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In order to reduce the high on-resistance of SiC power MOSFETs, it is important
to establish a new method to obtain high channel mobility in SiC MOSFETs. In this study, we proposed a
new method to reduce the interface state density and obtain high channel mobility. In this method, boron
(B) atoms are incorporated into the Si02/SiC interface. By this method, the interface state density was
significantly reduced and high field-effect mobility up to 102 cm2/Vs was obtained. We also investigated
the mechanisms of the effect of incorporating other elements, and proposed that the relaxation of
interface stress is important for improving interface quality.




Si
SiC
SiC

SiC MOSFET

SiC
2010

SiC

MOSFET

SiC MOSFET

SiC MOSFET

MOSFET

€Y

MOSFET

SiC

MOSFET

BN

950°C

SiC
Si0,
SiC
Sio,
MOS -
(SIMS) Si0,
® MOSFET
MOSFET
MOSFET
©)
thermal stimulated current,
TSC Si0,/4H-SiC
B
@
MOS
MOS
NO
MOS
4 x 10% cm2eV?
NO 7 x 10" cm?%Vv?

7 %
10%° cm2eV?



'—\

(@)
-
IS

T T T T T T
Hi-Lo Method (1 MHz-1 Hz)

>
[)]
e 10} |
‘;)’ M.... Dry
“%' 10127.. ...... }
o) ®e, ° ® e .
&) °
Q 10t ‘o * o
b °e, Dry + NO
n
10 o
§ 107F ° Dry + Boron
b= [ J o Y (]
(]
— 9 ) \ | )
EW G303 04 05 o6
E.—E (eV)
SIMS
SIMS
Sio,
—10% : : .
I
22
5 1072 0= ___ 5
5 1021 g
® 1020 I
|5 s
g 10" >
3 10" @
e 5
'€ 10" <
g
< 10" I
0 20 40 60 80
Depth (nm)
@ MOSFET
MOSFET
4 cm?/Vs
NO 20 cm?/Vs
102 cm?/Vs

100 cm?/Vs

Na

B

100 -

Field-Effect Mobility (cm2/Vs)

Dry + Boron

50 +
Dry + NO
r Dry
| L
0 0 10 20
Gate Voltage (V)
Si MOSFET
20 50 cm®/Vs
2 3
SiC MOSFET
89 cm?/Vs
©)
TSC
MOS
near-interface trap; NIT
250K
Temperature
16K ﬁheaﬁng rate
Charging voltage
Gate voltage J Discharging
voltage (-5V)
Gatecurrent | | TSC Spectrum
Time
TSC
3.0 MV/cm
TSC
NIT
TSC NO
TSC
B
TSC
B TSC
P TSC



< 4
& T T T T T .
— =20 K/mi 1
5 Dry 8:400 urlpnm ] 10 /]\
E 3L Eox ~ 3.0 MV/cm| S 6
3 £
© S
3 >
GJ e
T 2f - g 4
g a
-E Dry + NO o
»w 1L i o 2
2> e
g - ©
o 0 L 0
2 50 100 150 200 250 300
= Temperature (K) Oxide Electric Field (MV/cm)
TSC NIT
Si0,/4H-SiC 50 250K
TSC NIT
TSC NIT NIT  Si0,
Si,
6H-SiC, 4H-SiC
TSC 4H-SiC Sio, 2.8¢eV
0.1 0.7 eV NIT
4H-SiC 0.leV
Si0,/4H-SiC
Si SiC Si0,
NIT o
4H-SiC Si
MOS Si  SiC
Si
SiC Si o
C
Si
______________________ SiC
2.7eV C
Si
E I ~0.7eV Sic. _
c ' Si Si
~0.1eV | |
NIT
SiC Si0,
4H-SiC  SiO c! Sio Si
Xy 2 SiC
NIT Si




NIT
SiC MOS
NIT

SiC MOSFET

SiC MOSFET

D. Okamoto, M. Sometani, S. Harada, R.
Kosugi, Y. Yonezawa, and H. Yano,
“ Improved Channel Mobility in 4H-SiC
MOSFETs by Boron Passivation” , IEEE
Electron Device Lett., Vol. 35, pp.
1176-1178 (2014).
DOI: 10.1109/LED.2014.2362768

“B
4H-SiC MOSFET
” 20 -

2015/1/30

D. Okamoto, M. Sometani, S. Harada, R.
Kosugi, Y. Yonezawa, and H. Yano
“ Demonstration of High Channel Mobility
in 4H-SiC MOSFETs by Utilizing Boron-Doped
Gate Oxide” , 45th IEEE Semiconductor
Interface Specialists Conference (SI1SC),
San Diego (CA, USA), 2014/12/11

http://power.bk.tsukuba.ac.jp/

o

OKAMQOTO, Dai

50612181



