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Electric Vehicle)

(Cdodigo fuente)

La programacion del proyecto se ha realizado en la IDE Atollic TrueSTUDIO for

STM32. Mediante el inicializador STM32CubeMX se genera una estructura de archivos

base para el funcionamiento basico de las interfaces inicializadas.

A continuacidén se detalla el arbol del proyecto indicando que son librerias y

archivos de desarrollo propio y cuales han sido incluidas por STM32CubeMX.

Core

Inc
can.h
gpio.h
i2c.h
main.h
Src
can.c
gpio.c
i2c.c
main.c

BMS_Libraries
BMS_defs.h
LTC_Core.h

BMS_LTC_Libraries
LTC68041.h
LTC_Temp.h
LTC_balancing.h

BMS_Sensor
BMS_C_Sensor.h

Network_Modules
BMS_ETH_Comm.h
BMS_ETH_Core.h
Broadcast_ssdp.h
DHCP_Client.h

BMS_CanComms_Libraries
CAN_msg.h

Debug
startup
Drivers

html

LWIP

STM32F429Z1_FLASH.Id
BMS_SLAVE.Doxyfile
BMS_SLAVE.ioc

spi.h
stm32f4xx_hal_conf.h
stm32faxx_it.h
usart.h

spi.c
stm32f4xx_hal_msp.c
stm32f4xx_it.c
system_stm32f4xx.c
usart.c

BMS_defs.c
LTC_Core.c

LTC68041.c
LTC_Temp.c
LTC_balancing.c

BMS_C_Sensor.c
BMS_ETH_Comm.c
BMS_ETH_Core.c
Broadcast_ssdp.c

DHCP_Client.c

CAN_msg.c

Cabeceras del cédigo por defecto, se incluyen las de:

El punto de entrada (main).
Interfaces utilizadas (Can, 12C, spi, usart).
Vectorizacion de interrupciones.

Cddigo por defecto:

El punto de entrada (main), con el bucle principal.
Interfaces utilizadas (Can, 12C, spi, usart).
Vectorizacion de interrupciones.

Libreria principal del BMS:
Incluye la programacién de las estructuras
principales, asi como de las funciones de seguridad.

Libreria de funciones del LTC6804:

Funciones relacionadas con el LTC6804, lectura
escritura, temperaturas y balanceo.

Libreria del sensor HALL:
Funciones de comunicacién con el MCP3421.

Libreria de red:
Todas las funciones afiadidas a LWIP para la
comunicacién con la interfaz.

Libreria de can:
Funciones de mensajes utilizados en CANbus.

Carpetas generadas por defecto que incluyen:
La libreria HAL, LLy LWIP.
El archivo de configuracién de memoria.
El archivo de proyecto de STM32CubeMX.
Archivos automatizdos de debug.
Archivos generados por Doxygen.

A continuacién de expondra el codigo fuente para los archivos con codigo de desarrollo
propio. Los directorios scr y inc se agrupan como Punto de entrada e interfaces.

Autor: Alfonso Mareca Miralles
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1.1. PUNTO DE ENTRADA E INTERFACES (INC Y SCR)

A continuacién se expone el cédigo fuente de los directorios inc y scr que

incluyen:
Inc
can.h spi.h
gpio.h stm32f4xx_hal_conf.h
i2c.h stm32f4xx_it.h
main.h usart.h
Scr
! spi.c
gpio.c stm32f4xx_hal_msp.c
i2c.c stm32f4xx_it.c

system_stm32f4xx.c
usart.c

Gpio->Configuracidn de las gpio.

Spi-> Configuracidn de la interfaz SPI.

Can-> Configuracion de la interfaz CAN.

USART-> Configuracién de las UART.
Stm32f4xx_it-> Configuracion de las interrupciones.

Se ha remarcado el cédigo de desarrollo propio que se expondra a continuacion,

el resto es generado automaticamente por STM32CubeMX con

especificadas en el desarrollo.

1.1.1. Main.c

las opciones

* 2018, Alfonso Mareca Miralles, Eupla Racing Team
/**
* @file  Main.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @author Basado en el codigo ST .
* @date 30 Mar 2018

* @brief Main y bucle principal

*/

#include "main.h"

#include "stm32f4xx_hal.h"

#include "can.h"

#include "crc.h"

#include "i2c.h"

#include "lwip.h"

#include "spi.h"

#include "usart.h"

#include "usb_otg.h"

#include "gpio.h"

#include "ethernetif.h”

#include <string.h>

#include "../BMS_CanComms_Libraries/CAN_msg.h"
#include "../Network_Modules/DHCP_Client.h"
#include "../Network_Modules/Broadcast_ssdp.h"
#include "../Network_Modules/BMS_ETH_Core.h"

#include "../Network_Modules/BMS_ETH_Comm.h"
#include "../BMS_LTC Libraries/LTC68041.h"
#include "../BMS_LTC Libraries/LTC_balancing.h"
#include "../BMS_LTC Libraries/LTC Temp.h"

#include "../BMS_Libraries/delay.h"
#include "../BMS_Libraries/BMS_defs.h"
#include "../BMS_Sensor/BMS_C_Sensor.h"

-2 -
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#include "../BMS_CanComms_Libraries/CAN_msg.h"
#include "../BMS_Libraries/LTC_Core.h"

#define MAX _STACK_SIZE 0x2000

externint __io_putchar(int ch) __attribute__ ((weak));
externint __io_getchar(void) __ attribute__((weak));
uint32_t TxMailbox;

void SystemClock_Config(void);

/**

* @brief Main, inicializacion de sistemas.
*

*/
int main(void) {

HAL_Init();
SystemClock_Config();
HAL_GPIO_WritePin(CAN1_ENABLE_GPIO_Port, CAN1_ENABLE_Pin, GPIO_PIN_SET);
HAL_GPIO_WritePin(CAN2_ENABLE_GPIO_Port, CAN2_ENABLE_Pin, GPIO_PIN_SET);
MX_GPIO_Init();
MX_USART3_UART_Init();
MX_USB_OTG_FS_PCD_lInit();
MX_12C2_Init();
MX_CANZ1_Init();
MX_CAN2_Init();
CAN2_start_Config(); //Filtro y start CAN2
CAN1_sStart_Config(); //Filtro y start CAN1
HAL_CAN_Start(&hcanl);
MX_CRC_Init();
MX_LWIP_Init();
eth_mode = wire_stop;
SysTick_Init();
C_Sensor_Init(0);
bms_status = LTC_slave_init(&ltc_reg, &ltc_conf, &bms_status, &bms_mode);
Sec_Man_Relay_init();
char *send_buffer = (sizeof(char) * 250);
bms_read = read;
/[Bucle principal
while (1) {
/INucleo de lectura y seguridad
BMS_Core();
/lcomunicaciones tcp-ip
MX_LWIP_Process();
eth_mode = eth_link(&eth_mode);
eth_mode = eth_init_deinit(&eth_mode);
eth_mode = eth_GUI_Comms(send_buffer, &eth_mode, &ltc_reg, &ltc_conf,
&current_s_conf, &bms_status, &bms_mode);
HAL_GPIO_TogglePin(LD3_GPIO_Port, LD3_Pin);
/lcomunicacion can
BMS_Can_Comms();

}

/**

* @brief Relojes, creado por defecto.
* @retval None

*/

void SystemClock_Config(void) {

RCC_OsclInitTypeDef RCC_OsclnitStruct;

RCC_ClkInitTypeDef RCC_CIkInitStruct;

__HAL_RCC_PWR_CLK_ENABLE();
__HAL_PWR_VOLTAGESCALING_CONFIG(PWR_REGULATOR_VOLTAGE_SCALE1);
RCC_OsclnitStruct.OscillatorType = RCC_OSCILLATORTYPE_HSE;
RCC_OsclInitStruct. HSEState = RCC_HSE_BYPASS;

RCC_OsclInitStruct.PLL.PLLState = RCC_PLL_ON;

Autor: Alfonso Mareca Miralles -3 -
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}

/'k*

RCC_OsclInitStruct.PLL.PLLSource = RCC_PLLSOURCE_HSE;

RCC_OsclnitStruct.PLL.PLLM = 4;

RCC_OsclnitStruct.PLL.PLLN = 168;

RCC_OsclnitStruct.PLL.PLLP = RCC_PLLP_DIV2;

RCC_OsclnitStruct.PLL.PLLQ = 7;

if (HAL_RCC_OscConfig(&RCC_OsclnitStruct) '= HAL_OK) {
_Error_Handler(__FILE__, _LINE_);

}

RCC_ClkInitStruct.ClockType = RCC_CLOCKTYPE_HCLK | RCC_CLOCKTYPE_SYSCLK |

RCC_CLOCKTYPE_PCLK1 | RCC_CLOCKTYPE_PCLK2;

RCC_ClIkInitStruct. SYSCLKSource = RCC_SYSCLKSOURCE_PLLCLK;

RCC_ClkInitStruct. AHBCLKDivider = RCC_SYSCLK_DIV1;

RCC_ClIkInitStruct. APB1CLKDivider = RCC_HCLK_DIV4;

RCC_ClIkInitStruct. APB2CLKDivider = RCC_HCLK_DIV2;

if (HAL_RCC_ClockConfig(&RCC_ClkInitStruct, FLASH_LATENCY_5) I= HAL_OK) {
_Error_Handler(__FILE_ , _LINE_ );

}

HAL_SYSTICK_Config(HAL_RCC_GetHCLKFreq() / 1000);
HAL_SYSTICK_CLKSourceConfig(SYSTICK_CLKSOURCE_HCLK);
HAL_NVIC_SetPriority(SysTick_IRQn, 0, 0);

* @brief Implementacion de printf por uart.
* @retval None

*

int __io_putchar(int ch) {

HAL_UART_Transmit(&huart3, (uint8_t *) &ch, 1, OxFFFF);
return ch;

int _read(int file, char *ptr, int len) {

}

int Dataldx;

for (Dataldx = 0; Dataldx < len; Dataldx++) {
*ptr++ = __io_getchar();

return len;

int _write(int file, char *ptr, int len) {

}

/**

int Dataldx;
for (Dataldx = 0; Dataldx < len; Dataldx++) {
__io_putchar(*ptr++);

return len;

* @brief Errores por defecto.
* @retval None

*

void _Error_Handler(char *file, int line) {

while (1) {

Autor: Alfonso Mareca Miralles
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1.1.2. Can.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  Can.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @author Basado en el codigo de ST.

* @date 30 Mar 2018

* @brief Inicializacion de interfaces can

*

*/

#include "can.h"

#include "gpio.h"

CAN_FilterTypeDef Filter_hcani;
CAN_FilterTypeDef Filter_hcan2;
CAN_HandleTypeDef hcani;
CAN_HandleTypeDef hcan2;

/**

* @brief Configuracion de interfaz CAN1, generado con STM32CUbeMX
*

*/

void MX_CANZ1_Init(void)

{
hcanl.Instance = CAN1;
hcanl.Init.Prescaler = 6;
hcanl.Init.Mode = CAN_MODE_NORMAL;
hcanl.Init.SyncJumpWidth = CAN_SJW_1TQ;
hcanl.Init.TimeSegl = CAN_BS1_11TQ;
hcanl.Init.TimeSeg2 = CAN_BS2_2TQ;
hcanl.Init. TimeTriggeredMode = DISABLE;
hcanl.Init. AutoBusOff = DISABLE;
hcanl.Init. AutoWakeUp = DISABLE;
hcanl.Init. AutoRetransmission = DISABLE;
hcanl.Init.ReceiveFifoLocked = DISABLE;
hcanl.Init. TransmitFifoPriority = DISABLE;
if (HAL_CAN_Init(&hcanl) != HAL_OK)
{

_Error_Handler(__FILE_ , _ LINE_);

}
}

/**

* @brief Configuracion de interfaz CAN2, generado con STM32CUbeMX

*/
void MX_CAN2_Init(void)
{

hcan2.Ilnstance = CAN2;

hcan2.Init.Prescaler = 6;

hcan2.Init.Mode = CAN_MODE_NORMAL;
hcan2.Init.SyncJumpWidth = CAN_SJW_1TQ;
hcan2.Init.TimeSegl = CAN_BS1_11TQ;
hcan2.Init.TimeSeg2 = CAN_BS2_2TQ;
hcan2.Init. TimeTriggeredMode = DISABLE;
hcan2.Init. AutoBusOff = DISABLE;

hcan2.Init. AutoWakeUp = DISABLE;
hcan2.Init. AutoRetransmission = DISABLE;

Autor: Alfonso Mareca Miralles
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hcan2.Init.ReceiveFifoLocked = DISABLE;
hcan2.Init. TransmitFifoPriority = DISABLE;
if (HAL_CAN_Init(&hcan2) 1= HAL_OK)

_Error_Handler(__FILE__, _LINE_ );

}
}

static uint32_t HAL_RCC_CAN1_CLK_ENABLED=0;

/**

* @brief Inicializacion de CAN, generado con STM32CUbeMX
*

*/
void HAL_CAN_MspInit(CAN_HandleTypeDef* canHandle)

GPIO_InitTypeDef GPIO_InitStruct;
if(canHandle->Instance==CAN1)
{
HAL_RCC_CAN1_CLK_ENABLED++;
if(HAL_RCC_CAN1_CLK_ENABLED==1){
__ HAL_RCC_CAN1_CLK_ENABLE();

}

GPIO_|InitStruct.Pin = GPIO_PIN_0|GPIO_PIN_1;
GPIO_InitStruct.Mode = GPIO_MODE_AF_PP;
GPIO_InitStruct.Pull = GPIO_NOPULL;
GPIO_InitStruct.Speed = GPIO_SPEED_FREQ_VERY_HIGH;
GPIO_lInitStruct.Alternate = GPIO_AF9_CAN1,;
HAL_GPIO_Init(GPIOD, &GPIO_InitStruct);

else if(canHandle->Instance==CAN?2)

{
__HAL_RCC_CAN2_CLK_ENABLE();
HAL_RCC_CAN1_CLK_ENABLED++;
if(HAL_RCC_CAN1_CLK_ENABLED==1){
__HAL_RCC_CAN1_CLK_ENABLE();

}
GPIO_InitStruct.Pin = GPIO_PIN_12|GPIO_PIN_6;
GPIO_lInitStruct.Mode = GPIO_MODE_AF_PP;
GPIO_lInitStruct.Pull = GPIO_NOPULL;
GPIO_lInitStruct.Speed = GPIO_SPEED_FREQ_VERY_HIGH;
GPIO_InitStruct.Alternate = GPIO_AF9_CANZ2;
HAL_GPIO_Init(GPIOB, &GPIO_lInitStruct);
HAL_NVIC_SetPriority(CAN2_RXO0_IRQn, 0, 0);
HAL_NVIC_EnablelRQ(CAN2_RXO0_IRQn);
HAL_NVIC_SetPriority(CAN2_RX1_IRQn, 0, 0);
HAL_NVIC_EnablelRQ(CAN2_RX1_IRQn);
}
}

/**

* @brief De-inicializacion de CAN, generado con STM32CUbeMX

*
void HAL_CAN_MspDelnit(CAN_HandleTypeDef* canHandle)
{

if(canHandle->Instance==CAN1)
HAL_RCC_CAN1_CLK_ENABLED--;
if(HAL_RCC_CAN1_CLK_ENABLED==0){
__HAL_RCC_CAN1_CLK_DISABLE();
}
HAL_GPIO_Delnit(GPIOD, GPIO_PIN_O|GPIO_PIN_1);

else if(canHandle->Instance==CAN?2)

{
-6 -
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__HAL_RCC_CAN2_CLK_DISABLE();

HAL_RCC_CAN1_CLK_ENABLED--;

if(HAL_RCC_CAN1_CLK_ENABLED==0){
__HAL_RCC_CAN1_CLK_DISABLE();

}

[**CAN2 GPIO Configuration
PB12  ------ > CAN2_RX
PB6  ------ > CAN2_TX

*

HAL_GPIO_Delnit(GPIOB, GPIO_PIN_12|GPIO_PIN_6);
HAL_NVIC_DisablelRQ(CAN2_RX0_IRQn);
HAL_NVIC_DisablelRQ(CAN2_RX1_IRQn);

* @brief Configuracion de CAN1
*

*

void CAN1_Start_Config(void){

}

/**

Filter_hcanl.FilterBank = 0O;

Filter_hcanl.FilterMode = CAN_FILTERMODE_IDMASK;
Filter_hcanl.FilterScale = CAN_FILTERSCALE_32BIT;
Filter_hcanl.FilterldHigh = 0x0000;
Filter_hcanl.FilterldLow = 0x0000;
Filter_hcanl.FilterMaskldHigh = 0x0000;
Filter_hcanl.FilterMaskldLow = 0x0000;
Filter_hcanl.FilterFIFOAssignment = CAN_FILTER_FIFOO;
Filter_hcanl.FilterActivation = ENABLE;
Filter_hcanl.SlaveStartFilterBank = 0;
if(HAL_CAN_ConfigFilter(&hcanl, &Filter_hcanl) != HAL_OK)

Error_Handler();
if (HAL_CAN_Start(&hcanl) = HAL_OK)
{

Error_Handler();
}else{
("Inicializado CANZ1(Y configurado filtro)\n\n");

}
if(HAL_CAN_ConfigFilter(&hcanl, &Filter_hcanl) != HAL_OK)

Error_Handler();

("CANL1 configurado filtro)\n\n");

* @brief Configuracion de CAN2

*

*/

void CAN2_Start_Config(void){

if (HAL_CAN_Start(&hcan2) I= HAL_OK)

[* Start Error */
("Error de inicializacion de CAN2\n\n");
Error_Handler();
}else{

}

("Inicializado CAN2(Y configurado filtro)\n\n");

Autor: Alfonso Mareca Miralles
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1.2. LIBRERIA PRINCIPAL (BMS_LIBRARIES).

Se expone el codigo fuente de la libreria BMS_ Libraries:

BMS_Libraries Libreria principal del BMS:
BMS_defs.h BMS_defs.c BMS_Defs-> Definiciones del sistema
LTC_Core.h LTC_Core.c LTC_Core-> Funciones principales de célculo vy
seguridad

1.2.1. BMS defs.h

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  BMS_defs.h

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @date 30 Sep 2018

*

* @brief Datos de configuracion y registros del BMS slave
*/

#ifndef LTC_DEFS H_

#define LTC_DEFS H_

#include "main.h"

#include <stdio.h>

#include <stdlib.h>

/**

* Numero de chips del BMS

*/

#define LTC_IC_NUM 3

#define FILTER_NUM 2

#define UDP_SERVER_PORT 7 /* define the UDP local connection port */
#define UDP_CLIENT_PORT 7 /*define the UDP remote connection port */
#define TEST_DATA _COMMS

/**
* Modos de Error del BMS
*/
typedef enum {bms_ok,bms_error} bms_error_t;
typedef struct {
bms_error_t ok;
bms_error_t error_uy;
bms_error_t error_ov;
bms_error_t error_oc;
bms_error_t error_otM;
bms_error_t error_otBal;
bms_error_t ev_stop;
} status_t;
/**
* Modos de Operacion del BMS
*/
typedef enum {normal_op,charge_op,balance_op,log_op} op_modes_t;
op_modes_t bms_mode;

typedef enum {read,noread} read_t;

read_t bms_read,;

-8 - Autor: Alfonso Mareca Miralles
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typedef enum {sent,nosent} cancomms_status_t;

cancomms_status_t can_comms;

/**

* Definicion del tipo de dato que contiene las configuraciones no estaticas del BMS

*/

typedef struct {
uint8_t ic_num;
uintl6_t cell_ov;
uintl6_t cell_uv;
uintl6_t cell_ot;
uintl6_t bal_ot;
uintl6_t cell_margin;
uintlé_tt fail_uv;
uintlé_tt fail_ov;

} Itc_conf _t;

/**

/['< Numero de chips en el BMS

/['< Valor de Sobrevoltaje (V*10000)

/I'< (V*10000)

/< (T*100)

/['< Maxima temperatura de balanceo(T*100)
/['< Margen de Voltaje de balanceo (V*10000)
/l'< Margen hasta fallo de infra voltaje (ms)
/l'< Margen hasta fallo de infra voltaje (ms)

* Definicion del tipo de dato que contiene los datos temporales, y datos recogidos y/o enviados al esclavo

*/
typedef struct {

uint16_tv_cell[LTC_IC_NUM][12]; /['< Vector de Valores de voltaje(V*10000)

uint16_t v_modules[26]; /['< Vector de Valores de voltaje del BMS(V*10000)
uintl6_tv_aux[LTC_IC_NUM][6]; /['< Vector de valores de las gpio del BMS(V*10000)
uint8_t tx_cfg[LTC_IC_NUM][6]; //'< Registro de datos de envio

uint8_t rx_cfg[LTC_IC_NUM][8]; /['< Regidtro de datos de recepcion

uintl6_t v_temp_bal[6];

uint16_t temp_bal[6];
balanceo(T*100)

uintl6_t v_temp_cell[24];
(T*100)

/I'< Vector de Valores de temperatura del disipador de

/l'< Vector de valores de temperatura de los modulos

uint16_t temp_modules[24]; /['< Vector de valores de temperatura de los modulos

(T*100)
}Itc_reg_t;

typedef struct {
uintl6_t soc;
uintl6_t soh;
uintl6_t total v;
intl6_t max_peak_c;

/['< soc value (value*100)

//'< soh value (value*100)

//'< total tension value (value*100)

/['< Max peak current value (value*100)

uint16_t max_temp_module; /['< Max temp module value(value*100)

uint16_t max_temp_bal;

uint16_t max_disbalance;

uint16_t min_v_cell;

uint16_t max_v_cell;

uint8_t cell_balance[26];

uintl6_t temp_average;
} bms_general_data_t;

/**

/['< Max temp bal value(value*100)
/['< Max disbalance value(value*1000)

* Definicion del tipo de dato que contiene las configuraciones no estaticas del BMS

*/

typedef struct {
int16_t bat_oc;
intl6_t bat_uc;
uint8_t gain;

} current_conf_t;

/**

/['< Maxima corriente pico(A*100)

* Definicion del tipo de dato que contiene los datos temporales, y datos recogidos y/o enviados al sensor

*/
typedef struct {
intl6_t amps;

} current_reg_t;
/**

/['< Corriente pico del sensor *0.1

* Definicion del tipo de dato que contiene los datos necesarios para calibrar las sondas de temperatura
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*/

typedef struct {
uintl6_t v_high;
uintl6_t v_low;
uintl6é_tt high;
uintle_tt low;

} Itc_temp_call_t;

typedef struct {
uint16_t v_high;
uintl6_t v_low;
uint16_t A_high;
uintlé_t A low;

/['< Valor de tension de la toma 2°(superior)

/['< Valor de tension de la toma 1°(inferior)

/['< Valor de temperatura de ref de la toma 2°(superior)
/I'< Valor de temperatura de ref de la toma 1°(inferior)

/['< Valor de tension de la toma 2°(superior)

/['< Valor de tension de la toma 1°(inferior)

/['< Valor de corriente de ref de la toma 2°(superior)
/['< Valor de corriente de ref de la toma 1°(inferior)

} bms_current_call_t;

/I[Externalizacion de variables al entorno global:
extern op_modes_t bms_mode;
extern status_t bms_status;

extern ltc_reg_t Itc_reg;
extern current_reg_t current_s_reg;

extern ltc_conf_t ltc_conf;
extern current_conf_t current_s_conf;
extern bms_general_data_t bms_general_data;

extern uint8_t Itc_active_cells[9][12];
extern uint8_t ltc_active_t_bal[6];
extern Itc_temp_call_t Itc_mux_cal;
extern ltc_temp_call_t Itc_bal_cal;

extern bms_current_call_t bms_current_calibration;
extern read_t bms_read;

extern cancomms_status_t can_comms;

extern uint8_t BALANCE_MODE;

// Pagina 32 tabla 16 control de comunicaciones

#define LTC_ICOM_START 0x60
#define LTC_ICOM_STOP 0x10
#define LTC_ICOM_BLANK 0x00

#define LTC_ICOM_NO_TRANSMIT  0x70
#define LTC_FCOM_MASTER_ACK 0x00
#define LTC_FCOM_MASTER_NACK  0x08

/"< LTC REG -- SPI
/"< LTC REG -- SPI
/"< LTC REG -- SPI
IN< LTC REG -- SPI
IN< LTC REG -- SPI
IN< LTC REG -- SPI

#define LTC_FCOM_MASTER_NACK_STOP 0x09 //!l< LTC REG -- SPI
/'< LTC REG -- Escritura en registro de configuracion
/'< LTC REG -- Escritura en registro de SPI comm
/'< LTC REG -- Lectura en registro de SPI comm

/'< LTC REG -- Envio de SPI comm

#define LTC_CMD_WRCFG 0x001
#define LTC_CMD_WRCOMM 0x721
#define LTC_CMD_RDCOMM 0x722
#define LTC_CMD_STCOMM 0x723
#define LTC_CMD_WRCFG 0x001
#define LTC_CMD_RDCFG 0x002
#define LTC_CMD_RDCVA 0x004
#define LTC_CMD_RDCVB 0x006
#define LTC_CMD_RDCVC 0x008
#define LTC_CMD_RDCVD 0x00A
#define LTC_CMD_RDAUXA 0x00C
#define LTC_CMD_RDAUXB 0x00E
#define LTC_CMD_RDSTATA 0x010
#define LTC_CMD_RDSTATB 0x012
#define LTC_CMD_ADCV  0x260
#define LTC_CMD_ADOW  0x228
#define LTC_CMD_CVST 0x207
#define LTC_CMD_ADAX  0x460
#define LTC_CMD_AXST  0x407
#define LTC_CMD_ADSTAT 0x468

-10 -
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#define LTC_CMD_STATST Ox40F
#define LTC_CMD_ADCVAX Ox46F
#define LTC_CMD_CLRCELL 0x711
#define LTC_CMD_CLRAUX 0x712
#define LTC_CMD_CLRSTAT 0x713
#define LTC_CMD_PLADC  0x714
#define LTC_CMD_DIAGN  0x715
#define LTC_CMD_WRCOMM 0x721
#define LTC_CMD_RDCOMM 0x722
#define LTC_CMD_STCOMM 0x723

void Serial_Print_Cells(Itc_reg_t *Iltc_reg,ltc_conf_t *ltc_conf,uint8_t Itc_active_cells[9][12]);
void Serial_Print_Status(status_t *bms_status,ltc_conf_t *ltc_conf,status_t *status);
void Serial_Print_Gpio(ltc_reg_t *Itc_reg,ltc_conf_t *ltc_conf);

#endif /* LTC_DEFS_H_ */

1.2.2. BMS defs.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  BMS_defs.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @date 30 Sep 2018

*

* @brief Datos de configuracion y registros del BMS slave Inicializacion de algunas variables
*/

#include "../BMS_Libraries/BMS_defs.h"

#include "../BMS_Libraries/delay.h"

#include "stm32f4xx_hal.h"
#include "main.h"
#include <stdio.h>
#include <stdlib.h>

1 v_highv_low v_range t_hight_lowt range -->voltage 0.0001 Degree -->0.01
status_t bms_status;

Itc_temp_call_t Itc_mux_cal = { 12750,14246,3230,1950};
Itc_temp_call_tltc_bal_cal = { 11943,15540,4350,2580}; //{ 13325,15623,3650,2300};
bms_current_call_t bms_current_calibration = { 13325,15623,3650,2300};
Itc_reg_t ltc_reg = {0};
Itc_conf_t Itc_conf={LTC_IC_NUM, // Numero de chip 0..9

42100, /I Cell over voltage value *0.001

30000, /I Cell under voltage value *0.001

9000, /I Cell over temperature value *0.01

9000, /I Balancing over temperature value *0.01

30, /I Margen de Balanceo *0.001

1000, //'< Margen hasta fallo de infra voltaje (ms)

1000, //'< Margen hasta fallo de infra voltaje (ms)

%

bms_general_data_t bms_general_data = {
10000, //'< soc value *0.01
10000,  //'< soh value *0.01

0, /'< total tension value *0.01

0, /['< Max peak current value *0.01

0, /['< Max temp module value(value*10) *0.01
0, /['< Max temp bal value(value*10)  *0.01

0, /['< Max disbalance value(value*1000) *0.001
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0,
0
3
current_reg_t current_s_reg;
current_conf_t current_s_conf = {5000,-5000,1};
uint8_t ltc_active_cells[9][12] = {
{1,1,1,1,0,0,1,1,1,1,0,0},
{1,1,1,1,1,0,1,1,1,1,1,0},
{1,1,1,1,0,0,1,1,1,1,0,0},

{1,1,1,1,0,0,1,1,1,1,0,0},
{1,1,1,1101,1,1,1,1,0},
{1,1,1,1,0,0,1,1,1,1,0,0},

{1,1,1,1,0,0,1,1,1,1,0,0},
{1,1,1,1,1,0,1,1,1,1,1,0},
{1,1,1,1,0,0,1,1,1,1,0,0};

uint8_t ltc_active_t_bal[6] = {1,0,1,0,1,0};

uint8_t BALANCE_MODE = 0;
#endif

1.2.3. BMS Core.h

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  BMS_Core.h

* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @date 30 Sep 2018

* @brief Header de la libreria que Contiene las funciones principales y de seguridad

*/

#ifndef LTC_CORE_H_

#define LTC_CORE_H_

#include "../BMS_ Libraries/BMS_defs.h"

#include "../.BMS_LTC_Libraries/LTC68041.h"

status_t LTC_slave_init(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status,op_modes_t *bms_mode);
void LTC Module_V(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf, uint8_t ltc_active_cells[9][12]);

void LTC_Module_V_one(ltc_reg_t *ltc_reg,ltc_conf_t *Itc_conf,status_t *status, uint8_t
Itc_active_cells[9][12]);

void Sec_Votage Modules(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status);

void Sec_Temp_Modules(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status);

void Sec_Temp_Bal(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,status_t *status);

status_t Sec_C_Sensor(current_reg_t *current_s_reg,current_conf_t *current_s_conf,status_t *status);
uintl6_t kick_mean(uintl6_t temp_mod[],uint8_t filt_num);

void BMS_Core(void);
void Sec_Man_Relay(status_t *bms_status,ltc_conf_t *ltc_conf,status_t *status);
void Sec_Man_Relay_init(void);

void BMS_General_Data_Calc(ltc_reg_t *ltc_reg,current_reg_t *current_s_reg,ltc_conf_t
*|ltc_conf,bms_general_data_t *bms_general_data);

#endif /* BMS_CORE_H_ */
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1.2.4. BMS Core.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  BMS_Core.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @date 30 Sep 2018

*

* @brief Contiene las funciones principales y de seguridad
*/

#include "LTC Core.h"

#include "main.h"

#include "spi.h"

#include "../BMS_LTC_Libraries/LTC68041.h"
#include "../BMS_Libraries/BMS_defs.h"

#include "../BMS_ Libraries/delay.h"

#include "can.h”

#include "../BMS_LTC_Libraries/LTC68041.h"
#include "../BMS_LTC_Libraries/LTC balancing.h"
#include "../BMS_LTC_Libraries/LTC_Temp.h"
#include "../BMS_Sensor/BMS_C_Sensor.h"
CAN_TxHeaderTypeDef TxHeader_cani;
CAN_TxHeaderTypeDef TxHeader_can2;
CAN_RxHeaderTypeDef RxHeader_can2;

uint8_t TxData_canl[0];

uint8_t TxData_can2[0];

uint8_t RxData_can2[8];

uint32_t TxMailbox;

/**

* @brief Ejecucion principal de lectura y seguridad
*/
void BMS_Core(void){
LTC_Module_V_one(&ltc_reg, &ltc_conf, &bms_status, ltc_active_cells);
bms_read = LTC_All_Mux_T(&ltc_reg, &ltc_conf, &bms_status, &ltc_mux_cal);
LTC_All_Bal_T(&Itc_reg, &ltc_conf, &ltc_bal_cal);
C_Sensor_Read(0, &current_s_reg);
if BALANCE_MODE ==1){
LTC Balancing_Update(&ltc_reg, &ltc_conf, &bms_mode, ltc_active_cells, &bms_status);
}

BMS_General_Data_Calc(&ltc_reg, &current_s_reg, &ltc_conf, &bms_general_data);
Sec_Man_Relay(&bms_status, &ltc_conf, &bms_status);

}
/**

* @brief Calculo de datos para la monitorizacion

*
*/
void BMS_General_Data_Calc(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, ltc_conf_t *Itc_conf,
bms_general_data_t *bms_general_data) {

bms_general_data->soh = 1000;

bms_general_data->total_v = 0;

for (inti=0;i<26;i++){

bms_general_data->total_v = ((bms_general_data->total_v) + (ltc_reg->v_modulesi] /

100));

}

if (current_s_reg->amps > bms_general_data->max_peak_c) {
bms_general_data->max_peak_c = current_s_reg->amps;
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}

/**

}

for (inti=0;i<24;i++){
if (Itc_reg->temp_modules[i] > bms_general_data->max_temp_module) {
bms_general_data->max_temp_module = ltc_reg->temp_modules]i];
}

}

for (inti=0;i<6;i++){
if (Itc_reg->temp_bal[i] > bms_general_data->max_temp_bal) {
bms_general_data->max_temp_bal = Itc_reg->temp_balli];
}

}

uintl6_t lowest_v = 42000;
for(uint8_t cell=0;cell<26;cell++){
if(Itc_reg->v_modules|cell]<lowest_v){
lowest_v = ltc_reg->v_modules|[cell];
}

}
bms_general_data->min_v_cell=lowest v;
uint16_t highest v = 0;
for(uint8_t cell=0;cell<26;cell++){
if (Itc_reg->v_modules][cell]> highest_v) {
highest_v = Itc_reg->v_modules|cell];

}

}

bms_general_data->max_v_cell=highest_v;

uintl6_t hi_lo = highest_v - lowest_v;
bms_general_data->max_disbalance = hi_lo;
[lprintf("Max disbalance: %u", hi_lo);

uintl6_t temp_temp=0;

uint8_t counter =0;

for(int i=0;i<24;i++){
temp_temp=temp_temp+(ltc_reg->temp_modules[i]/100);
if(temp_temp>10){

counter++;

}

}

bms_general_data->temp_average=(temp_temp/counter);

* @brief Inicializacion del esclavo

*

*

status_t LTC_slave_init(ltc_reg_t *ltc_reg, Itc_conf_t *ltc_conf, status_t *status, op_modes_t *bms_mode) {

-14 -

MX_SPI3_Init();

LTC_Set_ ADC(MD_NORMAL, DCP_DISABLED, CELL_CH_ALL, AUX_CH_ALL);

LTC_Send_ADAX();

LTC_Send_ADCV();

for (inti=0;i<Itc_conf->ic_num,; i++) {
Itc_reg->tx_cfg[i][0] = OxFE;
Itc_reg->tx_cfg[i][1] = 0x00;
Itc_reg->tx_cfg[i][2] = 0x00;
Itc_reg->tx_cfg[i][3] = 0x00;
Itc_reg->tx_cfg[i][4] = 0x00;
Itc_reg->tx_cfg[i][5] = 0x00;

}

*bms_mode = normal_op;

status->error_oc = bms_ok;

status->error_otBal = bms_ok;

status->error_otM = bms_ok;
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status->error_ov = bms_ok;

status->error_uv = bms_ok;

status->ev_stop = bms_ok;

status->ok = bms_ok;

for (inti=0;i<24;i++){
Itc_reg->temp_modules|i] = 0;

for (inti=0;i<6;i++){
Itc_reg->temp_bal[i] = 0;
}

return *status;
}

/**

* @brief Calculo de tensiones y ejecucion de seguridad
*

*/
void LTC_Module_V_one(ltc_reg_t *ltc_reg, Itc_conf_t *Itc_conf, status_t *status, uint8_t
Itc_active_cells[9][12]) {
uint8_t counter = 0;
static uint32_tt_preb = 0;
if (t_preb==0){
t_preb = HAL_GetTick();

if (HAL_GetTick() - t_preb > 500) { //estaba a 500

t_preb =0;

/ILTC_WakeUp_Sleep();

LTC_WR_CMD(Itc_conf->ic_num, Itc_reg->tx_cfg, LTC_CMD_WRCFG);

LTC_Send_ADCV();

LTC_Send_ADCV();

HAL_Delay(1);

LTC_Send_ADCV();

LTC_RDcv(0, Itc_conf->ic_num, Itc_reg->v_cell);

for (int Itc = 0; Itc < Itc_conf->ic_num; ltc++) {

for (int cell = 0; cell < 12; cell++) {
if (Itc_active_cells[ltc][cell] '= 0) {
Itc_reg->v_modules[counter] = ltc_reg->v_cell[ltc][cell];
[*if(ltc_reg->v_modules[counter]<=ltc_conf->cell_uv){
status->error_uv=bms_error; }
else status->error_uv=bms_ok;*/
("C voltaje %u\n",ltc_reg->v_modules[counter]);

counter++;

}
}
Sec_Votage Modules(ltc_reg, ltc_conf, status);

}

/**

* @brief Seguridad de tension

*/
void Sec_Votage Modules(ltc_reg_t *ltc_reg, ltc_conf_t *ltc_conf, status_t *status) {
uint8_t counter = 0;
for (int Itc = 0; Itc < Itc_conf->ic_num; ltc++) {
for (int cell = 0; cell < 12; cell++) {
if (Itc_active_cells[ltc][cell] = 0) {
if ((Itc_reg->v_modules[counter] <= Itc_conf->cell_uv)) {
status->error_uv = bms_error;
}else
status->error_uv = bms_ok;
if ((Itc_reg->v_modules[counter] >= Itc_conf->cell_ov)) {
status->error_ov = bms_error;
}else
status->error_ov = bms_ok;
counter++;
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}
}
}
}
/**

* @brief Seguridad de temperatura
*
*/
void Sec_Temp_Modules(ltc_reg_t *ltc_reg, Itc_conf_t *ltc_conf, status_t *status) {
for (Uint8_ti=0;i<=24;i++) {
if (Itc_reg->temp_modules][i] >= Itc_conf->cell_ot) {
status->error_otM = bms_error;

}

/**

* @brief Seguridad de temperatura de balanceo
*

*/

void Sec_Temp_Bal(ltc_reg_t *ltc_reg, Itc_conf_t *ltc_conf, status_t *status) {
uint8_t counter = 0;
for (Uint8_ti=0;i<=2;i++) {

if ((Itc_reg->temp_bal[counter] >= ltc_conf->bal_ot) && ltc_active_t_bal[counter]) {
status->error_otBal = bms_error;
}

}

/**

* @brief Seguridad de corriente

*

*/

status_t Sec_C_Sensor(current_reg_t *current_s_reg, current_conf_t *current_s_conf, status_t *status) {
if (((uintl6_t) current_s_reg->amps) >= current_s_conf->bat_oc) {

status->error_oc = bms_error;
return *status;

if ((current_s_reg->amps) <= current_s_conf->bat_uc) {
status->error_oc = bms_error;
return *status;

}

status->error_oc = bms_ok;
return *status;

}

/**

* @brief Estudio de tiempos y seguridad general

*
*/
void Sec_Man_Relay(status_t *bms_status, Itc_conf_t *ltc_conf, status_t *status) {
static uint32_tt_temp_ov = 0;
static uint32_tt_temp_uv = 0;
if ((status->error_uv == bms_ok) && (status->error_ov == bms_ok)) {

/I&&(status->error_oc==bms_ok)&&(status->error_otM==bms_ok)&&(status-
>error_otBal==bms_ok)){

status->ok = bms_ok;
telse{

}

status->ok = bms_error;

if (status->ok == bms_ok) {
t_temp_uv =0;
t_temp_uv =0;
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}
if ((status->ok != bms_ok) && (t_temp_uv == 0)) {
t_temp_uv = HAL_GetTick();

}
if ((status->ok != bms_ok) && (t_temp_ov == 0)) {
t temp_ov = HAL GetTick();

}
if (t_temp_ov !=0) || (t_temp_uv !=0)){
if (HAL_GetTick() - t_temp_ov >= Itc_conf->t_fail_ov) {
t_temp_ov =0;
HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port,
SEC_MAN_ENABLE_Pin, GPIO_PIN_RESET);
status->ev_stop = bms_error;
return;

if (HAL_GetTick() - t_temp_uv >= Itc_conf->t_fail_uv) {
t_temp_uv =0;
HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port,
SEC_MAN_ENABLE_Pin, GPIO_PIN_RESET);
status->ev_stop = bms_error;
return;

if (status->error_oc != bms_ok) {

HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin,
GPIO_PIN_RESET);

status->ev_stop = bms_error;
return;

if (status->error_otM != bms_ok) {

HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin,
GPIO_PIN_RESET);

status->ev_stop = bms_error;
return;

if (status->error_otBal !'= bms_ok) {

HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin,
GPIO_PIN_RESET);

status->ev_stop = bms_error;
return;

}

return;

}

void Sec_Man_Relay_init(void) {
HAL_GPIO_WritePin(SEC_MAN_ENABLE_GPIO_Port, SEC_MAN_ENABLE_Pin,
GPIO_PIN_SET);

}
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1.3. LIBRERIA DEL LTC6804 (BMS_LTC_LIBRARIES)

Se expone el codigo fuente de la libreria BMS_LTC_ Libraries:

BMS_LTC_Libraries Libreria de funciones del LTC6804:
LTC68041.h LTC68041.c LTC6801-> Funciones especificas de comunicacion
LTC_Temp.h LTC_Temp.c LTC_Temp-> Funciones de temperatura
LTC_balancing.h LTC_balancing.c LTC_Balancing-> Funciones de balanceo

Se ha remarcado el cédigo de desarrollo propio que se expondra a continuacion,
el resto es generado automaticamente por STM32CubeMX con las opciones

especificadas en el desarrollo.

1.3.1. LTC6801.h

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *
/
/**
* LTC68041.h
* Alfonso Mareca Miralles <alfonso@euplart.com>
* Header, Basado en el codigo de Analog Devices para el LTC6804 <evt-contact@mit.edu> .
* 30 Sep 2018

#ifndef LTC68041_H
#define LTC68041_H

#ifndef LTC6804_CS
#define LTC6804_CS spi_cs
#endif

#include "main.h"
#include <stdio.h>
#include <stdlib.h>

/**

* Generacion de tabla crc
*/

void generate_crc15_table()

{

int remainder;
for(inti=0; i<256;i++)
{
remainder = i<< 7;
for (int bit = 8; bit > 0; --bit)
{

if ((remainder & 0x4000) > 0)//equivalent to remainder & 214 simply check for MSB

remainder = ((remainder << 1)) ;
remainder = (remainder ” 0x4599);

}
else
remainder = ((remainder << 1));
-18 - Autor: Alfonso Mareca Miralles
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}
}

crc15Table[i] = remainder&0xFFFF;

static const unsigned int crc15Table[256];
/**

* @brief Modos e filtrado

*/

#define MD_FAST 1

#define MD_NORMAL 2

#define MD_FILTERED 3

/**

* @brief Modos de lectura de tension
*/

#define CELL_CH_ALLO

#define CELL_CH_land7 1
#define CELL_CH_2and8 2
#define CELL_CH_3and9 3
#define CELL_CH_4and10 4
#define CELL_CH_5and11 5
#define CELL_CH_6and12 6

/**

* @brief Modos de lectura de GPIO
*/

#define AUX_CH_ALL O

#define AUX_CH_GPIO1 1

#define AUX_CH_GPIO2 2

#define AUX_CH_GPIO3 3

#define AUX_CH_GPIO4 4

#define AUX_CH_GPIO5 5

#define AUX_CH_VREF2 6

void LTC6804 _initialize();

void LTC_Set_ ADC(uint8_t MD, uint8_t DCP, uint8_t CH, uint8_t CHG);
void LTC_Send_ADCV();

void LTC_Send_ADAX();

uint8_t LTC_RDcv/(uint8_t reg, uint8_t total_ic, uint16_t cell_codes[][12]);
void LTC_RDcv_REG(uint8_t reg, uint8_t nIC, uint8_t *data);

int8_t LTC_RDaux(uint8_t reg, uint8_t nIC, uintl6_t aux_codes[][6]);
void LTC_RDaux_REG(uint8_t reg, uint8_t nIC,uint8_t *data);

void LTC6804_clrcell();

void LTC6804_clraux();

void LTC_WR_CMD(uint8_t nIC,uint8_t config[][6],uintl6_t cmd_code);
int8_t LTC_RD_CFG(uint8_t nIC, uint8_t r_config[][8]);

void LTC_isoSPI_Wake_lIdle();

void LTC_WakeUp_Sleep();

uintlé_t LTC_PEC15_CALC(uint8_t len, uint8_t *data);

void LTC_isoSPI_Write_Array( uint8_t length, uint8_t *data);

void LTC_isoSPI_Write_Read (uint8_t *TxData, uint8_t TXlen, uint8_t *rx_data, uint8_t RXlen);
void LTC_REFON(uint8_t total_ic);

#endif
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1.3.2. LTC6801.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**
* @file LTC68041.c
* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @author Basado en el codigo de Analog Devices para el LTC6804 <evt-contact@mit.edu> .
* @date 30 Sep 2018
*
*/
#include "../BMS_LTC_Libraries/LTC68041.h"
#include <stdint.h>
#include "spi.h"
#include "../BMS_Libraries/delay.h"
#include <stdlib.h>
#include "string.h"
#include "../BMS_Libraries/BMS_defs.h"
#define SPI_CS_1 HAL_GPIO_WritePin(SPI3_ENABLE_GPIO_Port,SPI3_ENABLE_Pin,GPIO_PIN_SET)
#define SPI_CS_0 HAL_GPIO_WritePin(SPI3_ENABLE_GPIO_Port,SPI3_ENABLE_Pin,GPIO_PIN_RESET)
/IMicro Delay
#define delayUS_ASM(us) do {\
asm volatile ( "MOV RO,%[loops]\n\t"\

"1 \n\t"

"SUB RO, #1\n\t"\

"CMP RO, #0\n\t"\

"BNE 1b \n\t": : [loops] "r" (16*us) : "memory"\

)\

}while(0)

uint8_t ADCV[2]; //'< Cell Voltage conversion command.
uint8_t ADAX[2]; //'< GPIO conversion command.

/**

* @brief Configuracion de los ADC
*

*/
void LTC_Set_ADC(uint8_t MD, uint8_t DCP,uint8_t CH,uint8_t CHG)

uint8_t md_bits;

md_bits = (MD & 0x02) >> 1;

ADCVI[0] = md_bits + 0x02;

md_bits = (MD & 0x01) << 7;

ADCV[1] = md_bits + 0x60 + (DCP<<4) + CH;
md_bits = (MD & 0x02) >> 1;

ADAX][0] = md_bits + 0x04;

md_bits = (MD & 0x01) << 7;

ADAX[1] = md_bits + 0x60 + CHG ;

}

/**

* @brief Envio de la configuracion del ADCV
*

*/

void LTC_Send_ADCV()

{

uint8_t cmd([4];
uintl6_t cmd_pec;
ADCV[0]=0b011;
ADCV[1]=0b11110000;
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cmd[0] = ADCV[0];
cmd[1] = ADCV[1];

cmd_pec =LTC_PEC15 CALC(2, ADCV);
cmd[2] = (uint8_t)(cmd_pec >> 8);

cmd[3] = (uint8_t)(cmd_pec);

LTC isoSPI_Wake_ldle ();

LTC isoSPI_Write_Array(4,cmd);

/**

* @brief Envio de la configuracion ADAX
*

*/
void LTC_Send_ADAX()
{
uint8_t cmd[4];
uintl6_t cmd_pec;
cmd[0] = ADAX]0];
cmd[1] = ADAX[1];
cmd_pec = LTC_PEC15 CALC(2, ADAX);
cmd[2] = (uint8_t)(cmd_pec >> 8);
cmd[3] = (uint8_t)(cmd_pec);
LTC_isoSPI_Wake_lIdle ();
LTC isoSPI_Write_Array(4,cmd);
}

/**

* @brief Lectura de tensiones

*

*/

uint8_t LTC_RDcv(uint8_t reg,uint8_t total_ic,uint16_t Itc_cell_codes[][12])
{

const uint8_t NUM_RX_BYT = g;
const uint8_t BYT_IN_REG = 6;
const uint8_t CELL_IN_REG = 3;

uint8_t *cell_data;

uint8_t pec_error = 0;

uintl6_t parsed_cell;

uintl6_t received_pec;

uintlé_t data_pec;

uint8_t data_counter=0;

cell_data = (uint8_t *) ((NUM_RX_BYT*total_ic)*sizeof(uint8_t));
if (reg==0)

for (uint8_t cell_reg = 1; cell_reg<5; cell_reg++)

{
data_counter = 0;
LTC RDcv_REG(cell_reg, total_ic,cell_data );
for (uint8_t current_ic = O ; current_ic < total_ic; current_ic++)

for (uint8_t current_cell = O; current_cell<CELL_IN_REG,; current_cell++)

parsed_cell = cell_data[data_counter] + (cell_data[data_counter + 1] << 8);

Itc_cell_codes[current_ic][current_cell + ((cell_reg - 1) * CELL_IN_REG)] = parsed_cell;

data_counter = data_counter + 2;

received_pec = (cell_data[data_counter] << 8) + cell_data[data_counter+1];
data_pec = LTC_PEC15_CALC(BYT_IN_REG, &cell_data[current_ic * NUM_RX_BYT]);
if (received_pec != data_pec)

{

pec_error = -1;

}
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data_counter=data_counter+2;
}
}
}

else

LTC RDcv_REG(reg, total_ic,cell_data);
for (uint8_t current_ic = O ; current_ic < total_ic; current_ic++)

for (uint8_t current_cell = O; current_cell < CELL_IN_REG; current_cell++)

parsed_cell = cell_data[data_counter] + (cell_data[data_counter+1]<<8);
Itc_cell_codes|current_ic][current_cell + ((reg - 1) * CELL_IN_REG)] = 0x0000FFFF & parsed_cell;
data_counter= data_counter + 2;

}
received_pec = (cell_data[data_counter] << 8 )+ cell_data[data_counter + 1];
data_pec = LTC_PEC15_CALC(BYT_IN_REG, &cell_data[current_ic * NUM_RX_BYT]);
if (received_pec != data_pec)
{
pec_error = -1;

}

data_counter= data_counter + 2;

(cell_data);
return(pec_error);

}

/**

* @brief Lectura de un registro de tensiones

*

*

void LTC_RDcv_REG(uint8_t reg,uint8_t total_ic,uint8_t *data )

{
const uint8_t REG_LEN = 8;

uint8_t cmd[4];
uintl6_t cmd_pec;

111
if reg==1) //1: RDCVA

cmd[1] = LTC_CMD_RDCVA&&OXOF;
cmd[0] = LTC_CMD_RDCVA>>8;

}
elseif (reg == 2) //2: RDCVB

cmd[1] = LTC_CMD_RDCVB&&OXOF;
cmd[0] = LTC_CMD_RDCVB>>8;

}
else if (reg == 3) //3: RDCVC

cmd[1] = LTC_CMD_RDCVC&&0x0F;
cmd[0] = LTC_CMD_RDCVC>>8;

}
else if (reg == 4) //4: RDCVD

cmd[1] = LTC_CMD_RDCVC&&0x0F;
cmd[0] = LTC_CMD_RDCVC>>8;
}
cmd_pec =LTC _PEC15 CALC(2, cmd);
cmd[2] = (uint8_t)(cmd_pec >> 8);
cmd[3] = (uint8_t)(cmd_pec);
LTC_isoSPI_Wake_ldle ();
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LTC_isoSPI_Write_Read(cmd,4,data,(REG_LEN*total_ic));

}

/**

* @brief Lectura de registros auxiliares GPIO

*

*/

int8_t LTC RDaux(uint8_t reg,uint8_t total_ic, uintl6_t aux_codesl[][6])
{

const uint8_t NUM_RX_BYT = g;
const uint8_t BYT_IN_REG = 6;
const uint8_t GPIO_IN_REG = 3;
uint8_t *data;

uint8_t data_counter = 0;

int8_t pec_error = 0;

uintlé_t parsed_aux;

uintl6_t received_pec;

uintl6_t data_pec;

data = (uint8_t *) ((NUM_RX_BYT*total_ic)*sizeof(uint8_t));
if (reg==0)

for (uint8_t gpio_reg = 1; gpio_reg<3; gpio_reg++)

data_counter = 0;
LTC RDaux_REG(gpio_reg, total_ic,data);
for (uint8_t current_ic = O ; current_ic < total_ic; current_ic++)

for (uint8_t current_gpio = 0; current_gpio< GPIO_IN_REG; current_gpio++)
{

parsed_aux = data[data_counter] + (data[data_counter+1]<<8);

aux_codes|current_ic][current_gpio +((gpio_reg-1)*GPIO_IN_REG)] = parsed_aux;

data_counter=data_counter+2;

}

received_pec = (data[data_counter]<<8)+ data[data_counter+1];
data_pec =LTC_PEC15 CALC(BYT_IN_REG, &data[current_ic*NUM_RX_BYT]);
if (received_pec != data_pec)

{
pec_error = -1;
}
data_counter=data_counter+2;
}
}
}
else

LTC_RDaux_REG(reg, total_ic, data);
for (int current_ic = 0 ; current_ic < total_ic; current_ic++)

for (int current_gpio = 0; current_gpio<GPIO_IN_REG; current_gpio++)

{
parsed_aux = (data[data_counter] + (data[data_counter+1]<<8));
aux_codes|current_ic][current_gpio +((reg-1)*GPIO_IN_REG)] = parsed_aux;
data counter=data_counter+2;

}

received_pec = (data[data_counter]<<8) + data[data_counter+1];

data_pec =LTC_PEC15 CALC(BYT_IN_REG, &data[current_ic*NUM_RX_BYT]);

if (received_pec != data_pec)

{
pec_error = -1;
}
data_counter=data_counter+2;
}
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(data);
return (pec_error);
}
/**
* @brief Lectura de un registro auxiliar GPIO
*
*/
void LTC_RDaux_REG(uint8_t reg,uint8_t total_ic, uint8_t *data )
{
const uint8_t REG_LEN = g;
uint8_t cmd[4];
uintlé_t cmd_pec;
111
if reg==1)
cmd[1] = (uint8_t)LTC_CMD_RDAUXA;
cmd[0] = (uint8_t)LTC_CMD_RDAUXA>>8;
}
elseif (reg == 2)
cmd[1] = (uint8_t)LTC_CMD_RDAUXB;
cmd[0] = (uint8_t)LTC_CMD_RDAUXB>>8;
else
cmd[1] = (uint8_t)LTC_CMD_RDAUXA;
cmd[0] = (uint8_t)LTC_CMD_RDAUXA>>8;
cmd_pec = LTC_PEC15 CALC(2, cmd);
cmd[2] = (uint8_t)(cmd_pec >> 8);
cmd[3] = (uint8_t)(cmd_pec);
LTC_ isoSPI_Wake_ldle ();
LTC_isoSPI_Write_Read(cmd,4,data,(REG_LEN*total_ic));
}
/'k*
* @brief Limpieza de registros de tension
*
*/
void LTC6804_clrcell()
uint8_t cmd[4];
uintl6_t cmd_pec;
cmd[0] = 0x07;
cmd[1] = Ox11;
cmd_pec = LTC_PEC15 CALC(2, cmd);
cmd[2] = (uint8_t)(cmd_pec >> 8);
cmd[3] = (uint8_t)(cmd_pec );
LTC isoSPI_Wake_ldle ();
LTC isoSPI_Write_Read(cmd,4,0,0);
}
/**
* @brief Limpieza de registros auxiliares GPIO
*
*/
void LTC6804_clraux()
uint8_t cmd[4];
uintl6_t cmd_pec;
cmd[0] = 0x07;
cmd[1] = 0x12;
cmd_pec =LTC_PEC15 CALC(2, cmd);
cmd[2] = (uint8_t)(cmd_pec >> 8);
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cmd[3] = (uint8_t)(cmd_pec);
LTC_ isoSPI_Wake_ldle ();
LTC_isoSPI_Write_Read(cmd,4,0,0);
}
/**
* @brief Configuracion de un registro especifico
*
*/
void LTC_WR_CMD(uint8_t total_ic, uint8_t config[][6],uintl6_t cmd_code)
{
const uint8_t BYTES_IN_REG = 6;
const uint8_t CMD_LEN = 4+(8*total_ic);
uint8_t *cmd,;
uintl6_t cfg_pec, cmd_pec;
uint8_t cmd_index;
cmd = (uint8_t *) (CMD_LEN#*sizeof(uint8_t));
cmd[0] =(uint8_t)(cmd_code >> 8);
cmd[1] =(uint8_t)cmd_code;
cmd_pec = LTC_PEC15_CALC(2, cmd);
cmd[2] = (uint8_t)(cmd_pec >> 8);
cmd[3] = (uint8_t)(cmd_pec);
cmd_index = 4;
for (uint8_t current_ic = total_ic; current_ic > O; current_ic--)

for (uint8_t current_byte = O; current_byte < BYTES_IN_REG; current_byte++)

cmd[cmd_index] = config[current_ic-1][current_byte];
cmd_index = cmd_index + 1;
}
cfg_pec = (uintl6_t)LTC_PEC15 CALC(BYTES_IN_REG, &config[current_ic-1][0]);
cmd[cmd_index] = (uint8_t)(cfg_pec >> 8);
cmd[cmd_index + 1] = (uint8_t)cfg_pec;
cmd_index = cmd_index + 2;

}
LTC_ isoSPI_Wake_ldle ();
LTC_isoSPI_Write_Array(CMD_LEN, cmd);
(cmd);
}
/**
* @brief Lectura del registro de configuracion
*
*/
int8_t LTC_RD_CFG(uint8_t total_ic, uint8_t r_config[][8])

{
const uint8_t BYTES_IN_REG = 8;

uint8_t cmd[4];

uint8_t *rx_data;

int8_t pec_error = 0;

uintl6é_t data_pec, cmd_pec;

uintl6_t received_pec;

rx_data = (uint8_t *) ((8*total_ic)*sizeof(uint8_t));
cmd[0] = LTC_CMD_RDCFG>>8;

cmd[1] = LTC_CMD_RDCFG&&0x0F;

cmd_pec = LTC_PEC15 CALC(2, cmd);

cmd[2] = (uint8_t)(cmd_pec >> 8);

cmd[3] = (uint8_t)(cmd_pec);

LTC_isoSPI_Wake_ldle ();

LTC isoSPI_Write_Read(cmd, 4, rx_data, (BYTES_IN_REG?*total_ic));
for (uint8_t current_ic = 0; current_ic < total_ic; current_ic++)

for (uint8_t current_byte = O; current_byte < BYTES_IN_REG,; current_byte++)
{

(Cédigo fuente)

r_config[current_ic][current_byte] = rx_data[current_byte + (current_ic*BYTES_IN_REG)];
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received_pec = (r_config[current_ic][6]<<8) + r_config[current_ic][7];
data_pec = LTC_PEC15_CALC(6, &r_config[current_ic][0]);
if (received_pec != data_pec)
{
pec_error = -1;
}
(rx_data);
return(pec_error);
}
/**
* @brief Wake del LTC6804
*
*/
void LTC_isoSPI_Wake_ldle()
SPI_CS_0;
HAL_SPI_Transmit(&hspi3,(uint8_t *)0x00,1,5000);
delayUS_ASM(300); // 100 microsec*300microsec
SPI_CS_1;
b . .
void LTC_REFON(uint8_t total_ic) {
uint8_t tx_cfg[total_ic][6];
for (uint8_t Itc = 0; ltc < total_ic; Itc++) {
tx_cfg[ltc][O] |= OxFE;
tx_cfg[ltc][1] |= 0x00;
tx_cfg[ltc][2] |= 0x00;
tx_cfg(ltc][3] |= 0x00;
tx_cfg(ltc][4] |= 0x00;
tx_cfg(ltc][5] |= 0x00;
}
LTC_WR_CMD(total_ic,tx_cfg,LTC_CMD_WRCFG);
}
/**
* @brief Sleep del LTC6804
*
*/
void LTC_WakeUp_Sleep()
{
SPI_CS_0;
HAL_SPI_Transmit(&hspi3,(uint8_t *)0x00,1,5000);
delayUS_ASM(300); // 100 microsec*300microsec
SPI_CS_1;
}
/**
* @brief Calculo del PEC
*/
uintlé_t LTC_PEC15_CALC(uint8_t len,uint8_t *data)
{
uintl6_t remainder,addr;
remainder = 16;
for (uint8_ti = 0; i<len; i++)
addr = ((remainder>>7)"datal[i])&0xIf;
remainder = (remainder<<8)“crc15Table[addr];
}
return(remainder*2);
}
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/**

* @brief Escritura de un vector al daisy-chain
*

*/
void LTC isoSPI_Write_Array(uint8_t len,uint8_t datal])

SPI_CS_0;
delayUS_ASM(7);
HAL_SPI_Transmit(&hspi3,(uint8_t *)data,len,5000);
SPI_CS_1;
}

/**

* @brief Escrituray lectura de un vector al daisy-chain

*
*/
void LTC_isoSPI_Write_Read(uint8_t tx_Data[], uint8_t tx_len,uint8_t *rx_data,uint8_t rx_len)

SPI_CS_0;
delayUS_ASM(7);
HAL_SPI_Transmit(&hspi3,(uint8_t *)tx_Data,tx_len,5000);
HAL_SPI_Receive(&hspi3,(uint8_t *)rx_data,rx_len,5000);
SPI_CS_1;

}

1.3.3. LTC balancing.h

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  LTC_balancing.h

* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @author Basado en el codigo de MIT EVT <evt-contact@mit.edu> .
* @date 30 Sep 2018

*

* @brief Header del archivo donde se incluyen las funciones de control de balanceo
*/

#ifndef LTC_balancing_H
#define LTC_balancing_H

#include "main.h"
#include <stdio.h>
#include <stdlib.h>

#include "../BMS_Libraries/BMS_defs.h"

void LTC_Balancing_Update(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,op_modes_t* bms_mode, uint8_t
Itc_active_cells[9][12],status_t *bms_status);

void LTC_Balancing_Stop(ltc_reg_t *Itc_reg,ltc_conf_t *ltc_conf);

void LTC_Balancing_Set(uint8_t cell, uint8_t state, uint8_t Itc,uint8_t tx_cfg[][6]);

#endif
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1.3.4. LTC _balancing.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  LTC_balancing.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @author Basado en el codigo de MIT EVT <evt-contact@mit.edu> .

* @date 30 Sep 2018

*

* @brief  Archivo donde se incluyen las diferentes funciones de control de balanceo
*/

#include "../BMS_LTC_Libraries/LTC_balancing.h"
#include <stdio.h>

#include <stdlib.h>

#include "../BMS_Libraries/delay.h"

#include "string.h"

#include "../BMS_LTC_Libraries/LTC68041.h"

/**

* @fn LTC_Balancing_Update (Itc_reg_t *Itc_reg, Itc_conf_t *Itc_conf, uint8_t ltc_active_cells[9][12])

* @brief Realiza la lectura y estudio de las celdas a balancear de forma temporizada,

* para realizar el estudio de los valores de tension el balanceo se detiene durante un corto periodo de tiempo,
* para luego ser activado durante otro periodo de tiempo.

* @param ltc_reg estructura que contiene los datos de tension obtenidos asi como otras variables

* @param ltc_conf estructura que contiene los valores de configuracion del bms

* @param ltc_active_cells variable que define que puntos de lectura sun celas y cuales son nulas

*/

void LTC_Balancing_Update(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,op_modes_t* bms_mode, uint8_t
Itc_active_cells[9][12],status_t *bms_status) {
static uint32_tt_preb = 0;
uint8_t counter = 0;
if (*oms_mode == charge_op) {
if (t_preb==0){
LTC_Balancing_Stop(ltc_reg, Itc_conf);
t_preb = HAL_GetTick();

}
if (HAL_GetTick() -t_preb >250) && (HAL_GetTick() - t_preb < 300)) {

uintl6_t lowest_v = Itc_conf->cell_ov;

for (uint8_t Itc = 0; ltc < Itc_conf->ic_num; ltc++) {

for (uint8_t cell = 0; cell < 12; cell++) {
if (Itc_active_cells[ltc][cell] '= 0 && ltc_reg->v_cell[ltc][cell] <
lowest_v && (Itc_reg->v_cell[ltc][cell] > Itc_conf->cell_uv)) {
lowest_v = Itc_reg->v_cell[ltc][cell];

#ifdef DEBUG_LTC
printf("\nLa celda mas baja es: %1.4f \n", lowest_v * 0.0001);
#endif
for (uint8_t Itc = 0; ltc < Itc_conf->ic_num; Itc++) {
for (uint8_t cell = 0; cell < 12; cell++) {
if ((Itc_active_cells[ltc][cell] I= 0) && (Itc_reg->v_cell[ltc][cell] >
(lowest_v + ltc_conf->cell_margin))) {
LTC Balancing_Set(cell, 1, Itc, Itc_reg->tx_cfg);
bms_general_data.cell_balance[counter] = 1;
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telse{
LTC_Balancing_Set(cell, 0, ltc, ltc_reg->tx_cfg);
bms_general_data.cell_balance[counter] = 0;

}

counter++;

}
h
if (HAL_GetTick() - t_preb > 700) {
LTC_WR_CMD(Itc_conf->ic_num, Itc_reg->tx_cfg, LTC_CMD_WRCFG);
#ifdef DEBUG_LTC
printf("\nEnvio Balanceo\n");

#endif
}
if (HAL_GetTick() - t_preb > 1500) { //estable a 1500 900 sirve

t_preb =0;
}
}
}
/**

* @fn LTC_Balancing_Stop(ltc_reg_t *ltc_reg,ltc_conf_t *Iltc_conf)
* @brief Realiza el paro forzado del balanceo

* @param ltc_reg estructura que contiene los datos de tension obtenidos asi como otras variables
* @param ltc_conf estructura que contiene los valores de configuracion del bms
*/

void LTC_Balancing_Stop(Itc_reg_t *Iltc_reg,ltc_conf_t *ltc_conf) {
for (uint8_t Itc = 0; ltc < Itc_conf->ic_num; Itc++) {
for (uint8_t cell = 0; cell < 12; cell++) {
LTC_Balancing_Set(cell, 0, ltc, ltc_reg->tx_cfg);
}

}
LTC_WR_CMD(lItc_conf->ic_num,ltc_reg->tx_cfg,LTC_CMD_WRCFG);

}

/**

* @fn LTC_Balancing_Set(uint8_t cell, uint8_t state, uint8_t Itc,uint8_t tx_cfg[][6])

* @brief Realiza la ordenacion de bits a enviar al 1tc6804 para el balanceo

* @param cell  Celda a balancear

* @param state estado para balanceo 1->activo 0->deshabilitado

* @param ltc Chip del cual se desea balancear

* @param tx_cfg Dato sobre el que guardar la configuracion

*/

void LTC_Balancing_Set(uint8_t cell, uint8_t state, uint8_t ltc,uint8_t tx_cfg[][6]) {
/I cell -=ltc* 12;

if (cell >=0 && cell < 8) {
if (state)
tx_cfg[ltc][4] |= Obl << cell;
else
tx_cfg[ltc][4] &= ~(0b1 << cell);
}elseif (cell > 7 && cell < 12) {
if (state)
tx_cfg[ltc][5] |= Obl << (cell - 8);
else
tx_cfg[ltc][5] &= ~(0b1 << (cell - 8));

Autor: Alfonso Mareca Miralles - 29 -
424.18.63



eess. Escuela Universitaria

Disefio e implementacién de un BMS para BVE (Battery A A8 Politécnica - La Aimunia
. . .l... Centro adscrito
Electric Vehicle) == UniversidadZaragoza

(Codigo fuente)

1.3.5. LTC Temp.h

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  LTC_Temp.h

* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @date 30 Sep 2018

*

* @brief Header del archivo donde se incluyen las diferentes funciones de la lectura de Temperatura
*/

#ifndef BMS_LTC_LIBRARIES LTC TEMP_H_
#define BMS_LTC LIBRARIES LTC TEMP_H_
#include "main.h"

#include <stdio.h>

#include <stdlib.h>

#include "../BMS_Libraries/BMS_defs.h"

void LTC_Mux(uint8_t total_ic, uint8_t mux, uint8_t channel);

void LTC_All_Bal_T(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,ltc_temp_call_t *ltc_bal_cal);

read_t LTC_All_Mux_T(Itc_reg_t *Itc_reg, Itc_conf_t *conf,status_t *status, Itc_temp_call_t *ltc_mux_cal);
void LTC_All_Mux_V(ltc_reg_t *Itc_reg,ltc_conf_t *Itc_conf, uintl6_t data[24]);

#endif /* BMS_LTC_LIBRARIES LTC_TEMP_H_*

1.3.6. LTC Temp.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  LTC_Temp.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @date 30 Sep 2018

* @brief  Archivo donde se incluyen las diferentes funciones de la lectura de Temperatura
*/

#include "../BMS_LTC Libraries/LTC_Temp.h"

#include <stdio.h>

#include <stdlib.h>

#include "../BMS_Libraries/delay.h"

#include "string.h"

#include "../BMS_LTC_Libraries/LTC68041.h"

#include "../BMS_Libraries/LTC_Core.h"

#define DEBUG_LTC

/**
* @fn LTC_AIl_Bal_T(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,ltc_temp_call_t *ltc_bal_cal)
* @brief Realiza la lectura de las sondas de temperatura de balanceo
* @param ltc_reg estructura donde se almacenaran las temperaturas logueadas
* @param ltc_conf estructura que contiene los valores de configuracion del bms
* @param ltc_bal_cal estructura que contiene los valores de calibracion para las ntc de balanceo
*/
void LTC_All_Bal_T(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf,ltc_temp_call_t *ltc_bal_cal) {
static uint32_tt_preb = 0;
uint8_t counter = 0;
intl6_t t_rangue = ltc_bal_cal->t_high - ltc_bal_cal->t_low;
intl6_t v_rangue = ltc_bal_cal->v_high - Itc_bal_cal->v_low;
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if (t_preb==0) {
t_preb = HAL_GetTick();

h
if (HAL_GetTick() - t_preb > 500) {
for (uint8_t Itc = 0; ltc< ltc_conf->ic_num;ltc++){
for (UInt8_t i = 0; i<2;i++){
t_preb =0;
Itc_reg->v_temp_bal[counter] = Itc_reg->v_aux[ltc][i+1];
Itc_reg->temp_bal[counter] = ((((Itc_reg->v_aux[ltc][i+1] - ltc_bal_cal-
>v_low)* t_rangue) / v_rangue) + ltc_bal_cal->t_low);
if (Itc_reg->temp_bal[counter]*0.01 > 500){
Itc_reg->temp_bal[counter]= 0;
}

counter++;

}

/**

* @fn LTC_AI_Mux_T(ltc_reg_t *ltc_reg,ltc_conf_t *Itc_conf,ltc_temp_call_t *ltc_mux_cal)

* @brief Realiza la lectura de todas las sondas de temperatura multiplexadas con su correspondiente
calibracion a Grados centigrados

* @param ltc_reg estructura donde se almacenaran las temperaturas logueadas

* @param ltc_conf estructura que contiene los valores de configuracion del bms
* @param ltc_mux_cal datos de calibracion a dos puntos
*/

read_t LTC_All_Mux_T(Itc_reg_t *Itc_reg, ltc_conf_t *conf,status_t *status, Itc_temp_call_t *Itc_mux_cal) {

static uint8_t chann = 0;

intl6_t t_rangue = Itc_mux_cal->t_high - Itc_mux_cal->t_low;

intl6_t v_rangue = ltc_mux_cal->v_high - ltc_mux_cal->v_low;

/ILTC_WakeUp_Sleep();

static uint32_t t_preb = 0;

if (t_preb ==0) {
t_preb = HAL_GetTick();
LTC_WR_CMD(conf->ic_num, Itc_reg->tx_cfg, LTC_CMD_WRCFG);
LTC_Mux(conf->ic_num, O, chann);

}
if (HAL_GetTick() - t_preb >300) {
t_preb =0;
LTC_WR_CMD(conf->ic_num, ltc_reg->tx_cfg, LTC_CMD_WRCFG);
LTC_Send_ADAX();
LTC_Send_ADAX();
LTC_RDaux(0, conf->ic_num, Itc_reg->v_aux);

if (chann == 0) {
for (inti=0;i<Itc_confic_num;i++) {
Itc_reg->v_temp_cell[7 + 8 *i] = ltc_reg->v_aux]i][0];

}else{
for (inti=0;i<ltc_confic_num; i++) {
Itc_reg->v_temp_cell[(chann - 1) + 8 *i] = Itc_reg->v_aux]i][0];

for (inti=0;i<24;i++) {
uint16_t old = ltc_reg->temp_modules]i;
Itc_reg->temp_modules[i] = ((((Itc_reg->v_temp_cell[i] - ltc_mux_cal-
>v_low) * t_rangue) / v_rangue) + ltc_mux_cal->t_low);
if ((Itc_reg->temp_modules[i] * 0.01) > 110) {
Itc_reg->temp_modules[i] = old;
}

}
}
chann++;

Sec_Temp_Modules(ltc_reg,conf,status);
Sec_Temp_Bal(ltc_reg,conf,status);

}
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if (chann == 8) {

chann = 0;
return read;
}
return noread;
}
/**

* @fn LTC_AIl_Mux_V(Itc_conf_t *ltc_conf, uint16_t data[24])

* @brief Realiza la lectura de todas las sondas de temperatura multiplexadas en bruto en voltajes
* @param Itc_conf estructura que contiene los valores de configuracion del bms

* @param data variable de salida de todos los voltajes

*/

void LTC_All_Mux_V(ltc_reg_t *ltc_reg,ltc_conf_t *ltc_conf, uint16_t data[24]) {
static uint32_tt_preb = 0;
static uint8_t chann = 0;
if (t_preb ==0) {
LTC_WakeUp_Sleep();
LTC_Set ADC(MD_NORMAL, DCP_DISABLED, CELL_CH_ALL, AUX_CH_ALL);
LTC_Send_ADAX():
/ILTC_REFON(total_ic);
t_preb = HAL_GetTick();
LTC_Mux(ltc_conf->ic_num, 0, 1);
h

if (HAL_GetTick() - t_preb > 10) {
/ILTC_Send_ADAX();
if (HAL_GetTick() - t_preb > 50) {

t_preb =0;

LTC_RDaux(0, ltc_conf->ic_num, ltc_reg->v_aux);

for (uint8_t i = 0; i <ltc_conf->ic_num; i++) {
data[chann] = ltc_reg->v_aux[i][0];

}
chann++;
}
}
if (chann > 8) {
chann =0;
I3
}
/**

* @fn LTC_Mux(uint8_t total_ic, uint8_t mux, uint8_t channel)
* @brief Configura los mux incluye el envio

* @param total_ic Numero de chips del BMS

* @param mux Mux a seleccionar depende de la adress seleccionada 012 3
* @param channel Canal afijar Oal 7

*/

void LTC_Mux(uint8_t total_ic, uint8_t mux, uint8_t channel) {
uint8_t config[total_ic][6];

uintlé_ti=0;
uint8_t address = 0x4C | (mux % 3); /[direccion base del multiplexor
uint8_t data = 1 << (channel % 8);
if (channel == OxFF) { /I Si no hay canal seleccionado, alta
impedancia
data = 0x00;

for (i=0; i <total_ic; i++) {
config[i][0] = LTC_ICOM_START | (address >> 3); /1 0x6 :
LTC6804: ICOM START from Master
config[i][1] = LTC_FCOM_MASTER_NACK | (address << 5);
config[i][2] = LTC_ICOM_BLANK | (data >> 4);
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config[i][3] = LTC_FCOM_MASTER_NACK_STOP | (data << 4);

config[i][4] = LTC_ICOM_NO_TRANSMIT;
/1 0x1 : ICOM-STOP

config[i][5] = 0x00;
// 0x0 : dummy (Dn)

/1 9: MASTER NACK + STOP (FCOM)

LTC_WR_CMD(total_ic, config, LTC_CMD_WRCOMM);
for (i=0; i <total_ic; i++) {
for (UiNt8_tt=0;t < 6; t++) {
config[i][t] = OxFF;
}

LTC_WR_CMD(total_ic, config, LTC_CMD_STCOMM);

}

1.4. LIBRERIA DEL SENSOR (BMS_SENSOR)

Se expone el codigo fuente de la libreria BMS_Sensor:

BMS_Sensor Libreria del sensor HALL:
BMS_C_Sensor.h BMS_C_Sensor.c Funciones de comunicaciéon con el MCP3421.

1.4.1. BMS _C Sensor.h

2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  BMS_C_Sensor.h

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @date 30 Sep 2018

*

* @brief  Archivo donde se incluyen las cabeceras de las funciones para el sensor de corriente
*/

#include "main.h"

#include "stm32f4xx_hal.h"

#include "../BMS_Libraries/BMS_defs.h"

#ifndef BMS_SENSOR_BMS_C_SENSOR_H_

#define BMS_SENSOR_BMS_C_SENSOR_H_

void C_Sensor_Init(uint8_t gain);

int32_t MCP_Read(void);

float MCP_calc(uint8_t gain);

void C_Sensor_Read(uint8_t gain,current_reg_t *current_s_req);

#endif * BMS_SENSOR_BMS_C_SENSOR_H_ */
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1.4.2. BMS C Sensor.c

* 2

018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file

BMS_ C_Sensor.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @date
*

* @brief
*/

#include
#include
#include
#include
#include
#include

30 Sep 2018
Archivo donde se incluyen las las funciones para el sensor de corriente

"BMS_C_Sensor.h"

"main.h"

"stm32f4xx_hal.h"

"i2c.h"
"../IBMS_Libraries/BMS_defs.h"
"..IBMS_Libraries/LTC_Core.h"

#define MCP_Adress_Read 0xD1
#define MCP_Adress_write 0OxDO

/**

* @brief
*/

Inicializacion del MCP

void C_Sensor_Init(uint8_t gain) {

}

/**

* @brief
*/

uint8_t Check[4] ={0 };
uint8_t Configuration_byte = 0x1C | gain;
uint8_t Configuration_byte2 = 0x9C | gain;
HAL_12C_Master_Transmit(&hi2c2, MCP_Adress_write, &Configuration_byte, 1, 0x10);
HAL_12C_Master_Receive(&hi2c2, MCP_Adress_Read, Check, 4, 0x10);
if (Check[3] == Configuration_byte || Check[3] == Configuration_byte2) {
("Sensor de corriente configurado\n");

telse{

("Sensor de corriente NO configurado\n");
}
Lectura del MCP

int32_t MCP_Read(void) {

-34 -

uint8_t pData[4] ={0,0,0,0};

uint8_t Temp, Temp2;

uint32_t comp;

HAL_12C_Master_Receive(&hi2c2, MCP_Adress_Read, pData, 4, 0x10);

Temp = pData[0];
Temp = Temp & 0b0O0000011;
Temp2 = Temp && 0b00000001;
if (Temp >>1)==0x01){
if (pData[1] == OxFF) {
return 0x00;
}else{
comp = ~(((Temp2 << 16) | (pData[1] << 8) | (pData[2]))) & Ox1FFFF;
return -1 * (int32_t) comp;

}
if (Temp >> 1) == 0x00) {
return (int32_t) ((pData[0] << 16) | (pData[1] << 8) | (pData[2]));

return 0x00;
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/**

* @brief Calculo del MCP

*/

float MCP_calc(uint8_t gain) {
int32_t dato = MCP_Read();
return ((dato * 2.048) / (131071 + 1)) / (gain + 1);
}
/**
* @brief Calculo del sensor de corriente
*/
void C_Sensor_Read(uint8_t gain, current_reg_t *current_s_reg) {

float value;
int16_t value2;
static uint32_tt_sensor = 0;
if (t_sensor ==0){
t_sensor = HAL_GetTick();

}
if (HAL_GetTick() - t_sensor > 10) {
t_sensor = 0;
value = MCP_calc(gain);
value = value * 400 / 1.25;
if ((value < 5) && (value > -5)) {
value = 0x00;

value2 = (intl6_t) (value);
current_s_reg->amps = value2;
if ((value > 5) && (value < -5)) {

}
}

1.5. LIBRERIA ETHERNET (NETWORK_MODULES)

Se expone el codigo fuente de la libreria Network_Modules:

Libreria de red:
ETH_Core-> Principales funciones de comunicacién
ETH_Comms-> Mensajeria eth

DHCP Client.h DHCP Client.c Broadcast-> Funcionalidad de conexidn a la interfaz
- - BHCP_Client->Cliente DHCP

Network_Modules

Se ha remarcado el cédigo de desarrollo propio que se expondra a continuacion,
el resto es generado automaticamente por STM32CubeMX con las opciones
especificadas en el desarrollo.

1.5.1. BMS_ETH_Core.h

*

2018, Alfonso Mareca Miralles, Eupla Racing Team *
e /

/**
* @file  BMS_ETH_Core.h
* @author Alfonso Mareca Miralles <alfonso@euplart.com>

* @author Header de las funciones Ethernet
* @date 30 Sep 2018
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*

*/

#include "main.h"

#include "lwip.h"

#include "../BMS_Libraries/BMS_defs.h"
#ifndef BMS_ETH_CORE_H_

#define BMS_ETH_CORE_H_

#define TEST_DATA_COMMS

/I#define DEBUG_COMMS

#define DEBUG_LTC

typedef enum {wire_on,wire_stop,wire_off,wire_dhcp,wire_search,gui_init,gui} eth_modes_t;
typedef enum {celsius, volt} temp_send_mode_t;
typedef struct {

ip4_addr_tip;

uintl6_t port;

}bms_gui_t;

bms_gui_t bms_gui_comms;

eth_modes_t eth_link(eth_modes_t *eth_mode);
eth_modes_t eth_init_deinit(eth_modes_t *eth_mode);
extern eth_modes_t eth_mode;

extern temp_send_mode_t eth_temp_mode;

void Comms_callback(void *arg, struct udp_pcb *upchb, struct pbuf *p, const ip_addr_t *addr, ul6_t port);
void Comms_init(struct netif *netif);
void Comms_Handler(struct netif *netif,char *payload);

Itc_reg_t bms_example;
#endif /* BMS_ETH_CORE_H_ */

1.5.2. BMS_ETH_Core.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @fle BMS_ETH_Core.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @author Funcionesunciones Ethernet

* @date 30 Sep 2018

*

*/

#include "BMS ETH Core.h"
#include "main.h"

#include "lwip.h"

#include "DHCP_Client.h"
#include "Broadcast_ssdp.h"
#include "stm32f4xx_hal.h"
#include <string.h>

#include "../BMS_Libraries/delay.h"

extern struct netif gnetif;
static struct udp_pcb *comms_pcb;

eth_modes_t eth_mode;
temp_send_mode_t eth_temp_mode;
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/**

* @brief Funcion principal de Ethernet
*

*/
eth_modes_t eth_init_deinit(eth_modes_t *eth_mode){
if (*eth_mode == wire_on) {

("Red Ethernet conectada\n");

netif_set_link_up(&gnetif);
netif_set_default(&gnetif);
netif_set_up(&gnetif);
DHCP_state = DHCP_START;
return wire_dhcp;

if ((*eth_mode == wire_dhcp)||(*eth_mode == wire_search)) {

DHCP_enum_t aux = DHCP_Client_Handler(&gnetif);

if ((aux == DHCP_ADDRESS_ASSIGNED)) {
Broadcast_ssdp_Handler(&gnetif, eth_mode);

}
if (*eth_mode == wire_stop) {
("Red Ethernet desconectada\n™);

dhcp_stop(&gnetif);
netif_set_down(&gnetif);
netif_set_link_down (&gnetif);
*eth_mode = wire_off;

return *eth_mode;

}

/**

* @brief Estudio del Link

*/
eth_modes_t eth_link(eth_modes_t *eth_mode){

uint32_t reg;
HAL_ETH_ReadPHYRegister(&heth, PHY_BSR, &reg);
if(reg==0x782D){

if (*eth_mode==wire_off){

return wire_on;

telse{

return *eth_mode;

}

}
if(reg!=0x782D){
return wire_stop;

}

return *eth_mode;
3
/**
* @brief Handler principal de ETH
*/
void Comms_Handler(struct netif *netif,char *payload)

{
#ifdef DEBUG_COMMS
[lprintf("Envio Datos\n");
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#endif
struct pbuf * p_send = pbuf_alloc(PBUF_TRANSPORT, (payload), PBUF_REF);
char * pa = payload;
p_send->payload = pa;
udp_connect(comms_pch, &ms_gui_comms.ip, bms_gui_comms.port);
udp_sendto(comms_pch, p_send , &ms_gui_comms.ip, bms_gui_comms.port);
pbuf_free(p_send);
udp_disconnect(comms_pch);

}

/**

* @brief Inicializacion de Eth
*

*/
void Commes_init(struct netif *netif)
{
err_t err_comms;
comms_pcb = udp_new();
if (comms_pch)
err_comms = udp_bind(comms_pch,IP4_ADDR_ANY,bms_gui_comms.port);
if(err_comms == ERR_OK)
{
udp_recv(comms_pch, Comms_callback, NULL);
}
else
{
udp_remove(comms_pch);
}
}
}
/**

* @brief Callback de recepcion
*/
void Comms_callback(void *arg, struct udp_pcb *upchb, struct pbuf *p, const ip_addr_t *addr, ul6_t port)

{
if ( (p->payload) > 5) {

char * pch;

pch = (p->payload,"$BMS_GUI");

if( (pch, "$BMS_GUI:TEMP_MODE,", 19)==0){
pch =pch+19;
if ( (‘pch, "0", 1)==0){

eth_temp_mode =celsius;

}
if ( (pch, "17, 1)==0){
eth_temp_mode =volt;

}
}

}
pbuf_free(p);
}

1.5.3. BMS ETH Comm.h

/ *kk * *%

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @fle BMS_ETH_Comm.h
* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @author Header de los mensajes Eth
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* @date 30 Sep 2018

*/

#ifndef BMS_ETH_COMM_H_

#define BMS_ETH_COMM_H_

#include "main.h"

#include "lwip.h"

#include "BMS_ETH_Core.h"

#define TEST_DATA_COMMS

#define DEBUG_COMMS

#define DEBUG_LTC

void vol_cells_comm(ltc_reg_t *bms_data,char * p_Send);

void temp_cells_comm(ltc_reg_t *bms_data,temp_send_mode_t *mode, char * p_Send);
void temp_bal_comm(ltc_reg_t *bms_data,temp_send_mode_t *mode, char * p_Send);

void general_data_comm(bms_general_data_t *bms_general_data,temp_send_mode_t *mode, char *
p_Send);

void bms_status_comm(status_t *bms_status, char * p_Send);

void bms_op_mode_comm(op_modes_t *oms_mode, char * p_Send);

void send_conf_comm(Itc_conf_t *bms_conf,current_conf_t *current_s_conf, char * p_Send);

eth_modes_t eth_GUI_Comms(char *send_buffer,eth_modes_t *eth_mode,ltc_reg_t *bms_data,ltc_conf_t
*conf,current_conf_t *current_s_conf,status_t *bms_status,op_modes_t* bms_mode);

#endif /* BMS_ETH_CORE_H_ */

1.5.4, BMS ETH Comm.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  BMS_ETH_Comm.h

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @author Mensajes ETH

* @date 30 Sep 2018

*

*/

#include "BMS ETH Comm.h"
#include "BMS ETH Core.h"

#include "main.h"

#include "../BMS_Libraries/delay.h"
#include "../BMS_Libraries/BMS_defs.h"
#include "lwip.h"

extern struct netif gnetif;

#include <string.h>
#include "lwip.h"
#include "DHCP_Client.h"
#include <string.h>

eth_modes_t eth_GUI_Comms(char *send_buffer, eth_modes_t *eth_mode, ltc_reg_t *bms_data, ltc_conf_t
*conf,current_conf_t *current_s_conf,status_t *oms_status, op_modes_t* bms_mode) {
static uint8_t count = 0;

#ifdef TEST_DATA_COMMS
[ITEST_FAKE_DATA(&ltc_reg, &bms_general_data);

#endif
if ((*eth_mode == gui_init) || (*eth_mode == gui)) {
[lprintf("COMMS:Modo envio de datos\n");
if (*eth_mode == gui_init) {
Comms_init(&gnetif);
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*eth_mode = gui;

#ifdef DEBUG_COMMS

#endif

}

/*

}

("init de la conexion\n\n");

/Ivol_cells_comm(send_buffer);
(send_buffer, ");
if (count ==70) {
count = 0;

}
if (count ==0) {
vol_cells_comm(&ltc_reg, send_buffer);

}
if (count == 10) {
temp_cells_comm(&ltc_reg, &eth_temp_mode, send_bulffer);

}
if (count == 20) {
temp_bal_comm(&ltc_reg, &eth_temp_mode, send_buffer);

}
if (count == 30) {
general_data_comm(&bms_general_data, &eth_temp_mode, send_buffer);

}
if (count ==40) {
bms_status_comm(bms_status, send_buffer);

}
if (count == 50) {
bms_op_mode_comm(bms_mode, send_buffer);

if (count == 60) {
send_conf_comm(conf,current_s_conf,send_buffer);
¥
Comms_Handler(&gnetif, send_buffer);
count++;

return *eth_mode;

void vol_cells_comm(ltc_reg_t *bms_data, char * p_Send) {

}

(p_Send, "$BMS_Core:V_Cells");

for (inti=0;i<26;i++) {

char temp[5];
((char *) temp, "%u", bms_data->v_modulesJi]);
(p_Send, ");
(p_Send, temp);

void temp_cells_comm(ltc_reg_t *bms_data, temp_send_mode_t *mode, char * p_Send) {

- 40 -

(p_Send, "$BMS_Core:T_Cells");

for (inti = 0; i< 24; i++) {

char temp[5];

if (*mode == volt) {
((char *) temp, "%u", bms_data->v_temp_cell[i]);
(p_Send, "");
(p_Send, temp);

}else{
((char *) temp, "%u", bms_data->temp_modulesi]);
(p_Send, ".");
(p_Send, temp);

}

Autor: Alfonso Mareca Miralles
424.18.63

Escuela Universitaria



Escuela Universitaria

A A8 Politécnica - La Aimunia Disefio e implementacion de un BMS para BVE (Battery
..... Centro adscrito . .
== Universidad Zaragoza Electric Vehicle)

(Cédigo fuente)

void temp_bal_comm(ltc_reg_t *bms_data, temp_send_mode_t *mode, char * p_Send) {
(p_Send, "$BMS_Core:T_Bal");
for (inti=0;i<6;i++){

char temp[5];

if (*mode == volt) {
((char *) temp, "%u", bms_data->v_temp_bal[i]);
(p_Send, "");
(p_Send, temp);

}else {
((char *) temp, "%u", bms_data->temp_bali]);
(p_Send, ");
(p_Send, temp);

}

}

void general_data_comm(bms_general_data_t *oms_general_data, temp_send_mode_t *mode, char *
p_Send) {
char temp[5];

(p_Send, "$BMS_Core:G_Data");

((char *) temp, "%u", bms_general_data->soc);

(p_Send! "!");

(p_Send, temp);

((char *) temp, "%u", bms_general_data->soh);

(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", bms_general_data->total_v);
(p_Send! "!");

(p_Send, temp);

((char *) temp, "%u", bms_general_data->max_peak_c);
(p_Send, ".");
(p_Send, temp);

((char *) temp, "%u", bms_general_data->max_temp_module);
(p_Send, ".");
(p_Send, temp);

((char *) temp, "%u", bms_general_data->max_temp_bal);
(p_Send, ".");
(p_Send, temp);

((char *) temp, "%u", bms_general_data->max_disbalance);
(p_Send, ".");
(p_Send, temp);

for (inti=0;i<26;i++){
char temp[5];
((char *) temp, "%u", bms_general_data->cell_balance[i]);
(p_Send, ".");
(p_Send, temp);

}

void bms_status_comm(status_t *bms_status, char * p_Send) {
char temp[1];
(p_Send, "$BMS_Core:Flags");
if (bms_status->error_uv == bms_ok) {
((char *) temp, "%u", 0);
}else{

}

((char *) temp, "%u", 1);

(p_Send, ",");
(p_Send, temp);

if (bms_status->error_ov == bms_ok) {
((char *) temp, "%u", 0);

Autor: Alfonso Mareca Miralles -41 -
424.18.63



Disefio e implementacion de un BMS para BVE (Battery

Electric Vehicle)

=

(Cédigo fuente)

}else{
((char *) temp, "%u", 1);

(p_Send, "");
(p_Send, temp);

if (bms_status->error_oc == bms_ok) {
((char *) temp, "%u", 0);
}else {
((char *) temp, "%u", 1);

(p_Send, "");
(p_Send, temp);

if (boms_status->error_otM == bms_ok) {
((char *) temp, "%u", 0);
telse{
((char *) temp, "%u", 1);

(p_Send, "");
(p_Send, temp);

if (boms_status->error_otBal == bms_ok) {
((char *) temp, "%u", 0);
}else{
((char *) temp, "%u", 1);

(p_Send, "");
(p_Send, temp);

if (bms_status->ev_stop == bms_ok) {
((char *) temp, "%u", 0);
}else{
((char *) temp, "%u", 1);

(p_Send, ",");
(p_Send, temp);

}

void bms_op_mode_comm(op_modes_t *oms_mode, char * p_Send) {
(p_Send, "$BMS_Core:Mode");
char temp[1];
if *bms_mode == normal_op) {
((char *) temp, "%u", 0);
}else{

}

((char *) temp, "%u", 1);

(p_Send, ",");
(p_Send, temp);

if (*bms_mode == charge_op) {

((char *) temp, "%u", 0);
}else{

}

((char *) temp, "%u", 1);

(p_Send, "");
(p_Send, temp);

if (*bms_mode == balance_op) {

((char *) temp, "%u", 0);
}else{

}

((char *) temp, "%u", 1);

Escuela Universitaria
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(p_Send, ")
(p_Send, temp);
if (*bms_mode == log_op) {
((char *) temp, "%u", 0);
}else{

}

((char *) temp, "%u", 1);

(p_Send, ",");
(p_Send, temp);

(Codigo fuente)

void send_conf_comm(ltc_conf_t *bms_conf,current_conf_t *current_s_conf, char * p_Send) {

(p_Send, "$BMS_Core:Config");

char temp[5];

((char *) temp, "%u", bms_conf->ic_num);
(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", bms_conf->cell_ov);
(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", bms_conf->cell_uv);
(p_Send! "!");

(p_Send, temp);

((char *) temp, "%u", bms_conf->cell_ot);
(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", bms_conf->bal_ot);
(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", bms_conf->cell_margin);
(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", bms_conf->t_fail_uv);
(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", bms_conf->t_fail_ov);
(p_Send, ".");

(p_Send, temp);

((char *) temp, "%u", current_s_conf->bat_oc);
(p_Send, ".");
(p_Send, temp);

((char *) temp, "%u", current_s_conf->bat_uc);
(p_Send, ".");
(p_Send, temp);

1.5.5. Broadcast_ssdp.h

*

2018, Alfonso Mareca Miralles, Eupla Racing Team

/**

* @file

*

*

#include "main.h"
#include "lwip.h"

Bradcast_ssdp.h
* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @author
* @date

Header del cliente SSDP de la interfaz

30 Sep 2018
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#include "../Network_Modules/BMS_ETH_Core.h"

#define UDP_SSDP_PORT 1900

char ssdpBuff[1024];

void Broadcast_ssdp_init(struct netif *netif);

void Broadcast_ssdp_callback(void *arg, struct udp_pcb *upchb, struct pbuf *p, const ip_addr_t *addr,

ulé_t port);
void Broadcast_ssdp_Handler(struct netif *netif,eth_modes_t *eth_mode);

1.5.6. Broadcast_ssdp.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file Bradcast_ssdp.c

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @author Cliente SSDP de la interfaz
* @date 30 Sep 2018

*

*/

#include "Broadcast_ssdp.h"

#include "lwip.h"

#include <string.h>

#include "BMS_ETH_Core.h"

#include "../BMS_ Libraries/delay.h"

#define BMS_GUI_SERVICE_NAME "BMS_GUI"

static struct udp_pcb *ssdp_pcb;

extern struct netif gnetif;

/**

* @brief Handler de la mensajeria ssdp

*/

void Broadcast_ssdp_Handler(struct netif *netif, eth_modes_t *eth_mode) {
static uint32_t Temp_timer = 0;

if (Temp_timer == 0) {
Temp_timer = HAL_GetTick();

}
if (*eth_mode == wire_dhcp) {
#ifdef DEBUG_COMMS
printf("-SSDP SIMPLE: Enviando Broadcast\n");
#endif
Broadcast_ssdp_init(netif);
*eth_mode = wire_search;

if (HAL_GetTick() - Temp_timer > 1000) && (*eth_mode == wire_search)) {
#ifdef DEBUG_COMMS
printf("-Enviado Broadcast\n");
#endif
Temp_timer = 0;
char dato_env[90];

((char *) dato_env, "M-SEARCH *
HTTP/1.1\\nHOST:%s:1900\N\nST:upnp:BMS_Core\n\nMAN:\"ssdp:discover\\r\nMX:2\r\n",
ipdaddr_ntoa((const ip4_addr_t *) &netif->ip_addr));

struct pbuf * p_send = pbuf_alloc(PBUF_TRANSPORT, (dato_env), PBUF_REF);
p_send->payload = dato_env;
udp_connect(ssdp_pch, IP_ADDR_BROADCAST, UDP_SSDP_PORT);
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udp_sendto(ssdp_pch, p_send, IP_ADDR_BROADCAST, UDP_SSDP_PORT);
pbuf_free(p_send);
udp_disconnect(ssdp_pcb);

* @brief Inicializacion de la mensajeria ssdp

*/

void Broadcast_ssdp_init(struct netif *netif) {
err_t err_ssdp;
ssdp_pcb = udp_new();
if (ssdp_pcb) {

#ifdef DEBUG_COMMS

#endif

}

/**

printf("-SSDP SIMPLE: Bind de red y callback\n");

err_ssdp = udp_bind(ssdp_pch, IP_ADDR_ANY, UDP_SSDP_PORT);
if (err_ssdp == ERR_OK) {

udp_recv(ssdp_pch, Broadcast_ssdp_callback, NULL);
}else {

}

udp_remove(ssdp_pch);

* @brief Callback de la mensajeria ssdp

*

void Broadcast_ssdp_callback(void *arg, struct udp_pcb *upch, struct pbuf *p, const ip_addr_t *addr,

ul6_t port) {

/* Cadena a Buscar:

*

M-SEARCH *

HTTP/1.1\\nHOST:123.456.789:1900\\nST:upnp:BMS_GUNNNMAN:\"ssdp:discover\"\\nMX:2\r\n

*

static uint8_t counter;

if (

(p->payload) > 48) {

char ip4_gui_buff[20] ="";

char ip4_port_buff[5] = "ffff";

char BMS_service_buff[8] = "ffffff";

char * pch;

pch = (p->payload, "HOST");
pch = (pch, ™");

pch++;

for (inti=0;i<20;i++){
if *(pch +i)!=""{
(ip4_gui_buff, (pch + i), 1);

telse{
i=20;
I3
}
pch = (pch, ")
pch++;

(ip4_port_buff, pch, 4);
pch = (p->payload, "upnp:");
(BMS_service_buff, pch + 5, 7);
[lprintf("%s\n",(char *)pch);
if ( (BMS_service_buff, BMS_GUI_SERVICE_NAME, 7) == 0) {
if (counter == 0) {
bms_gui_comms.port = (ip4_port_buff);
bms_gui_comms.ip = *addr;

}

counter++;

if (counter >= 2) {

Autor: Alfonso Mareca Miralles
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pbuf_free(p);
udp_recv(ssdp_pch, NULL, NULL);
udp_disconnect(ssdp_pcb);
udp_remove(ssdp_pcb);
eth_mode = gui_init;
counter = 0;
}
}else{
pbuf_free(p);
counter = 0;
}
}
1.6. LIBRERIA CAN (BMS_CANCOMMS)
Se expone el codigo fuente de la libreria BMS_CanComms:
BMS_CanComms_Libraries Libreria de can:
CAN_msg.h CAN_msg.c Funciones de mensajes utilizados en CANbus.

1.6.1. CAN_msg.h

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  CAN_msg.h

* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @date 30 Sep 2018

* @brief Header de los Mesajes usados en la red CAN

*/

#ifndef CAN_MSG_H_
#define C MSG H_

#include "main.h"

#include <stdio.h>

#include <stdlib.h>

#include "can.h"

#include "../BMS_ Libraries/BMS_defs.h"

void BMS_Can_Comms(void);

cancomms_status_t CAN_Send_msg12(Itc_reg_t *Itc_reg, current_reg_t *current_s_reg,
bms_general_data_t *bms_general_data);

cancomms_status_t CAN_Send_msgll(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg,
bms_general_data_t *bms_general_data);

cancomms_status_t CAN_Send_msg10(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg,
bms_general_data_t *bms_general_data);

cancomms_status_t CAN_Send_msg9(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);

cancomms_status_t CAN_Send_msg8(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);

cancomms_status_t CAN_Send_msg7(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);
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cancomms_status_t CAN_Send_msg6(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);

cancomms_status_t CAN_Send_msg5(Itc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);

cancomms_status_t CAN_Send_msg4(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data,status_t *status);

cancomms_status_t CAN_Send_msg3(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data,status_t *status);

cancomms_status_t CAN_Send_msg2(Itc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);

cancomms_status_t CAN_Send_msgl(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);

cancomms_status_t CAN_Send_Alive(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data);

#endif /* CAN_DEFS_H_ */

1.6.2. CAN_msg.c

* 2018, Alfonso Mareca Miralles, Eupla Racing Team *

/**

* @file  CAN_msg.c
* @author Alfonso Mareca Miralles <alfonso@euplart.com>
* @date 30 Sep 2018
*
* @brief Mesajes usados en la red CAN
*/
#include "CAN_msg.h"
#include "can.h"
#include "../BMS_ Libraries/BMS_defs.h"
uint32_t TxMailbox;
/**
* @brief Temporizacion del envio de mensajes
*/
void BMS_Can_Comms(void){
static  uint32_t timer_can = 0;
static  uint8_t can_counter = 0;

if (timer_can == 0) {

timer_can = HAL_GetTick();

}

if (HAL_GetTick() - timer_can > 50) && (can_counter < 10)) {
CAN_Send_Alive(&ltc_reg, &current_s_reg, &bms_general_data);
CAN_Send_msgl(&Itc_reg, &current_s_reg, &bms_general_data);
CAN_Send_msg2(&Itc_reg, &current_s_reg, &bms_general_data);
1l printf("1 envio\n");
timer_can = 0;
can_counter++;

}
if (HAL_GetTick() - timer_can > 50) && (can_counter < 20)) {
CAN_Send_msg3(&ltc_reg, &current_s_reg, &bms_general_data,
&bms_status);
CAN_Send_msg4(&ltc_reg, &current_s_reg, &bms_general_data,
&bms_status);
1l printf("2 envio\n");
can_counter++;
timer_can = 0;

}

if (HAL_GetTick() - timer_can > 50) && (can_counter < 30)) {
CAN_Send_msg5(&ltc_reg, &current_s_reg, &bms_general_data);
CAN_Send_msg6(&ltc_reg, &current_s_reg, &bms_general_data);
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1l printf("3 envio\n");
can_counter++;
timer_can = 0;

}

if (HAL_GetTick() - timer_can > 50) && (can_counter < 40)) {
CAN_Send_msg7(&Itc_reg, &current_s_reg, &bms_general_data);
CAN_Send_msg8(&ltc_reg, &current_s_reg, &bms_general_data);
Il printf("4 envio\n");
can_counter++;
timer_can = 0;

}

if (HAL_GetTick() - timer_can > 50) && (can_counter < 50)) {
CAN_Send_msg9(&ltc_reg, &current_s_reg, &bms_general_data);
CAN_Send_msgl10(&ltc_reg, &current_s_reg, &bms_general_data);
I printf("5 envio\n®);
can_counter++;
timer_can = 0;

}

if (HAL_GetTick() - timer_can > 50) && (can_counter < 60)) {
CAN_Send_msgl1(&ltc_reg, &current_s_reg, &bms_general_data);
CAN_Send_msgl12(&ltc_reg, &current_s_reg, &bms_general_data);
CAN_Send_Alive(&ltc_reg, &current_s_reg, &bms_general_data);
can_counter++;
timer_can = 0;
I printf("6 envio\n®);

}

if (can_counter >= 59) {
can_counter = 0;

}
}
/'k*
* @brief Mensajes al cargador
*/

HAL_StatusTypeDef CAN_Charger_Stop(void) {
static CAN_TxHeaderTypeDef TxHeader_canl;
static uint8_t TxData_can1[1];
TxHeader_canl.Stdld = Ox11;
TxHeader_canl.RTR = CAN_RTR_DATA,;
TxHeader_canl.IDE = CAN_ID_STD;
TxHeader_canl.DLC = 2;
TxHeader_canl.TransmitGlobalTime = DISABLE;
TxData_canl[0] = OxFF;
if (HAL_CAN_AddTxMessage(&hcan2, &TxHeader_canl, TxData_canl, &TxMailbox) != HAL_OK)

{
}
return HAL_OK;
}
/**
* @brief Mensajes al cargador
*/

HAL_StatusTypeDef CAN_Charger_Start(void) {
static CAN_TxHeaderTypeDef TxHeader_can2;
static uint8_t TxData_can2[1];
TxHeader_can2.Stdld = 0x11;
TxHeader_can2.RTR = CAN_RTR_DATA,;
TxHeader_can2.IDE = CAN_ID_STD;
TxHeader_can2.DLC = 2;
TxHeader_can2.TransmitGlobalTime = DISABLE;
TxData_can2[0] = OxAA;
if (HAL_CAN_AddTxMessage(&hcan2, &TxHeader_can2, TxData_can2, &TxMailbox) != HAL_OK)

}
while (HAL_CAN_GetTxMailboxesFreeLevel(&hcan2) != 3) {

}
return HAL_OK;
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* @brief Mensajes al vehiculo 1

*/

cancomms_status_t CAN_Send_msgl(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t

*bms_general_data) {

[*##-4- Start the Transmission ProCess #tHHHHHIHHHHHIHIHHHHHHEHHHEHEHE
CAN_TxHeaderTypeDef TxHeader_cani;
uint8_t TxData_canl[6];
TxHeader_canl.Stdld = Ox1F1;
TxHeader_canl.RTR = CAN_RTR_DATA,
TxHeader_canl.IDE = CAN_ID_STD;
TxHeader_canl.DLC = 6;
TxHeader_canl.TransmitGlobalTime = DISABLE;
TxData_canl[5] =(uint8_t)((bms_general_data->soh)&0x00FF);
TxData_canl[4] =(uint8_t)((bms_general_data->soh>>8)&0x00FF);
uintl6_t vicen = 23456;
TxData_canl[3] =(uint8_t) ((vicen)&Ox00FF);
TxData_canl[2] =(uint8_t) ((vicen >> 8)&0x00FF);
TxData_canl[1] =(uint8_t) ((bms_general_data->soc)&0x00FF);
TxData_canl[0] =(uint8_t) ((bms_general_data->soc >> 8)&0x00FF);

if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl,

&TxMailbox) = HAL_OK)

}

/**

{
}

return nosent;

return sent;

* @brief Mensajes al vehiculo 2

*

cancomms_status_t CAN_Send_msg2(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t

*bms_general_data) {

}

/**

[*##-4- Start the TransmMisSSiON ProCess HHHHHHHHHHHIHHHHHHHHHHIHHIHHEHHEHHEHE
CAN_TxHeaderTypeDef TxHeader_cani;

uint8_t TxData_canl[6];

TxHeader_canl.Stdld = Ox1F2;

TxHeader_canl.RTR = CAN_RTR_DATA,;

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl.DLC = 6;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[5] =(uint8_t)((bms_general_data->max_peak_c)&0x00FF);
TxData_canl[4] =(uint8_t)((bms_general_data->max_peak_c>>8)&0x00FF);
TxData_canl[3] =(uint8_t)((bms_general_data->total_v)&0x00FF);
TxData_canl[2] =(uint8_t)((bms_general_data->total_v>>8)&0x00FF);
TxData_canl[1] =(uint8_t)(current_s_reg->amps&0x00FF);

TxData_canl[0] =(uint8_t)((current_s_reg->amps >> 8)&0x00FF);

if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) = HAL_OK)

{
}

return nosent;

return sent;

* @brief Mensajes al vehiculo 3

*

cancomms_status_t CAN_Send_msg3(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t

*bms_general_data,status_t *status) {

[*##-4- Start the TransMisSSiON ProCess HHHHHHHHHHHHIHHHHHHHHHIHHIHHEHHEHHEHE
CAN_TxHeaderTypeDef TxHeader_cani;

uint8_t TxData_canl[1];

TxHeader_canl.Stdld = Ox1F3;

TxHeader_canl.RTR = CAN_RTR_DATA;
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}

/**

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl.DLC = 1;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_can1[0]=0x00;

if ((status->error_ov)||(status->error_uv)){
TxData_canl[0]=TxData_canl[0] | 0b11110000;

if ((status->error_otBal)||(status->error_otM)){
TxData_canl[0]=TxData_can1[0] | 0b00001100;

if ((status->error_otBal)||(status->error_otM)){
TxData_canl[0]=TxData_can1[0] | 0b00000011,;

}
if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) = HAL_OK)
{

}

return nosent;

return sent;

* @brief Mensajes al vehiculo 4

*

cancomms_status_t CAN_Send_msg4(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data,status_t *status) {

}

/**

[*##-4- Start the TransMisSSiON ProCess HHHHHHHHHHIHHTHIH I
CAN_TxHeaderTypeDef TxHeader_cani;

uint8_t TxData_canl[8];

TxHeader_canl.Stdld = Ox1F4;

TxHeader_canl.RTR = CAN_RTR_DATA,

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl.DLC = 8;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[7] =(uint8_t)(bms_general_data->max_temp_bal &0x00FF);
TxData_canl[6] =(uint8_t)((bms_general_data->max_temp_bal >> 8)&0x00FF);
TxData_canl[5] =(uint8_t)(bms_general_data->max_disbalance &0x00FF);
TxData_canl[4] =(uint8_t)((bms_general_data->max_disbalance >> 8)&0x00FF);
TxData_canl[3] =(uint8_t)(bms_general_data->max_v_cell&0x00FF);

TxData_canl[2] =(uint8_t)((bms_general_data->max_v_cell >> 8)&0x00FF);
TxData_canl[1] =(uint8_t)(bms_general_data->min_v_cell&0x00FF);

TxData_canl[0] =(uint8_t)((bms_general_data->min_v_cell >> 8)&0x00FF);
if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) != HAL_OK)

{
}

return nosent;

return sent;

* @brief Mensajes al vehiculo 5

*/

cancomms_status_t CAN_Send_msg5(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data) {

- 50 -

[*##-4- Start the TransSMISSIiON ProCess HHHHHHHHHHHHH I HHHHIHHHHHHHHHE
CAN_TxHeaderTypeDef TxHeader_cani,;

uint8_t TxData_canl[8];

TxHeader_canl.Stdld = 0x135;

TxHeader_canl.RTR = CAN_RTR_DATA;

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl.DLC = 8;

TxHeader_canl.TransmitGlobalTime = DISABLE;
TxData_canl[7] =(uint8_t)((Itc_reg->v_modules[3])&0x00FF);
TxData_canl[6] =(uint8_t)((Itc_reg->v_modules[3]>>8)&0x00FF);
TxData_canl[5] =(uint8_t)((Itc_reg->v_modules[2])&0x00FF);
TxData_canl[4] =(uint8_t)((Itc_reg->v_modules[2]>>8)&0x00FF);
TxData_canl[3] =(uint8_t)(Itc_reg->v_modules[1]&0x00FF);
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TxData_canl[2] =(uint8_t)((Itc_reg->v_modules[1] >> 8)&0x00FF);
TxData_canl[1] =(uint8_t)(Itc_reg->v_modules[0]&0x00FF);
TxData_can1[0] =(uint8_t)((Itc_reg->v_modules[0] >> 8)&0x00FF);
if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) != HAL_OK)
{
return sent;
}
return nosent;
}
/**
* @brief Mensajes al vehiculo 6
*/

cancomms_status_t CAN_Send_msg6(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data) {

[*##-4- Start the TranSMiSSION ProCeSS #HHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHHEE ]

CAN_TxHeaderTypeDef TxHeader_canl;

uint8_t TxData_canl[8];

TxHeader_canl.Stdld = 0x136;

TxHeader_canl.RTR = CAN_RTR_DATA,

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl.DLC = g;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[7] =(uint8_t)((Itc_reg->v_modules[7])&0x00FF);

TxData_canl[6] =(uint8_t)((Itc_reg->v_modules[7]>>8)&0x00FF);

TxData_canl[5] =(uint8_t)((Itc_reg->v_modules[6])&0x00FF);

TxData_canl[4] =(uint8_t)((Itc_reg->v_modules[6]>>8)&0x00FF);

TxData_canl[3] =(uint8_t)(Itc_reg->v_modules[5]&0x00FF);

TxData_canl[2] =(uint8_t)((Itc_reg->v_modules[5] >> 8)&0x00FF);

TxData_canl[1] =(uint8_t)(Itc_reg->v_modules[4]&0x00FF);

TxData_canl[0] =(uint8_t)((Itc_reg->v_modules[4] >> 8)&0x00FF);

if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) = HAL_OK)

{
return sent;

}

return nosent;
}
/**
* @brief Mensajes al vehiculo 7
*/

cancomms_status_t CAN_Send_msg7(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data) {

[*##-4- Start the TransmMisSSiON ProCess HHHHHHIHHHHHIHHHHHHHHHIHHIHHEHHEHHEH

CAN_TxHeaderTypeDef TxHeader_cani;

uint8_t TxData_canl[8];

TxHeader_canl.Stdld = 0x137;

TxHeader_canl.RTR = CAN_RTR_DATA,;

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl.DLC = 8;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[7] =(uint8_t)((Itc_reg->v_modules[11])&0x00FF);

TxData_canl[6] =(uint8_t)((Itc_reg->v_modules[11]>>8)&0x00FF);

TxData_canl[5] =(uint8_t)((Itc_reg->v_modules[10])&0x00FF);

TxData_canl[4] =(uint8_t)((Itc_reg->v_modules[10]>>8)&0x00FF);

TxData_canl[3] =(uint8_t)(Iltc_reg->v_modules[9]&0x00FF);

TxData_canl[2] =(uint8_t)((Itc_reg->v_modules[9] >> 8)&0x00FF);

TxData_canl[1] =(uint8_t)(Iltc_reg->v_modules[8]&0x00FF);

TxData_canl[0] =(uint8_t)((Itc_reg->v_modules[8] >> 8)&0x00FF);

if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) = HAL_OK)

{
return sent;
}
return nosent;
}
/**

* @brief Mensajes al vehiculo 8
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*/
cancomms_status_t CAN_Send_msg8(Itc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data) {
[*###-4- Start the TransmisSioN ProCess HHHHHHHHIHHHHHIHHHHHEHHHHHEHHHHEHHHEEE
CAN_TxHeaderTypeDef TxHeader_cani;
uint8_t TxData_canl[8];
TxHeader_canl.Stdld = 0x138;
TxHeader_canl.RTR = CAN_RTR_DATA;
TxHeader_canl.IDE = CAN_ID_STD;
TxHeader_canl1.DLC = 8;
TxHeader_canl.TransmitGlobalTime = DISABLE;
TxData_canl[7] =(uint8_t)((Itc_reg->v_modules[15])&0x00FF);
TxData_canl[6] =(uint8_t)((Itc_reg->v_modules[15]>>8)&0x00FF);
TxData_canl[5] =(uint8_t)((Itc_reg->v_modules[14])&0x00FF);
TxData_canl[4] =(uint8_t)((Itc_reg->v_modules[14]>>8)&0x00FF);
TxData_canl[3] =(uint8_t)(ltc_reg->v_modules[13]&0x00FF);
TxData_canl[2] =(uint8_t)((Itc_reg->v_modules[13] >> 8)&0x00FF);
TxData_canl[1] =(uint8_t)(ltc_reg->v_modules[12]&0x00FF);
TxData_canl[0] =(uint8_t)((Itc_reg->v_modules[12] >> 8)&0x00FF);
if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) != HAL_OK)

{
return sent;

}

return nosent;
}
/**
* @brief Mensajes al vehiculo 9
*/

cancomms_status_t CAN_Send_msg9(ltc_reg_t *ltc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data) {

[*##-4- Start the TransmisSioN ProCess #HHHHIHHIHHHHHIHHHHHEHHHHHEHH A

CAN_TxHeaderTypeDef TxHeader_cani,;

uint8_t TxData_canl[8];

TxHeader_canl.Stdld = 0x139;

TxHeader_canl.RTR = CAN_RTR_DATA,

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl1.DLC = 8;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[7] =(uint8_t)((Itc_reg->v_modules[19])&0x00FF);

TxData_canl[6] =(uint8_t)((Itc_reg->v_modules[19]>>8)&0x00FF);

TxData_canl[5] =(uint8_t)((Itc_reg->v_modules[18])&0x00FF);

TxData_canl[4] =(uint8_t)((Itc_reg->v_modules[18]>>8)&0x00FF);

TxData_canl[3] =(uint8_t)(ltc_reg->v_modules[17]&0x00FF);

TxData_canl[2] =(uint8_t)((Itc_reg->v_modules[17] >> 8)&0x00FF);

TxData_canl[1] =(uint8_t)(ltc_reg->v_modules[16]&0x00FF);

TxData_canl[0] =(uint8_t)((Itc_reg->v_modules[16] >> 8)&0x00FF);

if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) = HAL_OK)

{
return sent;

}

return nosent;
}
/**
* @brief Mensajes al vehiculo 10
*/

cancomms_status_t CAN_Send_msg10(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg,
bms_general_data_t *bms_general_data) {

[*##-4- Start the TransmisSioN ProCess #HHHHHHHHHHHHHHHHHHHEHHHHHEH AR

CAN_TxHeaderTypeDef TxHeader_cani;

uint8_t TxData_canl[8];

TxHeader_canl.Stdld = Ox13A;

TxHeader_canl.RTR = CAN_RTR_DATA,

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl1.DLC = 8;

TxHeader_canl.TransmitGlobalTime = DISABLE;
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TxData_canl[7] =(uint8_t)((Itc_reg->v_modules[23])&0x00FF);

TxData_canl[6] =(uint8_t)((Itc_reg->v_modules[23]>>8)&0x00FF);

TxData_canl[5] =(uint8_t)((Itc_reg->v_modules[22])&0x00FF);

TxData_canl[4] =(uint8_t)((Itc_reg->v_modules[22]>>8)&0x00FF);

TxData_canl[3] =(uint8_t)(ltc_reg->v_modules[21]&0x00FF);

TxData_canl[2] =(uint8_t)((Itc_reg->v_modules[21] >> 8)&0x00FF);

TxData_canl[1] =(uint8_t)(ltc_reg->v_modules[20]&0x00FF);

TxData_canl[0] =(uint8_t)((Itc_reg->v_modules[20] >> 8)&0x00FF);
if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) != HAL_OK)

{
}

return nosent;

return sent;

* @brief Mensajes al vehiculo 11

*

cancomms_status_t CAN_Send_msglil(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg,
bms_general_data_t *bms_general_data) {

}

/'k*

[*##-4- Start the TransMisSSiON ProCess HHHHHHHHHHIHHTHIH I
CAN_TxHeaderTypeDef TxHeader_canl;

uint8_t TxData_canl[4];

TxHeader_canl.Stdld = 0x13B;

TxHeader_canl.RTR = CAN_RTR_DATA,

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl1.DLC = 8;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[3] =(uint8_t)(ltc_reg->v_modules[25]&0x00FF);

TxData_canl[2] =(uint8_t)((Itc_reg->v_modules[25] >> 8)&0x00FF);

TxData_canl[1] =(uint8_t)(ltc_reg->v_modules[24]&0x00FF);

TxData_canl[0] =(uint8_t)((Itc_reg->v_modules[24] >> 8)&0x00FF);
if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) = HAL_OK)

{
}

return nosent;

return sent;

* @brief Mensajes al vehiculo 12

*

cancomms_status_t CAN_Send_msg12(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg,
bms_general_data_t *bms_general_data) {

}

/**

[*##-4- Start the TransMiSSiON ProCess HHHHHHHHHHHHHHIHHHIHHHHHHHHHHHEHHE
CAN_TxHeaderTypeDef TxHeader_cani;

uint8_t TxData_canl[6];

TxHeader_canl.Stdld = Ox1FC;

TxHeader_canl.RTR = CAN_RTR_DATA,;

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl.DLC = 6;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[5] =0x00;

TxData_canl[4] =0x00;

TxData_canl[3] =(uint8_t)(bms_general_data->max_temp_module &0x00FF);
TxData_canl[2] =(uint8_t)((bms_general_data->max_temp_module >> 8)&0x00FF);
TxData_canl[1] =(uint8_t)(bms_general_data->temp_average&0x00FF);
TxData_canl[0] =(uint8_t)((bms_general_data->temp_average >> 8))&0x00FF;
if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) = HAL_OK)

{
}

return nosent;

return sent;

* @brief Mensajes al vehiculo 13

*
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cancomms_status_t CAN_Send_Alive(ltc_reg_t *Itc_reg, current_reg_t *current_s_reg, bms_general_data_t
*bms_general_data) {

[*###-4- Start the TransmisSioN ProCess HHHHHHHHHHHHHHIHHHHHEHHHHHEHHHHEH AR

CAN_TxHeaderTypeDef TxHeader_cani,;

uint8_t TxData_canl[1];

TxHeader_canl.Stdld = Ox1FF;

TxHeader_canl.RTR = CAN_RTR_DATA;

TxHeader_canl.IDE = CAN_ID_STD;

TxHeader_canl1.DLC = 6;

TxHeader_canl.TransmitGlobalTime = DISABLE;

TxData_canl[0] =0xFF;

if(HAL_CAN_AddTxMessage(&hcanl, &TxHeader_canl, TxData_canl, &TxMailbox) != HAL_OK)

{
return sent;
}
return nosent;
}
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ANEXO 2. (L1IsTADOS BOM DE LAS PLACAS)

A continucacion se detallan los componentes usados para cada placa

2.1.

ESCLAVO

Componente Referencia en placa Valor/modelo Huella (Ll
en la pcb
LTC6255CS6 | B1B2 B3 LTC6255CS6 TSOT-23-6 3
Condensador | C59 C60 C65 C66 C70 C71 100nF 0603 6
Condensador | C61 100pF 0603 1
C27 C28 C29 C30 C31 C32 C33 C34 C35 C36 C37 C38 C39 C40
Condensador | C41 C42 C43 C44 C45 C46 C47 C48 C49 C50 C51 C52 C54 C56 10nF 0603 32
C58 C86 C104 C119
C62 C63 C64 C67 C68 C69 C72 C73 C74 C75 C76 C77 C78 C79
C80 C81 C82 C83 C84 C85 C87 C88 C89 C90 C91 C92 €93 C94
Condensador | C95 C96 C97 C98 €99 C100 C101 C102 €103 €105 C106 C107 1uF 0603 51
108 C109 €110 C111 C112 €113 C114 C115 C116 C117
c118
Conector 1x02 | Comm1 Comm2 Micro-Fit 43650-0212 | 43650-0212 2
. F1F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 F13 F14 F15 F16 F17
Fusible F18 F19 F20 F21 F22 F23 F24 F25 F26 F27 2.5A 0603 27
Conector 2x04 | 111231415 6 43045-0811 43045-0811 6
Conector 1x09 | J_Monitor_1-9J_Monitor_9-18 |_Monitor_18-27 Micro-Fit 43650-0912 | 43650-0912 3
LED1 LED2 LED3 LED4 LEDS LED6 LED7 LED8 LED9 LED10
Led LED11 LED12 LED13 LED14 LED15 LED16 LED17 LED18 LED19 50mA 0603 26
LED20 LED21 LED22 LED23 LED24 LED25 LED26
Transistor | Q27 Q28 Q29 NSV1C201Mz4 SOT-223 3
102 Q3 Q4 Q506 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Q14 Q15 4
Mosfet | g16 Gr7 (16 019 020 Q21 Q22 023 024 Q25 Q26 31349300V T50P-6 26
Resistencia | R136 R137 R138 R154 R155 R156 R170 R171 R172 R 0603 9
R79 R80 R81 R82 R83 R84 R85 R86 R87 R88 R8Y R90 R91 R92
o R93 R94 R95 R96 R97 R98 R99 R100 R101 R102 R103 R104
Resistencia | o105 R106 R107 R108 R109 R113 R114 R117 R118 R139 100R 0603 38
R158 R173
R126 R127 R128 R129 R130 R131 R132 R133 R140 R141
Resistencia | R142 R143 R144 R145 R146 R147 R148 R149 R152 R153 100k 0603 30
R157 R159 R160 R161 R162 R163 R164 R165 R166 R167
R1RLP1R2 R2P1 R3 R3P1 R4 R4P1 R5 R5P1 R6 R6P1 R7 R7P1
R8 R8P1 R9 R9P1 R10 R10P1 R11 R11P1 R12 R12P1 R13
Resistencia | R13P1R14 R14P1R15 R15P1 R16 R16P1 R17 R17P1 R18 10R 2512 52
R18P1R19 R19P1 R20 R20P1 R21 R21P1 R22 R22P1 R23
R23P1 R24 R24P1 R25 R25P1 R26 R26P1
Resistencia | R111R121 R122 R123 R124 R125 120R 0603 6
Resistencia | R110 R112 R115 R116 R119 R120 1K 0603 6
Resistencia | R134 R135 R150 R151 R168 R169 K2 0603 6
. R27 R28 R29 R30 R31 R32 R33 R34 R35 R36 R37 R38 R39 R40
Resistencia | o)1 Ra2 Ra3 Ra4 RAS RA6 R47 RAS RA9 RS0 R51 R52 200R 0603 26
N R53 R54 R55 R56 R57 R58 R59 R60 R61 R62 R63 R64 R65 R66
Resistencia | oo pes R69 R70 R71 R72 R73 R74 R75 R76 R77 R78 3K3 0603 26
SM13072APEL | T1 SM13072APEL SM13072 1
Resistencia | TH1 TH2 TH3 TH4 TH5 TH6 100K 0805 6
ADG728 U7 U8 U9 ADG728 TSSOP-16 3
HM210INL | U4 U5 Us HM2101NL HM2101NL 3
LTC6804-1 | U1U2U3 LTC6804-1 LTC6804-1 3
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Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

Componente Referencia en la placa Valor/modelo Huella | Cantidad en la pcb
Condensador C5C6C9C10 0.1nF 0603 4
Condensador c7 0.1uF 0603 1
Condensador ca 10nF 0603 1
Condensador C12 10uF 0603 1
Condensador Cc11C13 1uF 0603 2
Condensador c8 22uF 0603 1
Condensador c1c2c3 47nF 0603 3

Sensor Hall HTFS1 HTFS400-P_SP2 HTFS 1

Conector 1x4 J1 Molex Microfit 43650-0412 | 43650-0412 1

Jumper JP11JP2 NO_ISOLATED_SPI 0603 2
Resistencia R1R2 R5R6 OR 0603 4
Resistencia R3 R4 2k2 0603 2
Resistencia R7 R8 330R 0603 2

ADC U2 MCP3421A0T-ECH SOT-23-6 1
12C Buffer Ul P82B96TD SO-8 1
2.1. MAESTRO

Componente References Valor/modelo | Huella | Cantidad en la pcb

Condensador C1C3C6C13C18 0.1uF 0603 5

Condensador C17 C19 100pF 0603 2

Condensador C21C22 10uF 0603 2

Condensador C7C8C9C10 1nF 0603 4

Condensador C14 C15C16 1uF 0603 3

Condensador Cc2C5 220uF 0603 2

Condensador C11C12 4.7nF 0603 2

Condensador c4 47nF 0603 1

Diodo D4 CD0603-B0240R 0603 1
Transceiver CAN D2 D3 ESDCAN24-2BLY SOT-23 2
TVS D1 SM15T30CAY 0805 1
Filtro FL1 FL2 ACT45B-220 ACT45B 2
Conector 1x04 Micro-Fit 43650-0412 43650-0412 43552_ 3

. . Micro-Fit 43650- 43650-

Conector 1x02 Micro-Fit 43650-0212 0212 0212 2
Jumper IP7 OR 0603 1
Jumper P8 OR 0603 1
Jumper JP5 JP6 OR 0603 2
Jumper JP1JP2JP3JP4 OR 0603 4
Bobina L1 1.5uH 0603 1

. . R11R12 R13 R14 R17 R18 R19 R20
Resistencia R_GND1R_RC1R TRM1 OR 0603 11
Resistencia R2 120R 0603 1
Resistencia R1 R5 R10 R15 R16 1K 0603 5
Resistencia R21 R22 2K 0603 2
Resistencia R3 R4 330R 0603 2
Resistencia R6 R7 R8 R9 60R 0603 4
SM13072APEL | T1 SM13072APEL SM1F,3’E‘)L72A 1

CC-6-
DC/DC u3 CC-6-2405SR-E 2405SR-E 1
Rele us IMO1TS IMO1TS 1
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Diodo ideal U2 LTC4359-MS8 MSOP-8 1
Transceptor isoSPl | U6 LTC6820 MSOP-16 1
NUCLEO-144 Nucleo-

Placa de desarrollo | U9 F427] 144 1

Buffer i2C U4 P82B96TD SO-8 1

Mosfet Ul S14420DYPBF SO-8 1

Transceptor Can U7 U8 SN65HVD234 SOIC-8 2

Regulador Lineal u10 tivi117Iv SO0T223 1
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ANEXO 3. (DOCUMENTACION TECNICA)

A continuacion se agregara la docmentacion tecnica de los principales componentes

usados.

3.1. LTCe6084-1

LTC6804-1/LTC6804-2
TECHNOLOGY  multicell Battery Monitors

FEATURES DESCRIPTION

= Measures Up to 12 Battery Cells in Series The LTC*6804 is a 3rd generation multicell battery stack

= Stackable Architecture Supports 100s of Cells monitor that measures up o 12 series connected battery

= Built-In IsoSPI™ Interface: cells with atotal measurement error of lessthan 1.2mV. The
1Mbps Isolated Serlal Communications cell measurement range of 0V to 5V makes the LTC6804
Uses a Single Twisted Pair, Up lo 100 Meters suitable for most battery chemistries. All 12 cell voltages
Low EMI Susceptibility and Emissions can be captured in 290ps, and lower data acquisition rates

® 1.2mV Maximum Tolal Measurement Error can be selected for high noise reduction

: ngzl:r?ni'::;;.otlta‘l' ;ﬂIZJ?r:nfyl;'e:Turemem Multiple LTC6804 devices can be connected in series,

. yn g . permitting simultaneous cell monitoring of long, high volt-

16-Bit Delta-Sigma ADC with Frequency Program-

mable 3rd Order Noise Filter

Engineered for 1S026262 Comphant Systems

Passive Cell Balancing with Pragrammable Timer

® 5 General Purpose Digital /O or Analog Inputs:
Temperature or other Sensor Inputs
Configurable as an 12C or SPI Master

= 4yA Sleep Mode Supply Current

age battery strings. Each LTC6804 has an isoSPI interface
for high speed, RF-immune, local area communications.
Using the LTC6804-1, multiple devices are connected in
a daisy-chain with one host processor connection for all
devices, Using the LTC6804-2, multiple devicas are con-
nected in parallel to the host processor, with each device
individually addressed.

= 48-Lead SSOP Package Additional features include passive balancing for each cell,
an onboard 5V regulator and 5 general purpose /0 lines.
APPLICATIONS In sleep mode, current consumption is reduced to 4pA.
= Electric and Hybrid Electric Vehicles Th: LTCB&E“ claat" dbf powered directly from the battery,
® Backup Battery Systems o fo'? f’" ',J? ¢ "UPD'V' —
= Grid Energy Storage {maradh ol Lincas B Coporaton. A8 ctor>dosuns e o oty of ek
" ngh Power Portable Equipment nespective owners. Protacied by US. pasents, incheding B503799, $182008, S0M133,
TYPICAL APPLICATION
JL - Total Meassrement Error
oo } vs Temperature of 5 Typical Units
':;":.- $ : o ;l;ll\'lll.');‘
] T
— E = l
:> ~ 3
. ; "
T 1 = R
. - g
- | L ABDO0CCH -
] L
- S04
L7 Llnrw For moea information mww iseac com/LTCHE04-1 1
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LTC6804-1/LTC6804-2

TABLE OF CONTENTS

FRAIUIES . ...t e e 1 Data Link LAWBr . ...
ApPleatians .....vvevvsrssrrmrsnisrsemmns s Metwork Laysr ...,

Typical Application .........c.ooooiiiiiiiiiinn, Programming Examples .......

DESCHPLION. ... cveieie e e e ren e e e Simple Linear Regulator
Absolute Maximum Ralings........ccimeniemimisiininn Improved Regulator Power Efficiency.........ooo... 58
Pin Configuration ........c.coovivrevismiminmimnininnmnmnne Fully Isolated Power... . PPN ..
Order INfOrmation........e.eveeennemimeeee e e Reading External Temperature F"rul:le*' .59
Electrical Characleristics..........coooiiiiiiiiiins, Expanding the Number of Auxlllarg,.'

Pin Functlons.........conconrmssrsnssssnssnssnsnesnsnares Measurements... SO

Block Didgram......cocciriciniaiiniimiarasiansscesmansee Internal F‘rntectlnn Features
OPEFAtON........ovierrnreerinir s sessn s sssrnmran Filtering of Cell and GPIO Inputs............._..._..

State Diagram.... . Cell Balancing with Internal Mosfets...

LTCE304 Core Stzlte Des::nptlnns Cell Balancing with External I'u'IDSFETS S
is0SPI State Desr.nptmns ...... e v Discharge Gontrol During Cell Maasuremams
Poweer Consumption ... Power Dissipation and Thermal Shutdown .............63
ADC Operation... Method to Varify Balancing Circuitry ...
Data Acguisition System Dlagnnstll::f Current Measurement with a Hall Ef1eu:l Senru-r .....06

Watchdog and Software Discharge Tlmer Current Measurement with a Shunt Resistor ..........66

I2C/SPI Master an LTCEE04 Using GPIOS ... Lsing the LTCEB04 with Less Than 12 Cells...........B7

Serial Interface Ovarview... Package DeScriphion .........ocooeiiiiniiiiniininnenns 76

A-Wire Serial Peripheral Interfa-:u qSPI} Revizsion HIstony ... e T

L L U OO 36 Typleal Application ..........covveiririminninsrimiananns 78

2-Wire |solated Interface (isoSPI) Physical Layer.. .36  Related Parts ... 78

BEDS T Ho

2 For mors imformation v inzrcomd T CEAM-1 .‘.7 le
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LTC6804-1/LTC6804-2

ABSOLUTE MAXIMUM RATINGS iote 1)

Total Supply Voltage W to W= IO 1

Input Voltage (Relative to 1."]
L =030 10 023V
0 —0.3V to 75V
(0] S corveee =03V b0 MIN (8 = 0, 7BV
sinj.... v =3V 1o MIN (8 = 0, THY)
IPA, IMA IFH IMB =03V to Vgeg + 0.3V
DRIVE Fin .. vereeeneene =03V 10 TV
All Other F':ns =03V to BV

Voltage Between Inp-ul:s
VWto C12... -5.5V

Cin) to Cln—1) ..
Sin) to Cin - 1) ...
C12toC8.......

—[I' 3-"-’ to 23Y

CotoC4..
Cd to CD

1 T (1)
.. —0.3V to 25V

et G
All Pins Except Wgeg, IPA, IMA, IPB, IMB, 3‘[“? 10mA

IFA, IMA, IPB, IMB.... 3Oy
(perating Temperature F:ange

LTCEEDA ... I L P B -

LTCEEDGH.., rerrenrnmenns =$0°C 10 125°C
Specified Tamperalura Flanga

LTCEBI ... - I— [l O X L

LT[:EED#H...._.._.. cemenersmerrmrremssesneeeneene =S 070G 10 125°C
Junction Temperature . w 18076
Storage Temperature..... . —55“[: ta 150°C
Lead Temperature :Snldenng ‘Iﬂsech.................._. 300°C

PIN CONFIGURATION
| TAED- LTCERM-3
TOFVEW TOP WEW
v [ (] v v ] &
iz [F] [57] e riz [] =
g1z [3] [=5] cwe sz [3] e m
cit 4] [5] B i1 [ 45 m
511 [5] 4] =00 m2i* s [&] |44] B0 JEME]*
t1 [8] ] s ey o [E] i3 5o oy
&0 [T EHEELLE &in [T 43 5ox Ewr
[51] <5 sy o [5] [£1] 56 s
[=] s & [5] [40] 150WD
1] wioT m [1] |50 wot
5] ohn = [i] |58] oA
[7] ke o [ 7] Yaza
[36] swiEm &[5 [55] swrew
E Wepr & |4 E Yam
3] ey ] [54] viager
] arus = [ |55] amos
3] ad = 7 [32] i
1] v o 3] EIKs
] v w [ =] v
=] era =1 [58] amoa
7] ez = B 8] amoz
7] @ = @ [57] P
[26] <o &2 B
[25] 51 o [ HE
1 FACHAGE 6 PACKABE
B-LEND FLAST -:s*u=- " lEJ.[: PLASTIG E50P
1HPL, g BT, By, = SOW
*THE FUMCTION OF T HE$ F'II-IS IEFEI‘-I.‘-'SI.'-'I‘- THE':I.'IHII:IZTI.'-'- IF 15080 “THE AT III'-I[IFTHESE HHSEEPEHDu il'lTl't'l}CI‘-l'-EG 108 OF 508D
I500D TIED T0 W; C58, 50K, 500, 50 IS0MD TED T0'v - GZA, 5K, =0
15000 TIED T Vars; I, IPA u.ﬁri: 150MD TIED TO Vg [MA PE.IJHPI!MG
**THE PIN MUST BE CONNECTED TO'W- ““THIG PR MUEST BE CONRECTED T0 V-
BB
Uan Far mara informatan waineaccom/LT0E304-1 3
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ORDER INFORMATION bt www, lingar.com/product/LTCER04-1 #orderinio

TuUBE THPE AMD REEL PART MARKING* PACKAGE DESCRIFTION SPECIFIED TEMPERATURE RANGE
LTCEE04IG-14PEF LTCES04IG-1#TRPRF LTCS8046-1 45-Lesd Flashc S50 —A0°C to 85°C

LTCEBHHG- 18PEF LTCES04HG- 14TRFEF LTCEA0G-1 A5-Laad Flaztic S50 =40rG ba 125°C

LTCEE04IG-24PBF LTCEE04IG-2FTAPRF LTCEA04G-2 45-Lead Flaghc 550P -40°C b B5°C

LTCER04HG-2# PBF LTCEB04HG-24TRPEF LTCEA046G-2 45-Lead Flastic S50P =40°C o 1250

Consull LTC Marketing for parts specified wilth wider operaling bemperabure ranges. *The lemperabure gradi & identilied by a label on the shipping conainer
Parts anding with PEF are RoHS and WEEE compliant.

For more information on lead free part marking, go toc Attpctwwe inearcomAeadineal

For mere intarmation an Bape and reel specifications, go 1o BeipsSevealineas comMapeandreel’, Some packages are available in 500 unil recls tough
designated saks channels with STAMPEF sufioc

ELECTRICAL CHARACTERISTICS e » denvtes the speciiications which apply over the full operating

temperature range, otherwise specifications are al Ty = 25°C. The test conditions are V* = 30.6Y, Vggg = 5.0V enless otharwise noted.

SYMBOL | PARAMETER | cowmians | W TP x| UNITS
ADC DG Specilications
Mezsurement Resolution I 0 Vet
ADG Offset Yoltage (Mate 2) - 01 m
ADG Gan Error (Mote 2} 1] %
. .02 E
Total Meaziremant Errar (TME}im | Cir) ta Cin— 1), GRID(A] ta W~ = O 02 my
Normal Mode Gin) b Gin—1) = 2.0 T m
Cin o Gin=1), GPI0[R] bo V- = 2.0 - 1.4 mi
Cim e Gin-1)=23.3 0.2 1.2 mi
Cin) ko Gin—1), GPI0[R] ba V- =33 . 2.2 mi
Cinl e Gin—1) =4, 03 6 my
i) bo Gin— 1), GPIOJA) bo v = 4.2 . s34 my
Cin) ta Cin— 1), BPID[A] ta ¥ = 5.0 | ] m
Sum of Cells, WEO) =V . 02 075 %
Intarnal Temperabare, T = Maximum 5 G
Spacilied Temperahee
Vg Fin . 01 035 %
Vg Fim - 002 a0 %
Digital Supply Veltage Vrgen L] +01 1 L
BRI M
4 For more imormation v insarcomATCEB04-1 L-T UM
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LTC6804-1/LT1C6804-2
GLE':““'CHL CHHHRCTEHISTI'I:S The = denades the spacifications which apply over the full operating

temperature range, otherwise specilications are al Ty = 257C. The lest contilions are V* = 39.6Y, Vg = 5.0V unless olherwise noled.

SYMBOL PARAMETER CORDITIONS MIN TP MAX UNITS
Tokal Measuremenl Error (TME) in | C[m] ta Gin - 1), GPIDiR} ba V- =0 01 my
Fitered Mode il taGin—1) = 2.0 01 108 m

Cim) b2 Gin - 1), GRIO(N) bo W = 2.0 L] 1.4 mV
Cimj tokin—1)= 1.3 02 212 mi
Cim] to Gin = 1), GPIOIn} ko V== 3.3 - +22 m
CimjtoGin=1)=4.2 0.3 +1.6 my
Cr) b Gin - 1), GPIDjA} ba V== 4.2 - +2.8 my
Ci) b Gin - 1), GPIDfA) ta V== 5.0 1 v
sum of Cels, W|C0) = V- L] £0.F 075 Y
Irkzrmal Tam perabure, T = Maximum e ‘C
Specilied Temperabee
Wiz Fin - 01 36 k)
Vazpz Pin - 00E 0 A
Digital Supply Veltage Vegsa . +0.1 r 5
Totzl Meazrement Error (TME) in | Gin] to Gin— 1), GPIOn} to V= =0 2 m
Fast Mods Cir] ko Gin— 1), GPID{} ta v = 2.0 . 4 m
Ci#) ba Gin = 1), GPIOjA) ko V== 3.3 L] 4.7 mV
Cir) ba Gin = 1), GPIO(n} ko V- = 42 - B3 my
Cim) b Gin— 1), GPID[A} b V- = 5.0 +10 my
Sum of Cells, W(CO) = V- ] 03 1 £
Inkzrmal Tamparabure, T = Maximum 5 C
Specilied Temperabam
Wiaezg FiR L] 0.3 11 fa
¥z PN L] 01 035 Y%
Digital Supply Veltage Yapess . 0.2 +2 S
Input Rianga Cin), =110 12 ® | Gn-1) Gin-1)+5 W
] L] ]
GPIOinl.n=1105 . 0 5 W

I Input Leakage Current When Inputs | GR), n=01012 L] 0 +250 nA
Jure Mot Being Measurad

GPIOnL.a=1165 L] i +250 nA

Input Current When Inputs A Cm), n=01012 2 LA

deing Measrmd GPI0(A) =1t «2 A

Inpud Currerd During Dper Wire [ ] n 00 130 I}
Detaction

BED4I2:

UI'LDE.{‘E Far mara informatan wa Inearcom/LTCS04-1 5
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LTC6804-1/LTC6804-2
'ELE':““‘CHL CHﬁﬂ HCT'EH |ST|:S The = denpes the specifications which apply over the full operating

\emperature range, otherwise specilications are al Ty = 25°C. The lest condilions are V* = 38.6Y, Vg = 5.0 enless olherwise noled.

SYMBOL | PARAMETER | cowmmions | W TP o | uwTS
Voltsge Relerence Specilizalions
I'u'mn 151 Rederanca ‘ioltaga I"’FEP Pin, Mo Lozad L] a1 32 13 L)
151 Referenca Vokaga TC Viery Fim, Mo Load 3 ppmiC
151 Rederenca Voktaga Hysheresis | Vkery Fin. Mo Load mn ppm
151 Rederencn Long Term Diift Vrzrs Pin, Mo Load o ppendyRHT
Ve 2ni Relerence Valags Vs Fin, Mo Load DL ]
Wz PR, 5k Load to V- ®| 2008 3 amz [
2nd Referance Valtege TC Vepa Fin, Mo Load i} ppmiC
2nd Relerancs \oHage Hysteresis | Vagry Pin, Mo Load 100 ppm
2nd Relerance Long Tarm Dritt Viery Fin, Mo Load 60 ppemiyRHr
General OC Specifiations
he * Supply Current [ State: Core = SLEER jsoSF = IDLE Vs =V 18 ] A
&BEFEH:;;L]LTEEM (Operation [T 1 0 T
VREg = L 1.6 3 1L}
Ve =50 |® G i
Stater Gore = STANDEY w2 50 I
s 0 ® [T A
Stae: Gore = REFUF or MEASURE 04 05 07 m
& | 0375 D055 0735 mé
—— g Supply Current Etate Core = SLEER i105P] « IOLE Whes =5 22 4 M
(e Figure 1: LTCEA04 Operation Wpeg = 5V | @ 23 3 A
State diagram} State: Gare = STANDEY T uA
e 8 B @ oA
State: Gore = REFUR 02 045 07 m
®| 015 045 075 mk
Slate Core = MEASUHE 10.8 15 12.2 mé
& 107 1ns 12.3 mA
IEgiasen | Aocitional Vg Supply Currentif | LTCSB04-2: 1SOMD = 1, READY |®| 38 48 53 mA
isoSPY in REAUN/ACTIVE Siates | Pl + Al = 2% ACTIE |®| 51 61 73 mé
s o o LTGREO-T S0MD -0 READY |®| 37 46 56 A
MTVE |®] 57 BE B m
LTCERDA-1: 1SOMO = 1, HEADY L ] E5 TE a5 mik
Rgn + Ao = 2 ACTIE |® 102 113 133 mA
LTGSB04-2: ISOMD = 1, READY @] 13 21 3 mA
Rar + Ae = 20 ACTVE |®) 16 25 35§ mh
LTCEB04-1: 1SOMD = 0, READY |®| 11 18 28 mA
Ron + R = 20K MTVE |® 15 23 33 mA
LTCEB04-1; 1SOMD = 1, HERDY L] 21 33 4.9 mé
Rpr + Rz = 20K MTWE |®| 27 41 &8 mA
BEDdiHo

6 For more imormation v insarcomATCEB04-1 L-T lr'_lm

Autor: Alfonso Mareca Miralles - 63 -
424.18.63



Disefio e implementacion de un BMS para BVE (Battery

Electric Vehicle)

F

(Documentacion Técnica)

-64 -

Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

LTC6804-1/LTC6804-2

ELE':““‘CHL CHHHRCT'EHISTI'I:S The = denades the spacifications which apply over the full operating

\emperature range, otherwise specilications are al Ty = 25°C. The lest conditions are V* = 39.6Y, Vggg = 5.0V unlss olherwise noled.

SYMEDL PARAMETER CONDITIONS MIN TP MAX URITS
'+ Syppily Volkage THE Specibications Met (Note §) e 1 40 55 [T
Vhis Vepg Supply Voltage TMIE Supply Rejection < 1MV ®| 45 5 55 v
DRIVE output voltage Sourcing 1pfA 54 56 58 W
®| 5§l 56 B0 v
Sourcing S00yh L 5.1 56 E1 W
VhEsn Digital Supply Voltage .| 27 0 16 W
Dizcharge Switch ON Resistanca | Weg = 36V . 10 i3 0
Thermal Shutdown Tampsrature 150 o
VoLwom Walchdog Timer Pin Low WOT Fir Sinkirg 4mA - 0.4 V
VoLesiny General Purpose WO Pin Low GPID Fir Sinkirg 4mA (Used as Digital Dutpul) L] 04 v
AOC Timing Specilications
AovriE Mezsurement + Callbraton Gycle | Measure 12 Calls & 20 2335 2480 s
{Figure %) Time Whan Starting from the
REFUP State in Mafmizl Kb Magzure 2 Callz | 365 405 430 111
Maazure 12 Calls and 2 GRIO Inputs & 245 NI 333 1}
;Imurmam + Calibratics Gycle | Maasure 12 Calls ®| 183 M3 M35 ms
Ime When Starting from e
REFUP State in Eiltzrad by Maisure 2 Calls ®| 054 36 35 ms
Meagre 12 Callz and 2 GPIO bnputs ®| 244 JEE4  2BAT ms
Mezsirement + Calibratass Cyie Meaazige 12 Calls & 1M 1113 1185 s
Time Whan Starting from the
REFUP S3le in Fast Mode Maazure 2 Calls & 10 M s 11
Meazure 12 Calls and 2 GRIO Inputs & 14 1584 1660 113
TexEwA Skew Tima. The Time Differance | Fast Mode LI ] m s
{Figure E) between CI1Z and GPIOZ
Mezsuremente, Command =
ADCWAY Normal Maode .| 451 543 576 s
— Skew Time, The Time Fast Made e M ;3 e i
{Figura: 3) Ditfarance bebween G12 and GO
Megsurements, Command = ADCY
Normal Maode | G0% BM m 11}
tawiE Resguilator Start-Up Time: Ve Generated from Orive Fin {Figura 28] - 100 11 s
Teypep Walchdog or Softwan Discharge [ SWTEN Pin =0 or DETO]3:0] = 0000 ® 1B z 2.2 580
Timer SWTEN Pin = 1 &nd DCTO{T0] = 0000 0.5 120 min
Tnerup Reterencs Wake-Up Time Siale Core = STANDEY ®| 27 15 44 ms
{Figure: 1,
Figures 310 7) Stater Core = REFUP L] ] ma
15 ADC Clcck Frequency ip a3 i5 MHz
5P Interface DG Specilications
Vikijgms 5P1 Pin Digital Input Voltage High | Pins G5B, SCK, 501 .| 13 W
ViLsen 5P| Pin Digital Input Voltage Low | Fims G5B, BCK, 501 - neE W
ViHiGRG) Confliguralion Pin Digital Piees ISOMID, SWTEN, GPI0 1o GPIDG, AQ 10 A3 . L7 v
Input Valtage High
ViLiers Cordiguration Fin Digital Pires ISOMD, SWTEN, GRIOT fo GPIOS, A 1o A3 - 1.2 W
Input Viollage Low
BEDAEI
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'ELE':““‘CHL CHﬁﬂ I-'ICT'EH |ST|:S The = denpes the specifications which apply over the full operating

\emperature range, otherwise specilications are al Ty = 25°C. The lest condilions are V* = 38.6Y, Vg = 5.0 enless olherwise noled.

SYMBOL PARAMETER CORMTIONS MIN TYF  MAX UNITS
L Eanm Digital Input Current Pires CSB, SCK. 501, ISOMD, S'WTEM, - i1 m
AD 1o A3
Vi snay Digital Quiput Low Pim 500 Sinking 1mA . 0.3 W
isa&PI DG Spacifications (See Figure 16)
Vhwg ‘ollage on [BIAS Pin READWIACTIVE State . 19 a0 21 v
|0LE State o W
Iy Izolated Interface Bias Gurrent Aag = 2k 1o 20k | 0 1.0 mA
L Izolated Interface Current Gain 'AES KT Iy = 1m#A, LIt il n mA/mA
Ig =0 Imé4 LIt il 24.5 mAmA
Wy Tranzmmittar Pulse Arrglibude Vg = [Vip— Vil . 1.6 W
Vi ;inresnuln-nmmvnnagem ICMP (Ve = Arpue* Viewe MY 15 v
n
I EaichP Input Leakaga Current on ICMP P [ Vigwp = 0V 10 Vg [ ] il A
I e Lesakagee Current om IP and IN Fing | IDLE Stabe, Vip or Vi = OV 1o VR - 11 A
firewp Resewver Comgaraior Threshold Vewn = VRes2 10 Viegg — 0.2V, Vipwp =0.2Vi0 1.5¥ (@ | 04 [13:] 0LE FU
‘inltage Gain
Vi Recerar Common Mode Bias IPAM ot Driving (Vg = Vipus3 = 167mAV) W
Rin Resismar Inpul Aesstnce Sirghe-Ended 1o IPA, IMA,_ 1FE, IMB LI ] 43 kil
isaSP |dbe/Wakeup Specificalions [See Figure 21)
Vinake Difle rential Wake-Lp VoRaoe TogpzLL = 24008 e 200 my
IraELL Crwvell Time at ¥ouaz Batore Wake | Wiy = 200mY | 0 ns
Detection
TReay Starlup Time Alter Wake Debection L] 10 1}
loie Il Timcun Duration ® 41 5.5 BT ms
isa5P Pulse Timing Specificalions [See Figure 19)
] Chip-Salect Haif-Pulse Wisth & 12 180 18D ns
Teracs) Chip-52lact Pulse brvarsion Dalay . 200 ns
Laapmin; [iata Hall-Pulse Width LI 50 i ns
T [iata Pulsa Inversion Delay - i ns
5P Timing Requirements [See Figure 15 and Figure 20)
lox ECK Period (Maite 4) MK ji
h 50H Setup Time before SCK Rising . 15 ns
Edge
[ S0 Hald Tene: after 50K Rising ®| 25 N5
Edge
f SCK Low tpg =ty + 4 = s LIRS ns
4 SCK High g =ty + 4y = ps & 200 ns
Is 5B Rising Edge 1o G58 Falling LI s
Edge
iy SCK FRising Edge to C58 Rizing (Maote 4) & 08 . 114
Edge
tr 5B Faling Edge bo BCK Rising (Ml 4) LI 1]
Edge
BEDAI 2
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GLE':““'CHL CHHHRCTEHISTI'I:S The = denades the spacifications which apply over the full operating

\emperature range, otherwise specilications are al Ty = 25°C. The lest conditions are V* = 39.6Y, Vggg = 5.0V unlss olherwise noled.

SYMBOL | PARAMETER | conpimions | min TP M | umiTs

isa&PI Timing Specilicalions (See Figur 19)

1s BCK Faling Edge to 500 Valid (Notiz 5) - 2] 1%

15 SCK Rising Edge to Shor +1 - 50 s
Transmit

LT C5B Tansition 1o Long =1 Tansmit - B ns

1499 5B Rising Edge o 500 Rising {Mots &) L] 200 ns

Tarn Diata Rehrny Detlay - 430 525 g

Ipgrcs Chip-Select Daisy-Chain Delay - 150 200 s

nsvio [zt Daiey-Chain Delay . 0 60 ns

| T [iztz Daizy-Chain Lag (vs Chip- & 0 a5 m ns
Salect)

leiEon [iata to Chip-Select Pulse Govemar ®| 0B 1.06 I3

Nobe 1: Stresses beyond those listed umder Absclute Maximum Ratings
may causa parmanent damage to the devics. Exposure bo any Absolute
Maximum Rating condifion far extended periods may alfect deviee
reliabiity and liletime.

Nobe 2: The ADC spacilications are guarantesd by the Total Messurement
Errar specification.

Mabe 3: The ACTIVE stebe current is calcubatad from DE measuemeants,
The ACTIVE state current &5 the additional average supply current into
Vigzg when trere i comtinuous 1 MHz communications on the isoSP ports
with 50% dafa 1's and 50% data 0s. Slower clock rales reduca the supphy
curcent, Ses Applications Information section lor additional detais,

MWl 4; These timing specifications are dependznt on the delay through
the cable. and include allowances for S0ns of dalay sach direction. Sins
enrresponds o 10m of CAT-5 cable fwhich has a welocly of propagation of
6% the speed of light), Uss of langer cabdas would requin derting these
apecs by the amount o sdditional delsy.

Mele 5 These specifications do not include rise oo fall time of SDO, Whits
18l time (Iypically Ses due B the inbernal pul-down fresgistor) is not a
concem. rising-adge transition Bme tyge s dependant on the pull-up
resigtanca and load capacitance an the SO0 pin, The time conglan mest
b chosen such that 500 meets the setup time requiraments of the MCL.
Wailee B: 'V e to be greater Bhan or equal o the highest Gin) voltage Tor
acpurats measurements. 5ee the graph Top Call Measurement Enror vs V.

BEDHo
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TYPICAL PERFORMANCE CHARACTERISTICS 1, . 25°C, unless otherwise noted.

Measurement Error Measurement Error Due 1o IR Measurement Error Long-
vs Temperature Reflow Term Drift
B 30
e CELL VOLTADE « 33V 200°C. 1CYCLE CELL VOTAGE « 3.3V
5 TYPICAL UNITS 4 ! [ | § 8 TYPEAL PARTS
1549 N _ %
£ 10 g
< g B =
< ©
= -
s R z /
s % — = g\\_/'/«
s oo — w e —
& = =
=2 =
= 10 . @
- >
15 ] 51— 1 - .
-20 0
-850 25 0 s N 5 100 15 -125-100 -7 50 -5 © 25 S0 7S 0 50 W00 1500 2000 2500 3000
TEMPERATURE (°C) CHANGE IN GAIN ERROR (ppm) TIVE (HOURS)
Measurement Error vs Input, Measurement Error vs Input, Measurement Error vs Input,
Normal Mode Filtered Mode Fast Mode
20 20 10
10 ADC MEASUREMENTS [ |
1.4 | AVERAGED AT EACH mFUT t 15 + + !
< | | < | <
E 10 - — 1 E 10} S — T 1 s
| (=3
§ 0s | } § 05 { { g
g 5 &
B g ° pronpemates—  §
3 | 1 | =
& -0s #-05 + s 3
3 3 3
2.0 1 210} +—1 —
= = ‘ s
-15 t | 1 -15 1 1 t 8 b 10 ADC MEASURENENTS
AVERAGED AT EADH INFUT
20 -20 - - - -10
0 1 2 3 4 5 0 1 2 3 L) 5 0 1 2 3 4 5
NPUT (V) INPUT (V) NPUT (V)
Measurement Noise vs Inpul, Measurement Noise vs Input, Measurement Noise vs Input,
Normal Mode Filtered Mode Fast Mode
10 10 W
09 a9 9
o 08 ]
< 07 = 07 T s 7 T
E— 0s ; 06 ; 5 .
@«
05 o -
g g 0s g °
04 4
3 § 04 §
03 03 3
0z 02 2
o1 0t 1
° 0 N EERS R TSRS ER B 0
] 1 2 3 4 5 0 1 2 3 4

INPUT (V) INPUT (V)
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TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C. unless otherwise noted.

Measurement Gain Error Measurement Gain Error
Hysteresis, Hot Hysteresis, Cold Noise Filter Response
5 0
e Ty «85°CTD25°C o Ta=~45°C TD 25°C {\\'. "
— — 10 2
» = - \ “ HE
2 B 2 ] g |
; i) = = 1
o S )
& ] 8 s . 5 |
-3 -4 l
¥ . | | o - 4
§ 5 10 ] ]
= ‘ 2 - 1
s 5 _—l—l - |
0 - 0 -0
S0 40 -0 <20 -10 0 W N W -4 -30 -2 <10 0 0 20 30 40 0100 k1% 10k 1M
CHANGE IN GAIN ERROR (3pem) CHANGE IN GAIN ERROR (psre) INPUT FRECUENCY (Hz)
—— p— 20C MOOE
—— FILTERED -~
——
———
Measurement Error V* PSRR Measurement Error Vpeg PSRR
Measurement Error vs Veg vs Frequency vs Frequency
20 Y 40 0
| o | Cpo B8V Vagupe « Y
15 Vg =Wop T 1 _10 | Vsemag) = 500ap 2
_ s | 1 BT CHANGE <0 | 101 81T CHARGE < ~10d8
% 10 Ve GENERATED FROM
= -55 | CANE PI. FIGURE2Y -0 $
2 o5+t 11 4 | _
& & g7 I | | € %
: ‘T i ol I N R S
3 - FY 70 e
& -05 |1t /
20 r”f ! } " »
- — e -8 &0 /
-15 — g« S 3 &
Yy 82
20 -@ -0 .
45 46 47 48 40 50 51 52 53 54 55 0o " 10¢ 100 ™ oM 1 1k Wk 100k ™ oM
Veea (V) FREQUENCY (M2) FREQUENCY (M)
Cell Measurement Error GPI0 Measurement Error
vs Input RC Values vs Input RC Values Top Cell Measurement Error vs V*
20 10 0
MODE COMVERSIONS TIME BETWEEN NEASUREMENTS » 380 C12n <y
o 15 | IFFERENTIAL RC ALTER DN EVERY C PN, -] 8 ! T 1 1 < 02 t C12= WAV
E DAPECT CELL-TOSELL AND s 8 E sl ! N
8 10 | PART-TO-PART VARIATIONS [ |
= INERROR IF & » 10052 ANDVOR € » 100F = 4 04 + .
= 1 =3 -
e § 1 & 2 5 02 1 1
5 o E o g f—
% 5 N g 2 302 T |
*4e > - |
4 - =04 1
% 10 | — a0 § ~ o~ |
& e C MO B [ e € 0 100OF e 4 0% T
~18 | === C « s00} 1 ——eCallf ____ | 2] +
P 0\ g S X ‘ o8 1
-20 ‘ it -10 10 -
1 w 10 1000 10000 1 w 100 1000 10000 10000 S 38 40 ° “
INPUT RESISTOR, A (12) INPUT RESISTANCE. R 0) v
E041 2%
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TYPICAL PERFORMANCE CHARACTERISTICS 1, 25°C, unless otherwise nated.

Cell Measurement Error Cell Measurement CMRR
vs Common Mode Voltage vs Frequency Measurement Error vs V*
10 0 20
T12C1% « 33V ,3"" «SVp.g MEASURENENT FRRCER OF
s 0By 10 | MOHMAL MODE CONVERSIONS 15 CELL 1 WITH 33V WUT
£ o8 R N — ~ Vaps GENEAATED FROM
= -2 E 10 ORNVE PIN, NGLSE 28
E 04 | =
w F ) - T 1 . 1 |
=0z S . g 0s
g |[—— | | & E o
5 - ’g’ |
2 Py
g ¥ e g .05
04 ;
o - ~10}
~ 08 - =
S04 + i -8 15 4
-1.0 - - -20
10 2 » 100 W 10k 00k M 10M 5 10 15 20 25 MW B N
C11 VOLTAGE (V) FREQUENCY (Hr) Vv
Sleep Supply Current vs V* Standby Supply Current vs V* REFUP Supply Current vs V*
7 0 1000
—_— — T \ L 1]
e G5 —— ‘ 1
- e < =
QL] p— ‘é 0 : 5 S s o
E . 7 ) : : Foo| frrt” || |
% g 5 |
———————’—‘_—‘ & T
& 4~ —T 2 g — ST
@ - = L 1 —— T
g — = g ‘ —
g | ——a5c
SEEEP SUPPLY CURRERT » & STANDBY SUPPLY CURRENT « | REFUP SUPPLY CURRENT «
V* CURRENT + Yige CURRENT V" CURRENT + Viggs CURRENT | U* CLRRENT 4 Vagg, CURRENT
2 i ) -
5 15 25 35 45 %5 6 75 5 15 25 5 45 5 6 75 5 15 25 B & 5 65 75
v v v
Measure Mode Supply Current Internal Die Temperature
sV Measurement Time vs Temperature Measurement Error vs Temperature
1250 28490 =~ 10
- 17 CELL NOAMAL MODE TINE ] 5 TYPICAL UMTS
3 2620 | SHOWN. ALL ADC MEASURE | -y S I
= 1225 TIMES SCALE PROPORTIONALLY | % =
= — 1 vy 8
w ‘_52030 =
§ 1200 3230 11 B
§ 17 ;nso A . g
= w—25°C 3:: 39 §
g 1w g b
g — 257G =30 E]
@ 125 — L St — = OV =
2 MEASLRE MODE SUPPLY CURRENT » 00 e Wiagg & 4 5V g
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TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C. unless otherwise noted.

Vierz vs Temperature Vgerz Load Regulation Vgesz V* Line Regulation
3003 0 00 T
V- 308 | Vzgg GENERATED FR0M
5 TYPICAL PARTS \\ 150 |DRVEPEL AGUREZD L l
amz { 200 ih. (a N .
- E | £
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TYPICAL PERFORMANCE CHARACTERISTICS 1, 25°C, wniess otherwise noted.

Discharge Switch On-Resistance
vs Cell Voltage Drive Pin Load Regulation Drive Pin Line Regulation
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TYPICAL PERFORMANCE CHARACTERISTICS 1, - 25°C. unless otherwise noted.

isoSP1 Driver Current Gain
Igias Voltage vs Temperature lguss Voltage Load Regulation (Port APortB) vs Bias Current
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TYPICAL PERFORMANCE CHARACTERISTICS 1, - 257, aniess otherwise noted.
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PIN FUNCTIONS

CO to C12: Cell Inputs.

81 to 512: Balance Inputs/Outputs. 12 N-MOSFETs are
connected between 5{n)and G{n- 1) tordischargingcells.

V*: Positive Supply Pin.

V- Negative Supply Pins. The ¥~ pins must be shoried
together, external to the IC,

Vrees: Buffered 2nd referance valtage for driving multipls
10k thermistors. Bypass with an external 1pF capacitor

Vperr: ADC Reference Voltage. Bypass with an extarnal
1pF capacitor, No DG loads allowed,

GPO[1:5): Genaral Purposs /0. Can be used as digital
inputs or digital outputs, or as analog inputs with a mea-
surement range from Y~ to 5%, GPIO [3:5] can be used
as zn I2C or 5P port.

SWTEN: Software Timer Enable. Connect this pin to Vegg
to enable the softwars timer,

DRIVE: Connect the base of an NPN to this pin, Connect
the collector fo V* and the emitter to Vggn-

Vpeg: 5V Regulator Input. Bypass with an external TyuF
capacitor

[SOMD: Serial Interface Mode. Connecting 1SOMD to
Vg configures Fins 41 to 44 of the LTCGB04 for 2-wire
iznlated interface (iz0SPl) made. Connecting 1SOMD to
V™ configures the LTCEE04 for 4-wire 5Pl moda.

WOT: Watchdog Timer Qutput Pin. This is an open drain
MMOS digital output. It can be left unconnected or con-
nected with a 1M resistor to Vpgg. Ifthe LTCG804 does not
receive a wake-up signal (sea Figure 21) within 2 seconds,
the watchdag timer circuit will reset the LTCBE04 and the
WOT pin will go high impadance.

Sarial Porl Pins
LTCE=04-1 LTCE804-2
|DAISY-CHAINABLE) |ADDRESSABLE)
ISOMD = Ve | ISOMD = V- | 1SOMD = Vgzg | 1SOMD0 = ¥
PORT B IF8 IPB a3 A3
{Fins 45 I
1 48) 172} IMB A2 A2
ICMP IGMP Al Al
BIAS IBlAS Al A
P[E-HT A L0H] 500 IBIAS 500
{Finz 41
i 44) [NE) 50 KMp 501
P& 5K IPA ECK
115 C5B IMA C5A

C5B, SCK, SDI1, 500: 4-Wire Serial Peripheral Interface
(SPI). Active low chip select (CSB), serial clock (SCK),
and serial data in (SDI) are digital inputs. Serial data out
(SD0) is an open drain NMOS output pin. SDO requires
a 5k pull-up resistor

ADto A3: Addrass Pins. These digital inputs are connected
to Wpg or V™ to set the chip address for addressable se-
rial commands.

IPA, IMA: Isolated 2-Wire Serial Interface Port A, IPA
(plus) and IMA (minus) are a ditferential inputfoutput pair.

IPB, IMB: Izolated 2-Wire Serial Inferface Port B. IPB
(plus) and IME (minus) are a differential inputfoutput pair

IBIAS: Isolated Interface Current Bias. Tie IBIAS ta
¥~ through a resistor divider to set the interface output
current level, When the isoSPI interface is enabled, the
IBIAS pin voltage is 2V. The IPAIMA or IPE/IMBE output
currant drivia is set fo 20 times the current, lp, Sourced
from the IBIAS pin

ICMP: Isolated Interface Comparator Voltage Threshold
Set. Tie this pin to the resistor divider between |BIAS
and V" to set the voltage threshold of the isoSPI receiver
comparators. The comparator thresholds are set to 1/2
the valtage on the ICMP pin,
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OPERATION
STATE DIAGRAM

The operation of the LTC6804 is divided into two separate
sections: the core circuit and the isoSPI circuit. Both sec-
tions have an independent set of operating states, as well
as a shutdown timeout.

LTC6804 CORE STATE DESCRIPTIONS

SLEEP State

The reference and ADCs are powered down. The watchdog
timer (see Watchdog and Software Discharge Timer) has
timed out. The software discharge timer is either disabled
or timed out. The supply currents are reduced to minimum
levels. The isoSPI ports will be in the IDLE state.

If a WAKEUP signal is received (see Waking Up the Serial
Interface), the LTC6804 will enter the STANDBY state.

STANDBY State

The reference and the ADCs are off. The watchdog timer
and/orthe software discharge timer is running. The DRIVE
pin powersthe Vaeg pinto 5V throughan externaltransistor.
(Alternatively, Ve can be powered by an external supply).

When a valid ADC command is received or the REFON bitis
setto 1in the Configuration Register Group, the IC pauses
for tperyp to allow for the reference to power up and then
enters either the REFUP or MEASURE state. If there is no
WAKEUP signal for aduration tg) eep (when both the watch-
dogand software dischargetimer have expired) the LTC6804

CORE LICEaMe

W0 TIMECUT
OR SWT TIMECUT

REFON « 0 CONVERSION

CONVERSION DONE
(REFON = 1)

DONE (REFON = 0)

returns to the SLEEP state. If the software discharge timer
is disabled, only the watchdog timer is relevant.

REFUP State

To reach this state the REFON bit in the Configuration Reg-
ister Group must be set to 1(using the WRCFG command,
see Table 36). The ADCs are off. The reference is powered
up sothatthe LTC6804 can initiate ADC conversions more
quickly than from the STANDBY state.

When avalid ADC command is received, the IC goes to the
MEASURE state to begin the conversion. Otherwise, the
LTC6804 will returntothe STANDBY state whenthe REFON
bit is set to 0, either manually (using WRCFG command)
or autoematically when the watchdog timer expires. (The
LTC6804 will then move straight into the SLEEP state if
both timers are expired).

MEASURE State

The LTC6804 performs ADC conversions in this state. The
reference and ADCs are powered up.

After ADC conversions are complete the LTC6804 will
transition to either the REFUP or STANDBY states, de-
pending on the REFON bit. Additional ADC conversions
can be initiated more quickly by setting REFON =1 to take
advantage of the REFUP state.

Note: Non-ADC commands do not cause a Core state tran-
sition. Only an ADC conversion or diagnostic commands
will place the Core in the MEASURE state.

IsaSPI PORT

WASEUP SIGNAL
(CORE « SLEEP)
(wwr)

WRKEUP SIGNAL
(CORE « STANDEY)
(YRgaLy)

NO ACTIVITY ON
I50SP1 PORT

TRANSMIT/RECEVE

NOTE: STATE TRANSTION
DELAYS DENOTED BY (ty)

Figure 1. LTC6804 Operation State Diagram
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IsnSPI STATE DESCRIPTIONS

Mote: The LTCEB04-1 has two izoSPI ports (4 and B), for
daizy-chain communication. The LTGE304-2 has only one
is0SPl port (A), for parallel-addressable communication.

IDLE State
The izoEPI ports are powered down.

When isoSFI port A receives a WAKEUP signal (see Wak-
ing Up the Sarial Interface), the isoSP1 enters the READY
state, This transition happens quickly (within tpeapy) if
the Cora iz in the STANDBY state bacausa the DRIVE and
Vres pins are already biased up. Ifthe Core is in the SLEER
state when the isoSP| receives a WAKEUP signal, then it
transitions to the READY state within fyaxe.

READY State

The isoSPl port(s) are ready for communication. Port
B is enabled only for LTCEB04-1, and is not present on
the LTCEE04-2. The serial interface current in this state
depends on if the part is LTCE804-1 or LTCGE04-2, the
status of the 1S0MD pin, and Rgag = Ry + Rgs (the
axternal resistors tied to the IBIAS pin).

[f thera ks no activity (i.e., no WAKELIF signal) an port A
for greater than tig e = 5.5ms, the LTCEE04 goes to the
IDLE state, When the serial interface is transmiting or
receiving data the LTCES04 goes to the ACTIVE state.

ACTIVE Stale

The LTCEE04 iz transmitting/receiving data using one or
both of the isaSPl ports. The serial interface consumes
maximum powerin this state. The supply currentincreases
with clack frequency as the density of isoSPI pulses
increases.

POWER CONSUMPTION

The LTCEED is powered via two pins: V™ and Vggg. The
W* input requires voltage greater than or equal to the top
cell voltage, and it provides power to the high voltags
glements of the cora circuitry, The Vpeg input requires
BV and provides power o the remaining core circuitry
and the isoSPI circuitry, The Vpeg input can be powerad
through an external transistor, driven by the regulated

DRIVE output pin, Aternatively, Vrez can be powerad by
an extarnal supply.

The power consumption vares according to the opera-
tional states. Table 1 and Table 2 provide equations to
appraximate the supply pin currents in each state. The W
pin current depends only on the Core state and not on the
isoSP| state. However, the Vgeg pin current depends on
both the Core state and izoSPI state, and can thersfore be
divided into two components. The isoSP 1 interface draws
current only from the Ve pin.

Ineg = Inesicone) + IREGsosk)
Table 1. Core Supply Current

STHTE Iy IRenicoRE;
SLEEP 'i'q_:n =0 ﬂ.ﬂul ﬂul’u
Ve = GV 1By 22U
STANDEY 1A 35pA
REFUF S0y A50pA
MEASURE A5lpA 11.5mA

In the SLEEP state the Viggp pin will draw approximately
2. 2pA if poweerad by a external supply. Otherwise, the Y*
pin will supply the necessary currant,

ADC OPERATION

There are twa ADCs inside the LTCEE04, The two ADCs
operate simultaneously when measuring twelve cells. Onky
one ADC is used to measure the general purpose inputs.
The following discussion yses the term ADC to refer to
one or both ADCs, depanding on tha oparation baing
performed. The following discussion will refer to ADCT
and ADC2 when it is necessary to distinguish between the
twa circuits, in timing diagrams, for example.

ADC Modes

The ADCOPT bit (CFGRO[0]) in the configuration register
group and the mode selection bits MD[1:0] in the conver-
sion command together provide 6 modas of operation for
the ADC which correspond to ditferentover sampling ratios
(O5R). The accuracy of these modes are summarizad in
Table 3. In each mode, the ADC first measures the inputs,
and then performs a calibration of each channal, The
names of the modes are based on the <3dB bandwidth
of tha ADC measurement.
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Table 2. isa5P1 Supply Current Equations

IS0MD
isaSP STATE DEVICE CONKECTION —
[DLE | LTGE804-1/LTG G842 A IméA
READ'Y LTCERO4-1 Vaeg 28mA + 5 Is Nate: |g = Vpusi(Fgs + gl
V- TamA+ 3 g
LTCEB04-7 Vg 1.8mA + 3 g
y i
ACTIVE LTCER0-1 Vies s
Wirite: 2.8méA +5elg LiE'IB-t[Hrnﬂ.j-T—
CLE
Rsad: 2 B o Gl 4 [Belg o 0. 5m o 25
Tow
I‘Ir
1. GanA+ Belg <[ 2ol + 0. 2mt ) PE
Lok
LTCEA04-2 Vs
L Wirite: 1 B = 3ok + {0 ImAje 2
T
Read: 1.8+ Felg + g + n.:l,nw]-;"“‘
CLE
- i
Table 3. ADC Filter Bandwidth and Accuracy
MODE ~3dE FILTER BW —40dB FILTER BW TME SPEC AT 3.3V, 25°C TME SFEC AT 3.3¥,—<0°C, 125°C
27kHz (Fast Moda) ThHz B4kHz ATmé . TV
T44Hz 13 5aHz A2kHz =4.TmV/ +4. T/
ThHz [Wormal Mode) B8kHz MkHz =12mY 2 3m
WMz 24kHz 10 5kHz o1 2mY 2.3y
iz 1.7kHz 5 3kHz =12mé 2 2m
26Hz (Filtera Mode) 26Hz B2Hz <1 2my +2.3mV
Batec TME i the total messurement eoc
Mode TkHz (Mormal): Mode 26Hz (Filtered):

In this mode, the ADC has high resolution and low TME
(total measurement error). This is considered the normal
operating mode because of the optimum combination of
speed and accuracy.

Mode 27kHz (Fast):

In this mode, the ADC has maximum throughput but has
some increase in TME (total measuremant error). So this
mode is also referred to as the fast mode. The increase
in speed comes from a reduction in the owversampling
ratio. This results in an increase in neise and average
measurament error.

In this mode, the ADC digital filter <3dB frequency is
lowered to 26Hz by increasing the DOSA. Thiz mode iz
alzo referred to as the filtered mode due to its low -3dB
fraquency. The accuracy s similar to the TkHz (Marmal)
made with lower noise.

Modes 14kHz, 3kHz and ZkHz:

Maodes 14kHz, 3kHz and 2kHz provide additional options to
satthe ADC digital filter —3dB fraquency at 13.5kHz, 3 4kHz
and 1.7kHz respectively. The accuracy of the 14kHz mode
is similar to the 27kHz (fast) made. The accuracy of 3kHz

and #kHz modes is similar to the TkHz (normal) mode.
BEDdiHo
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The conversion timas for these modes are provided in
Table &. If the core is in STANDEY state, an additional
trepyp fime is required to power up the reference before
beginning the ADC convarsions, The reference can ramain
powered up betwesn ADC conversions if the REFON bit
in Configuration Register Group is set to 1 so the core is
in REFUP state after a delay treryp. Then, the subsaquent
ADC commands will not have the tpepp delay before
beginning ADC conversions.

ADC Range and Resolufion

The C inputs and GPIQ inputs have the same range and
resolution. The ADG inside the LTCGE04 has an approximate
range from=0,62t05. 73V, Negative readings ara roundad
to 0V, The format of the data is a 16-bit unsigned integer
whare the LSE represents 100pY. Therafore, a reading of
(xB0OES (33,000 dacimal) indicates a measurement of 3.3V,

Delta-Sigma ADCs have quantization noise which depends
on the input voltage, especially at low over sampling ratios
[OSR), such as in FAST mode. In some of the ADC modes,
the quantization noise increases as the input voltage ap-
proachas the upper and loweer limits of the ADC range,
For example, the total measurement noise versus input
woltage in normal and fittered modes is shown in Figure 2.

The specified ranga of the ADC iz 0V to 5V, In Table 4, the
precision ranga of the ADC is arbitrarily defined as 0.5V
to 4.5V, This is the range where the guantization noiss
is relatively constant even in the lower OSR modes (see
Figure 2). Table 4 summarizes the total noise in this rangs
for all six ADC operating modes. Also shown is the noise

Table 4. ADC Range and Resolulion

10

—
0.8 | —— RLTERED MADE
O

oo

E s

2 o
D4

g 03

o
a1

o
0 05 1.0 05 20 2% 30 &5 40 45 30
KOG INPUT WOLTAGE [V]

Figure 2. Measurement Hoise vs Input Voltage

fraa resolufion, For example, 14-bit noise free resolution
in normal mods implies that the top 14 bits will be noise
free with a DG input, but that the 15th and 16th least
significant bits (LSB) will flickar

ADC Range vs Voltage Reference Value:

Typical Delta-Sigma ADC's have a range which is exactly
twice the value of the voltage reference, and the ADC
measurement error is directly proportional to the error
in the voltage referanca, The LTCEE04 ADC is not typi-
cal. The absolute value of Viggry is trimmed up or down
to compansate for gain errors in the ADC. Therefare, the
ADC total measurement error (TME) specifications are
superior to the Vpepy specifications. For example, the
25°C specification of the total measurement error when
measuring 3.300V in TkHz (normal) mode is £1.2mV and
the 25°C specification for Ve is 3.2000 £100m\.

SPECIFIED
RANGE

PRECISION
MODE FULL RANGE' RANGE®
27kxz [Fast)

14kHz
TaHz {Normalp
JkHz
2kHz
6z [Filiered)

1. Negathe readings are rounded bo OV

=0.8192Y 1o

5 7344Y 0¥ to 5%

05V 1o 4.5V

2. PRECISION AANGE Is the range aver which the noise is less than MAX NOISE.
3. NOISE FREE RESOLUTION i= a megsure of e noise leval within the PRECISION RANGE

WOISE FREE

L8 FORMAT MAX BMEE RESOLUTION®
+AMVpp 10 Bits
+1mip.p 12 Bits
. 2606V p.p 14 Bits

100y Ursigned 16 Bit
0oy ikl IPETT T 14 Bits
100 p.p 15 Bits
5 OWVrp 16 Bifs
[T
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Measuring Cell Vollages (ADCY Command)

The ADCY command initiates the measurement of the T
battery cell inputs, pins CO through C12. This command
has options to select the number of channels to measurs
and the ADC mode. See the section on Commands for the e
ADCY eommand format.

Figure 3 illustrates the timing of ADCV command which -
measures all twelve cells, After the receipt of the ADCY Figure 4. Timing tor ADCV Command Meazuring 2 Cells
command to measyre all 12 cells, ADCT sequantially

measuras the bottom 6 cells. ADCE sequentially measures  Table 6. Conversion Times for ADCY GCommand Measuring Only 2
the top 6 calls. After the cell measurements are complete,  Cells in Ditferent Modes

gach channal is calibrated to remove any offset arrors, CONVERSION TIMES [in is)
o MODE
Table 5 shows the comversion timeas for the ADCV com- i '; :;‘ ;':]‘:
mand measuring all 12 cells. The totzl conversion time is Ems i - 2
iven by tge which indicates the end of the calibration step,
oivenbyteg . ? ThHz 0 14 05
Figure 4 illustrates the timing of the ADCV command that TkH: 0 50 521
measuras only two cells, Tz o I 701
Table 6 shows the conversion time for ADCY command 26Hz 0 BET 33,568
measuring only 2 cells. typ indicates the total conversion
time for this command.
|H-I.|l‘ : r_fggmi.. -
| |
M;EIEELE B + PEC
e Svessiee Seraes ,Qmsmi CaLIBRY CALBRATE
N erToce A o 1370 £, BF 0 8 12 TG
e SversirE Y Fmeraes {MHSJHE CaLIBRAY CALERATE
VEE Y AN GO A o1 T TO S
L] b o b (-] he bac 1ac [
Figure 3. Timing for ADCV Command Measuring All 12 Cells
Table 5. Comversion Times for ADCY Command Measuring All 12 Cells in Differenl Modes
CONVERSION TIMES (im ps)
MODE 1y lim ] o len big lag Iz lgz
#TiHz 0 57 103 243 200 137 50 a75 1,113
144Hz [ 86 162 89 455 06 742 1,149 1788
TaHz 1] 144 278 Ban 14 1072 154 2080 3335
FHr 1] 260 511 1,262 1512 1,770 i P2 2778 k1 <]
ZHr ] 453 78 2,425 2,808 3,166 3418 4175 4430
iz 0 29,817 59,623 144,043 178,850 182,599 185,342 187571 .37
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Under/Overvoltage Monitoring

Whenever the C inputs are measured, the results are com-
parad to undervoltage and overvoliage thresholds stored
in memary. If the reading of a cell is above the overvoltage
limit, a bit in memory is set as a flag. Similarly, maasure-
ment resylts below the underveltage limit cause a flag to
be set. The overvoltage and undervoltage thresholds are
stored in the configuration register group. The flags are
stored in the status register group B,

Augxiliary (GPID) Measurements (ADAX Command)

The ADAX command initiates the measurement of the
GPID inputs. This command has options to select which
GPID input to measure (GPI01-3) and which ADC mode.
The ADAX command also measures the 2nd reference.
There are options in the ADAX command to measure each
GPI0 and the 2nd reference separately or to measure all 5
GPI0s and the 2nd reference ina single command. Seethe
saction on commands for the ADAX command format. Al
auxiliary maasuremants are relative to the ™ pin valtage.
This command can be used to read external temperaturs

by connecting the tempearature sensors to the GRIOs.
These sensors can be powered from the 2nd reference
which is also measured by the ADAX command, resulting
in pracisa ratiometric measurements.

Figure 5 illustrates the timing of the ADAX command
measuring all GPIOs and the 2Znd referance. Sinca all
the & measurements are carried out on ADCT alone, the
conversion time for the ADAX command is similar to the
ADCV command.

Measuring Cell Voltages and GPI0s (ADCVAX
Command)

The ADCYAX command combines twehe cell measure-
meants with two GPI0 measurements (GPIOT and GPI0Z).
This command simplifies the synchronization of battery
cell voltaga and current measurements when current sen-
sors are connectad to GRIOT or GRIOZ inputs. Figure 6
illustrates the timing of the ADCVAX command. Sae the
section an commands for the ADCVAX command farmat,
The synchronization of the current and voltage measure-
ments, tegg, in FAST MODE is within 208ps.

rrur

Ll

bl I8 - ToRp =
m:;“& = OWsPEC ¥ -
[ x =
e RR ) LT i i A AT o e T o
L U] o o L] i b _'-e:.'
Figure 5. Timing for ADAX Command Measuring All GPI0s and 2nd Reference
Table 7. Conversion Times for ADAX Command Measuring All GPI0s and 2nd Reference in Ditferent Modes
CONVERSION TIMES {in ps)
MODE 1y b e Tsa Tem bic ke tse g
27kHz 1} 57 103 243 280 432 it 75 1,113
14kHz 0 BB 162 385 485 Il 742 1,148 1.288
ThHz [i 144 278 [T 814 1,072 1,324 2,080 2335
3Hz 0 760 511 1,262 1,512 1,770 2022 2778 3033
Pz 0 483 476 2428 2,808 3,166 3418 4,175 4430
HHz 1] 087 50,623 148,043 178,850 182,599 186,342 197 571 v
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Figure 6. Timing of ADCVAX Command
Table 8. Conversion and Synchronization Times for ADCVAX Command in Different Modes
SYNCHROKLZATION
COMVERSION TIMES (in ps) TIME [ps)
MODE 1] tim L fam Lin L] e i tgn kac tsxEwn
27kHz a 57 106 155 Fal 265 3268 £ 424 1,564 0
14Kz [l 88 161 237 30 398 £70 555 30 1,736 10
Thz [ 14 278 412 553 87 828 ag2 109 | 3133 543
iz a 250 A1 751 108 | vee0 | s [ o1mr | ozoer | 4064 1002
2z a 443 ane 1450 1,040 2432 2023 3406 3888 5025 1834
Hz a AT | 59623 | B9430 | 119244 | 1490051 | 17BBG4 | 20BET1 | 238470 | 268442 115234

Table 8 shows the conversion and synchronization tima
for the ADCVAYX command in different modes. The total
conversion time for the command is given by tap.

DATA ACQUISITION SYSTEM DIAGNOSTICS

The battery monitoring data acquisition system is com-
prised of the multiplexers, ADCs, 1st reference, digital
filters, and memory. To ensure long term reliable perfor-
mance there are several diagnostic commands which can
be used to verify the proper operation of these circuits.

Measuring Inlernal Device Parameters (ADSTAT
Command)

The ADSTAT command is a diagnostic command that
measures the following internal device parameters: sum
of all cells {S0C), internal die temperature {ITMP), analog
power supply (WA) and the digital power supphy (VD).
These parameters are described in the section below. All
€ ADC modes are available for these conversions, See the
saction on commands for the ADSTAT command format.
Figure 7 illustrates the timing of the ADSTAT command
measuring all 4 mternal device parameters,

|“: - ': e el =
M?ﬁfx"t ISTAT & PEC - -
[l
. JEssLRE, mm}_ {HHSJHE}{HLIEE& _fauw.r: _ mms}_
AL v 500 TP i
] B o b Lo i o 1

Figure 7. Timing har ADSTAT Command Meaguring S0C, ITMP. VA, VD
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Table 9 shows the conversion time of the ADSTAT com-
mand measuring all 4 internal parametars, by indicates
the total conversion time for the ADSTAT command.

Sumof Galls Measurament The sum ofall calls maasurement
is the voltage between C12 and CO with 2 201 attenuation,
The 16-bit ADC value of sum of cells measurement (S0C)
i stored in status register group A, Any potential differ-
ence between the C0 and V- pins results in an error in the
S0C measuremant aqual to this difference. From the SOGC
value, the sum of all cell valtage measurements is given by;

Sum of all Cells = S0C » 200« 100pV

Infernal Dig Temperafure; The ADSTAT command can
meagure the internal die temperature. The 18-bit ADG
value of the die temperature measuremant (ITMF) is
stored in status register group A. From ITMP the actual
die ternperature is calculated vsing the exprassion:

Internal Die Termperature (°C) = (ITMP) = 1000
(7.5mV)°C - 273°C
Power Supply Measurements: The ADSTAT command is
alzo ysed to measyre the analog power supply (Vaeg) and
digital power supply (Vaggo).
The 16-bit ADC value of the analog power supphy maasure-
ment (VA) is stored in Status Register Group A. The 16-bit
ADC value of the digital power supply measurament (VT
is stored in status register group B, From VA and VD, the
power sUpply measuramants are given by
Analog pawer supply measurement (Vpeg) =g+ 1000V
Digital poweer supply measurement (Vpgego) = Yo+ 100pY

The nominal range of YVgeg is 4.5V to 5.5V, The nominal
range of Vpegp is 2.7V 1o 36V,

lssuing an ADSTAT command with CHST = 100 runs an
ADC measurement of just the digital supply (Vregn). This
is not recommended following an ADCY command. With
large cell voltages, running the ADSTAT command with
GST = 100 following an ADCY command with CH = 000
iall cells) can cause the LTCE204 to perform a power on
raset. If using the ADSTAT command with CHST = 100,
it iz necassary fo run an ADCY command with CH = 001
prior to running the ADSTAT command with CHST = 100,
This charges the high voltage multiplexer to a low poten-
tial before the Vgppp measuremant is executed. To save
time, this sacrificial ADCY command run prior to running
the Vagpp measurement can be executed in FAST mode
(MD = 01).

Accuracy Check

Measuring an independeant voltage reference is the best
means to varify the accuracy of 2 data acquisition system.
The LTCE804 contains a 2nd reference for this purpose.
The ADAX command will initiate the measurement of the
2nd reference, The results are placed in auxiliary registar
graoup B. The ranga of the result depends on the ADC
measurement accuracy and the accuracy of the 2nd ref-
erance, including thermal hysteresizs and long term drift.
Readings outside the range 2.985 to 3.015 indicate the
system is out of its specified tolerance.

MUX Decoder Check

The diagnostic command DIAGM ensures the proper op-
eration of each multiplexer channel, The command cycles
through all channels and sets the MUXFAIL bit to 1 in
status ragister group B if any channel decoder fails. The
MUXFAIL bit is set to O if the channel decoder passes the

Table 9. Cosversion Times for ADSTAT Command Measuring SOC, [TMP VA, VD

CONVERSION TIMES {in ps)
MODE 1y lim s L Lin kg fae b e
ITHE 1] aT 103 150 197 33R 474 &10 45
14kHz [} ilE] 162 237 ki k] 455 e T BES
FiHz 1] 1dd 218 412 hdb 804 1,056 1.308 1,563
ZHz 0 260 511 761 1011 1.260 1522 1,774 20028
ZiHz 0 493 97E 1,458 1,842 2200 2452 2705 2554
26Hz 0 .87 59,623 89,430 119,237 122,906 126,728 130472 134,218
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test. The MUXFAIL bit is also set to 1.on power-up (POR)
or after a CLRSTAT command.

The DIAGH command takes about 400)s to complete if the
core is in REFLIP stafe and about 4.5ms to complete if the
corg i in STANDBY state. The polling methods described
in the section Polling Methods can be used to determine
the completion of the DIAGN command.

Digital Filter Check

The delta-sigma ADC is composed of a 1-hit pulse den-
sity modulator followed by a digital filter & pulse density
modulated bit stream has a higher percentage of 15 for
higher analog input voltages. The digital filker converts
this high frequency 1-bit stream into a single 16-bit word.
This is why a delta-sigma ADC is often referred to as an
oversampling convertar

The salf test commands verity the operafion of the digital
filters and memary. Figure 8 illustrates the operation of
the ADC during self test. The output of the 1-bit pulse
density modulator is replaced by a 1-bit test signal. The

test signal passes through the digital filter and is con-
varted o @ 16-bit value. The 1-hit test signal undergoes
the same digital conversion as the regular 1-bit pulse
from the modulatorn so the caomversion time for any self
test command is exactly the same as the corresponding
ragular ADC cenversion command, The 16-bit ADC value
is stored in the same register groups as the regular ADG
convarsion command. The test signals are designed to
place alternating one-zero pattarns in the registers. Table
10 prowvides a list of the salf test commands. If the digital
filters and mamaory are working properly, then the registers
will contain the values shown in Table 10. For more details
zee the section Commands.

ADC Clear Commands

LTCE304 has 3 clear commands = CLRCELL, CLRALX
and CLRSTAT These commands clear the registers that
ctore all ADC comversion resulis.

The CLRCELL command clears cell voltage register group
A B, Cand D, All bytes in thase registers ara set to OxFF
by CLRCELL command.

PLLSE DENSITY
KODULETED
BIT ETREAM
— JURNA R AN AR
1-ET
A MODULATR a - DHGITAL ¢ | REsuTE
— 1l AER [ The | REIsTER:
SELFTEST J .
EATTERK TEST SIGRAL
aeenstcd | T M1 TL —
Figure §. Dperation of LTCGE04 ADT Self Test
Tahle 10. 2l Test Command Semmary
SELF TEST AESLLTS REGISTER
COMMARD QFTION OUTPFUT PATTERM IN DIFFERENT ADC MODES GROUPS
ETkHz 14kHz TiHz AkHz 2iHz 2hHz

CVET AT[1:0)=01 (SE6S OnSE53 555 SEEs OnS555 eSE55 GV e C12V _

STIEO10 | Owbean IKGRAT DvBAAR MvRAAR IeAAL Degan | TV CVE, CUC TVO)
BHST | STN01 | oesses [ nEEs OgEES [ oEas B1Y 1 G5W AEF

ST[10j10 | DxGAgA DREAAL DvERAR I¥GAAA D¥EAAA DvEAAA (LKA, ALK
STATST ST[1:0)=01 (has (553 ] (3eE5 i (555 ﬁﬂg ITMP ¥, WD

ST[1:0)=10 [T [IE TR IEELETY (GAAA (GAAA [eGAAR (ETATA, STATE)
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The CLRAUX command clears auxiliary register group  time to create a large enough difference for the algorithm
A and B. All bytes in these registers are set to OxFF by to detect an open connection. This can be accomplished
CLRAUX command. by running more than two ADOW commands in steps 1

The CLRSTAT command clears status registergroup Aand and 2, or by using ""F’“ mode conversions |n§tead of
B except the REVCODE and RSVD bits in status register normal mode cortversions. Use TaP'e‘1 oaianTiA how
group B. A read back of REVCODE will return the revision mary conversions are necessary:

code of the part. All OV flags, UV flags, MUXFAIL bit, and  Table 11

THSD bit in status register group B are set to 1 by CLR- Number of ADOW Comeands Required in
STAT command. The THSD bit is set to 0 after RDSTATB Steps 1.and 2
command. The registers storing SOC, ITMP VA and VD EXTERNAL C PIN
are all set to 0xFF by CLRSTAT command. “”f;r"”‘“ uomu;. MODE "“5";’ MODE
Open-Wire Check (ADOW Command) 100nF 10 2

. . 1uF 100 2
The ADOW command is used to check for any open wires . T+ ROUNDUP(G10nT) 5

between the ADCs in the LTC6804 and the external cells,
This command performs ADC conversions on the C pin
inputs identically to the ADCV command, except two

internal current sources sink or source current into the v ]
two C pins while they are being measured. The pull-up Y0034
(PUP) bit of the ADOW command determines whetherthe 2L
current sources are sinking or sourcing 100yA. i— ‘( ./ s
The following simple algorithm can be used to check for :f £ o
an open wire on any of the 13 C pins (see Figure 9): i— X ”:'}——-
1) Run the 12-cell command ADOW with PUP = 1 at least i— A
twice. Read the cell voltages for cells 1 through 12 once (o)
at the end and store them in array CELLpyy). :f__ v
2) Run the 12-cell command ADOW with PUP = 0 at least }__
twice. Read the cell voltages for cells 1 through 12 once oy
at the end and store them in array CELLpp(p). l_ sk
3) Take the difference between the pull-up and pull-down . ( /”.,
measurements made in above steps for cells 2-12: :f._ g s —
CELL ) = CELLpy(n) — CELLpp(n). K il T ot
4) For all values of n from 1o 11: If CELL yp,1) <—400mV, i— ¥ D
then C{n) is open. If the CELLpy1) = 0.&)00. then C{0)
is open. If the CELLpp12) = 0.0000, then C(12) is open. ’T_ “0h
Theabovealgorithm detects open wires using normal mode v o
conversions withas muchas 10nF of capacitance remaining
on the LTC6804 side of the open wire. However, if more

external capacitance is on the open C pin, then the length
of time that the open wire conversions are ran in steps 1

Fil . -Wil ircuil
and 2 must be increased to give the 100pA current sources ioure S. Opea-Wire Detection Circulty
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Thermal Shutdown

To protectthe LTCE804 from overheating, there isathermal
shutdown circuitincluded inside the IC. Ifthe temperature
detected on the die goes above approximately 150°C, the
thermal shutdown circuit trips and resets the configura-
tion register group to its default state. This turns off all
discharge switches, When a thermal shutdown event has
occurred, the THSD bit in status register group B will go
high. This bit is cleared after a read operation has been
performed on the status register group B (RDSTATB
command). The CLRSTAT command sets the THSD bit
high for diagnostic purposes, but does not reset the
configuration register group.

Revision Code and Reserved Bils

The status register group B contains a 4-bit revision code
and 2 reserved bits. If software detection of device revision
isnecessary, then contact the factory for details. Otherwise,
the code can be ignored. In all cases, however, the values
of all bits must be used when calculating the packet error
code (PEC) on data reads.

WATCHDOG AND SOFTWARE DISCHARGE TIMER

When there is no wake-up signal (see Figure 21) for more
than 2 seconds, the watchdog timer expires. This resets
configuration register bytes CFGRO-CFGR3 in all cases.
CFGR4 and CFGRS are reset by the watchdog timer when
the software timer is disabled. The WDT pin is pulled high
by the external pull-up when the watchdog time elapses.
The watchdog timer is always enabled and is reset by a
qualified wake-up signal.

The software discharge timer is used to keep the discharge
switches turned ON for programmable time duration. If
the software timer is being used, the discharge switches
are not turned OFF when the watchdog timer is activated.

To enable the software timer, SWTEN pin needs to be tied
high to Vpeg (Figure 10). The discharge switches can
now be kept ON for the programmed time duration that is
determined by the DCTO value written to the configuration
register. Table 12 shows the various time settings and the
corresponding DCTO value. Table 13 summarizesthe status
of the configuration register group after a watchdog timer
or software timer event.

‘
v
ossod |

“““"’ml e - J_;{/

 ng wr]
(RESETS RERUR W VD) o
_ i | womsT B
T [T =
: T
POR OR YALID COMMAND)

Figure 10. Watchdog and Software Discharge Timer

Table 12. DCTO Settings

0CTo 0 1 2 3 - 5

Time Min | Disabled | 05 1 2 3 4

10 15 20 30 40 60 75 80 120
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Table 13 Table 14
WATCHDOG TIMER | SOFTWARE TIMER DETO
SWTEN = 0, DCTO = X000 | Resats CFGRO-S Dizahled (READ VALUE) | TIME LEFT (MIN)
When It Activales a Disabled (o) Timer Has Timed Oul
SWTEN = 1, OGTD = D000 | Resets GRGRO-5 Disabled 1 < Timer 5 0.5
Wikn It Activates 2 0.5 < Timar =1
SWTEN =1, DCTD ! = 0000 vﬁnﬁlﬁrﬁfg@ Hm?ﬂ?ﬁﬁgﬁ Y 1< Timar< 2
4 2« Timerz 3
Unlike the watchdog timer, the coffware fimer does not 3 3 < Timer < 4
reset when there is a valid command. The software timer & 4 Timer s
can only be reset after a valid WRGFG {write configuration T 5« Timer < 10
register) command. Theraig a passibility that the software & 10 < Timer < 15
timear will expire in the middlz of some commands. 4 15 < Timar < 20
If software timer activates in the middle of WRCFG com- A 20 < Timer = 30
rnand, the configuration register resats as per Table 14, 8 M= rf’"'"" wl
However, at the end of the valid WRCFG command, the £ S0< Timer = 60
new data is copied to the configuration register The new i 0 < Timer < 76
data is not lost when the software timer is activated, J 7+ Timer < 94
F A0 < Timar = 120

I software timer activates in the middle of RDCFG com-
mand, the configuration register group resets as per
Table 14, Asa result, the read back data from byles CRFG4
and CAFGS could be corrupted.

[C/SPI MASTER DN LTCES04 USING GPIOS

The /0 ports GPIO3, GPIO4 and GPI0S on LTCE804-1 and
LTCEA04-2 can be usad as an 12C or 5P| master port to
communicate to an 12C or SPI slave. In the case of an 120
master, GR10J and GPI05 form the S0A and SCL parts of
the IZC interface respectively, In the case of a SP1 master,
GP03, GP105 and GP104 become the chip select (CSBM),
clock [SCKM) and data (SDIOM) ports of the SPlinterface
respactivaly. The SPI master on LTCBE04 supports only
5Pl mode 3 (CHPA =1, CPOL = 1).

Table 15. COMM Regisier Memary Map

The GPI0s are open drain outputs, so an external pull-up
iz reguired on these ports to operate as an 12C or SFI
master. It is also important to write the GPIO bits to 1 in
the CFG register group so these ports are not pulled low
intarnally by the device.

COMM Register

LTCE804 has a G-byte COMM registar as shown in Table 15.
This register stores all data and control bits required for
126 or SPI communication to a slave. The COMM register
contains 3 bytes of data Dn[7:0] to be transmitted to or
raceived from the slave device. ICONMN [3:0] specify con-
trol actions before transmitting/receiving the data byte,
FCOMnR [3:0] specify control actions after transmitting/
receiving the data byte.

AEGISTER | AD/WRA BT T (0] BITS BIT4 BIT3 BIT2 BIT1 BITO
COMME | FAOfW | COMOJ3) | ICOMOJZ] | (cOMOj1] | IcoMoqn) | DT DojE] 0o{5] ]
COMM ADWA RE] (] Daf1] O[] | FCOMO3 | FCOMOZ] | FCOMGT] | FCOMO]D)
COMMZ | RDMA | ICOMI[E] | IGOMA[Z) | (coMiji] | lcoMifn) | oi)f) jE] 0[5 D]
COMMS ADMA TE] 02| M) oi0| FCOMI[3] | FCOMAZ] | FoOMd[t] | Foomifo)
COMM4 | FDMA | ICOMZ[Z) | ICOM2[Z] | ICOM2(1] | icOM2[0) | oo 02[8] 02(5] D2p4)
COMMS | AOOWA RHE] b2[Z| b1 DE[0] | FCoM2[3) | FCOWZ[Z] | FCOMZ[T] | FoOMED)
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Table 16. Write Codes for ICOMAI3:0] and FECOMAIZ:0] on 176

Masler

CONTROL BITS CODE ACTION DESCRIFTION
0110 | START Geswrate 1 START Signal an 150 Part Followed By Data Transmission
_ o STOP Genarate a STOP Signal on PG pont

O[30 0a0a LA Frocesad Dirsctly 1o Oate Transmission on 12C Port
[ORA] Mo Transmit Felnasn 504 and SCL and Ignose the Rest of the Data
0000 | Master AGK Mazser Generates an ACK Signal on Ninth Glock Cycle

FROMA[30] 1000 Mlaster MACK Mazter Generates a NACK Signal an Ninth Clask Cycl
1001 Master MACK + 5TOP Masier Generales a NAGK Signal Followad by STOP Signal

Table 17. Write Codes for ICOMn[3:0] and FCOMNI3:A] on 5P

Master

CONTROL BITS CODE  ACTION DESCRIFTION
1000 | CSAM low Gemarates 8 CSEM Low Signel an 5P| Port (GP103)
1COMA[3:0] 1001 | C5AM high Gesmrates o CHEM High Signal an SP1 Por (GFICGE)
1111 Mo Transmit Relnases the 5P Port and bgnoras tha Rest of the Data
Foomn[1)] 1000 | CSAM low Huolds GS8M Low et the End of Byta Transmission
1001 C5AM high Transitions CEBM High at the End of Byte Transmission

If the bit IG!JMn[SL in the COMM register is set to 1 the
part becomes an 1C master and if the bit is set to O the
part becomes a 5Pl master

Table 16 describes the valid write codes for ICOMn[3:0]
and FCOMn([3:0) and their behavior when using the part
as an 12C master

Table 17 describes the valid codes for ICOMN[3:0] and
FCOMR[3:0] and their behavior when using the part as
a 5Pl mastar,

Mote that only the codes listed in Tables 16 and 17 are
valid for ICOMA[3:0] and FCOMn[3:0]. Writing any other
coda that is not listed in Tables 16 and 17 to ICOMn[3:0]
and FCOMN[3:0] may rasult in unexpected bahavior an
the 1°C and SPI ports.

COMM Commands

Threecommands helpaccomplish 1 or SPl communica-
tion fo the slave device: WRCOMM, STCOMM, RDCOMB

WRCOMM Command: This command is used towrite data
to the COMM reqgister. This command writes © bytes of
data to thie COMM register The PEC needs to be writtan

at the end of the data. If the PEC does not match, all data
in the COMM ragister is clearad to 1°s whan C5B goes
high. Sea the section Bus Frotocols for more details on a
write command formiat.

STCOMM Command. This command initiates [2C/SP1 come
munication onthe GRIO parts, The COMM register contains
3 bytes of data to be transmitted to the slave. During this
command, the data bytes stored in the COMM register are
transmitted to the slave 12C or 5P| device and the data
raceived from the 1°C or SPI device is stored inthe COMM
ragister, This command uses GPIOA (SDA) and GRIOS
[SCL) for I°C communication or GPIO3 (CSBM), GFI04
(SDIOM) and GPIOS (SCEM) for SP1 communication,

The STCOMM command is fo be followed by 24 clock
cycles for each byte of data to be transmitted fo the slave
device while holding CSB low, For example, to transmit 3
bytes of data to the slave, send STCOMM command and
itz PEC followed by 72 clock cycles, Pull CSE high at the
end of the 72 clock cycles of STCOMM command.

During 12C or $Pl communication, the data recaived from
the clave device is updated in the COMM register
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ROCOMM Command: The data received from the slave
davica can be read back from the COMM register using the
ROCOMM command. The command reads back 6 bytes of
dafa followed by the PEC. Sea the section Bus Protocols
for mere details on a read command format

Table 18 describes the possible read back codes for
|COMn[3:0] and FCOMn[3:0] whenusing the part azan I
master, Dn[7.0] containg the data byte either transmitted
by the 12C master or recaived from the 12C slave.

In case of the SPI master, the read back codes for
ICOMN[3:0] and FCOMn[3:0] are always 0111 and 1111
respactively. On[7:0] contains the data byte either trans-
mitted by tha SPI master or receivad fram the SPI slave.

Tahle 18. Read Codes for IEOMA[3:0) and FCOMn3:0) on 1°C
Masier

CONTROL CODE | DESCAIFTION
BITS
0110 | Masler Generabed a START Signa
ICoMA[3:0) oo Master Ganerated a STOP Sagnal
0000 | Blank, S0 Was Held Low Between Bytes
o Blank, S0vi Was Held High Between Bytes
0000 | Master Ganeratad an ACK Signal
0111 | Shve Ganerated an ACK Signal
1111 | Glave Generaled a NACK Signal
FLOMNIZO] 1™ 0001 [ Stave Generated an AGK Signal, Master
Ganerated a STOP Signal
1001 Slave Ganarabad a NAGK Signal, Master
Generaled a STOP Signal

Figure 11 illustrates the operation of LTCES04 as an 12C
or 5Pl master using the GPI0s.

LTCREM-1ATLEEM-2
STCOMM
e
]
ADCOMM
] o FORTA
e ] GPp L% | oMM '
sie [* T PoAT FREGISTER | WRCOMM

Figure 11. LTCB204 2C/SPI Master Using GPIDs

Any number of bytes can be transmitted to the slave in
groups of 3 bytes using these commands, The GPIO ports
will not get raset batween differant STCOMM commands.
However, if the wait time between the commands is greater
than 2 seconds, the watchdog will timeout and resst the
ports to their default values,

To transmit several bytes of data using an 120 master, a
START signal is only required at the beginning of the entire
data stream, A STOP signal is only required at the end of
the data stream. All intermediate data groups can use a
BLANK code before the data byte and an ACK/MACK signal
as appropriate after the data byte. SDA and SCL will not
get reset between different STCOMM commands.

To transmit several bytes of data using SP| master, a
CSBM low signal is sent at the beginning of the 1t data
byte. CSBM can be held low or taken high for intermediats
data groups using the appropriate code on FCOMn[3:0].
A CSBM high signal is sent at the end of the last byte of
data. CSBM, SDI0M and SCKM will not get reset between
different STCOMM commands,

Figure 12 shows tha 24 clock cycles following STCOMM
command for an 12C master in different cases. Note that
if ICOMn[3:0] spacified a STOP condition, after the STOP
signal is sant, the S0& and SCL lines are hald high and
all data in the rest of the word is ignored. If ICOMn[3:0]
iz a NO TRANSMIT bath SDA and SCL lines are releasad,
and rest of the data in the word is ignored. This is used
when a particular device in the stack does not have to
communicate to a slave.

Figure 13 shows the 24 clock cycles following STCOMA
command for a SPI master. Similar to the 120 master, if
ICOMN[3:0] specified a CSBM HIGH or a NO TRANSMIT
condition, the CSBM, SCKM and SDIOM lines of the SPI
master are released and the rast of the data in the word
is ignored.
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Figure 12. STCOMM Timing Diagram tor an IG Master
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SOIOM {ERIM] . x X X )| A X X
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Figare 13. STCOMM Timing Diagram fof a SP| Master
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Timing Specifications of IZC and SP1 master

The timing of the LTCE804 12C or SPI master will be
controlled by the timing of the communication at the
LTCE304’s primary SP1 interface. Table 19 shows the
126 master timing relationship to the primary SPI clock,
Table 20 shows the 5Pl master timing specifications.

Tahle 19. EC Master Timing

There are two versions of the LTCEE04: the LTCE304-1
and the LTCEB04-2. The LTCE804-1 is used in a daisy
chain configuration, and the LTCE804-2 is used in an
addressable bus configuration. The LTCEE04-1 provides
a second isoSPl interface using pins 45 through 48. The
LTCE804-2 uses pins 45 through 48 to set the address of
the device, by tying thesa pins to V™ or Vaeg.

; TIMING RELATIONSHIP TIMING Tahle 20, SP| Master Timing
I*C MASTER TO PRIMARY SPI SPECIFICATIONS AT TIMING RELATIONSHIP TIMING
PARAMETER INTERFALE LT TO PRIMARY SP1 | SPECIFICATIONS
SGL Ciock Frequency W2 *Tounl Max 500Kz SPI MASTER PARAMETER INTERFACE AT lgug = s
g STA ty Min 200ns SDI0OM Yalid to SCEM ty Mim 2000
tLow ™" Min 1ps Fllsngﬁmu.p
— x Min 10 SDI0M i o S Touw + &4 Win 1,035
e STH LTS Min 1035 SCHM Low lox TR
li g‘:: ': ":;:1 31[}"3 SCKM High Tux Min 1js
L 3_ nips SCKM Perind (SCHM_Low Fote g Min 2jic
tgy; ST0 o+l Min 1.03ps + SCKM_High)
lng detpy Min dys CEEM Putze Widih Tolorg Wi 35
" Mot Weten using (s0EP, ty 8 generated imtermally and 1S & minimum of SCKM Rising 1o CSEM 5= . M 50308
3005 Al 1 = ey - by, W using SPL and by ar th ow and bigh——~ Figmg i '
times of the SCK nput, each with  specitied minimum of 200ns, CSaM Falling 1o ST ™ T
Falling
SERIAL INTERFACE OVERVIEW CSEM Falling bo SCEM tom+ 1 Wi 1 2ys
. Risirg
Theare are two types of sarial ports on the LTCEE0M, a -
. B . - SCKM Falling to S0I0M Maste 1
standard 4-wire serial peripheral interface (SPI) and 2 g S TS =

2-wire isolated intarface (isoSP1). Pins 41 through 44 are
configurable as 2-wire or 4-wire serial port, based on the
stata of the ISOMD pin.

“Nibe: When using Bo5F, 1y Is genersted inbernally and (= a mindmum of
J0ns. Also, by = tp = L Whan using 5P, & and ty are the low and high
times of the SCX input. each with a specilisd minimum of 200ns.
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4-WIRE SERIAL PERIPHERAL INTERFACE (SPI)
PHYSICAL LAYER

External Connections

Connecting ISOMD to V- configures serial Port A for
4-wire SPI. The SDO pin is an open drain output which
requires a pull-up resistor tied to the appropriate supply
voltage (Figure 14).

Timing

The 4-wire serial port is configured to operate in a SPI
system using CPHA = 1and CPOL = 1. Censequently, data
on SDI must be stable during the rising edge of SCK. The
timing is depicted in Figure 15. The maximum data rate
is 1Mbps.

v =
2 DISY-CHAIN SUPPORT
e P

o
o1 1wAS I ]
500 (NG +—wiso Vio
S0I N0 NOGI
SLX (14 1
S8 (MA) s wau
1SOMD
wor
oane
Vees

<
by
=

i

iE.-837

E

FTrrrrtrrrrrrrrrTi

I I A A A A I I I O O

SHBRZETRARNEROITERER ZZ

]

2-WIRE ISOLATED INTERFACE (isoSPI) PHYSICAL
LAYER

The 2-wire interface provides a means to interconnect
LTC6804 devices using simple twisted pair cabling. The
interface is designed for low packet error rates when the
cabling is subjected to high RF fields. Isolation is achieved
through an external transformer.

Standard SPI signals are encoded into differential pulses.
The strength of the transmission pulse and the threshold
level of the receiver are set by two external resistors, Ry
and Rgy. The values of the resistors allow the user to trade
off power dissipation for noise immunity.

. :;, ATCE92 :_ ADORESS PINS
—si M= R
—cn o= r““'_l
—Jsn 500 {1 +— 5o Voo
—cw S0 (1CMP) Mo
—s0 SCK 094 CiK
—fee CEE IMA| 0 W
= B 150M0) f—

—1Ch WoT —

—se DA f—

- Vaes —

—s7 SWTEN |—

— 5 Veesz b—

= 60908 f—

—fs AP [—

—cz T

—cz WPy —

e L] 81—

Figure 14. 4-Wire SPI Configuration
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Figure 15, Timing Diagram of 4-Wire Serial Peripheral Interface
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=R >
5K
-
=2,

Figure 16. isoSPI Interface

Figure 16 illustrates how the isoSPI circuit operates. A
2V reference drives the IBIAS pin. External resistors Rgy
and Rgj create the reference current Ig. This current sets
the drive strength of the transmitter. Rg; and Rgp also
form a voltage divider of the 2V reference at the ICMP
pin. This sets the threshold voltage of the receiver circuit.
Transmitted current pulses are converted into voltage by
termination resistor Ry (in parallel with the characteristic
impedance of the cable).

External Connections

The LTC6804-1 has 2 serial ports which are called Port B
and PortA. Port Bisalways configured asa 2-wireinterface
(master). The final device in the daisy chain does not use
this port, and it should be terminated into Ryy. Port A is
either a 2-wire or 4-wire interface (slave), depending on
the connection of the ISOMD pin.
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Figure 17a iz an example of a robust interconnection of
multiple identical PCBs, each containing one LTCG804-1.
Note the farrmination in the final device in the daisy chain,
The microprocessor is located on a separate PCE. To
achieve 2-wire isolation between tha micreprocessor PGB
and the 15t LTCE804-1 PCB, use the LTCE820 support IC.
The LTCGE20 is functionally equivalent to the diagram in
Figura 186,

The LTCB804-2 has a single serial port (Port &) which can
be 2-wire or 4-wire, depending on the state of the |50MD
pin, When confiqured for 2-wire cormmunications, several
devices can be connected in a multi-drop configuration, as
shownin Figura 17h. The LTC8820 IC is used to interface
the MPU (master) to the LTCEE04-2'5 (slaves).

Using a Single LTCG804

When anly one LTCES04 is needed, the LTCE304-2 is rec-
ommended. It does not have isoSPl Port B, so it requires
fewer external components and consumes |ess power,
especially when Port & is configured as a 4-wire interface.

However, the LTCG804-1 can be used as a single (non
daisy-chained) device if the second isoSP port (Port B) is
properly biased and terminated, as shown in Figurs 18c.
ICMP should nof be tied to GMND, but can be tied directly
to IBIAS. A bias resistance (2k to 20K} is required for
IBIAS. Do mottie 1BIAS directly to Vggg or V™. Finally, IPB
and IMB should be terminated into a 10082 resistar (not
tied to Vazg or V).

Selecting Bias Resistors

The adjustabla signal amplitude allows the system totrade
power consumption for communication rebustness, and
the adjustable comparator threshold allows the system to
account for signal losses.

The izo5PI transmitter drive current and comparator volt-
age threshold are sat by a resistor divider {Rgjas = Rm
+ Rgo) between the IBIAS and V™. The divided voltage is
connected to the ICMP pin which sets the comparator
threshold to 1/2 of this voltage (Vipye). When either
iz05Pl interface is enabled (not IDLE) IBIAS is held at 2V,
causing a currant lg to flow out of the 1BIAS pin, The IP
and IM pin drive currents are 20 # |g.

As an example, if divider resistor Rgg is 2.8k and resistor
Ago iz 1.27k (s0 that Rgyag = 4k), then:

2V
= ={.5m#
B HB1 +H32

Insy =lp =l =201 =10mA

oyl PB2 e
Vowp =2V =582 <lyRgy =603V

Vremp =0.5*Vigyp = 302mV

In this example, the pulss drive current Iggy will be 10mA,
and the receiver comparators will detect pulses with IP-IM
amplitudes greater than +302m\,

If the isolation barrier uses 1:1 transformers connectad
bwy a twisted pair and terminated with 12002 resistors on
eachend, thanthe transmitted differential signal amplitude
{£) will be:

U.ﬁ, ZIDH'I." 'HTM =0[.6Y

{This result ignores transformer and cable losses, which
may reduce the ampliteda).

isoSP1 Fulse Detail

Two LTCE804 devices can communicate by transmitting
and receiving differential pulses back and forth throughan
isolation barrier. The transmitter can output three voltage
levals: +Va, OV, and <V, & positive output results from
P sourcing current and IM sinking current across load
resistor Ryy. A negative voltage is developed by IP sink-
ing and IM sourcing. When both outputs are off, the load
resistance forces the differential output fo OV,

To eliminate the DC signal compeonent and enhance reli-
ability, the isoSPI usas two different pulse lengths, This
allows for four types of pulses to be trans mitted, as shown
in Table 21. A +1 pulse will ba transmitted as a positive
pulse followed by a negative pulsa. & —1 pulse will be
transmitted as a negative pulse followed by a positive
pulse, The duration of each pulse is defined as tyoey,
since each is half of the required symmetric pair (The
total isoSP| pulsa duration is 2 « ty opy).
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Tahle 21. iso&P1 Pulsa Types Table 22, LTCGE04-1 Pord B (Master] isoSP| Port Function
FIRST LEVEL | SECOIND LEVEL COMMUNICATION EVENT TRANSMITTED PULSE
PULSE TYPE el {Erzpwl ERDING LEVEL (POAT A SPI1) (PDAT B iso&Pl)
Leeg +1 e 150081 | N (15008) w (5B Rising Loy +1
Long -1 g (15008) | ¥y, (15008) o (5B Faling Long -1
Shoet +1 +¥y, {50ns) Wy, {500s) o SCK Rising Edge, 501 = 1 Shart +1
Shart -1 Wy, {50na) iy, |50ns) o 80K Rising Edge, 501 = O Shart -1

Escuela Universitaria
Politécnica - La Almunia

Universidad Zaragoza

A host microcontreller does not have to generate isoSP
pulses to use this 2-wira interface. The first LTCG304 in
the system can communicate to the microcontroller using
the 4-wire 5P| interface on its Port A, then daisy-chain to
athar LTCEEDMe ysing the 2-wira isoSPI interface on its
Port B. Alternatively, an LTC6820 can be used to translate
the SPI signals into isoSPI pulses.

LTCG804-1 Operation with Porl A Configured far SPI

When the LTCG304-1 is operating with port A as an 3P
(IS0MD =), the 5P detects one of four communication
evants: C5B falling, C3B rising, SCK rising with 5D = 0,
and SCK rising with SDI = 1. Each avent is convertad into
one of the four pulse types for transmission through the
LTCE304-1 daisy chain. Long pulses are used to transmit
C58 changes and short pulses are used to transmit data,
a3 explained in Table 22.

n the other side of the isolation barrier {i.e. at the other
end of the cable), the 2nd LTCEE04 will have IS0OMD =
YReg- Its Port A operates as a slave iso3PI interface. It
receives each transmitted pulze and reconstructs the
SPI signals internally, as shown in Table 23, In additian,
during a READ command this port may transmit return

data pulses.

Table 23. LTCG04-1 Pord A (Slave) iso&PI Port Funclion

RECEIVED PULSE | INTERMAL 5P1

[FORAT A izaBPl) | PORT ACTION |RETURN PULSE

Long +1 DOriva G5B High | Mane

Long -1 DOriva G5B Low

Shart +1 1.5 8 =1 |Short=1 Pulse if Reading 2 0 bit
2. Pulss 50K

Ehort -1 1. 561 500 =0 | (Mo Rabam Pulza it Not in READ
2 Puls 50K | Mode or if Reading a 1 bit)
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Figure 19. isa&Pl Pulse Defail
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The lower isoSPI port (Port A) never transmits long
(CSB) pulses. Furthermore, a slave isoSPI port will only
transmit short =1 pulses, never a +1 pulse. The master
port recognizes a null response as a logic 1. This allows
for multiple slave devices on a single cable without risk
of collisions (Multidrop).

Figure 20 shows the isoSPI timing diagram for a READ
command to daisy-chained LTC6804-1 parts. The ISOMD
pin is tied to V™ on the bottom part so its Port A is config-
ured as a SPI port (CSB, SCK, SDI and SDO). The isoSPI
signals of three stacked devices are shown, labeled with
the port (A or B) and part number. Note that ISO B1 and
I1SO A2 is actually the same signal, but shown on each
end of the transmission cable that connects parts 1 and 2.
Likewise, ISO B2 and IS0 A3 is the same signal, but with
the cable delay shown between parts 2 and 3.

Bits W,-Wy refers to the 16-bit command code and the
16-bit PEC of a READ command. At the end of bit Wy the
3 parts decode the READ command and begin shifting out
data which is valid on the next rising edge of clock SCK.
Bits X;-Xp refer to the data shifted out by Part 1. Bits Y-y
refer to the data shifted out by Part 2 and bits Z,-Z refer
to the data shifted out by Part 3. Al this data is read back
from the SDO port on Part 1 in a daisy-chained fashion.

Waking Up the Serial Interface

The serial ports (SPI or isoSPI) will enter the low power
IDLE stateif there is no activity on Port Aforatime of tip .
The WAKEUP circuit monitors activity on pins 41 and 42.

If ISOMD =V, Port A is in SPI mode. Activity on the CSB
or SCK pin will wake up the SPl interface, If ISOMD =Vggg,

- COMMAND READ DATA
0SB i - - % Is
- ) ‘..Qp .........
o -*zy——o: I
i I —
ol -
« T L e
i
thee ™| |* i
500 \ X Xy %
L il o -’4 1y -
W, ¥ Y, n
o [ il Uen e
"
-
.__..‘___________““-___________-“ ______ -u’ ------ | -____-.-' _____________ . " ‘

150 A2

B IR, WA S 200 S S S I
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Figure 20. isoSPI Timing Diagram

BEDa12%

For more information www.nzarcom U CE804-1

Autor: Alfonso Mareca Miralles

424.18.63

LT U

- 99 -



Escuela Universitaria

Disefio e implementacién de un BMS para BVE (Battery A A8 Politécnica - La Aimunia
. . ..... Centro adscrito
Electric Vehicle) == UniversidadZaragoza

(Documentacion Técnica)

LTC6804-1/LTC6804-2

OPERATION

Port & is in iso5PI mode, Differential activity on IPA-IMB
wakes up the isoSPl interface, The LTCEE0 will be ready
to communicate when the iso5P| state changes to READY
within tyaxe of treagy, depending on the Core state (see
Figure 1 and state descriptions for datails.)

Figure 21 illustrates the timing and the functionally
aquivalent circuit, Common mode signals will not wake
up the serial interface. The interface is designed to wake
up after raceiving a large signal single-ended pulse, or a
[ow-amplitude symmetric pulse. The differential signal
[SCK{IPA) = CSE(IMA)|, must be at least Vg = 200my
for a minimum duration of toyezy, = 24005 to qualify as a
wake up signal that powers up the sarial interface.

Waking a Dalsy Chain — Method 1

The LTCGE804-1 sends a Long +1 pulse on Port B after it is
ready to communicate. In a daisy-chained configuration,
this pulse wakes up the next device in the stack which will,
in turn, wake up the next device. If there are 'N' devices in
the stack, all the devices are povered Up within the time
Mty OF M tpeapy, depending on the Core State. For
large stacks, the tima N = tya e may be equal to or larger
than b g. In this case, after waiting longer than the time
of W » fyapp. the host may send another dummy byte and
wail for the tima M = tgeapy, in order to ensure that all
devices are in the READY state.

REJECTS COMMOA

Meathod 1 can be used when all devices on the daisy chain
are in the |OLE state. This guarantees that they propagate
the wake-up signal up the daisy chain. Howevar, this
method will fail to wake up all devices when a devica in
the middle of the chain is in the READY state instead of
IDLE. When this happens, the device in READY state will
not propagate the wake-up pulse, so the devices above it
will remain IDLE. Thig sitpation can accur when attempt-
ing fo wake up the daisy chain after only tip_g of idle time
(some devices may be I0LE, some may not).

‘Waking a Daisy Chain — Method 2

Amaore rebust wake-up method does not rely on the built-in
waka-up pulse, but manually sands isoSP| traffic forenough
time to wake the entire daisy chain. &t minimum, a pair of
long isoSP1 pulses (=1 and +1) is neaded for each device,
saparated by more than tgeapy of tyee (if the core stateis
STANDBY or SLEER respectively), but bess than tip g. This
allows each device towake upand propagate the next pulse
to the follewing device, This method works even if some
devices in the chain are not in the IDLE state. In practice,
implementing method 2 requires toggling the CSE pin
(of the LTCEE20, or bottom LTCEE04-1 with 1IS0MD = 0)
to generate the long iseSPI pulses. Alternatively, durmmy
commands (such as ROCFE) can be executed to generate
the long izoEPI pulses.

MODE HOISE
P |
L8 OR m—(—-\‘fw—l I
[l ]
| |
oK OF P4 —
SR ] Voser = SO0
W ¥
- +
SRR - CHBIMAY| I I |-|_|-I_I-|_I-|_I_|
= = by, = 2400 [}
T 2 P—
ETATE LW POVWER; MODE DK TO COMMUKITATE LOW POVWER IACOCE
- »
tzpay < 10E toLg = d.5ms
RETRIGEERAELE
C5HOR INA terwELL = 2405 e = 5 [+ WAKE-LF
CE DR IPA TIFLAY ONE-SHOT

Figure 21. Wake-Up Detection and IDLE Timer
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DATA LINK LAYER

All Data transfers on LTCE804 occur in byte groups.
Every byte consists of 8 bits. Bytes are transferred with
the most significant bit (MSE]) first. G5B must ramain low
for the entire duration of a command sequence, including
between a command byte and subsequent data. On awrite
command, data is latched in on the rising edge of C3B.

NETWORK LAYER

Packel Error Code

The packet error code (PEC) is a 15-bit cyclic redundancy
check (CRC) value calculated for all of the bits in a rag-
ister group in the order they are passed, using the initial
PEC seed value of 000000000010000 and the following
characteristic polynomial x15 + 114 + x10 + 28 + 27 +
w4 + 13 + 1. To calculate the 15-bit PEC value, a simple
procedura can be established:

1. Initialize the PEC to 000000000010000 {PEC isa 15-bit
register group)

2. For each bit DIN coming into the PEC register group,
set

IND = DIN XOR PEC [14]
IN3 = INO XOR PEC [2]
IN4 = IND XOR PEC [3]
IN7 = IN0 XOR PEC [6]
ING = INO XOR PEC [7]
IN10 = INO XOR PEC [9]
IN14 = INO XOR PEC [13]

+ f— p—

. Update the 15-bit PEC as follows

PEC [14] = IN14,
PEC [13] = PEC [12],
PEC [12] = PEC [11],
PEC [11] = PEC [10],
PEC [10] = IN1D,
PEC [9] = PEC [8],
PEC [8] = INS,

PEC [7] = INT,

PEC [6] = PEC [5],
PEC [5] = PEC [4].
PEC [4] = IN4,

PEC [3] = IN3,

PEC [2] = PEC [1],
PEC [1] = PEC [0],
PEC [0] = INO

. Go back fo tep 2 until all the data iz shifted. The final

PEC (16 bits) is the 15-bit value in the PEC register with
a 11 hit appended to its LSB

Figure 22 illustrates the algorithm described above. An
example to calcplate the PEC for a 16-bit word (0x0001)
is listed in Table 24, The PEC for 0x0001 iz computed as
0x3D6E after stuffing a 0 bit at the LSB. For longer data
streams, the PEC is valid at the end of the last bit of data
zant to the PEC register

e P ADR BATE
"
PEC RESISTER BT ¥

— f—

D+ P I T P I -+ P

F3 F

Figure 22. 15-Bit PEC Computation Circuit
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LTCEB04 calculates PEC for any command or data received
and compares it with the PEC fallowing the command or
data. The command or data is regarded as valid only if
the PEC matches. LTCBE0M also attaches the calculated
PEG at the end of the data it shifts out. Tablz 25 shows the
format of PEC while writing to or reading from LTCES04,

While writing any command to LTCEE04, the command
bytes CMOO and CMOT (See Table 32 and Table 33) and
thi PEC bytes PECO and PEC1 are zant on Port & in the
fallowing order:

CMDO, CMO1, PECO, PECT

After a broadcast write command to daisy-chained
LTCE804-1 devices, data is sent to each device followad
by the PEC. For example, when writing the configuration

Table 24. PEC Calculation for Dx0001

register group to two daisy-chained devices {primary device
F stacked device 5), the data will be sent fo the primary
device on Port A in the following order:

CFGRO(S), ..., CFBRS(S), PECOyS), PEC1(S), CFGRO(P),
..., CFGRS(P), PECO{P), PEC1(P)

After a read command for daisy-chained devices, each
device shifts out its data and the PEC that it computed for
its data on Port A followed by the data received on Port B.
For example, when reading status register groep B from
two daisy-chained devices (primary device P stacked
device 5), the primary device sends out data on port A in
the following arder:

STBROP), ..., STBRS(P), PECO(P), PECA(P), STBRO(S),
..., STBRS(S), PECO(S), PEC1(S)

PEC]14] 0

PEC[13]

PEC]12]

PEC[11]

PEC[10]

PECID|

BECE|

PECIT]

BEC[E|

PEL[5]

PEC[4]

PEC(3]
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PEC|1)

PEL0]
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Table 5. Write/Read PEC Format
HAME ROWR BIT T BTG BIT S BIT4 BIT3 BIT2 BIT1 BT
PECO ROVWR FEC[14]) FEC]13) PEL[12] PEC{11] PELG(10] PEC[] PEC[3] FEC[T|
FECT RLVWR PEC[E] FECIE] PELJ4] PEC]E] PECIZ] PEC1] PEC[T] i
Broadeast vs Address Commands Daisy-chained (LTCE804-1) configurations support broad-
CONFIGURATION TYPE OF COMMAND cast commands Dnl}', because thﬂ'ﬁl' have no ﬂddfﬂﬂing.
DEVICE \NTERFACE | READ WHITE POLL All devices in tha chain recaive the command bytes simul-
LTraa0a2 = pdraee | Addrass | Address taneously. For example, to initiate ADC conversions in a
{Address/Paralie) nly o o stack of devices, a single ADCY command is sent, and all
Broadcast | Brosdcast devices will start converzions at the same time. For read
isaSF "%dnfﬁﬁ- and write commands, a single command is sent, and then
i the stacked devices effectively turn into a cascaded shift
;;EL“;:IL_ e Broadcast-Only ni register, in which data is shifted through each device to
(Daley ! the next device in the stack. See the Sarial Frogramming

TThe LTCES04-2 will not return data pelses when using broadcast
commands in is05M mode. Therefore, ADC commands will execule, but
paling wil not work.

Address Commands (LTCG804-2 Only)

An address command is one in which only the addressed
device on the bus responds. Address commands are ysed
anly with LTCE804-2 parts. All cormmands are compatible
withaddressing. See Bus Protocols for Address command
format.

Broadcast Commands (LTC6804-1 or LTCGB04-2)

A broadcast command is onge to which all devices on the
bz will respond, regardless of device address. This com-
mand format can be ysed with LTCGEQ4-1 and LTCE304-2
parts, Sae Bus Protocols for Broadcast cormmand format,
With broadcast commands all devices can be sent com-
mands simultaneously.

In parallel (LTCG304-2) configurations, broadcast com-
mands are useful for initiating ADC conversions or for
sending write commands when all parts are being written
with the same data, The polling function {automatic at the
end of ADC commands, or manual wsing the PLADC com-
mand) can also be used with broadcast commands, but
anly with parallel SPI interfaces. Polling is not compatible
with parallel isoSPI. Likewise, broadcast read commands
should not be used in a parallel configuration (eithear SPI
or isnSP().

Examples section.

Polling Methods

The simplest method to determine ADC completion is
for the cantroller to start an ADC conversion and wait for
the specified conversion time to pass before reading the
rasults. Polling s not supported with daisy-chain com-
munication (LTCES04-1).

In parallel configurations that communicate in SP| mode
(1SOMD pin tied low), there are fwo methods of poll-
ing. The first method is to hold C3B low after an ADC
conversion command is sent. After entering a conversion
command, the SD0 line is driven low when the device is
busy performing conversions (Figure 23). 500 15 pulled
high when the device completes conversions. However, the
500 willalso go back high when C3E goes high aven if the
device has not completed the conversion. An addressed
device drives the S00 line based on its statuz alone. A
problem with this method is that the controller is not free
to do other serial communication while waiting for ADG
conversions fo complete,

The next method overcomes this limitation. The controller
can send an ADC start command, perform other tasks, and
then send a poll ADC converter status (PLADC) command
to determine the status of the ADC conversions (Figure 24).
After entering the PLADC command, S00 will go low if
the device is busy performing conversions, S00is pullad

high at the end of conversions. However, the D0 will also
BEI Ho
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go high whan CSE goas high even if the device has not
completed the conversion, Sse Programming Examples an
how to uze the PLADC command with devices in parallel
configuration.

In parallel configerations that communicate in isoSPI
mode, the low side port transmits a data pulse only in
response to a master isoSP1 pulse received by it. So,
after entering an address command in either method of
polling described above, isoSPI data pulses are sant to
the part to update the conversion status, Thase pulses
can be sent using LTCEE20 by simply clocking its SCK
pin. |n response to this pulse, tha LTCES04-2 raturms an
is05Pl pulse if it is still busy performing conversions and
does nol return a pulsa if it has complated conversions, If
a (5B high isoSPl pulss is sent to the LTCBE04-2, it exits
the polling command. Mote that broadcast poll commands
are not compatible with parallel isoSPI,

1\

Bus Protocols

Protocol Format:-The protocol formats for both broadeast
and address commands are depicted in Table 27 through
Table 31. Table 26 is the key for reading the protocol
diagrams.

Table 26. Protocol Key

ChDa First Command Byte (Ses Tables 32 and 33)
ChDN Second Command Byle (Sea Tables 32 and 23)
FECO First PEC Byie [See Table 25)
PEC1 Second PEC Byle [Se Table 25)
" Nurribier of Byles

Caontinuation of Protocal

Mastar o Slave

Slave to Macter

l‘ CrCLE ~

.

1]l }(F.ISHIEUE:-X[IT 1M B LSBIPEC) /

Figure 23. 00 Polling Alter an ADC Conversion Command

-\

[

Vavatiia

COMVERSIIN DOME smram

Figure 24. 500 Podling Using PLADC Command
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Command Format: The formats for the broadcast and
address commands are shown in Table 32 and Tabls 33
respactivaly. The 11-bit command code CC[10:0] is the
same for a broadcast ar an address command. A list of
all the command codes is shown in Table 34. A broadcast
command has a value O for CMDO[7] through CMDO[3].
An addrass command has avalue 1 for CMDO[T] followed
by the 4-=bit addrezs of tha device (a3, a2, a1, ad) in bits
CMDO[6:3]. Anaddressed device will respondtoanaddress

Table 27, Broadeast/Address Poll Command

command only if the physical address of the device on
pins A3 to AQ match the address specified in the address
command. The PEC for broadcast and address commands
rmust be computed on the entire 16-bit command (CMDD
and CMD1).

Commands

Table 34 lists all the commands and its options for both
LTCE804-1 and LTCEB04-2

[] 8 ] B
CMDD | CMIM | PECO | PECT | Pull Dats
Table 28, Broadeast Write Command (LTCEBO4-1)
A ] B ] ] B 8 |3 3 L]
CMDD | oM | PECO | PECY Data Ayie Low Data Byte High | PEGO | PECT | Shilt Byte1 Shitt Byte i
Table 28, Broadeast/Address Write Command (LTCEA04-2)
a ] i3 ] ] B ] |3
CMDD | cma | PECO | PECY Dtz Byle Low Data Byte High | PECO | PECH
Table 30. Broadcast Read Command (LTCEB04-1)
a ] 13 ] ] B ] 2 2 i
CWMpD | Ch PECO PEC1 Diata Byie Low [Data Byte High FECD | PEC1 Shilt Byie 1 Shill Byte n
Table 31. Address Read Command (LTCGH04-2)
a ] |3 ] ] g ] 2
CMD0 | oMd | PECO | PECY | DataByle Low Data Byte High | PECD | FEGI
Table 32, Broadeast Command Format
NAME ROWR EIT7 BIT & BITS BIT4 w3 BITZ ET1 Bma
cMDo WR a o o a o CE|10] [FRL]] C[8]
CMo WH cey L&) Col8| ced) [EE]] ooz [FR ] Cis(aj
Table 33, Address Command Format
MAME RO/MWR BIT? BIT & BITS BIT4 BIT 3 BIT2 BIT1 BIT D
cMon WH 1 a3" a2 NE ab* e[| [FR ] cifa
MO WR Rk CC[6) CCl5] CCJ) [FHE] Celz) otf1) Co[d]
*ax i5 Addrass Bit x
BEDdiHo
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Table 34. Command Codes
COMMAND DESCRIFTION NAME CC10:0] - COMMAND CODE

1l ] ] 1 13 5 4 a 2 1 0
Wirtte Cordiguration WHRCFG ] 1] a ] i} o a ] | a 1
Ragister Group
Read Contiguration ROCHG ] 1] a ] i} 1] a o | 1 i}
Register Group
Raad Call Voltage ROCAA ] 0 a ] i} 0 a 0 1 1} i}
Ragisier Group &
Raad Call Voltage ROCVE 0 1] a ] 1] o 0 0 1 1 i}
Ragister Group B
Raad Call Valtage ROCVE 0 0 a ] 1] 0 a 1 0 1] ]
Ragister Group G
Read Cell Voltage RDCND 0 1] a 0 1] 0 Q 1 0 1 1]
Ragister Group O
Read Muiliary ADALICA 0 1] 0 n ] o a 1 1 a ]
Ragister Group A
Raad fuilary ADGLE ] 1] 1] ] 1} o a 1 1 1 1}
Rapister Group B
el Status Regiter Group & | ROSTATA ] 1] a ] 1} o 1 ] ] a 1}
Read Stalus Regisher Group B | ADSTATE 0 1] a 0 0 0 1 0 0 1 0
Start Call Woltage ADGC ADCY ] 1 WD) | MDD 1 1 DCP o CH2| CH|1] | GCHLO)
Gonversion and Poll Blalus
Start Open Wira ADC Con- ADOW ] 1 MD|1] | MO[] | PUP 1 DCP 1 CH2| CH[1] | GHLO)
wersion and Pall Status
Start Salf-Tast Call Voltage CVET 1] 1 MO [ MD[E) | ST | ST[O) a il 1 1 1
Gonversion and Poll Sstus
Starl GPI0s ADC Gonversion | ADAX 1 ] MD{1] [ WD) 1 1 ] o CHG [2] | CHG[1] | CHE O]
and Poll Status
Slar Sall-Test GPIDs AXET 1 ] MO|T] | MD[O] | BT[] | ST 1] n 1 1 1
Gonversion and Poll Status
Slarl Btatus group ADC ADSTAT 1 1] MO{T] | MDD 1 1 a 1 CHET [2] | CHET [1] | CHST 0]
Gonversion and Poll Status
Starl Sell-Tes! Bialus group | STATST 1 1] MO{1] | MDJO) | ETA] | ST a 1 1 1 1
Gonversion and Poll Status
Stan Combined Cell ADCVAX 1 1] MOJ1] [ MDjo] 1 1 DCP 1 1 1 1
‘'oliage and GPIO1, GPIO2
Converzion and Pall Stabus
Glear Call Voltage GLAGELL 1 1 1 0 1] 0 1 0 0 1} 1
Ragister Group
Glear Muoiliary CLAALX 1 1 1 n 1] 1] 1 0 0 1 ]
Ragister Group
Glear Status Aegisier Group | CLASTAT 1 1 1 ] i o 1 0 ] 1 1
Poll ADG Comvarsion Stalus | PLADG 1 1 1 ] 1] o 1 0 1 1} i}
nagnose MUY and Poll DIAGN 1 1 1 ] o o 1 o 1 1} 1
Status
\Wirite COMIM Register Group | WRCOMM | 1 1 1 ] i} 1 a o | a 1
Raad COMM Register Group | RDCORM 1 1 1 ] 1} 1 a ] ] 1 1}
Star 1C/5 P! Communication | STCOMM 1 1 1 ] 1] 1 0 0 0 1 1
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Table 35. Command Bli Deseripiions

HAME DESCRIPTION VALUES
MO | AOCOPTIGFGRO[D]) =0 ADGOPT (CFGRADLN]} =1
1] 27 iz Moda [Fasi) 14kHz Mida
MO[AL | ADE Made 10| 7kkiz Mada fhamal) Bz Mogs
11 2AHE Micde (Filtered) 2kHz Mode
oce
DEP Discharge Permitied b Discharga Not Pemitied
1 Discharge Permitted
Total Coswersion Tima in the & ADG Maodes
CH 2TkHz 1dkHz TkHz 3kHzr ZHzr FEHz
ooo | Al Cells 1.1ms 13ms | 23ms | 30ms | 44ms | 20ims
o Call 1 and Cel 7
CHE2:0] Cell Belechion for ADC Corversion | MO Cell 2 and Cel &
m1 Call 3 and Cal 9
100 Cell 4 and Cell 10 a0t 20 405 bl s s
106 | CellS5and Cel 11
110 |Cell&and Cel 12
PUP
1 Puil-Up Current
Sell-Test Cormearsion Aesull
8T 27kHz 14kHz TkHz kHz ZHz TiHe
STHD] - | Sek-Test ode Sekection 0 |SaftTestl DA565 | Dxd553 | 0«d555 | 00555 | CedS65 | Qw0555
1o Sefltes12 Dbk | OxBAAC | OuBAAA | OeBfulh | DGR | GAAR
Tukal Corrersion Time in the B ADG Modes
CHG 27kHz HdkHz ThHz 3hHr PHr ez
000 | GPID -5, 2nd Red 11w 1.3ms 2dms | ZOmE | ddms [ F0Ims
iy GPID1
CHE[2:0] | GPIO Selection for ADC Comvarsion |00 |GRD 2
M GFD 3
T s Hiys difSgs | S0Mps Todys Hms
104 GRD 5
110 | 2nd Relerence
Total Comarsion Tima in tha 6 ADG Modes
CHAT 2TkHz fldkHz ThHz 3kHz PHz 6z
000 | BOC, ITME VA, VD TdRps BE5S 1Bms | Z0ms | 30ms | 13ms
GHST[2:0]" | Status Group Salection o |50
g} ITRIP
A 2ps Fiys A5y 501 Todjs Hme
100 |voe"

* Noe: Vabd aptions lor CHST in ADSTAT command are 0-4, 1T CHST is gel to 58 in ADSTAT command, the LTOEA0S breats it ke ADAX command with

CHGE = 5%,

**The use of the ADSTAT command with GHST = 100 is not ecommendad unless special cam is faken. See the Data Acguisilion System Diagnostics
section for more detalls.
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Table 36. Configuration Register Group

REGISTER ADWA BITT BITE TS BIT4 BIT3 BIT 2 BIT1 BIT D

CRERO ADMA GPING GPIO4 GRIDG GRI02 GPION REFON SWTRD ADGOPT
CRER1 ADAR WUN[T) WLVIE) e WVLN[4) e e WIN1) LN |D]
GRGRE AD'AA VN3] Y] VW] VOO YUV[11] YUNTD] ¥ a) VLIV[E]
CRGR3 RO VN[ 1] Vo) [T WoNTa) Vo7 Vo] e Va4
CFGER4 ADE LHE] DOCy DCCE DECS OcCd DoC3 DLc oo

CFERS ADAR [TALOE OCTO[E] 0CTOf) DETO 0] [TERF] DCEN [iTRAL] 0GLa

Tahle 37. Cell Voitage Register Growp A

REGISTER | AOAWA BITY BITE BT S BITA BIT3 BIT 2 BIT BITO
GVARD AD VT CAV[E| C1vs] V4] CV[3| CIvE] GIN[1] VO]
VAR AD CIWIS] | Cov[i4] | Cwpia] | el | cwpn) | e AT C1v[e)
CVAR? Ao o7l Cava] Cavs] eI C23| Cav?] V| C2v0]
VAR fiD COW[15] | Ca[t4] | cev[i3) | cav[iz | ca[n) | caviig c2v[3| Caa)
CVAR4 AD GIV[T] Cav[a] CaVIE] cav[4| V3] Caviz] cav[i| =]
CVARE AD CIVIE] | CO[M4] | CN[I) | o | en[) | e [T e

Table 38. Cell Voltage Register Gromp B

REGISTER | AD/WR BITT BITE BT 5 BITA BIT3 BIT 2 BIT1 B0
CVERD AD CaV[T] L4Vl C4VTE] CAVi4] | CavTal CAViZl | cavp] C4V[0]
GVERT AD GAV[15] | CAV[14] | CAV[I3] | GAV[1E] | CAV[] | cAviiO) CAN[3) ]
CVERZ Ao oav|7] CEv|s] C5v]s] osV[4] (e EH] CEV[| =
VR AD EEREEEEECER I T R [ =]
CVERY [T1] CEY|T] CEV|5] Cav(s] CEV4] eV ] CEV[1] [T
CVERS AD CAM[1S] | CEN[14] | CEVHI] | GeM[t2] | GV | cavitD) [T CEUTA]

Tahle 39. Cell Voltage Register Growp C

REGISTER | AD/WA BIT7 BITE BT 5 BIT4 [TE] BITZ BIT1 BT O
CWCAD Al ] CTv[8] Crs] CIv[4] [0E ] ] ]
CVCA1 an CTV[15] CTV[14] CTV13] CIV[12] CN11] CAim CTvE] CTva)
EVER2 [ EVT] L[] CH[E] ] [CE] cavz] B[] cav[l)
CVGR3 AD CHV[1S] | Cev[t4] | cavpE) | caviEl | GV | ceviig e Cave)
CVCRA (] COV[T] L[] CAN[E] oV [CE] Cov2] [T ]
CYCRS AD | CHWIE] CEV14] CAV13] Cav[1z] L2 Ca1m COVE| CTa)

Tabile 40. Cell Voltage Regisler Growp D

REGISTER | AD/WA BIT7 BITE BT S BIT4 [TLE] BIT? BIT BITO
GVDORD RO GIV[T] | O[] | CIOv[s) | GIOW4] | COov[E] | ciovi2] | GIovp] | CIowO)
CNDE1 A | Clm15] CIOV[14] CIM13] CIO¥[12) GOV 1) cimim C10v[9] CIoTa]
GVDR2 ] CUVT] | Cov[E] | GIVIS] | GIIVE] | COW[E | civig] | civpl | CIiD)
CYDR3 AD citvjas] | oo | ocinpiag | ocovpz | ocinpin |ocigiog | e CA1VA]
GVDR4 Ao CIBVT] | GO2v[s] | G12vis] | Glavi4] | G123 | c1aviE] | ciavpp | ctao)
CVDRS 3] cioves] | cizvpd) | cama | cievpz | oo [ oo [ cievgE) C12V]A)
BEDdTHo
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Table 41. Auxiliary Repister Group A

REGISTER RD/WR BT7 BIT 6 BITS BT 4 BIT3 BIT2 BIT1 BITD
ANVARD RO BIV[7) G1V[E] GIVE] G1V[4) G1W[3 &12) G1V[1] GV
ANAR RO G1W[15) GIV14] GIV[13] G1V12] GIN11] IV10) GIV]4) GIV[E|
ANARZ RO GIV]T] GG G5 GEV[4) GIV[3] &RVE] G2v[1] G2V
AVARZ RO G215] Gav[14] G213 GEV[12] GH[11] &) Gav[g) G2V[E|
AVAAY RD GIVIT] GIV[E] G5 GIV]4] GIV[3| G2 GIV]1] GV
ANARS [} GI15) GaV[14] GI[13) GIV]12] GaN11] GI10) Gav[d) GIN[A)

Table 42, Auxiliary Register Group B

REGISTER RO/WR BT 7 BIT TS BITA BIT3 BT 2 BIT1 EITO
AVEAD RO B4V7] GAV6] G4V GaV[4] GAV[3| ] BAV[1] G|
ANEAT RD GW[IE] | GaN[H] | Gav[13) GaV[12] | GaW[11] | &av(i0) Gav]9] GAV[S|
MERZ A0 GEVIT] G5V(6] GEV[5] G5V4] GEY|3] [EE0E GaV[1] L
ANBAS RO GHV[I5) | GaV[H4] | GEM(13) | GSE] | GRW[11] | GSv[i) B5Y]9] GEV]E]
AVERY RO REF[7] REF[G] REF|5] AEF[4] REF3] REF|2] RAEF[1] REF|0
ANEAS RO REF[15] REF14] | REF[Y REF[12] REF1T] | REFPO| REF[A) REF]4]

Tahle 43, Statws Regisier Group A

REGISTER RD/WR BITT BIT 6 BITS BIT 4 BIT3 BT 2 BT 1 BITO
STARD RD S0CIT] S0C[E] S0C]A] S0C[4] S0C[3] S0C]2] S0C[1] S0C[0)
START RD SOC[15) | SOC[14] | SOC(13) | SOcpE | Soo(11] | SOGp0] | S0 50G[H)
STARZ AD ITMF(7) ITMPJE] ITME]5] ITMP() ITMP|3] ITh#[2] ITME(1] ITME|D]
ETARI RD MRS | mRgd) [ e | gz | ey | menn | e | MR
STARA A YAL7| WAJE] VA[S] WA[4) A e [T [
STARS RD WA[15] VA[14] VAI13] WA[12] VA1) VA1) WA[a] WALE]

Tahle 44, &tatws Regisier Group B

REGISTER | RDWA [k} BITH 0TS BIT4 BIT3 B2 BIT1 BITO
STRAD AD Vo7 VD[E] VO[] vija] VD[] (e VD1 v
STEA1 RD WVO{15] VO[14] VO[3 VI{12] VD[] VD[] Vg VD[E]
STRAZ RD Caly [0, C30V caly 2V C2liv o EIT]
5TEAZ AD cany CaUY LoV iUy [ CELY CEOY CHUN
ETBAd RD 20 [E LD HIIT CIDN AL ooy Coly
STRAS AD REVIZ] REV]Z] REV[1] REVID] RSV RSWD | MUGAL | THsD

Tahle 45. COMM Register Group

REGISTER RD/WR [TiE] BITE [ BIT 4 BIT3 B2 BIT1 BITD
COMMD ROOWR | ICOMO[E] | ICOMO[Z) | IGOMO{1] | iCONA[o| 0a[7] D] 00{5) Daj4)
oMM RD/WR oog3| oojz] oapt| DO[0) | FCOMO[3| | FCOMO[Z] | FCOMOD[Y] | FCOMO[]
COMM2 ROOWR | KCONM[Z] | ICOMA[Z) | ICOMA[I] | IcOM[o) 7 oigs| 0[5 D4
COMMS ROVWR 013 AT M) o[ FCOMM[3] | FoOM[R] | FoOMA[Y] | FCoAMo)
COMMA ROOWR | WGOMZ[E) | ICOMZZ) | coMz(r) | IcOmeo| 02[7 D) 02[5) D2[4)
COMMS ROMWA n2[a) eI E] e naEn) Feomzla] | Foomzi) | roomzn) | Foosepo)
BEDdiHo
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Table 46. Memory Bit Descriptions
MAME | DESCRIPTION VALUES
GPIOx | GFIOw Pir Gontrol | Write: 0 == GPW Pin Pull-Deam OR; -2 GPIOx Fin Pull-Oown OFF {Detaul)
Raad: @ -» GPICw Pin 2t Logic @; 1 - GPIOw Pin at Logic 1
REFON | Rafarsnce 1 - Hafarence Remains Powered Up Unbl Weichdog Timeaut
Powered Uip 0 -> Reference Shuts Down aller Conversians {Delaull)
SWTAD | SWTEM Pin Status | 1-» SWTEM Pin o Logic 1
{Aazd Oniy) 0 -> SWTEN Pin &t Logic 0
AOCOPT | ADG Mode Option | ADGOPFT: 0 - Salects Modes 27kHz, TkHz or 26Hz with MO[1:0] Bits in ADG Conversion Gommands {Detault).
il 1 == Balecls Modes 14kHz, JkHz or 2kHz with MD[1:0] Bits = ADC Conversion Cammands,
WU Undervaltage Comparises vitage = (VLY 4+ 1) = 16 = 100V
Gomparison Dafault: YLV = (00
Vollage®
voy [ervoitage Comparison soltage = VOV « 16« 100y
Gomparison Default: YOV = (00
Vollage®
DCC[x] | Discharge Cellx  |a=18 12 1-» Turn DN Shaitirg Swilch for Gell x
- Turn OFF Shorting Switch for Call = {Delfault)
DCTO  |Déscharge Time | DETO ] i 2 3|4 ] ] 7 B |4 A A C|D|E|F
Dwl Value [Write]
Time | Diahled | 05 1 2 k] 4 5 10 |15 | 20 | 30 | &40 | BO | 75 | 90 (120
(Min)
DCTO 0 1 2 14 & ] 7 B |4 A B C|D|E|F
(Fead))
Time | Disahled | O | 05 1 2 3 4 5 i | 15 | 20 | 30 | 40 | GO | 75 | 90
let | wor [ to |0 [ b0 [0 |t (i | to|do | d0 |t |t |t [f0| |t
lfl.lin:l'ﬁmemus1?34510152030dﬂﬁﬂ?593m
1
Gyl Collx Voltage®  |x=1%8012 16-Bit ADC Meazwamant Value for Call x
Cell Molizge for Cell % = Ca¥' = 100
CxV |5 Aezat bo DaFFFF on Powar-Up and After Clear Command
Gl GPIO o Voltage*  |x=1%05  16-Bit ADC Measwemant Walue for GPICk
Vollage far GPITx = G\ = 100V
GV |5 Reset to 0uFFFF on Power-Up and Aftar Glear Command
REF 2nd Rederanca 16-Bit ADC Magzuremant Value for Ind Referance
Vollage® Vollage tar 2nd Rederence = AEF = 100)Y
Mormal Range ks within 2985V fo 3.015¢
50C Sum of Calls 16-Bit ADC Meazuremant Yalue of the Sum of All Call Voltages
Mesurement” Sum ol All Cells Vollage = S0C = 100py = 20
WP Interral Dig 1E-Bit ADG Measurement Valug of leiemal Die Temperature
Temperahre* Tamperature Measuremant {“C) = ITEIP = 100p8/7.5mé~C - 273°C
WA Analog Power 16-Bit ADC Meazwremant Yalue of Anzlog Power Supply Yoltzge
Supply Veltage® Fnaksg Powes Supply Voliage = W e 100
Hormal Range ks within 4.5V to 5.5V
¥D Digital Povwer 16-Bit ADC Meazwremant Yalue of Digital Power Supply Voliage
Supply Veltage* [Digital Power Supply Vollage = W = 10007
Hormal Range ks within 2.7V to 3.6V
Gol | Cellx Overvollage |x =180 12  Cel Volage Gompared to VOV Comparison Violtage
Flag 0 -2 Gl 3 Nob Flagged Bor Overvaltage Condition, 1 -» Call x Flagged
Gxlv | Celx w=18012  Gel Vanegs Comparsd fo VUV Companison Voltage
Undarvoliage Flag (- Gell % Not Flagged for Undervoltage Condition. 1 -> Gell x Fagged
AEV Ravizion Code [Davice Rewision Code, Sae Revision Goda and Reserved Bits in Oparation Section,
ASVD Raserved Bits S Aevision Code and Aesarved Bils in Dpesation Section.
BEDAEI
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Table 46. Memary Bif Descriptions
HAME | DESCRIPTION VALUES
MUXFAIL | Multiplexer Sel- | Read: 0 -> Mulbplexer Paszad Salf Test 1 - Muliplexer Faled Salf Test
Test Result
THS0 Thermal fead: 0 -» Thermal Shutdown Has Nof Dccurred 1 - Thermal Shistdown Has Dozurred
Shubdoem Status | THSD Bit Cleared to 0 on Read of Status Reglster Group B
ICOMn | Initial Wirile 12C 10 0om 000 011
o en STAAT STOP BLANK NO TRANSMIT
5P 1000 100 1111
CSE Low CSE High N0 TRANSMIT
Read 126G 10 L] Q000 o1
ETAAT from Mazher ETOP from Mzstar SDf Loww Babwesn Byfes | S0 HE Hetwaen
yles
&P 11
D 1CSPI Data Transmitied {Received] o (Fram) IFGEP Slave Device
Communication
Data Byte
FCOMn | Final Wirile 126 L] 1000 1001
gmg“g';:"m Masier ACK Master NACK Master NACK + STOF
5P xoaon 1001
CSE Low C5E High
Read = anoa o 1 LlilI}] 100
ACH from Master | ACK from Slave | MACK from Slave | AGK from Slave + | MACK from Slave
ETOP from Master |+ STOP tram
Masier
5H 1M

“\inltape equations uss the decimal valws of registers, 0 to 40695 for 12 bits and 0 o 65535 for 16 bits.

PROGRAMMING EXAMPLES

The following examples use a configuration of 3 stacked
LTCE804-1 devices: 51, 52, 53, Port A on device 51 is
configured in SF1 mode (ISOMD pin low). Port A on de-
vices 52 and 53 is configured in isoSP1 mode (1S0MD pin
high). Port B on 51 is connected to Port & on 52, Port B
on 52 iz connected to Port A on S53. The microcantroller
communicates o the stack through Port A on 51,

Waking Up Serial Interface

1. Send a dummy byte. The activity on CSB and SCK will
wake up the serial interface on device 51.

2. Wait for the amount of time 3 # tyaye in order fo power
up all devicas 51, 52 and 53,

For large stacks where some devicas may go to the IDLE
state after waking, apply steps 3 and 4:

3. Send a second durmmy byte.

4. Wait for the amount of fime 3 * tagapy
3. 5end commands

Write Configuration Regislers
1. Pull C3B low

2. Send WRCFG command {0x00 Ox{H ) and its PEC {030
OxEE)

3. Send CFGRO byte of device 53, then CFGR1({53), ...
CFGRS(S3), PEC of CFGRO(S3) to CFGRS(S3)

4. Send CFGRO byte of device 52, then CFGR1(52), ...
CFGR5(52), PEC of CFGRO{SZ) to CFGRS(52)

5. Send CFGRO byte of device 51, then CFGR1(51), ...
CFGR5(51), PEC of CFGRO{S1) to CFGRS(51)

6. Pull CSB high, data latched into all devices on rising
edge of C5B

BEI Ho
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Calculation of serial interface time for sequence above:
Mumber of LTCES04-15 in daisy chain stack = n
Mumber of bytes in sequence (B):

Command: 2 (command byte) + 2 (command PEC) = 4

Data: 6 (Data bytes) + 2 (Data PEC) per LTCEE04 = 8
bytes per device

B=d+8on
Serial port frequency per bit = F
Time = (1/F)* B+ 3 bitsyte = (1/F)=[4 + B+ n] =B

Time for 3 LTC&304 example above, with 1MHz serial
port = (1/1e6)* (4 + B+ 3)« 8 = 2243

Mote: This time will remain the same for all write and read
commands.

Read Cell Voltage Register Group A

1. Pull C3E low

2. Send ROCYA command (000 0x04) and its PEC (0x07
0xC2)

3. Read CVARO byte of device 51, then CVAR1(S1), ...
CVARSI5T), PEC of CVARD(S1) to CVARS(S1)

4. Read CVARD byte of device 52, then CVAR1(SZ), ...
CVARDISZ), PEC of CVARD(S2) to CVARD(SE)

3. Read CVARD byte of device 53, then CVART(S3), ...
CWARS(53), PEC of CVARD(S3) to CVARS(53)

6. Pull C3B high

Start Cell Voltage ADC Conversion

(All calle, normal mode with discharge permitted) and
poll status

1. Pull CS8 low

2, Send ADCY eommand with MD[1:0] = 10.and DCP =1
i.g. 003 070 and its PEC (0xAF 0xd2)

Clear Cell Voltage Regisiers
1. Pull CSE low

2. Send CLRCELL command (0x07 0x11) and its PEC
{0xC% 0xC0)

3. Pull CS8 high

Poll ADC Status

(Parallel configuration and ISOMD = 0)

This example uses an addressed LTCE804-2 with address
A [3:0] = 0011 and 1IS0MD = 0

1. Pull G5B low

2. Send PLADC command (0x9F 0x14) and its PEC (0x1C
O )

3. 500 output is pulled low if the LTCG804-2 is busy. The
host neads to send clocks on SCK in arder for the poll-
ing status to be ypdated from the addreszed device.

4. 500 outputis highwhen the LTCE804-2 has complated
CONVErsions

b, Pull G5B high to exit polling

Talk to an 12C Slave Connected to LTC6804

The LTC&E04 supporis 12C slave devices by connection to
GPI04(5DA4) and GRIOS(SCL). One valuable use for this
capability is to store production calibration constants or
other information in a small sarial EEPROM using a con-
nection like shown in Figure 25,

i
E:a T iEi ™ :I::H_ \TCEEM
5L GRIOSECL)
W
PRI VRS = ez e Heal i}
e
T
-

3. Pull CSB high Figure 25. Connecting 1°C EEPROM 1o LTCBA04 GPID Pins
BED4I2:
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This example uses a single LTCG304-1 to write a byte
of data to an 12C EEPROM. The LTCEE04 will send thres
bytes of data to the I2C slave device. The data sent will be
BO = OxAD (EEPROM addrass), B1 = 0x01 (write com-
mand), and B2 = 0xAA (data to be stored in EEFROM).
The three bytes will be transmitted to the 12C slave device
in the following format;

START — B0 — NACK - B1 - NACK — B2 — NACK - STOP
1. Write datato COMM register psing WRCOMM command

a, Pull CSB low

b. Send WRCOMM command (0x07 0x21) and itz PEC
(024 0xB2)

. Sand
COMMO = 0xB4, COMM1 = Ox08 ([START] [BO]
[MACK]),
COMM2 = 000, COMM3 = D18 ([BLANK] [B1]
[MACK]),

COMM4 = 0xDA, COMMS = 0xAS ([BLANK] [B2]
[NACK+STOP])

and PEC = 0xED 0xFB for the above data
d. Pull C5B high

2. 5end the 3 bytes of data to I°C clave device Lising
STCOMM command

a. Pull CSB low

b. Send STCOMM command (Dw07 023) and its PEC
(0xBS OxE4)

. Send 72 clock cycles an SCK
d. Pull CEB high

3. Data transmitted 1o slave during the STCOMM com-
mand is stared in the COMM register Use the RDCOMM
command to retrieve the data
a. Pull C3B low
b. Send ROCOMM command (0x07 0:22) and its PEC
(0x32 OxD6)

¢. Read COMMO-COMMS and the PEC for the 6 bytes
of data.
Azzuming the slave acknowledged all 3 bytes of data,
the read back data in this example wauld look like:
COMBD = 0xBA, COMMI = 0207, COMM2 = 0x70,
COMMS = 017, COMME = 0x7A, COMBME = OxAl,
PEC = 0x00 0xDE

d. Pull CSB high

Mate: If the slave returns data, this data will be placed in
COMBAD-COMMS.

Figure 26 shows the activity on GPIOS (3CL) and GRIO4
{SDA) ports of the 12C master for 72 clock eyeles during
the STCOMM command in the above example.

o AN A A A A A A AR,

- - -
SIIA (GFIDE) ML ' [ | ] LT Mo
Vo i [ [

START A0 i B sTap

LAST CLOCK OF FCK FRIOM SLAVE KCK FROM SLAE KK FROM SLAVE
STCOMM COMMERD! o

Figur 26. LTGEBO4 1°C Gommunication Example
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Talk to a SPI Slave Connected to LTCGE04 3. Data transmitted 1o slave during the STCOMM com-
mand is stored in the COMM register Usethe RDCOMM

This example uses asingle LTCE804-1 device which has a command fo retrieve the data.

5Pl device connected to itthrough GPI03 (CSEM), GPI04

(SDOM) and GPIOS5 (SCKM). Inthis example, the LTCEE04 a. Pull C3B low

device sends out 3 bytes of data BO = 0x55, B1 = OxdA b. Send ROCOMM command {0x07 0x22) and its PEC
and B2 = 0xCC to the SPI slave device in the following {032 0xD8)

format: G low — BO - B1- B2 - CS8 high ¢. Read COMMO-COMMS and the PEC for the 6 bytes

1. Write datato COMM regizter using WRCOMM cormmand of data. The read back data in this example would

a, Pull CSBM low look like:

b. Send WRCOMM command (0x07 0x21) and its PEG COMMD = 0x735F COMM1 = OxTRAE COMMZ =
(0x24 0%82) TCCE PEC = OnF2BA

c. Send d. Pull CS8 high
COMMD = 0xB5, COMM? = 050 ([CSBM low] Mote: If the slava returns data, this data will be placed in
[BO] [CSEM low]), COMMO-COMPMS.
COMMZ = 0xBA, COMPM3 = 0xAD ([CSEM low] Figure 27 shows the activity on GPIO3 (CSBM), GPIOS
[B1] [CSEBM low]), {SCKM) and GPIO4 (SDOM) ports of SPI master for 72
COMMA = 0xBC, COMMS = 0xCS ([CSBM law] clock cycles during the STCOMM command in the above
[B82] [CSEM high]) example,
and PEC = 0xB9 OxAd for the above data,

d. Pull CSB high

2. Sand the 3 bytes of data to 5Pl slave device using

STCOMM command

a, Pull CSB low

b. Send STCOMM command (0«07 0x23) and its PEC
(0«BS OxE4)

c. Send 72 clock cycles an SCK

d. Pull G5B high

M s | | T

¢t w55 s (¥ t
E0M LW CERM HIGH

LAST CLOCK OF
STCOMM COMMAKD

Figura 27. LTCE204 SP1 Communication Example
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APPLICATIONS INFORMATION
SIMPLE LINEAR REGULATOR

The LTC6804 draws most of its power from the Vazg input
pin. 5V +0.5V should be applied to Vggg. A regulated DC/
DC converter can power Vggg directly, or the DRIVE pin
may be used to form a discrete regulator with the addition
of a few external components. When active, the DRIVE
output pin provides a low current 5.6V output that can
be buffered using a discrete NPN transistor, as shown in
Figure 28. The collector power for the NPN can come from
any potential of 6V or more above V-, including the cells
being monitored or an unregulated converter supply. A
100€2/100nF RC decoupling network is recommended for
the collector power connection to protect the NPN from
transients. The emitter of the NPN should be bypassed
with a 1yF capacitor. Larger capacitor values should be
avoided because they increase the wake-up time of the
LTC6804. Some attention to the thermal characteristic
of the NPN is needed, as there can be significant heating
with a high collector voltage.

1000
LT0E8%4
WOt f— (1T
DRIVE us'ncamum?
Yigs
EWTEX
Viwry
Vs | W
GRYS |— | 1
GPNM — 1W
v
v
WP — = -

Figure 28. Simple Vgzeg Power Source Using
NPN Pass Transistor

IMPROVED REGULATOR POWER EFFICIENCY

To minimize power consumption within the LTC6804, the
current drawn on the V* pin has been designed to be very
small (500pA). The voltage on the V* pin must be at least
as high as the top cell to provide accurate measurement,
The V* and Vggg pins can be unpowered to provide an
exceptionally low battery drain shutdewn mede. In many
applications, the V* will be permanently connected to
the top cell potential through a decoupling RC to protect
against transients (100€2/100nF is recommended).

For better running efficiency when powering from the cell
stack, the Ve may be powered from a buck converter
rather than the NPN pass transistor. An ideal circuit for
this is based on the LT3990 as shown in Figure 29. A 1k
resistor should be used in series with the input to prevent
inrush current when connecting to the stack and to reduce
conducted EMI. The EN/UVLO pin should be connected to
DRIVE sothat the converter sleeps along with the LTC6804.
The LTC6804 watchdog timer requires Vg power to
timeout. Therefore, if the ENJUVLO pin is not cennected
to DRIVE, care must be taken to allow the LTC6804 to
timeout first before removing Vggg power, otherwise the
LTC6804 will not enter sleep mode.

W b

a1 10 —AM————

Al | ——
Wy BOOST 02
(T35 | £ Vg
OFF[ON — ENAUVLO  SW sV
e 80 40mA
- i o <
o2af a2
RT g 4 29F
T L 2216k |
'I
T et

Figure 29. Vpg; Powered from Cell Stack with High Efficiency
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APPLICATIONS INFORMATION
FULLY ISOLATED POWER

A simple DC/DC flyback comverfer can provide isolated
power for an LTCES04 fram a remote 12V power source
as shown in Figure 30. This circuit, along with the isoSPI
transformer isolation, results in LTCE804 circuitry that is
completely floating and yses almost no power from the
batteries. Aside from reducing the amouent of circuitry
that operates at battery potential, such an arrangement
prevants battery load imbalance, The LTCE804 watchdog
timer requires Vpeg power to timeout. Thersfors, care
must be taken to allow the LTCEE04 to timeouwt first before
rermoving Vpeg power; otherwisa the LTCEE04 will not
enter sleep mode. A dinde should be added between the
W+ and the top cell being monitored. This will prevent any
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currant from condupcting throwgh internal parasitic paths
inside the IC whan the isolated powsr is removed

READING EXTERMAL TEMPERATURE PROBES

Figure 31 shows the typical biasing circuit for a negative-
temperature-coefhcient (NTC) thermistor, The 10kfat 25°C
is tha most popular sensor value and the V geez output stage
i designed to provide the currant required fo directly bias
saveral of these probes. The biasing resistor is selected
to correspond to the NTC value so the circuit will provide
1.5V at 28°C (Vpeps is 3V nominal). The overall circuit
rasponse is approximately =1%/C in the range of typical
c2ll temperatures, as shown in the chart of Figure 31 .
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Figure 30, Powering LTCEA04 from a Remote 12V Source
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Figure 31. Typical Temperature Probe Circuit and Aelative Qutput
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EXPANDING THE NUMBER OF AUXILIARY
MEASUREMENTS

The LTC6804 provides five GPIO pins, each of which is
capable of performing as an ADC input. In some applica-
tions there is need to measure more signals than this, so
one means of supporting higher signal count is to add
a MUX circuit such as shown in Figure 32, This circuit
digitizes up to sixteen source signals using the GPIO1
ADC input and MUX contrel is provided by two other
GPIO lines configured as an 12C port. The buffer amplifier
provides for fast settling of the selected signal to increase
the usable conversion rate.

INTERNAL PROTECTION FEATURES

The LTC6804 incorporates various ESD safeguards to en-
sure a robust performance. An equivalent circuit showing
the specific protection structures is shown in Figure 33.
While pins 43 to 48 have different functionality for the
-1 and -2 variants, the protection structure is the same.
Zener-like suppressorsare shown withtheir nominal clamp
voltage, other diodes exhibit standard PN junction behavior.

16

FILTERING OF CELL AND GPIO INPUTS

The LTC6804 uses a delta-sigma ADC, which has delta-
sigma modulator followed by a SINC3 finite impulse
response (FIR) digital filter. This greatly reduces input
filtering requirements. Furthermore, the programmable
oversampling ratio allows the user to determine the best
trade-off between measurement speed and filter cutoff
frequency. Even with this high order lowpass filter, fast
transient noise can stillinduce some residual noise in mea-
surements, especially inthe faster conversion modes. This
can be minimized by adding an RC lowpass decoupling to
each ADCinput, which also helps reject potentially damag-
ing high energy transients. Adding more than about 100Q
to the ADC inputs begins to introduce a systematic error
in the measurement, which can be improved by raising
the filter capacitance or mathematically compensating in
software with a calibration procedure. For situations that
demand the highest level of battery voltage ripple rejec-
tion, grounded capacitor filtering is recommended. This
configuration has a series resistance and capacitors that
decouple HF noise to V™. In systems where noise is less
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Figure 32. MUX Circuit Supports Sixteen Additional Analog Measurements
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Figure 33. Internal ESD Protection Structure of LTC6804

periodic or higher oversample rates are in use, adifferential
capacitor filter structure is adequate. In this configuration
there are series resistors to each input, but the capacitors
connect between the adjacent C pins. However, the dif-
ferential capacitor sections interact. As a result, the filter
response is less consistent and results in less attenuation
than predicted by the RC, by approximately a decade. Note
that the capacitors only see one cell of applied voltage (thus
smaller and lower cost) and tend to distribute transient
energy uniformly across the |C (reducing stress events on
the internal protection structure). Figure 34 shows the two
methods schematically. Basic ADC accuracy varies with R,
Cas shown in the Typical Performance curves, buterroris
minimized if R = 100€2 and C = 10nF. The GPIO pins will
always use a grounded capacitor configuration because
the measurements are all with respect to V.
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CELL BALANCING WITH INTERNAL MOSFETS

The 51 through 512 pins are used to balance battery cells.
If one cell in a series becomes overcharged, an 5 output
can ba used to discharge the cell. Each S output has an
internal M-channel MOSFET far discharging, The NMOS
has a maximum on resistance of 2002, An external resistor
should be connected in series with the NMOS to dissipate
heat outside of the LTCE6804 package as illustrated in
Figure 35. It is still possible to wse an RC to 2dd additional
filbering to cell voltage measurements but the fitter B must
ramain small, typically around 104} to reduce the effect
on the programmed balance current. When using the
infernal MOSFETs to discharge cells, the die temperature
should be monitored, Sea Power Dissipation and Tharmal
Shutdown section,

CELL BALANCING WITH EXTERNAL MOSFETS

The 5 outputs include aninternal pull-up PMOS fransision
The 5 pins can act as digital outputs suitable for driving
the gate of an external MOSFET. For applications requiring
high battery discharge currents, connect a discrete PMOS
switch device and suitable discharge resistor to the cell,
and the gate terminal to the S autput pin, as ilustrated in
Figure 36, Figure 34 shows extarnal MOSFET circuits that
include AC filtering

Talsle47. Discharge Conlral During an ADCY Command with DCP =0
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Figure 35, Imtarnal Discharge Circuit
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Figure 36. External Discharge Circuit

DISCHARGE CONTROL DURING CELL
MEASUREMENTS

[f the dischargs permited (DCP) command bit is high ina
callmezsurementcommand, then the S pin discharge states
are not altered during the cell measurements. However, if
the DCP bit is low, any discharge that iz turned an will be
turned off when the corresponding cell or adjacent cells
are being measured. Table 47 illustrates this during an

CELLMEASUREMENT PERIDDSE CELLCALIBRATION PERIDDS
CELLY/T | CELL2/® | CELL3/S | CELL4M® | CELLAM1 | CELLEAZ | CELL1/7 = CELLZ® | CELL3A |CELL4A0 | CELL5A1 | CELLEAZ
DISCHARGE

Fi Tofotip | Fyt0 b | b 10 b | b 10 Lo | Tam@00san | Tamiotysn | fgutobic | hicbotye | fcholye | hetolye | Giclolse | fspiotse
51 OFF 0FF o oM oM OFF OFF QFF an an fiT’ 0FF
52 OFF OFF OFF ON ON (] OFF OFF OFF an aN oN
51 an OFF DFF DFF o o o0 0FF 0FF 0FF N N
a4 N N OFF DFF 06F o o o aFF OFF OF oM
5 an an ol OFF OFF OFF o o an aFF OFf 0Ff
56 OFF 0N 0N OM OFF 0OFF OFF o on an OFF OFF
57 OFF OFF ON 0N ON OFF OFF OFF on ] ON OFF
b1 OFF OFF OFF 0N ] L] OFF OFF OFF i] 0N 0N
59 an OFF QOFF OFF ] L] L OFF OFF OFF aN ON
s10 N N OFF OFF 0FF o an oN OFF oFF 0 N
a1 an N i OFF 0FF OFF an on an oF 0 OFF
512 OFF 0N 0N 0N OFF OFF QFF an o] an OFF OFF
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ADCY command with OCP = Q. In this table, OFF implies
that a discharge is forced off during that period even if
the corresponding DCC[x] bit is high in the configuration
register. ON implies that if the discharge is turned on, it
will stay on during that period, Refer to Figure 3 for the
firning of the ADCY command.

POWER DISSIPATION AND THERMAL SHUTDOWN

The internal MOSFETs connected to the pins 51 through
512 ping can be used to discharge battery calls. An axter-
nal resistor should be used to limit the powar dissipated
by the MOSFETs. The maximum power dissipation in the
MOSFETs is limited by the amount of heat that can be tal-
arated by the LTCGE04, Excessive heat results in elevated
die termperatures. Little or no degradation will be observed
in tha measuremant accuracy for die temperatures up to
125°C. Damage may occur above 150°C, thersfore the
recommended maximum die temperature s 125°C. To
protect the LTCES04 from damage due to overheating a
thermal shutdown circuit is included. Overheating of the
device can occurwhen dissipating significant powerin the
call discharge switches, The tharmal shutdown circuit is
anablad whenever the device is not in sleep mode (588
LTCE804 Core State Descriptions). If the temperatura de-
tected on the davice goes ahove approximately 150°C the
configuration registers will be reset to default states turn-
ing off all discharge switchas. When a thermal shutdown
has occurred, the THSD bit in the status register group
B will go high. The bit is cleared after a read operation of
the status register group B. The bit can also be sat using
the CLRSTAT command. Since thermal shutdown inter-
rupts normal operation, the internal termperature manitor
should be usad to determine when the device lemperatura
is approaching unacceptable levels.

METHOD TO VERIFY BALAMCING CIRCUITRY

The functionality of the discharge circuitry is best werified
by call measuremeants., Figure 37 shows an example using
the LTCE204 battery monitor IC. The resistor between the
battery and the source of the discharge MOSFET causes
cell voltage measurements to decrease. The amount of
measurement change depends on tha resistor valpes and
the MOSFET on resistanca.

The following algorithm could be used in conjunction
with Figure 37:

1. Measure all cells with no discharging (all 5 outputs
offj and read and store the results,

Turn on 51 and 57
Measure G1-C0, GF-C6
Turn off 51 and 57
Turn on 52 and S8
Measure C2-C1, C8-CF
Turn off 52 and 58

=~ @ n g B s

14, Turn an 56 and 512
15. Measure C8-Ch, C12-C11
16. Turn oft 56 and 512

17. Read the voltage register group to get the results of
steps 2 thru 16,

18. Compare new readings with old readings. Each cell
yoltage reading should have decreased by a fixed
percentage set by Rgq and Rgs (Figure 37). The exact
amount of decrease depends on the resistor values
and MOSFET characteristics.

Improved PEC Calculation

The PEC allows the user to have confidence that the serial
data read from the LTCE804 is valid and has not been cor-
rupted by any external noise source. Thisisa critical feature
for raliable communication and the LTCGE04 requires that
aPEC be calculated for all data being read from and written
to the LTCEE04, For this reason it is important to have an
efficiant methad for calculating the PEC. The cade balow
demonstrates a simple implementation of a lookup table
derived PEC calculation mathod, There are two functions,
the first function init_PEC15_Tahle() should anly be called
once when the microcontroller starts and will initialize a
FEC15 table array called pac15Table[). This table will be
uzed in all future PEC calculations. The pecl5 table can
alzo be hard coded into the microcontroller rather than
running the init_PEC15_Table() function at startup, The
pec15() function calculates the PEC and will returm the
correct 19 bit PEC for byte arrays of any given langth,
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FEA TR TR RN A AT RN N RN AR T RN RN FATATR

Copyright 2012 Linear Techmoleogy Corp. (LTS

Permission to freely uee, copy, modify, and distribuete thic software for
purpose with or without fee is hereby granted, provided that the abowe
right notice and this permission notice appear in all copies:

THIS SOFTWARE IZ FROVIDED ™R3 IS% AND LTC DISCLAIMS ALL WRRRANTIES
INCLUDING ALL IMFLIED WARERMTIES OF MERCHANTREBILITY AMD FITHRESE. IN KO

EVENT ZHALL LTC BE LIAELE FOR ANY SPFECIAL, CIRECT, INDIRECT, COR CONSEQUENTIAL

DAMAGES DF ANY DAMAGES WHATSOEVER RESULTING FROM ANY USE

E OF SAME, INCLUDIMNG

ANY L0335 OF USE OR DATA OR PROFITE, WHETHEE IN AN ACTION OF CONTRACT, NEGLIGENCE

QF OTHER TORTUOUS ACTION, ARISIMG OUT QF OF IN CONNECTION WITH THE USE OR
PERFORMAKCE COF THIS SOFTWARE.

R

intlfé pecliTable[256];
lotlf CRC1S POLY = Qx459%;
void init FEC15_Table()
|
for (imt i = Q7 1 < 2567 i++)
|
remainder = 1 << 7;
for (ilnt Bit = 8; bit > J; ==bit]
l
if {remaindsr & Oxd000)
I
remainder = {((remainder << 1});
remainder = (remainder ® CRCLSpaly)

remainder = {(remainder << 1});

I
pecliTable[1] = remalnder&lxFFEF;

t

unsigned intlé pecl3 (char *data , int lan)
|
intlé remainder,address;

ramainder = 16;//FEC sesd
Tor (int i = O; 1 =< len; L4+}
|

address = [(remainder >> T} * data[i]f & OxfE;s//calculate PEC table address
remalnder = [remainder << 8 } ~ peclSTableladdrese]:

|

return [Femainder*2);//The CRC15 has a O in the LSE o the final value must be moultiplied by 2
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CURRENT MEASUREMENT WITH A HALL EFFECT
SENSOR

The LTC6804 auxiliary ADC inputs (GPIO pins) may be
used for any analog signal, including those from various
active sensors that generate a compatible voltage. One
such example that may be useful ina battery management
setting is the capture of battery current, Hall-effect sensors
are popular for measuring large battery currents since the
technology provides a non-contact, low power dissipation
solution. Figure 38 shows schematically a typical Hall
sensor that produces two outputs that proportion to the
Ve provided. The sensoer is powered from a 5V source

LEM ONOB
cr2 Pt ANALDG - GFI02

Yoo Fo—b 5V

0 [ ANALOG_COM ¥
23] vD—D ANALDGD —» GPO1

Figure 38. Inferfacing a Typical Hall-Effect Battery

and produces analog outputs that are connected to GPIO
pins or inputs of the MUX application shown in Figure 32,
The use of GPIO1 and GPIO2 as the ADC inputs has the
possibility of being digitized within the same conversion
sequence as the cell inputs (using the ADCVAX com-
mand), thus synchronizing cell voltage and cell current
measurements.

CURRENT MEASUREMENT WITH A SHUNT RESISTOR

Itis possibleto measure the battery current on the LTC6804
GPIO pins with a high performance current sense ampli-
fier and a shunt. Figure 39 shows 2 LTC6102s being
used to measure the discharge and charge currents on a
12-cell battery stack. To achieve a large dynamic range
while maintaining a high level of accuracy the LTC6102
is required. The circuit shown is able to accurately mea-
sure +200Amps to 0.1Amps. The offset of the LTC6102
will only contribute a 20mA error. To maintain a very low
sleep current the Vpgjye is used to disable the LTC6102
circuits so that they draw no current when the LTC6804

Current Sensor to Auxiliary ADC Inpuls goes to sleep.
LTC6304 v° o oSt losowas
= CHARGER '—
Rye R
5 -
- +l ol
== Vamsmex <—7. - w
v [T~ 1] v L
A
0
o102 i L e
>
rr-:— GPO2 &R0 '_.:‘__L
= uF qr:um:.:i Voun Vouroy SFaumn W I poveys
T ‘@3l T =
- LTCB801 Y-
LTCBa04 -

Routini

Ry | WHEN lgisohaeps 2 0

DISCHAREING: Voyrp = u:;:-eawﬁvss\s(’
. Rourey
CHARGING: Vs ¢ = lcname * Reenss lW' WHEN cpasaz = 0

Figure 39. Monitoring Charge and Discharge Currents with a LTC6102
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USING THE LTC6804 WITH LESS THAN 12 CELLS —
If the LTCE804 is powered by the battery stack, the LS
minimum number of cells that can be monitored by the WAV Lo
LTCB804 is governed by the supply voltage requirements W
of the LTC6804. V* must be at least 11V to properly |__ ::'
bias the LTC6804. Figure 40 shows an example of the _ n:
LTC6804 when used to monitor eight cells with best cell A 10
measurement synchronization. The 12 cells monitored by L Loandsio
the LTC6804 are split into two groups of 6 cells and are AAA 2
measured using two internal multiplexers and two ADCs. s Lw,.,
To optimize measurement synchronization in applications A (4
with less than 12 Cells the unused C pins should be equally '1.— Londs
distributed between the top of the second mux (C12) and N U‘f\, 7
the top of the first mux (C6). If there are an odd number T 57
of cells being used, the top mux should have fewer cells Wrp—1 5=
connected. The unused cell channels should be tied to I_— »
the other unused channels on the same mux and then %
connected to the battery stack through a 100€2 resistor. ™ :
The unused inputs will result in a reading of OV for those L Lols
cells channels. It is also acceptable to connect in the con- | GV
ventional sequence with all unused cell inputs at the top. 4. 5
e
isoSPI IBIAS and ICMP Setup &L va o
The LTC6804 allows the isoSPI links of each application R L‘xv- &
to be optimized for power consumption or for noise T £l
immunity. The power and noise immunity of an isoSPI el
systemis determined by the programmed | current, which =
controls the isoSPI signaling currents. Bias current I can l REXGLONER S0 I o
range from 100pA to TmA. Internal circuitry scales up this
bias current to create the isoSPI signal currents equal to Figure 40. 8 Cell Connection Scheme

20« Ig. A low I reduces the isoSPI power consumption
in the READY and ACTIVE states, while a high I increases o, e 41. The receiver input threshold is set by the ICMP

the amplitude of the differential signal voltage Vy across
the matching termination resistor, Ryy. The I current is
programmed by the sum of the Rgy and Rgp resistors
connected between the 2V IBIAS pin and GND as shown in

voltage thatis programmed with the resistor divider created
by the Rgs and Rgp resistors. The receiver threshold will
be half of the voltage present on the ICMP pin.
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ISOLATION BARRIER
(MAY USE ONE OR TWD TRANFORMERS)

OO (PR D G —{ P 1500 v
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00 wost M

o Mo .': il TWISTED-PAR CABLE |

P oK WITH CHARACTERSTIC IMPEDANCE Ry § ias

= & Apy ko
XL Icue < LNF
= < e 3ha 3

— <
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Figure 41. isoSP1 Circuit

The following guidelines should be used when setting the
bias current (100pA to TmA) I and the receiver compara-
tor threshold voltage Vicae/2:

Ry = Transmission Line Characteristic Impedance Z;
Signal Amplitude Vy = (20 ¢ Ig) * (R)y/2)
Vyemp (Receiver Comparator Threshold) = Ko Vg
Vicwe (voltage on ICMP pin) = 2 ¢ Vyeye
Rez = Vigmp/lg
Rp1 = (21g) - Rgz
Selectlzand K (Signal Amplitude V4 to Receiver Compara-
tor Threshold ratio) according to the application:

For lower power links: Iz = 0.5mA and K = 0.5
For full power links: g = 1mA and K = 0.5

For long links (>50m): lg = 1mA and K = 0.25

For addressable multi-drop: g = imAand K= 0.4

Forapplications with little system noise, setting g to 0.5mA
is a good compromise between power consumption and
noise immunity. Using this Ig setting with a1:1 transformer
and Ry = 10092, Rgy should be set to 3.01k and R, set
to 1k. With typical CATS twisted pair, these settings will
allow for communication up to 50m. For applications in
very noisy environments or that require cables longerthan
50mitis recommended toincrease lgto 1mA. Higher drive
current compensates for the increased insertion loss in
the cable and provides high noise immunity. When using
cables over 50m and a transformer with a 1:1 turns ratio
and Ryy= 100£2, Rg1 would be 1.5k and Rga would be 49902,

The maximum clock rate of an isoSPI link is determined
by the length of the isoSPI cable. For cables 10 meters
or less, the maximum 1MHz SPI clock frequency is pos-
sible. As the length of the cable increases, the maximum
possible SPI clock rate decreases. This dependence is a
result of the increased propagation delays that can cre-
ate possible timing violations. Figure 42 shows how the
maximum data rate reduces as the cable length increases
when using a CATS twisted pair.

Cable delay affects three timing specifications: g x, fg
and t7, In the Electrical Characteristics table, each of these
specifications is de-rated by 100ns to allow for 50ns of
cable delay. For longer cables, the minimum timing pa-
rameters may be calculated as shown below:

tork, tg and t7 > 0.9ps + 2 # toap (0.2m per ns)

12 [CATS RS UNED

10 .

08 N Wl

04

DATA RATE (Mbps)

02

0

1 10 100
CABLE LENGTH [METERS)

—tiro

Figure 42. Data Rate vs Cable Length
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Implementing @ Modular isoEP1 Daisy Chain

The hardware design of a daisy-chain iseSP1 bus is identi-
cal for each device in the metwork due to the daisy-chain
point-to-point architecture. The simpla design as shown in
Figured? isfunctional, butinadequate for most designs. The
termination resistor Ry should be split and bypazsed with
a capacitor as shown in Figure 43, This change provides
both a differential and 2 common mode termination, and
as such, increasas the system noisa immunity,

The use of cables between battery modules, particularly
in automotive applications, can lead to increased noise
susceptibility in the communication lines. For high levels
of electromagnetic interfarence (EMC), additional filtering
is recommended. The circuit example in Figure 43 shows
the use of comman mode chokes (CMC)to add comman
mode noise rejection from transients on the battery lines.
The use of a center tapped transformer will also provide
additional noise performance. A bypass capacitor con-
nected to the center tap creates a low impedance for
common mode noisa (Figure 43b). Since transformers
without 2 center tap can be less expensive, they may be
prefarred. In this case, the addition of a split termination
resistor and a bypass capacitor (Figure 43a) can enhance
the isoSPl performance. Large center tap capacibors
greater than 10nF should be avoided as they may prevent
the iso5P| commen mode voltage from setthing. Commen
miade chokes similar to those used in Ethernet or CANbus
applications are recommended, Specific examples ars
provided in Table 49.

IF
1 1
::ﬁ::'l.l 10gH GG F.‘
3
LTCEIE-1 ]

10nF

CT¥FMA

I|E seEPILINE

1.

Sy
1nF %

Figure 43. Dalsy Chaln Intertace Companents

An important daisy chain design consideration is the
number of devices in the isoSPl network. The length of the
chain determines the serial timing and affects data latency
and throughput. The maximum number of devices in an
is0SP| daisy chain is strictly dictated by the serial iming
raquirements, However itisimportant ta note that the serial
read back time, and the increased current consumption,
might dictate a practical [imitation.

Far a daisy chain, bwe timing considerations for proper
nperation dominate (ses Figure 20):

1. tg, the tima betwean the last clock and tha rising chip
select, must be long enough.

2. tg, tha time from a rising chip selzct to the next falling
chipselect (between commands), must be long enough.

Both t5 and t; must be lengthened as the number of
LTC6804 devices in the daisy chain increases. The egua-
tiens for these times are below:

tg > (#devices = 70ns) + 900ns
tg = (#devices » 70ns) + 950ns
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Figure 44. Daisy Chain Interface Components on Single Board
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APPLICATIONS INFORMATION
Connecting Multiple LTC6804-1s on the Same PCB

When connecting multiple LTC6804-1 devices onthe same
PCB, only a single transformer is required between the
LTC6804-1 isoSPI ports. The absence of the cable also
reduces the noise levels on the communication lines and
often only a split termination is required. Figure 44 shows
an example application that has multiple LTC6804-1s
on the same PCB, communicating to the bottom MCU
through an LTC6820 isoSPI driver. If a transformer with
a center tap is used, a capacitor can be added for better
noise rejection. Additional noise filtering can be provided
with discrete common mode chokes (not shown) placed
to both sides of the single transformer.

Yhes 1

On single board designs with low noise requirements, it
is possible for a simplified capacitor-isolated coupling as
shown in Figure 45 to replace the transformer. Dual Zener
diodes are used at each IC to clamp the common mode
voltage to stay within the receiver’s input range. The op-
tional common mode choke (CMC) provides noise rejection
with symmetrically tapped termination. The 59002 resistor
creates a resistor divider with the termination resistors and
attenuates common mode noise. The 59002 value is chosen
to provide the most noise attenuation while maintaining
sufficient differential signal. The circuit is designed such
that Ig and Vioye are the same as would be used for a
transformer based system with cables over 50m.
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Figure 45. Capacitive Isolation Coupling for LTC6804-15 on the Same PCB
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Connecting an MCU to an LTC6804-1 with an isoSPI
Data Link

The LTC6820 will convert standard 4-wire SPI into a
2-wire isoSPI link that can communicate directly with
the LTC6804. An example is shown in Figure 46. The
LTC6820 can be used in applications to provide isolation
between the microcontroller and the stack of LTC6804s,
The LTC6820 also enables system configurations that
have the BMS controller at a remote location relative to
the LTC6804 devices and the battery pack.

Configuring the LTC6804-2 in a Multi-Drop IsoSPI
Link

The addressing feature of the LTC6804-2 allows multiple
devices to be connected to a single isoSPI master by dis-
tributing them along one twisted pair, essentially creating
a large parallel SPI network. A basic multi-drop system is
shown in Figure 47, the twisted pair is terminated only at
the beginning (master) and the end of the cable. In between,
the additional LTC6804-2s are connected to short stubs
on the twisted pair. These stubs should be kept short, with
as little capacitance as pessible, to avoid degrading the
termination along the isoSPI wiring.

When an LTC6804-2 is not addressed, it will not trangmit
data pulses. This scheme eliminates the possibility for col-
lisions since only the addressed device returns data to the
master. Generally, multi-drop systems are best confined
to compact assemblies where they can avoid excessive
isoSPI pulse-distortion and EMC pickup.

Basic Connection of the LTC6804-2 in a Multi-Drop
Configuration

In a multi-drop isoSPI bus, placing the termination at the
ends of thetransmission line provides the best performance
(with 100 typically). Each of the LTC6804 isoSPI ports
should couple tothe bus with a resistor network, as shown
inFigure48a. Hereagain, acenter-tapped transformer offers
the best performance and a common mode choke (CMC)
increases the noise rejection further, as shown in Figure
48b. Figure 48b also shows the use of an RC snubber at
the IC connections as a means to suppress resonances
(the IC capacitance provides sufficient out-of-band re-
jection). When using a non-center-tapped transformer,
a virtual CT can be generated by connecting a CMC as
a voltage-splitter. Series resistors are recommended to
decouple the LTC6804 and board parasitic capacitance
from the transmission line. Reducing these parasitics on
the transmission line will minimize reflections.
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Figure 46. Interfacing an LTC6804-1 with a pC Using an LTC6820 for Iselated SPI Control
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Figure 47. Connecting the LTC6804-2 in 2 Multi-Drop Configuration

Figure 48. Preferred isoSP1 Bus Couplings For Use With LTC6804-2
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Table 48, Recommended Transformers

| TEMFERATURE W KEC-
MANUFACTURER PAAT MUMBER RANGE Visomaine | Wawar'B0s| CT (CME,  H L {W/LEADS) | PINS | 0D
Oual Tansformars

Pulse H¥11BAFML =40°C o B5'C | &0V (est) | 15&Mms | @ | @ | G0mm [127mm| 97mm |[165MT| -
Puks HADDESANL =40°C o B5"C | BOViest) | 1SaWms | @ | @ | Ximm [ 127mm | 97mm | 16SMT] -
Pukse HMZI00NL =407C 1o 105°C 10008 4 Jkvde - ® | Zdmm | 147me | 149mm | 10SMT| =
Puikza HMZD2NL —407C ta 125°C 1000V 43kvde | & | @& | 49mm | 148mm | 4. Tmm | 1ZSMT| ®
Sumida CLPYTE-L20114 =0 to 125°C | 1000V (est) | ATSkNMmE | @ | @ amm | 17.5mm | 15 0mm | 125MT| -
Sumida CLPOET2-L20015 G00vms | 375k ms| @ | - | 57mm | 127mm | 94mm | 1ESMT| -
Wurth Eleitronik 7450140110 4G toB5°C | 260Wms | 4&ms | @ | @ | 109mm | 246mm | 170mm |16SMT| -
Wurth Elgktronik 7450140111 0FG bo TOPG | 1000V (est] | 456Nms | @ | - | Bdmm | 17.1mm | 152mm | 125MT| -
Wurth Eleitronik 743014018 0°G to TOPC 26lrms | 4mz | @ | @ | Bdmm | 17.0mm | 152mm | 1ESMT
Hala TG110-AEDSONGLF | ~40°ChoBRA25°C | B0V (est]) | 156Nms | @ | & | Bdmm |127mm| 95mm | 165MT| =
Single Fanslormers

Puikse PE-BRABENL =A0°C 1 130°C | B0V (est) 1.5K0de | - - | 25mm | B.7mm Eamm BSMT | -
Pulse HMZ0TML =407C to 105°C 1000V 43kvde | - | ® | 57mm | 7.6mm 9.3mm ESMT | »
Wurth Elestronik TE0340548 ~40°C to 105°C 50 STE - - | £2mm | 44mm 21 mm dSMT -
Haba TGRO4-6S06VELF =40 to 125°C A0 Béme | @ | - | 10mm | 95mm | 12 1mm | BSMT | -
Hala TGRM-ABSOGNABNL | -407C bo 125°C A0 BN | @ | - | Sd4mm | B0mm | 12 1mm | BSMT | @
TOK ALT45I2N-201-TOO1 | -40°C bo 105°C | &0V (est) =1k o | - | 29mm | 32mm | 45mm | GSMT | =
Hika TORO&-ASSIALLF =40 o 105°C 10008 SiVres | @ | - | Bdmm | B9mm | 1686mm | BTH .
Sumida CEEHIGENP-LTCRBOAMT | —407C 1o 125°C GOOY 25N | - | - | Tmm [ 92mm | 120mm | 45MT | -
Surnida CEPFANP-LTCRRDY =40 1o 125°C GOOY 25Nms | @ ) - | 10mm | 92mm | 120mm | BSMT | -
Sumida ESMIT-4150'% =40°C 1 105°C | 250%ms S = - | Z53mm | 5.2mm 91mm d5MT | =
TOK VET1WSEE-20452F4 =07 1 125°C | Z50V fesl) | 25NmE | @ - | 10&mm | 10.4dmem | 127mm | 8SMT -

Transformer Selection Gulde

As shown in Figure 41, 2 transtormer or pair of transform-
ars isolatas the isoSPI signals betwean two isoSPI ports.,

thetotal pulse amplitude. The leakage inductance primarity
affects the rise and fall times of the pulses. Slower rise
and fall times will effectively reduce the pulse width, Pulse

The isoSF| signals have programmable pulse amplitudes
up to 1.6Ve.p and pulse widths of 50ns and 130ns. To be
able o transmit these pulses with the necessary fidelity
the system requires that the transformers have primary
inductances above G0pH and a 1:1 furns ratio. If is also
necessary to use a transformer with less than 2.5pH of
leakage inductance. In terms of pulse shape the primary
inductance will mostly effect the pulse droop of the 50ns
and 150ns pulses. If the primary inductance is too low,
the pulze amplitude will begin to droop and decay over
the pulse period. When the pulse droop is severe enough,
the effective pulse width seen by the receiver will drop
substantially, raducing neisa margin. Some droap is ac-
ceptable as long as it is a relatively small percentage of

width is determined by the receiver as the time the signal
is above the thrashold set at the ICMP pin, Slow rise and
fall times cut inta the timing margins. Generally it is best
to keep pulse adges as fast as possible. When evaluating
transformers, it is also worth nating the parallel winding
capacitance. While transformers have very good CMRR at
low frequency, this rejection will degrade at higher frequen-
cies, largely due to the winding to winding capacitance.
When choosing a transformer, it is best to pick one with
legs parallel winding capacitance when possible,

When choosing a transformer, it is equally important to
pick a part that has an adequate isolation rating for the
application. The working veltage rating of a transformer
iz @ kay spec when selecting a part for an application.
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Interconnecting daisy-chain links between LTCE304-1
devizes see <60V stress in typical applications; ordinary
pulse and LAN fype transformers will suffice. Multi-drop
connections and connections to tha LTCBEZ0, in general,
may need much higher working voltage ratings for good
long-term raliahility, Usually, matching the working volage
to the voltage of the entire battery stack is conservative,
Unfortunately, transformer vendors will often anky spacify
one-second HY testing, and this is not equal tothe long-term
(“permanent™) rating of the part. For example, according
to most safety standards a 1.5kV rated transformer is
expected to handle 230V continuously, and a 3KV dewice
iz capable of 1100V long-tarm, though manufacturers may
not atways cartify to those levels (refer to actual vandor
datator specifics). Usually, the higher voltage transformars
are called “high-izolation” or “reinforced insulation™ types
by the suppliers. Table 48 shows a list of transformers that
have been evaluated in izoSP links.

In most applications a commen mode choke is also
necessary for noise rejection. Table 49 includes a list of
syitable CMCs if the CMC is not already integrated into
the transformer being used.

Table 49. Recommended Common Mode Chokes

MANUFACTURER PART NUMBER
TOK ACT45B-101-2P
Murata DLWEIEH101 12

iso3Pl Layout Guidelines

Layout of the isoSPI signal lines also plays a significant
role in maximizing the noise immunity of a data link. The
following layout guidelines are recommended:

1. The transformer should be placed as close to the isoSPI
cable connactoras possible. The distance should be kapt
less than 2em. The LTCE804 should be placed close to
but at beast Tem to Zom away from the transformer to
halp isolate the IC from magnetic field coupling.

2. AN ground plane should not extend under the ftrans-
former, the icoSP| connactar or in betwean the trans-
former and the connector

3. The izo5P1 signal traces should be as direct as possible
while isolated from adjacent circuitry by ground metal
orspace. Motraces should cross the isoSPl signal lines,
unless separated by a ground plans on an inner layer
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aging for the mast recent package drawings.
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TYPICAL APPLICATION

Basic 12-Cell Monitor with isoSPI Daisy Chain
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RELATED PARTS

PART NUMBER | DESCRIPTION COMMENTS

LTCeE Independent Multicall Battery Stack Faut Monitor Moeitors Up to 12 Senes-Connected Battery Cells for Undervaltage or
Overvoltage. Companion to LTCES02, LTC5803 and LTOS804

LTCg802 Precision Multice!l Battery Stack Monitor 151 Generation: Superseded by the LTCS804 and LTC6803 for New Designs

LTC680G Precision Multicell Battery Stack Monitor 2nd Generatien: Functionally Enhanced and Pin Comgatidle to the LTC6802

LTCE820 Isolated Bidirectional Communications Intertace for SPI | Provides an Isolated Intertace for SP| Communication Up to 100 Meters,
Using a Twisted Pair. Companion to the LTC5804

LTC3300 High Efficency Bidirectional Multicell Battery Balancer | Bidirectional Synchronous Flyback Balarncing of Up 1o 6 Li-lon or LiFeP04

Calls in Series. Up to 10A Balancing Current (Set by External Components)
Budirectional Architecture Minimizes Balancing Time and Power Dissipation.
Up to 92% Charge Transfer EMciency, 48-Lead Bxpased Pad OFN and LOFP
Packages
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RESISTENCIAS DE BALANCEO ( 3521 TE)

-"TE
- connectinky SMD Power Resistors
Type 3521 Series
Key Features
= 2 Watts at 70°C

= Small Size to Power Ratio

= Supplied on Tape

u Avalladle via Distridetion
w Value Marked on Resistor
= 500 Volt Maximum Overload
w 250 Volt Working Voltage

= Low Profile

= Terminal Finish -
Matte Sn over Ni

= MSL Level 2

TE Connacavity = phkaasad to introduce this low cost high power davice, sutabla for auto

placamant in volume, and for most applic
owing 10 the shot lead sructure

4000 plecas

11 anf

s, Inciuding high frequency o
clivedy priced and avalable on 7

Grations.
reels of

Characteristics - Electrical
Power Rating 2 Watis at 70°C™
Max ACWY' s
Mue. Overioond VoRage: 200V
Rusistance Tolrmce*): al%
Rmsistance Range: TR0 - MO
Tomperature Cocticint: 10R = 2 200PPM

Oparating Tamperature:

T0A - 1M0 = & 100PPM
>1M0 = & 200PFPM
50 - 155°C

* Rated continuous working volage (OWY) shal te cetrmined from

ROWV -‘/ Aaned Power x Hesstance Vakue, or Maximum RCWY iswed above, whichewer is less

** Aecormmanded Crout Boasd Dasin - I T Sivios & @iciednnd 16 1un i bl contirusul power han acson
¥ improve e cockng should te saken. This con be a metsl subsiale, copper pod et under e chip. on
cpersrg n the PCE or eninged sdeer conducion pads esch end

Power Derating Curve

Psted Pewer 0%
-4

n

“-ne

10 w1

Anbiant Temparatess (S

For rastlors cpendnd in ambsent tangaraures iove 20°C
power rating must be derted in accondonce with this curve

SITTME-S 05 WH SVaD2

- 136 -

Diarens am n milmetess
o€ nches unless otherwioe
spacied. Values In Drackets
e shrcaxd equivalents.

For amad, phana or Ive chal, go i lacomBelp
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SMD Power Resistors

Type 3521 Series

055
2010

be
RE(*®
Bo
53]

Marking
4 dgrt marking system. First three digits are sgnficant figures of resistance, fourth dencles number of 2er0s eg.
3302 = KK ~ T5,0000.

For viduas balow 100 the kitar R is wsed & decimal point 3 1R20 = 1R2=1.20

Handling Recommendations

Whan Mow soldadieg - the land widh sust be smalke thin the Chip Resialor widih 19 proparty coneol the solder
agplicaten. Ganaraly, the lend width can be Chip Resistor widih (W) x 0.7 10 0.8. Whan réflow soldering - solder
applicaton amcunt can be adusted. Thus the and with canbe settoWx 101013

How to Order
3521 1K0
Common Part Resistance Value
a5

TE Connaiaty, TE connatidty (10300 and TE 1092 a0 Madomas
Outwr bogira. prodect and Company s mantonad e My Do aoemarks of thiss resgodtve ownors

Whils TE has mads avwary reasonabls el 1o arcarn he acaracy of the in his TE doss not g ot s fiwe, nor dons TE make any oth
ion, waranky o ains Bal e nfcerration I accerade, comect elatin or cunect. TE meescves B righ! 0 mois sy 45 0 the hamin
Tgu

P surpose
Wit rotee. Corautt TE bor the Mot

w-w){'mnnwmwdwmmmmmnmm.mlmmm any impind warmartes of marchastesd-
nha e for

Perpames only and are subject 1o change wethost ncbos. Spechcatons mm mbyed % change
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3.3. CONECTORES MOLEX MicRO-FIT 3.0

Micro-Fit 3.0 Connector
System Product Family molex

Micro-Fit 3.0 Connector Systems, available in multiple circuit sizes and cable lengths
for power and signal applications, offer a 3.00mm pitch, a 8.5A maximum current
rating and many design options such as a terminal position assurance, blind-mating
and compliant pin features

Features and Benefits

Fitting nails and SMT, press-fit or surface mownt
solderable clips availaye compatible versions avafable

LU whly O )

hoarer relention and

Optioas! terminal position
PA) feature

30 to 18 ANG terminals
available
Deves

g DeiDdYy. Lockay) ting

Micro-Fit BMI Connectors : Mok
TEminals comygatbie with TPA plugs
Biind-mating wire-so-wire and wire-8o-board connectors oy Micro-Fit (Compliant Pin)

Offers % range of options for every appication an:

atk ; CPI Connectors
pars = Uses eyu-of-the-reedie press-it design
= . Deaickes = rediqh
E FTOMORS DI I {
L
Accepts standard Micro-Fit female
) and male crimg
®-.. -

Micro-Fit TPA Single Row Plug

Setf-gigning festure molded into housings
Flows 19 0 2.5%nm messfignment

The pheg’s TPA retainer mates with the existing Micro-Fit TPA
Receptacic to prevent terminad back-0uts in wirg-10-wire applications

nd product fadure, Ensures both componants provide a

Reduction in engagement

Micro-Fit RMF and duangipement forces
(Reduced Mating Force) Terminals  <.oon mpnmes s

relabia connectiorn
OOy meriace
Terminal positon

Available in 22 %0 24 and 26 th 30 AWG
- ‘ 10.0A AMF assurance (TPA)

Ity for @ broad mege of

' 1 feature with integrated
secondary ock
Edminates ¥ el
th tsclory-appled futncan back om
% durabity to 250 mast Irproper assemt
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Micro-Fit 3.0 Connector
System Product Family molex

Applications

Consumer Medical
Dagnosic equipment

Patient monitors

-y

Sustainable Energy

Sofar power

Refrigeralors Automnotive

Scanmers Hamess manufa: f

Securiy systens Pl Relrigerair
Vending machnes hside devoss

White goods

Telecommunications/Netwarking

Ty
Specifications
REFERENCE INFOEMATION MECHANICAL ELECTRIGAL
Pacvaging Condact Insedion Fotoe Oram | 14 7N per contact Voltage ) GOKN
UL Fe Mo E20079 oriuct Fassntion 1 Housing i ) 24 5N wrent (e ) 8,54
COA Fim Mo L R18580 Matig Foece (ma ) BN por creui (Pleate peet product spotificatons
Mades Wit Uerrnliog Foros it ). AN e creul! etertmod Ly el used

Mom-Ft 3.0 Sngle-fow Py Dt man ) typealy X0 oues wen max ) 10 milletere

540 andd Hepos Saves 436001 eles 1 peoduc! spscilications 2anding \ltage: <BmA

o Recopiache [Sories 171880 Insukattan Resstance dmin ) 1,000 Megotun

Speciticatons for Pactcifar Connectnr Sydam)
Operiing Tomparatire: 4 1o +106°C

1.0 lomade crimp teemak

e 44235

o) Free Wes (Non -Gl -Wee Yersom

Glow ‘Wiz Compiint: Do Avatlabie, Contact Mok

Autor: Alfonso Mareca Miralles - 139 -
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Micro-Fit 3.0 Connector

System Product Family

Ordering Information

Congonent

molex

m Hedesa Mr P Tirdl kel ¥ ! o
Ay A 1 0Mn 0 ) \
'
iy
e 2 e Y \
A0
i) > i ."-‘
X bt | 1
vy ehv m 0 ~
) Mabe Trrringl Lo Wity Mo A iy ,?; | -‘\‘
V > worrd! My T W Do twe Gt Y . T
1 v am Mo Mate . ey
e Ao Fow 7 ) (VAL 0 44014, 45247
Mt Lise Moty Mk
14 Ard How S el I A0 N
L dtsw oy LA MY o A m ol Weard '
Pk oy 5 45!
o b T ' Q]
" Sl Ir obe - Wik At
4 ' s Pmonrd v, WY v
Ji2 uté 340, S Y m oy 12
Yol
15 i 1 1
few I T " Mo I
LS I r - k) r
- .
v el )
N antd " Vyre sl - 1
AL Ononst 0t frbed ! Thodsgs Mok ] o Sk
TP Zayge ooog lace g1 win 4
o e L adogs
s Hacctn A ot ol b ) i 120 4 U4
ok MV 4-2, Gy i s
T
" T s ey s "
. o Haogered
ek e v Cik
1o 1wl MR £ 154 Dol e
LRk b i & ) Chreti v »yra)
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Micro-Fit 3.0 Connector
System Product Family mOIex

Ordering Information

Seves Mo Componem

L BN E AR RS

Custam Fradact

www.molex.com/flink/microfit30.html

Mokin 5 & regatesed Ladermark of Mok, LLC in the Usited States of Amenica and miry Bo regiened in othar countres; al sther Lrademarks [6L0 harn bakang Lo Thsr respective owners.

Ovger No. 987650.5084 hev. 5 USAMMGF2018.09 ©2018 Notex
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3.4. SONDAS DE TEMPERATURA B57164K0104

- 142 -

NTC thermistors for
temperature measurement

Leaded NTC thermistors,
lead spacing 5 mm

Series/ Type: BST164K
Date: January 2018

STDK

@ EPCOS AG 201B. Reproduction, publbication and dissemination of this publicatan. enclosures hereta and the
information contained therain without EPCOS” prior express consent i prohibited.

EPCOS AG is a TOK Group Campary
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&TDK

Temperature measurement and compensation B5T164K
Leaded NTC thermistors, lead spacing 5 mm K164
Applications Dimensional drawing
= Temperature measuremeant and
compensation
5.5 max, 5 max.
Features
® Wide resistance range
» Cost-effactive
® Lacquer-coated thermistor disk
» Tinned copper leads
= Lead spacing 5 mm
u Marked with registance and tolerance
Delivery mode H N
Bulk (standard), cardboard tape, reeled or in
Ammo pack on raquest THTEORE-G-E
* May be frea of lacguar
Dimensions in mm
Approx. weight 370 mg
General technical data
Climatic categaory (IEC B00EE-1) BEM25/21
Max. powar {at 25 =C) Pas 450 mw
Resistance tolerance ARp/Br |45, +10 %o
Rated temperature Tn 25 °c
Dissipation factor {in air) By, approx. 7.5 MWK
Thermal cooling time constant (in air) T approx. 20 5
Heat capacity Cu approx. 150 muJ/K
Please read Cautions and warnings and Page 2 of N
Impertant nafes af the end of this document,
Autor: Alfonso Mareca Miralles - 143 -
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

Electrical specification and ordering codes

Ras Mo, of R/T - — Ordering code
ik characteristic K
22 1203 2900 £3% BS7164K02204000
33 1203 2900 +3% B57164K03304000
47 1302 3000 +3% BST164K04 704000
68 1303 3060 +3% B57164K0680+000
100 1305 3200 +3% B57164K01014000
150 1305 3200 +3% BS57T164K01514000
220 1305 3200 +3% BST164K0221+000
330 1306 3450 +3% BST164K0331+000
470 1306 3450 +3% B57164K04714000
680 1307 3560 +3% B57164K06814+000
1k 1011 A730 +3% BST1 6401024000
15k 1013 3900 £3% BST164K01524000
22k 1013 3900 +3% B57164K02224000
33k 4001 3950 +3% B57164K03324000
4.7k 4001 3950 +3% BST164K04724000
BEK 2003 4200 +3% BST1 B4 KDES2+000
10k 2904 4300 +3% B57164K0103+000
15k 1014 4250 +3% B57164K0153+000
22k 1012 4300 +3% BS7164K02234000
Ik 12 4300 +3% BS7T164K0333+000
47 k 4003 4450 +3% BS7164K0473+000
68 k 2005 4600 +3% BS7164K0683+000
100 k 2005 4800 +3% B57164K01 044000
150 k 2008 4500 +3% BS7T164K01 544000
220k 2007 4830 +3% BST164K0224+000
30k 2006 5000 £3% BS7164K0334+000
470 k 2006 S000 +3% B57164K04744000
+ = Resistance tolerance
J= H%
K= +10%
Plase read Cautions and warmings and Page 3 of 31

Important nafes al the end of tis document,
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164
Reliability data
Test Standard Test conditions AR./Rs Remarks
(typlcal)
Storage in IEC Storage at upper < 3% Mo visible
dry heat 60068-2-2 | category temperature damage
T:125°C
t: 1000 h
Storage in damp IEC Temperature of air: 40 °C < 3% Mo visible
heal, steady stale | B0068-2-T8 | Aelative humidity of air; 93% damage
Duration: 21 days
Rapid temparatura | IEC Lower test temperature; —55 °C | = 3% Mo visible
cycling G0068-2-14 | Upper test temperature; 125 °C damage
Mumber of cycles: 10
Endurance P 450 mw < 3% Mo visible
t: 1000 h damage
Lang-term stability Temperaturs; 70 *C < 5% Mo visible
(empirical value) 12 10000 h damage
Mote

# Contact of NTC thermistors with any liguids and solvents shall be prevented. It must be
ensured that no water enters the NTC thermistors (e.9. through plug terminals).
» Avoid dewing and condensation unless thermistor is specified for these conditions.

Plase read Cautions and warmings and Page 4 of 31
Imyporiant nofes at the end of tis document.
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm

R/T characteristics
R/T KMo, | 1011 1012 1013
T {"l:'-]l Bgylm = 3?3[] K E‘g;--m[. = 43':"3 H. E‘2§'1I}1.'| = BEDU' K
HT.'IHE:, (14 tWH] HT.II.HE:, o {%."K]' HTer25 o {WK._:'
=550 |V0.014 6.9 ar.23v 6.8 77,285 7.0
=500 | 49.906 6.7 G2.264 6.7 54.938 6.7
=45.0 | 36.015 6.4 44 854 6.5 39.507 6.5
=400 | 26.296 6.2 32.599 5.3 28722 6.3
=350 [ 1941 6.0 23.883 6.1 21.089 6.1
=300 | 14479 5.8 17.654 6.0 15.652 59
—25.0 [10.903 5.6 13.008 5.8 11,715 57
=200 | 8.2923 5.4 9.8059 5.7 8.8541 2.6
-15.0 | 6.3581 5.2 74266 5.5 6.7433 5.4
=100 | 4.9204 51 5.6677 5.4 5.1815 52
-5.0 | 3.8279 4.9 43213 53 4.0089 51
0.0 | 3.0029 4.8 3.3208 51 31283 4.5
50 | 23773 4.6 2.5842 5.0 2.4569 4.8
100 | 1.8959 4.5 2.0238 4.9 1.2438 4.6
150 | 1.5207 4.3 1.5858 4.8 1.5475 4.5
200 | 1.228 4.2 1.2507 4.7 1.2403 4.4
25.0 | 1.0000 4.1 1.0000 4.5 1.0000 4.3
30,0 | 081779 39 0.7964 4.4 0.81104 41
35.0 | 067341 3.8 0.54053 4.3 0.66146 4.0
40.0 | 0.55747 3.7 051772 4.2 0.54254 3.9
45.0 | 0.48357 3.6 0.41958 4.1 0.44727 3.8
0.0 | 0.3874 36 034172 4.1 037067 a7
55.0 | 032368 as 0.27877 4.0 0.30865 ae
60.00 | 0.272 34 0.22861 3.9 0.25825 3.5
65.0 | 0.23041 33 018872 348 0.21707 34
700 | 019604 3.2 015645 3.7 018323 3.3
75.0 | 0.16735 3.1 0132 3.6 0.15535 3.3
80.0 | 0.14342 3.0 010863 3.6 013223 |32
B5.0 | 012347 30 0081115 35 011302 an
90.0 | 0.10668 2.8 0.0767 3.4 0.096951  |3.0
95.0 | 0.082734 2.8 0.064867 3.3 0.0B83487 3.0
1000 | 0.080203 2.8 0.055047 3.3 0.072139 29
105.0 | 0070616 2.7 0.046797 3.2 0.062559 28
1100 | 0.061826 2.6 0.032004 3.1 0.054425 2.8
1150 | 0.054282 2.6 0.034255 3.1 0.047508 2.7
12000 | 0.047793 25 0.025498 a0 0.041594 26
125.0 | 0.042249 |24 0.025448 3.0 0.036532 |26
Plase read Cautions and warmings and Page 5 of 31

Important nafes al the end of tis document,

K164
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164
R/T characteristics
RT Mg, | 1014 1203 1302
T {"l:]l Bgylm = 425{] K E‘g;--pm = EEDD H. E‘2§'1l}1.'| = BDDU’ K
HT.'IHE:, L1} tWH] HT.II.HE:, o {%."K]' HTer25 o {%‘IK}
—-55.0 1 83.935 6.8 30.252 56 3370 59
=500 | 60.228 6.6 22.966 5.4 25,252 587
-45.0 | 43.593 6.4 17.612 5.2 19.148 5.4
-40.0 |31.815 6.3 13.65 5.0 14 684 52
—35.00 | 23.404 6.1 10.671 4.8 11.38 5.0
—30.00 |17.349 6.0 8.4216 4.7 8.9067 4.8
—-25.0 | 12.946 5.8 6.7001 4.5 7.0357 46
—-20.0 | 8.7439 5.7 5.3757 4.3 3.6065 4.5
-15.0 | 73737 5.5 4.3443 4.2 4 5044 4.3
=10.00 | 5.6247 5.4 3.5376 4.1 3.6471 4.2
5.0 | 4.3063 5.3 2.80905 3.9 29745 4.0
0.0 | 33221 5.2 2.3929 3.8 2.4429 3.9
50 | 25779 5.0 1.9BE66 3.7 2.0194 3.8
100 | 2.0144 4.9 1.5596 3.5 1.6797 3.6
150 | 1.5848 4.8 1.3%41 3.4 1.4053 as
20,0 | 1.2547 4.6 114777 3.3 1.1823 3.4
25.0 | 1.0000 4.6 1.0000 3.2 1.0000 3.3
30.0 | 079913 4.4 0.85337 an 0.B5007 3.2
35.0 | 0.64287 4.3 0.7317 3.0 0. 72608 341
40,0 | 051991 4.2 0.63032 2.9 0.623 3.0
450 | 0.42200 4.1 0.54534 2.9 0.53685 29
5000 | 0.34573 4.1 0.47384 248 0.46453 29
55.0 | 0.28288 4.0 0.41336 27 0.40357 28
600 | 0.23277 38 036201 2.6 0.35193 27
65.0 | 0.19282 38 0.31822 25 0.30799 26
700 | 0.18005 37 0.28073 2.5 0.27047 2.6
75.0 | 013349 3.6 0.2485 2.4 0.23832 2.5
80,0 | 011175 35 0.22063 23 021067 24
85.0 | 0093934 35 0. 19663 23 DABETT 24
0.0 | 0.07%231 3.4 017572 2.2 016607 23
95.0 | 0.067054 33 0.1575 2.2 0.14805 2.3
1000 | 0.056032 3.2 014157 21 0.13233 2.2
105.0 | 0.048591 341 01276 2.1 011862 2.2
1100 | 0.041605 341 0.11531 2.0 0.1066 21
1150 | 0035653 aa 010447 2.0 0096009 2.1
1200 | 0.030636 30 0054881 1.9 0.0BEEST 20
125.0 | 0.026454 249 0.086371 1.9 0.078398 2.0
Plage read Cautions and wamings and Page & of 31
Imyporiant nofes at the end of tis document.
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164
R/T characteristics
R/T KMo, | 1303 1305 1306
T {"l:'-]l Bgylm = ﬂﬂ5{] K E‘g;--m[. = EEDD H. E‘2§'1I}1.'| = 345':" K
HT.'IHE:, (14 tWH] HT.II.HE:, o {%."K]' HTer25 o {WK._:'
—55.0 | 34.363 58 42,13 6.2 49,935 6.3
=500 | 25.827 56 31129 5.9 36.64 6.1
-45.00 | 19.635 5.4 23.273 5.7 2718 59
-40.0 | 15.08% 5.2 17.502 5.5 20.37 57
-35.0 |11.712 5.0 13.438 5.3 15416 5.5
=300 | 81774 4.8 10.366 5.0 11.775 5.3
-25.0 | 7.2552 4.6 8.1005 4.9 9,0698 5.1
-20.0 | 5.7835 4.5 6.3856 4.8 7.0487 5.0
=150 | 4.6487 4.3 50364 4.7 55187 4.8
=10.00 | 3.7611 4.2 4. 0067 4.4 43558 4.7
5.0 | 3.0547 4.1 3.2217 4.3 3.4609 45
0.0 | 24986 4.0 2.6097 4.2 27705 4.4
50 | 2.0575 3.8 2126 4.0 2.2313 4.3
100 | 1,703 3.7 1.7438 3.9 1.8098 41
150 | 1.421 36 1.4415 38 1.4762 4.0
200 | 1.1 3.6 1.1987 3.7 1.2116 3.9
25.0 | 1.0000 33 1.0000 a5 1.0000 38
30.0 | 0.85053 a.3 0.84185 3.4 0.82084 a7
35.0 | 072386 3.2 0.7108 3.3 0.6922 3.6
40,00 | 0.61897 31 060317 3.2 0.58042 3.5
450 | 053134 3.0 0.51419 3.1 0.48899 34
50.0 | 0.45814 28 0.44037 3.1 0.41395 33
5.0 | 0.38637 2.4 1.37B24 3.0 0.35187 32
GO0 | 034439 2.7 (.32636 29 0.3006 341
65.0 | 0.30081 2.7 0.28333 28 0.2578 3.0
700 | 0.28372 2.6 0.24697 2.7 0.22197 3.0
75.0 | 0.23212 2.5 0.21573 2.7 0.19189 29
80,0 | 020501 25 0.16908 2.6 016648 28
85.0 | 01815 2.4 016649 2.5 014498 27
a0.0 | 016117 2.4 0.14709 25 012669 27
95.0 | 01433 2.3 013021 2.4 0.11109 2.6
1000 | 012775 2.2 01156 2.3 0.007717 2.5
105.0 | 011458 21 010301 2.3 0.086235 2.5
1100 | 010306 2.1 0.092038 2.2 0.076325 2.4
1150 | 0092752 2.1 0.082442 2.2 006776 2.4
1200 | 0.083677 2.0 0.074035 21 0.06032 23
125.0 | 0.075739 2.0 0.066701 2.1 0.053852 22
Plase read Cautions and warmings and Page 7 of 31
Important nafes al the end of tis document,
- 148 - Autor: Alfonso Mareca Miralles

424.,18.63



==

Escuela Universitaria

Politécnica
Centro adscrito

- La Almunia

Universidad Zaragoza

Diseno e implementacién de un BMS para BVE (Battery

Electric Vehicle)

(Documentacion Técnica)
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Leaded NTC thermistors, lead spacing 5 mm

R/T characteristics
BT Mo, | 1307 2005 2006
T {"l:]l Bgylm = 355'[] K E‘g;--pm = "1’EDD H. E‘2§'1l}1.'| = EDDU’ K
HT.'IHE:, L1} tWH] HT.II.HE:, o {%."K]' HTer25 o {%‘IK}
-55.0 | 51.115 8.7 120.22 7.0 200.55 a7
~50.00 | 383 5.7 8548 6.9 131.02 a3
—-45.0 | 28.847 5.6 61.004 6.8 87171 8.0
=400 | 21.842 55 4372 6.7 58.988 77
—-35.0 | 16.827 5.4 31.459 6.6 40.545 74
=300 |12.725 5.3 22,746 6.6 28.272 7
—25.0 | 9.7859 5.2 16,49 6.4 19,997 6.9
=200 | 7.5902 5.1 12.071 6.3 14,282 6.6
-15.00 | 58918 5.0 8.8455 &1 10.35 G.4
=100 | 46124 4.8 6.5446 6.0 T.5614 6.4
—-5.0 | 3.8247 4.7 4 BBS2 548 5.5343 6.2
0.0 | 28717 4.6 3.6781 5.6 4,086 6.0
50 | 2.2929 4.4 2.7944 54 3.0374 59
10,0 | 1.8442 4.3 2.1391 2.3 2,276 a7
150 | 1.4941 4.2 1.6507 5.1 1.7188 56
200 | 1.2183 4.0 1.2823 8.1 1.3074 5.5
25.0 | 1.0000 s 1.0000 5.0 1.0000 53
30,0 | 0.82248 3.8 0.78393 4.8 0.76988 52
35.0 | 0.6823 3.7 0.61822 4.7 0.5954 81
40.0 | 0.58909 3.6 0.49053 4.6 0.46341 4.9
45.0 | 0.4767 3.5 039116 4.5 0.36327 4.8
0.0 | 040133 3.4 031371 4.3 0.2B636 4.8
55.0 | 0.33854 313 0.25338 4.2 0.2262 47
60.0 | 0.28769 3.2 0.20565 4.2 017974 4.5
65.0 | 0.24573 31 016762 4.1 0.1438 4.4
700 | 021081 3.0 013726 4.0 0.1156 4.3
75.0 | 0.18147 3.0 011279 3.9 0.093296 4.3
80.0 | 015682 2.8 0093053 (3.8 0075623 (4.2
850 | 013801 2.8 0077177 37 0.061619 4.1
800 | 011838 2.7 0064263 |36 0050414 (39
95.0 | 0.10342 2.7 0.053678 3.6 0.041532 3.8
100.0 | 0.0890648 2.6 0.044995 3.5 0.034355 3.8
105.0 | 0.078672 2.5 0.037917 3.4 0.028525 3.7
100 | 0.070236 2.5 0.032063 3.4 0.023774 3.7
150 | 0.062118 2.4 0.027161 3.3 0.0189832 3.6
1200 | 0055083 |24 0.023079 |32 0016632 (35
125.0 | 0.048001 |23 0.01968 |3 0.014016 |34
Plase read Cautions and warmings and Page 8 of 31
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Leaded NTC thermistors, lead spacing 5 mm

R/T characteristics
R/T Mo, | 2007 2903 2904
T {"l:'-]l Bgylm = 433[] K E‘g;--m[. = 42':"3 H. E‘2§'1I}1.'| = 43'3':" K
HT.'IHE:, (14 tWH] HT.II.HE:, o {%."K]' HTer25 o {WK._:'
-55.0 [185.87 84 [120.08 7.7 [121.46 7.4
=500 |123.23 8.1 8238 7.4 84.439 72
—-45.0 | B2.888 7.8 57.248 7.2 55.243 71
-40.00 | 56.544 7.6 40.255 7.0 41.938 6.9
—353.0 | 39.061 7.3 28.627 6.7 29.5947 6.7
=300 | 27.321 71 20.577 6.6 21.567 6.6
—-25.0 | 19.326 6.8 14,876 6.4 15.641 6.3
=200 | 13.823 5.6 10.88 6.1 11.466 6.2
=150 | 10.001 .4 8.0808 549 8.451 6.0
=10.0 7.3067 6.4 6.0612 58 6.2827 59
5.0 5.3454 6.2 4 5649 5.6 4. 7077 57
0.0 3.59484 5.9 3.4708 5.4 3.5563 5.5
5.0 2.9585 5.7 26625 5.2 27119 53
10.0 2.2358 5.6 2.0589 21 2.086 241
15.0 1.7001 5.4 1.6069 4.9 1.6204 50
200 | 1.3021 5.4 1.2631 4.8 12683 (4.8
25.0 1.0000 5.2 1.0000 4.6 1.0000 4.7
30.0 0.7756 5.0 0.79593 4.5 0.7942 4.6
35.0 0.80507 4.9 0.63796 4.4 0.63268 4.5
40.0 0.47498 4.8 0.51467 4.2 0.5074 4.3
45.0 0.37533 4.7 0.41887 4.1 0.41026 4.2
500 | 020823 |46 034272 [4.0 0.33363  |4.1
55.0 0.23763 4.5 0.28081 34 0.27243 4.0
G600 0.15041 4.4 023141 3.8 0.2237 3.9
65.0 0.15356 4.3 018211 a7 0.184559 38
70.0 012442 4.2 016027 3.6 0.15303 3.7
75.0 0131 4.1 013421 3.5 0.12755 3.6
80.0 0.08286 4.0 011288 3.4 010677 as
85.0 0068004 | 3.9 0085326 (3.3 0.089928 |34
a0.0 0056032 |38 Q080828 |32 0.076068 |33
95.0 0.046379 3.8 0.068916 3.2 0.064524 3.3
100.0 0.038533 3.7 0.0589859 31 0.054941 3.2
105.0 0.032169 3.6 0.0507M 3.0 0.047003 31
110.0 0.026952 3.5 0.043735 3.0 0.040358 3.0
1150 0.022658 3.4 0.037778 2.9 0.034743 3.0
120.0 0.018111 33 0.032736 28 0.030007 29
1250 | 0016201 |3.3 0.028513 |27 0.026006 |28
130.00 | — - - - 0.022609 28
1350 | — = - - 0.01972 27
1400 | — = - - 0.01723 2.6
1450 | — - - - 0.015139 26
1500 | — - - - 0013321 2.3
1850 | — - - - 0.011754 25
Plase read Cautions and warmings and Page 9 of 3
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Leaded NTC thermistors, lead spacing 5 mm K164
R/T characteristics
R/T Ko, | 4001 4003
T {"l:]l Bgylm = 395{] K E‘g;--pm = 445'3 K
HT.'IHE:, L1} tWH] HT.II.HE:, o WQ'IK}
—55.0 | BB.052 7.3 103.81 6.8
=500 | 61.65 7.0 73.707 6.7
—-45.0 | 43.727 6.8 52.723 6.6
-40.0 | 31.395 6.5 a7 98E 6.5
—35.0 | 22.802 6.3 27.565 6.4
—-30.0 | 16.742 6.2 20.142 6.2
-25.0 |12.367 6.0 14,801 .1
—-20.0 | 9.2353 5.6 10,976 2.8
-15.0 | 7.0079 5.4 81744 58
=10.0 | 5.3654 5.4 6.1407 57
-50 | 4126 5.2 4.6331 55
00| 32 5.0 3.5243 5.4
50 | 24986 4.9 2.6005 53
10,0 1.9662 4.7 20831 2.1
150 | 1.5596 4.6 1.6189 5.0
2000 | 1.2457 4.5 1.2666 4.9
25.0 | 1.0000 4.4 1.0000 4.7
30.0 | 0.80355 42 0.78351 |46
35.0 | 0.65346 4.1 0.62372 4.5
400 | 0.53456 4.0 0.49937 4.4
45.0 | 043966 3.8 0.40218 4.3
50,0 | 038357 38 0.32557 4.2
55.0 | 030183 37 0.26402 4.1
60.0 | 0.25189 3.6 0.21527 4.0
65.0 | 021136 35 017693 39
700 | 07819 3.4 014616 3.8
75.0 | 0.15089 3.3 012097 3.7
80.0 | 012833 3.2 0.10053 a7
85.0 | 010948 31 0.083761 36
0.0 | 0.093748 3.0 Q070039 |35
95.0 | 0.080764 2.9 0.058937 3.4
1000 | 0.069842 2.9 0.049777 3.4
105.0 | 0.060455 2.9 0.042145 3.3
1100 | 0.052498 2.8 0.035803 3.2
1150 | 0.04574 2.7 0.030504 3.2
1200 | 0.038872 27 0.0280687 |31
1250 | 0.034984 26 0022332 3.0
130.0 | - - 0.019186 |3.0
135.0 | - - 0.016515 |29
1400 | — - 0.014253 2.9
1450 | — - 0.012367 2.8
1800 | — - 0.010758 2.8
1850 | — - 00093933 |27
Plase read Cautions and warmings and Page 10 of 31
Important nafes al the end of tis document,
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Taping and packing
1 Taping of SMD NTC thermistors

Tape and reel packing according to IEC 60286-3.
Tape matarial: Cardboard or blister, tape widih 8 £0.30 mm

2 Reel packing

Direction of unrealing

L]

i

GRGEE RS B0 RS

W

Leader, trailer

Traller (tape end)

Haa
I

Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm

Minimurm 160 mm |

Empty cavities

Leader

KEENZTO-E-E

K164
Dimensions in mm
8-mm tape

180-mm reel 330-mm real
A 180 +0/-3 330 +0/-2.0
W, 8.4 41.59/ -0 8.4 +1.5/-0
W 14.4 max, 14,4 max,

KKENSE-IE
Top cover tape

:I"'DG"'DC'
lf DDD

i

Miriirum 100 mm

Emgpty cavities

Minimum 400 mim

Plase read Cautions and warmings and
Imyportant nafes af the end of tis document,

Direction of unreeling

KEEC288-0-E

Page 11 of 31
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164
Packing units for discrete chip
S b A,
ffle o oo [ - .f,fi-'/lr‘-.'-I
- 1\ 0DoD i s ’!'f]"i.u
1 1 el : I\-t L_,;"
Case size | Chip thickness Cardboard tape | Blister tapa | @ 180-mm reel| & 330-mm reel
inch/mm th W W pCs. pCs.
04021005 0.5mm 8mm - 10000 50000
08031608 | 08 mm 8 mm B mm 4000 16000
0BOS20M2 | 0.8 mm - & mm 2000/ 4000 16000
1.2mm - & mm 3000 12000
12063216 | 0.8mm - & mm 2000 12000
1.2 mm - 8 mm 4000 12000

3 Packing codes
The last two digits of the complete ordering code state the packing mode:

Last two digits

60 SMD Cardboard tape 180-mm reel packing
62 SMD Blister tape 180-mm reel packing
70 SMD Cardooard tape 330-mm reel packing
72 SMD Blister tape 330-mm reel packing
Plase read Cautions and warmings and Page 12 of 31

Important nafes al the end of tis document,
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Leaded NTC thermistors, lead spacing 5 mm K164

4 Taping of radial leaded NTC thermistors

Dimensions and tolerances
Lead spacing F = 2.5 mm and 5.0 mm (taping to IEC 60286-2)

THTEZ3-L-E

Dimensions (mm)

Lead Lead Tolarance of FRemarks

gpacing spacing lead spacing

2.5 mm 5mm 2.5/5 mm
w 11.0 11.5 MEx.
h 5.0 6.0 Ma,
d 0.5/0.6 0.5/0.6 +0.05
P, 127 12.7 +0.3 +1 mm / 20 sprocket holes
P, 5.1 3.85 +0.7
F 25 50 +0.6/-0.1
Ah o 0 20 measured at top of component body
Ap 0 0 +1.3
W 18.0 18.0 10.5
W 5.5 5.5 min. peel-off force =5 M
W, 2.0 9.0 +0,75/—0.5
W 3.0 3.0 max.
H 18.0 18.0 +2.0/—0
H, 16.0 16.0 +0.5
H; 322 322 M.
[ 4.0 4.0 +0.2
t 0.9 0.9 Mg, without wires
L 11.0 11.0 max,
L, 4.0 4.0 max.
Plase read Cautions and warmings and Page 13 of 31
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Autor: Alfonso Mareca Miralles
424.18.63



Taese. Escuela Universitaria
2 LU Politécnica - La Almunia

..... Centro adscrito

==. UniversidadZaragoza

Diseno e implementacién de un BMS para BVE (Battery

Electric Vehicle)

(Documentacion Técnica)

&TDK

Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm

Types of packing
Amma packing

Packing unit: 1000 - 2000 pcs_reel

Reel packing

VARGIE-0

Packing unit: 1000 - 2000 pcs.reel

Reel dimensions (in mm)

Bettotoos bbb d e & G0 8Fram

K164

240 210

Direction af unrealing

i

A
Tape

Reel

WARMTE-E-E

Reeal typa

d

360 max.

3+

approx. 45

54 max.

Plase read Cautions and warmings and

Important nafes al the end of tis document,

Page 14 af 31
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Temperature measurement and compensation B5T164K
Leaded NTC thermistors, lead spacing 5 mm K164
Casselte packing

P %
A

-

Packing unit: 1000 - 2000 pcs_cassefte

Bulk packing
The components are packed in cardboard boxes, the size of which depends on the order quantity.

Plase read Cautions and warmings and Page 15 of 31
Imyportant nafes af the end of tis document,
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5 Packing codes
The last two digits of the complete ardering code state the packing mode:
Last two digits
00, 01,02, 03,04,
05, 06, 07, 08 - Bulk -
40, 41 - Bulk -
45 - Bulk -
50 Radial leads, kinked | Cardboard tape Cassette packing
51 Radial leads, kinked | Cardboard tapa 360-mm reel packing
52 Radial leads, straight | Cardboard tape Cassette packing
53 Radial leads, straight | Cardboard tape 360-mm reel packing
54 Radial leads, kinked | Cardboard tape AMMO packing
55 Radial leads, siraight | Cardboard tape AMMO packing
{If ng packing code is indicated, this corresponds to 40)
Example 1:  B57164K0102J000 Bulk
BST164K01021052 Cardboard tape, casselle packing
Example 2: BSTES1S0103F002 Bulk
B5788150103F251 Cardboard 1ape, reel packing
Plase read Cautions and warmings and Page 16 of 31
Important nafes al the end of tis document,
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

Mounting instructions
1 Soldering

1.1 Leaded NTC thermistors
Leaded thermistors comply with the solderability requirements specified by CECC.

When soldering, care must be taken that the NTC thermistors are not damaged by excessive
heat. The following maximum temperatures, maximum time spans and minimum distances have
o be observed:

Dip soldering Iron soldering

Bath temperalura max, 260 *C max, 360 °C
Solderng timea max. 4 s max. 25
Distance from thermistor min. & mm min. & mm

Under more severa soldering condiions the resistance may change.

1.1.1  Wave soldering

Taemperature characteristic at component terminal with dual wave soldering

e __1!:]5_. — Mol cune
c e (LTI TS

1.2 Leadless NTC thermistors

In case of NTC thermistors without leads, soldering is restricted to devices which are provided
with a solderable metallization. The temperaiure shock caused by the application of hot solder
may praduce fine cracks in the ceramic, resuliing in changes in resistance.

To prevent leaching of the metallization, solder with silver additives or with a low tin content

Plase read Cautions and warmings and Page 17 of 31
Imyportant nafes af the end of tis document,
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Leaded NTC thermistors, lead spacing 5 mm K164

should be used. In addition, soldering methods should be employed which permit shart soldering
times.

1.3 SMD NTC thermistors

SMD WNTC thermistors can be provided with a nickel barrier termination or on special request with
silver-palladium termination, The use of no-clean solder products is recommended, In any case
mild, non-activated fluxes should be used. Flux residues after soldering should be minimized.

» SMD NTCs with AgPd termination are not approved for lead-free soldering.
" Mickel barrier termination

Figure 1
SMD NTC thermistars, struciure of nickel
i S barrier termination
~... Nigaal [f¥i]
Siver [Ag]
VARZORT'M

The nickel barrier layer of the silver/nickeltin termination (see figure 1) prevents leaching of the
silver base metallization layer. This allows great flexibility in the selection of soldering parameters.

The tin prevents the nickel layer from oxidizing and thus ensures better welling by the solder, The
nickal barrier termination is tested for all commaonly-used soldering methods according to IEC
60068-2-58. Insufficient preheating may cause ceramic cracks. Rapid cooling by dipping in sol-
vent is not recommended.

The following test and process conditions apply for nickel barrier termination.

Plase read Cautions and warmings and Page 18 af 31
Imyporiant nofes at the end of tis document.
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Leaded NTC thermistors, lead spacing 5 mm K164

1.3.1 Solderability (test to IEC 60068-2-58)

Preconditioning: Immersion into flux F-5W 32.
Evaluation criterion: Wetting of soldering areas =95%.

Solder Bath temperature (*C) el time (5)
SnPl 60/40 2153 3403
SnAg (3.0 ... 4.0), Cu (0.5... 0.9) 245 +3 3403

1.3.2 Resistance to soldering heat (test to IEC 60068-2-58)

Preconditioning: Immersion into flux F-SW 32.
Evaluation criterion: Leaching of side edges =1/3.

Solder Bath temperature (*C) Drweell time (5)
SnPb 6040 260 £5 101
SnAg (3.0 ... 4.0), Cu (0.5 ... 0.9) DEQ £5 10 +1

1.3.3 Reflow soldering

Temperature ranges for reflow soldering acc. 1o IEC 60068-2-58 recommendations.

P

G [ TN - T-5°C
Max. ramp up rate = 3°Cls
% Max. ramp down rate = 6°Cls
L
T
& - i -
IE Temax Preheal area
T
~ s \
25
Time 26°C o peak
- = Time ——==
THTOEE-P-E
Plase read Cautions and warmings and Page 19 of 31
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Leaded NTC thermistors, lead spacing 5 mm K164
Profile feature Sn-Pb eutectic assembly | Pb-free assembly
Praheatl and soak

- Temperature min Tonin 100 =C 150 =C

- Temperature max T 150 =C 200 *C

- Time timies 100 L | B0 ... 120 8 B0 ..120 5
Average ramp-up rate Tonme 10 Ty | 375/ 5 max. 3 °C/ 5 max.
Liguidous temperature T, 183 °C 217 *C

Time at liquidous i 40 ... 180 s 40 ... 150 s

Peak package body temperature | T, 215°C .., 260 "C" 235°C ... 260 °C
Time above (Te =5 *C) te 10 ...40 s 10 ...40s
Average ramp-down rate Toto Toe | 670 5 max. 6 °C/ 5 max.

Time 25 *C to peak temperature max. 8 minutes max. 8 minutes

1] Dapending on package thickness.

Notes: All temperatures refer fo topside of the package, measured on the package body
surfacs,

MNumber of reflow cycles: 3

Iron soldering should be avoided, hot air methods are recommended for repair

pUrpOSas.

Salder joint profiles for silver/nickelitin terminations

Good solder jaint ThiTises-G-E Too much salder

Pad geometry oo lange FHENT] & E
Poar welling KAENITELE
Plase read Cautions and warmings and Page 20 of 31
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Leaded NTC thermistors, lead spacing 5 mm K164

1.34 Recommended geometry of solder pads

i i
7 -
. Ar
o C -—
KEEGMD- ¥

Recommendad maximum dimensions {mm)

Case size A B c
inch/mm

040211005 (0.8 0.6 1.7
08031608 (1.0 1.0 3.0
oBo&2M2 1.3 1.2 34
1206/3216 |1.8 1.2 45
2 Conductive adhesion

An alternative to soldering for silver-palladium tarminated components is the gluing of tharmistors
with conductive adhesives. The benefit of this method is that it involves no thermal stress. The
adhesives usad must be chemically inert.

3 Clamp contacting

Prassure contacting by means of clamps is particularly suitable for applications invelving frequent
switching and high turn-on powers.

a Robustness of terminations (leaded types)

The lzads meel the requirements of IEC 60068-2-21, Thay may nol be bent closer than 4 mm
from the solder joint on the thermistor body or from the point at which they leave the feed-
throughs. During bending, any mechanical stress at the outlet of the leads must be removed. The
bending radius should be at least 0.75 mm.

Plase read Cautions and warmings and Page 21 of 31
Imyportant nafes af the end of tis document,
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

Tensile strength:  Test Uail:
Value of applied force for Ual test:

Diameter (d) of Force with tolerance of +10%
comesponding round leads

& < 0,25 mm 1.0M

0.25 < A <0.35 mm 25N

0.35 = & = 0.50 mm 50N

0.50 = & < 0.80 mm 10.0M

Bending strength: Test Ub:
Twio 90°-bends in opposite directions

Value of applied force for Ub test:

Diameter (d) of Force with tolerance of £10%¢:
cormesponding round leads

= 0.25 mm 085N

0.25 < @ =035 mm 125N

0.35 < & = 0.50 mm 25M

0.560 < @ = 0.80 mm 5N

Torsional strength: Test Ue: severity 2
The lead is bent by 90° at a distance of § to 6.5 mm from the thermisior body,

The bending radius of the leads should be approx. 0.75 mm. Two torsions of
180° gach (severity 2).

When subjecting leads 1o mechanical stress, the following should be observed:

Tensile stress on leads

During mounting and oparaticn tensile forces on the leads are to be avoided.
Bending of leads

Bending of the leads directly on the thermistor body is not permissible.

A lead may be bent at a minimum distance of twice the wire's diameter +4 mm from the solder
joint on the thermistor body. During bending tha wira must be mechanically relieved at its outlet.
The bending radius should be at least 0.75 mm.

Plase read Cautions and warmings and Page 22 of 31
Imyporiant nofes at the end of tis document.
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

5 Sealing and potting

Sealing or potting processes can affect the reliability of the component.

When thermistors are sealed, potted or overmolded, there must be no mechanical stress caused
by thermal expansion during the production process (curing / overmalding process) and during
later operation. The upper category temperature of the thermistor must not be exceeded. Ensure
that the materials used [sealing / potting compound and  plastic material) are chemically neutral.
As thermistors are temparature sensitive compaonents it should be considered that molding can af-
fact the thermal surrounding and may influence e.g. the response time.

Extensive testing is encouraged in order to determine whether overmolding or potting influences
the functionality and/ or reliability of the component.

6  Cleaning

Cleaning processes can affect the reliability of the companent.

It cleaning is necessary, mild cleaning agents are recommended. Cleaning agents based on wa-
ter are not allowed. Washing processes may damage the product due 1o the possible static or
cyclic mechanical loads {e.g. ultrasonic cleaning). They may cause cracks which might lead to re-
duced reliability and/ or lifetime.

7 Storage

In order to maintain their solderability, thermistars must be stored in a non-corrosive atmosphere,
Humidity, temperature and container materials are critical factors,

Do not store SMDs where they are exposed to heat or direct sunlight. Otherwise, the packing ma-
tarial may be deformed or SMDs may stick together, causing problams during mounting, After
apening the factory seals, such as polyvinyl-sealed packages, use the SMDs as soon as possible.

The components should be left in the original packing. Touching the metallization of unsoldered
thermistors may change their soldering propearties.
Storage temparatura: =25*Cupto 45°C
Relative humidity (without condensation): =75% annual mean
<85%, maximum 30 days per annum
Solder the thermistars listed in this data book after shipment from EPCOS within the time speci-

fiecd:

SMDs with AgPd termination: & months

SMDs with nickel barrier termination: 12 months
Leadless componants: 12 months
Leaded componants: 24 months

Plase read Cautions and warmings and Page 23 of 31
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

] Placement and orientation of SMD NTC thermistors on PCE

a) Component placement

Incorrect It is recommended that the PC board
should be held by means of some
adequate suppaorting pins such as
shown left to prevent the SMDs from
being damaged or cracked.

Correct
Mozzle for
* chip mounting
f— | —
I 1]
] —
N2
Supporting pins
ERERHTLE
b) Cracks
SMDs located near an SMD braakags probabiliy When placing a component near an
easily warped area due to stress at a breakaway area which is apt to bend or a grid
¥ 0 _ groove on the PC board, it is advisable
(] “ to have both electrodes subjected o
| o uniform stress, or to position the
| % 0 i component's electrodes at right angles
- ﬂq ' to the grid groove or bending line (see
O = comect a !
o | D 3 ¢} Componeant orientation).
A = NCHTRC | o
{under ceraln condiions) L— _" -
W Bl 5
c) Component orientation
Locate chip horizontal o the Choose a mounting position that
diraction in Which siress acls minimizes the stress imposed on the
chip during flexing or bending of the
board.
Plase read Cautions and warmings and Page 24 of 31
Important nafes al the end of tis document,
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

Cautions and warnings

General

See "lmportant notes” on page 2.

Storage

® Store thermistors only in original packaging. Do not open the package prior to processing.

» Storage conditions in original packaging: storage temperature —28 =G .. +45 °C, relative
humidity =75% annual mean, <85% maximum 30 days per annum, dew precipilation is
inadmissibla.

# Do not store thermistors where they are exposed to heat or direct sunlight. Otharwise, the

packing material may be deformead or components may stick together, causing problems during

maunting.

Avoid contamination of thermistor surface during storage, handling and processing.

Avoid storage of thermistors in harmful environments like corrosive gases (S0, Cl etc).

Use the camponeants as soon as possible after apening the anginal packaging.

Solder thermistors within the time spacified after shipment from EPCOS.

For leaded componants this is 24 months, for SMD compenents with nickel barrier termination

12 months, for leadless companents this is 12 months, for SMD components with AgPd

termination 6 months.

Handling

» WTC thermistors must not be dropped. Chip-offs or any other damage must not be caused
during handling of NTCs.

= Do not touch companents with bare hands. Gloves are recommendead.

& Ayoid contamination of thermistor surface during handling.

» Washing processas may damage the product due to the possible static or cyclic machanical
loads (e.9. ultrasonic cleaning). They may cause cracks to develop on the product and its parts,
which might lead to reducead raliability or lifetime.

Bending / twisting leads

B A lead (wire) may be bent at a minimum distance of twice the wire's diameter plus 4 mm from
the component head or housing. When bending ensure the wire is mechanically relieved at the
companent head or housing. The bending radius should be at least 0.75 mm,

Soldering

® Use resin-type flux or non-activated flux.

» Insufficient prehealing may cause ceramic cracks,

= Rapld cooling by dipping in solvent is not recommended.
u Complate removal of flux is recommendead.

Plase read Cautions and warmings and Page 25 of 31
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Leaded NTC thermistors, lead spacing 5 mm K164

Mounting

» Ensure that no thermo-mechanical stress ocours due o production processes (curing or
overmaolding processes) when thermistons are sealed, potted or overmolded or during their
subsequent operation. The maximum temperature of the thermistor must not be exceedad.
Ensure that the materials used (sealing/potting compound and plastic material) are chemically
neutral.

» Electrodes/cantacts must not be scralched or damaged before/during/after tha mounting
process.

» Contacts and housing used for assembly with the thermistor must be clean before mounting.

= Ensure that adjacent materials are designed for operation at temperatures comparable to the
surface temperature of the thermistor. Be sure that surrounding pars and materials can
withstand the temperature.

B Avoid contamination of the thermistor surface during processing.

» The connections of sensors (e.g. cable end, wire end, plug terminal) may only be exposed o
an environmant with normal atmosphearic conditions,

& Tensile forces on cables or leads must be avoided during mounting and opearation.

= Bending or twisting of cables or leads directly on the thermistor body is not permissible.

» Avoid using chemical substances as mounting aids. It must be ensured that no water or other
liquids enter the NTC thermistors (e.g. through plug terminals). In paricular, water basad
substances (2.9. soap suds) must not be used as mounting aids for sensors.

® The use of no-clean solder products is recommended. In any case mild, non-activated fluxes
should be used, Flux residues after soldering should be minimized.

Operation

= Use thermistors only within the specified operating temperature range.

® Use thermistors only within the specified power range.

= Emvirpnmeantal conditions must not harm the themistors. Only use the thermistors undar
normal atmospheric conditions or within the specified conditions.

» Contact of NTC thermistors with any liquids and solvents shall be prevented. It must be
ensured that no water enters the NTC thermistors (e.g. throwgh plug terminals). For
measurament purposes (checking the specified resistance vs. lemperature), the componeant
must not be immersed in water but in suitable liguids (e.g. perflucropolyethers such as Galden).

® Avoid dewing and condensation unless thermistor is specified for these conditions.

» Bending or twisling of cables and/or wires is not permissiole during operation of the sensor in
the application.

» Be sure to provide an appropriate fail-safe function to prevent secondary product damage
cauvsed by malfunction.

This listing does not claim to be complate, but merely reflects the experience of EPCOS AG.

Display of ardering codes for EPCOS products
The ordering code for one and the same EFPCOS product can be represented differently in data

Plase read Cautions and warmings and Page 26 of 31
Imyporiant nofes at the end of tis document.
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

sheets, data books, other publications, on the EPCOS website, or in order-related documenis
such as shipping notes, order confirmations and product labels. The varying representations of
the ordering codes are due to different processes employed and do not affect the

gpecifications of the respective products. Detailed information can be found on the Internet
under www.epcos.com/orderingcodes

Plase read Cautions and warmings and

Page 27 of 31
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164

Symbaols and terms

Symbol English German

A Area Flache

AWG American Wire Gauge Amearikanischa Morm fir Drahtquerschnitie

B B value B-Weart

Basico B value determined by resistance B-Wert, ermittelt durch Widerstands-
measurement at 25 °C and 100 °C messungen bei 25 *C und 100 *C

Ci Heat capacitance Warmekapazitat

| Current Strom

M Mumber (intager) Anzahl ([ganzzanliger Wert)

Pas Maximum power at 25 *C Maximale Leistung bei 25 °C

P Power dissipation Verlustleistung

P. Electrical power Elektrische Leistung

P e Maximum power within stated Maximale Leistung im
lemperature range angegebenenTemperaturbereich

ARgRa Resistance tolerance caused by Widerstandstoleranz, die durch die
spread of B valug Streuunyg des B-Wertes verursacht wird

R Insulation resistance |solationswiderstand

Fr Parallel resistance Parallelwiderstand

Ra Rated resistance Mennwiderstand

ARyRy Resistance tolerance Widerstandstoleranz

Rs Series resislance Serlenwiderstand

R Resistance at temperature T ‘Widerstand bei Temparatur T
{2.0. Ry = resistance at 25 *C) (z.B. Rz = Widerstand bei 25 *C)

T Temperature Tamperatur

AT Temperature tolerance Temperaturtoleranz

t Time Zgit

Ta Ambient temperature Umgebungstemperatur

L™ Upper category lemperalure Obere Grenztemparatur

(Kategorietemperatur)
Trin Lower category temperature Untere Granztemperatur
[Kategorietemperatur)

Tw Operating temperature Betrichstemperatur

Tr Rated temperature Menntamperatur

Toun Surface temperature Cberflachentemperatur

W Voltage Spannung

Vi Insulation test voltage Isolationsprifspannung

Ve Operating voliage Betrigbsspannung

Woase Test voltage Profsgpannung

Plase read Cautions and warmings and Page 28 of 31
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Temperature measurement and compensation B5T164K

Leaded NTC thermistors, lead spacing 5 mm K164
Symbaol English German

o Temperature coefficient Temperaturkoeffizient

A Tolerance, change Taleranz, Anderung

By, Dissipation factor Warmaleitwert

T Thearmal cooling time constant Thermische Abkihlzeitkonstante

1, Thermal time constant Thermische Zeitkonstante

Abbreviations / Notes

Symbol English German
SMD Surface-mountad devices Oberflachenmontiarbares Bauelement
* To be replaced by a number in ordaring | Platzhalter fir Zahl im Bestellnummern-
codes, type designations etc. code oder fOr die Typenbezeichnung.
+ To be replaced by a lelter, Platzhalter flir einen Buchstaben.
All dimensions are given in mm. Alle Malie sind in mm angagaben.
The commas used in numerical values | Verwendete Kommas in Zahlenwerten
denote decimal points. bezeichnen Dezimalpunkte.
Plase read Cautions and warmings and Page 29 of 31
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The following applies o all products named in this publication:

1. Some parts of this publication contain statements about the suitability of our products for
certain areas of application. These statements are based on our knowledge of typical re-
guirements that are often placed on our products in the areas of application concerned. We
navertheless expressly point out that such statements cannot be regarded as binding
statements about the suitability of our products for a particular customer application.
As a rule, EPCOS is either unfamiliar with individual customer applications or less familiar
with them than the customers themselves. For these reasons, it is always ultimately incum-
bent on the customer o check and decide whethar an EPCOS product with the properties de-
gcribad in the product specification is suitable for use in a particular cusfomer application.

2. We also point out that in individual cases, a malfunction of electronic components or
failure before the end of their usual service life cannot be completely ruled out in the
current state of the art, even if they are operated as specified. In customer applications
requiring a very high level of operational safety and especially in customer applications in
which the malfunction or failure of an electronic component could endanger human life or
haalth {2.0. in accident prevention or lilesaving systems), it must therefore be ensured by
means of suitable design of the customer application or other action taken by the customer
(e.g. installation of protective circuitry or redundancy) that no injury or damage is sustained by
third parties in the event of malfunction or failure of an electronic component.

3. The warnings, cautions and product-specific notes must be observed,

4. In order to satisfy ceriain technical requirements, some of the products described in this
publication may contain substances subject to restrictions in certain jurisdictions (e.g.
because they are classed as hazardous). Useful information on this will be found in our Ma-
terial Data Sheets on the Internet (waaw.epcos.comimaterial). Should you have any more de-
tailed guestions, please contact our sales offices,

5. We constantly strive 1o improve our products. Conssquently, the products described in this
publication may change from time to time. The same is true of the corresponding product
specilications. Please check therelore o what extent product descripions and specilications
contained in this publication are still applicable before or when you place an order, We also
reserve the right to discontinue production and delivery of products. Consequently, we
cannot guarantee that all products named in this publication will always be available. The
aforamentioned does not apply in the case of individual agreements deviating fram the fore-
gaing for customer-specific products,

6. Unless otherwise agreed in individual contracts, all orders are subject to the current ver-
sion of the "General Terms of Delivery for Products and Services in the Electrical In-
dustry” published by the German Electrical and Electronics Industry Association
(ZVEI).

Page 30 of 31
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7. The trade names EPCOS, CeraCharge, CeraDiode, Ceralink, CeraPad, CeraPlas, CSMP,
CTVS, DeltaCap, DigiSiMic, ExoCore, FiterCap, FormFit, LeaXiald, MiniBluea, MiniCell, MKD,
MEK, MotorCap, PCC, PhaseCap, PhaseCube, PhaselMod, PhiCap, PowerHap, POSine,
PCQvar, SIFERRIT, SIFI, SIKOREL, SilverCap. SIMDAD, SiMic, SIMID, SineFormer, SI0V,
ThermaoFuse, WindCap are trademarks registered or pending in Europe and in other coun-
trigs. Further information will be found on the Intemet at www.epcos.comitrademarks.
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Mouser Electronics

Authorized Distributor

Click to View Pricing, Inventory, Delivery & Lifecycle Information:

EFPCOS / TDK:

BE7164K101) BST164K103) BST164K104) BST164K220K BST164K221) BET164K2220 BST164K330K

BET164KAT2) BET164K4TA) BETI6AKESE2) BET164K01500000 BST164K0EE1J000 BST164K0681K000

BET1E4K04 71 KOO0

BET1E4K0224.0000 BET1E4KO47IK000 BST164K02ZRI000 BST164K0150K000

BET164K0152J000

BS7154K01 54K000 BST184K0152ZK000 BST164K0222K000 BET164K0334K000

BET164K0E821000
B5T164K0E32.1000

B57164K0683J000 B57164K0101.0000 BET164K0680K000 B5T164K0332K000
BS7164K04T4K000 B5ST164KO6EIK000 BST164K0104K000 B57164K0221K000

BET 16404 721000

B57164K02200000 B57164K04T0K000 BST164K04T2K000 BST164KOZ20K000

B57164K0153J000

BS7164K0333.J000 BE7164K0224K000 BST164K0153K000 BS7164K04 70,000

BET1E4K0E30J000

BE7164K0473J000 BET1G4K010TKO00 BE7164K0Z22)000 BET164K0103K000

BET164K0151.1000

B57164K0334J000 BST164K0331K000 BST164K01 02K000 BST1E4K0EE0J000

BST164K0154.J000

BST164K0102J000 BST164K0223K000 BST164K0151K000 BST164K0330K000

BET1E4KOEIIK000

BST164K0104000 BST164K0GEZK000 BST164H0331.J000 BST164K04714000
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3.5. SENSOR DE CORRIENTE HTFS-440/P

Current Transducer HTFS 200 .. 800-P/SP2

For the electronic measurement of currents: DC, AC, pulsed..., with
galvanic separation between the primary circuit and the secondary
circuit.

é%;;‘:‘E'A&;RE*{SQ‘N‘ms

Electrical data

Primary nominal  Primary current Type RoHS since
s curent measuning range Date code
I, (A) LA .

200 £300 HTFS 200-P/SP2 45326

400 1600 HTFS 400-P/SP2 45060

800 £1200 HTFS 800-P/SP2 45060

V., Qutput voltage (Analog) @ I, Vv #1.25-LJI )V

I,=0 v, 10025 v
v, Refarence voltage Y < Output voltage 12 U, £0.025 v

V., Cutput impedance Typ. 200 Q

Vv, Load impedance 2200 Kk
R Load resistance 22 kQ
R, Output internal resstance <5 Q
o Capacitiva ioading a7 F
u. Supply voltage (5 %) 5 v
I Current consumglion @ U_» 5V 19 (typ) mA

25 (max) mA

|_Accuracy - Dynamic performance data
X Accuracy @ 1, T, » 25°C =21 %
'3 Linearity emor 0. 1.5 % J $20.5 %
TCV,, Temperature of coefMcent of V, @ I, =0, s20.1 mV/K
TCV,, Tempecature of coelficent of V_ <2190 ppmiK
TCG  Temperature of coeficent of V, 2420 ppm/K
A Magnetic offset volage @ 7, = 0 and specified R,

aflor anoverioad of 3% [ <405 %
V., Quiput voltage noise  (DC . 20 Mz) <40 mVpp
L Reaction time %0 10 % of I, <2 ]
t Step response tma to 90 % of I, <35 us
didt di‘'dt accurately followed >100 Alus
BwW Freguency bandwidih (-3 d8) * DC .. 240 kHz
Notes: ' It is possible 10 overdrive V. wilh an external reference voltage

between 0.5- 285V
# Excluding offset and magnetic offsel voltage
% Small signal only 1o avoid ive heatings of the magnetic core.

74.96.44 002.0, 74 96 45.002.0, 74 96.56 002 0

I =

PN

200 .. 800A

Features

« Hall effect measurng principle
Galvanic separation between
peimary and secondary circult
Low power consumption

Single power supply +5 V
Ratometric offsat

Insulaling plastic case recognized
according to UL 84-V0

o T,#-40°C_+105°C

Special feature
e PCB foaton with 4 ping @ 1 mm
Advantages

o Small size and space saving

o Only one design for wide current
ratngs range

« High immunity 10 extemal
intecfarence

e V_INOUT

Applications

o Forklift drives

e AC variable speed drives

* Statc converters for DC molor

drives

Battery suppliod apphcations

Uninterruptible Power Supplies

(UPS)

* Switched Mode Power Supplies
(SMPS)

e« Power supplas for weldng
appications

Application domain

o Industsial.

Fags 14
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Current Transducer HTFS 200 .. 800-P/SP2

General data

T, Ambient cperating temperature -40 .. +105 C
T Ambient siorage temperature -40.. +105 *C
m Mass 60
Standards EN50176: 1997
U, Rms voltage for AC insulation test, 50 Hz, 1 min 25 kv
o, Impulse withstand voltage 1.2/50 ps 4 KV
u, Partial discharge extinction rms voltage @ 10 pC >1 kv
Min

d., Creepage distance =4 mm
d,, Clearance >4 mm
cn Comparative Tracking Index (group llla) >220

Applications examples

EN 50178 IEC 610101
d..d.,0, Rated Insulation voltage Nominal voltage
Basic insulation 300V 300V
Renforced insulation 150V 150V

According to EN 50178 and IEC 61010-1 standards and following conditions.

o Over vollage category OV 3
e Polluton degree PD2
o Non-undorm field

Safety

This transducer must be used in limted-energy secondary circuits according fo

IEC 610101 ?

This transducer must be used in electnc/electronic equipment with respect to
applicable standards and safety requirements in accordance with the manufacturer's

operating instructions

Caution, risk of electncal shock

When operating the transducer, cenain parts of the module can carry hazardous
voltage (eg. primary busbar, power supply). ignonng this waming can lead o injury
andior cause sarious damage.

This transducer is a build-in device, whose conducting parts must be inaccessible
after nstallation A protective housing or addilional shiek! could be used

Main supply must be able to be disconnected

. Pags 2
ANOVEMDerZ01ANAISION §  LEM nesarees 10 1gH 10 Gy S0t modfiomons on 15 ansd e, Is oo 15 menome (ham witou! fres notee www. lem.com
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HTFS measuring range with external V_

Upper timit: I_=-160 % V_+720(V_ =0.5. 265V)

*0

- ! ! ! !

o \ Lower hmit: I, =-160 % V_+80(V_ =0.5. 2.65V)
- ! ! ! 1

LA

R
ws 1 LS 2 i
V. (v)
e Upper fimit: 1, = 864 (V,, =05 1.8V)
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Mechanical characteristics
* General tolerance £0.2 mm oV, is positive when I, flows in the direction of the arrow,
e Fixaton 1o PCB 4 pins x @ 1 mm « Temperature of the primary conductor should not
Recommended PCB hole @ 1.2 mm exceed 120 °C.
« Connection 1o secondary 4 pins 0.5 x 0.25 mm
Recommended PCB hole @ 0.7 mm
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3.6. BUFFER DE CAPACITANCIA P82B96

s P82B96
us Dual bidirectional bus buffer
Rev. 08 — 10 November 2009

1. General description

Product data sheet

The P82E96 1s a bipolar IC that creates a non-latching, bidirectionad, logic interface
between the normal 1*C-bus and a range of other bus configurations, It can interface
FC-bus logic signals to similar buses having different voltage and current lévets,

For example, It can interface 1o the 350 pA SMBus, to 3.3 V logic devices, and to 15 V
levets and'or low-impedance lines 1o improve nose immunity on longar bus kngths.

I achieves this interface withowt any restrictions on the normal FC-bus pratocols or dock
speed. The IC aads minimal loadng o the 1PC-bus nade, and loadings of the new bus of
remote FC-pus nodes &ne not transmitied or transformed 1o the local node. Restrictions
on tha number of 1°C-bus devices m a systam, or the physical separation betwean them,
are virjualy eliminated. Transmitling SDA and SCL signads via balanced transmission
lines (twisted pairs) or with galvanic isolation (oplo-couplng) is simple because separate
directional Tx and Rx signals are provided. The Tx and Rx signals may be directly
connected, without causing latching, to provide an alternative bidirectional signal line with

FC-bus properties.

2. Features

Bidirectional data transfer of 1C-bus signats

buses

Isolates capacitance aiowing 400 pF on Sx/Sy side and 4000 pf on Tx/Ty side
TxTy oulputs have 80 mA sink capability for driving low-impedance o« high capacitive

W 400 kHz operation over at least 20 meters of wire (sea AN10148)
B Supply voltage range of 2 V 10 15 V with I2C-bus logic levels on Sx/Sy side

Independant of supply voltage

W Splis 1*C-bus signal into pairs of forwardireverse Tx/Rx, Ty/Ry signals for interface
with oplo-electrical isolators and similar devices thal need unidirectional input and

oulpul signal pams,
W Low power supply currant

W ESD protection excesds 3500 V HBM per JESD22-A114, 250 V DIP package, 400 V
SO packapge MM par JESD22-A115, and 1000 V COM per JESDZ22-C101

B Lalch-up free (bipolar process with no latching structures)

B Packages offered: DIPB, SOB and TSSOP8

leunded By Phispd
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3. Applications

B Interface between 12C-buses operaling at different logic levels (tor exampie, 5 V and
IVorisyV)

B Interface between 1°C-bus and SMBus (350 pA) standard

m Simpie conversion of I°C-bus SDA or SCL signals to multi-drop differential bus
hargware, for example, via compatible PCA82C250

B Interfaces with opto-couplers to provide opto-isolation between 1°C-bus nodes up to
400 kHz

4. Ordering information

Table 1,  Ordering Information
Type number Package

Name  Description 'Version
P82BosDP TSSOP8 plastic thin shrink small outiine package; 8 leads; SOT505-1
body width 3 mm
PB2B9SPN DiPg plastic dual in-line package; 8 leads (300 mil) SOTe71
P82B9sTD SOB plastic small oulline package; B leads,; S0T96-1
body width 3.9 mm
PB2BOSTDISB00  SO8 plastic small outhine package: & leads; SOTe6-1
body wicth 3.9 mm

4.1 Ordering options

Table 2. Ordering options

Type number Topside mark  Temperature range

PB2B9EDP 82896 40 °C 10 +85°C

PB2B9SFN PE2BIEPN -40°C to +85 °C

PB2B95TD Pe2B96T 40 °C 10 +85 °C

PE2BOSTDNSS00  P82BYET —40°C t0 +125°C
L %] OMP BY X0d Al ryen mewws
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5. Block diagram

P82B96

' Duai Bidirociiénﬁi Bus i)u"or

Voo 12V 15V)

Sx |scw—'4r{>—3—n [TxD, SOW)
—4—3— Rx IAXD. SDA)
Sy (BCLY ~ef - ~D-— e Ty (T2, SCLY
L(]r—e— Ry [RaD, SCL)

SOXdato 0
| Fig 1. Block diagram of P82B396
6. Pinning information
6.1 Pinning
PB2B9STD
PE289STDSI00

I L

K 0] Ve Sx [t (AR
o Be | Be | edo e
Ax [ 2 7|8 x | 2 ¥ b

] = RE ppmssor [0
LR EL 6] Ay ™[] 8] Ay 3] 5] Ry

o (4] 5] 1y ano (3] 51 7y ano [4] 5] 7y
(L DGDaata s GO2anta Ty
Flg 2.  Pin conliguration for DIF8 Fig 3. Pin conliguration for SO8 Fig 4. Pin configuration for

)

6.2 Pin description

Table 3.
Symbol
Sx

Ax

Tx
GND

Ty

Ry

Sy

Vee

Product dala sheel
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Description

1“C-bus (SDA or SCL)
receive signal

transmit signal
negative supply
transmit signal

recaive signal

FC-bus (SDA or SCL)
positive supply voltage

NP B 3008 Al righs spewens
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7. Functional description

Refer to Figure 1 “Block diagram of PB2B96",

The P82B96 has two identical bufters allowing buffering of both of the I°C-bus (SDA and
SCL) signals. Each buffer is made up of two logic signal paths, a forward path from the
12C-bus Interface pin which drives the buffered bus, and a reverse signal path from the
buffered bus input to drive the 1°C-bus Interface. Thus these paths are:

« sense the voltage state of the 12C-bus pin Sx {or Sy) and transmit this state to the pin
Tx (Ty respectively), and

« sense the state of the pin Rx (Ry} and pull the 12C-bus pin LOW whenever Ax (Ry) is
LOW.

The rest of this discussion will address only the 'x' side of the buffer; the 'y’ side is
identical.

The 12C-bus pin {Sx) Is designed 10 interface with a normal I2C-bus,

The legic threshold voltage levels on the 12C-bus are independent of the IC supply Ve
The maximum FC-bus supply voltage is 15 V and the guaranteed static sink current is
3mA.

The legic level of Rx Is determined from the power supply voltage Ve of the chip. Logic
LOW is below 42 % of Ve, and logic HIGH is above 58 % of Ve (with a typical switching
threshold of half Veg).

Tx is an open-collector output without ESD protection diodes to Vee. It may be connected
via a pull-up resistor to a supply voltage in excess of Ve, as long as the 15 V rating Is not
exceadad. It has a larger current sinking capability than a normal 1?C-bus device, being
able to sink a static current of greater than 30 mA, and typica! 100 mA dynamic pull-down
capability as well,

A logic LOW s only transmitted to Tx when the voitage at the [2C-bus pin {Sx) is below
0.5 V. A logic LOW at Rx will cause the 12C-bus (Sx) to be pulled to a logic LOW level in
accordance with 12C-bus requirements (maximum 1.5 V in 5 V applications) but not low
enough to be looped back to the Tx output and cause the buffer to laich LOW,

The minimum LOW level this chip can achieve on the PC-bus by a LOW at Rx is typically
08V

If the supply voltage Vi faits, then neither the 1°C-bus nor the Tx output will be held LOW.
Their open-collector configuration allows them to be pulled up 1o the rated maximum of
15 V even without Vee present. The input configuration on Sx and Rx also present no
loading of external signals even when Ve is not present.

The effective input capacitance of any signal pin, measured by its effect on bus rise times,
Is less than 7 pF for all bus voltages and supply voltages Including Voo =0 V.

Remark: Two or more Sx or Sy I/Os must not be interconnecied. The PB2B96 design
does not suppert this configuration. Bidirectional 17C-bus signals do not allow any
direction control pin so, instead, slightly different logic low voltage levels are used at Sx/Sy
to avoid latching of this butfer. A ‘regular FC-bus LOW' applied at the Rx/Ry of a P82B96
will be propagated 10 Sx/Sy as a ‘buffered LOW' with a slightly higher voltage level. If this

P 4 OMP BY 006 XS righs sseen
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8. Limiting values

Dual bidirectional bus buffer

special ‘buffered LOW' is applied to the Sx/Sy of another P82B96 that second PS2B96 will
not recognize it as a ‘regular 1°C-bus LOW' and will not propagate It 1o its Tx/Ty output.
The Sx/Sy side of PB2B96 may not ba connected to similar buffers that rely on special
logic thresholds for their operation, for example PCAS511, PCA9515, or PCA9518. The
Sx/Sy side Is only Intended for, and compatible with, the normal 1°C-bus logic voltage
levels of I°C-bus master and slave chips, or even Tx/Rx signals of a second P82896 I
required. The TwRx and Ty/Ry VO pins use the standard 17C-bus logic voltage kavels of all
12C-bus parts. There are no restrictions on the interconnection of the Tx/Rx and Ty/Ry 110
pins to other PB2B96s, for example in a star or multipoint configuration with the Tx/Rx and
Ty/Ry 'O pins on the common bus and the Sx/Sy side connected 1o the line card slave
davices. For more details see Application Note AN255.

b ]

Tsbie 4.  Limiting values

In accordance with the Absolute Maximum Rating System (IEC 60134).

Voltages with respect to pin GNO.

Symbol  Parameter Conditions Min

Veo supply voltage Voo to GND -0.3

Vi voltage on pin Sx 12C-bus SDA or SCL ~0.3

1y voltage on pin Tx bufierad output M -03

Vi voltage on pin Rx recaive input I -03

h. current on any pin

Py total power dissipation

T |unction temperature operating range ~-40
P82B96TD/S900

Tay slorage temperature -55

Tame ambient temperalure operaling 40

+18
+18
+i8
+18

125

+125

Unit

< <

mA
mwW
°C

°’C
*C

[1] Sew algo Section 10.2 “Nagalive undershoot below absolute minimium value™
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Table 5. Characteristics
rm-'ﬁ’c.'mamwmmmwmcwmmVcc-svunfessovmwm -
Symbol  Parameter Conditions Tamh = +25°C Tamb = -40 °C to |Unit
+125 <clll
i Min | Typ | Max Min Max |
Power supply
Voo supply voltage operating 20 - 15 20 15 v
lec supply current buses HIGH 0.9 18 3 mA
Vec=15V; 11 25 4 mA
buses HIGH
Aler additional quiescant per Tx or Ty LOW - 1.7 35 - 35 mA
supply current
Bus pull-up (load) voltages and currents
Vsy, Vg,  maximum inputioulput  open-collecior, 15 15 v
vollage PC-bus and Vi, Vay =
HIGH
Ige. Isp static output loading on Vi, Vg, = 1.0 V; @ o2 - 3 0.2 3 mA
*C-bus Vs, Vry = LOW
Iz Iy aynamic oulpul sink Vg Vgy=2 \'A 7 18 7 mA
capabdty on FC-bus Vi Viy = LOW
Ige, Iy leakage current on Vax, Vey =5V, - - 1 - 10 HA
PC-bus Vi Viy = HIGH
Ve Vs,. =15V, 1 10 LA
VR, Viy = HIGH
Vi Viy  maximumoutput vofdlage  open-collector - - 15 - 15 v
tevel
Iy by static output koading on  Vry, Vg = 0.4 V; - - 30 - 30 mA
butlered bus Var Vay = LOWon
BFC-bus =04V
It by dynamic output sink Vo V> 1V; &0 100 - B0 - mA
capabdity, buffered bus. Vg, Vgy = LOW ON
FC-bus =04V
Iy by teakage current on Vru Vi =Voo =18V, 1 10 pA
bufferod bus Ve Vay = HIGH
Input currents
lge, lay Input current from bus LOW,; - -1 - - -10  pA
1*C-bus Vs Viy = HIGH
IRy IRy nput current from bus LOW,; -1 - -10 pA
butiered bus VA VRy =04V
b by leakage current on Vi Vay = Voo - 1 - - 10 WA
bufferad bus input
Qutput logic LOW level
Vay, Vg, output kogic level LOW gy, Isy = 3mA @ o8 0.88 1.0 (see Figure 6) v
on Rormal 1°C-bus oy, Iy = 0.2 mA B 670 730 790  (seeFigure5) mV
dVe,dT.  temperature coefficient  lg,, ls, = 0.2 mA e} - -1.8 - - - mviK
dVig,dT  of output LOW levels
P 4 OMP BY 006 XS righs smee
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Symbol  Parameter Conditions Tamb = 425 °C Tamb = -40°Cto |Unit
+125 =cll]
Min ‘ Typ [ Max Min Max
Input logic switching threshold voltages
Vs Vg, input logic voltage LOW  on normal BC-bus K] - 640 600 (see Figure 7) mv
Vs, Vs, Input logic level HIGH  on normal FC-bus W 7o0 850 - (see Figured) mV
threshold
dVs,dT,  temperature coefficient -2 mviK
dVs,dT  of input thresholds
Vi, Vay  input logic HIGH level fraction of applied Veg 0.58Vee 0.58Ver . v
Vi, Vay  input thrashold fraction of applled Ve - 0.5Vee - - - v
Vie Vay  mput logic LOW level fraction of applled Veo - - 042V - 0.42Vee V
Legic leyel threshold ditference
Vsy, Vs,  inputioutput logic level Vg, output LOW at & 50 85 50 mv
dfference 0.2 mA - Vg, Input
HIGH maxmum
Thermal resistance
Ringeay  thermal resistance from  SOT96-1 (SOB); 127 Kw
junction 1o printed-circuit - average lead
board temperalure at board
intertace
Bus release on Ve fallure
Vg, Vs, Ve woltage at which all 1 (see Figure 9) v
V1o Viy  buses are guaranteed to
be released
dvidT temperature coefficient - -4 - - - mVK
of guaranteed release
voltage
Buftfer response timelS
Tiidemy  butler time defay on Rty pull-up = 160 0, 70 ns
Vg, toVy,, falling input between no capacitive load;
Vgyto Vy, Vs, = Input switching Veg =5V
threshold, and Vr,
output faling 50 %
Trzadelsy  ufer time delay on Ry, pull-up = 160 Q; - 90 - - - ns
Vs, toVy,, rising input between no capacitive load:
Vey to Vy, Vs, = Input switching Veg=5SV
threshold, and V7,
output reaching 50 %
Vea
Pen 4 © 1O v Xk Ad e e
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Table 5, Characteristics  confinusd
Tame = +25°C; voltages are specified with respect to GND with Vo = 5 V, uniess otherwise specified.

Symbol  Parameter Conditions Tamb = 425 °C Tamb = -40°Cto |Unit
+125 =clll
Min | Typ | Max  Min  Max
Twidaswy,  Suller ime delay on RAs, pullup = 1500 2, . 250 . . - ns
Vi l0 falling input between no capacitve load;
Vaw, Vay Vi = input switching Veg=5V
0 Vg, threshold, and Ve,
output faling 50 %
Tisnaelay  buffer time delay on Ag, pullup = 1500 Q; . 270 - - - ns
Vacto rising input between no capacitive load;
Vay, VRy  Vax = input switching Veoc=5V
to Vg, threshold, and Ve,
output reaching 50 %
Veg
Input capacitance
C input capacitance eflective Input 7 - 7 pF
capacitance of any
signal pin measured
by incremental bus
rise bmes
{t]  Limit data for +125 *C apphbes (o PB2BI6TDS900 nisgu d by desgnich ization, but not by 100 5% test,

12 Tha minimuemn valus requirement 1o pul-up curment, 200 pA, guarantees that the minimum vatue foe Ve, output LOW wil alwvays exceed
o minimum Ve, input HIGH lavel %o eliminate any passbiity of ing. The specitiod délarence is guaranteed by design within any IC.
While the tolerances on absolute levels afow a small prababilty the LOW from ane Sx output is recognized by an Sx input of another
PE2896, this has na consequences for normal appiications. In any dezign the Sx pins of different 10z should never ba Inked because
e resulling system would be very suscaptitle 1o induced nolss snd would rot suppant all 1PC-bus operating modes.

3]  The culpul logic LOW depends on the sink currant. For scaling, sse Application Nole AN2SS.

{4] The Input logie thrashold is Indepandant of the supply voltage

5] The fall ime of Vi, from % V to 2.5 V¥ in the test is approximately 15 ns.

The fall ime of Vi, from SV to 25 V in the test is appraximately 50 ns.
The rise time of Vi, from 0 V1o 2.5 V in the tes! iz sppeoximately 20 ne
The rige time of Vi, from 0.9 V10 2,5V In the test 8 approximately 70 ns.

P © 1D D% J00k Ak rigen mame
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T

Vi, at Sx typical and limits over temperature
{1] Maximum
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{3 Mnmum

Fig 5. Vg as a function of junction temperature

(ot = 0.2 mA)

Vitirescd)
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400 [~

-50 2% o0 25 5 75 100 125
T

Vitis @l Sx changes over temperature range

T I°C}

Vi at Sx typical and imes ovar temperature
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2) Typicst
(3} Minimum

Fig 6. Vg as a function of junction temperature
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Fig 7. Viiimas) @5 a function of junction temperature Fig 8. Vinimin, @5 @ function of junction temperature
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FiIg 9.  Vegimm) that guarantees bus release limit over temperature
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10. Application information
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Refer to AN960 and AN255 for more application detall,
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Figure 13 shows how a master 1°C-bus can be protected against short circuits or fallures
In applications that involve plug and socket connections and long cables that may become
damaged. A simple circuit is added 1o monitor the SDA bus, and if its LOW time exceeds
the design value, then the master bus is disconnected. P82B96 will free all its 1'Os if its
supply I8 removed, so one option IS to connect its Vee to the output of a logic gate from,
say, the 74LVC family. The SDA and SCL lines could be timed and Vg disabled wvia the
gate if one or other lines exceeds a design value of 'LOW' period as in Figure 28 of
AN255. If the supply voltage of logic gates restricts the choice of Vo supply then the
low-cost discrete circuit In Figure 13 can be used. If the SDA line is held LOW, the 100 nF
capacitor will charge and the Ry input will be pulled towards Vee. When it exceeds 0.5Vce
the Ry input will set the Sy input HIGH, which in practice means simply releasing it.

In this example the SCL line is made unidirectional by tying the Rx pin to Vg, The state of
the buttered SCL line cannot affect the master clock line which is allowed when
clock-stratching is not required. It is simple to add an additional fransistor or diode to
control the Rx input in the same way as Ry when necessary. The +V cable drive can be
any voltage up 1o 15 V and the bus may be run at a lower impedance by selecting pull-up
resistors for a static sink current up to 30 mA. Vioe; and Ve may be chosen to suit the
connected devices. Because DDC uses relatively low speeds (< 100 kHz), the cable
length is not restricted 1o 20 m by the 12C-bus signalling, but it may be limited by the video

signalling.
v «V cable anve +V catia dive v
e e ' S otz
L.
vec r o Veo
l Ax| [Bc [] Imto20m i
B cabhes [—
sl Hx Tx == b B s
FG-busDOC (& G busDDC
;um -D L PC-busDOC 24 ‘D‘l dave
LR
Sy| l q Ty [J] P vl -1 1S
SDA == < SOA
PE2B9s |47 Pa2B9s
o [
Ba7B
£0 N
monitontiat TV
GHD
PCITV rocevendocoder hos R _ﬁ:)‘
6~
B}
wies sgrak -
Fig 13, Extending a DDC bus
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Figure 14 shows that P82B96 can achieve high clock rates over long cables. While
caiculating with lumped wiring capacitance ylelds reasonable approximations 1o actual
timing, even 25 meters of cable is belter treated using transmission line theory. Flat ribbon
cables connected as shown, with the bus signals on the outer edge, will have a
characteristic Impedance In the range 100 2 to 200 2. For simplicity they cannot be
terminated in their characteristic impedance but a practical compromise IS to use the
minimum pull-up allowed for P82B96 and place half this termination at each end of the
cable. When each pull-up is below 330 Q, the rising adge waveforms have their first
voltage "step' leve! above the logic threshold at Rx and cable timing calculations can be
based on the fast risa/fall imes of resistive loading plus simpie ane-way propagation
delays. When the pull-up is larger, but below 750 €, the thresbold at Rx will be crossed
alter one signal reflection. Sc at the sending end It is crossed after 2 times the one-way
propagation delay and at the receiving end after 3 times that propagation delay. For flat
cables with partial plastic dielectric insulation (by using outer cores) the one-way
propagation delays will be about 5 ns per meter. The 10 % 10 90 % rise and fail imes on
the cable will be between 20 ns and 50 ns, so their delay contributions are small. There
will be ringing on falling edges that can be damped, if required, by using Schottky diodes
as shown,

When the Master SCL HIGH and LOW periods can be programmed separately, for
exampie using control registers I2SCLH and 1I2SCLL of 83LPC832, the timings can allow
for bus delays. The LOW period should be programmed to achieve the minimum 1300 ns
plus the net delay in the siave's response data signal caused by bus and buffer celays.
The longest data delay s the sum of tha delay of the falling edge of SCL from master to
slave and the delay of the rising edge of SDA from slave data to master, Because the
butfer will ‘stretch’ the programmed SCL LOW period, the actual SCL frequency will be
lower than calculated from the programmed clock periods. In the example for 25 meters
the clock is stretched 400 ns, the falling edge of SCL is delayed 490 ns and the SDA rising
edge Is delayed 570 ns, The required additional LOW period is

(490 ns + 570 ns) = 1060 ns and the 12C-bus specifications already Include an allowance
for a worst case bus rise time 0 % to 70 % of 425 ns. (The bus rise time can be 300 ns
30 % to 70 %, which means it can be 425 ns 0 % to 70 %. The 25 meter cabie delay times
as quoted already Include all rise and fail times.) Therefore, the microcontroller only needs
to ba programmed with an additional (1060 ns - 400 ns — 425 ns) = 235 ns, making a
total programmed LOW peried 1535 ns. The programmed LOW will the be stretched by
400 ns 10 yleld an actual bus LOW time of 1935 ns, which, allowing the minimum HIGH
period of 600 ns, ylelds a cycle period of 2535 ns or 394 kHz.

Note that in both the 100 meter and 250 meter examples, the capacitive loading on the
1°C-buses at each end is within the maximum allowed Standard mode loading of 400 pF,
but exceeds the Fast mode limil. This is an example of a "hybrid” mede because It relies on
the response delays of Fast mode parts but uses {(allowable) Standard mode bus loadings
with rise times that contribute significantly to the system delays. The cables cause large
propagation delays, so these systems need 1o operate well below the 400 kHz fimit, but
IHustrate how they can still exceed the 100 kHz limit provided all parls are capable of
Fast mode operation. The fastest exampila illustrates how the 400 kHz limit can be
exceedead, provided masters and slaves have the required timings, namely smaller than
the maximum allowed for Fast mode. Many NXP slaves have delays shorter than 600 ns
and all Fm+ devices must be < 450 ns.
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Fig 14. Driving ribbon or flat telephone cables
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10.1 Calculating system delays and bus clock frequency for a Fast mode

system
|
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‘ Fig 15. Falling edge of SCL at master is delayed by the buffors and bus fall times
local mastor tus Dbutiored exparsion bus
Veom Vece
st o ﬁnp
MASTER «-—-I
._._F Pe2Bos |on Tufx
PRC-Bus J
-=Cn )
maser bus tullerod bus
capactance WITIng capactance
GND {0V}
0207
EfMaciive deday of SCL at master; 270 + Amtm « 0.7RECH ns
C=F,R=0
Fig 16. Rising edge of SCL at master is delayed (clock stretch) by bulfer and bus rise times
ey OMP BY X0k Al g mewws
Product dala sheel Rev. 08 — 10 November 2009 150132
-192 - Autor: Alfonso Mareca Miralles

424.,18.63



E

Escuela Universitaria

Politécnica - La Almunia Diseno e implementacién de un BMS para BVE (Battery
Centro adscrito . .
Universidad Zaragoza Electric Vehicle)

(Documentacion Técnica)

NXP Semiconductors P82896

Dual bidirectional bus bulfer

locul master bus Bullerad wspansion bus remoie slwve bus
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Efactive delay ol SDA al master = 270 4 0.2RsCs + 0,7 (ReCb + AmCm) ns,
C«F.R«D

| Fig 17. Rising edge of SDA al slave is delayed by the butfers and bus rise times

Figure 15, Figure 16, and Figure 17 show the P82B96 used to drive extended bus wiring,
with relatively large capacitance, linking two Fast mode 12C-bus nodes. It includes
simplified exprassions for making the relevant timing calculations for 3.3 Vor5 vV
operation. Because the buffers and the wiring introduce timing delays, it may be
necessary to decrease the nominal SCL freqguency below 400 kHz. In most cases the
actual bus frequency will be lower than the nominal Master timing due (o bit-wise
stretching of the clock periods.

The delay factors involved in calculation of the allowed bus speed are:

A — The propagation delay of the master signal through the buffers and wiring to the
slave. The important delay is that of the falling edge of SCL because this edge ‘requests’
the data or acknowledge from a slave. See Figure 15,

B — The eflective stretching of the nominal LOW period of SCL at the master caused by
the buffer and bus rise times. See Figure 16,

C — The propagation delay of the slave's response signal through the buflers and wiring
back fo the master. The important delay is that of a rising edge in the SDA signal. Rising
edges are always slower and are therefore delayed by & longer time than falling edges.
(The rising edges are imited by the passive pull-up while falling edges are actively driven).
See Figure 17.

The timing requirement in any 2C-bus system is that a slave's data response (which is
provided in respense 10 a falling edge of SCL) must be received at the master before the
end of the corresponding LOW period of SCL as appears on the bus wiring at the master.
Since all slaves will, as a minimum, satisfy the worst case timing requiraments of a

400 kHz part, they must provide their response within the minimum allowed clock LOW
period of 1300 ns. Therelore in systems thal introduce additional delays it is only
necessary to extend that minimum clock LOW period by any ‘effective’ delay of the slave's
response. The effective delay of the slaves response equals the total delays In SCL falling
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edge from the master reaching the slave {Figure 15) minus the effective delay (stretch) of
the SCL rising edge {Figure 16) plus total delays In the slave’s response Gata, carried on
SDA, reaching the master (Figure 17).

The master microcontroller should be programmed 1o produce a nominal SCL LOW
period = (1300 + A - B + C) ns, and shouki be programmed to produce the nominal
minimum SCL HIGH period of 800 ns. Then a check should be made to ensure the cycle
time is not shorter than the minimum 2500 ns. If found necessary. just increase either
clock period,

Due to clock stretching, the SCL cycle time will always be longer than
(600 + 1300 « A + C) ns.

Example:

The master bus has an RmCm product of 100 ns and Voo =5 V.

The buffered bus has a capacitance of 1 nF and a pull-up resistor of 160 £ 1o 5 V giving
an RbCb product of 160 ns. The siave bus also has an RsCs product of 100 ns.

The microcontroller LOW period should be programmed 1o
2 (1300 + 372.5 - 482 + 472) ns, that is = 1662.5 ns.

Its HIGH period may be programmed to the minimum 600 ns.

The nominal microcontrolier clock period will be = (16862.5 + 600) ns = 2262.5 ns,
equivalent 1o a frequency of 442 kHz.

The actual bus clock period, including the 482 ns clock stretch effect. will be below
(nominal + stretch) = (2262.5 + 482) ns or = 2745 ns, equivalent to an allowable

frequency of 364 kHz.

T
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Fig 19. Propagation Sx to Tx (Sx pull-up to 5 V; Fig 20, Propagation Rx to Sx (Sx pull-up to 5 V;
l Tx pull-up to Vee = 10 V) ‘ Rx pull-up to Ve = 10 V)

10.2 Negative undershoot below absolute minimum value

The reason why the IC pin reverse voltage on pins Tx and Rx in Table 4 “Limiting values”
is specified at such a low value, -0.3 V, is not that applying larger voltages Is likely 1o
cause damage but that it is expected that. in normal applications, there is no reason why
larger DC voltages will be applied. This 'absolute maximum' specification is intended to be
a DC or continuous ratings and the nominal DC |12C-bus voitage LOW usually does not
even reach 0 V. Inside PB2B96 at every pin thera is a large protective diode connected to
the GND pin and that diode will start to conduct when the pin voitage is more than about
-0.55 V with respect to GND at 25 °C amblent.

Figure 21 shows the measured characteristic for one of those diodes inside P82B96. The
plot was made using a curve tracer that applies 50 Hz mains voltage via a series resistor,
so the pulse durations are long duration (several milliseconds) and are reaching peaks of
over 2 A when more than -1.5 V is applied. The IC becomes very hot during this testing
but it was not damaged. Wheneaver there is current flowing in any of these diodes it is
possibie that there can be faulty operation of any IC. For that reason we put a specification
on the negatlve voltage that is allowed to be applied. It is selected so that, at the highest
allowed junction temperature, there will be a big safety factor that guaranteas the diode
will not conduct and then we do not need to make any 100 % production tesis to
guarantee the published specification.

For the P82B96, In specific appiications, there will always be transient overshoot and
ringing on the wiring that can cause these diodes 1o conduct. Therefore we designed the
IC to withstand those transients and as a part of the qualification procadure we made
tests, using OC currents to more than twice the normal bus sink currents. 1o be sure that
the IC was not affected by those currents. For example, the Tx/Ty and Rx/Ry pins were
tested to at least -80 mA which, from Figure 21, woulkd be more than -0.8 V. The correct
functioning of the P82896 Is not affected even by those large currents. The Absolute
Maximum (DC) ratings are nol interded to apply to transients but to steady state
conditions. This explains why you will never see any problems in practice even if, during
transients, more than -0.3 V is apphed 1o the bus Interface pins of P828B96.
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Figure 21 "Dicde characteristic curve” also explains how the general Absolute Maximum
DC specification was setected. The current at 25 °C is near zero at -0.55 V. The PB2B96
is allowed to operate with +125 °C junction and that would cause this diode voltage 10
decrease by 100 x 2 mV = 200 mV. So for zero current we need 1o specify -0.35 V and we
publish -0.3 V Just to have some extra margin,

Remark: You should not be concerned aboul the transients generated on the wiring by a
PB2B96 in normal applications and that is input to the Tx/Rx or Ty/Ry pins of another
P82B26. Because not all ICs that may be driven by PB2B96 are designed to tolerate
negative transients, in Section 10.2.1 “Exampée with guestions and answers” we show
they can be managed if required.

o
dode current = ?

1 %
+ + + § - +

-10
71
-10?
T i
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3
_1eA 1 | | ]
20 -15 -1.0 25 0
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Fig 21. Diode characteristic curve
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10.2.1 Example with questions and answers

L%

Question: On a falling edge of Tx we measure undershoot al -800 mV at the linked Tx,
Rx pins of the PB2B96 that is generating the LOW, but the P82BI6 data sheet specifies
minimum -0.3 V. Does this mean that we violate the data sheet absolute value?

Answer: For P82B96 the -0.3 V Absolute Maximum rating is not intended to apply to
transients, it is a DC rating. As shown in Figure 22, there is no theoretical reason for any
undershoot at the IC that is driving the bus LOW and no significant undershoot should
be observed when using reasonabie care with the ground connection of the ‘scope. It is
more likely that undershoot observed at a driving P82B96 is caused by local stray
Inductance and capacitance in the circuit and by the oscllloscope connections, As
shown, undershoot will be generated by PCB traces, wiring, or cables criven by a
P82896 because the allowed value of the C-bus pull-up resistor generally is larger
than that required to correctly terminate the wiring. In this example, with no IC
connected at the end of the wiring, the undershoot is about 2 V.

vokage
v

time (rs)
5V
300 2
ecehe
GO
M2aase
Fig 22. Transients generated by the bus wiring
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Question: We have 2 meters of cable in a bus that joins the Tw/Rx sides of two P82B36
devices. When one Tx drives LOW the other P82896 Tx/Rx is driven to -0.8 V for over
50 ns. What is the expected value and the theoretically allowed value of undershoot?

Answer: Because the cable joining the two PB2B96s is a 'transmission ling’ that will
have a characteristic impedance around 100 Q and it will be terminated by pull-up
resistors that are larger than that characteristic impedance these will always be negative
undershoot generated. The duration of the undershoot is a function of the cable length
and the input impedance of the connected IC. As shown in Figure 23, the transient
undershoot will be limited, by the diodes inside P82B96, to around 0.8 V and that will
not cause problems for P82B96. Those tfransients will not be passed inside the IC to the
Sx/Sy side of the IC.

vokage |
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+HHH

Jsend
0 B

0

.

honzontal scake = 62.5 neidre

Fig 23. Wiring Iransients limited by the diodes In PE2B26
Question: |f we Input 800 mV undershoot at Tx, Rx pins, what kind of problem Is
expected?

Answer: When that undershoot is generated by another PB2B96 and is simply the
result of the system wiring, then there will be no problems.

Question: Wil we have any functional problem or refiability problem?
Answer: No,
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Question: |f we add 100 £2 to 200 £ at signal line, the overshoot becomes sightly
smaller. Is this a good idea?

Answer: No, it Is not necessary 1o add any resistance. When the logic signal generated
by Tx or Ty of P82B96 drives long traces ar wiring with ICs other than P82B96 being
driven, then adding a Schottky diode (BAT54A) as shown in Figure 24 will clamp the
wiring undershoot 1o a value that will not cause conduction of the IC's internal diodes.
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Fig 24. Wiring transients imitad by a Schottky diode
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11. Package outline

Dual bidirectional bus bulfer

DIP8: plastic dual in-line package; 8 leads (300 mil) 507971
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Fig 25. Package outline SOT97-1 (DIP8)
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S08: plastic small outline package; 8 leads; body width 3.9 mm S0T96-1

ot e ! i) P 4
'/_+_ ! - L L-,-?.

0 25 § mm
B S e S
ncae

DIMENSIONS (inch dissenialons srw derived froem the criginal mm dimensions)

| | ]
uNT m:._ Ay | Ar | A3 | B ¢ OV | E® o | Hg L || e v w y |[zZM| @&
025 | 145 049 | 025 | 50 | 40 62 | 10 | o7 07
™ 175 ) 610 | 125 | 25 | 036 (o019 | 48 [ 38 | "¥7| 58 | ' | 04 | a8 |92 [0 | OF | 45 | 4
: Q010 | 0,057 0,019 [00100] 020 | C1& 0244 | 0008 | 0028 ogze| ¢
nches | 0.062| 5o [o.oas | @0 | 0.0 |ooors! s | oas | ©%% [ozas| O™ | pose looae | 0O [ 001 |0004) ohia
Notes
1. Plostic or rety proyrusons of 015 mm (0006 inch) maxmum per sids are not inchuded
2 Pinstic or moetyd provumcns ol 025 mm (001 nch) macimum pee side mw nol nduded
OUTLINE REFERENCES EUROPEAN
ISSUE DATE
VERSION 1EC JEDEC ,"m‘ PROJECTION
e
sOTe | orsE0s MS.012 =30 T

Fig 26. Package outline SOT96-1 (S08)
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TSSOPS: plastic thin shrink small outline package; 8 leads; body width 3 mm SOT505-1
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=m | W | gos | 0so [9%5 | 025 |05 | 29 | 29 | %55 | 47 [O%| oa [ O | O [ O | gas | o
Notes
1. Plaxic or metsl protrumons of 015 mm maccmus per sicke new not incluced
2. Plastic or metal protrusions of 025 mem macamums pee aide am not included
OUTLINE AEFEAENCES EUROPEAN ‘
SSSUE DATE
YERSION EC JEDEC JEITA | FROJECTION
s F— v i 4 4 4 =
i
5075051 G@ 03-02-19 ’
Fig 27. Package outline SOT505-1 (TSSOP8)
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12. Soldering of SMD packages

This text provides a very brief insight into a compiex technology. A more In-depth account
of soidering ICs can be found in Application Note AN10365 "Surface mount reflow

soldering descption”.

12.1 Introduction to soldering

Soldering is one of the most common methods through which packages are attached to
Printed Circult Boards (PCBs), to form electrical circuits. The soldered joint provides both
the mechanical and the electrical connection. There is no single soldering method that is
ideal for all IC packages. Wave soldering is often preferred when through-hole and
Surface Mount Devices (SMDs) are mixed on one printed wiring board; however, It is not
suitable for fine pitch SMDs. Rellow soldering is ideal for the small pitches and high
densities that come with incraased miniaturization,

12.2 Wave and reflow soldering
Wave soldering is a joining technology in which the joints are made by soider coming from
a standing wave of liquid solder. The wave soldering process is suitable for the following:
* Through-hole components
* Leaced or leadless SMDs, which are glued to the surface of the printed circuit board
Not all SMDs can be wave soldered. Packages with solder balls, and some leadless
packages which have solder lands underneath the body, cannot be wave soldered. Also,

leaded SMDs with leads having a pitch smaller than ~0.6 mm cannot be wave soidered,
due 10 an increased probability of bridging.

The reflow soldering process involves applying solder paste to a board, followed by
component placement and exposure to a temperature profile. Leaded packages,
packages with solder balls, and leadless packages are all refiow solderable.

Key characteristics In both wave and reflow soldering are:

* Board specilications, including the board finish, solder masks and vias
* Package footprints, including solder thieves and orientation

« The moisture sensitivity level of the packages

+ Package placement

* Inspection and repair

* Lead-free soldering versus SnPb soldering

12.3 Wave soldering
Key characteristics in wave soldering are:
* Process issues, such as application of adhesive and flux, clinching of leads, board

transport, the solder wave parameters, and the time during which components are
exposed 10 the wave

« Solder bath specifications, including lemperature and impurities

funa s O MDD 2008 Al rgeen mam
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124 Reflow soldering
Key characteristics in reflow soidering are:

Dual bidirectional bus bulfer

* Lead-free versus SnPb soldering: note that a lead-free reflow procass usually leads to
higher minimum peak temperatures (see Figure 28) than a SnPb process, thus

reducing the process window
Solder paste printing issues including smearing,

release, and adjusting the process

window for a mix of large and small components on one board

* Reflow temperature profile; this profile includes preheat, reflow (in which the board Is
heated 10 the peak temperature) and cooling down. It is imperative that the peak
temperature is high enough for the solder to make reliable solder joints (a solder paste
characteristic). In addition, the peak temperature must be low enough that the
pacxages and/or boards are not damaged. The peak temperature of the package

depends on package thickness and volume and

is classified in accordance with

|= 350
220

Tabie 7 and 8
Table 7.  SnPb eutectic process (from J-STD-020C)
Moo thickness (mm) Package reflow umpont;ro c)
Volume (mm?) -
< 350
<25 235
225 220

Table 8, Lead-Iree process (from J-STD-020C)

Package thickness (mm) | Package reflow temperature (°C)

220

Volume (ﬂlﬂjj

<350 1350 to 2000 > 2000
<18 260 260 260
161025 260 250 245
>25 250 245 245

Moisture sensitivity pracautions, as indicated on the packing, must be respected at all

times.

Studies have shown that small packages reach higher temperatures during refiow

soldering, see Figure 28.

P 4
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mueimum peak tempecwiure
tompaiatiice = MSL Uimit, damage level

meneeum peak empeeahan
= AU 30lkdenng tempecaiors

MSL: Moisture Sangilivity Lewsl
Fig 28. Temperature profiles for large and small components

For further information on temperature profiles, refer to Application Note AN10365
“Surface mount reflow soldering description”.

13. Soldering of through-hole mount packages

13.1 Introduction to soldering through-hole mount packages
This text gives a very briaf insight into wave, dip and manual soidering.

Wave sokdering is the preferred method for mounting of through-hole mount IC packages
on a printed-circuit board.

13.2 Soldering by dipping or by solder wave

Driven by legistation and ervironmental forces the workiwide use of lead-free sokder
pastes Is increasing. Typical dwell time of the leads In the wave ranges from

3 seconds 10 4 saconds at 250 °C or 265 °C, depending on solder material applied, SnPb
or Pb-free respectively.

The total contact time of successive solder waves must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic
body must not exceed the specified maximum storage temperature (Tyygiman). I the
printed-circuit board has been pre-heated, forced cooling may be necessary immediately
after soldering 10 keep the temperature within the permissible limit.

13.3 Manual soldering

Apply the soldering iron (24 V or less) to the lead(s) of the package, either below the
seating plane or not more than 2 mm above it. If the temperature of the sokdering iron bit is
less than 300 =C it may remain in contact for up to 10 seconds. If the bit tlemperature Is
between 300 °C and 400 °C, contact may be up to 5 seconds.

P s O MDD 2008 Al rgeen mae
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13.4 Package related soldering information

Table 8,  Suitability of through-hole mount IC packages for dipping and wave soldering

Package ‘Solderhgmothod :

|Dipping |Wave
CPGA. HCPGA . suitable
DES, DIF. HDIP, RDBS, SDIF, SIL suitable sutabiel!)
PMFPE - not sultable

[1] For SDIP padkages, the langitudnal axis must ba paraliel 1o the transport diraction of the printed circult
board.

[2] For PMFP packages hot bar scldering or marual soldering is sutable.

14. Abbreviations

Pt 4
Product dala sheel

Table 10, Abbreviations

Acronym Description
COM Charged Device Model
DDC Dispiay Data Channel
ESD ElectroStatic Discharge
HBM Human Body Mode!
Ic Integrated Clrcuit
FC-tus Inter IC bus
MM Machine Model
SMBus System Managemen! Bus
O B X0 AL s e
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MCP3421

18-Bit Analog-to-Digital Converter
with 12C Interface and On-Board Reference

Features

18-bit AX ADC in a SOT-23-6 package
Differential input operation
Self calbration of intemal Offset and Gain per
each conversion
On-board Voltage Reference:
- Accuracy: 2.048V £ 0.05%
- Drift: 5 pprv©°C
On-board Programmable Gan Ampifier (PGA).
- Gainsof1.240r8
On-board Osciator
INL: 10 ppm of FSR (FSR = 4.086VIPGA)
Programmable Data Rate Options:
- 3.75 SPS (18 bits)
- 15 SPS (16 bits)
- 60 SPS (14 bits)
- 240 SPS (12 bits)
One-Shot or Continuous Conversion Options
Lo current consumpiicn
- 145 pA typical

{Vpo= 3V, Continuous Conversion)
- 39 pA typical

(Vo= 3V, One-Shot Conversion with 1 SPS)
Supports 1°C Serial Interface;
- Standard, Fast and High Speed Modes
Single Supply Operation: 2.7V to 5.5V
Extended Temperature Range: -40°C to 125°C

Typical Applications

Portabée Instrumentation
Weigh Scales and Fuel Gauges

Temperature Sensing with RTD, Thermisior, and
Thermocouple

Bridge Sensing for Pressure, Strain, and Forca

Package Types
SOT-23-6 Top View
Viyr [11® Y @ viw
Vss [2 5] Voo
scL [3] [4] SDA

Description

The MCP3421 3 a single channal low-noise, high
accuracy AX A/D converter with diffierential inputs and
1P o 18 bits of resolution in a small SOT-23-6 package.
The on-board precsion 2.048V reference vollage
enables an input range of +2.048V differentially
(A voltage = 4 0896V). The device uses a two-wire 1°C
compatible senal interface and oparates from a single
2.7V o 5.5V power supply,

The MCP3421 device performs conversion at rates of
375, 15, 60, or 240 samples per second (SPS)
depending on the user controllable configurastion bit
seltings using the two-wire 12C seral Interface. This
davice has an on-board programmable gain amplifier
(PGA), The user can select the PGA gain of x1, x2, x4,
or xB before the analog-to-digital conversion takes
place. This alows the MCP3421 device 1o convert a
smaller ingut signal with high resolution, The device
has two conversion modes: (a) Continuous mode and
{b) One-Shot mode. In One-Shot mode, the device
enters a low cument standby mode automatically after
one conversion, This reduces curent consumption
greatly during idle perods.

The MCP3421 device can be used for various high
sccuracy analog-1o-8igital data conversion applications
where design simphcity, low power, and small footprint
are major considerations

Block Diagram

Vss Voo
| =

Voltage Reference
(2.048V)
Gain=1,2,4,0r8 Vrer
Y

AX ADC
Converter

i

Ciock

i

PC Interface

i

SCL SOA
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1.0 ELECTRICAL
CHARACTERISTICS
Absolute Maximum Ratingst
VDD 10 mtscsmmsissisn st nststsnsmaion o TN
A inputs and outputs wrt Ves .. ~0.3V % VDo+0.3V
Diffarantial Input Voltage . AVom - Vssl
Output Short Crrouit Cument ... Comtruous
Current a1 Inpat PING oo 22 MA
Currant & Oulput and Supply Ping .o 110 mA
Sarage Temperaturg. ......oewnnen G50 10 +160°C
Ambient Temp. wilh power spplied -55°C I +125°C
ESD protection co all pins ... ... = 6 KV HBM, = 400V MM
Maxi Junclion Tesmp: Ty .. *150°C

ELECTRICAL CHARACTERISTICS

tNotice: Sresses above Bose leted under “Maximum Rat-
ngs" may cause permanent damage to the device. Ths 5 a
regs raling only and functionsl operation of the denvice 8l
those or any other condions abova thasa inclcaled in tha
operalionst listings of the epadfication s not imphed,
Exposure to maxdmum rating conditions for extanded pariads
may affect device relabiity.

Electrical Specifications: Unless otharwise specified, all parameterns apply for T, = 40°C 0 +85°C. Vg = *5.0V, Vg = OV
Vet = Vige = Viaer/2. All ppm units use 2"Vger a5 fullscale range.
Parameters [ sym | wn | v | wMax | umns Conditions

Analog Inputs o

Ditierential Input Range — 42 (MAPGA — v Vi = Vi® < Vg

Ceovnen-Mode Vollags Range Vee03 - Vpp*0.3 v

(absciutg) WNote 1)

g&rgnnsl Input Impecance Zyp (N = 2.25PGA - MO During normal mode operstion

Common Mede nput Zic Nt - 25 - MO [PGA=124.8

impedance

System Performance

Resclution and No Missing 12 - - B DR = 240 5PS

Codag tHote &) 0 = = Bt | DR = 60 SPS
16 — - Bis DR =155P8
18 — — B DR = 375 SPS

Datn Rate et 3] DR 176 240 328 SPS $1,80 = 00', (12 bits mode)
4 ED a2 SPS 51,50 = 01", (14 bits mode)
" 15 20.5 SPs $1.80 = 10, (16 bits mode)

275 K] 51 $PS 51,50 =11, (18 bes mode)
Output Noise - 15 - Wape | Ta=25°C. DR = 3.75 8PS,
PGA=1 V=0
Note 1:  Any input volage bakow or greater than this voliage causes kakags current through the ESD dodes at the input ping

This parameter s arsurod by charactenzason and not 1009 tested,

N2 0LD

Thas input impedance = due to 3.2 pf intemal rput samplng capacitor.

The total conversion speed includes auto-calibration of affset and gan,

INL is the differencs between the andponts ine and the maasured code al the cerer of the quanlization band.
Includes al errars from an-beard PGA and Vapy

Full Scale Range (FSR) » 2 x 2.048/PGA = 4.096/PGA,
This paramater is erawed by characlanzaton and not 1009 tested,
Ths parsmeter is ensured by design and not 100% tesied.
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ELECTRICAL CHARACTERISTICS (CONTINUED)

Eloctrical Specifications: Linless ath paciied, all p apply for Ty = 40°C 40 +85°C., Vpg = +5.0V, Veg = OV,
Vet = Vi = Vaep2 Al ppm units use 2*Veee & full-scals range.
Parameters | sym tin Typ Max Units Conditions
Intgras Noalingadity 1o 41 INL — 10 35 ppmol |DR=3759F5
FSR | (Note 8)
Intermad Refersnce Voltage Vieer — 2048 — v
Gain Erroe (Mete St — 0.05 0.35 % PGA = 1. DR = 3.75 SPS
PGA Gain Erar Match M08 3 — 01 P S Between any 2 PGA gains
Gain Eroe Deify Nt 5 - 5 40 pomC | PGA=1, DR3.75 SPS
Offzat Error Vas - 15 40 PV | Tested 2t PGA = 1
Vop = 5.0V and DR = 3.75 SPS
Oftsat Dnft vs. Temperature — S0 - Vg Voo = 5.0V
Common-tode Rejaction — 105 — dB @&t DS and PGA =1,
- 110 - dB  |a1OC and PGA =8,
Ty =+25°C
Gain vs. Vg - 5 - ppeV | T, = 4267C, Vg = 2.7V 80 5.5V,
PGA = 1
Pawer Supply Rejacson at DC - 100 - dB T, = 426°C, Vg = 2.7V 6.5,
PGA =1
Power Requirements
Votage Range Veo 27 — 55 v
Supply Current during foow - 155 180 A Vop=5.0V
Conversion — 145 — WA |Vop =30V
Supply Current during Standby | lops - 01 05 HA
Mode
1*C Digital Inputs and Digital Outputs
High et Input voltage Vig | 07 Vo = Voo v
Low lavel mput voltage Ve — - 0.3V v
Low lavel autput valtage Vau — - 04 v Ly =3mMA, Voo =+58.0V
Hysteresis of Schvtt Trgger Viyst | D05Vog - - v Lo = 100 kHz
for ingiuts (Nota 7)
Supply Current whan 12C bus ooe - - 10 uA
e &5 active
Inpust Leakage Currenl i - — 1 WA Vg =55V
" "1 - - pA |V, =GND
Pin Capacitance and I°C Bus Capacitance
Pin capacitarce Com - - 0 aF
1C Bus Capacitance Cy - - 400 oF
Thermal Characteristics
Spactied Temparature Range Ta -0 - +85 “c
Operaling Tempecature Rangs Ta 40 - 125 *C
Sarage Temperature Range Ta £5 — +180 c

Note 1: Anyinpul voltags below or graaler than INs voltage causes leakege current through the ESD diodes at the input pins.
This parameter is ensured by characterization and not 1007 tested.

This irpul impadancs is due 1o 3.2 pF imemal input sampling capecitos

The otal canversion speed ndudes ause-calibration of offset and gain,

INL is the déferencs betwean the erdpoints ne and the measured code  the cenler of the guantization band.
Incluces at amors from oo-board PGA and Vg

Full Sce Range (FSR) = 2 x 2.048PGA = 4.096PGA.

This paramstaer 15 ensured by characterzation and not 100% tasted.

This parameter is ersured by design and not 1005 lested.

PN2EREN
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20 TYPICAL PERFORMANCE CURVES

Note:  The graphs and tables provided following this note are & statistical summary based on a imited number of
samples and are provided for informational purposes only. The performance charactenstics listed herein
are not tested or guaranteed. In some graphs or tables, the data presented may be outside the specified
operating range (e.0.. oulside specified power supply range) and therefore outside the warranied range,

Note: Unless otherwiss indicated. Ty, = -40°C 10 +B85°C. Vg = +5.0V, Vg = OV, Vi* = V- = Vgeel2.
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FIGURE 2-1: INL vs. Supply Voltage FIGURE 2-4: Noise vs. Input Voitage.
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FIGURE 2-2: INL vs. Temperature, FIGURE 2-5: Total Error vs, Input Voltage.
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FIGURE 2-3: Offset Error vs. Temperature. FIGURE 2-6: Galn Error vs. Temperature,
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Note: Unless otherwise indicated, Ty = -40°C 1o +85°C, Vg = +5.0V, Vae = 0V, Viy+ = Vi = Vaee/2.
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‘ Ve * 27V ! 14 + PR + / 4
1 l i 8 ) 1‘ vﬁi\-&—q‘ Fod
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Temperature ("C) Tomparacure °C)
FIGURE 2-7: Ipoa vs. Temperature, FIGURE 2-10: OSC Drift vs, Temperalure.
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FIGURE 2-8: Ipps vs. Temperature, FIGURE 2-11: Frequency Response.
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FIGURE 2-9: Ippg vs. Temperature,
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3.0 PIN DESCRIPTIONS

TABLE 3-1: PIN FUNCTION TABLE
Pin No Sym Function

1| Vagt [ Noninvering Anaiog npu Pin
2 Ves | Ground Pin
3 SCL | Seral Clock Ingul Pin of the 1°C Interface
4 SDA | Bisrectional Serial Data Pin of the 12C interface
5 Vpp | Posilive Supply Voltage Pin
6 Vi Inwverting Analog Input Pin

31 Analog Inputs (Viy+, Viy-)

Vint and V- are differential signal input pins. The
MCP32421 device accepts a fully differential analkog
input signal which Is connacted on the Vi and Vi~
input pins. The differential voltage that is converted is
adafined by Vi @ (Vig* - Vi) where Vi, + is the voltage
applied at the Vi+ pin and V)- i the voltage applied
at the Vi pin. The input signal level is amplified by the
programmable  gain amplifier (PGA) before the
comversion. The differential input voltage should not
exceed an absolute of (2° Veep/PGA) for accurate
measurement, where Viger & the intemnal reference
voltage (2.048V) and PGA is tha PGA gain setting. The
comverter output code will saturale if the input range
exceeds (2 VpesPGA)

The absolule vollage range on each of the alferental
input pins is from Vge-0.3V to Vo t0.3V. Any voltage
abave o below this range will cause leakage currents
through the Electrostatic Discharge (ESD) diodes at
the inpul pins. This ESD current can cause unexpected
performance of the device. The common mode of the
analog inguts should be chosen such that both the
dfferential anadog Input range and the absolute vollage
range on each pin are within the specified operating
range  defined In  Section1.0  “Electrical
Characteristics” and Section 4.0 “Description of
Device Operation™.

3.2  Supply Voltage (Vpp, Vss)

Voo i8 the pawer supply pin for the device. This pin
requires an appropriate bypass capacitor of about
01 WF (ceramic) to ground, An additional 10 pF
capacitor (tantalum) in parakel Is a%so recommendad
1o further attenuate high frequency noise present in
some appication boards. The supply voltage (Vo)
must be maintained in the 2.7V 1o 5.5V range lor spec-
ified operation.

V3g i the ground pin and the cument return path of the
device. The usar must connect the Ve pin to a ground
plane through a low impedance connection. If an
analog ground path is avaitable in the applicaton PC8
{printed circudt board), it is highly recommended that

the Vge pin be ted to the analog ground path or
sofated within an analog ground plane of the circuil
board,

3.3 Serial Clock Pin (SCL)

SCL is the serial clock pin of the 1°C Interface. The
MCP3421 acts only as a slave and the SCL pin
accepts only extemal serial clocks. The input data
from the Master device is shified into tha SDA pin on
the rising edges of the SCL clock and cutput from the
MCP3421 occurs at the falling edges of the SCL clock,
The SCL pin s an open-<grain N-channel driver,
Therafore, t needs a pull-up resistor from the Vg Ine
10 the SCL pin, Refer to Section 5.3 “12C Serial Com-
munications” for more cetalls of I°C Serial Interface
communication

3.4  Serial Data Pin (SDA)

SDA is the senial data pin of the |°C interface. The SDA
pin is used for input and output dala, In read mode, the
comversion result is read from the SDA pin (output), In
write made, the device configuration bits are written
{input) though the SDA pin. The SDA pin is an open-
drain N-channel driver. Thereloce, it needs a pullup
rassstor from the Vg lin2 to the SDA pin. Except for
start and stop conditions, the data cn the SDA pin must
ba stable during the high penod of the clock. The high
or low state of the SDA pin can only change when the
chock signal on the SCL pin is low. Refer to Section 5.3
“1C Serial C ications" for more details of 1°C
Serial Interface communscation.
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4.0 DESCRIPTION OF DEVICE
OPERATION

4.1 General Overview

The MCP3421 is & low-power, 18-Bit Delta-Sigma AD
converter with an I°C serial interface. The device
contains an onboard vollage referonce (2,048V),
programmable gan amplfier (PGA), and internal
oscillator. The user can select 12, 14, 16, or 18 bil
conversion by setting the configuration register bés.
The device can be operated in Continuous Comversion
or One-Shot Conversion made. In the Continuous Con-
version mode, the device converts the npuls
continuously. While in the One-Shot Conversion mode,
the device converts the input one time and stays in the
low-power standby mode untll it recalves another
command for a new conversion. During the standby
mode, the device consumes less than 0.1 yA typical.

42 Power-On-Reset (POR)

The device containg an internal Power-On-Resel
(POR} circuit that monitors power supply voltage (Vo)
during operation. This circuit ensures corect device
start-up at system power-up and power-down events,
The POR has bult-n hysteresss and a timer fo give a
high degree of immunity to potential ripples and nolses
on the power supply. A 0.1 uF decoupling capacitor
shousd be mounted as dose as possibie to the Vg pin
for additional transient immunity,

The threshold voltage s set at 2.2V with a tolerance of
approximately 25%. If the supply voltage falls below
this threshold, the device will be held n a reset
condtion, The typical hysteresis value is approximately
200 mV.

The POR circuit & shul-down during the low-power
standby mode. Once a power-up event has occumed,
the device reguires additional delay lime (approx-
mately 300 ps) before a conversion can take place,
During this time, all intemal analog crcuitfies are
settled before the first conversion occurs. Figure 4-1
lustrates the conditions for power-up and power-gown
events under typical start-up conditions,

When the device powers up, il automatically resets
and sats the configuration bits to default settings. The
default configuration bit conditions are a PGA gain of
1VV and & conversion speed of 240 SPS In
Continuous Conversion mode, When the device
receves an 1°C General Call Reset command, It
performs an internal reset simiar to a Power-On-Reset
avem.

Time

Facoul] Startgp . Mormal Ozecaton & Resal

FIGURE 4-1: POR Qperation.

4.3  Internal Voltage Reference

The device containa an on-board 2.048V voltage
referance. This reference voltage is for internal use
only and not directly measurable. The specifications of
the refarence voltage are part of the device’s gan and
dnfl specifications. Therefore, there is no separate
specification for the on-board reference

4.4  Analog Input Channel

The differential analog Input channel has a switched
capacior structure, The internal sampling capacitor
(32pF) 15 charged and discharged to procass a
conversion. The charging and discharging of the input
sampling capacitor creates dynamic inpul currents at
the Vet and Ve inpud pins, which is inversely
proportional to the intemal sampling capacitor and
internal frequency. The cument is also a function of the
differential input voltages. Care must be taken in setting
the common-mode voltage and input voltage ranges so
that the input lemits da nol exceed the ranges specfied
in Section 1,0 “Electrical Characteristics™.

4.5  Digital Output Code

The digital cutput code produced by the MCP3421 s a
function of PGA gain. input signal, and internal
referance voltage. In a fixed setting, the digital output
code is proportional 1o the voltage difference between
the two analog inputs.

The cutput data formal is a binary two's complement,
With this code scheme, the MSB can be considerad a
sign indicator, When the MSB is a logic 0, # indicates
a posftive value. When the MSB s a logic "1, It
indicates a negative value. The followng is an examplo
of the output code:

(@)} for a negative full-scale input voltage: 100,000

(b} for @ zero differential input voltage: 000,000

(¢) for a positive full-scale inpul voltage: 011,111,

The MSB8 is always transmitted first through the senal
port. The number of data bits for each conversion is 18,
16, 14, or 12 bits deponding on the conversion mode
selection.

G 2006 Mcrochip Technoiogy Inc
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The output codes will not roll-over i the input voltage TABLE 4.3:  MINIMUM AND MAXIMUM
exceeds the maximum ingut range. In this case, the CODES

code will be locked at 0111...11 for all voltages I

greater than +(Vrer - 1 LSB) and 1090, ..00 for Number Data Rate Minimum  Maximum
voltagas less than -Vegp Table 4-2 shows an example of Bits Code Code
of oulput codes of various mpul levels using 18 bit 12 240 SPS 2048 2047
conversion mode. Table 4-3 shows an example of 14 60 SPS 8192 8191
iy noand 1 codes for each data rate 6 155P5 32763 32767
The oulpul code is ghven by: 18 3758PS 131072 | 131071

Note:  Maximum n-bit code = 2™ -1
Minimum n-bit code = -1 x 2™

EQUATION 4-1:
Vs =
Ot Conde Mk Code + 1) s I8~ Iv"! ",m - ! 46 Self-Calibration
The device perdorms a self-calibration of offset and
The LS8 of the code is given by: gain for each conversion, This provides relisble
conversion rasults from conversion-1o-conversion over
EQUATION 4.2: atons In temperature as well as power supply
5 - fluctuations
1SR = 2 V-.:MHI
A -
Where: c 47  Inputimpedance
N= mber of tits
e mhece The MCP3421 uses a switched-capacitor Input stage
using a 3.2 pF sampling capacitor. This capacitor is
TABLE 4-1: LSB SIZE OF VARIOUS BIT switched (charged and discharged) at a rate of the
CONVERSION MODES samping frequancy that is generated by the on-board
clock. The differential mode impedance varies with the
Bit Resolutions LSB (V) PGA settings. The typical differential mput impedance
12 bits 1mv during & nonmal mode operation 18 given by:
14 bits 250 PV Zyi = 2.25 MEYPGA
16 bits 62.5 pv
18 bits 15.625 pv Sinca the sampling capacior Is only switching 10 the
npul pins during a conversion process, the above input
9. XAM impedance s ondy valid during conversion pereds. In a
TABLE 42 EOR 1::.:{ OUTPUT.CODE low power standby mode. the above impadance is not
prasented at the input pins. Therefore, only a leakage
Input Voitage (V) Digitai Code current due 1 ESD diode is presented at the input pins.
>Vgep 031111113111111111 The conversion accuracy can be affected by the input
o “1L 9311111111 1111 signal source impedance when any extermal crouit is
Vegr- 1158 "”1111"”1”““} connected o the mput pins. The source impedance
2Ls8 000010 adds 1o the internal impedance and direclly affocts the
1.88 000a%000NATLL00UN) time required %o charge the Intemal sampling capacitor.
0 00000000000 0000000 Therefore, a arge input source impedance connected
1LSE 133311113211313131 10 the Input pins can increase the system pedormance
- oI I emmors such as offset, gain, and integral nonlinearnty
-2LSB LI1111103011113110 {INL) emors. |deally, the Input source Impedance
-Virer 10040000000 0000040 should be zero. This can be achievable by using an
< Nagr 100000000000000000 operational ampifiee with a closed-loop oulput
mpedance of tens of ohms.
05220008-page & £ 2006 Mcrochip Technology Inc,
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4.8  Aliasing and Anti-aliasing Filter

Akasing occurs when the Input ssgnal contans tme-
varying signal components with frequency greater than
haif the sampie rate. In the allasing conditions, the
device can oulput unexpected output codes, For
applications thal are operaling in eedncal noiss
environments, the fime-varying signal nosse or high
frequency Interference components can be easily
added to the input signals and cause aliasing, Although
the MCP3421 dewice has an intemal first order sinc
filter, its' filter response may not give enough
attenuation lo a alasng signal components. To avoid
the aliasing. an external ant-aliasing filter, which can
be accomplished with a simple RC low-pass filler, s
typically used at the mput pins. The low-pass filter cuts
off the high frequency noise components and provides
a band-limited input signal to the MCP3421 input pins.

G 2006 Microchip Technology Inc
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5.0 USING THE MCP3421 DEVICE

51 Operating Modes

The user operates the devica by setting up the devics
configuralion register and reads the conversion data
using serial 1°C interface commands. The MCP3421
operales in two modes: {a) Continuous Comversion
Moge or (b) One-Shot Comversion Mode (single
conversion). The selection is made by setling the O/C
b in the Configuration Register. Refer 1o Section 5.2
"Configuration Register” for more information

511 CONTINUOUS CONVERSION
MODE (O/CBIT=1)

The MCP3421 device performs a Continuous
Conversion If the O/C bit ie set to logic *high”. Once the
comversion is completed, the result is placed at the
output data register. The device immediately begins
another conversion and overwrites the output data
registér with the most recent data.

The device also clears the data ready flag (RDY bit = 0)
when the conversion |s completed. The device sets the
ready flag bt (RDY bit = 1), if the latest conversion
result has been read by the Master.

512  ONE-SHOT CONVERSION MODE
(O/C BIT=0

Onca the One-Shot Conversion (single conversion)
Mode s selecied, the device performs a conversion,
updates the Oulput Data register, clears the data ready
flag (RDY = 0), and then enters a low power standby
mode. A new One-Shot Conversion is started again
when the device receives a new write command with
RDY = 1.

This One-Shot Conversion Mode is recommended for
low power operating applications. Dunng the low
current standby mede, the device consumes less than
1 A typcal For example, if user collects 18 bat
conversion data once a second in One-Shot Conver-
skon mode, the device draws only about one fourth of
s total operating current. In this example, the device
consumes approximately 39 pA (= —145 pAs3.75 SPS),
i the: device peforms only one conversion per $econd
{1 SPS) In 18-bit conversion mode with 3V power
supply,
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52  Configuration Register

The MCP3421 has an 8-bit wide configuration register

to select for: PGA gan, conversion rate, and conver-
sion mode. Ths regsster allows the user to change the
oparating condition of the device and check the status

of the device operation. The user can rewrite the
configuration byte any tme dwing the device
operation. Reglater 51 shows  the  configuration
register bits.

REGISTER 5-1: CONFIGURATION REGISTER

RIW-1 RAW-0 RIW-0 RAVW-1 RIW-0 RIW-0 RW-0 RW-G |
ROY c1 co oic s1 s0 G1 co |
1 0* 0* 1+ 0* 0* 0* 0 |
ba 7 bit 0|
* Detauk Canfiguraion aiar Power-On Resat
Legend: 1
R = Readable bit W = Writable bit U = Unimplemented bit, read as 0’
-n = Value at POR 1"= Bitis sel 0" = Bit s cleared X = Bil is unknown
b7 RDY: Ready Bt

This bit is the data ready Rag, In read mode, this bil indicates if the oulpul register bas been updated
with a new conversion. In One-Shot Convarsion mode, writing this bit to * 1" initiates a new conversion

Reading RDY bit with the read command;
L = Output register has not been updated.
0= Output register has been updated with the latest conversion data,

Writing RDY bit with the write command:
Continucus Conversion mode: No effect
One-Shat Conversion mode
L = Initiate a new convearsion.
0w No effect
bit 6-5 C1-C0: Channel Selection Bits
These are the Channet Selection bits, but not used In the MCP3421 device,
bit 4 0/C: Canversion Mode Bit
. = Continuous Conversion Mode. Once this bit is selected, the devica performs data conversions
continuousty.
0= One-Shot Conversion Mode, The device performs a single corversion and enters a low power
standby mede until & receives another writeitead command.

bt 3-2 $1-80: Sample Rate Selection Bit
D0 = 240 SPS (12 bits),
0t = B0 SPS {14 bits),
10 = 15 SPS (16 bits),
1 = 375SPS (18 bits)
bt 1-0 G1-G0: PGA Gain Selector Bas
00 = 1V,
01 = 2VN,
10 = 4V,
1 = 8VWW
2006 Mcrochip Technology Inc 05220038-page 11
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In read mode, the RDY bit in the configuration byte
indicates the slate of the conversion: (a) RDY = )
indicates that the data bytes that have st been read
were not updated from the previous conversion. (b)
RODY = 0 indicates that the data bytes that have just

been read were updaled,

If the configuration byte Is read repeatedly by clocking
continuously alter the first read (i.e., after the 5th byte
in the 18-bit conversion mode). the state of the RDY bit
indicates whether the device i ready with new
conversion data. See Figure 5-2. For example,
RDY = 0 means new conversion data is ready for read-
ing. In this case, the user can send a stop bit 10 exit the
current read operation and send a new read command
10 read out updated conversion dats. See Figures 52
and 5-3 for reading conversion data The user can
rewrite the configuration byte any time for a new
settng. Tablas 5-1 and 5-2 show the examples of the

configuration bit operation

5.3  I%C Serial Communications

The MCP3421 device communicates with Master
(microcontroller) through a serial 1°C (InMer-Integrated
Circut)  interface and  supporls  standard
{100 ktnts/sac), fast (400 kbits'sec) and high-speed
(3.4 Mbitsisec) modes. The sarial 1C is a bidirectional
2-wire data bus communication protocol using opan-
drain SCL and SDA lines.

The MCP3421 can only be addressed as a slave. Once
addressed, it can recawe configuration bits or transmit
the fatest conversion results, The serial clock pin {(SCL)
s an Input only and the serial data pin (SDA) 5
bidirectional. An example of a hardware connection
&agram is shown in Flgure 6-1.

The Master starts communication by sending & START
bt and terminates the communication by sending a
STOP b The first byle afler the START b is atways
meamasbytedlhedwiee.wtwhlngl_udeeme
device code, the address bits, and the RW bit. The

TARCESS: &%’l‘meu' JATION TR PO device code for the MCP3421 device is 1201, The
T ddi bits (A2, A1, AD) are pro-programmed at the
R/W | O/C | RDY Operation factory. In general, the acdress bits are specified by the
0 0 O [No effact if all other bits remain customer when they order the device. The three
the same - ogeration continues address bits are programmed 10 “000" at the factory, if
with the previous setlings they are not specified by the customer. Figure 51
) 1 [inftiate One-Shot Conversion shows the details of the MCP3421 address byte.
0 1 Inftiate Contnuous Conversion Dunng a low power standby mode, SDA and SCL pins
0 1 1 |Initiate Contnuous Conversion femain st floating condiion.
More detais oln;o 12C bus characteristic is described
TABLES2:  CONFIGURATION BITS FOR o S 0V D Sy
— .. __READING 53.1 DEVICE ADDRESSING
RW | OIC | RDY Operation The address byte is the first byl received following the
110 O |New conversion data In One- START congtion from the Master device. The

low until sat by a new write

Shot conversion mode has been
Just read. The RDY bit remains

10 high afler this read.

ous Conversion mode has been
Just read. The RDY bit changes

ous Conversion mode was

bit stays high untll a new
conversion is completed.

The conversion data in Continu-

already read. The latest convear-
sion data is nol ready, The RDY

MCP3421 device code is 1101, The device code is
foliowed by three address bits (A2, A1, AD) which are
programmed at the factory. The three address bits

command. allow up o eight MCP3421 devices on the same data
1 0 1 | One-Shot Conversion is in bus line. The (RVW) bit determines if the Master device
progress, The conversion data is wants lo read the conversion data or write lo the
not updated yet, The RDY bit Configuration register. If the (R/W) bat 15 set (read
stays high mode), the MCP3421 oulputs the conversion data in
1 Fl 0 [New conversion data In Gontinu- the following clocks. If the (R/W) bit is cleared (write

mode), the MCP3421 expects a ceafiguration byle in
the following clocks. When the MCP3421 raceives the
correc] address byte, it oulpuls an acknowledge bit
afler the RAY bit. Figure 5-1 shows the MCP3421
address byte. See Figures 5-2 and 5-3 for the read and
write operations of the device.
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Acknowledge bR
Start bit ResdWrils bit
— ;
| Artd =t
| S
A Bm 9
Address
Device Code Addrass Bis (Note 1)
- ~ Bl _\
1 1 a 1 XX | X
Note 1: Specfed by customer ang programmed at The
factary. if not specified by the customer,
programmed 1o '000°.
FIGURE 5-1: MCP3421 Address Byto,

53.2 READING DATA FROM THE DEVICE

When the Master sends a read command (RW = 1),
the MCP3421 outputs the conversion data bytes and
configuration byte. Each byte consists of 8 bils with
one acknowledge (ACK) bit. The ACK bit after the
address byte is issued by the MCP2421 and the ACK
bits afler each conversion data bytes are issued by the
Master.

When the device is configured for 18-bdt conversion
mode, the device oulputs three data bytes followed by
a configuration byte. The first 7 data bits in the first
data byle are the MSB of the conversion data. The
user can ignore the first 6 data bas, and lake the 7th
data bit {D17) a5 tha MSB of the conversion data, The
LSB of the Jrd data byte is the LSB of the conversion
data (DD).

If the device is configured for 12, 14, or 16 bit-mode, the
dovice outputs two data bytes followed by a
confliguration byte. In 16 bit-conversion mode, the MSE
of the first data byte & the MSB (D15) of the conversion
data. In 14-bit conversion mode, the first two bits in the
first data byte can be ignored (they are the MSB of the
conversion data), and the 3ed bit (D13) is the MSB of
the conversion data. in 12-bit conversion mode, the
first four bils can be ignored (they are the MSB of the
conversion data), and the 5th it (D11) of the byte

represants the MSE of the conversion data. Table 5-3
shows an example of the conversion data culput of
each conversion moda.

The configuration byte follows the output data byte,
The device outputs the configuration byle as long as
the SCL pulses are received, The device lerminales
the current outputs when it receses a Not-Acknowl-
edge (NAK), a repeated start or a stop bit at any tme
during the output bet stream. it Is not required to read
the canfiguration byte. However, the user may read the
configuration byte to check the RDY bit condtion to
confirm whether the just recenved data byles are
updated conversion data. The user may continuously
send clock (SCL) to repeatedly read the configuration
bytes 1o check the RDY bit status.

Figures 52 and 5-3 show the timing dagrams of the
reading.

533 WRITING A CONFIGURATION BYTE
TO THE DEVICE

When the Master sancs an address byle with the RIW
bit low (RW = 0), the MCP3421 expects one
configuration byte following the address. Any byte sant
afler this second byte will be ignored. The user can
change the operating mode of the devica by wnting the
configuration register bits,

If the device racaives a wnte command with a new
configuration setting, the device immediately begns a
new conversion and updates the conversion data.

- 222 -

TABLE 5-3: EXAMPLE OF CONVERSION DATA OUTPUT OF EACH CONVERSION MODE
Conversion
Mode e ———
18-hits | M st data byle) - nd data byla) - {3rd data byte) - guraton
tyle

16-bits | MD14~DE (15t data byte) - D7 ~ DO (2nd data byte) - Configuration byte

14-bits | MMMD12-DB (15t data byte) - D7 - DO (2nd data byte) - Configuration byte

12-bits | MMMMMD 100908 (15t data byte) - D7 ~ DD (2nd dala byte) - Coafiguration byte

Note:  Mis MSB of the data byle,

& 2006 Microchip Technology Inc
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Timing Diagram For Reading From The MCP2421 With 18-Bit Mode.

FIGURE 5-2:
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RAW—' ACKby — RDY OC
Master Mcmbgt

15t Byte:
MCP3421 Address Byle 2nd Byte:
with Write command o e Coafiguration Byle

Note: - Stop bet can be issued any time during writing.
~ MCP3421 davice code is 1101
— Address Bits A2- AD = 000 are programmed at factory undess customer requests different codes.

FIGURE 5-4:  Timing Diagram For Witing To The MCP3421.
54  General Call
The MCP3421 acknowledges the general call address ACK e .
{0x00 in the first byte). The meaning of the general call \ \
address s always specified in the second yte. Refer
fo Figure 5:6. The MCP3421 supports the following ojojojojololoolals | xx]x]x|x]x|x]|a
general calls:
“ )
o

54.1 GENERAL CALL RESET F"-;B\” Second Byte

< : (Genaral Call Adoress)
The general call reset occurs if the second bye is
‘00000110 {06h). Al the acknowledgement of this FIGURE 5.5 General Call Address

byte, the device will abort current conversion and Fo

parform an internal resel similar 1o a power-on-rese rmat.

{POR). For more information on the general call, or other I°C
mades, please refer to the Phillips 1°C specification

542 GENERAL CALL CONVERSION

The general call conversion occurs if the second byte
i5 '000010040" (08h). All devices on the bus initiate a
conversion simultaneously. For the MCP3421 device,
the configuration will be set to the Cne-Shot Conver-
sion mode and a single conversion will be performed,
The PGA and data rate settings are unchanged with
this general cal

Note:  The FC speciicalion daes not allow 1o uso
“00000000" (00h) In the second byte.

D5220038-page 16 © 2006 Mcrochip Technalogy Inc.
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55  High-Speed (HS) Mode

The IC specification requires that a high-speed mode
device must be “activated' to operate in high-speed
mode. This s done by sending a special address byte
of 0000 1% following the START bit. The %X bits are
unigue to the High-Speed (HS) mode Master. This byte
is referred to as the Migh-Speed (HS) Master Mode
Code (HSMMC). The MCP3421 device does not
acknowledge this byle. However, upon receiving this
code, the MCP3421 swilches on 48 HS mode filters
and communicates up 1o 3.4 MHz on SDA and SCL.
The device will switch out of the HS mode on the next
STOP condition,

For more information on the HS made, or other 1°C
modes, please refer to the Philips 12C speciication

56  1°C Bus Characteristics

The FC spedficstion defines the foliowing bus
protocol:
+ Data transfar may be inttiated only when the bus
i not busy.
* During data transfer, the data line must remain
stable whenever the clock ine is HIGH. Changes
in the data line while the clock line s HIGH will be
nterpreted a5 a START or STOP condition.
Accordingly, the following bus conditions have been
defined using Figure 56,

561 BUS NOT BUSY (A)
Both data and clock nes remain HIGH

56.2 START DATA TRANSFER (B)

A HIGH to LOW transition of the SDA ling while the
clock (SCL) is HIGH detarmines a START condition. Al
commands must be preceded by a START condtion

563 STOP DATA TRANSFER (C)

A LOW 10 HIGH transition of the SDA line while the
clock (SCL) is HIGH determines a STOP condition. All
oparations can be ended with a STOP condition

564 DATA VALID (D}

The stale of the data line represents valld data when,
aftar a START condition, the data line is stable for the
duration of the HIGH period of the clock signal.

The data on the line must be changed duning the LOW
period of the dock signal. There is one dock pudse per
bet of data

Each data transfer is Initlated with 8 START condition
and termunated with a STOP condstion,

5.6.5 ACKNOWLEDGE

The Master (microcontroller) and the slave (MCP3421)
use an acknowdedge pulse as a hand shake of
communication for each byte. The ninth clock pulse of
each byte is used for the acknowledgement. The
acknowledgement is achieved by pulling-down the
SDA line "LOW” during the 9th clock pulse, The clock
pulse is always peovided by the Master (microcontrol-
lor) and the acknowladgemant is issued by the
receiving device of the byle (Note: The transmilting
device must release the SDA fine ("HIGH™) during the
scknowledge  pulse.). For example, the slave
(MCP2421) ssues the acknowledgement (bang down
the SDA fine "LOW") after the end of each receiving
byta, and the master (mwcrocontroller) issues the
acknowledgement when it reads data from the Skave
(MCP3421),

When the MCP3421 i addressed, It generales an
acknowledge after recetving each byle successfully.
The Master device (mi drofler) must provide an
extra clock pulse ($th pulse of each byte) for the
acknowledgement from the MCP3421 (slave),

The MCF3421 (slave) puls-down the SDA line during
the acknoatedge clock pulse in such a way that the
SDA line is stable low during the high period of the
acknowledge dock pulse,

During reads, the Master (microcontrolior) can
terminate the current read operation by nol providing
an acknowledge bit on the last byte that has been
clocked oul from the MCP3421. In this case, the
MCP3421 raleases the SDA line to allow the master
(mi der) o g le a STOP or repeated
START condition.

A) {B) (D)

SCL \ /

START ADDRESSCR DATA sTor

CONDITION ACKNOWLEDGE  ALLOWED CORDITION
VALID TO CHANGE

(D) C) (Al

N
A .

FIGURE 5-6:

Data Transfer Sequence on the Serial Bus.
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TABLE 5-4:  1°C SERIAL TIMING SPECIFICATIONS

Electrical Specifications: Unless otherwise specified, all imits are specified for Ty = 40 %0 +85°C, Vpg = +2.7V, «3.3V or 450V,
Vgg = OV, Vgt = Vir = Veep2
Parameters | sym | M | p | M | units | Conditions

Standard Mode

Clock frequency fscL o — 100 kHz

Clock high sme TiaGH 4000 - -— ns

Cloek krw 9me Tiow 4700 — — 18

SDA and SCL rme time Vet 31 Tn - - 1000 na | From Vg o Vi

SDA and SCL fal time Mote 1) = - - 300 08 | From Ve 1oVy

STARY candtion hokd ime THDETA 4000 - — ns | After this penod, e first clock
putse is genarated

Repaated START condtion T38TA 4700 — - ns | Oaly relevant for repeatod Start

estup e condition

Data hold time Ve 5 Yookt 0 - 3480 na

Data mout setup time TSUDAT 250 — —_ ns

STOP condimon setup time TeusTO 4000 - — na

STOP condian hoid tima Trasto 4000 = = .

Quiput vald fom clock Tan o — s ns

(Notes 2 anc 3)

Bus fres time Teur 4700 = -— ns | Time betwean START ané STOP
conditions

Fast Mode

Clock frequency TaoL 0 - 400 kHz

Clock high Sme TiagH 600 - —_ ne

Clock fow Sme Teow 1300 - — ns

SDA and SCL ree time N0 31 R 20 + 0.1Cb - 300 ne | From Vy 1o Vg

SDA and SCL fal time Mote 1) [ 20+0.1Cb = 200 ns | From Vg to V.

START condition hokd time THESTA 600 - —_ ns Aller this peciod, e first cock
pulse is generated

Repasted START condiion TSUSTA 600 - - ng | Only relevant for repeated Star

setup Sme oondition

Data fold time INote T pat 0 - 500 ns

Data mout setup time Teuoar 100 - — na

STOP condmon setup me Tayso 600 - — ns

STOP conditon hald tme THo310 600 - -— ns

m v::a”m clock R 0 — 1200 ns

Bus fren time Taur 1300 - —_ ns | Time betwaan START ang STOP
conditions.

WW spike suppression T e} - 50 ns SDA ang SCL pins

Note 1: Ths pa is d by ey Bnd not 1009 tested,

2: This spacfication s nat a part of the 1°C specificaton. This specification is aquivalent % the Data Hald Time {Tig gar)
plus SDA Fall jor nisa) e Taa = Tyup par * Tr (08 Tg),

3: I tha paramater is 1o short, # Gan create an unintended Start or Stop condmon to other devices oo the bus kne. If ths
parametar 8 100 long, Clock Low lime (T qy,) can be alfected

4:  ForData Input: This parameter must be longer than tap i this paramedar s too lang. the Data Input Setup (Tey par) of
Clock Low time (T, o) can be affected.

Far Oata Quiput: This pa ] d, and tested indirectly by testing T, paramater,
5:  Thepa is by ch ization and not 100% tesled This parameler is nol available for Standard Mode.
D5220038-page 18 £ 2005 Microchip Technotogy Inc.
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TABLE 5-4:  1°C SERIAL TIMING SPECIFICATIONS (CONTINUED)

Electrical Specifications: Unless pachad. all Imis are specifiod for T, = -40 10 #B5°C, Vg = 27V, +3.3V or +5.0V,
Vag =0V, Vi = Vipr = Vigee2.
Parameters [ Sym [ Min | Typ ] Max | Units [ Conditions
High Speed Mode
Cleck fraguency facy 1] - 34 MHz |G, = 100 pF
17 MHz | Gy, = 400 pF
Cleek high $me TroaH &0 - - ns | Cy = 100pF
120 ne |Gy =400 pF
Cleck kaw tme Teow 160 - - ns |Gy =100 pF
320 Cy, = 400 pF
SCL rige time N6t 1) " - - 40 ns | From Vy toVy,Cy = 100 pF
a0 Cy, = 400 pF
SCL fall tene (V200 7) = - = 40 ns | From Ve, 1 Yy, Cy = 100 pF
an Cy, = 400 pF
SDA rise time Mote 1) Tre 0T - - & ns | From Vy to Ve, Gy = 100 pF
160 Cy, = 400 pF
SDA fall bma (Nt 31 T - = 80 ns | From Vi, b0 Vy.Cy = 100 pF
180 Cy, = 400 pF
START conditon hold sme Tvo o 160 - - ns | Aftes ths perioc. the first dock
pulse is generaled
Repeated START condition Tauswa 160 - - ns | Only relevant for repeated Start
Salup beng candition
Data hold sme (Nt @ T DAT 0 - 70 ns | Cy=100pF
0 150 Cy, = 400 pF
Data input setup tme 1545 DAT 10 — — ns
STOR condition setup lime TS0 160 - - s
STOR condition ha'd time THDaTD 160 - - =
Outpat vald from clock T, - - 1% ns =100
cmfﬂmn v 310 g: = 400 g:‘
Bus free tme Tour 160 - - ns Tims batwean START and STOP
canditions.
::l&.lélu Spike sUpDression Tae o — 10 ns SDA and SCL pins

Nate 1:  This parameter is ensured by characterzaton and not 1007% tested

2:  This specéication & nat @ part of tha 1°C specification. This specification is equivalent 1o the Data Hokd Time (Tig oar)
plus SOA Fak (o i8e) time: Tax = Typoar * T (08 Trl

3:  If fus parameter is too shor, 1t can create an unimended Start or Siop condition to ather devices on the bus Ine. If this
parameter is 300 long, Clock Low time (T ow) Gan be affectsd

4:  For Data Input: This parameter must be onger than tap If this parametar & %00 long, the Dasa Inpul Setup (Tay aar) of
Clock Low $me [T o) Gan be alfectsd,
For Data Output: This paramates is characterized, snd tested indinecty by testing T, parameater,

§5: This is oy 1and not 100% fested. Ths par is not anavlable for Sanderd Mode.
& 2008 Microchip Technology Inc, 08220038-page 19
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6.0 BASIC APPLICATION
CONFIGURATION

The MCP3421 device can be used lor visious precision
analog-to-digital converter applications. The device
operales with very simple connections 10 the
application circut, The following sections discuss the
examples of the device connections and applications.

6.1 Connecting to the Application
Circuits

6.1.1 INPUT VOLTAGE RANGE

The fully differential nput signals can be connected 1o
the Vgt and V- mput pins. The input range should be
within absolute commeon mode inpul voltage range.
Veg - 0.3V to Vpg + 0.3V. Outside thes limit, the ESD

protection diode at the input pin begns to conduct and

the error due 10 Input leakage current Increasas rapidy. Vet Ve [B

Within this S, the differential input Yy, (= Vig® - Vi) Vis Voo i
I3 boosted by the PGA before a conversion takes place.

The MCP3421 can nol accep! negative input vollages
on the input pms. Figures 6-1 and 6-2 show typical con-
nection examples for differentiad inputs and a single-
ended input, respectively. For the single-ended input,

the input signal is applied 1o one of the input pins 10 HeER
(typically connectad to the Vi + pin) while the other Note: R i the pul-up resistor. {MASTER)
input pin {typically V- pin) is grounded. The input N 5
slgnupr:ng‘ew of m: sd,";..emmgmmmm is trom FIGURE 6-1: Typical Connection Example
0V 1o 2.048V. All device characteristics hoid for the for Differential Inputs.

single-ended configuration, but this configuration loses

ona bit resolution because the input can only stand in Voo Voo
posilive hall scale. Refer 1o Section 1.0 “Electrical ) npux Signals Qo

Characteristics™.

612 BYPASS CAPACITORS ON Vg PIN

For accurate measurement, the application circuit
neads a clean supply voltage and must block any nosa
signal to the MCP3421 device. Figure 6-1 shows an
example of using two bypass capacitors (a 10 pF
lantalum capacior and a 0.1 pF ceramic capacilor) in
parallet on the Vpp Bne. Thase capacitors are helpful to
filter oul any high frequency noises on the Ve, ne and
also provide the momentary bursts of extra currents
when the device needs from the supply These
capacitors should be piaced as close 1o the Voo pin as
possible (within one inch), IT the application circust has
separate digitai and analog power supplies, the Voo
and Vg of the MCP3421 should reside on the analog
plane.

613 CONNECTING TO 1°C BUS USING
PULL-UP RESISTORS

The SCL and SDA pins of the MCP3421 are open-dran
configurations. Thesa pins raquira a pull-up resistor as
shown in Figure 6-1. The value of these pull-up resis-
tors depends on the operatng speed (standard, fast,
and high speed) and loading capacitance of the 1C bus

lna. Higher value of pullup resistor consumes less
power, but increases the signal transition time (highee
RC tme constant) on the bus. Therefore, it can limit the
bus operating speed. The lower value of resistor, on the
other hand, consumes higher power, but allows highar
operaling speed. If the bus line has higher capacitance
odue to long bus Wne or high number of devices
connecied o the bus, a smaller pullup resistor is
needead 1o compensate the long RC tme constant. The
pull-up resistor is typically chosen between 1 k() and
10 k2 ranges for standard and fast modes, and less
than 1k for high speed mode in high loading
Capaciance environments.

Irgut Signaw "30 Voo
—— o—

NCPIA ‘

3]sCL wLT 'gﬂlfgiofn 3

MCPI421 -ﬁ
Vet Vi [B
I—@ Vas  Voo[B}—g—a—ry R

SCL SOL[E] TONWF =H0F ¢R
—:r$ v :

v

To MGy
Nots: R i the pul-up resistor, (MASTER
FIGURE 6-2: Typical Connection Exampie
for Single-Ended Input.

The number of devices connected to the bus s imited
only by the maximum bus capacitance of 400 pF. The
bus loading capacitance affacts on the bus operating
speed. For example, the highest bus operating speed
for the 400 pF bus capacitance is 1.7 MHz, and
34 MMz for 100 pF. Figure 6.3 shows an example of
multiple device connections.
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SDASCL
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20}

Voo

. ll‘LYUR. >
‘‘‘‘‘‘‘‘‘ T$D |F50FT 3

FIGURE 6-3: Example of Multipie Device

Connection on I°C Bus. 55
To MCU

6.2  Device Connection Test (MASTER)

The user can test the presence of the MCP3421 on the R

I°C bus line without performing an input dasa conver- m‘;sz,:‘:m Fimpl Y rossurs

sion. This lest can be achieved by checking an
acknowledge response from the MCP3421 after send-
Ing a read or write command. Here s an example using
Figure 6-4;

{a} Selthe RAW bit “HIGH" in the address byle,

(b} The MCP3421 will then acknowledge by pulling
SDA bus LOW during the ACK clock and then releasa
the bus back to the 1°C Master

{c) A STOP or repeated START bit can then be issved
from the Master and | ication can continue.

Addrass Byle

s T RAFLARARRAST]

PHERUR 0 T 0 T
Device bits  Address bins o \B«l
RW

In this crouit example, the sensor full scale range is
+7.5 mV with a common mode iInput voltage of Vi / 2.
This configuration wil provide & full 14-bil resolution
across the sansor output range. The altarmnative circuit
for this amount of accuracy would involve an analog
gain stage peior to a 16-bit ADC.

Figure 6-6 shows an example of lemperature measue-
ment using a tharmistor, This example can achieve a
Inear response over a 50°C lemperature range. This
can be iImplementad using a standard resistor with 1%
folerance in series with the thermistor. The value of the
resstor s sefected to be equal to the thesmstor value
al the mid-point of the desired lemperature range

Voo
MCP3421
Response
FIGURE 6-4: C Bus Connection Test, |
l R
6.3 Application Examples $
The MCP3421 devica can be used in a broad range of |
sensor and data acquisition applications. Figure 6-5, &
shows an example of interfacing with a bridge sensor ToMCU
for pressure measurement. (MASTER)
FIGURE 6-6: Example of Temperature
Measurement.
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7.0 PACKAGING INFORMATION
71 Package Marking Information

6-Lead SOT-23 Example

= @ ol o
(o] xxnn =] [7| cazs (W]
[=] =1 [=]f =]

Legend: XX. X Customer-specific information
Y Year code (last digit of calendar year)
YY Year code (last 2 digits of calendar year)
ww Week code (week of January 1is week '01')
NNN  Aphamnumaric traceability code
el Po-free JEDEC designalor for Matte T (Sn)
- This package is Pb-frea. The Pb-free JEDEC designator (e3)
can be found on the ouler packaging for this package.

Note: In the event the full Microchip part number cannot be marked on one ling, it will
be caried over 1o the next line, thus limiting the number of avaiable
characters for customer-specific Information.
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6-Lead Plastic Small Outline Transistor (OT) (SOT-23)

Note:  For the most current package drawings, please sae the Microchip Packaging Spacification located at
Mip:Aiwww.microchip comipackaging
- E -—
— Et -
! [}
I
‘ i
s :
LU
| !
n | 1
1
.- o
i
¢ ] ¢ A a2
1 ! 1
i i i
n o -— L - At
) Units _INCHES® MELIMETERS
Dimension Limts MIN NOM MAX MN NOM MAX
Numeer of Pns n L ¢
Pron | P 208 88C 0.96 85C
Onmsdie beard geich P 0TS 8SC 190 BSC
Overal Meght LA 038 0et | oy | 080 118 145
Moktid Packaos Thokmea A2 0% 043 | 051 090 | 10 | 130
Stondo¥ Al [ 003 | e 0w 008 | 018
Overal Whdin | E 102 1| A8 260 b1 3 300
Mokjed Package Width i 089 064 08 150 163 178
Qveral Length . D 110 "o | 122 280 | 285 | 380
Foot Lengh L 114 018 w2 0.35 045 055
Foot Angle | ¢ 0 s | 1 | 0 ) 10
Load Thickness | = [ 008 w08 0m 015 020
Leod Wdh B 014 or | 00 0.3 0.43 080
Mokl Dat Angle Tap u 0 5 0 0 H 10
AMok) Dedt Acgh Botiom [ 0 5 10 0 5 10
* Controling SFarameter
Nates

Dvransions O and E1 do not indude mekd Mash or protrusions. Mok flash or prosrusions shall not exceed 005" (3.127mm) per side

85C: Bagic Dimengion. Thecretically exact value shown without iolerances

Eo0 AEME Y14.5M

JEITA {lormorly ELA) equivalenl: SC-T4A

DOraming No. CO4120

Ruviend (10-12-05

DS220038-page 24
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APPENDIX A: REVISION HISTORY

Revision B (December 2006)

Changes to Electrical Characteristics tables

* Added characierization data

+ Changes to I°C Serial Timing Specification table
= Change o Figure 5-7.

Revision A (August 2006)
* Original Release of this Document,
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PRODUCT IDENTIFICATION SYSTEM

EAB{.& X X 143 Examples:

Dovice  Address Temperature Package 8)  NCPMIAIT-EOT Tape and Roel,
Options Range Singie Channel A AD
Comane.  S0T.23.48
o hano
Dewwon MCPMZIT: Segle Cnannsl AL AVD Converer

(Tipws ores Resed)

Aless Oplons: XX A Al Al

At = o a 0
Al - 0 0 1
Az = 0 ' 1]
A3 = ) | 1
M- 1 0 0
A5 = 1 a 1
A - 1 ' 0
AT = 1 ] 1

* Defout option. Contact Microche faciory lor other

Addteas Optkong

Torpautas Rwge:.  E = AFCm+125°C

Padksge OT = Pustic Smul Outine Transisior |SOT-23-6),
Gload
G 2006 Microchip Technology Inc 08220038-page 29
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SNE5SHVD233, SN65HVD234, SN65HVD235
SLLESHTH - NOVEMISER 2002 AEVISED NOVIMIER 2018

SN65HVD23x 3.3-V CAN Bus Transceivers

1 Features

« Single 3.3-V Supply Voltage

» Bus Pins Fault Protection Exceeds 36 V

» Bus Pins ESD Protection Exceeds +16 kV HBM
» Compatible With ISO 11898-2

« GIFTACT Compliant

+ Data Rates up to 1 Mbps

+  Extended -7 V 10 12 V Common Mode Range
« High-Input iImpedance Allows for 120 Nodes

*  LVTTL VOs are 5-V Tolerant

« Adjustable Driver Transition Times for Improved
Emissions Performance

» Unpowered Node Does Not Disturb the Bus

* Low Current Standby Mode, 200-pA (Typical)

»  SNB5HVD233: Loopback Mode

» SNE5HVD234: Ultra Low Current Sleep Mode
~ 50-nA Typical Current Consumption

»  SNE5HVD235: Autobaud Loopback Mode

« Thermal Shutdown Protection

«  Power up and Down With Glitlch-Free Bus Inputs
and Outputs

-~ High-Input Impedance With Low V.
- Manolithic Qutput During Power Cyciing

2 Applications

* Industrial Automation, Control, Sensors, and Drive
Systems

«  Motor and Robotic Control

» Building and Climate Control (HVAC)

» Backplane Communication and Control

« CAN Bus Standards such as CANopen,
DeviceNet, CAN Kingdom, NMEA 2000,
SAE J1939

3 Description

The SNE65SHVD233, SNE5HVD234, and SNESHVD235
are used In applications employing the controller area
network (CAN) serial communication physical layer in
accordance with the 1ISO 11898 standard, As a CAN
fransceiver, each provides transmit and receive
capability between the differential CAN bus and a
CAN controller, with signaling rates up 1o 1 Mbps,

Designed for operation in especially harsh
environments, the devices feature Cross-wire
protection, overvoltage protection up to 36 V, loss ot
ground  protection,  overlemperature  (thermal
shutdown) protection, and common-mode transient
protection of +100 V. These devices operate over a
wide -7 V 10 12 V common-mode range. These
transceivers are the interface between the host CAN
controller on the microprocessor and the ditferential
CAN bus used in industrial, building automation,
transportation, and automotive applications.

Device Inlorm-uon‘"

[PART NUMBER PACKAGE | BODY SIZE (NOM) |
SNWNDQSJ

[SNESHVD234 | 50IC ) 490 mm = 391 men
SNBSHVD2358

(1) For al avallable packages, see the orderable addendum at
the end of the dstasheet.

Block Diagram
Wiz

| v

Lo EN A

ano

An IMPORTANT NOTICE af the end of this m sheet addresses avallabilty, warranty, changes, use in safety-critical appications,

< ) property and other ir

s. PRODUCTION DATA.
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8,10 Switching Characteristics: Device

811 Typieat Ch

45
"s

9 Parameter Measurement Information .........
10 Detalled Description ... ...

12 15

101 Oweeview ...
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103 Feature D
104 Device Functional Modn
Application and hnpbmonutlon

11,1 Applicaton indormation....... -

112 Typical Ap ki
113 System Exnplo
12 Power Supply R.commondlﬂm .

LKA Lnyoul Ouddms
132 Layout Examps ...
14 Device and Documnbtlon Suppon
Aelated Links ..
Receiving Nohhc.s ion of Oowvmlnon Updiates 3('

Mechanical, P-dughg, -nd Otdoublc
Information . aigaraisaion: 90

4 Revision History

NOTE: Page numbers for previous revisions may differ from

page rnumbers in the current version,

Changes from Revision G (January 2015) 1o Revision H Page
*  Delated: "1ISO 11783" from the [ast APPECATION BUllBL .. .........iwveisimmmmsmmmsimimmisme s s o sssmimen s s 3
Changes from Revision F (August 2008) to Revision G Page
* Added Fin Config and Functions section, ESD Ratings table, Featwe Description section, Device Funchonal

Modes, Appilcation and implementation saction, Power Supply Recommendations section, Layout section, Device

and Docurnentation Support section, and Mechanical Packaging, and Orderabie Informabion Section ... 1
« Changed the Functional BIock DISgIramMS ..........oiiiiiiiceaiiaiiasme ettt eascssbiaas )
+  Added the THERMAL SHUTDOMWN paragraph 10 the AppACation INTGrMAtoN SECUOM . ............cyrerwwre s ssossessermssmsessesee 21
* Changed the BUS CABLE paragraph to BUS LOADING, LENGTH AND NUMBER OF NODES paragraph in the

ApPCANON INBOMMALION BECHON.............cicecmrirararessmasarmsssieasasinsssasmssssasmsiasasinsssaisassarassasens 24
*  Addaed the CAN TERMINATION paragraph to tha Application Information section ... w24
Changes from Revision E (October 2007) to Revision F Page
+ Changed Fige= 17, Receiver Test Circult and Voltage Wavelorm, From: C, = 50 pF 1200 10: C, = 15 pF 2200 ... 13
Changes from Revislon D (June 2005) to Revision E Page
* Added 60-0) load test condition 1o Figure 3 10
+  Deleted INTEROPERABILITY WITH 5V CAN SYSTEMS section,.. sreost oot D
*  Added ISO 11898 COMPLIANCE OF SN65HVD230 FAMILY OF 3. :M/ CAN TRANSCENERS section .. BB -

2 Svbmit Documentation Feedback

Cogyrght © 2002-2018, Tewas Instrumantd Incorporated

Product Folder Lirks. SNESHVIIZIT SNGSHVD23 SNESHVD23S
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Changes from Revision C (March 2005) to Revision D Page
*  Added Fentures Bullet: GIFT/CT Compliant {SNBEMVD238).......cooimimimimaimmsmimassieismimss ssessmss ssmtboss asassmsnssatmssessssmssssmssensssnss 1
Changes from Revision B (June 2003) to Revision C Page
«  Added |y, Recener output cument 10 the AbS Max TAENE ... es e s sreapassas e mssassasssiasmesessseassseas. 3
Changes from Revision A (March 2003) to Revision B Page
« Changed the data sheet from Product Preview 1o Production for part number SNESHVD234 and SNESHVD235. ............. 1
«  Changed the APPLICATION INFORMATION SECHOM. ... ovvrvieemiensmss s s se s sessessessssmssess s sessess s snesessess e sresssress £
Changes from Original (November 2002) to Revision A Page
« Changed the dala sheet fram Product Preview o Production for pan nurnber SNBSHVD233......ocooociiversieniamsimsminnss 1
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5 Description (continued)

Modes: The Rs pin (pin 8) of the SNE5SHVD233, SNESHVD234, and SNE5HVD235 provides three modes of
operation. high-speed, siope control, and low-power standby mode. The high-speed mode of operation s
selected by connecting pin 8 directly to ground, allowing the driver output transistors to switch on and off as fast
as possible with no limitation on the rise and fall siope. The rise and fali slope can be adjusted by connecting a
resistor between the R pin and ground. The slope will be proportional to the pin's output current, With a resistor
value of 10 kQ the device driver will have a slew rate of ~15 V/us and with a value of 100 k{2 the device will have
~2.0 Vius slew rate. For more information about slope control, refer to Feature Descnption.

The SNE5HVD233, SNE65SHVD234, and SNG6SHVD235 enter a low-current standdy (listen only) mode during
which the driver is switched off and the receiver remains active if a high logic level is applied to the R pin. I the
local protocol controller needs to transmit a message 10 the bus It will have 1o return the device to either high-
spead mode or slope control mode via the Rg pin.

Loopback (SN65HVD233): A logic high on the loopback (LBK) pin (pin 5) of the SN65HVD233 places the bus
oulput and bus input in a high-impedance state. Internally, the D to R path of the device remains active and
available for dnver to receiver loopback that can be used for self-diagnostic node functions without disturbing the
bus. For more information on the loopback mode, refer 10 Feature Descrption.

Ultra Low-Current Sleep (SN65HVD234): The SNS5HVD234 enters an ulira low-current sleep mode in which
both the driver and receiver circuits are deactivated if a low logic leve! is applied to EN pin (pin 5). The device
remains in this sleep mode until the circuit is reactivated by applying a high logic level to pin 5.

Autobaud Loopback (SN65HVD235): The AB pin (pin 5) of the SNBSHVD235 implements a bus listen-only
loopback feature which allows the local node controller 1o synchronize its baud rate with that of the CAN bus. In
autobaud mode, the bus output of the driver is placed in a high-impedance state while the bus input of the
receiver remains aclive. There is an intemal D pin 1o R pin loopback to assist the controfler in baud rate
detection, or the autobaud function. For more information on the autobaud mode, refer to Featwe Description,

6 Device Comparison Table!"

pa e owrowenuooe | Sore | DaGwosre | Avosm |
SNEEHVYD2330 200-pA standby mode | Adustable Yeos No
__SNESHVD234D 200-5A stardiby mode of 0-0A sleep mode | Adustable | Mo N
ENEEHVDRISD 200-wA stanchy mode Adjustabio No Yes

(1) Faor the most current package and ordering infarmation, see Mechanca! Packaging. and Orderabls information, or seo the Tl web site
of www tLcom,

4 Swbmit Documentation Feedback Copyrghl © 2002-2018, Tesas Instrumentd Incoporated
Product Folder Lirks. SNESHVDIZST SNGSHVD23M SNESHVDZ3S

Autor: Alfonso Mareca Miralles - 243 -
424.18.63



Disefio e implementacion de un BMS para BVE (Battery AN
Electric Vehicle) -.-'-

(Documentacion Técnica)

\ o

Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

SNB5HVD233, SN65HVD234, SN6SHVD235
warw L com SLLSSATH - NOVEMBER 2002 REVISED NOVEMEER 2018

7 Pin Configuration and Functions

SNE5HVD233D
(Marked as VP233)
(TOP VIEW)
GND
Ve

[ PIN
name | wo. | TE
o \ [ \ w tranzmst data nput {LOW lor dorminant and HIGH for recesaive bus stales), also called TXD, driver
| GND 2 | GND |Ground connection
| Veo 3 | Supply |Trarsceiver 3.3-Vsupply vollage o
ER a | o mmmmwuowmmmmmwumwmmmm) also called AXD, r-r.dvcv
[LBx [ 1 | sNe5HVD233: Loopback mode input pin
;EN 5 | | SN65HVD224; Enable input pin. Logic high lor enabling a normal made (nigh speed or siope cortrol)
1 | mode. Logic low for sleep mode. |
| g | | SNESHVDZ3S; Ausabaud loopback mods Inpat pn
| CANL & | Vo Low level CAN bus line
[CANH | 7 | VO | High kvl GAN bus Ine
’R; 8 | | Meda select pin: strong pulidown to GND = high spoad mede, strong puliup ta Vg, = low power mode, 10-
‘ mmoomwlwmmcno zlope control mode

8 Specifications

8.1 Absolute Maximum Ratings'"™
over operating free-air temperature range unless olherwise noted

i | MIN MAX UNT

|Vee  Supply vokage -03 v

‘ Voltage at ary bus terminal (CANH or CANL) 36 36 v

\Flzltnrgn‘isn‘uﬂ. trarsient pulse, CANH and CANL, through 100 0 (see ~100 100 v

| gure §

| Vi Input voltage, (D. Rz, EN. LBK, AB) -0.5 i v |
Vo Outpul voltage -05 v

|lg  Poocoiver output curment -10 10 mA

| Canti total power dissip | See Power Disspation Rabngs ‘

(T, Operafing junction Semperature T s i
Tuy Storaga lemperature 128 -

(1} Stressen beyond those listed under Absciufe Maximun Rafings may cause permanent damage to the device. Thesa are siress ratings
only, and lunctionsl opecation of the device al these ar any other condiltions beyond thases indicaled under Aecaomnended Ooeating
Condons is nat imphed. Exposure %o absolule-maximum-rated condtions for extended periods may affect device relabiity

(2} Al vohage values, excep! differenitial 1’0 bus voltages, are with respect to network ground pin
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8.2 ESD Ratings
VALUE | UNIT
| Human body model (HBM), per ANSVESDAEDEC JS- | CANM, CANL and GND_ | +16000 |
Viesa) B"“““r |o0s All ping 3000 v
| Charged dovice model (COM), per JEDEC spacé JESDZ2.C1O1 ™ £1000
(1) JEDEC document JEP155 states that S00-V HBM allows =xfe manut g with a d ESD control p
(2} JEDEC document JEF157 states that 250-V COM afows safe manulacturing with a stardard ESD control process.
8.3 Recommended Operating Conditions
| MIN  MAX | UNIT
(Voo Supply voltage ] a6 |
Veltage at any bus terminal (sepamatedy or common made) ~7 12
|V High-laval input voltage D, EN, AB, LBX 2 L IR
Ve Low-level inpul vollags D, EN, AB, LBX 0 048
Vo Ditterontal input votage batwean CANH ana CANL € & |
Resistance from Rg 1o ground. o ool wa |
Vine  Inpul Voitage a1 R for stancy 075Vee 55| v |
Drwver ~50 |
Javal t camant A
e Ao | Receiver e | IR > |
Drwvor 50 |
\Lln Low-level output current TR 10 mA |
|Ts__ Operating nction lemperature | HVD233. HVD234, HVD235 150 'C_
| Ta Operating frea-ar temperature'’! HVD233, HVD234, HVD235 -40 125| ‘C |
(1} Maxmum tree-ar temperature operation & alowed as long as the device Juncth P Is not
8.4 Thermal Information
over operating free-alr temperature range (unjess otherwise noted)
| PARAMETERS TEST CONDITIONS VALUE | UNIT
| Reon St arsbifact’ coslitancetl) Low K'™ board, ro air flow 185 R
| et s High-K ™ board, no air fom 101
|Run_ Jusction-do-board tammal High-K™! board, no ait Sow 8285 | ‘W
| Rye Junction-10-case thermal resistance 265 | ‘CW |
w Ay « 60 Q. Ag at 0 V. mout 1o D a 1-MHz 50% duty
[Piava)  Average pawer dissipation | ycle square wave Voo al 33 V. Ty = 25°C 4 mw
[T Themmal 1) p | 170 | <
(1) Sea SZZAD0Z for an exp of tis p
(2} JESDS1-3 low efective thermal conductivity lest board for leaded surface mount packages.
(3} JESOS51.7 high effoctwe thermal conductivity fest board for leaded surtace mount packages.
8.5 Power Dissipation Ratings
PACKAGE CIRCUIT _ TAS25°C DERATING FACTOR'™ Ta=05C Ty = 125°C
BOARD rowinmm ABOVE T, =25'C POWER RATING POWER RATING
{ 0 Low ¥ 5566 mW 5.7 mWr G 2557 mW 8L mW
{ 0 High-X 10768 m\W 10.3 mW~C 461.5 mW 513 mW

(1) This & the irmerse of the jurctico-1o-ambient Bermal resistance when bosrd-mounted and wih no air liow,
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8.6 Electrical Characteristics: Driver
over operating free-air temperature range (unless othorwise noted)

SNB5HVD233, SN65HVD234, SN6SHVD235
SLLSSETH - NOVEMBER 2002 - REVISED NOVEMEER 2018

[ PARAMETER | TEST CONDITIONS Lo YR max| umt
ly Bus outpul voltage CANH | D0V, Rsal0V, Ses Figure 12 and 248 Veo|
L O (Deminant) CANL | Flgura 13 05 1.25
v Bus autput voltage CANH IDAIV,Reat OV, Ses Figure 12 and 23 v
° (Recastive) CANL | Figues 13 23
DMOV, Reat OV, Ses Figute 12 and 15 2 3
v D#orantial cutput voRiage (Dominant) L ALY v
on o D@0V, Real 0V, Ses Figure 13 and 72 & oa
Flgure 14
| DatdV,Rgal 0V, See Figure 12 and 120 12l mv
’ Veo Dftarantial cutput voRage (R ) Figure 13
‘ Dat3V,Rsal0V, NoLoad -08 008 v
Voops Peak-to-pask common-mode oulput vollage | See Figure 21 1 v_ |
o High-ievel input cusrent D.ENLBK |0 oVorEN=2VorlBK«2VerAB=2V | =30 | A
AB
" Lo Jo.en.tBx. |D=0BV <08V 8V 1 7 ]
0 ivel bnpat current EBENlBK ?;:3 o EN « 0.8 Vor LBK = 0.8 V or AB 0 0| A
i | Vorsy = =7V, CANL Open. See Figwe 26 | -250
. Ve = 12 V, CANL Opan, Sew Figue 26 1
Shont uil out rrecd mA
""’ Ut oulpud ou Vease = ~7 V, CANH Open, Soo Fgure 26 1
} Voarg = 12V, CANH Open, Sew Figure 26 250
| Co Ousput capachtance See recelvar nput capacitance
| hpiss Rg nput current o standby Ag at 0.75 Vor -10 A
\ Sieep EN &0V, Dol Voo, Ry 010V or Ve 005 2
Hg at Voo, O @t Ve ABat 0V, LBK a1 0V, pA
st SN Y e _ .
lee Sepply current - DwOV, NolLond ABatOV,LEK# OV,
Dominand flg at 0 V. EN at Ve s -~
D 8t Ve No Load, AB al OV, LBK al O V,
Facsmsive fig 0l O V. EN at Vee s
(1) Al typical values are at 25°C and with a 33-V supply.
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8.7 Electrical Characteristics: Receiver
over operating free-air tamperature range (unkess othorwise noted)

\Vir, _ Positive-going input threshold voltage ... 750 00
Vi Negative-going ngut threshold voltage | AB at OV, LBK at 0 V, EN at Vg, See Table 1 500 650 mv
!LV.,. Hysteresis voltage {Viy, ~ Vir-) 100
(Vo Hghlevel oulput voltage o = —4 mA, Ses Figure 17 2.4 "
Ve Low-devel autput veltage o =4 mA, See Fgure 17 04
CANH or CANL at 12V 150 500
CANH ¢ CANL 0l 12V, Omer bus pn st 0 V,
; Bus input X Veg at 0V Oat3V,ABatOV, | e ' iy
' e CANH or CANL ot 7V |LBK®tOV. Ry atOV, | 510 150
GANH or GANL at =7 V., & a5 2590
VecatoV
Pin-lo-ground, V= 0.4 sin (4E6at) + 0.5V, Dt 3V,
G Input copocitance {CANH or CANLY | 4 20 g'y, LBK a£ 0 V, EN at Viee -
Pin4o-pin, V) = 0.4 sin (4E8xt) « 05V, Dat 3V,
Go - OWerertial it capachtanos AB 810V, LBK ot 0 V. EN 8t Voo s
R Duterantial input resistance 40 100
R Input resistance (CANH or CANL| to | D at3V.ABat 0 V. LEK al OV, EN ot Ve 20 0 k0
ground
' Sieon ENatOV, Dat Ve, Rgat 0V or Vg 0.05 2,
Sty R al Voo, D at Vo, AB 8t 0 V. LBK &1 0V, EN at Voo 00 €00
L B O ataV, Noload, Rsat 0V, LBK 31 0V, AB a1 0 V,
e Supply o | Domsrant ENat Vec 8 .
| Recessive gNlanec.NoLood.R;leV.LB(lIOV.ABdOV. 6
'cc
(1} Al typecal values are at 25°C and with a 3.3-V suoply.
8.8 Switching Characteristics: Driver
over operating free-alr lemperature range (uniess otherwiee noted)
[ PARAMETER TEST CONDITIONS MIN - TYPY UNIT
‘ P g at 0V, See Figue 15 S
TR . e i A with 10 k0 1o ground, See Figure 15 125 s
Ay with 100 KQ 1o ground, See Figum 15 500 870
Ay at 0 V, See Fgure 15 70 120
e R o lovel utput Rl wih 1030 1o ground, See Figuro 15 120 100 e
Ay wethy 100 K0 1o ground, See Frgue 15 870 1200
Rgat 0V, Seo Figure 15 35
tocgy  Puloe skew (Reve, — b} R widh 10 k0 o ground, See Figurn 15 . ra
Ay with 100 k0 to ground, See Fioue 15 370
1 Dm-nr.d output s‘gnd rizo time flg 3 0V, Sea Figure 15 20 70 22
1 Differersial output signal fal time 20 70
) Ditferarsad output signal rise time 30 135
; A 10 %0 1 . See Fi 15
[\ Difeerial outpst sigral f e il siati i 0 R
I Differartal oulpul signal rise lime 350 1400
g with 100 , See Fi 15
1) Ditterortial output signal fal time . 4.0 geondt e aso 1a0| ™
Herg Enatde time Yom standby 1o doming See Figure 19 and Figure 20 ) s
|laxzs  Enabie tima rom slesp fo dominan 1 5

(1) All typecal values are at 25°C and with a 3.3-V supply.
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8.9 Switching Characteristics: Receiver
over operating free-air temperature range (Unkess othorwise noted)

PARAMETER [ TEST CONDITIONS MIN TYP' A UNIT
f:ln.. Propagasion defay time, low-Sa-figh-level output ] __35 60
Tt Propagason delay 1me, high-20-low leved output 5 60
| Loagnt Pulse skow (|teyy = tay ) | Soe Figure 17 ? ns
[N Output sgaal rise time | 2 5
) Output signal fall time | 2 5 .
(1} Al typical values are af 25°C and with a 3.3-V supply.
8.10 Switching Characteristics: Device
over operating free-air femperatur range (uniess otherwise noted) e
PARAMETER TEST CONDITIONS MIN TYP')  MAX| UNIT
[ tammy Lm"‘;?;‘" drwer inputto |y ynzaa Soa Figure 23 75 12| ns
Wian Leopback delay, driver Input to See Figurm 24 10 20 ne
- R COTEeR L HVD238
| 1wz :.aa-vot outpet e See Figure 25 3B 60( na
= Rz at 0V, See Figure 22 70 135
otal delay, dn fo rec "B ey e meser e - -
= e v DUt 1o recetver OUPUL | Ry with 10 k1 1o ground, Ses Fgure 22 105 190| ns
L g with 100 &0 40 ground, See Figure 22 535 1000
< R 81 0V, Sea Figure 22 70 135
, ditiver § t,
Haagy ' Tt b::’:‘" driver input fo recetver oufut, ' "0 k) 1o ground, See Frgure 22 05  190| ns
Rg with 100 k0 10 ground, See Figure 22 535 1000
(1} Al typical values see af 25°C and with 3 3.3-V supply,
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8.11 Typical Characteristics
As, LBK, AB = 0 V; EN = Vo

™ T
Fow, LBK, AR w0V
N Ve

b

1 on £ Weesee-Ss-Dessrurt Lowy Tone - 50

o s
|

o
%

X\| £

\i‘»‘
AN

win . - . -
Ty~ Frow-Ak Tacrpeentars - 'C

Figure 1, Recessive-to-Dominant Loop Time vs Free-Alr

P, LB AR 8V
N« Ve

[ 7
s LA

I‘mﬂb—n-mw"—-
3 2

™ -
™ Ve 23V 1

“

- L] - = 14

Ta - Pone-Akr Sumpersters - 'C

Figure 2. Dominant-to-Recessive Loop Time vs Free-Alr

Temperature Temperature
Veza3aV, Vg e33X
o, LK AB =3 Y, ) LK ARLOY,
s Voo BN s Voo
AR H Tanmive
! 00 Leee g, - /
{4 . fe |/
} |/
¥ -
Y 1 /
L e $- g /'
wne w0 =e ™ o '. ] 2 2 ™
1 Froqusscy - kape ¥ ~ Low-Lavel Cutpas Vobage - V
Ve =33V Tao=25C 8041 Load Ve =33V Ta=25C

Figure 3, Supply Current vs Frequency

Figure 4. Driver Low-Lovel Output Current va Low-Level

Output Voltage
a2 T 22
233V,
’. o, LEX, AB =0 Y, s by
a N Voo »> 2
S \r..n-: ’ Vema22¥
L] e
g ! VeesaV
i 0.0 3 " : T—
o \ E " | ’
l. o2 b8 LF 3 e - he By w0
1 S LB, A8 2B Y
- M e Yoo
1
% ar v s 2z 25 3 a8 e ) » - 29
Vo~ Mg -Lavel ot Voluge - ¥ Ta~ Frow-die Tompersturs - ‘T
Vee =33V Ta=25°C A, =600

Figure 5, Driver High-Leved Output Current vs High-Level

Output Voltage

Figure 6. Differential Output Voltage vs Free-Alr
Tomperature
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Typical Characteristics (continued)
As, LBK, AB =0 Vi EN = Voo

Fa, LEK AB OV A

o

Vea 233V
- VeemdV L\

a . \ + )

oyt Hommmer Law Tatbyh Fropageten Deley - »e
3
k
N

:l.r.nuv
| T v
4

b~ eendv

Ty~ Necurnar Hgh-To-Law Propegesion Oudey - m
g

- s-v“.:’v/( o 1
Ve el v | I
S W S "
VoceadV
n |
A Ll “ " i) - s . = 1)
Vo« Prowfor Tvpurstinn - G Ta ~ Powe-Ar Tampersture - 'C
See Fguie ) See Fagum 3
Figure 7. Recelver Low-1o-High Propagation Delay vs Free- | Figure 8. Recalver High-to-Low Propagation Delsy vs Free-
Alr Temperature Alr Temperature
H R LI AD & 8V Iy I
i bbb i ! ]
. -
0| ‘V‘" [— P
i Vee23V Veg =23V / } 9
N i N e =~
! ==s = L .,
! f— % ’ "]
“ Verz38V
5 Yo any !
R S, W B LR AR Y
H | S e
-~ . - " o - L] “" L m
Vo = Frowtis Tomparntam - ¢ T = Proa-hls Terparetus - 0
See Figure 1 See Figure 1
Figure 9. Driver Low-to-High Propagation Delay vs Free-Air | Figure 10. Driver High-to-Low Propagation Delay vs Free-Alr
Temperature ’ Temperature
» T \J 1
s, LK, AS 0
2} BMeveo
Tanasc |
2 » L | | I g
g‘ ' I
g " NN AN
i / |
4 sj——4 4 et 4
] 1
o+ 411
. A |
L] en 2 " " 2 »
Ve - ey Webage - ¥
A, =600 Ta=25C

Figure 11, Driver Output Current vs Supply Voltage
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9 Parameter Measurement Information

Figure 12. Driver Voltage, Current, and Test Definition

Dominant

——— a3V -—— Vocamo

~23Y

——=—alV == Vorau)
Figure 13. Bus Logic State Voltage Definitions

CANH 3300 %

11
v g o
Ry IVEViggrei2V
O 330 € 9%
Figure 14. Driver Vgp
CAny

D (see Note B)

AL=800 1%
Vi ’ ﬂ; -+ |
v B ~: -L
{see Note A) i "R ANt
m

A The rput pulss is suppled by & generalor having the following characteristics: Pulse repetiion rate (PRR) 5 125 ke,
S0% duty cycle, LSEns, L2685 Zn =500

B. G, incdudes fixture and instrumeniation capacitance
Figure 15. Driver Test Circuit and Voltage Waveforms

Q:ﬂpfxm_t J Vi
o

Vo
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Parameter Measurement Information (continued)

Vi = icares + Vican, Vicasr
S .
Viea)

Figure 16. Receiver Voltage and Current Definitions

CANH v, _\uv_/(nv_ v
J R 4— i === 15V
) €y = 15 pF -20% J b ! b
(+]
| V%

- ]__
{seoNote ) 1SV {see Note B) T~ s, 9% 90% Vou
i) o
4 1 R
| | Voo
CEn L U
A, The mput pulse is suppled by a generalor having the following char i - Pulse 1 rate {PRRA) S 128 ke,

S0 duty cycle, LsBns, ,s6ne Zo 500
B, G inctudes fixture and inatrumentation capacitanca,

Figure 17. Receiver Test Circuit and Voltage Waveforms

Table 1. Differential Input Voltage Threshold Test

INPUT OUTPUT MEASURED

Veaw I Veane A Vol
| 41V | -7V L | 400 mV
12V | 1"y L 00 mV

t Vo -

-1V | -7V [ [ 6V

, 12v | oV L | 6V
| 65V | TV H 500 mV
12v | 1nsv H i 500 mV

TV [ -1V H Vou 6V

8V 12V H BV

. Cpen [ Open H X

1000
Pulse Generator l

15 is Duration J<})~ouov«vm
1% Duty Cycle

o [ Bs,AB,EN,LEK, 210V or Voo

NOTE; This tast is conducted 10 tast survivalility only, Data stabisty & the R autpul is not specified.
Figure 18. Test Circuit, Transient Overvoltage Test
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HVD233 or HVD23S

Ry

" —;1}" 1
..,%%

st com
HVD234
CANH v, 8 CANM
%wums oV _D,@_’ %wn:w
Voo —EN 1l o
CANL CANL

"fupfm

i

NOTE: All V| input puises are suppled by a generator having the tollowing characteristcs: ¢, of & 6 ns, pulse repettion rale

(PRR) « 125 Wiz, 50°% duty cycle,

Figure 19, T, Test Circuit and Voltage Wavetorms

HVD234
Ra )l cANH e Vee
§ I ;'[ 0%\
wrhﬂ&k %wmm Y | —_— oV
v, _EN L | I
’ CANL

Vo

, tog T+,

e e d

i i
;Emprm

NOTE ANV input prdses are suppied by & g having the fok g chy
1, o Iy < 6 ns, pulse ropettion rate (PRA) = 10 kiHz, 50% duty cycle

Figure 20. T, Test Circuit and Voltage Wavetforms

I
¥

NOTE  ABV, rput puses are suppied by @ generator having the lofowing characteristios
1, 66 I < 6 e, putse repattion rale (PRR) « 125 kHE 50°% duty oycle,

> Vou
| L 50%

Figure 21, Voey,, Test Circuit and Voltage Wavetorms
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0102, 10 kid
or 100 ki) +5% Ry

NOTE' NIV, input pulses are suppled by a g having the following char
Lof &% < 8 ne, pulse repetition rate (PRAD = 125 kHz, S0°7% duty cycls

Figure 22. T Test Circult and Voltage Waveforms

HVD233
RAg CANH Vee
h o %K: + %— Vi i N i
v VopSs 600 +1% 1| e
LBK =2 sy — ¢ & ey &
!
Yee— 1 e vo so% X 50%
- _&_(@ — Vo
Voo fomw) = Gookn = umkzny o
Vo =18 pF 220%
AN
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Figure 28. Equivalent Input and Output Schematic Diagrams
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10 Detailed Description

10.1 Overview

This tamily of CAN transcelvers is compatible with the 1SO11898-2 High-Speed CAN (controller area network)
physical layer standard, They are designed to interface between the differential bus lines in CAN and the CAN
protocol controfier at data rates up to 1 Mpbs.
10.2 Functional Block Diagrams

Rg —

AT 1
R~ o ]

e L b

Figure 29. SN65HVD33 Functional Block Diagram

Rs

EN —t . |
R—o ]

Figure 31, SN65HVD35 Functional Biock Diagram

10.3 Feature Description

10.3.1 Diagnostic Loopback (SN65HVD233)

The diagnostic loopback or internal loopback function of the SNESHVD233 is enabled with a high-level mput on
pin 5, LBK. This mode disables the driver output while keeping the bus pins blased 10 the recessive state. This
mode also redirects the D data input (transmit data) through logic 1o the received data output pin), thus creating
an internal loopback of the transmit 10 receive data path. Thig mimics the loopback that occurs normally with a
CAN transceiver because the receiver loops back the driven output to the R (receive data) pin. This mode allows
the host protocol controller 1o input and read back a bit sequence or CAN messages to perform diagnostic
routines without disturbing the CAN bus. A typical CAN bus application is displayed in Figure 36,
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Feature Description (continued)

If the LBK pin is nol used it may be tied to ground (GND). However, It Is pulled low intemally (defaults to a low-
level input) and may be left open if not in use.

10.3.2 Autobaud Loopback (SN65HVD235)

The autcbaud loopback mode of the SNESHVD235 Is enabled by placing a high level input on pin 5, AB. In
autobaud mode, the driver oulput is disabled, thus blocking the D pin to bus path and the bus transmit function of
the transceiver. The bus pins remain biasad 1o recessive, The receiver to R pin path or the bus receive function
of the device remains operational, alowing bus activity fo be monitored. In addition, the autobaud mode adds an
Internal logic loopback path from the D pin to R pin so the local node may transmit 10 #self in sync with bus traffic
while not disturbing messages on the bus. Thus if the local node's CAN controller generates an error frame, it is
nol transmitted 1o the bus, but Is detected only by the local CAN controller. This is especially heipful to determine
if the local node is set to the same baud rate as the network, and if not adjust it to the network baud rate
(autobaud detection).

Autobaud detection is best suited to applications that have a known selection of baud rates. For example, a
poputar industrial application has optional settings of 125 kbps, 250 kbps, or 500 kbps. Once the SNESHVD235
is placed into autobaud loopback mode the application software could assume the first baud rate of 125 kbps, It
then waits for & message to be transmitted by another ncde on the bus. if the wrong baud rate has been
salected, an error message is generated by the local CAN contraller because the sample times will not be at the
comect time. However, because the bus-transmit function of the device has been disabled, no other nodes
receive the error frame generated by this node's local CAN controller.

The application would then make use of the status register indications of the local CAN controller for message
received and error waming status to determine if the set baud rate is correct or nol. The warning status indicates
that the CAN controller error counters have been incremented. A message received status indicates that a good
message has been received. Il an error is generated, the application would then set the CAN controller with the
next possibly valid baud rate, and wait to receive another message. This pattern is repeated until an error free
message has been received, thus the correct baud rate has been sefected. At this point the application would
place the SNESHVD235 in a normal transmitting mode by setting pin 5 to a low-level, thus enabling bus-transmit
and bus-receive functions to normal cperating states for the fransceiver.

If the AB pin is not used it may be ted to ground (GND). However, it is pulled fow internally (defaults to a fow-
level input) and may be left open if not In use.

10.3.3 Slope Control

The rise and fall siope of the SNE5HVD233, SN65HVD234, and SNE5HVD235 ariver outpul can be adjusted by
connecting a resistor from the Rs (pin 8) to ground (GND), or to a low-level input voltage &s shown In Figure 32,

The slope of the driver output signal is proportional to the pin's output current. This slope control is implemented
with an external resistor value of 10 k{2 to achieve a ~15 V/us slew rate, and up 1o 100 kQ to achieve a ~2.0 Vius
slew rate . A typical slew rate verses pulidown resistance graph s shown in Figure 33, Typical driver output
wavelorms with slope control are displayed in Figure 39.

Figure 32. Slope Control/'Standby Connection to a DSP
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Feature Description (continued)

Siope (V/us)

0 47 08 10 15 22 33 47 o8 100
Slope Control Resistanoe - ki

Figure 33. HVD233 Driver Output Signal Slope vs Slope Control Resistance Value

10.3.4 Standby

If & high-level input (> 0.75 V) Is applied 1o Rg (pin 8), the circuit enters a low-current, Ksten only standby mode
during which the driver is switched off and the receiver remains active, If using this mode to save system power
while walting for bus traffic, the local controller can monitor the R output pin for a falling edge which indicates that
a dominant signal was driven onto the CAN bus. The local controfler can then drive the Rg pin low to returmn to
slope control mode or high-speaed mode.

10.3.5 Thermal Shutdown

I the junction temperature of the device exceeds the thermal shut down threshold the device turns off the CAN
driver circuits thus blocking the D pin to bus transmission path. The shutdown condition is cleared when the
junction temperature drops below the thermal shutdown temperature of the device. The CAN bus pins are high
impedance blased to recessive level during & thermal shutdown, and the recelver to R pin path remains
operational.

10.4 Device Functional Modes
10.4.1 Driver and Receiver

Table 2. Driver (SN6SHVD233 or SN65HVD235)

INPUTS OUTPUTS

S LBK/AB R, CANH CANL BUSSTATE

X X >0.75 Veo Z Z Recessive

| '

: L Loropen <033Vee | 4 L 7nglr|=:n

| Horopen | X | 1 zZ |z | Tecessive

| x H 0,33 Vgo z Z Hocessive

Copyrght © 2002-2018, Texus Instruments ncomperated Suvbmut Dacamentation Feedback 21
Product Folder Links. SNESHVD233 SNGSHVD2M SNESHVDZSS
- 260 - Autor: Alfonso Mareca Miralles

424.,18.63



E

Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

Disefio e implementacién de

un BMS para BVE (Battery

Electric Vehicle)

SN65HVD233, SN6SHVD234, SNESHVD235

SLLESETH - NOVEMBER 2002 - REVISED NCVEMBER 2018

(Documentacion Técnica)

b o T

www.theom

Table 3. Receiver (SN65HVD233)

INPUTS OUTPUT
BUS STATE V= V. Vi LBX o L
Dominard | V208V L or open X L
m- Vip 20.5 V or cpan L or opan H o apen H
? | 08V < Vg <00V L or opan H or apen ?
X X L L
X | X " H H
Table 4. Receiver (SN65HVD235)'"
INPUTS OUTPUT
| BUSSTATE | Vi =Vicwws-Viewws As o R
__Dominart | Vip2 09V Lor open X L
Recestive | Vig 0.5 V or cpan L o opan H o apen H
? 05VeVp <08V L or open H or open ?
Dominart | Vipz 0.0V H X L
Recessive | Vi % 0.5 V or opan H H H
Recessive | Vip £0.8 V or cpen H L L
? | 05VeVgp<08V H L L
(1) H = high level; L = low lewal; Z = high impedance; X « ireievant; 7 = indeteerinate
Table 5. Driver (SN65HVD234)
INPUTS OUTPUTS
o EN R, CANH CANL BUS STATE
L H 50.33 Vee H L Dominand
H X 2033 Ver | 2 z Hecosshe
Open x X Z Z HAecessive
x| x| >075Vcc z z Aecssaive
X L or apen x Z 4 Aecessive
Table 6. Receiver (SN65HVD234)'"
INPUTS OUTPUT
8us STATE Vio = Vieasmi-Vican En A
Dominant Vo2 09V H L
—Ro&;m Vpsof;-\'orop-n H H
? 05V<Vp<08V H ?
X X Loropen_ H ]

(1) H = high taval; L = low leval; 2 = high impedance; X = rmelevant; ? = indaterminate
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11 Application and Implementation

NOTE
Information in the following applications sections i not part of the TI component
specification, and T1 does not warrant its accuracy or completeness. TI's customers are
responsible for determining suitability of components for their purposes. Customers should
vakdate and test thes design implementation 10 confirm system functionality,

11.1 Application Information

The CAN bus has two states during powerad operation of the device; dominant and recessive. A dominant bus
state 8 when the bus © driven diflerentially, corresponding 1o a logic low on the D and R pin. A recessive bus
state is when the bus s blased 10 Vo / 2 via the high-resistance internal resistors Ry, and Ry of the receiver,
corresponding 10 a logic high on the D and R pins. See Figure 34 and Figure 35

A
Tt 5
= {
: |
" [
K] :
$ -y
2 o K
% Vamm
(.
i

: : - Time, t
Recessive | Dominant | Recessive

Logic H Logic L Logic H
Figure 34. Bus States (Physical Bit Representation)

CANH M
3
Vec/2=—
b3
<
CANL—AW\

Figure 35, Simplified Recessive Common Mode Bias and Receiver

Thesa CAN transcelvers are typically used in applications with a host microprocessor or FPGA that includes the
link layer portion of the CAN protocol. The different nodes on the netwaork are typecally connected through the use
of a 120- characteristic impedance twisled-pair cable with termination on both ends of the bus
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11.2 Typical Application
Bt L 1w S 7&,\ ! .
|2°Q g o W Ly - O3 i | ;1209
o DRSAC A 5 ,
I »
;—ll— 1 By -—-—T— 13V v
v ™% Ves
SNesMvozsT | o vurl SNOSMVO2TY | 0 WF L" “amF
"L’ pear | ]
‘ [o O & o 0l DR
. |
oGN] G AN CAMR I cm
TMSI20LF243 TNST20F 2812 ’ TMSINLFI4OTA
- l ‘ - - — —
b At w Cawad [ Sasant Ao w Doree ’ Bisns Anani w Cornu l
L Famrm Coamer

Figure 36. Typical HVD233 Application

11.2.1 Design Requirements

11.2.1.1 Bus Loading, Length and Number of Nodes

The 1SO 11898 Standard specifies up 1o a data rate of 1 Mbps, maximum CAN bus cable length of 40 m,
maximum drop ling (stub) length of 0.3 m and a maximum of 30 nodes. However, with careful network design,
the system may have longer cables, longer stub lengths, and many more nodes to a bus. Many CAN
organizations and standards have scaled the use of CAN for applications outside the original ISO 11898
slandard. They have made system level trade-offs for data rate, cable length, and parasitic loading of the bus.
Examples of some of these specifications are ARINC825, CANopen, CAN Kingdom, DeviceNet and NMEA200,

A high number of nodes requires a transcelver with high Input impedance and wide common mode range such
as the SNESHVD23x CAN family. ISO 11898-2 specifies the driver differential output with a 60-Q load (two 120-
Q) termination resistors In paralled) and the differential output must be greater than 1.5 V. The SNESHVD23x
devices are specified 10 meet the 1.5-V requarement with a 80-Q kad, and additionally specified with a differential
output voltage minimum of 1.2 V across a common mode range of -2 V to 7 V through a 330-Q coupling
network. This network reprasents the bus loading of 120 SNB5SHVD23x transceivers based on their minimum
differential input resistance of 40 kQ. Therefore, the SNESHVD23x supports up to 120 transceivers on a single
bus segment with margin to the 1.2-V minimum difierential input voltage requirement at each node.

For CAN network design, margin must be given for signal loss across the system and cabling, parasitic loadings.
network imbalances, ground offsels and signal inlegrity thus a practical maximum number of nodes may be
lower, Bus length may also be extended beyond the original 1ISO 11898 standard of 40 m by careful system
design and data rate tradeolfs. For example, CANopen network design guidelines allow the network to be up 1o 1
km with changes in the termination resistance, cabling, less than 64 nodes and significantly lowered data rate.

This flexibiity In CAN network design is one of the key strengths of the various extensions and acditional
standards that have been built on the original ISO 11888 CAN standard.

11.2.1.2 CAN Termination

The 1ISO 11898 standard specifies the interconnect 10 be a twisted-pair cable (shielded or unshielded) with 120-02
characteristic impedance (Z). Resistors equal to the characteristic Impedance of the line should be used o
terminate both ends of the cable to prevent signal reflections. Unterminated drop lines (stubs) connecting nodes
to the bus should be kept as short as possible 1o minimize signal reflections. The termination may be on the
cabie or in a node, but if nodes may be removed from the bus the termination must be carefully placed so that it
is not removed from the bus.
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Typical Application (continued)
11.2.2 Detailed Design Procedure

Node 1

L

Termination is typically a 120-0 resisior at each end of the bus. If filtering and stabikization of the common mode
voltage of the bus is desired, then split termination may be used (see Figure 38). Split termination uses two 60-Q
resisiors with a capacitor in the middle of these resistors 1o ground. Split termination improves the
electromagnetic emissions behavior of the network by eliminating fluctuations in the bus common mode voltages
al the start and end of message transmissions.

Care should be taken in the power ratings of the termination resistors used. Typically Ihe worst case condition
would be if the system power supply was shorted across the termination resistance to ground. In most cases the
current flow through the resistor in this condition would be much higher than the transceiver's current limit.

Standard Termination Split Termination

CANH - CANM >
Rrerw?
CAN CAN
Transcelver Rrerm Transceiver
| | ]
CANL CANL

Figure 38. CAN Bus Termination Concepts

Figure 37. Typical CAN Bus

1
| S|

11.23 Application Curve

Figure 39 shows 3 typical output waveforms for the SNESHVD233 device with three different connections made
to the Rg pin. The top wavelorm show the typical differential signal when Iransitioning from a recessive levei to a
dominant fevel on the CAN bus with Rg tied 1o GND through a 0-41 resistor. The second waveform shows the
same signal for the condition with a 10-k€} resistor tied from R to ground. The bottom wavelorm shows the
typical differential signal for the case where a 100-kQ resistor is tied from the Rg pin to ground.
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Typical Application (continued)
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Figure 39, Typical SN65HVD233 Output Wavelorms With Different Slope Control Resistor Values

11.3 System Example
11.3.1 1SO 11888 Compliance of SN65HVD23x Family of 3.3-V CAN Transceivers

11.3.1.1 Introduction
Many users value the low power consumption of operating their CAN transceivers from a 3.3-V supply. However,
some are concerned about the interoperability with 5 V supplied transceivers on the same bus. This reporn

analyzes this situation to address those concemns.

11.3.1.2 Differential Signal
CAN Is a afferential bus where complementary signals are sent over two wires and the voltage ditference
between the two wires defines the logical state of the bus. The differential CAN receiver monitors this voltage

difference and outputs the bus state with a single ended logic levet output signal,

Copyrght © 2002-2018, Tesas Instrumantd Ineaporsted

5 Scvbmit Documentation Feedback
Product Folder Uinks. SNESHVDIZIT SNESHVD23M SNESHVD23S

Autor: Alfonso Mareca Miralles

424.18.63

- 265 -



Tese. Escuela Universitaria

Disefio e implementacién de un BMS para BVE (Battery A A8 Politécnica-La Aimunia
. . ..... Centro adscrito
Electric Vehicle) == UniversidadZaragoza

(Documentacion Técnica)

: g lns'mumms
SNB5HVD233, SNB5SHVD234, SNBSHVD235
mll.l_n_ﬂ SLLESATH -NOVEMBER 2002 - REVISED NOVEMBER 2018

System Example (continued)
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Figure 40. Typical SN65HVD230 Differential Output Voltage Waveform

The CAN driver creates the differential voltage between CANH and CANL in the dominant state. The dominant
differential output of the SNB5SHVD23x is greater than 1.5 V and less than 3 V across a 60 ohm load as defined
by the ISO 11898 standard. These are the same limiting values for 5 V supplied CAN transcelvers. The bus
termination resistors drive the recessive bus state and not the CAN driver.

A CAN receiver is required to output a racessive state when less than 500 mV of differential voltage exists on the
bus, and a dominant state when more than 900 mV of ditfferential voltage exists on the bus. The CAN recelver
must do this with common-mode mput voltages from -2 V to 7 V. The SNESHVD23x family receivers meet these
same inpul specifications as 5 V supplied receivers.

11.3.1.3 Common-Mode Signal

A common-mode signal is an average voltage of the two signal wires that the difterential receiver rejects. The
common-mode signal comes from the CAN driver, ground noise, and coupéed bus noise. Since the bias voltage
of the recessive state of the davice is dependent on Vg, any noise present or variation of Vg will have an effect
on this bias voltage seen by the bus. The SN65SHVD23x famlily has the recessive blas voltage set higher than
0.5'Vec to comply with the ISO 11898-2 CAN standard. The caveat to this is that the common mode voltage will
drop by a couple hundred millvoits when driving a dominant bit on the bus. This means that there is a common
mode shift between the dominant bit and recessive bit states of the device. While this is not ideal, this small
variation in the driver common-mode output is rejected by differential recelvers and does not effect data, signal
noise margins or error rates.

11.3.1.4 Interoperability of 3.3-V CAN in 5-V CAN Systems

The 3.3-V supplied SN65SHVD23x family of CAN transceivers are fully compatible with 5-V CAN transceivers.
The differential output voltage s the same, the recessive common mode oulpul bias Is the same, and the
receivers have the same input specifications. The only slight difference is in the dominant common mode output
voltage which is a couple hundred millivolls lower for 3.3-V CAN transceiver than 5-V supplied transceiver.

To help ensure the widest interoperability possible, the SNE5SHVDZ3x family has successiully passed the
Imernationally recognized GIFTACT conformance and Interoperabilty testing for CAN transcetvers. Electrical
interoperability does not always assure interchangeability however. Most implementers of CAN buses recognize
that ISO 11898 does not sufficiently specity the electrical layer and that sinct standard compliance alone does
not ensure full interchangeability. This comes only with thorough equipment testing.
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12 Power Supply Recommendations

To ensure refiable operation at all data rates and supply voltages, each supply shoulkd be decoupled with a 100-
nF ceramic capacitor located as close to the Voo supply pins as possible, The TPS76333 is a linear voltage
regulator suitable for the 3.3 V supply.

13 Layout

13.1 Layout Guidelines

In order for the PCB design 1o be successful, start with design of the protection and filterning circuitry. Because
ESD and EFT transients have a wide frequency bandwidth from approximately 3 MHz to 3 GHz, high frequency
layout techniques must be appled during PCB n. On chip IEC ESD protection is good for laboratory and
portable equipment but is usually not sufficient for EFT and surge transients occurring in industrial environments.
Therefore robus! and reliable bus node design requires the use of external transient protection devices at the bus
connectors. Placement at the connecior also prevents these harsh Iransient events from propagating further into
the PCB and system.,

Use V¢ and ground planes 1o provide low inductance.

NOTE
High frequency current follows the path of least inductance and not the path of least
resistance,

Design the bus protection components in the direction of the signal path. Do not force the transient current to
devert from the signal path o reach the protection device.

An example placement of the Transient Voltage Suppression (TVS) device indicated as D1 {either bi-directional
dhode or varistor solution) and bus filter capacitors C8 and C9 are shown in Figure 41,

The bus transient protection and filtering components should be placed as close to the bus connector,
J:'.’:'s possible. This prevents transients, ESD and noise from penetrating onto the board and disturbing
o devices.

Bus termination: Figure 41 shows split termination. This is where the termination is spiit into two resistors, RS
and RG, with the cenler or spiit tap of the termination connected 1o ground via capacitor C7. Spiit termination
pravides common mode filtering for the bus. When termination is placed on the board instead of directly on the
bus, care must be taken 1o ensure the terminating node Is not removed from the bus as this will cause signal
integrity issues of the bus is not property terminated on both ends, See the application saction for information on
power ratings needed for the termination resistor(s).

Bypass and buk capacitors should be placed as close as possidie to the supply ping of transceiver, examples
C2, C3 (Vee).

Use at least two vias for Ve and ground connections of bypass capacilors and protection devices 1o minimize
trace and via inductance.

To limit current of digital lines, serial resistors may be used. Examples are R1, R2, R3 and R4.

TomgnoiseomhedlqnallOMnes.acapacﬂormaybeusedclosewihelnputsldeuuheIOasshownbym
and C4.

Since the internal pullup and pulidown biasing of the device is weak for floating pins, an external 1-k€ to 10-ki2
pullup or pulldown resistor should be used to blas the state of the pin more strongly against noise during
transient events.

Pin 1: If an open drain host processor Is used to drive the D pin of the device an external puli-up resisior
between 1 k2 and 10 k) and Vo should be used to drive the recessive input state of the device.

Pin B: is shown assuming the mode pin, RS, will be used. If the device will only be used in normal mode or slope
control mode, R3 is not needed and the pads of C4 could be used for the pulldown resistor to GND.

-] Swbmit Documentation Feedback Copyrghl © 2002-2018, Tesas Instrumentd Incoporated
Product Folder Lirks. SNESHVDIZST SNGSHVD23M SNESHVDZ3S

Autor: Alfonso Mareca Miralles - 267 -
424.18.63



Diseno e implementacién de un BMS para BVE (Battery

Electric Vehicle)

Escuela Universitaria
Politécnica - La Almunia
Centro adscrito

Universidad Zaragoza

;
I TH

(Documentacion Técnica)

o -

wWarw i com

SN65HVD233, SN65HVD234, SNE5HVD235

SLLESETH - NOVEMER 2002 - AEVISED NOVEMEBER 2018

13.2 Layout Example
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Figure 41. Layout Example Schematic
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14 Device and Documentation Support

14.1 Related Links

The tabie below lists quick access finks. Categories Include technical documents, support and community
resources, tools and software, and quick access to sample or buy.

Table 7. Related Links

PARTS PRODUCT FOLDER =~ SAMPLES Buy | TCHECAL SPTOAAE el oS
ENGSHYD233 Cick hero Click here Chck here | Cick hero Click hero
SNESHVD234 Chck hare Click hare Clicx harw | Clck bae Click here
SNGSHVWJS [ Clck hare | Clkk hare Chek hun; ‘\ Chck rnn; | Click hare

14.2 Receiving Notification of Documentation Updates

To receive notification of documentation updates, navigate to the device product folder on ti.com. In the upper
right corner, click on Alent me 10 register and receive a weekly digest of any product Information that has
changed. For change details, review the ravision history included in any revised documeant.

14.3 Community Resources

The following links connect 1o TI community resources. Linked contents are provided “AS IS" by the respective
contributors. They do not constitute Tl specifications and do not necessarily reflect TT's views; see TI's Terms of
Use.

TI E2E™ Online Community TI's Engineer-to-Engineer (E2E) Community. Created to foster collaboration
among engineers, At e2e.ti.com, you can ask questions, share knowledge, explore ideas and help
solve problems with fellow engineers.

Design Support TI's Design Support Quickly find helptul E2E forums along with design support toois and
contact information for technical support,
14.4 Trademarks

E2E Is a trademark of Texas Instruments.
All ather trademarks are the property of their respective owners

14.5 Electrostatic Discharge Caution

‘ These davioss have limited buill-in ESD pectacion, Tha leads should be sharted fogethar of he device placed in canductye loam
M during storage o handing to prevert electrostatic damage to the MOS gates.
146 Glossary

SLYZ022 — T1 Glossary.
This glossary lists and explains terms, acronyms, and definitions.

15 Mechanical, Packaging, and Orderable Information
The lollowing pages include mechanical, packaging, and orderable information. This information is the most

current data avaikable 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 10 the left-hand navigation.
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REEL DIMENSIONS

Cxmansion comgriod 10 accommodale the companent wicth

{)
5 | Dimension desgned ta sccommodale e companent kength
0 | Dimansion casgned ¥ accommocais tha componsnt thickness)

A
B
K
W | Overall wxdth of the camar tape
P

A

1| PHCH Dtwean SUCCESSS Cayiy CIBrs

_f' Reel Wiom (W1)
QUADRANT ASSIGNMENTS FOR PIN 1 ORIENTATION IN TAPE

Sprocke| Hobes

0t 0z ot ce

R T B T . -

Car o 3o
[ 4:

Ussir Directon of Faed

)

Pockst Guadrants

“All dimengiong ane nominal

Device Package |Package | Pins | SPQ Reel Reel A0 Bo L4 P w Pint
Type |Orawing D Width | (mm) | (mm) | (mm) | (mm) | (men) d
(mm) |W1 (mm);
SNGSHYD2320R S0IC D 8 2600 330.0 124 6.4 52 21 8.0 120 o
SNESHVD234DR SOIC D 8 2500 330.0 124 6.4 52 | 21 80 | 120 a
SNE5HVD2350R s0IC 0 8 2500 3300 124 64 52 2.1 80 | 120 [o]]
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*Nl demensiona are nominal
Device P ge Type | g| Pins SPO Length (mm) | Width (mm) | Helght (mm)
SNESHVDR2330R SOIC D L) 2500 3405 338.1 208
SNESHVD2340R SoiIC 8] 8 2500 3405 338.1 2086
SNESHVD23S0R SQic D 8 2800 340.5 338 208
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T1 PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), DESIGN AESOURACES (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 IMPUED, INCLUDING WITHOUT LIMITATION ANY
IMPLIED WARRANTIES OF MERCHANTASILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON INFRINGEMENT OF THIRD
PARTY INTELLECTUAL PROPERTY RIGHTS.

These resources are manded for skilled dovelopors gning with Tl products. You are salely responsbie for (1) ,thc_,,,,..
T1 prochucts for your appication, (2] designing, mnmwwm and (3) ermring your appd MOets ap
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permisson Lo use $ese reacrces anly lor development of an sppli sl uses the Tl products described i the resources, Other

reproduction and display of hese resources I8 probitited, No license i8 granted to arvy other Tl intelectual praperty right o to any thirnd
party intellectual praperty night. Tl duclaims responsibilty for, and you wik fully indemnfy Tl and its repeesentatives aganst, any daims,
darmages, cosls, losses, and liabiltes arising cul of your use of thess resources.

TTe products are provided subject 10 TI's Terms of Sake (www b comagaltermacisse hirmd) or ofer appicable lerms available afher on
Loam or provided in conpnction with such Tl products. TE's prowd of these does not expand or ctharwise alter TI's app
warranties or warranty disclamers for Tl products
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