Test Report: PMP30352
Pre-Regulator Reference Design for Automotive LED-
Headlamp Drivers

i3 TeXAS INSTRUMENTS

Description

This pre-regulator reference design delivers up to 45 W output power for automotive LED-headlamp drivers. For
an input voltage range of 9.0 V to 16.0 V the design can support an output voltage of 45.0V with a load current of
1.0 A. An optional external dithering function is also available.
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2 An IMPORTANT NOTICE at the end of this Tl reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.
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1 Test Prerequisites
1.1 Voltage and Current Requirements
Table 1. Voltage and Current Requirements
PARAMETER SPECIFICATIONS
Vin 9.0V -16.0V (5.0 V - 24.0 V operational)
Vour 450V @ 1.0 A
Nominal switching .
frequency 350 kHz (up to 390 kHz with dithering)
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Testing and Results

2 Testing and Results
2.1 Efficiency Graphs
Figure 1. Efficiency at 9.0 V, 12.0 V and 16.0 V in
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2.2 Efficiency Data
Table 2. Efficiency data for the 9.0 V input
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]
8.998 1.0997 | 9.8951 44.93 0.2018| 9.0669 0.828 91.6
8.998 2.126 | 19.1297 44.82 0.4014 | 17.9907 1.139 94.0
8.997 3.167 | 28.4935 44.71 0.601 | 26.8707 1.623 94.3
8.997 4.225 | 38.0123 44.63 0.8006 | 35.7308 2.282 94.0
8.997 5.317 | 47.8370 44.57 1.0029 | 44.6993 3.138 93.4
Table 3. Efficiency data for the 12.0 V input
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]
12 0.8349 | 10.0188 45.01 0.2018|9.0830 0.936 90.7
12 1.599 | 19.1880 44,94 0.4014 | 18.0389 1.149 94.0
12 2.367 | 28.4040 44.86 0.6009 | 26.9564 1.448 94.9
12 3.144 | 37.7280 44,78 0.8006 | 35.8509 1.877 95.0
12 3.937 | 47.2440 44,72 1.0028 | 44.8452 2.399 94.9
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Table 4. Efficiency data for the 16.0 V input
Voltage [V] Current [A] Power [W] Voltage [V] Current [A] Power [W] Losses [W] Efficiency [%]

15.99 0.6205 | 9.9218 45.04 0.2018 | 9.0891 0.833 91.6
15.99 1.206 | 19.2839 45.01 0.4013 | 18.0625 1.221 93.7
15.99 1.779 | 28.4462 44.95 0.601 | 27.0150 1.431 95.0
15.99 2.355 | 37.6565 44.9 0.8005 | 35.9425 1.714 95.4
15.99 2.94 | 47.0106 44.84 1.0028 | 44.9656 2.045 95.6

2.3 Thermal Images

Figure 2. Thermal image of the PCB's top side at 12.0 V in, 45.0 V out and 1.0 A load current.
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2.4 Dimensions

Circuit: smaller than 30 mm x 30 mm
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3 Waveforms
3.1 Switching
Figure 3. Switching Node at 12.0 Vin, 45.0 V out and 1.0 A load current.
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Measure F1:min{C2) P2:max{C2) Pafreq(C2) P4--- P&--- PE---

value -2EW al.aw 386.5371 kHz

status v 4 v

* Ch2: Switching node signal [scale: 10.0V/div, 1.0us/div]
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3.2 Output Voltage Ripple

Figure 4. AC-coupled output voltage signal at 9.0V, 12.0V and 16.0V in.
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Measure P1:pkpkiM1) P2 plpkit2) FPa:pkphkit3) P4--- P&--- P&---
value 538V 429 374V

v v

» M1:5.38 V peak-peak ripple [scale: 2.0 V/div, 2.0us/div]
*  M2: 4.29 V peak-peak ripple [scale: 2.0 V/div, 2.0us/div]
* M3: 3.74 V peak-peak ripple [scale: 2.0 V/div, 2.0us/div]
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3.3 Input Voltage Ripple

Figure 5. AC-coupled input voltage signal at 9.0V, 12.0V and 16.0V in.
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Measure P1:pkpkiM1) P2 plpkit2) FPa:pkphkit3) P4--- P&--- P&---
value B2T mv 483 my 384 my

status v '

» M1: 627 mV peak-peak ripple [scale: 200 mV/div, 2.0us/div]
» M2: 483 mV peak-peak ripple [scale: 200 mV/div, 2.0us/div]
* M3: 384 mV peak-peak ripple [scale: 200 mV/div, 2.0us/div]
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3.4 Bode Plot
Figure 6. Bode plot at 9.0V, 12.0 V and 16.0 V in.
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* 9.0Vin, 1.0A load current: fco 726Hz, 82deg phase margin, -29dB gain margin
e 12.0Vin, 1.0A load current: fco 974Hz, 84deg phase margin, -29dB gain margin
* 16.0V in, 1.0A load current: fco 1.31kHz, 86deg phase margin, -29dB gain margin
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3.5 Load Transients

Figure 7. Load transient from 0.5 Ato 1.0 A at 12.0 Vin results in 1.51 V undershoot (3.3%) and 1.50 V
overshoot (3.3%).
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* Ch1l: output current) [scale: 0.5A/div, 1.0ms/div]
* Ch3: AC-coupled output voltage, bw limited (20MHz) [scale: 1.0V/div, 1.0ms/div]
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3.6 Start-up Sequence

Figure 8. Start-up sequence at 12.0 V in with no load attached.

¢ Chl: input voltage [scale: 10.0V/div, 10.0ms/div]
¢ Ch2: output voltage [scale: 10.0V/div, 10.0ms/div]
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3.7 Undervoltage Protection

Figure 9. Undervoltage protection with a 1.0 A load attached.

Cl

¢ Chl: input voltage [scale: 10.0V/div, 10.0ms/div]
¢ Ch2: output voltage [scale: 10.0V/div, 10.0ms/div]
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IMPORTANT NOTICE AND DISCLAIMER

TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATASHEETS), 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 Tl 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, or other requirements. These resources are subject to change without notice. Tl grants you
permission to use these resources only for development of an application that uses the Tl products described in the resource. Other
reproduction and display of these resources is prohibited. No license is granted to any other Tl intellectual property right or to any third party
intellectual property right. Tl disclaims responsibility for, and you will fully indemnify Tl 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 (https:www.ti.com/legal/termsofsale.html) or other applicable terms available either
on ti.com or provided in conjunction with such Tl products. TI's provision of these resources does not expand or otherwise alter TI's
applicable warranties or warranty disclaimers for Tl products.
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