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1. Design Specifications 
Vin Minimum 9VDC 

Vin Maximum 30VDC 

Vout1 +5.7VDC @ 350mA 

Vout2 +5.7VDC @ 350mA 

Vout3 +5.7VDC @ 350mA 

Vout4 +5.7VDC @ 350mA 

Nominal Switching Frequency ≈ 280KHz 

2. Circuit Description 
PMP10545 is an Isolated Flyback Converter with the primary configured as a buck-boost inverter, using 
the LM5160 regulator IC.  The design accepts an input voltage of 9Vin to 30Vin and provides four 
isolated outputs of +5.7Vout, each capable of supplying 350mA.  The nominal switching frequency of the 
design is 280KHz.  The board is a 2-layer PCB with 1 oz. copper on the top and bottom layers.  A PCB 
milling machine was used to build the board.  All tests for oscilloscope waveform captures were 
performed on Vo1 at 9Vin and 30Vin.  Efficiency testing and thermal image captures were performed at 
9Vin, 12Vin, 19.5Vin, and 30Vin.  The design uses an easily available off-the-shelf transformer, making it 
a more cost effective design solution. 
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3. PMP10545 Board Photos 
Board Dimensions: 3” x 2.5” 

 

Board Photo (Top) 



   Test Report PMP10545 
 

5  November 4, 2014 
 

 

Board Photo (Bottom) 



   Test Report PMP10545 
 

6  November 4, 2014 
 

4. Thermal Data 

 

IR Thermal Image Taken at Steady State at 9Vin and All Output Rails at Full Load (Vout Primary 

Unloaded); (A PCB milling machined was used to build the board.  Due to this, the vias under the DAP, 

or Exposed Pad, of the LM5160 could not be connected to the bottom layer copper, hence increasing 

the thermal resistance and leading to higher IC temperatures.  Manufacturing the PCB at a fabrication 

house will allow for these vias to exist and will noticeably improve the thermal performance of the 

design.  Another available option for improving thermal performance is to use a larger copper area for 

the DAP) 
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IR Thermal Image Taken at Steady State at 12Vin and All Output Rails at Full Load (Vout Primary 

Unloaded) 
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IR Thermal Image Taken at Steady State at 19.5Vin and All Output Rails at Full Load (Vout Primary 

Unloaded) 
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IR Thermal Image Taken at Steady State at 30Vin and All Output Rails at Full Load (Vout Primary 

Unloaded) 
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5. Efficiency 

5.1 Efficiency Chart 
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5.2 Efficiency Data 
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6 Output Voltage Regulation 

6.1 Line Regulation 

 

Line Regulation @ 0% Load 

Vin (V) Vo1 (V) Vo2 (V) Vo3 (V) Vo4 (V) 

9 5.9524 5.9494 5.9642 5.961 

19.5 5.9871 5.9834 5.9962 5.998 

30 6.0022 5.9976 6.0088 6.018 
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Line Regulation @ 50% Load 

Vin (V) Vo1 (V) Vo2 (V) Vo3 (V) Vo4 (V) 

9 5.6194 5.6079 5.6265 5.638 

19.5 5.7127 5.715 5.7326 5.728 

30 5.7435 5.7467 5.763 5.76 
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Line Regulation @ 100% Load 

Vin (V) Vo1 (V) Vo2 (V) Vo3 (V) Vo4 (V) 

9 5.4131 5.374 5.3934 5.44 

19.5 5.6311 5.6305 5.6479 5.649 

30 5.6448 5.649 5.6635 5.663 
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6.2 Load Regulation 

 

Load Regulation @ 9Vin 

Load (%) Vo1 (V) Vo2 (V) Vo3 (V) Vo4 (V) 

0 5.9524 5.9494 5.9642 5.961 

50 5.6194 5.6079 5.6265 5.638 

100 5.4131 5.374 5.3934 5.44 
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Load Regulation @ 19.5Vin 

Load (%) Vo1 (V) Vo2 (V) Vo3 (V) Vo4 (V) 

0 5.9871 5.9834 5.9962 5.998 

50 5.7127 5.715 5.7326 5.728 

100 5.6311 5.6305 5.6479 5.649 
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Load Regulation @ 30Vin 

Load (%) Vo1 (V) Vo2 (V) Vo3 (V) Vo4 (V) 

0 6.0022 5.9976 6.0088 6.018 

50 5.7435 5.7467 5.763 5.76 

100 5.6448 5.649 5.6635 5.663 
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7 Waveforms 

7.1 Load Transient Response 

 

Load Transient Response of Vo1 Rail Undergoing 50% to 100% (0.175A-to-0.35A) Load Step and All 

Other Rails at Full Load and Input Voltage at 9Vin 
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Load Transient Response of Vo1 Rail Undergoing 50% to 100% (0.175A-to-0.35A) Load Step and All 

Other Rails at Full Load and Input Voltage at 30Vin 
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7.2 Startup 

 

Startup into No Load (on All Output Rails) at 9Vin 
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Startup into Full Load (on All Output Rails) at 9Vin 
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Startup into No Load (on All Output Rails) at 30Vin 
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Startup into Full Load (on All Output Rails) at 30Vin 
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7.3 Output Voltage Ripple and Switch Node Voltage 

 

Vo1 Rail Switch Node Voltage and Output Voltage Ripple at 9Vin and All Output Rails at No Load 

(Vripple ≈ 7.6mVp-p) 
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Vo1 Rail Switch Node Voltage and Output Voltage Ripple at 9Vin and All Output Rails at Full Load 

(Vripple ≈ 179mVp-p) 
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Vo1 Rail Switch Node Voltage and Output Voltage Ripple at 30Vin and All Output Rails at No Load 

(Vripple ≈ 13.6mVp-p) 
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Vo1 Rail Switch Node Voltage and Output Voltage Ripple at 30Vin and All Output Rails at Full Load 

(Vripple ≈ 100mVp-p) 
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7.4 Short Circuit Testing 

 

Short Circuit Testing on Vo1 Output Rail with All Output Rails at No Load and Input Voltage at 9V 
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Short Circuit Testing on Vo1 Output Rail with All Output Rails at Full Load and Input Voltage at 9V 
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Short Circuit Testing on Vo1 Output Rail with All Output Rails at No Load and Input Voltage at 30V 
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Short Circuit Testing on Vo1 Output Rail with All Output Rails at Full Load and Input Voltage at 30V 
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