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SUMARIO

En la presente tesis se realiza un proyecto de aplicacién tecnolégica del
microcontrolador 80C535 al campo de control de procesos de manufactura,
especificamente, a un proceso de elevacion y seleccién de paquetes. La
aplicacion de este microcontrolador es en forma alternativa a la logica
cableada basada en relés o a la légica programada basada en PLCs o PCs
con la finalidad de tener costos minimos de equipamiento, consumo minimo
de energia y pérdidas minimas por disipacion.

La ejecucion del proyecto se ha realizado en el laboratorio de Control y
Automatizacion de la FIEE empleando como planta a controlar el proceso
neumatico de elevacion y seleccion de paquetes y la tarjeta 80535
compuboard que contiene al microcontrolador 80C535, para utilizarlo como
controlador. Asi mismo se ha elaborado un programa con la Iégica de control
correspondiente, el mismo que ha funcionado satisfactoriamente.

Para la adquisicidon de datos de planta y para el accionamiento de
dispositivos finales de control se ha disenado y construido tarjetas que
procesan las senales de entrada y de salida del microcontrolador, con un

costo reducido.



INDICE

PROLOGO

CAPITULO |

DESCRIPCION DEL PROCESO

1.1 Introduccién

1.2  Enunciado del problema

1.3  Ldgica de control

CAPITULO I

CARACTERISTICAS GENERALES DEL MICROCONTROLADOR
80C535

2.1 Introduccioén

2.2 Organizacion de la memoria del microcontrolador
2.2.1 Memoria del programa

2.2.2 Memoria de datos

2.2.3 Expansiones en el microcontrolador 80C535

2.3 Control de periféricos, puertos de entrada y salida
2.3.1 Ampliacion de las lineas de entrada y salida

2.4 Programacion del microcontrolador 80C535

2.4.1 Introduccién

2.4.2 Modos de direccionamiento

2.4.3 Tipos de instrucciones

13

15

17

18

19

21

21

21

22

23



- VI -

CAPITULO Il

SOFTWARE Y HARDWARE PARA EL PROCESO DE

ELEVACION Y SEPARACION DE PAQUETES

3.1 Elementos del proceso

3.2 Dispositivos de entrada

3.3 Dispositivo de salida

3.4  Sintesis de la l6gica de control en diagrama escalera

3.5 Programacién de la légica de control de lenguaje
ASSEMBLER (de maquina)

CAPITULO IV

COSTOS

CONCLUSIONES

ANEXO A

26

26

26

27

27

40

46

50

CONJUNTO DE INSTRUCCIONES DEL MICROCONTROLADOR 80C535

ANEXO B

INFORMACION TECNICA DEL MICROCONTROLADOR 80C535

ANEXO C

ESPECIFICACIONES TECNICAS DE SENSORES, ACTUADORES Y

ACCESORIOS

C1 SENSORES

C2 ACTUADORES

C3 ACCESORIOS

BIBLIOGRAFIA

142



PROLOGO

La aparicion del microprocesador propici6 un cambio decisivo en las
técnicas de disefio de los equipos de instrumentacién y control entre otros.
Los microprocesadores requerian de un conjunto de circuitos integrados
(C.l) que resolverian las necesidades de memoria, de entradas/salidas,
temporizadores, conversores, etc. con los que se podian construir sistemas.

Luego los microprocesadores se integraran junto con los subsistemas que
anteriormente formaban unidades especializadas e independientes. A este
nuevo C.l. se le denominé microcomputador monopastilla. A las
monopastillas que son especializados en aplicaciones industriales se le
denomina microcontroladores (uc).

Para su ejecucién la tesis se ha dividido en cuatro capitulos.

En el capitulo | se describe el proceso, se enuncia el problema de control
y se presenta la l6gica de control.

En el capitulo Il se presenta las caracteristicas generales del
microcontrolador 80CS35, tales como la organizacién de la memoria del
microcontrolador, el control de periféricos, puertos de entrada y salida y su
programacion.

En el capitulo lll se presenta el software y el hardware para el proceso de

elevacién y separacién de paquetes. Se indican los dispositivos de entrada y



de salida, se realiza la programacion de la ldgica operacional en lenguaje
assembler en base a la I6gica de control en diagrama escalera.

En el capitulo IV se presentan los costos del hardware y software del
proyecto.

Adicionalmente a estos cuatro capitulos se presentan las conclusiones
derivadas de este trabajo y al final la bibliografia del caso.

Finalmente deseo agradecer al Ing. Javier Donayre por su valiosa
informacion sobre el microcontralador 80C535. Agradezco en forma muy
especial a mi asesor el Ing. Rubén Aquize Palacios, quién generosamente
empled su tiempo y su talento ayudandome con sus valiosos comentarios y
sugerencias en la realizacion de este proyecto. También agradezco al
profesor Armando Cajahuaringa Camaco por su ayuda en el manejo de

diversos softwares utilizados en la elaboracion de esta tesis.



CAPITULO |
DESCRIPCION DEL PROCESO

1.1 Introduccién

El proceso de elevacion y separacion de paquetes que se controlara,
pertenece al Laboratorio de Control y Automatizacion de la FIEE y se emplea
para la ensefanza de la neumatica y el control de sistemas secuenciales
basados en PLCs. La Figura 1.1 muestra las vistas frontal y superior del
proceso, construido con material de acero inoxidable y perfiles de fierro, en
donde estan montados tres cilindros neumaticos de doble efecto (A, By C).
También se puede observar que posee un alimentador vertical y tres
transportadores a polines. En este proceso se montan sensores de posicion
mecanico, interruptores de fin de carrera, para los vastagos de los cilindros A
y B, y sensores magnéticos para el vastago del cilindro C. Asimismo, frente
al transportador a polines de alimentacidon de paquetes se monta un sensor
de presencia Optico y junto a los cilindros B y C se montan sensores de
presencia inductivo y Optico, respectivamente, para la seleccidon de
paquetes.
1.2 Enunciado del problema

Los paquetes que llegan por el primer transportador a la plataforma

que esta al final del vastago del cilindro A, son detectados por un sensor de

presencia optico; luego empujados por dicho cilindro a otro nivel donde se






encuentran ubicados los cilindros B y C, de donde seran separados de
acuerdo a:
1. Tamaro de paquete

Si el paquete elevado es grande, sera empujado por el cilindro B vy
derivado por un transportador a polines hacia una faja transportadora. Si el
paquete es chico, sera empujado por el cilindro C y derivado por un tercer
transportador a polines a una segunda faja transportadora.

Para este caso la discriminacién de tamano es realizada por el sensor de
presencia optico montado al costado del cilindro C.
2. Tipo de material

Si el paquete elevado es de metal, sera empujado por el cilindro B y
derivado por un transportador a polines hacia una faja transportadora. Si el
paquete elevado no es de metal, sera empujado por el cilindro C y derivado
por un transportador a polines hacia una faja transportadora.

La discriminacién por el tipo de material es realizada por el sensor de
presencia inductivo montado al costado del cilindro B.
3. Colores diferentes

Si el paquete elevado es de color claro, sera empujado por el
ciindro B y derivado por un transportador a polines hacia una faja
transportadora. Si el paquete es de color oscuro, sera empujado por el
ciindro C y derivado por un transportador a polines hacia una faja
transportadora.

La discriminacion de acuerdo al color, sera realizada por el sensor de

presencia tipo éptico montado al costado del cilindro C.



1.3 LAégica de control
Para la elaboracidon de la légica de control con el diagrama escalera,
emplearemos los siguientes diagramas de espacio-fase.
1. Separacion de paquetes por tamano
Tal como se muestra en la figura 1.2.

Separacién de paquetes por tamarfio

1 2 3 4 5=1
l | | | )
Elemento de | Elemento de
trabajo sefial
1 s2|yB8
S —]
A Inicio de
ciclo — 0 L IR
S2 B7.53B5 I i — 0=
S3 1
B
Para paquetes S4 -
grandes
BS
C
Para paquetes B6
pequenos

B8: Sensor de presencia tipo 6ptico

Figura 1.2: Diagrama de espacio-fase para separacion de paquetes por
tamano.
2. Separacion de paquetes por tipo de material

Tal como se muestra en la figura 1.3.



Elemento de | Elemento de
trabajo senal
S1
A
S2
S3
B
Para paquetes S4
metalicos
BS
C
Para paquetes B6
no metalicos

1 2 4
| | ] |
Inicio de
ciclo “\0.\& I# U\E-: 1
B7,S3,B5 A i i

B8: Sensor de presencia tipo inductivo

Figura 1.3: Diagrama de espacio-fase para separacion de paquetes por

2. Separacion de paquetes por color

Tal como se muestra en la figura 1.4.

tipo de material.



Eiemento de

Elemento de

OoSscuros

trabajo senal

S1

A
S2
S3

B

Para paquetes
claros S4
BS
C

Para paquetes B6

B8: Sensor de presencia tipo Optico

S2 |y B8

Figura 1.4. Diagrama de espacio-fase para separaciéon de paquetes por

color

Tomando en consideracion los diagramas de espacio-fase de las figuras

1.2, 1.3 y 1.4 se construye la logica de control en diagrama escalera

mostrada en el capitulo lll, seccién 3.4



) CAPITULO I
CARACTERISTICAS GENERALES DEL MiCROCONTROLADOR 80C535

2.1 Introduccion

El microcontrolador SAB 80C535 es un poderoso miembro de la familia de
microcontroladores de 8 bits del SAB 8051 de SIEMENS. Esta disenado con
tecnologia CMOS y basado en la arquitectura del 8051, por lo que es
totalmente compatible a dicha familia. El rendimiento de sus periféricos se
han incrementado significativamente. Algunos de sus periféricos han sido
agregados en el interior del chip de 8 bits sin perder compatibilidad con el
8051. Incorpora varias mejoras con funciones adicionales, las cuales
incrementan la flexibilidad de disefio y un mayor campo de aplicacion.

Las propiedades de bajo consumo de energia de la tecnologia CMOS
permite aplicaciones donde el consumo de energia y la disipaciéon son
criticos. Ademas tiene dos modos de actividad reducida seleccionables
mediante software para una mayor reduccidén de energia: modo en reposo y
modo de bajo consumo.

Al SAB80CS535 le falta en el chip la memoria de programas y es fabricado
en un chip de plastico de 68 pines.

Las principales funciones del microcontrolador SAB80CS535 son las
siguientes:

- 256 Bytes de RAM interno
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3 Timers/Counter de 16 bits, uno de ellos con PWM.

Conversor A/D, con 8 entradas analogicas de 8 bits (expansible mediante
software, a 10 bits)

Generador de baudrate programable.

4 Registros Capture/Compare de 16 bits.

12 senales de interrupcién con 4 niveles de prioridad.

Watchdog-Timer de 16 bits, vigila el funcionamiento 6ptimo del CPU.

6 Puertos paralelos de I/O de 8 bits (Port O, ..., Port 5).

Hardware Power-Down.

Slow-Down modus (ldle).

Procesador booleano.

|

RFSLCT PS.7
v O PO.7
REF

fenn PO.6

P6.7 PO.5

P6.5 PO.4

P6.5 PO.3

P6.4 FO.2

P6.5 PO.1

P62 SAB 80C515/80C535 PO.O

P6.1 EA

P6.0 ALC
RxD/P3.0 PSEN
_TxD/P3.1 PZ7
INTO/P3.2 P2.6
INT1/P3.3 P2.5
T0/P3.4 P2.4
T1/P3.5 P2.3

UCP0Q0S2

Figura 2.1: pines del SAB 80C515/80C535
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La tarjeta 80C535 Compuboard es una tarjeta que contiene un

microcontrolador 80C535 de SIEMENS y es empleada no sélo para el

aprendizaje sino también en todo tipo de aplicaciones,

industriales, de laboratorio, o sistemas encapsulados.
Las caracteristicas de esta tarjeta son:

- Microcontrolador 80C535 (SIEMENS).

- 12 MHZ CLOCK

- 32 KB CMOS RAM

- 32 KB EPROM

- Interface RS-232.

- Botdon RESET.

- Alimentacién +5V DC.

- Dimension: 115x68mm.

XTALY ——» e SE';""
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——» ALE
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Figura 2.2: Simbolo légico
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1) AddiHond feshwe of the AUOS venlom I—l ;I

Figura 2.4: Diagrama de bloque detallado del SAB 80C535

2.2 Organizacién de la memoria del microcontrolador

El SAB80CS535 tiene separado los espacios de direcciones para memoria
de programas y memorias de datos y manipula operandos en los siguientes
cuatro espacios de direccion:
- Hasta 64 KBytes de Memoria de Programa.
- Hasta 64 KBytes de Memoria de Datos Externa.
- 256 Bytes de Memoria de Datos Interna.

- Unos 128 Bytes de area de Registros de Funciones Especiales.
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2.2.1 Memoria de programas
La memoria de Programas solo puede ser leida y tiene como maximo 64
KB. El SAB80C535 no tiene ningin ROM interior; es decir, no tiene Memoria

Interna de Programas. Una EPROM es su Memoria Externa de Programas.

El pin £4 debe mantenerse bajo al usar el 80C535; con ello se extrae todas
las instrucciones de la Memoria Externa de Programas. El contador de

programa, de 16 bits, se direcciona mecanicamente.

FFFT
External
2000
1FFF {rrr
Intermal External
(EA=1) (EA=0)
4] a

MCOmaz4

Figura 2.5 : Espacio de las direcciones de la memoria de programa

2.2.2 Memoria de datos

La memoria de datos admite operaciones de lectura y escritura. El
espacio de las direcciones de la memoria de datos consiste de una porcidon
de memoria interna y una porcion de memoria externa, y puede direccionar

hasta 64 KB.
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Shared Address |ocation

FF ‘ ‘ FFFF
Specia!
Function
Registers
8o ‘ ‘ ‘ ‘ H r—Cxternal—
E Data 5
Wasma
7" ey
= ower T
—128—Bytes
&Imernolf
—— RAM —
00 0noo
Data Memory
Register Diract
Indirect Byts
Addressing Addressing

Figura 2.6: Mapa de la porcion inferior de la memoria interna de datos

MEMORIA INTERNA DE DATOS
La memoria interna del SAB 80C535 es de 256 bytes de RAM interno.

El espacio de las direcciones de la memoria interna de datos esta dividida
fisicamente en tres bloques distintos: los 128 bytes inferiores del RAM, los
128 bytes del area superior del RAM, y los 128 bytes del area de Registros
de Funciones Especiales (SFR). Puesto que el ultimo area de SFR y el area
superior del RAM comparten los mismos espacios de direccion, ellos deben
ser accedidos a través de diferentes modos de direccionamientos. EI mapa
de la figura 2.6 y el siguiente cuadro muestra los modos direccionamiento

usados para los diferentes espacios del RAM/SFR.
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Espacio de Direcciones Localizacion Modo de

Direccionamiento

128 bytes inferiores del RAM OOH al 7FH Directo-Indirecto
128 bytes superiores del RAM 80H al OFFH Indirecto
Registros de Funcién Especial 80H al OFFH Directo

Los 128 bytes inferiores del RAM interna son a su vez agrupados en tres

espacios de direcciones (ver figura 2.5):

1)

2)

Un area de registros de propdsito general se localizan desde la direccion
O0H a 1FH (32 bytes).

Los siguientes 16 bytes, localizacion del 20H hasta el 2FH. Cada uno de
los 128 bits de este segmento se puede direccionar directamente (00H a
7FH).

Programando informacién.- Estos bits de direccionamiento pueden ser

referidos de dos formas diferentes, bien por sus direcciones ( bits O0H hasta

bits 7FH), o por bytes que los contienen (20H a 2FH).

Esto es, los bits 0 al 7 pueden ser referidos como los bits 20.0 a 20.7, y

del 08H al OFH, como 21.0 a 21.7, etc. Cada uno de los 16 bytes en este

segmento también pueden ser direccionados como un byte.

3) Las localizaciones del 30H al 7FH pueden ser usados como un area de

memoria “scratch pad”, el cual se entiende como la memoria de un block
de notas de rapido acceso pero de escasa capacidad. Esta es la
memoria de trabajo (RAM) del usuario.

Usando el registro SP (Stack Pointer) indicador de la memoria de pila, es

un registro de 8 bits. Inicializado el microcontrolador por la operacion Reset,
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por defecto el SP se carga con la direccion 07H (SP « 07). Al ejecutar la

primera instruccion PUSH o CALL el SP se carga con 08H, apuntando a

dicha posicion de memoria.
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Figura 2.7: Mapa de la porcién inferior de la memoria interna de datos

MEMORIA EXTERNA DE DATOS

Las figuras 2.6 y 2.7 contienen el mapa de memoria que ilustra la

memoria interna/externa de datos. EI 80C535 puede direccionar hasta un

maximo de 64 Kbytes de memoria externa de datos, puede ser accedida por

la instruccidon MOVX que utiliza 16 bits de direccion.



Symbol Name Address
PO Port 0 80H
SP Stack pointer 81H
DPL Data pointer, low byte 82H
DPH Data pointer, high byte 83H
PCON Power control register 87H
TCON Timer control register 88H
TMOD Timer mode register 89H
TLO Timer O, low byte 8AH
TL1 Timer 1, low byte 8BH
THO Timer O, high byte 8CH
THI Timer 1, high byte 8DH
Pl Port 1 90H
SCON Serial channel control register 98H
SBUF Serial channel buffer register 99H
P2 Port 2 0AOH
1ENO Interrup enable register O 0A8H
1PO Interrup priority register 0 0ASH
P3 Port 3 0BOH
IEN1 Interrup enable register 1 0B8H
IP1 Interrup priority register 1 0BSH
IRCON Interrup request control register O0COH
CCEN Compare /capture enable register O0CIH
CCLI1 Compare /capture register 1, low byte 0C2H
CCHI1 Compare /capture register 1, high byte 0C3H
CCL2 Compare /capture register 2, low byte 0C4H
CCH2 Compare /capture register 2, high byte 0C5H
CCL3 Compare /capture register 3, low byte 0C6H
CCH3 Compare /capture register 3, high byte 0C7H
T2CON Timer 2 control register 0C8H
CRCL Compare relead capture register, low byte 0CAH
CRCH Compare relead capture register, high byte 0CBH
TL2 Timer 2, low byte 0CCH
TH2 Timer 2, high byte 0CDH
PSW Program status word register O0DOH
ADCON A/ D converter control register 0D8H
ADDAT A/ D converter data register 0DSH
DAPR D/ A converter program register ODAH
P6 Port 6 ODBH
ACC Accumulator 0BOH
P4 Port 4 OB8H
B B register OFOH
PS5 Port S OF8H

Figura 2.8: Lista de Registros de Funciones Especiales (SFR).




-19 -

2.2.3 Expansiones en el microcontrolador 80C535

La expansidon de memoria externa en el microcontrolador 80C535 es posible
direccionarla hasta 64 KB, usando 16 bits de direccion.

El SAB 80C535 no tiene ROM interno. La memoria externa de programa
puede ser expandida hasta 64 Kbytes. La tarjeta 80C535 Compuboard tiene
un EPROM de 32 Kbytes de memoria externa de programa , se podria
extender la memoria externa de programa mediante un EPROM o ROM de

32 Kbytes para completar los 64 Kbytes maximos permitidos.

2.3 Control de periféricos, puertos de entrada y salida

El SAP 80C535 permite para I/0O digital en 48 lineas agrupadas en seis
puertos bidireccionables de 8 bits, es decir, permiten la lectura y escritura en
el periférico correspondiente. Cada uno de los bits del puerto consiste en un
latch, un driver de salida y un buffer de entrada. El acceso a la lectura y
escritura en la 1/0 del puerto PO al P5 son ejecutados via sus
correspondientes registros de funciones especiales. El control de los puertos
van a permitir comunicarse con una buena parte de los periféricos
comerciales y con los que usuario disene.

Operacién de escritura en los puertos del microcontrolador 80C535,
puede ser realizada por cualquier puerto, no obstante, el puerto PO es el que
presenta una mayor cargabilidad, permitiendo comandar 8 cargas TTL-LS,
mientras que los otros puertos permiten cuatro cargas TTL-LS. En la
ejecucion de una instruccidon que cambia el valor del latch del puerto, el

nuevo valor llega al latch durante el estado 6, fase 2 del final de ciclo de
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instruccion. Para comandar cargas de mayor consumo energético, como
relés, se recomienda utilizar, entre el puerto y la carga, drivers no inversores,
como el ULN 2003, o inversores, como el ULN 2803, que tienen una
cargabilidad de 500mA y soportan hasta 50V. La figura 2.9 muestra el
esquema circuital de una de las interfaces de salida construidas para este

proyecto. EI 80C535 presenta dos senales de control, una para ejecutar la

lectura (RD) y otra para la escritura (WR). Por esto la activaciéon de estas

senales depende del formato de la instruccion.

T1
Del Puerto del a —O AlRelé
Microprocesador
ULN 2803 Ontico R1:690 Q
4N37 R2: 10k Q
T1: 2N2222

Figura 2.9 : Interfase de salida
Para la operaciéon de escritura en el puerto, la instruccion mas habitual es la
siguiente:
MOV PX, <DATO> ; PX «— <DATO>
X toma valores 0, 1, 2, 3, ..., 5 segun el puerto.
Admitiendo <DATO> todos los tipos de

direccionamientos mencionados.
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La operacion de lectura o de adquisicidon de datos no representa ningun
tipo de problema; solamente se debera cambiar el orden de los operandos
en la instruccion respecto a la operacidon de escritura.

Para la operacion de lectura, el formato de la instruccibn mas habitual es el
siguiente:
MOV <DATO>, PX ; <destino> +— PX
La figura 2.10. muestra el esquema circuital de unas ocho interfaces

de entrada construidas para este proyecto.

+5V

R3

R2 Al Puerto del
Microprocesador

T2

4

Sensor de
Datos -

Aislador
Optico

[

4N35 R1: 5 KQ
R2:47kQ
R3:1KQ
R4:5kQ
T2: 2N2222

Figura 2.10: Interfase de entrada

2.3.1 Ampliacion de las lineas de entrada y salida

Debido al uso de un sistema flexible como es el microcontrolador,
nosotros podemos ampliar el proyecto para implementar procesos
adicionales. En caso que las lineas de entrada/ salida (1/O)de este

microcontrolador sean insuficientes se puede ampliar con facilidad las lineas
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I/0 con ayuda de un integrado, como por ejemplo el PPl 8055 el que nos
permite con 12 salidas ampliario a 24.

2.4 Programacion del microcontrolador 80C535

2.4.1 Introduccién

El conjunto de instrucciones del SAB 80C535 incluye 111 instrucciones,
49 de las cuales son de simple byte, 45 de dos-bytes y 17 de tres-bytes. El
formato de la instruccion del cdédigo de operacion consiste de una funcion
nemoénica seguido por un “destinatario, fuente” campo operando. Estos
campos especifican el tipo de dato y métodos de direccionamiento a ser
usados.

Como todos los otros miembros de la familia 8051, el 80C535 puede ser
programado con las mismo conjunto de instrucciones comun al miembro
basico, el 8051. Esto es, el 80C535 es 100% software compatible a el 8051 y
puede ser programado con asembler 8051 o lenguaje de alto nivel.

2.4.2 Modos de direccionamiento
El SAB80CS535 usa cinco modos de direccionamiento:
- registro
- directo
- inmediato
- registro indirecto
- registro base mas registro indice indirecto
Direccionamiento por Registro
Accede a uno de los 8 registros del banco seleccionado. El bit menos

significativo de la instruccion codigo de operacion indica el registro a ser
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usado. ACC, B, DPTR y CY, el acumulador del procesador booleano,
pueden también ser direccionados como registros.
Direccionamiento Directo

El operando se especifica en la instruccion por un campo de direccién de
8 bits. Es el unico método de acceder los registros de funcion especial. Los
128 bytes inferiores del RAM interno de datos son también direccionados
directamente.
Direccionamiento Inmediato

Al codigo de operacion le sigue una constante en la memoria de
programas.
Direccionamiento Registro Indirecto

La instruccion especifica un registro que contiene la direccion del
operando. Los registros para direccionar sobre el mapa de 8 bits pueden ser
el RO y R1del banco de registros seleccionado, como un puntero de
localizacion en el bloque de 256-byte: los 256 bytes del RAM interno o los
256 bytes inferiores de la memoria de datos externo. Notar que los registros
de funcion especial no son accesibles por este método. La mitad superior de
la RAM interna puede ser accedida unicamente por direccionamiento
indirecto. Acceso a la totalidad de los 64 Kbytes del espacio de direcciones
de la memoria de datos externo es logrado por usar el puntero de dato de 16
bits. Ejecucion de las instrucciones PUSH y POP también usan
direccionamiento de registro indirecto. La pila puede residir en cualquier

parte en el RAM interno.
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Direccionamiento registro base mas registro indice

Este direccionamiento sélo es posible en la memoria de programas y solo
permite la lectura. Es utilizado para la lectura de tablas.

Permite acceder a un byte de la memoria de programas via un
movimiento indirecto de la localizacion cuya direccidon es la suma de un
registro base de 16 bits (DPTR o PC) apunta a la base de la tabla y el
contenido del acumulador, ACC, es el desplazamiento que permite acceder
a la lectura de esa posicion de la tabla. Este modo facilita ver la tabla de
accesos.

2.4.3 Tipos de instrucciones

El conjunto de instrucciones esta dividido en cuatro grupos funcionales:
- transferencia de dato
- aritmética
- logica
- transferencia de control

Transferencia de Dato

Operaciones de datos estan divididas en tres clases:
- de uso general

- acumulador -especifico
- direccion-objeto

Ninguno de estas operaciones afectan el flag PSW establecido excepto

un POP o MOV directamente a el PSW.
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Instrucciones Aritméticas

El SAB 80C535 tiene las cuatro operaciones basicas de matematicas
(adicién, sustraccion, multiplicacién y division ). Unicamente operaciones de
8 bits usando aritmética sin signo son sostenidos directamente. El flag
overflow, permite las operaciones de adicion y sustraccion sirve para ambos
casos sin signo y con signo binarios enteros. Aritmética también puede
ejecutar directamente sobre paquetes de representacion BCD.
Instrucciones Ldégicas

El SAB 80C535 ejecuta operaciones de logica basica tanto como
operador bit y byte.

Instrucciones de Transferencia de Control.

Hay tres clases de operaciones de transferencia de control: llamadas
incondicionales, retornos, saltos, saltos condicionales e interrupciones.
Todas las operaciones de transferencia de control, algunas con una
especifica condicion, causa la ejecucion del programa para continuar una no

secuencial localizacion en el programa de memoria.



CAPITULO Il
SOFTWARE Y HARDWARE PARA EL PROCESO DE ELEVACION Y
SEPARACION DE PAQUETES
3.1Elementos del proceso

El proceso esta constituido por tres transportadores de polines: uno que
transporta los paquetes hacia la plataforma del elevador (cilindro A), un
segundo transportador para transportar los paquetes pequenos (6 paquetes
de color oscuro y paquetes no metalicos) hacia una faja transportadora N°
1, y uno tercero que transporta los paquetes grandes (paquetes de color
claro y paquetes metalicos) hacia una faja transportadora N° 2.
Adicionalmente, el proceso esta constituido por un alimentador vertical y tres
cilindros de doble efecto. Conjuntamente con estos elementos estan
montados en una estructura metalica con planchas de acero inoxidable y
perfiles de fierro, los dispositivos de entrada y salida del microcontrolador,
que se detallan en las siguientes secciones.

Es preciso mencionar que antes de iniciarse el proceso de elevacion y
separacion de paquetes se debe garantizar el funcionamiento de las fajas
transportadoras N° 1 y N° 2 para evitar acumulacion de paquetes en las
fajas. Los circuitos de fuerza y control de estas fajas se muestran en la figura
3.12.
3.2Dispositivos de entrada

Los dispositivos de entrada al microcontrolador son en total ocho y son
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los siguientes (Especificaciones técnicas en Anexo C1):

Interruptores de fin de carrera (S1, S2, S3 y S4). Los dos primeros
trabajan con el vastago del cilindro A y los dos restantes con el vastago del
cilindro B; ademas de estos interruptores se tiene dos sensores de presencia
magnéticos (BS y B6) que actuan como finales de carrera con el vastago del
cilindro C.

Para detectar paquetes provenientes del transportador 1 el mddulo
posee un sensor de proximidad éptico (B7) montado cerca de la plataforma
del cilindro A. Para la separaciéon de paquetes por tamano y por color se
tiene un sensor de presencia tipo optico (B8) montado junto al cilindro C.
Para la separacion de paquetes por tipo de material se tiene un sensor de
presencia inductivo (B8) montado junto al cilindro B.
3.3Dispositivos de salida

Los dispositivos de salida del microcontrolador son en total tres y son los
siguientes (Especificaciones técnicas en Anexo C2):

Tres electrovalvulas (Y1, Y2 y Y3) tipo 5/2, servopilotadas con “over rider”
(control de prueba) manual y con resorte de recuperacion, que controlan los
cilindros neumaticos A, B y C; es decir, son los elementos de control final.

Estas electrovalvulas operan con senal de corriente continua a 24 V
DC.
3.4Sintesis de la l6gica de control en diagrama escalera

La sintesis de la I6gica de control tomara como base el enunciado del
problema mediante la representacion de los diagramas de espacio-fase

respectivos.



Elemento de | Elemento de
trabajo senal
S1
S2
S3
Para paquetes S4
grandes
B5
Para paquetes B6
pequeiios

B8: Sensor de presencia tipo 6ptico

Figura 3.1: Diagrama de espacio-fase de selecciéon de paquete
pequeno y grande

De acuerdo al diagrama espacio-fase de la figura 3.1, para iniciar el ciclo

se requiere:

1) Presencia de paquete, proveniente de transportador de polines N. 1, (B7
activado) y que los vastagos de los cilindros B y C estén retraidos (S3
cerrado bajo forzamiento y BS activado, con estas condiciones se activa
el relé K1 (ver figura 3.2) y este a su vez se autosostiene con K1 (13,14)

y conmuta mediante K1 (23,24) la electrovalvula Y1, con ello el vastago

s2 [yBs

del cilindro A se expande elevando el paquete.
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Figura 3.2

2) Cuando el vastago del cilindro A se ha expandido totalmente, cierra el
final de carrera S2, y si el paquete elevado es grande, el sensor de
presencia optico B8 cambia de estado sus salidas (cierra el contacto NA vy
abre el contacto NC). Si empleamos el contacto NA se energizara el relé K2,
ausosteniéndose mediante K2 (13,14), y conmuta mediante K2 (23,24) a la
electrovalvula Y2, lo que propicia la expansion del vastago del cilindro B, que

empujara el paquete hacia el transportador de polines N° 3 (ver figura 3.3).
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3) cuando el vastago del cilindro B se ha expandido totalmente desactivara

al interruptor final de carrera S4, propiciando que se desenergice el relé

recuperacion (ver figura 3.4)

K1 propiciando que la electrovalvula Y1 conmute a su estado anterior,

por lo que el vastago del cilindro A se retrae mediante el resorte de
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4) Cuando el vastago del cilindro A se ha retraido totalmente, vuelve a abrir

el contacto NC del

final

de carrera S;

(estado de forzamiento),

desenergizando el relé K, y esta a su vez desactivara la electrovalvula

Y2, conmutando a su posicion anterior mediante el

resorte de



recuperacion,

con

lo que el

vastago del

ciindro B se retrae,

concluyéndose asi el ciclo de trabajo (ver figura 3.4).

5) Habiendo presencia de paquete proveniente del transportador de polines

N°1, se repetira el paso 1).

6) Cuando el vastago del cilindro A se ha expandido totalmente, cierra el

final de carrera S; y si el paquete elevado es pequeno, el sensor de

presencia optico Bg no lo detecta y no cambia de estado sus salidas. Si

en este empleamos su contacto NC se energizara el relé K3. que se

autosostiene mediante K3(13,14),

y conmutara la electrovalvula Y3, lo

que propicia la expansion del vastago del cilindro C, que empujara el

paquete pequefo hacia el transportador de polines N° 2 (ver figura 3.5).
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Figura 3.5



7) Cuando el

vastago del

ciindro C se ha expandido totalmente,

desactivara al sensor de presencia magnético Bg haciendo cambiar de

estado a su contacto NC, lo que propiciara la retraccion del vastago del
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Figura 3.6

cilindro A (ver figura 3.6).

8) Cuando el vastago del cilindro A se ha retraido totaimente, vuelve a abrir

el contacto NC del final de carrera S;

(estado de forzamiento),

propiciando que se desenergice el relé K3 y esta a su vez desactivara la



electrovalvula Y3, conmutando a su posicion anterior, mediante el resorte

de recuperacion, con ello el vastago del cilindro C se retrae, culminando

asi el ciclo de trabajo (ver figura 3.7).
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La figura 3.8, muestra la logica de control completa con los ciclos de

trabajo de seleccion de paquetes por tamano y color.






Seleccion de paquetes por color

La légica de control para este caso se basa en los diagramas de
espacio-fase de la figura 3.9, y es la misma que la separacion de paquetes
por tamano, si consideramos que se separaran paquetes de colores, uno

claro y otro oscuro.

1 2 3 4 5=1
| | | l
Elemento de | Elemento de
trabajo senal
1 S2|yB8
S1
A Inicio de
ciclo —_0 g . /
S2 B7.5385 F — t o
S3 1
B
Para paquetes
claros S4 l : [ i ’ | ‘ ’
|
BS
C
Para paquetes B6
Ooscuros
B8: Sensor de presencia tipo optico
Figura 3.9

Entonces, el sensor de presencia oOptico Bg, sera el que permita la
discriminacion de color, para lo cual se empleara el cilindro B para separar

paquete claro y el cilindro C para separar paquetes oscuros, ver figura 3.8.
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Seleccién de paquete, por tipo de material

La logica de control para separar paquetes por tipo de material (en
nuestro caso, metal y no metal) se basa en los diagramas espacio-fase de la
figura 3.10, y es la misma que para los dos casos anteriores, ccon la
diferencia, que el sensor de presencia Bg ahora sera de tipo inductivo y sera
quien discrimine paquetes de metal y no metal, para lo cual se empleara el
cilindro B para separar paquete metalico y el cilindro C para separar paquete

no metalico, ver figura 3.11.

1 2 3 4 5=1
| | |
Elemento de | Elemento de
trabajo senal
S 1 82} y B8
1
A Inicio de
ciclo —0 ) L LI
S2 B7,53,85 1 — o
S3 1
B
Para paquetes
metalicos S4 | ‘ |
| \ I}
B5
C
Para paquetes B6
no metalicos

B8: Sensor de presencia tipo inductivo
Figura 3.10
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Figura 3.11: ESQUEMAS ELECTRONEUMATICOS PARA EL ELEVADOR Y SEPARADOR DE PAQUETES FOR TIPO DE MATERIAL
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3.5Programacion de la Iégica de control en lenguaje Assembler (de
maquina)
Para la elaboracion del programa de la logica de control en lenguaje
assembler se empleara el diagrama de flujo de la Figura 3.13; que

obedece a la sintesis descrita en la seccion 3.4.

( INICIO )

P4 < #FFH
PS < #FFH

©

Figura 3.13 Diagrama de Flujo para la programacién de la légica de

control
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87 =ON NO

A #OF8H=0 5o

ESPERAR
LLEGADA
DE
PAQUETE

si
88 = OFF

Figura 3.13 (Continuacion)
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EMPUJAR EMPUJAR
PAQUETE PAQUETE
GRANDE CHICO
RETROCEDE RETROCEDE
EMBOLO A EMBOLO A

Figura 3.13 (Continuacion)



-43 -

RETROCEDE RETROCEDE
EMBOLO B EMBOLO C
IRAINICIAR IR AINICIAR

NUEVO NUEVO
PROCESO PROCESO

( FINAL | FINAL

Figura 3.13 (Continuacion)
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;  PROGRAMACION DE LA LOGICA DE CONTROL EN

; LENGUAJE ASSEMBLER (de maquina)

P4 EQU OE8H

P5 EQU OF8H

MON EQU 200H
ccLTIME EQU 021H
COMMAND EQU 030H
ACC EQU OEOH

ORG 4200H

MOV P4,#11111111B;PUERTO DE ENTRADA

MOV P5#11111111B;PUERTO DE SALIDA
LABEL1 MOV A P4

ANL A #0F8H

JNZ LABEL1

CLR P5.0; ACTIVA CILINDRO A
LABEL2 JB P4.2,LABEL2
LABEL3 JB P4.1,LABEL3

MOV DPTR #3000

MOV COMMAND,#ccLTIME

LCALL MON

JB P4.0,LAZO1

CLR P5.3; ACTIVA CILINDRO B(PAQ. GRANDE)

LABEL4 JNB P4.7,LABEL4
LABELS JNB P4.6,LABELS

SETB P5.0; RETROCEDE CILINDRO A
LABEL6 JNB P4.1,LABEL6
LABEL7 JNB P4.2,LABEL7

SETB P5.3; RETROCEDE CILINDRO B
LABEL8 JB P4.6,LABELS8
LABEL9 JB P4.7,LABEL9

SJMP LABEL1
LAZO1 CLR P5.6; ACTIVA CILINDRO C(PAQ. CHICO)
LAZO2 JNB P4.5LAZ0O2
LAZO3 JNB P4.4,LAZO3

SETB P5.0; RETROCEDE CILINDRO A
LAZO4 JUNB P4.1,LAZO4
LAZOS JNB P4.2,LAZO5

SETB P5.6; RETROCEDE CILINDRO C
LAZO6 JB P4.4LAZO6
LAZO7 JB P4.5LAZO7

SJMP LABEL1

END



: Rutina de Espera de Llegada

. de Paquete

MON MOV RO, #2BH
SALO MOV R1, #42H
SAL1 MOV R2, #7FH
SAL2 DJNZ R2, SAL2

DJNZ R1, SAL1
DJNZ RO, SALO
NOP

RET

END

-45 -



CAPITULO IV
COSTOS

Los costos de los componentes electronicos que se detallan en la tabla
4.1 son aproximados. No se estan considerando los costos del proceso y
otros dispositivos captadores (finales de carrera, sensores de proximidad) y
elementos de control final (electrovalvulas). Tampoco se estan considerando
los costos de disefo y puesta a punto del sistema.

Tabla 4.1: costos de componentes y dispositivos para el sistema de

control.



Itém

Descripcion

Cantidad

Precio
Unitario
(Dol. USA)

Precio Total
(Dol.USA)

01

02

03

04

05

06

Controlador

Tarjeta Universal 80C535-
Cpmpuboard con lass
siguientes caracteristicas

* Microcontrolador 80C535
(Siemens)
*12 MHz
* 32 KB CMSOS RAM
* 32 KB EPROM
( con monitor)
* Interfaz RS-232
* Boton RESET
* Alimentacion +5V DC
* Dimensiones 115x68 mm
* 4 puentes
(Jumper)

Componentes de la
tarjeta de entrada

Optoaislador/fototransistor
Cl4 N35. Ir=60mAen el

LED; NPN |, = 100mA
VR =6V

Transistor 2N2222, NPN-Si,
AF/RF Amp. SW, 1,=0,8A,

hFE = 200

Resistencia de 0,25 W de
47KQ; 5KQy 10 KQ

Borneras Plasticas para 14
puntos de conexion de cable
#22 AWG

Conector para cable flat de
10 pines

01 u.

08 u

11u

21u

14

01 u.

220,000

0,714

0,086

0,029

0,143

0,457

220,000

5,712

0,946

0,609

2,002

0,457




Precio

Precio Total

Itém Descripcién Cantidad Unitario
(Dol usa) | (POIUSA)

07 Placa para circuito impreso

de 9,5x 9 cm. 02 u 0,857 1,714
08 Acido y plumén para circuito

impreso 01 u. 1,857 1,857

Componentes de la

tarjeta de salida
09 Conector para cable flat de

10 pines 01 u. 0,457 0,457
10 Ocho unidades de arreglo

Darlington CMOS/TTL Input

Driver I, max = 500 mA

Cl ULN 2003 01 u. 0,429 0,429
11 Optoaislador/fototransistor

CI4N37 I =60 mA en el

LED; NPN lo = 100mA

Vg = 6V 08 u 0,714 5712

Transistor 2N2222, NPN-Si,

af, Driver. Ic = 1,5 A; hgg=100 08 u. 0,132 1,056
13 Resistencias de 0,25 w de

690 Qy 10 QK 16 0,029 0,464
14 Relay 5A 30 VDC/240 V

AC; IC 24 VDC 03 u. 0,714 2,142
15 Borneras de plastico para 5

puntos de conexion de cable

#22 AWG 05 u. 0,143 0,715
16 Placa para circuito impreso

de 9,5 x9cm 02 u. 0,857 1,714
17 Acido y plumén para circuito .

impreso 01 u. 1,857 1,857




Precio

Item Descripcion Cantidad Unitario Prgc:oug(:)al
Dél. usa) | (PO

Otros
18 Cables # 22 AWG para co-

nexion de tarjetas de control

con el proceso 2m. 0,429 0,858
19 Placa de acero inoxidable

y pernos para fijar sensor

de presencia B8 optico 01 u. 2,286 2,286
20 Placa de fierro para fijar

al sensor de presencia opti-

co B7 01 u. 4,286 4,286
21 Sensor de presencia

Optico # K12PB8 01 u. 175,00 175,00
22 Sensor de presencia 01 u. 64,00 64,000

inductivo 1120 VB

TOTAL : $

494,273




CONCLUSIONES

Se ha empleado un microcontrolador MC 80CS535 para el control de un
proceso de manufactura de elevaciéon y seleccién de paquetes, como forma
alternativa a la légica cableada basada en relés y a la I6gica programada
basada en PLCs y PCs.

La logica de control se ha programado en lenguaje Assembler o lenguaje
de maquina en lugar de un lenguaje de alto nivel, como por ejemplo el
lenguaje ladder, con la finalidad de minimizar el tiempo de ejecucion del
programa de control y espacio de memoria.

Para procesar las sefales de entrada provenientes de los sensores se
construyé una tarjeta de interfaz con un numero especifico de entradas, para
el proceso en particular, a muy bajo costo. De igual manera se ha construido
la tarjeta de interfaz para las sefales de salida, mediante las cuales se
puede energizar o desenergizar electrovalvulas. Estas salidas han sido a
relé por cuanto la frecuencia de conmutacién, en nuestro caso, es baja.

La programacion ha sido mediante una PC directamente en conexidon en
protocolo RS232. No se ha requerido ninguna interfaz de comunicacion,
como usualmente requieren la mayoria de PLCs para ser programadas por
una PC, por cuanto éstas usan protocolo de comunicacién basados en el

RS4865.
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Por lo tanto, adicionalmente a las ventajas técnicas, se ha logrado
ventajas econdmicas en el software, en las tarjetas de interfaz de entrada y
de salida, y en el costo minimo del microcontrolador. Como es sabido el
software para la mayoria de marcas de PLCs en lenguaje Ladder o lista de
instrucciones cuesta no menos de 400 dolares USA. Ademas, para un
numero de ocho entradas y un numero de tres salidas, el PLC mas pequeno
(nano PLC) y su interfaz para programacion cuesta no menos de 450 ddlares
USA. Siendo el costo de la tarjeta universal compuboard 80C535, que
contiene al microcontrolador, de 220 ddlares USA vy siendo el software de
programacion y el manual de instrucciones gratuito, pues se encuentra a
disposicion en internet, y siendo ademas el costo de las tarjetas de interfaz
de entradas y salidas de aproximadamente 30 dolares américanos, podemos
notar entonces claramente la ventaja econdémica, 250 délares contra 850
délares.

Por lo expuesto, se han cumplido con los objetivos de este trabajo de
tesis que fueron: costo minimo de equipamiento, consumo minimo de
energia y pérdida minima por disipacién. La comparacion se ha realizado
con un Nano PLC no se ha tenido en cuenta a otros dispositivos que han
salido al mercado durante la realizacion de esta tesis, cuyos costos resultan

ser menores al microcontrolador 80C535.
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ANL <dest-byte>, <src-byte>

Function: Logical AND for byte variables

Description:  ANL performs the bitwise logical AND operation between the variables indicated
and stores the results in the destination variable. No flags are affected.
The two operands allow six addressing mode combinations. When the destination
is @ accumulator, the source can use register, direct, register-indirect, orimmediate
addressing; when the destination is a direct address, the source can be the
accumulator or immediate data.
Note:
When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins.

Example: If the accumulator holds 0C3p (11000011B) and register O holds 0AAH
(10101010B) then the instruction
ANL A,RO
will leave 81 (10000001B) in the accumulator.
When the destination is a directly addressed byte, this instruction will clear
combinations of bits in any RAM location or hardware register. The mask byte
determining the pattern of bits to be cleared would either be a constant contained
in the instruction or a value computed in the accumulator at run-time.
The instruction
ANL P1,#01110011B
will clear bits 7, 3, and 2 of output port 1.

ANL A,Rn

Operation: ANL
(A) < (A) A~ (Rn)

Encoding: 0101 1rrr

Bytes: 1

Cycles: 1
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ANL A,direct

Operation: ANL
(A) « (A) A (direct)

Encoding: 0101|0101 direct address
Bytes: 2

Cycles: 1

ANL A, @Ri

Operation: ANL
(A) « (A) A ((R))

Encoding: 0101/0114i,]
Bytes: 1

Cycles: 1

ANL A, #data

Operation: ANL
(A) « (A) A #data

Encoding: 0101|0100 immediate data
Bytes: 2

Cycles: 1

ANL direct,A

Operation: ANL
(direct) « (direct) A (A)

Encoding: 01010101 | direct address J
Bytes: 2
Cycles: 1
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ANL direct, #data

Operation: ANL
(direct) « (direct) A #data

Encoding:
Bytes: 3
Cycles: 2

Semiconductor Group

I direct address :l
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ANL C, <src-bit>
Function: Logical AND for bit variables

Description:  If the Boolean value of the source bit is a logic O then clear the carry flag; otherwise
leave the carry flag in its current state. A slash ("/’ preceding the operand in the
assembly language indicates that the logical complement of the addressed bit is
used as the source value, but the source bit itself is not affected. No other flags are
affected.

Only direct bit addressing is allowed for the source operand.

Example: Set the carry flag if, and only if, P 10 =1, ACC.7 =1, and OV =0:
MOV C,P10 ; Load carry with input pin state
ANL C,ACC.7 ; AND carry with accumulator bit 7
ANL C,/0ov ; AND with inverse of overflow flag
ANL C,bit

Operation: ANL
(C) « (C) A (bit)

Encoding: 1000(0010 bit address
Bytes:

Cycles: 2

ANL C,/bit

Operation: ANL
(C) « (C) A — (bit)

Encoding: 1011,0000 bit address
Bytes: 2
Cycles: 2
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CLR A
Function: Clear accumulator

Description:  The accumulator is cleared (all bits set to zero). No flags are affected.

Example: The accumulator contains 5Cp (01011100B). The instruction
CLR A

will leave the accumulator set to 00 (00000000B).
Operation: CLR

(A) <0
Encoding: 1110|0100
Bytes: 1
Cycles: 1
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CLR bit
Function: Clear bit

Description:  The indicated bit is cleared (reset to zero). No other flags are affected. CLR can
operate on the carry flag or any directly addressable bit.

Example: Port 1 has previously been written with 5D (01011101B). The instruction
CLR P1.2

will leave the port set to 594 (01011001B).

CLR C
Operation: CLR
(C)«0
Encoding: {1 100[001 1]
Bytes: 1
Cycles: 1
CLR bit
Operation: CLR
(bit) « 0
Encoding: 11000010 bit address —[
Bytes: 2
Cycles: 1
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DJNZ <byte>, < rel-addr>

Function:

Description:

Example:

Semiconductor Group

Decrement and jump if not zero

DJNZ decrements the location indicated by 1, and branches to the address

indicated by the second operand if the resulting value is not zero. An original value
of 00 will underflow to OFF . No fiags are affected. The branch destinatior: would
be computed by adding the signed relative-displacement value in the last instruction
byte to the PC, after incrementing the PC to the first byte of the following instruction.

The location decremented may be a register or directly addressed byte.

Note:

When this instruction is used to modify an output port, the value used as the original
port data will be read from the output data latch, not the input pins.

Internal RAM locations 40, 50, and 60y contain the values, 01, 70, and 15,
respectively. The instruction sequence

DJNZ 40p4,LABEL_1
DJNZ 504,LABEL_2
DJNZ 60}4,LABEL_3

will cause a jump to the instruction at label LABEL _2 with the values 00, 6FR, and
15K inthe three RAM locations. Thefirst jump was nottaken because the result was
zero.

This instruction provides a simple way of executing a program loop a given number
of times, or for adding a moderate time delay (from 2 to 512 machine cycles) with a
single instruction. The instruction sequence

MOV R2, #8
TOGGLE: CPL P1.7
DJNZ R2,TOGGLE

will toggle P1.7 eight times. causing four output pulses to appear at bit 7 of output
port 1. Each pulse will last three machine cycles; two for DJNZ and one to alter the

pin.
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Instruction Set

DJNZ Rn,rel

Operation: DJNZ
(PC) « (PC) + 2
(Rn) « (Rn) -1
if (Rn) >0 or (Rn) <0
then (PC) « (PC) + rel

Encoding: 1101 I| 1rrr |

Bytes: 2
Cycles: 2

DJNZ direct,rel

Operation: DJNZ
(PC) « (PC) + 2
(direct) « (direct) — 1

if (direct) > 0 or (direct) < 0

then (PC) « (PC) + rel

rel. address

Encoding: 11010101

direct address

rel. address |

Bytes: 3
Cycles: 2
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JB bit,rel
Function: Jump if bit is set

Description:  If the indicated bit is a one, jump to the address indicated; otherwise proceed with
the next instruction. The branch destination is computed by adding the signed
relative-displacement in the third instruction byte to the PC, after incrementing the
PC to the first byte of the next instruction. The bit tested is not modified. No flags
are affected.

Example: The data present at input port 1 is 11001010B. The accumulator holds 56
(01010110B). The instruction sequence

JB P1.2,LABEL1
JB ACC.2,LABEL2

will cause program execution to branch to the instruction at label LABEL2.

Operation: JB
{PC)e
if ( bt)

(PC)+3
=1
then (PC)« ( PC)+ rel

Encoding: 0010|0000 bit address rel. address

Bytes:
Cycles:
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JBC bit,rel

Function: Jump if bit is set and clear bit

Description:  If the indicated bit is one, branch to the address indicated; otherwise proceed with
the next instruction. /n either case, clear the designated bit. The branch destination
is computed by adding the signed relative displacement in the third instruction byte
to the PC, after incrementing the PC to the first byte of the next instruction. No flags
are affected.
Note:
When this instruction is used to test an output pin, the value used as the original
data will be read from the output data latch, not the input pin.

Example: The accumulator holds 56 (01010110B). The instruction sequence
JBC ACC.3,LABEL1
JBC ACC.2,LABEL2
will cause program execution to continue at the instruction identified by the label
LABELZ2, with the accumulator modified to 524 (01010010B).

Operation: JBC
(PC) « (PC) +3
if (bit) =1
then (bit) « O

(PC) « (PC) + rel

Encoding: bit address rel. address

Bytes: 3

Cycles: 2
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JC rel
Function:

Description:

Example:

Operation:

Encoding:

Bytes:
Cycles:

Jump if carry is set

If the carry flag is set, branch to the address indicated; otherwise proceed with the
next instruction. The branch destination is computed by adding the signed relative-
displacement in the second instruction byte to the PC, after incrementing the PC
twice. No flags are affected.

The carry flag is cleared. The instruction sequence

JC LABEL1
CPL C
JC LABEL2

will set the carry and cause program execution to continue at the instruction
identified by the label LABEL2.

JC

(PC) « (PC) + 2

if (C)=1

then (PC) « (PC) + rel

0100[(0000| rel. address

2
2
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JMP @A + DPTR
Function: Jump indirect
Description:  Add the eight-bit unsigned contents of the accumulator with the sixteen-bit data
pointer, and load the resulting sum to the program counter. This will be the address
for subsequent instruction fetches. Sixteen-bit addition is performed (modulo 2€): a
carry-out from the low-order eight bits propagates through the higher-order bits.
Neither the accumulator nor the data pointer is altered. No flags are affected.
Example: An even number from 0 to 6 is in the accumulator. The following sequence of
instructions will branch to one of four AUMP instructions in a jump table starting at
JMP_TBL:
MOV DPTR, #JMP_TBL
JMP @A + DPTR
JMP_TBL: AJMP LABELO
AJMP LABEL1
AJMP LABEL2
AJMP LABELS3
If the accumulator equals 04 ywhen starting this sequence, execution will jump to
label LABEL2. Remember that AUMP is a two-byte instruction, so the jump
instructions start at every other address.
Operation: JMP
(PC) « (A) + (DPTR)
Encoding: 0111({0011
Bytes: 1
Cycles: 2
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JNB bit,rel

Function: Jump if bit is not set

Description:  Ifthe indicated bit is a zero, branch to the indicated address; otherwise proceed with
the next instruction. The branch destination is computed by adding the signed
relative-displacement in the third instruction byte to the PC, after incrementing the
PC to the first byte of the next instruction. 7he bit tested is not modified. No flags
are affected.

Example: The data present at input port 1 is 11001010B. The accumulator holds 56
(01010110B). The instruction sequence
JNB P1.3,LABEL1
JNB ACC.3,LABEL2
will cause program execution to continue at the instruction at label LABEL2.

Operation: JNB
(PC) « (PC) + 3
if (bit) =0
then (PC) « (PC) + rel.

Encoding: 0011/{0000 bit address rel. address

Bytes:

Cycles:
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JNC rel
Function:

Description:

Example:

Operation:

Encoding:

Bytes:
Cycles:

Jump if carry is not set

If the carry flag is a zero, branch to the address indicated; otherwise proceed with
the next instruction. The branch destination is computed by adding the signed
relative-displacement in the second instruction byte to the PC, after incrementing
the PC twice to point to the next instruction. The carry flag is not modified.

The carry flag is set. The instruction sequence

JNC LABEL1
CPL C
JNC LABEL2

will clear the carry and cause program execution to continue at the instruction
identified by the label LABEL2.

JINC
(PC) « (PC) + 2
if (C)=0

then (PC) « (PC) + rel

0101|0000 rel. address
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JNZ rel
Function:

Description:

Example:

Operation:

Encoding:

Bytes:
Cycles:

Jump if accumulator is not zero

If any bit of the accumulator is a one, branch to the indicated address; otherwise
proceed with the next instruction. The branch destination is computed by adding the
signed relative-displacement in the second instruction byte to the PC, after
incrementing the PC twice. The accumulator is not modified. No flags are affected.

The accumulator originally holds 00. The instruction sequence

JNZ LABEL1
INC A
JNZ LABEL2

will set the accumulator to 014 and continue at label LABELZ2.
JNZ

(PC) « (PC) + 2

if (A)#0

then (PC) « (PC) + rel.

0111|000 01 rel. address
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JZ rel
Function:

Description:

Example:

Operation:

Encoding:

Bytes:
Cycles:

Jump if accumulator is zero

If all bits of the accumulator are zero, branch to the address indicated; otherwise
proceed with the next instruction. The branch destination is computed by adding the
signed relative-displacement in the second instruction byte to the PC, after
incrementing the PC twice. The accumulator is not modified. No flags are affected.

The accumulator originally contains 01. The instruction sequence

JZ LABELA1
DEC A
JZ LABEL2

will change the accumulator to 00 and cause program execution to continue at the
instruction identified by the label LABEL2.

Jz
(PC) « (PC) + 2
if (A) = 0

then (PC) « (PC) + rel

0110|0000 ' rel. address

2
2
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LCALL addri16
Function: Long call

Description:  LCALL calls a subroutine located at the indicated address. The instruction adds
three to the program counter to generate the address of the next instruction and
then pushes the 16-bit result onto the stack (low byte first), incrementing the stack
pointer by two. The high-order and low-order bytes of the PC are then loaded,
respectively, with the second and third bytes of the LCALL instruction. Program
execution continues with the instruction at this address. The subroutine may
therefore begin anywhere in the full 64 Kbyte program memory address space. No
flags are affected.

Example: Initially the stack pointer equals 07. The label "SUBRTN" is assigned to program
memory location 1234 . After executing the instruction

LCALL SUBRTN

at location 0123y, the stack pointer will contain 09, internal RAM locations 08
and 09y will contain 264 and 01p, and the PC will contain 1234p.

Operation: LCALL
(PC) < (PC)+3
(SP) « (SP) + 1
((SP)) « (PC7-0)
(SP) « (SP) + 1
((SP)) « (PC15-8)
(PC) « addr15-0

Encoding: addr15 . . addr8 addr7 . . addr0

Bytes:
Cycles:
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MOV <dest-byte>, <src-byte>
Function: Move byte variable

Description:  The byte variable indicated by the second operand is copied into the location
specified by the first operand. The source byte is not affected. No other register or
flag is affected.

This is by far the most flexible operation. Fifteen combinations of source and
destination addressing modes are allowed.

Example: Internal RAM location 30 holds 40. The value of RAM location 40 is 10. The
data present at input port 1is 11001010B (0CAR).
MOV RO, #30H ; RO < = 30K
MOV A, @RO ; A < =40y
MOV R1,A ; R1 < =404
MOV B, @R1 ; B<=10Q
MOV @R1,P1 ; RAM (40p) < = 0CAH
MOV P2,P1 ; P2 < =0CAH

leaves the value 30y in register 0, 40y in both the accumulator and register 1, 10
in register B, and 0CA (11001010B) both in RAM location 40 and output on

port 2.
MOV A,Rn
Operation: MOV

(A) « (Rn)
Encoding: |1 110 1rrr
Bytes: 1
Cycles: 1

MOV A,direct *)

Operation: MOV
(A) « (direct)

Encoding: :  direct address
Bytes: 2
Cycles: 1

*) MOV A,ACC is not a valid instruction.
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MOV A,@Ri
Operation: MOV

(A) « ((Ri))
Encoding: 1110[011i
Bytes: 1
Cycles: 1

MOV A, #data
Operation: MOV

(A) « #data
Encoding: immediate data J
Bytes: 2
Cycles: 1
MOV Rn,A
Operation: MOV
(Rn) « (A)
Encoding: 11111 rEr_
Bytes: 1
Cycles: 1

MOV Rn,direct

Operation: MOV
(Rn) « (direct)

Encoding: 1010 1rrr direct address
Bytes: 2
Cycles: 2
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MOV Rn, #data

Operation: MOV
(Rn) « #data

Encoding: O111! 1rrr | immediate data
Bytes: 2
Cycles: 1

MOV direct,A

Operation: MOV
(direct) « (A)

Encoding: direct address

Bytes: 2

-t

Cycles:

MOV direct,Rn

Operation: MOV
(direct) « (Rn)

Encoding: 1000| 1rrr direct address

Bytes:
Cycles: 2

MOV direct,direct

Operation: MOV
(direct) « (direct)

dir.addr. (src) dir.addr. (dest)

L

Encoding:

Bytes:
Cycles: 2
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MOV direct, @ Ri

Operation: MOV
(direct) « ((Ri))

Encoding: 1000/ 011/ direct address
Bytes: 2
Cycles: 2

MOV direct, #data

Operation: MOV
(direct) « #data

Encoding: 0111;0101 . direct address | | immediate data |

Bytes:

N

Cycles:

MOV @ Ri,A

Operation: MOV
((Ri)) « (A)

Encoding: 1111011
Bytes: 1
Cycles: 1

MOV @ Ri,direct

Ooeration: MOV
((Ri)) « (direct)

Encoding: 10100111 direct address

Bytes:

N

Cycles:
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MOV @ Ri,#data

Operation: MOV
((Ri)) « #data

Encoding: O111{011 } immediate data
Bytes: 2
Cycles: 1
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MOV <dest-bit>, <src-bit>

Function: Move bit data

Description:  The Boolean variable indicated by the second operand is copied into the location
specified by the first operand. One of the operands must be the carry flag; the other
may be any directly addressable bit. No other register or flag is affected.

Example: The carry flag is originally set. The data present at input port 3 is 11000101B. The
data previously written to output port 1 is 35 (00110101B).
MOV P1.3,C

MOV C,P3.3
MOV P1.2,C

will leave the carry cleared and change port 1 to 39 (00111001 B).

MOV C,bit
Operation: MOV
(C) « (bit)
Encoding: 10100010 bit address
Bytes: 2
Cycles: 1
MOV bit,C
Operation: MOV
(bit) « (C)
Encoding: 1001|0010 bit address
Bytes:
Cycles: 2
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MOV DPTR, #data16
Function: Load data pointer with a 16 -bitconstant

Description:  The data pointer is loaded with the 16 -bitconstant indicated. The 16 bit constant is
loaded into the second and third bytes of the instruction. The second byte (DPH) is
the high-order byte, while the third byte (DPL) holds the low-order byte. No flags are
affected.

This is the only instruction which moves 16 bits of data at once.
Example: The instruction
MOV DPTR, #1234y

will load the value 1234 into the data pointer: DPH will hold 12 and DPL will hold
34n.
Operation: MOV
(DPTR) « #data15-0
DPH O DPL « #data15-8 (] #data7-0

Encoding: 1001|0000 immed. data 15...8 immed.data7...0

Bytes:
Cycles:
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MOVC A, @A + <base-reg>

Function:

Description:

Example:

Move code byte

The MOVC instructions load the accumulator with a code byte, or constant from
program memory. The address of the byte fetched is the sum of the original
unsigned eight-bit accumulator contents and the contents of a sixteen-bit base
register, which may be either the data pointer or the PC. In the latter case, the PC
is incremented to the address of the following instruction before being added to the
accumulator; otherwise the base register is not altered. Sixteen-bit addition is
performed so a carry-out from the low-order eight bits may propagate through
higher-order bits. No flags are affected.

A value between 0 and 3 is in the accumulator. The following instructions will
translate the value in the accumulator to one of four values defined by the DB
(define byte) directive.

REL_PC: INC A
MOVC A, @A + PC
RET
DB 66K
DB 77TH
DB 88H
DB 99H

If the subroutine is called with the accumulator equal to 01, it will return with 774
in the accumulator. The INC A before the MOVC instruction is needed to "get
around” the RET instruction above the table. If several bytes of code separated the
MOVC from the table, the corresponding number would be added to the
accumulator instead.

MOvC A, @A + DPTR

Operation:

Encoding:

Bytes:
Cycles:

MOVC
(A) « ((A) + (DPTRY))

[1o01][0011
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MOVC A, @A + PC
Operation: MOVC
(PC) « (PC) + 1
(A) < ((A) + (PC))

Encoding: 1000/0011 |
Bytes: 1
Cycles: 2
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MOVX <dest-byte>, <src-byte>

Function:

Description:

Example:

Move external

The MOVX instructions transfer data between the accumulator and a byte of
external data memory, hence the "X” appended to MOV. There are two types of
instructions, differing in whether they provide an eight bit or sixteen-bit indirect
address to the external data RAM.

In the first type, the contents of RO or R1 in the current register bank provide an
eight-bit address multiplexed with data on PO. Eight bits are sufficient for external
I/O expansion decoding or a relatively small RAM array. For somewhat larger
arrays, any output port pins can be used to output higher-order address bits. These
pins would be controlled by an output instruction preceding the MOVX.

In the second type of MOVX instructions, the data pointer generates a sixteen-bit
address. P2 outputs the high-order eight address bits (the contents of DPH) while
PO multiplexes the low-order eight bits (DPL) with data. The P2 special function
register retains its previous contents while the P2 output buffers are emitting the
contents of DPH. This form is faster and more efficient when accessing very large
data arrays (up to 64 Kbyte), since no additional instructions are needed to set up
the output ports.

It is possible in some situations to mix the two MOV X types. A large RAM array with
its high-order address lines driven by P2 can be addressed via the data pointer, or
with code to output high-order address bits to P2 followed by a MOVX instruction
using RO or R1.

An extemal 256 byte RAM using multiplexed address/data lines (e.g. an SAB 8155
RAM/I/O/timer) is connected to the SAB 80(c)5XX port 0. Port 3 provides control
lines for the external RAM. Ports 1 and 2 are used for normal I/O. Registers 0 and
1 contain 12y and 34. Location 34 of the external RAM holds the value 56. The
instruction sequence

MOVX A, @R1
MOVX @RO,A

copies the value 56 into both the accumulator and external RAM location 12.
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MOVX A,@Ri
Operation: MOVX

(A) < ((Ri)
Encoding: 1110001
Bytes:
Cycles: 2

MOVX A,@DPTR

Operation: MOVX
(A) « ((DPTRY))

Encoding: 1110/0000]
Bytes: 1
Cycles: 2

MOVX @Ri,A
Operation: MOVX

((Ri)) « (A)
Encoding: 1111/001i|
Bytes:
Cycles: 2

MOVX @DPTR,A

Operation: MOVX
((DPTR)) « (A)

Encoding: 1111/0000

Bytes:
Cycles: 2
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NOP
Function:

Description:

Example:

Operation:
Encoding:

Bytes:
Cycles:

No operation

Execution continues at the following instruction. Other than the PC, no registers or
flags are affected.

It is desired to produce a low-going output pulse on bit 7 of port 2 lasting exactly 5
cycles. A simple SETB/CLR sequence would generate a one-cycle pulse, so four
additional cycles must be inserted. This may be done (assuming no interrupts are
enabled) with the instruction sequence

CLR P27
NOP
NOP
NOP
NOP
SETB P2.7

NOP

0000|00O0O0
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SETB <bit>
Function: Set bit

Description:  SETB sets the indicated bit to one. SETB can operate on the carry flag or any
directiy addressable bit. No other flags are affected.

Example: The carry flag is cleared. Output port 1 has been written with the value 34y
(00110100B). The instructions
SETB C
SETB P1.0
will leave the carry flag set to 1 and change the data output on port 1 to 35
(00110101B).
SETB C
Operation: SETB
(C) «1
Encoding: 11010011
Bytes: 1
Cycles: 1
SETB bit
Operation: SETB
(bit) « 1
Encoding: 1101(0010 bit address
Bytes: 2
Cycles: 1
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SJMP rel
Function:

Description:

Example:

Operation:

Encoding:

Bytes:
Cycles:

Short jump

Program control branches unconditionally to the address indicated. The branch
destination is computed by adding the signed displacement in the second
instruction byte to the PC, after incrementing the PC twice. Therefore, the range of

destinations allowed is from 128 bytes preceding this instruction to 127 bytes
following it.

The label "RELADR?” is assigned to an instruction at program memory location
0123y. The instruction

SJMP  RELADR

will assemble into location 0100. After the instruction is executed, the PC will
contain the value 0123.

Note:

Under the above conditions the instruction following SUMP will be at 102y.
Therefore, the displacement byte of the instruction will be the relative offset (0123~
0102W) = 21p. In other words, an SUMP with a displacement of OFE would be a
one-instruction infinite loop.

SIMP
(PC) « (PC) + 2
(PC) « (PC) + rel

rel. address
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Instruction Set Summary

Mnemonic I Description

Arithmetic Operations

Instruction Set

I Byte ICycle

ADD A,Rn Add register to accumulator 1 1
ADD A.direct Add direct byte to accumulator 2 _ 1
ADD A, @Ri Add indirect RAM to accumulator 1
ADD A,#data Add immediate data to accumulator 2 o
ADDC A,Rn Add register to accumulator with carry flag 1 1
ADDC A, direct Add direct byte to A with carry flag 2 _1—
ADDC A. @Ri Add indirect RAM to A with carry flag 1 1
ADDC A, #data Add immediate data to A with carry flag 2 1
SUBB A.Rn Subtract register from A with borrow 1 1
SUBB A, direct Subtract direct byte from A with borrow 2 1
SUBB A,@Ri Subtract indirect RAM from A with borrow 1 1
SUBB A, #data Subtract immediate data from A with borrow 2 1
INC A Increment accumulator 1 1
INC Rn Increment register 1 K
INC direct Increment direct byte 2 1
INC @Ri Increment indirect RAM 1 1
DEC A Decrement accumulator 1 1
DEC Rn Decrement register 1 1
DEC  direct Decrement direct byte 2 1
DEC @Ri | Decrement indirect RAM 1 1
INC DPTR Increment data pointer 1 2
MUL AB Multiply A and B 1 4
DIV AB Divide A by B 1 4
DA A Decimal adjust accumulator 1 1

Semiconductor Group

209



SIEMENS

Instruction Set Summary (cont'd)

Mnemonic

Logic Operations

I Description

Instruction Set

I Byte I Cycle

ANL  ARn AND register to accumulator 1 1
ANL  A,direct AND direct byte to accumulator 2 K
ANL A @Ri AND indirect RAM to accumulator T
ANL A #data AND immediate data to accumulator 2 - 1
ANL direct,A AND accumulator to direct byte 2 1
ANL direct,#data AND immediate data to direct byte 3 - 2
ORL A,Rn OR register to accumulator 1 1
ORL  A.direct OR direct byte to accumulator 2 1
ORL A,@Ri OR indirect RAM to accumulator 1 1
ORL A,#data OR immediate data to accumulator 2 1
ORL  direct,A OR accumulator to direct byte 2 1
ORL  direct,#data OR immediate data to direct byte 3 2
XRL A,Rn Exclusive OR register to accumulator 1 1
XRL A direct Exclusive OR direct byte to accumulator 2 1
XRL A,@Ri Exclusive OR indirect RAM to accumulator 1 1
XRL  A,#data Exclusive OR immediate data to accumulator 2 1
XRL  direct,A Exclusive OR accumulator to direct byte 2 [k
XRL  direct,#data Exclusive OR immediate data to direct byte 3 2
CLR A Clear accumulator 1 1
CPL A Complement accumulator 1 1
RL A Rotate accumulator left 1 1
RLC A Rotate accumulator left through carry 1 - 1
RR A Rotate accumulator right 1 - 1
RRC A Rotate accumulator right through carry 1 1
SWAP A Swap nibbles within the accumulator 1 1

Semiconductor Group

210



SI EM E N S Instruction Set

Instruction Set Summary (cont'd)

Mnemonic I Description I Byte I Cycle

Data Transfer

MOV  ARn Move register to accumulator 1 T
MOV A direct Move direct byte to accumulator 2 T
MOV A @Ri Move indirect RAM to accumulator 1 1
MOV A #data Move immediate data to accumulator 2 IE
MOV  Rn,A Move accumulator to register 1 1
MOV  Rn,direct Move direct byte to register 2 2
MOV  Rn,#data Move immediate data to register 2 1
MOV  direct,A Move accumulator to direct byte 2 N 1
MOV  direct,Rn Move register to direct byte 2 2
MOV  direct,direct Move direct byte to direct byte 3 2
MOV  direct, @Ri Move indirect RAM to direct byte 2 2
MOV  direct,#data Move immediate data to direct byte 3 2
MOV  @RiA Move accumulator to indirect RAM 1 1
MOV  @Ri,direct Move direct byte to indirect RAM 2 2
MOV @RI, #data Move immediate data to indirect RAM 2 1
MOV DPTR, #data16 | Load data pointer with a 16-bit constant 3 2
MOVC A,@A + DPTR | Move code byte relative to DPTR to accumulator 1 2
MOVC A,@A + PC Move code byte relative to PC to accumulator 1 2
MOVX A, @Ri Move external RAM (8-bit addr.) to A 1 2
MOVX A,@DPTR Move external RAM (16-bit addr.) to A 1 2
MOVX @Ri,A Move A to extemal RAM (8-bit addr.) 1 2
MOVX @DPTR,A Move A to external RAM (16-bit addr.) 1 2
PUSH direct Push direct byte onto stack 2 2
POP  direct Pop direct byte from stack 2 2
XCH A,Rn Exchange register with accumulator 1 1
XCH  A.direct Exchange direct byte with accumulator 2 1
XCH A, @Ri Exchange indirect RAM with accumulator 1 1
XCHD A,@Ri Exchange low-order nibble indir. RAM with A 1 1

*) MOV A,ACC is not a valid instruction
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Instruction Set Summary (cont'd)

Mnemonic I Description I Byte I Cycle

Boolean Variable Manipulation

CLR C Clear carry flag 1 1
CLR  bit Clear direct bit 2 1
SETB C Set carry flag 1 1
SETB bit Set direct bit 2 1
CPL C Complement carry flag 1 1
CPL bit Complement direct bit 2 |1
ANL  C.bit AND direct bit to carry flag 2 2
ANL  C,/bit AND complement of direct bit to carry 2 2
ORL  C,bit | OR direct bit to carry flag 2 2
ORL C,/bit OR complement of direct bit to carry 2 2
MOV  C,bit Move direct bit to carry flag 2 1
MOV  bit,C Move carry flag to direct bit 2 - 2
Program and Machine Control

ACALL addr11 Absolute subroutine call 2 2
LCALL addri16 Long subroutine call 3 2
RET Return from subroutine 1 2
RETI Return from interrupt 1 2
AJMP  addri1 Absolute jump 2 2
LJMP addr16 Long iump 3 2
SIJMP  rel Short jump (relative addr.) 2 2
JMP @A +DPTR Jump indirect relative to the DPTR 1 2
JZ rel Jump if accumulator is zero 2 2
JNZ  rel ' Jump if accumulator is not zero 2 2
JC rel Jump if carry flag is set 2 I2
JNC rel Jump if carry flag is not set 2 2
JB bit,rel Jump if direct bit is set 3 2
JNB bit,rel Jump if direct bit is not set 3 2
JBC bit,rel Jump if direct bit is set and clear bit 3 2
CJNE A, direct,rel f Compare direct byte to A and jump if not equal 3 2
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Instruction Set Summary (cont'd)

Mnemonic Description Byte |Cycle

Program and Machine Control (cont'd)

CJUNE A, #data,rel Compare immediate to A and jump if not equal 3 2
CJNE Rn,#data rel Compare immed. to reg. and jump if not equal 3 2
CJNE @Ri#data,rel | Compare immed. to ind. and jump if not equal 3 2
DJNZ Rn,rel Decrement register and jump if not zero 2 2
DJNZ direct,rel Decrement direct byte and jump if not zero 3 2
NOP No operation 1 1
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Device Specifications

Pin Definitions and Functions

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P4.0-P4.7

1-3, 5-9

72-74,
76-80

I/0

Port 4

is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 4 pins that
have 1’s written to them are pulled high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 4 pins being externally pulled low will
source current (/,_in the DC
characteristics) because of the internal
pullup resistors.

75

Power saving mode enable

A low level on this pin enables the use of
the power saving modes (idle mode and
power-down mode). When PE is held on
high level it is impossible to enter the
power saving modes.

10

Reset pin

A low level on this pin for the duration of
two machine cycles while the oscillator is
running resets the SAB 80C515. A small
internal pullup resistor permits power-on
reset using only a capacitor connected
to Vss.

V AREF

11

Reference voltage for the A/D convertér_

VaGND

12

Reference ground for the A/D converter

P6.7-P6.0

13-20

5-12

Port 6

is an 8-bit undirectional input port. Port
pins can be used for digital input if voltage
levels simultaneously meet the
specifications for high/low input voltages
and for the eight multiplexed analog inputs
of the A/D converter.
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Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P3.0-P3.7

21-28

15-22

I/O

Port 3

is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 3 pins that
have1's written to them are pulled high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 3 pins being externally pulled low will
source current (/;, in the DC
characteristics) because of the internal
pullup resistors. Port 3 also contains the
interrupt, timer, serial port and externa!
memory strobe pins that are used by
various options. The output latch
corresponding to a secondary function
must be programmed to a one (1) for that
function to operate. The secondary
functions are assigned to the pins of port
3, as follows:

— RxD (P3.0): serial port's receiver data
input (asynchronous) or data input/
output (synchronous)

— TxD (P3.1): serial port's transmitter data
output
(asynchronous) or clock output
(synchronous)

— INTO (P3.2): interrupt 0 input/timer 0
gate control input

— INT1 (P3.3): interrupt 1 input/timer 1
gate control input

— T0 (P3.4): counter 0 input
— T1 (P3.5): counter 1 input

- WR (P3.6): the write control signal
latches the data byte from port 0 into the
external data memory

- RD (P3.7): the read control signal
enables the external data memory to
port O
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Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

P1.7-P1.0

29-36

Semiconductor Group

24-31

l/0

Port 1

is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 1 pins that
have 1’s written to them are pulled high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 1 pins being externally pulled low will
source current (/, in the DC
characteristics) because of the internal
pullup resistors. The port is used for the
low-order address byte during program
verification. Port 1 also contains the
interrupt, timer, clock, capture and
compare pins that are used by various
options. The output latch corresponding to
a secondary function must be
programmed to a one (1) for that function
to operate (except when used for the
compare functions). The secondary
functions are assigned to the port 1 pins
as follows:

- 3/CCO (P1.0): interrupt 3 input/
compare 0 output/capture 0 input

— INT4/CC1 (P1.1): interrupt 4 input/
compare 1 output/capture 1 input

— INTS/CC2 (P1.2): interrupt 5 input/
compare 2 output/capture 2 input

— INT6/CC3 (P1.3): interrupt 6 input/
compare 3 output/capture 3 input

—~ INT2 (P1.4): interrupt 2 input

- T2EX (P1.5): timer 2 external reload
trigger input

— CLKOUT (P1.6): system clock output

— T2 (P1.7): counter 2 input
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Pin Definitions and Functions (cont'd)

Symbol |Pin Pin
P-LCC-68 |P-MQFP-80

Input (1)
Output (O)

Function

XTAL2 39 36
XTALA1 40 37

XTAL2

Input to the inverting oscillator amplifier
and input to the internal clock generator
circuits.

XTAL1

Output of the inverting oscillator amplifier.
To drive the device from an external clock
source, XTAL2 should be driven, while
XTALA1 is left unconnected. There are no
requirements on the duty cycle of the
external clock signal, since the input to the
internal clocking circuitry is divided down
by a divide-by-two flip-flop. Minimum and
maximum high and low times and rise/fall
times specified in the AC characteristics
must be observed.

P2.0-P2.7 |41-48 38-45 1/0O

Port 2

is an 8-bit bidirectional I1/0 port with
internal pullup resistors. Port 2 pins that
have 1's written to them are pulled high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 2 pins being externally pulled low will
source current (/,_ in the DC
characteristics) because of the internal
pullup resistors.

Port 2 emits the high-order address byte
during fetches from external program
memory and during accesses to external
data memory that use 16-bit addresses
(MOVX@DPTR). In this application it
uses strong internal pullup resistors when
issuing 1’s. During accesses to external
data memory that use 8-bit addresses
(MOVX@Ri), port 2 issues the contents of
the P2 special function register.
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Pin Definitions and Functions (cont'd)

Symbol

Pin
P-LCC-68

Pin
P-MQFP-80

Input (1)
Output (O)

Function

PSEN

49

47

O

The Program store enable

output is a control signattihat enables the
external program memory to the bus
during external fetch operations. It is
activated every six oscillator periods,
except during external data memory
accesses. The signal remains high during
internal program execution.

ALE

50

48

The Address latch enable

output is used for latching the address into
external memory during normal operation.
It is activated every six oscillator periods,
except during an external data memory
access.

51

49

External access enable

When held high, the SAB 80C515
executes instructions from the internal
ROM as long as the PC is less than 8192.
When held low, the SAB 80C515 fetches
all instructions from external program
memory. For the SAB 80C535 this pin
must be tied low.

P0.0-P0O.7

52-59

52-59

I/O

Port 0

is an 8-bit open-drain bidirectional 1/0
port.

Port O pins that have 1’s written to them
float, and in that state can be used as
high-impedance inputs.

Port O is also the multiplexed low-order
address and data bus during accesses to
external program and data memory. In
this application it uses strong internal
pullup resistors when issuing 1’s.

Port 0 also outputs the code bytes during
program verification in the SAB 80C515.
External pullup resistors are required
during program verification.
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Pin Definitions and Functions (cont'd)

Symbol |Pin Pin Input (1) Function
P-LCC-68 |P-MQFP-80 |Output (O)

P5.7-P5.0 |60-67 60-67 11O Port 5 is an 8-bit bidirectional I/O port with
internal pullup resistors. Port 5 pins that
have 1's written to them are pulled high by
the internal pullup resistors, and in that
state can be used as inputs. As inputs,
port 5 pins being externally pulled low will
source current

(1, in the DC characteristics) because of
the internal pullup resistors.

Vee 37 33 - Supply voltage
during normal, idle, and power-down
operation. Internally connected to pin 68.

Vss 38 34 - Ground (0 V)

Vee 68 69 = Supply voltage
during normal, idle, and power-down
operation. Internally connected to pin 37.

N. C. - 2,13, 14, - Not connected

23, 32, 35, These pins of the P-MQFP-80 package
46, 50, 51, must not be connected
68, 70, 71
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Table 2: Special Function Registers - Functional Blocks

Block Symbol |Name Address Contents
after Reset
CPU ACC Accumulator OEOL " 004
B B-Register OFO0, " 004
DPH Data Pointer, High Byte 834 00y
DPL Data Pointer, Low Byte 821 00H
PSW Program Status Word Register oDoy 004
SP Stack Pointer 814 074
A/D- ADCON |A/D Converter Control Register opDsy " 00X0 0000g 2
Converter ADDAT A/D Converter Data Register 0D9y 00y
DAPR D/A Converter Program Register ODAy 00y
Interrupt ENO Interrupt Enable Register O 0A84 " 00y
System IEN1 Interrupt Enable Register 1 0B8y " 00y
IPO Interrupt Priority Register O 0ASy 00H
IP1 Interrupt Priority Register 1 0B9y X000 0000g 2
IRCON Interrupt Request Control Register |0COy " XX00 0000g2
TCON 2 | Timer Control Register 88y " 00y
T2CON 2) |Timer 2 Control Register ocsy " 004
00
Compare/ CCEN Comp./Capture Enable Reg. 0C1y 00y
Capture- |CCH1 Comp./Capture Reg. 1, High Byte |0C3y 004
Unit ICCH2  |Comp./Capture Reg. 2, High Byte |0C5 00y
(CCU) CCH3 Comp./Capture Reg. 3, High Byte |0C7y 00y
CCL1 Comp./Capture Reg. 1, Low Byte |0C2, 00
CCL2 Comp./Capture Reg. 2, Low Byte [0C44 00H
CCL3 Comp./Capture Reg. 3, Low Byte |0C6H 00y
CRCH Com./Rel./Capt. Reg. High Byte 0CBy 00H
CRCL Com./Rel./Capt. Reg. Low Byte 0CAy 00H
TH2 Timer 2, High Byte 0CDy 00y
TL2 Timer 2, Low Byte 0CCq 00H
T2CON Timer 2 Control Register ocsy v 00y

) Bit-addressable special function registers
2 This special function register is listed repeatedly since some bits of it also belong

to other functional blocks.

3 X means that the value is indeterminate and the location is reserved
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Table 2: Special Function Registers- Functional Blocks (cont'd)

Block Symbol |Name Address Contents
after Reset
Ports PO Port 0 80y " OFF
P1 Port 1 90y OFFy
P2 Port 2 0AOy " OFF4
P3 Port 3 oBOy " OFFy
P4 Port 4 OE8y ") OFFy
PS5 Port 5 OF8y ¥ OFF4
P6 Port 6, Analog/Digital Input 0DBH
Pow.Sav.M |PCON Power Control Register 87y 000X 0000g 2
odes |
Serial ADCON 2 |A/D Converter Control Reg. 10D8y, " 00X0 0000g 2
Channels PCON 2 |Power Control Register 87 000X 0000g 2
SBUF Serial Channel Buffer Reg. 99 0XXK?
SCON Serial Channel Control Reg. 98y " 004
Timer 0/ TCON Timer Control Register 88y " 00y
Timer 1 THO Timer 0, High Byte 8CH 00y
THA1 Timer 1, High Byte 8DH 00y
TLO Timer O, Low Byte 8AH 004
TL1 Timer 1, Low Byte 8By 00y
TMOD Timer Mode Register 89 00y
Watchdog  |IENO 2 Interrupt Enable Register 0 |0A8y " 00y
IEN1 2 Interrupt Enable Register 1 oB8y " 00y
IPO 2 Interrupt Priority Register O 0A9y X000 0000g 2
P12 Interrupt Priority Register 1 0B9y XX00 0000g

1) Bit-addressable special function registers

2 This special function register is listed repeatedly since some bits of it also belong
to other functional blocks.

3 X means that the value is indeterminate and the location is reserved
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/O Ports

The SAB 80C515 has six 8-bit I/0 ports and one 8-bit input port. Port 0 is an open-drain
bidirectional I/O port, while ports 1 to 5 are quasi-bidirectional I/O ports with internal pullup
resistors. That means, when configured as inputs, ports 1 to 5 will be pulled high and will source
current when externally pulled low. Port O will float when configured as input.

Port 0 and port 2 can be used to expand the program and data memory externally. During an
access to external memory, port 0 emits the low-order address byte and reads/writes the data
byte, while port 2 emits the high-order address byte. In this function, port 0 is not an open-drain
port, but uses a strong internal pullup FET. Ports 1 and 3 are provided for several alternate
functions, as listed below:

Port |Symbol |Function

P1.0 |TNT3/CCO |External interrupt 3 input, compare 0 output, capture 0 input

P1.1 |INT4/CC1 |External interrupt 4 input, compare 1 output, capture 1 input

P1.2 |INT5/CC2 |External interrupt 5 input, compare 2 output, capture 2 input

P1.3 |INT6/CC3 |External interrupt 6 input, compare 3 output, capture 3 input

P1.4 |INT2 External interrupt 2 input

P1.5 |T2EX Timer 2 external reload trigger input

P1.6 |CLKOUT |System clock output

P1.7 |T2 Timer 2 external count or gate input

P3.0 |RxD Serial port’s receiver data input (asynchronous) or data input/output
| (synchronous)

P3.1 iTxD Serial port’s transmitter data output (asynchronous) or clock output
‘ (synchronous)

P3.2 [INTO External interrupt O input, timer O gate control

P3.3 |INT1 External interrupt 1 input, timer 1 gate control

P3.4 |TO Timer 0 external counter input

P35 |T1 Timer 1 external counter input

P3.6 |WR External data memory write strobe

P3.7 :R’D External data memory read strobe

The SAB 80C515 has dual-purpose input port. As the ANx lines in the SAB 80515 (NMOS
version), the eight port lines at port 6 can be used as analog inputs. But if the input voltaggg at
port 6 meet the specified digital input levels (Vian d Vi), the port can also be u_sgd as digital
input port. Reading the special function register P6 allows the user to input the digital values
currently applied to the port pins. It is not necessary to select these modes by software; the
voltages applied at port 6 pins can be converted to digital values using the A/D converter and
at the same time the pins can be read via SFR P6.

It must be noted, however, that the results in port P6 bits will be indeterminate if the levels at
the corresponding pins are not within their respective V /Viy specificatiqns. Furthermore, it is
not possible to use port P6 as output lines. Special function register P6 is located at address

0DB,,.
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Serial Port

The serial port of the SAB 80C515 enables full duplex communication between microcontrol-
lers or between microcontroller and peripheral devices.
The serial port can operate in 4 modes:

Mode O: Shift register mode. Serial data enters and exits through RxD. TxD outputs the
shift clock. 8-bits are transmitted/received: 8 data bits (LSB first).
The baud rate is fixed at 1/12 of the oscillator frequency.

Mode 1: 10-bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits (LSB first), and a stop bit (1). The baud rate is variable.

Mode 2: 11-bits are transmitted (through RxD) or received (through TxD): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1).
The baud rate is programmable to either 1/32 or 1/64 of the oscillator frequency.

Mode 3: 11-bits are transmitted (through TxD) or received (through RxD): a start bit (0),
8 data bits (LSB first), a programmable 9th data bit, and a stop bit (1). Mode 3
is identical to mode 2 except for the baud rate. The baud rate in mode 3 is variable.

The variable baud rates in modes 1 and 3 can be generated by timer 1 or an internal
baud rate generator.

A/D Converter

The 8-bit A/D converter of the SAB 80C515 has eight multiplexed analog inputs (Port 6) and
uses the successive approximation method.

There are three characteristic time frames in a conversion cycle (see A/D converter
characteristics): the conversion time ¢, which is the time required for one conversion; the
sample time rg which is included in the conversion time and is measured from the start of the
conversion; the loadtime ¢, whichin turnis part of the sample time and also is measured from
the conversion start.

Within the load time 1, the analog input capacitance C; must be loaded to the analog inpult
voltage level. For the rest of the sample time rg, after the load time has passed, the selected
analog input must be held constant. During the rest of the conversion time /¢ the conversion
itself is actually performed. Conversion can be programmed to be single or continuous; at the
end of a conversion an interrupt can be generated.

A unique feature is the capability of internal reference voltage programming. The internal
reference voltages V,arer and V| yagno for the A/D converter both are programmable to one
of 16 steps with respect to the external reference voltages. This feature permits a conversion
with a smaller internal reference voltage range to gain a higher resolution.

In addition, the internal reference voltages can easily be adapted by software to the desired
analog input voltage range.

Figure 4 shows a block diagram of the A/D converter.
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Watchdog Timer

This feature is provided as a means of graceful recovery from a software upset. After an
external reset, the watchdog timer is cleared and stopped. It can be started and cleared by
software, but it cannot be stopped during active mode of the device. If the software fails to clear
the watchdog timer at least every 65532 machine cycles (about 65 ms if a 12 MHz oscillator
frequency is used), an internal reset will be initiated. The reset cause (external reset or reset
caused by the watchdog) can be examined by software. To clear the watchdog, two bits in two
different special function registers must be set by two consecutive instructions (bits IEN0.6 and
IEN1.6). This is done to prevent the watchdog from being cleared by unexpected opcodes.

It must be noted, however, that the watchdog timer is halted during the idle mode and power-
down mode of the processor (see section "Power Saving Modes" below).

Therefore, it is possible to use the idle mode in combination with the watchdog timer function.
But even the watchdog timer cannot reset the device when one of tihe power saving modes has
been is entered accidentally.

For these reasons several precautions are taken against unintentional entering of the power-
down or idle mode (see below).

Power Saving Modes

The ACMOS technology of the SAB 80C515 allows two new power saving modes of the device:
The idle mode and the power-down mode. These modes replace the power-down supply mode
via pin Vpg of the SAB 80515 (NMOS). The SAB 80C515 is supplied via

pins V¢ also during idle and power-down operation.

However, there are applications where unintentional entering of these power saving modes
must be absolutely avoided. Such critical applications often use the watchdog timer to prevent
the system from program upsets. Then accidental entering of the power saving modes would
even stop the watchdog timer and would circumvent the watchdog timer’s task of system
protection.

Thus, the SAB 80C515 has an extra pin that allows it to disable both of the power saving
modes. When pin PE is held high, idle mode and power-down mode are completely disabled
and the instruction sequences that are used for entering these modes (see below) will NOT
affect the normal operations of the device. When PE is held low, the use of the idle mode and
power-down mode is possible as described in the following sections.

Pin PE has a weak internal pullup resistor. Thus, when left open, the power saving modes are
disabled.

The Special Function Register PCON

In the NMOS version SAB 80515 the SFR PCON (address 87y) contains only bit SMOD; in the
CMOS version SAB 80C515 there are more bits used (see table 4).

The bits PDE, PDS and IDLE, IDLS select the power-down mode or the idle mode, respectively,
when the use of the power saving modes is enabled by pin PE (see next page).
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If the power-down mode and the idle mode are set at the same time, power-down takes prece-
dence.

Furthermore, register PCON contains two general purpose flags. For example, the flag bits
GFO0 and GF1 can be used to give anindication if an interrupt occurred during normal operation
orduring an idle. Then an instruction that activates Idle can also set one or both flag bits. When
idle is terminated by an interrupt, the interrupt service routine can examine the flag bits.

The reset value of PCON is 000X0000g.

Table 4

SFR PCON (87y)

SMOD PDS IDLS - GF1 GFO PDE IDLE 874
7 6 5 4 3 2 1 0

Symbol Position | Function

SMOD PCON.7 When set, the baud rate of the serial channel in mode 1, 2,

|3 is doubled.

PDS PCON.6 Power-down start bit. The instruction that sets the PDS flag
bit is the last instruction before entering the power-down
mode.

IDLS PCON.5 Idle start bit. The instruction that sets the IDLS flag bit is the
last instruction before entering the idle mode.

- PCON.4 Reserved

GF1 PCON.3 General purpose flag

GFO PCON.2 General purpose flag

PDE PCON.1 Power-down enable bit. When set, starting of the power-
down mode is enabled.

IDLE PCON.O Idle mode enable bit. When set, starting of the idle mode is
enabled.

Idle Mode

In the idle mode the oscillator of the SAB 80C515 continues to run, but the CPU is gated off
from the clock signal. However, the interrupt system, the serial port, the A/D converter, and all
timers with the exception of the watchdog timer are further provided with the clock. The CPU
status is preserved in its entirety: the stack pointer, program counter, program status word,
accumulator, and all other registers maintain their data during idle mode.

The reduction of power consumption, which can be achieved by this feature depends on the
number of peripherals running.
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If all timers are stopped and the A/D converter and the serial interface are not running, the
maximum power reduction can be achieved. This state is also the test condition for the idle
mode Icc (see DC characteristics, note 5).

So the user has to take care which peripheral should continue to run and which has to be
stopped during idle mode. Also the state of all port pins — either the pins controlled by their
latches or controlled by their secondary functions — depends on the status of the controller
when entering idle mode.

Normally the port pins hold the logical state they had at the time idle mode was activated. If
some pins are programmed to serve their alternate functions they still continue to output during
idle mode if the assigned function is on. This applies to the compare outputs as well as to the
clock output signal or to the serial interface in case it cannot finish reception or transmission
during normal operation. The control signals ALE and PSEN hold at logic high levels (see
table 5).

Table 5

Status of External Pins During Idle and Power-Down Mode
Last instruction executed from Last instruction executed from
internal code memory external code memory

Outputs Idle Power-down Idle Power-down

ALE High Low High Low

PSEN High Low High Low

PORT O Data Data Float Float

PdRT 1 Data/alternate Data/last Data/alternate Data/last
outputs output outputs output

PORT 2 Data Data Address Data

PORT 3 Data/alternate Data/last Data/alternate Data/last
outputs output outputs output

PORT 4 Data Data Data Data

PORT 5 Data Data Data Data

As in normal operation mode, the ports can be used as inputs during idle mode. Thus a capture
or reload operation can be triggered, the timers can be used to count external events, and
external interrupts will be detected.

The idle mode is a useful feature which makes it possible to “freeze" the processor's status -
either for a predefined time, or until an external event reverts the controller to normal operation,
as discussed below. The watchdog timer is the only peripheral which is automatically stopped
during idle mode. If it were not disabled on entering idle mode, the watchdog timer would reset
the controller, thus abandoning the idle mcde.
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When idle mode is used, pin PE must be held on low level. The idle mode is then entered by
two consecutive instructions. The first instruction sets the flag bit IDLE (PCON.0) and must not
set bit IDLS (PCON.5), the following instruction sets the start bit IDLS (PCON.5) and must not
set bit IDLE (PCON.0). The hardware ensures that a concurrent setting of both bits, IDLE and
IDLS, does not initiate the idle mode. Bits IDLE and IDLS will automatically be cleared after
being set. If one of these register bits is read the value that appears is Q (see table 4). This
double instruction is implemented to minimize the chance of an unintentional entering of the
idle mode which would leave the watchdog timer’s task of system protection without effect.

Note that PCON is not a bit-addressable register, so the above mentioned sequence for
entering the idle mode is obtained by byte-handling instructions, as shown in the following
example:

ORL PCON,#00000001g ;Set bit IDLE, bit IDLS must not be set

ORL PCON,#00100000g :Set bit IDLS, bit IDLE must not be set

The instruction that sets bit IDLS is the last instruction executed before going into idle mode.
There are two ways to terminate the idle mode:

— The idle mode can be terminated by activating any enable interrupt. This interrupt will
be serviced and normally the instruction to be executed following the RETI instruction
will be the one following the instruction that sets the bit IDLS.

-~ The other way to terminate the idle mode, is a hardware reset. Since the oscillator
is still running, the hardware reset must be held active only for two machine cycles
for a complete reset.

Power-Down Mode

In the power-down mode, the on-chip oscillator is stopped. Therefore all functions are stopped;
only the contents of the on-chip RAM and the SFR's are maintained.The port pins controlled by
their port latches output the values that are held by their SFR's.

The port pins which serve the alternate output functions show the values they had at the end
of the last cycle of the instruction which initiated the power-down mode; when the clockout
signal (CLKOUT, P1.6) is enabled, it will stop at low level. ALE and PSEN hold at logic low
level (see table 5).

To enter the power-down mode the pin PE must be on low level. The power-down mode then
is entered by two consecutive instructions. The first instruction has to set the flag bit PDE
(PCON.1) and must not set bit PDS (PCON.6), the following instruction has to set the start bit
PDS (PCON.6) and must not set bit PDE (PCON.1). The hardware ensures that a concurrent
setting of both bits, PDE and PDS, does not initiate the power-down mode. Bits PDE and PDS
will automatically be cleared after having been set and the value shown by reading one of these
bits is always 0O (see table 4). This double instruction is implemented to minimize the chance of
unintentionally entering the power-down mode which could possibly "freeze" the chip's activity
in an undesired status.
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Absolute Maximum Ratings

Ambient temperature under bias

SAB 80C515
SAB 80C515-T3
Storage temperature

Voltage on V¢ pins with respect to ground (Vgg)
Voltage on any pin with respect to ground (Vgg)

Input current on any pin during overload condition
Absolute sum of all input currents during overload condition

Power disipation

0to70°C

-40t0 85°C
-65t0 150 °C
-05t06.5V
-05to Vcc+ o5V
-10 mAto + 10 mA
1100 mAl

2W

Note Stresses above those listed under "Absolute Maximum Ratings" may cause permanent
damage of the device. This is a stress rating only and functional operation of the device
at these or any other conditions above those indicated in the operational sections of this
specification is not implied. Exposure to absolute maximurm rating conditions for longer
periods may affect device reliability. During overload conditions (VN> Vg or Vin < Vgg)
the Voltage on V¢ pins with respect to ground (Vgg) must not exeed the values defined
by the absolute maximum ratings.

DC Characteristics
Vec=5V £10 %; Vgg=0V

Ta=0to 70 °C for the SAB 80C515/80C535
T o=-401t0 85 °C for the SAB 80C515/80C535-T3

Parameter Symbol Limit values Unit :Test condition
min. max.
Input low voltage (except EA) ViL -0.5 0.2Vee |V -
-0.1
Input low voltage (EA) Vit -05 02Vee |V -
-0.3
Input high voltage Vin 02Vee |Vee v -
(except RESET and XTAL? +0.9 +0.5
Input high voltage to XTAL2 ViH1 0.7Vee |Vee v -
+ 0.5
Input high voltage to RESET Vin2 0.6 Vec |Vee v -
+ 0.5
Output low voltage, ports VoL - -045 |V loL=16mA"
1,2,3,4,5 J
Notes see page 251.
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DC Characteristics (cont'd)

Parameter Symbol Limit values |Unit |Test condition
min. max.

Output low voltage, port O, VoLt - 0.45 \Y lo.=32mA1)
ALE, PSEN
Output high voltage, ports VoH 2.4 - \Y oy =—80pA h
1,2,3,4,5 0'9VCC = Y [OH=—1O}1A
Output high voltage (port 0 in Vori 2.4 - \Y Ion =—400 pA
external bus mode, ALE, 09Vee |- v lop=—40pA?
PSEN)
Logic O input current, ports 1, 2, |/ -10 -70 HA Vin=045V
3,4,5
Input low current to RESET for ?1“_2 -10 -100 [pA  |Vy=045vV
reset |
Input low current (XTAL2) 113 - -15 HA | V=045V
Input low current (PE) Ly - -20 pA | V=045V
Logical 1-to-0 transition current, | /7 - 65 - 650 HA Un=2V
ports1,2,3,4,5 |
Input leakage current Ly - 1 HA (045 <V n< V(o
(port 0, port 6, ANO-7, EA) ‘
Pin capacitance Cio - 10 pF  |fc=1 MHz,

! Ta= 25 °C
Power-supply current:6 |
Active mode, 12 MHz ) - Icc - 35 mA  |Vee=5V4)
Idle mode, 12 MHz * Cice - 13 mA | oS
Active mode, 16 MHz ° IS 46 mA |’CC=
Idle mode, 16 MHz ® e | 17 mA |[Vec=5V 4
Power-down mode ; - S0 MA  lyec=5V9)

- Ipp

i Vcc=2Vt0 55V3)

Notes see page 251.
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AC Characteristics

Voo =5V £ 10%; Vgg =0 V (C for Port 0, ALE and PSEN outputs = 100 pF;
C\for all outputs =80 pF);  To=0to 70 °C for SAB 80C515/80C535
Tao=- 40to 85 °C for SAB 80C515/80C535-T40/85

Parameter Symbol Limit values Unit
12 MHz clock Variable clock

| 1/tcLcL = 3.5MHz to 12 MHz

i min. | max. min. max.
Program Memory Characteristics
ALE pulse width faL 127 |- 2tcioL-40 |- ns
Address setup to ALE fAVLL 53 - tcLcL — 30 — ns
Address hold after ALE |7, ax 48 - tcLcL — 35 — ns
ALE to valid instruction |74y = 233 - 4tc cL—100 |ns
in
ALE to PSEN fLLPL 58 - tcLcL — 25 - ns
PSEN pulse width tPLPH 215 3tcLcL - 35 ns
PSEN to valid instruction |tp vy - 150 - 3tcLcL— 100 |ns
in
Input instruction hold ! PXIX 0 - 0 - ns
after PSEN
Input instruction float tpxiz " = 63 - tcLcL - 20 ns
after PSEN
Address valid after tpxav V|75 tcLcL— 8 ns
PSEN
Address to valid instruc- |faviv = 302 - S5tcLcL- 115 |ns
tion in
Address float to PSEN  |7azpL 0 - 0 = ns

1) Interfacing the SAB 80C515 to devices with float times up to 75 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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AC Characteristics (cont'd)

Parameter Symbol ‘ Limit values Unit

12 MHz clock Variable clock
I 1ltCLCL =3.5MHzto 12 MHz

" min. | max. min. max.

External Data Memory Characteristics

RD pulse width 'RRH 400 |- 61cLcL- 100 |- ns
WR pulse width IWLWH 400 - i6 tcLcL— 100 i- ns
Address hold after ALE |t ax2 1132 - 52 rcLeL- 35 |- ns
RD to valid data in IRLDV - 252 i— StcLcL- 165 |ns
DATA hold after RD ' RHDX {O - |0 ' ns
Data float after RD 'RHDZ I 97 !— i2 tcLcL—=70 |ns
ALE to valid data in tupy |- 517 |- 8 tcLcL— 150 |ns
Address to valid data in |7aypy - 585 E— i 9o cL— 165 |ns
ALE to WR or RD ruwe 200 300 |3icic-50 [3rcicL+50 |ns
WRorRD highto ALE  |ramn 43 1123 |rclel-40  licioL+40  |ns
high | |

Addressvalidto WR 7w 203 |- 4 toLcL — 130 — ns
Data valid to WR tquwx 133 - tcLeL — 50 - ns
transition [.

Data setup before WR  |[tquwH ;288 - 7tcLcL— 150 |- ns
Data hold after WR IWHQX | 13 - fcLcL — 50 - ns
Address float after RD  |tgiaz - 0 - 0 ns
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
Variable clock

Frequ. = 3.5 MHz to 12 MHz

min. max.
External Clock Drive
Oscillator period cLCL 83.3 285 ns
Oscillator frequency 1tcLcL  |0.5 12 MHz
Righ time ! CHCX 20 - ns
Low time IcLCX 20 - ns
Rise time ICLCH - 20 ns
Fall time ICHCL - 20 ns

Ve 0.5V = = = =
e To7 v,

045y y 02 Ve 0

““7 —— Iy — - gy —= MCT00033
et Teron

External Clock Cycle

Semiconductor Group

255




SIEMENS

Device Specifications

AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
12 MHz clock Variable clock
' 1/tc cL = 3.5 MHz to 12 MHz
min. | max. min. max.
System Clock Timing
ALE to CLKOUT ILLSH 1543 |- 7icLcL—40 |- ns
CLKOUT high time ISHSL 127 - 2 tcLcL—40 - ns
CLKOUT low time ISLSH i793 - 101ccL-40 |- ns
g;ﬁOUT low to ALE ISLLH 43 123 fcLcL — 40 fcLeL + 40 ns

ClK GuT

A _/_\L__/_\i

’SLLH

System Clock Timing

Semiconductor Group
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AC Characteristics for SAB 80C515-16/80C535-16

Vec =5V +10%; Vgg =0V (C for Port 0, ALE and PSEN outputs = 100 pF;
C for all outputs = 80 pF) Tao=0to 70 °C for SAB 80C515-16/80C535-16
Tpo=- 40to 85 °C for SAB 80C515-16/80C535-16-T40/85

Parameter Symbol |l Limit values Unit
' 16 MHz clock Variable clock
i 1/toLcL = 3.5MHzto 16 MHz
* min. | max. min. max.
Program Memory Characteristics
ALE pulse width fli |85 - 2icLcL-40 |- ns
Address setup to ALE T AVLL {33 - tcLcL - 30 m ns
Address hold after ALE |7 _ax 128 - tcLcL — 35 - ns
ALE to valid instruction |7 v - 150 - 41c.cL-100 |[ns
in
ALE to pSEN I LLPL 38 = IcLcL — 25 . ns
PSEN pulse width ! PLPH 153 3 IcLcL - 35 ns
PSEN to valid instruction |7 p v = 88 - 31cLcL-100 |ns
in
Input instruction hold ! PXIX 0 - 0 - ns
after
PSEN
Input instruction float tpxizV) I~ 43 - fcLcL - 20 ns
after
PSEN _
Address valid after t pxav! 195 tcLcL -8 ns
PSEN
Address to valid I AVIV - 198 - S5tcLcL-115 |[ns
instruction in
Address float to PSEN |t azpL 0 - 0 = ns

Y Interfacing the SAB 80C515-16 to devices with float times up to E5 ns is permissible.
This limited bus contention will not cause any damage to port O drivers.
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
16 MHz clock Variable clock
1/tc oL =3.5MHzto 16 MHz
min. | max. min. max.
External Data Memory Characteristics
RDpulse width 'RLRH 275 |- 6 o cL— 100 - ns
WR pulse width TWLWH 275 |- 6 1cicL— 100 - ns
Address hold after ALE |7 axo 90 - 2iclcL-35 - ns
RD to valid data in !RLDV - 148 |- S5tccL— 165 |ns
Data hold after RD {RHDX 0 - 0 |- ns
Data float after RD {RHDZ - 55 - iz tclcL—70 |ns
ALE to valid data in fov |- 350 |- 8icloL— 150 |ns
Address to validdatain |taypy |- 398 |- 1910 0L - 165 |ns
ALE to WR or RD ILLWL 138 238 BicicL-50 [BigcL +50 |ns
WR or RD high to ALE  [nwhin |23 103 |icLeL— 40 1oL oL + 40 ns
high '
Address valid to WR IAVWL 120 - 4tccL—-130 - ns
Data valid to WR transi- |iquwx |13 - fcLcL — 90 - ns
tion
Data setup before WR  |tquwH 288 - 7tcLcL— 150 - ns
Data hold after WR twHax |13 - fcLeL — 50 = ns
Address float after RD IRLAZ - 0 - 0 ns
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AC Characteristics (cont'd)

Parameter Symbol

Limit values Unit

| Variable clock
! Frequ. = 3.5 MHz to 16 MHz

min. max.

External Clock Drive

Oscillator period ICLCL 162.5 285 'ns
Oscillator frequency e X 16 'MHz
High time ICHCX ‘ 15 |~ irns
Low time ICLCX i 15 - ins

. ! - :

Rise time ICLCH - 15 |ns
Fall time fCHOL {— 15 ! ns

Vo-Q5V = o= o= =
CcC
0.7 Ve
/— 02 V..-0.1
0.45V ce

External Clock Cycle
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
16 MHz clock Variable clock
1/tccL = 3.5 MHz to 16 MHz
min. | max. min. max.
System Clock Timing
ALE to CLKOUT ILLSH 398 - 7tccL—40 - ns
CLK OUT high time ISHSL 85 - 2icLcL—40 - ns
CLK OUT low time ISLSH 585 - 101c cL—40 — ns
CLK OUT low to ALE ISLLH 23 103 lcLcL — 40 lcLcL + 40 ns
high
ALE w1y "T /
e . s
CLX OUT . / \

= T\

RD,WR

Program Memory Access

System Clock Timing
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AC Characteristics for SAB 80C515-20 / 80C535-20

Voc=5V£10%; Vgg=0V Tp=0%Cto+70°C
(C_ for port 0, ALE and PSEN outputs = 100 pF; C,_ for all other outputs = 80 pF)

T . .
Parameter Symbol | Limit values Unit
20 MHz Variable clock
clock 1/tcLcL=3.5MHz to20 MHz
min. | max. min. max.

Program Memory Characteristics

ALE pulse width ILHLL 60 - 2cLcL —40 - ns
Address setup to ALE TAVLL 20 - tcLeL — 30 | - ns
Address hold after ALE | 1, ax 20 |- tcLcL — 30 - ns
ALE low to valid instrin | 1.y - 100 |- 41gcL- 100 | ns
ALE to PSEN HLLPL 25 |- lcLcL—-25 |- ns
PSEN pulse width PLPH 115 | - 3rcLeL-35 - ns
PSEN to valid instr in tpLiv - 75 - | rccL=75 | ns
Input instruction hold IPXIX 0 - 0 | — ns
after PSEN '

Input instruction float tpx|z*) - 40 - tcLeL— 10 ns
after PSEN -

Address valid after PSEN | tpxav™ 47 - fcLeL — 3 - ns
Address to valid instr in TAVIV - 190 | - StcicL—60 | ns
Address float to PSEN | razpL 0 - 0 - ns

") Interfacing the SAB 80C515 / 80C535 microcontrollers to devices with float times up to 45 ns is permissible.
This limited bus contention will not cause any damage to port 0 drivers.
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AC Characteristics (cont'd)

Parameter Symbol | Limit values Unit
20 MHz Variable clock
clock 1/tc oL = 3.5 MHz to 20 MHz
min. | max. min. max.
External Data Memory Characteristics
RD pulse width tRLRH | 200 |- 6 tc oL — 100 | — ns
WR pulse width twiwh | 200 | - 6 tcLcL— 100 | — ns
Address hold after ALE iaxe |65 |- 2tccL—-35 |- ns
RD to valid data in tRipv b - 155 | - StccL—=95 | ns
Data hold after RD {RHDX 0 - 0 - ns
Data float after RD {RHDZ - 40 - 2tccL—60 |[ns
ALE to valid data in ILLDV | — 250 | - 8i1cLcL— 150 | ns
Address to valid data in tavov | — 285 | - 9icLcL— 165 | ns
ALE to WR or RD ILLWL : 100 [ 200 |3iccL—50 |[3rccL+50 |[ns N
Address valid to WR or RD | favwL I 70 | - 4t oL - 130 | - ns
WR or RD high to ALE twaie | 20 |80 |rcLcL-30 | rcicL + 30 ns
high |
Data valid to WR transition | tquwx '5 - fcLcL — 45 - ns
Data setup before WR IQUWH ]' 200 | - 7 tcLcL— 150 | - ns
Data hold after WR fWHQX | 10 - tcLcL — 40 - ns
Address float after RD IRLAZ - 0 - 0 ns
262
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AC Characteristics (cont'd)

Parameter Symbol Limit Values Unit
Variable clock
1/tc cL = 3.5MHz to 20 MHz
min. max.
External Clock Drive
Oscillator period | toLeL 50 285 ns
High time | ICHCX 12 ISLCL — fCLCX ns
Low time IcLCX 12 IcLCL = ICHCX ns
Rise time ICLCH - 12 ns
Fall time ICHCL - 12 ns
- Tyt ———————=
0.7 Ve
0.45V - v —1] | —
—TCHC:-'—- .chx —— —— MCT00033

External Clock Cycle
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AC Characteristics (cont'd)

Parameter Symbol Limit values Unit
20 MHz Variable clock
clock 1/tc oL = 3.5 MHz to 20 MHz
min. | max. min. max.

System Clock Timing

ALE to CLKOUT ILLSH 310 | - 7itccL—40 | - ns
CLKOUT high time ISHSL 60 - 21ccL—40 | - ns
CLKOUT low time ISLSH 460 |- 101 cL—40 | - ns
CLKOUT low to ALE high | rg 1 H 10 90 fcLcL — 40 cLcL + 40 ns

-

fLLSH

I
! CLK OLT / \! A: \
i |

fSLSH

i \ -

Program Memory Access Data Memory Access MCTCOC83

External Clock Cycle
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ROM Verification Characteristics
Ta=25°C+5°C;, Vo =5V+10%; Vgg =0V

-
Parameter Symbol Limit values ‘ Unit

min. max. i

ROM Verification

Addresstovaliddata  |rayqu |- 48 1cLcL ns
ENABLE to valid data 'ELQV i— 48 1o oL ;ns
Data float after ENABLE |rgpoz |0 48 1o oL ns
Oscillator frequency 1teL oL "4 | 6 MHz
Address to valid data Iavav |- 48 1oL ns

P1.0-P1.7 !
P2.0 - P2.4 ( Address >_'§
_ Zavav
Port O f Data OUT }—
X
{ELOX__ - - L’EHQZ
P2.7 \
ENABLE
MCTO00049
Address: P1.0 - P1.7 = A0 - A7 Inputs: P2.5 - P2.6, PSEN = V5
P2.0- P2.4 = A8 - A12 ALE, EA = V),
Data: P0.0-P0.7=D0-D7 RESET = Vg

L

ROM Verification
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Waveforms

-l — - ooy ——=
= - lupt
- ,_le -

- Iy —

PSEN _/ \ / \

- =/
AZPL T
- = lux - ’PX!Z -
e ,PXIX .

Port 0 H A0 - A7 H!nsu.lN % AO - A7

Port 2 I A8- A15 x AG-A‘3S

MCTO0D9S

Program Memory Read Cycle

- — IWLH‘-

o \ /

- i = — lanpz ==~
— - ’RLAZ —— —— IRHDX
AQ - A7 from AO-A7
Port 0 H Ai or DPL . %—( from PCL
——
- lypy ————
Port 2 & P2.0 - P2.7 o A8 - A1S from DPH X A8 - A15 from PCH

Data Memory Read Cycle
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- IWNLH ——

WA \ /

— e 2w U X

B TR o —= = lmox

- fovwm

A0 A7 from A0 -A7 X
ey :>_( i or DPL X Data OUT Mfm PCL)_( il

—

Port 2 1 P2.0-P2.7 or A - A15 from DPH AX A8 - At From PCH

MCT00098

AC inputs during testing are driven at V¢ — 0.5 V for a logic '1' and 0.45 V for a logic '0".
Timing measurements are made at V| nis for a logic '1' and V. max for a logic '0".

Data Memory Write Cycle

C
N.C 40

__“__—T—“O XTALT ' XTAL1

| 0.5-12 MHz ==,
} 0.5-16 MHz =—
| i J 39 39
! I o XTAL2 XTAL2
" External Oscillator
Signal

C = 30pF +10pF Hes000se
(incl. stray capacitance)

Crystal Oscillator Mode Driving from External Source

For timing purposes a port pin is no longer floating when a 100 mV change from load voltage occurs and
begins to float when a 100 mV deviation from the load voltage Vo y/V g occurs. /g /g ==20 mA.

Recommended Oscillator Circuits
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0.2 /¢ +0.9V
Test Points

MCT00037

AC Testing: Input, Output Waveforms

7\ Vou=0.1V
/ VoL +0.1V

uCT00038

Timing Reference

1'{me Points

AC Testing: Float Waveforms
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Package Outlines

Plastic Package, P-LCC-68 - SMD
(Plastic Leaded Chip-Carrier)

12:015 x 45°

_ - -

oty R

o 34x

35102
_.4.64 t0.44

=
0.74+007 S
o

N
|

P

242110077
2515t013

| o
T = — v
68 1 Incex Marking
0.5 MAX.x4g® 11x45°

221007
251501

— =1 0.05 A-B-D

-—

1} Dces not include plastic or metal protrusion of 0.15 max. per side

Sorts of Packing _ ’

Package outlines for tubes, trays etc. are contained in our

Data Book “Package Information”.

SMD = Surface Mounted Device Dimensions in mm
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ANEXO C
ESPECIFICACIONES TECNICAS DE
SENSORES, ACTUADORES Y
ACCESORIOS



C.1 SENSORES



Sensores

Los sensores empleados en el proceso fueron, de acuerdo a su naturaleza de dos
tipos: mecanicos y de proximidad.
a) Sensores mecanicos.
Constituidos por finales de carreras con contactos conmutantes. En el
proceso se emplearon cuatro de estos sensores: S1, S2, S3y S4, que
indican la posicion de los vastagos de los cilindros neumaticos Ay B,
respectivamente.

Especificaciones Técnicas

M odelo: V3L - 511092 - D8K
Corriente Nominal: 100 mA

Voltaje Nominal AC: 125 VAC

Voltaje Nominal DC: 30vDC

Contactos Conmutantes: 1INO + 1INC

b) Sensores de Proximidad.

Se emplearon los siguientes tipos: un inductivo ( B8), dos épticos ( B7 y B8)

y dos magnéticos ( B5 y B6 ).
Especificaciones Técnicas del Sensor Inductivo Bs
Tipo de Deteccion: Deteccidon de presencia de objetos metalicos, mediante

el uso de un oscilador cuyo bobinado constituye la cara



sensible. Frente a esta se crea un campo magnético

alterno. Cuando se coloca un objeto metalico en ese

campo, las corrientes inducidas generan una carga

adicional que provoca el cese de las oscilaciones y en

su etapa de salida hace cambios de estado a un

contacto NO y/o NC.

Simbolo:

Marca:

Modelo:

Configuracioén:

Alcance Nominal:
Voltaje de Polarizacion:
Voltaje Residual:

Corriente Nominal:
de conmutacion

Frecuencia de Conmutacion:

Histerésis:
Carcasa:
Version:

Temperatura de operacion:

Wenglor
1120UB
PNP

20 mm.
10-30 VvV DC
0,3vDC

400 mA.

< 2 KHz.

15 % del alcance nominal
Plastica

Cable

-25°%C a+70°C,



Tipo de Proteccion: IP 67

Caracteristicas de Salida: 1 contacto NO.

Especificaciones Técnicas del Sensor Optico B;

Tipo de Deteccion: Detecta presencia de objetos de todo tipo de material,
enviando un haz de luz visible roja, de una fuente ( LED )
que incide en el objeto detectado y se refleja el rayo que
es recepcionado por un fototransistor, ubicado al igual
que la fuente en la cara de deteccidn, causando que en

su etapa de salida se abra o cierre un contacto.

Simbolo:

J

3
Marca: Wenglor
Modelo: # K12PB8
Configuracién: PNP
Alcance Nominal: 18- 120 mm .
Voltaje de Polarizacion: 10 - 30V DC
Voltaje residual: 0,3vDC
Corriente Nominal: 100 mA.

de conmutacion

Frecuencia de Conmutacion: 600 KHz.



Histerésis: < 15 % del alcance nominal

Tipo de Luz : Luz Roja 640 nm.
Carcasa: Plastica
Version: Plug

Temperatura de Operacion: - 25 °C a +60 °C.
Tipo de Proteccién: IP 67
Caracteristicas de Salida: 1 contacto NO

Especificaciones Técnicas del Sensor Optico Bs

Simbolo:

d

40

3]
Marca: Telemecanique
Modelo: XV5P18 PP340
Configuracion: PNP
Alcance Nominal: 0 — 200 mm.
Voltaje de Polarizacion: 12a24V DC
Voltaje residual : 0,3VvDC
Corriente Nominal: 100 mA.

de conmutacion
Frecuencia de Conmutacion: < 2 KHz.

Histerésis: 15 % del alcance nominal



Tipo de Luz : infrarrojo 900 nm.

Carcasa: Plastica
Versién Cable
Temperatura de Operacion: - 25°C a +70°C
Tipo de Proteccién: IP 67
Caracteristica de salida: 1 contacto NO

Especificaciones Técnicas de los Sensores Magnéticos Bs y B,
Tipo de Deteccién: Detecta objetos ferromagnéticos que pasan en un
sentido u otro, frente a un micro contacto encapsulado

en un tubo de vidrio, con el cierre del contacto.

Simbolo:

1]

4 |4
Marca: Elobeu
Configuracion: PNP

Voltaje de Alimentacién AC: 10-220VAC

Voltaje de Alimentacion DC: 10-220Vv DC

Maxima Corriente de : 05A
Conmutacion
Conductancia: 100 Ohms

Frecuencia de Conmutacion: 500 Hz

Tiempo de Conmutacion: 2ms



Temperatrura de Operacion: -20°%C a+60°C

Tipo de Proteccion: IP 66



C.2 ACTUADORES



ACTUADORES

Los actuadores o elementos finales de control estan constituidos por dos

electrovalvulas, Y1, Y2 e Y3; que reciben las sefales ON/OFF del microcontrolador

a través de una interface, cuyas caracteristicas se describieron en el Capitulo 2,

seccion 2.3. A su vez estas electrovalvulas actuaban sobre los cilindros A, By C,

las que realizan la elevacion y seleccidn de paquetes,respectivamente,

obedeciendo a la légica de control programada.

Especificaciones Técnicas de las Electrovalvulas Y4, Y2 e Y;.

Simbolo:

Marca :
Modelo :
Tipo de Actuacion :

Tipo de Fluido :

Rango de Presién de Operacion :

Temperatura de Operacion :
Tiempo de Respuesta :
Frecuencia de Conmutacion :
Over ride Manual :
Lubricacién :

Posicion de Montaje :

! L

SMC

VF5120

5 vias y 2 posiciones de conmutacion
Aire

1,5 a 9 Kgflcm?

Max. +50°C

15 ms o menos (a 5 Kgffcm?)

15 Hz

Tipo Non - Locking
Aceite Turbina # 1 1ISO VG 32

Libre



Resistencia a Impactos :
Cubierta :

Voltaje del Solenoide
Aislamiento de la Bobina
Consumo de Energia :

Conexiones :

45 ~" 1000 Hz

A prueba de polvo.
24V DC

Clase E (120 °C)

1,8 W

1/8”" Salidas a Cilindros

V4" Entrada de aire.



C.3 ACCESORIOS



ACCESORIOS

Dentro del rubro de accesorios se encuentran los tres cilindros neumaticos

de dob e efecto, seis reguladores de caudal, una unidad de mantenimiento y dos

motores eléctricos trifasicos, tipo jaula de ardilla con sistema de arranque directo.

Especificaciones Técnicas del Cilindro Neumatico A

Simbolo :

Tipo :
Marca :
Fluido :

Presidon de peracion Maxima :

Presion de Operacion Minima :

Temperatura de Operacion :
Velocidad del Vastago :
Diametro :

Longuitud :

Sujecion :

Conexiones :

Doble Efecto
Micro
Aire
10 bar ( 1000 KPa )
0,5 bar ( 50 Kpa )
-20°Ca+80°C
50 a 1000 mm/s
35 mm
380 mm
Con patillas

1/8”



Especificaciones Técnicas del Cilindro B.

Simbolo :

Tipo :
Marca
Modelo :

Fluido :

Presion de Operacién Maxima :

Presion de Operacion Minima :

Temperatura de Operacion :
Velocidad del Vastago :
Diametro :

Longuitud :

Sujecion :

Conexiones :

| I
Doble Efecto
SMC

CG N25 -100 YP
Aire

10 bar ( 1000 Kpa )
0,5 bar ( 50 Kpa )
-20°Ca+80°C
50 a 1000 mm/s
30 mm
165 mm
Con patillas

1/8”

Especificaciones Técnicas del Cilindro C

Simbolo :



Tipo :
Marca :
Tipo :

Fluido :

Presion de Operacion Maxima :

Presidon de Opertacion Minima :

Temperatura de Operacion :
Velocidad del Vastago :
Diametro :

Longuitud :

Sujecidn :

Conexiones :

Doble Efecto
Herién

ISO 228

Aire

10 bar ( 1000 Kpa )
0,5 bar ( 50 Kpa )
-20°Ca+80°C
50 a 1000 mm/s
25 mm

120 mm

Con patillas

1/8”

Especificaciones Técnicas de los Reguladores de Caudal

Simbolo :

Marca :
Modelo :
Fluido :

Presion :

=

SMC
AS 2000
Aire

10 bar ( 1000 Kpa )



Temperatura de Operacién :

Conexion :

-20°%Ca+80°C

1/8”

Especificaciones Técnicas de la Unidad de Mantenimiento

Simbolo :

Marca :

Modelo :

Presion de Regulacion :

Filtro :
Lubricador :

Apertura y Cierre :

SMC
AC 3000 - 025
0 a 1000 Kpa

Para particulas hasta 5 micras
Aceite
Con valvula manual de cierre marca SMC,

Modelo VHS400 - 02

Especificaciones Técnicas de los Motores

Marca :
Tipo :
Motor de Induccion :

Frecuencia :

WEG

Jaula de Ardilla

Trifasico

60 Hz



Potencia :
Velocidad :

Voltaje Nominal :

Corriente Nominal :

Eficiencia

Cosg :

0,55 KW (0,75 CV)
1715 RPM
220/380/440 V AC
3,00/1,74/1,50 A

69 %

0,70
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