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PFC Evaluation Board TDPS500E2A2  

with Transphorm GaN HEMT   

Introduction: 

To evaluate the performance of Transphorm GaN HEMTs, a PFC evaluation board 

TDPS500E2A2 has been made utilizing Transphorm products TPH3006PS (600 V HEMT, 0.15 

ohm HEMT).  

The PFC evaluation board design is based on the NCP1654 PFC controller and its reference 

design, running CCM mode at 140 kHz. Input voltage is 100 VAC-240 VAC, and the output 

power is up to 500 W at low line input (115 VAC), and 1000 W at high line (230 VAC). The 

schematics and BOM of the PFC board are shown below. (Fig.1, Table 1) 

Caution: Please read the last page carefully and follow the 

instructions before testing the TDPS500E2A2 board 

 

Test methods: GaN devices switch very fast, up to 200 V/ns. The board layout is critical to 

minimize parasitic inductance and capacitance which requires care when attempting to measure 

switching waveforms since any additional admittance will change the circuit performance. 

 



 

   
                                                       TDPS500E2A2                    

12/3/2013, DA                                                                                                                      2 
 

 

 

Fig.1   PFC Evaluation Board Schematics
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Part No. Description Man. Man. P/N 

R1 47.5 kohm, 0805 Yageo RC0805FR-0747K5L 

R2 64 kohm,0805 Yageo RC0805FR-0782K5L 

R3, R4, R5 2.37 Mohm, 0805 Yageo RC0805FR-072M37L 

R6 3.3 kohm, 0805 Yageo RC0805FR-073K3L 

R7 0.06 ohm, 3W, axial TT Electronics/IRC  LOB3R060FLFLT  

R8 11 kohm, 0805 Yageo RC0805FR-0711KL 

R9 22.6 kohm, 0805 Yageo RC0805FR-0722K6L 

R11, R12 1.8 Mohm, 0805 Yageo RC0805FR-071M8L 

C1 1 nF, 0805 AVX 08053A102KAT2A  

C2 0.47 uF, 0805 Yageo CC0805KKX7R8BB474 

C3 3.0 nF, 0805 Murata GRM2165C1H302JA01D  

C4 2.2 uF, 0805 TDK C2012X5R1E225K125AC  

C5 100 pF, 0805 Kemet C0805C101K3GACTU  

C9, C10 0.47 uF, 275 V X2 cap, Radial Vishay BFC233820474 

C11, C12 2.2 nF, Y cap, 250VAC TDK CS11-E2GA222MYNS 

C13 0.22 uF, 310 V X2 cap, Radial Vishay BFC233820224 

C14 

450 V/270 uF, Electrolytic 

capacitor Panasonic EET-UQ2W271DA 

C15, C16 

630 V/0.1 uF, 1812, ceramic 

capacitor Murata GRM43DR72J104KW01L 

C17 22 uF, 1206 Murata GRM31CR61E226KE15L 

C18 100 nF, 0805 AVX 08053C104KAT2A 

D1 rectify bridge, 600 V/8A Diodes Inc GBU806 

D2 600 V/6 A diode Micro Commercial Co  60S6-TP 

D3 600 V/4 A, SiC diode Cree C3D04060 

Q1 600 V/0.15 ohm, GaN HEMT Transphorm TPH3006PS 

L1 PFC inductor, 640 uH Precision Inc PFC-03100-00 

L2 Differential Mode Filter Vitec 55P9116 

L3 Common Mode Filter Vitec 54P2925 

U1 PFC controller Onsemi NCP1654BD133R2G 

J1 DC adapter CUI Inc PJ-002AH-SMT 

J2, J3, J4, J5, 

J6 Power Connector Keystone 7691 

F1 250 V/10 A, Fast Glass, 5x20 Schurter 0034.1526 

Fuse Holder Fuse Holder Littlefuse 01110005MR 

Heatsink, 

diode Diode heatsink Aavid 7109DG 

Heatsink, main 3.5*1.813*0.75 finned heatsink Heatsinkusa, LLC H004, modified 

 
Table 1. Bill of Materials 

http://www.digikey.com/product-detail/en/RC0805FR-0747K5L/311-47.5KCRCT-ND/730922
http://www.digikey.com/product-detail/en/RC0805FR-0782K5L/311-82.5KCRCT-ND/731114
http://www.digikey.com/product-detail/en/RC0805FR-072M37L/311-2.37MCRCT-ND/730636
http://digikey.com/Suppliers/us/TT-Electronics-IRC.page?lang=en
http://www.digikey.com/product-detail/en/LOB3R060FLFLT/989-1110-1-ND/2407930
http://www.digikey.com/product-detail/en/RC0805FR-0714KL/311-14.0KCRCT-ND/730543
http://www.digikey.com/product-detail/en/RC0805FR-0722K6L/311-22.6KCRCT-ND/730687
http://www.digikey.com/product-detail/en/RC0805FR-071M8L/311-1.80MCRCT-ND/730468
http://www.digikey.com/product-detail/en/08053A102KAT2A/478-6218-1-ND/2391417
http://www.digikey.com/product-detail/en/CC0805KKX7R8BB474/311-1364-1-ND/2103148
http://www.digikey.com/product-detail/en/GRM2165C1H302JA01D/490-1631-1-ND/587475
http://www.digikey.com/product-detail/en/C2012X5R1E225K125AC/445-7629-1-ND/2733701
http://www.digikey.com/product-detail/en/C0805C101K3GACTU/399-9150-1-ND/3522668
http://www.digikey.com/product-detail/en/GRM31CR61E226KE15L/490-5527-1-ND/2334923
http://digikey.com/Suppliers/us/Micro-Commercial-Components.page?lang=en
http://www.digikey.com/product-detail/en/60S6-TP/60S6-TPMSCT-ND/1636193
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While a typical Si MOSFET has a maximum dV/dt rating of 50 V/ns, the Transphorm GaN 

HEMT will switch at dV/dt of up to 200 V/ns or higher to enable the lowest possible switching 

loss. At this level of operation, even the layout becomes a significant contributor to performance. 

As shown in Fig.2 below, the recommended layout keeps the traces between the PFC inductor, 

HEMT, and the diode very short; with the shortest practical return trace to power ground. The 

power ground plane provides a large cross sectional area to achieve an even ground potential 

throughout the circuit; then, the layout carefully separates the power ground and the IC (small 

signal) ground, only joining them at the source pin of the HEMT to avoid any possible ground 

loop. Also, two high voltage ceramic capacitors are placed between the high voltage output plane 

and the power ground plane, close to the cathode of the diode and the source of the HEMT, to 

further decouple the output inductance, and provide a local and tight power loop to reduce 

ringing. 

Note that the Transphorm GaN HEMTs in TO-220 package has pin out configured as G-S-D, 

instead of traditional MOSFET’s G-D-S arrangement. The configuration is designed with 

thorough consideration to minimize the Gate-Source driving loop to reduce parasitic inductance, 

as well as to separate the driving loop (Gate-Source) and power loop (Drain-Source) to minimize 

noise. Furthermore, the TPH3006PS has its metal tab connected to its source pin instead of drain 

pin. This configuration enables the tab to be connected to circuit ground, which is a ‘quiet’ node 

in the circuit, to further reduce noise and EMI emission.  

In the TDPS500E2A2 design, the heatsink is bolted to the power ground plane, and attached to 

the tab of TPH3006PS without insulation; this configuration has enabled the ‘quiet’ tab and 

heatsink to reduce EMI, as well as utilized the heatsink as part of the power ground plane to 

further reduce parasitic inductance. 
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Fig. 2.1 Layout of TDPS500E2A2, Top and Bottom Layer 

 

Fig. 2.2 Layout of TDPS500E2A2, Middle layers 
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The Transphorm GaN HEMT cuts power losses by enabling fast switching and significantly 

reducing switching losses. As shown below in Fig.3 and Fig.4, the switching waveforms show 

that the GaN device switches at >50 V/ns (turn-on) with minimum undershoot, and it has no 

overshoot during turn-off. This is due to the device’s low output capacitance and a layout that 

minimizes trace inductance.  

 

Fig.3 Drain Voltage of GaN device during 

Turn-on  

Fig.4 Drain Voltage of GaN device during 

Turn-off 

  Such low switching loss has enabled highly efficient operation and the efficiency charts 

are shown below as Fig.5 and Fig.6. Thanks to the lower switching loss of GaN HEMT, 

the PFC board’s efficiency is high under 140 kHz PWM, and the curves are relatively ‘flat’ 

under both 115 Vac or 230 Vac input, showing a much smaller efficiency drop at light 

load comparing to PFC boards with traditional Si MOSFET. 
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Fig.5  PFC Performance at 115 Vac input, 140 kHz PWM 

 

Fig.6  PFC Performance with 230 Vac input, 140 kHz PWM 
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WARNING: Please read this page carefully and follow the 

instructions before testing the TDPS500E2A2 board 

Test Procedure: Connect a resistive load across connector J2 and J3. The load should 

have a resistance no larger than 10 kohm but no smaller than 320 ohm (for low line input) 

or 160 ohm (for high line input) to limit the output power. Apply 12 VDC through 

connector J1 with the adaptor included in kit, or with external DC power supply with 

corresponding polarity. Apply 100 VAC to 240 VAC across connectors J4 and J5 to 

power up the board. Connector J6 is reserved for optional earth ground connection. 

Current Limit and Fan Requirement: The board has built in power limit and current 

limit features. However, users should take care to never drive the board over its power 

limit (500 W for low line input, and 1000 W for high line input), or its current limit (5 A). 

As shown in the efficiency curve, power loss can be significant under some test conditions 

(low line, heavy load), therefore sufficient cooling is needed when testing the board. It is 

recommended to use a fan to provide a minimum of 30 CFM air flow towards the 

heatsinks, and turn off the board for troubleshooting if a thermal runaway is observed 

(typically indicated by a continuous rise in power consumption). 

Probing: In order to minimize additional inductance during measurement, the tip and the 

ground of the probe should be directly attached to the sensing points to minimize the 

sensing loop, while the probe ground lead should not be used for it will form a sensing 

loop with long trace and large area. 

When testing Vgs and Vds, the probe also introduces capacitance, and slows down the 

switching speed of the device, thus decreasing the efficiency of the system. Therefore, 

probes should be removed when gathering efficiency numbers. 

Please refer to application note AN0002 for further information. 


