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Two Wire Interface

• MSP432 I2C
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Two Wire Interface

• MSP432 I2C

• ARM (AMBA Compliant)

• 8 bit transmission word

• 7/10 bit addressing 

• Multi-master/slave modes

• 4 slave addresses

• 4 eUSCI-B modules
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Two Wire Interface

• Overview

• 8 bit synchronous shift register used to communicate 
externally

• 9 bit total communication packet
• uni-directional

• Most often used to communicate with peripherals
• displays, sensors, converters

• Supports multiple masters and multiple slaves

• 4 modes of operation
• Master Receive
• Master Transmit
• Slave Receive
• Slave Transmit
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Two Wire Interface

• Overview

• Open drain configuration
• outputs only pull down

• pull up resistors or current sources pull up
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Two Wire Interface

• TWI Timing

• SDA – data line

• SCL – clock line

• Data must be valid during the entire positive clock cycle 
time

Note: data changes occur during SCL low
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Two Wire Interface

• TWI Timing

• Special timing requirements for

• start transmission

• stop transmission

• repeated start transition
• master does not relinquish the bus in this mode
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Two Wire Interface

• TWI Timing

• Addressing
• Indicate which slave to transmit to or receive from by first 

transmitting the “address” of the desired device

• Often this value is hardwired via external pins on the slave device

• 7 bits for each address
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Two Wire Interface

• TWI Timing

• R/W bit indicates a read or write operation is to follow
• Read is active high

• ACK
• The master drives the data bus from start through the R/W bit and 

then releases the bus

• The slave then pulls down the bus in the last clock cycle to indicate 
a completed transmission
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Two Wire Interface

• TWI Timing

• ACK – cont’d
• If the master fails to see the slave pull down the bus in the 9th clock 

cycle (NACK)
• Transmission failed

• Some sort of error action is required
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Two Wire Interface

• TWI Timing

• Data packet
• After getting an ACK on the address – data can be sent

• 8 bits of data

• 1 bit for a data ACK

• This can be repeated many times



12 © tjEE 2920

Two Wire Interface

• Implementation

• Separate RX/TX registers

• Separate RX/TX buffers

• State Machine

• Clock divider

• Control register

• Status register
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Two Wire Interface

• Addressing Modes
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Two Wire Interface

• Operating Modes
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Two Wire Interface

• Operating Modes
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Two Wire Interface

• Operating Modes
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Two Wire Interface

• Operating Modes



18 © tjEE 2920

Two Wire Interface

• Multi-Master Arbitration

• First master that attempts to transmit a 1 when the other 
transmits a 0 – loses arbitration and shuts off
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Two Wire Interface

• MSP432 I2C Registers
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Two Wire Interface

• MSP432 I2C Control Word Register 0
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Two Wire Interface

• MSP432 I2C Control Word Register 0
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Two Wire Interface

• MSP432 I2C Control Word Register 0
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Two Wire Interface

• MSP432 I2C Control Word Register 1
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Two Wire Interface

• MSP432 I2C Control Word Register 1
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Two Wire Interface

• MSP432 I2C Bit Rate Control Word Register

• TWI transfer bit rate: fBitClock = fBRCLK/UCBRx

• BRCLK: ACLK or SMCLK
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Two Wire Interface

• MSP432 I2C Status Word Register
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Two Wire Interface

• MSP432 I2C Byte Count Threshold Register
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Two Wire Interface

• MSP432 I2C Receive Buffer Register
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Two Wire Interface

• MSP432 I2C Transmit Buffer Register
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Two Wire Interface

• MSP432 I2C Own Address Register 0
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Two Wire Interface

• MSP432 I2C Own Address Registers 1,2,3
1,2,3

1,2,3
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Two Wire Interface

• MSP432 I2C Receive Address Register
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Two Wire Interface

• MSP432 I2C Address Mask Register
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Two Wire Interface

• MSP432 I2C Slave Address Register
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Two Wire Interface

• MSP432 I2C Interrupt Enable Register
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Two Wire Interface

• MSP432 I2C Interrupt Enable Register
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Two Wire Interface

• MSP432 I2C Interrupt Flag Register
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Two Wire Interface

• MSP432 I2C Interrupt Flag Register
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Two Wire Interface

• MSP432 I2C Interrupt Flag Register
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Two Wire Interface

• MSP432 I2C Interrupt Vector Register
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Two Wire Interface

• Loop Back Example

• B0 to B1
/*
* twi.c
*
*  Created on: Oct 12, 2017
*      Author: johnsontimoj
*/

//////////////////////////////////
//
// use 2 twi interfaces to loopback
// B0 to B1
//
// input - be sure to connect pull up resistors
//
// output - use analog discovery to watch transfer
//
///////////////////////////////////
#include <stdio.h>
#include "msp432.h"
#include "msoe_lib_all.h"

void pin_setup(void);
void twi_master_setup(void);
void twi_slave_setup(void);
void i2c_B0_transmit(void);

// Global Variable for Interrupts
uint8_t rx_data;
uint8_t tx_data;
uint8_t num_bytes;

int main(void){
//
// setup transmit data
tx_data = 0;

// Configure pins
pin_setup();

// Setup TWIs
twi_master_setup();
twi_slave_setup();

while(1){
// start transmit
num_bytes = 1;
i2c_B0_transmit();

// wait for transfer to complete
Delay_3MHz_ms(50);
// Print rcvd values
printf("Master sent %i - Slave received %i\n", tx_data, rx_data);

}

return 0;
} // end main
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Two Wire Interface
void twi_master_setup(void){

// USCIB0 - master
// 7 bit address, single master
//
// CTLW0 - allow changes
// sw reset
EUSCI_B0->CTLW0 = 0x0001;
//
// CLTW0

//  //7b  7b  1M   mstr  i2c  sync  Aclk    txr  noAK noSP noST rst
// 0   0   0  x  1    11    1    01   x  1     0    0    0   1
// 0F41
EUSCI_B0->CTLW0 = 0x0F51;
//
// BRW
//  /64 - 0000 0000 0100 0000
// 0040
EUSCI_B0->BRW = 0x0040;
//
// CTLW0
// release reset
EUSCI_B0->CTLW0 &= ~0x01;
//
// IE
// 0000 0000 00 1  0 00 1  0
//              nk     TX0
// 0022
EUSCI_B0->IE = 0x0002;
//
// NVIC
// EUSCI_B0 is int 20
//
NVIC->IP[20] = 0x60;            // priority = 3
NVIC->ISER[0] |= 0x00100000;    // enable

return;
}   // end twi_master_setup

void pin_setup(void){
// Setup USCIB0 as master
// Setup USCIB1 as slave
// Transfer data from Master to slave in a while loop
//
// USCIB0 --> P1.6-SDA, P1.7-SCK
// USCIB1 --> P6.4-SDA, P6.5-SCK
//
P1->SEL0 |= 0xC0;   // Set to USC mode
P1->SEL1 &= ~0xC0;  // 0-1 mode
P6->SEL0 |= 0x30;
P6->SEL1 &= ~0x30;

// Nothing else needed - the module sets directions
return;

} // end pin_setup
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Two Wire Interface
void twi_slave_setup(void){

// USCIB1 - slave
// 7 bit address, single master
//
// CTLW0 - allow changes
// sw reset
EUSCI_B1->CTLW0 = 0x01;
//
// CLTW0
// 7b  7b       svl   i2c  sync  Aclk   rcvr  noAK noSP noST rst
// 0   0   x  x  0    11    1    01   x  x     x    x    x   1
// 0741
EUSCI_B1->CTLW0 = 0x0741;
//
// Own Address
// 0000 0  1  aa aaaa aaaa
//        en     addr
EUSCI_B1->I2COA0 = 0x001A | 0x0400;
//
// CTLW0
// release reset
EUSCI_B1->CTLW0 &= ~0x01;
//
// IE
//                    RX0
// 0000 0000 0000 000  1
// 0001
EUSCI_B1->IE = 0x0001;
//
// NVIC
// EUSCI_B1 is int 21
//
NVIC->IP[21] = 0x80;            // priority = 4
NVIC->ISER[0] |= 0x00200000;    // enable

return;
}   // end twi_slave_setup

void i2c_B0_transmit(void){
// Check for bus busy
while(EUSCI_B0->STATW & 0x0010)

;
// load slave address
EUSCI_B0->I2CSA = 0x1A;

// Issue start and tx
EUSCI_B0->CTLW0 |= 0x0012;

return;
} // end i2c_B0_transmit

void EUSCIB0_IRQHandler(void){
// Check for TX buf empty (transmit complete)
if(EUSCI_B0->IFG & 0x0002){

// clear flag
EUSCI_B0->IFG &= ~0x0002;
if(num_bytes){

// load data
EUSCI_B0->TXBUF = tx_data++;
// decrement number of bytes to transmit
num_bytes--;

}else{
// Issue stop
EUSCI_B0->CTLW0 |= 0x0004;
// clear flag
EUSCI_B0->IFG &= ~0x0002;

}
}

} // end i2C tx int handler

void EUSCIB1_IRQHandler(void){
// Check for RX flag (receive complete)
if(EUSCI_B1->IFG & 0x0001){

EUSCI_B1->IFG &= ~0x0001;   // clear flag
rx_data = EUSCI_B1->RXBUF;   // copy data

}
} // end i2C rx int handler
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Two Wire Interface

• MSP432 I2C
• 1 byte transfer
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Two Wire Interface

• MSP432 I2C
• Multiple 1 byte transfers
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Two Wire Interface

• MSP432 I2C
• 3 byte transfer
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Two Wire Interface

• MSP432 I2C
• 1 byte transfer

This IS correct – so why are the values not the same????


