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Evaluation of Current-Source Gate Drive Circuit Applied to High-Frequency Inverter
with Large Gate Capacitance
Ayato Sagehashi*, Student Member, Jun-ichi Itoh*®, Senior Member, Koji Orikawa™ *, Member
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This paper investigates a switching operation when a current-source gate drive circuit is used for large gate capacitance. The

current-source gate drive circuit consists of a voltage source, an input inductor, and switching devices such as an H-bridge inverter.

The power consumption of this circuit is reduced in comparison with that of a conventional voltage source gate drive circuit because
the energy of the capacitor between a gate and a source is not consumed in gate resistance, which is not required for the current
source gate drive circuit. The switching operation of the proposed current source gate drive circuit in the high-frequency inverter
is evaluated experimentally. In addition, the power consumption is measured when the switching frequency is changed from 100
kHz to 1 MHz. As a result, it is confirmed that the power consumption of the current-source gate drive circuit is reduced by 62%

compared with that of the voltage source gate drive circuit at 1 MHz.
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Fig. 1. Conventional gate drive circuit.
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Fig. 2. Switching patterns of the conventional gate drive circuit.
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Fig. 3. Current source gate drive circuit.
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Fig. 4. Operation modes of the current source gate drive circuit
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Fig. 5. Switching patterns of the current source gate drive circuit.
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Fig. 6. Flowchart for design of the current source gate drive circuit.
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Fig. 8. Equivalent circuit waveforms of Fig. 7.
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Fig. 9. Comparison of power consumption among gate drive
circuits by simulation results.

Table 1. Conditions for loss comparison by simulation.

Input voltage of voltage source 12V

Input voltage of current source 33V

Gate source voltage Vs +12V

Gate source voltage Vg, 51Q

Parallel connection resistance Ry 10 kQ

Switching device MOSFET:IRLML2060TRPbF(IR)
On resistance Rps [ o480
Diode RB161M-20TR(Rohm)

Forward voltage V¢ | 042V
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Fig. 10. Experimental circuit diagram.

Table 2. Experimental conditions.

Input voltage Vi, 48V
Input capacitance C 5 uF
i Lode reactor L 0.8 pH
Ma".] Gate voltage V, +12V
circuit - &
Gate resistance Ry 51Q
Switching MOSFET:IRF640NPbF(IR)
device FET gate capacitance Cqs | 1110 pF
Switching MOSFET:IRLML2060TRPbF(IR)
device On resistance Rps [ o480
Gate Diode RB161M-20TR(Rohm)
drive Forward voltage V¢ | 042V
circuit Initial charging time T; 50 ns
Parallel resistance Ry 5kQ
Peak current Ipea 4A
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Fig. 13. Operation waveforms (Cg=3000 pF, Duty=20%).
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Fig. 16. Operation waveforms (Cg=10000 pF, Duty=70%).
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