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ANEXO 1 (Presupuesto)

1. ANEXO 1 (PRESUPUESTO)

PROYECTO: Sistema de Control de Acceso y Registro
Horario en la Empresa mediante Reconocimiento Facial. |PRESUPUESTO
Proyectista: Néstor Dofiate Marqués CIF: 72996228R
DATOS CLIENTE N2 de presupuesto: NDM202109107
Nombre: EUPLA Fecha: 16/09/2021
CIF: Q5068031C Forma de pago: Segln contrato
Domicilio: Calle Mayor, 5 Tipo de cliente: Institucidn publica
50100 La Almunia de Dofia Godina (Zaragoza)
Teléfono: 976 600 813
Cantidad Concepto Precio unitario Precio total
MATERIALES
1|Sistema de Alimentacion Ininterrumpida (SAl) 45 45,00 €
1|Controlador ESP32 42 42,00 €
Varios Diodos, transistores, resistencias y componentes electronicos 60,00 €
1|Abrepuertas eléctrico 55 55,00 €
Varios Reguladores de tension 25,00 €
1|Foco Aputure AL-F7 99 99,00 €
Varios Relés 15,00 €
1|Expansor de E/S MCP23017 22 22,00 €
1|Convertidor USB-serie CH340 12 12,00 €
DISENO Y MONTAJE
Varios Soportes de montaje, sistemas de apoyo, tornilleria... 250,00 €
100|Horas Disefio del Equipo 50 5.000,00 €
MANO DE OBRA
20|Horas de montaje 40 800,00 €
6|Horas puesta en marcha y ajuste 50 300,00 €
5|5 horas de formacion operario equipo e informes de registrd 50 250,00 €
Suma 6.975,00 €
IVA 21% 1.464,75 €
Total 8.439,75 €
CONFORME EL CLIENTE: EL INGENIERO MECATRONICO
EUPLA Néstor Dofiate Marqués
Autor: Néstor Dofiate Marqués -1-
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2. ANEXO 2 (PLIEGO DE CONDICIONES)

El parrafo anterior tiene aplicado el estilo TFG_Titulo1

Debe intentar responder, junto con el resto de clausulas del contrato, a las

preguntas ¢Cuando, cuanto, y qué ocurre si no se cumple?

2.1. DEFINICION Y ALCANCE DEL PLIEGO

2.1.1. Condiciones iniciales

Las condiciones iniciales desde las cuales partira la instalacion seran las

siguientes:

Se nos entregara la obra construida. El objeto de este Proyecto serd Unicamente
el disefio, construccién y puesta en marcha del sistema de control de acceso y registro

horario en la empresa mediante reconocimiento facial.

La instalacidn eléctrica, suministro, distribucién, alumbrado, alimentaciéon de red
e instalacién de puesta a tierra del sistema y cualquier coste derivado de posibles

incidencias o factores no previstos, irdn a cargo del propietario de la instalacion.

El ordenador de control con las licencias de software para el control del equipo y
el tratamiento de los ficheros de informes que contienen los registros horarios seran

proporcionados por el propietario.

Es necesario que el propietario adecule la iluminacion de la zona a las
necesidades del Equipo, dado que los sistemas de reconocimiento por imagen son muy

sensibles a los cambios en la iluminacidon del entorno.

2.1.2. Condiciones generales

El presente Pliego de Condiciones tiene por objeto definir el alcance del trabajo y

la ejecucion cualitativa del mismo.

El trabajo consistira en el disefio y construccion del sistema de control de acceso
y registro horario en la empresa mediante reconocimiento facial. El alcance del
trabajo incluye el disefio y preparacion de todos los planos, diagramas,
especificaciones, lista de material y requisitos para la adquisicién e instalacién del

trabajo.
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2.2. NORMAS, LEYES Y REGLAMENTOS

Programacion
La norma de programacion es la IEC 61131. (IEC 61131-3, 2010)
Electricidad

La instalacién eléctrica se hara conforme al reglamento electrotécnico de baja

tensién. (Reglamento Electrotécnico para Baja Tension de 2002, 2002)

Medio ambiente

En cuanto a la ley de proteccion ambiental nos regiremos por el siguiente
documento. (Ley 6/2017, de 8 de mayo, de Proteccion del Medio Ambiente de la
Comunidad Auténoma de La Rioja., 2017)

Normativa de seguridad

En normativa laboral, nos regiremos por la ley de prevencion de riesgos

laborales, LPRL. (BOE.es - Prevencidn de riesgos laborales, 2017)

2.3. MATERIALES Y CONDICIONES TECNICAS

Todos los materiales empleados seran de primera calidad. Cumpliran las

especificaciones y tendran las caracteristicas indicadas en el proyecto y en las normas

técnicas generales.

Toda especificacidon o caracteristica de materiales que figuren en uno solo de los

documentos del Proyecto, aun sin figurar en los otros es igualmente obligatoria.
Ejecuciéon del Disefio y construccién del Equipo

COMIENZO: Segun el plazo que figure en el contrato establecido, o en su

defecto a los quince dias de la adjudicacidn definitiva o de la firma del contrato.

PLAZO DE EJECUCION: Se ejecutara en el plazo que se estipule en el contrato

suscrito o en su defecto en el que figure en las condiciones de este pliego.

Interpretacion y Desarrollo del Proyecto: La interpretacion técnica de los

documentos del Proyecto, corresponde al Ingeniero Mecatrdnico.

Cualquier duda o aclaracién que surja durante la ejecucién o puesta en marcha

del diseno sera consultada con el Ingeniero Mecatrdnico.

Autor: Néstor Dofiate Marqués -3-
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Obras complementarias: El propietario tiene la obligacidon de realizar todas las
obras complementarias que sean indispensables para la puesta en marcha del
Proyecto.

Conservacion del Equipo: Es obligacion del propietario la conservacién en

perfecto estado del equipo y corren a su cargo los gastos derivados de ello.
2.4. CONDICIONES ECONOMICAS

Abono del equipo y la instalacién

Este Proyecto no tiene en consideracién las posibles subvenciones, ayudas o

apoyos econdmicos obtenidos por el propietario para su ejecucién.

En el contrato se debera fijar detalladamente la forma y plazos que se abonaran
el equipo y su instalacion.

Terminada la puesta en marcha se procedera a la liquidacion final que se

efectuard de acuerdo con los criterios establecidos en el contrato.

Precios

El Ingeniero Mecatrénico presentard, al formalizarse el contrato, relacién de los
precios de las unidades que integran el proyecto, los cuales de ser aceptados tendran

valor contractual y se
aplicaran a las posibles variaciones que pueda haber.

Estos precios unitarios, se entiende que comprenden la ejecucion total del
equipo, incluyendo todos los trabajos aun los complementarios y los materiales asi
como la parte proporcional de imposicion fiscal, las cargas laborales y otros gastos
repercutibles.

En caso de tener que realizarse unidades no previstas en el proyecto, se fijara su

precio entre el propietario y el Ingeniero Mecatrénico antes de iniciar la obra.
Revision de Precios

En el contrato se establecera si es posible la revisidon de precios y la formula a
aplicar para calcularla. En defecto de esta Gltima, se aplicara a juicio del Ingeniero

Mecatronico alguno de los criterios oficiales aceptados.
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Penalizaciones

Por retraso en los plazos de entrega del equipo, se podran establecer tablas de
penalizacion cuyas cuantias y demoras se fijaran en el contrato.

Contrato

El contrato se formalizard mediante documento privado, que podra elevarse a
escritura publica a peticion de cualquiera de las partes. Comprenderd la adquisicion de
todos los materiales, transporte, mano de obra, medios auxiliares para la ejecucion de
la instalacion proyectada en el plazo estipulado, asi como la reconstruccién de las
unidades defectuosas, la realizacidon de los trabajos complementarias y los derivados
de la Proyecto de automatizacién, modificaciones que se introduzcan durante la

ejecucion, éstas ultimas en los términos previstos.

La totalidad de los documentos que componen el Proyecto Técnico seran

incorporados al contrato y tanto el Ingeniero Mecatrénico como la Propiedad deberan

firmarlos en testimonio de que los conocen y aceptan.

2.5. PLAZOS DE ENTREGA

Recepcion del equipo

RECEPCION PROVISIONAL: Una vez terminado el disefio y montaje, tendra
lugar la recepcién provisional y para ello se practicara en ellas un detenido
reconocimiento por el Ingeniero Mecatrdnico y la Propiedad, levantando acta y

empezando a correr desde ese dia el plazo de garantia.

PLAZO DE GARANTIA: El plazo de garantia serd como minimo de dos afios,
contado desde la fecha de la recepcién provisional, o bien el que se establezca en el

contrato también contado desde la misma fecha.

RECEPCION DEFINITIVA: Se realizaré después de transcurrido el plazo de
garantia de igual forma que la provisional. A partir de esta fecha cesara la obligacién
de conservar y reparar a su cargo el equipo, si bien subsistiran las responsabilidades

que pudiera tener por defectos ocultos y deficiencias de causa dudosa.

Autor: Néstor Dofiate Marqués -5-
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3. ANEXO 3 (C6p1G0)

El parrafo anterior tiene aplicado el estilo TFG_Titulo1
Cualquier anexo susceptible de ser incluido.

Especificaciones del cliente, Estudio de necesidades, Calculos, Plan de seguridad,
De justificacion de soluciones, De Dimensionamiento, Manual del usuario, Manual de
mantenimiento, Al estudio econdmico, Diagramas UML, Programacién, Scripts

matematicos complementarios.....

Codigo del teclado

#include <Keypad.h>; // Con esta linea llamamos a la libreria Keypad para que
arduino reconozca el teclado

char ClaveAcceso[] = "A35";// En esta linea creamos la constante de cadena
Ilamada contrasefia (el numero A35 puede ser cambiado)

char codigo[3]; // Creamos otra constante, en esta se guardaran los caracteres
que presionemos en nuestro teclado matricial 4x4

int cont = 0;

const int LED_Cerradura_Abierta = 3;

bool Led_Cerradura_Abierta = LOW,;

const byte ROWS = 4; //Este codigo se estable para definir que nuestro teclado
tiene 4 filas

const byte COLS = 4; //Este cddigo se estable para definir que nuestro teclado
tiene 4 columnas

char hexaKeys[ROWS][COLS] = //En el siguiente matriz se agregan en orden las
teclas que posee nuestro teclado
{
{lll, |2|’ I3l, IAI}’
{I4I, l5l, I6I, IBI},
{I7I, l8l, I9I, ICI},
{I*I, lol, I#l, IDI}
b

byte rowPins[ROWS] = {13, 12, 11, 10}; // Estos son los pines de conexion de
Arduino de las columnas

byte colPins[COLS] = {9, 8, 7, 6}; //Estos son los pines de conexion de Arduino
de las filas

Keypad customKeypad = Keypad(makeKeymap(hexaKeys), rowPins, colPins,
ROWS, COLS); //En este punto el teclado se inicia y realiza el mapeo de sus teclas con
respecto a la matriz colocada arriba

void setup() {
Serial.begin(9600);
pinMode(LED_Cerradura_Abierta, OUTPUT);
b

-6 - Autor: Néstor Dofiate Marqués
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void loop() {
char customKey = customKeypad.getKey(); //esta linea indica que el caracter

presionado se guardara en la variable customKey

if (customKey '= NO_KEY) //Con este ciclo preguntamos si se presiono una

tecla, si se presiono entonces el ciclo continua

codigo[cont] = customKey; //se guardaran los caracteres presionados en

codigo[cont]

Serial.print(codigo[cont]); //Se imprime en nuestro monitor serial lo que este

guardado en codigo[cont]

cont = cont + 1; //incrementamos la variable cont (esto con el fin de tener

los 3 digitos que requerimos)

if (cont == 3) //Ahora comienza otro ciclo if, en el cual se pregunta si ya hay

3 datos guardados y si es asi entonces el ciclo continua

if (codigo[0] == ClaveAcceso[0] && codigo[1] == ClaveAcceso[1] &&

codigo[2] == ClaveAcceso[2] )

{
Serial.printin(" Puerta abierta");
digitalWrite(LED_Cerradura_Abierta, HIGH);
delay(5000);
digitalWrite(LED_Cerradura_Abierta, LOW);
b

if (codigo[0] != ClaveAcceso[0] || codigo[1] '= ClaveAcceso[1] || codigo[2]

1= ClaveAcceso[2]) //empieza un nuevo ciclo, esta vez indicamos si el cédigo es
diferente que los productos siga con el ciclo

{
Serial.printIn(" Codigo no valido");
cont = 0;
b
b

b
b

Coédigo camera Web Server - Pestaia principal

#include "esp_camera.h"
#include <WiFi.h>

//

// WARNING!!! Make sure that you have either selected ESP32 Wrover Module,
// or another board which has PSRAM enabled

//

// Select camera model

//#define CAMERA_MODEL_T_JOURNAL
//#define CAMERA_MODEL_WROVER_KIT
//#define CAMERA_MODEL_ESP_EYE
//#define CAMERA_MODEL_M5STACK_PSRAM
//#define CAMERA_MODEL_M5STACK_WIDE

Autor: Néstor Dofiate Marqués -7 -
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#define CAMERA_MODEL_WROVER_B //este modelo es el que se empleara para

el Modelo con reconocimiento facial
#include "camera_pins.h"

const char* ssid = "Mitelefono";
const char* password = "holahola";

void startCameraServer();

void setup() {
Serial.begin(115200);
Serial.setDebugOutput(true);
Serial.printin();

camera_config_t config;
config.ledc_channel = LEDC_CHANNEL_O0;
config.ledc_timer = LEDC_TIMER_O;
config.pin_d0 = Y2_GPIO_NUM;
config.pin_d1l = Y3_GPIO_NUM;
config.pin_d2 = Y4_GPIO_NUM;
config.pin_d3 = Y5_GPIO_NUM;
config.pin_d4 = Y6_GPIO_NUM;
config.pin_d5 = Y7_GPIO_NUM;
config.pin_d6 = Y8_GPIO_NUM;
config.pin_d7 = Y9_GPIO_NUM;
config.pin_xclk = XCLK_GPIO_NUM;
config.pin_pclk = PCLK_GPIO_NUM;
config.pin_vsync = VSYNC_GPIO_NUM;
config.pin_href = HREF_GPIO_NUM;
config.pin_sscb_sda = SIOD_GPIO_NUM;
config.pin_sscb_scl = SIOC_GPIO_NUM;
config.pin_pwdn = PWDN_GPIO_NUM;
config.pin_reset = RESET_GPIO_NUM;
config.xclk_freq_hz = 20000000;
config.pixel_format = PIXFORMAT_JPEG;
//init with high specs to pre-allocate larger buffers
if(psramFound()){

config.frame_size = FRAMESIZE_UXGA;

config.jpeg_quality = 10;

config.fb_count = 2;
} else {

config.frame_size = FRAMESIZE_SVGA;

config.jpeg_quality = 12;

config.fb_count = 1;

by

#if defined(CAMERA_MODEL_ESP_EYE)
pinMode(13, INPUT_PULLUP);
pinMode(14, INPUT_PULLUP);

#endif

// camera init
esp_err_t err = esp_camera_init(&config);
if (err '= ESP_OK) {

-8 - Autor: Néstor Dofiate Marqués
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Serial.printf("Camera init failed with error 0x%x", err);
return;

by

sensor_t * s = esp_camera_sensor_get();
//initial sensors are flipped vertically and colors are a bit saturated
if (s->id.PID == OV3660_PID) {
s->set_vflip(s, 1);//flip it back
s->set_brightness(s, 1);//up the blightness just a bit
s->set_saturation(s, -2);//lower the saturation
b
//drop down frame size for higher initial frame rate
s->set_framesize(s, FRAMESIZE_QVGA);

#if defined(CAMERA_MODEL_M5STACK_WIDE)
s->set_vflip(s, 1);
s->set_hmirror(s, 1);

#endif

WiFi.begin(ssid, password);

while (WiFi.status() '= WL_CONNECTED) {
delay(500);
Serial.print(".");

b

Serial.printin("");

Serial.printin("WiFi connected");

startCameraServer();

Serial.print("Camera Ready! Use 'http://");
Serial.print(WiFi.localIP());
Serial.printin("' to connect");

b

void loop() {
// put your main code here, to run repeatedly:
delay(10000);

b

Codigo camera Web Server - Pestaia app_httpd.cpp

// Copyright 2015-2016 Espressif Systems (Shanghai) PTE LTD

//

// Licensed under the Apache License, Version 2.0 (the "License");

// you may not use this file except in compliance with the License.

// You may obtain a copy of the License at

//

//  http://www.apache.org/licenses/LICENSE-2.0

//

// Unless required by applicable law or agreed to in writing, software

// distributed under the License is distributed on an "AS IS" BASIS,

// WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied.

Autor: Néstor Dofiate Marqués -9 -
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// See the License for the specific language governing permissions and
// limitations under the License.

#include "esp_http_server.h"

#include "esp_timer.h"

#include "esp_camera.h"

#include "img_converters.h"

#include "camera_index.h"

#include "Arduino.h"

#include "fb_gfx.h"
#include "fd_forward.h"
#include "fr_forward.h"

#define ENROLL_CONFIRM_TIMES 5
#define FACE_ID_SAVE_NUMBER 7

#define FACE_COLOR_WHITE Ox00FFFFFF

#define FACE_COLOR_BLACK 0x00000000

#define FACE_COLOR_RED 0x000000FF

#define FACE_COLOR_GREEN 0x0000FF00

#define FACE_COLOR_BLUE 0x00FF0000

#define FACE_COLOR_YELLOW (FACE_COLOR_RED | FACE_COLOR_GREEN)
#define FACE_COLOR_CYAN (FACE_COLOR_BLUE | FACE_COLOR_GREEN)
#define FACE_COLOR_PURPLE (FACE_COLOR_BLUE | FACE_COLOR_RED)

typedef struct {
size_t size; //number of values used for filtering
size_t index; //current value index
size_t count; //value count
int sum;
int * values; //array to be filled with values
} ra_filter_t;

typedef struct {
httpd_req_t *req;
size_t len;

} jpg_chunking_t;

#define PART_BOUNDARY "123456789000000000000987654321"
static const char* _STREAM_CONTENT_TYPE = "multipart/x-mixed-

replace;boundary=" PART_BOUNDARY;

Lengt

-10 -

static const char* _STREAM_BOUNDARY = "\r\n--" PART_BOUNDARY "\r\n";
static const char* _STREAM_PART = "Content-Type: image/jpeg\r\nContent-
h: %u\r\n\r\n";

static ra_filter_t ra_filter;
httpd_handle_t stream_httpd = NULL;
httpd_handle_t camera_httpd = NULL;

static mtmn_config_t mtmn_config = {0};
static int8_t detection_enabled = 0;

static int8_t recognition_enabled = 0;
static int8_t is_enrolling = 0;

static face_id_list id_list = {0};

Autor: Néstor Dofiate Marqués
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static ra_filter_t * ra_filter_init(ra_filter_t * filter, size_t sample_size){
memeset(filter, 0, sizeof(ra_filter_t));

filter->values = (int *)malloc(sample_size * sizeof(int));
if(!filter->values){
return NULL;

memeset(filter->values, 0, sample_size * sizeof(int));

filter->size = sample_size;
return filter;

b

static int ra_filter_run(ra_filter_t * filter, int value){
if(!filter->values){
return value;
b

filter->sum -= filter->values[filter->index];

filter->values[filter->index] = value;

filter->sum += filter->values|[filter->index];

filter->index++;

filter->index = filter->index % filter->size;

if (filter->count < filter->size) {
filter->count++;

b

return filter->sum / filter->count;

by

static void rgb_print(dl_matrix3du_t *image_matrix, uint32_t color, const char *
str){
fb_data_t fb;
fb.width = image_matrix->w;
fb.height = image_matrix->h;
fb.data = image_matrix->item;
fb.bytes_per_pixel = 3;
fb.format = FB_BGR88S;
fb_gfx_print(&fb, (fb.width - (strlen(str) * 14)) / 2, 10, color, str);
b

static int rgb_printf(dl_matrix3du_t *image_matrix, uint32_t color, const char
*format, ...){

char loc_buf[64];
char * temp = loc_buf;
int len;
va_list arg;
va_list copy;
va_start(arg, format);
va_copy(copy, arg);
len = vsnprintf(loc_buf, sizeof(loc_buf), format, arg);
va_end(copy);
if(len >= sizeof(loc_buf)){
temp = (char*)malloc(len+1);
if(temp == NULL) {
return 0;
b

Autor: Néstor Dofiate Marqués -11 -
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by

vsnprintf(temp, len+1, format, arg);
va_end(arg);
rgb_print(image_matrix, color, temp);
if(len > 64){

free(temp);

return len;

by

static void draw_face_boxes(dl_matrix3du_t *image_matrix, box_array_t
*boxes, int face_id){
intx,y,w, h,i;
uint32_t color = FACE_COLOR_YELLOW;
if(face_id < 0){
color = FACE_COLOR_RED;
} else if(face_id > 0){
color = FACE_COLOR_GREEN;
b
fb_data_t fb;
fb.width = image_matrix->w;
fb.height = image_matrix->h;
fb.data = image_matrix->item;
fb.bytes_per_pixel = 3;
fb.format = FB_BGRS888;
for (i = 0; i < boxes->len; i++){
// rectangle box
x = (int)boxes->box[i].box_p[0];
y = (int)boxes->box[i].box_p[1];
w = (int)boxes->box[i].box_p[2] - x + 1;
h = (int)boxes->box[i].box_p[3] -y + 1;
fb_gfx_drawFastHLine(&fb, x, y, w, color);
fb_gfx_drawFastHLine(&fb, x, y+h-1, w, color);
fb_gfx_drawFastVLine(&fb, x, y, h, color);
fb_gfx_drawFastVLine(&fb, x+w-1, y, h, color);
#if 0
// landmark
int x0, yO, j;
for(j =0;j<10; j+=2) {
x0 = (int)boxes->landmark[i].landmark_p[j];
y0 = (int)boxes->landmark[i].landmark_p[j+1];
fb_gfx_fillRect(&fb, x0, y0, 3, 3, color);
b
#endif

b
)
static int run_face_recognition(dl_matrix3du_t *image_matrix, box_array_t
*net_boxes){

dl_matrix3du_t *aligned_face = NULL;
int matched_id = 0;

aligned_face = dl_matrix3du_alloc(1, FACE_WIDTH, FACE_HEIGHT, 3);
if('aligned_face){
Serial.printIn("Could not allocate face recognition buffer");
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return matched_id;

by

if (align_face(net_boxes, image_matrix, aligned_face) == ESP_OK){
if (is_enrolling == 1){

int8_t left_sample_face = enroll_face(&id_list, aligned_face);

if(left_sample_face == (ENROLL_CONFIRM_TIMES - 1)){
Serial.printf("Enrolling Face ID: %d\n", id_list.tail);
b

Serial.printf("Enrolling Face ID: %d sample %d\n", id_list.tail,
ENROLL_CONFIRM_TIMES - left_sample_face);

rgb_printf(image_matrix, FACE_COLOR_CYAN, "ID[%u] Sample[%u]",
id_list.tail, ENROLL_CONFIRM_TIMES - left_sample_face);
if (left_sample_face == 0){
is_enrolling = 0;

Serial.printf("Enrolled Face ID: %d\n", id_list.tail);
b

¥ else {

matched_id = recognize_face(&id_list, aligned_face);
if (matched_id >= 0) {

Serial.printf("Match Face ID: %u\n", matched_id);
rgb_printf(image_matrix, FACE_COLOR_GREEN, "Hello Subject %u",

¥ else {
Serial.printin("No Match Found");

rgb_print(image_matrix, FACE_COLOR_RED, "Intruder Alert!");
matched_id = -1;

matched_id);

b
¥
} else {
Serial.printin("Face Not Aligned");

//rgb_print(image_matrix, FACE_COLOR_YELLOW, "Human Detected");

dl_matrix3du_free(aligned_face);
return matched_id;

b

static size_t jpg_encode_stream(void * arg, size_t index, const void* data,
size_t len){

jpg_chunking_t *j = (jpg_chunking_t *)arg;
if(lindex){
j->len = 0;

by

if(httpd_resp_send_chunk(j->req, (const char *)data, len) != ESP_OK){
return 0O;

b
j->len +=len;
return len;

b

static esp_err_t capture_handler(httpd_req_t *req){
camera_fb_t * fb = NULL;

esp_err_t res = ESP_OK;
int64_t fr_start = esp_timer_get_time();

Autor: Néstor Dofiate Marqués
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fb = esp_camera_fb_get();

if (Ifb) ¢
Serial.printin("Camera capture failed");
httpd_resp_send_500(req);
return ESP_FAIL;

b

httpd_resp_set_type(req, "image/jpeg");

httpd_resp_set_hdr(req, "Content-Disposition"”, "inline;
filename=capture.jpg");

httpd_resp_set_hdr(req, "Access-Control-Allow-Origin", "*");

size_t out_len, out_width, out_height;
uint8_t * out_buf;
bool s;
bool detected = false;
int face_id = 0;
if(!detection_enabled || fb->width > 400){
size_t fb_len = 0;
if(fb->format == PIXFORMAT_JPEG){
fb_len = fb->len;
res = httpd_resp_send(req, (const char *)fb->buf, fb->len);
¥ else {
jpg_chunking_t jchunk = {req, 0};
res = frame2jpg_cb(fb, 80, jpg_encode_stream,
&jchunk)?ESP_OK:ESP_FAIL;
httpd_resp_send_chunk(req, NULL, 0);
fb_len = jchunk.len;
b
esp_camera_fb_return(fb);
inté4_t fr_end = esp_timer_get_time();
Serial.printf("JPG: %uB %ums\n", (uint32_t)(fb_len), (uint32_t)((fr_end -
fr_start)/1000));
return res;

b

dl_matrix3du_t *image_matrix = dl_matrix3du_alloc(1, fb->width, fb-
>height, 3);
if (Yimage_matrix) {
esp_camera_fb_return(fb);
Serial.printin("dI_matrix3du_alloc failed");
httpd_resp_send_500(req);
return ESP_FAIL;
b

out_buf = image_matrix->item;
out_len = fb->width * fb->height * 3;
out_width = fb->width;

out_height = fb->height;

s = fmt2rgb888(fb->buf, fb->len, fb->format, out_buf);
esp_camera_fb_return(fb);

if(1s){

dl_matrix3du_free(image_matrix);
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Serial.printIn("to rgh888 failed");
httpd_resp_send_500(req);
return ESP_FAIL;

ks

box_array_t *net_boxes = face_detect(image_matrix, &mtmn_config);

if (net_boxes){
detected = true;
if(recognition_enabled){
face_id = run_face_recognition(image_matrix, net_boxes);
b
draw_face_boxes(image_matrix, net_boxes, face_id);
free(net_boxes->score);
free(net_boxes->box);
free(net_boxes->landmark);
free(net_boxes);

b

jpg_chunking_t jchunk = {req, 0};
s = fmt2jpg_cb(out_buf, out_len, out_width, out_height,
PIXFORMAT_RGB888, 90, jpg_encode_stream, &jchunk);
dl_matrix3du_free(image_matrix);
if(!s){
Serial.printIn("JPEG compression failed");
return ESP_FAIL;
b

inté4_t fr_end = esp_timer_get_time();

Serial.printf("FACE: %uB %ums %s%d\n", (uint32_t)(jchunk.len),
(uint32_t)((fr_end - fr_start)/1000), detected?"DETECTED ":"", face_id);

return res;

by

static esp_err_t stream_handler(httpd_req_t *req){
camera_fb_t * fb = NULL;
esp_err_t res = ESP_OK;
size_t _jpg_buf_len = 0;
uint8_t * _jpg_buf = NULL;
char * part_buf[64];
dl_matrix3du_t *image_matrix = NULL;
bool detected = false;
int face_id = 0;
inté4_t fr_start = 0;
inté4_t fr_ready = O;
inté4_t fr_face = 0;
inté4_t fr_recognize = 0;
inté4_t fr_encode = 0;

static int64_t last_frame = 0;

if(last_frame) {
last_frame = esp_timer_get_time();
b

res = httpd_resp_set_type(req, _STREAM_CONTENT_TYPE);

Autor: Néstor Dofiate Marqués - 15 -
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if(res |= ESP_OK){
return res;
}

httpd_resp_set_hdr(req, "Access-Control-Allow-Origin", "*");

while(true){
detected = false;
face_id = 0;
fb = esp_camera_fb_get();
if (1fb) {

Serial.printin("Camera capture failed");
res = ESP_FAIL;
T else {

fr_start = esp_timer_get_time();

fr_ready = fr_start;

fr_face = fr_start;

fr_encode = fr_start;

fr_recognize = fr_start;

if('detection_enabled || fb->width > 400){
if(fb->format !'= PIXFORMAT_JPEG){

bool jpeg_converted = frame2jpg(fb, 80, & jpg_buf,
& _jpg_buf_len);
esp_camera_fb_return(fb);
fb = NULL;
if('jpeg_converted){

Serial.printin("JPEG compression failed");
res = ESP_FAIL;

b
} else {

_jpg_buf_len = fb->len;
_jpg_buf = fb->buf;

b
} else {

image_matrix = dI_matrix3du_alloc(1, fb->width, fb->height, 3);
if (limage_matrix) {

Serial.printin("dI_matrix3du_alloc failed");
res = ESP_FAIL;

¥ else {
if('fmt2rgb888(fb->buf, fb->len, fb->format, image_matrix-
>item)){

Serial.printin("fmt2rgb888 failed");
res = ESP_FAIL;
Y else {

fr_ready = esp_timer_get_time();
box_array_t *net_boxes = NULL;
if(detection_enabled){

net_boxes = face_detect(image_matrix, &mtmn_config);
b

fr_face = esp_timer_get_time();
fr_recognize = fr_face;

if (net_boxes || fb->format != PIXFORMAT_JPEG){
if(net_boxes){
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detected = true;
if(recognition_enabled){
face_id = run_face_recognition(image_matrix,

b

fr_recognize = esp_timer_get_time();
draw_face_boxes(image_matrix, net_boxes, face_id);
free(net_boxes->score);

free(net_boxes->box);

free(net_boxes->landmark);

free(net_boxes);

net_boxes);

b
if(Ifmt2jpg(image_matrix->item, fb->width*fb->height*3,
fb->width, fb->height, PIXFORMAT_RGB888, 90, & jpg_buf, & jpg_buf_len)){

Serial.printIn("fmt2jpg failed");
res = ESP_FAIL;

b

esp_camera_fb_return(fb);

fb = NULL;

} else {
_jpg_buf = fb->buf;
_jpg_buf_len = fb->len;

b

fr_encode = esp_timer_get_time();
b
dI_matrix3du_free(image_matrix);

b
b
b
if(res == ESP_OK){
size_t hlen = snprintf((char *)part_buf, 64, _STREAM_PART,
_jpg_buf_len);
res = httpd_resp_send_chunk(req, (const char *)part_buf, hlen);
b
if(res == ESP_OK){
res = httpd_resp_send_chunk(req, (const char *)_jpg_buf,
_jpg_buf_len);
b
if(res == ESP_OK){
res = httpd_resp_send_chunk(req, _STREAM_BOUNDARY,
strlen(_STREAM_BOUNDARY));
b
if(fb)<{
esp_camera_fb_return(fb);
fb = NULL,;
_jpg_buf = NULL;
} else if(_jpg_buf){
free(_jpg_buf);
_jpg_buf = NULL;
b
if(res I= ESP_OK){
break;
b

inté4_t fr_end = esp_timer_get_time();
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int64_t ready_time = (fr_ready - fr_start)/1000;
inté4_t face_time = (fr_face - fr_ready)/1000;

int64_t recognize_time = (fr_recognize - fr_face)/1000;
inté4_t encode_time = (fr_encode - fr_recognize)/1000;
int64_t process_time = (fr_encode - fr_start)/1000;

int64_t frame_time = fr_end - last_frame;
last_frame = fr_end;
frame_time /= 1000;
uint32_t avg_frame_time = ra_filter_run(&ra_filter, frame_time);
Serial.printf("MJPG: %uB %ums (%.1ffps), AVG: %ums (%.1ffps),
%u+%u+%u+%u=%u %s%d\n",
(uint32_t)(_jpg_buf_len),
(uint32_t)frame_time, 1000.0 / (uint32_t)frame_time,
avg_frame_time, 1000.0 / avg_frame_time,
(uint32_t)ready_time, (uint32_t)face_time, (uint32_t)recognize_time,
(uint32_t)encode_time, (uint32_t)process_time,
(detected)?"DETECTED ":"", face_id
)i
b

last_frame = 0;
return res;

by

static esp_err_t cmd_handler(httpd_req_t *req)<{
char* buf;
size_t buf_len;
char variable[32] = {0,};
char value[32] = {0, };

buf_len = httpd_req_get_url_query_len(req) + 1;
if (buf_len > 1) {
buf = (char*)malloc(buf_len);
if('buf){
httpd_resp_send_500(req);
return ESP_FAIL;
b
if (httpd_req_get_url_query_str(req, buf, buf_len) == ESP_OK) {
if (httpd_query_key_value(buf, "var", variable, sizeof(variable)) ==

ESP_OK &&
httpd_query_key_value(buf, "val", value, sizeof(value)) == ESP_OK)
{
Y else {
free(buf);
httpd_resp_send_404(req);
return ESP_FAIL;
b
¥ else {
free(buf);
httpd_resp_send_404(req);
return ESP_FAIL;
b
free(buf);
} else {
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httpd_resp_send_404(req);
return ESP_FAIL;
h

int val = atoi(value);
sensor_t * s = esp_camera_sensor_get();
int res = 0;

if(!strcmp(variable, "framesize")) {

if(s->pixformat == PIXFORMAT_JPEG) res = s->set_framesize(s,

(framesize_t)val);
b
else if(!strcmp(variable, "quality")) res = s->set_quality(s, val);
else if(!strcmp(variable, "contrast")) res = s->set_contrast(s, val);
else if(!strcmp(variable, "brightness")) res = s->set_brightness(s, val);
else if(!strcmp(variable, "saturation")) res = s->set_saturation(s, val);
else if(!strcmp(variable, "gainceiling")) res = s->set_gainceiling(s,
(gainceiling_t)val);

else if(!strcmp(variable, "colorbar")) res = s->set_colorbar(s, val);
else if(!strcmp(variable, "awb")) res = s->set_whitebal(s, val);
else if(!strcmp(variable, "agc")) res = s->set_gain_ctrl(s, val);
else if(!strcmp(variable, "aec")) res = s->set_exposure_ctrl(s, val);
else if(!strcmp(variable, "hmirror")) res = s->set_hmirror(s, val);
else if(!strcmp(variable, "vflip")) res = s->set_vflip(s, val);
else if(!strcmp(variable, "awb_gain")) res = s->set_awb_gain(s, val);
else if(!strcmp(variable, "agc_gain")) res = s->set_agc_gain(s, val);
else if(!strcmp(variable, "aec_value")) res = s->set_aec_value(s, val);
else if(!strcmp(variable, "aec2")) res = s->set_aec2(s, val);
else if(!strcmp(variable, "dcw")) res = s->set_dcw(s, val);
else if(!strcmp(variable, "bpc")) res = s->set_bpc(s, val);
else if(!strcmp(variable, "wpc")) res = s->set_wpc(s, val);
else if(!strcmp(variable, "raw_gma")) res = s->set_raw_gma (s, val);
else if(!strcmp(variable, "lenc")) res = s->set_lenc(s, val);
else if(!strcmp(variable, "special_effect")) res = s->set_special_effect(s, val);
else if(!strcmp(variable, "wb_mode")) res = s->set_wb_mode(s, val);
else if(!strcmp(variable, "ae_level")) res = s->set_ae_level(s, val);
else if(!strcmp(variable, "face_detect")) {

detection_enabled = val;

if('detection_enabled) {

recognition_enabled = 0;
b

b
else if(!strcmp(variable, "face_enroll")) is_enrolling = val;
else if(!strcmp(variable, "face_recognize")) {
recognition_enabled = val;
if(recognition_enabled){
detection_enabled = val;
b
b
else {
res = -1;

by

if(res){
return httpd_resp_send_500(req);
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by

httpd_resp_set_hdr(req, "Access-Control-Allow-Origin", "*");
return httpd_resp_send(req, NULL, 0);

static esp_err_t status_handler(httpd_req_t *req){
static char json_response[1024];

b

sensor_t * s = esp_camera_sensor_get();
char * p = json_response;

*ptt = (]

p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
p+=sprintf(p,
*p++ ="}

*p++ =0;

"\"framesize\":%u,", s->status.framesize);
"\"quality\":%u,", s->status.quality);
"\"brightness\":%d,", s->status.brightness);
"\"contrast\":%d,", s->status.contrast);
"\"saturation\":%d,", s->status.saturation);
"\"sharpness\":%d,", s->status.sharpness);
"\"special_effect\":%u,", s->status.special_effect);
"\"wb_mode\":%u,", s->status.wb_mode);
"\"awb\":%u,", s->status.awb);
"\"awb_gain\":%u,", s->status.awb_gain);
"\"aec\":%u,", s->status.aec);
"\"aec2\":%u,", s->status.aec2);
"\"ae_level\":%d,", s->status.ae_level);
"\"aec_value\":%u,", s->status.aec_value);
"\"agc\":%u,", s->status.agc);
"\"agc_gain\":%u,", s->status.agc_gain);
"\"gainceiling\":%u,", s->status.gainceiling);
"\"bpc\":%u,", s->status.bpc);
"\"wpc\":%u,", s->status.wpc);
"\"raw_gma\":%u,", s->status.raw_gma);
"\"lenc\":%u,", s->status.lenc);
"\"vflip\":%u,", s->status.vflip);
"\"hmirror\":%u,", s->status.hmirror);
"\"dew\":%u,", s->status.dcw);
"\"colorbar\":%u,", s->status.colorbar);
"\"face_detect\":%u,", detection_enabled);
"\"face_enroll\":%u,", is_enrolling);
"\"face_recognize\":%u", recognition_enabled);

httpd_resp_set_type(req, "application/json");
httpd_resp_set_hdr(req, "Access-Control-Allow-Origin", "*");
return httpd_resp_send(req, json_response, strlen(json_response));

static esp_err_t index_handler(httpd_req_t *req){
httpd_resp_set_type(req, "text/html");
httpd_resp_set_hdr(req, "Content-Encoding", "gzip");
sensor_t * s = esp_camera_sensor_get();

-20 -

if (s->id.PID =

= 0OV3660_PID) {

return httpd_resp_send(req, (const char *)index_ov3660_html_gz,
index_ov3660_html_gz_len);
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¥
return httpd_resp_send(req, (const char *)index_ov2640_html_gz,
index_ov2640_html_gz_len);

b

void startCameraServer(){
httpd_config_t config = HTTPD_DEFAULT_CONFIG();

httpd_uri_t index_uri = {

.uri ="/,
.method = HTTP_GET,
.handler = index_handler,
.user_ctx = NULL

3

httpd_uri_t status_uri = {
uri = "/status",

.method = HTTP_GET,
.handler = status_handler,
.user_ctx = NULL

3

httpd_uri_t cmd_uri = {
.uri = "/control",
.method = HTTP_GET,
.handler = cmd_handler,
.user_ctx = NULL

3

httpd_uri_t capture_uri = {
.uri = "/capture",
.method = HTTP_GET,
.handler = capture_handler,
.user_ctx = NULL

3

httpd_uri_t stream_uri = {
.uri = "/stream",
.method = HTTP_GET,
.handler = stream_handler,
.user_ctx = NULL

+

ra_filter_init(&ra_filter, 20);

mtmn_config.type = FAST,;

mtmn_config.min_face = 80;
mtmn_config.pyramid = 0.707;
mtmn_config.pyramid_times = 4;
mtmn_config.p_threshold.score = 0.6;
mtmn_config.p_threshold.nms = 0.7;
mtmn_config.p_threshold.candidate_number = 20;
mtmn_config.r_threshold.score = 0.7;
mtmn_config.r_threshold.nms = 0.7;
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mtmn_config.r_threshold.candidate_number = 10;
mtmn_config.o_threshold.score = 0.7;
mtmn_config.o_threshold.nms = 0.7;
mtmn_config.o_threshold.candidate_number = 1;

face_id_init(&id_list, FACE_ID_SAVE_NUMBER, ENROLL_CONFIRM_TIMES);

Serial.printf("Starting web server on port: '%d'\n", config.server_port);

if (httpd_start(&camera_httpd, &config) == ESP_OK) {
httpd_register_uri_handler(camera_httpd, &index_uri);
httpd_register_uri_handler(camera_httpd, &md_uri);
httpd_register_uri_handler(camera_httpd, &status_uri);
httpd_register_uri_handler(camera_httpd, &capture_uri);

b

config.server_port += 1;
config.ctrl_port +=1;
Serial.printf("Starting stream server on port: '%d'\n", config.server_port);
if (httpd_start(&stream_httpd, &config) == ESP_OK) {
httpd_register_uri_handler(stream_httpd, &stream_uri);
b
b

Cédigo camera Web Server - camera_index.h

//File: index_ov2640.html.gz, Size: 4316

#define index_ov2640_html_gz_len 4316

const uint8_t index_ov2640_html_gz[] = {

Ox1F, 0x8B, 0x08, 0x08, 0x50, 0x5C, OxAE, 0x5C, 0x00, 0x03, 0x69, Ox6E,
0x64, 0x65, 0x78, Ox5F,

0Ox6F, 0x76, 0x32, 0x36, 0x34, 0x30, Ox2E, 0x68, 0x74, 0x6D, 0x6C, 0x00,
OxE5, 0x5D, 0x7B, 0x73,

0xD3, 0xC6, 0x16, OxFF, Ox9F, Ox4F, 0x21, 0x04, 0x25, 0xF6, 0x34, 0x76,
0x6C, 0xC7, 0x84, OxEO,

OxDA, OxE2, 0x42, 0x08, 0xD0O, 0x19, Ox5E, 0x25, 0x2D, 0x74, 0xA6, 0xD3,
0x81, 0xB5, 0xB4, 0xB2,

0x55, 0x64, 0xC9, 0x95, 0x56, 0x76, 0x52, 0x26, 0x9F, OxE3, Ox7E, OxAO,
0OxFB, 0xC5, OxEE, 0xD9,

0x87, 0xA4, 0x95, OxBC, 0x7A, 0xD8, 0x26, 0x36, 0x97, OXEB, 0xCC, 0x14,
0xD9, OxDA, 0x73, OxF6,

0x9C, 0xF3, 0x3B, OxAF, 0x5D, 0x3D, 0x3A, 0xBC, 0x6D, 0xF9, 0x26, 0xB9,
0x9A, 0x63, O0x6D, 0x4A,

0x66, OXAE, 0x71, 0x6B, 0xC8, OxFF, OxD1, OxEO, 0x33, 0x9C, 0x62, 0x64,
OxF1, 0x43, OxF6, 0x75,

0x86, 0x09, 0xD2, OxCC, 0x29, Ox0A, 0x42, 0x4C, 0x46, 0x7A, 0x44, OXEC,
0xD6, 0xA9, 0x9E, Ox3F,

OxED, OxA1, 0x19, Ox1E, OxE9, 0x0B, 0x07, Ox2F, OXxE7, Ox7E, 0x40, 0x74,
0xCD, OxF4, Ox3D, 0x82,
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0x3D, 0x18, OxBE, 0x74, 0x2C, 0x32, 0x1D, 0x59, 0x78, OxE1, 0x98, 0xB8,
0xC5, OxBE, 0x1C, 0x3A,

OX9E, 0x43, 0x1C, OxE4, O0xB6, 0x42, 0x13, 0xB9, 0x78, 0xD4, 0x95, 0x79,
0x11, 0x87, 0xB8, 0xD8,

0x38, 0xBF, 0x78, 0x7B, 0xDC, 0xD3, OxDE, 0xBC, OxEF, OxF5, 0x4F, 0x3A,
0xC3, 0x23, OxFE, Ox5B,

0x3A, 0x26, 0x24, 0x57, OxF2, 0x77, OxFA, 0x19, OxFB, 0xD6, 0x95, OxF6,
0x25, 0xF3, 0x13, OxFD,

0xD8, 0x20, 0x44, 0xCB, 0x46, 0x33, OxC7, OxBD, 0x1A, 0x68, Ox8F, 0x03,
0x98, 0xF3, 0xFO, 0xO05,

0x76, 0x17, 0x98, 0x38, 0x26, 0x3A, 0x0C, 0x91, 0x17, OxB6, 0x42, 0x1C,
0x38, 0xF6, 0x4F, 0x2B,

0x84, 0x63, 0x64, 0x7E, Ox9E, 0x04, Ox7E, OxE4, 0x59, 0x03, OXED, Ox4E,
OxF7, 0x94, OxFE, OxAD,

O0x0E, 0x32, 0x7D, 0xD7, Ox0F, OxEO, OXFC, OxF9, 0x33, OxFA, 0xB7, O0x7A,
Ox9E, 0xCD, Ox1E, 0x3A,

OxFF, OxXEOQ, 0x81, 0xD6, 0x3D, 0x99, 0x5F, 0x66, OxCE, Ox5F, OxDF, OxCA,
0x7C, 0x9D, 0xF6, 0x8A,

0xA4, 0x17, OxF4, 0xA7, OxE5, OxF4, 0x21, 0x36, 0x89, OxE3, 0x7B, OxED,
0x19, 0x72, 0x3C, 0x05,

0x27, 0xCB, 0x09, OxE7, Ox2E, 0x02, 0x1B, 0xD8, 0x2E, 0x2E, OxE5, 0x73,
0x67, 0x86, 0xBD, OxES,

0xB0, 0x82, 0x1B, 0x65, 0xD2, 0xB2, 0x9C, 0x80, Ox8F, O0x1A, 0x50, 0x3B,
0x44, 0x33, OxAF, 0x92,

0x6D, 0x99, 0x5C, Ox9E, OxEF, 0x61, 0x85, 0x01, OxE9, 0x44, 0xCB, 0x00,
0xCD, 0xE9, 0x00, OxFA,

OXEF, OxEA, 0x90, 0x99, OxE3, 0x71, OxA7, Ox1A, 0x68, 0xC7, OxFD, OxCE,
OxFC, 0xB2, 0x02, OxCA,

OxE3, 0x13, OxFA, OxB7, 0x3A, 0x68, 0x8E, 0x2C, 0xCB, OxF1, 0x26, 0x03,
OxED, 0x54, 0xC9, 0xC2,

0x0F, Ox2C, 0x1C, 0xB4, 0x02, 0x64, 0x39, 0x51, 0x38, 0xDO0, OxFA, OxAA,
0x31, 0x33, 0x14, 0x4C,

0x40, 0x16, OxE2, 0x83, 0xB0O, OxAD, OxAE, 0x52, 0x12, 0x31, 0x24, 0x70,
0x26, 0x53, 0x02, 0x90,

OxAE, 0x8C, 0xC9, 0x1B, 0x4D, 0x84, 0x50, 0x15, Ox9E, 0xA5, 0x76, 0x53,
0x5B, 0x0D, 0xB9, 0xCE,

0xC4, 0x6B, 0x39, 0x04, 0xCF, 0x40, 0x9D, 0x90, 0x04, 0x98, 0x98, 0xD3,
0x32, 0x51, Ox6C, 0x67,

0x12, 0x05, 0x58, 0x21, 0x48, 0x62, 0xB7, 0x12, 0x85, OXE1, OxE4, OXEA,
0xA9, 0xD6, 0x12, Ox8F,

Ox3F, 0x3B, 0xA4, 0x25, 0x6C, 0x32, 0xC6, 0xB6, Ox1F, 0x60, OXE5, OxC8,
0x78, 0x84, OxEB, 0x9B,

Ox9F, O0x5B, 0x21, 0x41, 0x01, 0xA9, 0xC3, 0x10, OxD9, 0x04, 0x07, OxD5,
OxFC, 0x30, OxF5, Ox8A,

Ox6A, Ox6E, 0xC5, 0xD3, 0x8A, 0x01, Ox8E, OxE7, 0x3A, Ox1E, OXAE, Ox2F,
Ox5E, 0xD1, 0xBC, 0x59,

0x76, 0x7C, 0x54, 0x0D, 0x60, 0x9C, 0xD9, 0xA4, 0xCC, 0x4B, 0x98, OXAE,
0OxAB, 0x93, 0x89, 0xBS8,

OxE9, 0x76, Ox3A, Ox3F, OxAC, Ox9E, 0x9C, 0x62, OXEE, OxA6, 0x28, 0x22,
OxFE, OxF6, 0x11, 0xB1,

0x12, 0x56, 0x39, 0x3D, OxFE, 0x35, 0xC3, 0x96, 0x83, 0xB4, 0x86, 0x14,
OxCE, 0xA7, 0x1D, OxFO,

0xA9, OxA6, 0x86, 0x3C, 0x4B, 0x6B, OxF8, 0x81, 0x03, 0x81, 0x80, 0x58,
OxBA, 0x71, OxE1, Ox17,
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0x28, 0x1C, 0x73, OxDC, 0x54, 0xA8, 0x5C, 0x12, 0x33, 0xB2, 0x45, 0xD4,
0x61, 0x43, 0x3F, 0x35,

0x52, Ox0E, OxFD, 0x54, 0x06, 0x90, 0x42, 0x47, 0xC6, OxBE, 0x0C, 0x2F,
0x59, 0xC2, 0x22, 0xCC,

OxES8, 0x67, 0x86, 0x2E, 0x5B, 0xA5, 0xD8, 0xC5, 0x83, 0x62, 0x0C, 0xA1,
0xCC, 0x9A, 0x0D, 0x18,

OxBA, 0x98, 0x6A, 0x2D, 0x8D, 0x66, 0xC9, 0xA6, 0x9A, 0x46, 0x30, 0x55,
0x43, 0x4E, 0x3F, 0xB2,

0x53, OxAC, 0xA1, OxAE, 0x5A, 0xD5, 0x34, 0x77, OxFO, Ox3F, 0x95, OxOF,
0x71, 0x4D, 0x0A, 0xB3,

0x08, OxFD, 0xD4, OxCF, 0x24, 0x29, 0xB3, OxCA, 0x6C, 0xA2, 0x60, 0x5C,
0x9C, 0x51, 0x56, OxF8,

0x16, 0x45, 0xB7, 0x82, 0x6B, 0xB9, 0x08, 0x75, 0xB3, 0x8B, 0x82, 0x71,
0x99, 0x0C, 0x95, 0x59,

0x86, Ox7E, OXAE, 0x6B, 0xF4, 0x1B, 0x77, 0xC6, 0x11, 0x21, OxBE, 0x17,
Ox6E, 0x55, 0xA2, 0x8A,

OxE2, OXEC, OxAF, 0x28, 0x24, 0x8E, 0x7D, 0xD5, 0x12, 0x21, 0x0D, 0x71,
0x36, 0x47, 0xDO, 0x42,

Ox8E, 0x31, 0x59, 0x62, 0x5C, 0xDE, Ox6E, 0x78, 0x68, 0x01, 0x79, 0x67,
0x32, 0x71, 0x55, OxBE,

0x67, 0x46, 0x41, 0x48, 0xFB, 0xB6, 0xB9, OxEF, 0x00, OxE3, 0x60, 0x75,
0OxE2, 0x6C, 0x0C, 0xD6,

0x9C, 0xA8, 0x65, Ox8E, 0x15, 0x73, OxF9, Ox11, OxA1l, 0x36, 0x56, 0x22,
OxE1, 0x83, 0x3A, 0xO0E,

0xB9, 0x52, 0x9E, 0x13, 0x91, 0xA8, 0x38, 0x13, 0x87, 0x60, 0x69, 0x59,
0xC8, 0xCA, 0x35, 0x30,

0xA7, 0xD8, OxFC, 0x8C, OxAD, Ox1F, 0x2B, 0xDB, 0xB0, OxAA, OxF6, 0xBO,
OxED, 0x78, OxF3, 0x88,

0xB4, 0x68, 0x3B, 0x35, 0xBF, 0x11, OxCC, 0x99, 0x43, 0xC6, 0x2A, 0xF6,
0x7A, 0x65, 0x4D, 0xC5,

OxFD, 0xF9, 0x65, 0xB9, 0x11, 0x64, 0x61, 0x0D, 0x17, 0x8D, 0xB1, 0x5B,
0x26, 0xB2, 0x08, 0x86,

0x82, 0xB4, 0x2B, 0x72, 0x55, 0x71, OxEF, OxC6, 0x24, 0x4B, 0x8B, 0x57,
OxFF, 0xC1, OxOF, 0xB5,

OxED, 0xC8, 0x8E, Ox0F, 0x33, Ox3F, 0x85, 0xD8, 0x85, 0x00, 0x2B, Ox6A,
0xBD, 0x61, OxCC, 0x12,

0x64, 0x28, 0x9D, 0x20, 0x40, OxDE, 0x04, 0x43, 0x2E, 0xB8, 0x3C, 0x8C,
0x0F, OxCB, 0x17, 0x06,

0xB5, 0xD4, 0xA7, OxA9, OxFA, 0x7E, OxF9, 0x42, 0x84, 0x27, 0x84, 0x0D,
0Ox9A, 0x11, 0x09, 0xD6,

0xD2, 0xF9, 0xBB, 0x4A, 0xA7, OXEQ, OxFD, 0x88, 0x32, 0x60, 0xB2, Ox2E,
0xA5, OXEC, OxEF, 0x2B,

0x33, 0x42, 0xBC, 0xD2, 0xB3, OXED, OxAA, 0xB5, 0xA2, 0x6D, Ox1F, 0x77,
0x8E, OxFB, 0x95, 0x0D,

0x93, 0x52, 0xCB, 0xDC, 0x7A, 0x51, 0x91, 0x31, 0x92, 0x6C, 0x52, 0x0D,
0xC1, 0x60, OXEA, Ox2F,

0x70, OxAO0, 0x00, 0x22, 0x27, Ox6E, OxFF, 0x61, OxDF, OxAA, 0xC1, 0x0D,
0x41, OxBE, Ox5F, OxAS8,

0xB2, 0x69, 0x96, 0x5D, OxAF, Ox6B, OxF6, 0x4A, 0x1D, 0x93, 0xB3, 0x6B,
0x83, 0x37, 0xA0, 0xB1,

0x8B, 0xAD, 0x92, 0xF4, 0x6C, 0x61, 0x1B, 0x45, 0x2E, 0xA9, 0xB0, 0x37,
OxEA, 0xDO, OxBF, 0xB2,

0x19, 0x59, 0x5C, OxFD, 0x41, 0x37, 0x3A, 0x46, 0x2C, 0x12, OxFE, 0x54,
0OxCC, 0x19, 0xD7, Ox4E,
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0x34, Ox9F, 0x63, 0x04, 0xA3, 0x4C, 0x5C, 0xB4, 0x24, 0xXAD, 0xD5, 0x33,
0xAB, 0x13, 0x57, OxAD,

0x85, 0x68, 0xA5, 0x2B, 0x26, 0xDD, 0xD0, Ox5A, 0x3A, O0x0F, 0x6C, OxDF,
0x8C, 0x54, 0x65, OxBA,

Ox9E, 0x4B, 0xAD, OxF2, 0x1B, 0xC4, 0x26, 0x0B, 0x5D, 0x87, 0x39, 0x76,
OxE4, 0x79, 0x14, OxD1,

0x16, 0x09, 0x40, 0x4D, 0xC5, 0x44, 0xF5, 0x0C, 0xB7, 0x51, 0x74, 0x66,
0x0C, 0x5B, 0xB4, 0x19,

0x93, 0x0B, 0x40, 0x45, 0xA2, 0x48, 0x72, 0x88, 0x16, OxFA, O0xAQ, 0x54,
0xCC, 0x6A, 0x3B, 0xBB,

0x90, 0x69, 0x34, 0x53, 0x35, 0x06, OxF1, Ox64, 0x5D, 0xA8, 0x62, 0x7C,
0OxBA, 0x60, 0x32, 0x46,

0x8D, OxCE, 0x61, OxE7, OxF0O, 0x18, OxFE, 0xA3, 0x68, 0xD0, 0xCB, 0x9D,
0x4B, 0x98, 0xB7, 0xCO,

OxF3, 0x72, 0xC9, 0xA7, Ox7A, Ox9F, 0xA4, 0x28, 0x8D, 0x55, 0x62, 0x51,
0x3F, 0x92, 0xB2, 0x1B,

0x26, 0xDD, 0x76, 0x45, 0x61, 0x29, 0x70, OxE9, OxF5, 0x1D, 0x51, OxE1,
0x2D, OxEB, 0x42, 0x3C,

OxF3, OxFF, 0x69, OxF1, OxAA, OxFA, 0x7F, OxEF, OxED, 0x92, 0x29, OxBE,
0x6B, 0x4F, Ox5F, OxDB,

Ox2E, OxE1, OxBE, 0x7D, 0xA3, 0x53, 0x8C, 0x7A, 0x4B, 0xF4, 0x33, 0x20,
0xA1, 0x07, Ox8B, OxAA,

0x00, 0x56, 0x57, 0x85, 0x3D, 0x8F, 0x34, 0x66, 0x03, 0x1B, 0xD8, 0x8E,
OxEB, 0xB6, 0x5C, 0x7F,

0x59, 0xDD, 0x89, 0x94, 0x7B, OxF2, Ox8A, 0x9F, 0x56, 0xBB, OxFC, 0xA®6,
0xD2, 0x46, 0x90, 0xB9,

OxFE, 0x27, O0xA4, OxFD, OxBE, 0x03, OXAE, 0x34, 0x34, 0x36, 0x2B, 0x14,
0x1B, OxF8, OxE3, 0x76,

0x13, 0xD5, 0x72, 0x25, OxDE, 0x09, 0x96, 0x2E, OxE6, 0xC2, OxA5, 0x43,
0xCC, 0xE9, 0x06, 0x8B,

OxAA, 0xB9, 0x1F, 0x3A, OxFC, Ox1A, 0x4D, 0x80, 0x5D, 0x44, 0x3B, OxF8,
0x8D, 0x96, 0xDC, 0x95,

0x0B, 0x13, 0x99, 0xBC, 0x8E, 0x26, 0xCC, 0x74, OxDF, OxCE, 0x76, 0x49,
0x9B, 0xF7, 0x0E, 0xC5,

0xB9, 0x5A, OxED, 0xD6, 0x15, OXED, Ox7E, 0x36, 0x32, 0xD4, 0x83, 0xD6,
0xC8, OxE8, 0x71, 0xD2,

Ox9E, 0x04, OxF8, OxAA, 0x86, 0x32, 0x87, OxE2, OxDF, 0x01, OxDF, 0x10,
0xDD, 0x7C, OXED, O0xCF,

0x0A, 0x80, OxF0O, OxA2, 0x76, Ox3F, OXAC, 0x31, 0x75, OxF1, 0x94, 0x75,
OxFC, 0x31, 0xD9, OxEE,

0xD3, OxF5, Ox1A, OXE9, 0xA6, OxA4, 0x84, OxAA, 0x5D, 0x35, OxAE, OxBE,
OxCA, 0x93, Ox2E, 0xB6,

0x49, 0xC1, 0xD5, 0x0C, O0xD6, 0xA7, Ox1E, 0x97, 0x67, O0xB7, 0x96, 0xB4,
0x4F, 0x50, 0x99, 0x39,

0x92, 0x5D, 0xB9, 0x62, OXEF, 0x53, 0x72, 0xA6, 0xD9, 0x73, 0x6D, OXE6,
0xC5, 0x90, 0xC4, OxED,

0x33, 0x83, 0x19, 0xC6, OxCC, 0x44, 0xC9, 0x07, 0x78, OxFO, OxEF, 0x8D,
OxDE, 0x89, 0xF2, 0x62,

0x41, 0xC9, OxEO, 0x32, OxD1, Ox0A, 0xB7, 0xB5, 0x56, 0x4B, 0x56, OxE1,
0x02, 0x59, OxCE, 0x45,

0x4A, 0xA0, OxCA, 0xA3, 0xB2, 0x2C, 0xC3, OxAC, OxEE, OxD1, 0x94, 0x3A,
0xBB, 0x33, 0x43, 0xDO,

OxF6, 0x52, 0x77, 0x45, 0xCO, 0x51, 0x85, 0x5F, 0x1D, 0x77, 0x97, 0x36,
0x0D, 0xBB, 0x27, 0x9D,
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0x8A, 0x29, 0x4D, 0xD7, 0xOF, OxCB, OxE3, 0x0A, 0x8D, 0xC1, Ox7E, Ox11,
0x51, 0x4C, 0x24, 0xB6,

0x2E, 0x95, 0x3B, 0x4F, OxCC, 0xB9, 0x95, 0x67, Ox6A, 0x95, OXEE, 0xD2,
0x98, 0x2A, 0x0F, 0xC7,

0x9C, 0xCD, 0xBB, 0x1D, 0x65, 0xA6, 0x2D, 0xDD, 0x7F, 0x23, OxF8, 0x12,
0xD6, 0x9B, OxF4, 0x82,

0xDC, 0x40, 0x33, 0xB1, 0x3A, 0x8D, 0x66, 0x8A, 0x5C, 0xB7, OxCE, 0x26,
0x60, 0x29, 0x0E, 0x53,

0xC7, 0xB2, 0x70, OxE9, Ox2E, 0x27, Ox5D, OxF3, OxE6, 0x58, O0xC4, 0x47,
0xC3, 0x23, 0xE9, 0x06,

0x96, OxE1, 0x51, Ox7A, OxAF, OxCD, 0x90, OxDE, 0xC5, 0x22, OxDF, OxE7,
0xC2, 0x2F, 0xB2, 0x68,

0xA6, 0x8B, 0xC2, 0x70, 0xA4, 0xD3, 0xBB, 0x31, 0xF4, OxEC, 0x6D, Ox2F,
0x43, 0xCB, 0x59, 0x68,

Ox8E, 0x35, 0xD2, 0x5D, 0x7F, OxE2, OXE7, OxCE, 0xB1, OxF3, 0x7C, 0xDB,
0x1B, 0x22, 0x75, 0xA4,

0x67, Ox2E, 0x09, OxE8, 0x8C, 0x2A, OxFD, 0x49, 0x37, OXEE, OxDD, 0x79,
0xF8, OxEO, 0xC1, 0xC9,

0x4F, OxF7, 0xBC, 0x71, 0x38, 0x17, OxFF, OxFD, 0x95, Ox5F, 0x41, 0x79,
OxF3, OxBE, 0x77, 0xD2,

0x87, 0x86, 0x16, 0x13, OxE2, 0x78, 0x93, 0x70, 0x78, 0xC4, 0x98, OxES6,
0x04, 0x39, 0x02, 0x49,

0x0A, 0x64, 0x13, 0x09, 0x5D, 0x25, Ox5E, 0x3C, 0x24, 0x84, 0x1C, 0x35,
0x46, 0x81, 0x62, 0x08,

0x1B, 0xC6, 0xDB, 0x05, 0xD6, 0x69, OxE9, 0x2C, 0xB1, 0x8D, OxFD, 0xCB,
0xBC, 0x06, 0x4C, 0x29,

0x91, OxF5, 0xC4, 0x28, 0x6C, 0x15, 0x31, 0x04, 0x32, 0x46, Ox4E, OXAF,
0x87, 0x14, 0x8C, 0x49,

OxE4, 0x13, O0xD6, 0x97, 0xB6, OXE7, O0xF9, OxD4, 0x76, 0x80, 0x66, 0x98,
0x26, 0x22, OxF1, 0x63,

0x31, 0x9B, 0x3C, 0x12, 0x09, 0xA5, 0x6E, 0xBC, 0xC3, 0x2C, 0x5C, 0x01,
0x65, 0xA5, 0x59, 0x57,

0xB8, 0x88, 0x0C, Ox9A, 0x99, Ox5F, Ox8F, 0x45, 0x14, 0x3B, 0xA6, 0x2D,
0xC4, 0xDC, OxA6, 0x42,

0x20, 0xC6, OxCE, Ox9F, 0x33, 0x07, 0x5B, 0x20, 0x37, 0x02, 0xD3, 0x76,
0x3B, 0xBA, 0xF1, OxDB,

OxEF, OxCF, Ox1F, 0x37, 0x20, 0x11, 0x75, Ox2E, OxBB, 0xBD, Ox4E, OxA7,
0x39, 0x3C, OxE2, 0x43,

0xD6, OxE6, OxF5, 0x50, 0x37, Ox2E, 0x18, 0xAB, OxDE, 0x29, 0xB0, OxEA,
OxF4, OxFA, 0x9B, O0xB3,

0Ox3A, 0xD5, 0x0D, 0xC6, 0x09, 0x98, 0x5C, 0x3E, 0x38, 0x39, 0xDD, 0x9C,
0xD1, 0x03, 0x90, OxE9,

0x3D, 0x70, 0x3A, 0x05, OXED, Ox4E, O0xB6, 0x51, OXEE, 0x44, 0x37, 0x28,
Ox1F, 0x88, 0x8A, 0xCB,

OxFE, OxE9, 0x16, 0x7C, OXEE, OxEB, 0xA2, 0x24, 0x52, 0x97, 0x8D, Ox8F,
0x74, OxE3, OXEC, OxE7,

0x67, 0x8D, 0x3E, 0xC8, 0xD8, 0x7B, 0x78, 0xB2, 0x39, OxEF, OxBE, Ox6E,
OxFC, 0x42, 0x85, 0x3C,

OxXEE, 0x01, OxA3, OxFE, O0x16, 0x42, Ox1E, OxXEB, 0xC6, 0x0B, 0xC6, 0x09,
0xB8, 0x5C, 0x76, Ox1F,

0x6C, 0x21, 0x12, 0xB8, 0xD7, 0x2F, 0x8C, 0x13, OxF8, 0x17, 0x75, OxAF,
0x9A, 0x9C, 0x20, Ox5F,

0x32, 0xD3, 0x94, 0xC4, OxE9, 0x6A, 0xF6, 0xC9, 0x9C, 0x2E, 0x0B, OxE3,
OxBF, 0x23, 0x28, 0x1D,
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OxE4, Ox6A, OxXED, 0x20, 0x16, 0x74, O0xA0, 0x12, Ox3F, O0xA8, 0x17, OxBF,

0x92, 0x24, 0xC9, 0x65,

0x39, OxDD, OxES8, 0x76, 0x2A, 0x34, 0x60, O0xB4, 0x72, 0x16, 0x64, 0xC4,

0x19, 0x05, 0x74, OxDA,

0x49, 0xBO, 0x18, 0xA6, 0xB7, Ox7E, 0x80, Ox8F, Ox1E, OXxEB, 0x52, 0x5C,

Ox6F, 0x94, 0x22, 0x14,

0xD2, 0xA2, 0x4B, 0xDD, 0x38, 0x39, OxAE, 0xB2, 0xF7, 0x16, 0x70, O0x8C,

0x59, 0x9B, OxE2, OxE1,

0x30, Ox5C, 0x1B, 0x91, 0x94, 0x54, 0x37, Ox9E, 0x24, 0xC7, OxDB, OxEOQ,

0xD2, OxEA, 0x6D, 0x81,

0x8B, 0x24, 0x0E, 0x87, 0xA6, 0xD5, 0x13, O0xDO, OxF4, OxF4, 0x34, 0x22,

OxBE, 0x26, 0x30, 0x55,

0xD2, Ox6E, 0x83, 0x0B, 0x2D, OxE2, 0x01, O0x0A, 0xC9, OxDA, OxA8, 0xC4,

0x84, 0x90, 0xD6, 0xC4,

0xD1, OxDE, 0x10, 0x49, 0x44, OxF9, Ox0E, OxF0O, 0x08, 0x11, 0x89, 0x02,

0x76, 0x43, 0xDC, OxDA,

0x88, 0xA4, 0xA4, 0x50, Ox0F, 0x93, OxE3, 0xBD, OxA1, 0x22, 0x89, OxF3,

0x3D, OxEO, 0x32, 0xC7,

0xA6, 0x83, 0xDC, 0x8F, 0xD8, 0xB6, O0xAl, 0x64, OxAD, 0x8F, 0x4D, 0x86,

0x1C, OxFO, OxE1, OxDF,

0xB5, 0x73, OxF6, 0x7D, OxED, Ox1E, 0x31, 0xC7, OXEE, 0x6B, 0x35, Ox8A,

0x1D, 0x75, OxDF, OxF2,

OxDA, 0x4F, OxE4, 0xDC, 0xB0, 0x43, OxE8, 0x02, 0x13, 0x3C, 0x61, 0x2B,

OxE5, 0x8D, 0x79, 0xF4,

0x74, OxE3, 0x79, 0x80, OxAE, OxD8, 0xB3, 0x05, 0xDB, 0x34, 0x3D, OxEF,

0xBO0, 0xA5, OxFD, 0xO0A,

0x4B, 0xC1, 0x6D, 0x3A, 0xB0O, OxE7, 0x01, 0x86, 0x65, OxE2, 0x56, Ox5C,

OxEE, 0x43, 0x31, 0x83,

0x83, OxXED, 0x98, 0x40, 0xC3, 0x7A, 0x81, OxE7, OxOE, OxFA, 0x16, Ox1A,

0x2E, 0xB4, 0x1C, OxAF,

0x1D, 0x16, 0x40, 0xA3, 0x1B, 0x8F, 0x3F, 0x3C, 0x59, 0x3B, 0x49, OxF1,

OxFD, OxE6, Ox3A, Ox1E,

OxCE, 0xB3, 0x93, 0x10, 0x50, Ox5F, 0x59, 0x6C, OxAA, 0x23, 0xA7, OxEE,

0x82, 0x53, 0xA1, 0x57,

0x2C, 0x20, 0xDB, 0x9E, 0xD3, 0x25, 0x35, OxEB, OxE9, 0x78, 0x73, 0x19,

0x0C, 0x84, OxF8, 0x38,

0x41, OxCE, OxFA, 0x75, 0x25, 0x26, 0x64, 0x48, 0x69, O0xCF, OxE1, 0x68,

0x57, 0x70, OxF1, 0x69,

0xF7, 0x86, 0x99, 0xD0, 0x7A, OxDF, 0xCO, 0x81, 0x20, 0x33, OxDF, Ox5A,

0x7F, 0x3B, 0x42, 0xDO,

OxE9, 0x06, 0xAO0, OxF6, Ox0A, OxOE, 0xD6, OXAE, 0x32, 0x31, 0x83, 0x1B,

Ox2E, Ox2F, Ox8F, 0x23,

OxE2, Ox6F, 0x53, 0x59, Ox2E, 0x22, OxCF, 0xBB, OxDA, 0xA6, 0xAC, 0x9C,

0xB9, Ox7E, 0x64, 0x6D,

OxCE, 0x01, Ox6A, OxCA, 0x1B, 0xDB, 0x76, 0xCC, 0xCD, O0xAB, 0x12, 0x54,

0x94, 0x17, OxXFE, OxXAC,

0x26, OXFD, 0x0D, 0x67, 0x71, 0x6C, OXAE, 0x9F, 0x20, 0xB0O, 0x09, 0x28,

0X9E, Ox9F, 0x69, 0x17,

OxE7, OxAF, Ox2F, OxDE, 0xBC, OxDB, 0x4D, 0x76, 0x80, 0x39, OxF7, 0x94,

0x18, OxA8, 0xB6, OxFB,

0XCE, 0x09, 0x20, 0x44, 0x6F, 0x13, 0x9C, 0x7A, 0x1C, OxA8, 0xA7, 0x17,

0x6F, 0x77, 0x85, 0x52,

0x6F, 0x7F, 0x30, OxF5, OxBE, 0x05, 0x9C, O0x3E, OxBA, 0x78, 0x81, 0xDD,

0x0D, 0xBO, OxE2, 0x84,
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0x14, Ox2F, OXED, 0x25, 0x3D, OxDA, 0xDB, 0x42, Ox2E, 0x11, OxE5, 0x3B,
0x58, 0xC6, 0x81, 0x57,

0x7C, 0x64, 0x42, Ox6F, 0x12, 0x3C, 0x9C, 0x52, 0x37, OxCE, Ox2F, OxE7,
0x7E, 0x18, 0x05, 0x35,

0x0B, 0xAA, 0x1A, 0x91, 0x6D, 0x76, 0x06, 0x53, 0x51, 0x38, 0x22, OxF1,
0xD6, 0x20, 0xDD, 0xD9,

0x4F, 0x30, OxE9, 0x75, OxFA, Ox5F, 0x15, 0x15, OxCA, OxFC, 0x26, 0x81,
0x99, 0x6C, 0x50, 0x77,

0x26, 0xB4, OXEE, 0x3C, 0x3F, 0xDB, 0x4D, 0x2A, 0x9B, OXEC, 0xAD, OxEOQ,
0x4C, 0xF6, 0x5A, 0x70,

0x34, Ox7E, 0x51, 0x34, 0x81, 0x69, 0xC3, 0x45, 0x84, 0x20, 0x84, 0xB5,
OxF3, 0x26, 0x0B, 0x08,

0x79, 0x53, OxFD, 0x72, 0x9B, 0xD0, 0x89, 0xC5, 0xC8, 0x46, 0xCE, 0x71,
Ox1A, 0x37, OxF7, OxBF,

Ox6A, 0xD4, 0x1C, 0x57, 0x4A, 0xBB, 0x4D, 0xD0, 0x50, 0x4D, 0x4C, OxEC,
0xB8, 0xF4, 0x09, 0xA6,

0x75, 0x01, 0x91, 0x68, 0x39, 0x26, 0xDA, 0x19, OxFF, 0xB6, 0x0D, 0x36,
0xBD, 0x6D, 0xB0, 0x91,

0x25, O0xCA, 0xC2, 0x73, 0x72, 0x43, 0x95, 0xA6, 0xDB, 0x3B, 0xBD, 0x49,
0x78, 0xC6, OxF3, OxF5,

0x73, 0x1A, 0xDO0, OxE8, 0xC6, 0x93, 0xB7, 0xBB, 0xC9, 0x69, 0x74, 0xB2,
0x9A, 0x39, 0x6D, OxAB,

0x0C, 0xC6, 0x94, OxDA, 0x77, 0x2B, 0xB6, OxDC, 0x00, 0x8D, 0x25, 0x15,
OxFC, 0xC3, 0x8E, 0xDO,

0x58, 0xD6, 0x47, OxE3, 0x2B, 0x57, 0x98, OxE5, OxB7, 0x80, 0x4F, 0x80,
0x96, Ox1F, 0x27, 0x33,

0xB4, 0x36, 0x46, 0x82, O0x4E, 0x37, OxDE, OxA1, OxA5, OxF6, OxFC, 0xD5,
0OxE3, 0x9D, 0x60, 0x15,

0x4F, OxBA, 0x1F, OxBC, 0x12, 0x95, 0xF7, 0x8D, 0x99, 0x8B, 0xBD, OxF5,
0x83, Ox8A, 0x12, OxE9,

0xC6, 0x4B, OXEC, 0x85, OxDA, 0x99, Ox1F, 0x88, 0xB7, OxCD, OxEC, 0x04,
0x35, 0x36, OxF3, Ox7E,

0x20, OxE3, Ox4A, OxEF, 0x1B, OxAF, OxE9, OxCC, 0x09, 0x02, Ox3F, 0x58,
0x1B, 0x32, 0x41, O0xA7,

0x1B, O0x2F, 0x5A, OxAF, 0xD8, 0xD1, Ox4E, OxEO, Ox8A, 0x67, OxDD, OxOF,
0x62, 0x89, 0xCE, OxFB,

0x06, 0x6D, 0x61, OxBB, OxCE, 0x7C, 0x6D, 0xC8, 0x18, 0x95, Ox6E, OxBC,
Ox6F, 0x3D, 0x83, Ox7F,

0x77, 0x02, 0x17, Ox9F, 0x71, Ox3F, 0x60, 0x09, 0x6D, O0xF7, 0x0D, 0x95,
0x65, O0x2E, 0xD7, 0x06,

Ox0A, 0x68, 0x74, OxE3, OxE9, 0xD9, 0x07, OxAD, OxF1, O0xD4, Ox5F, Ox7A,
0OxF4, 0xC6, 0x3F, OxED,

OxFC, 0x75, 0x73, 0x27, 0x88, 0xD1, 0xA9, OxF7, 0x83, 0x17, 0x53, Ox7A,
OxDF, 0x68, 0xB1, 0xBB,

0x8F, O0xC7, 0x68, OxFD, 0x74, 0x18, 0x13, 0xD2, 0x7B, 0x5F, OXEQ, 0x48,
0x7B, 0x82, 0x76, 0x93,

0x10, 0x93, 0x79, 0x77, 0xD1, 0xB4, 0xA7, Ox4A, OxEE, 0x1B, 0x27, 0x1B,
0x99, 0xF8, 0xA3, 0x85,

0xC9, 0x26, 0x37, Ox5E, 0x48, 0xB4, OxBA, OxF1, 0x0C, OxBE, 0x68, 0x4F,
0xD9, 0x97, 0x5D, 0xB5,

0x1C, 0xF2, OxFC, 0xBB, 0x40, 0x2D, 0xA3, OxEF, 0x37, 0x01, 0x1C, 0x34,
0x78, OxFE, 0xC4, 0xDB,

OxES8, 0x7E, OxEA, 0x0C, 0xB9, 0x80, OxEF, 0x1D, OxFF, OxBE, 0x5B, 0x00,
0x53, 0x21, 0x76, 0x86,
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OxA1l, OxA4, OxF7, Ox2E, 0x60, 0x8C, 0x9F, 0x49, 0x60, 0xDB, 0x02, OxFC,

OxE5, Ox4F, 0x55, 0x48,

0x89, 0x57, 0xC2, 0xB0O, OxAD, 0x1B, 0x4C, Ox5A, 0x21, 0x71, Ox5C, 0x57,

0x37, Ox9E, 0x63, OxA2,

0x5D, 0xDO, 0xC3, OxE1, Ox11, Ox1F, 0x50, Ox9F, 0x8B, 0xB8, OxE1, Ox9F,

OxBE, 0x76, 0x0D, OxCD,

0x74, OxE3, 0x82, OxBE, 0x16, 0x0B, 0x78, 0xD1, Ox6F, OXEB, 0x33, 0x63,

0x46, 0xC4, Ox5E, OxEO,

0x83, 0x50, 0x09, 0x48, OxE2, OXED, 0x24, OxBA, 0x16, Ox1F, 0x49, OxBF,

0x19, OxE7, 0x6C, 0xBO,

0x46, 0xBD, OXAC, 0x7A, 0x3A, 0x7A, 0x15, 0xD6, O0x2C, OxBE, 0x58, 0x3B,

0x3C, 0xF2, 0x90, 0xC2,

0xDC, 0x05, 0x28, 0x0C, 0xF9, OxFB, 0xD4, 0x0A, 0x58, 0x25, 0xOF, 0x53,

0x30, 0x4B, 0xA4, 0xOF,

0x26, 0x25, Ox6A, OxE5, Ox1F, 0x58, 0x12, 0x1B, 0xB6, OxF5, 0x82, 0x96,

0x3D, 0x7A, 0x24, OxEA,

0x21, 0x3D, 0x4C, 0xCC, OxFF, 0x9F, 0x7F, 0x57, OxF9, 0x0C, 0x7D, 0xDB,

0x5D, 0x2A, 0x98, OxAE,

0x85, 0x81, 0x39, 0xD2, 0x8B, Ox1E, OxCD, 0x28, 0xD0O, OxFC, 0x48, OxA5,

0x7A, Ox6E, 0xB0, 0xC2,

0xD6, 0xC3, 0xDO0O, 0x0C, 0x9C, 0x39, 0x31, Ox6E, 0x59, OxBE, 0x19, 0xCD,

0xBO0, 0x47, OxDA, 0xC8,

0xB2, OxCE, 0x17, 0x70, OxFO, 0xD2, 0x09, 0x09, 0x06, 0x2B, 0x34, OxOE,

0x9E, OxBE, 0x79, 0x75,

0xC6, Ox1F, 0x51, 0x79, OxE9, 0x23, 0x0B, 0x5B, 0x07, 0x87, 0x9A, 0x1D,

0x79, 0xDC, 0xCD, 0x1B,

0x98, Ox8E, OxES5, Ox6F, O0x1A, 0x5C, 0xA0, 0x40, Ox1B, OxA3, 0x10, OxBF,

0xFO, 0x43, 0xA2, 0x8D,

0xB4, 0x84, 0xA3, OxEB, 0x9B, OXEC, OxF6, OxC5, 0xB6, Ox1F, 0x38, 0x13,

0xC7, 0x13, 0x23, 0xB9,

0xB2, OxBF, 0x05, Ox2E, 0x0C, 0x4D, 0xA8, 0x7E, 0xD4, Ox0E, 0x06, OxA7,

0xDD, 0x03, OxFA, 0x34,

0x11, 0xCO, 0x00, Ox3F, 0x00, 0x04, 0x18, 0x06, 0x40, 0x80, 0x8F, 0x0C,

OxF1, 0x38, 0x11, 0x76,

0xDB, 0xCC, OxE4, 0x54, 0x40, Ox2A, 0x6D, OxE3, 0x80, OxE3, 0x74, 0x40,

Ox1F, OXAD, 0xBB, Ox4E,

0x28, 0xC3, 0xA9, OxBF, 0x2C, 0xA3, 0x0C, OxF0, OxCC, Ox5F, OxEOQ, 0x1C,

0x71, 0x42, 0x2D, 0xBC,

0xB9, 0x72, OXEA, 0xD8, OxEB, 0x0F, 0x9A, OxF1, 0x80, 0xE4, OxCD, 0x3D,

0x23, 0x8D, 0x04, 0Ox11,

OxCE, 0xB2, 0xC5, Ox5E, 0x15, OxD7, 0x58, OxAC, 0x52, 0xC6, 0x36, 0x72,

0xC3, 0x1C, OxE7, 0x68,

Ox6E, 0x21, 0x82, OxDF, O0xD3, 0xDD, 0x5D, 0x18, 0xD0O, 0xC0, OxEE, 0x21,

OxDF, OxEA, 0x3D, 0x14,

0x67, OXDE, 0x01, Ox5F, 0x82, 0x9B, OXE9, OXAC, 0xF2, OxCF, 0x40, 0x91,

OxFD, 0x3A, 0xD2, 0xBC,

0x08, 0x42, OxF8, 0x11, 0x53, 0x41, 0x1B, 0x64, OxCE, 0x32, Ox6A, 0x17,

0xB2, 0x93, 0x78, 0x4B,

0x31, 0x9B, 0x93, OxFD, OxE8, 0xD8, 0x74, OxE2, 0x36, 0x7B, 0x67, OxF2,

0x08, 0x78, 0x1C, 0xC4,

0xD9, 0xFD, 0x20, 0x7D, 0x15, OxA5, 0x4C, 0xC4, OxEC, 0xDO, 0x16, 0x7D,

0xBO0, 0x38, OxBF, 0x10,

0x27, Ox6E, OxDF, Ox5E, 0x24, 0x7C, 0x35, 0x69, 0x18, 0x9C, 0x4A, 0x4F,

0x5C, 0xC3, 0x09, OxE9,
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0x79, OxBF, 0x55, OxDE, 0x39, Ox1E, 0x31, 0x73, 0x89, 0xC3, OxAD, 0x44,
0xF2, 0x8C, 0x05, OxEE,

0xDD, 0xCB, 0x72, 0xBB, 0x3D, 0x12, 0x54, 0xA9, 0x26, 0x7C, 0x3C, 0x44,
0x06, 0x44, Ox1E, OxAS,

0x2D, 0x9E, 0x02, 0x15, 0x22, 0x39, 0x76, OxE3, 0x76, 0xC6, OxFO, 0x89,
0x8C, 0x36, 0x35, 0x91,

0x63, 0x31, 0x03, 0xB1, 0x7B, 0x20, 0x9A, 0xE9, 0x53, 0x72, 0x5C, OxBE,
0x47, 0xCC, OxEB, 0x1B,

0x58, 0x5C, O0x1D, 0x6D, 0x82, OxFD, 0xA9, 0x33, 0xA7, Ox3F, 0x88, OxF1,
0xE9, 0x54, 0x32, 0xC7,

0x49, 0x86, 0x23, 0x55, 0x2C, 0x27, 0x37, OxFD, 0x30, Ox7E, OxF4, 0x3A,
0x81, O0xB8, 0x56, 0x21,

0x3F, 0x95, OxCA, 0x26, 0x07, 0x36, 0xF4, 0x5A, 0x46, OxFA, 0x7B, 0OxCE,
0xD4, 0xC9, 0xCO0, 0x02,

0x26, 0x6C, 0x82, 0x55, 0x26, 0xA5, 0x92, 0xC7, 0x37, 0x8A, 0x29, 0x0C,
0xC2, 0xD8, 0x2D, 0xC7,

0xD4, 0x14, 0x6C, 0x56, 0x38, 0x2C, 0x63, 0x95, 0x2B, OxFC, 0x0A, 0x86,
0x3C, 0x10, 0x1B, 0xBC,

OxAE, 0x3D, 0x61, 0x35, 0x8A, 0x32, 0x17, 0x31, 0x96, OxFD, OxFD, 0x96,
0x2C, OxFC, 0x75, 0x1C,

0x76, 0x49, 0x0A, 0x94, OxFD, 0x80, OxFA, 0x7F, 0x6C, 0x69, Ox1A, 0x22,
0xA9, 0xA3, 0x89, 0x07,

OxFB, OxE3, OxF8, 0x48, OxE1, 0x30, 0x21, OxF7, 0x49, 0x91, 0x32, 0xC8,
0x89, 0x2A, 0x87, 0x08,

0xC8, 0xDD, 0xD5, OxE4, 0x47, OxF5, 0xC7, 0x90, 0x42, 0x3F, 0x67, OxF8,
0xB0, 0x8B, 0x32, 0x09,

0x13, OxFE, 0x1B, OxBF, OxCD, 0xA9, OxE5, 0x7B, 0x58, OxCD, 0x5D, Ox0E,
0x12, 0x15, 0x4F, Ox5E,

0xC2, O0xF3, 0x4C, 0xA3, OxF1, OxCC, 0x21, Ox0A, 0x86, 0x07, 0x90, OxBE,
0x55, OxBC, 0x44, 0x63,

0x97, 0x12, 0x04, 0x98, 0x44, 0x81, 0x27, 0x47, 0x21, OxCF, O0x64, 0x7F,
0x47, 0x38, 0xB8, 0x02,

0x46, 0x9F, OXEE, Ox7E, 0x89, OxEB, 0xC2, OxF5, 0x11, 0x7B, 0x34, 0xC1,
0x77, Ox1F, 0x41, OxE5,

0x18, 0xDD, OxFD, 0xC2, 0xA0, OxBE, OxBE, 0x07, O0x53, OxC2, 0x17, 0x36,
OxF1, OxF5, 0x27, OxCE,

0xC2, 0xA6, 0x2F, 0x9A, 0x6D, 0x30, 0x16, 0x31, Ox6E, Ox6D, 0x32, 0xC5,
0Ox5E, 0x23, 0xCO, OxE1,

0x1C, 0xD8, OxE3, 0x34, 0x01, 0xC6, 0x33, OxFA, Ox2E, 0x86, 0x12, 0x35,
0x69, 0x7C, 0x0A, 0x30,

0xDO0, 0x81, 0x00, 0xC4, 0xD7, OxEE, Ox7E, Ox61, 0x2C, OXAE, 0x35, Ox1B,
0xB2, 0x40, 0x38, 0xC5,

0xD6, 0x21, 0xD4, 0x2B, 0x44, OxE8, 0x13, 0xB8, 0x77, OxBF, O0xC4, OxAC,
OxDA, OxFC, OxA7, OxEB,

0x4F, 0x89, 0x87, 0x24, 0x45, 0x24, OXAE, 0x7D, OxEC, 0x44, 0x9B, OxF1,
0xBA, 0x60, 0x28, OxFS8,

0xC1, 0x63, 0xD7, 0x6D, 0x1C, OxFO, 0x07, 0x95, 0x45, Ox6E, 0x6F, 0x43,
0xB3, 0x7A, 0x8E, 0x40,

0x6C, 0xB9, 0x28, 0xB0O, 0x7C, OxE5, 0x7B, OxA6, OXEB, 0x98, Ox9F, 0x69,
0x42, Ox6F, 0x66, 0x05,

O0xE7, 0x19, 0xC2, 0x6D, 0xF3, 0x17, OxCF, 0xBC, OxF6, 0x2D, 0x9C, 0x73,
0xD3, 0x26, 0x15, OxE3,

OxES8, 0x08, OxAC, 0x8C, 0xAC, 0x38, 0x95, 0x71, 0x8C, OxE8, 0x1B, 0xO0A,
0xB8, 0x99, 0x32, 0x16,
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OXE6, OxCA, 0x08, O0x5D, 0xB8, O0xCD, 0xD2, 0x2A, Ox1F, OxAB, 0x9C, OxBA,
0x2D, 0x47, 0x4F, 0x4B,

0x6C, OxF1, 0x57, OxXE8, 0x7B, 0x8D, OxE6, O0xAD, 0xC4, 0x0C, OxAB, 0x3C,
OxE8, 0x04, 0x12, 0x83,

0x8C, 0x89, 0x8A, 0xCC, 0x94, 0x5D, 0x0D, 0x1C, 0xA4, 0x99, 0xA4, 0xCO,
0x66, OxF4, 0x23, 0x55,

0x42, 0x56, 0x06, 0xD9, 0xBC, 0x7F, 0x30, 0x97, 0xF9, 0xF3, 0x90, 0x97,
Ox4E, 0x29, 0x23, 0x35,

0x25, 0x73, 0x71, OxFF, OxA3, OxAF, OxE8, 0x97, OxDB, 0x17, OXES8, 0xC9,
OxCF, 0x5D, 0x4C, OxOF,

Ox9F, Ox5C, OxFD, 0x0C, 0x25, Ox9F, 0x37, Ox2E, 0x4C, 0x96, 0x94, OxEOQ,
0x2C, 0x69, 0x1A, 0x2B,

0x29, 0xD3, 0x06, 0x53, OxE2, 0xC1, Ox9A, O0x7E, Ox9E, Ox6F, OxCA, 0x38,
0x24, OxEB, 0x83, 0x0C,

0x29, OxE5, Ox5A, 0x4D, 0x9B, 0x59, 0x15, 0x48, 0xF4, 0x72, OxAE, 0x2B,
0xA3, 0x97, 0x16, 0x02,

0x12, 0x35, 0x73, OxE4, Ox6A, 0x62, 0xB9, 0x25, Ox3E, 0x90, 0x8C, 0x1D,
0x12, 0x7F, OxCE, 0x57,

0x26, 0x39, 0x27, 0x5F, 0x3A, 0x9E, OxE5, 0x2F, 0xDB, 0xF4, 0x7C, 0x43,
0x94, 0x56, 0x59, 0xD1,

0xB6, OxE3, 0x81, 0x01, Ox5F, OxFC, OxFA, OXEA, 0x25, 0x4D, 0x39, 0xF2,
0x0A, OxE7, 0x20, OxDB,

0x17, OxB1, 0x77, 0x02, 0x2B, 0x67, 0xAQ, OxB0O, OxB5, OxA1l, OxD5, OxES6,
0xA9, 0x26, 0x69, 0x47,

0x69, 0x24, 0xD0O, OxC3, 0x4F, 0x7C, Ox4E, 0x5A, 0x78, 0x32, 0x00, 0x37,
0x2B, 0x65, OxF1, OxE7,

0x79, 0x51, 0x20, Ox0E, Ox1F, 0x13, 0x02, OXEE, OxAA, 0x71, 0x47, OxOE,
0x69, Ox8E, 0x11, OxAB,

0xC3, 0x5B, 0x9A, 0x0C, Ox7E, 0x41, 0xC8, 0xA7, 0x66, 0x12, 0x31, 0x96,
0x15, Ox5E, OxCA, 0x93,

0x68, Ox0E, 0x71, 0x89, 0x1F, 0x7D, 0x34, 0xC7, 0x90, Ox1A, Ox9F, 0x82,
0OxE7, 0xB7, 0x3D, 0xDO,

0xA0, 0x79, 0x5D, 0xA6, OxOE, 0x37, 0x57, Ox0A, 0x64, 0x5D, 0x21, 0x58,
0x12, 0x52, 0x73, OxCB,

0xD8, 0x47, 0xCD, Ox4E, OxF6, OxDE, 0x73, Ox2F, Ox6E, 0x6D, 0x8B, 0x0C,
0x3B, 0x5A, 0x35, 0x2D,

OxEF, Ox6E, 0x32, 0x0C, 0xD2, OxF4, 0xB2, 0x22, 0x6C, OxAE, 0x81, 0x91,
OxFC, 0x22, Ox1E, 0x10,

0xCB, 0x2E, 0x07, 0x44, 0x81, OXxEC, 0xD9, 0xDE, 0x2F, 0xD7, 0x2C, OxE4,
0x20, 0x17, 0x39, 0x4C,

0xA3, Ox2F, Ox2A, 0x98, 0xD2, 0xF2, 0x2C, 0x9C, 0xA0, 0x4E, 0x99, 0x50,
OxE6, OxBF, 0xD2, Ox7A,

0xC1, 0x67, 0x88, 0xA5, 0xCD, OxF7, 0xA8, 0xD9, 0xDA, 0x70, 0x16, 0x81,
0x95, 0x66, 0xB1, Ox4F,

OxF2, OxDF, 0x68, 0xC3, 0x96, 0x04, 0x0F, 0x34, 0x70, 0x65, 0x41, 0x0D,
0OxA7, OxA5, 0x4C, 0x20,

O0xBA, 0xBD, 0x0A, 0x02, OxE9, OxAE, 0x27, 0x89, 0x56, OxEA, 0x22, 0x4B,
0xD3, 0x5F, OxFE, Ox3E,

0x1D, 0xC6, 0x02, 0xB8, OxAE, Ox6A, OxAE, 0xC0, 0x09, 0xC6, 0x35, 0x13,
0xB7, 0xA1, 0x44, OxA2,

OxAD, 0x92, 0x9C, 0xA6, 0xA0, 0x2D, Ox5E, 0x6D, 0x89, 0x73, OxDE, 0x54,
0xD4, 0x0A, OxAF, 0xB6,

0xC1, 0xD7, 0x92, 0x83, 0xC4, OxF7, 0x3F, O0xA6, 0x26, 0xC4, OxE5, OxF®6,
0xC6, 0xB2, 0xBD, OxE3,
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OXE5, 0x40, 0x05, 0x85, 0x7C, 0x9B, 0x26, 0x37, 0x17, OXAE, 0x69, Ox2E,
0x2C, 0xCC, 0x45, 0x09,

0xD2, Ox0E, 0xB4, 0x7A, 0x6D, 0x92, OxF8, OxFF, 0x87, 0x27, OxA9, 0x66,
0xCB, 0x71, 0xA9, 0x9C,

0xA2, OxF7, 0x97, 0xD4, 0x2B, 0x27, 0xC8, 0x3C, 0xCB, 0xC1, 0xD5, Ox5A,
Ox8E, OxEB, 0xA9, 0x15,

OxAF, 0x1D, 0x28, 0x41, 0xAA, 0x96, 0x7A, 0x85, O0x11, OxAB, 0x92, OXEC,
0x75, 0xB3, OxFF, OxDD,

0x42, OxF2, 0x66, 0x89, 0x44, 0x58, OxBE, 0x51, 0x5C, 0x59, 0x3D, 0OxF9,
0x30, 0x49, 0xC9, 0x64,

0x8D, 0x52, 0x49, 0x9A, 0x8C, 0x94, 0xA8, 0x13, 0x39, O0x4A, 0xA9, OxE3,
0x41, OxBC, OxXEC, 0x26,

0x5F, 0x6B, 0x19, 0x2B, 0x19, 0x9D, 0x06, 0x4E, OxCA, 0x80, 0x77, OXFC,
0x86, 0x76, 0x3F, OxBF,

0x26, OxE6, 0xBD, 0x17, 0x57, 0x36, OxD7, 0x71, 0xC9, 0x03, 0x12, 0x95,
0x32, 0x63, 0x92, 0x00,

OxE1, OxF4, 0x45, 0x62, 0x56, 0x8A, 0x82, 0x5C, 0x1C, 0x90, 0x86, OxFE,
0xD6, 0xC5, 0x74, 0xBD,

0x22, 0x9E, 0xC6, 0x39, OxFB, 0xF9, 0x99, 0xE6, 0x07, Ox1A, 0x7F, 0xC1,
0x5D, 0x90, 0xBC, 0x5B,

0x44, 0x13, 0x6F, Ox7F, 0x62, OxAB, 0x42, 0x9A, 0x83, 0xC8, 0xD4, 0x09,
0OxA1, 0x49, OxA6, Ox4F,

OxDE, OxE2, 0xDB, 0x7A, OxF2, 0x82, 0xA7, 0x4A, OxF5, 0x78, 0x57, OxFC,
0x53, 0xA2, 0x48, OxCE,

0x9C, 0x9C, 0x26, 0xB5, OxE5, 0x6D, 0xA1l, OxXE3, Ox4A, 0x22, 0x2A, 0x5B,
0x87, OxAE, 0x61, OxC2,

OxE4, OxF4, 0x37, 0x6B, 0x45, 0xB5, 0x02, 0x95, 0x86, 0x4C, 0xC8, 0x52,
0x5B, 0xA6, 0xBA, OxAE,

0x58, 0x53, 0xB5, 0xD8, 0x2F, 0x41, 0x94, OxEE, 0x79, 0x29, 0xB3, 0x7C,
0x31, Ox2A, OxDC, OxE2,

0xBC, 0xB0, OxF2, OxCF, OxF0, 0x28, OxDE, 0x59, OxE5, OxDF, 0xF8, OxAB,
0x8B, 0x86, 0x47, OxFC,

Ox7F, 0x22, OxF6, Ox5F, 0x04, 0x9C, 0x39, 0x76, 0x5C, 0x6C, 0x00, 0x00

+

//File: index_ov3660.html.gz, Size: 4408

#define index_ov3660_html_gz_len 4408

const uint8_t index_ov3660_html_gz[] = {

Ox1F, 0x8B, 0x08, 0x08, 0x28, 0x5C, OxAE, 0x5C, 0x00, 0x03, 0x69, Ox6E,
0x64, 0x65, 0x78, Ox5F,

Ox6F, 0x76, 0x33, 0x36, 0x36, 0x30, 0x2E, 0x68, 0x74, 0x6D, 0x6C, 0x00,
OxE5, 0x5D, OxEB, 0x92,

0xD3, 0xC6, 0x12, OXFE, OxCF, 0x53, 0x08, 0x41, 0x58, 0x6F, 0x65, OXED,
0xF5, 0x6D, 0xCD, OxE2,

0xD8, OxE6, 0xCO, 0xB2, 0x84, 0x54, 0x01, 0x49, 0x20, 0x21, 0xA9, Ox4A,
0xA5, 0x60, 0x2C, 0x8D,

OxED, 0x09, 0xB2, OxE4, 0x48, 0x23, 0x7B, 0x37, 0xD4, 0x3E, 0xC7, 0x79,
0xAO0, OxF3, 0x62, OxA7,

OxE7, 0x22, 0x69, 0x24, 0x8F, Ox2E, 0xB6, 0x59, 0x9B, 0xC3, 0x31, 0x55,
0x20, 0x5B, 0xD3, 0x3D,

0xDD, OxFD, 0OxF5, 0x6D, 0x46, 0x17, 0x06, 0x77, 0x6D, OxCF, OxA2, 0xD7,
0x0B, 0x6C, 0xCC, OxES,

0xDC, 0x19, OxDD, 0x19, 0x88, 0x7F, 0x0C, OxF8, 0x0C, 0x66, 0x18, 0xD9,
OxE2, 0x90, 0x7F, 0x9D,
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0x63, Ox8A, 0x0C, 0x6B, 0x86, OxFC, 0x00, 0xD3, OxA1, 0x19, 0xD2, 0x49,
0OxFD, 0xDC, OxCC, 0x9E,

0x76, 0xD1, 0x1C, Ox0F, OxCD, 0x25, 0xC1, OxAB, 0x85, OxE7, 0x53, O0xD3,
0xB0, 0x3C, 0x97, 0x62,

0x17, 0x86, OxAF, 0x88, 0x4D, 0x67, 0x43, 0x1B, 0x2F, 0x89, 0x85, OxEB,
OxFC, 0xCB, 0x09, 0x71,

0x09, 0x25, 0xC8, 0xA9, 0x07, 0x16, 0x72, OxFO, 0xB0O, OxA5, OxF2, 0xA2,
0x84, 0x3A, 0x78, 0x74,

0xF9, OxF6, OxA7, Ox4E, 0xDB, OxF8, OxF1, 0x5D, 0xA7, 0xD7, 0x6B, Ox0E,
0x4E, 0xC5, 0x6F, 0xC9,

0x98, 0x80, Ox5E, OxAB, OxDF, 0xD9, 0x67, OXEC, 0xD9, 0xD7, 0xC6, OxA7,
0xD4, 0x4F, OXEC, 0x33,

0x01, 0x21, OxEA, 0x13, 0x34, 0x27, OxCE, 0x75, OxDF, 0x78, OxE2, 0xC3,
0x9C, 0x27, Ox2F, 0xBO,

0xB3, 0xC4, 0x94, 0x58, OxE8, 0x24, 0x40, Ox6E, 0x50, OxOF, 0xBO, 0x4F,
0x26, 0xDF, OxAD, 0x11,

Ox8E, 0x91, OxF5, O0x71, OxEA, 0x7B, 0xA1l, 0x6B, 0xF7, 0x8D, 0x7B, OxAD,
0x73, 0xF6, 0x67, 0x7D,

0x90, OxE5, 0x39, 0x9E, 0x0F, OxE7, Ox2F, 0x9F, 0xB3, 0x3F, OxEB, OxE7,
0xF9, OxEC, 0x01, OxF9,

0x07, OxF7, 0x8D, 0x56, Ox6F, 0x71, 0x95, 0x3A, 0x7F, 0x73, 0x27, OxF5,
0x75, 0xD6, OxCE, 0x93,

Ox5E, O0xD2, 0x9F, 0x17, 0xD3, 0x07, 0xD8, 0xA2, 0xC4, 0x73, 0x1B, 0x73,
0x44, 0x5C, 0x0D, 0x27,

0x9B, 0x04, 0x0B, 0x07, 0x81, Ox0D, 0x26, Ox0E, Ox2E, OxE4, 0x73, Ox6F,
Ox8E, 0xDD, 0xFO, O0xA4,

0x84, 0x1B, 0x63, 0x52, 0xB7, 0x89, 0x2F, 0x46, OxF5, 0x99, 0x1D, 0xC2,
0xB9, 0x5B, 0xCA, 0xB6,

0x48, Ox2E, 0xD7, 0x73, 0xB1, 0xC6, 0x80, 0x6C, OxA2, 0x95, Ox8F, 0x16,
0x6C, 0x00, OxFB, 0x77,

0x7D, 0xC8, 0x9C, 0xB8, 0xC2, 0xA9, OxFA, 0x46, 0xA7, 0xDB, 0x5C, 0x5C,
0x95, 0x40, 0xD9, OxE9,

0xB1, Ox3F, OxEB, 0x83, 0x16, 0xC8, 0xB6, 0x89, 0x3B, OXED, 0x1B, OxE7,
Ox5A, 0x16, Ox9E, Ox6F,

0x63, OxBF, OXEE, 0x23, 0x9B, 0x84, 0x41, OxDF, OXE8, OxXEA, 0xC6, OxCC,
0x91, 0x3F, 0x05, 0x59,

0xA8, 0x07, 0xC2, 0xD6, 0x5B, Ox5A, 0x49, OxE4, 0x10, Ox9F, 0x4C, 0x67,
0x14, 0x20, 0x5D, 0x1B,

0x93, 0x35, 0x9A, 0x0C, 0xA1l, 0x32, 0x3C, 0x0B, OXED, 0xA6, 0xB7, Ox1A,
0x72, 0xC8, 0xD4, OxAD,

0x13, Ox8A, OxE7, 0xA0, Ox4E, 0x40, 0x7D, 0x4C, OxAD, 0x59, 0x91, 0x28,
0x13, 0x32, 0x0D, 0x7D,

OxAC, 0Ox11, 0x24, 0xB6, 0x5B, 0x81, 0xC2, 0x70, 0x72, OxFD, 0x54, 0x7D,
0x85, 0xC7, Ox1F, 0x09,

OxAD, 0x4B, 0x9B, 0x8C, 0xF1, 0xC4, OxF3, O0xB1, 0x76, 0x64, 0x34, 0xC2,
OxF1, OXAC, Ox8F, OxF5,

0x80, 0x22, 0x9F, 0x56, 0x61, 0x88, 0x26, 0x14, OxFB, OxE5, OxFC, 0x30,
OxF3, 0x8A, 0x72, Ox6E,

0xF9, 0xD3, OxCA, 0x01, 0xC4, 0x75, 0x88, 0x8B, 0xAB, 0x8B, 0x97, 0x37,
0Ox6F, 0x9A, 0x9D, 0x18,

0x55, 0x01, 0x18, 0x32, 0x9F, 0x16, 0x79, 0x09, 0xD7, 0x75, 0x7D, 0x32,
0x19, 0x37, OxAD, 0x66,

O0xF3, 0x9B, OxF5, 0x93, 0x33, 0x2C, OxDC, 0x14, 0x85, 0xD4, 0xDB, 0x3D,
0x22, 0xD6, 0xC2, Ox2A,
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0xA3, 0xC7, OxBF, OxE6, 0xD8, 0x26, 0xC8, 0xA8, 0x29, OxE1l, 0x7C, OxDE,
0x04, 0x9F, 0x3A, 0x36,

0x90, 0x6B, 0x1B, 0x35, OxCF, 0x27, 0x10, 0x08, 0x88, OxA7, 0x1B, 0x07,
0Ox7E, 0x81, 0xC2, 0xB1,

0xCO0, 0xC7, Ox1A, 0x95, 0x0B, 0x62, 0x46, 0xB5, 0x88, 0x3E, 0x6C, 0xDS,
0xA7, 0x42, OxCA, 0x61,

0x9F, 0xD2, 0x00, 0xD2, OxE8, 0xC8, 0xD9, 0x17, OxE1, OxA5, 0x4A, 0x98,
0x87, 0x19, 0OxFB, 0xCC,

0xD1, 0x55, 0xBD, 0x10, OxBB, 0x68, 0x50, 0x84, 0x21, 0x94, 0x59, OxAB,
0x06, 0x43, 0x97, 0x33,

0xA3, Ox6E, 0xB0, 0x2C, 0x79, OxAC, O0xA7, 0x91, 0x4C, OxF5, 0x90, OxB3,
0x8F, OxEA, 0x14, 0x1B,

0xA8, 0xAB, 0x57, 0x35, 0xC9, 0x1D, OxE2, Ox8F, OxCE, 0x87, 0x84, 0x26,
0xB9, 0x59, 0x84, 0x7D,

OxAA, 0x67, 0x92, 0x84, 0x59, 0x69, 0x36, 0xD1, 0x30, OxCE, OxCF, 0x28,
0x6B, 0x7C, OxF3, 0xA2,

0x5B, OxC3, 0xB5, 0x58, 0x84, OxAA, 0xD9, 0x45, 0xC3, 0xB8, 0x48, 0x86,
0xD2, 0x2C, 0xC3, 0x3E,

0x37, 0x15, OxFA, 0x8D, 0x7B, OxE3, 0x90, 0x52, OxCF, 0x0D, 0x76, Ox2A,
0x51, 0x79, 0x71, OxF6,

0x57, 0x18, 0x50, 0x32, 0xB9, OxAE, OxCB, 0x90, 0x86, 0x38, 0x5B, 0x20,
0x68, 0x21, 0xC7, 0x98,

OXAE, 0x30, Ox2E, Ox6E, 0x37, Ox5C, 0xB4, 0x84, 0xBC, 0x33, 0x9D, 0x3A,
0x3A, OxDF, 0xB3, 0x42,

0x3F, 0x60, 0x7D, 0xDB, 0xC2, 0x23, 0xC0, 0xD8, 0x5F, 0x9F, 0x38, 0x1D,
0x83, 0x15, 0x27, OxAA,

0x5B, 0x63, 0xCD, 0x5C, Ox5E, 0x48, 0x99, 0x8D, 0xB5, 0x48, 0x78, 0xAO0,
Ox0E, OxA1, OxD7, OxDA,

0x73, 0x32, 0x12, 0x35, 0x67, 0xA2, 0x10, O0x2C, 0x2C, 0x0B, 0x69, 0xB9,
OxFA, 0xD6, 0x0C, 0x5B,

Ox1F, OxB1, OxFD, 0x6D, 0x69, 0x1B, 0x56, 0xD6, Ox1E, 0x36, 0x88, 0xBB,
0x08, 0x69, 0x9D, 0xB5,

0x53, 0x8B, 0x5B, 0xC1, 0x9C, 0x3B, 0x64, 0xA4, 0x62, 0xBB, 0x5D, 0xD4,
0x54, 0x9C, 0x2D, OxAE,

0x8A, 0x8D, 0xA0, 0x0A, 0x3B, 0x72, OxD0O, 0x18, 0x3B, 0x45, 0x22, 0xCB,
0x60, 0xC8, 0x49, 0xBB,

0x32, 0x57, OXE5, OxF7, Ox6E, Ox5C, 0xB2, 0xA4, 0x78, 0x75, Ox1F, Ox7E,
0x53, 0xD9, 0x8E, OxFC,

OxF8, 0x24, 0xF5, 0x53, 0x80, 0x1D, 0x08, 0xB0O, 0xBC, 0xD6, 0x1B, 0xC6,
0OxAC, 0x40, 0x86, 0xC2,

0x09, 0x7C, OxE4, Ox4E, 0x31, OxE4, 0x82, OxAB, 0x93, OxE8, 0xB0O, 0x78,
0x61, 0x50, 0x49, 0x7D,

0x96, OxAA, OxCF, Ox8A, 0x17, 0x22, 0x22, 0x21, 0x6C, 0xD1, 0x8C, 0x28,
0xB0, 0x16, OxCE, OxDF,

0xD2, 0x3A, 0x85, OxE8, 0x47, 0xB4, 0x01, 0x93, 0x76, 0x29, 0x6D, Ox7F,
Ox5F, Ox9A, 0x11, OxA2,

0x95, OxDE, 0x64, 0x52, 0xB6, 0x56, 0x9C, 0x4C, 0x3A, 0xCD, 0x4E, 0xB7,
0xB4, 0x61, 0xD2, Ox6A,

0x99, 0x59, Ox2F, Ox6A, 0x32, 0x46, 0x9C, 0x4D, OxCA, 0x21, OxE8, OxCF,
0xBC, 0x25, 0xF6, 0x35,

0x40, 0x64, 0xC4, OxED, 0x3E, OXEA, 0xDA, 0x15, 0xB8, 0x21, 0xC8, 0xF7,
0x4B, 0x5D, 0x36, 0x4D,

0xB3, 0x6B, 0xB7, OXAC, 0x76, 0xA1l, 0x63, O0x0A, 0x76, 0x0D, OxFO, 0x06,
0x34, 0x76, 0xB0O, 0x5D,
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0x90, Ox9E, 0x6D, 0x3C, 0x41, OxA1l, 0x43, 0x4B, OXEC, 0x8D, 0x9A, OxEC,
0x4F, 0xD1, 0x8C, 0x3C,

OxXAE, OxFE, 0x60, 0x1B, 0x1D, 0x43, Ox1E, 0x09, Ox7F, Ox6A, OxE6, 0x8C,
0x6A, 0x27, 0x5A, 0x2C,

0x30, 0x82, 0x51, 0x16, OxCE, 0x5B, 0x92, 0x56, OXEA, 0x99, OxF5, 0x89,
OxAB, 0xD2, 0x42, 0xB4,

0xD4, 0x15, OxE3, Ox6E, 0x68, 0x23, 0x9D, 0xFB, 0x13, OxCF, Ox0A, 0x75,
0x65, OxBA, 0x9A, 0x4B,

OxAD, OxF3, OxEB, 0x47, 0x26, 0x0B, 0x1C, 0xC2, 0x1D, 0x3B, 0x74, 0x5D,
0x86, 0x68, 0x9D, OxFA,

OxAO0, OxA6, 0x66, OxA2, Ox6A, 0x86, OxDB, 0x2A, 0x3A, 0x53, 0x86, 0xCD,
0xDB, 0x8C, 0xC9, 0x04,

0xA0, 0x26, 0x51, 0xC4, 0x39, 0xC4, 0x08, 0x3C, 0x50, 0x2A, 0x62, 0xB5,
0x9B, 0x5D, OxES8, 0x2C,

0x9C, OxEB, 0x1A, 0x83, 0x68, 0xB2, 0x16, 0x54, 0x31, 0x31, 0x9D, Ox3F,
0x1D, 0xA3, 0x5A, OxF3,

0xA4, 0x79, 0xD2, 0x81, OxBF, 0x34, 0x0D, 0x7A, 0xB1, 0x73, 0x49, OxF3,
OxE6, 0x78, Ox5E, 0x26,

0xF9, 0x94, OxEF, 0x93, OxE4, 0xA5, 0xB1, 0x52, 0x2C, OxAA, 0x47, 0x52,
0x7A, 0xC3, 0xA4, 0xD5,

0x28, 0x29, 0x2C, 0x39, 0x2E, 0xBD, 0xB9, 0x23, 0x6A, 0xBC, 0x65, 0x53,
0x88, OxE7, OxDE, 0x3F,

0x75, 0x51, 0x55, OxFF, OxEF, 0xBD, O0x5D, 0x31, 0xC5, 0x57, OxED, OxE9,
0x1B, 0xDB, 0x25, 0x38,

0xB4, Ox6F, 0x34, 0xF3, 0x51, OxAF, OxCB, Ox7E, 0x06, 0x24, 0x74, 0x61,
0x51, OxE5, OxC3, OxEA,

0x2A, 0xB7, OxE7, 0x51, OxC6, Ox6C, 0x61, 0x83, 0x09, 0x71, 0x9C, OxBA,
OxE3, OxAD, OxCA, 0x3B,

0x91, 0x62, 0x4F, Ox5E, OxF3, 0xD3, 0x72, 0x97, OxDF, 0x56, OxDA, 0x10,
0x32, 0xD7, OxFF, 0x84,

0xB4, 0x5F, 0x77, 0xCO, 0x15, 0x86, 0xC6, 0x76, 0x85, 0x62, 0x0B, Ox7F,
0xDC, 0x6D, O0xA2, Ox4A,

OxAE, 0x24, 0x3A, 0xC1, 0xC2, 0xC5, 0x5C, 0xB0O, 0x22, 0xD4, 0x9A, 0x6D,
0xB1, 0xA8, 0x5A, 0x78,

0x01, Ox11, OxD7, 0x68, 0x7C, OXEC, 0x20, 0xD6, O0xC1, Ox6F, OxB5, OxE4,
0Ox2E, 0x5D, 0x98, 0xA8,

OxE4, 0x55, 0x34, OxE1, OxA6, OxFB, 0x72, 0xB6, 0x4B, Ox1A, O0xA2, 0x77,
0xC8, 0xCF, 0xD5, Ox7A,

0xB7, Ox2E, 0x69, OxF7, OxD3, 0x91, OxA1, Ox1F, 0xB4, 0x41, 0x46, Ox8F,
0x92, OxF6, 0xD4, 0xC7,

0xD7, 0x15, 0x94, 0x39, 0x91, OxFF, OxF6, 0xC5, 0x86, OXE8, OxF6, 0x6B,
0x7F, Ox5E, 0x00, OxA4,

0x17, 0x35, OxBA, 0x41, 0x85, 0xA9, O0xF3, 0xA7, OXAC, OxE2, Ox8F, OxF1,
0x76, Ox9F, 0x69, 0x56,

0x48, 0x37, 0x05, 0x25, 0x54, OxEF, OxAA, 0x51, OxF5, 0xD5, Ox9E, 0x74,
0OxFO, 0x84, OxE6, 0x5C,

0xCD, 0xEO, 0x7D, Ox6A, 0xA7, 0x38, 0xBB, 0xD5, 0x95, 0x7D, 0x82, 0xD2,
OxCC, 0x11, OxEF, OxCA,

OxES5, 0x7B, 0x9F, 0x96, 0x33, 0xCB, Ox9E, 0x1B, 0x33, OxCF, 0x87, 0x24,
0x6A, 0x9F, 0x39, 0xCC,

0x30, 0x66, Ox2E, 0x4B, 0x3E, 0xCO, 0x83, 0x7F, OxAF, O0xB5, 0x7B, OxDA,
0x8B, 0x05, 0x05, 0x83,

0x8B, 0x44, 0xCB, 0xDD, 0xD6, 0x5A, 0x2F, 0x59, 0xB9, 0x0B, 0x64, 0x35,
0x17, 0x69, 0x81, Ox2A,

Autor: Néstor Dofiate Marqués -35-
424.20.17



Escuela Universitaria
Politécnica- La Almunia
Centro adscrito

Universidad Zaragoza

Control de acceso y registro de horario en la empresa =

=

mediante reconocimiento facial

ANEXO 3 (Cdédigo)

Ox8E, OxCA, 0xA2, 0x0C, 0xB3, OxBE, 0x47, 0x53, OxE8, OXEC, 0x64, Ox8E,
0xAO0, OxED, 0x65, OxEE,

0Ox8A, 0x80, OxA3, OxOE, OxBF, 0x2A, OXEE, OxAE, 0x6C, Ox1A, O0xB6, Ox7A,
0xCD, 0x92, 0x29, 0x2D,

0xC7, 0x0B, 0x8A, 0xE3, 0x0A, 0x8D, 0xC1, 0x7E, 0x21, 0xD5, 0x4C, 0x24,
0xB7, O0x2E, OxB5, 0x3B,

0x4F, O0xDC, 0xB9, 0xB5, 0x67, 0x2A, 0x95, OxEE, 0xC2, 0x98, 0x2A, 0xOE,
0xC7, 0x8C, 0xCD, 0x5B,

0x4D, 0x6D, OxA6, 0x2D, O0xDC, 0x7F, 0xA3, OxF8, Ox0A, OxD6, 0x9B, OXEC,
0x82, 0x5C, 0xDF, 0xBO,

0xBO, Ox3E, 0x8D, 0xA6, 0x8A, 0x5C, 0xAB, OxCA, 0x26, 0x60, 0x21, OxO0E,
0x33, 0x62, 0xDB, 0xBS8,

0x70, 0x97, 0x93, OxAD, 0x79, 0x2B, 0x36, 0x0F, 0x4C, 0x7E, OxDD, 0xA6,
0xD4, OxAD, 0x04, 0x45,

OxE1, 0x75, OxFA, 0xD6, 0x6D, 0x47, 0x8C, 0x2C, 0x34, 0x79, 0x7B, 0xC4,
0OxE9, 0x56, 0xA4, 0x50,

0x54, 0x6D, 0x70, OxC7, OxDB, 0xC4, OxCC, 0x64, 0x60, 0x07, 0x36, Ox6A,
0x3D, 0x9B, 0x2B, 0x52,

0x0D, 0x4E, 0x95, 0x7B, 0x89, 0x06, 0xA7, 0xC9, 0x6D, O0x4F, 0x03, 0x76,
0x43, 0x91, 0x7A, 0xCB,

0x91, 0xB8, 0xDE, 0x65, 0x58, 0x0E, Ox0A, 0x82, 0xA1l, 0xC9, Ox6E, 0x8C,
0x31, 0xD3, 0x77, 0x20,

0x0D, 0x6C, 0xB2, 0x34, 0x88, 0x3D, 0x34, 0x1D, 0x6F, OXEA, 0x65, OxCE,
OxF1, OxF3, OxE2, OxO0A,

0x04, 0x24, 0xCD, 0xA1, 0x99, OxBA, 0x3A, 0x63, 0x72, OxAA, OxE4, 0x27,
0x73, OxF4, OxEO, OxDE,

0xA3, 0x87, Ox0F, 0x7B, 0xDF, 0x3D, 0x70, 0xC7, OxC1, 0x42, OxFE, OxFD,
0x8B, 0xB8, 0x98, 0x25,

OXEE, 0x88, 0x82, 0x3C, 0x4A, 0x29, OxE8, 0x19, 0x0C, Ox4E, 0x39, 0xD3,
0x8C, 0x20, 0xA7, 0x20,

0x49, 0x8E, 0x6C, 0xB2, 0xB6, OXEA, 0xC4, 0x8B, 0x86, 0x04, 0x50, Ox2E,
0xC6, 0xC8, 0xD7, 0x0C,

OxE1, OxC3, 0x44, OxE7, 0xC6, OxFD, 0xD6, OxE4, 0x35, 0x66, OXEC, 0x5D,
0x65, 0x35, OxEOQ, Ox4A,

0xC9, 0x02, 0x24, 0x47, 0x61, 0x3B, 0x8F, 0x21, 0x90, 0x71, 0x72, 0x76,
0x69, 0x2A, 0x67, 0x4C,

0x2C, 0x9F, 0xB4, OxBE, 0x72, OxA5, 0x44, 0x4C, 0x3D, OxF1, OxD1, 0x1C,
0x33, OxF7, 0x97, Ox3F,

OxE6, 0xB3, 0xC9, 0x22, 0x11, 0x53, 0x9A, 0xA3, 0x37, 0x98, 0x67, Ox4E,
0x40, 0x59, 0x6B, 0xD6,

0x35, Ox2E, 0xB2, 0x98, 0xA5, OxE6, 0x37, 0x23, Ox11, OXE5, OXE6, 0x75,
0x1D, 0x71, 0xB7, 0x29,

Ox11, 0x88, 0xB3, 0xF3, 0x16, OxDC, 0xC1, 0x96, 0xC8, 0x09, 0xC1, 0xB4,
OxAD, 0x96, 0x39, OxFA,

0xF9, OxF7, OXEF, 0x9F, 0xD4, 0xDA, 0xCD, OxEE, 0xF9, 0x55, OxEB, OXAC,
0xD7, 0x3D, Ox1E, 0x9C,

Ox8A, 0x21, 0x9B, O0xF3, 0x6A, 0x9A, 0xA3, 0x5F, 0x19, 0x2F, 0xA8, Ox2F,
0xCD, 0xAB, 0x56, 0xBB,

0xD9, 0xDC, 0x9E, 0xD7, 0x23, 0x73, OxF4, 0x96, 0xB3, Ox6A, Ox9F, 0x03,
0xAB, 0x66, 0x7B, 0x07,

0xB1, OxCE, 0xCD, 0x11, OxE7, 0x04, 0x4C, OxAE, Ox1E, 0xF6, OxCE, 0xB7,
0x67, OxF4, 0x10, Ox64,

0x7A, 0x07, 0x9C, OxCE, 0x41, 0xBB, 0xDE, 0x2E, 0xCA, 0OxF5, 0xCC, 0x11,
OxE3, 0xD3, OxEB, 0x36,
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OxAF, OxBA, OxE7, 0x3B, 0xF0, 0x39, 0x33, 0x65, OxA7, 0xC3, O0xDC, 0x3F,
0x3A, 0x32, 0x47, 0x17,

0x3F, Ox3C, OxAF, 0x75, O0x41, 0xC6, OxF6, 0xA3, OxDE, 0xF6, OxBC, OxBB,
OxEO, 0x17, 0x4C, 0xC8,

0x4E, 0x1B, 0x18, 0x75, 0x77, 0x10, 0xB2, 0x63, Ox8E, Ox5E, 0x70, Ox4E,
0xCO0, OxE5, OxAA, OxF5,

0x70, 0x07, 0x91, 0xCO, 0xBD, 0x7E, OxE6, 0x9C, 0xCO, 0xBF, 0x98, 0x7B,
0x55, OxE4, 0x04, 0xB9,

0x97, 0x9B, 0xA6, 0x20, OXE6, 0xD7, 0x33, 0x59, OXEA, 0x74, 0x51, Ox4A,
0OxF8, 0x3B, 0x84, Ox8E,

0x80, Ox5E, Ox6F, 0x9C, 0x10, 0x24, 0x1D, OxA8, 0x24, Ox0E, OxAA, OxE5,
0x02, 0x45, 0x92, OxF8,

Ox6A, 0xAB, 0x39, OxEA, 0x96, 0x28, 0xCO, 0x49, 0xD5, 0x84, 0xCA, 0x69,
0x53, 0xF2, 0x9B, OxAC,

0x3F, 0x64, 0xA8, 0xB3, OxFB, 0x79, 0xCO0, 0x43, 0x3B, 0xA6, 0x12, 0xD5,
0x5B, 0x25, 0x1B, 0x8D,

OxAC, OxE8, OxCA, 0x1C, OxF5, Ox3A, 0x65, 0xD6, OxDE, 0x01, Ox8C, 0x31,
OxEF, 0x3D, 0x5D, 0x1C,

0x04, 0x1B, OxE3, 0x91, 0x90, 0x9A, 0xA3, 0xA7, OxF1, OxF1, Ox2E, OxAS8,
0xD4, 0xCB, 0x34, OxE5,

0xB4, 0x39, 0xB0, 0x28, OxE2, 0x08, 0x64, OxEA, 0x1D, 0x09, 0x4D, 0x82,
0xCC, 0xE7, 0x05, OxES6,

0x36, 0x71, 0x61, OXED, 0x80, Ox8F, 0x02, OxBA, 0x31, 0x2A, 0x11, 0x21,
0x24, 0x35, 0x79, 0x74,

0x30, 0x44, 0x62, 0x51, OxBE, 0x02, 0x3C, 0x02, 0x44, 0x43, 0x9F, OxDF,
OxE5, 0xB8, 0x31, 0x22,

0x09, 0x29, 0x54, 0xC3, OxF8, 0x78, 0x27, 0x54, 0x76, 0x49, Ox5F, Ox8A,
0x38, 0x12, 0x97, 0x28,

0x85, 0x75, Ox6F, 0x09, 0x97, 0x32, 0x69, 0x77, 0xC2, Ox65, 0x86, OXFC,
0xC5, 0x56, OxE9, 0x2B,

0xA6, 0x04, 0x54, 0xA2, 0xC3, 0x83, 0x85, 0x4A, 0x22, 0xCC, 0x57, 0x10,
0x2B, 0xB0O, OxFE, OxF6,

0x48, 0xB0, 0x79, 0xC7, Ox2F, OxE9, OxCC, 0xD1, 0x33, 0x5C, 0x7F, OxCD,
Ox8E, 0x76, 0x81, OxE3,

0x49, 0x48, 0xBD, 0x1D, 0x00, 0x89, 0x64, 0x11, 0x70, 0x34, 0x25, Ox1A,
OxE7, O0xB7, 0x84, 0xC6,

0xF9, 0x2D, 0xA2, 0x81, OxF0, 0x7B, 0x07, Ox2F, O0xB1, 0xB3, 0x31, 0x1C,
Ox11, OxA1, 0x39, OxBA,

0xBC, Ox5A, 0x78, 0x01, OxBB, 0x5B, 0xF8, 0x25, OxFB, OxBE, 0x53, 0x90,
0x9C, OXED, 0x80, 0x49,

0x2C, 0x90, 0x8C, 0x91, 0x33, 0x89, OxCA, 0xD9, 0x2D, 0xA1, 0x52, 0x26,
OxEB, 0x2E, 0xA8, 0x4C,

0x11, 0x71, Ox2D, 0x4C, 0x1C, 0x76, OXE7, OxE2, OxA6, 0xCO, 0x28, 0xB4,
OxE6, OxE8, OxFB, OxE4,

0xCB, 0x2E, 0xCO0, 0x34, 0x77, 0xC0O, 0x45, 0x95, 0x27, 0x1D, Ox2F, 0x67,
0xB0, 0x58, OxBE, 0x25,

0x6C, 0x5A, 0xAD, 0xDB, 0xAC, 0x2A, 0x0B, 0x6C, 0x11, OxE4, 0xBC, 0xC7,
0x93, 0x09, 0x2C, 0x83,

0x36, 0x2F, 0x2D, 0x29, 0x72, O0xA8, O0x2F, OxE2, 0xBB, 0x71, 0xC9, OxBF,
0x6F, 0xBC, 0x87, 0x91,

0x61, OxF7, 0xB9, 0x36, 0x32, 0x9A, OxFA, 0xB5, OxFO, 0x6B, 0x2F, 0x96,
0x73, 0xDB, 0x5D, 0x0D,

0x60, 0x82, 0xA7, 0x7C, 0x53, 0x7D, 0x6B, Ox1E, 0x6D, OxFO, Ox6C, Ox1F,
0x5D, 0xF3, 0xC7, 0x10,
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0x77, 0x59, 0x48, 0xBF, OxC1, 0xB6, OxF1, Ox0B, O0x71, O0xB7, 0x57, OxA6,
0xCB, 0x04, 0xC1, 0xDS8,

0xDD, 0x8D, 0xCB, 0x19, 0x2C, 0x91, OxEO, 0x60, 0x37, 0x26, 0x3D, OxFO,
0x24, 0xBC, 0x20, OxES8,

0x4B, 0x58, 0xC4, 0xA3, 0xD5, 0x78, 0xF3, 0x82, 0xB2, 0x1A, 0x43, 0x5D,
OxFE, OXED, 0xA9, 0x71,

0xC9, 0x6F, 0x03, 0xDB, 0x38, 0x5D, 0x89, 0x2B, 0xD4, 0x55, 0x1C, 0x5D,
0x24, 0x2A, 0x29, 0xA7,

0xB9, 0xB6, 0x27, OxAA, 0xOF, 0xAO0, OxAA, OxFB, OxA2, Ox1A, OxF5, 0x22,
0x01, 0xF9, 0x05, 0x3D,

0x53, 0xD1, 0xB6, 0x9A, Ox8E, 0xB7, OxD8, O0x8A, 0x59, 0xAB, 0xCD, 0xDB,
0x30, 0x6B, 0x05, 0x30,

0xD9, 0x4B, 0x76, 0x87, 0xA0, 0x6D, 0x00, Ox5E, 0x7B, 0x01, 0x8A, 0xCD,
0x7A, 0x18, 0xA0, OxBS8,

OxBE, 0x87, 0x06, 0x0A, 0xBC, OxE5, 0x3D, O0xAB, 0xA3, 0xDB, 0x04, 0x15,
0x27, 0x34, 0x47, OxAF,

0x90, 0x1B, 0x42, 0x91, 0xD9, 0x17, 0x60, 0xF1, 0xC4, 0x07, Ox0B, Ox2F,
0xA9, OxF7, 0xA1, OxA1,

0x03, 0x41, OxE6, 0x9E, 0xBD, 0xF9, 0x72, 0x47, 0xD2, 0x89, 0x94, OxF8,
Ox0A, Ox8E, 0x36, Ox6E,

0x0C, 0x22, 0x0E, 0xB7, OxDC, 0x11, 0x88, 0xA5, 0xD4, 0xF6, 0xCD, 0xCO,
0xDB, 0xDO0, 0x75, OXAF,

0x77, OxXE9, 0x04, Ox2E, 0x1C, O0x2F, 0xB4, 0xB7, OxE7, 0x00, Ox6D, 0xCO,
0x8F, 0x93, 0x09, 0xB1,

0xB6, Ox6F, 0x24, 0xA0, 0x09, 0x78, OxE1l, OxCD, 0x2B, 0xD2, OxDF, 0x72,
OxE1, OxC5, 0xD6, 0x16,

0x2B, 0x39, 0x0B, 0x50, 0xBC, 0xBC, 0xD8, 0x6B, OxE1, 0x85, 0x39, OxOF,
0x94, 0x19, 0x98, 0xB6,

0x87, Ox4E, 0x0A, 0x20, 0xC4, 0x7B, OXEE, 0x3C, OxDB, 0x80, 0x25, 0x28,
OxE3, 0x8C, Ox1E, 0x2D,

OxBF, OxOF, 0xB5, OxBE, 0x4B, 0x24, 0x4A, OxAF, OXEE, 0x5A, 0x67, 0x9D,
0Ox5E, 0xBC, 0xBC, OxEB,

0xB4, 0x3F, OxXEF, 0x02, 0x8F, 0x31, OxBF, Ox5D, 0x7C, OxDA, 0xDB, 0x40,
0x03, 0xD9, OxES8, 0x35,

0xBB, OxCE, 0xB0, 0x41, 0xC2, O0xDE, O0x3D, 0x90, OxDA, 0x87, 0x8B, 0xA4,
OxF6, 0x17, 0x10, Ox4A,

0xD3, 0x2D, 0x32, O0xDE, 0x94, 0x65, 0xBC, OxEF, Ox2F, 0xF6, 0x83, 0xDO,
0OxF4, 0x60, 0xA9, Ox6E,

0x7A, 0xD0, 0x54, 0x67, 0x88, 0x9B, OxAD, 0x62, 0x98, 0xB6, OXEC, 0x60,
0x25, OxA1l, 0xD8, 0xCB,

OxDA, 0x25, 0xC9, 0xB5, OxAE, 0x76, 0xC9, 0x72, 0x91, 0x18, OxE9, 0x24,
0xD7, 0x4B, OxAE, 0x8A,

0x9C, 0x7D, OxDE, 0xCB, 0xBA, 0xDD, 0x32, 0x69, 0x77, 0x09, Ox1A, Ox1F,
OxAD, OxDE, 0x4F, OxE7,

0x68, 0x63, 0x30, 0x24, 0x1D, 0x60, OxF1, OXEA, 0xC9, Ox3E, OxDB, 0x85,
0x68, OxDE, 0xC3, 0xC4,

0x51, OxAC, 0xF5, 0xA1, 0x73, 0x9D, 0x83, 0xDD, OxCD, 0x93, 0x1D, 0x23,
0x32, 0x47, 0x2F, 0xB1,

0x1B, 0x18, 0x17, Ox9E, Ox2F, OxDF, OxFD, 0xB4, 0x17, O0xD4, 0xF8, 0xCC,
0x87, 0x81, 0x4C, 0x28,

0x7D, 0x68, 0xBC, 0x66, 0x73, O0xE2, OxFB, Ox9E, OxBF, 0x31, 0x64, 0x92,
0x0E, 0x96, 0x15, OxF5,

0x57, OxFC, 0x68, 0x2F, 0x70, 0x45, 0xB3, Ox1E, 0x06, 0xB1, 0x58, OxE7,
0x43, 0x83, 0xB6, 0x9C,
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0x38, 0x64, 0xB1, 0x31, 0x64, 0x9C, OxCA, 0x1C, OxBD, 0xAB, O0x3F, 0x87,
0x7F, OxF7, 0x02, 0x97,

0x98, OxF1, 0x30, 0x60, 0x49, 0x6D, Ox0OF, Ox0D, 0xD5, 0x78, OxB1, 0x79,
0x3A, 0x04, 0x1A, 0x73,

OxF4, OxF4, 0xA7, OxFD, OxF4, Ox7E, 0x6C, 0xB2, 0x8A, 0x08, OxED, 0x84,
0x07, 0x57, OxEA, 0xDO,

0x68, OxAC, 0xB6, 0x40, 0x63, 0xC5, 0x04, OxFF, 0x6D, 0x4F, 0x68, OxAC,
OxAA, 0xA3, OxF1, 0x99,

OxE3, 0x65, OxF5, 0x25, OxEO, O0xC3, 0x9F, 0xC5, 0x18, 0xA3, OxCD, 0xCB,
0x51, 0x44, 0xC8, Ox6E,

Ox1A, 0x83, 0x23, OxE3, 0x29, OxDA, 0x4F, 0x41, Ox8A, OxE7, OxDD, 0x47,
0x08, 0x25, 0x4A, Ox1E,

Ox1A, 0xA7, 0x09, 0xB2, 0xFO, 0x7B, 0x1B, 0xD3, 0x6D, OxAE, 0x2D, 0x2B,
0xB4, OxE6, OxE8, 0x39,

0x7C, 0x31, Ox9E, OxF1, Ox2F, OxFB, Ox6A, 0xF9, 0xD4, OxF9, OxF7, 0x81,
0x5A, 0x4A, OxDF, Ox2F,

0x02, 0x38, 0x68, 0xB0O, 0xBD, O0xA9, OxBB, 0xD5, 0x23, 0x0D, 0x29, 0x72,
0x09, 0xDF, 0x1B, OxF1,

0x7D, OxBF, 0x00, 0x26, 0x42, OxEC, 0x0D, 0x43, 0x45, OxEF, 0x7D, 0xCO,
0x18, 0x3D, 0x16, 0xC4,

0x8B, 0xB4, 0x78, 0x15, Ox5E, 0x19, 0x52, 0xF2, OxE1, 0x27, Ox7E, 0x4B,
0x0B, 0xA6, OxF5, 0x80,

0x12, 0xC7, 0x81, 0x85, 0x30, OxA6, 0xC6, 0x5B, 0x76, 0x38, 0x38, 0x15,
0x03, OxAA, 0x73, 0x91,

OxCF, O0xDC, 0xB0, 0x97, 0x50, 0xA2, 0xB9, 0x39, 0x7A, 0xCB, Ox5E, 0x12,
0x08, 0xBC, 0xD8, 0xB7,

0xCD, 0x99, 0x71, 0x23, 0x62, 0xD7, OxF7, 0x40, OxA8, 0x18, 0x24, OxF9,
OxAE, 0x26, 0xD3, 0x88,

Ox8E, 0x94, O0xDF, 0x46, 0x97, 0x7C, 0xB0, O0xC1, OxBC, OxAC, 0x7C, 0x3A,
0x76, 0xD5, 0xC2, OxCA,

OxBF, 0xB8, 0x31, 0x38, 0x75, 0x91, 0xC6, OxDC, 0x39, 0x28, 0x0C, 0xC4,
0xDB, 0x25, 0x73, 0x58,

0xC5, OxCF, 0x33, 0x71, 0x4B, 0x24, 0x8F, 0x69, 0xC6, 0x6A, 0x65, Ox1F,
OxDF, 0x94, 0xDB, 0x4C,

0xD5, 0x82, 0x96, 0x3F, 0x88, 0x29, OXEB, 0x21, 0x3B, 0x8C, 0xCD, OxFF,
Ox9F, 0x7F, Ox97, OxF9,

0x0C, 0x7B, 0xF7, 0x67, 0x22, 0x98, 0x69, 0x04, OxBE, 0x35, Ox34, OxF3,
Ox9E, Ox8E, OxCA, 0xD1,

OXFC, 0x54, 0xA7, 0x7A, 0x66, 0xB0, 0xC6, 0xD6, 0x83, 0xCO, OxF2, 0xC9,
0x82, Ox8E, OXEE, 0xDS8,

Ox9E, 0x15, OxCE, 0xB1, 0x4B, 0x1B, 0xC8, 0xB6, 0x2F, 0x97, 0x70, OxFO,
0x92, 0x04, 0x14, 0x83,

0x15, Ox6A, 0x47, OxCF, Ox7E, 0x7C, 0x75, 0x21, Ox9E, 0x12, 0x7B, OxE9,
0x21, 0x1B, 0xDB, 0x47,

0x27, 0xC6, 0x24, 0x74, 0x85, 0x9B, 0xD7, 0x30, 0x1B, 0x2B, OxDE, 0xBB,
OxBA, 0x44, OxBE, 0x31,

0x46, 0x01, Ox7E, OxE1, 0x05, 0xD4, 0x18, Ox1A, 0x31, 0x47, 0xC7, O0xB3,
0xF8, 0x7D, OxBF, 0x0D,

OxCF, 0x27, 0x53, OxE2, OxCA, 0x91, 0x42, 0xD9, 0x5F, 0x7D, 0x07, 0x86,
0xC6, 0x54, OxDF, Ox1A,

0x47, OxFD, OxF3, O0xD6, 0x11, 0x7B, 0x1C, 0x0F, 0x60, 0x80, Ox1F, 0x00,
0x02, 0x0C, 0x03, 0x20,

0xCO0, 0x87, 0x23, 0xF9, 0x78, 0x20, 0x76, Ox1A, O0xDC, OxE4, 0x4C, 0x40,
0x26, 0x6D, OXED, 0x48,
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OXEO, 0x74, 0xC4, Ox1E, O0x34, OxBE, 0x89, 0x29, 0x83, 0x99, 0xB7, Ox2A,
0xA2, 0xF4, OxF1, OxDC,

0x5B, OxE2, 0x0C, 0x71, 0x4C, 0x2D, 0xBD, 0xB9, 0x74, OXEA, 0xC8, OxEB,
0x8F, 0x8E, 0xA3, 0x01,

OxF1, 0x7B, OxCC, 0x86, 0x06, OxF5, 0x43, 0x9C, 0x66, 0x8B, 0xDD, 0x32,
OxAE, 0x91, 0x58, 0x85,

0x8C, 0x27, 0xC8, 0x09, 0x32, 0x9C, 0xC3, 0x85, 0x8D, 0x28, 0x7E, 0xC7,
0x76, 0x0C, 0x61, 0x40,

0x0D, 0x3B, 0x27, 0x62, OxFB, 0xF0O, 0x44, Ox9E, 0x79, 0x03, 0x7C, 0x29,
0x3E, 0x4E, 0x66, 0x55,

0x7F, 0x06, Ox8A, OxF4, 0xD7, OxA1, OxE1l, 0x86, 0x10, 0xC2, Ox8F, 0xB9,
0Ox0A, 0x46, 0x3F, 0x75,

0x96, 0x53, 0x3B, 0x90, 0x9D, OxE4, 0x3B, OxDB, 0xF9, 0x9C, OxFC, 0x47,
0x32, 0x61, 0x13, 0x37,

OxF8, 0x1B, OxE4, 0x87, OxCO, OxE3, 0x28, OxCA, OxEE, 0x47, 0xC9, 0x8B,
0x79, 0x55, 0x22, Ox6E,

0x87, 0x86, OXEC, 0x83, OxE5, OxF9, OxA5, 0x3C, 0x71, OxF7, OXEE, 0x32,
OxE6, 0x6B, 0x28, 0xC3,

OxEOQ, 0x54, 0x72, OxE2, 0x06, Ox4E, 0x28, 0x4F, 0x3F, OxAF, 0xF3, OxCE,
OxF0, 0x88, 0x98, 0x2B,

0x1C, OxEE, 0xC4, 0x92, 0xA7, 0x2C, OxF0, OxEO, 0x41, 0x9A, 0xDB, 0xDD,
0OxA1l, 0xA4, 0x4A, 0x34,

0x11, OxE3, 0x21, 0x32, 0x20, OxF2, 0x40, 0x6D, 0xF9, 0x4C, OxBC, 0x14,
0x89, 0x4C, 0x6A, 0x77,

0x53, 0x86, 0x8F, 0x65, 0x9C, 0x30, 0x13, Ox11, O0x9B, 0x1B, 0x88, Ox5F,
0x33, 0x3C, Ox4E, Ox9E,

Ox7A, 0x15, OxF2, 0x3D, OxE6, Ox5E, Ox5F, OxC3, OxF2, OxF2, OxDB, 0x31,
0xD8, 0x9F, 0x39, 0x73,

OxF2, 0x83, Ox1C, Ox9F, 0x4C, 0xA5, 0x72, 0x9C, OxA6, 0x38, 0x32, OxC5,
0x32, 0x72, 0xB3, OxOF,

0x9F, 0x00, 0x86, OxB2, 0x9D, OxEF, OxE4, OxF9, OxFC, 0x8C, 0x39, 0xD9,
0x87, 0x4F, 0xBC, Ox3E,

0xB0, 0x50, 0x82, OxE8, Ox0E, 0x09, 0x8D, 0x62, 0x9C, 0xDD, 0x6A, 0xCC,
0x54, OxE2, 0x22, 0xCO,

0Ox61, 0x11, OxAB, 0x4C, 0x01, O0xD7, 0x30, 0x14, 0x01, 0x55, 0x13, OxF5,
OxE9, 0x29, 0xAF, 0x35,

0x8C, 0xB9, 0x8C, 0x95, OxF4, OxEF, 0x77, 0x54, OxE1, Ox6F, OxA2, OxFO,
0x89, 0x53, 0x99, Ox8A,

0x27, OxF3, OxE3, 0xC8, 0x62, OxCC, 0xD5, 0x13, 0x87, 0x91, OxAF, 0x2B,
0x89, OxFC, 0x3C, 0x31,

OxAB, 0x05, 0x39, 0x4C, OxF1, OxF8, Ox7E, 0x46, 0x54, 0xD5, 0xD5, 0x41,
OXEE, 0x96, 0xA1, OxBE,

0x80, 0x64, 0x0C, 0xA9, OxF0, 0x63, Ox8A, OxOF, OxDF, 0xB0O, 0x8F, 0x99,
0x88, OxDF, 0xC4, OxES5,

OxFD, 0xBA, OxE7, 0x62, 0x3D, 0x77, 0xD5, 0xD9, 0x75, 0x3C, 0x45, 0x29,
0xCE, 0x32, 0x0D, 0xC7,

0x73, 0x42, 0x35, 0x0C, 0x8F, 0x20, 0x0D, OxEB, 0x78, 0xC9, 0x06, 0x2D,
0x21, OxFO, 0x31, 0x0D,

0x7D, 0x57, 0x8D, 0x26, 0x91, 0x91, OXFE, Ox0E, OxB1, Ox7F, 0x0D, 0x8C,
0x3E, 0xDC, OxFF, 0x14,

OxE5, OxF7, 0x9B, 0x53, OxFE, 0x6C, Ox8E, OxE7, 0x3C, 0x86, 0x0A, 0x30,
0xBC, OxFF, 0x89, 0x43,

0x7D, OxF3, 0x00, 0xA6, 0x84, O0x2F, 0x7C, OxE2, 0x9B, 0x0F, 0x82, 0xC5,
0x84, 0xBD, 0x3E, OxBB,
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0xC6, 0x59, 0x44, 0xB8, 0x35, OxE8, 0x0C, 0xBB, 0x35, Ox1F, 0x07, 0x0B,
0x60, Ox8F, 0x93, 0x44,

0x16, OxCD, OxES8, 0x39, 0x18, 0x4A, 0xCD, 0xB4, OxF6, OxC1, OxC7, 0x40,
0x07, 0x02, 0x50, OxCF,

0xB8, OxFF, 0x89, 0xB3, 0xB8, 0x31, 0x26, 0x10, OxCD, 0xC1, 0x0C, OxDB,
0x27, 0x50, 0x77, 0x10,

0x65, Ox4F, 0xA6, OxDF, OxFF, 0x14, 0xB1, Ox6A, 0x88, 0x9F, Ox6E, Ox3E,
0xC4, Ox1E, 0x12, 0x17,

0x83, OxA8, 0x86, OxF1, O0x13, 0x0D, OxCE, OxEB, 0x2D, 0x47, 0xC1, OxF3,
0x9F, 0x38, 0x4E, OXED,

0x48, 0xBC, 0x7E, O0x41, OxE6, OxE8, 0x06, 0x34, 0x9D, 0x97, 0x08, 0xC4,
0x56, 0x93, 0x3B, OxCF,

0x3B, 0x9E, 0x6B, 0x39, 0xC4, OxFA, 0xC8, 0x12, O0xF3, 0x71, Ox5A, 0x70,
0x11, OxE9, Ox4E, 0x43,

0xBC, Ox4E, OxEB, 0xB5, 0x67, OxE3, 0x8C, 0x9B, Ox1E, 0x33, 0x31, Ox4E,
0x4F, 0xC1, OxCA, 0xC8,

Ox8E, 0x52, 0x92, 0xCO0, 0x88, OxBD, 0x77, 0x45, 0x98, 0x29, 0x65, 0x61,
OxA1l, 0x8C, 0xD4, 0x45,

0xD8, 0x2C, 0xA9, 0xD6, 0x91, OxCA, 0x89, 0xDB, 0x0A, 0xF4, 0x8C, 0xD8,
0x16, Ox7F, 0x05, Ox9E,

0x5B, 0x3B, OxBE, 0x13, 0x9B, 0x61, 0x9D, 0x07, 0x9B, 0x40, 0x61, 0x90,
0x32, 0x51, Ox9E, 0x99,

0xD2, 0x5D, OxFD, 0x51, 0x92, 0x49, 0x72, 0x6C, 0x26, Ox3E, 0x4A, 0x4D,
OxE3, 0x05, 0x8D, 0xCF,

OxFC, 0x07, 0x77, Ox9A, Ox3F, Ox4F, 0x44, 0x11, 0x54, 0x72, 0xD2, 0xB1,
0x62, 0x30, OxE1, 0x81,

OxEC, OxBF, Ox1E, 0x51, Ox1B, 0x11, OxE8, OxAE, 0x2F, 0x1D, 0xCC, 0xO0E,
0x9F, Ox5E, OxFF, 0x00,

0xC5, 0x5B, 0xB4, 0x20, Ox5C, Ox9A, 0x84, OxEO0, 0x22, Ox6E, OxFF, Ox4A,
0x29, 0x93, 0x56, 0x51,

OxE1, OxC1, OxDB, 0x77, 0x91, 0x71, Ox8A, 0x38, 0xC4, 0x9D, Ox7E, Ox8A,
0x94, 0x71, 0x2D, 0xA7,

0x4D, 0xF5, 0xF7, Ox0A, OxBD, 0x9A, OxXED, Ox8A, OxE8, 0x95, 0x96, Ox5E,
0OxA1, OxE6, OxAE, 0x5C,

Ox4E, OxAC, 0x36, 0xB7, 0x47, Ox8A, OxB1, 0x03, OxEA, 0x2D, 0xC4, Ox1A,
0x23, OxE3, OxE6, 0x2B,

OxE2, OxDA, OxDE, OxAA, 0xC1, OxCE, 0xD7, 0x64, 0x91, 0x54, 0x15, 0x6D,
0x10, Ox17, Ox0C, OxFS8,

OxE2, 0x97, 0x57, Ox2F, 0x59, 0xD2, 0x51, O0xD7, Ox2A, 0x47, OxE9, OxOE,
0x87, OxBF, OxEB, 0x5C,

0x3B, 0x03, 0x83, OxAD, 0x01, 0x4D, 0xB3, 0x48, 0x36, 0x71, 0x63, 0xC9,
0x62, 0x81, 0x1D, Ox7E,

0x10, 0x73, 0xB2, 0xD2, 0x93, 0x02, OxF8, 0xB8, 0x54, 0x16, Ox6F, 0x91,
0x15, 0x05, 0x22, OxF1,

0x09, 0xA5, OxEO, 0xBO, 0x86, 0x70, OxE5, 0x80, 0x65, 0x19, 0xB9, OxCE,
0xBB, 0x63, 0xA8, OxEO,

OxE7, 0x04, 0x7D, 0x62, 0x26, 0x19, 0x65, 0x69, OxE1, 0x95, 0x4C, 0x89,
0x16, 0x10, 0x99, OxF8,

OxF1, 0x7B, 0x6B, 0x0C, 0xC9, OxF1, 0x19, 0x78, Ox7E, 0xC3, 0x05, 0x0D,
Ox8E, 0x6F, 0x8A, 0xD4,

0x11, OxE6, 0x4A, 0x80, OxAC, 0x2A, 0x04, 0x4F, 0x43, 0x7A, Ox6E, 0x29,
OxFB, OxE8, 0xD9, 0xA9,

O0xDE, 0x2B, OxAE, 0xDD, 0xB2, 0x36, 0x2D, 0xCF, 0xB0, 0xC3, 0x75, 0xD3,
Ox8A, 0x3E, 0x25, 0xC5,
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0x20, 0x49, 0x30, 0x6B, 0xC2, 0x66, OXDA, 0x14, OxC5, Ox2F, OxA2, 0x01,
0x91, OxEC, Ox6A, 0x40,

OxE4, OxC8, 0x9E, OXEE, OxE2, 0x32, OXED, 0x42, 0x06, 0x72, 0x99, 0xC5,
0x0C, OxF6, 0xD6, Ox8F,

0x19, 0x2B, 0xD0, 0xD2, 0x09, 0xAA, 0x14, 0x0A, 0x6D, 0x06, 0x2C, OxAC,
0x18, 0x62, 0x86, 0x48,

OxDA, 0x6C, 0xB7, 0x99, OXAE, Ox0E, 0x17, 0x21, 0x58, 0x69, Ox1E, OxF9,
0xA4, OxF8, 0x8D, 0xB5,

0x6C, 0x71, OxFO, 0x40, 0x0B, 0x57, 0x14, 0xD4, 0x70, 0x5A, 0xC9, 0x04,
0xB2, OxDF, 0x2B, 0x21,

0x50, OXEE, OxBA, OxEO, 0xB4, O0xF0O, OxD3, OxBA, 0xD8, 0x1A, 0x23, 0xC3,
0xB8, OxE3, 0x18, 0x73,

0x46, 0x24, 0xBB, 0xA2, 0x04, OxF1, OxF5, OXEE, 0x34, 0x0B, OxF9, 0x5A,
0x57, 0x7A, 0xA3, 0xAO0,

0x15, OxDD, 0xB7, 0x96, OxE8, 0x83, 0x8B, 0x95, 0xC7, OxAA, OxF2, 0x51,
0x97, 0x5D, 0x42, OxA1l,

OxDE, 0x65, 0x27, 0xD4, 0xC7, 0x15, 0xD5, 0xC7, 0x52, 0x7D, 0x46, 0x90,
0x34, 0x84, OxE5, 0x2D,

0x7F, OXEC, 0x8C, O0xBF, 0x3D, 0x4D, 0x34, 0x5B, 0x8D, 0x0B, OxE5, 0x94,
OxAD, 0xB8, 0xA2, Ox5E,

0x31, 0x41, OxEA, Ox9E, 0x62, 0xAl, 0xD6, 0x6A, 0x5C, 0x4D, OxAD, 0xA8,
0x95, 0x67, 0x04, 0x89,

Ox5A, OxFA, 0x86, Ox3F, 0x52, 0x25, OxDE, 0x42, OxXE6, OxFF, OxA7, 0x4B,
OxFC, OxCE, 0x94, 0x58,

0x58, 0xB1, OxFF, Ox5A, Ox5A, OxCA, 0xC4, 0x30, 0x45, 0xC9, 0x78, 0xC9,
0x50, Ox4A, 0x1A, Ox8F,

0x54, OxA8, 0x63, 0x39, O0x0A, 0xA9, OxA3, 0x41, OxA2, 0x06, OxC6, Ox5F,
0x2B, 0x19, 0x2B, Ox1E,

0x9D, 0x04, 0x42, 0xC2, 0x40, 0x34, OxEO, 0x23, OxE3, 0x2C, 0xBB, 0xD4,
0x14, 0x8D, 0x90, 0x50,

0x36, 0xD3, OxFE, 0xA8, 0x03, 0x62, 0x95, 0x52, 0x63, OxE2, 0x00, Ox11,
OxF4, 0x79, 0x62, 0x96,

0x8A, 0x82, 0x1C, OXEC, O0xD3, O0x9A, 0xF9, 0x93, 0x83, 0xD9, 0xF2, 0x41,
OxDE, 0x14, Ox7E, OxF1,

0xC3, 0x73, 0xC3, 0xF3, 0x0D, OxF1, 0x16, 0x4D, O0x3F, Ox7E, 0x6B, Ox8E,
0x21, Ox5F, 0x31, 0xC7,

0x17, 0x69, 0xC4, 0x9D, 0x1A, 0x74, 0x46, 0x02, OXE8, 0x59, 0xD9, 0x93,
OxEO, OxF8, OxAE, 0x19,

OxBF, 0x45, OxAE, 0x54, 0x3D, 0xD1, 0xA4, 0x7E, O0x17, 0x2B, 0x92, 0x31,
0xA7, OxAO0, 0x49, 0x6C,

0x79, 0x57, OXEA, 0xB8, 0x96, 0x58, Ox8A, 0x96, 0x85, 0x1B, 0x98, 0x30,
0x3E, OxFD, 0xC5, 0x5A,

0x51, OxAF, 0x40, OxA9, 0x21, 0x63, 0xB2, 0xC4, 0x96, 0x89, OxAE, Ox6B,
0xD6, 0xD4, OxAD, 0xBD,

0x0B, 0x10, 0x65, 0x5B, 0x49, 0xDA, 0x6C, Ox9E, 0x8F, 0x8A, 0xB0O, 0xB8,
OxA8, 0x72, OxE2, 0x33,

0x38, 0x8D, 0x36, 0x2C, 0xC5, 0x37, OxF1, 0x52, OXAE, OxC1, O0xA9, OxF8,
0x9F, Ox0A, OxFF, 0x0B,

0x9B, OxFC, 0x8E, 0x51, 0xC1, 0x70, 0x00, 0x00

b

Cddigo camera Web Server - camera_pins.h
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#if defined(CAMERA_MODEL_WROVER_KIT)
#define PWDN_GPIO_NUM -1
#define RESET_GPIO_NUM -1
#define XCLK_GPIO_NUM 21
#define SIOD_GPIO_NUM 26
#define SIOC_GPIO_NUM 27

#define Y9_GPIO_NUM 35
#define Y8_GPIO_NUM 34
#define Y7_GPIO_NUM 39
#define Y6_GPIO_NUM 36
#define Y5_GPIO_NUM 19
#define Y4_GPIO_NUM 18
#define Y3_GPIO_NUM 5
#define Y2_GPIO_NUM 4
#define VSYNC_GPIO_NUM 25
#define HREF_GPIO_NUM 23
#define PCLK_GPIO_NUM 22

#elif defined(CAMERA_MODEL_ESP_EYE)
#define PWDN_GPIO_NUM -1

#define RESET_GPIO_NUM -1

#define XCLK_GPIO_NUM 4

#define SIOD_GPIO_NUM 18

#define SIOC_GPIO_NUM 23

#define YO_GPIO_NUM 36
#define Y8_GPIO_NUM 37
#define Y7_GPIO_NUM 38
#define Y6_GPIO_NUM 39
#define Y5_GPIO_NUM 35
#define Y4_GPIO_NUM 14
#define Y3_GPIO_NUM 13
#define Y2_GPIO_NUM 34
#define VSYNC_GPIO_NUM 5
#define HREF_GPIO_NUM 27
#define PCLK_GPIO_NUM 25

#elif defined(CAMERA_MODEL_M5STACK_PSRAM)
#define PWDN_GPIO_NUM -1
#define RESET_GPIO_NUM 15
#define XCLK_GPIO_NUM 27
#define SIOD_GPIO_NUM 25
#define SIOC_GPIO_NUM 23

#define Y9_GPIO_NUM 19
#define Y8_GPIO_NUM 36
#define Y7_GPIO_NUM 18
#define Y6_GPIO_NUM 39
#define Y5_GPIO_NUM 5
#define Y4_GPIO_NUM 34
#define Y3_GPIO_NUM 35
#define Y2_GPIO_NUM 32

Autor: Néstor Dofiate Marqués -43 -
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#define VSYNC_GPIO_NUM 22
#define HREF_GPIO_NUM 26
#define PCLK_GPIO_NUM 21

#elif defined(CAMERA_MODEL_M5STACK_WIDE)
#define PWDN_GPIO_NUM -1
#define RESET_GPIO_NUM 15
#define XCLK_GPIO_NUM 27
#define SIOD_GPIO_NUM 22
#define SIOC_GPIO_NUM 23

#define Y9_GPIO_NUM 19
#define Y8_GPIO_NUM 36
#define Y7_GPIO_NUM 18
#define Y6_GPIO_NUM 39
#define Y5_GPIO_NUM 5
#define Y4_GPIO_NUM 34
#define Y3_GPIO_NUM 35
#define Y2_GPIO_NUM 32
#define VSYNC_GPIO_NUM 25
#define HREF_GPIO_NUM 26
#define PCLK_GPIO_NUM 21

#elif defined(CAMERA_MODEL_WROVER_B)
#define PWDN_GPIO_NUM -1
#define RESET_GPIO_NUM -1
#define XCLK_GPIO_NUM 32
#define SIOD_GPIO_NUM 13
#define SIOC_GPIO_NUM 12
#define Y9_GPIO_NUM 39
#define Y8_GPIO_NUM 36
#define Y7_GPIO_NUM 23
#define Y6_GPIO_NUM 18
#define Y5_GPIO_NUM 15
#define Y4_GPIO_NUM 4
#define Y3_GPIO_NUM 14
#define Y2_GPIO_NUM 5
#define VSYNC_GPIO_NUM 27
#define HREF_GPIO_NUM 25
#define PCLK_GPIO_NUM 19

#elif defined(CAMERA_MODEL_T_JOURNAL)
#define PWDN_GPIO_NUM 32

#define RESET_GPIO_NUM -1

#define XCLK_GPIO_NUM 27

#define SIOD_GPIO_NUM 25

#define SIOC_GPIO_NUM 23

#define Y9_GPIO_NUM 19
#define Y8_GPIO_NUM 36
#define Y7_GPIO_NUM 18
#define Y6_GPIO_NUM 39
#define Y5_GPIO_NUM 5

#define Y4_GPIO_NUM 34
#define Y3_GPIO_NUM 35
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#define Y2_GPIO_NUM 17
#define VSYNC_GPIO_NUM 22
#define HREF_GPIO_NUM 26
#define PCLK_GPIO_NUM 21

#else

#error "Camera model not selected"
#endif

Autor: Néstor Dofiate Marqués
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Diodo 1N4001

WTE 1N4001 — 1N4007 %HS@

POWER SEMICONDUCTORS
1.0A STANDARD DIODE

Features
® Diffused Junction
Low Forward Voltage Drop

High Current Capability |<— A —>|<—B _+_ A —>|

High Reliability v l

High Surge Current Capability I
]

Mechanical Data o]
D
M

® Case: DO-41, Molded Plastic
® Terminals: Plated Leads Solderable per

MIL-STD-202, Method 208 e —
®  Polarity: Cathode Band a 2 —
® Weight: 0.35 grams (approx.) 5 > 66 =5
® Mounting Position: Any c 0'71 o ;364
® Marking: Type Number 5 2'00 55
® Lead Free: For RoHS / Lead Free Version, - .

All Dimensions in mm

Add “-LF” Suffix to Part Number, See Page 4

Maximum Ratings and Electrical Characteristics @T1,=25°C unless otherwise specified

Single Phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.

e TR ETEETRERED _
Eharacteristic Symbol | 4001 | 4002 | 4003 | 4004 | 4005 | 4006 | 4007 | UMt

Peak Repetitive Reverse Voltage VRRM

Working Peak Reverse Voltage VRWM 50 100 200 400 600 800 1000 \"
DC Blocking Voltage VR

RMS Reverse Voltage VR(RMS) 35 70 140 280 420 560 700 \

Average Rectified Output Current
(Note 1) @T,=75°C

Non-Repetitive Peak Forward Surge Current
8.3ms Single half sine-wave superimposed on IFsm 30 A
rated load (JEDEC Method)

Forward Voltage @I-=1.0A VFM 1.0 \
Peak Reverse Current @Ta=25°C fiid 5.0 A
At Rated DC Blocking Voltage @T, = 100°C 50 H
Typical Junction Capacitance (Note 2) Cj 15 pF
Typical Thermal Resistance Junction to Ambient RoJA 50 W
(Note 1)

Operating Temperature Range T -65 to +125 °C
Storage Temperature Range TstG -65 to +150 °C

Note: 1. Leads maintained at ambient temperature at a distance of 8.5mm from the case
2. Measured at 1.0 MHz and Applied Reverse Voltage of 4.0V D.C.

1N4001 — 1N4007 10f4 © 2006 Won-Top Electronics
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MARKING INFORMATION TAPING SPE CIFICATIONS

1

0amm
Ma

E— ¥
Srm
Cathode = Polarby Bard I’;i’l“.%m ¥
1N400x = Deuk= Nimber
X =1,2,3, 45,6017 L
WTE = Marvactirers Logo T

0amm

22 Arn WA

Calhode fape. Pad
Arode Txpe Nihis

PACKAGING INFORMATION

TAPE & BOX
TAPE & REEL
Prodect ID Label
= T
‘ [ 3
1Omm
e 2z pCtion Hoke
I ¢ 4 ©oth erds)
3mm —
u |1—255mm smm
== BULK
S . / Ij
Product ID Label Soaonmed] & 20mm ; [ o £ simm
l-—lsanm —.l
packaqhq ReelDBmeters Quathy Cartoy Stze Quathy Lppox.Goss We it
Box Skze m) FCS) mm) FCS (G)
TAPE 2 REEL 330 .m0 JF0x3F0x 20 25,000 130
TAPE & BOX 285x 75 x 150 S.00 Wox JF3x S 0,000 210
BULK 193 x84x M 1,000 59X 214 x 256 0,000 195
Not: 1.Paperreel, whik o gray color. Core mak i pias lc oeme i,
2.Components ae paded Inaocodance wih ERz ndad RS-255-E.

1N4OO1 - 1 N7 Jord D 206 Wor-Top EEctron ke
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ORDERING INFORMATION

Product No. Package Type Shipping Quantity
1N4001-T3 DO-41 5000/Tape & Reel
1N4001-TB DO-41 5000/Tape & Box
1N4001 DO-41 1000 Units/Box
1N4002-T3 DO-41 5000/Tape & Reel
1N4002-TB DO-41 5000/Tape & Box
1N4002 DO-41 1000 Units/Box
1N4003-T3 DO-41 5000/Tape & Reel
1N4003-TB DO-41 5000/Tape & Box
1N4003 DO-41 1000 Units/Box
1N4004-T3 DO-41 5000/Tape & Reel
1N4004-TB DO-41 5000/Tape & Box
1N4004 DO-41 1000 Units/Box
1N4005-T3 DO-41 5000/Tape & Reel
1N4005-TB DO-41 5000/Tape & Box
1N4005 DO-41 1000 Units/Box
1N4006-T3 DO-41 5000/Tape & Reel
1N4006-TB DO-41 5000/Tape & Box
1N4006 DO-41 1000 Units/Box
1N4007-T3 DO-41 5000/Tape & Reel
1N4007-TB DO-41 5000/Tape & Box
1N4007 DO-41 1000 Units/Box

Products listed in bold are WTE Preferred devices.

2. Shipping quantity given is for minimum packing quantity only. For minimum
order quantity, please consult the Sales Department.

3 To order ROHS / Lead Free version (with Lead Free finish), add “-LF” suffix

to part number above. For example, 1N4001-TB-LF.

] [}
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—
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Won-Top Electronics Co., Ltd (WTE) has checked all information carefully and believes it to be correct and accurate. However, WTE cannot assume any
responsibility for inaccuracies. Furthermore, this information does not give the purchaser of semiconductor devices any license under patent rights to
manufacturer. WTE reserves the right to change any or all information herein without further notice.

WARNING: DO NOT USE IN LIFE SUPPORT EQUIPMENT. WTE power semiconductor products are not authorized for use as critical components in life
support devices or systems without the express written approval.

Won-Top Electronics Co., Ltd.

No. 44 Yu Kang North 3rd Road, Chine Chen Dist., Kaohsiung, Taiwan

Phone: 886-7-822-5408 or 886-7-822-5410
Fax: 886-7-822-5417

Email: sales@wontop.com

Internet: http:/Awww.wontop.com

We power your everyday.

1N4001 — 1N4007
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Diodo 1N5822 schotky

Zibo Seno Electronic Engineering Co., Ltd.

VLK, 1N5820 — 1N5822 @, Y.

X 18 R iE 3.0A SCHOTTKY BARRIER RECTIFIER
Features

® Schottky Barrier Chip
® Guard Ring Die Construction for

Transient Protection
High Current Capability L_ A _.L_B_.L_ A _.I

L]
® Low Power Loss, High Efficiency v J
® High Surge Current Capability — ]
® For Use in Low Voltage, High Frequency T
Inverters, Free Wheeling, and Polarity T
Protection Applications c
D
Mechanical Data DO-201AD
® Case: Molded Plastic Dim Min Max
® Terminals: Plated Leads Solderable per A 24.5 =
MIL-STD-202, Method 208 B 7.20 9.50
®  Polarity: Cathode Band c 1.10 1.30
® Weight: 1.2 grams (approx.) b 5.00 5.60
® Mounting Position: Any All Dimensions in mm
® Marking: Type Number
® Lead Free: For RoHS / Lead Free Version
Maximum Ratings and Electrical Characteristics @t,=25°C unless otherwise specified
Single Phase, half wave, 60Hz, resistive or inductive load.
For capacitive load, derate current by 20%.
Characteristic Symbol 1N5820 1N5821 1N5822 Unit
Peak Repetitive Reverse Voltage VRRM
Working Peak Reverse Voltage VRWM 20 30 40 \Y
DC Blocking Voltage VR
RMS Reverse Voltage VR(RMS) 14 21 28 \'
Average Rectified Output Current (Note 1) @T,_=90°C lo 3.0 A
Non-Repetitive Peak Forward Surge Current 8.3ms
Single half sine-wave superimposed on rated load |FsM 80 A
(JEDEC Method) @T,=75°C
Forward Voltage @l-=3.0A VEM 0.475 0.50 0.525 \
Peak Reverse Current @T,=25C T 20 FA
At Rated DC Blocking Voltage @T,=100°C 20
Typical Junction Capacitance (Note 2) Gi 250 pF
Typical Thermal Resistance Junction to Ambient RaJA 20 KW
Operating and Storage Temperature Range Tj, Tste -65 to +150 °C
Note: 1. Valid provided that leads are kept at ambient temperature at a distance of 9.5mm from the case.
2. Measured at 1.0 MHz and applied reverse voltage of 4.0V D.C.
1N5820 - 1N5822 10of 2 www.senocn.com
Autor: Nestor Donate Marques -51 -
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Zibo Seno Electronic Engineering Co., Ltd.

IjgvtgiEi : 1N5820 — 1N5822 @), Y.

2]
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1N5820 - 1N5822 2 of 2 www.senocn.com
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Abrepuertas — Cerradura eléctrica

14/9/21 23:22 Abrepuertas Dorcas Series 30/58 - Dorcas

Abrepuertas Dorcas Series 30/58Usted esté aqui Inicio / CIERRAPUERTAS / Abrepuertas Dorcas Series 30/58

SERIE ESTANDAR

SERIES 30/ 58

Ver descargas

https:/Avww.dorcas.com/productos/abrepuertas-dorcas-series-30-58/ 1/6
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14/9/21 23:22 Abrepuertas Dorcas Series 30/58 - Dorcas
¥

La Serie 30 posee una gran implantacién en el
mercado y es una buena opcion para la reposicion
de abrepuertas ya instalados. Disponible en versién
monoblock y en version ajustable o flex.

La Serie 58 difiere de la anterior en que su pestillo
gira de forma radial.

« REPOSICION
¢ VERSIONES REGULABLE Y MONOBLOCK

https:/Avww.dorcas.com/productos/abrepuertas-dorcas-series-30-58/ 3/6
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14/9/21 23:22 Abrepuertas Dorcas Series 30/58 - Dorcas
(CARACTERISTICASTECNICAS  Sede®0  Seless
Alto | 90,8 mm 90,8 mm
Ancho 20 mm 20 mm
Profundo 28 mm 28 mm
Ajuste de la aleta Flex +4 -142
Profundidad de pestillo 8,1 mm 5 mm
Ciclos testados con excitacion eléctrica 300.000 300.000
Fuerza de retencion 2.950 N / 300 Kg-f 2.950 N / 300 kg-f
Rango de temperatura de trabajo | -15°Ca+40°C -15°C a +40°C
Diodo o varistor Opcional Opcional
Microswitch Opcional

812V | 24V 1(24\1/5))C 24(14\£E’C 1%5\115))C | 2?5\55))(:
Resistencia de |la bobina (Q) | 8 17 30 | 58 68 132 70 230

VBOO(SV) 370(8Y) |

i i A 1
Consumo de corriente alterna (mA) 1200012%) | 560012V) | , 330 | ‘
: : " 1000(8V) | 470(8Y) | 260(8V) | 180 180 150 | 120
Consumo de corriente continua estabilizada (mA) 1500(12v) | 700(12V) | 400(12v) VD dicta VD drecta VDCfta VDG drecta
Rango de trabajo mantenido en corriente continua (V) - 1112 | 23-24 | 11-12 | 23-24
Serie 30 | I I
100 (12
Precarga de pestillo maxima para apertura AC (N) s'e,;(e 5§;/) - - - - - - -
100 (12v)
s
Para un idéneo AC12V TF3 [@%&‘
funcionamiento R

recomendamos: AC 24V TF8 (3 \’/:L’l

9.8 1102
20

https:/Avww.dorcas.com/productos/abrepuertas-dorcas-series-30-58/ 4/6
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14/9/21 23:22 Abrepuertas Dorcas Series 30/58 - Dorcas
- 25 -
142
o
0
o
@ o
o o
<
i
N I (Mn
a »
SEs 2
w |
o odna -
(» ~ 12
[s:]
26| S
N
25
. G Pintura Gris
X Acero Inoxidable
Puede solicitar cualquier otro acabado no estandar.
Por favor, consulte plazo de entrega.
o o o0 58"
P 0 392 S ‘6 0 o \,e o
o #¢ P ‘,y} \,?- \‘\b q.\ ‘ﬁ» \ ¢ peYEe R0 o
g & N 0 z,@ ) @‘ N $\- g( N o 9\ c,\
o° o & < s"" er\ W oV Sl
3001 30NF ® [ VAC
3002 30NDF ® [ ] » VAC
3003 30AF ® L] VAC
3004  30ADF ® @ °® VAC
3005  30AAF e ® VAC
3006 30AADF ® ® L] VAC
3007  30NF412 ® °® 12V DC
3008 30NDF 412 ° ® ® 12V DC
3009 30AF 412 ® ® 12vDC
3010 30ADF 412 @ ® ° 12V DC
3013 30NF 512 [ ] [ ] 12vDC
3015 30N ® VAC
3016 30ND ® ® VAC
3017 30A ® VAC
3018 30AD ® L] VAC
3019 30AA ® VAC
3020 30AAD ® ® VAC
3021 30N 412 ® 12vDC
3022 30ND 412 L ] [ J 12V DC
3023 30A412 [ 12V DC
3024 30AD 412 @ ® 12vDC
3027 30N 512 ] 12V DC
3029 30N 305 [ ] (] VAC
3030 30N 305 412 L] ® 12vDC
3031 30N 305 512 [ ] e 12v DC

**Disponible opcionalmente en 24V; sencillamente, anote 24 tras el codigo. Ejemplo: 3029 24

Si desea solicitar la caja de mecanismos de 104 mm de altura, indiquelo con una B detrés del codigo. Ejemplo: 3015 B

En version ajustable, existe la opcién de incorporar el pestlllo radial. Debe escribir 58_ _ en lugar de 30 _ _. Ejemplo: 5806
La bobina estandar es de 8%, si desea alguna otra por r favor indiquelo.

https:/Awww.dorcas.com/productos/abrepuertas-dorcas-series-30-58/
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14/9/21 23:22 Abrepuertas Dorcas Series 30/58 - Dorcas
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EJEMPLO DE CODIFICACION: 3001/10G Caja de mecanismos de la serie 30 con funcién normal y aleta regulable
EJEMPLO DE DESCRIPCION: 30 NF/SG con armadura corta 10 ( “S” seguin la descripcién) con acabado en color gris

EJEMPLO DE CODIFICACION: 5804/21X Caja de mecanismos de la serie 58 con funcién automatica, desbloqueo y aleta regulable,
EJEMPLO DE DESCRIPCION: 58 ADF/GX con armadura 21 ("G" segln la descripcion) con acabado en acero inoxidable

https:/Avww.dorcas.com/productos/abrepuertas-dorcas-series-30-58/

6/6

- 58 - Autor: Néstor Dofiate Marqués

424.20.17



Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

Control de acceso y registro de horario en la empresa

mediante reconocimiento facial

ANEXO 4 (Hojas de caracteristicas)

Regulador ADP3338

ANALOG
DEVICES

High Accuracy, Ultralow lq, 1 A,
anyCAP® Low Dropout Regulator

ADP3338

FEATURES

High accuracy over line and load: +0.8% @ 25°C,
+1.4% over temperature

Ultralow dropout voltage: 190 mV (typ) @ 1A

Requires only Co = 1.0 pF for stability

anyCARP is stable with any type of capacitor (including MLCC)

Current and thermal limiting

Low noise

2.7V to 8V supply range

—40°C to +85°C ambient temperature range

SOT-223 package

APPLICATIONS

Notebook, palmtop computers
SCSI terminators
Battery-powered systems

Bar code scanners
Camcorders, cameras

Home entertainment systems
Networking systems

DSP/ASIC supplies

GENERAL DESCRIPTION

The ADP3338 is a member of the ADP33xx family of precision,
low dropout (LDO), anyCAP voltage regulators. The ADP3338
operates with an input voltage range of 2.7 V to 8 V and delivers
aload current up to 1 A. The ADP3338 stands out from
conventional LDOs with a novel architecture and an enhanced
process that offers performance advantages and higher output
current than its competition. Its patented design requires only a
1 uF output capacitor for stability. This device is insensitive to
output capacitor equivalent series resistance (ESR), and is stable
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Figure 2. Typical Application Circuit

with any good quality capacitor, including ceramic (MLCC)
types for space-restricted applications. The ADP3338 achieves
exceptional accuracy of +0.8% at room temperature and +1.4%
over temperature, line, and load variations. The dropout voltage
of the ADP3338 is only 190 mV (typical) at 1 A. The device also
includes a safety current limit and thermal overload protection.
The ADP3338 has ultralow quiescent current: 110 yA (typical)
in light load situations.
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SPECIFICATIONS

Vin=60V,Cn=Courr=1uE T =

—40°C to +125°C, unless otherwise noted.

Table 1.
Parameter' %3 Symbol | Conditions Min  Typ Max | Unit
OUTPUT
Voltage Accuracy Vour Vin =Vournion + 04Vto 8V, IL=0.1mAto 1A T =25C -0.8 +0.8 | %
Vin =Vournou+ 04Vto 8V, IL=0.1mAto 1 A T =-40°C to +125°C -1.4 +14 [ %
Vin=Vournom +04Vto 8V, IL=50mAto 1 A T)=150°C -1.6 +16 | %
Line Regulation Vin =Vournom + 04V to 8V, T, = 25°C 0.04 mV/V
Load Regulation Il=0.1mAto1A T =25C 0.006 mV/mA
Dropout Voltage Voror Vour = 98% of Voumon
k=1A 190 400 | mV
l.=500 mA 125 200 | mV
l.=100mA 70 150 [ mV
Peak Load Current loek Vin =Vournom + 1V 1.6 A
Output Noise Vioise f=10Hzto 100 kHz, C,= 10 pF, L=1A 95 HVrms
GROUND CURRENT
In Regulation lonp k=1A 9 30 mA
I.=500 mA 45 15 mA
IL=100 mA 0.9 3 mA
IL=0.1 mA 110 190 | pA
In Dropout lono Vin =Vournom = 100 mV, L =0.1 mA 190 600 | pA
T All limits at temperature extremes are guaranteed via correlation using standard statistical quality control (SQC) methods.
? Application stable with no load.
3V = 2.7 V for models with Voumom < 2.2 V.
Rev. B | Page 3 of 16
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ADP3338

ABSOLUTE MAXIMUM RATINGS

Unless otherwise specified, all voltages are referenced to GND. Stresses above those listed under Absolute Maximum Ratings

Table 2. may cause permanent damage to the device. This is a stress

Parameter Rating rating only; functional operation of the device at these or any

Input Supply Voltage 03Vtot35V other conditions above those indicated in the operational

Power Dissigation lnt'ernall Iir;1it od section of this specification is not implied. Exposure to absolute

Operating Ambient Temperature Range _a0°C toy+85°C maximum rating conditions for extended periods may affect
device reliability.

Operating Junction Temperature Range -40°Cto +150°C Sl

61 62.3°C/W Only one absolute maximum rating may be applied at any one

6ic 26.8°C/W time.

Storage Temperature Range —65°Cto +150°C

Lead Temperature (Soldering 10 sec) 300°C

Vapor Phase (60 sec) 215°C

Infrared (15 sec) 220°C

ESD CAUTION

ESD (electrostatic discharge) sensitive device. Electrostatic charges as high as 4000V readily accumulate on
the human body and test equipment and can discharge without detection. Although this product features WARNING!
proprietary ESD protection circuitry, permanent damage may occur on devices subjected to high energy
electrostatic discharges. Therefore, proper ESD precautions are recommended to avoid performance
degradation or loss of functionality.
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PIN CONFIGURATION AND FUNCTION DESCRIPTIONS

2Ll

ADP3338
TOP VIEW
oUTH 2 fliNotto Scale) [z] our

[T]eno 3
g

NOTE: PIN 2 AND TAB ARE INTERNALLY CONNECTED

Figure 3. Pin Configuration

Table 3. Pin Function Descriptions

Pin No. Mnemonic Description

1 GND Ground Pin.

2 ouT Regulator Output. Bypass to ground with a 1 pF or larger capacitor.
3 IN

Regulator Input. Bypass to ground with a 1 pF or larger capacitor.

Rev.B|Page 5 of 16
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TYPICAL PERFORMANCE CHARACTERISTICS

Ta = 25°C, unless otherwise noted.
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THEORY OF OPERATION

The ADP3338 anyCAP LDO uses a single control loop for
regulation and reference functions. The output voltage is sensed
by a resistive voltage divider, consisting of R1 and R2, which is
varied to provide the available output voltage option. Feedback
is taken from this network by way of a series diode (D1) and a
second resistor divider (R3 and R4) to the input of an amplifier.

A very high gain error amplifier is used to control this loop. The
amplifier is constructed in such a way that equilibrium produces
a large, temperature-proportional input offset voltage that is
repeatable and very well controlled. The temperature -propor-
tional offset voltage is combined with the complementary diode
voltage to form a virtual band gap voltage that is implicit in the
network, although it never appears explicitly in the circuit.
Ultimately, this patented design makes it possible to control the
loop with only one amplifier. This technique also improves the
noise characteristics of the amplifier by providing more flexi-
bility on the trade off of noise sources that leads to a low noise
design.

The R1, R2 divider is chosen in the same ratio as the band gap
voltage to the output voltage. Although the R1, R2 resistor
divider is loaded by Diode D1 and a second divider consisting
of R3 and R4, the values can be chosen to produce a tempera-
ture-stable output. This unique arrangement specifically corrects
for the loading of the divider, thus avoiding the error resulting
from base current loading in conventional circuits.

The patented amplifier controls a new and unique noninverting
driver that drives the pass transistor, Q1. The use of this special
noninverting driver enables the frequency compensation to

include the load capacitor in a pole-splitting arrangement to
achieve reduced sensitivity to the value, type, and ESR of the
load capacitance.

Most LDOs place very strict requirements on the range of ESR
values for the output capacitor because they are difficult to
stabilize due to the uncertainty of load capacitance and resis-
tance. Moreover, the ESR value required to keep conventional
LDOs stable changes depending on load and temperature.
These ESR limitations make designing with LDOs more
difficult because of their unclear specifications and extreme
variations over temperature.

With the ADP3338 anyCAP LDO, this is no longer true. It can
be used with virtually any good quality capacitor, with no
constraint on the minimum ESR. This innovative design
provides circuit stability with just a small 1 uF capacitor on the
output. Additional advantages of the pole-splitting scheme
include superior line noise rejection and very high regulator
gain to achieve excellent line and load regulation. An impressive
+1.4% accuracy is guaranteed over line, load, and temperature.

Additional features of the circuit include current limit and
thermal shutdown.

Vin

c1il

1uF$

ouT

ADP3338

02050021

Figure 20. Typical Application Circuit
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Figure 21. Functional Block Diagram
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APPLICATION INFORMATION

CAPACITOR SELECTION
Output Capacitor

The stability and transient response of the LDO is a function of
the output capacitor. The ADP3338 is stable with a wide range
of capacitor values, types, and ESR (anyCAP). A capacitor as
low as 1 pF is the only requirement for stability. A higher ca-
pacitance may be necessary if high output current surges are
anticipated, or if the output capacitor cannot be located near the
output and ground pins. The ADP3338 is stable with extremely
low ESR capacitors (ESR = 0) such as multilayer ceramic capacitors
(MLCC) or OSCON. Note that the effective capacitance of some
capacitor types falls below the minimum over temperature or
with dc voltage.

Input Capacitor

An input bypass capacitor is not strictly required, but is recom-
mended in any application involving long input wires or high
source impedance. Connecting a 1 uF capacitor from the input
to ground reduces the sensitivity of the circuit to PC board
layout and input transients. If a larger output capacitor is
necessary, a larger value input capacitor is recommended.

OQUTPUT CURRENT LIMIT

The ADP3338 is short-circuit protected by limiting the pass
transistor’s base drive current. The maximum output current is
limited to approximately 2 A (see Figure 16).

THERMAL OVERLOAD PROTECTION

The ADP3338 is protected against damage due to excessive
power dissipation by its thermal overload protection circuit.
Thermal protection limits the die temperature to a maximum of
160°C. Under extreme conditions, such as high ambient
temperature and power dissipation where the die temperature
starts to rise above 160°C, the output current is reduced until
the die temperature has dropped to a safe level.

Current and thermal limit protections are intended to protect
the device against accidental overload conditions. For normal
operation, externally limit the power dissipation of the device
so the junction temperature does not exceed 150°C.

CALCULATING POWER DISSIPATION

Device power dissipation is calculated as
Pp= (Vv - Vour) X Ioap + (Vv X Ienp)

Where Iioap and Ianp are load current and ground current, and
Vivand Vour are the input and output voltages, respectively.
Assuming the worst-case operating conditions are Iroap = 1.0 A,
Ionp = 10 mA, Vin=3.3 V, and Vour = 2.5V, the device power
dissipation is

Pp=(33V-25V)x1000 mA + (3.3 V x 10 mA) =833 mW

So, for a junction temperature of 125°C and a maximum
ambient temperature of 85°C, the required thermal resistance
from junction to ambient is

125°C—-85°C

4 = = A8°C/W
0.833 W

PRINTED CIRCUIT BOARD LAYOUT
CONSIDERATIONS

The thermal resistance, 6, of the SOT-223 is determined by the
sum of the junction-to-case and the case-to-ambient thermal
resistances. The junction-to-case thermal resistance, 6ic, is
determined by the package design and is specified at 26.8°C/W.
However, the case-to-ambient thermal resistance is determined
by the printed circuit board design.

As shown in Figure 22, the amount of copper to which the
ADP3338 is mounted affects thermal performance. When
mounted to the minimal pads of 2 oz. copper, as shown in
Figure 22 (a), 64 is 126.6°C/W. Adding a small copper pad
under the ADP3338, as shown in Figure 22 (b), reduces the 6 to
102.9°C/W. Increasing the copper pad to one square inch, as
shown in Figure 22 (c), reduces the 6 even further to 52.8°C/W.

2
111

a b c

02050-022

Figure 22. PCB Layouts
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Use the following general guidelines when designing printed ¢
circuit boards:

e Keep the output capacitor as close as possible to the output
and ground pins.

e Keep the input capacitor as close as possible to the input .
and ground pins.

e Specify thick copper and use wide traces for optimum heat
transfer. PC board traces with larger cross sectional areas

remove more heat from the ADP3338.

e Decrease thermal resistance by adding a copper pad under
the ADP3338, as shown in Figure 22 (b).

Rev.B|Page 11 of 16
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Use the adjacent area to the ADP3338 to add more copper
around it. Connecting the copper area to the output of the
ADP3338, as shown in Figure 22 (c), is best, but thermal
performance will be improved even if it is connected to
other signals.

Use additional copper layers or planes to reduce the
thermal resistance. Again, connecting the other layers to
the output of the ADP3338 is best, but is not necessary.

When connecting the output pad to other layers, use
multiple vias.
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OUTLINE DIMENSIONS
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ORDERING GUIDE
Model Temperature Range Output Voltage (V) Package Option Package Description
ADP3338AKC-1.5-RL -40°C to +85°C 1.5 KC-3 3-Lead SOT-223
ADP3338AKC-1.5-RL7 -40°C to +85°C 1.5 KC-3 3-Lead SOT-223
ADP3338AKCZ-1.5-RL' -40°C to +85°C 1.5 KC-3 3-Lead SOT-223
ADP3338AKCZ-1.5-RL7’ -40°C to +85°C 1.5 KC-3 3-Lead SOT-223
ADP3338AKC-1.8-RL -40°C to +85°C 1.8 KC-3 3-Lead SOT-223
ADP3338AKC-1.8-RL7 -40°C to +85°C 1.8 KC-3 3-Lead SOT-223
ADP3338AKCZ-1.8-RL' -40°C to +85°C 1.8 KC-3 3-Lead SOT-223
ADP3338AKCZ-1.8-R7' -40°C to +85°C 1.8 KC-3 3-Lead SOT-223
ADP3338AKC-2.5-RL -40°C to +85°C 25 KC-3 3-Lead SOT-223
ADP3338AKC-2.5-RL7 -40°C to +85°C 25 KC-3 3-Lead SOT-223
ADP3338AKCZ-2.5-RL' -40°C to +85°C 25 KC-3 3-Lead SOT-223
ADP3338AKCZ-2.5RL7' -40°C to +85°C 2.5 KC-3 3-Lead SOT-223
ADP3338AKC-2.85-RL -40°C to +85°C 2.85 KC-3 3-Lead SOT-223
ADP3338AKC-2.85-RL7 -40°C to +85°C 2.85 KC-3 3-Lead SOT-223
ADP3338AKCZ-2.85R7' -40°C to +85°C 2.85 KC-3 3-Lead SOT-223
ADP3338AKC-3-RL -40°C to +85°C 3.0 KC-3 3-Lead SOT-223
ADP3338AKC-3-RL7 -40°C to +85°C 3.0 KC-3 3-Lead SOT-223
ADP3338AKCZ-3-RL7’ -40°C to +85°C 3.0 KC-3 3-Lead SOT-223
ADP3338AKC-3.3-RL -40°C to +85°C 33 KC-3 3-Lead SOT-223
ADP3338AKC-3.3-RL7 -40°C to +85°C 33 KC-3 3-Lead SOT-223
ADP3338AKCZ-3.3-RL' -40°C to +85°C 33 KC-3 3-Lead SOT-223
ADP3338AKCZ-3.3RL7’ -40°C to +85°C 3.3 KC-3 3-Lead SOT-223
ADP3338AKC-5-REEL -40°C to +85°C 5 KC-3 3-Lead SOT-223
ADP3338AKC-5-REEL7 -40°C to +85°C 5 KC-3 3-Lead SOT-223
ADP3338AKCZ-5-REEL' -40°C to +85°C 5 KC-3 3-Lead SOT-223
ADP3338AKCZ-5-R7' -40°C to +85°C 5 KC-3 3-Lead SOT-223
1Z =Pb-free part.
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registered trademarks are the property of their respective owners. DEVst www.ana I 0 ﬂ .com
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Foco Aputure AL-F7

14/9/21 23:26 Aputure AL-F7 — Thomann Espafia

th.-mann
Aputure AL-F/

99 €

Sin gastos de envio e incluyendo IVA.

Entrega estimada entre Martes, 21.09.y
Miércoles, 22.09.

NUmero de articulo 496376
Precio por 1 Unidad
Disponible desde agosto 2020

% Garantia Thomann de 3 afios

Garantia Money Back de 30 dias

Tu persona de contacto

Video +
Departamento de [luminacion +
Luz frontal LED bicolor Mas informacion
Construccién Panel LED

v Temperatura de color ajustable de 3200 K a 9500 K
v 256 LEDs con alto CRI Potencia [W] 15W
v Angulo del haz: 45°

Color de LED CW/WW
v 14000 luxa 0,3 m
v CRI 95 /TLC| 95+ Temperatura (K) 3200 - 9500
v La temperatura de color y el brillo se pueden aumentar Optica No
o disminuir con solo presionar un botén
v Salida de luz maxima a 5500 K CRI 95
v La funcién de memoria guarda automaticamente los dei 45 °
ultimos ajustes
V Fuente de alimentacion: Bateria NP-F (no incluida) o USB~ DMX No
tipo C
) Control remoto No
v Rosca de 1/4" en tres lados
v Dimensiones: 158 x 87 x 34 mm Sin ventilador Si
v Peso:260 g panel No
v Bateria adecuada (articulo n°496754) no incluida
v Cargador adecuado (articulo n°496757) no incluido Bateria Opcional

https:/Avww.thomann .de/es/aputure_amaran_al_f7.htm
Autor: Néstor Dofiate Marqués -75-
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149212326 Bpatere A L-F7 - Thoman Espaia
, Anclaje 1/4"
Incluye: :
Induye tripode MNo
+ Aputure ALF7 Certificacion IP IP20
< 2 difusores

< Rotula Coldshoe

Induye bolsa f estuche Si
- Bolsa de tl'anSpOI'te r.'qontaje en poste MNo
-~ Cable USE
Color del chasi N
~ Instrucciones de funcionamiento plor eetenasis cge
éLe gusta lo que ve?
® Compartir ¥ Twitter B EMail #l Danos tu opinidn
Productos vistos recientemente
Comprar y pagar de forma segura
pay
S
VISA _ gt
moetae sy
@ wis ﬁ\
El pago se puede realizar de forma segura a PayPal,
Amnazon Pay, Sofortiberweisung, Tarjeta de crédito,
Transferencia ban@ria o Contra reembolso.
Sus ventajas
~/ 3anos de garantia Thomann
v/ 30 dias Garantia Money Back
itpsdwww.tioman & e spwe_amami_al_w.am 23
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14/9/21 23:26 Aputure AL-F7 — Thomann Espafia

v/ Reparacion
v/ Asesoramiento por expertos en la materia
v/ Garantia de satisfaccion

v/ Elmayor almacén de Europa

Servicio

Gastos de envio y plazos
Centro de Ayuda

Vales

Contacto

Tiendas

Vista General del Servicio

Condiciones Generales / Pie de imprenta
Politica de privacidad

Ajustes de privacidad

Derecho de desistimiento

Hacer/completar pedido

Derechos de garantia

OO0 0@ VY e H

Sobre nosotros
Empleo

Clasificados

© 1996-2021 Thomann GmbH.
Thomann loves you, because you rock!

https:/Avww.thomann .de/es/aputure_amaran_al_f7.htm 33
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Mini SAI DC 12V

150921 17:52 Comprar Mini SAIDC 12V

ai@nline

A  SsAIDC Sai DC mini 12V Lapara

% T

Sai DC mini 12V Lapara

Referencia LA-ON-DC

Comprar Mini Sai DC 12V

Especialmente disenado para suministrar energia en corriente continua y proteger contra sobre cargas
dispositivos tales como routers, modems, decodificadores, sistemas telefonicos VOIP, VOIP phone
systems, sistemas de vigilancia, sistemas de alarma, sistemas de control de acceso, etc..

tu@email.com

https:iiwww. sai-online. esd sai-def sai-mini-de-1 2v-lapara 1i4
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15/9/21 17:52 Comprar Mini SAl DC 12V
Avisame cuando esté disponible

[ | Disponibilidad producto:

Ver la opinion
Valoracién media: 10/10 - N° valoraciones: 1

28,83 € IVA incluido

FICHA TECNICA

Capacidad (VA) 12V 25W
Capacidad (W) 25W
Forma de onda Corriente continua
Bateria Lithium-ion Voltaje Nominal 3.7vDC
Gama Hogar y empresa
Conexiones Schuko macho
Peso 280 Gramos
Garantia 2 Afos
MAS

Mini Sai DC 12V 25W Lapara, LA-ON-DC

El SAI LA-ON-DC estd disefiado para proporcionar soporte energético de emergencia a todo tipo de
equipos alimentados por corriente continua tales como routers, modems, decodificadores, sistemas
telefénicos VOIP, VOIP phone systems, sistemas de vigilancia, sistemas de alarma, sistemas de control de
acceso y muchos otros equipos criticos de telecomunicaciones. El SAl esta disefiado para suministrar
energia eléctrica en caso de corte de corriente eléctrica asi como de proteger los dispositivos en el caso
de sobrecarga.

Caracteristicas

Entrada de voltaje Rango 90 VAC ~ 264 VAC
Frequencia 50 or 60 Hz

Salida de voltaje Voltaje 12VDC + 5% Max.
Consumo 25W (2.1A)

Bateria

e Tipo Bateria Lithium-ion Voltaje Nominal 3.7vDC
e Capacidad 2600mAh

https:/Avww.sai-online.es/sai-dc/sai-mini-dc-12v-lapara 2/4
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15/9/21 17:52 Comprar Mini SAl DC 12V

e Tiempo de carga tipico 3 horas para una carga del 90%

Datos Fisicos

e Entrada: Schuko

Escuela Universitaria
Politécnica- La Almunia
Centro adscrito

Universidad Zaragoza

e Cable de salida Im de largo (Jock DC macho, DE 5.5mm, DI 2.5mm), viene con tres puntas

intercambiables

Dimensiones
e DXWXH (mm) 68 x 42 x 74 Peso 280g

Tiempo de autonomia aproximado

Carga Tiempo de autonomia @ 12vdc (min)

® 12V/1.0A Router: 150 min
e 12V/1.5A Router: 120 min
e 120 12V/2.0A Router: 90 min

OPINIONES

¢ Haz clic aqui para dar tu
opinién

Tamarno perfecto

JesUs A. el dia 28/06/2018

Este articulo parece pequerio, pero cumple perfectamente su funcién no es necesario mas.

LOS CLIENTES QUE ADQUIRIERON ESTE PRODUCTO TAMBIEN COMPRARON:

https:/Avww.sai-online.es/sai-dc/sai-mini-dc-12v-lapara
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18/9/2117:52

Cornprar Mini SAI DC 12V

REGULADOR DE VOLTAJE

SAl 600 VA OFFLINE LAPARA
AVR 2000 VA LAPARA

ATS SWITCH DE
TRANSFERENCIA

o

0 opinidn
1 opinidn 2 opiniones

= Ancdir gl carnto
™ Ancadir al carrito ™ Ancdir ol carrito

CONTACTE CON NOSOTROS

Sai Onling, Av. Sistema solar 31 Nave A4 28830 San Fernando de Henares Madrid
Tel: +34 910 016 680

Email: info@sai-online.es

https:/Awww sai-online.es/sal-de/sai-mini-do-12v-lapara
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Datasheet Arduino Uno Rev3

Arduino UNO

MADE

ARDUINO
[

(5PK '.b.()'lﬂY) w9

Hf'gﬂcuu-iu-.-\c.ou bonnad

INITALY /——v=s 2
1 A
&0 " 888 DIGITAL (PWM~) F &

ses. Escuela Universitaria
Politécnica- La Almunia
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Universidad Zaragoza

=

ARDUINO

neTmN~HS

v

@ vvv.avouzvo.cc|

Product Overview

The Arduino Uno is a microcontroller board based on the ATmega328 (datasheet). It has 14 digital
input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz crystal oscillator, a
USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to
support the microcontroller; simply connect it to a computer with a USB cable or power it with a AC-to-DC
adapter or battery to get started. The Uno differs from all preceding boards in that it does not use the FTDI
USB-to-serial driver chip. Instead, it features the Atmega8U2 programmed as a USB-to-serial converter.

"Uno" means one in Italian and is named to mark the upcoming release of Arduino 1.0. The Uno and version
1.0 will be the reference versions of Arduno, moving forward. The Uno is the latest in a series of USB
Arduino boards, and the reference model for the Arduino platform; for a comparison with previous versions,

see the index of Arduino boards.

Technical
Specifications

How to use Arduino
Programming Enviroment, Basic Tutorials

Eerms &
onditions

Enviromental Policies
half sqm of green via Impatto Zero®

-82 -
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Technical Specification

EAGLE files: arduino-duemilanove-uno-design.zip Schematic: arduino-une-schematic. pdf

ARDUINO

Microcontroller
Operating Voltage

Input Voltage (limits)
Digital I/O Pins

Analog Input Pins

DC Current per /O Pin
DC Current for 3.3V Pin

Flash Memory

SRAM
EEPROM
Clock Speed

ATmega328
5V
Input Voltage (recommended) 7-12V

6-20V

14 (of which 6 provide PWM output)
6

40 mA

50 mA

32 KB of which 0.5 KB used by
bootloader

2 KB

1KB

16 MHz

@ [E Radl/ospares RADIONICS

“Test”
Led 13

MADE \ o \
INITALY /g
mnw [i \|

I

the board

g mEE ARDUINO
4 ( _u,’ "
P’ ;thmmu.u-.uu@-g

-
.

N (5o S|

ALLIED ELECTRONICS
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The Arduino Uno can be powered via the USB connection or with an external power supply. The power
source is selected automatically.

External (non-USB) power can come either from an AC-to-DC adapter (wall-wart) or battery. The adapter
can be connected by plugging a 2.1mm center-positive plug into the board's power jack. Leads from a
battery can be inserted in the Gnd and Vin pin headers of the POWER connector.

The board can operate on an external supply of 6 to 20 volts. If supplied with less than 7V, however, the 5V
pin may supply less than five volts and the board may be unstable. If using more than 12V, the voltage
regulator may overheat and damage the board. The recommended range is 7 to 12 volts.

The power pins are as follows:

* VIN. The input voltage to the Arduino board when it's using an external power source (as opposed to
5 volts from the USB connection or other regulated power source). You can supply voltage through
this pin, or, if supplying voltage via the power jack, access it through this pin.

¢ 5V. The regulated power supply used to power the microcontroller and other components on the
board. This can come either from VIN via an on-board regulator, or be supplied by USB or another
regulated 5V supply.
3V3. A 3.3 volt supply generated by the on-board regulator. Maximum current draw is 50 mA.

GND. Ground pins.

Memor

The Atmega328 has 32 KB of flash memory for storing code (of which 0,5 KB is used for the bootloader); It
has also 2 KB of SRAM and 1 KB of EEPROM (which can be read and written with the EEPROM library).

Input and Output

Each of the 14 digital pins on the Uno can be used as an input or output, using pinMode(), digitalWrite(), and
digitalRead() functions. They operate at 5 volts. Each pin can provide or receive a maximum of 40 mA and
has an internal pull-up resistor (disconnected by default) of 20-50 kOhms. In addition, some pins have
specialized functions:

e Serial: 0 (RX) and 1 (TX). Used to receive (RX) and transmit (TX) TTL serial data. TThese pins are
connected to the corresponding pins of the ATmega8U2 USB-to-TTL Serial chip .

« External Interrupts: 2 and 3. These pins can be configured to trigger an interrupt on a low value, a
rising or falling edge, or a change in value. See the attachinterrupt() function for details.

e PWM: 3,5,6,9,10, and 11. Provide 8-bit PWM output with the analogWrite() function.

e SPI: 10 (SS), 11 (MOSI), 12 (MISO), 13 (SCK). These pins support SPI communication, which,
although provided by the underlying hardware, is not currently included in the Arduino language.

e LED: 13. There is a built-in LED connected to digital pin 13. When the pin is HIGH value, the LED is
on, when the pin is LOW, it's off.

@ RadIosparRes RADIONICS
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The Uno has 6 analog inputs, each of which provide 10 bits of resolution (i.e. 1024 different values). By
default they measure from ground to 5 volts, though is it possible to change the upper end of their range
using the AREF pin and the analogReference() function. Additionally, some pins have specialized
functionality:

e I’C: 4 (SDA) and 5 (SCL). Support I°C (TWI) communication using the Wire library.
There are a couple of other pins on the board:

» AREF. Reference voltage for the analog inputs. Used with analogReference().
o« Reset. Bring this line LOW to reset the microcontroller. Typically used to add a reset button to
shields which block the one on the board.

See also the mapping between Arduino pins and Atmega328 ports.

Communication

The Arduino Uno has a number of facilities for communicating with a computer, another Arduino, or other
microcontrollers. The ATmega328 provides UART TTL (5V) serial communication, which is available on
digital pins 0 (RX) and 1 (TX). An ATmega8U2 on the board channels this serial communication over USB
and appears as a virtual com port to software on the computer. The '8U2 firmware uses the standard USB
COM drivers, and no external driver is needed. However, on Windows, an *.inf file is required..

The Arduino software includes a serial monitor which allows simple textual data to be sent to and from the
Arduino board. The RX and TX LEDs on the board will flash when data is being transmitted via the USB-to-
serial chip and USB connection to the computer (but not for serial communication on pins 0 and 1).

A SoftwareSerial library allows for serial communication on any of the Uno's digital pins.

The ATmega328 also support 12C (TWI) and SPI communication. The Arduino software includes a Wire
library to simplify use of the 12C bus; see the documentation for details. To use the SPI communication,
please see the ATmega328 datasheet.

Programming

The Arduino Uno can be programmed with the Arduino software (download). Select "Arduino Uno w/
ATmega328" from the Tools > Board menu (according to the microcontroller on your board). For details,
see the reference and tutorials.

The ATmega328 on the Arduino Uno comes prebumed with a bootloader that allows you to upload new code
to it without the use of an external hardware programmer. It communicates using the original STK500
protocol (reference, C header files).

You can also bypass the bootloader and program the microcontroller through the ICSP (In-Circuit Serial
Programming) header; see these instructions for details.

The ATmega8U2 firmware source code is available . The ATmega8U2 is loaded with a DFU bootloader,
which can be activated by connecting the solder jumper on the back of the board (near the map of Italy) and
then resetting the 8U2. You can then use Atmel's FLIP software (Windows) or the DEU programmer (Mac
OS X and Linux) to load a new firmware. Or you can use the ISP header with an external programmer
(overwriting the DFU bootloader).

@ Rad/ospaRes RADIONICS
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Automatic (Software) Reset

Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a
way that allows it to be reset by software running on a connected computer. One of the hardware flow control
lines (DTR) of the ATmega8U2 is connected to the reset line of the ATmega328 via a 100 nanofarad
capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the chip. The
Arduino software uses this capability to allow you to upload code by simply pressing the upload button in the
Arduino environment. This means that the bootloader can have a shorter timeout, as the lowering of DTR
can be well-coordinated with the start of the upload.

This setup has other implications. When the Uno is connected to either a computer running Mac OS X or
Linux, it resets each time a connection is made to it from software (via USB). For the following half-second or
so, the bootloader is running on the Uno. While it is programmed to ignore malformed data (i.e. anything
besides an upload of new code), it will intercept the first few bytes of data sent to the board after a
connection is opened. If a sketch running on the board receives one-time configuration or other data when it
first starts, make sure that the software with which it communicates waits a second after opening the
connection and before sending this data.

The Uno contains a trace that can be cut to disable the auto-reset. The pads on either side of the trace can
be soldered together to re-enable it. It's labeled "RESET-EN". You may also be able to disable the auto-reset
by connecting a 110 ohm resistor from 5V to the reset line; see this forum thread for details.

USB Overcurrent Protection

The Arduino Uno has a resettable polyfuse that protects your computer's USB ports from shorts and
overcurrent. Although most computers provide their own internal protection, the fuse provides an extra layer
of protection. If more than 500 mA is applied to the USB port, the fuse will automatically break the connection
until the short or overload is removed.

Physical Characteristics

The maximum length and width of the Uno PCB are 2.7 and 2.1 inches respectively, with the USB connector
and power jack extending beyond the former dimension. Three screw holes allow the board to be attached to
a surface or case. Note that the distance between digital pins 7 and 8 is 160 mil (0.16"), not an even multiple
of the 100 mil spacing of the other pins.

(Y RS ~adiospares rabionics
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How to use Arduino

Arduino can sense the environment by receiving input from a variety of sensors and can affect its
surroundings by controlling lights, motors, and other actuators. The microcontroller on the board is
programmed using the Arduino programming language (based on Wiring) and the Arduino
development environment (based on Processing). Arduino projects can be stand-alone or they can
communicate with software on running on a computer (e.g. Flash, Processing, MaxMSP).

Arduino is a cross-platoform program. You'll have to follow different instructions for your personal
OS. Check on the Arduino site for the latest instructions. htip:/arduino.cc/en/Guide/HomePage

Linux Install Windows Install Mac Install

Once you have downloaded/unzipped the arduino IDE, you can Plug the Arduino to your PC via USB cable.

Blink led

Now you're actually ready to “burn” your W Bink | Arduing 0017 . o0X
first program on the arduino board. To
select “blink led”, the physical translation
of the well known programming “hello
world”, select

int ledPin = 13; /4 LED connec o digital pin 13
File>Sketchbook> (i The aebmil) nethodinmsyoncey.she
Arduino-0017>Examples> wotd setwt)
Digital>Blink pitmote(lecbin, QUTRITY: |

}
Once you have your skecth you'll 7 e L
see something very close to the "
screenshot on the right. Tl Al

digitalWrite (ledPin, HIGH):
1000)

In Tools>Board select digitalirite ledpin, LOW):

Now you have to go to
Tools>SerialPort

and select the right serial port, the
one arduino is attached to.

° Done compiling.

Press Compile button :
(to check for errors) TX RX Flashing

@ Radliospares RADIONICS A
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Terms & Conditions 19:°]

1. Warranties

1.1 The producer warrants that its products will conform to the Specifications. This warranty lasts for one (1) years from the date of the sale. The
producer shall not be liable for any defects that are caused by neglect, misuse or mistreatment by the Customer, including improper installation or testing,
or for any products that have been altered or modified in any way by a Customer. Moreover, The producer shall not be liable for any defects that result from
Customer’s design, specifications or instructions for such products. Testing and other quality control techniques are used to the extent the producer deems
necessary.

1.2 Ifany products fail to conform to the warranty set forth above, the producer's sole liability shall be to replace such products. The producer's liability
shall be limited to products that are determined by the producer not to conform to such warranty. If the producer elects to replace such products, the
producer shall have a reasonable time to replacements. Replaced products shall be warranted for a new full warranty period.

1.3 EXCEPT AS SET FORTH ABOVE, PRODUCTS ARE PROVIDED "AS 1S" AND "WITH ALL FAULTS.” THE PRODUCER DISCLAIMS ALL OTHER
WARRANTIES, EXPRESS OR IMPLIED, REGARDING PRODUCTS, INCLUDING BUT NOT LIMITED TO, ANY IMPLIED WARRANTIES OF
MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE

1.4  Customer agrees that prior to using any systems that include the producer products, Customer will test such systems and the functionality of the
products as used in such systems. The producer may provide technical, applications or design advice, quality characterization, reliability data or other
services. Customer acknowledges and agrees that providing these services shall not expand or otherwise alter the producer's warranties, as set forth
above, and no additional obligations or liabilities shall arise from the producer providing such services.

1.5  The Arduino™ products are not authorized for use in safety-critical applications where a failure of the product would reasonably be expected to cause
severe personal injury or death. Safety-Critical Applications include, without limitation, life support devices and systems, equipment or systems for the
operation of nuclear facilities and weapons systems. Arduino ™ products are neither designed nor intended for use in military or aerospace applications or
environments and for automotive applications or environment. Customer acknowledges and agrees that any such use of Arduino™ products which is solely
at the Customer's risk, and that Customer is solely responsible for compliance with all legal and regulatory requirements in connection with such use.

1.6 Customer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements concerning its
products and any use of Arduino™ products in Customer's i 1S, T i ing any ications-related information or support that may be
provided by the producer.

2. Indemnification

The Customer acknowledges and agrees to defend, indemnify and hold harmless the producer from and against any and all third-party losses, damages,
liabilities and expenses it incurs to the extent directly caused by: (i) an actual breach by a Customer of the representation and warranties made under this
terms and conditions or (ii) the gross negligence or willful misconduct by the Customer.

3. Consequential Damages Waiver

In no event the producer shall be liable to the Customer or any third parties for any special. collateral, indirect, punitive, incidental. consequential or

exemplary damages in connection with or arising out of the products provided hereunder, regardless of whether the producer has been advised of the
possibility of such damages. This section will survive the termination of the warranty period.

4. Changes to specifications

The producer may make changes to specifications and product descriptions at any time, without notice. The Customer must not rely on the absence or
characteristics of any features or instructions marked “reserved"” or "undefined." The producer reserves these for future definition and shall have no
responsibility whatsoever for conflicts or incompatibilities arising from future changes to them. The product information on the Web Site or Materials is
subject to change without notice. Do not finalize a design with this information.

Enviromental Policies

The producer of Arduino™ has joined the Impatto Zero®
policy of LifeGate.it. For each Arduino board produced is
created / looked after half squared Km of Costa Rica’s
forest’s.

@ [E} Radiospares RADIORICS Al
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Transistor Darlington TIP112

Universidad Zaragoza

[S74

TIP110/112
TIP115/117

COMPLEMENTARY SILICON POWER
DARLINGTON TRANSISTORS

= STMicroelectronics PREFERRED

SALESTYPES

COMPLEMENTARY PNP - NPN DEVICES

= MONOLITHIC DARLINGTON
CONFIGURATION

= INTEGRATED ANTIPARALLEL
COLLECTOR-EMITTER DIODE

APPLICATIONS
= LINEAR AND SWITCHING INDUSTRIAL
EQUIPMENT

DESCRIPTION

The TIP110 and TIP112 are silicon
Epitaxial-Base NPN transistors in monolithic
Darlington configuration mounted in  Jedec
TO-220 plastic package. They are intented for
use in medium power linear and switching
applications.

The complementary PNP types are TIP115 and
TIP117.

INTERNAL SCHEMATIC DIAGRAM

scaraso ES(3)

Ry Typ.=7K Q R> Typ.= 230
ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
NPN TIP110 TIP112
PNP TIP115 TIP117
Veeo Collector-Base Voltage (Il = 0) 60 100 \
Vceo Collector-Emitter Voltage (Ig = 0) 60 100 \
Veso Emitter-Base Voltage (Ic = 0) 5 \
lc Collector Current 2 A
lcm Collector Peak Current 4 A
Is Base Current 50 mA
Ptot Total Dissipation at Tease < 25 °C 50 W
Tamb <25 °C 2 w
Tstg Storage Temperature -65 to 150 ¢
Tj Max. Operating Junction Temperature 150 e

* For PNP types voltage and current values are negative

June 1999
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TIP110/TIP112/TIP115/TIP117

THERMAL DATA

Rinj-case |Thermal Resistance Junction-case Max 2.5 °CIW
Rtnj-amb | Thermal Resistance Junction-ambient Max 62.5 °CIW
ELECTRICAL CHARACTERISTICS (Tcase = 25 °C unless otherwise specified)
Symbol Parameter Test Conditions Min. Typ. Max. Unit
Iceo Collector Cut-off Vce = Half Rated Vceo 2 mA
Current (Ig = 0)
Iceo Collector Cut-off Vce = Rated Veeo 1 mA
Current (Ie = 0)
leBo Emitter Cut-off Current |Ves =5V 2 mA
(Ic=0)
Vceo(susy* |Collector-Emitter lc =30 mA
Sustaining Voltage for TIP110/115 60 \4
(ls =0) for TIP112/117 100 \
Vcesaty* |Collector-Emitter le=2A lg = 8 mA 2.5 \4
Saturation Voltage
Vee* Base-Emitter Voltage lc=2A Vce =4V 2.8 \'4
hre* DC Current Gain le=1A Ve =4V 1000
le=2A Vce =4V 500

* Pulsed: Pulse duration = 300 us, duty cycle 1.5 %
For PNP types voltage and current values are negative.

Safe Operating Areas Derating Curve

GC73230
T %
I

- GC572¢1
T

T
T
T

T T T T T T T
| iEm M E R
A AT
T T

|
le MAX PULSED PULSE_OPERATION*

TTTII 100 sl
2 lc MAX CONTINUOS \ 100

\ 11 D,
.| oe OPERATION/‘ N 1ms N

- f

]

O] 3

o[ ¥ FOR SINGLE NON 50 ™
REPETITIVE PULSE

Is/s

Prot
2
TIP110-115
TIP112-117 |
10 Tz 4
10

i |
Vee (V) 0 50 100 T, (°C)

10
2/6
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DC Current Gain (NPN type)

GCE2680

Nee

4

2

H}l
nis

10° Ic (A)

Collector-Emitter Saturation Voltage (NPN type)

6C62690

VY ce(sal)
hee =250
(V) FE
1.6 HA
T,=-40C |/ /
1.2 /
I ] ,_f-—//’ 1,=25%
0.8 L
L]
="TT,=125C
0.4
0
107" 10° Ie (A)

Base-Emitter Saturation Voltage (NPN type)

v 60527_0_
BE(sat) hee =250
(V) FE ,/
2.0 Ve
T,= —AO"C///
LI e
1.8 ] A/
1T /K
L [ I > 7,=25%
; pr=
7,=125C
0.8
0.4
107" 10° I (4)
‘YI

DC Current Gain (PNP type)

GC6355
hee
&
4
2 TyE125%
104 |
: :
f - T,525%
m= p.
2 |~ /r‘/ - *\\\
el
103 Pl o \
Z— 7 ,=-40C S\
7 TTT AN
4 [T
Ve =3V
| [[1T]
10° L
107" 10° Ie (A)

Collector-Emitter Saturation Voltage (PNP type)

GCB3560

%
o e ]
1.6 /
/7
P
Lot
—"':'A<
— »: o
|l 7,=25%
0.8 i
f"’
T4=125%
0.4
0 4
107" 10° Ie (A)

Base-Emitter Saturation Voltage (PNP type)

GC63570
V Bi(sat) =
w hee =250 /5
V7,
2.0 ! /)
T,=-40C
’————‘
1.6 >
ot
/,/ T,=25%
1.2 =
//
-
T,=125%C
0.8
0.4
107" 10° I (A)
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TIP110/TIP112/TIP115/TIP117

Base-Emitter On Voltage (NPN type) Base-Emitter On Voltage (PNP type)
GC62710 GCB8358C
VBE (an) T ] VBE (on)
0 | | || ) | | || /
i Vee =3V T,=125% / Ve =3V T,=125°C //

/1] ) /

/1] ’ /
. / , /]
YAl

/1] /]
/
1 1
T,=25°C £ 1= -10°c =25 I ADS] fr=-10°
/
[ | A1 [ [ AALT ][]
0 0.4 0.8 1.2 1.6 20 Ig(A) 0 0.4 0.8 1.2 1.6 20 Ic(A)
Freewheel Diode Forward Voltage (NPN types) Freewheel Diode Forward Voltage (PNP types)
Ve (V GCB272! - GCB3520
F(V) T,= % | | Ve (V) T,= —40°%
/' o
i - el 1.8 To25°C // 7
= ey P
L~ 1,=25°C| "] 1.6 > >
2.0~ — 7 P
|1 7 >
] 1.4 P P
7
1.5 L —— // 7, =i25%
-l D 122 1 .
T 1=125%
1.0 // o
0.5 0.8
1 2 3 4w 1 2 3 4 Lw
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TO-220 MECHANICAL DATA
DIM. mm inch
MIN. TYP. MAX. MIN. TYP. MAX.
A 4.40 4.60 0.173 0.181
C 1:23 132 0.048 0.051
D 2.40 2.72 0.094 0.107
D1 14277 0.050
E 0.49 0.70 0.019 0.027
E 0.61 0.88 0.024 0.034
F1 1.14 1.70 0.044 0.067
F2 1.14 1.70 0.044 0.067
G 4.95 5.18 0.194 0.203
G1 2.4 27 0.094 0.106
H2 10.0 10.40 0.393 0.409
L2 16.4 0.645
L4 13.0 14.0 0.511 0.551
L5 2.65 2.95 0.104 0.116
L6 15.25 15.75 0.600 0.620
Lz 6.2 6.6 0.244 0.260
L9 35 3.93 0.137 0.154
DIA. 3.75 3.85 0.147 0.151
7]
(L
1 J—
1] Ll 1 IQ
a
L2
e
A
_l:__>
N 5] s
\ > o|
; —\__)_l.
Dia.
N L
o
[N
L5 | L9
L7
L6 L4
PO11C
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TIP110/TIP112/TIP115/TIP117

Information furnished isbelieved tobe accurate and reliable. However, STMicroelectronics assumes no responsibility for the consequences
of use of such information nor for any infringement of patents or other rights of third parties which may result from its use. No license is
granted by implication or otherwise under any patent or patent rights of STMicroelectronics. Specification mentioned in this publication are
subject to change without notice. This publication supersedes and replaces all information previously supplied. STMicroelectronics products
are not authorized for use as critical components in life support devices or systems without express written approval of STMicroelectronics.

The ST logo is a trademark of STMicroelectronics

© 1999 STMicroelectronics — Printed in Italy — All Rights Reserved
STMicroelectronics GROUP OF COMPANIES
Australia - Brazil - Canada - China - France - Germany - Italy - Japan - Korea - Malaysia - Malta - Mexico - Morocco - The Netherlands -
Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
http:/fwww.st.com
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Relé

=
Panasonlc Automation Controls Catalog

A B
1 Form A 8A/16A,

Small Polarized Power DW RELAYS (ADW1)

Relays (latching type)

P FEATURES TYPICAL APPLICATIONS

1. Low profile type available 1. Lighting control equipment
(h = 15.8 mm .622 inch) 2. Smart meters

2. Inrush type available 3. Industrial equipment
{TV-8 UL/C-UL approved) 4. Security equipment

3. [IEC60335-1* compliant type 5. Home appliances

Low profile type available 6. Various power supplies
{Inrush type) (PTI 325V VDE approved)

4. Reflow possible (pin-in-paste)
5. Certified by UL/C-UL, VDE
* Common safety standard for major electrical

appliance

Reflow IEC80335-1
compatible type compliant type
(Standard type)  (Standard & Inrush type)

RoOHS compliant

Protective construction: Flux-resistant
type

ORDERING INFORMATION

ADW w
Contact arrangement
1:1 Form A
)

Operating function
1: 1 coil latching type
2: 2 coil latching type

Nominal coil voltage (DC
03:3V, 05: 5V, 06: 6V, 09: 9V, 12: 12V, 24: 24V

Contact capacity
Nil: Standard type (8A)
H: Inmush type (16A, Inrush current 100A)

Type classification

Nil: Reflow compatible type

L: Low profile type

T: IEC60335-1 compliant type

Notes: 1. "L" and "T" type are non-compliant reflow soldering.
2. Low profile type is available (inrush type only)
3. The suffix "W" on the part number is only displayed on the inner and outer packaging
It is not displayed on the relay.

2016.03 | industrial.panasonic.com/ac/e/ -1= © Panasonic Corporation 2016 ASCTBSE 201603-T
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DW (ADWA1)

TYPES

1. Standard type (8A) (Reflow compatible type)

Part No.

Contact arrangement Nominal coil voltage TCollEhNGHpe 5 oolllaleing 5
3V DC ADW1103W ADW1203W
5V DC ADW1105W ADW1205W
6V DC ADW1106W ADW1206W

1 Form A
9V DC ADW1109W ADW1200W
12V DC ADW1112wW ADW1212W
24V DC ADW1124W ADW1224W
Standard packlng: Carton: 100 pcs.; Case: 500 pcs.
Note: Carton packing is standard. Tube packing type is also available. Please consult us for details.
2. Standard type (8A) (IEC60335-1 compliant type)
4 ; Part No.

Contact arrangement Nominal coil voltage T i
3V DC ADW1103TW ADW1203TW
5V DC ADW1105TW ADW1205TW
6V DC ADW1106TW ADW1206TW

1 Form A 9V DC ADWA109TW ADWA209TW
12V DC ADW1112TW ADW1212TW
24V DC ADW1124TW ADW1224TW

Standard packing: Carton: 100 pcs_; Case: 500 pcs.
Note: Carton packing is standard. Tube packing type is also available. Please consult us for details
3. Inrush type (16A, Inrush current 100A . IEC60335-1 compliant type)*!. *2
Contact arrangement Nominal coil voltage = = Eatos = S
1 coil laiching type 2 coll latching type
3V DC ADW1103HTW ADW1203HTW
5V DC ADW1105HTW ADW1205HTW
T EaTmA 6V DC ADW1106HTW ADW1206HTW
9V DC ADW1109HTW ADW1209HTW
12V DC ADWI112HTW ADWI212HTW
24V DC ADW1124HTW ADW1224HTW
Standard packing: 100 pes.; Case: 500 pes.
Notes: *1. Carton packing is standard. Tube packing type is also available. Please contact us for details.
*2. Please contact us for the reflow compatible type ofinrush type (16A, Inrush current 100A - IEC60335-1 compliant type)
4. Inrush type (16A, Inrush current 100A - Low profile type)
- - Part No.

Contact arrangement Nominal coil voltage ol ARG 2 ooll lalohing yps
3V DC ADW1103HLW ADW1203HLW
5V DC ADW1105HLW ADW1205HLW

T ESTTA 6V DC ADW1106HLW ADW1206HLW

9V DC ADW1109HLW ADW1209HLW
12V DC ADW1112HLW ADWI212HLW
24V DC ADW1124HLW ADWI1224HLW
Standard packing: 100 pes.; Case: 500 pes.
Panasonic Corporation Electromechanical Control Business Division
industrial.panasonic.com/ac/e/ —2— © Panasonic Corporation 2016 ASCTB8E 201603-T
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DW (ADWA1)

RATING

1. Coil data

1) 1 coil latching type

Nominal coil Setvoltage Reset voltage Nomlréﬁlnt;;;ﬁratlng Coil resistance Nominal operaling Max. applied voltage
voltage (at 20°C 68°F) (at20°C 68°F) [£10%] (al 20°C 68°F) [£10%] (at 20°C 68°F) power (at 20°C 68°F)
3V DC 66.7MA 450
5V DC 40.0mA 1250
B ot | nomnalvainge S T3 2oomw 10% of romina
9v DC (Initial) (Initial) 22 2mA 405Q voltage
12v DC 16.7mA 720Q
24V DC 8.3mA 2,880Q
2) 2 coil latching type
Nominal operatin, G - :
Nominal coil Sel vollage Resel voltage curre[;ﬂ ¢ [i1ogzlll(gatsés()tca(r;lcb%oﬂ Nm'":é;gf 2l Max. applied voltage
voltage (at 20°C 68°F) (al20°C 68°F) [£10%] (al 20°C 68°F) (al 20°C 68°F)
Set coil Reset coil Set coil Resetcoil | Setcoil Reset coil
3V DC 133.3mA | 133.3mA 22.5Q 22.5Q
5V DC S ori ; T ; 80.0mA 80.0mA 62.50 62.50
6V DG 80%V or less o *BO%V or less ol 66.7mA | 66.7mA 90 Q 90 Q 110%\6F nominal
9v DC n°m'(r|]2i'ﬁva‘|’)"age nom'(ﬁ'“‘:f)"age 444ma | _444ma | oozb0 | zozsn | o0 | 00mW voltage
12v DC 33.3mA 33.3mA 360 Q 360 Q
24V DC 16.7mA 167mA | 1440 Q | 1440 Q
*Square, pulse drive
2. Specifications
) Specifications
Characteristics Item SBndadype l Ish e
Arrangement 1 Form A
Contact Contact resistance (Initial) Max. 100 mQ (By voltage drop 6 V DC 1A)
Contact material AgSnO: type
Nominal switching capacity (resistive load) 8A 250V AC 16A 277V AC
Max. swilching power (resistive load) 2,000VA 4 432VA
By Max. switching voltage 250V AC 277V AC
Max. switching current 8A AC 16A AC
Nominal operating power 200mW (1 coil latching type), 400mW (2 coil latching type)
Min. swilching capacity (Reference value)*! 100mA 5V DC
Insulation resistance (Initial) Min. 1,000MQ (at 500V DC, Measurement at same location as “Breakdown voltage” section)
Breakdown voltage ‘ Between open contacts 1,000 Vrms for 1min. (Detection current: 10mA)
e (Initial) | Between contact and coil 5,000 Vrms for 1min. (Delection current: 10mA)
2 *2
Shseieice | L 12,000V (inia)
Set time (at 20°C 68°F) (Initial) Max. 15 ms (Nominal voltage applied to the coil, excluding contact bounce time)
Reset time (at 20°C 68°F) (Initial) Max. 15 ms (Nominal voltage applied to the coil, excluding contact bounce time)
: Functional 100 m/s? (Half-wave pulse of sine wave: 11 ms; detection time: 10us)
Shock resistance
Mechanical Destructive 1,000 m/sz (Half-wave pulse of sine wave: 6 ms)
characteristics . : Functional 10 to 55 Hz at double amplitude of 2 mm (Detection time: 10us)
Vibration resistance
Destructive 10 to 55 Hz at double amplitude of 3 mm
Mechanical Min. 108 {at 180 times/min.)
- 7 - -
, B/ oo Vi 108 ( 5A 2900 AC, 1 20 tmesmin) || Min-2x 105 (@ 160 277V AG, ONOFF — ts5)
Expected life Electrical (IEC60335-1 type only)
Min. 2.5 x 104 [Inrush 100A 600W (120V AC)
Inrush current — Tungsten]
Cycle rate ON:OFF = 15:59s
Temperature: —40°C to +85°C —40°F lo +185°F
Temperature: —40°C to +85°C —40°F fo +185°F (B or loss). "
Condiions condilons forrcperaion fansportand Humidity: 5 to 85% R.H. (Nol freezing and ~40°C 10 +70°C ~40°F 10 +158°F
Sl condensing at low temperature) _ (Over 8A lo 16A) :
Humidity: 5 to 85% R.H. (Not freezing and
condensing at low temperature)
Unit weight Approx. 8 g .28 oz (Low profile type: Approx. 7.5 g .26 0z)
Notes: *1. Minimum switching load is a guide to the lower current limit of switching under the micro-load. This parameter is changed by the condition, such as switching times,

environment condition, and expected reliability. Therefore, Panasonic Corporation cannot assure the reliability. When the relay is used lower than minimum
switching load, reliability is attrition. Please use the relay over minimum switching load.

*2. Wave is standard shock voltage of +1.2x50us according to JEC-212-1981

*3. The upper limit of the ambient temperature is the maximum temperaiure that can satisfy the coil temperature rise value. Refer to Usage, transport and storage

conditions in NOTES.

*4. Allowable range when in original packaging is —40°C to +70°C —40°F fo +158°F.

Panasonic Corporation Electromechanical Control Business Division

industrial.panasonic.com/ac/e/
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DW (ADWA1)
REFERENCE DATA

M Standard type and Inrush type MW Standard type
1. Max. switching capacity (AC resistive load) 1. Settime (1 cail latching type) 2. Reset time (1 coil latching type)
Tested sample: ADW1108, 15 pcs Tested sample: ADW1108, 15 pes
Ambient temperature: 28°C 82 4°F Ambient temperature: 28°C 82 4°F
Contact load: 5V DC, 10mA Contact load: 5V DC, 10mA
100 7.0 7.0
6.0 6.0
fr I-Inrush typ: » 50 2 5o \
5 2 £ ‘\
= ya - )
3 2 40 \‘\ E 40 N~ ~
3 = =
g1g 8 — T~ Max 2 e
H v 30 ] o 30 Wit
["Standard type [ Min ‘
} 2.0 2.0
1.0 1.0
1 0.0, 0.0
10 100 250 1000 0 80 90 100 110 120 130 0 80 90 100 110 120 130
— Contact voltage, V —= Coil applied voltage, %V —= Coil applied voltage, %V
M Inrush type
3. Ambient temperature characteristics 1. Settime (1 cail latching type) 2. Reset time (1 coil latching type)
Tested sample: ADW11086, 6pcs Tested sample: ADW1112HL, 30 pcs Tested sample: ADW1112HL, 30 pcs
Ambient temperature: -40°C to +85°C Ambient temperature: 28°C 82 4°F Ambient temperature: 28°C 82 4°F
—40°F to +185°F Contact load: 5V DC, 10mA Contact load: 5V DC, 10mA
- 30 7.0 7.0
2 >
SE A
%g £20 6.0 \ 6.0
gc% Reset voltage - \ T
s @
o 528 o _ 2 N £ \
fent f Tl - @
temperature, °C—=, s e £ 40 N £ 40 ™.
60 40 20 i E ST 5 ~N ™~
[~ %0 50\ o 8 50 T [P 8350 NG T M
F——] e ax
e -10 Selibleod ‘ [T Min ‘ T~ Min
2.0 2.0
el 1.0 1.0
=0 007578620 706 710 720 750 740 750 760 00758620 706 710 720 750 740 750 760
—== Coil applied voltage, %V —= Coil applied voltage, %V
3. Settime (2 coil latching type) 4. Reset time (2 coil latching type) 5. Ambient temperature characteristics
Tested sample: ADW1212HL, 30 pcs Tested sample: ADW1212HL, 30 pcs Tested sample: ADW1105HL, 6pcs
Ambient temperature: 28°C 82 4°F Ambient temperature: 28°C 82 4°F Ambient temperature: —40°C to +85°C
Contact load: 5V DC, 10mA Contact load: 5V DC, 10mA —40°F to +185°F
7.0 7.0 r 30
2 >
6.0 6.0 ) ‘
b=
(E:g %20 Reset voltage 1
5 eg=s \ LAve,
4 £ 50 09810 27 Ave
3 o Ambient f
o £ oG
E 40 ; 4.0 \ terr\eoeretzu(;e.‘[% A "{;ﬁo} age
%30 A N 8 50 N P 20 40 60 80 100
e~ [
T T T
e o S N e L 1 \\\\\\ Max. o"/ e
20 Min 20 — Min
10 10 20
0.0, 0.0, 30
0 80 90 100 110 120 130 140 150 160 0 80 90 100 110 120 130 140 150 160
—= Coil applied voltage, %V —= Coil applied voltage, %V

Panasonic Corporation Electromechanical Control Business Division
industrial.panasonic.com/ac/e/ —4— © Panasonic Corporation 2016 ASCTB8E 201603-T
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DW (ADW1)

DIM ENSIONS {mm inch) The CAD data of the products with a mark can be downloaded from : http:#industrial panasonic.com/ac/e/
1. Standard height type
External dimensions PC board pattern {Bottom view)
24.00 17.50 3.50
945 4 or 5-1.20 dia. hole 689 138

30r5-047 dia. hole ™y,

7.50
295

10.00 2 coil latching type only
394

o]

Tolerance: £0.1 £.004

| o
’ L Schematic (Bottom view)
0.70
! 038 178450 1 coil latching type 2 coil latching type

% = 3 =1 3

H— } <0} ; <—o|

' i Lo i

0.40 dia. 080 020 027 | ! ! |
5

016 dia. 0.80 031 008 011

631 3.20 750 +6 5 -6
150 17.50 350 126 295 - -
055 689 138 (Reset condition) (Reset condition)

General tolerance: £0.3 £.012

2. Low profile type

CAD Data External dimensions PC board pattern (Bottom view)
24.00 17.50 350
e 4or54.20 diahole | 680 i3
For5-047 dia. hole ™
I \ 7.50
! 10.00 26oil latching t |/7> 335
4| = 394 coil latching type only, T
T

Tolerance: 0.1 +.004

! |
| ! Schematic (Bottom view)
! 15,8082
| 025 |enzes | ; ‘ ;
! 010 i 2 coll latching type only 1 coil latching type 2 coil latching type
EF L1 | - 3 - 3
i - F f =5 f P=0
i 027 ! !
e B i |
1.50 17.50 350 2§ L7.50_| L L
059 689 138 295 +6 5 -6 5
General tolerance: +0.3 £012 (Reset condition) (Reset condition)
ULAC-UL (Recognized) VDE (Recognized) TV rating (UL/C-UL)
Item - . = = - 7
File No. Contact rating File No. Contact rating File No. Contact rating
Standardtype |E43149 |8A 250V AC R 85°C 185°F 5x104 40032254 | 8A 250V AC (cosg=1.0) 85°C 185°F 5x104 s -
(BA) 5A 30V DC R 85°C 185°F 5x104 5A 30V DC (Oms) 85°C 185°F 5x104
E43148 | 164277V ACR 60°C 140°F 5x104 40032254 | 18A 277V AC (cosg=1.0) 70°C 158°F 5x104 | E43143 | TV-8 rating 240V AC
84 250V AC R 85°C 185°F 5x104 8A 250V AC (cosd=1.0) 85°C 185°F 5x104 40°C 104°F 2.5x104
5A 30V DC R 85°C 185°F 5x104 5A 30V DC (0ms) 85°C 185°F 5x104
1200W Standard ballast 277V AC 50°C 122°F
Inrush type ax10%
(16A) 1200W Tungsten, 240V AC 50°C 122°F 6x10%
B800W Tungsten, 120V AC 50°C 122°F 2.5x104
5A 347V ACR 85°C 185°F (UL standards only)
5x104

Notes: 1. CSA standards: Certified by C-UL
2. CQC standard: Application pending, Please contact us.

Panasonic Corporation Electromechanical Control Business Division
industrial.panasonic.com/ac/e/ -5 © Panasonic Corporation 2016 ASCTBSE 201603-T
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DW (ADW1)
NOTES
1. For cautions for use, please read . Max. applied voltage
“GENERAL APPLICATION It is not allowed to apply the
GUIDELINES™. continuous maximum voltage to the

2. Solder and cleaning conditions
1) Flow solder mounting conditions

Please obey the following conditions

when soldering automatically.

(1) Preheating: within 120°C 248°F
(solder surface terminal portion)
and within 120 seconds

(2) Soldering iron: 260°C+5°C
500°F+41°F (solder
temperature) and within 6
seconds (soldering time)
*Furthermore, because the type

of PC board used and other
factors may influence the
relays, test that the relays
function properly on the actual
PC board on which they are
mounted.

2) Reflow solder mounting (Pin-in-

Paste mounting) conditions

-

T1 =150 to 180°C 302 to 356°F
T2 =230°C 446°F or more

Ta =250°C 482°F or less

t1 =60 to 120 seconds

t2 = within 30 seconds

1 2

* Cautions to observe when
mounting temperature increases in
the relay are greatly dependent on
the way different parts are located
a PC board and the heating
method of the reflow device.
Therefore, please conduct testing
on the actual device beforehand
after making sure the parts
soldered on the relay terminals
and the top of the relay case are
within the temperature conditions
given above.

3) Since this is not a sealed type relay,
do not clean it as is. Also, be careful
not to allow flux to overflow above
the PC board or enter the inside of
the relay.

cail.

In order to obtain the specified
performance, please apply nominal
coil voltage.

. Set/reset pulse time of latching type

relay

Regarding the set/reset pulse time of
the latching type relay, it is
recommended to apply nominal coil
voltage for minimum 30ms pulse
across the colil to secure the sure
operation considering the ambient
temperature and condition change
through service life.

Panasonic Corporation Electromechanical Control Business Division

industrial.panasonic.com/ac/e/

Autor: Néstor Dofiate Marqués
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Please contact ..........

Panasonic Corporation

Electromechanical Control Business Division
W 1006, Oaza Kadoma, Kadoma-shi, Osaka 571-8506, Japan
industrial.panasonic.com/ac/e/

Panasonic

©Panasonic Corporation 2016

ASCTB8E-2 201603-2YKN

Specifications are subject to change without notice.
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LILYGO TTGO T-Journal ESP32 Camera Module Development Board

14/9/21 23:06 LILYGO TTGO T-Journal ESP32 Camera Module Development Board - Elektor

@ Elektor Labs-Approved Products

N V| €-EUR WV

(Dlektorstore & W

Home > LILYGO TTGO T-Journal ESP32 Camera Module Development Board

LILYGO TTGO T-Journal ESP32 Camera Module Development Board

Be the first to review this product

€17.96

Non Members: €19.95 @

https:/Avww.elektor.comAilygo-ttgo-t-journal-e sp32-camera-module-development-board

15

Autor: Néstor Dofiate Marqués - 103 -
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14/9/21 23:06

e Communication distance 300m

Bluetooth

e Bluetooth protocol v4.2BR / EDR and BLE standard

LILYGO TTGO T-Journal ESP32 Camera Module Development Board - Elektor

e Radiofrequency with -98dBm sensitivity NZIF receiver Class-1,Class-2&Class-3 emitter

AFH
¢ Audio frequency CVSD&SBC audio frequency

Software Specifications

e Wifi Mode Station / SoftAP / SoftAP+Station / P2P
e Security mechanism WPA / WPA2 / WPA2-Enterprise/WPS

e Encryption Type AES/RSA /ECC/SHA

e Firmware upgrade UART download/OTA (Through network/host to download and write

firmware)

e Software Development Support cloud server development /SDK for user firmware

development

e Networking protocol IPv4 / IPv6 / SSL/TCP /UDP /HTTP/ FTP / MQTT
e User Configuration AT + Instruction set, cloud server, android / iOS

Specifications

SKU 19353

Manufacturer LILYGO

Related Products

FreeRTOS for ESP32-Arduino

v -
+
Non Members €37.50

https:/iwww.elektor.com/lilygo-ttgo-t-journal-esp32-camera-module-development-board

Autor: Néstor Dofiate Marqués
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LILYGO TTGO T-Journal ESP32 Camera Module Development Board - Elektor

¥ Addto Cart

or

ruyrwi

@ In stock

@ Shipping time: 6 working days

Details Specifications Related Reviews

Details

Hardware

e Chipset ESPRESSIF-ESP32-PCIO-D4 240MHz Xtensa® single-/dual-core 32-bit LX6

WiFi

https:/Avww.elektor.comilygo-ttgo-t-journal-esp32-camera-module-development-board

- 106 -

microprocessor

FLASH QSPI flash / SRAM, up to 4 x 16 MB
SRAM 520 kB SRAM

KEY reset, 1032

0.91 inch SSD1306 OLED display

Power indicator red LED

USB to TTL CP2104

Camera OV2640 2 Megapixel

Steering engine analog servo

On-board clock 40 MHz crystal oscillator
Working voltage 23V -3.6V

Working current about 160 mA

Working temperature range -40°C ~ +85°C
Size 64.57 mm x 23.98 mm

Power Supply Specifications

Power Supply USB5V/TA

Charging current1A

Battery 3.7 V lithium battery

Standard FCC/CE /TELEC / KCC/ SRRC / NCC (esp32chip)
Protocol 80211 b/g/n/e/i (802.11n, speed up tol50Mbps)A-MPDU and A-MSDU

polymerization,
Support 0.44S Protection interval

Frequency range 2.4GHz~2.5GHz(2400M~2483.5M)

Transmit Power 22dBm

2/5

Autor: Néstor Dofiate Marqués
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14/9/21 23:06 LILYGO TTGO T-Journal ESP32 Camera Module Development Board - Elektor

Reviews (0)

No reviews yet. Be the first to review this product.

Your review for LILYGO TTGO T-Journal ESP32 Camera
Module Development Board

Write a review yourself

Follow us and share your ideas!

0000

Sign up for our weekly Newsletter

Contact & Service

My Account
Elektor

Read Elektor Magazine

Become a member today and benefit of these advantages:
v ©x Elektor Magazine (Print & Digital)

v Access to the Elektor Archive (since 1974)

v 10% Discount in the Elektor Store

v Exclusive Offers

Not a member yet? Click here!

https:/Avww.elektor.comlilygo-ttgo-t-journal-esp32-camera-module-development-board 4/5
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Amplificador operacional LM741
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LM741
SNOSC25D —MAY 1998 REVISED OCTOBER 2015

Table of Contents

1 Features o 7.3 Feature Description
2 Applications ... 1 7.4 Device Functional Modes
3 Description 1 8 Application and Implementation ..
4 Revision History. ] 8.1 Application Information...
5 Pin Configuration and Functions... .3 8.2 Typical Application ........ : -9
6 Specifications 3 9 Power Supply Recommendations 10
6.1 Absolute Maximum Ratings . 4 10 Layout.............
6.2 ESD Ratings il 10.1 Layout Guidelines .
6.3 Recommended Operating Conditions . 4 10.2 Layout Example ’
6.4 Thermal Information o 11 Device and Documentation Support.. 12
6.5 Electrical Characteristics, LM741.... i) 11.1  Community Resources.... 12
6.6 Electrical Characteristics, LM741A . 5 11.2 Trademarks.................. 12
6.7 Electrical Characteristics, LM741C.. 8 11.3  Electrostatic Discharge Caution .. 12
7 Detailed Description I 11.4 Glossary. 12
7.1 Overview ............... 7 12 Mechanical, Packaging, and Orderable
7.2 Functional Block Diagram .... ool IO atON e TS 12
4 Revision History
NOTE: Page numbers for previous revisions may differ from page numbers in the current version.
Changes from Revision C (October 2004) to Revision D Page

* Added Applications section, Pin Configuration and Functions section, ESD Ratings table, Feature Description
section, Device Functional Modes, Application and Implementation section, Power Supply Recommendations
section, Layout section, Device and Documentation Support section, and Mechanical, Packaging, and Orderable
Information section

* Removed NAD 10-Pin CLGA pinout ..
* Removed obselete M (S0-8) package from the data sheet
* Added recommended operating supply voltage spec ...

+ Added recommended operating temperature spec

Changes from Revision C (March 2013) to Revision D Page

« Added Applications section, Pin Configuration and Functions section, ESD Ratings table, Feature Description
section, Device Functional Modes, Application and Implementation section, Power Supply Recommendations
section, Layout section, Device and Documentation Support section, and Mechanical, Packaging, and Orderable
ITOrEHOT SO v s rmms s s P A A A o T P S SR T N R A e A TV AR eV Y 1

o Removed NAD 10-Rin: CLGA PINOUL sy it vt s i o N e e i s o w e S e i 3
* Removed obselete M (S0-8) package from the data sheet .
* Added recommended operating supply voltage spec
« Added recommended operating temperature spec

2 Submit Documentation Feedback Copyright © 1998-2015, Texas Instruments Incorporated
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LM741 Operational Amplifier
1 Features 3 Description

» Overload Protection on the Input and Output

* No Latch-Up When the Common-Mode Range is
Exceeded

2 Applications

+ Comparators

+ Multivibrators

+  DC Amplifiers

*  Summing Amplifiers

» Integrator or Differentiators
+ Active Filters

The LM741 series are general-purpose operational
amplifiers which feature improved performance over
industry standards like the LM709. They are direct,
plug-in replacements for the 709C, LM201, MC1439,
and 748 in most applications.

The amplifiers offer many features which make their
application nearly foolproof: overload protection on
the input and output, no latch-up when the common-
mode range is exceeded, as well as freedom from
oscillations.

The LM741C is identical to the LM741 and LM741A
except that the LM741C has their performance
ensured over a 0°C to +70°C temperature range,
instead of -55°C to +125°C.

Device Information("

PART NUMBER PACKAGE BODY SIZE (NOM)
TO-99 (8) 9.08 mm x 9.08 mm

LM741 CDIP (8) 10.16 mm x 6.502 mm
PDIP (8) 9.81 mm x 6.35 mm

(1) For all available packages, see the orderable addendum at
the end of the data sheet.

Typical Application

R2

R1

Vinput ——

WY

+VSUPP|Y

LM741 Output

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.

Autor: Néstor Dofiate Marqués
424.20.17
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6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)!"/?®

MIN MAX UNIT
P — LM741, LM741A 22 v
u voltage
ERY ¥ LM741C +18
Power dissipation 4} 500 mwW
Differential input voltage +30 \Y
Input voltage °/ 15 Y]
Output short circuit duration Continuous
. LM741, LM741A =50 125
Operating temperature °C
LM741C 0 70
_ LM741, LM741A 150
Junction temperature %G
LM741C 100
PDIP package (10 seconds) 260 °c
Soldering information
CDIP or TO-99 package (10 seconds) 300 °c
Storage temperature, Tsiq —65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under Recommended
Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) For military specifications see RETS741X for LM741 and RETS741AX for LM741A.

(3) If Military/Aerospace specified devices are required, please contact the T| Sales Office/Distributors for availability and specifications.

(4) For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T; max. (listed under “Absolute
Maximum Ratings”). T)= Ta + (8ja Pp).

(5) For supply voltages less than +15 V, the absolute maximum input voltage is equal to the supply voltage.

6.2 ESD Ratings

VALUE UNIT
Viesp)  Electrostatic discharge Human body model (HBM), per ANSI/ESDA/JEDEC JS-001 (") +400 \%

(1) Level listed above is the passing level per ANSI, ESDA, and JEDEC JS-001. JEDEC document JEP155 states that 500-V HBM allows
safe manufacturing with a standard ESD control process.

6.3 Recommended Operating Conditions
over operating free-air temperature range (unless otherwise noted)

MIN NOM MAX UNIT

LM741, LM741A +10 15 122
Supply voltage (VDD-GND) v

LM741C +10 +15 +18

LM741, LM741A -55 125
Temperature °C

LM741C 0 70
6.4 Thermal Information

LM741
THERMAL METRIC() LMC (TO-99) NAB (CDIP) P (PDIP) UNIT
8 PINS 8 PINS 8 PINS

Reua Junction-to-ambient thermal resistance 170 100 100 °CAW
Rguciapy  Junction-to-case (top) thermal resistance 25 — — °CW

(1) For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953.

4 Submit Documentation Feedback Copyright © 1998-2015, Texas Instruments Incorporated
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LM741
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5 Pin Configuration and Functions

LMC Package

NAB Package

8-Pin TO-99 8-Pin CDIP or PDIP
Top View Top View
-/
) OFFSET NULL =] 1 ) e
OFFSET NULL{T) vt
INVERTING INPUT =4 2 7
INVERTING INPUT(2) ) (6) outPUT
NON=INVERTING —{ 3 & f—output
NON=INVERTING INPUT (ShoFFser NULL IR
) v 5 |- OFFSET NULL
LM741H is available per JM38510/10101
Pin Functions
PIN
/{e] DESCRIPTION
NAME NO.
INVERTING . .
INPUT 2 | Inverting signal input
NC 8 N/A | No Connect, should be left floating
”\l%w.F‘VERTING 3 | Noninverting signal input
OFFSET NULL » . :
1,5 | Offset null pin used to eliminate the offset voltage and balance the input voltages.
OFFSET NULL
OUTPUT 6 @] Amplified signal output
V+ 7 | Positive supply voltage
V- 4 | Negative supply voltage

Copyright © 1998-2015, Texas Instruments Incorporated
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Electrical Characteristics, LM741A‘" (continued)

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
X R 210kQ +16
Output voltage swing Vg =220V Vv
R 22kQ +15
.. T, = 25°C 10 25 35
Output short circuit current mA
Tamimy S Ta S Tamax 10 40
Common-mode rejection ratio| R 50 Q, Vo = +12 V, Tapn = Ta S Tapax 80 95 dB
Supply voltage rejection ratio | Vs =320 Vto Vg =45V, R 250 Q, Tayn S Ta £ Tamax 86 96 dB
Transient Rise time . X 0.25 08| s
Ta = 25°C, unity gain
response Overshoot | . 6%  20%
Bandwidth 2/ Ta=25°C 0.437 1.5 MHz
Slew rate T, = 25°C, unity gain 0.3 0.7 Vius
Tp =25°C 80 150
Power consumption Vg =420V Ta = Tamn 165| mw
Ta = Tamax 135
(2) Calculated value from: BW (MHz) = 0.35/Rise Time (us).
6.7 Electrical Characteristics, LM741C("
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ta=25°C 2 6/ mVv
Input offset voltage Rs 10 kQ
Tamin S Ta S Tamax 75 mv
Input offset voltage o ”
adjustment range Ts=25°C, Vs =120V 15 mv
Ts=25°C 20 200
Input offset current nA
Tamin S Ta S Tamax 300
. Ta=25°C 80 500/ nA
Input bias current
Tamiv S Ta S Tamax 08| pA
Input resistance Ta=25°C, Vg =120V 0.3 2 MQ
Input voltage range Ty =25°C 12 +13 \
4 ) Vs=#15V,Vo=+10V,R, |Ta=25°C 20 200
Large signal voltage gain ) Vimv
22kQ Tamin S Ta S Tamax 15
y R 210 kQ 12 +14
Output voltage swing Vs=#15V \Y
R 22kQ +10 +13
Output short circuit current Ta=25°C 25 mA
Common-mode rejection ratio Rs 210 kQ, Vo =212V, Tapin S Ta S Tamax 70 90 dB
Supply voltage rejection ratio Vg =220 Vto Vs =45V, R5 210 Q, Tayun < Ta S Tapax 77 96 dB
. Rise time . . 0.3 Hs
Transient response Tx = 25°C, Unity Gain
Overshoot 5%
Slew rate Ts = 25°C, Unity Gain 0.5 Vius
Supply current Ta=25°C 1.7 28| mA
Power consumption Vs =415V, T4 =25°C 50 85| mw

(1)
LM741C/LM741E, these sp

ecifications are limited to 0°C < T < +70°C.

Unless otherwise specified, these specifications apply for Vs = 15 V, =55°C < T, < +125°C (LM741/LM741A). For the

6
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6.5 Electrical Characteristics, LM741("

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ta=25°C 1 5| mV
Input offset voltage Rs 210 kQ
Tanin S Ta S Tamax 6] mVv
Input offset voltage = ey =
adjustment range Ta=25°C, Vs =20V 15 mV
Ta =25°C 20 200
Input offset current nA
Tamin S Ta S Tamax 85 500
i Ta=25°C 80 500| nA
Input bias current
Tamin S Ta S Tamax 15| pA
Input resistance Ta=25°C, Vg=420V 0.3 2 MQ
Input voltage range Tasain S Ta S Tamax 12 +13 v
= = Ta =25°C 50 200
Large signal voltage gain Vs=215V,Vo=+10V. R 22 [ ‘A VimV
kQ Tane S Ta S Tamax 25
’ R 210kQ +12 14
Output voltage swing Vg=#15V \
RL22kQ +10 +13
Output short circuit current Ta =25°C 25 mA
Common-mode rejection ratio [ Rs <10 Q, Ve = £12V, Tayn € Ta < Tapax 80 95 dB
Supply voltage rejection ratio [Vs=+20 VtoVs =45V, Rs 210 Q, Tayn S Ta S Tamax 86 96 dB
Transient Rise time ) . 0.3 Hs
Ta = 25°C, unity gain
response Overshoot | o 5%
Slew rate Ta = 25°C, unity gain 05 Vius
Supply current Ta =25°C 17 28 mA
Ta=25°C 50 85
Power consumption V=215V Ta = Tamm 60 100 mw
Ta = Tamax 45 75
(1) Unless otherwise specified, these specifications apply for Vs = 15 V, =55°C £ Tx = +125°C (LM741/LM741A). For the
LM741C/LM741E, these specifications are limited to 0°C £ T, £ +70°C.
6.6 Electrical Characteristics, LM741A("
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
Ta =25°C 0.8 3| mVv
Input offset voltage Rgs500Q
Taniin £ Ta S Tamax 4| mv
A\(erage input offset voltage 15| uvrc
drift
Input offset voltage o -
adjustment range Ta=25°C, Vg =20 V +10 mV
Ts =25°C 3 30
Input offset current nA
Tamin S Ta S Tamax 70
Average input offset
current drift o S
i Ts =25°C 30 80| nA
Input bias current
Tamin S Ta S Tamax 021 pA
: Ta=25°C, Vs =220V 1 6
Input resistance MQ
Tamin S Ta S Tapax, Vo =220V 0.5
Vs =320V, Vo=+15V,R 22 |Ta=25°C 50
Large signal voltage gain kQ Tamain S T S Tamax 32 VimV
Vg =35V, Vo =42V, R 2 2KkQ, Taun = Ta S Tayax 10
(1) Unless otherwise specified, these specifications apply for Vg = 15 V, =55°C < T, < +125°C (LM741/LM741A). For the
LM741C/LM741E, these specifications are limited to 0°C < T, £ +70°C.
Copyright © 1998-2015, Texas Instruments Incorporated Submit Documentation Feedback 5
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LM2576, LM2576HV
SNVS107F — JUNE 1999 — REVISED MAY 2021

LM2576xx Series SIMPLE SWITCHER® 3-A Step-Down Voltage Regulator

1 Features

« Newer products available:

— LMR33630 36-V, 3-A, 400-kHz synchronous
converter
— LM76003 60-V, 3.5-A, 2.2-MHz synchronous
converter

* 3.3-V, 5V, 12-V, 15-V, and adjustable output
versions

» Adjustable version output voltage range,1.23 V to
37 V (57 V for HV version) 4% maximum over line
and load conditions

« Specified 3-A output current

»  Wide input voltage range: 40 V Up to 60 V for HV
version

+ Requires only four external components

» 52-kHz fixed-frequency internal oscillator

» TTL-shutdown capability, low-power standby mode

+ High efficiency

+ Uses readily available standard inductors

+ Create a custom design using the LMR33630 or
LM76003 with the WEBENCH® Power Designer

2 Applications

« Motor drives

* Merchant network and server PSU
» Appliances

+ Test and measurement equipment

3 Description

The LM2576 series of regulators are monolithic
integrated circuits that provide all the active functions
for a step-down (buck) switching regulator, capable
of driving 3-A load with excellent line and load
regulation. These devices are available in fixed output
voltages of 3.3V, 5V, 12V, 15V, and an adjustable
output version.

Requiring a minimum number of external
components, these regulators are simple to use
and include fault protection and a fixed-frequency
oscillator.

The LM2576 series offers a high-efficiency
replacement for popular three-terminal linear
regulators. It substantially reduces the size of the heat
sink, and in some cases no heat sink is required.

A standard series of inductors optimized for use
with the LM2576 are available from several different
manufacturers. This feature greatly simplifies the
design of switch-mode power supplies.

Other features include a 4% tolerance on output
voltage within specified input voltages and output
load conditions, and +10% on the oscillator frequency.
External shutdown is included, featuring 50-pA
(typical) standby current. The output switch includes
cycle-by-cycle current limiting, as well as thermal
shutdown for full protection under fault conditions.

The new product, LMR33630, offers reduced BOM
cost, higher efficiency, and an 85% reduction in
solution size among many other features. The
LM76003 requires very few external components and
has a pinout designed for simple, optimum PCB
layout for EMI and thermal performance. See the
device comparison table to compare specs.

Device Information

PART NUMBER(") PACKAGE BODY SIZE (NOM)
LM2576 TO-220 (5) 10.16 mm x 8.51 mm
LM2576HV DDPAK/TO-263 (5) [10.16 mm x 8.42 mm

M

For all available packages, see the orderable addendum at
the end of the data sheet

7V - 40V

(60V for HV) | LM2576/

LM2576HV=

FEEDBACK
4

L1 +5V

TR REGULATED

OQUTPUT

OUTPUT

UNREGULATED
DC INPUT 1

il B
| 100 uf

5.0
2
— 100 pH
3| oND 5| oN/oFF L Cour
1N5822 | 1000:4F

3A LOAD

Fixed Output Voltage Version Typical Application Diagram

An IMPORTANT NOTICE at the end of this data sheet addresses availability, warranty, changes, use in safety-critical applications,
intellectual property matters and other important disclaimers. PRODUCTION DATA.
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4 Revision History

NOTE: Page numbers for previous revisions may differ from page numbers in the current version.

Changes from Revision E (June 2020) to Revision F (May 2021) Page
+ Added information for the LM76003 PromMOtION..........oiiiiiiit oottt 1
« Updated the numbering format for tables, figures, and cross-references throughout the document. ................ 1
Changes from Revision D (January 2016) to Revision E (June 2020) Page
¢ Addedinformationiaboutthe LMBRBB0300: s i s s e i s S e i s e 1
Changes from Revision C (April 2013) to Revision D (January 2016) Page

« Added ESD Ratings table, Feature Description section, Device Functional Modes, Application and
Implementation section, Power Supply Recommendations section, Layout section, Device and
Documentation Support section, and Mechanical, Packaging, and Orderable Information section................... 1

« Moved the thermal resistance data from the Electrical Characteristics: All Output Voltage Versions table to

thie! ThormalInTorMBHONTADIO ..ot s eSS A R s SR A SR 4
Changes from Revision B (April 2013) to Revision C (April 2013) Page
« Changed layout of National Data Sheet to Tl format..............coooiiiiiiiiiiiii 3
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5 Pin Configuration and Functions
g |————5- ON/OFF
———————1 4- Feedback
Q| el
=) 1-Viy
Figure 5-1. KC Package 5-Pin TO-220 Top View
—135- On/oFF [5- OnjoFs
TAB 1S [ 14~ Feedback TAB S [ 14 Feedback
GND 13- Ground GhD 13- Ground
T3 2- output L] 2= output
- vy == vy
Side View Side View

¥ Y

Figure 5-2. KTT Package 5-PIN DDPAK/TO-263 Top Figure 5-3. DDPAK/TO-263 (S) Package 5-Lead
View Surface-Mount Package Top View

Table 5-1. Pin Functions

PIN
NO. NAME

7o DESCRIPTION

Supply input pin to collector pin of high-side transistor. Connect to power supply and input
1 Vin | bypass capacitors CIN. Path from V) pin to high frequency bypass Cjy and GND must be as
short as possible.

Emitter pin of the power transistor. This is a switching node. Attached this pin to an inductor
and the cathode of the external diode.

3 GROUND — Ground pin. Path to Cy must be as short as possible.
Feedback sense input pin. Connect to the midpoint of feedback divider to set VOUT for ADJ

2 OUTPUT O

. FEEDBACK ! version or connect this pin directly to the output capacitor for a fixed output version.
. Enable input to the voltage regulator. High = OFF and low = ON. Connect to GND to enable
5 ON/OFF | S
the voltage regulator. Do not leave this pin float.
L TAB _ Connected to GND. Attached to heatsink for thermal relief for TO-220 package or put a
copper plane connected to this pin as a thermal relief for DDPAK package.
(1) 1=INPUT, O=0UTPUT
Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 3
Product Folder Links: LM2576 L M2576HV
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6 Specifications
6.1 Absolute Maximum Ratings

over the recommended operating junction temperature range of -40°C to 125°C (unless otherwise noted)(!)

MIN MAX UNIT

Maximum supply voltage LMa i \

LM2576HV 63
ON /OFF pin input voltage -03VEVs+Vy v
Output voltage to ground (Steady-state) = Vv
Power dissipation Internally Limited
Maximum junction temperature, T 150 e
Storage temperature, Ty -65 150 °C

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress
ratings only, which do not imply functional operation of the device at these or any other conditions beyond those indicated under
Recommended Operating Conditions. Exposure to absolute-maximum-rated conditions for extended periods may affect device
reliability.

(2) If Military/Aerospace specified devices are required, please contact the Tl Sales Office/ Distributors for availability and specifications.

6.2 ESD Ratings

VALUE UNIT
Vieso) Electrostatic discharge |Human-body model (HBM), per ANSI/ESDA/JEDEC JS-001!") +2000 A\

(1) JEDEC document JEP155 states that 500-V HBM allows safe manufacturing with a standard ESD control process.
6.3 Recommended Operating Conditions

over the recommended operating junction temperature range of -40°C to 125°C (unless otherwise noted)

MIN MAX UNIT
Temperature LM2576, LM2576HV -40 125 °C
LM2576 40
SURpyrRags LM2576HV 60 ¥

6.4 Thermal Information

LM2576, LM2576HV
THERMAL METRIC!!) (2)(3) KTT (TO-263) KC (TO-220) UNIT
5 PINS 5 PINS
Reua Junction-to-ambient thermal resistance 426 324 °CW
Reucttop) Junction-to-case (top) thermal resistance 433 41.2 °CW
Res Junction-to-board thermal resistance 224 17.6 ‘CW
W Junction-to-top characterization parameter 107 7.8 °CW
WY Junction-to-board characterization parameter 213 17 °CW
Rgucbot) Junction-to-case (bottom) thermal resistance 04 0.4 °CW

(1)  For more information about traditional and new thermal metrics, see the Semiconductor and IC Package Thermal Metrics application
report, SPRA953 and the Using New Thermal Metrics applications report, SBVA025.

(2) The package thermal impedance is calculated in accordance with JESD 51-7

(3) Thermal Resistances were simulated on a 4-layer, JEDEC board.

4 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
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6.5 Electrical Characteristics: 3.3 V

Specifications are for T; = 25°C (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9(")
V=12V, loan =05 A
QUipUt Vdtage Circuit of Figure &3 and Figure 8-9 e T
6V SV <40V, 05A< | onp |Tu=25°C 3168 33 3432
S3A i
Output Voltage: LM2576 G A Applies over full v
? ¢ Circuit of Figure 8-3 and operating temperature 3135 3.465
Vour Figure 8-9 range
BV SV S60V,05AS | oap |Tu=257C 3.168 33 345
<3A n
Output Voltage: LM2576HV - . Applies over full v
e ¢ Circuit of Figure 8-3 and operating temperature 3135 3.482
Figure 8-9 range
n Efficiency Vin=12V, lloap=3 A 75%

(&)

External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.6 Electrical Characteristics: 5 V

Specifications are for T; = 25°C for the Figure 8-3 and Figure 8-9 (unless otherwise noted).

PARAMETER TEST CONDITIONS I MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9(")
Vin=12V, lloap=05A
Your  Oumubvoltage Cireuit of Figure &3 and Figure 8-9 43 2w W
05A<loanS3A, Ty=25C 48 5 5.2
Output Voltage 8VsVys40V Appli full
v ke : plies over Vv
OuT: LM2576 Circuit of Figure 8-3 and operating temperature 4.75 5.25
Figure 8-9 range
05A<loanS3A, T,=25°C 48 5 475
Vour Output Voltage 8 V s.v‘N 5‘60 \% Applies over full v
LM2576HV Circuit of Figure 8-3 and operating temperature 5225 5.275
Figure 8-9 range
n Efficiency Vin=12V, lloap=3 A 7%

Q)

External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.7 Electrical Characteristics: 12 V

Specifications are for T; = 25°C (unless otherwise noted).

PARAMETER l TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9")
Vin=25V, lloap=05A
Vour  Output Voltage Circuit of Figure 8-3 and Figure 8-9 1529 12 deedl ¥
05ASI0apS3A, T,=25°C 11.52 12 12.48
v Output Voltage 15VVys40V Applies over full v
OUT LM2576 Circuit of Figure 8-3 and operating temperature 1.4 126
Figure 8-9 and range
05ASI0apS3A, T,=25°C 11.52 12 12.54
Vour Output Voltage 1SVsVy <60V Applies over full v
LM2576HV Circuit of Figure 8-3 and operating temperature 1.4 12,66
Figure 8-9 range

Copyright © 2021 Texas Instruments Incorporated
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Specifications are for T; = 25°C (unless otherwise noted).
PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT

n Efficiency Vin=15V, loap=3 A 88%

(1)  External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HYV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.8 Electrical Characteristics: 15V

over operating free-air temperature range (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9(")
Vi =25V, loap =05 A
Voo OuipUtvdltage Circuit of Figure 8-3 and Figure 8-9 T4# 2 Hes| Y
05A% I onnS3A, T,=25°C 14.4 15 156
Output Voltage 18VsVys40V Applies over full
Vour [ mps76 Circuit of Figure 83 and ; e
ircull igure an operating temperature 14.25 15.75
Figure 8-9 range
05AS|oapS3A, T,=25°C 14.4 15 14.25
Vour Output Voltage 18V sV <60V Applies over full v
LM2576HV Circuit of Figure 8-3 and operating temperature 15.68 15.83
Figure 8-9 range
n Efficiency Vin=18V,loap=3 A 88%

(1) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.9 Electrical Characteristics: Adjustable Output Voltage

over operating free-air temperature range (unless otherwise noted).

PARAMETER TEST CONDITIONS MIN TYP MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9'")
Vin=12V, I opp=05A
Vour Feedback voltage Vour =5V, 1.217 1.23 1.243 v
Circuit of Figure 8-3 and Figure 8-9
05AS<I oapS3A, T,=25°C 1.193 1.23 1.267
v, Feedback Voltage 8VsVys40V Applies over full v
T LM2576 Vour =5V, Circuit of Figure | gperating temperature 1.18 1.28
8-3 and Figure 8-9 range
05A<| oapS3A, T,=25°C 1.193 1.23 1.273
v, Feedback Voltage 8VsVys60V Applies over full v
fout LM2576HV Vour =5V, Circuit of Figure | gperating temperature 1.18 1.286
8-3 and Figure 8-9 range
n Efficiency Vin=12V, liopp=3 A Vour=5V 77%

(1) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HYV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

6.10 Electrical Characteristics: All Output Voltage Versions

over operating free-air temperature range (unless otherwise noted)

PARAMETER l TEST CONDITIONS MIN TYP!!) MAX| UNIT
SYSTEM PARAMETERS TEST CIRCUIT Figure 8-3 and Figure 8-9!2)
T,=25°C 100 50
i Vour =5V (Adjustable Applies over
| Feedback Bias Current ] plies ove nA
2 Version Only) full operating 500
temperature range
] T,=25°C 47 52 58
fo Oscillator Frequency!”) . - kHz
Applies over full operating temperature range 42 63
6 Submit Document Feedback Copyright © 2021 Texas Instruments Incorporated
Product Folder Links: LM2576 LM2576HV
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over operating free-air temperature range (unless otherwise noted)
PARAMETER TEST CONDITIONS MIN TYP() MAX| UNIT
Ty=25°C 1.4 1.8
Veur  Saturation Voltage lour=3A® Applies over \%
full operating 2
temperature range
DC Max Duty Cycle (ON)4) 93% 98%
. U Ty=25°C 42 58 6.9
loL Current Limit(®) (7) - - A
Applies over full operating temperature range 3.5 75
Output =0V
I Output Leakage Current |Output =-1V 2 75 300 mA
Output = =1 V (%) (5)
la Quiescent Current(®) 5 10| mA
ey SandbyQulescant ON /OFF Pin =5 V/ (OFF) 50 200 pA

Current

ON /OFF CONTROL TEST CIRCUIT Figure 8-3 and Figure 8-9

Vour =0V T,=25°C 22 14
Vi Applies over W
full operating 24
ON /OFF Pin temperature range
Logic Input Level Vour = Nominal Output T,=25°C 1.2 1
Vi Voltage Applies over \V
full operating 0.8
temperature range
I ON /OFF Pin Input ON /OFF Pin =5 V (OFF) 12 30| pA
I Current ON /OFF Pin =0 V (ON) 0 10| pA

(1) All limits specified at room temperature (25°C) unless otherwise noted. All room temperature limits are 100% production tested. All
limits at temperature extremes are specified through correlation using standard Statistical Quality Control (SQC) methods.

(2) External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576/LM2576HYV is used as shown in Figure 8-3 and Figure 8-9, system performance is as shown in Section 6.10.

(3)  Output pin sourcing current. No diode, inductor or capacitor connected to output.

(4) Feedback pin removed from output and connected to 0V.

(5) Feedback pin removed from output and connected to +12 V for the Adjustable, 3.3-V, and 5-V versions, and +25 V for the 12-V and
15-V versions, to force the output transistor OFF.

(6) V=40V (60 V for high voltage version).

(7)  The oscillator frequency reduces to approximately 11 kHz in the event of an output short or an overload which causes the regulated
output voltage to drop approximately 40% from the nominal output voltage. This self protection feature lowers the average power
dissipation of the IC by lowering the minimum duty cycle from 5% down to approximately 2%.
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6.11 Typical Characteristics
{Circuit of Figure 8-3 and Figure 8-9)
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Figure 6-1. Normalized Output Voltage
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Figure 6-2. Line Regulation
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Figure 6-3. Dropout Voltage
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Figure 6-5. Quiescent Current Figure 6-6. Standby Quiescent Current
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Figure 6-7. Oscillator Frequency

1.4
—~ L
= 12 /I?/
w
8 -550C _L—~"]
2 10 /,/’/,/
g 038 ,/
=z d 6
g 0.6 25°C
= o
E Is00c
o 04
v

0.2

[i]

0 05 1.0 15 20 25 3.0
SWITCH CURRENT (4)
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Figure 6-11. Quiescent Current vs Duty Cycle
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Figure 6-12. Feedback Voltage vs Duty Cycle
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If the DDPAK/TO-263 package is used, the thermal resistance
can be reduced by increasing the PCB copper area thermally
connected to the package. Using 0.5 square inches of copper
area, 6, is 50°C/W. with 1 square inch of copper area, 8, is
37°C/W, and with 1.6 or more square inches of copper area,
64 is 32°C/W.
Figure 6-17. Maximum Power Dissipation (DDPAK/
TO-263)
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Figure 6-18. Switching Waveforms
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7 Detailed Description

7.1 Overview

The LM2576 SIMPLE SWITCHER® regulator is an easy-to-use, non-synchronous step-down DC-DC converter
with a wide input voltage range from 40 V to up to 60 V for a HV version. It is capable of delivering up to 3-A DC
load current with excellent line and load regulation. These devices are available in fixed output voltages of 3.3

V, 5V, 12V, 15V, and an adjustable output version. The family requires few external components, and the pin
arrangement was designed for simple, optimum PCB layout.

7.2 Functional Block Diagram

Vi i
egulated i Internal T ON/OFF
DG Input E[:‘ Rgulator E

Cm

Feadback

Il

Fixed Gain
Emor Amp 3 Amp

123V

52KHZ
BAND-GAP 5
REFERENCE | | OSCILLATOR

THERMAL CURRENT :
SHUTDOWN LIMIT

I|HE==]

33VR2=17k5V,R2=3.1k 12V, R2=8.84 k 15V, R2 = 11.3 k For ADJ. Version R1 = Open, R2 = 0 Q Patent Pending

7.3 Feature Description

7.3.1 Undervoltage Lockout

In some applications it is desirable to keep the regulator off until the input voltage reaches a certain threshold.
Figure 7-1 shows an undervoltage lockout circuit that accomplishes this task, while Figure 7-2 shows the same

circuit applied to a buck-boost configuration. These circuits keep the regulator off until the input voltage reaches
a predetermined level.

Vrn = Vz1 + 2Ve(Q1) 1
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Figure 7-1. Undervoltage Lockout for Buck Circuit
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Complete circuit not shown (see Figure 8-1).
Figure 7-2. Undervoltage Lockout for Buck-Boost Circuit
7.3.2 Delayed Start-Up

The ON /OFF pin can be used to provide a delayed start-up feature as shown in Figure 7-3. With an input
voltage of 20 V and for the part values shown, the circuit provides approximately 10 ms of delay time before the
circuit begins switching. Increasing the RC time constant can provide longer delay times. But excessively large
RC time constants can cause problems with input voltages that are high in 60-Hz or 120-Hz ripple, by coupling

the ripple into the ON /OFF pin.
7.3.3 Adjustable Output, Low-Ripple Power Supply

Figure 7-4 shows a 3-A power supply that features an adjustable output voltage. An additional LC filter that

reduces the output ripple by a factor of 10 or more is included in this circuit.
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Figure 7-3. Delayed Start-Up
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Figure 7-4. 1.2-V to 55-V Adjustable 3-A Power Supply With Low Output Ripple

1
l

optional output ripple filter

7.4 Device Functional Modes
7.4.1 Shutdown Mode

The ON/OFF pin provides electrical ON and OFF control for the LM2576. When the voltage of this pin is higher
than 1.4V, the device is in shutdown mode. The typical standby current in this mode is 50 pA.

7.4.2 Active Mode

When the voltage of the ON/OFF pin is below 1.2 V, the device starts switching, and the output voltage rises until
it reaches the normal regulation voltage.

7.4.3 Current Limit

The LM2576 device has current limiting to prevent the switch current from exceeding safe values during an
accidental overload on the output. This current limit value can be found in Section 6.70 under the heading of I

The LM2576 uses cycle-by-cycle peak current limit for overload protection. This helps to prevent damage to the
device and external components. The regulator operates in current limit mode whenever the inductor current
exceeds the value of I given in Section 6.10. This occurs if the load current is greater than 3 A, or the
converter is starting up. Keep in mind that the maximum available load current depends on the input voltage,
output voltage, and inductor value. The regulator also incorporates short-circuit protection to prevent inductor
current run-away. When the voltage on the FB pin (ADJ) falls below about 0.58 V the switching frequency is
dropped to about 11 kHz. This allows the inductor current to ramp down sufficiently during the switch OFF-time
to prevent saturation.
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8 Application and Implementation

Note
Information in the following applications sections is not part of the TlI component specification,
and Tl does not warrant its accuracy or completeness. TI's customers are responsible for
determining suitability of components for their purposes, as well as validating and testing their design
implementation to confirm system functionality.

8.1 Application Information
8.1.1 Input Capacitor (Cy)

To maintain stability, the regulator input pin must be bypassed with at least a 100-pF electrolytic capacitor. The
capacitor's leads must be kept short, and placed near the regulator.

If the operating temperature range includes temperatures below —25°C, the input capacitor value may need to
be larger. With most electrolytic capacitors, the capacitance value decreases and the ESR increases with lower
temperatures and age. Paralleling a ceramic or solid tantalum capacitor increases the regulator stability at cold
temperatures. For maximum capacitor operating lifetime, the RMS ripple current rating of the capacitor must be
greater than:

f
1.2 % (%) X ILOAD

ton

Vi
where - out for a buck reguiator
T VIN

1 |V,
and N = &for a buck-boost regulator.
T [Vourl + Vin 2

8.1.2 Inductor Selection

All switching regulators have two basic modes of operation: continuous and discontinuous. The difference
between the two types relates to the inductor current, whether it is flowing continuously, or if it drops to zero for
a period of time in the normal switching cycle. Each mode has distinctively different operating characteristics,
which can affect the regulator performance and requirements.

The LM2576 (or any of the SIMPLE SWITCHER® family can be used for both continuous and discontinuous
modes of operation.

The inductor value selection guides in Figure 8-4 through Figure 8-8 are designed for buck regulator designs
of the continuous inductor current type. When using inductor values shown in the inductor selection guide, the
peak-to-peak inductor ripple current is approximately 20% to 30% of the maximum DC current. With relatively
heavy load currents, the circuit operates in the continuous mode (inductor current always flowing), but under light
load conditions, the circuit is forced to the discontinuous mode (inductor current falls to zero for a period of time).
This discontinuous mode of operation is perfectly acceptable. For light loads (less than approximately 300 mA),
it may be desirable to operate the regulator in the discontinuous mode, primarily because of the lower inductor
values required for the discontinuous mode.

The selection guide chooses inductor values suitable for continuous mode operation, but if the inductor value
chosen is prohibitively high, the designer should investigate the possibility of discontinuous operation.

Inductors are available in different styles such as pot core, toriod, E-frame, bobbin core, and so on, as well as
different core materials, such as ferrites and powdered iron. The bobbin core is the least expensive type, and
consists of wire wrapped on a ferrite rod core. This type of construction makes for an inexpensive inductor;
however, because the magnetic flux is not completely contained within the core, the bobbin core generates
more electromagnetic interference (EMI). This EMI can cause problems in sensitive circuits, or can give incorrect
scope readings because of induced voltages in the scope probe.

The inductors listed in the selection chart include ferrite pot core construction for AIE, powdered iron toroid for
Pulse Engineering, and ferrite bobbin core for Renco.
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An inductor must not operate beyond its maximum-rated current because it may saturate. When an inductor
begins to saturate, the inductance decreases rapidly, and the inductor begins to look mainly resistive (the DC
resistance of the winding), causing the switch current to rise very rapidly. Different inductor types have different
saturation characteristics, and this must be considered when selecting an inductor.

The inductor manufacturer's data sheets include current and energy limits to avoid inductor saturation.
8.1.3 Inductor Ripple Current

When the switcher is operating in the continuous mode, the inductor current waveform ranges from a triangular
to a sawtooth type of waveform (depending on the input voltage). For a given input voltage and output voltage,
the peak-to-peak amplitude of this inductor current waveform remains constant. As the load current rises or falls,
the entire sawtooth current waveform also rises or falls. The average DC value of this waveform is equal to the
DC load current (in the buck regulator configuration).

If the load current drops to a low enough level, the bottom of the sawtooth current waveform reaches zero, and
the switcher changes to a discontinuous mode of operation. This is a perfectly acceptable mode of operation.
Any buck switching regulator (no matter how large the inductor value is) is forced to run discontinuous if the load
current is light enough.

8.1.4 Output Capacitor

An output capacitor is required to filter the output voltage and is needed for loop stability. The capacitor must be
placed near the LM2576 using short PCB traces. Standard aluminum electrolytics are usually adequate, but Tl
recommends low ESR types for low output ripple voltage and good stability. The ESR of a capacitor depends on
many factors, including: the value, the voltage rating, physical size, and the type of construction. In general, low
value or low voltage (less than 12 V) electrolytic capacitors usually have higher ESR numbers.

The amount of output ripple voltage is primarily a function of the ESR (Equivalent Series Resistance) of the
output capacitor and the amplitude of the inductor ripple current (Alnp). See Section 8.1.3.

The lower capacitor values (220 pF to 1000 uF) allows typically 50 mV to 150 mV of output ripple voltage, while
larger-value capacitors reduces the ripple to approximately 20 mV to 50 mV.

Output Ripple Voltage = (Alyp) (ESR of Coyr) (3)

To further reduce the output ripple voltage, several standard electrolytic capacitors may be paralleled, or a
higher-grade capacitor may be used. Such capacitors are often called high-frequency, low-inductance, or Jow-
ESR. These reduces the output ripple to 10 mV or 20 mV. However, when operating in the continuous mode,
reducing the ESR below 0.03 Q can cause instability in the regulator.

Tantalum capacitors can have a very low ESR, and must be carefully evaluated if it is the only output capacitor.
Because of their good low temperature characteristics, a tantalum can be used in parallel with aluminum
electrolytics, with the tantalum making up 10% or 20% of the total capacitance.

The ripple current rating of the capacitor at 52 kHz should be at least 50% higher than the peak-to-peak inductor
ripple current.

8.1.5 Catch Diode

Buck regulators require a diode to provide a return path for the inductor current when the switch is off. This diode
must be placed close to the LM2576 using short leads and short printed-circuit traces.

Because of their fast switching speed and low forward voltage drop, Schottky diodes provide the best efficiency,
especially in low output voltage switching regulators (less than 5 V). Fast-recovery, high-efficiency, or ultra-fast
recovery diodes are also suitable, but some types with an abrupt turnoff characteristic may cause instability
and EMI problems. A fast-recovery diode with soft recovery characteristics is a better choice. Standard 60-Hz
diodes (for example, 1N4001 or 1N5400, and so on) are also not suitable. See Table 8-3 for Schottky and soft
fast-recovery diode selection guide.
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8.1.6 Output Voltage Ripple and Transients

The output voltage of a switching power supply contains a sawtooth ripple voltage at the switcher frequency,
typically about 1% of the output voltage, and may also contain short voltage spikes at the peaks of the sawtooth
waveform.

The output ripple voltage is due mainly to the inductor sawtooth ripple current multiplied by the ESR of the output
capacitor (see Section 8.1.2).

The voltage spikes are present because of the fast switching action of the output switch, and the parasitic
inductance of the output filter capacitor. To minimize these voltage spikes, special low inductance capacitors can
be used, and their lead lengths must be kept short. Wiring inductance, stray capacitance, as well as the scope
probe used to evaluate these transients, all contribute to the amplitude of these spikes.

An additional small LC filter (20 pH and 100 uyF) can be added to the output (as shown in Figure 7-4) to further
reduce the amount of output ripple and transients. A 10 x reduction in output ripple voltage and transients is
possible with this filter.

8.1.7 Feedback Connection

The LM2576 (fixed voltage versions) feedback pin must be wired to the output voltage point of the switching
power supply. When using the adjustable version, physically locate both output voltage programming resistors
near the LM2576 to avoid picking up unwanted noise. Avoid using resistors greater than 100 kQ because of the
increased chance of noise pickup.

8.1.8 ON /OFF INPUT

For normal operation, the ON /OFF pin must be grounded or driven with a low-level TTL voltage (typically
below 1.6 V). To put the regulator into standby mode, drive this pin with a high-level TTL or CMOS signal. The
ON /OFF pin can be safely pulled up to +Vy without a resistor in series with it. The ON /OFF pin must not be left
open.

8.1.9 Inverting Regulator

Figure 8-1 shows a LM2576-12 in a buck-boost configuration to generate a negative 12-V output from a positive
input voltage. This circuit bootstraps the ground pin of the regulator to the negative output voltage, then by
grounding the feedback pin, the regulator senses the inverted output voltage and regulates it to =12 V.

For an input voltage of 12 V or more, the maximum available output current in this configuration is approximately
700 mA. At lighter loads, the minimum input voltage required drops to approximately 4.7 V.

The switch currents in this buck-boost configuration are higher than in the standard buck-mode design, thus
lowering the available output current. Also, the start-up input current of the buck-boost converter is higher than
the standard buck-mode regulator, and this may overload an input power source with a current limit less than

5 A. Using a delayed turn-on or an undervoltage lockout circuit (described in Section 8.1.10) would allow the
input voltage to rise to a high enough level before the switcher would be allowed to turn on.

Because of the structural differences between the buck and the buck-boost regulator topologies, the buck
regulator design procedure section can not be used to select the inductor or the output capacitor. The
recommended range of inductor values for the buck-boost design is between 68 pH and 220 pH, and the
output capacitor values must be larger than what is normally required for buck designs. Low input voltages or
high output currents require a large value output capacitor (in the thousands of micro Farads).

The peak inductor current, which is the same as the peak switch current, can be calculated in Equation 4:

| = loao Vin + Vol | VinlVol 1
P ViN Vint Vol 2Ly fose (4)

where
* fose =52 kHz
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Under normal continuous inductor current operating conditions, the minimum Vg represents the worst case.
Select an inductor that is rated for the peak current anticipated.

+12To+45V
Unregulated Feedback
DC Input Vi 7
LM2576HV-ADJ & P
utput
o P .
+ —
X 2 68 uH =
+| Cour

D1
1N5822 | 2200 uF

IWOHF 3 [GND 5 | ON/OFF

Figure 8-1. Inverting Buck-Boost Develops =12V

-12@07A
REGULATED
DC INPUT

Also, the maximum voltage appearing across the regulator is the absolute sum of the input and output voltage.
For a -12-V output, the maximum input voltage for the LM2576 is +28 V, or +48 V for the LM2576HV.

8.1.10 Negative Boost Regulator

Another variation on the buck-boost topology is the negative boost configuration. The circuit in Figure 8-2
accepts an input voltage ranging from -5 V to =12 V and provides a regulated -12-V output. Input voltages
greater than —12 V causes the output to rise above -12 V, but does not damage the regulator.

- Feedback b Cout -

Vin 4
LM2576-12 Output - 2200k
1 = LOW ESR
8 3 5 1N5820
£l B GND ON/OFF
100 pF Vour=-12V
. .
i 100 uH
. Y
5 Vto-12V

Typical Load Current 400 mA for Vy, = =5.2 VV 750 mA for V, = =7 V Heat sink may be required.

Figure 8-2. Negative Boost

Because of the boosting function of this type of regulator, the switch current is relatively high, especially at low
input voltages. Output load current limitations are a result of the maximum current rating of the switch. Also,
boost regulators can not provide current-limiting load protection in the event of a shorted load, so some other
means (such as a fuse) may be necessary.
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8.2 Typical Applications
8.2.1 Fixed Output Voltage Version
Feedback
+Vin
LM2576HV- 4 Vour
Fixed Output Output L1
1
Viy
UNREGULATED clBE il B =
DC INPUT i ON/OFF

Cjy — 100-pF, 75-V, Aluminum Electrolytic Cot — 1000-pF, 25-V, Aluminum Electrolytic Dy — Schottky, MBR360 Ly — 100 pH, Pulse
Eng. PE-92108 Ry — 2k, 0.1% R, —6.12k, 0.1%

Figure 8-3. Fixed Output Voltage Versions

8.2.1.1 Design Requirements
Table 8-1 lists the design parameters of this example.

Table 8-1. Design Parameters
DESIGN PARAMETER EXAMPLE VALUE

Regulated Output Voltage

5V

B3V, 5V, 12V, or 15 V), Vour
Maximum Input Voltage, V,(Max) 15V
Maximum Load Current, 3A

ILoap(Max)

8.2.1.2 Detailed Design Procedure
8.2.1.2.1 Custom Design with WEBENCH Tools

Click here to create a custom design using the WEBENCH® Power Designer.

1. Start by entering your Vi, Vour and loyt requirements.

2. Optimize your design for key parameters like efficiency, footprint and cost using the optimizer dial and
compare this design with other possible solutions from Texas Instruments.

3. WEBENCH Power Designer provides you with a customized schematic along with a list of materials with real
time pricing and component availability.

4. In most cases, you will also be able to:
* Run electrical simulations to see important waveforms and circuit performance,
* Run thermal simulations to understand the thermal performance of your board,
+ Export your customized schematic and layout into popular CAD formats,
« Print PDF reports for the design, and share your design with colleagues.

8.2.1.2.2 Inductor Selection (L1)

1. Select the correct Inductor value selection guide from Figure 8-4, Figure 8-5, Figure 8-6, or Figure 8-7.
(Output voltages of 3.3 V, 5V, 12 V or 15 V respectively). For other output voltages, see the design
procedure for the adjustable version. Use the selection guide shown in Figure 8-5.

Copyright © 2021 Texas Instruments Incorporated Submit Document Feedback 19

Product Folder Links: LM2576 LM2576HV

-132 - Autor: Néstor Dofiate Marqués
424.20.17



=

=

Escuela Universitaria

Politécnica - La AlImunia Control de acceso y registro de horario en la empresa
Centro adscrito . L .
Universidad Zaragoza mediante reconocimiento facial
ANEXO 4 (Hojas de caracteristicas)
Texas
LM2576, LM2576HV INSTRUMENTS
SNVS107F — JUNE 1999 — REVISED MAY 2021 www.ti.com
2. From the inductor value selection guide, identify the inductance region intersected by Vy(Max) and
lLoan(Max), and note the inductor code for that region. From the selection guide, the inductance area
intersected by the 15-V line and 3-A line is L100.
3. Identify the inductor value from the inductor code, and select an appropriate inductor from the table shown
in Figure 8-4. Part numbers are listed for three inductor manufacturers. The inductor chosen must be rated
for operation at the LM2576 switching frequency (52 kHz) and for a current rating of 1.15 x | oap. For
additional inductor information, see Section 8.1.2. Inductor value required is 100 pH from the table in Figure
8-4. Choose AIE 415-0930, Pulse Engineering PES2108, or Renco RL2444.
8.2.1.2.3 Output Capacitor Selection (Coyr)
1. The value of the output capacitor together with the inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation and an acceptable output ripple voltage, (approximately 1% of the output
voltage) T| recommends a value between 100 uF and 470 pF. We choose Coyt = 680-pF to 2000-uF
standard aluminum electrolytic.
2. The voltage rating of the capacitor must be at least 1.5 times greater than the output voltage. For a 5-V
regulator, a rating of at least 8 V is appropriate, and a 10-V or 15-V rating is recommended. Capacitor
voltage rating = 20 V. Higher voltage electrolytic capacitors generally have lower ESR numbers, and for this
reason it may be necessary to select a capacitor rated for a higher voltage than would normally be needed.
8.2.1.2.4 Catch Diode Selection (D1)
1. The catch-diode current rating must be at least 1.2 times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output short, the diode should have a current rating equal
to the maximum current limit of the LM2576. The most stressful condition for this diode is an overload or
shorted output condition. For this example, a 3-A current rating is adequate.
2. The reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage. Use a 20-V
1N5823 or SR302 Schottky diode, or any of the suggested fast-recovery diodes shown in Table 8-3.
8.2.1.2.5 Input Capacitor (Ciy)
An aluminum or tantalum electrolytic bypass capacitor located close to the regulator is needed for stable
operation. A 100-pyF, 25-V aluminum electrolytic capacitor located near the input and ground pins provides
sufficient bypassing.
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8.2.1.3 Application Curves
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8.2.2 Adjusted Output Voltage Version
Feedback
+Vin LM2576HV- 4 Vour
f ADJ 5V
7V-60V
UNREGULATED LH00E ol Rz L
DC INPUT I ON/OFF o
IN A
R1 D
A.é:

Rz
Vout = Veer Hﬂj

Your _

Lt ) where Vger = 1.23 V, R1 between 1 k and 5 k
Figure 8-9. Adjustable Output Voltage Version

8.2.2.1 Design Requirements

Table 8-2 lists the design parameters of this example.
Table 8-2. Design Parameters

DESIGN PARAMETER EXAMPLE VALUE
Regulated Output Voltage, Vout 10V
Maximum Input Voltage, Vin(Max) 25V

Maximum Load Current, 3A

ILoap(Max)
Switching Frequency, F

Fixed at 62 kHz

8.2.2.2 Detailed Design Procedure
8.2.2.2.1 Programming Output Voltage

Select R1 and R2, as shown in Figure 8-9.
Use Equation 5 to select the appropriate resistor values.

R
VouT = VRer ( 1 —2) where Vrer — 1.23V
R (5)

R4 can be between 1k and 5k. (For best temperature coefficient and stability with time, use 1% metal film

resistors)

HZ—R1(%—1) ©

R
Vour = 1.23(1 1 R—f) Select R1 = 1k

Vi
o= i) - )
REF g (7)

Ry =1k (8.13 - 1) = 7.13 k, closest 1% value is 7.15 k

8.2.2.2.2 Inductor Selection (L1)
1. Calculate the inductor Volt « microsecond constant, E « T (V « ps), from Equation 8:
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1

Vour 1000
ExT=(Va-V T
(Vo= Vaur) 0 k) P

Calculate E « T (V ¢ ps)

10 1000
s S i SRR

ExT=(25-10)x —>
725" 52

~115V % s

®

©

Use the E « T value from the previous formula and match it with the E « T number on the vertical axis of the

Inductor value selection guide shown in Figure 8-8.

E+T=115V.pus
On the horizontal axis, select the maximum load current.

ILOAD(MaX) =3A

Identify the inductance region intersected by the E « T value and the maximum load current value, and note

the inductor code for that region.

Inductance Region = H150

Identify the inductor value from the inductor code, and select an appropriate inductor from the table shown in
Table 8-4. Part numbers are listed for three inductor manufacturers. The inductor chosen must be rated for
operation at the LM2576 switching frequency (52 kHz) and for a current rating of 1.15 x | oap. For additional

inductor information, see Section 8.1.2.
Inductor Value = 150 pyH

Choose from AIE part #415-0936, Pulse Engineering part #°E-531115, or Renco part #RL.2445.
8.2.2.2.3 Output Capacitor Selection (Coyt)

The value of the output capacitor together with the inductor defines the dominate pole-pair of the switching
regulator loop. For stable operation, the capacitor must satisfy Equation 10:

V!N(Max)

Coyr 213300 ————
o Vour L(uH)

(WF)

Equation 10 yields capacitor values between 10 pF and 2200 pF that satisfies the loop requirements
for stable operation. But to achieve an acceptable output ripple voltage, (approximately 1% of the output
voltage) and transient response, the output capacitor may need to be several times larger than Equation 10

yields.

COUT = 13,300 - 28

— 2 -2 F
0150

However, for acceptable output ripple voltage select
Cour 2 680 pF
Cour = 680-uF electrolytic capacitor

The capacitor's voltage rating must be at last 1.5 times greater than the output voltage. For a 10-V regulator,
a rating of at least 15 V or more is recommended. Higher voltage electrolytic capacitors generally have lower
ESR numbers, and for this reason it may be necessary to select a capacitor rate for a higher voltage than

would normally be needed.

8.2.2.2.4 Catch Diode Selection (D1)

=

The catch-diode current rating must be at least 1.2 times greater than the maximum load current. Also, if the
power supply design must withstand a continuous output short, the diode must have a current rating equal
to the maximum current limit of the LM2576. The most stressful condition for this diode is an overload or
shorted output. See Table 8-3. For this example, a 3.3-A current rating is adequate.
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2. The reverse voltage rating of the diode should be at least 1.25 times the maximum input voltage. Use a 30-V
31DQO3 Schottky diode, or any of the suggested fast-recovery diodes in Table 8-3.

8.2.2.2.5 Input Capacitor (Cyy)

An aluminum or tantalum electrolytic bypass capacitor located close to the regulator is needed for stable
operation. A 100-puF aluminum electrolytic capacitor located near the input and ground pins provides sufficient

bypassing.
Table 8-3. Diode Selection Guide
v SCHOTTKY FAST RECOVERY
3A 4Ato6A 3A 4Ato6A
1N5820
20V MBR320P 1N5823
SR302
1N5821
ov e o
SR303 .
1N5822 EZ;‘;"::;‘ e Z E,ZLZ";Z‘Z‘J
MBR340 MBR340 rated to 100-V igao 100y,
40V 50WQ04 31DF1 S0WF10
31DQ04 1N5825 HER302 MUR410
SR304 HER602
MBR350
50 V 31DQ05 50WQ05
SR305
MBR360
SR306
Table 8-4. Inductor Selection by Manufacturer's Part Number
INDUCTOR CODE INDUCTOR VALUE SCHOTT!!) PULSE ENG.?) RENCO®)
L47 47 pH 671 26980 PE-53112 RL2442
L68 68 pH 671 26990 PE-92114 RL2443
L100 100 pH 671 27000 PE-92108 RL2444
L150 150 uH 67127010 PE-53113 RL1954
L220 220 pH 671 27020 PE-52626 RL1953
L330 330 pH 671 27030 PE-52627 RL1952
L470 470 pH 671 27040 PE-53114 RL1951
L680 680 pH 671 27050 PE-52629 RL1950
H150 150 pH 671 27060 PE-53115 RL2445
H220 220 pH 67127070 PE-53116 RL2446
H330 330 pH 671 27080 PE-53117 RL2447
H470 470 pH 671 27090 PE-53118 RL1961
HB80 680 pH 67127100 PE-53119 RL1960
H1000 1000 pH 67127110 PE-53120 RL1959
H1500 1500 pH 67127120 PE-53121 RL1958
H2200 2200 pH 67127130 PE-53122 RL2448

(1)  Schott Corporation, (612) 475-1173, 1000 Parkers Lake Road, Wayzata, MN 55391.
(2) Pulse Engineering, (619) 674-8100, P.O. Box 12235, San Diego, CA 92112.
(3) Renco Electronics Incorporated, (516) 586-5566, 60 Jeffryn Blvd. East, Deer Park, NY 11729.
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9 Power Supply Recommendations

As in any switching regulator, layout is very important. Rapidly switching currents associated with wiring
inductance generate voltage transients which can cause problems. For minimal inductance and ground loops,
the length of the leads indicated by heavy lines should be kept as short as possible. Single-point grounding
(as indicated) or ground plane construction should be used for best results. When using the adjustable version,
physically locate the programming resistors near the regulator, to keep the sensitive feedback wiring short.
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10 Layout
10.1 Layout Guidelines

Board layout is critical for the proper operation of switching power supplies. First, the ground plane area
must be sufficient for thermal dissipation purposes. Second, appropriate guidelines must be followed to reduce
the effects of switching noise. Switch mode converters are very fast switching devices. In such cases, the
rapid increase of input current combined with the parasitic trace inductance generates unwanted L di/dt noise
spikes. The magnitude of this noise tends to increase as the output current increases. This noise may turn into
electromagnetic interference (EMI) and can also cause problems in device performance. Therefore, take care in
layout to minimize the effect of this switching noise. The most important layout rule is to keep the AC current
loops as small as possible. Figure 10-1 shows the current flow in a buck converter. The top schematic shows
a dotted line which represents the current flow during the top-switch ON-state. The middle schematic shows
the current flow during the top-switch OFF-state. The bottom schematic shows the currents referred to as AC
currents. These AC currents are the most critical because they are changing in a very short time period. The
dotted lines of the bottom schematic are the traces to keep as short and wide as possible. This also yields a
small loop area reducing the loop inductance. To avoid functional problems due to layout, review the PCB layout
example. Best results are achieved if the placement of the LM2576 device, the bypass capacitor, the Schottky
diode, RFBB, RFBT, and the inductor are placed as shown in Figure 10-2.T| also recommends using 2-0z
copper boards or heavier to help thermal dissipation and to reduce the parasitic inductances of board traces.
See application note AN-1229 SIMPLE SWITCHER® PCB Layout Guidelines (SNVA054) for more information.

Figure 10-1. Current Flow in Buck Application
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10.2 Layout Example

SIMPLE[SWITCHER]®
g
CIN

D1 £
o5 i [:}:‘ s
i o 5[.

E:la. Joe

1]

m.,,©0FF

e

‘%“ COUT ¢
(1]
JIN
m
@

uouT

Figure 10-2. LM2576xx Layout Example
10.3 Grounding

To maintain output voltage stability, the power ground connections must be low-impedance (see Figure 8-3 and
Figure 8-9). For the 5-lead TO-220 and DDPAK/TO-263 style package, both the tab and pin 3 are ground and

either connection may be used, as they are both part of the same copper lead frame.

10.4 Heat Sink and Thermal Considerations

In many cases, only a small heat sink is required to keep the LM2576 junction temperature within the allowed
operating range. For each application, to determine whether or not a heat sink is required, the following must be

identified:

1. Maximum ambient temperature (in the application).
2. Maximum regulator power dissipation (in application).

3. Maximum allowed junction temperature (125°C for the LM2576). For a safe, conservative design, a

temperature approximately 15°C cooler than the maximum temperatures must be selected.
4. LM2576 package thermal resistances 6, and 8c.

Total power dissipated by the LM2576 can be estimated in Equation 10:

= (Vin)(la) * (Vo/Vin)(lLoan)(Vsar)

where

» g (quiescent current) and Vgar can be found in Section 6.11 shown previously,
« V) is the applied minimum input voltage, Vg is the regulated output voltage,
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and I oap is the load current.

The dynamic losses during turnon and turnoff are negligible if a Schottky type catch diode is used.
When no heat sink is used, the junction temperature rise can be determined by Equation 11:

AT, = (Pp) (Bya) (13)

To arrive at the actual operating junction temperature, add the junction temperature rise to the maximum ambient
temperature.

Ty=ATy+Ta (14)
If the actual operating junction temperature is greater than the selected safe operating junction temperature
determined in step 3, then a heat sink is required.
When using a heat sink, the junction temperature rise can be determined by Equation 12:

AT, = (Pp) (Byc * Binterface * OHeat sink) (15)
The operating junction temperature is:

Ty=Ta+ ATy (16)

As in Equation 14, if the actual operating junction temperature is greater than the selected safe operating
junction temperature, then a larger heat sink is required (one that has a lower thermal resistance).
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11 Device and Documentation Support

11.1 Device Support

11.1.1 Device Nomenclature
11.1.1.1 Definition of Terms

BUCK REGULATOR

A switching regulator topology in which a higher voltage is converted to a lower voltage.
Also known as a step-down switching regulator.

BUCK-BOOST A switching regulator topology in which a positive voltage is converted to a negative
REGULATOR voltage without a transformer.
DUTY CYCLE (D) Ratio of the output switch's on-time to the oscillator period.
for buck regulator D = t%” = %
_ton_ _ Mol
for buck-boost regulator D = T Vol + iy (17)

CATCH DIODE OR
CURRENT STEERING
DIODE

EFFICIENCY (n)

The diode which provides a return path for the load current when the LM2576 switch is
OFF.

The proportion of input power actually delivered to the load.

— Pout _ Pout
PN Pour + PLoss (18)
CAPACITOR The purely resistive component of a real capacitor's impedance (see Figure 11-1). It
EQUIVALENT causes power loss resulting in capacitor heating, which directly affects the capacitor's
SERIES operating lifetime. When used as a switching regulator output filter, higher ESR values
RESISTANCE (ESR) result in higher output ripple voltages.
—WW— ] |—
ESR ESL ¢
Figure 11-1. Simple Model of a Real Capacitor

Most standard aluminum electrolytic capacitors in the 100 pF-1000 pF range

have 0.5Q to 0.1Q ESR. Higher-grade capacitors (low-ESR, high-frequency, or low-

inductance) in the 100 pF to 1000 uF range generally have ESR of less than 0.15Q.
EQUIVALENT The pure inductance component of a capacitor (see Figure 11-1). The amount of
SERIES inductance is determined to a large extent on the capacitor's construction. In a buck
INDUCTANCE (ESL) regulator, this unwanted inductance causes voltage spikes to appear on the output.
OUTPUT RIPPLE The AC component of the switching regulator's output voltage. It is usually dominated
VOLTAGE by the output capacitor's ESR multiplied by the inductor's ripple current (Aljyp). The

peak-to-peak value of this sawtooth ripple current can be determined by reading

Section 8.1.3.
CAPACITOR RIPPLE RMS value of the maximum allowable alternating current at which a capacitor can be
CURRENT operated continuously at a specified temperature.
STANDBY Supply current required by the LM2576 when in the standby mode ( ON /OFF pin is
QUIESCENT driven to TTL-high voltage, thus turning the output switch OFF).
CURRENT (lstgy)
INDUCTOR RIPPLE  The peak-to-peak value of the inductor current waveform, typically a sawtooth

CURRENT (Aljyp)

waveform when the regulator is operating in the continuous mode (vs. discontinuous
mode).
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CONTINUOUS/ Relates to the inductor current. In the continuous mode, the inductor current is always

DISCONTINUOUS flowing and never drops to zero, vs. the discontinuous mode, where the inductor

MODE OPERATION  current drops to zero for a period of time in the normal switching cycle.

INDUCTOR The condition which exists when an inductor cannot hold any more magnetic flux.

SATURATION When an inductor saturates, the inductor appears less inductive and the resistive
component dominates. Inductor current is then limited only by the DC resistance of
the wire and the available source current.

OPERATING VOLT The product (in Voltsus) of the voltage applied to the inductor and the time the voltage

MICROSECOND is applied. This E+T,, constant is a measure of the energy handling capability of an
CONSTANT (E*T,p)  inductor and is dependent upon the type of core, the core area, the number of turns,
and the duty cycle.

11.1.2 Custom Design with WEBENCH Tools
Create a Custom Design with WEBENCH Tools

11.2 Documentation Support
11.2.1 Related Documentation

For related documentation, see the following:
AN-1229 SIMPLE SWITCHER® PCB Layout Guidelines (SNVAQ054)
11.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute TI specifications and do
not necessarily reflect TI's views; see Tl's Terms of Use.

11.4 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. Click on
Subscribe to updates to register and receive a weekly digest of any product information that has changed. For
change details, review the revision history included in any revised document.

11.5 Trademarks
TI E2E™ is a trademark of Texas Instruments.
SIMPLE SWITCHER® is a registered trademark of TI.
WEBENCH® is a registered trademark of Texas Instruments.
is a registered trademark of Texas Instruments.
All trademarks are the property of their respective owners.
11.6 Electrostatic Discharge Caution
This integrated circuit can be damaged by ESD. Texas Instruments recommends that all integrated circuits be handled

“ with appropriate precautions. Failure to observe proper handling and installation procedures can cause damage.

”: A ESD damage can range from subtle performance degradation to complete device failure. Precision integrated circuits may
be more susceptible to damage because very small parametric changes could cause the device not to meet its published
specifications.

11.7 Glossary
Tl Glossary This glossary lists and explains terms, acronyms, and definitions.

12 Mechanical, Packaging, and Orderable Information

The following pages include mechanical, packaging, and orderable information. This information is the most
current data available for the designated devices. This data is subject to change without notice and revision of
this document. For browser-based versions of this data sheet, refer to the left-hand navigation.
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PACKAGING INFORMATION
Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
o Drawing aty ) Ball materfal o s
)
LM2576HVS-12 NRND DDPAK/ KTT 5 45 Non-RoHS Call TI Call TI -40to 125 LM2576
TO-263 & Green HVS-12 P+
LM2576HVS-12/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM2576
TO-263 & Green HVS-12 P+
LM2576HVS-3.3/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR ~ -40to 125 LM2576 i
T0-263 8 Green HVS-3.3 P+ P
LM2576HVS-5.0 NRND DDPAK/ KTT 5 45 Non-RoHS Call TI Call TI -40to 125 LM2576
TO-263 & Green HVS-5.0 P+
LM2576HVS-5.0/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM2576 [—
TO-263 & Green HVS-5.0 P+
LM2576HVS-ADJ NRND DDPAK/ KTT 5 45 Non-RoHS Cal TI Call TI -40t0 125 LM2576
TO-263 & Green HVS-ADJ P+
LM2576HVS-ADJ/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR ~ -40to 125 LM2576 RS
TO-263 & Green HVS-ADJ P+ P
LM2576HVSX-12 NRND DDPAK/ KTT 5 500 Non-RoHS Call TI Call TI -40to0 125 LM2576
TO-263 & Green HVS-12 P+
LM2576HVSX-12/NOPB ACTIVE DDPAK/ KTT 5 500 RoHS-Exempt SN Level-3-245C-168 HR -4010 125 LM2576
TO-263 & Green HVS-12 P+
LM2576HVSX-3.3/NOPB ACTIVE DDPAK/ KTT 5 500  RoHS-Exempt SN Level-3-245C-168 HR ~ -40to 125 LM2576 renE
TO-263 3 Green HVS-3.3 P+ 2
LM2576HVSX-5.0 NRND DDPAK/ KTT 5 500 Non-RoHS Ceall TI Call TI -40t0 125 LM2576
TO-263 & Green HVS-5.0 P+
LM2576HVSX-5.0/NOPB ACTIVE DDPAK/ KTT 5 500  RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM2576
TO-263 3 Green HVS-5.0 P+
LM2576HVSX-ADJ NRND DDPAK/ KTT 5 500 Non-RoHS Cal Tl Call Tl -40t0 125 LM2576
TO-263 & Green HVS-ADJ P+
LM2576HVSX-ADJ/NOPB ACTIVE DDPAK/ KTT 5 500 RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM2576
TO-263 & Green HVS-ADJ P+
LM2576HVT-12 NRND TO-220 KC 5 45 Non-RoHS Cal Tl Call Tl -40to0 125 LM2576HVT
& Green -12 P+
LM2576HVT-12/LF03 ACTIVE TO-220 NDH 5 45 RoOHS & Green SN Level-1-NA-UNLIM LM2576HVT
e Em
LM2576HVT-12/NOPB ACTIVE TO-220 KC 5 45 RoHS & Green SN Level-1-NA-UNLIM -40t0 125 LM2576HVT m
Addendum- Page 1
Texas PACKAGE OPTION ADDENDUM
INSTRUMENTS
v B com 8-Jul-2021
Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty ) Ball material (3 ia15]
®
2P+
LM2576HVT-15.B03 NRND TO-220 NDH S 45 Non-RoHS Call TI Call TI LM2576HVT
) ) ) 8 Green B -15 P+ e
LM2576HVT-15/LF03 ACTIVE TO-220 NDH 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576HVT
-15 P+ P!
LM2576HVT-15/NOPB ACTIVE TO-220 KC 5 45 ROHS & Green SN Level-1-NA-UNLIM -4010 125 LM2576HVT
[ ey =
LM2576HVT-5.0 NRND TO-220 KC 5 45 Non-RoHS Call TI Call TI -40t0 125 LM2576HVT
& Green -5.0 P+
LM2576HVT-5.0/LB03 NRND TO-220 NDH 5 45 Non-RoHS Call TI Call TI LM2576HVT
& Green -5.0 P+
LM2576HVT-5.0/LF02 ACTIVE TO-220 NEB 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576HVT s e
-5.0 P+ i e
LM2576HVT-5.0/LF03 ACTIVE TO-220 NDH 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576HVT
e En
LM2576HVT-5.0/NOPB ACTIVE TO-220 KC 5 45 RoHS & Green SN Level-1-NA-UNLIM -40to 125 LM2576HVT &.
iyesr En
LM2576HVT-ADJ NRND TO-220 KC 5 45 Non-RoHS Cal Tl Call TI -40to0 125 LM2576HVT
& Green -ADJ P+
LM2576HVT-ADJ/LBO3 NRND TO-220 NDH 5 45 Non-RoHS Call TI Call TI LM2576HVT
& Green -ADJ P+
LM2576HVT-ADJAFO03 ACTIVE TO-220 NDH 5 45 RoOHS & Green SN Level-1-NA-UNLIM LM2576HVT [—
-ADJ P+
LM2576HVT-ADJ/NOPB ACTIVE TO-220 KC 8 45 ROHS & Green SN Level-1-NA-UNLIM -4010 125 LM2576HVT
-ADJ P+ P
LM25765-12 NRND DDPAK/ KTT 5 45 Non-RoHS Call TI Call TI -40t0 125 LM2576S
TO-263 & Green -12 P+
LM2576S-12/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM2576S m
TO-263 & Green =12 P+
LM25768-3.3/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR ~ -40to 125 LM2576S
TO-263 & Green -33 P+
LM25768-5.0 NRND DDPAK/ KTT 5 45 Non-RoHS Cal Tl Call Tl -40to 125 LM2576S
TO-263 & Green -5.0 P+
LM2576S-5.0/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR ~ -40to 125 LM2576S <
TO-263 & Green -5.0 P+
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&3 Tows PACKAGE OPTION ADDENDUM
INSTRUMENTS
wrerw B com 8-Jul-2021
Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
oy Drawing Qty e Ball material 31 @5
i6)
LM2576S-ADJ/NOPB ACTIVE DDPAK/ KTT 5 45 RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM25768 Samples
TO-263 & Green -ADJ P+ 2
LM25768X-3.3/NOPB ACTIVE DDPAK/ KTT 5 500  RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM25768 [——
TO-263 & Green -33 P+
LM25768X-5.0/NOPB ACTIVE DDPAK/ KTT 5 500  RoHS-Exempt SN Level-3-245C-168 HR ~ -4010 125 LM2576S
TO-263 8 Green 5.0 P+ Samples
LM2576SX-ADJNOPB ACTIVE DDPAK/ KTT 5 500  RoHS-Exempt SN Level-3-245C-168 HR  -40to 125 LM2576S vl
T0-263 & Green -ADJ P+ 2
LM2576T-12 NRND TO-220 KC 5 45 Non-RoHS Call TI Call TI -40t0 125 LM2576T
& Green -12 P+
LM2576T-12/LB03 NRND T0-220 NDH 5 45 Non-RoHS Call TI Call TI LM2576T
& Green -12 P+
LM2576T-12/LF03 ACTIVE TO-220 NDH 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576 T [——
-12 P+
LM2576T-12/NOPB ACTIVE TO-220 KC 5 45 RoHS & Green SN Level-1-NA-UNLIM -40t0 125 LM2576T
12 P+ P
LM2576T-15/LF03 ACTIVE TO-220 NDH 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576T [—
-15 P+
LM2576T-15/NOPB ACTIVE TO-220 KC 5 45 RoHS & Green SN Level-1-NA-UNLIM -40to0 125 LM2576 T
LM2576T-3.3/LF03 ACTIVE TO-220 NDH 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576T
-33P+ P
LM2576T-3.3/NOPB ACTIVE TO-220 KC 5 45 ROHS & Green SN Level-1-NA-UNLIM -40t0 125 LM2576T [——
-33 P+
LM2576T-5.0 NRND TO-220 KC 5 45 Non-RoHS Call TI Call TI -40to 125 LM2576T
& Green -5.0 P+
LM2576T-5.0/LB03 NRND T0-220 NDH 5 45 Non-RoHS Call TI Call TI LM2576T
& Green -5.0 P+
LM2576T-5.0/LF02 ACTIVE TO-220 NEB 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576T
LM2576T-5.0LF03 ACTIVE TO-220 NDH 5 45 RoHS & Green SN Level-1-NA-UNLIM LM2576T
LM2576T-5.0/NOPB ACTIVE TO-220 KC 5 45 RoOHS & Green SN Level-1-NA-UNLIM -40to 125 LM2576 T amples
.50 P+

Addendum-Page 3

&3 Tows PACKAGE OPTION ADDENDUM
INSTRUMENTS
wrenw i com 8-Jul-2021
Orderable Device Status Package Type Package Pins Package Eco Plan Lead finish/ MSL Peak Temp  Op Temp (°C) Device Marking Samples
) Drawing Qty e Ball material 3) @s]
i6)
LM2576T-ADJ NRND TO-220 KC 5 45 Non-RoHS Cal i Call TI -40to 125 LM2576 T
& Green -ADJ P+
LM2576T-ADJ/LBO3 NRND T0-220 NDH 5 45 Non-RoHS Call TI Call TI LM2576 T
& Green -ADJ P+
LM2576T-ADJLLFO2 ACTIVE TO-220 NEB 5 45 RoOHS & Green SN Level-1-NA-UNLIM LM2576T
s
LM2576T-ADJALFO3 ACTIVE T0-220 NDH 5 45  RoHS & Green SN Level-1-NA-UNLIM LM2576T
s
LM2576T-ADJ/NOPB ACTIVE TO-220 KC 5 45 RoHS & Green SN Level-1-NA-UNLIM -40t0 125 LM2576T
asre
M 1he marketing status values are defined as follows:
ACTIVE: Product device recommended for new designs.
LIFEBUY: Tl has announced that the device will be discontinued, and a lifetime-buy period is in effect.
NRND: Not recommended for new designs. Device is in production to support existing customers, but Tl does not recommend using this part in a new design.
PREVIEW: Device has been announced but is not in production. Samples may or may not be available.
OBSOLETE: Tl has discontinued the production of the device.
) RoHS: Tl defines "RoHS" to mean semiconductor products that are compliant with the current EU RoHS req forall 10 RoHS including the i that RoHS
do not exceed 0.1% by weight in homogeneous materials. Where designed to be soldered at high temperatures, "RoHS" products are suitable for use in specified lead-free processes. Tl may
reference these types of products as "Pb-Free".
RoHS Exempt: Tl defines "RoHS Exempt" to mean products that contain lead but are compliant with EU RoHS pursuant to a specific EU RoHS exemption.
Green: Tl defines "Green" to mean the content of Chlorine (Cl) and Bromine (Br) based flame retardants meet JS709B low halogen requirements of <=1000ppm threshold. Antimony trioxide based
flame retardants must also meet the <=1000ppm threshold requirement.
) MSL, Peak Temp. - The Moisture Sensitivity Level rating according to the JEDEC industry standard ions, and peak solder e
“) There may be additional marking, which relates to the logo, the lot trace code information, o the environmental category on the device.
) Multiple Device Markings will be inside parentheses. Only one Device Marking contained in parentheses and separated by a "~* will appear on a device. If a line is indented then it is a continuation
of the previous line and the two combined represent the entire Device Marking for that device.
) Lead finish/Ball material - Orderable Devices may have multiple material finish options. Finish options are separated by a vertical ruled line. Lead finish/Ball material values may wrap to two
lines if the finish value exceeds the maximum column width.
Addendum-Page 4
Autor: Néstor Dofiate Marqués 145

424.20.17



Escuela Universitaria
Politécnica- La Almunia
Centro adscrito

Universidad Zaragoza

Control de acceso y registro de horario en la empresa =

mediante reconocimiento facial

ANEXO 4 (Hojas de caracteristicas)

+3 Tows PACKAGE OPTION ADDENDUM

INSTRUMENTS

wrerw B com 8-Jul-2021
and Di :Theii ion provided on this page represents TlI's knowledge and belief as of the date that it is provided. Tl bases its knowledge and belief on information

provided by third parties, and makes no representation or warranty as to the accuracy of such information. Efforts are underway to better integrate information from third parties. Tl has taken and

continues to take reasonable steps to provide ive and accurate i but may not have conducted destructive testing or chemical analysis on incoming materials and chemicals.

Tiand Tl suppliers consider certain information to be proprietary, and thus CAS numbers and other limited information may not be available for release.

In no event shall TI's liability arising out of such information exceed the total purchase price of the Tl part(s) at issue in this document sold by Tl to Customer on an annual basis.
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@ Texas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www.i.com 6-Apr-2021

TAPE AND REEL INFORMATION

REEL DIMENSIONS TAPE DIMENSIONS
A
/W\ Reel m— — S
SR Diameter
A0 | Dimension designed to accommodate the component width
B0 | Dimension designed to accommodate the component length
KO0 | Dimension designed to accommodate the component thickness|
3 W | Overall width of the carrier tape
i P1 | Pitch between successive cavity centers

T Reel Width (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

OO0 0000 O0O0 Sprocket Holes

l T
Q31 Q4 Q31 Q4 User Direction of Feed
| 4 |
T T
~
Pocket Quadrants
*All dimensions are nominal
Device Package|Package|Pins| SPQ Reel Reel A0 BO Ko P1 w Pin1
Type |Drawing Di Width | (mm) | (mm) | (mm) | (mm) | (mm) [Quadrant
(mm) |W1 (mm)
LM2576HVSX-12 DDPAK/ KTT 5 500 330.0 244 10.756|1485| 50 16.0 | 240 Q2
TO-263
LM2576HVSX-12/NOPB | DDPAK/ KTT 5 500 330.0 244 10.75|14.85| 50 16.0 | 240 Q2
TO-263
LM2576HVSX-3.3/NOPB | DDPAK/ | KTT 5 500 330.0 244 |10.75|14.85| 5.0 | 16.0 | 24.0 Q2
TO-263
LM2576HVSX-5.0 DDPAK/| KTT 5 500 330.0 244 |10.75|14.85| 5.0 | 16.0 | 24.0 Q2
TO-263
LM2576HVSX-5.0/NOPB | DDPAK/ KTT 5 500 330.0 244 10.75|1485| 5.0 16.0 | 240 Q2
TO-263
LM2576HVSX-ADJ DDPAK/ KTT 5 500 330.0 244 107511485 50 16.0 | 240 Q2
TO-263
LM2576HVSX-ADJ/NOPB| DDPAK/ KTT 5 500 330.0 244 10.75 | 1485| 5.0 16.0 | 240 Q2
TO-263
LM2576SX-3.3/NOPB | DDPAK/ KTT 5 500 330.0 244 10.75|1485| 50 16.0 | 240 Q2
TO-263
LM2576SX-5.0/NOPB | DDPAK/| KTT 5 500 330.0 244 110.75|14.85| 50 | 16.0 | 24.0 Q2
TO-263
LM2576SX-ADJ/NOPB | DDPAK/| KTT 5 500 330.0 244 |10.75]|14.85| 50 | 16.0 | 24.0 Q2
TO-263
Pack Materials-Page 1
Autor: Nestor Donate Marques - 147 -

424.20.17



Control de acceso y registro de horario en la empresa

mediante reconocimiento facial

ANEXO 4 (Hojas de caracteristicas)

]
as
—

Escuela Universitaria
Politécnica- La Almunia
Centro adscrito

Universidad Zaragoza

i3 TExas PACKAGE MATERIALS INFORMATION
INSTRUMENTS
www ti.com 6-Apr-2021
TAPE AND REEL BOX DIMENSIONS
A
#
/"'
g > /
N S
*All dimensions are nominal
Device Package Type |Package Drawing| Pins SPQ Length (mm) | Width (mm) | Height (mm)
LM2576HVSX-12 DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576HVSX-12/NOPB | DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576HVSX-3.3/NOPB | DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576HVSX-5.0 DDPAK/TO-263 KTT 5 500 367.0 367.0 450
LM2576HVSX-5.0NOPB | DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576HVSX-ADJ DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576HVSX-ADJINOPB| DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576SX-3.3/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576SX-5.0/NOPB DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
LM2576SX-ADJ/NOPB | DDPAK/TO-263 KTT 5 500 367.0 367.0 45.0
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\‘& PACKAGE OUTLINE
==
KCO0005A = TO-220 - 16.51 mm max height
TO-220
= o6 Pl

1067 - 140
3.05 "igss *’ 1.14 —gte—
254
k | T
—fit e || ()

@?3.71-3.96 — | OPTIONAL—\ 12.88
“ CHAMFER 4} [7 10.08
\ ] 16.51
2X(R1) MAX
OPTIONAL D ‘ 925 /
! 7.67

PIN 1 ID—/

(OPTIONAL)

14.73
12.29

Mfi ;lD
|
|
|
|

= —g

oy 102
064 305
0.25@ [c[a[B]

|
|
i 2.03
|

4215009/A 01/2017

NOTES:

1. All controlling linear dimensions are ininches. Dimensions in brackets are in millimeters. Any dimension in brackets or parenthesis are for
reference only. Dimensioning and tolerancing per ASME Y14 5M

2. This drawing is subject to change without notice.

3. Shape may vary per different assembly sites

Texas
INSTRUMENTS

www.ti.com
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EXAMPLE BOARD LAYOUT

KCO0005A TO-220 - 16.51 mm max height
TO-220
PLKG
{
ALL AROUND [“ e e ‘ ALL i’\%m

R0.05)TYP — |
/
5X (@1.2) —

e (1.7) TYP -

L 4X(2)
‘ N Is
—SOLDER MASK I — FULLR
OPENING, TYP ‘ TYP
U

4X (1.45)
PKG

(6.8)

LAND PATTERN

NON-SOLDER MASK DEFINED

SCALE:12X

4215009/A 01/2017
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MECHANICAL DATA
¢p 0:151£0.002
0.110£0.010 __| - 3.84£0.05
2.79£0.25 |
—r—1— 003540005
089£0.13 17
+0.015 === =
s 400-0'005 g r— . | *
0.38 =t o o e— remako
10.16 1035
- §  0.067%0.005
1.70£0.13 7
| szmanen |
| 0:25020.010 ’ ’ PIN ONE ID
6.35%0.25
+0.010
0.13440.015 0.01525:009
T3.40£0.38 "‘ "‘ l_ 0587028
TAPERED SIDES 1° T
0.343
_0.324
‘ 8.70
0.1800.005 tO 005 f Br2d
"457%0.13 j_ 0.105
1 2.67
I SEATING PLANE
0.050 £0.002 _1 0.622 0.176 £0.009
S27£005 15.80 e
1.27£0.05 6760 4.47£0.23
17.88 105D (REV A)

www.ti.com
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MECHANICAL DATA

N—10°£3°TYP
/

- 152 -

www.ti.com

s Il.)( 067
1.7
ﬁ ==
2102 010 7
aoo::gsg [0-8630.251 —
101623 ] l —— [ %%,
Q ) $[.0t0 £0.251Q [C[+D G
' 3 to
A N p————— (.558) ———~
—» A j
2 @—JE 340+.010 J MR KRl |
= (8.6440.251 <215 ) :
—R.030 MAX TYP 16.991 | — (5% 042 )
050 MAX—f |- .\.,. [ to.78) | 1.om
it.21 2 |
B / .915-.030 it 1
¥ /| £0.38-0.761 ‘E!E_r
0003 030 |GAGE PLANE Eid--
_ .180 55 | £0.761) 425 ) frax 067
[4.57:3:8] 1+ 110.8) —-—-—-—- ST -—-E e
A i £ == | i8.331°
[ZZ] 008 10.15]] J 7 _TFh:W L]
.050+.002 / - Loog L
[1.2720 051 A L _I -e——l—::’n 085 )
2 -y {0-0.15 18 | [2.161
TAPPERE 3 . 7
ARFRRED— NOTE 4 i1.881 L‘_‘[i,éf,’
38 LAND PATTERN RECOMMENDATION
5.08]
f CONTROLLING DIMENSION IS INCH
‘ VALUES IN [1ARE MILLIMETERS
DIMENSIONS IN ¢ ) FOR REFERENCE ONLY
200 MIN
(5.08]
B —
; TSS5B (Rev D}
BOTTOM SIDE OF PACKAGE
Texas
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MECHANICAL DATA
NEB0005B
el et

I ]
040025013

=—7
-0.005

+—+{——-——JF=—=F—3— |_ 0.030-0.040
[10.16 133%) — B [0.76-1.02] """

0—1 }

0.057-0.077
TP
\PIN 1 ipeny  [1-45-1.96]

_,|0.240-0.260 | 0.330-0.350 __|
[6.10-6.60] [8.38-8.89]

W 0.030-0.050

LEADS 2, 4
TYP
[0.76-1.27] LEADS 1,3,5
70 e [
/ 7°/\ 0,105 158
L t7°=27% — +0.25
i V 287 5]
0.175-0.185
[4.45-4.70] 1 / <)
. [ SEATING PLANE
1 J 09~62 \l/
0.048-0.052 0.015 0907 ?;‘gg:g'f;f YP
[1.22-1.32] . -0.001 pvo 1o ; ’
[0 38 +0.18
9% _0.03 1
o
TAPERED SIDES 1 ——
[14.30-14.81]
0.725-0.745 _____ | Faosh Toeiall
[18.42-18.92]

www.ti.com
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN RESOURCES (INCLUDING REFERENCE
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS”
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are intended for skilled developers designing with Tl products. You are solely responsible for (1) selecting the appropriate
Tl products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable
standards, and any other safety, security, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the TI products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl and its representatives against, any claims, damages,
costs, losses, and liabilities arising out of your use of these resources.

TI's products are provided subject to TI's Terms of Sale (https:www.ti.com/Aegaltermsofsale.htmi) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter Tl's
applicable warranties or warranty disclaimers for Tl products.

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2021, Texas Instruments Incorporated
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Expansor de entradas/salidas

MicrocHir MCP23017/MCP23S17

16-Bit I/0 Expander with Serial Interface

Features Package Types
« 16-bit remote bidirectional I/O port PDIP, cPeo=—[-1 7 28 <—»GPA7
) . ; -2 27 []w—» GPAS
- /O pins default to input SOIC, g:g; 3 26 g GPAS
« High-speed I2C™ interface (MCP23017) SSOP GPB3 -—»[]4 25—+ GPA4
GPB4=—=[]5 . 24[0=—wGPA3
- 100 kHz GPB5 =-—»[]6 5 23]« GPA2
- 400 kHz GPB6<-—=[]7 @& 22[]-=—»GPAl
GPe7<—[8 O 21[J=—=GPAD
- 1.7 MHz Voo—e[9 (G 20— INTA
+ High-speed SPI interface (MCP23S17) e :E = :gg : %
- 10 MHz (max.) SCL —»[]12 170 -—A2
% < SDA=—=[] 13 16 [J-— A1
« Three hardware address pins to allow up to eight ": NC —[ 14 15[]«— A0
devices on the bus 8
« Configurable interrupt output pins 2
- Configurable as active-high, active-low or [$] QFN
open-drain =
« INTA and INTB can be configured to operate
independently or together
« Configurable interrupt source
- Interrupt-on-change from configured register
defaults or pin changes
« Polarity Inversion register to configure the polarity
of the input port data
« External Reset input
« Low standby current: 1 pA (max.)
« Operating voltage: PDIP, cPBo=—[+1 7 28« GPA7
N _40° GPB1=—=[]2 27[1=—» GPA6
18Vto 5.5Vv@ 4070 to +857C ggg:p’» it da 260 CBAE
- 27Vto 55V @ -40°C to +85°C GPB3=—»[]4 25 ]«—es:at
- 45Vto 55V @ -40°C to +125°C g::;HE g u:, §§ g<—> gPAg
GPB6 =-—[]7 Q 22[]=—» GPA1
GPB7 +—[]8 21 [J-=— GPAO
Packages voio—»go & 200—= NTA
i 3 Vss —»-[10 = 190—= INTB
« 28-pin PDIP (300 mil) Sgs—»E :12 :f; %_—: W
) . —
* 28-pin SOIC (300 mil) sl —=-013 16 ] — A1
¢ 28-pin SSOP '; SO -—[]14 15[ «+— AQ
+ 28-pin QFN l
N
o
2 amn

@© 2007 Microchip Technology Inc. DS21952B-page 1

MCP23017
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MCP23017/MCP23S17

Escuela Universitaria
Politécnica- La Almunia
Centro adscrito

Universidad Zaragoza

Functional Block Diagram

MCP23017:

Serializer/

» GPB7
» GPB6

>
>
SDA < > 12c™ Deserializer

» GPBS

» GPB4

» GPB3

-------------- :';““." B GPIO
v | ]

» GPB2

RESET Control

» GPB1

INTA €+ Interrupt 16
INTB Logic <

A A A A AAAAL

» GPBO
» GPA7

8

» GPA6
» GPAS

» GPA4

A 4 GPIO

» GPA3

Configuration/
Control
Registers

» GPA2
» GPA1

» GPAO

DS21952B-page 2 @© 2007 Microchip Technology Inc.

- 156 - Autor: Néstor Dofiate Marqués

424.20.17



Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

Control de acceso y registro de horario en la empresa

mediante reconocimiento facial

ANEXO 4 (Hojas de caracteristicas)
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1.0 DEVICE OVERVIEW

The MCP23017/MCP23S17 (MCP23X17) device
family provides 16-bit, general purpose parallel 1/O
expansion for 12C bus or SPI applications. The two
devices differ only in the serial interface.

« MCP23017 - I1C interface
« MCP23S17 — SPI interface

The MCP23X17 consists of multiple 8-bit configuration
registers for input, output and polarity selection. The
system master can enable the I/Os as either inputs or
outputs by writing the 1/O configuration bits (IODIRA/B).
The data for each input or output is kept in the
corresponding input or output register. The polarity of
the Input Port register can be inverted with the Polarity
Inversion register. All registers can be read by the
system master.

The 16-bit I/O port functionally consists of two 8-bit
ports (PORTA and PORTB). The MCP23X17 can be
configured to operate in the 8-bit or 16-bit modes via
IOCON.BANK.

There are two interrupt pins, INTA and INTB, that can
be associated with their respective ports, or can be
logically OR'ed together so that both pins will activate if
either port causes an interrupt.

The interrupt output can be configured to activate
under two conditions (mutually exclusive):

1. When any input state differs from its
corresponding Input Port register state. This is
used to indicate to the system master that an
input state has changed.

2. When an input state differs from a preconfigured
register value (DEF VAL register).

The Interrupt Capture register captures port values at

the time of the interrupt, thereby saving the condition
that caused the interrupt.

The Power-on Reset (POR) sets the registers to their
default values and initializes the device state machine.

The hardware address pins are used to determine the
device address.
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11 Pin Descriptions
TABLE 1-1: PINOUT DESCRIPTION
PDIP/
N::e soic/ | QFN ;'"e Function
SSopP P

GPBO 1 25 I/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPB1 2 26 10 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPB2 3 27 I/O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPB3 4 28 170 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPB4 5 1 170 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPB5 6 2 1/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPB6 7 3 /0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPB7 8 4 1/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

Vpp 9 5 P | Power

Vss 10 6 P | Ground

NC/CS 11 7 || NC (MCP23017), Chip Select (M\CP23517)

SCL/SCK 12 8 | Serial clock input

SDA/SI 13 9 1/0 | Serial data I/0 (MCP23017), Serial data input (MCP23517)

NC/SO 14 10 O | NC (MCP23017), Serial data out (MCP23S17)

A0 15 1 | Hardware address pin. Must be externally biased.

A1 16 12 | Hardware address pin. Must be externally biased.

A2 17 13 | Hardware address pin. Must be externally biased.

RESET 18 14 | Hardware reset. Must be externally biased.

INTB 19 15 O | Interrupt output for PORTB. Can be configured as active-high, active-low or open-drain.

INTA 20 16 O | Interrupt output for PORTA. Can be configured as active-high, active-low or open-drain.

GPAO 21 17 I/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPA1 22 18 I/O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPA2 23 19 I/O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPA3 24 20 1/O | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPA4 25 21 170 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPAS 26 22 170 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPA6 27 23 I/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.

GPA7 28 24 I/0 | Bidirectional I/O pin. Can be enabled for interrupt-on-change and/or internal weak pull-up
resistor.
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1.2 Power-on Reset (POR) 1.31 BYTE MODE AND SEQUENTIAL

The on-chip POR circuit holds the device in reset until MODE

VDD has reached a high enough voltage to deactivate The MCP23X17 family has the ability to operate in Byte

the POR circuit (i.e., release the device from reset). mode or Sequential mode (IOCON.SEQOP).

The maximum VDD rise time is specified in Section 2.0 Byte Mode disables automatic Address Pointer

“Electrical Characteristics”. incrementing. When operating in Byte mode, the

When the device exits the POR condition (releases MCP23X17 family does not increment its internal

reset), device operating parameters (ie., voltage, address counter after each byte during the data

temperature, serial bus frequency, etc.) must be met to transfer. This gives the ability to continually access the

ensure proper operation. same address by providing extra clocks (without
additional control bytes). This is useful for polling the

13 Serial Interface GPIO register for data changes or for continually
writing to the output latches.

This block handles the functionality of the 12c A special mode (Byte mode with IOCON.BANK = 0)

(MCP23017) or SPI (MCP23S17) interface protocol.
The MCP23X17 contains 22 individual registers (11
register pairs) that can be addressed through the Serial

causes the address pointer to toggle between
associated A/B register pairs. For example, if the BANK
bit is cleared and the Address Pointer is initially set to

Interface block, as shown in Table 1-2. address 12h (GPIOA) or 13h (GPIOB), the pointer will
toggle between GPIOA and GPIOB. Note that the
TABLE 1-2: REGISTER ADDRESSES Address Pointer can initially point to either address in
Address Address Frosass o the register pair.
IOCON.BANK =1 | IOCON.BANK =0 ) Sequential mode enables automatic address pointer
00h 00h 1ODIRA incrementing. When operating in Sequential mode, the
MCP23X17 family increments its address counter after
10h 01h IODIRB
each byte during the data transfer. The Address Pointer
01h 02h IPOLA ; :
automatically rolls over to address 00h after accessing
11h 03h IPOLB the last register.
o2 Qan GPINTENA These two modes are not to be confused with single
12h 05h GPINTENB writes/reads and continuous writes/reads that are
03h 06h DEFVALA serial protocol sequences. For example, the device
13h 07h DEFVALB may be configured for Byte mode and the master may
04h 08h INTCONA perform a continuous read. In this case, the
Tan o%h INTCONB MCP23X17 would not increment the Address Pointer
and would repeatedly drive data from the same
05h OAh IOCON location.
15h 0Bh IOCON
06h OCh GPPUA 1.3.2 12C INTERFACE
16h 0ODh GPPUB 2 ; ;
o7h OEh INTFA 1.3.21 1“C Write Operation
17h OFh INTEB The I12C write operation includes the control byte and
register address sequence, as shown in the bottom of
08h 10h INTCAPA Figure 1-1. This sequence is followed by eight bits of
18h 11h INTCAPB data from the master and an Acknowledge (ACK) from
0%h 12h GPIOA the MCP23017. The operation is ended with a Stop (P)
1%h 13h GPIOB or Restart (SR) condition being generated by the
0Ah 14h OLATA MESEL
1Ah 15h OLATB Data is written to the MCP23017 after every byte
transfer. If a Stop or Restart condition is generated
during a data transfer, the data will not be written to the
MCP23017.
Both “byte writes” and “sequential writes" are
supported by the MCP23017. If Sequential mode is
enabled (IOCON, SEQOP = 0) (default) the
MCP23017 increments its address counter after each
ACK during the data transfer.
© 2007 Microchip Technology Inc. DS21952B-page 5
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1322  I12C Read Operation

12C Read operations include the control byte sequence,
as shown in the bottom of Figure 1-1. This sequence is
followed by another control byte (including the Start
condition and ACK) with the R/W bit set (RIW = 1). The
MCP23017 then transmits the data contained in the
addressed register. The sequence is ended with the
master generating a Stop or Restart condition.

1323 12C Sequential Write/Read

For sequential operations (Write or Read), instead of
transmitting a Stop or Restart condition after the data
transfer, the master clocks the next byte pointed to by
the address pointer (see Section 1.3.1 “Byte Mode
and Sequential Mode” for details regarding sequential
operation control).

The sequence ends with the master sending a Stop or
Restart condition.

The MCP23017 Address Pointer will roll over to
address zero after reaching the last register address.

Refer to Figure 1-1.

133 SPI INTERFACE

1.3.31 SPI Write Operation

The SPI write operation is started by lowering CS. The
Wirite command (slave address with R/ bit cleared) is
then clocked into the device. The opcode is followed by
an address and at least one data byte.

1.3.3.2 SPI Read Operation

The SPI read operation is started by lowering CS. The
SPI read command (slave address with R/W bit set) is
then clocked into the device. The opcode is followed by
an address, with at least one data byte being clocked
out of the device.

1.3.33 SPI Sequential Write/Read

For sequential operations, instead of deselecting the
device by raising CS, the master clocks the next byte
pointed to by the Address Pointer. (see Section 1.3.1
“Byte Mode and Sequential Mode” for details
regarding sequential operation control).

The sequence ends by the raising of CS.

The MCP23S17 Address Pointer will roll over to
address zero after reaching the last register address.
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FIGURE 1-1: MCP23017 I12C™ DEVICE PROTOCOL
[]-ser
- Restart
es [s] op [W[ADDR |—{ DN | .[ DN |—»{P]
[P]- st
[w] - wite —»isrR| op [R] Dour].. [ Dout )—I—>E]
E - Read -t
-Device opcode .ISRI oP IWI DIN II DIN }-’E]
- Device register address } | :
- Data out from MCP23017
- Data in to MCP23017

[s] op [R}————#{ Dour]..[ Dour | p[P]
———/sR[ oP |R] Dout |...[ Dour }—|—>|E|

—»5R] or [w[Abor | o ]...[on 7]
B

Byte and Sequential Write

Byte [S| OP |W[ADDR |—#=[ DN |—»=[P]
Sequential [S| OP [wW[ ADDR |—{ Dn_|..[ DN |—»=[P]

Byte and Sequential Read
yte[s| op [w]-#{sR[ op [R[ Dour |-{P]
Sequential m-»'sRl OP l R[ Dout | | Dout I—»E]
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14

The hardware address pins are used to determine the

Hardware Address Decoder FIGURE 1-2:

12C™ CONTROL BYTE
FORMAT

device address. To address a device, the correspond-
ing address bits in the control byte must match the pin

4—— Control Byte ———»

state. The pins must be biased externally.

[ s io [1 100 [A2]A1]A0]RW]ACK]

141 ADDRESSING I°C DEVICES '4— Slave Address —h
(MCRZII7 Start R bit ——
The MCP23017 is a slave 12C interface device that bit ACK bit
supports 7-bit slave addressing, with the read/write bit R/ = 0 = write
filling out the control byte. The slave address contains RMW =1 =read
four fixed bits and three user-defined hardware
address bits (pins A2, A1 and AQ). Figure 1-2 shows
FIGURE 1-3: SPI CONTROL BYTE

the control byte format.

FORMAT

1.42 ADDRESSING SPI DEVICES

(MCP23S17)

The MCP23S17 is a slave SPI device. The slave
address contains four fixed bits and three user-defined

<4—— Control Byte ———»!

hardware address bits (if enabled via IOCON.HAEN)

[0 7 0o [AA[A]RW]

(pins A2, A1 and AO) with the read/write bit filling out
the control byte. Figure 1-3 shows the control byte
format. The address pins should be externally biased

even if disabled IOCON.HAEN = 0). RAW

54— Slave Address —b

R/W bit ———

FIGURE 1-4: I’C™ ADDRESSING REGISTERS

[sJoJ1JoJoJA2]JatJao] o JAcK* [ A7 [ A6 | A5 | A4 [ A3 | A2 | A1 | A0 JACK*|

!

RW =0

' '
' '
' '

'
' '
'

:4— Device Opcode

Y
A

*The ACKs are provided by the MCP23017.

Register Address —————

FIGURE 1-5: SPI ADDRESSING REGISTERS

& |

=

*

l A2

|A6|A5|A4

HHE

A3

A2|A1|A0|

A1|A0|R/W| A7

4—— Device Opcode >4

* Address pins are enabled/disabled via IOCON.HAEN.

Register Address —P
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1.5 GPIO Port Reading the GPIOn register reads the value on the
) port. Reading the OLATn register only reads the
The GPIO module is a general purpose, 16-bit wide, latches, not the actual value on the port.
bidirectional port that is functionally split into two 8-bit 25 X i
wide ports. Writing to the GPIOn register actually causes a write to
. the latches (OLATn). Writing to the OLATn register
The GPIO module contains the data ports (GPIOn), forces the associated output drivers to drive to the level
internal pull-up resistors and the output latches in OLATh. Pins configured as inputs turn off the
(OLATn). associated output driver and put it in high-impedance.

TABLE1-3: SUMMARY OF REGISTERS ASSOCIATED WITH THE GPIO PORTS (BANK = 1)

R;g':sr A‘(’:;:)ss bit 7 bit 6 bit 5 bit4 bit 3 bit 2 bit 1 bit 0 P?;’E;ST
IODIRA 00 107 106 105 104 103 102 101 100 [1111 1111
IPOLA 01 P7 1P6 IP5 P4 P3 P2 1P1 PO |0000 0000
GPINTENA 02 | GPINT7 | GPINT6 | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO [0000 0000
GPPUA 06 PU7 PUG PUS PU4 PU3 PU2 PUA PUO  |0000 0000
GPIOA 09 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPO  [0000 0000
OLATA 0A oL7 oL6 oL5 oL4 oL3 oL2 oL1 OL0 |0000 0000
IODIRB 10 107 106 105 104 103 102 101 100 |1111 1111
IPOLB 1 1P7 1P6 1P5 P4 1P3 P2 1P1 PO |0000 0000
GPINTENB | 12 | GPINTZ | GPINT6 | GPINT5 | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO |0000 0000
GPPUB 16 PU7 PUB PU5 PU4 PU3 PU2 PUA PUO  [0000 0000
GPIOB 19 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPO  |0000 0000
OLATB 1A oL7 oL6 oL5 oL4 oL3 oL2 oL1 oL0  [0000 0000

TABLE1-4: SUMMARY OF REGISTERS ASSOCIATED WITH THE GPIO PORTS (BANK = 0)

R;gi:‘t:' A‘(’:;:)ss bit 7 bit 6 bit 5 bit4 bit 3 bit 2 bit 1 bit 0 P?,:'EQST
IODIRA 00 107 106 105 104 103 102 101 100 [1111 1111
IODIRB 01 107 106 105 104 103 102 101 100 |1111 1111
IPOLA 02 P7 1P6 IP5 P4 P3 P2 1P1 PO [0000 0000
IPOLB 03 1P7 1P6 1P5 P4 P3 P2 1P1 PO |0000 0000

GPINTENA 04 GPINT7 | GPINT6 | GPINTS | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO [0000 0000
GPINTENB 05 GPINT7 | GPINT6 | GPINTS | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO |0000 0000

GPPUA 0C PU7 PUB PUS PU4 PU3 PU2 PU1 PUO 0000 0000
GPPUB 0D PU7 PUB PU5 PU4 PU3 PU2 PU1 PUO  |0000 0000
GPIOA 12 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GPO 0000 0000
GPIOB 13 GP7 GP6 GP5 GP4 GP3 GP2 GP1 GP0 |0000 0000
OLATA 14 oL7 OL6 OL5 OoL4 oL3 oL2 oL1 OLo 0000 0000
OLATB 15 oL7 OL6 OL5 OoL4 OL3 oL2 OL1 OL0 |0000 0000
© 2007 Microchip Technology Inc. DS21952B-page 9
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1.6 Configuration and Control

Registers

There are 21 registers associated with the MCP23X17,
as shown in Table 1-5 and Table 1-6. The two tables
show the register mapping with the two BANK bit
values. Ten registers are associated with PortA and ten

are associated with PortB. One register (IOCON) is
shared between the two ports. The PortA registers are
identical to the PortB registers, therefore, they will be
referred to without differentiating between the port
designation (i.e., they will not have the “A" or “B"
designator assigned) in the register tables.

Centro adscrito
Universidad Zaragoza

TABLE 1-5: CONTROL REGISTER SUMMARY (IOCON.BANK = 1)

R:g';’:’ A‘(’:;:)ss bit 7 bit 6 bit 5 bit 4 bit 3 bit 2 bit 1 bit 0 P‘ﬁ{f‘r
TODIRA 00 o7 106 105 104 103 102 101 00 1111 111
IPOLA 01 P7 P6 P5 P4 P3 P2 11 PO 0000 0000
GPINTENA | 02 | GPINT7 | GPINT6 | GPINTS | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GRINTO 0000 0000
DEFVALA 03 | DEF7 | DEF6 | DEF5 | DEF4 | DEF3 | DEF2 | DEF1 | DEFO |0000 0000
INTCONA 04 1oC7 | 10c6 | 1oc5 | l1ocs | 1oc3 | 1ocz | 1oct | 10co |oooo oooo
I0CON 05 | BANK | MIRROR | SEQOP | DISSLW | HAEN | ODR | INTPOL | — |oooo oooo
GPPUA 06 pU7 PUG PUS PU4 PU3 PU2 PU1 PUO  [0000 0000
INTFA 07 INT7 | INT6 | INTS | INT4 | INT3 | INT2 | INT1 | INTO |00o0 0000
INTCAPA 08 iIcP7 | I1cPs | IcP5 | IcP4 | icP3 | I1cP2 | IcP1 | I1CPO |0ooo 0000
GPIOA 09 GP7 GP6 | GP5 G | eP3 | o2 GP1 GPO_ 0000 0000
OLATA 0A oL oL6 oLs oL oL oL2 oL o0 |0000 0000
IODIRB 10 107 106 105 104 103 102 o1 100 |1111 1111
|POLB EE 1P7 1P6 P5 P4 1P3 P2 11 PO |0000 0000
GPINTENB | 12 | GPINT7 | GPINT6 | GPINTS | GPINT4 | GPINT3 | GPINT2 | GPINT1 | GPINTO |0000 0000
DEFVALB 15 | DEF7 | DEF6 | DEF5 | DEF4 | DEFa | DEF2 | DEF1 | DEFO |0000 0000
INTCONB 14 loc7 | loce | iocs | 1oca | 1oca | locz | 1oct | 1oco |oooo 0ooo
|OCON 15 | BANK | MIRROR | SEQOP | DISSLW | HAEN | ODR | INTPOL | — |0000 0ooo
GPPUB 16 PU7 PUB PUS PU4 PU3 PU2 PU1 PUO_ |0000 0000
INTFB 17 INT7 | INTe | INTS | INT4 | INT3 | INT2 | INT1 | INTO |oooo oooo
INTCAPB 18 IcP7 | I1cPs | IcP5 | IcP4 | IcP3 | icP2 | IcP1 | ICPO |00oo 0000
GPIOB 19 GP7 | GP6 | oP5s | opa | eP3 | GP2 | GPi GPO__ |0000 0000
OLATB A oL7 oL6 oL5 oL4 oL3 oLz oL OL0 0000 0000
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TABLE 1-6: CONTROL REGISTER SUMMARY (IOCON.BANK = 0)

Register |Address| ., ; bit 6 bit 5 bit4 bit 3 bit 2 bit 1 pito | PORMRST
Name (hex) value
IODIRA 00 107 106 105 104 103 102 101 100|111l 1111

TR T T T R e
mnaam
ncona | o5 | 1oc7 | toce | tocs | ocs | tocs | toca | 1oct | 1060 Joooo oooo]
Emm

——-m——m—m
-ﬂ

wrcapA | 10 | cer | tors | tops | icpa | 1cps | o2 | ioP1 | ior0 Joono oooo)
owa | 4 | ou | ow | o | ow | o | o | our | ot Joowo oooo]
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16.1 11O DIRECTION REGISTER
Controls the direction of the data I/O.

When a bit is set, the corresponding pin becomes an
input. When a bit is clear, the corresponding pin
becomes an output.

REGISTER 1-1:

IODIR — 1/O DIRECTION REGISTER (ADDR 0x00)

R/W-1 RW-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
107 106 105 o4 | 103 [ 102 | o1 100
bit 7 bit O
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ = Bitis cleared x = Bit is unknown

bit 7-0 107:100: These bits control the direction of data I/O <7:0>
1 = Pin is configured as an input.

0 = Pin is configured as an output.
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1.6.2

INPUT POLARITY REGISTER

This register allows the user to configure the polarity on

the corresponding GPIO port bits.

If a bit is set, the corresponding GPIO register bit will

reflect the inverted value on the pin.
REGISTER 1-2:

IPOL — INPUT POLARITY PORT REGISTER (ADDR 0x01)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
IP7 IP6 IP5 P4 Ps [ P2 [ Pt )
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set

‘0 = Bitis cleared x = Bit is unknown

bit 7-0

IP7:1P0: These bits control the polarity inversion of the input pins <7:0>

1 = GPIO register bit will reflect the opposite logic state of the input pin.
0 = GPIO register bit will reflect the same logic state of the input pin.
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163 INTERRUPT-ON-CHANGE

CONTROL REGISTER

The GPINTEN register controls the interrupt-on-
change feature for each pin.

If a bit is set, the corresponding pin is enabled for
interrupt-on-change. The DEFVAL and INTCON
registers must also be configured if any pins are
enabled for interrupt-on-change.

REGISTER 1-3:

GPINTEN - INTERRUPT-ON-CHANGE PINS (ADDR 0x02)

R0 RM-0 RM-0 RM-0 R0 R0 RM-0 R0
GPINT7 | GPINT6 | GPINTS | GPINT4 | GPINT3 | GPINT2 | GPINT1 [ GPINTO

bit 7 bit 0

Legend:

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

-n = Value at POR ‘1’ = Bit is set ‘0 = Bit is cleared x = Bit is unknown

bit 7-0

1 = Enable GPIO input pin for interrupt-on-change event.
0 = Disable GPIO input pin for interrupt-on-change event.

Refer to INTCON and GPINTEN.

GPINT7:GPINTO: General purpose /O interrupt-on-change bits <7:0>
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164 DEFAULT COMPARE REGISTER
FOR INTERRUPT-ON-CHANGE

The default comparison value is configured in the
DEFVAL register. If enabled (via GPINTEN and
INTCON) to compare against the DEFVAL register, an
opposite value on the associated pin will cause an
interrupt to occur.

REGISTER 1-4: DEFVAL — DEFAULT VALUE REGISTER (ADDR 0x03)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0
DEF7 | DEF6é | DEF5 | DEF4 DEF3 | DEF2 [ DEF1 | DEFO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0’ = Bit is cleared X = Bit is unknown
bit 7-0 DEF7:DEFO0: These bits set the compare value for pins configured for interrupt-on-change from

defaults <7:0>. Refer to INTCON.
If the associated pin level is the opposite from the register bit, an interrupt occurs.

Refer to INTCON and GPINTEN.
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165 INTERRUPT CONTROL REGISTER

The INTCON register controls how the associated pin
value is compared for the interrupt-on-change feature.
If a bit is set, the corresponding I/O pin is compared
against the associated bit in the DEFVAL register. If a
bit value is clear, the corresponding /O pin is compared
against the previous value.

REGISTER 1-5:

INTCON — INTERRUPT-ON-CHANGE CONTROL REGISTER (ADDR 0x04)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
10C7 10C6 10C5 10C4 10C3 10C2 | 10C1 | 10C0
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0 = Bitis cleared x = Bit is unknown

bit 7-0
<7:0>
0 = Pin value is compared against the previous pin value.

Refer to INTCON and GPINTEN.

I0C7:10C0: These bits control how the associated pin value is compared for interrupt-on-change

1 = Controls how the associated pin value is compared for interrupt-on-change.
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166 CONFIGURATION REGISTER The MIRROR bit controls how the INTA and INTB pins

The |OCON register bits for
configuring the device:

contains several

The BANK bit changes how the registers are mapped
(see Table 1-5 and Table 1-6 for more details).

If BANK = 1, the registers associated with each
port are segregated. Registers associated with
PORTA are mapped from address 00h - 0Ah and
registers associated with PORTB are mapped
from 10h - 1Ah.

If BANK = 0, the A/B registers are paired. For
example, IODIRA is mapped to address 00h and
IODIRB is mapped to the next address (address
01h). The mapping for all registers is from OO0h -
15h.

It is important to take care when changing the BANK bit
as the address mapping changes after the byte is
clocked into the device. The address pointer may point
to an invalid location after the bit is modified.

For example, if the device is configured to
automatically increment its internal Address Pointer,
the following scenario would occur:

BANK = 0

Write 80h to address OAh (IOCON) to set the
BANK bit

Once the write completes, the internal address
now points to OBh which is an invalid address
when the BANK bit is set.

For this reason, itis advised to only perform byte writes
to this register when changing the BANK bit.

function with respect to each other.

When MIRROR = 1, the INTn pins are functionally
OR’ed so that an interrupt on either port will cause
both pins to activate.

When MIRROR = 0, the INT pins are separated.
Interrupt conditions on a port will cause its
respective INT pin to activate.

The Sequential Operation (SEQOP) controls the
incrementing function of the Address Pointer. If the
address pointer is disabled, the Address Pointer does
not automatically increment after each byte is clocked
during a serial transfer. This feature is useful when it is
desired to continuously poll (read) or modify (write) a
register.

The Slew Rate (DISSLW) bit controls the slew rate
function on the SDA pin. If enabled, the SDA slew rate
will be controlled when driving from a high to low.

The Hardware Address Enable (HAEN) bit enables/
disables hardware addressing on the MCP23S17 only.
The address pins (A2, A1 and AO) must be externally
biased, regardless of the HAEN bit value.

If enabled (HAEN = 1), the device's hardware address
matches the address pins.

If disabled (HAEN = 0), the device's hardware address
isA2=A1=A0=0.

The Open-Drain (ODR) control bit enables/disables the
INT pin for open-drain configuration. Erasing this bit
overrides the INTPOL bit.

The Interrupt Polarity (INTPOL) sets the polarity of the
INT pin. This bit is functional only when the ODR bit is
cleared, configuring the INT pin as active push-pull.
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REGISTER 1-6:  IOCON - I/O EXPANDER CONFIGURATION REGISTER (ADDR 0x05)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0
BANK MIRROR SEQOP DISSLW HAEN ODR | INTPOL l —
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bitis set ‘0’ = Bitis cleared x = Bit is unknown
bit 7 BANK: Controls how the registers are addressed

1 = The registers associated with each port are separated into different banks
0 = The registers are in the same bank (addresses are sequential)
bit 6 MIRROR: INT Pins Mirror bit
1 = The INT pins are internally connected
0 =The INT pins are not connected. INTA is associated with PortA and INTB is associated with PortB
bit 5 SEQOP: Sequential Operation mode bit.
1 = Sequential operation disabled, address pointer does not increment.
0 = Sequential operation enabled, address pointer increments.
bit 4 DISSLW: Slew Rate control bit for SDA output.
1= Slew rate disabled.
0 = Slew rate enabled.
bit 3 HAEN: Hardware Address Enable bit (MCP23S17 only).
Address pins are always enabled on MCP23017.
1 = Enables the MCP23S17 address pins.
0 = Disables the MCP23S17 address pins.
bit 2 ODR: This bit configures the INT pin as an open-drain output.

1 = Open-drain output (overrides the INTPOL bit).
0 = Active driver output (INTPOL bit sets the polarity).

bit 1 INTPOL: This bit sets the polarity of the INT output pin.
1= Active-high.
0 = Active-low.
bit 0 Unimplemented: Read as ‘0’
DS21952B-page 18 @© 2007 Microchip Technology Inc.
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167 PULL-UP RESISTOR
CONFIGURATION REGISTER

The GPPU register controls the pull-up resistors for the
port pins. If a bit is set and the corresponding pin is
configured as an input, the corresponding port pin is
internally pulled up with a 100 k< resistor.

REGISTER 1-7: GPPU - GPIO PULL-UP RESISTOR REGISTER (ADDR 0x06)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0
PU7 PUG PU5 PU4 pus | P2 | pPur [ Puo
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1" = Bit is set ‘0’ = Bit is cleared x = Bit is unknown

bit 7-0
<7:.0>.
1 = Pull-up enabled.
0 = Pull-up disabled.

PU7:PUO: These bits control the weak pull-up resistors on each pin (when configured as an input)

@© 2007 Microchip Technology Inc.
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16.8 INTERRUPT FLAG REGISTER

The INTF register reflects the interrupt condition on the
port pins of any pin that is enabled for interrupts via the
GPINTEN register. A ‘set bit indicates that the
associated pin caused the interrupt.

This register is ‘read-only’. Writes to this register will be
ignored.

REGISTER 1-8: INTF — INTERRUPT FLAG REGISTER (ADDR 0x07)

R-0 R-0 R-0 R-0 R-0 R-0 R-0 R-0
N7 ] mnte [ nts [ iNt4 [ N3 [ T2 [ INT1 [ INTO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bitis set ‘0’ = Bit is cleared x = Bit is unknown
bit 7-0 INT7:INTO: These bits reflect the interrupt condition on the port. Will reflect the change only ifinterrupts

are enabled (GPINTEN) <7:0>.
1 = Pin caused interrupt.
0 = Interrupt not pending.
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1.6.9 INTERRUPT CAPTURE REGISTER

The INTCAP register captures the GPIO port value at
the time the interrupt occurred. The register is ‘read
only’ and is updated only when an interrupt occurs. The
register will remain unchanged until the interrupt is
cleared via a read of INTCAP or GPIO.

REGISTER 1-9:  INTCAP - INTERRUPT CAPTURED VALUE FOR PORT REGISTER (ADDR 0x08)

R-x R-x R-x R-x R-x R-x R-x R-x
ICP7 ICP6 ICP5 ICP4 ICP3 ICP2 ICP1 [ ICPO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0 = Bitis cleared X = Bit is unknown

bit 7-0 ICP7:ICPO: These bits reflect the logic level on the port pins at the time of interrupt due to pin change
<7.0>

1 = Logic-high.

0 = Logic-low.

@© 2007 Microchip Technology Inc. DS21952B-page 21

Autor: Néstor Dofiate Marqués
424.20.17

-175 -



Control de acceso y registro de horario en la empresa

mediante reconocimiento facial

Escuela Universitaria
Politécnica- La Almunia
Centro adscrito

Universidad Zaragoza

ANEXO 4 (Hojas de caracteristicas)

MCP23017/MCP23S17

1.6.10  PORT REGISTER

The GPIO register reflects the value on the port.
Reading from this register reads the port. Writing to this
register modifies the Output Latch (OLAT) register.

REGISTER 1-10:

GPIO — GENERAL PURPOSE I/O PORT REGISTER (ADDR 0x09)

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

R/W-0

R/W-0 R/W-0

GP7 GP6 GP5 GP4 GP3 GP2

| oP1 | PO

bit 7

bit 0

Legend:
R = Readable bit
-n = Value at POR

W = Writable bit
1" = Bitis set

‘0’ = Bitis cleared

U = Unimplemented bit, read as ‘0’

x = Bit is unknown

bit 7-0 GP7:GPO0: These bits reflect the logic level on the pins <7:0>
1 = Logic-high.
0 = Logic-low.
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1.6.11 QUTPUT LATCH REGISTER (OLAT)

The OLAT register provides access to the output
latches. A read from this register results in a read of the
OLAT and not the port itself. A write to this register

modifies the output latches that modifies the pins
configured as outputs.

REGISTER 1-11: OLAT - OUTPUT LATCH REGISTER 0 (ADDR 0x0A)

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 RW-0
oL7 oL6 oLs o4 | o3 | o2 [ ou 0oLo
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR ‘1’ = Bitis set ‘0 = Bitis cleared X = Bit is unknown
bit 7-0 OL7:0L0: These bits reflect the logic level on the output latch <7:0>
1 = Logic-high.
0 = Logic-low.
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1.7 Interrupt Logic

If enabled, the MCP23X17 activates the INTn interrupt

output when one of the port pins changes state or when

a pin does not match the preconfigured default. Each

pin is individually configurable as follows:

« Enable/disable interrupt via GPINTEN

« Can interrupt on either pin change or change from
default as configured in DEFVAL

Both conditions are referred to as Interrupt-on-Change

(10C).

The interrupt control module uses the following

registers/bits:

IOCON.MIRROR - controls if the two interrupt

pins mirror each other

GPINTEN — Interrupt enable register

INTCON - Controls the source for the |IOC

DEFVAL — Contains the register default for |IOC
operation

74 INTA AND INTB

There are two interrupt pins: INTA and INTB. By
default, INTA is associated with GPAn pins (PortA) and
INTB is associated with GPBn pins (PortB). Each port
has an independent signal which is cleared if its
associated GPIO or INTCAP register is read.

1.7:14 Mirroring the INT pins

Additionally, the INTn pins can be configured to mirror
each other so that any interrupt will cause both pins to
go active. This is controlled via IOCON.MIRROR.

If IOCON.MIRROR = 0, the internal signals are routed
independently to the INTA and INTB pads.

If IOCON.MIRROR = 1, the internal signals are OR'ed

102 |IOC FROM PIN CHANGE

If enabled, the MCP23X17 will generate an interrupt if
a mismatch condition exists between the current port
value and the previous port value. Only IOC enabled
pins will be compared. Refer to Register 1-3 and
Register 1-5.

1.7.3 IOC FROM REGISTER DEFAULT

If enabled, the MCP23X17 will generate an interrupt if
a mismatch occurs between the DEFVAL register and
the port. Only IOC enabled pins will be compared.
Refer to Register 1-3, Register 1-5 and Register 1-4.

1.7.4 INTERRUPT OPERATION

The INTn interrupt output can be configured as active-
low, active-high or open-drain via the IOCON register.

Only those pins that are configured as an input (IODIR
register) with Interrupt-On-Change (IOC) enabled
(IOINTEN register) can cause an interrupt. Pins
defined as an output have no effect on the interrupt
output pin.

Input change activity on a port input pin that is enabled
for IOC will generate an internal device interrupt and
the device will capture the value of the port and copy it
into INTCAP. The interrupt will remain active until the
INTCAP or GPIO register is read. Writing to these
registers will not affect the interrupt. The interrupt
condition will be cleared after the LSb of the data is
clocked out during a read command of GPIO or
INTCAP.

The first interrupt event will cause the port contents to
be copied into the INTCAP register. Subsequent
interrupt conditions on the port will not cause an
interrupt to occur as long as the interrupt is not cleared
by a read of INTCAP or GPIO.

together and routed to the INTn pads. In this case, the
interrupt will only be cleared if the associated GPIO or
INTCAP is read (see Table 1-7).

Note:  Thevalue in INTCAP can be lost if GPIO is
read before INTCAP while another IOC is
pending. After reading GPIO, the interrupt
will clear and then set due to the pending

TABLE 1-7: INTERRUPT OPERATION I0C, causing the INTCAP register to
(IOCON.MIRROR =1) update.
c":::;:g; Read Portn * |Interupt Result
PortA Clear
BREA PortB Unchanged
PortA Unchanged
BRIDR PortB Clear
PortA Unchanged
GPIOA and PortB Unchanged
GPIOB Both PortA and Clear
PortB

*Port n = GPIOn or INTCAPn
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175 INTERRUPT CONDITIONS

There are two possible configurations that cause
interrupts (configured via INTCON):

1. Pins configured for interrupt-on-pin change
will cause an interrupt to occur if a pin changes
to the opposite state. The default state is reset
after an interrupt occurs and after clearing the
interrupt condition (i.e., after reading GPIO or
INTCAP). For example, an interrupt occurs by
an input changing from ‘1’ to ‘0’. The new initial
state for the pin is a logic 0 after the interrupt is
cleared.

2. Pins configured for interrupt-on-change from
register value will cause an interrupt to occur if
the corresponding input pin differs from the
register bit. The interrupt condition will remain as
long as the condition exists, regardless if the
INTCAP or GPIO is read.

See Figure 1-6 and Figure 1-7 for more information on
interrupt operations.

FIGURE 1-6: INTERRUPT-ON-PIN
CHANGE

FIGURE 1-7: INTERRUPT-ON-CHANGE
FROM REGISTER
DEFAULT

DEFVAL REGISTER
GP. 7 6 5§ 4 3 2 1 0

x D [ x [ x o [x [x ]
e[ LT

|
INT ACTIVE * K ACTIVE *
Pin |
1

Port value 1
is captured Read GPIU
into INTCAP or INTCAP

(INT clears only if interrupt
condition does not exist.)

GPX_X X

1
INT x ACTIVE X X ACTIVE
|

Port value Read GPIO  Port value
is captured or INTCAP s captured
into INTCAP into INTCAP
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NOTES:
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2.0 ELECTRICAL CHARACTERISTICS

Absolute Maximum Ratings t

AMbIONt tOMPETatUTS UNGOI IAS . uusc.susummssius st e i i3s3 a8 503 505 CEEEG M ST 85 54000 s b5 -40°C to +125°C

............................................................................................................................... -65°C to +150°C
Voltage on VDD with respect to Vss -0.3Vto +5.5V

-0.6V to (VDD + 0.6V)

Storage temperature

Voltage on all other pins with respect to VSs (except VDD)
Total power dissipation (Note)

Maximum current out of VSS pin

Maximum current into VDD pin

Input clamp current, lIK (VI <0 or VI > VDD).....

Output clamp current, lok (VO < 0 or VO > VDD)
Maximum output current sunk by any output pin

Maximum output current sourced by any output pin

Note:  Power dissipation is calculated as follows:
PpIs = VDD x {IDD - X IOH} + X {(VDD - VOH) x IOH} + (VoL x |oL)

T NOTE: The graphs and tables provided following this note are a statistical summary based on a limited number of
samples and are provided for informational purposes only. The performance characteristics listed herein are not tested
or guaranteed. In some graphs or tables, the data presented may be outside the specified operating range (e.g., out-
side specified power supply range) and therefore outside the warranted range.
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21 DC Characteristics

Operating Conditions (unless otherwise indicated):
DC Characteristics 1.8V < VDD < 5.5V at -40°C < TA < +85°C (I-Temp)
4.5V = VDD < 5.5V at -40°C < TA < +125°C (E-Temp) (Note 1)
Param s = Typ . e
No. Characteristic Sym Min (Note 1( Max Units Conditions

D001 |Supply Voltage VDD 18 —_— 55 v

D002 | VDD Start Voltage to VPOR - Vss — Vv
Ensure Power-on
Reset

D003 |VDD Rise Rate to SVbD 0.05 — — Vims |Design guidance only.
Ensure Power-on Not tested.
Reset

D004 |Supply Current DD — — 1 mA |SCL/SCK =1 MHz

D005 |Standby current Ipbs — — 1 pA

— — 3 A [4.5V-55V @ +125°C
(Note 1)

Input Low Voltage

D030 |AO0, A1 (TTL buffer) ViL Vss — |015VDD| V

D031 [CS, GPIO, SCLUSCK, Vss — |o02vop| V
SDA, A2, RESET
(Schmitt Trigger)
Input High Voltage

D040 |AO0, A1 VH |025VDD+08| — VDD Vv
(TTL buffer)

D041 |CS, GPIO, SCUSCK, 0.8 VoD — VDD VvV |For entire VDD range
SDA, A2, RESET
(Schmitt Trigger)
Input Leakage Current

D060 |1/0 port pins [ ] — [ — [ = pA Vs < VeI <VoD
Output Leakage Current

D065 |I/O port pins ILo — — +1 PA  |VSS < VPIN <VDD

D070 |GPIO weak pull-up IPU 40 75 15 HA |VDD =5V, GP Pins = Vss
current —40°C < TA < +85°C
Output Low-Voltage

D080 |GPIO VoL — — 0.6 V  [loL=8.0mA, VDD = 4.5V
INT — — 0.6 A loL=1.6 mA, VDD = 4.5V
SO, SDA — — 0.6 V  |loL=3.0mA, VDD = 1.8V
SDA — — 0.8 Vv loL=3.0 mA, VDD = 4.5V
Output High-Voltage

D090 |GPIO, INT, SO VOH VoD - 0.7 — — V  [loH=-3.0 mA, VDD = 4.5V

VoD - 0.7 — — I0H = -400 pA, VDD = 1.8V

Capacitive Loading Specs on Output Pins

D101 |GPIO, SO, INT Cio — — 50 pF

D102 |SDA Cs — — 400 pF

Note 1: This parameter is characterized, not 100% tested.
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FIGURE 2-1: LOAD CONDITIONS FOR DEVICE TIMING SPECIFICATIONS
VbD
1k0 Pin
SCL and l c
SDA pin I o
MCP23017 L
I 135 pF =
FIGURE 2-2: RESET AND DEVICE RESET TIMER TIMING
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TABLE 2-1: DEVICE RESET SPECIFICATIONS
Operating Conditions (unless otherwise indicated):
AC Characteristics 1.8V < VDD < 5.5V at -40°C < TA < +85°C (I-Temp)
4.5V < VDD < 5.5V at -40°C < TA < +125°C (E-Temp) (Note 1)
Pilr:m Characteristic Sym Min | Typ™ | Max | Units Conditions
30 |[RESET Pulse Width TRSTL 1 — — us
(Low)
32 |Device Active After Reset | THLD —_ 0 — ns |VDD=5.0V
high
34 |Output High-Impedance Tioz —_ — 1 us
From RESET Low
Note 1: This parameter is characterized, not 100% tested.
FIGURE 2-3: 12C™ BUS START/STOP BITS TIMING

Sto|
Condition Cond'r?ion
FIGURE 2-4: 12C™ BUS DATA TIMING
103w s «—100—= : et 102
" ' f g 101_.: 77
106:4—-r ' 107 oy i
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TABLE 2-2: 1I2c™ BUS DATA REQUIREMENTS

424.20.17

Operating Conditions (unless otherwise indicated):
S < < -40°C < < +85° e
I“c™ AC Characteristics lig\\; < \\//gg < ggg 2 -Zgog < 1: < +1825E(3(|(£‘—3Tr':?31p) (Note 1)
RPU (SCL, SDA) = 1 kQ, CL (SCL, SDA) = 135 pF
Param Characteristic Sym Min Typ | Max |Units Conditions
No.
100 | Clock High Time: THIGH
100 kHz mode 4.0 —_ — ps |1.8V=5.5V (I-Temp)
400 kHz mode 0.6 — — ps |2.7V-5.5V (I-Temp)
1.7 MHz mode 0.12 —_ —_ ps |4.5V-5.5V (E-Temp)
101 | Clock Low Time: TLow
100 kHz mode 47 — — ps |1.8V=-5.5V (I-Temp)
400 kHz mode 1.3 — — ps |2.7V-5.5V (I-Temp)
1.7 MHz mode 0.32 — == ps |4.5V=-5.5V (E-Temp)
102 | SDA and SCL Rise Time: TR
100 kHz mode (Note 1) — — |1000]| ns [1.8v-55V (I-Temp)
400 kHz mode 20+01C8@ | — | 300 | ns [2.7vV-55V (I-Temp)
1.7 MHz mode 20 — | 160 | ns |4.5V-5.5V (E-Temp)
103 | SDA and SCL Fall Time: TF
100 kHz mode (Note 1) — — [ 300 [ ns [1.8v-55V (I-Temp)
400 kHz mode 20+01ce@ | — [ 300 | ns [2.7V-5.5V (I-Temp)
1.7 MHz mode 20 — 80 ns |4.5V-5.5V (E-Temp)
90 | START Condition Setup Time: [ TSU:STA
100 kHz mode 47 — — ps |1.8V=5.5V (I-Temp)
400 kHz mode 0.6 — — ps |2.7V-5.5V (I-Temp)
1.7 MHz mode 0.16 —_ — ps |4.5V-5.5V (E-Temp)
91 START Condition Hold Time: | THD:STA
100 kHz mode 4.0 — — ps | 1.8V-5.5V (I-Temp)
400 kHz mode 0.6 —_ — Hs |2.7V=5.5V (I-Temp)
1.7 MHz mode 0.16 —_ —_ Hus |4.5V-5.5V (E-Temp)
106 | Data Input Hold Time: THD:DAT
100 kHz mode 0 — | 345 | ps |[1.8V-5.5V (I-Temp)
400 kHz mode 0 _ 0.9 Hs |2.7V=5.5V (I-Temp)
1.7 MHz mode 0 — | 015 | ups |4.5V-5.5V (E-Temp)
107 |Data Input Setup Time: TSU:DAT
100 kHz mode 250 — — ns |1.8V-5.5V (I-Temp)
400 kHz mode 100 — —_ ns |2.7V-5.5V (I-Temp)
1.7 MHz mode 0.01 — — ps |4.5V-5.5V (E-Temp)
92 |[Stop Condition Setup Time: Tsu:sTO
100 kHz mode 4.0 — — ps |1.8V-5.5V (I-Temp)
400 kHz mode 0.6 — — ps |2.7V-5.5V (I-Temp)
1.7 MHz mode 0.16 — — ps |4.5V-5.5V (E-Temp)
Note 1: This parameter is characterized, not 100% tested.
2. Csis specified to be from 10 to 400 pF.
© 2007 Microchip Technology Inc. DS21952B-page 31
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TABLE 2-2: 12c™ BUS DATA REQUIREMENTS (CONTINUED)
Operating Conditions (unless otherwise indicated):
< < -40°C < < +85° E2
Fio™ AC Characteristcs 45V VD0 5.V ot AO'C < Tn - +125°C (E-Tomp) (Note 1)
RPU (SCL, SDA) =1 kQ, CL (SCL, SDA) = 135 pF
Param Characteristic sym Min l Typ | Max |Units Conditions
No.
109 |Output Valid From Clock: TAA
100 kHz mode — — | 345 | ps |1.8V-5.5V (I-Temp)
400 kHz mode — — 0.9 s |2.7V-5.5V (I-Temp)
1.7 MHz mode — — | 0.18 | ps |4.5V-5.5V (E-Temp)
110 |[Bus Free Time: TBUF
100 kHz mode 4.7 — — pus | 1.8V-5.5V (I-Temp)
400 kHz mode 1.3 — — s |2.7V-5.5V (I-Temp)
1.7 MHz mode N/A — N/A us |4.5V -5.5V (E-Temp)
Bus Capacitive Loading: Cs
100 kHz and 400 kHz — — 400 | pF |Note1
1.7 MHz — — | 100 | pF |Note1
Input Filter Spike Suppression Tsp
(SDA and SCL)
100 kHz and 400 kHz — — 50 ns
1.7 MHz — — 10 ns |Spike suppression off

- 186 -

Note 1: This parameter is characterized, not 100% tested.
2: CB is specified to be from 10 to 400 pF.

FIGURE 2-5: SPI INPUT TIMING

X tsein Y

SO High-Impedance

~
T

DS21952B-page 32 @© 2007 Microchip Technology Inc.

Autor: Néstor Dofiate Marqués
424.20.17



sess. Escuela Universitaria

Politécnica - La AlImunia Control de acceso y registro de horario en la empresa
Centro adscrito i L. i
Universidad Zaragoza mediante reconocimiento facial

ANEXO 4 (Hojas de caracteristicas)

MCP23017/MCP23S17

FIGURE 2-6: SPI OUTPUT TIMING
cs {
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TABLE 2-3: SPI INTERFACE AC CHARACTERISTICS

Operating Conditions (unless otherwise indicated):
SPI Interface AC Characteristics 1.8V < VDD < 5.5V at -40°C < TA < +85°C (I-Temp)
45V < VDD < 5.5V at -40°C < TA < +125°C (E-Temp) (Note 1)
Pfq':"“ Characteristic sym | min | Typ | Max | units Conditions
Clock Frequency FcLk —_ —_ 5 MHz |1.8V=5.5V (I-Temp)
— — 10 | MHz [2.7V-5.5V (I-Temp)
— — 10 MHz |4.5V-5.5V (E-Temp)
1 CS Setup Time Tess 50 = — ns
2 CS Hold Time TcsH 100 — — ns |1.8V-5.5V (I-Temp)
50 — — ns |2.7V-5.5V (I-Temp)
50 —_ —_ ns |4.5V-5.5V (E-Temp)
3 CS Disable Time Tcsp 100 — — ns |1.8V-5.5V (I-Temp)
50 — — ns |2.7V-5.5V (I-Temp)
50 — — ns |4.5V-5.5V (E-Temp)
4 Data Setup Time Tsu 20 — — ns |1.8V-5.5V (I-Temp)
10 —_ — ns |2.7V-5.5V (I-Temp)
10 — — ns |4.5V-5.5V (E-Temp)
5 Data Hold Time THD 20 — — ns |1.8V-5.5V (I-Temp)
10 — — ns |2.7V-5.5V (I-Temp)
10 — — ns |4.5V-5.5V (E-Temp)
CLK Rise Time TR —_ —_ 2 ys |Note1
7 CLK Fall Time TF — — 2 us |Note1
Clock High Time THI 90 — — ns |1.8V-5.5V (I-Temp)
45 — — ns |2.7V-5.5V (I-Temp)
45 —_ —_ ns |4.5V-5.5V (E-Temp)

Note 1: This parameter is characterized, not 100% tested.
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MCP23017/MCP23S17

TABLE 2-3: SPI INTERFACE AC CHARACTERISTICS (CONTINUED)

Operating Conditions (unless otherwise indicated):
SPI Interface AC Characteristics 1.8V < VDD < 5.5V at -40°C < TA < +85°C (I-Temp)
4.5V < VDD < 5.5V at -40°C < TA < +125°C (E-Temp) (Note 1)
Pi{:m Characteristic Sym Min Typ | Max | Units Conditions
9 Clock Low Time TLo 90 — — ns |1.8V-5.5V (I-Temp)
45 — —_ ns |2.7V-5.5V (I-Temp)
45 —_ —_ ns |4.5V-5.5V (E-Temp)
10 Clock Delay Time TcLp 50 — — ns
" Clock Enable Time TCLE 50 — — ns
12 Qutput Valid from Clock Low TV — — 90 ns |1.8V-5.5V (I-Temp)
— — 45 ns |2.7V-5.5V (I-Temp)
— — 45 ns [4.5V-5.5V (E-Temp)
13 Output Hold Time THO 0 —_ —_ ns
14 Output Disable Time ToIs — — 100 ns

Note 1: This parameter is characterized, not 100% tested.

FIGURE 2-7: GPIO AND INT TIMING
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TABLE 2-4:  GP AND INT PINS

Operating Conditions (unless otherwise indicated):
AC Characteristics 1.8V < VDD < 5.5V at -40°C < TA < +85°C (I-Temp)
4.5V < VDD < 5.5V at -40°C < TA < +125°C (E-Temp) (Note 1)
Pi;:m Characteristic Sym Min Typ Max | Units Conditions
50 Serial Data to Output Valid | TGPov — — 500 ns
51 Interrupt Pin Disable Time TINTD —_ —_— 600 ns
52 GP Input Change to TGPIV — — 450 ns
Register Valid
53 I0C Event to INT Active TGPINT | — — 600 ns
Glitch Filter on GP Pins TGLITCH| — — 150 ns |Note1

Note 1: This parameter is characterized, not 100% tested
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NOTES:
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3.0 PACKAGING INFORMATION

3.1 Package Marking Information

28-Lead PDIP (Skinny DIP) Example:
(N N o e T T W e A ] (LB o B i e B T A ol A O T B e
O XIOOKKIXKKXXKXX O O MCP23017-E/SP&3 O
A yywwnn R\ 0648256
IFE TR TR T TR TR T T TR T T LT T | LR TR R T T T R T R T T R T R T T LT |

28-Lead QFN Example:

23017
E/MLEY
| 0648256
28-Lead SOIC Example:
NO0000NNNOO0nao NONO0N0OnNOnNnnn
MCP23017-E/SOE3)
5 TR " R\ 0648256
goooooooooooog gooooooooooooDo
28-Lead SSOP Example:
aannnnoonamann anonnonognoan
XOOOOKHXXXXXK MCP23017
XOOOOKKHXXKXXK E/SS"ed)
'®) AR\ YYWWNNN O R 0648256
auuouam o UInuauoma s

Legend: XX..X Customer-specific information
¥ Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
WW Week code (week of January 1 is week ‘01)
NNN Alphanumeric traceability code
3 Pb-free JEDEC designator for Matte Tin (Sn)
® This package is Pb-free. The Pb-free JEDEC designator (&3)
can be found on the outer packaging for this package. -

Note: Inthe event the full Microchip part number cannot be marked on one line, it will
be carried over to the next line, thus limiting the number of available
characters for customer-specific information.
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28-Lead Skinny Plastic Dual In-Line (SP) — 300 mil Body [SPDIP]

Note:  For the most current package drawings, please see the Microchip Packaging Specification located at

http:/Aww.microchip.com/packaging

N

e T e T e O e T e Y e Y e O e R e Y e O e O e O s WO |

NOTE 1

D

LJ Ld GJ GJ L G GJ GJ G G o G4 Gf
2 3

Notes:

1. Pin 1 visual index feature may vary, but must be located within the hatched area.

o

Units INCHES

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e .100 BSC
Top to Seating Plane A - - .200
Molded Package Thickness A2 120 135 150
Base to Seating Plane Al 015 - -
Shoulder to Shoulder Width E .290 .310 .335
Molded Package Width E1 240 .285 295
Overall Length 1.345 1.365 1.400
Tip to Seating Plane L 110 130 150
Lead Thickness c .008 .010 .015
Upper Lead Width b1 .040 .050 .070
Lower Lead Width b .014 .018 .022
Overall Row Spacing § eB - - 430

2. § Significant Characteristic.
3. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed .010" per side.
4. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

Microchip Technology Drawing C04-070B
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28-Lead Plastic Quad Flat, No Lead Package (ML) — 6x6 mm Body [QFN]
with 0.55 mm Contact Length

Note: For the most current package drawings, please see the Microchip Packaging Specification located at
http:/Avww.microchip.com/packaging

EXPOSED
PAD
E
777777 5
,/;//// 5
745574 2
p /// :

TOP VIEW BOTTOM VIEW

I 1

A3 A1
Units MILLIMETERS

Dimension Limits MIN NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A 0.80 0.90 1.00
Standoff Al 0.00 0.02 0.05
Contact Thickness A3 0.20 REF
Overall Width E 6.00 BSC
Exposed Pad Width E2 3.65 3.70 4.20
Overall Length D 6.00 BSC
Exposed Pad Length D2 3.65 3.70 4.20
Contact Width b 0.23 0.30 0.35
Contact Length L 0.50 0.55 0.70
Contact-to-Exposed Pad K 0.20 - -

Notes:
1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Package is saw singulated.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-105B
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28-Lead Plastic Small Outline (SO) — Wide, 7.50 mm Body [SOIC]

Note: For the most current package drawings, please see the Microchip Packaging Specification located at

http:/Avww.microchip.com/packaging

(0000000000001

D

%7

2

T

7777,
H S
4

—c

Units MILLMETERS

Dimension Limits| ~ MIN [ NOM | MAX
Number of Pins N 28
Pitch e 1.27 BSC
Overall Height A - - 2.65
Molded Package Thickness A2 2.05 - -
Standoff § Al 0.10 - 0.30
Overall Width E 10.30 BSC
Molded Package Width E1 7.50 BSC
Overall Length D 17.90 BSC
Chamfer (optional) h 0.25 - 0.75
Foot Length L 0.40 - 1.27
Footprint L1 1.40 REF
Foot Angle Top [} 0° - 8°
Lead Thickness c 0.18 - 0.33
Lead Width b 0.31 - 0.51
Mold Draft Angle Top o 5 - 15°
Mold Draft Angle Bottom B 5° - 15°

Notes:

1

2
3
4

. Pin 1 visual index feature may vary, but must be located within the hatched area.

. § Significant Characteristic.

. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.15 mm per side.
. Dimensioning and tolerancing per ASME Y14.5M.

BSC: Basic Dimension. Theoretically exact value shown without tolerances.

REF: Reference Dimension, usually without tolerance, for information purposes only.
Microchip Technology Drawing C04-052B
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28-Lead Plastic Shrink Small Outline (SS) — 5.30 mm Body [SSOP]

Note:

For the most current package drawings, please see the Microchip Packaging Specification located at

http:/Awww.microchip.com/packaging

Notes:

D

Ln0nnnnnannnnn

Al

E
E1
e
{ to,
A A2
ulililililililililililililils —L_J/ %&,7\
Al1— ¢
L1 L
Units MILLIMETERS

Dimension Limits MIN ] NOM MAX
Number of Pins N 28
Pitch e 0.65 BSC
Overall Height A = = 2.00
Molded Package Thickness A2 1.65 1.75 1.85
Standoff Al 0.05 - -
Overall Width E 7.40 7.80 8.20
Molded Package Width E1 5.00 5.30 5.60
Overall Length D 9.90 10.20 10.50
Foot Length L 0.55 0.75 0.95
Footprint L1 1.25 REF
Lead Thickness c 0.09 - 0.25
Foot Angle [} 0° 4 8°
Lead Width b 0.22 - 0.38

1. Pin 1 visual index feature may vary, but must be located within the hatched area.
2. Dimensions D and E1 do not include mold flash or protrusions. Mold flash or protrusions shall not exceed 0.20 mm per side.
3. Dimensioning and tolerancing per ASME Y14.5M.
BSC: Basic Dimension. Theoretically exact value shown without tolerances.
REF: Reference Dimension, usually without tolerance, for information purposes only.

Microchip Technology Drawing C04-073B

© 2007 Microchip Technology Inc.

Autor: Néstor Dofiate Marqués
424.20.17

DS21952B-page 41

- 195 -



Escuela Universitaria

Control de acceso y registro de horario en la empresa A AR Politécnica-La Almunia
. o . . . Centro adscrito
mediante reconocimiento facial == Universidad Zaragoza

ANEXO 4 (Hojas de caracteristicas)

MCP23017/MCP23S17

NOTES:

DS21952B-page 42 © 2007 Microchip Technology Inc.

- 196 - Autor: Néstor Dofiate Marqués
424.20.17



aeas Escuela Universitaria

AR Politécnica - La Almunia
1 Centro adscrito

=

Universidad Zaragoza

Control de acceso y registro de horario en la empresa

mediante reconocimiento facial

ANEXO 4 (Hojas de caracteristicas)

MCP23017/MCP23S17

APPENDIX A: REVISION HISTORY

Revision B (February 2007)

1.

2

3.
4.

Changed Byte and Sequential Read in
Figure 1-1 from “R” to “W".

Table 2-4, Param No. 51 and 53: Changed from
450 to 600 and 500 to 600, respecively.

Added disclaimers to package outline drawings.
Updated package outline drawings.

Revision A (June 2005)

« Original Release of this Document.
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NOTES:
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PRODUCT IDENTIFICATION SYSTEM

To order or obtain information, e.g., on pricing or delivery, refer to the factory or the listed sales office.

PART NO. - X IXX
Device Temperature  Package
Range
Device MCP23017: 16-Bit 1/0 Expander w/I2C™ Interface
MCP23017T.  16-Bit I/O Expander w/12C Interface
(Tape and Reel)
MCP23S817: 16-Bit 1/0 Expander w/SP| Interface
MCP23S17T:  16-Bit I/O Expander w/SPI Interface
(Tape and Reel)
Temperature
Range E -40°C to +125°C (Extended)
Package ML =  Plastic Quad, Flat No Leads (QFN), 28-lead
SP = Plastic DIP (300 mil Body), 28-Lead
SO = Plastic SOIC (300 mil Body), 28-Lead
SS = SSOP, (209 mil Body, 5.30 mm), 28-Lead

Examples:

a)
b)

c)

d)

e)

a)
b)

c)

d)

e)

MCP23017-E/SP:

MCP23017-E/SO:

MCP23017T-E/SO:

MCP23017-E/SS:

MCP23017T-E/SS:

MCP23817-E/SP:

MCP23817-E/SO:

MCP23817T-E/SO:

MCP23817-E/SS:

MCP23S17T-E/SS:

Extended Temp.,
28LD PDIP package.
Extended Temp.,
28LD SOIC package.
Tape and Reel,
Extended Temp.,
28LD SOIC package.
Extended Temp.,
28LD SSOP package.
Tape and Reel,
Extended Temp.,
28LD SSOP package.

Extended Temp.,
28LD PDIP package.
Extended Temp.,
28LD SOIC package.
Tape and Reel,
Extended Temp.,
28LD SOIC package.
Extended Temp.,
28LD SSOP package.
Tape and Reel,
Extended Temp.,
28LD SSOP package.
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MCP23017/MCP23S17

NOTES:
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Note the following details of the code protection feature on Microchip devices:

. Microchip products meet the specification contained in their particular Microchip Data Sheet

. Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the

intended manner and under normal conditions.

. There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip's Data
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

. Microchip is willing to work with the customer who is concerned about the integrity of their code

. Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not

mean that we are guaranteeing the product as "unbreakable .

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip's code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.

Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP  MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer's risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights

QUALITY MANAGEMENT SYSTEM
CERTIFIED BY DNV

=IS0/TS 16949:2002 —=

Trademarks

The Microchip name and logo, the Microchip logo, Accuron,
dsPIC, KEEL0OQ, KEELOQ logo, microID, MPLAB, PIC,
PICmicro, PICSTART, PRO MATE, PowerSmart, rfPIC, and
SmartShunt are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

Amplab, FilterLab, Linear Active Thermistor, Migratable
Memory, MXDEVY, MXLAB, PS logo, SEEVAL, SmartSensor
and The Embedded Control Solutions Company are
registered trademarks of Microchip Technology Incorporated
inthe U.S.A

Analog-for-the-Digital Age, Application Maestro, CodeGuard,
dsPICDEM, dsPICDEM net, dsPICworks, ECAN,
ECONOMONITOR, FanSense, FIexROM, fuzzyLAB,
In-Circuit Serial Programming, ICSP, ICEPIC, Mindi, Mi\i,
MPASM, MPLAB Certified logo, MPLIB, MPLINK, PICkit,
PICDEM, PICDEM net, PICLAB, PICtail, PowerCal,
Powerlnfo, Powerate, PowerTool, REAL ICE, rfLAB,
rfPICDEM, Select Mode, Smart Serial, SmartTel, Total
Endurance, UNIO, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other
countries

SQTPis a service mark of Microchip Technology Incorporated
inthe U.S.A

All other trademarks mentioned herein are property of their
respective companies

© 2007, Microchip Technology Incorporated, Printed in the
U.S A, All Rights Reserved.

@ Printed on recycled paper.

Microchip received ISQYTS-16949:2002 certification for its worldwide
headquarters, design and wafer fabrication facilities in Chandier and
Tempe, Anzona, Gresham, Oregon and Mountain View, California. The
Company’s quality system processes and procedures are for ifs PIC®
MCUSs and dsPIC® DSCs, KEELOG® code hopping devices, Serial
EEPROMs, microperipherals, nonvolatile mermory and analog
products. in addifion, Microchip's quality system for the design and
rmanufacture of development systems is SO 9007:2000 certified.
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MICROCHIP

WORLDWIDE SALES AND SERVICE

AMERICAS ASIA/PACIFIC ASIA/PACIFIC EUROPE
Corporate Office Asia Pacific Office India - Bangalore Austria - Wels
2355 West Chandler Bivd. Suites 3707-14. 37th Floor Tel: 91-80-4182-8400 Tel: 43-7242-2244-39

Chandler, AZ 85224-6199
Tel: 480-792-7200

Fax: 91-80-4182-8422
India - New Delhi

Tower 6, The Gateway
Habour City, Kowloon

Fax: 43-7242-2244-393
Denmark - Copenhagen

Fax: 480-792-7277
Technical Support:

http://support.microchip.com

Web Address:
Wwww.microchip.com
Atlanta

Duluth, GA

Tel: 678-957-9614
Fax: 678-957-1455
Boston
Westborough, MA
Tel: 774-760-0087
Fax: 774-760-0088
Chicago

Itasca, IL

Tel: 630-285-0071
Fax: 630-285-0075
Dallas

Addison, TX

Tel: 972-818-7423
Fax: 972-818-2924
Detroit
Farmington Hills, Ml
Tel: 248-538-2250
Fax: 248-538-2260
Kokomo

Kokomo, IN

Tel: 765-864-8360
Fax: 765-864-8387

Los Angeles
Mission Viejo, CA
Tel: 949-462-9523
Fax: 949-462-9608
Santa Clara

Santa Clara, CA
Tel: 408-961-6444
Fax: 408-961-6445
Toronto

Mississauga, Ontario,

Canada
Tel: 905-673-0699
Fax: 905-673-6509

Hong Kong

Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing

Tel: 86-10-8528-2100
Fax: 86-10-8528-2104
China - Chengdu

Tel: 86-28-8665-5511
Fax: 86-28-8665-7889
China - Fuzhou

Tel: 86-591-8750-3506
Fax: 86-591-8750-3521

China - Hong Kong SAR

Tel: 852-2401-1200
Fax: 852-2401-3431

China - Qingdao

Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai

Tel: 86-21-5407-5533
Fax: 86-21-5407-5066

China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393

China - Shenzhen
Tel: 86-755-8203-2660
Fax: 86-755-8203-1760

China - Shunde
Tel: 86-757-2839-5507
Fax: 86-757-2839-5571

China - Wuhan

Tel: 86-27-5980-5300

Fax: 86-27-5980-5118
China - Xian

Tel: 86-29-8833-7250

Fax: 86-29-8833-7256

Tel: 91-11-4160-8631
Fax: 91-11-4160-8632

India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513

Japan - Yokohama
Tel: 81-45-471- 6166
Fax: 81-45-471-6122
Korea - Gumi

Tel: 82-54-473-4301
Fax: 82-54-473-4302
Korea - Seoul

Tel: 82-2-554-7200
Fax: 82-2-558-5932 or
82-2-558-5934
Malaysia - Penang
Tel: 60-4-646-8870
Fax: 60-4-646-5086
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore

Tel: 65-6334-8870
Fax: 65-6334-8850
Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei

Tel: 886-2-2500-6610
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

Tel: 45-4450-2828
Fax: 45-4485-2829
France - Paris

Tel: 33-1-69-53-63-20
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0
Fax: 49-89-627-144-44
Italy - Milan

Tel: 39-0331-742611
Fax: 39-0331-466781

Netherlands - Drunen
Tel: 31-416-690399
Fax: 31-416-690340
Spain - Madrid

Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham

Tel: 44-118-921-5869
Fax: 44-118-921-5820
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Regulador LM25

LM2576

3.0A, 15V, Step-Down
Switching Regulator

The LM2576 series of regulators are monolithic integrated circuits
ideally suited for easy and convenient design of a step—down
switching regulator (buck converter). All circuits of this series are
capable of driving a 3.0 A load with excellent line and load regulation.
These devices are available in fixed output voltages of 3.3 V, 5.0V,
12 V, 15V, and an adjustable output version.

These regulators were designed to minimize the number of external
components to simplify the power supply design. Standard series of
inductors optimized for use with the LM2576 are offered by several
different inductor manufacturers.

Since the LM2576 converter is a switch—-mode power supply, its

ON Semiconductor®

http:ffonsemi.com

»%

5

TO-220
TV SUFFIX
CASE 314B

Heatsink surface connected to Pin 3

efficiency is significantly higher in comparison with popular
three—terminal linear regulators, especially with higher input voltages.
In many cases, the power dissipated is so low that no heatsink is
required or its size could be reduced dramatically.

A standard series of inductors optimized for use with the LM2576
are available from several different manufacturers. This feature

TO-220
greatly simplifies the design of switch—mode power supplies. T SUFFIX
The LM2576 features include a guaranteed +4% tolerance on output 4 CASE 314D
voltage within specified input voltages and output load conditions, and
+10% on the oscillator frequency (+2% over 0°C to 125°C). External 2
shutdown is included, featuring 80 pA (typical) standby current. The Pin 1. Vi
output switch includes cycle—by—cycle current limiting, as well as 2. Output
thermal shutdown for full protection under fault conditions. 3. Ground
4. Feedback
Features 5. ON/OFF
* 33V 5.0V, 12V, 15V, and Adjustable Output Versions
* Adjustable Version Output Voltage Range, 1.23 to 37 V 4%
Maximum Over Line and Load Conditions
# Guaranteed 3.0 A Output Current W D2PAK
. D2T SUFFIX
. Wlde'Input Voltage Range 1 CRSEGSEA
# Requires Only 4 External Components 5
* 52 kHz Fixed Frequency Internal Oscillator Heatsink surface (shown as terminal 6 in
¢ TTL Shutdown Capability, Low Power Standby Mode case outline drawing) is connected to Pin 3
# High Efficiency
# Uses Readily Available Standard Inductors ORDERING INFORMATION
® Thermal Shutdown and Current Limit Protection See detailed ordering and shipping information in the package
dimensions section on page 24 of this data sheet
# Moisture Sensitivity Level (MSL) Equals 1
# Pb—Free Packages are Available

DEVICE MARKING INFORMATION

See general marking information in the device marking
section on page 25 of this data sheet

Applications

* Simple High—Efficiency Step—Down (Buck) Regulator
# Efficient Pre—Regulator for Linear Regulators

# On—Card Switching Regulators

# Positive to Negative Converter (Buck—Boost)

# Negative Step—Up Converters

.

Power Supply for Battery Chargers

@ 6
January, 2006 — Rev. 8

, LLC, 2006 1 Publication Order Number:

LM2576/D

76
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LM2576

Typical Application (Fixed Output Voltage Versions)
T ™ Feedback

70V-40V Vil |4 K]
Unregulated 3 L2576 | o 1
pul

1
DC Input Cols |L
100;FI

Representative Block Diagram and Typical Application

a— T
30GN 5 OFF L Gout
i_o _iUN/ T imseee =5 St

Escuela Universitaria
Politécnica- La Almunia
Centro adscrito

Universidad Zaragoza

5.0 V Regulated
Output 3.0 A Load

Unregulated +Vin 3.4V Internal - ON/OFF Outot "
’ o || ONIOFF p
DG Input©® l e Regulator : 5 Voltage Versions | (<)
Co ¥ l = 33V 1.7k
I i 50V 31k
= 12V 8.84 k
Feedback p— Al ) 15V 1.3k
R2  Fixed Gain Limit b3 For adjustable version
Error Amplifier Comparator R1=open,R2=0Q
| Regulated
Latch | u Output
1 Quout (oL, Vou
oAm |2 |
i GND D1 Cait
Band-Gap | [ s2kHz Resat | | Themal i T
Reference Oscillator Shutdown | L = = Load
S il
This device contains 162 active transistors. )
Figure 1. Block Diagram and Typical Application
MAXIMUM RATINGS
Rating Symbol Value Unit
Maximum Supply Voltage Vin 45 Vv
ON/OFF Pin Input Voltage - -03V<sV<+V, \%
Output Voltage to Ground (Steady-State) - -1.0 A\
Power Dissipation
Case 314B and 314D (TO-220, 5-Lead) Pp Internally Limited w
Thermal Resistance, Junction—to-Ambient Resa 65 °CW
Thermal Resistance, Junction—-to-Case Reyc 5.0 °CW
Case 936A (D2PAK) Pp Internally Limited w
Thermal Resistance, Junction-to-Ambient Reua 70 °CW
Thermal Resistance, Junction—to-Case Reyc 5.0 “CW
Storage Temperature Range Tstg -65 to +150 °C
Minimum ESD Rating (Human Body Model: C =100 pF, R = 1.5 k) - 20 kV
Lead Temperature (Soldering, 10 seconds) - 260 °C
Maximum Junction Temperature Ty 150 °C

Maximum ratings are those values beyond which device damage can occur. Maximum ratings applied to the device are individual stress limit
values (not normal operating conditions) and are not valid simultaneously. If these limits are exceeded, device functional operation is not implied,

damage may occur and reliability may be affected.

http:/fonsemi.com
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LM2576

OPERATING RATINGS (Operating Ratings indicate conditions for which the device is intended to be functional, but do not guarantee
specific performance limits. For guaranteed specifications and test conditions, see the Electrical Characteristics.)

Rating Symbol Value Unit
Operating Junction Temperature Range Ty —40 to +125 °C
Supply Voltage Vin 40 v

SYSTEM PARAMETERS (Note 1 Test Circuit Figure 15)

ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vi, = 12 V for the 3.3 V, 5.0 V, and Adjustable version, Vi, =25 V
for the 12 \V version, and Vi, = 30 V for the 15 V version. | gag = 500 mA. For typical values T, = 25°C, for min/max values T is the
operating junction temperature range that applies Note 2, unless otherwise noted.)

Characteristics | Symbol | Min I Typ Max | Unit I
LM2576-3.3 (Note 1 Test Circuit Figure 15)
Output Voltage (Vin =12V, l gaqg = 0.5 A, Tj=25°C) Vout 3.234 33 3.366
Output Voltage (6.0V Vi <40V, 0.5 A<l gag 3.0 A) Vout \
Ty=25°C 3.168 33 3.432
Ty=-40to+125°C 3.135 = 3.465
Efficiency (Vin =12V, I gaqg = 3.0 A) n = 75 s %
LM2576-5 (Note 1 Test Circuit Figure 15)
Output Voltage (Vin =12V, I gaqg = 0.5 A, T = 25°C) Vout 49 5.0 5.1 A
Output Voltage (8.0V < Vin <40V, 0.5 A<l oaqg <3.0 A) Vout \4
Ty=25°C 4.8 5.0 5.2
Ty=-40to +125°C 4.75 = 5.25
Efficiency (Vin =12V, I oad = 3.0 A) n = 77 = %
LM2576-12 (Note 1 Test Circuit Figure 15)
Output Voltage (Vin =25V, lLoad = 0.5 A, Ty =25°C) Vout 11.76 12 12.24 Vv
Output Voltage (15 V < Vjp <40 V, 0.5 A<l 5ag < 3.0 A) Vout \
Ty=25°C 11.52 12 12.48
Ty=-40to+125°C 1.4 (e 12.6
Efficiency (Vin = 15V, I oad = 3.0 A) n - 88 - %

LM2576-15 (Note 1 Test Circuit Figure 15)

Qutput Voltage (Vin =30V, I gaqg=0.5 A, Ty = 25°C) Vout 14.7 15 15.3 \

Output Voltage (18 V = Vjp <40V, 0.5 A<l 599 < 3.0 A) Vout Vv
T;=25°C 14.4 15 15.6
Ty=-40to +125°C 14.25 = 15.75

Efficiency (Vin = 18 V, I 0aq = 3.0 A) n - 88 - %

LM2576 ADJUSTABLE VERSION (Note 1 Test Circuit Figure 15)

Feedback Voltage (Vin =12V, I gag = 0.5 A, Voiu = 5.0 V, T, = 25°C) Vout 1.217 1.23 1.243 \"

Feedback Voltage (8.0 V < Vin <40V, 0.5 A<l 0ag< 3.0 A Vo4 =5.0V) Vout A
Ty=25°C 1193 1.23 1.267
Ty=-40to +125°C 1.18 & 1.28

Efficiency (Vin=12V, I gag = 3.0 A, Vouu =5.0 V) n = 77 = %

1. External components such as the catch diode, inductor, input and output capacitors can affect switching regulator system performance.
When the LM2576 is used as shown in the Figure 15 test circuit, system performance will be as shown in system parameters section.
2. Tested junction temperature range for the LM2576: Tiow = —40°C Thigh = +125°C

http:/fonsemi.com
3
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LM2576

DEVICE PARAMETERS
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ELECTRICAL CHARACTERISTICS (Unless otherwise specified, Vi, = 12 V for the 3.3 V, 5.0 V, and Adjustable version, Vi, = 25 V
for the 12 V version, and Vj, = 30 V for the 15 V version. || gag = 500 mA. For typical values T, =25°C, for min/max values T is the

operating junction temperature range that applies [Note 2], unless otherwise noted.)

I Characteristics | Symbol | Min I Typ | Max I Unit I
ALL OUTPUT VOLTAGE VERSIONS
Feedback Bias Current (Vo = 5.0 V Adjustable Version Only) Ip nA
T;=25°C =] 25 100
Ty=-40to+125°C - - 200
Oscillator Frequency Note 3 fosc kHz
Ty=25°C = 52 -
Ty=0to +125°C 47 = 58
Ty =-40 to +125°C 42 & 63
Saturation Voltage (1o = 3.0 A Note 4) Vsat A
Ty=25°C - 15 1.8
Ty=-40to+125°C = m 2.0
Max Duty Cycle (“on”) Note 5§ DC 94 98 - %
Current Limit (Peak Current Notes 3 and 4) leL A
Ty=25°C 4.2 5.8 6.9
Ty =-40 to +125°C 3.5 = 7.5
Output Leakage Current Notes 6 and 7, T; = 25°C I mA
Output =0V - 0.8 2.0
Output =-1.0V - 6.0 20
Quiescent Current Note 6 lo mA
Ty=25° - 5.0 9.0
Ty=-40to+125°C - = 1
Standby Quiescent Current (ON/OFF Pin =5.0 V (“off")) Istby A
Ty=25°C = 80 200
Ty =-40to +125°C = = 400
ON/OFF Pin Logic Input Level (Test Circuit Figure 15) \
Vout=0V Vi
Ty=25°C 22 14 -
Ty=-40to +125°C 2.4 = =
Vout = Nominal Output Voltage ViL
Ty=25°C 2] 1.2 1.0
T,=-40to +125°C - = 0.8
ON/OFF Pin Input Current (Test Circuit Figure 15) wA
ON/OFF Pin =5.0 V (“off"), Ty = 25°C ™ - 15 30
ON/OFF Pin =0V (“on"), Ty =25°C I - 0 5.0

3. The oscillator frequency reduces to approximately 18 kHz in the event of an output short or an overioad which causes the regulated output
voltage to drop approximately 40% from the nominal output voltage. This self protection feature lowers the average dissipation of the IC by

lowering the minimum duty cycle from 5% down to approximately 2%.

. Feedback (Pin 4) removed from output and connected to 0 V.

[N

15 V versions, to force the output transistor “off”.
7. Vin=40 V.

http:/fonsemi.com
4
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. Output (Pin 2) sourcing current. No diode, inductor or capacitor connected to output pin.

. Feedback (Pin 4) removed from output and connected to +12 V for the Adjustable, 3.3 V, and 5.0 V versions, and +25 V for the 12V and
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ANEXO 4 (Hojas de caracteristicas)

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)

. T T T
£ 08— Vp=20V
i ILoag = 500 MA
Z 08/~ Nomalized at T, - 25°C
5 04
S o
§ 0.2
§ 0
-0.2 "}
2 04 P
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50 -25 0 25 50 75 100 125
T,, JUNCTION TEMPERATURE (°C)
Figure 2. Normalized Output Voltage
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LM2576

TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)
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Figure 8. Standby Quiescent Current Figure 9. Switch Saturation Voltage
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Figure 12. Feedback Pin Current
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TYPICAL PERFORMANCE CHARACTERISTICS (Circuit of Figure 15)

S N ]
-==-::-- N

Output
Voltage

o» M S
Load 20 A .'. .E - -

okt R
1.0A A
HEEEE = ————
0 S I S N —

100 us/DIV

Figure 13. Switching Waveforms

Figure 14. Load Transient Response

Vout =15V

A: Output Pin Voltage, 10 V/DIV

B: Inductor Current, 2.0 A/DIV

C: Inductor Current, 2.0 A/DIV, AC-Coupled

D: Output Ripple Voltage, 50 mV/dDIV, AC-Coupled
Horizontal Time Base: 5.0 us/DIV
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Fixed Output Voltage Versions

o -1 Feedback
I 4
o Vio|  Lmz2s76 | I
1| Fixed Output | 100 uH

o
£
=
=4
<<

2

70V-40V + ¢
Unregulated = o
DC Input > 1000 WF | gad

Ciy - 100 uF, 75V, Aluminium Electrolytic
Ceyt = 1000 wF, 25V, Aluminium Electrolytic
D1 - Schottky, MBR360

L1 - 100 uH, Pulse Eng. PE-92108

R1 - 20k 01%

R2 - 612k 01%

Adjustable Output Voltage Versions

| e =1 Feedback
|
4
. Vol m2s7e | u
Adjustable 100 uH Vout
! I I Output o 5,000 V
70V-40V R2
Unregulated
DC Input Load
R1
= o R2)
Vout = Vraf("o + ﬁ)
V
Rz = Rif L2 - 1.0
ref
Where Vi = 1.23 V, R1
between 1.0 kand 5.0 k
Figure 15. Typical Test Circuit
PCB LAYOUT GUIDELINES
As 1n any switching regulator, the layout of the printed On the other hand, the PCB area connected to the Pin 2
circuit board is very important. Rapidly switching currents (emitter of the internal switch) of the LM2576 should be
associated with wiring inductance, stray capacitance and kept to a minimum in order to minimize coupling to sensitive
parasitic inductance of the printed circuit board traces can circuitry.
generate  voltage transients which can generate Another sensitive part of the circuit is the feedback. It is
electromagnetic interferences (EMI) and affect the desired important to keep the sensitive feedback wiring short. To
operation. As indicated in the Figure 15, to minimize assure this, physically locate the programming resistors near

inductance and ground loops, the length of the leads to the regulator, when using the adjustable version of the
indicated by heavy lines should be kept as short as possible. LM2576 regulator.

For best results, single—point grounding (as indicated) or
ground plane construction should be used.
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LM2576

PIN FUNCTION DESCRIPTION
Pin Symbol
1 Vin

Description (Refer to Figure 1)

This pin is the positive input supply for the LM2576 step—down switching regulator. In order to minimize voltage
transients and to supply the switching currents needed by the regulator, a suitable input bypass capacitor must be
present (Cin in Figure 1).

2 Output This is the emitter of the internal switch. The saturation voltage Vg4 of this output switch is typically 1.5 V. It should
be kept in mind that the PCB area connected to this pin should be kept to a minimum in order to minimize coupling

to sensitive circuitry.

3 GND
4 Feedback

Circuit ground pin. See the information about the printed circuit board layout.

This pin senses regulated output voltage to complete the feedback loop. The signal is divided by the internal resistor
divider network R2, R1 and applied to the non—-inverting input of the internal error amplifier. In the Adjustable version
of the LM2576 switching regulator this pin is the direct input of the error amplifier and the resistor network R2, R1 is
connected externally to allow programming of the output voltage.

5 ON/OFF It allows the switching regulator circuit to be shut down using logic level signals, thus dropping the total input supply
current to approximately 80 pA. The threshold voltage is typically 1.4 V. Applying a voltage above this value (up to
+Vjn) shuts the regulator off. If the voltage applied to this pin is lower than 1.4 V or if this pin is left open, the

regulator will be in the “on” condition.

DESIGN PROCEDURE

Buck Converter Basics This period ends when the power switch is once again

The LM2576 is a “Buck™ or Step—Down Converter which
is the most elementary forward-mode converter. Its basic
schematic can be seen in Figure 16.

turned on. Regulation of the converter is accomplished by
varying the duty cycle of the power switch. It is possible to
describe the duty cycle as follows:

The operation of this regulator topology has two distinct t
time periods. The first one occurs when the series switch is d= —%’1. where T is the period of switching.
on, the input voltage is connected to the input of the inductor.

The output of the inductor is the output voltage, and the
rectifier (or catch diode) is reverse biased. During this
period, since there is a constant voltage source connected e ﬂ
across the inductor, the inductor current begins to linearly TV

; : : in
rempugrards, ax described by the tollomingrequetion: Figure 17 shows the buck converter, idealized waveforms
(Vin - Vout} ton

of the catch diode voltage and the inductor current.
I on) = T

Von(sw)
During this “on” period, energy is stored within the core i
material in the form of magnetic flux. If the inductor is -
properly designed, there is sufficient energy stored to carry
the requirements of the load during the “off” period.

For the buck converter with ideal components, the duty
cycle can also be described as:

@@
>
Power L £ Power Power Power Power
Switch T 2 Switch Switch | Switch [ Switch
8 oft On off On
2
. IVD(FWD)

+ s
Vip XD Cout 7 3 Risag Ti
B | ime

Figure 16. Basic Buck Converter

The next period is the “off” period of the power switch.

D
When the power switch turns off, the voltage across the é _i_
inductor reverses its polarity and is clamped at one diode Bl tin— | |
voltage drop below ground by the catch diode. The current 2| | piode | ;3"““:; | biode | g;‘::; |
now flows through the catch diode thus maintaining the load | | | | |
current loop. This removes the stored energy from the Time

inductor. The inductor current during this time is:

| _ (Vout 5 VD} toff
L(off) [

Figure 17. Buck Converter Idealized Waveforms
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Procedure (Fixed Output Voltage Version)In order to simplify the switching regulator design, a step-by-step
design procedure and some examples are provided.

Procedure Example
Given Parameters: Given Parameters:
Vout = Regulated Output Voltage (3.3 V, 5.0V, 12V or 15V) Vout=50V
Vin(max) = Maximum Input Voltage Vin(maxy =15V
ILoad(max) = Maximum Load Current ILoadmax) = 3.0 A
1. Controller IC Selection 1. Controller IC Selection
According to the required input voltage, output voltage and According to the required input voltage, output voltage,
current, select the appropriate type of the controller IC output current polarity and current value, use the LM2576-5
voltage version. controller |IC
2. Input Capacitor Selection (Cip) 2. Input Capacitor Selection (Cjp)
To prevent large voltage transients from appearing at the input A 100 pF, 25 V aluminium electrolytic capacitor located near
and for stable operation of the converter, an aluminium or tothe input and ground pins provides sufficient bypassing.
tantalum electrolytic bypass capacitor is needed between the
input pin +Vi, and ground pin GND. This capacitor should be
located close to the IC using short leads. This capacitor should
have a low ESR (Equivalent Series Resistance) value.
3. Catch Diode Selection (D1) 3. Catch Diode Selection (D1)
A. Since the diode maximum peak current exceeds the A. For this example the current rating of the diode is 3.0 A.
regulator maximum load current the catch diode current
rating must be at least 1.2 times greater than the maximum
load current. For a robust design the diode should have a
current rating equal to the maximum current limit of the
LM2576 to be able to withstand a continuous output short
B. The reverse voltage rating of the diode should be at least B. Use a 20 V 1N5820 Schottky diode, or any of the
1.25 times the maximum input voltage. suggested fast recovery diodes shown in Table 1.
4. Inductor Selection (L1) 4. Inductor Selection (L1)
A. According to the required working conditions, select the A. Use the inductor selection guide shown in Figures 19.
correct inductor value using the selection guide from
Figures 18 to 22.
B. From the appropriate inductor selection guide, identify the B. From the selection guide, the inductance area intersected
inductance region intersected by the Maximum Input by the 15 V line and 3.0 A line is L100.
Voltage line and the Maximum Load Current line. Each
region is identified by an inductance value and an inductor
code.
C. Select an appropriate inductor from the several different C. Inductor value required is 100 uH. From Table 2, choose
manufacturers part numbers listed in Table 2. an inductor from any of the listed manufacturers.
The designer must realize that the inductor current rating
must be higher than the maximum peak current flowing
through the inductor. This maximum peak current can be
calculated as follows:
| _ i lvin_vout) ton
p(max) ~ Load(max) 2L
where tq, is the “on” time of the power switch and
oy - Vout . 1.0
Vin fosc
For additional information about the inductor, see the
inductor section in the “Application Hints” section of
this data sheet.
http:/fonsemi.com
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LM2576

Procedure (Fixed Output Voltage Version) (continued)in order to simplify the switching regulator design, a step—by-step
design procedure and some examples are provided.

Procedure Example

5. Output Capacitor Selection (Coyt) 5. Output Capacitor Selection (Cqyt)

A. Since the LM2576 is a forward-mode switching regulator A. Coyt = 680 uF to 2000 uF standard aluminium electrolytic.
with voltage mode control, its open loop 2-pole-1-zero
frequency characteristic has the dominant pole-pair
determined by the output capacitor and inductor values. For
stable operation and an acceptable ripple voltage,
(approximately 1% of the output voltage) a value between
680 uF and 2000 uF is recommended.

B. Due to the fact that the higher voltage electrolytic capacitors B. Capacitor voltage rating = 20 V.
generally have lower ESR (Equivalent Series Resistance)
numbers, the output capacitor’s voltage rating should be at
least 1.5 times greater than the output voltage. Fora 5.0 V
regulator, a rating at least 8.0 V is appropriate, and a 10 VV or
16 V rating is recommended.

Procedure (Adjustable Output Version: LM2576-ADJ)

Procedure Example

Given Parameters: Given Parameters:
Vout = Regulated Output Voltage Vour=80V
Vin(max) = Maximum DC Input Voltage Vin(max) =25 V
ILoad(max) = Maximum Load Current ILoad(max) = 2.5 A

-

. Programming Output Voltage 1. Programming Output Voltage (selecting R1 and R2)
To select the right programming resistor R1 and R2 value (see Select R1 and R2:
Figure 2) use the following formula: R2
Vout = 1.23(1.0 + ﬁ) Select R1=1.8 kQ

Vout = Vref(1v0 + %) where Vigr=1.23 V

Vout 8.0V
Resistor R1 can be between 1.0 k and 5.0 kQ. (For best R2=Rily— -10) =18 k(m = 1-0)
temperature coefficient and stability with time, use 1% metal ref ’ :
film resistors). R2 = 9.91 k&, choose a 9.88 k metal film resistor.

v,
R2 = R1 VL‘“-LO
ref

2. Input Capacitor Selection (Cjp) 2. Input Capacitor Selection (Cjp)
To prevent large voltage transients from appearing at the input A 100 uF, 150 V aluminium electrolytic capacitor located near
and for stable operation of the converter, an aluminium or the input and ground pin provides sufficient bypassing.
tantalum electrolytic bypass capacitor is needed between the
input pin +Vj, and ground pin GND This capacitor should be
located close to the IC using short leads. This capacitor should
have a low ESR (Equivalent Series Resistance) value.

For additional information see input capacitor section in the
“Application Hints” section of this data sheet.

3. Catch Diode Selection (D1) 3. Catch Diode Selection (D1)

A. Since the diode maximum peak current exceeds the A. For this example, a 3.0 A current rating is adequate.
regulator maximum load current the catch diode current
rating must be at least 1.2 times greater than the maximum
load current. For a robust design, the diode should have a
current rating equal to the maximum current limit of the
LM2576 to be able to withstand a continuous output short.

B. The reverse voltage rating of the diode should be at least B. Use a 30 V 1N5821 Schottky diode or any suggested fast
1.25 times the maximum input voltage. recovery diode in the Table 1.
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Procedure (Adjustable Output Version: LM2576-ADJ) (continued)

- 214 -

Procedure

Example

4. Inductor Selection (L1)
A. Use the following formula to calculate the inductor Volt x
microsecond [V x us] constant:

( Vout . 106
EXT = (Vin = Vout) Vo X Fr VX!

B. Match the calculated E x T value with the corresponding
number on the vertical axis of the Inductor Value Selection
Guide shown in Figure 22. This E x T constantis a
measure of the energy handling capability of an inductor and
is dependent upon the type of core, the core area, the
number of turns, and the duty cycle.

C. Next step is to identify the inductance region intersected by
the E x T value and the maximum load current value on the
horizontal axis shown in Figure 25.

D. From the inductor code, identify the inductor value. Then
select an appropriate inductor from Table 2.

The inductor chosen must be rated for a switching
frequency of 52 kHz and for a current rating of 1.15 X I oad.
The inductor current rating can also be determined by
calculating the inductor peak current:
| &0 " Vin _Vout}ton
p(max) ~ Load(max) ] PR
where tgp is the “on” time of the power switch and
V,
t — _out X ﬂ
on Vi Tasa
For additional information about the inductor, see the

inductor section in the “External Components” section of
this data sheet.

4.

Inductor Selection (L1)
A. Calculate E x T [V x us] constant:

B.ExT=80[Vxus]

D.

- ILoad(max) = 2.5 A
Inductance Region = H150

Proper inductor value = 150 pH
Choose the inductor from Table 2.

~ (25- 8.0, 1000 _
ExT =(25-8.0)x 55 X 55 80 [V x ps]

5. Output Capacitor Selection (Coyut)

A. Since the LM2576 is a forward—-mode switching regulator
with voltage mode control, its open loop 2-pole-1-zero
frequency characteristic has the dominant pole—pair
determined by the output capacitor and inductor values.

For stable operation, the capacitor must satisfy the
following requirement:
in(max)

G 53300
Vout X LM

out = [uF]

B. Capacitor values between 10 uF and 2000 pF will satisfy
the loop requirements for stable operation. To achieve an
acceptable output ripple voltage and transient response, the
output capacitor may need to be several times larger than
the above formula yields.

C. Due to the fact that the higher voltage electrolytic capacitors
generally have lower ESR (Equivalent Series Resistance)
numbers, the output capacitor's voltage rating should be at
least 1.5 times greater than the output voltage. Fora 5.0 V
regulator, a rating of at least 8.0 \V is appropriate, and a 10 V
or 16 V rating is recommended.

5. Output Capacitor Selection (Coyt)
A.

To achieve an acceptable ripple voltage, select
Cout = 680 uF electrolytic capacitor.

= 3325 uF

25
Cout = 13.300x % 150
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LM2576 Series Buck Regulator Design Procedures (continued)

Indicator Value Selection Guide (For Continuous Mode Operation)

60 60
38—Lsao 3731 1 — 4 20 [H1000 YH680 - Haz0 A Hazo = H220 =/ Hi1s0
s & b — .4 .4 s
w / ymso / v w2 LSM 4
8 y. 8 /
s 10 A L220 7 7 7 s 15 L470 7 / / /
O 80 =3 A
2. / XUSO / ‘/ / Z 1330 # %
5 10 7 5 WL/ 4 enl A /| /
z i XKL/ 2 10 y
: AN AT s W A7
s r VIV @ = o7 / L100 /
2 147 Z 80
= = / 4 / 168
1/ A A A
5.0 4 7.0
03 04 05 06 08 10 15 20 25 80 03 04 05 06 08 10 12 15 20 2530
I, MAXIMUM LOAD CURRENT (A) L, MAXIMUM LOAD CURRENT ()
Figure 18. LM2576-3.3 Figure 19. LM2576-5
80 60
o AT 7 71T 7 - e
S 3 . — ~ Z 5 1 7 el 7 7
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S A A / g WA 7 <
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Figure 20. LM2576-12 Figure 21. LM2576-15
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Figure 22. LM2576-ADJ
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Table 1. Diode Selection Guide
Schottky Fast Recovery
3.0A 40-6.0A 3.0A 40-60A
Through Surface Through Surface Through Surface Through Surface
Vr Hole Mount Hole Mount Hole Mount Hole Mount
20V 1N5820 SK32 1N5823
MBR320P SR502
SR302 SB520
30V 1N5821 SK33 1N5824 50WQ03
MBR330 30WQ03 SR503
SR303 SB530 MUR320 MURS320T3 MUR420 MURD620CT
31DQ03 31DF1 MURD320 HER602 50WF10
HER302 30WF10
40V 1N5822 SK34 1N5825 MBRD640CT
MBR340 30WQo4 SR504 50WQo4 (all diodes (all diodes (all diodes (all diodes
SR304 MBRS340T3 SB540 rated rated rated rated
31DQ04 MBRD340 to at least to at least to at least to at least
100 V) 100 V) 100 V) 100 V)
50V MBR350 SK35 SB550 50WQ05
31DQ05 30WQ05
SR305
60V MBR360 MBRS360T3 50SQ080 MBRD660CT
DQo6 MBRD360
SR306
NOTE: Diodes listed in bold are available from ON Semiconductor.
Table 2. Inductor Selection by Manufacturer’s Part Number
Inductor Inductor
Code Value Tech 39 Schott Corp. Pulse Eng. Renco
L47 47 uH 77 212 671 26980 PE-53112 RL2442
L68 68 uH 77 262 671 26990 PE-92114 RL2443
L100 100 uH 77 312 671 27000 PE-92108 RL2444
L150 150 uH 77 360 67127010 PE-53113 RL1954
L220 220 uH 77 408 671 27020 PE-52626 RL1953
L330 330 pH 77 456 671 27030 PE-52627 RL1952
L470 470 pH * 671 27040 PE-53114 RL1951
L680 680 uH 77 506 671 27050 PE-52629 RL1950
H150 150 uH 77 362 671 27060 PE-53115 RL2445
H220 220 uH 77 412 671 27070 PE-53116 RL2446
H330 330 uH 77 462 671 27080 PE-53117 RL2447
H470 470 pH ¥ 671 27080 PE-53118 RL1961
H680 680 uH 77 508 671 27100 PE-53119 RL1960
H1000 1000 uH 77 556 671 27110 PE-53120 RL1959
H1500 1500 pH * 671 27120 PE-53121 RL1958
H2200 2200 pH * 67127130 PE-53122 RL2448

NOTE: *Contact Manufacturer
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Table 3. Example of Several Inductor Manufacturers Phone/Fax Numbers

Pulse Engineering, Inc. i_‘:;)ne : 1:213:2;:::;22
Pulse Engineering, Inc. Europe 2::"3 : ggg:ggg::lg;
Renco Electronics, Inc. Eg:ne N tg:gzggg:ggg
| e
Schott Corporation sz:ﬂe : ::gg:z;g:} 17;%
EXTERNAL COMPONENTS
Input Capacitor (Cj,) Output Capacitor (Cqyt)

The Input Capacitor Should Have a Low ESR

For stable operation of the switch mode converter a low
ESR (Equivalent Series Resistance) aluminium or solid
tantalum bypass capacitor is needed between the input pin
and the ground pin, to prevent large voltage transients from
appearing at the input. It must be located near the regulator
and use short leads. With most electrolytic capacitors, the
capacitance value decreases and the ESR increases with
lower temperatures. For reliable operation in temperatures
below —25°C larger values of the input capacitor may be
needed. Also paralleling a ceramic or solid tantalum
capacitor will increase the regulator stability at cold
temperatures.

RMS Current Rating of Cip

The important parameter of the input capacitor is the RMS
current rating. Capacitors that are physically large and have
large surface area will typically have higher RMS current
ratings. For a given capacitor value, a higher voltage
electrolytic capacitor will be physically larger than a lower
voltage capacitor, and thus be able to dissipate more heat to
the surrounding air, and therefore will have a higher RMS
current rating. The consequence of operating an electrolytic
capacitor beyond the RMS current rating is a shortened
operating life. In order to assure maximum capacitor
operating lifetime, the capacitor’s RMS ripple current rating
should be:

lrms >12xdx [Load

where d is the duty cycle, for a buck regulator

Vout

in

t,
d=20_
t
ol for a buck—boost regulator.

T
|Vout|

and d = =& = ——————

iE Voutl + Vin

For low output ripple voltage and good stability, low ESR
output capacitors are recommended. An output capacitor
has two main functions: it filters the output and provides
regulator loop stability. The ESR of the output capacitor and
the peak—to—peak value of the inductor ripple current are the
main factors contributing to the output ripple voltage value.
Standard aluminium electrolytics could be adequate for
some applications but for quality design, low ESR types are
recommended.

An aluminium electrolytic capacitor’s ESR value is
related to many factors such as the capacitance value, the
voltage rating, the physical size and the type of construction.
Inmost cases, the higher voltage electrolytic capacitors have
lower ESR value. Often capacitors with much higher
voltage ratings may be needed to provide low ESR values
that, are required for low output ripple voltage.

The Output Capacitor Requires an ESR Value
That Has an Upper and Lower Limit

As mentioned above, a low ESR value is needed for low
output ripple voltage, typically 1% to 2% of the output
voltage. But if the selected capacitor’s ESR is extremely low
(below 0.05 Q), there is a possibility of an unstable feedback
loop, resulting in oscillation at the output. This situation can
occur when a tantalum capacitor, that can have a very low
ESR, is used as the only output capacitor.

At Low Temperatures, Put in Parallel Aluminium
Electrolytic Capacitors with Tantalum Capacitors

Electrolytic capacitors are not recommended for
temperatures below —25°C. The ESR rises dramatically at
cold temperatures and typically rises 3 times at —25°C and
as much as 10 times at —40°C. Solid tantalum capacitors
have much better ESR spec at cold temperatures and are
recommended for temperatures below —25°C. They can be
also used in parallel with aluminium electrolytics. The value
of the tantalum capacitor should be about 10% or 20% of the
total capacitance. The output capacitor should have at least
50% higher RMS ripple current rating at 52 kHz than the
peak—to—peak inductor ripple current.
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Catch Diode
Locate the Catch Diode Ciose to the L2576

The LM2576 is a step—down buck converter; it requires a
fast diode to provide a return path for the inductor current
when the switch tumns off. This diode must be located close
to the LM2576 using short leads and short printed circuit
traces to avoid EMI problems.

Use a Schottky or a Soft Switching
Ultra—Fast Recovery Diode

Since the rectifier diodes are very significant sources of
losses within switching power supplies, choosing the
rectifier that best fits into the converter design is an
important process. Schottky diodes provide the best
performance because of their fast switching speed and low
forward voltage drop.

They provide the best efficiency especially in low output
voltage applications (5.0 V and lower). Another choice
could be Fast-Recovery, or Ultra—Fast Recovery diodes. It
has to be noted, that some types of these diodes with an
abrupt turnoff characteristic may cause instability or
EMI troubles.

A fast-recovery diode with soft recovery characteristics
can better fulfill sorne quality, low noise design requirements.
Table 1 provides a list of suttable diodes for the LM2576
regulator. Standard 50/60 Hz rectifier diodes, such as the
1N4001 series or 15400 series are NOT suitable.

Inductor

The magnetic components are the cornerstone of all
switching power supply designs. The style of the core and
the winding technique used in the magnetic component’s
design has a great influence on the reliability of the overall
power supply.

Using an improper or poorly designed inductor can cause
high voltage spikes generated by the rate of transitions in
current within the switching power supply, and the
possibility of core saturation can arise during an abnormal
operational mode. Voltage spikes can cause the
serniconductors to enter avalanche breakdown and the part
can instantly fail if enough energy is applied. It can also
cause significant RFT (Radio Frequency Interference) and
EMI (Electro—Magnetic Interference) problems.

Continuous and Discontinuous Mode of Operation
The ILM2576 step—down converter can operate in both the
continuous and the discontinuous modes of operation. The
regulator works in the continuous mode when loads are
relatively heavy, the current flows through the inductor
continuously and never falls to zero. Under light load
conditions, the circuit will be forced to the discontinuous
mode when inductor current falls to zero for certain period
of time (see Figure 23 and Figure 24). Each mode has
distinctively different operating characteristics, which can
affect the regulator performance and requiremnents. In many
cases the preferred mode of operation is the continucus
mode. It offers greater output power, lower peak currents in
the switch, inductor and diode, and can have a lower output

ripple voltage. On the other hand it does require larger
inductor values to keep the inductor current flowing
continuously, especially at low output load currents and/or
high input voltages.

To simplify the inductor selection process, an inductor
selection guide for the LM2576 regulator was added to this
data sheet (Figures 18 through 22). This guide assumes that
the regulator is operating in the continuous mode, and
selects an inductor that will allow a peak—to—peak inductor
ripple current to be a certain percentage of the maximum
design load current. This percentage is allowed to change as
different design load currents are selected. For light loads
(less than approximately 300 ma) it may be desirable to
operate the regulator in the discontinuous mode, because the
inductor value and size can be kept relatively low.
Consequently, the percentage of inductor peak—to—peak
current increases. This discontinuous mode of operation is
perfectly acceptable for this type of switching converter
Any buck regulator will be forced to enter discontinuous
mode if the load current is light enough.

20A

Inductor
Current
Waveform
0A

20A

Power
Switch
Current
Waveform
0A

VERTRICAL RESOLUTION 1.0 ADIV

HORIZONTAL TIME BASE: 5.0 ps/DIV

Figure 23. Continuous Mode Switching Current
Waveforms

Selecting the Right inductor Style

Sormne important considerations when selecting a core type
are core material, cost, the output power of the power supply,
the physical volume the inductor must fit within, and the
amount of EMI (Electro—Magnetic Interference) shielding
that the core must provide. The inductor selection guide
covers different styles of inductors, such as pot core, E—core,
toroid and bobbin core, as well as different core materials
such as ferrites and powdered iron from different
manufacturers.

For high quality design regulators the toroid core seems to
be the best choice. Since the magnetic flux is contained
within the core, it generates less EMI, reducing noise
problems in sensitive circuits. The least expensive is the
bobbin core type, which consists of wire wound on a ferrite
rod core. This type of inductor generates more EMI due to
the fact that its core is open, and the magnetic flux is not
contained within the core.
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‘When multiple switching regulators are located on the
same printed circuit board, open core magnetics can cause
interference between two or more of the regulator circuits,
especially at high currents due to mutual coupling. A toroid,
pot core or E—core (closed magnetic structure) should be
used in such applications.

Do Not Operate an inductor Beyond its
Maximum Rated Current

Exceeding an inductor’s maximum current rating may
cause the inductor to overheat because of the copper wire
losses, or the core may saturate. Core saturation occurs when
the flux density is too high and consequently the cross
sectional area of the core can no longer support additional
lines of magnetic flux.

This causes the permeability of the core to drop, the
inductance value decreases rapidly and the inductor begins
to look mainly resistive. It has only the DC resistance of the
winding. This can cause the switch current to rise very
rapidly and force the LM2576 internal switch into
cycle-by—cycle current limit, thus reducing the DC output
load current. This can also result in overheating of the

inductor and/or the LM2576. Different incuctor types have
different saturation characteristics, and this should be kept
in mind when selecting an inductor.

Switch
Current
Waveform

VERTICAL RESOLUTION 200 mA/DIV

HORIZONTAL TIME BASE: 5.0 ps/DIV

Figure 24. Discontinuous Mode Switching Current
Waveforms

GENERAL RECOMMENDATIONS

Output Voltage Ripple and Transients
Source of the Oulput Ripple

Since the LM2576 is a switch mode power supply
regulator, its output voltage, if left unfiltered, will contain a
sawtooth ripple voltage at the switching frequency. The
output ripple voltage value ranges from 0.5% to 3% of the
output voltage. It is caused mainly by the inductor sawtooth
ripple current multiplied by the ESR of the output capacitor.

Short Voltage Spikes and How o Reduce Them

The regulator output voltage may also contain short
voltage spikes at the peaks of the sawtooth waveform (see
Figure 25). These voltage spikes are present because of the
fast switching action of the output switch, and the parasitic
inductance of the output filter capacitor. There are some
other important factors such as wiring inductance, stray
capacitance, as well as the scope probe used to evaluate these
transients, all these contribute to the amplitude of these
spikes. To minimize these voltage spikes, low inductance
capacitors should be used, and their lead lengths must be
kept short. The importance of quality printed circuit board
layout design should also be highlighted.

27 s el SRR T R Al T LA VO]EQBSD“{CS
| caused by

f suitching action
afthe output

output capacitor

VERTRICAL
RESOLUTION
20 mVDIV

HORIZONTAL TIME BASE: 5.0 ps/DIV

Figure 25. Output Ripple Voltage Waveforms

Minimizing the Outfput Ripple

In order to minimize the output ripple voltage it is possible
to enlarge the inductance value of the inductor L1 and/or to
use a larger value output capacitor. There is also another way
to smooth the output by means of an additional LC filter (20
WH, 100 pF), that can be added to the output (see Figure 34)
to further reduce the amount of output ripple and transients.
With such a filter it is possible to reduce the output ripple
voltage transients 10 times or more. Figure 25 shows the
difference between filtered and unfiltered output waveforms
of the regulator shown in Figure 34.

The lower waveform is from the normal unfiltered output
of the converter, while the upper waveform shows the output
ripple voltage filtered by an additional LC filter.

Heatsinking and Thermal Considerations
The Through-Hole Package TO-220

The LM2576 is available in two packages, a 5—pin
TO—-220(T, TV) and a 5—pin surface mount DZPAK(D2T).
Although the TO-220(T) package needs a heatsink under
most conditions, there are some applications that require no
heatsink to keep the LM2576 junction temperature within
the allowed operating range. Higher ambient temperatures
require some heat sinking, either to the printed circuit (PC)
board or an external heatsink.

The Surface Mount Package D2PAK and its
Heatsinking

The other type of package, the surface mount D?PAK, is
designed to be soldered to the copper on the PC board. The
copper and the board are the heatsink for this package and
the other heat producing components, such as the catch
diode and inductor. The PC board copper area that the
package is soldered to should be at least 0.4 in? (or 260 mm?)
and ideally should have 2 or more square inches (1300 mm?)
of 0.0028 inch copper. Additional increases of copper area
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beyond approximately 6.0 in? (4000 mm?2) will not improve
heat dissipation significantly. If further thermal
improvements are needed, double sided or multilayer PC
boards with large copper areas should be considered. In
order to achieve the best thermal performance, it is highly
recommended to use wide copper traces as well as large
areas of copper in the printed circuit board layout. The only
exception to this is the OUTPUT (switch) pin, which should
not have large areas of copper (see page 8 ‘PCB Layout
Guideline”).
Thermal Analysis and Design

The following procedure must be performed to determine
whether or not a heatsink will be required. First determine:

Packages on a Heatsink

If the actual operating junction temperature is greater than
the selected safe operating junction temperature determined
in step 3, than a heatsink is required. The junction
temperature will be calculated as follows:

Ty =Pp (Reya * Recs + Rosa) + Ta
Rgjc is the thermal resistance junction—case,

Rgcs 1s the thermal resistance case—heatsink,
Rega is the thermal resistance heatsink—ambient.

where

If the actual operating temperature is greater than the
selected safe operating junction temperature, then a larger
heatsink 1s required.

1. Phgmaxy maximum regulator power dissipation in the Some Aspects That can Influence Thermal Design
application. It should be noted that the package thermal resistance and
2. Tagmax) Mmaximum ambient temperature in the the junction temperature rise numbers are all approximate,
application. and there are many factors that will affect these numbers,
3. Tymaxy maximum allowed junction temperature such as PC board size, shape, thickness, physical position,
(125°C for the LM2576). For a conservative location, board temperature, as well as whether the
design, the maximum junction temperature surrounding air is moving or still.
should not exceed 110°C to assure safe Other factors are trace width, total printed circuit copper
operation. For every additional +10°C area, copper thickness, single— or double—sided, multilayer
temperature rise that the junction must board, the amount of solder on the board or even color of the
withstand, the estimated operating lifetime traces.
of the component is halved. The size, quantity and spacing of other components on the
4. Raic package thermal resistance junction—case. board can also influence its effectiveness to dissipate the heat.
5. Rogja package thermal resistance junction-ambient. oo
(Refer to Maximum Ratings on page 2 of this data sheet or Unregulated T
Regyc and Rgya values). DG Input W, |

The following formula is to calculate the approximate
total power dissipated by the LM2576:

Pp = (Vin X I@) + d X I oad X Vsat

LM2576-12

i
cm + L s’
‘UO“FI 3GGN 5 4 Coy

Ho it
D I 2200 uF

i O
where d is the duty cycle and for buck converter V@A
V Regulated
in . .
Ty, {uinsonntcurrent) and Vi can he Fumd e Figure 26. Inverting Buck-Boost Develops =12 V
LM2576 data sheet, ADDITIONAL APPLICATIONS
Vin  1s minimum input voltage applied, i
Vo is the regulator output voltage, Inverting Regulator

I oad 1s the load current.
The dynamic switching losses during turn-on and
turn—off can be neglected if proper type catch diode is used.

Packages Not on a Heatsink (Free-Standing)

For a free—standing application when no heatsink is used,
the junction temperature can be determined by the following
expression:

Ty = (Reya) (Pp) + Ta
where (Rpja)(Pp) represents the junction temperature rise

caused by the dissipated power and Ty is the maximum
ambient temperature.

An inverting buck—boost regulator using the LM2576-12
is shown in Figure 26. This circuit converts a positive input
voltage to a negative output voltage with a common ground
by bootstrapping the regulators ground to the negative
output voltage. By grounding the feedback pin, the regulator
senses the inverted output voltage and regulates it.

In this example the LM2576-12 is used to generate a
=12V output. The maximum input voltage in this case
cannot exceed +28 V because the maximum voltage
appearing across the regulator is the absolute sum of the
input and output voltages and this must be limited to a
maximum of 40 V.
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This circuit configuration is able to deliver approximately
0.7 A to the output when the input voltage is 12 V or higher.
At lighter loads the minimum input voltage required drops
to approximately 4.7 V, because the buck—boost regulator
topology can produce an output voltage that, in its absolute
value, is either greater or less than the input voltage.

Since the switch currents in this buck—boost configuration
are higher than in the standard buck converter topology, the
available output current is lower.

This type of buck—boost inverting regulator can also
require a larger amount of startup input current, even for
light loads. This may overload an input power source with
a current limit less than 5.0 A.

Such an amount of input startup current is needed for at
least 2.0 ms or more. The actual time depends on the output
voltage and size of the output capacitor.

Because of the relatively high startup currents required by
this inverting regulator topology, the use of a delayed startup
or an undervoltage lockout circuit is recommended.

Using a delayed startup arrangement, the input capacitor
can charge up to a higher voltage before the switch-mode
regulator begins to operate.

The high input current needed for startup is now partially
supplied by the input capacitor Cjy.

It has been already mentioned above, that in some
situations, the delayed startup or the undervoltage lockout
features could be very useful. A delayed startup circuit
applied to a buck-boost converter is shown in Figure 27,
Figure 33 in the “Undervoltage Lockout™ section describes
an undervoltage lockout feature for the same converter
topology.

Design Recommendations:

The inverting regulator operates in a different manner
than the buck converter and so a different design procedure
has to be used to select the inductor L1 or the output
capacitor Coy.

The output capacitor values must be larger than what is
normally required for buck converter designs. Low input
voltages or high output currents require a large value output
capacitor (in the range of thousands of uF).

The recommended range of inductor values for the
inverting converter design is between 68 wH and 220 pH. To
select an inductor with an appropriate current rating, the
inductor peak current has to be calculated.

The following formula is used to obtain the peak inductor
current:

_ lLoad (Vin + IVOD + Vinxton

| ==
peak Vi 2L

where t Vol 1.0 ang f 52 kH
ere = o——=—— X+, an = z.
on = Vin + Nl Tosc osc

Under normal continuous inductor current operating
conditions, the worst case occurs when Vi, is minimal.

12Vto 25V
Unregulated | 1 Feedback
Lo +—V<’§1 m2576-12 | 4 u |
L 6-1
G | 1 Qutput =
1wouFrs Clm L2
150 vI0-1 uF 5O0N/OFF 30 GN
= WA D D1 +| Cou
R1 72200 uF
ark Lo, 1N5822 5y
147k
)
-12V@700mA
Regulated
Output

Figure 27. Inverting Buck-Boost Regulator
with Delayed startup

T ;
+Vip +Viy | I
oO—¢ LM2576-XX

1l |

Lo wgl |

Stk 100 uF 47 k< 5 & ONIOFF 3 SN

5.0V— Input
IOﬂ oW\
0 T R3
n 470 R2
G Iz 47K

N

O

Mocsaio1

NOTE: This picture does not show the complete circuit.

Figure 28. Inverting Buck-Boost Regulator Shutdown
Circuit Using an Optocoupler

With the inverting configuration, the use of the ON/OFF
pin requires some level shifting techniques. This is caused
by the fact, that the ground pin of the converter IC is no
longer at ground. Now, the ON/OFF pin threshold voltage
(1.3 V approximately) has to be related to the negative
output voltage level. There are many different possible shut
down methods, two of them are shown in Figures 28 and 29.
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Shutdown

+Viy

L

NOTE: This picture does not show the complete circuit.

Figure 29. Inverting Buck-Boost Regulator Shutdown
Circuit Using a PNP Transistor

Negative Boost Regulator

This example is a variation of the buck—boost topology
and it is called negative boost regulator. This regulator
experiences relatively high switch current, especially at low
input voltages. The internal switch current limiting results in
lower output load current capability.

The circuit in Figure 30 shows the negative boost

Another important point is that these negative boost
converters cannot provide current limiting load protection in
the event of a short in the output so some other means, such
as a fuse, may be necessary to provide the load protection.

Delayed Startup

There are some applications, like the inverting regulator
already mentioned above, which require a higher amount of
startup current. In such cases, if the input power source is
limited, this delayed startup feature becomes very useful.

To provide a time delay between the time when the input
voltage is applied and the time when the output voltage
comes up, the circuit in Figure 31 can be used. As the input
voltage is applied, the capacitor C1 charges up, and the
voltage across the resistor R2 falls down. When the voltage
on the ON/OFF pin falls below the threshold value 1.3 V, the
regulator starts up. Resistor R1 is included to limit the
maximum voltage applied to the ON/OFF pin. It reduces the
power supply noise sensitivity, and also limits the capacitor
C1 discharge current, but its use is not mandatory.

When a high 50 Hz or 60 Hz (100 Hz or 120 Hz
respectively) ripple voltage exists, a long delay time can
cause some problems by coupling the ripple into the
ON/OFF pin, the regulator could be switched periodically
on and off with the line (or double) frequency.

configuration. The input voltage in this application ranges r—————- 1
from —5.0 V to —12 V and provides a regulated —12 V output. G ¥ | |
: . . 3 + +V,
If the input voltage is greater than 12V, the output will rise . O  LmM2576-XX |
above —12 V accordingly, but will not damage the regulator. I
+C1 | CHER |
1 1 01uF  5QONOFF 30 GN
= = D
—————— 1 c 10
oul uF T
| la L 2200 uF L) L
Vin I| LM2576-12 | Feedback howks -
1 | Output
St “Ran T TooRor | M - -
100 uF NOTE: This picture does not show the complete circuit.
Vou=-12V . sy
: o o Figure 31. Delayed Startup Circuitry
100 uH Typical Load Current
Vin P ‘;‘s’g "‘2 }°’ t’;n = ‘gg \‘; Undervoltage Lockout
o PAION g =1 Some applications require the regulator to remain off until
-50Vto-12V

Figure 30. Negative Boost Regulator

Design Recommendations:

The same design rules as for the previous inverting
buck—boost converter can be applied. The output capacitor
Cout must be chosen larger than would be required for a what
standard buck converter. Low input voltages or high output
currents require a large value output capacitor (in the range
of thousands of uF). The recommended range of inductor
values for the negative boost regulator is the same as for
inverting converter design.

the input voltage reaches a certain threshold level. Figure 32
shows an undervoltage lockout circuit applied to a buck
regulator. A version of this circuit for buck—boost converter
is shown in Figure 33. Resistor R3 pulls the ON/OFF pin
high and keeps the regulator off until the input voltage
reaches a predetermined threshold level with respect to the
ground Pin 3, which is determined by the following
expression:

e 0.5 58
Vi = Vz1 + (10 + B2 vge @
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LM2576-XX |
! o ]
R2 +Cip 4 +V, +V,
10k 100 4F 5 ON/OFF 3¢ gN ; sl LM2576-XX :
G, ]
R2 w2 L
- = 15K Imu..F 5 & ONJOFF 3<'>_GN
Al
R1 Vip =13V 1N52428
10k " Vip =18V
Q1
= = 2N3904
NOTE: This picture does not show the complete circuit. 15“:(
Vou
Figure 32. Undervoltage Lockout Circuit for 05

Buck Converter

NOTE: This picture does not show the complete circuit.

The following formula is used to obtain the peak inductor Figure 33. Undervoltage Lockout Circuit for

current: Buck-Boost Converter
Boog (Vi + VD) Voxt
lpeak ™ Load {? o mQL el Adjustable Output, Low-Ripple Power Supply
v in 1 A 3.0 A output current capability power supply that
where to,, = Vol % 1 0 , and foge = 52kHz. featw‘res an adjustablg output volFage is shown in Figure 34.
+ Vol ™ fosc This regulator delivers 3.0 A into 1.2 V to 35 V output.

The input voltage ranges from roughly 3.0 V to 40 V. In order
to achieve a 10 or more times reduction of output ripple, an
additional L—C filter is included in this circuit.

40 V Max r ——————— =1 Feedback
Unregulated r(j [
DC Input Nm | i 5
LM2574-Adj Output
l Output ) m150 i i ,Uﬁ.‘m H ) Voltage
P— )]
73 GN 50 ON/OFF R2

| |
| |
| | Y
| | 12t035v@3.0A
100 uF 50 k : I
D1 +| Cou | c1_l+ |
L 1N5822 2200 yF I 10T |
- B | |
A|i 121k I |
- L = L | |
||
Optional Output
Ripple Filter

Figure 34. 1.2 to 35 V Adjustable 3.0 A Power Supply with Low Output Ripple
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THE LM2576-5 STEP-DOWN VOLTAGE REGULATOR WITH 5.0 V@ 3.0 A OUTPUT POWER CAPABILITY.
TYPICAL APPLICATION WITH THROUGH-HOLE PC BOARD LAYOUT

(5 e e =1 Feedback
| N
Unregulated TYin L1
DC Input ] LM2576-5 156uH
V=70t 40V I Output 1112 Regulated Output
O Vo1 =5.0V @ 3.0 A
30 GN 50 ON/OFF
D
C1
100 uF Lt ON/OFF o1 | B
50 v -~ 1000 uF
1N5822 6V
GNDjy o O GND o

100 uF, 50 V, Aluminium Electrolytic
1000 yF, 16 V, Aluminium Electrolytic
3.0 A 40V, Schottky Rectifier, IN5822

D1 -
- 150 uH, RL2444, Renco Electronics

Figure 35. Schematic Diagram of the LM2576-5 Step-

LM2576 s
2
=1
=1
U1
1
g
Vou
1
1
| b4
&7 ON/OFF
+Viy
1 1
& S
GND- GND,y,
n

Down Converter

NOTE: Not to scale.

Figure 36. Printed Circuit Board Layout
Component Side
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Figure 37. Printed Circuit Board Layout

Copper Side
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THE LM2576-ADJ STEP-DOWN VOLTAGE REGULATOR WITH 8.0 V@ 1.0 A OUTPUT POWER
CAPABILITY. TYPICAL APPLICATION WITH THROUGH-HOLE PC BOARD LAYOUT

A_(L Feedback
S S |

r
Unregulated | |
s Vel imasze-ans | L Regulated
V,=10Vto 40V | 150 uH i
Vg = to | Output Output Filtered
AL O
| IR ——— Vour =80V@3.0A
3Q0GN  5QON/OFF he ~
D
C1 G2
100 uF D1 +
150V INs82 o ,1100?/ uF R1
ON/OFF L 18k
(o, O
. R
= Vout = Vref + (1'0 *R )
C1 - 100 yF, 50V, Aluminium Electrolytic Vit =1.23V
C2 - 1000 pF, 16 V, Aluminium Electrolytic R1is between 1.0k and 5.0 k
D1 - 3.0A 40V, Schottky Rectifier, IN5822
L1 - 150 uH, RL2444, Renco Electronics
R1 - 18kQ,025W
R2 - 10k 025W

Figure 38. Schematic Diagram of the 8.0 V @ 3.0 A Step—Down Converter Using the LM2576-ADJ

o
LM2576 =
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8
ut
ON/OFF
1
=3
I Vou
1
+Vip
1 1
1 [
GND;, GNDy

3

NOTE: Not to scale.

Figure 39. Printed Circuit Board Layout
Component Side
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LM2576
ORDERING INFORMATION
Nominal Operating

Device Output Voltage Temperature Range Package Shippingt
LM2576TV-ADJ TO-220 (Vertical Mount)
LM2576TV-ADJG TO-220 (Vertical Mount)

(Pb-Free)

LM2576T-ADJ TO-220 (Straight Lead)
LM2576T-ADJG TO-220 (Straight Lead) 50 Units/Rail

(Pb-Free)

1.23Vto37V Ty=-40°to +125°C
LM2576D2T-ADJ D2?PAK (Surface Mount)
LM2576D2T-ADJG D2PAK (Surface Mount)
(Pb-Free)
LM2576D2T-ADJR4 D2PAK (Surface Mount)
LM2576D2T-ADJR4G D2PAK (Surface Mount) 2500 Tape & Reel
(Pb-Free)
LM2576TV-3.3 TO-220 (Vertical Mount)
LM2576TV-3.3G TO-220 (Vertical Mount)
(Pb—Free)
LM2576T-3.3 TO-220 (Straight Lead)
LM2576T-3.3G TO-220 (Straight Lead) 50 Units/Rail
(Pb-Free)
33V Ty=-40°to +125°C
LM2576D2T-3.3 D2PAK (Surface Mount)
LM2576D2T-3.3G D2?PAK (Surface Mount)
(Pb-Free)
LM2576D2TR4-3.3 D2PAK (Surface Mount)
LM2576D2TR4-3.3G D2PAK (Surface Mount) 2500 Tape & Reel
(Pb-Free)
LM2576TV-005 TO-220 (Vertical Mount)
LM2576TV-5G TO-220 (Vertical Mount)
(Pb-Free)
LM2576T-005 TO-220 (Straight Lead)
LM2576T-005G TO-220 (Straight Lead) 50 Units/Rail
(Pb-Free)
50V Ty=-40°to +125°C
LM2576D2T-005 D2PAK (Surface Mount)
LM2576D2T-005G D2PAK (Surface Mount)
(Pb—-Free)
LM2576D2TR4-005 D2PAK (Surface Mount)
LM2576D2TR4-5G D2PAK (Surface Mount) 2500 Tape & Reel
(Pb-Free)
LM2576TV-012 TO-220 (Vertical Mount)
LM2576TV-012G TO-220 (Vertical Mount)
(Pb-Free)
LM2576T-012 TO-220 (Straight Lead)
LM2576T-012G TO-220 (Straight Lead) 50 Units/Rail
(Pb-Free)
12V Ty=-40°to +125°C

LM2576D2T-012

LM2576D2T-012G

LM2576D2TR4~-012

LM2576D2TR4-012G

D2PAK (Surface Mount)

D2PAK (Surface Mount)
(Pb-Free)

D2PAK (Surface Mount)

D2PAK (Surface Mount)
(Pb-Free)

2500 Tape & Reel

tFor information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

http:/fonsemi.com
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LM2576
ORDERING INFORMATION
Nominal Operating
Device Output Voltage Temperature Range Package Shippingt
LM2576TV-015 TO-220 (Vertical Mount)
LM2576TV-015G TO-220 (Vertical Mount)
(Pb-Free)
LM2576T-015 TO-220 (Straight Lead)
LM2576T-15G 15V Ty=-40°to +125°C TO-220 (Straight Lead) 50 Units/Rail
(Pb-Free)
LM2576D2T-015 D2PAK (Surface Mount)
LM2576D2T-15G D2PAK (Surface Mount)
(Pb-Free)

1For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

MARKING DIAGRAMS

TO-220 TO-220 D2PAK
TV SUFFIX T SUFFIX D2T SUFFIX
CASE 314B CASE 314D CASE 936A
O O w
LM LM 2576-xxx 2576D2T-xxx
2576 T-xxXX 2576 T-30¢x AWLYWWG AWLYWWG

AWLYWWG AWLYWWG UUUU ”UU“
Il I

1

xxx =3.3,56.0,12,15, or ADJ
A = Assembly Location

WL = Wafer Lot

Y =Year

WW = Work Week

G = Pb-Free Package

http:/fonsemi.com
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LM2576

PACKAGE DIMENSIONS

TO-220
TV SUFFIX
CASE 314B-05
ISSUE L

le— B —a
[-P-] OPTIONAL

2a CHAMFER E—

=l
J s L

i
]

t
=

|
-L 5x J
¢ [EEEEEOMT o] 1 e
5X D —mf f—
EOEEONEY v
) e
TO-220
T SUFFIX
CASE 314D-04
ISSUE F
T e
- B -
<—B1—D DETAL A-A —E:'Ei :__
D
I EH ¥
. L
12345 l ¥

G Hﬂ p—
D 5PL—wlla—

[@] 0356 0019@[T] @]

S ————

DETAIL A-A

http:/fonsemi.com
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HOTES:

1. DIMENSIONING AND TOLERANCING PER ANSI
Y1454, 1982
CONTROLLING DIMENSION: INCH.
DIMENSION D DOES NOT NCLUDE
INTERCONNECT BAR {DAM3AR) PROTRUSION.
DIMENSION D INCLUDING PROTRUSION SHALL
WOT EXCEED 0.3 {1.092) WAXIMUM.

MILLIMETERS
MIN_| MAX
15.570
9906 | 10.541
4572
0535 | 0885
1219 | 1397
23.743

o324

]

[T
| )

NOTES:
1. DIMENSIONING AND TOLERARCING PER ANSI
Y14.5M, 1982.

2. CONTROLLING DIMENSION: INCH.

3. DIVENSION D DOES NOT INCLUDE
INTERCONNECT BAR (DAWBAR) PROTRUSION.
DIMENSION [ INCLUDING PROTRUSION SHALL
NOT EXCEED 10.92 {0.043) MAXIMUN.

MILLIMETERS

Autor: Néstor Dofiate Marqués
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LM2576

PACKAGE DIMENSIONS

D2PAK
D2T SUFFIX
CASE 936A-02
ISSUEC

= o NOTES

OPTIONAL. TERMINALS IMENSIONING AND TOLERANCING PER ANSI
A—>] CHAMFER le— E U , Y145M, 1982 " "
CONTROLLING DIMENSION: INCH.
3. TAB CONTOUR OPTIONAL WITHIN DIMENSIONS A

AND K
A 4
-\T)— URFAC

NS A AND B DO INCLUDE MOLD
H OR GATE PROTRUSIONS  MOLD FLAS

I_
l 12345 AND GATE PROTRUSIONS N TO EXCEED
M L | (0.635) MAXIMUM
| INCHES MILLIMETERS
{ MIN MAX MAX
N P v .

o b

NS U AND V ESTABLISH A MINIMUM
URFAC R TERMINAL 6.

o

=4
=

0.102

A | 0386 | 0403

B | 0356 | 0368
R\- C 0170 0180

D | 0026 | 0036

E 0.055

G BSC

H | R

K REF

L 0010

t

P

R

S

1]

v

S°REF
0116 REF
0200 MIN
0.250 MIN
SOLDERING FOOTPRINT*
8.38
0.33
1.702
‘ L1 ooer ]
1%5 _ N s | |
— f
| 1.016
| 305 0.04
0.12
| 16.02
I 0.63
SCALE 3 (m'“IL)
*For additional information on our Pb—Free strategy and soldering
details, please download the ON Semiconductor Soldering and
Mounting Techniques Reference Manual, SOLDERRM/D.
http:/fonsemi.com
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LM2576

d @ are

of Semiconductor Components Industnes, LLC (SCILLC). SCILLC reserves the nght to make changes without further notice
to any products r\ereln SCFLLC makes no wamanty, representation or guarantee regarding the suitability of its products for any particular purpose, nor does SCILLC assume any liability
arising out of the application or use of any product or circuit, and specifically disclaims any and all liability, including without limitation special, consequential or incidental damages
“Typical® parameters which may be provided in SCILLC data sheets and/or specifications can and do vary in different applications and actual performance may vary over time  All
operating parameters, including “Typicals® must be validated for each customer application by customer’s technical experts. SCILLC does not convey any license under its patent rights
nor the nghts of others. SCILLC products are not designed, intended, or authorized for use as components in systems intended for surgical implant into the body, or other applications
intended to support or sustain life, or for any other application in which the failure of the SCILLC product could create a situation where personal injury or death may occur. Should
Buyer purchase or use SCILLC products for any such unintended or unauthorized application, Buyer shall indemnify and hold SCILLC and its officers, employees. subsidiaries, affiliates,
and distributors hamiess against all claims, costs, damages, and expenses, and reasonable attorney fees arising out of, directly or indirectly, any dlaim of personal injury or death
associated with such unintended or unauthorized use, even if such claim alleges that SCILLC was negligent regarding the design or manufacture of the part. SCILLC is an Equal
Opportunity/Affrmative Action Employer. This literature is subject to all applicable copynght laws and is not for resale in any manner

PUBLICATION ORDERING INFORMATION

LITERATURE FULFILLMENT N. American Technical Support. 800-282-9855 Toll Free ON Semiconductor Website http Zonsemi.com
Literature Distribution Center for ON Semiconductor USA/Canada

P.0. Box 61312, Phoenix, Arizona 85082-1312 USA

Phone: 480-829-7710 or 800-344-3860 Toll Free USA/Canada Japan ON Semiconductor, Japan Customer Focus Center
Fax: 480-829-7709 or 800-344-3867 Toll Free USA/Canada 2-9-1 Ksmimeguro, Meguro—ku, Tokyo, Japan 153-0051 For additional information, please contact your
Email: orderlit@onsemi com Phone §1-3-5773-3850 local Sales Representative

Order Literature  nittp /www onsemi.com/torder

LM2576/D
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Transistor SP8050

S8050 TRANSISTOR (PNP)

TO-92

FEATURES D

Power dissipation
Pew © 0.625 W( Tamb=25T ) 1. EMITTER
Collector current 2. BASE M N
23

lgw ¢ 05 A 3. COLLECTOR

Collector-base voltage
Vierceo: 40 V
1

ELECTRICAL CHARACTERISTICS( Tamb=25C unless otherwise specified )

Parameter Symbol Test conditions MIN TYP MAX UNIT
Collector-base breakdown voltage | V(BR).go lc=100 WA, 1=0 40 \
Collector-emitter breakdown voltage | V(BR).o Ic=01mA, ;=0 25 \4
Emitter-base breakdown voltage V(BR)gso le=100 LA, 1.=0 5 A
Collector cut-off current less Veg=40 V, =0 0.1 LA
Collector cut-off current logo Vee=20 V,  1g=0 0.1 UA
Emitter cut-off current leao Veg= 5 Vs, 1=0 0.1 WA

By Vee=1V, = 50mA 85 300
DC current gain(note)

2 I Vee=1V. = 500mA 50
Collector-emitter saturation voltage | V. (sat) I.=500mA, 1= 50 mA 0.6 A
Base-emitter saturation voltage Vge(sat) Ic=500mA, Iz= 50 mA 1.2 \
Base-emitter voltage Vee le= 100mA 1.4 \

Vee=6V,  Ic=20mA
Transition frequency f; 150 MHz
f = 30MHz

CLASSIFICATION OF Hegy

Rank B C D
Range 85-160 120-200 160-300
Wing Shing Computer Components Co., (H.K.)Ltd Tel:(852)2341 9276 I'ax:(852)2797 8153
Homepage: http://www.wingshing.com E-mail:  wsceltd@hkstar.com
Autor: Nestor Donate Marques - 231 -
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Convertidor USB-Serie CH340

The DataSheet of CH340 (the first)

=

USB to serial chip CH340

English DataSheet
Version: 1D

http://wch.cn
1. Introduction

CH340 is a USB bus convert chip and it can realize USB convert to serial interface, USB convert to
IrDA infrared or USB convert to printer interface.

In serial interface mode, CH340 supplies common MODEM liaison signal, used to enlarge
asynchronous serial interface of computer or upgrade the common serial device to USB bus directly. More
detail about USB convert to printer interface please referring to the second manual CH340DS2.

In infrared mode, add infrared transceiver to CH340 can compose USB infrared adapter, realize SIR
infrared communication.

UART/RS232/IrDA infrared SIR

Computer CH340
or other UsB convert
USB host chip

parallel printer to USB printer

NN

2. Features

@ Full speed USB device interface, conforms to USB Specification Version 2.0, only needs crystal and
capacitance external.

e Emulate standard serial interface, used to upgrade the former peripheral device, or add excess serial
interface through USB.

@ Totally compatible with serial application program in computer endpoint Windows operation system.

e Hardware full duplex serial interface, set transceiver buffer, supports communication baud rate varies
from 50bps to 2Mbps.

@ Supports common MODEM liaison signal RTS, DTR, DCD, RI, DSR and CTS.

e Through adding level converter equipment to supply RS232, RS485, RS422 and other interface.

® Supports IrDA criterion SIR infrared communication, supports baud rate varies from 2400bps to
115200bps.

@ For it is through USB converts to serial interface, only compatible with application layer not totally.

® Software compatible with CH341, using drive of CH341 directly.

® Support 5V and 3.3V source voltage.

® Supply SSOP-20 package without lead, compatible with RoHS.

- 232 - Autor: Néstor Dofiate Marqués
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The DataSheet of CH340 (the first) 2
3. Package
CH348T CH348R
1 28 1 28
CKO  NOS# NC. NOS#
ZlacTs  veci2 ZlacT#  veci3
211#p  R232|-12 2]T#p R2321E
2] rxD ne, 2 & rxD IR# 1
U3 RTS# y3 RTS#
£lub+  DTR# LS £lub+  DTR# LS
UD-  DCD# |12 UD-  DCD# |1
g GND RI# ig g GND RI# ig
X1 DSR# —21x1 DSR# 12
10 %o cTo# |11 —181xo cTo# |11
UART IrDA/RS2
Package shape] Width of plastic Pitch of Pin Instruction of package Ordering type

SS0P-20 | 5.30mn | 2091mdl| 0.65mm | 25mil | Shrink smrall outline package of 20-pin CH340T
S50P-20 | 5.30mn | 2091adl| 0.65mm | 25mil | Shrink small outline package of 20-pin CH340R

4. Pins
; ’ y Fin Description{desctiption in bracket is only about
Pin No. Pin Name Pin Type CH340R)
Positi i 1t i 1
19 vee POWER ositive power input po ,'requu'es E'm external 0.1uF
power decoupling capacitance
8 GND POWER Public ground, ground commection for USB
connects of VCC to input outside power while 3.3V,
5 V3 POWER connects of 0.0 1uF decoupling capacitance outside
while 5V
9 <1 N Input of crystal oscillator, attachment of crystal and
crystal oscillator capacitance outside
10 %0 OUT Opposite output of crys@l osmllatorr attadnnqqt of
crystal and crystal oscillator capacitance outside
. Directly connect to D+ data wire of USB bus, set up
g ke Uk el pull-up resistor internal
¥ UD- USB signal Directly connect to D- data wire of USB bus
20 NOSH N Forbid USB device suspending, active with low, set up

pull-up resistor internal
3 TXD oUT Serial data output(opposite phasic output of CH340R)
Senal data input, set up controlled pull-up and

4 N pull-down resistor
1 CTa# N MODEM liaison input sxgnaL clear sending, active with
low(high)
MODEM liaisoninput signal, data equipment is ready,
2 PR . active with low(high)
13 RI# N WODEM liaison 1nput mgnal, osqllate ring to prompt,
active with low(high)
Autor: Néstor Dofiate Marqués - 233 -
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The DataSheet of CH340 (the first) 3
14 DCD# OUT MODEM liaison 1nlput s?gnal, car‘rler wave detection,
active with low(high)
15 DTR# OUT MODEM liaison oultput sllgnal, da.ta endpoint is ready,
active with low(high)
MODEM liaison output signal, request to send, active
16 RTS# ouT ; .
with low(high)
CH340T:negative phasic clock output
2 ACT# ouT (CH340R:USB configuration is finished state output,
active with low)
18 R232 IN Assistant RS232 enable, _act1v§ with high, set up
pull-down resistor internal
NC. NC. CH340T: unconnected, must be suspended
17 CH340R:Serial interface mode set input, set up pull-up
IR# IN resistor internal, low level is SIR infrared serial
interface, high level is common serial interface
; CKO. OUT(NC.) CH340T: clock output
NC CH340R:unconnected, must be suspend

5. Function description

CH340 chip set up USB pull-up resistor internal, UD+ and UD- pins must be connected to USB bus
directly.

CH340 chip set up power up reset circuit internal.

When CH340 chip is working normally, the outside must supply 12MHz clock signal to XI pin. In
generally, clock signal is generated by inverter in CH340 through oscillating of crystal keeping frequency. A
crystal of 12MHz between XI and XO, XTI and XO connect a high frequency oscillator capacitance to ground
respectively can compose the peripheral circuit.

CH340 chip supports 5V and 3.3V power voltage. When using 5V source power, the VCC input 5V
power and the pin of V3 must connect with 4700pF or 0.01uF decoupling capacitance. When using 3.3V
power voltage, connects V3 with VCC, and input 3.3V power voltage. And the other circuit voltage which is
connected with CH340 is no more than 3.3V.

CH340 automatically supports USB device suspending to save power consume. NOS# is low—level can
forbid USB device suspending.

In asynchronous serial interface mode, CH340 chip contains these pins: data transfer pin, MODEM
liaison signal pin and assistant pin.

Data transfer pin contains: TXD pin and RXD pin. When serial interface is idle, RXD must be
high-level. If R232 is high-level, use assistant RS232 function, then RXD pin automatically inserts a inverter
internal, and low-level is in default. When serial interface output is free, the TXD in CH340H and CH340T
is high level, TXD in CH340R is low-level.

MODEM liaison signal pin contains: CTS#, DSR#, RI#, DCD# and RTS#. All these MODEM liaison
signal are controlled by computer application program and application program defines function.

Assistant pin contains: IR#, R232, CKOH, CKOL and ACT#. When IR# is low-level, starts infrared
serial interface mode. R232 is used to control assistant RS232 function. When R232 is high-level, RXD pin
automatically insert a inverter internal, and output opposite phase clock from CKOH and CKOL. ACT# is
USB device configuration finished state output (such as USB infrared adapter is ready) when R232 is
low-level. IR# and R232 only be detected once a time after power reset.

CH340 set separate transceiver buffer internal and supports simplex, semiduplex and full duplex
asynchronous serial communication. Serial data contains one low-level start bit , eight or nine data bit and

- 234 - Autor: Néstor Dofiate Marqués
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one high-level stop bit. Supporting odd check/even check/flag check/blank check. CH340 supports common
baud rate: 50,75,100,110,134.5,150,300,600,900,1200,1800,2400,3600,4800,9600,14400,19200,28800,

33600,38400, 56000,57600,76800,115200,128000,153600,230400,460800,921600,1500000,2000000 and so

on. The baud rate error of serial transfer signal is less than 0.3%, and permission baud rate error of serial
receive signal is not less than 0.2%.

In the WINDOWS operation system of computer endpoint, drive program of CH340 can communicate
standard serial interface. So the mostly original serial interface application program is totally compatible,
and without any modify.

CH340 can be used to upgrade the former serial interface peripheral equipment, or add extra serial
interface for computer via USB bus. Supply RS232, RS485, RS422 and other interface via adding level
change device.

Only add infrared transceiver, CH340 can add SIR infrared adapter for computer via USB bus, realize
infrared communication between computer and peripheral equipment which is according to IrDA criterion.

6. Parameter

6.1. Absolute maximum rating (Stresses above those listed can cause permanent damage to the device.
Exposure to maximum rated conditions can affect device operation and reliability.)

Name Parameter note Min. Max. Units
TA Ambient operating temperature -40 85 ¢
TS Storage temperature -55 125 &

VCC | Voltage source (VCC connects to power, GND to ground) -0.5 6.5 A%

VIO The voltage of input or output pin -0.5 VCC+0.5 \

6.2. Electrical parameter (test conditions: TA=25°C, VCC=5V, exclude pin connection of USB bus)
(The every current parameter must multiply the coefficient of 40% when the power is 3.3V)

Name Parameter note Min. Typical Max. Units
vee T Y- V3 doesn’t connect to VCC 4.5 § 5.3 v
V3 connect to VCC 33 3.3 3.8
ce Total source current when working 12 30 mA
ISLP Total source current when VCC=5V 0.15 0.2 mA
USB suspending VCC=3.3V 0.05 0.08 mA
VIL Input Voltage LOW -0.5 0.7 A%
VIH Input Voltage HIGH 240 VCCH+0.5 v
VOL Output Voltage LOW (draw 4mA current) 0.5 v
VOH Output Voltage HIGH (outpgt 3mA_A current) VCC-0.5 v
(Output 100uA current during chip reset)
UP Input current with pull-up resistor internal 3 150 300 uA
IDN Input current with pull-down resistor internal -50 -150 -300 uA
VR Restrict voltage when power-up reset 273 2.6 2.9 \
6.3. sequence parameter (test conditions: TA=25°C,VCC=5V)
Name Parameter note Min. Typical Max. Units
FCLK Frequency of input clock in XTI 11.98 12.00 12.02 MHz
TPR Reset time of power-up 20 50 mS

Autor: Néstor Dofiate Marqués
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7. Application

7.1. USB convert 9-wire serial interface (the following image)

The following image is using CH340T to realize USB convert R5232 senal interface. CH340 supplies
common senal interface signal and MODEM signal, changes TTL senal interface to R5232 serial interface
through lewvel conwvert circuit US. Endpoint P11 is DB 9 needle, the pinand its fanctionis the sameas
common nine needles serial interface of computer. The sirmlar with U8 is MAX213/ADM213/5P213 etc.

Take the U8 and C46/C47/C48.C49/C40 out when only realize USE conwert to TTL senial interface.
The sigral wirein the image can only connect RXD. TXD and public ground, the other signal wire can
suspend when not use.

P2is USB endpoint. USE bus contains a pair of 5V power wireand a pair of data sigral wire. Usually,
the+5V power wire is red, the black is ground D+ sigral wire is greenand the D- signal wire is white. The
rrax source cutrent of USB busisup to 500maA. In generally, CH340 and low power exhaust USB product
can directly use the 5V power supplied by USE bus. Ifthe USB product supplies stock power by other
tranner, CH340 must use this stock power. If the USB bus power and stock power are necessary at the same
time, connect a 1Q resistor between USBE bus 5V power wire and USB product 5V stock power, and connect
the two power wires’ ground wire directly.

The capacitance of C8 varies from 4700pF to 0.02uF, used to internal power node decoupling of CH340.
The C9is 0.1uF, used to exterral power decoupling. Crystal X2, capacitance C6 and C7 areused to clock
surge circut. The X2 is 12MHz quartz crystal, Céand C7 are monolithic or high frequency stoneware
capacitance with 22pF. If X2 is ceramic with low cost, C6 and C7 must use the recormend value of crystal
rranufacturer and generally is 47pF.

When desigring the PCB |, pay much attenti on to some notes: decoupling capacitance C8 and C9 rust
keep near to connection pin of CH340; makes sure D+ and D - are parallel and supply ground net or pour
copper beside them to decrease the disturbance from outside signal; the relevant signal between Xl and XO
rust be kept as shart as possible. In order to lessen the high frequency disturbance, play ground net or pour
copper to the relative equipment.

uee o8 o uz CH34@8H/T-UART Us MAX213
22uB.1u 8. 81 DCD 1 [~
vce THD |2 TXD ?2f111  T1o0)]2 I SR_61° o
_L _L J_—‘JB R®D 4 RXD 8lr1o R1I |2 RX 210
2 g 1o
-CTS 5 4 cTS TIX 3
GND  Diné OSR i 7€1R30 ral [2Z0Sk LT 80,
RI# —R1 22 1r4o  Rart23RL DIR 40,
= DCD# =DCD 19 | gsg RSI[L8DCD RI 91°,4
D- 2 {up- 7202 DIR 5o
D+ €lyp+ DTR# |15 -DIR 617121 71301 RTS [
— RTS# [ 16 -RTS 281737 7a1[2 = ¥Cop1i
9 12 11] YR
= X1 cl+ vce
& - i cerair DB9
P2 _ID 10|y 0 = c46 sENoEt c48
USH o = 2 & 8. 1ul—14fci- ve Ta.1u
zzp 22p o o ca7? €49 —
12MHz s SR
8.1u 15| c2+  gND |18 c48
B.1u

7.2. USB convert RS232 serial interface (the following image)
The itrage is USE converts to basic and common three wires R5232 serial interface, and U5 is
MAX232/ICL232/5P232 etc.
c24 C23 c25 c27 c29

UL 8. 1u 1880p 15[ uee 8.47u nnl;<5232 B.47u 8. 47ulsE
Vi U4
1 16
PS5 AL CH348H/T J_—L—a— Spf Wit T I
USB _‘—_LL GND  NOS# |29 r“ c2+ V- —_]6 Cc28
S1c2- GND LS DaATe
2 21 up- €26 [ [ | —1 (3
. D*’ 1 up+ B.47u = g o
g i NS RXD g }f R10 R1I }3 2 -oo
— D i %0 TXD TIiI T10 g Oo
cz1-L I P6 s
ZZPI 12nHzIZZP i
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7.3. USB convert RS232 serial interface, handing edition (the following irage)

The fallowing itrage alsois USE conwert three RS232 senal interface, the function of this circuitis the
satne with 7.2, except the range of output R5232 islow R2321in CH340 is high-level starts assistant R5232
function, only add diode. audion. resistor and capacitance can replace the special level conwvert circuit U5 in
7.2.. So the hardware cost is lower.

ik B U3 CH34eH/T
% 8.1u 1BBBp1% R232  RXD |4 —— ’
_L g uce 4K7 vee | —&1°
Bl Ti 215°
P3 R2 9312J_ I Y
USB 21 gND TXD -2 — 2 1o
1 = 4K7 F=o
2 b 7 fup- c1s R3 il
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7.4. USB infrared adapter (the following image)

The following USB infrared adapter irage is cormposed with USE convert ItDA infrared chip CH340R
and infrared transceiver Ul4 (ZHX1810/HSDL3000 etc). The resistor R13 is used to weaken influence of
large currert when infrared transferring R13 can be ignored when the request is low. The limited current
resistor R14 can be adjusted according recommended wvalue supplied by the infrared transceiver Ul4’s

manufacture.
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Consulting the following image, if selecting CH340H or CH340T chip, only to insett a inverter in TXD
signal wire can realize the similar infrared function of the upper image.(the converter circuit in the following
is composed of audion T12 and two resistors R10and R11).
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Se afade tras este anexo el PDF con el plano completo en DIN-A3
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