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Optimal Design of GaN-FET based High Efficiency and High Power Density
Boundary Conduction Mode Active Clamp Flyback Converter
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Abstract

An active clamp flyback (ACF) converter applies a clamp circuit and circulates the energy of leakage
inductance to the input side, thereby achieving a zero-voltage switching (ZVS) operation and greatly reducing
switching losses. The switching losses are further reduced by applying a gallium nitride field effect transistor
(GaN-FET) with excellent switching characteristics, and ZVS operation can be accomplished under light load
with boundary conduction mode (BCM) operation. Optimal design is performed on the basis of loss analysis by
selecting magnetization inductance based on BCM operation and a clamp capacitor for loss reduction. Therefore,
the size of the reactive element can be reduced through high—frequency operation, and a high-efficiency and
high—-power-density converter can be achieved. This study proposes an optimal design for a high—efficiency and
high-power—density BCM ACF converter based on GaN-FETs and verifies it through experimental results of a

65 W-rated prototype.
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Fig. 1. Active clamp flyback converter.
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Fig. 2. Key waveforms of boundary conduction mode active
clamp flyback converter.
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Fig. 3. Operation modes of active clamp flyback converter.
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Drain-source resistance (Raon) 0.230 [Q] 0.110 [Q]

Reverse Recovery Charge (Q) 3100 [nCl] 0 [nC]

Fall time (t) 22 [ns] 5 [ns]
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Loss [W]
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Loss Comparison(IPL65R230C7 vs NV6117)

Fig. 4. Loss comparison of Si-FET and GaN-FET.
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Fig. 6. Active clamp flyback converter with LC filter.
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Fig. 9. 66W-Prototype of boundary conduction mode active
clamp flyback converter(53.3mm x 54.5mm x 20mm).
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Fig. 10. Steady state key experiment waveforms of boundary
conduction mode active clamp flyback converter according
to input voltage.

TABLE I
KEY PARAMETERS APPLIED TO THE BCM ACF
CONVERTER
Parameters Values
Input voltage (Vi) 90~264 [V,
Output voltage (V,) 20 [V]
Output power/current (Py/I,) 65 [W] / 325 [A]
Turn ratio (n:1) 5:1(20:4)
Magnetics inductance (L,,) 65.87 [uH]
Leakage inductance (Ly) 148 [uH]
Clamp capacitor (Cy) 200 [nF]
Resonant capacitor (C,) 24.7 [uF]
IC UCC28780

efficiency[%]

0 10 20 30 40 50 60 70
Load[W]

——90Vrms ——115Vrms —#-230Vrms 264Vrms

Fig. 11. Efficiency by load of boundary conduction mode
active clamp flyback converter according to input voltage.
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