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Purpose: Realizing of power semiconductor module series drive technology for low 
loss and low cost of power electronics equipment
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 The gate magnetic coupling method (1) was 
selected to improve voltage imbalance during 
switching.

 We proposed the following additions to the gate 
magnetic coupling method.
①Damping gate drive method to suppress gate 
voltage oscillation without changing the 
switching speed.
②Method of adding capacitor between DG 
terminals to improve VDS voltage imbalance.

 The proposed method was validated in an 
experimental facility with 3.3 kV / 750 A SiC
power modules in a 2-series, 2-parallel 
configuration.

(1)Kiyoaki Sasagawa, Yasushi Abe, and Kouki Matsuse, “Voltage-Balancing 
Method for IGBTs Connected in Series”, IEEE TRANSACTIONS ON INDUSTRY 
APPLICATIONS, VOL. 40, NO. 4, JULY/AUGUST 2004, 1025-1032 (2004)

3.3kV SiC power module 2-serial, 2-parallel 
configuration experimental facility
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1. Proposal of Damping Gate Drive Method
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VGS, VDS, IDS waveforms without and with damping drive method (condition of gate signal time difference 150ns)

Duration of on-state ton

Damping gate drive method suppresses gate voltage oscillation and greatly reduces voltage imbalance.
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Degree of voltage imbalance per on-pulse time ton

(condition of 150ns gate signal time difference)

When nothing is applied: 80％
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2. Propose of Magnetic coupling + damping gate drive + additional capacitor between DG terminals

Combination of damping gate drive method and adding a capacitor between DG 
terminals greatly improves voltage imbalance.

（Orange）
Due to gate voltage 
oscillation, magnetic coupling 
causes positive and negative 
voltage imbalance.
（Gray）
Damping method suppresses 
voltage imbalance.
（Blue）
Additional capacitors further 
improve voltage imbalance, 
especially in regions with 
short on-pulse widths.
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