Test Report: PMP31114
Synchronous SEPIC Suited for 3-V Cold Cranking

Reference Design

Wi} TEXAS INSTRUMENTS

Description Features

This reference design uses the LM25122-Q1 boost » Supports low cold cranking voltage as low as 3 V
controller. The output voltage is 5 V with 5-A5« » Synchronous rectification supports = 90%

output current. The typical input voltage range is from » 5-A output current enabled by dual inductor from
6 V to 18 V. The circuit is designed to withstand input stock

voltages as low as cold crank 3 V and load dump up . .

to 36 V. Switching frequency Fgy on this individual Applications

board is measured at 261 kHz. » Automotive auxiliary display

The additional jumper on the bottom side provides a
needed ON and OFF feature.
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1 Test Prerequisites

1.1 Voltage and Current Requirements

Table 1-1. Voltage and Current Requirements

Parameter Specifications
Input Voltage Range 6Vto18V
Output Voltage 5V
Output Current 3 Aconts 5 Amax

1.2 Considerations

The switching frequency is about 261 kHz. The circuit switches on at 6 V and switches of at 3 V. All
measurements are done with the MODE: Forced PWM.

Unless otherwise mentioned, the output current was adjusted to a full load of 5 A with the resistor as load.
The jumper J100 is mounted on the bottom side of the board.
1.3 Dimensions

The size of the board is 41 mm x 56 mm.
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2 Testing and Results
2.1 Efficiency Graphs

Figure 2-1 shows the efficiency graph and Figure 2-2 shows the loss graph.
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Figure 2-1. Efficiency Graph
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Figure 2-2. Loss Graph
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2.2 Load Regulation
Figure 2-3 shows the load regulation graph.
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Figure 2-3. Output Current vs Output Voltage

2.3 Line Regulation

Figure 2-4 shows the line regulation input versus output voltage graph. Figure 2-5 shows the input voltage
versus full load efficiency and loss graph.
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Figure 2-4. Input Voltage vs Output Voltage
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Figure 2-5. Input Voltage vs Full Load Efficiency and Loss
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2.4 Thermal Images

2.4.1 4-V Input Voltage

2.4.1.1 3-A Output Current — Average Load Current

Figure 2-6. IR-Foto 4 V|, 3 AouTt

Name Temperature
D3 556.5°C
L1 58.0°C
Q1 55.0°C
Q2 59.7°C
R2 52.1°C
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2.4.1.2 5-A Output Current — Peak Load Current
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Figure 2-7. IR-Foto 4 V\\, 5 Aout

Name Temperature
D3 114.1°C
L1 131.4°C
Q1 112.2°C
Q2 141.6°C
R2 108.4°C
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2.4.2 12-V Input Voltage

2.4.2.1 3-A Output Current

Figure 2-8. IR-Photo 12 V|, 3 Aourt

Name Temperature
D3 46.4°C
L1 48.7°C
Q1 45.7°C
Q2 47.0°C
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2.4.2.2 5-A Output Current

Figure 2-9. IR-Photo 12 V|, 5 Aourt

Name Temperature
D3 62.3°C
L2 66.6°C
Q1 62.0°C
Q2 63.8°C
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2.4.3 18-V Input Voltage

2.4.3.1 3-A Output Current

Figure 2-10. IR-Photo 18 V}y, 3 Aoyt

Name Temperature
D3 48.2°C
L1 49.9°C
Q1 47.6°C
Q2 49.1°C
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2.4.3.2 5-A Output Current

Figure 2-11. IR-Photo 18 Vy, 5 Agut

Name Temperature
D3 62.8°C
L1 66.8°C
Q1 62.4°C
Q2 66.3°C
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2.5 Bode Plots
Figure 2-12 through Figure 2-16 show the PMP31114 bode plots.
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Figure 2-12. Bode Plot at 3.5-V Input Voltage
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Figure 2-13. Bode Plot at 6-V Input Voltage
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Figure 2-14. Bode Plot at 12-V Input Voltage
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Figure 2-15. Bode Plot at 16-V Input Voltage
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Figure 2-16. Bode Plot at 28-V Input Voltage
Table 2-1 details a summary of the test results from the bode plots.
Table 2-1. Summary of the Bode Plots Test Results
Vin 35V 6V 12V 16V 28V
Bandwidth (Hz) 281 913 4581 7427 18620
Phase Margin 87° 93° 78.7 55.3 36.6
Slope (20 dB / -0.93 -0.86 —0.91 —1.1 -1.3
decade)
Gain Margin (dB) -13 -14.6 -14.2 -12.9 9.1
Slope (20 dB/ -0.06 -0.474 -1 1.4 -14
decade)
Frequency (kHz) 134 16.3 24.6 26.5 38.9
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3 Waveforms
3.1 Switching
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Figure 3-1. Q1 (High Side FET) Source-Drain (Referenced to Voyt), 4-V Input Voltage
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Figure 3-2. Q1 (High Side FET) Source-Drain (Referenced to Voyt), 12-V Input Voltage
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Figure 3-3. Q1 (High Side FET) Source-Drain (Referenced to Voyt), 18-V Input Voltage
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Figure 3-4. Q1 Gate, 4-V Input Voltage
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Figure 3-5. Q1 Gate, 12-V Input Voltage
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Figure 3-6. Q1 Gate, 18-V Input Voltage
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Figure 3-7. Q2 (LoSide FET) Drain Source, 4-V Input Voltage
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Figure 3-8. Q2 (LoSide FET) Drain Source, 12-V Input Voltage
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Figure 3-9. Q2 (LoSide FET) Drain Source, 4-V Input Voltage
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Figure 3-10. Q2 Gate, 12-V Input Voltage
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Figure 3-11. Q2 Gate, 18-V Input Voltage
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3.2 Output Voltage Ripple

Output voltage ripple (AC coupled) is shown in the following figures.
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Figure 3-12. Output Voltage Ripple at 4 V|
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Figure 3-13. Output Voltage Ripple at 12-V)y
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Figure 3-14. Output Voltage Ripple at 18-Vy
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3.3 Input Voltage Ripple
Input voltage ripple (AC coupled) is shown in the following figures.
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Figure 3-15. Input Voltage Ripple (4 V|x)
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Figure 3-16. Input Voltage Ripple (12 V|y)
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Figure 3-17. Input Voltage Ripple (18 V|y)
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3.4 Load Transients

Electronic load was used for the waveforms taken in the following images. The load is switching from 2.5 Ato 5
A with a frequency of 100 Hz.

4-V Input Voltage

E00

400
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200y

400
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800

1000

16.00

1400

1200

LI ¥ G ——

e00a

0m a

257 ms 2ms/Div

Ch1 = output voltage; 200 mV / div; AC-coupling; 10-kHz bandwidth
Ch2 = output current; 2 A / div; 20-MHz bandwidth
2-ms / div

Figure 3-18. 2.5-A to 5-A Load Transient at 4-V Input Voltage
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12-V Input Voltage
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Ch1 = output voltage; 50 mV / div; AC-coupling; 10-kHz bandwidth
Ch2 = output current; 2 A / div; 20-MHz bandwidth
2-ms / div

Figure 3-19. 2.5-A to 5-A Load Transient at 12-V Input Voltage
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18-V Input Voltage
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Ch1 = output voltage; 50 mV / div; AC-coupling; 10-kHz bandwidth
Ch2 = output current; 2 A / div; 20-MHz bandwidth
2-ms / div

Figure 3-20. 2.5-A to 5-A Load Transient at 18-V Input Voltage
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www.ti.com Waveforms
3.5 Start-Up Sequence
The power supply was plugged in for the waveforms taken in the following images.
6-V Input Voltage
RTM3004; 1335.8724K04; 100202 (01.600 2020-03-20)
NS Pl R & 2 L £ Wem amg kg UL
Ridkgangi Wiedetholen [oschen  Zoom FFT Refetenz | Markieren . 272V 1.25 GSafs -5.96 ms Einzelwert <%
Y
10 ¥
=R

I|||||IIllWIIIIIIHIIIIIIIIIIIIIIIIIIIIIIIHlIIIIIIhIlIIIIIIIL!I.IlIIIIINIIII\IIIIIII[I“IIIWII

— .
1€1. 1

-8y g % e -3.96 ms 1,96 ns 40 us 2,04 s 4,04 us .04 ms 8.04 ns 10,04 s 12,04 me 14,04 ms

1vf i Q2 2vf ot a c4

C2 = input voltage; 2 V / div

C1 = output voltage; 1 V / div

(All) 2 ms / div; 20-MHz bandwidth

Figure 3-21. Start-up With 6-V Input Voltage
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12-V Input Voltage
RTM3004; 1335.8794K04; 100302 (01,600 2020-03-20)
o 0 7 Norm s Ferti 2021—11—:25
"\ ﬁ 1111 Q (1T (M & o . g | 19:35
Rickgangiy Wiederholen Losthen  Zoom FFT Referen:  Markieren 2V 1.25 GSa/s -5.96 ms Einzelwert o
;
20 W
15 4
i
o A
—20 ¥ &.3&- mE -3.96 ms =1.9E ms A0 us 4 G4 ms g ms 10,04 ma 12,04 ms 14.04 ms

1v/ 5vf

104
C2 = input voltage; 5 V / div
C1 = output voltage; 1 V / div

(All) 2 ms / div; 20-MHz bandwidth

By DC

2,04 ms

Figure 3-22. Start-up With 12-V Input Voltage
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18-V Input Voltage
RTM3004; 1335.8794K04; 100902 (01.600 2020-03-20)
4 Vo m Q e L& p r Norm 2msf Fertig 20t
Rickgangiy Wiederholen Losthen  Zoom FFT Referen:  Markieren 2V 1.25 GSa/s -5.96 ms Einzelwert o
Y
T

1v/ 5vf

104
C2 = input voltage; 5 V / div
C1 = output voltage; 1 V / div

(All) 2 ms / div; 20-MHz bandwidth

P i
€1
204 Pt 3.5 m R 40 s 2,04 s 04 6,04 ws .04 ms 10,04 ms 12,04 me 14,04 ms
o o

101

Figure 3-23. Start-up With 18-V Input Voltage
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3.6 Shutdown Sequence
The power supply was disconnected for the waveforms taken in the following images.
4-V Input Voltage
RTM3004; 1335.8724K04; 100202 (01.600 2020-03-20)
AN Vad m Q [ L& p' & i Norm 1 msf Fertig et
Riickgangig Wiederholen  Loschen Toom FFT Referenz  Markieren 2.72V 2.5 GS&/S -2.91 ms Einzelwert L=y
hd
A 1 1 A iiH;‘iIiIIdIMil
\
=34 &3! me -1.91 ms -510 ps 9 s 1,08 ms 2,09 ns 5,09 ms 4,08 ms 5,09 ms 03 09 ms
o JETER - IETE o

C2 = input voltage; 1 V / div
C1 = output voltage; 1 V / div

(All) 1 ms / div; 20-MHz bandwidth

Figure 3-24. Shutdown With 4-V Input Voltage
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12-V Input Voltage
RTM3004; 1335.8794K04; 100902 (01.600 2020-03-20)
4 Vo m Q e L& p A Norm 1 ms/ Fertig 2
Rickgangiy Wiederholen Losthen  Zoom FFT Referen:  Markieren 2.72V 2.5 GSafs 2.91 ms Einzelwert L=
Y

20y
iE 15 Y

20 Y é"“.‘}] nE -1.91 ms 910 us 9 s 1,09 ms 2.09 3.09 ws 4,09 ms 5,09 ms E.09 ns 7.09 ms

B, DC B,0C % -
1vf wuw Svf 1EI1

C2 = input voltage; 5 V / div
C1 = output voltage; 1 V / div
(All) 1 ms / div; 20-MHz bandwidth

Figure

3-25. Shutdown With 12-V Input Voltage
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18-V Input Voltage
RTM3004; 1335.8794K04; 100902 {01.600 2020-03-20)
m N 2\ Norm 1 ms/ Fertig 2t s
ha lad [m Q s o] & o : _
Rickgangiy Wiederholen Losthen  Zoom FFT Referen:  Markieren 2.72V 2.5 GSafs 2.91 ms Einzelwert L=
v
T
20 Y
—20 Y A"“.‘S] nE -1.91 ms 910 us 9 s 1,09 ms 2.09 ws 3.09 ws 4,09 ms 5,09 ms E.09 ns 7.09 ms
By DC By DC 72 -
T/ 0 5vf 101
C2 = input voltage; 5 V / div
C1 = output voltage; 1 V / div
(All) 1 ms / div; 20-MHz bandwidth
Figure 3-26. Shutdown With 18-V Input Voltage
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