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Atomic structure of the 4H-SiC/SiO; interface for the a, m, C, and Si faces after NO annealing were
investigated by first-principles calculation. Our proposed structures preferentially form at the topmost
layers of the SiC side of the interface, which agrees with the experimental finding of secondary-ion mass
spectrometry, that is, the N atoms accumulate at the interface. In addition, the electronic structure of the
interface after NO annealing, in which the CO bonds are removed and the nitride layer only at the

interface is inserted, is free from gap states. Our results imply that NO annealing can contribute to the

reduction in the density of interface defects by forming the nitride layer.

1. IEAR

SiC XA T —F N 2 F ¥ AL &
LCHifF e T2 b oo, SiC-MOSFET D #)
JEix, SiC v 27 OSBRI R TR TR < |
MEloMREEZEr L EN TRy, B{t7e 22
%D NO HRAT =—nc X b FHR K635 4 % K
Tl BEERMETZEVLIWELRD D,
L2L. 7T=— A A REFOBEE R L d 3
FHEPT = — A ZOF R HE IS IR o
TWwialw, TNETOERCLZLE, 7=—1T
A XN NIFETIE, SiCo CHTFH A b % EH

L. Si FréfaLTwdtnifitssd s R
Kosugi et al., Appl. Phys. Lett. 99, 182111 (2011)),
2020 fEFEIZ, RO KEEFICHE S E SiIC o C
JRF3 4+ & NRERFBERT 2 LGEL. SHER
MO 7= oBLEEZ & RS E2T LW
T, NO W AT == 11 0EMY DR TG - &
FIREEZFARTz, Z LT, a@2 NO H#RAT =—
NMiCHiDIEL 72 MOS RETH 2 L WHARZR
7o L2L. BILIEZ & RVET AL TIE, B
o OFFeT7T=—nick VB AINENFT
EOMBEERZIEHICERTE TR vk



1: S{EREEHEET v, () 7 =— R, (b)
T == RICE 1 BB, (7 =—1
BICEE 2 JBIc BB, FBKIZ SiET. 3K
X CJRF. #BkiZ O 7RF. &EKix NJETF. KBk
WHEREFTH 5, it amFmoplcd s,

BB o7z, T 2021 I, SiC/SIO; DfEE
U DOHELREET 2720, NL7ETALED D
JRFE D% I E T v &2 W CEAY) O JE TR
& - BIRREERMNT L7z, a . m 1, Sif. C
D 4 FF D SiC/Si0, MK L, NO # R 7 =
— VTR DG L BT A X — 2 L 7,

SiC @ CJR¥2 Si0, ® O i1 & CO #EE T 2
EHFIEL D 5728, alfl, m A, C A TIlE,

COMiaEATARMmMEA VR D KL 72,

P (alm)lOJ

107 (b) 10° 10 107

Etom (eV)
)

\ \
\ \

107 ' ot 10° 10°
Pco(atm)

2: CO £3F & No X FOREICH$ 3 E{LET
R AN F—DZA, (FHEIC CORELHAIR
WigE, (b) FREiC CO BA%2ET 384, K
IINF—DENHBEUELTER L 2T\,

10°
Pco(atm)

1(a)ic a MR OFHEICH W COfEARH X o
W7 = — VETO R HR TS Z . B 1(b)IicT7 =—
IC &Y SiOL T D SiC J& (top) i EALEEATERL & 1
7 RHR TSR R T, 2OETAORMTOD N5
THZEE L 104~10% atoms/cm?2TH V., KA+
VEBEGITEE R L LBl Tw3,
7 = — ViR L 1000K, NO # 2 D431 latm, X

BRI Ze s & 51 45 | 2019 4EFE (35 51 [B]) Bhpk

BEXRRIE - T8RP 1 1 FBIR

JGRIERYICH 3 Ny H 291 & CO H29FE,
ZNFN 0.25%101~0.25 X 105atm, 10"'~105atm
DHEPFA TR T v o v V2B S ¢, EEOI
BT ¥ — %Rz,

2 ICELEDER = AV F —% R T, alixH
W7z SiC/Si0, BRI & 2 AL IZ. m T,
Si i, C IO RMEICTER b B LIE L ) LB
FNF =K, ZOFERIZ, NV ETADER
REFAET S, cokric, REETvEH W
RHRETH VBT ARV EIERER & FERIC,
alfliz V72 MOS 28 NO H A7 = — LIl L
T3 &)z, Kic, SiC/SiO, i
JRFL e PHASRERER I NG Z & %
MRS % 7=, LIRS SiC/SiO, Fifi D SiO, E.
D SiICH 1 E(op) I E N85, K 10D
X5 ICREERE & A 72 SiC % 2 J8(2nd) ICTEK
INIHHEDKTALF—Z L2, K 2(a)
IC CO #itra BT 2R m=ET A, K 2(b)ic CO #
AR HIBVRAMET L OREREZ RS, K 2(a) 10w
TEow, COMEEE IR VAT top BDIE
T A X =DM, ELEIE SiC/Si0, Ui
WCRTET 2 2 en3mdrd, Zald, NOHRT =—
M EYEBAINS N JETARMEICHEET S & v
S ZRA A VEBNTEE RO EEER LA
T3, —/i. K 20)icnd CO #itxkH T 2R
Tl EBE 2 LR 2 B ICE LIS E e
T, T, 1 EICEEE TR S 2 RS T
N & O oA BRHEIC/ESN S A, Siv C. N, O
O TELSEHEOE VN & O OfESIFELNIC
KFELBARREL 725720 BT AN ¥ — 25
{270 Thd, LrLAaRL, EBEE
NO 7 = — 2R m oS HIL, Fx DRI Z R 7
W, 22T, BEEENLCE 2 BICEUESEK
INHEER 1) X Hic CO HEEEH X v
RO CESEZ I A OBEOERK I AL F —%
L 72, I3 ICRT X9, WTFhopEicE»
Th CO HWAMREICI 2RI ALF -2 LKA
5l h b, EBEEIIES ICE LS, EfEE ik



. . Pr: (qtm)
10 10 10

107 107

E form (CV)

a face
m face
C face

-9.0f
107 10 10° 107 10"
Pco (atm)
3: CO ARBICET IR TALF—, &
DIENEB R E VI EREIhLT VI L %
BIRT %,

— w/o CO, bef. N inc.
— w/ CO, bef. N inc.

w/o CO, aft. N inc.

T T

b
=

e
=

LDOS (x10*states/eV/A)

N

()

Energy (eV)

4: RERCENRGER O RFTRERE, AR
SiC/SiO2 FmEH L < i3 SiC/2{UBRmE D SiC
fHl, ME. ERER. COBAEET 2 amR
HETit, SiC ORI HEN Z1ES,

FARVWEEICELT R 2 DD oTz, TNH DN
BXy. COfitrxHET % SiC/SiO; AT &
NDE S, 7= — VRSB S Wil T 2 b 0
EFHEENG, mEIC, X4 IR KR O SIC HAREE
HoORAIREBEE Z/RT, 7 =— VALBH]D
SiC/SiO; i 11 % CO #E& 1. SiC oEEflH:
I RN 2 1E 2, Rk T3 CO faEH
MOS DREEEIC ST TR EIT R TH % 3,
NO HRT =—nid, 2D X HiEflHrhic ¥ %
E2HE %I 5,

FhAFeERis 2 55 5146 | 2019 4E88 (55 51 [8]) Bhak

ERBF - THA5RET - 1 FBI

UEoyiar—vavoffiRiy, NO #x
T == X DEA X7 NEF I SiCEMR DR
M 1 EICRE L P EAEEE KT 2 2 &,
CO #itrIciEK S 2 FLESEIL 7 = — Vi T
REEINDZEBRHL IR 277,

2. R WAEEROFER)

1. M. Uemoto, N. Komatsu, Y. Egami, T. Ono,
“First-principles study on structure and anisotropy of
high N-atom density layer in 4H-SiC”, Journal of the
Physical Society of Japan, 90(12) 124713 (2021).

2. M. Tsunasaki, T. Ono, M. Uemoto, “Theoretical
investigation of vacancy related defects at 4H-SiC

(000-1)/SiO interface after wet oxidation”, Japanese
Journal pf Applied Physics, 61 SH1001 (2022).

3. T. Ono, “DFT study on defects at SiC MOS interface:
electronic structure and formation mechanism”, The 3rd
International Workshop on Materials Science and
Advanced Electronics Created by Singularity
(IWSingularity 2022)/The 2nd International Symposium
on Wide Gap Semiconductor Growth, Process and
Device Simulation (ISWGPDs 2022) (January 11-13,

2022, Nagoya, Japan).

4. M. Tsunasaki, M. Uemoto, T. Ono, “DFT Study
on Defect Structures at SiC(000-1)/SiO, Interface
after Wet Oxidation”, 2021 International Workshop
on DIELECTRIC THIN FILMS FOR FUTURE
ELECTRON DEVICES (November 14-16, 2021,
Online).

5. N. Komatsu, Y. Egami, T. Ono, M. Uemoto, “DFT
study on structure and anisotropy of high N-atom
density layer in 4H-SiC», 2021 International
Conference on Solid State Devices and Materials

(SSDM2021) (September 6-9, 2021, Sapporo, Japan).



