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)ALV Hh—/N(F (SiC) Dt miEE

famiEE 4H 6H 3C
NIRFYyT (eV) 3.26 3.02 2.23
EFHZEHE (cm?/Vs) 1000 450 1000
HEBEIRESR (MVicm) 2.8 3.0 1.5
SAFIRYDMERE (cm/s) | 2.2x107 | 1.9x107 | 2.7x107
LEES R 9.7
M/ E (W/cmK) 4.9
DxN\HB(IEREST)
EMEDBRERIDS
AHME TR

KIFXFXFRTFHRRE EaPHARE




Uy EEREEE & EAHHE
(Si: 175°C, SiC: 300°C)
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Z-contrast image [

SRIE

Peak mobility

> Thick transition layer (~nm)
> C-rich layer (~20%)

> Correlation with mobility
degradation in SIC-MOSFET

Abrupt 4H-SIC/SIO, interface (MEIS)

T.L. Biggerstaff et al., Appl. Phys. Lett. 95, 032108 (2009).

Peak Mability vs. Transition Layer Width

Transition layer width

Transjiion

X. Zhun et al., Appl. Phys. Lett. 97, 071908 (2010).
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Electron Energy Analvze Monochromatic synchrotron radiation
(D,fferem fy- pumped (APPLE-2 Undulator, VLSPG)
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Fig. 1. Cross-sectional top view of the surface reaction analysis apparatus (SUREAC2000).
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HEFRHEIZKDSIO/SIHREEITHE

> Si2pE A RRERITE = REV 58 (2py),, 2p,),) = YITFFH AR GRE(SiT~Si®)
F. J. Himpsel et al., Phys. Rev. B38, 6084 (1988).

> SiO,/SIFE DRI IEFE = FFEERIER
K. Ohishi and T. Hattori, Jpn. J. Appl. Phys. 33, L675 (1994).

S| 2p spectra | HEHE RS
T =TT T
o2 Si100 Si3+.... e e e N T “Si1+
; raw data 72258
inzgglrf egiigtes?;[%te \ 10 Oxidation of Si(111) in Dry O2 .
— B.G subtraction £ | SO, _,eee w0 'S
: deconvolution (2pz,) [ § 1 | Calculated —_,we°’
: £ | SiO,/Si
£ E Y TR SRS $ W NN EETS F asadtee o |
N s°
@10f . _ o ,
e £ i ° Intermediate Oxidation States of Si
S | (Si'*+8i%*+Si%*)
) . i :
N s 10% 0.5 1.0 1.5 2.0
107 —106 _1?;31:;.?;5 _Eg:,[&\?%uﬁrglgg:oﬁ —99 -98 Oxide Film Thickness (nm)
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Intensity (arb. unit)

SIC-MOSHHICEWMEEERE IFELEL (FFLRILTRIE)
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H. Watanabe et al., Appl. Phys. Lett. 99, 021907 (2011).

) Iy hEkiF4H-SiC(0001)ED 51 Bt @1100°C (~30min)
(HIZ X109 B {E=3.5nm (ESFFIEEEM) )
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REESIO,/4H-SICRE DA FEXPSHHT

H. Watanabe et al., Appl. Phys. Lett. 99, 021907 (2011).
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EE{ESIO,/SICRE D AR

H. Watanabe et al., Appl. Phys. Lett. 99, 021907 (2011).
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SiC-MOSF+/\o 20 il

Fabrication of SIC-MOS capacitor

Dry oxidation (Si-face@1100°C) Al
Post oxidation annealing @900°C SiO,
Gate electrode (Al) 4H-SiC (Si-face)
Back contact (Al) Al

C-V measurement (@1MHz)

ideal

«— Flatband voltage (Vgg) shift SI0; measured

Interface state density (D;,) cic
— C-V slope (Terman method) | .
Gate Voltage (V)
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Capacitance (F)
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SiO,/SICHREERIFIEDRILIEEXRFFE

H. Watanabe et al., Appl. Phys. Lett. 99, 021907 (2011).
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CHEIZFRELESIC-MOSFETMDERE

(11-20) Siﬁ(OOOl)T = BFVrRILBEIE (~50 cm?/Vs)

(@ @ O _O._ _O.) T. Kimoto et al., Jpn. J. Appl. Phys. 44, 3 (2005).
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= BALIEDEBIE L ENEE

T. Hatakeyama et al., Mat. Sci. Forum 600-603, 783 (2009).
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SiO,/SICRE D TRILF—/\ FigiEEE

SiO,(3nm)/4H-SiC H. Watanabe et al., Mater. Sci. Forum 679-680, 386 (2011).
O 1s TANF—WERNIFN (BEFHFINIFN

@sio,/sic | Si-face |
(measured)

D-Q@

< >
| @sic
i \\._

Dsio,/isic | C-face |
measured ]

Intensity (arb. unit)

0
Loss Energy (eV)

O HE (89~9.0eV) EIFIF—B | [p-o\\[<>12Y,

= SIiHECHETEWMIELY o \E?_
®AE.(SiTH: 2.69 eV, CH: 2.29 eV) - S |
= CH®OFHAEHY0.4 eVINELN 0 8 Bi;dmg Enérgy‘}evf 2
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4H-SiC(0001); B UF(000-1) E D/ > F i

H. Watanabe et al., Mater. Sci. Forum 679-680, 386 (2011).

Si-face C-face
SiO.=3 nm Si0,=40 nm + HF L
L v ¢ =L
12.69 eV e| |2.79eV 4 Iz 29 eV @i2.69 eV
_____ L R B R T
: 4H- SiO, | 4H- Sio., | 4H- Sio. | 4H-
S19%) 5ic — Iésm 2 sic — &l sic
_____ N I N S | I
©
2.75 eV 2.65 eV 3.15 eV Ol |275ev
v R A =N 0 T -} vl ©
v v_______ IIAN
- CHIESIiHEHEBRL TARENIZIEERA 7y AN
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INIRF 7Y NERSNS (CETESE)
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FES 1L SiO,/SiCH M Bt e Z=Hfir
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RERXKE | SIFTIVTRUR Si-SiES etc
R ER R IRk . NO, N,O, H,, NH.,
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SiO,/SICREDNOZEILIZEET2HE

> SiO,ISICRENERE (L7 =—/ R EREICKEF

J. Rozen et al.,

J. Appl. Phys. 105, 124506 (2009).
e : — T
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o S T N T T R RN SR

0 15 30 4 60 75 90 105 120

NO Annealing Time (min)

> REZEREDQEMISHLT, BEIE

R. Kosugi et al.,

Appl. Phys. Lett. 99, 182111 (2011).

J. Rozen et al.,

IEEE Trans Electron Dev. 58, 3808 (2011).
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Mat. Sci. Forum 778-780, 418 (2014).
J. Appl. Phys 112, 024520 (2012).
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EREAELF I

4H-SiC(0001) w/ n-epilayer (N;=5x1015 cm3) T Hosol et al., ECSCRM2014.
lon implantation & activation for MOSFET hy T
Thermal oxidation in dry O, (1300°C, 60 min) ~75 nm 71 Do
NO annealing (1250°C, 90 or 180 min)

N, annealing (1250°C, 60 min)

i Gate & contact formation i Etch back by diluted HF (~3 nm)
Electrical measurement SR-XPS @SPring-8(hv=686.5 eV, TOA=90°)

10"k ;
sample (NS Gmy Vet o [ Sl
w/o NO 5-8 76.5 0.81 E 10" | o180, '
NO(90) 36-38 74.9 0.08 -

NO(180)  30-34 74.9 10.06 1 Cy, method

BEAEEGBBEESE 2 ° o

ARAKEXREFRIEFEHAT ESMATRE 28/60




SiO,/SiCE 4t 5t m o) 5l

T. Hosoi et al., ECSCRM2014.
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NOZ=—)LALELIEEFA Sy T EE)

> BALIER O v) 7HEZS ICHTHENOT7T=——ILOEE

J. Rozen et al., J. Appl. Phys. 105, 124506 (2009).

Trapped Charge Density (10 1"’cm'z)

Trapped Charge Density (1012cm'2)
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® n#4H-SiC(0001)
® F>40,B&4k (1300°C, 75 nm)
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@ : 100 pm @2 kHz |

w/ UV

04F @ : 400 pm .

0.2} 1
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SiO,/SIREZEILICKDEAMYTRE

Post-oxidation annealing (POA) in NO (or N,O)
® FrRILBEER LIZPRSR 30-40 cm?/Vs
® IEA.+FZYT DEM = V,, instability
Y. Katsu et al., Mat. Sci. Forum 858, 599 (2016).

low Stress Field high
0 LB Rl B Rl BN L N L NN AL E e Y] TYTTTY
) W/ NO} w/NO g j
2 &Hﬁg%ﬁ wio NQ
S . wro { woNO :
>E_4 w/ NO
<
«f Eox=-4 MV/cm } E,.=-6 MV/icm $ E,=-7 MV/cm
(Vg,stress= -30 V) (Vg,stress : -45 V) (Vg,stress : -52.5 V)
-7 FEPETTTT EEPEPE T EEEPEPE T rrey BT rree BEPEPE T rere BRI rrre EEEPEr ey EEErary e B rrer EEPErarrrrre EEPararrrer Rrarey
1 10 100 1000 1 10 100 1000 1 10 100 1000
Stress Time (s) Stress Time (s) Stress Time (s)
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2'3,?'

HERSIC MOSFET

Company A (Oct. 2015)

Maximum Ratings (T, = 25 "C unless otherwise specified)

Parameter

Value

Unit Test Conditions

Drain - Source Voltage

Gate - Source Voltage

1700

-10/+25

V VGg:OV,|D:100l.IA

V Absolute maximum values

Gate - Source Voltage

-5/+20

Recommended operational values

Ip Continuous Drain Current A
3.5 VGS= ZOV, TC= ‘IOOOC
Company B (Nov. 2015)
® Absolute maximum ratings (T, = 25°C)
Parameter Symbol Value Unit
Drain - Source voltage Vbss 1200 Vv
T.=25°C Ip 40 A
Continuous drain current -
T.=100°C Ip ! 28 A
Pulsed drain current o puise - 80 A
Gate - Source voltage (DC) Viss -6 to 22 V
Gate - Source surge voltage (T < 300nsec) Voss-surge - ~10 to 26 %
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R. Asahara et al., Appl. Phys. Express 9, 101002 (2016).
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R. Asahara et al., Appl. Phys. Express 9, 101002 (2016).
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AlGaN/GaN MOSFx+/\o 2D C-VHEE

R. Asahara et al., Appl. Phys. Express 9, 101002 (2016).
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R. Asahara et al., Appl. Phys. Express 9, 101002 (2016).
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v GaN-MOST /\f R ¥ EMEZIE (CVD-Si;N,&ALD-AILO;)

[1] R. Nakasaki et al., IEIC Technical Report 99, 19 (1999).

W IE/GaNKREm D R [2] K. J. Chen et al., Phys. Status Solidi A 212, 1059 (2015).

[3] T. Hashizume et al., Appl. Surf. Sci. 234, 387 (2004).
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T. Yamada et al., J. Appl. Phys. 121, 035303 (2017).
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{EERAI % B ILGaNE R DR EBRL

T. Yamada et al., J. Appl. Phys. 121, 035303 (2017).
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GaNZ ‘1t BFE D XPSEL1h

T. Yamada et al., J. Appl. Phys. 121, 035303 (2017).
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— T. Yamada et al., J. Appl. Phys. 121, 035303 (2017).
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T. Yamada et al., J. Appl. Phys. 121, 035303 (2017).
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