Panasonic Technical Journal Vol. 57 No. 1 Apr. 2011

SiC37 — T34 A DIRFARIEILEE

SiC Power Device and Loss-Reduction Operation

i

Makoto Kitabatake

o M 2 | &

Masahiko Niwayama Shun Kazama

T % T

Chiaki Kudo

ity

oooo
ooooooooooooboboooosicoooooooooooooooobooooooooooOoOoobooboOoOoo
ooooooboooooooboOosicobooooooooooooooooboboOoooonreoVooooo
DDDD4OAI:II:II:IVd5:1V[IVgSZZOVDDDDDDDDD3,5chm2DDDDDDDDDDDDDDDDD
MOSFETO D UOODOOOO0OO0OOO0DOO0O00OO0O0D0O0O0DODOOODOPFCO Power-Factor-CorrectionD] 0 O 0O 00O
odooobcoooobcOooOooboboOoOo0Osi-MOSFETOOOO13000000000000000Si-IGBTU
1200000000000C00
goodroeovoOOOOOOoOooOOOOOOOOOOOOOOOOOODOODOO

Abstract

We have achieved the creation of high-performance wide-band-gap semiconductor SiC power devices (Metal-Oxide-

Semiconductor Field-Effect Transistor: MOSFET). Typical drain-source avalanche breakdown voltage with no gate bias (V=0 V) was

measured to be >1000 V. Large drain current (/3) >40 A was observed under the conditions of Vy, (drain Bias) =1 V and V=120 V. Typical
specific on resistance (Ro,) was measured to be 3.5 mQ cm?. Our SiC-MOSFET will be applicable to the power electronic circuits used

in home appliances. It was confirmed that the energy loss of SW device in a PFC (Power-Factor-Correction) circuit was reduced to one-
third of that of the conventional Si-MOSFET. In an inverter circuit, it was reduced to half or less of that of the conventional Si-IGBT.

The SiC-MOSFET has an advantage over Si power electronics devices in high-voltage and high-frequency performance. We aim

to apply the SIC-MOSFET in electric vehicles in future.
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Fig. 1 Specific on resistance (R,,) of PE semiconductor devices as
function of breakdown voltage
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Fig. 2 Schematic drawing of structure and plane view photo of SiC-
DIMOSFET
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Fig. 3 Temperature dependence of breakdown voltage of SiC-DIMOSFET
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Fig. 4 Temperature dependence of threshold voltage of SiC-DIMOSFET
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Fig. 5 On-state DC characteristics of SiC-DIMOSFET
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Fig. 6 Temperature dependence of on resistance of SiC-DIMOSFET
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Fig. 7 Schematic drawing of PFC circuit for power-electronics
applications of home appliances

010 OOOO0OO0O0OO0ooOoobooOOoOoOoooobo

Table 1 Operation conditions and losses of conventional Si-MOSFET and

SiC-MOSFET
Si-MOSFET SiC-MOSFET
with Di-Diode|with Di-Diode | with SiC-SBD
Input voltage 200 Vg 200 Vg
Output voltage 330 Vgc 330 Vy4c
Input power 2840 W 2840 W
RT 80 mQ 22 mQ
Fon 150 O 220 mQ 29 mQ
SW speed Turn-on 50 ns <10 ns
Turn-off 50 ns <10 ns
Ry 20Q 82Q
Vags 12V 20V
Package TO-3P TO-220
Total loss (normalized) 1.00 0.40 0.33
Turn-on loss 0.22 0.18 0.11
Turn-off loss 047 0.18 0.18
Ron loss 0.31 0.04 0.04
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Fig. 8 Turn-on and turn-off waveforms of (a) conventional Si-MOSFET and
(b) our SiC-MOSFET, on PFC circuit
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Fig. 9 Schematic drawing of inverter circuit for power-electronics
applications of home appliances
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