The Transactions of the Korean Institute of Power Electronics, Vol. 22, No. 4, August 2017 297

https://doi.org/10.6113/TKPE.2017.22.4.297

GaN FET 7]¥t B7|AF7]1& St A A 4-AF DC-DC

A
Converter 33‘._-% o =

M 7|s4u|1, E=AT 2=zt

, m22 !
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Converters Using GaN FET-based Synchronous Rectifier
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Abstract

The purpose of this paper is to analyze losses because of switching devices and the secondary side circuit
diodes of 500 W full bridge dc-dc converter by applying gallium nitride (GaN) field-effect transistor (FET),
which is one of the wide band gap devices. For the detailled device analysis, we translate the specific
resistance relation caused by the GaN FET material property into algebraic expression, and investigate the
influence of the GaN FET structure and characteristic on efficiency and system specifications. In addition, we
mathematically compare the diode rectifier circuit loss, which is a full bridge dc-dc converter secondary side
circuit, with the synchronous rectifier circuit loss using silicon metal-oxide semiconductor (Si MOSFET) or
GaN FET, which produce the full bridge dc-dc converter analytical value validity to derive the final
efficiency and loss. We also design the heat sink based on the mathematically derived loss value, and
suggest the heat sink size by purpose and the heat divergence degree through simulation.
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TABLE 1
COMPARISON TABLE FOR CANDIDATE DEVICES!2!
Si SiC GaN
Energy Band
1.1 3.26 345
Gap(eV)
Critical Electric Field
for Breakdown(MV/cm) 03 3 4
Electron 150 100 125
Mobility(cm®/ V) 0 0 0
Dielectric Constant 11.8 9.7 9
Sa@ated f,lectron 1 9 99
Velocity (10'cny/s)
Thermal
1. 4. 1.
Conductivity (w/cm-k) g ) 3
Field Plate
AlGaN

Fig. 3. Physical structure of GaN transistor
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TABLE 1T
KEY PARAMETERS OF CANDIDATE DEVICES
Diode MOSFET
FET
Parameter | (STPS6 | (BSB028NO ((]}Eali\é2020)
1L.60C) 6NN3G)
0.36
Vo 09 [V 1.7 [V
TH V] [V] [V]
10 1.42
R S(on
D/RD5< ) [ m£2] 5 [mSZ] [ mSZ]
Vp - 47 [V] 2.15 [V]
1.9
" - 1
Qas.tH 8 [nCl] [nC]
Crss - 100 [pF] 24 [pF]
Qc - 108 [nC] 16 [nC]
Qe - 87 [nC] 0 [nC]
Rpsofn - 5 [mQ] 4 [mQ]
TABLE I
DESIGN PARAMETERS FOR FULL-BRIDGE
CONVERTER
Parameter Value Parameter Value
Pou 500 [w] | e - 17.85[A]
ID(avg)
Vin 300 [V] Trtms) - 25.25[A]
ID(rms)
Vout 14 [V] Tj 250(:
Vs 46 [V] fow 100(kHz]
Vesmoser 15 [V] Vs GaNFET 5 [V]
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Fig. 6. Switching pattern with synchronous rectifier.
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