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1. INTRODUCCION

% Los datos que se conocen acerca del clima (precipita
ciébn media anual, temperatura media anual, presién, humedad,-
cantidad de agua en los rfos, etc.) de una determinada regibn,
son tomaaos de estaciones metereolfgicas. Estas se erncuentran
diseminadas en puntos estxatégicbs de la regidn en estudio. -
En ellas se encuentran instrumentos como pluvibmetro, barSme-
tro, anemfmetro, veleta, etc. Para conocer las condiciones -
climatol6gicas de la regidn, es necesarioc que una persona va-
ya peribdicamente a esas estaciones a tomar la lectura de los
dispositivos. Esta es una lapbor diffcil ya que la mayoria -
de las estaciones se encuentran en lugares aparta.os de la ci

vilizacidn y en lugares agrestes de diffcil acceso.

De todo lo anterior surge la idea cde construir una es
tacibn de campo (estacibn metereolbgica) que opere en forma -
autom8tica, es decir, que la lectura de los diferentes dispo-
sitivos sea hecha en forma automftica y que estos datos sean-
obtenidos en otro lugar lejano de las estaciones, pero cerca-
no o en la civilizacibn, ya sin la necesidad de gque una perso
na tenga que ir al lugar a hacer este trabajo. Se terdria -

asi un sistema de telemetria.

A finales de 1978, el Instituto de Ingenieria llev&6-
a cabo un proyecto de desarrollo de una red telemétrica para-

previsibn de avenidas para la presa Chicoasén, Chis.

Se tenia la necesidad de saber, en cualquier momento,
el regimen pluviométrico de la regibn y a la vez el caudal -

que lleva el o los rios que desembocan en la presa, para con-




esos datos poder predecir (mediante modelos de lluvia-escurri
miento) una posible avenida en la presa y poder asf tomar las
medidas precautorias necesarias.

El objetivo de este trabajo es el de realizar un sis
tema de medicibn similar al de Chicoasén, pero con técnicas -
digitales, con transmisién de datos en forma peri6dica.
ello se penso en tecnologfas CMOS y microprocesadores.

Para

El sistema que se ide6 esti detallado en el diagrama
de bloques de la fig. 1.

REGISTRO
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INFORMACION
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NATURAL :> CION HIDROLO - DE LA OE LA
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CAUD -
UN RIOL ESTACION AV
TOMATICA.
Fig. 1 Diagrama de bloques del siitema de adquisi-

cibn remota de dato., o we igicos.

En el capfitulo dos se detalla el disefo de un proto-
tipo digital de estacién de campo hecho con l6gica alambrada,

utilizando para ello circuitos integrados CMOS (Complementar-
Y Metal Oxide Semiconauctor).




Con la experiencia adquirida con el prototipo hecho-
con l6gica alambrada se procedi8 a disenar otro prototipo que
es manejado por un microprocesador. En el capitulo tres se -
uescribe el programa y la circuiterfa necesaria para que el -
microprocesador simule las actividades que realiza el autfma-
ta anterior.

Para complementar el diseno de este sistema de adqui
sicibn de datos, cn el capitulo cuatro se describe el prototi
po de la estacidn receptora que recibe y procesa la informa--
cidn proveniente de la estacibn de campo.

Una vez concluido el disenc y la construccib6n de -
este prototipo, surge la inquietud de posibles cambios y adap
taciones al sistema. Por tal motivo se presenta en el capitu

lo cinco una perspectiva de desarrollo de este sistema.

Finalmente en el capitulo seis se dan las conclusio-
nes a las que se llegd después de haber probado en condicio--

nes reales a estos prototipos.




2. ESTACION EXPERIMENTAL DIGITAL I:
LOGICA ALAMBRADA

2.1 DESCRIPCION GENERAL

En la fig. 2 se muestran esqueméticamente las partes

de la estacidn digital experimental de campo.

La transferencia de datos, desde la estacidn remota-
se lleva a cabo mediante un enlace de radio VHF calidad voz.-
La estacidn de campo opera en forma intermitente con periodo-
programable y consta de dos fases: conteo y transmisi6n. Du-
rante la primera, el transmisor estd apagado y se cuentan los
eventos de precipitacibdn del pluvifmetro tipo balancin (0.25mm
ae lluvia por evento). La segunda fase se inicia activando -
el transmisor, enviando la informacidén de precipitacibn acumu
lada durante el intervalo anterior junto con un identificadocr
de estacidn; se desactiva el transmisor y se inicia una nueva

fase de conteo.




Contador de

eventos Y —_—
2 ,

Control
1y acondicionamientob—s=| Trasmisor
de senal

Pluviometro T

Suministro
de energia
( bateria)

Fig. 2 Estacibén de Campo

Los datos se transmiten en forma seriada con modula-
cibn FSK a 110 bauds.

2.2 CIRCUITOS EN LA ESTACION DE CAMPO
2.2.1 DIAGRAMA DE BLOQUES

Este se muestra en la fig. 3. Se estructurb el cir-
cuitc con un bus paralelo de 8 bits. Sobre este bus se depo-
sitan ordenadamente (uno a la vez) los datos del identifica--
dor de estacifén programado y posteriormente los del contador-
ue. eventos de precipitaci6bn. Por su flexibilidad, esta estruc

tura permitird agregar otro datos paralelos como pudiesen ser
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l1os de un limnimetro, term&metro, etc.

La informaci®én del bus se serializa y codifica con -
un UART (receptor-transmisor uniVelsal,asIncrOno)'y el tren -
de pulsos a su salida se acondiciona y modula mediante FSK -

para su transmisibén a través de un canal radiofénico.

Un circuito de control fija la frecuencia de acceso-
al bus de los diferentes dispositives y controla el encendido

del transmisor y el inicio de transmisibn de datos.

Con la base de tiempo se controlan los periodos de -
transmisién y recoleccidn de datos.

Mediante un monitor visual, se pueden verificar los-
datos transmitidos.

A continuacién se describen con detalle cada parte -
del circuito de la estacibn de campo, haciendo refcrencia al-
diagrama electrb6nico de la fig. 4.

2.2.2 BASE DE TIEMPO Y RELOJ

Esta etapa genera la sefial excitadora para la seccibn
de control. A partir de un oscilador a cristal de 2.01 MHZ -
(fig. 4) se divide la frecuencia entre 221 mediante el circui

to ICl obteniendo una senal A con frecuencia f2 = 0.957 HZ-

Yy periodo t, = 1.045 seg. Con su flanco de bajada se excitan
los circuitos IC2 e ICl3. IC2 es un contador binario de 7 -

etapas, con el cual, al diviair entre 26 (64) se obtiene una-
2

sefial con f, = 1.5 x 10°° Hz y t, = 66.6 seg. (aprox. 1l minu-
to) y al dividir entre 2% (16) da £, = 5.98 x 1072 Hz y -
t4 = 16.7 seg. Estas dos senales se observan en los puntos -

de prueba TP2' y TP2", respectivamente.
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El circuito ICl1l3 es un contador binario de 14 etapas

del cual, a partir de f,, se obtienen 7 senales:

£, = 2.99 x 10 ¢ Hz, tg = Ty = 33.44 seg .

£, = 7.47 x 107> Wz, t; =T, = 133.86 seg = 2.23 min
£, = 3.73  x 107> Wz, tg =T, = 4.45 min

£, = 1.865 x 10:2 HZ, t, =T, = 8.92 min

f10 = 8.9325 x 107 HZ, ;4 = Tg = 17.84 min

fll = 0.4662 x 10.-3 HZ, tll = T6 = 35.68 min

£, = 0.2331 x 1077 Hz, t,, =T, = 71.36 min

Con el selector SP, pueden seleccionarse cualquiera-
de las senales anteriores y observarse en el punto de prueba-
LI ¢
TP2 (fs).

Finalmente, mediante un puente de TP2', TP2" o TP2'"''
hacia el punto TP2, pueden escogerse las frecuencias fijas -
f3 Y f4, o una frecuencia variable f5. Como se verd posterior
mente, estas frecuencias fijaré&n el periodo de las fases de -

recolecciébn (conteo) y transmisién de datos de la estacibn de
campo.

2.2.3 CONTROL

La seccibn de control esta compuesta por los circui-
tos MONO I, F-F, IC3, MONO II, ICS5, y MONO III (fig. 4).

Opera impulsada por la senal B, que llega del se--
lector SM2. Con €1 se escoge el modo de operacidn: AUT, auto
mitico controlado por 1la basede tiempo y MAN, iniciando una -
transmisién manualmente con SM1l.
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El flanco negativo de la sefial @ inicia en ambos -
casos el envio de datos.

La operacifn de la seccifn de control se explicard -
con base en la fig. 4 y el diagrama de impulsos de fig. 5.

El flip-flop con las compuertas NOR de IC4 y el con-
tador ICS5 forman un circuito monoestable digital que genera -
la sefial K de encendido del transmisor y los pulsos para -
transferencia del identificador y datos E y F respectivamég
te.

Con el flanco negativo de B se genera un pulso C -
de 5 mseg con el monoestable MONO I que pone al flip-flop. Su
salida D, normalmente en "1" baja a "0" y habilita al conta
dor de década tipo Johnson IC3 que comienza a contar a razén-
de £, = 1 HZ (seﬁal@.

A su vez la sefial D se invierte con IC5 ) y a -
través de T1 vy un relevador enciende el transmisor (cierra su
circuito de alimentacién con RP1 y RP2).

El contador de década IC3 tiene sus salidas decodifi-
cadas a decimal. Cuando llega a la cuenta de 3 (3 seg) genera
en su correspondiente salida un pulso E (CTI) que se emplea
para la transferencia de los datos del identificador del bus.
Al mismo tiempo esta sefal dispara através de IC4 al monoesta
ble MONO III que inicializa con H (fﬁﬁi) la serializacién-
mediante IC1l0 (UART) de los datos del bus (en este instante -
los del identificador).

De manera semejante la senal F (CTD) al cabo de -
una cuenta de 6 seg de IC3, habilita la transferencia de los-

datos del contador de eventos al bus y el inicio de su seria-




Fig. 5 Diograma de impulsos
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lizacién por IC1l0 con la seﬁal@

Con el flanco negativo de F (CTD) se dispara el mo-
noestable MONO II que pone a cero con G al contador de even--
tos para iniciar un nuevo ciclo de conteo de datos del pluvid

metro.

Con la cuenta "9", seﬁal@, de IC3, se cierra el ci-
clo poniendo a cero el flip-flop, inhibiendo el contador IC3-
(poniendolo a cero) y apagando el transmisor.

Termina asf la fase de serializacién y transmisién -
de datos, gque comenzard nuevamente con el siguiente flanco -
negativo de B Con ICl1, conectado al flip-flop, se encien-
de un LED como indicador de transmisién durante el tiempo en-

que permanece prendido el transmisor.

Si se quisiera expander el circuito para incorporar-
los datos de un limnimetro al bus y transmitirlos (fig. 3), -
bastard ampliar el contador IC3 con otro en cascada, y con -
una de sus salidas agregar a la secuencia de datos por trans-
mitirse la del tirante del rfo, antes de cerrar con el pulso-
I en el ciclo de transmisién.

2.2.4 CONTADOR DE EVENTOS

Los eventos de precipitacién registrados por el plu-
vifmetro (cierre de un interruptor por cada 0.25 mm de 1llu- -
via) son contados y almacenados por IC7, un contador binario-
de 8 bits. Las salidas de este contador quedan conectadas -
a través del acomplador IC8, que tiene salidas "tri-state", -
al bus de datos. Por simplicidad s8lo se alambraron 6 lfneas
del bus (6 bits). Estas pueden observarse en los puntos de -
prueba TP14-TP19.
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Las salidas de IC8 normalmente se encuentran en esta
do de alta impedancia, excepto cuando aparece el pulso F - -
(CTD), durante el cual se transfieren los datos del contador-
al bus.,

2.2.5 GENERADOR DEL IDENTIFICADOR DE ESTACION

Esta seccibén emplga el circuitc IC9, idéntico a IC8,
y un grupo de selectores para programar el identificador de -
la estacifén. La transferencia desus datos al bus se controla
con la sefial E (CTI) de igual manera que con el contador de -
eventos.

2.2.6 UART

El receptor-transmisor universal asincrono, compuesto
por IC10 (IM 6403 IPL), serializa los datos paralelos del bus
agregando autom&ticamente bits de inicio, paridad y finaliza-
cién. Mediante 6 selectores se programa al UART para el for-
mato de datos deseado, es decir, ndmero de bits de datos, de-
finalizacién y tipo de paridad.

En la fig. 5 se muestra el bloque de informacién que
ensambla el UART.

La duracién de cada bit, asi como la velocidad de -
transmisién 110 bauds son controlados internamente en el cir-
cuito a partir de su propia base de tiempo mediante un cris—-
tal de 3.57954 MHZ.

Los datos ensamblados y serializados aparecen en la-
salida L (TRO). Con el pulso H (TBRL) se inicia la transmi--
sién de cada dato presente en el bus.




Para esta aplicacifn se programS el UART para trans

mitir 8 bits, aunque el bus sea de 6. Los dos bits mds signi
ficativos se pusieron en "1",

2.2.7 MONITOR DE DATOS

Para visualizar y verificar los datos serializados -
y transmitidos, se emple§ la seccidén de recepcién del mismo -
UART, conectando la salida I (TRO) a la entrada del receptor-
RRI. Este convierte nuevamente los datos de serie a paralelo.
A través de IC6 e ICll se invierten estos datos y se visuali-
zan con LEDS.

Para inhibir la operaci6n (consumo de energfa) del -
monitor se abre el interruptor SES1.

2.2.8 MODULADOR FSK
Con €1 se acondicionan los datos digitales del UART-

para el medio de transmisién, en este caso radioenlace FM, -
calidad voz.

El modulador FSK (modulacién por desplazamiento de -
frecuencia) se realiz® con base en el circuito IC12 (XR2206),

que es un generador de funciones.

Las frecuencias para los dos estados 1l8gico: est8n -
dados por:

£("1") = £ ("O") =

Yy se escogieron como:

£("1") = 2400 HZ £("0")

1200 HZ
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Su ajuste se efectla con los potencifmetros P3 Yy PZ—

respectivamente, N

E1l modulador entrega a su salida una senal senoidal-
M con baja distorsién, cuya amplitud se ajusta con P5 Yy su-
nivel de CD con P,. La impedancia de salida es 600 ohm.

Este circuito es el Gnico que requiere alimentacién-
+12 VDC.

2.2.9 REGULADOR DE TENSION

El suministro de energfa para la estacién de campo -
es de +12 VDC que se toma de una bateria automotrfz en flota-

cién con un cargador.

Esta tensibn se emplea en el modulador FSK y en el -
relevador para el encendido del transmisor. El transmisor -~
también opera con +12 VDC.

Todo los dcemds circuitos digitales requieren +5 VDC-
que se toman de un regulador 7805 (IC1l4).

Para proteccifn de los circuitos se conectdé a la -
linea de +12 VDC un varistor para suprimir posibles transito-
rios en la alimentacién.
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2.2.10 ESPECIFICACIONES TECNICAS DE LA ESTACION DE CAMPO

Funcifn:

Modo de operacidn:

Medio de transmisién:

Transductor:

Registro locaL:

Perido de transmisibn:

Duraciftn de la transmisidbn:

Codificacibébn de los datos:

Identificador de estacibn:

Recoleccifn y transmisibn digi--
tal de datos hidrol&gicos.

Intermitente perifdico. Ciclo de
2 fases: conteo y transmnisibn. -

Operacifn manual o automitica.

Canal radiofbnico, compatible -
con lfnea telefbnica.

Pluvibmretro tipo balancin, 0.25
rm de lluvia por descarca (even-
to), interruptor de mercurio pa-
ra registro local y telemetria.

Contador electromec&nico, +12 -
VDC para reqgistrar precipitaciédn
total acumulada.

Variable: 16.7 seg, 33.4 seg, -
1.1 min, 2.23 min, 4.45 min, -
8.92 min, 17.84 min, 35.68 min,-
71.36 min.

8.5 seg: datos 4 seg, encendido-
transmisor 2.5 seg antes y 2 seg
después de datos.

Paquete de dos datos: identifica
dor de estacibén y precipnitacibn-
acumulada. Formato tipo ASR-33,
110 bauds: Start bit, 5-8 data -
bits, parity bit, 1-2 stop bits.

Programable mediante microin-

terruptores.




Acondicionamiento de datos:

Imedancia de salida senal
FSK:

Monitores:

Eauipo de comunicacién:

Suminiestro de energfa -

eléctrica:

Consumo de corriente:

Voltaje de alimentacidbn:

Protecciones:

Electrbénica:

Temperatura de operacibn:

Modulaci®&n FSk, nivel alto 2400-
12, nivel bajo 1200 iz, amplitud
ajustable: 0.2-6 Vn-p, nominal -
1.2 Vp-p. .

600 ohms

8 LEDS para dato transmitido, 1-

LED para encendido transmisor.

Transmisor "Renco"”, VHF, -
166.69008 MHZ, FM, 2.2 watt, ca-
lidad voz, operacibdn intermiten
te, 12-15 VvDC. Antena tipo Yagi,
VHF de 5 elementos.

Caragador y baterfa tipo automo--
trfz en flotacibén, +12 VDC.

Fase de conteo (tranémisor Yy mo-
nitor datos apagado): 20.7 mA; -
fase de transmisién: tarjeta -
79mA, transmisor 400 mA. Consu-
mo total »romedio con T = 8.92 -
min: 21.7 mA., Vcc = +12 VDC,

Tarjeta: 10.5 - 18 VvDC, regula--
dor interno a + 5 VDC.

Pararrayos con electrodo a tie--

rra. Supresor de transitorios DC

Digital, CMOS, sobre tarjeta de-
circuito impreso.

+ 5°C a 45°C.
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3. ESTACION EXPERIMENTAL DIGITAL II:
MICROPROCESADOR

3.1 DESCRIPCION GENERAL

En esta parte se presenta la segunda alternativa de-
realizacién para la recoleccién de datos hidrolégicos., Dado-
al advenimiento tecnol&gico de los microprocesadores, se pro-
cedid a desarrocllar un sistema como el que se muestra en el -
diagrama de bloques de la fig. 6.

Pluviometro
Acoplador
e =
Modulodor ;
. Trosmisor
Microprocesador FSK
) . Fuente de

Memoric RAM Memaria ROM Base de Tiempo 'u iy
( Auxilior ) (Progroma) Alimentocion

Fig, 6 Estacién de campo




Como se¢ observa, la estacibébn de campo se rcalizd al-~
rededor de un microprocesador (SC/MP-I). Este controla el ci
clo de trabajo de la estacifn mediante un programa almacenado

permanentemente en memoria no voldtil PROM.

La medicién de precipitacib6n se efectGa nuevamente -
mediante un pluvifmetro tipo balancin, que acciona un interrup

tor cada vez que se acumulan 0.25 mm de lluvia.

Este evento (cierre del interruptor) se registra y -
almacena en forma incremental en memoria, acumuldndose la pre

cipitacifn hasta el inicio de la fase de transmisién.

Con la base de tiempo del micrprocesador (1 MHZ) y -
subrutinas de retardo se controlan los perfodos de recoleccién
y transmisi6n de datos. Al 1iniciarse el pefiodo de transmi--
s16n de datos, se enciende el transmisor y se envian los da--
tos., Para ello, por programa se serializan, codifican y acon

dicionan mediante modulacifn FSK y se transmiten a 110 bauds.

El transmisor es de VHF, con modulacién FM, calidad-
voz. El suministro de energfa eléctrica es mediante un carga
dor y baterfa automotriz en flotacién.

La estacién opera en dos modos: autom&tico y manual.
En el primero (fig. 7), al darse un reset el programa entra -
al periodo de recolecci6n de datos.

Durante Tmax se cuentan los eventos del pluviémetro-
y al final de éste se transmite el paquete de informacidén, y-

se repite nuevamente el ciclo,

En el modo manual (fig. 7), despu&s del reset se -

transmite inmediatamente la informacién cue se tenga acumula-
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da y al término de esta transmisi®n empieza el perfodo de reco
leccidn de datos, siguiendo, a partir de este momento, el mo-
do de transmisién autom&tico.

3.1.1. DESCRIPCION DEL MICROPROCESADOR SC/MP

Para realizar el sistema descrito en el diagrama de-
bloques de la fig. 6 se escogié el microprocesador SC/MP de -
National Semiconductor Co.

MODO AUTOMATICO
Reset l l

Periodo de

recoleccidn ____I:'——“’:-o.‘-—-’l

de datos

r_
Encendido r' z L_f———~
'~

trasmisor —at 7 b—— — 7 —
Dat P '/j;,':'l L//EI/"'}}'?
atos -
MODO MANUAL
Reset ‘ l csse
Encendido e | I
trasmisor
" o it
Datos L o et - @- Pora 11

Periodo de r‘—.___ S e I
recoleccidn ~ ].__.._..___.
de datos

Fig. 7 Diagrama de tiempos

El SC/MP es un microprocesador de 8 bits que esta -
contruido en un solo circuito integrado, con tecnologfa MOS

(Metal Oxide Semiconductro) canal P de empobrecimiento., La -
arquitectura de su unidad central de procesamiento (CPU) se
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muestra en la fig. 8.

Este microprocesador cuenta con un acervo de 46 ins-
trucciones; entre ellas, operaciones l18gicas, aritméticas, -
manejo de registros y acceso directo a memoria (DMA) . Tiene-
una capacidad de direccionamiento de hasta 65 536 localidades
de memoria.

Por software se pueden controlar interrupciones, se-
fiales de control de entrada/salida (comunicacién con disposi-

tivos externos) y transferencia de datos en serie o en parale
lo.

Adem&s puede ser conectado a circuitos TTL (Transis-
tor Transistor Logic) o CMOS sin problema de acomplamiento -
(ver los circuitos equivalentes de los manejadores y recepto-
res del SC/MP en las hojas de especificaciones en el Apéndice
A).

3.2 CICLO DE TRABAJO

Como se mencioné en el subcapftulo 3.1, las activida
des que se llevan a cabo en la Estacif6n Experimental II siguen
un determinado orden y a un determinado tiempo. Esta secuen-
cia de actividades esta controlada por el microprocesador, me
diante el programa CONPLU I (Contador del Pluvifmetro). El-
diagrama.de flujo simplificado de este programa se muestra en
la figura 9.

Al darse un reset, todos los registros del micropro-
cesador se borran y empieza a correr el programa almacenado -
en PROM (memoria programable de s6lo lectura). Este programa
comienza su operacién con la seccifn de INICIACION; en esta -

parte se pone a cero la memoria (flip-flop) que "atrapa" el -
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Reset
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Inicializa

si

no

Fija periodo de
recoleccidn de
datos, Tnax

Registra y alma-
cena datos de
precipitacidn

si
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pulsoc proveniente del pluvidmetro y se analiza si la opera- -
cién va a ser manual o automitica. El modo de operacién se -
escoge previamente con un selector conectado a uno de los cir

cuitos receptores del microprocesador (Sense B fig. 8).

Si el modo de transmisifén es manual se transmite in-
mediatamente la informacifn que se tiene en los registros de-
datos (Po, P—l’ P-,, ¥ P—3). Para ello, por programa se ana
liza la lfnea sensora B, si su estado es alto, significa que-
el operador quiere que se transmita inmediatamente la informa
cibén acumulada hasta ese momento.

Si el estado de la linea sensora B es bajo significa
que la operacién es automitica normal. En este modo se alter

nan periodicamente las fases de recoleccibn y transmisidn.

La fase de recoleccifn y registro se compone de una-
rutina de retardo que fija el tiempo, (Tmax) de recolecci6én -
de datos (10 minutos tiIpico); esta rutina es interrumpida con
la llegada de cada evento (pulso) del pluvibmetro. Este pul-
so pone en alto la salida de un flip-flop conectada a la linea
sensora A del microprocesador, que al detectar un estado alto
provoca una interrupcién en el programa. Con la interrupcién
se pasa a la subrutina de conteo donde se incrementa en una -
unidad la localidad de memoria de la precipitacién total acu-
mulada (Po) y se regresa a la rutina de retardo.

Transcurrido el tiempo programado para la recoleccién
Yy registro de eventos se procede a la transmisibn de la infor
macién., Para ello es necesario abrir primero el canal de -
transmisién., Esto se logra alimentando al transmisor con un-
voltaje de +12 VDC a travé&s de un relevador, activado a su -
vez por un transistor manejado por el microprocesador utiliza
do el "latch" de salida S10 del registro de extensién (ver fi




gura 8). La informacién consiste en un paquete de 5 datos co

dificados (figura 10) formado por: identificador de la esta-—-
cién ID, precipitacién total acumulado Po y tres datos redun-
dantes con la precipitacién acumulada de tres perfodos anterio
res P-l'.P-Z y P-5.

PAQUETE DE DATOS

Ve
_*Tﬂe_
10 Pe | X Pg P.i
DATO Te
-0. I.ﬂ -.-
STARTY @ DATA BITS 2 STOP BITS

Uy

Tp = 2.5 seg
Tc = 0.1 seg
Te

0.5 seg
Fig. 10 Formato de transmisidn

La conversifén a serie y transmisifén de los datos se-
lleva a cabo por programa a diferencia de la versién con 16gi
ca alambrada, en la cual se empleaba un UART. E1l dato a trans
mitir se carga al registro de extensifn y se saca, mediante -
corrimientos hacia el Flag 0 y de allf al modulador FSK para-

su acondicionamiento. La velocidad de transmisifn es de 110-

bauds.,
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Cada dato consta de un bit de inicio, 8 bits de in--
formacién y dos bits de finalizacién. Enviado el paquete de
datos seriados se apaga el transmisor, se reacomodan los re--
gistros de las precipitaciones acumuladas para la préxima -
transmisién y se inicia nuevamente la fase de recoleccién y -
registro.

.
ILa redundancia en la transmisién de datos permite a la estacién
de registro recobrar la informacifn en caso de p&rdida durante alguna —-
transmisién.
El listado de este programa se encuentra en el apéndice B.

3.3 CIRCUITOS ELECTRONICOS DE LA ESTACION CON MICROPROCESA--
DOR

Con el programa anterior (3.2) se le dan al micropro
cesador una serie de instrucciones a seguir, para que ejecute
una secuencia de actividades en la estacién de campo. Algu--
nas de estas actividades son inherentes al microprocesador -
(conteo de pulsos, retardos, etc.), pero otras (encendido del
radio, modulacién de la informacién, etc.). deben ser realiza
das por dispositivos externos al microprocesador. Estos se -
describirdn a continuacién.

La estacifn de campo consta de dos tabletas de cir--
cuito impreso (fig. 11): una corresponde al propio microproce
sador y la otra a todos los circuitos auxiliares.

3.3.1 CIRCUITO IMPRESO DEL MICROPROCESADOR Y SUS COMPO--
NENTES.

Sobre la tarjeta del microprocesador se encuentra, =
ademds del chip ISP 8/500D (microprocesador), una memoria -
EPROM (MM5204 Q) que contiene al programa (CONPLU), memoria -
RAM (dos chips MM2101 - 1D), un buffer inversor (SN 7414N), -
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un buffer "tri-state" para el bus de datos (DM 81LS95 N), un-
regulador de voltaje (LM 320 MP) y un cristal de 1.0 MHZ -
(Y1l).

3.3.2 CIRCUITO DEL RESET Y SELECTOR DEL MODO DE OPERACION

El punto de partida de la operacién de la estacién -
de campo se da al dar un reset al microprocesador. El circui-
to (ver fig. 11) consiste en un "push-button" (normalmente -
abierto) y dos inversores en serie (no inversién) conectados-
al pin 7 (NRST) del microprocesador. En operacifn automitica
normal el pin 7 debe tener un estado alto. Cuando se oprime
el "push-button" se presenta en el pin 7 un estado bajo, du--
rante el cual se aborta el programa en proceso. Al retornar-
al estado alto ("push-button" libre) una circuiterfa interna-
del microprocesador borra todos los registros accesibles al -
programador y trae la primera instruccién que se encuentra en
la localidad vuul HEX. E1l circuito RC funciona como un amorti-
guador para absorber los rebotes que se provocan al oprimir el
"push-button".

Una vez dado el reset, el programa "pregunta" si la-
transmisifén va a ser manual o autom&tica. Esta "pregunta" se
hace detectando la sefal que esté& presente en el pin 18 -
(Sense B fig. 11), del chip del microprocesador. Para ello -
se tiene un micro-interruptor N (MS2) y un inversor; con este
arreglo se puede presentar al pin 18 un estado bajo (transmi-
si6n automitica) dejando el interruptor abierto, y un estado-

alto (transmisién manual) cerrando el interruptor a tierra.

Esto significa que previamente al reset debe escoger
se el modo en que va a operar la estaci6n. Si se escoge el -
modo de operaci®n manual (MS2 cerrado) significa que cada vez
que se de un reset la estacibn transmitir&d inmediatamente los

datos acumulados hasta ese momento.
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3.3.3 ACOPLADOR PLUVIOMETRO-MICROPROCESADOR

El pluvifBmetro mide la precipitacifén mediante un ba-
lancfn, el cual al captar 0.25 mm de lluvia acciona moment§--
neamente un interruptor. Este interruptor esta conectado en-
serie con una baterfa de +12 VDC y con un contador eléctrome-
cdnico (fig. 12). Al cerrarse el interruptor se permite el -
paso de corriente hacia la bobina del contador, aumentando en
una unidad su cuenta. La finalidad de este contador es la -~
de registrar localmente los eventos. Asf mismo el pulso de -
+12 VDC se reduce a uno de 5V mediante un diodo Zener para
ser compatible con el microprocesador.

El pulso es "atrapado" dentro por un circuito Flip--
Flop (fig. 11). E1l1 "Set" (Entrada Pluvibmetro) de este -
Flip-Flop (F/F) lo da el pluvibdmetro y el "Reset" lo da el -
microprocesador (Flag 1).

Este arreglo es accionada por los flancos de bajada-
de los pulsos en S y en 'R, es decir, cuando desaparece el pul
so proveniente del pluvifmetro, la salida (pata 3 del chip -
4001) se pone en alto y es puesta en un estado bajo con el -
flanco de bajada del pulso que manda el microprocesador.

La salida del F/F estd conectada a la pata 17 (sense
A) del microprocesador y ademis es la entrada de interrupcién
del programa en operacién.
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Zener
Interruptor del 8BvZ2

pluvicmetro

Entroda
pluviometro

electromecanico

|

l

|

4 l

1 Bobino contodor |
de eventos :

]
I

Comin

Fig. 12 Circuito Acoplador Pluvifmetro
MP SC/MP

Resumiendo, la secuencia de eventos se da de esta -
manera: aparece el pulso del pluQidmetro Yy pone un estado -
alto en la salida del F/F, el programa detecta este estado, -
lo registra y pone un estado bajo al F/F.

3.3.4 ENCENDIDO DEL TRANSMISOR

Como se mencioné anteriormente (3.2) se requiere pren
der el transmisor antes de transmitir el blogque de datos Yy -~
apagarlo después del envfo del mismo. Para ello se tiene un-

relevador que permite el paso de corriente al transmisor




cada vez gue se transmite.

En 14 fase de transmisién el programa utiliza la -
pata 23 (SOUT) del microprocesador para accionar el transis--
tor BC237 que maneja al relevador. Al mismo tiempo que se -
acciona el relevador se prende un LED (Diodo Emisor de Luz) -
para monitorear el encendido del transmisor. Este LED perma-
nece prendido durante 4.5 seg. que es el tiempo gue permanece
activo el radio enlace.

3.3.5 MODULADOR FSK

Para la transmisién del paquete de informacién se -
emplea la técnica FSK (Codificacién por corrximiento de fre- -
cuencia) . Para ello se utiliza un circuito integrado como ge
nerador FSK (XR2206 en la fig. 11). Para el nivel 16gico "1"
se asignd una frecuencia de 2400HZ y para el "0" 1200HZ.

Utilizando las f6rmulas de diseno para este circuito

se tiene:

1
f"l" = 2400 = R
X
Y
F = 1200 1
"O" R C
Y
escogiendo C = 0.01 microfarad, y sustituyendo
Rx = RlO + P3
Ry =R, + P,

en donde P, ¥y Py sirven para el ajuste fino de las frecuencias
respectivas.




Adem&s se tienen los potenciometros Pl Y P2 para -
dar el nivel de DC de la serial FSK y ajuste de la ganancia -

de la misma sernial, respectivamente.
La senal FSK se alimenta al radio transmisor.
3.3.6 FUENTE DE ALIMENTACION

El suministro de energfia en la estacifén de campo esté
dado por una baterfa automotrfz (+12VDC) en flotacifén con un
cargador (que puede ser un convertidor AC-DC o un panel de -
celdas solares). Ya que la tableta del microprocesador opera
con +5VDC y =12 VDC y la tableta con la circuiteria de sopor-
te opera con +5 VDC y +12 VDC, es necesaria la conversaibn de
los +12 VDC de la baterfa a +5 VDC y -12 VDC. Esto se logra-
con el circuiito mostrado en la fig. 13.

Este circuito convertidos de voltaje DC-DC contiene-
los siguientes circuitos integrados b4sicos: Un generador -
de pulsos (timer 555), dos transistores de potencia (TIP3l y-
TIP32), un regulador a +5 VDC (7805) y un regulador a -12 -
vDC (7912).

‘La salida (pata 3) del circuito 555, maneja a un am-
plificador de corriente (TIP3l y TIP32), cuya salida pasa a -
un circuito doblador de voltaje (formado por Cl’ C2, C3 Yy C4,
Dl' DZ' D3; Yy D4). En la fig. 14 se muestran las formas de -

onda de las sefiales en los puntos A, B, C, Dy E, el circuito
opera asi:

Cuando la salida A es alta, C, (B) se carga a través
de Dy, 02 no conduce. Cuando la salida A es baja, la carga -
de C, es transferida a c, (C) por medio de DZ‘ ya que .D; que-

da polarizado en inversa. Cuando la salida A es otra vez -




rig. 13 Convertidor de +12 Vdc a —12Vdc y +35 Vdc
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alta, C, (D) es cargado por C, através de D, de tal manera -

3 2 3
gue en ese punto se tiene aproximadamente menos el voltaje -
de alimentacibn (Vcc = 12VDC). Cuando A es otra vez bajo, la

carga de C3 (D) es transferida a C4 (E) por medio de D4 (Dl'-
Dz, Y D3 no conducen), teniendose de esta manera dos veces -
(aproximadamente) el voltaje de alimentacifn a la entrada -
(pata 3) del regulador de voltaje.

En el nodo E se tiene conectado un circuitc regula--
dor de voltaje (7912) con el cual, si en E se tienen variacio
nes de voltaje de =-2Vcc/lE{- (Vcc +3), se puede asegurar que a
la salida de este circuito integrado (pata 2) se tiene un vol
taje constante de -12 VDC @ 300 mA.

Para el requierimiento de +5VDC se conect6 a +12 VDC
el regulador 7805 cuya salida (pata 2) tiene un voltaje cons-
tante de +5VDC @1 amp.

3.4 RADIOENLACE
En el prototipo descrito se utilizd un transmisor -

de alta frecuencia (VHF), 2 Watts de potencia, con antena ti-
po Yagli de alta ganancia.
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3.5 ESPECIFICACIONES TECNICAS DE LA ESTACION DE CAMPO

Funcién - Recoleccién y transmisidn digi--
tal de datos hidrol&gicos.

Modo de operacidn: Intermitente perfodico. Ciclo de
dos fases conteo y transmisibn.-
Operacifn manual o automitica. -
Transmisidén asincrona.

Transductor: Pluvibmetro tipo balancin, 0.25mm
de lluvia por descarga (evento),
interruptor de mercurio para re-
gistro local y telemétrico.

Perfodo de transmisién: Fijo por programa. 10 minutos -
tipico.

Duracién de la transmisibén: 4.5 : Datos 3 segs. con 0.5 seg.
entre dato y dato. Encendido -
del transmisor 1 seg. antes y -
0.5 seg. después de datos.

Codificacidn de datos: Paquete de 5 datos: Identifica--
dor de la estacibn, precipitacibn
acumulada actual y precipitacio-
nes acumuladas de tres transmi--
siones anteriores. Formato ASR-33
110 bauds: start bit, 8 data -
bits, 2 stop bits.

Identificador de la esta- Fijo (E@ HEX) en el programa de-
cibn: la memoria EPROM.

Acondicionamiento de datos: Modulacibn FSK, nivel alto 2400-
HZ, nivel bajo 1200 HZ, amplitud
ajustable 0.5 a vap' nominal -

1v
pPp.




Impedancia de salida. Senal
FSK?

Monitores:

Equipo de comunicacién:

Suministro de energila eléc
trica

Consumo de corriente:

Voltajes de alimentacibn:

Necesidades de voltaje:

Protecciones:

Electr8nica:

600 ohms.

LED para encendido de transmisor.

Transmisor REPCO, VHF, 166.69008
MH2Z2, FM, 2 Watt, calidad voz, -
operacién intermitente, 12-15 -~
VDC. Antena Yagi, VHF de 5 ele-
mentos.

Cargador y baterfa automotriz en
flotacidn + 12 VDC.

Fase recoleccifn de datos: 600 -
ma. aprox. Fase transmisibén: -

1 amp. aprox.

Baterfa, + 12VDC; convertidor -
de voltaje, - 12 VDC y + 5VDC.

Tableta, +12VDC y +5VDC; tarjeta
microprocesador, +5VDC -12VDC; -
transmisor, +12VDC.

Pararrayos con electrodos a tie-
rra. Supresor de transitorios DC
(en + 12VDC).

Digital. Circuitos MOS, CMOS y -
TTL.




4. ESTACION DE REGISTRO

4.1 DESCRIPCION GENERAL

La estacibn de registro es la parte complementaria -

del enlace telemé&trico.
frecuencia transmitida por la estacibn de campo,

ca y alimenta a un microcomputador,

cesa la informacibn.

En ella se recibe la senal de radio-
se decodifi-

el cual interpreta y pro-

El diagrama de bloques de la estacibn de registro se

Receptor
VHF

muestra en la fig. 15.

Vsuouzgdor
olfonumerico

s

|

senal

Detector de ‘

1 |

Suministiro de

[ .
{ energio electrico

Microcomputador
Recepcion, Proce-
samiento y Regisiro

st ——]

Impresoro
en papel

Tedodol

Fig. 15 Partes integrantes de la estacibn de registro.




4.2 DIAGRAMA DE BLOQUES

Como se muestra en el diagrama de la fig. 16 el equi
po de la estacibdn de registro se desarrolld alrededor del -
microcomputador AIM-65 de Rockwell. Por su versatilidad en.-
cuanto a programacibn, registro y comunicacibn a un costo ba-
jo, resultb6 propio para esta aplicacibn de adquisicibn de da-
tos. Su diagrama funcional se muestra en la fig. 17.

En la estacibfn de registro el receptor de VHF, conti
nuamente encendido, detecta la senal de radio enviada por la-
estacibn de campo. Esta senal, modulada en FSK, primeramente
se demodula y convierte a niveles 16gicos apropiados. A su =
vez cada dato del paquete de informacibn se detecta y decodi-
fica por un receptor asincrono (UART) programado para la velo
cidad y formato de transmisib6n empleado. Cada vez que recibe
un dato correcto, lo convierte a paralelo y lo transfiere a -
un registro de salida junto con una senal de "dato recibido"-
(DR). Esta sefnal interrumpe al procesador, gque ejecuta de -
inmediato una rutina de lectura y transferencia del dato del-
UART hacia memoria.

Recibido y almacenado el pagquete de datos, se proce-
sa y los resultados se registran permanentemente sobre papel-

junto con la estacibn, fecha y hora de recepcibn.

Durante el tiempo de espera se ejecuta un programa =
reloj fechador, cuyos datos se presentan actualizados en el -
visualizador alfanumérico. Mediante este programa se lleva -
control en tiempo del periodo de arribo de la informacién.

4.3 DIAGRAMA DE FLUJO DEL PROGRAMA

Un diagrama de flujo simplificado del programa para-




—— Receptor - Trasmisor Mot
onitor
Receptor .| Demodulador | Universal Asincrono Status
VHF FSK (UART) UART
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Monitor de
datos recibidos
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N
‘ Teclodo
Micro computadora
A -
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alimentocion —o alfanumerico
Programa > Impresora
(PROM) en pape!

Fig. 16 Estacion de registro
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Fig. 17 Diagrama de bloques del AIM-65
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el AIM65 se muestra en la fig. 18.

La ejecucifn comienza al oprimir la tecla F1, gie ini
cia el programa con una rutina de inicio; se establecen los -
parametros y valores iniciales, se define el direccionamiento
de los puertos de entrada/salida y las funciones de interruﬁ-
cién. Por interrégaciﬁn a través del display, el operador -
mete por el teclado la fecha (mes, dia, ano), hora (hr., min.,
seg) y la precipitacién total acumulada con la gue se desea -
iniciar. A partir de ese momento se habilitan las interrup--
ciones y da comienzo el programa principal. La primera inter
rupcibn se efectfa cuando el UART ha recibido un dato, su ru-
tina de servicio es prioritaria. Una segunda interrupcién -
se da cada segundo y la rutina que da servicio a esta interrup
cibén actualiza el reloj fechador de tiempo real. E1l segundo-
se genera decrementando a razdén de 1 MHZ un contador cargado-
inicialmente con el dato F4@g@P HEX (62464 DEC). Repitiendo 16
veces este proceso se obtiene:

62464 M seg X 16 = 999.456 m seg = 1 seg

En el caso de recibir datos, se analiza el primero, -
que representa el identificador de estacién (ID). Si es in--
correcto, el dato fue afectado por ruido o interferencia du--
rante la transmisién radiofénica y se deshecha. Solo cuando-
ID sea correcto se toman los datos subsiguientes y se procede
a su procesamiento. En esta parte del programa se comparan -
los datos presentes con los datos redundantes de pasadas - -~
transmisiones (P_;, P_,, P_3), pudiendo asf corregir algGn -~
dato incorrecto o no recibido.

Si el resultado del procesamiento de los datos reci-
bidos fue que llovi8, se pasa a una rutina en la que se impri
me en papel la fecha y hora de arribo de datos, la estacién -
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gue los envid, la precipitacién y la precipitacién total acu-
mulada desde el inicio de la operacidn.

Mientras no llegan datos, se lleva la cuenta del -
tiempo transcurrido desde la (ltima recepcién por comparacién
con el reloj propio de tiempo real. Si este es mayor -al perfo
do programado de transmisién (10 min. tfpico), se entra a
una rutina gque imprime el mensaje "NO LLEGARON DATOS" junto =
con la fecha y hora, y se habilita una alarma audiovisual in-
termitente. Si el tiempo transcurrido, adémés es mayor gue -
un lfmite maximo admisible, el programa imprime el mensaje -
"FALLA DE TRANSMISION" junto con la fecha y hora, se habilita
la alarma en forma permanente y se aborta el programa.

Si la adquisicién de datos esta en tiempo, se actua-
liza la fecha y hora mostrada en el visualizador alfanumé€rico.

4.4 LISTADO PROGRAMA RAP-AIM-65-VIII

Fn el aoéndice B se presenta el listado del programa -
RAP-AIM-65-VIII (Registro Automdtico de precipitacifn) que -
se desarrolld para recibir y procesar la informacibn prove- -
niente de la estacifn de campo (cap. 2 y cap. 2).

4.5 CIRCUITOS ELECTRONICOS
El diagrama general se nuestra en la fig. 19.
4.5.1 DEMODULADOR FSK
La senal de la estacién de campo, detectada por el -
radio receptor, se demodula con el circuito integrado XR2211.

Su diagrama de bloques y alambrado se da en la fig. 20. Con-
siste de un PLL (Phase Locked Loop) para detectar la senal -
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Diagrama de bloques funcional del demodulador FSK XR 2211

Fig. 20

Diagrama de alambrado del demodulador FSK XR 2211 CP




de entrada en la banda de paso, un detector de fase de cuadra
tura para deteccibén de portadora y un comparador de voltaje -

para demodulaci6n FSK. Su diagrama electrbdnico se muestra -

en la fig. 19.

Las frecuencias para los niveles l&6gicos son:

f 1200 HZ (nivel "0")

1

f2 = 2400 HZ (nivel “"1")

baud rate = 110

que son las mismas que se usan en la estacidn de campo al pro

gramar el modulador FSK.

4.5.2 UART

El tren de pulsos, con la informacidn seriada detec-
tada en el demodulador FSK, pasa al receptor del UART para -
ser decodificado y convertido a paralelo. Su circuito se -~

muestra en la fig. 19.

La recepcién de datos comienza cuando la entrada RRI
cambia de un nivel 1l6gico "1" a "O", transicién que indica la
llegada de un BIT de inicio. Este bit de inicio ser& valido,
si después de la transici6n "1" a "0" la entrada RRI permane-
ce en "0" transcurridos 8 pulsos de reloj que es cuando se -
muestrea. Si la linea est8 en "1" en el momento del muestreo,
el proceso de verificaci6n del BIT de inicio se iniciari de -

nuevo.

l.espués de recibido un BIT de inicio vdlido, de co--—
mienzo la recepcibén de los bits de datos, de paridad y de fin

de datos BIT de finalizaci6n, de acuerdo a los bits de con- -
trol escogidos.
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Cuando se ha recibido un cardcter completo, se trans
fiere a un registro de salida (RBR1-RBR8) y la senal DR se --
pone en "1". Esta senal indica al microprocesador gque el -
UART ha recibido un nuevo dato.

DR a su vez se pasa a un circuito monoestable para -
generar un pulso en la entrada DDR, gque pone a cero DR y
habilita la recepcién de un nuevo dato. (Modo incondicional).

El indicador de control visualiza con LEDS si hubo -
error de paridad (PE), si no hubo BIT de finalizaci6n vdlida-
(FE) y si no se puso a cero la linea DR y lefdo el dato antes
de llegar un nuevo car8cter (DE). Con el botén RESET se pone
a cero PE, FE, OE, DR y es necesario activarlo al prender el-
circuito. '

Al igual que el UART en la estaci6n de campo, la ba-
se de tiempo y la velocidad de recepciédn de 110 bauds, se ge-
neran internamente a partir del oscilador a cristal de -
3.579545 M Hz.

4.5.3 MONITOR DE AUDIO Y ALARMA

‘Ya que la senal FSK est8 dentro de la banda de audio,
es posible monitorearla auditivamente. En la fig. 19 se ob--
serva el monitor de audio (LM380) que amplifica la senal del-

receptor y permite verificar su calidad.

Cuando existen problemas en la transmisidn, es nece-
sario indicarle al operador la presencia de tal problema. Pa
ra ello se instal6 una alarma (Sonalert), que es activada -
cada vez que no llegan datos de la estacibén de campo o se pre
senta una falla de transmisién.




A excepcién del monitor de audio, que requiere +12VDC,
los circuitos operan en +5VDC. Ambos voltajes se derivan de-
las fuentes del microcomputador.

4.6 REGISTROS EN PAPEL

Un ejemplo de los registros obtenidos con el enlace-
telemétrico descrito, se muestra en la fig. 21.

" D . . . s o
. Inicializacion del
:‘-ﬁqﬁt programa
[ A LA A
(R T RIS S9E SRS
X e KPR
o RED GT —— Recepcién de datos
FREIZC.T i1. EruNg
2 % S A Ko S SR A L
MID Al 2=
:,:'T T Rl i ..
FEZCD. TOTRCUM. Qo>
NN Y v e e e e Ve e
ST vy oo R ]
=37 1z “r=l. o>
FRED VIV RCLY ToLE
2 R R R S R A RN S R
MIO 1i 22 a7 ZY LT
ST IY mmET 3T
FREC TOT ACUND SST
R R R B T B OO N
MG OLLEGARCHN LATOE Interrupcidn de una
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LR 2 e 5 PIPY ele e - e &
T 4 . ;" ::' ;:1 .'4—
=27 i1 - —— Recepcion de datos
FRZOT.TOT BTN Soll
B A S A T TR I S S A I R
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MZT 41 =0 o4t Ta trasmision
S S b R b e ey
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-4 .00 DX g i~ -~ = Y~
120 L: Ty DU S nente de recepcion
A R de datos. Aborto
[ 20 2 RV S S SR I R I YIR TNV S S S 1

Fig. 21 Ejemplo de registro de datos
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4.7 ESPECIFICACIONES TECNICAS DE LA ESTACION DE REGISTRO

Funcibn:

Realizacidn:

Modo de Operaciébn:
Registro:

Formato de Impresidn:

Codificacidén de datos:

Modulacién:

Receptor:

Recepcibn, decodificacién y re--
gistro de datos hidrol8gicos, en

viados desde una estacién de cam
po.

Microcomputador AIM65, 8 bits pa
ra control de recepcibn y regis-

tro de datos por programa.
Continuo, recepcidn asincrona.
Impresora sobre papel té&rmico.

Fecha y hora de recepcién’de da-
tos, identificador de estacibn -
y precipitacién acumulada, preci
tacibén total acumulada (ver 4.6-
fig. 21).

Paguete de cinco datos: identifi
cador de estacibn, precipitacibn
acumulada y tres precipitaciones
acumuladas anteriores. Formato-
tipo ASR-33, 110 bauds: start -
bit, 5-8 data bits, parity bit,-
1-2 stop bits.

FSK. nivel alto ("1") 2400Hz, -
nivel bajo ("0") 1200 Hz.

Radio "Repco", VHF, 166.69008 -
MHz, FM calidad voz. Antena Yagi
VHF, 5 elementos.
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Electr6nica: Digital, MOS, CMOS, Tarjeta cir-

cuito impreso.

Suministro de’energia elec AIM65 y circuitos de recepcibn:-
trica: +24 vDC 2.5 A, +5VDC 2.5 A, -
+ 12 VvDC 500 mA.
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5. PERSPECTIVAS DE DESARROLLO

En este capitulo se describe un sistema tentativo pa
ra la realizacién de una estacibén de campo que sea capaz de -
llevar acabo un nimero mayor de funciones. Es decir, en un -
sistema de adquisicidn de datos hidrolb6gicos se requiere cono
cer una buena cantidad de variables, como pudieran ser: Tiran
te del rfo (si es que la estacién se encuentra cerca de algu-
no), temperatura, presidn, humedad, voltaje de baterfa (pués-
&sta es la fuente de energia que hace posible el funcionamien
to del equipo), entre otros. En la fig. 22 se observa un dia
grama de bloques de lo gue serfa este sistema. Ademds se -

agregé un radio receptor, para el caso general de emplear la-

estacién como retransmisora. &(;;”

A4

PLUVIOMETRO /
RADIO

RECEPTOR

LIMNIMETRO QV
ESTACION RADIO
TEMPERATURA DE lllﬂﬂl
CAMPO
PRESION
VOLTAJE
BATERIA

Fig. 22 Diagrama de bloques de la estacidén de campo
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El problema se define como sigue:

Primero: La variable a medirse debe estar dado como un dato-
binario de ocho bits.

Segundo: Es necesario poner el dato de la variable a medir so
bre el bus de datos del microprocesador.

Tercero: Los datos deberédn estar presentes, uno a la vez, -

sobre el bus de datos cada vez que el microprocesa-
dor lo requiera.

La solucién propuesta a nivel de diagrama de blodques
de muestra en la fig. 23.

El primer punto pudiese solucionarse de la siguiente
manera: Existe en el mercado un conversor analdgico-digital-
en un circuito integrado monolftico (ADC 0802, ver especifica
ciones técnicas en el Apéndice a). Este conversor es de ocho
canales analdgicos y salida de ocho bits en paralelo. Para -
seleccionar cada canal analdgico se conectan los cuatro bits-
menos significativos del bus de direcciones al decodificador-
de direcciones del mismo circuito integrado. Este circuito -

integrado tiene salida con control de alta impedencia (tri- -
state).

En lo que se refiere al receptor, la senal que lle--
ga seri en serie. Esta senal se demodulé y se hace pasar a -
un UART que convierte la senal a paralelo. Este circuito -
también tiene salida de alta impedancia.

Tanto en el receptor como en el pluvibmetro, la lle-~
gada de un dato o evento es aleatoria. Entonces, para que -

esos datos no se pierdan deben ser guardados inmediatamente -
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en memoria. Para ello se utilizarialacapacidad de interrup--
cibn del microprocesador. Del pluvilmetro se mencioné en ca-
pitulos pasados como interrumpe al microprocesador; para el -
caso del UART, este manda un pulso (DR) cada vez que recibe -~
un dato, y es esta sefal la que interrumpe la programa en ope
racién, para que el microprocesador de servicio al receptor.

En la fig. 23 se muestran dos memorias (ROM y RAM)
conectadas al bus de datos. Ambas memorias tiene salida de

alta impedancia. La memoria ROM. contendrfa al programa gque

controla todas las actividades de esta estacién.

El bus de datos consiste en ocho lfineas paralelas

gue llevan o traen informacibén (datos de ocho bits) de un dis
positivo periférico o memoria a la unidad central de procesa-
miento (CPU). Por eso, como el bus de datos est8 compartido-
con esos dispositivos, no puede haber mds de un dato sobre =~
el bus en un momento dado.

Como se hizo notar, los dispositivos tienen salida -
de alta impedendancia (tri-state) esto conduce a una plausi--
ble solucién del tercer punto. Pués para poner un solo dato-
a la vez sobre el bus s6lo hay que accionar uno de los contro
les de las altas impedancias de los dispositivos. Para ello -
se tiene en la fig. 23 un bloque denominada CONTROL (Decodifi
cador), cuya funcibn es la de activar s6lo una de las salidas
de los dispositivos.

El circuito que logra este trabajo se muestra en la-
fig. 24.
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T474 74198

NADS T

Fig. 24 Circuito decodificador

Consiste de dos circuitos, el primero es un latch -
(7474) y el otro un decodificador (74155) de dos entradas -

binarias (A10, Al1l) a cuatro salidas decimales (A, B, C, y D)

Se toman como entrada binarias los dos bits mis sig-
nificativos del bus de direcciones (Al0 y All). Esto signifi

ca que en el momento de hacer un direccionamiento los dos -
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bits m&s significativos del bus de direcciones definirdn a -
que dispositivo se est8 direccionando.

Con todo lo expuesto anteriormente quedan soluciona-
dos los tres puntos que definfan al problema. Ahora, la modi
ficacién que necesitarfa el programa (sub-capitulo 3.2} -
serfa la de agregar una rutina de servicio para la interrup--
cidn del receptor y aumentar el stack de informacidén con los-
datos del UART y con los ocho datos del conversor analbgico-di
gital.
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6. CONCLUSIONES

Los circuitos y programas descritos en los capftulos
anteriores se probaron en condiciones reales de operacién. -
Y se observaron ventajas y desventajas de unos con respecto

a otros.

La experiencia que se obtuvo al observar el funcio--
namiento de la estacibn experimental hecha con légica alambra
da fu€ que es de gran confiabilidad, pués en la temporada de-
lluvias de 1979 se logr6 captar toda la cantidad de precipitg
cifn pluvial que se dib6 en la zona en que se instald esta -
estacibn.

También cabe recalcar el bajo consumo de corriente -
de esta circuiterfa (trece circuitos integrados y elementos -
discretos, incluyendo el transmisor) hecha en base a circui--
tos integrados CMOS que es de aproximadamente 21.7 mA con -
un voltaje de alimentacién de +12 VDC.

Respecto a la estaci6én de campo hecha con un micro--
procesador, hubo algunos inconvenientes, entre ellos, la ali-
mentacibén del microprocesador que es de +5VDC y =12 vDC y en-
la estacidn solo se cuenta con alimentaci6én de +12 VDC prove-
niente de una baterfa automotrfz. Otro problema que se susci
td es el alto consumo de corriente del microprocesador (550 -
mA) y por Gltimo el circuito es muy sensible a transitorios-
en la lfnea de alimentacién.
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Pero en general se obtuvieron resultados positivos -
en el andlisis de este sistema hecho a base de microprocesado
res.

Antes que nada la experiencia que se obtuvo en la -
adquisicién de datos hidroldgicos y en el control de procesés
de medicidén remota fu€ de gran valor. El empleo de micropro-
cesadores facilita el manejo de datos asf como la realizacidbn

de funciones complejas de manera eficiente y confiable.

Ademds gracias al software se tiene una gran flexibi
lidad en el diseno, esto es, con instrucciones del procesador
se puede resolver problemas de hardware, elimin&ndose este Gl
timo en algunos casos. De allf que la electrfnica asociada -
al microprocesador es muy sencilla.

Por otro lado, comparando costos entre l6gica alam--
brada y microprocesadores, el empleo de un microprocesador -
baja el costo del disefio ya que en l6gica alambrada se requie
re de muchos circuitos integrados, si bien el costo de un cir
cuito integrado es inferior al de un microprocesador, el cos-
to global de todos lo circuitos integrados necesarios para -
realizar la l6gica alambrada excede en buena cantidad al cos-
to del sistema hecho a base de un microprocesador.

Otro detalle que cabe mencionar es que la operacién-
intermitente del transmisor permite un ahorro considerable de
energfa.

Todo este camino recorrido en el campo de los micro-
procesadores y la tecnologfa CMOS lleva a que en el futuro
se podr&n disefiar nuevos sistemas de adquisicién de datos, -

los cuales ser8n mejores y m&s complejos que los actuales. -

Todo ello apoydndose en la creciente tecnologfa de los micro-
procesadores.
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Otro objetivo al que apunta este camino es el de la-
disminucidén del consumo de energfa por estos sistemas y esto-
se lograé& empleando en mayor medida circuitos integrados, -
memorias,{ microprocesadores CMOS.

{
i
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ISP-8A/500D single-chip 8-bit microprocessor (SC/MP)

general description
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PARAMETER
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applications
* Temt System anc Inttrurnentation * Pocry Conpraliens
* A\l rine Tool Contrgl * Termingit
* Semun Buninens Moch-neny ® Trattic Controls
* Vol Preieng Susterm * Labatstory Controlieny
* E-hiators Svitems * Sophutwaten Gomes
* Ntnronrtve Systemy * Agtomotesy
absolute maximum retings
Vortep of amy pn vgs ¢ 0V 10 Vgg - 0V
Oraiatng Temon ratioe Range 0'Co +20°C

-85°C 10 +180°C

300°C

electrical Characteristics (Ta» 25°C, Vgg» *SV I8N VoG * -V 58]

CONDITIONS MiN UNITS
INPUT SPECIFICATIONS
0
0% WMOLD NRST SENSE A
Lf.sk R N DRODSY
T Coean e a 2
i Loa 1 bmput Voltage vgg ! Vg5 03 v
H tw< 0 fapul Voitege vig e SV vgg - 10 o v
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Euternal Load Capecitance % of
1
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TIMING SPECIFICATIONS (Note 5)

T panamETER CONDITIONS N Tvr MAX | UNITS ;
—_— e e !

T Awremm: Leote 61 1000 ] R

Adrress o gt Output Status

{See Yupien B}
To1 (ADS) 31,7 L)
h\k!;‘\;m i 1T/ - 302 "
15 1ADDAY T, 029 ~
Ty 1ADDR) ) "
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Ti iSTAT) 0 ™
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Bus Access

{See tgure 4}
To (ENOUTY 00 o
19y (ADSI Ta l o
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Note 2; Pullup (ramnton provased on ehip for TTL compahibity.

Note 3: BREQ 1 an snpulioutput 5:9nsl that trquues an eaternel resntor 10 VGG of ground.

Note &; X1 and X2 are matter Lmng vputs That are normally connected 10 an earetnal Crystai OF Capa 110! 10 Contrul The
frequency Of the on g Glistor. If uie OF an aaternal DsCHIATOr it 0NeQ, rofer 10 tigure 3 1o wnterronnecton getars
Note 5 AL umes messured Jrom valid Loy “0” o Logic "17 level,

Note§: T, 1t the 1:me pe1iod for one cloca Cycie ol the on ¢hip or enternal osclietor, Reter 1o paragran tited Tumang
Control tor ceLmied deliation.
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tunctionas! description
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TIMING CONTROL

All necersary biming s:gnait e provsded by an oncvip
oxitlator and » temung generator. The lrequency of the
oGllator, «n turn, 1 weietted by connect.ng an sxtermnal
CI08C1L0f 0 Crystal D tween Dt 37 ang 28 (X3 ang X 21,
When 3 orystat i wwed, the reiting Trequency of the
ocdlator 13 equal To e rmonent lreguency of P
Cryttal, when 3 Caperitor 4 uied, the frequency of the
osciliator earey according 10 the CApIKiTance vohe &8
shown i Lgure 2
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11 devired, the on chip osciilainr can be dratied and the
THTNG QPTETSOr Can ine Ghiwen by a0 eaternaily generated
Coch. In this caw. the clock compries ingle-phate
Hue and complemant snouty. One input 4 apeiied 10 X1
and 1he othet 10 A2, (A clock s generated at twice the
SC/MP clock frequency and 1 dinded by Two by & -
tlop 88 thown n figuce 3.}
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in the dicuntions that follow, »itruct:0n execulion snd
Nput/output 1vnng are deicnbed n lerms of Mo
cycier For purposet al delenition, the tume wiervel of &
mciocycle w compuled according 1o e follomng
formuls.
1 mwcrocycle o 27,
where

Ta® time pervod of ucillator » e =
’“‘

t
External Clock Frequency
fosc = frequency o1 on chip oatiilator

Trpe = sonant frequency of Quartl oynldl cen-
Acwd Datnoen pirw 37 ong M0

INSTRUCTION FORMAT

The SC/MP sstructin repertong inci.oes both Lagle
byte and doudie byle nitrucl.ont A Lmgle Dote smirug
ton conmiats of 48 B int 0DR131,00 COUr 112" 3o0c 00 o0
apetanon Wt SCiMP con settute wnthoul Tusther
selerence 10 mamory. A doubic Dy ie WRIIFLCHON Lot
of an 8 bt 0ORrabOn cOOR T a0 B e dats X dusplecr
ment helg WWhen the 18Cond Dy te repre s § dets el
the date are procetiad by SCIMP during eeecutiun of the
IMICLon, thersly el.menating the oeed for turther
memory relerences. When The WCONG Dyte redresenit
a dnplacement value. it 18 b3ea 10 CI:Zulate 2 mMemory
ddress that wdl e acarssed fwilen snT0 Of reed fromy
duTing €x0Cu10N B The «nTiuct:on (rekrs 10 Acgrmaing),

DATA STORAGE

As thown i figuie 1 SC/MP pronset sea wniong!
thgters. tevtn of whch are ORLL DI 10 INe Progre ™
mai The purposs and function of TTaw Teguten are
oritrted below.

Program Cavnwt — The progrem covater 4 3 16 b0
regaier Mg €ontamy the 420138 Of The CHFaCICT dw g
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1101ed ITIUC 10N, JICAT POgIam CON'tol Tve Conients
of this register 30 May He Mo hed O exchanget with
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NOTE:
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Feth, the togh-order bety 2an L 1300/ ed a8 Ihey ate
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PAgR Ontes, 31ach pOTens, andd Suleo. L pomTers In
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NOTE.
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{Ser tiguse B 1 ln The cane, the Ccontents of pc nter

1egater 3 mwat De 1et 10 0ne (001 Tha 1 The meriory
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W1V rOuhine

Acsumuistor — The B int accumulator TACH « the pn
.oy work g regriter of SC/MP. 18 14 s for pertorm.ng
g 3tonng the resuits of anthme e anc log Gumtet-ony
- wall @ lor data ventlen, sty rolewn, ond deta
CAatMNgN WM T PrOP I SN, (hE PO reg-
W/, g e s Latut regemy,




Exvenven Rogreter ~ The oo 1rnuon reqnter 4 uned both
100 sersal wioul vutinad data tamtees and veth the
Hinmulaton 1 eHect i thmet, I0gc. 400 data tiamber
operators It e wtond by of o Oreed Of euto-
et Mmemyry relerenre intachion tieter 1o Addhes
¥r3 eouds 12810 the conteans ol the ertemion
eGIter aie D & the Jaciacement vaiue for addins
Tymetror.

Status Regrater ~ The A1a5 . reqmier provates shoraqe for
et cont'ol 3ad inttasre status tiugr For more-
oetated wigemetan on e funcrior of thea regater,
e 10 3tatuy Reguter under the descration of the
Ar et ot Leyc Uit

tratructron Regrater — The B ort wstruchon regater
e arnulre 13 e pravpamiree During ine leich ohaw
WPV M T Culle TG IRl L poed vnth Ihe
B et STrw Lm0l 0N Cunde eeliaurd Trom memary
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et tn e progeammer 1) B usent for ISMEOrIrY
1 ) P 0T e L6 tet ciderty 1+ ommitted during o sput/
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The Aruhmere #nd Log Un tHALU) provides the dara

e oulabey SANhIly hat 14 3 enential teature of
'y moropeecomer  The nuetalom proveged by the
ALU et DR XOR  cwtpment. grcesment, Benaryy
+1-Con o deOme sdtton For deuma adrktion,

e 1tatg nnets b the ALU a1e treateit ae twa € 1) BCD
M Chery ehe itng NP (WO 1Ot and
*veruten tome soqueet b pertorm ACD to Dunpy

Crmorryn

SUS TRANSFER LOGIC

Te e tus 1 sbes hgee vocrves the Gating and functon
el sutimtt utf The ~utruchon decode loge 0
O o b0 the Al rghE et Link . wethout ok, Of with
8l put CAtAE rotate fe th O without hink], and
Nrserhance funrront aecestary for dats moverment
tetomen the GO AP witrinal frad ang whie butes A
[ AT IR AT ST I LT RIF I TR PO S TR T XY
S2.814110 Tt the pu g e Hodiown

T Lither e Jow s tw the Mgh tetier hyte of ony
gRuiter 1t Co 1R ee(Nangrd weih the (ontenls of
he BT ariumyiator Thuy 1fata sachongns Tetween the
VAL ey Atent CoN te poies ted) one Dy te ot 8 Leve vie
e & Cumulalon

2 The contery of the prngrem Counter Can be deectly
eutangrd wnih 1R contents of any PONtEr feguter.
3 The contents of the eswenyion regater con be fosded
Lo the aCCuMuletor Or Con tm sachanged with the
ontenty of The BCLMuialor When the actumulisior
190000 1rerm The 02 ALON regiint, NG Orgnal CONEND
of e mamuieter o lont

4 The ennteutt 0 1he A1atut register €an be cngeed into
e sCuUMuiBIor tu erable Watus muditication o conds-
bonal tranch 1rtling When e sTalut 1egister B Cired
MO TRE HCUMUIIOn, The conterts ol the 11aTus regnier
e 0ot alierst Tt the 0ngnal cuntents of the acoumu
1ator are lost
S The contents of the accumulator <an he copred 1o
the $taias regnier 10 Chaone the outputs of the stelus
requter. earett for statuy tuts & ang S {Semie A ang B
wmputs 10 SCAP) Soce thewe 2r 1ead poty Ints, Whey
e 001 allected by ol movernenty wteraal 1o SCMP.
Cony'ng the accumulator ;10 the shatus ogister does
701 alter e contentt of the sccumulatos,
NOTE:

The 1104 0. 1, a1 2 outputs of the stazus register

serve o 13 Ped Hage im other wedy, they ate vet

10 e wecibnl 1late when the contents of the

HCCudator are CODved it the stalus regrsier, and

They *eman o the Spec:Tind S1ate untl the contents

af the «tatun segater we mod.fed again under

Progesm control

STATUS REGISTER

The tunctaon ut each Int sn the tatus fegrites 1 DescHbed
beietty heluw

116 ] U
cviiov SA F1gfo

Lhver Flag 0 — User aveignad geovtal purpose status et for
uRQiemIahea 2 oithee tul D OF 1 aritem
nntentl dugteatant  The stetit it 18 Jvadabie n on
eaterng Qutin from SCMP.
User Flag 1 - Same ay Uner FIag 0.
User Flag 2 - Suma a1 Uher FlagD
tnterrupt Enatie Flag ~ Intemnal ytetus ™vf that 4 st
Bt traet winht wigam Lol Whea et SCiMP
10Cugpr e o3 tmngd sntetiupt 10Uty 1e(ov il via Sente
A wgnit Whien reiet, snhitets SCAYP Trom secogaing
WP U Tere
Seme A - Groral hepote status wnpul lor seniing
evtered conditaen When tL tag it reset thes It can be
esteve fry COMVING V4TU3 fopiter 10 actuhulator When
1E fag o wet. 1y It st o AZerrupl reyuest anpul
Couttig SC. NP 10 autimaticaily trinchta waer genersted
ATt Sree LR FOLTINE m FELPO NS N "‘0" npul
Some B - Sare a3 See A sucepdt that ot 15 not tested
for ettt starun
NOTE.

Sone A wesd B osputt ore tedd ol It $hea they

80 gt sy fed wiwn (he cuntenth of Hhe sCuihe

lolos 347 Coument 1t the sletun regster

Overtiow tQV) < Thy et s ey of a0 gatnmetc Over:
flaw occurs g an aid {ADD. ADL o ADE o0 &
comyirment et aht onthiuction {CAD CAL v CAE)
11 1 mot stlecimd Gy the oecmal add mitructaany s DAD,
DA or DAE)

Corry/link 1CYILY = The brt « set il & carry lrgm the
MO 1gribecant It OCCuUnt duiing an add, Compiement
00 800, O Oecimal 000 IIFUCLON Thut. ot serves oy @
Catey 1NPUL 10 tne et eud iruClion In 200 TOn, (18
ICIue0 n the St Aight with Luak ISAL) ang Aolete
Rughs wiah Lend {RAL] inegructom

CONTROL

The niwtetion ut the SC'MP mucrap-ceruw roments of
rematelly acCrinng o felrtung sntruchions ftom the
POP em (lored N enternel memary 3eml Peetuling the
Operatioes tpecihed Ty the miruchont Thete 1wo stepn
ar¢ carned out uncer the contrnl of 23 wnternat micro-
program, ISCAP & not uset Muctoprogrammainie t The
MCIOMU M 18 windar 10 3 state Talde $DeCilying the
tenes Of slates of syvtemn coutrol sunpis neceitary 10
oty oul eah iminbon MICropinpam thuape i
povuied M Ihe wntinriam ycnde wd  pelrdl ivge,
G MACiope DY Im 1ouInes 3¢ umplonenird 10 Litch
and evecute imtiuetiony The Seich routwne s ncre
ments the Prag an Cowler, ol then Ca.88 the statie-
1ot mhirert tu e tramfenant from the program counter
Y 10 Ty IIeon (M vid She Outivt dkdreds tegater The
PR fOPTUGE A st orabaates BN gt -t Traniier \Shen
e LTUCTsN 08T ITHON (e L Wutraluently Piscas on
the B 1nt $ara tus {sengie Byte imitruction or test byte
©F double hytr truChion) 11 Dperalion Cnte 1 '0adcd
tnty the wtruction regrite: The oprrat.un cus 5 1hen
Portidiy decoded 10 deterimne whetliet the rmtructan
conti'm & secoint Dyte. H ot Coce. o second rput dale
tramter w ellacted D foad the nest byte «n the date
Nyl Outhut Tegater,

Alee the (nmpdste nstyCion i3 411 1h e itk
B0 e ot Tale Pt rubieit T0GAtPHL] IR WIIPLCT-ON
thecivier tramliamg the imtrucTuet Oyt ofn CHde N0
the sddiess Of ihe ammnpnidle mtscton srecution
mutinve contaned i the interngd mitrcprogram The
OO Im thews Wranches 10 N2 1peg ted internal
Mhirty tn SLrate ereruhon of the antrutton The
fesutling eaetuliOn TOULine CUMNISES One O mMOre
MCIOMELCOng that implement Ine required function
For ecpmpie, the trgt microcycie of an Estertion
Register A Instruction {ADE} causes the cuntentt of
the reltnugn teq\igr 10 g Qited 0Nl the trad L,
ttamierresd 10 the wiste bus ve Ihe us contrdd logc,
™M) then writien w10 Ine G413 AANLL/OUIDL] feg e
The teat marotycle Coutes IDe FoNtENTE O the o tumue
Tator 10 fw gatest ONLO the read Lat, the contents of the
tea! bus to tw added 1o the contents of Yhe data out)
Qutput regriter via thw ALU, #nd the resuttant oulout of
the ALU 10 be wrillen «wnio the octumuiator vis the
wnite byt The finel sied of the saccut.on routine it &
wMmp hach 10 Ihe Teich fouling 10 &Cters the neat
AuChon.

INITIALIZATION

Srwe SCMP may powver 1h 1 8 randuim cusmit.on, the

tollowmg Puwrf L b Gn1.ohial0n PICIOWE W

recommentie.

1. Ay power IV on8 VGG 1 803 wet NAST fow

NOTE.

Alow ample time ftycaily, 100msl for the
owitistor and the interng! ciocks to Matatue. In
tystenn where NAST 1 se¢ low atter tysning on
puwer. KAST must remain tow tor 2 munumum of
4Tx. Whie NAST 4 tow, any m proces opers:
fiom are aburted sutomat<ally. When NRST
low, s1100my and ad0rIes ONG (MBT4 DM o1t w0 the
ton 1/Q state {vgh 2 niatel.

2. Sat NAST hgn.

.

NOTE
Tha Coutes the SO 1P ane wtivtio
Wi the CONLAN OF &l DIOG wi e ime
tegnters 10 7610 Thos, wnen ST s Cevied
BCONN 10 the Sratemn Du 1y 16 10w~y T2 21-00,
the bt ing*ruchion «f feiched Sndys t1om memary
jocetion 00016 The BRED cut. st Juet hgr.
wad-cating the st of his .Aaut Jutaut Cvlle,
this Ocgurs at 3 Lme atho 13Ty stter KRST
se1 high. Muimet eaecution ol tne progrem con
Unues st lung o8 NRST remaus Puyn

parallel deta transfers

Pardiel tale tramisrs OCLUr the N ~aC™ “MT° LT Q7
Prich ang GUnng e €N reatule €y f € AT T
win rierutid® al the Mmemory futere We FiTrugs =a,.
Tra class o .macuction Could perhen moe r2oet Le
Catied the “tnpus Output Reterence Cias™ o icecarr ot
the SCAT maionfotenor. wnce 3. Zeta tremelers,
whathar with Memory, penpherdh Uev 384, ©F & Centree
DrOCeNIOr B8 bus, LECul 17 10ugn tne peecation uf treie
wiructan  This omteq Dus Structe & & P (O™ rost
weth MUy OlRer MICIOBIOCAIN 47 L M S Eam .ty
TR Bare CAe MMTLCLON Tybe 1PDuL Dalerat € obee fur
COMMunCalivn W.th DIIDASTE Uder @V ot § ar-
INBOCHEY Ty 0 JMemet s felenn Xe € .38 ot cu=m o,
Catioet with memors, The adantuge 0f the sareec®
taben fy SC NP .y that 3 weder varry of =3t Cr0m
1N enlre memory reference Ciaste 18 ded ‘eTie f37
COMMUNICIHONS enth Dergdrea s Tho-, thy LD ana ST
tLosd an2 Siorel ntrucm.ont Ci £ waed 1ot Latg
tramters, the LD ana CLD Lincrement iieirement ong
1040} .MIUCHONs Can La uted for rleaing pir pherai
CegAierh, NG the seTBIMAG MetRGry  ¢leienCe + W NK-
Lot €an be uled, o teCired, 107 TCe e retr el
SN TOKEIING OF DI NS’ 10D 3 Ldte

BUS ACCESS

Beture SCIAP con sobate Daretel 1 10 1ransiery wein
MmOty of Leipherel deyiCes, ) MUyt teve JICe, 1O Ty
ystem MG1ees and Udte Duiy Thre of ¢ SC 1P
DR OUNT Sgrets 8re e otrd h DUy contrul
BREQ, ENMY. ord EMRCUT For s w2 M3<Gelone
0scazom, e ENULY ¢ m0 G B gnated avl tte
ENIN 5:3ra° can Be tes 10 V'S 10 e the SC VP
M.LroproLeVar (O Na CLURLNUS oCC N %0 e sydtem
buner The BAEQ input output iwn trer Gues Pigh
Qunng e4ch sput 'Bulput Cyie s Gwan t gty L and
6 10 irdicatr wien SC W12 oy wCluaily uborg the system
busery

NOTE.
The BREQ @01 outont Lne mutt e 1ot 10 VGG
150 ground i St s 240l Ny va an
21000 ol 100 PRI T MiCw 161001 OeTad 0N OF
tne SC AP m.croarocenor

For DMA and muttprovenor axdicetory the BREQ,
ENIN, sna ENOUT sgrels con Do nfetiontecivt o
YOrdul Conl.guret.on 10 diluw but & '¥13 10 D sraried
10 1eQUAt-NG Jev.COV IKCWDN] 10 L FESE0TT Dr O
1oy Frgure 4 diutireles the Genedl seaeiie A whoi®
here 1gnais &8 procrsed Oy SC WP I Go r acare 13
the 1¥tiem Bk 0D 50 AG:tele wian INe Dndees ote
situdlly being wesd
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;umn Mete 1. ENOUT u stweyt lom whiie SC/MP o actusity
uong B, that 1, ENIN input 9nd BREC output are Ngh.
Now 2. When SC/WP 4 not weing It (BAEQ output o
R ENIN input low), ENOUT 1 heid in some state s ENIN

nout

& RGO, SV, om ENOUT Temeny
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Note 1. ENOUT gors hegh 1a mubcate 1hat SCMP was g 00120 sccest 10 Dus (ENIN hghl bus 18 not ving bus

Note 2 ENCUT goes laa w rewnome 10 tow ENIN input

New 3. SC:A'P generater us reruest. bt actens not ranted becaue ENIN low

Note 8 ENIN gost Ngh But accest now granted and snput/owtput Cycle actuslly imtiated 1T ENIN 18 10t tow while SC/MP
s occems (0 the But the address and Gats Ports wilt 9O 10 the hgh imprdence (TRI STATE®) state, tut BREQ will remain
gh \When ENIN 1 s set hgh. the Jout Rt CYee wall beg.n agan

Note 3 tX0 cycie compisted ENOUT gost Mgh 10 indcate thet SCMP granted access 10 Dus but nOY ueng bus. H ENIN hed
twen st low betore complenion ot mout/owiput tycw, ENOUT woula have remened low

o §. ENOUT gos low 10 1nchesme thet dystem busems e sedrlable for Use by Peghtst Duienty (agusier.
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INPUTIOUTPUT CYCLE

Once SC/MP has control O the Syttem butes. the actual
ut/output Cytle begart As ANown i figures S and 6,
the lunciions of memory addteLng, date rsading, and
ata wwitiag are implemenied, tront hively, Dy (he sdd/ess
srame INADS), the 19e8 sirote INADS), and the write

strote INWOSE Nate thet the BREQ s rat v teer ivw
81 1he 9nd Of TR NPutidutput Cytie 12 \NG.ate thet Ne
I Duses are ow hen for e Dy the hghet
Proseily FaRUESLING S5veS.




Tre 1 o5t aoevanon wat SC AP performs Tor e2ch input/
Outiant CyTie 1 10 1001 IRe 12 leatt vgralice L vOKresy
BTy oot the 12 DT adcrer Bt and the & munt segaedt
€3 1 ehFen bt Hong wern § atut ety 0010 the Bt
Batatan ATthe Lame tme S0 WP tery the NADS outpul
tom o WAdCate THEL the a0Urert #nd Ihe t1alut informe
10 are wahd The luw Order s0ven DA the 12 Dit bt
fhen Reig vared for the Curation of Ihe wpul/outdut
Cytie the Brgh 0rgRr SOt and The statut wniormation
on tre B et DUt 1emain said only whie NADS o tow.
Vhie wikd, the starun Bbtr have 1he Tollowing wgmifi.
ance

RELG = When Bagh nd cates that smput o Tout Cycle v
TRLITNCie WREN R P glrt TheT ADUT OuiPul CeC'e 1
L RET4)

IFLG ~ Se1 Mg to maditate That »mInKhOn DOETaLON
(e pncie Dyte smtrution o Bt Dyle of double
Dele rinructont wel’ be oulpul Hom memory loliowsng
NADS

DELG - Set hgr poly when cecond byte of Delay
Uiyl o+ 10 DR tead M um Remary Tailow.ng NADS
Eaeuton 0f the Dougy 1riTis “in then ytant; 3L Lraiiing
vdar 0! NROS Uotn comxenien SC NP proviors NADS
Butiat 10 e ligte Aot iADUT AuIpul Crcte of Duy acTets
4 gooted Time i mutincytive from isaming rage of
wiae ¥ og 10 eaming wie of sutneeat NADS outpur n
Lo 10 Bom The losiwe.sg Inem ity

Drtay * 19 * 1AC) * 2 dp * 2% 0p] mcrocycin

e
TACE * y™i-gredt contenn ot sctumuliion

G  unugned thatactment value (Onlened
second byte af Delay Inruction

The teme derived from the shove formuls 8oes not
Clude The TOw MecrOCyCled Teguired 10 letch the Tirit
byte of the Deiey Imtrction Thaa when the Delay
Imirction i used 'or 10ftmare timeng tatal ivtruchon
U ton pme equate 113+ 'ACY ¢ 2 e 2 29 dup)
Mg zOCYCIe

NOTE:

When Halt Insrucron 4 errcuted, smtruchon
Orcodte #nd LONTInE 109 ity mcrement-ng at
09 am caunles tor one it ‘output cytte Thas,
Halg Instrction n read trom memoty 8 tecond
ime 10 enobie generstion of HF LG output. but no
turtner pencestng of Halt Instiucton occurs in
elfect, thi procedure emures HFLG o output 1n
vance of the ~ext INstruction 10 be feiched from
memory

HFLG — Set high pnty during andrestng interasl of read
cyCie 1hat totinw Helt Instrcton HFLG may be vied
10 Cause LY proveten eelerngl Ingic 10 et the CONT
mput hiw  end heretry 19 «Mett 2 programemed hailt
Snge MFLG rrayd col'p Drecedur the twat MDLCHON
toreh temmatian af orogrammed Ralt enghiey fetch of
112 p1CHon that Iniims Hatt Lntrtton

Aner reserrng the NADS output. SCRIP generates an
NROS o NWDS strote, rmoechively, to vnfiite 2 data-
wput Ireatl ne 11312 oulpnut fnadtel opetar on For aread
ODR1 a1 4 1Pyt ald et sttoind min SC AP from the
B et fuy 00 1he Tateng enior of the NADS ttobe For o
write aperation SC NP pacey vai-d oulpul date 0N Ihe
Bint 1wt 0 the’leaking euigr nt the KWDS stiote Adrer
toseiting 1he NRDS or NMDS steobe to cumplete 1he
e1s tamler. SC MP tnen 1evety tne BREQ wgnal to
NG ate el the Lystem tanser de liee Tor uw By
ruither (nntipler

nput /output cycle extension

For syttemy emyuaying memors of Penpherals weih
10nG Al Lmey it May tr detralie 10 Ltihie the
NHOLD miut 10 tenginen the fput. nutdut cycle As
shown n bgure T setting the NHOLOD sgnel low pror
10 the 11a:hng edue of the NRDS or NWDS strobe couves
SCAP 10 noid the strotw active untd atrer the NHOLD
wgnal s retirned high

The NHDLO wgnal con aiso tw uted for unglecycis
exrcution ol the opetanng program 8 vequsred for
Gebugyng s0ftmery

Nots  Davned trarng sige of NRDS.NWOS inc-Cates Aormat 111008 Lmeng when NoOLD « not ective.

FIGURE T & vauniing ieunwe/Ovtgnst Tomag

serial data transfers

Serial nput’ouipul Uata 11amieis Can be vied pitciently
With wery stow it outpul perpherely such o XY
plotters, teietypeweden  tlow ideed prnises, and 30
forth. Sich dransters can he effected n any of the
following munners

1 By augning seral vputioutput functions 1o the
entenpon rrginter v the SIO (Senal Input Outpat)
Imlruetion  When this amstruchion 1 execuled. the
contents ol the extennnn teyaier are thilied 1ight one
tut. Al the same ume Jala pretent on ihe SIN Lne are
shifted 1010 T pusition 7 of e exienton tegiter and
the iginal conlents of tat posihon O sre thifted nto a2
110 Hoo 1o provwse 3 lateherd quiput of she SOUT Line
The SOUT data are 1hen hely latched unis the neat SI0
WMIrUCHIn A ereculed

2. By uung one ©f 1he s1atut Tiagh Al o output Jats by
arvd one O the sense Ly 24 31 nput (11d Dt
3 By wmplementing caterag) Togg HEN that only one
fine of the B Int slais mput 0u'3al DUt 1 uieid

FOr synulaonoes Ly 318mm sl 1e1a DL DUtDU? femung
May L Drowdert hy Pregram 100 Vst emu-ay the
Oetay M bLCHon, of Dy uhing one o more of the Lram’er
s 1ruction (16 1abie 2i 10 test the outPut of an eaternal
timng Cortant For atynchronuus tystemi. one of the
1eme inpats Can e et for 1es1ing et recerved. ecady
$tatus ond 3 pulsrd Heg OULT Lot Le (OVIeD, under
Progan conttul, 1o penpher sl indes ng rach t-me 1hat
4 3131a it i aCiually Imbied A OF Out

SysTems 1hat Rars SRl HiDUt QuIDUY Gevices Mt be
multploasd tew.ce telecton £an then U8 o(I0MPhihed
wung e glatuy tag Outtuty ot SC AP, o Dy uing
paratel soput muiput Cummanity 15 load an ealerna)
Ltrh Systems that 110 10T 1equire tendl nput ‘Qutput
Canstatty Can eryrioy the SIN and SOUT tines 54 o sense
Py aenl Jlag Outpul, 1esprcinely.

interrupts

Vinen 1he snteinal artrirug! esadire HED Hag o vet unowr
progeam contal, 1 Seme A 1ine 14 ensbeed io setve &4
AN ntert gt segunsl gt whion tne 1T ey o revel,
SC MP 1y 1 iotudugeed opem ot i intenudit Thuy whiie
the 18 Lag oy ves *he Sene A tiant 3 'esirid (w0t 10 the
toict phave o path MBWTON o8 AN A Trute B
e deternamn 4 an niiagit regost 1Sease A nigh),
Wie 1atrenng een 18 OCCW! wutilialselly

1 Tne watus recnter 1F gy 4 revet Y prevent SC P
Hom ey nitg by ang lucther ontertupl friuais
NI Pt “esprett Catialuidly Cant IREn far reengtied Jusng
OF ot N prwb 0 the ety Lery QRNetatRd M1 arTLDT
seruge 2outine via the BN (Enatdy tntersupt! Imtrue
1O by capying e ACuMelDr D the tletus
egier

2 Tie contenty uf the 14Ageam LUuMIHt &Y gachenged
Wit the conteits ol Ihe ontvs egester D

T T cOntents uf T O eM (Gunled oie LCIEMEnted
DY One 10 AUt thy Tral wmiruChion OF tra wwer-
grnereted 1ntesrupl sereite 10uTing

Tt intetzupt aystem mutt be armed betore interrupts
e rnebied The it acompinheq o tollows

1 Fust, tne interrupt Enebie 8t 10 the Status Regiter
A Wi rue by evecuung aither #n Eaatie intetupt
Imtruction H1IENI or & Copy Accumuletor 10 Stsia
Aegnter Ingtruction (CAS).

2. Second, one gadihonsl VEtIUCEON 15 fetched and
earcuted,

A 1eturn trom " ¢ oy teng
tao miruchions Enable Internpt HEN) immeduately
fotinwea by Exchange Pointer J wnth Program Counter
IXPPC N

microprocessor halt

The CONT wigut to SCLP « peorden ta enadle
WAL 0A O FUealoN W INOuT 1014 OL ALerndl Tatus
Precrsnig of the CONT iaput 4 mawa e Lguse § Sace
1003 % 30 NeNChiohous inDul. 1L €43 tr CONLIOued By
eaternal 1ming 105:C. CF 84 S18TeT Piew.Cotly, 1= HALT
fiag Qutput That 2p0ea:s on the B Lt Cata Pus fdurng
e read Cyce el 10.0ws eaecuhiOn £° ¢ M 1 ging.
10n) Can Bf uied Wi a0 external Cnut 10 eThect @
Programmed Nait Con.nt.on e hat Ar 39 37 Foerrupt
request «f Oetected wh i the CONT inpei 4 tow_ e Bt
IMITUCTON O IR Lier CONeealad 1 Ter1 Uit setv S f. lWhing
i suloMatCelly sasguted Thua the tieg wmitsact:on pf
W nerTuDt MInEE Tuut.te Can D% 18 d 1 feiet the
enternal CONT 1nput o)< a0, iteren 13 terminale
e MICTOranenor hait Cunit 100 1 f 33 devred

Alter aaacution of an witnsction, the CUAT wout mat
b8 ngh for & minemur time uf 2Ty {1 moercycier i
et 10 Telch Bnd Caecule Th.e Mead ity 210N,

aneam
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Saragrenine Hh g LTt Sapan oo Hremmry
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instruction set

e S0 R watructeon set pruvain Ihe groevel (rryune
et ob M iapteeenort o puwes lul Drogemmiag Lene
ety slung niih sluree averaqe Pepitnbiy 00g uwet The
itur hom wt (et o) SR inelesl 1ont, wineh Cunere
2t Qererd cotepuer A fnhing ol I1he Comgiete
2T NON W 2 guavnted w Lide 2 tyina) st hon
Srm L1gn Tmey gre e i totde 3. end notetiong end
Wrte et vt thand cuprew:omy of wteuciion
Lok Nty o APt in tabie &

ADDRESIING

Diwing evsintan  imtrurhom and 0ste Grimed in o
rapam oy storesl 10 and loaded hom ey
Mottty lor dong the g CEN.dahe e veier i oginy
Becane SO AP momney et wiste and 90 Pniy),
ovh peerphorolt e LA § PIInAOn dots Bt vy MlruE
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FEATURES

® Low Power — Less Then 10mW Typ. st 2MHz

® Operation Up to 4MHz Clock — IMB402A

® ‘vogumm.blo Word Length, Stop Bits end Parity
@ Automatic Date Formetting and Status Generation

® Compatible with Industry Standard UART ‘s —

1M6402

® On-Chip Oscillator with Externs! Crystel —

IME403

©® Operating Voltage —
— IM6402-1/03-1: 4.7V
— IM8402A/03A: 4-11V
— IM6402C/03C: 5V = 8%
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GENERAL DESCRIPTION

The

IME402 and IM6403 are CMOS/LSI UART's for

interfacing computers or microprocassors to asynchronous

serial data channel. The receiver converts serial start, data,
parity and stop bits to parallel ca21a verilying proper code
transmission, parity, and stop bits. The transmitier converts

paraliel dawa into serial form and automatically adds start,

parity, and stop bits.
The data word lengthcan be 5, 6, 7 or 8 bits. Parity may be odd

or even. Parity checkinng and generation can be inhibited. The
stop bits may be one or two {(or one and ohe-half wihen

ransmitting S bit ccde). Serial data format is shown in
Figure 7.

The IM6402 and IM6403 can be used in & wide range of
spplications including modems, printers, peripherais and
remote data acquisition systems. CMOS/LS! technology
permits operating clock frequencres up 10 4.0MM2z (250K Baud)
animprovement of 1010 1 over previous PMOS UART designs.

k4

Power requirements, by comparison, #sre reduced from
300mW 1o 1OmW. Status logic increases flexibility and
simpiifies the usar interface.

The IMB402 differs from the IN6403 onpins 2,17, 19,22, and
40 8s shown in Figure 5. The IME403 utilizes 0in 2 as acrystal
divide control and pins 17 and 40 ior an inexpensive crystal
oscillator. TBREmpty and DReady are always active. All other
input and output functions of the IM6402- and IM6403 are
identics!,

PIN CONFIGURATION
we e -} -
i, mfoes
eodi’. mf an
wnde | am
assads u]| »
senrqe af o
asme 7 2] cac
aae nf teee
oot B nfrremy tame s
) 3| rome [P T wmao? : wesea3armiar | wec) s (37 CLOCK
nea? o tam T T N ¢ Towibl CONTROL | O CE COTADL
neat sf rome {1 aac xtaL EN1EANAL CLOCK MoUT
- npIeal 1y, | sac xTaL Gno
s al rem2
ot 1| rem
wo al 10
. IRL1Y
[ 3 I84 LI
on Tent
e o
e oo 1
ORDERING INFORMATION
ORDIA CODE | !M6402-1/03F ! iMea02A/A | MB4G2C/0IC
PLASIIC PKG WM6402-3£03- 1Pt | .MG‘O?I(‘}M?L 146402:03-CPL
CCRAME(' P@ mé‘g) 15‘.‘ 2118 MQJO 03_-3:: -
MILITARY 1[_'_-"’ 1"646? 11(')- NOL| IMB-’J"/OJ AMOL -
MILITARY TEMP QMNQZ ‘Iml IMJ‘D"!O}A“DL! —_
WiTH 8338 MOL8325 8538

PACKAGE DIMENSIONS

2008 181 801
e i
3]
< o
LYY
smaisze,  ates . 0 201263 3 e
o Ceaxian R St B e ErT
1 [ ALd =y .
................. ~ H
e
’{tli !C! {'J!‘j.;ltl:t'-’“vn [)
! loy ttevvema | o0 b
son 1w Toeaan rve aim o
ve. semm 2000
40 PIN PLASTIC DUAL i L 19t PACRAGE #¢)
‘ 1enalmm NOTE Owstws.Ons
L S | mrantuinciy
) ] [T
s 032
I +.nu 0 v
Kap Hem
wax
ooUIUTOTTw - - = - $
L)
o 113 20810 .-
1m ant P
v —-1!.- wss .:Q:"
e A
=
Wetddosecaildan., s R -
1 . ,- I : e -¥ - . 2o “ ¢ rons
A — — e XY, 1 -—nllw'—.qello
S I 270 B 0180 4N OB IR ytrm

‘B0Is 0 MNa GV BONL BIN B P wmy

S0 PINCERAMIC DUAL 1M LinE PACKAGE DL

INTERSIL, INC.,

Frinten in U.S. A,

10710 N. TANTAU AVE,, CUPERTINO, CA 95014

{408) 996-5000 TWX: $10-338-0171

ool

(LUYN) 101WSLBIL J9A1000Y SNOUCISUASY |BSION U COPESLI/ GOS8

L

-
s

sy




1£16402/1°A6403

0 °s L

IM6403 FUNCTIONAL PIN DEFINITION

(Continued)
Voc 1 wl——— e
PiN SYMBOL ODESCRAIPTION
o — 2 »o———tre
ano {> | ———ciL5*
ARO———= 4 np———aoan 12 ABAY See Pin 5 — RBRY
nongo——7F § [ ] S
a7 e—— 4 ¢ B[ i 13 PE A high levet on PARITY ERROR indicates
ARg < | that the received panty does not match
!’ ™ cAL panty programmed by control bits. When
nong -—1 » je-——7T8% parity is inhibited, this output is low.
MDA o——4 p 2] —————TBRY
asrze— {10 31 je——Tans 14 FE A high level on FRAMING ERROR inci-
ng o——f 11 0} ~———Tons cates the first stop bit was invalid.
o " il | Ten 15 OE A high tevel on OVERRUN ERROR indi
ig on indi-
" ? » e cetes the dats received tiag was not
e 18 7 fo————TBR2 clesred before the last character was
of o——f 13 2 vom1 wansferred to the receiver butter register.
WOl 18 nj——=r1R0
. . | Tme 16 SFD A high level on STATUS FLAGS DISABLE
upe—— forces the outputs PE, FE. OE, DR, TBRE
.. ——— I nje—T80 10 8 high impedance state. See Figure 4.
one——4q1 12— vont
R ————f 20 ) —————na 17 IME402-RRC | The RECEIVER REGISTER CLOCK is 16X
IME403-XTAL | the receiver dats rate.
*Bae Tdte 2 (Cane ol Weard Fuartion) or EXT CLK IN
. FIGURE 1. Pin Configuration 18 DHER A low level on DATA RECEIVED RESET
- clears the data received output (DR), to a
low level.
19 DR A high level on DATA RECEIVED indicates
IM6403 FUNCTIONAL PIN DEFINITION o Charactor has been received and i anes
P ferred 10 the receiver bufter register.
la) sYmMsoL DESCRIPTION 20 * AR Serial dets on RECEIVER REGISTER
= == INPUT 18 clocked into |he receiver
1 Vee Positive Power Supply register.
2 IME402.N/C No Connection F3) MR A high level on MASTER RESET (MR)
IM8403-Control] Divide Controt ciears PE, FE, OE, DR, TRE and sets TBRE,
High. 28 Divider TRO high. 18 clocks atier MR goes low,
Low: 2! Divider TRE returns high. MR dues not clesr the
receiver buffer register.
b | GND Ground
22 TORE A high ltevel on TRANSMITTER BUFFER
. REGISTER EMPTY ndicates the trans-
4 RRO 3! high Eh'l'.l on RhECE'VER REGISTER minter butfer register has transferred 1ts
SABLE forces ( 'n";"“" holding data to the transmitter register and is
Tegister outputs RBR1-ABRE 1o s highim. ready for new dats.
pedance state
$ RBRS The contents of the AECEIVER BUFFER 23 TBAL A low level on TRANSMITTER BUFFER
REGISTER acpear on these three-siate REGISTER LOAD transfers data from -
outputs. Word forma's 1ess than 8 char- e
sclers are right justived to RBR1 puts TBR1-TBR8 into the transmuter
oht justily . butfer register. A low to high transition
on L requests data transfer to the
[} RBR7 See Pin 5§ — RBRB vansmitter register. |f the transmitter
. register 13 busv, transfar (s automaticaliy
delsyed so that the two characiers are
R —
7 BRe See Pin$ ReR8 transmitted end 10 end See Figure 2.
Lo} -
. RBRS See Pin § -~ R3R8 2¢ TRE Ahigh level on TRANSMITTER REGISTER
EMPTY indicates completed transmission
9 RBR4 Sea Pin & — RBRS of 8 character including stop bits.
10 ABRI See Pin 5 — RBRO 25 TRO Character data, start data and s10p Uit
appear serially 81 the TRANSMITTER
11 RBR2 Ses Pin 5 — RBRB REGISTER QUTPUT
20F 8




I116402/iM5403 INTERSIL
IM6403 FUNCTIONAL PIN DEFINITION IM6433 FUNCTIONAL PIN DEFINITION
(Continued) (Continued)
N |
PN SYMBOL DESCRIPTION PIN SYMBOL DESCRIPTION
28 TBR1 Character data is loaded into the TRANS - 35 Pi* A high level on PARITY INKIBIT inhibits
MITTER BUFFER REGISTER via inputs panty generation, panty checking ana
TBR!-TBR8. For character lnrmats less forces PE output low.
than 8-bits, the TBRB, 7, and 6 Inputs are
ignored corresponding to the program- a6 sBS*® A hi
gh level on STOP BIT SELECT selects
med word length. 1.5 stopbits for a5 character tormatand 2
stop biis for other lengths,
27 T8R2 See Pin 26 — TBR1
37 CLS2* These inputs program the CHARACTER
28 TBR1? See Pin 26 — TBR1? LENGTH SELECTED. (CLS 1 low CLS2 low
5-bus)(CLS? high CLS2low 6-bitstiCLS }
29 Tane See Pin 26 — TBR1 Iqw CLS2 high 7-bits) (CLSY high CLS2
high 8-bits)
30 T8RS See Pin 26 — TBR1 38 cLSte See Pin 37 — CLS2
3 T8R6 See Pin 26 —TBR1 a9 EPE" When Pl is low, a high level on EVEN
) PARITY ENABLE generates and checks
2 TBR? See Pin 26 — TBR1 even parity. A jow level selects odd panty.
3 TBR6 See Pin 26 — TBR1
b 40 |iM6402-TRC The TRANSMITTER REGISTER CLOCK is
3 CRL A high fevel on CONTROL REGISTER IMEA03 AL | 16X the transmit data rate.
LOAD loeds the control register. See or
Fgure 3.
“See Teble 2 ICoNirol Wora Functiont

TABLE 2. Control Word Function

CONTROL WORD
cis2 CLST Pi EFE SBS DATA BITS PARITY BIT STOP BIT(S)
L L L L L 5 (o]0]e] 1
L L L L H 5 (o]e]0] 15
L L L H L S EVEN 1
L L L H H 5 EVEN 1.5
L L H X L 5 DISABLED 1
L L H X H s DISABLED 1.5
L H L L L ] (o]e]e} 1
L H L L H ] (o]0]0} 2
L H L H L ] EVEN 1
L H L H H ] EVEN 2
L H H X L 6 DISABLED 1
L H H X H 6 DISABLED 2
H L L L L 7 00D 1
H L L L H 7 oDD 2
H L L H L 7 EVEN 1
H L L H H 7 EVEN 2
H L H X L 7 DISABLED 1
H L H X H 7 DISABLED 2
H H L L L 8 (o]o]o] !
H H L L H 8 (¢]e]e] 2
H H L H L 8 EVEN 1
H H L H H 8 EVEN 2
H H H X L 8 DISABLED 1
H H H X H 8 DISABLED 2

X = Don't Care




IM6402/1:16403
IM6402A/IM6403A

ABSOLUTE MAXIMUM RATINGS

Operating Temperature

industrial IME402AI/03A1 ......... ... -#0°C to +85°C
Military IM6402AM/03AM ...... vess +55°C 1o +125°C
Storage Temperature ................... -85°C to 150°C
Supply Voltage  ............... R A b X\

Voltage On Any Input or Qutput Pin .. -0.3V 10 V¢ +0.3V

D.C. CHARACTERISTICS

NOTE: Stresses above

TEST CONDITIONS: Vcc = 4V to 11V, Ta — Industrial or Military

INTERSIL

. e m—— - s =

those listed under “~Absolute Maamum
Ratings” may cause permanent device failute. These are
stress ratings only and functional operation of the devces at
these or any other conditions above those indicated wn the
operaton sections of thus specification is not implied. Exgosure
10 absolute maximum rating conditions for extended pernads
may cause device failures.

SYMBOL PARAMETER CONDITIONS MIN i TVP_ MA; UNITS
t ViK Input Voltage High 70% Voo v
2 | vy Input Voltage Low 20% Voo \4
3 |y Input Leskagel!l GND<V |N&VCE -1.0 1.0 BA
4 | VoM Output Voltage Hgh oM = OmA Vee-0.01 v
5 | VoL Output Volitage Low Ipl, = OmA GND+0.01 v
6 oL Output Leakage GND<VguT<Vece -1.0 1.0 A
? | cc Power Supply Current Standbyy Vin*GND or Voo 5.0 500 uA
8 Icc Power Supply Current IM640ZA Dynamac fc = MMz 8.0 mA
9 | cc Power Supply Current IM6403A Dynamic ICRYSTAL=358MH2 13.0 mA
10 | Cin Inout Capacitancel 1] 7.0 8.0 oF
1 }Co Output Capacitancel 1| 8.0 10.0 pF
NOTE: 1. Except IM6403 XTAL input pins {1.e. pins 17 and 40).
A.C. CHARACTERISTICS
TEST CONDITIONS: Vcc = 10V * 5%, C = 50pF, Ta = Industrial or Military
SYMBOL PARAMETER CONDITIONS MinN TYP MAX UNITS
tc Clock Frequency IM6402A D.C. 6.0 4.0 MMz
2 1cRYSTAL] Crvstal Frequency tM6403A 8.C 6.0 MHz
3 tpw Pulie Wiwths CRL, DRR, TBRL 100 40 ns
4« | wmn Putse Width MR See Timing Disgrams 400 " 200 - b s
5 | tps lnput Data Setup Time {Figures 2,3 ,4) 40 [+] ns
6 1DH Input Data Hold Time 30 30 n
7 | ten Output Enable Time 40 70 | a0
TIMING DIAGRAMS
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FIGURE 2. Dats inpul Cycle
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iIM16402/1016403
IM6402-1/IM6403-1

ABSOLUTE MAXIMUM RATINGS

Operating Temperature
Industrial IM6402-11/03-11 ........... -80°Cto +85°C
Military IM6402-1M/03-1M .......... -55°C o +125°C

Storage Temperature ...... iereas vevess -85°Ctos150°C
Supply Voliage ..... I £ 1%
Voltage On Any Input or Output Pin .. -0.3V to V¢ +03V

D.C. CHARACTERISTICS

INTERSIL

NOTE: Stresses above those !isted under “Absolute Masimum
Ratings’™ may cause permanent device falure These are
stress ratings only and functionai operation of the devices at
these or any other condions above those indicated in the
operation sections of this specificationis not imphed Esposure
10 sbsolute maximum rating conditions for extended periods
may cause device failures.

TEST CONDITIONS: Vcc = 5.0 + 10%, Ta = Industrial or Military

SYMBOL PARAMETER CONDITIONS MiN TYP MAX UNITS
1 Vin Input Voitage Hign Vee-20 v
2 VL tnput Voltage Low 08 v
3 | input Laakagel 1! GND<V NSVee -1.0 1.0 ul
4 | Vou Qutput Voltage High loH=-0.2mA 2.4 v
s Vot Output Voltage Low oL = 2.0mA 0.45 v
6 oL Output Leakage GND<&VaoyT<Vee -1.0 1.0 wA
?7 lice Power Supply Current Standby ViN*GNDor Ve 1.0 00 A
8 [icc Power Supply Current IM6402 Dynamic fc = 2MHz 19 mA
9 jicc | Power Supply Current IM6403 Dynamic ACAYSTAL3I.S58MHz 55 maA
10 [ CiN input Capacitance|t] 1.0 8.0 pF
11 | Co Output Capacitancel V| 8.0 10.0 oF
NOTE: 1. Except IM6403 XTAL nput pins hr.e. pins 17 and 40).
A.C. CHARACTERISTICS
TEST CONDITIONS: Vcc = 5.0V + 10%, CL = 50pF, Ta = industrial or Military
SYMBOL PARAMETER CONDITIONS MinN TYP MAX UNITS
1 tc Clock Frequency IM6402 0.C. 3.0 2.0 Sz
2 fcaysTAaL | Crystal Frequency IM6403 4.0 3.58 AH2
3 | tpw Puise Waths CRL, DRR, TBRL 150 50 ns
4 | 4R Pulse Width MR Ses Timing Disgrams 400 200 o o ™~
5 tps Input Data Setup Time {Figures 2,3,4) 50 20 ns
[ top lnput Data Hold Time 60 40 ':1-— -
7 tEN Output Enable Time 60 160 ns
anc TRV [ RECENVER AEGISTER PN ¢ texclogk orTEs
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FIGURE §. Functional Ditlerance Between IM6402 u;d tME403 UART (8403 has On-Chip 4/11 Siage Divider)

The IM6403 differs from the IM6402 on three Inputs [RRC,
TRC, pin 2) as shown in Figure 5. Two oulputs (TBRE. DR} are
not three-state as on the iIM6402. but are always active. The
on-chip divider and osciliator altow an inexpensive crystal lo
be used es atiming source rather than additional circuitry such

as baud rate generators. For example, 8 coior TV crystal at
3.679545MHz results 1n a baud rate of 109 2Hz for an easy
teletype interface (Figure 9} A 9600 baud interface mav be
implemented using 3 2.4576Miz crysta! with the divider settd
24,




IM6402/1:.i15403
IM5402C/IM6403C

INTERSIL

ABSOLUTE MAXIMUM RATINGS
Operating Temperature NOTE Stresses sbove those hsted under “"Absclute Mamimum
&P 16802C/03C ... iiiiiiiirtiniirrinsiiesss 0°C o #70°C Raungs’ may cause permanent device {ailure. These are
«crage Temperature ....... rvrerine.. 885°C 10 150°C stress ¢3lings only end functional operation of the devices at
s Vol +7.0V these or any other conditions above those indicated in the
upply Voltage  ............... Tresrrrrreres et . operation sections of this specificstion s notimphed Exposure
Voitage On Any Input or Output Pin .. -0.3V.to Ve +0.3V to absolute maximum rating conditions {or extended penods
may ceuse device failures.
D.C. CHARACTERISTICS
TEST CONDITIONS: Vcc =5.0 £ 5% a =Commercial
SYMB0L PARAMETER CONDITIONS MIN TYP MAX UNITS
3 Vin inout Voitage High Vee-t.S v
2 ViL input Voltage Low 08 v
‘1 3 J Inout Leakagel 1] GND<V n<Vee -5.0 5.0 BA
4 VOH Output Voitage High 10H = -0.2mA 24 \
$ VoL Outmut Voltage Low 1oL =1.6mA 0.45 v
[ oL Output Leakage GND<VouT<Vce -5.0 5.0 BA
7 ice Power Supply Current Standby Vin=GNO or Veco 1.0 800 KA
8 ‘ee Power Supply Current IM6402 Dynamic fc = 500 KHz 1.2 mA
9 ice Power Supply Current IM6403 Dynamc {CRYSTAL®2.46MH2 3.7 mA
10 | Cin Input Capacitancel 1| 7.0 8.0 pF
11 | Co Output Capacitancel t| 8.0 10.0 pF
NOTE: 1. Except IM6403 XTAL 1nput pins (1.e. pins 17 and 401,
A.C. CHARACTERISTICS
TEST CONDITIONS: Vcc = 5.0V £ 5%, CL = 50pF, Ta = Commercial
SYMB0OL PARAMETER CONDITIONS MIN TVYP MAX UNITS
t fc Clock Frequency iM5402C D.C. 3.0 1.0 MH:2
2 fcRYSTAL| Crystai Frequency iM6403C 40 246 MH2
3 | e Puise Widths CRL, DRR, TBRL 225 ' 50 ns
L) MR Pulse Wudth MR See Timing Oisgrams 600 200 ns
L] tps Input Data Setup Time (Figures 2,3,4! 75 20 ns
6 | tpH tnput Data Hoid Time 90 40 ns
7 tEN Output Enable Tume 80 190 ns
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i TIMING (3 4 TRANSMITTER RECISTER STARE 1 |
AND |
ac —+] cowimoL !
i MULTIPLEXER | |
{ 1 ! : "0
on conTAOL T—H
caL RIGISTER ¢
-— — t
[ |
: 4 L]
ARC «—ef  RECEIVER
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iIM6402/1..16403
TRANSMITTER OPERATION

The transmitter section accepts paraliel data, formats it and
transmits 1t 1in senal form (Figure 7).on the TROutout
terminal. R) Data is loaded into the transmitter vutler register
from the inputs TBR1 through TBR8 by a fogic tow on the
TBRLoad input. Valid data mustbe present atleast tpg prior to
and toy foliowing the rising ecge of TBRL. if words less than B
bits sre used, only the least significant bits are used The
character is nght justified into the least sigmificant bit,
TBR1. B The rising edge of TBAL clears TBREmpty. O to 1
cfock cycles later data i1s transierred (o the transmitter register
. and TREmpty is cleared and transmission starts. TBREmpty is
reset to a togic high. Output data is clocked by TRCLock. The
clock rate is 16 times the data rate. C)A second pulse on
TBRLoad foads data into the transmitter buffer register. Data
transfer to the transmitter register is delayed until
transmission of the current character s complete. D Data is
automatically transferred to the transmitter register and
transmission of that character begins.

T5RL N ¢ : '
‘ |
/ H ]
Teac i r ' "2
—d -0 Y01 CLOCKS ey a-CLOCK

TRE I '

PN L
1 ! PN\

o £NO OF
A s < LAST
TRANSMITTER TIMING (NOT TO SCALE}

STOP MUY
RECEIVER OPERATION

Data is received in serial form at the Rl input. When nodatais
being received, Rl input must remain high. The data is clocked
through the RRClock. The clock rate is 16 times the data

.

™0

0 °s L

rate. (A'A low level on DRReset clears the DReady
line 78, During the first stop bit daia is transferred fraem the
racewer register to the RBRegister 1f the word 1s less than 8
bits, the unused most significant bits wli be a logic low. The
ouiput character is right justified to the least significant bt
RBR1. A logic high on OError indicates averruns. An overrun
occurs when DReady has not been cleared before the present
character was transferred to the RBRegister. A logic hirgh on
PError indicatas a parnyerror, @ 1/ 2 clock cycie later DReady
is set to a fog:c hign and FError 1s evaluated. A logic high'on
FError sndicates an invahd stop bit was received. The receiver
will not begin searchung for the next start bituntil a Stop bitis
recewed.

BEGINNING OF FIRST STOP BIT ~\*{ %7 172 CLOCK CYCLES
-
LL1] | Data

LLURE Xol 344

OWR U )
w1 | —

E . X

1 — ro— 9,2 CLO0CK
A [ c © . CYCLE
RECEIVER TIMING INOT TO SCALE)

START BIT DETECTION

The receiver uses a 16X clock for timing. The start bit{) couid
have occurred as much as one clock cycle before it was
detected, as indicated by the shaded cortion. The center of the
start bit is delined as clock count 7%:. If the receiverclockis a
symmetrical square wave, the center of the start bit will be
focated within £1/2 clock cycle, 21732 bit or £3.125%. The
receiver begins searcning for the next start bit at the center of
the first stop bit.

i ol vaearmores e [1MAMUAULLUUL
START BIY, ) b . rounT?112
| ~ CEFINED
\‘ o - CENTEROF
Lso msaf o i | any ""‘"T]‘ STARY START BIT
N PARITY ! et 7172 CLOCK CYCLES = = ——tm
*16 ENABLEC l.—-—— 812 CLOCK CYELES et
FIGURE 7. Serial Data Format
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FIGURE 8. Intertnce Block Diagram tor IME4C2/03 with 1M6100 Microprocessor
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1796402/10.i6403

PARALLEL DATA IN (8 81T8) e S e

LOAD TRANSMITTER BUFFER

———— -
AND START TAANSMITTING

READY TO ACCEPY PARALLEL DATA &—— g

INABCEDATA OUT BUFFERS

PARALLEL DATAOUT (B9ITS ‘—'——j

READ DATA AVAIL *—————q

CLEAR DATA AVAIL FLAG —————————w

“EXTERNAL CICILLATOR REQUIRED WITH SN2

L1 ]

FIGUARE 9. 110 Baud TTY Interface.
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18-42-30-003

INSTRUCTION

FM DESIGNS UTILIZING PBC MODULE;

\p

TRANSMITTER UNIT

810-038

Catalog No. (-01) 132-150.8 MH:z
Catalog No. (-02) 150.8-162 MHz
Catalog No. (-03) 162-174 Miiz
Catalog No. (-04) €6-76 MHz
Catalog No. (~05) 76-88 MHzx

This RF Link unit, one of a family of modern statc-of-the-art packages, utilizes
100% solid state components. Its compact desiga provides unusual versatility
making it casily adaptable to many data communication applications. Each rugged
unit {8 designed to handle voice and/or tonc in & broad spectrum of applications.

PBC modules (Plug~in Block Circuits) have becen engtnecred into this product to
provide the ultimate in solid-etinte pcriormance, rcliability, durabiitty and
maintatnability. These qualitics give assurance that downtime will be minimized,
If a circuit over stops working, the malfunctioning moduie can be quickly located
and repiaced with a spare off-thc-sholl plug-in module.

GPECIAL PRODUCYTYS DEPARTMENY

. 1940 (OCKWOOD WAY
\» Wo POSY OFFICH GNE INAY

OfR( ANDO, ¥LO0IDA J70%6

PHONK((203184).040¢
(a1Ex s6-09%3¢
TWwX 010-850-0120

ANUAL




GENERAL SPECIFICATIONS

Frequeacy Range ¢8-88 MHz, 132-174 MHz

Frequency Stabllity 2.0008% (-30°C to +60°C)

RF Power Output (50 Ohm Load) 2.2W@ 15 VDC

Emission Type 15F2, 16F3

Power Supply Volts +15 VDC Normal

Opsrating Range +12.8 to +:17.3 VDC

Power Supply Current 400 ma @ 15 VDC

Awdio Input Impedance 8 Kilohms @ ! KMz

Andio Input @ 1 KHz for 3.3 KHz Deviation $ - 10 mv Rms

Audio Respoase (300 - 3000 Hx) +1, -3 & of standard EIA 6 db/octave
pre-emphasis characteristic

Audio Distortioa (Max) 6% € 2/3 rated system deviation with 1 KHz modulation

FM Hum & Noise $0 db below 2/3 rated system deviation

Bpurious & Harmoaics 49 db below carrier

Weight 3.5 0z. (99.1 grams) less externa! leads

Bize 3.32" x 3.32" x 1" (2.9" x 2.9" mlig centers)

Duty Cycle (w/o degradation) 10% (Maximum transmission 1 minute)

SPECIFICATIONS SUBJECT TO CHANGE WITHOUT NOTICE

These Repco R. F. Link Transmitters are type accepted for domestic appliration Inthe 72-76 MHz range
for 15F2 and 16F3 emission under parts 81, 87, 89, 91 and 93 of the FCC Rules and Rcgulations. Addition-
slly, these Repco R.F, Link Transmitters are type accepted for domestic apptication in the 150.8-174 ME»
range for 15F2 emission under parts 89, 91 and 93; also for 16 F3 emission under parts 81, 89, 91 and 93
of the FCC Rules and Reguintions. When these devices are installed in a system, it is the end user's
responsibility to obtain type acceptance/certification on the system.

CRYSTAL SPECIFICATIONS

The equipment specificatioas Involving {requency stability are assured only (I crystals are supplicd by the
maaufacturer or [uraished by maaufacturer approved suppliers.

23-10-006 TRANSMITTER CRYSTAL 66-88 MYz, 132-174 MHz (Y1)

Similar to military type CR-78/U (parallel resonant) except:
Case: HC-25/U excepl pin length 187 .010 inch

Load capaclity: 20 pF

Frequency tolerance: 2.002% @ 25°C

Temperature characteristicsa: 2.0005% maximum shift Irom frequency at
25°C over range of -200C to +60°C

€8 - 88 Mir) 7.333333 - 9.777778
Calculate as foilows to six places:

operating (requency
9

Crystal frequency =

(132-174 MHz) 7.333333 - 9,66066G?
Calculzate as follows to six places:
operattng_freauency

Crystal rcquency « 18




MECHANICAL VIEW/ALIGNMENT PROCEDURE
M}o0 M11 M12
(@ 4 ='~. "
"H<: B £z, RO M14
o (o ST L ‘3 hdd r~_> (%)
B3 O L2 oS
R3 @) ﬁﬁ ®) 1 POWER LEVEL
[ W] »
DEVIATION : “ 1T
Y1 A -
& B c11
—_— - FREQUENCY
“9 o l~——-0 ' ’
i L2 L3 \
O S~ M13
710-101-01 S me
P.C. Board it v a é
Assembly '
(Less modules .
and crystal)’ / / RF Output
_ 2.9 50 Ohm coax
(Tye) RG-178/U
&
o
AUDIO IN + 15VDC GROUND

GENERAL NOTES:

Note: When replacing the coax cable, carefully strip ends to duplicsts original
coax [or proper operation and impedance matching.

1. Nuring alignment procecdures, 8 regulated power supply sct at 25, 0 volts is recommended.
2. The power chould be turned olf belore remnoving and replacing modules.
3. Use only lasulated type tuning tools, (order part number 610-183-01)

METER NECATIVE TO
GROUND

STEP EVENRT | INDICATING METTR ARDJUSTMENT 170 E MADFE NOIFES l
Adjust 1st tripler, 2nd MIO-L1 end %510-L2 for Align M10-L1 & M10-
tripler input. 1YC volt meter o test - max. MI11-L} for ininimum L2octly as shown in steo

1 point on module #1t, Repeat M10-L1 and M10-L2{ 1. Do not readjust In

later steps while ob-
scrving power levels.

Adjust 2nd iripler,
Driver Input

—

DC volt meter W test
point on module 012
meter negative Lo ground,

M11-1.2 for max, M}2-L}
for min. M11-L1 for mex,
Repeat M11-L2 for max,
MI2-L) for min

Do not retune MI10-L1 and
MI0-12 using meter Indl-
cstlon of this step.

Ad;ust Driver, R¥ Ampli-
fier

HF power oulput meter
connected to RF load

Mi3-L2. M13-L3 and M12

L2 for max. Repeat

Repest Siepa’)l 2 and 3

Adjust RF power leve!

Adjust Deviation 1imit.
Feed 0.1 VAC at 600 Hs
into "AUDIO IN",

RF power outpul meter
connected W R} losd

"POWER LEVEL" to
rated outpul power., Re=-
adjust M13-L2, M13-LJ
and M12-L2 for max
Repeat,

If power output dors not
excecd rated power al full
CCW poaltion, sct the con-
trol to s positlonabout 15°
CCW from where power
reductlon beging,

Deviation meter connec led
to load

"DEVIATION® (R]) cone
trol to =5 KHs.

Frequency Adjustment

Frecuency meter connected
1o losd

“FREQUENCY " (C11) to

oper, freq. within 2100 Hx,

No Modulelion

WARNING:

Claws coritusicis: livense.

FCU Hules require the person sdjusting thie transmitter to hold a (iret or second




TRANSMITTER SCHEMATIC
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ITEM PART
-08 -04 -03 -02 -0} NUMBER NUMBER DESCRIPTION
1 1 )] 1 1 [0} 15-01-006 Capacitor, Ceramic 22 pF +10%
] 1§ 1 3 ) C4 15-01-043 Capacitor, Ceramic .01 uF
)} | | ) ] 1 cé 15-01-0232 Capacitor, Ceramic .0022uF
2 2 2 2 < C7,Cs 15-01-04]} Capacitor, Ccramic ,001 uF
1 | 3 1 1 Cce 15-01-041 Capacitor, Ceramic .00} u¥
3 ] ) ] ] 1 Cl0 15-01-042 Capaclitor, Ceramic .0047 uF
3 3 )] 3 ] c11 15-08-019 Capacitor, Varinhie 4, 5-20 pF
3 | ) ] 1 1 Ci1s 15-01-073 Capacltor, Ceramic 0,1 uF
3 1 1 1 1 Cie 15-03-012 Capacitor, Teantalum 22 uF 15V
] b} 1 1 )] C117 15-01-020 Capacitor, Ceramic 10 pF
3 3 | ] 3 610-519-02 Label ,Freq
3 ) 3 1 1 [ 3 ] 903-681-01 ¢ Module, Modulator
) ] 1 M0 910-062-01 Module, 1st Tripler
1 } ] M10O 910-781-01 Module, Ist Tripler
|} M1} 911-962-01} Moctule, 2nd Tripler
3 1 3 M1 911-781-0) Module, 2nd Tripler
3 M2 912-053-01 Module, Driver
3 MI2 912-054-01 Module, Driver
) ] Mi12 812-0G62-0} Module, Duubler/Driver
1 M12 912-071-0] Module, Doubler/Driver
] Mi2 932-061-0) Module, Doubler/Driver
3 M1D . $133-053-01 Module, Final Amplifier
M13 913-051-0} Mocdulie, Final Amplifier
° 1 M1l 913-06G2-03 Module, Final Amplifier
h 1 1 M1J 013-761-01 Module, Finul Amplifier
1 1 1 ] 1 M4 914-102-01 Module, Current Limiter
2 2 2 2 2 1.1, L2 18-01-037 Inductor, 10 ull
1 3 ) ] ) ] 1 L3 18-01-046 Inductor, 4.7 uil
] ] | ] ] L4 18-01-004 tnducior, 3,0 ull
] 1 ) ] | 1 L6 18-03-032 {nductor, 0.} 4ii
3 | ) ] 1 3 1.7 18-01-041 iniluctor, 4.7 ull
] ] 1 1 1 1l 47-04-000 Recintor, Vavlable, 2K
1 ] ] 1 ) ns 47-0i-cul |  Resistor, Thermidtor, 100 ohme

®Product rovision code "A' or later

3C78U54




18-42-30-015

INSTRUCTION  ANUAL

FM DESIGNS UTILIZING PBC MODULES

' N

v BN

ECEIVER UNIT

810-055

Catalog No. (-01) 132-150.8 MHz
Catalog No. (-02) 150.8-162 MHz
Catalog No. (-03) 162-174 MHz
Catalog No. (-04) 66-76 MHz
Catalog No. (-05) 76-88 MHz

This RF Link unit, one of 8 family of modern state-of-the-art packages, utilizes
3100% solld state components. 1ts compact design provides unusual versatility making
{t easily sdaptable to many dats communication appiications. Each rugged unit is
designed to handle voice and/or tone in a broad spectrum of applications.

PBC modules (Plug-ta Block Circults) have been engineered into this product to pro-
vide the uitimate In solid-state performance, reilability, durability and maintain-
ability. These qualities give assurance that downtime will be minimized, (f acir-
cuit ever stops working, the mallunctioning module can be quickly located and re-
placed with a spare off-the-shelf plug-in module.

Repco RF Link receivers are certificated where applicable to FCC Rules and Regu-
iations. When these devices are lnstaliedin a system, [t Is the end user's responsi-
billty lo obtaln system type acceptance/certification,

SPECIAL PRODUCTS DEPARTMENY

1940 (OCEWOOD WAY
o POST OFFICL SOK 706
‘"ORLANMDO, FLOPIDA 32036

PHONE(DIOS104) -840

608X S0-098)s
Twx 8i0-030-0120




Frequency Ranga
Frequency Stabllity

RF (nput (mpedance
Seas(tivity

Spurlous & Image Rej
Nolse Squelch Sensitivity
Adj Channel Rejection

GENERAI. SPECIFICATIONS

68-88 MHz, 132-174 MH:z

¢ .001% (-30°C 1o +60°C)

80 ehms

€ 0.38 uv/12db SINAD; « 0.5 uv/20 db Quiecting
70 & below carrler

<€ 0.25 uv

80 & (20 db Quicting) 132-174 MHz

70 db (20 db Quieting) 66-88 Mi{z
Modulation Acceptance $1 X2
Audlo Response (300-3000 Hz)
Audlo Output Power

42 to -8 db of Sitd. ElA 6 db/octave de-emphasis curve
900 mw at lass than 107 distortion
. Audlo Output Impedsance 25 ohms resistive

Current Drain

DC Operating Range

8.0 ma®12VDC (Standby); 87 ma@ 12 VDC (Receive)
13 VDC 21.8 VDC (per ELA RS-316)

Weaight 4.2 o3 (119 Grams) Less External Leads
Stse 9.32' 2 3.327 2 1" (2.9 x 2.9 mountiag centers)
Duty Cycle (w0 degradation) Coatinuous

Specllications Subject To Change Without Notice.

NOTE: This receiver, ls recommended for use with transmitter units 810-039, 810-040, 810-041, 810~
942, 810-043, 816-011 and 816-040.

CRYSTAL SPECIFICATIONS

The equipment specifications (avolving frequeacy stabiiity are assured oaly if crystals are supplled by the
manufacturer or {furnished by manufacturer approved suppliers.

23-10-007 Recelve Cryvetal (Y2) Military Tyoe CR-77/U (series resonant) except:
Case: HC-25.U except pin leogth . 187 2,010 inch
Dissipation: 1 milliwatt maximum
Frequency Tolerance at 25°C: 2.001%
Tempe rature Data: I.0008% max. shift from freq. at «28°C over -30°C to -60°C range

Crystal frequency i3 calculated to six olaces as foliows:
86-88 MHz operating frequency olus 10.7 AtHz
2
132,150.8 Mz opcraling frequency plus 10.7 MHe
3
150.8-174 MUz operating {requency minus 10.7 Mtz
3

23-09-002 Receiver Second Oscillator Crvstal (Y1) Military Type CR-78/U parallel resonant) exerot
Case; HC-25/U cxcept pin lenpth . 187 2. 010 Inch
Frequency: 10,245 Miiz 2. 003% at 25°C
Load Capacity: 6B pF
Tempc rature Datis <. 002% max. shilt {from {req. at +25°C over -30°C to +G0°C range

Crystal frequency (38.1350000 - 49. 350000 Milz)

= Crystal {requency (47.5666G6 ~ 53, 832333 M)

= Crystal {requency (46.700000 - 54, 433333 Az

NOTE; Some units utllize recciver sccond oscillotor crystals wiih f:iequency spocllications of 10, 243
Milz (23-09-005, coded Llue) or 10.217 Milz (23-02-004, coded orange). 1o these cases the i1 hilters
(Z1) have compatiblc band pass characteristics and atc provided with 2 matciing voior code.




NOTE: Y2 furaished

scparalely to cus-
tomer speclficd fre-
quency. \
==
M7 FOR CORRECT
. IMPEDANCE MATCHING AND
- PROPER OPERATION,
M TERMINATE iINTOA SOA f
M1 LOAD, STRIPPING THE COAX AS SHOWN
Squeich Ad).
®
\
| 3/32
1/16
710-148-01 RF lnput
P.C. Board RG 178/U
Assembly l ane
(less modules, Cround (Black)
crysials and “. - w::)
filter) Volume Ad) -
- 4onmT
NOTE: Wires not fur- sp.:::, n:"
v/ oggluu‘m:ﬂq nished and are shown g uet Losd

|

GENERAL NOTES

for refereace only.

3. Durleg slignment procedures, a regulated ponwer supply set at 12.0 voits s recommended.
3. The powcr should be turaed o!f befure removing and replacing modules.
3. Usc only insulated type tuning tools. (order part aumber 510-1£3-01).
4. The. e ave no ad;ustments or test points {or the pulse - aversglng ciscriminator used ia this recelver,
TEST EQUIPMENT AN{) CONNECTIONS
 STEP INPUT OLTPLUT ADJUST NOTES
None Elcctroaie voltmetler Adjust M3-L2 {for maamum
(VTVM) DC probe to voltage. Adjust M3-13 for
1 test point on M3, minimum reading.
G round other {ead,
Tuae Stgoel geperator - Eicctronic voltmeter In order, tunc the following: | Adjust signal gene-
to exact chasnel | (VTVM) DC probe to MI-LA,MI-LS, MI-L3, rator leve! so that
2 Irequency ead coe- | (cst point on M5, M1-12,M1-L1, M2-L1, meter remalns In s
sect to “RF o (ad- | Ground other lead. M2-1L2,M4-L), M4-L2, 0.3 to 0.5 voit
teans co-ax). ME-1.3,M4-T, range.
Resadjust Il neccssary.
Acquire yous precise | Lnaok for zeroing of Adjust M3-C2 to obtain 11 filter Z1 and
chanacl fregquenes the meter or listen 2e70 beat and maxtmum Crystal Y1 have
Trom cither o base for audlo zcro beat quicting. color code other
2 stationor signal gefe- |y test speaker, than green, use
rator, then toasciy 453.5 Kilz for units
couple a 1535 Kz coded orange and
>ipdaat into the gt R 456.5 Kllz for unils
anke eof ther difter (214 1313=C1 s Inaciive) coded blue,
[ ] Same as Step 2 Same as Step 2 Fine adjustment of M1-L] and M1-L2,

*M4-L3 adjustment has been climinated on module 904-181 with reviston codc ‘A or later,
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SCHEMATIC (SERIAL 10155R AND UP)
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@ - T relative positions of moiulv pins
= = = & sockets as viewed from top.

NOTE: Units priortoscrial 10155R must use 905-161-04. Also, R9 (12K) is required in paratiel with €2,

Rl s 2. 7K, R2is 4. TK and R4 s 1. 3K,

"NOTE: WIth CTCSS tone decoder, the [nllowlng outputs are used: M7P1 - squelch oulput (0.8 VDO aet M6
. pin4B - discriminator output, - .
810-055 ITEM PART

-05 -04 -03 -02 -01 NO. NUMBER DESCRIPTION

- - - - M1 901-051-01 Module, RF Amplifier

] - Mi 901-053-01 Modulc, RF Ampiilicr

- - M1 901-061-01 Module, RF Amplificr

- - - 1 M) 901-071-01 Module, RF Amplilicr

- - 1 - - M1 901-081-01 Module, RF Amplifier

] ] ] ] ] M2 902-181-01 Module, First Mixer

] i - - - M3 903-051-01 Morlule, First Osclilator

- - 1 1 1 A3 903-GH1-01 Moduie, Flrst Oscillator

1 1 1 1 1 M4 904-181-03 Module, 2nd Mixcr/Oscillatar
? ] 1 1 1 + M5 905-185-01 .. Module, 2nd 1F Amplifier

] 1 1 1 1 M6 90G~181-01 Module, Discriminator

3 1 i f Y M7 907-181-01 Module, Squeleh (code B or later)
1 1 1 1 ] M8 908-181-01 Module, Receive Aurlio

1 1 1 ] 1 Y1 23-09-002 Crystal, 10,245 Milz

1 1 ? 1 ] Y2 23-10-6G07 Crsytal, 1st Osclilator

3 1 1 1 1 21 710-052-04 Flller, 455 Kiiz

1 1 ] 1 i Cl1 15-01-033 Capacitur, .0022 uF

1 [} 1 1 ] c2 15-01-007 Capacilor, 0.05 u¥

1 1 1 1 1 c3 15-03-026 Capacitor, 33 ul’

1 1 1 1 1 (o4} 15-03-012 Capacitor, 22 p¥

1 ] 1 1 1 R1 47-13-182 Heststor, LK 657 1/74W

1 ] 1 1 1 n2 47-12-332 Resistor, 300K 87 1/4W

1 ] 1 1 1 Ra 42-173-202 Resdstor, 202K 57 H/4W

1 b 1 f 1 114 47-08-017 Heststor, Varlalle, 500K

] ] 1 1 ] 135 47-04-010 Resistor, Vaclalde, 1OR

1 1 1 1 1 1’ 4710092 Resistor, 9. 9% 49 174\

] ] 1 1 1 1L RCOGGEIVGY Heststar, 3 MEG 0 1°8W
1 1 ] ] 1nio 47- 10080 fleststor, v NS P A\

JCT4000




X -220

Risnolithic Function enerzator

The XR-2206 is a monolithic function generator integrated circuit capable of producing high quality sine, square, triangle, ramp
-and pulse waveforms of high stability and accurscy. The output wavelorms can be both amplitude and frequency modulated by
an external voltage. Frequency of operation can be selected externally over a range of 0.01 Hz to more than | MHz,

The XR-2206 is ideally suited for communications, instrumentation, and function generator applications requiring sinusoidal
tone, AM, FM or FSK generation. It has a typical drift specification of 20 ppm/°C. The oscillator frequency can be linearly swept
over a 2000: | frequency range with an external control voltage with very little affect on distortion,

As shown in Figure 1, the monolithic circuit is comprised of four functional blocks: a voltage-controlled oscillator (VCO); an
analog multiplier and sine-shaper; a unity gain buffer amplifier; and a set of current switches. The internal current switches transfer
the oscillator current to any one of the two external timing resistors to produce two discrete frequencies selected by the logic level

at the FSK input terminal (pin 9).
FEATURES

Low Sinewave Distortion (THD .5%) —
insensitive to signal sweep

Excellent Stability (20 ppm/°C, typ)
Wide Sweep Range (2000:1, typ)

Lo« Supply Sensitivity (0.01%/V, typ)
Linear Amplitude Modulation
Adjustabdle Duty-Cycle (1% to 99%)
TTL Compatible FSK Controls

Wide Supply Range (10V to 26V)

APPLICATIONS

Waveform Generation

Sine, Square, Triangle, Ramp
Sweep Generation
AM/FM Generztion
FSK and PSK Generation
Voltage-to-Frequency Conversion
Tone Generation
Phase-Locked Loops

EQUIVALENT SCHEMATIC DIAGRAM

ABSOLUTE MAXIMUM RATINGS

Power Supply 26V
Power Dissipation (package limitation)
Ceramic package 750 mW
Derate above +25°C 6.0 mW/°C
Plastic package 625 mW
Derate above +25°C S mW/°C

Storage Temperature Range -65°C to +150°C
AVAILABLE TYPES

Part Number Package Types Operating Tempersiure Range

XR-2206M Ceramic ~55°Cto +125°C
XR-2206N Ceramic 0°Cto +75°C
XR-2206P Plastic 0°C 10 +75°C
XR-2206CN Ceramic 0°Cto +75°C
XR-2206CP Plastic 0°C o +75°C

FUNCTIONAL BLOCK DIAGRAM

——

|




ELECTRICAL CHARACTERISTICS

Test Conditions: Test Circuit of Fig. 2, V* = 12V, Tao = 25°C,C= 001 uF, R} = 100KSI, Ry = 1OKSI R3 = 25 KS1 unless
otherwise specified. S| open {or triangle, closed for sinewave.

XR-21206/XR-2106M NR-2206C .
. LiN NDITIONS }
CHARACTERISTICS MIN, TYP. [MAX | MIN] TYP | MAX. Irs co :
Supply Voltage 1
Single Supply 10 26 10 26 v '
Split Supply b 4 13 23 213 v
Supply Current 12 17 14 20 mA| R} 2 10KS2
Oscillator Section
Max. Operating Frequency 0.5 1 0.5 1 MHz | C=1000 pF, R)=1 K2
Lowest Practical Frequency 0.01 0.01 Hz | C=S0puF, Rj=2 M2
Frequency Accuracy 2] 24 $2 % o!olo fa= /R C o
Temperature Stahility £10] 250 220 ppm/ ClOCLTA LTS5 C, R1=R-=I0KN
Supply Sensitivity 0,01| 0.1 0.01 XIViIViLow = 1OV, VHIGH = 20V,
Ry=R3y=20KS
Sweep Range 1000:1 |2000:1 2000:1 - e Ry = 1K
[L@R| =2 M
Sweep Linearity
10:1 Sweep 2 2 Kifr =1 kHz, fiy=10kH2
1000:1 Sweep ] 8 % | fL = 100 Hz, () = 100 kHz
FM Distortion 0.1 0.1 % | £10% Deviation
Recommended Timing Components
Timing Capacitor: C . 0.001t 100 {0.001 100 MF | See Figure §
Timing Resistors: Ry & Ry 1 2000 ) 2000 K$2
Triangle/Sinewave Qutput See Note |, Fig. 3
Triangle Ampluude 160 160 mV/K1| Fig. 2 S| Open
Sinewave Amplitude 40 60 80 60 mV/KS§2| Fig, 2 S} Closed
Max, Qutput Swing 6 6 Vpp
Output Impedance 600 600 9]
Triangle Lincarity i [} %
Amplitude Stability 0.5 0.8 gB For 1000:1 Sweep
Sinewave Amplitude Stability -4800 —-1800 ppm/ C| See Note 2
Sinewave [istortion Ri=30KQ
Without Adjusiment 2.5 2.5 % | See Figure 11
With Adjustment 04} 10 0.5] 1.5 % | See Figure 12
Amplitude Modulation
Input Impedance 50 100 50 100 K2
Modulation Range 100 100 %
Carrier Suppression 55 55 dB8
Linecarnity 2 2 % | For 957% modulation
Squate Wave Qutput Mcasured at Pin 1}
Amplitude 12 t2 Vpp
Rise Time 250 250 nsec ! Cp = 10 pF
Fall Time 50 50 nsec| Cp = 10 pF
Saturation Voltage 0.2 04 0.2] 06 VI, =2mA
Leakage Current 0.l 20 011 100 HAT V=26V
FSK Keying Level (Pin 9) 08 1.4 S 08 1.4 4 V| See Sccuon on Circuit Contials
Reference Bypass Voltage 2.9 R 13 2.8 3 kI Vi Measured at Pin 10,
Note 1: Output Amplirude it directly proporfional to tie resisiance Rponiin 3. See Frgure 3.
Note 2: For maximum amplirude stcbilily R 3 should be a positive lemperature coelfictent renitfor,
8y ~OPEN FOR TRIANOLE .
CLOBLO FOR S1mE WAVE.
TRiANGLE AramaL
:::nn St IRY ADY [ ! |
.28 g
L]
! unE wavl
-]
£,
i
[ ]
L] ~ - -0 - 1.
I.INI“

Figure 2. Basic Test Curcuns

Figure 3. Output Ampittude s s Function of Kesistor Ryat Pan 3.
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DESCRIPTION OF CIRCUIT CONTROLS - , , oN2
L/ -1} ]
FREQUENCY OF OPERATION: e ve  t°

The frequency of oscillation, fg, is determined by tre external
timing capacitor C across pins 5 and 6, and by the timing resis-
tor R connected to either pin 7 or pin 8. The frcquency is
given as )
R cenne
ro RC Ha

and can be adjusted by varying either R or C. The recom-
mended values of R for a given frequency range are shown
in  Figure 5. Temperature-stability 1s optimum for
4 K2 < R <200 K. Recommended values of C are from
1000 pF to 100 uF.

FREQUENCY SWEEP AND MODULATION

Frequency of oscllation is porportional to the fotal timing
current |7 drawn from pin 7 or 8
3201 (mA)

“Tem M

Timing terminals (pins 7 or 8) are low impedance points and
are internally biased at +3V, with respect to pin 12. Frequency
varies linearly with IT overa wide range of current values, from
1 A to 3 mA. The frequency can be controlled by applying a
control voltage, YV, to the activated timing pin as shown in
Figure 10. The frequency of oscillation is related to Vv as:

! R Ve ]

= — [l + — - — Hz

RC R ('~ 7))
where VC i3 in volts. The voltage-to-frequency conversion
gain, K, is given as:

0.32
K =3f/aVpam — 222 v
/dVe= - z Hz/

NOTE: For safe operstion of the circuit IT should be limited
to €3 mA,
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Frgure 10. Citcun Caonnection fot Frequeniy Sweep

OUTPUT CHARACTERISTICS:

Output Amplitude: Maximum output amplitude is inversely
porportional to external resistor R3 connected to Pin 3 (See
Fir. 3). For sinewave output. amiplitude is approximately
60 mV peak per K1 of R3. for triangle, the peak amplitude
is approximately 160 mV peak per K2 of R3. lhus, for
example, R3 = 50 K2 would produce approximately 23V
sinusoidal output amplitude,

Amplitude Modulaiion: Output amplitude can be modulated
by applying a dc bias and a modulating signal to Pin 1. The
internal impedance at Pin | is approximately 100 KQ2. Output
amplitude vanes linearly with the applied voltage at Pin 1, for
values of dc¢ bias at this pin, within 24 volts of V*¥/2 as shown
in Fig. 6. As this bias level approaches V*/2, the phase of the
output signal is reversed . and the ainphtude goes through zero.
This property is suitable for phase<hift keying and suppressed-
carries AM generation. Total dynamic range of anmiplijude
modulation is approximately §5 dB,

Note: AM control must be used in conjunction with a well-
regulated supply since the output amplitude now becomes a
function of V¥,

FREQUENCY-SHIFT KEYING

The XR-2206 can be operated with two separate timing resis-
tors, K and R2. connected to the tining pins 7 and 8, respec-
tively, as shown in Figure 13 Deperding on the polarity of
the logic signal at pin 9, either one or the other of these timing




resistors is activated. If pin 9 is open<ircuited or connected to

a bias voltage » 2V, only R| is active. Similacly, if the voitags

level 8t pin 9 is € 1V, only R2 is activated. Thus, the output

frequency can be keyed between two levels, () and {2 as:
fy=1/R1Candf2=1/R2C

For split-supply operation, the keying voltage at pin 9 is

referenced to V.

OUTPUT DC LEVEL CONTROL

The dc level st the ocutput (pin 2) is approximately the same
as the dc bias at pin 3. In Figures 11, 12 and 13, pin 3 is
bissed mid-way between V* and ground, to give an output
dc level of xV*/2,

APPLICATIONS INFORMATION

SINEWAVE GENERATION

A) Without External Adjustment
Figure 11 shows the circuit connection for generating a
sinusoidal output from the XR-2206. The potentiometer
Rj et pin 7 provides the desired frequency tuning. The
meszimum output swing is greater than V*¥/2 and the

Hﬂm
X

I'n'

- \‘——V"'__'
R 5, CLOMED FOR LN eAYE.

Figure 11. Cucuit for Sinewave Generatron Without External
Adpstment. (Sec Fig. 3 for choice of RJ)

typical distortion (THD) is < 2.5%. If lower sinewave dis-
tortion is desired, additional adjustments can be provided
as described in the following section.

The circuit of Figure 11 can be converted to split supply
operstion simply by replacing all ground connections with
V™. For spliv supply operation, R3 can be directly
connected to ground.

B) With Externsl Adjustment
The harmonic content of sinusoidal output can be reduced
to =0.5% by additional adjusiments as shown in Figure 12.
The potentiometer R, adjusts the sine-shaping resistor;

Figere 12. Cucuil for Sinewave Generatson With Minimum Harmonic
Distostion. (l) Determines oulput Swing - See Fig. 3)
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and Rp provides the fine-adjustment for the waveform

symmetry. The sdjustment procedure is as follows:

{. Set Rp at mid-point and adjust Rp for minimum dis-
tortion.

2. With Ra set as sbove, adjust Rp to further reduce
distortion.

TRIANGLE WAVE GENERATION

The circuits of Figures 11 and 12 can be converted to triangle
wave generation by simply open circuiting pins 13 and 14
(i.e., S| open). Amplitude of the triangle is approzimately
twice the sinewave output.

FSK GENERATION

Figure 13 shows the circuit connection for sinusoidal FSK
signal generation. Mark and space frequencies can be indepen-
dently adjusted by the choice of timing resistors R} and R3:
and the output is phase-continuous dunng transitions. The
keying signal is applied to pin 9. The circuit can be converted
to split-supply operation by simply replacing ground with V™.

Figure 13. Sinusoidal FSK Generator

PULSE AND RAMP GENERATION

Figure 14 shows the circuit for pulse and ramp waveform
generation. In this mode of operation, the FSK keying termi-
nal (pin 9) is shorted to‘the square-wave output (pin 11); and
the circuit automatically frequency-shift keys itself between
two separate frequencies during the positive and negative going
output waveforms. The pulse-width and the duty cycle can be
adjusted from 1% to 99% by the choice of Ry and R2. The
values of R] and R} should be in the range of | KS2 to 2 MS1.

Figure 14. Circuit fut Pulse and Ramp Genetalion




RKR-2211

FCUl{ Peimoduiator/Tone RDecceder

The XR-221) is a monolithic phase-locked foop (PLL) system especially desipned for data coinmunications. 1t is particularly
well suited for FSK modem applications. It operates over 3 wide supply voltage range of 4.5 to 20V and & wide frequency
range of 0.0] Mz to 300 kHz. It can accommodate analog signals between 2 mV and 3V, and can interface with conventiondl
DTL, TTL and ECL logic families. The circuit consists of a basic PLL for tracking an input signal within the pass band, a
qQuadrature phase detector which provides carnier detection, and an FSK voltage comparator which provides FSK Jdemodulation,
External components are used to sndependently set center frequency, bandwidth, and output delay.

FEATURES

Wide Frequency Range

Wide Supply Voltage Range
DTL/TTL/LCL Logic Compatibility

FSK Demodulation, with Carrier-Detection
Wide Dynamic Range

Adjustable Tracking Range (215 to £80%)
Exceilent Temp. Stabihity

APPLICATIONS

FSK Demodulation
Data Synchronization
Tone Decoding

FM Detection

Carrier Dctection

0.01 Hz 10 300 kM2
4.5V to 20V

2mVito3 Vrms

20 ppm/‘C, typ,

ABSOLUTE MAXIMUM RATINGS

Power Supply

Input Signal Level

Power Dissipation

Ceramic Package: °
Derate above Ty = +25°C

Plastic Pachage: o
Derate above Ty = +25°C

AVAILABLE TYPES
Part Number Package
XR-2211M Ceramic
XR-2211CN Ceramic
XR-2211CP Plastic
XR-2211N Ceramic
XR-2211P Plastic

20V
3Vims

750 VWV
6mVv/[C
625 rix‘w
s.omwy/ C

Operating Temperature
-$5.Cto +125°C
0Cto+75C
0°C 10 +75°C
- 40°C to +85°C
~40°C 10 +85°C

PACKAGE INFORMATION FUNCTIONAL BLOCK DIAGRAM
AR 3248 v
Vee | 1 SIGNAL ‘_—El G
PRI AMP "'"'l' -
. P - """Ej l veo Eﬂ e
I*®  xp2211 j :ﬁ‘.‘.:‘"“[z E].‘.'.‘i'.':f'o-
[ 12 . ME —— :-1_-1]:9&"
H 3 '-—:-—1 socx orrer oun
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LLECTRICAL CHARACTERISTICS _
Teot Conditions: V= +12V, TA - v25°(‘, RO = 0 KA1, ('0 = 0.033 uF. See Fig. 2 for component designation

NR-2211/220 M XR-2211C
CHARACTERISTICS T - . UNIYS CONDITIONS
MIN. P TYP. MAX. MIN., TP,
R SR el
GENERAL
Supply Voltage 20 v
Supply Current L) 9 mA Ry, 210K, Sze Fig. 4
OSCILLATOR SECTION
Freguency Accuracy 11 % Deviation from fg = 1/RpCo
Frequenvy Stability Ry woe
Temperature +20 ppm/°C  Sce Fip. 8,
Power Supply 0.05 twWfV V+= 12+ 1V, See Fig. 7.
0.2 IV VY5205V, See Fig. 7.
Upper Frequency Limit 300 kllz Rg=8.2:82,Co =400 pF
Lowest Practical
Operating Frequency 0.01 e Rp=1M82,Co=50ufF
Timing Resistor, Rg’ Sce Fig. S.
Operating Range K§2
Recommended Range K See Fig, 7 an:) 8.
LOOP PHASY DETECTOR SECTION
PPeal Quiput Current 2100 2200 H#A  Measured at Pin 11,
Quiput Offset Current *2 HA
Output Imgedance 1 M
Maxiinum Swing 4 *5 V  Refercnzed to Pin 10,
DUADRATURLE PHASE DETECTOR {easured at Pin 3,
Peak Qutput Current t50 HA
Qutput impedance 1 MQ
Maximum Swing 1 Vpp
INPUT IPREAMP SECTION Measurad at Pin 2,
Input Imypedance 20 20 KQ
Input Signal
Voltage Required to Cause Limiting 2 10 2 nV mms
VOLTAGE COMPARATOR SECTIONS
baput linpedance 2 2 MS  Measured at Pins 3 and B,
Iaput Bias Current 100 100 nA
Voliage Gain 55 70 55 70 dB PRy =51 KQ
Ouiput Voltage Low 300 300 mV Ilgc=3 A
Outnut Leakage Current .01 K] KA VO 12V
INFEPSNAL REFERENCF
Voltage Level 49 5.3 5.7 4.75 5.3 5.85 V' Measused at Pin 10,
Qutput Impedance 100 100 93
TR 8
Lo oATa —— AN e
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Fipure |, Function! Biock Diagsam of a Tome snd )'SK Decoding Figute 2. Generalized Citcuit Connection for FSK and Tone Detection.
Sysiem Using XR-2241.
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DESCRIFTION OF CIRCULT CONTROLS

Szenct lnput (Pin ) Signalis ac coupled to this teaminal,
Fhe internal impedance at Pan 2 is 20 K§2. Reconunenided
g, sipnad Jevebhisan the range of 10 mVims to 3 Vrms.

Quadtrature Phase Detector Output (Pin 3): This is the high-
seepe danee oulput of quadrature phase detector, and is inter-

nratty connected to the input of lock-detect voltape-comparator.

fa tone detection applications, Pin 3 1s connected to ground
thsouph 3 parallel comhinstion of Ryy and Cp (See Fig. 2) to
elunttate the cliatter at fock-detect oulpuls, | the tone-
detect section is not used, Pin 3 can be left open circuited,

Lock-Detect Onlput, Q (Pin $): The output at Pin § is at
*“hzh’ state when the PLL is out of lock and goes to “low™
oz conduching stiate when the PLL is locked. 1t is an open-
cotlector ty pe autput and requires a puil-up resistor, R, to
V+ for proper operation, At “low™ state, it can sink up to
S mA of load current,

Lock-Detect Complement, Q (Pin 6): The output at Pin 6 is
the fogie camplement of the lock-detect output at Pin S,
‘This uutput 1s 2iso an open-collector ty pe stage which can
snk 5 mA of load current at low or on’’ state.

FSK Data Output (Pin 7): This output is an open-collector
lewie stage which requires a puil-up resistor, Ry, to V+ for
pzoper operation. 1t can sink § inA of load current. When
deceding FSK sienals, FSK data output is at “high' or off
state for low input frequency: and at "“low’’ ot on state for
hich input frequency. 1 no input signal is present, the logic
state at Fin 7 is indeterminate,

FSK Comparator Input (Pin 8): This is the high-impedance
inpuzt to the FSK voltage comparator, Nornlly, an FSK post-
detection or duta filter is connected between this terminal and
the FLL phase-detector output (Pin 11). This data (ilter is
formed by Ry and Cg of Fig. 2. The threshold voitage of the
coniparaior is set by the internal relerence voltage, Vg, avail-
able at Pin 10.

Reference Voltage, VR (Pin 10): This pin is internally biased
at the reference voutape level, Vo Vp = V4/2 - 650 mV,
The de voltage fevel at this pin forms an internal reference for
the voliage levels at pins 5, 8, 11 and 12, Pin 10 71ust be by-
passvd to ground with a 0.1 uF capacitor, (or proper operation
of the circuit,

Loop Phase Detector Output (Pin 11): This terminal provides
a high-impedance ouiput for the loop phase-detector. The
PLL mop fiticr is formed by Ry and C) connected to Pin 11
(Scc Fig. 2). With no input siznal, or with no phase-error
within the PLL, the dc level at Pin 11 is very nearly equal to
Vg The peak voltage swing available at the phase detector
output is equal to 2Vp.

VCO Control Input (Pin 12): VCO free-running frequency

is derwermined by exteinal timing resistor, Rq. connected from
this terminal to ground. The VCO (ree-running frequency,
’o, 18 ’

Ha

.=
0
RoCo

whete Cgas the timing capacilor across Pins 13 and 14, For
optimunt temperature statility, Rg must be in the range of
10 K2 to 100 KS2 (See Fig. 8).
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Thas tessaiagl iv o bow-umpedance posat, and is internally

based st 3k bevel equal to Vi, The arasinam tiniing curreng
drawn frann 1in 22 gmint be hinted to < 3 A Tor proper
nperatinn of the aircust,

VCO Tining Capacitor (Pins 13 aad 14)° VOO fremuiency is
myversely preporhenal to the extemal tuning capacitar, €
connectert across these termnabs (See Fig, S) Cpoimust be
non-polar, and 1n the range of 200 pF to 10 uF,

VCO Frequency Adjurtinent: VOO can be fine-tured by
connecting 3 potentiometer, Ry, in series with R at Pin 12
(See Fig. 9).

VCO Frec-Running Frenjueney. fg© XR-2211 does nat have a
separate VOO ontput terninal, Instead, the VCO autpuls

ate tntetaally connected to the phase-detector sections of the
arcult. However, for set-up ¢r ahustment purposes, VCO
free-runmng frequency can be aieasured at Pin 3 (with Cp
disconnected), with no input and wich Pin 2 sharted to

Pin 10.

DESIGN EQUATIONS

(See KFig. 2 for Delinition of Components)
1. VCO Center Frequency, fg:
fo = ”ROCO Hz
2, Internal Reference Voltage, Vg tmeasured at Pin 10)
VR = V+/2 - 650 mV

3. Loop Low-Pass Filter Time Constant, r:
T= R|C'
4 Loop Damping, ¢:
§=1/4 ‘o
= .
<y

5. Loop Tracking Bandwidth, £A(/fg:

Aflfo = Rolnl — o TRACRINE
SANDWIDTM j
—_——— at
I; R

{
* +
LYY " ‘o “

3

um

6. FSK Data Filter Time Constant, rg:
TE = RpCp

is {he

7. Loop Phase Detector Convenion Gain, K.4: (K? (
runito

differential de voltage across Pins 10 and 11, pé
phase ertur at phasc-detector input)

KO = =2V gR/n volts/radian

8. VCO Conversion Gain. Kg: (K g is the amourl of change
in VCO frequency, per umit of dc voitage change at Pin §1):

Kg=-1/VRCoRj lz/volt

9. Total Loop Galn, Kyt
Ky= anoxo 2 4/CoR; rad/iec/volt

. Peak Phasc-Detector Current, I 5:
o= VR (volls)/25 mA




APPLICATIONS INFORMATION

FSK DECODING:

Figure 9 shows the basic circuit connection for FSK decoding.
With reference to Figures 2 and 9, the functions ot external
components are defined as follows: R and Cg set the PLL
center frequency, R scts the system band width, and C; sets
the loop fiter time constant and the loop slamping factor.
Cg and Rg form 4 one-pole post-detection tilter for the FSK
data output. The resistor Rg (= 510 K$2) from Pin 7 to Pin 8
nlioduces posilive feedback across FSK comnparator to
facilitate rapid transition between output jogic states.

Recommended component values for some of the most
commonly used FSK bands are given in Table |,

Figuie 9. Cirvuis Conneciion for FSK Decoding

Design Instructions:

The circuil of Fig. 9 can be tailored for any FSK decnding
application by {he choice of live key circuit components:
Rg. R, Cqg, C| and CE. For a given set of FSK mark and
space fsequencies, £ and o, these parameters can be cal-
culated as follows:

a) Calculate PLL center frequency, fg:

£+
fo= 1202

b) Choose value of timing resistor Rg. to be inthe range
of 10 K2 to 100 KS2. This choice is arhitrary. The
recommended value s Rg = 20 K€2. The final value
of Rq is normally fine-tuned with the senes potentiom-
eter, Rx.

¢) Calculate value of Cg from design equation (1) or from
Fig. 6:

Co = 1/Rgfg

d) Calculate Ry to give a Af equal Jo the mark-space
deviation:

Ry = Rg [fglf) = 12)]

e) Calculate C; to set foop damping. (Sce Design Equa-
tion No. 4).

Normally, § = 1/2 is ceccommended.
Then: C) =Cq/t for § = 12

f) Csiculate Dala titer Capacitance, Cg:

For Rz = 00 K€, Ry = 510 KS2, the recommended
value of Cy. 15
Cp: = 3/(Baud Rate) uF

Note: All cafculated cinponynt valies ¢ xeept Ry can he
rotnded-off to thry nestest standaed valee, and Ry can lie
vatied to fine-tinte center frequency, thigugh a serses
potratiometer, Ry, (Sce Fig, 9).

Design Example:
75 Baud FSK demodulator with mark/space frequencies of

00071170 Haz:

a3

Calculate fg: fg=(1110+ 1170)(1/2)= 1340 W7
Choose R = 20 K2 (18 KS2 fixed resistor in <erics
with § KS? potentiometer)

Calculate Cq from Fig. 6: Cq = 0.044 uF

Step 4: Calculate R: R; = Rg(2240/060) = 380 K2

Step 5: Calculate C): Cy = Cpf4=0.041 uF

Note: All vatues except Rg can be roundedntf to mearesr
standard vatue.

Step |:
Step 2:

Step 3:

FSK BAND COMPONENT VALUES
300 Baud Co=0.039uF Cg=0.005 uF
f) = 1070 iz Cp =001 uF  Rg=18 K}
f=1270 4z Ry =100 K2

300 Baud Cg=0022uF Cy=0.005 uF

Cy = 0.0047 uF

Rg= 18 KQ
R, =200 K22

f) = 2025 Iz
fy= 2225 Iz

Cg = 0.0022 uF

1200 Baud
Rg = 18 K€

fy = 1200 Hz
£, = 2200 Hz

Cg = 0.017 u¥
C, = 0.01 uF

TABLE |

Recommended Component Values for Commonly Used FSK
Bands (See Circuil of Fig. 9)

FSK DECODING WITH CARRIER.DETECT:

The tock-detect section of XR-2211 can be used as 4 carrier-
detect option, for FSK devadine, The recommended vorvun

‘connection for this application is shown jn kg, 10, The

open-collector lovk-detect output, Pin o, 1s shorted to data.
output (Pin 7). Thus, data output will he disabled at “low™
stale, until there is a carrier within the detection bamd ot the
PPL, and the Pin 6 output goes “high™, to ¢mable the dats
output. ’

The minimum value of the lock-detect filter capacitance Uy
is inverscly propertional to the capture range, tAf.. Tiesas
the range of incoming frequencivs over which the loop van
acquire lock and is always less than the tracking range. 1t s
further limited by C|. For mosi applicanions, M. > A¢-2.
For Rp =470 K, the approxumate nummium value ot €'p
can be determined hy:

Cp (uF) 2 16/captute sange in Nz,

fopuse 11, Earernal Connvcton for £ SK benoduaiin with
Casticr-Detect Capababity.
Noute: Data Quiput i aw ™ When No Cantier 1y Present,




With valuzs of Cpy that are (oo small, chatter can be observed
on the tock-detecy output as an incoming signal frequency
appreaches the canture bandwidth, Excesavely-farge values
of .p will stow the response tume of the lock-detect output.

TONE DETECTION:

Figre 11 thows the genceradized circuit connection for tone
detectron. The loee outpusts, Qand Q at Pins S and 6 are
rormatly at “high' and “low' jogic slates, respectively.
When a lone is present within the detection band of the PLL,
the logic Jtule at these outputs become revessed for the
duration of the inpul tone, Each logic oulput can sink S mA
of load current.

Buth jogic outpuls at Pins 5 and 6 are open-collector type
stages, and require external pull-up resistors Ry and Ry,
as shaown in Fig. |1, :
With reference to Figs. 2 and L1, the functions of the ex-
teraz! circuit components can be expliined as follows: Rg
and Cqg oset VOO cemier frequency: R| sets the detection
bandwidih; Cy sets the low pass-loap filter time constant
and the loop damping factor. Ry and Ry 2 are the respec-
we pult-up resistors for the Q and Q logic outputs.

Ve
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TONE oyt
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Fate 11, Cucun Connection for Tone Detectioa
Design Instnictions:

The curcuit of Fig. 1) can be optimized for any tone-detection
appheation by the choice of the § key circuit components:
L. Ry, Cp. €y and Cp. For a mven input the tone (requency,
{g. tnese parametess ate calculated as follows:
2} Choose R to be in the range of 15 KS2.to 100 KQQ.
This choice s arbitrary,
b) Calculate Cg to set center frequency, fg equal to fg:
(See Fig. 6). Cg = 1/Rofg
¢) Calculate Ry to set bandwidth £Af: (sce design Equa-
tion No, $): :
Ry = Rolfg/80
Note: The total detection bandwidth covers the frequency
tange of (g t Af.

d) Calculate value of Cy for a given loop damping factor:
€| =Cglieg?

Nosmally ¢ = §/2 is optimum for most tone-detector .ppli-'
cations, giving Cy = 0,25 Cg.

lucsedsing Cy improves the out-of-band signal rejection, but
icreases the PLL caplure time.

¢) Calculate value of filtet capacitor Cpy. To avoid chatter
at the togic wutput, with Ry = 470 Kf2, Cpy must be:

CpWF) @ (16/capture range in Hz)
Increasing Cp tiows down 1he logic output response time.

Decign Exsmples:
Tone detector with a detectson band of | kilz £ 20 Hz:

a) Cnoose Rg = 20 KS2(18 K2 in series with S KS2
potentinmeter).,

b) Choose g for = t kilz: From Fig. 6: Cq = 0.05 uF,

¢} Calculate Rt Ry = (Rgp) (1000/20) = | MSL.

d) Calcatate Cy: far § = 172, € = 0.25, Cy = 0.013 uF.

e) Calculate Cpy: Cp = 16/38 = 0.42 pf,

f) Finc-tune center frequency with § K potentiometer, Ry.

ADJUSTMENT PROCEDURE

With the input open-circuited, the loop phase detector out-

pul voltare is essentially undefined and VCO (requency may

te anywhete within the Jock range, There are several ways

that g can he monitored:

f. Short pin 2 to pin §0 and measuse (g at pin 3 with Cp
disconnccted;

2. Open Ry and monitor pin 13 or 14 with a high-impedance
probe; or

3. Remove the resistor between pins 7 and 8 and find the
input frequency at which the FSK outpus changes state,

NOTE: Do NOT adjust the center frequency of the XR-221 1
by mounttaring the timing capacitor frequency vith everything
cannected amd no input signal applied.
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Fipure 12, Lineat FM Detectar Using XR-221 1 and an Extecnat Op,
Amp, (See wction aon Deugn Equalions, for Component Vatues)

LINEAR FM DETECTION:

XR-2211 can be used as 3 linear FM detector for a wide range
of analog coinmunications and telemetry applications, The
recommanded circuit connection for this applicstion is
shown in Fig. 12, The demodulated vutpul is taken (rom the
foop phase detector output (Pin 1 1), through a post detection
filter mude up of Rg and Cg, and an external buffcr ampli-
fier. This buffcr amplifier o5 necessary because of the high
impedance output at Pin 11, Normally, 3 nun-investing vinity
gain op amp can be used as 3 bufler amplifier, as shown in
Fig. 12,

The FM dstcctor gain, i.e., tlie nutput voltage change per unit
of FM deviation, can be given as:

Vour * Rl V /100 Ry Volts/Zdeviation
where Vi is the internal reference voltage, (Vg = V42 —
650 mV). bor the choice uf external comporents Ry, Rg,
Cp. C) and L, sce section on Design Equations.
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V27" Mational
.4 Semiconductor

Analog-to-Digital Converters

’

ADC0808, ADC0809 Single Chip Data Acquisition System

Gencral Description

The ADCOB08, ADCOBN9 data aciuizition components
sre monolithic CMOS devices with an 8-bit analog-to
digital converter, Bchannel multiplexer and mucro-
processar  cumpatihle control logic. The Bhit A/D
converter uses successive approximation as the conver-
sion technique. The converter fratures @ high impedance

features make this device ideally suited to applications
such as process control, industnial control, and machine
contiol. For 16-channel multiplexer with common
output {sampie; holtl port) see ADCO0816 data sheet, .

Features

chopper stablilzed comparator, a 256 R voltage divider ® Total unadjusted arror < £1/2 LSB
with analog switch tree and 3 successive approximation ® Linearity error < =1 2 LSB
register. The 8channe! multiplexer can directly access e N d
any one of Bsingle-ended analog signals. © missing codes . Gt e e
® Guaranteed monotonicity -~
The device eliminates the need for external zero and ® No offset adjust required .
tull-scale adjustments and features an alsolite accurary ® No scale adjust requred
< 1 LS8 including quantizing error. Eazy interfacing to ® Conversion time of 100 us
microprocessors is provided by the latched and decoded onversion ¢ U ! .
address inputs and latched TTL TRI.STATE™ outputs ® Easy microprocessor interface
® Latched TRI-STATE output .
The design of the ADC08CB, ADCO809 has been opti- ® Laiched adilress input
mized by incorparating the most desirable aspects of ® Ratiomelir: conversion
several A/D conversion techniques. The ADCO0S80S8. ® Single bV N ,
ADCO0B09 offcrs Ingh speed. high accuracy, minimal ngle supoly
temperature depiendence, excellent fong-term accuracy ® Low powers consumption~15 mwW
and repeatahility, and consumes minimat power, These ® Full ~55°C to +125°C aperation available
Block Diagram '
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- . ADCO808 ADC0809

.
.

Absolute Maximum Ratings (Notes 1 and 2) ‘.. . ]

Voltage at Any Pin Except Control Inputs ~0.3V to Vg + 0.3V C et e . .

Voitage at Control Inputs -0.3V to ¢+ 18V - .
{Start, TRI.STATE, Clock, ALE, ADD A, .. . A
ADD B, ADD C) 2 R S R O AR SO A

Operating Temperature Range -

®ADCOBOBCCN, ADCO809CCN ) —40°C 10 +85°C
ADCOB08CD . ~55°C 10 +125°C e

Storage Temgperature Range . . -65 Cto 0150 c . : .

Package Dissipation {at 25" C}) ’ - 500 mwW ’ .

Operating Ve Range ‘- 4.5V to 6V : - .

Absotute Maximum Ve ' ' e 6.5V coo v :

Lead Temperature {Soldering, 10 seconds) .. .. a0°c -

M . e ¢
[T A LN . . 4
- . N a0t DI S *. -
DC Electrical Characteristics '
ADCOS0SCCN, ADCOB09CCN s
4.75V < Ve € 5.25V, —40°C < Ta < +85°C unless otherwise noted, (Note 2) ..
ADCOS08CD -

4.5V < Ve <5.5V, -55°C < Ta < +125°C unless otherwise noted, (Note 2

PARAMETER CONDITIONS MIN TYP MA X UNITS
VIN{1) Logicat *1"” Input Voltage Vee = sV Vee-1.5 v
VIN{0) Logical "0’ Input Voltage vee = SV 5.5 v
VOuT({1) Logica! 1" Output Voltage 0= ~360uA@TA=85C |Vec04 v
10 = -300uA @ T = 125°C
VOUT(0) Logical "0 Output Voltage o= 1.6 mA’ ‘ B 0.45 v
VOuT(0) Logical '0* Output Voltage EOC Ip= 1.2mA .1 0.45 v
NG Logical 1 Input Current VIN = 15V 1.0 uA
{The Controt Inputs)
1iN(0) Logical *0°* tnput Current VIN=O -1.0 A
{The Control Inputs)- 4. -
icc .. Supply Current . Clock Frequcncv 500 kHz
. o @ Tp=85°C 300 1000 uA
T@Ta=125°C 3000 uA
IouTt *  TRISTATE Output Cutrent Vg * SV 3 uA
. Vvoro0 -3 nA

Note 1: “Absolute PAur:mum Hatings™” are thote valuss tevond wheh the tafety of she device cannot be guarantred Except far “"Soerating
Temperature Hunger™ they re not meant 10 imply that the devicet should e operated at these himits. The lable of “Electrica! Charactenistics”
P1ovides cundiiong for atual device opPranon.

Note 2. All voltages mediured vaitn respect to GND nnless ciherwie specitied

Note 3: NGN linearely #1107 18 the Mmauimum drvidttion Hom a 1ira.oht hne throuah the ¢nd po-nis of the A/D traniter characterstie, (Fiyure 2).
Naie 4: Zero arror 15 the (hticrence beiween the output of an sara! and the actual A/D far 1ero input voltage, (Figure 2]

Note 5. Futlscale error s the de’ference betwern 1he 0utout Of an 13200 and the actuat A D tor tull scale wipurs vottage, (Figure 21

Neto §: Toral Unad)s1eq e210f ot The IHIVMUIN MM LI NN Laiearsty Je10 and L s ,cate srrors (F yure 3).

Note 7: Quantizition error iy the  t:D LSH uincritainty cautett biy the convarier s Lnite resotuvon_ (Figure 3)

Note B: AbLtolute Accuracy Ostdr Het the ditfersnce betaeen the sctual 1NDU? 10MIGe 8nd tNe Tull SCale weighted fyuivaient of the hinary output
cooe. included aie Quantizing anil ait ather #r:0ry Atthough rareiv eovided on date sheets, + 1s the best indcation of 8 converter's true ¢ rfar-
mence, (Figure 3)

Note 9 Supidy tejecton relatns 10 the ahility of an ADC 10 nia ntan scCusecy 83 the upply voitags varnes The supply snd VAEF (el 878 vared
LOQwINe: o1vdd the Chahye 1n ScLuleny 18 MeUreil with respiect to fult scals.

Now 10: CONpLatur ipUt current s A Luas Curany 1nto of ol of the chopper stebilized comparsior. The Luas curtens varies directly with clack
frouurncy and het littte temprratusr drpendence. 1Figure )
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DC Electrical Characteristics (Conunued)

ANALOG MULTIPLEXER
ADCOB0BCCN, ADCOBOICCN® -40°C < Ta < +85°Cunless otherwise noted.

ADCOBOBCD -55°C < TA < +125°C unless otherwise noted. '

PARAMETER CONDITIDNS MIN TVYP MAX UNITS

RON Analog Multiplexer ON [Any Selected Channell
Resistance Ta=25°C, AL = 10k 3 n§2
Ta»B5°C 6 (4]
Ta *125°C ’ k0
ARpN 3 ON Resistance Between Any (Any Selected Channell Q

2 Channels Rp » 10&

106F(+} OFF Channel Leakage Current vee T 5V, VIN 2 5V, 200 nA
TAa*25°C 200 nA
ADCOBDBCD @ T = 125°C 400 nA
I0FF(~) OFF Channel Leakage Curreni Vee = SV. ViN = 0, ~200 nA
* Ta=25'C -200 nA
ADCOBOBCD @ T4 = 125°C ~400 nA

CONVERTER SECTION
ADCO808CCN

€C = VREF(+) * SV. VREF(-) = GND, VIN = VCOMPARATOR IN. fc = 640 kHz
-40°C < Ta < +85°C unless otherwise noted.
ADCO808CD -55°C < Ta < +125°C unless otherwise noted.

——

2N

PARAMETER CONDITIONS MIN TYe MA X UNITS
Resolution 8 N Bits
] g
Non-Lineanity {Note 3} (S ¥1 2 LS8
Zero Evvor iNote 41 L1/ <1r2 LS8
Fuli-Scate Error (Note S} 21/4 2942 Ls8
Total Unadjusted Error TA » 25°C (Note 6} 21/4 272 LSSe
ADC0BABCD 201/4 V72 Lse
ADCOS0BCCN o . £1/4 c3/4 LS8
Quantization Error (Note 7} 2102 Lsa
Absolute Accuracy Ta * 25°C (Note B) 13/4 3] Ls8
ADCO0808CD *3/4 s LS8
ADCOBQOBCCNe 23/8 21 1/4 LS8
P T e —
ADCOBOSCCN TA=2\5"9
TTT——PRRAMETER CONDITIONS MIN TVYP MA X UNITS
Resolution 8 Biey
Non Lineatity iNote 3) ©1/2. ER ] LS8
2ero Etror {No1e 4} t1/4 12 LS8
Full-Scale Erroe {Note 5} 21/4 212 Lse
Tolal Unadjusied Error {Note 6} 212 =l LSB
Quantizalion Enior {Note 7} 2 1i2 Ls8
Absolute Accuracy {Nate B} ! 112 LS8
ADCO0808CCN 40°C <TA<+85°C, ADCUBIGCCN Tp = 25°C
ADCOBOBCD -S5L'C < TA(+125'C
PARAMETER ) CONDITICNS MIN TYP MAX UNITS
Power Suppiy Rejection 4715V < Ve VREF i+ < 9 25V, 005 [FRL] ‘e V
{Nowc 99
Compaistur Input Current fc * 640 % Mz (Note 10) -2 ) ? uA
tafder fteyatuwe Feam Ref{rp 1o Hat] . 1 15 wt?

ﬂ 60802QV ‘80800QV
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DC Electrical Characteristics (continues;

.

DESIGN GUIDELINES . .
1
PARAMETER CONDITIONS MIN TYP MAX UNITS
Voltage Across Ladder From Ret{+) to Ret{-) 0512 512 5.25 v -‘
Vné;(.) Voitage, Top of Ladder Measured at Ref(+) vee | Vee+ot v
v +V - v A\ v
REF(+) 3 REFI-) Voltage, Center of Ladder Measured at Ry ADDER’2 —Es-o.n _:._C ;:C -0.1 v
VREF(-) Voltage, Bottom of Ladder Measured at Ref{—) -0.1 0 v
. . o
AC Electrical Characteristics . T )
Ta = 25°C, VCC = VREF(+) * 5Y. VAEF(-) = GNO R »
PARAMETER CONDITIONS MIN TvYe Ma x UNITS
WS Start Pulse Width {Figure 5) 200 100 ns B
TWALE Minimum ALE Pulse (Figure 5] 200 100 ns
Width
§ Address Set-Up Time (Figure 5) S0 25 ns
tH Address Hold Time (Figure S) S0 25 ns
o Anaslog MUX Detay Time Rg+ RoN <5k, * 1 25 us
From ALE CL=10pF :
tH1.t1H0  TRALSTATE Control CL = 50 oF ‘125 250 ns
to Q Logic State
. *
M. 104 TRISTATE Control CL=10pF, Ay » 10k 125 250 ©ons
to Mi-Z
te Conversion Time fc = 640 kM2, (Figure 5) (Note 11} 90 100 114 Hs
fc - Clock Frequency 10 640 1200 kM2
te0C EOC Delay Tume {Figure 5) 1 8 . Clock
Periods
CiN Input Canacitance At Control Inputs 10 15 ofF
. At MUX [nputy 7.5 pF
CouT TR).STATE Output At TRI-STATE Outputs, 1.5 pF
' Capaciance {Note 12)
Nete 11: The outpuls of the date requster are updated one clack cycle before the nung edge of EQC,
Note 12: Cepecitance gueipnteed by periodic testing.
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Timing Diagram
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Typical Performance Characteristics ? .
15
fe = 1200 k2
1
= g
< os 2
Zz ¢ = 640 kHz 2
g fo = GAD kM2 =
= -o0s s
-1 P 1200 kH;
-18 - l 0
0 1.28 25 375 ° 129 15 118
Vin iV) Vin (V)

FIGURE 6. Comparator Iy vs VN
tVee = VHEF = 5V)

FIGURE 7. Muluiploxer ROy vs VN
(Ve = VREF = 9V)
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Functional Description

Multiplexer: The device contains an Bchannei single-
ended analog signdl multioiexer. A particular input
channel is selected by using the address decoder. Table
1 shows the input states for the address lines to select
any channel. The address 13 latched into the decoder
on the low-to-high transition of the address iatch enable
signal. .

TABLE!
SELECTED ADDRESS LINE
ANALOG CHANNEL c 8
INO L L L
INY L L H
IN2 L H L
IN3 L H H
INg H L L
INS H L H
ING6 H H L
IN7 H H H

CONVERTER CHARACTERISTICS

-~

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to digital converter. The converter 1s designed

to give fast, accurate, and repeatabie conversions over »
wide range of temperatures. The converter 1s partitioned
nto 3 major sections: the 256R ladder network, the
successive approxsmation register, and the comparator.
The converter’s digital outputs are positive true,

The 256R ladder newwork approach (Fiqure 1) was

.chosen over the conventional R/2R ladder because of ity

inherent monotonicity, which guarantees no missing
digrtal codes. Monotonicity is particulatly important in
closed loop feedback control systems. A non-monotonic
relationship can cause oscillations that will be catastro-
phic for the system. Additionally, the 25GR network
does not cause load variations an the reference voltage.

The bottom resistor and the top resistor of the ladder
netwerk in Figure 1 are not the same value as the
remainder of the network. The difference in these
tes.stors causes the cutput characteristic to be symmerri-
cal with the zero and {uit-scaie points of the transfer
curve. The first output transihon occuts when the
analog signal has reached +1/2 LSB and succeeding out-
put transitions occur every | LSB later up to full-scale.

The successive approximation register (SAR) performs
8 iverations to approximate the input voltage, For any
SAR type converter, n-iterations are required for an
n-bit converter. Figure 2 shows a typical example of 2
3-bit converter. in the ADC0808, ADC0809, the approx-
imation technique is extended to B bits using the 256R
network.

CONTROLS FROMS AR,
1 .

REF ' N
¢ K
N——
. " - - .
n L] [ ] .
: K 2588 o . . [ o COMPARATOR
. iNPUY
" L] L]
[ ] L] [ ]
N—— .
SN—
LU

FIGURE 1, Rasistor Ladder and Switch Tree
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Functional Description (continvedi

The A/D converter’s successive approximation register
(SAR) is reset on the positive edge of the start conver-
sion (SC} pulse. The conversion is begun on the falling
edge of the start convernon pulse. A conversion in
process will be interrupted by recetpt of a new start
conversion puise. Continuous conversion may be sccom-
plished by tying the end-of-conversion (EQC) output to
the SC input. It used in this mode, an external start
conversion puise should be applied aftter power up.
End-of-conversion will go iow between | ang 8 clock
pulses sfter the rising edge of start conversion.

-

The most important section of the A/D converter is the
comparator, It is this section which is respansible for the
uitimate accuracy of the entire converter. it is also the
comparator dnft which has the greatest infiuence on the

-

w
= PuLL SCALE
ne IDEAL CunvE -+ (ARGA - 172L58
et
] .
(1}
e MOWLIBEARITY © 172 LS8
o - -4
- NONLINEAMTY « —172 138
[ ] .
ZEROERROR » ~1/4 LS8
¥,
T 7 3 e s »
]

FIGURE 2, 3-Bit A/D Transfer Curve

14 LSS RIFFEALETIAL
BORLINEARITY

RILLITT

v A . . .

repeatability of the device. A chopper stabilized com-
parator provides the most eftective mathod of setsfying
#ll the converter requirements.

The chopper-stabilized comparator converts the DC
input signal into an AC signal. This signal 18 then fed
through 4 high gain AC amplifier and has the DC level
restored. This techrique limits the drift component of
the amplitier since the drift 1 2 DC componrent which s
naot passed by the AC amplitier. Trus makes the entire
A/D converter extremely insenutive to temperature,
long term drift and input oftset errors.

Figure 4 shows 3 typical esror curve tor the ADCO808 as
measured using the proceditres vuthned n AN-179.
The characteristic is generated vath the analog input
signal applied tu the comparator mngut.
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10EAL Y OIT CONVERTEN
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e t 2 ¢« % &)
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FIGURE 3. 3-Bit A/D Absolute Accuracy Curve
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'ADC0808 ADCO0809

Applications Information
OPERATION
Ratiometric Conversion

The AOC0808, ADCO809 i1s designed as a complete
Data Acauiution System (DAS) for ratiometric conver-
sion systems, In ratiometric systems, the physical
variable being measured 13 expressed as a percentage of
full-scale which s not necessarity related to an absofute
standard. The voltage input to the AOC0808 1s expressed
by the equation .

VIiN . Dx
Vis=Vz  DMAX —OMIN

ViIN = Input voltage into the ADC0B08B
Vs = Full-scale voltage

Vg = Zero voliage

D x = Data point being measured
OpmAX * Maximum data imit

DMIN = Minimumn data lirmit

.
®

A good example of a ratiometric transducer is a poten-
tiometer used as a position sensor. The position of the
wiper is directly proportional to the output voitage
which is a ratio of the tull-scale voltage across it. Since
the data is represented as a oroportion of ful'-scale,
reference requirements are greatly reduced, eliminating
a targe source of error and cost for many applicanons.
A major advantage of the ADC0B08. ADCOBOS is that
the input voltage ranqge is equal to the supply range so
the transducers can be connected directly across the
supply and their cutputs connected directly into the
multiplexer inputs, (Figure 8).

Ratiometric transducers such as potentiometers, strain
gauges, thermistor bridges, pressure transducers, etc., are
suitable for measuring proportionat relationships; how-
ever, Mmany types of mMmeasurements must be referred to
an Jbsolute standard such as voltage or current. This
means a systern reference must be used which relates
the full-scale voltage to the standard volt. For example,
if VCC = VREF = 5.12V, then the fullscale range is
dwided into 256 standard steps. The smaliest standard
step1s 1 LSB which is then 20 mV,

Resistor Ladder Limitations

The voltages from the resistor ladder are comparer to
the selected input B times in a conversion. These voltages
are coupled to the Comparatal vid an analog s»iatch (ree
which 13 reterenced to the sugply. The vo'tayes 3t the
top, center and hottom of the 13dder must be controlled
10 Mmaintan Proper operation,

The top of the latder, Rel(+}), should not be maore pos:-
tive than the supply, and the totiom of the fander
Refli—) should not te maore neative than ground The
center of the ulder voltar must alko be ney the
center of the sopply becau, the anglng swiich tree
changes from N channet switches 1o P.channel switches

.

These limitations are automatically satisfied in ratio-
metric systems and can be easily met in ground refer-
enced systems.

Figure 9 shows a ground referenced system with a
separate supply and reterence. in this system, the supply
must be tnmmed to match the reference voltage. For
instance, if 2 5.12V reference is used, the suppty should
be adjusted to the same volftage within 0.1V,

The ‘ADCOS0B needs less than a2 milliamp of supply
current s0 deveioping the supply from the reference is
readily accomphshed. In Figure 10 a grouna referenced
system is shown which generates the suppty from the
reference. The bulfer shown can be an op amp of suth-
cient drive 1o supply the miliamp of supply current
and the desired bus drive, or if a capacitive bus 1s driven
by the outputs a targe capacitor will supply the transient
supply current 23 seen in Figure 11, The LM301 is
overcompensated to insure stability when toaded by the
10 uF output capacstor. .

The top and bottom ladder voltages cannot exceed
Vce and ground, respectively, but they can be sym-
metrically less than Ve and greater than ground. The
center of the ladder voltage should slways be near the
center of the supply. The sensitivity of the converter
can be increased, (i e, size cf the LSB steps cecreased)
by using a symmetncal reference system. In Figure 12,
a 2.5V reference is symmetr.cally centered about V(2
since the same current flows in 1dentical resistors. This
systemn with a 2.5V reference allows the LS8 bit to be
hatf the size of a SV reference system.

Converter Equations

The transition between adjacent codes N and N ¢+ 1
i1$ given by:

N 1
ViNE V —_ ¢ —] v (2
IN REF{+) [256 LY TUE
The center of an output code N is given by:
VIN® VREFI-) | —1] vV {3)
N REFt-) [256] TUE

The output cinde M for an arhitrary input are the integers
within the range.

ViIN
VREF{+)

N = x 256 :Absolute Accuracy {a)

where: Vin = Vnltage at comparator input
VRFF{+) > Vortage at Retls)
VREF(.-} = GND
VTUE = Total unadiusted error voltageltypicaily
VREF(+} 812




Applications Information (cont:auved

Neiia
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*Ratiomaetric transducers
FIGURE 8. Ratiometric Conversion System
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FIGURE 10, Ground Referenced Conversion System with
Reference Generating Ve Supply
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" ADC0808 ADC0809
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!

Typical Application

ADBRESS
DEcobt
(AD4-~aD18)*

ADCO8IS '
J RYERRTIY
L TU T Y TRISTATE® .
$.000V =4 Vpg (o) toc| INTERRUPT
000V —4Vags(-) S
2=t pe——=pp OB (1]
T : START 2-? $ Do ) -
ALE 2-1 - 238
-4 - D84
. Ay |2 P # 00
" AD =8 2-? » on2
AD2=—=dC 2-? - D81
< 28 — D80 tse
. .lvsumvt EXPAND
Vee ay P Vin?
GND o ,
L -~
SROUND = . ANALOG
. ) INPUT, RANG E
’ ng F— Vig!

£
.

.

. . *Addrens letches needed tor B08S end SC/MP interfacing the ADCOBOS to 8 micropracessor

MICROPROCESSOR INTERFACE TABLE

PROCESSOR AEAD WRITE INTERRUPT (COMMENT)
8080 MEMRA MENW INTA [Theu RST Circustl
: 808S RAD WA INTR {Thiy AST Cireust]
2-80 RO WR INT {Theu RST Circuit, Mode O
SC'\MP NRDS NWDS SA (Thru Sente A)
6600 VMA :02 - RW VMA 02 ‘AW TROA or 1ROB i Tney PIAI
,
Ordering Information .
ORDER NUMBER TEMPERATURE RANGE ;w’CTOTAL SEE NS PACKAGE
U'JADJUSTED ERAOR NUMBE R
ADCGA0RCD ~65 Cin +1.6 C 112158 D2vaA
ADCOBOYCCN ~40°Cto «8%'C 11,2158 N28A
ADCUBOICLS ~40°C 10 +85°C *1 LS8 N28A

2738
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CUNFLU )

ESTE PNOGIKAMA HA SiLU DLISE&RADU PANA EL MICKUPROCESADOR SC/MP.
CUENTA LUS EVENIUS PRUVENLIENIES DE UN PLUVIOMETRO 1IP0 BALAN-
CIN'Y ESIH SUMAR LA ALMALENA EN UNA LOCALIDAD DE MEMORIA(FOI) .

LA NUTINA PRINLIPAL ES UN NELOJ WUE PRUPURLCIUNA LAS MARCAS DE
TIEMPO(1U MIN.) PRAKA EL ENVIO DE DATOS DE LA ESTACION DE CAMPO MHA—
ClA UNA ESTACIUN weELCEPIURA. AL INICIAKRSE LA IRANS, EL PROGRA-

MA ENUIENDE BL ITHANSMISUKN,ENVLIA EL BLUUUE DE INFURMACLIUN v APA~

GA EL THANSMLISUR PARA INICLIAR UN NUERVUO rPEIRIUDY DE [RANSMISION, EL
ELOGUE DE INFUKRMALIUN LUNSISIE BN ENVIAN PRIMEND EL IDEN! IFICADOR
DE LA ESTALIUN ¥ LUBLU LA PRELCIFITALLIUN PLUVIAL AL TUAL SEGUIDA DE
LAS TS FREULPLIALIONES ANIERIUNES, PANA AST EVITAKR LA PERDIDA L&
INFURMRALIUN,

PIRUGKKAMA FRINUCILIPRL
FRIMENA PARTE

0000 uB ) NLP

0001 06 LSA PRESET\F /F

0002 DLL2 ol U2

vuoe U/ LAS

OVUD  LCalb o1

UVO /7  Brua DLy S ns

VL0908 L5A

U00A U4FD ANL  FDL

oouL o) LAY

JOUD  L4aLZ2 Ll ;APUN TADUK MEMUKR LA NAM
VLVOF 3% XHPAL

UUlu  LeuUb L1

vulz 46 RPAH

VoLl4  Ub $ I MUA LSA P IKANSMLISIUN MANUAL?
00l4a Dazuy ANL  2U

VolE  vCzZv INZ  SIKANSMISION

VULE  LedD SINICIU DI FSUBRUTINA DE INIEKKUYLION
votA 33 XPAL TEN BL PY

0018 CAavL Ll

0CcI1L 37 RFAN

VUIE L4uu Ll FPRECLIP. ACUM, =V
OuZu LAVl S1 pPLel

wozZ2  ud l1EN 5SE INICIA PERIODU DE
00243 CaUA LUI OAHEX CUNIAL T IKANSM IS LUN

VLZLS  LAD7 CH| P2+

00z/ Cale LY LDI CONIAZ

0024  LROB S1 r2+d

o2 LeUA  BL2 LDl CONTRI

ovzDh CALY 51 rz+y

VOZ2F a8’ sL1 Ll

uO31 GFCEZ DLy -

V033 BAULY LDLD  CONIA3-1

D035  YLF8 JNZ sl

0U37 BAUB DLD LCONIRZ-1

VL3Y  HLFO JNS  sL2

VO3B BRAOY LLL LONIRLI-1

VVAID YLkl JNZ  sLU

SEGUNDA PARITE

- b i v W Av b o - o




VO3F
0040
0042
0043
(sv] 1 )
V048
Vvo48
O08A
ovas
004D
004k
VO4F
vOS1
V053
0055
(8111
o058
Vus9
vose
0OSC
oudE
VOUSF
VBl
goB2
0064
0066
vosd
(S1e] 1)
oueB
LUEC
008D
OUGF
0071
0073
0074
0076
Vo777
Q0729
CO07aA
o07C
007E
U F
oogv
QLHZ

OVBE
00490
0091
ovs83
0094
ooses
vogs
00V9A
oovae
o0sL
008D
OLYE

V4 S TRANS DINT
CAFF LDI
o1 RAE
19 SIu
Ca02 LbiI
CALB Si
CaAB sLE Lol
33 XPAL
(S TV15) LDI
a7 XPAM
3F XPPe
BAROE pLD
9CFS INZ
cae8 LDi
33 XPAL
C400 LDI
37 XPAH
C4aEQ LDl
3F XPPL
C403 LDt
31 APAL
CAa0F Lol
Ki3 APAH
C405 Lbht
CAOE S
C4AB sL4 LD{
a3 APAL
Ca00 Ll
37 KHAH
3F XPHC
BALE DLD
ggoe JZ
ca8d LDI
33 XPAL
C400 LDl
37 XPANH
Cohul L
3+ APPC
YUEA Jmy
C4av0 SCONT INUALDL
01 XAE
19 SI0
Ca04 LDt
CALB ST
CotkF LY Lo
Cavl S
s BAGE pLu
CFd JINZ
‘908A Jmyp

SUkUITINA DE

SINI

FALTIVA I RANSMISOR
iRETARDO DE UN SEGUNDO
$1/25€G
sSLuE
P INFALR EN P3
7 IDENT1F ICADUR ESIACION
SINFALR s TRANSMITE IDENTIF ICADOR
PSTALK DE INFORMACION EN P1
CuNTA4 iCUNTADUR DE DATOS
.
e~
$1/25€EG
SLONT LNUA
JINFALR EN PY
2
Pl+]l @
SINFALIK
sL4

rLDESALT LVA 1 ivANSM I SO

CUN1IAD tREACOMUDO LE DATUS

Hl-1t
H1+1
CUNITAS-1
SLD
SINIUIU

INTERIKUPL IUN

S1 pP2+s i GUARDA ACUMULADUKR EN MEMUR
CSA IRESET +/+ ALIU T
Uil

CAS

LD

DLY

e IPRECIP. ACUM.+1

HPAL iSALYA LA DIRECCION DONDE FUE
XPAL FINTERNUMPIDU EL PROGHAMA
XPAH i PRINCIFAL

HPAH

LDb1 iDIRECCION DE INTERRUPCION




-

JA 34 AFAL H Y K
UUAL L4V Lt
VOURG 47/ APAH
VA4 VB Lsa iRESEY F/FE BAJU
DOAS  D4rD ANL
DUAY? L/ LAY
voRe L2005 L ive WELINIEGIKA DATU DEL ALUMULACUR
DUAR  US lenN P9k ALEFRPIA INTERNUFCLION
VVAB 4D XPee itk FUNNA

172 SEG SUBKUILINA
DUAL  L40UD $1/2%EL LUL LUNIAG
WOAE LALVA S
voeg L4440 L/ LDt ikElARDL DE v. 1 SEG.
uuBs  Brise pDLY
woB4 EAVA bLb LCOUNIl b1
QOB gury INZ L/
uoed  Jdr APPL Fite P UINA

INFALK
SUERULYINA DE ENVIUL DE DRAIUY N SkENIE,
EmPLEZA LUN EL 8171 MENOS SIGNLF (LRI IVU,
[SIRT-2- BT $INFALIY ARE FDATL BN sL AlENSION Iblils'e -
OOBA  CA4rH Ll
vuEL Bril/ Vi ¢
ouegkE LB LoA
voBr  LLuY Llet
(A5 TS5 S LAy
DOLZL ey LU
OUL4 LAFr s Y-
v ts Laz} Ly Lot
0oLy Hrod [ST8
DOLA  EAFr Ly
UULL  Yblw Je toAL LA
oule Q40 L
vULr D4ul AN
Ll Lakre CY | oGRS
oubd vl ARE SLUNIIMIEMIL DL, &1 1l A
VLY 1L Siv iBliCl=-1
oups 0y YAk
OObE Vb (8- 13
Uo7 LLUL Ukl
UUhY  k2Fk PR Pe-<
wope w7/ LAY FUNANSME‘E Bl INFURMAL LUN
oobl Yoes My .o
NOYE US SSALIDA  CHA FPURE STUr BL AL L
QUbF  D4re ANL
ovel Ly LRSS
vokese  Jr AL ik TUIRNA
(14




RAP-ALIM-EO-VI(ll

KEGLISTRU AUTUMATICO DE PRELCIPITACIUNJENLALE TELERETRICU EXPERIMENTAL
FARA ADUUISICION REMUOIA DE DATOS HILDKULOGICUS. LUS DAYTOS S KECLIBEN
N FUORMA ASINCKRUNA: [DENTLIFLLADUR DE ESTACLIUN LDL,PRELULPLIACIUN A-
LUMULADA PU,PRELCIPITALIUNES ACUMULADAS DE PFERIUDUS ANTEKRIOINES K-1.,
K—=2 Y W-3, EL IDENTIFICADUR LE ESTACLION EST1A PRUGRAMADU LOMO HEX EO
(1110 VOVO) . PERIODM DE IRANSMISIUN 10 MIN. YMAX PARA RECIE LN DAIUS
15 MIN. TABU PARA ABORTO S1 NU LLEGAN DATOS: 1 HURA. IMAX ¥ IABU St
FLJAN EN LAS LOCALIDADES <00B7>-<0UBA>. kL LDENIIFICADUOK SE PUEDLE
CAMBLIAR eN LA LULALLIDAD <0483 ¥ LOS DAYUS RELCIEIDUS LUMPLEMEN!QN EN
<U4/A>. EL NUMEKRO DE DAIUS PUR TIKANSMISIUN Se SELELCUCLIUNA EN <049u,. EL
PROGKRAMA SE ESCRIBIU EN rAM, 2K DE MEMUKIA.

1oL JMP OO0y FOEFINE FUNLIUN =1

Cuo SIARI NUP

[SIR10D) Ng P

LR IS 4 NUY

VL3 NI

vYv4 NUP

[STAT%}a) JEI CRLEF(ESKFO) FENABLE PIKINITEX

[§18191-1 LDA sBw

DUOR STA R411

oD t.DA ®OD FIMPKRLIME “FECHA -

VUG S1A 1EATO(YL)

[RIERID LUX e/

[STRRRE] JESKR PRINT(OZBE)

2016 LA mO0Q

IOl 311 S RUDRUFLEDDH) SENINADA TEULLGDU L= LA +FEUHA
ogle SR 2L A LY LAKALTERES ) JUN—-OQOZ-BO
[AIRD S I] 1IN °
VULtE LCPX ®soLY

YQzZO Bl Gwol

(318 ¥ JSK CRLr (E3+0) SNUEVU RENLLUN

UOZS LR msu/ SAMPRIME "HUKRRKRY—

0oy StR TEATY

D28 LLX ®sOD

(8 75 224 = JSK PIINI L]

OULE LDX mLQ FENTIWADA TELLADUY Jr LA HUNA
[$25 X1 Loz Juk WRDuU¥ ;Y LANALIEKRES )

[P0 38] STARA A A FHIOHI IMIOMY (S10%Y

LOds INA

UO3s LPA e08

VU3l BMt Lue

VOSA JMP SiGUkR

VLA SIGUE Jsk LiLF iLeFINE VECTOR DE INITENNUPUIUGN
QzZ0b LDOA ®INIT-L

VZOF S1A RA4LY

(8 259 B4 LA MINTI-H

V214 S5tA A4}

0217 LDA ®3u FLL=0 CUNTADUR INTERRUPULONES
U21Y S1A YA ;s PUR SELUNDOS

uziB NP

nzil NUF

uz1b LDA soL sPuekID A eNIWALAYS

(AYCH R SiA AVLZLDDLDIKA)




vzle
DLLD
0227
022A
22l
U22F
0231
0234
0236
L3y
0238
U23E
U241
U243
v24b
w248
VLo
0252
0254
0256
0259
[V 31N
V20K
0261
(VRS-
0266
v2pl
V2LERA
uze6C
126E
o270
v272
0274
2/
W27
ezzC

v280
vZB2
o284
0287
vz8B
vIgA
028C

0uzZaw
0292
v294
weY?7
0298
W29A
329C
I29F
02RA2
UZA4
02A6
VZAY
0Z2AA
02AC
VZAE

SUBKUI INA L1MPRIME

ASTRIX
6ol

S1A
LDA
STA
LDA
STA
LDA
SIA
LDA
SIA
LDRA
STA
LDA
LtDA
SI1A
LURA
STA
DA
STA
LA
Joik
JSk
STA
Juix
SiH
JSK
LDA
S1A
S1A
S1A
S1A
SIA
LLA
Stk
JSk
-1 4
JMP

tLDA
LDA
J5SIY
INA
LPX
ENE
LR

SOV UE)

oFF
ALUZ
#3D
AVVE
sL2
AVOE
#41
AVLE
sU1l
ALOC
ADUL
800
AVOE
ore
ALLS
#13

YEXTO

| Frs

PRINIT

D2
EE]
kD2
g
[, 498 o
UL
8C
HE
J1
1Y)
Be
801
g
uLBe
EYFO
ULED

®800
#2A
EY7A

”1l4
v28%

ASTIeIX
CiRLF
DAQIE

2N

uu il ruUT

Los

N

oogo

SUBRUTINA IMPRIME FECHA

PRYFMH
Loe

LDX
LDA
JSR
INX
CPX
emi
JSkK
JSK
LDX
Gos
JSK
INX
CPX
em!
16

®#i0
gc.x
E97A

08
vZye
EB38
EB83E
#UO

QuUTrPUT

Gos

LDA AS,X

t97a

i 2%]-]
DZA4

QuTHUT

Gos

FPUERNITU B=0U
rPURIRTU B= SALLIDAS

+INHIEE TUDRS LAS INIERKRUPLIUNES
JEACERPTO 11 Y CAl

THABILLITA LAS INTERRUPLIUNES TI v CAL
PAINTENKRUP. CONTINUA EN J1,PB7 DESHA-
‘BILITADU,PUERIDO A LATCH LCUANDO CAL
ST lrwl CON SUBIDA DE CAL

r80ikA BANDERA DE INTERRUPLCICN CAL
+ESCIRIBE EN LA PARTE BAJA DEL LATCH

TESLIN[BE FAUOHEX EN EL CUNTADUR

TRESE [ BANDENRA INTERFRUPCICN 11
rIMPRIME "PREC.IOT.AC.?"
FENTRADA TECLADO PTAIDUO ¥ PTAL1LQ
Y CUNBDEKRSIUON A 2 BYTES BCD
FENTIRADA 1ELCLADY PTRIVU Y PTA
PY LCUNLDERSIUN A 2 BYI1ERS LD
P NMUEVU WENGLON
P P¥=0
Lk =0
rCS=0
s TUL=L
iCeE=1
¢ HUIYA
LMPRIME LA FECHA

'3 ESPALLICLS

PIMPIIME LA HURA




oz2e8
0zeA
vz2ed
OZeE
ozco
o2c2

0z2Cs
02C6
V2C?7
02C9
02CA
0zZCe
0ZCDh
O2CE
020K
02D1
02Dh3
02D5

OZE0
ozez
u2E4

02¢r6
OzFi
O2ZF8
OZFE
0301

0330
0332
0334
0336
03438
033A

V341
0343
0345
0348
0349
o34A
0348
0340
034+
0451
0353
0350
0387
0359
035E
0360
v3B2

SUBRUTINA IMPRIME [EXTO

PRINT LDA TOP,X(3D)

JSRk ESELC
DEX

CPX 92
BNE 0288
RTS

OuTALL

TEXTO
PRINT

SUBRUTINA CONVERSION A 8CD DE DATO HEX EN A Y
LO DEJA CONVERTIDO EN A (MAX. #BLCD=99=63HEX)

NOP

NOP

8EG 0OZDS

TAX

SED

LDA #00
OTRO DEX

cLe

ALC wU1

CPX #00

BNE 020D
HECHO RTS

DAORE LDA 8C
BEQ 02F6
JMP 039D

D1SPFH LDA #00
STA A411
JSK EB44
485k 0290
JMP 0330

NEWSEL LUA AU
STA 8F

18] Lba AC
CmpP 8F
BEG@ 0334
NOP

LDLA Y1

HECHO
;CUNVIERTE DATO HEX A BCD

OTRO

1PF=0Y S1 PF=1 PROCESA DATUS
DISHFH
PrROLCES

+DISABLE PRINTER
CLKk ;LLERK D/7P PRINIER

PRTFH sDESPLELGA FELHA ¥ HURA
NEWSEG

iCAMB LU SEULUNDUT™

Goe

+CUNMUTA PBU S1 TOG=1

AND 88 (T0G) iALAKRMA INTERMITENIE DE 1 SEG.

STA AVOO
NOP
INLSEG SeD
cLe
LDA #01
abL 91
STA Si1
LLDA #LQ
ALC Yo
STA 90
CE LUA 8D
BEQ 0385

CsSTMAX LDA B7
Cme go
BCLC O36F

(ORE)

sLS=L5+1 (L SON 2 DIGLITOS BCL)

tCeE=17
CSTABO

LS TMAR?

NODAT i81 CS-I1MAX ~sNODAT




udb e
0366
03686
uiGaA

036F
0372
0374
0376
u3’e
037

0385
0387
V389
viss
038D
o38F
0ddl
0393

NOUDAT

GOY

CSTABO

PROCES

PRECO

PRTDAT

LLUVIA

BNE DLJ37A
LDR duB
cCmP 91
B8LS 0374

JSR 0440
LDA sU]

GoY

Go9

PRTNDAT

STA "B (T1T0G6)

LDA #00
STA 8D
JMP OZEO

LDA 89
CMP Yo
BCC L3933
BNE U3JA
LDA BA
CMPi 81
BCS 037A
JMP 0545

NUP

LDA.S4 -~

BNE
JMP
JSR

V430
a’le
0430

NOP
NOP
NUP
JER
JE
LDA
SR
LA
JSR
LDA
JER
LDA
JSR
JSk
JGR

02910
EALd
#OE
92
#12
0288
®ag
£u8cC
#eo
ESBC
£838
£838
JSK £838
LDA 1D
STA 92
LDX ®22
JSR 02B8
JSR EB3E
LDA 94

'y P
%?ﬁa%ﬁfs
JSR EAAE

JSR EAL3
NUIP

LDA ®14
TR 92

DADRE

ABUORT
Gue

Loy
PRTFALLA

PRTDATA
SAL
PRTAST

PRTFH
CRLUW

TEXTO
PRINT
OUTALL

OUTALL

TEXTO

PRINT

18C0™

NUMA
CRLOW

LDX ®#22

TEXTO

iS1 LS < TMRAX->DAORE

s IMPRIME "NO LLEGARON DATOS",
JFACTIV ALARMA INTERMIITENTE
:10G=1

sLE=0

FCSoIABLY7?

r 81 LY>TABU-,ABURY
iS1 LY< 1ABO->DAURE

rIMPRIME FALLA DE TRANSMISION®
FECHA Y HORA.ENCIENDE TUNO Y AROPIA

i PREC=07?

¢ IMPRIME ASTERISCOS

tIMPRIME FECHA Y HORA

rImMPRIME “"EST.-—-"

dIMPRIME 11", (DEFINE EL ® DE
tESTACIUN O TIPO CORRESPONDIENIE
;AL CODIGO 1D ENVIADU DE LA ESTACLION

iS5 ESPACIOS

s IMPRIME"PREC. "

tESPACIO

+IMPRIME DATO v
:A BCD E 1IMPR b

CONVIERTE DE HEX
1t

s NUEVO RENGLON

PIMPRIME “PREC.TOT.ACUM"




OU3F /7
O3FA
*03FD

0400
0401
0402
0404
0406
0408
O040A
040C
V40E
G411
0413
0418
0419

041E
0a20
0422

0430
0432
0435
0438
0438
043t

0440
0443
0445
0447
04489
0e4cC

V44FJSR 0290

0452
0455

0460
0461
0432
0463
v4Ge
U465
VaGHE

0468
04GD
0470

0472 °

SAL

JSit ozelg
JESR EH3E
NOP

cLC

SED

LDA 94
ADC 9B
STA YB
LDA #00
ADC 98
STA 99
JSR EAA4B
LDA 8B
JER EAA4G
JSR ESFO
NOP

LDA #00
STA 8C
JMP OZEV

PRINT

PREC

NUMA

NUMA *
CRLF

DAORE

+2 ESPACIOS

rBEORRA ACARRED
+MODO DECIMAL
+PREC.TOT.AC. +PREC,

»IMPRESION DE LA NUEVA. PREC.TOT.AC.

rPF=0

SUBRUTINA PRENDE IMPRESORA E IUMPRIME RENGLUON ASIERISCOS

PRTAST

SUBRUTINA IMPRIME

LDA ®BO
STA A411
JSR EBA44

JSR 0280

CLR

ASTRIX

JSR EA13 LRLOWO

RTS

PRINDAT JSRkR 0430

INT

LDA #37
STA 92
LDX ®49
JER 02B8B
JSR EAL13
PRTFH
JER EA13
RTS

PHA
PHP
™A
PHA
TYA
FHA
NOP

LDA #02
AND AOOD
g8t 0488
NaP

PRTAST
TEXTO

PRINT
CRLOW

CRLOW

1FR
INTCLK

+ PRENDE [MPRESURA

+RENGLON ASTERISCOS

"NO LLEGARON DATUOS FECHA Y HURA"

IMPRIME "NO LLEGAKRUN DATOS!

+1MPRIME FECHA Y HORA

+A->STACK
tPS—,STACK

tX—>STACK

rY—o8TACHK

iHUBO INTERRUPCION POR RELOJ(Z2=1)
1 DATAS (Z=0)




TN
N

ua7dS

va77 LDA AOOD1L
047RA NOP

0478 NUP

047C TARY

047D LDX wmoOd
OA7F CPX 8E
0481 BNE 0493
0483 {DOK CPY ®#2A
0485 BNE O4AO
o487 LDA wot
0489 STA 8D
o488 LDA #00
048D STA 90
048F STA 91
0491 STA 8
0483 MEMDAT TYR
0444 LDX 8t
04396 STA 92.,X
(SL3-1°] CFMAX CPX #02
0494A BNE 04A4
049C LDA #0O1
049E STA BC
O04A0 LDA #00O
O4R2 STA 8E
0O4AR4 SALINT JmMP OS2F
0428 INTCLK INC 9A
04BA LDX #4840
04BC CPRX YA
O4BE ENE 0520
O4CO LDA #3530
04C2 STA 9A
(ST 357 3 NUP

.
.

OAC7SECUNDEROINC AC

04L8 LDX #34
o4ace CPxX AL
CACD BNE 0520
O4CF SIA AC
04D1 INC AB
04D3 LDX w38
V4aDs CFX RAB
04D? ENE 0520
04D9 LDA #30
(ST 29]-] STA AB
040D MINUTERDO INC AY
VaDF LDX ®w3A
04kl CPX A9
V4E3 BNE O0OBZ0
04ES STA AY
V4E? INC A8
O4EY LDX ®36
04EB CrX AY
o4cD ENE 0520
VREF S1A AY
04F 1 LCTAMUKRAS INLC AL
V4F3 LDX #3A
V4F DS CPX AB
04F 7 ENE O500

04F 9 STA ARG

INTDAT/ INC BE “S._CF

‘ORA

/

MEMDAT

CFo

(CF)

SALINT

SALINT

SAL INT

SALINI

SALINT

SALINT

SALIN{

NUDAY

PCF=CH+1
iLEE PUERTO A,BURRA CAl
FAGUI SE PUEDEN LCOMPLEMENTAR LOS
iDAIUS EUR #FF
rALDSATO) =>Y
iLF=17?

+ID=2RA7?

1CE=1

iLC 8=0

TOG=0 APAUA ALAKRMA
PY(DATU) ~oMEMODRY
+DATO LELIDOD

-

(CF ) ALMALENA

+LF=CFMAX?,81 NO SALINT

=1 IMPKRIME DATOS YA UWUE SE
ECIBIERON 10DOS
F=0

;CI=Cu=1
;Cl=17 (1SEG?)

iLl=0 (30 ASCIT)

:S1=81+1
yS1=107¢

+SAL 81 S1 DIF. DE 10
15130

1S510=510+1

+510u=86"

i8510=30

iM1=M1+]

iM1=107

trM1=30

IMIO=M1I0+)
rMl=67

rMiu=30
THI=H1+]
FHL=107?

rH1=30

' . e——




varyg
VAFD

0502
0504
0506
0508
US0A
wsoC
uSor
uS1t19
oLl
uS1l4
05186
uoly
Ud1lA
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