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Basic Investigation of the Circuit Parameters Design

in a Power Converter Circuit using High Frequency Power Devices.

Kenta Watanabe *, Satoshi Miyawaki, Jun-ichi Itoh (Nagaoka University of Technology)

This paper investigates the circuit parameters design in a power converter circuit using high frequency power devices. The

circuit parameter design is examined separately for the gate drive circuit and the main circuit. At first, we focus on the

gate-source voltage oscillation is generated in the circuit, power consumption of the gate drive circuit and switching losses. As a

result, the designed gate drive circuit achieved low power consumption of it and low switching losses. In addition, the relations

between the voltage oscillation and parasitic parameters were discussed.
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Fig. 1. Comparison of gate drive circuit.
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Table 1. Experimental parameters of gate drive circuit.

Supply voltage Ve -3.3 ~+3.3[V]
Switching frequency f;,, 40[kHz]
Duty cycle D 0.5
N Gate resistance Rg; 3.3[Q]
Gate resistance Rg, 1[kQ]
2 Speed-up resistance Rg 3.3[Q]
Speed-up capacitor Cs 10[nF]
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Fig. 2. Definition of Stationary section
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Table 2. Electric power comparison between Normal drive and
with RC speed-up circuit.

(1) Without (2) With
speed-up circuit | speed-up circuit
ﬁ;fjjf) o W] 245.96 231
e pover Profmw) | 342 2.94
roul I‘fgzjer S— 24938 525

# 3 EEEREIRF & RC A B — K7 v FRIEAHINER
BFD A A F o TR ik
Table 3. Switching time comparison between Normal drive and
with RC speed-up circuit.
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Fig. 3. Relations of gate resistance and consumed power.
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Fig. 4. Relations of time constant and consumed power.
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Table 4. Design road map of drive circuit parameter.

Design value
Power supply of the 3.3V/33V
drive circuit Vee
Gate resistance Rg; More than 3009
Speed-up resistance R 5.0~10.0Q
Speed-up capacitor Cg 10.0~47.0nF

]

Supply
[ Pulse generation
| Gate drive unit

H
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Fig. 6. Composition of Step-down.
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Table 5. Experimental conditions of Step-down.

DC link voltage Vpc 140[V]
Switching frequency fqy 100[kHz]
Input reactor Lj, 2[mH]
DC link capacitor C; 2200[puF]
Line bypass capacitor C,,C3 1[uF]
Reactor L 5[mH]
Load resistance R 10[Q]
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Fig. 7. Composition of Step-down.
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Fig. 9. Simplified equivalent circuit model of main circuit.
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Table 6. Parameter value of equivalent circuit model.

Parasitic inductance in
DC link capacitor part L, 163[nH]
Parasitic inductance in
Line bypass capacitor part L 250[nH]
Parasitic inductance in
FET part L¢ 155[nH]
DC link capacitor C4 (=C;) 2200[uF]
Combined .Lme bypass 500[nF]
capacitor Cp
parasitic capacitance of FET C¢ 80[pF]
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