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1 Introduction 
Employing GaN (Gallium Nitride) FETs in power circuits offers many advantages over superjunction (SJ) Silicon FETs and, as 
GaN’s acceptance gains momentum, their reliability and ruggedness are becoming more evident. 

Combining wide band-gap GaN technology with converter topologies enables power engineers to develop high-efficiency circuits 
such as the bridgeless totem-pole PFC boost power converter and achieve increased power density, reduced system size and 
weight, and overall lower system cost. 

The TDTTP3300-RD 3.3kW bridgeless totem-pole PFC reference design provides an excellent platform for evaluating the 
performance of Transphorm’s GaN FETs and a starting point for designing a high-efficiency DSP-based PFC converter. This DSP 
firmware-based totem-pole PFC gives power hardware designers a fully-functional design solution with no code expertise 
required, reducing design time and accelerating time to market. 

This is the performance report of the TDTTP3300-RD reference design featuring Transphorm’s TP65H050WS 50mΩ GaN FETs. 
Operation and performance of this design are demonstrated by graphical parametric data as well as oscilloscope screen shots 
of operational waveforms for most industry standard tests. 

1.1 Design resources 
Visit transphormusa.com/tp33rd for complete design information and documentation, including: 

• Hardware design guide (includes bill of materials, inductor design) 

• Firmware design guide (instructions for customizing the converter) 

• Design files 

• Firmware files 

• FAQs 

 

 

Figure 1. 3.3kW bridgeless totem-pole PFC demo board (top view) 

  

http://www.transphormusa.com/document/datasheet-tp65h050ws-650v-gan-fet/
http://www.transphormusa.com/reference-design/tdttp3300-rd/
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2 Power supply specifications 
 

Description Symbol Min Typ Max Units Comments 

Input 

Voltage VIN 80  265 VAC  
Current IIN  15  A Input RMS current 
Power PIN 1.35  3.3 kW 90VAC/230VAC 

Frequency fLINE 47 50/60 64  60Hz VIN < 145VAC 
50Hz VIN > 170VAC 

Output 

Voltage VOUT 373 385 397 VDC ±3% 
Ripple voltage VRIPPLE(PK-PK) 10 20 30 VAC 2nd harmonic ripple 
Current IOUT   8.5 A Output DC current @ VOUT(TYP) 

Power POUT 1.28  3.2 kW 1.28kW (90VAC) 
1.6kW (115VAC) 
3.2kW (230VAC) 

Auxiliary power 
 VAUX 13 14 15 VDC  

 IAUX  1.1  A  
Control 

Control method   DSP digital 
PWM 

   

 fSWITCHING 45 100 150 kHz  

Control mode   CCM   CCM average current mode 
Operating temperature 
 TAMB  10  50 °C  

 Non-operational -40  +85 °C  
Thermal (components) 

 GaN TJ   110 °C @ 40°C ambient, 100% rated 
load 

Inductor 
temperature 
(ferrite and 
conductor) 

TFE   100 

°C @ 40°C ambient, 100% rated 
load TAG   100 

Distortion 

 THDi   10 % > 10% rated load 
Power factor 

 PF 0.96/0.98    1kW/2kW PRE/(PRE+PIMG) 
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3 3-D board image 
Figure 2 shows a three-dimensional, translucent view of the 3.3kW totem-pole PFC demo board to easily visualize the relative location of all primary components. 

 

Figure 2. 3.3kW bridgeless totem-pole PFC demo board (3-D, front view) 
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4 Performance data 

4.1 No-load input power 

 

Figure 3. No-load input power vs line voltage 

4.2 Efficiency 

 

Figure 4.  Efficiency vs output power – 50kHz with on-
board auxiliary power supply (no fan) 

 

Figure 5.  Efficiency vs output power – 100kHz with on-
board auxiliary power supply, fan and relay 
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4.3 Input current power factor

 

Figure 6. Input power factor vs output power – 50kHz 

 

Figure 7. Input power factor vs output power – 100kHz 

 

4.4 Output voltage regulation 

4.4.1 Load 

 

Figure 8. Load regulation – 50kHz 

 

Figure 9. Load regulation – 100kHz
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4.4.2 Line

 

Figure 10. Line regulation – 50kHz 

 

Figure 11. Line regulation – 100kHz 

 

4.5 Total harmonic distortion

 

Figure 12. Input current THD vs load – 50kHz 

 

Figure 13. Input current THD vs load – 100kHz 
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4.6 Input current harmonic distortion 
IEC 61000-3-2 Class D, measured at 230VAC input 50Hz.

 

Figure 14.  Amplitude of input current harmonics at 
230VAC input – 100kHz, 50% load 

 

Figure 15.  Amplitude of input current harmonics at 
230VAC input – 100kHz, 100% load 

 

Figure 16.  Amplitude of input current harmonics at 
230VAC input – 50kHz, 50% load 

 

Figure 17.  Amplitude of input current harmonics at 
230VAC input – 50kHz, 100% load 
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5 Waveforms 

5.1 Input current 

5.1.1 Input current at 90VAC

 

Figure 18.  90VAC – 60Hz, 50% load 
Red=VIN, 100V/div 
Gold=IIN, 5A/div, 5ms/div 

 

Figure 19.  90VAC – 60Hz, 100% load 
Red=VIN, 100V/div 
Gold=IIN, 10A/div, 5ms/div 

 

5.1.2 Input current at 115VAC

 

Figure 20.  115VAC – 60Hz, 50% load 
Red=VIN, 100V/div 
Gold=IIN, 5A/div, 5ms/div 

 

Figure 21.  115VAC – 60Hz, 100% load 
Red=VIN, 100V/div 
Gold=IIN, 10A/div, 5ms/div 
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5.1.3 Input current at 180VAC

 

Figure 22.  180VAC – 50Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div, 5ms/div 

 

Figure 23.  180VAC – 50Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div, 5ms/div 

 

5.1.4 Input current at 230VAC

 

Figure 24.  230VAC – 50Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div, 5ms/div 

 

Figure 25.  230VAC – 50Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div, 5ms/div 
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5.2 Startup 

5.2.1 Startup at 90VAC

 

Figure 26.  90VAC – 60Hz, 0% load 
Red=VIN, 100V/div 
Gold=IIN, 5A/div 
Green=VOUT, 100V/div, 200ms/div 

 

Figure 27.  90VAC – 60Hz, 100% load 
Red=VIN, 100V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 200ms/div 

 

5.2.2 Startup at 115VAC

 

Figure 28.  115VAC – 60Hz, 0% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 100V/div, 200ms/div 

 

Figure 29.  115VAC – 60Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 200ms/div 
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5.2.3 Startup at 180VAC

 

Figure 30.  180VAC – 50Hz, 0% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 100V/div, 200ms/div 

 

Figure 31.  180VAC – 50Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 200ms/div 

 

5.2.4 Startup at 230VAC

 

Figure 32.  230VAC – 50Hz, 0% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 100V/div, 200ms/div 

 

Figure 33.  230VAC – 50Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 200ms/div 
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5.3 Load transient response 
In Figures 34-41, signal averaging was used to better enable viewing the load transient response. The oscilloscope was 
triggered using the load current step as a trigger source. Since the output switching and line frequency occur essentially at 
random with respect to the load transient, contributions to the output ripple from these sources will average out, leaving the 
contribution only from the load step response 

5.3.1 Load transient response at 90VAC

 

Figure 34.  90VAC – 60Hz, 10%~50% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 

 

Figure 35.  90VAC – 60Hz, 50%~10% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 

 

5.3.2 Load transient response at 115VAC

 

Figure 36.  115VAC – 60Hz, 10%~50% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 

 

Figure 37.  115VAC – 60Hz, 50%~10% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 
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5.3.3 Load transient response at 180VAC

 

Figure 38.  180VAC – 50Hz, 10%~50% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 

 

Figure 39.  180VAC – 50Hz, 50%~10% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 

 

5.3.4 Load transient response at 230VAC

 

Figure 40.  230VAC – 50Hz, 10%~50% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 

 

Figure 41.  230VAC – 50Hz, 50%~10% load 
Red=VIN, 200V/div 
Gold=IIN, 5A/div 
Green=VOUT, 50V/div, 100ms/div 
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5.4 1000ms line dropout 

5.4.1 Line sag at 115VAC~85VAC~115VAC

 

Figure 42.  115~85~115VAC – 60Hz, 50% load 
Red=VIN, 100V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 50ms/div 

 

Figure 43.  115~85~115VAC – 60Hz, 100% load 
Red=VIN, 100V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 50ms/div 

 

5.4.2 Line swell at 132VAC~147VAC~132VAC

 

Figure 44.  132~147~132VAC – 60Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 50ms/div 

 

Figure 45.  132~147~132VAC – 60Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 25A/div 
Green=VOUT, 100V/div, 50ms/div 

 

 

  



3.3kW Bridgeless Totem-pole PFC Reference Design Test Report 

March 27, 2018    transphormusa.com/tp33rd 

rd001-tr.1.5  18 

5.4.3 Line sag at 230VAC~170VAC~230VAC

 

Figure 46.  230~170~230VAC – 50Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 50ms/div 

 

Figure 47.  230~170~230VAC – 50Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 50ms/div 

 

5.5 Output voltage ripple measurements 

5.5.1 Output voltage ripple at 90VAC

 

Figure 48.  90VAC – 60Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 5V/div, 10ms/div 

 

Figure 49.  90VAC – 60Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 25A/div 
Green=VOUT, 5V/div, 10ms/div 
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5.5.2 Output voltage ripple at 115VAC

 

Figure 50.  115VAC – 60Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 5V/div, 10ms/div 

 

Figure 51.  115VAC – 60Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 25A/div 
Green=VOUT, 5V/div, 10ms/div 

 

5.5.3 Output voltage ripple at 180VAC

 

Figure 52.  180VAC – 50Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 5V/div, 10ms/div 

 

Figure 53.  180VAC – 50Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 25A/div 
Green=VOUT, 10V/div, 10ms/div 
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5.5.4 Output voltage ripple at 230VAC

 

Figure 54.  230VAC – 50Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 10A/div 
Green=VOUT, 10V/div, 10ms/div 

 

Figure 55.  230VAC – 50Hz, 100% load 
Red=VIN, 200V/div 
Gold=IIN, 25A/div 
Green=VOUT, 10V/div, 10ms/div 

 

5.6 Soft shutdown/hard shutdown

 

Figure 56.  Brown-out, soft shutdown 1 
115VAC – 60Hz, 50% load 
Red=VIN, 100V/div 
Gold=IIN, 10A/div 
Green=VOUT, 100V/div, 10ms/div 

 

Figure 57.  Freq fault, hard shutdown 2 
115VAC – 60Hz, 50% load 
Red=VIN, 200V/div 
Gold=IIN, 25A/div 
Green=VOUT, 5V/div, 10ms/div

 

                                                           
 

1 During a brown-out soft shutdown, the last half-line cycle of the line 
current is linearly reduced until it enters burst mode power level, at which 
point it shuts down 

2 Line frequency is calculated on zero-crossing detection, therefore a hard 
shutdown due to a frequency fault is performed at zero-crossing, as 
illustrated in Figure 17 where line frequency dropped from 60Hz to 47Hz 
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6 Appendix A: Schematics 

 

Figure 58. EMI filter, GaN and SJ FET bridge, bulk caps, gate drivers (page 1 of 4) 
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Figure 59. Sensing and small signal conditioning circuits (page 2 of 4) 
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Figure 60. DSP, 1.8V/3.3V DC-DC (page 3 of 4) 



3.3kW Bridgeless Totem-pole PFC Reference Design  Test Report 

March 27, 2018    transphormusa.com/tp33rd 

rd001-tr.1.5   24 

 

Figure 61. Auxiliary power supply, DC rail LDOs (page 4 of 4) 
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7 Appendix B: PFC performance measurement setup 

 

Figure 62. PFC test setup 
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8 Appendix C: Revision history 
 

Date Author Revision Description & changes Reviewed by 

9/21/2017 DCP 1.0 First draft of document to be submitted to Andrea 
(began with PFC Test Results RevEa and pruned it) 

 

10/2/2017 ALF 1.1 Updated template, formatting  
11/22/2017 DCP 1.2   
01/25/2018 PCZ 1.3.1 Updated with most recent board change  
02/28/2018 PCZ 1.4 Added reference design board/kit important notice  
03/27/2018 PCZ 1.5 Added efficiency curve without fan at 50 kHz  

 

 

 

 

 

 

 

 

 

____________________________________ 

Reference Design Board/Kit Important Notice 

Transphorm Inc. provides the enclosed product(s) under the following AS IS conditions:  

This Transphorm reference design is intended as an educational tool for end customers developing their own bridgeless totem-pole PFC 
products. The tool kick starts end product development by providing digital control design framework. As such, the goods being provided are 
not intended to be production complete in terms of all required design testing and/or manufacturing-related protective considerations, 
including but not limited to product safety and environmental measures typically found in end products that incorporate such semiconductor 
components or circuit boards. This reference design does not fall within the scope of the European Union directives regarding electromagnetic 
compatibility, restricted substances (RoHS), recycling (WEEE), FCC, CE or UL, and therefore may not meet the technical requirements of these 
directives, or other related regulations.  

The user assumes all responsibility and liability for proper and safe handling of the goods. Further, the user indemnifies Transphorm from all 
claims arising from the handling or use of the goods. Due to the open construction of the product, it is the user’s responsibility to take any and 
all appropriate precautions with regard to electrostatic discharge. No License is granted under any patent right or other intellectual property 
right of Transphorm whatsoever.  

Transphorm assumes no liability for applications assistance, customer product design, software performance, or infringement of patents or 
any other intellectual property rights of any kind.  
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