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Implementation and Operating Characteristics of 2-MHz Inverter Using Ultra High-Speed MOSFETs

Takamasa Takeshige, and Toshihiko Noguchi (Nagaoka University of Technology)

Abstract

This paper describes implementation and operating characteristics of a high-frequency inverter using ultra high-speed
MOSFETs, which are employed as substitutes of SiC power switching devices. The objectives of this study are to investigate how to
implement and how to drive such high-speed devices as SiC transistors, and to clarify practical problems on implementation and
operation of the MHz inverter. Various special techniques are employed in a prototype 2-MHz inverter with 200-V DC-bus voltage, .
i.e., optical fiber based signal transmission, gate drive circuits immune from high dv/dt, and so forth. Using this experimental setup,

not only switching characteristics of the MOSFETs were measured, but also losses analysis of the inverter was performed.

Consequently, proper operation of the 2-MHz inverter has been achieved with ne malfunctioning and approximately 85-%

maximum efficiency has been confirmed, which demonstrates feasibility of the proposed approach of this paper.

F—O—K:2)a2rh—=N1F, &&EMOSFET, X7 71/\, EKRER, RhER
(Silicone carbide, high-speed MOSFET, optical fiber, short-circuit current, leakage current)

1. [FL®IC

20 HACHEE, EHERSBHIZIBWTI U I (S) IKHED
SHBEAA v F 2 TRFNREXICRREL N, £OHERE
M ERIERRICH B EEZ OND, EE, HilzisEEEs
LT VAL H—=NA R (SIC) ZRVWEEARRA Y
FUOUETMEBEBRUCHD TS, ZHIREED Si £F
IR, BEAA v F U, BitE, SREE (Kigkad
BEXH, HENICENZFEEZD > TWENSTHS, BHE
TREHARCLRE, Mg E%ELRITIERS 20N
HOBEES HBIMN, 5%, BHAPEEEFOEFRSAD,
SICIRAZRFRERELINNIEHNERBOEL B EAKIL
MEDZ SISEETHIVD, Lrl, BEKENEDIZD
N, HEHEP EMI /1 AMBEREBLOMEZ AT A
FHEA OB EMSERE LT NER S 2N,

AR TR INMSEREZREZ2THAIERBALDIEIC
METRL, BEEAAN Y F L ITRBFILLDEHER AT
LN FOHBEEORNEERE L, FERDSICAA vF
CDURTFEERTLSED, BREAN Y FUIHETFELT
dv/dt=10 [V/us) M OMEEZEE T % & B A MOSFET & F W
TN—T Ty IA 2 N—F%&REL. DC NIAEE 200

(V], HARBEE 2 [MHz| CTEHICERETES I EZ2HESEL,

BB AR CELEAEICDODWTRI L, £/, TD MOSFET

DAFMBRIINTEIRAM v F /2 AEL - ETHEE
SEEERTVEML O THRET 5.

2. BEERA v F U RFOMLERE

£ 1 KEERTHEAL/EEE MOSFET O EBIINFHE%E
RY. TO MOSFET A VEHFIN1.2[Q1EBNHHDOD, R
Ao F o THREIIBWTSICAAT v F U IEFEREOHE
EHELTWS, INZAVDIETHEEAT v F O IEICE
NER AT LNZTEHEETORNEERET 5.
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Table 1. Electrical specifications of MOSFET (DE375-102N10A).

Parameter Symbol Value
Drain-source rated voltage Vps 1000 [V]
Gate-source rated voltage Vs 20 [V]

. DC Ip 10 (A]
Drain rated current

Pulse Ipp 60 [A]

Input capacitance Ciss | 2900 [pF]

Qutput capacitance Coss 100 [pF]
Rise time Td(on) 5 [ns]
Switching time Turn-on time Ton 3 [ns]
Fall time Td(off) 5 [ns]
Turn-off time | Toff 8 [ns)
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Fig. 1. Noise path caused by dv/dt.
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Fig. 2. Gate drive circuit using optical fiber unit. (a) Circuit

diagram. (b) Implementation.
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Fig. 3. 2-MHz Inverter using high-speed MOSFET.

5 [V/div]
5 [Vidiv)
{20 (vrdiv]

{ 100 [vrdiv)
100 [ns/div)

"5 [Vidiv]
15 [V/div]

120 [v/div]
| 100 [vrdiv]
100 [ns/div]

(®)

4 HEARICED T — b RIA TRIEDEEER
(@) X7 74Ny MERK
(b) & ik 1C 5 FRF
Fig. 4. Comparison of gate drive characteristics between two
isolation systems. (a) Optical fiber unit. (b) High-frequency

isolation IC.
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Fig. 5. Switching waveform of high-speed MOSFET.
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Fig. 6. Voltage waveform across load.
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Fig. 7. Gate-source and drain-source voltage waveforms. (a)
1p=0.95 [A]. (b) Ip=3.4 [A].
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Fig. 8. Turn-on and turn-off characteristics.
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Fig. 9. Switching waveforms of 2-MHz inverter. (a) Light
load. (b) Heavy load.
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Fig. 10. Efficiency and losses analysis.

High-side MOSFET
S1: ON

Dead time

Low-side MOSFET
S2: ON

K11 A1y FrTIHEDERER

Fig. 11. Short-circuit current caused by switching operation.
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Fig. 12. Leakage current through heat sink measurement circuit.
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Fig. 13. Leakage current waveform.
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