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Fig. 1 Variation of BMD density with annealing
time in N-HSh and HSh CZSi annealed at 1050°C in

Ar ambient
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Fig. 2 Variation of BM D density in N-HSbh and HSh

CZSi after annealing at 1000~ 1150°C for 32h in Ar

ambient
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Fig. 3 BMD density as a function of the annealing

time in the first step of the heat treatment in the N-
HSb and HSb silicon
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Fig. 4 Optical photos of BMDs in N-HSb and HSb silicon after 650°C/4h+ 1050°C/16h annealing

(a) CZ;(b) NCZ

4 e

AR S b AE AR 4 F R X B U — K HSD
REMEATIR K, VEAHFSE T %0 HSh fik P ST 1 52
W, ] CATGH LA R & e

(1) 7E il Vo B KO R, &% HSh kR Y
SUTTEA G BMD (1% & 2 i % T — M HSb
fif, 3X &t T BUAE HSb fif: 5 fA 2k K 3 7t v i B B
S5REF B MALS SER T NV -0 ZAE4, 12
KRSE SR A A0 A A B, N T 76 B i 114 e il
KL AR A A R S E ) BMD.

(2) 165 AR IR KO #E v, A% HSD ik
(AT R0 3 BT — f HSD i, 302 i T4
FEARIL FEEE T N-O &AM, AiiiE—D {2
BT AT M AL

(3) EAR R A0 38 KO B b, ST 1 ZE IR B

GAE HSh B AR, T R BAL S
HSb i UtiE M IRIT 4.

BOG A0 AR BTSSR AR 2w K
J10Bh, 1 I 8 2R A

S %30k

[ 1] Nozaki T.Itoh Y. Behavior of oxygen in the crystal formation
and heat treatment of silicon heavily doped with antimony. J
Appl Phys, 1986, 59( 7) : 2562

[ 2] lzunome K. Huang X, Terashima K. et al. Evaluation of evap—
orated species from silicon melt surface during Sh-doped
Czochralski silicon crystal growth. Jpn J Appl Phys, 1995,
34: 1635

| 3] Huang Xinming, T erashima K. Tokizaki E, et al. Analysis of
deposits evaporated from Sh-doped 5i melts. Jpn ] Appl
Phys. 1994, 33: 3305



34 RFUAE: FON TS B R R S DTTE A5 287
[ 4] Liu Caichi, Wang Hongmei, Li Yangxian, et al. Study on the 1995, 77: 943

[5]

[6]

[ 8]

oxyvgen concentration reduction in heavily Sh=doped silicon. ]
Cr)':-ﬂ Growth, 1999, 196: 111

Yu Xuegong, Yang Deren, Ma Xiangyang, et al. Grown-n de-
fects in nitrogen-doped Czochralski silicon. ] Appl Phys,
2002, 92: 188

Ma Xiangyang. Yu Xuegong. Fan Ruixin, et al. Formation of
pnp bipolar structure by thermal donors in nitrogen-contain-
ing ptype Czochralski silicon wafers. Appl Phys Lett, 2002,
81: 496

Yang Deren. Fan Ruixin, Li Liben. et al. Effect of nitrogen—
oxygen complex on electrical properties of Czochralski sili-
con. Appl Phys Lett, 1996, 68: 487

Yang Deren, Que Duanlin, Koji S. Nitrogen effects on thermal

donor and shallow thermal donor in silicon. ] Appl Phys,

[ 9]

[ 10]

[11]

Yang Deren, Yao Hongnian, Que Duanlin. Oxygen precipita—
tion in nitrogen-doped silicon. Chinese Journal of Semiconduc—
tors, 1994, 15(6): 422(in Chinese) [ #8804, Wk 5, B im .
Pl Uk S P A, P R, 1994, 15(6) 1 422)

Xu Jin, Yang Deren, Ma Xiangvang, et al. Influence of high
pressure heat treatment on nucleation of oxygen precipitation
at low temperature in Czochralski silicon. Chinese Journal of
Semiconductors, 2002, 23(4) : 394(in Chinese) [ fRiE, H#i{
Ty ) PR, A%, e He A Jo D0 R B L I R, s G k2
i, 2002, 23(4) : 394)

Sueoka K, lkeda N, Yamamoto T, et al. Growth process of
polyhedral oxide precipitates in Czochralski silicon erystals

annealed at 1100°C. Jpn J Appl Phys, 1994, B33: 1507

Effects of Nitrogen on Oxygen Precipitation in Heavily
Sb-Doped Czochralski Silicon’

Yu Xuegong, Zhang Yuan, Ma Xiangyang and Yang Deren

(State Key Laboratory of Silicon Materials, Zheiang University, H angzhou

310027, China)

Abstract: The nitrogen-doped Czochralski (NCZ) and nitrogen-ree Czochralski ( CZ) silicon that are heavily doped with anti-

mony are investigated through different heat treatments. It is found that the density of BM Ds relative to the concentration of

oxygen precipitation becomes obviously more intensive in the NCZ silicon than in the CZ silicon after the one-step and the

two-step heat treatments. It is suggested that nitrogen doping can also enhance the oxygen precipitation in the HSh-5i to en-

gender both at the high and low temperature. As the lightly doped CZ silicon, the nitrogen-oxygen complex can form and en-

force the oxygen precipitation in the heavily doped CZ silicon. The experiment results also show the nitrogen doping dose not

influence on the retard of oxygen precipitation in the HSh-5i.
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