s HEFE oM
2004 £ 9 H

gk

CHINESE JOURNAL OF SEMICONDUCTORS

S ¢

Vol.25,No.9
Sep.. 2004

B Rk 8 5 o AT A S B S

BRI WSS, Pizini®

(1 AVCRAEREA R 5OE Sk %, BUM 310027)

(2 Department of Material Science, University of Picocca, Milan, Italy)

WE: FMREDCEOC ST T L BRE 5 b RORE OB . 250 R B I AL R 504 7 i A A R
NS 3 05 T 107 em ™ 21N, LR A9 RO S H B T I R (AL S D1~ D4 RO W 1 L B AR, i b i

AL D1 R, iR T 45 SRRk A b AR, RO GIETE 0. 75~ 0. 85eV T B H IR T b AR Y
3 L A O AR (] R P e L 2 R LR A P LB T 107em” P, 7E 0. 75~ 0. 85eV JUIH N

U BT D A A S DT AR DR PR R YW T LA S i B A Al R e 5 LN R S 8 OGRS A
DN T 40O 1) 2 1 FE A B B 2% IO 1) A7 (A 0 S 2 B 5.

XKBIR: e MR JEEUROL
PACC: 6170; 7855: 6170Y

FESHES: TN30L 1" 2 MERARIRED: A

1 3l5F

AT E RIS BB —— e B A RCR I
() 1), S R AR I, ek RO B — HL W 9T 1
Rt JErP S N H I el A2 5 BRI 2080 O A
P QINEED S A5 Qi A (2 S { hE Sy T B & S
HRAHAR K B M. ke, R ke o o 8 R G A A e
(1 1) AN AT T AR K 98 ', Homew ood'®
A BRUE O RE B30 M ) 0 2, R A
A R SC ] TR BRI 3 7 A 1 ) B8R0 1 2 1) PR ) 2%
WG TR A T RAE, D AR 0 o LA il R
TG, AR, BAEALA AOCILIE ] O R,
2 BEX A TR A B B AOCH LA IR T %

— O O e TP AL T RE R 4 AR BOR G RE
%, M =4 D1~ D4(0.807, 0. 870, 0. 935, 1. 0eV)
4 ANHH DY R RG5O R R 2k, T
E X 1000°C R RFFRLE. [, IX 2L e 2% 52 5
ik o 4 B0 Bl A5 2% S5 S i, (LK 4 25 5 A i D) 4

BTSSR 0T A B G R v R BURE 1) 45 A B8 B 5T

XEHS: 0253-4177(2004) 09-1104-05

FIEMASHE TV T A, D4 2 — 0N 2 th T
BT AE 60°07 45 (1) LR v W7 1) 52 4 i = A= 1 i
D1 A D2 WETZEA A AATET T, A e 2k L
AR5 AE (FRAFT, 2H 4555 4% 0I5 1 4 TR S A A 1 2 7Y
R FE TR AL 7= A A A8 B B A A i DRI
D2 ] HEMAREARYE . I, BERALES T D1 R G
WAE 38 57 38 R o T A7 AE R 2 T —— S (U R L
VE) (Rt

LA 57 A5 R 1 DR 28 S S 1 o 4% 4
ARG, DAAE: (1 52 36 v BT A8 PR it 22 o . vy i 20
PEAR T (1) 7 72 A6 A SR B R S NV S, R L S A AE
REFE 22 A AN (R B R 57 ) AR JE LR, A4S
W GRS AR TR R G R, iR A 4
St KA T % T P R N A A, A TG A 49 52 56 45 R AT
REZ 4.

AR S G A ] A o A o R R AT A i
AT ) CBUR G, A>T 6] T B ) RS A A 3
FNAZ Ik B, SEAT R T XA A R G RRPE, JUIE R R
D1 A1 D2 AR T M.

AHETE WL 1973 AR AR, W, PRIE, B2 NCEREREE Il R RIS, Email: mselds@ zju. edu. en

2003-09-14 i F, 2003-11-25 3¢ Fid

©2004 1 [H 1oL



9 4] IR T

LA o T e EUR G 1105

2 SCI§

A 75mm A11) &) (945 200 358 n 8 5
FE L &, B AR AR R], HHPHAE 2 10~ 20Q » em, ¥
0 e e I R R T I S LN . NCZL A
NCZ2 & M A — M55 BUE 7 5 b V) R I A AR
B A PRE i T CZ1 R0 CZ.2 W2 M JR)— AR GE AR
P K IR B SRR (1 LA S () A6 4 R TR
. B i ep SR 205 B8 Bruck V66 {8 FRL AR
A5 21 A0 6 5 SO R A A (R A A R Ol
Stirl W HIFLE Olympus MXS50 SHlEE F vk 51
PECE H AR BRI B RS S LK 1.

F 1 FES A TSN AT RYE (D da R AR TE)

Table I Main properties of the samples analysed

Samples | Orientation | [ 0:] /107em™ 3 [[N]/10%em™ *| dw/em™?
NCZI1 i) 9.0 1 4X10°
NCZ2 i 8.6 1 > 10’
(WA {1 1.6 N-ree 4.2x10°
Cz2 {1 1.6 Nree > 10’

Nitrogen and oxygen concentration was measured by FTIR and

the dislocation density (dn) was accounted by etch pits.
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Fig. I An optical micrograph of the dislocations in-
duced during erystal growth in silicon ( 111) plane

Dislocation density is 4X 10%em™°.
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Fig. 2 PL spectra in the D band region of CZ1 ( dash
dot line) and CZ2 (solid line) samples with different
density of dislocations In the inset the excitonic emis-

sion region is displayed.
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Fig. 3 PL spectra in the D band region of NCZ1 ( dash
dot line) and NCZ 2 (solid line) samples with different

densities of dislocations In the inset the excitonic e—

mission region is displayed.
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Fig. 4 Deconvolution into Gaussian curves of the D
band for the NCZ2 sample

the experimental spectrum.
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Photoluminescence of Dislocations in Czochralski
Silicon Induced During Crystal Growth™

Li Dongsheng', Yang Deren' and S. Pizzini’

(1 State Key Laboratory of Silicon Materials, Zhejiang University, Hangzhou 310027, China)

(2 Department of Material Science, University of Picoeca. Milan. [taly)

Abstract: T he optical property of dislocations in Czochralski ( CZ) silicon induced during erystal growth is investigated with
low temperature photoluminescence. It is found that the dislocations in nitrogen-ree CZ silicon are present with typical D1~
D4 bands of dislocation when the dislocation density attained to 107em™ >, How ever,when the dislocation density is low, there
is a broad band at the range of DI band. As for the nitrogen-doped CZ silicon. it is found that there is a broad band at the
range of 0. 75~ 0.85eV.irrespective of the dislocation density. It is concluded that the optical property of dislocations induced

during erystal growth is related to the rate of oxygen clustering accelerated by the movement of dislocations and the present of

nitrogen atoms.
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