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Reducing Overshoot Voltage of SiC MOSFET
in Grid-Connected Hybrid Active NPC Inverters

Deog-Ho Lee!, Ye-Ji Kim!, Seok-Min Kim!, and Kyo-Beum LeeT

Abstract

This work presents methods for reducing overshoot voltages across the drain-source of silicon carbide (SiC)
MOSFETSs in grid-connected hybrid active neutral-point-clamped (ANPC) inverters. Compared with 3-level
NPC-type inverter, the hybrid ANPC inverter can realize the high efficiency. However, SiIC MOSFETs conduct
its switching operation at high frequencies, which cause high overshoot voltages in such devices. These
overshoot voltages should be reduced because they may damage switching devices and result in electromagnetic
interference (EMI). Two major strategies are used to reduce the overshoot voltages, namely, adjusting the gate
resistor and using a snubber capacitor. In this paper, advantages and disadvantages of these methods will be
discussed. The effectiveness of these strategies is verified by experimental results.
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Fig. 1. Configuration of three-phase HANPC inverter.
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Fig. 2. Switching patterns of the HANPC inverter.
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Fig. 3. Four switching states of the HANPC inverter.
(a) P state, (b) O+ state, (c) O- state, and (d) N state.

— Bl Eon = Eorr

35
=5 3 e
é .~
S 2
g1
= —
2 1
=
% 05

0
0 5 10 15 20 25

External Gate Resistor Rg; [Q]

Fig. 4. Switching losses under different external ga
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Fig. 5. Loop inductance of the HANPC inverter.
(a) without snubber and (b) with snubber.
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Fig. 6. Commutation of the HANPC inverter with snubber
capacitor (positive period) (a) before commutation, (b) at
commutation, and (c) after commutation.
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Fig. 7. Commutation of the HANPC inverter with a snubber
capacitor (positive to negative period) (a) before commutation,
(b) at commutation, and (c) after commutation.
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Fig. 8. Prototype of the 15 kW HANPC inverter.
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TABLE I
EXPERIMENT SPECIFICATIONS

Parameter Value
Rated output power 15 [kW]
DC-link voltage 600 [V]
DC-link capacitor 1200 [pF]
Grid line-to-line voltage 380 [Vims)
Grid frequency 60 [Hz]
Switching frequency 30 [kHz]
Filter inductance 1 [mH]

M Drain-source voltage ( 100 V/div) M Drain-source voltage (100 V/div)
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Fig. 9 Experimental results of the drain—-source voltage of a
SiC MOSFET under (a) 10 Q and (b) 100 Q.
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TABLE II
COMPARISON OF EFFICIENCY AND THD
UNDER DIFFERENT GATE RESISTORS

Gate resistance| Efficiency THD Vs peak
10 @ 98.302 % 2.348 % 458 V
100 Q 98.052 % 2.241 % 366.7 V

M Drain-source volta;:e ( 100 V/div)
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M Drain-source voltage (100 V/div)
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Fig. 10. Experimental results of the drain-source voltage of
a SiC MOSFET (a) without snubber and (b) with snubber.

TABLE III
COMPARISON OF EFFICIENCY AND THD
WITH/WITHOUT SNUBBER CAPACITOR

THD
2.348 %

Efficiency
98.302 %

Snubber capacitor

Non applied

Vs peax
458 V

Applied (1 pF) 98.35%9 % 2.169 % 37133V
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