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ZNS AC-DC

Zero Voltage Soft Switching Duty Cycle Pulse Modulated High Frequency Inverter-Fed
Harmonic Reduction AC-DC Converter for Consumer Magnetron Drive
Manabu Ishitobi , Student Member, Takayuki Matsushige , Non Member, Mutsuo Nakaoka , Member
Daisuke Bessyo , Non Member, Hideki Omori , Member, Haruo Terai , Member

The utility grid voltage of commercial AC power source in Japan and USA is 100V, but in other Asian and
European countries, it is 220V. In recent years, in Japan 200V outputted single-phase three-wire system begins
to be used for high power applications. In 100V utility AC power applications and systems, an active voltage
clamped quasi-resonant inverter circuit topology using IGBTs has been effectively used so far for the consumer
microwave oven. In this paper, presented is a half bridge type voltage-clamped asymmetrical soft switching PWM
high-frequency inverter type AC-DC converter using IGBTs which is designed for consumer magnetron drive
used as the consumer microwave oven in 200V utility AC power system. The zero voltage soft switching inverter
treated here can use the same power rated switching semiconductor devices and three-winding high frequency
transformer as those of the active voltage clamped quasi-resonant inverter using the IGBTs that has already
been used for 100V utility AC power source. The operating performances of the voltage source single ended push
pull (SEPP) type soft switching PWM inverter are evaluated and discussed for 100V and 200V common use
consumer microwave oven. The harmonic line current components in the utility AC power side of the AC-DC
power converter with ZVS-PWM SEPP inverter are reduced and improved on the basis of sine wave like pulse
frequency modulation and sine wave like pulse width modulation for the utility AC voltage source.
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Keywords Single ended push pull high frequency inverter, Three winding high voltage transformer, Zero voltage soft switching,
Asymmetrical PWM, Full wave voltage doubler rectifier, Magnetron for microwave oven, AC-DC converter system,

Pulse width and pulse frequency mixed pattern modulation, Line current harmonics and power factor improvements
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Fig. 5. Single-ended push-pull (SEPP) ZVS-PWM high-frequency inverter-fed AC-DC converter.
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Table 1. Circuit Constants.

Cd 5.5[u F]

Ld | 100[u H]

Ci1 0.18[u F]

Cs | 4.50[u F]

L1 | 45.0[u H]

L2 | 14.0[mH]

Ls | 0.70[u H]

Kiz 0.74
K23 0.83
Ks1 0.60

C2 | 3600[pF]

Cs | 3600[pF]

Ca 500[pF]

Vz 3600[V]

Ro | 500[kQ]

R 300[Q]

Vgm

Vgs

Tons

6 SWm, SWs
Fig. 6. Gate signal timing sequence of SWm and SWs.
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Table 2. Symbols in asymmetry PWM scheme.
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Fig.7. Operating modes and equivalent circuits.
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Fig. 8. Operating waveforms of SWm and SWs
under hard switching.
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under soft switching.
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Fig. 11. Duty cycle power regulation characteristics.
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Fig. 15. FFT spectrum of input current in utility grid.
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