Test Report: PMP21883

Four-Output, SEPIC-Converter-Bias Power Supply
Reference Design for Solar Panel Applications

Jiﬂ TEXAS INSTRUMENTS

Description

This design supplies two non-isolated and two isolated output voltages. A regulated 3.3 V/0.25 A and an
unregulated 12 V/0.05 A output are primary-side referenced while two 12 V/0.025 A unregulated outputs are
isolated. It operates over an input voltage range of 7 V - 45 V and offers low cost and a compact form factor. This
SEPIC converter features minimal voltage ringing on the FET for lower stress and reduced EMI.
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2 An IMPORTANT NOTICE at the end of this TI 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 range

7V - 45V

Output voltage and current

3.3 V/0.25 A, regulated
12 V/0.05A, unregulated
(2x) 12 V/0.025 A, unregulated

Switching frequency

500kHz

Isolation

(2x) 12 V/0.025 A, 1875VAC (1 sec)

1.2 Required Equipment

Power supply capable of 50V and 1A
Oscilloscope and probes
Digital Multimeters

Stability measurement device (Venable or Bode100)

Four electronic loads (1W each) and/or power resistors (resistor decade boxes, 1W each)
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2 Testing an

2.1 Efficiency

d Results

and Power Dissipation Graphs
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These graphs display the efficiency and power dissipation of the converter with all 12V outputs loaded to either
50% or 100% of their full load as the 3.3V load is varied. The input voltage was set to either 12V or 24V.

TIDT141 - October 201

9 Four-Output, SEPIC-Converter-Bias Power Supply Reference Design for Solar Panel Applications

Copyright © 2019, Texas Instruments Incorporated

3



13 TEXAS

INSTRUMENTS
www.ti.com
2.2 Efficiency and Power Dissipation Data
The following table shows the efficiency data for the converter with a 12V input.
Table 1. 12V Outputs @ Full Load Table 2. 12V Outputs @ Half Load
Output  LOAD(A) VOUT(V) VIN(V) IVIN(A) Pin(W) Pout(W) EFF(%) Pdiss(W) _ Output LOAD(A) VOUT(V) VIN(V) IVIN(A) Pin(W) Pout(W) EFF(%) Pdiss (W)
33V 0.00879  3.328 33V 001105  3.329
12Vnondso 004790 11668 ) g8 19714 14042 11579 s25% 0246  LA/nondso 002810 ALTI6 y g00 o657 07800 06107 77.4% 0178
12V isol 002442 11.724 12V isol 001241  11.806
12V is02 002419 11.725 12V is02 001225  11.810
33V 0.02058  3.328 33V 002611 3.329
12Vnon-iso 004830 11712 1) gee 92174 14592 12159 83.3% 0243  L2/nomiso 002820 AL8I7 oo, 57178 0ge10 06673 77.5% 0194
12V isol 002482 11771 12V isol 001241  11.892
12V is02 0.02460 11773 12V is02 001235 11.892
33V 004493  3.328 33V 0.05623  3.328
12Vnon-iso 004870 11795 ) geq (93055 15647 13130  84.0% 0251 L2 non-iso 00240 ALIL oo, g4grgy 09920 07772 78.3% 0216
12V isol 002502 11.864 12V isol 001251  11.99%
12V is02 002470  11.867 12V is02 001245  11.99
33V 0.08058  3.328 33V 0.09891  3.328
12Vuniso 004870 11880 1) 00 14047 17313 14400 832% o201  LAVnondso 002460 12015, o0 oggey 11848 09257  781%  0.259
12V isol 002502  11.955 12V isol 001251  12.105
12V is02 0.02460  11.959 12V is02 001235  12.111
33V 011949  3.328 33V 012928  3.328
12Vnon-iso  0.04910  11.983 ) ge, (15749 18870 15834  83.9% 0304  L2/nomiso 002470 12079y geq 91133 13346 10338 77.5%  0.301
12V isol 002502  12.027 12V isol 001261  12.176
12V is02 002480 12.030 12V is02 001245  12.181
33V 018676  3.328 33V 018124  3.328
12Vnon-iso 004940 12086 1) gug (9535 22197 18263  82.3% 0393  La/noniso 002490 12179 ger 93306 1587 12180 77.0%  0.365
12V isol 002522 12.137 12V isol 001271  12.281
12V is02 0.02500  12.142 12V is02 001265  12.288
33V 022367  3.328 33V 023120  3.328
12Vnon-iso  0.04980 12100 ) g;5 (19933 23871 19669 82.4% 0420  L2/nom-iso 002520 12261 ge) 95118 18114 13973 77.1% 0414
12V isol 002553  12.193 12V isol 001201  12.372
12V is02 0.02530  12.200 12V is02 001285  12.379
33V 024023 3.329 33V 024576 3.328
12Vinondso 005000 12122 ) ;0 50404 24548 20306 827% 0424  LA/nondso 002520 12326 ga g1ce78 18783 14505 77.2% 0428
12V isol 002573  12.220 12V isol 001302  12.445
12V is02 002540  12.225 12V is02 001285  12.451
The following table shows the efficiency data for the converter with a 24V input.
Table 1. 12V Outputs @ Full Load Table 2. 12V Outputs @ Half Load
Output _ LOAD(A) VOUT(V) VIN(V) IVIN(A) Pin(W) Pout(W) EFF(%) Pdiss(W) Output LOAD(A) VOUT(V) VIN(V) IVIN(A) Pin(W) Pout(W) EFF (%) Pdiss(W)
3.3V 0.00979  3.329 3.3V 001556 3.328
12Vnon-iso 004760 11632 ) 4o (05057 14300 11513 80.5% 0279 L2vnmomiso 002410 11783 o, 015 003744 08990 06300 70.0%  0.269
12V isol 002422  11.695 12V isol 001241  11.837
12V is02 0.02409  11.699 12V is02 001245  11.840
33V 002109  3.329 33V 0.03765  3.329
12vnon-iso 004800 1169 ) 4o (06247 14997 12022 80.2% 0297 L2Vnondiso 002440 11879 015 00s195 10072 07144  709% 0293
12V isol 002422 11762 12V isol 001251  11.939
12V is02 002429 11764 12V is02 001255  11.944
33V 0.04970  3.329 33V 007079  3.329
12Vnon-iso 004830 11779 ) 004 006788 16204 13152 80.7% 0314 12/non-iso 002450 1L964 .00 00a796 11514 08342 72.4% 0317
12V isol 002462  11.852 12V isol 001271  12.041
12V is02 002440  11.852 12V is02 001265  12.048
33V 010744 3.329 33V 011949  3.329
12Vnon-iso 004870 11856 ) 3 07809 18792 15221 8LO% 0357 L2vnomiso 002470 12067 00, 0577 13748 10092 734% 0366
12V isol 002472 11.928 12V isol 001281  12.162
12V is02 002450  11.933 12V is02 001295  12.167
3.3V 012652  3.329 3.3V 015137  3.329
12Vnon-iso  0.04900 11940 , o) 08150 19561 16127  824% 0343 L2/non-iso 002480 12122, 00 g0ea3; 15214 11170 73.4%  0.404
12V isol 002522 12,027 12Visol 001281 12222
12V is02 0.02520  12.030 12V is02 001275  12.228
33V 017522 3.329 33V 017095 3.329
12Vnon-iso 004900 12018 ) 45 09101 21842 17741 8L2% 0410 L2vnondiso 002480 12155, 005 0oeess 16054 11826  737% 0423
12V isol 002492  12.106 12V isol 001201  12.257
12V is02 002480  12.111 12V is02 001255 12.262
33V 0.20685  3.329 33V 020158  3.329
12Vinon-so 004940 12061 ) 0, 09761 23428 1.8899 80.7% 0453 L2Unon-iso 002490 12199, 00 07218 17327 12834 741%  0.449
12V isol 002502 12.154 12V isol 001261 12.314
12V is02 002480  12.157 12V is02 001245  12.319
33V 024726 3.329 33V 024802 3.329
12Vuniso 005010 12118 5450 (9000) 25420 20598 8LO% 0482 L2vnomiso 002450 12269 000 o079 19303 14451  745% 049
12V isol 002503  12.217 12V isol 001271  12.379
12V is02 0.02560  12.221 12V is02 001265  12.389
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2.2.1 Cross Regulation

Voltage Regulation Data

VIN (V) [vouT3.3v (v)]10UT 3.3V (mA)]vouT 12v (V)| 10UT 12V (mA) [VOUT 12V iso(V) [ 10UT 12V iso(mA) [ VOUT 12V iso(V) | I0UT 12V iso(mA) |
No Load Conditions
7 3.328 0 11.861 0 12.051 0 12.101 0
12 3.328 0 11.854 0 12.056 0 12.104 0
45 3.328 0 11.992 0 12.126 0 12.158 0
Full Load Conditions
7 3.328 250 12.258 50 12.287 25 12.292 25
12 3.328 250 12.217 50 12.249 25 12.255 25
45 3.328 250 12.211 50 12.268 25 12.274 25
Cross Loading
7 3.328 250 12.706 0 12.860 0 12.872 0
7 3.328 0 11.832 0 11.376 25 11.379 25
7 3.328 250 12.236 50 12.621 0 12.639 0
7 3.328 0 11.536 50 12.087 0 12.139 0
7 3.328 0 11.518 50 11.579 25 11.581 25
7 3.328 250 12.207 50 12.610 0 12.629 0
12 3.328 250 12.701 0 12.853 0 12.864 0
12 3.328 0 11.832 0 11.382 25 11.385 25
12 3.328 250 12.328 50 12.619 0 12.637 0
12 3.328 0 11.538 50 12.083 0 12.135 0
12 3.328 0 11.506 50 11.573 25 11.574 25
12 3.328 250 12.184 50 12.576 0 12.592 0
45 3.328 250 12.701 0 12.852 0 12.863 0
45 3.328 0 11.807 0 11.575 25 11.575 25
45 3.328 250 12.213 50 12.586 0 12.602 0
45 3.328 0 11.537 50 12.094 0 12.146 0
45 3.328 0 11.509 50 11.594 25 11.594 25
45 3.328 250 12.362 50 12.657 0 12.670 0

This table shows the voltage regulation of the outputs under various extreme cross load conditions.
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2.3 Loop Gain

Graph 1. 3.3V @ 0.25A, 12V @ 0.05A, two 12V Isolated @ 0.025A
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Green) Vin=7V  Bandwidth = 14.47 kHz Phase Margin = 74.3 degrees  Gain Margin= 11.24 dB
Yellow) Vin=12V Bandwidth = 20.11 kHz Phase Margin = 82.3 degrees  Gain Margin=17.21 dB

Pink) Vin=45V Bandwidth = 25.85 kHz Phase Margin = 80.9 degrees

Graph 2. 3.3V @ 0.125A, 12V @ 0.025A, two 12V Isolated @ 0.0125A

Gain Margin=18.86 dB
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Green) Vin=7V  Bandwidth = 11.94 kHz Phase Margin = 90.2 degrees  Gain Margin=21.91 dB
Yellow) Vin=12V Bandwidth = 13.23 kHz Phase Margin = 83.9 degrees  Gain Margin= 25.07 dB
Pink) Vin=45V Bandwidth = 18.44 kHz Phase Margin = 85.9 degrees  Gain Margin= 26.62 dB
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Graph 3. 3.3V @ 0.125A, 12V @ 0.025A, two 12V Isolated @ 0A
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Yellow) Vin=12V Bandwidth = 16.65 kHz Phase Margin = 84.7 degrees  Gain Margin= 25.17 dB
Pink) Vin=45V Bandwidth = 25.18 kHz Phase Margin = 84.9 degrees  Gain Margin= 24.09 dB
Graph 3. 3.3V @ 0. 25A, 12V @ 0.05A, two 12V Isolated @ OA
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Green) Vin=7V  Bandwidth = 26.81 kHz Phase Margin = 70.8 degrees  Gain Margin=10.64 dB
Yellow) Vin=12V Bandwidth = 21.94 kHz Phase Margin = 82.0 degrees  Gain Margin=17.82 dB
Pink) Vin=45V Bandwidth = 36.04 kHz Phase Margin = 76.2 degrees  Gain Margin=17.86 dB
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2.4 Thermal Images

This thermal image shows the operating temperature of the board with 7V input and all outputs at full load.
The image was captured at room temperature after operating for 25 minutes.
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This thermal image shows the operating temperature of the board with 12V input and all outputs at full load.
The image was captured at room temperature after operating for 25 minutes.
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This thermal image shows the operating temperature of the board with 45V input and all outputs at full load.
The image was captured at room temperature after operating for 25 minutes.

10 Four-Output, SEPIC-Converter-Bias Power Supply Reference Design for Solar Panel Applications TIDT141 - October 2019
Copyright © 2019, Texas Instruments Incorporated



13 TEXAS
INSTRUMENTS

www.ti.com

3 Waveforms

3.1 Startup Sequence

2 Trigger DC
5.00 msidiv Stop 580V
500kS 1.00MS/s Edge Positive

T T e T e T T | i e e G e i T T T T e R Ee T e e T
R o e i e o e e e S bl ek ol e s e o ol e L

{80 LA SR A . .-.-1'

] sf Trigger DG
5.00 msidiv Stop H80V
500kS 1.00MS/s Edge Positive

Start-up sequence for Vin = 24V (Yellow), 3.3V @ 0A (Red), 12V @ OA (Blue), single 12V isolated @ OA (Green)
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Trigger DC
5.00 msidiv Stop H80V
500kS 1.00MS/s Edge Positive

Start-up sequence for Vin = 12V (Yellow), 3.3V @ 0.25A (Red), 12V @ 0.050A (Blue), single 12V isolated @
0.025A (Green)

B i e e e e e

T T e e T T e L
/

LA

Stop 580V
500k3 1.00MS5/s Edge Positive

Start-up sequence for Vin = 24V (Yellow), 3.3V @ 0.25A (Red), 12V @ 0.050A (Blue), single 12V isolated @
0.025A (Green)
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3.2 FET Switch Node

se -4.00 s
1.00 psidiv Stop 19V
400 kS 400GS/s Edge Positive

Switch node of FET with Vin = 7V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.

Timebase -4.00 ys
1.00 psidiv Stop 19V
400k3 4.00GS5S/s Edge Positive

Switch node of FET with Vin = 12V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
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1.00 psidiv Stop 10.0 W
400 kS 400GS/s Edge Positive

Switch node of FET with Vin = 45V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
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3.3 Output Voltage Ripple

Timebase -4.00 s
1.00 psidiv Stop 6.0 mv
400 kS 400GS/s Edge Positive

3.3V ripple voltage with Vin =12V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
Bandwidth = 20MHz

18

Timebase -4.00 ys
1.00 ysidiv Stop 137 mV
400 k3 400G5/s Edge Positive

3.3V ripple voltage with Vin = 45V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
Bandwidth = 20MHz
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Timebase -4.00 us
20.0 mVidiv 1.00 ysidiv Stop  19.8 mV
8 mV offset 400 k3 400G5/s Edge Positive

12V non-isolated ripple voltage with Vin = 12V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
Bandwidth = 20MHz

18

Timebase -4.00 ys§ Trigger oc
20.0 mVidiv 1.00 ysidiv Stop  19.6 mV
8 mv offset 400 kS 400GS/s Edge Positive

12V non-isolated ripple voltage with Vin = 45V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
Bandwidth = 20MHz

16 Four-Output, SEPIC-Converter-Bias Power Supply Reference Design for Solar Panel Applications TIDT141 - October 2019
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Timebase -4.00 psf Trigger  CEES

20.0 mVidiv 1.00 ysidiv Stop  17.0 mV
4 mV offset 400 k3 400G5/s Edge Positive

12V isolated ripple voltage with Vin = 12V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
Bandwidth = 20MHz

18

Timebase -4.00 ps] Trigger  E2ES

20.0 mvidiv 1.00 ysidiv Stop  19.0 mV
3 mV offset 400 kS 400GS/s Edge Positive

12V isolated ripple voltage with Vin = 45V, 3.3V @ 0.25A, 12V @ 0.050A, two 12V isolated @ 0.025A.
Bandwidth = 20MHz
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3.4 Load Transients

-3.00 ms} Trigger  CEES
1.00 msidiv Stop 165 mA
500k3 500MS/s Edge Positive

100mA to 250mA load transient (green) on the 3.3V output (blue) for Vin = 12V, two 12V Isolated @ 0.025A and
12V @ 0.05A.

Tl

: msf Trigger (6
20.0 mA/diy Roll 500 msidv Stop  29.0 mA
0 mA offsef 500kS 100kSfs Edge Positive

20mA to 50mA load transient (green) on the 12V output (blue) for Vin = 12V, two 12V Isolated @ 0.025A and
3.3V @ 0.25A.
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e -100 ms
10.0 mA/diy Roll  500msidv Stop 290 mA
0 mA offsed 50.0kS 100kSfs Edge  Positive

10mA to 25mA load transient (green) on the isolated 12V output (blue) for Vin = 12V, 12V @ 0.05A and
3.3V @ 0.25A.
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