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Introduccion

En la actualidad la tecnologia ha alcanzado grandes avances y con ella surgen
nuevas ideas para la solucion de diversas necesidades existentes, entre estas
necesidades se encuentra la seguridad de nuestras casas, el ahorro de energia en
esta, entre otras.

Actualmente un sistema debe de contar con mayor seguridad y mayor comodidad
para el usuario. En el mercado existe una gran variedad de dispositivos
electronicos denominados sensores y actuadores, que realizan tareas definidas y
cuando se ponen en conjunto ayudan a mantener la seguridad y comodidad del
hombre en y para su casa, pero no son totalmente seguros y confiables, ya que el
usuario no esta enterado de lo que sucede en su casa durante el tiempo que se
encuentra fuera de ella; los sistemas actuales en el momento que la seguridad de
la casa se encuentra en riesgo activa su sirena, pero el usuario no se entera en
ese preciso momento si no cuando regresa a su casa o si alguien le avisa, y para
entonces puede ya ser demasiado tarde.

En este proyecto se planeo realizar dos etapas disefio y desarrollo de hardware y
software de un sistema de seguridad capaz de monitorear y controlar estudiar el
estado de la casa y poder actuar sobre ella mediante el proceso y manipulacién de
la informacién obtenida de manera remota via celular.

Planteamiento del problema

La seguridad de nuestros hogares y nuestros bienes no es del todo confiable hoy
en dia, y por ello en ocasiones se utilizan alarmas de seguridad pero esto no es
suficiente, encender una sirena ya no basta; se requiere saber en el instante lo
gue esta sucediendo, conocer el estado de nuestra casa y poder actuar sobre ella
desde cualquier lugar en el que nos encontremos mediante algun sistema remoto.



Justificacion

Los sistemas de monitoreo para casas habitacion tienen ya una larga historia,
pues no es en los ultimos afos que surge la necesidad del ser humano de hacer
mas segura su casa tanto cuando estad como cuando no esta en ella; y hoy en dia
la seguridad de nuestras casas es un tema que a todos les importa y necesitan,
debido a que en nuestros tiempo existen diversas situaciones a las que esta
expuesto nuestro hogar, es por ello la importancia de este proyecto para mantener
constantemente informado al propietario de la vivienda de todo lo que sucede en
esta y que el usuario pueda tener el control de los dispositivos de la casa, mientras
esta ausente.

Los avances tecnoldgicos nos permiten manejar sistemas de control remoto, de
forma sencilla y amigable, es por ello que se requiere de un sistema que utilice
estas tecnologias y pueda ayudar al usuario para que de manera practica y
sencilla monitoree y controle su casa por medio de mensajes via celular.

Objetivos
Objetivo General

Disefiar y construir un sistema inalambrico domoético y de seguridad,
aplicando nuevas tecnologias, para monitorear y tener control del estado de la
casa y poder lograr asi la seguridad de esta.

Objetivos Especificos

Disefiar un sistema inalambrico para monitorear los sensores de seguridad
y controlar los actuadores para una casa habitacion.

Disefo de interface inalambrica para el sistema de seguridad.
Disefio de programa de PC para el sistema de seguridad.
Acoplamiento de sensores a la interface.
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Realizar la comunicacion entre el celular y la interface para el control de
diferentes dispositivos de la casa.



Delimitacion

Este sistema permite monitorear diferentes sensores para conocer el estado de
una casa, cuenta con actuadores que el usuario puede activar o desactivar, el
sistema no controla el estado de los actuadores el encargado de esto es el usuario
por medio de comandos mediante el celular y por medio de la PC.

No actla directamente con los servicios de emergencia 066, cruz roja, bomberos,
etc.



Marco Teorico

Referencial

Sistema de monitoreo via internet

SMI es un proyecto creado por un grupo de estudiantes de Ingenieria Electronica 'y
de Comunicaciones de la Universidad Iberoamericana

El sistema recibe la informacion proveniente de los sensores y lo envia a la
computadora local, la cual notifica al servidor Web que se disparé una alarma. A
través de la pagina que reside en el servidor, el usuario puede distinguir de qué
tipo de alarma se trata y en que ubicacion especifica se esta dando.

Funcionamiento general del sistema de monitoreo

Dispositivos de entrada (sensores)

Dispositivos de salida (alarmas visuales y audibles)
Dispositivos de control (microcontrolador)

C P U (cliente y servidor)

Pagina Web


http://www.iec.uia.mx/proy/titulacion/pr04/proy09/index.html

Conceptual

Domoética

El término domdética proviene de la unién de las palabras domus (que significa
casa en latin) y tica (de automatica, palabra en griego); en la actualidad existen
opiniones, que separan el termino “tica” en dos: “tic — a”, el primero de ellos
obedece a las siglas de Tecnologia de la Informacién y la Comunicacion y el
segundo, claramente a la palabra Automatizacion, por lo tanto se entiende por
domatica al conjunto de sistemas capaces de automatizar una vivienda, aportando
diversos servicios como son:

- Gestidn energética
Seguridad
Bienestar
Comunicacion
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Los cuales pueden estar integrados por medio de redes interiores y exteriores de
comunicacién, cableadas o inalambricas, y cuyo control goza de cierta ubicuidad,
desde dentro y fuera del hogar. Se podria definir como la integracion de la
tecnologia en el disefio inteligente de un recinto.

En los ultimos afios los sistemas inteligentes y que el hombre habita han tenido
un gran desarrollo en nuestra actualidad y con esto se han diversificado diferentes
definiciones que llegan con las nuevas tecnologias, estas terminologias nos llevan
a nuevos conceptos que se utilizan tanto en espafiol como en otras lenguas
extranjeras para referirse a viviendas y edificios inteligentes algunos ejemplos son:

Casa inteligente “Smart House”

Sistemas domésticos “Home Systems”
Automatizacion de viviendas “Home Automation”
Cuidado domiciliario “Home care”

Edificios inteligentes “Intelligent Buildings”
Inmaética

Urbotica

Gestidn técnica de la vivienda y de los edificios
Bioconstruccion



Viviendas ecoldgicas
Viviendas sostenibles
Etc.

Recinto automatizado

Edificio o vivienda que se encuentra integrados de tal manera que presente una
respuesta adecuada a una solicitud prevista y que se encuentre dentro de un
rango especifico y ordenado para que actle consecuentemente, con lo cual se
consiguen nuevos servicios relacionados con el confort, la seguridad y la
accsesibilidad. Algunos ejemplos de estos recintos son los centros comerciales y
edificios bancarios financieros.

El edificio automatizado se ha estado relacionado con un concepto nuevo que es
el de la “Ecotronica”, consiste en la integracion de la tecnologia con el medio
ambiente, el uso y los servicios que puede brindar la automatizacion electrénica y
mecanica para mejorar la calidad de vida del as personas y la preservaciéon del
medio.

Recinto Domético

Una vivienda es Domatica cuando incluye una infraestructura propia de cableado
y equipos necesarios para brindar servicios avanzados, optimizando a la vez las
funciones dentro del hogar, plateandose el objetivo de permitir una mayor calidad
de vida a través de la tecnologia, ofreciendo una reduccion del trabajo domestico,
un aumento del bienestar y la seguridad de sus habitantes y un mayor control en
el uso de la energia.

Existe una diferencia entre los conceptos de automatizacién y vivienda inteligente
o domdética, ya que se necesita integrar los sistemas de control, las
telecomunicaciones y la gestion integral de un recinto automatizado dentro de un
mismo grupo para que pueda ser llamado reciento domatico.

Los sistemas de red integral son desarrollos de tecnologias avanzadas de la
gestion y administracion del edificio que abarca areas como la seguridad; el
mantenimiento; gestion del espacio, los bienes y los sistemas climaticos y
medioambientales; asi se puede obtener mejores resultados en cuanto al confort y
la integracién con el medio ambiente.



Caracteristicas de los sistemas domdticos

En los sistemas domoéticos se presenta una caracteristica fundamental: la
comunicacién entre todo el sistema, aunque solo actien los dispositivos a los
cuales se dirigen las ordenes o sefales.

Para el funcionamiento adecuado de los sistemas utilizados en domdética e
inmodtica se pueden hacer referencia a otros aspectos importantes como la
simplicidad y por supuesto el costo moderado.

Los servicios que ofrece la domética se pueden agrupar segun cuatro aspectos o
ambitos principales:

- Ahorro energético

El ahorro energético no es algo tangible, sino un concepto al que se puede llegar
de muchas maneras. En muchos casos no es necesario sustituir los aparatos o
sistemas del hogar por otros que consuman menos sino una Gestion Eficiente de
los mismos.

¢ Climatizacion: programacion y zonificacion.
e Gestion eléctrica:
v Racionalizacion de cargas eléctricas: desconexiéon de equipos de uso
no prioritario en funcién del consumo eléctrico en un momento dado
v Gestion de tarifas, derivando el funcionamiento de algunos aparatos
a horas de tarifa reducida
e Uso de energias renovables

. Confort

Conlleva todas las actuaciones que se puedan llevar a cabo que mejoren el
confort en una vivienda. Dichas actuaciones pueden ser de caracter tanto pasivo,
como activo o mixtas.

e lluminacion:
v' Apagado general de todas las luces de la vivienda
v' Automatizacion del apagado/ encendido en cada punto de luz
v" Regulacion de la iluminacién segun el nivel de luminosidad ambiente
e Automatizacion de todos los distintos sistemas/ instalaciones / equipos
dotandolos de control eficiente y de facil manejo
Integracién del portero al teléfono, o del video portero al televisor
Control via Internet
Gestion Multimedia y del ocio electronicos
Generacion de macros y programas de forma sencilla para el usuario



- Proteccion patrimonial

Red de seguridad para proteger los Bienes Patrimoniales y la seguridad personal.

Simulacién de presencia.

Deteccion de conatos de incendio, fugas de gas, escapes de agua.
Alerta médica. Tele-asistencia.

Cerramiento de persianas puntual y seguro.

Acceso a Camaras IP

Comunicaciones

Son los sistemas o infraestructuras de comunicaciones que posee el hogar.

Ubicuidad en el control tanto externo como interno, control remoto desde
Internet, PC, mandos inalambricos (p.ej. PDA con WiFi), aparellaje
eléctrico.

Transmision de alarmas.

Intercomunicaciones.

Arquitecturas para sistema Domético

Existente varias arquitecturas diferentes para controlar la inteligencia de un
sistema domatico:

- Arquitectura Centralizada se refiere a la arquitectura en la que el control y

la supervision de los elementos y componentes se deben cablear hasta un
sistema de control en el edificio, el cual puede ser un computador personal
0 un autdbmata similar. Este sistema es el principal control ya que recibe y
reune la informacion de los sensores, toma las decisiones y se las envia a
los actuadores para que realicen la tarea designada, ademas, cualquier
falle que presente deja inhibido el sistema domotico en su totalidad; esto
reduce posibilidades en cuanto a la robustez e implementacion en grandes
instalaciones y las reconfiguraciones son muy costosas.
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El bajo costo que representa esta arquitectura es la principal ventaja frente
a las demas puesto que los elementos que la componen no necesitan
modulos adicionales para el direccionamiento ni interfaces de comunicacion
para distintos buses. También es imortane destacar la sencillez en la
instalacion y a compatibilidad entre la gran variedad de elementos vy
dispositivos que ofrece el mercado. __ un controlador centralizado recibe
informacion de multiples sensores y, una vez procesada, genera las
ordenes oportunas para los actuadores.

- Arquitectura Distribuida Consiste en una arquitectura basada en nodos,
no existe un anico el elemento principal sino que cada subsistema
administra una tarea de control en particular y éstos van relacionados
directamente con los elementos basicos.

P ‘

o T %
)

Existen sistemas que presentan una arquitectura distribuida en cuanto a la
capacidad que tienen para los procesos pero no necesariamente tiene el
mismo concepto en el disefio de la red o distribucion de los diferentes
elementos de control y viceversa. A diferencia de la arquitectura
centralizada, estos sistemas de comunicacion por medio de un bus, en el
cual existe un protocolo de comunicacién implementado en cada uno de
los subsistemas con unas técnicas de direccionamiento definidas por
mantener el intercambio de informacion entre los diferentes elementos. Por
tanto, el costo del los elementos del sistema es elevado e implica una
necesidad de compatibilidad entre ellos y debido a estas desventajas es
que la oferta de los productos en el mercado es reducido. Los sistemas
distribuidos facilitan la reconfiguracion, incidiendo directamente en el grado
de flexibilidad. La simplicidad de sus ventajas esta en el momento de una
instalacion de este tipo, permite un considerable ahorro de cableado y una
tecnologia de facil conexion.

Toda la inteligencia del sistema est& distribuida por todos los mdédulos sean
sensores 0 actuadores. Suele ser tipico de los sistemas de cableado en
bus, o redes inalambricas.

-~
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- Arquitectura mixta: En un sistema de domoética de arquitectura mixta se
combinan las arquitecturas de los sistemas centralizadas, descentralizadas
y distribuidas. A la vez que puede disponer de un controlador central o
varios controladores descentralizados, los dispositivos de interfaces,
sensores y actuadores pueden también ser controladores (como en un
sistema “distribuido”) y procesar la informacion segun el programa, la
configuracion, la informacion que capta por si mismo, y tanto actuar como
enviarla a otros dispositivos de la red, sin que necesariamente pasa por otro
controlador.

Sistemas con arquitectura descentralizada en cuanto a que disponen de
varios pequefios dispositivos capaces de adquirir y procesar la informacion
de multiples sensores y transmitirlos al resto de dispositivos distribuidos por
la vivienda, p.ej. aquellos sistemas basados en Zighee y totalmente
inalambricos.

Medios de interconexiones

Alambricos:
DSL

Fibra optica
Cable (coaxial y par trenzado)
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Inaldmbricos:

Wifi

GPRS

Bluetooth
Radiofrecuencia (RF)
Infrarrojos

ZigBee

Clasificacion de tecnologias de redes domésticas

Interconexion de dispositivos:

Bluetooth
USB
IrDA

Redes de control y automatizacion:

KNX
Lonworks
X10

EIB

EHS
Batibus
ZigBee
Redes de datos:
Ethernet
Homeplug
HomePNA
Wifi

13



ZigBee

ZigBee es un conjunto de protocolos de alto nivel de comunicacion inalambrica
para su utilizacion con radios digitales de bajo consumo, basada en el estandar
IEEE 802.15.4 (estandar que define el nivel fisico y el control de acceso al medio
de redes inaldmbricas de area personal con tasas bajas de transmision de dato)
de redes inaldmbricas de &rea personal (wireless personal area network, WPAN).
Su objetivo son las aplicaciones que requieren comunicaciones seguras con baja
tasa de envio de datos y maximizacion de la vida util de sus baterias.

ZigBee comunica una serie de dispositivos haciendo que trabajen mas eficiente
entre si. Es un transmisor y un receptor que usa baja potencia para trabajar y
tiene como objetivo las aplicaciones que requieren comunicaciones seguras con
baja tasa de envio de datos y maximizacion de la vida util de sus baterias. Es ideal
para conexiones con diversos tipos de topologia, lo que a su vez lo hace mas
seguro, barato y que no haya ninguna dificultad a la hora de su construccion
porque es muy sencilla.

Zigbee es la tecnologia inaldmbrica del futuro que no tiene competencia fuerte con
las tecnologias existentes debidos a que sus aplicaciones son de automatizacion
de edificios, hogarefias e industriales, especialmente para aplicaciones con usos
de sensores.

Estandar IEEE 802.15.4

IEEE 802.15.4 es un estandar que define el nivel fisico y el control de acceso al
medio de redes inalambricas de area personal con tasas bajas de transmision de
datos (low-rate wireless personal area network, LR-WPAN). La actual revisién
del estdndar se aprob6 en 2006. El grupo de trabajo IEEE 802.15 es el
responsable de su desarrollo.

También es la base sobre la que se define la especificacion de ZigBee, cuyo
propdsito es ofrecer una solucién completa para este tipo de redes construyendo
los niveles superiores de la pila de protocolos que el estandar no cubre.

Caracteristicas

* ZigBee opera en las bandas libres ISM (Industrial, Scientific & Medical) de
2.4 GHz, 868 MHz (Europa) y 915 MHz (Estados Unidos).

* Tiene una velocidad de transmision de 250 Kbps y un rango de cobertura
de 10 a 75 metros.
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* A pesar de coexistir en la misma frecuencia con otro tipo de redes como
WiFi o Bluetooth su desempefio no se ve afectado, esto debido a su baja
tasa de transmision y, a caracteristicas propias del estandar IEEE 802.15.4.

* Capacidad de operar en redes de gran densidad, esta caracteristica ayuda
a aumentar la confiabilidad de la comunicacion, ya que entre mas nodos
existan dentro de una red, entonces, mayor niumero de rutas alternas
existirdn para garantizar que un paquete llegue a su destino.

* Cada red ZigBee tiene un identificador de red unico, lo que permita que
coexistan varias redes en un mismo canal de comunicacién sin ningun
problema.

Tedricamente pueden existir hasta 16 000 redes diferentes en un mismo
canal y cada red puede estar constituida por hasta 65 000 nodos,
obviamente estos limites se ven truncados por algunas restricciones fisicas
(memoria disponible, ancho de banda, etc.).

* Es un protocolo de comunicacion multi-salto, es decir, que se puede
establecer comunicacién entre dos nodos aun cuando estos se encuentren
fuera del rango de transmision, siempre y cuando existan otros nodos
intermedios que los interconecten, de esta manera, se incrementa el area
de cobertura de la red.

* Su topologia de malla (MESH) permite a la red auto recuperarse de
problemas en la comunicacién aumentando su confiabilidad.

Ventajas

NN N N N

ANANEN

Ideal para conexiones punto a punto y punto a multipunto

Disefiado para el direccionamiento de informacion y el refrescamiento de la
red.

Opera en la banda libre de ISM 2.4 Ghz para conexiones inalambricas.
Optimo para redes de baja tasa de transferencia de datos.

Alojamiento de 16 bits a 64 bits de direccién extendida.

Reduce tiempos de espera en el envio y recepcién de paquetes.

Deteccion de Energia (ED).

Baja ciclo de trabajo - Proporciona larga duracion de la bateria.

Soporte para multiples topologias de red: Estatica, dinAmica, estrella y
malla.

Hasta 65.000 nodos en una red.

128-bit AES de cifrado - Provee conexiones seguras entre dispositivos.

Son mas baratos y de construccién mas sencilla.
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Sequridad

La seguridad de las transmisiones y de los datos son puntos clave en la tecnologia
ZigBee. ZigBee utiliza el modelo de seguridad de la subcapa MAC IEEE 802.15.4,
la cual especifica 4 servicios de seguridad.

Control de accesos: El dispositivo mantiene una lista de los dispositivos
comprobados en la red.

Datos Encriptados: Los cuales usan una encriptacién con un codigo de 128 bits.
Integracion de tramas: Protegen los datos de ser modificados por otros.

Secuencias de refresco: Comprueban que las tramas no han sido reemplazadas
por otras. El controlador de red comprueba estas tramas de refresco y su valor,
para ver si son las esperadas.

Modelo basico de sequridad.

Las claves son la base de la arquitectura de seguridad y, como tal, su proteccién
es fundamental para la integridad del sistema. Las claves nunca deben
transportarse utilizando un canal inseguro, si bien existe una excepcion
momentdnea que se da en la fase inicial de la unién de un dispositivo
desconfigurado a una red. La red ZigBee debe tener particular cuidado, pues una
red ad hoc (12) puede ser accesible fisicamente a cualquier dispositivo externo y
el entorno de trabajo no se puede conocer de antemano. Las aplicaciones que se
ejecutan en concurrencia utilizando el mismo transceptor deben, asi mismo,
confiar entre si, ya que por motivos de coste no se asume la existencia de un
cortafuegos entre las distintas entidades del nivel de aplicacion.

Los distintos niveles definidos dentro de la pila de protocolos no estan separados
criptograficamente, por lo se necesitan politicas de acceso, que se asumen
correctas en su diseio. Este modelo de confianza abierta (open trust) posibilita la
comparticion de claves disminuyendo el coste de forma significativa. No obstante,
el nivel que genera una trama es siempre el responsable de su seguridad. Todos
los datos de las tramas del nivel de red han de estar cifradas, ya que podria haber
dispositivos maliciosos, de forma que el trafico no autorizado se previene de raiz.
De nuevo, la excepcion es la transmision de la clave de red a un dispositivo nuevo,
lo que dota a toda la red de un nivel de seguridad Unico. También se posible
utilizar criptografia en enlaces punto a punto.
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Arquitectura de sequridad.

ZigBee utiliza claves de 128 bits en sus mecanismos de seguridad. Una clave
puede asociarse a una red (utilizable por los niveles de ZigBee y el subnivel MAC)
0 a un enlace. Las claves de enlace se establecen en base a una clave maestra
gue controla la correspondencia entre claves de enlace. Como minimo la clave
maestra inicial debe obtenerse por medios seguros (transporte o preinstalacion),
ya que la seguridad de toda la red depende de ella en Ultima instancia. Los
distintos servicios usardn variaciones unidireccionales (one-way) de la clave de
enlace para evitar riesgos de seguridad.

Es claro que la distribucion de claves es una de las funciones de seguridad mas
importantes. Una red segura encarga a un dispositivo especial la distribucion de
claves: el denominado centro de confianza (trust center). En un caso ideal los
dispositivos llevaran precargados de fabrica la direccion del centro de confianza y
la clave maestra inicial. Si se permiten vulnerabilidades momentaneas, se puede
realizar el transporte como se ha descrito. Las aplicaciones que no requieran un
nivel especialmente alto de seguridad utilizaran una clave enviada por el centro de
confianza a través del canal inseguro transitorio.

Por tanto, el centro de confianza controla la clave de red y la seguridad punto a
punto. Un dispositivo sblo aceptar4 conexiones que se originen con una clave
enviada por el centro de confianza, salvo en el caso de la clave maestra inicial. La
arquitectura de seguridad esté distribuida entre los distintos niveles de la siguiente
manera:

El subnivel MAC puede llevar a cabo comunicaciones fiables de un solo salto. En
general, utiliza el nivel de seguridad indicado por los niveles superiores.

El nivel de red gestiona el ruteo, procesando los mensajes recibidos y pudiendo
hacer broadcast de peticiones. Las tramas salientes usaran la clave de enlace
correspondiente al ruteo realizado, si esta disponible; en otro caso, se usara la
clave de red.

El nivel de aplicacién ofrece servicios de establecimiento de claves al ZDO vy las
aplicaciones, y es responsable de la difusion de los cambios que se produzcan en
sus dispositivos a la red. Estos cambios podrian estar provocados por los propios
dispositivos (un cambio de estado sencillo) o en el centro de confianza, que puede
ordenar la eliminacion de un dispositivo de la red, por ejemplo. También encamina
peticiones de los dispositivos al centro de seguridad y propaga a todos los
dispositivos las renovaciones de la clave de red realizadas por el centro. El ZDO
mantiene las politicas de seguridad del dispositivo.
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Areas de Aplicacion

Las redes ZigBee comprenden una amplia variedad de aplicaciones. En la
actualidad muchas compafiias se encuentran desarrollando productos que van
desde electrodomeésticos hasta teléfonos celulares, impulsando el area que mas
les interesa.

Hay que tener en cuenta que ZigBee estid disefiado para aplicaciones que
transmiten unos cuantos bytes esporadicamente, que es el caso de una aplicacion
para automatizar el hogar (domética).

Una de las area de aplicacion que ha tomado fuerza, es la de los sistemas de
medicion avanzada, medidores de agua, luz y gas que forman parte de una red
con otros dispositivos como displays ubicados dentro de las casas, que pueden
monitorear el consumo de energia y no so6lo eso, sino que también pueden
interactuar con electrodomeésticos o cualquier otro sistema eléctrico como bombas
de agua o calefaccion, con la finalidad de aprovechar mejor la energia.

En general, ZigBee resulta ideal para redes estaticas, escalables y con muchos
dispositivos, pocos requisitos de ancho de banda y uso infrecuente, y donde se
requiera una duracién muy prolongada de la bateria. En ciertas condiciones y para
determinadas aplicaciones puede ser una buena alternativa a otras tecnologias
inalambricas ya consolidadas en el mercado, como Wi-Fi y Bluetooth, aunque la
falta del soporte de TCP/IP no lo hace adecuado, por si solo, para la interconexion
de redes de comunicaciones IP. Por tanto, la introduccion de ZigBee no acabara
con otras tecnologias ya establecidas, sino que convivird con ellas y encontrara
sus propios nichos de aplicacion.
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XBee

Cada médulo Zigbee, al igual que ocurre con las direcciones MAC de los
dispositivos ethernet, tiene una direccion unica. En el caso de los moédulos Zighee
cada uno de ellos tiene una direccién Unica de 64bits que viene grabada de
fabrica. Por otro lado, la red Zigbee, utiliza para sus algoritmos de ruteo
direcciones de 16 bits. Cada vez que un dispositivo se asocia a una red Zigbee, el
Coordinador al cual se asocia le asigna una direccion uUnica en toda la red de
16bits.

Por eso el numero maximo teorico de elementos que puede haber en una red
Zigbee es de 2716 = 65535, que es el n°® maximo de direcciones de red que se
pueden asignar.

Estos modulos Xbee, pueden ser ajustados para usarse en redes de configuracion
puntoa-punto, punto-a-multipunto o peer-to-peer.

También existen los llamados médulos Xbee PRO de la Serie 1 que se diferencian
en la capacidad de alcance, permitiendo en algunos casos doblar la distancia de
transmision, ya que poseen una mayor potencia en la sefial. Con los mdédulos
Xbee PRO de la Serie 2, es posible crear redes mas complejas, como las
llamadas MESH. Estas permiten acceder a un punto remoto, utilizando mdédulos
intermedios para llegar como routers. Ademas los moédulos automaticamente
generaran la red entre ellos, sin intervencion humana alguna, permitiendo la
reparacion de la red en caso de que algun nodo falle. Al mismo tiempo la red por
si sola resuelve la mejor ruta para un determinado paquete.
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Circuito Xbee

El mddulo requiere una alimentacion desde 2.8 a 3.4 V, la conexion a tierra y las
lineas de transmision de datos por medio del UART (TXD y RXD) para
comunicarse con un microcontrolador, o directamente a un puerto serial utilizando

algun conversor adecuado para los niveles de voltaje.

3,3U

@ vce ADOIDICO @

‘ - e TXD G @ DOUT ADDIOT @
- e ’ R X[ (S g OINCONFIG AD2/DIO2 @
@® Dos AD3IDIO3 @

@® RESET RTS/AD6IDICS @

@ PWMORSSI ADSIDIOS @

® Pwmi VREF @

@ [reservado] ONiSLEEP @

@ DTRISLEEP_RQIDIE  TTS/DI07 @

r ® oo ADADIOS @

GND
Descripcion de pines

Pin# Mame Direction De=scription
1 VICC - Power sugply
2 oouT Chutput LJART Data Cut
3 CIN / CONFIG Injpust IUART Data In
4 COr/ DOUT_EN®/ DOB" Output Carrier Detect, TX_enakle or Digital Oulput 8
] RESET Inyput Module Reset
B PYMO /RS Chutput P Output 0 or RX Signal Strength Indicator
7 [reserved) - Do mot connect
8 [recerved) - Do mot connect
4 DTR/ SLEEP RO/ DIE Iyt Pin Elzep Control Line or Digita! Input &
10 GHD - Ground
1 RF_TH* | ADd* / DIO&* Either Tramzmission Indicator, Anslog Input £ or Digital 110 4
12 CTS* / DIOT* Esther Clear-to-Send Flow Certrol or Digial 1D 7
12 OM / SLEEP Output Module Staius Indicator
14 VREF* Iripust ‘ioliage Reference for A0 Irguts
15 Acsociate F ADS* 7 DIOS* Esiher Aesociated Indicator, Analog Input 5 or Digtal 10 5
16 RTS*/ 406"/ DIOE" Esiher Reguest-to-Send Flow Control, Analog Input 6 or Digital 0 6
17 COORD_SEL*  AD3*/ DIO3* Either Analog Input 3, Digital VO 3 or Coordinator Select
18 ADZT D02 Either Anzlog Imput 2 or Digital 100 2
19 ADAT DI Either Anzlog Input 1 or Digital 100 1
20 ADOT D0 Either Anzlog Imput O or Digital 112 0
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Microcontrolador PIC

Un microcontrolador es un circuito integrado o chip que incluye en su interior las
tres unidades funcionales de una computadora: CPU, Memoria y Unidades de E/S,
es decir, se trata de un computador completo en un solo circuito integrado.

Los 'PIC' son una familia de microcontroladores tipo RISC fabricados por
Microchip Technology Inc

El nombre actual no es un acrénimo. En realidad, el nombre completo es
PICmicro, aunque generalmente se utiliza como Peripheral Interface Controller
(Controlador de Interfaz Periférico).

Jueqgo de instrucciones y entorno de programacion

El PIC usa un juego de instrucciones tipo RISC, cuyo niumero puede variar desde
35 para PICs de gama baja a 70 para los de gama alta. Las instrucciones se
clasifican entre las que realizan operaciones entre el acumulador y una constante,
entre el acumulador y wuna posicion de memoria, instrucciones de
condicionamiento y de salto/retorno, implementacion de interrupciones y una para
pasar a modo de bajo consumo llamada sleep.

Microchip proporciona un entorno de desarrollo freeware llamado MPLAB que
incluye un simulador software y un ensamblador. Otras empresas desarrollan
compiladores C y BASIC. Microchip también vende compiladores para los PICs de
gama alta ("C18" para la serie F18 y "C30" para los dsPICs) y se puede descargar
una edicion para estudiantes del C18 que inhabilita algunas opciones después de
un tiempo de evaluacion.
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Programacion del PIC

Para transferir el codigo de un ordenador al PIC normalmente se usa un
dispositivo llamado programador. La mayoria de PICs que Microchip distribuye hoy
en dia incorporan ICSP (In Circuit Serial Programming, programacion serie
incorporada) o LVP (Low Voltage Programming, programacion a bajo voltaje), lo
que permite programar el PIC directamente en el circuito destino. Para la ICSP se
usan los pines RB6 y RB7 como reloj y datos y el MCLR para activar el modo
programacion aplicando un voltaje de unos 11 voltios.

Funciones especiales de los Pic

- Conversores analogo a digital (A/D) en caso de que se requiera medir
sefales analdgicas, por ejemplo temperatura, voltaje, luminosidad, etc.

- Temporizadores programables (Timer's) Si se requiere medir periodos de
tiempo entre eventos, generar temporizaciones o salidas con frecuencia
especifica, etc.

Interfaz serial RS-232. Cuando se necesita establecer comunicacion con
otro microcontrolador o con un computador.

Memoria EEPROM Para desarrollar una aplicacion donde los datos no se
alteren a pesar de quitar la alimentacion, que es un tipo de memoria ROM
gue se puede programar o borrar eléctricamente sin necesidad de circuitos
especiales.

- salidas PWM (modulacion por ancho de pulso) Para quienes requieren el
control de motores DC o cargas resistivas, existen microcontroladores que
pueden ofrecer varias de ellas.

- Técnica llamada de "Interrupciones", (ésta me gustdé) Cuando una sefial
externa activa una linea de interrupcion, el microcontrolador deja de lado la
tarea que esta ejecutando, atiende dicha interrupcion, y luego continta con
lo que estaba haciendo.

PIC18F4520

Las caracteristicas mas relevantes del microcontrolador PIC18F4520 son las
siguientes

Memoria de Programa 16384 Words
Memoria de Datos 1536 bytes

Memoria de Datos EEPROM 256 bytes
Fuentes de Interrupcion 19

Puertos de E/S A(8), B(8), C(8), D(8) y E(3)
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Temporizadores 4

Mdédulos Captura/Comparacion 1 estandar y 1 ampliado
Comunicaciéon Serie MSSP y USART (mejorado)
Comunicacion Paralelo PSP

Convertidores ADC 13 x 10 bits

PIC 16F628
Caracteristicas principales

Conjunto reducido de instrucciones (RISC). Sélamente 35 instrucciones que
aprender a utilizar

Oscilador interno de 4MHz

Las instrucciones se ejecutan en un sélo ciclo de maquina excepto los saltos (goto
y call), que requieren 2 ciclos. Aqui hay que especificar que un ciclo de maquina
se lleva 4 ciclos de reloj, si se utiliza el reloj interno de 4MHz, los ciclos de
magquina se realizaran con una frecuencia de 1MHz, es decir que cada instruccion
se ejecutara en 1uS (microsegundo)

Opera con una frecuencia de reloj de hasta 20 MHz (ciclo de maquina de 200 ns)
Memoria de programa: 2048 locaciones de 14 bits

Memoria de datos: Memoria RAM de 224 bytes (8 bits por registro)

Memoria EEPROM: 128 bytes (8 bits por registro)

Stack de 8 niveles

16 Terminales de 1/0O que soportan corrientes de hasta 25 mA

3 Temporizadores

Médulos de comunicacion serie, comparadores, PWM
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Ordenador

Un ordenador es una maquina electronica que
recibe y procesa datos para convertirlos en
informacion util. Una computadora es una
coleccion de circuitos integrados y otros
componentes relacionados que puede ejecutar con
exactitud, sorprendente rapidez, y de acuerdo a lo
indicado por un usuario o automaticamente por
otro programa, una multiple variedad de
secuencias o0 rutinas de instrucciones que son ordenadas, organizadas y
sistematizadas en funcibn a una amplia gama de aplicaciones practicas y
precisamente determinadas, proceso al cual se le ha denominado con el nombre
de programacion y al que lo realiza se le llama programador.

La computadora u ordenador, ademas de la rutina o programa informatico,
necesita de datos especificos (a estos datos, en conjunto, se les conoce como
“Input" en inglés) que deben ser suministrados, y que son requeridos al momento
de la ejecucién, para proporcionar el producto final del procesamiento de datos,
que recibe el nombre de "output". La informacion puede ser entonces utilizada,
reinterpretada, copiada, transferida, o retransmitida a otra(s) persona(s),
computadora(s) o componente(s) electrénico(s) local o remotamente usando
diferentes sistemas de telecomunicacion, pudiendo ser grabada, salvada o
almacenada en algun tipo de dispositivo o unidad de almacenamiento.
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Desarrollo

Para el disefio del sistema primero realice el analisis y estudio de diferentes
tecnologias que me ayudaran a cubrir todas las necesidades requeridas.

En las primeras pruebas de comunicacién entre los sensores, actuadores y todo el
sistema utilice diferentes protocolos de comunicacion tales como RS485, CAN y
ZigBee, siendo este Ultimo el mas adecuado para este sistema.

Este sistema de seguridad, es un sistema modular, cada modulo realiza sus
propias tareas y siempre se mantiene en comunicacion, esto hace mas eficaz el
sistema y de mayor capacidad.

Este sistema tiene la capacidad de soportar hasta 2024 sensores y 2024
actuadores El sistema esta constituido por tres diferentes médulos basicos:

» Modulo Observer: Es el encargado de estudiar el estado de los sensores y
control de los actuadores, se comunica para enviara y recibir informacion
mediante el protocolo ZigBee con el Mddulo USB y el Modulo Master-GSM.
Cada modulo observer es capaz de soportar 8 sensores y 8 actuadores, en
cada punto donde se localice un Observer es denominado zona.

» Modulo Master-GSM: Se comunica con los Modulos USB y Observer, por
ZigBee; dependiendo de lo que un modulo Observer le informe, indica
mediante comando AT al celular que envié un mensaje, activa la alarma
(sirena).

» Mdbdulo USB: Con este modulo podemos desde el puerto USB de la PC
mediante la interfaz del usuario mandar ordenes a los modulos del sistema
mediante comunicacion ZigBee. Este modulo es el que permite tener una
interfaz con el usuario el encargo para la interfaz con el usuario.
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Modulo Observer

Este modulo esta constituido por un Pic 18F4520, consta de entradas digitales y
analdgicas para sensores y salidas digitales y analdégicas para actuadores, se
comunica via serie al modulo XBee para la comunicacion con el resto del sistema
con el protocolo ZigBee.

d

\

ie

Actuadores

Modulo Observer

El modulo espera la sefial de activacion de alarma, cuando llega el comando de
activacion por parte del Modulo GSM, y se pone en espera de que el Modulo
Master-GSM le indigue que el sistema estd completamente armado, e
inmediatamente el Modulo comienza a escanear todos sus sensores y en el
momento que alguno cambie de estado envia un paquete de 8 Bytes en el cual va
contenido que numero de sensor fue el que ocasiono cambio de estado; esta
informacion es enviada al Modulo Master-GSM.

Para la activacion de sus actuadores el usuario puede decir que quiere activar
mediante la interfaz de PC, o por medio de mensajes codificados.

Como opera

El modulo Observer siempre se encuentra atento a las 6rdenes que le puedan
enviar, el Modulo Master-GSM o el Modulo USB, estos envian un paquete 8 Bytes
gue contiene las acciones que deben realizar los Modulos Observer. Todo este
paguete es transmitido via inalambrica a los XBee y este envia el paquete al PIC
via serie, el Observer empieza a almacenar todos los datos que detecte, al
terminar de recibir los 8 bytes, analiza si el paquete es realmente para él y lo
decodifica para realizar la accion indicada, en caso de no ser para él, ignora el
paquete y se pone nuevamente en espera.
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Cada modulo Observer tiene un sensor insertado para su propia proteccion, en
casa de ser retirado de su lugar el Observer envia un mensaje al Modulo Master-
GSM indicandole su desconexion.

En el paquete existe bytes predefinidos los cuales deben indicar quien lo envia y
para quien va dirigido el paquete, este ultimo es con el que define si el paquete es
0 no para él.

Nota: si el mensaje le tiene que llegar a todos
los madulos, entonces, en el ID_Destino se le
envia el simbolo #

> ID_Destino

——> ID_Tx

Lista de cédigos para Mddulos Observer

Estos comandos son enviados tanto por el Modulo Master-GSM, como por el
Modulo USB

Lecturas Digitales: Con este comando solicitamos el estado del Modulo (sensores
y actuadores).

o [N NN BN RN

|—> ID_Destino

————> |ID_Tx

Salidas Digitales: Con este comando, ordenamos al modulo que salidas deseamos
gue se activen o desactiven, segln nuestras necesidades.

NUm. de dispositivo |_) ID_Destino

(0-7)
> ID_Tx

Estado (0 -1) €——

Nota: en el numero de dispositivo

*Activar todos los actuadores de la zona Byte 2=8

*Desactivar todos los actuadores de la zona Byte 2=9
El byte 3 no importa para estos dos casos
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Activacion de Alarma: Este comando sirve para indicar a los Modulos que la larma
se activo, pero esta parcialmente armada, en este momento si existe un cambio en
el estado de los sensores el Médulo no envia la sefal al Master, se espera hasta
cuando el Master-GSM le indique que ya puede enviar mensajes.

e 1] |

Alarma ——> |D_Destino
Activar=1 €——
Desactivar =2

—— ID_Tx

Comprobacion del sistema: Este comando sirve para verificar que todos los
modulos estén en optimo funcionamiento; al llegar este comando el Modulo realiza
un corrido en sus Led’s de indicacion.

——> |D_Destino

———> ID_Tx

Lista de codigos del Modulo Observer

Estos comandos son enviados por el Médulo Observer hacia el Modulo USB, vy el
Modulo Master-GSM.

Respuesta Digital: Este es el paquete que contesta el Observer cuando se le
solicita las Lecturas Digitales. El byte de eventos pasados significa que si aun no
se habia solicitado datos de sensores y alguno se activo durante ese tiempo
gueda almacenado el dato, aunque el sensor regrese a su estado natural, quede
almacenado que ese sensor realizo un cambio en su estado.

Estatus Entradas €———— ——> |[D_Destino
—> |D_Tx

Estatus Salida

Eventos Pasados
(Alerta)
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Sensor Activado: Cuando la alarma ya esta activada y el Modulo Master-GSM ya
indico que se pueden enviar mensajes, el Observer en el momento que un sensor
se activa, envia el siguiente paquete en el cual envia el sensor que se activo.

Estatus Entradas €——— L— |D_Destino
—> |D_Tx

Error de activacion: En el momento que se manda a activar Alarma, el Modulo
Observer, revisa todos sus sensores, si algun sensor esta abierto, envia el
siguiente mensaje en el que indica Error de activacion.

———> |D_Destino

> |D_Tx

Activacion Correcta: Cuando todos los sensores de un Observer se encuentran
cerrados y se envia la sefial de activacién de alarma, el Observer contesta con
siguiente mensaje que significa Activacion Correcta.

——> |D_Destino

——> |ID_Tx
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Modulo Master- GSM

Este Modulo realiza las siguientes funciones:

* Recibir informacion proveniente de los médulos Observer.

* Recibe Informacion del Modulo USB

* Envio de ordenes a los modulos Observer.

» Control del sistema de seguridad.

+ Control de Actuadores para la activacion y desactivacion de dispositivos.
* Comunicacion Bidireccional con terminal GSM via Bluetooth.

))
(((

Modulo Master-GSM

Este modulo al igual que los Modulos Observer, siempre se encuentra a la
escucha de los posibles mensajes que pueda recibir, en el momento que se le
envia la orden de activacion de alarma enciende un temporizador para permitir
que el usuario pueda salir de su casa sin provocar el mismo la activacion de la
sirena o0 envio de mensajes, pasado el tiempo, envia a los Médulos Observer que
ahora ya estd completamente armado el sistema y que pueden enviar su
mensajes si alguno de sus sensores se activa.
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Al iniciarse el sistema el Modulo Master-GSM, realiza una serie de configuraciones
necesarias para dejar todo el sistema listo, en especial se inicia la configuracion
del Celular via Bluetooth por medio de Comandos AT, con esta inicializacién borrar
los mensajes existentes en la bandeja y deja listo la configuracion el tipo de lectura
que deseamos realizar al checar cada mensaje.

Cuando un mensaje es recibido el Pic 18F4520 solicita al celular que le envie el
mensaje, cuando el celular responde a esta peticion, el mensaje es almacenado
en otro Pic 16F628 el cual posteriormente se lo envia al PIC 18F4520, este lo
procesa y envia las ordenes correspondiente a los Modulos Observer para cativar
o desactivar sus actuadores.

Si la alarma se encuentra activada, y algin Modulo le envia que uno de sus
sensores se activo, primero verifica si el sensor activado es un sensor inmediato o
un sensor con retardo

*Sensor inmediato: cuando uno de estos fue ctivado, el Master-GSM envia un
mensaje al ususario en el que le indica el Sensor Activado y a que Zona pertenece
ese sensor; y activa la sirena, ahora espera a que el usuario le de alguna
indicacion.

*Sensor con retardo: Un sensor de este tipo espera un tiempo para verificar que el
usuario desactive la alarma en casa de no realizar la desactivacion, el Mater-GSM
envia el mensaje correspondiente y activa la sirena.

Observer 1

Master Observer 2

Observer 3

Moédulo Master-GSM con varios Médulos Observer, comunicaciéon bidireccional
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Modulo USB

El Médulo USB, es el encargado en realizar la interconexion entre la interfez del
usuario y todo el sistema, se comunica va serie a la PC y con el Sofware usuario
puede actuar sobre el sistema.

Software

Por medio del software decidimos las tareas que deseamos que realice nuestro
sistema, el Pic las reenvia por medio del XBee a todos los Mddulos restantes. Las
acciones gque podemos realizar por medio del software son las siguientes:

Activacion individual y general de los actuadores por Zonas
Desactivacion individual y general de lo actuadores por Zonas
Activacion y Desactivacion de la Alarma

Activacion de Alarma de Panico
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Software “Sistema Domatico y de Seguridad”

El software sirve para que el usuario pueda interactuar con su sistema, realizando
diversas acciones como son:

Activacion y desactivacion de la alarma.
Activacion y desactivacion de actuadores.
Activacion de alarma de Panico.

Saber los numeros de emergencias.

Para poder utilizar el sistema de requiere de conocer el puerto Comm al que esta
conectado el Modulo USB, y configurar el software para que opere en ese Comm.

El software del sistema estd elaborado en C++ Builder, y su estructura de
programacion es la siguiente.

Programa del software “Sistema Domoético y de Seguridad” en el Folder
Software contenido en este CD.

El programa esta conformado por siete ventanas.

€ FMenu: esta ventana sirve para que el usuario pueda elegir alguna de las
opciones existentes en el sistema, al princio la Unica opcion a la que se
puede accesar es la de Configuraciones (FConfig), para la elaboracion de
cada botdn utilice Image, y le configure acciones en el momento que se le
dé un Click.

88 Fenu

=
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€ FConfig: en esta ventana se programo la eleccién del Comm para la
configuracion, una vez configurado muestra el simbolo de USB que indica
que el sistema ya esta conectado.
Para elegir el Comm se utilice un ComboBox, y para el efecto de botones
se utilice Image, para cada uno de los botones existentes en la ventana.

Puerto Comm :

€ FContrasefia: Esta ventana serd previa a la ventana de seguridad, una vez
escrita la contrasefia y se de click en el boton OK, el programa revisara si la
contrasefia es la correcta y abrird FSegutidad, en caso de de no se correcta
muestra un ShowMessage, en el que indica que la contrasefia es

incorrecta.

€ FSeguridad: Con esta ventana se puede activar o desactivar la alarma,
encender alarma de panico, conocer numeros de emergencias, todo el

entorno esta realizado con Image’s

Q | » Sistema de Alarma
@ o A 0
Numeros de Emergencia
i ¢ 2

Assstencia Medca
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€ FZonas: en esta ventana utilice diversas Imagenes y con ellas realice el
menu de la zona deseado Zona 1 6 Zona 2

‘;@E.

€ FActuadoresl: esta ventana aparecerd si en FZonas se le da click a la
Zona 1y muestra el control de los actuadores del sistema, al elegir activar o
desactivar envia el aquete de datos al puerto Comm, para que se ejecuta la

accion deseada.

@ oo @

Actuador 1

Actuador 2

Actuador 3

Actuador 4

Actuador 5

Actuador 6

Actuador 7

Actuador 8

Todos los actuadores

€ FActuadores2: esta ventana aparecera si en FZonas se le da click a la
Zona 2 y muestra el control de los actuadores del sistema, al elegir activar o
desactivar envia el aquete de datos al puerto Comm, para que se ejecuta la

accion deseada.

L X X NN
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Manual del software

Al iniciar el software primero debemos configurar el puerto en el que se encuentra
conectado el Modulo Observer.

Click para entrar al
—

menu configuraciones

Y elegimos a que puerto Comm esta conectado nuestro sistema

l=l@] %

Elegimos el Comm
deseado:

i s Comml1l
@ Comm?2
‘ —___Comm3

Luego damos click en

conectar

Commx

2J



~=

o[E] %

Para salir de
Configuraciones

Click en regresar

Posteriormente si deseamos ver las opciones de Seguridad damos click en el

botdén Seguridad

Click para entrar al
—

menu Seguridad

Al dar click pedir& la constrasefia

o8] % |

INTRODUZCA

Escriba su contrasefia

— De click en OK
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Ahora puede utilizar las diferentes opciones de area de Seguridad

Activar o Desactivar Alarma

Numeros de Emergencia [

a & 8

Policia Asistencia Medica Bomberos

<«+——— Activar alarma de Panico

Si deseamos Activar o Desactivar los actuadores entramos al area de Actuadores

Click para entrar al
LI mend Actuadores

Al dar click en actuadores nos despliega la pantalla de las Zonas ahora elegimos
la Zona que deseamos manipular

Click en el Numero de
Zona que deseamos
manipular
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Y en la Zona podemos activar o desactivar el Actuador que se desee manipular
individualmente o activar y desactivar todos los actuadores al mismo tiempo.

Zonal

B FActuadoresl S = [

Actuador 1

Actuador 2

Actuador 3

Actuador 4

Actuador 5

Actuador 6

Actuador 7

Actuador 8

® ee00ooe0@
@ eoo00eeee

Todos los actuadores

Zona 2

B FActuadoresl - g— . (2| E |

G Actuador 1
G Actuador 2
@ Acvadors
G Actuador 4
O Actuador 5
G Actuador 6
w
&
&

Actuador 7

Actuador 8

Todos los actuadores
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Conexiones fisicas del Sistema

Modulo Observer:

Frente

[12v

Alimentacion
del Modulo

GND
‘ Entradas Digitales

@ Salidas Digitales
@ Salidas Analdgicas

@ Entradas Analdgicas
D Led’s indicadores

Reverso

Sensor de
modulo

Microcontrolador
18F4520




Modulo Master-GSM

18F4520

Alimentacion
del Modulo

Led’s
indicadores

16F628

Salida a
Sirena

NOTA: El celular se alimenta
directamente de la placa
del Modulo
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Modulo USB

Frente

5

|

<€—USBaPC

Led’s indicadores
funcionamiento
de XBee

Leds’s indicadores

del sistema
NOTA: El modulo se

alimenta directamente
de la PC, no necesita
alimentacién externa

Reverso

Microcontrolador
18F2550

4 N HT

Cridee s

)
ie
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Modulo USB con Sofware
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Maqueta de simulacion del sistema

@ Actuadores
A Sensores inmediatos
[ Sensor con retardo
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Anexos

XBee

XBee™/XRBee-PRO OEM RF Modules — Product Manual ©1.06 [2005.10.28]

1. XBee/XBee-PRO OEM RF Modules

XBee and XBee-PRO Modules were engineered to meet

ZigBeefIEEE 802.15.4 standards and support the unique
needs of low-cost, low-power wireless sensor networks.
The modules require minimal power and provide reliable

delivery of critical data between devices.

The modules operate within the ISM 2.4 GHz frequency

1Mterchangedble
~

band and are pin-for-pin compatible with each other.

1.1. Key Features

High Performance, Low Cost

Low Power

XBee
* Indoor/Urban: up to 100’ (30 m)
» Outdoor line-of-sight: up to 300’ (100 m)
* Transmit Power: 1 mW (0 dBm)
* Receiver Sensitivity: -92 dBm

XBee-PRO
* Indoor/Urban: up to 300° (100 m)
* Qutdoor line-of-sight: up to 1 mile (1500 m)
* Transmit Power: 100 mw (20 dBm) EIRP
* Receiver Sensitivity: -100 dBm

RF Data Rate: 250,000 bps

Advanced Networking & Security

XBee
® TX Current: 45 mA (@3.3 V)
* RX Current: 50 mA (@3.3 V)
® Power-down Current: < 10 pA
XBee-PRO
® TX Current: 270 mA (@3.3 V)
® RX Current: 55 mA (@3.3 V)
* Power-down Current: < 10 pA

Easy-to-Use

Retries and Acknowledgements
DSSS (Direct Sequence Spread Spectrum)

Each direct sequence channels has over
65,000 unique network addresses available

Point-to-point, point-to-multipoint

and peer-to-peer topologies supported
128-bit Encryption (downloadable firmware
version coming soon)

Self-routing/Self-healing mesh networking
(downloadable firmware version coming soon)

1.1.1. Worldwide Acceptance

No configuration necessary for
out-of box RF communications

Free X-CTU Software
(Testing and configuration software)

AT Command Mode for simple
configuration of module parameters

Small form factor

Network compatible with other
ZigBeef802.15.4 devices

Free & Unlimited Technical Support

FCC Approval (USA) Refer to Appendix A [p23] for FCC Requirements.
Systems that include XBeefXBee-PRO Modules inherit MaxStream’s Certifications.

ISM (Industrial, Scientific & Medical) 2.4 GHz frequency band

Manufactured under ISO 9001:2000 registered standards

XBee/XBee-PRO RF Modules are optimized for use in US, Canada, Australia, Israel c €
and Europe (contact MaxStream for complete list of approvals).

2005 MaxStream, Inc., Confidential & Proprietary - All Rights Reserved 4
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1.2. Specifications

Table 1-01. Specifications of the XBee/XBee-PRO OEM RF Modules

Transmit Powrer Output
RF Data Rate

Interfece Data Rale
(software selectable)

Receiver Sersitivity

Outdoor RF line-of-sight Range

up to 300 ft. (100 m)
Amw {0 dBrm)
250,000 bps

1200 - 115200 bps
(non-standard baud rates also supported)

92 dBm (1% packel emorrate)

Specification XBee XBee-PRO
Performance
IndoorfUrban Range up to 100 ft. (30 m) Upto 300" (100 m)

Upto 1 mile (1500 m)
€0 mi (18 dBm) conducted, 100 mW (20 dBm) EIRP
250,000 bps

1200 - 115200 bps
non-standard baud rates also supported)

-100 dBm (1% packet error rate)

Power Requirements

Dimensions
Operating Temperzture
Antenna Options

0.960" 3 1.087" (2.438cm x 2 761cm)
-401085° C (industrial)
UFL Gonnector, Chip Antenna or Whip Artenna

Supply Voltage 28-34V 28-34W
Transmit Current itypical) 45 mA (@33 ZFOmA @33V
Receive Currert fypical) HmA @33V 55 mh (@ 33W)
Panrer-down Cument <10 A <10pA

General

Operzting Frequency 150124 GHz 15M2.4 GHz

09607 x 1.297" (2.438cm x 3294cm)
-40t0 85° C (industrial)
UFL Connector, Chip Antenna or Whip Antenna

Networking & Security

Wurmber of Channels
(software selectable)

Filtration Options

Supported Network Topologies

Pint-to-Paoint, Point-to-Multipoirt,
Peerto-Peer and Wesh (coming soon)

16 Direct Sequence Channels

PAN ID, Channel and Source/Destination Addresses

Point4to-Point, Point-to-Muliipoirt,
Pear{o-Peer and Mesh zoming soon)

13 Direct Sequenze Channels

PAN ID, Channel and Sounce/Destination Addresses

Agency Approvals

FCC Part 15.247 OUR-XBEE pending
Industry Canada (| C} pending pending
Europe pending pending

1.3. Mechanical Drawings

PIN 1-=

XBee and XBee-PRO RF Modules are pin-for-pin compatible.

XBee
(top view)

10—

2005 MaxStream, Inc., Confidential & Proprietary - All Rights Reserved

XBee-PRO
(top view)

PIN 20
{32, 94mm

PIN 11

Figure 1-01. Mechanical drawings of the XBee/XBee-PRO OEM RF Modules (antenna options not shown}

XBee & XBee-PRO

(side views)

L
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1.4. Pin Signals

Figure 1-02. XBee/XBee-PRO RF Module Pin Number

{top sides shown -

shields on bottom)

Table 1-02.  Pin Assignments for the XBee and XBee-PRCO Modules
(Low-asserted signals are distinguished with a horizontal line above signal name.)

Pin # Name Direction Description
1 YOG - Power supply
2 DouT Output UART Data Out
3 DIN / CONFIG Input UART Data In
4 D DOUT_ENF / DOS* Output Carrier Detect, TX_enable or Digital Cutput 8
5 RESET Input Iodule Reset
6 P F RSSI Output PWM Output 0 or RX Signal Strength Indicator
7 [reserved] - Do not connect
8 [reserved] - Do not connect
9 DTR/ SLEEP_RQ/DIS Input Pin Sleep Control Line or Digital Input &
10 GND - Ground
1 RF_Tx# / AD4* [ DIO4* Either Trans mizsion Indicator, Analog Input 4 or Digital 110 4
12 TTS" / DIO7* Either Clearto-Send Flow Control or Digital 110 7
13 ON/SLEEP Output Module Stalus Indicator
14 WREF Input “oltage Reference for A/D Inputs
15 Associate F ADS™ / DIO5* Either Associaled Indicator, Analog Input 5 or Digital 110 5
16 RIS/ ALE"  DIOG Either Request-to-Send Flow Cortrel, Analog Input 6 or Digital 110 6
17 COORD_SEL®/ ADZ / DICG® Either Anzlog Input 3, Digital /O3 or Coordinator Select
18 ADz* I Dloz* Either Anzlog Input 2 or Digital 1102
19 ADA* DO Either Analog Input 1 or Digital 1101
20 ADO*  DIOOF Either Analog Input 0 or Digital 1100

* Functions not supported at the time of this release.

Design Notes:

* Minimum connections are: VCC, GND, DOUT and DIN

= Signal Direction is specified with respect to the module
* Module includes a 50k pull-up resistor attached to RESET
* Unused pins should be left disconnected.

1.5. Electrical Characteristics

Table 1-03. DC Characteristics of the XBee & XBee-PRO (VCC =258 -3.4 VD)

Symbol Parameter Condition Min Typical Max Units

iy [nput Low Voltage All Digital Inputs - - 035*VCC W
Viy Input High Valtage All Digital Inputs 07 *VCC - - W
VoL Output Low Voltage lyp =2 mA, WCC>=27V - - 05 i
Von Oulput High Yoltage log =2 mA WCC »=27 W YCC-05 - - i
i Input Leakage Current Wiy = WCC or GND, all inputs, per pin - 0.0e5 1 1%
oz High|mpedance Leakage Cumrert | Wiy = YOG or G, all /O High-Z, per pin - 0025 1 A

_ & 770
< Trarsmit Current VOC =33V - (XBee) PRO) - ma

_ 0 55
RX Receive Current WCC =33V - (XBee) [PRO} ma
PWR-DWN Power-dainn Current SM parameter = 1 - <10 - uA
© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved &
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2. RF Module Operation

2.1. Serial Communications

The XBee/XBee-PRO OEM RF Modules interface to a host device through a logic-level asynchro-
nous serial port. Through its serial port, the module can communicate with any logic and voltage
compatible UART; or through a level translator to any serial device (For example: RS-232/485/
422 or USB interface board).

2.1.1. UART Data Flow

Devices that have a UART interfaca can connect direcHy to the pins of the RF module as shown in
the figure below.

Figure 2-01. Figure 2-01.System Data Flow Diagram in a UART-interfaced environment
(Low-asserted signals distinguished with horizontal line over signal name.}

CMOS Logic (2.8 - 3.4V) : CMOS Logic (2.8 - 3.4V)
DI (data in) |, DI (datain)
—— e
CTS CTS

<t XBee XBee P>
DO (dataout) | Module Module DO (data out) , |
<t

Microcontroller Microcontroller

R L S
» 4

Serial Data

Data enters the module UART through the DI pin (pin 3) as an asynchronous serial signal. The sig-
nal should idle high when no data is being transmitted.

Each data byte consists of a start bit {low), 8 data bits (least significant bit first) and a stop bit
(high). The following figure illustrates the serial bit pattern of data passing through the module.
Figure 2-02. UART data packet 0x1F (decimal mumber "317} as transmitted through the RF module
Example Data Format is 8-N-1 (bits - parity - # of stop bits})
Least Significant Bit (first) |

Idle {high) =1 1 1 1 0 0o o
\

U I_, [:
Signal 0VOC e I

Voltage it I

UART Signal

Start Bit (low) Stop Bit (high)
Time

The module UART performs tasks, such as timing and parity checking, that are needed for data
communications. Serial communications depend on the two UARTs to be configured with cornpati-
ble settings (baud rate, parity, start bits, stop bits, data bits)

Both the module and host {PC) settings can be viewed and adjusted using MaxStream's propri-

etary X-CTU Software. Use the "PC Settings" tab to configure host settings. Use the "Terminal” or
"RF Module Configuration" tab to configure the module settings.

NOTE: Failure to enter AT Command Mode is most commonly due to baud rate mismatch. Ensure the
‘Baud’ setting on the “PC Settings” tab matches the interface datarate of the RF module {by default, BD
parameter = 3 {which is associated to 9600 bps)).

2005 MaxStream, Inc., Confidential & Proprietary - All Rights Reserved 7
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2.1.2. Flow Control

Figure 2-03. Intemal Data Flow Diagram

=}
o1 {——{ Transmitter
prSch
cTs

vee — Processor Antenna
— Port

Do RF RX i
Buffer |~ Buffer Recelver

DI (Data In) Buffer

When serial data enters the RF module through the DI pin (pin 3), the data is stored in the DI
Buffer until it can be processed.

Hardware Flow Control {CTS}. When the DI buffer is 17 bytes away from being full; by default,
the module de-asserts CTS (high) to signal to the host device to stop sending data [refer to D7
(DIO7 Configuration) parameter]. CTS is re-asserted after the DI Buffer has 34 bytes of memory
available.

How to eliminate the need for flow control:

1. Send messages that are smaller than the DI buffer size.

2. Interface ata lower baud rate [BD (Interface Data Rate) parameter] than the throughput
data rate.

Case in which the DI Buffer may become full and possibly overflow:

If the module is receiving a continuous stream of RF data, any serial data that arrives on the DI
pin is placed in the DI Buffer. The data in the DI buffer will be transmitted over-the-air when the
module is no longer receiving RF data in the network.

NOTE: CTS hardware flow control is not supported in this release (v1.06). Contact MaxStream support
to download firmware that supports this function.

DO {Data Out) Buffer

When RF data is received, the data enters the DO buffer and is sent out the serial port to a host
device. Once the DO Buffer reaches capacity, any additional incoming RF data is lost.

Hardware Flow Control (RTS)}. If RTS is enabled for flow control (D6 (DIO6 Configuration)
Parameter = 1), data will not be sent out the DO Buffer as long as RTS (pin 16) is de-asserted.

Two cases in which the DO Buffer may become full and possibly overflow:

1. If the RF data rate is set higher than the interface data rate of the module, the module will
receive data from the transmitting module faster than it can send the data to the host.

2. If the host does not allow the module to transmit data out from the DO buffer because of
being held off by hardware or software flow control.

NQOTE: RTS hardware flow control is not supported in this release (v1.06). Contact MaxStream support
to download firmware that supports this function.

© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved 3




XBee™ XBee-PRO OEM RF Modules — Product Manwal ©v1.06 [2005.10.28]

2.2. Modes of Operation

XBee/XBee-PRO RF Modules operate in five modes.

N
Figure 2-04. XBee/XBee-PRO RF Module “f Transmit \‘I
Modes of Operation || Mode
N
-

,_.I 4, \ - -
™ /
|' Sleep It / [

Mode |\
/7 \
\

Idle ‘I‘ | Receive
Mode /_,\MDGE )

[ command
| Mode |

v

2.2.1. Idle Mode

When not receiving or transmitting data, the RF module is in Idle Mode. The RF module shifts into
the other modes of operation under the following conditions:

* Transmit Mode: Serial data is received in the DI Buffer

= Receive Mode: valid RF data is received through the antenna

* Sleep Mode: Sleep Mode condition is met

* Command Mode: Command Mode Sequence is issued

2.2.2. Transmit & Receive Modes

Addressing

When communication occurs between two networked devices, each data packet contains a
<Source Address> and a < Destination Address> field. The XBee/XBee-PRO RF Module conforms
to the 802.15.4 specification and supports both short 16-bit addresses and long 64-bit addresses.
A unique 64-bit IEEE source address is assigned at the factory and can be read with the SL (Serial
Number Low) and SH (Serial Number High) parameters. Short addressing must be configured
manually. An RF module will use its unique 64-bit address as its Source Address if its MY value is
“0xFFFF” or "0xFFFE".

To send a packet to a specific RF module using 64-bit addressing, set the Destination Address (DL
+ DH) to match the Source Address (SL + SH) of the intended destination RF module. To send a
packet to a specific RF module using 16-bit addressing, set the DL {Destination Address Low)
parameter to the MY (Source Address) parameter and set the DH (Destination Address High)
parameter to 0",

Unicast Mode

Unicast Mode enables acknowledged communications. While in this mode, receiving modules send
an ACK (acknowledgement) of RF packet reception to the transmitter. If the transmitting module
does not receive the ACK, the transmitter will re-send the packet up to three times until the ACK is
received.

Unicast Mode is the only mode that supports retries.

Short 16-bit addresses. The module can be configured to use short 16-bit addresses as the
Source Address by setting (MY < OxFFFE). Setting the DH parameter (DH = 0) will configure the
Destination Address to be a short 16-bit address (if DL < 0xFFFE). For two modules to communi-
cate using short addressing, the Destination Address of the transmitter module must match the
MY parameter of the receiver.

© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved g
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The following table shows a sample network configuration that would enable Unicast Mode com-
munications using 16-bit short addresses.
Table 2-01.  Sample Unicast Configuration (using 16-bit addressing}

Parameter RF Module 1 RF Module 2
MY (Source Address) [iall 02
DH Destination Address High) 0 0
DL (Destination Address Low) Ox 001

Long 64-bit addresses. The RF module’s serial number (SL parameter concatenated to the SH
parameter) can be used as a 64-bit source address when the MY (16-bit Source Address) parame-
ter is disabled. When the MY parameter is disabled (set MY = 0xFFFF or OxFFFE), the module’s
source address is set to the 64-bit IEEE address stored in the SH and SL parameters.

Wwhen an End Device associates to a Coordinator, its MY parameter is set to OxFFFE to enable 64-
bit addressing. The 64-hit address of the module is stored as SH and SL parameters. To send a
packet to a specific module, the Destination Address (DL + DH) on one module must match the
Source Address (SL + SH) of the other.

Broadcast Mode

Any RF module will accept a packet that contains a broadcast address. When configured to operate
in Broadcast Mode, receiving modules do not send ACKs (Acknowledgements) and transmitting RF
modules do not automatically re-send packets as is the case in Unicast Mode.

To send a broadcast packet to all modules regardless of 16-bit or 64-bit addressing, set destina-
tion addresses of all the modules as shown below.

Sample Configuration (All modules in the network):
* DL (Destination Low Address) = 0x0000FFFF
* DH {Destination High Address) = 0x00000000

NOTE: When programming the module, parameters are entered in hexadecimal notation (without
the "0x” prefix). Leading zeros may be omitted.

© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved 10
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2.2.3. Sleep Mode

Sleep Modes enable the RF module to enter states of low-power consumption when not in use. In
order to enter Sleep Mode, one of the following conditions must be met (in addition to the module
having a non-zero SM parameter value):

* Sleep_RQ (pin 9) is asserted.

* The module is idle {no data transmission or reception) for the amount of time defined by the
ST (Time before Sleep) parameter. [NOTE: ST is only active when SM = 4-5.]

Table 2-02. Sleep Mode Configurations

Sleep Mode | Transition into Transition out of ch teristi Related Power
Setting Sleep Mode Sleep Mode (wake) aracteristics Commands | Consumption
" PinfHostcortrolled /
PS‘R/IHwaemale ASSEQH thigh) Sleep_RQ De-assert {low) Sleep_RQ | NonBeaconsystems| (SW) :1018 HA (@30
(EM=1) pin ) anly / Lowest Power )
PinfHostcortrolled /
Pin Doze Azsert thigh) Sleep_RQ . NonBeaconaystems
EM=2) (ping De-assert fowh Sleep RQ | Feciont Waked M <50uA
up
RF Module wakes in
Automatic transition to Transition occurs after the | pre-determined time
e Sles Sleep Mode as defined by | cyclic sleep time interval intervals to detect if <BO0UA
Sy!‘\c/l-d SP the SM (Sleep Mode) and | elapses. Thetime interval | RF data is present / | (5M, SP. ST h H |
BM=4-5) | oT Time before Sleep) | is defined by the SP (Cydlic | When SM =5, whenslesping
parameters Slesp Petiod) paramster | NonBeaconsystems
only

The SM command is central to setting Sleep Mode configurations. By default, Sleep Modes are dis-
abled (SM = 0) and the module remains in Idle/Receive Mode. When in this state, the module is
constanty ready to respond to serial or RF activity.

Pin/Host-controlled Sleep Modes

Pin Hibernate (SM = 1)
* Pin/Host-controlled
& Typical power-down current: < 10 pA (@3.0 VCC)

*« Wake-up time: 13.2 msec

Pin Hibernate Mode minimizes quiescent power (power consumed when in a state of rest or inac-
tivity). This mode is voltage level-activated; when Sleep_RQ is asserted, the module will finish any
transmit, receive or association activities, enter Idle Mode and then enter a state of sleep. The

module will not respond to either serial or RF activity while in pin sleep.

To wake a sleeping module operating in Pin Hibernate Mode, de-assert Sleep_RQ {pin 9). The
module will wake when Sleep_RQ is de-asserted and is ready to transmit or receive when the CTS

line is low.

Pin Doze (SM = 2)
* Pin/Host-controlled

* Typical power-down current: < 50 pA

* Wake-up time: 2 msec

Pin Doze Mode functions as does Pin Hibernate Mode; however, Pin Doze features faster wake-up
time and higher power consumption.

© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved
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Cyclic Sleep Modes

Cyclic Sleep Remote (SM = 4)

* Typical Power-down Current: <X 50 pA (when asleep)

* Wake-up time: 2 msec
The Cydlic Sleep Modes allow modules to periodically check for RF data. When the SM parameter is
set to ‘4, the module is configured to sleep, then wakes once a cycle to check for data from a
module configured as a Cyclic Sleep Coordinator (SM = 6). The Cyclic Sleep Remote sends a poll
request to the coordinator at a specific interval set by the SP (Cyclic Sleep Period) parameter. The
coordinator will transmit any queued data addressed to that specific remote upon receiving the
poll request. If no data is queued for the remote, the coordinator will not transmit and the remote
will return to sleep for another cycle. If queued data is transmitted back to the remote, it will stay
awake to allow for back and forth communication until the ST (Time before Sleep) timer expires.

Also note that CTS will go low each time the remote wakes, allowing for communication iniiated
by the remote host if desired.

Cyclic Sleep Remote with Pin Wake-up (SM = 5)

Use this mode to wake a sleeping remote module through either the RF interface or by the de-
assertion of Sleep_RQ for event-driven communications. The cyclic sleep mode works as described
above (Cyclic Sleep Remote) with the addition of a pin-controlled wake-up at the remote module.
The module will wake quickly when a low is detected and set CTS low as soon as it is ready to
transmit or receive. Any activity will reset the ST (Time before Sleep) timer so the module will go
back to sleep only after Sleep_RQ is asserted and there is no activity for the duration of the timer.

© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved 12
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2.2.4. Command Mode

To modify or read RF Module parameters, the module must first enter into Command Mode - a
state in which incoming characters are interpreted as commands. Two command modes are sup-
ported: AT Command Mode and ATI Command Mode.

A robust set of AT Commands is available for programming and customizing the module.

AT Command Mode

To Enter AT Command Mode:

Send the 3-character command sequence “+++" and observe guard times before and after the
command characters. [Refer to the “Default AT Command Mode Sequence” below.]

Default AT Command Mode Sequence (for transition to Command Mode):

* Mo characters sent for one second [GT (Guard Times) parameter = 0x3E8]

e Input three plus characters (*++-+") within one second [CC {(Command Sequence Character)
parameter = 0x2B.]

# No characters sent for one second [GT (Guard Times) parameter = 0x3E8]
All of the parameter values in the sequence can be modified to reflect user preferences.

To Send AT Commands:

Send AT commands and parameters using the syntax shown below.

Figure 2-05. Syntax for sending AT Commands

"AT" ASCII + Space + Parameter + Carriage
Prefix Command (Optional) (Optional, HEX) Return

Example: ATDL 1F<CR>

Toread a parameter value stored in the RF module’s register, leave the parameter field blank.

The preceding example would change the RF module Destination Address (Low) to “0x1F”. To
store the new value to non-volatile (long term) memory, subsequently send the WR (Write) com-
mand.

For modified parameter values to persist in the module’s registry, changes must be saved to non-
volatile memory using the WR (Write) Command. Otherwise, parameters are restored to previ-
ously saved values after the module is powered off and then on again (or re-booted).

System Response. When a command is sent to the RF module, the module will parse and exe-
cute the command. Upon successful execution of a command, the module returns an *OK” mes-
sage. If execution of a command results in an error, the module returns an *ERROR” message.
To Exit AT Command Mode:

1. Send ATCHN (Exit Command Mode) Command.
[OR]

2. If no valid AT Commands are received within the time specified by CT (Command Mode
Timeout) Command, the RF module automatically returns to Idle Mode.

For an example of programming the RF module using AT Commands and descriptions of each config-
urable parameter, refer to the "RF Module Configuration” chapter [p14].

© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved 13
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3. RF Module Configuration

3.1. Programming the RF Module

Refer to the *Command Mode” section [p13] for more information about entering Command Mode,
sending AT commands and exiting Command Mode.

3.1.1. Pregramming Examples

Setup

The programming examples in this secbon require the installation of MaxStream's X-CTU Soft-
ware and a serial connection to a PC. (MaxStream stocks RS-232 and USB boards to facilitate
interfacing to a PC.)

1. Install MaxStream's X-CTU Software to a PC by double-clicking the "setup_X-CTU.exe" file.
(The file is located on the MaxStream CD and under the 'Software' section of the following
web page: www.maxstream.net/helpdesk/download.php)

2.  Mount the RF module to an interface board, then connect the module assembly to a PC.

3. Launch the X-CTU Software and select the 'PC Settings' tab. Verify the baud and parity set-
tings of the Com Port match those of the RF module.

MOTE: Failure to enter AT Cormmand Mode is most commonly due to baud rate mismatch.

Ensure the ‘Baud’ setting on the *PC Settings’ tab matches the interface data rate of the RF mod-

ule (by default, BD parameter = 3 (which corresponds to 9600 bps)).

Sample Configuration: Modify RF Module Destination Address

Example: Utilize the 'Terminal' tab of the X-CTU Software to change the RF module's DL (Desti-
nation Address Low) parameter and save the new address to non-volatile memory.

After establishing a serial connection between the RF module and a PC [refer to the 'Setup' sec-
tion above], select the ‘Terminal’ tab of the X-CTU Software and enter the following command
lines (*CR’ stands for carriage return):

Method 1 (One line per command)

Send AT Command System Response

+++ OK <CR> (Enter into Command Mode)

ATDL <Enter:> {current value} <CR> (Read Destination Address Low)
ATDL1AOD <Enter> OK <CR> (Modify Destination Address Low)

ATWR <Enter> OK <CR> (Write to non-volatile memory)

ATCHN <Enter> OK <CR> (Exit Command Mode)

Method 2 (Multiple commands on one line)

Send AT Command System Response
+++ OK <CR> (Enter into Command Mode)
ATDL <Enter: {current value} <CR> (Read Destination Address Low)

ATDL1AOD,WR,CN <Enter: OK <CR> (Execute commands)

Sample Configuration: Restore RF Module Defaults

Example: Utilize the 'Modem Configuration' tab of the X-CTU Software to restore default param-
eter values of the RF module.

After establishing a connection between the RF module and a PC [refer to the 'Setup' section
above], select the 'Modem Configuration' tab of the X-CTU Software.

1. Select the 'Read' button.
2. Select the 'Restore’ button.

© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved 14
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3.1.2. Command Reference Tables

Table 3-01. XBee/XBee-PRO Commands (RF modiles expect numerical valies in hexadecimal. Hexadecimal valies are designated by the
i prefix. Decimal equivalents are designated by the “d” suffix.)

& CenET Name and Description Parameter Range Default
Command | Category
Interface Data Rate. Set/Read the seral interface data rate for communicatiors -7
BD Genal Interfecing between the RF module seral port and host {custom rates also supported) 3
AT Command Command Sequence Character. SelRead the ASCIl character value o be used 028
ce WMode Cnliors between Guard Times of the AT Command Mode Sequence (GT+CC+GT). The AT 0-0xFF P+ ASCIN
P Command Mode Sequence enters the RF module to AT Command Mode.
cH Networking & Channel SetRead the channel number used for trarsmitting and receiving between | 0608 - B A (XBee) 003G (124)
Secunty RF modules. Uses 802154 protocol channel numbers 0:0C - 0x18 (<Bee-PRO)
AT Command - y
CN Mode Optiors Exit Command Mode. Explicithy exit AT Command Mode. - -
AT Command Command Mode Timeout. Set/Read the period of inactivity o valid commeands
CcT received) afterwhich the RF module automatically exits AT Command Mode and 2 - IFFFF [ 100 ms] G4 (100d)
IMode Options
returns to ldle Mode
Received Signal Strength. Read signal level [in dB] of l2st good packel received
DB Diagnastics (R381). Absolute value is reported. (For example: BG8 = -88 dBm) Reportedvalue is | O - 0xB4 [read-only] -
accurate between -40 dBm and RX sensitivity.
Destination Address High. SetRead the upper 32 bits of the 64-bit destination
Networking address. When combinedwith DL, it defines the destination address used for
bH & Security transmiszion To transmit Lsing & 16-bit address, set DH parameterto zero and DL less 0 - OFFFFFFFF o
than OxFFFF. 0x000000000000FFFF is the broadesst address Tor the PAN,
Destination Address Low. Set/Readthe lower 32 bits of the 84-bit destination
oL Networking & address. Whencombined with DH, DL defines the destination address usedfor 0 - OFFFFFEFF a
Secunty trarsmission. To transmit Lsing & 16-bit address, set DH parameterto zero and DL less
than OxFFRF. 0x000000000000FFFF is the broadeast address for the PAN,
AT Command Guard Times Set required penod of silenze before and after the Command Sequence O3ES
GT WMide 0ol Characters of the AT Gommand Mode Sequenze (GT+ GG + GT). The period of silence | 002 - OxFFFF [x 1 ms] 1000d
© Upliors i3 uzed to prewent inadvertent entrance into AT Command Made { )
D Networking & PAN ID. Set/Read the PAN Personal Area Network) 10. WFFFF 3332
Secunty OxFFFF indicates a message for all PANS. (131064
Networking & 16-bit Source Address. SetRead the RF module 16-bit sounce address. Set MY =
MY Secunty OxFFFF to disable reception of packets with 16-bit addresses 64-bitsource address | 0 - OxFFFF 1]
(serial number) and broadeast address (Ox000000000000FFFF) is ahwens enabled
PO Diagnestics PWMO Configurations. Select/Read function for PWD 0-1 1
PL RF Interfacing Power Level. Select/Read power level at which the RF module transmits 0-4 4
RE Bpecial Restore Defaults. Restore RF module paramefers fo factory defaults. Follow with WR R
P command to save values to norrvolatile memory,
Networking & Random Delay Slots. SetReadthe minimum value of the back-off exponert inthe
RN Seauty 9 CShA-CA algorithm that is used for collision avoidance. If RN = 0, collision avoidance | 0-3 o]
is disabled during the first iteration of the algorithm S02.15.4 - macMinBE)
Packetization Timeout SetRead number of character times of inter-character delay
RO Seral Interfzzing | required before traremission. Set to zero totranemit characters as they arrive instead of | 0 - 0xFF [x character times] 3
buffering them into one RF packet
RSSIPWM Timer. Enable & PWM (pulse width modulation) output fon pin3 of the RF
AP Diagnastics modules) which shows RX signal strength 0= OxFF pe 100 ma] D5 (el
Serial Number High. Read high 32 bits of the RF module's urique |EEE &4-bit ~ g
SH Diagnestics adldress. 64-bil soue adcress is dlways enabled 0 - OxFFFFFFFF [readronly] | Factory-set
Serial Number Low. Read low 32 bits of the RF module's unique IEEE 64-bit address
SL Diagnostics G4rbil seurce address is always enabled 0 - OxFFFFFFFF [read-only] Factory-set
Sleep
M Low Power) Sleep Mode. SelRead Sleep Mode corfigurations. -5 0]
Sleep Cyclic Sleep Period. SetRead sleep period for cyelic sleeping remotes. Medmurm ~
50 {Low Power) sleep period is 268 seconds E3E0) DX01 - 0650 p A0 m5] DG4 (1004
Time before Sleep. Sel/Read time period of inactivity (no serial or RF data is sert or
Slesp received) before adtivating Sleep Mode. The ST parameter is only valid with Cyclic 001388
ST LowPowsr | Sleep selings (SM- 4-8). Sel ST on Cyclic Slsep Coorcinalorla malch Cydlic Slesp | 01~ OXFFFF D1 el {50000)
Remotes
VR Diagnoestics Fimware Version. Read firmware version of the RF module 0 - OxFFFF [read-only] Factory-set
wa (S pecial) Write. Write parameter values 1o RF module's non-volatile memorny sothat R
P modifications persist through subsequent power-up or resst
© 2005 MaxStream, Inc., Confidential & Proprietary - Al Righta Reserved 15
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1 Introduction

. —

Scope: This Command Set document along with the RN-21/41 (class 1), RN22/24 (class 2),
and the FireFiy™ evaluation board are created to enable developers and integrators an
opportunity to create wireless networks using Bfuetooth technology. The goal is to make the
transition to Biietooth wireless networks as seamless and easy as possible. This document will
explain how to establish Befootf communications between Bluetooth enabled devices for

data applications.

Background: The FireFiy evaluation board is designed to accommodate the Class1 Biuetooth
radio modem serial modules with 2.4GHz RF ceramic chip antenna or external SMA antenna
Jack. The RN-21, RN-22, and RN-41 modules are Bfuetooth ver. 2.0 compliant. The
evaluation board enables a stable platform environment to test serial RS-232 cable
replacement over Bluetooth RF links before going directly to an embedded printed circuit board
design and layout.

Commands: This document describes the protocol used to control and configure RN->CK
Bluetooth Serial Modules. The protocol is similar to the industry standard Hayes AT protocol
used in telephone modems due to the fact that both types of devices are connection oriented.
Appropriate commands have been provided to make the module perform the two core actions
of a Bluetooth device, which is make/break connections and Inquiry. Additional commands are
also provided to perform otherfunctions. The RN->XX serial radio modems can be configured,
commanded, and controlled through simple ASCII strings through the hardware serial UART or
over a remote Bluetooth RF connection .

Applications: The FireFly and RN-24 evaluation boards ¢an be used for both embedded and
PC product applications. The FireFiy has RS-232, DB-9 and 0-3.3Vdc direct UART interfaces
to the module. RN-24 has thru hole pins on pin-strip headers, 12 General Pumpose 3.3Volt
inputfoutput pins (P10’s) available for use. Both modules have the ability to control power to the
module, and reset to factory defaults.

Pico-Nets: For applications that require more than point-to-point (2) devices communicating
simultaneously — this is called a pico-net. These applications require one of the Blsetooth
devices to manage all the network connections. The easiest implementation is using a
Personal Computer (PC) that manages this activity with MS Windows Bfuefootf stack software
and USB Bluetootf Communicator plugged into the PC (see figure below).
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Making a Connection

FireFiy shows up under Service discovery defaulted as Serial Port Profile (SPP) Service “SPP
on FireFly-5302", where SPP is the service name and RN-5302 is the local device name. The
local device name can be changed, and defaults from the factory to the last 2 bytes of the
Bluetooth address.

To connect to FireFiy , browse for services, you should see: “SPP”as the Profile. FireFly and
will be connected to a Virtual COM port on PCs, Palm Pilot’s, PocketPCs, or other clients.

Once connected, data will flow in both directions in regular data mode as if the serial port were
locally attached. Commands to the device can be sent by a remote RF Bluetootf device or on
the local UART hardware connection (if not connected over Bluetooth) by typing “$$$” (three
dollar signs) FireFiy is a Class1 Bluetooth device with high power transceiver (100meters/330
feef) actual range may vary due to environment or type of client device used to connect to
FireFiy.

NOTE: Only one client can make connection to FireFfy slave at atime, and there is a limit of 7 simultaneous
communicating devices in a Bluefooth pico-net network. As a master, it is possible to make multiple connections
from FireFly, hutonly in a point-to-point, serialized mode. At this time Roving Networks firmware does not
support multipoint master mode.
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2. Modes of Operation

- —

0- Slave mode — This is the default mode, whereby other Bluetooth devices can discover and
connect to the device. Outbound connections can also be made in this mode.

1- Master Mode - This mode is useful when the device only wants to initiate connections (not
receive them). In this mode the device will NOT be discoverable or connectable.

2- Trigger Master Mode - In this mode, the device will automatically connect to the pre
configured remote slave address when a character (or characters( are received on the local
UART. Connection will continue until a configurable idle timer (1 to 255 seconds) determines
that no more data is being received, or a configurable BREAK character is seen.

3-Auto-connect Master Mode- This mode can be set by command, or by sensing of Switch 3
during powerup on the FireFly.(PIO6 high on the module). If this mode is set, the device will
initiate a connection to the pre-stored remote address immediately upon power up. If no
address is stored, an inquiry process will be attempted and the first device found that matches
the COD will be stored. Inthis mode, data is passed without being interpreted by the Blueport
(high speed), hence the connection cannot be broken via command. If disconnect occurs, the
device will attempt to re-connect until successful.

4-Auto-connect DTR Mode- This mode must be set by command. This mode operates like
mode 3 Auto-Connect, except that the connection and disconnection are controlled by Switch 3
on the FireFly.(PIO6 on the module). Setting the Switch ON/PIO6 high will initiate auto-
connect process, and OFF/PIO6 low will cause a disconnect.

5-Auto-connect ANY Mode- This mode must be set by command. This mode operates like
mode 4 DTR mode, except that each time the Switch/PIO is set, an inquiry is performed and
the first device found is connected. The stored address is NOT used, and the found address is
never stored.
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3. Configuration

Command Mode (vs Normal Data mode)- Upon powerup, the device will be in datamode. To enter
command mode, The characters "$$$" must be sent. The device will respond with "CMD". To exit
command mode, send "-—<cr=". The device will respond with "END".

Parameters, such as the Bluetootf Name, Class of Device and Serial Port settings can be viewed and
configured. This can be done locally through the serial port UART or from a remote Blvefooth RF link.
To access configuration, the device must be in command mode by issuing ($3%). While in command
mode, the device will accept ASCII bytes as commands.

3.1 LOCAL CONFIGURATION (via serial port)

Use a nomal RS-232 pass through cable from PC passing ASCII characters through the terminal to the
FireFly. The communications settings should match the settings used when FireFly connects, for
example: the default is 115,200bps, 8 bits, No Parity, 1 stop bit, and hardware flow control enabled.
Local configuration works at any time when the device does NOT have a Bluetooth connection, and also
works under certain conditions when the device is connected (see the table below). [fthe deviceisin
configuration mode and a connection occurs, the device will exit configuration mode, and data will pass
back and forth from the remote device.

Run your favorite terminal emulator, HyperTerminal or other program. Type “$$$” on your screen. You
should see "CMD" retumed to you. This will verify that your cable and comm. settings are comect. Valid
commands will retum an "AOK", response, and invalid ones will return "ERR . Commands that are not
recognized will retum a "?”.

To exit command mode, type “-=“<cr>. {three minus signs).

NOTET : You can enter command mode focally over the senal port at any time when not connected.
Once a connection is made, you can only enter command mode i the config imer has not expired.
To enable continuous configuration, set the config timer fo 255. Also, I the device is in Aulo Master
mode 3, you wilf NOT be able to enter command mode when connected over Bluetooth.

3.2 REMOTE CONFIGURATION (via Bluetooth)

It is often useful to be able to perform configuration remotely over a Bluetooth connection. To do this,
connect to the device over Bluetooth, and using your terminal emulator, perform the same steps as you
would for local configuration above. Wvhen finished configuring, be sure to either reset the device, or
Send the "—-"command, which will exit configuration mode and allow data to pass nomally.

NOTE 2 You can only enter command mode remotely over Bluetooth if you have made a connection
and sent the 388 within the "config imer' window affer powerup. This can be modified, the default
confiy timer expires 60 seconds after powerup.  Once the timer has expired, any data sent fo the device
will pass unmodified and unrecognized by the command inferpreter.  The timer can be set fo any value
from O (disable remote configuration) to 255 decimal , which alfows continuous (no timeout)
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configuration.  WARNING. Configuration (focal or remote) is NEVER enabled when the device is in
auto-mode and is connected over Bluetooth.

CONFIG TIMER settings

WVALUE ESCRIFTTON
(decimal)
0 o remote config, No local config when connected
1-252 ime in seconds from powerup to allow config
253 IContinous config LOCAL only
254 IContiuous config, REMOTE anly
200 IContinous config, both LOCAL and REMOTE

3.3 Using the PIO pins/DIP switches to perform quick configuration

Function DIF Switch PIO (modules) settings
(adapters)
Factory Reset 1 FIO 4 OFF (0V) = disabled, ON (3V) = ARMED
Auto Discovery/Pairing | 2 P03 OFF{?%} = disabled, O %X) = enabled
{Auto- Connect 3 FIO b OFF = disabled, = enabled
Baudrate 4 FIO ¢ OFF(UV) = stored setting (T15K), ON(3V)= Y00

Factory Reset- Setthis switch/PIO on powerup. This amms the reset function. Then toggle the
switch/PIO 3 times and all settings in the device (other than the Bluetooth name) will retum to defaults.

Auto Discovery/Pairing Mode - Used with Switch3/PIOB. If Switch3/PI06 also set,, the device will
perform a device Inquiry Scan, searching for a partner Device with a special matching class, {x5544)
and once found, store the address of such device into the remote address field, and then auto-connect
to the remote device. |If Switch3/PIO6 is NOT set, the device will enter slave mode with the special
matching class, waiting to be found by the master. This mode is usually set once on both ends of a pair
of devices, for instant "cable replacement”, and then removed.

Auto Conned mode —This is equivalent to auto-master mode 3 in software. The device will connect to
the stored address. |f Switch2/PIO3 is also set, new discovery/pairing can be made, see above.

Baud Rate select - used to configure 9600 or software selected (default=115K ) baudrate. Ifthe switch
1s OFF, the stored baudrate setting will be used. When the switch is in the ON position, the baudrate will
be set to 9600 regardless of the software setting.

NOTE:  Tor the purnose of configuration above, the swithestO pins are sampled ONLY af power up
time, (during the first 500mitliseconds) so they can be used for other functions once the device is in
operation.  The exceptlion is the factory reset switch/PIO, which once enabled, can be foggled at any
fime after powerup, a total of 3 transitions will cause the factory reset fo occur.
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S Command Quick Reference
SET COMMANDS FACTORY SETTING
57,<1,0= - 7 bit data mode enable/disable O=disabled
SA<1,0= - Authentication enable/disable (0= disabled
SB,<timer> - Send BREAK Not Applicable
SC,<hex word> - Service Class 0x0000= unknown
SD,=hex word= - Device Class Ox1F0C0=undefined
SE,<1,0= - Encryption enable/disable O=disabled
SE1 - Factory Defaults
SL<hex word> - Inquiry Scan window 0x0200
SJ<hex word> -Page Scanwindow 0x0200
SL,<E,ON=> - Parity N=None
SM,<0,1,2,3,4,5>= - Mode ((=Slave, l=mstr,2=trig, 3=auto, 4=DTR, 5=ANT) (=Slave
SN, <text= - Name FireFly -soom
S0, <text> - Connect/Disconnect Status String NULL=no status string
SP,=<text= -Pin Code 1234
SR, <adr= - Remote Address (SR,Z to remove) NONE SET
S8, <text= - Service Name SPP
ST, <num=> - Config Timer 60 seconds
SU, <rate> - Baudrate 115K
SW,<hex> - SNIFF rate Ox0000=disabled
SX <1,0= - Bonding C=disabled
S~ =0-3= - Profile setting 0=SFP, 1=DCE, 2=DTE, 3=MDM  0=35FP
SZ,<num>= - Raw Baudrate
57,<0,1= - Enable /Disable Role Switch O=disabled

GET, DISPLAY COMMANDS

D - Basic Settings

E - Extended Settings
(0] - Other Settings
G=X>= - Stored setting

H - Help

GB - BT Address

GK - Connection Status
G& -I/O Ports

v - Finmware version
ACTION COMMANDS
C,=address>

- Connect, optional address, if no address, use stored remote address.

CT<address=<t>- Connect, required address, optional disconnect timer in ¥4 seconds.

F1 - Enter Fast data mode, end configuration immediate.

I <time=>,<cod> - Device Scan Inquiry, time in seconds, optional cod = class of device filter, O=all

IN<time>,<cod>- Device Scan Inquiry, returns NAMEs.
IS<time>

- Device Scan Inquiry, fixed cod=0x001F00 to find Roving devices.
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IR<time> - Device Scan Inquiry, fixed cod =0x0055AA to find instant cable pairs.
K, - Kill (disconnect) from current connection

Q - Tum off Discovery and Connectability

R, - Reboot

T.=01= - Pass receive data (from vart or BT) while in command mode.

U, <rate><E,ON= - Termp Uart Change

& - retum the value of the DIP Switches

W - Re-enable Discovery and Connectability.

Z - Enter low power Sleep mode
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6 Factory Default Power up Settings

Bluetooth Service Profile = Serial Port Profile (SPP)

Device Mode =0 (Slave)

Baud Rate = 115200bps,Parity=None, Data bits = 8 bits(fixed), Stop bits 1 (fixed).
Power Mode = Auto lowpower discoverable mode

Name of Device (local name) = FireFIy-ABCD last 2 bytes of BT address
Service Name = SPP

Service Class=0000 (undefined service type)

Major & Minor Class Of Device (COD) = 0x1F00 {(unknown device type)
Authentication Disabled

Encryption Disabled

Discovery Enabled (0x0200 = windowl, fixed interval of 0x800= 1.28 Seconds)
Connection Enabled (0x0200=window, fixed interval of 0x800 = 1.28Seconds)
Bonding Disabled

Config Timer=60 seconds

SNIFF mode disabled

Default PIN =“1234"

Note: PIO(4) Switch 1, Set ON at power up time, and then toggled 3 times will change all
settings above back to their factory values. (except the Device name). Device will reboot
immediately upon detection of this mode.
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7 Design Concerns

- —

7.1 Hardware signals and Power

1. RESET circuit. RNA41 contains a 1k pullup to VCC, the polarity of reset on the RN41 is
ACTIVE LOW. RN21/22 contain a 1k pulldown, and the reset polarity is ACTIVE HIGH.

A power on reset circuit with delay is OPTIONAL on the reset pin of the module. It shoud only
be required if the input power supply has a very slow ramp, or tends to bounce or have
instability on power up. Often a microcontroller or embedded CPU IO is available to generate
reset once power is stable. If not, there are many low cost power supervisor chips available,
such as MCP310T, MCP102/121, and Torex XC61F.

2. Factory reset PiO4. |t is a good idea to connect this pin to a switch, or jumper, or resistor,
soit canbe accessed. This pin can be used to reset the module to FACTORY DEFAULTS
and is often critical in situations where the module has been mis-configured.

3. CONNECTION status. PIO5 is available to drive an LED, and blinks at various speeds to
indicate status. PIO2 is an output which directly reflects the connection state, it goes HIGH
when connected, and LOW otherwise.

4. Using SPI bus for flash upgrade. While not required, this bus is very useful for configuring
advanced parameters of the Bluetooth modules, and is required for upgrading the firmware on
modules. The suggested ref-design shows a 6pin header which can be implemented to gain
access to this bus. A minimum-mode version could just use the SPI signals (4pins) and pickup
ground and VCC from elsewhere on the design.

Important Notes:

Placing 3.3Vdc into the P1O’s while they are set as outputs will permanently damage the
radio modules. The failure mode is short across GND and VCC. Use a 10KO resistor in
series or a 10KO pull up resistor for input and output PIO’s respectively.

o Make sure to connect a common ground when using the external TX, RX inputs on the
0—3.3Vdc.

e Fora 3 wire DB-9 interface (tx, rx, gnd only) connect/short CTS to RTS, Factory default
is hardware flow control enabled CTS and RTS connected.

e WWhen using a 5.0Vdc Input, PIO’s require a 10K ohm series resistor. PIO’s are 0-3.3Vdc
not 5 volt tolerant.

o A null modem adapter is required to make a direct connection to a PC serial port.

Power Terminals for Evaluation Board

Inputs on P1 power connector ¢can be 4.5VDC to 11.0¥DC. There is internal regulation down
to 3.3VDC for all circuitry. Worst case power draw for the board is 100ma when the Bfuetooth
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radiof/modem connection is established and transmitting. Power can be as low as 1ma to 25ma
average whenthe Bluetooth radio/modem is not connected depending on parameter settings.

Hardware Communications Connections for Modules and Eval Board

Radio TX = RX of the application Micro Controller Unit (MCU)
Radio RX € TX of the application Micro Controller Unit (MCU)
Radio RTS = CTS of the application Micro Controller Unit (MCU)
Radio CTS < RTS of the application Micro Controller Unit (MCU)

LEDs
MODE GREEN LED blink rate
Configuring 10 times per second
Startup/Config Timer 2 times per second
Discoverablednquiringddle Once per second
Connected Solid ON
The LED blinks whendata is transferred on either the RX or TX pins of the DB9 serial

port. Itis a physical monitor of the actual voltage, and is not driven by software in the module.
7.2 Latency vs. throughput and packetization

The firmware automatically must make decisions on when to forward receive data coming into
the Uart RX input out the RF link. The default mode is to optimize for throughput. In some
cases, especially with smaller close spaced incoming data packets, the data can get split, with
partial packet forwarded and other data coming later. Unfortunately, Bluetooth has algorithms
that can cause significant latency between packets ( > 10ms) at certain times. Ifthe host
protocol expects data to come as contiguous bursts and has short timeouts, this can cause
errors. There is another method of optimization, which will force the radio to attempt to keep
small bursts of data together. This is termed optimize for latency. To enable this mode, there
is a special debug command. The command is “SQ,16”. This sets the latency bit in the
firmware. To disable this mode. Use the command“SQ,0”. The value of the register can be
read with the “GQ” command, and will read back as HEX, even though it is set as decimal.

7.3 Limitations of using 7 Bit data mode
Roving Networks firmware supports selectable 7 bit data mode, using the “S7,1” command.

Unfortunately the Bluetooth hardware does not support 7 bit data, so this function is
accomplished in the firmware application. While completely functional, the performance in 7 bit
mode is less than ideal, because software emulation is required to make this work. Hence,
there is a noticeable latency and character per second processing limit in this mode.
Therefore it is not recommended that this mode be used if the desired serial baudrate is greater
than 9600 baud.
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18F4520

MICROCHIP

PIC18F2420/2520/4420/4520

28/40/44-Pin Enhanced Flash Microcontrollers with
10-Bit A/D and nanoWatt Technology

Power-Managed Modes:

Run: CPU on, Peripherals on

Idle: CPU off, Peripherals on

Sleep: CPU off, Peripherals off

Idle mode Currents Down to 5.8 pA Typical
Sleep mode Current Down to 0.1 nA Typical
Timer1 Oscillator: 1.8 A, 32 kHz, 2V
Watchdog Timer: 2.1 pnA

Two-Speed Oscillator Start-up

Peripheral Highlights:

High-Current Sink/Source 25 mA/25 mA

Three Programmable External Interrupts

Four Input Change Interrupts

Up to 2 Capture/Compare/PWM (CCP) modules,

one with Auto-Shutdown (28-pin devices)

Enhanced Capture/Compare/PWM (ECCP)

module (40/44-pin devices only):

- One, two or four PWM outputs

- Selectable polarity

- Programmable dead time

- Auto-shutdown and auto-restart

Master Synchronous Serial Port (MSSP) module

supporting 3-Wire SPI (all 4 modes) and |2cm™

Master and Slave modes

Enhanced Addressable USART module:

- Supports RS-485, RS-232 and LIN 1.2

- RS-232 operation using internal oscillator
block (no external crystal required)

- Auto-wake-up on Start bit

- Auto-Baud Detect

10-Bit, up to 13-Channel Analog-to-Digital (A/D)

Converter module:

- Auto-acquisition capability

- Conversion available during Sleep

Dual Analog Comparators with Input Multiplexing

Flexible Oscillator Structure:

Four Crystal modes, up to 40 MHz

4x Phase Lock Loop (available for crystal and

internal oscillators)

Two External RC modes, up to 4 MHz

Two External Clock modes, up to 40 MHz

Internal Oscillator Block:

- 8 user-selectable frequencies, from 31 kHz to
8 MHz

- Provides a complete range of clock speeds
from 31 kHz to 32 MHz when used with PLL

- User-tunable to compensate for frequency drift

Secondary Oscillator using Timer1 @ 32 kHz

Fail-Safe Clock Monitor:

- Allows for safe shutdown if peripheral clock stops

Special Microcontroller Features:

« C Compiler Optimized Architecture:

- Optional extended instruction set designed to
optimize re-entrant code

100,000 Erase/Write Cycle Enhanced Flash

Program Memory Typical

1,000,000 Erase/Write Cycle Data EEPROM

Memory Typical

Flash/Data EEPROM Retention: 100 Years Typical

Self-Programmable under Software Control

Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier

Extended Watchdog Timer (WDT):

- Programmable period from 4 ms to 131s

Single-Supply 5V In-Circuit Serial

Programming™ (ICSP™) via Two Pins

In-Circuit Debug (ICD) via Two Pins

Wide Operating Voltage Range: 2.0V to 5.5V

Programmable 16-Level High/Low-Voltage

Detection (HLVD) module:

- Supports interrupt on High/Low-Voltage
Detection

Programmable Brown-out Reset (BOR)

- With software enable option

© 2007 Microchip Technology Inc.
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Program Memory Data Memory y CCP/ MSSP =
10-Bit < Timers
Device Flash |# Single-Word | SRAM | EEPROM | /O ECCP Master| » | Comp. )
A/D (ch) sl |M 9 8/16-Bit
(bytes) | Instructions |(bytes)| (bytes) (PWM) 12c™ [}
PIC18F2420 16K 8192 768 256 25 10 2/0 Y ¥ 1 2 13
PIC18F2520 32K 16384 1536 256 25 10 2/0 ¥: Y 1 2 13
PIC18F4420 16K 8192 768 256 36 13 17 Y Y 1 2 13
PIC18F4520 32K 16384 1536 256 36 13 n Y Y 1 2 113

DS39631D-page 2
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Pin Diagrams

28-Pin SPDIP, SOIC

MCLRNVPF/RES —[]°1 7 28] <—= RB7/KBI3/PGD
RAO/ANO =—=[] 2 27[] < RB6//KBI2/PGC
RA1/ANT =—=[] 3 26[] < RBS5/KBI1/PGM
RAZAN2VREF-/CVRer =[] 4 25[ ] <= RB4/KBIO/AN11
RA3/AN3NReF+ =[] 5 8 g 24[] <« RB3/ANS/CCP2("
RA4/TOCKI/C10UT =[] 6 < o 23[] = RB2/INT2/AN8
RAS/AN4/SSHLVDIN/C20UT =[] 7 & 22[7] = RB1/INT1/AN10
5 =l -
Vss O s ® o 21[] RBO/INTO/FLTO/AN12
OSC1/CLKI/RA7 =[] 9 00 20[] =—voo
OSC2/CLKO/RAG =—[] 10 oo 19[] =— vss
RCO/T10SO/T13CKI =[] 11 18[] =—= RC7/RX/DT
RCi/T108lCCp2!Y) -—e[]12 17| = RCBTX/CK
RC2/CCP1 =—[]13 16[_] <—= RC5/SDO
RC3/SCK/SCL =[] 14 15[ ] <—= RC4/SDI/SDA
" e -
28-Pin QFN ggggg
o i08=%
22 203z
SL|EXX Xy
S |ANS 8
é < |0 mmao o
ElESxewoo
28272625242322
RA2/AN2/VREF-/CVREF w—s- | 1 @ 21 < RB3/ANg/CCP2(
RAJ/ANSNREE+ a—s | 2 20| == RB2/INT2/ANS
_RA4/TOCKICIOUT = | 3 P|C18F2420 191 <—= RB1/INT1/AN10
RAS/AN4/SSHLVDIN/C20UT w—» |4 pic1gF2520 18] <—= RBO/INTOFLTO/AN12
V55— | 5 171 =— VoD
OSC1/CLKI/RA7 —»- | 6 16 -— Vss
OSC2/CLKO/RAG w— | 7 15| <— RC7/RX/DT
8 91011121314
Ze T <O ¢
SREBE8S
FTOQV=5
£E0R062G65
=002z §
Baza3z® e
09 o
EE ®
30
g
40-Pin PDIP ___
MCLRVP#/RE3 —=[] 1 U/ 40 [1 =—» RB7/KBI3/PGD
RAO/ANO w—[] 2 39 [] -«— RB6/KBI2/PGC
RA1/AN1 =+—[]3 38 [] «— RBS/KBI/PGM
RA2/AN2NVREF-/CVREF a—m] 4 37 [1 =— RB4/KBIO/AN11
RAJ/ANINREF+ a—[] 5 36 [1 «— RB3/ANg/CCP2()
_RA4/TOCKICIOUT =—=[] 6 35 [] «—= RB2/INT2/ANS
RA5/AN4/SSHLVDIN/C20UT =—= [] 7 34 [J «— RB1/INT1/AN10
REO/RD/ANS «—=[] 8 <] 33 [] =— RBO/INTO/FLTO/AN12
RE1/WR/ANG <—=[]9 3 3 32 gc—Vmg
RE2/CS/AN7 =——s[f10 31 [0 =—Vss
VoD ——a ] 1 o 30 [1 =— RD7/PSP7/P1D
Vss — 12 00 29 [] «— RD6/PSP6/P1C
OSCI/CLKIRA7 «——w-[{ 13 g & 28 [] «— RD5/PSP5/P1B
OSC2/CLKO/RAE <—[] 14 27 [] «<— RD4/PSP4
RCO/T10SO/M13CKI w—[] 15 26 [] «— RC7T/RX/DT
RC1T10SVCCP2Y w—w[] 16 25 [1 =— RCB/TX/CK
RC2/CCPI/PIA w—w] 17 24 [1 +— RC5/SDO
RC3/SCK/SCL =—[] 18 23 [1 «— RC4/SDUSDA
RDO/PSPO «—»[] 19 221 -—» RD3/PSP3
RD1/PSP1 «— [] 20 21 [1 «— RD2/PSP2
Note 1: RB3 is the alternate pin for CCP2 multiplexing.
© 2007 Microchip Technology Inc. Preliminary DS39631D-page 3
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Pin Diagrams (Cont.’d)

44-pin TQFP %
2 358
x 9 D=
Sa2easesad
twm&&ﬁ&on
CHITAN-O® A=
883888838C0
e oo
3 ON-ON® I O©W 3
RCTRXDT =—>Cxd1 0 0 Tsam N
RD4/PSP4 < 2 32[IJ<— RCO/T10SOM13CKI
RD5/PSP5/P1B <+ 3 3110 <= OSC2/CLKO/RA6
RD6/PSPE/P1C <+ 4 30fI3 =—= OSC1/CLKIRA7
RD7/PSP7/P1D =I5  PIC18F4420 ggg*— xss
Sg — <-— VoD __
Vop — 3 PIC18F4520  57b < RE2TSANT
RBO/INTO/FLTO/AN12 *— 8 26 E‘—’ SE(‘I)%V_[I;?//:L\I:
RB1/INT1/AN10 <+ 9 25 > ANS
RB2/INT2/ANS <*—»- 10 24110 «— RA5/AN4/SSHLVDIN/C20UT
RB3/ANS/CCP2(1) <—a 11 cpsvervogy m2311:l¢—> RA4/TOCKIC10UT
el ool SR
00= OOMO = u +
222386 vzz E I
é&%ﬁaa:Qg
SEassSIEy
YXX¥E i E
E e g 3
oo 0 alo
o XS z B4
2
g L3P
s oafk
N3 Dea 8
Col228zRvad
oo
= RODVGHHHOO~2
44-pin QFN ggegeiiacis
00000080000
XX o oo o
RC7/RX/DT <—e .1 HAFEISEHRE §§:13 <— OSC2/CLKO/RA6
RD4/PSP4 < 2 32| +—= OSC1/CLKI/RA7
RD5/PSP5/P1B <—| 3 31— Vss
RD6/PSPE/P1C <) 4 304 +— Vss
RD7/PSP7/I:/1D -5 PIC18F4420 gg -— ¥DD
55—l g ~-~— VoD __
voio —s)7  PIC18F4520  ;7{<— RE2TS/ANT
Voo —=) 8 26| <+ RE1/NR/ANS
RBO/INTO/FLTO/AN12 <—§ 9 25| =+—> REO/RD/ANS
RB1/INT1/AN10 «—= | 10 24| <+ RA5/AN4/SS/HLVDIN/C20UT
RB2/INT2/AN8 «—sJ 11 coswermags 52123 ~—» RA4/TOCKI/C1OUT
e - NN
co-=0amMes it
WZz000O vz g i}
& LL885553E
§ 5=9883%8%3
s oolBe>x i
XXX ¥ £
Z IB8E|S <
< Faooalo 2
8 xxcxs L
- g
o
Note 1: RB3is the alternate pin for CCP2 multiplexing.
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9.0 INTERRUPTS

The PIC18F2420/2520/4420/4520 devices have
multiple interrupt sources and an interrupt priority
feature that allows most interrupt sources to be
assigned a high-priority level or a low-priority level. The
high-priority interrupt vector is at 0008h and the low-
priority interrupt vector is at 0018h. High-priority
interrupt events will interrupt any low-priority interrupts
that may be in progress.

There are ten registers which are used to control
interrupt operation. These registers are:

+ RCON

« INTCON

INTCON2

INTCONS3

PIR1, PIR2

PIE1, PIE2

IPR1, IPR2

It is recommended that the Microchip header files sup-
plied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

In general, interrupt sources have three bits to control
their operation. They are:

« Flag bit to indicate that an interrupt event
occurred

Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts
globally. Setting the GIEH bit INTCON<7>) enables all
interrupts that have the priority bit set (high priority).
Setting the GIEL bit (INTCON<6>) enables all
interrupts that have the priority bit cleared (low priority).
When the interrupt flag, enable bit and appropriate
global interrupt enable bit are set, the interrupt will vec-
tor immediately to address 0008h or 0018h, depending
on the priority bit setting. Individual interrupts can be
disabled through their corresponding enable bits.

When the IPEN bit is cleared (default state), the
interrupt priority feature is disabled and interrupts are
compatible with PIC® mid-range devices. In Compati-
bility mode, the interrupt priority bits for each source
have no effect. INTCON<6> is the PEIE bit, which
enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
0008h in Compatibility mode.

When an interrupt is responded to, the global interrupt
enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High-priority interrupt sources can interrupt a low-
priority interrupt. Low-priority interrupts are not
processed while high-priority interrupts are in progress.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address (0008h
or 0018h). Once in the Interrupt Service Routine, the
source(s) of the interrupt can be determined by polling
the interrupt flag bits. The interrupt flag bits must be
cleared in software before re-enabling interrupts to
avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INTx pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do notuse the MOVEF instruction to modify
any of the interrupt control registers while
any interrupt is enabled. Doing so may

cause erratic microcontroller behavior.

© 2007 Microchip Technology Inc.
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9.1 INTCON Registers Note: Interrupt flag bits are set when an interrupt
The INTCON registers are readable and writable ,‘;‘s)"d't'on oocgrs, rega;:“ezist()fﬂt]: staltebo:
registers, which contain various enable, priority and 115 coffesponding Enabiesblk O globa
fla% bits. e d enable bit. User software should ensure

the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.

REGISTER 9-1:  INTCON: INTERRUPT CONTROL REGISTER

R/AW-0 R/W-0 R/W-0 R/W-0 RAW-0 R/W-0 R/W-0 R/W-x

GIE/GIEH | PEIE/GIEL | TMROIE INTOIE RBIE TMROIF INTOIF RBIF(
bit 7 bit 0
Legend:
R = Readable bit W = Wrritable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 GIE/GIEH: Global Interrupt Enable bit

When IPEN = 0:

1 = Enables all unmasked interrupts
0 = Disables all interrupts
When IPEN = 1:
1 = Enables all high-priority interrupts
0 = Disables all interrupts
bit 6 PEIE/GIEL: Peripheral Interrupt Enable bit
When IPEN = 0:
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
When IPEN = 1:
1 = Enables all low-priority peripheral interrupts
0 = Disables all low-priority peripheral interrupts
bit 5 TMROIE: TMRO Overflow Interrupt Enable bit
1 = Enables the TMRO overflow interrupt
0 = Disables the TMRO overflow interrupt
bit 4 INTOIE: INTO External Interrupt Enable bit
1 = Enables the INTO external interrupt
0 = Disables the INTO external interrupt
bit 3 RBIE: RB Port Change Interrupt Enable bit
1 = Enables the RB port change interrupt
0 = Disables the RB port change interrupt
bit 2 TMROIF: TMRO Overflow Interrupt Flag bit
1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow
bit 1 INTOIF: INTO External Interrupt Flag bit
1 =The INTO external interrupt occurred (must be cleared in software)
0 = The INTO external interrupt did not occur
bit 0 RBIF: RB Port Change Interrupt Flag bit(!)
1 = At least one of the RB7:RB4 pins changed state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed state

Note 1: A mismatch condition will continue to set this bit. Reading PORTB will end the mismatch condition and
allow the bit to be cleared.

© 2007 Microchip Technology Inc. Preliminary DS39631D-page 93
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REGISTER 9-2:  INTCON2: INTERRUPT CONTROL REGISTER 2

R/W-1 R/W-1 R/W-1 R/W-1 U-0 R/W-1 U-0 R/W-1
RBPU INTEDGO INTEDG1 INTEDG2 — TMROIP — RBIP
bit 7 bit O
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 RBPU: PORTB Pull-up Enable bit

1= All PORTB pull-ups are disabled
0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDGO: External Interrupt O Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 5 INTEDG1: External Interrupt 1 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge
bit 4 INTEDG2: External Interrupt 2 Edge Select bit
1 = Interrupt on rising edge
0 = Interrupt on falling edge

bit 3 Unimplemented: Read as ‘0’
bit 2 TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 Unimplemented: Read as ‘0’
bit 0 RBIP: RB Port Change Interrupt Priority bit
1 = High priority
0 = Low priority

Note:  Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the global enable bit. User software should ensure the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature allows for software polling.
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REGISTER 9-3:  INTCONS3: INTERRUPT CONTROL REGISTER 3

RAWV-1 R/W-1 u-0 R/W-0 R/W-0 uU-0 R/W-0 R/W-0
INT2IP INT1IP — INT2IE INT1IE —_ INT2IF INT1IF
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 INT2IP: INT2 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 INT1IP: INT1 External Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 Unimplemented: Read as ‘0’
bit 4 INT2IE: INT2 External Interrupt Enable bit

1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt
bit 3 INT1IE: INT1 External Interrupt Enable bit
1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt
bit 2 Unimplemented: Read as ‘0’
bit 1 INT2IF: INT2 External Interrupt Flag bit
1 = The INT2 external interrupt occurred (must be cleared in software)
0 = The INT2 external interrupt did not occur
bit 0 INT1IF: INT1 External Interrupt Flag bit

1 = The INT1 external interrupt occurred (must be cleared in software)
0 = The INT1 external interrupt did not occur

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state of its corresponding
enable bit or the global enable bit. User software should ensure the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature allows for software polling.

© 2007 Microchip Technology Inc. Preliminary DS39631D-page 95

77



PIC18F2420/2520/4420/4520

9.2 PIR Registers Note 1: Interrupt flag bits are set when an interrupt

The PIR registers contain the individual flag bits for the condition oceurs, regardless of the state of

peripheral interrupts. Due to the number of peripheral its corresponding enable bit or the Global
interrupt sources, there are two Peripheral Interrupt Interrupt Enable bit, GIE (INTCON<7>).
Request Flag registers (PIR1 and PIR2). 2: User software should ensure the appropri-
ate interrupt flag bits are cleared prior to
enabling an interrupt and after servicing
that interrupt.

REGISTER 9-4:  PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

R/W-0 R/W-0 R-0 R-0 R/AW-0 R/W-0 R/W-0 R/W-0
pspPIF() ADIF RCIF TXIF | SSPIF | CCP1IF | TMR2IF TMR1IF
bit 7 bit O

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0'

-n = Value at POR ‘1" = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 PSPIF: Parallel Slave Port Read/Write Interrupt Flag bit("

1= Aread or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

bit 6 ADIF: A/D Converter Interrupt Flag bit

1= An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete

bit 5 RCIF: EUSART Receive Interrupt Flag bit

1 = The EUSART receive buffer, RCREG, is full (cleared when RCREG is read)
0 = The EUSART receive buffer is empty

bit 4 TXIF: EUSART Transmit Interrupt Flag bit

1 = The EUSART transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The EUSART transmit buffer is full

bit 3 SSPIF: Master Synchronous Serial Port Interrupt Flag bit

1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

bit 2 CCP1IF: CCP1 Interrupt Flag bit

1= ATMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred

Compare mode:
1= ATMRA1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

Unused in this mode.
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: This bit is unimplemented on 28-pin devices and will read as ‘0’.
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REGISTER 9-5:  PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 R/W-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
oscFF | cmF |  — | EEF | BcuF | HwDIF | TMR3F | ccpaF
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock operating
bit 6 CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: Data EEPROM/Flash Write Operation Interrupt Flag bit
1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1= A bus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit
1 = A high/low-voltage condition occurred (direction determined by VDIRMAG bit, HLVDCON<7>)
0 = A high/low-voltage condition has not occurred
bit 1 TMRS3IF: TMR3 Overflow Interrupt Flag bit
1 = TMRS3 register overflowed (must be cleared in software)
0 = TMR3 register did not overflow
bit 0 CCP2IF: CCP2 Interrupt Flag bit

1= ATMR1 register capture occurred (must be cleared in software)

0= No TMR1 register capture occurred

Compare mode:

1= ATMR1 register compare match occurred (must be cleared in software)
0= No TMR1 register compare match occurred

PWM mode:

Unused in this mode.
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9.2 PIR Registers Note 1: Interrupt flag bits are set when an interrupt

The PIR registers contain the individual flag bits for the condition occurs, regardless of the state of

peripheral interrupts. Due to the number of peripheral its corresponding enable bit or the Global
interrupt sources, there are two Peripheral Interrupt Interrupt Enable bit, GIE (INTCON<7>).
Request Flag registers (PIR1 and PIR2). 2: User software should ensure the appropri-
ate interrupt flag bits are cleared prior to
enabling an interrupt and after servicing
that interrupt.

REGISTER 9-4:  PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

RAW-0 R/W-0 R-0 R-0 RIW-0 R/W-0 RIW-0 RIW-0
psPIF® [ aDF | RoF | TXF | ssPF | ccPiF [ TMR2F [ TMRIIF
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared x = Bit is unknown
bit 7 PSPIF: Parallel Slave Port Read/Mrite Interrupt Flag bit{

1 = Aread or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

bit 6 ADIF: A/D Converter Interrupt Flag bit
1 = An A/D conversion completed (must be cleared in software)
0 = The A/D conversion is not complete
bit 5 RCIF: EUSART Receive Interrupt Flag bit
1 = The EUSART receive buffer, RCREG, is full (cleared when RCREG is read)
0 = The EUSART receive buffer is empty

bit 4 TXIF: EUSART Transmit Interrupt Flag bit

1 = The EUSART transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The EUSART transmit buffer is full

bit 3 SSPIF: Master Synchronous Serial Port Interrupt Flag bit
1 = The transmission/reception is complete (must be cleared in software)
0 = Waiting to transmit/receive

bit 2 CCP1IF: CCP1 Interrupt Flag bit

Capture mode:
1= ATMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred

Compare mode:
1= ATMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

Unused in this mode.
bit 1 TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)
0 = No TMR2 to PR2 match occurred

bit 0 TMR1IF: TMR1 Overflow Interrupt Flag bit

1 = TMR1 register overflowed (must be cleared in software)
0 = TMR1 register did not overflow

Note 1: This bit is unimplemented on 28-pin devices and will read as '0’.
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REGISTER 9-5:  PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

R/W-0 R/W-0 uU-0 RW-0 R/W-0 R/W-0 R/W-0 RW-0
OSCFIF | CMIF — | EeeF [ BecuF | HWDIF | TMR3F [ ccPaF
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 OSCFIF: Oscillator Fail Interrupt Flag bit

1 = Device oscillator failed, clock input has changed to INTOSC (must be cleared in software)
0 = Device clock operating
bit 6 CMIF: Comparator Interrupt Flag bit
1 = Comparator input has changed (must be cleared in software)
0 = Comparator input has not changed
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIF: Data EEPROM/Flash Write Operation Interrupt Flag bit
1 = The write operation is complete (must be cleared in software)
0 = The write operation is not complete or has not been started
bit 3 BCLIF: Bus Collision Interrupt Flag bit
1= Abus collision occurred (must be cleared in software)
0 = No bus collision occurred
bit 2 HLVDIF: High/Low-Voltage Detect Interrupt Flag bit
1 = A high/low-voltage condition occurred (direction determined by VDIRMAG bit, HLVDCON<7>)
0 = A high/low-voltage condition has not occurred
bit 1 TMRS3IF: TMR3 Overflow Interrupt Flag bit
1 = TMRS3 register overflowed (must be cleared in software)
0 = TMRS3 register did not overflow
bit 0 CCP2IF: CCP2 Interrupt Flag bit

1= ATMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:

1= ATMR1 register compare match occurred (must be cleared in software)
0= No TMR1 register compare match occurred

PWM mode:

Unused in this mode.
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9.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of periph-
eral interrupt sources, there are two Peripheral Interrupt
Enable registers (PIE1 and PIE2). When IPEN = 0, the
PEIE bit must be set to enable any of these peripheral
interrupts.

REGISTER 9-6:  PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 R/W-0 RIW-0 RAW-0 RIW-0 RIW-0 RIW-0 R/W-0
psPE® | ADE | RCE | TXE | ssPE | ccPlE [ TMR2AE | TMRIE
bit 7 bit 0

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 PSPIE: Parallel Slave Port ReadMVrite Interrupt Enable bit(!)

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt
bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt
bit 5 RCIE: EUSART Receive Interrupt Enable bit
1 = Enables the EUSART receive interrupt
0 = Disables the EUSART receive interrupt
bit 4 TXIE: EUSART Transmit Interrupt Enable bit
1 = Enables the EUSART transmit interrupt
0 = Disables the EUSART transmit interrupt
bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt
bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt
0 = Disables the TMR2 to PR2 match interrupt
bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit
1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: This bit is unimplemented on 28-pin devices and will read as ‘0’.
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REGISTER 9-7:  PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

R/W-0 R/W-0 U-0 R/W-0 RAW-0 R/W-0 R/W-0 R/W-0
oscFE | cME | — | EEE | BCLE [ HWDE | TMR3IE CCP2IE
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0" = Bit is cleared X = Bit is unknown
bit 7 OSCFIE: Oscillator Fail Interrupt Enable bit
1= Enabled
0 = Disabled
bit 6 CMIE: Comparator Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIE: Data EEPROM/Flash Write Operation Interrupt Enable bit
1 = Enabled
0 = Disabled
bit 3 BCLIE: Bus Collision Interrupt Enable bit
1= Enabled
0 = Disabled
bit 2 HLVDIE: High/Low-Voltage Detect Interrupt Enable bit
1= Enabled
0 = Disabled
bit 1 TMRS3IE: TMR3 Overflow Interrupt Enable bit
1= Enabled
0 = Disabled
bit 0 CCP2IE: CCP2 Interrupt Enable bit
1= Enabled
0 = Disabled
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9.4 IPR Registers

The IPR registers contain the individual priority bits for
the peripheral interrupts. Due to the number of periph-
eral interrupt sources, there are two Peripheral Interrupt
Priority registers (IPR1 and IPR2). Using the priority bits
requires that the Interrupt Priority Enable (IPEN) bit be
set.

REGISTER 9-8: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1

R/AW-1 R/W-1 RAW-1 R/W-1 R/AW-1 R/W-1 R/W-1 R/W-1
pspip™) ADIP RCIP TXIP SSPIP CCP1IP TMR2IP TMR1IP
bit 7 bit O
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 PSPIP: Parallel Slave Port ReadMirite Interrupt Priority bit(!)
1 = High priority
0 = Low priority
bit 6 ADIP: A/D Converter Interrupt Priority bit
1 = High priority
0= Low priority
bit 5 RCIP: EUSART Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TXIP: EUSART Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCP1IP: CCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

Note 1: This bit is unimplemented on 28-pin devices and will read as ‘0’
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REGISTER 9-9:  IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

RAW-1 R/W-1 u-0 R/W-1 RAW-1 R/W-1 R/W-1 R/W-1
oscFiP | omp | — | Eer | BcuP | HwDP | TMR3P [ ccpaP
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7 OSCFIP: Oscillator Fail Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 CMIP: Comparator Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 Unimplemented: Read as ‘0’
bit 4 EEIP: Data EEPROM/Flash Write Operation Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 BCLIP: Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 HLVDIP: High/Low-Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 CCP2IP: CCP2 Interrupt Priority bit
1 = High priority
0= Low priority
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9.5 RCON Register The operation of the SBOREN bit and the Reset flag
bits is discussed in more detail in Section 4.1 “RCON

The RCON register contains flag bits which are used to Register”.

determine the cause of the last Reset or wake-up from
Idle or Sleep modes. RCON also contains the IPEN bit
which enables interrupt priorities.

REGISTER 9-10: RCON: RESET CONTROL REGISTER

RAW-0 RW-1(M u-0 RW-1 R-1 R-1 Rw-0(" R/W-0
IPEN SBOREN — RI TO PD POR BOR
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
bit 7 IPEN: Interrupt Priority Enable bit

1 = Enable priority levels on interrupts
0 = Disable priority levels on interrupts (PIC16CXXX Compatibility mode)

bit 6 SBOREN: Software BOR Enable bit(!)

For details of bit operation, see Register 4-1.
bit 5 Unimplemented: Read as ‘0’
bit 4 RI: RESET Instruction Flag bit

For details of bit operation, see Register 4-1.
bit 3 TO: Watchdog Timer Time-out Flag bit

For details of bit operation, see Register 4-1.
bit 2 PD: Power-Down Detection Flag bit

For details of bit operation, see Register 4-1.
bit 1 POR: Power-on Reset Status bit(!

For details of bit operation, see Register 4-1.
bit 0 BOR: Brown-out Reset Status bit

For details of bit operation, see Register 4-1.

Note 1: Actual Reset values are determined by device configuration and the nature of the device Reset. See
Register 4-1 for additional information.
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9.6 INTx Pin Interrupts

External interrupts on the RBO/INTO, RB1/INT1 and
RB2/INT2 pins are edge-triggered. If the corresponding
INTEDGXx bit in the INTCON2 register is set (= 1), the
interrupt is triggered by a rising edge; if the bit is clear,
the trigger is on the falling edge. When a valid edge
appears on the RBx/INTx pin, the corresponding flag
bit, INTxIF, is set. This interrupt can be disabled by
clearing the corresponding enable bit, INTXIE. Flag bit,
INTxIF, must be cleared in software in the Interrupt
Service Routine before re-enabling the interrupt.

All external interrupts (INTO, INT1 and INT2) can wake-
up the processor from Idle or Sleep modes if bit INTXIE
was set prior to going into those modes. If the Global
Interrupt Enable bit, GIE, is set, the processor will
branch to the interrupt vector following wake-up.
Interrupt priority for INT1 and INT2 is determined by the
value contained in the interrupt priority bits, INT1IP
(INTCON3<6>) and INT2IP (INTCON3<7>). There
is no priority bit associated with INTO. It is always a
high-priority interrupt source.

9.7 TMRO Interrupt

In 8-bit mode (which is the default), an overflow in the
TMRO register (FFh — 00h) will set flag bit, TMROIF. In
16-bit mode, an overflow in the TMROH: TMROL regis-
ter pair (FFFFh — 0000h) will set TMROIF. The interrupt
can be enabled/disabled by setting/clearing enable bit,
TMROIE (INTCON<5=), Interrupt priority for TimerO is
determined by the value contained in the interrupt
priority bit, TMROIP (INTCON2<2>). See Section 11.0
“Timer0 Module” for further details on the TimerO
module.

9.8 PORTB Interrupt-on-Change

An input change on PORTB<7:4> sets flag bit, RBIF
(INTCON=0=). The interrupt can be enabled/disabled
by setting/clearing enable bit, RBIE (INTCON<3>).
Interrupt priority for PORTB interrupt-on-change is
determined by the value contained in the interrupt
priority bit, RBIP (INTCON2<0>).

9.9 Context Saving During Interrupts

During interrupts, the return PC address is saved on
the stack. Additionally, the WREG, STATUS and BSR
registers are saved on the Fast Return Stack. If a fast
return from interrupt is not used (see Section 5.3
“Data Memory Organization”), the user may need to
save the WREG, STATUS and BSR registers on entry
to the Interrupt Service Routine. Depending on the
user's application, other registers may also need to be
saved. Example 9-1 saves and restores the WREG,
STATUS and BSR registers during an Interrupt Service
Routine.

EXAMPLE 9-1: SAVING STATUS, WREG AND BSR REGISTERS IN RAM
MOVWF W_TEMP ; W_TEMP is in virtual bank
MOVEF STATUS, STATUS_TEMP i STATUS_TEMP located anywhere
MOVFF BSR, BSR_TEMP ; BSR_TMEP located anywhere

; USER ISR CODE

i
MOVEF BSR_TEMP, BSR

; Restore BSR
MOVF W_TEMP, W ; Restore WREG
MOVFEF STATUS_TEMP, STATUS ; Restore STATUS
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18.0 ENHANCED UNIVERSAL
SYNCHRONOUS RECEIVER
TRANSMITTER (EUSART)

The Enhanced Universal Synchronous Asynchronous
Receiver Transmitter (EUSART) module is one of the
two serial I/O modules. (Generically, the USART is also
known as a Serial Communications Interface or SCI.)
The EUSART can be configured as a full-duplex
asynchronous system that can communicate with
peripheral devices, such as CRT terminals and
personal computers. It can also be configured as a half-
duplex, synchronous system that can communicate
with peripheral devices, such as A/D or D/A integrated
circuits, serial EEPROMSs, etc.

The Enhanced USART module implements additional
features, including automatic baud rate detection and
calibration, automatic wake-up on Sync Break recep-
tion and 12-bit Break character transmit. These make it
ideally suited for use in Local Interconnect Network bus
(LIN bus) systems.

The EUSART can be configured in the following
modes:

« Asynchronous (full duplex) with:

- Auto-wake-up on character reception

- Auto-baud calibration

- 12-bit Break character transmission

Synchronous — Master (half duplex) with

selectable clock polarity

Synchronous — Slave (half duplex) with selectable
clock polarity

The pins of the Enhanced USART are multiplexed
with  PORTC. In order to configure RC6/TX/CK and
RC7/RX/DT as an EUSART:

* bit SPEN (RCSTA<7>) must be set (= 1)

* bit TRISC<7> must be set (= 1)
* bit TRISC<6> must be set (= 1)

Note: The EUSART control will automatically

reconfigure the pin from input to output as
needed.

The operation of the Enhanced USART module is
controlled through three registers:

* Transmit Status and Control (TXSTA)

* Receive Status and Control (RCSTA)

* Baud Rate Control (BAUDCON)

These are detailed on the following pages in

Register 18-1, Register 18-2 and Register 18-3,
respectively.
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18.1  Baud Rate Generator (BRG)

The BRG is a dedicated, 8-bit or 16-bit generator that
supports both the Asynchronous and Synchronous
modes of the EUSART. By default, the BRG operates
in 8-bit mode; setting the BRG16 bit (BAUDCON=<3>)
selects 16-bit mode.

The SPBRGH:SPBRG register pair controls the period
of a free-running timer. In Asynchronous mode, bits,
BRGH (TXSTA<2>) and BRG16 (BAUDCON<3>), also
control the baud rate. In Synchronous mode, BRGH is
ignored. Table 18-1 shows the formula for computation
of the baud rate for different EUSART modes which
only apply in Master mode (internally generated clock).

Given the desired baud rate and FOSC, the nearest
integer value for the SPBRGH:SPBRG registers can be
calculated using the formulas in Table 18-1. From this,
the error in baud rate can be determined. An example
calculation is shown in Example 18-1. Typical baud
rates and error values for the various Asynchronous
modes are shown in Table18-2. It may be

TABLE 18-1: BAUD RATE FORMULAS

advantageous to use the high baud rate (BRGH = 1) or
the 16-bit BRG to reduce the baud rate error, or
achieve a slow baud rate for a fast oscillator frequency.

Writing a new value to the SPBRGH:SPBRG registers
causes the BRG timer to be reset (or cleared). This
ensures the BRG does not wait for a timer overflow
before outputting the new baud rate.

18.1.1 OPERATION IN POWER-MANAGED
MODES

The device clock is used to generate the desired baud
rate. When one of the power-managed modes is
entered, the new clock source may be operating at a
different frequency. This may require an adjustment to
the value in the SPBRG register pair.

18.1.2  SAMPLING

The data on the RX pin is sampled three times by a
majority detect circuit to determine if a high or a low
level is present at the RX pin.

Configuration Bits

BRG/EUSART Mode

Baud Rate Formula

SYNC BRG16 BRGH
0 0 0 8-Bit/Asynchronous Fosc/[64 (n + 1))
0 0 1 8-Bit/Asynchronous
‘ : Lad) FosC/[16 (n + 1)]
16-Bit/Asynchronous

0 1 0
1

1 16-Bit/Asynchronous

1 0 b:d

8-Bit/Synchronous

Fosc/[4 (n + 1)]

1 6 pid

16-Bit/Synchronous

Legend: x==Don’tcare, n =value of SPBRGH:SPBRG register pair
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EXAMPLE 18-1:

CALCULATING BAUD RATE ERROR

= Fosc/(64 ([SPBRGH:SPBRG] + 1))

For a device with Fosc of 16 MHz, desired baud rate of 9600, Asynchronous mode, 8-bit BRG:
Desired Baud Rate
Solving for SPBRGH:SPBRG:

X = ((Fosc/Desired Baud Rate)/64) — 1
= ((16000000/9600)/64) — 1
= [25.042]=25
Calculated Baud Rate = 16000000/(64 (25 + 1))
= 9615
Error = (Calculated Baud Rate — Desired Baud Rate)/Desired Baud Rate
= (9615 —9600)/9600 =0.16%
TABLE 18-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Name | Bit7 | Bité | Bits5 | Bit4 | Bit3 | Bit2 | Bit1 | Bito | Resetvalues
on page
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH | TRMT | TX9D 51
RCSTA SPEN RX9 SREN CREN | ADDEN | FERR | OERR | RX9D 51
BAUDCON | ABDOVF | RCIDL | RXDTP | TXCKP | BRG16 — WUE | ABDEN 51
SPBRGH |EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — = unimplemented, read as '0’. Shaded cells are not used by the BRG.
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TABLE 18-3: BAUD RATES FOR ASYNCHRONOUS MODES
SYNC = 0, BRGH =0, BRG16 = 0
i’;:g Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual 8 SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Eitor Value Rate Error: Value Rate Eirat Value Rate Error Value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 — - - - - — — - - — - -
1.2 — = = 1.221 173 255 1202  0.16 129 1201 -0.16 103
24 2.441 173 255 2.404 0.16 129 2.404 0.16 64 2.403 -0.16 51
9.6 9.615 0.16 64 9.766 173 31 9.766 1.73 15 9.615 -0.16 12
19.2 19.531 173 31 19.531 173 15 19.531 1.73 —_ —_ —_
57.6 56.818 -1.36 10 62.500 8.51 4 52.083 -9.58 2 —_ —_ —
115.2 | 125.000 8.51 4 104.167 -9.58 2 78125 -32.18 1 —_ —_ —_
SYNC =0, BRGH = 0, BRG16 = 0
?&gg Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual i SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error Value Rate Error Value Rate Error Value
(K) (decimal) (K) (decimal) (K) (decimal)
03 0.300 0.16 207 0.300 -0.16 103 0.300 -0.16 51
1.2 1.202 0.16 51 1.201 -0.16 25 1.201 -0.16 12
24 2.404 0.16 25 2.403 -0.16 12 - —_ -
96 8.929 -6.99 6 _ —_ - —_ —_ _
19.2 20.833 8.51 2 _ —_ _ _ —_ _
576 62.500 8.51 0 - —_ —_ —_ —_ —_
115.2 | 62.500 -4575 0 —_ — —_ —_ —_ —_
SYNC = 0, BRGH =1, BRG16 = 0
?R‘I\\lTjED Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc =10.000 MHz Fosc = 8.000 MHz
(K) Actual § SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error Value Rate Error Value Rate Efror Value Rate Error Value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
03 2 - i o pum = o o= — = = =
4.2 - = == = — — = = - — — -
24 — — - — — — 2.441 1.73 255 2403 -0.16 207
96 9.766 173 255 9.615 0.16 129 9.615 0.16 64 9615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19230 -0.16 25
576 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55.555 3.55 8
115.2 | 113.636 -1.36 21 113.636 -1.36 10 125.000 8.51 4 — — —
SYNC =0, BRGH =1, BRG16 =0
BR‘:#g Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual o SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error Value Rate Error Value Rate Error Value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 - - - - - - 0300 -0.16 207
12 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
24 2.404 0.16 103 2.403 -0.16 51 2,403 -0.16 25
9.6 9.615 0.16 25 9.615 -0.16 12 —_ _ —_
19.2 19.231 0.16 12 — — —_ — —_ —
57.6 62.500 8.51 3 —_ —_ —_ _ _ —_
115.2 | 125.000 8.51 1 —_ — —_ —_ —_ —
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TABLE 18-3: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH =0, BRG16 =1
i:gg Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc = 10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error Value Rate Error Value Rate Error Value Rate Ber Value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
03 0.300 0.00 8332 0.300 0.02 4165 0.300 0.02 2082 0.300 -0.04 1665
1.2 1.200 0.02 2082 1.200 -0.03 1041 1.200 -0.03 520 1.201 -0.16 415
24 2.402 0.06 1040 2.399 -0.03 520 2.404 0.16 259 2.403 -0.16 207
96 9.615 0.16 259 9.615 0.16 129 9.615 0.16 64 9.615 -0.16 51
19.2 19.231 0.16 129 19.231 0.16 64 19.531 1.73 31 19.230 -0.16 25
576 58.140 0.94 42 56.818 -1.36 21 56.818 -1.36 10 55.555 3.55 8
115.2 | 113636 -1.36 21 113.636 -1.36 10 125.000 8.51 4 —_ —_ —_
SYNC =0, BRGH =0, BRG16 =1
zﬁgg Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error Value Rate Error Value Rate Error Value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0300  0.04 832 0300 -0.16 415 0300 -0.16 207
1.2 1.202 0.16 207 1.201 -0.16 103 1.201 -0.16 51
24 2.404 0.16 103 2.403 -0.16 51 2.403 -0.16 25
96 9.615 0.16 25 9.615 -0.16 12 — — —
19.2 19.231 0.16 12 — - — — - —
576 62.500 8.51 3 — — — — — —
115.2 | 125.000 8.51 1 — — — — — —
SYNC =0, BRGH =1, BRG16 =1 or SYNC =1, BRG16=1
:::: Fosc = 40.000 MHz Fosc = 20.000 MHz Fosc =10.000 MHz Fosc = 8.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Eivoi Value Rate Error Value Rate Eivai Value Rate Ereor Value
(K) (decimal) (K) (decimal) (K) (decimal) (K) (decimal)
0.3 0300 000 33332 | 0300 000 16665 | 0300 000 8332 | 0300 -0.01 6665
12 1.200 0.00 8332 1.200 0.02 4165 1.200 0.02 2082 1200  -0.04 1665
2.4 2.400 0.02 4165 2.400 0.02 2082 2.402 0.06 1040 2400  -0.04 832
9.6 9.606 0.06 1040 9596  -0.03 520 9.615 0.16 259 9615  -0.16 207
19.2 19193  -0.03 520 19.231 0.16 259 19.231 0.16 129 19230 -0.16 103
576 57.803 035 172 57.471 -0.22 86 58.140 0.94 42 57.142 0.79 34
115.2 | 114943 -0.22 86 116.279  0.94 42 113.636 -1.36 21 117.647 -2.12 16
SYNC =0, BRGH =1, BRG16 =1 or SYNC=1, BRG16 =1
‘;:32 Fosc = 4.000 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
(K) Actual % SPBRG | Actual % SPBRG | Actual % SPBRG
Rate Error Value Rate Error Value Rate Error Value
(K) (decimal) (K) (decimal) (K) (decimal)
0.3 0300  0.01 3332 | 0300 -004 1665 | 0300 -0.04 832
1.2 1.200 0.04 832 1.201 -0.16 415 1.201 -0.16 207
24 2.404 0.16 415 2.403 -0.16 207 2.403 -0.16 103
96 9.615 0.16 103 9.615 -0.16 51 9.615 -0.16 25
19:2 19.231 0.16 51 19.230 -0.16 25 19230 -0.16 12
576 58.824 212 16 55.555 3.55 8 — — —
115.2 | 1111411 -355 8 — — — — — —
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FIGURE 18-4: ASYNCHRONOUS TRANSMISSION

Write to TXREG Il o35
Word 1

J
BRG Output
(Shift Clock) _l_|:_!_|_l_|_!_\_l_55_l_|_[_!_[_|_l_
TX (pin) it ) _ ' :
N Startbit B0 X bit1_X__§§ W BB Jstwpbit
;i o

'
TXIF bit ;e Word 1 g
(Transmit Buffer - -1 TCv C i
Reg. Empty Flag) U DT 0
'
I
y Word 1 —— H
TRMT bit it Shi '
(Transmit Shif Transmit Shift Reg i
Reg. Empty Flag) —| cc

JJ

FIGURE 18-5: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)

Write to TXREG ! n cc
Word 1 Word 2 pB]
BRG Output : !
@hirclogky —  L— LT L1 1 ¢ r—1 1 1 r 1. 1 1. __
' '
TX (pin) (Il i
I v N\Zebit < Bi0 bit 1 - Sop it \Start bit B0
el '
TXIEbit _ 1 TCT = - s Word 1 = | ' Word 2
(Interrupt Reg. Flag) .
T = 1TTeY 2 II
Word 1 —s Word 2
TRMT bit Transmit Shift Reg. e
(Transmit Shift Transmit Shift Reg.
Reg. Empty Flag) ] J(J(

Note: This timing diagram shows two consecutive transmissions.

TABLE 18-5: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

Reset
Name Bit 7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit0 Values
on page
INTCON GIE/GIEH [PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
PIR1 pspPIF™ ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 52
PIE1 psPIE( ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 52
IPR1 pspIp ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
TXREG EUSART Transmit Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP | BRG16 — WUE ABDEN 51
SPBRGH EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — = unimplemented locations read as ‘0’. Shaded cells are not used for asynchronous transmission.
Note 1: Reserved in 28-pin devices; always maintain these bits clear.
DS39631D-page 212 Preliminary ® 2007 Microchip Technology Inc.
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18.22  EUSART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 18-6.

The data is received on the RX pin and drives the data

recovery block. The data recovery block is actually a

high-speed shifter operating at x16 times the baud rate,

whereas the main receive serial shifter operates at the
bit rate or at Fosc. This mode would typically be used
in RS-232 systems.

To set up an Asynchronous Reception:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing

bit, SYNC, and setting bit, SPEN.

If interrupts are desired, set enable bit, RCIE.

If 9-bit reception is desired, set bit, RX9.

Enable the reception by setting bit, CREN.

Flag bit, RCIF, will be set when reception is

complete and an interrupt will be generated if

enable bit, RCIE, was set.

7. Read the RCSTA register to get the Sth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If any error occurred, clear the error by clearing
enable bit, CREN.

10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register INTCON<7:6>) are
set.

RS

FIGURE 18-6:

18.2.3 SETTING UP 9-BIT MODE WITH
ADDRESS DETECT

This mode would typically be used in RS-485 systems.

To set up an Asynchronous Reception with Address

Detect Enable:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

3. If interrupts are required, set the RCEN bit and

select the desired priority level with the RCIP bit.

Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.

Enable reception by setting the CREN bit.

The RCIF bit will be set when reception is

complete. The interrupt will be Acknowledged if

the RCIE and GIE bits are set.

8. Read the RCSTA register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

9. Read RCREG to determine if the device is being
addressed.

10. If any error occurred, clear the CREN bit.

11. If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

No o

EUSART RECEIVE BLOCK DIAGRAM

x64 Baud Rate CLK

Pin Buffer Data
and Control Recovery

RX RXSD RCREG Register
FIFO
SPEN
8
Interrupt RCIF Data Bus
RCIE
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18.2 EUSART Asynchronous Mode

The Asynchronous mode of operation is selected by
clearing the SYNC bit (TXSTA<4>). In this mode, the
EUSART uses standard Non-Return-to-Zero (NRZ) for-
mat (one Start bit, eight or nine data bits and one Stop
bit). The most common data format is 8 bits. An on-chip,
dedicated 8-bit/16-bit Baud Rate Generator can be used
to derive standard baud rate frequencies from the
oscillator.

The EUSART transmits and receives the LSb first. The
EUSART's transmitter and receiver are functionally
independent but use the same data format and baud
rate. The Baud Rate Generator produces a clock, either
x16 or x64 of the bit shift rate depending on the BRGH
and BRG16 bits (TXSTA<2> and BAUDCON<3>). Parity
is not supported by the hardware but can be
implemented in software and stored as the Sth data bit.

When operating in Asynchronous mode, the EUSART
module consists of the following important elements:

Baud Rate Generator

Sampling Circuit

Asynchronous Transmitter
Asynchronous Receiver

Auto-Wake-up on Sync Break Character
12-Bit Break Character Transmit

« Auto-Baud Rate Detection

18.2.1 EUSART ASYNCHRONOUS
TRANSMITTER

The EUSART transmitter block diagram is shown in
Figure 18-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the Stop
bit has been transmitted from the previous load. As
soon as the Stop bit is transmitted, the TSR is loaded
with new data from the TXREG register (if available).

FIGURE 18-3:

Once the TXREG register transfers the data to the TSR
register (occurs in one TcY), the TXREG register is empty
and the TXIF flag bit (PIR1<4>) is set. This interrupt can
be enabled or disabled by setting or clearing the interrupt
enable bit, TXIE (PIE1<4>). TXIF will be set regardless of
the state of TXIE; it cannot be cleared in software. TXIF
is also not cleared immediately upon loading TXREG, but
becomes valid in the second instruction cycle following
the load instruction. Polling TXIF immediately following a
load of TXREG will return invalid results.

While TXIF indicates the status of the TXREG register,
another bit, TRMT (TXSTA<1>), shows the status of
the TSR register. TRMT is a read-only bit which is set
when the TSR register is empty. No interrupt logic is
tied to this bit so the user has to poll this bit in order to
determine if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit, TXIF, is set when enable bit,
TXEN, is set.

To set up an Asynchronous Transmission:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRGH
and BRG16 bits, as required, to achieve the
desired baud rate.

2. Enable the asynchronous serial port by clearing
bit, SYNC, and setting bit, SPEN.

3. Ifinterrupts are desired, set enable bit, TXIE.

4. If 9-bit transmission is desired, set transmit bit,
TX9. Can be used as address/data bit.

5. Enable the transmission by setting bit, TXEN,
which will also set bit, TXIF.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

7. Load data to the TXREG register (starts
transmission).

8. If using interrupts, ensure that the GIE and PEIE

bits in the INTCON register INTCON<7:6>) are

set.

EUSART TRANSMIT BLOCK DIAGRAM

Data Bus

TXREG Register I

Pin Buffer
and Control

BRG16—{ SPBRGH | SPBRG

Baud Rate Generator

TX pin

© 2007 Microchip Technology Inc.
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18.3 EUSART Synchronous
Master Mode

The Synchronous Master mode is entered by setting
the CSRC bit (TXSTA<7>). In this mode, the data is
transmitted in a half-duplex manner (i.e., transmission
and reception do not occur at the same time). When
transmitting data, the reception is inhibited and vice
versa. Synchronous mode is entered by setting bit
SYNC (TXSTA<4>). In addition, enable bit SPEN
(RCSTA<7>) is set in order to configure the TX and RX
pins to CK (clock) and DT (data) lines, respectively.

The Master mode indicates that the processor trans-
mits the master clock on the CK line. Clock polarity is
selected with the TXCKP bit (BAUDCON=<4>); setting
TXCKP sets the Idle state on CK as high, while clearing
the bit sets the Idle state as low. This option is provided
to support Microwire devices with this module.

18.3.1 EUSART SYNCHRONOUS MASTER

TRANSMISSION

The EUSART transmitter block diagram is shown in
Figure 18-3. The heart of the transmitter is the Transmit
(Serial) Shift Register (TSR). The Shift register obtains
its data from the Read/Write Transmit Buffer register,
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available).

FIGURE 18-11:

SYNCHRONOUS TRANSMISSION

Once the TXREG register transfers the data to the TSR
register (occurs in one TcY), the TXREG is empty and
the TXIF flag bit (PIR1<4>) is set. The interrupt can be
enabled or disabled by setting or clearing the interrupt
enable bit, TXIE (PIE1<4>). TXIF is set regardless of
the state of enable bit TXIE; it cannot be cleared in
software. It will reset only when new data is loaded into
the TXREG register.

While flag bit TXIF indicates the status of the TXREG

register, another bit, TRMT (TXSTA<1>), shows the

status of the TSR register. TRMT is a read-only bit which
is set when the TSR is empty. No interrupt logic is tied to
this bit so the user has to poll this bit in order to deter-
mine if the TSR register is empty. The TSR is not
mapped in data memory so it is not available to the user.

To set up a Synchronous Master Transmission:

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the desired baud rate.

2. Enable the synchronous master serial port by

setting bits, SYNC, SPEN and CSRC.

If interrupts are desired, set enable bit, TXIE.

If 9-bit transmission is desired, set bit, TX9.

Enable the transmission by setting bit, TXEN.

If 9-bit transmission is selected, the ninth bit

should be loaded in bit, TX9D.

7. Starttransmission by loading data to the TXREG
register.

8. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

o 0w

RC7/RX/DT

L Word 1

o1|01d1mm|u>p?[oao 1|o >|oj|oa-o |[J2|340~1U x|o°[u|aa
)me | TED, @GN )(jS:)C"__gEX T ¢ onH X

|o:|na.m|u:101

m}m'm[azp }Ja-ov]o.}a°|04|0 T|O7|O3|l.1.153102|u:iu41
XSO

Word 2

RCGMXCK@n 1 vl L ¢ mL 1L L e g o
(TXCKP = 0) = :

RCETX/CK pin ' : .
aXeKP=1) L L L L L L L L L :
. 1 . 5 ' . ; . (¢ . .

THREG Reg Wiite Word 11 Wite Word 2 ! d . ' | ' ) ' .
TXIF bit L . ' i ; : : (¢ K A
(Interrupt Flag) B [ [ | I (C N L [ . B . '
: ; . : 35 . : : . . -

TRMT bit . . . . ¢ . ' . . ¢ . \
T T T T 35 g T : v p)) T f

TXENbit L . : i : e A i H i I¢e i n
0 . v 2J v T : . 27 . .

Note: Sync Master mode, SPBRG = 0, continuous transmission of two 8-bit words.
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FIGURE 18-12: SYNCHRONOUS TRANSMISSION (THROUGH TXEN)

RC7/RX/DT pin X bto X bit1 XbitzSD( bite X bit7

RC6/TX/CK pin 4/—\_/_\_/_\§§ 7 N o N\

TXvagrcis‘er;g J—! ; ;
TXIF bit m g ;
TRMT bit _I g g
{C
TXEN bit ))

TABLE 18-7: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER TRANSMISSION

Reset
Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 Values
on page
INTCON GIE/GIEH | PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
PIR1 psPIF™ ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF 52
PIE1 psPIEM ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 52
IPR1 pspipi) ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
TXREG EUSART Transmit Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP | BRG16 — WUE ABDEN 51
SPBRGH EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — = unimplemented, read as ‘0’. Shaded cells are not used for synchronous master transmission.

Note 1: Reserved in 28-pin devices; always maintain these bits clear.
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18.3.2 EUSART SYNCHRONOUS 3. Ensure bits, CREN and SREN, are clear.
MASTER RECEPTION 4. If interrupts are desired, set enable bit, RCIE.
Once Synchronous mode is selected, reception is 5. If 9-bit reception is desired, set bit, RX9.
enabled by setting either the Single Receive Enable bit, 6. If a single reception is required, set bit, SREN.
SREN (RCSTA<5>), or the Continuous Receive For continuous reception, set bit, CREN.
Enable bit, CREN (RCSTA<4>). Data is sampled on the 7. Interrupt flag bit, RCIF, will be set when reception
RX pin on the falling edge of the clock. is complete and an interrupt will be generated if
If enable bit, SREN, is set, only a single word is the enable bit, RCIE, was set.
received. If enable bit, CREN, is set, the reception is 8. Read the RCSTA register to get the Sth bit (if
continuous until CREN is cleared. If both bits are set, enabled) and determine if any error occurred
then CREN takes precedence. during reception.
To set up a Synchronous Master Reception: 9. Read the 8-bit received data by reading the

RCREG register.

10. If any error occurred, clear the error by clearing
bit, CREN.

11. If using interrupts, ensure thatthe GIE and PEIE bits
in the INTCON register INTCON<7:6>) are set.

1. Initialize the SPBRGH:SPBRG registers for the
appropriate baud rate. Set or clear the BRG16
bit, as required, to achieve the desired baud rate.

2. Enable the synchronous master serial port by
setting bits, SYNC, SPEN and CSRC.

FIGURE 18-13: SYNCHRONOUS RECEPTION (MASTER MODE, SREN)

Q2)a3)

:adlu 1|03|03|o+1 1|oz{oa|‘14|0 lagad

RCTIRXIDT ——~N(iro Wbt Yoz X bita X ota M bts X bte X b7 '

aala 1 oz|oz{m|o \|oz|oz{m|a o2

ca{ealo {o2loqes

la 1|az|n13|c4|o~,|oz|03]oaij 1]02|03|oa|

RC6/TX/CK pin '
(TXCKP = 0) .

b

RCB/TX/CK pin ] !
(TXCKP = 1) .
N

Write to $
bit SREN 1 ' ' ‘ . ' ' ' ' ' '

SREN bit ___|
CREN bit ‘0’

RCIF bit '

(Interrupty L
' ' ' ' ‘ ' ' ' '

Read . ' ' . . ' ' i 5

RXREG N ' L ' . ' ' " .

Note: Timing diagram demonstrates Sync Master mode with bit SREN = 1 and bit BRGH = 0.

TABLE 18-8: REGISTERS ASSOCIATED WITH SYNCHRONOUS MASTER RECEPTION

Reset
Name Bit 7 Bit6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit 0 Values
on page

INTCON | GIE/GIEH |PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
PIR1 PSPIF™) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 psPIEM™ ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE 52
IPR1 pspipM ADIP RCIP TXIP SSPIP CCP1IP | TMR2IP [ TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
RCREG EUSART Receive Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF | RCIDL RXDTP [ TXCKP BRG16 — WUE ABDEN 51
SPBRGH |EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — =unimplemented, read as '0’. Shaded cells are not used for synchronous master reception.
Note 1: Reserved in 28-pin devices; always maintain these bits clear.
© 2007 Microchip Technology Inc. Preliminary DS39631D-page 219

98



PIC18F2420/2520/4420/4520

184 EUSART Synchronous
Slave Mode

Synchronous Slave mode is entered by clearing bit,
CSRC (TXSTA<7>). This mode differs from the
Synchronous Master mode in that the shift clock is sup-
plied externally at the CK pin (instead of being supplied
internally in Master mode). This allows the device to
transfer or receive data while in any low-power mode.

18.4.1 EUSART SYNCHRONOUS
SLAVE TRANSMISSION

The operation of the Synchronous Master and Slave
modes are identical, except in the case of the Sleep
mode.

If two words are written to the TXREG and then the
SLEEP instruction is executed, the following will occur:

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in the TXREG
register.

c) Flag bit, TXIF, will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit, TXIF, will now be
set.

e) If enable bit, TXIE, is set, the interrupt will wake
the chip from Sleep. If the global interrupt is
enabled, the program will branch to the interrupt
vector.

To set up a Synchronous Slave Transmission:

1.

QAN

Enable the synchronous slave serial port by
setting bits, SYNC and SPEN, and clearing bit,
CSRC.

Clear bits, CREN and SREN.

If interrupts are desired, set enable bit, TXIE.

If 9-bit transmission is desired, set bit, TX9.
Enable the transmission by setting enable bit,
TXEN.

If 9-bit transmission is selected, the ninth bit
should be loaded in bit, TX9D.

Start transmission by loading data to the TXREG
register.

If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 18-9: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE TRANSMISSION

Reset
Name Bit7 Bit6 Bit§ Bit4 Bit 3 Bit2 Bit1 Bit0 Values
on page
INTCON GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE RBIE TMROIF | INTOIF RBIF 49
PIR1 pspIF() ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 pspIEM ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 52
IPR1 pspip() ADIP RCIP TXIP SSPIP | CCP1IP | TMR2IP | TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
TXREG EUSART Transmit Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP BRG16 — WUE ABDEN 51
SPBRGH EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — = unimplemented, read as '0’. Shaded cells are not used for synchronous slave transmission.

Note 1:

Reserved in 28-pin devices; always maintain these bits clear.

DS39631D-page 220

Preliminary

© 2007 Microchip Technology Inc.

99



PIC18F2420/2520/4420/4520

18.4.2 EUSART SYNCHRONOUS SLAVE To set up a Synchronous Slave Reception:
RECEPTION 1. Enable the synchronous master serial port by

The operation of the Synchronous Master and Slave setting bits, SYNC and SPEN, and clearing bit,

modes is identical, except in the case of Sleep, or any CSRC.

Idle mode and bit, SREN, which is a “don’t care” in 2. Ifinterrupts are desired, set enable bit, RCIE.

Slave mode. 3. If 9-bit reception is desired, set bit, RX9.

If receive is enabled by setting the CREN bit prior to 4. To enable reception, set enable bit, CREN.

entering Sleep or any Idle mode, then a word may be 5. Flag bit, RCIF, will be set when reception is

received while in this low-power mode. Once the word complete. An interrupt will be generated if

is received, the RSR register will transfer the data to the enable bit, RCIE, was set.

RCREG register; if the RCIE enable bit is set, the inter- 6. Read the RCSTA register to get the 9th bit (if

rupt generated will wake the chip from the low-power
mode. If the global interrupt is enabled, the program will
branch to the interrupt vector.

enabled) and determine if any error occurred
during reception.

7. Read the 8-bit received data by reading the
RCREG register.

8. If any error occurred, clear the error by clearing
bit, CREN.

9. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

TABLE 18-10: REGISTERS ASSOCIATED WITH SYNCHRONOUS SLAVE RECEPTION

Reset
Name Bit7 Bit6 BitS Bit4 Bit3 Bit2 Bit 1 Bit0 Values
on page
INTCON GIE/GIEH [PEIE/GIEL| TMROIE | INTOIE RBIE TMROIF INTOIF RBIF 49
PIR1 pspIFt) ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF 52
PIE1 psPIE® |  ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE 52
IPR1 pspiP™ | ADIP RCIP TXIP | SSPIP | ccP1IP | TMR2IP | TMR1IP 52
RCSTA SPEN RX9 SREN CREN ADDEN FERR OERR RX9D 51
RCREG EUSART Receive Register 51
TXSTA CSRC TX9 TXEN SYNC SENDB BRGH TRMT TX9D 51
BAUDCON | ABDOVF | RCIDL RXDTP | TXCKP | BRG16 — WUE ABDEN 51
SPBRGH EUSART Baud Rate Generator Register High Byte 51
SPBRG EUSART Baud Rate Generator Register Low Byte 51
Legend: — =unimplemented, read as '0’. Shaded cells are not used for synchronous slave reception.
Note 1: Reserved in 28-pin devices; always maintain these bits clear.
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18-pin FLASH-Based 8-Bit CMOS Microcontrollers

High Performance RISC CPU:

+ Operating speeds from DC - 20 MHz
+ Interrupt capability
« 8-level deep hardware stack
« Direct, Indirect and Relative Addressing modes
« 35 single word instructions
- Allinstructions single cycle except branches

Special Microcontroller Features:

« Internal and external oscillator options

- Precision Internal 4 MHz oscillator factory
calibrated to +1%

- Low Power Internal 37 kHz oscillator

- External Oscillator support for crystals and
resonators.

Power saving SLEEP mode

Programmable weak pull-ups on PORTB
Multiplexed Master Clear/Input-pin

Watchdog Timer with independent oscillator for
reliable operation

Low voltage programming

In-Circuit Serial Programming™ (via two pins)
Programmable code protection

Brown-out Reset

Power-on Reset

Power-up Timer and Oscillator Start-up Timer
Wide operating voltage range. (2.0 - 5.5V)
Industrial and extended temperature range
High Endurance FLASH/EEPROM Cell

- 100,000 write FLASH endurance

- 1,000,000 write EEPROM endurance

- 100 year data retention

.

.

.

Low Power Features:

« Standby Current:
- 100 nA @ 2.0V, typical
« Operating Current:
- 12 pA @ 32 kHz, 2.0V, typical
- 120 A @ 1 MHz, 2.0V, typical
« Watchdog Timer Current
- 1A @ 2.0V, typical
« Timer1 oscillator current:
- 1.2 ulA @ 32 kHz, 2.0V, typical
+ Dual Speed Internal Oscillator:
- Run-time selectable between 4 MHz and
37 kHz
- 4 us wake-up from SLEEP, 3.0V, typical

Peripheral Features:

« 16 I/O pins with individual direction control

+ High current sink/source for direct LED drive

Analog comparator module with:

- Two analog comparators

- Programmable on-chip voltage reference
(VREF) module

- Selectable internal or external reference

- Comparator outputs are externally accessible

Timer0Q: 8-bit timer/counter with 8-bit

programmable prescaler

Timer1: 16-bit timer/counter with external crystal/

clock capability

Timer2: 8-bit timer/counter with 8-bit period regis-

ter, prescaler and postscaler

Capture, Compare, PWM module

- 16-bit Capture/Compare

- 10-bit PWM

Addressable Universal Synchronous/Asynchro-

nous Receiver/Transmitter USART/SCI

:I'::"::;‘ Data Momory CcCcP Timers
Device FLASH SRAM EEPROM 1o (PWM) USART | Comparators 8/16-bit
(words) (bytes) {bytes)
PIC16F627A 1024 224 128 16 1 Y 2 2/1
PIC16F628A 2048 224 128 16 1 ¥ 2 21
PIC16F648A 4096 256 256 16 1 Y ) 21

© 2002 Microchip Technology Inc.
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Pin Diagrams
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12.0 UNIVERSAL SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)
MODULE

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) is also known as a Serial Com-
munications Interface or SCI. The USART can be con-
figured as a full-duplex asynchronous system that can
communicate with peripheral devices such as CRT ter-
minals and personal computers, or it can be configured
as a half-duplex synchronous system that can commu-
nicate with peripheral devices such as A/D or D/A inte-
grated circuits, Serial EEPROMs, etc.

REGISTER 12-1:

R/W-0 R/W-0 R/W-0

The USART can be configured in the following modes:

« Asynchronous (full-duplex)

« Synchronous - Master (half-duplex)

+ Synchronous - Slave (half-duplex)

Bit SPEN (RCSTA<7>), and bits TRISB<2:1>, have to
be set in order to configure pins RB2/TX/CK and RB1/
RX/DT as the Universal Synchronous Asynchronous
Receiver Transmitter.

Register 12-1 shows the Transmit Status and Control
Register (TXSTA) and Register 12-2 shows the
Receive Status and Control Register (RCSTA).

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS: 98h)
R/W-0 U-0

R/W-0 R-1 R/W-0

CSRC X9 TXEN

SYNC =

| BReH | TRMT | TxeD |

bit 7

bit 7 CSRC: Clock Source Select bit

Asynchronous mode
Don't care

Synchronous mode

bit 0

1 = Master mode (Clock generated internally from BRG)
0 = Slave mode (Clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit(")
1 = Transmit enabled
0 = Transmit disabled
bit 4 SYNC: USART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode

bit 3 Unimplemented: Read as '0'

bit 2 BRGH: High Baud Rate Select bit

Asynchronous mode
1 = High speed
0 = Low speed
Synchronous mode
Unused in this mode

bit 1 TRMT: Transmit Shift Register STATUS bit
1 =TSR empty
0 =TSR full
bit 0 TX9D: 9th bit of transmit data. Can be parity bit.

Note: SREN/CREN overrides TXEN in SYNC mode.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown
© 2002 Micrachip Technology Inc. Preliminary DS40044A-page 69
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12.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode bit BRGH is ignored.
Table 12-1 shows the formula for computation of the
baud rate for different USART modes, which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest
integer value for the SPBRG register can be calculated
using the formula in Table 12-1. From this, the error in
baud rate can be determined.

Example 12-1 shows the calculation of the baud rate
error for the following conditions:

Fosc = 16 MHz

Desired Baud Rate = 9600
BRGH=0

SYNC =0

TABLE 12-1: BAUD RATE FORMULA

EXAMPLE 12-1: CALCULATING BAUD

RATE ERROR
Desired Baud Rate = —L.25¢
64(x+1)
16000000
600 =
? G 1)
¢ = 25.042

16000000

Calculated Baud Rate = = 9615

64(25+1)

(Calculated Baud Rate - Desired Baud Rate)

Error:= Desired Baud Rate
_ 9615 9600 _ =
9600 0.16%

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register, causes the
BRG timer to be RESET (or cleared), this ensures the
BRG does not wait for a timer overflow before output-
ting the new baud rate.

SYNC BRGH =0 (Low Speed) BRGH =1 (High Speed)
0 (Asynchronous) Baud Rate = Fosc/(64(X+1)) Baud Rate= Fosc/(16(X+1))
1 (Synchronous) Baud Rate = Fosc/(4(X+1)) NA

Legend: X = value in SPBRG (0 to 255)

TABLE 12-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

Address | Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3

Vilue it Value on all
Bit2 | Bit1 | Bit0 POR other
RESETS

98h TXSTA | CSRC [ TX9 | TXEN | SYNC —

BRGH | TRMT | TX9D | 0000 -010| 0000 -010

18h RCSTA | SPEN RX9 | SREN | CREN | ADEN

FERR | OERR | RX9D | 0000 000x | 0000 000x

99h SPBRG Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x =unknown, - = unimplemented read as '0".
Shaded cells are not used by the BRG.

© 2002 Microchip Technology Inc. Preliminary DS40044A-page 71
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REGISTER 12-2:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS: 18h)

RW-0  RW-0  RW-0  RWO RAW-0 R0 RO R-x
SPEN RX9 | SREN | CREN ADEN | FERR | OERR | RXeD
bit 7 bit 0

SPEN: Serial Port Enable bit
(Configures RB1/RX/DT and RB2/TX/CK pins as serial port pins when bits TRISB<2:1> are set)
1 = Serial port enabled
0 = Serial port disabled
RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
SREN: Single Receive Enable bit
Asynchronous mode:
Don’t care
Synchronous mode - master:
1 = Enables single receive
0 = Disables single receive
This bit is cleared after reception is complete.
Synchronous mode - slave:
Unused in this mode
CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables continuous receive
0 = Disables continuous receive
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive

ADEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):

1 = Enables address detection, enable interrupt and load of the receive buffer when RSR<8>
is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit

Asynchronous mode 8-bit (RX9=0):

Unused in this mode

Synchronous mode
Unused in this mode

FERR: Framing Error bit

1 = Framing error (Can be updated by reading RCREG register and receive next valid byte)
0 = No framing error

OERR: Overrun Error bit

1 = Overrun error (Can be cleared by clearing bit CREN)

0 = No overrun error

RX9D: 9th bit of received data (Can be parity bit)

Legend:
R = Readable bit W = Writable bit
-n = Value at POR 1’ = Bit is set

U = Unimplemented bit, read as ‘0’

'0’ = Bit is cleared X = Bit is unknown
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FIGURE 12-4: RX PIN SAMPLING SCHEME, BRGH =0 ORBRGH =1
(RBRXDT o)\ START bit bit
[7TTTTToToTTTTTTeToToToTT= Baud CLKforal but STARTbit [T
Baud CLK
x16 CLK

Samples

9 10 11 12 13 14 15 16 1 2 3

12.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one START bit, eight or nine data
bits and one STOP bit). The most common data format
is 8-bit. A dedicated 8-bit baud rate generator is used
to derive baud rate frequencies from the oscillator. The
USART transmits and receives the LSb first. The
USART’s transmitter and receiver are functionally inde-
pendent but use the same data format and baud rate.
The baud rate generator produces a clock either x16 or
x64 of the bit shift rate, depending on bit BRGH
(TXSTA<2>). Parity is not supported by the hardware,
but can be implemented in software (and stored as the
ninth data bit). Asynchronous mode is stopped during
SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the fol-
lowing important elements:

« Baud Rate Generator

« Sampling Circuit

« Asynchronous Transmitter
« Asynchronous Receiver

12.2.1 USART ASYNCHRONOUS

TRANSMITTER

The USART transmitter block diagram is shown in
Figure 12-5. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG register is empty and
flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
( PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-

ware. It will RESET only when new data is loaded into
the TXREG register. While flag bit TXIF indicated the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
STATUS bit TRMT is a read only bit which is set when
the TSR register is empty. No interrupt logic is tied to
this bit, so the user has to poll this bit in order to deter-
mine if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data
and the baud rate generator (BRG) has produced a
shift clock (Figure 12-5). The transmission can also be
started by first loading the TXREG register and then
setting enable bit TXEN. Normally when transmission
is first started, the TSR register is empty, so a transfer
to the TXREG register will result in an immediate trans-
fer to TSR resulting in an empty TXREG. A back-to-
back transfer is thus possible (Figure 12-7). Clearing
enable bit TXEN during a transmission will cause the
transmission to be aborted and will RESET the trans-
mitter. As a result the RB2/TX/CK pin will revert to hi-
impedance.

In order to select 9-bit transmission, transmit bit TX9
(TXSTA<6>) should be set and the ninth bit should be
written to TX9D (TXSTA<0>). The ninth bit must be
written before writing the 8-bit data to the TXREG reg-
ister. This is because a data write to the TXREG regis-
ter can result in an immediate transfer of the data to the
TSR register (if the TSR is empty). In such a case, an
incorrect ninth data bit maybe loaded in the TSR regis-
ter.
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12.3 USART Address Detect Function
12.3.1 USART 9-BIT RECEIVER WITH
ADDRESS DETECT

When the RX9 bit is set in the RCSTA register, 9 bits
are received and the ninth bit is placed in the RX9D bit
of the RCSTA register. The USART module has a spe-
cial provision for multi-processor communication. Mul-
tiprocessor communication is enabled by setting the
ADEN bit (RCSTA<3>) along with the RX9 bit. The port
is now programmed such that when the last bit is
received, the contents of the receive shift register
(RSR) are transferred to the receive buffer, the ninth bit
of the RSR (RSR<8>) is transferred to RX9D, and the
receive interrupt is set if and only if RSR<8> = 1. This
feature can be used in a multi-processor system as fol-
lows:

A master processor intends to transmit a block of data
to one of many slaves. It must first send out an address
byte that identifies the target slave. An address byte is
identified by setting the ninth bit (RSR<8>) to a "'
(instead of a '0' for a data byte). If the ADEN and RX9
bits are set in the slave’s RCSTA register, enabling mul-
tiprocessor communication, all data bytes will be
ignored. However, if the ninth received bit is equal to a
1", indicating that the received byte is an address, the
slave will be interrupted and the contents of the RSR
register will be transferred into the receive buffer. This
allows the slave to be interrupted only by addresses, so
that the slave can examine the received byte to see if it
is being addressed. The addressed slave will then clear
its ADEN bit and prepare to receive data bytes from the
master.

When ADEN is enabled (='1'), all data bytes are
ignored. Following the STOP bit, the data will not be
loaded into the receive buffer, and no interrupt will
occur. If another byte is shifted into the RSR register,
the previous data byte will be lost.

The ADEN bit will only take effect when the receiver is
configured in 9-bit mode (RX9 = '1"). When ADEN is
disabled (='0"), all data bytes are received and the 9th
bit can be used as the parity bit.

The receive block diagram is shown in Figure 12-8.

Reception is enabled by setting bit CREN
(RCSTA<4>).
12.3.1.1 Setting up 9-bit mode with Address

Detect

Follow these steps when setting up Asynchronous
Reception with Address Detect Enabled:

1. TRISB<1> bit needs to be set and TRISB<2> bit
cleared in order to configure pins RB2/TX/CK
and RB1/RX/DT as the Universal Synchronous
Asynchronous Receiver Transmitter pins.

2. Initialize the SPBRG register for the appropriate
baud rate. If a high-speed baud rate is desired,
set bit BRGH.

3. Enable asynchronous communication by setting
or clearing bit SYNC and setting bit SPEN.

4. |If interrupts are desired, then set enable bit
RCIE.

5. Set bit RX9 to enable 9-bit reception.

6. Set ADEN to enable address detect.

7. Enable the reception by setting enable bit CREN
or SREN.

8. Flag bit RCIF will be set when reception is com-
plete, and an interrupt will be generated if
enable bit RCIE was set.

9. Read the 8-bit received data by reading the
RCREG register to determine if the device is
being addressed.

10. If any error occurred, clear the error by clearing
enable bit CREN if it was already set.

11. Ifthe device has been addressed (RSR<8> ='1’
with address match enabled), clear the ADEN
and RCIF bits to allow data bytes and address
bytes to be read into the receive buffer and inter-
rupt the CPU.

TABLE 12-8: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

7 5 < 5 2 3 : i Value on Value'on

Address| Name | Bit7 | Bité | Bit5 Bit4 Bit3 Bit 2 Bit1 Bit0 POR all other

RESETS
0Ch PIR1 EEIF | CMIF| RCIF [ TXIF — | CCP1IF]| TMR2IF| TMR1IF| 0000 -000| 0000 -000
18h RCSTA| SPEN| RX9 | SREN | CREN | ADEN | FERR | OERR | RX9D | 0000 000Dx| 0000 000x
1Ah | RCREG| USART Receive data register 0000 0DOOD| 000D 0000
8Ch PIE1 EEIE | CMIE| RCIE | TXIE — | CCP1IE| TMR2IE| TMR1IE| 0000 -000| 0000 -000
98h TXSTA| CSRC| TX9 | TXEN | SYNC — BRGH | TRMT [ TX9D | 0000 -010| 0000 -010
99h SPBRG Baud Rate Generator Register 0000 DOOD| 000D 0000

Legend: = = unknown, - = unimplemented locations read as '0". Shaded cells are not used for Asynchronous Reception.
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12.4 USART Synchronous Master
Mode

In Synchronous Master mode, the data is transmitted in
a half-duplex manner, (i.e., transmission and reception
do not occur at the same time). When transmitting data,
the reception is inhibited and vice versa. Synchronous
mode is entered by setting bit SYNC (TXSTA<4>). In
addition enable bit SPEN (RCSTA<7>) is set in order to
configure the RB2/TX/CK and RB1/RX/DT /O pins to
CK (clock) and DT (data) lines respectively. The Master
mode indicates that the processor transmits the master
clock on the CK line. The Master mode is entered by
setting bit CSRC (TXSTA<7>).

12.4.1 USART SYNCHRONOUS MASTER
TRANSMISSION

The USART transmitter block diagram is shown in
Figure 12-5. The heart of the transmitter is the transmit
(serial) shift register (TSR). The shift register obtains its
data from the read/write transmit buffer register
TXREG. The TXREG register is loaded with data in
software. The TSR register is not loaded until the last
bit has been transmitted from the previous load. As
soon as the last bit is transmitted, the TSR is loaded
with new data from the TXREG (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcycle), the TXREG is empty and inter-
rupt bit, TXIF (PIR1<4>) is set. The interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
(PIE1<4>). Flag bit TXIF will be set regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will RESET only when new data is loaded into
the TXREG register. While flag bit TXIF indicates the
status of the TXREG register, another bit TRMT
(TXSTA<1>) shows the status of the TSR register.
TRMT is a read only bit which is set when the TSR is
empty. No interrupt logic is tied to this bit, so the user
has to poll this bit in order to determine if the TSR reg-
ister is empty. The TSR is not mapped in data memory
so it is not available to the user.

Transmission is enabled by setting enable bit TXEN
(TXSTA<5>). The actual transmission will not occur
until the TXREG register has been loaded with data.
The first data bit will be shifted out on the next available
rising edge of the clock on the CK line. Data out is sta-
ble around the falling edge of the synchronous clock
(Figure 12-12). The transmission can also be started
by first loading the TXREG register and then setting bit
TXEN (Figure 12-13). This is advantageous when slow
baud rates are selected, since the BRG is kept in
RESET when bits TXEN, CREN, and SREN are clear.
Setting enable bit TXEN will start the BRG, creating a
shift clock immediately. Normally when transmission is
first started, the TSR register is empty, so a transfer to
the TXREG register will result in an immediate transfer
to TSR resulting in an empty TXREG. Back-to-back
transfers are possible.

Clearing enable bit TXEN, during a transmission, will
cause the transmission to be aborted and will RESET
the transmitter. The DT and CK pins will revert to hi-
impedance. If either bit CREN or bit SREN is set, dur-
ing a transmission, the transmission is aborted and the
DT pin reverts to a hi-impedance state (for a reception).
The CK pin will remain an output if bit CSRC is set
(internal clock). The transmitter logic however is not
RESET although it is disconnected from the pins. In
order to RESET the transmitter, the user has to clear bit
TXEN. If bit SREN is set (to interrupt an on-going trans-
mission and receive a single word), then after the sin-
gle word is received, bit SREN will be cleared and the
serial port will revert back to transmitting since bit
TXEN is still set. The DT line will immediately switch
from hi-impedance Receive mode to transmit and start
driving. To avoid this, bit TXEN should be cleared.

In order to select 9-bit transmission, the TX9
(TXSTA<6>) bit should be set and the ninth bit should
be written to bit TX9D (TXSTA<0>). The ninth bit must
be written before writing the 8-bit data to the TXREG
register. This is because a data write to the TXREG can
result in an immediate transfer of the data to the TSR
register (if the TSR is empty). If the TSR was empty and
the TXREG was written before writing the “new” TX9D,
the "present” value of bit TX9D is loaded.

Follow these steps when setting up a Synchronous

Master Transmission:

1. TRISB<1> bit needs to be set and TRISB<2> bit
cleared in order to configure pins RB2/TX/CK
and RB1/RX/DT as the Universal Synchronous
Asynchronous Receiver Transmitter pins.

2. Initialize the SPBRG register for the appropriate
baud rate (Section 12.1).

3. Enable the synchronous master serial port by
setting bits SYNC, SPEN, and CSRC.

4. If interrupts are desired, then set enable bit
TXIE.

5.  If 9-bit transmission is desired, then set bit TX9.
6. Enable the transmission by setting bit TXEN.

7. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

8. Start transmission by loading data to the TXREG
register.

© 2002 Microchip Technology Inc.
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FIGURE 12-14: SYNCHRONOQUS RECEPTION (MASTER MODE, SREN)

ogododorfodedodoodadodeiadododertodododo fodadoda odfodjodoredpadodadtododaderadadod
RB1/RX/DT PIN: XBIT0 X BIT1 X BIT2 X BIT3 X 'BIT4 X BIT5S X 8IT6 X BIT7 - '

RB2/TX/CK PIN; :

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

WRITE TO :

BITSREN L . . . , . : . : . .
sever—T 1 1 1 & b
SREN BT h \ ) I ' | | | ' o
RCIF BIT : . 3 : : ; : . : =
(INTERRUPT) . d : i y i i J : ‘ :
READ ‘ : : ‘ : : . . . . :
RXREG i : : : : R i : } § 1
Note: Timing diagram demonstrates Sync Master Mode with bit SREN = ‘1" and bit BRG = ‘0".
12.5 USART Synchronous Slave Mode Follow these steps when setting up a Synchronous

Slave Transmission:
Synchronous Slave mode differs from the Master mode : .
in the fact that the shift clock is supplied externally at 1. TRISB<1> bit needs to be set and TRISB<2> bit
the RB2/TX/CK pin (instead of being supplied internally cleared in order to configure pins RB2/TX/CK
in Master mode). This allows the device to transfer or and RB1/RX/DT as the Universal Synchronous
receive data while in SLEEP mode. Slave mode is Asynchronous Receiver Transmitter pins.

entered by clearing bit CSRC (TXSTA<7>). 2. Enable the synchronous slave serial port by set-
ting bits SYNC and SPEN and clearing bit
12.5.1 USART SYNCHRONOUS SLAVE CSRC.
TRANSMIT 3. Clear bits CREN and SREN.
4. If interrupts are desired, then set enable bit

The operation of the synchronous Master and Slave

modes are identical except in the case of the SLEEP TXIE.
mode. 5.  If 9-bit transmission is desired, then set bit TX9.
If two words are written to the TXREG and then the 6. ’IE';E?\IJe the transmission by setting enable bit

SLEEP instruction is executed, the following will occur:
7. If 9-bit transmission is selected, the ninth bit

should be loaded in bit TX9D.

8. Start transmission by loading data to the TXREG
register.

a) The first word will immediately transfer to the
TSR register and transmit.

b) The second word will remain in TXREG register.

c) Flag bit TXIF will not be set.

d) When the first word has been shifted out of TSR,
the TXREG register will transfer the second
word to the TSR and flag bit TXIF will now be
set.

e) If enable bit TXIE is set, the interrupt will wake
the chip from SLEEP and if the global interrupt
is enabled, the program will branch to the inter-
rupt vector (0004h).
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