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Development of Drive Circuits for Super High-Speed Switching Devices
to Reduce High-Frequency EMI Noise
Hiroyoshi Komatsu*, and Toshihiko Noguchi (Nagaoka University of Technology)

Abstract

This paper describes a drive circuit which is capable to drive super high-speed power switching devises with suppression of

a high-frequency EMI noise. When the super high-speed switching devises such as SiC-MOSFETs are operated in a power

converter, their high dv/dt rate in the rise time and the fall time causes a high-frequency common-mode current in the drive circuit

through an isolated transformer due to its parasitic capacitance between the primary and the secondary windings. In addition,

signal isolation elements such as opto-couplers can be transferring paths of the common-mode current. In order to overcome the

problems, a toroidal multi-core transformer is proposed in the paper to reduce the parasitic capacitance and to enhance the current

capability to drive the super high-speed switching devises at the same time. A prototype was developed to examine

experimentally effects of the toroidal multi-core transformer. As a result, the peak value of the common-mode current was

suppressed down to 1/4, compared with that of a standard utility power transformer.
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Fig. 1. Parasitic capacitance between primary-side and secondary-side.
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Table 1. Parasitic capacitance between primary-side and secondary- side of

transformers.
Exciting Frequency Parasitic Capacitance
(kHz) (pF)
Toroidal Core 1000 3.65
Transformer 100 3.99
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Fig. 2. Circuit configuration of drive circuit.
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Fig. 3. Circuit configuration of isolated power supply for drive circuit.
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Fig. 4. Photograph of isolated power supply for drive circuit.
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Fig. 5. Test circuit for switching characteristics.

VT UV ESHEEE L CHBEERA A v F U TEERO
v — 7 BIRICHIET 5,

@ BRE)[EIEE L& HIAE R O MEIITE T 7 A S E N
THERBEDORBAEIT O,

® MW7) v MERDO Y = 2T RTHZ LY,
BRI DML TR L oK A v B — K 2 L%
X5,

3. BEENEIRDIER & BERE

(3-1) EIERHERL

B 2 \CEEEAA v T o T HEAOBREEE, X 3 RS
BB AR IR O BB A R 3, 22 TR b Z /A
GhECHBEEEE S L, mim7 ) v MER EICEE L,
R EORE =TT B ATRE AR R Y K< EL L, EA
DA SE — PR E 72D L O ITEEH LT, X 4 IZHR(E
U 7= BREh (e AR B0 5842 mR Y, 20X ) Ic~v T
aFfplizbaAf Zrar v I RETY v R EROFEE
IZENEN I EEEINTND

X 2 OERENEIE I VY D MOSFET (2%, #— MERTEN
IS, BEHAAL v F U TRARER b O EIERE Lz, Al
@iﬁ’%@@%kﬂﬁ@%ﬁ@%ﬁ’i FEREZIK
WLT, By — MEREBETEDI T 7 A NRNEV 2
ﬁwwnmmwwaﬂnmn,nmmn)%&%Ltoi

3.6



e

o
5.0 (V/div) A

—

;
3

T
=
f(-

- LMWW

Time 20 (ns/div)

Time 20 (ns/div)

(@) Z—rA K (b) H—r A TR
6 — NEEREE
Fig. 6. Gate voltage waveforms.
(a) Turn on.

(b) Turn off.

ds
50 (V/div) . \ AN

0 W 0

Time 20 (ns/div) Time 20 (ns/div)

(@) Z—rA B (b) H#—rA TR
7 RuA v V—AHELEEE
Fig. 7. Drain-source voltage waveforms.
(a) Turn on.
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Fig. 8. Circuit configuration of half bridge inverter
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(a) Output waveforms.
(b) Gate voltage and drain-source voltage waveforms (low-side) .

(c) Gate voltage and drain-source voltage waveforms (high-side) .
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100 (V/d‘ljv) \ \ \ \

iCZ\/I
1.0 (A/div)
0 1 1 ke A

Time 1.0 (us/div)

(a) B Vou & TE L E— N iom

0 \\_/UWWNM:«MWu

1 10 100

Frequency (MHz)

(b) =EE— REF icy D FFT AT
11 BRI 2ENTHGENZ W hE 0 2% o — FER
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(a) Output voltage and common-mode current.

(b) FFT analysis result of common-mode current.
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(a) Output voltage and common-mode current.

(b) FFT analysis result of common-mode current.
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