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Memoria Descriptiva:

En el marco del Trabajo Final de Grado de la carrea Ingenieria Electronica, se realizd un
sistema de registro y control de acceso. El dispositivo fue pensado para ser implementado en nuestra
facultad como medida de seguridad utilizada tanto por alumnos, docentes y personal no docente de
nuestra institucion.

El proyecto se realiz6 mediante la utilizacién de tarjetas electromagnéticas del tipo RFID (Radio
Frequency ldentification), mediante las que se permite o no el acceso a aulas, laboratorios y otras
habitaciones de la facultad.

Se utilizaron también médulos lectores/grabadores de dichas tarjetas. Las tarjetas (tags) son
utilizadas para que un determinado usuario pueda o no acceder a una habitacion determinada. Los tags
son utilizados como identificadores Unicos que cuentan con un cddigo que determinara el nivel de acceso
y privilegios que tendra cada usuario, ademas estos tags contienen los legajos correspondientes a los
alumnos o personal que deseen ingresar a una determinada habitacion quedando registrado el dia y
horario de ingreso en una memoria externa de facil acceso.

Para realizar la grabacion de las tarjetas se utilizo un teclado matricial 4x4, de esta manera se
ingresa el legajo de los usuarios quedando grabado en la tarjeta para su posterior uso. Este es un
proyecto secundario, ya que las tarjetas al ser grabadas y entregadas no serd necesario volver a
utilizarlo nuevamente.
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1. Introduccion.

Debido al avance tecnoldgico se observa un notorio crecimiento en los sistemas de
acceso, los hay con diferentes sensores 0 médulos, como son los de huella dactilar, codigo de seguridad,
camara de video, tarjetas electromagnéticas RFID, voz, etc. Haciendo un balance costo/beneficio y
considerando lo préactico y rapido del uso se decidié utilizar tarjetas electromagnéticas junto al médulo
RFID.

Todo usuario tendra es su poder una tarjeta electromagnética, la cual tendra en su interior dos
codigos grabados, el primero serd utilizado para la comparacion (entre microcontrolador y tag) y
posterior concesion, o no, de acceso a las determinadas habitaciones. El segundo cddigo serd el que
identifique al usuario correspondiente de dicha tarjeta, este sera su propio nimero de legajo.

La implementacién se realizara con el modulo RFID MFRC522 que trabaja en alta
frecuencia (13,56Mhz), este sera utilizado para la lectura y escritura de las tarjetas electromagnéticas.
Para realizar la escritura de las mismas, se implementara un teclado matricial 4x4, con el cual podemos
facilmente ingresar el nimero de legajo a grabar en la tarjeta RFID.

El tipo de tarjeta utilizada es del tipo “MIFARE Classic” que cuentan con una memoria
de 1Kb 0 1024 bytes divididos en 16 sectores de 64 bytes cada uno.

La recopilacion de datos se hard a través de una memoria externa micro SD, en ella se
creara un archivo de extensién .xlsx (Excel) de facil lectura, donde se generard un registro de las
personas que ingresaron al lugar junto con la hora y fecha de acceso.

Para la fecha y hora, se utilizara un reloj en tiempo real, este posee una alimentacién auxiliar
para que siga funcionando en caso de cortes del suministro de energia, manteniendo siempre actualizada
su informacion.
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1.1 Diagrama en bloque

A continuacién, se mostrard un diagrama en bloque simplificado del funcionamiento del control
de acceso y se presentara un resumen de las funciones principales de cada uno. El proyecto se divide en
dos partes (lector — grabador) siendo el lector el principal ya que con él se realizaran mas interacciones
entre el usuario y el control de acceso. La parte secundaria sera el grabador ya que él sera utilizado solo

una vez para realizar la grabacion de las tarjetas.

Comunicacion

Adquisicion de .
datos y gestion /~ conel Usuario
de registro o
* Visualizacién LCD
* Reloj RTC- fecha vy * Lector MRFC522
hora * Tarjetas RFID
* Memora MicroSD \-. J

" ~“Sistema de .
Control

Comunicaciones |
entre médulos y
microprocesador ./
PIC

-
o
I

Diagrama.1 Diagrama en blogue principal

Para entender y desarrollar el control de acceso se divide el andlisis en tres grandes grupos:
Sistema de control, Comunicacién con el usuario y Adquisicion de datos y gestion de registro.

e Sistema de control:

El componente principal es el microcontrolador PIC, éste se encarga de gestionar y
controlar todos los periféricos que seran utilizados. El PIC es el encargado de recibir y trasmitir

los datos para su posterior uso.

e Comunicacion con el usuario:

En esta seccion se llevan a cabo todas las tareas que interactGan con el usuario, ya sea
la utilizacion de las tarjetas electromagnéticas, el lector — grabador o el display LCD. También
en este apartado entra le teclado matricial 4x4, pero este solo serd necesario en la instancia de

grabacion.
e Adquisicién de datos y gestion de registro:

Es aqui donde una vez obtenidos los datos del usuario se adquiere del RTC la fecha y
hora para luego crear un registro de los usuarios que acceden a las determinadas habitaciones.
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A continuacién, se detallaran los componentes y médulos utilizados en los dos sistemas,
lector de tarjetas electromagnéticas y grabador de tarjetas electromagnéticas.

Lector:

Para este sistema se utilizara la siguiente lista de componentes, donde el microcontrolador
utilizado sera el PIC18F4550 este es de mayor capacidad y prestaciones que el utilizado en la
parte de grabacidn ya que aqui se utilizan moédulos con mayor frecuencia de comunicacion y
trabajando todos a la vez.

= Tarjeta Electromagnética (tags): Esta tendra grabado dos cddigos, uno sera el que
indique donde podrd, o no, ingresar y el otro sera el que indique a que usuario pertenece
la tarjeta.

= MifareRC522: Es el lector — grabador RFID encargado de la modulacion/demodulacion
de la informacidn y los datos que se trasmiten.

= Microcontrolador: Es el corazon del sistema, es el encargado de la interfaz con el
usuario, ademas de ser el que graba y lee la informacion.

= RTC: Es un reloj en tiempo real, el cual dispone de una bateria extra que sera la
encargada de mantener la informacion actualizada.

= Memoria SD: Se utilizar4 una memoria micro SD que sera la encargada de guardar
todos los datos correspondientes a los accesos.

= Visualizacion: Se trata de un LCD 16x2.

Grabador:

El sistema grabador de tarjetas utiliza los mismos componentes y el principio de funcionamiento
del médulo lector, pero se debe afiadir un teclado matricial 4x4 para ingresar los datos. Para esta parte
del proyecto se utilizar4 como sistema de control un PIC diferente al circuito del lector, ya que las
exigencias del mismo son menores. En este sistema no sera necesario utilizar el RTC y el médulo micro
SD.

» Teclado: Teclado del tipo matricial 4x4 con el cual se ingresara los datos a grabar en la
tarjeta electromagnética.

Dentro de los posibles sensores y médulos existentes en el mercado se utilizara el médulo RFID
MFRC522 que es un lector — grabador de tarjetas electromagnéticas. Este es un médulo econémico y
fiable.

El desarrollo se llevara a cabo en un microcontrolador PIC 18F4550 que este sera utilizado
para el disefio del lector RFID ya para este desarrollo las caracteristicas del PIC de la serie 18 son las
que mejor se adecuan. El desarrollo del grabador se hara en un PIC de la gama 16 que el 16F887, el
cual tiene menores prestaciones que el PIC18, pero cumple con los requisitos del sistema.
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2. Objetivos

El desarrollo del proyecto cuenta con una serie de objetivos, ellos son:

o Desarrollar e implementar un sistema de acceso que sea fiable, facil de utilizar,
econdmico y que cumpla con cierto nivel de seguridad.

e Generar un sistema de adquisicion de datos a través de una tarjeta MicroSD

e Crear un grabador de tarjetas de facil implementacion para la utilizacion de los posibles
usuarios.
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3. Comunicacioén con el usuario
3.1 RFID y Tarjetas electromagnéticas

La identificacion por radiofrecuencia o RFID (Radio Frequency IDentification) en la actualidad
fue creciendo y tomando la delantera en los sistemas de identificacion, su facil implementacion y bajo
costo lo convierten en la tecnologia mas utilizada dentro del mercado. Su uso abarca desde sistemas de
seguridad, acceso de personal, identificacion de productos, entre otras aplicaciones.

El RFID es un conjunto de tecnologia inaldmbrica disefiada para obtener informacion
almacenada en un dispositivo denominado “tag”. El principio de funcionamiento consiste en un modulo
RFID y un TAG. El TAG se pasa cerca del modulo y este tiene la capacidad de enviar la informacion
guardada en su memoria al modulo.

El TAG es un dispositivo transpondedor, vienen en diferentes modelos, los mas comunes son
tarjetas y llaveros, pero también vienen como etiquetas adhesivas e incluso ya incorporados a algunos
productos. Los TAGs tienen internamente una antena y un microchip, encargados de generar todos los
procesos de comunicacion, la energia necesaria para el traspaso de informacion se obtiene de la sefial
de radiofrecuencia, esta energia es pequefia pero suficiente para operar el Cl (circuito integrado)
CMOS. Estos son cominmente llamados TAGs pasivos, ya que no necesitan de una bateria para
funcionar por eso es necesario que el TAG se acerque a una distancia generalmente menor a 10cm del
modulo RFID. Cabe destacar que existen TAGs activos, estos traen una bateria incorporada
proporcionando un alcance de varios metros de distancia (10m — 100m).

Otra manera de clasificar a las tarjetas magnéticas es por su memoria, cada TAG cuenta con
una memoria y se clasifican en tres grupos.

e Solo lectura: Esto es, que no podremos modificar la informacién que lleve la tarjeta magnética,
el cadigo se escribié durante la fabricacion y no podremos modificarlo

e Lectura — escritura: Donde en este caso se puede modificar la informacion que llevara guardada
la memoria.

e Anticolision: Se trata de tarjetas especiales que permiten ser identificadas varias al mismo
tiempo.

El médulo RFID esta compuesto por un transceptor, una antena y un decodificador. En primer
lugar, el mddulo emite una sefial para establecer la comunicacion, esta sefial es recibida por los TAGs
que estén dentro del rango de comunicacion, la cual responden trasmitiendo la informacién que tienen
almacenada, finalmente es captada y decodificada por el receptor.

El RFID opera en cuatro bandas de frecuencias, siendo la frecuencia mas comin 13.56Mhz

Baja frecuencia: 125 KHz — 134.2KHz. Para control de animales, llaves de automdviles.
Alta frecuencia: 13.56MHz. Control de acceso, control de articulos en tiendas.

Ultra alta frecuencia (UHF): 868MHz — 959MHz.

Microondas: 2.45GHz.
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3.1.1 MIFARE RC522

Mifare es una tecnologia de tarjetas inalambricas propiedad de NXP Semiconductores. Es uno
de los estandares mas utilizados como tarjetas inteligentes sin contacto (TSIC) cumpliendo con los
estandares 1SO/ IEC 14443 y/o ISO/ IEC 15693.

El lecto grabador Mifare RC522 es un mddulo RFID que incorpora la comunicacion con el bus
SPI, bus 12C y UART, por lo que es de fécil implantacion con cualquier microcontrolador, soporta
tarjetas del tipo Mifare Classic, Mifare S50, S70, Mifare UltraLigth, Mifare Pro y Mifare Desfire.

El médulo funcia a una frecuencia de 13.56MHz y tiene una distancia de lectura aproximada de
5¢m, dependiendo de la antena.

A continuacion, se muestra una figura del modelo eléctrico del lector y grabador RFID. De la
figura se pueden obtener los siguientes parametros.

Tensién de entrada digital (DVDD), tensién de entrada analdgica (AVDD), entrada de tension
(PVDD) y entrada de tension para los trasmisores (TVDD).

supply

[ 4DVDD $AVDD 4TVDD
3 15 12
CRx
PVDD 2 17 RX H
R1 o
PVSS WMID vimid [H
5 16i| R2
L H

L0 C
NRSTPD| MRS =y i . _
host MERC522 1 antenna
— 0 c2
interface -
MICRO- —_— TvSS T Lant

10,14
PROCESSOR [r— '
¢ [—J 1] o1 LCQ
Lo R
IRQ| . Ll R a
avss| o | INES
21 22
OSCIN  [oscouT
2712 WMHz
|} L}

I I

Fig. 1 Circuito Electrénico MFRC555

La tension especificada DVDD puede estar en el rango de los 2,5V y 3,6V esta es la misma
tension recomendada para AVDD y TVDD.

El Circuito Integrado (CI) cuenta con una entrada de alimentacion y su valor recomendado es de
3,3Vee. El valor de tension para PVDD, se encuentra en un intervalo de 1,6Vcc a 3,6V y su valor
recomendado es de 1,8Vcc.

Martini, Luciano 12



F.R.V.M. de laU.T.N.
Dpto. de Electrénica Control de acceso mediante RFID
Trabajo Final de Grado

Entre los pines OSCOUT y OSCIN se encuentra el circuito oscilador encargado de generar una
frecuencia de reloj de 27,12Mhz con un ciclo de trabajo del 50%. Para el correcto funcionamiento y
optima trasferencia de datos, en los pines TX1 y TX2 es necesario la implementacion de un circuito de
acondicionamiento (filtrado y adaptacion) de la sefial proveniente de la antena, dicho circuito esta
compuesto por un conjunto de componentes pasivos, la frecuencia de la sefial modulante entregada por
los pines mencionados es de 13,56Mhz, esta es derivada de la frecuencia del reloj (27,12Mhz). El pin RX
es el encargado de recibir la sefial de RF de respuesta generada por la etiqueta “tag”.

El pin de interrupcién IRQ no se utiliza debido a que el MFRC55 trabaja como esclavo y el
microcontrolador es el encargado de decidir sobre el flujo de datos enviados y recibidos.

3.1.1.1 Diagrama en bloque simplificado

REGISTER BANK
] ANALOG CONTACTLESS }
ANTENNA || wrerrace [*| usar FIFD SERIAL UART
.| BUFFER | _| g L osr
EC-BUS

Diagrama. 2 diagrama en bloque simplificado

La interfaz analégica maneja la modulacion y demodulacion de las sefales
analdgicas.

El UART gestiona los requisitos del protocolo para la comunicacion ademas de
realizar la deteccion de errores mediante la comprobacion de redundancia
ciclica (CRC) en funcion de la paridad y la velocidad de transferencia.

El buffer FIFO garantiza una transferencia de datos rapida entre el
microcontrolador y la etiqueta debido a que el mismo puede gestionar flujos de
datos de hasta 64 bytes de longitud sin la necesidad de tener en cuenta
limitaciones de tiempo

Buses de comunicacion del tipo SPI, 12C y UART.

Banco de registro.

Se implementan varias interfaces de host para satisfacer todas las necesidades de
los potenciales clientes.

Martini, Luciano

13



F.R.V.M. de laU.T.N.
Dpto. de Electrénica Control de acceso mediante RFID
Trabajo Final de Grado

3.1.1.2 El bus SPI RFID

El MFRC522 soporta la comunicacion serie SPI (Serial Peripheral Interface), que es la utilizada
para la comunicacién con el microcontrolador PIC 18f4550. La interfaz puede manejar velocidades de
hasta 10Mbit/s. Cuando se comunica con el HOST, el MFRC522 actlia como esclavo, recibiendo datos
del HOST para ajustar los registros, establecer un reloj de sincronismo y enviar y recibir la informacion
relevante durante la comunicacién.

MFRC522
SCK J sk
MOSI MOSI
~ MISO MISO
NS5 i

Fig. 2 Lineas de comunicacion SPI

La sefial SCK (reloj de sincronismo) debe ser generada por el maestro, en cada pulso del reloj se
envian o reciben datos. La comunicacion de datos desde el maestro hacia al esclavo se da por el pin
MOSI (Master Output Salve Input). La linea MISO (Master Input Salve Output) se utiliza para enviar
datos desde el MFRC522 al maestro. La linea NSS es la linea de activacion del esclavo.

Los datos de las lineas MISO y MOSI deben ser establecidos en los flancos ascendentes del SCK
y es posible cambiar la configuracién para establecer la comunicacion en los flancos descendentes del
reloj.

Los datos son proporcionados por el MFRC522 en el flanco de reloj descendente y son estables
durante el flaco de reloj ascendente. Los bytes de datos en ambas lineas MOSI y MISO se envian con el
MSB primero.

— ISR —=j= lscKH i lscx -
SCK /_\—// \\
= |=l=sLDX
== o —=t—lgHDK —={~—— loxgH —
MOSI MSB LSB
MISD —< MSEB >< LSB
7 |
- —-J =t MH
NS5 b 4
N - /|
oo .'JJJISR-f-

Fig. 3 Esquema temporal de la interfaz SPI
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e SPI Lectura de datos

Linea Byte 0 Byte 1 Byte 2 Byte n Byte n+1
MOSI Direccion 0  Direccién 1 = Direccion 2 Direccionn 00
MISO - Dato 0 Dato 1 Dato n-1 Dato n

Tabla 1 Orden de bytes de lectura MOSI y MISO

La lectura de datos utilizando la comunicacién SPI requiere que se utilice el orden mostrado en
la tabla.

e SP| Escritura de datos

Linea Byte 0 Byte 1 Byte 2 Byte n Byte n+1
MOSI Direccion 0  Dato 1 Dato 2 Dato n-1 Dato n
MISO - - - - -

Tabla 2 Orden de bytes de escritura MOSI y MISO
Para garantizar la escritura de datos se requiere el orden de bytes que se muestran en la tabla,
es posible escribir hasta n bytes de datos enviando solo un byte de direccién. El primer byte es el que
define tanto el modo como la direccion de la informacion.

e Direcciones

7 MSB 6 5 4 3 2 1 0LSB
1=Lectura Direcciones 0
O=Escritura

Tabla 3 Bytes de direccién

El byte de direccion debe cumplir con el siguete formato, el bit méas significativo (MSB) del
primer byte define el modo utilizado. Para leer los datos del MFRC522, el MSB debe estar a un nivel
I6gico alto (1). Para escribir los datos en el MFRC522, el MSB debe estar en un nivel légico bajo (0).
Los bits del 6 — 1 definen la direccion y el bit menos significativo (LSB) se establece en un nivel 1dgico
bajo (0).

3.1.1.3 Caracteristicas

Tension de alimentacion: 3.3V.
Corriente de operacion: 13 — 26mA
Corriente de stand by: 10 — 13mA
Corriente de sleep-mode: <80uA
Corriente maxima: 30mA

Frecuencia de opresion: 13.56 MHz
Distancia de lectura: 0 —5cm
Velocidad de datos méxima: 10Mbit/s
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3.1.2 Tarjetas Electromagneticas (TAGS)

La tarjeta electromagnética “tag” utilizada es del tipo pasiva, cuenta con un microchip y una
antena encargados de generar la transmision y recepcion de datos. Estas tarjetas al ser de tipo pasivas no
cuentan con una alimentacion propia, sino que utilizan energia del campo electromagnético generado por
el MFRC555.

El chip utilizado es el MF1S503 fabricado por NXP SEMICONDUCTORES. A continuacion, se
muestra un diagrama en bloques del chip mencionado.

RE UART
ISOVIEC 144434
INTERFACE TYEE A

CRYPTCA

\"'
—_—

POWER ON
RESET N
—

RNG

VOLTAGE
REGULATOR

'\\
CLOCK — RS

INPUT FILTER

RESET
GENERATOR LOGIC UNIT EEFROM

Diagrama. 3 diagrama en bloques simplificado MF1S503

Dentro del diagrama simplificado del chip podemos destacar tres blogues. La INTERFACE RF,
LOGIC UNIT y EEPROM. La interfaz RF es la encargada de comunicar al lector con la tarjeta, para
esta comunicacion es necesario que la tarjeta este siempre dentro del campo electromagnético, ya que
este es utilizado para su alimentacién. Gracias a la unidad l6gica se puede llevar a cabo acciones de
incremento o decremento de los datos previamente almacenados.

El MFRC522 suele suministrase con tarjetas o llaveros del tipo MIFARE Classic que contiene
una memoria de 1Kbytes. Esta memoria esta dividida en bloques, con mecanismos simples de acceso a la
informacion.

La memoria esta dividida en 16 sectores de 64 bytes, protegidos con dos claves llamadas A y B.
Cada una puede ser programada individualmente para permitir o bloquear operaciones de lectura —
escritura.

Cada sector reserva cierta cantidad de memoria para las claves Ay B, por lo que este espacio
dedicado no puede ser utilizado para otro tipo de operacion. De esta manera la memoria util de la
tarjeta o llavero se ve reducida, quedando a disposicion del usuario 752 bytes.

La memoria EEPROM de las tarjetas MIFARE Classic soportan mas de 100.000 ciclos de
lectura — escritura, y pueden mantener el dato en la memoria més de 10 afios.
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Byte Number within a Block
Sector Block 01112 |3(4|5|6|7|8|9|10(11]|12]13(14]|15 Description

15 3 Key A Access Bits Key B Sector Trailer 15
2 Data
1 Data
0 Data

14 3 Key A Access Bits Key B Sector Trailer 14
2 Data

[ I O T e T A T N A R D T R

1 Data
0 Data

0 3 Key A Access Bits Key B Sector Trailer 0
2 Data
1 Data
0 Manufacturer Data Manufacturer Block

Fig. 4 Mapeo de la memoria de una tarjeta MIFARE Classic

Analizando la memoria del TAG podemos observar que el primer blogue de memoria (0) viene
grabado de fabrica, en el podemos encontrar un UID Unico de cada tarjeta o llavero que esta contenido
en los primeros 4 bytes (0 — 3), el resto de los bytes grabados van a ser datos proporcionados por el
fabricante.

Block O/Sector O
Byte (O |1 |23 |4 |5 |6 |7 |89 10|11 1213|1415

NUID Manufacturer Data

007 aanii0

Fig. 5 Bloque 0 de memoria

En este caso al ser una tarjeta del tipo MIFARE Classic de 1K vamos a tener un “Sector Trailer”
(Fig. 7) separados por 3 bloques de memoria Utiles. En cada Sector Trailer encontramos las claves
llamadas key A y key B, donde para poder acceder a grabar o leer los “Data Block” antes tenemos que
autentificar las claves Ay B.

Las claves de acceso Ay B son:

¢ Key A=00 00 00 00 00 00 en hexadecimal.
o KeyB=FF FF FF FF FF en hexadecimal.
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Los llamados “Access Bits” (Bit de acceso), estan formados por tres bits que son llamados (i, 3
y ¢, los cuales controlan los permisos de acceso a memoria para cada uno de los 4 blogues del sector.
La identificacion de los bits correspondientes a cada sector se hace manejando subindices, en total se
utilizan 12 bits para el manejo de los 4 bloques. En la siguiente tabla se muestra un ejemplo.

Bits de acceso Bloque Descripcion
C13C23Css3 3 Sector trailer
C12C2 Cs 2 Data
C11C21 Csy 1 Data
C10C2Cao 0 Data

Tabla 4 Condiciones de acceso

En la fig.9 se muestra el mddulo comercial RFID con sus correspondientes tarjetas
electromagnéticas.

RFID-RC522

Fig.6 Kit comercial MRC522
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3.2. Visualizacion

El sistema de comunicacion con el usuario cuenta con una pantalla LCD de 16x2 caracteres,
donde el usuario podra observar el estado de la cerradura y ver si se concede o no el acceso. El
dispositivo cuenta con 16 pines, de los cuales el pin 1 y el pin 2 son empleados en la fuente de
alimentacion (VSS y VCC) respectivamente, el pin 3 es para controlar el contraste de las letras en
pantalla (VO) mediante la regulacién de un potenciémetro, del pin 4 al 6 son pines de control, (RW, RS,
E) del 7 al 14 se emplea el bus de datos (D0-D7), de los cuales los primeros 4 no son utilizados debido a
que el mismo funciona solo con 4 bits y los ultimos dos pines 15 y 16 se emplean en el control de la
intensidad de la pantalla. En la siguiente figura se puede observar el circuito implementado.

svee ; @ 3 @@ ; @@@ = @ 14 @ 5‘;&;5
S EERRERERER i
RVAR ! | [

CONTROL DATOS

Fig.7 Pines LCD 16x2
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3.3 Teclado Matricial 4x4.

El sistema de comunicacién con el usuario cuenta ademas con un teclado matricial 4x4, Estos
dispositivos agrupan los pulsadores en filas y columnas formando una matriz, disposicion que da lugar a
su nombre. Es frecuente una disposicion rectangular pura de NxM columnas, esta disposicion permite
emplear un nimero menor de conductores para determinar la pulsacion de las teclas.

A continuacion, se mostrara el funcionamiento de un teclado matricial 4x4, pero es igualmente
aplicable a otro tipo de configuracion.

— o0 —o o= —5 oo —o o
I B RS B IR B IR B
n—nﬂ@ "_G-I=I-{D --—:)_I:L@ u—nn_@
LT T, g
u—a:-@ -—Oﬂ-@ --—Gﬂ-@ n—ﬁ-:-@ E
R SR W IR I I AP
"_D.lzl_@ "_o_m_@ "_o-l=l-@ H_O-I=I-{D
e r Ty,

5 6 7 8
COLUMNAS

Fig.8 Teclado matricial 4x4

Al detectar la pulsacion de la columna X y fila Y sabemos que se ha pulsado la tecla (X, Y).
Internamente la disposicion de los pulsadores es similar a la mostrada en la figura anterior. Para
realizar una lectura tendremos que hacer un barrido por fila, en primer lugar, pondremos todas las filas
a 5V y determinaremos la entrada con una resistencia pull-up.

Progresivamente ponemos una fila a 0V y leemos la entrada de la columna. Una vez realizada
la lectura volvemos a poner a 5V, pasamos a la siguiente fila, y volvemos a realizar el proceso hasta
recorrer todas las filas.
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Fig. 9 Conexionado fila y columna

4 Adquisicion de datos y gestion de registro

4.1 Memoria micro SD

Las tarjetas micro SD se han convertido en un estdndar a la hora de hablar de almacenamiento
masivo de datos en dispositivos electrénicos, desplazando a otros medios de almacenamiento, debido a
su gran capacidad y pequefio tamafio. Por estos motivos han sido incorporadas en una gran cantidad de
dispositivos, siendo en la actualidad un componente casi indispensable en smartphones, Tablet y otros
elementos.

Dentro del mercado es posible encontrar diferentes tipos de lectores para las tarjetas de
memoria, estos son de bajo costo y altamente confiables, gracias a su protocolo de comunicacion SPI el
cual es muy robusto y fiable ante la transicion de datos. En el mercado existen dos tipos de lectores, los
hay para memorias SD Estandar y Micro SD.

En ambos tipos de lectores, la lectura puede realizarse a través del bus SPI. Aunque pueden
disponer de otros tipos de interfaces como el bus 12C o UART, normalmente es preferible y
recomendable utilizar el bus SPI, ya que este tiene una mayor tasa de trasferencia de datos y es més
confiable que los demés buses.

4.1.1 Caracteristicas

Voltaje de trabajo: 4.5V ~5.5V.

Corriente 0.2 ~ 200mA.

Nivel eléctrico de la interfaz: 3.3V /5V.

Soporta micro SD hasta 2Gb.

Soporta SDHC de hasta 32Gb.

Formato de SD: Fat 16.

Tarjetas SD o SDSC (Standard Capacity) — SDHC (High Capacity).
No compatible con SDXC (Extended Capacity).
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4.1.2 Comandos usados con el bus SPI

Estos comandos son los utilizados para escribir y leer bloques de memoria. La estructura de los
comandos costa de 6 Bytes.

Byte 1 Byte2-5 Byte 6
7 6 5 0 31 0 7 0
0 1 N°decomando Valores de comando CRC 1

Tabla 5 Bytes bus SPI
Los comandos utilizados en este trabajo son los siguientes:

CMDQO: Coloca la tarjeta en inactividad.
CMD1: Coloca la tarjeta en actividad.
CMDJ17: Permite leer un sector de la tarjeta.
CMD24: Indica el sector de inicio de escritura.

Cuando hacemos el envio de un comando, la tarjeta responde a este enviando un byte de
confirmacion que nosotros debemos leer para saber si se concretd la operacion.

El Byte a leer es el Byte 1y esta es su estructura:

7 0
0

In Idle State
Erase Reset
lllegal Command
Com CRC Error
Erase_Seq_Error
Address Error
Parameter Error

Fig. 10 Byte de respuesta

Respuestas segln los comandos enviados a la tarjeta SD.

Comando Respuesta Descripcion
CMDO 0x01 En espera
CMD1 0x00 Activo
CMD17 OXFE + (bytes leidos) Lee un sector de la tarjeta
CMD24 0x00 Sigue con la escritura
OXFE + bloque a escribir OXE5 Recepcion correcta

Al valor OXFE se lo denomina Token
Tabla 6 Respuesta mddulo micro SD
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Valores del Token:

7 0

X X X 0 . St 1

Tabla 7 Valores bite Token
El status puede ser:
e 010: Datos aceptados.

e 101: Datos rechazados por error de CRC.
e 110: Datos rechazados por error de escritura.

4.1.3 Modos de trasferencia

e Modo nativo de 1 bit
e Modo nativo de 4 bit
e Modo SPI

Los modos nativos requieren de una interfaz host especial, usan pines diferentes para enviar —
recibir datos. ElI modo nativo de 1 bit utiliza un solo pin de datos, el modo nativo de 4 bit, utiliza cuatro
pines de datos.

El modo SPI utiliza una interfaz SPI estandar en modo O con un ancho de palabra de 8 bit, en
aplicaciones de bajo costo con microcontroladores se suele usar el modo SPI.

microSD Pinout
Pin Pin Name Function
1 8 1 NC Not used
' 2 CS Chip Select
3 MOSI Master-out, Slave-in
4 VDD Positive Supply
5 CLOCK Serial Clock
6 GND Ground
7 MISO Master-in, Slave-out
microSD 8 NC Not used

Fig. 11 Esquema de conexiones Micro SD
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Los pines 2, 3,4 y 7 son los pines encargados de la comunicacién SPI, este es un modo
alternativo de comunicacion con menos funcionalidad que el modo nativo, pero més simple de
implementar.

El set de comandos es reducido, pero permite realizar las funciones basicas de lectura —
escritura, suficientes para almacenar datos. En la comunicacién SPI la SD funciona como esclavo en
modo 0, la frecuencia méxima de clock es de 25MHz, aunque durante el arranque o inicializacion la
frecuencia de operacion debe ser entre 100KHz a 400KHz.

Fig. 12 Médulo Micro SD comercial

4.2. Reloj RTC.

El reloj en tiempo real (RTC) es un dispositivo electrénico que permite obtener mediciones de
tiempo en las unidades temporales que son empleadas a diario. El termino RTC se cred para poder
diferenciar a este tipo de reloj electrénicos de los usados anteriormente, donde solo contabilizaban
pulsos de una sefial, sin tener relacion directa con las unidades temporales.

Los relojes tipos RTC, funcionan con segundos, minutos, horas, dias y afios, de esta manera se
brinda una informacién mas precisa y fiable.

Su construccion es en base a un resonador de cristal integrado con la electronica necesaria para
contabilizar de forma correcta el paso del tiempo. Dicha electronica tiene en cuenta nuestra forma de
medir, como pueden ser los meses con diferentes dias o los afios bisiestos.

El reloj RTC tiene la ventaja de liberar al microcontrolador de realizar la cuenta de sefiales y
reducir el consumo, ademas los RTC tienen incorporado una bateria, para que, de esta manera poder
seguir teniendo energia suficiente para seguir funcionando y brindar informacion siempre actualizada.
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4.2.1 RTC DS3231.

Comercialmente existen dos tipos de RTC, que son el DS1307 y DS3231 ambos fabricados por
MAXIM (anteriormente Dallas Semiconductores). EI DS3231 tiene una precision muy superior al
DS1307 y se puede considerar el sustituto.

Una de las desventajas por las cuales el DS1307 quedo fuera del mercado es su deficiencia ante
los cambios de temperatura, estos cambios afectan la medicion del tiempo en los cristales y esto se
traduce en un error de desfasaje acumulado, llegando a ser un error considerable, de 1 0 2 minutos al
dia.

Para solucionarlo el DS3231 incorporé la medicion y compensacion de la temperatura,
garantizando una precision de 2ppm, lo que significa un desfasaje de 172ms/dia, o 1s cada 6 dias. Este
error se puede seguir disminuyendo mediante consideraciones via software, llegando a disminuir el
desfasaje de 1 — 2 segundos al mes.

La comunicacién entre el microcontrolador y el chip DS1307 o DS3231 se lleva a cabo mediante
el uso del bus 12C, por lo que es sencillo obtener los datos.

4.2.2 Conexiones y diagrama en bloque

El circuito tipico propuesto por el fabricante para el uso del chip es el que se muestra a
continuacion.

W W
Rpy = 0
—— t , T
R = 5 5 —
o LI¥ :-\' :-‘
- L IR0 T L -
L B AL - -
- RSt DE3231 T+
FUEsHHL | :'.ih _|:. —HNLC HE =
HESE w » " i g
—]Hi T —
*——HC D o .
L L 2

Fig. 13 Circuito DS3231

El modulo utilizado es el ZS-042 donde el diagrama en bloques simplificado es el siguiente.
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Diagrama. 4 diagrama en bloques simplificados ZS-042

Del diagrama en blogues podemos subdividirlo en 4 grupos funcionales: cristal oscilador con
compensacion de temperatura, control de alimentacion, reinicio del dispositivo y reloj en tiempo real.

El primer grupo engloba al sensor de temperatura, oscilador y control Idgico.

wil  OSCILLATOR AND
_E- CAPACITOR ARRAY
-
— e COMTROL LOGIC
-~ DVIEER
¥ -
& F,

TEWMFERATURE
SENSOR

Fig. 14 Grupo 1: Oscilador con compensacion de temperatura.

Con el sensor de temperatura se recopilan datos y estos se comparan con datos tabulados para
determinar la capacitancia requerida y se afiade la correccion en el registro. Todo esto ocurre solo
cuando se detecta un cambio en la temperatura o cuando se completa una conversion de temperatura.
Una conversion de temperatura se lleva a cabo cuando se alimenta el dispositivo 0 una vez cada un
minuto y cuatro segundos.
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El segundo grupo esta constituido por una tensién de referencia compensada en funcién de la
temperatura y un circuito comparador que controla el valor de V.

POWER CONTROL

[
=
=

i

Fig. 15 Grupo 2: Control de alimentacion

El control de alimentacién se basa en un comparador, donde se compara Ve y Ver (Power — Faill
Voltage =~ 2.575V), si Vec €5 mayor que Ve el circuito se alimenta mediante V.. Lo mismo sucede si V¢ es

menor que Ver, pero mayor que Vear la siguiente tabla muestra, segun la comparacion, la alimentacion
del circuito.

Comparacion Suministro de tensién
Vcc<VPF - Vcc<Vbat Vbat
Vcc<VPF - Vcc>Vbat Vcc
Vcc>VPF - Vcc<Vbat Vcc
Vcc>VPF - Vcc>Vbat Vcc

Tabla 8 Tension de comparacion DS3231

Para que la beteria tenga mas vida til, el DS3231 no empezara a funcionar si no se supera Ver 0
se envie una direccion vélida por el bus 12C. Con cualquiera de las dos condiciones, el oscilador
empieza a funcionar, proporcionando por defecto la fecha y hora: 01/01/2000 00:00:00.
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En el tercer grupo tenemos el bloque de reinicio.

WVOLTAGE REFERENCE —= 55T

DEBOURCE CIRCUIT

PUSHBUTTON RESET q

Fig. 16 Grupo 3: Reinicio de dispositivo.

El DS3231 incorpora un RST para llevar a cabo un reseteo del chip, el RST se activa con nivel
I6gico bajo (0V). EI RTC esta siempre esperando un flanco de bajada del RST, si se detecta una
transicion de este tipo, el DS3231 activa el transistor colocando el pin en un estado bajo. Después que el
temporizador interno haya terminado (PBps=250ms), el DS3231 sigue verificando el RST, si este
continua en un nivel bajo, se esperara un flanco de subida.

También el RST es utilizado para indicar fallos en V¢, cuando V¢ < Vee se fuerza el pin RST a un nivel
bajo. Cuando la tension V.. regresa a su nivel el pin RST se mantendra a OV durante un tiempo trec =
250ms para permitir estabilizar la sefial de alimentacion.

Ral

J

PBpg rst
Fig. 17 Fallo de tension Vcc.
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El cuarto grupo es el reloj en tiempo real.

{ el
¥ QECILLATOR AND I
_|:— CAPACITOR ARRAY 5 | oy
— .HM& —— CONTROL LOGIC SIEQUARE - WAVE BUFFER =
- I—"’,i DWVIDER WA CONTROL - WTsow
= . I —
v £ .
t t ]
Voo
- TEMPERATURE ALARM, STATUS, AND'
Vi FOWER CONTRON "™
. - MR COoNTROL SENSOR CONTROL REGISTERS

0 CLOCK AND CALENDA

REGISTERS
seL .
2C INTERFACE AMD »
ADORESS REGISTER
=na DeCooe UsES BUEFES

T BYTES)

Ds3a PUSHBUTTON RESET —|

Fig. 18 Grupo 4: Reloj de tiempo real.

Este grupo nos proporciona informacion actualizada sobre los segundos, minutos, horas, dias y
afios. Los dias se ajustan automéaticamente a los meses de 30 y 31 dias, asi también como febrero de 28
dias y los afios bisiestos. Tiene un formato de 12 o 24 horas con un bit indicador de AM/PM.

4.2.3 Comunicacion 12C.

La comunicacion entre el microcontrolador y el DS3231 se logra a través del bus 12C (Inter —
Integrated Circuit). Este protocolo de comunicacion reduce el nimero de cables a dos, uno SDA
encargado de la trasferencia de datos y el otro SCL que es el reloj del sistema. El bus trabaja con I6gica
positiva, donde un nivel alto es 0.7V y un nivel bajo es 0.3Vcc.

El bus I12C esta disefiado para trabajar como maestro — esclavo, donde el maestro inicia la
comunicacion y el esclavo reacciona a las peticiones. EI maestro es el encargado de controlar al bus
12C, es el encargado de generar el reloj serial (SCL), controla el acceso de buses y es el encargado de
generar las condiciones de START y STOP.

El DS3231 funciona como esclavo en el bus I12C, una configuracion tipica se muestra a
continuacion.
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Fig. 19 Esquema de trasferencia de datos en el bus 12C.

Durante la trasferencia de datos, la linea de datos debe permanecer estable cuando la linea de
reloj es alta. Los cambios de linea de datos, mientras la linea de reloj es alta, se interpretaran como
sefiales de control.

4.2.4 Escritura de datos

<Slave Addresss ¥
s 'L 101000 [ 0 [ A [ 000000

<'Word Address (n)s =Diakan)=> =Diata (n+ )= =il (e X )=
A [xxxxxx:u: [ A ]:-cxxxmx ] A | 00000XX ] AlP ]

5 - START _J'J: R
A= MENCUAEIE DATA TRANSFERAED

P — STOP {Xe1 BYTES + ACKNOWLE DIGE)
“A/W — READ/WRITE OR DIRECTION BIT, ADDAESS = DOh

Fig. 20 Escritura de datos en modo esclavo.

Después de cada byte recibido, es trasmitido un bit de reconocimiento. Las condiciones START y
STOP son reconocidas como el comienzo y el final de la trasmision serie.

El byte de direccién es el primer byte recibido después de la condicion START que es generada
por el maestro. El byte de direccion esclavo contiene 7 bit seguida por el bit R/W, que para la escritura
esun 0y para la lectura un 1.

Después de decodificar el byte de direcciones, el esclavo enviara un bit de reconocido por la
linea SDA. Despueés que el esclavo reconoce la direccion mas el bit de escritura, el maestro trasmite una
palabra de direccion al DS3231, esto establecera el puntero del registro. Con el esclavo reconociendo
cada byte recibido, el maestro termina la trasferencia de datos con la condicion de STOP.
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4.2.5 Lectura de datos

|
«Shve Address»

S | 1101000 | 1

<Datain)> <Datains 1 > <Dauts (me2)> <Daka (ne X)>
A |XXXXXXXX A | XOOOXXX | A | 00000 | A | XOXXXXXXXX | A | P

b <RV

— (i
8 STARY B
= DATA TRANSFERRED
A - ACKNOWLEDGE (X+1 BYTES + ACKNOWLEDGE): NOTE: LAST DATABYTE IS
P - STOP FOLLOWED BY ANOT ACKNOWLEDGE ( A ) SIGNAL)
A = NOTACKNOWLEDGE
*‘RW - READ/WRITE OR DIRECTION BIT ADDRESS = D1h

Fig. 21 Lectura de datos en modo esclavo.

El primer byte se recibe y maneja como en el modo escritura. Sin embargo, en este modo, el bit
de direccion indicara que la direccion de trasferencia es inversa. Datos en serie se trasmiten del DS3231
al maestro.

Las condiciones de STAR y STOP indican lo mismo que en modo escritura. El primer byte es el
de direccion que consta de 7 bit de direccién mas un bit de R/W.

Después de recibir y decodificar el byte de direccion el esclavo responde con un bit de
reconocido en la linea SDA. El DS3231 comienza entonces a trasmitir los datos que tiene en la direccion
enviada anteriormente por el maestro. El esclavo pone fin a la lectura tras recibir un “no reconocido”
por el maestro.

4.2.6 Caracteristicas ZS-042.

Tensidn de funcionamiento: 3,3v ~ 5v.

Chip de reloj: DS3231.

Precision del reloj: 2ppm entre 0°C — 40°C.

Salida de onda cuadrada programable.

Sensor de temperatura incluido con una precision +3°C.
Interfaz con el bus 12C.

Bateria integrada CR2032.

Corriente de operacion con 5v: 300pA.

Corriente de stand-by con 5v: 170pA.
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Fig. 22 Médulo ZS-042 comercial.

5. Sistema de control

El microcontrolador es el encargado de controlar y coordinar todas las funciones del sistema.
Para la eleccion del microcontrolador PIC se tuvieron en cuenta las caracteristicas con las que debia
contar a la hora de controlar todas las funciones del sistema, es decir, que disponga de la cantidad de
pines necesarios para poder conectar y controlar todos los modulos, contar con bus SPI e 12C necesarios
para establecer la comunicacién maestro — esclavo con los modulos usados y memoria suficiente.

Dicho todo esto se optdé por el microcontrolador PIC 18F4550 de la empresa Microchip
Technology Inc de 40 Pin PDIP.
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5.1 Diagrama esquematico

En la fig.27 se muestra el diagrama y conexionado de los mddulos junto al microcontrolador
P1C18f4550.
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= ] g c* ]
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Fig. 23 Representacion del conexionado de los médulos
Se van a utilizar dos tensiones diferentes para la alimentacién, una fuente de 5v la cual va a
alimentar al microcontrolador, modulo micro SD, LCD 16x2 y reloj RTC. La segunda tension es de 3.3v
la cual va a alimentar al moédulo RFID el cual no soporta 5v.

Se utilizardn tres divisores resistivos para bajar la tension de 5v (entregadas por el
microcontrolador) a 3.3v (necesarias para no dafiar al médulo RFID).

Célculo del divisor de tension:

Vo = (52 50)
out ~ "1 R1+RT
R, =R, + Ry

Vout_( RE )
v,  \R, +R,

V..
our [R1+R2j — R:

V,
V. I,
‘L"f (R, + f‘f (R,) =R,
1 1
V. V..
Er...'.t [Rl:] — R: _ Lﬂ:r...'.t' [:R::]
1 1
Tr"ro:.l_t (le — R: (1 _ Tr"ro:.l_t)
Vi Vi
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o V.

|
2 (R,)
Ry =—1——
27 Vo
Vi
hue = 330y V] = b
o Suponemos una resistencia de Ry = 1k(l
3.3v
_Sv (1k0)
2 3.3v
1= Sv

R, =1941,1760 ~ 2k0
R,=2kQ=R,+R, > R,=1kQ y Ry = 1k

El célculo de la resistencia se aplica a los tres divisores ya que todos tienen las mismas
caracteristicas.

En la siguiente imagen se presenta una simulacién para garantizar que la tension entregada sea
de 3.3v. El software que se utilizé para hacer la simulacion es “Quite Universal Circuit Simulator”.

Vout

simulacion dc
AN DC1
R1
RA R=1000 Ohm simulacion
R=1000 Ohm transitoria
. V1 TR1
= U=5V  Type=lin
Start=0
RB Stop=5ms
§ R=1000 Chm
—_

Fig.24 Simulacion circuito.

number | VoutV
1 333

Fig. 25 Valores de salida Vout
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5.2 Bus SPI.

En la seccion 2.1.2 y 3.2 se habl6 sobre el bus SPI usado en modo esclavo, ahora se desarrollara
el bus usado como maestro, es decir, la configuracion respecto al microcontrolador.

El protocolo de comunicacion SPI consta de tres lineas MOSI o SDI (salida de datos del maestro
y entrada de datos al esclavo), MISO o SDO (salida de datos del esclavo y entrada de datos al maestro) y
la sefial SCK (sefial de reloj de sincronismo). Los dispositivos esclavos conectados no utilizan
direcciones, sino que se utiliza una linea de control para la habilitacion de cada esclavo la sefial es SS o
Select (seleccidn del esclavo para la comunicacién).

En la siguiente figura se muestra el diagrama en bloque del bus SPI.

Internal

Data Bus
Read Write

SSPBUF reg

AL

D> sspsrreg |

RCA4/SDI/SDA bit0 Shift
g _‘__,.f-"| Clock
5/SDO

Peripheral OE Q

5SS Control
Enable
RAS/AN4S
SS/C20UT [ Edge | ge
Select
2
Clock Select
S85PM3:35PMO
SMF'*CzKE 4 (L’L’fulp&_uﬂ]
Edge
Select Brascaier] Tosc
RC3/SCK/SCL F:e1sﬁclaéir

I Data to TX/RX in S5PSR
TRIS bit

Diagrama. 5 diagrama en bloque simplificado bus SPI

Dado que los mddulos vistos anteriormente trabajan como esclavos, el microcontrolador
trabajara como maestro siendo este el encargado de proporcionar la sefial de reloj necesaria para
comandar las acciones del sistema.

En este tipo de trasmision sincrénica se permite enviar y recibir datos de 8 bit a través del
registro de desplazamiento SSPSR y un registro intermedio, SSPBUF.
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La recepcién o trasmisién de un dato se realiza ni bien se completa el registro SSPSR. En un
proceso de recepcion por el pin SDI, el registro de desplazamiento SSPSR trasfiere su informacion al
registro SSPBUF y queda liberado para realizar la siguiente accion. Los datos presentes en SSPBUF se
mantienen hasta que sean leidos, pudiendo aceptar nuevos datos el registro SSPSR, de esta manera el
bus SPI trabaja con doble registro. Los datos que quieran ser enviados a traves de la linea SDO deben
ser escritos en el registro SSPSR, desde el registro SSPBUF.

5Pl Master S5PM3:55PM0 = ooxxb
SD0

Serlal Input Bufier
[SSPBUF)

|
: AN
|
|
|

Shift Register SOl

(SSPSR)

|
|
MSh LSh |
| Serial Clock
]
|
|

PROCESSOR 1

Fig. 36 SPI configurado como maestro.

El dispositivo maestro es el encargado de comandar los tiempos de operacidn, debido a que es él
el que controla el reloj del sistema a través del pin SCK. Dicha sefial esta presente solo en el momento de
trasferencia de datos entre el dispositivo maestro y esclavo.

5.2.1 Modo de funcionamiento bus SPI

Por defecto el maestro mantiene su linea SS en alto, cuando el maestro quiere iniciar la
comunicacién pone en un nivel I6gico bajo la linea correspondiente al esclavo con el cual quiere iniciar
la comunicacion.

En cada pulso de la sefial del reloj, normalmente en un flaco de subida, se da la trasferencia de
datos entre maestro y esclavo. La trama (datos) enviados y recibidos no sigue ninguna regla, es decir
podemos enviar cualquier secuencia arbitraria de bits.
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MASTER SLAVE

S
= L]

MISO

Fig. 27 Ejemplo de comunicacion SPI

5.3 Bus 12C

El bus 12C (Inter-Integrated Circuit) requiere inicamente de dos cables para su funcionamiento,
uno para la sefial de reloj (CLK) y otro para el envio y recibimiento de datos (SDA). Esto significa una
gran ventaja, ya que con solo dos hilos se establece la comunicacion.

En este tipo de comunicacion cada dispositivo dispone de una direccién, que se empela para
poder acceder al dispositivo en cuestion de forma individual, esta direccion se puede emplear por
software o hardware, donde en este Gltimo se utilizan jumpers para modificar los Gltimos 3 bit.

El bus 12C tiene su arquitectura del tipo maestro-esclavo. Esto es que el maestro es el encargado
de indicar el inicio y fin de la comunicacion, el esclavo solo de limita a enviar o recibir datos.

El maestro es el encargado de generar una sefial de reloj (CLK) que mantiene sincronizado a
todos los dispositivos conectados al bus, por eso decimos que el bus 12C es del tipo sincroénico.
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5.3.1 Funcionamiento bus 12C

Para poder realizar la comunicacion del maestro con el esclavo con un solo cable de datos
(SDA), el bus 12C utiliza una trama amplia.

La comunicacién consta de:

e 7 bits que seran la direccion del dispositivo esclavo con el cual queremos
comunicarnos.

¢ Un bit indica si queremos enviar o recibir datos.

e Un bit de validacion.

¢ Uno o mas bytes de datos.

DIRECCION + R/W DATOS

Wy

(ejemplo 0110001 + W) {ejemplo 01111010)

JRR 111U RRORORE

Data pu— e ———— — e ——
Stat 0 1 1 000 1 = = 0111101 0= Stop

Direccion (7 bits) o < Datos (8 bits)

Fig. 28 Ejemplo comunicacion 12C

Con 7 bit de direccion es posible conectar y comunicar 112 dispositivos a un mismo maestro.

La condicién de inicio de la comunicacion se da cuando el bus esta disponible y el estado 16gico
de la linea SDA pasa de un nivel alto a un nivel bajo estando el CLK en un nivel l6gico alto.

Para finalizar la trasferencia de datos hay un flanco de subida en la linea SDA mientras hay un
nivel alto en el estado del CLK. Tanto la sefial de inicio como parada solo la puede generar el
MAESTRO.

La confirmacién de recepcion (ACK) se da cuando tenemos la sefial CLK en alto y SDA en bajo,
esta sefial la puede generar tanto el MESTRO como el ESCLAVO.
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5.4. Programacion

En este apartado se hacer referencia a la programacion que lleva el microcontrolador PIC, se
realizard un diagrama de flujo simplificado de las funciones llevadas a cabo.

5.4.1 Diagrama de flujo del menu principal

La siguiente figura muestra el diagrama de flujo del programa principal, donde como primera
accion se lleva a cabo una configuracion de los pardmetros usados por el microcontrolador, como puede
ser el uso de las palabras de configuracién, declaracion de librerias, configuracion del oscilador interno,
uso de puertos SPI1 e 12C y uso de variables globales.

La programacion esta dividida en subconjuntos llamados funciones, de esta manera se logra una
mejor organizacion de las tares y trabajos realizados por el PIC y en caso de tener algin error o falla es
mas facil y sencillo encontrar y resolver el problema.

no Funcion
Lector
RFID=1

sil

Funcion hora'dia

l

no Funcién
comparacion
=i

sil

Funcién Micro SD

Diagrama. 6 diagrama en flujo Lector RFID
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Este es el diagrama de flujo del Lector RFID. Se hara una breve descripcién de cada funcion.

La primera funcion después del bucle principal es la Funcion Lector RFID en esta funcion se
realiza la lectura del legajo y autentificacion entre el lector MRFC555 vy el tag electromagnético, toda
esta funcion esta echa en base a una librearia antes cargada en la configuracion del microcontrolador.
Si la lectura del tag se realiza con éxito, en ese momento se llama a la Funcién hora/dia la cual es la
encargada de extraer del reloj RTC la fecha y hora exacta que se realizo la lectura.

Una vez que se tienen los datos de la tarjeta junto con los datos de la fecha y hora se procede a
llamar a la Funcion Comprobacion esta se encarga de realizar la comparacion de los distintos niveles
de privilegio, es decir, comprobar si la tarjeta que fue leida puede ingresar al area en cuestion.

Si el tag leido tiene el nivel de privilegio requerido, el ultimo paso es de generar un registro y
para ello se llama a la Funcion Micro SD donde ella se encarga de crear un archivo Excel donde
guedara registrado todos los datos antes manipulados (hora, fecha, legajo).

INTCIC

l

Configuracidn
Microconirolads

|

Bucle
— Princinal

no Funcida

Functdn Grabador
RFID

no

Error al grabar RFID
tavjeta - =1

si

Diagrama. 7 diagrama de flujo Grabador RFID

El diagrama del Grabador RFID es similar al Lector, con la diferencia que en este caso se usara un
teclado matricial 4x4, y la libreria de dicho teclado se incluye en la parte de la Configuracion del
Microcontrolador.
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Como primera medida en el grabador se llama a la Funcion Teclado donde en ella se digitara el
nivel de privilegio de la tarjeta a grabar, disponemos de cuatro niveles de privilegio A, B, C y D.
Después se llama a la Funcion Legajo donde nos pedira ingresar el legajo correspondiente a la persona
que se le entregard la tarjeta.

Después de ingresar todos los datos, el siguiente paso es llamar a la Funcion Grabador RFID
donde ella es la que se encarga de grabar todos los datos en la tarjeta electromagnética. Una vez
grabada la tarjeta se llevara a cabo una verificacion de la tarjeta grabada, donde si hubo algun tipo de
error en la grabacion nos saldra un menaje en la pantalla LCD y volveremos al bucle principal.

6. Alimentacion

Para la alimentacion de ambos moédulos (lectura — escritura) se utilizaran dos tensiones
diferentes una de 5v y la otra es de 3.3v.

Es necesario esta disposicion ya que el RC522 funciona con una tensién 3.3v, y el resto de los
componentes (PIC, micro SD, LCD, etc.) funcionan con 5v. De esta manera si todos los componentes que
forman el circuito electrénico serian alimentados con la misma tension, ya sea 3,3v o 5v el circuito no
funcionaria.

Para la implementacion de esta placa se utilizaron dos circuitos integrados reguladores de
tensién. Uno es el LM7805 que es un regulador de 5v, dicha disposicién y conexionado se puede ver en
la siguiente figura.

V_IN
TEXT> V_OUT_5
D1
? 1A TEXT>
[‘S | EI%DE |_°
<TEXT> T
U1
ey 7805
i <TEXT>
1 {wv vo |2
[=]
& ==
= C1 o ]
330nF —— C2
STEXT> 100nF
TEXT>

Fig.29 LM7805

El integrado utilizado para obtener una tension 3.3v es el LD1117/A-3.3.
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V_OUT 33
D2
A STEXT>
I[}IODE | 17
LTEXT> 1.
Uz
LDA17
T LTEXT>
I RV vo |2
(]
% —
== 3 o |
100nF — C4
ATEXT> 10uF
TEXT>

Fig. 30 LD1117

Ambos CI son lo suficientemente confiables y brindan una tension de salida estable.
En el desarrollo final del PCB (placa de circuito impreso) la alimentacion va a estar separada
del circuito de control, ya que de esta manera si tuvieramos algin tipo de inconveniente con la

alimentacién esto se podria reemplazar y que el circuito de control no fuera afectado.
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7. Diseio e implementacion de PCB.

Para el desarrollo final del circuito se utilizé el software Proteus 8. A continuacion, en
las figuras 38 y 39, se presenta las imagenes tomadas del software.

Fig. 31 Esquema en ARES Lector
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X

Fig. 32 Esquema en ARES Grabador

En la figura 40 se muestra el diagrama en ARES del circuito de alimentacion.

N I =

AT

Fig. 33 Esquema en ARES Alimentacién 3,3v — 5v

Martini, Luciano 44



F.R.V.M. de la U.T.N.

Dpto. de Electrénica Control de acceso mediante RFID
Trabajo Final de Grado

A continuacion, se muestra el proyecto ya terminado.

)

Fig.34 Grabador RFID.
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LMD C g

c ~

Fig.35 Placa de l6gica y placa de alimentacién
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Fig.36 Lector y grabador RFID.
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8. Conclusion.

Al finalizar el trabajo se obtuvo como resultado un sistema de control de acceso de facil
utilizacion tanto para quien se encarga de cargar la informacion en las tarjetas como para
quienes utilizan el sistema para acceder a las distintas habitaciones. Cumple correctamente con
la concesion o restriccion de acceso en funcion de los niveles de privilegio de cada usuario

El sistema de adquisicion de datos genera un registro fiable de las personas que
accedieron a una determinada habitacion con su respectiva fecha y hora, el cual se almacena
correctamente en la tarjeta microSD.

Para el grabado de tarjetas magnéticas (tags) se cred un dispositivo de facil
implementacion para que de esta manera se puedan crear nuevos usuarios de manera practica y
confiable.

Gracias al desarrollo del proyecto pude adquirir y reforzar conocimientos en
programacion, desarrollo y simulacién, ademas de la implementacion de nuevos protocolos de
comunicacion entre el microcontrolador PIC y los moédulos utilizados.
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10. Anexos.

Hoja de datos Microchip PIC18F4550

MicrocHIP PIC18F2455/2550/4455/4550

28/40/44-Pin, High-Performance, Enhanced Flash,
USB Microcontrollers with nanoWatt Technology

Universal Serial Bus Features: Peripheral Highlights:

* USB V2.0 Complant * High-Current Sink/Source: 25 mA25 mA

* Low Speed (1.5 Mb/a) and Full Speed (12 Mb/s) * Three External Interrupts

* Supports Control, Interrupt, Isochronous and Bulk * Four Timer mockses (Timer0 to Timer3)
Transfers * Up o 2 Capture/Compare/PWM (CCP) modules

* Supports up to 32 Endpoints (16 bidirectional)

1-Kbyte Dual Access RAM for USB

* On-Chip USB Transceiver with On-Chip Voltage
Ragulator

¢ Interface for ON-Chip USB Transcelver

- Capture is 16-bit, max. resolution 5.2 ns (Tov/16)
- Compare Is 16-bit, max. resolution 833 ns (Tcy)
« PWM output: PWM resolution is 110 10-bit
Enhanced Capture/Compare/PWM (ECCP) module
- Muliiple output modes

* Streaming Paraliel Port (SPP) for USB streaming - Selectable polarity
transfers (40/44-pin devices only) - Programmable dead time
« Auto-shutdown and auto-restant
Power-Managed Modes: + Enhanced USART module:
* Run: CPU on, peripherals on = LIN bus suppont

¢ Idie: CPU off, peripherals on

* Sleop: CPU off, peripherals off

* idle mode currents down 10 5.8 uA typical

* Sioop mode currents down 1o 0.1 pA typical
* Timert Oscillator: 1.1 pA typical, 32 kHz, 2V
* Waichdog Timer: 2.1 pA typical

* Two-Speed Oscillator Start-up

Flexible Oscillator Structure:
* Four Crystal modes, including High Precision PLL

for USB
* Two External Clock modes, up 1o 48 MHz
* Internal Oscillator Block:

- 8 user-selectable frequencies, from 31 kHz

fo 8 MMz

- User-tunable to compensate for frequency dnft
* Secondary Oscillator using Timer! @ 32 kHz
Dual Oscillator options allow microcontroller and
US8 module 10 run at different clock speeds
Fail-Safe Clock Monitor
« Alows for sale shutdown if any dlock stops

Master Synchronous Seral Port (MSSP) module
supporting 3-wire SPI (all 4 modes) and IFC™
Master and Slave modes

10-b11, up 1o 13-channel Analog-to-Digital Corwerter
module (A/D) with Programmabile Acquisition Time
Dual Analog Comparalors with Input Multiplexing

Special Microcontroller Features:

C Compiler Optimized Architecture with optional
Extended Instruction Set

100,000 Erase/Wirite Cycle Enhanced Flash
Program Memory typical

1,000,000 Erase/Write Cycle Data EEPROM
Memory typical

Flash/Data EEPROM Retention: > 40 years
Sell-Programmable under Software Control
Priority Levels for Interrupts

8 x 8 Single-Cycle Hardware Multiplier
Extended Watchdog Timer (WDT):

« Programmable period from 41 ma to 1318
Programmable Code Protection
Single-Supply 5V In-Circult Serial
Programming™ (ICSP™) via two pins
In-Circutt Debug (ICD) via two pins

« Optional dedicated ICDAICSP port (44-pin davices only)

Wide Operating Voltage Range (2,0V to 5.5V)

Program Memory Data Memory | MSSP |
) T 1 10-81t | CCPECCP { I 1 Timers
Device | Flash | # Single-Word | SRAM |EEPROM | YO | o o) pwany | PP | o) | Master 16-Bit
(bytes)| Instructions (byho)l (bytes) ‘ Pom™
s s i $ : 3 i ' 3 ]
PICI8F2455 | 24K 12288 | 2048 | 256 | 24| 10 | 20 No [ Y V [1]2] ‘
PICI&F2560 | 32K 16384 2048 | 266 | 24| 10 20 No | ¥ | ¥ 1 2|
PICIBFA45S | 24K 12288 248 | 26 | 35| 13 " Yes | Y | Y 1 2] n
PIC18F4550 | 32K 16384 248 | 2% | 35| 13 " Yeo | Y | Y 1 2] w»
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Pin Diagrams

28-Pin PDIP, SOIC

0
MCLAVIM LS —= 11

RAOAND == 12

AAVANY == 13

RA2ANZVIES JOVIEF == [ 4
RAVAND\RES « == 18
RAUTOCKICIOUTRCY == [0
RASANASSHLYDING20UT =—= [ 17
Vs - I:G

QSCHOLK) ——= [ 19
OSC2CLKORAS =—[]10

ROOT 1080/ 13CK) == [ 11
RCAT108UCCPZ WIOE == (12
AC2CCP) == 113

Vuss == [114

40-Pin PDIP

(-]

VELRVPPRE) ——e 11
AADAND =—e [ 2

HAUANY ==[13
RAZANZ WIS CVier oe [T 4§
RAVANIVRES s == 1§
FATOCKICIOUTRCY == 6
RASANASEMLVDINGZOUT =—e[]7
REQANSCKI1SPP =[] 8
RE1VANGCKISPP =—e[] 0
REDANTIOESPP e—e [ 10

Voo -On

Vee -[]12
QSCICLKG ——= [] 13
OSC2CLKORAE = 7] 14
RCOTIOROTIACK! =[] 15
RCIT10SVCCPZNIOE =—=[] 18
ACZCCPIPIA o—e [ 17

Vuap el

PONSPRY -——e[] 18
RDVSPPY =wa[] 20

Lo

Note 1:  REBE3 s e alairate pin lor COP2 mulipleaing.

]

D O L

LJ

PIC16F2455
PIC18F2550

JOJ

:_] - -

L] -
{] -—e
N o—e

L] —-—

] s

PIC18F4455

PIC18F4550

P} et

| -

SRURBENNILEBEERESEES

RETHBIPGD
REENBRPGC

RESKESH POM
REAANTUKBI0
rRavaNvocPi'vPo
PO ANGINT2VMO
RE1ANTOINT 1 /SCKSCL
FBO AN 1 2INTOFLTO'SOVSDA
Yoo

Vs

RCTRVOTSDO
RCATXCK

RCSDNVP

RCLO-VM

RO KEAPGD

RDAXD2 PGC
RBSXEI1PGM

RB4/ANT 1 KBIOCIEPP
REVANSCCPZWPO
REQANBINT VMO
RE1ANIGINT 1SCK/SCL
REBOVANT 2INTOFLTOSOISOA
Voo

Vss

ROTSPPTAID
ROGSPPAPIC
ROSSPPEP I8
ROWSPRL
RAC7TAX/DT/SDO
RCATIVCK

RCSDWVP

RCAD AWM

] -—e ROYSPPY
- RO2SPP2
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TABLE 1-1: DEVICE FEATURES
Features PIC18F2455 PIC18F2550 PIC18F4455 PIC18F4550
Operating Froquency DC ~ 48 MH2 DC ~ 48 MHz DC ~ 48 MHz DC ~ 48 MHz
Program Memory (Bytes) 24576 32768 24576 32768
Program Memory (Instructions) 12288 16384 12288 16384
2‘“_!“"‘“\' (Bytos) 2048 2048 2048 2048
Data EEPROM Memory (Bytes) 258 258 56 8
Interrupt Sources 19 19 20 20
VO Ports Ports A.B,C, (E) | Ports A, B,C, (E) |PortsA.B,C,D.E PorsA,B,C, D, E
Timers 4 2 4 4
Captura/Compara/PWM Modules 2 2 1 1
Enhanced Capture/ 0 0 1 1
Serial Communications MSSP, MSSP, MSSP, MSSP,
- - |l Enhanced USART Enhanood USART j Enhaneoii USART | Enhanced USART
Universal Senal Bus (USB) 1 1 1 1
Module
Streaming Parallel Port (SPP) No No Yes Yeos
loﬂtwg&m Module AL mitpnm 10 lnpu_thihnnefg_ ._13 Input (zhannotsi 13 lnpm.Chmneh i
Comparators 2 2 2 2
Resets (and Delays) POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instrucion, | RESET Instruction,
Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underfiow | Stack Underfiow | Stack Underflow | Stack Underflow
(PWRT, OST), _(PWRT, OST), (PWHT, OST), (PWRT, OST),
MCLR (optional), | MCLR (optional), | MCLR (optional), | MCLR (optional),
woT wDT woT woT
Programmable Low-Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yas
Instruction Set 75 Instructions; 75 Instructions; 75 Instructions; 75 Instructions;
83 with Extended | 83 with Extended | 83 with Extended | 83 with Extended
Instruction Set Instruction Set Instruction Set Instruction Set
enabled enabled enabled enabled
Packages 28-pin PDIP 28-pin PDIP 40-pin PDIP 40-pin PDIP
28-pin SOIC 28-pin SOIC 44-pin OFN 44-pin OFN
44-pin TOFP 44-pin TQFP
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FIGURE 1-2: PIC18F4455/4550 (40/44-PIN) BLOCK DIAGRAM
¥ Data Bus<B»
Table Porter<21»
H RAXAND
o RALANT
RA2AN2VALF /CVIEY
FANANYVAEF «
RAATOCKIC1OUT/RCY
RASANASEHLYDINC20UT
OEC2CLKOMAL
REOANIZINTOFLTSOVEOA
| REB 1 ANTOANT 1/ SCKSCL
RE2ANBINT2VMO
ABIVANRCCP VPO
50 RBAAN 1 XBIVCSSPP
O FESAKENPGM
X ABSKBIPGC
>, BB KIMAVPGD
RCOTIOSOTIICK
RCATS
' RC2CCP1PIA
RCADYW
RCSOWVP
RCBTNCK
X, RCTRX/OT/SDO
voo,vss X
@ > 1 e ADOSPPOADYBPPE
o Bk Timer e 00 Bl | ERresserseis
/] e ] RDGSPPEPIC
oac INTRC [l oo Tonad ' || | B-Erorssrreo
nost (-l © _;E. %
Power-on 1
noso  (X-e| WM Resal ALU<> ; e
cPach @"‘W&w; Temar 2
ePap™ E“ Programming Brown-out
In-Circua Feest
CRORTS 0| Detugger ) N
CHET™ D'a or’ Band Gap
GRS q Aelerence
wiEn D> USB Vomge
Regulater
POR Outa |
HVD EEPROM TimeeO Timert Timed2 i'l’n'ﬁ
A A r Y h A A
v v 4 N v v v
e I e e et I s R T N

Note 1: ua-wni’nﬁ'ﬁm.m-m whan the MCLR Resets are dsatied.
2 OSCICLK and OSCECLXO are only svallabde in select csallaicr modes and when Bisse pins ass not baing Lsed as dgisl 1O, Reler
1 Section 2.0 “Oscillator C for asd o

* Mphmoﬂrm-ﬁbﬁ-oﬂ"&w‘rw,_ Pos Under certan Reler o Section 25.9 “Special ICPORT Features
. P Only)" for o )

-y

& AB3 s the shernate pin for COP2 musSiplexing.
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20 OSCILLATOR
CONFIGURATIONS

21 Overview

Devices in the PIC18F2455/2550/4455/4550 family
incorporate a different oscillator and microcontrofler
clock system than previous PIC18F devices. The addi-
tion of the USB module, with its ursque requirements
for a stable clock source, make it necessary to provide
a separate clock source that is compliant with both
USB low-speed and full-speed specifications.

To accommodate these requirements, PIC18F2455/
2550/4455/4550 devices include a new clock branch to
provide a 48 MMz clock for full-speed USB operation.
Since it is driven from the primary clock source, an
addtional systermn of prescalers and postscalers has
been added to accommodate a wide range of oscillator
frequencies. An overview of the oscillator structure is
shown in Figure 2-1,

Other oscillator features used in PIC18 enhanced
microcontrollers, such as the internal oscillator block
and clock swilching, remain the same. They ame
discussed kater in this chapler.

211 OSCILLATOR CONTROL

The operation of the oscillator in PIC18F2455/2550/
4455/4550 devices s controbed through two Configu-
mtion registers and two control registers. Configuration
registers, CONFIGIL and CONFIGIH, select the
oscllator mode and USB prescaler/postscaler oplions.
As Configuration bits, these are set when the device is
programmed and left in that configuration untll the
device is reprogrammed.

The OSCCON register (Register 2-2) selects the Active
Clock mode; it is primanly used in controlling clock
switching in power-managed modes. Hs use is
discussed in Section 2.4.1 “Oscillator Control
Register”.

The OSCTUNE register (Register 2-1) is used to frim
the INTRC frequency source, as well as select the
low-frequency clock source that drives several special
features. Its use is described in Section 2.2.5.2
“OSCTUNE Register”.

22  Oscillator Types

PIC18F2455/2550/4455/4550 dewvices can be operated
in twolve disinct oscillalor modes, In contrast with pre-
vious PIC18 enhanced microcontroliers, four of these
modes involve the use of two oscillator types at once.
Users can program the FOSC3FOSCO Configuration
bits to select one of these modes:

X7 Crystal/Resonator
XTPLL Crystal/Resonator with PLL enabled
HS High-Speed Crystal/Resonator
HSPLL High-Speed Crystal/Resonator
with PLL enabled
EC External Clock with Fosc/4 output
ECIO External Clock with VO on RAG
7. ECPLL Extermal Clock with PLL enabled
and FOSC/4 output on RAG
8. ECPIO Extemal Clock with PLL enabled,
110 on RAS
9. INTHS Intemal Oscillator used as
microcontrofler clock source, HS
Osclllator used as USB clock source
Intermnal Oscillator used as
microcontroller clock source, XT
Osclllator used as USB clock source
11, INTIO  Imemal Osciliator used as
microcontroller clock source, EC
Oscillator used as USB clock source,
digital 11O on RAS
12. INTCKO Intemnal Oscliiator used as
microcontroller clock source, EC
Oscillator used as USB clock source,
Fosc/4 output on RAS

221 OSCILLATOR MODES AND
USB OPERATION

Because of the unique requiremnents of the USB module,
a dferent approach to clock operation s necessary. In
previous PICmicro® devices, all core and peripheral
clocks were driven by a single oscillator source, the
usual sources were primary, secondary or the internal
oscillalor. With PIC18F2455/2550/4455/4550 devices,
the primary oscillator becomes part of the USB module
and cannol be associated to any other clock source,
Thus, the USB module must be docked from the primary
clock source; however, the microcontroller core and
other peripherals can be separately clocked from the
sacondary or intemnal oscllators as before,

Because of the timing requirements imposed by USB,
an inmemal clock of ether 6 MHZz or 48 MHz |s required
while the USB module is enabled. Fortunately, the
microcontrofler and other peripherals are not required
1o run at this clock speed when using the primary
oscillator. There are numerous options 1o achieve the
USB module clock requirement and still provide flexibil-
ity for clocking the rest of the device from the primary
oscillator source. These are detaled in Section 2.3
“Oscillator Settings for USB”

hPON -

o o
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:
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FIGURE 2-1; PIC18F2455/2550/4455/4550 CLOCK DIAGRAM
PIC18F2455/2550/4455/4550
LY USB Clock Source
I
(ERA LA M ‘J' n
+ 10
3l B UsSBoY
— {4 MHz Input Only) i
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oscz | D+ . DN S i Bl bt —IWW‘} .{-Z'.‘;_J
[d -T S “,/ & b= o 3 [ TH B
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osc1 [XH-4-—T | -2,] i
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____________ CPUDIV ‘
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- +«3
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222 CRYSTAL OSCILLATOR/CERAMIC
RESONATORS

In HS, HSPLL, XT and XTPLL Oscillator modes, a
crystal or ceramic resonalor is connected to the OSC1
and OSC2 pins to establish oscllation. Figure 2.2
shows the pin connections,

The oscillator design requires the use of a paraliel cut
crystal,

Note:  Use of a series cut crystal may give a fre-
quency out of the crystal manufacturer's

specifications.

FIGURE 2-2: CRYSTAL/CERAMIC
RESONATOROPERATION
(XT, HS OR HSPLL

CONFIGURATION)

. [>

g
. - Imomal
S\ [ oo

o
Sleep
s R® ] l
i PICT18FXXXX

Note 1: See Table 2-1 and Table 2-2 for ninal vaues of
Ct and C2.
2: A sanes resistor (RS) may be required for AT
sirip cut crystals
3: Rr varios with the oscilator mode chosen

TABLE 2-1: CAPACITOR SELECTION FOR
CERAMIC RESONATORS
Typical Capacitor Values Used:
XT 4.0 MHz 33pF | 33pF |
HS 8.0 MHz 27pF | 27pF
16.0 MHz 22 pF 22 pF

cwwvdmmmmmwy.

values are not optimized.

Different capacitor values may be required to produce |
acceptable oscllator operation. The user should lest |
the performance of the oscillator over the expected |
VoD and temperature range for the application.

See the notes following Table 2-2 for addtional |
Information,

These capacitors were tested with the resonators |
listed below for basic start-up and operation. These |

Resonators Used:

4.0 MHz

8.0 MHz

L).i

TABLE 2-2: CAPACITOR SELECTION FOR
CRYSTAL OSCILLATOR

\ Typical Capacitor Values
| Ose Type cg:‘ Tested:
! c1 c2
| X7 4 MHz 27 pF 27 pF
HS 4 MHz 27 pF 27 pF
8 MHz 22 pF 22 pF
“20MHz | 15pF | 1 §pF_‘

| Capacitor values are for design guidance only.

| These capacitors were tested with the crystals iisted
| below for basic start-up and operation. These values
| are not optimized.
]Dﬁm“pacnavdmmaybonqdndbprom“
| acceptable oscillator operation. The user should test
| tha performance of the osdllator over the expected
IVDoammmpomnranoefathewphwnon

|See the notes following this table Tor additional
| information.

| Crystals Used:

\ 4 MKz

SR

20 MHz

Note 1: Higher capacitance increases the stability
of oscllator but also increases the
stant-up time.

2: When operating below 3V Voo, or when
using certain ceramic resonalors at any
voltage, it may be necessary fo use the
HS mode or switch to a crystal oscillator.

3: Since each resonalor/crystal has its own
charactenstics, the user should consult

4: Rs may be required to avold overdriving
crystals with low drive level specification.
5: Always verfy osciilator performance over
the VoD and temperature range that is

expacted for the appication.

An intemal postscaler allows users to select a clock
frequency other than that of the crystal or resonator.
Frequency division is determined by the CPUDIV
Configuration bits. Users may select a clock frequency
of the oscillator frequency, or 1/2, 1/3 or 1/4 of the
frequency.

An extermnal clock may also be used when the mcro-
controller is in HS Oscillator mode. In this case, the
OSC2/CLKO pin Is left open (Figure 2-3).
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45 Device Reset Timers

PIC18F2455/2550/4455/4550 devices  Incorporate
three separate on-chip timers that help reguiate the
Power-on Reset process. Their main function s to
ensure thal the device clock s stable belore code s
executed. These timers are:

* Power-up Timer (PWRT)
* Oscillator Start-up Timer (OST)
* PLL Lock Time-out

451  POWER-UP TIMER (PWRT)

The Powar-up Timer (PWRT) of the PIC18F2455/2550/
4455/4550 dovices is an 11-bit counter which uses the
INTRC source as the clock input. This yiekds an
approximate tme interval of 2048 x 32 ps = 65,6 ms.
While the PWRT is counting, the device is held in
Reset.

The power-up time delay depends on the INTRC clock
and will vary from chip 1o chip due to temperature and
process variation. See DC parameter 33 (Table 28-12)
for details,

The PWRT is enabled by clearing the PWRTEN
Configuration b,

452 OSCILLATOR START-UP
TIMER (OST)

The Osclllator Startup Timer (OST) provides a
1024 osciltator cycle (from OSC1 Input) delay after the
PWRT delay is over (parameter 33, Table 28-12). This
ensures that the crystal oscillator or resonator has
started and stabllized.

The OST time-out is Invoked only for XT, HS and
HSPLL modes and only on Power-on Resel or on exit
from most power-managed modes.

TABLE 4-2:  TIME-OUT IN VARIOUS SITUATIONS

453 PLL LOCK TIME-OUT

With the PLL enabled in its PLL mode, the time-out
saquence following a Power-on Reset is slightly differ-
ent from other oscllator modes. A separate timer is
used to provide a fixed time-out that is sufficient for the
PLL to lock to the main ascillator frequency. This PLL
lock time-out (TPLL) is typically 2 ms and follows the
oscillator start-up Sme-out.

454 TIME-OUT SEQUENCE
On power-up, the time-oul sequence s as follows:

1. Afer the POR condition has cleared, PWRT
Sme-out is invoked (if enabled).
2. Then, the OST is activated.

The total time-out will vary based on oscillator configu-
ration and the status of the PWRT. Figure 4.3,
Figure 4-4, Figure 4-5, Figure 4-6 and Figure 4-7 all
depict time-out sequences on power-up, with the
Power-up Timer enabled and the device operating in
HS Oscillator mode. Figures 4-3 through 4-6 also apply
o devices in XT mode. For devices in RC
mode and with the PWRT disabled, on the other hand,
there will be no time-out at all.

Since the time-outs occur from the POR pulse, it MCLR
s kept low long enough, all time-outs will expire. Bring-
ing MCLR high will begin execution immediately
(Figure 4-5). This is usetul for testing purposes or to
synchronize more than one PICIBFXXXX device
operating in parallel

Oscillator Power-up‘®) and Brown-out Exit from
Configuration PWRTEN = 0 PWRTEN =1 Power-Managed Mode

HS, XT 66 ms'") 4 1024 Tosc 1024 Tosc 1024 Tosc
HSPLL, XTPLL 66 ms() + 1024 TOSC + 2 mstd 1024 TOSC + 2 ms® 1024 TosC + 2 ms@ |
EC, ECIO 66 mst" - -—
ECPLL, ECPIO 66 msl') 4 2 ms® 2 ms@ 2 me®
INTIO, INTCKO 66 mst') — =
INTHS, INTXT 66 ms'") 4 1024 Tosc 1024 Tosc 1024 Tosc

Note 1: 66 ms (65.5 ms) is the nominal Power-up Timer (PWRT) delay.
2: 2 ms is the nominal time required for the PLL to lock.
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12.0 TIMER1 MODULE A simpliied block diagram of the Timert module is
shown in Figure 12-1_ A block diagram of the module's
The Timer1 timercounter module Incorporates these operation in Read/Write mode is shown in Figure 122,
features: The module incorporates its own low-power oscillator
* Software selectable operation as a 16-bit mer or to provide an additional clocking option. The Timer1
counter oscillator can also be used as a low-power clock source
* Roadabie and writable B-bit registers (TMR1H for the microcontroller in power-managed operation.
and TMR1L) Timer! can also be used to provide Real-Time Clock
* Selectable clock source (infernal or external) with (RTC) functionality to applications with only a minimal
device clock or Timer1 oscilator intemal options addition of extermal components and code overhead
¢ Interrupt on overfiow ' Timer1 is controlled through the TICON Control
* Module Reset on CCP Special Event Trigger register (Register 12-1). It also contains the Timer!
* Device clock status flag (T1RUN) Oscillator Enable bit (TIOSCEN). Timer! can be

enabled or disabled by setting or clearing control bit,
TMRION (T1CON<0>).

REGISTER 12-1: T1CON: TIMER1 CONTROL REGISTER
 RWO0 RO RW-O RWO  RWO  RWO RW-0 RW-0

ADI6 | TIRUN | TICKPS! | TICKPSO | TIOSCEN | TISYNG | TMRICS | TMRION
ba7 bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set 'O = Bit Is cleared x = Ba s unknown

b7 RD16: 16-Bit Read/'Write Mode Enable bit

1 = Enables register read/write of Timer1 in one 16-bit operation

0 = Enables register read/write of Timer1 in two 8-bit operations
bas T1RUN: Timer1 System Clock Status bt

1 = Device clock is dertved from Timer1 oscillator

0 = Device clock Is dertved from another source
bt 54 TICKPS1:TICKPSO0: Timer! Input Clock Prescale Select bits

11 = 1:8 Prescale value

10 = 1:4 Prescale value

01 = 1:2 Prescale value

00 = 1.1 Prescale value
b3 T10SCEN: Timer1 Osclilator Enable bit

1 = Timer1 oscillator is enabled

0 = Timer1 oscillator is shut off

The oscillator inverter and feedback resistor are turned off to eliminate power drain,
b2 T1SYNC: Timer1 Extemal Clock Input Synchronization Select bit

When TMRICS = 1:

1 = Do not synchronize external clock input

¢ = Synchronize external clock input

When TMRICS = 0!

This bit is ignored. Timer! uses the intermal clock when TMR1CS = 0.
b1 TMR1CS: Timer1 Clock Source Select bit

1 = Extemal clock from RCO/T10SO/T 13CKI pin (on the nsing edge)

0 = Internal clock (FOSC/4)
ba o TMRION: Timer1 On bit

1 = Enables Timen

o = Stops Timer1
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121 Timer1 Operation cycla (FOSC/4). Whan the bit is set, Timer! increments
on every rising edge of the Timer! extemal clock input
Timer1 can operate in one of these modes: or the Timer1 oscillator, if enabled.
* Timer When Timer1 is enabled, the RC1/T10SIUOE and
* Synchronous Counter RCOT10SO/T13CKI pins become inputs. This means
* Asynchronous Counter the values of TRISC<1.0> are Ignored and the pins are
The operating mode is determined by the clock select el E
bit, TMR1CS (T1CON<1>). When TMR1CS s cleared
(= 0), Timer! increments on every internal instruction
FIGURE 12-1: TIMER1 BLOCK DIAGRAM
Timer1 Oncillater ~
T OOt '
TI08OT 130K ><'. . r v s : '1' [ l,[ ~ _‘ - 1
> - I:‘:M 1.248 § Dotect 18
108! K oA B ) o I
| J Sheop rput

TIOSCENY —  TMRICS—
TICKPS1.TICKPS0 J
TIEVNC - ‘

TMAION
!——'—T—Y-ﬁ—— Set
Clonr TMR1 - TMARL R, "',._ b TMATIF
) on Overiow

(CCP Special Evertt Trigger)

Note 1: When enable bit, TIOSCEN, is cleared, the inverter and feedback resistor are furmed off 1o eliminate power drain

FIGURE 12-2: TIMER1 BLOCK DIAGRAM (16-BIT READ/WRITE MODE)

: N
7 1
) 8
s ’\47 Fosc 1 124
-

Tinert Oscillater [‘
TIOSOTIICK! M"—’—'_'_D— —— TW—'P
s | Detect 1s

- Intermal | el
T1088 \,__..._' ¢ Cock —1 3/ “‘z
S Sheip g
T108CEN™ — TNRICS Timer1
TICKPS1-TICKPS0 ) oot
TISYNG ot |
TMHRION
Set
Cleas TR ——————|  TMAIL Vogh By TMRF
{CCP Spacl Event Trgger) - 75 8 OonOverfow
Read TNA1L
Write TMR 1L
n
y
1 ( g A4 I
S v, )~ Internal Data Bus

Note 1: When enable bit, TIOSCEN, is cleared, the nverter and feedback resistor are tumed off 1o eliminate power dean
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122 Timer1 16-Bit Read/Write Mode

Timer! can be configured for 16-bit reads and wriles
(see Figure 12-2). When the RD18 control bit
(T1CON<7>) is sol, the address for TMAR1H Is mapped
10 a bulter register for the high bylte of Timer1. A read
from TMR1IL will load the contents of the high byte of
Timer1 into the Timer1 high byte buffer. This provides
the user with the ability 1o accurately read all 16 bits of
Timer1 without having o determine whether a read of
the high byte, followed by a read of the low byte, has
become invalid due 10 a rollover between reads.

A write to the high byte of Timer must also take place
through the TMR1H Buffer register. The Timer! high
byte is updated with the contents of TMR1H when a
write occurs to TMRIL. This allows a user 1o write all
16 bits 1o both the high and low bytes of Timer! at once.

The high byte of Timer! is not directly readable or
writable in this mode, All reads and writes must take
place through the Timer! High Byte Buffer register.
Writes to TMR1H do not dlear the Timer! prescaler,
The prescaler is only cleared on writes to TMR1L.

123 Timer1 Oscillator

An on-<chip crystal oscillator circuit is incorporated
botween pins T10S! (input) and T10SO (ampifier
output). It is enabled by setting the Timer! Oscllator
Enable bit, TIOSCEN (T1CON<3>). The oscillator is a
low-power circult rated for 32 kHz crystals. It will
continue to run during all power-managed modes. The
circuit for a typical LP oscillator is shown in Figure 12-3.
Table 12-1 shows the capacitor selection for the Timer!
oscillator.

The user must provide a software time delay 10 ensure
proper start-up of the Timer1 oscillator.

FIGURE 12-3: EXTERNAL
COMPONENTS FOR THE
. TIMER1 LP OSCILLATOR
C1
33 oF PIC1BFXXXX

T08l

XTAL
S 3 768z
)-T—@— 71080

c2
33 pF
Note: See the Notes with Table 12-1 for additional

nformation about capacitor sedacton.

TABLE 12-1: CAPACITOR SELECTION FOR

THETIMEROSCILLATOR®4)
| OsoType | Freq | C1 | C2 |
[ w RkHz | 27pF" | 27pF")

Note 1: Microchip suggests these values as a
starting point In validating the oscllator
circust.

2: Higher capacitance increases the stability
of the osdllator but also increases the
start-up time.

the manutacturer for
appropriate  values of extemal
components.

4: Capacitor values are for design guidance
only.

1231  USING TIMER1 AS A CLOCK
SOURCE

The Timer! osdiliator is also available as a clock source
in power-managed modes. By setling the clock select
bits, SCS1:SCS0 (OSCCON<1:0>), 10 ‘01', the device
switches to SEC_RUN mode. Both the CPU and
peripherals are clocked from the Timer1 oscillator. If the
IDLEN bit (OSCCON<7>) s cleared and a SLEEP
instruction is executed, the device enters SEC_IDLE
mode, Additional details are avadable in Section 3.0
“Power-Managed Modes”™

Whenever the Timert oscillator is providing the clock
source, the Timer! system clock status flag. TTRUN
(T1CON<6>), is sel. This can be used 1o determine the
controller's current clocking mode, It can also indicate
the clock source being currently used by the Fail-Safe
Clock Monilor, If the Clock Monitor is enabled and the
Timer1 oscillator fails while providing the clock, polling
the T1RUN bit will indicate whether the clock s being
provided by the Timer1 oscillator or another source.

1232 LOW-POWER TIMER1 OPTION

The Timer1 oscillator can operate at two distinct levels
of power consumption based on device configuration.
When the LPT10SC Configuration bit Is set, the Timer1
oscillator operates n a low-power mode. When
LPT10SC is not set, Timer1 operates at a higher power
level. Power consumption for a particular mode is rela-
tively constant, regardiess of the device's operating
mode. The default Timer1 configuration is the higher
power mode.

As the low-power Timer! mode tends to be more
sensitive 1o interference, high noise environments may
cause some oscillator instabiity. The low-power option
is, therefore, best sulled for low noise applications
where power consenation s an important design
consideration.
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19.0 MASTER SYNCHRONOUS
SERIAL PORT (MSSP)
MODULE

19.1 Master SSP (MSSP) Module
Overview

The Master Synchronous Seral Port (MSSP) module is
a sorial interface, useful for communicating with other
peripheral or microcontroller devices. These peripheral
devices may be senal EEPROMs, shift registers,
display drivers, A'D converters, etc. The MSSP module
can operate in one of two modes:
* Senal Penpheral Interface (SP1)
* Inter-Integrated Circuit (I2C™)

- Full Master mode

- Slave mode (with general address call)
The 1C interface supports the following modes in
haroware
* Master mode
* Multi-Master mode
* Slave mode

19.2 Control Registers

The MSSP module has three associated control regis-
ters. These Include a status register (SSPSTAT) and
two control registers (SSPCON1 and SSPCON2). The
use of these registers and their individual Configuraion
bits differ significantly depanding on whether the MSSP
module |s operated in SPI or I°C mode.

Addtional detals are provided under the individual
soctions.

19.3 SPI Mode

The SPI mode allows 8 bits of data 10 be synchronously
transmitted and received simultanecusly. All four
modes of the SPI are supported. To accomplish
communication, typically three pins are used:

* Serlal Data Out (SDO) — RC7/RX/DT/SDO

+ Serlal Data In (SDI) ~ RBOAN12INTOFLTO'SOVSDA
* Serlal Clock (SCK) — RB1/AN10ANT1/SCK/SCL
Additonally, a fourth pin may be used when in a Slave
mode of operation:

* Slave Select (SS) — RAS/ANSS/HLVDING20UT

Figure 19-1 shows the block diagram of the MSSP
module when operating in SPI mode

FIGURE 19-1: MSSP BLOCK DIAGRAM
(SPI MODE)

(~ }— Data 1o TXRX in SSPSR
N TRIS bit

Note: Only those pin functons relevant to SPI
operabon are shown here
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1932 OPERATION

When initializing the SPI, several options need to be
specified. This is done by programming the appropriate
control bits (SSPCON1<5:0> and SSPSTAT<7:6>).
These control bits allow the following to be specified:

* Master mode (SCK is the clock output)

* Slave mode (SCK is the clock input)

* Clock Polarity (Idie state of SCK)

* Data Input Sample Phase (middle or end of data
output time)

* Clock Edge (output data on rising/taliing edge of
SCK)

* Clock Rate (Master mode only)

* Slave Select mode (Slave mode only)

The MSSP module consists of a transmit/receive shift
rogistor (SSPSRA) and a buffer register (SSPBUF). The
SSPSR shifts the data in and out of the device, MSb
first. The SSPBUF holds the data that was writlen 1o the
SSPSA until the received data is ready. Once the eight
bits of data have been recelved, that byte is moved 10
the SSPBUF register. Then, the Buffer Full detect bit,
BF (SSPSTAT<0>) and the interrupt flag bit, SSPIF, are
sel. This double-buffering of the received dala
(SSPBUF) allows the next byte 1o start reception before

reading the data that was just received. Any write 1o the
SSPBUF register during transmission/reception of data
will be ignored and the Write Collision detect bit, WCOL
(SSPCON1<7>), will be set. User software must clear
the WCOL bit so that it can be determined if the lollow-
ing write(s) to the SSPBUF register completed
successiully.

When the application software is expecting 1o receive
valid data, the SSPBUF should be read before the next
byte of data to transfer is written to the SSPBUF. The
Buffer Full bit, BF (SSPSTAT<0>), Indicates when
SSPBUF has been loaded with the received data
(transmission is complete). When the SSPBUF is read,
the BF bit s cleared. This data may be rrelevant if the
5P| is only a transmitier, Generally, the MSSP interrupt
i used to determine when the transmission/reception
has completed. If the interrupt method s not going 1o
be used, then software polling can be done to ensure
that & write colision does not occur. Example 18-1
shows the locading of the SSPBUF (SSPSR) for data
fransmission,

The SSPSR is not directly readable or writable and can
only be accessed by addressing the SSPBUF register.
Addtionally, the MSSP Status register (SSPSTAT)
indicates the various status conditions.

EXAMPLE 19-1: LOADING THE SSPBUF (SSPSR) REGISTER

iu:r’:-F BTPSS SSPSTAT, BFP ;Has data been received (transwmit complete)?

BRA Loor Mo
MOVF SSPRUF, W

MOVNY  RXDATA

;WREG reg = contente of SSPRUP

iSave 1n user RAM, 1f data 1s meaningful

novE TXDATA, W I¥ reg » contents of TXDATA

MOVNF SSPBUF

;New data to wmit
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1833 ENABLING SPI 1O

To enable the serial port, MSSP Enable bit, SSPEN
(SSPCON1<5>), must be set. To reset or reconfigure
SPI mode, clear the SSPEN bit, reinitiakze the SSPCON
registors and then set the SSPEN bit. This configures
the SDI, SDO, SCK and SS pins as senal port pins. For
the pins to behave as the serial port function, some must
havo their data direction bits (in the TRIS rogister)

appropriately programmed as follows:

* SDI is automatically controlied by the SPI module

* SDO must have TRISC<7> bit ceared

* SCK (Master mode) must have TRISB<1> bit
cleared

* SCK (Slave mode) must have TRISB<1:> bit set

+ S5 must have TRISA<5> bit set

Any senal port function that is not desired may be

overridden by programming the comesponding data

direction (TRIS) register to the opposite value

FIGURE 19-2:

19.34  TYPICAL CONNECTION

Figure 192 shows a typical connection between two
microcontroliers. The master controlier (Processor 1)
initiates the data transter by sending the SCK signal.
Data & shifted out of both shift registers on their
programmed clock edge and laiched on the opposie
edge of the clock. Both processors should be pro-
grammed to the same Clock Polarity (CKP), then both
controflers would send and receive data al the same
time. Whether the data is meaningful (or dummy data)
depends on the application software. This leads to
three scenarios for data transmission:

* Master sends data - Slave sends dummy data
* Master sends data — Slave sends data
* Master sends dummy data — Slave sends data

_SPI MASTERVELAVE CONNECTION

SPI Slave SSPMISSPMO = 010xb

SDO | 500
‘ Serial Input Bufler . Serial Input Bufler
(SSPBUF) : (SSPBUF)
< ]
1/\ ' {\
ShimRegister | SOV 'SDO | ghitt Register |
(SSPSA) 4 (SSPSA)
NSY =y : MSb )
Serlal Clock :
SCK ' scx
PROCESSOR 1 j PROCESSOR 2
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21.0 10-BIT ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Analog-to-Digital (A/D) converter modude has
10inputs for the 28-pin devices and 13 for the
40/44-pin devices. This module allows conversion of an
analog Input signal to a comesponding 10-bit digital
number,

The module has five registers:

* A/D Result High Register (ADRESH)
* AD Result Low Register (ADRESL)
* AJD Control Register 0 {ADCONO)

* A/D Control Register 1 (ADCON1)

= A/D Control Register 2 (ADCON2)

The ADCONO register. shown In Register 21-1,
controls the operation of the A/D module. The
ADCON1 register, shown in Register 21-2, configures
the functions of the port pins. The ADCON2 register,
shown in Register 21-3, configures the A/D clock
source, programmed acquisttion time and justification

REGISTER 21-1: ADCONO: A/D CONTROL REGISTER 0

U0 uo RWo _ RWo _ RWO _ RWO _ RWO  RWO_
— | = | crnsa CHS2 CHS1 CHSO | GODONE | ADON
o7 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 i3 cleared x = Bit Is unknown
bt 7-6 Unimplemented: Read as ‘0
bit 52 CHS3:CHS0: Analog Channel Salect bits

0000 = Channel 0 (ANO)
0001 = Channel 1 (AN1)
0010 = Channel 2 (AN2)
0011 = Channel 3 (AN3)
0100 = Channel 4 (AN4)
0101 = Channel 5 (ANS)("2)
0110 = Channel 6 (ANS)(*2)
0111 = Channel 7 (AN7)(12)
1000 = Channel 8 (AN8)
1001 = Channel 8 (AN9)
1010 = Channel 10 (AN10)
1011 = Channel 11 (AN11)
1100 = Channel 12 (AN12)
1101 = Unimplemented@
1110 = Unimplemented®@
1111 = Unimplemented@

b1 GO/DONE: A'D Conversion Status bit
When ADON = 3
1 = A/D conversion in progress
0 = AD idle

b0 ADON: A/D On bit
1 = A/D converter module is enabled
0 = A/D converter module is disabled

Note 1: These channels are not implementad on 28-pin devices,
2: Performing a conversion on unimplemented channets will return a floating Input measurement
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1. Introduction

This document describes the functionality and electrical specifications of the contactless
reader/writer MFRC522,

Remark: The MFRC522 suppons all variants of the MIFARE Mini, MIFARE 1K,
MIFARE 4K, MIFARE Ulralight, MIFARE DESFire EV1 and MIFARE Plus RF
identification protocols. To aid readability throughout this data sheet, the MIFARE Mini,
MIFARE 1K, MIFARE 4K, MIFARE Uliralight, MIFARE DESFire EV1 and MIFARE Plus
products and protocols have the generic name MIFARE

2. General description

The MFRC522 is a highly integrated readeriwriter IC for contactless communication
a1 13.56 MHz. The MFRC522 reader supports ISONEC 14443 AMIFARE mode.

The MFRC522's internal transmitter is able to drive a reader/writer antenna designed to
communicate with ISO/EC 14443 AIMIFARE cards and transponders without additional
active circultry. The receiver module provides a robust and efficient implementation for
demodulating and decoding signals from ISO/IEC 14443 AIMIFARE compatible cards and
transponders. The digital module manages the complete ISO/IEC 14443 A framing and
error detection (parity and CRC) functionality.

The MFRC522 supports MF1xxS20, MF1xxS70 and MF1xxS50 products. The MFRC522
supports contactiess communication and uses MIFARE higher transfer speeds up 1o
848 kBd in both directions.

The following host interfaces are provided:

* Serial Peripheral Interface (SP1)
* Serial UART (similar to RS232 with voltage levels dependant on pin voltage supply)
* ?C-bus interface

2.1 Differences between version 1.0 and 2.0
The MFRCS522 is available in two versions:

* MFRC52201HN1, herealter referred to version 1.0 and
* MFRC52202HN1, horeafter referred to version 2.0,

The MFRCS522 version 2.0 is fully compatible to version 1.0 and offers in addition the

following features and improvements:
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* Increased stability of the reader IC in rough conditions
* An additional timer prescaler, see Section 8.5,
* A corected CRC handling when RX Multiple is set to 1

This data sheel version covers both versions of the MFRC522 and describes the
differences between the versions if applicablo

3. Features and benefits

8 Highly ntegrated analog circultry to demodulate and decode responses

" Buflered output drivers for connecting an antenna with the minimum number of
oxternal components

Supports ISONEC 14443 AMIFARE

Typical operating distance in Read/Write mode up 1o 50 mm depanding on the
antenna size and tuning

Supports MF1xxS20, MF1xxS70 and MF1xxS50 encryption in Read/Write mode
Supports ISONEC 14443 A higher transfer speed communication up to 848 kBd
Supports MFINMMFOUT
Additional internal power supply to the smart card IC connected via MFINMFOUT
Supported host interfaces
* SPIup to 10 Mbivs
@ PC-bus Interface up 1o 400 kBd In Fast mode, up to 3400 kBd in High-speed mode
® RS232 Serial UART up to 1228.8 kBd, with valtage lovels dependant on pin
voltage supply
FIFO bulfer handles 64 byte send and receve
Flexible interrupt modes
Hard reset with low power function
Power.down by software mode
Programmable timoer
Internal oscillator for connection 1o 27.12 MHz quartz crystal
2.5 V1o 3.3 V power supply
CRC coprocessor
Programmable VO pins
Intermal self-test

4. Quick reference data

Table 1. Quick reference data

Symbol  Parameter Conditions Min  Typ Max Unit
Vooa analog supply voltage — Vopgvom & Vooa = Voon = Voorivon: e 25 33 36 2V
Vooo digital supply vohage Vasa = Visp = Vasgmves) = Vasirvss =0V 25 33 36 V
Vooavopr  TVDD supply volage 25 33 36 v
Voouwvos PVDD supply voltage e 1.8 36 v
Voo SVODD supply voltage — Visa = Vaso = Vasimas) * Vasirvss) 0V 16 . s Vv

LU N B e e e e R L L e L e e R R N N I
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6. Block diagram

The analog nterface handles the modulation and demodulation of the analog signals

The contactiess UART manages the protocol requirements for the communication
protocols in cooperation with the host. The FIFO buffer ensures fast and convenlent data

MFRC522

Standard 3V MIFARE reader solution

transfer to and from the host and the contactioss UART and vice versa

Various host interfaces are implemented to meet different customer requirements,

ANALOG CONTACTLESS
ANTENNA [+
wrereace [** UART WO SERIAL UART
WUFFER
o e o sP
He.nus
Simplified block diagram of the MFRCS522

. HOSY

NN
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7. Pinning information

Fig 3.

g 8
£
B
! Bl - - 0'
jEEEEES
S6&883834d5
HEERRERE
e [ ] soanssmx
moo () @3] ma
) Gil os
ovoo | 1) (22} oscour
Dvss n) WFRCER (_g: 0SCWN
pvss | o) (2o} auxa
NRSTPO | &) (o] axt
wEn ) (i) avss
wrout [ 8) (7] rx

_ARARARAR
THOIES
TharHparent iop visw

Pinning configuration HVQFN32 (SOT617.1)

7.1 Pin description

Table 3.  Pin description

Pin Symbol

) 12C

2 PVDD

3 DVDD

4 DVSS

5 PVSS

6 NRSTPD
MFIN
MFOUT
SVDD

10 TvVSS

n ™

12 VDD

13 TX2

" TVSS

% AVDD

Typel'l Description

|
P
P
G
G
|

OCOv9700vO~

o

FCbus enable inputi?l

pin power supply

digital power supply

digital ground!

pin power supply ground
resel and power-down input:

powar-down: enabled when LOW; internal current sinks are switched off, the oscllator
is inhibited and the input pins are disconnected from the outside world

resot: enabled by a positive edge
MIFARE signal input
MIFARE signal output
MFIN and MFOUT pin power supply
Transmatorn output stage 1 ground
transmiter 1 modulated 13.56 MHz enorgy carrior outpet
transmitter power supply: supplies the output stage of transmitters 1 and 2
transmater 2 modulatod 13 56 MHz enargy carrler outpt
transmitter output stage 2 ground

analog power supply
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Table 3.  Pin description . continued
Pin Symbol Typel'l Description
16 VMID P internal reforence voltage
17 RX | RF sagnal input
18 AVSS G analog ground
19 AUXY 0 ouxiliary outputs for test purposes
20 AUX2 0 auxiliary outputs for test purposes
2 OSCIN | crystal oscillator inverting ampliifier input: also the input for an externally generated clock
(fom = 27.12 MH2)
22 oscourt 0 crystal oscillator inwerting ampifier output
23 IRQ 0 Intermupt request output: iIndicates an Intermupt ovent
24 SDA o IPC bus serial data line inputioutpeti?)
NSS | SPI signal inpotidl
RX | UART address inputié)
25 D1 e} test portid]
ADR_5 1o IC-bus address 5§ inpati?)
26 D2 1o 1ost port
ADR 4 | IFCbus nddross 4 inputi?)
27 D3 o lest port
ADR 3 | FC-bus addross 3 inputl)
28 D4 1o 1ost port
ADR_2 | PFCbus address 2 input'é)
29 DS 1o test port
ADR 1 | IFCbus address 1 inputidl
SCK | SP1 sedial clock inputl?)
DTRQ (8] UART request to send output to microcontrolierl?]
30 D6 o tost port
ADR_ O | FFC-bus address 0 inputidl
MOSI o SPI master out, slave indl
MX 0 UART output 1o microcontrollers)
n D7 1o tost port
SCL o 1*C bus clock input/outputl?]
MISO 1o SPI master in, slave out?)
X 0 UART data output to microcontrolierd?l
32 EA | external address input lor coding FC-bus addrossi?)

Bl
2
o]

P typos |« Input, © = Outpul. VO = Input/Outpest, P« Power and G « Geound
The pin functionality of these pias s explained in Section 8.1 "Digital interfaces”

Connection of heatsink pod on package bottiom side s not necessary Optonal connection 10 pin DVSS s passiile
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Fig 6. Data coding and framing according to ISO/EC 14443 A

8.1

81

The internal CRC coprocessor calculates the CRC value based on ISONEC 14443 A
part 3 and handles parity generation intermally according to the transfer speed. Automatic
parity generation can ba switched off using the MIRxReg register’s ParityDisable bit

Digital interfaces

Automatic microcontroller interface detoction

The MFRC522 supports direct interfacing of hosts using SP1, I°C-bus or serial UART
interfaces. The MFRC522 resels its interface and checks the current host interface type
automatically alter performing a power-on or hard reset. The MFRCS522 identifies the host
interface by sensing the logic levels on the control pins alter the reset phase. This is done
using a combination of fixed pin connections. Table 5 shows the different connection
configurations.

Table 5. Connection protocol for detecting different interface types

Pin Interface type

UART (input) SP1 (output) FC-bus (VO)
SDA RX NSS SDA
12C 0 0 1
EA 0 1 EA
D7 % MISO SCL
D6 MX MOSI ADR_ 0
D5 DTRQO SCK ADR 1
D4 ADR_2
D3 . . ADR_3
D2 . . ADR 4
m . ADR_5
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8.1.2 Serial Peripheral Interface

A serial peripheral interface (SPI compatible) is supported to enable high-speed
communication to the host. The interface can handle data speeds up to 10 Mbit/s. When
communicating with a host, the MFRC522 acts as a slave, receiving data from the

external host for register settings, sending and receiving data relevant for RF interface
communication.

An interface compatible with SP1 enables high-speed serial communication between the
MFRC522 and a microcontroller. The implemented interface is in accordance with the SP1
standard.

The timing specification is given in Section 14,1 on page 78.

MFRCS22
SR Jdecx
M0 lwso
wss NSS
Frp—re

Fig 7. SPIconnection to host

The MFRC522 acts as a slave during SPI communication. The SPI clock signal SCK must
be generated by the master. Data communication from the master to the slave uses the
MOSI line. The MISO line is used to send data from the MFRC522 to the master,

Data bytes on both MOSI and MISO lines are sent with the MSB first. Data on both MOSI
and MISO lines must be stable on the rising edge of the clock and can be changed on the
falling edge. Data is provided by the MFRC522 on the falling clock edge and is stable
during the rising clock edge.

8.1.2.1 SP! read data
Reading data using SP1 requires the byte order shown in Table 6 to be used. Itis possible
to read out up to n-data bytes,

The first byte sent defines both the mode and the address,

Table 6.  MOSI and MISO byte order

Line Byte 0 Byte 1 Byte 2 To Byte n Byten+1
MOSI address 0 address 1 address 2 X addressn 00
MISO Xt dota 0 data 1 2 datan-1 datan

[1] X « Do notcare

Remark: The MSB must be sent first.

Martini, Luciano 71



F.R.V.M. de la U.T.N.

Dpto. de Electronica Control de acceso mediante RFID
Trabajo Final de Grado

NXP Semiconductors M F RC 522

Standard 3V MIFARE reader solution

B122 SPI write data

To write data to the MFRC522 using SPI requires the byte order shown in Table 7. Itis
possible to write up to n data bytes by only sending one address byte,

The first send byte defines both the mode and the address byte.

Table 7. MOSI and MISO byte order

Line Byte 0 Byte 1 Byte 2 To Byte n Byten +1
MOSI address 0 dota 0 data 1 datan -1 data n
MISO xt p (U Xt X xi

[1] X« Do notcare
Remark: The MSB must be sent first.
8123 SP! address byte
The address byte must meet the following format

The MSB of the first byte defines the mode used. To read data from the MFRC522 the
MSB is set to logic 1. To write data to the MFRC522 the MSB must be set 1o logic 0. Bits 6
1o 1 define the address and the LSB is set to logic 0.

Table 8,  Address byte 0 register; address MOSI

7(MsB) 6 5 4 3 2 1 0(LSB)
1=read address 0
0 = write

8.1.3 UART interface

8.1.3.1 Connection to a host

MFRCS22
"X RX
- L {1
UL, DTRO
ou! MX
o0l asesny

Fig 8. UART connection to microcontroliers

Remark: Signals DTRQ and MX can be disabled by cleanng TestPinEnReg register's
RS232LineEn bit
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8.2.5 CRC coprocessor
The following CRC coprocessor parameters can be configured:
* The CRC preset value can be egher 0000h, 6363h, A671h or FFFFh depending on
the ModoRog register's CRCPreset[1:0] bits setting
* The CRC polynomial for the 16-bit CRC is fixed to x'® + x'7 + x% + 1

* The CRCResultReqg register indicates the result of the CRC calculation. This register
15 split into two 8-bit registers representing the higher and lower bytes.

* The ModeReg register’s MSBFirst bit indicates that data will be loaded with the MSB

first,
Table 17. CRC coprocessor paramelers
Parameter Value
CRC regestor length 16:bit CRC
CRC algorithm algorthm according to ISONEC 14443 A and ITU.T
CRC preset value 0000h, 63630, AB71h or FFFFh depending on the setting of the

ModoReg register's CRCPreset|1:0) bits

8.3 FIFO buffer

An B « 64 bit FIFO buffer is used in the MFRC522. It buffers the input and output data
stream between the host and the MFRC522's internal state machine, This makes it
possible to manage data streams up to 64 bytes long without the need to take timing
constraints into account,

8.3.1 Accessing the FIFO buffer

The FIFO buffer input and output data bus is connected 1o the FIFODataReg register.
Writing to this register stores one byte in the FIFO buffer and increments the internal FIFO
buffer write pointer. Reading from this register shows the FIFO bulfer contents stored in
the FIFO buffer read pointer and decrements the FIFO buffer read pointer. The distance
between the write and read pointer can be obtained by reading the FIFOLevelReq
register.

When the microcontrolier starts a command, the MFRCS522 can, while the command is in
progress, access the FIFO buffer according to that command. Only one FIFO buffer has
been iImplemented which can be used for input and output. The microcontrolier must
ensure that there are not any unintentional FIFO buffer accesses.

8.3.2 Controlling the FIFO buffer

The FIFO buffer pointers can be reset by setting FIFOLevelReg register’s FlushBuffer bit
10 logic 1. Consequently, the FIF OLevel[6.0] bits are all set to logic 0 and the ErrorReg
register's BufferOvil bit is cleared. The bytes stored in the FIFO buffer are no longer
accessible allowing the FIFO buffer to be filled with another 64 bytes.

8.3.3 FIFO buffer status information
The host can get the following FIFO buffer status information;

* Number of bytes stored in the FIFO buffer: FIFOLevelReg register’s FIF OLevel[6:0)
* FIFO buller almost full warning: Status1Req register's HiAlert bit
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* FIFO buffer almost empty warning: Status1Reg register's LoAlert bit

* FIFO bulfer overflow waming: ErrorReg register's BufferOvil bit. The BulferOvil bit
can only be cleared by setting the FIFOLavelReg register’s FlushBuffer bit,

The MFRC522 can generate an interrupt signal when:

* ComlEnReq register's LoAlertlEn bit is set to logic 1. It activates pin IRQ when
Status1Req register's LoAlert bit changes to logic 1.

* ComlEnReg register's HiAlertlEn bit is set to logic 1. It activates pin IRQ when
Status1Req register's HiAlert bit changes to logic 1

if the maximum number of Waterl.evel bytes (as set in the Waterl.evelReg register) or loss
are stored in the FIFO buffer, the HiAlert bit is set to logic 1. It is generated according to
Equation 3:

HiAlert (64 - FIFOLength) < WaterLevel (3)

I the number of WaterLevel bytes (as set in the WaterLevelReq register) or less are
stored in the FIFO bulfer, the LoAlert bit is set to logic 1. It is generated according to

Equation 4:
LoAlert  FIFOLength< WaterLevel (4)

8.4 Interrupt request system

The MFRC522 indicates certain events by setting the Status1Reqg register’s |Rq bit and, if
activated, by pin IRQ. The signal on pin IRQ can be used to interrupt the host using its
interrupt handling capabilities. This allows the implementation of efficient host software.

8.4.1 Interrupt sources overview

Table 18 shows the available interrupt bits, the corresponding source and the condition for
its activation. The ComlirqReq register's TimerIRq interrupt bit indicates an interrupt set by
the timer unit which is set when the timer decrements from 110 0.

The ComirgReq register’s TxiRq bit indicates that the transmitter has finished. If the state
changes from sending data to transmitting the end of the frame pattern, the transmitter
unit automatically sets the interrupt bit. The CRC coprocessor sets the DivirgReg
register's CRCIRq bit after processing all the FIFO buffer data which is indicated by
CRCReady bit « 1

The ComirgReg register’s RxIRq bit indicates an interrupt when the end of the received
data is detected, The ComlrgReg register’s IdlelRq bit is set if a command finishes and
the Command(3:0) value in the CommandReqg register changes to idle (see Table 149 on
page 70).

The ComirgReg register’s HiAlertiRq bit is set to logic 1 when the Status1Req register’s
HiAlert bit is set to logic 1 which means that the FIFO buffer has reached the level
indicated by the WaterLevel[5:0] bits.

The ComirgReg register’s LoAlertiRq bit is set to logic 1 when the Status1Req register's
LoAlert bit is set to logic 1 which means that the FIFO buffer has reached the level
indicated by the WaterLevel[5:0] bits.
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The ComirgReq register’s ErrlRq bit indicates an error detected by the contactless UART
during send or receive. This is indicated when any bit is set to logic 1 in register ErrorReg.

Table 18. Interrupt sources
Interrupt flag  Interrupt source Trigger action

IRg timer unit the timer counts from 1100

TxIRq transmittes a transmitted data stream ends

CRCIRq CRC coprocessor all data from the FIFO buffer has been processed
RxIRq receiver a received data stream ends

IdielRg ComirqReg register  command execution finishes

HiAlentiRg FIFO buffer the FIFO buffer is almost full

LoAlertiRq FIFO buffer the FIFO buffer s almost empty

ErriRg contactioss UART an arror s detected

Timer unit

The MFRC522A has a timer unit which the extermnal host can use 1o manage timing tasks.
The timer unit can be used in one of the following timer/counter configurations:

* Timeout counter

* Watchdog counter

* Stop watch

* Programmable one shot
* Periodical trigges

The timer unit can be used to measure the time interval batween two events or to indicate
that a specific event occurred after a specific time. The timer can be triggered by events
explained in the paragraphs below. The timer does not influence any internal events, for
example, a time-out during data reception does not automatically influence the reception
process. Furthermore, several timer-related bits can be used to generate an iterrupt.

The timer has an input clock of 13.56 MHz derived from the 27.12 MHz quanz crystal
oscillator. The timer consists of two stages: prescaler and counter.

The prescaler (TPrescaler) is a 12-bit counter. The reload values (TReloadVal_Hi[7:0] and
TReloadVal_Lof7:0]) for TPrescaler can be sel between 0 and 4095 in the TModeReq
register's TPrescaler_Hi[3:0] bits and TPrescalerReqg register's TPrescaler_Lo[7:0] bits.

The reload value for the counter is defined by 16 bits between 0 and 65535 in the
TReloadReg register,

The current value of the timer is indicated in the TCounterValReg register.

When the counter reaches 0, an interrupt is automatically generated, indicated by the
ComirqReg register's TimerlRq bit setting. If enabled, this event can be indicated on
pin IRQ. The TimerlRq bit can be set and reset by the host. Depending on the
configuration, the timer will stop at O or restart with the value set in the TReloadReg
register.

The timer status is indicated by the Status1Reg register's TRunning bit.
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The timer can be started manually using the ControlReq register’s TStartNow bt and
stopped using the ControlReq register's TStopNow bit

The timer can also be activated automatically to meet any dedicated protocol
requirements by setting the TModeReg register's TAuto bit to logic 1.

The delay time of o timer stage is set by the reload value + 1. The total delay time (Ly,) Is
calculated using Equation 5;

i (TPrescaler« 2+ 1) « ( TReloadVal + 1) (5)
- 13.56 MHz

An example of calculating total delay time (1) s shown in Equation 6, where the
TPrescaler value = 4095 and TReloadVal = 65535

30505 » (095 2+ 1) « (65535 + 1)
a— 1356 Mz (6)

Example: To give a delay tme of 25 us requires 339 clock cycles to be counted and a
TPrescaler value of 169, This configures the timer to count up 1o 65535 time-siots for
every 25 us period

The MFRC522 version 2.0 offers in addition a second prescaler imer. Due to the fact that
the prescaler counts down 1o 0 the prescaler perlod always count an odd number of
clocks (1, 3, 5, ). This may lead to Inaccuracy. The second available prescaler times
Implements the possibility to change the prescaler reload value to odd numbers, which
results in an even prescaler period. This new prescaler can be enabled only in version 2.0
using the register bit DemodeReq, see Table 72. Within this option, the total delay time
(tqz) s calculated using Equation 5

 (IPrescalerx 2 + 2) « (TReloadVal + 1) n
13.56 MH s

ez
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Power reduction modes

Hard power-down

Hard power-down is enabled when pin NRSTPD is LOW. This turns off all internal current
sinks including the oscillator. All digital input buffers are separated from the input pins and
clamped internally (except pin NRSTPD). The output pins are frozen at either a HIGH or
LOW level.

Soft power-down mode

Soft Power-down mode is entered immediately after the CommandReqg register's
PowerDown bit is set to logic 1. All internal current sinks are switched off, including the
oscillator buffer. However, the digital input buffers are not separated from the input pins
and keep their functionality, The digital output pins do not change their state,

During soft power-down, all register values, the FIFO buffer content and the configuration
keep their current contents,

Alter setting the PowerDown bit to logic 0, it takes 1024 clocks until the Soft power-down
mode is exited indicated by the PowerDown bit. Setting it to logic 0 does not immediately
clear it. It is cleared automatically by the MFRC522 when Soft power-down mode is
exited,

Remark: If the internal oscillator is used, you must take into account that it is supplied by
pin AVDD and it will take a certain time (1,..) until the oscillator is stable and the clock
cycles can be detected by the internal logic. It is recommended for the serial UART, to first
send the value 55h to the MFRC522. The oscillator must be stable for further access to
the registers. To ensure this, perform a read access 1o address 0 until the MFRC522
answers to the last read command with the register content of address 0, This indicates
that the MFRC522 is ready.

Transmitter power-down mode

The Transmitter Power-down mode switches off the internal antenna drivers thereby,
turning off the RF field. Transmitter power-down mode is entered by setting either the
TxControlReqg register’s Tx1RFEn bit or Tx2RFEn bit to logic 0.

Oscillator circuit

‘
.
.
.

AWy

! i

Fig 22. Quartz crystal connection
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The clock applied to the MFRC522 provides a time basis for the synchronous system’s
encoder and decoder. The stability of the clock frequency. therefore, is an important factor
for correct operation. To obtain optimum performance, clock jitter must be reduced as
much as possible, This is best achieved using the internal oscillator buffer with the
recommended circuitry.

If an external clock source is used, the clock signal must be applied to pin OSCIN. In this
case, special care must be taken with the clock duty cycle and clock jitter and the clock
quality must be verified.

8.8 Reset and oscillator start-up time

8.8.1 Reset timing requirements

The reset signal is filtered by a hysteresis circuit and a spike filter before it enters the
digital circuit. The spike filter rejects signals shorter than 10 ns. In order to perform a reset,
the signal must be LOW for at least 100 ns,

8.8.2 Oscillator start-up time

If the MFRC522 has been set to a Power-dovwn mode or is powered by a Vppx supply, the
start-up time for the MFRC522 depends on the oscillator used and is shown in Figure 23.

The time (Luamup) IS the stant-up time of the crystal oscillator circuit. The crystal oscillator
start-up time is defined by the crystal.

The time (Ly) is the internal delay time of the MFRC522 when the clock signal s stable
before the MFRC522 can be addressed.

The delay time is calculated by:
1024
L 7.7 8
4 7n 3774 ()

The time (o) 15 the sum of ty and tuy

dovice actvabon —l
oscllanor
clock stablo
ok resdy I
- Ly - - L]
'(*
- -
| -1
0130k 15

Fig 23. Oscillator start-up time
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9. MFRC522 registers

9.1 Register bit behavior

Depending on the functionality of a register, the access conditions to the register can vary.
In principle, bits with same behavior are grouped in common registers. The access
conditions are described in Table 19.

Table 19. Behavior of register bits and their designation

Abbreviati Behavi o inth

RW read and write  These bits can be written and read by the microcontrofler. Since
they are used only for control purposes, ther content is not
influenced by internal state machines, for example the
ComiEnReg register can be written and read by the
microcontrolier. It will also be read by interal state machines but
naver changed by them

D dynamic These bits can be written and read by the microcontroller
Nevartheless, they can also be written astomatically by internal
state machines, lor example the CommandReg register changes
its value automatically after the execution of the command.

R read only These register bits hold values which are determined by internal
states only, for example the CRCReady bit cannot be written
externally but shows internal states

w write only Reading these register bits always retumns zero

reserved - These registers are reserved for fulure use and must not be
changed, In case of a write access, it is recommended 10 always
write the value "0°

RFT These register bits are reserved for future use or are for
production tests and must not be changed
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9.2 Register overview

Table 20, MFRCS22 register overview

Address  Rogister name

(hex)

Page 0: Command and status
00h Reserved

01h CommandReg
oh ComlEnReg
03n DivIEnReg
04h ComlrgqReg
05h DivirgReg
06h ErrorReg

07h Status1Reg
08h Kaws2Req
09h FIFODataReg
OAh FIFOLevelReg
OBh WaterLovelReg
0Ch ControlReg
0Dh BitFramingReg
OEh CollReg

OFh Resorved
Page 1: Command

10h Resorved

1h ModeReg

12h TxModoReq
13h RxModoReg
14h TxControlReg
15h TxASKReg
16h TxSelReg

1 RxSelReg

18h RxThresholdReg
19h DemodReg
1Ah Rasorved

18h Resorved

1Ch MITxReg

10h MIRxReqg

1Eh Rosorved

1Fh SerialSpoedReg
Page 2: Configuration
200 Rosorved

Function

reserved for future use

starts and stops command execution
onable and disable interrupt request control bits
enable and disable interrupt request control bits

Interrupt request bits
Interrupt request bits

orror bits showing the error status of the last command

oxecutod

communication status bits

receiver and transmitter status bits

Inpat and output of 64 byte FIFO buffer

number of byles stored in the FIFO bulfer

leved for FIFO underflow and overflow warming
miscellaneous control registers

adyustments for bit-oriented frames

bit position of the first bit-collision detected on the RF

intorfaco
reserved for future use

resorved for future uso

defines genoral modes for transmitting and recetving
dolines transmission data rate and raming

defines reception data rate and framing

controls the logical behavior of the antenna driver pins TX1

and TX2

controls the setting of the transmission modulation
selects the intemal sources for the antenns driver
solects intormal recolver sottings

solocts threshokds for the ba decoder

defines demodulator sottings

reserved for future use
reserved for future uso

controls some MIFARE communication transmit parameters
controls some MIFARE communication receive parameters

reserved for ture use

solects the spoed of the sorial UART interface

roserved for lture use

MFRC522
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Table 21 on page 38
Table 23 on page 38
Table 25 on page 38
Table 27 on page 39
Table 20 on page 39

Table 31 on page 40
Tablo 33 on page 41

Table 35 on page 42
Tablke 37 on page 43
Table 39 on page 44
Table 41 on page 44
Table 43 on page 44
Table 45 on page 45
Tablo 47 on page 46
Tabde 49 on page 46

Table 51 on page 47

Tablo 53 on page 47
Toble 55 on page 48

Table 57 on page 48

Table 59 on page 49
Table 61 on page 50

Table 63 on page 51
Table 65 on page 51
Tablo 67 on page 52
Table 69 on page 53
Table 71 on page 53
Table 73 on page 54
Table 75 on page 54
Table 77 on page 55
Table 78 on page 55
Table 81 on page 55
Table B3 on page 55

Table 85 on page 57
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11. Limiting values

Table 150, Limiting values
In accordance with the Absokre Maximum Rating System (IEC 60134)

MFRC522
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Symbol  Parameter Conditions Min Max Unit
Vooa anaslog supply volage -0.5 +40 v
Vooo dignal supply voltage 0.5 40 v
Voowvor PVDD supply voltage 05 40 v
Vooavon  TVDD supply voltage 0.5 40 v
Voosvom SVDD supply voltage -0.5 40 \'
Vi Input voltage all nput pins except pins MFIN and Vaspwss) - 05 Voppvon + 05 V
RX
pin MFIN Vsspvas) - 0.5 Vopsvoo + 0.5 V
Prot 1otal power dissipation per package: and Vipog in shorcut . 200 mw
mode
T, Junction temperature 100 C
Veso electrostatic discharge voltage  HBM: 1500 (2, 100 pF; . 2000 A
JESD22.AM14.8
MM 0,75 uH, 200 pF; 200 v
JESD22. A14A
Charged dewce model.
JESD22.C101.A
on all pins . 200 v
on all pins except SVDD n . 500 v
TFBGASA package

12. Recommended operating conditions

Table 151, Operating conditions

Symbol

Voo
Vooo
Voorvoo
Voorvoo

Vooisvoo
Toon

Parameter
analog supply voltage

dignal supply voltage
TVDD supply voltage
PVDO supply voltage

SVDO supply voltage
ambsent tomporature

Conditions Min  Typ Max Unit
Voouvoo = Vooa = Voo = Vooavoo M 25 i3 36 v
Vssa = Vssp = Vssipyss) = Vssrvss = OV

Voowrvom & Vooa = Vooo = Vooavoo) g2 33 36 V
Visa = Vssn = Vasipvss) = Vasirvss) =0V

Vooirvom * Vooa = Vooo = Vopavom: [z 2.8 33 36 v
Vsa = Vssn = Vasavss) = Vssirvssy =0V

Vooavoo £ Vooa * Voo = Voomoo: Be 18 36 V
Vssa = Vssp = Vsypvss) = Vssirvssy = 0V

Vssa = Vso = Vasrvss) = Vasirvss =0V 16 . i6 Vv
HVQFN32 -25 . 85 °C

1] Supply voltages below 3 V reduce the performance (the schiovable operating distance)
121 Voo, Vooo 00d Vioavoo must slways bo the same vollage
13 Vooeypos must shways bo the same of lower voltage than Vieo
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13. Thermal characteristics

Table 152. Thermal characteristics

Symbol Parameter Conditions Package Typ Unit
Ry  thermal resistance from junction to in still air wath exposed pin soldered on & HVOFN32 40 KW
amblent 4 layer JEDEC PCB

14. Characteristics

Table 153. Characteristics

Symbol  Parameter Conditions Min Typ  Max Unit
Input characteristics

Pis EA, 12C and NRSTPD

s Input leakage current -1 . 1 WA
Vit HIGH-level input vollage 0.WVpoevory - . v
Vit LOW-lovel input voltage 0.3Vopewory V
Piny MFIN

by Input leakage current -1 . +1 WA
Vin HIGH-lavel input voltage 0.WVpowvory - . v
Vit LOW-level input voltage 0.3Vpoesvony V
Pin SDA

s Input leakage current -1 ‘ «1 HA
Vi HIGH-level input voltage 0.7Voowvom v
Vig LOW-Sevel input voRage . - 0.3Vpoevony V
Pin RXIU

Vi Input voltage 1 ' Vooa +1 v
C Input capacitance Vooa = 3 V. roceiver active, 10 pF

Vixips = 1 Vi 1.6 V (DC)
offset

R Input resestance Vooa = 3 V. receiver active; 350 Q
Vaxpm = 1V, 1.5V (DC)
offset
fiput voltage range: see Figue 24
Vip g Minimum peak-to-peak nput  Manchester encoded: . 100 . mv
voltage Vooa =3V
Vi ghimany  maximum peak-to-poak input - Manchester oncoded . ] . Vv
VO“O@.‘ VODA «3V
fnput sensitvity: see Figure 24
Vinert modulation voltage manimum Manchostor . 5 mv

encoded; Vooa = 3 V.
RxGain[2:0] = 111D (48 0B)

Pin OSCIN

hy Input leakage current -1 o1 A
Vin HIGH-level input voltage 0.7Vpoa . . v
Viu LOW-level input voltage . . 0.3Voopa V'
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Table 153. Characteristics
Symbol  Parameter
C, Input capacitance

Contiviag

Input/output characteristics
pins D1, D2, D3, D4, DS, D6 and D7

ki Input leakage currom

Vin HIGH- lavel input voltage
Viu LOW-lovel input voliago
Vou HIGH level output voltage
Vou LOW-lavel output voltage
how HIGH lovel output current
hex LOW-level output current
Output characteristics

P MFOUT

Vo HIGH lovel output voltage
Vou LOW-loval output voltage
hon LOW loval output curront
los HIGH- lovel output curront
Pin IRQ

Vou HIGH: lovel output voltago
Vou LOW-loval output voltage
hon LOW doval output curront
o HIGH Jovel output current
Pins AUX Y and ALIX2

Vou HIGH-lovel output voltage
Vou LOW-loval output voltage
b LOW-loval output curront
bom HIGH lovel output current

Phos TXT and TX2

Conditions

Vooa=28V.DC -« 065V,
AC =1V pp)

Voowevooy = 3V Ig = 4 mA
Voomvoo = 3 Vi lg = 4 mA

Voowvooy = 3V
Voowvoo = 3V

Voosvom = 3V kg = 4 mA
Voosvooy = 3 Vilg « 4 mA

Voosvooy = 3V
Voosvooy = 3V

Vuu"-vuu. 3V lu « A mA
Voowvooy = 3V lg = 4 mA

Voomvoo) = 3V
Voowvoo) = 3V

Vooo = 3V kg = A mA
Voop = 3V kg = A mA

Voop = 3V
Voup = 3V

~

1

0.7Voowvooy

Vooewvom
04

Vasives

Vooesvoo
04

Vasirvss

Voogwvow
04

v SSPVLS)

Voo - 0.4

V';‘.Al'v'.'.)

)

0.3Voowvoo
Voowyoo)

Vasiwvss) ¢
04

Il
Il

Vousvooy

Vasimvss ¢
04

i
Rl

Voowvoo)

Vasivas) *
04

1
1

Vooo

Vssimvas ¢
04

1
]

MFRC522
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mA
mA

mA
mA

mA
mA

mA
mA
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Table 153, Characteristics . confinued

Symbol  Parameter Conditions Min Typ  Max Unit
Vou HIGH loved output lelg(' VDU(H“XH 3V Vuulvpm Vv
lpoxTvom = 32 mAC 0.15
CWGSP(5:0] = 3Fh
Vooorvoo = 3 Vi Vooavop = - . v
lporvop = 80 mA: 04
CWGsP{5:0] » 3Fh
Voorrvoo) = 25 V. Vooivoo) = . v
lm.|vum = 32 mA 024
CWGSP5:0] « 3Fh
Voorrvoo = 25 V: Voorvoo v
lpocrvom = 80 mA 064
CWGSPI5.0] = 3Fh
Vou LOW-level output voltage Vooovoo =3V, . . 015 v

lporrvop = 32 mA
CWGsP5:0) « OFh

Vooorvoo) = 3 Vi 04 v
lpoivow = 80 mA
CWGSP(5:0] = OFh

Vooovoo) = 25V, 024 v
loocrvom = 32 mA
CWGSP{5:0] = OFh
Vooorvon = 25 V. - . 064 v
lporrvop = B0 mA
CWGsP5:0] =« OFh

Current consumption

b power-down current Vooa = Vooo = Voogvoo =
Voowmvooy = 3V
hard power-down; pin " . : 5 WA
NRSTPD set LOW
sot power-down; RF A - . 10 WA
level detector on
oo digital supply current pin DVDD; Vopp =3 V . 6.5 9 mA
looa analog supply current pin AVDD; Vppa = 3 V; 7 10 mA
CommandReq register's
bit RevOlf « 0
pin AVDD; recoiver . 3 5 mA

switched off; Vopa = 3 V.
CommandRoeg registar's

bit RevOlf = 1
loppvony  PVDD supply current pin PVDO . . 10 mA
loorvooy  TVOD supply current pin TVDD; continuous wave 415 60 100 mA
loosvon)  SVDD supply current pin SVDO o . 4 mA
Clock frequency
Ten clock frequency . 27.12 MHz
Oen clock duty cycle 40 50 60 %
1y |tter ime RMS . . 10 ps

Crystal oscillator
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MFRC522

Standard 3V MIFARE reader solution

Table 153, Characteristics . continusxs

Symbol  Parameter Conditions Min
Vou HIGH lovel output voltage pn OSCOUT
Vou LOW-level output voltage pin OSCOUT
G Input capachance pin OSCOUT
pin OSCIN
Typecal input roguirements
Fatat crystal frequency
ESR equivalent senes resistance
Cy load capactance
Pam crystal power dessipation

A}
121
b}
14
15
1]
17

T'he volage on pin RX s clamped by internal dodes Lo pins AVSS and AVDD

bt 15 The 1ot current for all supphes

Ipogwoe) depends on the overall load at the digital ping

oo rvoy Gopenas on Vooorvoo) and e extornad crcut connoctod to pns TXT and TX2
During typical circust operation, the overall current is below 100 mA

Typ

1.1
0.2

2112

10

Max Unit
Vv
v
pF
pF
MHz
100 %)
pF
100 mw

Typcal value using & complementary driver configuration and an antenna maltched 10 40 €2 between pins TX1 and TX2 &t 1356 Mz

Ipoesvoo) depends on the load at pin MFOUT

Vimoo

Vigp ptmany

Vigs00mw)

s

1356 MHz
T hee ' I l

ov

Fig 24. Pin RX input voltage range

14.1 Timing characteristics

Table 154. SPI timing characteristics

Symbol Parameter Conditions

tyn pulse width LOW line SCK

(. pulse width HIGH line SCK

lwscxmor SCK HIGH to data input  SCK 1o changing
hold time MOSI

eI

ek Ty

ns
ns

ns
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Standard 3V MIFARE reader solution

Table 154, SPI timing characteristics  confinued

Symbol Paramaeter Conditions Min Typ Max Unit
Lupscxy  dota input to SCK HIGH  changing MOSI to 25 ns
sotup bme SCK
twscxe ey SCK LOW to data output  SCK 1o changing 25 ns
hold timo MISO
Lo wssy SCK LOW ta NSS HIGH 0 ns
bime
T it NSS high belore 50 ns
commumnication
Table 165, FC.bus timing In Fast mode
Symbol Parameter Conditions Fast mode High-speed Unit
mode
Min  Max Min  Max
fect SCL clock frequency 0 00 0 3400 KMz
hosa  hold time (repeated) START after thes poriod 600 160 ns
conaition the first clock pulse
15 gonerated
tsusta  Setup tme for o repeated 600 160 ns
START condition
lsusto  Sotup e for STOP condition 600 . 160 ns
Low LOW period of the SCL clock 1300 160 ns
Gach HIGH period of the SCL clock 600 00 ns
01 data hold time 0 90 0 0 ns
lsuoar  dota sobup tme 100 . 10 ns
L rise oo SCL sgnal 20 300 10 410 "
Y foll teme SCL signal 20 300 10 40 n
L fise me SOA and SCIL 20 oo 10 B0 ns
signals
\ fall trwr SDA and SCL 20 300 10 8o ns
Signaks
s bus lree tme between a STOP 1.3 . 13 . ns

and START condwion
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15. Application information

MFRC522

Standard 3V MIFARE reader solution

A typical application diagram using a complementary antenna connection to the
MFRC522 s shown in Figweo 27,

The antenna tuning and RF part matching 1s described in the application note Rel. 1 and

Rel. 2

moo|

Ve

MIC RO
PROCESSOR v

Fig 27

wyply

$ VDO ¢ AVDD # TVDD

NRSTPD P
homt

ertace
» A

MFRCS22

10

RX
L} v

vmip )
3

>

iF

Typical application diagram

63

I

COut

[ ‘Ir.'
i 'i T '»u“’ Armerna
I°g T,
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o lcw o lycan e by -

:

* * lson

aml LR g LSV ele L] -

MsH X L5
Ml X L5

- o LN

MOS|

MISO

T I

iy
h

NSS

A
Remark: The signal NSS must be LOW 10 Do abéo 10 send sover sl Dytes v one data stream
TO send more than one data stream NSS must be set HIGH Detwoen the dala sieams

Fig 25. Timing diagram for SPI

P S - .-
] ' ' '
' ' . M ' ' '
SOA )Y B ' W
' ' LI 1 11 B

' — M|

slle o e lsuoa (8| '

' ! ' M 1 '

' * Wow |* .-y o o homan ‘

' " l . ’ 1 ’ .

SCL ' . . ' M .
O |0 B i B
L B ' B ol 0 s 0
[ B oolle | - - Lo W0 WUsSIo = | - v 0
'.:-\... w | Ll e : 5 - '
150 ! - 0w 'R P R
v ‘e - I
Al

Fig 26. Timing for Fast and Standard mode dovices on the 1'C-bus
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Ds3231 Extremely Accurate |2C-Integrated
RTCITCXO/Crystal

General Description Benefits and Features

The D53231 is a low-cost, exiremely accurate 120 = Highly Accurate RTC Completely Manages Al

real-time clock (RTC) with an integrated temperature- Timekesping Functions

compensated crystal oscillator (TCXO) and crystal. = Real-Time Clock Counts Seconds, Minutes, Hours,

The device incorporates a battery input, and maintains Date of the Month, Month, Day of the Week, and

accurate timekeeping when main power to the device ‘fear, with Leap-Year Compensation Valid Up to 2100

is intermupted. The integration of the crystal resonator
enhances the long-term accuracy of the device as well
as reduces the piece-part count in a manufacturing line.
The DS3231 is avadable in commercial and industrial
temperature ranges, and is offered in a 18-pin, 300-mil

Accuracy £2ppm from 0°C to +40°C

Accuracy £3 Sppm from 40°C to +85°C

Digital Temp Sensor Output: £3°C Accuracy
Register for Aging Trim

RST OutputPushbutton Reset Debounce Input

S0 package. = Two Time-of-Day Alarms

The RTC mantains seconds, minutes, hours, day. date, " F'rog:imable Square-Wave Dutput Signal
month, and year information. The date at the end of the ~ *  Simple Serial Interface Connects fo Mast
month is automatically adpested for months with fewer Microcontrollers

than 31 days, including comections for leap year. The » Fast (400kHz) 12C Imerfa-::e-. .
clock operates in ether the 24-hour or 12-hour format  * Eattery-Backup Input for Continuous Timekesping

with an AM/PM indicator. Two programmable time-of-day » Low Fower Operation Extends Battery-Backup
alarms and a programmabde squars-wave output are Run Time

provided. Address and data are transferred serally = 3.3V Operation

through an 12 bidirectional bus. « Operating Tempersture Ranges: Commercial

A precision temperatwe-compensated voltage reference {0°C to +70°C) and Industrial (-40°C to +85°C)

and comparator crcuit monitors the status of Voo to + Undenwriters Laboratories® (L) Recognized
detect power falures, to provide a reset output, and to e
automatically switch to the backup supply when necessary. Applications

Additionally. the FST pin is monitored as a pushbution @ Servers * Usiity Power Meters
input for generating a pF reset. » Telematics *+ GPS
Owdevring information and Fin Configursdion appoar af end of deta
shoat

Typical Cperating Circuit

¥or L
Feu= i T
Vo
1
Az, Fim,
1 L =
B - l | BC01 oW
S e it =
RET [ = DEET e
H.lmsu“"uﬂ_|1 M 1= —_—
- ME HE I
MG HE =
ME o Wi
T

Underwrters Ladoraionies (s 3 regisisred cerdification mark of
Underermers Ladoraionss nc.

maxim
integrated.

TO-5170; Few 70 395
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Absolute Maximum Ratings

Voitage Range on Any Pin Refative to Ground.....~0L3V to +6.0% Junction Temperature ... USRS & -+
Juncion-to-Ambilent Themal Resistance (8)) (Nob2 1]73°CW Storage Temperaure Rangs .-40°C o +B5°C
Junction-fo-Case Themal Reslstancs (BUC) (Noe 1)...23 00w Lead Temparaiume (soideing, 10s) s #2E0C
Operating Temperatme Range Soklerng Temperature [refiow, 2 imes max) ............... +260°C
DE32315 .. 0 fm 27O isee the Handing, PCE Layout, and Assemby seclion)

DS3231SN..... <. 40°C 1o +B57C

Mobe 1 Package thermal reslstances were obtained using the method described In JEDEC specification JESDS1-7, using a Tour-layer
bedard. For detalled Information on package thermal conslderations, nefer bo www.max bmintegrated comtharmal-tutorial.

Shrwmes bevonc fome ke ancler “Abenide ManTum Mettge” mey omEe parmanes! dermege 0 e dexcs 'hene aw e reinge an’y @ Lndionsi opersion of fis deace ! Seas

&r amy affer concifions Depond Hose mdioaled it e msciony of the = n mpiec. Sxpasum o sbaalkis MEcTuT g condibons for ariended penocs ey eTec!
demice redebaify
Recommended COperating Conditions
[Ta = Taing 00 Thgax. UMless otherwise noted.) (Notes 2, 3)
PARAMETER SYMBOL CONDITIONS MIN  TYP  MAX | UNITS
Vo 23 3.3 5.5 v
Supgly Vol =
Supply Voitage Vary 23 30  EE v
Logic 1 Input SDA, SCL Vi n7x Voot |y
Voo 0.3
e 03x
Logic U Input SDA, SCL Vi 0.3 v
Voo

Electrical Characteristics
Woo = 2.2V 10 5.5V, Voo = Aciive Supply (se2 Tadle 1), Ta, = Tin 10 Taaay. Uniess otherwise noted.) (Typlkcal values are at Voo =
3, Vgar = 2.0V, and Ts = +25°C, unless otherwise noted. ) (Notes 2, 3)

PARAMETER SYMBOL CONDITIONS MM TYP  MAX | UNITS
Ve = 363V 200
- ; ,
Agtive Supply Current loca  |(Motes 4, 5) T - mn
PG bus Inactive, 32kHz Voo = 363V 110
SNy Supply Cument loog | Ouiput on, SQW output off A
[Mote 5} Vg = 5.5V 170
. PC bus Inactive, 32kHz | Vigg = 363V 575
Temperaturs Converslon CUrent | locecony | gupat on, SQW owput of Vor = 55V =0 pa
Power-Fail Voltage Ver 245 2575 27D v
0O t, 32kHz, INTIS2W,
E{g utps = VoL |lgy =3ma 0.4 v
S0
Logic 0 Output, ST VoL |lo = imé 04 W
Output Leakage CuTent 32kHz, . . .
1 Diuipat high Impadance - O +
INTISEW, SDA Lo put nigh impe kA
Input Leakage SCL I -1 + i
FET PIn 11D Leakage ™ RET high Impadance [Note 5) -200 +10 A
Vaar Leakage Cument .
[V Actve) laamks 25 ao A
waw mazimintegrated.com Mandm Integrated | 2
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Extremely Accurate 12C-Integrated
RTC/TCXO/Crystal

Electrical Characteristics (continued)
Voo = 2.3V 10 5.5V, Vo = Acive Supply (see Table 1), Ta = Ty 10 Taasy, uni2ss otherwise nodad.) (Typlcal values are at Voo =
3.3V, Vigar = 3.0V, and T, = +25°C, unless otherwise noted.) (Motes 2, 3)

PARAMETER SYMBOL CONDITIONS MM TYP M UNITS
Cutput Frequency Tout Vo = 3.3V orVgey = 3.3V J2.768 kHZ
P | . 40 Iy
Fraquency Siabllfy vs. Vgg = 23V or 0G0 +4l7C =2
e I - Aot [Var =230 pom
mperatre {Commearcial) aging offset = 000 =40°C to +70°C 35
Voo =23V or -40°C o =0"C £3.5
Frequency Stablifty vs. - e — " ’
Temperature (Industrial Aot [Vear =230 0°C 1o 240°C £7 pom
3ging oset = 00N =40°C Ip +85°C £3.5
Frequency Sablify vs. Vollage AN 1 pomiv
-40°C 0.7
Trim Regisier Frequency S - . #25°C a1
Sensifiviy per L38 ANLSE | Speciled 3t T0C 04 Ppm
+B5"C 0.8
Temperatura Ascuracy Temp Voo = 3.3V Or Vgag = 3.3V -2 £2 C
i Aftar refiow, First year =10
Eryeial Aging B0 | net productian tested 010 years £51 ppm
Electrical Characteristics
Voo = 0V, Vgay = 2.3V 10 5.5V, T, = Tyapy 00 Tpaay, unless othenwlse noded.) (Mote 2)
PLRAMETER SYMEBOL CONDITHINS MIN TYP Max UNITS
ECEC =0, BESGW -0, Vpar = 363 0
Aciive Battery Cument lBAT8 | 50) - a00EHZ {Mode 5) Vgar = 5.5V 150 pA
:S;:Eu; 0.BBSOW =D0. |y -zgw 084 3D
z =1,
Timekeaping Batiery Curnent lgaTT e — - pA
SCL = SO8 = Vgay (Note 5) | VEsT = 5.5 L 33
EQEC =0, BESW =0, Vgar = 363V 575
Temperature Conversion Curnent lgarre  |SCL = SO =0V or HA
SCL = SDA = Vgar Vgar =55V 51
Data-Retention Current lgaror  |EOSC =1, SCL = SDA = OV, 425°C 100 nA
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AC Electrical Characteristics
Moz = Ve pas 10 Voo paas OF Vear = Yearmes 0 Vesmoo. Yaar = Voo, Ta = Ty I Tygay. unless otherwise noted.) (Mabe 2)
PARAMETER SYMBOL CONDITIONS MIN TYP MAX UJHITS
Fast mode 100 400
SCL Clock Frequen T: kHz
- uency e Standard mods 0 100
Bus Free Time Betwesn STOP . Fasi mode 1.3 "
and START Conditions EUF Itangard mooe 47 F
Hoid Tine (Repeated) START o Fas! mode 0E s
Contian [Nota 7) DETA | stangard moce 40
Low Period of SCL Clock t Fast mode L2 3
= Lo Standard mode 4.7 ¥
High Period of SCL Clock Fasi mude oe 3
& - s o gan moe 40 ¥
Fasi mode D 0.9
i d = 1 -
Diata Hold Time [Mates 8, 5) HOOAT  [Sranzard mode z s =
Fast mode 100
Ciata Sefwp Time (Mote 10 .
alaseiup Time (ote 10 leuoaT [ orngam mogs 250 ne
Fast mode 0e
= o
START Sefup Time tay-aTa r—— i s
Rise Time of Both Z0A and SCL Fast mode 0 300 -
Signals {Note 11) = Standard mode 0.1Cp 1000
Fall Time of Both S04 and SICL . Fasi mode = EL | ns
Signals (Mote 11) " Standard mode 0.1cg 300
Fasi mode 06
Setup Time Tor STCP Condition tau- -1
SR - SUETE T stangard moge 4.7 ¥
Capachive Load for Each Bus Ca Mot 117 400 bF
Line = !
Capachance for SO, SCL Cyo ia pF
re et
FJIEE Vildth of Spikes That Miest bap 1 ns
Be Suppressad by the Input Flker
Pushioution Debounce PBaog 250 ms
Reset Active Time traT 250 ms
Oscillator Stop Flag (OSF) Delay e | [Mate 13) 100 me
Temperature Conversion Time Leoagy 125 200 ms
Power-Switch Characteristics
(Ta = Trar 229 Traax)
PARAMETER SYMBOL CONDITIONS MIN TYP MAK IHITS
Vi, Fal TIME; Vpsjpaa 10 L 100
c LX) - i 3
VErMINg veE ¥
Yoo Rlse TIme; Verpmy, 10 o o 5
Verimax
Recovery at Power-Up tsec [Mabe 13) 250 300 ms
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Pushbutton Reset Timing
FET ——, —
Pl I- b =
Power-Sy Timing
e y

Ny b
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ETC/TCXO/Crystal

Data Transfer on 12C Serial Bus

AT O,

i
IE |
Al =
"‘I I -
M
[ -
ﬁ;ﬁ_:
.f.
.arr t
> ;
L
3
P

EToR

Tsusmo

WARNING: Negative undershoots below -1.3V whila the part is In battery-backed mods may causs loss of data.

Hots 2
Hots 3
Hots 4-
Hota 5
Hots &
Hots 72
Hots 82

Hots 3

MNots 10:

HNots 11:
Hots 12:

Hota 13:

Limits at -40°C are guarantesd by design and not production tested.

All voltages are referenced to ground.

lpa—SCL clocking at max frequency = J00KHz.

Current ks the averaged Input curment, which Includes the temperature conversion curment.

The FST pin has an Intemal S1KD (nominal) pullup reskston o Vge.

Afer this period, the first dock pulse |5 generatad.

A device must Infemally prowide a hold time of at least 300ns for the S0 slgnal (refiermad to the Vipgawg of the SCL sig-
nal} to bridge the unsefined region of the falling edge of SCL.

The maximum g needs only o be met If the device does not siretch the low perod (1 o) of the SCL signal.

A fast-mode device can be used In 3 standard-mode system, but the reguirement g par = 250ns must then be met This
= automatically the case If the device does not stretch the Iow period af the SCL signal. If such 3 device does stretch the
ow perod of Me SCL signal, it must cutput the next data bit to the SDA INE tgaa + tay-per = 1000 £ 250 = 1250ns
oefore the SCL Ine s released.

Cg—iotal capachance of one bus Ine In pF.

The parameter toor |5 e perod of time the osclllator must be stopped for the OSF flag to be set over the voliage range
aof L0V = Voo s Vioomaaon and 2.3V < Vigar = 344

This delay apples only If the oscliator Is enabled and running. If the EQSC bit1s 3 1, tgec 15 Dypassed and AST Immed-
ately goes high. The state of RET does not afect the 12C Interface, RTC, or TCXO.
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Typical Operating Characteristics
Moo = #3.3V, Ty = +25"C, unless atheraise noded. )

STAND3Y SUPPLY CURRENT SUPALY CURRENT
ws. SUPPLY WOLTAGE ws. SUPPLY VOLTAGE
1= BEY =0, B0L= S04 = Vi ,Ii 2 Voo =10, BEY =3, j
15 L | i 1y | AT Vo DR i
T FETACTNE | . /
1o e 11
g A -4 EMINHZ=1
B 7 5 >
= = | Bimz=0 | |
= 1]
- -
.a-"-' - e
% 7 —
0 w
30 25 30 3E 40 45 &0 55 23 13 43 53
Voo 0¥ Vigar 1
SURPPLY CURRENT FREQUENCY DEVIATION
ws. TEMPERATURE we. TEMPERATURE v= AGIRG VALUE
18
Vo =0, ERESRE =1, BEY 20, 1 = T 1]
S0A=80L =W, ; DREND B . [ _'.l:|-
H] E s et
0§ E &K a3 I
. ; - 33 ‘II'I
5 e 3 o o Vi
- L - = i
E T+ e e s s ) e
- e ——x
LT 5 - —rof . i
w = N .
1=
- ™
e -
W E W B3 m B o - W B B B
TEUFERATLRE (") TEMFERATURE '3
DELTA THME AND FREQUERCY
vs. TEMPERATURE
- _ —
] % et % ]
_ -m |cRYETEL !rf -"'.'1 uEm Tl
el B e + E
F— STVFICEL CRYETAL, 5
Z _.,.f " imcoursHEaTED | g
3 AT g
g 1w r{_ g
= 4/ Jerremas
= 12 ] zeen A
= 12 7 - -]
“m
13 [
E. ] am

~43-30--10 0 9 X 3 40 50K T E
TEMPERATURE (" C}
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Block Diagram
— - i%H
_I:’*.‘. Capseron srmay ]y
[ CONTROL LOGIC o [PoerE R EUeTER =
—EE R - RT7S0M CONTROL ; o= RT20W
Iz .
e oo, [ R g e
ol cuone mo caumoss
- REGETERS
801 .
FONTERFACEAND | r
ADORERZREGETER |
o - . DECODE UEER, BUFFER
¥ BATER] i
1 | 1y
=
VOLTASE SEFERENCE; } > FET
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Pin Description

PIN

HAME

FUMCTICON

1

J32kHZ

32kHz Owiput. This open-drain pin requires an extemal pullup resistar. When enabled, the output operates on
elther power supply. [t may be left open If not used.

Voo

D Power Pin for Primary Power Supply. This pin should be decounled using 3 0.1)5F to 1.0uF capacitor.
I not used, conmect to gmmd.

INTISCW

Active-Low Int2rmupt or Square-Wawve Cutput. This open-draln pin requires an extemal pullup resistor connecied
1o 3 supply at 5.5V or less. This multfunction pin is datarmined by the stats of tha INTCN bt In the Control
Fagister (OEN). When INTCN Is 52t to logic 0, this pin ouluts 3 square wave and its frequency s determined by
RS2 and RS1 bits. When INTCH Is s2t to logke 1, then 3 match betwaen the imekeaping registers and efiher of
the alam reglsters activates the INT/SQW pin [ the alam ks enabled). Because tha INTCH bit Is sat fo logie 1
whien powes s first applid, the pin defaults fo an Intemupt cutput with alams dsatiad. The pulup voitage can
be up o 5.5V, regarsiess of the vaitage on Ve, I ot wsad, tis pin can be laft uconnectsd.

Active-Low Reset This pin 15 an open-drain Inputicatput. |t Indicates the statts of Vo relative io the
Ve SpECeation. A Vo falls beiow Vg, the FST pin I driven low. Whan Vo excests Vee, for trer, the
RST pin I pulied high by the Intemal pulup resistor. The ackve-iow, open-drain output Is compined wim a
gebounced pushbution Inpust funcion. This pin can be actvated by a pushibution reset request. It has an Iniemal
0K nominal value pullup rRelstor o V... No extemal pullup reslsiors should be connectad, If the osclllator s
misabied, tpeg |5 Dypassad and HET Immediately goes high.

M.C.

o Comnection. Musi b= connected to grownd.

GHD

Grourd

Vear

Backup Power-Sugply Input. When using the device with the Vg .- input a5 the primary power source, this pin
should be decoupled using a DL1RF fo 1.0pF low-leakage capacitor. When using the device with the Vg s Input
as the backup power source, e capacitor ks nat required. If Vg 16 not usad, cornect to ground. The device s
UL recognizad to ensure agalnst reverss charging when used with 3 prmary Bthium battery.

Go to wew, maximintagrated comiqalnionl.

Seral Data Input/Cusut. This gn Is the data INpUbiowtout Tor the 12 senal Interface. This open-drain pin
requires an extemal pullup resision. The pullup voilage £an De uwp b 5.5V, regandiess of the voitage on Ve

Seral Clock Input. This pin Is the clock Input for the 12C serial Interface and Is used o synchmonize data

mavement on the senal Intarface. Up fo 5.5V can be used far this pin, regardiess of the voltage on Ve,

Detailed Description

The 053231 is a serial RTC driven by a temperature-
compensated 32kHz crystal oscillator. The TCXO provides
a stable and accurate reference clock, and mantains the
RTC to within £2 minutes per year accuracy from -40°C
to +85°C. The TCXO frequency output is available at the
32kHz pin. The RTC is a low-power chockicalendar with
twio programmiable time-of-day alarms and a programma-
ble square-wave output. The INT/SQW provides either an
interrupt signal due to alarm conditions or a square-wave
output. The clock/calendar provides seconds, minutes,
hours, day, date, month, and year information. The date at
the end of the month is automatically adjusted for months
with fewer than 31 days. including comections for leap

year. The clock operates in either the 24-hour or 12-hour
fommat with an AMPM ndicator. The intemal registers are
accessible though an 12C bus interface.

A termperature-compensated voltage reference and com-
parator carcuit monitors e level of Voo to detect power fal-
ures and to automatically switch to the backup supply when
necessary. The RST pin provides an extemal pushbution
function and acts as an indicator of a power-fal event.

Operation

The block diagram shows the main elements of the
053231, The eight blocks can be grouped into four func-
tional groups: TCXO, power control, pushbutbon function,
and RTC. Ther operations are described separately n the
following sections.
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J2kHz TCXO

The ternperature sensor, oscillator. and control kbogic form
the TCXO. The controller reads the cutput of the on-chip
temperature sensor and uses a lookup table to determine
the capacitance required, adds the agmng comection in
AGE register, and then sats the capacitance selection reg-
isters. Mew values, induding changes to the AGE register,
are loaded only when a change in the temperature value
occurs, of when a user-initiated temperature conversion
is completed. Temperature conwversion occurs on initial
application of Vzc and once every 64 seconds afterwards.

Power Control

This function is provided by a temperature-compensated
voltage reference and a comparator circuit that menitors
the Ve blevel. When Ve is greater than Vpr, the part is
powered by Ve When Wiz is less than Vpg but greater
than Vgar, the D532 is powered by Voo Ve is less
than Vipr and is bess than Vgar, the device is powered by
Vpar. See Table 1.

Tahle 1. Power Control

SUPPLY CONDITMIN ACTIVE SUPPLY
Veg < Ver Vo = Vear Vaar
Voo < Vpr Voo = Vear Voo
Voo = Ver Vioo = Vear Ve
Voo = Ver Voo = Vaar Voo

To preserve the battery, the first time Vgar is appled
to the dewvice, the oscillator will not start up until Vipg
exceeds Vo, or untl a valid 12C address is writen to
the part. Typical oscillator startup tme s less than one
second. Approximately 2 seconds after Vipg is applied,
or a valid 12C address is written, the device makes a
temperature measurement and applies the calculated
comection to the oscillator. Once the oscillator is nnning.
it continues to run as long as a valid power source is avail-
able (Vo or VeaT), and the dewice continues to measwure
the temperature and comect the oscillator frequency every
B4 seconds.

On the first application of power (Vo) orwhen a valid 12C
address is wrtten to the part (Vga7), the time and date
registers are reset to 01/01/00 01 00:00:00 (DD/MMMYY
DOW HH:MM:S5).

VeaT Operation
There are several modes of operation that affect the
amount of Vgar cument that is drawn. While the device

Extremely Accurate I2C-Integrated
RTC/MTCXO/Crystal

is powered by Vgar and the senral interface is active,
active battery current, |gams. 5 drawn. When the ser-
al interface is inactive, timekeeping cument (lgaTT).
which includes the averaged temperatwre conversion
cument, lgaTTe. 5 used (refer to Application Mote 2644 :
Power Considerafions for Accurate RealTime Clocks
for detals). Temperatwre conversion cument, IBATTC. is
specified since the system must be able to support the
periadic higher cument pulse and still maintain a valid volt-
age level. Data retention current, |gaTToR. IS te curment
drawn by the part when the oscillator is stopped (EQSC
= 1). This mode can be used to minimize battery require-
ments for times when mantaming time and date informa-
tion is not necessary, e.g., while the end system is waiting
to be shipped to a customer.

Pushbutton Reset Function

The D52231 provides for a pushbution switch to be con-
nected to the RST output pin. YWhen the D533221 is not in
a reset cycle, it continuously monitors the RST signal for
a low going edge. I an edge transition s detected, the
053231 debounces the switch by pulling the RST low.
Afier the internal timer has expired (PBgg). the D33231
continues. to monitor the RST line. if the line is still low.
the D532 contnwously monitors the line looking for a
rising edge. Upon detecting release, the D52231 forces
the RST pin low and holds it low for treT.

FST is also used to indicate a power-fail condition. When
Vg is lower than Vpg, an intemal power-fail signal is
generated, which forces the RST pin low. When Vg
retumns to 3 level above Vpg. the ST pin is held low for
approximately 250ms (tgec) to allow the power supply
to stabilize. i the oscillator is not nenning (see the Power
Confrol section) when Ve is applied, trec is bypassad
and RST immediately goes high. Assertion of the RST
output. whether by pushbutton or powerfal detection,
does not affect the intemnal operation of the D53231.

Real-Time Clock

With the clock source from the TCX0. the RTC provides
seconds, minutes, howrs, day, date. month, and year
information. The date at the end of the month is automati-
cally adjusted for months with fewer than 31 days. includ-
ing comections for keap year. The dlock operates in either
the 24-hour or 12-howr format with an ANPM indicator.
The dock provides two programmable time-of-day alarms
and a programmable square-wawve output. The INT/SCQW
pin either generates an intermupt due to alarm condition
or outputs a square-wave signal and the selection is con-
troled by the bit INTCM.
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BITY BIT 0
ADDRESS BITE | BITS BIT4 BIT3 | BIT2 | BIT1 FUNCTION RAMGE
M35 LSB
oh [ 10 Seconds Seconds Saconds 0058
01h [1] 10 Minutes Minutes Minutes o058
ey LAMEM 1-12 + AJPM
0Zh a 1224 20 Hour 10 Howr Hour Hours a0-23
03h 1] a 1] 0 0 Day Day 1-T
04h [ [1] 10 Date Date Date 01-31
" - " . Monihy .__
ash Century a il 0 Month Monih Cantury 01-12 + Century
6 10 Year Yaar ‘faar o053
a7h AN 10 Seconds Seconds Alarm 1 Seconds 0058
0&h AlMZ 10 Minutas Minutes Alarm 1 Minutes 00528
AMPM 1-12 + AMPM
ogh AN | 1224 10 H H Alzm 1 H
=0 Hour our ur 3T ioLrE 0-23
_ . Day Alarm 1 Day 1-T
0AR AlM4 | DYDT 0 Date el A 1 D P
0Bh AZMZ 10 Minutes Minutes Alarm 2 Minutes o058
AMPEM 1-12 + AWPM
oc AZMZ | 13 10 H H Alzrm 2 H
n =0 Four our r il DLrE: 023
_ _ . Day Alarm 2 Day =T
mon | AIMa | oYET o D= Date A13mm 2 Dat 1-31
OEh EOSC | BESQW | conv RS2 RS1 INTCH | AZIE | ATIE Cartro —
OFh O&F a a o ENiZiHz | BEY | ASF | AIF | Control/Status —
10h SiEM | DaTA | DATA DATA DaTA | DaTA | DaTA | DATA | Aging Ofset —
11h SiEM | DaTA | DATA DATA, DaTa | DaTA | DaTA | DATA | MSBorTemp —
1Zh DaTA | DaTA [1 0 0 0 [1 o LSS of Tamp —

Figure 1. Timekeaping Regisers
More: Uniess othemwise specifed, the registers’ sfate i5 nof defined when power k5 first apoved.

Address Map to the 053231 resets because of a loss of Voo or other
Figure 1 shows the address map for the DS3231 time- event, it is possible that the m crocontroller and DS3231
keeping registers. During = mufiibyte sccess, when the [2C comImumications coukd become ungynchmn zed. e.g.
address pointer reaches the end of the register space the microcontroier ressts while reading data fm,in the
{12h). it wraps around to location ODh. On an 12¢ START ~ JS3281. When the microcantroller resets, the D3323
or address pointer incrementing to location 00h, the cur- ! C '"1?_[_3'39 may e placed into a kmowm state by tog-
rent fime is transferrad to a second set of registers. The gling 5?"" umndtil E_DA is observed to be at a high level. At
tme information is read from these secondary registers that paint the microcontroller should :n._ll SDA low while
while the dock may connue to run. This eliminates the - oo 15 high, generating 3 START condition.
need to reread the registers in case the main registers Clock and Calendar
update during a read. LR L L R . ) )
The time and calendar mformation is obtained by reading
12C Interface the appropriate register bytes. Figure 1 illustrates the RTC
The I2C interface is accessible whenever either Vg or  registers. The time and calendar data are set or initialized

W, is at a valid level. If a microcontroller connected by w!'iting the appropriate register bytes. The contents of
BaT the time and calendar registers are in the binarny-coded
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decimal (BCD) format. The D5323 can be mun in either
12-howr or 24-hour mode. Bit & of the hours register is
defined as the 12- or 24-hour mode select bit. When high,
the 12-hour mode is selected. In the 12-hour mode, bit 5
is the AM/PM bit with logic-high being PM. In the 24-hour
made, bit § is the 20-hour bit (20-23 howrs). The century
bit {bit 7 of the month register) is oggled when the years
register overflows from 22 to 00.

The day-of-week register increments at midnight. Values
that comespond to the day of week are user-defined but
mast be sequential (e, if 1 equals Sunday, then 2 equals
Monday, and so on). lllogical Bme and date entnes result
in undefined operation.

When reading or writing the time and date registers, sec-
ondary {user) buffers are used to prevent emors when the
intemal registers update. When reading the time and date
registers, the user buffers are synchronized to the intemal
registers on any START and when the register pointer
rolls over to zero. The time information is read from these
secondary registers, while the clock continues to run. This
eliminates the need to reread the repisters in case the
main registers update during a read.

The countdown chain is reset whenever the seconds
register is written_ Write transfers occur on the acknowl-
edge from the DS53231. Once the countdown chain is
reset, to avoid rollover issues the remaining time and
date registers must be wrtten within 1 second. The 1Hz
square-wave output, f enabled. fransitions high 500ms
after the seconds data transfer. provided the escillator is
already runnimng.

Table 2. Alarm Mask Bits

Extremely Accurate 12C-Integrated
RTC/MCXO/Crystal

Alarms

The DS53231 contains two time-of-dayfidate alarms.
Alarm 1 can be set by writing to registers O7h to 0Ah.
Alarm 2 can be st by writing to registers 0Bh to ODvh.
The alamms can be programmed (by the alarm enable
and INTCN bits of the control register) to actvate the
INT/S0W output on an alarm match condition. Bit 7 of
each of the time-of-day'date alarm registers are mask
bits (Table 2). When all the mask bits for each alarm
are logic 0, an alarm only occurs when the values in
the timekeeping registers match the comesponding val-
ues stored i the time-of-day'date alamm registers. The
alarms can also be programmed to repeat every second,
minute, hour, day, or date. Table 2 shows the possible
settings. Configurations not listed in the table will result
in illegical operation.

The DY/DT bits (bit & of the alarm day'date registers)
control whether the alarm value stored in bits O to 5 of
that register reflects the day of the week or the date of
the month. if DY/DT is written to logic 0, the alarm will be
the result of 3 match with date of the month. If DY/DT is
writhen to logic 1, the alarm will be the result of a match
with day of the wesk.

When the RTC register values match alarmn register set-
tings. the cormesponding Alarm Flag ‘A1F or "A2F bit is
set to logic 1. if the comesponding Alarm Intermupt Enable
'A1IE" or "A2IE' is also set to logic 1 and the INTCN bit
is set to bogic 1, the alanm condition will actwate the
INTFSQW signal. The match is tested on the once-per-
second update of the time and date registers.

— ALARM 1 REGISTER MASK BITS (BITT)
DTy AlMd ATMI a1Mz2 alM ALARM RATE
X 1 1 1 1 Alarm once per second
X 1 1 1 o Alamm when seconds match
X 1 1 o o Alamn when minuies and 5econds maich
X 1 o o o Alamm when howrs, minutes, and seconds match
a a ] o ] Alamm when date, hours, minutes, and seconds maich
1 a o o o Alarm when g@ay, hours, minutes, and seconss maksh
— ALARM 2 REGISTER MASK BITS (BITT)
D¥DT e T YT ALARM RATE
X 1 1 1 Alamn onge per minute (00 seconds of 2very minute)
X 1 1 o Alamm when minuies maich
X 1 o ] Alarm when howrs and minuies match
a a o o Alamm when date, hours, and minwes maksh
1 a o ] Alamm when day, hours, and minutas match
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Control Register (0Eh)
BIT7 BIT & BIT 5 BIT4 BT 3 BIT 2 BIT 1 BIT I
HAME: ECSC BESOW CONV RS1 INTGN A2IE ATIE
POR: [ [ 0 1 1 o [}

Special-Purpose Reqgisters

The 053231 has two additional registers (control and sta-
tws) that control the real-tme clock, alarms, and square-
wave output.

Control Register (0Eh)

Bit 7: Enable Oscillator (EQSC). When set to logic 0.
the oscillator is started. When set to logic 1, the oscillator
is stopped when the D53231 switches to Vggr This bit
is clear (Jogic 0) when power is first applied. When the
DE3231 is powersd by Voo, the oscillator is always on
regardiess of the status of the EOSC bit. When EQSC is
disabled. all register data is static.

Bit 6: Battery-Backed Square-Wave Enable (BEBSGW).
When set to logic 1 with INTCN =0 and Voo < Vpr. this
bit enables the square wawe. When BBSQW is logic 0,
the INT/SQW pin goes high impedance when Viog < Vpp.
This bit is disabled {logic 0) when power is first applied.
Bit 3: Convert Temperature (CONV). Setting this bit to
1 forees the temperature sensor fo convert the tempera-
ture into digital code and execute the TCXO algorithm to
update the capacitance amay to the oscillator. This can
only happen when a conversion is not already in prog-
ress. The user should check the status bit BSY before
forcing the controller to start a new TCXO execution. A
user-initiated temperature conversion does mot affect the
internal f4-second update cycle.

A user-initiated temperature conversion does not affect
the BSY bit for approximately 2ms. The COMV bit remains
at a 1 from the Bme it is written unfll the conversion is
finished, at which time both CONV and BSY go to 0. The
COMV bit should be used when monitoring the status of a
user-initiated conversion.

Bits 4 and 3: Rate Select (R52 and RS51). These bis
controd the frequency of the square-wave owtput when

the square wave has been enabled. The following table
shows the square-wave frequencies that can be selected
with the RS bits. These bits are both set to logic 1
(B.182kHz) when power is first applied.

SQUARE-WAVE OUTPUT FREQUENCY

SQUARE-WAVE OUTPUT
Raz REl FREGUENCY

0 0 Tz

0 i T02are

1 0 4%

1 1 Bigare

Bit 2: Interrupt Control (INTCH). This bit controls the
INT/SQW signal. When the INTCM bit s set to logic 0.
a square wave is output on the [NT/SQW pin. When the
INTCHM bit is set to logic 1, then a match between the Gime-
keeping registers and either of the alarm registers act-
vates the INT/SOW output (if the alarmm is also enabled).
The comresponding alarm flag is always set regardiess of
the state of the INTCHN bit. The INTCM bit is set to logic 1
when power is first applied.

Bit 1: Alarm 2 Interrupt Enable [A2IE). When set to
logic 1, this bit permits the alarm 2 flag (A2F) bit in the
status register to assert INT/SQW (when INTCHN = 1).
When the AZIE bit is set to logic 0 or INTCM is set to logic
0, the A2F bit does not initiate an intermupt signal. The
AZIE bit is disabled (kogic 0) when power is first applied.

Bit 0: Alarm 1 Interrupt Enable [A1IE). When set to
logic 1, this bit permits the alarm 1 flag (A1F) bit in the
status register to assert INTISQW (when INTCH = 1).
When the A1IE bit is set to logic 0 or INTCN is set to logic
0, the A1F bit does not initiate the INT/SQW signal. The
A1IE bit is disabled (kogic 0) when power is first applied.
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Status Register (0Fh)
BIT7 BITS BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
HAME: 0SF [ [ EN3ZKHz BSY AZF A1F
POR: 1 o [ 1 x E X

Status Register (OFh)

Bit 7: Oscillator Stop Flag (OSF). Alogic 1 in this bit indi-
cates that the oscllator either is stopped or was stopped
for some period and may be used to judge the validity of
the timekeeping data. This bit is set to logic 1 any time
that the oscllator stops. The following are examples of
conditions that can cause the O5F bit to be set

1) The first time power is applied.
2) The woltages present on both Voo and Vgar are insuf-
ficient to support oscillation.
3) The EGSC bit is tumed off in battery-backed mode.
4) External influences on the crystal {i.e., noise, leakage.
etc.).
This bit remains at logic 1 until written to kagic 0.
Bit 3: Enable 32kHz Output (EM32kHz). This bit con-
trols the status of the 32kHz pin. When st to logic 1, the
32kHz pin is enabled and outputs a 32.78BkHz square-
wave signal. When set to logic 0, the 32kHz pin goes o a
high-impedance state. The initial power-up state of this bit
is logic 1. and a 32.76BkHz square-wave signal appears
at the 32kHz pin after a power source is applied to the
053231 (if the oscllator is running).
Bit 2: Busy (BSY). This bit indicates the device 5 busy
executing TCHO functions. It goes to kogic 1 when the con-
version signal to the femperature sensor is assered and
then is cleared when the device is in the 1-minute idie state.
Bit 1: Alarm 2 Flag (A2F). A logic 1 n the alarm 2 flag bit
indicates that the time matched the alarm 2 registers. If the
AZIE bit is logic 1 and the INTCN bit is set to bogic 1, the
INTFSQW pin is also asserted. AZF is cleared when wiitten
to logic D. This bit can only be written to logic 0. Attempting
to write to logic 1 leaves the value unchanged.
Bit 0: Alarm 1 Flag (A1F). A logic 1 n the alarm 1 flag bit
indicates that the time matched the alarm 1 registers. If the

Aging Offset (10h)

A1IE bit is logic 1 and the INTCH bit is set to bogic 1, the
INTFSQW pin s also asserted. A1F is cleared when written
to begic D. This bit can only be written to kogic 0. Attermpting
to write to bogic 1 leaves the value unchanged.

Aging Offset

The aging offset register takes a user-provided value to
add to or subtract from the codes in the capacitance amay
registers. The code is encoded in two's complement, with
bit T representing the sign bit One LSB represents one
small capacitor to be switched in or out of the capacitance
array at the crystal pins. The aging offset register capac-
tance value s added or subtracted from the capacitance
value that the device calculates for each temperature
compensation. The offset register is added to the capaci-
tance array during a normal temperature conversion, if
the temperature changes from the previous conversion, or
during a manual user conwersion (setting the COMNV bit).
To see the effects of the aging register on the 32kHz out-
put frequency immediately, a manual conversion should
be started after each aging register change.

Positive aging walues add capacitance to the array, show-
ing the oscillator frequency. Negative values remove
capacitance from the amay. increasing the oscillator
frequency.

The change in ppm per L3B s different at diferent tem-
peratures. The frequency vs. temperature curve is shifted
by the values used in this register. At +25°C. one LSB
typically provides about 0. 1ppm change in frequency.
Use of the aging register is not needed to achieve the
accuracy as defined in the EC tables. but could be used
to help compensate for aging at a given termperature.
See the Typical Operating Gharacferistics section for a
graph showing the effect of the register on accuracy over
temperature.

BITT BIT & BIT 3 BIT 4 BIT 3 BIT 2 BIT 1 BIT D
HAME: Sign Data Data Data Data Data Data
POR: 1] 1] a 0 0 o o
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Extremely Accurate |2C-Integrated

RTC/MTCXO/Crystal
Temperature Register (Upper Byte) (11h)
BIT7 BIT & BIT 5 BIT 4 BIT 3 BIT 2 BIT 1 BIT 0
HAME: Sign Data Data Daia Data Data Data
POR: [ [ [i 0 0 0 [
Temperature Register {Lower Byte) (12h)
BIT7 BIT & BIT 5 BIT4 BIT 3 BIT 2 BIT 1 BIT 0
HAME: Cata Data [i 0 0 0 [
POR: ] ] 0 ] 0 ] ]

Temperature Registers (11h—12h)
Temperature 5 represented as a 10-bit code with a
resolution of 0.25°C and is accessible at location 11h and
12h. The temperatwre is encoded in two's complement
format. The wpper 8 bits, the integer portion, are at loca-
tion 11h and the lower 2 bits, the fractional portion, are in
the upper nibbde at kocation 12h. For example, 00011001
01k = +25.25°C. Upon power reset. the registers are set
to a default temperature of 0°C and the controller starts
a termperature conversion. The temperature s read on
initial application of Wi or 125 access on Vgar and onee
every 04 seconds afterwards. The temperature registers
are updated after each user-initiated conwersion and on
every B4-second conversion. The temnperature registers
are read-onhy.

|2C Serial Data Bus

The 053231 supports a bidirectional 12C bus and data
transmission protocol. A device that sends data onto the
bus is defined as a transmitter and a device receiving data
is defined as a receiver. The device that controls the mes-
sage s called 3 master. The devices that are controll=d
by the master are slaves. The bus must be controlled by
a master device that generates the seral clock (SCL).
controls the bus access. and generates the START and
STOP conditions. The 053231 operates as a slave on the
|2C bus. Connections to the bus are made through the
SCL input and open-drain SDA I'D Bnes. Within the bus
specifications. a standard mode (100kHz maximum clock
rate) and a fast mode (400kHz maximum dock rate) are
defined. The DE3231 works in both modes.

The follewing bus protocol has been defined (Figure 2):
=« Data transfer may be initiated only when the bus is not
busy.

= Dwring data transfer, the data ne must remain stable
whenever the clock line is high. Changes in the data

line while the clock line is high are interpreted as con-
trol signals.

Accordingly, the following bus conditions hawve been
defined:

Bus not busy: Both data and clock lines remain high.

START data transfer: A change in the state of the
data line from high to low, while the clock ne is high,
defines a START condition.

S5TOP data transfer: A changs i the state of the
data line from low to high, while the clock line is high.
defines a STOP condition.

Data valid: The state of the data line represents valid
data when, after a START condition, the data line is
stable for the duration of the high penod of the clock
signal. The data on the line must be changed during
the low period of the clock signal. There is one clock
pulse per bit of data.

Each data transfer is initiated with a START condition
and terminated with a STOP condition. The member
of data bytes transfemmed between the START and the
STOP conditions is not Bmited, and is determined by
the master device. The information is transferred byte-
wise and each receiver acknowledges with a ninth bit.

Acknowledge: Each receiving device, when
addressed, = obiiged to generate an acknowledge
after the reception of each byte. The master dewvice
must generate an extra clock pulse, which is associ-
ated with this acknowledge bit

A device that acknowledges must pull down the SDA
line during the acknowledge clock pulse in such a way
that the 5DA line is stable low during the high period of
the acknowledgerelated clock pulse. Of course, setup
and hold times must be taken into account A master
must signal an end of data to the slave by not generat-
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""" el ME=8 FRET u=g LEE EE LBg —
|I || III |I I| 1 15 | | |I l“I III III - '|I |'_I,
204 1 1 i} | H 5 II |
II .ll I I' |I II. |:tl II. |II I| |||. ||I:| | I| f _.'I_
BLENE RR A . DATA ;| DATA -
ADCREZE MACK
T 1 |_| | | | '_| | i | . 1 | T
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Figure 2. [2C Dafa Transer Ovaniew

ing an acknowledge bit on the last byte that has been
clocked out of the slave. In this case. the slave must
leave the data line high to enable the master to gener-
ate the STOP condition.
Figures 3 and 4 detail how data transfer is accomplished
on the |2C bus. Depending upon the state of the RAW bt
two types of data ransfer are possible
Data transfer from a master transmitter to a slave
receiver. The first byte transmitted by the master

is the slave address. Mext folows a number of data
bytes. The slave retums an acknowledge bit after 2ach
received byte. Data is ransferred with the most signifi-
cant bit (M5B first

Data transfer from a slave transmitter to a master
receiver. The first byte (the slave address) is fransmit-
ted by the master. The slave then retwrns an acknowl-
edge bit Mext follows a number of data bytes fransmit-
ted by the slave to the master. The master retums an
acknowledge bit after all received bytes other than the

<ELAVE

oW - READVWRITE ‘OR. DNRECTION E4T ADDREES

ADDREzE <AV <WORDADEFESE ep DEmE <CamAm- 1 QEmis-K]
[e]mom]o]a] wmoomce [a] womeon [a] woosoow [a].| wooocox [a]e]
B-FPET
P _:mD sacmwer= [ | warmTonae
720 0ATA TRANGFERRED

= 1EYTEE + ACHNOWLEDSE)

Figure 3. Dals Wite—Siave Recelver Mode
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last byte. At the end of the last received byte, a not
acknowledge is retumed.

The master device generates all the senal clock pulses
and the START and STOP conditions. A fransfer
is ended with a STOP condition or with a repeated
START condition. Since a repeated START condition
is also the beginning of the next senal ransfer, the bus
will not be released. Data is transferred with the most
significant bit (MSB) first.

The D53231 can operate in the following two modes:

Slave receiver mode (D53231 write mode): Senal
data and clock are received through SDA and SCL
After each byte = received, an acknowledge bit is
transmitted. START and STOP conditions are recog-
nized as the beginning and end of a serial fransfer.
Address recognition is perfiormed by hardware afier
reception of the slave address and direction bit. The
slave address byte is the first byte receved after the
master generates the START condiion. The slave
address byte contains the 7-bit D53231 address.
which is 1101000, followed by the direction bit (RAW),
which is  for a write. After receiving and decoding the
slave address byte. the D53221 outputs an acknowl-
edge on SDA. After the D53231 acknowledges the
slave address + write bit, the master transmits a word
address to the DE3231. This sets the register pointer
on the 053231, with the D53231 acknowledging the

Figure 5 Dafs WriteRead (Wnte Polnfer, Then Readl—Siave Receive and Transmi

transfer. The master may then ransmit zero or more
bytes of data. with the D53231 acknowledging =ach
byte received. The regster pointer increments after
each data byte is transfermed. The master generates a
STOFP condition to terminate the data write.

Slave transmitter mode (D5323 read mode): The
first byte s received and handled as n the slave
receiver mode. Howewer, in this mode, the direction
bit mndicates that the transfer direction s reversed.
Serial data is ransmitted on S0A by the D53231 while
the senal dock is input on SCL. START and STOP
conditions are recognized as the beginning and end
of a senal transfer. Address recognition is perfomed
by hardware after reception of the slave address and
direction bit The slave address byte is the first byte
recened after the master generates a START condi-
tion. The slave address byte contains the 7-bit 053231
address, which is 1101000, followed by the direction
bit (R'W), which is 1 for a read. After receiving and
decoding the slave address byte, the D33231 outputs
an acknowledge on SDA. The 053231 then begins to
transmit data starting with the register address pointed
to by the register pointer. If the register pointer is not
written to before the initiation of 3 read mode, the first
address that is read is the last one stored in the regis-
ter pointer. The D53231 must receive a not acknowl-
edge to end a read.
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Handling, PCB Layout, and Assembly
The D53231 package contains a quarz tuming-fork
crystal. Pick-and-place equipment can be wsed, but
precautions should be taken to ensure that
excessive shocks are avoided_ Ulrasonic cleaningshould be
avoided to prevent damage o the crystal.

Awoid running signal traces under the package, unless
a ground plane is placed between the package and the

Pin Configuration

Extremely Accurate I2C-Integrated
RTCMTCXO/Crystal

signal line. All N.C. (no connect) pins must be connected
to grownd.

Moisture-sensitive packages are shipped from the
factory dry packed. Handling instructions Ested on the
package label must be followed to prevent damage during
reflow. Refer to the IPC/JEDEC J-3TD-020 standard for
maisture-sensitive device (M5D) classifications and reflow
profiles. Exposure to reflow is limited to 2 times maximum.

Ordering Information

TOP VEW

malr] [12] 222

v [2 1] 208

= 3] [33] vaar

'H'E'E DE3Z31 E oY s}

e [5] l12] me

we (o] [33] me

e 7] 3] nez.

e 5] (o] me

50

Chip Information
SUBSTRATE COMMECTED TO GROUND
PROCESS: CMOS

PART TEMP RANGE PIN-PACKAGE
D5323158 0*'C o 470"C 16 20
D53231ENE -A0"C 1o +B5°C 16 S0

Fhenofes an RoHS-compilant device that may noiwde ead
(PR} that is exempe under RoHS requirements. The iead frksh
Is JESDOT categary 3, and s compatiie with bofh leag-based
and lead-Tee saldering processes. A B anpywhere on the top
mark denafes an RoHS-compilant dewvice.

Package Information

For the latest package outine nformation and land patems
[footprints), go o www.maximintegrated.com/packages. Mote
that a “#°, ", or *-" In the package code Indicates RoHS slaies
only. Package drawings miay show a oifferent suffix character, but
the drawing penains 1 the package regandless of RoHS stals.

PACKAGE | PACKAGE QUTLINE LAND
TYPE CODE HO. PATTERN NO.
16 50 W1EFH2 21-0042 M-0107
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Revision History

REVISION | REVISION PAGES
HUMEBER DATE DESCRIPTION CHANGED
o 105 Initial release. —_

Changed Digital Temp Sensor Output from £2°C to £3°C. 1,3
Updated Typkal Operating Circul. 1
! 203 Changed Ta = -20°C t0 £65°C 10 Ta, = Tuw 10 Tauax- 2,3,4
Updated Biock Dlagram. E]
Adsed “UL Recognized” to Features; added lead-free packages and remowved S from fop
mark Info In Oroering dnfarmmation table; added ground connections to the NLC. pin In the 1
Typlcal Operating Clrcut.
.;-:I:.;f noncondensing” io operating temperatune range; changed Veg MIN from 2.35V o 2
Added aging ofset specification. 3
Relabeled TOCA. 7
Added amow showing Input on X1 In the Block Dlagram. g
Updaied pin descripions for Voo and Vigar- =]
2 9% [Anged ihe FC intertace section. 10
Figure 1:Addied sign bit to aging and temperatme regisiens; added MSE and LS8, 1
Cormecied Hile for rate select Dl frequency tabie. 13
Added note that frequency stability over temperature spec Is with aging offset register = s
0ah; changad bit 7 froem Data fo Sign (Crystal Aging Offset Reglster).
Changed bit 7 from Data to Sign (Temperatme Reglster]; comect pin sefiniions In £C 15
Serlal Dats Bus section.
Maodified the Handing, PC Board Layout, and Assembly section to refer to 17
JSTO-020 for reflow profiles for lead-free and leaded packages.
3 1105 | Changed lead-fres packages to RoHS-compllant packages. 1
Changed RST and UL bullets In Features. 1
Changed EC condilon "VWpp = Vgar™ 1o Wor = Active Supply (see Table 11" 2.3
Modified Mot 12 fo comect igee Dperation. g
Added varous conditions text to TOCS 1, 2, and 3. 7
Added text io pin descriptions for 32KHZ, Vg, and RET. g
4 10606 Taole 1: Changed column heading “Powered By™ to "Active Supply™; changed "apgplied” to -
"auceeds Vee" IN the Power Conrod saction.
Indicated BESEW applles to bath SEW and Intemupts; simpified temp convert i3
gascripfon [bit 5); added “output™ to INTASOW (it 2).
Changed the Ciystal Aging section fo the Aging Cfsef saction; changed Tthis bit s
Indicabes” fo “this bit controls® fior the enable 32kHz output bit.
Added Warning note to EC table notes; updated Node 12 B
Updated the Typical Cperatng Chavacterstics graphs. 7
& 498 | Inthe Pawer Comirad saction, added Information about the POR state of the time and date -
regisiers; In the Real-Time Clock section, added to the descrption of the RST funcilon.
Ini Flgure 1, comecied the months date range for 04h from 00-31 ta 01-31. 11
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Revision History (continued)

REVISION | REVISION PAGES
DESCRIFTION
HUMBER DATE CHANGED

Updated the Typical Cperafimg Choult. 1
Removed Me Vigy parameter from the Recommended DC Operating Conartions table
and added vernlage about the pulup fo the Pin Description table for INT/SQW, SDA, and 2,9
SCL.
Added the Delta Time and Frequency vs. Temperature graph In the Typica Operating -
Characiestics section. !

o] 1008
Updated the Block Dlagram. B
Added the Vg,r Operation secion, Improved some sections of text for the 32kHz TCXO 10
and Pushbution Resef Function secions.
Added the regisier bit POR values to the regisier @blkes. 13, 14,15
Updated the Aging Cset and Temperature Registers (11h-12h) seclions. 14, 15
Updated the 12C timing dlagrams (Figures 3, 4, and 5] 16, 17

- 10 Removed Te “5" from the top mark In the Crdering information table and the Pin 118

! - Configuration to match the packaging enginesring marking spectication. '
Updated the Typical Operaing Chouk, remaoved the “Top Mark™ eolumn from the Crferng
information; In the Absalite Maximmm Rafings sectlon, added the theta-JA and theta-
JC thesmal resistances and Mote 1, and changed the soldering temperature to +250°C 1234608

g THO lead{Pojree) and +240°C leaded); updated the funciional description of the Vigar pin 1'1 '1 2' 1',_ '1E'
In the Pin Descripdion; changed the imekeeping registers 02h, 090, and OCh fo “20 Hour® T
I Bit 5 of Figure 1; updated Me ESSW bit desciption In the Control Reglster (0ER)
section; added the land pattemn no. o the Package information Eble.

] 113 Updated Absoiute Maximum Ratings, and |ast paragraph In Power Confrol section 2,10

10 S Revised Feneits and Features section. 1
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