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Description

This reference design showcases the TPS92682-Q1
and the TPS92520-Q1 as a fully self functional three-
channel LED driver for headlight applications. The
design is intended to be a low-cost halogen headlight
module replacement compatible with an automotive
Body Control Module. The three LED channels drive
Highbeam/Lowbeam, Turn Indicator and Daytime
Running Light, and Position Marker Light. The design
uses one TPS92682-Q1 dual channel controller as a
constant voltage boost and a constant current SEPIC.
It also uses one TPS92520-Q1 supplied by the boost
for two synchronous rectified constant current buck
converters. The board is designed with ground strip to
allow enclosing the power stages for EMI compliance
which includes CISPR 25 Class 5 conducted test
results.
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Features

» Two stage constant voltage boost converter
supplying two synchronous buck converters for
Highbeam/Lowbeam and Turn Indicator

» SEPIC converter for Day Time Running Light and
Position Marker Light

» Compatible with power supplied from Body Control
Module

+ Highbeam/Lowbeam and Turn Indicator single
LED short, output short and open string detection
for fault reporting and disabling

* Reverse battery protection

» Highbeam/Lowbeam up to 30W maximum

» Turn Indicator up to 15W maximum 50% duty cycle
at 1.5 Hz

* Less than 10 ms delay from Turn Indicator input to
output
» Day Time Running light/Position light up to 15W

Applications
» Body Electronics and Lighting
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1 System Description

This reference design demonstrates a three channel LED driver for front headlight applications. The design uses
a single channel of the TPS92682-Q1 for a constant voltage boost converter driving a two channel constant
current synchronous buck converter, the TPS92520-Q1. Channel one of the TPS92520-Q1 provides up to 30
watts for Highbeam/Lowbeam applications. The Highbeam input is used to open or shunt the Highbeam section
of the LED string, this determines Highbeam or Lowbeam operation. The second channel of the TPS92520-Q1
provides up to 15 watts for Turn Indicator applications. A switched input power of 1.5 Hz drives the Turn Indicator
LED string with less than a 10 ms delay from the rising Turn Indicator input. The second channel of the
TPS92682-Q1 is set up as a constant current SEPIC to provide up to 15 watts for Day Time Running Light/
Position Marker Light. The mode of operation is determined by the Highbeam/Lowbeam and Turn Indicator
inputs. The design contains a MSP432 processor to program the TPS92682-Q1 and TPS92520-Q1 via SPI bus,
control the headlight functions, read LED string voltages and report faults to the Body Control Module. Each
function has its own reverse battery protected input.

This design has single LED short-fault reporting for Highbeam/Lowbeam and Turn Indicator. A Highbeam/
Lowbeam fault reduces Lowbeam input current to zero to notify the automotive Body Control Module there is a
fault. There is also an open collector fault line available. The Turn Indictor fault is an open collector fault line.
Turn Indicator fault goes low when there is an open string, shorted string or shorted LED and the Turn Indicator
is disabled. The Printed Circuit Board is setup to use an edge card connector, EC1. The board also has a ground
strip to allow enclosing the power stages to meet CISPR 25 Class 5 conducted EMI levels.

Terminology

HB

Highbeam
LB Lowbeam
TI Turn Indicator
DRL Daytime Running Light
POS

Position Marker Light

The Key System Specifications include the following:

Table 1-1. TPS92682-Q1 Channel One Constant Voltage boost

BOOST MINIMUM TYPICAL MAXIMUM UNIT
Output Voltage 24 55 55 volts
Output power 45 watts
Maximum Power Input 9 13 16 volts

Voltage Range

Input Voltage Range 6 24 volts
Reduced Power
Switching Frequency 300 KHz
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Table 1-2. TPS92682-Q1 Channel Two Constant Current SEPIC

SEPIC MINIMUM TYPICAL MAXIMUM UNIT

Output Voltage 3 43 48 volts
Output Current 0.1 0.33 1 amps
Output Power 2 15 watts
Switching Frequency 300 KHz

Table 1-3. TPS92520-Q1 Channel One Constant Current Buck Converter

BUCKS1 MINIMUM TYPICAL MAXIMUM UNIT

Output Voltage 3 34 48 volts
Output Current 0.1 0.88 1.2 amps
Output Power 30 watts
Switching Frequency 400 KHz

Table 1-4. TPS92520-Q1 Channel Two Constant Current Buck Converter

BUCKS2 MINIMUM TYPICAL MAXIMUM UNIT

Output Voltage 3 33 48 volts
Output Current 0.1 0.43 1.2 amps
Output Power 15 watts
Switching Frequency 400 KHz
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2 System Overview

This reference design is a self-contained LED headlight driver. Three power inputs, Lowbeam, Turn Indicator
and Daytime Running Light/Position Marker Light are reverse battery protected. A fourth reverse battery
protected signal input, Highbeam, determines whether to shunt or open via a MOSFET the Highbeam portion of
the Highbeam/Lowbeam LED string. Daytime Running Light/Position Market light, as setup for testing, is always
powered. Daytime Running Light/Position Marker Light function is determined by the other two power inputs
Lowbeam and Turn Indicator. The test board is one of many possible configurations. A table shows light function
based on inputs as configured for functional testing:

Table 2-1. Headlight Function Truth Table

INPUT INPUT INPUT OUTPUT OUTPUT OUTPUT OUTPUT
Lowbeam Highbeam Turn Indicator Lowbeam Highbeam Turn Indicator DRL/POS
0 0 0 off off off high
0 0 1.5Hz off off 1.5 Hz 15Hz
0 1 0 off off off high
0 1 1.5 Hz off off 1.5 Hz 15Hz
1 0 0 on off off high
1 0 1.5 Hz on on 1.5 Haz 15Hz
1 1 0 on off off high
1 1 1.5 Hz on off 1.5Hz 15Hz
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Figure 2-1. TIDA050040 Block Diagram

2.2 Design Considerations

The printed circuit board is 56 mm X 102 mm including the edge card connector. Low profile components are on
the top side to allow for a thermal interace to an enclosure for heatsinking. A ground strip is provided to enclose
the power stages for EMI compliance. All tall components are on the bottom side including a connector for
programming the MSP432 via JTAG, connector J3.
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2.2.1 PCB Assembly
PCB top side with low profile parts, PCB bottom side with tall components
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2.2.2 Top Side of PCB Assembly

Thermal pad can be used to conduct heat to an enclosure to remove heat from this side of the printed circuit
board.
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2.3 Highlighted Products
2.3.1 TPS92682-Q1

The TPS92682-Q1 is a dual-channel, peak current mode controller with SPI communication interface. The
device is programmable to operate in constant-voltage (CV) or constant-current (CC) modes. In CV mode,
TPS92682-Q1 can be programmed to operate as two independent or dual-phase Boost voltage regulators. The
output voltage can be programmed using an external resistor voltage divider, and a SPI-programmable 8-bit
DAC.

In CC mode, the device is designed to support dual channel step-up or step-down LED driver topologies. LED
current can be independently modulated using analog or PWM dimming techniques. Analog dimming with over
28:1 range is obtained using a programmable 8-bit DAC. PWM dimming of LED current is achieved either by
directly modulating the PWM input pins with the desired duty cycle, or using a SPI-programmable 10-bit PWM
counter. The optional PDRV gate driver output can be used to drive an external P-Channel series MOSFET.

The TPS92682-Q1 incorporates an advanced SPI| programmable diagnostic and fault protection mechanism
including: cycle-by-cycle current limit, output overvoltage and undervoltage protection, ILED overcurrent
protection, and thermal warning. The device also includes an open-drain fault indicator output per channel. The
TPS92682-Q1 includes an LH pin, when pulled high, initiates the limp home (LH) condition. In LH mode, the
device uses a separate set of SPI programmed registers.
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2.3.2 TPS92682-Q1
The following image is the TPS92682-Q1 Functional Block Diagram.
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Figure 2-2. TPS92682-Q1 Functional Block Diagram
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2.3.3 TPS92520-Q1

The TPS92520-Q1 is a monolithic dual synchronous buck LED driver with a wide 4.5-V to 65-V operating input
voltage range that can independently power two strings of series connected LEDs. The TPS92520-Q1
implements an adaptive on-time average current mode control and is designed to be compatible with shunt FET
dimming techniques and LED matrix manager based dynamic beam headlamps. The adaptive on-time control
provides near constant switching frequency that can be set between 100-kHz and 2.2-MHz. Inductor current
sensing and closed loop feedback enables better than +4% accuracy over wide input voltage, output voltage and
ambient temperature range.

The high performance LED driver can independently modulate LED current using both analog or PWM dimming
techniques. Linear analog dimming response with over 16:1 range is obtained by programming the 10-bit IADJ
value via SPl. PWM dimming of LED current is achieved by directly modulating the corresponding UDIM input
pin with the desired duty cycle or by enabling the internal PWM generator circuit. The PWM generator translates
the 10-bit PWM register value to a corresponding duty cycle by comparing it to a programmable digital counter.

The TPS92520-Q1 incorporates advanced SPI programmable diagnostic and fault protection featuring: cycle-by-
cycle switch current limit, bootstrap undervoltage, LED open, LED short, thermal warning and thermal shutdown.
An on-board 10-bit ADC samples critical input parameters required for system health monitoring and diagnostics.

(The TPS92520-Q1 is available in a 8.1-mm x 11-mm thermally-enhanced 32-pin HTSSOP package with a 2.75-
mm x 3.45-mm top-exposed and bottomexposed pad.)
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Figure 2-3. TPS92520-Q1 Functional Block Diagram
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2.3.4 MSP432

The SimpleLink MSP432E401Y Arm® Cortex®-M4F microcontrollers provide top performance and advanced
integration. The product family is positioned for cost-effective applications requiring significant control processing
and connectivity capabilities.

The MSP432E401Y microcontrollers integrate a large variety of rich communication features to enable a new
class of highly connected designs with the ability to allow critical real-time control between performance and
power. The microcontrollers feature integrated communication peripherals along with other high-performance
analog and digital functions to offer a strong foundation for many different target uses, spanning from human-
machine interface (HMI) to networked system management controllers.
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Figure 2-4. MSP432E401Y Funtional Block Diagram
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2.3.5 System Design Theory

The input power connects to EC1, the edge card connector, as three power inputs. Lowbeam power is fed to
reverse protection diodes D19 and D20. 1.5 Hz Turn Indicator power is fed to reverse protection diode D12.
Daytime Running Light/Position Marker Light power input is fed to reverse protection diode D18. A P-channel
MOSFET, Q6, is across D18 to reduce Lowbeam input current to zero when there is a Highbeam/Lowbeam fault.
All power lines are signal detected and sent to the microprocessor, U10. An additional input signal, Highbeam, is
reverse diode protected and sent to the microprocessor. Highbeam is powered from the Lowbeam power input.
HB_LED output is the drain of Q9 used to shunt the Highbeam portion of the Highbeam/Lowbeam LED string. All
input power lines after the reverse protection diodes are tied together and sent to an EMI filter. The output of the
EMI filter provides power to the TPS92682-Q1, channel one a Constant Voltage boost, channel two a Constant
Current SEPIC converter. The Constant Voltage Boost feeds the TPS92520-Q1 dual buck converter for
Highbeam/Lowbeam and Turn Indicator. A detailed design procedure can be found in the TPS92682-Q1 data
sheet and TPS92520-Q1 data sheet.

Constant Voltage boost converter calculations:

The Calculation for the timing resistor for 320 KHz switching frequency is:

10" 10"

L= =130 kQ
12.5 x SW,, x f

" 12,5 x 2 x 320 kHz )

sw

where
* SWpyy is 2. This is the default division factor in SWp)y register 03h of the TPS92682-Q1 device.
« fsw is the switching frequency of the circuit. A value of 130 kQ is selected for R31.

Calculating Boost output power assuming a worst case buck converter efficiency of 90%:

P — Poutbuck — M =433 W

outbst 09 09 (2)

The first step to calculate the cycle by cycle current limit resistor value is to calculate average maximum input
current:

Pouos 43.3W
Iinave — 09 — 09 — 602 A
Vorw | 8.0V 3)

where
* Vinmin is the minimum input voltage at maximum output power, 8.0V is used
» 0.9 is used for worst case Boost converter efficiency

The next step is to calculate the duty cycle at maximum input current:

Via + Vocdiose = Vinmi -
Vst bstdiode inmin _ 55V +07V-80V =0.856

D -
- Vist + Vosidiode 55V +07V (4)

where

* Vst is the boost output voltage

* Vpstdiode 1S the forward voltage of the boost diode, 0.7V is used

* Vinmin is the minimum voltage for maximum output power, 8.0V is used

Using the duty cycle the maximum average on-time input current can be calculated:
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liomay = 2 = 6027 _703A
D, 0.856 (5)

To calculate peak current the peak to peak current ripple at maximum output power needs to be calculated, the
first step is calculating ty:

tonmax - 1 max ; x 0.856 = 2.68 us
f 320 kHz ©)

where
* fsw is the switching frequency, 320 kHz

The peak to peak inductor ripple can be calculated using the previous calculations:

_ Vinmin x tonmax — ﬂ x 2.68 Ns =0.973 A Kok
L 22 uH o )

where
* L is the inductor value, 22 yH is chosen for this design

By summing the maximum average on-time current and half of the peak to peak current ripple the peak current
can be calculated:

0.973 A

di,
I =l +—= =708 A+ 228 _ 7514 A
2 2

peak inmax

(8)

The maximum peak current can now be used to calculate the Rjg resistor value

~ Vim 0228V

I:{ismax - TS E44 A
I 7514 A

=0.03Q

peak

9)
where

* Viiim is the TPS92682-Q1 minimum peak current trip threshold when CHxILIM = 11, register OxOE

The design uses two 0.04 ohm resistors in parallel for margin and testing.

Calculations for the TPS92520-Q1:

The two TPS92520-Q1 synchronous buck converters are set up with the same components and same
operational range. The switching frequencies of the buck converters are 384 kHz for Lowbeam/Highbeam and
438 kHz for Turn Indicator set by registers 0x11 and 0x12.

Maximum current ripple occurs when V|4 is half of the input voltage, using 400 kHz for the on-time and 50%
duty cycle:

onbuck — l x 0.5 = ; x0.5=1.25 us
f 400 kHz (10)

sw

t

Peak to peak current ripple can be calculated using ton,ck @long with the inductor value and Vg at half of Vg,
55V:

V., 55 V
2 __ 2 _
d||_ = L X tonbuck = 68—H X 125 US = 0506 Apkpk
H (11)
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where
* L is the inductor value, 68 uH is chosen for this design
* fsw is set to 400 kHz
Maximum output current for both channels using R, value:
V A73V
lax =~ = 0.173 =173 A
R, 010 (12)
where
* Vesmax 1S 0.173V from the TPS92520-Q1 datasheet current sense threshold
* R is the current sense resistor, 0.1Q is chosen
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3 Hardware, Software, Testing Requirements, and Test Results

This reference design includes software for the MSP432 to program the TPS92682-Q1 and TPS92520-Q1
registers via SPI bus. The MSP432 software also determines Highbeam/Lowbeam, Turn Indicator and Day Time
Running Light/Position Marker Light function from three power inputs and a Highbeam input signal. Functional
operation and Faults are determined by reading binning resistors, NTC inputs and LED string voltages. Single
LED fault detection for Highbeam/Lowbeam and Turn Indicator are determined by monitoring their output
voltage. Reliablity of detection can be improved by adding first turn on calibration and adding a load

temperature, load current and LED string voltage table.

The TPS92682-Q1 register settings include the following:
Table 3-1. TPS92682-Q1 and TPS92520-Q1 SPI Register Read and Write Values

TPS92682-Q1 SPI TPS92682-Q1 SPI COMMENT TPS92520-Q1 SPI TPS92520-Q1 SPI COMMENT
REGISTER REGISTER VALUE REGISTER REGISTER VALUE
ADDRESS ADDRESS

Read Status Register Read Status Register

0x11 0x00 0x03 0x00

0x12 0x00 0x04 0x00

Write 682 Registers 0x05 0x00

0x01 0x01 Write 520 Registers

0x02 0x00 0x00 0x00

0x03 0x00 0x01 0x00

0x04 0x25 0x02 0x08

ox05 0xOF 0x06 0x8A

0x06 OxFF 0x07 0x00

0x07 OxE7 Sets Boost Output to | 0x09 0x07 Sets LB/HB Current
55V Low

0x08 0x0C Sets SEPIC Current | 0x08 0x00 Sets LB/HB Current
Low Low

0x08 0x2B Sets SEPIC Full 0x09 0x82 Sets LB/HB Full
Power Power

0x09 0x41 0x08 0x00 Sets LB/HB Full

Power

0x0B 0x0E 0x20 0x03

0x0A 0x02 0x21 0x6A

0x0D 0x00 0x0B 0x0E Sets Tl Current Low

0x0C 0x00 0x0A 0x02 Sets Tl Current Low

0x0E 0x0F SET ILIM 0x0B 0x41 Sets Tl Full Power

O0x0F 0x0A 0x0A 0x00 Sets Tl Full Power

0x10 0x99 0x0C 0x07

0x13 0x3C 0x0E 0x00
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Table 3-1. TPS92682-Q1 and TPS92520-Q1 SPI Register Read and Write Values (continued)

TPS92682-Q1 SPI TPS92682-Q1 SPI COMMENT TPS92520-Q1 SPI TPS92520-Q1 SPI COMMENT
REGISTER REGISTER VALUE REGISTER REGISTER VALUE
ADDRESS ADDRESS

0x14 0x2F 0x0D 0x40

0x15 0x00 0x10 0x00

0x16 0x44 OXOF 0x40

0x17 0x3C 0x11 0x06 Set f LB/HB
0x12 0x07 Set fg, Tl
Ox1E 0x00
0x1F 0x00
0x22 0x00
0x23 0x10
0x24 0x00
0x25 0x10
0x26 0x00
0x27 0x00
0x28 0x00
0x29 0x00
0x2A 0x07
0x2B 0x07
0x2C 0x80

MSP432 is programmed via JTAG, connector J3.
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3.1 Hardware Requirements

Test setup showing switched inputs, outputs, PCB edge connector pin numbers and connections for
measurements.

EMI ground shield strip

o Low Beam +Power, Pin 1,2

DREL + Fower, Fin 5,6

Cr
Cr

) — o Tumm Indicator + Fower, Fin 9
O

High Beam +Fower, Pin 11

Power Ground, Pin 3,4.7.8

9V-16V {Low Beam Fault, Fin 10

[Turn Indicator Fault, Pin 12

W4+
Vi«
% vy I AN I w Turn Indicator

o ~LED. Fin 15
T !
e
Tumn Indicator -LED, Pin 16 -
V- o—e =
. . Low/High Beam +LED, m
Pin 23 8
o :
_ Low/High Beam -LED, Pin 24

- - DEL/POS +LED, Pin

i3
el
T
& DRL/POS - LED Pin 34

Figure 3-1. TIDA-50040 Test Connections for efficiency measurements, turn-on, turn-off delays and
steady state operation

A 0V to 25V, 10A minimum DC lab supply is required for maximum power testing and efficiency measurements.
For testing a Hewlett Packard 6010A DC supply provides power to the test board. Custom software is loaded to
allow full output power from each stage when powered from their respective inputs. Four volt meters measure
input voltage and current as well as each channel's output voltage and current. Input current is measured
through a current shunt, output currents are measured across a 0.1 Q precision resistor. A tektronics TDS5054B
displayed oscilloscope measurements for voltage and current waveforms. To run maximum output power a
custom LED load board was developed. A function generator setto 1.5 Hz 0 V to 5 V drives the Turn Indicator
input for delay measurements.

The Turn Indicator LED load to operate with single LED fault detection needs to fall within 6.9 Vto 7.7 V at 40
mA using four amber LEDs. The LED load for Lowbeam needs to fall within 10 V to 11.2 V at 70 mA using four
white LEDs. The LED load for Highbeam needs to fall within 20.2 V to 22.4 V using eight LEDs, four for
Lowbeam in series with four for Highbeam. The center of the string ties to HB_LED to allow shunt of the
Highbeam portion of the LED string. The RBIN resistor to ground value for Lowbeam is 20 kQ. The RBIN
resistors for Turn Indicator and Daytime Running Light are 30 kQ.
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Table 3-2. Edge Card Connector pin Description, Highbeam (HB), Lowbeam (LB), Turn indictor (TI),
Daytime Running Light (DRL), Position Marker light (POS)

PIN NUMBER PIN NAME PIN DESCRIPTION |PIN NUMBER PIN NAME PIN DESCRIPTION
1 LB1 Power Input for LB 2 LB2 Power Input for LB
and HB and HB
3 Power GND Input Power Ground |4 Power GND Input Power Ground
5 DRLPOSH1 Power input for 6 DRLPOS2 Input Power for
DRL/POS DRL/POS
7 Power GND Input Power Ground |8 Power Ground Input Power Ground
9 TI Power Input for Tl 10 LB_Fault Open Collector HB/LB
Fault
11 HB Signal Input for HB 12 TI_Fault Open Collector Tl
shunt MOSFET Fault
13 NC 14 NC
15 DRLPOS+ DRL/POS +LED 16 Power GND DRL/POS -LED
Connection Connection
17 NC 18 DRLPOS_RBIN DRL/POS Binning
Resistor Input
19 Signal GND Return for RBIN and |20 DRLPOS_NTC DRL/POS Thermal
NTC Feedback
21 NC 22 NC
23 LBHB+ LB/HB +LED 24 Power GND LB/HB -LED
Connection Connection
25 HB_LED HB Shunt Output 26 LBHB_RBIN LB/HB Binning
Resistor
27 Signal GND Return for RBIN and |28 LBHB_NTC LB/HB Thermal
NTC Feedback
29 NC 30 NC
31 NC 32 Power GND TI -LED Connection
33 TI+ TI +LED Connection |34 TI_RBIN TI Binning Resistor
35 Signal GND Return for RVIN and |36 TINTC Tl Thermal Feedback
NTC
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3.1.1 CISPR 25 Class 5 Test Setup

CISPR 25 Class 5 test setup showing LED load board and TIDA-050040 board in an enclosure. The system is in
a test chamber powered by a 12V battery.

Figure 3-2. CISPR 25 Class 5 test setup
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3.1.2 LED Load Board Top
LED side of the LED load board for testing efficiency, collecting waveforms and EMI measurements

Figure 3-3. LED Load Board Top

3.1.3 LED Load Board Bottom
Connecter and heatsink side of the LED load board for testing efficiency, waveforms and EMI

23
FEREERER

* OTH AW ZYEW kI8

Figure 3-4. LED Load Board Bottom
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3.2 Test Setup

Test results include multiple oscilloscope waveforms, efficiency graphs and a CISPR 25 Class 5 EMI
measurement. Multiple operational configurations were run for the following test results. Two Digital Multimeters
measure input voltage and input current through a voltage measurment across a 0.075 Q precision shunt. Two
additional Digital Multimeters measure each output channel's voltage and current via a 0.1 Q precision resistors.
Input voltage range used was 6 V to 24 V.

3.3 Test Results
3.3.1 Boost Turn on Delay

The following data represents the operation of the design showing many of the boards functions.
Boost turn on delay after power applied, 13 V to 55 V (yellow), Highbeam/Lowbeam current (green).

Stopped Single Seq 1 Acas 18 Jun 20 12:36:48 rms-]

Curs1 Pos
Curs2 Pos

t1 0.0s

t2 60.8ms

At 60.8ms
144t 16.45Hz

Chi 10.0v M 40.0ms S0.0kSs 20 0psit
Ch4 S0.0mA Q A Chl r 78Y

Figure 3-5. Boost Turn on Delay
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3.3.2 Highbeam/Lowbeam Turn on Delay

Highbeam/Lowbeam turn-on delay. Boost at 55 V (yellow) Highbeam/Lowbeam current (green).

Stopped Single Seq 1 Acgs 18 Jun 20 12:38:12

(Buttons. J

Curs1 Pos

Curs2 Pos

137 fims

1 616ms
t2 137 Brms
[ 76.0ms
124t 13.16Hz

CH1 10.0v M 40.0ms S0.0kSs 20 0psit
Ch4 S0.0mA Q A Chl r 78Y

Figure 3-6. Highbeam/Lowbeam Turn on Delay

3.3.3 Highbeam/Lowbeam Switch Node and Ripple Current

Highbeam/Lowbeam switch node (yellow), switching frequency at 880 mA output current (green).

_ Stopped 264 Acgs 07 Feh 20 15:25:41 Grnn)

Curs1 Pos
Curs2 Pos

t: 0.0s

12: 26Bps

o 2 B6ps
180 375.9kHz

chi 100V 1 1.0ps 2565k 400psiot
Ché  200m& ©Q & Ch1 s 27.0v

Figure 3-7. Highbeam/Lowbeam Switch Node and Ripple Current
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3.3.4 Turn Indicator Turn on Delay
Turn Indicator input rising (blue), Turn Indicator output (yellow) and current (green).

<. <L gLl LU R, (Buons)
I Curs1 Pos
. o - " ) | Curs2 Pos
1 1 uv: oos
I 2 3.8ms
| at 3.8ms
] 140 263.2Hz
QM:

M 2 Orns 1.25MS/s B800nspt

Chi 20v Ch2 20v
Chd S0.0mA Q A4 Chz r 48Y

Figure 3-8. Turn Indicator Turn on Delay

3.3.5 Turn Indictor Turn Off Delay
Turn Indicator input falling (blue), Turn Indicator voltage output (yellow) and current (green).

o Mbeys 18Jun 20 11:50:54 l’BuuorEJ

__ Stopped
Curs1 Pos

Curs2 Pos

T t: 00s
. 2 5.92ms
- at 5.92ms
18t 168.9Hz

M 4.0ms B25KS#s 16psit

z2ov Chz 2.0Y

chi
Chd  S00mA Q A Ch2 ~ 46V

Figure 3-9. Turn Indictor Turn Off Delay
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3.3.6 Turn Indicator 1.5 Hz Operation
1.5 Hz Turn Indicator input (blue), Turn Indicator output (yellow) and current (green).
‘ . .| A MShows 18Jun 20 11:42:12 (Buons)
Curs1 Pos
__
e ik s -W Curs? Pos
11 2.0ms
2 670.0ms
at 668.0ms
174t 1.497Hz
DHT- 2ov Cl h - 2[]V ------ M 1Dl]m32-5-[)l-<S:l‘s- ) :ft[l:ﬂ:us:m.l o
Chd S0.0méA Q A Chz - 48Y
Figure 3-10. Turn Indicator 1.5 Hz Operation
3.3.7 Turn Indicator Output Voltage and Current
Turn Indicator output voltage (yellow), current ripple and switching frequency (green).
: Sloppgd 1916 Aces . o 22Jun2010:37:32 I’BLEQJ
I Curs1 Pos
: !
Curs2 Pos
[ J— 1 u: 400ns
{ 2 242ps
| { - at 2.38ps
| { 174t 420.2kHz
=
.DI%1- . .10,0.\!. e -Nl-TiD|-.|s-2,SGSJS a00psht
Chd 100méA @ A Chd ~ 450maA
Figure 3-11. Turn Indicator Output Voltage and Current
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3.3.8 Daytime Running Light Turn-on Delay

Turn indicator input falling (blue

Stopped

), Daytime Running Light output (yellow) and current (green).
GLEn_;J

Curs1 Pos

Curs2 Pos

28.56ms

t1 00s

2 28 56ms

at 28.56ms
it 35.01H:z

15 Acgs 18 Jun 20 11:48:11

2

1.6psht

M 4.0rns B25kSks
A Ch2 ~ 4BY

Chz 2.0y
Chd S0.0mA Q

Figure 3-12. Daytime Running Light Turn-on Delay

3.3.9 Daytime Running Light Switch Node and Output Current
Daytime Running Light switch node (yellow), switching frequency at 330 mA output current (green).

Preview
...... i

(Battons )

Curs1 Pos

Curs2 Pos

312ps

t1 -20.0ns

19 Jun 20 11:42:56

Chi

Figure

M 1.0ps 25654 400psipt

A Chl r 78Y

10.0v
Ch4 100ma  Q

3-13. Daytime Running Light Switch Node and Output Current
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3.3.10 Highbeam/Lowbeam LED Short

Highbeam/Lowbeam output voltage (yellow), input current (green) during a single LED short fault. Highbeam/
Lowbeam fault shutdown time.

Stopped Single Seq 1 Acgs 23 Jun 20 13:32:25 @ES-J

..... T

Curs1 Pos
Curs2 Pos

211.2ms

t1 00s

t2 211.2ms

At 211.2ms
174t 4.735Hz

Ch1 100V ) M 40 0ms S0.0kS/s  20.0pskt
Chd  100mA © A Chl o~ 176V

Figure 3-14. Highbeam/Lowbeam LED Short

3.3.11 Highbeam/Lowbeam Fault Indicator

Highbeam/Lowbeam fault output (yellow) with an 8.2 KQ pull up resistor, Lowbeam input current with Turn
Indicator on (green).

Stopped - 1 Acgs . 24 Feb 20 14:58:04 ("_Bu“on's*J

Curs1 Pos
10.8V

S | Curs2 Pos

Y1 108Y
Y2 12y
&Yy -96Y

.Dm. L .2 D? ........................ " -4[||ij P, e
Chd S0.0mA Q A Chd r 71.0mA

Figure 3-15. Highbeam/Lowbeam Fault Indicator
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3.3.12 Turn Indicator Fault Output
Turn Indicator single LED short fault output, open collector, 8.2 KQ pullup.

24 Feb 20 14:59:59 W-J

Curs1 Pos
11.8V

Curs2 Pos

1.28Y

Y1 11.8v
Y2 1.28Y
&Y -10.52Y

Preview 0 Acqgs

Ch1 2.0% M 400ms S.0kSSs 200pshpt
A Chd r 71.0mA

Figure 3-16. Turn Indicator Fault Output

3.3.13 TPS92682-Q1 Boost and SEPIC Interleaving
The switch node of the boost (violet) and the SEPIC (yellow) showing TPS92682-Q1 interleaved frequency.

Falling edges are MOSFETs turning on.

. Pre\'leﬁ 0 Acqgs 19 Jun 20 11:49:02 W-J
ey
[ Curs1 Pos
Curs2 Pos
1.624ps
t1 S6.0ns
2 16248
At 1568ps
14L: 637 8kHz
b NparpH b e o
3 : Jlly'mk..' AR s L e - :
I H =
W i - ¢ ‘
L b b b st
Ch3 100V A Ch1 s 78Y

Figure 3-17. TPS92682-Q1 Boost and SEPIC Interleaving
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3.3.14 TIDA-050040 Full Load Efficiency

Full load efficiency at 58W output showing full system efficiency and efficiency minus the reverse input protection
diodes. HB/LB at 29.5W, Tl at 14.34W and DRL/POS at 14.14W.

0.9

0.88
L |

. 0.86 / /

Efficiency (%)
o o
o) ®
n S

0.8

078 1—/ — Efficiency
—— Efficiency-diode

8 10 12 14 16 18 20 22 24 26
Input Voltage (V)

Figure 3-18. TIDA-050040 Full Load Efficiency

3.3.15 Efficiency Highbeam/Lowbeam

Efficiency Highbeam/Lowbeam at 29.5W including reverse battery protection diode.

0.87

0.84

0.81

0.78

0.75
0.72 /
0.69

0.66

Efficiency (%)

6 8 10 12 14 16 18 20 22 24 26
Input Voltage (V)

Figure 3-19. Efficiency Highbeam/Lowbeam

3.3.16 Efficiency Turn Indicator and Daytime Running Light
Efficiency Turn Indicator at 14.34W and Daytime Running Light at 14.14W including reverse protection diodes.

0.86

0.84

0.82
0.8

0.78 /

0.76

0.74 /

0.72
ool

0.68

Efficiency (%)

6 8 10 12 14 16 18 20 22 24 26
Input Voltage (V)

Figure 3-20. Efficiency Turn Indicator and Daytime Running Light
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3.3.17 Efficiency Highbeam/Lowbeam and Turn Indicator
Efficiency Highbeam/Lowbeam at 29.5W and Turn Indicator at 14.34W including reverse protection diodes.

Efficiency (%)

0.86

e

0.84

0.82 /

e

o o
N N 2
o © o
\\

o
iy
N

/
/

6 8 10 12 14 16 18 20 22 24 26
Input Voltage (V)

IS)
N
N

°
Y

Figure 3-21. Efficiency Highbeam/Lowbeam and Turn Indicator

3.3.18 CISPR 25 Class 5 EMI Scan

CISPR 25 Class 5 limits, peak and average, scan. Highbeam/Lowbeam, Turn Indicator and Daytime Running
light powered. For more informaiton on EMI filter design, see the applications notes AN-2162 Simple Success

With Conducted EMI From DC-DC Converters and Input Filter Design for Switching Power Supplies.

Tdf

6dB

1Pk
Clrw
2AvV
Clrw

SGL

RBW 120 kHz
Att 10 dB MT 1s PREAMP ON
QPK 13.75 dBpV
[ . ; =] . . i . i . i ]
-15 0 10 20 30 40 50 60 70 85
‘ ‘ 1 MHz 10 MHz
60 dBuV
|
40 dBuV
30 dBpV
A J
20 dBp WM } Mo ot
) AJ AM MML’“‘V% N.MJ
10 dB { Ay
H = r
1T | B2
FI%UJLNJLAJ\AJL}LMJMMMMAIJI W I
A N
Start 150.0 kHz Stop 108.0 MHz

Figure 3-22. CISPR 25 Class 5 EMI Scan
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3.3.19 Top Side Thermal Image DRL at 15W
Thermal image top side of PCB at 25C ambient, no air flow.
Figure 3-23. Top Side Thermal Image DRL at 15W
3.3.20 Bottom side thermal image DRL at 15W
Thermal image bottom side of PCB at 25C ambient, no air flow.
Figure 3-24. Bottom side thermal image DRL at 15W
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3.3.21 Top Side Thermal Image Highbeam/Lowbeam at 30W, Turn Indicator at 7.5W average

Thermal image top side of PCB at 25C ambient, no airflow.

Figure 3-25. Top Side Thermal Image Highbeam/Lowbeam at 30W, Turn Indicator at 7.5W average

3.3.22 Bottom Side Thermal Image Highbeam/Lowbeam at 30W, Turn Indicator at 7.5W average

Thermal image bottom side of PCB at 25C ambient, no airflow.

Figure 3-26. Bottom Side Thermal Image Highbeam/Lowbeam at 30W, Turn Indicator at 7.5W average
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4 Design and Documentation Support
4.1 Design Files

4.1.1 Schematics

To download the schematics, see the design files at TIDA-050040.

4.1.2 BOM

To download the bill of materials (BOM), see the design files at TIDA-050040.
4.2 Documentation Support

1. Texas Instruments, Dual Channel Constant-Voltage and Constant Current Controller with SPI data sheet
2. Texas Instruments, 1.6-A dual synchronous buck LED driver with SP| data sheet

3. Texas Instruments, SimpleLink™ 32-bit Arm Cortex-M4F MCU with ethernet, CAN, 1MB Flash and 256kB
RAM data sheet

4. Texas Instruments, TPS92682-Q1 constant current 2-channel boost and boost-to-battery evaluation module
User Guide

5. Texas Instruments, TPS92682-Q1 Constant Voltage 2-Phase Boost Evaluation Module User Guide

6. Texas Instruments, 45-W, 15-W dual SEPIC LED Driver Reference Design for Automotive Lighting Design
Guide

4.3 Support Resources

TI E2E™ support forums are an engineer's go-to source for fast, verified answers and design help — straight
from the experts. Search existing answers or ask your own question to get the quick design help you need.

Linked content is provided "AS IS" by the respective contributors. They do not constitute Tl specifications and do
not necessarily reflect Tl's views; see TlI's Terms of Use.

4.4 Trademarks

TI E2E™ are trademarks of Texas Instruments.
All other trademarks are the property of their respective owners.

32 Automotive LED Headlight Driver Module for Halogen Replacement Reference TIDUEX4 — JULY 2020
Design Submit Document Feedback
Copyright © 2020 Texas Instruments Incorporated


http://www.ti.com/tool/TIDA-00xxX
http://www.ti.com/tool/TIDA-00xxX
https://www.ti.com/product/TPS92682-Q1
https://www.ti.com/product/TPS92520-Q1
https://www.ti.com/product/MSP432E401Y
https://www.ti.com/product/MSP432E401Y
https://www.ti.com/tool/TPS92682EVM-070
https://www.ti.com/tool/TPS92682EVM-069
https://www.ti.com/tool/TIDA-050029
http://e2e.ti.com
http://www.ti.com/corp/docs/legal/termsofuse.shtml
http://www.ti.com
https://www.ti.com/feedbackform/techdocfeedback?litnum=TIDUEX4&partnum=TIDA-050040

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
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