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1. Design Specifications

Vin Minimum 10vDC

Vin Maximum 14vDC

Vout +12VDC @ 2A
Nominal Switching Frequency = 300KHz

2. Circuit Description

PMP20322 is a 4-switch buck-boost controller utilizing the LM5175 for consumer applications. This
design has a minimum operating input voltage of 10V and a maximum input voltage of 14V. The
design is capable of sourcing 2A continuous current at 12Vout. Switching frequency is set to 300kHz.
PMP20322 is assembled on PMP20107 PCB.

3. PMP20322 Board Photos

Board Dimensions: 40.13mm x 33.02mm
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Board Photo (Top)
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4. Efficiency

4.1 Efficiency Chart
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4.2 Efficiency Data

Vin(V) lin(A) Vout(V) | lout(A) | Pin(W) | Pout(W) | Losses(W) | Efficiency
10.01 0.02 11.94 0.00 0.18 0.00 0.18 0.00
10.01 0.08 11.94 0.05 0.83 0.65 0.18 78.23
10.01 0.14 11.94 0.10 1.43 1.25 0.18 87.12
10.01 0.20 11.94 0.15 2.03 1.84 0.19 90.68
10.01 0.26 11.94 0.20 2.64 2.44 0.20 92.54
10.01 0.32 11.94 0.25 3.24 3.04 0.21 93.68
10.01 0.38 11.94 0.30 3.85 3.63 0.21 94.42
10.01 0.45 11.94 0.35 4.46 4.23 0.23 94.92
10.01 0.51 11.94 0.40 5.06 4.82 0.23 95.44
10.01 0.57 11.94 0.45 5.65 5.42 0.23 95.86
10.01 0.63 11.94 0.50 6.25 6.02 0.24 96.19
10.01 0.69 11.94 0.55 6.85 6.61 0.24 96.47
10.01 0.74 11.94 0.60 7.45 7.21 0.25 96.69
10.01 0.81 11.94 0.65 8.06 7.80 0.25 96.87
10.01 0.87 11.94 0.70 8.66 8.40 0.26 97.02
10.01 0.93 11.94 0.75 9.26 9.00 0.26 97.17
10.01 0.99 11.94 0.80 9.86 9.59 0.27 97.27
10.01 1.05 11.94 0.85 10.47 10.19 0.27 97.38
10.01 1.11 11.94 0.90 11.07 10.79 0.28 97.46
10.01 1.17 11.94 0.95 11.67 11.38 0.29 97.53
10.01 1.23 11.94 1.00 12.27 11.98 0.30 97.59
10.01 1.35 11.94 1.10 13.48 13.17 0.31 97.69
10.01 1.47 11.94 1.20 14.69 14.36 0.33 97.77
10.01 1.59 11.94 1.30 15.90 15.56 0.34 97.84
10.01 1.71 11.94 1.40 17.11 16.75 0.36 97.88
10.01 1.83 11.94 1.50 18.33 17.94 0.39 97.89
10.01 1.95 11.94 1.60 19.54 19.13 0.41 97.92
10.01 2.07 11.94 1.70 20.76 20.32 0.43 97.93
10.01 2.20 11.94 1.80 21.97 21.52 0.45 97.93
10.01 2.32 11.94 1.90 23.19 22.71 0.48 97.92
10.01 2.44 11.94 2.00 24.41 23.91 0.51 97.92
12.01 0.01 11.93 0.00 0.17 0.00 0.17 0.00
12.01 0.07 11.93 0.05 0.82 0.65 0.17 79.06
12.01 0.12 11.94 0.10 1.42 1.24 0.18 87.56
12.01 0.17 11.93 0.15 2.02 1.84 0.18 90.97
12.01 0.22 11.94 0.20 2.63 2.44 0.19 92.73
12.01 0.27 11.93 0.25 3.23 3.03 0.20 93.87
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1201] 032] 1193] 030] 3.83 3.63 020] 9476
1201| 037] 1193| 035| 443| 423 021] 9536
1201| 042| 1193 040| 503| 482 021] 9586
1201| 047] 1193]| 045| 563 5.42 021] 96.24
1201| 052| 1193| 050| 6.23 6.01 022]| 9652
1201| 057| 1193]| 055| 6.83 6.61 022]| 9678
1201| 062] 1193| 060| 743 7.20 022] 96.99
1201| 067| 1193| 065| 803 7.80 023| 9717
1201 072] 1193] 070| 863 8.40 023 97.30
1201| 077| 1193 075| 9.23 8.99 024| 97.42
1201| 08| 1193| 080| 9.83 9.59 024| 9753
1201| 087 11.93| 085| 1043] 10.18 025| 97.63
1201| 092 1193| 090| 11.03] 1078 025| 97.72
1201| 097| 1193 095| 11.63| 1138 026| 97.78
1201| 1.02| 1193| 100| 1223] 11.97 026 97.85
1201| 112] 1193| 1.10| 1344| 13.16 027| 97.9
1201 | 122| 1193| 120| 1464| 1435 029| 9803
1201| 132] 1193| 130| 1585| 1555 030| 98.10
1201| 142| 1194| 140| 17.06| 16.74 031] 9816
1201| 152| 1194| 150| 1826| 17.93 033 9820
1201| 162| 11.94| 160| 1947| 19.12 034| 9824
1201| 172| 1194| 170| 2068| 20.32 036| 9824
1201| 18| 1194| 180| 218 | 2151 038| 9825
1201 | 192| 1194| 190| 23.10] 22.70 040| 9827
1201| 203| 1194 200| 2432| 23.89 042| 9826
1401| 001] 1194] 000] 020] 0.0 0.20 0.00
1401| 006| 1194| 005| 085 0.65 020] 76.24
1401| 010] 1194 010| 145 1.24 020] 85.89
1401| 015| 1194| 015| 2.04 1.84 020]  90.02
1401| 019] 1194 020| 265 2.44 021]  92.09
1401| 023] 1194] 025| 325 3.03 022] 9331
1401| 028| 1194 030| 3.85 3.63 022| 9418
1402| 033] 1193 035| 456| 422 033] 92.69
1399| 037| 1193 040| 515| 482 033| 9351
1400| 041] 1193]| 045| 576 5.41 034] 9405
1401| 045| 1193| 050| 636 6.01 035| 9447
1399| 050| 1193 055| 6.95 6.60 035| 94.96
1401| 054| 1193| 060| 757 7.20 037| 9514
1401| 058| 1193 065| 819| 7.79 039| 9518
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14.01 063] 11.93 0.70 8.79 8.39 0.40 95.48
14.01 067 | 11.93 0.75 9.39 8.99 0.40 95.72
14.01 071] 11.93 0.80 9.99 9.58 0.40 95.96
14.01 076 | 11.93 085| 1059| 10.18 0.41 96.12
14.01 080 | 11.93 090| 1119 1077 0.42 96.28
14.01 0.84 | 11.93 095| 11.80| 11.37 0.42 96.40
14.01 089 | 11.93 1.00| 1240| 1197 0.43 96.52
14.01 097 | 11.93 1.10| 13.60| 13.16 0.45 96.72
14.01 1.06| 11.93 120| 1481 1435 0.46 96.87
14.01 114 | 11.93 130| 16.02| 1554 0.48 97.01
14.01 123 11.93 140| 1722 1673 0.49 97.14
14.01 132 11.93 150| 1843| 17.93 0.51 97.26
14.01 140 | 11.93 160| 1964| 19.11 0.52 97.34
14.01 149 | 11.93 1.70| 20.84| 2031 0.54 97.43
14.01 157 | 11.93 1.80| 2205| 2150 0.55 97.49
14.01 166| 11.93 190 | 2326| 2269 0.57 97.54
14.01 175 | 11.93 200| 2448] 2388 0.59 97.59

5 Thermal Images

06/02/2016

PAN L

15:45:52

Top Thermal image was taken at 10Vin, 2A load when the board reaches equilibrium without airflow.
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PAN L

06/02/2016 15:46:17

Bottom Thermal image was taken at 10Vin, 2A load when the board reaches equilibrium without
airflow.

23.0

06/02/2016 16:55:11

Top Thermal image was taken at 12Vin, 2A load when the board reaches equilibrium without airflow.
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24.0

06/02%2016 16:55:26

Bottom Thermal image was taken at 12Vin, 2A load when the board reaches equilibrium without
airflow.

06/02/2016 17:33:30

Top Thermal image was taken at 14Vin, 2A load when the board reaches equilibrium without airflow.
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23.0

06/02/2016 17:33:46

Bottom Thermal image was taken at 14Vin, 2A load when the board reaches equilibrium without
airflow.
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6 Waveform

6.1 Switching Waveform

LeCroy

1

= ‘ Boost S o

10Vin, 2A load. Ch1l measures buck switch, Ch3 measures boost switch.

LeCroy

c3 Boost SW B

12Vin, 2A load. Ch1l measures buck switch, Ch3 measures boost switch.
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LeCroy

c3 Boost S -

imehase 0.00 p=| [Trigger [C:]DC]
. o !

14Vin, 2A load. Ch1l measures buck switch, Ch3 measures boost switch.

/\\ LeCroy

6.2 Load Transient
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10Vin, 0.5A to 2A load transient. Ch2 measures output voltage, Ch4 measures output current.
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/’ LeCroy
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12Vin, 0.5A to 2A load transient. Ch2 measures output voltage, Ch4 measures output current.

LeCroy

oLt ’ M'WW"W
_\ \

o

imehaze

S00 kS

14Vin, 0.5A to 2A load transient. Ch2 measures output voltage, Ch4 measures output current.
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6.3 Start-Up

LeCroy

imebase  -4.00 mz| [ Trigyer
i3]

10Vin, 2A load. Ch1-Vin, Ch2-PGOOD, Ch3-Vout.

imehase  -4.00 ms| |Trigger

12Vin, 2A load. Ch1-Vin, Ch2-PGOOD, Ch3-Vout.
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14Vin, 2A load. Ch1-Vin, Ch2-PGOOD, Ch3-Vout.

6.4 Output Ripple

LeCroy

IaNyalalWalve s

10Vin, 2A load. Ch2-Vout.
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LeCroy

e Peinn

12Vin, 2A load. Ch2-Vout.

LeCroy

oLt

AR / / N\

14Vin, 2A load. Ch2-Vout.
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6.5 Frequency Response

Mag [B/A] (dB) ’ PMP20322 Control Loop 10Vin 2A CC load Phase [B-A] (deg)
50.000 200.000 =
40.000 160.000
30.000 120.000
20.000 80.000
10.000 40.000
0.000 0.000
-10.000 -40.000
-20.000 -80.000
-30.000 -120.000
-40.000 -160.000
-50.000 -200.000 =
100
[I ]
mm tm o am e
Phase 71,995 deg 0043 deg 7203 deg
10Vin, 2A load. Phase margin equals 72 degrees, gain margin equals 12dB.
Mag [B/A] (dB) ’ PMP20322 Control Loop 12Vin 2A CC load Phase [B-A] (deg)
50.000 200.000 =
40.000 160.000
30.000 120.000
20.000 80.000
10.000 40.000
0.000 0.000
-10.000 -40.000
-20.000 -80.000
-30.000 -120.000
-40.000 -160.000
-50.000 -200.000 =
100
[I 1]
T
Phase 76,000 deg 0045 deg 76045 deg

12Vin, 2A load. Phase margin equals 76 degrees, gain margin equals 11dB.
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Mag [B/A] (dB) ’ PMP20322 Control Loop 14Vin 2A CC load Phase [B-A] (deg)
50.000 200.000 s
40.000 160.000
30.000 120.000
20.000 80.000
10.000 40.000
0.000 0.000
10.000 -40.000
20.000 -80.000
30.000 -120.000
-40.000 -160.000
50.000 -200.000 =

Data ML [m2 W2- ML

Frequency 935 Ktz FEETTT 1395 kHz
Magnitude 0040 dB 112948 11,083 68
Phase 68916 deg 0044 deg 68960 deg

14Vin, 2A load. Phase margin equals 69 degrees, gain margin equals 11dB.
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