Test Report: PMP30781
Tiny Automotive 2-W Bias Power Supply Reference Design

Q'f TEXAS INSTRUMENTS

Description

This reference design provides a tiny auxiliary +12 V supply for general purpose. In this case, SEPIC topology
supports wide input range from 6 V to 60 V. Even at input as low as 3.5V, this solution is able to provide half of
the output power. Another benefit of SEPIC is low reflected ripple, resulting in less conducted emissions. The
small magnetizing inductance sets Right Half Plane Zero fairly high, so loop bandwidth can be increased, and
allows a small output capacitance by keeping good transient response.

This design is the complementary solution to PMP30373, inverting SEPIC (=Cuk) to provide negative output
voltage.

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
Input Voltage 6Vto60V
Output Voltage 12V
Maximum Output Current 0.2A
Switching Frequency 500 kHz
Topology SEPIC

Measured switching frequency at prototype 480kHz;

Provides 200mA full power as low as 5V input voltage;
Provides 150mA as low as 4V input voltage;
Provides 100mA+ as low as 3.5V input voltage.

1.2 Considerations

The switching frequency is around 480 kHz.

Unless otherwise indicated the measurements were done with 0.2 A output current adjusted by a resistor.
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2 Testing and Results

2.1 Efficiency Graphs

90%

80%

70% ﬁ X/./: )‘;."’ﬁfoz

Efficiency
o
S
S

Vel v
50% --12Vin
—4—24Vin
o | —=36Vin
40% ——48Vin
30% -0-60Vin
0A 0.05A 0.1A 0.15A 0.2A
Output Current
Figure 1 Efficiency vs Output Current
0.9W

——6Vin

0.8W |-m-12Vin
|—-24Vin

O 7WH  S6vin /

0.6W |——48Vin

2 0.5W |-2-60Vin / P s

h i~
304w W :‘éﬁ’
0.3W ‘

0.2W —
0.1W
oW -
0A 0.05A 0.1A 0.15A 0.2A
Output Current
Figure 2 Loss vs Output Current
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2.2 Line Regulation
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Figure 3 Output Voltage vs Input Voltage
With the same measurement setup efficiency and loss were calculated.
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Figure 4 Efficiency and Loss vs Input Voltage
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2.3 Load Regulation
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Figure 5 Output Voltage vs Output Current
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2.4 Thermal Images

241 6V Input Voltage
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Figure 6 Thermal Image at 6 V Input Voltage

2.4.2 36V Input Voltage
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Figure 7 Thermal Image at 36 V Input Voltage
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2.4.3 60V Input Voltage
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Figure 8 Thermal Image at 60 V Input Voltage

2.5 Dimensions
The size of the boards is 39.4mm x 30.5mm
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3 Waveforms
3.1 Switching
3.1.1 SWto GND
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Figure 9 SW-to GND @ 6 V Input Voltage
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3.1.1.2 36V Input Voltage
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Figure 10 SW-to GND @ 36 V Input Voltage
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3.1.1.3 60V Input Voltage
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Figure 11 SW-to GND @ 60 V Input Voltage

10 Tiny Automotive 2-W Bias Power Supply Reference Design TIDT165 - March 2020
Copyright © 2020, Texas Instruments Incorporated




13 TEXAS
INSTRUMENTS

www.ti.com

3.1.2 Diode D1 (referenced to VOUT)

3.1.2.1 6V Input Voltage
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Figure 12 D1 @ 6 V Input Voltage
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3.1.2.2 36V Input Voltage
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Figure 13 D1 @ 36 V Input Voltage
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3.1.2.3 60V Input Voltage
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Figure 14 D1 @ 60 V Input Voltage

No ringing, no overshoot reduces RF content to ensure low radiated emissions.
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3.2 Output Voltage Ripple
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Figure 15 VOUT @ 6 V Input Voltage

All waveforms were captured separately — output voltage ripple is below 0.5% of DC output voltage.
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3.3 Input Voltage Ripple
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Figure 16 Input Voltage Ripple for 6 V, 36 V and 60 V Input Voltage

Sinusoidal input ripple by SEPIC topology, less harmonic content.
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3.4 Bode Plot
6 Vin 36 Vin 60 Vin
Bandwidth (kHz) 3.97 10.2 8.6
Phasemargin 75° 78° 80°
slope (20dB/decade) -0.99 -1.0 -1.0
| gain margin (dB) -15.1 -21.2 -23.55
slope (20dB/decade) -0.5 -1.49 -1.4
freq (kHz) 33.9 81.9 85.2
Table 1 Summery of the Bode Plots
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Figure 17 Frequency Response for 6 V Input Voltage
RHPZ at 45kHz limits loop bandwidth to 4kHz by keeping gain margin of -15dB.
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3.4.2 36V Input Voltage
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Figure 18 Frequency Response for 36 V Input Voltage
3.4.3 60V Input Voltage
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Figure 19 Frequency Response for 60 V Input Voltage
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3.5 Load Transients
The electronic load switched between 0.1 A and 0.2 A with a frequency of 100 Hz.

3.5.1 6V Input Voltage
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Figure 20 Load Transient for 6 V Input Voltage

3.56.2 36 VInput Voltage
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Figure 21 Load Transient for 36 V Input Voltage
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3.5.3 60V Input Voltage
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Figure 22 Load Transient for 60 V Input Voltage

Despite small output capacitance transient response is 2.5% of Vout worst case (input voltage 6V)

3.6 Start-up Sequence

3.6.1 6V Input Voltage
RTM3004; 1336.8794K04; 100902 (01,501 2019-05-03)
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Figure 23 Start-up @ 6 V Input Voltage
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3.6.2 36V Input Voltage

RTM3004; 1336.8794K04; 100902 (01,501 2015-06-03)
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Figure 24 Start-up @ 36 V Input Voltage

RTM3004; 1336.8794K04; 100902 (01,501 2015-06-03)

NI RO & o @ 7 tem  oop  fms UL 'Z“OF’;J; IV(;'\t,age =>
. 6V 2.5 GSaf! 700 Einzels =E
WL S N w g e ; TR 20 MHZ bandwidth
Output Voltage =>
2V /div
20 MHz bandwidth
200 ps / div
2v/ B",ﬂﬁﬂ 20v/ B“f‘ﬁ E Menu
Figure 25 Start-up @ 60 V Input Voltage
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3.7 Shut-down Sequence

3.7.1 6V Input Voltage

RTM3004; 1336.8794K04; 100902 (01,501 2015-06-03)
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Figure 26 Shut-down @ 6 V Input Voltage
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Figure 27 Shut-down @ 36 V Input Voltage
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3.7.3 60V Input Voltage
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Figure 28 Shut-down @ 60 V Input Voltage
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