APENDICES
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Lista de componentes

Tarjeta de Potencia

Resistores(5%, 250 mW, salvo indicacidn contraria)

R1=15Q R7=1MQ
R2=18Q,1W R8=68 kQ
R3=150 Q R9=68 kQ, 1 W
R4=12 Q R10=2.2 kQ
R5,R6=47 Q R11=150 kQ
Pot 1 = Resistencia ajustable de alambre 10 k€

Condensadores

Cl=2200 uF
C2,C4= 300 nF
C3=2200 uF
C5,C6,C7= 1 uF

Semiconductores

Ul=TL783 (Texas Instruments).
U2=78L05

U3=MOC3031

U4= 7805

D1= Diodo Zener IN4733A 5.1V/ 1W
Q1=2N2907

Q2=TIP32C

Q3=PN2222

Q4=1RF1110

Varios

TR 1= Transformador 60V/1A

TR2= Transformador 6V / 1A

BR1= Puente rectificador 1.2 A, 100V
BR2= Puente rectificador de Diodos.
F1= Fusible rdapido 1A /125 V

F2= Fusible rdapido 0.75 A /125 V
F3= Fusible rdapido 0.5 A /125 V

K10= Conector horizontal 3 vias con paso de 100 mm .
K11= Conector horizontal 2 vias con paso de 100 mm.
K12= Conector horizontal 2 vias con paso de 100 mm.
K13= Conector horizontal 2 vias con paso de 150 mm.
K14= Conector horizontal 2 vias con paso de 150 mm.

R12=1.8 kQ

Apéndice A
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Placa de Control

Resisrores

R14,R22=470 Q

R15=10 kQ

R16,R17=220 Q

R18,R19=4.7 kQ

R20=3.9 kQ

R21=1kQ

POT 2 = Resistencia ajustable 2.4 kQ horizontal.

Condensadores

C9,C10,C11,C12=22 pF
C13=10nF

Semiconductores

U5= PIC18F452 (Microchip).
U6= 24C256F (Microchip).
U7=DS1307 (Maxim).

Varios

K1= Conector 10 terminales vertical.

K2= Conector 10 terminales vertical.

K3= Conector 6 vias con paso de 100 mm.
K4= Conector 3 vias con paso de 100 mm.
K5= Conector 2 vias con paso de 100 mm.
K6= Conector 2 vias con paso de 100 mm.
K7= Conector 10 terminales vertical

K8= Conector 10 terminales vertical

K9= Conector 2 vias con paso de 100 mm.
BUZ1 Buzzer

X1= Cristal de cuarzo de 10 Mhz

X2= Cristal de cuarzo de 32.768 Khz

X3= Cristal de cuarzo de 32.768 Khz
BAT1=Zbcalo para pila

LCD1 = Visualizador alfanumérico de 4 lineas x 16 caracteres (EPS 050176-73)

S1-S12 = Botén-pulsador, SPN
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Esquema Electrénico de Potencia
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Apéndice

Firmware
Electroporador.c
C:\ProgramMicro\C compiler\Electroporador\electroporador.c
1 /*electroporador.c - Codige principal de la Unidad de Control
2 que realiza todas las funciones del Electroporador
3 Creada por Jorge O. Gutiérrez Ruiz, Julio 13, 2010
4 Cédigo liberado para el dominio piblice.
5 */
6  #include "LCD_PIC.c" // Manejo del LCD
7  #include "electroporador.h" //Archivo de cabecera del electroporador
8  #include "teclado.c" //Manejo del Teclado
9  #include "funciones.c"
10 #include <stdlib.h> /
11 #include <pl8cxxx.h> //Libreria que especifica puertos del PIC
12 //Registro que maneja el control del programa
13 #define Read regis_0.b0
14 #define ancho regis_0.bl
15 #define t_bajo regis_0.b2
16 #define numero regis_0.b3
17 #Hdefine pulso regis_0.b4
18 #Hdefine fin regis_0.b5
19  #define wait  regis 0.b6
20 #define start regis_0.b7
21 /*e-- e et --m-
22 Subroutine: Interrupt_High_Vector
23 Synopsys: Inicializa las Interrupciones de alta prioridad
24 aaRG e E e */
25 #pragma code Interrupt High Veetor = 0x08 //Define la direccion=0008h
26 void Interrupt (void) //para high interruption
27 {
28 —asm
29 goto Interrupt_Handler // Salto a la rutina de Interrupcion
30 _endasm
31 }
32 #Hpragma code
33 /*--- e -—--
34 Subroutine: main
35 Synepsys: Rutina principal
36 e s mmmmmmmmem e emeeeee */
37  veoid main (veid)
38 {
39 INIT_PORTS () //Inicializacion de puertos principales
40 regis_0._byte=0;
41 LCD_COM (CLR_DISP); //Limpia pantalla del LCD
42 INTCON=0b11100000; //Inicializa TMRO
43 TOCON=0b01000101;
44 T1CON=0b10100000;
45 TMROL=61; //Desbordamiento del TMRO cada Bms
46 LCD_write(1,1,"Electroporador"); //Mensaje de bienbenida al sistema
47 LCD_write(2,2,"UNAM-CCADET");
48 LCD_write(3,5,"V 1.5");
49 delay_Bs();
50 startz1; //Primera etapa del programa
51
52 while (1)
53 {
54 if (start)  //Mensajes del tratamiento
55 {
56 LCD_COM(CLR_DISP); //Limpia pantalla del LCD
57 LCD_write (1,0,"Voltaje V": //Mensajes al LCD
58 LCD_write (2,0,"Ancho ms");
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LCD_write (3,0,"Separacion  ms");
LCD_write (4,0,"No. pulsos  "):

regis_0._byte=0x01; //Pasa el control del programa a Read
)
if (Read) //Lectura del ADC
{
TOCON&=0X7F; //Deshabilita interrupcion TMRO
LCD_COM (BLINK_OFF); //Deshabilita cursor del LCD
do
{ read_voltage () } //Fin de do
while (get_key()l='="); //Espera el enter del voltaje deseado
regis_0Q._byte= 0x02; //Pasa el control del programa a ancho
LCD_COM (BLINK_ONY); //Habilita parpadeo del cursor
TOCON"=0X80; //Habilita Interrupcion de TMRO
}//Fin de Read
if (anche) // Recepcidn del ancho del pulso Tiempo en Alte
{
do
{
cursor=0xCB;
LCD_COM(cursor); //Cursor listo para recibir Anche de pulso
ancho_p=in_data(3); //5e ingresan tres digitos para el ancho de pulso
if (ancho_p==0) //El anche de pulso no puede ser igual a cero
{
LCD_COM(CLR_DISP); //Limpia pantalla del LCD
INTCONbits.6IE =0; //Deshabilitando Interrupciones globa
LCD_write (1,0,"El ancho de "); //Error
LCD_write (2,0,"pulso no puede");
LCD_werite (3,0,"ser cero");
buzzer (); //Avise auditive para el usuario
while (get_key()l="=") //Espera a que se oprima el Enter
/* Nothing */ ;
LCD_COM(CLR_DISP); //Limpia pantalla del LCD
LCD_werite (1,0,"Voltaje V"), //Mensajes al LCD
LCD_write (2,0,"Ancho ms");
LCD_write (3,0,"Separacion ms");
LCD_write (4,0,"No. pulsos ")
if (voltaje>9999) //Escribe el voltaje ya seleccionado
{
LCD_COM (0X88);
LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera
LCD_DAT(disp_val[1]); //Escribe en LCD la parte entera
LCD_DAT(OXZ2E); //Escribe le punto decimal
LCD_ascii (val_frac); //Escribe la parte fraccionaria en LCD
}
else
{
LCD_COM (0X88);
LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera
LCD_DAT(OX2E); //Escribe le punto decimal
LCD_ascii (val_frac);,  //Escribe la parte fraccionaria en LCD
}
INTCONbits.GIE =1; //Habilitando Interrupciones globales.
}
}
while(ancho_p==0); //Regresa a pedir ancho de pulso
regis_0._byte= 0x04; //Pasa el control del programa a +_bajo
ky=0xff; //Evita que la siguiente etapa lea el enter anterior.
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}//Fin de if(ancho)
if (t_bajo) // Recepcién del tren del pulso Tiempo en Bajo

{
do
{
cursor=0x9B;
LCD_COM(cursor); //Cursor listo para recibir frecuencia
hz=in_data(3); //Se ingresan dos digites para la frecuencia del pulse
if ((hz ==0) || (hz%50Q1=0)) //El ancho de pulso no puede ser igual a cero
{ //y debe ser divisible entre 50
INTCONbits.GIE =0; //Deshabilitando Interrupciones globales.
LCD_COM(CLR_DISP); //Limpia pantalla del LCD
LCD_write (1,0,"Solo multiplos ");
LD _write (2,0,"de 50.");
buzzer (); //Aviso auditive para el usuario
while (get_key()l='=") ; //Espera a que se oprima el Enter
LCD_COM(CLR_DISP); //Limpia pantalla del LCD
LCD_write (1,0,"Voltaje V"), //Mensajes al LCD
LCD_write (2,0,"Ancho ms");
LCD_write (3,0,"Separacion  ms");
LCD_write (4,0,"No. pulsos  ");
if (voltaje>9999) //Veltaje mayor a 9.999V
{ //Escribe el voltaje ya seleccionado
LCD_COM (0X88);
LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera
LCD_DAT(disp_val[1]); //Escribe en LCD la parte entera
LCD_DAT(OX2E); //Escribe el punto decimal
LCD_ascii (val_frac); //Escribe la parte fraccionaria en LCD
}
else
{
LCD_COM (0X88);
LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera
LCD_DAT(OXZE); //Escribe el punto decimal
LCD_ascii (val_frac); //Escribe la parte fraccionaria en LCD
}
disp_val_ptr=édata[0]; //Escribe el ancho ya seleccionado
itoa(ancho_p,disp_val_ptr); //Convierte el varlo de anche a un string
LCD_COM(OxCB); //Ubica al LCD en el renglon de A.pulso
LCD_ascii(disp_val_ptr); //Escribe en LCD el ancho de pulso
INTCONbits.GIE =1; //Habilita interrupciones
}
}
while((hz==0) || (hz%501=0)); //Regresa a pedir la frecuencia del pulse
regis_0._byte=0x08 ; //Pasa el control del programa a pedir el No. de pulsos
ky=0xff; //Evita que la siguiente etapa lea el enter anterior.
}//Fin de if(t_bajo)
if (numero) //Recepcién del Numero de pulsos
{
do
{
cursor=0xDB;
LCD_COM(cursor); //Cursor listo para recibir frecuencia
num_pulse=in_data(2); //5e ingresan dos digites para la frecuencia del pulse
if (num_pulso==0) //El ancho de pulso no puede ser igual a cero
{ //y debe ser divisible entre 50
INTCONDbits.GIE =0; //Habilitande Interrupciones globales.
LCD_COM(CLR_DISP); //Limpia pantalla del LCD
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LCD_write (1,0,"El intervalo de");

LCD_write (2,0,"pulsos es de ");

LCD_write (3,0,"1-99.");

buzzer (); //Aviso auditivo para el usuario

while (get_key()l="'=");

//Espera a que se oprima el Enter

LCD_COM(CLR_DISP); //Limpia pantalla del LCD

LCD_write (1,0,"Voltaje V") //Mensajes al LCD

LCD_write (2,0,"Ancho ms");

LCD_write (3,0,"Separacion ms");

LCD_write (4,0,"No. pulses  ");

if (voltaje>9999)

{ //Escribe el voltaje ya seleccionado
LCD_COM (0X88);
LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera
LCD_DAT(disp_val[1]); //Escribe en LCD la parte entera

LCD_DAT(OXZ2E); //Escribe le puntoe decimal

LCD_ascii (val_frac): //Escribe la parte fraccionaria en LCD
}
else
{

LCD_COM (0X88);

LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera

LCD_DAT(OXZ2E); //Escribe le punto decimal

LCD_ascii (val_frac);  //Eseribe la parte fraccionaria en LCD
}

disp_val ptr=ddata[0];

itoa(ancho_p disp_val_ptr); //Escribe el ancho ya seleccionado
LCD_COM(OxCB);

LCD_ascii(disp_val_ptr); //Escribe en LCD la parte entera
disp_val_ptr=&data[0];

itoa(hz disp_val_ptr); //Escibe el tren de pulso ya seleccionado
LCD COM(0x9B);

LCD_ascii(disp_val_ptr); //Escribe en LCD la parte entera
INTCONbits.GIE =1; //Habilitando Interrupciones globales.

}//Finde if (num_pulse==0)
} //Findedo
while(hum_pulso==0); //Regresa a pedir No. de pulsos
}// Fin de if(humero)

LCD_COM(CLR_DISP); //Limpia pantalla del LCD
LCD_write (1,0,"Los parametros"); //Permiso de realizar el tratamiento
LCD_write (2,0,"son correctos 2");

LCD_write (3,0,"SI: Enter");

LCD_write (4,0,"NO: Borrar");

while((kyl="=")&&(kyl="*"));

if (ky=="'=")
{
INTCONbits.GIE =0; //Deshabilitande Interrupciones globales.
do
{
LCD_COM(CLR_DISP); //Limpia pantalla del LCD
for (cont2=z1; cont2<=num_pulso;cont2++ )
templs(); //Realiza el tratamiento ingresado
buzzer (); //Aviso auditivo Fin del Tratamiento
INTCONbits.GIE =1; //Deshabilitando Interrupciones globales.

LCD_write (1,0,"Voltaje V"): //Mensajes al LCD
LCD_write (2,0,"Anche ms");
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LCD_write (3,0,"Separacion  ms");

LCD_write (4,0,"No. pulsos ");
if (voltaje>9999) // Escribe los parametros del tratamiento
{
LCD _COM (0X88);
LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera
LCD_DAT(disp_val[1]): //Escribe en LCD la parte entera
LCD_DAT(OX2E); //Escribe le punto decimal
LCD_ascii (val_frac); //Escribe la parte fraccionaria en LCD
}
else
{
LCD_COM (0X88);
LCD_DAT(disp_val[0]); //Escribe en LCD la parte entera
LCD_DAT(0X2E); //Escribe le punto decimal
LCD_ascii (val_frac);  //Escribe la parte fraccionaria en LCD
}
disp_val_ptr=ddata[0]; //Variable que guarda parametros
itoa(ancho_p disp_val_ptr); //Se quarda A.pulsc para desplegar a LCD
LCD_COM(OxCB);
LCD_ascii(disp_val_ptr); //Escribe en LCD A.Pulso
disp_val_ptr=ddata[0];
itoa(hz, disp_val_ptr); //Se quarda tiempo en bajo para desplegar a LCD
LCD_COM(Ox9B);
LCD_ascii(disp_val_ptr); //Escribe en LCD tren de pulsos
disp_val_ptr=ddata[0];
itoa(num_pulso,disp_val_ptr); //Se guarda num_pulso para desplegar a LCD
LCD_COM(OxDB);
LCD_ascii(disp_val_ptr); //Escribe en LCD numero de pulsos
while (kyl='="); //Espera a que se oprima el Enter
LCD_COM(CLR_DISP); //Limpia pantalla del LCD
LCD_write (1,0,"Repetir ?"); //Permiso de realizar el tratamiento
LCD_write (3,0,"Si: Enter");
LCD_write (4,0,"No: Borrar");
while((kyl="=")&&(kyl="*"));
}
while (ky=='=");
regis 0. byte=OxB80; //Pasa el contrel del pregrama a start
)
else  // Se ha opreso Borrar
{ regis_0._byte=0x80; //Pasa el control del programa a start
INTCONDbits.GIE =1; //Habilita Interrupciones globales
}
}// Fin de while (1)
}// Fin de main
O
Subroutine: Interrupt_Handler
Synopsys: Maneja todas las interrupciénes del pregrama
...................................................... */
#pragma interrupt Interrupt_Handler  //La funcien ADCVoltage se especifica come high-priority ISR
void Interrupt_Handler (void) //No transfiere parametros por ser ISR
{
if (INTCONbits. TMROLF)
{
ky=get_key(): //Obtiene la tecla pulsada
TMROL=61; //Desbordamiento del TMRO cada 5 ms
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}

INTCONBits. TMROIF =0;  //Limpia bandera de interrupcion del TMRO

}
//Final de Interrupt Handler

Subroutine: INIT _PORTS
Synopsys: Inicializa todos los registros y funciones asociados con la aplicacion.

void INIT_PORTS (void)

{

INI_ADC (); //Inicializa el ADC

INI_LCD (); //Inicializa el LCD

INI_keypad (); //Inicializa el teclado

INI BUZZER ();//Inicializa el buzzer

bitclr(TRISC,2); //Inicializa la salida del pin del tratamiento
bitelr(PORTC,2);
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Electroporador.h
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C:\ProgramMicro\C compiler\Electroporaderielectroporador.h

/*electroporador.h - Libreria de cabecera para el manejo del Electroporador
Creada por Jorge O. Gutiérrez Ruiz, Julio 13, 2010
Cédigo liberado para el dominio plblico.

*/

#include "boolean.h" /* funciones booleanas */

#include <ade.h> //Libreria de conversién AD

#include <delays.h> //Libreria de retardos por software
#include <stdlib.h> /7

#include <timers.h> //Libreria de temporizador

#include <pl8exxx.h> //Libreria que especifica puertes del PIC

// Configuracién de fusses del PIC
#pragma  config OSCS = OFF

#Hpragma  config OSC = HS // - set HSPLL oscilador
#pragma  config WDT = OFF // -disable watchdog timer
#pragma  config LVP = OFF //  -disabel low voltage programming

#pragma  config DEBUG = ON // -enable background debugging

#define bitset(Var bitna) ((Var) |= 1 « (bitno))
#define bitclr(Var bitno) ((Var) &= ~(1 <« (bitno)))

#Hdefine ON 1 //Definicion de booleanos
#Hdefine OFF O
#define BASE 4.169 // Veoltaje Max a la entrada del AD (4.176/1023)

//Definicion de Protetipos de Funcion

void INIT_PORTS (void); //Inializa todos los puertos principales y aplicaciones
void delay_5s (void); //Retardo de B segundos por seftware

void delay_1s (veid); //Retardo de 1 segundo por software

void INL_ADC (void); //Inicializa ADC

void INI_BUZZER (veid); //Inicializa Buzzer

unsigned int x_read(int no); //Variable con Oversampling del ADC

unsigned int ADC_READ (void), //Activaciény Lectura del ADC

void buzzer (void); //Aviso auditivo del buzzer

int in_data (int n); //Recepcién de parametros del tratamiento
void templs (void); //Ejecucién del tratamiento

void Interrupt_Handler (void); //Maneja todas las Interrupciones del PIC

void read_voltage (void); //Lee el voltaje del ADC y despliega en pantalla

// Creacion de un Registro de 8 bits
typedef union _BYTE
{
unsigned char _byte;
struct
{
unsigned b0:1;
unsigned bl:1;
unsigned b2:1;
unsigned b3:1;
unsigned b4:1;
unsigned b5:1;
unsigned b6:1;
unsigned b7:1;
7
}BYTE;

//Definicion de Variables globales //near:indica que la variable es puesta en Access RAM
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int multil=1000; //volatile:El contenido de la variable puede cambiar

60 char *disp_val_ptr;

61
62
63
64
65
66
67
68
69
70

#pragma udata access var_glob //udata: lecates uninitialised user variables in data memory
near volatile char addr val_high val_low data[3], enter ky;
near volatile char cont, cont2, i, disp_val [6], val_frac[4];
near volatile int tmp,ADC integer frac cursor ADC_current idx;
near volatile long int voltaje, x;
near volatile int ancho_p, hz bajo;
near volatile int num_pulso;
near BYTE regis_O regis_temp;
#pragma udata
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Apéndice D

Hojas de Especificaciones

TL783
1} TEXAS
INSTRUMENTS TL783
www.ti.com SL".-'SGBBM—SEPTEEBER 1981 -REVISED APRIL 2003
HIGH-VOLTAGE ADJUSTABLE REGULATOR
FEATURES
* Output Adjustable From 1.25 V to 125 V When Thermal-Shutdown Protection
Used With an External Resistor Divider « 0.001%/V Typical Input Voltage Regulation
s 700-mA Output Current * 0.15% Typical Output Voltage Regulation
« Full Short-Circuit, Safe-Operating-Area, and « 76-dB Typical Ripple Rejection
KC (T0-220) PACKAGE KTE (PowerFLEX™) PACKAGE KTT (T0-263) PACKAGE
(TOP VIEW) (TOP VIEW) (TOP VIEW)
—— IN
Slo —— N _ - IN _ 1IN
o ——— ADJ 8 —— ouT 2 T ouT
—— ADJ 1 ADJ
N

DESCRIPTION/ORDERING INFORMATION

The TL783 i1s an adjustable three-terminal high-voltage regulator with an output range of 125V to 125 V and a
DMOS output transistor capable of sourcing more than 700 mA. It is designed for use in high-voltage applications
where standard bipolar regulators cannot be used. Excellent performance specifications, superior to those of
most bipolar regulators, are achieved through circuit design and advanced layout technigues.

As a state-of-the-art regulator, the TL783 combines standard bipolar circuitry with high-voltage double-diffused
MOS transistors on one chip, to yield a device capable of withstanding voltages far higher than standard bipolar
integrated circuits. Because of its lack of secondary-breakdown and thermal-runaway characteristics usually
associated with bipolar outputs, the TL783 maintains full overload protection while operating at up to 125 V from
input to output. Other features of the device include current limiting, safe-operating-area (SOA) protection, and
thermal shutdown. Even if ADJ is disconnected inadvertently, the protection circuitry remains functional.

Only two external resistors are required to program the output voltage. An input bypass capacitor is necessary
only when the regulator is situated far from the input filter. An output capacitor, although not required, improves
transient response and protection from instantaneous output short circuits. Excellent ripple rejection can be
achieved without a bypass capacitor at the adjustment terminal.

ORDERING INFORMATION 1)

T, PACKAGE® ORDERABLE PART NUMBER TOP-SIDE MARKING
PowerFLEX™ —KTE Reel of 2000 TL7B3CKTER TLT83
0°C to 125°C TO-263 -KTT Reel of 500 TL7B3CKTTR TL783C
TO-220 - KC Tube of 50 TL7B3CKC TL783C

(1) For the most current package and ordering information, see the Package Option Addendum at the end of this document, or see the Tl
web site at waw ti.com.
(2) Package drawings, thermal data, and symbolization are available at www.ti.com/packaging.

Please be aware that an important notice concerning availability, standard warranty, and use in critical applications of
— Texas Instruments semiconductor products and disclaimers thereto appears at the end of this data sheet.

PowerFLEX, PowerPAD are trademarks of Texas Instruments.

PRODUCTION DATA information is current as of publication date. i 981-2 \
Broducts. comform to Specfestions per the s of e Teras Copyright @ 1981-2008, Texas Instruments Incorporated
Instruments. standard warranty. Production processing does naot

necessarily include testing of all parameters.
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FUNCTIONAL BLOCK DIAGRAM

SEIE B

Error

wplifier |
v

4 ouT T
A Protection I R1
Circuit Vret
ADJ l
?L R2
Absolute Maximum Ratings'"
over operating temperature range (unless otherwise noted)
MIN MAX| UNIT
Vi-Vgo Input-to-output differential voltage 125 v
T, Operating virtual junction temperature 150 “C
Tstg Storage temperature range —65 150 “C

(1) Stresses beyond those listed under "absolute maximum ratings” may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under "recommended operating
conditions” is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

Package Thermal Data'"

2)

PACKAGE BOARD By 8)p X7
PowerFLEX (KTE) High K, JESD 51-5 2.7°ChW 23°CIwW
TO-263 (KTT) High K, JESD 51-5 18°CIW 1.94°C/W 253°CAW
TO-220 (KC) High K, JESD 51-5 17°CwW JICIW 19°C/W

(1) Maximum power dissipation is a function of Tymax), 84a. and Ta. The maximum allowable power dissipation at any allowable ambient
temperature is Pg = (T jjmax; — Ta)/8a. Operating at the absolute maximum T, of 150°C can affect reliability. Due to variations in
individual device electrical characteristics and thermal resistance, the built-in thermal overload protection may be activated at power
levels slightly above or below the rated dissipation.

(2) For packages with exposed thermal pads, such as QFN, PowerPAD™ or PowerFLEX, 6 is defined as the thermal resistance between
the die junction and the bottom of the exposed pad.

Recommended Operating Conditions

MIN MAX| UNIT
WV —Vg Input-to-output differential voltage 125 v
lo Qutput current 15 700 mA
T, Operating virtual junction temperature 0 125 G
2 Submit Documentation Feedback Copyright @ 1881-2008, Texas Instruments Incorporated
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Electrical Characteristics
Vi—=Vg=25V,1o=05A T,=0°C to 125°C (unless otherwise noted)

PARAMETER TEST CONDITIONS ") MIN TYP MAX | UNIT
(2 Vi-Vo=20Vi0 125V T,=25C 0.001 0.01
(2} I e} .
Input voltage regulation' P < rated dissipation T,0Cto 125C 0.004 0.02 Yol
Ripple rejection AVypey = 10V, Vg =10V, =120 Hz 66 76 dB
lo = 15 mA to 700 mA, Vo5V 75 25 mv
Outout volt Jati Ty=25C Vo2 5Y 0.15 05| %
utput voltage regulation
lo = 15 mA to 700 mA, Vg=aV 20 0] mv
P < rated dissipation Vo2 EY 03 1.5 %
Output voltage change with temperature 04 %o
Output voltage long-term drift 1000 hours at T; = 125°C, V| = Vo =125V 02 %o
Output noise voltage f=10Hzto 10 kHz, T, = 25°C 0.003 %o
Minimum output current to maintain regulation |V,-Vg =125V 15 mA
Vi—=Va=25V, t=1ms 1100
Vi=Vp=15V,t=30 715
Peak output current - e ms mA
Vi=Ve =25V, t=30ms 700 900
Vi—Vo =125V, t=30ms 100 250
ADJ input current 83 110 LA
) . V=V =15V 10 125V, g = 15 mA to 700 mA,
Change in ADYJ input current P < rated dissipation 0.5 5] pA
) V=V =10V 1o 125V, Ig = 15 mA to 700 mA
(3) 1— Vo 2o .
Reference voltage (OUT to ADJ) P < rated dissipation 12 1.27 1.3 v

(1) Pulse-testing technigques maintain the junction temperature as close to the ambient temperature as possible. Thermal effects must be
taken into account separately.

(2) Input voltage regulation is expressed here as the percentage change in output voltage per 1-V change at the input

(3) Due to the dropout voltage and output current-limiting characteristics of this device, output current is limited to less than 700 mA at
input-to-output voltage differentials of less than 25 V.



78L05

LM78LXX Series

General Description

The LM78LXX series of three terminal positive regulators is
available with several fixed output voltages making them
useful in a wide range of applications. When used as a zener
diode/resistor combination replacement, the LM78LXX usu-
ally results in an effective output impedance improvement of
two orders of magnitude, and lower quiescent current. These
regulators can provide local on card regulation, eliminating
the distribution problems associated with single point regula-
tion. The voltages available allow the LM78LXX to be used in
logic systems, instrumentation, HiFi, and other solid state
electronic equipment

The LM78LXX is available in the plastic TO-92 (Z) package,
the plastic SO-8 (M) package and a chip sized package
(8-Bump micro SMD) using National's micro SMD package
technology. With adequate heat sinking the regulator can de-
liver 100 mA output current. Current imiting i1s included to
limit the peak output current to a safe value. Safe area pro-

January 2000

National Semiconductor

3-Terminal Positive Regulators

tection for the output transistors is provided to limit internal
power dissipation. If internal power dissipation becomes too
high for the heat sinking provided, the thermal shutdown cir-
cuit takes over preventing the IC from overheating.

Features

® LM78L05 in micro SMD package

® Output voltage tolerances of £5% over the temperature
range

Output current of 100 mA

Internal thermal overload protection

Output transistor safe area protection

Internal short circuit current limit

Available In plastic TO-92 and plastic SO-8 low profile
packages

No external components

® Output voltages of 5.0V, 6.2V, 8.2V, 9.0V, 12V, 15V

Connection Diagrams

S50-8 Plastic (M)
(Narrow Body)

S
Vour—11*
GND— 2
GND— 3

NC—1 4

~Vin
—GND
—GND
=NC

DS007744-2

Top View

8-Bump micro SMD
NC

[

Vour = 7 5 | GND
Vour — 8 4 = oo
Vg =1 3= NC

H 2
I
Yin
DS007744-24
Top View

(Bump Side Down)

(TO-92)
Plastic Package (Z)

ouTPUT ’—_\ INPUT

GND
D5007744-3

Bottom View

micro SMD Marking Orientation

KT = Dats Cade

X —— P
Fin 1 iz identified by lower laft
corner with respect to the text.

DS007744-32

/Fin I Corner

Top View

sioje|nBay aAI}SOd |eulwid]-¢ salas XX18LIN1
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LM78LXX Series

Absolute Maximum Ratings (note 1)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/
Distributors for availability and specifications.

Internally Limited
35V
-65°C to +150°C

Power Dissipation (Note 5)
Input Voltage
Storage Temperature

Operating Junction Temperature
S0O-8
micro SMD

Soldering Information
Infrared or Convection (20 sec.)
Wave Soldering (10 sec.)

ESD Susceptibility (Note 2)

0°Cto125°C
-40°C to 85°C

235°C

260°C (lead time)

1kV

LM78LXX Electrical Characteristics Limits in standard typeface are for T, = 25°C, Bold typeface ap-
plies over 0°C to 125°C for S0O-8 package and -40°C to 85°C for micro SMD package. Limits are guaranteed by produc-
tion testing or correlation techniques using standard Statistical Quality Control (SQC) methods. Unless otherwise specified: |5

=40 mA, C, = 033 pF, Cg = 0.1 pF

LM78L05
Unless otherwise specified, WV, = 10V
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 48 5 52
TV = Wy < 20V
1mA < lg < 40 mA 4.75 5.25 v
(Note 3)
1mA < lg <70 mA
(Note 3) 4.75 5.25
AVg Line Regulation TV £V <20V 18 75
BV £V < 20V 10 54 v
m
AVg Load Regulation 1T mA <lg = 100 mA 20 60
1mA < lg < 40 mA 5 30
g Quiescent Current 3 5
Alg Quiescent Current Change 8V < Wy <20V 1.0 mA
1mA £ lg <40 mA 0.1
' Output Noise Voltage f=10 Hz to 100 kHz
(Note 4) 40 w
AV Ripple Rejection f=120 Hz
AVour 8V £V, < 16V 47 62 dB
Ik Peak Output Current 140 mA
V Average Output Voltage Tempco lo = 5 mA
aVo ge Bule ge femp ° -0.65 mv/C
AT
W (Min) Minimum Value of Input Voltage 67 7 v
Required to Maintain Line Regulation ’
B, Thermal Resistance i
(8-Bump micro SMD) 2309 W
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TIP 32C

TIP31A/31C
Y/ TIP32A/32B/32C

COMPLEMENTARY SILICON POWER
TRANSISTORS

APPLICATION
= LINEAR AND SWITCHING INDUSTRIAL
EQUIPMENT

DESCRIPTION

The TIP31A and TIP31C are silicon
Epitaxial-Base NPN transistors mounted in
Jedec TO-220 plastic package. They are intented
for use in medium power linear and switching
applications.

The complementary PNP types are TIP32A and
TIP32C respectively.

Also TIP32B is a PNP type.

INTERNAL SCHEMATIC DIAGRAM
Co(2)

SCO06960 sSCo8810
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
NPN TIP31A TIP31C
PNP TIP32A TIP32B TIP32C
VecBo Collector-Base Voltage (Ig = 0) 60 80 100 A
VcEO Collector-Emitter Voltage (Ig = 0) 60 80 100 v
VEBO Emitter-Base Voltage (Ic = 0) 5 vV
Ic Collector Current 3 A
lem Collector Peak Current 5 A
Is Base Current 1 A
P1ot Total Dissipation at Tcase < 25 °C 40 W
Tamb < 25 °C 2 W
Tstg Storage Temperature -65 to 150 °c
Tj Max. Operating Junction Temperature 150 °c

For PNP types voltage and current values are negative
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TIP31A/TIP31C/TIP32A/TIP32B/TIP32C

THERMAL DATA

Rthj-case |Thermal Resistance Junction-case Max 312 °ciw
Rthj-amb | Thermal Resistance Junction-ambient Max 62.5 °ci/w
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
lcEOD Collector Cut-off for TIP31A/32A Wep = 30V 03 mA
Current (Ig = 0) for TIP31C/32B/32C Vce=60V 0.3 mA
IcES Collector Cut-off for TIP31A/32A Ve = 60V 0.2 mA
Current (Vge = 0) for TIP/32B Vee =80V 0.2 mA
for TIP31C/32C Vce =100V 0.2 mA
IEBO Emitter Cut-off Current |VEB=5V 1 mA
(Ic=0)
VcEO(sus)* | Collector-Emitter Ic =30 mA
Sustaining Voltage for TIP31A/32A 60 \%
(s = 0) for TIP32B 80 v
for TIP31C/32C 100 v
VCE(sat)* |Collector-Emitter lc=3A Ig = 375 mA 19 v
Saturation Voltage
VBE(on)* |Base-Emitter Voltage |lc=3 A Veg =4V 18 v
hre# DC Current Gain lc=1TA Vee=4V 25
Ic=3A Veg =4V 10 50
hfe Small Signall Current lc=053A VNee=10V f=1KHz 20
Gain lc=05A Vce=10V f=1 MHz 3
+ Pulsed : pulse duration = 300 us, duty cycle < 2%
For PNF types voltage and current values are negative.
Safe Operating Area Derating Curves
GCT3260 o GCs7291
O =ssiii==ssii :
8|1c wax pusep PULSE OPERATION
4 AN\ K 100ms
NN 1ms 100
2 \ Sms N
D.C. OPERATION \ N
o ~]
10 ! \ \ ™ Is/e
: 1 \ Nl N
\ ™~
.| * FOR SINGLE NON \ 50 ~NC
REPETITIVE PULSE
P
. i \
TIPZ1A/328 X
TIP3Z2E
—1 TIP31C/32C ' i
]0 0 2 4 6 8 | Z 4 6 8 2 2z 4 B &
10 0 10 Ve (V) 0 50 100 T, (°C)
215 1573
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2N2907

L{vy SGS-THOMSO
>/ Mﬂ@lﬁ}@EILE@TIE}@[N][I@NS

2N2905
2N2907

GENERAL PURPOSE AMPLIFIERS AND SWITCHES

DESCRIPTION

The 2N2905 and 2N2907 are silicon planar
epitaxial PNP transistors in Jedec TO-39 (for
2N2905) and in Jedec TO-18 (for 2N2907) metal
case. They are designed for high speed saturated
switching and general purpose application.

3
=2N2905 approved to CECC 50002-102, y 1
2N2907 approved to CECC 50002-103 3 ! 2
available on request.
TO-18 TO-39
INTERNAL SCHEMATIC DIAGRAM
Co(2)
(1
B
Eo(3)
SCOBS10
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vceo Collector-Base Voltage (le = 0) -60 \"
VcEQ Collector-Emitter Voltage (le = 0) -40 )
VEBO Emitter-Base Voltage (lc = 0) -5 vV
lc Collector Current -0.6 A
Ptot Total Dissipation at Tamb < 25 °C
for 2N2905 0.6 W
for 2N2907 0.4 w
at Tease < 25 °C
for 2N2905 3 W
for 2N2907 1.8 w
Tstg Storage Temperature -65 to 200 °c
T Max. Operating Junction Temperature 200 °c
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2N2905/2N2907

THERMAL DATA

TO-39 TO-18
Rthj-case | Thermal Resistance Junction-Case Max 58.3 97.3 Ciw
Rthj-amb | Thermal Resistance Junction-Ambient Max 292 437 5 ocrw
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
lceo Collector Cut-off Veg =-50V -20 nA
Current (Il = 0) Ves = -50V  Tease = 150 °C -20 WA
lcex Collector Cut-off Ve =-30V -50 nA
Current (Vge = -0.5V)
lgEX Base Cut-off Current Ve =-30V -50 nA
(Vee = -0.5V)
ViBriceo* |Collector-Base lc =-10 pA -60 v
Breakdown Voltage
(le=0)
Viericeo#* |Collector-Emitter lc =-10 mA -40 i
Breakdown Voltage
(le = 0)
Vigrieeo* | Emitter-Base le = -10 pA -5 A%
Breakdown Voltage
(le = 0)
Veesaty* | Collector-Emitter lc =-150 mA I =-15 mA -0.4 A\
Saturation Voltage lc =-500 mA Ie = -50 mA -1.6 A
VBE(saty* |Base-Emitter lc =-150 mA lg =-15 mA -1.3 A
Saturation Voltage lc = -500 mA Ig =-50 mA -2.6 vV
hre* DC Current Gain lc =-0.1T mA Vce = -10V 35
lc =-1 mA Vee =-10V 50
Ilc =-10 mA Vee=-10V 75
lc =-150 mA Ve =-10V 100 300
Ilc = -500 mA Ve =-10 W 30
fr Transition Frequency Vee =-20V £ =100 MHz 200 MHz
lc =-50 mA
Cemo Emitter Base le =0 Vegg = -2V = 1MHz 30 pF
Capacitance
Ccio Collector Base le=0 Veg =-10V = 1MHz 8 pF
Capacitance
tg Delay Time Vee =-30V lc = -150 mA 10 ns
It = -15 mA
tr Rise Time Ve =-30V lc =-150 mA 40 ns
Ig1 =-15 mA
ts Storage Time Ve =-6W lc =-150 mA a0 ns
Ig1 = -lg2 = -15 mA
tf Fall Time Ve =-6BW lc =-150 mA 30 ns
lg1 = -lgz = -15 mA

# Pulsed: Pulse duration = 300 ps, duty cycle< 1%
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PN2222

MOTOROLA

SEMICONDUCTOR TECHNICAL DATA

Order this document
by MPS2222/D

General Purpose Transistors

NPN Silicon

MAXIMUM RATINGS

COLLECTOR
3
2
BASE
1
EMITTER

MPS2222
MPS2222A*

*Motorola Preferred Device

Rating Symbol | MPS2222 | MPS2222A | Unit
Collector—Emitter Voltage VCEO 30 40 Vdc
Collector—Base Voltage VeBo 60 75 Wdc CASE 29-04, STYLE 1
Emitter—Base Voltage VEBO 50 6.0 Wdc T0-92(TO-226AA)
Collector Current — Continuous Ic 600 mAdc
Total Device Dissipation @ Tp, = 25°C PD 625 mw
Derate above 25°C 50 mW/=C
Total Device Dissipation @ T =25°C PD 1.5 Waitts
Derate above 25°C 12 mW/=C
Operating and Storage Junction TJ. Tstg —5510 +150 "C
Temperature Range
THERMAL CHARACTERISTICS
Characteristic Symbol Max Unit
Thermal Resistance, Junction to Ambient RoJa 200 “CIW
Thermal Resistance, Junction to Case RgJc 83.3 °CwW
ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)
Characteristic Symbol | Min | Max | Unit
OFF CHARACTERISTICS
Collector—Emitter Breakdown Voltage MPS2222 V(BR)CEO 30 — Wdc
(Ic =10 mAdc, Ig = 0) MPS2222A 40 —
Collector—Base Breakdown Voltage MPS2222 V(BR)CBO 60 — Wdc
(Ilc =10uAdc, IE=0) MPS2222A 75 —
Emitter—Base Breakdown Voltage MPS2222 V(BRJEBO 5.0 — Wdc
(lE=10uAdc, Ic=0) MPS2222A 6.0 —
Collector Cutoff Current IcEx — 10 nAde
(Ve =60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A
Collector Cutoff Current IcBO uAdc
(Vep =950 Vde, IE=0) MPS2222 — 0.01
(Vcp =60 Vde, Ig=0) MPS2222A — 0.01
(Vep =90 Vdc, I[g=0, Ta = 125°C) MPS2222 — 10
(Ve =90 Vdc, I[g =0, Ta = 125°C) MPS2222A — 10
Emitter Cutoff Current IEBO — 100 nAdc
(VEg=3.0Vdc,Ic=0) MPS2222A
Base Cutoff Current IBL — 20 nAdc
(VCE =60 Vdc, VEB(off) = 3.0 Vdc) MPS2222A

Preferred devices are Motorola recommended choices for future use and best overall value.
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MPS2222 MPS2222A

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) (Continued)

Characteristic Symboal Min Max Unit
ON CHARACTERISTICS
DC Current Gain hFg —
(Ic=0.1 mAdc, Vcg = 10 Vdc) 35 —
(Ic = 1.0 mAdc, Ve = 10 Vdc) 50 —
(Ic =10 mAdc, Vg = 10 Vdc) 75 —
(Ic =10 mAdc, Vg = 10 Vdc, Ta, = —-55°C) MPS2222A only 35 —
(Ic = 150 mAdc, Ve = 10 vde) 1) 100 300
(Ic = 150 mAdc, Vg = 1.0 Vde)(1) 50 —
(Ic = 500 mAdc, Ve = 10 Vde) 1) MPS2222 30 —
MPS2222A 40 —
Collector—Emitter Saturation Voltage(1) VCE(sat) Vde
(Ic = 150 mAdc, Ig = 15 mAdc) MPS2222 — 0.4
MPS2222A — 0.3
(I = 500 mAdc, Ig = 50 mAdc) MPS2222 — 1.6
MPS2222A — 1.0
Base—Emitter Saturation Voltage(1) VBE(sat) Vde
(Ic = 150 mAdc, Ig = 15 mAdc) MPS2222 — 1.3
MPS2222A 06 1.2
(I = 500 mAdc, Ig = 50 mAdc) MPS2222 — 26
MPS2222A — 20
SMALL-SIGNAL CHARACTERISTICS
Current—Gain — Bandwidth Product(2) T MHz
(Ic =20 mAde, Vg = 20 Vdc, f= 100 MHz) MPS2222 250 —
MPS2222A 300 —
Output Capacitance Cobo — 8.0 pF
(Vcp=10Vde, Ig=0,f=1.0MHz)
Input Capacitance Cibo pF
(VER =0.5Vdc, I =0, f=1.0 MHz) MPS2222 — 30
MPS2222A — 25
Input Impedance hie ked
(Ic = 1.0 mAdc, Ve = 10 Vdc, = 1.0 kHz) MPS2222A 20 8.0
(Ic =10 mAdc, Vg = 10 Vdc, f= 1.0 kHz) MPS2222A 0.25 1.25
Woltage Feedback Ratio hre X 10—4
(Ic=1.0mAdc, Vcg = 10 Vdc, f= 1.0 kHz) MPS2222A — 8.0
(Ic =10 mAdc, Vo = 10 Vdc, f= 1.0 kHz) MPS2222A — 40
Small-Signal Current Gain hfe —
(Ic = 1.0 mAdc, Vcg = 10 Vdc, f= 1.0 kHz) MPS2222A 50 300
(Ic=10mAdc, Vcg = 10 Vdc, f=1.0kHz) MPS2222A 75 3rs
Output Admittance Nge umhos
(Ic = 1.0 mAdc, Ve = 10 Vdc, f= 1.0 kHz) MPS2222A 50 35
(Ic =10 mAdc, Vcg = 10 Vdc, f= 1.0 kHz) MPS2222A 25 200
Collector Base Time Constant 'Ce — 150 ps
(Ilg =20 mAdc, Vcp = 20 Vdc, = 31.8 MHz) MPS2222A
Noise Figure NF — 40 dB
(Ic =100 pAdc, Vcg =10 Vde, Rg = 1.0 kQ, f=1.0kHz)  MPS2222A
SWITCHING CHARACTERISTICS MPS2222A only
Delay Time (Voo =30 Vdc, VBE(fo) =05 Vdc, 14 — 10 ns
Rise Time Ic =150 mAdc, Igq = 15 mAdc) (Figure 1) tr — 25 ns
Storage Time (Ve =30 Vdc, Ic = 150 mAdc, tg — 225 ns
Fall Time IB1 = IB2 = 15 mAdc) (Figure 2) I — 80 ns

1. Pulse Test: Pulse Width = 300 us, Duty Cycle = 2.0%
2. f1is defined as the frequency at which |hz| extrapolates to unity.




hrg, DC CURRENT GAIN

Vg, COLLECTOR-EMITTER VOLTAGE (VOLTS)

SWITCHING TIME EQUIVALENT TEST CIRCUITS

—| |« 10t0100ps, _ l«— 1.0t0 100 pss,
+16Y (‘ \ DUTY CYCLE ~2.0% +16Y ‘ DUTY CYCLE = 20%
> . 0
o P 14y |\ %
2V <2 Cg*<10pF <20ns
e - ING14

Scope nse time < 4 ns
*Total shunt capacitance of test jig, connectors, and oscilloscope.

Figure 1. Turn-On Time Figure 2. Turn-0ff Time
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MOC3011

MOTOROLA
SEMICONDUCTOR TECHNICAL DATA

Order this document
by MOC3010/D

ANE OO0 ®®

VDE uL CsA SETI SEMKO | DEMKO | NEMKO | BABT

GlobalOptoisolator™

6-Pin DIP Random-Phase

Optoisolators Triac Driver Output
(250 Volts Peak)

The MOC3010 Series consists of gallium arsenide infrared emitting diodes,
optically coupled to silicon bilateral switch and are designed for applications
requiring isolated triac triggering, low=current isolated ac switching, high
electrical isolation (to 7500 Vac peak), high detector standoff voltage, small
size, and low cost.

* To order devices that are tested and marked per VDE 0884 requirements, the
suffix "V must be included at end of part number. VDE 0884 is a test option.

Recommended for 115 Vac(rms) Applications:

+ Solenoid/\Valve Controls

+ Lamp Ballasts

+ Interfacing Microprocessors to 115 Vac Peripherals

+ Motor Controls

* Static ac Power Switch

« Solid State Relays

+ Incandescent Lamp Dimmers

MAXIMUM RATINGS (Tp = 25°C unless otherwise noted)

Rating | Symbol | Value | Unit |
INFRARED EMITTING DIODE
Reverse Voltage VR 3 Wolts
Forward Current — Continuous IF 60 mA
Total Power Dissipation @ Ta = 25°C PD 100 mwW
Negligible Power in Transistor
Derate above 25°C 133 mwW/=C
OUTPUT DRIVER
Off-State Qutput Terminal Voltage VDRM 250 Wolts
Peak Repetitive Surge Current ITsMm 1 A
(PW =1ms, 120 pps)
Total Power Dissipation @ Tg = 25°C FD 300 m\W
Derate above 25°C 4 m\W/°C
TOTAL DEVICE
Isolation Surge Voltage(1) ViSO 7500 Vac(pk)
(Peak ac Voltage, 60 Hz, 1 Second Duration)
Total Power Dissipation @ Tg = 25°C FD 330 m\W
Derate above 25°C 44 mwW/C
Junction Temperature Range TJ —40 to +100 °C
Ambient Operating Temperature Range(zi Ta —40 to +85 °C
Storage Temperature Range(2) Tstg | —40to +150 C
Soldering Temperature (10 s) L 260 °C

1. Isolation surge voltage, V|, I1s an internal device dielectric breakdown rating.

For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common.
2 Refer to Quality and Reliability Section in Opto Data Book for information on test conditions
Preferred devices are Motorola recommended choices for future use and best overall value.
GlobalOptoisolator is a trademark of Motorola, Inc

(Replaces MOC3009/D)

MOC3010

[IFT = 15 mA Max]

MOC3011

[IFT = 10 mA Max]

MOC3012*

[IFT = § mA Max]

*Motorola Preferred Device

STYLE 6 PLASTIC

STANDARD THRU HOLE
CASE 730A-04

COUPLER SCHEMATIC

1 il
QZ}\-EED
ia 4

. ANODE

. CATHODE

NC

. MAIN TERMINAL
SUBSTRATE

DO NOT CONNECT
. MAIN TERMINAL

Lo 0 o —

=]
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MOC3010 MOC3011 MOC3012

ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted)

| Characteristic Symbol Min Typ Max | Unit |
INPUT LED
Reverse Leakage Current IR — 0.05 100 A
(VR=3V)
Forward Voltage VE — 1.15 15 Volts
(Ig = 10 mA)
OUTPUT DETECTOR (IF = 0 unless otherwise noted)
Peak Blocking Current, Either Direction IDRM — 10 100 nA
(Rated Vprw( 1)
Peak On-State Voltage, Either Direction YT — 1.8 3 Volts
(ITp = 100 mA Peak)
Critical Rate of Rise of Off-State Voltage (Figure 7, Note 2) dv/dt — 10 — Vins
COUPLED
LED Trigger Current, Current Required to Latch Output IFT mA
(Main Terminal Voltage = 3 V(3)) MOC3010 — 8 15
MOC3011 — 5 10
MOC3012 — 3 5
Holding Current, Either Direction IH — 100 — A

1. Test voltage must be applied within dv/dt rating.

2. This Is static dv/dt. See Figure 7 for test circuit. Commutating dv/dt is a function of the load—driving thyristor(s) only.

3. All devices are guaranteed to trigger at an IF value less than or equal to max IFT. Therefore, recommended operating IF lies between max
IET (15 mA for MOC3010, 10 mA for MOC3011, 5 mA for MOC3012) and absolute max IF (60 mA).

TYPICAL ELECTRICAL CHARACTERISTICS

Tp =25°C
2
yirl

2 1

2 13 =
S | ===pULSEONLY iz s
o [ ——puseorDC pisdl =
<@ /4 [
< 16 + o
L /| >
5 7 A/ o

1
2 14 il &
;% ' LAl 7]
= =
S Ta=—0c_L—T L1 7 °
12 T LT =
L 25°C_LLtt] F
—— =
JE T e | L]
| 10 100 1000

IF, LED FORWARD CURRENT (mA)

Figure 1. LED Forward Voltage versus Forward Current

+800
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+400 /
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0
//
/
—400 4
-800 //
-3 -2 - 0 1 2 3

V), ON-STATE VOLTAGE (VOLTS)

Figure 2. On—State Characteristics
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IRFDI110

intersil

Data Sheet

1A, 100V, 0.600 Ohm, N-Channel Power
MOSFET

This N-Channel enhancement mode silicon gate power field
effect transistor is an advanced power MOSFET designed,
tested, and guaranteed to withstand a specified level of
energy in the breakdown avalanche mode of operation. All of
these power MOSFETS are designed for applications such
as switching regulators, switching convertors, motor drivers,
relay drivers, and drivers for high power bipolar switching
transistors requiring high speed and low gate drive power.
These types can be operated directly from integrated
circuits.

Formerly developmental type TA17441.

Ordering Information

PART NUMBER PACKAGE BRAND

IRFD110 HEXDIP IRFD110

NOTE: When ordering, use the entire part number.

IRFD110

July 1999

File Number 2314.3

Features

= 1A, 100V

* rps(on) = 0.600Q

» Single Pulse Avalanche Energy Rated
» SOA is Power Dissipation Limited

- Nanosecond Switching Speeds

» Linear Transfer Characteristics

High Input Impedance

» Related Literature
- TB334 “Guidelines for Soldering Surface Mount
Components to PC Boards”

Symbol

Packaging

<— DRAIN
GATE — .

SOURCE
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IRFD110

Absolute Maximum Ratings T =25°C, Unless Otherwise Specified

Drain to Source Breakdown Voltage (Note 1) ... .. ..
Drain to Gate Voltage (Rgg = 20k€2) (Note 1) . ... ...

Continuous Drain Current .. ... ... ..
Pulsed Drain Current (Note 3)
Gate to Source Voltage .. .. ... .. ...
Maximum Power Dissipation =~
Linear Derating Factor (See Figure 1) .

Single Pulse Avalanche Energy Rating (Note 3). . .. . ..

Operating and Storage Temperature . .
Maximum Temperature for Soldering

Leads at 0.063in (1.6mm) from Case for 10s. . . . ..
Package Body for 10s, See Techbrief 334 . ... .

IRFD110
100
100
1.0
80
+20
10
0.008
19
-55to 150

300
260

UNITS

=
SS (?é;%‘,§<l-><<

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the

device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. T;=25°C to 125°C

Electrical Specifications T; =25°C, Unless Otherwise Specified

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Drain to Source Breakdown Voltage BVpgs |Ip=250uA, Vs = 0V (Figure 9) 100 - - v
Gate Threshold Voltage VasmH) |VYas = Vbs, Ip = 250uA 2.0 - 4.0 \
Zero Gate Voltage Drain Current Ipss Vps = Rated BVpgg, Vg =0V - - 25 pA
Vps = 0.8 x Rated BVpss, Vas = 0V, To = 125°C - - 250 uA
On-State Drain Current (Note 2) ID(oN) Vps > Ip(on) X IosonjMax, Vas = 10V 1.0 - - A
Gate to Source Leakage Current lgss Vgs = £20V - - +100 nA
Drain to Source On Resistance (Note 2) | rpsiony | Ip = 0.8A, Vgs = 10V (Figures 7, 8) - 0.5 06 Q
Forward Transconductance (Note 2) Ofg VDs > IpoNy X 'psionNMax. Ip = 0.8A (Figure 11) 0.8 1.2 - S
Turn-On Delay Time tg(on) Vpp = 0.5 x Rated BVpgg, Ip = 1.0A, - 10 20 ns
Rg =910 R = 50Q
Rise Time tr MOSFET Switching Times are Essentially - 18 29 ns
Turn-Off Delay Time t4(OFF) Independent of Operating Temperature - 15 25 ns
Fall Time ff - 10 20 ns
Total Gate Charge Vag =10V, Ip = 1.0A, Vpg = 0.8 x Rated BVpgsg
(Gate to Source + Gate to Drain) QgqroT) | lg(REF) = 1.9MA (Figure 13) ‘ - 5.0 7.0 nC
Gate o Source Charge Qo GGate C.harge Is Essentially Independent of ) 20 i nC
g Operating Temperature
Gate to Drain “Miller” Charge Qgd - 3.0 - nC
Input Capacitance Ciss Vs =0V, Vpg = 25V, f= IMHz - 135 - pF
Qutput Capacitance Coss (Figure 10) - 80 - pF
Reverse Transfer Capacitance Crss - 20 - pF
Internal Drain Inductance Lp Measured from the Drain | Modified MOSFET - 4.0 - nH
Lead, 2mm (0.08in) from | Symbol Showing the
Package to Center of Die | Internal Device's
Internal Source Inductance Lg Measured from the Source Inductances - 6.0 - nH
Lead, 2mm (0.08in) from
Header to Source Bonding
Pad
Thermal Resistance Junction to Ambient Raja Free Air Operation - - 120 ociw
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IRFD110

Source to Drain Diode Specifications

PARAMETER SYMBOL TEST CONDITIONS MIN TYP MAX | UNITS
Continuous Source to Drain Current Isp Modified MOSFET - - 1.0 A
- Symbol Showing the D
Pulse Source to Drain Current (Note 4 | - - 8.0 A
( ) SDM Integral Reverse P-N
Junction Diode
G
s
Source to Drain Diode Voltage (Note 2) Vsp T,=25°C, Igp = 1.0A, Vg = OV (Figure 12) - - 25 v
Reverse Recovery Time tr T, =150°C, Isp = 1.0A, digp/dt = 100A/us - 100 - ns
Reverse Recovery Charge QRR T, =150°C, Igp = 1.0A, digp/dt = 100A/us - 0.2 - uc
NOTES
2. Pulse test: pulse width < 300ps, duty cycle = 2%.
3. Vpp = 25V, starting T = 25°C, L = 28.5mH, R = 250, peak lag = 1.0A
4. Repetitive rating: pulse width limited by maximum junction temperature.
Typical Performance CUrves Unless Otherwise Specified
1.2 1.0
5 \.\%‘\
£ 10 08 —
o z T
2 =
3 0.8
= £ e M
z e O N
Q -3 P
£ 06 3 ~N
<<
a z ™
a < 04
D 04 3 \\
a a
14 =] \
HEJ 0.2 Tl
2° \
] 0
0 25 50 75 100 125 150 25 50 75 100 125 150
Ta. AMBIENT TEMPERATURE (°C) Ta. AMBIENT TEMPERATURE (“C)
FIGURE 1. NORMALIZED POWER DISSIPATION vs AMBIENT FIGURE 2. MAXIMUM CONTINUOUS DRAIN CURRENT vs
TEMPERATURE AMBIENT TEMPERATURE
10 5 7
e e e g™ Vgs =10V PULSE DURATION = 80us
- Vgs =9V DUTY CYCLE = 0.5% MAX
< S - Vg =8V |
I ) -5 -~ o =z 4
< "o ~d [ &[4 100us = Vgs =7V
e ; = 4 [=
4 I = 1ms 3 4
w ~ iy 3 w
o I x 3
[ [~ ~ N [
3 ' ~ e 10ms 3 Vs =6V
z OPERATION IN THIS [ ™ o z
< 0.1 = AREA MAY BE — 100ms I 2
E E LIMITED BY TDS{ON) o %
a g £, Vgs = 5V
™ |
001} 1, = MAX RATED M be= w Vgs = 4V
L L Tl 0
10 100 0 10 20 30 40 50
VDs. DRAIN TO SOURCE VOLTAGE (V) Vps. DRAIN TO SOURCE VOLTAGE (V)
FIGURE 3. FORWARD BIAS SAFE OPERATING AREA FIGURE 4. OUTPUT CHARACTERISTICS
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Zener IN4733A

1N4728A THRU 1N4764A

1W ZENER DIODE
s ame VOLTAGE RANGE
3.3 to 100 Volts
FEATURES
* 3.3 thru 100 volit voltage range DO-41
* High surge current rating —
* Higher voltages available,see 1EZ series Sl |
MECHANICAL CHARACTERISTICS
#CASE: Molded encapsulation, axial lead package(DO -41). prrrrte

# FINISH: Corrosion resistant. Leads are solderable.

% THERMAL RESISTANCE: 45°C/Watt junction to lead at %
0.375 inches from body.

# POLARITY: banded end is cathode.

* WEIGHT:0.4 grams(Typical ).

MAXIMUM RATINGS o
Junction and Storage temperature: - 65°Cto +200°C o
DC Power Dissipation: 1 Watt _L
Power Derating: 10mW/°C, from 100°C

Forward Voltage @ 200mA: 1.2 Volts All dimensions in e

» ELECTRICAL CHARCTERISTICS @ 25°C

MAXIMUM MAXIMUM | MAXIMUM MAXIMUM

FEp VOLTACE CURRENT| IREAe | REVERSE | oiouse| "CORRENT ety SWReE) | NOTE 1 The JEDEC type num-
NUMBER (,fb"gl) zr | zzeizr | SYBENT | Thup)T| law) | @zoizo | (o) ( bers shown have a 5% toler-
] A B (Note 2) - oS Ta-%0C | (Nowz) | . (Neted) | ance on nominal zener volt-
OHMS : e
NeTZA | 3.3 76 10 100 1 276 400 1.0 1280 age. No suffix 9'9’,““"-503 10%
INTZA | 3.8 ® 0 10 ] = 0 10 112?3 tolerance, C signifies 2%, and
INT3IA | 4.3 58 9 10 3 77 400 1.0 1070 D signifies 1% tolerance.
INTzA | 47 53 8 1 ! 158 % 19 % NOTE 2 The Zener impedance
TNATIBA 5.1 49 7 1 178 R i 'l
INAT3A | 5.6 45 5 10 2 162 600 10 g10 is derived from the 60 Hz ac
1NGT5A | 6.2 a1 2 10 3 146 700 1.0 730 voltage, which results when an
}mgi gg ﬂ 3'3 }3 45 13 e 12 o ac current having an rms value
1NdT38A | 82 3 45 10 H i10 20 05 50 equal to 10% of the DC Zener
1NG739A | 9.1 2 5.0 10 7 100 700 0.5 500 current (lzor Iz )is superim-
N4740A | 10 2% 7 10 7.6 91 700 0.25 458 posed on Iz or lx . Zener im-
TNA741A n <3 8 5 8.4 83 700 0.25 414 .
ING74ZA | 12 7 9 5 9.1 76 700 0.25 380 pedance is measured at two
TN4T43A 13 19 10 5 9.9 ] 700 0.25 344 pOIrlts to insure a sharp knee
TNAT44A 15 17 14 5 n.4 61 700 0.25 34
INa7aBA | 16 15.6 6 5 122 o7 0 b Fiet on the breakdown curve and
INTaeA | 18 o 2 s 17 ® = 0.2 = eliminate unstable units.
e | 2 | s n 5 e p = P pres NOTE 3 The zener surge cur-
INe7aoA | 24 wg,‘gs 5 5 ;g?g = = 0z 1 rent is measured at 25°C ambi-
WEA| 5 | 83| 8 | f lEi) 5 | @ |68 W@ f oL e e
I
1NA752A 3 7.5 45 5 5.1 27 1000 0.25 135 -
INTSSA | 3 70 & 5 74 2% 1000 0% 12 1/120 second duration super-
TNA754A . 8 -3 Ll . H
INGTSBA | 13 6.0 70 5 7 2 1500 0.25 110 imposed or Izr .
ersea | 47 5.5 80 5 £ 19 1500 0.25 ® NOTE 4 Voltage measurements
757 A 51 5.0 B 5 R 18 1500 0.25
1N4758A 56 4.5 110 5 42.6 16 2000 0.25 a0 to be pel'fOl'de 90 Seconds
INTS9A, | 82 4.0 125 5 4.1 14 2000 0.2 70 after application of DC current.
1N47680A 68 3.7 150 5 51.7 13 2000 0.25 65
TNA7E1A 75 33 175 5 56.0 12 2000 0.25 60
1NATB2A 82 3.0 200 5 62.2 1 3000 0.25 55
TNATE3A 9N 2.8 250 5 B9.2 10 3000 0.25 50
TNATB4A 100 2.5 350 5 76.0 9 3000 0.25 45
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LCD

N A
VISHAY

LCD-016MO04A

16 x 4 Character LCD

Vishay Dale

5 I e e FEATURES
+ 5x 8 dots includes cursor
+ Built-in controller (KS 0066 or Equivalent)
* + 5V power supply (Also available for + 3V)
! + 1/16 duty cycle
+ B/Lto be driven by pin 1, pin 2 or pin 15, pin 16 or Aand K (LED)
&) @ + N.V. optional for + 3V power supply
MECHANICAL DATA ABSOLUTE MAXIMUM RATING
ITEM STANDARD VALUE UNIT ITEM SYMBOL STANDARD VALUE UNIT
Module Dimension 87.0 x 60.0 mm MIN. | TYP. | MAX.
Viewing Area 62.0x 26.0 mm Power Supply | VDD-VSS | -0.3 - 7.0
Dot Size 0.55x 0.55 mm Input Voltage Vi -0.3 - VDD
Character Size 2.95x4.75 mm NOTE: VSS = 0 Valt, VDD = 5.0 Voit
ELECTRICAL SPECIFICATIONS
ITEM SYMBOL CONDITION STANDARD VALUE UNIT
MIN. TYP. MAX.
Input Voltage vDD VDD = + 5V 4.7 5.0 5.3
VDD = + 3V 2.7 3.0 53
Supply Current IDD VDD = + 5V - 1.0 1.2 mA
-20°C 5.0 5.1 57
Recommended LC Driving VDD - Vo 0°C 4.6 4.8 5.2
Voltage for Normal Temp. 25°C 4.1 4.5 4.7 v
Version Moedule 50°C 3.9 4.2 4.5
70°C 3.7 3.9 4.3
LED Forward Voltage VF 25°C - 4.2 4.6 \4
LED Forward Current IF 25°C - 220 440 mA
EL Power Supply Current IEL Vel = 110VAC:400Hz - - 5.0 mA
DISPLAY CHARACTER ADDRESS CODE:
Display Position 2 3 5 6 7 9 10 11 12 13 14 15 16
DD RAM Address [ g 01 OF
DD RAM Address | 40 | 41 4F
DD RAM Address 10 11 1F
DD RAM Address |50 51 5F
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LCD-016MO04A

Vishay Dale 16 x 2 Character LCD
PIN NUMBER SYMBOL FUNCTION
1 Vss GND
2 Vdd +3Vor+5V
3 Vo Cantrast Adjustment
4 RS H/L Register Select Signal
5 RW H/L Read/Write Signal
6 E H —L Enable Signal
7 DBO H/L Data Bus Line
8 DB1 H/L Data Bus Line
9 DB2 H/L Data Bus Line
10 DB3 H/L Data Bus Line
1 DB4 H/L Data Bus Line
12 DB5 H/L Data Bus Line
13 DB6 H/L Data Bus Line
14 DB7 H/L Data Bus Line
15 AVee 4.2V for LED/Negative Voltage Output
16 K Power Supply for B/L (0V)
DIMENSIONS in millimeters
87.0+0.5
2.5 "15=
10.0 ;02'54161_5& 1380'1 0 25 13.6 MAX 10.0 MAX
1 “/ : o T [ 9.0 5.2
] = @ PR awuauuas@wz P L ) 2.95 0.6
= 1 | 16 ol 06 [
1~|2 - } - 8| e 0.55
i N i = ]
n -
a| <l L
+H| N2 | = P
a® 2= T el | 5|%l9
&| |dlg I |
4-@1.0 PTH
1 i G b ey oo
t | DOT SIZE
2.5 8210 4-225PTH 1 116
15.4 56.2 (AA) 4-0 5.0 PAD 16 L1
125 | 62.0 (VA) _ LED B/L EL or NO B/L
29 || 81.2 i
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Intelligent Alphanumeric
Application Notes

Character Position and Character Address

For each device, the relaticnship between character position and character address is straightforward. A hexadecimal code for
each character position in each device is given in the following charts. Character positions are numbered from left to right
beginning in the top left corner as you view the device from the front.

AND671

oharacter Positon | 1] 2 [ 3[4 [5[s[7]e] s w][11]1z[13]1e]1s]16]

DD RAM (Hex) Add. 00 01 02 03 04 05 OG O7 40 41 42 43 44 45 46 47

AND491, 481, 471

creracter positon [ 1 [ 2 [ a s [6]7[8]o[rw0]n]z]1s]1a]s]] creracter positon [ 17] 18] 1920 [21 [ 22 [23 ] 24 25 26 [ 27 [ 28] 20 [30] 31 [ a2
DDRAM (Hex) Add. 00 01 02 03 04 05 06 07 08 09 CA OB OC OD OF OF DORAM (Hex) Add. 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F
ANDS501

oharacter Positon | 1 [2[3[a[5[e]7]8]sw]n]iz[ura]1s]i]m]is]1s]an]
DDRAM (Hex) Add. 00 01 02 03 04 05 0B 07 08 09 OA OB OC 0D OE OF 10 11 12 13
Character Position |21|22|23|24‘25|2a|27|2a|29‘3n|31‘32|33|34‘35|ze|3?‘3a|39‘4n|
DDRAM (Hex) Add. 40 41 42 43 44 45 46 47 43 49 4A 4B 4C 4D 4E 4F 50 51 52 53

ANDT731
eheracter Positon [ 1| 2 [ 3[4 [s[6 7[00 [10]11]12[13]14]15] ] Cheracter Position | 33] 34 [ 35 | 36 | 37| 38 [ 38 [40[ 41 [42 [ 43 | as ] 45 [ 4] a7 [ a0
DDRAM (Hex) Add. 00 01 02 03 04 05 0B 07 08 09 OA OB (C OD OF OF DD RAM (Hex) Add. 10 11 12 13 14 15 16 17 18 19 1A 18 10 1D 1E IF
oharacter Position [ 17] 18 [ 19 20 [21] 22 [ 23] 24 ] 25 [ a6 27 [ 28 [ a0 [ 30] a1 [ e crracter Fosition |49 50 [ 51] 52 [ 53 54 [ 55 [ 56 | 57] 5 [ 59 [ e0[ 61| 62] 63 o1
DORAM (Hex) Add. 40 41 42 43 44 45 46 47 48 40 4A 4B 4C 4D 4E 4F DD RAM (Hex) Add. 50 51 52 53 54 55 56 57 56 50 5A 58 560 50 SE GF
AND771

eharacter Position | 1 [2 3[4 |5 [6]7] 8]0 ]10]u]r]n]uls]e]n]w]e]n]a]z]s]a]
DORAM (Hex) Add. 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OF OF 10 11 12 13 14 15 16 17
Character Position |25|2a‘2?|2a|29‘3n|31‘32|33|34|35‘3a|3?|33‘39|40|41‘42|43|44‘45|4a|47|43‘

DD RAM (Hex) Add. 40 41 42 43 44 45 46 47 48 49 44 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57

AND591

oharacterpositon [ 1] 2 [3 [« [s ][] e[ s]w]nrz[ss]re]1s[se]17]1a]19]an]a1]22 23 ]es] 25] 28] 27] 28] 20 [30] 31 52| 33] 34 ] 3] 36 [ 97 [38 | 39 a0
DDRAM (Hex) Add, 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OF OE 10 11 12 13 14 15 16 17 18 19 14 18 1C 1D 1€ IF 20 21 22 23 24 25 26 27
cheracter Position [ 41] 42 |43 |4 |45 46| 47| 48 40| 50 51 [ 52 [ 53 54 5 [ 56 | 57| 58 50 |60 |61 ] 62 |63 | 64 65 |66 | 67] 68 [ 60 [ 70|11 [72 7274 ] 75| 76 ] 77| 78 | 70 [ a0
DORAM (Hex) Add. 40 41 42 43 44 45 46 47 48 40 4A 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57 58 50 GA SB 5C D SE SF 60 61 62 63 64 65 66 7
ANDT721

Character Position |1|2‘3|4|5‘a‘7|a‘9|1n|11‘12‘13|14|15‘m|17|1a‘19‘2o|

DORAM (Hex) Add. 00 01 02 03 04 05 05 O7 OB 03 OA OB OC OD OF OF 10 11 12 13

character Position |21 [ 22 | 23] 24 25] 26 [ 27 [ 28 | 20 ] 30| 31 [ 32 [ 33 [34 [ 35 36| 37] 38 [ 20 [0
DORAM (Hex) Add. 40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 50 51 52 53
character Position |41 [42 ] 4344 ] a5 ] 46 [ 47 [48 ] 40 ] 50 51 52 [ 53 [54 [ 55 [ 56| 57] 58 [ 50 [ 0|
DORAM (Hex)Add. 14 15 16 17 18 19 1A 1B 1C 1D 1E 1F 20 21 22 23 24 25 26 27

character Position | o1 [ 62 | 63 [ o4 | 65 ] 68 [ 7 [ 60 | a9 [ 70] 71 7273 [74 [ 15[ 76| 77] 78] 70 [ 0|

DD RAM (Hex) Add. 54 55 56 57 58 59 5A 5B 5C 5D 5B 5F 60 6 62 B3 B4 65 66 67

AND791

creracter positon [ 1 [ 2 [3 s [s[e]a]e]o]w]n]rz][ra]ra]rs[re]17]re[r0]20]21]22 23] 24 ] 25|26 21] 28 20 [20] a1 [52 [ s3] aa 35 [ 6] 37 [ 38 [0 [ 0]
DDRAM (Hex) Add. 00 01 02 03 04 05 OB 07 08 03 OA OB OC OD OF OE 10 11 12 13 14 15 16 17 18 19 1A 1B 1C 1D 1E IF 20 21 22 23 24 25 26 27
Character Position |41|42|43‘44|45|4E‘4?|48‘49|ED|51|S2‘53|54|55‘56|57|58‘5Q‘6D|G1|62‘63|D4|EE‘BB|BT|EE|SQ‘?O|?1‘72|?3|?4‘T5|76|7?|?8‘79|80|
DORAM (Hex) Add. 40 41 42 43 44 45 46 47 48 40 4A 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57 58 50 GA SB 5C 5D SE SF 60 61 62 63 b4 65 66 67
oharacterpositon [ 1| 2 [3 [« [s |67 ]e]s]w]nrz[ss]re]1s]se]17]1a]19]a0]a1]22]23]os] 25] 26| 27] 28] 20 [30] 31 ] 52| 33] 34 ] 35| 36 [ 37 [ 38| 39 a0
DDRAM (Hex) Add, 00 01 02 03 04 05 06 07 08 09 OA OB OC OD OF OE 10 11 12 13 14 15 16 17 18 19 14 18 1C 1D 1€ IF 20 21 22 23 24 25 26 27
character Position | 41] 42 [ 43 44 [45 ] 46 [ 7] 48] 48[ 50| 51 [ 52 [ 53 | 54 ] 5 [ 56| 57 [ s8] 50 [ 0 [ o1 [ a2 [ 63 [ o4 | 65 ] 66| 67] 68 a0 [ 70] 11 [72 [ 78] 74 ] 75| 18] 77 [ 78] 18] 0]
DORAM (Hex) Add. 40 41 42 43 44 45 46 47 48 40 4A 4B 4C 4D 4E 4F 50 51 52 53 54 55 56 57 58 50 GA SB 5C D SE SF 60 61 62 63 64 65 66 7

Note: Address locations for Lines 1 & 2 are controlled by E1, and lines 3 & 4 are controlled by E2.
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Intelligent Alphanumeric
Application Notes

Timing
Timing Characteristics (TA = 25°C) Data Write
Value .
ftem Symbol - Unit
Min. Max
Enable Cycle Time tovee 1000
Enable Pulse Width PWey 450
Enable Rise/Fall Time ter tef 25
Set Up Time tas 140 ns
Address Hold Time TAH 10
Data Set Up Time thsw 195
Data Hold Time ty 10
Data Read
Value i
Item Symbol - Unit
Min. Max
Enable Cycle Time tevee 1000
Enable Pulse Width PWey 450
Enable Rise/Fall Time ter ter 25
Set Up Time Tas 140 ns
Address Hold Time taH 10
Data Delay Time {opr 320
Data Hold Time tour 20

Timing Characteristics (Data Write)

RS >: a2V
0.6V

2.2V
0.6V

o= a5 —=

RAW "
0.8V

[*—=t—tan

0.6V

0.8y Data 06V

1Er —=] PWEH "—4— tan
E 2:2v 2.2v g /
F 06V 0.8V
e tDSW -—-T— tH
22V valig 22V
DBO to DB7 valid 2

leyeE

Timing Characteristics (Data Read)

¥
RS 22V
0.6V

22V
0.8V
bt =] b

— 22V 22V
R/W ;‘ \

1 tan

e —

0.6v A

A 2.4V valig 2.4V
DBO to DBY
© >§ 04v Data 04y

teyeE

Data Transfer Example

Data can be sent in the either two cycles of 4-bit data or one
cycle of 8-bit data, a scheme that suits 4-bit or 8-bit CPUs.
Data that is 8-bits long is transferred using 8 data lines of
DBO to DB7.

8-Bit Data Transfer Example

RS

R/W

!

o
o
2

Wiy S SEI i
086 ,////ﬁ// IR6 ////////[" ACE W DR6 W

DBl ,/f;////‘// IR1 W/////] AC1 m DR1 W
os0 J7DK_= XK= XK > K

Data that is 4 bits long is transferred by using only 4 lines of
DB7 to DB4—DB3 to DBO are not used. Data transfer
between the module and a 4-bit CPU is completed when the
high order 4 bits are transferred first, followed by the low
order 4 bits.

4-Bit Data Transfer Example

RS

RWw

E

oes K e X XD XD
os X X XXX XX XN

!
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Intelligent Alphanumeric
Application Notes

Command List

Command Code Execution | Execution
Command Description Time Time
RS |R/W|DB7|DB6 |DB5 [DB4|DB3|DB2|DB1|DBO Max)® | (Max.)@
Cleardisplay® | 0 | O | 0| O |0 ] 0| 0] 0] 0] 1 |Cleardisplayand return cursor to home
Py position (Address 0). 1.64ms 4.9ms
Return cursor to home position
(Address 0). Also return display being
Return Home ojojfojoflojojojoOo|1]X shifted to original position. DD RAM 1.64ms 4.8ms
contents remain the same.
_ Set cursor move direction and specify
EntryModeSet { O | O | O | O | O | 0| 0| 1 |I/D] S |whetherto shift display. These opera- 40ps 120ps
tions are performed during data write.
. _— Set ON/OFF of entire display (D),
Display ONFOFF o|lo|o0o|O|O0O|0O|1]|D|C]| B |dresser ONOFF (C), and blinking of 40ps 120ps
Control -
cursor position B
Cursor and Move cursor and shift display without
Display Shift® | O | O[O [ O] O T [PCIRE] XX changing DD RAM contents. 40us | 120ps
. Set interface data length (DL) number of
Function Set o|loflOo|l0O0]| 1T |DL|N|F /| X|X display lines (L) and character font (F). 40ps 120ps
Set RAM Set CG RAM address, CG RAM data is
Address oo oga ACG sent and received after this setting. 40ps 120ps
Set DD RAM Set DD RAM address. DD RAM data is
Address oot ADD sent and received after this setting. A0ps 120ps
Read Busy flag (BF) indicating internal
Read Busy Flag 0| 1 |BF AC operation is being performed and reads 40ps 120ps
& Address
address counter contents.
Write Data to CG . .
or DD RAM 110 Write Data Write Data from DD RAM or CG RAM. 40ps 120ps
Read Data to CG
or DD RAM 11 Read Data Read Data from DD RAM or CG RAM. 40ps 120ps
D=1 : Increment I/D = 0 Decrement
S=1 : Accompanies display shift DD RAM  : Display Data RAM
SIC = : Display shift ~ S/C =0 Cursor move |CGRAM  :Character Gen RAM
RIL=1 : Shift to the right ACG : CG RAM Address
RIL=0 : Shift to the left ADD : DD RAM Address corre-
DL= : 8 bits DL = 0: 4 bits sponds to Cursor Address
N =1 : 2 lines N=0:1line AC : Address Counter used for
F= :5x 10 dots F=0:5x7dots DD and CG RAM Address.
BF = : Internally operating
BF=0 : Can accept instruction
X =Don't Care
Notes:

1. Applies to AND491, AND481, AND491, and AND501.
2. Applies to AND591, AND731, AND721, AND771.

3. The repeat time interval of command Clear Display must be 13ms minimum (5 x 7 dot font) and 18ms minimum

(5 x 10 dot font).
4. Commands “Cursor and Display Shift “are invalid for the ANDB71.
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Function of Registers

The following paragraphs describe the function of the
registers.

Instruction Register and Data Register

The built-in controller has two 8-bit registers, an Instruction
Register (IR) and a Data Register (DR). The IR stores
commands such as display clear and cursor shift, or
address information of display data RAM (DD RAM), and
character generator RAM (CG RAM). The IR can be written
to by a CPU, but a CPU cannot read this register.

The DR temporarily stores data to be written into the DD
RAM or the CG RAM. Data written into the DR is
automatically sent to the DD RAM or the CG RAM as an
internal operation. The DR is alsc used for data storage
when reading data from the DD RAM or the CG RAM. When
address information is written into the IR, data is transferred
to the DR from the DD RAM or the CG RAM as an internal
operation. Then, the CPU reads the DR and data transfer is
completed. After the CPU reads the DR, data of the DD
RAM or the CG RAM at the next address is sent to DR for
the next reading. Register Selector (RS) signals select
these two registers.

Register Selection

Display Data RAM (DD RAM)

The display data RAM (DD RAM) stores display data
represented in 8-bit character codes. The relationship
between the DD RAM address and display position on the
LCD Display is described by a series of tables under the
paragraph “Character Position and Character Address” on
page 3 of this section.

Commands

The command code is the signal through which the LCD
module is accessed through the CPU. The LCD module
begins operation upon receipt of the code input. Because
the internal processing operation of the LCD module is
started with a timing that does not affect the LCD display,
the busy status continues longer than the CPU cycle time.

Under the busy status (when the busy flag is set to “17), the
LCD module does not execute any commands other than
the busy flag read. Accordingly, the CPU has to verify that
the busy flag is set to “0” prior to the input of the command
code.

Clear Display

RS | R/W |DB7|DB6|DB5|DB4 |DB3|DB2|DB1|DB0O

Code 0 o|o0o(O0OfO]lO0]O] O] O

RS | R/W Operation Enable (E) Write space code “20” (hexadecimal) into all the DD RAM
addresses. The cursor returns to address “0” (DD RAM
0 0 |write commands to IR N\ Address = “00H") and the display, if it has been shifted,
~— returns to the original position. In other words, the display
Read of a Busy Flag _/_\_ Ic_iisappears and the cursor goes to the left edge of the first
0 1 |(DB7)and Address Ine.
Counter (DBO to DB6) Return Home
DR Write as internal
RS |RAV|DB7|DBe |DB5 | DB4 |DB3 |DB2 | DB1|DBO
1 0 |operations N\
(DR — DD or CG RAM) — Code 0 0 0 0 0 0 0 0 1 X
DR Read as internal Return the cursor to character position 1 (DD RAM Address
1 1 |operations _/_\_ =“00H") and returns the display to the original positicn if it
(DD or CG RAM — DR) has been shifted (S in the instruction register is 1). The DD
RAM contents remain unchanged.
Busy Flag (BF)

When the Busy Flag is “17, the LCD module is in the internal
operation mode, and the next instruction is not accepted at
this time. As shown in the “Command List” on page 5 of this
section, the Busy Flag is shown in DB7 when RS =0 and R/
W = 1. The next instruction must be written after checking
that the Busy Flag is “0".

Address Counter (AC)

The address counter (AC) assigns DD and CG RAM
address. When an instruction for address setting is written
in IR, the address information is sent from IR to AC.

Selection of either the DD or CG RAM is also determined by
an instruction. After writing into (or reading from) DD or CG
RAM display data, AC is automatically incremented by 1 (or
decremented by 1). Data in address counters (AC) are in
DB6 to DBO when RS = 0 and R/W = 1, as shown in the
table entitled “Command List” on page 5 of this section.

X =Don't care

Entry Mode Set

RS |R/AW|DB7|DB6|DB5|DB4|DB3|DB2|DB1|DBO

Code 0 ojojlo|o|oOfO|11|UD]S

I/D:  Increment (I/D = 1) or decrement (I/D = 0) the DD
RAM address by one upcn writing a character code
into the DD RAM or reading a character code from
the DD RAM. The cursor moves to the right when I/D
=1, and to the left when I/D = 0.

S: When writing to the DD RAM, shift the entire display
to the right (when I'D = 0, S = 1) or to the left (when
ID =1, S = 1). Therefore, the cursor looks as if it
stood still and only the display moves. Display is not
shifted when reading from the DD RAM. Display is
not shifted when S =0.
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Display ON/OFF Control

Module Type Number

RS |R/W|DB7 |DB6 | DBS5 | DB4 | DB3 | DB2 [ DB1|DBO

Code 0 ojolO0|l0O0]0|1|D|C|B

D:  Display is turned ON when D = 1 and OFF when D =
0.When display is turned off due to D = 0, the display
data remains in the DD RAM and they can be
displayed immediately by setting D = 1.

C:  The cursor is displayed when C = 1 and not displayed
when C = 0. Even if the cursor disappears, the
function of I/D does not change during “display data
write.” The cursor is displayed at the 8th line when
the 5 x 7 dots character font is selected.

B:  The character at the cursor position blinks when B =
1. The blink is done by switching between all black
dots and display characters at 0.4 second interval.
The cursor and the blink can be set concurrently.

Cursor or Display Shift

No. of
N | F |Display| CMaracter | DUy 4 ann podel No.
. Font Ratio
Lines
AND471, AND48T,
AND491, ANDSOT,
10| 2 | sx7bos | e [\ED1en RS0
AND771
AND721, AND731,
1o 4 | sx7os | 16 [0l

Set CG RAM Address

RS |RAV|DB7|DB6|DB5|DB4|DB3|DB2|DB1|DBO

Code ojo|o|1T|A|A|A]A[A|lA

RS |R/W|DB7|DB6 |DB5 |DB4|DB3|DB2 |DB1|DBO

Code 0| 00| 0| O] T|SC|RL|X| X

Set the CG RAM address to a binary number of AAAAAA in
the address counter. After execution of this instruction, all
the data from MPU is written into the CG RAM and all the
data is read from CG RAM.

Set DD RAM Address

Shift the cursor pesition or display pesition to the right or the
left without writing or reading the display data. This function
can be used for correction or search of display.

RS |R/W|DB7|DB6 | DB5 | DB4 |DB3|DB2|DB1|DBO

Code | O | O |1 |An|A|A|A|A|A|A

Set the DD RAM address to a binary number of AnAAAAAA
in the address counter (An = 0 for the first line, An = 1 for
the second line). After execution of this instruction, all the
data from MPU is written into the DD RAM and all the data
is read from DD RAM.

Read Busy Flag and Address

RS |R/W|DB7|DBe|DB5| DB4 | DB3 [ DB2 | 091 | DBO

Code | O |1 |BF|A|A|A|A|A|A]A

SIC | RIL Function

Shift the cursor position to the left. (AC is decre-

0 0
mented by one.)

0 1 Shift the cursor position to the right. (AC is incre-
mented by one.)

1 0 Shift the entire display to the left. The cursor fol-
lows the display shift.

1 1 Shift the entire display to the right. The Cursor fol-
lows the display shift.

Function Set

RS |R/W|DB7|DB6|DB5 |DB4 | DB3 | DB2|DB1|DBO

Code 0| 0| 0] O] 1T|DL| N|F| X|X

Read Busy Flag (BF) and the value of the address counter
(AAAAAAA). The condition BF = 1 indicates that an internal
operation is going on and the next command is not
accepted until BF becomes “0.” You must check the BF
status before the next write operation. The address counter
generates the CG or DD RAM address.

Write Data to CG RAM or DD RAM

DL: Sets the interface data length. Data is sent or
received in 8-bit length (DB7 to DBO) when DL =1
and 4-bit length (DB7 to DB4) when DL = 0. When 4-
bit length is selected, data must be sent or received
in two cycles.

N:  Set number of display lines.

Set character font. The 5 x 7 dots character font is
selected when F = 0. While 5 x 10 dots character font
is selected when F =1 and N = 0.

RS |R/W|DB7 |DB6 |DB5 | DB4|DB3 |DB2 | DB1|DBO

Code |17 | D|D|D|D|D|{D|D|D]|D

Write binary 8-bit data DDDDDDDD to the CG RAM or the
DD RAM. Whether the CG RAM or the DD RAM is to be
written is determined by the previous designation (CG RAM
address setting or DD RAM address setting). After writing,
the address is automatically incremented or decremented
by one according to entry mode. Display shift also follows
the entry mode.
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Character Pattern and Character Code

Upper 4 bit
Upper 4 bit b 5,9 0010| 0011|0100{ 0101 | 0110{ 0111|1010 | 1011|1100 | 1101 | 1110 | 1111
Lower 4 bit
e <8 1B =1 geoz | we
el | L B b S
xxxxooon | @ | % | g feedflpg | 87| L
xaxooro | | T R ET) G| T
ooooont | @ e [ S i S
5 .. - .. ...I m L1 IEI !i -.-.E.. assas
oocoroo | © [ R E 3 E |t [T BT
XXXX0101 © '..H '-.-E :::- ® L'.. -'= ---E-
T [ (515 I ae . L[ vewes | afeas | wes | aseem
xooano | @ || Bl LAF T L8=H 3
xxxxo111 | ®) B -
xxxxt000 | V| &, BRG]
ooooor | @1 E I TELE YL [Tl T E | LT
wooocioro | @ 7 5 LE L L | T
s [ [R5 5.0 & oot [ e -
wootor | e ] RD e AT | e
xxxcitoo | O [ | [E A TR AL
xoxcitor | O[T e [0 35 2R R |
xaoxario | ] | (E EH - I O
O | T [ [ 3]
XXXX1111 - s | ®ses® | sumes | %aus®| * as® | ot s ..t | 35522
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Manual Initialization Procedure
The following diagram applies when the interface data length is 4-bits.

Power ON |

Since Vpp reaches more than 4.5V wait more than 15ms

1 RS RW DB7 DB6 DB5 DB4 Function Set
0 0 0 0 1 1 (Interface data length is 8-bit)

Wait more than 4.1 ps

Function Set
2 FE}S R'IOW Dg’? Dgﬁ D1BS D1B4 (Interface data length is 8-bit)

Wait more than 100 ps

3 RS RW DB7 DB6 DB5 DB4 Function Set
0 0 0 1 0 (Interface data length is 8-bit)
4 RS RW DB7 DB6 DB5 DB4 Function Set
X X DB3 DB2 DB1 DB0 ) :
0 0 0 0 1 0 (Set interface data length. Set 4-bit)
0 0 0 0 1 0 .
0 0 N r X X Function Set
0 0 0 0 0 0 .
0 0 1 0 0 0 Display ON
0 0 0 0 Q 0 .
0 0 0 0 0 1 Display Clear
0 0 0 0 0 0 Entry Mode Set
0 0 0 1 I'D S

Initialization End

X =Don't care

Notes:

1. Before initialize step 1, 2, and 3, cannot check busy flag.

2. After initialize step 4, cannot change function set mode, number of display lines and character font.
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MICROCHIP

PIC18FXX2

28/40-pin High Performance, Enhanced FLASH
Microcontrollers with 10-Bit A/D

High Performance RISC CPU:

+ C compiler optimized architecture/instruction set
- Source code compatible with the PIC16 and
PIC17 instruction sets
+ Linear program memory addressing to 32 Khytes
- Linear data memory addressing to 1.5 Kbytes

On-Chip Program
Memory On-Chip Data
Device RAM |EEFPROM
FLASH | # Single Word | (bytes) | (bytes)
(bytes) | Instructions

PIC18F242| 16K 8192 768 256
PIC18F252| 32K 16384 1536 256
PIC18F442| 16K 8152 768 256
PIC18F452| 32K 16384 1536 256

+ Upto 10 MIPs operation:
- DC - 40 MHz osc /clock input
- 4 MHz - 10 MHz osc./clock input with PLL active
+ 16-bit wide instructions, 8-bit wide data path
+ Priority levels for interrupts
+ 8 x 8 Single Cycle Hardware Multiplier

Peripheral Features:

+ High current sink/source 25 mA/25 mA
« Three external interrupt pins
+ Timer0 module: 8-bit/16-bit timer/counter with
8-bit programmable prescaler
« Timer1 module: 16-bit timer/counter
+ Timer2 module: 8-bit timer/counter with 8-bit
period register (time-base for PWM)
+ Timer3 module: 16-bit timer/counter
+ Secondary oscillator clock option - Timer1/Timer3
+ Two Capture/Compare/PWM (CCP) modules.
CCP pins that can be configured as:
- Capture input: capture is 16-hit,
max. resolution 6.25 ns (Tcy/16)
- Compare is 16-bit, max. resolution 100 ns (TCY)
- PWM output: PWM resolution is 1- to 10-bit,
max. PWM freq. @: 8-bit resolution = 156 kHz
10-bit resolution = 39 kHz
+ Master Synchronous Serial Port (MSSPF) module,
Two modes of operation:
- 3-wire SPI™ (supports all 4 SPI modes)
- 12c™ Master and Slave mode

Peripheral Features (Continued):

+ Addressable USART module:
- Supports RS-485 and RS-232
+ Parallel Slave Part (PSP) module

Analog Features:

+ Compatible 10-bit Analog-to-Digital Converter
module (A/D) with:
- Fast sampling rate
- Conversion available during SLEEP
- Linearity = 1L5b
+ Programmable Low Voltage Detection (PLVD)
- Supports interrupt on-Low Voltage Detection
+ Programmable Brown-out Reset (BOR)

Special Microcontroller Features:

+ 100,000 erase/write cycle Enhanced FLASH
program memaory typical

+ 1,000,000 erase/write cycle Data EEPROM
memory

+ FLASH/Data EEPROM Retention: = 40 years

Self-reprogrammable under software control

+ Power-on Reset (POR), Power-up Timer (PWRT)
and Oscillator Start-up Timer (OST)

+ Watchdog Timer (WDT) with its own On-Chip RC
Oscillator for reliable operation

+ Programmable code protection

+ Power saving SLEEP mode

Selectable oscillator options including:

- 4X Phase Lock Loop (of primary oscillator)

- Secondary Oscillator (32 kHz) clock input

Single supply 5V In-Circuit Serial Programming™

(ICSP™) via two pins

+ In-Circuit Debug (ICD) via two pins

CMOS Technology:

+ Low power, high speed FLASH/EEPROM
technology
Fully static design
+ Wide operating voltage range (2.0V to 5.5V)
+ Industrial and Extended temperature ranges
+ Low power consumption:

- < 1.6 mA typical @ 5V, 4 MHz

- 25 pAtypical @ 3V, 32 kHz

- < 0.2 pA typical standby current
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Pin Diagrams (Cont.’d)

DIP —
MCLRNVPP — [] N 40 [J =—= RB7/PGD
RADAND -—] 35 [] =—= REBEIPGC
RA1ANT ——[] 93 [J == RBSIPGM
RAIAN2VREF- =[] 70 == RB4
RAANIVREF+ =[] 15 [] =—= RBA/CCP2®
RA4/TOCK! == [ 25 [] =—= RB2INTZ
RAS/ANA/SSILVDIN = [ 34 [T =—s RB1/INTA
REO/RD/ANE =— [ 33 [T =——= RBO/NTO
RE1ANRIANE =— [ 23 [] =——— VoD
RE2/CSIANT —=—= [ [ -——Vss
VoD — =[] 30 [J =—= ROD7/IPSPT
26 [T =—» RDE/PSPE

i B = I S TP TR N R
[
=

W

w
]

:]

L= p—

[

PIC18F442
PIC18F452

0SCUCLK — =] 12 28 [] =+ RD5/PSPS
OSC2CLKORAE -——[] 14 27 [J == RD4/PSP4
RCOM10SOMICK! =—[] 15 26 [ =—= RCTRX/DT
RC1T10SICCP2" -] 16 25 [ == RCBITX/CK
RC2/CCP1 =—=[] 17 24 [T =~ RCH/SDO
RCSCKISCL =—»[] 18 23 [] =—= RC4/SDIISDA
RDO/PSP0 «—e [ 19 22 [] «——= RDIPSP3
RO1/PSP1 =[] 20 21 [] =—= RD2IPSP2

Note: Fin compatible with 40-pin PIC16CTX devices.

DIP, SOIC

MCLRWer —[]° 7 28] =—= RB7/PGD

RAQIAND ==

rRA1ANT =—= [
RAZIANZVrer- =—=[]
RAJANIVREF+ =—=[]
RA4ITOCKI =—=[]
RAS/AN4/SSILVDIN =— []
/ss —=[] 8

osciclkl —=[] 9
0SC2CLKORAS =——[]10
RCOM10SOMICK] =—= []11
RCUT10SICCP2" =—=[]12
RC2ICCP1 =—=[]13
RCUSCK/SCL =—=[]14

e = S R CARTU R R

PIC18F242
PIC18F252

27[] == RBG/IPGC
26[ ] =—= RB5/PGM
25 ] =— RB4

24[] = RB3/CCPZ*
23[] = RB/INTZ
22[] = REV/INT1
21[] = RBI/INTOD
20 ] =— Voo

19 ] =—Vss

18] =+—= RCT/RX/DT
17[] =+ RCEITX/CK
16[] =—= RCH/SDOD
15[ ] =+ RC4/SDI/SDA

* RB3 is the alternate pin for the CCP2 pin multiplexing.

117




PIC18FXX2

1.0

the following devices:

+ PIC18F242
+ PIC18F252

DEVICE OVERVIEW

This document contains device specific information for

« PIC18F442
+ PIC18F452

These devices come in 28-pin and 40/44-pin packages.

The 28-pin devices do not have a Parallel Slave Port
(PSP) implemented and the number of Analog-to-

Digital (A/D) converter input channels is reduced to 5.
An overview of features is shown in Table 1-1.

The following two figures are device block diagrams
sorted by pin count: 28-pin for Figure 1-1 and 40/44-pin
for Figure 1-2. The 28-pin and 40/44-pin pinouts are
listed in Table 1-2 and Table 1-3, respectively.

TABLE 1-1: DEVICE FEATURES
Features PIC18F242 PIC18F252 PIC18F442 PIC18F452
Operating Frequency DC - 40 MHz DC - 40 MHz DC - 40 MHz DC - 40 MHz
Program Memory (Bytes) 16K 32K 16K 32K
Program Memory (Instructions) 8192 16384 8192 16384
Data Memory (Bytes) 768 1536 768 1536
Data EEPROM Memory (Bytes) 256 256 256 256
Interrupt Sources 17 17 18 18
IfO Ports Ports A, B, C Portis A, B, C Ports A, B,C,D,E [Ports A,B,C, D, E
Timers 4 4 4 4
Capture/Compare/PWM Modules 2 2 2 2
MSSP, MSSP, MSSP, MSSP,
Serial Communications Addressable Addressable Addressable Addressable
USART USART USART USART
Parallel Communications — — PSP PSP
10-bit Analog-to-Digital Module 5input channels | 5 input channels 8 input channels | 8 input channels
POR, BOR, POR, BOR, POR, BOR, POR, BOR,
RESET Instruction, | RESET Instruction, | RESET Instruction, | RESET Instruction,
RESETS (and Delays) Stack Full, Stack Full, Stack Full, Stack Full,
Stack Underflow Stack Underflow Stack Underflow Stack Underflow
(PWRT, OST) (PWRT, OST) (PWRT, OST) (PWRT, OST)
Programmable Low Voltage Yes Yes Yes Yes
Detect
Programmable Brown-out Reset Yes Yes Yes Yes
Instruction Set 75 Instructions 75 Instructions 75 Instructions 75 Instructions
. ) 40-pin DIP 40-pin DIP
Packages 2%8_?:1HS%FC 229.8_?r|1ns%rc 44-pin PLCC 44-pin PLCC
P P 44.pin TQFP 44 pin TQFP
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FIGURE 1-2: PIC18F4X2 BLOCK DIAGRAM
Data Bus=8=
| r— o T o o i
. | “ | RTA |
— L p RAD/AND
21 able Painter Data Latch | 4 RAT/ANT |
ae—— i Data RAM . RA2IAN2/VREF-
oo i (up fo 4K —I— s B RAJANINVREF+ |
21 inc/dec logic address reach) | . RA4TOCKI |
I Address Lateh - RAS/AN4/SSILVDIN
24 A 12) | a RAB |
Address Latch H’ 12 | |
Pragram Memory Address=12=
(up to 2 Mhytes) H H |  PorTB |
12 4
Data Latch — +—= X | RBO/AINTO
FSRO | [anic. ] ! 4—=[<| RBA/INT1 !
Egg; | TRezNT2 |
12 +— x| RB3/CCP2
e || R |
16 L | +—=| x| RBS/PGM |
+—[X| RBEIPCG
| +—{X|RE7/PGD |
er 8 | |
| PORTC |
+—={ | RCOM1O0SQMICK]
| 4> RC1m10syceP2i |
Instruction | | T RC2/CCP1 |
Register . =] RC3/SCKISCL
—|—— - 4| RC4/SDI'SDA |
Instruction T8 REs/sDo
Docode & | 4—={X]| REBTXICK |
Control | RCTIRX/DT |
OSC2ICLKO
OSC1/CLKI T —— | |
o ower-up : PORTD
(X< Timer | RDO/PSPO |
‘ ) _Timing | Oscillator RD/PSP1
TgssL | Generation [~ |start-up Timer Al RD2/PSP2 |
X< I8 Poweron S e |
' Watchdos | k—e[X] RD5PSPS |
AXPLL o= | Mhateh RDE/PSPE
- Timer | I roveser !
Brown-out | |
Precision ~ 8
Voltage == Resat || | FORTE |
Reference Low Voltage ’
MCLRE{ Programming | 4[] RED/ANSRD |
oD, Vas In-Circuit —L‘_‘ +—[< REUANEWR |
! Debugger | I |
B <[] RE2/ANTICS
| |
L N
r——— - - — """ -7 "—-——-_ - —_-—_---_ -0 - - -__— - T
! Timer0 Timer1 Timer2 Timer3 | A/D Converter |
I _. _ |
| L 1L 1] 1L I
R u U 1 Il I
| Master |
CCPi ccP2 Synchronous Addressable Parallel Slave Port| | Data EEPROM
| Serial Port USART |
L N
Note 1: Optional multiplexing of CCP2 input/output with RE3 is enabled by selection of configuration bit.

2: The high order bits of the Direct Address for the RAM are from the BSR register (except for the MOVFEF instruction).

3 Many of the general purpose /O pins are muliiplexad with one or more peripheral module functions. The multiplexing combinations
are device dependent.
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TABLE 1-3: PIC18F4X2 PINOUT I/O DESCRIPTIONS

, Pin Number Pin | Buffer -
Pin Name T T Description
DIP |PLCC|TQFpP| VP ype
MCLRMNPP 1 2 18 Master Clear (input) or high voltage ICSP
programming enable pin.

MCLR I ST Master Clear (Reset) input. This pin is an active

low RESET to the device.

VPP I ST High voltage ICSP programming enable pin.
NC — — — These pins should be left unconnected.
OSC1/CLKI 13 14 30 Oscillator crystal or external clock input.

0sC1 ST Oscillator crystal input or external clock source

input. ST buffer when configured in RC mode,
CMOS otherwise.
CLKI CMOS External clock source input. Always associated
with pin function OSC1. (See related OSC1/CLKI,
OSC2/CLKO pins.)
OSC2/CLKO/RAG 14 15 31 Oscillator crystal or clock output.

0sCc2 0] — Oscillator crystal output. Connects to crystal

or resonator in Crystal Oscillator mode.

CLKO 0] — In RC mode, O5C2 pin outputs CLKO,

which has 1/4 the frequency of OSC1 and
denotes the instruction cycle rate.

RAB o] TTL General Purpose /O pin.

PORTA is a bi-directional /O port.
RAD/ANO 2 3 19
RAD I} TTL Digital 1/0.
ANO I Analog Analog input 0.
RAT/AN1 3 4 20

RA1 le} TTL Digital 1/0.

AN I Analog Analog input 1.
RA2/AN2/NREF- 4 5 21

RA2 I} TTL Digital 1/0.

AN2 | Analog Analog input 2.

\REF- I Analog A/D Reference Voltage (Low) input.
RA3/AN3NREF+ 5 5 22

RA3 I} TTL Digital 1/0.

AN3 | Analog Analog input 3.

WREF+ I Analog A/D Reference Voltage (High) input.
RA4/TOCKI 4] 7 23

RA4 l{®] ST/OD Digital I/O. Open drain when configured as output.

TOCKI | ST Timer( external clock input.
RAS/AN4/SS/ILVDIN | 7 8 24

RAR I} TTL Digital 1/0.

AN4 I Analog Analog input 4.

SS | ST SPI Slave Select input.

LVDIN I Analog Low Voltage Detect Input.

RAG (See the OSC2/CLKO/RAG pin.)

Legend: TTL = TTL compatible input

ST = Schmitt Trigger input with CMOS levels

O = Output

OD = Open Drain (no P diode to VDD)

CMOS = CMOS compatible input or output
| = Input
P = Power
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TABLE 1-3: PIC18F4X2 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer o
Pin Name T T Description
DIP |PLCC|TQFP | 'YPe ype
PORTB is a bi-directional I/O port. PORTB can be
software programmed for internal weak pull-ups on all
inputs.
RBO/INTO 33 36 8
RBO (l{e] TTL Digital /0.
INTO | ST External Interrupt 0.
RB1/INT1 34 37 9
RB1 (l{e] TTL
INT1 | ST External Interrupt 1.
RB2/INT2 35 38 10
RB2 (o] TTL Digital /0.
INT2 | ST External Interrupt 2.
RB3/CCP2 36 39 "
RB3 (o] TTL Digital /0.
CCP2 o] ST Capture2 input, Compare2 output, PWM2 output.
RB4 ar 41 14 /O TTL Digital I/O. Interrupt-on-change pin.
RB5/PGM 38 42 15
RBS /O TTL Digital I/O. Interrupt-on-change pin.
PGM /O ST Low Voltage ICSP programming enable pin.
RB6/PGC 39 43 16
RB6 o] TTL Digital /0. Interrupt-on-change pin.
PGC /O ST In-Circuit Debugger and ICSP programming clock
pin.
RB7/PGD 40 44 17
RBT /O TTL Digital I/O. Interrupt-on-change pin.
PGD /O ST In-Circuit Debugger and ICSP programming data
pin.
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
O = Qutput P = Power

OD = Open Drain (no P diode to VDD)
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TABLE 1-3: PIC18F4X2 PINOUT I/O DESCRIPTIONS (CONTINUED)

. Pin Number Pin | Buffer o
Pin Name T T Description
DIP |PLCC|TQFP | 'YPe ype
PORTC is a bi-directional IO port.
RCOM1OSOMICKI | 15 16 32
RCO o ST Digital 1/0.
T10S0 (@] — Timer1 oscillator output.
T1CKI I ST Timer1/Timer3 external clock input.
RC1/T10SI/CCP2 16 18 35
RC1 o ST Digital 1/0.
T10SI | CMOS Timer1 oscillator input.
CCP2 1[0] ST Capture2 input, Compare2 output, PWM2 output.
RC2/CCP1 17 19 36
RC2 o ST Digital 1/0.
CCP1 11O ST Capture1 input/Compare1 output/PWM1 output.
RC3/SCK/SCL 18 20 37
RC3 o ST Digital 1/0.
SCK I{®] ST Synchronous serial clock input/output for
SPI mode.
SCL I{0] ST Synchronous serial clock input/output for
12C mode.
RC4/SDI/SDA 23 25 42
RC4 1o ST Digital 1/0.
sl | ST SPI Data In.
SDA 1o ST 12C Data /0.
RC5/SDO 24 26 43
RCE 1o ST Digital 1/0.
SDO o} — SPI Data Out.
RCE/TX/ICK 25 27 44
RC6 1o ST Digital 1/0.
TX 0 — USART Asynchronous Transmit.
CK Ie] ST USART Synchronous Clock (see related RX/DT).
RCT7/RX/DT 26 29 1
RCY 1o ST Digital 1/0.
RX I ST USART Asynchronous Receive.
oT 1{e] ST USART Synchronous Data (see related TX/CK).
Legend: TTL = TTL compatible input CMOS = CMOS compatible input or output
ST = Schmitt Trigger input with CMOS levels | = Input
QO = Qutput P = Power

OD = Open Drain (no P diode to VDD)
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Memoria 24C256

MICROCHIP 24AA256/241.C256/24FC256
256K I2C™ CMOS Serial EEPROM

Device Selection Table Description:
Part vce Max. Clock | Temp. The Microchip Technology Inc. 24AA256/24LC256/
Number Range Frequency | Ranges 24FC256 (24XX256%) is a 32K x 8 (256 Kbit) Seral
} 0] Electrically Erasable PROM, capable of operation
24AA256 1855V 400 kHz l across a broad voltage range (1.8V to 5.5V). It has
24LC256 2555V 400 kHz LE been developed for advanced, low-power applications
24FC256 | 1.8-55V 1 MHz(2) [ such as personal communications or data acquisition.
Note 1: 100 kHz for Vcc < 2 5V, This device also h_as apage write capability of up to 64
2 400 kHz for Voc < 2.5V, bytes of data. This device is capable of both random

and sequential reads up to the 256K boundary.
. Functional address lines allow up to eight devices on
Features: the same bus, for up to 2 Mbit address space. This
; . device is available in the standard 8-pin plastic DIP,
* Low-power CMOS technology: ;
Pe . 9y SOIC, TSSOP, MSOP and DFN packages.
- Maximum write current 3 mA at 5.5V

- Maximum read current 400 pA at 5.5V Block Diagram

- Standby current 100 nA, typical at 5.5V
« 2-wire serial interface bus, 2c™ compatible AD ATAZWP W
+ (Cascadable for up to eight devices
+ Self-timed erase/write cycle L‘__IL‘__ITT
*» G4-byte Page Write mode available o Memory = =EPROM
* 5ms max_write cycle time g [T] Cowor POECL ] Amay
« Hardware write-protect for entire array Page Latches
+ QOutput slope control to eliminate ground bounce ‘L 3
+ Schmitt Trigger inputs for noise suppression ol o5
+ 1,000,000 erase/write cycles [ YDEC
* Electrostatic discharge protection > 4000V SDA
+ Data retention > 200 years
« 8-pin PDIP, SOIC, TSSOP, MSOP and DFN Vee L
packages, 14-lead TSSOP package Ves [~ ponee Amp.
* Pb-free finishes available
* Temperature ranges:
- Industrial {1): -40°C to +85°C
- Automotive (E): -40°C to +125°C
Package Types
PDIP/SOIC TSSOP/MSOP* DFN
A0 8[Jvee Ao 1 8 [Mvee ADJ1e 8] vee
a2 § 7] wP alrdz 8 T[Hwe Az 8 7| wp
se[p ¥ s[JscL A2 5 6 [scL safs % efsa
~ & ves [4 % 5]spa
Vas []4 5[] SDA vas| 4 5[sba
Note: * Pins AD and A1 are no connects for the MSOP package only.

*24XX256 is used in this document as a generic part number for the 24AA256/24L C256/24FC256 devices.
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24AA256/24L.C256/24FC256

1.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings(?)
Ve 6.5V

All inputs and outputs wrt. Vss ... ...-0.6Y to Voo +1.0v

SOrAgE MDA U -65°C to +150°C
Ambient temperature with power applied L -40°C to +125°C
ESD proteCtion 0N Al DINS ...ttt et s et ettt m et 22 e eeses s e e e et s et m e e s e en e e =4 kv

T NOTICE: Stresses above those listed under “Absolute Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional operation of the device at these or any other conditions above those
indicated in the operational listings of this specification is not implied. Exposure to Absolute Maximum Rating
conditions for extended periods may affect device reliability.

TABLE 1-1: DC CHARACTERISTICS

Electrical Characteristics:
DC CHARACTERISTICS Industrial (I): Voo =+1.8Vto b.av Ta = -40°C to +85°C
Automotive (E): Voo =+2.5V to 5.5V Ta=-40°C to +125°C

Param.

No Sym. Characteristic Min. Max. Units Conditions
D1 — AO, A1, A2, SCL, SDA — — — |—
and WP pins:
D2 VIH High-level input voltage 0.7 vVce — \Y —
D3 VIL Low-level input voltage — 0.3 Vce v Ve =258V
0.2Vce Vo |Vcec <25V
D4 VHYS Hysteresis of Schmitt 0.05vce — \" Ve = 2.5V (Note)

Trigger inputs
(SDA, SCL pins)

D5 VoL Low-level output voltage — 0.40 v loL=3.0ma@ Vcc =45V
loL=2.1ma@ Vce = 2.5V
D6 ILI Input leakage current — 1 uA | VIN=Vss or Voo, WP =Vss
VIN = Vss or Ve, WP = Ve
D7 Lo Output leakage current — +1 pA  [VouTt =Vss orVce
D8 CIN, Pin capacitance — 10 pF | VcCc=5.0V (Note)
Cout (all inputs/outputs) TA=25°C, FClK =1 MHz
D9 lcc Read | Operating current — 400 pA Ve =55V SCL =400 kHz
lcc Write — 3 mA |Vcc=55Y
D10 lccs Standby current — 1 pA | Ta=-40°Cto +85°C

SCL = SDA =Vce = 5.5V
AD, A1, A2, WP =Vss
— 3 uA | TA=-40°Cto +125°C
SCL = SDA =Vce = 5.5V
AD, A1, A2, WP =Vss

Note: This parameter is periodically sampled and not 100% tested.
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DS1307

‘= DALLAS DS1307

B SEMICONDUCTOR 64 X 8 Serial Real Time Clock
FEATURES PIN ASSIGNMENT
= Real time clock counts seconds, minutes, T~ TH Y.
hours, date of the month, month, day of the w2 1 SchW ouT
week, and year with leap year compensation Versd3 6 O soL
valid up to 2100 enD 4 5 [ sDa

= 56 byte nonvolatile RAM for data storage
= 2-wire serial interface
= Programmable squarewave output signal

DS1307 8-Pin DIP (300 mil)

. N . X1 0|l 8 M Vee
* Automatic power-fail detect and switch swoml: 7 sawout
Cl.l‘Cuitl'y Vaar )| 3 6 [0 scL
= Consumes less than 500 nA in battery backup ono s s lmspa
mode with oscillator running DS1307Z 8-Pin SOIC (150 mil)
=  Optional industrial temperature range
-40°C to +85°C
= Available in 8-pin DIP or SOIC PIN DESCRIPTION
= Recognized by Underwriters Laboratory Vee - Primary Power Supply
X1, X2 - 32.768 kHz Crystal Connection
Vaat - +3V Battery Input
ORDERING INFORMATION GND - Ground
DS1307 8-Pin DIP SDA - Serial Data
DS1307Z 8-Pin SOIC (150 mil) SCL - Serial Clock
DS1307N 8-Pin DIP (Industrial) SQW/OUT - Square wave/Output Driver
DS1307ZN 8-Pin SOIC (Industrial)
DESCRIPTION

The DS1307 Serial Real Time Clock 1s a low power, full BCD clock/calendar plus 56 bytes of
nonvolatile SRAM. Address and data are transferred serially via a 2-wire bi-directional bus. The
clock/calendar provides seconds, minutes, hours, day, date, month, and year information. The end of the
month date is automatically adjusted for months with less than 31 days, including corrections for leap
year. The clock operates in either the 24-hour or 12-hour format with AM/PM indicator. The DS1307
has a built-in power sense circuit which detects power failures and automatically switches to the battery

supply.
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OPERATION

The DS1307 operates as a slave device on the serial bus. Access is obtained by implementing a START
condition and providing a device identification code followed by a register address. Subsequent registers
can be accessed sequentially until a STOP condition is executed. When V¢ falls below 1.25 x Vgarthe
device terminates an access in progress and resets the device address counter. Inputs to the device will
not be recognized at this time to prevent erroneous data from being written to the device from an out of
tolerance system. When Ve falls below Vgar the device switches into a low current battery backup
mode. Upon power up, the device switches from batterv to Voc when Vecis greater than Vear+0.2V and
recognizes inputs when Ve is greater than 1.25 X Vgar. The block diagram in Figure 1 shows the main
elements of the Serial Real Time Clock.

DS1307 BLOCK DIAGRAM Figure 1
a

X1 X2

OSCILLATOR RTC
AND DIVIDER
SaW/OUT SQUASETWAVE
L_| RAM
(56 X B)
CONTROL
LOGIC
Vegi———
Vi ——— POWER
el CONTROL
S0l
SERIAL BUS ADDRESS —>w
INTERFACE REGISTER
SDA -—

T i ]

SIGNAL DESCRIPTIONS

Vee, GND - DC power is provided to the device on these pins. Ve is the +5 volt input. When 5 volts is
applied within normal limits, the device is fully accessible and data can be written and read. When a
3-volt battery is connected to the device and Ve is below 1.25 x Vgar, reads and writes are inhibited.
However, the Timekeeping function continues unaffected by the lower input voltage. As V¢ falls below
Vpat the RAM and timekeeper are switched over to the external power supply (nominal 3.0V DC) at
Veat.

Vear - Battery input for any standard 3-volt lithium cell or other energy source. Battery voltage must be
held between 2.0 and 3.5 volts for proper operation. The nominal write protect trip point voltage at which
access to the real time clock and user RAM is denied is set by the infernal circuitry as 1.25 x Vgar
nominal. A lithium battery with 48 mAhr or greater will back up the DS1307 for more than 10 years in
the absence of power at 25 degrees C.
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SCL (Serial Clock Input) - SCL is used to synchronize data movement on the serial interface.

SDA (Serial Data Input/Output) - SDA is the input/output pin for the 2-wire serial interface. The SDA
pin is open drain which requires an external pullup resistor.

SQW/OUT (Square Wave/ Output Driver) - When enabled, the SQWE bt set to 1, the SQW/OUT pin
outputs one of four square wave frequencies (1 Hz, 4 kHz, 8 kHz, 32 kHz). The SQW/OUT pin is open
drain which requires an external pullup resistor. SQW/OUT will operate with either Vce or Vbat applied.

X1, X2 - Connections for a standard 32.768 kHz quartz crystal. The internal oscillator circuitry is
designed for operation with a crystal having a specified load capacitance (CL) of 12.5 pF.

For more mformation on crystal selection and crystal layout considerations, please consult Application
Note 58, “Crystal Considerations with Dallas Real Time Clocks.” The DS1307 can also be driven by an
external 32.768 kHz oscillator. In this configuration, the X1 pin is connected to the external oscillator
signal and the X2 pin 1is floated.

Please review Application Note 95, “Interfacing the DS1307 with a 8051-Compatible Microcontroller”
for additional information.

RTC AND RAM ADDRESS MAP

The address map for the RTC and RAM registers of the DS1307 is shown in Figure 2. The real time
clock registers are located in address locations 00h to 07h. The RAM registers are located in address
locations 08h to 3Fh. During a multi-byte access, when the address pointer reaches 3Fh, the end of RAM
space, it wraps around to location 00h, the beginning of the clock space.

DS1307 ADDRESS MAP Figure 2

0oH

SECONDS
MINUTES
HOURS
DAY
DATE
MONTH
YEAR
a7H CONTROL

08H RAM
aFH 56 x 8
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ACK
ADC
ALU
ASCII
BCD
CAN
CCP
CI
CISC
CPU
DCOM
DNA
EEPROM
FPGA
GFP
GPR
IDE
ISR
I’C
LCD
LVD
MSSP
uC
PCB
PIC
POR
PSP
PWRT
PWM
RAM
ROM
RISC
RTC
SQW
SCL
SPI
SDA
TCP/TP
TCY
UART
USB
USART
WDT
WP

Acronimos

Acknowledgement

Analog-to-Digital Converter

Arithmetic Logic Unit

American Standard Code for Information Interchange
Binary-Coded Decima

Controller Area Network

Capture-Compare and Pwm Mode

Circuito Integrado

Completed Instruction Set Computer
Central Processing Unit

Distributed Component Object Model
Deoxyribo Nucleic Acid

Electrically Erasable Programmable Read Only Memory
Field Programmable Gate Array

Green Fluorescent Protein

General Purpose Registers

Integrated Development Enviroment
Interrupt Service Routine

Inter-Integrated Circuit

Liquid Cristal Display

Low Voltage Detection

Master Synchronous Serial Port

Micro Controlador

Printed Circuit Board

Peripheral Interface Controller

Power-On Reset

Parallel Slave Port

Power-up Timer

Pulse-Width Modulation

Random Access Memory

Read-Only Memory

Reduced Instruction Set Computer

Real Time Clock

Square Wave

Serial Clock

Serial Peripheral Interface

Serial Data

Transfer Control Protocol / Internet Protocol
Times the processor Clock period

Universal Asynchronous Receiver-Transmitter
Universal Serial Bus

Universal Synchronous/Asynchronous Receiver Transmitter
Watch Dog Timer

Wire Protect
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