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2, ARQUITECTURA BASICA.DE UNA MlCROCOMPUTADORA, 

Un mi.éroprocesadór es una unidad central de proceso en un solo "chip" de 

tecnología LSI, Como se ilustra en la figura·2,1 una ~icrocomputadora 

es un~ 

/ 

MICROPROCESADOR 

MEMORIA .E 1 S 

Fig. 2.1. Representación 

conceptual de una microcom­

. putadora. 
,.. •11 

j 

microprocesador combinado con memoria y entrada/salida, Hay casos, en que 

un procesador se construye en varias componentes LSI. El aspecto crucial 

de las definiciones es que un microprocesador es solamente una unidad cen 

tral de proceso, en tanto que una microcomputadora incluye memoria y en-

trada/sali~. 

2.1. Arquitectura de las microcomputadoras 

~ arquitectura de las microcomputadoras representa un compromiso difícil 

entre los recursos oe la tecnología y las necesidades de los usuarios. A 

la fecha, la preocupación que domina el diseño ha sido el construir proc~ 

sadores fáciles de usar. Las limitaciones sobre complejidad, velocidad 

y empaquetamiento (número de patas) han definido los tipos fundamentales 

de procesadores que pueden construir~e. Existe' una variedad de procesa-

dores diseñados primariamente para construir calculadoras. Por.lo menos 
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uno de ellos (4004) ha-sido usado en el área de 'é:ontro,ladores, algunos han 

sido constr~ídos con capacidad para realizar operaciones aritméticas.' Una 

tercera generación de procesadores es el procesador de 8 bits; por ejemplo 

el 8008 y el 8080 de INTEL y el M6800 de Motorola son ejemplos de esta cla 

se. 

Existen procesadores con longitud de palabra mayor y la clase actual que-

tiene en un solo estrato procesador, memoria ROM y RAM y capacidad de en-

trada/salida. 

Hay una clase de procesador por bit que para formar palabras usan varios 

chips, se pueden formar procesadores con longitud de palabra de 16 bits o 

mayores. Una de las aplicaciones primarias de esos procesadores es la emu-

lación de minicomputadoras. 

2.1.1. Características generales de las microcomputadoras. 

-
1 Software 1 que requiere de poco apoyo 

Documentación limitada 

Recursos pequeños de 'Hardware' 

La arquitectura del procesador influye fuertemente al 

programa y 'al diseño de sistema 

Mecanismos ¡limitados para responder a eventos asíncronos o 

dependientes del tiempo. 

Las interfases son~programadas más q~e puro hardware 

La memoria de datos debe manejarla el programador como un 

dispositivo de ent~ada/salida 

La baja velocidad de ejecución impone restricciones de algunas 

aplicaciones. 

El pequeño tamaño de las palabras hace muy costosa la aplica-

ción de operaciones con datos con alta precisión. 

·,i 

• 

• 
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En la figura 2.2 observamos un diagrama a bloques de una microcomputadora 

en donde se especifican-sus características baaicas. 

Memoria local 
para datos y 

control 

Usualmente 
controlado 
por Hardware -......., 

Memoria 

del 

Contiene un 
algor;itmo que 
realiza la fun 
ción deseada 

algunos 
procesadores 
solamente 

;Micro-
- procesádor 

el programa es 
dirigido en mu 
ches ·micro- -
procesádores 

Memoria 

de 

datos 

RAM 

Líneas de 
interrupcionés 

dependiente del 
~programa 

Dispósitivo 
externa 
vva el puerto 
o 'bus' 

Contiene datos para 
la solución de pro­
blemas 

Fig. 2.2 Características básicas de una 
microcomputadora. 

I/0 

En la -figura 2.2 presentamos el diagrama a bloques de una microcomputadora 

típica, en donde se indican las secciones de que comprende al sistema. 

L~ memoria de solo lectura (ROM) se usa para almacenar microprogramas o un 

programa fijo dependiendo de la microprogramabilidad del CPU. -El micropro 

grama proporciona la traducción de los comandos de alto nivel del usuario, 

tales como ADD, SUBTR, etc., a una serie de códigos de control reconocibles 

por el microprocesador para ejecución. El tamaño del ROM varía de acuerdo 

a los requerimientos del usuario dentro de la máxima capacidad permisible 

V 



por el direccionamiento del microprocesador_. En la tabla 2 .1 podemos ver 

algunos de los microprocesadores más comunes. 

Intel Intel Intel AMI 
4004 8008 8080 7300 

/ 

Tamaño de 
palabra 4 bits 8 bits 8 bits 8 bits 

tamaño del 
cómputo de --

instrucciones 45 48 74 150 

Formato de 1 

instrucciones 1,2 bytes 1,2,3 bytes 1,2,3 bytes 24 bits 

Capacidad de 4Kx8 ROM 16Kx8 ROM 64Kx8 ROM 512Kx24 ROM 
memoria 1280Kx4 RAM 16Kx8 RAM 64Kx8 RAM -64Kxl6 RAM .. 

Profundidad 
del Stach 3 niveles 7 niveles memoria 32 niveles 

Capacidad 
de interrupción NO SI s! SI 

Aritmética Paralela Paralela Paralela Paralela 

Registros 16x4 6x8 ~ 6x8 49x8 
--

Tiempo del / 

ciclo de instruc 10.8lls f 7.5]Js 2]Jsec 4llS -ción 

TABLA 2.1 Algunos microprocesadores en el mercado 

La memoria de lectura-escritura (RAM) consiste de un conjunto de dispositi-

vos de memoria de acceso aleatorio que se usan para almacenar el macrocódi 
o 

go (programa del usuario) bajo ejecución. Como se indica en la tabla 2.1, 

su tamaño varía dependiendo de los requerimientos del usuario y está limi-

tada por la capaéidad de direccionamiento del microprocesador. 

La sección de entrada/salida (I/0) consiste del almacenamiento y control de 

interfase necesario para co~ectar al sistema a dispositivos de entrada/salí 

da tal como teletipos, terminales, y otro tipo de dispositivos periféricos. 
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La entrada/salida es una área que debe considerarse cuidadosamente durante 

el proceso de selección de·un microprocesador. La entrada/salida .puede 

producir una limitación seria para sistemas pequeños que requieren de una 

actividad de entrada/salida pesada. 

La cuarta sección de la microcomputadora es el microprocesador que se de-

signa como CPU.· El CPU se caracteriza por una gran variedad de unidades 

disponi~les en el mercado. 

2. 2. Arquitectura del CPU 8080 de INTEL. 

-
La unidad ·central de proceso ·soso es un dispositivo que maneja 8 bits en· 

paralelo y se usa para construir computadoras digitales de propósito gene-

ral. Se construye·en un solo estrato usando el proceso MOS canal-n. La 

8080 transfiere datos e información sobre su estado interno V'Va un BUS de 

datos bidireccional del tipo tres-estados (3-State) (DO~D7). La dirección 

de memoria y la de los dispositivos periféricos se transmiten sobre un BUS 

de direcciones del tipo tres-estados (3-State). Bus de direcciones (AO-

Al5). Dispone de seis salidas de señales de control y de tiempo (SYNC, 

DBIN,WAIT,WR,HLDA e INTE) esas son las señales que salen del 8080,_hay cua 

tro entradas de potencia (+12V, +5V, -5V y TIERRA) y dos entradas de relój 

2.2.1. Unidades funcionales del CPU 

El CPU 8080 tiene las siguientes unidades funcionales: 

Direccionamiento y arreglo de· registros 

Unidad Aritmética y Lógica 

Sección de control y del registro de instrucciones 

Bus de datos bidireccional (3-state). 

Véase la figura 2. en dode se ilustra el diagrama funcional a bloques del 

CPU 8080. 

/ 
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Registros 

/ 

Los registros están formados por un arreglo_de RAM estática organizada en 

seis registros de 16 bits. 

Contador de programa (PC) 

Apuntador del Stack (SP) 

Seis registros de propósito general de 8 bits arreglados 

en pares, se designan como B,C; D, E; y H, L 

Un par de registros temporales W y z., 

Unidad Aritmética y Lógica. 

La ULA contiene los siguientes registros 

Un acumulador de 8 bits _ 

Un acumulador temporal de 8 bits (ACT) 

Un registro de~anderas de 5 bits: cero, carry, sign, parity 
..... 

y carry auxiliar. 

e 
nEG R[G 

u 1 '" nrc; AHi 

H '" L REGISTER 
RfG REG ARRA Y 

STACk PVINHR 

PROGRA".4 COU~l EA 
1161 

1161 

POWEAl- +12V 
,iiJI-'1'\.It.S - •61,1 

--!IV 

, -ONO • 
FIG. 2.3. Diagrama funcional a bloques del CPU 8080 
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ARCHITECTURE OF THE 8080 CPU 

The 8080 CPU consists of the following functiooal 
units: 

• Register array and address logic 
• Arithmetic and logic unit (ALU) 
• lnstruction register and control section 
• Bi-directional, 3-state data bus buffer 

Figure 2-2 illustrates the functional blocks within 
the 8080 CPU. 

Registers: 

The register section consists of a static RAM array 
organized into six 16-bit registers: 

• Program counter (PC) 
• Stack pointer (SP) 
• Six 8-bit general purpos~ registers arranged in pairs, 

referred toas B,C; D,E; and H,L 
• A temporary register pair called W,Z 

The- program counter m a inta ins the memory address 
of the current program instruction and is incremented auto-

POWER 1- +12V 
SUPPLIES - _ +5V 

' ~ -SV 

-GND 

IBBITI 
' INTERNAL DATA BUS 

ACK 

F1gure 2-2. 8080 CPU Functional Block Oi<Jgram 

7 

matically during every instruction fetch. The stack pointer 
- maintains the address of the next available stack location in 
memory. The stack pointer can be initialized to use any 
portian of read-write memory as a stack. The stack pointer 
is decremented when data is "pushed" onto the stack and 
incremented whe~ data is "popped" off the stack (i.e., the 
stack grows "dowhward"). 

The six general purpose registers can be used either as 
single registers (8-bit) or as register pairs (16-bit). · The 
temporary register pair, W,Z, is not program addressable 
and is only used for the interna! execution of instructions. 

Eight-bit ilata bytes can be transferred between the 
interna! bus and the register array via the register-select 
multiplexer. Sixteen-bit transfers can proceed between the 
register array and the address latch or the incrementer/ 
decrementer circuit. The address latch receives data from 
any of the three register pairs and drives the 16 address 
output buffer$ (Ao-A 151. as well as the incrementer 1 
decrementer circuit. The incrementer/decrementer circuit 
receives C:ata from the address latch and sends it to 
the register árray. The 16-bit data caro be inr.rementcd or 
decremented or simply transferred between registers. 
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2.2.2. Définición de los estados del CPU. \ 

\ 

Las instrucciones p_ara el CPU requieren de uno a cinco ciclos de máquina 

para su ejecución completa. L~ 8080 envía una palabra de 8 bits de infor-

mación del estado sobre el bus de datos al principio de cada ciclo· (duran-

te la duración de SYNC). La definición de los estados es la sigui~nte: 

INTA DO Reconocimiento de la señal para una petición de INTERRUPT. 

~a señal debe usarse para disparar, una instrucción de reí ·-

nicio sobre el bus de datos cuando DBIN está activa. 

wo Dl Indica que la operación en el ciclo corriente de máquina 

será una escritura a memoria (WRITE) o una función de sa 

lida (OUT PUT) (WO =0)·. De otra forma una lectura (READ) 

de memoria o se ejecutará una operación de entrada (INPUT). 

STACK D2 Indicará que el bus de direcciones-mantendrá la dirección 

de 'pushdown the stack' del apuntador del 'stack'. 

HLTA D3 Reconoce la señal de la instrucción de HALT. 

OUT D4 Indica que el BUS de direcciones contiene la dirección de 

un dispositivo de salida y que el BUS de datos contiene 

el dato de salida cuando WR está activado. 

Ml DS Proporciona una señal pa·ra indicar que el CPU está en el 

ciclo de traer el ·primer byte de una instrucción. 

IMP D6 Indica que el BUS de direcciones contiene la dirección 

de un dispositivo de entrada y que el dato de entrada debe 

colocarse sobre el bus de datos cuando DBIN está activo. 

MEMR D7 Designa que el BUS.de datos será usado para leer datos de_ 

memoria. 
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STATUS WORD CHART 
TYPE OP M.ACHINI. CYCLI 

TABLA 2.2 Estados de la palabra 
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_, 2~2.2. Defiri.ici5n d·e los estados del CPU . 

Las instrucciones para el CPU req~ieren de uno a. cinco ciclos de máquina 

para su ejecución completa. La 8080 envía una palabra de 8 bits de infor­

mación del estado sobre'el bus de datos al principio de cada ciclo (duran-, 

te la duración d~ SYNC). La definición de los estados es la siguiente: 

INTA DO 

wo Dl 

STACK D2 

HLTA D3 

OUT D4 

Ml / . DS 

IMP D6 

MEMW D7 

Recogocimiento de la señal para una petición de INTERRUPT; 

La señal debe usarse para disparar una instruc~ión de re{ 

nicio sobre el bus de datos cuando DBIN está activa. 

Indica que la operación en el ciclo corriente de máquina. 
' 

será una escritura a memoria (WRITE) o una función de sa 

lida {OUT PUT) (WO =O). De otra form~ una lectura (READ) 

de memoria o se ejecutará una operación de entrada (INPUT). 

Indicará que el bus de direcciones mantendrá la dirección 

de''pushdown the stack' del apuntador del ~stack'. 

Reconoce la señal de la instrucc.ión de HALT. 

Indica que el BUS de direcciones contiene la dirección de 

un dispositivo de salida y que el BUS de datos contiene 

el dato de salida cuando WR está activado. 

Proporciona una señal para indicar que el CPU está en el 

ciclo de traer el primer ·byte de una instrucción. 

Indica que el BUS de direcciones contiene la dirección 

de un dispositivo de entrada y que el dato de entrada debe 

colocarse sobre ·el bus de datos cuando DBIN está activo. 

Designa que el BUS de datos será usado para leer-datos de 

memoria. 
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lnstructions for the 8080 require from one to five machine 
cycles for complete execution. Thc 8080 sends out 8 bit of 
status informat10n on the data bus at the beginning of each 
m achine cycle (durmg SYNC time). The following table defines 
the status information. 

STATUS INFORMATION DEFINITION 
Data Bus 

Symbols Bit Definition 

INTA" Do Acknowledge signal for INTEAAUPT re­
quest. Signal should be used to gate a re­
start instruction onto the data bus when 
DBIN is active. 

STACK 

HLTA 

OUT 

M, 

INP• 

MEMA• 

o, 

02 

03 
04 

Ds 

Ds 

07 

lndicates that the operation in the current 
machine cycle will be a WAITE memory 
orOUTPUT function (WO = Ol.Otherwise. 
a AEAD memory or INPUT operation will · 
be executed. 
lndicates that the a,ddress bus holds the 
pushdown stack address from the Stadlt 
Po in ter. 
Acknowledge signal for HAL T instruction. 
Indica tes that the address bus contains the 
address of an output device a'ld the data 
bus will contain the output data when 
WR is active. 
Providcs a signal to indicate that the CPU 
is in the fetch cycle for the first byte of 
an instruction. 
lndicates that the address bus contains the 
address o~ an -input device and the input 
data should be placed on the data bus 
when DBIN is active. 
Designates that the data bus will be used 
for memory read data. 

"These three status bits can be u sed to control 
the flow of data onto the 8080 data bus. 

STATUS WOAD CHART 

Do INTA o o o o o 
o, wo .. 

1 1 o o 
02 STACK o o o o 1 1 

03 HLTA o o o o - o 
04 OUT o o o o o 
Ds M, 1 o o o o 
Ds INP o o o o o o 
07 MEMA o o 

Table 2-1. 808Ct Status Bit Definitions 

__ .... _ -._.__...._.·-..--· ....___ 

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

/r 8080 STA TUS LA TCH 
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22 15 
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2.3. Interconexión al CPU de'memoria y 

dispositivos de ent~ada salida. 

El diseño de una microcomputadora con las componentes actuales le p~rmite 

a uno realizarlo de una manera simple en vista de la modularidad de las com 

ponentes. Un sistema completo consiste básicamente de tres módulos, comú-

nes a cualquier sistema de computo: CPU, memoria y módulo. de ent~ada/salida. 

En la figura 2.5 se presenta un sistema típico. 

BUS DE DIRECCIONES 

' 
MEMORIA E/S 

MODULO 
CPU 

DATOS 

BUS DE CONTROL 

FIG. 2.5 Sistema de cómputo típico. 
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-
/ 

,¡ 

\ 

" 1 1 

/ 

·-

CPU 

(módulo) 

\ 

Memoria 

E/s 

1 ·~ 
48., 

Contiene ·al CPU, el reloj y los' circuitos- para el inter­

faz de memoria y los dispositivos_ de' entrada salida·~ 

Contiene memoria de sólo le~tura (ROM) y memor~a ge lec-

-tura/escritura (RAM) para almac~nar programas y datos. 

Contiene los circuitos que permiten al sistema de cómputo 

comunicarse con los circuitos o estructuras que estén fÚe 
. ~~ 

ra del CPU o el arreglo de memoria. Por ejemplo termina-

les, Discos, etc. 

Existen tres buses· para interconectar esos módulos. 

BUS DE DATOS 

/
, BUS DE DIREC­

' CIONESt 

BUS DE CONTROL 

Es una trayectoria bidireccional por el cual fluyen los. 
1 

datos entre el CPU y la memoria o E/s. 

Es un grupo de líneas unidireccionales que -identifican una 

dirección particular de memoria o un dispositivo de E/s. 
- ! 

Es un conjunto unidireccional de señales que indican el 

tipo de actividad que se procesa corrientemente. 

Tipo de Actividades 

l. Leer de memoria 

2. Escribir a memoria 

3. Lectura de E/s 

4. Escritura de Ef.s 

S. Reconocimiento de una interrupción. 
\ 

' 

·, 
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The following pages will cover the detailed design of 
the CPU Module with the 8080. The three Busses (Data, 
Address and Control) will be developed and the intercon­
nection to Memory and 1/0 will be shown. 

Design philosophies and system architectures pre­
sented in this manual are consistent with produ~~ develop­
ment programs underway at INTEL for the MCS-80. Thus, 
the designer who uses this manual as a guide for his total 
system engineering is assured that all new developments in 
components and software for MCS-80 from INTEL will be 
compatible with his design approach. 

CPU Module Design 

The CPU Module contains three majar areas: 

1. The 8080 Central Processing Unit 

2. A Clock Generator and High Level Driver 

3. A bi-directional Data Bus Driver and System Control 
Logic 

The following will discuss the design of the three 
majar areas contained in the CPU Module. This design is 
presented as an alternative to the lnteJ® 8224 Clock Gener­
ator and lntel 8228 System Controller. By studying the 
alternative approach, the designer can more clearly see the 
considerations involved in the specification and engineering 
of the 8224 and 8228. Standard TTL components and lntel 
general purpose peripheral devices are used to implement 

2 
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13 
the design and to achieve operational characteristics that 
are as clase as possible to those of the 8224 and 8228. 
Many auxiliary timing functions and features of the 8224 
and 8228 are too complex to practically implement in 
standard components, so only the basic functions of the 
8224 and 8228 are generated. Since significant benefits in 
system timing and component count reduction can be 
realized by using the 8224 and 8228, this is the preterred 
method of implementation. 

1. 8080 CPU 
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The operation of the 8080 CPU was covered in pre­
vious chapters of this manual, so little reference will 
be made to it in the design of the Module. 

Clock Generator and High Level Driver 

The 8080 is a dynamic device, meaning that its inter­
na! storage elements and logic circuitry require a 
timing reference (Ciock). supplied by externa! cir­
cuitry, to refresh and provide timing control signals. 

' The 8080 requires two (2) such Clocks. Their wave­
forms must be non-overlapping, and comply with the 
timing and levels specified in the 8080 A.C. and D.C. 
Characteristics, page 5-15. 

Clock Generator Design ~ 

The Clock Generator consists of a crystal controlled, 
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OSCILLATOR 

74504 

74HOO 

WAVEFOAMS 

-i 1~~ f---sons 

~2 _j \ 250ns 1 
SOns-1 1-- ---l ¡-- 50ns 

~lA __j \ 250ns 1 

'~----~r-­

'~----~1 

SYNC -----......1 
ififf8 ---------------, 

'----..1 

Figure 3-3. 8080 Clock Generator 

20 MHZ oscillator, a tour bit counter, and gating 
circuits. 

The oscillator provides a 20 MHZ signa! to the input 
of a -four--(4) -bit, presettabJe4"_liy_nchr_QnO_I.Is, blnary 
counter. By presetting the counter as shown in figure 
3-3 and clocking it with the 20 MHZ signa!, a simple--­
decoding of the counters outputs using standard TTL 
gates, provides proper timing for the two (2) 8080 
clock inputs. 

Note that the timing must actually be measured at 
the output of the High Level Driver to take into ac­
count the added delays and waveform distortions 
within such a device. 

High Leve! Driver Design 
The voltage level ·of the docks for the 8080 is not 
TTL compatible like the other signals that input to 
the 8080. The_ voltage swing is from .6 volts (V1Lcl _ 
to 11 volts (VIHC) with risetimes and falltimes under 
50 ns.-l"he--Capaciti.Ye_O_r_ive_is 20 ~ (max.). Thus, a 
High Level Driver is required .to interface the outputs 
of the Clock Generator (TTL) to the 8080. 

The two (2) outputs of the Clock Generator are ca­
pacitivity coupled to a dual- High Level clock driver. 
The driver must be capable·-of--complying with the 
8030 ctuck~input -speci-fieatiOf\5-;--;}age ~---+5.--A driver 
of this type usually has little problem supplying the 

3-3 

positive transition when biased from-·the B080--v00 - -

supply ( 12V) but to achieve the low voltage specifi­
cation (V1Lcl .8 volts Max. the driver is biased to the 
80ltí> Vas supply (-5V). This allows the driver to 
swing from-GND to-voo- w1th the aid of a simple 
resistor divider. 

A low resistance series network is added between the 
driver and the 8080 to eliminate any overshoot of the 
pulsed waveforms. Now a circuit is apparent that can 
easily comply with the 8080 specifications. In fact 
rise and falltimes of this design are typically less than 
10 ns. 

+12V 
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---l 2 <;>1 fTTL) 
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18080 PIN 22) MH0026 
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~------+~1/V\t-+ 
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15K 15K 
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Figure 3-4. High Level Driver 
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2.4 Comparación entre microprocesadores ZBO 

vs 8080A y 6800 
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1 J Simrl.urtu!S 

r_ Díflcll:uces 

~~ RegrStP.rs 

[ Pm de1rnrtrons 

n Clock •~quirements 

u Clork wavcforms 

o Oynamic memory refresh 

[j lntcrrupts 

[j T eclmoloyy 

o Second source 
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CPU CHIP DIFFERENCES 

ZBO 

Number of: 

lnstructrons 158 

8-bit rcgisters 14 

l6·b1t rcgisters• 8 

lnde~e reg1sters 2 

Add•c~s modes 10 

J/0 adctresscs 256 

F la¡¡ bits 6 

'Co<ll.IS B·h1t rt:f)JStcr pairs as 16 bit registers 
·' Tr.:. !S 1 'O ;¡s n.cmory 

' . 

8080 

78 

1 

5 

o 
7 

256 

5 

6800 

72 

2 

2 

1 

8 

o •• 
6 
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~ CPU CHIP SIMILARITIES 

.. 

·' 

The Z80, 8080 and 6800 all,have: l 
~ 

O 8 bit data and l6·b1t addreu paths 
O Stack addressing 

O Address 65K of memory 

O lntenuptable architecture 

' f,! 
t1 
' O 40 pm OIP 

O Jndependent tri:state data and address buses 
O N·channel MOS 

1 

~ 

! 
' .\ 
" 

;~ 
• J ., 

·CPU CHIP DIFFERENCES (continuedl 

Z80 8080 6800 

Voltage required +5V +5, -5, +12V +5V 

Standard clock rate DC·2.5MHz (1) 0.5-2MHz 0.1-lMHz 
~ Non-maskable interrupt Ves No Ves 

TTL compatible inputs Ves No (2) Ves 

Asynchronous control inputs Ves No (3) No 

3 state controllines Ves No Ves/No 

111 OC capab1hty allows designer to step thru each clock cyclc during debug. 

(2) Requires expen~ive interface buffers for TTL compat1b1lity. 

(3) Sorne inputs must be synchromzcd w1th externa& logic. 
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REGISTERS 

(AFI ACC b~ _-]F~~ ¡:;:-~=~.~ 
lBCI B ~-;-_] ~ C [• -· -J 
lDEI D r~·--- ] :E ~ _ _;;.__] 

(HLI Hlr 1 !lr==~ 

IAFr Acc'[--=t~AG·I ) 

lAcr eL-~ c·c=:J 
II.Jtr o·r l ['~-~ 

IH~I H'[ _=:J t: L=:=J 
'.__! __ _, R[_---J 

ZBO RfGLSHRS AAE SHOw~. 
AN 'T OHV INDICA TES THAT 
TH( [0\n"'I..E:NT R[GIST[A 

EXtSTS rN THE 8080 0R 
6800 REsPECT!VELl. 

IX 1M 

IY 

SP ,I,M 

PC ¡l,lol 

"'f'liiiJC ___ , ·- ·-· .::::.::...:.:.= ... -- .......... -

CLOCK REOUIREMENTS 

., 

• IH THE 6800, THl 
1 REGtSTER IS AH 

ACCI.NULATOR 

The 8080 requires two 8.1 V asymmetrical non-overlapping el oc k inputs 
with a mínimum delay between the end of one input and the beginning 
of the other. 

The 6800 requires two 4.4V asymmetrical, non-overlapping clock inputs 

(Vss + 0.3~ Vctock ~V ce- 0.3) 

The Z80 requires J single 4.2V square wave. However, the clock can be 
held in the high st~te at any time, for any length of time. (0.45~ Vctock 
~ 4.65). 
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MINIMUM CLOCK WAVEFORMS 
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STATIC OPERATION 

ZLU y,., 

The Z80 clock CJI! be left 111 tht' luuh stJt:: !ur ,1n 1ntl_dtnitely long perrod 
~'Jrthout losu1g a11y rnfom1ólt1on 

Tlus means that 1hc CPU el oc k Ldll be ~lo~\ ,·d duwn or srngle clocked rlurrng 
uevelopment and rlebug. 

1 

The clock can also be stoppcd for fast-response DMA transfers. 

·~-· 
H r¡., 

·l 
; 

D'(NAMIC MEMORY REFRI::SH 

Neither the 8080 nor the 6800 have provisions for refreshing dynamic 
1nemories. This must be accomphshed by an externa! controller which 
requires a special mterface to the system. 

The ZBO processor has buiit-m dynamic mcmory refresh capabilities, which 
occur between rn~;~<¡ory ope1.1l10ns and are, therefore, transparent to system 
operation ;:¡mi do nut slow down the processor . 
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INTERRUPT CAPABILITV 

T he purpose of ,m mterrupt ,< to a !lo,-. 1 , ,, ru.:r .11 dc·vrces to suspend ongomg 

CPU r-,•erat""' ,,Jid forL.: lfl·.: CPU tu · i .rt a pt:npheral srrvrce routane. 

Once :':e servrcoe routlnl' 1S tcJnlplcted 11 ,·CPU retums to the operatron rt 

1v..ts ¡.. • form•r·~ 1\Ltm it w¡,~ rnt.:rrupt~d 

1nte11 11JI cap .1 .!tt)' IS nlt~;''"'Ld lly: 

.'.,¡ Hr•· • t ,.,¡ the CI'U cau !Jcgin s1:rvu •IIY tlit: penpheral 

Hr Huw m'"'\' mtt:rrupts can be handled lly the system 

..;¡ Vl. •. :·ther one dt!vrce can mterrupt Llnother's servtce routrne 

O) H ow much e~ tern¡¡l hardware ts needecJ to support interrup~s 

....... : ....... L. _.._.....,..~--~ __ .--.(..- ... -.. .. __ ......__ ----- ~-"""' ..... ~~ .. 

f 
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Z80 INTERRUPT MODE O 

Wht·JI the 8080 recounizes an ínterrupt, 11 receiVes its next instruction 
(usu .. lly a c¡¡lf or testart) from the interruptiny device vía the data bus. 

In rr~eale O, the Z80 re~ponci; exactly l1ke the 8080. 

fhet ~ ts no equrvalent wsponse in the 6800. 
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NON-¡MASKABLE INTERRUPTS 

A 110'1-ma;;kabie rnTerrupt allows features ~Lirh il> power lilil/auto re~t<trt to 
h:! tmplementeci ln10 ÜH• USl::fS SV~·ten; 

When the 6800 rece1ve\ a non-maskable 111terrup't request, tr conopl.~tt:s 
tts current ínstruct10n then performs an mterrupt call to the locat•on s¡J< · 
C!Yied m memory loca~ions FFFC & FFFD. 

When thc zao receives a non ma~kable tn•"Hupt request. it completes 
Íh current lll~truct•on, tllen perforrm a cilll tú -Jcat1ún 0066H 

The 8080 does not ha~·e provts1ons lora non-maskable rnt;mu:1: 

• 

___ ,,.,,_....,.,..,......... _, 

·.te...t.io.-·---« 
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ZBO INTERRUPT MODE 1 

O Tile f-300 responds to a maskah:e ínterrupt by performing an interrupt 
call to the iocat1on specífied in memory locations FFF8 and FFF9. 

O In mode 1. the ZBO responds by performíng a restart to location 0038H. 

O There is no equivalent response m the 8080. 
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11 •·· mode <lliJwS for \t:ry simpl.: \t'<.torrng ¡., rht: proper mterrupt scrv,ce 
r...J :l,:le any\'.1. re In 1111 11"1ry. 

¡,, modt· :!, tht: , . : progr.ullll.•·t c:,tahlr·fi,, <:n 111terrupt vector t.able 
111 memu,. An 1·. 1rect c111 tl.ru.rvh tl••l ¡;,f¡lt rs made rn response 
'" an rnknupt. ¡; ... hi!Jh "''···• ,,tJdre:., !JJts lur tht- pointer to the 
t ·,re are ¡,lacee! '"'. the "'•· 11.q.r vectur 1 u•~tcr by the prograrnmer. 
Th low L.der ~"· ., i.Jots il't: ~ .... ¡.lw(l lJv ti1t 111terruptmg dev1ce, thu~ 
,, •wing L éi ¡n¡,., •· 1'1 rOUtlll•';. 

ll•cre ts r.o t-4UI\•,d , t respon''' 111 ··rtl1er ti..- Ll:!OU ,,, the 8080. 

1 II1S moti" of urt.-.r ;:¡¡¡ resp· ·11' · irllow~ '' ~111!;!, ''ven brt vector from 
tiH• inter;uptmy dt·•".! to Vi ..:i•JJ ti .. ~ CPlJ to ¡¡,,, proper servrce routme 
\'I.!IY qurr.ldy. l'.ur il.t•rrnort:, ~11\l 1! the rnh:rru¡rt ¡,¡I.Jie n¡¡¡y be located 
111 RAM rnrmory, !Ir•: prog•,r'lurrcr can t.l•¡nnmn;.,lly reallocate how the 
CPU re~pouds to rnlt:rrupts Ioom the sarne úevrce. 

1 

rECHNOLOGY 

The Zf'O makes use of ron·illlpl.ant, N·channel, srlicon gate depletion load 

~e;, hnology. Usrng various 1mplant le·,els, it is easy to trade speed for power. 
1 ' 1 Ir,;,, ~;e w1ll offer a wrde ra'lllf of hiuh speed or low power ZBO devices in 

~1 't-' t ut ... ne. 

) 1 

SAVING FIEGISTERS ON INTERRUPT 

!l The 6800 autornat¡cally pushes the mdex regrster, program counter. accum .. 
lators and cond,tron code onto !he stack. Th1s 1s pos~rble because thc 68ull 
has very few reg•sters. 

O In the 8080 a'lc the ZBO, a n(}rmal subroutrne call is executed, !eavm~ r'! 
to the mtt:t.·ur-t routme·to save only those regrsters necessary. 

O The Z80 programmer has the optron of swapprng regrste; banks lor very 
fast contex t s~mchtng or u~rng the 8080 approach. 

SECOND SOURCE 

MOSTE!( has a complete second source agreement with ZILOG for the Z80 

family. This includes mask and technology interchange for all ZBO parts. 

This leads to the ultimate in compatibíhty in parts between the two sources. 
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MOSTEK Z80 

INSTRUCTION SET AND ADDRESSING 

M O DES 
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INSTRUCTION SET COMPAI:I~ON 

.J 8080 compatib1lity 

O lnstruct10n formats 

O Addressmg modes 

O Types of mstructions 

O 8080 and 6800 programs equiValent 
to smgle Z80 mstruct•ons 

-· ---- '111:"" 

INSTRUCTION FORMATS 

Of'COOE 

01 CODE OI'CODE 

01 CODE OI'ERAND 

(JI ::ODE OPCODE 
Q, · RAI':D 

(•,· .. ooE 
u:· .. RAND OI'I.:RAND 

01 ¡:QOE Oh~ODE 

O;tRAND Oi·LRAND 

Z80 6800 8080 

X 

X 

X 

X 

X 

X 

----
X X 

X X 

X X 

One t •te rnstruct1ons 

Two byte instructions 

Three byte instructions 

Four byte mstruct10ns 

--:-_ .. "':1"•... : ~ - /~ .. ~ 
~V --"--------
,,, 

SOBO COMPATIBILITV l: 
O The 4:::80 i;Jstructlon is a true superset of the 8080 mstruction set . ~.:_.· 
O The 8080 mstructiOns are compatible at the bmary machine code level. k 
O Th•s me&:'!~ that programs which run on the 8080 will also run on the zeu 

witho~!t mo;'lf•cat•on. 

O In other worJs, "anything the 8080 can do. the Z80 !:an do (better)". 

o 

o 

o 

o 

o 

ADDAESSING MODES- DEFINITIONS 

IMMEDIATE. In this mode of addressing the byte following 'ihe OP 
code in memory contains the actual operand. 

IMMEOIATE EXTENDED. Tlus mode 1s merely an extenslvfl of 
immed1ate addressmg m that the two bytes followmg the OP code:; 
are the operand. 

MODIFIED PAGE ZERO ADDRESSING. The Z-80 has a SJJCCial 
single byte call mstruction to any of 8 locations m paye zero of mcm· 
ory. Tlus mstruction lwh1ch IS referred to as a restart) sets the PC 
to an effecuve address 10 page zcro. 

RELATIVE ADDRESSING. Relat1ve addressiny uses one byte of data 
following the OP cocle to speclfy a d1splacement from the ex1stmg 
program to wl11ch a program jump can occur. 

EXTENDED ADDRESSING. Extcnrlcd addrcssmy provides for two 
bytes (16 b1ts) ol address to be included 10 the instructlon. 

-.. ---r~oo-..... ~1!.;;..1..-""'"-1.-
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INlJI .- · !.1 AL![J~1F <; .1!'~ .: In thrs r;·: :· p( addrt:\Srng, the byte of 
~k; ... ::;¡iY!ii,·-LA'~ü.L- contaom a u ;¡,1.-u·n.enr t'.lllch rs aoaed to 

one of II•C two rndex reo¡r,ter' (the 01' code spPc,fres wnrch mdex 
reg1ster '' used) to lorm a pornt::n to memory 

AEGISH:R ADDRESSING Many of the Z80 cotias ccntllrn bits ol 
inforrnat.cm t:1at spec•f•¡ wll!C:! C?L: reg:>e; ¡s _~o te usecJ iol an 
operat1;::¡1 

IMPLIED ADDRESSING. lmplied add•~ssi;lg re~~rs ~o oper<'1ions 
where the OP code automatrcally impiH~S ene or mor2 CPU •eg1s'lers 
as contarnmg the operancs. 

P·. lf~DIRECT ADDRESSING H11s '1yp:¡ oí add~essmg 
1 -¡-CI·Tff.:;-:•strr parr ($uch as HL) lo be u;;ed as él porr.l-

.. ~ !!tU 1 1n llrl-'.lll..oly. 

1~ 
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¡ 

1 
j 

H 
~~ 
r~ 
L f 

l 1 
f ~ 
l-l 
r,3 
H 
fj 

, C-~ 

'
j r · i r :_¡· 'r· J ~~· 11'JG. lile ZRO con~arns a l.::r~e nl'mber of brt set, &~; 

(: .. ' 

i ro , , 1 • ;,-;¡ "I>IIIICI!ons. The!>e Hl~trucllúns a:lcw any merr.o;-y k 
·¡, Ir .,_, .. "' CI'U rr 111;1Pr to b1~ s1A!Cdlud :or a brt operatron whije ' 

j 
ti - . lliL 111 the 01' cudl' spec1fy w:11ch of the eigi.Jt !:l1ts is to be ~-=:"• 
ITI.IIJI¡ll¡I,JI:lt .,. 
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8-bit laaol 
TYPES Of &NSTR:iCTIONS 

Rotate/shift 

16 bit load, push and pop 

E !<d,:rll., · 
.. , .. 
~·· • • ••• •• r .t 

1 .111:. 1.:1'1•C f;¡ '"·JIC 

. , .. ; .• •""'' ;,,,¡lunctrc and flag 
·,u,¡ : . ,,t .. tllllt , 

·:' ,, 
·.._:-·~- ·_~_1~':_.: ~ 

Bit set, reset & test 
Jump, call & return 

Loop 

Restart 

Byte input/output 

Block input/output 

Mise CPU control 

r ¡ 
¡.: 
1--· ¡· 
1•-1 
t'-
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ADDRESSING MO[j::S 

PAGt ZEr:<O 

RELATíVE 

EXTENDED 

iNDEXE;.) 

AEGISTEF! 

1!\I;P:._!ED 

INO:Ri::CT 
~rr 
10. -

ZBO 
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'' INSTRUCTION SET COMPARISON ~ 
j~ C::or eact-a ty~ of instruction used, a verbal companson of the major ~;m;- i) 
·: larities and differences between the 6800, the 8080 and the Z80 is given. ~;i ... 

' Then, a chart showing a detailed instruction-by-mstruction comparison •:: 
between the Z80 and the 8080 IS given. 

The hexadecimal number in each square denotes the OP code for the Z80 
instruction. A shaded square indicates the instruct10n is also an 8080 
instruction. 

Note that all 8080 mstructions are included in the Z80 instruCtiOn set, 
and, 1n all cases, the OP codes are ident1cal, thus prov1drng program inter­
changabllrty at the machine leve!. 
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8 BIT LOAD lf·•STRUCTIONS 

The Z80 can move a byte betwe~n regiS!CIS and between memory and 
rcgtsters exactly as the 8080 can. 

The Z80 ts also capable of indexcd addres~ed moves to or from any one of 
seven reg1sters, or from an immed1ate operand, usmg e•ther of two index 
registers. (The 6800 only has two reg1sters and one index reg•ster; the 
8080 has no tndex registers.) 

lndex registers are valuable, especially when working with blocks of data. 
Tlle second index register is parttcularly usefu! when keepmg track of two 
tJI.Jies stmultaneously. 

L1 addition, the Z80 can m ove dii!il betwc•·n the interrupt vector register. 
1 · ,, refresh ¡,,IJIJess regrster and the ¡¡c.cumu !;llor. Thcse rcgisters are un•que 
1. the Z80. 

. --===--··_.::...:::..._. ·- :s.::..:=-·::..:....:.::... 
EXCHANGE INSTAUCliONS 

Z80 8080 . 6800 

B X" 
Ar AF' X 

Bl: --
DI 
Hl 

O! 
IIL 

IX 

IY 

8C') 
DE' 
Hl' 

HL 

{SP) 

{SP) 

(SP) 

X 

X 

X 

X 

X 

X 

X 

TI,., addittonal Z80 exchange, · instruct1ons allow fast context switching 
\\nthout using •· PUSH" and "POP". 

• 1 the fi80C. t., <:nd B a• e ,,ach 8 f11t ;¡c::umu: ... to•. 

. -. 

.1~ , ......... 
/'" .... J 

L --- ~"-- -

¡::-... •' -.. ., ....... ..,....._. ·- ..... 
~ .: ... _o; ~4--'• ... .. ·----~ ................ __ .. '\ :: 
~· ... 

~G Bl'f LOAD INSTAUCT IONS. PUSH ANO POP 

r. The zao is CC:,Jable of al! lhe 16 bit m oves th;,t the 8080 can perfotm. 

O The ZBO also allows ext~nded add•es~mg of 16-!Jil operands. Th1s aliow~ ·' 1 

more flexibility in acces~mg 16 b1t operands for ~ubsequent processmg by t:'; 
the ZBO 16-bit instructtons. r 

O In add1t!oa, the Z80 h3s the ability to load and store its index registers like 

the 6800. ~
j 

:¡ 
' 

~ ~ 
r ; 

O The ZBO can al so push and pop the index registers, not prnvided 'n th1 &30>. ' · i : 
This extends the usefulness of the stack by allowiny severa! tasks to use uoth . 
indax registers {re-entrent programs) . 

EXCHANGE- Z80 VS 8080 

IMPLIED ADDRESSING 

AF' BC', DE' & HL' HL IX IV 
' 

·- AF 08 

BC, 

DE 

IMPLIED & 09 
HL 

DE EB 

REG. {SP) EJ DO FD 

INDIR: EJ EJ 

., ... , 
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EQUIVALENT PROGRAMS 

b The following examples demonstrate the power of sorne of the unique new 
ZBO mstructions. For each case, the 8080 and 6800 progrums equivalent 
to a single 280 instruction are presented and cornpared. 

'• ' 
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LMOVE BL.OCK 

MOVE A BLOCK OF DATA OF ARBITRt\RY SIZE FROM ANYWHERE 
IN MEMORY TO ANYWHERE ELSE: IN MEMOfW. 

CYCLES 

1. 8080A 

MOV LO A,(Hl) 7 
LO {OE).A 7 
INC HL 5 
INC DE 5 
DEC C 5 
JP NZ,MOV 10 

DEC B 5 

JP NZ,MOV _j_Q_ 
54 cycles 

CYC~E TIME= 54 x 0.5 = 27 pS/BYTE 

2. 6800 
MOV LDAA o.x 5 

INX. 4 

STX SO URCE 5 
LDX DEST 4 

STAA o.x 6 
INX 4 

STX DEST 5 

LDX BYTCNT 4 

DEX 4 

STX BYTCNT 5 

BNE MOV 4 

50 cyclcs 

CYCLE TIME =50 x 1.0 = s·o J.IS/BYTE 
3. zso 

LDIR 21 cycles 

CYCLE TIME · 21 x 0.4 = 8.4 JJS/BYTE 

BYTES 

, 
1 

3 
1 

_3_ 
12 bytes 

2 
1 
2 
2 

2 

1 
2 

2 

1 

2 

2 

19 bytes 

2 bytes 

•e• -- •' 

··----~----

~ 

; 
1 
~ 
j 

1: 
' ; 1 

r~ ___. 
a. 



BLOCK SEARCH 

:>EARCH A BLOCI< OF DATA OF ARBITRARY SIZE. LOCATEO 
ANYWHERE IN MEMORY FOR A BYTE MATCH 

1. 8080A CYCLES BYTES 

FINO CMP (Hl) 7 1 
JP Z,FOUND 10 3 

INC Hl 5 1 
DEC e 5 1 

JP NZ,FIND 10 3 
DEC B 5 1 
JP NZ,FIND 1Q_ _3_ 

NO FINO. . • 52 cycles 13 bytes 
CYeLE TIME= 52 x 0.5ps = 26ps/BYTE 

2. 6800 CYCLES BYTES 

FINO LDX LOC 4 2 
eMPA o.x 5 2 
SEO. FOUNO 4 2 
INX 4 1 
STX LOe 5 2 
LOX BYTeNT 4 4 
OEX 4 1 
STX BYTeNT 5 2 
BNE FINO 4 2 

39 cycles 18 bytes 

eYeLE TIME= 39 x 1.0ps = 39 IJS/BYTE 

3. Moste k Z80 
FINO CPIR 21 2 

(JP Z,FOUNO) 

NO FINO ... 
CYeLE TIME= 21 x 0.4 #AS= 8.4ps/BYTE 

·' 
~ ,, 
11 
1 

.1 

~ 
o! 

1 
l ·¡¡ 
•i 

l. 
\ 
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Ji 
~ 

1 
.~ BLOCK 1/0 TRANSFER 

j 
eYeLES BYTES 1. SOBO A 

REAO A BLOCK OF DATA, UP TO 256 BYTES. FROM ANY 1/0 DEVICE:. 
TO ANYWHERE IN MEMORY. 

IOMOV IN A, (PO~T) 10 2 
LO (Hl), A 7 1 
INe Hl 5 1 
DEC e 5 1 
JP NZ,IOMOV 10 3 

37 cycles 8 bytes 

CYeLE TIME= 37 x 0.5 = 18.5 ~/BYTE 

2. 6800 
CYCLES BYTES 

IOMOV LDAA PORT 4 3 
STAA o.x 6 2 
INX 4 1 
DE e B 2 1 

BNE lOMO V 4 L 
20 cycles 9 bytes 

eYeLE TIME= 20 x 1.0 ¡.~s/BYTE = 20 ~/BYTE 

3. Moste k zao 
IOMOV IN IR 20 cycles 2 bytes 

eYeLE TIME= 20 x 0.4 ps = 8 ps/BYTE 

L,""' . ..:.:::~=====:J·'~·~'.~ :e,\="'' ~. ~,...,. D,Q>A' 1'11]"~-··-----~· ... '-:""',"' >= - : ' l """..Á..-::,\'1 ];\' . :g.~ . - - --_ . ...,.. ..... ~ - -- . 
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BEf\!CHMARKS 

c.2Tr,ple·prec•s•on b1nary mult1ply 

L:Move a block of data 

CSearch a memory block for a substnng 

CJ!nterrupt dnven 1/0 transfer 

TRIPLE PRECISION BINAR Y MUL TIPLY- DEFINITION 

Multiply two 24 bit 2's complement binar). numbers in memory (stilrtmg. 

MSB f1rst, at APART and BPART) to forma 48 bit 2's complement producl 

in memory (at PROD). 

r="'-~ .. _ ... ~""'-.~· -~-=----,---·,----;;__ ___ ¡. 
U NOTE 01\J BENCHMARI~ PROGRAMS ! n ~-
M The followmg benc:hmark programs were selected fm the purpose of ob· i 
. " jectively compa1ing t:--te 280, 8080 and the 6800 m H1•portant ap¡lhcat•on J! 
~- ~~ ] areas. 1 ~ 

l-~ 

~ 

MOSTE K realizes that the best benchmark is one wntten for your spl'Cif•c 

applicat1oi1. The followmg are only. offered for your evalua1.ion a~ beu1g 

representativc of the general class of problems being solveci by nw:rocom· 

puters. 

¡e;:, 

TRIPLE PRECISION BINARY MUL TIPLY- RESUL TS 

ZBO 8080 6800 

Execution speed• (J.LS) 2504 5061 3532 
(Relative to ZSO) (1.0) (2.0) (1.4) 

Memory required (Bytes) 85 112 121 
(Relative to ZBO} (1.0) (1.3) (1.4) 

•worst case, multiplier = 0101 0101 0101 0101 0101 0101 

"'"1.1 
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INTERFACING 

1 System des1yn cons•derat10ns 
1 . lnterla~;e Lomp;u,sons 

! Mnumum chq> set for functronal processor 
!' B<ISIC zao m ter lacmg 
r , Oynan11c refresh compansons 

f:\ (.1.-?'""'\'é'''=Rf" 1 p 

; 

• 
J 
.¡ 

1 i 
~ ! 

1 
i 
1 
~ 
1 

::r:__~ · ~- ---- • ~·.no_.t-:·} 1i tl!:'LIII.~-=:..!!:...::::.o..----------

.... ~-- -~---------
~ ... -·-- -·---

INTERFACE CONSIDERATIONS 

Provrs10ns for: Z80 8080 

DI\1A VES VES 

INTERRUPTS 

MASKED VES VES 

~ 
6800 l 
VES .. 

VES ~ 

NOt~·MASKED VES NO VES J 
SVNC'ING SLOW DEVICES VES VES 

SEPARATE 1/0 VES VES 

MEMORV REFRESH VES NO 

DYNAMIC 4K RAM TIMING VES NO 

NO • 

rJ NO 

NO f 
NO -~ 

• <;:an be done rn clock :1rcurtry 1 • } 
rJ 
ll 

1' . 
·~'!:. ·~--~:~_:t_r_:¡_l:~_jS~~}~.:::.,·. 

1. 
' ~ 

(--------- SYSTEM ::::~IDERAT!ONS 
O The 6800 !S de~¡gr:ed to use~ 6800-5•mes p¡¡rts to form a tryht ·knrt-~m¡¡JI to 

medrum si:.:e systern Thrs de:.rgn must'be srunrfrcantly modrfiecl für laqpr 

srze systems contáinmg n•or~: swndard parts 

LJ The 8080 rs actually a three-clup mrcroprocessor, once the 8224 anrJ 82?8 
have been rncludcd rn the desrgn. Thrs lrmrts 1ts usefulne~s in .s.m;,il systcnl~ 

Also, the need for externa! non TTL compatrble buflers rs a clelrnrte !l•s 
advantage. 

O The Z60 IS quite P.ffrcrent m srnall systems, due to tts cle<~n lflterí~r ·- de".¡n 
However, its eff1ciency actually increases as S')'\tem >11e mcrt:<Jsr.~. beUJII>t' 

it was dest:Jned wrth large systems of standi!rd components in mmd. Th" 
CPU co.,tiolled dynamrc memory refresh is JUSt one example of the de~I<J•l 
philosophy. 

t 
t 
L 

¡ 
! 
~ 
¡ 
l 
~ : 
1' 

f: 

MORE INTERFACE CONSIDERATIONS 

ZS!O 8080 6800 

--........__,:¡ . 
-1 
: 

'l 
~ 

j 
1 
-~ 

-~ 

,·~ 
~ l ,, 
1 1, 

VOL TAGE REOUIRED +5 +5,-5,+12 +5 

CLOCK PHASES 1 2 2 

CLOCK VOL T AGE 1:!. 4.2V 8.1V 4.4V 

INTERNAL SVNC OF VES NO NO 
INPUT S 

OIRECT STROBE VES NO NO 
OUTPUTS 

NEED EXTERNAL NO VES NO 
STATUS LATCHES 

TTL COMPATIBLE VES NO VES 

-¡ . • • • -. 

--·--~~~~--~~'b.'.!:L~J?~Dt1l~JO.Dlt1.r--'-· 

l 
J ; 

; 
t . 

i 
¡. 

. ~· 



30 

2.5 Memorias RAM Y ROM 



lb·• "''J 

1024 BIT (256 x 4) STA TIC MOS RArv1 
WiTH SEPARA TE 1/0 

~>~ 256 x 4 Organization to Meet Needs 
for Small System Memories 

l1i.l Access Time - 850 nsec Max. 

"' Single + SV Suppi '!o!lage 
m Oirectly TTL Compatible- Alllnputs 

and Output 
m Static MOS- No Clocks or 

Refreshing Required 

~ Simp)e ft1emory Expansion- Chip 
Enable Input 

IM\ • 

ID lnputs Protected - All lnputs Have 
Protection Against Static Charge 

m low Cost Packaging- 22 Pin Plastic 
Dual-ln-Line Configuration 

111 low Power- Typically 150 mW 

m Three-State Output - OR-Ti e 
Capability 

f¡J Output Disable Provided for Ease of 
Use in Common ·Data Bus Systems 

The lntef'8101-2 is a 256 word by 4 bit static random access memory element using normally off N-channel 
MOS dev1ces integrdted on a rnonolithic array. 1 t uses fully OC stable (static) circuitry and therefore requires 
no clock~ or refre~hing to operate. The data is read out nondestructively and has the same polarity as the 
input data. · 

The 81 O 1-2 is designed for memory applications where high performance, low cost, large bit storage, and sim­
ple interfacing are 1mportant design objectives. 

lt is directly TT L compatible in all respects: inputs, outputs, and a single +5V supply. Two chip-enables 
allow easy select1on of an individual package when outputs are OR-tied. An output disable is provided so that 
data mputs and ou1pucs can be tied for common 1/0 systems. Output disable is then used to eliminate any 
bidirectional logic. 

·¿, ' 1 

The lntel 8101-2 1s fabricated with N-channel silicon gate technology. This technology allows the design and 
production of hi~¡h performance, easy-to-use MOS circuits and provides a higher functional density on a mon­
olithic chip th<..~n .t1ther conventional MOS technology or P-channel silicon gate technology. 

lntel's silicon gate tt::chnology also provides excellent protection against contamination. This permits the use 
of low cost sd1cone packaging. 

¡-
PIN CONFIGUHA T'ION LOGIC SYMBOL BLOCK DIAGRAM 

1 
1 

Al v,, 
"n Dl 1 

Al A• A, DO, 

"· R/W "z Dl2 

Al D02 
"n cfl 

A4 Dl1 

~ OD A5 D01 
A

6 
8101-2 Dl

4 A o CE2 
A, oo, 

A, DO. 

GND o•. 00 

D1 1 D01 

oo, Dl1 

oo 2 002 

PIN NAMES 
_ 0 1,., OATA INPUT 00 OUIPur OISAflE 

~o A.1 -- AO:H•t.SS •r.:PUTS :1 0001 DATA OUTPIJT 

_ANt ~~~- RI;A~.YIIHI ~ ~~e~~-~_~ ~~~R-,.~-5\i)·--
m' ~~:....'".:.-' ~.:.-•..:.:llc:;.E _______ _ 

A o 

A¡ 

Az 

AJ· 

A4 

P.tw' 

.'Dio 

Dlz 

DIJ 

5-51 

(~) 

Q) 

·l' 

(D 

~)¡ 

i<J 
'iJ 
Qj¡ 

;[3) 

li5l 

CELL ARRA V 
32 ROWS 

32 COLUMNS 

. 
A~ A6 Al 

@ 
--av(c 

~GND 

31 
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Siiicon Gate iVtOS s~¡li=2 

1024 EHT (256 x 4) STA TIC MOS RArJI 
WITH COw1fu10N 1/0 ANO O_UTPUT DISABLE 

51 Organization 256 Words by 4 Bits 
w Access Time- 850 nsec Max. 
m Common Data Input and Output 
o Si!']gle + 5V Supply VoHage 
1n Directly TTL Compa~ible ~ Alllnputs 

and Output 
e Slatic MOS- No Clocl<s or 

Rétreshing Requir~d 
r:: Simple 1\-~emory E1rpansion- ChRp 

E:nablc Input 

m Fully Decoded - On Chip Address 
Decode 

¡¡¡ f~puts Protected - All lnputs Have . 
Protection Against Static Charge 

¡¡¡ low Cost Packaging- 18 Pin Plastic 
Dual-lnoline Configuration 

Ell low Power- Typically 150 mW 

(iJ Three-Siate Output- OR-Tie 
Capability 

32 

The lntel''8111-2 is a 256 word by 4 bit static random access memory element using normally off N-channel 
rv~OS devíce'> 1nteyrated on a rnonol1thic arra y_ lt uses fully OC stable (static) circuitry and therefore requires 
ílO ciocks or refreshmg to uperate. The data is read out nondestructively and has the same polarity as the 
input data. Cornmon input/output pins are provided. 

The 8111 -2 is designed for memory applications in smal! systems where high performance, low cost, large bit 
swrage, and s1rnple interfacmg are irnportant design objectives. ·¡ 
1~ directly TTL compatible in all respects: inputs, outputs, anda single +5V supply. Separare chip enable 
(CE) ledds allow easy selection of an individual package when outputs are OR-tied. 

The 1 ntel 'b 111 -2 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production of t11gh performa11ce, easy-to-use MOS circuits and prov1des a higher functional denslty on a mon­
Oilthlc ct11p thJn e1ther convent1onal MOS technology or P-channel silicon gate technology. 

lntel's Sil1con gate technology also prov1des excellent protection against contamination. This permits the use 
of low rost sd1cone packagmg. 

~-------;~N- CONFIGURA TION 

AJ V ce 

A¡ A• 

A, A. V. 

A u CE, 

A; 1 04 

"• 1 ÜJ 

A¡ 1 o, 

C~JD 1 o, 

cE, 

PJN NAMES 

LOGIC SYMBOL 

A o 

A, 

A1 uo, 

Al J:o, 

JI. 1104 

-•,8111-2 

BLOCK DIAGRAM 

1 
@ 1 

Cf,- - {>- 'O--'--, 
ÚO)~ e r z ._-::..__~_ 

00 ..:2--l>----'D---- -

MEMOIIY ARRA Y 
Jl ROWS 

32 COLUMIIIS 

@----v,, 
@ GNO 

1 L ------------ ____ ___¡ 
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Silicon Gate MOS 8102=2 

1024 Bi'T FUllY DECODED STATIC MOS 
RANDOM ACCESS MEMORY 

lll Access lime - BSOns Mau. 
11 Singte + 5 Volts Supply Voltage 
e Cirectly TTL Compatible- Alllnputs 

and Output 
m Static MOS- No Clocks or 

Refreshing Required 
¡;:¡ Low Power - Typically 150 mW 

1.') Three-~tate Output ·- OR~Tie 
Capability 

e Simple Memory Expansion - Chip 
Emible Input 

m Fully Decoded - On Chip Address 
Decode 

o lnpuis Protected - All lnputs Have 
Protection Against Static Charge 

6! low Cost Packaging -16 Pin Plastic 
Dual~ln-line Configuration 

·'§ 
Th8 1 ntel 8102-2 is a 1024 word by or.e bit static random access memory element using normally off 
N ·chonnel MOS devices integrated on a mor.olithic array. lt uses fully OC stable (static) circuitry and 
rhc¡·efore reqLmes no clocks or refreshing to operate. The data is read out nondestructively and has the 
s.ame polarity as the input data. 

The 8102-2 is designed for microcomputer memory applications where high performance, low cost, large 
bit storage, and simple interfacing are important design objectives. : 

lt is directly TTL compatible in all n:spects: inputs, output, and a single +5 volt supply. A separata chip 
enaiJie (CE) lead allows easy selection of an individual package when outputs are O R-tied. 

The lnte{~8102-2 is fabricated with N-channel silicon gate technology. This technology allows the design 
and production of _high performance, easy-to-use MOS circuits and provides a higher functional density on 
a rnonolithic chip than either conventional MOS technology or P-channel silicon gate technology. 

lntel's silicon gJte technology also provides excellent protection against contamination. This permits the 
use of low cost sllicone packaging. 

PIN CONFIGURATION LOGIC SYMBOL 

A~ 
A¡ 

H/W Ag Az D,N 

Al 
tE A• 

8102-2 
A2 DAr A OUT 

Al DATA IN 
Dour 

A4 Ve~ ~ 

Ao GND 

PIN !.JAMES 

~. - --- -- . .. - - -- -· ' --¡ ----- --- .. -- - - 1 
1

- ~IN __ D_A T ~ l~lPUT .. - - E~- -~~~~~~.~ r A o- Ag ADDRESS INPUTS Dour DATA OUTPUT 1 
;· RVV _R[A(J.\',HHL !r .. Pllr Vr:c PO\.~fR (,~V) ~~j 

A o 

A, 

Al 

RIW 

OA1'A 

"' 

() • Plf~ NliMIU H~ 

BLOCK OIAGRAM 

Cfll 
ARR.).Y 

3¡1 HO~S 
l2 COLUMNS 

l 
@ 

' 
.......,.__;:;. Vc.c 

__,. (?)O C.NO 

1 
1 

1 



~3iHcon Gate MOS 8102A-4 

1024 srr FUlLV DECODED STAT~C l\;10S 
RANDO~J1 ACC!ESS ME~JIORY 

o Access Time -450rns Max. 
G Singl0 + 5 VoHs .JI.lppiy VoUage 

u OirecHy TTl.Compatible- ABI inpuis 
a.niJ Output --

o Staiic MOS- No· Clocks or 
Refn'eshing Aequired 

e Simple Memory Expansion - Chip 
Enable Input 

e Fuily Decoded - On Chip Address . 
Decode 

o lnputs Protected - All lnputs Have 
Protection Against Siatic Charge 

I'J Ld'w Power- Typically 150 mW 

~,-. Yh~res:oState Outpui- OR-Tae 
Capabiliiy 

!!1 low Cost Packaging -16 Pin Plasiic 
Duai-Bn-Line Configuration 

Tht; !i1te!'~8102A-4 is a 1024 wrod by one bit static random access memory element using normally off 
l\J-channe! MOS dev1ces integrated on a monolithic array. lt uses fully OC stable (static) circuitry and there­
¡·ore ~f.qui:rr.s ro docks or refreshing to operate. The data is read out nondestructively and has the same 
p0le·ity 2s tne input daia. · · 

Tne 81CJ2A-4 is de~igned for microcomputer memory applications where hígh performance, low cost, large 
bit storage. and simple inl':erfacing are important design objectives. 

lt is directly TTL compatible in all respects: inputs, output, and a single +5 volt supply. A separate chip 
enable {CE} lead allows easy selection of an individual package when outputs are OA-tied. 

(ij) 

The intel81 02A-4 is fabricated with N-channel silicon gate technology. This technology allows the design and 
production ot high pt!rformance, easy-to-use MOS circuits and provides a higher functional density 011 a mon-
olithic chip than either conventional MOS technology or P-channel silicon gate technology. · 

lntel's st!icongate technologv a!so provides excellent protection against contamination. This permits the·use 
of low cosr silicone packagmg. 

PIN CONFIGURATION 

A~ A¡ 

ro.., A e 

R/W ~ 

Al c:·E 

"-1 DAlA OUT 

A¡ DATA IN 

"• 11cc 

P.e GND 

PIN f,IJAMES 

lOGIC SYMBOL 

A, 

- A a Dou1 
~ 

Al 

... 

... 

~;.-. 

DAtA ... 

Q•~>~t~~,.UMOlRS 

BlOCK DIAGRAM 

CfLl 
llAA4.Y 

J2 AOWS 
UCOl~IIIS 

04.r.4 
ovi 
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r;~ T.tJ E 
''1 .. ;.: .... 1 .J l 
¡' ·l 'j ! .~'!''\ j 
l3<l ~"' .::.... .. SiHcon Gate MOS 810~7 A 

~.P 

FULL ~f fDECODED RANDOrw P~CCESS 
4096 EUT DYNAfu1~C ~~1Efv10RY 

= Access Ti m~~:: m- 420 ns max. 
M Befresh Period OA 2 rns 

fJ low Cost Per Bit 
a low Standby Power 
¡g Easy System Interface 
!a Only One· High Vo!tage 

input Signal =Chip Enable 

o Address Registers 
· lncorporated on the Chip 
m Simple Memory Expansion­

Chip Select Input lead 
m Fully Decoded~On Chip 

Address Decode 
. ru Output is Three State and 

TTL Compatible 
!ll low level Address, Data, 

Write Enable, Chip m Ceramic and Plastic 22~Pin DIPs 

Se.lect lnputs 

·'' The lntef81 07 A is a 4096 word by 1 bit dynamic n-channel MOS RAM. lt was designed for memory applica-
tlons where ver y low cost and large bit storage are important design objectives. The 8107 A uses dynamic 
c1rcuitr y wh1ch reduce~ the operation and stand by power dissipation. 

Reading information from the memory is non-destructive. Refreshing is accomplished by performing one read 
cyc:le on edcl1 of the 64 row addresses. Each row address must be refreshed every two milliseconds. The 
memor y is refr eshed whether Chip Select is a logic one ora logic zero. ' 

The 8107 A is f.Jbncated w1th n-channel silicon gate technology. This technology allows the design and produc­
tion of h11dh performance, easy to useMOS circuits and provides a higher functional density on a monolithic 
ch1p than other MOS technologies. 

PIN CONFIGURATION 
:.10/A 

v •• 

... 
"•o 
A, ... 

Veo 

o,,. t. E 

Oour 
... 
A, 

Az A¡ 

Ve e >H 

PIN NAMES 

O¡N 0•\TA.JNf'UT CE 

Ao·A¡ 1 All!.JRt'SS INP'JT$* DouT 

WE WRITE FNARLE V ce 
es Cllil' ~El tCT NC 

---
•Refresh Aaure\~t!\ Ao A;j. 

LOGIC SYMBOL 
8107A 

Ao Ao <>-<> 

Al A, <>-<> 

A> o,,. A2 ~ 

Al Al~ 
A, A.a o--. ... 
"• 

A,~ 

"• Dour 

"• ... 
A,o 

"" CE <>---<> 

es CE WE 

o.N c>---i> 

CHIP ENABLE 
VvE ~~ 
c·s ~ 

DATA OUTPUT 

POWER (+51JI ----
1\iOf co:,JrJECTED 

ROW OECODE 
o1nd OUFFER 
REGISTE R 

l 
TIMII\oG 

CuNfHOL 
GEIIIERATOR 

¡ 
1:0 

¡ 

BLOCK DIAGRAM 

·---
64 ME MOl< Y 

~--t----<>-
AARA't' 

64.64 

t64 

COLUMIII 
AMPllfiERS 

f64 
_,. COlUM'< OECODE 

,na 
BUFHR REGISTER 

111111 

"(·-·<> 'klc 
..::r-e• Vcc 
~ ·J~ 

-:o-<> 'ti• 

------1...---------------------------
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. ' - . ~ '. ' . 1 
' • 1 lid u ... . ~··'.... ' 

_J 
' . .s;,,/ 

*U~tra Low Standby Current: i5 nA/Bit for the 5101 

:: Fast A.ccess [kJoe-650 ns 

~ Single +s V Power Suppiy 

[!1 CE2 Controls Unccmdiiiona~ 
Standby Mode 

i9 DütrecUy Tll Compatible- All 
~nputs and Outputs 

13 Three-State Output 

íhc if,tei .!J G 1 O i and 5101-3 are ultra-low power 1024 bit (256 words x 4-bits) static RAMs fabricated with an advanced ion­
•mplanted silicon 9atc: CMOS technology. The devices have two chip enable ínputs. When CE 2 is ata low level, the mínimum 
siandby curr ent is drawn by these devices, regardless of any other input transitions on the addresscs and other control inputs. 
A!so, \!'1 ~H!11 CE.1 is at a high level and address and other control transitions are inhibited, the mínimum standby current is 

Clrilwn by 1hese devices. When in standby the 5101 and 5101-3 draw from the single 5 volt supply only 15 microamps and 
20l.J microarn~s. re:.pectively. These devices are ideally auited for low power applications where battery operation or batt~ry 
be:ckup ÍOI non-vu!atllity are required. 

Th~ 5101 and 510 1·3 use fully DC stable (static) circuitry; it is not necessary to pulse chip select for each address transition. 
lhe d::lta !$ iedd o:;t non-destructively and has. thí' same polarity as the input data. Al! inputs and outputs are directly TTL 
compatible l l1t> 5101 and 5101-3 havc separate data input and data output terminals. An output disable function is provided 
so that the tJdta mputs and outputs may be wire OR-ed for use in common data 1/0 systems. 

The 5101L and 5101L-3 are 1dentical to rhe 5701 and 5101·3, respective/y, with the additional feature of guaranteeddata 
retenrion ata power supply voltage as low as 2.0 volts. 

A pin cornpdtitJie N-channel static RAM, the lntel 2101, is also available for low cost ap'plications where a 256 .x 4 organi­
Zi:Hion is need1~d. 

The ln!tl ion·impldnted, silicon gate, complementary MOS (CMOS) allows the design and production of ultra-low power, 
hígh perforn.ance memories. 

·-----
Pi N CONFIGURA nON LOGIC SYMBOL BLOCK DIAGRAM 

5101 

A¡ Ao 
@ 

'~ce 
Ao ~Vcc 

A, GtJO 
Al A• .... 

A2 

"'• RIW A¡ 

CEÍ 
AJ 

A• 
A• 

~ 00 "'• 
At; CE2 At; 

A, Cfl 
oo, 00 1 

01 1 oo, 
GND 01 0 -¡ ~· 011 oo, '- ·. R/W D02 

011 003 DI¡ oo, '",i 

oo, 013 
01, oo, 
00 

01 2 o o, 
HW CE2 Cfl o, 

PIN \\JAMES 

1 [11, PL 4 l. \T:.. •" .. liT Ql) (llJ r ,•t tT 015AEt.l F 

~~-
:.~ ·LJHl ~·c..,.,...,..! T ':::. :."J! DO~ {".o\ T .1 UUTPIJT 

n ro ,,l-· ·...,at 11 ,~ • .,,J r ... ,.-:: P\MI H l•'lVI 
A., A 0 A 7 

dl (fi'" 1 r,A.eL ( 000 0 ~ Plh! NlJM!![f!'i 

5-75 



Si!icon Gate MOS 8702A 

2048 BiT ERJl\SABlE ANO ELECTRICALL Y 
REPROGRA~1i\1ABLE READ ONL Y i\/1EíV10RV 

~ Access Time - 1.~ ¡.tsec 
Max. 

o Fast Programming ~ 2 Minutes for 
Al! 2048 Bits 

m Fu!ly Decoded, 256 x 8 Organization 
~::.~ Staiic MOS- No Clocks Required 

. . 

(IJ lnputs and Outputs TTL Compatible 

e Th'reeeState Output- OR-Tie 
Capability 

¡¡¡¡ Simple Memory IExpansion Chip 
Select lnpui Lead 

The 8702/\ is a.256 wor'd by 8 bit electrically programmable ROM ideally suited for microcomputer system 
developmenr where fast turn-around and pattern experimentation are important. The 8702A undergoes 
complete programming and functional testing on each bit position prior to shipment, thus insuring 100% 
prcgrammabil i ty. 

The 8702A is packaged in a 24 pin dual-in line package with a transparent quartz lid. The transparent quartz 
lid 311ows tht:r u ser to ex pose the chip to ultraviolet light to erase the bit pattern. A new pattern can then be 
written into the dt:vice. This procedure can be repeated as many times as required. · 

The círcuitry of the 8702A is entirely static; no docks are required. 

A pin-for-pin metal mask programmed ROM, the 1 ntel 8302, is ideal for large vol u me production runs of 
systems initially using the 8702A. 

The 8702A is fabricated with silicon gate technology. This low threshold technology allows the design and 
production of h1gher performance MOS circuits and provides a higher functional density on a monolithic 
chip than conventtonal MOS technologies. · 

PIN CONFIGURATION 

Voo 

V ce 

V ce 

"DATAOUT1 

"DATA OUT 2 

"DATA OUT J 

"DATA OUT 4 

"DATA OUT 5 

"DATA OUT 6 

"DATA OUT 7 

"DATA OUT 8 

Vc;c PROGRAM 

"THIS PIN 15 THE DATA INPUT LEAD DURING PROGAAMMING. 

PIN NAMES 

BLOCK DIAGRAM 

DATA OUf 1 DATA OUT 8 

PROGRAM-<> 

OUTPUT 
BUFFERS 

2048 BIT 
PROM MATRIX 

1256 X 8) 
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Silicon c;ate tv!IOS 8708/8704 

819? 1 409t) BIT ERASABLE ANO ElECTRICAlL V 
REPROGRftJ\i1~J1ABLE READ. ONLY l\t1Eí\;~ORY 

o a·;oa í024x8 Organüzation 
e 87'04 512x8 Organization 

mJ .Fast Programming -· 
Typ. 100 sec. ForAl! 8K Bits 

ru Low Power During Programming 
o• /.¡,ccess Time-450 ns 
E:1 St?ndard Power Supp!ijes~ 

+12\1, ±5V _ 

rm Siatic-· No Clocks Required · 

~ lnputs and Outputs TTL 
Compatible During 8oth Read 
and Program Modes 

El Three~State Output-OR-Tie 
Capability 

The lnte1®8708/8704 a1e h1gh speed 8192/4096 btt erasabie and electrically reprogrammable ROM's (EPROM) ideally suited 

where fast turn around ar.d pattern expenmentation are important requirements. 

Thr. 8708/8704 are packélged m a 24 pin dual-in-line package with transparent lid. The transparent lid allows the user to ex­
pose the dup to ultr dviolet hght to erase tht~ bit pattern. A new pattern can then be written into the ~evices. 

A pin for ptn· mask programmed ROM, the lnte1®8308, is available for iarge volume production rt~ns of systems initially using 
the 8708. 

The 8 708/8704 is fabncated w1th the time preven N-channel silicon gate technology. 

PIN CONFJGURATiONS 

A, 

1>; 

"• 
AJ 

Az 

A, 

A o 

o, 

o, 

"'' 

Ve e 

A o 

"\lo 

CSWE 

'bo 

PHUGRAM 

o, 

o, 

o, 

o, 

''• 

"3704. v5s 
8108 • A9 

PIN NAr.1ES 

:.:;·; 'l :-; I".~Ufll 

u-;.~:r:~-.:~r;.;j-rs---

CSIWE--

A11 A~ 

ADORE SS 
11\JPUIS 

5-:?9 

BLOCK LIAGRAM 

CHIP SELECT 
lOGIC 

V 

OECODER 
~ 

. 

. 
X . 

DECOO~R 

-

OATA OUTPUT 
o, 0 8 

r 

OU TPUT BUFF E RS 

V GATING 

64 X 118 
H.OM ARRA V 

.., 

--
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Silicon Gate MOS 8302 

2048 B~T MASK PROGRAr~1a\1ABLE 
READ ONL Y MEMORY 

e Access Time -1 3cc Ma)t. 9 Static MOS- No Clocks Required 
lll Simple Memory Expansion- Chip. a Fully Decodcd, 256 x 8 Organization 

m lnpuls aryd Outputs_!TL Compatible 

m Three-State Output- OR-Tie 

Select Input Lead 

Capabiliiy 
u 

s 24-Pin Dual-In-Une Hermeiically 
Sealed Ceramic Package 

® 
The lntel 8302 1s a fu.lly decoded 256 word by 8 bit metal mask ROM. lt is ideal for large volume produc· 
tíon runs of m¡¡;roc:ornputer :;ystems initially using the 8702A erasable and electrically programmable ROI\.ri. 
The 8302 ha~ the same pinning as the 8702A. 

The 8302 1s entirely static- no clocks are required. lnputs and outputs of the 8302 are TTL compatible. 
The uutptlt is three-state for OR-tie capability. A separate chip select input allo_ws easy memory expansion. 
1 :H: 8302 is,pdcl-..aged in a 24 pin dual-in-line hermeticalty sealed ceramic package. 

The 8302 i~ fabricaied with p-channel silicon gate technology. This low threshold allows the design and 
~roduction of higher performance MOS circuits and provides a higher functional density on a monolithic 
d11p than conv~::ntional MOS technologies. 

PIN CONFIGURATION 

A2 Voo 

A o V ce 

V ce 

DATA OUT 1 Al 

DATA OUT l Ao 

DATA OUT 3 A5 
8302 

DAlA OUT 4 A6 

DATA OUT 5 Al 

0ATAOUT6 V ce 

DAlA OUT/ N.C 

0AfAOUT8 es 
Ve.: NC 

PIN NAMES 

b 
-- ---- -- .. -- ---i 

A 0 A 7 ADDRESS INPUTS 

C~~-----=~-=-:. C~l~ SlLECT_~N_P~s 
00,-00 0 DATA OUTPUTS ---------

5-35 

BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 6 

es- OUTPUT 
BUFFERS 

2048 BIT 
ROM MATRIX 

(256 X 8) 

t-----t 
Ao A1 A7 
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SHicon Gate iVIOS 83C8 

8192 Bff STA TiC MOS READ ONL V ~!JEi\/lORY 
Orgar~ization .... 1024 Words x 8 Bits 

l!l Fast Access - 450 ns 

~ Directly Compatible with 8080 CPU 
at Maximum Pr"'~P.ssor Speed 

rn Two Chip Se~ect inputs fqr Easy 
Memory Expansion 

~ Directly TTL Compatible- AH lnputs 
and Outputs 

m Three State Output- OR-Tie 
· Capability 

l'i!l Fully Decoded 

ffil Standard Power Supplies 
+12V DC. ±5V OC 

Tin~ int::lé«) 8308 is ar. 8,. 192 bit static MOS mask programmable Read Only Memory organized as 1024 words by S-bits. This 
R0/.¡1 ís de>lynt:d for 8080 microcornputer system appiications where high performance, large bit storage, and simple inter­
YJ{;Íi1fl are ímportant design obtectivcs. The inputs and outputs are fully TTL compatible. 

r ... pio for pin compatible 2lectncally programmed erasable ROM, the lntel® 8708, is available for system deve.lopment and 
;m:;¡n quantitv production use. 

T wo Chip :3Rh:cts are provided - CS1 which is negative true, and CS2/CS2 which may be programmed either negative or 
no~itive true at the mask level. · 

The 8308 read only rnemory 1s tabricated with N-channel silicon gate technology. This technology provides the designer with 
high performance, easy-to-use MOS circuits. · 

PIN CONFIGURATION BLOCK DIAGRAM 

DATA OUT 1 DATA OUT 8 

t-----~t. 
es,- OUTPUT 

BUFFERS 

T 
8192 BIT 

ROM MATRIX 
(10~4 X 81 

[ 
t 

DECODER 

t t-----t 
Ao A1 A 11 

Pll\1 NAMES 
,---- ·- . -. -------, 
L. Ao_ As ____ ADDRESS t~PU~s ___ _J 
! O,- Oa DATA OUTPUTS 1 

tes,. cs2 CHIP SELECT-ÍNPUT~ 
---------

·1 

5-39 
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Silicon Gate MOS ROfv1 8313A 
i6,384 srr STAT~C ~;¡os· READ ONLY MEMORY 

Orgaraization~2048 Words x -~ Bits 
Access Time-850 ns max 

e Singie + 5 Volts Power Supply Voltage 
e Directly TTL Compatible- Alllnputs 

and Outpuls 

a low Power Dissipation of 31.4 ¡tW/Bit 
Maximum 

., Three programmable Chip Seiect 
inputs for Easy Memory Expansion 

(') 

I'J Three-State Output - OR· Ti e 
Capability 

101 Fully Decoded- On Chip Address 
Decode 

m lnputs Protected - All lnputs Have 
Proteciion Against Static Charge 

"4 l 

The lntel 8316A is a 16,384-bit static MOS read only memory organized as 2048 words by 8 bits. This ROM is 
designed for m1l;r ocomputer memory applications where high performance, large bit storage, and simple inter­
fac¡¡;v ar~ rmp011 diH design ob¡ectives. 

The 1nputs and oucputs are fully TTL compatible. This device operates with a single +SV power supply. The 
ttHt.:l~ ci1ip select rr1puts are programmable. Any combination of active high or low level chip select inputs can be 
d.::f¡ncu :.md the Jesin:d chip sclect code is fixed during the masking process. These three programmable chip 
select inputs, as well as OR-t1e compatibility on the outputs, facilitate easy memory expansion. 

The 831 GA reod only memory is fabricated with N·channel silicon gate technology. This technology provides the 
designer with ll1UI1 performnnce, easy-to-use MOS circuits. Only a single +5V power supply is needed and all 
dev,ces Jre directly TTL compatible. 

PIN CONFIGURATION 

A, v,:c 

"'• o, 
.. 9 01 

A,o ul 

"'o l). 

A, o~ 

"'1 06 

Al o, 

"'• o 
8 

"'~ c.s, 
A6 cs

1 

GND cs 3 

PIN NAMfS 

-.!:_':!._ ~~~~- -~f.¡:,\:\ • ¡··:'[/r~---·----­

~~-~~- __ L_!J.:.T.\ t •11 ~~~:.~-~~~-------------
L~1 e~., 1 "'"¡h,¡ ~.·.Jr.J.l,i:jL( CHW :)l Lfl r lr-JJ'Ijf~} 
------- . 

Al O 

A9 

"'a 
.. , 
A6 

As 

A• 

"'-¡ 

A~ 

"'• 

"'~ 
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BLOCK DIAGRAM 

\G J84 [liT 

CELL MATAil< 

CHIP 

SELECT 
PROG 

~es, 

CHIP 

SELECT 
INPUT -es¡ 

BUFFERS 

-.cs3 
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r d 
w- ~ _:_~] 

. ..._,., Schottky Bipolar 8212 

-E~GHT.,EHT iNPUT /OUTPUT PORT 

a Fully Para!lel 8~Bit Data 
Reyister and Buffer 

m Service Request Flip-Fiop 
tor lnterrupt Generation 

ID low ln¡:.. ... sl load Current -
.25 mA Max. 

~ Three State Outputs 

o Outputs Sink 15 mA 

m 3.65V Output High Voltage 
for Direct Interface to 8080 
CPU or 8008 CPU 

lil Asynchronous Register 
Clear 

· e Replaces Buffers, Latches 
and Multiplexers in Micro­
computer Systems 

i!l Reduces System Package 
Count 

The 8212 ini):.Jt/output port consists of an 8-bit latch with 3-state output buffers along with control and device seiection 
logic. Also u•¿ludo::d is a service request flip-flop for the generation and control of interrupts to the microprocessor. 

The de·, ice is multimode in nature. 1 t can be used to implement latches, gated buffers or multiplexers. Thus, all of tre princi­
:;,,1 peripherdl dlld input/output functions of a microcomputer system can be implemented w1th this device. 

-·-----------· 

PIN CONFIGURATION 

os, 1~Vcc 
Mü 2 n INT 

D1 1 22 

Do, 21 

012 ~ 20 

DO¿ 19 
8212 

DI J 1B 

D03 8 11 

01 4 
9 16 

oo. 10 15 

sra 11 14 

GND 12 13 

PIN NAMES 

01,018 ! OATAIN 

00, DOo : OA 1 A OtJT 

OS, l.> S¡ Dt VICl ~~LEC T 

MO 
STB 

018 

008 

017 

001 

DI. 
a 

006 

015 

005 

CLR 

os? 

INT 1NilHf1U~T !ACTIVE lOWI 

élR Clt·lli !ACTIVE lDWI 

--------------~· 

LOGIC DIAGRAM 
SERVICE REQUEST FF 

\ 
"" 

DEVICE SELECTION 

-"" a:> 051 

liT> 052 

iACTIVf l0\'11 

5-85 

OUTPUT 
BUFFEn 
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functionai Description 

Daia lalch 

The 8 flip· tlops ttl.JI make up the data latch are ot a 
"O" type design. T11e output (0) ot the flip-flop will 
foi!ow the d<Jt.J tnput (O) while the clock input (C) is 
high. Latchtng wtll occ;ur when t11e clock (C) returns 
low. 

The data latch ts cleared by an asynchronous reset 
input (CT:-Fi). (Note: Clock (Cl Overides Reset (CLR).) 

Ct~lpul BuHer 

The outputs ot the data latch (Q) are connected to 
3- state, flOn-inve;ting output buffers. These buffers 
ha ve a r::ornmon control lme (EN): this control line 
e1Lhet Emable& the buffer to transmit the data from 
the O\Jlputs of the data latch (Q) or disables· the 
buffer, forcing the output into a high impedance 
state. (3 -:;tare) 

Thi>; niqh-impedance state al!ows the designer to 
conr.eLt tht;f 8212 directly onto the microprocessor 
bt-dtrectional data bus. 

Controllogic. 

The 8212 h<Js control inputs DS1, DS2, MD and 
STB. These inputs are used to control device selec­
•On, data latch1ng, output buffer state and service 
reqwst flip-tlop 

OSi, OS2 (Device Select) 

These 2 inpurs are used !or devtce selection. When 
ÓSl tS low and DS2 1s htgh (DKi · DS2) the device is 
selected. In 111e selectE:d state the output bu.ffer is 
enabled and !llt~ service request flip-flop (SR) is 
asynchronously set. 

MO (Mode) 

Thts mput 1s used to control the state of the output 
buffer ancJ to dete;mthe the source of the clock input 
IC) to the dGta I,Jtch 

Wllen MD is t11gh (output modc) the output buffers 
are enabled and the source of clock (C) to the data 
l~ltch i::> from the dt:vtce sclecrJOn logic (DS1 · DS2). 

WJ1en 1\.10 is lo.v (mrut mod•.n the output buffer st<Jte 
ts determ1ned t>y tl1e devtce selection logtc (DSl · 
DS2) and ttle sourcc of clock (C) to the data f¡:¡tch is 
the STB (Strobe) input 

--s (Strobe) 

.. .ts input is u sed as the clocí-\ (C) to the data latch 
f01 fhí~ jr.¡>tJt rJY;:i:') r.'D = ()) lr.rl !CJ S'¡'flChrOnOUSJy 

res, t til~ s01·.•.>:: rL-i'-'··.:r : .....• : .. ,_,!Sr.). 

Serrvice Request flip-Ficp . 
The (SR) flip-flop is used to generate and control 
interrupts in microcomputer systems. 1t is asyn­
chronou~ly set by the C[R input (act1ve low). \Vhen 
the (SR}· flip-flop is set it is in the non-interrupting 
state. 

· The output of the (SR) flip-flop (Q) is connected to 
an inverting input of a ''NOR" gate. The other input 
to the :'NOR" gate is non-inverting and is connected 
to the device selection logic (DSl • DS2). The output 
of the "NOR" gate (INT) is active low (interrupting 
state) for connection to active low input priority 
generating. circuits. 

SERVICE REOUEST FF 

DEVICE SELECTION 

. "'-... 
IDiffi 
[i> DS2 

(]> MO ----1..0--i. _ _J 

[i) STB----4--1 

{Dot1 
DATA LATCH 

[E>o•2 

fDo•J 

fE>o•4 

@>o•s 

§>o•s 

(29>017 

§>o18 
RESET O~IIVER 

§>éi.R 
IACTIVE LOW¡ 

\ 

OUTPUT 
SUfi'EA 

/ 
ó'o, G> 
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SCHOTT!\V BIPOLt..,.f1 B212 

Applications Of The 8212 ... For Microcomputer Systems 
.·,_' Basic Sclwmatic Symbol VIl 8080 Status Latch 

11 Gated Buffer VIII 8008 System 
111 Bi-Oirectional Bus Driver IX 8080 System: 
IV lnterrupting Input Port 8 Input Ports 
V lntern..~~t lnstruction Port 8 Output Ports 
VI Output Port 8 Level Priority lnterrupt 

l. Basic Schematic Symbols 
Two examples of ways to draw the 8212 on system 
schemattGs-( 1) the top being the detailed view 
slwwing ptn numbers, and (2) the bottom being the 
symbollc vte.v showtng the system input or output 

as a system bus (bus containing 8 parallel lines). 
The output to the data bus is symbolic in referenc-
ing B"parallellines. _ -

--
- IBASIC SCHEM~TI~ SYMBOLS- - -------

INPUT DE VICE __ • 
------ - ----. 

11 ..---------

IDETAILEDI 
-¡ 

tNPUT 
SIAOI:!E 

V ce 
,..------ OUTPUT 

FLAG 

SYSTEM 
INPUT 

GND 

11. Gated Buffer ( 3 · STATE .'/ 

(SYMBOLIC) 

DATA BUS 

The simples! use of the 8212 ,;s that ot a gated 
buffer. By tying the mode stgnal iow and the strobe 
input htgh, the data latch 1s acling as a straight 
through g .. He. The output buffer:s are then enabled 
trom the device selection logic l)S1 and DS2. 
When the device selection logic is false, the outputs 
are 3-st<.~te. 

When the llevice selection logic': is true, the input 

DATA BUS ____ v_c;_c 

GATEO BUFFER 
3-STATE 

Vcc--~--------------~ 

INPUT 
DATA 
(250 ¡;A) 

STB 

data- frorn the- system is d~recttyl transferied to the - ~--:-:-:--_ --· _--: · 
• --. .....,- r·l •-¡ ,,... -~ - .-)C:,f' ... -.. •• w .... T' ~ G-'TI"'!f; r-------.:r out~ .. J1. •"- ,,,,_ .• d . "" •·--'·-. •::. _..,,o m1cr,; _ .. 11;.,. ''"' cu:1Tn;L -J 

ou:¡:..ut u::: .••. :-.n s:n~, 15 ml!ii arnps. Th-.:: m1nimum tí:>:;l-n •• , L--------___.l 
hig:t output •s 3 es v0rts ¡, 

e;_¡¡] 

SYSTEM 
OUTPUT 

OUTPUT 
DATA 
(l::OonA) 

(3 65V MINI 

45 



SCHOTTi<V BIPOlt\R 8212 

·m. Bi~Directionai Bus Driver 
A pair of 8.~12"s wired (bock-to-back) can be used 
as a syrnrn¿.tr~c.ll drive, bi-directional bus driver. 
The devices ::.~re control!8d by the data bus input 
control wt11ch is connected to fJS1 on the first 8212 
and to OS2 on tt1e second. One device is active, and 
ac!ing ¡;¡s iJ straight thr ... gil uuffer the other is in 
3-state mode. This is a very useful circuit in small 
system-desi,Jn. 

DV. interrupting Input Port 
Tt1is use of an 8212 is that of a system input port 
thut acct:!¡:;ts a strobe from the system input source, 
which in turn clears !he service request flip-flop 
and intcrrupi"C· the proGessor. The processor then 
goes th1 ouuh a serv1ce rout1ne, identifies the port, 
and e¿¡ uses u-.e device selection logic to go true­
enablin0 tt.e system input data onto the data bus. 

V. lnlerrupt instructíon Port 
The 8212 c.m be used to gate the interrupt mstruc­
tron, nor m.J/Iy RESTART mstructrons. onto the data 
bus. Tlle ae\ 1ce is enabled from the interrupt 
acknOv'.lc.:d~!C srgnal from the mícroprocessor and 
from a port select1on SJgnal. Th1s signa! 1s normally 
t1ed to gr vund. (OS 1 could be u sed lo mult1plex a 

v,wety of 11ilerrupt instruction ports onto a com­
mon bus) 
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SCHOTT;(y 81POL/l.R 8212 ·-----------------------------------------------
. VI. Output Port {With Hand-Shaking) 
·The;B;:: 1:! can be u;;8d 10 transmit data from the data' 
'bLs 'to a ~}Stem output Tia; output strobe could be 
a hand-shak1ng stgnal suc!1 as "reception of data" 
from !he devtce tll¿¡t Lhe system JS outputling to. lt 
tn turn. can mterrupt the syslem signifying the re­
ception ol data. The select10n of the port comes 
from the dcvtce selecttOn logic. (DS1• DS2) 

VIL 5080 Status latch 
Hore the 8212 is used as the status latch for an 8080 
rnlcrocomputer system. The tnput to the 8212 latch 
1s d1r~ctly from the 8080 data bus. Timing shows 
lhdt when the SYNC stgnal is true, which is con­
r·<~ded to the DS2 .mput ¡:¡nd the phase 1 signar is 
tru•!, wh1ci1 1s a TTL level coming trom the clock 
ne1u::rator; then, the status data will be latched into 
lli88212. 

SYSTEM 
INTERRUPT 

OUTPUT PORT (WITH HAND-SHAKING) 

DATA 
BUS 

.------- OUTPUT STROBE 

STB 

SYSTEM QUTPUT 

Note: The mode signal is tied high so that the output 
on the latch is active and enabled all the time. 

1t is shown that the two areas ot concern are the 
bidirectional data bus of the microprocessor and the 
control bus. 
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-SCHOTTKY BiPOLAR 8212 

· VW. 8008 System 

·rhis shows the 8212 used in af'l 8008 microcomputer 
system. H1oy are used lo multtplex the data from 
three dtffcrent sources onto the 8008 input data bus. 
Tht.} three sources of aata are: memory data, input 
da~a. and the interrupt instruction. The 8212 is also 
used as the unt-dtrectional bus driver lo provide a 
proper _drive lo the address latches (both low order 
e.nd hiyh arder are also 82i2's) and to provide ade­
quate drive to the output data bus. The control of 
these six 8212's m the 8008 system is provided by 
lhe CO&lirol log1c and clock generator circuits. These 
ciri::uits consist of fl;p-tlops. decoders, and gates to 
ge:l•Hale the contra! funct10ns necessary for 8008 
mttrocornputer systems. Also note that the input 
oata pod !!35 a strobe input. This allows the proces-

---------------··------

sor to. be interrupted from the input port directly. 
The control of the input bus consists of the data bus 
input signal, control logic, and the appropriate 
status signal for bus discipline whether memory 
read, input, or interrupt acknowledge. The combina­
tion. of these tour signals determines which one of 
these three devices w1ll have access to the input 
data bus. The bus driver, which is implementad in 
an 8212, is also contmlled by the control logic and 
dock generator so it can be 3-stated when neces­
sary and also as a control transmission device to 
the address latches. Note: The address latches .can 
be 3-stated for DMA purposes and they provid~ 15 
miJii amps drive, sufficient for large bus systems. 
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------------------·--·--------------------------------

IX. 8080 System 
:T:_his drawa:•.:J shows the 8212 u::>ed in the 110 section 

::o/ an·8080 mtcroc.omputcr system. The system con­
"sist's of 8 input ports, 8 output ports, 8 leve! priority 
systems, and a bidirect10nal bus driver. (The data 
bus witllin the sy.stem is darkened for emphasis). 

Basically, the operatior ,would be as fol!ows: The 8 
porls, for example, cot.ud be connecled lo 8 key­
boards, each keyboard having 1ts own priority level. 
The k"eybomd could provtde a strobe input of its 
own wllich wourd clear .the service request flip-flop. 
The fNf stgnals are connected to an 8·1evel priority 
encosJtng circu1t. Tllts clfcuit provides a positiva 
lrue levt;l to the centrnl processor (INT) along with 
a thtee-bil code to the interrupl instruclion port for 
the gener'ation ot RESTART insrructions. Once the. 
proc:;ssor has been interrupted and it acknowledges 
lhe recepuon of the interrupt, the lnterrupt Acknowl­
ecJge s1gnal is generated. Ttlis signa! transfers data 
in the !prn, of a RESTART instruction onto the buf-

, tereti dúi~J bus. When the DBIN signai is true this 
RES r ART rnstrt.:ction is gated into the microcom­
puter, •n lius case; the 8080 CPU. The 8080 then per­
forrns a soltwJre controllect interrupt service routine, 
saving n1e status ot its current operatíon in the 
push-down stack and performing an INPUT instruc­
tion. The INPUT instruction thus sets the JNP status 

bit, whtch is common to all input ports. 

Also present is the address of the device on the 
8080 aadress bus which in th1s system is connected 
to an 8205, one out ot eight decoder with active low 
outputs. These active low outputs will enaqle one of 
the input ports, the one that interrupted the preces­
sor, to put its data onto the buffered data bus lo be 
transmitted to lhe CPU when the data bus input 
signal is true. lhe processor can also output d3ta 
from the 8080 data bus to the buffered data bus 
when the data bus input signa! is false. Using the 
same address selection technique from the 8205 
decoder and the output status bit, we can selocl 
with thís system one ot eight output ports to trans­
mit the data to the system's output device structure. 

Note: This basic 1/0 configuration for the 8080 can 
be expanded to 256 input devices and 256 output 
devices all using 8212 and, of course, the appropri­
ate decoding. 

Note that the 8080 is a 3.3-volt mínimum high input 
requirement and that the 8212 has a 3.65-volt míni­
mum high output providing the designer with a 350 
milli volt noise margin worst case for 8080 'systems 
when using the 8212. 
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SH!con Gate MOS 825~! 

PHOGRA!\/HVU\BlE COMMUN~CAT~ON ~NTERFACE 

1;'1 Synchronous and Asynchronous 
Operation 

" Synchronous: 
S-El 01t Characters 
Interna! or Externa! Character 

Synchronization 
Automalic Sync lnsertion 

., Asynchmnous: 
~ 5c8 8H Characters 

Ciocl-r. Rale- 1,16 or 64 Times 
Baud Rate 

lflrcai< Characler GeneraHon 
1, 11h, or 2 Stop 3i!s 
False Starl Bit Detection 

¡¡ Baud Rate -OC to 56 k Baud ( Sync Mode) 
DC to9.6k Baud {Async Mode) 

a FuU Duplex, Double Buffered, 
TransmiUer and Receiver 

ea Error Detection - Parity, Overrun, 
and Frraming 

!;"l fuliy Compatible with 8080 CPU 
m 28DPin DIP Package 
m All ~nputs and Outputs Are 

TIL Compatible 
113 Single 5 Volt Supply 
a Single TTl Clock 

The 825 f is a Universal Synchronous/ Asynchronous Receiver 1 Transmitter (USART) Chip designed for data 
cc;mrnunications in microcomputer systems. The USART is used as a peripheral device and is programrned 
by the CPU !o operate using virtually any serial data transmission technique presently in use (including IBM 
81-Sync). Tl!e USART accepts data characters from the CPU in parallel format and then converts them into 
a cont1nuous serial data stredm for transmission. Simultaneousl~ it can receive serial data streams and con­
vert tnem into parallel data characters for the CPU. The USART will signal the CPU whenever it can accept 
a new charar.ter for transmission or whenever it has received a character for the CPU. The CPU can read the 
complete status of the USART at any time. These include data transmission errors and control signals such 
as SYNDET, TxEMPT. The chip is constructed using N-channel silicon gate technology. 
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SIUCO:'J GATE MOS 3251 
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8251 BASIC FUNCTIONAL DESCRIPTION 

The 8251 is a Universal Synchrcnous/ Asynchronous Re­
ceiver!Transmitter pt,:~igned specifically for the 8080 Micro· 
computer System. Lrke ot.,_-:r 1/0 devices in the 8080 Micro· 
computer Systern its functiunal ccntiguration is programm¡;¡d 
by the systems softwdre for maximum flexibility. The 8251 
can support virtually any senal data technrque currently 
in use ·(indudrng IBM "bi-sync"). 

In a commumcatron environment an interface device must 
convcrt pdr allel formar systern data into serial format for 
transmission and ccnvert incoming serial formar data into 
parallel sy~tem data lor receptron. The interface device must 
also delcte. or insert "bits or characters that are functiona!ly 
•mique to the cornmunication technique. In essence, the 
interface should appear "transparent" to the CPU, a simple 
input or output of byte-oriented system data. 

Data Bps Buffer 

This 3- state, bi-dsrectional, 8-bit buffer is u sed to interface 
the 8251 to the 8080 system Data Bus. Data is transmitted 
cr rece¡vrHJ by the bufter upon execution of INput or OUT· 
put instructions of the 8080 CPU. Control words, Cornmand 
words and Status informat10n are also transfer_red through 
the Data Bus Buffer. 

Read/Write Control Logic 

This functiondl block accepts rnputs from the 8080 Control 
bus and yener .:Hes control signals for overall device operation. 
lt conta111s the Control Word Register and Command Word 
Register that St()re the varrous control formats for device 
functronal definition. 

RESET (Reset) 

A "hiyh" on this input torces the 8251 into an "Id le" mode. 
The device w1ll remain at "Id le" Llntil a new set of control 
words is written into the 8251 to program its functional 
definition. 

CLK (Ciock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Ph¡¡se 2 (TTL) output of 
tlle 8224 Cloá GenerJtor. No externa! inputs or outputs 
are referencr~d to CLK but the frequency of CLK must be 
greater than 30 trmes the Rece1ver or Transmitter clock in· 
puts for synchronous mode (4 times for asynchronous 
rnode). 

WR (Write) 

A "low" on this input inforrns the 8251 that the CPU is 

outputting duta or l:Ontrol words, 1n essence, the CPU is 
w¡iting 0111 to the 8251. 

A "low" on th1s input rnlorms the 8251 thJt the CPU is in· 
puttinr¡ c.íl;, or •,r"tl!~ iniorm.Jtion. 1n ::~;ence, the CPU is 
r~:<Jdill<.J from ti;.: [!:?51. 
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5 

CID (Control/Data) 

This input, in conjunction with the WR and RO inputs in· 
forms the 8251 that the word on the Data Bus is either a 
data character, control word or status information. 

1 =CONTROL O= DATA 

CS (Chip Select) 

A "low" on this input enables the 8251. No reading or writ­

ing will occur unless the device is selected. 
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JIJJodem Con~· o, 

T~.e 825! 11;.~ J '\!t ot control 1r;~.ut< and vutputs that can 
be us.:d to s~;nplify the ¡nterf, __ -f'! te ;;,lmo~t aoy Modem. 

Tf~f. mode111 CUIH!OI signafs ar.: ~CroEro11 purpose in nature 
<oO can be u>t=d for íunctions oth,,r than Modem control, 
i\ r.zcessary. 

bsfí (Cata S~t Ready} 

'file DSR mput signa! is generai purpose in nature. lts con· 
dition c'im he !t:sted by the CPU using a Status Read opera­
i:ion. The iSs ¡~ input 1s norr,-,¡¡Jiy us~d ro tc~t Modem con· 
ditiol's ~u.::h as Dal<: Set Ready. 

,-f~-; !O<Ha Tcy;nin<J~ lie,v:v) ·, 
·:·: -.: 67R nu <pu t sign¡¡J is aencr;ol ;JilrpG~2 in nature. lt can 
r.; :::;~ "Jo·N" hy Prü']r<Jmrr,Ín8 i'W ;-;l~JíOl)fiate bit in the 
c:::;¡¡¡rn¡¡nd ~ns!ruction ~~~ord. The QT-F, C1utput s!~nal ís norm· 
,,,;V u~ed tor Modcm :::ontrcl such as Data 1Errninnl Ready 
,._: i(,clte S!1leci. 

'I;J 

The RTS output s\gnal i~ general pÚrpose_in natu~~-~·i_'ca~n_­
be set "low" by programming the appropriate bit in the­

Comrnand lnstruct10n word. The RTS output signal is norm· 
ally used for Modem control such as Request to Send. 

CTS (Ciear to Sena) 

A "low" on this input enables the 8251 to transmit data 
(serial) lf the T-< EN b1t in the Command byte is set toa 
~ one/" 

T:"c;nsmitter Buih:' 

The Transrnitte1 6u t-fer accepts para!! el dai:J from the Dala 

Bus 8ufter, converts it to a serioJI bit stream, insens the ap· 
propriate chardcters or bits (based on the .communication 
techniqut:) and outputs a compos1te serial ~tream of data on 
!he T"D output pin. 

T ransmitter Contro~ 

The Transmitter Control manJ.J•'s all activllies associated 
with the transmission of scnal data. lt accepts and issues 
s1gnals both ex ternally and 1nterndlly to accomplish this 
function. 

TxRDY (Trnnsmil:'l:er i1evrly) 

This ~utput s1gnals lha CPU thdt the transrnmer is reauy 
() .. \ .' :)t ,l U ¡;,J L!J .( .Ct. r. !• l' ·"'! 1.·• ljC,t.d :~ 1f1 interrupt (Q 

¡~·•1 ')'.' ,:. :n u( for tt-w f' 1'. 1 0, 1 :; .:iC•1 iilt! C:)LJ L .. Hl chr.c..:~ 

T.-t\rlY u·.i'''l J Sl.otus ,. _,, .-,,_ ,,,. on L ílí1'( '" ,,•,tom,,ric· 

""'/ IL''···r \\llo·n a chi.JrJcn·r i-; IJ "'·'u from tht-> CPU. 

-" 
TxE n·.-ansmitter Empty) 

When the 8251 has no characters to transmit, the TxE out· 
· put will go "high". lt resets automatically upon receiving a 

charact<!r from the CPU. TxE can be u~ed to indicate the 
end o1 a transmission mode, so that the CPU "knows'' when 
to "turn the line ;:¡round" in the half·duplexed aperational 

mode. 

In SYNChronous mode, a "high" on this output indicates 
that a character has not been loaded and the SYNC charac· 
ter or characters are about to be transmitted automatically 

as "fillers". 
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BUfFER 

INHRNAL 
DATA BUS 

TxC ("';"nmsmitter Clock) 
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hD 
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Rol< OY 

_A;C 
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The Trc:nsmitter Clock controls the rate at which the char· 
acter is to be transmitted. In the.Synchronous transmission 
mode, the frequency of TxC is equal to the actual Baud 
A ate ( 1 X). In Asynchronous transmission mode, the fre­

quEncy of rxC :s a multiple of the actu~l Baud Rata. A 
portio, ot the mode instruction selects the valuo of the 
multiplier; it can be 1 x, 16x or 64x the B~d Rat~. 

For Example: 

lt Baud A dte equals 11 O Baud, 

TxC equals 110Hz_ (lx) 

TxC cquals 1.76 k Hz ( 16x) 
TxC cquals 7.04 k Hz ( 6<1x). 

Jf 8Jud R<.~t·~ L'LJUJb 9600 8Jud, 
TxC equJis 614.4 kHz (64x). 
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Tll~ 1.-;JI¡ng cdr¡-! of T .<C ~h1fts th1: ~erbl d<~t.J out of thu ' 
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SlUCCI'~ GATE MOS 8251 

Rece1ver BtJffer 

~,;;:,:'¡i~j~;'R e ce• .-er dccepts sen al data, converts this serial input 
• '··-~ 'i'-t~· •,tr.~ 
· :·:.":rS·'¡iarallel fornJJt, check s for bits or characters that are 
,·" unique tu the cornmuniLJtJOn technique and sends an 

J 

. "assembled" chJracter to the CPU. Serial data is input to 
the RxD pin. 

Receiver Control 

· ThisJ!Jnct10nc~l blo~k manages all receiver-related activities. 

· RxRDY (Receiver Ready) 

This output •ndicates that the 8251 contains a character that 
is ready to be input to the CPU. RxRDY can be connected 
to th~ inte11upt structure ot the CPU or for Polled opera­
t•on the CI'U can check the condition of RxRDY using a 
Sl.Jtus reao opcrat!Oil. AxRDY is automatically reset when 

the character is read by the CPU. 

RxC (Receiver Clock) 

The R.ce:e1ver Clock controls the rate at which the character 
is to l>e rt:ceived. In Synchronous Mode, the frequency of 
fhC is equal to the actuéll Baud A ate (he l. In Asynchronous 
Mude. the frequency of RxC is a multiple of the actual 
Baud Ratc. A portian of tlle mode instruction selects the 
value of tite mult•pher; it can be lx, 16x or 64x the Baud 
A ate. 

For Ex<unple: lf Baud Hate equals 300 Baud, 
RxC equ.;ls 300Hz (lx) 

RxC equ.JlS 4800Hz (16x) 
HxC equals 19.2 kHz (64x). 
lf Baud R<Jte equuls 2400 Baud, 
ihc equals 2400 Hz ( 1 x) 
RxC equdiS 38.4 k Hz ( 16x) 
RxC equals 153.6 kHz (64x). 

Data is sampled into the 8251 on the rising edge of RxC. 

NOTE: In most communtcations systems. the 8251 will be 
handling both tlle transnHSsion and reception operations of 
a single link. Cons•Jquently, the Receive and Transmi' Baud 
.Rateswill be the same. 8oth ~xC and RxC will require iden­
t.ical frcquenci•:s for th1s operat1on and can be tied together 
and connected to a single frequcncy source (Baud Rate 
Gent:ratorl to sunplily the mterface. 

SYNDET (SYNC Dctect) 

This pm is used in SYNChronous Mode only. lt is used as 
eithcr 1npu t or ou tpu t. progr¡¡mmabfe through the Control 
WÓ1d. lt is rc>et to "low" upon RESET. Wh~n used asan 
output (llllt.rn .. ,J Sync mou.;), the SYNDET pin wil! go 
"hir:;h'' tü mtl¡r_,_~tl! th;Jt tht! 8251 h.:;s locJt<!d the SYNC 

char<.~cter "' thE: R.:<.c1ve 1110de. lf the 8251 is programmed 
to usr. (Ja. ¡!,le S·,.nc rh;¡r;lc!f!r~ (bi-~ynr.). thPn SYNDET wiU 
90 "l¡r.;l¡'' lll .,Ir rtH•_!dl·.' Cf t!~· !,: .( !Jit Gf ti>~. ~~·~·..:Un'l ~~~'nC 

ch.,,;;ctt;r. :~ ;';~[):: r IS .I:.Jl<lfll;J(ICJ!Iy re·il!t upon a St .. ltus 

Re.,u op'''"'r,un. 

·-
S3 

When u sed as an input. (externa! SYNC detect mode), ¡ 

positive going signal will cause the 8251 to start assembl ins 
data ctiaracters on the falling edge ot the next RxC. Once 
in SYNC, the '"high" input signóll can be removed. The dura­
tion of the high signal should be at least equal to the period 

of RxC. 
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---.----------------·--------· 

-
\ ADORESS BUS 

A o 

i CONTROL BUS 

1/0 R l/0 w¡ RESE~~--
~!~ 

\_ DATA BUS 

/"> m 8 

V () 

CID es o7-o0 RU V>R RESf T CLK 

8251 

8251 lnwrf<Jcc 10 30:}0 Sund~trd Sy,lt:m Bus 

--, 
1 

-·-·_¡ 
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DETAILED OPEHATION DESCRIPTION 

Geueral 

The con•plete functional dchnil io:-, of the 8251 is program­
med by the ~ystem:; sofrwore. /l, set of control words must 

be sent out bv l. he CPU to ini tí al ize the 8251 to support the 
d!:sired cGmmun .. .:ations lormat. These control words will 

p!o~rarn the: BAUD RATE, CHARACTER LENGTH, 

NUi\tlBER OF STOP BITS, SYNCHRONOUS or ASYNCH­

ROf\JOLI,S OPf:RATION, EVEN/000 PARITY etc. In the 

Synchrunous ~.lude, options are also provided to select either 

iniernal Gl ex t,;rndl dldracter synchroniz:ation. 

Once p¡ogramrned, the 8251 is ready to perforrn its com­

mun:t::ation functtons. The TxRDY output is raised "high" 

to S•qnaf th~ CPLJ ÜJdf the 82~ 1 is ready to receive a char­
v(.H:r. This ourpuc (TxRDY) is reset automatically when the 

CF'U :·vrites .J clidrdcter mto the 8251. On the other hand, 

the 8251 rec.e1ves serial data from the MODEM or 1/0 de­
ViCe, upon re.::e1ving an entire character the RxRDY output 

i:; rai:,ed ·:r.•yh" to Slgnili thc CPU that the 8251 has a com­

p!ete char<lcter ready tor the CPU ro fetch. RxRDY is reset 

ar.:wmatically upon the CPU rciill operation. 

The 8251 cannot begin transmission until the TxEN (Trans­

mttt·~r Enal.J!e) bit is set in the Command instruction and 

it f:tas received a Clear To Scnd (CTS) input. The TxD out­

put will be held in the marktny state upon Reset. 

Programming the 8251 

Prior to starting data transmíssion or reception, the 8251 
must be load~d with a set of control words generated by 
tlle CPU. Thcse control signals define the complete func­

tiona! uefmition of the 8251 and must immediately follow 
a Reset oper<Jtion (mternal or externa!). 

The control words are split into two formats: 

1. Mode instruction 

2. CommamJ Jnstrucllon 

Mode lnstruction 

This forrnat defines the gener di operational characteristics 

ot rhe 8251. 11 must !ollo•.\1 .:J Res>~t operation (interna! or 

externJJ). Once the Modt! 1n'>!ruct:on (¡as been written into 

the 8251 by rhe CPU, SYI\iC characters or Command in­

structions may be insertell. 

Command lnstruction 

This formar defines a status word that is used to control 

the actual ope1dtion of the 8251. 

8,Jth the MCJdr! .md CcrrHn..~<~,l imtructions must contorm to 

a specificd s"cluence for proo.n dr~v1ce operat10n. TIH~ 1\'lode 
ln·;truct•nn rr,,r,r Lle Jfl~i!! t•:.! Jw:-:: '<~i.Jtely follc\':Ín] a Re,et 

opt!rauon. 1-l''or to usiiJU tllt! 0¿5¡ lor Jilt<J communication. 

All control words written into the 8251 Jfter the Mode, ln­

struction willloJd the Command lnstruction. Command In· 

· structions can be written into the 8251 at any time in the 

data block during the operat1on of the 8251. To return to 
the Mode lnstruction formJt a bit in the Command lnstruc­
tion word can be set to init1ate an interna! Reset operation 

which automatically places the 8251 back into t~e Mode 

lnstruction format. Command lnstructions must follow the 

Mode lnstructions or Sync characters. 

CIÓ • 1 MODE INSTRUCTION 

CIÓ. 1 SYNC CHARACTER 1 l $YNCMODE 

c/ii • 1 SYI\!C CHARACTER 2 i 01\tLY • 

.1 
CIÓ • 1 COMMAND tNSTRUCTION 

CIÓ • O DATA 

C/0 • 1 COMMANO INSTRUCTION 

DATA' CIÓ•O T 
~--------------~ 

CIÓ • 1 COioiMAND INSTRUCTION 

•Jh.o ¡econd SYNC character IS ~.pped 1f MOOE ,n,uuchO" , 
has orogramm~ lho 8251 to 1111gle charac:ter lntetn•: SYI\JC 
Mod•l 6oth SYNC characten ara ifc•pped '' MOOE mUrwctton 
hon prog.rammed tho 8251 10 ASYNC moda 

Typical Data Ellock 

<j.J :'2 
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S!UCOrJ GATE MOS 3251 
------------------------------------------

M<;>de ,lnstruction Defm1tion 

The-,'8251 can be use.:l for ei ther A.synchronous or Synchro-
.'' ··' 
ncus· data comrnunicat ron. T o understand how the Mod~ 
!n~tructron d"!fu1es the functrona! operation of the 8251 the 

designer c.:~n IJ~st vrcw .the device as two separa te components 
sharing the s..~m~ package. One Asynchronous the other 
Synchronous. The forrn¡¡t definition can be changed "on 

the fly" but for expldnation purposes the two formats will 
be isolaJed. 

Asynchronous Mode (Transmission) 

Whene.11er a data character is sent by the CPU the 8251 
automatically i:ldds a Start bit (low level) and the program­

meJ numbt;r of Stop· bits to each character. Also, an even 

or odd Parity bit Í!> mserteu prior to the Stop bit(s). as de­

fined by the Mocle lnstructron. The character is then trans­

rnittt:J as a serial data stn!arn on the TxD output. The serial 

tinta is shifted out on the t.JIIing edge of TxC ata rate equal 

to 1, 1/16. or 1/64 thilt of the fxc. as defined by the Mode 
lnstrucuon. BREAK charauers can be continuously sent to 
tht! T)(D 11 commanded todo so. 

Wht:n no ddla clt<.~rzc ters h-.~ve loaded into the 8251 the 
TxD out¡.¡ut remarns "high"' (marking) unless a Break (con­
tir¡uously lowl has been proiJrarnmed. 

Asynchronous Mode (Receive) 

The R .dJ line is normal! y high. A ialling edge on this line 

triggcrs the t~e(jinning o t d ST AH T bit. The val idity of this 

ST AH r bit 1~ cht::cked by a<;J1n strobing thi•; bit at its nom­

indl center. lt a low rs dt:It:cleu again, it is a val1d START 

bit, anu the b1t coun1er w1ll ::art ¡;ounting. The bit counter 

locales lhe center of 1he ddta t.Jirs, the parity htt (if it ex­

i~rs) dnJ the stop bit:.. Jt· p.Jrlty error occur~;. the parity er­

ror fl¡¡y 1s ~et. Data and pé.lrltY bits are sampleu on the RxD 

pin wi,th the nsrng edye al R.xC. 1 fa low leve! is detected as 

the STOP oit, the Framing Error flag will be set. The STOP 

bit sronals the end uf a chJracler. This character is then 
loadPd into tht? parallel 1/0 Guffer of the 82511. The RxRDY 
pin is ra1~erl lo SIIJndl lile CPU lhat a characrer is ready to 

I.Je fetcherl. lf a prevrous chdr acter has not been fetched by 
the CPU, the pre~ent characwr replaces rt in the 1/0 buf­

ter, aml lltt:! OVERRUN II.Jy rs ra1sed (thus the previous 

char:ll.:ter ~~ lost). All oí thc error llil!JS can be reset by a 

cornm.Jn\1 1n~tructron. Tht.: u~..currc:1ce of Jny of thcse er· 
rors will nut stop the operot1on of the 8251. 

5·1 ::?4 

1 ~ 1 S, 1 E? 1 PEN ILz ,L, 1 Bz r B, 1 

L O~UD RA TE FACTOR 

o 1 o 1 

o o 1 1 

SYNC (lXI I16XI tG4XJ 
MODE 

CHARACTER LE'JGTH 

o 1 o 1 

o o 1 1 

5 6 7 a 
BITS BITS Ht TS 811 ~ 

PARITY ENA[llf 
1 • ENABLE O • DIS~BLE 

El/EN PARITY GH!fflATION/CHf CK 
1• EVEN O • ODD 

NUMBER OF STOP 61 rs 
o 1 . ' 1 1---
o o 1 1 

INVALID 1 ,.--1--z 
BIT Bll"S [11 TS 

Mode lnstruction Format, Asynchronous Mode 

TRANSMITTER OUTPUT 

STJ;t 

~ITS L 

RECEIIIER INPUT 

R.D START 
BIT 

TRANSMISSION FORMA T 

RECEIVE FORMAT 

CPU BYTE 15·8 IIITS/CHAAI 

DATA C~~RACTER 
ASSEME.LED SERIAL O~ T A OUTPUT tT.Ot 

DATA CHARACTE R 

1 

SERIAL DATA INPUT IR•DI 

O~\ lA CHAA.'\CTEA 

CPU BYTE·~ 8 Oll~ Crt:.n,· · 

UAfACH;,;.>.CHH J 
•1\:0TE IF C:•l,' ;.r;rr·p 1 rr. ,r,~ ,·,DI F • .• '• . t 7 

a, 1 ·; Jl 4 l ur"'- ,¡ ,) e1 1 ~ I'Hr. ".l! TtJ · ·~ 

Asynchronous Modf! 

ST<~l 
BITS 
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SfliCOI\l GATE MOS C251 

~ynchronous Mode (Transmiss¡on) 

Thc Tx.D ou1rut is ~:ominuou~ly high until the CPU sends 
its first chJr<Jckr to the 8251 wh 1ch usuully is a SYNC 
character. Wllen the CTS line goes low, the first character 
is serially trammllte~~ut. All characters are shifted out on 
the falling ed<¡t: of TxC. Data is shifted out at the same 
rateas the TxC. 

Once transmi~sion h<~s started, the data stream at TxD out· 
put rnust ~ontin"'e dt the T -<C rate. lf the CPU does not pro· 
.,¡de the 8251 with a ch.¡r¡¡cter befare the 8251 becomes 
empty, the SYf\IC ch¡¡racters (or character if in single SYNC 
word mode) will he automatically inserted in the TxD da~a 
stn;am. l~ this c..1~e. the TxEMPTY pin is raised high to sig­
na! that the 8251 is empty and SYNC characters are being 
sent ou~. The .Tl(EMPTY pin is intcrnallv reset by the next 
cha,acter beíng written into the 8251. 

Syr.c:hronous Mode ( Receive) 

111 this rnoue, charac1er s·.,nchronization can be internally 
or el;temdlly a..:toieved. lf the interna! SYNC mode has been 
programmell, the receiver starts in a HUNT mode. Data on 
the RxD p1n i~ then sampled in on the rising edge of RxC. 
The content of the Rx buffer is continuously compared 
with the fifst SYNC character until a match occurs. lf the 
8251 ha5 lu:en programmed ror two SYNC characters, the 
~uhSt!quent ret:t:1ved character is afso compared; when both 
SYI'JC characters llave been detected, the USART ends the 
HUNT modt: allll •s 1n character synchronizatíon. The SYN­
DET IJIO is llum set high, and is reset automatically by a 
STATUS READ. 

In the externa! SYNC mode, synchronization is achieved by 
applying a hiylll.:vel on the SYNDET pin. The high level can 

Parity error drld o,•errun error are both checked in the same 
way as in the Asynchronous Rx mode. 

The CPU cdn cornmand the rece1ver to enter the HUNT 
mode if sym:hronization is lost. 

1 seS 1 ESO 1 EP 1 PEN 1 l21 L, 1 O 1 O 1 

1 

-

CHARACTER LENGTH 

o 1 o 1 1 

o o 1 T 1 

5 6 a 
BITS BITS BI~S 1 BIT~ 

PARITY ENAIILE 
11 • ENABLEI 
10 • OISABLEI 

EVEN PARITY GENERATIOIII/CH( 
1 • EVEN 
0•000 

EXTERNAL SYNC O,ETECT 
1 • SYNOET IS AN II'OPUT 
O • SY'IIDET IS AN OUT~UT 

SINGLE CHARACTER SYI'OC 
1 • SINGLE SYIIIC CHARACTEA 
O • OOUBLE SVNC CHAfiAClEA 

Mode lnstruction Format, Synchronous Mode 

SYNC 
CHAR 1 

AECEIVE FORMAT 

l SY!'JC 
CHAR 1 

CPU BYTES 1>8 BITS/CHARI 

DATA<:~~AA<:TERS 
ASSEMBLED SERIAL DATA OUTPUT ITa DI 

SVNC 
CHAR 2 DATA CH:;; .. A-CT_E_R_$ --..J 

SERIAL DATA INPUT IR•DI 

SVNC 1 
CHAR 2 DATA CH~R~,..C-T_E_R_S ---' 

CPU BYTES 15-8 BITS!CHARI 

l. 

Synchronous Mode, Transmission Format 

5·12~. 
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S:LJCON GATE MOS 8251 
--------------- ----------------------------

COMMAND INSTRUCTION DEFINJTION 

Once. the functional defínttion of the 8251 has been pro­
grammed by the Mocle lnstruction and th~ Sync Characters 
are loéKJ<.!d (il in Sync fvloue) then the dev1ce is ready to be 
used for ddti:l communication. The Command lnstruction 
controls the dCtual operatíon ot the selected format. Func· 
tions such as: En;,¡ble Tnmsmit/Receive, Error Reset and 
Modem Controls are provided by the Command lnstruction. 

Once the Mode lnstruction has been written into the 8251 
and S'ync characters inserted, lf necessary, then all fllrther 
"control writes" (C/D = .1) will load the Command· In· 
struction. A Reset operation linterna! or externall will 
return the 8251 to the Modc lnstruction Format. . 

l fH J IR J RrsJ EH ¡seF<KI R.e 1 DTR jr.eN 

1 
L TRANSMIT ENABLE 

1 a en~blo 

O • dtu.bla 

DATA TERMINAL 
REAOV 
"h1gh .. Wlll torce DTR 
output ro loro 

1 

REC(IVE ENABLE 
1 • enable 
O • drs.tsbla 

SENO BREAK 
CHARACTER 
1 • lorces T .w.O •1ow·· 
O • norrndl operauon 

ERROR RESET - 1 .. re¡et all 01101 fla¡s 
PE, OE. FE 

REQUEST TO SENO - .. h,gh"' wdl force RTS 
output to .!:tirO 

INfERNAL RESET· 
"huJh'" returns 8251 to 
Mod111 lnstrw:110n Formal 

ENTER HUNT MODE 
~----------------1 1 • endtlle ~aart;h ror S~nc 

Char.Jch~'' 

Comm.1nd lnstructlon Format 

STATUS READ DEFINITION 

In data communication systems it is often necessary to 
examine the "status" of the act1ve device to ascertain if 
errÓrs have occurred or other conditions that require the 
processor's attention. The 8251 has facilities that allow tlle 
programmer to "read" the status of the device at any time 
during the functional operation. 

A normal "read" command is issued by the CP.U with the 
CID input at one to accomplish this function. 

Sorne of the bits in the Status Read Format have identical 
meanings to externa! output pins so that the 8251 can be 
Úsed in a completely Polled environment orinan interrupt 
driven environment . 

1 
DSR IS'fNDH 1 :FE 1 

OE 

1 
PE 

l 1 

. 
'----

Status Read Format 

o . 
2 o, 

1 
r.e 1 R•RDV 1 f•R:J 

1 .1 l 
-~ 

SAME DEFINITIO!IoS AS 110 riNS 

PARITY ERROR 
The PE flag u wtr when a panty 
error 11 detected. Ir 11 rts.el by 
the ER b1t ot the Commaod 
lnnructlon PE dOC\ not mf'uh•t 
operar,on of tl•e 8251. 

OVERRUN ERROR· 
ThtJ OE ''""'' ,, wt .'""'hcn th~ CPU 
does nol r~ad a char,,u;tar bcf011t 
the oext ond ~~.ames ~ .. a,l.tt:l~ 
11 •~ rcse1 by the EA b11 ot ~he 
Ccmmdnd lnHru<.t•vn. OE de~·~ 

not •nlub•t Opt>r.Jtton of thu d2!>1 
how~~er. the pruw•Oolly overruo 
Ch.JrGI;tCI 1\ IQ)( 

'"'"'" """ ,~.,., ,.,,, J The FE llag 11 ~r ""h~n .! ~¡o.~l,tJ 
Stop b11 1'J. nol ddt!ctecr .Je th~ 

cnd of rN .. ry ch"''"'-'C' u •s u•sF.1 

by the EA b11 01 the Com••l..Jn<l 
lnuructton FE do.;o~ nar ¡nl·u1_,,¡, 
lhit operat,on of 1he 625 i. 

..J 1 

'' 

.; 



SJLICON Gi\TE MOS 8251 
------ -------- ----------------------------

APPUCATIONS OF THE 8251 

,.----, 
R.ú ---J tiA TO TTL f14•--l---0 

V l CONVERT 1 1 ~ 
8251 T•ú L - ~P~- .J -Jf., --~ • 

R.C 
BAUDRATE CRT 
GEI\¡ERA lOR TERMINAL 

{;;,~ynl!ñroqous Serial lnterf.icc. ió CRT Terminal, 
DC·9~Q_Q. ªi!t_~d ______________ _ 

-------

~ ADÜRESS OUS 

C 
__ ==-_]_jr-~ ------_--' ______ _ 

OONT~L~S \ 1 ¡--·-¡-··-- ______ ____._ 
¡-LL_ ___ u 
L DATAR :...u_s _____________ ~~ 

lJ5~sT~ 
RxD -
r.o SYNC>oRONOUS 

HRMIIIIAL 
8251 n.c :=:L__ úFI PEAoPHERAL 

r~-c DE VICE 

SYNDE f 
-

Synchronous Interface to Terminal or Peripheral Devic:e 

5 127 

-----:---- ---------

Asynchronous Interface to Telephone Lines 

SYNC 
MOOEM 

Synchronous Interface to Telephone lines 

PHONE 
I.INE 

INTER­
FACE 

PHONE 
LINE 

IIIIIER· 
FACE 

THEPHONE 
LINE 

TELEPHONE 

LIN~ 

58 
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~Ju'~" .. ~j SiHcon Gate MOS 8255 
(, : ·~· 'í' 

~ 

PROGRA.MMABLE PER!PHERAL ~NTERFACE 

mJ 24 Ptogramn. b!;} I/ O Pins 
ll1i Completeiy TTL Compatible 
11 Fully Compatible with MCS'" -8 and 

MCS ·· -80 Microprocessor Families 

11 Direct Bit Set/Reset Capability 
.Easing Control Application lnterfa~e 

m 40 Pin Dual ln-Line Package 
li!il Reduces System Package Count 

The 81?55 is a general purpose programmable 1/0 device designed for use with both the 8008 and 8080 
microprocessors. 1 t has 24 1/0 pins which may be individually programmed in two groups of twelve and 
used in thr.et~ rnajor modes of operation. In the first mode (Mode 0), each group of twelve 1/0 pins may be 
prograrnmed in sets of 4 to be input or output. In Mode 1, the second mode, each group may be programmed 
to h<J\ie 8 !mes of input or output. Of the remaining tour pins three are used for handshaking and interrupt 
control signafs. The third mode of Óperation (Mode 2) is a Bidirectional Bus mode which uses 8 lines for a 
bidirectional bus, and five lines, borrowing ene from the other group, for handshaking. 

· Other te'atllres of the 8255 include bit set and reset capability and the ability to source 1 mA of !=urrent at 
1.5 volts. Thts aliows darlington transistors to be directly driven for applications such as printers and high 
volrage dísplays. 

PIN CONFIGURATION 

"C5 [ 11 

Fe .. [ 1) 

KO r- 14 

PCI L 15 

PC;r C. 16 

Pele 11 

,~oc lti 

PBJ' 19 

PtU[_ lO 

PIN NAMES 

:o~ o~-- -~ . DA~~ i"~s;á~ o~~c-¡~?,;~~ 
;u , r Rt>l T ,.._pur __ .. ___ j 

Ctii"::.Lur.r ________ J 
k U 

r' • 1 '- •'! l 

. , .. · r·: 
~--~· . li •vi r.~ 

825!0 BLOCK DIAGRAM 

1
·-·•v -·· IUHliU -GIIIO 1./'--..-.-A,_ •O 

.¡---y i>A,PA.J 

5-97 
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SlUCON G.ATE LiOS 8255 
------------- -- ---------------------------------------

. 8255 BASIC FUNCTIONAL DESCRIPTION 

General 

The 82!:)5 ·~ d Programm<.~blr. Pertpheral 1 nterface (PPI) de· 
vice des1ynt:d IQr use in 8080 Microcomputer Systems. lts 
íunction i::. Lllut of J ~t:nerJI purpose 1/0 componentto inter­
f¡¡r.r. p1~1iph~ral equipment- · tiw 8080 svstem bus. The 
functíonal wnh4urat¡on ol ·the 8255 is programmed by the 
system ~oft'NJI e so that normally no externa! logic is nec­
essary to inte1 r,1ce peripheral devices or structures. 

Data Bus Buffer 

This J:'stdte, bi-directtonal, etqht bit buffer is used to inter­
face the 8i~5 to thc .8080 system data bus. Data is trans­
mittcd or received by the buffer upon execution of INput 
or OUTput instructtons by the 8080 CPU. Control Words 
and St<Jtus mtormation are al so transferred through the Data 
Bu~ buffer_ 

Reudt\Vi ite and Control Logic 

The funcrion of this block is to manage all of the interna! 
cJnd ex lt:lllill tr;;nsters of both Data and Control or Status 
words. lt accepts in¡.¡uts from the 8080 CPU Address and 
Control busses and in turn, issues commands to both of the 
Control Groups. 

Chtp Select: A "low" on this input pin enables the com­
munication betvveen the 8255 and the 8080 CPU . 

. :..," 

, Read: A "low" on this input pin enables the 8255 to send 
the Data or Status informat10n to the 8080 CPU on the 
Data Bus. In essence, it allows the 8080 CPU to "read from" 
the 8255. 

(WR) 

Wr.ite: A "low" on this input pin enables the 8080 CPU to 
write Data or Control words into the 8255. 

(Ao andA,) 

Port Select O and Port Select 1: These input signals, in con­
junction with the RD and WR mputs, control the sel~tion of 
one of the three ports or the Control Word Rcgister. They 
are normally connected to the least sign1ficJnt I.Jits 9f the 
Address Bus (A 0 and A 1 ). 

8255 BASIC OPERATION 

At A o RO WR es INPUT OPERATION IREADI 

o o o 1 o PORTA=- DATA BUS 
o 1 o 1 o PORT B __,.DATA BUS 
t o o 1 o PORTe- DATA RUS 

OUTPUT OPERATION 
· (WRITE) 

o o 1 o o DATA BUS~ PORTA 
o 1 1 o o DATA BUS_~ PORT B 
1 o 1 o o DATA BUS~ PORT C 
1 1 1 o o DATA BUS~ eONl".ROL 

DISABLE FUNCTION 

X X X X 1 DATA BUS o~ 3...:STATE -------
1 1 o 1 o · ILLEGAL CONDITION 

' .-' --, - -~. _-__ ~; 1 

E2!::5 Clock D:Jgr .. m 

'\.'.tfh 

l•h·''-

L __ _ 

i. 

! ---
:: _j 

~---- ----

~n·-. . ----· 
r-· • 1 

1 

1 ¡ 
---- ¡ 

l 
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SJUCO.''J GATE r.:os 2255 

(RESET) 

R~~e.~:;~A. "h•\ill" 011 this input cl<-:ar~ all internJI registers in· 
cliiding thc Cu11t1UI R~<Jioler dru! dll ports (A, 8, C) are set 
to the input mou~,. 

Group A and Group B Controls 

Th!! functionul cont1guration of o=.Jch port is programmed 

!Jy the sy:.te•ns ~oltware. In e,;í.!nce, the 8080 CPU "out· 

puts" a control wotd to tlle 8255. The control word con· 

rains mfo.rn&dtloJn such as "mocJe'', "bit set", "bit reset" 

etc. th,¡¡ initiülllí.!~ the functional configuration of the 8255. 

Each of thc Control blocks (Group A '3nd Group 8) accepts 

ucomma~Lb" 1: Ulll the Read/\\1ri tt• Control Logic, receives 

"control wotds" from the intetnul data bus and issues the 
proper curnrn~nds 10 liS associated .ports. 

Control Group A - Port A and Port C upper (C7-C41 
Conhol G1 uup B - Port B ¡¡nd Port C lower (C3-CO) 

fhe Control Word RegistP.r CJn On!Y_ be written into. No 
He;¡J operi.Jth.)n of the Control Woi(J Hegister is allowed. 

8255 BLOCK DIAGRAM 

1 

.. _ 

---
- n 
,. ___ _j~~ 
. "-il 

L....____j 1' 

Ports A, B, and C 

The 8255 contains three 8-bit ports (A, B, and CL All c:m 
be configured in a wide variety of lunctional charactenstics 

by the system software but edch has its own special featurcs 
or "personality" to further t:nhance the power-:md flexi­

bil ity of the 8255. 

Port A: One 8-bit data output latch/buffer and one 8-bit 

data' input latch. 

Port B: One 8-bit data input/output latch/buffer and one 

8-bit data input buffer. 

Port C: One 8-bit data output latch/buffer and one 8-bit 
data input buffer (no latch for input). This port can be di­

vided mto two 4-bit ports under the mode control. Each 4-

bit port contains a 4-bit latch and it can be used for the 

control signal ou tputs and status signal inputs in conjunc­

tion with Ports A and ~·-

PIN CONFIGURATION 

PAl 

PA2 

PAI 

PAD 

;¡¡¡ 

es 
GNO ... 

AO 

PCl 

PA4 

PAS 

PAi ... , 
Wii 

, IUS.Ei 

...-----..... FCG 

PC;5 

"L•P' 

PCI 

PC3 

PIN NAMES 

6] 

1 

1 

t 
1 
~ 

1 

j 
1 
i 

1 

1 
l 
1 



SlLICOtJ GATE r.~OS 8255 

B255 DETAILED OPER/\TIONAL DESCRIPTION 

Mode Selection 

There are three IJ.JSIC modes of operation th<H can be select­
ed hy the system ~oftw.;~re. 

Mode O-· Bas1c lnput/Ül_ ··ut 
Modc 1 - Strut.Jell lri¡Jut/Output 
Mode 2- B1·Direcdonal Bus 

INhen the RESET mput goes "high" all ports will be set to 
the Input mod~: (i.e., all 24 .lincs will be in the high im­
pedance stc.Jte) Aftcr the RESET is removed the 8255 can 

remain 6n thc Input nrode with no add1tional initialization 
required. Durrng the execution ot the system program any 
of t~11: otlwr !nudes rnav be selected using a single OUTput 
11l~tnrct10n. 1 h1s allows a single 8255 to sen~icc a variety of 
perip!·rer?.i d(:vices w1Lh a s1mple software maintenance rou­
:me. 

The rnodes for Port A and Port 8 can be separately defined, 
whlle Porr e IS dividecl rnto two portions as required by the 
PortA and Port B delinrt1ons. All of the output registers, in­
duding the status fl !P·IIops, will be reset whenever the 
modc is ch.mged. Modes may be combined so that their 
tunctional def111ition Cdn be "tailored" to almost any 1/0 
structure. For instance; Group B can be programmed in 

Mode Oto mon1ror simple switch closings or display compu­
tatlonal results, Grou¡J A could be programmed in Mode 1 
to monitor a kt:yboard or tape reader on an interrupt-driven 
t.Jasis. 

L·------~~~~~sus ___ ~ 

1 __ _=:J ¡----~~"'!~~~~l!_~---r.....--·----l 
r==== OAIABl~JS~--~·~-----J 

JL ft 
RO <VR 

e 
M0Df1--L_!B~~~~-~-~-=-~~-~~=;~--~~ 

:Í,~u ! 1 t t 
Pll 1 P00 eoNTMOL 

OR 110 
CONlROL 

OR liO 

1 U '--~-r-----' 
CflNTHOL 

'¡ 

-- -·--- ----- ------------------

62 

COII:THOL V'< ORO 

r o,¡ Oa~ O~ ~ D• -~ DJ 1 O~ 1 o, 1 °o 1 

LJ 
, 

1 GROUP 8 \ 
PORTe ILDWfR) 

L--. 1 • INPUT 
O • OUTPUT 

PORTB 
1 • INPUT 
o • ounuT 

MODE SELEeTION 
O• MODt O 
1 • MODE 1 

1 GIIDUPA \ 
PORTe IUPPERl 
1 • INPUT 
O • OUTPUT 

i 
PORTA 
1 • INPUT 
O • QUTPUT 

MOOF SELECTION 
00 • r.tODE O 
01 • ~iODE 1 
lX • I.•OOE 2 

MOOE SET FLAG 
1 • 'ACTIVE 

Mode Definition Format 

The Mode definitions and possible Mode combinations may 
seem confusing at first but after a cursory review of the 
complete device operation a simple, logical 1/0 approach 
will surface. The design of th.:? 8255 has taken into account 

things such as efficient PC boJrd layout, control signal defi· 
nition vs PC layout and complete tunctional flexibility to 
support almost any peripherJI device with no ex ternill lo~1c. 
Such design rcpresents the maximum use ot the ;::.v;_,1ldlh! 

pins. 

Single Bit St:t!R:::set fc:Jture 

Any of the CI:Jht bitS of Pur te can be So!! or R'"so!l tl".lllCJ;:, 

single OUTput in~trur;i,Hl. Tl!is featurr. rr:r!::r:P:; ~uftv, .. re 

re,qulrP.m.:rll~ 1n Curttroi·L.:·,,:d .:pplrc,Jtlon~. 

r-,._1 n.n 



SILICOI-J G,\TE rti10S f.)255 

1.0 .. 1HOl WORO 

Bit Stt/Reset Format 

---·---

Operating Modes 

BIT SETIRESET 
1• ser 
O • RESET 

BIT SEWIESET FLAG 
O • ACTIIIE 

When Port e is being USéd .JS Stdtus/control for Port A or B, 
these bits can be set or reset by using the Bit Set/Re~et op· 

· eration justas if they were data output ports. 

lnterrupt Control Functions 

When the 8255- is programmed to operate in Mode 1 or 
Mode 2, control signals are provided that can be used as 
interrupt request inputs to the CPU. The interrupt request 
signals, generated from Port C, can be inhibited or.enabled 
by setting or resetting the associated INTE flfp·Hop, using 

the Bit set/reset function of Port C. 

This function allows the Programmer to disallow or allow a 
specific 1/0 device to interrupt the CPU without effecting 
any other device in the interrupt structure. --

INTE flip·flop definition: 

(BIT-SET)- !NTE is SET- lnterrupt enabte __ .. 

(BIT-RESET) - IN_TE is..R.ESET.-::- lnterrupt disable 

Note: All Mask flip-flops are automattc"attv-re;erdrrring 
mode selectio,n and device Aeset. 

Mode O Basic FtrnctionaroeTihlfioñ"s: 

Mode O ( Bdsi~ 1 nput/Output) e Two 8-bit ports and two 4-bit port .... --------

0 Any part.can be inputor output_ 
Th1s funct1ondl configuration provides simple Input and 
Output oper"t•or1s for each ol the thr;.e ports. No "hand· 
shak ing" is requ 11 ed_, data 1s simply written_to or read from 
a spe.:ilied port. 

0 Outputs are latched. 
o lnputs are not latched. 
o 16 different lnput/Output configur~t!._ons are possib!e 

in this Mode . 

BASIC INPUT 
TIMING (0 7.o 0 
FOLLOWS INPUT, 

NO LATCHINGI 

BASIC OUfPUT 

TIMING IOUTPUTS 

LATCHEDI 

r.1ude O T11111ng 

... :: ;...-+---1~ _; ---~ X G p 

1 

D7Do -----r-~ ! x---------
--- -·=-r- tDELA_!'_T!ME 1 1 - -;-DELAYmiE---

1 FROM RO --.. , ¡--- FROM INPUT DATA 

.. 1-f 
· SET UP VIOLA TION 

o,oo ===x 
1 1 ,~-------v--v------1 ,~ _______ A____A _____ _ 

' 1 
OUTPUT : X/' ¡ -r¡------'~\f!j;/JI ~:y 

---~-...---· . · 1\lL · · · 1 
/ J\._.._ ___ ~--~--

• ~tJ~p -...J ¡:;;:: .. 1 ::::::¡ ¡::: 1 ~~~~ \ 

~~ _ 1DH·\l TI",,[ UUIPUTD;..TA 
rnoM ,',it ~~~v,....uo 

---···---------
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·- S'IUCON CATE MOS 8255 
64 

. MODE O POAT DEFINITION CHART 

At$. GROUPA GROUPB 

D4 1 D~ D¡ Do 
PORT C PORT C 

PORTA # PORT B 
(LOWERI (UPPERI 

r--
_o_ o U o OUTPUT OUTPUT o OUTPUT OUTPUT -- -- -----o· .. o ' o 1 OUTPUT OUTPUT 1 OUTPUT INPUT 

+R 1 o OUTPUT OUTPUT 2 INPUT OUTPUT 

o 1 1 OUTPUT OUTPUT 3 INPUT INPUT 
-----o 1 o o OUTPUT INPUT 4 OUTPUT OUTPUT 

o 1 o 1 OUTPUT INPUT 5 OUTPUT INPUT 
___:_- --o 1 1 o OUTPUT INPUT 6 INPUT OUTPUT 

-
o 1 1 1 OUTPUT INPUT 7 INPUT INPUT 

---
1 o o o INPUT OUTPUT 8 OUTPUT OUTPUT 

1 o o 1 INPUT OUTPUT 9 OUTPUT INPUT ----
1 o 1 o INPUT OUTPUT 10 INPUT OUTPUT 

1 o 1 1 INPUT OUTPUT 11 ' INPUT INPUT 

1 1 o o INPUT INPUT 12 OUTPUT 1 OUTPUT - -
1 1 o 1 INPUT INPUT 13 OUTPUT INPUT 

1 1 1 o INPUT INPUT 14 INPUT OUTPUT --
1 1 1 1 INPUT INPUT 15 INPUT INPUT 

MODE O CONFIGURATIONS 

CONTROL WURO =O CONTROL WORD R2 

o, o, o. o. ol 02 o, Do o, o, Ds o. OJ Dz o, Do 

1 J 1 o 1 
o 1 o 1 o 1 o 1 o 

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

o 1 1 
1 o 1 

A 
,8 

PArPAo A 
8 

PA7 PA,¡ 

8255 8255 

4 
PC7-PC4 

4 
PC7 PC 4 e{ e{ o, 0 0 

... -o7-o0 
_(4 4 

~PCo - PC1 PC 0 

B 
8 

PS,-PIIg B 
8 

PB 1 P00 

CONTROL WORD =1 CONTROL WORD :J 

u, o. o, o. DJ o, o, Do o, o. Ds D< OJ 02 o, Do ,, 
1 o 1 o 1 o 1 o 1 o 1 o 1 1 1 

,, 
1 

o ' o 
1 

o 1 o 1 o ! 1 

1 
1 1 

A --/-~- PA¡ PA0 A ~!-- PA 1 P,\0 

8255 8255 

cf --~PC7-PC4 
e~ 

---f-4
-• P.;, rc 4 

n1 o0 ---- o7 o0 

l .------f -~- PCJ PC0 
L 4 

... ------:-----·-· I'CJ PC~ 

1 
B ----f.!- PB1 PB0 

-
8 .:.----f_!!____ P0

1 
P8

0 
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---------- ---------------------- --~-- -- -~ .... ~----- ------- --- ----------------------- -- -------- ------ --

SIUCON GATE MOS 8255 
'6 5 

CON 1 HOL WOHD =4 CONTROl WOflO -B 

o, o, o, o. o, o, o, Do o, o. Os o. o, o, o, Do 

[· 1 
o 

1 
o 

1 
o 

1 
1 ! o ! o I~ [[ó 1 o l. 1 

1 
o 

1 
o 

1 
o 1 o 

1 1 

8 8 
PA 7 Po\, A PA7-PAo A 

8255 8255 

4 4 
...,. PC7 PC4 e{ ~-PC4 e{ 0 7 0 0 ~ o;-oo 

4 
PC3-Pto 

¡4 
Pc3 PC0 

S 8 
PB7 P80 8 1 PB,-f>llo B 1 

• 
--

COI\ITRQL WORO ..S CONTROl WORO .>9 

o, o, Ds o. o, o, o, o. o, o, Ds o. DJ o, o, Do 

i 1 ¡· o 1 o 
1 

o [· loi~ 1 1 
1 

o 
1 

o 
1 

1 
1 

o 
1 

o 
1 

o 
1 

1 

1 

A --F- PA,-P-\, A . ,a 
PA7 -P~ ¡ 

8265 8255 

4 4 
PC7 -PC• e{ PC,-PC4 e{ 1 

o, o0 O,·Do 

• 4 
PCl·PCo PC3-f'Co 1 

1 

8 
8 

1'8¡-f>Bo B 
a 

P6,-P80 

COfiiTROL WORO q; CONTROl WORD •10 

o, 06 Ds o. o, o, o, . Do o, Da Ds o. DJ o, o, Do 

[. 1 
o 

1 
o 

1 
o 

1 
1 

1 
o 

1 
1 1 o 1 1 1 

1 
o 

1 
o 

1 
1 

1 
o 

1 
o 

1 
1 1 o] 

A 
8 

PA7-PAo A !---f--8- PA 7-PA,¡ 

8256 8255 
,- -- 4 4 

e{ ~ PC7-PC4 • e{ 
PC7-PC4 

o1 0 0 - 0 7 0 0 
¡4 

PC3 PC0 
--f~PC3 PC0 . 

8 8 
8 PB, PB0 8 PB7 PB0 

CONTROL WORD •7 CONTROl WORD = 11 

o, De ')s o, o, o, o, Do o, o. o, o. o, o, o, Do 

1 
1 

1 
o 

1 
o 

1 
o 

1 
1 

1 
o 

1 
1 

1 
1 

1 Ir 1 o i o 1 
1 

1 
o ! o 1 1 ¡ 1 

1 1 

A 
8 

PA 1·PAo A r-----r--8- PA7 PA0 

8255 8255 

c.~ 
·--?- Pc1 PC4 

e i-
r-~Pc7 ec, 

o,. o0 o7-o0 ..• 4 -~-~--- PC~ t>C 0 ---,1'---- f'CJ JoC0 

11 ----f-11_ __ Pll1 ~~~. 
d o ..a---¡- --- PB 7 t~e~ --

'--------- ' 
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S'1UCON CATE MOS 8255. 
66 

- --- ------·· -- -----------------------------

1:0N1 'i(H ... OHO = 12 

D 1 0 6 O~ 0 4 D1 OJ 0 1 0 0 

8255 

01 Ou ... -··----. 

e { 1--+'--- Pe, Pc4 

1--+-=-- PC¡ PCg 

B 1---.~'!_ p~ PBo 

CONTROL WORO #ll 

!:! 1 o. Ds c. o, 0 2 0 1 0 0 

l±l o 1 ¡_,¡.¡o j] 
A 

8 

8255 

4 

e{ 
4 

8 
B 

Operating Modes 

Mode 1 (Strobed lnput/Output) 

This functiun"l configuration provides a means for trans· 
len 1119 1/0 d ... tJ to or frorll a specilied pon in conjunction 
wHh strobes or "handshaking" signals. In Mode 1, Port A 
,md Port 8 use the fines on Port C to generate or accept 
these "handshaking" signals. 

5-1-04 

CONTROL WORD =14 

o, o6 o5 o. o3 o2 o, 0 0 

1 lolol 1 lol lol 
8 

A 

8255 
4 

e-[ 
4 

8 
B 

CONTROL WORO 1>15 

0 1 0 0 Os 0 4 0 3 0 2 0 1 0 0 

[Jalo! 1 lol 1 1] 
A 

8 

8256 

' e{ 
4 

B , 8 

Mode 1 Basic Functional Definitions: 

e Two Groups (Group A and Group 8) 
o Each group contains one 8·bit data port and one 4-bit 

control/data port. 
o The 8-bit data port can be either input or output.' 

8oth ínputs and outputs are latched. 
e The 4-bit port is used for control and status of the 

8-bit data port. 



APPLICATIONS OF THE 3255 

The 825S is d ven¡ powerful tool for interf¡¡cing peripheral 
equipment tu th~ 8080 microcomputt!r system. lt represents 
the oprimum use of .>v¡¡il«ble ¡Jtns and rs flexible enough to 
interface almost any 1/0 dt:vice without the need for ad­
ditional externa! loyrc. 

Each pcripheral device in·. í.l:-:1ocomput~r system usually 
has a "service routin.e" associated wi th it. The routine man­
ages tht; software interface betvveen the device and the CPU. 
The functional defmitiun of the 8255 is programmed by the 
1/0 ~en.ice ·routine and becomes an extension of the sys­
tems software~ By exarrunrng the 1/0 devices interface char­
actemJics for both dat<J tr<Jmfer and timing, and matching 
this information to the t?> -unples and tables in the Detailed 
Operationa{ Descriptn.:.n, il wntrol word can easi!y be de­
w~lope.U lo initialize the 8255 to exactiy "fit" the applica· 
tiun. He re are- a few ex.;rnples o f typical applications of the 
8255. 

-------~,~========-=~------------------------

!Ni tHfiUPI 

i>EOUEST ~ ~ • 

PCJ fi!Ao 
r~~, 
fp~2 

t ::: 
MODE~~ 

IOUTPUTI .-, PAi 

11\tftHHu~T 

REUUtST 

¡ PA¡ 

1 

\ PC7 

í PCi 
1 PC; 
[!c. 

.Prmter 1 nterface 

ACK 

CONTROL LOGIC ANO DRIVERS 

HIGH-SPEED 
PRINTER 

HAMMER 
RELAYS 

DATA REAOY 

ACK 

PAPEA FEEO ' 

FORWARDIREV, 

RIBBON 

CARRIAGE SEN. 
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INTERRUPT 
REOUEST ------¡ 

1 
PC3 ¡· 

: PA0 

' PA 1 8255 
PA2 
PA 3 
PA4 

PA,¡ 
MODE1 __, PA6 (INPUT) 

1 PA¡ 

: 
1 

~PC• 
PCs 

~80 
P8 1 

1 1 
PB2 

1 

PB 3 

1 PB4 1 
PB5 1 

MOOE 1 t PB6 lOUTPUTll 
PB-¡ 

¡ 
1 Pc1 

i Pez 

! PCa 

PC0 
' PC --- 1 

UPT_j INTERR 
REOUEST 

Keyboard and Display Interface 

INTERRUPT 
RE QUE ST~ 

PCJ 

MODE 1 
UNPUT) 

8255 

r PAo 1 1 
1 

PA1 

! PA2 

PA3 -· 
' PA4 

\ PA,¡ 

PA6 
1 

PA¡ 
' ' 

; PC4 
' ' PC5 

1 PC6 
i ! Pe, 

r--------
1 PB 0 

1 PB1 
i 

PB2 

MODE O PB 3 .. 
(INPUT! PB• 

PB,, 

! 
PB6 

?fl 1 

--
---

Ro 

R, 

R2 fLILLY 

Rl 
DE CODEO 

KEYBOARD 
R4 

Rs 

SHIFT 

CONTROL 

STROBE 

ACK 

Bo 

a, 
82 

BURROUGHS 
SELf SCAN 

BJ DISPLAY 

a. 
Bs 
BACKSPACE .. CLEAR 

DATA READY 

ACK 

BLANKING 

CANCH WORD 

' 

Ho 

R, 

R2 

Rl 
fULLY 

DE CODEO 

R4 I(EYBOARO 

Rs 

SHIFT 

CONTROL 

STROBE 

ACKNOWLE!lGE 

BUSY l T 

TEST L T 

--~-~l 
--~-H r--r-- 'o 

1 -- ··e- --1 -- -., 1 

-~ -- -~ 

.... ----- 1 -- ~~--r 
----6 ..... ~-- -- --<1 

' J 

Keyboard and TermrnJI Address inttlrfacc 

() í' .. 

1 

' J 

TL' ,•·¡.·~AL 
ADDR~S!¡ 

i 

. ! 

i 



.. SILICON GATE MOS 8255 
----- --------------------------------

i PA0 
1 I'A, 

PA2 

! PA, 

PA4 

MODE O 
j PA_, 
i 

IOUTPUTI PAb 

lSB 

\ -
f-_:____ 
1----- 12 BIT 

INTERRUPT 
REQUf STI 

PC3 

MODEZ-

,~. Do 

PB, o, 
PB2 Dz 

P83 03 FLOPPY DISK 
CONTROLLER 

PB4 - o. ANO ORIVE 
PB6 Ds -

1 
PA 1 

DA 1--CONVERTER 
ANALOG 0UTPUT 

Pe, o, 
P87 07 

PC• 1-- (OACI 

~ PC~ 

8255 
PC& 

PC, f.ISB 

¡ - ~Co STBOAlA 

" 1 r>c, OUTPUJ EN 

BIT j 
SH/RESET l 

PC2 SAMOLE EN 

¡_ PCJ STB 
'-. 

j PB0 .. LSB 
1 PB, .. S BiT 

¡ 1 AO 

.i PB2 CONVERTER 
iADCI -MOOE O _J PB1 - - ANALOG INI'UT 

IINPUTI 1 PB4 
! 

PS~ 1 

j 
PB• . 

- - ; --
PB 1 
.__ MSB -

·-

D1gital to Analog, Analog to Digital 

HIITEH•<UPT 
REUU tsr ~ 

PC3 l 
1 
¡ 

1 
1 

1\!0DE 1 _j 
IOUTPUTI 

1 

1 
1 
1 

! 
1 

8255 1 

1 
P--,OnE O 

1 
IOUTPUTI 1 

1 

1 

i 

1 

P..>u 

PA1 

PA2 

PAJ 

PA4 

P"-!, 

PAb 

PA 1 

PC 1 

PC6 

PC> 

PC4 

PC2 

Pe, 

PCo 

PB0 

~[l. 

Pt!l 

P.<., 

Pu 1 

p~ 

fl•j 

,., 
_J 

- Ro 

R, CRT CONTROLLER 

R2 • CHARACTER GEN. 

Rl o REFRESH BUFFER 

R, e CURSOR CONTROL .. R& 

SHIFT 

CONTROL 

DATA REAOY 

ACK 

BLANKEO 

BLACK/WHITE 

ROl\/ STB 

- COLUMN STB 

CURSOR HIV STB 

-----·----
---- --- --- CUIISORIHOWiCOLIIMN 

t\.PUI:;.t::.·~ 
--------- U;'.., V 

: 
-- _____ .. 

---. -- -- ' 

PC, 

Pes r---
~ t--·--
Pes 

11255 

Pez --..-
Pe o --
PC, --
PA0 ,__" 
PA, 

p~ 1---· 

MODEO 
p~ t--•' 

IOUTPUTI PP.q 

'As 
PAs f---- PA7 ~-'-

Basic Floppy Disc lnt•erface 

INTIERRUPT 
REOUES 

TI 

PC3 

MOOE 1 
UNPUTI 

-

! '"'o -----
PA1 ---
PA2 ·-
PA3 --
P. • ·.-
p~ ·-
PA6 ·-
p~ --

DATA STB 

ACKIINI 

DATA READV 

ACK IOUTI 

TRACK ··o" SENSOR 

SVNC READV 

INDEX 

ENGAGEHEAD 

FORWAROIREV. 

REAO ENABLE 

WRHE ENABLE 

OISC SELECT 

ENABLE CRC 

TEST 

BUSV LT ---

Ro 

R, 

Rz 

Al 

BLEVEL 
PAPEA 
TAPE 

R• 
REAOER 

Rs 

R, 

R¡ 

PC• STii 

Pes -~Aci< 
PC& ~:;TQP/G 

-
o 

8255 

r· MOOE O 

UNPUTI 
- PC, 

PCl 

PBo 

PB 1 

P!.l~· 

MOOt O Pil 1 
IOUIPIJJ; 

1 

f-11•¡ 

p~ 

PIL 
1 r:;, 

--------

t------
-------~ .. 
-----
----- ---
--------· 

J MACHINE TOOL 

S'fART/ STOP 
1 

LI.'AIT S ENSOR IHNI 

FLUID 
\ 

QIJT OF 

\ 
1 

CH~.NG 
1 

E TOOL 

GHT LEF\ IRI 

1 ¡p 1>~ )lf'l !\1 

HOR ~T 
VEIH S 

EP STHIJOE 

TEI' STROP.E 

TEP !il(W/:; 
\ 
.NABLE FLUIOI: 

- - --- ~ ,•,lf ¡u_;\ 
Lo.-.-.:, 

M."chine Tool c:ntrcllcr 1 ntcrface \ 
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SIUCON GAT:-: ru10S 8255 

¡ SYSTEM BUS (O, A, ANO Cl J 

"' -
. 
r-- - ~-~ -- ---- --.., r-- f--- ---.--- ---, 

1 1 1 

1 
-- -

1 1 'J "-.,/ V ~ • 
1" --- -- --- 1 1 

1 8080 -- MEMORY 1 8255 1 8255 
CPU ROM ANO 8255 MODE 2 MODE 2 

l 1 RAM 1 1 ---

1 1 ~ 
1 / 

"' 1 
~ 

1 1 ------ --
! --------- 1 1 ------- ·-- -

1 
' 

1 -
1 ---

1 
----- ---

1 MASTER CPU •J 1 7 ---------
1 1 1 l : -------- MASTER 
¡ 1/0 1 ; - ·----- 8080 

1 
8080 

1 " -------- 1 
CPU CPU 

c-.=-=--- --J 1 -- --------- --
"1 - -- -- ----- ------ --

ME MOR Y 1 MEMORY 

1 

1 ------- ------ ------
1 1/0 1 1/0 

1- 1 

Distributed lntt!lli!)ence Multi-Processor 1 nterface 

'i 
-; 
1 
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2. 7 Perspe_!=tivas 

Hay evidencia del poder de la industria de los semiconductores 

de empujar a la tecnologia d~ las .computP1oras hacia nuevos 

ci re u i tos integrados -algunos:- inclusive más complejos que los 
- J 

microprocesadores que han revolucionado la computación duran-

te los años pasados- empezaron a ser una realidad en el con-

~trol de periféricos, y también como un medio para estandarizar 

la~ capacidades de software. ""' 

;r 

Los nuevos dispositivos en el area del control de periféricos, 

P?r ejemplo, muy por afuera de la.complejidad de los CPU's y 

de las memorias. En tanto que un microprocesador tipico tiine 

alrededor de 7000 transistores, varios CRT en un CI, comunica­

ciones y controlador de discos contienen del orden de 22000 

transistores c/u. Uno de esos el chip de National MM57109 

(Number Cruncher) -disefiado para conectarse a un microprocesa­

dor estandar- contiene reloj, lógica para control y aritm€tica 

E/s~ y 12 K bits de microinstrucciones en ROM para habilitar 

los cálculos de un huesped de funciones matemáticas, incluyen­

do las funciones trigonométricas, exponenciales y logaritmicas. 

El cruncher también proporciona manipulación de registros. con­

trol para ramificar, banderas de ~rror, etc. para un.total de 

64 instrucciones. Cada instrucción toma 20~s de tiempo de ci­

clo a 400 K Hz de frecuencia de reloj •' La mayor parte son 

instrucciones de un solo digito (entonces arcseno es una canti-

l nuación de las instrucciones de INV y SEN). El formado para 

los datos se puede seleccionar que sea punto flotante a ins­

trucción científica, bajo el control de progama. Entrada rá­

pida al dispositivo usualmente toma 2.4 ms, pero este método 

puede usarse solamente si otras rutinas no estan operando du­

rante la entrada de dígitos. Las entradas controladas por ins­

trucciones toma 6 ms. para mantiza de 8 bits signada en un ex­

ponente signado de dos dígitos. Co~ 'handshaking, la misma 



entrad& toma 30 ms. El dispositivo en TTL compatible y puede 

ser operado de una fuente de +S y -4 volts. 

El adaptador de interfases de propósito general (GPIA Motora­

la MC68488 prove~ la interfase entre el bus instrumental 

· 1EEE488 y la familia de microprocesadores 6800, y con alguna 

lógica adicional, se puede interfacear con otros microproce­

sadores también. 

,.. ~ 
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L~s Jnicrocomputadoras se ve que parecen destinadas a volverse 

la parte fundamental en los sistemas de telefonía en los Es­

tados Unidos. De hecho, las telecomunicaciones futuras proba­

blemente serán realizadas por micras hablando con otras mi­

eros, con chips 'enterrados en.cada nodo del sistema. El mi­

croprocesador MAC-8 fue diseñado en los laboratorios Bell con 

esa aplicación en mente. Es esencialmente un microprocesador 

que puede compilar eficientemente un lenguaje de alto nivel, 

desigual ahora simplemente como e. Este lenguaje, desarrolla­

do originalmente en los laboratorios Bell, se ha adoptado rá­

pidamente en los sistemas Bell. Su objetivo es prevenirse de 

una Torre de Babel ofreciendo un medio estandar de diseñar 

software y para operar sistemas operativos. C es un lenguaje 

ir1teractivo. Comparado con el código a nivel de ensambladór, 

el pago por uso es de un 20% de incremento en tiempo de corri­

da y espacfo de memoria. 

Adicionalmente a correr y compilar eficientemente Cj MAC-8 tie­

ne algunas características finicas. Una de ellas es la instruc­

ción llamada "encuentra el que se encuentra en el extremo iz­

quierdo". (Find the left most) (FLO) que se usa ampliamente en 

el proceso de identificación del siguiente item del negocio~ 

MAC-8 tiene 16 acumuladores/registros de índice realizados en 

RAM. Se proporciona una variedad de módulos de memoria, in-· 

cluyendo auto-incremento corno son operaciones de memoria a me­

moria. La rnáq~ina tiene arriba de 400 instrucciones fundameh-
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tales. ·Debido a que la mayori~ so~ de 16 bits de longitud 
1 

(aunque tornando 8 bits a un tie~poj, hay alrededor de 32000 

combinaciones de instrucciones. 

Otro de~arrollo básico ha sido li aparici6n de interpretes eti 
un chip. Con eso, los usuarios de microprocesadores solamen­

te necesitan conocer un lenguaje de alto nivel (corno Basic) 

~y no requiere trabajar con lenguaje de máquina, o a nivel de 

e~sarnblador. Los interpretes no so~, desde luego, nada nuevo. 
Lo que ha pasado es que han sido. puestos en un chip, y en al­
gunos casos en medio chip. 

72 

BASIC Irtdustiral es un lenguaje de programaci6n que ha sid~ 
cscrito.en un solo chip (ROM). El lenguaje viene a ser un 
interprete del lenguaje y fue 'especialmente diseñado para usar­

se con los microprocesadores National SC/MP. Se interfasa, a 

través de sus propias rutinas de entrada-salida con un tele­
tipo o terminal. Su finica ~odificaci6n incluye un DD/UNTU · 

que es una estructura de control adoptada del lenguaje PASCAL, 
y un operador de indirección para un acercamiento flexible de 
lenguaje de máquina para control de procesos. 

AJicional~ente a NIBL, un inteprete· en BASIC en un chip, ha 
siJo desarrollado en los Laboratorios Lawrence de Livermore 
para usarse con un microprocesador del tipo 8080; y el inter­

prete TRS-80 desarrollado por Tandy, Inc., para usarse con el 
microprocesador Zilog-Z80. 

La posibilidad de disponer de interpretes en un chip abre la 
computaci6n a muchos nuevos usuarios. 
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P!ease use t~•e ReadBr Servlce Card in tho back of the 
magazine to ;;nswer l his quesuonna1re. Ev¿n lf yo u are 
not the sl•ghtnst b1! mterested In microprúcessors. your 
:'>nswe:rs could be illl.:m~rlating; if yo•J are sli¡¡htiy inter­
esled. but know l1!tle or not~ung at;out the sub¡ect, your 
answ,)rs are al&::> vJ'uable. 11 you do knün what you 
n&2d. her€'s your opportunity to .speli 1t out. In the 
event (11at you are work11.g on moro than one mlcro­
bb:sed systcm, or ha·.¡e requireme,·,ts for different types 
of oroducts, please make a copy (or copies) of the 
reply card and respond for each of your d1Herent 

Section I: What do you know nuout micros'? 
l. Do you understnnd microprocessor termin­

o!ogy ttnd nomenclature? 
1.1) 'les b) No e) Some ot it d) Most of it 

2. How do you stay up to date on the subject? 
a) Het~d maguzi.nes b) Send for !iterature 
e) Ta!k to rep!: d) l work with micras 
e) Attend workshops 01 ~peciul microprocessor 
scssion~ ut show::1 or semmnrs. 

3. Do yo~; feel that it is a necessury part of your 
job to stdy up to dute on mtcroprocessors? 
a) Yes b) No e) Part!y d) Intellectua!Jy 

4. What would help you the most in ledrning 
about microprocessors'? 
a) :v19re articles in trade mag·azine::~ 
b) Bcrter sales liten.:ture 
e) Te~hnical documcntation from venuors 
d) Traveling microprocessor worbhops 
~) Hands-on Gxperience with actual sy!:itams 

5. What i:; your persone! opioion Pbom lhe t'r•tire 
microproeessor field'? 
a) Fubulous opportunitie::; for cost suvings, ef­
ficiency, more powerful devices, n::w. instru­
ments, and u plethoro of applitnti071S 
b) They will never rep!ace minicomput+:rs, but 

specif1caticns. (YOll'll have t'> put the copies In an 
envelope, however.) Room is allotted on the reply 
card ior comrnents; if this is not sufficient, Jetters are 
welcome. lf ycu come. across a quest1on whlch you 
don't understand or which is not applicable to your 
situation (such a~ questions directed at currGiil users), 
leave ttle answer blank.· Don't try to guess at an 
answer. "No preference" answers ara provided in 
piaces where we think it is an hc.nest answer to a 
quest1on Tabulated results and an analysi~; of lhis 
quest10nna1re wili l1e printed ir:~ a futura issue of II'ITech. 

micros definitely have a place in the process 
control industry · 
e) Ha.~ possibi!:ties, but the techno!ogy has 
nol matured enough to make any predictions 
d) I will wüit until commercial products are 
uvailable,.MTBF studies have been run, anda 
number of systems actua!.ly insta!Led befare I 
even consider using a micro .. based product 
e) Has possibilities, but I consider much ofthe 
sales literatura to be misleading 

Section II: Wuuld you buy one? 
6. Are you using any rnicroprocessor-based pro­

ducts now? (check nll thuL apply) 
fd N.:> b) Jnstrument, scope or meter 
e) Control!er, data logger, or PLC 
d) Microcomputer development system, as­
¡:.•unbled kit, or full system, which is under­
going development or evaluation 
e) Pwcess control or data processing system 

7. If yo u ha ve been using a microprocessor-based 
product or system. how do you fecl about it? 
a) It .surpn~ses rny expectaúons 
b) Tt r.1c-ets my expectations 
C) I nm clisappointed 
d) Haven't dec1ded 
t') Do e . ., rwt u p ply 

--- ------·------------------------------·~-------·----·-----··-----------·--·-------·1 
'.!~ 'J EM SER ,-:e•. 
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8. Do you antici¡;ate buying a microproce·ssor in 
the ruture? 
a) Y~s b) No e) Maybe 

9. How will you purchase it? (Or, how did you 
purchase it?) 
a) A set of chips b) Board-mounted o.::hips 
e) A k1t with al! necessary components 
ci) As;>embled microcrJrnputer, no peripherals 
e) Packagcd developmcnt system (with TTY) 
f) As a complete data processing or turnkey 
;;ystem, with softwdre 

10. What criteria do you use in selecting a vendar? 
a) A m'"jor vendor who offen service, second­
sou!·cing of components, training, software 
support and documentution 
b) :\ny major "name bmnd'' manufaclUrer 
e) Any vendor with a product that fits rny 
hardwa:~ and software specifications 
d) '~'be mo,;L inexpensive :;ourre 
i:) A ''sy~r.ems house" (nonmanufacturer) with 
a packaged .:>ystem 

ll. How d·) you plan to use the component or 
· product? 
a) To replace,. or insteRd of, a commercial 
nonmicro product or device such as a meter, 
scope, data Jogger, annunciator, etc. 
o) As an element in a contrul system such as 
a multJplexer, controller, data conctntrutor, 
communications module, PLC, etc. 
e) As a nurnbcr-crunching or data processing 
computer, supervisory control system, process 
control system or manngement information 
sy:,tem 
di As part of a product (as rlescribed in a or b) 
w~ich my company will budd ond market 
e) As a tul! system (ns described in e) •.vhich 

. my company will bui!d and market 

12. How many micro-based products, such as 
scopes, data loggers, meters, stand-alone con­
trollers, etc. will your company builJ or pur­
chase in the next five yeAn;? 
a) None b) 1-5 e} 1-10 d) 1-25 
e) more than 25 

13. How many micro-based control systerns_ wch 
as intdligent controllers, programmable con­
troller:;, multiplexers, .::ommunicatior: c1ovices, 
or smdll process contr0llers will yúur comp¡;_ny 
build or purchase in the next five yeurs'? 
a) None b) 1-5 e) 1-10 d) 1-2:) 
e) ).!ore than 25 

14. How many complete microcom puter ~,ystems, 
such as c!ata processors, number nunchers, 
process control systems, dist.nl•ut;::d control 
systems, or supervisory 5yst€rr>s wilt your com-

pany build or purcha~e !:.1 t.he nE-xt five yeam? 
a) None b) l-5 e} .i-10 d) 1-25 
e) Mor!": than 25 

s~ction III: Hardware specificaticns . 
hl Scctions ni, íV, V and VI, p!ease limit yuur 
ansv;ers to n specific pror.kct or applicnrion. 
lf you bave morP. than o:1e product or applica-. 
tion in rr!lnd, which req,uíres dilferent specifi­
.:-atio:Js, please answer on a lleparate card. 

15. What size CPU fíts your needs? 
a) 4-bit b) 8-bit el 12-bit. d) H). bit 
e) 24-bit f)· n-slice 

16. What word size fits your needs? 
a) 8-bit b) ,12-~it -e) lG-bit dj 2·1-bit 

l
., 
lo What technology do you prefer? 

a) PMOS b) NMOS e) CJ\·lOS 
d) Bipolar e) No preference 

18. What features do you need'? (check all that 
apply) 
&.) Interrupts 
bl Direct memory acces~ (DMA) 
e) M icroprograrn ming cupabili iy 
e!) Arithmetic unit (add, subtract} 
e) Arithmet!C unit (multip!y, divide) 
f) Floa tmg poin t module 
g) Logic instructions (AND, OR, XOR) 
h) Clock driver 

- i) BCD arithmetic 
j) Memory protéct 

19. How many ~e:neral registers do you need? 
u) l b\ 1-·!' ·e) 1-8 d) 1-Hi 
e) :vrore than 16 

20. What type of memory do you prefer or need? 
(.For mixed systems, check all thet apply) 
a) Core b) Sen~iconductor RAM e) HO.M 
d) PROM e) No prcference 

21. How much memory do ycu necd? (8 ·bit byte~) 
a) Less than 1K b) 2K e) 4K d) 8K 
e) More than SK 

Scction [V: Peripherals 
22. Check all of the peripheral devices you need. 

a) Teletype !J) CR'l' e) ·'Suwn'' terminal 
d) Line printet e) High-s¡)eeC: paper tape 
f) Pmgramming pane1 or data entry panel 
g) Cassette tape h) :V1ag tape 
i) Floppy dis(: j) St~1Ldard dis.: 
k) Strip printer l) Others (Use romment 
Sf~ction on card) 

23. Hovv many digital inputs and cmt~)Hts? 

... 
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a) 1-8 b) J -lo e) 1-32 d) 1-t\4 
e) More than 64 

24. How many analog inputs and outputs? 
ai 1-8 b) J -16 e) 1-32 d) 1-64 
e) More than G4 

2á" Do you need a computer-to-computer link? 
a) Yes b) ~o e} No, but may need it in 
f:nure 

26. \Vbat type of computer-to-eomputer link do 
you wefer? 
u) TfY interface b) ASCII bus 
e) CA~vL\C d) Direct, single word 
e) D:\-lA, bulk transfer 

Secthm V: Software dcvclu,;mcnt 
2í·. \Vhat is your sf)ft\\ are backgroEnd? 

a) Fümiliar with as:-c:mbJer, rnw:híne language 
can v;rite complete control prog-rarns 
b) Famili:..r with nssemblet 
e) FOitTRAN, BASlC or COBOL 
ti) Ha.ve used a proc:ess control language 
e) ,Linüted 

28. What type of assembler support do you need? 
a) Resident assem bler 
b) Cross-assembler (for IBM 360, etc.) 
e) PHOM programmer 
d) Hig!1-levei lungua1~e compiler 
e) He:>ident development system 

29. What software aids do you need? (ch<;e;k a!l 
that apply) 
a) Hardware s1mulator bl Debu~ program 
e) Cross-simulator (runl:> in another computer) 
d) Trace program e) Other 

30. \Vhat application program:> or operating sys­
tems do you need? (check a!! that apply) 
a) Real-time exec (shletun) 
b) Heal-time operutiog ~ystem 
e) Peripheral driver programs 
d) .:-Jt:twork communication ¡.;uckage 
e) Batch opemting system 
fJ Disc or tape operarmg system 
g) Editor program (pap.Jr tapt:, disc cr re.pe) 
h) Library of progr<.lffiü and subrc.utines 

3!. In what medium would .vou prefer ~.o work 
with source code? 
a) Paper tape b) Cassette tape e) Curds 
d) Dil>c file e) l\1ag t!ipe file 

32. In what medium would you prefer to work with 
object code'? 
a) Paper tape b) Cassette tupe e) Caras 
d) Disc fi!e e) 1\lag tape fiJe f) ROJ\1 

3:5. WíMt. kiud of Joader wollld you like? 
a) Hélocn ting '.)) Absolute · e) Linking 
d) No preference 

34. Who will c!evelc-p the softwvre? 
o) Myself h} Pr,lgramJning department 
e) Outside contrhc:tor (software hou::~e) 
d) Microproces:>or vendor 
e) Consulumt (job shopper, etc.) 

Scction VI: Hurdwure develorm1ent 

35. What. is your hardware b~ck¡;rotmd? 
a) Extensive·experi·~n.::e in micros Mtd minii 
b) Expcnence in minis or other C<)ll1puters 
e) l'rocess devíc.:es and control lwrdwure only 
ct) Limitcd 

iHi. What Lype of burdware support. do you need'? 
(check al! íhat apply) 
a) Tec!mica! manuals and logic chagrams 
b) :\1 aintenance and diagno;;tic t;oftwilre 
e) HardwMe símulator d) Prototy¡.¡ing cards 
e) Applícm.ion nmes 

37. What kind of assistnnce do you expect from 
the venclor? (check all that app!y) 
a) .Fact(Jry engineer available by phone 
b) Authorizecl service in your area 
e) H:udware school d) Little or none 

38. Whac compoP.eJ;L~ do you expect to buy offthe 
· sh.e~t'? (cheek al! th.lt apr.Jy) 

a) Digüu! 1; O boards 
b) Analog f! O cc¡mponents and bo<trds 
e) TTY-cumput.ible interface 
d) Multipkxcrs, communication devices 
e) Peripht:rai device interfaces 
f) Al! nece,;sary component.s 

39. Who will hui!d and develop the hardware? 
a) Myself b) Engineering department 
e) Outside contracto:r !<,ys,·.éms house) 
d) Microproce~sor vendor 
e) Con::;ultant (joó shopper, etc.) 

40. I.Vho will nwintain tho:: hardware'! 
a) Vender b) Autho'ri;·.d s.:rvice comp&ny 
e) Ou: maintenan..:l! d!~pattrner.t 
d) Operators and engineus 
f) Ship i~ back for fac~c::y se.-vic.:; 

41. How many hurdware functiuns arG you or your 
company ablc t.o perforrn with a re:~sonuble 
amount of assistan;;e from the \'Cndor? (chcc!{ 
ctll rhat apply,l 
a) Hitrdwure desig¡1 
b) Component Í!lstaJ.lat.ion 
e) Chec!W'Jt d} \'!;:limen<>:V;c 
e) Fu tu re expansiGn/ modifícuL'li': 
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r:AP TJULO 3: LA MY CROC(JrHJfADQAA 0080 
Alejandro Guarda Auras 

3.1 Introducción a la familia INTEL 8080 

Desde que en 1972 se anunció la introduc~ión al mercftdo del microprocesador 
8008 de INTEL. la proliferación de este tipo de dispositivo ha sido tan gra~ 
de que, sólo cinco aftas después, se estima que habían más de 120 microproce­
sadores distintos en el mercado. 
Una porción muy importante del mercado de microprocesadores de 8 bits, ha 
sido captada por el 8080 de INTEL. Las razones que se pueden aducir son 
varias. Sin embargo, las más importantes son las siguientes: 
A) JNTEL ha sido el pionero en el desarrollo de microprocesadores, siendo 

sus dispositivos los que han establecido estandares para cada generación. 
En la tabla 3.1.1 a continuación se resumen los productos más importan­
tes y algunas de sus características: 

Procesador Año de Introducción Ciclo de Introducción N°de Instruc. 
JJSeg. 

8008 1972 - la. generación 12.5 - 20.0 48 
8080 1974 - 2a. generación 1.3 - 2.0 78 
8048 1976 2.5 - 5.0 96 
8085 1977 - 3a. generación 1.3 80 
8086 1978 - 4a. generación 0.5 - 0.8 ? 

TABLA 3 .1.1 

1 

B) Disponibilidad. Este factor es muy importante en la relación de un proce­
sador. Aún cuando un producto pueda parecer muy poderoso, rápido y versá­
til en la hoja de especificación. de nada sirve si no se puede conseguir e~ 
mercialmente. El 8080, es un producto ya establecido en el mercado, con am 
plia distribución y 11 Second-sourcing 11 {producido por otras compañías). 

C) Soporte. En este aspecto vamos a diferenciar en: soporte de circuitos pe­

riféricos, soporte en sistemas de desarrollo, soporte en software y sopor­
te en módulos para 11 0.E.M. 11 (Original Equipment Manufacturer = Fabricantes 
de Equipos Originales). 
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C.l. Soporte en circuitos periféricos: Un ~procesador sólo es totalme~ 
inútil. (distingue entre ~procesador y ucomputadora). Requiere 
de una serie de circuitos periféricos que provean funciones de se­
cuenciación, control e interface. Estos circuitos pueden ser im­
plementados en forma discreta (hard-wired logic), con los consecue.!l 
tes problemas de sincronía, costo de desarrollo y confiabilidad 
que e1lo implica, o bién, como es el caso general, el fabricante 
provee de circutis LSI que realizan tales funciones. Una caracte 
rística de la familia 8080 es la gran cantidad de circuitos peri­
féricos de soporte. En la tabla 3.1.2 se incluyen los circuitos 
pe~iféricos de la familia 8080 

Eircuitos de Soporte al C.P.U. 

8224 Generador de reloj y driver 
•t 
! 8228 Controlador y Bus driver ¡ 

i rcu i tos Periféricos de Propósito genera 1 

8205 

18212 

18214 

1 8251 
1 

¡ 8253 

18?55 
1 

8257 

8259 

Decodificador Bin ar1o 
Puerto de E/S de 8 bits 

!Control de Prioridad de Interrupción 
Interface programable de comunicación 
Secuenciador programable de intervalos 

j Interface de E/S Programable 
Controlador Programable de DMA 
Controlador Programable de interrupciones 

~ircuitos Periféricos Dedicados 

8271 Controlador Programable de discos flexibles 
8273 Controlador de Protocolo de comunicación de datos 
8275 Controlador Programable de CRT 
8279 Interface Programable de teclados y displays. 

TABLA 3.1.2 
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C.2. Soporte en sistemas de desarrollo. El proceso de desarrollo de un 
sistema basado en un microprocesador, requiere de estaciones de de 
sarrollo_que ~gilicen dicho proceso. Estos estaciones, dependien­
do de necesidades y recursos, pueden ir desde microcomputadoras 
muy simples con costos de $ 5,000.00 M.N. hasta sistemas comoletos 
y de propósito general con costos desde $ 25,000.00. 
Para el procesador 8080 ofrece una gran variedad de opiniones que 
van desde el sistema SDK-80 hasta el MDS-80. 

C.3~ Soporte de Software. Una computadora funciona en base a códigos 
binarios el cual debe ser cargado en memoria p,a¡~a luego iniciar su 
~jecución. Para fa~ilitar el desarrollo de programas de aplicación 
los fabricantes ofrecen paquetes de programs que varían de comple­
jidad: 
Monitores. Permiten: cargar en memoria, vía teletipo o similar, 

_ un programa codificado en hexadecimal, iniciar su ejecución y en 
forma muy primitiva, limpiar de errores el programa. 
Ensambladores: Permite al usuario codificar progrmas utilizando 
nemónicos, y direcciones relativas mediante el uso de etiquetas, 
produciendo como salida el código binario con direcciones absolu­
tas. 
Comniladores: Permiten el uso de lenguajes de alto nivel para la 
generación de programs. Entre estos lenguajes destacan FORTRAN, 
BASIC, PL/M y actualmente se habla mucho de PASCAL. El compilador 
traduce el programa escrito en lenguaje de alto nivel a código m~ 
quina. Su empleo resulta beneficioso, sólo cuando el programa a 
realizar es muy complejo. 
Sistemas Operativos: Permiten el-manejo de archivos, la reubica­
ción y ligado de programs, así como el manejo de programotecas re 
sidentes en disco. 
Sistemas operativos en Tiemro Real: Permiten la generación de pr~ 

gramas a controlar eventos asíncronosy concurrentes, como es el 
caso del control de procesos industriales y adquisición de datos. 
Intel ofrece todos estos programas, espcfficamente: Monitores pa 
ra SDK-80 y para MDS-80; Macro Ensamblador para MDS-80; compilador 

PL/M para MDS-80, Sistema operativo ISIS-II para MDS-80 y Sistema 
operativo en Tiempo Real, RMX-80 para microcomputadoras modulares. 
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~.4. Soporte en Módulos para O.E.M. Existe una enorme cantidad de 
aplicaciones de microcomputado¡~es, en las que el interés se ce.!!_ 
tra en disminuir el costo de ·diseño en vez del costo de partes.· 
Tal es el caso de industrias en proceso, comunicaciones, instr~ 

mentaci6n9 etc. Es estos casos, lo más deseable para el fabri­
cante es contar con módulos:· computadoras en un circuito impr~ 
so, a las que pueda conectar a su vez otros módulos, tales como 
memoria, entradas analógica. salida analógica, etc. 
Basados en el 8080, Intel ofrece varios de estos módulos que va­
rían en complejidad y precios. Tales son los 11 Single Board Com-. 
puter" SBC-80, de los cuales existen, en orden de complejidad cr~ 
ciente el SBC 80/04~ SBC 80/05, SBC 80/10 SBC 80/20. SBC 80/20-4, 

SBC 310. Además de estos módulos de computadora, ofrece módulos 
de: Expansión de memora. 

E/S digital 
E/S analógica 

De esta forma, el diseñador no tiene que preocuparse de particu­
lares como secuenciación de señales, niveles de alimentación, 
circuitos impresos y todos los problemas que invariablemente 
surgen al pasar un prototipo de su forma original al circuito im 
preso. 

Con lo anterior no se ha pretendido decir que InteJ e la Gnica compa~fa que 
ofrece los productos señalados anteriormente. Otra compañía que a juicio 
del autor, merece mucha atención es Zilog. Sin embargo, y nuevamente a jui 
cio del autor, es conveniente trabajar con productos de una compañía bien 
establecida, que esté entre los lfderes en su campo y que tenga un buen na­
mero de otras compañías haciendo 11 Second-source" de sus productos. Estas 
características las cumple Intel y por haber sido la pioneruen este campo 
hay muchos ingenieros que prefieren seguir con sus productos. 
Finalmente, cabe mencionar algo sobre la obsolescenciade productos, cosa 
que nos preocupa mucho en un campo en el que entre una generación y la si­
guiente transcurre menos de dos años y donde aún queda mucho por verse. 
Afortunadamente, los fabricantes han sido cooperativo en este sentido y e~' 

~a vez que introducen un nuevo producto que obsolece al anterior, lo hacen 
compatible en software; es decir, mantienen el mismo conjunto de instruccio 
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nes que tenia la versi6n anterior, agregando algu~as nuevas que mejoren la 
eficiencia del procesador. De esta formai puede introducirse la nueva ver­
sión manteniendo los programas desarrollados para la anterior sin grandes 
~astas en desarrollo. Esto es lo que los fabricantes dicen; sin ~nbargo no 
es del todo cierto como será el caso entre el ·8080/8085 y el 8086, lo cual. 
aún está por verse ya que el dispositi~o fue anunciado en un congreso (ISSCC 
San Francisco, California, febrero de 1978) y descrito en una revista (Elec­
tronics febrero 16, 1978) pero aún no está disponible. 
El material impreso que sigue a ccntinuación, son copias del manual de usu! 
rio del 8080, puesto que no hay nada publicado que mejore o agregue a lo que 
se dice en dicho manual. Se incluyen además, copi~s de descripción y espe­
cidifaciones de algunos de los dispositivos periféricos que serán descritos· 
en el curso, asi como una breve selección de artículos que pueden ser útiles 
para lectura adicional. 



Progr~mmabfe perEpheral ii1terf3ce 
DC's boost your f.LC's f!exñ~h~~it~¡ 

The popular 8255 software programmable 1/0 device is versati!e, h2s 
an inter,-upt/handshake cJpabi!ity and can reduce system complexhv. 

AIJn Ebright, lr.tel Corp. 

11ardly is a new .nicrocomputer system produc:::d 
.han a second generation or improved version is 
announced. lhe trend in f.LP's has been to add 
more functions and to improve control of these 
functions. At first, many features wer~ fixed; then 
they became hardware alterable ~nd fina!ly soft­
ware programmable. This trend applies equa!ly to 
other devices in the various microprocessor 
famifies. h 

Among today's more flexibie f.LC system­
oriented LSl devices are the programmable paral­
lel input/output types such as those offered by 
Motorola, lntel and others. These units alfow 
designers to interface with parallel 1/0 peripher­
als under the varying conditions required for a 
specific peripheral, with device operating modes 
selectable under program control. This article 
describes the popular 8255 developed by lntel and 
now also available from AMO, NEC and National. 

The 8255 provides ihree operating modes 

Directly compatible with 8080-type CPU mod­
ules, the 8255 programmable peripheral interface 
(PPI) is a 40 pin device witl. a total of 24 
control/data fines and an 8080 bus mterface. 
Three 8 bit 1/0 ports can be programrned to 
function in three different modes, two of which 
offer interrupt capability. One of the ports is 
actually two 4 bit ports, and its bits can be 
individually set and reset. 

In the first operating mode, the two 8 bit pOíts -
can be either input or output, 2s can the two 4 bit 
sections of the third port. In the sccond mode, 
the two 8 bit ports are strobed and again can be 
either input or output, utilizing bits from íhe two 
4 bit ports for control. !n the third mccle, one 8 bit 
port is used as a bidirectional bus, 1he other 8 bit 
port can be in either of the other two modes, and 
bits from the two 4 bit ports are used !or contrel. 

For purposes of discussion w¿ will break the 
8255 into three sections: CPU interface, peripher­
al interface and interna! fogic (Fig" 11. 

rig. 1-0peration of the 8255 can best be e•pla1ned by 
breaking the devlce's block diagram into threP secllons: CI'U 
intc·rface, penpheral interface and interna! logic. 

CPU interface-direct commm,kc:!ior~;; 
The CPU interface section is ratnér straighttor­

ward. Fig. 2 shows a simple sys~en1 in which a 
CPU, dock generalor <:nd system controllet a!l 
communicate directfy with 1/0 devices. ·; his 
circuit dedkate!> address fines ~J and A1 to :ieiect 
either the controi regisler or nnP. of the 825S's 
ports, and address fines A2 :1nd t. 3 to selcct one of 
the two 1/0 dev:ces. Signa! levels requircd to 
éKComplish port and device selection Jrt shown 
in Fig. 3. 

When the CPU selects a11 l/0 via ilil ildd:c:!;S 'ine 
sign.:tl to the 8255's es input, that 1/0 unil ¡;,en 
communicates dírcc11y with lhe CPL'. Wi1h this 
particular sys~em, the CPU cz:n selecE up !G :.•x :¡o 
dtvices. lf additiona¡ l/0 d(;vice; c:r:= nect.~:: IIV, 

' ' bits i\1 through A 7 on th~ 8255 um be :ncuuc,l ro 
generate up [o 64 devicc selec! iint:s 

1-
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fig. 2---!ly l'modmg bits A,-A,, the 8255 can generate up lo 64 deviet• ;elect !mes. In thi~ hr.ear select 1nterconnect system, the CPU 
o: .w ~¡olect up lO >•x 1/0 dt>v11.es. 

The system contraller drives the i/0 device 
read and write lines directly. With the resulting 
isolated 1/0 architecture, the CPU 1/0 instouc­
lions reference inde¡.¡endent 1/0 address loca­
tions. Note that this sy-.tem uses no exzemai 
!ogic; Pven in lárger systems the CPU-to-l/0 
tntt•riJ( t' requires only mintrnum externa! logic. 
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Fig. 3-Thi~ 1/0 port select coding ap¡:..l1es lo the system 
shown in Fig. 2. 

í>eripheral h1~erf""c~-§hobed i/0 or bl.ls 
One of the greatest features of a programmable 

i/0 unit is its flexibility; the 8255's flexibility stems 
from '1he fact that it can ~e programmed to 
operate in any oi three different and internally 
flexible mcdes. Because the characteristics of the 
interface lines vary with each mode, you should 
be aware of those changes. Table 1 li!:.tS the basic 
features ol' the interface lines for each of the 
available modes. ~hile Fig. 4 illustrates the 
groupings of these lines for each mode. 

Bo!h 7ablt> ·¡ a!ld Hg. 4 point out an interesting 
aspt:ci: of the 8255: Port C is c:Hranged as two 4 bit 
ports, so ycu can use it as 1/0 or control 
dcpending on the mode selected. Additiona!ly, 
ai1y of port C's bits can be set or reset indepen-­
denlly, so ycu can generate device strobes by 
software without any externa! logic. 

In both tvlode·1 and Mode 2, severa! lines on 
port C handle m~errupt control. This means that a 
significan~ poriion of the logic required for 
interrupt drive 1/0 is on the 1/0 device itself, 
simpfifying the design of interrupt-driven hard~ 
ware. We will presentan example of this type of 
application after discussing the interna! logk and 
software considerations. 

~n&emal iogk - M§lli de~ennh1es functior1 

1 nternal lcgk on the 8255's interna! dat.íil bus 
zccomplishes ii·ansfer of data and control info{­
matlon. When iines 1--.0 and A 1 select portA, B o: 
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h):l. 4-Bec.au~e por! C 19 arr.anged .1S two 4 bit por!!, you C•!rt 

u>·" '' for 1/0 control. 

e, the operation is an !/0 port data transfer; i.e., 
interna! logic sele.cts the specified port and 
performs the transfer. lf the control-wo;d register 
is selected, interna( logic performs the operations 
desc;ibed by the control word. 

In the latter case, the most !>ignífican? bit (MSB) 
of the control word determines the Í(JiKtion to be 
performed. lf !he MSB !•; a ONE, the uJntrol word 
is interpreted to mean mode definition; subse­
quent bits determine mode and port assignment 
(Fig. 5). For examp!e, the control word 10010101 
means the functíon is mode definition; portA is 
to be Mode O as an inpul port; port C higher 
order bits are to be outputs; port (listo be Mode 
1 asan output port; and port C bit 3 is an input. 
(Bits O through 2 on port C are used for port P. 
control.) 

Fig. 5-When control lines A.. andA, selecl the rontrol-word 
regi~ter, the MSB of the control word determine; the function 
períormed. Here the MSB is a ONE, so the control word 
provides mode delinition. 

lf the control word's MSB is a ZERO, the ~255 
interprets !t to be a port C bit set/reset commaqd; 
subsequent bits determine which bits are to be 
sct or reset. Any of the eight bits of port C can be 
independently set or reset. Fig. 6 iilu;trates the 
forrnat of thc control word to ac-:omplish bit 
setlreset. Since bits 4 through 6 of the control 
word are not needed, they should be set to zero. 
Thus, in this operating mode, the con!rol word 
OIJO<YI001 indicates rhat bit 4 of por~ C ís to be set. 
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\;\'re·1 thf' B255 fundions in eithe: IVlJde 1 or 
lvt.JJ.: 2, i! ~~.sues a status word io che sdtw;,r::: io 
~ef!<.'C'! the slate of ine in~urupt lcgic :r-.a~ ii's 
supp0rtin8. In Mode 1, a status word is issued 
when port e is read; this word appears in the 
format shown in fig. 7. Here the bits in the status 
word correspond to the states of the associe:1ted 
port e línes {buffer full, interrupt request, e'cc.). 

Of cour~e, the status word issued by íhe 8255 
varies i:-1 s!ructure dep~nding on the fw'lCtion of 
the rnode. fig. 8 sho·Ns the status word xh¡~~ 
r€Sults írorn a read of port e when the 3255 is 
program•n?d te have portA in Mode ·¡a~ an ir.put 
and por! R :n Modt:: ·r asan output. 

A sla 1us wurd issued when the 8255 is function-

Fig. 7-ln Mude 1, lhe 82.'i.'i iss~;es d slaius worü in this f~~mai 
when port e 15 read. 
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fig. 8-Struclure ui ihe Mode 1 st<~tus word v<~rie5 depending 
on the function of the mode. Here is what you get from a read 
of porte when you program the 8255 ro have por! A in Mode 1 
asan i~pul and port B in Mode 1 as an output. 

i~g in Mode 2 is differem, because in Mode 2, 
port B can operate in either Mode O, Mode 1 or 
Mode 2. Status word bits 0 2 , D, and D0 reflect the 
mode of port B (ti~. ~). 

§o§tvvare i!:0!1l5hiera«ioiils for vne PPI 

All the flexiiJility and versatility of the hardwauc 
is not much go:Jél udess sorne software issues th¿ 
wrrect control v.:ord anJ supporting information 
to the ~rogra .. -, nable :¡o device. The 8255\ 
softwart requi(:?men~s vary iiCcording to its 
operatin3 moclP. Se,1erafiy, however, you need 
a~ initialization rouline that issues the corree! 
11ode co~trol vvord, sets up the initial states of 
íhe control l1í'11~S and initializes program infernal 
data. 

For simple sta!us-driven device interfaces with 
no interrupts, software reflecting the flowcharts 
in fig. 10 proves quiíe adequate. Most devices 
support BUSV/READY signafs to determine l/0 r ...... -, ... -"~'"f--"'""""-rv; ................ ~-~"':'""~-~· .... ._.,~-.,...._ .. .,-, .. , 
tG1~·Ioi~j~J o,'¡_~· J o.! . ¡ 
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Fig. 1Ct-Software flnwcharts such as these suffice for simple 
5ld!m-driven device •nrprfaces wtlh no interrupts. 

redumc:~s. and a DATA STROBE to request data 
transfer. Jt necessary, you can easily generate the 
DATA STROBE with the 8255's port C bit set/reset 
capability. 

With Mode 1 and Mode 2 operation, the 8255 
provides interrupt-driven peripheral capability. 
This usually means that the software must be able 
to support interrupts. Unfortunately, routines for 
interrupt-driven situations tend to be relatively 
comrlex because they usually are constructed to 
aflow other software tasks to be performed while 
the 1/0 operation occurs. A common approach 
breaks the routine down into a command proces­
'or and an interrupt service routine. 

The command processor initiates program 
requests and passes information to the interrupt 
servic:e routine. Upon validating the transaction 
and starting the operation, it returns control to 
the requesting part of the program·. Meanwhiie, 
the interrupt service routine processes tl,e trans­
action with the information passed. 

For an interrupt service routine to be effective. 
it must perform severa! functiom: lt must save 
the state of registers, status, etc., so that they can 
be restored after the interrupt is processed; 
determine the source of the ir.terrupt; and be 
able to pass data to and from the 8255. Further, it 
must return control te the requesting routine at 
the end of the 1/0 operation and restore the state 
of the machine prior to returning to the interrupt­
ed program. 

With the~e factors in mind, you can use one of 

severa! methods to write command processor and 
interrupt service routines. 

A peripheral driven by status 
Let's now examine a typical application of the 

8255: Fig. 11 shows an interface block diagram for 
a status-driven interface where the peripherals 
are-a character printer, a paper-tape punch anda 
paper-tape reader. All of tllese units support the 
standard BUSY/DAT A STROBE signals previously 
mentioned. 

In this interface, both portA and port B of th2 
8255 are Mode O (simple B bit 1/0). PortA is an 
output port; port B, an input port. Three of ~he 
lower order port C bits (PC0 -PC2 ) input peripheral 
busy signals, while three of the higher order bits 
(PC4-PC6 ) output strobe signals to the peripherals. 
Becau~e the drive requirements of these outpu! 
fines depend on the peripherals, length of 
i11terconnections and operating environment, the 
7407 that we have used may not be the appropri­
ate buffer for all applica!:ons. 

Addressing íhe 8255 is accomplished with the 
linear select approach illustrated earlier in Fig. 2. 
Arl of the CPU-to-8255 interface lines are driven 
directly by the CPU module. 

Although fairly simple:, fig. 11's applicaticn 
iliustrates thc principies behi'1d Mode O opera­
tion of the 8255. Vou could enhance the system 
somewhat by using one of the spare port C 
output lines to control puoKh direction-a me-~i · 
fication that would require only a minor change ir. 
software. 
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In a s~atus-driven peripheral the software driver 

must poli ii'le peripherals to determine if an 
opera~ion has been completed. By contras~, in an 
interrupt-driven ~e;ipheraf interface, an interrupt 
can :ndiGJte the end o( an operation, freeing the 
pro!'essor :mm the !ime-wasting polling task. The 
8255 can be prograí'T'meo to operate in Mode 1 to 
prov:de an interrupt-driven interface, as ifig. 12'$ 
inlerface r~n a character prin!er show:J. 
Her~. podA operates ir. Mode ·¡, and instead of 

a BUS\'/lJATA STROBE interfJu', we make a DATA 
STROHf)ACK interface by using bil zero of port C 
as ~ dala s!robe, bit 6 of port e as an admowl­
edgemeni fine from the prinfer and b;t 3 of porte 
as th2 inlerrupt fine to the CPU. Pori 6 émd the 
other bits of port e are not necessary in this 
applica!ion. 

lnte,·rup! support is provided by an 87.28 system 
conlroller. In a small system requiring only one 
interrupt vector, this device can au!o.natically 
provide an RST 7 instruction to the data bus at the 
appropriate time. 

In opera!i::m, a character is (ransferred lo the 
prinler on portA upon a DATA STROBE signa! on 
btt zero, por~ C. The ACK signa! from the printN 
,-iotifies the 8255 that the character has been 
transferred. 

Software for this interrup!-driven applic<Jtion is 
!Jased on the typical command proce'>sor/ 
ir\terrupl service routine mentioned eadi~f. lhe 
initialization routine issues ~he mode contro! 
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,v-.Jn:i ::íie~ if'i::' ,'/.~.'i is ~eset. Thí§ muiine also 

11b;;::;; ¿ jL'I•~;t.: ~:.e inierrupt service routine in 
the in1t:rrup~ lo::ation for an RST 7. A u ser routine 
star2s th~ com.Mr1d processor and checks wheth­
H or ;,o! a11 1/0 operation is in progress. lf nol, it 
slarts thz i/0, enables the interrupt and returns to 
th~ calling routine ;;o that other processing can 
take place. 

The data-transfer operation places the charac­
ter ln the output buffer, then a DATA STROBE 
causes; that character to be sent to the printer'. 
Yhe prinler next generales an ACK signa! to the 
8255, clearing the "buffer full" indicator. Then the 
8255 generales c;r. interrupt, in tum processed by 
!he CPU. Once tl,e CPU determines the location 
of ~he intern.piing unit, the interrupt §ervice 
rou1ine passes control to the user'~ routin~, with 
~!~e sizte of ~he processor restored io the 
condit~ons that e>~isted prior to the interrupt. 

This type of interface illustrates the capcbi'i~y of 
me B255 to ~Lipport an interrupt-driven hardware 
irüe¡-f¿ce without any eJ,ternal logic. In larger 
::;p(e>.r.::>, ym.J .-•• ay want to provide hardwar~ to 
locat~ the sol!rce :;f the interrupt request. 

.:..s previousl; merdioaled, sofnvare requi~ed by 
<líll í~terrup!-driven system is inherently more 
::ompl:cu ih~n thí?l~ needed for a status-dríven 
iMedace, but the added complexity is usually a 
small price to pay for a signifitant increase in 
system throrughput. 

A duaiie~~g12 U:l ti~u~ IJI\JC?!l' 

Sp;;:ce l1mirations predude us from iliustrating 
all of the many types of interface applications that 
t~e 8255 cai1 hand!e in its three operating modes. 
Even within thE:se modes, variations are possible. 
We have shown Úle basic 1/0 capabiliíies of Mode 
G and the more sophistícated capabilitv of a 
strobed 1/0 porl possible with Mode -¡. Jn 
acidition, a bidirect!onal bus configuration, Mode 
2, offers even uwís flexib!!it}' to designers. CJ 

MCidc: evab~úi::JJ;"': fFJ::!as~ <rirde ~ne Oi'l R.§. ,r¿,~;;l. 
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LJSA~T-a universal "LP interface 
l:~r &U serial datá commttnications 
Vvith everything conveniently packaged on one chip, these receiver/ 
transmitter devices reduce cost and complexity of in~erface design. 

Lillnel SrniWh, lntel Corp. 

Today's microprocessors handle and store data in 
parallel form.'ln many cases, data transfer to and 
from peripherals can be effected in this format. 
Hm ... ever, in certain data-transfer applications­
via modems or devices wíth modem-like 
interfaces-a bit serial format is necessary. 

To satisfy these needs, !J.p manufacturers like 
Signetics, TI, Motorola, Western Digital, General 
lnstruments and lntel have developed universal 
interfaces for serial communications. While sorne 
of these circuits, Table 1, operate in either the 
asynchronous or synchronous transmission 
modes, others can operate in both. 

One device which falls into the latter category 
is the 8251 USART (universal synchronous/ 
asynchronous receiver transmitt~r) (fig. 1). Be­
cause it satisfies data-transfer requirements in all 
transmission modes, a functional description of 
this device will cover the general opera!ion of 
most programmable interfaces. Signal designa­
tions will of course be unique to the 8251 in most 
cases, but the theory of operation is universal. 

let's start our frip inside the chip 

In the synchronous rnode, the USART operates 
with 5-, 6-, 7- or 8-bit chancters. An additional bit 
can provide even or odd parity for error checking. 
Synchronization can be achieved externally vía 
added hardware, or internally via sync~character 
detection. To prevent loss of synchronization in 
the event software fails to supply data in time. 
single or double sync characters are automatically 
inserted into the data stream. 

Asynchronous operation uses the s.>me data 
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and parity structures. A START and one, one anda 
half, or two STOP bits are appended to this data. 
The receiver ched.s proper framing. é'nd a s~atus 
flag b set if an error cccurs. 

This USART can transmit in half- or full-duplex 
mode and is double-bufferec! internally (i.e., the 
software has a complete character time to re­
spond ~o a service request). Although it supports 
such basic data-set control signals as DTR (data­
terminal-ready) and RTS (request-to-send), it 
does no! support such signals as CF (carrier­
detect) and CE (ring-indicator). An additional port 
will also be required to implement secondary 
channe! signals. Finalfy, additional driver.:; and 
receivers are needed to interface to the voltage 
!evefs required by EIA RS232C. 

In arder tq keep the hardware as flexible <.s 
possible (both at the chip and end-product le-v~l), 
all specific operating characteristics reqLdted to 
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i'ig. 1-Designed lo maximize user flexibilit¡~, the USART can be programmed ro operare using virtually any serial data-
1rdnsrnission lf'dmiyue in use today. The 8251 is double- buff• · · d internally and opera! e~ in either a half- or full-duplex mode . 

• 

support a desired communicaiions iorrr.at are 
o~ogummed into the USART by the systems 
soitw.uc of the CPU. This !Jrogramming takes 
rdJce immediately following a reset operation 
(;:-Jterr-.::.1 or externa!). The CPU sends out a set of 
contra! words consisting of both mode instruc­
tbns arid command instructions to prograrn baud 
rate, character length, number of stop bits, 
sy,~hronous or asynchronous operation, even or 
odd pMity, etc. In the synchronous mode, 
op:ions are provided to select either interna! or 
externa! character synchronization. 

Once programmed, the USART is ready to 
perform its communication function6, and so 
signals the CPU by raising the transmitter-ready 
output HIGH. This output is reset automatically 
when the CPU writes in a character. In the reverse 
operation, serial data can be received from the 
modern or 1/0 d~vice. After receiving an entire 
character, the receiver-ready output is raised 
H IGH to signa! the CPU that a complete character 
is ready for the CPU to fetch. Again, reset (of 
receiver-ready) is automatic upon completion of 
the CPU read operation. 
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Transmission mode selection t:omes nexi 
As the initialization flowchart (fig. 2a) shows, 

the first operation that must occur following a 
reset is the loading of the mode control register. 
Since the USART needs this information to 
structure its internar logic, it is essential to 
complete the in!tializaf:on befare any attempts 
are made at data transfers (including reading 
status). 

Following a _reset, the mode control re gis ter is 
loaded by the first control output. The mode 
control instruction, Fig. 2b, can be considered as 
four 2-bit fields. The first 2-bit field (D,, 0 0 ) 

determines whether the USART operates in the 
synchronous or asynchronous mode. In the 
asynchronous mode this field also controls the 
dock scaling factor. As an example, if D1 and 0 0 

are ONE's, both the receiver and transmitter 
clocks will be divided by 64 to establish the baud 
rate. · 

The second field (03 , 0 2) determines the 
number of data bits in the character !ength, while 
the third (05 , 0 4) controls parity generation. 
When setting t.:p the character length, note that 
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Fig. 2-loading lhe mode conlrol regisler is lhe firsl operalion following a rese!. The firsl two bils of lhe mode con1rol in­
,, ...... ¡on (hl rll'lermme bolh !h.: uperaling moci" and clnck scaling factor 

¡he parity bit (if enabled) is added to the data bits 
and is not considered as part of them. 

Depending on the mode of operation, the last 
field (07, 0 11) has two meanings. For the asynchro­
nous mode, it controls the number of STO? bits 
to be transmitted with the character. Since the 
receiver will always operate with only one STOP 
bit, D7 and 0 11 really only control the transmitter. 
In the synchronous mode, this last field contm!s 
the synchronizing process. Note that the choice 
of single or double sync characters ls indepen­
dent of the choice of internar or externa' syr.; hro-

nization. Even though the receiver may operate 
with externa! synchronization icgic, ihe transmit­
ter müst still know whether to send one m two 
sync characters should the CPLJ faíl to supply a 
character in time. 

Jf synchronous mode has been spec!fied, the 
appropriate sync chari'lcter (or characters) must 
be loaded following the loading of the mode 
lnstruction. lt is loaded by the same contrc 1 
instruction used to load the mode instruction. 

At wmpletion of sync character(s) loading (or 
afief the mode i'lstrudion in the as~ncf'lror:ous 
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!he operat;on oi the U~4,¡, ,- wiíhi,, the basic 
frametvoJ k established by ~f•: .-,1c~lt- ¡nstruction . 
. \ status register, whicl-. can bé r2ad under 
progíam. control, indiGt~, the !>ta:e .of the 

'JSART" 
When opetating the receivu, it is importan! to 

·ealize that receive-enable (bit 0 2 of the 
cornmand instruction) only ir.hib:t:; ihe assertion 
of receiver-ready and does 110t inhibit the actual 
rt:u::~':;on of characters. Since the receiver is 
t:onstant!y running, it can contain exi,·aneous data 
J.'t.Cn enab!ed. 1o avoid 1)robl~~~~~. this data 
5hould be read from the USART and discarded. 
Thi:! r2ad ~hould be done immediately following 
lt't seíling of receive-enable- in the asynchronous 
,,~:,de and fol!owing the setting of enter .. hunt in 
!f'<: <;ynchronous mode. lt is not necessary to wait 
ic-- rereiver-ready before execut;,,g the dummy 
f€)d. 

. M~ parallel p.P meets the serial ¡ywde .. ~ 
;"ig. 4 shows a complele system. For Ease Íil 

5~!fowing its operatior~, we will co.1sider first the 
inta-2!<1tionship be?ween the BOBOA CPU and the 
USART and then between the USAR'! and either a 
synchronous or asynchronous modem. 
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A 3-~tale, bi-directional, R-bit buffer interfaces 
the USART to the CPU. Control words, command 
wo;ds and status information are also transferred 
thrrwgh the data bus buffer. Note that while two 
rer.;isters storp cata for transfer to the CPU 
(51ATUS and RECEIVE DATA), only one register 
~lores data bemg transferred to the USART. This 
sharing of the input register, for both transmit 
da~a and cornmands, dictares that this register be 
clear' of any data before any command is sent to 
!he device. Such assurance can be provided by 
monitoring the transmitter-ready !ine. lf it is low, 
neither data nor command transfer shou!d be 
attempted. Erroneous data transmission can re-­
sult if this check is not performed. 

lnformation on the CPU's control bl!s (labr~ 2J 
is decoded by the READ/WRITE control logic intu 
signals which gate data on and off the USART'!> 
interna! bus and control the externa! 1/0 bus. lf 
neither READ nor WRJTE is ZERO, then the USART 
will not perform the r/0 function. READ and 
WRITE being a ZERO at the same time is an ill'egal 
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Fig. 3--A.n 8-bít C!H.1111and inslruction conlrols lhe operalion 
of lhe USAR"! within the framework estabhshed hy lht> mode 
instruction. 

.tdte with undefined results. The READ/WRI rE 
.·antro! logic contains synchronization circuits so 
that the READ and WRITE pulses can occur at 
3nytime with respect to the dock inputs to the 
USART. 

Directint; transrnissions to the modem 
The USART's modem-control section geuerates 

the request-to-send data and receives the clear­
to-send data signals. In addition, two general­
purpose terminals are provided-a data­
terminal-ready output anda data-set-ready input. 
Although the USART attaches no special signifi­
cance to these signals, the former is normally 
assigned to the modem to indicate a ready 
terminal while the latter indicates a ready 
modem. 

The USART transmitter accepts parallel data 
from the CPU, adds the appropriate framing 
information, serializes it, and transmits it on the 
iransmitter-data pin. In the asynchronous mode 
the transmitter always adds a START bit. Depend-
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ir;g o!". how the unit is programmed, it also adds 
an optionaf even or odd parity bit, and either one, 

r 
oné and a half, or two STOP bits. In the 
sync.hronous mode, the transmitter does not 
generate any extra bits (other than parity if 
en.ibled) unfess the computer fails to send a 
chilracter to the USART. In that case, the USART 
wiff transmita sync character. 

lf the USART operates in the dual sync mode, 
bóth sync characters will be transmitted befare 
the message can be resumed. No sync character 
will be generated until the software has supplied 
at least one character (i.e., the USA~; will filf 
"hales" in the transmission but will not initiate 
transmission itself). Until transmit-enable and 
clear-to-send are asserted, transmission is inhib­
ited. 

An additional feature of the transmitter is the 
ability to transmita BREAK. A BREAK is a period of 
continuous SPACE's on the communication fine 
and is used in full-duplex communication to 
interrupt the transmitting terminal. A BREAK 
condition will be transmitted as long as the 0 3 bit 
of the command register is set. 

listening lo the outside world 
The USART receiver accepts serial data on the 

reu~iver-data pin and converts it to para,lel data 

according to the appropriate formaL When the 
USART is in the asynchronous mode and ready to 
accept a character, it looks for a low level on the 
receiver-data line. When it sees the low leve! it 
assumes a START bit and enables an infernal 
counter. Ata count equivalent to one half of a bit 
time the receiver-data line is sampled again. lf the 
line is still low, reception of a valid START bit is 
assumed and assembly of the character begins. 

On the other hand, if the second sampling 
detects a ONE, then either a noise pulse has 
occu·red on the line or the receiver has become 
enat.led in the middle of the :ransmission of a 
ch-'lracter. l~o either case, the recefver aborts its 
operú~ion a:1d prepares itself to accept a new 
character. After the' successful reception of a 
ST ART bit, data, parity and STOP bits are clocked 
in and then trc:nsferred on the interna! data busto 
the 1eceive-data register. The transmitter-ready 
signal is then asserted to indicate that a character 
is available. 

In the synchronous mode, the receiver simply 
clocks in the specified number of data bits and 
transfers them to the receiver buffer register, 
setting receiver-ready. Since the receiver blindly 
groups data bits into characters, there must be a 
means of synchronizing the receiver to the 
transmitter so th.Jt the proper character bounda-
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fig. 4--Erro.,~ous dal;~ lransrr:i~sion can resull if data or command transfers lo lhe USART are attempted belore the transmil 
d.lla/command butf¡,r •s clear. No lransfer should be al!empted il the transmitter-ready line is low. 

.. ~s ;ue rnaintained in the serial data stream. This 
synd:mnization is achieved in the HUNT mode. 

In t1e HUNT mode, data is shifted in on the 
receiver-data fine one bit at a time. Upon receipt 
o~ each b1t, the receiver register is compared to 
a reg1ster holding the sync character (program 
loaded). lf the two registers are not equa:, 
an0!her bit is shifted in and the comparison is 
rep~utecJ. When the registers compare, the 
l'SA~T ~:.ds the HUNT mode and raises the 
sync-detect line to indicate synchronization. lf 
2-sync character operation has been pro­
grammed, two contiguous characters from the 
line must compare to the two stored sync 
characters befare synchronization is declared. 
Parity is not checked. lf the USART has been 
progr2mmed to accept externa! synchronization, 
the sync-detect pin operates as an input to 
synchronize the receiver. The USART enters the 
HUNT mode when it is initialized into the 
synchronous mode or when it is commanded to 
do so by the command instruction. Befare the 
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receiver is operated, it must be enabled by the 
receive-enable bit (02) of the command instruc­
tions. lf this bit is not set, the receiver will not 
assert the receiver-ready bit. o 
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Thrs (...'1óoJter introduces certain basic com¡Juter con­
CP.pts. lt p(o•Jides· backgrour>d information and definitions 

which will be useful in later chap1ers of this manual. Thase 
alrt!ady familiar with computers may skip this material, at 
therr opcior.. 

A TYPICAL COMPUTER SYSTEM 
~ 

A typical digital computer consists of: 

a) A central processor unit (CPU) 
b) A memory 

e) lnput/output (1/0) ports 

The memory serves as a place to store lnstructions, 
the coded pieces of information that d!rect the activities of 

the CPU. and Data, the coded pieces of information that are 
processed by the CPU. A group of logically related instruc­

rrons stored in memory rs referred to as a Program. The CPU 
"reads" each instruct:on from memory in a logically derer­

mined sequcnce, and uses it to initiate processing actions. 

1 f the pr 09ram sequer.ce is coherent ano lo.;;ical, processing 
the program wiil produce intelligrble and useful results. 

The mernory is al so used to storP. the dald to bs manip­
ulated, as well as the instructions that ciirect that manipu­
lation. The program must be organized s•Jch that Ihe CPU 

dor.s not read a non-instruction word when it expects to 

see an instr uction. The CPU can rapi.:ily accc;s 3ny data 

stored in mernory; but often the rnemor y is not lar Q•! enough 

to store the entire data bank required for a particular aopli· 
cation. The problem can be resolved by provid!ng the com­

puter with one or more Input Ports. The CPU car, address 

these ports and input the data contained there. The adcJition 
of input ports enables the computer to receivo: informi.ltion 
from externa! equipment (such as a paper tape r~adrr or 
floppy disk) at high rates of speed and in largc volumes. 

A computer also requires one or more Output Ports 
that permit the CPU to communicate ih<: resl!lt of rts pro­

cessing to the outside world. The output may go to a dis­

r'av. for use by a human operator, to a per;pheral device 
~nat produces "hard-co¡.¡y," such as a line-nr ;,q ;r, t;, ¡; 

peripheral storage d<:v:ce, such as a floppy disk unit, or the 

output m ay consti tute process control signals that direct the 
operations of another system, such asan automated assembly 
line. Like input ports, output port~ are addressable. The 
input ,,nd output ports together permit the proce~sor to 

communicate with the outside world. 

The CPU unifies the system. lt controls the functions 
perforrncd by the other components. The CPU must be able 
to fetch instructions from memory, decode their binary 

contents and execute them. lt must alsa be able to reference 

memory and 1/0 ports as neccssary !n the execution of in­
structions. In addition, the CPU should be able to recognize 

and respond to certain externa! control sigr~als, such as 

INTER R UPT and · WA IT requests. Th~ functional units 

within a CPU that enable it to perform these functions are 

described below. 

THE ARCHITECTURE OF A CPU 

A typical central proces~or unit {CPU) consists of the 

following intercn!lnected functional units: 

• Registers 
,. Arithmetic/Logic Unit (ALU) 

., Control Circuitry 

Registers are temporary storage units within the CPU 
Some reg.isters, such as the program counter and instrw . 
register. have dedicated uses. Other reg:sters, such J> ~:,.~ ac­
cumulator, are for more general purpose use. 

Accumulator: 

The accurnulator usually stores one of the operahds 

to be manipulated by the ALU. A typical inslrurtion might 

direct the ALU to add thc contents of ~ome other reyister to 

the contents of the accumulator and store the r.csult in the 

accumulator itself. In general, the accumulator is both ;: 

soun.:e (operand) and a destination (re:;ul~) ragister. 

Otten a CPU wrll indude a numher of addr:··mal 

general purporse registers that can be u~ed to store o¡:.¡er..snds 

or intermediate data. The avail¡¡bilrty of gener:JI purpo~e 



registers elimmates the need to "~huf!íe" íntermediate re­
sults back and forth between mernory and the accumula!tJo, 
thus impro·:nng pror.Pssing speed and efficiency. 

PriJgFam Counter (Jumps, Subroutines 
and the Sta el<): 

The mstructions that make up a program are stored 
m the system's memory. The central processor references 
the contents of memory, in order to determine what action 
rs appropr iate. This means that the processor must know 
which location contains the next instruction. 

Each of the locations in memory is numbered, to dis­
tmgui~h rt from a!l other locations in memory. The number 
whrch rdentrf•es a memory location is called its Address. 

The processor maintains a coun ter which contains the 
aodrEES of the next program instruction. This r~gister is 
C<J! 1ed the Program Counter. The processor updates the pro· 
9r~m counter by adding "1" to the countP.r each time it 
fo::che~ an instruction, so that the program counter is always 
curr!:'lt (pornting to the next instruct;on). 

The programmer therefore stores his instructions in 
numP.rJcally cdjacent addresses, so that the lower addresses 
conta•n tl1e f •r sr instructions to be executed and the higher 
add:e;ses contain later instructions. The only time the pro­
g_rammer mdy·v¡ofate this sequefllia! rule is when an instruc­
tron in one section of mernory is a Jump instruction to 
another sectior. of memory. 

A jump instruction contains the address of the instruc­
tion which is to follow it. The next instruction may be 
stored m anv memory location, as long as the programmed 
jurnp specifrcs the correct address. During the execution of 
a jurnp instruction, the processor replaces the contents of its 
program counter wrth the address embodied in the Jump. 
Thus, the log•cal continuity of the program is maintained. 

A spec•al k ind of program jump occurs when the stored 
progr.:m "Calls" a subroutine. In this kind of jump, the pro­
cessor •s required to "remember" the contents of the pro­
gram cuunter at the time that the jump occurs. Thrs enables 
t!le processor to resume execution of the marn program 
when rt 1s fm1shed with the last instruction of the subroutine. 

A Subroutine is a. program within a program. Usually 
it is a general-purpose set of instructions that must be exe­
cuted repeatedly 1n the course of a main program. Routmes 
1hich calculate the square, the sine, or the logarrthm of a 
Jrogram vanable are good examples of functrons often 
written as subroutrnes. Other examples might be proyrarns 
des1gned for inputting or outputting data to a particular 
pe11pheral device. 

The processor has a spec1al way of handling sub­
routines, in 01 der to insure an orderly return to the main 

program. When the processor receives a Call instruction, it 
increments the Program Counter and stores the counter's 
contents in a reserved memory area k nown as the Sta ele 
The Stack thus saves the address of the instruction to be 
executed after the subroutine is completed. Then the pro-
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cessor loads the address s;Jecified in the Call into its Pro· 
gram Counter. The next instruction fetched will thercfore 

be thc first stcp of the subroutine. 

The last instruction in any subroutine is a .Return. Such 
an instruction nced specify no address. When the processor 
fetches a Return instruction, it simply replaces the current 
contents of the Program Counter with the address on the 
top of the stack. This causes the processor to resume execu­
tion of the calling program at the point immediately follow· 

ing the original Call lnstruction. 

Subroutines are often Nested; that is, one subroutine 
will sometimes call a second subroutine. The second may 
call a third, and so on. This is perfectly acceptable, as long 
as the processor has enough capacity to store the necessary 
return addresses, and the logrcai provision for doing so. In 
other words, the maximum depth of nesting is determined 
by the depth of the stack itself. lf the stack has space for 
st<>ring three retur'n addresses, then three levels of subrou· 

tines may be accommodated: 

Processors have different ways of maintaining stacks. 
Sorne have facilities for the storage of return addresses built 
into the processor itself. Other processors use a reserved 
area of externa! memory as the stack and simply maintain a 
Pointer register which contains the address of the most 
recent stack entry. The externa! stack allows virtually un­
limited sub:outine nesting_ In addition, if the processor pro­
vides instructions that cause the contents of the accumulator 
and other general purpose registers ro be "pushed" onto the 
stack or "popped" off the stack vía the address stored in the 
stack pointer, mult1-level interrupt processing (described 
later in this chapted is possible. The status of the processor 
(i.e., the contents of al! the rcgisters) can be saved in the 
stack when an interrupt is accepted and then restored after 
the interrupt has been serviced. This ability to save the pro­
cessor's status at any given time is possible even if an inter­
rupt service routine, itself, is interrupted. 

lnstruction Register and Decoder: 

Every comruter has a Word Length that is cnaracteri:;­
tic of that machine. A computer's word length is usuallv 
determined by the size of its internal storage elements and 
interconnecting paths (referred to as Busses}; tor example, 
a computer whose registers and busses can store and trans­
fer 8 bits oí information has a characteristic word length ot 
S-bits and is referred to as an 8-bit parallcl píOcessor. An 
e1ght-bit parallel processor ger.erally finds it most efficicnt 
to deai with eight-bit binary fields, and the rnemory asso· 
ciated with such a processor is therefore organized to store 
eight bits in each addressable memory location. Data and 
rnstructions are stored in memory as eight-bit bmary num­
bers, or as numbers that are integral multiples of eight bits: 

16 bits, 24 bits, and so on. This characteristic eight·bit field 
is often referred toas a Byte~ 

Each operation that the processor can perform is 
identified by a unique byte of data known asan lnstruction 
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Code or Operatiou Code. An eight·bit word used as an in­

struction t:O(ie c2n distinguish between 256 alternative 

act ions, mm e tr•an adequate for mo~t pmcessors. 

The processor fetches an instruction in two distinct 

operations. F irst, the prccessor transrnits the address in its 

p, ogram C0un!er to the memory. Then thP. me mor y returns 

the addressed byte to the processor. The CPU stores this 

:nSI.ruction >.rte in a register known as the !nstruc!ion 

P.egister. ano.- •:-:es it to direct activ1ties during the remainder 

Gf the instru~.rion execution. 

The mt:chanism by wh1ch the processor trunslates an 
ínstruct10n code into specific processing actions requires 

more elaboration than we can here afford. The cohcept, 
however, sho¡_,ld be intuitively clear to any logic designer. 

The Cit,Jht br ts ~tored in the instruction register can be de­

coded ,¡nd used to select1vely actívate om: of a number of 

output imf>s. in th:~ case up to 256 lines. Each line repre­

sents a set ot ac~iv•ties associated with execution of a par­

ttcular instt uction code. The enabled line can be combined 

wtth selected timing pulses, to develop electrical signals that 

can then be u sed to initiate specific ac. tions. This transla-

11on of code into action is performed by the lnstruction 

Dccodet and by the associated control circuit;y. 

An erght.;,b1t in;truction code is often sufficient to 

specify a particular processing action. There are times, how· 

ever, when execution of the instruction requires more infor­

mation than eight bits can convey. 

One exarnple of this is when the instruction refer­

ences a memory location. The basic instruction code iden­

trfies the operation to be performed, but cannot specify 

the ob¡ect address as well. In a case like this, a two- or three­

byte instruction rnust be used. Successive instruction bytes 

are stored in sequentially adjacent mernory locations, and 

the processor performs two or three fetches in succession to 

obtarn the full instruction. The first byte retrieved from 

memory is placed in the processor's instruction register, and 

subsequent bytes are placed in temporary storage; the pro· 

cessor then proceeds with the execution phase. Such an 

rn5tr uction is referred toas Variable Length. 

Address Register(s): 

A CPU rnay use a register or register-pair to hold the 

addr ess of a memory !ocatiun that is to. be accessed tor 

data. lf the address register i~ Prograrnrnable, (i.e., if there 

are instructions that al!ow the programmer to alter the 
contents of the register) the program can "butld'' an ad· 

dress in the address register prior to executmg a Mernory 

Reference instructron (i.e., an instruction that reads data 

lrorn memory, wrrte; data to memory or operates on data 

stored in mernory). 

Arithmetic/Logic Unit (ALU): 

All processors contain an arithmet:r./!ogic unit, which 

i~ often referred to srmply as the ALU. The ALU, as its 

name implies, rs that portion of the CPU hardw,3fe which 

~ ..:~ 

performs the arith111etic and logical operations on the binary. 

data. 

The ALU must c:ontain an Adder which b capable of 

combining the contents of two regi~ters in accordance wíth 

the logic of binary arithn.etic. This provision permits the 

processor to perform arithmetic m-anipulations on the data 

it obtains from rnemory ancl from its other inputs. 

Using only the bd;;c adder a capable programmer c,an 

write routines which ·wili subuact, multiply amt divide, giv· 

'ing the machine complete arithmetic capabilities. In practice, 

hovvever, most ALUs provide other b•Jilt·in functions. in­

cluding hardware subtraction, boolean lo~ic operations, and 

shift capabilities. 

The ALU contains Hag Bits which specify certain 
conditions that arise in the course of arithmetic and logical 

manipulations. Flags typically include Carry, Zero, Sign, and 

Parity. lt is possib)e to program jumps which are condi· 

tionally dependetlt on the status of one or more flaQS. Thus, 

for axarnple, the program may be designed to jump to a 

special routine if thc carry bit is set following an addition 

instruction. 

Control Circuitry: 

The control circuitry is the primary functional unit 

within a CPU. Using clock inputs, the control circuitry 

maintains the proper sequence of events required for any 
processing task. After an instruction is fetched and decoded, 

the control circuitry issues the appropriate signals (to units 

both interna! and externa( to the CPU) for initiating the 

proper processing action. Often the control circuitry will be 

capable of responding to externa! signals, such as an inter· 

rupt or wait request. An lnterrupt request will cause the 

control circuitry to temporarily interrupt main program 

execution, jump to a specia! routine to serv1ce the interrupt· 

ing device, then automatically return to the main program. 

A Wait request is often issued by a memory or 1/0 element 

that oper ates slower than the CPU. The control circuitry 

will idle the CPU until the memory or 1/0 port is ready with 

the data. 

COMPUTER OPERATIONS 

There are certain operations that are basic to ;;lmost 

any computer. A sound understanding of these basic opera· 

tions is a necessary prerequisite to examining the specif~c 
operations of a particular cornputer. 

Timing: 

The activities of the central proccssor are cyclical. The 

processor fetchc~ an instruction, performs tite operations 

required, fetches the next instruction, and- so on. This 

orderly sequer.ce of events requires precise timing, and the 

CPU therefore requires a free running osci:lator clock which 

furnishes the reference for aH processor actions. The com· 

bined fetch and execution of a single instruction is referred 

to as an lnstruction C',•ch:. 'Y:h.~. portian of ;, C','dt~ identified 



w1th a cle,1rly neí m<:d ¡¡el ivit y is cal!cd ¡¡ S>:;.. tí:. And the inter­
val between p~!I~<!S ol th;; timing osdiia<or is teíened toas a 
Clod; Period. As a general rule, !J'1~; or more dock periods 
¡,re neces:;ary for the complction of a state, and there are 

~ev~ral ;tates in a cycle. 

lm~ruction Fetch; 

The first state(s) of any instru~tion cvcle will be 

ded1cated to fetching the next instruction. The CPU issues a 
reild signa! and the contents of the program counter are sent 
to memory, wh1ch responds by returning the next instruc­
!lon word. The first byte of the instruction is placed in the 
,n;truction register. lf the instruction consists of more than 

one btte, additional states are required to fetch each byte 
of the instluction. When the entlre instruction is present in 
the CPU, the program counter is mcremented (in prepara­
tion for the next instruction fetch) and the instruction is 
clecoded The opera! ion specified in the ¡nstruction will be 
execu!ed in the remaining states of the instruction cycle. 

The instruction may cal! for a memory read or write, an 
mr;u_t o• output and/or an internar CPU operation, such as 
a re\J':\ler-to·reg:ster transfe~ oran add-registers operation. 

Mernory Read: 

An in~truction fetch is merely a special memory read 
oper-ation that llrings the instruction to the CPU's instruc­
tlon,'register. The mstruction fetched may then call for data 

to be read from memory into the CPU. The CPU again issues 
a read signar and sends the proper memory address; memory 

responds by returning the requested wor,d. The data re­

ce'v"d is plérced in the accumulator or one ot the other gen­
eral rJurpose reglsters (not the instruction register). 

Memory Write: 

A memor y write operation is similar toa read except 
for the drrection of data flow. The CPU issues a write 
signa l. ~ends the proper mernory address, then sends the data 
word to be wn tten mto the addressed memory location. 

Wait (memory synchronization): 

As previously stated, the activities of the processor 
are timed by a master clock oscillator. The clock period 
determmes the timing of all processing activity. 

The speed of the processing cycle, however, is limited 
by th~ memory's Access Time. Once the processor has sent a 
read address to memory, it cannot proceed until the memory 
has had time to respond. Most memones are capable of 
responding much faster than the processing cycle requires. 
A few, however, Cdnnot supply the addressed byte within 
the rrim1mum time established by the processor's clock. 

, Therefore a processor should contain a syndnon12G· 
tion provision, which permits the memory to request a Wait 

state. When the memory receives a read o~ write enable sig­
nal, it praces a request signaron the proceswr's READY line, 
causing the CPU to idle temporarily. After the memory has 
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11ad time to respor.d, it frees the processor's R EADY line, 
and tne instruction cycle proceeds. 

·-
lnput/Output: 

Input and Output operations are similar to memory 
read and write operations with the exception that a peri· 
pherall/0 device is addressed instead of a memory location. 
The CPU issues the appropriate input or output control 
signa!, sr~nds the proper device address and either receives 
the data being input or sends the data to be output. ~ 

· Data can be input/output in either parallel or serial 
form. All data within a digital computer is represented· in 
binary ceded form. A binary data word consists of éJ _group 
of b1ts; each bit is either a one or a zero. Parallel 1/0 con· 
sists of transferring all bits in the word at the same time, 
one bit per line. Serial 1/0 consists of transferring one bit 
at a time on a single line. Naturally serial !/0 is much 
slower, but it requires considerably less hardware than does 

parallel 1/0. 

lnterrupts: 

lnterrupt provisions are included on many central 
processors, as a means of improving the processor's effi­
ciency. Consider the case of a computer that is processing a 
large volume of data, portions of which are to be output 
to a printer. The CPU can output a byte of data within' a 

single machine cycle but it may take the printer the equiva· 
lent of many machine cycles to actually print the charactér 
specified by the data byte. The CPU could then remain idle 

waiting until the printer can accept the next data byte. if 
an interrupt capability is implemented on the computer, the 
CPU can output a data byte then return to data processing. 
When the printer is ready to accept the next data byte, it 
can request an interrupt. When the CPU ácknowledges the 
interrupt, it suspends main program execution and auto· 
matically branches to a routine that will output th~ next 
data byte. After the byte is output, the CPU continues 
with main program execution. Note that this is, in principie, 
quite s1milar to a subroutine cal!, except that the jump ts 
initiated externally rather than by the program. 

More complex interrupt structures are possible, in 
which severa! interrupting devices share the same processor 
but have different priority levels. lnterruptive processing is 
an important feature that enables maximum untilization of 

a processor's capacity for high system throughput. 

Hold: 

Another important feature that improves the through· 
put of a processor is the Hold. The hold provision e na bies 

Direct Memory Access (DMA) operations. 

In ordinary input and output operations, the processor 

itself supervises the entire data trans'ier. lnformation to be 
placed in memory is transferred from the input device to the 
processor, and then from the processor to the des!gnated 
memory location. In similar fashion, information that goes 

, . 
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from memory to output devices goes by way of the 
processor. 

Sorne peripheral devices, however, are capabl~· ·~f 
transferring information to and from memory much faster 
than the processor itself can accomplish the transfer. if ar:v 
appreciable qu;:;ntity of data must be transferred to or from · 
such a device, then system throughput will be increased by 

having the_ device accomplish the transfer directly. The pro­
cessor must te m por arily suspend its operation during su eh a 
transfer, to prevent conflicts that would arise if processor 
and peripheral device attempted to access memory simul­
taneousty! lt is for this reason that a hold provision is in­
cluded on' some processors. 
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cut\SO DE MICR.OS 

EL SISTEMA SDX-80, 

Ante la gran demanda q~e tuvieron los microprocesadores (en parti­

cular el 18080), surgi8 la necesidad de producir siatemas ya configurados, 

es decir, que estuvieran ya integrados en una unidad funcional. Este ti­

po de unidades se conocen en el medio como 'kits'. 

La ventajá de un kit, por encima de la compra de las partes discre­

tas que lo componen, es que, en la·gran mayoría de los casos, existe, 

para e~pezar, un desconocimiento parc]al o total de la mecánica y la ló­

gica implícita en un procesador. Ante esta situación, es de gran conve­

niencia empezar a trabajar con un sistema ya integrado, probado y dise­

ñado por el fabricante, de bajo precio, con un sistema de 'software' mí­

n~mo, confiable y que, además, es de alta calidad y resistencia al des-

.. .l.t~e. 

El kit que ahora nos ocupa, es conocido como el SDK-80 (System 

Developrnent Kit 8080) y I!S de gran popularidad. Consta, como es de su­

poner, t!c todas las partes básicas que conforman a un sistema 8080, tales 

como: 

t) Un procesador central (CPU) 8080. 

b) Un controlador de sistema (8228). 

e) Un sistema de reloj (8224) y su correspondiente reloj 

de cuarzo de 2 Megahertz. 

d) Dos kilobytes de ROM (2 8708). 

e) Un kilobyte de RAM (2 8111). 

f) Decodificadores para las memorias (2 8205). 

g) Una interfaz programable para comunicación serie/ 

paralelo (8251) conocida como USART (Universal Synchro­

nous Asynchronous Receiver Transmitter). 

h) Una interfaz programable para comunicación paralelo/ 

paralelo, con tres puertos de entrada/salida (8255). 

i) Elementos de lógica SSI (Small Scale Integration) para 

la generación de las fre• "~ncias de comunicación que rt::­

quier~ el sistema. 
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j) Una ta~jeta de circuito impreso en la cual se acomodan 

las componentes anterio~ente mencionadas, En esta tar­

jeta. ademis, hay espacio para agregar un 8255 más, dos 

8212 (buffers/drivers) para arreglos de .expansi6n de me­

moria, y dos Kbytes mSs de ROM, Asimismo, hay un área 

de expansión para arreglos alambrados tipo 'wire wrap'. 

k) El sistema incluye también conectores 'amphenol' para 

la comunicación de la micro con el mundo exterior, y un 

regulador de voltaje auxiliar para lograr los voltajes 

de polarización de la 8080. 

1) Finalmente, todas las componentes discretas adicionales 

(tales como resistencias, capacitares y transistores) 

vienen incluidas en este sistema mínimo, 

Por otro lado, el sistema sería incapaz de ejecutar programa alguno 

si no contara, al menos con un cargador para inicializar el sistema. El 

fabricante ofrece, pues, un sistema 'MONITOR' mínimo que permite el exá-

men del sistema, así como la carga y ejecución de ciertos programas sen­

cillos (de menos 1 K). 

E: Monitor posee los comandos X, I, S, M, D y G. Estos comandos se 

discuten, brevemente, a continuación. 

Comand0 'X'. Examina el contenido de(l) (los) registro(s), Por me­

dio de este comando es posible obtener el valor contenido en cualquiera 

de los registros del CPU (A, B, C, D, E, H, L y banderas; PC, SP), 

Comando 'I'. Inserta código en memoria. Por medio de este comando 

es posible cargar en memoria código de máquina (expresado en hexadeci­

mal). 

Comando 'S'. Examina memoria. Por medio de este comando es posible 

examinar y/o modificar el cont~nido de alguna(s).lócalidad(es) de memo-

ria. 

Comando 'M'. Transfiere el contenido de una localidad de memoria 



hasta otra loca.U.dad .. de ~emor:t.a a Pot medio de este comando es posible 

transferir bloques de ~~or:t.a a otros lugares de ~emoria distintos a los 

originales, 

Comando 'D', Despliega un bloque de memoria en la unidad de entr~/ 

salida, Por medio de este comando es posible 'vaciar' en el disnositivo 

de consola del sistema un bloque predeterminado de información contenida 

en memoria. 

Comando 'G'. Ejecuta un programa a partir de la localidad designa~ 

da. Por medio de este comando es posible inicializar el PC (contador de 

program1) de modo que empiece a correr a partir de una localidad arbitr~ 

riament~ seleccionada por el usuario. Esto tiene el efecto de permitir 

la ejec 1ción de un programa a partir de cualquier localidad de memoria 

-rreasigtada, 

?ara montar un sistema de cómputo (si bien elemental) no es necesario 

más que el siguiente conjunto de elementos; 1 sistema de kit como el des­

crito; un arreglo de fuentes de potencia; una terminal de video o tele­

tipo. El costo mínimo de este arreglo es de aproximadamente unos veinte 

mil pesos. Es fácil convencerse de que ésta es una de las principales 

razones por las que este tipo de computadoras personales estén en pleno 

apogeo en la actualidad. 

E tiempo de armado de un SDK-80 es de aproximadamente cinco horas. 

La expt·riencia personal del autor indica que las probabilidades de falla 

son ex' remad<lmente reducidas si e; e observan las prec:¡uciones adecuadas 

de se211ridad v limnieza. En c~nco ~istemas armados, nunca ha habido fa-
., 

llas de funcionamiento. La comnutadora emoieza a r2snonder a la consola 

inmediatamente. 

Aplicaciones. El Sl~tema SKD-80 fue diseñado para ser lo más versá­

til posible. El autor ha implementado, con pequeñas variaciones en el 

'hardware 1 
, caneen t radon s, est.1ciones muestreadora·s, !OÍS temas de vigilan~· 

c1a, sjstemas de multiproceso, sistemas de recolección de información, 

sistema~ de memoria y DMA (direct memory access), Con excepci0n hecha del 



últilno c:9,so ( y taJ. vc.11; ni en @ste) eJ. punto crft~c:o del. diseño ha sido 

la parte 1 sof~ara'~ E~to, por supuesto, no es ~otivo de sorpresa, La 

gran flexibilidad de una computadora réside en su parte programática, 

Esta es, en la opini8n del autor, la segunda razón por la cual las micros 

han proliferado: un sistema Gni~o se puede aplicar en una amplia gama 

de problemas. Ello reduce los tiempos de diseño en una forma dramatica, 

lo cual, a su vez, redunda en costos mucho menores en el diseño en gene­

ral. 

A continuacion, se ha incluido una copia de la información pertinen­

te de un sistema SDK-80. Esta información, aparentemente, está dirigida 

a un s•·ctor no-técnico del mercado, Como se observa, el lenguaje es cla­

ro y n" utiliza tecniciomos complicados. 

• 



CHAPTER 3 
THEORY_OF OPERATION 

Now that you have assembled the structure of 
the SOK-80 it is time to· discuss the interna! 
comoosition of the design. We will do this by 
presentmg the functiL'n?l organization of the 
SDK-80 logic and, in 1he process, bring in the 
cec!sions that you, é:S the user, must make 

, befo re completing the kit. 

Figure 3-1 ~ a func~ional block diagram of the 

ose. 

·soK-80. lt has been purposely drawn as simple 
as possible in order to give a basis for 
discussion. You will note that this figure shows 
only the major signals in tlle unit. For this 
reason, sorne occasional reference to the SDK-
80 schematics (Appendix 8) will be in order. , 

The text to· follow descrjbes each of the 
elements in the block diagram. 

1 f"11 • ,NT FIEO 

111-:':~:-::::~-1::--.....1:---:~~~-.L....-.HOLO 
i 1 l!l)lliiACP\1 

;rsz;¡-=-- .::.-~ 

¡l ADOIIESS l 
1 l BUFFfRS 1 
¡1 1 '{ ___ ,---l 

DATABUSCSI 

PROM 
OIECODEA 

8205 

.RAM 
DECODER 

• AAMS 

1 ! rt !! ~....----~.I...J....,-1. -~~ l ___ !l .__ __,__,_! t 

BAUO 
FIA 'f 

GENtHATOR 

X"' T 
OArA 

HtC 
DATA 

CONTROL BUS 161 

·--r-r-rJ--=.:,! .r 1 1 __._! ~' 11 .__ --~~ L 

r.: ---
1 82!>5 

1 PfRIPHERAl u INHI<FACE 

D 
1/00ATA 

Figure 3-1. SDK-80 Funclional Block Diagram. 

15 



SVSTEM BUSSES 
7he SDI<-80 !ogic rs bull1 around three system 
busses: the elata bus. the address bus and the 
control bus. Ali of the MCS-80 components 
communicate vra these three busses. 

The system busses can be selectively enabled/ 
disabled frorn the user system if the board is 
jumpered tor that capabílity. Bus enable 
¡umpering is described rn the System Bus 
Enable sectron of Chapter 4. 
Each bus is more fully described in the 8080 
Microcomputer Systems User's Manual. 

RESET SWITCH 
lhe Reset s .. vrtch gives you the capabílity of 
forcing a rese-t to tt1e SDK-80 logic at any time. 
When the swrtct1 is pressed, the Clock 
·_.ienerator wr¡! seno a RESET signal throughout 
,he system. The Reset Switch should be 
;rassed each t1me you power-up the system. 

CLOC:< GENERATOR ANO CLOCK 
CRYSTAl 
-.-he 8224 ·e loe~ G merator provides the prima,.Y 
~:ming to the systcm. lt g•'neratcs the hrgh-levet 
clocks necessary to dr rve the 8080A CPU. 
synchronizes the READY signa! into the CPU. 
ánd transmrts the power-up (and Reset Switch) 
reset signa!. 

!31 and í12 Clocks 

Ci and C2 are 2.048 MHz clocks for tne :::PU. 
They are denved from OSC using an mternal 
dtvide-by-ntne function. 

RESET Signa! 

RESET 1s t'le primary re~et signa! to the system 
iogic. :t 1s .J.sserted both :n power-up and when 
the Reser Switch rs pres_;ed. RESET clears the 
CPU, dtsa•,tes the RAM Decoder, and resets the 
USART. F. ESET i~, ava1lable to the user system 
at pad V. 

READY Si· :nal 

READY ca 1 provide a synchronized READY to 
the CPU, .Jenved from an externa! asyr.chro­
nou~ ROY. N srgnal (pad P). 

ose Sign;¡J 

OSC provr :!es an 18.432 M Hz rnput to tne Baud 
Rate Gen-~rator. This 18.432 MHz rate was 
chos~n fo~ two reason-~. Frrst, it permits the 
.:.•:301\ CPU to run at very e lose to its maximum 
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speed. Second, it is a convenient rate to use in 
designing a simple, but highfy stable, Baud 
Rate Generator. 

STSTB (Status Strpbe) Signal 

At the beginning of each machine cycle, the 
CPU issues status information on its data bus. 
STSTB causes the 8228 System Controller to 
store this rnformation into its status latch. 
STSTB is available to the user system as 
STA TUS STROBE at pad J. 

8080A CPU 
The 8080A CPU is thoroughly described in the 
lntel 8080 Microcomputer Systems User's 
Manual and need not be repeated here. 

The CPU clocks, 01 and .02. will be supplied (at 
2.048 MHz) by the Clock Generator. 

The data bus will interface directly to the 
System Controller and the address bus will 
en ter the system through the Address Buffers, if 
applicable. 

There are two separate jumper-wire options 
with the CPU. The first option allows an 
externa! HOLD signa! to be presented to the 
CPU via pad R. The second option atlows an 
externa! READY signa! to force a Waít state in 
the CPU. lt should be pornted out, however, that 
the 8080A and SDK-80 memory chips have 
been designad to operate without Wait states. 
The option permits you to force a Wait if 
desíred, though. 8oth of these jumper options 
are described in the Hold And Wait Opt1ons 
sect1on of Chapter 4. 

SYSTEM CONTROLLER 
The 8228 System Controller generates the 
control bus sígnals that provide read and wnte 
functions for 1/0 1nd mernory. 

They are available to the u ser system as shown 
betow: 

a 110 W is at pad E 
o l/0 A is at pad L 
& MEMW is at pad U 
a MEMA is at pad T 

The System Controller also buffers the data 
bus. 

interrupt 

A single-lE-ve! interrupt structure is provided 
such that whenever pad H (INT REO) is 

.. 
.. 



._,rounded, tr1e System Controlier causes a 
~estart instruction (RST 7) to be insertad into 
:he CPU. This fcature provide?s a single 
1nterrupt vector without using add1t1onal com­
ponents, such as an intcrrupt instruction port. 

Muftiple rever interrupts wifl require additio11al 
chips to be mstalled into the wire-wrap area. 

ADDRESS BUFFERS (OPTIONAL) 
íhe 8212 Address Buffers are not included in 
the System Des1gn Kit, but must be added if 
more than a nominal amount of memory (more 
than 1024 bytes of RAM and more than 4K bytes 
ot PROM) 1s used. The Address Buffers are tri­
s tate TTL buffers that provide 15mA drive. 

Tlíe address bus rever can be torced to the high­
impedance state by inputting a high leve! on 
pad S (SYSTE:III BUS ENABLS), if the board is 
jumpered for ti1is capability. 

SDK-80 MEMORY 
The SDK-80 has two types of memory. lts 
PROM Memory can accomodate from 1 K to 4K 
bytes, where the lower 1 K bytes are dedicated 
to the system rnonitor. lts RAM Memory can 
accomodate from 256 to 1 K bytes, in which ali 
but the uppermost 30 bytes (addresses 13E2-
13FF) are useable by your system. F1gure 3-2 is 
a map of SDK-80 memory. 

01 
1 svsreM 

"ONI~Qf'l PROM ! 
1 

11( 1--------l = 
1 

USER 
PRúr.l ~1 2Kr ______ _ 

!Kt' --:~~A~--
USEA 

PROM •3 

.1( -------
RAM 

MtMOilY 

07FF 
01100 

OBFF 
ocoo 

OFFF 
1000 

.._ ____ ...,.._,! 13FF 

I;QTE 

~·~AOED AREA INDICA TES 
MEMO AV SUPPLIED WITH 
KIT, 

Figure 3-2. SDK-80 Memory Map. 

PRO~ DECODER AND PROM 
MEMORY 
~he SDK-80 can acct modate up to four 1024x8 
Electr~. :al! y Pr ogram: ·1able Read Qn:y Memory 
1 PAQf,·) ch1ps. Two L f these chips are suppl1ed 
1'1 the _;ystem Des1gn K1t. 

'1 

The 8708 that insta lis into board location A 14 
has been pre-programmed with the SDK-80 
~5ystem monitor. 

The 8708 that installs into board location A 1 5 
can be used to hold a program that you have 
developed and checked out in RAM. 

Locations A 16 and A 17 are useable for 
additicinal PAOMs if required. 

The 8205 PROM Decoder selects the PROM 
'-:hip being addressed. Figure 3-3 shows the 
!JRQM address format. 

15 14 13 12 11 10 9 8 7 6 S 4 J 2 1 O 

[J ! ! o 1 1 ! 1 
---:--~ . ~l 

' 
L PROM ADORE SS 

L---------PROM CHIP SHECT 
00 • ... ONITOA 
01 • USE R PHO~I 1 
10 • USER PROM 2 
11 • USEA PROM J 

-----------NOT USED 

Figure 3o3, PROM Address Formal. 

RAM DECODER ANO RAM MEMORY 
In the standard configuration, the SDK-80 can 
accommodate up to cight 256x4 Static MOS 
Random Access Memory (RAM) chips. Two of 
these chips are supplied in the System Oesign 
Kit, so users requiring only 256 bytes of 
memory need not insta!! additional RAM ch1ps. 

The 8205 RAM Decoder selects the CiAM chip 
pair being addressed. Figure 3-4 shows the 
RAM address format. 

15 14 13 12 11 ,o 9 8 7 6 5 4 3 2 1 o 

¡ ! LJ 

l A Al ADORE SS 

L__AAMCHIPPAIA 
SHECT 

000 • 1000-1 OH 
001. 1100-11FF 
010' 1200-11Ff 
011 . 1l00-1JfF 
100 111 ARE UNUSED 

IN STANDAHD 
COI'<fiGURA TION 

,__ __ _.__ ___ ----NOT USfD 

figure 3-4. RAM Address Format. 

RAM access is disabled whenever the RESET 
signa! from the Clock Generator is asserted. 



BAUD RATE GENERATOFt 
Thó Gaud Rc1te Generator circuit supplws the 
transm,::cr and mceiver clocks to the 1/0 
Commun,Céll!On tntelface. This c1rcuit is made 

1 . 
up of;three lC chips: one 93S16 and two 74161s. 

rií/s~ud Rate Genera ter ta:;es the 18.432 MHz 
OSC signaf from the Clock Gener ator and, by 
ínternal divrsion, generates a series of signals 
wh!ch rt-;:>resent baud rates · between 75 and 
4800. Tne baud rate that will be presented to the 
1/0 Communicatron Interface is determined by 
jumper-~·ming ora rotary swttch This selection 
w1!1 be c.scussed rn the 8aud Rate Selection 
section ol Chapter 4. 

1/() COMMUNICA~rtON ~NTERFACE 

The B251 l/0 Communicatíon Interface JS a Uni­
versal Synchronous/Asynchronous Receiver/ 
Tr3.nsrni;ter {USART) chip that accommodates 
<:.ny data communicátions requ;red by the 
SDK-50 system. The 1/0 Communication 
'!terface can accert para! le! data from the data 
·~es anc! se'fld 1t ser >al! y to an externa! device. lt 
can also accept ~ Hial data trom an externa! 
device and put it ~ >nto the data bus in parallel 
form w~en etg~t bits have been collected. 
r!gure 3-5 shows the address format for 
communications. 

1 

The baud rate at wt1ich the 1/0 Communication 
Interface wrll tra,1sm1! and receive data is 
governed by the Baud Rate Generator. 

The 1/0 Commun!cation interface circuit on the 
board a!so inc!udc:s some jumpers that se!.ect 
the cornm•Jn!catiO:) input/output leve!. Any of 
three leve~s may be selected. 

e RS-232 reve!. which ts typ,cally used for 
CRT app!ications 

e CurrenHoop leve!, for TTY applications 
e TTL levef. 

The input/output leve! jumpering is discussed 
in th·~ Communication Leve! Selection section 
of c:1apter 4. 

PEr.IPHERAL JNTERFACES 
The 8255 Program:nab!e Peripheral lnterfac2s 
prov1de the user's pnmary access point to the 
SOK 80 data bus. une 8255 ch1p is supplied in 
the ~;ystem Oesrgn Kit. 
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6 5 4 J l 1 o 

; J= r '[=o 

l l 
L 

CONTROL/DATA 

O • DATA 
t •CONTROL 

NOT USfD 

8251 CHIP Sfl~CT 

O • USART SE LECTED 
1 • USART IIIOT SELECTED 

Figure 3-5. 1/0 Communication Interface Address 
formal. ~. 

Each Periphera.llnterface chip provides three 8-
bit paral!el 1/0 ports, each of wt"lich is 
independentiy addressabie. Figure 3-6 shows 
the address format for 1/0 port selection. 

7()5432 o rrrrr·....,..-¡ --r-""''"t J 
'--r---1 t \.,_~ 

r . ! 1 
1 ' ! 

1 

1 '----- 110 I'ORT SIELECT 

1' 1 
110 • POR T A • · DA r A BUS 
01• PORT 8- OATA BUS 
10 o PORT C- DATA fiUS 

1 n • CONTROL- DATA BUS 

1 

1 
! 

' ' 

L---NOTUSED 

'-------82!iS CHIP SELECT 

10 • KIT SUPPLIEO CH:P 
ShECT 

DI • USH< SUf?L!ED C>IIP 
SE UCT 

OO. ! 1 • ILUGAL 

Figure 3-5. Perlpheral interface Address Ftlrmat 

The output pins of the Peripherallnterfaces are 
totally uncommitted and may be jumper-wrred 
to best suit you particular application. For 
example, they might be w~red directly to the 
interface plugs or. alternately, they mrght be 
wired to standaro TTL buffers in the wire-wrap 
area before coming back to the plugs. This 
wiring is turther discussed in the Output Wtring 
section of Chapter 4. 



CHAPTER 4 
FINAL ASSEMBl V ANO CHECKOUT 

At this point ¡n the manual you should have 
completdd the preliminary assembly and read 
the theory of operation. You can now finish the 
~oard assembly and begin a checkout se­
f'iuenca. 

··. 
JUMPER .. WIRING. THE BOARD 
Tha SDK-80 is designed to be used in virtually 
any evaluation application and can be 
jumpered to suit your particular requirements. 
These questions will help you decide what 
jumpers are needed: 

1. Will yo u ever want the CPU to entera Hold 
or Wait state? 

2. Will you ever want to disable the system 
busses? 

3. What type of input device will you use to 
communicate with the SDK-80 (e.g., CRT, 
Teletype)? 

4. What is its baud rate? 

5. Will you be using 8212 Address Buffer 
chips? 

6. What kind of information will be transfer­
red to/from the SDK-80? 

lf you have a fairly good idea of the answers to 
all of these questions, you are ready to start 
jumper-v11ring the board. The scrap leads that 
have been cut trom oreviously-installed resis­
tors are a good source of jumperwrre. However, 
use 22-gauge insulated wire in srtuatrons where 
any jumpers m ay mal< e contact with each other. 

Hold and Walt Optlons 

The SDK-80 is designad to run without Hold or 
Wait states. However, a jumper-wire option is 
available to give erther capability. 

O To.disable the Hold state, wire JS-2 to JS-3. 

O To enable the Hold state, wire J5-1 to JS-2. 

C lf READY is to force an 8080 Wa1t state. wrre 
JS-8 to JS-<? 'f not. wire JS-8 t.::;, JS-7. 
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System Bus Enable 

One jurnper is available to make it possible to 
sefectivefy disable the SDK-80 system bus. 

O lf the bus will be selectively disabled, wire 
JS-5 to JS-6. 

O lf the bus should remain enabled at ali 
times, wire J5-4 to J5-S. 

Saud Rafe Selection 

The communications baud rate can be selected 
in two ways, depending on the application. lf 
only one baud rate will be employed, the rate 
can be selected by installing a single jumper 
wire. lf two or more baud ratas will be employed 
in the application, however, the Spectrol rotary 
switch installed in Chapter 1 will be used for 
this purpose. 

O To selecta fixed baud rate, jumper pad 29to 
one of the pads 31-37 per Tabla 4-1. 

Table 4-1. Baud Rate Selectlon Table. 

l 1 
Baud Rate Wire Pad 29 To 1 

1 

1 
4800 31 l 2400 32 

1 

1 

1200 33 1 

600 34 
1 300 35 
1 

150 36 ! 
75 or 110 37 

O For ~ 10 baud, the standard Teletype rate, 
wire pad 4 to pad 5. 

Communication Level Selection 

Any of three communication levels can· be 
selected: CRT, Te!etype, or T TL. All seri~l data 
is passed through cor,nector J3. 



·----·--t:Hr ·-···-----.,~>-,- -- -·---- YT~-----l 

Ct,t.ltguré.~lon Config.,;c;icr; Configur¡¡iit.ll'l 1 
L . J¡¡;,)per~ Jump~;J Jumperc 1 

1 

1 
l 

' 

23 ro 24 

17 lO 18 

9 to 10 
13 to 14 

210 3 
6 !O 8 

~7 to 28 

21 !O 2:? 

23 to 26 

18 to ~~ 

lOto 11 

13 to 14 

1 to·2 

7 toa 
15 to 16 

21 to 22 
------~---

23 to :?5 

17 to 1 S 

12 to 13 

2 to 3 
20 to 21 

..:J Jurnper wJre pads 1 through 28 per Table 
4-2. 

Cj 11 vour system cJO(:lS not contain a modem, 
jumper pad A to paé'l 8. 

·.k.;. ·.1t .;.:os Bus JLr::í;1e¡·s 

~í :·O!! do not L'se 8:?12 AdcJres~ BuHel" chipG on 
~' ...:.· 11 SD K -80. th 2 idd ross bus must oe 
;t r."l;Jc;·od across locC~tions A 11 a/Íd A12. Ir. H1·:. 
3.itL.li1on, connect the following jumpers A' 
30TH LOCATiON A1i ANO LOCATION A12 
All jun•pe-r-s shou!d be !'%\alled form tr1e circ~.:.~ 
side of the boarc •.e., i\IOT the s1lk-screen side. 

o Jump·3r pac! 3 to pad 4. 
O •. 1umper pad 5 to pad 6. 
O Jumper pad 7 to pad 8. 
O Jumper pac 9 to pad 10. 
O ,Jumper ::>ad 15 to pad 16. 
O Jumper pad ~ 7 to pad 1 S. 

O Jumper pad 19 to pad 20. 
O Jumper pad 21 io paci 22. 

0'-itput \"!lrlng 

ConrH?ctor .13 is deuicated as a r.::ommunir;Cl;­
trons i:rtcr 1ace (see Table 4-3) and oS, In fact, the 
on:y cornmitted tntertace tn the SDK· 80. A!l 
on1~r tntcr!actng rs at the d.'lcrettcn of the uset. 

Fcr examp!e, the 8255 f ·enpher31 Interface 
m•ght be !umpered directly to connector J 1 or, 
alternatt:fy, mtgnt be jumptted to TTL butfers 
tn the wtre-wrap area befor~· bemg passed ro J 1. 
Converse'y, you mtght wtsh to aad a swttch 
array to rhe 8255 area in order to send oata to 
the CPU. 

Your Systern Oasígn Kit includes male connec­
tors that mate with tne female connectors 
tnstal/ed at J 1 and J3. 

A group of control signals are avatlable at the 
alphabct!c-labeled pads tn area two of th..: 
board. T;Jbie 4-4 !d~"!lftes these ;- · Js. 

?() 

cíable l!Q3. ~"in Assignmenis ror 
í .• urmwwnications interiace (J3). !El-··-- c-RT nv --r---r-r·-l--.. 

j

' "i" 1,

1 

:::•:;::non Conl;gu.alion 1 :::•:•E:ali<• 
11 

DA'iA DATA 
3 1 ~R·r XMIT TTL XM11 ! 

1 

• DATA DATA 
.. 
5 
6 
7 

8 

9 
10 
11 

72 
1 

13 ¡ 
1 

1 ~. 1 
1 

15 1 

16 1 

17i 
1 a¡· 
19 

1 

+12 VDC 

SIGNAL GND 
+12 voc 

20 1 ·:· ·¡ ;.¿ VDC 

21 1 22 

23 

TTYAEC. 
AETUAN 

TT'I XMIT 

24 i YTY AEC. 

SIGNAL GNO 

1 

r 
1 

: 25 1 TTY XMIT 
l_j__ ~--~ _ __.__R;.;:E_T..::.U_A_N __ __._ __ ____ j 

·. 'a¡iJdo 4"::!4, ~~)1=(~80 Control Bus PélUS. 
---- -----. 

Po'J ~Jinomonlc DeJcripUofl • 

A CTS Clear To Send 

8 RTS Request to SencJ 

e 02 ('( (!~) 2.048 1V!Hz Clo:::~ 

o OSA Deta Set Ready 

E- I!OW 110 Wnte 

F DTR Data Tuminal r1eady 

H !NT R:;Q lnterrupt Reques~ 

J STATUS STAOBE Status •s on Data Bus 

K ose 18.432 MHz Oscdlalor 

L i/0 R 1/0 Read 

1 M HLDA Hoid Acknowledge 

N INTA lnterrupt Acknowledg3 ' 
p READY Ready 

R HOLD Hold 

S SVSTEM BUS ENABLE Enables 0Jta Bus anu , 
Address Bus 

·r MEMA Mero1ory Read 
1 1 

u MEMW Memory Wrote 1 1 

V RESET Reset 1 

L..---



INSTALLJNG INT==GRATED 
C!RCUIT CHIPS 
Yo u ha ve now reached the point where you will 
start ínstalling IC's in the board, but a few words 
are in order before you begin. 

Speclal Precautlons For Handling MOS IC's 

The Kit's MOS IC's (8080, 8111,8251,8255, and 
8708) are part,cularly susceptible to static 
electricity. They can be easily damaged if 
proper eMe is nót taken in handling them. For 
this reason, the following steps should be 
adhe.red lo as closely as possible: 

1:- All equipment {soldering iron, tools, 
solder, etc.) should be at the same poten­
tía! as the PW board, the assembler. the 
work suiface and the !C itself along with 
its container. This can be accomplished by 
continuous physical contact with thework 
surface, the components, and everything 
else ínvolved in the operation. 

2. When..handling the IC, develop the habit of 
first touching the conductiva container in 
which it is stored before touching the IC 
itself. 

3. Always touch the SDK-80's PW board 
before touching the IC to the board. Try to 
maintain this contactas muchas possible 
while installing the IC. 

4. Handle the IC by the edges. Avoid touch­
ing the pins as much as possible. 

5. In general, never touch anything to the IC 
that you have not touched first while 
touching both it and the IC itself. 

Allgnlng the IC Plns 

The connector pins of lntegrated Circuit chips . 
are very fragile and can be easify pushed out of 
fine. In !act, sometimes IC's will a m ve w1th one 
or more pins out of line. Trying to install a 
misaligned IC is a hapless task and, worse, 
r"T~ight cause purmanent damage to the chip. 

Aligning the pins of an IC is aneas y job. Simply 
lay the IC on 1ts si de en yourwork surtace, hold 
t'le chip by its body and exert enough pressure 
so that alf pins are perpendicular to the body. 

Chip Orientation 

The IC's must be correctly oriented on the 
b,)ard or they will not opernte properly. One 
e'ld ot the ch1p wlfl carry some ~ort of 
··ent1fymg ll'?rk, typ,callvano!chora -,,tora+ 

sign. The chip must be installed so that this 
identifier corresponds to the s!lkscreened "1" 
on the board. 

lnstalling IC Chips 

After orienting the IC, follow these steps to 
install it in the board: 

1. Start the pins on one side of the IC i!1to 
their respective holes on the sitk-screened 
side of the PW board. DO NOT PUSH THE 
PINS IN ALL THE WAY. lf you have dif­
ficulty getting the pins into the holes, use 
the tip of a small screwdriver to guide 
them. 

·2. Start -the pins on the other si de of the IC 
into their holes in the same manner. When 
all of the pins have been started, set the IC 
in place by gently rocking it back and forth 
until it rests as close as possible to the 
board or socket. 

3. lf the IC is not installed in a socket, turn the 
board over and solder each pin to the foil 
pattern on the back side of the board. Be 
su reto solder each pin and be careful not 
to leave any solder bridges. 

Removlng IC Chips 

lf required, an IC chip can be removed from a 
socket by gently rocking it back and forth to 
start its release. When a gap ex 1sts between the 
chip and socket, pry it gentfy at alternate ends 
until the pins start to come loose. A popsicle 
stick or small screwdriver works well here. 
Then hold the chip by the ends and pulí it free. 
Try to keep the chip fairly parallel to the socket 
throughout this operation. 

CLOCK GENERATOR 
~-~esides the 8080, the most critica! chip 1n tn.:; 
'~OK-80 circ~it is the 8224 Clock Generator. 

~J lnsert the 8224 Clock Chip into the socket 
at location AS. 

POWER, CLOCK ANO RE-SET 
VER!FICATION 
With this single chip installed, we can check me 
power and clock inputs and the operation of the 

. Reset Switch. The procedure is as fo:lows: 

· n Connect your power supply to terminal 
lugs E1-E6 on the SDK-80 board. 



NOTE . ·-;l 
íhe SDK-80 edge. cor,nec·lor is 
power-compatible wíth lntel's MDS 
(Microcomputer Devt:!opmeni Sysm 

.·;te~). 11 you have MDS, the SDKo80 
can derive its power through installa­
tlon !n the MDS chassis. 

O Tum power on. 

O Using a voltmeter, verify +5 VDC at the pad 
provided. 

O Verify +12 VDC at the "+12" pad. 

O Verlfy your supply's negativa voltage at the 
"··10" rad. 

O Verify -5 VDC at the "~5" pad, near location 
AH. 

O Press the Heset Switch a few times and 
check for +4 VDC at A8, pin 1 {RESET). 

,-.. 
NOTE 

üeve!op the habii o1 pressl~g the 
Res e'! S~vitch each tim~ you power=up 
the system. 

O 11 you have an oscilloscope, verify that A9 
pins 1 O and 11 ea eh show 2.048 M Hz clocks 
(02 a,d 01, respectively). 

O Usrng an oscilloscope, verify that AS pin 12 
shows an 18.432 MHz ciock (OSC). 

O Turn the power off. 

REMAINDER OF SDK .. 80 CHiPS 
After havrng verified that the SDK-80 logic is 
correct:y rece1ving power. the system clocks 
and the RESET signa!, you can finish installing 
the ch1p complement. Sorne of the IC's wul plug 
rnto sock€'tS, others will have to be so~dered 
onto the board. 

The procedure is as follows: 

O Solder the 93S16 chip into location A1. 

O Solder a 74161 chip into locat1ons A2 and 
AS. 

O Solder the 7406 chip into location A6. 

O lf élpplicable. solder 8212 chips into loca­
tions A 11 and A 12. 

r:J Solder 8205 chips into locations A 13 and 
A18. 

O So'der 8111 chips into locations A25 and 
A26. 

O lnsert the 8228 chip into the socKet at loca­
tion A9. 

O !nsert Ú1e BOBOA chip into the socket at lo-
cation A 1 O. 
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' . 
o lnsert the 8251 chip into the socket at loca-

tion A7. 

O lnsert the 8255 chip into the socket at loca­
tion A3. 

O · lnsert the pre-programmed 8708 PROM 
chip into the socket at location A 14. 

Table 4-5. Power Requlrements. 

Symbol Vollage 
Minlmum l\llallimu~ Unit 
System System 

V ce ~sv ±5% 1.3 2., Amps 

V o o +12V ±5% .35 .45 Amps 

Vaa 
~10V ±5% .20 .30 Amps 
-12V ±5% 



START~UP PROCEDURE 
Yo u ha ve now completed the SDK-80 assembly 
and are ready te start up the system. The start­
up procedure is as follows: 

O Plug your system communication moni­
tor (CRT, Teletype, etc.) into the SDK-60 
connector J3. 

O Turn power on at both the SDK-80 power 
supp!y and your communication monitor. 

O Press the Reset Switch. 

At this point, your monitor should display the 
fóllowing mes:3age: 

MCS-80 KIT 

lf lt does, congratuiatlons! You are now ready to 
start using the system. 

TROUBLESHOOTING HINTS 
lf the SDK-80 system does not work properly, 
turn the power off and investiga te these areas: 

1. 'Verity that all resistors have been properly 
installed and are correctly color-ceded. 
Appendi)( C summarizes the color codes. 

2. Verify that all capacitors .- have been 
properly installed and that all el~ctrolytic 

· capacitors are installed with proper 
polarity. 

3. Verify that both diodes (CR1 and CR2) 
have been installed with proper polarity. 

4. Verify that the metal tabs of all three 
transistors are properly positioned. 

5. Verify that all IC's are installed with their 
"1"-end idantifiers correctly oriented. 

6. Verity that all jumpers have been properly 
installed. 



INTRODUCTION 
The SD~~80 Monit' 1r is an lntefe 8080 pfogram 
ptovided in a pre-programmed ROM. The 
Monitor accepts and acts u pon u ser commands 
to opera te the SDK-BO. 't also provides input and 
OLttput facilities in the form of 1/0 drivers for 
u ser consoie devicPs. The Monitor provídes the 
following facrlitíe!!:. 

o Disptaying se!ected areas of memory. 

e !nitiating execution of user programs. 

o Modifying contents of memory and preces­
sor registers. 

~ tnputting hexadecimal file from the consola 
device to memory. 

''f'he fv1onitor communicates with the user 
througl1 an interact1ve console device, normally 
a Te!etype or CRT Termina!. The dialogue 
between the operator and Monitor consists of 
user-originated commands in the Monitor's 
command language, and Monitor responses, 
either in the form of a printed message or an 
actron being performed. After the cold start 
procedure (described under the heading, "Cold 
Start Procedures" in Soction 111), the Monitor 
begins the dialogue by typing the sign-on 
message on t~e console and requesting a 
command by presenting a prompt character, "." 
(period). 

MONITOR OPERATIONS 
J:he SDK-BO Monitor is a command controlled 
operations supervisor for the 8080 Micro­
computer Sys:em Design Kit. Control com­
mands are disc·...Jssed in Section 11, "Command 
Structure". 

l. FUNCTIONAL SPECIFICATION 

A~ General C ha racterlstics and Seo pe ot 
Product 

T~e monitor is 2 :::rogram written in lntel .. ~' SOBO 
macro assemb1y · anguage. The monitor restdes 
¡~· 1 K (K = 1 ?24 t.· :es} of programmed R01Vl.1nd 
r~ tocated rn n-. 2: address space of thn SOBO 
~icrocomput·~r ~etween O and 1K. Thc non­
vólatile natur.~ c7 ~he program's storage media 
means that ·he t;'lOnitor is available for use 
irhmedi.ltely 1f~'= • power-on or reset. 
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S. DescripUorn off Al! Major Functiorns 
Perforrmed 

1. CONSOLE COMMANDS 

The monitor communicates with the 
operator via an interac:ive console, norm:­
ally a teletypewriter. The dialogue be-

. tween the operator and the monitor 
consists of commands in the monitor's 
command language and the mon1tor's 
responses. After the cold start procedure, 
the monitor begins the dialogue by typing 
a sign-on message on the console and 
then requests a command by presenting a 
prompt character, ". ". Commands are in 
the form cf a single alphabetic character 
specifying the command, followed by a list 
of numeric or alphabetic parameters. 
Numeric parameters are enterad as hexa­
decimal numbers. The monitor recognizes 
the characters Othrough 9and A through F 
as legal hexadecimal digits. The valid 
range of numbers is from 1 to 4 hex digits. 
Longer numbers may be entered, but su eh 
numbers will be evaluated modulo 216 so 
that they will fall into the range specified 
above. 

The only command requiring an alpha­
betic parameter is the "X" command. The 
natura ot such parameters will be dis~ 

cussed in the section explaining the 
command. 

2. USE OF THE MONITOR FOR 
PROGRAMMING ANO CHECKOUT 

The monitor allows the user to enter 
check out, and execute small demonstra~ 
tion programs. The monitor contains 
facilities for memory modification, BOBO 
CPU register display and modifrcation, 
program loading from the conso!e device, 
program initiation, and the recognrt1on of 
an "RST 7" instruction asan uncondltional 
branct) to RAM address 13FDH. B_y 
i~~~r_ting RST 7 instructions in a prograni­
únder test, or by usrng the ·hardware 
generated RST 7 instruction (if avai lable}. 
t}J.~ser can cause execution o a program 
tQ_t_!:~-~~ter _ _tp_a_dedicated location, for 
wha_~evf!:~- purposes he desrres. 

When the user wishes to re-enter the 



monitor, he should use an RST 1 instruc­
tron. erther generated by hardware or 
coded into his program. When enterad in 
this manner, the monitorwiil automatically 
save the state of the 8080: specifically, it 
will save all registers (A, 8, C, O, E, H, L), 
the CPU flags (F), the user's Program 
Countér (PC), and the user's Stack Pointer 
(SP). These may be examinad with the X 
command. When the operator enters a G 
command, these values will be restored. 

3. 1/0 SYSTEM 

The 1/0 system provides two routines, 
consola character in and consola charac­
ter out, which the user may call upon to 
read and write, respectively, characters 
from ano to the consola devica. 

C. Appllcable Standards 

Throughout this specification, the numberlng 
convention for bits in a word is that bit O is the 
least significant, or rightmost bit. 

The interñal code set used by the monitor is 7 
bit (no parity) ASCII. 

11. INTERFACE SPECIFICATIONS 

A. Command Strueture 

In the follov.-ing paragraphs the monitor 
command language is discussed. Each como 
mand ¡-, descnbed, and examples of its use are 
!r'lCiuded for clarity. Error conditions that may 
be encountered white operatmg the monitor are 
described in Section IV.C. 

The monitor requires each command to be 
terminated by a carriage return. Witl1 the 
except1on .of the "S" and "X" commands, the 
command is not acted upon until the carrlage 
return is sensed. Therefore, the u ser can abort 
any command, before he enters the ca ·riage 
return, by typ1ng any 1llegal character (such as 
RUBOUT). 

Except where indicated otherwise,' a ~;ingle 
space is synonymou ; with the comma for 1 :se as 
a delimiter. ConsecL. :ive spaces or comm 35, or 
í1 space or comma rmmediately following ·the 
command letter, wi:l be interpretad as a null 
¡..>arameter. Null paumeters are illegal in all 
commands .~xcept the "X" command (see 
below). 

ltems eneJo: l d in square brackets ''[" ·a,d "]" 
are opt1onal. T 1e cor1sequences of incluaing or 
omittmg them are d:scussed 1n the text. 
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1 OISPLA Y MEMORY COMMAND, D 

D <low address>, <high address> 

Selected areas of addressable memory 
may be accessed and displayed by the O 
command. The D command produces a 
formatted listing of the memory area 
between <low address> and <high 
address>. inclusive, on the con so le· de­
vice. Each Jine of the listing, begins with 
the address of the first memory location 
displayed on that line, representad as 4 
hexadecimal digits, followed by up to 16 
memory locations, each one representad 
by 2 hexadecimal digits. 

The D command may be abortad during 
execution by typing an Escape (ESC) on 
the consola. The command will be 
terminated immediately, and a new 
prompt issued. 
Exampls 

D9,2A 
0009 00 11 22 33 44 55 66 
0010 77 88 99 AA 88 CC DO EE FF 10 20 304050 6070 
0020 80 90 AO 80 CODO EO FO 01 02 03 

2. PROGRAf\.1 EXECUTE COMMAND, G 

G[<entry point>] 

Control of the CPU is transferred from the 
monitor to the user program by means of 
the program execute command, G. The 
<entry point> should be an address in 
RAM which contains an instruction in the 
user's program. lf no entry point is 
specified, the monitor uses, asan address, 
the value on top of the stack when the 
monitor was enterad. 

Example 

Gt400 
Control ls passed to iocatlon 1400H. 

3. JNSEAT INSTRUCTIONS INTO RAM, 1 

1 <address> 

Single instructions, or an er,~ire user 
program, are enterad into RAM with the 1 

, command. After sensing the carriage 
return terminating the. command.line, the 
monitor w 1its for the u ser t() ente,r a string 
of.hexade.:imal d1gits (Ofo9, A to.F). Each 
digit in the strirg is ~o:wert. d- into its 
binary value, r.nd · thén lo :lded into 
memory, beginning at the startrng address 
specified and continuíng into sequent1al 



memory focations. Two t;axadecimal 
digits are loaded i1to each byte of 
memory. 

Separators between aigits (spaces, como 
rnas, carriage returns) are igr1ored: illagal 

:::_.:cnarac:ers, however, will termínate the 
command with an error message (see 
section IV. C. 1). The character ESC or 
AL TMODE (which is echoed to the 
console as "S") terminates the digit string. 
lf an odd number of hex digits have been 
ente red, a O wrll be appended to the string. 

Ell:ample 

11410 
112233445556778899$ 

Ti1is command puts the following pattern 
into RAM: 

}41 º 11 22 33 44 55 66 77 88 99 

11440 
1'23456789$ 

This· command puts the following pattern 
into RAM: 

1440 12 34 56 78 90 
Note tl)at, since an odd . number of 
hexadecimal digits were ente red initially, a 
O was appended to the digit string. 

4. MOVE MEMORV COMMANO, M 

M <!ow address>, <high address>. 
<destination> 

Tl1e M command moves the contents of 
memory <low .1ddress> and <high 
address>, inclusive, to the area of RAM 
beginning at <destination>. The con­
tents of the source field remain un­
disturbad, un!.3ss the receiving field 
ovenaps the source fre!d. 

The move operation 1S performed on a 
byte-by-byte basis, beginning at <low 
address>. Care should be taken if 
<destination> is between <low address> 
and <high address>. For example, if 
location 141 O contains 1AH, the command 

M 141 O, 141 F, 1411 · 

will result. in locations 1410 to 1420 
containing "1A 1A 1A ... " 

The monitor will continue to move data 
until the source fif'ld is exhausted, or until 
it reaches address OFFFFH. lf the monitor 

reaches address OFFFFH without ex­
hausting the so urce field, it will m ove data 
into this location, then stop. 

Eltample 

Mi410. 150F, 1510 
256 bytes of memory are moved from 
1410..150F to 151Q-160F by this command. 

5. SUBSTITUTE MEMORY COMMAND, S· ,, 

· S <address> 

The S command allows the user to 
examine and optionally modify memory 
locations individually. The command 
functions as follows: 

i. Type an S, followed by the hexadecimal 
address of the first memory location you 
wish to examine, followed by a space or 
comma. 

ii. The contents of the location is dis­
played, followed by a dash (-). 

iii. To modify the contents of the location 
displayed, type in the new data, followed 
by a space, comma, or carriage return. lf 
you do not wish to modify the location, 
type only the space, comma, or carriage 
return. 

iv. lf a space or comma was typed in steJ:, 
(iii). tl'le next memory location w1ll be 
displayed as in step (ii). lf a carriage return 
was· typed, the S command w111 be 
terminated. 

Example 

Sl450 AA· 88-CC 01-13 23-24 
Location 1450, which contains AA is 
unchanged, but location 1451 (which u sed 
to contain 88) now contains ce, 1452 
(which used to contain 01) now contains 
13, and 1453 (which used to contain 23) 
now contains 24. 

6. EXAMINE AND MODIFY CPU 
REGISTERS COMMAND, X 

X [<register identifier>] 

Display and modification of the CPU 
registers is accomplished via the X 
command. The X command uses 
<register identifier> to select the 
particular register · to be displayed. A 
register identifier is a single alphabetic 
character denoting a register, defined as 
follows: · 



A - 8080 CPU regiskr A 
B - 8080 CPU regrstür 8 
C - 8080 CPU registí!r C 
O - 8080 CPU regist·.lr O 
E - 8080 CPU regist•lr E 
F - 8080 CPU flags b 1te. displayed in the 

form as it is stored by the "PUSH PSW" 
(hex code F5) instruction 

H - 8080 CPU register H 
L -- 8080 CPU register L 
M - sono CPU registers H and L 

combinad 
P - 8080 Program Counter 
S - 8080 Stack Pointer 

The command op~rates as follows: 

i. Type an X, followed by a register 
identifier or a carriage return. 

' . 
Ji. The contents of the register · are 
·displayed (two hexadecimal digits for A, B. 
C. D, E, F, H, and L, tour hexadecimal 
diglts for M and S), followed by a dash {-). 

lii. The register tnay be modified at this 
time· by (yping the new va fue, followed by a 
space, comma, or carriage return. lf no 
modific~tip'n is desired, type only the 
space, comma, or carriage return. 

iv. lf a.space or comma was typed in step 
(ill}, fhe next register in sequence 
(alphabetical order) will be displayed as in 
step ii (unless S was just displayed in 
which case the command is terminated). Jf 
a carriage return was ente red in step iri, the 
X command is terminated. 

v. lf a carriage return was typed in step (i) 
above, an annotated list of all registers and 
their contents are displayed. 

Example· 

XA AA· BB· CC· 00- E€· FF- 12· 34- 1234- 0000 
XA AA· 23- CC· 01· EE• ff. 12· 34· 1234- 1010 
X 
A-AA B-23 C-CC 0·01 E-EE F-FF H-12 l-34 M-1234 P-OICF S-03CD 

B. Console Davice Drivers 

The monitor interfaces to the consola device 
via a universal synchronous/asynchronous 
receiver/transmitter (USART). The monitor 
drivers interface with the USART according to 
the USART specrfications. At the time ot the 
assembry of the kit, the USART! may be 
configurad for a particular type o~ consoie 
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interface. The actual consola device must 
conform to this interface. 

C. Uslng the 1/0 System 

The user may access the two monitor 1/0 
system routines from his program by call ing the 
routine desired. The following paragraphs 
describe the routines available and their 
respective functions. 

·CI - Console Input 
This routine returns a character received from 
the consola device to the caller in the A­
register. The A register and the CPU condition 
codes are affected by this operation. The entry 
point of this routine is 3FDH. 

Example 

Cl EQU 3FDH 

CAll Cl 
STA DATA 

CO - Consola Output 

This routine transmits a character, passed from 
the caller in the C-register, to the console 
device. The A and C registers, and the CPU 

· condition codes, are affected by this operation. 
The entry point of this routine is 3FAH. 

EJCample 

CO EQU 3FAH 

MVI C, "," 
CALL CO 

111. OPERATING SPECIFICATIONS 

A. Product Activatlon lnstructions 

1. COLO START PROCEDURE 

After a power-on or reset, the monitor will 
begin execution at location O in ROM. The 
monitor will perform an initialization 
sequence, and then display a sign-on 
message on the console. When the 
monitor is ready for a command, it will 
prompt with a period, ".". 

2. USE OF RAM STOAAGE IN THE 
MONITOR 

The monitor dynamically assigns its RAM. 
stack near the top of the first 1 K bytes of 
RAM (address space from 4K to 5K). tb.e 
t~ bytes in this nlock of RAM are:} 
reservad for a transfer address, supoliec --· 



by the user. which is used as a destination 
¡O'Caf,on for RST 7 instrúcHoñSTor the 
optioñaf"harcwlreo mstructlvñ). Severa! 
addltional bytes are u sed, below the stack. 

.· for temporary storage. ExcL!pt for RAM 
addresses SK-1 to SK-256, al! other RAM ls 
avaifable for the user. 

e, Su~mary of Normal Use Methodo!ogy 

(This section. whlch normally consists of a 
detailed example of the use of the monitor, will 
be omitted. Examples of all commands may be 
found in the sections exptaining the monitor 
commands.) 

C. Err~r Condltlons 

1, iNVALID CHARACTERS 

The moni-tor checks rhe validity of each 
character as it is ente red from the console. 
As soon as the mon1tor determines that 
the last character entered is il!egal ín its 
c:ontext, the monitor aborts the command 
aneJ issues an ...... to indicate the error. 
E~!smple 

01400. 145G'". 
The character G was encountered in a 
parameter list where only hexadecimal 
dig1ts a.nd dellmiters are valid. 
yo 
V is not a vslid command. 
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2. ADDRESS VALUE ERRORS 

Sorne commands requ.re an address pair 
of the form <low address>. <high 
address>. lf, on these commands, the 
va!ue of <low address> is greater than or 
equal to the value of <high address>. the 
action indicated by the command will be 
performed on the data at <low addr~ss> 
only. · , ·· 

Addresses ·are evaluated modulo 2 16
• 

Thus, if a hexadecimal address greater 
than FFFF is enterad, only the last 4 hex 
digits will be used. 

Another type óf address error may occur. 
when the operator specifies a part of 
memory in a command which does not.. 
exist in his particular configuration. In 
general, if a nonexistent portion of 
memory is specified as the source field for 
an instruction, the data fetched will be 
unpredictable. lf a none){istent portion of 
memory is given as the destination tield in 
a command, the command has no etfect. 

1 • 



APPENDiX Et MON~TOR liSTiNG 

898S MACRO ASSEMBLER, VER 2.3 ERRORS m O PACE 1 

PROGRAM: 808BA BOARD MONITOR 

COPYRIGHT (C) 1975 
INTEL CORPORATION 
3065 BOWERS AVENUE 

1 S~NTA CLARA, CALIFORNIA 95951 
J . 
,~éOéééwoé~éééOéOeéooooeoeoooooeoooooooooo~ooeooooeoeooo•••******· , , 
r ABS'l'RACT 
J I!JQD'D::t:IRIDCI 

THIS PROGRAM RUNS ON THE 808BA BOARD ANO IS OESIGNED TO PROVIDE 
THE USER WITH A MINIMAL MONITOR. BY USING THIS PROGRAM, 
THE USER CAN EXAMINE ANO CHANGE MEMORY OR CPU REGISTERS, LOAD 
A PROGRAM (IN ABSOLUTE HEX) INTO RAM, ANO EXECUTE INSTRUCTlONS 
ALREADY IN MEMORY. THE MONITOR ALSO PROVIOES THE USER WITH 

1 ROUTINES FOR PERFORMING CONSOLE I/0. 

PROGRAM ORGANIZATION 

1 THE LISTING IS ORGANIZEO IN THE FOLLOWING WAY. FIRST THE COMMANO 
RECOGNIZER, WHICH IS THE HIGHEST LEVEL ROUTINE tN THE PROGRAM. 
NEXT THE ROUTINES TO IMPLEMENT THE VARIOUS COMM~NDS. FINALLY, 
THE UTILITY ROUTINES WHICH ACTUALLY DO THE OIRTY WORK. WITHIN 
EACH SECTION, THE ROUTINES ARE ORGANIZEO IN ALPIIABETICAL 
ORDER, BY ENTRY POINT OF THE ROUTINE. 

THIS PROGRAM EXPECTS TO RUN IN THE FIRST lK OF AOORESS SPACE. 
1 IF, FOR SOME REASON, THE PROGRAM IS RE-ORG'ED, CARE SHOULD 

BE TAKEN TO MAKE SURE THAT THE TRANSFER INSTRUCTIONS FOR RST 1 
ANO RST 7 ARE ADJUSTEO APPROPRIATELY. 

THE PROGRAM ALSO EXPECTS THAT RAM LOCATIONS 5K-l TO SK-256, 
INCLUSIVE, ARE RESERVED FOR THE PROGRAM'S OWN USE. THESE 
LOCATIONS MAY BE ALTERED, HOWEVER, BY CHANGI~G THE EOU"ED 

: SYMBOL "DATA• AS DESIRED. 

LIST OF FUNCTIONS 

GETCM 

DCMD 
GCMD 
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8080 MACRO ASSEMBLER, VE!t 2. 3 ERRORS .. kl PAGE 2 

L•01B 
l3fD 
~3 FA 
J027 
0JFB 
e OFA 
00FA 
í3C FB 
i:1ililD 
l30il 

ICMD 
MCMD 
SCMD 
XCMD 

BREAK 
CI 
CNVBN 
co 

·CROUT 
F.CHO 

, : ERROR 
f'RE'f 
G t:TCtl 
GE:THX 
GETNM 

1 , HILO 
NMOOT 
PRVAL 
REGDS 
.{GADR 
RSTTF 
:'>RET 
S'l'HFf!l 
STHLF 
\TALDG 
VALDL 

ORG cm 
1 
;~~~~e~OOo~~~~OCCóQO~OOOOóéó~OO~ooO~OOOéOQOQQCOOOOOOéqéoó~o~*oé*OQ 

MONITOR EQUATES 

zO~oóQO~QQOQOO~O~OOQóOQóóQOOOQOOOQQOOóóóQOéOó~»•cOOQQQéóóówcaOw~o~ 

1 
1 
BRCHR 
BRLOC 
BRTAB 
CMD 
CNCTL 
CNIN 
CNOUT 
CONST 
CR 
DATA 

EQU 
EQU 
EQU 
E:QU 
:o u 
·:ou 
r:ou 
::o u 
EQU 
EQU 

lBH CODE FOR BREAK CHARACTER (ESCAPE) 
lJFDH LOCATION OP USER BRANCH INSTRUCTION IN RAM 
3FAH 7 LOCATION OF STARi OF BRANCH TAB~E IN RCM 
027H COMMAND INSTRUCTION POR USART l~ITIAtiZATION 
0FBH CONSOLE (USART) CONTROL PORT 
~FAH CONSOLE INPUT PORT 
BFAH CONSOLE OUTPUT PORT 
GFBH CONSOLE STATUS INPUT PORT 
00~ CODE FOR CARRIAGE RETURN 
5 .. 111124-256 .. ; ST.l\RT O:' MONITOR RAM USAGE 

30 
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eua 
00SF 
08FF 
000A 

'"""' 
UCF 

SUP 
lUJ7P 
lJED 
8002 
0S38 

01HB 
8001 
U~F 

1 
1 

1 
1 

rose EQU lBH CODE POR ESCAPE CHARACTER 
HCHAR ~:ou BFH HASK TO SELECT LOWER HEX CHAR f'ROH BYTE 
INVRT l~QU SFFH MASK TO INVERT HALF BYTE FLAG 
LF 8QU SAH CODE FOR LINE FEED 
LOWER EQU 0 J DENOTES LOWER HALF OF BYTE IN ICHO 
¡LSGNON EOU ¡ LENGTH OF SIGNON MESSAGE - DEFINED LATER 
MODE EOIJ 0CFH J MODE SET FOR USART INITIALIZATION 
¡HSTAK EQU 1 START OF MONITOR STACK - DEFINED LATER 
¡NCMDS EQU ¡ NUMBER OF VALID COMHANDS 
NEWLN E:QU 0FH 1 MASK FOR CHECKING ·MEMORY ADDR DISPLAY 
PRTYS EQU 07FH J MASK TO CLEAR PARITY BIT FROM CONSOLE CHAR 
REGS EQU DATA•255-l8 1 START OF REGISTER SAVE AREA 
RBR EQU 2 1 MASK TO TEST RECEIVER STATUS 
RSTU EQU JSH J TRANSFER LOCATION FOR RST 7 INSTRUCTION 
;RTABS EQU ¡ SIZE OF ENTRY IN RTAB TABLE 
TERM EOU lBH CODE FOR ICMD TERMINATING CHARACTER {ESCAPE) 
TROY EOU 1 MASK TO TEST TRANSMITTER STATUS 
UPPER EQU OFFH DENOTES UPPER HALF OF BYTE IN ICMD 
1 

1 
¡***~ooaooeao~o•********************O**********************••••••• 

MONITOR MACROS 

l**•oooooeeooooeoooeeeeoeoooeeooeooeooooooeeoeeooeeooeoooooo•••••* 
1 , 
TRUE 

1 

MACRO 
JC 
ENDM 

WHERE 
WHERE 

1 BRANCH IF FUNCTION RETURNS TRUE {SUCCESS) 

f'ALSE MACRO 
JNC 
ENOH 

WHERE 
WHERE 

1 BRANCH I F FUNCTION RETURNS FALSE ( FAILURE), 

, 
~·~··~···························································· 

USART INITIALIZATION CODE 

, 
¡*****************•••••t****************a*****•******************* 

THE USART IS ASSUHED TO COME UP IN THE RESET POSITION (THIS 
FUNCTION IS TAKEN CARE OF BY THE HARDWARE) • THE USAR'r WI LL 
BE INITIALIZED IN THE SAME WAY FOR EITHER A TTY OR CRT 
INTERFACE. THE FOLLOWING PARA~ETERS ARE USED: 
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6000 
130tl2 
¡}í'JfJ4 
fl3ti6 

IHll:l a 
íltl!JS 
ihli:lB 
íhHiJC 
kl.J0f 
r10 12 
iJCl3 
iltli 6 
0019 
0iHA 
1!018 
001C 

3ECF 
DlFB 
3E27 
D3FB 

22f313 
El 
22F513 
2100010 
39 
22F7l3 
21F3l3 
f9 
FS 
C5 
os 

MODE INSTRUCTION 

2 STOP 6ITS 
PARITV DISABLED 
B BIT CtlARACTERS 
BAUD RATE FACTOR OF 64 

COMMAND INSTRUCTION 

~O HUNT 110DE 
NOT(RTS) FORCEO TO 9 
RECEIVE ENABLED 
DATA TERMINA~ READ~ 
TRANStliT El'iABLEO 

t<lVI 
OUT 
MVI. 
OUT 

A,t-20DE 
CNCTL 
A,CMD 
CNC'l'L 

OUTPUT MODE SE~l' 'l'O USART 

OUTPUT COMMAND WORO TO USART 

' 8 écOGoooooo~~ooooooccocoooooo~oooooooooooooooooeocooeoeoeooaeooo•~ , 

J 

' . 1 o~oécéooooooeeeee.oeooaooeeooéeo~eooooooooooooooooeooooeooeooooc~ 

. , 
GO: 

SHLD LSAVE SAVE HL REGISTERSS 
POP H 1 GET TOP Of STACK ENTRY 
SHLD PSAVE ASSUME THIS IS LAST ~ COUNTER 
LXX H,e CLEAR HL 
DAD SP GET STACK POINTER VALUE 
SHLD SSAVE 1 SAVE USER·s STACK POXNTER 
LXI H,ASAVE+l ; NEW VALUE POR STACK POINTER 
SPHL SET MONITOR STACK POINTER FOR REG SAVE 
PUSH PSW SAVE A ANO FLAGS 
PUSH B SAVE 8 ANO C 
PUSH o SAVE. D ANO E , 

1 o6CO~OC06000~60ooooeooa~ 6 wo~o0060~08m0008C~OOOOOOOéOQ0000600 , 
PRINT SIGNON I~ESSAGI:: 
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.JJlD 219003 
0021J 060E 
0022 
1)022 4E 
0023 COElll 
\HI26 23 
0927 05 
tlt128 .C22218 

01)~11 

IHI2S 21E:Dl3 
doi~E F9 
íl0 .:t' BE2E 
ll.,Jl CDt>401 
0014 q1e00 
01) 18 
"Ul8 C:lPDll 

11~}ü 

•H'lB CDlB02 
di'JE CllF40l 
o.· 4 1 7 '* 
lh' .a~ 6111600 
o/''~') 2l B91c) 3 

LXI H,SGNON ~ ~ET AODRESS OF SIGNON M&SSAGE 
MVI B,LSGNON J COUNTER FOR CHARACTERS IN MESSAGE 

MSGLa 
MOV C,M J FETCH NEXT CHAR TO C REG 
CALL co J SENO IT TO THE CONSOLE 
INX H ' POINT TO NEXT CHARACTER 
DCR B J DECREMENT BYTE COUNTER 
JNZ MSGL J RETURN FOR NEXT CHARACTER 

J 
J 
J*O*************************************************************** 

' ' J COMMANO RECOGtU ZING ROUTINE 

' ' ,·····················~··········································~ 
J 

FUNCTION: GETCM 
J INPUTS: NONE 

OUTPUTS: NONE 
CALLSi GETCH,ECHO,ERROR 
DESTROYS: A,B,C,B,L,F/F'S 
DESCRIPTION: GETCM RECEIVES AN !1~i'UT CHARACTER FROM THB USER 

ANO ATTEMPT~ TO LOCATE THIS CHARACTER IN ITS COKMAND 
.; CHARACTER TAB~E. IF SUCCESSFUL, THE ROUTINE . 

: 
GETCMt 

LXI 
SPHL 
MVI 

'CALL 
JMP 

ORG 
JMP 

' GTC03a 
CALL 
CALL 
MOV 
LXI 
LXI 

CORRESPONDING TO THIS CHARACTER IS SELECTEO FROM 
A TABLE OF COMMAND ROUTINE ADDRESSES, ANO CONTROL 
IS TRANSFERREO TO THIS ROUTINE. IF THE CHARACTER 
DOES NOT MATCH ANY ENTRIES, CONTROL 15 PASSED TO 
THE ERROR HANDLER. 

H,MSTAK ALWAYS WANT TO RESET STACK PTR TO MONITOR 
/STARTING·VALUE SO ROUTINES NEEDN'T CL&AN e . . , . PROMPT CHARACTER TO C 

ECHO SENO PROMPT CHARACTER TO USER TERMINAL 
GTC03 WANT TO LEAVE ROOM FOR RST BRAtlCH 

RSTU ORG TO RST TRANSFER LOCATION 
USRBR JUMP TO USER BRANCH LOCATION 

GETCH GET COMMAND CHARACTER TO A 
ECHO ECHO CHARACTER TO USER 
A,C r PUT COMMAND CHARACTER INTO ACCUMULATOR 
B,NCMDS C CONTAINS LOOP ANO INDEX COUNT 
ti,CTAB HL POINTS INTO COHMAND TABLE 

33 

UP 



3080 M~CRO ASSEMBLER, VER 2.J ERRORS ~ B PAGE 6 

"-''H'8" 
U048 
0049 
004C 
0.:l40 
IH1H 
tHJ 51 
¡)()5~ 

1Hl54 

0057 
305b 
¿. J 5'> 
!Hl5A 
ililSb 
íltJ 'lC 
ilo:l".n 

0~ St; 
ea~r.: 
lililó~ 
IJ06J 
!51164 
00ó5 
13"6') 
0066 
001:19 
006C 
úh:lóD 
il0)1& 
0070 
ll¡;,/2 
IJC75 
1Jt~76 

BE 
CA SUS 
23 
00 
C24800 
C30D02 

21AB03 

09 
09 
7E 
iJ 
66 
6F 
E9 

liiE02 
CD5702 
Dl 
El 

CDEE01 
1C 
CDC302 
70 
CDC302 

0E:lf/J 
CDF4f/Jl 
7E 
CDC3S2 

GTCVSa 
CMP 
JZ 
!Nit 
!>CR 
JNZ 
JMP 

GTClíl: 
·LXI 

DAD 
DAD 
MOV 
!NX 
f.tOV 
MOV 
PCUL 

M 
GTCU 
H 
e 
GTCBS 
ERROR 

H,CADR 

B 
8 
A,H 
H 
H,M 
L,A 

COMPARE TABLE ENTRY AND CHARACTER 
BRANCH IF EQUAL - COMMAND RECOGNIZEO 
ELSE, INCREMENT TABLE POINTER 
OECREMENT LOOP COUNT 
BRANCH IF NOT AT TABLE END 

1 ELSE, COMMAND CHARACTER IS ILLEGAL 

IF GOOD COMMAND, LOAD ADDRESS OF TÁBLE 
/OF COMMAND ROUTINE ADDRESSES 
AOD WHAT IS LEFT OF LOOP COUNT 
ADD AGAIN - EACH ENTRY IN CADR IS 2 BYTES LONG 
GET LSP OF ADDRESS OF TABLE ENTRY TO A 
POINT TO NEXT BYTE IN TABLE 
GET HSP OF AODRESS OF TABLE ENTRY TO H 
PUT LSP OF ADDRESS OF TABLE ENTRY INTO L 

1 NEX'l' HJSTRUCTION COMES FROM COMMANO ROUTINE 

COMMAND IMPLEMENTINC ROUTINES 

' JOó006~00éOOOOé60000QO~Oé000660060060~~C~CCCOOOOOO&~Oé0&000000000000000 

FUNCTION: OCHO 
r INPUTS: NONE 

OUTPUTS: NONE 
CALLS: ECHO, NMOUT, HILO ,GETOI,CROUT ,GETNM 
DESTROYS: A,B,C,O,E,R,L,F/F"S 

J DESCRIPTION: DCMD IMPLEHENTS THE DISPLAY MEMORY CD) CO~MAND , 
OCHO: 

HVI C,2 r GET 2 NUMBERS PROM INPUT STREAM 
CALL GETNM 
POP o ENDING ADDRESS TO DE 
POP H STARTING ADDRF.SS TO HL 

DCM95: 
CALL CROUT ECHO CARRIAGE RETURN/LINE FEED 
MOV A,H DISPLAY ADDRESS OF FIRST LOCATXON IN LINE 
CALL NMOUT 
HOV A,L s ADDRESS IS 2 BYTES LONG 
CALL NMOUT 

.JCMU!h 
mn: e, " 
CALL ECHO USE BLANK AS SEPARATOR 
MOV A,H GET CONTENTS OF NEXT HEMORY LOCATION 
CALL NMOUT r DISPLAY CONTENTS 

'34 
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01)79 CD8081 
1 

li~I7C 1 DA8500 
lh17 f C09C0 2 

1 
ll082 
0085 

1 028800 

""iJS 
001!8 
lltHB 
IHHB~ 

lhl :C 
I)CJD 

l 
ihl~8 1 
~' ,! 'lU 
.,_. •)C 
.~,·~E 

,, • 1\1 
¡) ,' ,,4 
¡J, ·\') 
,}. ,\b 
.~ .. ,, 7 
llo'o\A 
¡1, ,\A 
,~ ••• , tJ 

.~.· ·\ú 
,,.. ~1.1 

olt!J.J 

CDEEil 
Cl2Biil0 

23 
70 
E6U' 

C27000 
C36S00 

CD2202 

D2AA00 
7A 
FE0D 
e 2eoe2 
21F513 
71 
23 
71il 
CJB000 

7A 
fE00 
C20Diil2 

Cl2E03 

CALL 
Y TRUE 
+ JC 

CALL 

+ PALSE 
+ JNC 

DCM12a 
CALL 
JMP 

DCHlSa 
INX 
HOV 
ANI 

1 

' 

JNZ 
JMP 

BREAK 
DCM12 
DCM12 
HILO 

DCM15 
DCM15 

CROUT 
GETCH 

H 
A,L 
NEWLN 

DCHll 
DCM85 

SEE IP USER WANTS OUT 
IF SO, BRANCH 

SEE IF AODRESS OF DISPLAYED UOCATION IS 
1 /GREATER TIIAN OR EOUAL TO ENDING ADDRESS 
1 IF NOT, MORE TO DISPLAY 

1 CARRIAGE RETURN/LINE FEED TO END LINE 
1 ALL DONE 

1 IF MORE TO GO, POINT TO NEXT LOC TO DISPLAr 
GET LOW ORDER BITS OP NEW ADDRESS 
SEE IF LAST HEX DIGIT OF ADDRESS DENOTES 
/START OF NEW LINE 
NO- NOT AT END·OP LINE 

1 YES - START NEW LINE WITH ADDRESS 

1 e o • *** * ***** * tt6 * ** ** • e•• o **6 * 6111*** ** tt**** *** ** 1116 *****lil o·6 • tt6 •" * • ttlll 

' 
FUNCTION: GCMD 

1 INPUTS: NONE 
1 OUTPUTS: NONE 
1 CALLS: ERROR,GETHX,RSTTF 
1 DESTROYS: A,B,C,O,E,H,L,F/F•s 
1 DESCRIPTION: GCMD IMPLEMENTS TH~ gLGiN EXECU~ION (G) COMMAND • . 
' GCHD1 

CALL 
+ FALSE 
+ JNC 

HOY 
CPI 
JNZ 
LXI 
MOV 
INX 
MOV 
JMP 

GCM05z 
MOV 
CPI 
JNZ 

GCM10: 
JHP 

GETHX 
GCH05 
GCH05 
A,O 
CR 
ERROR 
H,PSAVE 
M,C 
H 
M,B 
GCMl0 

A,O 
CR 
ERROR 

RSTTF 

GET ADDRESS (IF PRESENT1 FROM INPUT STREAM 
BRANCH IF NO NUMBER PRESENT 

r ELSE, GET TERHINATOR 
SEE IF CARRIAGE RETURN 
ERROR IF NOT PROPERLY TERMINATED 
WANT NUMBER TO REPLACE SAVE PGM COUNTER 

IF NO STARTING ADDRESS, MAKE SURE THAT 
/CARRIAGE RETURN TERMINATED COMMAND 

7 ERROR IP NOT 

; RESTORE REGISTERS AND BEGIN EXECUTION 

7 
,~6·~··················~·***6***************'********************* 
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1!JiJB3 
3!1.!6.3 
00BS 
30B8 
01iJ8A 
01380 
íl0BE 
03BE 
00Cl 
tH:lC2 
9llC5 
80C6-
00CB 
09CB 

1 

0Eill· 
CD5702 
3Eff 
32F9l3 
01 

C:Dl802 
4F 
COF401 
79 
FE lB 
CAF'400 
COBA03 

013CE l OABE00 
01101 .CD6f03 

1 
0004 1 
0tiD7 
!Dk!DA 
"1} 08 
00DE 
IH!El 
00E2 
00E5 
Qí}E6 
aor;5 
~0Eíl 

f'Hll::B 
00H 
OeEE 
lÍ0fl 
00F<a 
00f4 
00F7 
tl0fA 

02EE01ll 
CDDA6l 
4F 
coses 3 
3Af'913 
87 
C2E600· 
.lJ 

EEPF 
32E'9l3 
C38E!Hl 

CD4503 
C30DI!l2 

CD4S03 
CDEEIH 
C32B0fa 

f'UNC'riON: ICMO 
INPUTS; li!ONE 
OUTPUTS: :<ONE 
CALLS: ERROR,ECHO,C:ETC!i,VALDL,VALDG,CNVBN,STHLF,GETNM,CROUT 
DESTROYS: A,B,C,O,e,H,L,F/F·s 
DESCRIPTION: ICMD lMPL~MENTS THE INSERT CODE INTO MEMORY (I) COMMAND. 

f 
ICIU:?& 

ICf.H:iS: 

fiVI 
CA.l.L 
~IV! 

STA 
POP 

CALL 
MOV 
:ALL 
MOV 
CPI 
JZ 
CALL 

+ TRUE 
+ JC 

CALL 
+ FALSf 
+ JNC 

!CM10: 

ICM20: 

CALL 
110V 
CALL 
LOA 
ORA 
,TNZ 
INX 

XlU 
STA 
JnP 

· CALt. 

ICM25: 

1 
1 

JHP 

CALL 
CAt.L 
JMP 

e ,1 
GETNI~ 
A,UP.PeR 
Ttl'll' 
D 

GE'l'CH 
C,ll 
ECHO 
A,C 
TE.RH 
ICU25 
VALDC. 
!CM05. 
TCMeJS 
VALOG 
ICM2!'9 
Ici120 
CNVBN 
C,A 
S'l'H_LF 
TEMP 
J\ 
ICIU6 
D 

INVRT 
'rEi-1P 
ICM05 

STHffll 
ER10R 

ST.if0 
C.ROUT 
GETCM 

GET SINGLE NUMBER FROM INPUT STREAl!J 

~ TENP WILL !JOLD THE UPPER/LOWER HALP B'iTE -FLAG 
J ADOAESS OF START TO DE 

GET A CHARACTE.R fROM INPUT STR&AM 

~ ECHO IT 
1 PUT CHA.RACTER BACK INTO A 

SEE: IF CHARACTER IS A TERHINATING CHA~ACTER 
IF SO, ALL DONE ENTERING CHARACTERS 
ELSE, SEE IF VALID DELIMITER 

1 IF SO SIMPLY IGNORE THIS CUARACTER 

ELSE, CHECrt "1'0 SEE IF VAtiO HEX DIGI'i' 
1 IF NOT, BRANCH TO HAt3DI.E ERROR CONO!'!' ION 

CONVERT DXGIT TO BINARY 
B ~OVE P.ESULT TO C 

STOAE IN APPROPRIATE HALP WORD 
GET HALF B~Tt FLAG 
SET F/f'S 

J BRANCH IF FLAG SET FOR UPPER 
IF LCWER, INC ADDRESS OF BYTE TO STORE IN 

J TOGGLE STATE OF FLAG 
PUT NEW VALUE OF FLAG BACK 
PROCESS NEXT DIGIT 

ILLEGAL CHARACTER 
MARE SU.RE ENTIRE BYTE FILLED THEN ERROR 

liERE FOR ~SCAPE CHAi:ACTER '·- INPUT IS DONE 
AOD CARRIAGE RETURN 

1 eu~~a~nO~~O&&m~OCOhOOOOO&OC&6COOO&COOOC~OQ*O&*OOOCOOOOa0600é00200 
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a2u 
9.2AB 
ll2AC 
lJ2AE 
a2AF 
0 2130 
9282 
3283 
0284 
132135 
0286 
0287 
0268 
0289 
02~A 
02h8 
02BC 
02úD 
0-2!:30 
02tjf: 
02Bf' 
B2C0 

02C3 
02CJ 
il2C4 
il2C5 
J:'C(, 
J ·~ (~ ·¡ 
IJ.i((l 

~:!C9 
il2CB 
0.2CC 
02Cf' 
0202 
0203 

El 
os 
3EFF 
AA 
57 
JE:PF 
AS 
SF 
13 
70 
83 
7C 
~A 
Dl 
78 
Cl 
C9 

El 
78 
Cl 
C34303 

ES 
FS 
0f' 
OF 
1 ,. . •' u. 

C:60F 
4F 
CDDE02 
COF401 
Fl 
E60E' 

POP 
PUSH 
MVI 
XRA 
MOV 
MVI 
XRA 
MOV 
INX 
MOV 
AOD 
HOV 
ADC 
POP 
MOV 
POP 
RET 

H 
D 
A,SFFH 
D 
O,A 
A,SFFif 
E 
E.A 
D 
A,L 
E 
A,H 
o 
D 
A,B 
B 

IP NOT, RESTORE ORIGINAL HL 
SAVE DE 
WANT TO TAKE 2•5 COMPLEMENTO~ DE CONTENTS 

J 2•5 COMPLEMENT OF DE TO DE 

1 ADD HL ANO DE 

THIS OPERATION SETS CARRY PROPERLY 
RESTORE ORIGINAL DE CONTENTS 

J RESTORE ORIGINAL CONTENTS OF A 
1 RESTORE ORIGINAL CONTENTS OF BC 

·1 RETURN WITH CARRY SETAS REQUIRED 
HILSS: 

, , 

POP 
MOV 
POP 
JMP 

H 
A,B 
B 
SRET 

IP HL CONTAINS 0FFFfH, THEN CARRY CAN 
/ONLY BE SET TO 1 

RESTORE ORIGINAL CONTENTS OF REGISTERS 
J SET CARRY ANO RETURN 

J******************••**********************************************0~~J 
J 

' 

FUNCTION: NMOUT 
INPUTS: A - 8 BIT CNTEGER 
OUTPUTS: NONE 
CALLS: ECHO,PR~AL 
DESTROYS: A,B,C,F/.i'•:; 
DESCRIPT[ON: N~MOU~ CONVERTS THE a BIT, UNSIGNED INTEGER IN THE 

A REGCSTER INTO 2 ASCII CHARACTERS. THE ASCII CHARACTERS 
AR~ T~E ONES REPRESENTING THE 8 BITS. THtSE TWO 
CHARACTERS ARE SENT TO THE CONSOLE AT THE CURRENT PRINT 
POSITION OF THE CONSOLE. 

NMOUT1 
PUSH 
PUSH 
RRC 
~HC 

''"e 
A~I 

MOV 
CALL 
CALL 
POP 
ANI 

H 
PSW 

HCHAR 
C,A 
PRVAL 
ECHO 
PSW 
HCHAR 

SAVE HL - DESTROYED BY PRVAL 
SAVE ARGUMENT 

G~~ u~~Lh 4 o.~S ~O ~~h ~ 5~T ~o~.t.w~~ 

MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR 

CONVERT LOWER A BITS TO ASCII 
SENO TO TERMINAL 
GET BACK ARGUMENT 

; MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR 

47 
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UAA 
!l2AB 
e2AC 
02A~ 
i32AF 
9280 
02B2 
0283 
!3284 
6285 
0286 
02B7 
lil28& 
Ei2H9 
826A 
02BB 
02BC 
ll2.fiD 
0280 
0213E 
32BF 
02C0 

02Cl 
IJ2Cl 
02C~ 
il/..CS 
J2C6 

ll2Cil 
.:l2C9 
B2CB 
02CC 
02CF 
0202 
0203 

El 
05 
3EPP 
AA 
57 
JEPF 
AB 
SF 
13 
70 
83 
7C 
8A 
Ol 
78 
Cl 
C9 

El 
78 
Cl 
Cl430l 

ES 
FS 
0F 
Jf 

t::6BF 
4F 
CDDE0~ 
COf'41H 
Fl 
E60F 

PO P. 
ruso 
i'lVI 
XRA 
MOV 
MVI 
XRA 
M0\1 
INX 
MOV 
ADO 
HOV 
ADC 
POP 
MOV 
POP 
RET 

B 
o 
A,0FFH 
D 
D,A 
A,í3FFH 
E 
E,A 
D 
A,I. 
E 
A,H 
O· 
D 
A,B 
8 

IF NOT, RESTORE ORIGINAL HL 
SAVE DE 
WANT TO TAKE 2·s COHPLEHENT OP DE COHTENTS 

2•s COMPLEMENT OF DE TO DE 

; ACD HL ANO DE 

J THIS OPERATION SETS CARRY PROPERLY 
RESTORE ORIGINAL DE CONTENTS 
RESTORE ORIGINAL CONTENTS OF A 
RESTORE ORIGINAL CONTENTS OF BC 
RETURN WITH CARRY SET AS REOUIREO 

tULiiJS: 
POP 
tiOV 
POP 
Jl'IP 

H 
A,B 
B 
SRET 

IF HL CONTAINS 0FFFf·H, THEN CARRY CAN 
/ONLY BE SET TO 1 

RESTORE ORIGINAL CONTENTS OF REGISTERS 
SET CARRY ANO RETURN 

' .~eeemeoeaee6ooeoec~eoooeo~o••••••ooooD•~•••eo•c~o•ce•o•ooooeooaoeooooo ' . 
J 

' FUNCT!ON: NtmUT 
INPUTS: A - 8 BIT !NTEGER 

1 OUTPUTS: NONE 

, 

CALLS: ECHO,PR~AL 
DESTROYS: A, B, C, F/ < ':; 
DESCRIP'i' ION: Nl'lMOU'r t.:ON\TERTS THE ij BIT, UNS IGNED INTEGER IN TIIE 

A REGISTER INTO 2 ASCII CHARACTERS. THE ASCII CHARACTERS 
AkE ·rHE ONES REPRESENTING THE 8 BITS. THE.SE 'r"WO 
CHAR~CTERS ARE SENT TO 'l'HE CONSOLE 1\T THE CURREN'!' PRINT 
POSITION OF THE CONSOLE. 

NKOUT: 
PUSH 
PUSH 
RRC 

~-. : . ..: 
,{"(; 

AII!I 
MOV 
CALL 
CALL 
POP 
ANI 

H 
PSW 

HCHAR 
C,A 
PRVAL 
ECHO 
PSW 
HCH,AR 

SAVE HL - DESTROYED BY PRVAL 
SAVE ARGUMENT 

G ... • J¿¡-'Lh., o.~.r.:;;, 'i'C ~'"'~'.,. !ll"l' PO~~rr ... ....., .. ~~ 
MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR 

CON\TERT LOWER 4 BITS TO ASCII 
SENO TO TERMINAL 
GET BACK ARGUHENT 

¡ MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR 
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0205 
0206 
0209 
020C 
0200 

020t; 
02DE 
021::1 
02E3 
B2E4 
02ES 

02E6 
02E6 
02E9 
02E9 
02EA 
02EB 
02EC 
02EF 
02F2 
02FJ 

H' 
'CDDE02 
COF401 
F.l 
C9 

21BF03 
0600 
ll9 
4E 
C9 

21CF03 

4E 
79 
87 
e 2r J1' 2 
CDEEI.ll 
C9 

MOV 
CALL 
CALL 
POP 
RET 

C,A 
PRVAL 
ECHO 
H RESTORE SAVED VALUE CF HL 

i 

,•·······~········~·~·····················~····························· 
.. 

1 FUNeTIONi PRVAL 
INPUTS: e - INTEGER, RANGE 0 TO P 
OUTPUT~ ; e - ASC~I CHARACTER 
CALLS: :~OTHING 
DESTROYS: B,C,H,L,P/F'S 
DESCRIPTION: PRVl\L CONVERTS A NUMBER IN THE RANGE 0 TO F HEX TO 

THE CORHESPONDING ASCII CHA¡:lACTER, 0-9,A-F. PRVAL 
DOES NO'l' CHECK THE VAL::: DITY OP ITS INi?UT ARCUKENT. 

i 
PRVAL: 

LXI 
MVI 
DAD 
MOV 
RET 

H,OIGTB 
B,0 
B 
C,M 

ADDRESS OF TABLE 
CLEAR HIGH ORDER BITS OF BC 
ADD DIGIT VALUE TO HL ADDRESS 

J FETCH CHARACTER FRO~ MEHORY 

7 FUNCTION: REGDS 
INPUTS: NONE 

J OUTPUTS: NONE 

. , 

CALLS: ~CHO,NMOUT,ERROR,CROUT 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIP'riON: RECiDS DISPLAYS ·rHE CONTENTS OF THE REGISTER SAVE 

LQCJ,TIONS, IN FORMATTED FORM, ON THF. CONSOLE. THE 
DISPLAY IIS DRIVEN PROM A 'IABLE, RT.;B, WHICH CONTAIN~ 
THE: REGISTER 's PRINT SYMBOL, SAVE LOCA'i'ION ADDRESS, 
AtHJ LENGTH (8 OR 16 BITS) • 

REGDS: 
LXI H, R'l'JIB LOAD HL WITH ADDRESS OF START OF TA8LE 

REG05: 
MOV C,M GET PRINT SYMBOL Of REGISTER 
MOV A,C 
ORA A TEST FOR B - END OF TABLE 
JNZ REGlli IF NOT END, BRIINCH 
CALL CROlT ELSE, CARRIAGE RET~RN/LINE FEED TO END 
RET /D!SPLAY 

REG10: 
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tl&1?3 CDF491 
8 Uf O E lO 
!íl2 ~·d COFU: 
tl.Ha ;n 
02r·c SE 
62~0 1613 
ti Uf 23 
03llf3 lA 
5 3tll. CDC311J2 
111)1.1~ 7E 
~305 B7 
!i306 CAIIIEfll3 
03~19 lB 
l<l)f::.i\. lA 
0388 CDC:3G2 
030~ 
030[ IIIE2e 
tDli3 CDFUl 
0nr· 23 
:,~J.4 C3t:91112 

0317 
0317 21CF03 
031A 110300 
0310 
0310 7E 
031E B7 
03lf CA001112 
03 22 B9 
0)23 CA2AII3 
0326 19 
¡j) l7 C31D03 
-¡¡~}.A 

CAK..L ECHO 1 ECtlO CHARACTER 
IWI e, . "" . 
CAL t. ECil!O OUTPUT EQUALS SIGN, I. E. A• 
INX H POINT TO START OP SAVE LOCATION ADDRESS 
110'1 E,M CET LSP OP SAVE LOCATION ADDRESS TO E 
MVI O,OA'l'll. SH.R 8 ; PUT MSP OF SAVE LOC ADDRESS .I~tO D 
INX a POINT TO LENGTH FLAG Lor.:x o GET CONTENTS OF SAVE ADORE SS 
CALL Nl'10U'f DISPLAY ON CONSOLE 
MOV A,M GET LENGTH FLAG 
ORA A SET SIGN F/F 
JZ REGlS IF 0, REGISTER IS 8 BITS 
'OC% o ELSE, 16 BIT REGISTER so LI10RE TO DISPLAY 
X.DAlt ' D GET LOWER 8 BITS 
CALL l\lHOtlT DISPLAY THEM 

R!ZGlSz 
mr c. . . 
CALL ECHO 
INlt ti POlN'!' TO START OF NEX'i'',TABLE ENTRY 
JNP REG!/J5 00 NEK'l' REGISTE~"< , 

J 
JO~~OOéO~C006~éO~wQ~~OO&Oé~éGéOOOéOOO~~éOOOOQOéOOOCOQOéQ000000000~ 

, 

ti'UNCTION: RGADR 
INPUTS: C - CHAR~CTER DENOTING REGISTER 
OUTPUTS: BC - AOCRESS OF ENT~~ IN RTAB CORRESPONDING TO Rr.QISTER 
CALLS 1 ERROR 
D~STRO~S: A,B,C,O,~,H,L,F/F•s 
DESCRIPTION: RGADR TAKES A SI~GLE CHARACTER AS INPUT. THIS CHARACTER 

DENOTES A REGISTER. RGADR SEARCHES THE TABLE RTAB 
f'OR A MJHCH ON THE INPUT ARGUHENT. !F ONE OCCURS, 
RGADR RErURNS THE ADDRESS OF THE ADDRESS OF THE 
SAVE LOCATION CORRESPONDING TO THE REGISTER. THIS 
AODRESS POINTS INTO RTAB. IF NO MATCH OCCURS, THEN 
THE REGI5TER IDENTIFIER 15 ILLEGAL ANO CONTROL IS 
PASSED TO THE ERROR ROUTINE, 

RGADR: 
LXI H,RTAB HL GETS ADDRESS OF TABLE START 
LXI D,RT~BS DE GE'r SIZE OF A-TI.BLE ENTRY 

RGA05: 
MOV A,14 GET ~EGISTER IDENTlFIER 
ORA A CHECK FOR TABLE END (IDENTIFIER !5 0) 
JZ ERROR IF AT END OF TABLE, ARGUMENT IS ILLEGAL 
CMP e ELSE, COMPARE TABLE ENTRY ANO ARGUMENT 
JZ RGAU I F EQUAL, WE.VE FOUND WHAT WE'RE LDO~ING FO~ 
DAD o ELSE, INCREHENT TABLE POINTER TO NEXT &NTRY 
JMP RGA05 TRll' AGAIN 

¡¡,¡;;Alfil t 
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0)2A 
tl~!2B 
BJ2C 
93;!0 

032E 
032E 
032F 
0332 
0333 
0334 
0335 
0336 
0339 
033A 
0330 
033E 
0341 
0342 

0343 
0343 

23 
44 
40 
C9 

F3 
21ED13 
F9 
Dl 
Cl 
Fl 
2Af'7ll 
F9 
2AF513 
ES 
2AF313 
FB 
C9 

37 

INX 
MOV 
MOV 
RET 

H 
B,H 
C,L 

H' A MATCH, INCREI'IENT TASLE POINTER TO 
/SAVE LOCATION ADDRESS 
RETURN THIS VALUE 

J 
J****************•********************************~****C********** 
J 
J 
J FUNCTION: RSTTF 
J INPUTS: NONE 

J 
J 

OUTPUTS: NONE 
CALLS: NOTHIIIIG 
DESTROYS: A,B,C,O,E,H,L,F/F'S 
DESCRIPTION: RSTTF RESTORES ALL CPU REGISTER, FLIP/FLOPS, STACK 

POINTER ANO PROGRAM COUNTER FROM THEIR RESPECTIVE 
SAVE LOCATIONS IN MEMORY. THE ROUTINE THEN TRANSFERS 
CONTROL TO THE LOCATION SPECIFIED BY THE PROGRAM 
COUNTER (I.E. THE RESTORED VALUE). THE ROUTINE 
EXITS wiTH THE INTERRUPTS ENABLED. 

J 
RSTTF: 

DI 
LXI 
SPHL 
POP 
PúP 
POP 
LHLD 
SPHL 
LHLD 
PUSH 
LHLD 
El 
RET 

H,MSTAK 

D 
B 
~sw 
SSAVE 

PSAVE 
H 
LSAVE 

DISABLE INTERRUPTS WHILE RESTORING THINGS 
SET MONITOR STACK POINTER TO START OF S'l'ACK 

START ALSO END OF REGISTER SAVE AREA 

J RESTORE USER STACK POINTER 

PUT USER RETURN ADDRESS ON USER STACK 
RESTORE HL REGISTERS 
ENABLE INTERRUPTS NO~ 
JUMP TO RESTORED PC LOCATION 

J 
¡************··································~·~················ 

FUNCTION: SRET 
INPUTS: NONE 
OUTPUTS: CARfY P '1 
CALLS: NOTHI~G 
DESTRO'lS: CARRY 
DESCRIPTION: SR!T IS JUMPED TO BY ROUTINES WISHING TO RETURN SUCCESS. 

7 
SRET: 

STC 

SRET SETS THE CARRY TRUE AHD THEN RETURNS TO THE 
CALLER Of THE ROUTINE INVOKING SRET. 

¡ SET CARR'l TRUE 
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B344 

d345 
v~s 
JHil 
l:l349 
tl34A 
.'HC 

0350 
03511 
0351 
03 52 
0353 
0355 
0356 
0359 
035A 
aJ5o 

C9 

:!AF9l3 
B7 
ce 
OE90 
CD5011l3 
C9 

05 
El 
79 
E60F 
4f 
JAF913 
87 
C26303 
1E 

RET RETURN APPROPRIATELY 

1 ' 
··~••eoeoo~•e~ooocooo•o~~****~***********•*•********************** 

FUNCT ION: STH F0 
J XNPliTS: DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO 

OUTPUTS: NONE 
r CALLS: STHLF 

J 

DESTRO~S: A,B,C,H,L,F/F"S 
DESCRIPTION: STHF0 CHECKS THS HALF BYTE FLAG IN TEHP TO SEE IF 

I'l' !S SET TO LO\~ER. IF SO, STHF6 STORES A i3 TO 
PAD OUT THE LO~ER HALF OF THE ADDRESSED BYTE; 
OTBERWISE, THE ROUTINE TAI<ES NO ACTION. 

r 
STHF!3: 

LOA 
ORA 
RNZ 
MVI 
CALL 
RET 

TEMP 
A 

c,e 
STHLP 

GET HALF BYTE FLAG 
SET F/F ·s 
IF SET TO UPPER, DON"T' DO ANYTHING 
ELSE, WANT TO STORE THE 'vALUE f/l 
DO IT 

' 1 oooooooooooooooocooo•ooocceccooooooeooooo~oooooooooooooooocooooo~ 

1 

FUNCTION: STHLF 
INPUTS: C - 4 BIT VALUE TO BE STORED IN HALF BYTE 

DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO 
OUTPUTS: NONE 
CALLS: NOTHING 
DESTROYS: A,B,C,H,L,F/P'S 
DESCRIPTION: STHLF TAKES THE 4 BIT VALUE IN C ANO STORES IT IN 

HALF OF T~E BYTE ~DDRESSED BY REGISTERS DE. THE 
HALF BYTE USED (EITHER UPPER OR LOWER) 15 DENOTED 
BY THE VALUE OF THE FLAG IN TEMP. STHLF ASSUMES 
THAT TH!S FLAG HAS BEEN PREVIOUSLY SET 
(NOMINALLY BY ICMD). 

STHLF: 
PUSH o 
POP H MOVE ADDRESS OF BYT~ INTO HL 
MOV A,C GET VALUE 
ANI 0Fl! FORCE TO 4 BIT LENG'l'H 
MOV C,A PUT VALUE BACK 
LOA TEMP GET HALF BYTE FLAG 
ORA A· CHECK FOR LOWER HALF 
JNZ STH05 BR.~>NCH I f' NOT 
MOV A,M ELSE, GET BYTE 
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0lS&;; 
0369 
Bl6l 
11362 
0363 
0363 
03{, 4 
iil366 
el67 
0368 
0369 
036A 
e36a 
036C 
0.360 
036E 

0 3 6fo' 
eJ'6F 
".l7 El 
il372 
037S 
0177 
0J7A 
0370 
.... nr· 
t ';82 
IJ j 8 4 
1:1387 

E6FIJ 
Bl 
77 
C9 

7E 
E68 f' 
47 
79 
0F 
ilF 
0F 
BF 
80 
77 
C9 

79 
FE30 
FAl802 
FE39 
FA4303 
CA430 l 
FE41 
FA1802 
FE47 
F21802 
C34303 

ANI 
ORA 
MOV 
RET 

9P8H 
e 
M,A 

CLEAR LOWER 4 BITS 
OR IN VALUE 
PUT BlrTE BACK 

STH05: 

J 
J 

MOV 
ANI 
MOV 
MOV 
RRC 
RRC 
RRC 
RRC 
ORA 
MOV 
RE'l' 

A,K 
SPH 
B,A 
A,C 

B 
M,A 

lP UPPER HALF, GET BYTE 
CLEAR UPPER 4 BITS 
SAVE BYTE IN B 
GET VALUE 

ALIGN TO UPPER 4 BITS 
OR IN ORIGINAL LOWER ~ BITS 

r PUT NEW CONFIGURATION BACK 

r••···········~·······································••••o••••••• 

J FUNCTION: VALDG 

' ' ' J 

INPUTS: C - ASCII CHARACTER 
OUTPUTS: CARRY - 1 JF CHARACTER REPRESENTS VALID HEX DIGIT 

- 0 OTHERWISE 
CALLS: NO'l'rfiNG 
DESTROYS: ~,F/F"S 
DESCRIPTION: VALDG RETURNS SUCCESS IF ITS INPUT ARGUMENT IS 

AN ASCII CHARACTER REPRESENTING A VALlO HEX DIGIT 
·-F), ANO FAILURE OTHE~WISE. 

VALDG: 
A,C 
·e· 
PRET 
• 9. 

SRET 
SRET 
'A' 
PRET 
·e· 

TEST CHARACTER AGAINST ·g• 
IF ASCII CODE LESS, CANN~r BE 
ELSE, SEE IF IN RA~G~ ·a·-·g• 
CODE BETWEEN ·a· ANO 'g" 

1 CODE EQUAL '9' 
NOT A OIGIT - TRY FOR A LETTER 
NO- CODE BETWEEN •g· ANO "A" 

NO - CODE GREATER TH\N "F' 

VALID DIGIT 

MOV 
CPI 
JM 
CPI 
JM 
JZ 
CPI 
JM 
CPI 
Jp 
JMP 

FFET 
SIET OKAY- CODE IS 'A' TO ·~·, INCLUSIVE 

' 
~~**************"**•*********************•·~•••o••***************•****** 

FUNCTION: VALOL 
INPUTS: C - CHARACTER 
OUTPUTS: CARRY - l IF INPUT ARGUMENT VALID DELIMTER 

52 



agse MACRO ASSEMBLER, VER 2.1 ERRORS Q 0 PAGE 25 

1/l:i 8A 
¡¡ 3.BA 79 
0388 ~ FE2C 
<!360 CA4303 
J390 fEílD 
0392 CA430J 
039S FE20 
¡3397 CA4 3 0 3 
~39A. CJl80.2 

0390 
1:3390 0D0A4D43 
03Al 53203A30 
!33A5 20484'154 
03A9 O OllA 
klilflE 

03AB 
03AB 0000 
ll3AD 4101 
03AF lDiH 
0381 FD00 
íl)B) B300 
il3B5 9500 
f})B7 5E00 

03B9 
0389 44 
03BA 47 
0388 49 
03BC 40 
0380 53 
03BE 58 
1Hl06 

- (ll OTHERWISE 
1 CALLS: NOTHING 

bESTROYS: A,F/F"S 
1 DESCRIPT!ON: VALDL RETURNS SUCCESS IF ITS INPUT ARGUMENT IS A VALlO 

DELH!I'l'ER CI!ARACTER (SPACE, COMMA, CARRIAGE RETURN) ANO 
FAILURE OTHERWISE. 

1 
VALDL: 

MOV ~·~ CPI 1 CHECK FOR COMMA 
JZ SRET 
CPI CR CHECK FOR CARRIAGE RETURN 
JZ SRET 
CPI CHECK FOR S PACE 
JZ SRET 
.H!P FRET , ERROR IF NONE OF THE ABOVE 

' J**~~~=~~•~$OC~•~••~oooo~ooo~~96ooooooAoooo6s~ooooooooooaoo6oooooo 

f~ONITOR TABLES 

' 1 ~ooaoooooooo~ooooo•••oooooooooooooooooooooooooooooooowowoooo6oooo 
; 
SGNON: ; SIGNON MESSAGE 

DB CR, Lr', • MCS-80 KIT" ,CR,LF 

LSGNON EOU $-SGNON 1 ~E~GTH OF SIGNON MESSAGE 
; 
CADR1 TABLE OF ADDRESSES OF COMMAND ROUTINES 

DW 0 DUNM'l 
DW XCMD 
DW SCMD 
DW MOlO 
DW ICMD 
DW GCMD 
DW DCMD 

1 
CTABr TABLE OF VALlO COMMAND CHARACTERS 

DB , o. 
DB ·e, 
DB . I • 

08 M 
DB , S. 
DB 'x ' 

NCf.IDS EQU S-CTAB NUMBER OF VALlO COMMANDS 

53 



8080 MA~~O ASSEMBLER, VER 2.3 ERRORS a S PAGE 26 

038F 
li!~&f 30 
0)(0 31 
fi3Cl J2 
i:!3C2 33 
0JCJ .34 
03C4 35 
a:DC5 36 
ll3C6 37 
0JC7 38 
03C8 39 
03C9 H 
03CA 42 
03CB 43 
03CC 44 
iDCD 45 
il3CE 46 

OJtF 
l:l3C? 41 
.l300 F2 
llJOl 013 
¡1 o íJ.l 
EUD2 42 
13303 F0 
0304 130 
J 305 4 3 
0 Jn6 EF 
0307 til0 
e 3o6 4 4 
~309 EE 
IDDA 00 
0 3 Db 4 !i 
il)UC E.D 
ll Ji.JD íltl 
13 lúE 46 
tl)[if Fl 
0 H.il iHI 
0 ]El 48 
ll3t:2 f4 
t)3E3 013 
0JE4 4C 
01 E5 FJ 
133E6 00 
03E7 40 
031::8 F4 
031.:9 01 
03EA 50 
03EB F6 
63EC 01 

1 
OIGTB: 

7 
RTAB: 

OB 
08 
OB 
DB 
DB 
DB 
DB 

· OB 
08 
DB 
DB 
DB 
DB 
DB 
DB 
DB 

DB 
DB 
DB 

RTABS EQU 
DB 
DB 
OB 
OB 
OB 
OB 
OB 
DB 
08 
DB 
DB 
DB 
DB 
DB 
DB 
OB 
OB 
DB 
DB 
DB 
DB 
OB 
08 
OB 
08 
OB 
DB 

·e. 
.1 • 
.2. 
• 3 • 
• 4. 
·s. 
• 6 • 
• 7 •.. 
• 8. 
.9. 
• A • 
·a. 
·e. 
·o. 
• E • 
•F• 

TABLE OF PRINT VALUES OF HEX DIGITS 

J TABLE OF REGISTER INFORMATION 
'A• 1 REGISTER IDENTIFIER 
ASAV& ANO 0FFH 1 ADDRESS OF REGISTER SAVE LOCATION 
0 LENGTH FLAG - ~=8 BITS, 1=16 BITS 
S-RTAB SIZE OF AN ENTRY IN THIS TABLE ·a. 
BSAVE ANO 9FFH 

" ·e. 
CSAVE ANO 0FFH 
0 
·o. 
DSAVE ANO 0FFH 
0 
'E • 
ESAVE ANO 0FFH 

" ·r· 
FSAVE ANO 0FFH 
0 
'H • 
HSAVE ANO 0FFH ' 
0 . r.. 
LSAVE ANO 0FFH 
0 

M 
HSAVE ANO 0FFH 
1 
·p• 

PSAVE+l ANO 9FFH 
l 
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03ED 53 
03H r8 
iLllF 01 
11Jf'l:l 00 
¡J .H' 1 0~ 

03fA 

03FA C3E30l 
03f'D .. ~30001 

l3ihl 
lJEO 

l.Jro 
l3ED lhl 
lJEE ea 
1 J E:f' 00 
l3 ffj 00 
1 3 fl 00 
13F2 00 
l3f3 00 
13 F4 t.:l0 
l3f5 0000 
13f'7 0000 
l3F9 00 

lJFO 

0003 

NO PAOGRAM EHHORS 

OB , S-

OB SSAVE+l ANO 0FFH 
DB 1 
DB 0 ; END OF TABLE MARKERS 
DB 0 

:· 
ORG BRTAB 

JMP co BRANCH TABLE FOR USER ACCESSIBLE ROUTINES 
JMP CI 

. 
7 o·~~OOOO~b~OOOOOOO*OOOOO~é0b0b~O~é~·~···~0·~~~0000é***********é00ft~~OO 

ORG DATA 
ORG REGS ORG TO REGISTER SAVE - STACK GOES IN HERE 

1 
MSTI\K EQU S START Of' MONITOR STACK 
ESAVE: 08 0 E REGISTER SAVE LOCATION 
DSAVE: DB 0 D REGISTER SAVE LOCATION 
CSAVE: DB 0 C REGISTER SAVE LOCATION 
BSAVE: DB 0 B REGISTER SAVE LOCATION 
FSAVE: DB 0 FLAGS SAVE LOCATION 
ASAVE: DB 0 A REGISTER SAVE LOCATION 
LSAVE: DB 0 L REGISTER SAVE LOCATION 
HSAVE: DB 0 H REGISTER SAVE LOCATION 
PSAVE: DW 0 PGM COUNTER SAVE LOCATION 
SSAVE: D~ 0 USER STACK POINTER SAVE LOCATIOt,r 
TEMP: OB 0 TEMPORARY MONITOR CELL 

ORG BRLOC ORG TO USER BRANCH LOCATION 
: 
USRBR: os 3 SRANCH GOES IN HERE 

END 
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SYMBOL f'ABLI:: 

• 01 

A 00.0 7 ASA V t. l3 E-'2 8 000(1 BRCHR 001B 
BREAK 0UlD BRLOC l3fD BRTAB 03 r'A BSft.V E l3FO 
e 0001 CADR 0 3r\B CI 0100 CMD 00:L7 
CNC'rL rlOIB CNI.N 00FA CNOUT 00 FA CNVBN 01DA 
co 011 3 CONST OOFB CR 000D CHOUT 01EE 
CSAVE 131 F CTAB 0389 D 0002 DATA 1300 
DCM05 00(,5 DCM10 ;)070 00112 0065 DCMJ.S 0088 
DCMO 005E DlGTB 03BF -OSA VE l3EE E 0003 
ECII05 01FD ECH10 020B ECHO BlF4 ERROR 0200 
E Sil VE 13LD ESC 0fi1R ff,LSE 01-'9...: FRET 0218 
FSAVE 13 fl GCM05 00AI\ GCi-110 00P.0 GCMD 0095 
GE.'lCII 0218 GETCM 002B Gc:THX 0222 GETNM 0257 
GHXOS 02.'8 GHX10 0241 CNN0~ 02:,¡:; GNM10 0 27 3 
GNM15 02C1 GNM20 0286 GNM25 0291 GNM30 0295 
GO oo,:a 3 GTC03 00313 GTCBS 0iHil GTCHI 0054 
H 00;14 HCHAR 000F HI L05 02BD HILO 029C 
HSAV~ 13 t"4 ICM05 00BE ¡cM10 0 01::!i ICM20 00EE 
1CMt15 Oll 1"4 ICMD 0083 lNVRT 00FF L 000:, 
LF 00,JA LOWER 0000 • L!SliVE 13 f'3 LSGNO 0001:: 
M 00U6 MCM05 0105 I'ICi~D 00FD MODE 00CF 
MSGL 0022 MSTAK 13ED NCMDS 0006 NEWLN 0fl0F 
N M OUT il2C3 PRT'iil 007F PRVAL 02DE PSAVE 13F5 
PSW 0006 ROR 0002 REG05 02E9 RBG10 02F3 
REGlS ll30E REGDS 02E6 REGS 13ED RGA05 0310 
RGA10 ¡:32A RGADR 0317 RSTTF 032E RSTU 00Jfl 
R'rAB .t 3CF' RTABS 0003 SCM05 0122 SCM10 0120 
$0115 .1130 SCMD 0110 SGNON 0390 SP 01H'J6 
SRE'f ll34 3 SS AVE 13 F7 pTH05 0363 STHF0 0345 
STHLf' 0350 TEMP 13F9 rrERM 001B TRD'i 0001 
'l'RUE tH'9F UPPER 00FF 

. 
13fD 036F USRBR VALDG 

Vl\LDL 038A XCM05 0154 ' ((CM10 0163 XCMlS 0170 
XCM18 0179 XCM20 0194 XCM25 OlAB XCM27 01AC 
XCM30 0164 XCMO 0141 
,. 02 

* 03 

.. 04 

.. 05 

,. 06 

.. 07 

"' ea 
• 09 

" 10 

* ll 
tt 12 

* 13 

•• L 
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El SISTEMA.SDK-PRACTICA, 

El objetivo· d~ esta pricti-ca es que se familiarice usted con 

el· renguaje y forma de operación del sistema 8080 y) en particular, 

con el s·istema SDK-80. 

!\ continuación hay varios segmentos de código y/o comandos 

que usted debe· de ejecutar. Antes, siga las siguientes instrucc¡ones. 

R~cu~rde que el equipo con el que est§ trabajando es sensible a la 

estática. Por ello, es recomendable que evite tocarlo antes de 11des-

cargarse11
• (Trate de estar en contacto con la mesa de trabajo cuando 

'"manipule Jos 'kits'). 

Práctica l. 

1) Utilice el comando X (examinar), Vea el contenido de los 

registros. En particular vea usted las banderas. Recuerde que los 

bits del r.egistro de banderas (F) tiene el siguiente formato: 

s - Z - O - AC - O - P~t - G 

Note que la pareja Hl es un apuntador natural a memoria. Este 

apuntador señala a la localidad denotada por 11M11
• 

El registro SP (S en el 'kit') indica la localidad de·memoria 

a que se apunta al momento de examinar el CPU. 

Finalmente,. n<f(~ que el .reg.istro PC· (P en el 'kit') no puede 
··. 

) ~.. '1' • 

accesarse en forma dir'el:ta;',:.':tgualmente,-el ·'c'o'ntenido del SP no puede 
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copiarse en forma directa. 

El siguiente código almacena el contenido de todos Jos registro~ 

en memor· i a: 

GUARDA: CALL GETPC; toma e 1 PC y almacena en memoria 

PUSH H 

LXI H,O 

DAD SP 

SHLD GSP; ahora guarda el •sp• 

POP H 

SHLD GHL; guarda HL 

XCHG 

SHLD GDE; guarda DE 

MOV H,B 

MOV L,C 

SHLD GBC; guarda BC 

PUSH PSW 

POP H 

SHLD GAF; guarda A & Banderas 

HLT 

GETPC: XTHL; intercambia SP y HL 

SHLD GPC; guarda PC 

XTHL; deja como al principio 

RET 
,•' 

1 
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GPC EQV 1300H 

GSP EQU i30.ZH 

GHL EQ.V l304H 

GDE EQV Í306H 

GBC EQV 1308H 

GAF EQV 130AH 

2. Pruebe la instrucción 1 (insert) para el código anterior. 

lleri fique que el siguiente código corresponde al anterior: 

1300: CD 50 13 lliE: E3 

ES· 22 AO 13 

21 00 00 E3 

39 C9 

22 A2 13 

El 

22 A4 13 

EB 

22 A6 1 3 

60 

69 

22 A8 13 

FS 

E 1 

22 AA u 

76 



Una vez que haya insertado el códig¿ de (2}, use la instrucci6n 

O (display). Use el comando 01300, 1323 y verifique que su programa está 

correcto. 

4 

En caso de algún error, modifique la localidad usando el comando 

S. 

S#### - (número correcto} 

3) Ahora ejecute el comando 

SI3AO 

e introduzca cualquier valor conocido (por ejemplo 9) .tantas ve­

ces como sea necesario para asegurar que las localidades de la 13AO hasta 

la l3AB (ínclusive) tienen un valor conocido, 

Note que estas localidades de memoria se usan en su programa pa­

:ci guardar los valores de los registros. 

4) Usando el- comando X introduzca valores conocidos (los que us­

ied quiera) en los registros del CPU. 

5) Utilice el comando G (go) para ejecutar el programa que cargó 

antes en memoria. 

La instrucción Gl300 es la adecuada. Note que, puesto que el úl~ 

timo byte de código corresponde a HLT {76), el CPU se ''muere''. Por tanto, 

ya no le responderá. 
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Inicialice, pues, el sistema {por medro del botón de Reset). 

6) Vuelva a examinar las direcciones de la 13AO a la 13AB. llos 

datos que cargó en Jos registros y los de memoria son iguales? lQu~ va­

lor tiene el PC? 

Si no obtuvo el resultado deseado, cheque su procedimiento y vuel­

va a erupeza r. 

Note que, en una localidad doble, como las que hemos estado mane­

jan~o, el byte menos significativo es el primero, y el más significativo es 

el sesundo. 

A eso se debe que el código 

LX 1 H, 1400 

corresponda a: 

21 00 14 

y no a 

21 14 OO. 

Igualmente, note que al trabajar con registros de 16 bits (PC, 

SP,HL,DE,BC,PSW)el registro menQs significativo va primero. 

Asimismo, en la localidad 13AA se encuentran las banderas. Note 

que Jos bits 1, 3 y 5 están fij~ a Jos valores 1,0 y O respectivamente. 
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lOué valores tienen las banderas? 

Práctica 2. 

La siguiente práctica tiene por objeto familiarizarlo con código 

de ASSEMBLER, para manejo aritmético. 

Observe la siguiente rutina. 

Una de las ventajas del sistema 8080 es su 'stack'. En este pro­

gram~ hemos implewentado una división recursiva, de modo que el resultado 

se obtiene con 16 bits de precisión en la pareja HL. 

Usando el código de la rutina de recursión 

a) Cargue el programa en RAM. Recuerde que el 'kit 1 tiene RAM 

a partir de la localidad 1300H. 

b) Ejecute varias corridas con diferentes datos. 

En la siguiente figura se muestra un mapa del 'stack' en su m&xi­

mo nivel de anidamiento. 

Note que el programa está escrito de modo que únicamente una lo­

calidad de memoria se requiere utilizar para_almacenamiento de variables. 



8080 MACRO ASSEMBLER, VER 2.0 ERROR S = o F'AGE 1 

OOFF RCRSV EQU OFFH 
0000 31FEOO LXI SF'rOFEH 
0003 AF XRA A 
0004 2F CMA 
0005 32FFOO STA R.CRSV 
0008 cnocoo CALL DIV 
OOOB 76 HLT 
o o oc B7 nrv: ORA A 
OOOD EO RPO 
OOOE F21AOO Jf' ETC 
0011 '60 MOV HrB 
0012 69 MOV L,c 
00l3 B7 or.:A A 
0014 7A r1ov ArD 
0015 1F RAR 
0016 57 MOV n~A 
0017 7B MOV ArE 
0018 1F RAR 
0019 5F MOV E,A 
001A AF ETC: XRA A 
OOIB 47 MOV BrA 
001C OE08 MVJ Cv8 
OO!E 7D COJWARA: MOV ArL 
001F BB -GMF' E 
0020 7C Mov ArH 
00~1 9-A SRB [1 
0022 tiA2Eoo .JC SHLFT 
0025 67 MOV HvA 
0026 7[1 MOV Arl 
0027 93 SUB E 
0028 6F MOV LrA 
0029 29 DAD H 
002A 37 src 
002B C33000 JfríF' RESULTADO 
002E 29 SHLFT: DAD H 
-002F- iO - üRA- A-- ;-RSTC -
0030 78 f.:ESUL TiHIO! 110V ArB 
0031 17 RAL 
0032 47 i10V BrA 
(i(l33 0[1 DCF..: e 
003-i C:.!1[00 J.n COhF'Af.:A 
0037 C5, RECUr~SION: PUSH B 
0038 3AFFOO U1A RCRSV 
003B 3C tNR " t1 

003C 3~YFOO STA RCRSV 
003F Cfi\')COO CALL DIV 
()O ·L.:> 3[1 DCR A 
()\)43 í:A4<";'l'\l .JZ L2 
00 '16 C1 L 1 : F'OP B 
(•()47 6~1 i·i~i') 11 ,[; 
0048 C'l i\[ 1 
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'-> " 

BOGO MACRO ASSEMBLERv VER 2.0 ERRORS = O PAGE 2 

0049 Ct L2: POP n 
004A 68 MOV L11B 
004[! f') f.:ET 

ENü 
NO F' RlV1RAI1 F.f\r;:ORS 

8080 MACRO nSSEMBLER~ VER 2.0 ERRORS - O PAGE 3 

SYMBOL TABLE 

* 01 

(1 0007 B 0000 e 0001 COMPA O OlE 
[1 0002 DIV o o oc E 0003 ETC 001A 
H 0004 L 0005 L1 0046 * l2 0049 
M 0006 PSW 0006 RCRSV OOFF RECUR 0037 * FESUL 0030 SHLFT 002E SP 0006 

JI:T=2: 02 • 1 f'T=12.2 I0-=1.2 

' 1 ¡ -
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Note que todos los registros del CPU se utilizan durante la eje-

cución de la rutina. 

Práctica 3. 

En esta práctica se desea que noten la diferencia entre el códi-

go generado por ASSEMBLER y por compilador (Pl/M). 

Observe el programa que se presenta a continuación. Aquí se 

implementa, también, la división, así como la operación 11MOD 11
• Esta opera-

ción se define como el operador binario que arroja como resultado el iesi-

duo de la división entre dos números. 

Note usted la falta de economía del compilador, que generó el 

siguiente códigQ: 
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LXI SP, FAH RAL 

LXI H, IICII MOV C,A 

MOV E,M MOV A,B 

INR L RAL 

MOV D,M MOV B,A 

MVI L • FCH; DIR (11 8"} MOV A,L 

MOV C,M RAL 

INR L MOV L,A 

MOV B,M MOV A,H 

JMP Lt RAL 

L.JI \f: MOV A,D MOV H,A 

CMA POP PSW 

MOV D,A DCR A 
: 

MOV A,E JNZ 00 

CMA ORA A 

MOV E,A MOV A,H 

INX o RAR 

LXl H,O MOV O ,A 

MVI A, IIH MOV A,L 

0(3: PUSH H RAR 

DAD o MOV E ,A 

JNC 01 RET 

XTHL L 1 : CALL DIV 

D 1 : POP H LXI H, 11A11 

PUSH PSW MOV M,C 

MOV A,C INX H 



MOV M,B 

LX! H, 11 B11 

MOV E,M 

INR L 

MOV D,M 

INR L 

MOV C,M 

INR L 

MOV B,M 

CALL DIV 

LXI H. IIAII 

MOV M,E 

INX H 

MOV M,D 

El 

HLT 

La rutina de división, en este caso, ocupa 49 localidades de 

memoria, -contra 61 localidades en el caso anterior. Sin embargo, por 

manejo de variables, el programa ocupa 91 localidades contra 72 de) pro~ 

grama escrito eq ensamblador. 

Cargue usted el prQgrama anterior y obtenga los siguientes re-

sultados: 

9 
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8000 PLMt VERS 4.0 

- ;. T --- '"' 

O•J.:H) 1 1 

0000:: 1 DlrLARE CArBvC) ADDRFss; 

00003 1 

0í)(•04 1 

0000~1 l 

OfJ0( ... I, l A==C i"!OD B; 

00007 1 EOF 

NO PRÓGRAM FRRORS 

IET=33.4 PT=3.9 IO~l.~ 
E F'L/lH I/4; FILE FTLE22 \ MAXRECSIZE=22~> BLOCI\SIZF:::.:22), FILE23 ( MAXRECSIZE=22 v B 

8080 PLM2 V~RS 4.0 

$I=7 '!F=1 

STAí.K SJZF ~ 4 BYTES 
l'iEiírJF<Y •••••• , •••••• , o ••• •,., & • •• OiOOH 
A • , ••••• , ••••••• • ••• • ••• o •••• o • ~ OOFAH 
B o •••••••••••••• • • • ••• o ••• o •• o •• OOFCH 
C 9 •••••••••••••••••••••• ~ ••••••• (>OFEH 
OOOü!l LXI SP FAH OOH LXI H FEH OOH MOV EM INR L MOV Dr1 
(,C•Co9H riOV LI FCH l-íO',) CM INR L MOV BM -..H1F' 3EH OOH t!0\..1 AD 
OOL::'H Ci!i~ MOV DA hOlJ t-1E CM.:) MOV EA H~X [1 LXI H OOH OOH 
.)')1:::! j-1[)!,' AI J1H • F'IJSH H DAD [1 JNC 23H OOH XTHL . F'OP H 
o o~,¡ H PUSH A MOV AC RAL MOV CA MOV AB RAL t10V vA t10V AL Rt •• L 
OO:'DH l'lüV U'l MOV HH Rí=!L rlO'J HA F'OF' A DCR A ... Ji-!Z 1 D:-r OOH 
0036H OF\A ;, t-:ov AH R.~R {'10'-.J [1('¡ MOV AL RAR MOV EA RET CALL 
oo:wH 11H OOH LXI H FAH OOH MOV MC INX 1-1 MOV MB LXI H 
_00·13H FCH 001-1 MQV EH INr:;: . ~10V DN n-.m L MOI.1 CM INR l HOI) E: M L 

00:!.1.!-1 CALL 11H OOH LXI H FAH OOH MOV ME INX H t-!m.J Mü 
005r-·tl--! EI HLT 
NIJ r:·F~OG!-::AM Ei-\RORS 

:!FET=1:00.9 PT=3.8 L•-=1. 9 
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125 MOD. 13: 

497: Moo· 19), 

711 1 16 

.93 1 93 

Recuerde que hay que ajustar las localidades de RAM. 

P ráct l·ca 4. 

En esta práctica deberán checar el funcionamiento de un siste­

ma babfl irado por interrupciones. 

Para la práctica deberán utilizar un'kít'que contiene un ROM 

ya programado en las localidades 400H a 7FFH. 

1) Examine el listado que se incluye y vea cómo se programó 

el PPI. Modo 01 Modo 1? Modo 2?. 

2) Note que en el SDK-80, las localidades 13FD, 13FE y 13FF 

deben programarse para que haya un salto (JMP) a la rutina de servicio 

de· interrupciones. lEn qué localidad está esa rutina? Programe conse­

cuentemente las localidades antes mencionadas. 

3) El sistema tiene un "one-shot'' para generar el pulso de in­

tern!~Jción. Dispare las interrrupclones. 

Note que un sistema como el que está aquT diseñado debe prever 

10 



que una interrupción llegue en el momento de despliegue. ¿cómo lo haría 

Ud.? Note la forma en que se efectuó en este caso. 

,¡' 
1. 

11 
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LO;";!) 7 7. 
B H. 
RE F r-: r.: O I V , 

HF.:X ftASE Ot\ 

f':CFFr~ 01\ 
TF:f.,CC Ri::SUL T 4BH. 

TRACF. 01\ 
S ft"-'1lPC:::23. 

SET- 01\·- ·-
S D=24•E=17. 

REFER AT CH:.:triV 
It .~P. 

CYZSP A B e D E H L HL SP PC 
~0101*FFH*OBH*17H*18H*11H*OOH*OOH*OOOOH*OOFCH*OOOCH 
G. 

*OOil FFH*OOH*OBH*OCH*08H*16H*2EH*162EH OOFCH*0030H 
i·íOV tin 

üOll.i•OOH OOH 08H OCH OSH 16H 2EH 162EH OOFCH*0031H 
RAL 

0011 OOH OOH 08H OCH OSH 16H 2EH 162EH OOFCH*00321-1 
HOV BA 

001.1 OOH OOH 08H OCH OSH 16H 2EH 162EH OOFCI-f*0033H 
DCI~ C 
:iOOOO OOH OOH*07H OCH OOH 16H 2EH 162EH OOFCH*0034H 
Ji~Z 1 E:H 
* 1000;~26H OOH 07H OCH 08H*14H*4CH*144CH OOFCH*0030H 
MUV ,;~ 

lOOO:«OOH OOH 07H OCH 08H 14H 4CH 144CH OOFCH*0031H 
Rftl 
*OOOO*OlH OOH 07H OCH OSH 14H 4CH 144CH OOFCH:tc0032H 
MOV ftA 

0000 01H*01H 07H OCH OBH 14H 4CH 144CH OOFCH*0033H-
DCR C 
CYiSP A B e D E H L HL SP PC 
*0001 OlH 01HAI06H OCH OBH 14H 4CH 144CH OOFCH*0034H 
Jia lEH 
*!001.f<44H 01H 06H OCH 09H*10H*88H*1088H OOFCH*0030H 

4 
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i: r¡ 1,.1 t ·-1 ~-~ ·-~ .. 
10\!tOIOiH 01H 06H OCH 081-1 lOH 88H 10881-1 OOFCH*0031H . . ' 

Rfll_ 
*vüú J ~.o3H OlH 061-1 OC!-! OBH !OH 88H 1088H üOFC~I.~003:-~H 

ww E> A 
()00 l 031-1:«031-1 061-1 OCI-I 081-1 lOH 881-1 10B8H OOFCH*003:311 

DCR e 
0001 03H 03H*05H OCH OBH 101-1 88H 1.088H OOFCH*0034H 

JNZ 1EH * i ,., 1 (•. ·.·.)1-1 (•::\'! ¡ 0~1-1 OCH 08!·1*09H*OOH::<0900H oor:-r,H*0030H 
1·10\) ..... 

1 ..... 

; •) l O : O 1 H 034 051-1 OCH 08H 091-1 OOH 09001-1 OOFCH*0031H 
¡-:;;,¡_ 

•:'C·O 1. O~· (J/'1-1 031-1 051-1 OCH OBH 091-1 001-1 09001-1 oorcH.~0032H 

!íOV f:fi 
00~0 07H:«07H OSH OCH 08H 09H OOH 09001-1 OOFCf-1*00331-1 

Dei-;: r 
CYZSr· f) B e D E H L HL SP F'C 
'1>'0\100 07H 07H*04H OCH 08H 091-1 OOH 09001-1 OOFCH*0034H 
JNZ lEH 
JI(001J.~FCH 071-1 04H OCH 081-1;{{121-1 OOH;!<l200H OOFCH*0030H 
~¡ov Afl 

0011*071-1 07H 041-1 OCH 08H 121-1 OOH 12001-1 OOFCH*0031H 
R~1L 

001.1 ::;OEH 07H 041-1 OCH 081-1 121-1 OOH 12001-1 OOFCH*0032H 
MOV BA 

0011 OEH*OEH-041-1 OCH OSH 121-1 OOH 12001-1 OOFCH:f<0033H 
Dr:F\ e 
~0()()1 OEH OEI-I>~03H OCH 081-1 121-1 OOH 12001-1 OOFCH:/<00341-1 
Jr!Z lEH 
*1010;;.:1-QI-J OEH 031-1 OCH. OBH~OBH~FOH*OBFOH OOFCH:It0030H 
MOV r1B 

1010:l<OEH OEH 031-1 OCH 081-1 ODH FOI-l OBFOH ·OOFCH*0031H 
RAL 
*()'010'1<1[11-J OEH 031-1 OCH OsH· OBH' FOH OBFOH OOFCH*0032H 
LOV E: A 

·oo1o 1DH-«1DH 03H OCH OSH OBH-FOH OBFOH OOFCI-I*0033H 
DCf"..: e 
CYZSP A B e D E H L HL SP PC 
*OOOO 1DH 1DH*02H OCH 081-1 OBH FOI-l OBFOI-J OOFCH*0034H 
JNZ 1EH -- ... 

*OOll*FFH lDH 021-1 OCH OBH*l7H*EOH*17EOH OOFCH*0030H 
MOV AB 

0011.t:1DH 1!11-1 021-1 OCH 081-1 17H EOH 17EOH OOFCH*0031H 
RAL 

0011ll<3flH 1[11-J 02H OCH OSH 171-1 EOH 17EOH OOFCH*0032H 
MOV BA 

0011 3AH:l\3AH 021-1 oc·H OBH 17H EOH 17EOH OOFCH*0033tf 
DCR e 
*0000 3AH 3AH*01H OCH 081-1 17H EOH- 17EOH OOFCH*0034H 
JN7. lEH 
;t L O 11 :-:< [18 H 3AH OiH OCH 081-1,- 17H*f.IOH:H 7BOH OOFCH*0030H 



MOV AF.I 
tr.tt:l<Jt,H ~AH O:fH OCH QSH 17H BOH 17BOH OOFCH*0031H 

F·,·:,_ 
;f; .;)o.")t 1 :f. /'~}j 3r"4H OlH <IC 1-1 OSH 17H ftOH 1 /'BOH vOFCJ-U;()0~1:!H 

i·í["l'v' r~:. 

0011 7'5~1"-?75H 01H OCH 08H 171-1 BOH 17BOH OOFCH:fC0033H 
DCR e 
CY:ZSF· A B e o E H L . HL SP PC 
·~0101 75H 75H*OOH·. e~"' 0.'3H 1711 BOH 17BOH OOF"CI·Hc0034H 
JNZ 1EH 
0~01 75H 75H OOH OCH OSH 17H BOH 17BOH OOFCH*0037H 

¡:.: ::~11 ft 
i'·10l .7~H 75H OOH vGH OSH 17H BOH 17BO~C<OOFAl·H;0()~;8H 

1- f¡ ,·, fTH 
C•li!J -~·,¡:FH 7~)H OOH OCH 08H 17H BOH 1. 7EcOH OOFAH;;;oo3BH 

l ¡.q~ M 
OtOt*OOH 7SH OOH OCH OSH J7H BOH 1700H OOFAH*003CH 

ST.-~ FFH 
0101 CoOH 75H 001-1 OCH OSH 17H BOH 17I::OH OOFAH*003FH 

r.: ~·•L l.. CH 
i·.ETER .~T. CH=[l!V 

[J CP. 
' 

CYZSP A B e D E H L HL SP PC 
010~ OOH 75H OOH OCH 08H 17H BOH 17BOH*OOFBH*OOOCH 

G. 

*10JO~A8H~OOH*08H OCH 08H 17H*50H*l750H OOFSH;~<OOJOH 
NOV Afl 

1010'/'00H OOH OBH OCH OSH 1.7H 50H 1750H OOF8H:-l(0031H 
RAL 
*0010*01H OOH 08H OCH OSH 17H 50H 17~WH OOF01-1*00321-1 
MOV BA 

0010 OlH:kOlH· OSH OCH OSH 17H SOH 17SOH OOF8H*0033H 
liCR e 
:J..00:)0() 01H 01H*07H OCH OSH 17H SOH ~750H OOF8H*0034H 
JNZ lF.:l-1 
*100U<48H OlH 07H OCH 09H*16H*90H*1690H OOFSHJc0030fi 
HDV f'IB 

1001*011-1 01H 07H OCH OSH 16H 90H 1690H OOF8H-*0031H 
RAL 
*0001*03H 01H 07H OCI-f 08H 16H 90H 1690H OOF8l-I*00;52H 
tWV !M 

0001 03H*03H 07H OCH OSH lóH 90H 1690H OOF8H*0033H 
DCR e 
CYZSP A B e r• E H L HL SP F'C 

0001 03H 03H*06H OC.:H .08H l6H 90H 1690H OOF8H:tc0034H 
JNZ 1EH * 1 '•11 lle8BH 03H 06H OCH 08H*15H*lOH*1510H OOF8H*00301-1 
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( 

MCH.' ~~ ;: 
1.011~03H 031-1 06H OCH 081-1 15H 10H 1510H OOF8H*0031H 

.-. ' 
,,o::..) l ~J : .~.:·:·! \):?:H o,:)H üCrl O~H 1::-iH JOH t::ilOH OOF~ff;~OOJ'~H 

: :Dt.J· t.\.·, 
\j011 07H~>07H Ot1H OCH 08H 1.51-1 10H 1.510H OOF8!-I:l<0033H 

DCR r: 
,.()(Jo') l. 07H o7:r::(\5H OCH 081-1 15H 10H 1 ~j 101-1 OOF8H':<0034H 
~~~~ 7 1 r: ¡ l 
* 1 üO·:) ~·.ORH 07H O~H Otrl 08H*12H 10H*1210H OOF8H»:0030H 
HU\...' r"~H 

1•)00:';(071-1 07H 051-1 OCH·OfJH 121-1 1QH 12101-1 OOFSH*0031H 
r;· r. 1 
.: .:1 •. ", •) 1 1.·.0 F'H 0/'H ();:'ji-J úCil OGH 12f-! 101-1 12:10H OOF3H:·J.:0032H 
not,1 T.1 ,, 

..1.;·1 1 

C·(inal OFH.;.\;FH 05H OCH 081-1 l2H 1()H 12:J.MI OOFDH.:;0033H 
[¡e;-.; c; 
cyzs¡:· t~ B e [1 E H L HL SP F"C 

0()00 OFH OFH:t.04H OCH 08H 1.21-1 101-1 1210H OOF8H*003-1H 
Ji l.: tE: H 
;}: 1 í).')(l j,(!c?H OF:H 041-1 OCH 08H*OCH 10H:i<OC10H OOF8H*0030H 
/'! (J I,J ,~,re 

lOOO.):OFH OFH 04H OCH 08H OCH 10H OClOH OOF8H;{<0031 H 
Rt'1L 
..f.OOOO'klFH OFH 041-1 OCH 08H OCH tOH OC10H OOF8H*0032H 

··¡10V E\(\ 

OOOC• 1FH*1FH 041-1 OCH 081-1 OCH 101-1 OC.101-1 OOF8H*0033H 
[1 ::::\ e 
,.f,J001 J.FH 1Ff-1:(<03H OCH 08!-1 OCH 101-1 OC10H OOF8H:t0034H 
~';;z J.FH 
·>~<: 1 r, O·:'.:: •::· ~~ H lFH 03H OCH OBH*OQH 10H*0010H OOF8H,~0030H 
MfJV ,:, [-i 

lOOO,t . .t FH 1FH 031-1 OCH 08H OOH !OH OO:LOH OOF8H*0031H 
RAL 
*Oooo·~3FH lFH 031-1 OCH 081-1 OOH 101-1 00101-1 OOF8H,J(0032H 
líO V ... ,. 

.t•l-f 

0000 3FH:li3FH 031-1 OCH 081-1 OOH lOH OOlOH OOF8H*0033H 
DCR e 
CYZSP A B e D F.: H L HL SP F"C 

0000 3FH 3FH*02H OCH 08H OOH 10H 00101-1 OOF81-1*0034H 
JNZ lEH 
i!.001 o ~:F AiH 3FH 021-1 OCH OSH OOH*20H:l<0020H OOF8H*0030H 
MOV AB 

OC>1 0:1<3FH 3FH 02!1 OCH 08H OOH 20H 00201-1 OOF8H*0031H 
RAL 

0010:40EH 3FH 02H OCH 081-1 OOH 20H 00201-1 OOF8H;{:0032H 
MOV BA 

0010 7EH*7EH 02H OCH 081-1 OOH 20H 00201-1 OOF8H*0033H 
DCR e 
*0000 7EH 7EH*01H OCH 081-1 OOH 201-1 00201-1 OOF8H*0034H 
JNZ !EH 
*0010;.t:F4H 7EH OlH OCH 081-1 OOH*40H:.j(0040H OOFBH*0030H 
MOV t-tB 
0010·~ 7EH 7EH 01H OCH 08H OOH 40H .Q040H OOF8H*0031H 



) .. -· 

b 

R¡,,_ 
,1010;.J(FCH 7EH 01H OCH OSH OOH 40H 0040H OOFS&-4*0(}32H 

fl,l\) f¡() 

,· 1 (; l ,~. f. C! 1, F't":f 1 O:l H OCH 08H OOH 40H 0040H OOFHI-J;I(0033H 
[ICi~ e 
'"' •• _, 1- ·-. 

·~ 1 { 1 ¡- ,.:¡ B e [1 E H L HL SF' F'C 
.: ... :.•! .,; .: FCH FCH*OOH OCH 08H OOH 40H 004011 OOF81-f*0034H 
~IWZ lF:H 

•J ¡_ 0:1 FCH FCH OOH OCH OSH OOH 40H OO•lOH OOF'8H:fC0037U 
f·US!-1 R 
. ,) : ü l FCH FCH OOH OCH 08H OOH. 40H 0040H*OOF6H*0038H 
LDA FFH 

.~, j 0 t.; .~.r)!·l FCH 001-1 0CH OFJH OOH 40H 0040H OOF 6l·l:i<003BII . 
I: :-. ,.., 
.1-:•j•líl();.\' O 1 H FCH OOH OCH OUH OOH 40H 00401-1 OOF61-1*003CH 
;_. 1 '1 :=-r:1 

(' . .': .~.() OHI FCH OOH OCH OSH OOH 40H 0040H OOF6H*003FH 
C{ll..L CH 
REFER AT CH=DIV 

[1 CF'. .) 

CY7f;P A F.t e D E H L HL SP PC 
0000 011-i FCH OOH OCH 09H OOH 40H 0040H*OOF4H*OOOC~ 

1 

G. 

0000 OlH FCH OOH OCH 08H OOH 401-1 0040H*OOF6H*0042H 
f•CF.: A 
*Ol01~00H FCH OOH OCH 08H OOH 40H 0040H 00f6H*0043H 
JZ 49H 

\.ilOl O•)H FCH OOH OCH 081-f 001-1 401-1 0040H OOF6H*0049H 
F'OP B 

0101 OOH FCH OOH OCH.OSH OOH 401-f 0040H*OOFBH*004AH 
HOV LB -

0101 OOH FCH OOH OCH 08H OOH*FCH*OOFCH OOF8H>k004[rH 
RET 

0101 OOH FCH OOH OCH OSH 001-f FCH OOFCH*OOFAH*0042H 
C•CR f• 
:l\ O O ll :¡.: F F H FCH 001-1 OCH 08H OOH FCH OOFCH OOFAI-I*0043H 
JZ 49H 

0011 FFH FCH OOH OCH 08H OOH FCH OOFCH OOFAH*0046H 
POP B 

0011 FFH*75H OOH OCH 08H OOH FCH OOFCH*OOFCH*0047H 
MOV HB 
CYZSF' A B e Il E H L Ht_ ·sp PC 

0011 FFH 75H OOH OCH OSH*75H FCH*75FCH OOFCH*0048H 
RET 
HLT CYCLE 1835 

D M OF4H T OFCH. 

OOF4H 42H OOH OOH FCH 42H OOH OOH 75H OBH 
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APUNTES CURSO MICROPROCESADORES. 

Se trata detalladamente algunos de los programas que 

s1rven de ~espalda o apoyo en el desarrollo de sistemas integrados con 

mlcru~rocesadores, entre los cuales están los simuladores y los ensam­

bladores. 

La utilización de estos programas es cada vez rr~s 

común lo que implica ]a necesidad (por parte tanto c!el usuario del 

sistema como del diseñador de este). de conocer su funcionamiento y la 

manera de implementarlo. 

I. Simulad01·. 

Un simulador es un "programa" que emula, imita o rea­

liza las actividades de un sistema, tal y como en la práctica serían 

llevados al cabo por este último. 

El programa simulador en lo general corre o es ejecu­

tado en uná computadora para emular a otra que puede o no existir físi­

camente. 

Con el fin de facilitar la exposición de este tema 

}Jd.t t:..:.remos de algunas cuestiones que surgen en la práctica y que tat·J~ 

o temprano nos haremos como usuarios. 



!.l) ¿cuándo se requiere utilizar un simulador? 

>,, 

En la mayoría de los casos la necesidad de utilizar 

un simulador surge entre los requerimientos de desarrollo de un pro­

yecto específico, por ejemplo: cuando deba evaluarse la capacidad de 

un micro-mini o n-,acro sistema para resolver las necesidades de la apli­

cacJ.on, pudiendo una vez realizada la simulación seleccionar una u otra 

máquina de las propuestas como candidatos o bien verificar los requeri­

mi~ntos de memoria de cada sistema, longitud de código necesario, etc. 

La finalidad como salta a la vista es ahorar posibles 

f.racétsos í:'!n la compra de tm computador, asegurando lo más formalmente 

vosible gue aquel que resulte seleccionado resolverá la problemática de 

la aplicación en forma óptima. Este ahorro incluye la parte económica 

de la realización del proyecto. 

I.2) ¿Es conven~ente comprarlo o hacerlo? 

El costo inherente de estos prog~arnas en el mercado 

es elevado, es claro que algunas veces por razones de tiempo será nece­

sario adquirirlos pero siempre y cuando el sistema a utilizar haya sido 

"ya" seleccionado, (no debemos olvidar que para cada sistema candidato 

hay que tener un simulador); por otro lado, el realizar los programas 

tiene un costo que depende en g:ran parte de la eficiencia y conocimien·­

tos de los programadores, en la misma forma pc.drá decirse del tiempo 

de realización. Sin embargo, en muchos casos resultará más práctico. 

No hay que olvidar que esto's programas necesitarán 



ser probados, (realizados) y ejecutados en algún sistema; por ejemplo, 

en una mini o macro-computadora lo cual incrementa el costo de realiza-

ción. 

l.~) ¿Qué conocimientos se requieren para realizarlo? 

Hacíamos notar que la necesidad de utilizar un simu­

la..tpr depende en la mayoría de los casos de la aplicación y ésta nos 

dara un punto de partida para evaluar cuales sistemas podrían satisfa­

.:er nuestras nec~sidades. Por esta razón, se };>reponen los siguientes 

J(.d1sos a seguir: 

En cuanto a: 

1.3.1) Conocimiento de nuestra aplicación. 

!.3.2) Conocimiento de la arquitectura de los siste­

mas propuestos. 

a) Número de instrucciones. 

b) Número de registros, 

e) Número dE: banderas. 

d) Número de puertos. 

e) Funcionamiento del program counter, unidad arit-

mética y stack. 

I.3.3) Selección del sistema más apropiado. 

I.3.4) Selección de la máquina en donde se va a si­

mular ~1 sistema E:scogido. 



I.4) Desarrollo. 

r.3.5) Selección del lenguaje de programación. 

!.3.6) Estructura del programa simulador. 

I.3.7) Determinar las variables y constantes del sis­

tema por simular. 

I.3.8) Elaborar un cargador. 

I.3.9) Programar. 

I.3.10) Probar. 

I.3.11) Desarrollar el programa de nuestra aplicación. 

1.3.12) Simularlo. 

I.J.13) Adqu]rir o deshechar el sistema propuesto. 

I.3.14} Implantar el progran~ simulado de nuestra apli­

cación en el sistema físico adquirido. 

El conocer la arquitectura de varios sistemas (1.3.2) 

es cosa sencilla si se tienen los elementos necesarios para poder eva-

luar los; eJ. : manuales, diagramds, etc. Realmente son pocas las ca·· 

racterísticas a comparar entze sistemas; por ejemplo, sus costos, ve­

locidad, número de polarizaciones, sistema mínimo, facilidades de entra­

da/salida, etc. Sin embargo, para la simulación estos datos no son de 

ii1ter~s, bastará con conocer los elementos internos del mismo (1.3.2) 

pudiendo· de aquí seleccionar el más ap-ropiado (I. 3. 3) en cuanto a faci­

~idades. Por otro lado, será de gran importancia conocer el número de 

instrucciones y formatos de éstas, la longitud de palabra y el manejo 

del program counter y el stack pointer si lo tiene. Además de compren­

der lo más completamente pos~ble la interacción entre registros, bande~ 

ras y unidades del-sistema. 



Otro tipo de evaluación (I.3.4) debe realizarse al 

escoger la máquina en donde se llevará a cabo la programación del pro­

grama simulador. 

Con el fin de referirnos a un caso real, plantearemos 

el siguiente ejemplo. 

En el Instituto de Investigación en Matemáticas 

Aplicadas y en Sistemas, nos proponemos a realizar un simulador para 

un sistema 8080 de Intel. Podemos utilizar el Sistema B6700 o un sis­

tema PDP 11/10. Teniendo ambos sistemas a nuestra disposisición, de­

beremos escoger aquel en que nos cueste menos trabajo realizar el pro­

grama tomando en consideración para esto los lenguajes de programación 

d~ cada sistema, los pasos necesarios para escribirlo y verificarlo y 

el t~po de salidas de este. 

El sistema PDP 11/10 nos brinda la 'posibilidad de 

(!.3.5) utilizar FORTRAN o ENSAMBLADOR, el sistema 86700 incluye ALGOL, 

FOR1'RAN, COBOL, BASIC, etc. dentro de sus lenguajes. i.a cantidad de 

memoria es suficiente en ambos sistemas. Entonces, lcuál deberemos 

utilizar? En este caso especial simplemente escogeremos el que mejor 

nos acomode o conzcamos. Sin embargo, la cantidad de memoria y las 

facilidades d·el computador a usar pueden ser determinantes en esta se­

lección. Por ejemplo: El sistema B6700 será. el escogido por tener 

el superlenguaje ALGOL, ya que este me permite realizar la simulaciGn 

en forma sencilla sobre todo debido a su facilidad de acceso a cada bit 

de la palabra de D6700 independientemente, cosa que, por otro lado, en 



PORTRAN no exis-te, 

Entrando en materia (I.3.6) sabemos que la longitud de 

:>alabra de un microsistema es actualmente de 8 ó 16 bits será necesa-

río entonces para facilitar la simulación escoger un sistema que tenga 

una palabra igual o múltiplo de esta longitud. El sistema de B6700 tie-

'ne 48 bits al servicio del usuario; es decir, para un microsistema de 

8 ~1ts en tan solo 1 palabra B6700 cabrían 6 instrucciones de formato 

unitario (instrucciones de 8 bits) • 

La estructura del Programa Simulador es bastante sen-

c1.lla t>i conocemos la forma corno cada instrucción es adquirida de memo-

rict y l~evada a la unidad de control, decodificada y ejecutada por el 

sistema a simul~r. 

Esto es el ciclo de fetch y el ciclo de ejecución nos 

indicarán como debe funcionar el programa simulador y de hecho ·las ruti-

nds, procedures, o subrutinas de las cuales debe constar. Además el 

manejo del apuntador de Programa o prograrn counter decidirá paso a paso 

que instrucción será la siguiente a ejecutar. 

Con los conocimientos anterio~es será sencillo deter-

minar cuales serán las variables de nuestro programa y cual el tipo de 

estas, Por ejemplot En el sistema 8080 se tienen los registros RA, 

RB, RC, RD, RE, RH, RL, PC y SP, pudiendo referirnos a ellos por pares: 

RBX, RDX, RHX, PSW 

¡ ~ \ ~ 
(RB & nC)(RD & RE)(RH & RL)(Rl\ BAN) 



sLendo este Último la concatenación de RA y las Banderas BZ, BP, BS y 

biT OVERFLOW 
/ f-

ZERO 
''\ 
SIGNO 

PARIDAD 

~· una m~moria constituida por RAM y ROM de una cierta capacidad; por 

ejemplo, 16 K. 

Teniendo en cuenta lo anterior, el programa comenza-

r'j.a definiendo: 

BEGIN 

ARRAY M [0:2730] 

ARRAY REG [o: 7) 1 

INTEGER BAN, SP, PC, INSTR % INSTRUCCION 

DEFINE CAMPO ::: [7 :8] #, 

1 RA = REG [7] #, 

RB = REG [o] #, 

RC = REG (1] #, 

RO -- REG [2] #, 

RE ::: REG (3] #, 

RH = REG C41 #, 

RL = REG (5] #, 

BZ :::; BliN . (6:1] #, 

BP = BAN . [511]#, 

B5 ::: BAN • [4:1)#, 

BV :::; BAN . [3:1]#, 

PCT = PC. [15:16)#, 

SPT ::: SP. (15:16]#, 



RRX ·- RH & RL# , 

RDX = RD & RE#,· 

RBX = RB & RCH, 

PSW RA. & BAN#; 

t1EH{X) -M [(X) DIV 6 J .L 47-(8 * ((X) MOD 6i): 8] #; 

En donde esta Última definición corresponde a la 

manera como quedará simulada la memoria, es decir: 

Byt 3 Byt 4 Byt 5 

La estructura del programa es la siguiente: 

r--· --. 

' DEFINICIONES ! 

L-~ 
1 CASE DE ¡ -~ 
1 INSTRrCCI~~ '! 

REGISTROS 
1-\. 

1 
L 

PS{IJ 

B e 

D E 

H 

SALIDA SP 
F'ETCH 

~) PC 

EN'l'RADA ----·--1>1 CARGADOR ~ 
MEMORIA 

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

1 

'------------------·-,----·---.. ~-H_E_I>1_0_R_I __ A_B_6_7_o_o ________ ! 



Dada esta estructura, analizaremos detalladamente cada ~~a de sus par-

tes: 

El cargador as· un procedure o subrutina que pennite 

al usuario introducir en binario las instrucciones del proqrama a si-

mular para ser colocadas en la memoria simulada. 

Cuando el usuario desee introducir la instrucción 

00101111 independientemente de lo que ésta represente, él deberá es~ 

cribir en primer lugar un cer~ a continuación otro, luego un uno, luego 

un cero, etc ••• hasta concluir. 

Al int~oducir el primer cero la terminal envía el 

código ASCII correspondiente al cero siendo este: 00110000. El carga­

dor recibe este carácter y lo enmascara para leer únicamente el valar 

del bit menos significativo, es decir, el último de la derecha, el 

cual corresponde al cero deseado. El cargador ahora toma este valor 

y lo introduce como uno de los bits de la ~nstrucción como se muestra 

en la siguiente figura: 

bit introducido 

Palabra 86700 

A continuación el usuario introduce el segundo cero 

sucediendo algo análogo a lo anterior con 1~ diferencia que el bit ocu­

pado es ahora el siguiente: 

M (o] [DJ o 1 



En el caso del uno siguiente el código recibido co-

rresvonde a 0011 0001. 

t 

Healizándose la misma operación finalmente se terminará de introducir la 

instrucción, quedando: 

En esta forma, el cargador introducirá el programa 

del usnar lo a la memoria simulada det:eniéndose hasta que el usuario se 

lo in1ique con algún crácter de control, 

A continuación se forza el 1 ciclo de Fetch apw1tando 

la variable PC a la dirección origen del programa; es decir, a la ler 

instruccion del programa del usuario introducida y esta se introduce en 

la variable lNSTR. 7:8 , es decir: 

INSTR.[7:8 ] = MEM (PC) 1 

Al actualizar la instrucción pararemos a decodificarla; es decir, rea-

lizaremcs la misma actividad que haría la unidad de control del sistema. 

Con este fin, se usa un CASE de instruccio.nes. 

El CASE de instrucciones es un decodificador, el cual 

direcciona a la rutina necesaria dependiendo de los campos de la instru-

cción, por ejemplo: 

Supongamos la instrucción MOV A, B para el contenido 

del registro B al registro A, Su ~Ódigo sería: 

o 1 111000 
~ -----.... ~ registro B 

registro A f 
código de operación 



se tendría: 

Observando sacroscópicamente el programa simulador, 

CASE INST. [7 :2] OF 

BEGIN 

END; 

00: 

01¡ R (rNST. [5:3)] 

10: 

11 ; 

= R [INST. [2:3)] 

Lo que equivale a RA: = RB1 

En'forma an~lQga cada instrucción estará caracteri-

zada por su código de operación y estos códigos formarán una familia 

fácilmente distinguible. 

La simulación en este caso se realiza a nivel ins·· 

trucción, habrá sin embargo simuladores que sean a nivel circuito o com-

puertas o a nivel unidades. 

I.S. Salidas del Simulador, 

Un simulador puede incluir la emulación de puertos 

de entrada/salida para operaciones como IN ó OUT del sistema 8080; para 

realizarlas deberán usarse las declaraciones de Read y Write del lengua-

je escogido pudiendo de esta manera tener varios puertos simulados. 

Habiendo anaLizado el diseño del simulador, podremos 

plantear f¡cilmente cuales serian los requerimientos de salida o bien 



que tipo de resultados debe entregarnos. Si lo que nos interesa es 

observar el desarrollo del programa simulado a nivel registros/banderas, 

el pr-ogr<:una a cada cambio de una variable deberá escribir el status del 

sistema indicando cual o cuales registros/banderas han sido transforma­

dos.· D~ ma misma manera, lo anterior será válido, para PC y memoria. 

Ctras de las posibles salidas de interés puede referirse al tiempo gas­

;·_ado por cada instrucción dando la suma en microsegundos, a partir de 

los ciclos de cada máquina para cada una de ellas. 

I.6. Interacci6n del usuario. 

La interacci6n del usuario con el simulador es de 

gran importancia, ya que mientras más sencilla sea, el usuario podrá 

efectuar"cualquiera de sus requerimientos. Por ejemplo: 

a) Cambiar contenidos de registros/banderas/memoria. 

b) Desplegar el status del sistema. 

e) Utilizar diversas bases numéricas para marcar 

sus datos. 

d) Producir ~nterrupciones por ciclos. 

e) Permitir o iru1ibir interrupciones. 

g) Intercalar instrucciones. 

h) Conocer el tiempo de proceso. 

i) Desplegar contenidos de memoria programas o datos. 

j) Referirse a etiquetas o variables por su nombre 

sirnb6lico. 



Una vez concluido el simulador salta a la vista que 

el simular un programa utilizando únicamente el cargador presenta los 

siguientes problemas: 

a) El usuario no está libre de equivocar un a por 

un 1 ó un 1 por un O; si el progran~ es largo 

la probabilidad de error es grande. 

b) Resulta muy tardada la programación en esta 

!orma. 

e) Es difícil verificar errores. 

Por estas razones surge la necesidad de emplear un 

programa ensamblador. 

II. Ensamblador. 

El programa ensamblador correrá a su vez en la mis~ 

ma máquina B6700, teniendo como finalidad principal producir a partir 

de los mnemónicos de las instrucciones, el códig~ correspondiente a 

estas, facilitando al mismo tiempo la decoeificación de etiquetas. 

En la figura siguiente se muestra la interacción 

entre simulador y ensamblador: 

MOV A,B 
MOV B,C B 

OttliOOO 

~ ~: . 



III. El Simulador INTERP/80._ 

Dentro de los programas de auxiliares en el desa-

r.rollo de programas de aplicación para el sistema 8080 de Intel, se 

cuenta con el simulador INTERP/80. Durante esta plática se tratará el 

programa para el Sistema 8080. 

El desarrollo de un programa de aplicación se rea-

liza generalmente utilizn.ndo un programa ensamblador o un compilador. 

En '?l 1er caso, los mnemónicos de cada instrucción son el lenguaje de 

programaciún. 

Los requerimientos para la elaboración de un pro-

grama son los siguientes: 

a) Conocer los mnemónicos del sistema/8080. 

b) Realizar un diagrama de flujo del programa. 

e) Codificarlo en papel. 

d) Utilizando el editor del sistema (en nuestro 

caso cande de B6700). Introducir a un archivo 

los mnemónicos generados. 

e) Ejecutar el ensamblador del lenguaje (en nues-

tro caso Assembler/8080). 

f) Generar un archivo con el código de máquina 

ensambladq. 

g) ,Ejecutar el simulador. 

h) Monitorear el programa. 

i) Generar del programa correcto una cinta con el 

código de máquina. 



j} Introducir este al ROM en donde quedará residente. 

k) Colocarlo en el Sistema /8080. 

Descr~pci6n del proceso: 

A,B 
MVI C ,10 

LXI H,3 

Mov M,A 

usuario 

'----­'\ 

INTERP 180 

Resultados 

de la 

simulocion 



En la siguiente figura se contempla una sesión 

de cande (command & edit) del sistema 86700, especificando paso a paso 

los mensajes que durante la práctica se deberán generar. Con + se indica 

lo que el sistema genera. Con * lo que el usuario introduce siempre 

terminado por -1- carry return. 

A ~ontinuación se indi~an los posibles controles 

qel simul2.dor y del ensamblador: 

Sistema 
emular 

C1rcuito por probar 

A 
tarjetas 



En la siguiente sección incluiremos una sesión com-

' pleta de trabajo con el INTERP/80. ~ 

Paso A. 

Coloque su clave en el teletipo en la siguiente form&: 
. . . r carry return 
* MR8~/BOMBON 6 

..... S~ESSION # 4080: YOU ARE TTY# 

* MAKE MI/PROGRAMA DATA : SEQ' 

..¡,. WORKFILE MI/PROGRA}m 

_._ wo '6 MOV A, B ' 
+ 200 * ~!VI A, 3 l 

+ 300 * LXI H, 10 ~ 

-+ 400 • END l 
+ 500 J 
+ # 

• SAVE ~ 

+ WORKFILE MI/PROGRAMA SAVED 



JOOOO 
1(1001 
:i 0•)0:"> 
1 •)003 
1(}004 
10005 
1.0006 
10007 
10008 
:10009 
j001.0 
10011 
10012 
1•J013 
10014 
1001~:; 

1001.6 
1001.7 
1 C•Ol8 
1ü019 
10020 
10021 
t0072 
10023 
10024 
10025 
10026 
10027 
100:28 
10029 
100~W 
., 0l)31 
10032 
1 ·X<33 
1. Oü3·1 
] (il)35 

1.0036 
10037 
1 (!~<58 

liiV 

ETC 

cmw 

~..;Hl..FT 

RESUL 

G:CRSV 
LXI 
><F:A 
C:MA 
::;TA 
Cf':¡l. L 
'i' T ¡· r ... 

nRA 
f\F'O 
JP 
MOV 
líO V 
n¡:;:A 
nov 
RtiR 
i-'1DV 
l·iOV 
RAR 
i-íOV 
IRA 
HOV 
MVI 
tWV 
cr-w 
hOV 
SHB 
JC 
hOV 
i·íOV 
:=-.uR 
i-"ICIV 
f¡ (. [1 

S fC 
Ji1F' 
fiAD 
DFiA 
hOV 
R?1L 
MOV 
üCR 
JNZ 

P 1 ~JI~:; TON 

:·nu ~WF"H 

~"JF. OFEH 
A 

Fcr~:sv 

nrv 

A 

ETC 
H1B 
t.~c 

r~ 

tHD 

D,A 
AvE 

Es· A 
r~ 

B,A 
C98 
A1L 
E 
~~~ r H 
[1 

SHI...FT 
thA 
HYL 
E 
L~A 

H 

f.:FSUL 
H 
(.~ H:S TC 
Ad) 

[(,(.¡ 

e 
UJMF· 



HOJA 2 CONTINUA • • • • • 
10041 F:ECUR • F'USH B • 
10042 LfiH f::cr.:sv 
10043 lNR A 
1.0044 STA RCRSV 
10045 CALL [!IV 
l•J046 DCR A 
1.0047 jz L2 
10048 L1 F'OP B 
10049 i·lOV H,B 
1 oo~:;o RET 
10051 L2 f-•()p B 
10052 MOV L~B 
1.0053 RET 
10054 EtW 
t0055 END 
:¡¡: 
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8080 MACRO A~SEMBI.[R, V~R 2.0 

% ASI fENEMOS YA rDNTROL Sn8RF EL SISTEMA Y BAST~RA lr~lRODUCIR l.OS SIGlii[NTES 

~-: CíHHRtlLES 



' ' 

HOBO Hf"-1CRO ASSEMBLERr VER '") ,. 
•· .. • V ERrwns - o F'AGE 1 

OOFF F~CR~3V EQU OFFH 
0000 31.FEOO LXI SPrOFEH 
v003 AF XRA A 
0004 2F Ci1A 
OOO~i 32FFOO STA RCRSV 
0008 crrocoo CALL J::IV 
OOOB 76 HLT 
üüOC B7 fiiV Dli:A A 
\JOüO f",. .:V r.:PO 
/)\10[ r2:tAOO • .JP ETC 
00:1..1 60 l10V HSIB 
001::!.. 69 MDV 1 .• , e 
•)0.1.3 B7 OF~A A 
OOJ.4 7A MOV A,!l 
O() l ~-; lF RAR 
00.1.6 57 MOV ti, A 
001.7 7B MOV A,E 
0018 1F FMFi: 
(l()l'; 5F MOV E,A 
·ooJ A AF ETC • XF<A A • 
<iO.l B 47 MOV B,A 
üO.l.C OEOB MVI c,s 
001E 7(1 COMF' ~ NOV A,L • 
OOtF BB CMP E 
(o02() 7C MOV A,H 
oo:~1. 9A SBB D 
0022' DA2EOO JC SHLFT 
002!::1 67 MOV H,A 
002fl 7D MOV A,L 
0027 93 SUB E: 
O()~~ fl 6F MOV l•A 
00~.~9 29 DAD H 
\)0~?(.¡ 37 STC 
Oü2B C33000 • .JMP RESUL 

, OO:?.E 29 SHLFT [1 (.¡ [1 H 
002F B7 Of:;:A A ;RHTC 
~<)30 78 RESUL • MOV ArB • 
0031. l .. . / RAL 
()()~52 47 MOV n,A 
ü013 011 DCR e 
(,()~~·l C21EOO JNZ COMF' 
0<)3"/' e~=-~ F\ECUR • PUSH B • 
0():-\f:l 3AFFOO LDA F<CF<SV 
oo~m 3C INF< t') 

003C 32FTOO STA f~CRSV 

003F CDOCOO Cf'-1U .. DIV 
()042 3[1 !"ICR A 
iW·1 :·-\ CA49()() JZ t ':> --
i!(>4ó e L 1.. .1. POP B 
0047 60 ~í(JV ¡..¡,f¡ 

00·18 C9 F<F T 



BOBO HACrd.l r't~i!:iEMI-H.Ef~, VER 2 o O ~RFWRS ·· O F'AGE: '2 

004'i Ci L2 F'OF' B 
004?1 b8 MDV L~B 
Í) ;)....¡ f-1 C9 F.:ET 

f~ND 

8080 ·M~CRn ASSEMBLFR, VER 2.0 ERRORS - O PAGE 3 

~ 01 

li (hl07 B 0000 e 0001 C011F OOH:: 
j"¡ ., ~ ~~ 

',} ',J \) -.. t1lV o o oc F 0003 E.lC 00 ~.A 
H ¡)()()4 1.. 0005 1 .. :1. 0046 lX L.:·.¡ 0~;4? 
,... c~<JOt. ~··sw 0006 HCF~SV (I()FF f<FCIII~ 00~.~/ ~( 

h·F!~I!t (.ot_¡."lí o ~:HJ. FT oo:~F c¡p OOOó 



%A CONTINUACION SIMULAMOS El PROGRAMA USANDO EL INTERP/80 

E INTEt;"-t-:'/80 ; FILE FILE21 <TITLE>=MID> 
·IJ:RUNNING 9613 

INTE~P/80 VERS 1.0 

/~A. CONT I NUAC ION INTF\ODUC I MOS EL CONHWL nr::. CAF'~GA $F Y LOAD 7 "7 • 

LOtiD 7 7. 

. . 
~~ LO ·QUE EL SISTEMA RESPONDE 

76 L..OA[I C.H\ 

%A CONTINUACTON VEAMOS QUE HAY EN MEMORIA DEL SIMULADOR 

[1 M O TO 76. 

%Y EL SISTrMA NOS MUSTRA LOS CONTENIDOS 

00000 049 25Al 000 1. 7~i 047 O!'.iO 1')1"':'1:."" 
.... '-J.._J 000 :?05 0.12 000 11.8 18:~ 2;~4 242 

()(¡G 1 • .L. 000 oc;·6 1.05 :JBl l-22 o:u Of.l7 1 ::> 3 031 095 l '7~·¡ 07'1 014 () () fl 1 ~,.:· 
. ~ .1 

Oüül:! 1 ,:; ·1 1 ~·~ ./} 2lt1 "\. 
~.) .. ,·~ C•\W 10:1 l2!'.i 147 11:1. 041 oc:· o:.-..._) ... J 19~:; 048 000 041. 

('i('¡()ilfi L~O o::)3 OJ1 () l. :~ 194 l'3C• 000 197 ()~·;u "")a::· e·· 
.. · .. ,.J ... , 000 o ..so 050 ")•:·· •·:· 

........ \J O Oí) 
t)l,)•,l/,•1 0.1 '.:,"> ()()() o.~t 

.1'1 ,., .. ) 
~V.:.. ()/ ,) ()()\) ¡ 9.~ ()<"~(.) 2()J. l9:1 .1.04 20 l. 000 

o:!..s 
IH'l 
1f:l3 
:·¡ (} ::-) 



%TAMBTEN StRTA rONVENIFNTE MOSTRAR El MNEMONICO DE CADA INStRUCCIUN 
\üF i~!JF~)TI·~n PFWGI:<r-·,t'1A, COi~ EGTE FIN u(:iAI1DS! 

D M o TO ?6 e, 

00000 1 XT SF' 2~}·1 000 XI:;: ti (:¡ CI1A STf'.¡ 

000()7 000 Ct,f.. L o·¡:-! ()0() HI..T tif·:r:-r 
~)0() .: q .JF· o~~fl 000 MD\J HB MDV LC Oh'(..¡ 
()()o') • .! J. ! ·: t'• ¡:;: MCJ'J DA H O\.' f.iE ¡:;·¡:".¡ ~< i'IDV Et~ xr:;:r::-r 
ooo~u ri!J r e o no hOV tü .. ChF' F f'íl:lV t1H r¡ nr: 
Q ()(! 3 1'.; ·~~4..:- 000 riUV HA i'iCJI) .AL. !:>Ul~ .e i'HN 
CJ(F(; á:·:· ::·.re ... li"'if'. ()i¡fl o'o·o ÍI(Ü! ¡.¡ cm A 
0{)()4 1;1 f-:t.L. mw BA ncr~ e • .JNl 030 000 
,.--~o():·:; .. s L flt¡ .. ,,:; 1::" 

...: . ._r ... ) Oü.:J JN~< 1~ ~:;Ti·i ~-~ ~: .. _. ~:·; 

DOOf.-,3 Cto!. 1... 012 000 DCf~ A Jl. OT3 
.:) •.i (i /' o UlF' (1 Hf1V Hf.! F;:FT PDF' B Mnv LB F<FT 

;~o ~ r i::.J:! EN Hi~ xt.nr:c.rM,-:¡L TFNEMOB 
: ~ ' ' ' 

:,; 

f¡ N o 10 76 H. 

í)000() ~HH FFH OOH AFH 2FH 3~!H FFH 00H COH OCH ()()H 761-1 
OOO.lh OOH 60H {;91-1 I1?H 7t·,H lFH ~j'JH 7üH 1FH ~~FH AFH 471-1 
0\)03:• /CII 'NlH l.!t,f .. ¡ :>EH 001·1 f>7H 7DH ?3H 6FH :!(?H 3?H C3H 
000·1D ?f-!H L /1·1 4 711 Ofl/·1 r::>H :lEH OOH C~5H. 3;;H FFI·."I OOH 3CI/ 
(i•,)•)/,4 C·l:l-1 OOH .~ T 11; Cf',H 4',..H OüH ClH <'>OH C•IH ClH f.>i'lH t.:<) 11 

-~,=·cm tl fi.;O Ltll)O CWE HAY EN LO~:; REGT~;r¡:;:us DEL SI!~TEt1A 'i' 

fi CPU. 

CY?SP A B C D E H l Hl . SP PC ~­
~0000~000*000#000*000*0004000*00b*00000*00000*00006 

r)l~t:..-

11 .... ,J \ J 

A F;:pn 
~ HU iv1 Afl ~ 1 

(l i1CJ 1) fttr 
I.i ..JC 
LA f)(, TI H 
A M!:JIJ AB 

PU~·;H 1-.l 
000 
()00 
1-IOF 

B'7H EOH F;_>H l(.¡l-f 

OFi 1 00H ?DH BBI·I 
30H ()()1·1 ~-~r;H Ir /1-1 
,:>~-~H FFH 001·1 CIJH 
OOH 

-:,;,-;uN N,.",fiA YA QIJF TD[I(.,iJJA NO INTCJF·,NO~~ Lf.1 COF<f\IOA' fiEL f'~WGFMMA9 Pf.1Ht-~ 
~-~~.Tid .. r-, I~I.JNC:IONf-¡i:;: f•QüU·rO~-:; ¡:.·EDH.; UN mfiCE. 



.. 

. 
H~t;CE O TO 76 • 

/.A 1. O O~.iF El... SI S TEMA I~ESF'ONftE 

T 1';: A CF 01\ 

/.PIDAMOS 5 CTCLOS Y OBSERVEMOS : CUANDO LE INDICAMOS QUE COMIENZE: 

CY· 5.G .. 
' 

CYCI.~ DK 
000\) 000 000 ()()0 000 000 000 000 00000 00000 ()()000 

!..XI ~:.,p 7:·)4 
()!)('¡() üúO 000 000 000 ()()() 00() 000 00000*00254*00003 

Xl\1~ ~1 

;f'o,) J ()l. 0()0 000 00() 000 000 000 000 00000 oo:;>:'.'i4 -~oooo4 
c;¡..·¡A 

()lo 1 >l<:?~:i~:i 000 000 000 000 00() 000 00000 oo::~54*oooo:'5 
~3 T (l ~")C-r,-

.-d.J 

()J()1 ,.,~·e 

~:. ', ··' 000 000 000 000 000 ()()() 00000 002~54 *00000 
c.11..1. 1 ·:> 

CYCI.F. AT 12-'DlV 

%CON 1 O ~NTE'RlOR HEMOS COMENZADO HA REALIZAR I...A SIMULACJON Y 
::;¡:_¡,¡ 1 ... "1 11TSN,·i FOI:.:Mf.t F'Q[IJ:;;F:hn~:; ~:;¡.::GUH: Ht;~:;rA [1_ FI:NAL • 
/.; hOl'l 1 F I OlJFhf \ ~; r:·r:: l HCI..;(.,\j[ N f 1~ ¡:L. t' CINTEN IDO (lE fil.:i':it.JNOG h:EG ·¡ ::;n::os 
/.F'OF~ T'IFT Il~ (d..fJD OliE ti &L .·. ZS& y [1 &E :;:; 7 7 2. 

S J-1.::.1 • S L ·- 2. S fl - 3. S E -= 4. 

SFT 01\ 

s r: r ¡ ''' 
1..":: ···-r 1-11: 
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Emulador. 

Un emulador a diferencia de un simulador consiste de 

una pieza de hardware y de un progr~ma de aplicación. Actualmente, el 

uso de emuladores se ha diversificado y ya se encuentran en el mercado 

emuladores comerciales. 

Funcionamiento. 

Como indicamos, una pieza de hardware forma al sis-

t.ern.:::. E.sta por lo regular consiste de an socket que reemplaza la pie-

za a emular, la finalidad de la emulaci6n puede ser: 

a) La verificación del funcionamiento de un siste-

ma ya armado, 

b) La verificación o chequeo de uno o más integra-

dos. 

e) La verificaci6n de un programa de aplicación. 

En nuestro caso el emulador de un programa'se conecta 

de la siguiente manera: 



\ 
'1 . ' ~ 

En él podremos en línea observar la actividad del 

~ircuitó paso a paso o bien conta~ las instrucciones que han transcu-

rrido o verificar su código. 

El modelo con el que se trabajará en clase "nc." 

brinda todas las facilidades que deberían esperarse de estos sistemas, 

ya que algunos como el "LABISIS" permiten modificar el programa del 

usuario al encontrarse alguna falla o tambien leer la memoria Y los 

··contenidos de registros, banderas, etc. 

' lEs conveniente co11tar con estos sistemas·? 

Si se tiene un programa simulador puede rastrearse 

el programa 'de aplicación; por otro lado, ya en el modelo físico de 

desarrollo puede habernos fallado alguna conexión no facilmente detec-

table, o bien, ya trabajando en el campo del tiempo reel puede haber 

alcances o retardos indeseables que en el simulador son casi imposibles 

dé preveer. Sin embargo, el costo de estos sistemas es elevado y se 

deberá tener realmente necesidad de ellos para adquirirlos. 

La práctica a realizar en el curso consiste en emu-

lar el circuito integrado CPU 8080 perteneciente al sistema SDK, con 

el programa monitor en su memoria ROH. 

lQué actividad realiza la ~~!!~un emulador? 

Podemos imaginarnos por un momento un sistema emu-

lado~ que tipo de circuitería interna tiene, ~i es capaz de emular a 



r 
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un microprocesador? Pues sencillamente tiene otro microprocesador, el 

cual interactuando con un programa de aplicación maneja los pins del 

circuito emulado y comanda sus acciones o actividades paso a paso, 

tenjendose .gracias a este la posibilidad de detección de fallas, etc. 
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APPENDIX A. MONITOR LISTING 

BeBe MACRO ASSEMBLER, VER 2.3 ERRORS = e PAGE l 

·**************************·······~······························· , 

PROGRAM: 808eA BOARD MONITOR 

COPYRIGHT (C) 1975 
INTEL CORPORATION 
3065 BOWERS AVENUE 
SANTA CLARA, CALIFORNIA 95e51 

, 
·**************************************************************** , 

ABSTRACT 
======== 

.TH~S PROGRAM RUNS ON THE 8080A BOARD AND IS DESIGNED TO PROVIDE 
THE USER WITH A MINIMAL MONITOR._ BY USING THIS PROGRAM, 
THE USER CAN EXAMINE AND CHANGE MEMORY OR CPU REGISTERS·, LOAD 
A!PROGRAM (IN ABSOLUTE HEX) INTO RAM, AND EXECUTE INSTRUCTIONS 
ALREADY IN MEMORY. THE MONITOR ALSO PROVIDES THE USER WITH 
ROUTINES FOR PERFORMING CONSOLE I/0. 

PROGRAM ORGANIZATION 
7====== ============ 
THE LISTING IS ORGANIZED IN THE FOLLO~ING WAY. FIRST THE COMMAN_D 
RECOGNIZER, WHICH IS THE HIGHEST LEVEL ROUTINE'IN THE PROGRAM. 
NEXT THE ROUTINES TO IMPLEMENT THE VARIOUS COMMANDS. FINALLY, 
THE UTILITY ROUTINES WHICH ACTUALLY DO THE DIRTY WORK. WITHIN 
EACH SECTION, THE ROUTINES ARE ORGANIZED IN ALPHABETICAL 
ORDER, BY ENTRY POINT OF THE ROUTINE. 

THIS PROGRAM EXPECTS TO RUN IN THE FIRST 1K OF ADDRESS SPACE. 
IF, FOR SOME REASON, THE PROGRAM IS RE-ORG'ED, CARE SHOULD 
BE TAKEN TO MAKE SURE THAT THE TRANSFER INSTRUCTIONS FOR RST 1 
AND RST 7 ARE ADJUSTED APPROPRIATELY. 

THE PROGRAM ALSO EXPECTS THAT RAM LOCATIONS 5K-1 TO 5K-256, 
INCLUSIVE, ARE RESERVED FOR THE PROGRAM'S OWN USE. THESE 
LOCATIONS ~AY BE ALTERED, HOWEVER, BY CHANGING THE EQU'ED 
SYMBOL "DATA" AS DESIRED. 

LIST OF FUNCTIONS 
==== -- ========= 

GETCH 

DCMD 
GCMD 



8Uij[J MACHO ASSEMBLER, VER 2.3 ERRORS "' 0 PAGE 2 

0000 

0011::l 
lH'D 
U.JFA 
!HJ27 
~HJFB 
00Fi\ 
""fA 
0~FB 
0000 
1300 

ICHO 
MOto 
SCHD 
XCMD 

BREAK 
CI 
CNVBN 
co 
CROUT 
ECHO 
ERROR 

'. PRET 
GETCH 
GETHX 
GETN1'1 
HILO 
NMOUT 
PRVAI~ 

RC:GDS 
RGADR 
RSTTF 
SRET 
STHF0 
STHLF 
VALDG 
VALDL 

ORG 9H 

' ¡a*•******~******W*k**~i****~·~~~**k************X;A•**Q~~U6~*k***R 

t10N ITOR EQUATES 

; 
:*~*****~*~*D**~*··~~·~~ñ~~~~R~****~~~~·~***~*****~***~*~"W6ñ~~~~· 

BRCHR EQU lBH CODE FOR BREAK CHARACTEH (ESCAPE) 
BRLOC EQU l3FDH LOCATION OF USER BRANCH INSTlWCTION IN RAM 
BHTAB EQU 3FAII LOCATION OF START OF BRANCH TABLE nJ ROM 
CMO EQU 027H COF1MAND INSTRUC'l'ION FOR USAF'f INHIALIZATION 
CNCTL EQU 0FBH CON SO LE (USART) CONTROL PORT 
CNIN EQU 0FAH CON SO LE INPUT PORT 
CNOUT EQU 0FAH CON SO LE OUTPUT PORT 
CONST EQU 0FBH CONSOLE STATUS INPUT PORT 
CR EQU 0DH ; CODE FOR CARRIAGE RETURN 
DATA EQU 5"'1024-256 ; STAR'l' OF MONITOR RAM USAGE 

30 
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0019 
000F 
0ilFF 
001lA 
0009 

00CF 

000F 
007F 
13ED 
0002 
01l38 

0018 
0001 
00FF 

1 
1 

1 
1 

ESC EQU 
HCHAR EQU 
INVRT EQU 
LF EQU 
LOWER EQU 
;LSGNON 
MODE EQU 
;MSTAK 
;NCMDS 
NEWLN EQU 
PRTY0 EQU 
REGS EQU 
RBR EQU 
RSTU EQU 
;RTABS 
TERM EQU 
TRDY EQU 
UPPER EQU 

. 

1BH CODE FOR ESCAPE CHARACTER 
0fH MASK TO SELECT I.OWER HEX CHAR f'ROM BYTE 
0FFH MASK TO INVERT HALF BYTE fLAG 
0AH CODE FOR LINE FEED 
0 DENOTES LOWER ~ALF OF BYTE !N ICMD 
EQU ; LENGTH OF SIGNON MESSAGE - DEFINED LATER 
0CFH ; MODE SET FOR VSART IN!TIALIZATION . 
EQU ; START OF MONITOR STACK - DEFINED LATER 
EQU ; NUMB~R OF VALID COMMANDS 
0FH ; MASK FOR CHECKING.MEMORY ADDR OISPLAY 
07FH ; MASK TO CLEiR PARITY BIT FROM CONSOI.B CHAR 
DATA+255-18 ; START OF REGISTER SAVE AREA 
2 ; MASK TO TEST RECEIVER STATUS 
3BH ; TRANSFER LOCATION FOR RST 7 INSTRUCTION 
EQU ; SIZE OF ENTRY IN RTAB TABLE 
lBH CODE FOR ICMD TERMINATING CHARACTER (ESCAPE) 
1 MASK TO TEST TRANSMITTER STATUS 
0FFH DENOTES UPPER HAI.F OF BYTE TN ICMD 

;**************************************a******•******************* 

MONITOR MACROS 

; 
;*************************************••·~························ 

TRUE MACRO WHERE BRANCH IF FUNCTION RETURNS TRUE (SUCCESS) 
JC WIIERE 
ENDM 

FALSE MACRO WHERE BRANCH IF FUNCTION RETURNS FALSE (FAILURE) 
JNC WHERE 
ENDM 

: 
···············~····················-~··········•2*******••~······ 1 

USART INITIALIZATION CODE 

: 
·**************************~·····~-·~··········****~#······•****** 1 

THE USART IS ASSUMED TO COME UP IN THE RESET POSITION {THIS 
FUNCTION IS TAKEN CARE OF BY THE HAFDWARE). THE USART WILL 
BE INITIALIZED IN THE SAME WAY FOR EITHER A TTY OR CRT 
INTERFACE. THE FOLLOWING PARAMETERS ARE USED: 

31 
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'l~Hl0 
Jlli:U 
J~l4 

1JOU6 

0038 
!HHI8 
00tlU 
0U0C 
001lf 
íHll2 
lll:ll3 
(HJ16 
1Hll9 
OtllA 
IH!l B 
IJ01C 

~f.Cf 
D:lfH 
3E27 
D:lFB 

22F313 
El 
22F513 
2UHHHl 
39 
22F713 
2H'313 
f9 
F5 
es 
05 

MODE INSTRUCTION 
~=== =========== 

2 STOP BITS 
PARITY DlSABLED 
e BIT CHARACTERS 
BAUD RATE FACTOR OF 64 

COMMAND INSTRUCTION 

NO HUNT MODE 
NOT(RTS) FOP.CED TO 0 
RECE!VE ENABLED 
DATA TERMINAL READY 
TRANSMIT E~lABLED 

MVI 
OUT 
MVI 
OUT 

A,MODE 
CNCTL 
A,01D 
CNCTL 

OUTPUT NODE EET TO USART 

OUTPUT COMMAND WORD TO USART 
; 
•**~**•**••k***•*****~:~·t~~***~**~AW~*****~*~W~***********A*·A~** , 

RESTART ENTRY POINT 

. 
¡********~********~****~**U***#******~***~v~aw~*~'~•*************~ 

GO: 
SHLD LSAVE SAVE HL REGISTERSS 
POP H GET TOP OF STACK ENTRY 
SHI.D PSAVE ASSUI1E THIS IS LAST P COUNTr.R 
LXI H,0 CLEAR HL 
DAD SP GET STACK POINTER VALUE 
SHLD SSAVE . SlWF. USER. S s·rr.cK POINTER 
LXI H,ASAVE+l . NEW VALUE POR S 'rACK POINTER 
SPHL SET MONITOR STACI< POIN'l'ER FOR REG SAVE 
PUSH PSW SAVE A. ANO FLJ\GS 
PUSH B SAVE 3 AND C 
PUSH D SAVE D AND E 

; 
;**•**6*********~*~**ñ**~*U*~t~**U~~**•*****A~~6*~~*Aá60~6·66 

PRINT SIGNON MESSAGE 

32 
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0010 219003 
0020 060E 
0022 
00,22 4E 
0023 CDI::301 
0026 23 
0027 05 
0028 C22200 

0028 
0028 21ED13 
002E F9 
002F 0E2E 
0031 CDF401 
01D4 C33B00 

0038 
0038 C3F013 

0038 
0038 C01B02 
003E CDF401 
0041 79 
0042 010600 
0045 21890 3 

·*~********ñ*****************************~********W**~a****k* 1 

LXI H,SGNON ; GET AOORESS OF SIGNON MESSAGE 
MVI B,LSGNON ; COUNTER FOR CHARACTERS IN MESSAGE 

MSGL: 
MOV C,M FETCH' NEXT CHAR TO C REG 
CALL co SENO IT TO THE CONSOLE 
INX H POINT TO NEXT CHARACTER 
OCR B OECREMENT BYTE COUNTER 
JNZ MSGL RETURN FOR NEXT CHARACTER 

; 
·********************************~******************************** 1 

COMMANO RECOGNIZING ROUTINE 

1 

; * * * * * * * * * • * * * * • * * •• * * * * * * * * * * * * * * * * 1t * * te * * * * * * * * * * * * * * '1\:: * * * * * 1l * * * .,. 

FUNCTION: GETCM 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: GETCH,ECHO,ERROk 
OESTROYS: A 1 B,C,H,L 1 F/F'S 
OESCRIPTION: GETCM RECEIVES AN INPUT CHARACTER FROM THE USER 

ANO ATTEMPTS TO LOCATE THIS CHARACTER IN ITS COMMAND 
CHARACTER TABLE. IF SUCCESSFUL, THE ROUTINE 
CORRESPONDING.TO THIS CHARACTER IS SELECTED FROM 

GETCM: 
LXI 
SPHL 
MVI 
CALL 
JMP 

ORG 
JMP 

: 
GTC03: 

CALL 
CALL 
MOV 
LXI 
LXI 

A TABLE OF COMMAND ROUTINE ADDRESSES, ANO CONTROL 
IS TRANSFERRED TO THIS ROUTINE. IF THE CHARACTER 
OOES NOT MATCH ANY ENTRIES, CONTROL IS PASSED TO 
THE ERROR HANDLER. 

H,MSTAK ALWAYS WANT TO RESET STACK PTR TO MONITOR 
/STARTING VALUE SO ROUTINES NEEDN"T CLEAN 

e, . , 
PROMPT CHARACTER TO C . 

ECHO SENO PROMPT CHARACTER TO USER TERMINAL 
GTC03 WANT TO LEAVE ROOM FOR RST BRANCH 

RSTU ORG TO RST TRANSFER LOCJ\TION 
USRBR JUMP TO USER BRANCH LOCATION 

GETCH GET COMMANO CHARACTER TO A 
ECHO ECHO CHARACTER TO USER 
A,C PUT COMMANO CHARACTER INTO ACCUMULATOR 
B,NCMDS C CONTAINS LOOP ANO INDEX COUNT 
H,CTAB HL POINTS INTO COMMAND TABLE 

33 
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004b 
1Hl48 
f-'049 
il04C 
0040 
C04E 
00 51 
0054 
91354 

0057 
01358 
0fcl59 
0!l5A 
0058 
ll05C: 
IH'I<,o 

00St: 
·01:151:: 
0060 
01Jó] 
1!0(;4 
Uli6S 
l:hl 6 5 
iltl68 
0069 
0il6C 
kHl6D 
0070 
0070 
0072 
1Hl7S 
ue u 

BE 
CA5400 
23 
0D 
C24800 
C30D02 

21AB03 

09 
íJ9 
7E 
23 
66 
6f 
E'J 

tl1::0 2 
CD'l7i<l2 
DI 
El 

COI::E01 
7C 
CDC302 
70 
CDC302 

0E20 
CDF401 
7E 
CDC302 

GTC05: 

GTC10: 

CMP 
JZ 
INX 
DCR 
JNZ 
JMP 

LXI 

DAD 
DAD 
MOV 
INX 
r10V 
MOV 
PCHL 

M 
GTCHI 
H 
e 
G'fC05 
ERROR 

H,CADR 

B 
B 
A,M 
H 
H, ~~ 
L,A 

COM.PARE TABLE ENTRY ANO CHARACTER 
DRANCH IF EQUAL - COMMAND RECOGNIZED 
ELSE, INCREMENT TABLE POINTER 
OECREMENT LOOP COUNT 
8RANCH IF NOT AT TABLE END 
ELSE, COMHAND CHARACTER IS ILLEGAL 

If GOOD COMMANO, LOAD ADORESS OF TABLE 
/OF COMMAND ROUTINE ADDRESSES 
ADD WHAT IS LEFT OF LOOP COUNT 
ADD AGAIN - EACH ENTRY IN CADR IS 2 BYTES LONG 
GET LSP OF ADDRESS OF TABLE ENTRY TO A 
POINT TO NEXT BYTE IN TABLE 
GET MSP OF ADDRESS OF TABLE ENTRY TO H 
PUT LSP OF ADDRESS OF TABLE ENTRY INTO L 
NEXT INSTRUCTION COMES FROM COMMAND ROUTINE 

, 
;*••~••~*'~~******~*~~¿~~~~Rá~~*D06ée************Q**********6********** 

COMMAND IMPLEMENTING ROUTINES 

; 
;******************a*•**~***~*~*~**************w•~~*o*******•********~* 

FUNCTION: DCMD 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: ECHO,NMOUT,HTLO,GETCM,CROUT,GETNM 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: DCMD IMPLEMENTS THE DISPLAY MEMORY (D) COMMAND 

; 
DCMD: 

MVI 
CALL 
POP 
POP 

DCM05: 
CALL 
MOV 
CALL 
MOV 
CALL 

DCM10: 
MVI 
CALL 
MOV 
CALL 

C,2 
GETNM 
o 
H 

CROUT 
A,H 
NMOU'r 
A,L 
N M OUT 

e, . . 
ECHO 
A,M 
N M OUT 

GET 2 NUMBERS "FROM INPUT STREAM 

ENDING ADDRESS TO DE 
STARTING ADDRESS TO HL 

ECHO CARRIAGE RETURN/LINE FEED 
DISPLAY ADDRESS OF FIRST LOCATION IN LINE 

ADDRESS IS 2 BYTES LONG 

USE BLANK AS SEPARATOR 
GET CONTENTS OF NEXT MEMORY LOCATION 
DISPLAY CONTENTS 
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0079 CDBD01 
1 

0lil7C 1 DA8500 
007F CD9C02 

1 
0082 
0085 
0085 
0088 
0088. 
00as 
008C 
0080 

1 D28B00 

008F 
tl092 

0095 
01l95 

1 
0098 1 
0098 
009C 
009E 
00A1 
00A4 
00A5 
00A6 
00A7 
00AA 
00AA 
00AB 
00AD 
008~ 
0080 

CDEE01 
C32B00 

23 
7D 
E60F 

C27000 
:·J6500 

CD2202 

D2AA0~ 
7A 
FEii!D 
C20D02 
21 F513 
71 
23 
70 
C3B000 

7A 
FE:0D 
C20D02 

C32E03 

CALL 
+ TRUE 
+ JC 

CALL 

+ FALSE 
+ JNC 

DCM12: 

DCM15: 

CALL 
JMP 

INX 
MOV 
ANI 

JNZ 
JMP 

BREAK 
DCM12 
DCM12 
HILO 

DCM15 
DCM15 

CROUT 
GETCM 

H 
A,L 
NEWLN 

DCM10 
DCM05 

SEE IF USER WANTS OUT 
IF SO, BRANCH 

SEE IF ADDRESS OF DISPLAYED LOCATION IS 
/GREATER THAN OR EQUAL TO ENDING ADDRESS 
IF NOT, MORE TO DISPLAY 

CARRIAGE RETURN/LINE FEED TO END LINE 
ALL DONE 

IF MORE TO GO, POINT TO NEXT LOC TO .DISPLAY 
GET LOW ORDER BITS OF NEW ADDRESS 
SEE IF LAST HEX DIGIT OF AODRESS DENOTES 
/START OF NEW LINE 
NO - NOT AT END OF LINE 
YES - START NEW LINE WITH ADDRESS 

, 
;*************"**************************************'************ 

FUNCTION: GCMD 
INPUTS: NONE 
OU'rPUTS: NONE 
CALLS: ERROR,GETHX,RSTTF 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: GCMD IMPLEMENTS THE BEGIN EXECUTION (G) COMMAND. 

; 
GCMD: 

CALL 
+ FALSE 
+ JNC 

GCM05: 

GCM10: 

MOV 
CPI 
JNZ 
LXI 
MOV 
INX 
MOV 
JMP 

MOV 
CPI 
JNZ 

JMP 

GETHX 
GCM05 
GCM05 
A,D 
CR 
ERROR 
H,PSAVE 
M,C 
H 
M,B 
GCM10 

A,D 
CR 
ERROR 

RSTTF 

GET ADDRESS (IF PRESENT) FROM INPUT STREAM 
BRANCH IF NO NUMBER PRESENT 

ELSE, GET TERMINATOR 
SEE IF CARRIAGE RETURN 
ERROR IF NOT PROPERLY TERMINATED 
WANT NUMBER TO REPLACE SAVE PGM COUNTER 

IF NO STARTING ADDRESS, MAKE SURE THAT 
/CARRIAGE RETURN TERMINATED COMMAND 
ERROR IF NOT 

RESTORE REGISTERS ANO BEGIN EXECUTlON 

'*****••······~~-··*********•••··~······························· 
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tlOllJ 
~Hl83 

U0BS 
&l088 
~llllJA 

011130 
00BE 
00BE 
00C! 
00C2 
!HlCS 
óHlC6·· 
OLiC8 
IHlCB 

1 

0E0l 
CD5702 
"3t::FF 
32F913 
Dl 

CDli302 
H 
CDf-401 
79 
fE lB 
CAFHHl 
CD!JA03 

00CE 1 DABE00 
0001 CD6F11í3 

0004 
0007 
00DA 
ihlDB 
¡l0DE 
00El 
00E2 
00E5 
~0 ~~f¡ 
¡ji}[;{¡ 

U~! EH 
UUt-:ll 
IHll:.t: 
00EE 
00 f 1 
0i!F4 
00 f'4 
aun 
IHlFA 

D2EE00 
CDDAUl 
4f 
CD5003 
3Af'913 
07 
C2E600 
13 

EEi"f 
J :J ~ 91 3 
( J l1UHJ 

CD4503 
C .HID02 

CD4503 
cutl::l:ll 
e 3 2 a00 

FUNCTION: ICMD 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: ERROR,ECHO,GETCH,VALDL,VALDG,CNV~N,STHLF,GETNM,CROUT 
Of.STROYS: A,B,C,D,E,H,L,f/F's 
DESCRIPTION: ICMD IMPLEMENTS THE INSERT CODE INTO MEMORY (I) COMMAND. 

ICMD: 

ICM35: 

HVI 
\ALL 
¡.¡vr 
STA 
POP 

CALL 
MOV 
CALL 
MOV 
CPI 
JZ 
CALL 

+ TRUE 
+ . JC 

CALL 
+ FALSE 
+ JNC 

10110: 

ICM20: 

ICM25: 

CALL 
MOV 
CALL 
LO!\ 
O.RA 
JNZ 
INX 

XRI 
STA 
JMP 

CALL 
JMP 

CALL 
CALL 
JHP 

C,l 
GETNM 
A,UPPER 
TEMP 
D 

GETCH 
C,A 
ECHO 
A,C 
TERM 
ICM25 
VALDL 
ICM05 
ICM05 
VALDG 
ICM20 
ICM20 
CNVBN 
C,A 
STHLF 
TEI1P 
A 
ICM10 
D 

INVRT 
TEMP 
ICM05 

S'l'HF0 
ERROR 

STHF0 
CROUT 
GETCM 

GET SINGLE NUMBER PROM INPUT STREAM 

TCMP WILL HOLD THE UPPER/LOWER HALF BYTE FLAG 
ADDRZSS OF START TO DE 

GET A CHARACTER FROM INPUT STREAM 

ECHO IT 
PUT CHARACTER BACK INTO A 
SES IF CHARACTER IS A TERMINATING CHARACTER 
IP SO, ALL DONE ENTERING CHARACTERS 
ELSE, SEE IF VALID DELIMITER 
IP SO SIMPLY IGNORE THIS CHARACTER 

ELSE, CHECK TO SEE JF VALID HEX DIGIT 
IF NOT, BRANCH TO HANDLE ERROR CONDITION 

CONVERT DIGIT TO BINARY 
140VE RESULT TO C 
STORE IN APPROPRIATE HALF WORD 
GET HALF BYTE FLAG 
SET F/F'S 
BRANCH IF FLAG SET FOR UPPER 
IF LOWER, INC ADDRESS OF BYTE TO STORE IN 

TOGGLE STATE OF 1FLAG 
PUT NEW VALUE OF FLAG BACK 
PROCESS NEXT DIGIT 

ILLEGAL CHARACTER 
MAKE SURE ENTIRE BYTE FILLED THEN ER~OR 

IJERE POR ESCAPE CHARACTER - INPUT IS DONE 
ADU CARRIAGE RETURN 

1 

;**~*~*A******~~**~*******•·~~wn*~**#~********•~***~**~~••-••~~a#* 
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00PD 
00!-'D 0E03 
00 Ff' CD57~2 
k!U:I2 Cl 
0UJ3 In 
kll04 Dl 
Ui05 
1:1Ul5 ES 
U11l6 62 
l:l1U7 68. 
0~08 "'~E 

0l1F tiJ 
0UJ, 69 
010L 77 
0H:IC 03 
0100 7R 
0ll.lE 81 
OJUF CA2800 
Ull2 lJ 
u 11 J El 
0114 CD9C02 

1 + 
Ul17 1 02281:10 + 
0llA C30501 

011'-' 
011D CD2202 
0120 es 
0121 El 
0122 
012 2 7A 
0123 F~20 
0125 CA2D01 

FtJNCTION: MCMD 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: GETCM,HILO,GETNM 
DESTROYS: A,B,C,D,E,H,L,f'/P'S 
DESCRIPTION: MCMD IMPLEMENTS THE MOVE DA~A IN MEMORY (M) COMMAND. 

; 
MCMD: 

MVI C,3 
CALL GETNM GET 3 NUMBERS FROM INPUT STREAM 
POP B DESTINATION ADDRESS TO BC 
POP H ENDING ADDRESS TO HL 
POP o STARTING AODRESS TO DE 

MCM05: 
PUSH H SAVE ENDING ADDRESS 
MOV H,D 
MOV L,E SOURCE ADDRESS TO HL 
MOV A,M GET SOURCE BYTE 
MOV H,B 
MOV L,C DESTINATION AODRESS TO HL 
MOV M,A MOVE BYTE TO DESTINATION 
INX B INCREMENT DESTINATION ADDRESS 
MOV A,B 
ORA e TEST FOR DESTINATION ADDRESS OVERFLOW 
JZ GETCM IP SO, CAN TERMINATE COMMAND 
INX o INCREMENT SOURCE ADDRESS 
POP H ELSE, GET BACK ENDING ADDRESS 
CALL HILO SEE IF ENDING ADDR>=SOURCS ADDR 
Ffi.LSE GETCM IF NOT, COMMAND IS DONE 
JNC GETCM 
JMP MCM05 MOVE ANOTHER BYTE 

. 
:********************************************************••·~······ 

FUNCTION: SCMO 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: GETHX,GETCM,NMOUT,ECHO 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: SCMD IMPLEMENTS THE SUBSTITUTE INTO MEMORY (S) COMMAND. 

; 
SCMD: 

CALL GETHX GET A NUMBER, H' PRESENT, FROM INPUT 
PUSH B 
POP H 1 GET NUMBER TO HL - DENOTES MEMORY LOCATION 

SCM05: 
MOV ~·~ GET TERMINATOR 
CPI f SEE IF SPACE 
JZ SCM10 YES - CONTINUE PROCESSING 
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·,;. 21! 
.: l 2A 
~~ 1 2 o 
,'J 2:J 
',1] 2l:: 
e1 31 
01]] 
UJ6 

l 
0] 39 l 
Ol3C 
OlJD 
Jl3D 
e:. H. 

01 41 
0 1 4 \ 
0144 
11145 
il14tl 
lll49 
1.11413 
1114E 
0 1 ')l. 
01':>4 
11154 
UJ')') 
(! J 'i 8 
U1~9 

ldl'>A 
U15C 
illSF' 
Ul6U 
0163 
0163 
11166 
0168 
0161i 
0160 

FE2C 
C22B0i3 

7E 
COC302 
0E2D 
CDF'4!ll 
CD2202 

D23D01 
71 

~23 

C.l220l 

CD1802 
4F' 
CDF40l 
H 
n:eo 
C2540l 
cor:ó~l 2 
CJ2B00 

4f 
CD170J 
C5 
El 
¡;f. 20 
COF40l 
79 
J 2 F91J 

3AF913 
FE20 
CA700l 
FE2C 
C22B00 

SCM10: 

CPI 
JNZ 

f.IOV 
CALL 
MVI 
CALL 
CALL 

+ FALSE 
+ JNC 

MOV 
SCM15: 

INX 
JMP 

' GETCM 

A,M 
N M OUT 
e, -, 
ECHO 
GETHX 
SCMl S 
SCMlS 
M,C 

H 
SCt10 S 

ELSE, SEE IF COMMA 
NO·- TERMINATE COMMAND 

GET CONTENTS OF SPECIFIED LOCATION TO A 
DISPLAY CONTENTS ON CONSOLE 

USE DASH FOR SEPARATOR 
GET NEW VALUE FOR MEMORY LOCATION, IF ANY 
IF NO VALUE PRESENT, BRANCH 

ELSE, STORE LOWER 8 BITS OF NUMBER ENTERED 

INCREMENT ADDRESS OF MEMORY LOCATION TO VIEW 

, 
·**6**7**0*~~•••••~*~****h**~v~******~*~•*~*****~~~**~******a•w~•• , 

FUNCTION: XCMD 
: INPUTS: NONE 
; · OUTPUTS: NONE 

CALLS: GETCH,ECHO,REGDS,GETCM,ERROR,RGADR,NMOUT,C~U~l,GETHX 
; D~STROYS: A,B,C,D,E,H,L,F/F'S 
; DESCRIPTION: XCMD fMPLEMENTS THE RECISTER EXAMINE ANO CHANGE (X) 

COMMAND. 
: 
XCMD: 

CALL GETCH GET REGISTER IDENTifiER 
MOV C,A 
CALL ECHO ECHO IT 
MOV A,C 
CPI CR 
JNZ XCM0S BRANCH IF NOT CARRIAGE RETURN 
CALL REGDS ELSE, DISPLAY REGISTER CONTENTS 
JMP GETCM THEN TERMINATE COMMAND 

XCM0S: 
MOV C,A GET REGISTER IDEN'r IFIER TO C 
CALL RGADR CONVERT IDENTIFIER INTO RTAB TABLE ALJDR 
PUSH B 
POP H PUT POINTER TO REGISTER ENTRY IN'l'O HL 
MVI e, . 
CALL ECHO ECHO SPACE TO USER 
MOV A,C 
S'l'A TEMP PUT S PACE IN'l'O TEMP AS OELIMITER 

XCM10: 
LOA TEMP GE1' TERMINATOR 
CPI SEE IF A BLANK 
JZ XCMlS Y~S - GO CHECK POINTER INTO TABLE 
CPI NO - SEE IF COMMA 
JNZ GETCM NO - MUST BE CARRIAGE RETURN TO END COMMAND 
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0170 
0170 
0171 

:• 017 2 
017S 
0178 
0176 
0176 
0l7C 
0170 
017F 
0180 
0181 
0182 
la! 83 
0184 
0185 
0186 
0189 
018A 
0180 
018C 
018F 
01 90 
0191 
0194 
"194 
0196 
0199 

1 
019C 1 
019F 
01All 
OlAJ 
01A4 
01A5 
01A6 
01A9 
01AA 
01A6 
01AB 
01AC 
OlAC 
01AF 
01B0 
01 Bl 
0lll4 
0164 
01B'.i 
0188 
0169 

7E 
B7 
C27B01 
CDEE01 
C32B00 

ES 
SE 
1613 
23 
46• 
05 
os 
El 
es 
7E 
CDC302 
Fl 

-F5 
B7 
CA9401 
2B 
7E 
CDC302 

0E2D 
CDf4 01 
CD2202 

02!:1401 
7A 
32F913 
Fl 
1::1 
ll7 
CAABIH 
70 
2B 

71 

110300 
E.l 
19 
C363il1 

7A 
3:lF913 
D1 
Dl 

XCM15: 

XCM18: 

XCM20: 

M0\1 
ORA 
JNZ 
CALL 
JMP 

PUSH 
MOV 
MVI 
INX 
MOV 
PUSH 
PUSH 
POP 
PUSH 
MOV 
CALL 
POP 
PUSH 
ORA 
JZ 
DCX 
MOV 
CALL 

MVI 
CALL 
CALL 

+ FALSE 
+ JNC 

MOV 
STA 
POP 
POP 

-ORA 
JZ 
MOV 
DCX 

XCM2S: 

XCM27: 

XCM30 

MOV 

LXI 
POP 
OAD 
JMP 

MOV 
STA 
POP 
POP 

A,M 
A 
XCM18 
CROUT 
GETCM 

H 
E,M 

SET F/F'S 
BRANCH IF NOT AT END OF TABLE 
ELSE, OUTPUT CARRIAGE RETURN LINE FEED 
ANO EXIT 

PUT POINTER ON STACK 

O,OATA SHR 8 
H 

; FETCH ADDRESS OF SAVE LOCATION FROM TABLE 

B,M 
o 
D 
H 
B 
A,M 
N M OUT 
PSW 
PSW 
A 
XCM20 
H 
A,M 
N M OUT 

e,.-. 
ECHO 
GETHX 
XCM30 
XCM30 
A,D 
TEMP 
PSW 
H 
A 
XCM25 
M,B 
H 

M,C 

O, RTABS 
H 
o 
XCMHl 

FETCH LENGTH FLAG FROM TABLE 
SAVE ADDRESS OF SAVE LOCATION 

MOVE ADDRESS TO HL 
SAVE LENGTH FLAG 
GET 8 BITS OF REGISTER FROM SAVE LQCATlON 
DISPLAY IT 
GET BACK LENGTH FLAG 
SAVE IT AGAIN 
SET F/F'S 
IF 8 BIT REGISTER, NOTHING MORE TO DlSPLAY 
ELSE, FOR 16 BIT REGISTER, GET LOwER 8 BITS 

DISPLAY THEM 

USE DASH AS SEPARA·TOR 
SEE IF THERE IS A VALUE TO PUT INTO REGISTER 
NO - GO CHECK FOR NEXT REGlSTI::R 

ELSE, SAVE THE TERMINATOR FOR NOW 
GET BACK LENGTH FLAG 
PUT ADDRESS OF SAVE LOCATION INTO HL 
SET F/F'S 
IF 8 BIT REGISTER, BRANCH 
SAVE UPPER 8 BITS 
POINT TO SAVE LOCATION FOR LOWER 8 BITS 

STORE ALL OF 8 BIT OR LOWER 1/2 OF 16 BIT REG 

SIZE OF ENTRY IN RTAB TABLE 
POINTER INTO REGISTER TABLE RTAB 
ADD ENTRY SIZE TO POINTER 
DO NEX'r REGISTER 

A,D GET TERMINATOR 
TEMP SAVE IN MEMORY 
D CLEAR STACK OF LENGTH FLAG ANO ADDRESS 
D /0P SAVE LOCATION 
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~IBA C3AC01 

CfER INPUT 

0lllD 
~lBD 

~ll:iF 

JlCl 
>' 1 C4 
llJC6 
01C8 
OlCA 
tl1CO 

1!100 

DBFB 
E602 
CA1802 
DBFA 
E6 7 f' 
1-'ElB 
CA4ltl3 
C JlBU 2 

JMP XCM27 GO INCREMENT REGISTER TABLE POINTER 

UTILITY ROUTINES 

i 
:***************•*~******~*~*~**6*~**k******n~~ü*~****~*n*k****•** 

FUNCTION: BREAK 
INPUTS: NONE 
OUTPUTS: CARRY - 1 IF ESCAPE CHARA 

- 0 IF ANY OTHER CHARACTER OR NO CHARACTER PENOING 
CALLS: NOTHJNG 
DESTROYS: A,F/F"S 
DESCRIPTION: BREAK IS USED 1'0 .SENSE AN F:SCAPE CHARACTER fQCt1 

hREAK: · 
IN 
ANI 
JZ 
IN 
ANI 
CPI 
JZ 
JMP 

f'UNCTION: CI 
INPUTS: NONE 

THE USER. Ir NO CHARACTER TS PENDING, OR IF THE 
PENDING CHARACTER IS NOT THE ESCAPE, THEN A FAILURE 
RETURN (CARRY=O) IS TAKEN. IN THIS CASE, 

THE 
PENOING CHARACTER (IF ANY) IS LOST. IF THE PENDING 
CHARACTER IS AN ESCAPE CHARACTER, BREAK TAKES A SUCCESS 
RETURN (CAR~Y=l). 

CONST 
HBR 
FRI::T 
CNHJ 
PR'fY0 
BRCHR 
SRET 
FRET 

GET CONSOLE STATUS· 
SEE IF CHARACTER PENDING 
NO - TAKE FAILURE RETURN 
YES - PICK UP CHARACTER 
STRIP OFF PARITY BIT 
SEE IF BREAK CHARACTER 
YES - SUCCESS RETUPN 
NO - FAILURE RETURN - CHARACTER LOST 

OUTPUTS: A - CHARACTER FROM CONSOLE 
CALLS: NOTHING 
üESTROYS: A,F/F'S 
DESCRIPTION: CI WAITS UNTIL A CHARhCTER HAS BEEN ENTERED AT THE 

CONSOLE ANO THEN RETURNS THE CHARACTER, VIA THE A 
REGI SS TER, TO THE CALLI NG ROUT INE. TH IS ROU'l' INE 
IS CALLEO BY THE USER VIA A JUMP TABLE IN RAM. 

CI: 

\, 

40 
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0100 DBf'B 
01U2 E602 
0lü4 CAD00l 
011)7 DBFA 
0109 C9 

01DA 
~ 1 Of\ _H 
OlD~ D6HJ 
01DD FE0A 
OlDF F8 
l'll E<l 060 7 
.': r~ 2 C9 

o 1 E] 

0 1 I::J DUFB 
a 11:: '> E611l 
(o! 1 ~· 7 CAE!01 
¡\'~A 79 
Oli:.~ DJFA 
0lt::D C9 

IN CONST GET STATUS OF CONSOLE 
ANI RBR CHECK POR RECEIVER BUFFER READY 
JZ CI NOT YET - WAIT 
IN CNIN READY SO GET CHARACTER 
RET 

. 
·******m*************************************'********•************ , 

FUNCTION: CNVBN 
INPUTS: C- ASCII CHARACTER ·e·-·g· OR "A"-"F" 
OUTPUTS: A - 0 TO f' HEX 
CALLS: NOTHING 
DESTROYS: A,F/F"S 
DESCRIP~ION: CNVBN CONVERTS THE ASCII REPRESENTATION OF A HEX 

CNVBN INTO ITS CORRESPONDING BINARY VALUE. CNVBN 
DOES NOT CHECK THE VALIDITY OF ITS INPUT. 

CNVBN: 
MOV A,C 
sur "0. SUBTRACT CODE F'OR . 0. PROM ARGUMENT 
CPI 10 WANT TO TEST POR RESULT OF 0 TO 9 
RM IF SO, THEN ALL DONE 
SUI 7 ELSE, RESULT BETWEEN 17 AND 23 DECIMAL 
RET SO RETURN AFTER SUBTRACTING BU\S OF 7 

. 
·********************************X***~************"*********"•********* . . 

f'UNCTION: CO 
INPUTS: C - CHARACTER TO OUTPUT TO CONSOLE 
OUTPUTS: C - CHARACTER OUTPUT TO CONSOLE 
CA LLS: NO'rH I NG 
DESTROYS: A,F/f'"S 
DESCIHP'riON: CO WAITS UNTIL THE CONSOLE IS READY TO ACCEPT A CHARACTER 

ANO THEN SENOS TllE INPUT ARGUMENT ·ro THE CONSOLE. 

CO: 
IN r:'ONST GET STATUS Of' CONSOLE 
ANI 'i ROY SEE IF TRANSMITTER READY 
JZ· e o NO - WAIT 
MOV A,C ELSE, MOVE CI!ARACTER TO A REGISTER rOR OUTPUT 
OUT CNOUT SENO TO CONSOLE 
RE'!' 

; 
·*•****#···········6*******'*~*******•***************************~ , 
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tHI::E 
0H..E 
01 FO 
íllF3 

O 1 F4 
tll 1-'4 
lll fS 
~ l F7 
OlFfJ 
lllFP. 
0lfD 
l.liFD 
011117 
1Ji¡l2 
112klJ 
0 2¡16 
0~01:1 
0208 
021lB 
Ll :lklC 

ClfOO 
CDF40l 
C9 • 

4 1 
JEl B 
B8 
C2 F 001 
l1 E: ?4 

CUU0l 
HAl!J 
I.Hl 
(..'(ll;(.J2 
l_lUlt\ 

C!JEJ0l 

48 
C':l 

FUNCTION CROUT 
INPUTS: NONE 
OlJ'fPUTS: NONE 
CA LLS: ECHO 
D~STROYS: A,B,C,F/F's 
OESCRIPTION: CROUT SENOS A CARRIAGE R8TURN (ANO HENCE A LINE 

FEED) TO THE CONSOLE. 

CHOUT: 
tWJ 
CALl, 
RET 

C,CR 
ECHO 

; . 
;*******~~k·~~··*****•~············~·~·-··~·····*·~··~······~····~·· 
; . 

F'UNCTION: ECHO 
INPUTS: C - CHARACTER TO ECHO TO TERMINAL 
OUTPUTS: C - CHARACTER ECHOED TO TERMINAL 
CALLS: CO 
DESTHOYS: A,B,F/F'S 

·: DESCRIPTION: ECHO TA~ES A SINGLE CHARACTER AS INPUT ANO, VIA 
THE MONITOR, SENOS THAT CHARACTER TO THE USER 
TERMINAL. A CARRIAGE RETURN IS ECHOED AS A CARRIAGE 
RETURN LINE FEED, ANO AN ESCAPE CHARACTER IS ECHOED AS S. 

ECUO: 
MOV B,C 
~!VI A,ESC 
CMP B 
JNZ ECH05 
MVI e, ·s · 

EC/105: 
CliLL co 
MVI A,CR 
CMP B 
JNZ ECHHl 
MVI C,LF 
CALL co 

ECHlO: 
MOV c;s 
RET 

r'UNCTION: ERIWR 
INPU'rS: NONE 
OUTPUTS: NONE 

; 

.. 

SAVE ARGU~1EN'I' 

SEE IF ECHOING AN,C:SCAPE CHARACTER 
NO -· BRANCH· 
YES - ~CHO AS $ 

DO OU'J'PUT Tl-!ROUGH M8NI'rOR 

SEE IF' CH_ARIICTER ECHOED WAS A.CARRIJl.GE RE'l·URN 
NO - NO NEED 'I'O TAKf. SPECIAL AC'í'ION 
YES - vlf,l'J'I' TO ECHG LINE Ft:SD, TOO 

?.ESTOR E ARGUMENT 
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li21dD 
li2UD 
020f 
0212 
0215 

0218 
0218 
fl219 
U21A 

0218 
0218 
ld21E 
0220 
0221 

0E2A 
CDF401 
CDEE~il 

CJ2B00 

37 
JF 
C<J 

CDD00l 
E67F 
4F 
C9 

CALLS: ECHO,CROUT,GETCM 
DESTROYS: A,B,C,F/F'S 
DESCRIPTION: ERROR PRINTS THE ERROR C~ARACTER (CURRENTLY AN ASTERISK) 

ON THE CONSOLE, FOLLOWED BY A CARRIAGE RETURN-LJ~E FEED, 
ANO THEN RETURNS CONTROL TO THE COMMAND RECOGNIZER. 

ERROR: 
MVI 
CALL 
CALL 
JMP 

e * 
ECHO 
CROUT 
GETCM 

SENO * TO CONSOLE 
SKIP TO BEGIN~ING OF NEXT LINE 
TRY AGAIN FOR ANOTHER COMMAND 

. 
······························~···························••t***ft***•*6 ' > 

FUNCTION: FRET 
INPUTS: NONE 
OUTPUTS: CARRY - ALWAYS 0 
CALLS: NOTHING 
DESTROYS: CARRY 
DESCRIPTION: FRET IS JUMPED TO BY ANY ROUTINE THAT WISHES TO 

INDICATE FAILURE ON RETURN. FRET SETS THE CARRY 
FALSE, DENOTING FAILURE, ANO THEN RETURNS TO THE 
CALLER OF THE ROUTINE INVOKING FRET. 

FRET: 
STC 
CMC 
RET 

FIRST SET CARRY TRUE 
THEN COMPLEMENT IT TO MAKE lT FALSE 
RETURN APPROPRIATELY 

; 
•***************A****************************************************** 
' 

FUNCTION: GETCH 
INPUTS: NONE 
OUTPUTS: C - NEXT CHARACTER IN INPUT STREAM 
CALLS: CI 
DESTROYS: A,C,F/F"S 
DESCRIPTION: GETCH RETURNS THE NEXT CHARACTER IN THE INPUT STREAM 

TO THE CALLING PROGRAM. 

GETCH: 
CALL 
ANI 
MOV 
RET 

CI 
PR'fY0 
C,A 

GET CHARACTER FROM TERMINAL 
TURN OFF PARITY BIT IN CASE SET BY CONSOLE 
PUT VALUE IN C REGISTEH FOR RETURN 
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0222 
0222 ES 
~223 2l0CHi0 
0226 1 [;0 ¡j 
evo 
~228 e 01 s0 2 
ll27!.l 4F 
U22C CUF40l 
[J22f CD!JA03 

+ 
11L32 024102 + 
H i J:> '>1 
0:7'36 L ~' 
un1 Cl 
0238 El 
0:¿)9 7Ll 
02](1 B7 
ll2)l:l C24J03 
0 2 .ll~ CA18112 
0241 
kl241 CD6fB3 

1 + 
0244 1 o;l0D<12 + 
0247 CODA01 
024A lEFF 
024C :!9 
024!J 29 
024E 29 

FUNC'l'ION: GETHX 
INPIJTS: NONE 
OUTPUTS: BC - 16 BIT INTEGEK 

D - CHARACTER WHICH TERMINATED THE INTEGER 
CARRY - 1 IF FIRST CHARACTER NOT DELIMITER 

- 0 IF FIRST CHARACTER IS DELIMITER 
CALLS: GETCH,ECHO,VALDL,VALDG,CNVBN,ERROR 
DESTROYS: A,B,C,D,E,F/F'S 
DESCRIPTION: GETHX ACCEPTS A STRING OF HEX DIGITS FROM THE INPUT 

STREAM ANO RETURNS THEIR VALUE AS A 16 BIT BINARY 
INTEGER. If MORE THAN 4 HEX DIGITS ARE ENTERED, 

GETHX: 
PUSH 
LXI 
MVI 

GHX05: 
CALL 
NOV 
CALL 
CALL 
FALSE 
JNC 
MOV 
PUSH 
POP 
POP 
~ov 

ORA 
JNZ 
JZ 

GHX10: 
CALL 
FALSE 
JNC 
CALL 
MVI 
DAD 
DAD 
DAD 

ONLY THE LAST 4 ARE USED. THE NUMOER TERMINATES WHEN 
A VALID OELIMITER IS ENCOUNTERED. THE DELIMlTER IS 
ALSO RETURNED AS AN OUTPUT OF THE FUNCTION. JLLEGAL 
CHARACTERS (NOT HEX DIGITS OR DELIMITERS) CAUSE AN 
ERROR INDICATION. IF THE FIRST (VALIDI CHARAC'l·ER 
ENCOUNTERED IN THE INPUT STREAM IS NOT A DELTMITER, 
GETHX WJLL RETURN WITH THE CARRY BIT SET TO 1: 
OTHERWISE, THE CARRY BIT IS SET TO 0 AND THE CONTENTS 
OF BC ARE UNDEFINED. 

H SAVE HL 
H,0 INITIALl Z E RESULT 
E,0 INITIALIZE DIGIT FLAG TO FALSE 

GETCH GET A CHARACTE:R 
C,A 
ECHO ECHO THE CHARACTER 
VALDL SEE IF DELIMITER 
GHX10 NO - BRANCH 
GHX10 
D,C YES - ALL DONE, BUT WANT TO RETUf<N DELJMI'fER 
H 
B MOVE P.ESULT rro BC 
H RESTORE HL 
A,E GET FLAG 
A SET F/F'S 
SRET IF FLAG NON-0, A NUt4BER HAS BEEtJ FOUND 
fHf.:T Er,.SE, DELI!HTER WAS E"lRST CHARACTER 

VALOG IF NOT DELIMITEF, SEE H' DIGIT 
ERROR ERROR If NO'r A VA LID DIGIT, EI'l'HEfl 
P-RROR 
CNVBN CONVERT DI G I'l' '1'0 I'rS BINARY VALUE 
E,0FFH SET DIGI'l' fLAG NON-0 
H ~2 

H "4 
H "8 
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02H' 29 
0250 0600 
0252 4F 
0253 09 
0254 C32802 

0257 
0257 2E0) 
02')9 79 
l:l25A E6U3 
kl25C C& 
025() 67 
025E 
025E CD2202 

1 + 
0261 1 02110"2 + 
0264 es 
0265 20 
0266 25 
0267 CA731'l2 
026A 7A 
02613 Fi:.:00 
0260 CA0D02 
tl270 CJSE02 
0273 
027J 7A 
0274 n.:0o 
1'!276 C20D02 
0279 01FfFF 
027C 7U 
0270 87 
027E CA8602 

DAD H *16 
M'JI 8,0 CLEAR UPPER 8 BITS OP BC PAIR 
MOV C,A BINARY VALUE OF CHARACTER INTO C 
DAD B ADD THIS VALUE TO PARTIAL RESULT 
JMF' GHX05 GET NEXT CHARACTER 

: 
·******************************************************•********** 1 

: 

FUNCTION: GETNM 
INPUTS: C - COUNT OF NUMBERS TO FINO IN INPUT STREAM 
OUT~UTS: TOP OF STACK - NUMBERS FOUND IN REVERSE ORDER (LAST ON TOP 

OF STACK) 
CALLS: GETHX,HILO,ERROR 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: GETNM FINOS A SPECIFIED COUNT OF NUMBERS, BETWEEN 1 

ANO 3, INCLUSIVE, IN THE INPUT 
STREAM AND RETURNS THEIR VALUES ON THE STACK. IF 2 
OR MORE NUMBERS ARE REQUESTED, THEN THE FIRST MUST BE 
LESS THAN OR EQUAL TO THE SECONO, OR THE FIRST ANO 
SECOND NUMBERS WILL BE SET EQUAL. THE LAST NUMBER 
REOUESTED MUST BE TERMINATED BY A CARRIAGE RETURN 
OR AN ERROR INDlCATION WILL RESULT. 

GETNM: 
MVI L,3 PUT MAXIMUM ARGUMENT COUNT INTO L 
MOV A,C GET THE ACTUAL ARGUMENT COUNT 
ANI 3 FORCE TO MAXIMUM OF 3 
RZ 1 F 0, DON 'T BO'l'HER TO DO ANYTH IING 
MOV H,A ELSE, PUT ACTUAL COUNT INTO H 

GNM05: 
CALL GETHX GET A NUMBER FROM INPUT STREAM 
FALSE ERROR ERROR IF NOT THERE - TOO FEW NUHBERS 
JNC ERROR 
PUSH B ELSE, SAVE NUMBER ON STACK 
OCR L DECREMENT MAXIMUM ARGUMENT COUNT 
OCR H DECREMENT ACTUAL ARGUMENT COU-NT 
JZ GNM10 BRANCH IF NO MORE NUMBERS WANTED 
MOV A,D ELSE, GET NUMBER TERMINATOR TO A 
CPI CR SEE IF CARRIAGE RETURN 
JZ ERROR ERROR IF SO - TOO FEW NUMBERS 
JMP GNM¡j') ELSE, PROCESS NEXT NUMBER 

GNMU!: 
MOV A,D WHEN COUNT 0, CHECK LAST TERMINATOR 
CPI CR 
JNZ ERROR ERROR IF NOT CARRIAGE RETURN 
LXI B,0FFFFH : HL GETS LARGEST NUMBER 
MOV A,L GET WHAT'S LEFT OF MAXIMUM ARG COUNT 
ORA A CHECK FOR 0 
JZ GNM20 IF YES, 3 NUMBERS WERE INPUT 
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t1281 
f12al C5 
02o2 20 
f'!2tl} C28102 
0285 
en6 C! 
na7 DI 
0288 El 
G289 CD9C02 

1 + 
02SC 1 029102 + 
U:!fH' S4 
<!.t. se ')IJ 

e 2 ·; 1 
02 (<d l E3 .. 
(¡j 2'1 2. D5 
02t)J C'S 
;l2 9 q ES 
0295 
0::'95 3D 
02% FB 
k1 ., (', 

' '. u 
~,¡ ~ 9:1 ·U 
0?49 C.l ~Sl12 

029C 
0:?9C es 
!l29D 47 
029E ES 
l:li!H' 7A 
kl2AI:l l:lJ 
02Al CAOD02 
(:J2A4 23 
fl2A5 7C 
02A6 B5 
02A7 CABD02 

GNM15: 
PUSH B ; If NOT, FILr. REMAINING ARGUMENTS WITli 3FPFFH-
DCR L 
JNZ GNM15 

GNM2f!J: 
POP B : GET THE 3 ARGUMENTS OUT 
POP D 
POP H 
CALL HILO SEE IF FIRST ):: SECOND 
FALSE GNM25 NO - BRANCH 
JNC GNM25 
MOV D,l-1 
140V E,L YES - MAKE SECOND ·EQUAL TO THE FIMST 

GNM25: 
XTBL PU'r FIRST ON S'l'ACK - GE'I' RETURN ADDR 
?USH () ?UT SECOND ON STACK 
POSH B PU1' 'rH I RD ON STACK 
PUSH H PU1' RETURN ADORES S ON STACK 

GNM30: 
DCR A DECREMENT RES WUAL COUN'l' 
RM IF NEGA'rJVE, PROPER RESULTS ON STACK 
POP H ELSE, GET RETURN ADDR 
XTHL RE PLACE: TOP RESULT ¡.n·rH RETURN ADDR 
JMP GNM3~ TRY AGP,IN 

. 
¡6R.~R**A************~~***~*~*~**~**#***********~******~*****au~k~ 

; 

f'UNCTION: HILO 
INPUTS: DE - 16 BIT INTEGER 

HL - 16 BIT INTEGER 
OUTPUTS: CARRY - 0 IF HL<DE 

- f Ir HL>=OE 
CALLS: NOTHING 
DESTROYS: F/F'S 
DESCRIPTION: HILO COMPl\RES THE 2 16 BIT INTEGERS IN HL ANO DE. TlJE 

INTEGERS ARE TREATED AS UNSIGNED NUMBERS. THE CARRY 
BIT IS SET ACCORDING TO THE RESULT OF THE COMPARISON. 

1-l I LO: 
?USH 8 SAVE BC 
MOV B,A SAVE A 1N B REGISTER 
PUSil H SIWE HL PAIR 
I'-10V A,D CHECK FOR DE = 001.HlH 
ORA E 
JZ HI.L05 ~~E' HE AUTOMA'riCi\LLY DONE IF IT rs 
INX H l NCREMENT HL BY 1 
MOV A,H WANT TO TES'i' FOF 0 RESUL'l' J.\FTER 
ORA L /INCREI-lEN'l'ING 
'" '"'" HI LIJS IF SO, HL MUST HAVE CONTAJNED 0FFFFH 
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02AA 
02AB 
02AC 
02AE 

'02AF 
0280 
02B2 
0283 
0 2B4 
0285 
02i:l6 
02B7 
02H8 
02B9 
02BA 
02UB 
021::!C 
02130 
02130 
02HE 
021H' 
02C0 

02C3 
02C3 
02C4 
02C5 
0 2C6 
02C7 
02C8 
02C9 
02CB 
02CC 
02CF 
0202 
0203 

El 
D'> 
3EFF 
AA 
57. 
3EFF 
AB 
SF 
13 
70 
83 
7C 
8A • 
Dl 
78 
Cl 
C9 

El 
78 

>Cl 
C34303 

ES 
FS 
UF 
0F 
0F 
0F 
E60F 
4F 
CDOEn .' 
CDF'4111 
Fl 
E60 F 

POP 
PUSH 
MVI 
XRA 
MOV 
MVI 
XRA 
MOV 
INX 
MOV 
ADO 
MOV 
AOC 
POP 
MOV 
POP 
RET 

H 
D 
A,0FFH 
D 
D,A 
A,0FFH 
E 
E,A 
o 
,!I.,L 
E 
A,H 
o 
o 
A,B 
B 

IF NOT, RESTORE: ORIGINAL HL 
SAVE ÓE 
WANT TO TAKE 2 ·s COMPLEMENT Of DE CONTEN'l'S 

2'5 COMPLEMENT OF DE TO DE 

AOD HL ANO DE 

HIL05: 

THIS OPERATION SETS CARRY PROPERLY 
RESTORE ORIGINAL DE ~ONTENTS 
RESTORE ORIGINAL CONTENTS OF A 
RESTORE ORIGINAL CONTENTS OF BC 
RETURN WITH CARRY SET AS REQUIREO 

. , 

POP 
MOV 
POP 
JMP 

H 
A,B 
B 
SRET 

IF HL CONTAINS 0FFFFH, THEN CARRY CAN 
/ONLY BE SET TO 1 

RESTORE ORIGINAL CONTENTS OF REGISTERS 
SET CARRY ANO RETURN 

·*~**************************•***x******••***************************** , 

FUNCTION: NMOUT 
INPUTS: A - 8 BIT INTEGER 
OUTPUTS: NONE 
CALLS: ECHO,PRVAL 
DESTROYS: A,B,C,F/F'S 
DESCRIPTION: NNMOUT CONVERTS THE 8 BIT, UNSIGNED INTEGER IN THE 

A REGISTER INTO 2 ASCII CHARACTERS. THE ASCII CHARACTERS 
ARE THE ONES REPRESENTING THE 8 BITS. THESE TWO 
CHARACTERS ARE SENT TO THE CONSOLE AT THE CURRENT PRINT 
POSITION OF THE CONSOLE. 

NMOUT: 
PUSH 
PUSH 
RRC 
RRC 
RRC 
HRC 
ANI 
MOV 
CALL 
CALL 
POP 
ANI 

H 
PSW 

HCHAR 
C,A 
PRVAL 
ECHO 
PSW 
HCHAR 

SAVE HL - DESTROYE:D BY PRVAL 
SAVE ARGUMENT 

GET UPPER 4 BITS TO LOW 4 BIT POSITIONS 
MASK OUT UPPER 4 BITS - WANT 1 H~X CHAR 

CONVERT LOWER 4 BITS TO ASCII 
SENO TO TERMINAL 
GET BACK ARGUMENT 
MASK OUT UPPER 4 BITS - WANT 1 HEX CHAR 
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J2D5 4F 
0206 CDDE02 
0209 CDF'4í:ll 
02DC El 
G2DD C9 

0?DS 
02iJE 2l8Fr13 
02E:l 060(i 
0 2E 3 (59 
U2E4 48 
02E5 C9 

02E5 
02E6 21CF03 
02E9 
¡j2E'l 4E 
112EA 79 
02LB 87 
02EC C2F302 
en F CLJI::EI:il 
02f2 C9 
021"3 

MOV C,A 
CALL PRVAL 
CALL ECHO 
PO? H ''ESTOR E SAVED VALUE OF HL 
RET 

. 
¡*~*~***~t~*R*~*~~**Rkñ*R*~**Rüñ***"~****Q*~***~~·~·~····~~··~w******~* 

; 

FUNCTION; PRVAL 
INPUTS: C - IN~EGER, RANGE 0 TO F 
OUTPUTS: C - ASCII CHARACTER 
CALLS: NO'fHING 
DESTROYS: D,C,H,L,F/F"s 
DESCRIPTION: PRVAL CONVERTS A NUMBER IN THE RANGE 0 TO F HEX TO 

THE CORR¿SPON0ING ASCII CHARACTER, 0-9,A-F. PRVAL 
DOES NOT CHECK THE VALIDITY OF ITS INPUT ARGUMENT. 

PRVAL: 
LXI H,DIG'fB ADDRESS OF TABLE 
!'•VI 8,0 CLEAR HIGH ORDER BITS OF BC 
DAD B ADD DIGIT VALUE TO HL ADDRESS 
~I::JV C,M F'ETCH CHARACTER FRml HEHORY 
RET 

. *******~······~····*•*•***********************************•···~····· . . 

FUNCTION: REGDS 
INPUTS: NONE 
OUTPUTS: NONE 
CALLS: BCHO,NMOUT,ERROR,CROUT 
DESTROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: REGDS DISPLAYS THE CONTENTS OF THE REGISTER SAVE 

LOCATIONS, lN FORHATTED FORM, ON ~l'HE: CCiNSOLE. 'fHE 
DISPLAY IIS DRIVEN FROM A TABLE, RTAB, WHICH CONTAINS 
THE REGISTER 's PRINT SYMB.GL, SAVE LOCATION ADDRESS, 
AND LENGTH (8 OR 16 BITS). 

REGDS: 
LXI H,R'l'AB LOAD HL WITH ADDRESS OF STAR1' OF TABLE 

REG05: 
~lO V e, t~ GET PRINT SYMBOL OF REGtS'!'El~ 
MOV A,C 
ORA A T.EST FOR 0 - END OF TABLE 
JNZ REGlO 'lf NOT END, BRANCH 
CALL CROUT ELSE, CARRIAGE RETURN/LINE FEBO ·ro END 
RET /DISPLAY 

HEGHl: 
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02F) CDF401 
0U6 e¡.;Jo 
02F8 CDF'40l 
ll2FB 23 
1:12FC SE 
02FD 1613 
1:12Ff 23 
0300 lA 
0301 CDC302 
tll04 7E 
I:IJIJ':i B7 
0HJ6 CA0E0~ 
0309 lB 
rl311A lA 
03111:! CDC302 
ll30E 
!DilE 0E20 
03h! CDF401 
0313 ·23 
0314 C3E902 

0317 
0317 21CF03 
031A 1103110 
0310 
031D 7E 
031E 87 
031F CA0D02 
0322 89 
0323 CA2A03 
0326 1 :;1 

0327 CJlDl!3 
032A 

CALL ECHO ECHO CHASACTER 
MVI e, . -
CALL ECHO OUTPUT EQUALS SIGN, ! . E. A= 
INX H POINT '1'0 START Of' SAVE LOCATION ADDRESS 
MOV E,M : GE'r LSP OF SAVE LOCATION ADDRESS TO E MVI D,DATA SHR 8 ; PUT MSP OF SAV~ LOC ADDRESS INTO o INX H POINT TO LENGTH FLAG 
LDAX o GET CONTENTS OF SAVE ADORE SS 
CALL NMOUT DISPLAY ON CONSOLE 
MOV A,M GET LENGTH FLAG 
ORA A SET SIGN F/F 
JZ REG15 I F 0, REGISTER IS 8 BITS 
DCX D ELSE, 16 BIT REGISTER so MORE TO DISPLAY LDAX D GET LOWER 8 BITS 
CALL N M OUT DISPLAY THEM 

REG15: 
MVI e, . . 
CALL ECHO 
INX H POINT TO START OF NEXT TABLE ENTRY JMP REG05 DO NEXT REGISTER 

; 

•***************************************************************** , 

FUNCTION: RGADR 
INPUTS: C - CHARACTER DENOTING REGISTER 
OUTPUTS: BC - ADDRESS OF ENTRY IN RTAB CORRESPONDING TO REGISTER 
CALLS: ERROR 
D~STROYS: A,B,C,D,E,H,L,F/F'S 
DESCRIPTION: RGADR TAKES A SINGLE CHARACTER AS INPUT. THIS CHARACTER 

DENOTES A REGISTER. RGADR SEARCHES THE TABLE RTAB 

RGADR: 
LXI 
LX 1 

RGA05: 
MOV 
ORA 
JZ 
CMP 
JZ 
DAD 
JMP 

RGA10: 

FOR A MATCH ON THE INPUT ARGUMENT. IF ONE OCCURS, 
RGADR RETURNS THE ADDRESS OF THE ADDRESS OF THE 
SAVE LOCATION CORRESPONDING TO THE REGISTER. THIS 
ADDRESS POINTS INTO RTAB. IF NO MATCH OCCURS, THEN 
THE REGISTER IDENTIFIER IS ILLEGAL ANO CONTROL IS 
PASSED TO THE ERROR ROUTINE. 

H,RTAB HL GETS ADDRESS OF TABLE START 
D,RTABS DE GET SIZE OF A TABLE ENTRY 

A,M GET REGISTER IDENTIFIER 
A CHECK FOR TABLE END ( IDENTH'IER IS 0) 
ERROR IF AT END OF TABLE, ARGUMENT IS ILLEGAL e ELSE, COMPARE TABLE ENTRY ANO ARGUMENT 
RGA10 I f EQUAL, WE'VE FOUND WIIAT WE'RE LOOKING FOn o ELSE, INCREMEN'l' TABLE POINTER TO NEXT ENTRY 
RGAOS TRY AGAIN 
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~32A 
0378 
¡n:>c 
0),;D 

;Dí.E 
e32E 
~J2f 
0332 
0333 
0334 
0335 
0336 
0339 
¡j 3 31\ 
0330 
1133E 
0341 
0342 

¡J343 
,J 343 

.. 

23 
44 
40 
C:J 

f3 
2u:::n:; 
F'9 
Dl 
Cl 
F'l 
2Af713 
f'9 
2AF5l3 
ES 
2;\F3l3 
FU 
C9 

37 

INX H If A 14ATCH, INCREMENT TABLE POINTER 'ro 
~0\l B,H /SP.VE LOCATION ADDRESS 
MOV C,L RETURN THIS VALUE 
RE1' 

' ;~•c•~•••**•***~****k**********~**********~••***************•****• 

I"UNCTION: RSTTF 
INPUTS: NONE 
OUTPUTS: NONE 
C.I\LL[;; NOTHiNG 
DESTROYS: A,B,C,D,E,H,L,P/F"S 
DESCRIPTION: RSTTF RESTORES ALL CPU REGISTER, FLIP/FIDPS, STACK 

POINTER ANO PRCGRAM COUNTER FROM THEIR RESPECTIVE 
SAVE LOCATIONS IN MEMORY. THE ROUTINE THEN TRANSFERS 
CONTROL TO THE L0CATION SPECIFIED BY THE PROCRAM 
COUNTER (J.E. THE RESTORED VALUE). THE ROUTlNE 
EXITS WJTH THE INTERRUPTS ENABLED. 

RST'fP: 
DI DI SABLE INTERRUPTS wH IrJE RES'l.'ORING THINGS 
LXI H ,MSTAI~ SET ~10Nl TOR STACit POINTER TO START OF s·rAcl< 
SPHL 
POP o ; START ALSO END OF REGIS'fER SAVE AREA 
POP B 
POP PSW 
LHLD SSAVE RESTORE USER STACV. POINTER 
SPHL 
LHLD PSAVE 
PUSH H PUT USER RETURN ADDRESS ON USER S'l'ACK 
L!iLD LSAVE RESTORE HL REGISTERS 
El ENABLE IWfERRUPTS NOW 
RET JUMP TO RESTORED PC LOCATION 

' ;•****~******•**********************~********************"**&•***• 

' 

fUNCTION: SRET 
INPUTS: NONE 
OUTPUTS: CARRY 1 
CALLS: NOTIUNG 
DESTROYS: CARRY 
DESCRIPTION: SRET !S JUI4PBD TO BY ROU'I'DJES WISHING TO RETUHtJ SOCCESS. 

SRET SE·rs 'l'HE CARRY TRUE AND THEN RET:.iRNS 'I'O TiiF: 
CALLER OF .THE ROUTlN=: INVOKING SRET. 

SRET: 
ST·C SET CARRY TRUE 
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e344 

0345 
0345 
11348 
0349 
034A 
l:l34C 
0J4F 

0350 
0350 
0351 
0352 
0353 
0355 
0356 
0359 
035A 
ll3So 

C9 

JAF913 
B7 

. .:"' 
IJE00 
C05003 
C9 

05 
El 
79 
E60F 
4F 
3AF913 
87 
C26303 
7E 

; 

, 

RET ; RETURN APPROPRIATELY 

¡ 

•*****R**********R************************************************ , 

FUNCTION: STHF0 
INPUTS: DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO 
OUTPUTS: NONE 
CALLS: STHLF 
DESTROYS: A,B,C,H,L,F/F"S 
DESCRIPTION: STHF0 CHECKS THE HALF BYTE FLAG IN TEMP TO SEE IF 

IT IS SET TO LOWER. IF SO, STHF0 STORES A e TO 
PAD OUT THE LOWÉR HALF OF THE ADDRESSED BYTE; 
OTHERWISE, THE ROUTINE TAKES NO ACTION. 

STHF0: 
LOA 
ORA 
RNZ 
MVI 
CALL 
RET 

TEMP 
A 

C,0 
STHLF 

GET HALF BYTE FLAG 
SET F/F"S 
IF SET TO UPPER, DON"T DO ANYTHING 
ELSE, WANT TO STORE THE VALUE 0 
DO IT 

. 
·***************************************************************** • 1 

FUNCTION: STHLF 
INPUTS: C - 4 BIT VALUE TO BE STORED IN HALF BYTE 

DE - 16 BIT ADDRESS OF BYTE TO BE STORED INTO 
OUTPUTS: NONE 
CALLS: NOTHING 
DESTROYS: A,B,C,H,L,F/F"S 
DESCRIPTION: STHLF TAKES THE 4 BIT VALUE IN C ANO STORES IT IN 

HALF OF THE BYTE ADDRESSED BY REGISTERS DE. THE 
HALF BYTE USED (EITHER UPPER OR LOWER) IS DENOTED 
BY THE VALUE OF THE FLAG IN TEMP. STHLF ASSUMES 
THAT THIS FLAG HAS BEEN PREVIOUSLY SET 
(NOMINALLY BY ICMD) • 

STHLf: 
PUSH D 
POP H MOVE ADDRESS OF BYTE INTO HL MOV A,C GET VALUE 
ANI IH'H FORCE TO 4 BIT LENGTH MOV C,A PUT VALUE BACK 
LOA TEMP GET HALF BYTE FLAG 
ORA A CHECK FOR LOWER HALF 
JNZ STH05 BRANCH IF NOT 
MOV A,M ELSE, GET BYTE 
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0]5E E6F0 
0360 Bl 
v361 77 
0J62 ('9 
0363 
0363 7E 
63ó4 E66 F 
{!366 tl7 
0 3 6"1 79 
13368 0F 
~ i L•9 fl C' 

0 5 6.l\ (JF 

(:] 6 8 UF 
~' J6C B0" 
0 1 ~'"' 77 
~..., -'':lE C9 

036f 
036f 79 
0370 F'E30 
03 7? FA1802 
0375 FE39 
03 77 FA43,J3 
G J71\ C114J03 
íl37D FJ::4l 
~J7F FAJB02 
0~82 1-'!::47 
~i J 8 4 F2l802 
0387 C34303 

ANI 0F0H CLEAR LOWER 4 BITS 
ORA e OR IN VALUE 
MOV M,A PUT BYTE BACK 
RET 

STH05: 
MOV A,M H UPPI:.:R HALF, GET BYTE 
ANI 0FH CLEAR UPPER 4 BITS 
MO\f B,A SAVE BYTE: IN B 
MOV A_, e ; __ GET VALUE 
RRC 
RRC 
RRC 
RRC ALIGN TO UPPER 4 BITS 
ORA B OR IN ORIGINAL LOWER 4 BITS 
1-IOV ~~,A PlJ'!' t1 E'w CONF IGUR.n.'riON BACK 
RET 

. 
;**~******"**k*~****k***~**~~*r*****~v*~*******~**~*~••ww*Aq~~ú~** 

FlJNCTION: VALDG 
TNPUTS: C - ASCII CHARACTER 
UUTPUTS: CARRY - l IF CHARACTER REPRESENTS VALID HEX DIGIT 

- 0 OTHERWISE 
CALLS: NOTHING 
DESTROYS: A,F/F"S 
DESCRIPTION: VALDG RETURNS SUCCESS IF ITS INPUT ARGUMENT IS 

AN ASCII CHARACTER HEPRESENTING A VALID HEX DIGIT 
·-F), AND FAILURE OTHERWISE. 

VALDG: 
110V A,C 
CPI '0' TEST CHARACTER AGAINST '0' 
JM FRET IF ASCII CODE LESS, CANNOT BE VA LID [;lGtT 
CPI '9' ELSE, SEE IF IN RANGE '0 '- '9. 
JM SRET CODE BETWEEN '0. ANO • 9. 

JZ SRET CODE EQUAL '9. 

CPI A NOT A DIGIT - TRY FOR A LETTER 
JM FRET NO - CODE BE~T\~EEN '9. ANO 'A. 

CPI 'G. 
Jp FRET NO ·- CODE GREATER THAN p 

JMP SRET OKAY - CODE IS 'A' TO • F. ' JNCLUSII:E 

' 
;••*****************~*•**********************A**********n**6~&+~•••~•o~ 

FUNCTION: VALDL 
INPUTS: C - CHARACTER 
OlJTPUTS: CARRY- l 1~ INPUT ARGUMENT VALID DELIMTER 
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038A 
038A 79 
03HB FE2C 
0J80 CA4303 
0390 Pt:0D 
0392 CA4303 
0395 FE20 
0397 CA4303 
039A C31802 

03Su 
0390 000A4043 
03Al 53203830 
03A5 20484954 
113/\9 00klA 
kl0lH: 

ii)AB 
03Atl 0000 
03/\D 4101 
03Af 1001 
0381 FD00 
0383 8300 
0385 9500 
03B7 5E00 

0389 
03139 44 
03BA 47 
031;8 49 
0313C 40 
0380 53 
l:l3BE 58 
00116 

- 0 O'l'HERW!SE 
CALLS: NOTHING 
DESTROYS: A,P/F'S 
OESCRIPTION: VALDL RETURNS SUCCESS IF ITS INPUT ARGUMENT IS A VALlO 

DELIHITER CHARACTER (SPACE, COMMA, CARRIAGE RETURN) ANO 
FAILURE OTHERWISE. 

; 
VALDL: 

MOV ~·~ CPI , CHECK FOR COMMA 
JZ SRET 
CPI CR CHECK FOR CARRIAGE RETURN 
JZ SRET 
CPI CHECK FOR S PACE 
JZ SRET 
JMP FRET ERROR IF NONE OF THE ABOVE 

. , 
·************************************************************•**** , 

MONITOR TABLES 

, 
·***************************************************************~· , 

SGNON: ; SIGNON MESSAGE 
DB CR,LF,.MCS-80 KIT' ,CR,Lf" 

LSGNON EQU S-SGNON : LENGTH OF SIGNON MESSAGE 

CAOR: TABLE Of" ADDRESSES OF COMMAND ROUTINES 
ow 0 DU~IMY 
OW XCMD 
DW SCMO 
DW MCMO 
DW ICHO 
OW GCMD 
DW DCMD 

: 
CTAB: TA8LE OF VALlO COMMAND CHARACTERS 

08 ·o. 
08 'G 
DB • I • 
08 • M • 

DB • S • 
08 ·x. 

NCHDS EQU S-CTAB NUM8ER OF VALlO COMMANDS 
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; 
í\JBF DIGTB: 'fABLE OF PRINT VALUES OF HEX DlGI'l'S 
r33BF 313 DB , e • 
03C0 31 DB '1. 
>l3Cl 32 DB • 2. 

03C2 33 08 . 3. 

33CJ 34 DB • 4. 

03C4 35 DB . 5' 
f.I3CS )b DB '6. 

03cS 37 DB ~ 7. 
f:X7 38 013 '8. 
03C8 39 DB . 9' 
~IJC9 1!1 DB • A. 
0:::.CA 42 DB e, 
03CS 43 DB ·e· 
03CC 44 DB ·o. 
03CD 45 08 E 
03CE 46 DB F 

; 
03CF RTAB: TABLE OF REGISTER INFORMl1TJON 
·\J3CF 41 DB 'A • HE.GISTER IDENTIFIER 
üJDll F2 DE' ASA VE ANO <JFFH : ADORE SS OF REGISTER SAVE LOCh'l'ION 
fl JDl (10 DB 0 LENGTH FLAG - 0=8 BITS, 1 =16 BITS 
00~3 RTABS EQU $-RTAB SIZE OF AN EN'r.RY IN THIS TABLE 
0302 42 08 B 
C3D3 f(j DB BSAVE AND 0FPH 
0304 00 DB 0 
0305 43 DB . e. 
0306 EF DB CSAVE AND 0FFH 
tl3D7 0~ OB 0 
0309 44 08 D 
0309 EE 08 DSAVE AND 0FFH 
133DA !J0 DB 0 
133Db 45 DB 

. E • 
tl.lDC ED DB ESA VE ANO 13FFH 
ílJDD 00 DE 0 
flJDE 46 DB F 
UJOF 1"1 DB FSAVE ANO 0FFH 
1331::0 00 DB 0 
03 E.l 48 DB .H. 

l:l3E2 F4 DB HSAVE ANO 0FFH 
¡j)EJ 00 DB 0 
03E4 4C OB 

. L' 
03E'i F3 08 LSAVE ANO 0FFH 
0Jt:6 00 DB 0 
03E7 40 OB M 
03EB f4 DB HSAVE ANO 0FFH 
0 3 [ 9 01 DB 1 
03 ' .. A ~0 DB 'p' 
0jCB fó DB PSAVE+l AND 0FFH 
03LC 01 DB 1 
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03ED 53 
03EE F8 
03EP 111 
03Fil 00 
03Fl 00 

03FA 

03FA C3E301 
03FD CJD001 

1300 
lJED 

13ED 
lJED 00 
lJEE 00 
13EF 00 
13Fil 00' 
13Fl 00 
1H'2 00 
l3F3 00 
13F4 00 
13FS 01::)00 
13F7 0000 
1H'9 00 

13FD 

0003 

NO PROGRAM ERRORS 

DB s· 
DB SSAVE+l ANO 0FFH 
DB 1 
DB 0 END OF TABLE MARKERS 
DB 0 

ORG BRTAB 

JMP co BRANCH TABLE fOR USER ACCESSIBLE ROUTINES 
JMP CI 

1 

;*****************************************************************?·~·· 

ORG DATA 
ORG REGS ORG TO REGISTER SAVE - STACK GOES IN HERE 

MSTAK EQU $ START OF MONITOR STACK 
ESAVE: DB 0 E REGISTER SAVE LOCATION 
DSAVE: DB 0 D REGISTER SAVE LOCATION 
CSAVE: 08 " C REGISTER SAVE LOCAT~ON 
BSAVE: DB 0 B.REGISTER SAVE LOCATION 
FSAVE: DB 0 FLAGS SAVE LOCATION 
ASAVE: DB 0 A REGISTER SAVE LOCATION 
LSAVE: DB " L REGISTER SAVE LOCATION 
IISAVE: DB " H REGISTER SAVE LOCATION 
PSAVE: DW 0 PGM COUNTER SAVE LOCATION 
SSAVE: DW 0 USER STACK POINTER SAVE LOCATION 
TEMP: DB 0 TEMPORARY MONITOR CELL 

ORG BRLOC ORG TO USER BRANCH LOCATION 

USRBR: os 3 BRANCH GOES IN HERE 

END 
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SYt1BOL TABLE 

01 

A 0007 .:...SAVE 13F2 8 0000 BRCHR 001B 
BREAK 01BD l:lHLOC 13FD BRTAB 03FA BSAVE 13F0 
e fHJ 01 C?\DR e3l\R CI 0100 CMD 0027 
CNCTL 00 fB CNIN 00F'A CNOUT 00FA CNV8N 131DA 
co 0H3 CONS·r 00FB CR 0000 CROUT 01EE 
CSAVE l3Ef C'l'AB 0389 D 0002 DATA 1300 
DCh05 ~06S DCM10 0070 OCM12 !Hl85 DCM15 0088 
DCIW 00SE DIGTB 03BF DSIWE 13EE E 0003 
ECH05 0lFD ECHHl 0208 ECHO 01F4 ERROR 0200 
!::SAVl:. l3LD ESC 00 lB FALSE ll F9C FRET 0218 
r. Si\ •J E 13 ¡.¡ GCM05 íH3AA GC11Hl 0080 GCMD 0095 
C!::;·r; H J:?lB GETCM lHl2B GETHX 0222 GETNM 0257 
Gil )(0 ~' 022El Gl~iil0 0241 GN1105 02SE GNM10 0273 
GN11l 'J 0281 GNM?G 0286 GN/125 0291 GNM30 0295 
GO 0['08 " GTC03 0038 GTC05 0048 GTC10 0054 
H 60<l4 HCHAR 000F Hl L05 02BD H !LO 029C 
lfSAVE 1 3 f 4 ICM05 00BE IC1·Jl0 00E6 ICM20 00EE 
1 cr12 ') fH3 F 4 ICMD 0083 INVRT 00ff L 0005 
LF 0 ,, 0/\ LOwER 13íHHl * LSAVE 13 F 3 LSGNO 000E 
11 <l 13 0 6 MCM05 0105 MCMO 00 FD MODE 00CF 
11SGL 01322 MSTAK l3ED NCMDS 0006 NEWLN 000F 
NMOU'I' 02CJ PRTY0 007F PRVAL 02DE PSAVE l3F5 
PSW fll' ¡j 6 RBR 0002 REG05 fl2E9 REG10 02F3 
Rt:Gl5 0 3 !:H~ Rf,;GDS 02E6 REGS l3ED RGA05 0310 
HGA10 032A RGADR 0317 RST'l'F 032E RSTU 0038 
i'TAB 03Cf RTA!35 0003 SCM05 !ll2 2 SCM10 0120 
SCM15 01JD SCMD 0110 SGNON 0390 SP 0006 
SRET ¡.¡ 3 4 3 SSAVE 13F7 ST1l05 0363 STHF0 0345 
ST'H Lf' 03')0 'fEMP 13F9 TER~1 001B TRDY 001H 
'I'RUE ¡JfY f UPPER 00FF USRBR l3 FD VALDG 036F 
VALDL 03BA XCM05 0154 XCM10 0163 XCMlS 13170 
xcr~16 0l7B XCM20 0194 XCM25 01AB XCM27 01AC 
XCMJfl 01 84 XCMD 0141 

" (~ 2 

~ 03 

" 04 

.. 05 

"' 06 

.. 07 

,. 08 

" 09 

* 1 0 

.. 11 

t: 12 

"' 13 

• .L 
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Thc 8080 is a complete 8-bit parall&l, central processor 
unit (CPU) for use in general purpose digital computer sys­

tem~. !t is fabricated on a single LSI chip (see Figure 3-1). 
1~sing lnrel's n-channel silicon gdte MOS process. The 8080 

transfers data and internar state information via an 8-bit, 
bidirectional 3-- state D<~ta Bus (Do-DJ). Memory and peri· 
phe,·al device:.addresses are transmitted over a scpdrate i 6-

bit 3-state Address Bus (Aa-A 15). Six timin!J and contr(1~ 
outputs (SYNC, DBIN, WAIT,WR, HLDA and !NTE) em<ul 
ate from the 8080, while tour control i:1puts (READY, 

HOLD, INT and RESET), four power inp~ts (+12'1, +5v, 

-5v, and GND) and two clock inputs (if>1 and .P2l are ac­
cepted by the 8080. 

RESET 

INTE!: 
8080 

26 

25 
24 

WA 23 

SVNC 22 ~O¡ 

+SV <>--- ._ ___ ~.-~-o HLUA 

------------------------------------------------------------------------
Figure 2-1. 8080 Photomicrograph With Pin De1ignations 
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ARCHITECTURE OF THE 8080 CPU 

UllltS: 

The 8080 CPU cons1sts oi ihe follov.ting functional 

o Register array and address logic 
<> A.rithrr.etic and !ogic unit (,L\LUl 
o lnstruction register and • antro! secticn 

o Bi-directional, 3 -state • •. ta bm buffer 

Figure 2-2 il!ustrates the func110nal biocks within 

the 8080 CPU. 

Registers: 

The reg•ster section consists of a static RAM array 
organ1zed into six 16-bit registers: 

a Prowam counter (PC) 

"' Stack pointer (SP) 

'" Six 8 bit general pi.Hpose register5 arranged in pairs, 

referred toas B,C; D,E; and H,L . 
o ;\ temporary register pair calléd W,Z 

The program counter mainta ins the íllemar y uddres~ 

of 1he current program instruction and 1s incremented auto· 

POWERl- +12V 
SUPPLIES --+ t5V 

--5V 

- GNO 

18 OIT) 
INTERNAL DATA BUS 

matically during every instruction fetch. The stack pointer 

méimtains the address of the next avalfable stack location in 

memory. The stack pointer can be 1111tialized to use any 

portion of read-write memory as a stack. The stack pomter 

is decremented when data is "pushed" onto the stack and 

incremented when data is "popped" off the stack (i.e., the 

stack grows "downward"). 

The six general purpose registers can be used either as 

single registers (8-bit) or as register pairs (16-bit). The 

tef!lporary register pair, W,Z, is not program addressable 

and is only used for the interna! execution of instructions. 

E1ght-bit data bytes can be transferred between the 

interna! bus and the register array v1a the register-select 

mult iplexer. Sixteen-bit transfers can proceed between the 
register ar1 ay and the address latch or the mcrementer 1 
decrementer circuit. The address latch receives data from 
any of the three r~gister pa1rs and drives the 16 address 

output buffers (AQ·A 151, as well as the incrementer! 

decrementer círcuit. The incrementer /decrementer circuit 

rece1ves data from the address latch and sends it to 

thc register art ay. The · 16-bit data can be inc1 emented or 

decremented o; simply transferred between reg1sters. 

BI-DI RECTIONAL 
DATA BUS 

18 BITI 
INTERNAL DATA. BUS 

-- j 

INSTRUC:~ 
DECODER 

ANO 
MACHINE 

CYCLE 
FNCODING 

t- t--'T'-"E"-'~~"-::-'R.;.:E:..;G'--:-;18::11 t--'_T.:.E_M~;-R.:..E~ l 
~ REG REG 
~~--------~~---------i .u D 181 E. ISI 

"' RF.G. REG. 

.REGISTE A 
Arl.AAY 

j 
TIMING 

ANO 
CONTROL 

H 181 ·l 
REG ¡.,, ljEG. 

STACI< POINTER 

IBI 

- ',. 

WR 061N INTE INT HOLD HOLDWAIT SY"JC o2 RESET . A,s '\ 
ADORE SS BUS···· ACK ·REAOY 

Figure 2·2. 8080 CPU Functional Block Diagram 



Arithmetic and LoQic Unit {ALU): 

Thtl ALU contains the following regbters: 

• An 8-bit accumulator 

o An 8-bit temporary accumulator (ACT) 

• A 5-bit flag register: zero, carry, sign, parity and 
couxiliary carry 

o An 8-bit temporary register (TMP) 

Arithr.-~etic, logkal and rotate operations are per­
forrned iro the ALU. The ALU i; fed by the temporary 
reyister (Tiv1P) and the temporary accumulator (ACT) and 
carry fitp-flop. The result of the operation can be trans­
ferred to the interna! bus orto the accumulator; the ALU 
also fced5 the flag regi:;ter. 

The temporary regtster (TMP) receives information 
from the interna! bus and can send al! or portions of it to 
the ALU. the flag register and the interna! bus. 

The accu.nulator (ACC) can be loaded from the ALU 

and the inteffial b'Js and can transfer data to the temporary 
accumulator (ACT) and the interna! bus. The con~ents of 
the accumulator (ACC) and the auxiliary carry flip-flop can 
be tested for decimal correction during the execution of the 
DAA instruction (see Chapter 4). 

lnstruction Register and Control: 

During an instruction fetch, the flrst byte of an ir.­
struction (containing the OP code) is transferred from the 
interna! busto the 8-bit instruction register. 

The contents of the instruction register are, in turn, 
avatlable to the instruction decoder. The ,output of the 
decoder, combined with various timing signals. provides 
the control signals for the register array, ALU and data 
buffer blocks. In addition, the outputs from the instruction 
decoder and externa! control signals feed the ttrning o'ld 

state control section which generales the state and cycle 
ttming signals. 

Data Bus Buffer: 

This 8-bit bidirectional 3 -state buffer ts u sed to 
isolate the CPU's interna! bus from the externa! data bus 
!Do through D7). In the output mode, the interna! bus 
content is loaded into an 8-btt latch that, in turn, drives the 
data bus output buffers. The output buffers are swttched 
off during input or non-transfH operatiom. 

Dunng the input mcde, data from the externa! data bus 
is transferred to the interna! bus. The interna! bus is pre­

charged at thc beginning of each interna! state, except for 

the transfer stdt" (TJ-descr•bed later 'n this chapterl. 
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THE PROCESSOR CVCLE 

An instruction cycle is defined as the tim'e required 
to fetch and execute an instruction. During the fetch, a 
selected instruction (one, twc or three bytes) is· extracted 
from rnemory and deposited in the CPU's instruction regís­
ter. During the execution phase, the instruction is decoded 
and translated into specific processing activities. 

Every instruction cycle consists of one, two, three, 
tour or five mach;ne cycles. A machine cycle is required 
each time the CPU accesse~ memory or an 1/0 port. The 
fetch portian of an instructicn cycle requires one rmchine 
cycle for each byte to be fetched. The duration of the execu­
tion portian of the instruction cycle depends on the kind 
of instruction that has been fetched. Some instructions do 
not require any machine cycles other than those necessary 
to fetch the instruction; other instructions, however, re­
quire additional tnachine cyc!es to write or read' data to/ 
from memory or 1/0 devices. The DAD instruction is an 
exception in that it requires two additional machine cycles 
to complete an interna! register-pa11· add (see Chapter 4). 

Each machine cycle consists of three, four or five 
states. A state is the smallest unit of processing activity and 
is defined as the interval between two successive positive­

going ,transitions of the tf>t driven clock pulse. The 8080 
is driven by a two-phase clock oscillator. All processing activ­
ities are referred to the period of this dock. The two non­
overlapping clock pulses, labeled tfl1 and tfl2. are furnished 
by externa! circuitry. lt is the tf>l clock pulse which divides 
each machine cycle into states. Timing logic within the 
8080 uses the clock inputs to produce a SYNC pulse, 
which identifies the beginning of every machine cycle. The 
SYNC pulse is triggered by the low-to-high transitiÓn of t/!2. 
as ~hown in Figure 2-3. 

¡p¡ 

~2 

SYNC 

FtRST STA TE OF 
"EVERY MACHtNE 

CYCLE 

1 
1 

r 
1 \, 

\_ 

"SYNC OOES NOT OCCUR IN THE SECOND ANO l'HIRO MAI:;HINE 
CYCLES OF A OAD INSTRUCTION Si "'CE THESE MACHI NE CYCLES 
ARE USED FOR AN INTEHNAL REG!STER·PAIR ADD. 

' 

Figure 2-3.~1.<1>2 ftnd SYNC Timing 

There are thren e:xt;eption~ to the defined duration of 
a state.They are the WAIT state, the hold (HLDA! state 
and the halt (HL TAl st.::1te, described later in this cha!Jter. 
Because the WAIT, the HLDA, and the HL fA states de¡Jend 
upon exrcrnal events, they are by the;r narure of i_ndeter­
minate length. Even these exceptional statcs, howcver, must 



be synch: onized with the pulses of the d: iving clock. T i"lu~. 
the durat10n

1 
of all states arr. integra! multiples of the clock 

p2riod. 

1
; ·" ~o summarize i.len, eact1 c:ock period rnarks a stata; 
th'r~e,.to ftve states constitute a machine cycle'; and one to 

!1ve machme cycles comprise an instruction cycle. A full 
instruct1on cycle requires anywhere from tour to cight· 
teen states for its completion, depending on the kind of in· 
struction involved. 

Machine Cycle ldentification: 

W tth the exception of the DAD instruction, there is 
jusr one constderation that determines how many machine 
cycles 'Jre required tn any g•ven instruction cycle: the num· 
ber of 11mes that the proce~sor rnust referénce a memory 
addres~ or an addressable peripheral device, in arder to 

l.;>tch and execute the instruction. Lii<e many proc<?ssors, 

the 8080 is so constructed that it can transmit only one 
<iCkJres< per machine cycle. Thus, if thF. fetch and execution 
,,t .;r. •nstruction requires two memory refercnces, then thc 

insrruct ion cycle associated w1 tl1 that instruction consists of 
¡wo m<Jchme cycles. lf five such refertoces are called for, 
í:hen the instruction cycle contains five machine cycles. 

Every instruction cycle ha~ at least one reference to 

mernorv, dur.ing which the ;nstruction is fetched. An in· 
struct ;on cycle must always ha ve a fetch, even if the execu­
tton or the 111struction reqUires no further refcrences to 

memory. The ftrst machine cycle in every instruction cycle 

is therefore a FETCH. Beyond that, there are no fast rules. 
lt uepends on the kind uf tnstruction that is fetched. 

Cons1der sorne examples. The add-regtster IADD r) 

1nstruct1on tS an tnstructiun that requires only a single 
mach111e cycle (FETCH) for 1ts comrletion. In this one-byte 
tnstrucí1on. rhe contents of one of the CPU's six general 

purpose registers 1s added to the ex•sting contents of the 
accumulator. Since all the inforrnation necessary to execute 
the r.ornmand 15 contéJined in the e1ght bJts of the instruction 

code, only one memory reference is necessary. Three states 
ar~ used to extract the instructton from memory, and one 

ddd1tional state is u~ed to accomplish the destred additíon. 
The entJre tmtruction cycle thus requires only one machine 
cycle that consist~ of tour states, or tour periods of the ex· 
terna! ciock. 

Suppose now, however. that we wish to add the con· 
tenti of a speclfic memory location to the extstmg contents 

of the accumulator (ADD M). Although this is qu1te similar 
tn principie to the exi!mple JuSI cited, severa! addJtional 

sieps w1ll be used. An extra machine cycle will be used, tn 

oider to address t~e desired mcmory locatlon. 

The actual sequence is as follows. First the processor 
extracts from memory the one-byte instruction word ad­
dressed by its program counter. This takes three states 
The eight·bit tnstruction word obtained during the FETCH 
machine cycle 1S d~:posited in the CPU's instruction register 

and used to dtrect activities during the remainder of the 

mstruction cycle. Next, the processor sends out. asan address. 

the contents of its H and L registers. The eight·bit data 
word returned during this MEMORY READ machina cycle 
is placed in a ternporary register inside the 8080 CPU. B· 
now three more clock pertods (states) have elapsed. In the 

seventh and fmal state, the contents of the temporary regís· 
ter are added to those of the accumulator. Two machine 
cycles, consisting of seven states in all, complete the 

"ADD M" instruction cycle. 

At the opposite extreme is the save H and L registers 
(SH LD) insrruction, wh ich requires five m achine cycles. 

During an "SH LD" instruction cycle, the contents of the 
processor's H and L registers are deposited in two sequen· 

tially adjacent memory locations; the destination is indi· 
cated by two address bytes wh 1ch are stored in the two 

memory locations immediately following the operation code 

byte. The following sequence of events occurs: 

(1) A FETCH machine cycle, consisting of four 

states: During the first three states of this 
mach in e cycle, the processor fetches the instr uc­

tlon indicated by its program cour~ter. The pro· 

gram counter is then incrernented. The fourth 

state is used for interna! instruction decoding. 

(2) A MEMORY READ machine cycle, consisttng 

of three states. During this machine cycle, the 
byte indicated by the program counter is read 

from memory and placed in the processor's 

Z register. The program counter is incremented 

again. 

(3) Another MEMORY R EAD machine cycle, con­
sistmg of three states, in wh1ch the byte indica· 

ted by the processor's program counter is read 
from memory and placed in the W register. The 

program counter is mcremented, in antictpation 

of the next instruction fetch. 

(4) A MEMORY WRITE machine cycle, of three 
states, in which the contents of the L re!Jister 
are transferred to the me mor y location potn ted 

to by the present contents of rhe W and Z '!!~jt5· 
ters. The state following the tr ansfer is usecl lo 

increment the W,Z register pa1r so that it indi­
cares the next memory location to receive data. 

(51 A MEMORY WR!TE machine cycle, of thre·~ 

states, in which the contents of the H register 
are transferred to the new rnemory location 

pointed to by the W,Z register pair. 

·In summaiy, the "SHLD" instruction cycle contains 

five machine cycles and takes 16 states to execute. 

Most instructions fall somewhere between , tlw ex 
tremes typified by the "ADD r" and the "SHLD" instru( 
tions. The input (JNP) and the output (OUT} instruction;. 
for example, require three machine cycles: a FETCH, to 

obtain the instn.ction; a MEMORY READ, to obtilin the 
addre~s of the ohject peripheral; andan INPUT oran OUT­
PUT machine cycie, to complete the transfer. 



While no one inÚruction cycle will c0nsist of mora 
then five machine cyc!es. the following ten dii ~erent types 
of machine cycles may occur within an instruction cycle: 

( 1 i FETCH !Mi) 

(21 Mt:MORY READ 

(3) i~~ ~:MO ll Y W R ITE 

(4) S"I".A.CK R EA.D 

(5) ST ACI( W FliTE 

(6) !NPtrr 

(i) OL'TPUT 

(8) INTtRRUPT 

{9) HALT 

( 10) HALTeiNTER~UPT 

The rnach:ne cycles that actuall'l do •)Ccur in a par­
ticular instruc-.ion cycle depend upon the kind of instruc­
ticn, with the ov~:rriding stipulation that the fir~t machín<; 
cvcle in any 1nstruction cyc!e is always a FETCH. 

The proce~sor identifies the machine cycle in !JfOQ· 

ress by transmitting an eight-uit status word durir.u the first 
state of evcry mJchine cycle. Updated statu~ information is 
presented on the 8080's data lines {Do·D 7l. during the 
SYNC intervai _This data should be saved in latches, and 
u sed to develop con troi signais for externa! circuitry. Table 
2- 1 shows how the positive·true status inform,¡tion is dis­
tributed on the processor's data bus. 

Status s:gnals are prov1ded princip<JIIy for the control 
o~ external ClrCL!Itry. Simplicity of interface, rather than 
machine cycle identificarion, dictates the logical definition 
of ind1viduai status bits. You will therefore observe that 
certain processnr machine cycles are uniquely identified by 
a single status bit, but that others ara not. The M 1 ~tatus 
bit (061. for exélmple, unambiguously identifies a FETCH 
machine cycle. A STACK READ, on the other hand, is 
indicated by the co,ncidence of STACK and MEMr-1 sig­
nals. Machine cycle identification d3ta is also valuable in 
the test and de-buggu1g phases of system development. 
Tab!e 2-1 l1sts the status bit outputs for ~ach type of 
machine cycle. 

State Transition Sequenca: 

E ver y mach in e cyclc w1thin an instruction cycle con­
sists of three to five active states {referred toas T1, T2, TJ, 
T 4. T5 or Tw). The act~al number of stat?.s depends upon 
the instruction be1r1g executed, and on the part1cular ma· 
chine cycle within the greater instruction cycle. The statc 
transition diagrarn in Fioure 2-4 shows how the 1:1080 pro­
ceeds from state to state in the course cf a m~chule cyclt?. 
The d1agram al~o shows how the READY, HOLD. and 
INTERRUPT lines are sampled during the m¡u;f-,int? cycle, 
and how the condltions on the~e line~ nwy rncdify th~ 

basíc tramitic.n seqt•ence. In the present discussion, we are 
concerned only wi•h the b:;sic sequence and with the 
READY function. The HOLD and 11\!TEP.RUPT fu01ctions 
will be discu~~ed l¡¡ter. 

The 8080 CPU doe$ not directly indicate its interna! 
stnte by transmitt!ng a "state control" output during 
each ~tate; instedd. the 8080 supplies di··~ct cc!llrol nutput 
(INTE, HLOA, DBif\1, WR and WAIT) fr.•r use by externa! 
e ir cuitry. 

· Recall that the 80130 passes through at lea~t thrAc 
statP.s in evei''/ rnachinc cvciP., with each stat,;. cldined by 
succ•J~sive low·to-high transitions of thf: ~·11 clock. Figure 
2·5 sho•vs the timing relarion:;hips in a t·,•pica' FETCii 
machine cycle. Events that occur in eacn state are referenced 
to transitions of the ~1 and •'fl2 clock pulses. 

The SYNC signe~! identif1es the first state {T 1 i in 
every machine cycle.' A$ shown in Figure 2·5, the SYNC 
signal is related to the leading edue of the cfl/. clcck. There is 
a delay ltocl between the low-to-high trans1tion of 92 and 
the positive-going edge of the SYNC pulse. There .also is a 
corresponding delay (¡¡lso tocl between the ne};t !/J2 pulsa 
and the falling ecge of the SYNC signa!. Status information 
is displayed on Do·D7 during thP same 1>2 to fP2 ;nterval. 
Switching of the status signals ís likewi~e controlled by 4>2· 

The rising edge of 1/>2 during T 1 al so loads the pro­
cessor's address lines {A o-A 15). These lines beco me stable 
within a briet delay (toA) of the 1/>2 clocking pulse, and 
they rema in stable until the first 1/>2 pulse after statt: T J. 
This gives the processor ample time to read the data re· 
turned from memory .. 

Once the processcr has sent an ilddress te mcmory, 
there is an opportunity for the memory to _;equest a WAIT. 
This it does by pulling the processor's READY line low, 
prior to the "Ready set-up" interval (tAsi which occurs 
during the 1/>2 pulse within state T2 or Tw. As long as the 
READY line remains low, the procr:ssor wili idle, giving the 
memory time to respond to the addressPd data request. 
Refer to Figure 2-5. 

The pro ces sor rssponcs to a wait r equest by entenng 
an alternative state {Twl at the end of T2, rather than pro­
ceeding directiy to the TJ state. Entry into the Tw state is 
indicatcd by a WAIT signa! from the proces~or, acknowledg­
ing the memory's request. A low-to-high transition on the 
WA IT iine is triggered by the rising edge of the 1p1 c!cck and 
occurs withín a brief delay (toe) of :he actual entry into 
the Tw state. 

A wait period mav bfJ cf inciefinite durar ion. The pro­
cessor remains in the waiting condit;on until its R EADY line 
again goes high. A REAOY indicatron must preceda the fall­

ing edge of the tfi2 c!ock by ¡¡ specified interval (tRsl. in 

order to guar ante e ·an eJ:it frorn the Tw >tate. The cycle 
m¡¡y then procet:d, begin11ing with the rising edge of tht: 
next tf¡·¡ dock. A WAiT 1r"1terv¡¡l will the•et0re con:.ist of an 
integral number of Tw states and wii! always IJ;: a multipia 
of the dock 'period. 



lnstructions for the 8080 require fror.J one lO five machine 
C'¡~cles for complete e•ecut1on. The ':3080 sends out 8 bit of 
stal\)S: •nformatwn on the data bus a\ the begi'lnir¡g of each 
mcich:l:e' tycle (during SYNC time l. Tlw following table defines 
the status informat•on. 

STA TUS INFOAMATION DfFINITION 
Data Bus 

Svmbois Brt Definition 

!fHA. 0 0 Acknowledge signa! lor INTERRUPT n:.'­
quPst. Srgnal should be used to gate a re­
star! instruction onto the data bus when 
DBIN is act1ve. 

STACI( 

HLTA 

OUT 

1Ví! 

!NP'" 

MEMA" 

02 

OJ 
04 

!:ls 

06 

07 

lndicates that the operation in the current 
machine cycle wlll be a WR ITE' membry 
or OUTPUT functlon (WO = 0). OthenNose, 
a AEAD memory or INPUT operation will 
be executed. 

1 ndicates that the address bus holds the 
pushdown slé•ck ~ddress from the Stac!t 
Poonter. 
Acknowledge signa! for HAL T instructrcn. 

inclicates that thl' address bus contains the 
doi<.lre~s of an output device and the data 
bu~ wdl cont,lin thE ourput data when 
v'fR 15 active. 
Provide~ a signa! to indici'tte that the CPU 
is in the fetch cyc!e for the first byte of 
an instruc!ion. 

lndicates that the address bus contains the 
¡,ddre5s of an mput device and the 1r1put 
dala should be pl<:ced on the data bus 
when DBIN is active. 

Destgnates that the data bus will be used 
for memory read data. 

• These rhr e-e status biu can be used to control 
tne llow of d~ta onoo o he 8080 data bus. 

STATUS WOAD CHAAT 

rD_Q_I -~N~ o o 
OH: WO. , 1 o 

f-o2 -STACK o 
~f~HL'iA o 

4 1 OUT o 
5 Mt 

6 INP ro·7 MEMA 

Table 2-1. 8080 Status Bit Definitions 
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The <":ants lhat take place du1 ing thn T3 stélte ore 
dctt:• rnmed by the k md of rnachine e y de in p1 ogress. In a 

FE l CH rnachine cycle, the processor imerprets the data on 
1ts d,Jta bus a~ élfl m~truct1on. ·ouring a MEMORY READ or 

a STACK READ, data on this bus is 1nterpreted as a data 
word. The pruce~~or outputs data on this bus, during a 
tviFr,10RY WR ITE rnachine .cycln Ouring 1/0 operations, 
the processor rnay either tr ansmit or receive data, de· 
pending on whether an OUTPUT or an INPUT operation 
is involved. 

Figure 2·6 illustrates the timing that is characteristic 

of a data input operation. As shown, the low-!o-high transi· 

tiO'l of c/J2 dUI ing T2 clears status information from the pro· 
ce~sor's data lines, preparing these lines for the receipt of 
incoming data. The data presented to the processor must 
have stabilized prior to both the "qq-data set-up" interval 

(IIJS1 ), that prect>des the fall•ng edge of the JÍl1 pulse defin· 
lll!J ~t.:~tc T3. and the "c/l2-ddta set-up" inten1al (t052). 

that precedes the rising edge of c/J2 in state T 3· This same 
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Figure 2·5. Basic 8080 lnstruction Cycle 
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data must remain stable during the "data hold" interval 
(toHl rhat occuf~; following the rising edge of the f/J2 puise. 
Ddta placed on these lines by memory or by other externa( 
devices wil! be sampled during T3. 

Ouring the input of data to the processor, the 8080 
generates a DBIN signal which should be used externally to 
enable the transfer. Machine cycles in which DBIN is avail· 
able include; FETCH, MEMORY READ, STACK READ, 
and INTERRUPT. DBIN is initiated by the rismg edge of c/J2 
during state T2 and terminated by the corresponding edge of 

c/J2 during T3. Any Tw phases intervening between T2 and 
T3 · will therefore extend DBIN by one or more clock 

periods. 

Figure 2· 7 shows the timing of a m achine cycle in 

wh ich the .processor outputs data. Output data m ay be des· 
tined either for memory or for peripherals. The rising edge 

of c/J2 within state T2 clears status information from the 
CPU's data !ines, and loads in the data which is to be output 
to externa! devices. 'This substitution takes place within the 

To 

n n n 
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--.--1~--------

FLOATING 
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F1gure 2-6. Input ~nstruction Cycle 

NOTE: @ Aefer tü Sla!Us Word Chan on Pag~ :Z-6. 

Figure 2-7. Output lnstruction Cycle 



··data out;x1i rlt!i!y" imerval !1ool fo!lowing the tP2 clodt's 
l¡;¡,tJ¡ng euue Dala o:1 the bus re:naíns stable throughout 
:l1e rernamrJ,n of the machine evcle, until replaced by up­
dored status ulfor ma11on in the subsequcnt T 1 state. Observe 
thé!t a R EAD Y signa! is necessary for c0mpletion of an 
OUTPUT machine cycle. Unlesa $UCh an indication is pres­
cnt, the processor enters the Tw state, foliowing the T2 
~tate. Data on the output lines remains stable in the 
interim, and the processing c:ycle will not proceed until 
the READY lm~;: again goes h1gh. 

lhe BDHO CPU yenerates a WR output for the syn­
chronization of externa! transfers, dw ing those machine 
r.yclc:; in which the processor outputs data. These include 

MEMORY WHITE, STACK WRITE, and OUTPUT. The 
negative-going leading edge of WR is referenced to the rising 

edge of the first q'>1 clock pulse following_]). and occurs 
within a brief delay (tocl of that event. WA remains low 

unti: Je-triggered by the leoding edge of l/l1 during the 
stata ·íollowing T3. Note that any Tw states intervening 
betwee!l T 2 and T 3 oí the output machine cycle will neces-

sarily cxtend WR, in much the same way that DBIN is af· 
feued during da1a input operations. 

All processor machine cycles consist of at least three 
states: T1. T2. and T3 as just described. lf the processor has 
to wait for a response from the peripheral or memory with 
which it is commun1cating, then the machine cycle may 
also contain one or more Tw states. During the three basic 
states, data is transferred to or from the processor. 

After the T 3 state, however, it becomes difficult to 

ge¡1eralize. T 4 and T5 states are available, if the execution 
of a particular instruction requires them. B ut not all machine 

cycles make use of these states. lt depends upon the kind of 
mstruction being executed, and on the particular machine 
cycle within the instruction cycle. The processor will termí­
nate any machine cycle as soon as its processing activities 
are completed, rather than proceeding through the T 4 and 
T5 states every ti~e. Thus the 8080 IT)aY exit a machine 
cycle following the T3, the T 4, or the T5 state and pro­
ceed directly to the T 1 state of the next machine cycle. 

STA TE ASSOCIATED ACTIVITIES 

TW 
(optional) 

T3 

T4 
T5 

(optional) 

A memory address or 1/0 device number is 

placed on the Address Bus (A 1 5-ol; status 
information is placed on Data Bus (DJ.ol: 

The CPU samples the READY and HOLD in­
puts and checks for halt instruction. 

Processor enters wait state if READY is low 
or 1f HALT instriJction has been executed. 

An instruction byte (FETCH machine cycle), 
data byte (MEMORY READ, STACK READ) 
or interrupt :nstruction (INTERRUPT machine 
cycle) is input to the CPU from the Data Bus; 
ora data byte (MEMORY WR!TE, STACK 
WRITE or OUTPUT machine cycle) is output 
onto the data bus. 

S tates T 4 and T 5 are available if the execu· 
twn of a particular instruction requires thern; 
if not, the CPU may skip one or both of 
them. T 4 and T5 are only used for interna! 
processor oper ations. 

Table 2·2. State Definitions 

2-10 



INTERRUPT SEOUEI\ICES 

Th~ 8080 hds the bUiit-rn capacny to handle externa! 

rnterrupt r1H.¡uesb. A perrphetal devrce can initiate an inter­

rupt sirnply by dr ivlll\J the proces~or's interrupt (INT) !ine 
high. 

The iJ1terrupt ( INT) rnput is asynchronou~. _and a 
request may thereforP. 0riginate at any time during any 

instruction cycle. lnt~r:1al logic re·clocks the externa! re­

quest; so th;.;t il proper corr e:;pondence wi th the driving 

dock i.s •. ,_,;;blished. A:. Figure 2·8 shows, an interrupz 

reque;r (!Ni i -¡¡:-ri'Jing duri11g che tirne that the interrupt 

en;1ble lint (INTE) is high, rH:ts in coincidence with \he C/)2 

clock to :.ct th.:: intern<JI interrupt latch. This event takes 

pi<Jce during the last 5tate ot the instruction cycle in \•,hich 

the reqw:st occu.-~. thus en~uring that any instruct1on in 

progress is cornpleted bl:!lo.-e the interrupt can be processed. 

The !Ni"ER RUPT machrm: cycle which tollow; the 

arriv¡¡l of élin enablt.d interru 1Jr request resembies an ordinary 

FETCH m,H:h:ne :;y ele 111 must respect5. The M 1 status bit 

is tran~míttt:d as usudl during the SYNC interval. lt is 

act:ompanied, however, by an INT A status bit (Do) which 

¡;cknowledges the extern<JI request. The contents of the 

program counter ¡¡re latched onto the CPU's address fines 

during T 1· but the counter rtself is not incremented during 

the INTEARUPT ;nachrne cycle, a~ it othervJise would be. 

f------ --- ···-
Tl t-----:¡:,--T 

,.., 
Tz TJ 

In thís way, the pre-ir.teo-rupt status of the prograrn countcr 

is preserved, so tha! ciata in the counter may be re~tored by 

the interruprr::r:l progr.:~m <áter the interrurt reque.>t has been 

processed. 

The interrupt cyc!c is otherwt!>e ind;stinguishabie from 

an ordinary FETCH machine cycie. The pwcessor itself 

takes no further speciól action. lt is the n~spom;ib¡lity of the 

pcripheral logic to see that ar: eight-bit intcrrupt imtruction 

is "jammed" onto the processor''i d;lla bus durrng stale T3. 
In ~ typlCJi s¡,stem, this means th:H ·:he dura-in bus frorn 
memory must be temporarily discon·íected irorn the pro­

ct:ssor'5 main data bu$, so that the intt:rruptina device can 
command the main bus without interferer.ce. 

The 8080's instruction set provides a special une-byte 

call which facilitates the processing of mterrupt> (the o~di· 

nary program Call takes three bytes). This i> the RESTAAT 

instruction (RST). A,. variable three-bit field embedded in 

the eight-bit field of the RST en;¡bles the :nterrup:i;,y device 

to direct a Call to one of eight fixed rnemo•y locations. The 

c!ecrmal addresses of thesc dedicated l0::ations <ne: O, 8, 16, 
24. 32, 40, 48, and 56. Any of these aJdres:;es may be used 

to store the first instrLJction(s) of a routine designed to 
ser11ice the requirements of an interrupting device. Sr:;ce 

the (RST) is a call, comp!etion of the instruction also 

stcres the old prograrn ccunter contents on the ST ACK. 

Mz 

r. Ts 
-:;:--r--· r, Tz TJ 
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'HOLD SEOUENCES 

The 8080 CPlJ contaim wovisiGn~ !r,r Dir;;ct ii:er,•ory 

Access ID MI~) operations. 8y applying;, HOLD to 1:1c appro­

pnate cono_rul pm on the proces~or, an ex:ernJi dev:ce can 

cause the CPU to suspend its normal operdtions and relin­

quish control of the address and datil busses. The processor 

responds to d request of this kmd b\' floating its Jddress to 

other dev:c..:s shar ing tnc bu~ses. At the ;ame time, the pro­

ces~or acknowleuges the HOLD by placing a high on its 

HLDA out¡;;n pin. During an acknowled¡;ed HOLD, the 

addres5 and rl<:ta busses are undu control cf the peripheral 

which orig,.·,ated the reqLre~t. enabling it to canduct mem­

ory transfe;; without proCt!S~or intervention. 

Un~il.;c the interrupt, the HOL.D input must be syn­

chronized INith the drrvinq clock. A HOLD ~ignal must be 

stable prior to the "Hold set-up" interval (tHsl. thar pre­

cedes the ri~rng edge of !/!2. consequentlv, extern2l r~· 

clocking !ogrc muH be proviued to propetly synchrcnize an 

a5'{nchronou$ HOLD REOUEST. 

f,gur[~~ ?.-:J and 2-10 illustrata tire timin~ involved in 

HOLD ope1 ~trons. Note the delay bcltween the as~nchronou:; 

HOLD REQUE'ST and the re-clocka.:! HOLD. As shown in 

the fliagrarn, a coincrdence of the READY, t~.e HOLD, and 

the ÍJ2 clock s sets thc int~rnal hold la~ch. Setting the latch 

enables the sul.J~equeni rtsing edge of the 1J1 dock pulse ro 
trrgg~r the HLD"A output. 

Ackr;owlt:úgement of the HOLD REQUEST precedes 

sl;ghtly the actual floatrng of the processor's address and 

dJta lmes. The processor acknowledges a HOLD at the begin­

nrny ot TJ, rf a rcdd or an 111put machine cycle is tn progress 

(see F1gur~ 2-9). Othcrwrse, ¡¡cknowledgerneni is deferred 

untrl the belJIIIIliii(J of the state following T3 (see Figure 

2·101. In bot!r Cd~e:>, howe~er, the HLDA goes high within 

a specilied delay (<oc) of the rrsing edge of the selected .P1 
clock pulse. Addt ass an<..l data ltnes are floated within a 

brrd deldy aftet rhe r:sing edge of the next <1>2 dock pulse. 

This relatronsnrp is also shown in the diagrams. 

To all outwJrd appearattct:s, the proccssor has suspcnd· 

ed its operatrons once ti:P. addre)s and dilt3 busses are floated. 

lnternally, howt!ver, ce•toin functions rnay continue. lf a 

HOLD REOUEST rs acknowledged ar T3. and if the pro­

ces~or is 1n the mrddle of a m<achine cycle which reGuires 

tour or more s.tates to complet~. the CPU procetids through 

T 4 and T5 bdore coming toa rest. Not until tl;e end of the 

. machine cycle is reached wili processing aclrviti~s r:ease. 

Interna! processrng is thus permitted to overlap the externa! 

DMA transfer, irnproviny hoth the efficu:ncy and the speed 

of the entrre system. 

The processor exits the hol~ing state through a 

sequence simii<H to that by which.rt entered. A HOLD 

REGUEST is terrninJted asynchronously when the ~•tetna: 

devrce has conrplet~d its data transte:. fxrernal rt·clocking 

2·13 

¡.,qic rrwst emLrre that HOLD remains srul:;i~; through a 

rr.inirw.J,Il "?:o!rl·tHne" in1.erv~l (eH) foilowing the trailing 

edge of the !OUb~equent rp¿ dock pulse. The HLDA output 

returns to a low le•'e! fo!!c"Ning the leading cdge 0f the next 

cf¡1 clock pulse. Normal processing resume~ with the ma­
chine cyc!e followin!J Lhe iasr cycle t.hat was executcd. 

HAL T SEQUEi\ICES 

Wher. a t1alt instrucricn \HLT) ;~ e}:ecwed, !he CPU 

ent'ers the hait srote (TwHl after state T2 of ~he next ma­

chine cycle, as shown i11 Fig...:r¡; 2-'1 L Thun· •~e:! Gnly three 

ways in which the 8000 can exit the halt statc: 

<> A high on the RESET line will elw1:1y> ;eset lhe 

8030 to stcte T 1; R ESET al so clears rhe proar:Jm 

counter. 

o A HOL D input wiH cause the 80BO u emer the 

hold sta~e: as prev1ou~ly described. Wiu:n the 

HOLD fine goes low, the 8Q¡sü re-entf'rs tht:: ha!t 

~tate o ;o the ri;ing edge of the nex t ~~·1 dock 

pul ~e. 

" An interrupt (i.e., INT goes high whííe !NTE is 

enabled) will cause the 8080 to exit tl1e Hult srzte 

and en ter state T 1 on the rising edge of the nex t 

cfi1 c!ock pulse. NOTE: The interrupt cnable (lr,ITE) 

flag must be set when the hall ~tllte-is entered; 

otherwise, the 8080 will only be able w exit via a 

RESET signal. 

i=igure 2-12 illustrates halt sequencing in f!ow ..:hart 

form. 

START-UP OF THE 8080 CPU 

When power is app!ied initially to the 8080, the pro­

cessor begins operating immediately. The ccn t~nts of it~ 

prograrn counter, stack pointer, and the other working r<!gl~­

ters are natural!y subject to random factors and cannot be 
specified. For tl~1s re~son, it wrll be nace>><Jry to begin the 
power-up sequence wi:h RESET. 

An external R ESET signa! of three clock period oura­

tion (minrrnum) restares the proceswr's intPrna! p;c;gram 

counter to zero. Program execut1on thus begins with mer:l· 

ory locarion .:ero, follow1ng a R ESET. Sy~tems whicl-r r;:,­

qu¡re the processor to '.Nait for an e)(plictt itilrt·up signa! 

wiii store a halt instrur:tion íHL T) in thil location. A 

manual· or an autr;matic INTERRUPT will bt: u>ed for 

starting. In other systems, the processor may begin ex'"cut­

ing its stored proyram immediatel•t'. Note, however, 1hat 

the R ESET has no effect en ~ratus fl¡¡gs, or on c.Jny of r!le 

processor's working registers (accumui.Jtvr, regis~r.r;, or 

stack pointer). Tha cor.tents of these reaisters! e m;¡ in ird;:;· 

termtnate, until initialized t:xplicitly by rhe program. 
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This ch:Jptrr will ¡íiustratl.', in detai!, how to !nterf<Jce 

the s::rao CPl_; with Merr,or·¡ and 1/0. lt wiH also show the 

henefits ancJ tr.Jdeoffs enc:ountercd when using a varicty of 
system archit<•ctures to achieve higher throughput, de· 
creased component count or minimization of memory siw. 

ROBO Microcomputar system de>ign iends itse!f to ¡¡ 

simple, modular approach. Such an approi:lch will yiEid the 
designer a rt!li,X;Ie, high performance svstem that contains a 

minimurn comporwnt cou11t and is easy to manufacture and 

maintain. 

The overall system can be thought of as a simple 

block c!iagram. The thn;e (3i blocks in the diagram repre· 

sent the funcuons common to any computer system. 

CPU Module* Contains the Central Processing Unit, system 

timing and interface circuirry te Memory 

artd 1/0 devices. 

Me mor y 

1/0 

Contains Read Only Memory (ROM) and 

Head/Write Memory (FlAM) for l)rogram and 

data storage. 

Coritains circuitry that allows the computr.r 

system to communicate with devices or 

structures existutg outside of the CPU or 

Memory arr ay. 

fJ>r example: l<eyboards, Floppy Disks, 

Paper Tape, etc. 

There are three busses that interconner;t the·>e blocks: 

Data Bus t A bi·directional path on which data can flow 

between the CPU ar.d i\'lemory or 1/0. 

Addres~ Bus A uni-directi.:>na! group of :ines fhat identify 

a parttcular Memory !ocation or 1/0 dcvice. 

o"Module" refers to a functional block, it does not reí· 

erence a printed circuit board manufactured by INTEL. 

t"Bus" refers to a StH of signals grouped to;¡ether beca<J~~ 
of th~ similarity of the1r hmct1ons. 

"). 

Control Bus A uni-direction31 set of ~ignals thar indicilte 

the type of ac.tivity m cunent prc(;e%. 

Type of uctivities: 1. Mamory Rea~ 

CPU 
MODULE 

2. Memory Wrice 
3. i/0 Read 
4. líO Write 

5. lnterrupt Acknowledgc 

------------
Figure 3·1. Typical Computer Syst;;m Block Diag¡·alíl 

Basic System 8peration 

l. The CPU Module issues an activity commaná on the 

Controi Bus. 

2. 

J. 

4. 

The CPU Module issue~ a binary c.ode on the AddrPss 
Bus to identify which particul;;r Memvry locatíon o; 

1/0 de>Jice will be invoived in the cw reN nroccss 

activity. 

The CPU Module rec:!ives or tr¡¡r.smit~ data with ·,f¡e 

sclected Mcrnory locdtion or i/0 device. 

The CPU Mcdule 1 cturns te CD and issues thtl no:~ 
activity command. 

l
1
t is easy to see Clt th!s point that the cr·u r.-.vdu!e ís 

the central e!ement in ;:¡ny computo:r ~ystl)rl1, 



The following pages will cover thc detailed design of 
!he CPU Mudule wrlh the 8080. The three Busses (Data, 
Addr ess a11d Control) wíll be deve!oped and tile intercon· 
nection to M1!rnory and 1/0 w!l! be shown. 

Design philosophies and syr.tem architectures pre­
¡.er.ted in this manual are consistent with product develop­
ment programs underway at INTEL for the MCS~BO. Thus, 
the designer who uses this manuai as a guíde for his total 
system engrneering is assured that all new developments in 

c.:nnponents and software for MCS-80 fr om IN TE L wiil be 
compatible wrth his design approach. 

CPU Module Design 

1. 
'1 ..__ 

The CPU Module contains three major areas: 

The 8080 Central Proce•sing Unit 

A Clock G!!nerator and Hrgh Leve! Driver 

3. A bi-directronal Data Bus Driver and System Control 
logic 

The following will discuss the design of the three 
major areas contained in the CPU Module. This design is 
prs;ented as an alternative to the lnte!® 8224 Ciock Gener· 
iHor and lntel 8228 Svstem Controller. By studying the 
a!tematrve ar;prodLh, the designer can more clearly see the 
comideréJlions involverl in the specificatiOrl and engineering 
of the 8224 dnd 82:?8. Standard TTL components and lnte! 
general pur pose per ipheral devices are u sed to implement 
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the dcsign and to achieve operational characteristics that 
are as close as possible to those of the 8224 arlld 8228. 
Many auxiliary timing functions and features of the 8224 
a:-ad 8228 are too complex to practically implement in 
standard components, so only the basic functions of the 
8224 and 8228 are generated. Since significant benefits in 
system timing and component count reduction can be 
realized by using the 8224 and 8228, this is the preferred 

method of implementation. 
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The operation of the 8080 CPU was covered in pre­
vious chapters of this manual, so little reference will 
be made to it in the design of the Module. 

Clock Generator and High Level Driver 

The 8080 is. a dynamic device, meaning that its ínter· 
nal storage elements and logic circuitry require a 
timir:g reference (Ciock), suppl ied by externa! e ir· 
cuitry, to refresh and provide timing control signals. 

The 8080 requires two (2) such Clocks. Their wave­
forms must be non-overlapping, and comply with the 
timing and levels specified in the 8080 A.C. and D.C. 

Charactenstics, page 5·15. 

C!o.:k Generator Design 

The Clock Generator consists of a crystal controlled, 
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Figure 3-3. 8080 Clock Generator 

20 MHZ oscitlator, a tour bit counter, and gating 

circuits. 

The os..:JIIator provides a 20 MHZ signa! to the input 

of a four 14) bit, presett<.~ble, synchronous, binary 

counter By presett1ng the counter as shown in tigure 

3-3 and clock1ng it w1th the 20 MHZ sigr.al, a simple 

decodmy of the ~ounters outputs using standarrl TTL 

gates, p1ov1cJes proper t1ming for the two í2) 8080 

dock mputs. 

Note thdt the uming must actually be rneasured at 
the output of the High Level Driver to take into C;C· 

count the added dclavs anci w,.¡veform distortions 

within such a device. 

Hioh Levd Driver Design 

The voltaye levei of th:: clucks for the 8080 is oot 

TTL compatillle like· the other si~¡nars that input r.o 
the 8080. The voltage sw1ng is frorn .6 voits (VILC; 

to 11 volts (V1Hcl with risetirnes and filllt1mes under 

50 ns. The Capacitive Orive is 20 pf {max.). Thus, a 
High Leve! Driver is rcquired to interface the outputs 

of the Clock Gener;~tor (TTLI to the 8080. 

The two (2) outputs of the Clock Generator are Ci'· 

pacltivity coupled toa dual- H1uh Leve! clock dr1ve•. 

The dr1ver mus! be cap¡¡!J!e o( com;::lying vvith the 

8080 clock rnput specificar10ns, p:¡g:; 5-15. A dll\:er 

·of this type usually has little problem supp!ymg the 

R~AOY 

POSitiVi! transltron when biased from the eoao \-'oo 

supp!y ( 12V) but to achieve the low vol tage spec1fi· 
cation (V1Lc) .8 volts Max. the driver is biased lo the 
8080 V88 supply (-5V). Thts allows the driver te 

swing from GND to V00 with the a1d of a simple 

resistor divider. 

A low resistance series network is addcd cetween the 

driver and the 8080 to elirninate any ove• ~hoot of the 
pul sed waveforms. Now a circuit 15 apparrmt th;;t can 
easily compiy w!th the 8080 specitications. In f-act. 

rise and falltimes of this designare typicJlly ie;~ than 

10 ns. 

·----·---·---------------·-
Figura 3-4. 1-!i¡¡h leve! Dri•Jer 



Auxilc.uy Tm1mg Signah and functiom 
' The Clock Gcru:rdtor can 2iso be used to ¡:¡rovicie 

o1her >10n<~ls tllat the designer can use to :.implify 
!dr!Je systern l1rnmg or the :nterface !O dynamic 
mernor1cS. 

Funct1ons such as power-on reset, synchroni.?ation of 

exíernal requests (HOLD, READY, etc.) and single 

step, could t:asily be added to the Clock Generator to 
furiher enhance 11s c¡,pabilities. 

rO( lmldllCe, the 20 MHZ signar from the OSCIIIator 

can be IJuff<:red so that it could provide the basis for 
commut~:cation IJaud rate generat.on. 

The Clock Ger.cr dtor cti<.Jgram al so shows how to gen­
era !e an advanced tirntr1g ~ignaf (t/>lA) that is handy 

to use in cfocktng "O" rype flipflops to synchronize 
-:!X ter n.;l requesrs. lt can al so be u sed to generate a 
:.!lobe ¡ST-STBl that is the latching signar for the sta­
lU~ 1111 or m<~ lron wh1ch is available on the Data Bus at 

th: hí.';l11H111l9 of each m<Jchine cycie. A sr:11ple gating 

o! íh,: SYNC si!Jtlal from the 8080 and the 21dvanced 
:,_H Al wtll do lile ¡ob. See Figure 3-3. 
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3. Bi-Directior.al Bus Driver and SyS!em Control Logic 

The system Memory and 1/0 devices communicate 
with the CPU over the bi-directional Data Bus. The 

system Control Bus is used to gate d~ta on and off 
the Data Bus within the proper timing sequences as 

dictated by the operation of the 8080 CPU. The data 

línes of the 8080 CPU, Memory and 1/0 devices are 

3- state in nature, that is, their output drivers ha ve 

the ability to be torced into a high-impedance mode 

and are,effectively,removed from thecircuit. This 3-· 
state bus technique allows the designer to construct a 
system around a single, eight (8) bit parallel, bi-direc­
tional Data Bus and simply gate the information on 
or off this bus by selecting or deselecting (3-stating) 
Memory and 1/0 devices with signals from the Con­

trol Bus. 

Bi-Directional Data Bus Driver Design 

The 8080 Data Bus (D7-DO) has two (2) major areas 

of concern for the designer: 

1. Input Voltage level (V1H) 3.3 volts mínimum. 

2. Output Orive Capability lloll 1.7 mA maximum. 
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The · input leve! speciíicati.::,n implies tha'l any $Cm¡. 
corluuctor m~rnory or 1/0 devic::: connecterl to thr:: 

8080 Dat<) [L.,s rnust be able to pt ovide a mir?imum of 

3.3 volts in its high state. Most se.miconductor mem­

ories Jnd ;;tandard TTL 1/0 devices have an output 

capabili~V of betwe~n 2.0 and 2.8 v~,lts, obviously a 
direct coor.~r:tion unto tha 8080 Data Bus woiJirl r2-
c¡uire ;:¡ullur· ;3-;istor~. whose value shculd not aifect 

(he bus Sf.···.d o: stress the d!ive capabil ity of the 
memory o. · '() o;;o: nponents. 

The 8080~~ •AHPut drive capability l!od 1.9mA rwn:. 
is sufficier,l rt'r small systems where Memory size and 

!/0 reqvirefr,ents are minimal and the crttire system i> 
contained 0'' a stngle printed circuit board. Most s·¡s­

tems h·:.wever, tilkc advantage of the high-¡.¡eríor· 

r~rance corn¡::;utli•\1 pcwer of the 8080 CPU <md thus a 

!T!O~e typical svstem would requrre some torrn of buf· 

k1 ing on tk 8080 Data Bu~ to support a iarger arr<ly 

ot Memorv .;n~t líO aevices which are likely to ha on 

~e para te boa: ds. 

A t~evice specifically design:d to do this buffering 

function i$ !h~ iNTEt 8216, iJ (4! tour bit b¡·dircc" 

¡,onJ! bu~ driver whos~ input voltage le·¡¡,! is cornpat­

ib\e with stantJ,Hd TTL device-; and semiconductor 
rPernory cornpoñe;1ts, -.md has output drive capability 

uf 50 mA. At !he 8080 side, the 8216 has a "high" 

output of 3.65 volts that nol only meets the 8080 
•nput spec but pruvides the designer with ¡¡ worse case 
350 mV noise flld'\Jifl. 

A pair of 8216'$ <:re connectt:lf directiy to the 8080 

Data Bus (D 7 -DO) as showr. m figure 3-5. Note that 

the DBI N siynal from the 8080 1s connected to the 
drrection control tnput (DI EN) so the correct flow nf 

data on the bus is maintamed. lhe chip s~lect (CS) of 

the 8216 is cor:nected to the Hoid Acknowledge 

(H LDA) ot tht: 8080 to ailow for DMA activities by 

deselecting the Ddtd Bus Buífer and forcing the out· 

pu ts of tt"te 8216's into their hiyh impedance { 3-
state) mode. Ti1is allows other dc11ices to gain access 

to the data bus (DMA). 

System Coutrol Logir. De1ign 

The Control Bus maintains dtscip!inf of thi! bi-direr.· 

tronal Data Bus, that is, it determines what tvpe of 

device wrll hdve access to the bu~ (Memcrv or 1/0l 

and genera tes signab to assurP that thest! devices 

transfcr Data with thc 8080 CPU within the proper 

ttrning "w111dows" as dictated by the CPU operationai 

char acterist ics. 

As described previously, the 8080 ;~~ue:. Status infor· 

mation at the beginnrng of e¡¡ch Machtne Cyc!e on its 
Data Bus to indicate what operation wi!! take piJ!.é 

during that cycle. A simple {8) bit latch, !iks zn 

INTEL'll8212, connectcd directiy to the 8080 Data 

Bus (D7·00) as shown in tigure 3·5 wil! ~ture the 

Status information. The si¡¡na! that iczd~ ~h;, d.:ta 

into the Status Latch cnrnc< ~Yom th.:; Clcck Gerrer· 

an~r. it is Status S!rolHl (STSTBJ cnd occurs Jt the 

sti.irt of erJch Machine Cvcie. 

Note that the StJtus i_:~tr:h is C0:1iH'H:ted onto the 

808U Data Bus (D7·DO) betore th~ Bi.ls Huffer i"his i.~ 

to maintain thc integrity of the Dtit<J Bu~ and ~i·np!ify 

Control Sus timing in DMA de;:¡endent -.rwiror" · ·•mts. 

As st10wn in the diagram, a simple gatin¡J ;)f ;! •!! od· 

puts of thu Stat'Js L.tlt.~h with th:, OB!N a<•d ~\IR 
signals f; orn the 8080 genera te th~ !4) fcur C·;¡r,irol 

siqnals that make up thc l::asic Control Bw-. 

These four signais: 1. Mernory Read IMEM-FÚ 

2. Mt!mory Write (ME~1 W) 

3. 1/0 Read.(l/0 R) 

4. i/0 Write (1/0 Wl 
,., 

connect directly to the MCS-80 componznt "fa:nily" 
o~ ROMs. RAMs and 1/0 deviccs. 

A fifth ~ignal, lnterrupt Acknowledg(~ (i NT Al ¡s 

added to the Control Bus by gatin~ data oH thu 

Status Latch with the DBIN signal from the 8080 
CPU. This signal is used !o enable the ln!errupt 

lnstruction Port whích hold;· the RST instructi0n 
onto The Data Bu~. 

Other signals that at ~~·part of the t.~ontrol Bus such ¡¡s 

WO, Sta e k and Mí are present to a id in (le tcsting of 

the System and also to simp!ify lntedacing the CPU 

to dynamic memories or very largP. systems that re­

quire several leve!s of bus buffering. 

Add~ess Buffer Oesign . 
The Address Bus {A 15-AO) of the 8080, 1 ikll the Data 

Bus, is suffici¡,nt to support a smal: system tha\ has a 

moderate size Memory and 1/0 ~tr·H:ture, ccntined tr:: 

a )ir.gle card. To expand the ~:ze of thl ~ystem thJt 

th'J Áddr<•$; Bus C<;n suppon a simpl<?. buf~cr C3:"i he 

aúded, as sh-;,w,; in figure ~J-6. ThH tt·HEl~!J212 or 

8216 is an excelfent de•;ice for thifi function. l'hey 

proviue low input load!ng (.25 rnA), hiuh nutput 

érive and ínsert a mínima! delay in !he Sy:t,:;rn 

Ttmi'lg. 

Note rhat ~he Hold Acknowiedgt:: (HLQ,.:q it c.:m­

r.ected r.c the buffer~ so that they ar~ te;~ct:d int.o 

their h!gh-ímpedance (3-~atel mode c:!'-'rin~~ DMf\ ac.· 
tivitie~ so that other d.wict-s con g.::in acc.t!~$ te- thG 

Address Bus. 



INTEFn=AclNG THE 8080 CPU TO MEMORV 
ANO 1/0 DEV!CES 

Tl1e 8080 interfaces wíth standard semiconductor 
Memor y components dnd 1/0 devices. In the previous text 
the pru¡.Jer control signa!:. and buffering were developed 
which wlll produce a simple bus system similar to the basic 
system exampie shown at the beginning of this chapter. 

In Figure 3·6 a simple, but exact 8080 typical system 

is shown that can be used as a guide for any 8080 system, 
reaardless of size or complexity. lt ís a "three bus" archi· 
ter.;ture, using the signals developed in the CPU module. 

Note that Memory and 1/0 devices interface in the 
sarne manner and that tht!ir isofation is only a function of 
ítw defimtion of the Aead-Wríte signals on the Control Bus. 
n,¡, allows the 8080 system to be configured so that Mem­

ory and 1/0 are treated as a single array (memory mapped 
1/0i for small systerns that require high thruput and have 
l1:~s than 32K mernory si.t:e. This approach will be brought 
nut iater :n the-chapter. 

ROM iNTERFACE 
A ROM is a device that stores data in the form ot 

Program or other inforrnat10n such as "look-up tables" and 
15 only rea9. from, thus the term Read Only Memory. Thrs 

t·¡~pe of rnemory is gene:-a!ly non-volaii!e, meaning that 
when the power is removed the inforrnatlon is retained. 

~;~TB CLO~~--~~ 
GlNERATOH 
,>,;·m OHIIIER 

HOLD REO 

RESET 

' This feature eliminates the need for extra equipment like 
tape readers and disks to load progr ams init1ally, an im­
portant aspect in smali system design. 

lnterfacing standard ROMs, such as the devices shown 
in the diagram is simple and direct. The output Data lines 
are connected to the bi-directional Data Bus, the Address 
inputs tie to the Address bus with possible decoding of the 

most significant bits as "chip selects" and the MEMA signal 

from the Control Bus connected to a "chip select" or data 
buffer. Basically, the CPU issues an address during the first 

· portion of an instruction or data fetch (T1 & T2). This 

value on the Address Bus selects a specific location within 
the ROM, then depending on the AOM's delay (access time) 

the data stored at the addressed location is present at the 
Data output lines. At this time (T3) the CPU Data Bus is 
in the "input Mode" and the control logic issues a Memory 
Read command (MEMA) that gates the addressed data on 

to the Data Bus .. 

RAM INTERFACE 
A RAM is a device that stores data. This data can be 

program, active "look-up tables," temporary values or ex­
terna! stacks. The difference between RAM and ROM is 
that data can be written into such devices and are in 
essence, Read/Write storage elements. RAMs do not ho!d 
their data when power is removed so in the case where Pro­
gram cr "look-up tables" data is stored a method to load 

f-t--L SYNC '"2 ¡¡¡1 

RPY BOBUA CPU 
INT~--------------------------------------------------------~ 

WR 00-07 DBIN HLDA 

ll251 
110 

COMMUNICATION 
INTERfACE 

Figure 3-6. Microcomputer System 
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FlAM mernory must be prov:ded, ~uch a~: F ioppy 1);:;;,, 

P¡¡per T <.~pe, etc. 

The CPU tredts RAM rn e:<actly the wme rnanner as 

ROM tur add, essmg d<Jia w be read. Wri trng dilt<: is ver y 

SHTlrldr; <he RAM is is~ued all addrcss dur ing the first por­

! ron of the M<!filory IN•rte cycle (TI & T'2) in T3 ~rvhen the 

data that is ro be wrJtten is output by the CPU and is stable 

on the bus an ~iEMW comrnand is generdted. The fv1EMW 
srgnal is connected to thc R/W input of the HAM and 
sirobcs the d .. ;J rnto the dddressed locatiool. 

!n F;,_,_,;·e 3-7 a typical Memory systern is il!ustrated 

to show how standard semiconductor corr:ponents interface 

to the 8080 bus. The mernory array shown has 8K !Jytes 
{8 bits/bytei uf ROM storaue, using tour lntei(!)8216A!: 

aod 512 bv~es of RAM swrdge, using lntel 8111 static 

RAMs. The basic interface to the bus structure detailed 

here is cummon te almost any srze memory. The only ad­

dít:on that mrght h!lve to be made for larger sy~term ¡s 

nrore buffers (8216/8212) anJ decoders í82ú5) for gener· 

atrn¡; "chrp 5t.i!oCts." 

81( + 512 8K 

l 
RAM 

'Tiv! memo, ie~ ÓlO>Cn for thi~ example have an access 

t1one of 850 nS (rnax) to illustrate that dow~r. econcmical 

devices can be easi!y interfaced to the 8080 with little ef­
fe<:t on performance. Wherí the 8080 is operateu frorn a 

c:ock generator with a tCY of 500 nS the requircd memory 

ar.cess time is Approx. 450-550 nS. See ueta;ld timing 

specification Pg. 5-16. Usrng memory devrces ot thii speed 
<!> 

such as lntel 8308, 8102A, 8107A. etc. the READY input 

to the 8080 CPU can remain "hiyh" bec~u~ ... no "wait" 

states 31é required. Note that the b•_rs interfi:lc~ w memcry 

sho~tin in Figure 3-7 rernaim !he same. Howe\· ... if sfoweí 

memories are to be used, such as the devi¡;eS illu$tra:~d 

{8316A, 8111) that ha'Je ilcce~s times slow:;r -:~3n the rr•¡n. 

rmum requirement :il simple logic control of !he READY 

input to the 8080 CPU will ime;-t an e~tra '\ni¡ ~tate" that 

is equal to one or more dock periods as an ac~ce~s time 

"adjustment" del~~v to c.ompemóte. The effP.ct of the extra 

"wait" state is naturany a slower ex~cution trme for the 

instruction. A single "wait" ch.Jnges tlie basic ímtruccion 

cyclc to 2.5 microSeconds. 

o 

ROM 

MEMORY MA.P 

ROM 
'-'4 

RAM ---

811 í 

RIW OD 1/0 1·4 

F· r~ure 3-7. Typical Mtlmory Interface 
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General Theory 

As in any computer based system, the 8080 CPU must 
be able !o communicate with devices or structures that ex ist 
ouiside its normal memory array. Deviccs iike keyboards, 
p;;per tape, floppy disks, printers, displays and other control 
struciUres are used to input information into the 8080 CPU 
and display or store the results of the computational activity. 

Probably the most important and strongest feature of 
the 8080 Microcomputer System is the flexibility and power 

SYSTEM 
CONTROL 

192281 

-------------------------

M-EM-R } ~~~~~~RY 
p------MEMW 

ilOR} TO 1/0 DE VICES 

P--------¡/OW 

of tts 1/0 structure and the components that support it. There figure J-9. lsolated 1/0. 
are mJny ways to structure the 1/0 array so that it will "fit" 
the total system environmenl to maximize efficiency and 
minimize cornponent count. 

The bdsic operation of the 1/0 structure can best be 
vi.:wed as dn array of single byte memory locations that can 
be flr~c~d from o;- Written into. The 8080 CPU has special in­
stn.¡ct.ions devoted to rmmc~ging such transfers (IN, OUT). 
Th~se ir.structiori"s generally isoiate memory and 1/0 arrays 
~o 1hat memory address sp¡¡ce is not effected by the i/0 
S~íUCture and the general concept is that of a simple transfer 
le nr from !he Accumu!awr with an addressed ''PORT". An· 
other method ol 1/0 archttecture is to treat the 1/0 structure 
a:; part of the Memory array. This is generally referred toas 
"r·/lemorv Mapped 1/0" and provides the designer with a 
powerlul new "insÚuct10n 5et" devoted to 1/0 manipulation. 

ISOlATED 1/0 
~--------------------. 
: o 11 65~ 

1 
1 MEMORY 

1 
1 
1 
1 
1 
1 
1 

~----------~s~s----------~ 
o 2!J6 

110 

r---------------------J 

! i ... ,, T ·~ J i 
1 ME MOR Y MAPPED !/0 J 
L---------------------J 

Figure 3-8. Memory/1/0 Mapping. 

lsolated 1/0 

In Figure 3-9 the system control signals, previously de­
tailed in this chapter, are shown. This type of 1/0 architecture 
separates the memory address space from the 1/0 address 
space and uses a conceptually simple transfer to or from Ac­
cumulator technique. Such an architecture is easy to under­
stand because 1/0 comrnunicates only with the Accumulator 
using the IN or OUT instructions. Also because of the isola­
tion of memory and 1/0, the full addrcss space (65K) is un­
effected by 1/0 addressing. 

3-8 

Memory Mapped 1/0 

By assigning an area of memory address space as 1/0 a 
powerful architecture can be developed that can manipulate 
1/0 using the same instructions that are used to manipulate 
memory locations. Thus, a "new" instruction set is created 
that is devoted to 1/0 handling. 

As shown in Figure 3-1 O, new control signals are gene­

rated by gating the MEMA and MEMW signals with A15. the 
most significan! address bit. The new 1/0 control signals co'1-

nect in exactly the same manner as lsolated !/0, thus the 
system bus characteristics are unchanged. 

By assigning A 15 as the 1/0 "flag", a simple method of 
1/0 discip!ine is maintained: 

lf A 15 is a "zero" then Mef!1ory is active. 
lf At5 is a "one" then 1/0 is active. 

Other address bits can also be used for this function. A 15 was 
chosen because it is the most significant address bit so it is 

easier to control with software and because it still allows 
memory addressing of 32K. 

1/0 devices are still considered addressed "ports" but 
instead of the Accumulator as the only transfel' medium any 

of the interna! registers can be used. All instruction~ that 
could be used to operate on memory locations can be used 

in 1/0. 

Examples: 

MOVr, M 
MOV M, r 
MVI M 
LOA 
STA 
LHLD 
SHLD 
ADD M 
ANAM 

(Input Port to any Register) 
(Output any Register to Port) 
(Output immediate data to Port) 
(Input to ACC) 
(Output from ACC to Port) 
(16 Bit Input) 
( 16 Bit Output) 
{Add Port to ACC) 
("ANO" Port with ACC) 

lt is easy to see that from the 1 ist of possible "new" 
instructions that this type of 1/0 architecture could have a 
drastic effect on increased system throughput. lt is concep­
tually more difficult to understand than lsolated 1/0 and it 
does limit memory address space, but Memory Mapped 1/0 
can mean a significant increase in overall speed and at the 
same time reducing required program memory area. 



---··---------- ----- ' .... > __________ ,. ___ _ 

$YSHM 
CONTI10L 

182281 

Figure 3-10. Memory Mapped 1/0. 

1/0 Addressing 

With both systems of 1/0 structure the addressing of 
cach devic<! can be configured to optimize efficiency and re· 
rluce comnonent c1;unt. One rnethod, the most common, is 

o 

to di.""Ccde the address bus into exclusive "chip selects" that 
eni.lblc the addre$s6d 1/0 device, :1imilar to generating chip­
se!ects in mernory arrays. 

Another rnethod is cailed "linear select". In this method, 
instedd of decoding the Address Bus, a singular bit from the 
bus is assigned iis the exclusive enable for a specific 1/0 de­
w:e. This method, of course, limits the number of 1/0 de· 
vices that can IJe adclressed but el iminates the need for extra 
decoders, an i1nportdnt consideration in small system design. 

A Simple ~xarnple illustr.iles the power of such a flexi­
ble 1/0 structure. The first exam¡Jie illustrates the format of 
the second byte of the IN or OUT instruction using the lso· 
lated 1/0 techr11que. The devices used are lnte1®8255 Pro­
gramrnable Penpheral Interface units and are linear selected. 
Each device_ h&Js three ports and from the format it can be 
seen that six device~ can be addressed without addit1onal de· 
coders. 

EXAMPLE #1 

L..__} POHT SELEC:lS 

L..... ________ -_-_-_-_-~}'""""'"' 
AOORESSES- O- 8255o 

118 POHTS- 144 BIT SI 

Figure 3-11. lsolated 1/0- (linear Se!ect) (82551 
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Ti;e s.cc.c>~d exarnp!;z mes Memory Mapped 1/0 and 
iin<;:¿¡r ~elect fW 5how how thifte2n devices (82551 can be ad· 
dressed without the use of extra decoders. The format shown 
could be the second and third bytes of the LOA or STA in­
structions or any other instructions used to manipulate 1/0 
using the Memory Mapped technique. 

lt is easy to see that such a flexible 1/0 structure, that 
can be "tailored" to the overall system environment, provides 
the designer with a powerful tool to optimize efficiency and 
m:nimize component count. 

EXAMPLE #2 

, .. , •. , .. , •. "'¡-;;-¡ 1' r 
1 } PORT SEI.CCTS 

1 .___ ____ =} .... ,. '"'"' 

AODRESSES- 13- 8255o 

139 PORTS- 312 BITSI 

Figure 3-12. í\llemory Mapped 1/0- (linear Select (82551 

1/0 Interface E)(ample 

In Figure 3·16 a typicall/0 system is shown that uses a 
variety of devices (8212, 8251 and 8255). lt could be used 
to interface the periphera:s ¡¡round an intelligent CRT termi­
nals; keyuoards, display, and communication interface. An­
other application could be in a process controller to interface 
sen;ors, relavs. and motor controls. The limitation of the ap­
plicatior. area for such a circuit is solely that of the designer:> 
imagination. 

Thc 1/0 structure shown interfaces to the 8080 CPU 
using the bus architecture developed previously in this chap· 
ter. Either lso!ated or Mcmory Mapped techniques C.l1l be 
used, depending on the system 1/0 environment. 

The 8251 proliides a serial data communication iníei· 
face so that the system can transmit and receive daH1 O'.!;:r 

comrnunication links such as telephone line~. 



r;r:-~or~~, ~~A., '---l:.l~ r 
1 CfD CONTROL 

. 8251 SELECT 
IAI;TIVE LOWI 

Ftgure 3-13. 8251 Form;,t, 

D- DATA 
1 -COMMANO 

The t-..vo (2) 8255s provide twenty four bits each of 
progrdrnmable 1/0 data and control so that keyboards, sen­
::or~. pape1 t <~pe, etc., can be 1nterfaced to the system. 

} PORTSHECT 

---·- Bl55 P1 SHECT 
(ACTIVE LOWI 

8255 #2 SELECT 
--- !ACTIVE •.OWI 

Hgure 3-14. 8255 Format. 

RO WH 

OSI 

SERIAL DATA 
COMMUN ICA T ION 

8251 

8212 
#J 

DS2 

MD 

Figure 3-16. Typicall/0 Interface. 

00- PORTA 
01-PORTB 
10-PORTC 
11 -COMMAND 

#2 
8255 

8212 
•2 

The three 8212s can be used to drive long fines or LEB 
indicators due to their high drive capabllity. ( 15mA) 

L----------- 8212 #1 SELECT 
(ACTIVE HIGHI 

L----------- 8212 #2 SELECT 
!ACTIVE HIGHI 

'-----·--------- 8212 •J SELECT 
!ACTIVE HIGHI 

Figure 3-15. 8212 Format. 

Addressing the 5tructure is described in the formats il­
lustrated in Figures 3-13, 3·14, 3-15. Linear Select is used so 
that no decoders are required thus, each device has an ex­
clusive "enable bit". 

The exampie shows how a powerful yet flexible 1/0 
structure can be created using a mínimum componen! count 
with devices that are all members of the 8080 Microcomputer 
System. 

111 
8255 

8212 DSZ J 
111 

~~----- MO ur 
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A Cl~m¡:.uter ~ no m a tter how soph ;sticilted, can only 

do what jt is ''wld" to do. Ona "tells" the computer what 

to do vi¡¡ <J ~enes of coded instruction~ referred w as a Pro· 
gram. The rea!m o~ the proyrarnmer is rcferred to as Soft· 
ware, in contrast to the liardware that comprlses the actual 

computer equipment. A cornputer's soítware refers to all of 

the progrerns t0dt have been written for that computer. 

When a computer is de$igned, the engineers provide 

the Central Processrng Unit (CPU) with the ability to per· 

íorm a par trcular set of operations. The CPU is designed 

such that a specrfic operaticn is performeJ when the CPU 

controllogrcdecodes <t partrcular instruction. Consequently, 

the operatrons th<tt can be performcd by a CPU define the 

compu ter' s 1 nstruction St!t. 

Each computcr mstruction allows the programmer to 

initiate the performance of <t specifrc operation. All com· 

puters rmplement certarn arithnHHic operations in their in­

struction set, such asan irhtruction to add the contents of 

two regrster~. Often logrcal operations (e.g., OR the con· 
tents of two reyrsters) und reyister operate instructions (e.g., 

rncrernen 1 él r cgrster) o.~ re rncluded in the instruction se t. A 

cor11puter 's rmtructton set will also have instructions that 

m ove dd ta bt!tween regr~tcr s, between a register and memcry, 
and betwe~;:n d rcuister and a11 !/0 device. Most instruction 
~ets al so pr ov1ue Conditional lnstructions. A conditional 

rnstr uction specifrcs an operation to be perfor med cnly if 
certain corH.Jrtrons have been met; for e;<ample, jump toa 

Particular imtruction if the result of the lasl operation was 

zero. Condruondl instructions provide a program with a 

decision·mclkirrg capautlity. 

By logrcally organizing a sequence of instructions into 

a coherent program, the programmer can "tell" the com· 

Puter to perlurm a very specific and U!ili'ful function. 

The ·computer, however, can only execute progr:Jms 

whose instructions are in a binary coded form ii.e., a seril.'s 

of l's and O'sl, that is calleú Machine Cor!e. 3ecarJse it 
would be extremely cumbersome to. program ¡,, machine 

~de, prograrnmin.g languages have been dcveícped. Then: 
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are prowams availabie which convert thc programrning Jan· 
guage ir.structions into machi:1e code that can be inte1 · 

preted by ttle processor. 

One type of progr amming language is Assemb:y Lan­
guage. A unique assembly ianguage mnemonic is assigned to 
each of the computer's instructions. The prog1arnmcr can 
write a progr a m (called the Sourc~ Program) using these 
rnnemonics and certain oper:Jnds; the source prograrn is 

then converted into machinc instructions (ca!led the Object 

Code). Ea eh assembly language instruction is r.onverted into 
one machine cede instruction (l or more bytes) by an 
Assembler program. Assembly languages are usually ma­

chine dependent (i.íl., they are usually able to run on only 

one type of computer). 

THE 8080 INSTRUCTION SET 

The 8080 instruction set inc!udes five different types 

of instructions: 

e Data Transfer Group-move data between registers 

or between memory and registers 

o Arithmetic Group - add, subtract, increment or 
decrement data in registers or in memory 

ero logical Gl'oup - AND, OR, EXCLUSIVE-OR, 
compare, rotatf! or ccmplement data in regis!ers 

or in memory 

o Branch Group - conditional and unconditlor.al 

jump instructions, subrouú-..! calí instruc.tions and 

return instructions 

o Stack, 1/0 cnd Machine Comrol Group- includes; 

1/0 instrur.t:on$, es weil as instructions for main· 

taining th~ st2ck and internal control flags. 

lnstruction and Data Formau: 

Memory for the 8080 is organized into B·bit q•J<J:Hi· 

ties, called Bytes. Each byte has a uniqlJe 16-bii nin<Jry 
address corresponding to its sequcntial position m memory. 



The 8080 can d1rect!y address ~p to 65,536 bytes of mem· 
ory, wh1ch rnay con5ist of both read-only memory (ROM) 
elements ond ra,ICiom·access memory 1 RAM) elements (read/ 
write m!!mory). 

Data in the 8080 is stored in the form of 8-bit binary 
intcger:;: 

DATA WORD 

f
--T 1 1 1 1 1 1~ 

D7 06 Ds D4 D3 D2 D1 ~ 

MSB LSB 

When a reyister or data word contains a binary num­
ber, it is necessary to cstabl ish the arder in which the bits 
ot the number are written. In the lntel 8080, BIT O is re-
1erred to as the least Significant Bit (LSB), and BIT 7 (of 
an 8 bit numuer) is tcferred toas the Most Significant Bit 
iMSB). 

'(he 8080 prograrn instructions may be one, two or 
üo.-e~ Lvtes in iength. Mu!tiple byte instructions must be 
~te.' ed i.1 >ucce~s,ve memory locations; the address of the 
í 11·s~ bi ¡e is always u;ed as the address of the imtructions. 
Th.J ~xact mstr uction format will depend on the particular 
opHratim• to be executed. 

.• Single Byte lnstructions 

.[ D
7
1 l ¡----r·¡·-,---,¡.-0-o...,, Op Code 

Two-Byte lnstructions 

Byte One ~ l Do 1 Op Code 
.:::;::::::::;:=~::::;:::=:::==~ (n7 1 1 1 O;] Data or 
------------~ Address 

B'{te Two 

Tllree-Byte lnstructions 

Byte One e~ 1 l -'-----~----~-~ Op Code 

Byte Two ~7 1 ~ ~~Data 
..---,.--=_:;:..==;=::;=:::::;=~::::;;=:~ or 

Byte Three G?.7 1 -¡ 1 Do J Address 

Addressing Modes: 

Often the data that is to be operated on is stored in 
me mor y. Whcn rnulti-byte numeric data is u sed, the data, 
like instructions, is stored in successive mernory locations, 
with the least stgniticant byte first, followed by increasingly 
signtficant bytes. The 8080 has four different modes for 
addressing data stored in rnemory or in registers: 

Q Direct - Bytes 2 and 3 of the instruction contain 
the exact memory address of the data 
ítem (the low-order bits of the address are 
in byte 2, the high-order bit~ in byte 3). 

0 Register - The instruction specifies the regtster or 
register·pair in which the data is locdted. 

o Register lndirect - The instruction specifies a reg­
ister-pair which contains the memory 
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address where the data is located (the 
high-order bits of the address are in the 
first register of the pair, the low-order 

bits in the second). 

o lmmediate - The instruction contains the data it­
self. This is either an 8-bi t quantity or a 
16-bit quantity ( least significan! byte first, 

most significan! byte second). 

Unless directed by an interrupt or branch instruction, 
the execution of instructions proceeds through consecu· 
tively increasing memory locations. A branch instruction 
can specify the address of the next instruction to be exe· 

cuted in one of two ways: 

0 Direct - The branch instruction contains the ad· 
dress of the next instruction to be exe· 
cuted. (Except for the 'RST' instruction, 
byte 2 contains the low-order address and 
byte 3 the high·order address.) 

0 Register indirect - The branch instruction indi· 
cates a register-pair which contains the 
address of the next instruction to be exe­
cuted. (The high-order bits of the address 
are in the first register of the pair, the 
low-order bits in the second.) 

The RST instruction is a special one-byte cal! instruc·· 
tion (usually used during interrupt sequences). RST in­
eludes a three-bit field; program control is transferred to 
the instruction whose address is eight times the contents 

of this three-bit field. 

Condition Flags: · 

There are five condition flags associated with the exe­
cution of instructions on the 8080. They are Zero, Sign, 
Parity, Carry, and Auxiliary Carry, and are each represented 
by a 1-bit register in the CPU. A flag is "set" by forcing che 
bit to 1; ''reset" by forcing the bit to O . 

Unless indicated otherwise, when an instruction af­
fects a flag, it affects it in the following manner: 

Zero: 

Sign: 

Parity: 

Carry: 

lf the result of an instruction has trm 
value O, this flag is set; otherwise it is 

reset. 

lf the most significant bit of the result of 

the operation has the value 1, this flag is 
set; otherwise it is reset. 

lf the modulo 2 sum of the bits of the rtl· 
sult of the operation is O, (i.e., if the 

result has even parity), thts flag is set; 
otherwise it is reset ( i.e., if the result has 
odd parity). 

lf the instruction resulted in a carry 
(from addition), or a borrow (from sub­
traction or a comparison) out ot the high­
order bit, this flag is set; otherwise it is 
reset. 



AuxtiJarv Carry: :t ~he ~ns'.~uc~ir~j1 ~·-:r,;~~,__;tJ ~ ~;c..uy -..-.~~~ 
of bit 3 .snd ~n~o b~t ¿~ ar ~h~ r:..:·~; :: ~~!"'fJ 
V<Jiue, the aux1Jiary carry i~ ~et; otherv>;s¿; 

!t is reset. This fl¡¡g is affected by single 

precision additions, subtraction~. incre­

ments, decrements, comparisons. and log­

ical operations, but is principally used 

with additions and increments prec~:ding 
a DAA (Decimal Adjust .A.ccumuiator) 
instruction. 

Syrnbols and Abbrevíations: 
The lcl':)wing symbols ano abbrevrations are used \n 

the sub''"4utmt description of the 8080 instruct;ons: 

SYMBOLS IVIEAN!NG 

Jccur:oul¡,tor Re~1~tcr /l. 

J•:Jd' ~ 6-b;t address quantitv 

Oiita 8-bit data quantity 

di!ta 16 

UI;'H! 2 

bvte 3 

;JOrt 

r.r1,r2 

DDD,SSS 

¡p 

RP 

16-bit data quantity 

The second byte of the insuuction 

The third byte of thc imtructior. 

8-blt addr ess of an 1/0 device 

One of <he registers A,B,C,O,E,H,l 

The bit pattern desrgnating onG of the regis­

ters A,B,C,D,E,H,L (DDD=destination, SSS= 
source): 

DOD or SSS AEGISTER NAIVlE 

1 1 1 A 
000 B 
001 e 
010 D 
011 E 
100 H 
101 L 

One of the register pairs: 

8 represen ts the B,C pair with B as the high­

order register and C as thP. low-order register; 

O represents thc D,[ pair with D a5 the high­

order registcr and E as the low-order r egister; 

H represents the H, L pair with H as ~he high­

order register and Las the low-order regisler; 

SP represents the 16-bit stacK pointer 
register. 

The bit pattern dcsignating one of ti1e regi~­
ter pairs B,D,H,SP: 

RP REGISTER PAIH 

00 B-C 
01 D-E 
10 H·l 
11 SP 

rl 

PC 

S? 

{he first (high-orúer) registcr of a d~signated 
reuister pair-

The ~econd (low-order) register of a desig­
nated register pair. 

16-bit progr2:n counter register (PCH and 
PCL are used to refer to o:he hi¡¡h-order aná 
low-order B bits respectively). 

16-bit stack pointer register (SPH and SPL 
¡¡re used to rcter to the high-or;J~r and k.\Ú­
order 8 bits respective!'¡}. 

Bit m of the register r (bits ar6 number 1 
th1ough O from left to right). 

Z,S,P,CY,AC The conditicn flags: 

Zero, 

Sign, 

Parity, 

Carry, 

and AuxiHary Carry, respecii•:e!-y, 

( ) The contents of the memory location or reg­
isters enclosed in the parentheses. 

1\ 
V 

V 

+ 

n 

"ls transferred to" 

Logical ANO 

Exclusive OR 

inclusive OR 

Addition 

Two's complement subtraction 

Multiplication 

"ls e;{changed with" 

The one's ::omplcment {e.g., (A)) 

Thc re~tart number O through 7 

NNN The bin,Jry repr esentation 000 through 1,11 

for restart number O through 7 respectively. 

Description Format: 

The following pages pwvide a detailed descriptíon of 

thc instruction set of the 8080. Each in~truction i~ de­
sr.:ribed in the following manner: 

1. The i\1AC BO as~emb!er format, consisting of 
the instruction mnemonic and operand fi~;lds, b 

pr!nted in BOLDFACE on the left side of the first 
line. 

2. The name of the instruc~ion is enclos~,"! ~n p~re:-,­
the:.is on the right side o1 the fin:t line. 

3. The ne;ct lind~) contain a ~ymbolic á~scri¡:¡tion 
of the operation cf the instruction. 

1· This is follov11ed by a narative description úf th~ 
operation or the instruction. 

5. Tha following line(s) contain the bin.:trv fidd:; ar.rJ 
patterns ~hat 1;ompris'" the machine imtrur.tio11. 



6. Th~ !¡¡s¡ four lmes con!ain incidental mformation 

dbout the t')(t•cution of ihe instruction. The num· 
iJer of m¡¡chu1e cycles and sfates required to exe· 

cute the imtruction are li~HÍd fir~t. lf the instruc· 
tion has two possible execution times, as m a 

· Condnional Jump, both times will be listed, sep· 

arated by a slash. Next, any sígnificant data ad· 
dressing motles (see Page 4·21 are listed. The last 

line l ists any of the five F lags that are affected by 

the execution of the instruction. 

Data Transfer Group: 

This group of instructions transférs data to and from 

registers and. rnemory. Condi tion flags are not affected by 

any in>lfiiCtion in this group. 

r,_¡¡ov rí. r2 (Move Register) 

(r1) ...,._ (r2) 

Thc content of reyister r2 is moved to register rl. 

Cycles: 1 
S tates: 5 

Atlllrt:ssing: register 

Flags: none 

MOV r, M (Move from memory) 

(r) <>- ((H) (L)) 

The conlent of the memorv location, whose address 

rs 10 r eurster s H and L. is moved to regrster r. 

~---~-o __ o ___ o __ L__. o 

Cycles: 2 
States: 7 

Addres~mg: reg. indirect 

Flags: none 

MOV M, r (Move to memory) 

((H) (L))- (r) 

The cuntent of regrster r is moved to the memory lo· 

cat1un whose address is in regrsters H and L. 

o 1 1 1 o S S 1 S 

Cycles: 2 
S tates: 7 

Addres5rng: reg. indirect 

Flags: non e 

44 

MVI r, data (Move lmmcdiate) 

!-

(r) - (byte 2) 

The content of byte 2 of the instruction is moved to 

register r. 

o 1 o D o o o 
data 

Cycles: 2 
S tates: 7 

Addressing: immediate 

Flags: non e 

MVI M, data (Move to memory immediate) 

((H) (LII ....- (byte 2) 

The content of byte 2 of the instruction is moved to 

the memory location whose address 1s in registers H 
and L. 

o o o 

data 

Cycles: 3 
Sta tes: 1 O 

Addressing: immed./reg. indirect 

Flags: none 

LXI rp, data 16 (Load register pair immediate) 

(rh)- (byte 3), 
(rl) .__ (byte 2) 

Byte 3 of the instructior. is moved into i.he high-ordr;r 

rcgister (rh) of the register pair rp. Byte 2 of the in· 

struction is moved into the low-order register (rl) ot 
the regrster pair rp. 

O 1 O R p o o 1 o l 

iow-order data 
r-------------------------------------·-----

high-order data 

Cycles: 3 
States: 10 

Addressing: immediate 

Flags: none 



LOA addr (load Accumu(¡;tor dire,~¡¡ 

(Al _,_ __ ((byte 3)(byte 2)) 

The :.:ontent of the memory loc<Jiion, whose address 

is speclf ia.:d tn by te 2 antl byte 3 of the instruction, is 

moved to register A. 

o-¡ ___ o _______ ' __ , ______ ~---o~~~=====o=~ low-order addr 

hi¡¡h-order addr 

Cycles: 4 

States: 13 

Addressiny: direct 

Fl<.tgs: none 

~T A addr (Store Accumu!ator direct) 

((byte 3)(byte 2)) - (Al 

The contcnt of the accumulator is moved to the 

memory location whose address is srecified in byte 

2 and byte 3 of the instruction. 

o 1 o 1 1 1 o 

low-order addr 

·--¡ 
o 

L high order addr -------

LHLD addr 

(Ll­
(Hl--

Cyclcs: 4 

St<Jtes. 13 

Addres~>itt~¡: direct 

Flogs: none 

(Load H and L direct) 

((byte 3)(byte 2)) 

((byte 3¡(byte 2) + 1) 

1 o 

The content .of the memory location, whose addrP.ss 

is specified in byte 2 and byte 3 of the instruction, ¡5 
moved to regist~r L. The content of the memory loca­

tion at the succeer.líng addre~s is moved to register H. 

o 1 o~~1, o 

low-order addr 

_____ . ___ h_i_:g_h_·o_r_d_e_r _<Jd_dr:_-_______ _] 

Cyclcs: 5 
Stato!s: 16 

Addrcsstng: direct 

Flags: nene 

SHLD addr (Store H and L directl 
((byte 3)(byte 2)) _, ___ (L) 

((byte3)(llyte2)+1) _,_ (H) 

The content of regi~ter L is moved to the memory lo· 

cation whose ncldre~s is spccified in byte 2 and byte 

3. The content of register H is moved ro the succecd­
ing memcry location. 

1--o __________ o_,_o_l_o___ 1 "1 
lcw-order addr · 

high-order addr ________________________ .J 

Cycles: 5 
State5: 16 

Addre:>sing: direct 

Flags: none 

LDAX rp (Lot~d accumulator indirect) 

(A)- ((rp)) 

The content of the memory location, whose address 

is in the register pair rp, is moved to register A. Note: 

only register pairs rp=B (registers B and C) or rp'-"D 

(tegisters O and E) may be specificd. 

Cycles: 2 

States: 7 
Addressing: reg. indirect 

Flags: none· 

STA}( rp (Store accumu'lator indirect) 
((rp)) ...,_ (A) 

The content of register A is moved to the memoty lo· 

cation whose address is in the register pair rp. No tu: 
only register pairs rp=B (registers B and C) or rp=D 

(r¡¡gisters D and El may be specified. 

~ o~ 1 
1 

-
1 ¡-;--·¡ p o o 

• __ ¡ 

Cycle:.: 2 
S tates: 7 

Addressing: reg. indifect 

Flags: nene 

X:CHG (Exchange H and L with O andE) 
(H)........-(0) 
(L) _,._,..(E) 

The contcnts of re¡¡isters H and L nre cxch•:n¡¡ed wt th 

the contents of registers D and E. 

1 o 1 o 1 1 1 ¡ --¡ 
----------____ ,_.1 

Cyc!EJs: 
Sotes: 4 

Addressing: register 

Flags: nono 



Arithmetic Group: 

This group of instructions performs arithmetic oper­
attons on d:Jid m r:yi~ter~ and memory. 

Unless indicated otherwise, ¡¡¡¡¡ instn:r.tions in this 
group affect the Zcro, Sign, Patíty, Carry, and Auxiliary 
Carry flag:> according ~o thc standard rules. 

All sui.Jtr¡¡ction opcrations are performed vía two's 
cornplement arithmetic and set the carry flag to one to in­
dicate a borrow and clear it to indicate no borrow. 

ADD r (Add Register) 
(A) ...,._ (Al + (r) 
The content of register r is added to the content of thc 
'3Ccumul¡l!or. The result is placed in the accumu!ator. 

Cydes: 
States: 

Addressmg: 
Flags: 

4 
regís ter 
Z,S,P,CY,AC 

A.DD M (Add memory) 
(A) ........- (A)+ ((H) (L)) 

The content of the rnernory location whose address 
~~ contained in the H and l registers is added to the 

content of the accumulator. The result is placed in 
the ¡,¡ccumulator. 

1 1 o 1 o o o J 
Cycles: 2 
S tates: 7 

Addres~ing: reg. indirect 
Flags: Z,S,P,CY,AC 

ADI data (Add immediate) 

(A) ...,_ (A) + (byte 2) 

The content of the second byte of the instruction is 
added to the content of the accumulator. The result 
is placed in the accumulator. 

1 1 o i o o o l data 

Cycles: 2 
S tates: 7 

Addressing: immediate 
Flags: Z,S,P,CY,AC 
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ADC r (Add Register with carry) 

(A) - ()~) + (rl + (CYI 
The content of register r and the content of the carry 
bit are added to the content of the accumulator. The 
result is placed ir. the accumulator. 

e~ , o , o , o S 

ADCM 
(A)-

Cycles: 
S tates: 

Addressing: 

Flags: 

4 
register 

Z,S,P,CY,AC 

(Add memory with carry) 

(A)+ ((HI (L)) + (CY) 

S S 

The content of the memory iocation whose address is 
contained in the H and L registers and the content of 
the CY flag are added to the accumulator. The resuit 
is placed in the accumulator. 

Li 1 o 

ACI data-

(A) -<~---

1 o 1 o 

Cycles: 2 
S tates: 7 

Addressing: reg. indirect 
Flags: Z,S,P ,CY ,AC 

(Add immediate with carry) 

(A) + (byte 2) + (CY) 

o 

The content of the second byte of the instruction and 
the content of the CY fliig are added to the contents 

of the · accumulator. The resu!t is placed in the 

accumulator. 

~-----o ___ o ________ 1 __ o]l 
data 

Cycies: 2 
States: 7 

Addressing: immediate 
Flags: Z,S,P,CY,AC 

SUB r (Subtract Register) 

(A) --- (A) - (r) 

The content of register r is subtracted from the con· 
tent of the accumulator. The result is placed :n th:: 
accumulator. 



SULJ M (Subtr<Jct rnr:r11orvl 

(Al ---- (Al ·- {(H) {L)l 

The c::>ntent uf ¡h.; memury location whose address is 

containeu u; the H and L regrsters is subtracted from 

the content of the accurnulator. The result is placed 

in the accumulator. 

SUl d¡¡ta 

Cycles: 2 
S tates: 

Adciress;ng: 

Flag~: 

7 
reg. indirect 

Z.S.P,CY.AC 

(Subtract immed!ate) 

lA) ..,.._._ lA) - (byte 2) 

The ¡;o;nent ol the ~econd byte of the instruction is 

subtr.a{;lcJ frorn the coment of the acr.umulator. The 

''=~;ul 1 is piaced in the accumulatcr. 

Cycles: 2 
States. 7 

Addressing. immedi<Jte 

Flags: Z,S,P,CY,AC 

SBB r (SubtrJct Regrster with borrow) 
(Al ...,_ l.t-\) - (r)- (CY) 

The con 1 en t o f register r and the conterlt of the CY 

flag are bl)th subtracred from the accumulator. The 

re~ult ~~ piJ<.:t!d m the accumulator. 

Cycles: 

S tates: 

Addr essing: 

Flags: 

S 

4 

register 

Z,S,P,CY.AC 

SBB M (Subtract mernory with borrow) 

IAI ....- (A) - ((H) (LJI- (CY) 

S S 

The contcrrt of the mer11or y :ocatJon whose ¡¡ddress is 

containeu in thc H and L registers and the content of 

the CY flay are both subtracted frorn thc i:ICcumula­

tor. The rt!sult rs pla;:ed m the accurnulator. 

Cvcles: 
S tates: 

Addressing: 

Flays: 

2 
7 
reg. indlfecr 
Z,S,P,CY,AC 

SBl data (Subtract imrnediate with borrow) 

(A) ·-- (Al - (by~e 2) - (CY) 
The contents ot the second byte of the instr uctiL>n 

and the contents of the CY flaq are both subtracted 

from the accum:.Jiator. The result is pl¡¡ced rn the 

accumuliltor. 

---~-1 _~"_:_=~ _o_J 
data 

~-'-o_ 
L ______ _ 

Cyc!es: 2 
Statei: 7 

Addressing: immedi¡ae 

Flags: Z,S,P.CY.AC 

INR r ilncrement Reyi>tt!r) 

(r)- (r) + 1 
The content of register r is incrcmented t}y one. 
Note: All condition flags except CY are affee¡ed. 

Cycles: 1 
States: 5 

Addressing: register 

Flags: Z,S,P.AC 

INR M (lncn:ment memory) 

((H) (L)) -- ((H) (L)) + 1 

The content of the memory location whose address 

is contained in the H and L registers is incrcmcnted 

by one. Note: All condition flags excP.pt CY are 

affected. 

co=' o 

DCA r 

{r) 

Cycles: 

Sta tes: 

Addressrng: 

Flags: 

3 
10 
reg. indirect 

Z,S,P,AC 

(Oecrement Reg1sterl 

-- (r)- 1 
Th~; content of register r is decn~mented by one. 

No<e: All condition flags except CY ¡:re affected. 

[~~-~ o 1 D r o . ! 1 o r;--] 
Cycles: 1 

S tates: 5 
Addressing: re']iner .. , 

r ~~gs: Z,S,P,AC 



DCR M (Oecrt:rnent memoryl 

((H) (L)) ..,._ {(H) {L))- 1 

The cu1ttcnt of the mernory location whose address is 

con!ainecl 1n the H and L registers is decremented by 

:ons. Note: All cond1tion flags except CY a1e affected. 

[o o 

Cycles: 

Sta tes: 
Addrcssing: 

Flags: 

o 

3 
10 

1 o 

reg. indirect 

Z,S,P,AC 

!NX rp (lncrement reyister pair) 

(rh) (rl) --- (rh) (rl) + 1 

The ccniellt ot the reg1ster pair rp is incremented by 

one. Note N_o condition flags are affected. 

Cycles: 

States: 5 
Addre5sing: register 

Flags: none 

DCX rp (Decrement reyister pair) 

(rh) (rl) - (1h) (rl) -- 1 

The contmt of the register pair rp is decremented by 

une Note· No condition flags are affected. 

p o 1 '~ 
Cycles: 

States: 5 
Addre~sing: register 

Flags: none 

DAD rp (Add reg1ster pair to H and L) 
(H) {L) ..,.__ !Hl (L) + (rh) (rl) 

The content of the reg1ster pair rp 1s added to the 

content of the register pa1r H and L. The result JS 

placed m the register pair H and L. Note: Only the 

CY flag is affeo.ted. lt is set if there is a carry out of 

the double prec1sion add; otherwise it is reset. 

~-~ _o __ ~R ____ P __ ~ ____ o __ l __ o __ l_~ 
Cycles: 

S tates: 
Addressing: 

Flélgs: 

3 
10 
register 
CY 

Hl 

DAA (Decimal Adjust Accumulator) 

The eight·hii number in the accumulator is adjusted 

to form two íour-bit Binary-Coded·Decimal d1gits by 

the followmg process: 

1. lf the vaiue of the least significan! 4 bits of the 

accumulator is greater than 9 or if the AC flag 

is set, 6 is added to the accumulator. 

2. 1 f the value of the most significant 4 bits of the 

accumulator is now greater than 9, or if the CY 

flag is set, 6 is added to the most significant 4 

bits of the accumulator. 

NOTE: All flags are affected. 

o 1 o 1 o o 1~ 
Cycles: 1 

Sta tes: 4 
Flags: Z,S,P,CY.AC 

Logical Group: 

This group of instructions performs logical (Boolean) 

operations on data in registers and memory and on condi­

tion flags. 

Unless indicated otherwise, all instructions in this 

group affect the Zero, Sign, Parity, Auxiliélry Carry, and 

Carry flags according to the standard rules. 

ANA r (ANO Register) 

(A) .,.._ (A)/\ (r) 

The content of register r is logically anded with the 
content of the accumulator. The resuit is placed in 
the accumulator. The CY and AC flags are cle,ued. 

o o o 

Cyc!es: 

States: 4 
Addressing: 

Flags: 

ANA M (ANO memory) 
(A) ...,._ (A)/\ ((H) (L)) 

register 

Z,S,P,CY,AC 

The contents of the memory location whose address 

is contamed in the H and L ¡·egisters is logically anded 

w1th the content of the accumulator. The resu!t is 
placed in the accumulator. The CY and AC flags are 

el ea red. 

1 o o o 1 1 o -1 
1 

Cycles: 2 
States: 7 

Addressing: reg. indirect 

Flags: Z,S,P,CY,AC 



ANI dala (Al';[) immediatel 
(A) ...- (A) 1\ (byte 2) 

The content of the seco11d byte of th2 imtruction is 

logically anderl with the contents of the acc,~mulator. 
Th~ result is placed in the accumulator. The CY and 
AC flags éJre cleared. 

~ 0""'0 
1 1 r o 

Cycles: 2 
States: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 

)(AA r (Exclusive O R Register) 

(Al - (Al V (r) 

The u:•ntent of register r is exdusive-or'd with the 

con~~r·• of thé accumulator. The rcsult is placed in 

the accumui<Jtor. The CY and AC fia!l~ are cleared. 

G- '-~-'-1 -' ~- 1 Q--~-r -s 1 s ] 

Cycles: 

S~Jtes: 4 
Addressing: regi~ter 

Flags: Z,S,P,CY.AC 

XRA M (Exclusive OR Memory) 

[ 

(Al -- (Al V ((H) !Lll 
The conrent of the mernory location whose address 

is contJined 10 the H and L registers is exclusive·OR'd 

with the content of the accumulator. The result is 

placed "' the accurnulator. The CY and AC flags are 
cleared. 

-
1 oj o o 

Cycles: 2 
S tates: 7 

Addressing: reg. indirect 
Flags: Z,S,P,CY,AC 

XRI data (Exclusive OR 1mmediatel 

(Al - (Al V (byte 21 
The contern of the second byte of the instructiool is 

exclusivt!·ÜR 'd with thc content of the accumulator. 

The result is placed in the accumulato(. The CV and 
AC flags are cleared. 

E-1 __ o_ 
_ data 

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

o 

Cycles: 2 
States: 7 

Addre~song: immediate 

Flags. Z.S.P,CY.AC 

ORAr (OR Register) 
{A) ...,..._ (A) V (r) 

The content of regis•er r ís inc!usive-OR'd with the 

content of the accumulawr. The result is piaced in 

the ac.::umulator. The CV and AC flags are cieared. 

o 1 i 

Cycles: 

S tates: 
Addressing: 

Flags: 

o S 

4 
register 

Z,S.P,CY,AC 

~~~ 
··. ____ "'_j 

ORA M (O R memory) 

(A) ...,._ {Al V ((H) (l)l 

The content of the memory location whose adores$ is 

contained in- the H and L registers is ir.ciusive"OH'd 

with the comenl: of the accumulator. The result is 

placed in the accumulator. The CY and AC flags a~e 

el ea red. 

o 

Cycles: 

States~ 

Addressing: 

Flags: 

o 

2 
7 

reg. indirect 

Z,S,P,CY,AC 

ORI data (OR lmmediate) 

(Al...,._ {A) V {byte 2) 

The content of the second byte of the instruction is 
inclusive-OR 'd with the content of the accumulator. 

The result is placed in the accumulator. The CY and 

AC flags are cleared. 

El 1 o o 

~ data 

Cvctes: 2 
Sta tes: 7 

Addressing: immediate 

Flags: Z,S,P,CY,AC 

CMPr 
(A) 

(Compare Register) 

(r) 

[ 

The content of register r is ~ubtracted from s.he zc· 
cumulator. The accumuiator remains unchanged. The 

condition ftaas are s~t as a resuit of the subtracticn. 

The Z flag is set to 1 if (Ai =- (r). The CV flag is :;et to 
1 if (Al< (r). 

o 

Cycles: 

States: 4 
Addressi'lg: register 

Flags: Z.S.?,CY,AC 



Civ1P ~\!l (Comp,:!fe memo;-y) 
(A) -- ((HI (Li) 

Thc content of the rnemory location whose addres~ 
·~ con1a1ned in the H and L registers is subtracted 
from the accumulator. The accumu!ator remains un­
chanyed. The coiJ(IItiOn flags are setas a result of the 
subt1 act ion. The Z flag is sct te 1 if iAl = ((H) ( Ll). 
The CY flag is set to 1 if (A)< ((H) (L)). 

[ 1 -' 
o 11J o J 

Cycles: 2 
S tates: 7 

Addrcssmg: reg. indirect 
Flags: Z,S,P,CY,AC 

CP~ data (Compare immediate) 
(A) (byte :2) 

The content of the $cCond byte of the insuuction 1s 
s.Jbllat·red f10rn the .:~ccumu!ator. The condition flags 
i.H e ~et by ihe result of <he subtractíon. The Z fl.¡g 1s 
set to 1 if (A) = (byte 21. The CY flag is set to 1 if 
(A) < (byte 2). 

E_1 

_· _---d-at_a. -----

0--4] 
Cycles: 2 
States: 7 

Addressing: immediate 
Flags: Z,S,P,CY,AC 

RlC (Rotate left) 

IAn-~ tl ...,._ (A 0 ) ; (Aol -- (A7) 
(CY) .__ (A 7) 

. The content of the accumulator is rotated left one 
posit1on. The low arder bit and the CY flag are both 
set to the value shifted out of the hígh arder bit posi­
tion Only the CY flag is affected. 

o 1 o 1 o 1 o o 1 1 

Cycles: 
S tates: 1 
Flags: CY 

4-10 

RRC (Rotattl right) 

(Anl - (An-11 : !A7l - (Aol 
(CYI- (Aol 
The content of the accumulator is rotated right one 
position. The high arder bit and the CY flag are both 
set to the value shifted out of the low order bit posi­

tion. Only the CY flag is affected. 

[o 1 o 1 o 1 o ,1, 

Cycles:. 
States: 4 

Flags: CY 

RAL (Rotate left through carry) 

(An+ll ...r- (A 0 l ; (CYl - (A7l 
(Aol ...,._ (CY) 
The content of the accumulator is rotated left one 
position through the CY flag. The low order bit is set 
equal to the CY flag and the CY flag is set to the 
value shifted out of the high arder bit. Only the CV 

flag is affected. 

ío' o 1 o o 

RAR 

Cyde!i: · 
States: 4 
Flags: CY 

(Rotate right through carry) 

(Anl - (An+ll ; (CV) -. (Aol 
(A7l- (CY) 
The content of the accumulator is rotated right one 
position through the CY flag. The high order bit is set 
to the CY flag and the CY flag is set to the value 
shifted out of the low arder bit. Only the CY flag is 

affected. 

L__o __ l __ o ____ o ____________________ l ~ J 
Cvcles: 
States: 4 
Flags: CY 

CMA (Complement accumulator) 

(A)-(A) 
The contents of the accumulator are complemented 
(zero bits become 1, one bits become 0). 1\Jo flags :1m . 

affected. 



CMC 

(CYI -.;-- (CY) 

The CY flay :s complem~nted. l•jo oth~r flag"> are 

affected. 

[o 1 ol1 .--; 1 1 J 
Cycles: 

S tates: 4 
Flags: CY 

STC (Sct carry) 

\CYI -- t 
The CY flag is set to 1. No other flags are afl'ected. 

[ a 1 ._o_-_, ______ o __ _ 

.Cycle~: 

States: 4 
Flags: CY 

Branch Group: 

Tht~ group of instructions al ter normal sequential 
program flow. 

Condition flaus are not affected by any instruction 
in thts group. 

The two typ.:s ot branch instructions are uncondi­
tiunal anLI condittonal. Um:onutttonal transfers simply per­

torrn the speciltt:d operation on regíster PC (the program 
counter). Condttton¡¡l transfcrs examine the status of one of 
the lour proc.~ssor flags to determine if the specífied branch 

is to be ext:cuted. The condítions that may be specífied are 
as follows: 

CONDITION ccc 

NZ not zero (Z = 0) 000 
z zero (Z = 1) 001 

NC no carry (CY = 0) 010 
e carry (CY = 1) 011 

PO parity odd (P = 0) 100 
PE parity even (P =· 11 10i 

p plus (S= 0) 110 
M m111us (S= 1) 111 

,JMP addr (Jump) 
(PC) ..,....._ (byte 31 (byte 2) 
Control is tramferr~:d to the instruction whose ad· 

"" 

' -dn;~:.; i:.; ~!Jl:CÍfíed in i';.;yte 3 and byte 2 o~ the current 
in~<.ruction. 

t 1 1 1 o 1 o o o 
low-order addr 

1 'j 
high-order addr ---¡ L___ _________ ____j 

Cycles: 3 
States: 10 

Addressing: immediate 
Flag5: none 

Jcondition addr (Conditional jump) 

!f (CCCI, 
(PC) ....,_ {byte 3) (byte 2) 

lf the specified condition is true, control is t~ans­

ferred to the instruction whose addre:;s is :;per.:ified in 
byte 3 and byte 2 of tha current instruction: other­
wise, control continues sequent.ially. 

.--:¡ 
1 

low-order addr 
e 1 e r-e] 0? , 1 :~ 

high-order addr 
L-----------------------------------~ 

Cyc!es: 3 
States: 10 

Addressing: immediate 
Flags: none 

CALL addr (Call) 

((SPI- 1) -- (PCH) 
((SP) - 21 .....- (PCL) 
(SP) _.. (SP) - 2 

(PC) -- (byte 3) (byte 2) 

The high·order eight bits of the next instruction ad­
dress are moved to · the memory location who$e 

address is one less than the content of regís ter SP. 
The low-order eight bits of the next instruction ad­
dress are moved to the memory location whose 

address is two less than the content of register SP. 

The content of register S? is decrernented by 2. Con· 
trol is transferred to the instruction whose addn:ss i> 

specified in byte 3 and byte 2 of the curren! 
instruction. 

E
llo o lo l 

______ r_o_w_-o_r_d_c_r_a_d~d_r ____________ ~ 
high-order addr ~ ·-----
Cycles: 5 
States: 17 

Addressing: immediate/reg. indirece 
F!ags: none 



Ccondition addr (eondition call) 
ií (CCCI, 

ttSP)- 11 <~- (PeH) 

t(SPl - 21 -- (PeL) 
(SP) <>- (SP) - 2 
(Pe) ..,_ (LJyte 3) (byte 2) 

lf the specdied condrtion rs true, the actions specified 
in the eALL imtruction (see above) are performed; 
otherwise, control continues sequentia!!y. 

[21 1 1 e 
~-¡,·¡ o o 

~-
i 

low-order addr 

high-order élddr 

eycles: 3/5 
States: 11/17 

Addr essing: imrnediate/reg. indirect 
Flags: none 

(Return) 
(PCL) _,_ ((SP)); 

(PCHI--- í(SP) + 1); 

(SPi _..,._ (SP) + 2; 

The content of the rnernory location whose address 
rs :.~.:crfred in reyisrer SP rs moved to the low-order 
er!Jht hrts of reyister I'C. The content of the memory 
locatron whose i!ddres~ ~~ one more than the content 
of reyister SP rs moved to the high-order eight bits of 
regrster PC. The content of register SP is incremented 
by 2. 

l 0~_1_1 __ ?_' _o ___ o __ o __ .....J] 

Cycles: 3 
Stdtes:· 10 

Addres~rny reg. indirect 
Fiuys: none 

Rcondition (eondltional return) 
lf iCCC) .. 

(PCL) .,.__ ((SP)) 

{PCH) _,__ ((SP) + 1) 

(SP) ....- (SP) + 2 

11 the specrfied comJ,tron is true, the actions specifred 
1n the RET rr1struction (see above) are performed; 
otherwrse. control continues sequentially. 

e e 1 e 

eycles: 1/3 
States: 5/11 

o. r o 

Addressing: reg. indirect 
Flags: none 

o 

4-12 

RST n (Restart) 
((SP) -'Ji ..,_ (PeH) 
IISPI- 21 ...- (PeL) 
(SP) ..,.._ (SP) - 2 
(Pe) ......- 8" (NNN) 

The high-order ¡¡ight bits of the nex t instruction ad­
dress are moved to the memory location whose 
address is one less than the content of regrster SP. 
The low-order eight bits of the next instruction ad­
dress are moved to the memory location whosc 
address is two less than the content of register SP. 
The content of registcr SP is decremented by two. 
Control is transferred to the instruction whose ad­
dress is eight times the content of NNN. 

1 1 N 1 N 1 N 1 1 

eycles: 3 
S tates: 11 

Addressing: reg. indirect 
Flags: non e 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o 
1 O 1 O 1 O 1 O ' O 1 O 1 O 1 O 1 O 1 O 1 N 1 N 1 N 1 O 1 oJO] 

Program eounter After Restart 

PCHl (Jump H and L indirect - move H and L to PC) 
(PeH; .._ (H) 

(PeL)- (L) 
The content of register H is moved to the high -arder 
eight bits of register Pe. The content cf register L 1s 
moved to the low-order eight bits oí reg1ster PC:. 

1 1 
.., 
J 

o 

eycles: 1 

States: 5 
Addressing: register 

Flags: none 

~·. 



Stack, 1/0, and Machine Contro1 Gg~JIJ¡>~ 

Thrs gr oup of instructions performs i/0, manipula tes 

the Stack. and dlters iriternal control flags. 

Unless otherwise specified, condition flags are not 

affected by any instructions in this gro'up. 

PUSH rp (Push) 

((SP) -- 1! ....,._ (rh) 

((SP)- 2) - (rl) 

(SPI ---- (SP) - 2 
The cont~nt of the high-ord1Jr register of register pair 

rp i; moved to the memory location whose address is 

une less than the content of register SP. The content 

of the to1111-order register of reyister pair rp is moved 

\o the memory location whose address is two less 
than U•e content-of register SP. The content of reg­
ister SP ¡5 dt~cremented by 2. Note: Register pair 

rp = SP m¡¡y not be ~pecified. 

o 

_ Cycles: 3 
S tates: 11 

Addressiny: reg. indirect 

Flags: none 

PUSH PSW (Push processor status word) 

[ 

((SP)- 1) ...,_ (A) 

((SP) ·- 2lo ...- (CY), ((SP)- 21 1 - 1 

((SP) - 21 2 -- (P), ((SP)- 213 _. O 
((SP) - 214 - (AC), ((SP)- 215 -+- O 

((SP) - 2)6 - (Zl, ((SP)- 217 ..,._ (S) 

(SP) --- {SP) - 2 

The content of register A is moved to the memory 

location whose address is one less than register SP. 

The con ten rs of the condi tion f!ags are assembled 

into a proce~sor status word and the word is moved 

to the rnernor y loc¡¡tion whose address is two less 

than the content of register SP. The contcnt of rcg­

ister SP rs decremented by two. 

1 1 o o ] 
Cycles: 3 
S tates: 11 

Addressing: reg. indirect 

Flags: non e 

FLAG WORD 

POP rp (Pop) 

(r"t) - ((SP)I 

(rhl --=- ( (SPI + 1) 

(SPI - (SP) + 2 

o 

The conient of the rnemory location, whose address 

is specified by the content of register SP, is moved·to 

the low-order register of register pair rp. The contcnt 

of the memory location, whose address is one more 
than the contcnt of register SP, is moved to the high­

order register of register pair rp. The content of reg­
Í!>ter SP is. incremented by 2. Note: Regisier pair 

rp = SP may not be specified. 

~~----~--1~ __ R ___ P __ ~o ____ o ___ o __ ~ 
Cycles: 3 
States: 10 

Addressing: reg. indirect 

Flags: none 

POP PSW (Pop processor status word) 

(CY) ..,._ ((SP!lo. 

(P) - ((SP!I2 

(AC) - ((SP!l4 
(Z) ..,._ ((SP))6 

(S) _. ((SPll7 

(A) - ((SP) + 1) 

(SP) - (SP) + 2 
The content of the memory location whose addre·ss 

is specified by the content of register SP is used vo 

restare the condition flags. The content of the mem­

ory location whose address is one more than the 
content of register SP is moved to register A. The 

content of register SP is incremented by 2. 

Cycles: 

S tates: 

Addressing: 

Flags: 

o ' o ' o r;-T 
3 
10 
re-g. indirect 

Z,S,P,CY,AC 



){1';-ll (fxchange stack top with H ancl L) 

(LI ........- ((SPI) 

(H) _..... .... ((SPJ + l) 
The content of the L register is exchanged with the 
cont~nt of the memory iocation whose address is 

~ specifted by the conten1 of register SP. The content 
of the H reyister is exchcnged with the content of the 
m~rnory locatton whose address is one more than the 
content of regi~ter SP. 

~---------'--o ____ o _____ o ________ __j 

Cycles: 5 
StiJtes: 18 

Addressing: reg. indirect 
Flags: none 

SPr~l (Movc HL to SP) 

íSPI - (H) (l) 
The conténts of registers H and L ( 16 bits) are moved 

to reg1ster SP. 

Cycles: 
States: 5 

Addrt:!ssmg: register 
Flags: none 

IN port (Input) 

{Aj __,_ (data) 

The dota placed on the e1ght bit bi-directional data 
bus by th;; 5pectfied port 1s moved to register A. 

El o 1 1 1 1 o 1 , 1 1 

port 

Cycles: 3 
Sta res: 10 

Addressing: dtrect 
Flays: non e 

OUT port (Output) 

{ddta) -(A) 

The content of register A is placed on the e1yht bit 
bi·dtrectional data bus tor transmission to the spec­
ifll~d port. 

o 1 o o 1 

port 

Cycles: 3 
Sta tes: 10 

Addressing: direct 
Flags: non e 

4·14 

El 

DI 

HLT 

jEnable intcrrupts) 

The inte1 rupt system is enabled following the execu· 

tion of the next instruction. 

1 1 o 

Cycles: 
States: 4 
Flags: none 

(Disable interrupts) 

The interrupt system is disabled immediateiy fol­
lowing the e;{ecution of the DI instruction. 

o 1 o 1 _] 

Cycles: 

States: 4 
Flags: none 

(Halt) 

The processor is stopped. The register~ and flags are 

unaHected. 

o 1 o 1 1 1 o 

Cycles: 
S tates: 7 
Flags: non e 

NOP (No op) 
No operation is performed. The registers and flags 
are unaffected. 

[!1 o 1 o o o o o o 

Cycles: 

Sta tes: 4 
Flags: non e 



INSTRUCT!ON ScT 

Summary ol Processor lnstrl!r.tions 

'JOV, 1.r1 
•jO\/ M,r 
MOV r, 1-' 
lllT 

ll\IIPA 
INA r 
OCH r 

lt¡R M 

IJCR M 
AOO' 
AQt 1 

~IJB' 
:a o r 

A"A r 
Jt:J;A í 

Oh/l.' 
Ct.lP r 
AOll M 
ADC M 
SUB M 
S3~ fA 

""A M 
XHA M 

DflA M 
CM~ M 
A(ll 

Á(l 

SUI 
SBI 

ANI 
XRI 

OHI 
CPI 
kLC 
RRC 
RAL 

~AR 

JMf 

Jf. 
JNC 

Jl 
JNl 
JP 
Jt.l 
J¡t 
J~Q 

CAll 
CC 
cr.c 
Cl 
CNI. 
CP 
CM 
LP[ 

CPO 
AtT 
H( 

RNC 

M .. •!! ltljlster to feg1o;.let 

Mo-., ,.Ci!~•ster ro me mor y 
~~!h<. 1r.rmory 10 regi'H~r 
H;o;.sr 
;,1n .. ·u m:¡,~dltHt rcgu.rer 
M:_:;;· H·ltr.l'rh,~¡~ memory 
j(,~'.ol~fl!llj II!QIUIH 

Oet~~t~m~:nt re·g·~•~• 

!11UhTienl memor, 

Oecrerne111 mtml!ry 
Adá r e-.•utor 10 A 

Add t~tQIH?.I 10 A w11h carrv 
Subt' ... • treg•:'!er hum A 
SulllrJt! lt'~,flit Ir-cm A 

~Mllh b::.rro"~ 

AA it't¡~~ltí dWtlh A 

~ ~" ·~; .;e Or rfyUIIf w•r:-. A 
!..!¡ !,hjlHC:fñofh A,.. 

!:IJm;).tríl' •zlJ•Her w11'h A 

A.c:, q1Jin01~>' lo A 

.~dJ IIIUIOill't 10 Á Wl(h Uff'V 

SulH• otf :1umorv trom A 

SubU«f me llU''t flcrn A 
Wllh bUIIU~ 

Anr:t nuu;.tll.,- ..-11h A 

f.!1dus• ... i! Or mdHh.•ry "'nf't A 
O.r memofy w•t~ A 
Ct:rnpJrero'K'nuf't w.rh A 

A.Lid •mmt.rJ•ar~: to 4 
Add trnmr.dt,HI! ru A "llfh 
carry 
SubiHri:lrmmt=dltU!! frurn A 
Subi:dc1 ¡n¡n:ed•olt l1u1n A 

Wlfh botrU'r'll 

And unmtd•.,re ~•lh A 
Exclus•v! Or Hnrncd•olt ~o,ulh 

A 
O' lffiHll'dtole ~rlh A 
Co.np.¡¡e "'"'111i.J'"'c .,..,,,r, A 
Aula! e 1\ h•h 

Rol.ll!! A r •yhl 

Ror .. re A lth rhr~Jul:fh (¡,..,· 
Rultll~ A r.ynt 1h1:,,,"h 

urry 
Jump uncuniJ•IIOn41 
Jump on C<fll't 

Ju•np un no''" y 
JumlJ on .te· u 

Jump un no uro 
Jump on pow'"'' 
Jump 011 fOIIIU\ 

Jum~ 011 pdiii'W e,e•1 

J'.JiT'p i.ltl p~r•IV utJil 

Call uncon•ju,url•l 
Coll on CdrtY 

c .. u on no urrv 
C•l! on a• o 
Call on nu uro 
[dll on po1rhve 

Call on mllltJI 

Call on pclflly trin 

C•llon P•"l'f oc:Jd 
RfiUfn 

Ruwrn un un y 
Rerurn on no e•" Y 
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o 1 
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tlockl~l 
Cyclu 

1 
1 
1 
1 
10 
5 
~ 

lO 
10 
4 
~ 

4 
4 

10 
10 
10 
10 
líl 
10 
10 
10 
10 
11 

li/11 
11/11 
11/11 
11/11 
11/11 
1111 i 
11/11 
11/11 

10 
i/11 
Sill 

Mnerr10nit Oesrtipuun 

RZ 
IINZ 
RP 
Rt,t 
RPE· 
H?!) 

RST 
IN 
OUT 
lXIB 

LXI O 

l~l H 

UHSP 
PUSH B 

~USH O 

iletu1n on uro 
Ai:tl;tn en nü are 
Rtturr. on poswve 
P!,!II.Sóf' un mmus 

ft~t¡¡r;~ tm pimtv 2'tin 
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Schottky Bipolar 8214 

PR!OR~TV ~NTERRUPT CONTROL UNiT 

m Eight IPrioriRy levels ~ Fuily EJtpandable 
GJ High Performance (50ns) !1!1 Curreni Status Aegister 

ru Priority Comparator El 24-Pin Dual in-line Package 

H~8:214 is an eight leve! priority interrupt control unit designed to simplify interrupt driven microcomputer 
s%enns. 

T:lre P'iCU can accept eight requesting levels; determine the highest priority, compare this priority toa soft­
wa;e c:conlro.lied current status register and issue an interrupt to the system along with vector information to 
id~<:t~tiifv the service routine. 

Tlr~ 83214 is fully expandable by the use of open collector interrupt output and vector information. Control 
~.ignal$ are aisd provided to simplify this function. 

TJ::r~ P)iCU is designed to support a wide variety of vectored interrupt structures and reduce package count 
j¡¡ mtterrupt driven microcomputer systems. 
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JNTERRUPTS IN MICROCOMPUTEH SYSTEMS 

M1crocomputcr systern design requires that 1/0 devices such 
as keyboards, displays, sensors and other components re· 
ceive servicing in an efficient method so that large amounts 

of the total systems tasks can be assumed by the micro­
computer with little or no effect on throughput. 

The most •·-1mmon method of servicir.Q such de11ices is the 
f'olled app.Qach. This is where the proccssor must test each 

device in S<:QLJcnce and in effect "ask" each one if it needs 
servicing. H is easy to see that a large portian of the main 
program is !ooping through this continuence poiHng cycle 

and that such a method wou!d have a serious, detrimental 

eifect on system throughput thus limiting the tasks that 

could be assumed by the ·microcomputer and reducing the 

cost effectivencss of using such devices. 

A more Lf.·;heable method would be one that would allow 

the microprocesso( to be executing it!; main program and 

only stop to ~en1ice peripheral devices when it is told todo 

;,o by the device itself. In effect, the method would provide 

an externa! asynchronous input that would inform the 
proce~sor that it should complete whatever instructíon that 

is currently being executed and fetch a new routine that 
will service the +et¡uesting device. Once this servicing is com­

plete however the processor wouid resume exactly where it 
lelt off. 

This method is called lnterrupt. lt is easy to see that sy~tem 
throughp~t would drastically increase, and thus more tasks 
could be assumed by the microcomputer to further enhance 
it~ cost effectiveness. 

The Priority lnterrupt Control Unit (PICU) functions asan 

overall rndn¡¡ger in an lnterrupt-Driven system environment. 
lt accepts requests from the peripheral equipment, determ­
mes which ot the incurning requests is of the highest im­
portance (priority). ascertains whethe[ the incoming request 
has a higller priority value than the leve! currently being 
~erviced and issues an lnterrupt to the CPU based on this 
determinéltion. 

Each peripheral device or structure usually has a special 

program or "routine" that is associated with its specific 
functional or operational requirements; this is referred to 
as a "service routine". The PICU, after issuing an lnterrupt 

to the CPU, must somehow input information into the CPU 

that can "point" the Program Counter to the service rou­

tine associated with the reques~ing device. The PlCU en­
calles the requesting level into such information for use· as 
a "vector" to the correct lnterrupt Service Routine. 
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, ré' :...214 is a d?.vice spccificallv de:;igned for use in real 
."· '..!, ir;terrupt driven, microcomputer svstems. Basical!y it 
: .. ::; eight (8) leve! priority control unit that can accept 
(-·i¡_ult ditbrent interrupt requests, determine which has the 
,-;ic;h::st p1 io1 iry, compdre that level toa software maintained 
curre~:! st<:itus register and issue an interrupt to the system 
orS~d on this comparison along with vector information to 

:nJ1ccJre ihe locdtion of the service routine. 

··:-- i ·~· <e(!l'GSts :nputs, which are active low, come into 
,-: ·Yorit~' Enr.oder~ This circuit de'iermines which request 
..... i~ ~l-¡e most impo~tant (highest prioríty) as preassigned 
::C, ,·r .. dc>isncr. (Rl) is the highest priority input to the 

·· "!K' 1 RO) is the lowest. The iogic of the Priority En· 
,;-> ~: ·. ¡; su eh Ül<Jt i f two or more input levels arrive at the 
se··. ; ~¡,-,¡¡, ihen tht: input having the highest priority will take 
.: , '' Lm:.:::; ¿;,·,-:i a.~hree bit output, corresponding to the act­
'·'' !ev(!! (modulo 8) will be ser.t out. The Priority Encoder 

· lso con1ains a latch to store the request input. This latch is 
~ ::tHrol:eci blf the lnterrupt Disable Flip-flop so that once 
c:.l in(errupt has b~en issued by the 8214 the request latch 
-~ 110 lonyer op~n. {Note that the latch does not store inact­
;"d requests. In ordrr for a request to be monitored by the 
<::2 ;4 it mus, rema1n prcsent until1t has been serviced.) 

• . ..:l!l!fl•il' Si:atus Register 

:--: ilr ir. .e'rL•pt driven microcomputer system it is irnportant 
0 :1ot cn:y ;;r1or itize incoming requests but to ascertain 

':.,·:::;her such a request is a higher priority than the interrupt 
::u, :::ntlv !J¡;;iny ~erv1ced. 

-.-na Current Stc.1tus Register is a simple 4-bit latch that is 
<rc~ted as an <.~ddress.Jble outport port by the microcom­
.JIJ\rr systtr11. 1! 1S loc.~ded when the ECS input goes low. 

::;~:.11:· nance of the Curren! Status Register is performed as 
;;; portion ol the service routine. Basically, when an interrupt 
1s íssucd to the sys~ern the programmer outpu ts a binary 
code {n10clulo 8) that IS the cornpliment ot the interrupt 
l2vei. T lm value is stoteu in the Current Status Register and 
1s compa1 ed to all further prioritized incoming requests by 
:he Pr:o. 1ty Compdt<.~tor. In essence, a copy of the current 
tni<!rru¡.¡t leve! 1s wrltten into the 8214 to be used as a ref-
3rer.ce for campar ison. There is no restriction to this main· 
:enance, other level v,;lues can be written into this register 
2s regerences so that gtoups of interrupt requests may be 
d1sall~wed under ..:omplete control of the programmer. 
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Note that the fourth bit in the register is SGS. This inpu~ i::: 
part of the value written out by the programmer and per­
forms a special function. The Priority Comparator will only 
issue an output th'"t indicares the request level is greater th<~:. 
the Current Status Register. 1 f both comparator inputs ar~> 
equai to zero no output will be present. The SGS input 
allows the programmer to, in effect, disable this comparison 
and allow the 8214 to issue an interrupt to the system thac 
is based only on the logic of the priority encoder. 
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Control Signals 

The 8214 also has severa! inputs that enabla the designer to 
synchronize the interrupt ·issued io the rnicroprocessc.r and 
to allow or dis<tllow such an issuance. Also, signa!s are pro­
vided that permit simple expansion to other 8214s so that 
more than e:yht levels can be controlled. 

The INTE \l•oterrupt Enable) input allows th(; d!?signer to 
"shutofl" thi interrupt system uPder control of externa! 
iogir. or pm;sibly under software maintenance. A "zero" on 
this line will not <:~llow interrupts to be issued to the micro­
computer system. 

The CLK (Ciock) input is actua!Jy the trigger that strohes 
!he lnterrupt Flip-Fiup. lt can be connected to one of the 
c!ocks •)f ~~--~ micvoproccssor so that ttH~ interrupt issued 
meets the C.?U set·op time ~peci ficaticn. Note that due to 
tiw !flling of !he input \O the interrupt Flip-flop the !NT 
output wiil only be active for the time of a single clock pe­

riod, so externa! latching rnay be re'll!irrd to hold this sig­
na! 

f:LR, ETLG, ENGL 

The)c thr ee signals allow 821 4s to be cascaded so that more 

than eight levels of interrupt requests can be controlled. 

Hasic¡Jily, the ENLG output of one ü214 is connected to 

the ETLG input of the next and so on, with the first 8214 
having its ETLG input pulled "high" and assigned the high­
est priority. When the ENLG output is "high" it indicares 
that thert: is no interrupt pcnding on that device and that 
intt-rrupts can be rnonitored on the ne)(t loweí priority 
821_4. 

This "casc.:~Jing" can be expanded alrnost indefinitely to 
¡,ccomoddtc cven the largcst of interrupt driven system 
drchitecture<.. 

In arder to idcntify which device has interrupted the pm· 

cessor so that the service routme a~~ociated with ir can be 
addressed, a pointer or "vector" must ilccom¡..any the in ter·· 

rupt issued to the microcomputer system. 

The AO, A 1 and A2 outputs represent the compleme¡¡l_ o! 
the active in ten upt level (modulo 8). By using these signals 

to encode the spec1al instruction, RST, the progrcm counter 
of the microprocessor, can point to the location of the 
service routine. Note that these three outputs are gated by 

the EL R input and are open collector so that ex pansion is 
simplified. 
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iNT 

The INT output of the 8214 is the signal that is issued to 
the micror.rocessor to initiate the interrupt sequence. As 
soon a INT i!. active the INT DIS FF is set, inhibiting further 
requests from entering the Request Latch. On!·' the writing 
out of the current status information by stlobing the ECS 
input will clear the INT D!S FF i!fid allow re•:<ests to enter 
the latch. 

fJote that iÑT is al so open col!ector ~o ~hat ':1' l~en ca:>caded 
to other 8214s ¡¡n interrupt in any of the activo! devices will 
set aiiiNT DIS FF$ in the cntire array. 
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SCHOTTKV IBIPOLPS.i 82i4 

APPLICATIONS OF THE 8214 

8 Level Controller (8080) 

The most common ~f apprlcatio'ns of the 8214 is that of an 
eight leve: priority structure for 8080 or 8008 microcom­
puter systems. 

Shown in the figure below is a detailed logic schematic of a 
simple circu it thdt will accept eight input requests, rnaintain 
current status, 1ssue the interrupt signa! to the 8080 anden­
cede the prop~::r RST mstruction to gate onto the data bus. 

The eigh< reque~ts dre connected to the 8214 by the de­
signer m whatever order of priority is to be preassigned. For 
examplt:, e1glit keybodrds could b~ monitored and each as­
signed a dt:VI ee of irnport .. mc.: (level of priority) so that 
faster proct!~~or attention or access can be assigned to the 
nit!cd or timt: üep~:ndent tasks. 

The inputs to the Curr~nt Status Register are connected to 
tí-¡¡; Data Bus so that data can be written out into this "port". 

¡:,;1 3212 is used to encode the RST instruciion and also to 
ilct ils a 3-state ga:e to place the proper RST instruction 
~vilen the 8080 Ddta Bus is in the input mode. Note that the 
-- - -
H,E- signal ft o.:n the 8214 is l,Jtch~:d in the SR flip-flop of 
the 8212 so thdt proper timiny is maintained. The 8212 is 
selected (Pnobled) when the INTA signa! from the 8080 
status latch and the DBIN from the 8080 are active, this as­
sures that the AST instruction wili be placed on the Data 

1 ----
Bus at the prop~~· tune. Note that the INT output from the 
8212 is uwer ted illlll pu!led up befare it is connected to the 
BOBO. This is to generate an IÑT signal to the 8080 that has 
the corree! poldrity anú meels the input voltage require­
ment {3.3V). 

Basic Operation 

When the initial interrupt request is pre5ented to the 8214 
it will issue an interrupt to the 8080 if the structure is en­
abled. The 8214 will encode the request into 3 bits (modulo 
81 and output them to the 8212. After the acknowledge­
ment of the interrupt has been issued by the 8080 the ~n­
cocjed RST instruction is gated onto the Data Bus by the 
8212. The processor executes the instruction and points the 
program counter to the desired serviced routine. In this 
routine the programmer will probably save the status of the 
register array and flags within a series of PUSH instructions 
(4). Then a copy of the current interrupt level (modulo 8) 

can be "built" in the Accumulator and output to the Cur­
rent Status Register of the 8214 for use as a cofflparison 
reference for all further incoming requests to the system. 

This Vectored Eight Leve! Priority lnterrupt Structure for 
8080 microcomputer systems is a powerful yet flexible ci;­
cuit that is high performance and has a minimal component 
count. 
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SCHOT.TKV BiPOLA.R s2·14 

APPLICAYiONS OF THE 8214 

Caseading the 8214 

Whe11 greater than eight leveis of intermpts must be priori­
tiled and serviced, the 8214 can be cascaded with other 
8214s to support such an arch1tecture. 

On the previous page a simple circuit. is shown that can con­
trol 16 levels of interrupt and 1s easily expandable to sup­
port up to 40 levels of interrupt by just cascading more 
8214>. 

As descrihed previously, there are signals provided in the 
8214 fm cascading (ELR, ETLG, ENLG) and in effect the 
ENLG output of the first 8214 "ripples" down to the next 
and so or1. The en tire array of 8214s regardless of size, can 
be though t of as a single priority cootrol unit, with the first 
;-lr.NÍn!J the highest priority and the ne~<t 8214 having a lower 
pr1onty and so on.~ 

in rh1s application, the manner in which software handies 
íile s•;1vicina of the interrupt will change. Since more than 
c:iqrH vv-.:tors must i.Je generdted a method other than the 
VJilifrhlr: RST mstruc.:l ion must be implemented. Basically, 
the ¡:.:• 1ority control Jrr<Jy must somehow modify the con­
te:-,~> ot !he BOBO Program CountEr so that it can point 
(",,e.~wr") ro one ot 16 (or how many levels are to be 
St'rv•c•,d) üf\d ft~tch the pruper service routi,ne. A simple ap· 

pro,JJ:h is to tre.tt the priority control array as a single input 
por t that can mput a value into the Accumulator and use 
this value as an offset to modify <h<:l Program Counter (ln­
direc.:t Jump). 

An inllial CALL is neeoed to invoke this lndirect Jump 

routine so t!1e circuitry is contigured to insert an RST 7 
(Frh) for i.lll interrupts, thus the lndirect Jump Routine 
Sli.lrts d! locJtion (56d). 

lhe Assemb!y Code for the flow chart is as follows: 

PUSH 

rJ PUSH (sdve processor status) 
PUSH (22 microseconds) 
PUSII 

IN (ni (input Priority Array Value) 
MOV L,A (transfer Accumulator to L register) 
M Vi H,(n) (load Base Address into H register) 
PCHL (transfer H&L to Program Counter) 

(The execution time for the total routine is 35.5 micro· 
seconds based on an 8080 ciock period of 500ns.) 

Following is a basic flowchart of the priority array lnd1rect 
Jump routine. Note that the last step in the routine will 
vector the processor to fetch the proper service routine as 
dictated by the interrupting ievel. 
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Shown in the figure above is a chart of the 16 differer.t anav 
values that are used to offset the Program Counter and vac­
tor to the proper service routine. These vaiues are the ones 
that are loaded into the "L" register; the va!ue loaded into 
the "H" register with an "immediate instruction" ís uscd to 
identify the majar area of memory where the service rou­
tines are stored, similar to a "course setting" and the valw: 
in the "L" register is used to identify a specific location, 
similar to a "fine setting". 

Note that DO, D 1, and 02 are always set to "zero", this pro· 
vides the programmer eight (8) memory locéttions berwecn 
the start of each service routine so that maintenance of the 
associated Current Status Register anda JUMP or CALL in­
struction can be implemented. 

This method of interrupt control can be almost indefiniteiv 
expanded and provides the system designer with a powerful 
tool to enhance total system throughput. 
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8080 SOFTWARE PACKAGE - SIMULATOR 

A. INrRODUCTION 

This Manual describes the use of a FORTRAN IV program called 
IN'fERP/80. This prograrn provides ·a software simulation of 
the INTEL 8080 CPU, along with execution rnonitoring cornmands 
to aid prograrn developrnent for the MCS-80.· 

INTERP/80 accepts machine cede produced by the INTEL 8080 
Assembler or P.L/M 8080 compiler, along with executio~ corn­
rnands from a time-sharing terminal, card reader, or disk 
file. The execution cornmands allow manipulation of the 
simulated MCS-80 mempry and the 8080 CPU registers. 1. In 
addition,"operand and instruction breakpoints may·9e set 
to stop execution at crucial points in the prograrn •. Tracing 
features are also available which allow the CPU operation 
to be rnonitored. INTERP/80 provides symbolic reference to 
storage locations as well as r..urneric reference in various 
number bases. The command language is described in the 
paragraphs which follow. 

'B. BASIC ELEMENTS 

·o 

Al1 input to INTERP/80 is "free forrn". Numbers,· syrnbolic 
narnes, and special characters may be placed anywhere·within 
the input line (see rnargin commands in Section D) • Comments 
may be interspersed in the input, but must be enclosed within 
the bracketing symbols /* and */. 

1/. Numbers. Numeric input to INTERP/80 can be expressed in 
binary, octal, decimal or hexadecimal. The letters B,O,Q,D, 
and H following the integer n\mber indicates the base, as 
shown below: 

Number 
llOllB 
280 
330 
33Q 
lCH 
28 . 

1 

A decimal number is asswned if the base is omitted. Note that 
although O'is allowed to indicate octal integers, Q is also 
permitted to avoid confusion with the integer o. Note that 
the leading digit of a hexadecimal number must be one of the 
digits 0,1, •.•. ,9. Th'Bs, EF2 16 must be expressed as OEF2H. 

On output, INTERP/80 indicates octal integers with Q and omits 
the D on decimal values. The base used on output defaults 
to decimal, but may be changed by the user. (See the BASE 
cornmand in Section C.} 
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2. Symbolic Names. Symbolic names are strings of contiguous 
alphabctic and numeric characters not exceeding 32 characters 
ih Jength. The first character must be alphabetic. Valiq 
symbolic names are: 

SYMDOLICNAME 
X3 
GlG2G3 

· LONGSTRINGOFCHARACTERS 

3~ Special Characters. The special characters recognized by 
lN'fEHP /80 are: $=. 1 () +- • *, <>:;. All other special characters 
an· ¡-cplaced by a blank. 

C. IN'fERP /80 Comrnands 

The commands available in INTERP/80 a·re summarized briefly 
bclow. Full details of each command are given in following 
paragraphs. 

Conunand 
L0-1\D 

GO 
IN TER 
'l'H1E 

CYCLE 

'fRACE 

REPER 

AL'l'ER 

CONV 

DISPLAY 

SET 

BASE 

INPUT 
OU'rPUT 
PUNCH 

END 

Purpose 
Causes symbol tables and code to be loaded 
in to the simulated HCS-80 memory. 
Starts ex~cution of the loaded 8080 code. 
Simulates an 8080 interrupt. 
Sets and displays the simulated 8080 cycle 
counter. 
Allows the simulated CPU 'to be stopped after 
a given number of cycles. 
Enables tracing feature when particular portions 
of the program are executed. 
Causes the CPU simulation to stop when a part­
icular storage location is referenced. 
Causes the CPU simulation to stop when the con­
tents of a particular memory location is altered. 
Displays the values of numbers converted to the 
various number bases. 
Displays memory locations, CPU registers, 
symbolic locations, and I/0 ports. 
Allows the values of memory locations, CPU 
registers, and I/0 ports to be altered. 
Allows the defaul t number base used for output . , 
to be changed. 
Controls simulated 8080 input ports. 
Controls simulated 8080 output ports. 
Causes output of machine code in BPNF or hexa­
decimal format. 
Terminates executio~ of an 8080 program. 

The commands NOINTER, NOTRACE, NOREFER, NOALTER, NOINPUT, and 
NOOUTPUT are also' defined. These conunands negate the effects 
of INTER, TRACE, REFER, ALTER, INPUT and OUTPUT, respectively. 
In all cases, the cornmands may be abbreviated. These abbrevia­
tions are indicated with the command description. 
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.. 

Cornmands are typed anywhere on the input line, \olÍ th as rnany 
commands on a line as desired. The symbol "." rnust follow 
each command. 

The treatment of syntax errors in comrnands is dependent on 
:the mode of operation. If the cornmand input and output files 
:both correspond to a terminal (interactive mode), and a 
·syntax error occurs in a command which is embeddcd in a com­
'mand line co_ntaining several cornmands, the next command is 
to.1ken from the next command line. If INTERP/80 \-las initiated 
in interactive rnode, and through a corunand file chain (see 
$INPUT and $0UTPUT control switch~s) is currently accepting 
crnrunands frorn a non-interactive (batch) device, then the next 
coHlrudnd will be accepted from the initial interactive device. 
Otherwise' a ·command syntax error results in exiting INTERP/80. 

The end of data for the execution of INTERP/80 is indicated 
by a "$EOI''" starting in column 1 of the last card. 

o l. Rahge~Lists. Many of the INTERP/80 cornmands accept a 
"range-list" as an operand. Tracing, for example, can be 
enabled for a specific range of addresses in the program. 
range-list specifies a sequence of contiguous addresses in 
ory, or a range of numeric values to which the cornmand is 
applied. 

The 
me m-

In its simplest forrn, a range-list is a number (binary, octal, 
decimal~ or hexadecimal), or it may be a pair of numbers sept 
arated by the symbol "TO". Thus, valid range-lists are: 

10 ' 
"630 
50 TO 630 
OFH TO llOOllllB 

A range-list, however, can also reference a syrnbolic location, 
with or without a numeric displacement from the location. Sup­
pose,·for example, the symbols START and INCR appear at locations 
10 and 32 in the source program. Valid range-lists involving 
thes~ symbols are: 

S'l'ART (S ame as 10) 
START+6 (S ame as lo) 
START-101B {Srune as 5) 
10 TO INCR (S ame as 10 ".L'O 32) 
START+3 TO 

INCR-2 (S ame as 13 TO 30) 

The PL/M language allows duplic-ate names within the same pro­
gram which define different storage locations (e.g., the variable 
I cou.ld be de~inéd wi thin both a procedure Pl and a procedure 
P2). Thus, a symbolic location can be specified as a sequence_ 
of symbolic names, .separated by the "/" symbol. The symbolic 
location 

Pl/I 
references the symbol I \-Jhich follows the symbol Pl, while 

P2/I 
causes INTERP/80 to first locate Pl, and the find the syrnbol I. 
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In general the reference 

causes a sequential search of the symbol table for S1., then 
s 2 , and so forth, until Sn is found. The displacement ±d is 
then applied to this base location. 

The range-list may also contain a reference to the current -
.value of the program counter of the simulated 80 80 CPU. The 
symbo·l "* 11 represents this value. If the value of the program 
counter is 16, for example, the 'following is a valid range-list: 

· START TO * (Same as lO TO 16) 
The exact 'use of the range-list is illustrated with the in­
divitiual commands. 

2. Notation. The following notation is used to describe the 
INTERP/80 comrnand structure. Elernents enclosed within braces 
{and} are optional, while elements enclosed within the brack~ts 
[and} are alternatives, where at least one alternative must be 
present. 

A·range-list, for example, can be specified as: 
. range-element {TO range-element} 
where a range-element is defined as: 

F?tunber rr+ numberl}J 
· L~ymbolic.-name i .... L- number_ J 

As mentioned previously, command names can always be abbreviated. 
The required portien of the command is underlined in the com­
mand description. The symbol "TO" in the range list can be 
abbreviated as 11 T". Thus, the range list above can be rede­
fined as: 

range-element {TO range-element}. 
Finally, the ellipses " ••• " indicate a list pf indefinite length. 

The commands are given alphabetically in the following para­
graphs starting with a prototype statement using the above 
notation. A brief description is then given, followed by 
examples. 

3. [ALTER l range list{ ,range-list, range-list, ••• , range-liqt). 
~OALTE~ . 1 

The ALTER command is an operand breakpoint command which causes 
the execution of the 8080 CPU to stop whenever an attempt is a 

made by the CPU to store values into a memory location specified 
in the range-list. When the breakpoint is encountered, IN'I'ERP/80 
prints ALTER x, where x~is the value of the program counter. If 
a symbol table haS. been · loaded, IN'fERP/80 will also print the 
symbolic location closest to location x (plus or rninus a dis­
placement value). Execution can be started again with the GO 
or RUN comrnands. Examples of the command are: 

ALTER O. 
ALTER O TO 10. 
ALTER 10 T INCR. 
ALTER START + 2 TO INCR - OAH. 
AL 5, START, X2, 7 T 10, INCR 3. 
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·. 

•' 

4. 

ALT Pl/I TO P2/I+3. 

' BASE 
( ~~~ ) 1 DEC f 
l [EX J 

This command causes the INTERP/80 system to use the number 
'base specified by the s~cond argument when.printing results. 
'This command has no effect on the number bases which ar.e f.\c_cept­
able in the input. 

5. CONV range lis·t {, range-list, range-list, .•• , range-list}. 
The convers.ion command prints the values 0f the numbers specified 
in the rangc-list in binary, octal, decimal and hexadecimal forms. 
Examples are: 

CONV 23. 
co~v *. 
CON 10 TO STA.RT +3 • 
. co 10,30,28Q, llOlB T 33H. 

6. CYCLE number. n 

'l'he cycle command causes an automatic break polnt when the number 
of machine instructions specified in the cornrnand have been ex­
eclfted in the simula tion ( see the GO conunand and .the $MAXCYCLE 
parameter, also). 

7. DISPLAY display-elernent 
el,emen t}. 

{, display-element, ••. , display-

The.display command causes the values of memory locations, 
symbolic names, CPU registers, and I/0 ports to b.e printed. The 
output form of these values is determined by the current de­
fault base (see the BASE command). The width of the output line 
determines the output formatting (see the $WIDTH command of 
Section E) . 

In its simplest form, a display-element can be one of the 8Ó80 
CPU registers: 

CY 
z 
S 
p 

A 
B 
e 

(carry) 
(zero) 
(sign) 
(parity) 

D 
E 
H 
L 
HL (H&L) 
SP (program st.3.ck pointer) 
PC (program counter) 

In this case, val id DISPLAY corrunands -are: 

DISPLAY CY. 
DISP CY, Z, H~ HL. 
D P, A, PC. 

A display-element can also be the symbol CPU, in which case all 
registers are displayed. 

The values latched into the I/0 ports can be displayed by using 
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61-

a display element of the forro: 

PORT range-list 
1 

The ports specified in the range-list (between O and 255) are 
printcd. Examples are: 

DISPLAY PORT O. 
DI PO 3, PO S, PORT 5 TO 8, PO lOOlB. 

The contents of the syrnbol table ~an be examined by using a 
-display-element of the forro: 

SYMBOLS { rsymbo~ic-nam~} L number ] 

The forro 
DISPLAY SYMBOLS. 

prints the entire symbol table, while the forro 
DISPLAY SYHBOLS number. 

'responds wi th the symbolic name (± a numeric displacement) 
which is closest to the address specified by the nurnber. 
Examples are: 

DISP SY. 
DI SY OFFH, SY 32. 

If ~he symbol 11 *" is used ,in the cornrriand, the syrnbolic location 
closest to the·current program counter is printed. The values 
contained in memory locations can also be displayed. In this 
case, the display-element takes the form 

MEMORY range-list 

Í~ODE­
WIN 
IOCT 
-:DEC 
iHEX 

The range of elements printed is specified in the range-list, 
while the forro of the elements in the display is controlled 

3 

by the command CODE (decoded instructions) or one of the number 
bases. I f the form is omi t ted, the defaul t number base i's used 
in the display (see the BASE command). Valid DISPLAY commands 
are: 

DISPLAY MEMORY 20. 
DISP MEM 20 TO 30 CODE. 
D M O T 30 D, M 40 TO INCR + 10 OCT. 

The various display-elements may be mixed in a single DISPLAY 
command. 

Decoded memory dumps give instructions in mnemonic forro. These 
mnemonics differ slightly from those used in the 8080 assemblerf 
for the sake of brevity. The INTERP/80 mnemonics which appear 
when the code format is specified are listed in Section D. 

8. END. 
The END command reinitializes the INTERP/80 systern. If another 
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·. 

program is subsequently loaded into memory, all break and trace 
poin ts are rüset. Othenrise, the curren tly loaded program maY, 
be rerun with all break and trace points remaining. 

9 
• GO {~unilier]} 

The GO comrnand causes the execut.ion of the loaded program to be:­
gin. In the case that a breakpoint was previously encountered, 
the execution continues through the breakpoint. If the GO is 
fallowed by an *, the breakpoint addresses are printed as they 
are encountered, but the 8080 CPU does not halt until cornpletion. 
If the GO is followed by a number, the effect is exactly th~ 
same as 

CYCI1E · number. GO. 

10. r.INPUT. J range-list {,range-list, •.• ,range-list}. 
LNOINPU'r 

The INPUT command specifies a list of input port numbers. Hhen­
ever the s imuL-:Íted CPU executes an input instruction (IN) 'Vlhich 
refer~nces a port listed in the range list, the input value is 
read from the current input file (see the $INPUT parameter in 
Section E). \ofuen operating in interactive mode, INTERP/80 will 
"prompt" the user by typing 

PORT n ••• 
at the console, where n is an integer between O artd 255. The 
user then types the port input value, and execution continues. 
Any"' invalid input~ such as· the character '*' causes INTERP/80 
to return to command mode. In batch mode, INTERP/80 reads data 
directly from the input file without the prompt, and prints 

DQRT k '·' · 1 n. . . _ 
where n is the port number, and k is the data read from the 
input. Examples of the INPUT command are 

11. 

INPUT 5. 
INPUT O '1'0 255. 
INPUT 5, 10, 13 T 18, 66H. 
NOINPUT lOt 70 TO 240. 

riNTER l 
lÑOINTE~ 

(STATE } 
\ENABLE 
/DIS_ABLE 
\_opcode 

The INTER command simulates the 8080 interrupt system. t·lhen 
INTERP/80 is started, the simulated 8080 CPU is initialized with 
interrupts disabled, and a NOP in the interrupt register. The~ 
form 

INTER. " 
causes INTERP/80 to set a pending interrupt (in~tially a NOP)" 
The interrupt takes place follmving the next GO or RUN command, 
one instruction after the interrupts are enabled by the CPU. 
Interrupts can be enabled manually with the command 

INT ENABLE. 
or disabled manually with the cornmand 

INT DISABLE. 
The current state of the interrupts is printed by INTERP/80 'w'Jhen 
the corrunand 

is issued. 
The form 

INT STATE. 

INT opcode. 
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can be uscd t:.o ula.ce a new .instruction into the interrupt 
registcr. The opcode in this case is either a number between 
O and 255, or one of the symbolic operation codes listed in 
Section D. The interrupt is set to pending. 
The COITUTtand 

NOINTER. 
is used to nullify any pending interrupts. 

Examples are 
INTER. 
NOINTER. 
INTER ENA. 
IN'r DIS. 
INTER S'):'ATE. 
INT 52. 
INT RST' 3. 

12. LOAD number {n~~er}. 
The LOAD comrna.nd reads the symbol table and 8080 machine code 
into the simulated memory. The forrn 

LOAD number. 
reuds only the machine code from the file specified by number 
(sec file numbering in Section E) • The form 

LOAD number number. 
reads the symbol table from the file specified by the first 
number and the machine code from the second file. The symbol 
table is in the form produced by the INTEL 8080 Assembler or 
8080 PL/M cornpiler. The machlne code can be either in "BNPF" 
format {see PROM programming specifications in the INTEL Data 
Catalog), or in the more compact "Hex" format (see the $FASTLOAD 
parameter in Scction D) . The end of machine code is indicated 
by a "$" occurring in the input. INTERP/80 responds to this 
command by printing the number of locations used by the program. 
Exu.mplcs ure: 

LOAD l. 
LOAD 6 7. 

Note that if no machine code is to be loaded, the command 
LOAD l. $ 

is sufficient to initialize INTERP/80" 

13. rQUTPUT J range-list {, range-list, ••• , range-lis t} ~ 
U'JOOUTPUT 

The OLJTPU'l' conunand is similar to the INPUT command except that i t 
causes INTERP /80 to print output port values \-lhenever ports ref<;r­
enced in the range-lists are altered with an output instruction 
(OUT) • The output form is 

PORT n = k 
where n is the port number and k is the output value. 
Examples·are: 

14. 

OUTPUT 5. 
OUT 5,6,8 TO 20H. 
OU 7 TO lOQ, 13. T 255. 
NOOUT 8,9,10 TO 30. 

Í:REFER l 
u-lOREFERJ 

range~list { 1 range-list, ••• ,range-list}. 
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This ccmrr:and is similar -<:o the ALTER command except that a 
breakpoint occurs whenever any reference to the rnemory location 
takes place. Thus, an instruction fetch, an operand fetch, 
or an operand store all cause a breakpoint when this command is 
used. Examp1es are: 

... ...... 
'l'l1e 

REF'ER 10. 
RE 10 TO 30Q. 
REF 5,7, START TO START +5; 71Q. 
;,JQREF O 'l'O 10. 

RUN • 
RUN command has exactJ.y the same effect a;,; t.he CtJiri.l.Lland GO * 

"" 
16. SET. set-element {,set··element, ••• ,set-element.}. 
'I'i·¡e SET command allm1s memory locations, CPU registers, and I/0 
ports to be set ·i:o specifi.c values. The register names describ­
ed under the DISPLJ'.Y command can be used in the set-element: 

number. 
1

- :1 
r..egis ter -== _ * _ 

The .. va1ue of the specified register is set to the nwnber follow­
ing the "=" or to the va.lue of program counter if 11 *" is specifie(L 
'fhus, val id commands are: 

. SET Z = O. 
SE A ~ 3, B = 77Q, PC = OEEH. 
S HL = 28. 

INTERP/80 a11ows symbo1ic references when either the program 
counter (PC) or the H and L register (HL) are set. Thus, the 
corrunands 

SF.T PC = ST.'\RT. 
SET HL -- Pl. 
SET PC = S'l'ART +5, HL = Pl/I. 

are all valid SET cornmands. 

A set-element can also be symbol "CPU" in which case all re­
gisters are set to zero, including the simulated 8080 cyc1e 
count, and any pending interrupt is disablede Examples are: 

SET CPU. 
S CP,PC = 25. 

The values of I/0 ports can also be set by using a set-element 
of the form 

PQRT range-1ist = nwnber {numbér number ••• number} 
In thiS case, the I/0 ports specified in the range-list are set 
to the 1ist of numbers following the "= 11

• If more ports are 
specified than there are numbers in the 1ist, the nwnbers are 
reused starting at the beginning. Examples are~ 

SET POR'I' 5 == 10. 
SET PO 6 TO. 8 = 1 2 3. 
S PO 10 TO 13 -77Q 2. 
S PO 8 = lOB, PO 12 = 13H, PO 30Q = 16. 

The va1ues contained in mernory locations can be altered di:r-E:ctly 
using a set-element of the form 

~lliMORY range 1ist = mcm-e1ement {mem-element .•• me~-element} 
A mem-elemen t can be a number (bet\veen O and 2 55) or a symbolic 
opcode (see Section D). 
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As in ~le ca~e of I/0 ports, the memory locations are filled 
frorn the list t.o the right of the equal sign, 1w-1ith numbers and· 
opc:ration cedes heing reused if the list is exhausted. Example's 
of this crnrunand are: 

SET NEI'-10RY O = 0 o 

S MEt1 O 1'0 50 == O. 
It is sometimes inconvenient to specify both the beginning and 
final addresses when using the SET MEHORY command. Thus, 
INTERP/80 allows a special case of the conunand where only the 
starting address is specified, and the final address is deter­
mined by the number of items following the equal sign. This o 

'rorrn is · 
t1EMORY. range-elemen t = mem-elemen-t {mem-element •.• mem-elemen t} 

Bxamples of this forro are given below 
SET MEMORY O = O 1 2 3 4 S 6 7. 
SET MEM S = OFH 77Q 44H 33, 15H = S 10 15. 
S M lOO = S 10 15 20. 

Whenever a mem-element is a symbolic operation code, the re­
quired operands may be either numeric or symbolic. The follow­
ing SET conunands provide examples of the use of these operation 
cedes. 

SET t1EM O TO 100 = NOP. 
SF:'l' MEM 50 = HOV AB MOV CI 

,JPO 32FEH JNZ 
CALL Pl/P2+5 

OFFH 
Pl+3 
LXI H Pl/I. 

The SET cownand does not change break or trace points which are 
in effect. 

S H START TO START +S=lllllOOOB 22Q 33H. 
As in the DISPLAY command, set elements of each type may be 
intermixed: 

SET CP, CY=O, M 5=10, PO 6=12, PC=30. 

1'7. TIME {number}. 
The TH1E command allows display and alteration of the simulated 
8080 CPU cycle counto The forrn 

TIME. 
causes t.he simulated cyc1e count and time used by the 8080 CPU 
to be printed. 
'l'he form 

TH1E number e 

sets the cyc1e count to the number given in the command. 

1 8 • TRACE l ] . { . 1 · } 
~~TRAC~ range-.1st ,range-l1st, •.• ,range- 1st o 

The TRACE command causes the INTERP/80 system to print the CPU 
register contents and the decoded instruction whenever an in­
struction is fetched from the memory region specified in the 
range-list. The form of the elements in the trace is defined 
by the current default base (see BASE command). The trace shows 
the register contents and operation code befare the instruction 
is executed. The result of the operation is found in the next 
line of the trace, or through the DISPLAY CPU command. A heading 
showing the vaious columns in the trace may be printed at various 
intervals (sce the $HEADING control switch) • 
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Examples of t.he TRACE command are: 
TRACE O '1,0 lOO. 
TR ST~RT TO START +lllB. 
HOTRACE START, INCR, FOUND '1'0 FOUND +3, "íQ. 

19. PUNCE range list {nurnber}. 
The PÜNCH command causes the speci.fied region of the simulated 
rnomory to be output either in BPNF or hexudecimal code fon-:-.at 
dcpending on the setting of the $FASTLOAD control switch. If 
~:he number is present, the code is wri t·ten into the corresponding 
cutput :!:ilc¡ othenvise t:he cnr~ently defined file is used. (see 
i.:he $0UTPUT and $FASTLOAD'parameters in Section S). Examples are; 

PUNCII O TO OFFH. 
PU START TO FINISH. 

D. IN'fERP /80 SYHDOLIC OPERATION CODES 
The following symbolic operations codes are defined in INTERP/80 
for ease of reference to 8080 CPU instructions. These operatfons 
c:odes are used in the DISPLAY MEUJORY cornmand when the CODE option 
is specified, and are acceptable as input when setting mernory 
locations with the SET HEHORY cornmand. In addition, the INTER 
comrnand allows symbolic operation codes as input when the inter­
rupt instruction register is set. The user should refer to the 
~080 CPU specification for the individual instruction d~finitions. 

l. -Data Transfer, Arithmetic, and Logica1 Operations 
The first category of 8080 instructions includes the "move" 
instructions, along with arithmetic and logical operations. !n 
the description which follmvs, the symbo1s i and j can take one 

.of the values A, B, e, D, E, H, L, or ~, representing the basic 
CPU registers and rnemory. For the immediate instructions, t.he 
symool k may take on any va1ue between O and 255, and represents 
a single byte of immediate datao 

Instruction Examp1es 
HOV ~j HOV AB t-10V HH 
HVI i k · HVI t-1 10 HVI A 67Q 
INR i INR A INR H INR M 
DCR i DCR A DCR E DCR H 
ADD i ADD A ADD C 
ADI k ADI 10 ADI OFAH 
ADC i i\DC B ADC D 
ACI k ACI 33Q ACI 176 
SUB i SUB A SUB L 
SUI k SUI 12 SU! 091->.H 
SBC i s:sc e SBC H. 
SBI k SBI 5 SBI 016H 
ANA i ANA A ANA H 
ANI k ANI 17Q J\J."J I 65 
XRA i XRA B XRA M XRA L 
XRI k XRI 1011B XRI 34Q 
ORA i OHA A OPA D 
ORI k mu 1010$lllB ORI 12 
CHP i C.MP e CMP M 
CPI k CPI 13 CPI 23Q 
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2. Jump; Call, and Return Instructions. 
In the de:;scription of the Jump, Call, and Return operators, the 
symLol k represents a 16-bit ~ddress (on input, k can take the · 
fonn of a rc:tnge-·elcment). 'l'hc unconditional instructions are 
listed first 

Instruction 
J11P k 
CALL k 
RET 

The conditional Jump, 
thc form 

te k 

Examples 
JMP 2048 JMP OE8H JMP Pl 
CALL 3333 CALL 4FFH CALL Pl+S 
RET 

Call, and Return instructions all are of 

where t is one of the symbols J, e, or R, representing a Jump, 
Call, or Ret.urn, respectively. The symbol e is one of the 
following conditions 

C (carry set) NC (no carry) 
Z ( zero flag set) NZ (no zero set) 
P (positive) M (minus) 

.PO(parity odd) PE (parity even) 
The syrnbol k is a 16-bit address, as above. Following are a 
nwnber of examples of conditional transfers. 

JC 3333 
JPO 044FH 
CNC 5550 
CM lOlOlOB 
RZ 260 
RPE Pl/P2+7 

Note that the above conditions are set only after arithmetic and 
logical op~rations have been performed (again, see the 8080 CPU 
specification). 

3. Double Register Instructions 
In the dcscription of the double register instructions which 
follows, the symbol P¡ can take the value B or D representing 
thc register pairs B-C and D-E, respectively. Similarly, the 
symbol P2 can take the values B, D, H, or PSW denoting the 

() 

pairs B-C, D-E 1 H-L 1 and the condi tion flags wi th the A registe,r, 
respectively. 'I'he symbol P3 can be one of B, D, H, or SP, 
reprcsenting the pairs B-C 1 D-E, H-L 1 and the 16-bit stack 
pointcr. The symbol k is a 16-bit value, as above. 

· Instruction Examples 
LXI P3 k LXI B OFFFFH LXI SP 2048 
PUSH P2 PUSH PS\.V PUSH H 
POP p 2 POP PSW POP D 
DAD P3 DAD B DAD H DAD SP 
S'l'l\.X Pl S'I'AX B STAX D 
LDAX Pl LDAX B LDAX D 
INX P3 INX B INX H INX SP 
DCX P3 DCX D DCX H DCX SP 
SHLD k SHLD o SHLD 3333H SHLD LAB+S 
LHLD k LHLD 260 LHLD OEEEH LHLD LAB-3 
XCHG XCHG 
XTIIL X'rHL 
SPHL SPIIL 
PCHL PCHL 
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4 • . Miscellaneous Instructions 
In the instruction descriptions \-Thich follow, the syrnbol k 
represents a 16-bit quantity, as above, and the symbol k~ 
denotes an 8-bit value. 

Instruction Meaning and Examples 
STA k STA 255 STA OEFFH STA GPJ·1MA 
LDA k LOA 44 LDA 3434Q LDA Pl/I+S 
IN k' IN 33 IN OFFH IN 101018 
OUT ka OUT o OUT 333Q OUT 25 
RST n nsT o RST 5 RST 7 
CMA CMA 
STC STC 
CMC CMC 
DAA DAA 
RLC RI"C 
RRC RRC 
RAL RAL 
FAR RA.R 
EI EI 
DI DI 
NOP NOP 

; ·'' HLT HLT 

E·. I/0 F'ormatting Commands 
INTERP/80 has a generalized I/0 formatting interface which is 

-somewhat. dependent upon the installation. In general, a number 
of files are defined by file numbers (not necessarily corrcspond­
ing externally to FORTRAN unit numbers). These file numbers 
correspond to devices as follows: 

INPUT 

INTERP/80 No. Device 
1 - User'S Console 
2 Card Reader 
3 Paper Tape 
4 ·Magnetic Tape 
5 Magnetic Tape 
6 Disk 
7 Disk 

OUTPUT ----
INTERP/80 No. Devi.ce 

1 User's Console 
2 Printer 
3 Paper Tape 
4 Hagnetic Tape 
5 Magnetic ':l'ape 
6 Disk 
7 Disk 
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PDP-10 Device 
TTY S 
CDR 2 
PAP 6 
MAG 16 
DEC 9 
DISK 20 
DISK 21 

PDP-10 Device 
--rr"T'y 5 

PTR 3 
PAP 7 
M.J\G 17 
DEC lO 
DISK 22 
DISK 23 

File Name 

FOR20.DAT 
FOR2l.DAT 

File Name 

FOR2 2. DA'l' 
F'OR2 3. DNr 



l ·¡o ·>'"n".:-1'·-·~"~. c•ceoc C·c·n..c.ro"'L"i.oa' {~·0l'~0í1Cih t;Sg¡ L!.,J. J\.,.1.,... V ... J._ ...:t ... t~ )J. L~ ..... - \-l -'· ~J.. T conunands whi eh m ay 
be intar~persGd throughout the input. 

J\J1'.f input. line Wi th a. B $ 01 in C0lUffiJ1 One, followed by a non­
blank characte:c is considered an I/0 com.mand. The card is 
then scanned for an "=" followed by a decimal integer. The 
character following the 11 $ 11 and the integer value affect the 
I/0 formatting functions as follows: 

Control 

$BRIEF 

$COUNT=n 

$DELETE=n 

$EOF 
$FASTLOAD 

$GENL1',BELS 

$HEADING=n 

$INPUT=n 

$LEF'l'=n 

' $0UTPUT=n 

$PRINT 

$RIGHT=n 

$TERMINAL 

$USE 

$WIDTH=n 

Meaning 

Enable brief mode of the instruction 
trace; only the altered registers are 
displayed. 
Start the output line count at the 
value n. 
Delete all characters after column n 
of the output. 
End-of-file on this device. 
Load and punch hexadecimal machine 
code format if 1, othenvise assume 
BNPF format. 
Pr.int the symbolic label closest to 
the program coun ter '"'henever a break­
point occurs. 
Print a trace heading every n lines 
of the instruction trace. No headings 
are printed if n=O. 
Read subscquent input from file number 
n. 
Ignore character positions 1 through 
n-1 of the input. 
Hrite subsequent output to file number 
n. 
Controls listing of the output. If 

Initial 
Value 

o 

1 

120 
o 

o 

1 

10 

1 

1 

1 

n=d, input lines are not printed; other-
wise input is echoed. O 
Ignore all character positions beyond 
column n of the input. , 72 
IN'l'ERP/80 assumes conversational usage 
if n=l; otherwise batch processing is 
assumed. 1 
Use numbers on a BPNF code tape as the 
origin to the words of code to which 
they are prefixed. O 
This command sets the width of the 
output line.o 72 
Note that t.his affects the format of 
the DISPLAY 1·1Efv10RY command. 

The default values shown above assume conversational use with 
a teletype or similar device. '!'he defaults can easily be 
changed by recompiling the IN'l'ERP/80 program. 

In the case of controls which take on only O to 1 values (e.g. 
$PRINT, $TERMINAL, $FASTLOAD, $GENLABELS, $USE, and $EOF), 
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the equal sign and decimal r.umber may b8 omi tted. 'rhe value 
of the control is complemented in this case. 

~he value of a control switch may be displayed by prefixing the 
name of the control with $; for example, $$I will display the 
value of $INPUT. All control values may be displayed by the 
use of $$ followed by a space or end-of-line. 

Several controls may be referenced in a single com..mand line: 
$B $F $P 

will complement the $BRIEF, $FAS~LOAD, and $PRINT contrcls. 

:F'. INTERP /80 Error Hessages 
Execution Errors 
l. Prograrri count.er stack overflow 
2. Program counter stack •.mderflow 
3. Program counter outside simulated .t-1CS-80 memory 
4. Memory reference 
~. Invalid machine cede operator 
6. End of file while reading port input 
1·. Invalid port input data (not between O and 255) 

Command Hade Errors 
l. Reference outside simulated MCS-80 memory 
2. Insufficient space remaining in simulated MCS-60 memory 
3. ·· End-of-file encountered befare expected 
4. Input file number stack overflow (maximum of 7 indirect 

references) 
5. Symbol not founcl. in symbol table 
6. Unused 

10. 

11. 
12. 
13. 

14. 
15. 
16.' 
17. 
18. 

19. 

20. 

21. 
22. 
23. 
24. 

2 5. 

I/0 format comrnand error (toggle has value other than 
O OR 1) 
Unused -
Invalid cascaded labels. Must be of forro X/Y/Z. 
Invalid search parameter in display symbol command (must be 
symbolic name, address, or *) 
Display symbols command invalid since no symbol ta!:>le exists 
Un u sed 
Unrecognized command or invalid format in command rnode 
Missing or extra characters following command 
Lower bound exceeds upper bound or is less than zero in 
range list · 
The format of the symbol table is invalid (must be a o 

sequence of the form N SY AD, where N is a integer, SY is 
the symbolic name, and AD is the address 
Invalid BNPF tape.format (character other than ~ or P was 
encountered within the B .•.• F field) 
Invalid hexadecimal cede format (bad hex digit or missing :) 
Unrecognized display clement or invalid display format. 
Symbolic name not found in symbol table 
Invalid address or no symbol table present in display 
symbol command 
Output device width too narrow for display memory connand 
(USE/$\VID'rH - I/0 format command to increase width) 
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26. Invalid radix in rnemory display con~and (must be COD~, 
BIN, OCT or DEC) 

27. Unrecognized set element in set comrnand 
28. Missing set list in set command 
29. Invalid set list or set value in set comrnand 
30. Hissing or misplaced = in set. cornmand 
31. r1issing program stack element number in set PS N command 
32. Invalid interrupt code specification (either more than one 

byte, or element exceeds 255,· or not a valid 8080 rnachine 
instruc.tion). 
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COPY EJEM.PLO TO :co: 
EL SIGUIENTE TEXTO FUE ESCRITO BAJO GOBIERNO DE UN MICROPROCESADOR 

8080 DE INTEL. EL TEXTO FUE DEPURADO Y EDI'fADO SIGUIENDO LOS COMAN­

DOS DEL SISTEMA OPERATIVO RESIDENTE EN MEMORIA. 

'LA SEGUNDA PARTE DEL TEXTO <EL PF~CJGRM1A F'L/~·i) FUE GENERADO POF\ 

EL COMPILADOR RESIDENTE EN LA MAQUINA HUESPED <TERMINO QLIE M~S ADELAN­

TE SE CLARIFICA>. 

ESTE TEXTO TI ENE POI=< OBJETO H.UfJTii:AR U~¡ VE:F\S,::',TI L I DAD CH.JE PI JI.?. DE LL.F. · 

GAR A TENER UN MICROPROCESADOR. 



:=.:N CU~<LQLJ ). Ei·~ 1) ·,· ~;·, ~·:f·: ~:, ;::;f. 1'1..- UWC'' !• :':. RE:CW I ERE ···----· ... -·-
DE U N S :I S H~M A ,~·,:; i=i: ;~ ,: D :u_ 1 liE '- e; ..J;::tf. '.ir:: 1·' u ~~~DA r:·rdJ GF~A MAR ADECUA Itt~ .... 
11lNTF UN MICROJ[STEMA; ESTO IMPLIC~ ~l DESARROLLO DE PROGRAMAS 
E::.~;C:kl fOS EN EN!.:,\i"íBLADOF.: v COMP I L.,')[ICJ¡:< O UNA COHIH NAC ION DL ttM f!CJS; 
l .• i~ J>l·\LIEDA DE LOS r·f-WGI:;:t.r-;As AS I n;crUTOS Y L.~ tmABACI DN DE PI~OM!:; 
Y EPROMS A PARTlR DE DiCHOS PROGR~MAS. 

CL SI STEM.~ r:·F¡CJftUC IDO POF.: J:N ITI.. ~ Y CWE VA A SER DEMOSTF<ADO Y 

CONSTA DE LOS SJGUl[NT~S ELtMEN'fOS: 
1) UN ~LSTEMA PROCESADOR CENTRAL. 
2) MFMORlA R~M < 32 K BY'fES >. 
3) UN !3 I STDir., DE 'BOOT·-STF<t-;P.' EN FWM ( 2 1\ BYTES >. 
4) UN SISTfMA DE DISKETTES DUAL, CON CAPACIDAD DE 

ALMACENAMIENTO Dl 500r000 BYTES. 
5) UNA I.ECfORA DE CINTA PERFORADA. 
6) UN ESCRITORA/PERFORADORA DE CINTA PERFORADA. 
'1) UN ~~ !. ~HEM.~ f'FWGf~t:'it·ío'-'litCJf< .l!E pJ:;;OMS. 
8> UN SISTEMA OPERATIVO PARA MCNEJO DE DISCOS. 
9) . UN ntlCI=<O·-ENf.iANB!...Af.ICH< EN LINEA. 

10) UN EMULADOR C'HARDWA~l'/'SOFTWARE' > 
ADICIONtli...MC¡~·rEY SE tUENfA CON UN SISTEMA DE COMPILADOR--­

CRUZADO. POR MEDIO DE ESTE COMPILADOR CPL/H) ES POSIBLE ESCRI-
1HJ:;: F'I~Oiil-'i:AMAS 1-'.:'11\:,~ FL N l CFW('h't.1CE.SAitUF< EN UN LENGUA,.JE DE ALTO -
NIVEL>' CDr1F'IL.f-d<I .. O EN UNA f1ACWINf.; ¡ .. IUESeED < EN Ff.lTE CASO LA ·-·-- ... 
I-.:6 700 ) Y eF.:CJDl JC t: R El.. COlt H:IU DEL.. l"i ICFWF'I'WCEGADClli: PAf<A ~:;ER UGADO 
1.~ N EL M I C RO S 1· S TE t1 A • 

" 

PnRA EJEMPLIFICAR LA UTILIZACION DE UN SISTEMA COMO EL ANTE-
RIORME~TE MENClONADOr SEGUIREMOS EL SIGUIENTE PROCESO ILUSTRATIVO: 

AJ ESCRIBIREMOS UN PROGRAMA EN PL/Mr EN UNA TERMINAL B6700. 
B) COMPILAREMOS ESTE PROGRAMA EN LA MAQUINA HUESPED. 
C> ODfENDREMOS EL CODIOO DE MAQUINn EN FORMATO HEXADECIMAL.. 
D) PRODUCIREMOS UNA CINTA DE PAPEL, DE MUDO QUE EL PROGRAMA PUE­

DA SER LFIDO POR El MDS. 
[) LErREMOS EL CODIGO ASI OBTENIDO PARA PROGRAMARLO EN UN EPROM. 
F> PROGRAMAREMOS UN EPROM, DE MODO QUE NUESTRO PROGRAMA SE EN­

CUENTRE: i·:L;:; 1 DENTE FN UN S:WTEMA !.IDI-U80. 
G> CORRlk[MOS ESTE PROGRAMA EN [L SDK. 

DF ls·r~ M~NEI~A, TODO EL PROCESO DE DESARROLLO QUEDARA EJEMPLI­
FICAT.tU. 

DEBE NOlARSE UUE ADFMAS DE LOS lO ELEMENTOS DE DESARROLLO ARRI­
'iJ A M ri'i r: 1 O N f'<l 'CJ ~¡ , S E C U HH A A D I C I O N A U1 E N TE CON LO S J G U I E N TF.:: : 

BLADOR. 
L 1.) UN ST~n Fr1A LüTHJ!'.; Ptil<.~. E!:;CRIBJ.f< LClS PFWGRAI'~A!3 EN FNbf-',1'1· .. 

.1 2 > UN G I !:>TEMA S J MULI"H'tim, F~F:D HtENT!: EN LA M.~I~U I NA HUESI~·ED. 
13) UN ENSAt1BLALJU!< CfW/ ,1[10 ¡:~ES I DENTE EN LA B6 700 • 
J. 4 ) U N S I !:> H: M A U1 U LADO F\ H f-• • 

Fl... CO!HO AF'ROXH1ADO DF TODO FS'TE ECWIPCl ( 'HARDWAF~E' Y 'SOFTWARE' j 

EXCEDr A 16000 DOLARES. FSTOr PU~ ~UPUESTO, NO INCLUYE TERMINALES, 
TIEMF't) f.iE I...A MAIWINA I .. ILJF~:¡¡::·[[I, !:;:r~;·rc,•¡,~~; TALE!:) COMO EL ~3[11\/fJ() Y/0 LAS 
ME MOR .tr'l~:; [tE: SOLO L.FCTl.JfM I NVLILl.JC:I\A DMi. 

A CONTINUACION SE INCLUYE ~l PROGRAMA EN PL/M QUE TIPIFICARA EL SIS­
TEMA DE DESARROll..LQ, CON t:OtlENfARJOS QUE PERMITAN SU FACIL COMPREN­
SION. DEBE NOTAli:SE DUE ESTE PRDI}f\f.H1A HACE !::XTENSD USO DE UNA!:> RUTI·­
NAS QUE POSIBILITAN LAS OPERACIONES CON 0ECIMALES. 

LAS DECLARACIONES QLJF SE ItiCL.UYEN ~L PRINCIPiO PERMI'fEN LA INTER­
FAZ CON EL LENC.iUA~JI~ EN!:)f.tl·lf.iLADOF~. 



CL ~:·rWGF~AI'iA USA L.f.l~:) .:, .t dJ'f ENTE. S ~i:LJT I NM>: 
1) SUM~ <SM>. SUMA ALGEBRAICnMENTE DOS NUMEROS EN PUNTO FLOl'ANT~. 
2 ) DI I..J I ·SI fJ N < ü V > , f• IV J DE DO E N U l'i E i'~ () !:; E N F'U N T CJ F L U T (} i..J T F • 
J) l'1ULTIPLICACION <NT). MJ! •. 'fiPLIC:tl D~J!) NlHi[J~CiS !:::N ?i.li'ITD f-I...Oft-~Nf'f-::, 

4) ASCII A BCD CAB>~ EFECTUA LA CONVERSION DE UN NUMERO REPRESEN-
TADO COMO DATOS <DATA> EN ASCII¡') UNA r<EPf.:CSENTACION EN PUNHJ FI...D'T(.HI/ ... 
TE. DE ESTA MANERAv ES FACIL ALIMENTAR UN DATO DESDE CONSOLA Y CON­
VERTIRLO A PUNTO FLOTANTE •. 

5) BCD A ASCII <BA>. EFECTUA LA CONVERSION INVERSA A CAD). ES~DE­

CIR~ CONVIERTE UN NUMERO FLOl'ANTE A SU REPRESENTACION EN ASCII, PARA 
FACLLIDAD DE SALIDA POR CONSOLA. 

FORMATOS EN LA 8080. 
EN LA JNTEL/8080 EXIST[N LOS SIGUIENTES MODOS DE AU1ACENANlENHJ 

INTEI~NO: 

., 
1) BYTE. ALMACENAMIENTO EN 8 BITS. CORRESPONDE A UNA PA~ADRA 

EN MEMORIA, O A UN REGISTRO EN EL CPU. 
2 > AD'DI~ESS. AU·lt.•CENAMI ENTO EN 16 B I TfJ. COFmESPONDE A DO!:) F'Al n .. -

BRAS EN MEMORIA, O A UNA PAREJA DE REGISTROS EN EL CPU. 
3) ASCII. EN ESTE CASOP EL ALMACENnMIENTO OCUPA UNA PALABRA EN 

~IEMDf-<IA, PERO CADA PALA'F.<F<A ASI UTILIZADA CORRE.SF'CJNDE A UN 1 CAf~f:'.CT[!~', 
ASJ, LA LETF~~1 1 A 1 CORJ~ESF'ONDE A LA CADErM 01000001; EL NU~iEJW 

'3' CORRESPONDE A LA CADENA 00110011; ETC. ESTA REPRESENTACION LS 
LA QUE GENERALMENTE INTERPRETAN LOS DISPOSITIVOS DE ENTRADA/SAI .. IDA. 

4) DECIMAL. ALMACENnMIENTO DE 8 BITS, AGRUPADOS ~N 2 CIFRAS 
'BCD'~ TALES QUE SOLO LAS COMBINACIONES BINARIAS DEL O AL 9 SON U­
TILIZMMS. 

----5) A ESTE TIPO DE REPRESENTACIONES "NATURALESb DE LA 8080v HEMOS 
AGREGADO UN TIPO QUE DENOMINAMOS 'PUNTO FLOTANTE'. EN ESTE TIPO DE 
REPRESENTACIONv CADA PALABRA OCUPA 5 LOCALIDADES DE MEMORIA, DE LA 
!) l GU I ENTE FOf~MA: 

<EXPONENTE> <BYTE> <BYTE> <BYTE> <BYTE> 
END DONDE, 

<EXPONENTE~~~SIGNO EXPONENTE> <6 BITS DE EXPONENTE> <SIGNO MANTISA> 

LOS <6 BITS DE EXPONENTE> ESTAN EN COMPLEMENTO A DOS. 
A!:il MISMO P 

(BYfE~=<DCD> <BCD> 
Y CADA <BCD> REPRESENTA UN DIGITO DEL O AL 9. 

EN ESTA REPRESLNTACIONv EL NUMERO J.478 ESTA REPRESENTADO POR: 
~o 000001 0> •.0011 0100} <0111 1000> <OOOO 0000> <OOOO 0000> 

Y EL NUMERO -0.0076543299v POR: 
<L 111110 1> ,0111 0110) <0101 0100} <0011 0010> <1001 1001~ 

ANTES DE ENTRAR AL PROGRAMAY ES CONVENIENTE HACER NOTAR tAS SI­
GUIENTES CARnCTERSITlCAS DE PL/M: 

1) ES UN I .. CNGUAJE EHTRUCTURADUP ES DECI~Y PERMITE TRABAJAR EN BLO­
OUESY TALES COMO PROCEDURES. 

2) NO ~S UN PROGRn~iA RECURSJVO. NO SE PERMITE QUE UNn RUTINA SE 
LLAME A SI MISMAP O UQE VARIAS RUTINAS SE LLAMEN ENTRE EI .. LAS CIRCU­
LARMENTE. EN EL EJEMPLD DE DIVtSlON RECURSIVA OUE SE LES P~OPORCIONO~ 
SE ILUSTRA LA FORMA DE LOGRAR RECURSIVIDAD DESDE EL ENSAMBLADOR. 

4) PERMIT[ Ln INTERFAZ CON CODIGO GENERADO CON ENSAMBL.ADO~. ESTO 
SE ILUSTRA EXTENSAAMENTE EN EL PROGRAMA SIGUIENTE. 

EN EL PROGRAMA HAY QUC NOTnR LOS SIGUIENTES PUNTOS! 
Al H~CEN UOO DEL MICROPkUCESADUR COMO COMPUTADORA DE PROPOSITO 



GENCR~L, EN LA CU~L ES rostBLE LLEVAR ~ CADO CALCULOS ARITMETJt'OS 
COMPtEJOS QUE GCNERALMENf[ ~E ASOCT~N A MnOUIN~S DE MUCHO MAYOR COr1-
p LE J I D tt [1 • 

B> UTILIZA CODIGO OPTIMIZADO <ESCRITO EN ENSAMBLADOR) PARA MINI­
MIZAR EL TIEMPO DE PROCESO. 

C> UTILIZA RUTINAS DE ENTRADA/SALIDA RESIDENTES EN EL MONITOR DEL 
SDK/80 PARA REDUCIR L~ GCtJERACION DE CODIGO Y FACILITAR LA PROGRA­
t"1AC ION. 

D) PERMITE LA F~CIL COMUNICACION MAÓUINA-HOMRRE. --- EN ESTE SEN­
TIDO CREEMOS NECESARIO HACER ENFASISr PUES A NIVEL MICROPROCLS~DORES, 
ESTE ASPECTO COB~A SINGULAR IMPORTANCIA. " 

-ES DE NOTARSE QUE EN ESTE PROGRAMA HA HABIDO ERRORES DE EDICIONv 

QUE AHORA PROCEDEREMOS A CORREGIR. 

E!ITT F;JEM.PLO 

lSIS-II 3EXT EDITOR, V1.6 
*A'AIAtA:A~A$A$~1AlA$AtAI~$A$A$A$$ 
*Z$-2L $2T~Ii$ · 

*B$F UQE$$ 
*-:t L $SUDC~QUE~~$ 
*SEXTENSAAMENIE$EXTENSAMENTE$$ 
:-:<Et$FFOF:rlí'tTOS EN LA 80BO. $$ 
*-1L$65T$:f; 



FORMAlOS EN LA ~üdO. 

EN l.A INTEL/8080 EXISTEN LOS SIGUIENTES MODOS DE ALMACENAMIENTO 
INTFiam: 

1) BYTE. ALMACENAMIENTO EN 8 BITS. CORRESPONDE A UNA PALABRA 
EN MEMORIA, O A UN REGISTRO ~N EL CPU. 

~) ADDRESS. ALMACEN~MIENTO EN 16 BITS. CORRESPONDE A DOS ~ALA­

DRAS EN MEMORIA, O A UNA PAREJA DE REGISTROS EN El CPU. 
J) ASCII. EN ESTE CASO, EL ALMACENAMIENTO OCUPA UNA P~LABRA EN 

MEMOR[A, PERO CADA PALABRA ASI UTILIZADA CORRESPONDE A UN 'CARACTER'. 
AS 1 ~ L ,e, 'LEn~ A 'A' CCJF<F~ESPONDE A LA CADENf'l O 1000001.; FL NL!M1:T:ll 

·:~· CDI~REfJF'ONDE A LA c¡::¡IJENA 0011001U ETC. ESTA REf'l=i:ESE,\ITACIGi~ CS 
LA QUE GENERALMENTE INTERPRETAN LOS DISPOSITIVOS DE ENTRADA/S~LIDA. 

4) DECIMAL. ALMACENAMIENTO DE B. BITSv AGRUPADOS EN 2 C!r~~S 
'BCD'v TALES QUE SOLO LAS COMBINACIONES BINARIAS DEL O AL 9 SON U­
TILIZADAS. 

----~.'i) A ESTE TIPO DE f~EF'I~ESENTACIONES "NATUF<ALES" DE J..(., nooo~ HEI"iOG 
AGREGnDO UN TIPO QUE DCNOMINAMOS 'PUNTO FLOTANTE'. EN ESTE TJPO DE 
REPP[SENT~CIONY CADA PALABRA OCLJP~ 5 LOCALIDADES DE MEMORIA~ DC LA 
~3 J G l.! l r:: N T E F Cl ¡:( r1 A t 

<EXPONENTE> <BYTE> <BYTE> <BYTE> <BYTE> 
END IlONDEr 

<EXPONENTE>~<SIGNO EXPONENTE> <6 BITS DE EXPONENTE> <SIGNO MANTISA> 

LQS <6 BITS DE EXPONENTE> ESTAN EN COMPLEMENTO A·DOS. 
A.S TM I SMO, 

<BYTE>~(BCD> <BCD> 
Y CADA--<DCD> l=i:f.PI~ESENTA UN DIGITO DEL O AL 9. 

EN ESTA REPRESENTACION, EL NUMERO 3.478 ESTA REPRESENTADO POR! 
<O 000001 O> <0011 0100> <0111 1000> <OOOO 0000> <OOOO 0000> 

Y EL NUMERO -0.0076543299v POR: 

" 

(] 111110 1> <0111 0110> <0101 0100> <0011 0010> <1001 1001> 
ANTES DE ENTRAR AL PROGRAMAr ES CONVENIENTE HACER NOTAR LAS SI­

GUIENTES CARACTERSITICAS DE F'L/M: 
1) ES UN LENGUAJE ESTRUCTURADO, ES DECIRr PERMITE TRABAJAR EN BLO­

QUES, TALES COMO PROCEDURES. 
~) NO ES UN PROGRAMA RECURSIVO. NO SE PERMITE QUE UNA RUTINA SE 

LLAME A SI MISMAr O QUE VARIAS RUTINAS SE LLAMEN ENTRE ELLAS CIRCU­
LARMENTE. EN EL EJEMPLO DE DIVISION RECURSIVA QUE SE LES PRUPORCIONOr 
~:iE I Ll.JST F.: A LA FOF~MA DE LCJGF<Ar.;; r:~ECUF<S I lJ I DAD DESDE EL ENSANBLAI'IOf~. 

4> PERMITE LA INTERFAZ CON CODrGO GENERADO CON ENSAMBLADOR. ESTO 
SE ILUSfRA EXTENSAMENTE EN EL PROGRAMA SIGUIENTE. 

EN EL PROGRAMA HAY QUE NOTAR LOS SIGUIENTES PUNTOS: 
A> HACEN USO DEL MICROPROCESADOR COMO COMPUTADORA DE PROPOSITO 

GENERAL, EN LA CUAL ES POSIBLE LLEVAR A CABO CALCULOS ARITMETICOS 
COMPLEJOS QUE GENERALMENTE SE ASOCIAN A MAQUINAS DE MUCHO MAYOR COM­
PLEJIDAD. 

B> u·rrLIZA CODIGO OPTIMIZADO <ESCRITO EN ENSAMBLADOR> PARA MINI­
MIZAR El TIEMPO DE PROCESO. 

C) UTILIZA RUTINAS DE ENTRADA/SALIDA RESIDENTES EN EL MONITOR D~L 
SDK/80 PARA REDUCIR LA GENERACION DE CODIGO Y FACILITAR LA PROGRA­
MACION. 

D) PERMITE LA FACIL COMUNICACIGN MAQUINA-HOMBRE. --- LN ESTE SEN­
·riDO CREEMOS NECESARIO HACER ENFASISr PUES A NIVEL MICROPROCESADURESr 
ESTE ASPECTO COBRA SINGULAR IMPORTANCIA, ---
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Next-generai~on deveiopment systems 
are .cost~ng ~ass and dojng more 

To match the expanding range of microprocessor applications, 
a new family of development tools offers 

flexible capabilities with a $3,250 bottom price tag 

by Paul Rosenfeld, lnteiCor¡::., Santa Clara, Calit 

O Capitalizing on the latest advances in semiconductor 
technology, a new generation of development systems 
helps accomplish the widely varying, detaíled design 
tasks that arise as microprocessors appear in more and 
more applications. The design proccss for such products 
calls for developmental tools that let the designer choose 
from a variety of solutions, including the appropriate 
software. As well as filling this necd, the new generation 
of dcvelopment systcms is the ncxt step in the design of 
basic hardware that can be upgraded quickly to support 
new, more powerful microproccssors. 

During the early years of the microprocessor, develop­
ment systems were almost unknown. Most users strug­
gled to dcvelop their own special hardware and software, 
or clsc they turncd to a timesharing service for simula­
tion of their application. The primitive development 
systems available were useful only for the simplest, least 
complicated tasks. 

However, the technology of thc devclopment systems 
has advanced as rapidly as that of the microprocessor, so 

that today they provide the tools to snlw: a wide range cf 
intricate design problems. This advance is d~1e !n p:~f~ ¡o 
the incrl!ased power of microprocessors that are incorw­
rated into the system hardware. It also is duo.: to Intel'~ 
development of ICE, the in-circuit emulator [Eiectronics, 
April!5, 1976, p. 116]. 

The ICE modules give designers full control over dc:vel­
opment of a microprocessor-based product, because it 
permits complete hardware and software dcbuggiue in a 
prototypc at real-time speed. Thus it is no longcr neces­
sary to build special instruments or use tunesharing 
simulators. Moreover, hardware and software can be 
debugged together rather than sep~rately. 

While the ICE module added significan! debugging 
capability to development systems, new softwar'! tools 
were also nceded. Even though most microcomputers are 
programmed in assembly language, more engineer:> are 
turning to high-level languages. The advance of resident 
compilers in development systems including both PLIM 
and now Fortran ha ve further increased the need to use a 

1. Flexible developer. Tha Serias 11 microprocessor developrToent system makes extensiva use of new pertpheral control chips lor a cornpact 

untl wtth but't-tn CRT and floppy-disk drive on two mo<.Jels. Tnere are thre~;~ modt!IS in ail, designad to co~er a wide ranga of ¡¡pplt..:a!iorH. 
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Pro ce 1---

Senes 11, Mudel 710 $ 3,250 Standard 

MDS 800, plus 16 ~odrtfs 

k1lollytes 
add•tional RAM $ 5,325 

Seri~s 11, Model 220 $ 7,450 

MDS·800, ¡¡lus 16 
kilouytes of RAM, Optional 
a CRT,display, and boards for 
a smg:e disk drive $10,415 220/230 

Sero~s 11, Model 230 $12.900 
M OS 800, plus 48 

Total slot• k•'·•l>Ytes of RAM, 
d C R 1 . und a dual· u sed 

der1sity di>k dnve $13,800 

··- -. .:.,.....,. 1-~~-

Hunlware 

SeroC$ 11 

•ntegrated 
proccssor 
board 
1nput/output 
controller 
(ouh•de card 
cage holding 
mher boards) 

32 kilobytes 
of RAM 
diSk 
controller 
(2 boards) 

1 (210/220) 
4 (230) 

~- o.'"'~· ·;_:~ ;:.,; 

MDS·BOO 

CPU 
front -panel 
mon1tor 
MDS·016 
and/or 
MOS·032 

32 k i lobytes 
of RAM 
disk 
controller 
(2 boards) 

microcomputer dcvelopment system as a design too!. 
Now a new series of development systems, designed 

from the ground up to provide the capabilities needed by 
the designer, allows all this flexibility in a compact 
package (Fig. 1 ). This Intellec Series 11 family consists 
of three models with a range of capabilities that make it 
possible to match the development system to the 
particular developmental requirement, eliminating the 
nced for a scparate keyboard and display, a separate 
floppy-disk drive, and a controller. What's more, there 
are significant price reductions over roughly comparable 
models in the original Intellec series (see table). 

Three models for many uses 

----~ Slots 3 (210/220) 

The simplest Series II unit is the model 210, for the 
designer who wants to get a small job done fast. lts 
al>sembler and test editor, based in read-only memory, 
and 32,000 bytes of random-access memory provide 
assembly of source code directly from RAM for small and 
medium-sized programs. Its $3,250 price tag is a break­
through in cost. 

1 Sw •es 11, Model 230 $12,900 
uvallable 2 (230) 
for 

t,1DS BUS $15,000 cxp;,ns•on (with 4 more ¡ asan option) 
~ .., 

INTEGRATED PROCESSOR BOARD HOST-PROCESSOR EXTENSIONS 

HOST ROM: IPB RAM 1 
PAOCESSOR ·MONiiOA • 32K ILO- '1 

OPEAATIONAL 
MOOULE. ·BOOTí.TRAP 

RAM 

·BOBOA-2 BYTES 
1 

·32KILO-.. • OIAGNOSTICS BYTES ·SYSHM • OPTIONAL CLUCK ASSEMBLEA 1 ·SYSTEM EOITO A 
CONTkOLLEA 1 

1j 1 t ·í BUS DATA r+ fj 
BUS AOORESS 1 JJ,. 

1 BUS COOE 
1 

1 

MULTIBUS 1 
Mlll TIBUS CONTROL LEA 

1 Cl NTRAL 
PiiiOf!ITY f- ·-Hl>üLVER 1 

BUS REQUEST 

BUS INTERAUPT ; 
-

L 
MULliBUS 

EOGE 

J 
CONNECTOA 

J 
SY~TEM INTER- STANDARD SERIAL-
CONTHOLL(R SYSTEM INPUT/ CHANNEL OPTIONAL OPTIONAL 

B-LEVE L INTERVAL OUl PUT INPUT/ OISK- IN .. CIHCUIT-
PRIOHITY TIME A COMMUNI· OUl PUT CONTROL LEA EMULATOR 

INTlHRUPT f+-
CA TI ON CONTROL MODULE MOOULE 
PORT MODULE 

4 . ,-
FRONT LOCAL TI MEA 17.1 
PANEL INTERRUPT INTEARUPT 

Al 

INTERRUPT f0 

f1 
SYSTEM LOCAL t· FRONT - INTEARUPT "<!\J.-
PANEL MODULE 

10 lfWUT/ TO 
Oll TPUT PAINTEA CHANNEL 

CONTROL LEA RS-232 -e CHMNEL 

2. Hoat with the moat. The tntegrated processor board in the Se11es 11 has a host processor module designed around the SOSOA-2. lt features 
a Mullibus conlroller, whlch routes commumcalions tratftc between the master and slave modules throughoulthe system. 
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The second new entry, modcl 220, is geared towurd 
those designers working on microprocessor-ba~ed 
systems that require more powerful development support 
capa bi!itics. To the b?.sic series design, it adds a full­
sizcd floppy-disk drivc, a cathode-ray-tube display, anda 
fui: ASCII keyboard, al! in one chassis. It costs $7,450, 
almo~t $3,000 lcss than an earlier Intellec in the same 
configuration. 

The third in the series, model 230, adds 32 kilobytes of 
RAM and h~>s a mili ion bytts of on-line disk storage with 
ISJS-11 di~li.eue-operatir.g-system software. The price 
for all this <.::~pability is $12,900. To get an earlier 
l ntel!ec to thi" levd would cost over $13,000. 

All three Series 11 models contain a card cage with an 
optional expansion module arid can support a complete 
linc of pcripherals such as pr.inters, paper-tape readers 
and punches, and programmable-ROM programmers. In 
addition, the 220 and 230 models can host in-circuit 
emulators for a varicty of microprocessors. 

lm:orpora!ed i:Ho the series are up-to-date micropro­
cessor and memory chips, plus recently developed, highly 
intcgrated peripherar controller chips that perform logic 
functions as well as processing functions. Besides the 
80SOA-2 central processing unit used in all three models, 
th¡; 220 and 230 take advantage of the new 3271 floppy­
di~k controller chip, the 8275 CRT controller chip, and 
uther 8200-family multifunction inputloutput compo­
ncnts. All three modcls use the UPI-41, a new universal 
peripheral··interfiice chip to perform general-purpose 
para!lel peripheral-interface control functions, as well as 
to control the keyboard on the 220 and 230. 

Like the original lntellec, each Series II model has a 
system monitor resident in ROM. In addition, a ROM~ 
based 8080/8085 assemblcr and text editor is offered 
with thc model 2l0. Combined with the capabilities of 
thc monitor, it enabks users to edit and asscmble their 
assernbly-language programs directly from RAM without 
thc use of paper tape. A ROM editor/assemb!er from the 
MCS4X family is optional. 

Thc othcr two model:; use the ISIS-11 diskette oper­
ating system to supplement the system monitor. Through 
thc: filc-manipulation capabilities of ISIS-11, designcrs 
have a~.:ccss to comprehensivc disk-based program-deve!­
ormcnt software such as assembh:rs for a variety of lntel 
nticroproccssors, compilers for both PL/M and Fortran, 
.tnd a ~orhisticated relocation and linkage system. 

hnally, to keep downtirne w a mínimum, all Series JI 
modds providc a ROM-residcnt diagnostic package. lt 
enabks designcrs to determine whcthcr their Series J 1 
systcrns are working fully and then to locate troublc 
sputs within easily replaced fundional b!ocks. 

Architecture promoles expansion 

Thc various components that make up the Series 11 
hardware are in two independent microcornputer subsys­
tcms. Each on its own printed-circuit board, thcse 
subsystems cornmunicate with each other anó maintain a 
mastt:r-slave relationship. 

Tht: master is called the integratcd proccssor board 
(Fig. 2), and csscntially it is a complete rnicrocornputcr 
systcm. In addition lo the usual rnanagcrnent and control 
functions of a master subsystcm, it scr-.es as the ínter-
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f:.!ce with the in-circuit emulator and other optional 
microcomputer-development modules that may reside in 
the card cage. The modules that make up the master 
system are interconnected through !ntel's Mllltibus" 
.concept, which allows expansion in modular fashion. 
(See "A ridc on the bus" p. 117 .) -

The host CPU is designed with the MCS-80 rnicrocom­
puter family. The 8080A-2 microprocessor ha~ the 
power for fast and efficient support of the opcrating 
system, sevcrai high-level languages, and othcr micro­
computer-related software tasks, as well as intcrfacing 
with the bus. The interface between the central pro..:essor 
module ·and the Multibus is the 8218 Multibus mt:~ster 
control chip. 

The main memory module accommodates both ROM 
and RAM chips. The read-only memory is useó for tixed 
system programs such as thc system monitor, bootstrap, 
diagnostics, and in the case of model 210, the editor and 
assembler. The RAM is used for programs that need not 
rcmain in memory: system and user programs, including 
the lSIS-11, assemblers, and compih:rs. 

The RAM and ROM address spaces partial!y overlap, 
which in effect extends the available main memory 
beyond the 64,000 bytes allowed by the 8080 micropro­
cessor. This partía! overlap is possible becat:sc the 
program in the overlapped section of ROM, the system 
bootstrap and diagnostics, is never executed concurrently 
with RAM prograrns in the same address space. 

Al! on one board 

Using the connccting Multibus configuration, the intc­
grated processor board brings the 8080A-2 CPU and the 
memory module together with two serial channels with 
both RS-232-C and current-loop provisions, the timer 
and interrupt modules, and the communication port to 
the slave 110 control processor. In addition, it has provi­
sions for plugging in a small piggyback pe board that 
houses 20,000 more kilobytes of ROM. The original 
lntcllec requircd five boards for the same configuration. 

The resident RAM is implemented with 16,384-bit 
chips, and the resident ROM also use:> 16-k chips. The two 
serial channels are provided via two 8251 universal 
synchronous/asynchronous receiver /transmitters. An 
8253 interval timer generates the serial-channel baud­
rate signa!, as well as the logical real-time clock inter­
rupt. System and front-panel interrupts are controlled 
via an 8259 interrupt processor. Interface to the s!ave 110 

is with an 8255 programmable 110 controller. 
To faciliune communications with various options that 

cxtcnd the host processor, the integrated processor board 
initiates and controls the bu~ by means of ar. edge 
connector. This arrangement cxtends the bus to the pe 
motherboard and to the rest of the system. 

The slave processor is on the 110 controller board and 
comes in two versions. The one used wilh the 220 and 
230 contains controllers both for the integrated CRT and 
the lloppy-di.>k drive and for the interface h> parallcl 
pcriphcrals. For lhe 21 O, ll pared-down versi0n conta;ns 
Oil!y the interface controller for parallcl periphcra!:>. 
Both are shown in Fig. 3, where the pared-down vcrsion 
is within the color tint. 

Appcaring in both versions is the n~;w UPI-41, th.; 
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FROM INTEGRATEO 
PROCESSOR BOARD 

FROM CHANNEL 
1/0 CONTROL 

MODULE 

PAOCESSOR r-::l INTERVAL 
TIME A 

INTEGRATED 
INPUT/OUTPUT 

PORT 

EXTERNAL 
INPUT/OUTPUT 

PAOCESSOR 

SOBO BU~ 

KEYBOARD 
lllli:AFACE 

·~~~,...,.· ... ~ 

:. 
' 

UI\IIVEASAL­
PROM­

PROGAAMMER 
INTERFACE 

~ ' .. 

PRINTER 
INTERFACE 

... J 
J. To tho oulalde world. The 1nput1output controller board ls the link between the lntegrated processor board and various 1/0 units. In the 
nood;:d 210, a UPI-411/0 processor controls externa! unlts (shaded area). The 220 and 230 have control chips for the CRT and disk dnve. 

single-chip peripheral controller containing an on-chip 
1,02-'-bit ROM, 64 bytes of RAM, and the necessary 110 

puns to pc:rform all control and data-transfer functions 
thal are rcquired betwet:n the peripherals and the host 
cu1nputt:r. The 220/230 ver!>ion, on the other hand, adds 
its own gQ!50A-2 processor to set up and direct the 
concurren! operation of the floppy disk and the CRT 
disr-~ay. 

The keyboard has its own independent single-chip 
comput..:r, another UPl-41. It pcrforms all necessary 
kcy board tasks including creating key codes, controlling 
kcy rollover and multiplt:-key depression, and transmit­
ting key codes to this board's 8080A-2 via an 8255 110 

port. The 110 controller board contains 8,000 bytt:s of 
built-in RAM, which functions both as the data-transfer 
bulfer between tht: host processur and the peripherals 
that are part of the package and as temporary ~toragc 
for the slave processor. 

Data transfer between the CRT and the disk drive and 
tht: host processor takes plaee in two steps. First, therc is 
transfcr of data bt!twet:n the host memory and thc slavc,­
RAM. 1 his transfcr takes place on a byte-at-a-time ba:>is 
uudcr the direct program control of the proces~ors in 
both the host and the slave. Next comes data transfcr 
b~:tween tht: slave memory and the target peripheral. 
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This transfer takes place under direct-mcmory-access 
control, using an 8257 DMA controller. 

The data-transfer operation to the externa! parallel 
periphera!s, such as a printer or PROM programmer, 
takes place through the UPI-41 single-chip peripheral 
controller. For the packaged peripherals-the CRT, the 
floppy-disk controller, and the DMA controller- the 
programs reside in 8 kilobytes of ROM on the 1/0 

controller board. They are responsible for setup, dire~­
tion, and allocation of slave-processor resources, incluél­
ing the various controllers and the memory space. Also, 
they are responsible for controlling data transfer to and 
from the host processor. The host-slave transfers are 
initiated upon request from the host and take place over 
an 8-bit bidirectional data link between the host and the 
slave, using a standard protocol that was developed for 
communication betwcen the 8080 and the UPI-41. 

Packaging together the most commonly used elements 
in a microprocessor development system (the two boards, 
the floppy disk, and the CRT console) has saved the cost 
uf separate power supplics and scparate enclosures, thus 
reducing overall system cost. In addition, the unit takes 
up less space on the user's work bench. 

Dased on studies of the usual configurations of 
systems under development, six card slots are includcd in 
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A ride on the bus 

The Multibus configuratlon is a clocked asynchronous bus 
allowing mult1ple independent and concurrently operating 
processor modules to communicate with each other and 
lo share access to common system resources efficiently 
and economically. Modules connected with the Multibus 
scheme are d1stinguished as either masters or slaves, with 
the tormer being able to gain control of ti1e bus and 
i;1itiatu data-t(ansfer oparations by requesting a bus cycle 
frorn :he bus controllogic, when one is required. 

Bu~; requests are ass1gned priorilies so that access is 
gmnted ro the module with the highest prlority when two 
or more simultaneously request access to the bus. The 
moduie grant~::d the bus access wili maintain control until 
its transfer cycle is complete. 

Fo,· example, when the central-processor module 
obtains a !Jus access to fetch an lnstruction byte frorr. 

all models. The 21 O and 220 use only one slot while the 
230 u~c:> iour slots. The extra slots should satisfy the 
needs for most development systems; however, four extra 
card slots can be added to all models by attaching an 
expansion'chassis. The 110 controller board does not take 
up a slot. 1 t is mounted Aush against the back panel to 
eliminate, extra wiring in the chassis. 

Matching software to needs 

Microcomputer applications. span the range from 
simpic controller designs to large multiprocessor designs 
with hundrcds of thousands of bytes of program code. 
Clearly,, microprocessor development software must also 
span a range of capabilities to match these varied appli­
cations. [n the case of the lntellec Series 11, software is 
available on severa! levels consistcnt with the hardware 
capabilitics of cach modcl. 

Two distinct, yet compatible, operating systems are 
available, as mentioncd: a ROM-based system monitor 
and thc ISIS-11 diskette operating systcm. The system 
monitor provides basic supervisory functions for al! 
Series ll systcms. These functions includc the user inter­
face for systems based on thc 21 O, a rudimentary 
program dcbug and checkout faci!ity for 8080 programs, 
and a generalized 110 sy:stem accessible to the designer's 
prograrn. Thc 21 O uses the monitor as its sole operating 
systcm. ISIS-11, which providcs a sl!t of file managcment 
services to augment the sup..:rvisory functions of thc 
monitor, is on a floppy disk with the 220 and 230. 

The ISIS-11 command lauguage is easy to use and 
does not force upon the dcsign engincer thc typcs of 
artificial abstractions prescnt all too oftcn in other 
command Ianguages. Nonethclcss, a simple-lo-use 
command languagc does not irnpJy a limitcd opcrating 
system. ISIS-11 supports a wide sdection of system 
configurations, from the simples! 220 to a 230 systcm 
with six noppy-disk drives for a total of 2.5 mi Ilion bytes 
of on-line storagc, plus a high-speed linc printcr and 
various kinds of input dcviccs. 

An important feature of the Series 11 is thc avail­
ability of highcr-lcvcl languages and macro·assemblcrs 
for coding prugram rcliably. On the high end of the 
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memory, it ma!nta!ns control of the bus through the 
tranzfer of address to the memory and rec~ipt ot the 
instructions back from the memory. Therefore, !he bus­
transfer cyclc time and the bus throughput are a iunt::tion 
of the type of transfer a11d the response time of the 
addressed medula lo the requested operation. !n this 
case, the memory access time determines tho length of 
the transfer cycle. 

A significan! gain in performance comes trom the 
Multibus setup's ability to transfer control frorn one master 
to the next in parallel with the on-going data transter 
operation. This feature eliminates costly overhBad time . 
. The bus is accessible to tho various modules within tha 
Series 11 system via a printed-clrcult motherboard that has 
provisions for plugging In various standard as we!! as 
optlonal modules. · ,, 

• ••n~..Jl 

spectrum are both PL!M, inventcd by Intel in 1973, and 
a new rcsident Fortran compiler. The PL/M compilcr, 
availablc for the 230, generat~s code for both the 8080 
and the 8085 microprocessors. 

Since many enginecrs have sorne familiarity with 
Fortran, a new compiler for the Inte!lec systems supporl.s 
a language compatible with the 1977 ANSI Fortran speci .. 
fication. Therefore, it ofrcrs desigr.ers the ability to 
connect software from one hardware system to other 
computer systems. The introduction of Fortran 77 in a 
development system opens new avenues for creativity in 
product development. This compiler !s designed to run 
on model 230 under the ISIS-ll operating system. 

The advantages of sophisticated programming lan­
guages become apparent when developing software by 
building up modules. lt may be advantageous both for 
specd of the development process and for reliability and 
ease or maíntenance of the final product to produce 
modular software. Yet, for many applications, it is not 
feasible or wise to use a single programming language 
when developing the software. A powerful feature of 
ISIS-11 is the ability to link progmms written in PL!M, 
Fortran, and assembly Ianguage easily without any 
direct user knowledge of the interface. 

A sophisticated rclocation and linkage package 
included with the ISIS-Il operating systcm allows the 
.'ioftware developer to write 8080 or 8085 prograrm; in 
srnall modules, each module being in any Jntcl progran)­
ming language, and then automatica!ly linl< the modules 
tugerhcr. The fiual module may then, be located any 
place in system memory, taking into account the location 
of ROM and RAM. Also, a library management program 
in ISIS-11 allows the user to store frequently used 
routines where they may be casily linked to any refer­
cncing program. 

In short, the user can choose frorn a variety cf 
software devclopment tools to build the system that best 
suits speciHc nceds, yet be assured that in t.he end 
software requircments will be met. Moreovcr, the 
elements are in place for continually upgrading of devel­
opment system hardware and software Lo keep pace with 
advances in microprocessors. ·O 

~ 
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.Ji'if' F•NI 1 ó 
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DECLARE LIT LITERALLY 'LITER~LLY', 

OCL LIT 'DECLARE'i 

BIB! PROCfDURE<BCD$PTRYBIN>~ 

CBINYDVSR) ADDRESS, 

OCD!IiPTf~ ADDF~ESS Y 

BCD BASED BCD$PTR BYTE; 

I·! C D ( :l ) Y BCD ( 2 ) Y D C D ( 3 ) ~ H C U < 4 ) ::::O ; 

VAL=BLN/DVSR; BIN~BIN MOD DVSR; DVSR=DVS~/:LO; 

IF VAL=O AND BCD~O THFN GO TO ISBIB; 

f"f ... :NOT<FF"> ~ 

l ¡:: 1·· r Hl F·. N ü O ; 

.J .. :: • .J ·+ :1. v 

l:ICI"I( • .J):.::SHL.<Vtd .. v4); 

l. ~>l.l l D: I··Jht; 
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DVSR ••••••••• · .................... 01FEH 
IDIB, ••••••••••••• • ••••••••••••• O:t19H 
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002fiH 001-1 POP H i"r0 1J I"H OOH F' CIF" H MClV MI 001-1 F'OF' H f'"í()~) tH 
0036H OOH L.HL[I F6H 011-1 MDV f·H 001-1 LXI H FBH ()J. 1-1 
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CURSO MICROPROCESADORES, TEORIA Y APLICACIONES 

1 REM *********~*******************~*****************AP 
2 REl"l * 
3 REM ~ PROGRAMA PARA CLASIFICAR UN VECTOR 
4 REI'I ·lr 

5 f~E-J•t * it -k**·~ ·:t * ·~ ** ** ·:<-* * it->i-·~*** *·:i-·;Hdh1- ";1- -~ .¡¡- * *.¡:¡. -!Hf -;¡.* ->.¡. -~ ·l:é ~h~-¡¡. ** *·1~ 
7 l-\~f'l -;.; 
::: h-\!Ní "1-'I~:•)I..:.F\I·WIA F'Akt-l CLASI¡.: lCAf.: UN VEC:TCI~~~~: fr.:lrXT 
5' }i;:_~r·1 · ü 1 ;·¡¿¡.~::: I UWil'll LN_i_O 
1(• ,Ji'JF'UT"CI_I¡:..,\1,-Cr:... l'i•Jí'ib\U::: :::ON ?" ;c. 
~ü ü .i: ;·1 A< e ) 
·~:(! :; ~~IF\ I .::.1 ·¡ U C 
L¡ (¡ Hí" I )=khiD 
c_:¡o i~EXT l. 
~;4 F\f:l•l 
j~ REM CLASIFICACION 
¿,_, t=·i-UNT"::E lNiCIA EL SORT" 
"/U N-=1~: 

:''::• 1'1-..:N 
:~:(1 i1:::.; I Nl ( M/2 ) 
S'(! l F l"l::.:ü THEN 200 
·lOO f::.::::N-1.'1 
110 FOR ._l=-1 Tü ~~-
111 . r =.J 
1·::•ü L== I +M 
14U IF- A< I ) <._:.:: A( L) THEN 1:30 
150 T=A< I ) 
151 A( I >=A< L J 

15~ A~L>=T 
1 /.:.U 1 == I -1·1 
17u IF 1)=1 lHEN 130 
1 ::\! ~ J t: X T ,_1 
1 ·:,o Ci1JTO :::o 
.~:Ou PI< Hn "·:.E 1 ES'MINO EL :::.ORT" 
: 1 ':5 j-;.t: 1'1 
:.~ 1 ;' f":C.Jl l !"IF'F.:E. ·~·1 ON DEL VECTOR CLA::: I F I C ;:.:-,[!0 
:: ::•> FeF: I = 1 fC: (. 
...: >~' F·fü NT /1( J 
:·Li (1 r~LX T 1 
:~~_:;\_, E.HLt 

• 1 
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DIRECTORIO DE ASISTENTES AL CURSO: MICROPROCESADORES TEORIA Y APLICACIONES 
DEL 3 AL 14 DE ABRIL DE 19JB 

1 • 

2 . 

3 . 

4. 

S. 

e. 

7 • 

NOMBRE ·Y DIRECCION 

ING. RAMON ACEVEDO S. 
Va~sovi a No. 36-3o. Piso 
Co,l • Juá rez 
r-~é x i e o 6 , D • F • 
Te,!. 533-11-80 

FRANCISCO ALMADA VALENZU[LA 
P.· E. Calles 1362 - 402 
Col. Prado 
Mo3xico 13, D.F. 
Te ¡l . 5 3"9- O 5 -6 5 

ARTURO ARIAS AGUIRRE 
Av. de los Reyes No. 126 
Lote 3 Mza. 79-3 
Coi. ·-F'racc. J. de los Reyes 
lxtdcala Tlanepantla, Edo .. Méx. 

SERGIO G. BANUET MORALES 
f3a t él 1 1 a de Ce 1 a ya E di F. 1 
Cc;l. Residencial Militar 
t1('~ x i e o , O • F • 
rE'- . 

ING. EFREN BAÑUELOS DE SANTIAGO 
A Jn,e tHJ ro N o . 1 1 2 F 
Col. Las Arboledas 
Zacatecas, ZcJc. 

ING. FERNANDO BUSSEY S. 
Orientel_)(, f\!:,, LfU 
C o l • M oc te' z t tlllL1 

;''lé x i e o 9 , O • F • 
Tel. 522-33-99 

!NG. ERWIN CAMACHO LOPEZ V. 
HcLJ. San Nicolé1s el Grande No. 51 
C O 1 . 1-t da • de ] f{ O S a r i O 

fvl<:~ x i e o 1 6 , O • F • 
-¡ t' 1 • 56 1 - 4 1 - 1 7 

EMPRESA Y DIRECCI.ON 

E L E C T RO rH CA , .S • A • 
Varsovia No. 36.-3o. Piso 
Col. Juárez 
Méx i e o 6, O. F. 
Tel. 533-11-80 

S.A.R.H. 
Reforma No. 35-llo. Piso 
Col. Centro 
Méx i e o 1 , O. F • 
Te 1 .- 591-03-83 

INST. ME'XICANO DEL PETROLEO 
Av. de los 100 Mts. No. 152 
Col. San Bélrtolo 
Mé x i e o , O • F • 
Tel. 567-66-00 Ext. 2177 

o 

CENTRO DE SERVICIOS DE COHPUTO 
Ciudad Universita.ria 

UNIVERSIDAD AUTONOMA DE 
Av. Ramón López Velárde S/N 
Zacatecas, Zac. 

í 
INDUSTRIA Y POTENCIA, S.A. 
Río Nazas No. 13ó-3o. Piso 
Co 1. Cuauhté111oc 
México 5, D.F. 
Tel. 533-54-25 

INST.-MEXICANO DEL PETROLEO 
Av. de los 100 Mts. No. 152 
Col. Industrial Vallejo 
Mé x i e o . 1 4 , D . F . 
Te l. 567-54-76 



'.'IRf~'::Tr: ·r¡ DE ASISTOHES AL CURSO: fv1!CROPROCESADORES TEORIA Y APLICACIONES 
··------·-. -· . ·--------·-- DEL 3 AL 11~ or:: ,A_BRI L DE 1978 

NOMBRE Y DIRECCION 

P.. 1 NG. JOSE LU 1 S CAMPOS MEDI NA 
Ca.: lejt:Jn 1+ ck; julio No. 105 
Zc!C •. l tecas, Z ;_K. 

Te 1 • 

9. MAURO CARDENAS HERNANOEZ 
V a 1 l a r t: .:.~ :~o . 2 5 
e u ! . e o y o :'e .:¡ n 

'"'-~ x i e o 2 1 , o . r . 
·¡ t~ : • S 5 L¡ - i_~ S- 6 2 

10. 1 NG. Cf\RI_(IS G. CARRILLO ROJAS 
e a 1 1 e F r..:: ··: n o s N o • 1 1 7 
F r ~~e e • L, , ,_ A r b o 1 e da s 
Zacat~::cas, Zac. 
Te 1 •.. 

·· ll. GERARDO ~~~LID FERNANDEZ PIRA 
(~u r 1 2 S 'A" t·~ ·~1111 4 O 

1 
,, 
l • 

Col. ~os Cip¡··("~,es 

,·1é x i e o 1 3 , D • : · • 
Té: i. r1tL: -GG- ~1~~ 

CLJ".lJD! O GON?/\CEZ HEf~MOSI LLO 
1{ e Le ·, r r 1 u 2 (: : ; :\; o . 2 
Co!. 1

'. i·lc.u:k~ !,) 
/•\; '\ ; t. 1 1 1 3 f) ¡· 

r'-~-,. -,_.);:12-9s~3·:J· 

13. r~AC!SCO JAVIER GONZALEZ GONZALEZ 
Ntit·".·tJ León ?23-1 
e~,~- Ccmdeso 
1·1t; ·'' , e o 1 1 , D . ~=' • 

Te . )15-87-18 

14. 1 NG. JORGE GONZALEZ Y GONZALEZ 
Su 1 i i van No. 11 7-4 
Co:. San Rafael 
H5xico L¡, D.F. 
Té i. 546-46-L~3 

EMPRESA Y DIRECCION 

UNIVERSIDAD AUTONOMA DE 
ZACATECA$ 
Av. Ramón López Velarde S/N 
Zacatecas, Zac. 

EPSIZON, S.A. 
Sevilla No. 415 
CoL Portales 
1'1éxico 13, D.F. 
Te 1. 

UNIVERSIDAD AUTONOMA DE· 
ZACATECA$ 
Av. Ramón López Velarde S/N 
laca tecas , Zac. 
Tel. 2-08-27 

INST. MEXICANO DEL PETROLEO 
Av. de los 100 Mts. No. 152 
Col. Sn. Bartolo 
Mé x i e o 1 4 , D • F . 
Tel. 567-66-00 Ext. 2345 

HONEYWELL, S.A. 
Av. Constituyentes 
Col. Lomas Altas 
Mé x i e o 1 O , D • F • 
Te 1. 570-20-33 

o 

No. 900 

CENTRO DE SERVICIOS DE ~OMPUTO 
C i u dad U n i ve r s i t a r i a ~ 
Te 1. 550-52-15 Ex t. '4536 

COMISION FEDERAL DE ELECTRICIDAD 
Rodano No. 14-9o. Piso 
Co 1. Cuauhtémoc 
Mé x i e o 5 , D • F • 
Te 1 . 5 53 - 6 5 - 86 



DIRECTORIO DE ASISTENTES AL CURSO: MICROPROCESADORES TEORIA Y APLICACIONES 
------- O E L 3 AL 1 4 O E A B R 1 L O E 1 9 7 8 

NOMBRE Y DIRECCION 

15. VICENTE GUERRERO ROJO 
Lago Gascasonica No. 255 
Col. Hichapan 
México 17, D.F. 
Te 1 • 3 99-34-70 

16. 1 NG. 1 GNAC 1 O DE JESUS GUTI ERREZ Hl DALGO 
Paseo de la Soledad No. 11 
Col. Lomas Verdes 
Edo. de fvléxico 
Te 1. 56·2-L•6-37 

17. ING. MIGUEL ANGJ:L LOMELI ARAGON 
Jo5é A. Torres No. 681-4 
Col. Asturias 
Mé X i G-0 8 , 0 • r . 
Tel. 519-66-35 

, E: • 1 N G • FA U S T O "1A N e E B O O EL e A S T 1 L LO P • 
José Vaconse l.r)s No. 2 

1 ':) • 

Circuito Pensadores 
S é1 t é 1 i t e , E ci < ) • de Mé x • 
Te 1. 576-90-)5 

ING. ROBERTO MACIAS PEREZ 
C¿¡lle 71 \Jo. 19-4 
Co 1 • Puebla 
P·1,.:: >'. i e o 9 , O • r . 
Te 1. )53-53-LfiJ 

20. ING. JAIME RENE MARTINEZ MARTINEZ 
Dr. Coss No. 542 Norte 
Monter·rey, N.'-· 
Tel. 75-06-75 

21. ING. JORGE S. MARTINEZ SARACHO 
Deportes No. 76 
Co 1. Las /\rbo ledas 
Ati?a?fln, Edo. de Méx. 
Te 1. 379-23-65 

EMPRESA~Y DIRECCION 

CENTRO O~ SERVICIOS DE COMPUTO 
Ciudad Universitaria 

INDUSTRIA Y POTENCIA, S.A. 
Rro Nazas No. 136-3er. Piso 
Col. Cuauhtémoc 
Méx i e o 5, O. F. 
Te 1. 533-54-25 

LABORATORIO EN ELEC~RICIDAD Y 
ELECTRONICA INDUSTRIAL, S.A. 
P t o • t. a Paz N o • 1 1 1 E s q • M a 2 il t 1 á 1 

Col. Casas Alemán 
Tel. 781-77-92 

SEDAS REAL, S.A. 
San Esteban No. 46 
Sn. Esteban 
Naucalpan Edo. de Méx. 
Te 1. 576-20-55 

S. T. C. 
Calz. !gna~io Zaragoza No. 
Col. J. Balbuena 
tv'éxico 9. D.F. " 

Tel. 521-86-20 Ext. 568 

INTELEX MTY, S.A. 
Padre Mier y Serafln Pe~a· 
."'lon ter re y , N. L. 
Tel. 44-66-16 

S. C. T. 
Lerdo de Tejada No. 6 
C o 1 • S n • J u a n 1 x h u a t ~ p_e e 
E do • de f-1é x i e o 
Tel. 569-37"-69 

239 



. ' ' 

DIREClORIO DE ASI STCNTES AL CURSO: MICROPROCESADORES TEORIA Y APLICACIONES 
------------------DEL 3 AL 14 DE ABR 1 L DE 197 

NOMBRE Y DIRECCION 

22. HECTOR MEDELLIN VARGAS 
B rátiiiiiS No. 1 09-2 
Col. Vallejo 
Hé x i e o 1 5 , D . F • 
Tel. 53]-L¡l-79 

23. ING. EUSEBIO f•iEJiA MALDONADO 
Si rae u s cr- !'Jo~ P 1 
Col. LOI!Ias F.strella 
Ht?. x i e o 1 .) , O • F . 
Te 1 • 58 1 - P6 --[:.3 

2l¡. FCO. DAVID i'lEJI A RODRl GUEZ 
Vicente Suár~z No. 132-201 
Cn l·. Conck~sa 
Méx i c'o 1 1 , D . F. 
Te l • 5 5 3 - 7 3 - 81-1 

!5. ING. JOSE LUI.S NAREDO V. 
Víctor Hugo iJu. 56-8 
Col. AnzL>e'; 
l'k~ .x: i e o S , lJ .i _ 
fe: 1. 52[~-6S -(J(l 

26. ING. SERGIO OLIVERA O. 

2 7. 1 NG. HOMERO HUGO ORTEGON 
Cond. Consti Lución Ecii f. 44-1 
fv1onLérrcy, t~.L. 
Te l . L~ L~ - ( 1 2 - 1 4 

28. JUAN ORT!Z ANGUIANO 
fvla nc hu ,. i ¿¡ N o • 1 1 
Co! . Rüillé ro Rub ¡o 
México s;, D.F. 
Te 1 • 7 6 O - 3lt - S'-~ 

EMPRESA Y DIRECCION 

INST. MEXICANO DEL PETROLEO 
Av. de los 100 Mts. No. 152 
Col. Sn. Bar tolo T. 
México 14, D.F. 
Tel. 567-66-00 

RADIO UNIVERSIDAD 
· Adolf6 P~i~to No. 133 o 

Col . Del Val le 
Mé x i e o 1 2 , O • F • 
Te l . 54 3 - 96 - 1 7 

CENTRO DE SERVICIOS DE COMPUTO 
Ciudad Universitaria 
México 20, D.F. 
Tel. 550-52-15 Ext. 4542 

INSTITUTO DE INVESTIGACIONES 
ELECTRICAS 
Shakespeare No. 6 
Col. Anzures 
Te l . 525-64-62 

CENTRO DE SERVICIOS DE COMPUTO 

UNION CARIBE MEXICANA, 'S.A. 
Carretera Miguel Alemán Km. 16 
Apodaca, N.L. 
Tel. 54-45-40 

SISTEMAS ELECTRONICOS DE 
CONTROL INDUSTRIAL 
Ma nc h u r i a N o • 1 1 
Col. Romero Rubio 
Méx i e o 9, O. F. 
Tel. 760-34-54 



,¡.. • , • 

DIRECTORIO DE ASISTENTES AL CURSO: MICROPROCESADORES TEORIA Y APLICACIONES 
--~- DEl 3 AL 14DE ABR 1 L DE 1 971r 

NOMBRE Y DIRECCION 

29. GUILLERMO OVIEDO VARGAS 
La9o Chalco No. 60-10 
Co 1. Anáhuac 
Mé x i e o 1 7 , D • F • 
Te 1. S31 -73-92 

30. JUAN ANTONIO PEREZ CHOWELL 
Pasudt:na ~Jo. 3 
Col. Lon1as CaPistrano 
Atí.~a¡J5n eJe Z<Jragoza 
E do. d(:• tv1.2x i e o 
Tel. 398-26-20 

31. 1 NG. JOSE LUIS PEREZ GARCIA 1 

Guanabana No. 262 
e o 1 • N va . S t a . M a r í a 
M¿ x i e o 1 6 , O • F • 
Tel. 556-15-69 

32. ING,. JUL!O CESAR QUIÑONES 
M. Azuela Nc •• Sl 
C o l • S t a . :'1cl • L t1 R i ve r a 
t·1·~ x·i e o 4 , O • F • 
T..:;·l. 547-87-38 

33. ING .. EDUARDO RA1··11REZ SANCHEZ 
e ,- u z f\ z u 1 N D • 1 6 1 
Cu 1 .• 1 ndu s tri a 1 
í k~.>< i e o 1 4 , o . r . 
k 1. 759-05-:JO 

_3L¡ • 1 N G . A N DR. E S N • RE Y N O S O G O ME Z 
Nonoaleo No. 79-15-5-30~ 
Col. Tlate!olco 
f'\0 x i e o 3 , O • F • 
Te!; S97-52-20 

35. VIClOR GERMAN SANCHEZ 
T.--111,:lico r·Jo. 11-6 
(O 1 • f{ Ollla 

Mé X i'C o 7 , D • F • 
Te 1. 

EMPRESA Y DIRECCION 

CENTRO DE SERV!C!DS DE COMPUTO 
Ciudad Un1vers1 taria 
México 20, D.F. 
Tel. 550-52-15 Ext. 4536 

SPERRY RAND- DIVJSION UNIVAC 
Presidente Masarik No. 2:!-·io.P. 
Col. AnzC1res 
Mé x i e o 5 , D • F ·• 
Tel. 250-10-66 

HONEYWELL, S.A. 
Constituyentes No. 900 
Mé x i e o 1 O , D • F • 
Te 1. 

INDUSTRIA Y POTENCIA, S.A. 
Rvo Nazas No. 136-3er. nivel 
Co 1 Cuauhtén1oc 
México 5, D.F. 
Tel. 533-54-25 

FACULTAD DE INGENIERIA UNAM. 
Ciudad Universitaria 
México 20, D.F. 
Tel. 550-52-15 Ext. 3755 

E.S.l.A. I.P.N. 
Unidad Profesional Zacatenco 
Co 1 • Li ndav i s ta 
Hé x i e o , D • F • 
Tel. 

<) 

CENTRO DE SERVICIOS DE COMPUTO 
Ciudad Universitaria 
Héxico 20, D.F. 
Te 1. 



'• ' .. ~ 1 .... 

DIRECTORIO DE ASISTENTES AL CURSO: MICROPROCESADORES TEORIA Y APLICACIONES 
----------DEL 3 AL 11-t D _É_ABR_I L DE 1 9 7 8 

NOMBRE Y OIRECCION 

36. FRANfl SCO JAVIER SANTOYO 
Av. ~~vo!ueión No. 23-602 
Co. 1 <-le uba ya 
t'lé X ¡ c.. ¡ 1 ¡ u ' o . F • 
Te 1 • 51 G- 3 9- 1 LJ 

37. SERGIO ALFREDO SANTIAGO RIVERA 
Hidal~o-N6: 21C-201 
Col. Íxtapalapa 
i'-lé X ¡ e o 1 3 , 0 • F • 
Te l • 

38, ARMANDO TE~LEZ VELASCO 
Castilla No. 279 
Co: • ·A i amos 
iv'lé x i e o 1 3 , D • F , 
Te 1 . 5 90- 86 - 7 3 

39. 1 NG. JOSE A. TOVAR MART 1 NEZ 
lvJ. A. de~ Qut:veclo No. 218 
Col. Cuyo¿¡cc.lil 
t·1é x i e o 2 1 , D .F . 
Tel. 554-17-29 

I¡Q. LUIS FERNANDO TURCOTT RIOS 
Josó l'la. Cur r·ea No. 199 
Col. Asturias 
HC:Sxico 8, !)J. 
Tel. 519-/9-65 

41. HEC fOR J'JL 1 AN VAZQUEZ RAMI REZ 
1~ e lo r·; ! o : · 1 3 N o . 4 1 
e o l . ·:_ 1 e e n t i n e -1 a 
He X j e o 2 1 ' o . F • 
Tel. )Y 1;-61-55 

42. RICARDO ENRIQUE VITE SAN PEORO 
Dur .• ngo No. 268 
Col. R.oma 
Mé x i e o 7 , D • F • 
Tel. SlLI-52-73 

EMPRESA Y OIRECCION 

CENTRO DE SERVICIOS DE COMPUTO 
Ciudad Universitaria 
Mé x i e o 2 O , O . F • 
Tel. 550-52-15 Ext. 4544 

PO L 1 COL O R - --MA N TE N 1 M 1 E N T O E L-E C T . 
M a r se 1 1 a N o . 8 9 
Co 1 • Juá rez 
Mé x 1 e o 6 , O • F • 
Tel. 533-23-85 

CENTRO DE INVESTIAGACION Y 
DESARROLLO, TELEFONOS DE MEXICO 
Ernesto Pugibet // 12 Torre Ake 3o 
Méx i e o 1 , O. F. 
Tel. 585-34-44 Ext. 9884 

INSTITUTO DE INVESTIGACIONES 
ELECTRICAS 
Shakespeare No. 6 
Col. Anzúres 
Méx i e 6 5 , O. F • 
Te 1. 525-64-52 

CENTRO DE SERVICIOS DE COMPUTO 
Ciudad Universitaria 
Méx i e o 2 O , o·. F • 
Tel. 

INST. MEXICANO DEL PETROLEO 
Av. de los 100 Mts. No. 152 
Col. San. Bartola A. 
1'1éx i e o 1 4 , O. F... 
Tel. 567-66-00 Ext. 2157 

CENTRO DE SERVICIOS DE COMPUTO 
Ciudad Universitaria 

. Mé x i e o 2 O , O • F • 
Te 1. 


