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An Analysis of ZVS Phase-Shift Full-Bridge Converter's Small Signal Model
according to Digital Sampling Method

Jeong—Woo Kim1, Younghoon ChoT, and Gyu-Ha Choe'

Abstract

This study describes how digital time delay deteriorates control performance in zero voltage switching (ZVS)
phase-shifted full bridge (PSFB) converter. The small-signal model of the ZVS PSFB converter is derived from
the buck-converter small-signal model. Digital time delay effects have been considered according to the digital
sampling methods. The analysis verifies that digital time delays reduce the stability margin of the converter,
and the double sampling technique exhibits better performance than the single sampling technique. Both
simulation and experimental results based on 250 W ZVS PSFB confirm the validity of the analyses performed
in the study.

Key words: ZVS(Zero Voltage Switching), DPWM(Digital Pulse-Width Modulator), ZVS PSFB(Zero Voltage
Switching Phase-Shift Full Bridge)
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Fig. 1. The ZVS PSFB converter.
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Fig. 2. The small signal equivalent circuit of buck-converter.
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Fig. 3. Duty cycle modulation due to the change of filter
inductor current.
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Fig. 4. Duty cycle modulation due to the change of input
voltage.
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Fig. 5. The ESR added small signal equivalent circuit of
ZVS PSFB converter.
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Fig. 6. Block diagram of ZVS PSFB converter.
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Fig. 7. The single-update-mode triangular-carrier modulators.
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Fig. 8. The double-update-mode triangular—carrier modulators.
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Bode Diagram
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TABLE I
PHASE OF G,,(s) ACCORDING TO SAMPLING
METHOD
Sampling Method Phase
Analog -130°
Single Sampling -148°
Double Sampling -139°

Fig. 11. Hardware of ZVS PSFB convelter
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Fig. 12. Input and output of ZVS PSFB converter.
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TABLE IV
EXPERIMENT PARAMETER OF ZVS PSFB
CONVERTER SYSTEM

Parameter Value

Input voltage, V;, 100 [V]
Output voltage, V,,, 37 [V]
Transformer turns ratio, n 0.52

Transformer leakage

. 11.7 [uH]
inductance, Ly,
Switching frequency, f, 20 [kHz]
Output filter inductor, L 80 [uH]
Output filter capacitor, C 2000 [uF]
Load resistor, R 5 [Q]
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Fig. 13. Control-to-output voltage transfer functions of ZVS
PSEB converter.
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