The Institute of Electronics, Information and Conmuni cation Engi neers

=A T4 KX vy THBHEZDOETFT /N RSARXIEE
L

AL A4 FEHR IR E &4 721200°C K5 1 BRIGEE H o FL TR g D
BREEEF0RT =) v IR
=/l EAT AH 4l EA R

g AFE R S Tl B foelt
& /E:ETTTT

+ 5 ;}%4TTTT
+H 5§QHT

Electrical Characteristics of Interface Defects in Oxides Grown at 1200°C
in Dry Oxygen Ambient on Silicon Carbide and Their Thermal Annealing
Effects

Masahito YOSHTKAWA ™. Yuuki ISHIDAT, Tamotsu JIKIMOTO'TT,
Yasuto HIJTKATATTT Hisayoshi ITOHT, Hajime OKUMURATT,
Tetsuo TAKAHASHI'T, Hidekazu TSUCHIDATTT,

and Sadafumi YOSHIDATHT

H5F L 1200°C FIABILR FIIB E B TITON BB T = —1) ¥ 775, BALRE & 4 FEBRIEINTT &k
b7 4% (4H-SiC) EAROREIG- 2 2 FB2 A2, nBR D p L 4H-SiC #FMHF 1200°C DEGEEFE FHX
HC 3 EERIEEAL L C 50 nm OFRLIE 2 EBLL 721%, BR{LRA 500°C #>5 950°C O 7 )b I ¥ FEHAH T 3 FFfk 24
Ty L. FOMALEZ B TEE/MLE/ EEAR (MOS) #EEZ R LT O-VIFEEZREL, B
{bjE & 4H-SiC REOBEAIFHEICRIZTRT = — 1) ¥ 7R 2@/, 1200°C F 7 A BALE % V- ORR L 72
4H-SiC MOS 5D O-V Kk, BEEICIGo TEFBANKRELL Y 7 LA, REICEEERIERL THL.
600°C T3 MR OB T = — 1) v 7 %47 & C-V FMENFEHI~Y 7 b LIGD, 950°C 3BEHOBT =—1) » 7
TE/IEY 7 ML, —H, pf4H-SIC MOSHED C-V B2 R~2 &, nBl LSO ICEREMIZH -
TRAMAKRELCY 7 P L. RACREEHSER LW, nflle pBo Y 7 MHEOE & FEK O
BIREOBEEIZOWTHAN, REXMBOBRT =—) v FOAN X L% iEm LTz,

*—-7— K 4H-SiC, FI A Bk, MOS, Rm#Es, 7T rT7=—) 27

1. ¥ 2 H &

TOE AT,

Japan Atomic Energy Research Institute, Takasaki Radi-
ation Chemistry Research Establishment, 1233 Watanuki,
Takasaki-shi, 370-1292 Japan
T EEREMRESERT, o3
National Institute of Advanced Industrial Science and
Technology, Central 2, 1-1-1 Umezono, Tsukuba-shi, 305-
8568 Japan
T B IR gET, AT
Central Research Institute of Electric Power Industry, 2-
6-1 Nagasaka, Yokosuka-shi, 240-0196 Japan
it BERFELER, vl
Saitama University, 255 Shimo-Okubo, Saitama-shi, 338-
8570 Japan '
a) E-mail: htyskwm@taka.jaeri.go.jp

AL A FHAER (SIC) 13, SiwtEd 2EFR
B, SV 7 PEE, K& RZHERE b
o, ALEWEEARTH B [1]. EHIFEIL V2O B
F500°C %A AEHIRTHFEKRE LTOMEZIR
T2k, LEMICHRD TEET LA S RO FI#H 5
WEETH B2 L, BUREFRIFH NI L, EFHOME
IALF—PEWOEMEG R THREH L A
WFE—=—D L X VEAE  RIGEAESE N & [2], #
SLEE% Si EFM L TETHRB LT A I LICK DR
I 2 ERALAGARAE (Si0o ) 2MERTE B2 &, ZL

426 EFEWMBIEFEHRVEE C Vol.J86-C No.4 pp.426-433 2003 F 4 B

NI | -El ectronic Library Service



The Institute of Electronics,

I nformation and Conmuni cati on Engi neers

I RALT A FHAM ISR S €72 1200°C F 7 A BALEH O REREOERIFIEL TOBT == ¥ 7R

T Si0, & SiC & DR (SiO4/SiC i) 1ZIEE Vit
Bt S 5 2 & (3], (4] & EOHED S, FEEEA
AvF v 7R, KENGHEHE T —-FT, £ LTt
B RS E TSSO~ F L7 bu=27 Af0
FEAMAEE LTERESA TV S,

1980 FfHE 172 5 1990 FELIT 2T THEZ S L7z
AFy 77O KEEB O#EAICLY, RELET
EVF v VBEASELNDL Lo THHIE]6),
(7], SiCHZF DA & 7 5 &)F /B /&4
(Metal /Oxide/Semiconductor : MOS) ¥ 4+ — F
D ANCEIES N, FOVEREM & SRR BE
PEBREND LIk o7, BAEE TIZ, 1200°C LA
L ORI K FRBEBR AL E S £ F Vv CE
B 77— b BB ORI ) E LT, KET
=) YT, KERT ==V 7k, FLTERT
=) Y rEREFRESN, FREKEOERATE
L7z [8]. FIhboliks MOSBEBRAE T ~
VA% (MOSFET) O% — FBILEEO/ERE 70+ A
KIBAT A2 LIICd D, RERBAOEFREIEOUE
PR, LPLERSIDL I RUREIToTY,
SiO2/Si BT, SiO4/SiC FIH I i F T K Fa s
FER2T L CHFEL TV A,

ZOL) BEROHT, 1200°C ¥ W2 LGRS
FHRKTSICZMIL (FIABML) L7z, Tz
(Ar) HTOBT =— 1) ¥ FEKERT ==Y ¥ 7 [9)
ZEFEIIZAIT ) T (dry-Ar/wet annealing ) 2°
HEBENTWA, CZOFETHERLAY— MR{LEZ
w2 &, MOSFET @ [zl NE T8I 2Kk %
BERAVIECIER L2 N L 0 b 12 ERE 2 E AR
THLTHAH. BEEO LR IRHEMENKT 2 K
MLTWaEEZLNL., LPLAEAD, dry-Ar/wet
annealing = CTHWOLN LK 7O L AIZDWT, AH
KBGO E B A B = X L % 3 Hes 134
v, &7 b A DVERGAT L FER GO FA [ IHIBO
A Z K LD B EME AR 22 AUE, FRERMROE 2
B ASIFFTE A, %72 dry—Ar/wet annealing &
THWHRTWES FT 4RI, SiCDBRILDEERT
Ot ATH5. ZOFRERMEDIEA /TEHIC KIZT 2
T =) Y IRRERT == v T ORISR 7
i, FEEMORELIZ X 5 MOSFET O K@M
BEIBEEOM EIE0 0 Th <, RERBOF 2% 5
KB TFERC I FEOBBIZO ORI EEZLNS.

SEF AL, 1200°C M7 A @LEEHWT, nflg
TR RIS 77 & SiC (4H-SiC) Kz KT 1 B bl %

BREESE, ZLTEREHNTMOS ¥ ¥ /80 7 %
E L, 20 Si02/4H-SiC REDOELRIFESY C-V ik
THN/z. £721200°C F 7 A @b % 4757214, 500°C
5 950°C DIREFHFHO Ar FRR THEBHT = —Y)
YT ERAITV, FIABRAUBEOEREEICRIZTHD
WD B TR, IS DRERDS BT A BRI
Lo TRETDRAXRMOBE L 20T =) v 7
DIRIZONWTERL, ZOFRE/HBDO A H =X L
B K L7,

2. E &

EERIZHW25 mm x 5 mm O n # 4H-SiC FAK
1%, (0001) T (Sif) IZHLT8 DF 7% DM
F24 T ONBO LY FHFGRT 2 — 25 Y)
DiiL7z, TE¥8 F 2 v VEOE SIE5 pm, AFWR
5 x 105 cm™2 CTho/z, Y B LA-EHEHRZ
BRI L 72, 1100°C DEERICKE LXK EIAAT
AR L 7 iR KRR RS TR L O EEREE
E%D,%ﬁ%ﬁ%%%@%tt.%%%%ﬁ%5%@
7 v ERCHIHE L CIEHEI 2 &l S ¥ 72, 4H-SiC
FEAR O SiHZx LT 1200°C T 3EM O F I 1 B %
TV, E & 50nm 07— FEALE R B S 7. A
L7cERFE, fMEBz @S BEMERETH
D, FOHELIE -100°CHRETH -7/, L7 E X
DERARET, BB ZUSE»HF M LERE TR
HGHIL, SiOg/4H-SiC FIf T DL RUG % il &
iz, BILEROBRT =—) Y T OMBEEHRL 720,
1200°C F7 A BRALS#ET L7k %2 Ar FEAH T3
BT =— ) 7 L7z, 7T=—1 Y ZiRER 500°C
5 950°C ¥ TEfLEE/. EkoTot 2|2k - T
F— MRIUEZFR L -ER, €% 25nm#BEE L CHE
Z05mm OEMAIEHL, MOSHET MLz, F
7z, BHERBIONE LBRILEZRE Lok, &S
B RERERMICAIZEE L T — 3 vy 7 BHRE K
L7,

B 57z 4H-SiC MOS ¥ v /8> ¥ OBLIHE % 5T
id 5720, @EK C-VHE T/, HEREE
I3 1IMHz TH 5. MR TEZROBRLES I, Him
KBaD & 51, HIMEEICH L CERMIIELT 55
G0 BHDS, BEREENEMERIREL Lo T,
Z DO L TR E 2 BIEREAEE % Find
5L, FBALBENERCRATI 2 EHRE AN 2 o THifk
WEEEZG SR T I EH B, 72 SiC MOSHED
FRFRICE o T, C-VIHRRBETE#IZN->TAE

427

NI | -El ectronic Library Service



The Institute of Electronics,

I nformati on and Conmuni cati on Engi neers

AT

o

FREEE 2003/4 Vol. J86-C No. 4

(YT RLTWBRIENHY, 2OV T FEHELT
B|AR 2 W E B 2 EIN L CHESBIER RN ER OB K
BB LB, O-V HIERNCHIERE XK % —
BICHRET HDII—KICHETHAH. £ TR
TiE, MO THELIT) & &I, BIERBEE L HlE
HTBELEOMBLZES LT C-VHEIEEZITo72. #D
BOLIOBEMBEIL T 220 C-V HIEL#ED R
L, BEk C-V i ehkrigcEssEcr—bE
FEMEZ LR & E B FEE & 572 (Cycle C-V HIE).
BEW C-VHlELXITH & 213, BIERMBEL LR
FHIEMIM L 2255 K80 T > 7% v TEIE 2 30k
G U 2 TR L7z, Al S -k,
HRAEIS 2 & B RE S ) CHREREE Tl E R %
Wl L7z, F-BREEM D & R ES A~ T
RETEERII LS C-V i d g THUE L
Jo. FLCEBERIFMOELR BRI C-V g%
BhEbE L XIAETE C-VHBEOLAT ) VA
MEA O MFmENE (N,) ZFTHE L CBC-V ).

3. & ®

M 112, 1200°C D N7 A BFEFZFHR T 3REMER &
BB % W TR L 72 MOS #iE @ Cycle C-V
BHHoORKFZRT. ZORE TR, WEBTHHY
[+2V, —2V] 25 [+22V, —4V] £ TREIZLITT,
FRMCEHBE C-V lBEHEYELEEL . WEE
FEIE, BHRFEEEM S E2ZESAANFEI L. Kbho
FECH I3, 7Ty MY LIRS 2B AR
T. ZOfEIE, EROAMEYREA5.0x10 cm ™3
DI— e AFIERE % b0 EGE L CRME L7z, EAR
TR B RE S A S RO~ EE BT 2 R
CRFILA-ESRE C-V lr S8 rnsb C2-V 7
Oy hOEE SRS, Kb oF S EElER L R
LTWAH, Rt Th50-0MERREY LRIBEIC
FRLTWS., H1EHOHEER [+2V, —2 V] DXH
T, H3MHOBER [+5V, -2 V] DKM TIT- 7.
MO 1 E, S 5B HOMERRITRT L)1,
ERBEEEX4+9V I TEASETY, HERBETE
xHn T A REMEIEH F ) B L v, WERBERE
MHI0V A2BZ 5 AP LERMEOWERIHRAICIET
D, +22V TCREEED LAPER 22 ->TC-V i#ll
RAERARUE S N7z, 511 B B oflE CHUE S iz
WO Crp \IETHEE (7T v PNV FEE D Vi)
1 +16.5 VTho7z, H1RBEOEEIIBNT,
BB ICET A A EMEIZ 27 pF ThH L. ZOMEE

1428

150

Tr—yr—r—

Room Temperature

100

50

Capacitance (pF)

5 0 5 10 15 20 25
Gate Voltage (V)

1 1200°C D F T A BEFFRT 3 IFHR S 270 Mt
JEE & TR L 72 MOS ik @ Cycle C-V F54.
M OFFIZHEREEZRT. Cpld 7T v by
FREIHIGT 2 HEME. WERBELEZHENS &
&, C-V ISP IEBEEMAEANBE T 5.
A 1L EHOWERSRE, 108V BEHICHE- TH
T~ &7 C-V %R,

Fig.1 Cycle C-V characteristics of MOS structures
formed with oxide layers grown for 3 hours in
dry oxygen ambient at 1200°C. Each number in
the figure indicates the trial number of the C-V
curves. The value of Cpy, indicates the capaci-
tance value corresponding to flatband condition.
The C-V curve shifts to more positive gate volt-
age side by increasing the start voltage for each
C—-V measurement. Broken line in the figure
shows the C—V curve that is moved from the po-
sition of the 11th trial curve to that of the 1st
trial curve along the gate voltage axis.
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Fig.2 Cycle C-V characteristics of MOS structures
formed with oxide layers grown for 3 hours in dry
oxygen ambient at 1200°C followed by the ther-
mal annealing for 3 hours in Ar ambient at 800°C.
The notations are the same as those in Fig.1
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Fig.3 C-V curve shifts along the gate voltage axis ver-

Capacitance (pF)

Xl 4

sus start voltage obtained from Cycle C—V char-
acteristics of a 4H-SiC MOS structure. The closed
circles in Fig.3(a) show the result derived from the
1st trial of the Cycle C—V measurement. The
open circles exhibit the result obtained from the
2nd trail of Cycle C—V measurement immedi-
ately after the 1st trial one. Figure 3(b) shows
the results for the measurements after 24 hours
leaving under the open-circuited condition. The
similar result was observed as those for the 1st
trial.
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Fig.4 Cycle C-V characteristics of a p-type 4H-SiC
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MOS structure. The notations in the figure are
the same as those in Fig.1. The C-V curve shifts
to more negative gate voltage side by increasing
the start voltage.
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Fig.5 Dependence of fraction of the residual negative

charges in oxide layers (N¢.) on thermal anneal-

ing temperature. The solid line and the broken
lines show the theoretical curves for n = 2 and

. 0
unannealed fraction (Nm/Ntc)
o
ol

n = 1, respectively.
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