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A Study on the Efficiency Characteristics of the Interleaved CRM PFC
using GaN FET
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Abstract

This paper presents the efficiency analysis of a critical current mode interleaved PFC rectifier, in which each
of three different semiconductor switches is employed as the active switch. The Si FET, SiC FET, and GaN
FET are consecutively used with the prototype PFC rectifier, and the efficiency of the PFC rectifier with each
different semiconductor switch is analyzed. An equivalent circuit model of the PFC rectifier, which incorporates

all the internal losses of the PFC rectifier, is developed. The rms values of the current waveforms main circuit

components are calculated. By adapting the rms current waveforms to the equivalent model, all the losses are
broken down and individually analyzed to assess the conduction loss, switching loss, and magnetic loss in the
PFC rectifier. This study revealed that the GaN FET offers the highest overall efficiency with the least loss
among the three switching devices. The GaN FET yields 96% efficiency at 90 V input and 97.6% efficiency at
240 V, under full load condition. This paper also confirmed that the efficiency of the three switching devices
largely depends on the turn-on resistance and parasitic capacitance of the respective switching devices.

Key words: GaN FET, CRM(Critical Current Mode), PFC(Power Factor Correction), High efficiency, SiC FET
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TABLE 1
MATERIAL PROPERTIES OF POWER FETs.

Parameter Unit Si SiC | GaN
Energy Band gap eV 1.1 3.3 3.4
Dielectric constant 11.8 | 100 95
Break down field MV/cm 0.3 3.0 3.3
Saturated electron velocity | 107cm/s 1.0 2.0 25
Electrons mobility em’/Vsee | 1500 | 1000 | 1200
Holes mobility em’/Vsec 600 115 10
Thermal conductivity W/cmK 15 49 2.1
Baliga FOM vs S 1 439 | 1128
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Fig. 1. Basic circuit structure for interleaved CRM PFC.
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Fig. 3. Inductor current waveform and frequency
for the interleaved CRM PFC.
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TABLE I
SPECIFICATIONS OF POWER SWITCH
Parameter Unit | Si FET SiC FET | GaN FET
Package TO-247 TO-247 TO-247
Maximum voltage A% 600 1200 650
Maximum current A 24 40 30
On resistance m& 240 80 45
Output capacitance pF 550 B 50
Gate charge total nC 145 106 157
Reverse charge nC 6.2 0.044 0.037
Recovery time ns 470 31 12
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Fig. 4. On state resistance characteristic graph.
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TABLE I
SPECIFICATIONS OF PROTOTYPE CONVERTER
Parameter Value Unit
Input voltage range 90-240 Vims
Output voltage 385 Ve
Maximum load current 1.3 A
Maximum output power 500 W
Peak output power 600 W
Line frequency 50-60 Hz
TABLE IV
SPECIFICATIONS OF BOOST INDUCTOR
Parameter Value Unit
Magnetic core model / size | EER4042S -
Magnetic core material PL-7 -
AL value 3,600 nH/N’
Turns number 40:5 -
Wire size 0.25mmx25 mm
Inductance value 170 uH
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