro de un comdn denomina-

dar aGn y cuando realizarán la transformada rápida de Fourier, ge-

neraci6n de reportes y diseño simple de fórmulas. Lo mejor que se 

puede hacer es utilizar el lenguaje correcto en la aplicación co-. 

rrecta. Basic es muy bueno para ~rogramas rápidos de 20 líneas y -

Cobol sigue siendo el mejor para reportes financieros. Fortran, el 

lenguaje técnico más favorecido está ganando nuevos adeptos con el 

estándar de la ANSI-1918 que incluye muchas de las mejores caract~ 

rlsticas del Pascal. Sin embargo, el lenguaje ensamblador sigue 

siendo el más.rá~ido según lo muestra la co~paración de la Figura 

1 para la ejecución de un programa de matemáticas. 

Bl PLll, goza de una muy buena cantidad de usuarios y aún sin haber 

ganado ¡, popul<;ridad de Basic, Fortran y Cobol. 

Si no se está familiarizado con APL, uno se ~uede sor9render de co 

mo con un simple golpe de tecla puede cumplir, especialmente en 

procesamiento de arreglos, funcione~ complejas. 



" Pero un teclado especial con letras griegas y la mucha potencia de 

el lenguaje plantea problem¡¡_s: si no se usa APL todo el tiem:_">o, se 

gastará más tiempo buscando en el manual las funciones complejas, 

que escribiendo un programa largo en Fortran. 

TIEMPO 
~OE~~C:) RELATIVO 

' 
DE o e 

LJ::t!GUAJE EJECUCION VENDEDOR uw EFICIENCIA CION TOTAL 

AeL - IBM 3.4 2 • 6 3. 4 

BASIC 3-5 DEC 2. 5 2. 2 '-' 

COBOL 5-10 BURROU-
GllS 3.5 3. I 3.3 
DEC 3.0 2. 2 3. 5 
HONEY-
WELL 3. 2 3.0 3.2 
IBM 
{AUGE) 3. 4 3. 3 3. 3 

FORTRAN 2-3 DEC u 3. 2 3.1 

'"" (AUGE) 3.3 3.0 3. 3 

o"' 
SYSTEMS 3.7 3. 6 3. 8 

PASCAL - UCSD 3.2 2. 8 3.0 

PL/1 - IMB 3 • 5 3.6 3. 4 

FIGURA 1 

Un muestreo reciente de programas ofrecidos para microcomputadoras 

en su. mayor parte paquetes de utiler1a- revelan que un 37% están 

escritos en lenguaje de máquina, 37% en lenguaje ensamblador, lO% 

en Basic, 7% en Fortran y 3% en Pascal. El resto está escrito en 

len<:¡uajea muy diversos (Figura 2). 

.. 

• · . 
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FIGURA 2. 

FORTRAN PASCAL ,, 

D ~C PAQUETES 

TODO EL 
SOFTWARE 

Para todas las computadoras (incluyendo las microcomputadoras), la 

mezcla de lenguajes de diseno de sistemas es bastante diferente. 

Ensamblador está aGn más adelantado que Fortran (ensamblador 46\ 

y Fortran 15%), mientras que código de máquina, Pascal y Basic ha-

cen cerca de un 7% cada uno. 

En a¡,>licaciones de- software, incluyeTido micras y computadoras, el 

lenguaje ensamblador sigue siendo ¡,>rincipal (40%) seguido por B¡¡

sic (30%), Fortran (8%) y un amplio rango de otros lenguajes. 

Electronics Dcsign realizó una encuesta con objeto de saber en don 

de se encontraban los ingenieros de software. Más del 50% de las -

compaiHas investigadas empleaban menos de 5 ingenieros en software 

y el 15% m~s de 40. Figura 3. 
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5 a 10 11 a 20 21 a 40 Sobre 40 

NO. DE INGENIEROS DE SOFTWARE 

c=J % de companias 

~ % de ingenieros 

Esta gráfica es producto de entrevistas que Electronics Design ~ 
hizo a diferentes compañias. 
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IV. LENGUAJES DE ALTO NIVEL EN EL f\ERC!IDO ' 

Toda una se~ie de em?resas de software ofrecen los lenguajes de alto 

nivel de siempre (Fortran, Cobol, Algol y. Basicl con ciertas restric 

e iones, para los rnicro•_Jrocesadores m<'is [>O:'ulares. Es tos lenguajes 

tienen el inconveniente de que fueron creados en un ambiente total

mente ajeno a las necesidades de lOs micro~rocesadores. 

Primero Intel y más tarde Motorola, han ~resentado lenguajes más 

apro,:>iados a las necesidades de sus clientes. El PL/ti, aunque crea

do inicialmente ~or Intel ~>ara su serie 8000 existe ahora para otros 

microprocesadores como Motorola 6800, ¡..or ejem¡>lo. En 1975 ~\otorola 

?resent6, el MPL, le~guaje de alto nivel ~ara_6800. Ofrece como ?O~i 

bilidades ~eculiares el fácil manejo a nivel de bit, la posibilidad 

do definir estructuras de datos ~arecidos al Cobol y de incluir sen

tencias en lenguaje ensamblador. 

La generación de código de máquin<~ funciona en 2 pasos. En un ~rimer 

;>aso, el com•>ilador genera un "">rograma en ensamblador, que luego es 

ensamblado obteniendo el código objeto. La posibilidad de conocer el 

código g<.;n<.'rado y por lo tanto de ;:ooderlo retocar tirJne como contra

partida un tiempo de compilación mayor. 

Plossey tiene el Pl-microp, una extensión del Algol y Hits dotó a su 

ll.ltair BIIOO da un super-basic. Toda esta evolución en el área de 

software htzo que nara finales de 1975, Texas Instrumenta ~ara su 

nuevo r.l.icro~1rocesador, prenarar.:i com:>i ladores de Cobol , Fortran y Ba 

sic. 
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segO.n Electronics -Design de Marzo de 1979 los paquetes de utiler!a, 

ofrecidos frecuentemente en floppy disks, no pueden proveer mucha -

utilidad si no se esta familiarizado con ellos. Usualmente contie-

nen muchas de las siguientes herramientas de software: 

Editores. Ayuda a introducir y modificar el programa fuente. 

Compiladores y ensambladores. Traducen el programa fuente a c6-

digo de maquina, Si se desea diseñar sistemas operativos, en-

cuentre un traductor que imprima o muestre (display) el c6digo 

fuente y objeto paso a paso, Hay usualmente cuatro campos, uno 

para la etiqueta, código de operaci6n, operando y comentarios. 

Durante la depuración se desea frecuentemente un desensamblador 

q_ue retraduzca el código objeto a un lengu11je fuente y la habi-

lidad p11ra mostrar mapas de almacen11miento y contenidos de re-

gistro. 

Macroensambladores, Ensambla grupos de instrucciones llamados 

ror nombre, y trabaja mUcho como subrutinas 'o funciones en len-

guajes de alto nivel, 

Cargadores. Transfieren el código objeto de algán medio externo 

(cinta· o disco) dentro de RAM. Los ligadores cargadores ;.ueden, 

adicion11lmente eslabonar juntos diferentes módulos de programa, 

y una caracter!stica de relocalización permite cargar dentro de 

bloques-de dirección diferente, tal como fueron asignados por

el traductor. Obviamente, en este caso, cargador y traductor de 

ben ser capaces de comunicarse, 

Intérpretes. Los intérpretes sÓn un11 herramienta muy popular 

' 

con loa microprocesadores, Permiten la utilización de gramáti- ~ 
cas._ asociadas a compiladores (Baste, APL, Lisp, etc.), oero di-

fiaren de éstos en que procesan el programa fuente sin generar 
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c6digo de máquina "interpretando~ las instrucciones del progra

ma fuente cada vez que este ültimo se ejecuta. Esto im~one res

tricciones en el tamaño de la memoria durante ejecución (ya que 

el intl!r¡,rete debe estar en memoria durante la ejecución de cual 

quier programa) y en la velocidad de ejecución (ya que un inté~ 

prete es, en realidad, un ?rograma que hace lo que otro le imp~ 

ne). Sin embargo, un intérc>rete cmede ser pequeño (hay versio

nes de Basic en JK bytes) y ofrece fac~lidades de depuración 

que resultan atractivas 1'·ara programadores bisoños. 

Depuradores. Permiten examinar y cambiar contenidos de memoria 

y empezar o !:Jarar la ejecuci6n en una ?redeterminada localiza

ción o' condición (breakpoint). Otros depuradores auxiliares in

cluyen trazo y pruebas de flujo, los cuales muestran cuando 

cierto contenido de dirección cambia y cómo el control es trans 

ferido dentro de el programa. 

Rutinas de GraficaciOn .. Conv~erte los datos de salida en formas 

analógicas. Ellos van desde un pequeño programa dibuja una grá

fica simple sobre un TTY a sistemas complejos que producen des

pliegues tridimensionales de mGltiples colores, complementados 

con letreros en diferentes tamaños de caracteres. 

Manejo de e,,se de Datos. Es im:•ortante para sistemas que tienen 

que operc>r sobre un gran cantidad de datos, siemnre a trav~s de 

las manipulaciones que deberán ser muy simples. Las facilidades 

auxlliarus de prueba de computadora, control de inventarios y -

sistem<>s de reservación correrán a 1,aso de tórtuga sin el acce

so direc;to a memoria, rutinas de bGsqueda y manipulación de ca-

de nas. 
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Librerías. son similares a los sistemas DBM, pero ellos alimen

tan programas más bien que datos. Esta utiler!a es bastante nu~ 

va, as! que s61o está disponible para compradores ~rincipales. 

Sistemas operativos. Incluyen varias de las utilerfas discuti

das, hardlers ~ara I/0, rutinas de comunicaci6n, cargadores de 

bootstrap y ¡H;ogramas similares que hacen todo el trabajo hard

ware f::'icil. 

Croas-software. Permite desarrollar programas para una computa

dora espec!fica, usualmente una microcomputadora, sobre una co~ 

putadora huesped, la cual es usualmente una mini o tiempo com

partido del centro principal, pero también puede ser un sistema 

desarrollado con base en micro:>rocesadores. 

Simuladores. Son .lrogramas cross que hacen que una com¡>utadora 

huesped trabaje como la target machine as! que se puede probar ~ 

el desarrollo del software huesped antes de que el sistema esté 

disponible. 
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La Tabla 1 muestra qué paquetes ofrecen algunos vendedores. 
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e 
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~ ~ 
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1 
~ ~ 

~ ~ ~ ~ 

1\nerican Micrcr ,,.,. 
' ' ' ' ' ' ' 

'Ihe Boston Sys-

' 
' 

tems Office 
' ' 

1 can, '<~ssmicrosy~ 

1 - ' ' ' ' 

1 

Control Data 
' 

""= ' ' ' ' ' ' ' • ' ' ' 
Data General 

' ' ' ' Digital Equip- ' 

rrent Corp. 
' . ' Digital Re-

search (~) 
' ' . ' 

Forth (•) 
' ' "'-= ' ' ' ' . 

Hudge Taylor • 
Associates 

' ' ' . 
Ihsilli M.:lnufac-
turing 

' ' 

'-· Sy~tern 1 ' Innovatek Micro -systems 
' Int..,rsit ' ' ' Micro Inforll\'l.-

' ' tion sys~ 

1 

' ' ,., ¡ 
' ' 

. 
' ' 
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M.icrotec . 
l>hnolithic 

) 5ystens ' . -- ' ' . . . . 
1-btorola Mi-
crosystans . . . . • . • . . • . . • 

Nati.onal Soft --,., 
PRS Corp. ,., . . ' . . 
RCA Soled-Sta-
te Division . . . . . 

' Rockwell Inter 
national - . . . • 

Ryan-Farland 
(') . . 
Signetics M::G 
UP Dio . . • • . • . 
Software Dyna-
mi~ ( ., . . . . . • 
Technical Sys-
terE Consul t. • . . . . . . . . 
Texas Instru-
=o es • . . . 
Willeek • • . . . . 
W:.xrlley Asso-
ciates (*) . . 
Wyle Raborato-
ries • . • 

(*) Indica firmas de software. 

Tabla 1 
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Los sistemas aperitivos de multilenguaje se están volviendo ~O?Ula

res. En el lenguaje del sistema Zilog'a PLZ se pueden mezclar len

.guaj~S de ensamblador y de alto nivel y el procesador Technology's 

PTO permite mezclar varios lenguajes de alto nivel en un solo pro

grama. Mientras se usa lo existente en software en una mayor cancu

rrc.ncia, se espera más Sistemas "mix-and-match" para mantener aba

jo el costo de software. 

Otro medio barato para el m~smo fin son los "canned"(enlatados) <>r2 

grams. El archivo de software regularmente se paga el solo en un 

mes siempre por los compradores principales y más tarde los peque

ños compradores pueden obtener su sistema de cualquier tienda de 

computador y adaptarlo a los paquetes de software de sus basquedas. 

APLICACIONES DE LENGUAJES DE ALTO NIVEL EN TIEMPO REAL 

Se ha desarrollado una versi6n en tiempo real del lenguaje de pro

gramaci6n Basic para uso de adquisici6n de datos y a~licaciones de 

control. E~ intérprete esta basado sobre el Lowrence Livermore La

boratories Basic con la adici6n-de comandos al medio ambiente de 

tiempo real. Este int~rprete ha sido adaptado a varios sistemas de 

microcomputadoras basados en el Intel BOBO, incluyendo un sistema 

con un bus de 16 bit de I/0. 

El set de ~nstrucciones extendido de este Basic de tiempo real fue 

definido después de examinar varias versiones de microcom?utadoras 

de Basic s1milar. 

El int~rprete principal requiere de 4.25k bytes para si mismo y de 

1.75k bytes adicionales para los 



TABLAS DE DATÓS COMPARATIVOS 

MICROCOMPUTADORAS Y MICROPROCESADORES 

ABREVIATURAS 

DM 

INSTR 

' 
K-' 
M U> 

DI' 
POR' 

K-T 

Tf' 

UNLIM 

WD 

Acceso directo a memoria 

Instrucciones 

Kilo 

Keyboard 

Multiplexor 

O:>erating System 

Bus paralelo 

Tiempo real 

Time-share 

Unlimited 

Palabra 

" 
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CAPACIDAD PUERTOS De PUERTOS " FABRICANTE TIPO " DIREC. E!lTRADA SALIDA l'ERIFERICOS SOFTWARB 
. 

• stock= diskett 
. do" systems 

F.ssex Interna- SX-200 H byte 2 lines 1 line Dedica te • Assembler, 'o< 
tional ( PMOS) 41 instr. ap!"Jlica- tran: decimal;-

tions adjust arithme 
-

U e 

General Instru 8000 48 reg' s 3 Ifneas 3 lfneas Todas ''" BCD arithmetic -ments AEG, (PMOS) 8-b 8-b 8-b opciones 48xl scratch 
Germany, oGS J-chips 48 instr. . l"ad. Assembler 
Italy o o simulator 

o o Fortran 

Mostek 3870 64-K • lfneas • lineas Todas ''" Binario timer 
NMOS-si- 70 instr. 8-b/:>Ort 8-b/?ort oo:>ciones with programma 
gate ble prescaler-:-

r::mulation ood 
:nototyc>ing 
m PROM b¡,sed 



Programas de usvario. El paquete de punto flotante requiere de 1.75 

K bytes. El micropac tiene un monitor y un ~rea de trabajo del maní 

tor. la' cual ocupa localidades de memoria de la 0000-1020 hexadeci

mal. 

El paquete de punto flotante arranca de la 1100 (Hex) el int~rprete 

principal a La lB OO (Hex.), el comienzo de Los programas de usuario 

son a partir de la 2900 (Hex.) y el final de la memoria a 2FFF. 

El set de instrucciones en tiempo real incluye, entre otras, las si 

guientes: 

'™ Pone tiempo ,, d!• (segundos) 

GTM Toma tiempo ,, d!• (segundos) 

TON Arrance •1 programa •1 tiempo X 

OOT Saca datos 116 bits) 

Q1N Mete datos 116 bits) 

ATO Entrada ,, señal ·analógica • digital 

OTA Salida ,, seiial digital a analógica 

Multiporogramaci6n en tiempo real teniendo como software lenguaje -

Pascal para sistemas pequeños. 

Un usuario de un microprocesador Pascal 9uede desarrollar software 

para aplicaciones de prop6sito general usando una de dos co~putado

ras huesped: el usuario simple FS990 floppy-disk-based minicomputer, 

o el multi-usuario 05990 hard-disk based minicomputer. Los micropr~ 

cesadores Pascal comprenden una variedad de herramientas de softwa

re·de soporte, incluyendo un editor iterativo inteligente para pre

paración de fuente, un compilador que genera código de intérprete, 

' 
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un generador de código que SU?le al código objeto primero, y un in

térprete de depuración iterdtivo. 

---
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CAPACIDAD PlJER'J'OS "' PUER'l'OS De 
ER.IFERICOS j 

.> . 
FABRICANTE" TIPO DE-DIREC. EN'l'RADA SALIDA SOF"TWARJ:: 

"-' 5100 porta 16K ·,a '" 14-key-K-B CRT, ta;:.e CRT, '"· Basic 0/S, AeL 

ble -com;>u::- byte ' tape car- URA."l-TU K-B Tape, (Resident) AeL 

'"" (N~lOS) tridge Printer ,rinter y Basic 

Deo (Western LSL-111 m "' l/0: 33 lf I/0: DMA CRT (UT-50 Basic, Fortran 

~CP-1600 
- Diagnos-o D;c PDP-11-03 custom neas 833-K, Bu o Paper-ta:>e 'V' ' 

NMOS) instr. Por: DMA WD/S tics, 0/S, T/S 
16: L MUX Macro n, etc. ' 

RCA CDP-1801 '" 8 oorts 8/256 CRT, TT4, Assembler (non 

(CMOS) 59 Instr. 250 líneas 8-b/rorts Paner ,.~ resident s-pa-
. cassette ck.age CDP, 

185900. 

1 
1 
1 

Intel 4004 4-K 16 32 Paper tape s;o lenguajes 

Intellec 4-l\.."!D (DMOS) 46 Instr. 4-b/port 4-b/port k.-b prin- '" alto nivel 

1 

,,, 
Intel soso (r•mosl '" .. " Todas ,., All options 

Model ""' 78 Instr. 4-b/o:>ort 4-b/port opciones externa! mem. 
exceptO nonrelocatable 
tape PL/M 

Intersic Il-t-6100 32-k byte 64/256 64/256 Todas ,., All options ., 
(69001 Tawgfnl (CMOS) 60 instr. 12-b/port 12-b/port opciones avail<>ble ox-

ternally 

NE ASSOCIATES 6502 (NMOS) '" 2/MUX uo- 2 Todas '" Todas ,., opci 

(JOLT) 139 instr. lim. 8-b/ 8-b/port O:>ciones ""' excepto 

1 
port excepto lenguajes ,, 

' 
tape y alto nivel 

1 

disk 

:<ros te k 5065 (NMOS 32-K -· -· Requiere- Interfase con-

51 instr. interface troller 

- ___ L 

' • ' J • 
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~-------~~~~~~~~--~cC_A_P_A~-OA-O~,-PU-.;;TO-o--O-,~,-U-E~-T-O->-O-E0----,---

I FABRICANTE TIPo m;: aiREe~--l-'=·'~'-""':__'~A:__~+=":.:::':':"cA __ .¡.;':':'c':':':'~c=o='=t--"'coc'cT:wcA:Rc':___ 

/ F¡¡irchild 

' 
G~:1eral !nstru
ments Corp. 

:-:e toro la 
(Exorciser) 

::ational Semi
conductor 
(PACE) 

tlational Semi
conductor 

!nte1, on-chip 
MC (MCS-48) 

Rockwell 
lnternational 
Type-1 System 

3850 (N:-IOS) 64-K 

CP-1600 A 
(NY!OS) 

~\C-6800 

(NMOS) 
Si-gat,. 

I:-IP-8/16 
(NNOS) 

SC/MP 
(PMOS) 

Miproc-16 
(bipolar) 

8048/8748 
Si-ga te 
NMOS 

PPS-B (PMOS 

70 i'lstr. 

64-K 
87 instr. 

64-K byte 
72 1nstr. 

64-K 
387 instr. 

1024 byte 

64-K 
82 instr. 

B-K 
90 instr. 

32-K byte 
109 instr. 

2/252 
8-b/port 

2/unlim. 
16-b/port 

0/104 
B-b/¡>ort 

0/unlim. 
MUX 8/16-0 
port 

o/unlim. 

32/256 
16-b/port 

I/0 resi
dent 
17 lines 

4/30 
8-b/!Jort 

2/252 ToCas las 
8-b/~ort O:>ciones 

2/unlim. 
16-b/smrt 

0/104 
8-bjport 

0/unlim. 
8/14-b 
90rt 

0/unlim. 

Unlim. 
with ext 
(MUX) 

1/0 CQSÍ
dent 
17 lines 

4/30 
8-b/port 

Todas las 
opciones 
excepto d~~ 
co cassette 

Todas las 
Opcion<;S 
(no k-b) 

Todas las 
.opciones y 
tape car
tridge 

Special K
B/dis:>lay 
or custom 

Todas las 
opciones. 
No cassette 
ta:>e 

Flo¡:;py disk 
CRT/K-B 
chips 

Tod¡¡s lil-S 

opciones .:~ 
ce':)to ct~r-

Debug, text 
edi t, applica
tions programs 

0/S, programils 
de ilplicaci6n. 
no macro y al
to nivel 

Debug, macro 
Todas las op
ciones, PL/M 

self-assembler 
debug, time 
share, etc. Al 
to nivel SLN/ 

" 
Pointer addres 
ing auto-index 
Hex software 
for economy 
calculator K-B 
d1splay 

Todas las opci 
nes GXCGpt ma
cro asst=mbler 
l-lo. 0/S 

XDS based asse 
bler, editor, 
monitor (MEXA) 

No rcsident me 
mory. All othe 
o·>tions. 



-
CAPACIDAD PUERTOS DE I'U¡;RTOS DE 

FABRICANTE· TIPO DE DlREC. ENTRADA SALIDA PERIFERICOS SOFTIYARE 
. 

trid<ie "' assemulato 
; ""' system """ lysis module 

scientific "'" SMS-300 8-K 1/512 1/512 K-B :'ilper Assembler re si 

crosystems (MC- (b2polar) "' requi- 8-b/port B-b/port tape dr.nt O< non res 
SIM) '"' 

den t. Relocata 
blo macro appl 
cations pro-
grams 

Texas rnstru- TMS-9900 32-K . 1/256 1/256 Todas '" 1/0 rnemory mer-

ments (990/4) (NMOS 
,_ 69 instr, 16-b/port l6-bjport opciones • god O< separal 

gate) cepto car- Portable ANSI 
tridge Fortran assem-

bler. All o:;>-
tions 

Texas Instru- SBP-9440 32-K 1/256 1/256 S ame Mismo software 

ments (32L-16 " instr. 16-b/uort 16-bfport Airbor:-~e navi-

bit) . gational .,roce . 
' ssor, gutdancii 

system 

Texas Instru- SBP-0400 A I2L-M.'I oo- Data-in Data-out User's Assembler OD 

menlJ: (I2L-4 bit) m o requer_!. 12-b 12-b peri;:>heral PROM S accordin 

bipolar do 512 <o user's 
instr. needs 

Signetics 2650 IN NOS 32-K 2 2 Todas ,., Fortran resi-

(2650-PC 1000) de:oletion 77 instr. 8-!:>/oort C-bjport opciones den t. 
mode) Assembler abso 

lute memory-
debug 0/5 
(16/32-b) 



.--------- -------,-::--·- --------,-------.----,-----
CAPACIDAD PUERTOS DE PUErtTOS DE 

FABR!CAN'IE 

~EC (Ja¡;an) 
~PDA-80) 

Electronic 
1'.rrays 

Ada·Janced micro 
devlces (rally 
architecture) 

Zilog 

MOS Tech, I'lc. 

Micro Nova 
Data General 

TIPO 

/{PD-80800 
(:\MOS) 

EA 9002 
(N:!OS) 

AM 2900 
(Schottky 
TTL-LSl) 

Z-80 
(!\MOS) 

MCS-66021 
6612 (NMOS 
si-g¿¡te) 

MNova 
(1•11'05 si
gate) 

SOFTWARE DJ: DIREC. E:~TRADA SALIDA PERIFERICOS 

--,--~--+-----1-------i-------j 
1 

64-1\ . 1/1, 280 
78 instr. 8-b/port 

As requi
<ed 
46 instr. 

As requi
red user 
definid 

64-K 
!28 instr. 

,_, 
57 instr. 

H 
word 

Standard 
vo 

2905/6/7 
type bus 
tranceiver 

Option 44 
8-b/port 

I/O coort 
and addres 
bus or 
T/0 ¡Jort 

47 lime 
I/0 contra 
ller 

1 1/1, 280 
8-b/port 

Standard 
,¡o 

2905/6/7 

O;>tion 44 
8-b/port 

Simplifi
ca 1/0 bus 
serial 
port 

Todas las 
opciones 
No k-b 

Todas las op
ciones. Memory 
not relocata
ble. No imking 
loadei 

controller All options. · 
applica- .Fortran emula-
tions tor editor. 

All o~tions k~D ASM micro 
program. Assem 
bler: user's 
own software 

Todas las 
opciones 

Appliance 
controller 

Software 
tibie to 
R-T d~sk 

co:upa 
8(· : OA 
0/S, 

files of any 
sizes macro
assembler, Ba
sic, PL/2, 16-
bit BCD add, 
subtract 

Not compatible 
to 6800 softwa 
re. ~tare ins
truction wi th 
single-byte of 
code. Decimal 
m o de 

47 line Todas las 
1/0 contr~ opciones 
ller 

R-T 0/S Basic 
Extensive 1~
brary, multi
<oly/divide 

. " 
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Directorio de Alumnos del Curso Microprocesadores: Teorfa y 
Aplicaciones Marzo, 1980. 

l. KENT BRAILOVSKY A. 
UNAM 
Prof~sor 

Czada, de los Tenorios 91 # 6 O 
Ex 1-k:l a. Coa pa 

Facnltad de Ingenierfa 
México 20, D. F, 
Tel. 548,21,99 

2. ROLANDO A. CARRERA MENDEZ 
Instituto de Ingeniería, UNAM 
México 20, D.F. 

3. SILVERIO CRUZ CARDENAS A. 
VIDRIERA LOS REYIE S.A. 
fw. Presidente Juárez 2039 
Tlalnepantla, &lo. de Méx. 
Tel.565.02.11 Ext.ll7 

4. JUAN FERNANDO DELGADO ALE:\1AN 
FACULTAD DE PSICOLOGIA 
UNAM 
Mcixico 20, O. F, 

. Tel,SS4.76.32 

5. ALBEF,TO DOMENGE M 
Sn.]. de Letrán 13 
México l,D.F, 
Tel. 510. OO. 41 

6. JUAN MANUEL: FIERRO ROORIGUEZ 

México 22, D, P. 
Tel.594.91.48 

Mnrinu N•tl. 308-2 
MCxtco 17, D.r. 
Tel.527.6.809 

Mn. Herndniez Zarco 53 
Col. AJamos 
México 13, O. F, 
Te1.530.44.ll 

Tenorios 317 
Villa Coapn 
México 22, D.F .. 

Ptes. de las Aguilas 194 
Tecamacha1co 
Mt'!xico 10, O. F. 
Tel.589.30.70 

SAHO Norte 5 A-4614 
Dir. Gral, de Agua Potable y Alcantarillado Oef. de lo R.:ip. 
Reforma 20 Mt'!xlco , O. F, 
M~xico,D,F. Tei.587.87.93 
Tel.535,ll.90 

Madin 24 

• 

7. ENRIQUE GARCIA GONZALEZ 
NCR DE MEXICO S.A. DE C.V. 
Alfonso Herrera 75 
M~xlco 4, D.F. 

Ftes. de Satélite, Edo. de M.:ix, 
Te1.572.25. 82 

Tel.S46.48,45 

8. CARLOS A. GARCIA.MOREIRA 
Atlapulco 46 · . · · · 
Vergel del Sut 
Mhlco 22, D.F. 
Te!,671.17.97 



9. JOSE ANTONIO GARCIA sa.__~co 
Sta.W.a. lA Rtdonla I69-I 
Col. Guerrero 
Ml!xico, D.F. 
Tcl .. '526. t>5. 93 

10, HEDERTO GUERRERO LOPEZ 
!NST, DE SEGURIDAD SOCIAL 
DE LAS PUERZAS ARMADAS 
]~:fe del Depto. de Const. 
Av. In:lustria.Militar 1053-5~ 
México, D.F. 
Tel. 557. 24.66 &r:t.12I 

ll. JORGE GUlZAR GONZALEZ 
SISTEMAS COMPliTACIONALES 
AVANZADOS S.A. 
Emerson 412 
México, O. F. 
Tel. 254.24.13 

12. Ll.JEVANO GUZMAN JOEL 
UA DE ZACATECAS 
Ló~z Velarde s¡n 
Zacutecus, Zac, 
Tel. 2-08,27 

13. JOSE JAVIER LEON HERRERIAS 
FISIIER GOVERNOR DE MEXICO S,A, 
1-kla, de la Guaracha 127 
¡¡~uculP{!n, Edo. de México 
Tel. 376.06.33 

14. SALVADOR LESSO ROCHA 
SQUARE D de MEXICO SA. 
Cl:wda. Javier Rojo G6mez 1121 (Antes 270) 
Iztapalapa, México, O, F, 
Tei.686.30,00 

15. LUIS MARTINEZ VAZ (JJEZ 
SECRé."TARlA ·DE PROGRAMACION 
Y PRESUPUESTO 
Jefe de la Unidad de .:.upervisión y Control 
Delegación Regional tle la SPP 
campeche, Campeche 
Te1.625.52 

16, MIGUEL ANGEL PECH CABRERA 
INST lTUTO DE INVESTIGACIONES 
BlBLIOCRAP!CAS, BIBLIOTECA 
NACIONAL 
Rep. del Salvador 70 
M6-!co 1, D.F. 
Tel. 512;93. 16 

Avila Ca macho 25 
Huf.zac!ml .. .. 
México, D.F. 
Tel.S89.48.33 

Calle 21 de Mzo, 102 
Benito Jullrez 
Zacutecaa, Zac. 

Av. Texcoco 1-C 
Echegaray , Juárez Puntit1.1n 
México, D.F. 
Tel. 763,06.19 

Plan Sn, Lula 406 
N.¡a, Sta! María 
México, D.F, 
Tel.S56.74.37 

' 
Calle 12 No.l35 
Campeche, Cam. 
Tel.637 .32 

Av. del Rosal 290 B:Uf.20-40! 
Molino de Roaas 
Méxicol9, D.F. 
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17. PABLO PEREZ ALCAZAR 
Instituto de Ingeniería 
UNAM 
M<'xico 20, D.F. 

18. ERNESTO PREZA A YALA 

Oiontologfa 57-\04 
Copilco, Universidad 
M~xico, D. F, 

LATINOAMERICANA DE INGENlERIA S.A. Clz. de Tlalpán 4372 
Tuxpan54 México22, D.F. 
México, D.F. Tel.573.24.90 
Tel.584.40,22 

19. LUIS ANTONIO SALAZARZAVALA 
INSTITUTO MILES DE TERAPéUTICA 
EXPEHIMENTAI. 
CALZ. XOCHIMILCO 77 
MEX1Cú22, D.F. 
Tcl.573.24,46 

20. LEITIClA RNAS SERRANO 
ENEP IZTACALA 
TI:.ALNEPANTLA, EDO, DE MEX. 
TEL.565.22.33 

21. RAFAEL }JSE SALIN 
IMSS 
VALLEJO Y }AQ\RANDAS 
M6ico,D ,F 
%cl.S83.63.66 Ext.2106 

22, LUIS 1-!UMBERTO SOTO BERUMEN 
UNIVERSIDAD AUTONOMA DE 
ZACATECAS 
I.J\pez VeJarde sjn 
Zacatecas, Zac, . 
Tcl.2.31.08 

23. [(0flERTO JOSE VELASCO MONROY 
INDETEL 
Antiguo camino u Sn, Lorenzo sjn 
Toluca, Müxico 
Tci.S.24.H 

24. ARTURO ZORRILLA DE LA T, 
SAI!OP 
Dir, Gral. de Const. de Slf't. de 
Agua futable y Alcantarillado 
Rcformn 20·.'5° 
México, D. F. 
Te1.535.1].~0 

Niños H~roes 36-10 
Tepe pan 
México 23, D. E". 

Pcnnsylvnnia 31·11 
Coyoacán 
México 21, D.F. 
Tcl .. '549. 83,34 

Lon:lrea 25-1 
Col, del Carmen 
Coyoacán 
México 21, D.F. 
Tel.689.04.98 

2a de Jos fblos 30 
Zacatecas, Zac. 

Sn Juan 310-IJ 
Col. Plazas Sn. Buenaventura 
Toluca, M~x. 
Tel.5.58.A2 

Av.S.Antonio 62-8 
Méx-ico 18, O. F. 
Tc1.598.00.89 
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