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1. Design Specifications
Vin Minimum -35VDC
Vin Maximum -60VDC
Vout +14.5VDC @ 8.5A
Nominal Switching Frequency = 150KHz

2. Circuit Description

PMP20371 is a synchronous buck boost design utilizing the LM5122 for telecom applications. This
design has a minimum operating input voltage of -35V and a maximum input voltage of -

60V. Switching frequency is set to 150kHz. The design is built on PMP20371 PCB, 4 layer board with
20z copper on each layer.

3. PMP20371 Board Photos

Board Dimensions: 101.3mm x 53.2mm
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Board Photo (Top)
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Board Photo (Bottom)

4. Efficiency

4.1 Efficiency Chart

PMP20371 Efficiency
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4.2 Efficiency Data

Vin(V) lin(A) Vout(V) | lout(A) | Pin(W) | Pout(W) | Losses(W) | Efficiency
35.009 0.007 14.562 0.000 0.245 0.000 0.245 0.000
35.009 0.075 14.562 0.102 2.626 1.485 1.140 56.568
35.009 0.262 14.562 0.502 9.172 7.310 1.862 79.699
35.008 0.475 14.562 1.002 16.629 14.591 2.038 87.746
35.008 0.706 14.562 1.502 24.716 21.872 2.843 88.495
35.008 0.927 14.562 2.002 32.452 29.153 3.299 89.834
35.007 1.148 14.563 2.502 40.188 36.435 3.753 90.662
35.007 1.362 14.563 3.002 47.679 43.719 3.961 91.693
35.006 1.576 14.562 3.500 55.170 50.967 4.203 92.383
35.006 1.822 14.562 4.074 63.781 59.327 4,454 93.016
35.006 2.037 14.562 4,572 71.307 66.578 4729 93.368
35.005 2.256 14.562 5.072 78.972 73.859 5.113 93.525
35.006 2.474 14.562 5.572 86.604 81.141 5.463 93.692
35.005 2.693 14.562 6.072 94.269 88.423 5.846 93.799
35.005 2.913 14.562 6.572 | 101.970 95.704 6.266 93.855
35.005 3.133 14.563 7.072 | 109.671 | 102.989 6.682 93.907
35.005 3.356 14.563 7.574 | 117.478 | 110.296 7.181 93.887
35.005 3.578 14.563 8.074 | 125.249 | 117.579 7.670 93.876
35.006 3.802 14.562 8.576 | 133.093 | 124.884 8.209 93.832
35.007 4.027 14.563 9.070 | 140.973 | 132.084 8.888 93.695
35.007 4.253 14.563 9.572 | 148.887 | 139.394 9.493 93.624
35.008 4481 14.563 10.074 | 156.873 | 146.704 10.169 93.518
35.010 4,710 14.563 10.576 | 164.897 | 154.016 10.881 93.401
35.012 4.940 14.562 11.076 | 172.957 | 161.292 11.665 93.255
48.015 0.007 14.575 0.000 0.336 0.000 0.336 0.000
48.015 0.058 14.577 0.102 2.785 1.487 1.298 53.389
48.015 0.191 14.576 0.502 9.171 7.317 1.854 79.787
48.015 0.364 14.577 1.002 17.477 14.606 2.871 83.570
48.015 0.539 14.576 1.504 25.880 21.923 3.957 84.709
48.014 0.678 14.577 2.002 32.553 29.182 3.371 89.644
48.013 0.858 14.576 2.504 | 41.196 36.499 4.696 88.600
48.013 1.017 14.576 3.004 | 48.829 43.788 5.042 89.675
48.013 1.174 14.576 3.504 56.367 51.075 5.292 90.612
48.012 1.352 14.576 4.070 64.913 59.326 5.587 91.394
48.012 1.509 14.576 4.570 72.450 66.613 5.838 91.942
48.011 1.667 14.576 5.070 80.035 73.902 6.133 92.337
48.011 1.826 14.576 5.570 87.668 81.186 6.481 92.607
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48.011| 1.985| 14576| 6.070| 95301 | 88.476 6.825 | 92.838
48.010 | 2.146| 14576 | 6.570 | 103.030 | 95.765 7.265 |  92.949
48.010 | 2.306| 14.576| 7.070 | 110.712 | 103.054 7.658 | 93.083
48.010 | 2.468 | 14577 | 7.572| 118.488 | 110.374 8.115| 93.152
48.010 | 2.629| 14576| 8.072 | 126.218 | 117.657 8561 | 93217
48.010 | 2792 | 14575| 8.572 | 134.043 | 124.940 9.103 | 93.209
48.010 | 2954 | 14576 | 9.072 | 141.821 | 132.229 9.592 | 93.237
48.010 | 3.119| 14576 | 9.574 | 149.744 | 139.546 | 10.198 | 93.190
48.010 | 3.282| 14576 | 10.074 | 157.569 | 146.840 | 10729 | 93.191
48.011 | 3.448 | 14576 | 10.574 | 165.541 | 154.122 | 11.419 | 93.102
48.011| 3.614| 14576 | 11.074 | 173.513 | 161.414 | 12.100 | 93.027
60.015| 0008 | 14.596| 0.000| 0.480] 0.000 0.480 |  0.000
60.015| 0050 | 14592 | 0.102| 3.001| 1.488 1512 |  49.602
60.015| 0.165| 14593 | 0.500| 9902 7.297 2.606 | 73.685
60.014 | 0312 | 14.595| 1.002| 18.725| 14.624 4100 | 78.102
60.014 | 0437 | 14594 | 1502 26.226| 21.921 4306 | 83.582
60.014 | 0566 | 14.595| 2.002| 33.968| 29.219 4748 | 86.021
60.013 | 0691 | 14.594 | 2.502| 41.469| 36.515 4954 | 88.054
60.013 | 0.831| 14.595| 3.002| 49.871| 43.814 6.057 | 87.855
60.012| 0957 | 14593 | 3.502| 57.432| 51.106 6326 | 88.985
60.012 | 1.099 | 14.594 | 4.070| 65953 59.397 6.556 | 90.059
60.011| 1.225| 14593 | 4.568| 73.514| 66.662 6.852 | 90.680
60.011| 1.352| 14.593| 5.068| 81.135]| 73.959 7175 |  91.156
60.011| 1.480| 14.593| 5568 | 88.816| 81.256 7.559 |  91.489
60.010 | 1.607 | 14.594 | 6.070| 96.436| 88.584 7.852 | 91.857
60.009 | 1.735| 14.594| 6.568 | 104.116 | 95.852 8.264 | 92.063
60.009 | 1.864 | 14.593 | 7.070 | 111.856 | 103.176 8.681 | 92.239
60.009 | 1.993 | 14.593 | 7.572 | 119.597 | 110.501 9.097 | 92.394
60.008 | 2.122| 14594 | 8.072 | 127.338 | 117.800 9.538 | 92.510
60.008 | 2.252| 14.593 | 8572 135.137| 125.093 | 10.044 | 92.567
60.008 | 2382 | 14.593| 9.072|142.938| 132.390 | 10549 | 92.620
60.008 | 2513 | 14.594 | 9.572 150799 | 139.696 | 11.104 | 92.637
60.008 | 2.644 | 14.593 | 10.070 | 158.660 | 146.954 | 11.706 | 92.622
60.007 | 2.775| 14.593 | 10.572 | 166.521 | 154.282 | 12.239 | 92.650
60.008 | 2.908 | 14.593 | 11.074 | 174.502 | 161.598 | 12.904 | 92.605
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5 Thermal Images

08/18/2016 15:51:25

Top Thermal was taken at -35Vin, 8.5A load when the board reaches equilibrium without airflow.

21.0

08/18/2016 15:51:02

Bottom Thermal was taken at -35Vin, 8.5A load when the board reaches equilibrium without airflow.
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08/18/2016 19:29:55

Top Thermal was taken at -48Vin, 8.5A load when the board reaches equilibrium without airflow.

08/18/2016 19:30:06

Bottom Thermal was taken at -48Vin, 8.5A load when the board reaches equilibrium without airflow.
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08/18/2016 FAVR RCH I

Top Thermal was taken at -60Vin, 8.5A load when the board reaches equilibrium without airflow.

08/18/2016 20:113:21

Bottom Thermal was taken at -60Vin, 8.5A load when the board reaches equilibrium without airflow.
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6 Waveform

6.1 Low Side Vds Switching

LeCroy

o3 Waw

Iﬁ

-35Vin, 8.5A load. Ch3 measures low side FET Vds.

LeCroy

c3

Zoomed switching edge of -35Vin, 8.5A load. Ch3 measures low side FET Vds.
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LeCroy
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-48Vin, 8.5A load. Ch3 measures low side FET Vds.

LeCroy

[osc] WE
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&

Zoomed switching edge of -48Vin, 8.5A load. Ch3 measures low side FET Vds.
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LeCroy

o] Wiy

Ii

-60Vin, 8.5A load. Ch3 measures low side FET Vds.

LeCroy

c3 Wiz

Zoomed switching edge of -60Vin, 8.5A load. Ch3 measures low side FET Vds.
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6.2 High Side Vds Switching

LeCroy

Hit'd=

i

-35Vin, 8.5A load. Ch4 measures high side FET Vds.

LeCroy
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Zoomed switching edge of -35Vin, 8.5A load. Ch4 measures high side FET Vds.
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LeCroy
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-48Vin, 8.5A load. Ch4 measures high side FET Vds.

LeCroy
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Zoomed switching edge of -48Vin, 8.5A load. Ch4 measures high side FET Vds.
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LeCroy
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-60Vin, 8.5A load. Ch4 measures high side FET Vds.

n Hi Yeds
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e

Zoomed switching edge of -60Vin, 8.5A load. Ch4 measures high side FET Vds.
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6.3 Load Transient

LeCroy
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T
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-35Vin, 3.4A-6.8A load step. Ch2 measures output voltage, Ch4 measures load current.

-200 p=| [Trigger
(n]4]
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LeCroy

~

C

—

-48Vin, 3.4A-6.8A load step. Ch2 measures output voltage, Ch4 measures load current.

-200 p=| [Trigger [C4[DC)
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LeCroy

-200 ps| |Trigger [C4[D 0]
op

-60Vin, 3.4A-6.8A load step . Ch2 measures output voltage, Ch4 measures load current.

6.4 Start Up
LeCroy
ii'nR\
#__:____...--".-—
vout -.F_.-r-'p-r-".—.d—
G2 — o~

C3

-35Vin, 8.4A load. Ch1l measures input voltage, Ch2 measures output voltage, Ch3 measures SW.
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LeCroy
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-35Vin, 0A load. Ch1l measures input voltage, Ch2 measures output voltage, Ch3 measures SW.

LeCroy

in

. ot F““

-10.0 ms| |Trigger

-48Vin, 8.4A load. Ch1l measures input voltage, Ch2 measures output voltage, Ch3 measures SW.
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LeCroy

in

Wout

o2 S -

-48Vin, 0A load. Ch1 measures input voltage, Ch2 measures output voltage, Ch3 measures SW.

LeCroy

*in

-60Vin, 8.4A load. Ch1l measures input voltage, Ch2 measures output voltage, Ch3 measures SW.
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LeCroy

in

cCi

Wout

-60Vin, 0A load. Ch1l measures input voltage, Ch2 measures output voltage, Ch3 measures SW.

6.5 Output Switching Ripple

LeCroy

VAR

Wout

?

-35Vin, 8.4A load. Ch2 measures output voltage ripple.
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LeCroy

VAR 2 IRV N

Iﬁ

-48Vin, 8.4A load. Ch2 measures output voltage ripple.

LeCroy

. / \ / F \\ £,

Iﬁ

-60Vin, 8.4A load. Ch2 measures output voltage ripple.
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6.6 Bode Plot
Mag [B/A] (dB) ’ PMP20371 Control Loop -35Vin 8.5A CC load Phase [B-A] (deg)
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-35Vin, 8.5A load bode plot, 75.5 degrees phase margin, and 13.4dB gain margin.
Mag [B/A] (dB) ’ PMP20371 Control Loop -48Vin 8.5A CC load Phase [B-A] (deg)
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-48Vin, 8.5A load bode plot, 72 degrees phase margin, and 18dB gain margin.
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Mag [B/A] (dB) ’ PMP20371 Control Loop -60Vin 8.5A CC load Phase [B-A] (deg)
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-60Vin, 8.5A load bode plot, 68.53 degrees phase margin, and 16.24dB gain margin.
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