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1. Design Specifications
Vin Minimum 24VDC
Vin Maximum 36VDC
Vout 12vDC
lout 2.5A continuous
Approximate Switching Frequency ~200KHz

2. Circuit Description and PCB details

PMP11478 is an isolated active clamp forward converter capable of 30W output power. This design uses
the LM5026 active clamp current-mode controller. Output voltage regulation is maintained using an
LMV431 shunt regulator and opto-coupler feedback. Schottky rectifiers allow for holdup of 2.5ms using
the stored charge of the output capacitors. The isolation voltage is 2250 VDC meeting basic insulation

requirements.

The circuit was built on PMP7892 Rev A printed circuit board. This is a four layer board with one ounce
copper on all layers. The overall dimensions are 3” x 5”. All components are mounted on the top side of
the board.
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3. PMP11478 Board Photos

Board Dimensions: 3"’ x 5”’
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4. Thermal Data

11/09/2015

11/09/2015 14:10:40

IR thermal image taken at steady state with 30Vin and 2.5A load bottom (no airflow)
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23.0

11/09/2015 14:39:44

IR thermal image taken at steady state with 36Vin and 2.5A load top (no airflow)
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5. Efficiency

5.1 Efficiency Chart

PMP11478 Efficiency
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5.2 Efficiency Data

Vin(V) lin(A) Pin(W) | Vout(V) | lout(A) | Pout(W) | Losses(W) | Efficiency(%)
24.01 0.01 0.26 11.86 0.00 0.00 0.26 0.00
24.01 0.06 1.49 11.86 0.07 0.79 0.69 53.38
24.01 0.12 2.81 11.86 0.17 1.99 0.82 70.93
24.01 0.18 4.20 11.86 0.27 3.18 1.02 75.65
24.01 0.23 5.55 11.86 0.37 4.38 1.17 78.91
24.01 0.29 6.96 11.86 0.47 5.56 1.40 79.88
24.01 0.34 8.26 11.86 0.57 6.71 1.55 81.27
24.01 0.40 9.56 11.86 0.66 7.88 1.68 82.41
24.01 0.45 10.90 11.86 0.76 9.06 1.84 83.12
24.01 0.51 12.27 11.86 0.86 10.24 2.03 83.42
24.01 0.57 13.62 11.86 0.96 11.43 2.18 83.97
24.01 0.62 14.96 11.86 1.07 12.63 2.33 84.43
24.01 0.68 16.23 11.86 1.16 13.77 2.46 84.83
24.01 0.73 17.50 11.86 1.26 14.97 2.54 85.50
24.01 0.78 18.80 11.86 1.36 16.15 2.65 85.91
24.01 0.84 20.12 11.86 1.46 17.36 2.76 86.28
24.01 0.89 21.42 11.86 1.56 18.55 2.87 86.59
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24.01 095| 2272 1186 166| 19.73 2.98 86.87
24.01 1.00| 2399 11.86 176 | 20.88 3.11 87.05
24.01 1.05| 2526| 11.86 1.86| 22.05 3.21 87.31
24.01 111| 2658 11.86 196 | 23.24 3.34 87.43
24.01 116 | 27.88| 11.86 206 | 2441 3.47 87.57
24.01 122 | 2925| 11.86 216 | 25.63 3.61 87.64
24.01 127| 3052 11.86 226| 26.78 3.74 87.75
24.01 133 | 31.84| 11.86 236 | 27.98 3.86 87.87
24.01 138 | 33.18] 11.85 246 | 29.17 4.01 87.91
24.01 144 | 3453] 1185 256 | 3036 4.17 87.92
24.01 149| 3585| 11.85 266| 3155 4.30 88.02
30.02 0.01 030 | 1185 0.00 0.00 0.30 0.00
30.02 0.05 150| 11.85 0.06 0.66 0.84 44.22
30.02 0.10 285| 11.85 0.16 1.86 0.99 65.26
30.02 014 | 429| 1185 0.26 3.06 1.23 71.24
30.02 0.19 558 | 11.85 0.36 4.24 1.34 76.00
30.02 0.23 7.02| 1185 0.46 5.44 1.58 77.45
30.02 0.28 834 | 1185 0.56 6.59 1.76 78.97
30.02 0.32 9.63| 1185 0.66 7.80 1.84 80.94
30.02 037| 11.05| 11.85 0.76 8.97 2.07 81.22
30.02 041 | 1240| 1185 086 | 10.17 223 82.03
30.02 046 | 13.75| 11.85 096 | 11.37 238 82.67
30.02 050| 15.13| 11.85 106 | 12.54 2.59 82.88
30.01 055| 1645| 11.85 116 | 13.72 2.73 83.43
30.01 059 | 17.77| 1185 126 | 14.92 2.85 83.97
30.01 063| 19.03| 11.85 136| 16.09 2.94 84.57
30.01 068| 2035| 11.85 146 | 17.29 3.06 84.96
30.01 072| 2161| 1185 156 | 1846 3.15 85.43
30.01 076 | 2293| 1185 166| 19.67 3.26 85.78
30.01 081 | 2422| 1185 176 | 2082 3.40 85.95
30.01 0.85| 2551| 11.85 186 | 22.02 3.50 86.30
30.01 089 | 26.83| 1185 196 | 23.20 3.63 86.46
30.01 094 | 2815| 11.85 206 | 2438 3.77 86.61
30.01 098 | 2947| 1185 216| 2558 3.89 86.79
30.01 1.03| 30.76| 11.85 226| 2673 4.03 86.89
30.01 1.07| 3208| 1185 236| 27.91 4.17 87.00
30.01 111| 3340| 1185 246 | 29.10 431 87.10
30.01 116 | 3473| 1185 256 | 3029 4.43 87.24
30.01 120| 36.11] 11.85 266| 3150 4.61 87.24
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36.02 0.01 036 | 11.85 0.00 0.00 0.36 0.00
36.02 0.05 162| 1185 0.06 0.68 0.95 41.66
36.02 0.09 310 | 11.85 0.16 1.86 1.24 60.04
36.02 0.13 450| 11.85 0.26 3.07 1.43 68.15
36.02 0.16 583 | 11.85 0.36 4.26 1.57 73.08
36.02 0.20 7.28 | 1185 0.46 5.45 1.83 74.89
36.02 0.24 861| 11.85 0.56 6.61 2.00 76.78
36.02 0.28 9.90 | 1185 0.66 7.78 2.12 78.57
36.02 031] 1124 1185 0.76 8.97 2.27 79.79
36.02 035| 1268| 1185 0.86 | 10.16 2.52 80.16
36.02 039| 1397| 1185 096 | 11.38 259 81.45
36.02 043 | 1538| 11.85 106 | 1256 2.82 81.64
36.02 046 | 1671| 1185 116 | 13.68 3.03 81.86
36.02 050 | 1804| 11.85 126 | 14.89 3.16 82.51
36.02 054 | 1934| 1185 136| 16.07 3.27 83.11
36.02 057| 2064 11.85 146 | 17.27 3.37 83.68
36.02 061| 2193| 1185 156 | 1847 3.47 84.19
36.02 0.65| 2323| 11.84 166| 19.66 3.57 84.63
36.02 068| 2453 1184 176 | 20.82 3.71 84.89
36.02 072| 25.82| 11.84 186 | 22.01 3.82 85.22
36.02 075| 27.16| 11.84 196 | 23.20 3.95 85.44
36.02 079 | 2849 11.84 206 | 2440 4.09 85.64
36.02 083 | 2082 11.84 216| 2558 4.24 85.78
36.02 0.86| 31.08| 11.84 226| 2672 4.36 85.96
36.02 090 | 3238| 11.84 236| 27.89 4.49 86.14
36.02 094 | 3375| 11.84 246 | 29.11 4.64 86.26
36.02 097 | 35.08| 11.84 256 | 30.30 4.77 86.39
36.02 1.01| 3641| 11.84 266| 3148 4.94 86.45
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6 Waveforms

6.1 Load Transient Response

LeCroy

= f \

Caf

Load Transient Response at 24Vin and 1.25A-to-2.5A Load Step, Ch2 — Vout (AC coupled), Ch4- lout.

LeCroy
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ot MW
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Load Transient Response at 30Vin and 1.25A-to-2.5A Load Step, Ch2 — Vout (AC coupled), Ch4- lout.
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. LeCroy
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Load Transient Response at 36Vin and 1.25A-to-2.5A Load Step, Ch2 — Vout (AC coupled), Ch4- lout.

6.2 Startup from Vin

Startup into Full Load at 24Vin, Ch1-Vin, Ch2-SS, Ch3-Vout.
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o N e —

Startup into Full Load at 30Vin, Ch1-Vin, Ch2-SS, Ch3-Vout.
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Startup into Full Load at 36Vin, Ch1-Vin, Ch2-SS, Ch3-Vout.
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6.3 Switch Node Voltage
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Zoomed Switch Node Voltage of 24Vin and Full Load. Ch1-Pri-SW, Ch2- Aux-SW.
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LeCroy
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Switch Node Voltage of 24Vin and Full Load. Ch1-Sec-SW-P, Ch2- Sec-SW-N.
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Zoomed Switch Node Voltage of 24Vin and Full Load. Ch1-Sec-SW-P, Ch2- Sec-SW-N.
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Switch Node Voltage of 30Vin and Full Load. Ch1-Pri-SW, Ch2- Aux-SW.
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Zoomed Switch Node Voltage of 30Vin and Full Load. Ch1-Pri-SW, Ch2- Aux-SW.
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Switch Node Voltage of 30Vin and Full Load. Ch1-Sec-SW-P, Ch2- Sec-SW-N.
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Zoomed Switch Node Voltage of 30Vin and Full Load. Ch1-Sec-SW-P, Ch2- Sec-SW-N.
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Zoomed Switch Node Voltage of 36Vin and Full Load. Ch1-Pri-SW, Ch2- Aux-SW.
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Switch Node Voltage of 36Vin and Full Load. Ch1-Sec-SW-P, Ch2- Sec-SW-N.
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Zoomed Switch Node Voltage of 36Vin and Full Load. Ch1-Sec-SW-P, Ch2- Sec-SW-N.
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6.4 Output Ripple
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Output Ripple at 24Vin and Full Load. Ch1-Sec-SW-P, Ch2- Vout (AC Coupled).
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Output Ripple at 30Vin and Full Load. Ch1-Sec-SW-P, Ch2- Vout (AC Coupled).
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Output Ripple at 36Vin and Full Load. Ch1-Sec-SW-P, Ch2- Vout (AC Coupled).

6.5 Frequency Analysis

Mag [B/A] (dB) ’ PMP11478 Control Loop 24Vin 2.5A CC load Phase [B-A] (deg)
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Control Loop Analysis at 24Vin 2.5A Full Load, Phase Margin of 71.9 deg, Gain Margin of 18dB.
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Mag [B/A] (dB) ’ PMP11478 Control Loop 30Vin 2.5A CC load Phase [B-A] (deg)
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Control Loop Analysis at 30Vin 2.5A Full Load, Phase Margin of 71 deg, Gain Margin of 17.67dB.

Mag [B/A] (dB) ’ PMP11478 Control Loop 36Vin 2.5A CC load Phase [B-A] (deg)
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Control Loop Analysis at 36Vin 2.5A Full Load, Phase Margin of 70 deg, Gain Margin of 17.2dB.
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