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1. Design Specifications
Vin Minimum 9VvDC
Vin Maximum 50vDC
Vout 12VvDC @ 25A
Nominal Switching Frequency = 230KHz

2. Design Specifications

PMP21278 is a 300W power supply utilizing the LM5176 4-switch buck-boost controller for industrial
applications. This design can operate from 9V to 50V. The design has a 12V output and capable of
sourcing 25A continuous current. Switching frequency is set to 230kHz. PMP21278 is assembled on
SV601348A PCB. Three 6.8mF, 65V rated electrolytic capacitors are used to damp the input supply’s
wiring inductance for all test data taken on this test report.

3. Board Photo

Board Dimensions: 92.7mm x 92.7mm

-

Board Photo (Top)
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Board Photo (Bottom)
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4. Efficiency

4.1 Efficiency Chart

PMP21278 Efficiency
100.000
90.000 -
80.000 -
z =¢=—9Vin
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& 24Vin
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==i&=50Vin
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lout(A)
4.2 Bode Plot
Vin(V) lin(A) Vout(V) | lout(A) | Pin(W) | Pout(W) | Ploss(W) | Efficiency
9.032 0.310 | 12.063 0.116 2.800 1.399 1.401 49.976
9.033 0.510 | 12.064 0.264 4.607 3.185 1.422 69.137
9.033 0.844 | 12.064 0.514 7.624 6.201 1.423 81.339
9.033 1.182 | 12.064 0.764 | 10.677 9.217 1.460 86.329
9.033 1.520 | 12.064 1.016 | 13.730 | 12.257 1.472 89.277
9.033 1.860 | 12.065 1.264 | 16.801 | 15.250 1.551 90.769
9.032 2.202 | 12.065 1.516 | 19.889 | 18.290 1.599 91.961
9.033 2.542 | 12.065 1.764 | 22961 | 21.283 1.677 92.695
9.033 2.880 | 12.066 2.014 | 26.014 | 24.300 1.714 93.412
9.032 3.218 | 12.065 2.262 | 29.066 | 27.291 1.775 93.893
9.033 3.556 | 12.066 2.514 | 32.121| 30.333 1.787 94.435
9.033 3.896 | 12.066 2.764 | 35.191 | 33.351 1.840 94.772
9.032 4,234 | 12.066 3.014 | 38.244 | 36.368 1.876 95.095
9.033 4,574 | 12.066 3.264 | 41.315| 39.384 1.931 95.327
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9.032| 4914 | 12.066| 3514| 44385| 42400| 1.984| 95529
9.032| 5596 | 12.067| 4.014| 50.545| 48.436| 2.109| 95.828
9.032| 6.278| 12.067| 4514| 56704 | 54470 2.235| 96.059
9.032| 6962| 12.067| 5.014| 62.882| 60504 | 2.378| 96.219
9.032| 8330| 12.068| 6.014| 75240 | 72.577| 2.663| 96.460
9.032| 9.704| 12.069| 7.014| 87.649| 84.653| 2.995| 96.583
9.032 | 11.084| 12.071| 8.014|100.112| 96.734| 3.378| 96.625
9.032 | 12.468 | 12.072| 9.012] 112612 | 108.794 | 3.819| 96.609
9.032 | 13.858 | 12.074 | 10.014 | 125.171 | 120.911| 4.260 | 96.597
9.032 | 17.352 | 12.077| 125512 156.731 | 151.112 | 5619| 96.415
9.032 | 20.874 | 12.081| 15.014 | 188.539 | 181.380 | 7.159 | 96.203
9.032 | 24.436 | 12.083 | 17.512 | 220.706 | 211.595 | 9.111| 95.872
9.032 | 28.186| 12.085| 20.126 | 254.568 | 243.230 | 11.338| 95.546
9.032 | 31.808 | 12.087 | 22.622 | 287.279 | 273.435 | 13.844| 95.181
9.032 | 35.404 | 12.068 | 25.120 | 319.757 | 303.159 | 16.598 | 94.809

12.041| 0210 12.059| 0112] 2529| 1351| 1178 53.414
12.041| 0360| 12.059| 0262| 4335| 3.160| 1.175| 72.888
12.041| 0614| 12060 0512| 7393| 6.174| 1.219| 83.516
12.041| 0868 12.060| 0.762| 10452| 9.190| 1.262| 87.926
12041 | 1122 12060 1012| 13510| 12.205| 1.305| 90.338
12.041| 1.376| 12060 1.262| 16568| 15220| 1.349| 91.860
12.041| 1.628| 12.060| 1514| 19.603| 18.259| 1.343| 93.148
12.041| 1.880| 12060 1.762| 22.637| 21.250| 1.387| 93.875
12041 | 2134 12060 2012| 25695| 24.266| 1.430| 94.436
12.041 | 2.386| 12.061| 2262| 28729| 27.282| 1.447| 94.963
12.041| 2638 12061 2512| 31.764| 30.298| 1.467| 95.383
12041 | 2892 12062 2762| 34.823| 33.314| 1.509| 95.667
12.041 | 3.144| 12062 3.012| 37.856| 36330| 1.526| 95.969
12.041 | 3.400| 12.062| 3.262| 40.939| 39.346| 1.593| 96.108
12.041 | 3.652| 12062 3512| 43973| 42362| 1610| 96.338
12.041| 4162 12.063| 4.014| 50.114| 48.421| 1.694| 96.621
12.041 | 4.668| 12.063| 4512| 56.207| 54428| 1.778| 96.836
12.041| 5.178| 12.063| 5014| 62349| 60.486| 1.863| 97.012
12041 | 6.196| 12.065| 6.012| 74607 | 72.534| 2072| 97.222
12.041| 7.218| 12066| 7.012| 86912| 84.609| 2303 97.350
12.041| 8240 12067 8014| 99.216| 96.702| 2513| 97.467
12.041| 9.264| 12.067| 9.012] 111.547 | 108.752| 2.795| 97.494
12.041 | 10292 | 12.068| 10.014| 123.926 | 120852 | 3.074| 97.520
12.041 | 12.868 | 12.071| 12.512| 154.942 | 151.029| 3.913| 97.474
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12.041 | 15.456 | 12.073 | 15.012] 186.102 | 181.239| 4.863 | 97.387
12.041 | 18.058 | 12.077 | 17.512 | 217.429 | 211.485| 5.944| 97.266
12.041 | 20794 | 12.080 | 20.126 | 250.378 | 243.124| 7.254| 97.103
12.041 | 23.420| 12.082| 22.622|281.997 | 273.310| 8.687| 96.919
12.041 | 26.014 | 12.063 | 25.120| 313.224 | 303.030 | 10.194 | 96.745
24083 | 0.206| 12.054| 0112] 4961| 1350| 3611| 27.212
24083 | 0280| 12054| o0262] 6743 3.158| 3585| 46.832
24.083 | 0406 | 12.054| 0512| 9778| 6171 3.606| 63.116
24084 | 0530| 12.054| 0.762| 12.764| 9.185| 3.579| 71.958
24.083 | 0658 | 12.054| 1.012| 15.847| 12.199| 3.648| 76.977
24083 | 0782 12.054| 1.262| 18833 | 15212 3.622| 80.771
24083 | 0908 | 12.053| 1.512| 21.867| 18.225| 3.643| 83.342
24.083 | 1.034| 12.054| 1764 24.902| 21.262| 3.640| 85.384
24083 | 1.160| 12.054 | 2.014| 27.937| 24276 3.661| 86.896
24.083 | 1.286| 12.053| 2.262| 30971| 27.264| 3.707| 88.032
24083 | 1.412| 12.054 | 2.512| 34.005| 30279 | 3.726| 89.043
24.083 | 1538 | 12.054| 2762| 37.040| 33.292| 3.748| 89.882
24.083 | 1.664 | 12.054| 3.012| 40.074| 36.306| 3.769| 90.59
24083 | 1790 | 12.054 | 3.262| 43.109| 39319 3790 | 91.209
24.083 | 1918 | 12.054| 3.512| 46.191| 42.332| 3.859| 91645
24083 | 2174 | 12.054| 4.014| 52357| 48383| 3.973| 92411
24.083 | 2.432| 12.054| 4514| 58569| 54.410| 4.159| 92.899
24083 | 2.692| 12.054| 5012| 64.832| 60414| 4.417| 93.186
24.083 | 3.214| 12054| 6.012] 77.402| 72468| 4.93a| 93.626
24.083 | 3.730| 12.054| 7.014| 89.829| 84.548| 5.281| 94.121
24.083 | 4.244| 12.054| 8.012]102.206| 96578 | 5.628| 94.493
24.083 | 4.758 | 12.054| 9.014 | 114.585 | 108.653 | 5.933 | 94.823
24082 | 5276 | 12.054| 10.014 | 127.057 | 120.704 | 6.353 |  95.000
24.082 | 6.572| 12.061| 12.512 | 158.266 | 150.909 | 7.357 | 95.352
24.081 | 7.876| 12.069| 15.012 | 189.664 | 181.177 | 8.487 | 95525
24081 | 9.84 | 12.071| 17512 221.156 | 211.395| 9.761| 95.586
24.080 | 10.558 | 12.073 | 20.124 | 254.237 | 242.956 | 11.281| 95.563
24.079 | 11.878 | 12.075| 22.622 | 286.006 | 273.151 | 12.855 | 95.505
24.078 | 13.180 | 12.055| 25.120 | 317.348 | 302.810 | 14.538 | 95.419
36116 | 0216| 12.077| 0112| 7801 1.353| 6.448| 17.339
36.115| 0264 | 12.077| 0258| 9534 3.116| 6.419| 32679
36.115| 0346 | 12.076| 0512 12496 | 6183 | 6.313| 49.481
36.115| 0430 | 12.077| 0.762| 15529 9.203| 6.327| 59.259
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36.115| 0514 | 12.077| 1.012] 18563 | 12.222| 6.342] 65.837
36.115| 0596 | 12.077 | 1.262| 21.525| 15241| 6.284| 70.805
36.115| 0.682| 12.076| 1514| 24.631| 18.284| 6.347| 74.231
36.115| 0764 | 12.077| 1.764| 27592 | 21.304| 6.288| 77.211
36.115| 0.850 | 12.077 | 2.014| 30.698 | 24.322| 6.375| 79.231
36.115| 0934 | 12.076| 2.264| 33.732| 27.341| 6.391| 81.053
36.115| 1.018 | 12.076| 2.512| 36.766| 30.335| 6.430| 82510
36.115| 1.102 | 12.076 | 2.762| 39.799 | 33.355| 6.444| 83.808
36.115| 1.186| 12.076| 3.012| 42.833| 36372| 6.461| 84.915
36.115| 1.270| 12.076| 3.262| 45866 39.393| 6.474| 85.886
36.115| 1.354| 12.076| 3.514| 48.900 | 42.434| 6.466| 86.778
36.115| 1.524 | 12.076| 4.012| 55.039 | 48.448| 6.591 | 88.025
36.115| 1.690 | 12.075| 4512| 61.034| 54.484| 6550| 89.269
36.115| 1.866| 12.075| 5.012| 67.390 | 60.522| 6.869 | 89.808
36.115| 2214 | 12.075| 6.012| 79.958 | 72.592| 7.366| 90.788
36.115| 2568 | 12.074| 7.014| 92742 | 84684 | 8058 | 91311
36.115| 2924 | 12.071| 8014105599 | 96.741| 8.859| 91.611
36.114 | 3.272| 12.071| 9.012| 118.166 | 108.783 | 9.383 | 92.059
36.114 | 3.618 | 12.069 | 10.014 | 130.661 | 120.862 | 9.798 | 92.501
36.113 | 4.488 | 12.067 | 12.512 | 162.077 | 150.985 | 11.092 | 93.156
36.112 | 5.366| 12.075| 15.012 | 193.778 | 181.267 | 12.511 | 93.544
36.111| 6.250 | 12.081 | 17.512 | 225.696 | 211.558 | 14.138 | 93.736
36.110 | 7.176 | 12.081 | 20.126 | 259.124 | 243.152| 15973 | 93.836
36.108 | 8.064 | 12.080 | 22.622 | 291.177 | 273.270 | 17.907 | 93.850
36.107 | 8926 | 12.036| 25120 322.289 | 302.341| 19.948 | 93.811
50.164 | 0206 | 12.162| 0112 10334 1362| 8972| 13.181
50.164 | 0.238| 12.160| 0.262| 11.939| 3.186| 8753 | 26.686
50.164 | 0298 | 12.158| 0512 14.949| 6225| 8724 | 41640
50.164 | 0360 | 12.156| 0.762| 18.059| 9.263| 8796 | 51.291
50.164 | 0.420| 12.154| 1.012| 21.069| 12.299| 8770 | 58377
50.164 | 0480 | 12.151| 1.258| 24.079| 15285| 8.793| 63.480
50.164 | 0540 | 12.149| 1.514| 27.089| 18393 | 8.696 | 67.899
50.164 | 0.600 | 12.147 | 1.764| 30.098| 21.427| 8671| 71190
50.164 | 0.662 | 12.145| 2.014| 33.209| 24.460 | 8749 | 73.656
50.164 | 0722 | 12142 | 2.264| 36219 27.490| 8.728| 75.901
50.164 | 0782 | 12.140| 2512 39.228| 3049 | 8.733| 77.739
50.164 | 0.842 | 12.139| 2.762| 42.238| 33528| 8711| 79377
50.164 | 00904 | 12.137| 3.012| 45.348| 36557| 8.791| 80.614
50.164 | 00964 | 12.136| 3.262| 48.358| 39587 | 8.771| 81862
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50.164 | 1.024 | 12.134| 3514| 51.368| 42.638| 8730| 83.004
50.164 | 1.146 | 12.131| 4.014| 57.488 | 48692| 8796| 84.699
50.164 | 1.270 | 12.128 | 4514 | 63.708| 54.745| 8964 | 85.930
50.164 | 1.394 | 12.125| 5014| 69.929| 60.796 | 9.132| 86.941
50.164 | 1.644 | 12.121| 6.012| 82469 | 72.872| 9597| 88362
50.164 | 1.902 | 12.118 | 7.014| 95411 | 84.993| 10.418| 89.081
50.163 | 2.162 | 12.115| 8.014| 108453 | 97.091| 11362 | 89.524
50.163 | 2.426 | 12.111| 9.012 | 121.696 | 109.148 | 12.547 | 89.690
50.163 | 2.682 | 12.109 | 10.014 | 134.536 | 121.259 | 13.278 | 90.131
50.162 | 3.316 | 12.103 | 12.512 | 166.337 | 151.432 | 14.906 | 91.039
50.161 | 3.952 | 12.101 | 15.014 | 198.238 | 181.683 | 16.555| 91.649
50.160 | 4.596 | 12.106 | 17.514 | 230.535 | 212.016 | 18.519 | 91.967
50.158 | 5.274 | 12.114| 20.126 | 264.535 | 243.815 | 20720 | 92.167
50.157 | 5.922 | 12.116 | 22.622 | 297.027 | 274.078 | 22.949 | 92.274
50.155 | 6.546 | 12.057 | 25.120 | 328.313 | 302.879 | 25.434 | 92.253

5. Thermal

2B 2087

Thermal shot is take after thermal equilibrium without airflow, 12Vin, 12Vout full load.

9
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6. Waveforms

6.1 Switching Waveform and Output Ripple

9Vin, 12Vout, full load. Ch1 buck switch, Ch3 boost switch, Ch2 output AC coupled.

LeCroy

Wawy Buck -

c1

Wawy Boogt

[}

“out
o2 A NGNS ) P o ,; ST ot

12Vin, 12Vout, full load. Ch1 buck switch, Ch3 boost switch, Ch2 output AC coupled.
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LeCroy

24Vin, 12Vout, full load. Ch1 buck switch, Ch3 boost switch, Ch2 output AC coupled.

LeCroy
B
|
g
W B Dst
' ' i

c3

36Vin, 12Vout, full load. Ch1 buck switch, Ch3 boost switch, Ch2 output AC coupled.
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LeCroy

Vs Booaé

C3

50Vin, 12Vout, full load. Ch1 buck switch, Ch3 boost switch, Ch2 output AC coupled.

6.2 Start Up

LeCroy

5]

win

Ci

Wout

C3

PGOOD

ot

9Vin, 12Vout at full load. Ch1 Vin, Ch2 Vout, Ch3 PGOOD, and Ch4 lout.

12

Xinyu Dai November 18, 2017



I3 TEXAS

INSTRUMENTS Test Report PMP21278
LeCroy
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24Vin, 12Vout at full load. Ch1 Vin, Ch2 Vout, Ch3 PGOOD, and Ch4 lout.
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]

c2

PGOOD
c3

o lout

36Vin, 12Vout at full load. Ch1 Vin, Ch2 Vout, Ch3 PGOOD, and Ch4 lout.

LeCroy

win

5]

[

PEOOD

lost

50Vin, 12Vout at full load. Ch1 Vin, Ch2 Vout, Ch3 PGOOD, and Ch4 lout.
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6.3 Transient Response

LeCroy

\

C4

imebase -400 pz| [Trigger

9Vin, 12Vout 10A to 25A load transient. Ch4 measures lout, and Ch2 measures Vout.

LeCroy

[

T AT s 2%

\

[

12Vin, 12Vout 10A to 25A load transient. Ch4 measures lout, and Ch2 measures Vout.
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LeCroy

o B /\“‘W

\

C4

imebase

24Vin, 12Vout 10A to 25A load transient. Ch4 measures lout, and Ch2 measures Vout.

LeCroy

\

C4

imebase -400 pz| | Trigoer [C4[DC]

36Vin, 12Vout 10A to 25A load transient. Ch4 measures lout, and Ch2 measures Vout.
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LeCroy

c4

imebase -400 ps| | Trigger
2 1]

50Vin, 12Vout 10A to 25A load transient. Ch4 measures lout, and Ch2 measures Vout.

6.4 Short Circuit
LeCroy
H\'\
%\\ ’
e

ca PGOOD

lin
C _/"J H‘"—w._ T .

9Vin, 12Vout, no load short circuit, Ch2 Vout, Ch3 PGOOD, Ch4 lin
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LeCroy

™
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i |
i Y i o

PGOO0

C3

lin

LeCroy
rd
Cz i
i T ; i il
G4 ™ e s A

50Vin, 12Vout, no load short circuit, Ch2 Vout, Ch3 PGOOD, Ch4 lin
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6.5 Short Circuit Recovery

LeCroy

c2

PGOOD

4 ___...;w

LeCroy

CeH

9Vin, 12Vout, full load short circuit recovery, Ch1l lout, Ch2 Vout, Ch3 PGOOD, Ch4 lin
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out ..i'-"‘-#

C2

PEOOD

12Vin, 12Vout, no load short circuit recovery, Ch2 Vout, Ch3 PGOOD, Ch4 lin

LeCroy

DL e

lout

imebase  -20.0 ms| | Trigger
200 mzidi i}

12Vin, 12Vout, full load short circuit recovery, Chl lout, Ch2 Vout, Ch3 PGOOD, Ch4 lin
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LeCroy

50Vin, 12Vout, full load short circuit recovery, Ch2 Vout, Ch3 PGOOD, Ch4 lin
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6.6 Overload
LeCroy

Win

3

lout

[

9Vin, 12Vout, 10A to 30A load step, Ch2 Vout, Ch3 Vin, Ch4 lout

ci

C3

lout

=5

12Vin, 12Vout, 10A to 30A load step, Ch2 Vout, Ch3 Vin, Ch4 lout
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LeCroy
ity g

[

Win

C3

lout

4

imebase

24Vin, 12Vout, 10A to 30A load step, Ch2 Vout, Ch3 Vin, Ch4 lout

Wout

P, H_;M\ e

3

lout

C4

36Vin, 12Vout, 10A to 30A load step, Ch2 Vout, Ch3 Vin, Ch4 lout
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LeCroy
i,
m \\h_
Win
C':E
lout
al

4

10.0 ' fcliv S0.0 % i 10.0 Addliv
20.00 % offset 0.00 % offset -30.00 A ofst

20.0 mssdiv | Stop

200 kS 1.0 MSis |Edge

50Vin, 12Vout, 10A to 30A load step, Ch2 Vout, Ch3 Vin, Ch4 lout

6.7 Bode Plot

Mag [B/A] (dB) | PMP21278 Control Loop 9Vin 12Vout 25A CC load Phase [B-A] (deg)

120.000

80.000 ‘ ‘

a0 | T e T
woo| WWW
om0 m i %W
o | s
0% I | D e I
0 S A o | | =
50 1 T
so| R NG e
e A IIIIIIII

96.000
72.000
48.000
24.000
0.000
-24.000
-48.000

-120.000 =
100 1k 10k 100 k
[L ]
= u;z Hz I;fmmz Lz ":z :
aaaaaaaaaaaaaaaaaaaaaaaaa
vvvvv 0044

Bode plot taken at 9Vin, 12Vout @ 25A, phase margin is 65.5 degrees, gain margin is 14.57dB.
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Mag [B/A] (dB) ’ PMP21278 Control Loop 12Vin 12Vout 25A CC load Phase [B-A] (deg)
80.000 120.000 -
crono | \ \ \HHH \ 15 1
48.000 | ERE L 72.000
32.000 N 48.000
16.000 ﬁrm 24.000
0.000 ‘ | e 0.000
-16.000 ‘—’—HW—'—FW TN -24.000
o V—Y_HW—WWTTT“ o
-48.000 ! AN K 72,000
64.000 —’—HTH -96.000
oo ] 1 A

100 1k 10k

Data ML [m2 M2- ML

Frequency 4.00 kHz 1524 kHz 11.24 kHz
Magnitude 001 d8 -13890 dB -13809 dB
Phase 64.631 deg 0058 deg 64638 deg

Bode plot taken at 12Vin, 12Vout @ 25A, phase margin is 64.63 degrees, gain margin is 13.89dB.

Mag [B/A] (dB) ’ PMP21278 Control Loop 24Vin 12Vout 25A CC load

T
R ol

[ i,
ﬁWﬁW

Phase [B-A] (deg)

120.000

96.000
72.000
48.000
24.000
0.000
-24.000
-48.000
-72.000
-96.000

-120.000

Data ML [m2 M2~ ML

Frequency 476 kHz 6805 kHz 6328 Kz
Magnitude 0006 d& 33165 dB 33159 dB
Phase 68527 deg 0007 deg 68534 deg

Bode plot taken at 24Vin, 12Vout @ 25A, phase margin is 68.53 degrees, gain margin is 33.17dB.
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Mag [B/A] (dB) ’ PMP21278 Control Loop 36Vin 12Vout 25A CC load Phase [B-A] (deg)
80.000 140.000 =
64.000 112.000
48.000 84.000
32.000 | 56.000
16.000 28.000
0.000 0.000
-16.000 -28.000
-32.000 -56.000
-48.000 -84.000
-64.000 -112.000
-80.000 -140.000 =
100
I 1
e S e S

Magnitude 0001 d8 34016 dB 24015 dB
Phase 71182 deg 0013 deg 71196 deg

Bode plot taken at 36Vin, 12Vout @ 25A, phase margin is 71.18 degrees, gain margin is 34.02dB.

Mag [B/A] (dB) ’ PMP21278 Control Loop 50Vin 12Vout 25A CC load Phase [B-A] (deg)
80.000 140.000 =
64.000 112.000
48.000 84.000
32.000 56.000
16.000 28.000
0.000 0.000
-16.000 -28.000
-32.000 -56.000
-48.000 -84.000
-64.000 -112.000
-80.000 -140.000 =
100
I 1
R A
Phase 72488 deg 0030 deg 7358 deg

Bode plot taken at 50Vin, 12Vout @ 25A, phase margin is 73.5 degrees, gain margin is 35dB.
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