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Design Guide: TIDA-020029
Digital Interface LED Driving Module Reference Design for
Automotive Rear Light

Description
This reference design offers a cost-effective solution
for automotive rear-light applications such as
interactive tail-light clusters, which may contribute in
the future to of vehicle safety and increase vehicle
design personalization. This reference design
incorporates two linear LED drivers. By using a
controller area network (CAN) physical layer (or a local
interconnect network (LIN) optionally), the UART-
based FlexWire interface of the LED drivers easily
accomplishes long-distance, off-board communication
without losing on EMI performance.

Resources

TIDA-020029 Design Folder
TPS929120-Q1 Product Folder
TCAN1042-Q1 Product Folder
TLIN1029-Q1 Product Folder

Search Our E2E™ support forums

Features
• High pixel count, the design drives:

– 48 LEDs (two per channel)
• Full feature set for each LED channel:

– Diagnostics and protection
– Pulse-width-modulation (PWM) dimming
– Precise current setting

• UART-based FlexWire interface:
– Each FlexWire bus supports up to 17 devices

Applications
• Rear light- digital interface LED driving module
• Interior light - ambient lighting module

An IMPORTANT NOTICE at the end of this TI reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

http://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUES9
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/product/TPS929120-Q1
http://www.ti.com/product/TCAN1042-Q1
http://www.ti.com/product/TLIN1029-Q1
http://e2e.ti.com
http://e2e.ti.com/support/applications/ti_designs/
http://www.ti.com/solution/automotive-rear-light?variantid=26111&subsystemid=29457
http://www.ti.com/solution/automotive-interior-light?variantid=18225&subsystemid=25467
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1 System Description
This reference design incorporates two linear LED drivers. By using a controller area network (CAN)
physical layer (or a local interconnect network (LIN) optionally), the UART-based FlexWire interface of the
LED drivers make it possible to avoid using a local microcontroller and still easily accomplish long-
distance, off-board communication. The topology in this reference design offers a cost-effective solution
for automotive rear-light applications such as interactive tail-light clusters.

1.1 Key System Specifications

Table 1. Key System Specifications

PARAMETER SPECIFICATIONS
DC input voltage range 4.5 V - 40 V
LDO output voltage 5 V
LED current 6 mA - 50 mA
Operating ambient temperature -40°C to 85°C
PCB form factor 26.75 mm x 133.75 mm (2 layers)

http://www.ti.com
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2 System Overview

2.1 Block Diagram

Figure 1. TIDA-020029 Block Diagram

2.2 Design Considerations
To simplify this reference design and to increase flexiblity for use in a variety of applications, the board
consists of two linear LED drivers that are connected to the same communication bus and use LIN or CAN
transceiver for off-board communication. This board format has a simple connector interface, which allows
this reference design to be evaluated with any selected MCU-Control board with a transceiver on it.

For ease of testing, the reference design board includes 48 LEDs with two on each output channel. Each
channel can be controlled individually.

http://www.ti.com
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2.3 Highlighted Products

2.3.1 TPS929120-Q1 Linear LED Driver
The TPS929120-Q1 is a 12-channel, 40-V high-side LED driver that controls the 8-bit output current and
12-bit PWM duty cycles. The device meets multiple regulation requirements with LED open-circuit, short-
to-ground, and single LED short-circuit diagnostics. A configurable watchdog also automatically sets
failsafe states when the MCU connection is lost, and, with programmable EEPROM, TPS929120-Q1 can
flexibly be set for different application scenarios.

Figure 2. TPS929120-Q1 Block Diagram

http://www.ti.com
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2.3.2 TCAN104x-Q1 CAN Transceiver
This CAN transceiver family meets the ISO11898-2 high-speed CAN (Controller Area Network) physical
layer standard. All devices are designed for use in CAN FD networks up to 2 Mbps (megabits per second).
Devices with part numbers that include the G suffix are designed for data rates up to 5 Mbps, and
versions with the V suffix have a secondary power supply input for I/O level shifting the input pin
thresholds and RXD output level. This family has a low power standby mode with a remote wake request
feature. Additionally, all devices include many protection features to enhance device and network
robustness.

Figure 3. TCAN104x-Q1 Block Diagram

http://www.ti.com
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2.4 System Design Theory
This reference design uses a two-layer printed circuit board (PCB) where the LEDs are placed on the top
layer and all of the other components are placed on the bottom layer. The PCB integrates 48 LEDs with
two LEDs on each channel that can be controlled individually. The PCB is not intended to fit any particular
form factor and has dimensions of 26.75 mm x 133.75 mm. The primary objective of the design with
regards to the PCB is to make a solution that is compact while still providing a way to test the
performance of the board. The size of the solution can be further reduced in this design. Figure 4 shows a
3D rendering of the PCB.

Because each FlexWire bus can support 16 devices, it is possible to use them on one communication bus
in up to 8 reference designs.

Figure 4. 3D Render of TIDA-020029

2.4.1 TCAN1044-Q1 Automotive High Speed CAN Transceiver
The TCAN1044x-Q1 devices are high-speed controller area network (CAN) transceivers that meet the
physical layer requirements of the ISO 11898- 2:2016 high speed CAN specification providing an interface
between the CAN bus and a CAN protocol controller.

Figure 5. TCAN1044-Q1 CAN Transceiver Schematic

In this reference design, a CAN transceiver is supplied by 5 V on the VCC pin from the internal LDO of the
TPS929120-Q1 device. The pull-up resistor R205 and R206 are required for the UART interface between
the TCAN1044-Q1 and TPS929120-Q1. For the CAN transceiver in this design, the standard input filter is
used.

2.4.2 TPS929120-Q1 Linear LED Driver
This section describes how to design with the TPS929120-Q1 linear LED driver. Figure 6 shows the
schematic for one linear LED driver used in this reference design.

http://www.ti.com
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Figure 6. TPS929120-Q1 Linear LED Driver Schematic

Each channel of the TPS929120-Q1 is capable of sinking a maximum of 75 mA. In this reference design,
two LEDs (OSRAM LR G6SP) are in series connected to each channel shown in Figure 7, meaning that
both LEDs apply the same current and the same dimming level (PWM value). The DC current can be
programmed using an external resistor R616 connected between the REF pin and GND. In this design,
the maximum LED current is set to 50 mA.

http://www.ti.com
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Figure 7. Schematic of 24 LEDs

Every TPS929120-Q1 has an unique address used for the communication on the FlexWire bus. Each
FlexWire bus supports a maximum of 16 slave devices. The TPS929120-Q1 has 3 pinouts, including
ADDR2, ADDR1, and ADDR0, for device address configuration. There are additional 4-bit EEPROM
registers to program the slave address of the TPS929120-Q1. The EEPROM register EEP_INTADDR sets
the device slave address by either address pins setup or internal EEPROM register code. On this
reference design board, external pull-up and pull-down resistors are available that are already connected
to the ADDRx pins (R610, R611, R612, R613, R614, R615) to set the unique address for each individual
device on the communication bus. Either a pull-up or a pull-down resistor should be removed from each
address pin.

http://www.ti.com
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3 Hardware, Software, Testing Requirements, and Test Results

3.1 Required Hardware and Software
This reference design must be connected to a 12-V power supply and to a communication bus. Figure 8
shows the default test setup of this reference design. In this test setup, an MSP430 LaunchPad™ is used
as a master device, which is also connected to the same communication bus through a TCAN1044-Q1
device.

Figure 8. Hardware Test Setup

http://www.ti.com
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3.1.1 Software
Special testing software was created for this design that controls the LED drivers through the UART
(FlexWire). The software is structured in such a way that the MCU first initializes both TPS929120-Q1 and
then sets the values for the set of registers so that all 48 LEDs (24 channels, 2 LED-Drivers) can
represent various patterns, such as sequential turn light, dimming light, and running light, where the output
channels are switched on one after the other. The flow chart in Figure 9 shows the simplified structure of
the software.

Figure 9. Software Flow Chart

http://www.ti.com
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3.2 Testing and Results

3.2.1 Thermal Performance
Figure 10 and Figure 11 show the thermal behavior of the TPS929120-Q1, when all channels are
outputting maximum current that is set by an external resistor at TPS929120-Q1.

Figure 10. TPS929120-Q1 Figure 11. TIDA-020029 With Two TPS929120-Q1

http://www.ti.com
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4 Design Files

4.1 Schematics
To download the schematics, see the design files at TIDA-020029.

4.2 Bill of Materials
To download the bill of materials (BOM), see the design files at TIDA-020029.

4.3 PCB Layout Recommendations

4.3.1 Layout Prints
To download the layer plots, see the design files at TIDA-020029.

4.4 Altium Project
To download the Altium Designer® project files, see the design files at TIDA-020029.

4.5 Gerber Files
To download the Gerber files, see the design files at TIDA-020029.

4.6 Assembly Drawings
To download the assembly drawings, see the design files at TIDA-020029.

5 Software Files
To download the software files, see the design files at TIDA-020029.

6 Related Documentation
1. TPS929120-Q1 12-Channel Automotive 40-V High-Side LED Driver Data Sheet
2. TCAN1042-Q1 Automotive Fault Protected CAN Transceiver With CAN FD Data Sheet

6.1 Trademarks
E2E, LaunchPad are trademarks of Texas Instruments.
Altium Designer is a registered trademark of Altium LLC or its affiliated companies.

6.2 Third-Party Products Disclaimer
TI'S PUBLICATION OF INFORMATION REGARDING THIRD-PARTY PRODUCTS OR SERVICES DOES
NOT CONSTITUTE AN ENDORSEMENT REGARDING THE SUITABILITY OF SUCH PRODUCTS OR
SERVICES OR A WARRANTY, REPRESENTATION OR ENDORSEMENT OF SUCH PRODUCTS OR
SERVICES, EITHER ALONE OR IN COMBINATION WITH ANY TI PRODUCT OR SERVICE.

http://www.ti.com
http://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUES9
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/tool/TIDA-020029
http://www.ti.com/lit/pdf/SLVSE03
http://www.ti.com/lit/pdf/SLLSES9


IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
DESIGNS), APPLICATION OR OTHER DESIGN ADVICE, WEB TOOLS, SAFETY INFORMATION, AND OTHER RESOURCES “AS IS” 
AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
resources.
TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
Copyright © 2022, Texas Instruments Incorporated

https://www.ti.com/legal/termsofsale.html
https://www.ti.com

	Digital Interface LED Driving Module Reference Design for Automotive Rear Light
	1 System Description
	1.1 Key System Specifications

	2 System Overview
	2.1 Block Diagram
	2.2 Design Considerations
	2.3 Highlighted Products
	2.3.1 TPS929120-Q1 Linear LED Driver
	2.3.2 TCAN104x-Q1 CAN Transceiver

	2.4 System Design Theory
	2.4.1 TCAN1044-Q1 Automotive High Speed CAN Transceiver
	2.4.2 TPS929120-Q1 Linear LED Driver


	3 Hardware, Software, Testing Requirements, and Test Results
	3.1 Required Hardware and Software
	3.1.1 Software

	3.2 Testing and Results
	3.2.1 Thermal Performance


	4 Design Files
	4.1 Schematics
	4.2 Bill of Materials
	4.3 PCB Layout Recommendations
	4.3.1 Layout Prints

	4.4 Altium Project
	4.5 Gerber Files
	4.6 Assembly Drawings

	5 Software Files
	6 Related Documentation
	6.1 Trademarks
	6.2 Third-Party Products Disclaimer


	Important Notice

