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Fig. 1~ Optic micrographs of silicon surface annealed at
1200 C for 2h  ( a) Annealed in super pure nitrogen; ( b)

Annealed in normal nitrogen
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Fig. 2 XPS spectrum of silicon surface annealed at 1200 C
for 2h in super pure nitrogen
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Fig. 3 XPS spectrum of silicon surface annealed at 1200 C

for 2h in nommal nitrogen

Nls 55 fE: R T%T A 399. 0eV, 7E SisNg
79 397. 6eV! L. Si2p [ 45 45 fi: 72 BT RE T R 99V,
75 SisNy 14 101. 6eVI'ST, 7E P 2w, SRRk i AR
g 397. 6eV I, TELF 1 5 AU RE UM Nis W
SEAWI Ay, FER I 101. 1eV 5 R0 RE R RE [ Sizp 1§
101. 6eV WAEH W&, Uk B B 1) /5 Ok 01k
TEGEE. 176 B 3 HP, 399. 0eV B T B A7 WA, 15 58
A A AFAE; [F B Si2p WEAE R 99. 1eV, A HLJF I
Bk,

1T 4028 5 A e R R B, BT LALE 1S 2 R 3
) Ols WAL TR SRR, S Bx bR AS A& B A A i —
AALRESR R AL RER Z M. R Si—N —(0), H 1
Nls W& fi7 J5 402.8eV, Si—N —0 ) N1s W {1 K
399. 7~ 401. 0V [ 1, Si—(0), H kR Si2p K
103V AR P 2 R 3 FRIA AT LA A

DRItk e s 45 S mT eV R I A R



10 BLk (45

SUUSA T R I A A A T Y T S A 1051

A ZIAE — SE I 4 PF B AT REREAT. AT fE IR = T
1100 CF w2l 5 4 A T 1k v 20 1T A RE A 5 e 22 ol
HACRERTRE. 1100 C LA R [RE J 210 A fig A il a1k
FESE B, 76 XPS Pl i b b A 00, 6 I 0/ 5 R
J N 5 EEAE R v R S A AT

AT Mtk E R AU b B, U E %
HALMHLEL 1 F:

BB B T R R, S R R
JEF R, A AR, B 2Na+ 3Si — SisN,.

BB AR T ECEIA Si/SisNg S
FRE J5U 7 2 AR AR 2 N, A2 BT 1 SisNy, Bifi 45 i) ]
FRIRE 23, Si/ SisNg S [ AN Bl ] fef: 45 P iR

= B iER R — 28R BBUE A
FEVHE S LA, 280 B0 AR A 40k 8 % 3% S5 A0 Rk 0 301 5
Si/SisNy F 11 55 5 5L 7 e A8 O, DR b B A T £
QESE, (1 ) B0k — e RS S I LT ORFEAN AR,

7 il B RUR A R 3 IR R [
JEEHR L e, 25 5 A O, T LA A RN o A e
[t 5 A LT

[, P s 4l A nT J, AEdE Mgl Bl T, %
A FAHRER A, H IR, il AT — )2 AR 1) 3R
WA, v 20T R e 22 1K 2 PR A, i SR AE R
AR IR AT DRI AU ERK IR, T BRI
TR OK, B S RE R K A R RN Si+ 20
Si0,, A= S A A S, IR L S I 1 R Ao JE I 8 T
T, BT AR A I o OB S e s
T AAS fig A R B . AERER RIS H R FE v, 8
SR U, W RS AR T 1100 C, B A
FERY B R T SRR = T 1100 C, 41 S i T 1), VR
A AL, A A B RE, eI AR it i T
S, YR A T G e A U R A, IR HL
S PR, TR i 2 R AR T
SRR KT 1100 AR AR M T E,
I A AT B0 AR 11 A .

4 ZHig

AR AN () (1 R A 2 g P R A A S5 A, 1Ty

MR Ry T A A SRR BB, 1% T G T hRE R
MR R RE R 19418, IR B K A%
;24U T 1100 C 1 20 50U T VAR BRI,
A ] e JALRE R A K

Busf BT OCE Y B R A XPS AR P R
.

S% 3k

[ 1] Chen S M, Shannon ] M, Gwilliam R M, et al. Surface and Ceatings
Technology, 1997, 93( 2/ 3) : 269

[ 2] Gorowitz B, Gorezyea T B, Saia R J. Solid Technology, 1985, 28( 6) :
197

[ 3] Schmid P, Orert M. Swface and Coating Tech, 1998, 98( 1~ 3): 1510

[ 4] Kishore R, Singh SN, Das BK. Solar Energy Mater Solar
Cells, 1992, 26( 1) : 27

[ 5] IteT,Madkmura T, Ishikawa H. IEEE Trans Electron Devices, 1982,
29(4): 498

[ 6] Hasunuma R, Tokumoto H. Surf Sci, 1999, 433~ 435: 17

[ 7] Wang Gan, Yang Deren, Li Dongsheng, et al. Mechanical
strength research by three point bending method in nitroger doped sil-
icon single crystal. Chinese Journal of Semiconductors, 2001, 22( 3):
304( in Chinese) [ “E 3, B84, 42475, 5. J] =< 27 Jy iy
ok B Y e BUBRE R JIE . o S P4 41, 2001, 22(3) : 304]

[ 8] Ammon W V, Hlzl R, Virhulis J, et al. J Cryst Growth, 2001, 226( 1) :

19
[ 9] IehT, Hayamizu Y. Materials Science and  Engineering,
1989, B4: 309

[10]  Ttoh T, Abe T. Appl Phys Lett, 1988, 53( 1): 39
[11] Chang F W, Liou T H, Tsai F M. Thermochimica Acta, 2000, 354( 1/
2):71

[12] LiuY D, Kimura 5. Powder Technology, 1999, 106( 1~ 3): 160

[13]  Wang X 5, Zhai G, Yang Y, et al. Surf Sci, 2001, 494( 2) : 83

[14] Hal] S, Park K H. Surf Sei, 1999, 426( 3) : 373

[15] Patil S J, Bodas D S, Ethiraj A S, et al. Vacuum, 2002, 65( 1) : 91

[ 16]  Viard J, Beche E, Durand J. Journal of the European Ceramic Society,

1997, 17( 15/ 16) : 2025

[17]  Polignano M L, Lessandri M A, Crivelli B, et al. Journal of Nor Crys-
talline Solids, 2001, 280( 1~ 3): 39

[ 18] Pinto N G, Li Y L, Hwang ST, el al. Materials Science and Engineer-

ing. 1995,32(1/2) : 63



1052 g k¥ M 2 %

Direct- Nitridation of Silicon by Heat- Treating at High Temperature
in Nitrogen Ambience
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Abstract: Nitridation of Czochralski ( CZ) silicon in nitrogen ambience and nitridation mechanism are studied. The samples annealed in pure
and normal nitrogen at different temperature are investigated using XPS( X-ray photoelectron spectroscopy) , SEM ( scanning electron mi-
croscopy) , optical microscopy, and XRD( X-ray diffraction) . It is found that silicon nitride( Si3N4) film is generated during heat treatment only
in pure nitrogen and at high temperature (> 1100 °C) . Silicon dioxide( Si0;) is found in the samples annealed in normal nitrogen because of a

little of oxygen mixed in the ambience, which is much easier to react with silicon than in pure nitrogen.
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