
Test Report: PMP40988
Variable Frequency, ZVS, GaN-Based 5-kW Two-Phase 
Totem-Pole PFC Reference Design

Description
This reference design is a high-density and high-
efficiency, 5-kW power factor correction (PFC) 
converter implemented with TI's high-performance 
GaN power switches. A peak system efficiency of 
99% with an open-frame power density of 120 
W/in3 was measured. The power stage uses a two-
phase totem pole PFC in a brand new topology 
and control mechanism. The new control method 
operates with variable frequency and maintains 
zero voltage switching (ZVS) over all operating 
conditions. The control is implemented with a 
TMS320F280049C high-performance microcontroller. 
The operating frequency range of the converter is 
approximately between 100 kHz and 800 kHz.

Features
• 99% Efficiency
• Phase shedding
• 5-kW, 20-ms hold up
• Power Density: 120 W/in3

• Density without hold up: 180 W/in3

Applications
• Merchant network and server PSU
• Merchant telecom rectifiers
• Industrial AC-DC

Board Photo
Simplified Schematic
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1 Test Prerequisites

1.1 Voltage and Current Requirements
Table 1-1. Voltage and Current Requirements

Parameter Specifications
AC Input 230 Vac–277 Vac

Output voltage 400 V

Maximum Output Power 5 kW

1.2 Dimensions
38 mm × 65 mm × 263 mm
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2 Test Results
2.1 Efficiency Graphs
Efficiency is shown in the following figure. The enhanced efficiency at lighter loads is enhanced by turning off 
one of the phases. This, along with the high-efficiency enabled by the GaN switches and the ZVS control, 
enables a flat efficiency over a wide operating range.

VIN = 230 VRMS

VOUT = 400 V

Figure 2-1. Efficiency Graph

2.2 THD

VIN = 230 VRMS

VOUT = 400 V

Figure 2-2. THD Graph
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2.3 Data
Power, efficiency, and THD data is provided in the following table.

Table 2-1. Power, Efficiency, and THD Data
Phases VIN (V) IIN (A) VOUT (V) IOUT (A) VBIAS (V) IBIAS (A) PIN (W) POUT (W) PBIAS (W) Efficiency (%) THD (%)

1 230.1 2.0 401.6 1.0 11.9 0.25 409.6 403.4 3.0 98.48 19.88

1 230.0 2.8 401.6 1.5 11.9 0.22 611.6 604.3 2.7 98.82 14.76

1 230.0 3.6 401.6 2.0 11.9 0.21 812.8 804.3 2.5 98.95 12.05

1 229.9 4.5 401.5 2.5 11.9 0.21 1015.0 1004.8 2.5 99.00 10.13

1 229.8 5.4 401.5 3.0 11.9 0.20 1217.4 1205.6 2.4 99.03 8.77

1 229.8 6.2 401.6 3.5 11.9 0.19 1420.3 1406.7 2.3 99.04 7.75

1 229.7 7.1 401.6 4.0 11.9 0.19 1623.7 1607.7 2.2 99.02 6.98

1 229.7 8.0 401.6 4.5 11.9 0.18 1827.0 1808.5 2.2 98.99 6.21

1 229.6 8.9 401.6 5.0 12.0 0.18 2029.8 2008.6 2.1 98.96 5.69

1 229.6 9.8 401.5 5.5 12.0 0.17 2233.2 2208.8 2.1 98.91 5.29

1 229.5 10.7 401.5 6.0 12.0 0.17 2437.7 2410.0 2.0 98.87 4.88

2 230.0 3.7 401.6 2.0 11.9 0.38 815.5 804.0 4.5 98.60 20.56

2 229.9 4.6 401.7 2.5 11.9 0.35 1017.6 1004.9 4.2 98.75 16.70

2 229.8 5.4 401.6 3.0 11.9 0.33 1219.4 1205.7 3.9 98.88 14.83

2 229.8 6.3 401.6 3.5 11.9 0.32 1421.7 1406.6 3.8 98.94 13.06

2 229.7 7.2 401.6 4.0 11.9 0.31 1624.1 1607.7 3.6 98.99 11.89

2 229.7 8.0 401.6 4.5 11.9 0.30 1826.1 1808.4 3.5 99.03 10.89

2 229.6 8.9 401.6 5.0 11.9 0.29 2027.9 2008.4 3.4 99.04 10.00

2 229.6 9.8 401.7 5.5 11.9 0.28 2230.6 2209.3 3.4 99.05 9.04

2 229.5 10.7 401.6 6.0 11.9 0.27 2433.8 2410.6 3.3 99.05 8.39

2 229.4 11.6 401.7 6.5 11.9 0.27 2636.8 2611.6 3.2 99.04 7.79

2 229.4 12.4 401.7 7.0 11.9 0.26 2839.9 2812.2 3.1 99.02 7.32

2 229.3 13.3 401.7 7.5 11.9 0.25 3042.8 3012.6 3.0 99.01 6.88

2 229.3 14.2 401.7 8.0 11.9 0.25 3246.5 3213.6 3.0 98.99 6.45

2 229.2 15.1 401.6 8.5 11.9 0.24 3449.6 3414.1 2.9 98.97 6.13

2 229.1 16.0 401.7 9.0 11.9 0.24 3653.6 3615.1 2.9 98.95 5.81

2 229.0 16.9 401.6 9.5 11.9 0.24 3856.3 3814.8 2.8 98.93 5.52

2 228.9 17.8 401.7 10.0 11.9 0.23 4061.2 4016.5 2.8 98.90 5.26

2 228.8 18.7 401.7 10.5 11.9 0.23 4265.7 4217.4 2.7 98.87 5.06

2 228.8 19.6 401.7 11.0 11.9 0.22 4470.4 4418.5 2.7 98.84 4.86

2 228.8 20.5 401.8 11.5 11.9 0.22 4676.1 4620.1 2.6 98.80 4.73

2 228.7 21.4 401.8 12.0 11.9 0.22 4881.7 4821.5 2.6 98.77 4.69

2 228.7 22.3 401.8 12.5 11.9 0.21 5086.8 5022.6 2.5 98.74 5.16
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2.4 Thermal Performance
The thermal image is shown in the following figure. The test conditions occurred at 230-V input, 400-V output, 
and a 5-kW load. The worst-case observed temperature is 40.7 °C.

Figure 2-3. Thermal Image
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The GaN FET thermal solution is illustrated in the following images.

Figure 2-4. GaN Card - Bottom View Figure 2-5. GaN Card - Top View

Figure 2-6. GaN Card - Side View

Figure 2-7. GaN Card - Heat Sink
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3 Waveforms
3.1 Switching Waveforms
Switching behavior is shown in the following figures. Test conditions for these waveforms occur at:

• VIN: 230 V
• VOUT: 400 V
• IOUT: 10 A

Note
Several operating points are illustrated to demonstrate the topology and controls ability to maintain 
ZVS when the input voltage is both above and below ½ VOUT.
• CH1 - VSW Phase 1
• CH2 - VSW Phase 2
• CH2 - ISW Phase 1
• CH4 - ISW Phase 2

Figure 3-1. Entire Waveform Figure 3-2. VIN < ½ VOUT 

Figure 3-3. VIN > ½ VOUT Figure 3-4. VIN > ½ VOUT 

Figure 3-5. VIN = ½ VOUT Figure 3-6. VIN < ½ VOUT 
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IMPORTANT NOTICE AND DISCLAIMER
TI PROVIDES TECHNICAL AND RELIABILITY DATA (INCLUDING DATA SHEETS), DESIGN RESOURCES (INCLUDING REFERENCE 
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AND WITH ALL FAULTS, AND DISCLAIMS ALL WARRANTIES, EXPRESS AND IMPLIED, INCLUDING WITHOUT LIMITATION ANY 
IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE OR NON-INFRINGEMENT OF THIRD 
PARTY INTELLECTUAL PROPERTY RIGHTS.
These resources are intended for skilled developers designing with TI products. You are solely responsible for (1) selecting the appropriate 
TI products for your application, (2) designing, validating and testing your application, and (3) ensuring your application meets applicable 
standards, and any other safety, security, regulatory or other requirements.
These resources are subject to change without notice. TI grants you permission to use these resources only for development of an 
application that uses the TI products described in the resource. Other reproduction and display of these resources is prohibited. No license 
is granted to any other TI intellectual property right or to any third party intellectual property right. TI disclaims responsibility for, and you 
will fully indemnify TI and its representatives against, any claims, damages, costs, losses, and liabilities arising out of your use of these 
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TI’s products are provided subject to TI’s Terms of Sale or other applicable terms available either on ti.com or provided in conjunction with 
such TI products. TI’s provision of these resources does not expand or otherwise alter TI’s applicable warranties or warranty disclaimers for 
TI products.
TI objects to and rejects any additional or different terms you may have proposed. IMPORTANT NOTICE
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