SicOopooooopoooog (b 20)

D0 oo oooooog ™

Performance Evaluations of SiC Power Device(2nd Report)

Tomoaki MAKINO™ and Satoshi NAGAI™

In recent years, next generation SiC(Silicon Carbide) power devices became to be in practical use. Last year, the

authors evaluated the switching losses in basic experimental circuit and proposed the most suitable applications of SiC-

SBD(Shottkey Barrier Diode). In this study, the authors evaluated SiC-SBD with IGBTSs in practical inverter circuit.

From the experimental results, switching losses of this inverter is lowered sufficiently over 100kHz frequency range.
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Tablel Specifications of Semiconductor Materials

Si GaAs |SiC(6H)|SiC(4H)
ooooooo 1.12 1.43 2.86 3.02
(eV)
oooogo 1500 8500 460 700
(cm2/Vs)
oonoogo 0.3 0.4 3 3.5
(MV/cm)
oonoogoo 1 2 2 2.7
(x 107cm/s)
oooo 1.51 0.54 4.9 49
(W/ecmO O )
oooo 1 2.54 1298 3220
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0 SiC-SBD

Infineon Technologies O SDT10S30
0 Si-SBD

International Rectifier 0 MBR20100CT
0 Si PN O O FRD(Fast Recovery Diode)

International Rectifier 0 60EPU04
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Table2 Specifications of Diodes
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Veu(V) Ir(A) t.,(ns) 0,/(nC)
SDT10S30 300 10 - 23
MBR20100 100 10 - -
60EPU04 400 60 50 375
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Fig. 1 Measurement Circuit Diagram
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Fig. 2 Voltage and Current Waveforms of Measurement

Circuit
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Table3 Measured Switching Losses (J) (Vcc=100V)

SDT10S30
5.916x107

MBR20100CT
1.489%10°

60EPU04
9.407x10°
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Fig. 3 Series Resonant SEPP Inverter Circuit
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Fig. 4-1 Voltage Waveforms of Power MOSFET Inverter
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Fig. 4-2 Current Waveforms of Power MOSFET Inverter
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Fig. 5-1 Voltage Waveforms of SiC Diode + IGBT Inverter
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Fig. 5-2 Current Waveforms of SiC Diode + IGBT Inverter

120 oA
WITWYTTW 'V-M-‘h-“l [\‘J
100 Ty, N\ 20
<= 80 L 15
= ) 5¢
g 60 \ g
S - 1.05
S / >
2 VO|18@ / \ L 05
I RV A
M
0 "/y 0.0
20 40 60  80x10°
time[s]

Fig. 6 Turn-off Waveforms of Power MOSFET



Al m E gl 2

Fig.700 I1IGBTOOOOOOODOOOCOOODO
0MoO0bOO0O00oO0oonDov,000 110kHzO DO OO
goboboooobbooobbooobobogoo
gooboooobooobobboooobooo
gooobogo

TabledODO OO MOSFETOOODOOOOOODO
o0o0D00O00 13kHzOOODOOOoOooODOOOO
gooboooobboooobbooobooo
ooboooooobbooobbboooboboo
gb2000000000000D0O0O0OO

Table5 O SiCOODOODOOIGBTOOOOOODO
o0o0ObObO0O00oO0obD1okHzODOOODOOOO
gbobooboboobobobobobbooobobooDbo
oobooooboooobobbooooobooo

100 \ f\ 5
80 4
\
P [\
8 <
g BMVA A
Current
20 1
0 st stk \/ 0
20 40 60  80x10°
time[s]

Fig. 7 Turn-on Waveforms of IGBT
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Fig. 8 Measured Switching Loss
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Table4 Measured Turn-off Losses of MOSFET

DC Voltage[V] DC Current[A] Switching Loss[J]
50 0.45 6.199x10”
100 0.85 2.341x10°
150 1.22 5.509x10°

Table5 Measured Turn-on Losses of SiC+IGBT

DC Voltage[V] DC Current[A] Switching Loss[J]
50 0.45 1.050x10°
100 0.85 3.905x10°
150 1.33 9.902x10°
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