
 
TPS929120-Q1 Programming uide  
TPS929120-Q1 adopts UART interface to communicate with controller based on the new defined 
FlexWire protocol. All the device’s registers can be accessed by reading or writing through the protocol. 
This document will firstly introduce the FlexWire protocol about the commands structure. Then to 
introduce how to program to realize the device’s functions,  

• Register Unlock 
• Function mode switching 
• Output current control 
• PWM dimming 
• On-chip 8-bit ADC 
• Diagnostic and protection  
• EEPROM programming 

1 FlexWire Protocol 

The FelxLED is a UART-based protocol supported by most microcontroller unit. Each command frame 
contains multiple bytes. 

1.1 Write Command Frame 
Each command frame contains 1 synchronization byte, 1 device address byte, 1 register address byte, 1 
or 2 or 4 or 8 data bytes and 1 CRC byte. 
The CRC Byte is the calculate result of all the prior bytes except for the sync byte through the CRC 
polynomial x8+x5+x4+1. Please refer to the “CRC Calculation Programming Guide” document on how to 
calculate the CRC byte. 

 
Figure 1. Write Command Frame 

After receiving the command successfully through RX terminal, the device will send the response 
through TX terminal to MCU. There are 2 response bytes. The first byte of the response is the FLAG0 
register data, followed by its CRC byte that calculated by device itself. 
Please note that, when CAN transceiver is used all the sent command bytes (include SYNC, DEV_ADDR, 
REG_ADDR, Data Byte(s) and CRC Byte) will also loop back on the TX bus, which means that the number 
of the response data bytes on the TX bus should be “the number of sent command bytes” plus 2. 



1.2 Read Command Frame 
In order to read the specified register’s value, you need to send the read command first. Then the device 
will send the data byte(s) back after receiving the command successfully. The number of response bytes 
is the defined DATA_LENGTH, which is defined in DEV_ADDR byte, plus 1. 
Please note that, when CAN transceiver is used all the sent command bytes (include SYNC, DEV_ADDR, 
REG_ADDR, and CRC Byte) will also loop back on the TX bus, which means that the number of the 
response data bytes on the TX bus should be “the number of sent command bytes” plus “the number of 
Data Byte(s)” plus 1. 

 
Figure 2. Read Command Frame 

1.3 UART Transmit and Receive Example Code 
Below example code is based on MSP430. 
1.3.1 UART Communication Flow Diagram 

 
Figure 3. UART Communication Flow Diagram 



1.3.2 UART Communication Example Code 
void uartWrite(unsigned int commandFrame[], unsigned int frameLength, unsigned int checkResponse, unsigned 
int responseLength) 
{ 
    unsigned int i; 
 
    if(checkResponse==TRUE) //once CAN transceiver is connected, the sent bytes will also loop back to TX 
terminal of the TPS929120 
    { 
        receiveByteNum=0; 
        UCA0IE |= UCRXIE; // enable uart receive interrupt 
    } 
 
    for(i=0;i<frameLength;i++) 
    { 
        while(!(UCA0IFG & UCTXIFG)); //wait until UCA0TXBUF is empty 
        UCA0TXBUF = commandFrame[i]; //send one data byte to transmit buffer 
    } 
 
    if(checkResponse == TRUE) 
    { 
        watchDog(60000); //launch timer and set wait time = 450ms 
 
        // This time should be larger than the time to receive all the response bytes, 
        // And the response receiving time depends on the buard rate and the number of response byte, 
        // For example, baurd rate = 115200, 2 response byte, so the wait time should be larger than 
2*10*1/115200 = 2.083ms 
        // Why 2*10 because for each byte there are additional 1 start bit and 1 stop bit 
 
        while(!((timeOutFlag == 1) || (receiveByteNum == responseLength))); //received all response byte 
or the wait time exceeds the specified time 
        // You can take some action once the response has not been received 
        //Below is an example: 
        if(receiveByteNum<responseLength) 
        { 
            P1OUT |= BIT0; //set P1.0 high to turn on the red LED in the launch pad 
        } 
        else 
        { 
            P1OUT &= ~BIT0; //successfully received response, clear the red LED 
        } 
 
        UCA0IE &= ~UCRXIE; // disable uart receive interrupt 
 
        TA1CTL |= MC_0; //Stop timer 
        TA1CTL |= TACLR; //clear timer 
        TA1CTL &= ~TAIE; //disable timer interrupt 
    } 
} 
 
 
#pragma vector = USCI_A0_VECTOR 
__interrupt void UCA0(void) 
{ 
    responseData[receiveByteNum++] = UCA0RXBUF; //store response to array 
 } 



1.3.3 DMA Communication Flow Diagram 

 
Figure 4. UART Communication Flow Diagram 

1.3.4 DMA Communication Example Code 
void dmaTransfer(unsigned int dmaTxSize, unsigned int dmaRxSize, unsigned int checkResponse) 
{ 
    DMA0SZ = dmaTxSize; 
    DMA1SZ = dmaRxSize; 
 
    DMA0CTL |= DMAEN; //enable Tx DMA 
 
    if(checkResponse==TRUE) 
    { 
        DMA1CTL |= DMAEN; //enable Rx DMA 
        // in order to avoid program entering infinite waiting for receiving specified numbers of response, 
        //we set a longest wait time, if the response wait time exceed the time, the program will also 
exit the wait 
        watchDog(26500); //launch timer and set wait time = 200ms 
 
        while((!(DMA1CTL&DMAIFG))&&(timeOutFlag == 0)); //received all response byte or the wait time 
exceeds the specified time 
 
        if(timeOutFlag==1) //have not received all specified numbers of response in defined time 
        { 
            // You can take some action once the response has not been received 
            //Below is an example: turn on one red LED on the launch board 
            P1OUT |= BIT0; //set P1.0 high to turn on the red LED in the launch pad 
 
        } 
        else 
        { 
            P1OUT &= ~BIT0; //successfully received response, clear the red LED 
        } 
        DMA1CTL &= ~(DMAEN + DMAIFG); //disable DMA1 
        DMA0CTL &= ~(DMAEN + DMAIFG);//disable DMA0 
    } 
    else 
    { 



        // in order to avoid program entering infinite waiting for sending specified numbers of command 
bytes, 
        //we set a longest wait time, if the response wait time exceed the time, the program will also 
exit the wait 
        watchDog(26500); //launch timer and set wait time = 200ms 
        while((!(DMA0CTL&DMAIFG))&&(timeOutFlag == 0)); //send all command bytes or the wait time exceeds 
the specified time 
        if(timeOutFlag==1) //have not sent all specified numbers of command bytes in defined time 
        { 
            // You can take some action once the command bytes have not been sent 
            //Below is an example: turn on one red LED on the launch board 
            P1OUT |= BIT0; //set P1.0 high to turn on the red LED in the launch pad 
 
        } 
        else 
        { 
            P1OUT &= ~BIT0; //successfully sent all command bytes, clear the red LED 
        } 
        DMA0CTL &= ~(DMAEN + DMAIFG);//disable DMA0 
    } 
} 
 

1.4 Device Address Setting 
There are 4 bits to configure the device address. As a result, it supports maximum 16 devices. But 
address 0000b will be used in broadcast mode. So if you have the plan to use broadcast mode, each 
FlexWire bus supports maximum 15 devices. 
ADDR0, ADDR1 and ADDR2 will work as external address input pins together with EEP_DEVADDR[3] to 
construct the 4-bit device address, when EEP_INTADDR=0. 
If EEP_INTADDR=1, the device will use internal EEPROM EEP_DEVADDR as address source. 
In order to modify the EEPROM content, for example set EEP_INTADDR as 0 or 1, we need to enter 
EEPROM programming mode. And there are two EEPROM programming modes, programming with 
external address and programming with individual chip select. In the case that the device has used 
unknown internal device address, we can select the EEPROM programming with chip select mode by 
pulling up REF pin to VCC and the device address is 0000b. 

 
Figure 5. Device Address Byte 

2 Register unlock 

Device provides registers content lock feature to prevent unintended modification of registers. The 
registers cannot be written after “powering up” or “entering fail-safe state from normal state” or 
“CLR_REG being set”. 

 
Figure 6. CONF_LOCK Register 

 In order to write data to specified registers successfully, you have to unlock the corresponding registers 
firstly. For example if you want to configure the register “CONF_EN0” to turn on or off the LEDs after 



powering up the device, you have to send below command data to clear “CONF_CONFLOCK” (suppose 
device address = 0x01). 

Send_command[4] = {0x55, 0x81, 0x61, 0x03, 0xE6}; //write 0x03 to CONF_LOCK 

“0x55” is the sync byte, which is a fixed value; 
“0x81” contains 4 parts, as the device address is 0x01 (0001b), date length is 1 (00b), non-broadcast 
mode (0b) and write action (1b); 
“0x61” is the register address; 
“0x03” is the data byte to write (CONF_CLRLOCK = 0b, CONF_CONFLOCK = 0b); 
“0xE6” is the CRC calculation result of bytes “0x81, 0x61 and 0xE6”. 

 
Figure 7. Register Unlock 

3 Function Mode Switching 

3.1 Initialization State 
As showed below, after powering up the device will enter “Normal State” through “POR State” and 
“Initialization State”.  



 
Figure 8. Function Mode State Machine 

The initialization state time can be configured. In some case, the device may need to wait the MCU to 
become stable, so you can set the appropriate initialization time through “EEP_INITTIMER” EEPRM 
register. 

 
Figure 9. EEPM10 Register 

For example, set the initialization time as 100ms (9h) (suppose device address = 0x01), 
Send_command[4] = {0x55, 0x81, 0xCA, 0x09, 0x2B}; //write 0x09 to EEPM10 

“0x09” is the data byte to write; 
“0x2B” is the CRC calculation result of bytes “0x81, 0xCA and 0x09”. 

3.2 Normal state and Fail-safe state 
There are three methods forcing the device entering fail-safe state, “set CONF_FORCEFS” or “watchdog 
timer overflows” or “set CONF_WDTIMER with other values”. 
Setting CLR_FS to 1 will reset the device to normal state from fail-safe state. 

 
Figure 10. CLR Register 

Send_command[4]={0x55, 0x81, 0x60, 0x20, 0x46}; //set CONF_FORCEFS, force device enter fail-safe state 
Send_command[4]= {0x55, 0x81, 0x60, 0x04, 0x04}; //set CLR_FS, reset device to normal state 

 
Figure 11. CONF_MISC4 Register (5Ah) 

Send_command[4]= {0x55, 0x81, 0x5A, 0x09, 0xEB}; //set watchdog timer as 100ms, the device will enter fail-safe 
state automatically if the device has not received a successful command during 100ms period 



Send_command[4]= {0x55, 0x81, 0x5A, 0x0C, 0x14}; //write other values, device will directly enter fail-safe state 

4 Output Current Control 

The output current of each channel is calculated through below formula. RREF is the resistance connected 
to REF pin, VREF=1.22V. The “CONF_IOUTx” and “KREF” can be set through writing corresponding registers 
with specified data. 

 
Figure 12. Output Current Calculation 

4.1 4-step Global Output Current Range KREF Setting 
There are 2-bit range selection, 3h : 512; 2h : 256; 1h : 128; 0h : 64. 
For example, to set KREF = 512, 
Send_command[4]= {0x55, 0x81, 0x57, 0x03, 0x07}; //set CONF_REFRANGE as 0x03 

 
Figure 13. CONF_MISC1 Register 

4.2 64-step Channel Individual Current CONF_IOUTx Setting 
For each channel x, there is 6-bit corresponding CONF_IOUTx register to set the output current. 
For example, we connect a 31.2kΩ to REF pin, 

 
Figure 14. CONF_IOUTx Register 

If we want to set Channel 3’s output current as 10mA. Then we can set KREF=512 (11b), and 
𝐶𝐶𝐶𝐶𝐶𝐶𝐶𝐶_𝐼𝐼𝐶𝐶𝐼𝐼𝐼𝐼3 = 10𝑚𝑚𝑚𝑚×64×31.2𝐾𝐾𝐾𝐾

512×1.22𝑉𝑉
− 1 = 31, 

Step1: Send_command[4]= {0x55, 0x81, 0x57, 0x03, 0x07}; //set KREF=512 



Step2: Send_command[4]= {0x55, 0x81, 0x03, 0x1F, 0x49}; //set CONF_IOUT3=31 

If we want to set every channel’s output current as 10mA, we can set all CONF_IOUTx register as 31 one 
by one.  
We can also use the burst mode, which only need to write two times for all the CONF_IOUTx registers as 
below, 
Step1: Send_command[4]= {0x55, 0x81, 0x57, 0x03, 0x07}; //set KREF=512 
Step2: Send_command[11]= {0x55, 0xB1, 0x00, 0x1F, 0x1F, 0x1F, 0x1F, 0x1F, 0x1F, 0x1F, 0x1F,  0x49}; //set 
CONF_IOUT0 to CONF_IOUT7=31 

“0xB1 (1011 0001b)” contains 4 parts, as the device address is 0x01 (0001b), date length is 8 (11b), non-
broadcast mode (0b) and write action (1b); 
“0x00” is the address of the first register to write; 
“0x1F, 0x1F, 0x1F, 0x1F, 0x1F, 0x1F, 0x1F, 0x1F” are the 8 data bytes to write; 
“0x49” is the CRC calculation result of all its prior data bytes except for Sync byte (0x55). 
Step3: Send_command[7]= {0x55, 0xA1, 0x08, 0x1F, 0x1F, 0x1F, 0x1F, 0x49};  

//set CONF_IOUT8 to CONF_IOUT11=31 

5 PWM Diming 

The device has internal 12-bit PWM generator for each channel. The PWM generator relies on the 
internal oscillator as its clock source with frequency.  

 
Figure 15. PWM Generator 

5.1 Using Internal Address 
The device could also use external clock source and PWM input when EEP_INTADDR is set, which means 
that the device will use the internal address configuration. The ARR0/PWM0, ARR1/PWM1 and 
ARR2/CLK terminals work as PWM0, PWM1 and CLK input pins. PWM0 will control OUT0 to OUT5, 
PWM1 will control OUT6 to OUT11. 



 
Figure 16. EEPM7 Register 

5.2 Using external Address 
When EEP_INTADDR is not set, the device will use internal PWM generator.  
In normal mode, if CONF_EXPEN is not set, the output PWM duty cycle is calculated through below 
formula, 

 
Figure 17. CONF_MISC0 Register 

 
Figure 18. PWM Dutycycle Calculation 

If CONF_LUTEN is set, the LUT path will enable. In this case 8-bit register CONF_PWMOUTx will be 
converted to 12-bit PEM duty cycle through the LUT. The lower 4-bit CONF_PWMLOWOUTx for each 
channel should be set as 0x0F. We only need to set the CONF_PWMOUTx register. 

 



Figure 19. PWM Duty Cycle Configuration Registers 
You can use one command frame to write each register one by one or multiple registers through burst 
mode, please note that the supported data length can be only configured as 1, 2, 4 or 8. Please refer to 
section 4.2 for how to construct burst mode command. 

6 On-chip 8-bit ADC 

The device has integrated a successive-approximation-register ADC. It will routinely monitor supply 
voltage if ADC is idle and stores SUPPLY conversion result into ADC_SUPPLY register. 

 
Figure 20. ADC_SUPPLY and ADC_OUT register 

 
Figure 21. CONF_MISC6 Register 

To manually read the digital value of an ADC channel, you need to write the CONF_ADCCH channel with 
the corresponding channel value under the CONF_ADCCH column in below table. 

 
Figure 22. ADC Channel Table 

Once CONF_ADCCH register is written, a manual ADC conversion starts and clears FLAG_ADCDONE 
register. Once the manual ADC conversion is completed, output data will be available at ADC_OUT and 
sets FLAG_ADCDONE. 



 
Figure 23. FLAG1 Register 

 
For example, if you want to read the ADC value of OUT0, 

 
Figure 24. Read ADC Channel Value 

Step1: Send_command[4]= {0x55, 0x81, 0x62, 0x10, 0xXX}; //set CONF_ADCCH as 10h 
Step2: while (!FLAG_ADCDONE) 
 Send_command[3]= {0x55, 0x01, 0x71, 0xXX}; //send command to read FLAG1 
 Read_Data(); //get FLAG1 data and store it in readData 
 FLAG_ADCDONE = readData[2]; //retrieve the 3rd bit FLAG_ADCDONE 
Step3: Send_command[3]= {0x55, 0x01, 0x73, 0xXX}; //send command to read ADC_OUT 
 Read_Data(); // get ADC_OUT data and store it in readData 

7 Diagnostic and protection  

The device has full-diagnostics coverage on both LED and system level. 

7.1 Diagnostic at Normal State 
All the faults can be reported out when the fault related detection mechanism and timing requirement 
are satisfied, through ERR terminal pulling down or setting corresponding flags. We can use the ERR 
terminal to trigger the MCU interrupt to further check the fault type, or directly read the FLGA0 register 
to check the FLAG_ERR bit and decide whether to have further fault check. 
Please note that, for some type faults, in order to clear the related fault flag, we have to set CLR_FAULT 
even though the real fault has been removed.  
Every time after receiving the write command successfully, the device will send back the FLAG0 register 
value. You can also send the FLAG0 register read command to get its value. 

 
Figure 25. FLAG0 Register 



 
 

 
Figure 26. Diagnostics Table at Normal State 

We can follow the below diagnostic route line to identify the fault type if we have detected there was 
fault happened, which no matter through ERR trigger mechanism or reading FLAG0 and found 
FLAG_ERR==1. In this case, we suppose on-demand diagnostic commands have not been sent. 
For LED-single short, we need to set CONF_AUTOSS or EEP_AUTOSS and related threshold voltage 
through EEP_ADCSHORTTH. For example, if there are 3 LEDs in one string and the LED forward voltage is 
about 2V with regular working current. Then, we have to set the threshold voltage about less than 6V 
(2V*3) and larger than 4V (2V*2). 



 
Figure 27. Diagnostic at Normal State Programming Flow Diagram 

7.2 On-demand Diagnostics at Normal State 
Micro-controller can initiate the on-demand off-invisible diagnostic for LED open and short diagnostic 
when output channels at off-state, and initiate on-demand Single-LED short-circuit diagnostic for single-
led short detection. In order to implement the single-led short detection, you need to set the 
appropriate single-led threshold voltage through configuring EEP_ADCSHORTTH register. 
We can follow the below flow diagram for how to program on-demand diagnostic. 

 
Figure 28. On-demand Diagnostics at Normal State Flow Diagram 



7.3 Fault Masking 
To disable diagnostics on a single channel, setting CONF_DIAENCHx to 0 will disable diagnostics of 
channel x and thus no fault of this channel will be reported to FLAG_OUT, FLAG_ERR and ERR output. 

 
Figure 29. Channel Diagnostic Enable Registers 

 
Figure 30. CHx Output Fault Enable or Disable Diagram 

The device also provides fault masking capability through masking registers. The fault masking will not 
disable diagnostics features but only prevent fault reporting to FLAG_ERR register and ERR output. 

 
Figure 31. Fault Masking Diagram 

7.4 Diagnostics at Fail-Safe State 
After entering fail-safe state, CONF_CLRLOCK, CONF_CONFLOCK, CONF_IOUTLOCK and 
CONF_PWMLOCK will be locked to prevent modification of registers.  
Once there is fault happened, you can send unlock command and force the device back to normal state 
through setting CLR_FS, then follow the diagnostic at normal state flow diagram to identify the fault 
type.  
The fault diagnostic can still be done within fail-safe state following the below flow diagram. 



 
Figure 32. Diagnostic at Fail-Safe State Programming Flow Diagram 

8 EEPROM Programming 

8.1 Programming with Individual Chip Select 

 
Figure 33. EEPROM Programming with Chip Select (Left)  

and with External Address (Right) 



While entering the EEPROM programming mode, the sequential command writing cannot be 
interrupted. Otherwise the device will not enter EEPROM programming mode successfully. 
After entering EEPROM programming mode successfully, you can modify the EEPROM register value as 
required, but please note that all the values are modified in EEPROM shadow register. Until you set 
CONF_EEPPROG, all these value will overwrite the real EEPROM registers value. 
There are two methods to exit EEPROM programming mode, clear CONF_STAYINEEP or set CLR_REG. 
Clearing CONF_STAYINEEP will not update the newly modified EEPROM registers value to the 
configuration registers. Setting CLR_REG will update the newly modified EEPROM registers value to the 
configuration registers immediately, and lock the registers. 
 
 


	1 FlexWire Protocol
	1.1 Write Command Frame
	1.2 Read Command Frame
	1.3 UART Transmit and Receive Example Code
	1.3.1 UART Communication Flow Diagram
	1.3.2 UART Communication Example Code
	1.3.3 DMA Communication Flow Diagram
	1.3.4 DMA Communication Example Code

	1.4 Device Address Setting

	2 Register unlock
	3 Function Mode Switching
	3.1 Initialization State
	3.2 Normal state and Fail-safe state

	4 Output Current Control
	4.1 4-step Global Output Current Range KREF Setting
	4.2 64-step Channel Individual Current CONF_IOUTx Setting

	5 PWM Diming
	5.1 Using Internal Address
	5.2 Using external Address

	6 On-chip 8-bit ADC
	7 Diagnostic and protection
	7.1 Diagnostic at Normal State
	7.2 On-demand Diagnostics at Normal State
	7.3 Fault Masking
	7.4 Diagnostics at Fail-Safe State

	8 EEPROM Programming
	8.1 Programming with Individual Chip Select


