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Fig. 1
nitrogen-doped CZ silicon wafer before and after two-step an-
nealing (800C ,4h+ 1000C ,16h)

Radial distribution of oxygen concentration in 300mm
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Fig. 2

nitrogen-doped CZ silicon wafer before and after the ramping

Radial distribution of oxygen concentration in 300mm

annealing (ramping from the starting temperatures 600~ 1000C
to 1150C with a rate of 1'C /min and then with a isothermal an-
nealing for 16h)

P X LA Y X 38 25 37 B (vacancy-type) ik g X B, . &
RV X P X LA A A R B A (interstitial-type) i [
DXL AR T X NI 1 AR ml DU L FRATATEE 1Y St Fr
Bl RILEAAAE . XA AERWEIESE V/G
e 1. AR A2 X T AE N IR AR Hh Si i
I & .3 1 800C ,4h +1000C ,16h iR k)5 . P X [
AVIES T V.M REHXZEH THEPXP/AR
PR AR ST TE VDK O T MR AR G R T A 45
XFF 300mm 48 N RS R St Fifi s P XA /RS
FARNEEZ T VK. S EUmEkMNC 2H
150mm # N (iR A % Si i 43 800C , 4h + 1000C
16h PR KF P KA DITE L V K B FM B2 N
BT AXTIR A B ST R 0y AR | U TE 7 A T BE
M) 5 i PAT i SR Ak i

2 25 AR 285 L 600~1000C Lk 1°C /min
fY) 7R 22 18 R ) 1150°C JF I 16h J5 1Y 48 v B2 4% )
ARG O B L 25 TORE S R R Sk . LI T
VI .

(1) HWIA IR E K 600C B, P XAl V X & T TE
HILT A X 9. 54K N 600C TF 4 2818 Fh 5 i o R~
BN B D A AR T TE AT DA R T R 80N B IR 38 43 D A
A UTTEAEAR ) 43 A b 22 001 2 EL B /IN B TR B A T3 8
RFEBMRIEE T BT O o 4 A i 5K 8h i JE & 1 . ok 4h
TEGE 1S T A 5 B s FE — 8 R EE (— A 7E 800C
LA T s T O 2 16 0 B A9 9K 3y, 38 F T8 BB i S DT
TEAZ Lo s X EERZ D AE B G ) HR A R B K K. T
A UTTEZ O T A2 1) o A B L&A 2001 XA
AR i 15 R U ERR M 40 A B i 25 5. IR
Az AR L TE OB 1Y A8 0T D€ 2% 0 B AE 1150C fR 1 16h
RS R R AR B TR K K. AR 4 LB A9 4 A, m] LB
fif N 600°C 2245 FH il i) o 40 S DUUE 72 42 1) B A 43 A5 JL-F-
A 20

(2) Y% 16 I8 BE7E 800C K LA i, P X (0 & WL TE



%1 FH 325 i 46 -

bV X E. A EENE, EWREE S NN
900C 1 1000 C M A ETE T » £ P X HET —FIE TE T
A TTTE B B T VX R R T LT B 2200
R TE VXA E T T BE % K R JE A 4 5k
HILTP-AH TR i AE P X BE K Rl J5 AR S 03 19 % H B
W46 IR B ) T i T R A X AN N BB SiHL AR I
T R R UTTE I R SF A (R Y 2 R AR R DT iE i B H
B R (978 46D #IA o & 8 A Boltzmann 43 #ii LA,
PR s ROST BRI A SR DT TE B B b 2 ST r & 7
G718 T3l AL BB, 25 ) e 0 R g s X N 1 AR D U
R T I A R B, PRI T 8 8 1 R i it AR S D T
AL B AR DA S 25 3 FRATT 0T DAHET . AE V
X SR AR SR DT UE 1 RSE 2 A AN 35 9 Boltzmann 43
FUE W AE P IX R AT LUIA Oy & #%5 0 Boltzmann 43 A i
. NE 2 R LE S L T PREZE VX,
IR IR EE R 800°C B 1 A DL TE & B 8 = T 00 LR iR Bl
900CHI Y. 45 & LR S g I 4, AT AT LA E — 25 Hb #E
Wi, V' IX Hp G R AR SR TCTE 8 RT3 A 5L B0 e £k, B . R
SE/N TR AR SUTE /T 900°C X Rz i Il B R re s TR
IR S A ST UE W B % K F 1000~1150C 2 [a] B —
ek B XoF 07 PR I SRS RS e s THTAX — 3 BE 5 NS0 B A A
AERKFHESH V/G HX.

M 2 R AT & F 20 2490 1A E Sy 800C K LA 1
i P XA E T V X B % i P X p iy R
AU E RN ZE T VKPR o8 T A J7 ik
X, AR A SIRM WF5E A UTTE 2 5 19 4% [n] 43 A 1%
B, B3 gy TS 4 A 800,900 i1 1000°C JF 4 LA
1C/min 2218 JHE 2 1150°C H# 16h J5 . it SIRM 75
FIWAE V XA P X A T UE %R ) o A I 0L 2 00 06
MRETE 800C KL LA B i, t1 T O 93 1 A1 BE %5/, 1T LA
AR 7E T AT A T B S TOTE A% O I TE B EL 3R 55 » 7T
PLZBE AT 1 1C /min i FH38 3838 0] RURIE R SF R F
90 3 1 B XoF 1 1 i S RS e AR — 8 43 i A AR D TE
A D AE Bl 5 0 2t B B 1150°C B4 i o 2 rp 153 DL K
K P AT DA » 55 T 18 11 480 0 3 2% 5 D A AR D
WA T VX FE R AT AR S5 A
T X R R /2 B S DX 38 A R0 B 2 . LA
] DUE B VO R O R o A LL A A) L P
X B R LT B T VX AR i A A 4 A, ap
LAk P IX A B & 4% 0 R AR SR DT 0E . ok, R AT 3R
ALLESRMEVGEENT S, L& P XBE V
[P Y ik ol W I N (N o P L R TRk o - O X 39
AR B D — s

FATUARTAY TAE B 2E52 /£ N B L Si fhik
AR PR H RV R R AR A UTETE K5 P
A B 5 — A B B TR B B B - A sl Y B TR
ZHTCHE : 28 R i B R 29 #E 1100 ~ 1070°C i X N B
BO SN 52560 H O KA SE &K, £ 56l -
TE R A SR UTTE . 55 A B B2 IR B B RIE R 29
750C LA F IR E N F1 O B &= A 1. LLEATT b #o
TE I A SR DT . 7E o R B BB 1 i A AR e R 4%

300mm B R/ E H ik 19 AR EUR TTREAR ) 43 R 125
3.5
()
‘o
& 3.0f >
o
5 .
= . .
2.5} -
Ez .. ° L] ° ..
£ 20F % - R .
e .l g . .
1 5 1 1 ’I II 1 1 ’I ’/ 1 ]
T 0 10 70 80 125 150
PESiHHOLIEE /mm
;
()
"'E 5 e
aco .
=
£ .
‘iﬁ | ]
= .
1 B l‘ | |
g P M oot -
0 10 "70 80 '125 150
FESi AL EEE /mm
3[©
| |
I o
St ~
=
v | |
- .
E I -
€ L]
T‘.-y..' ﬁﬁ...l Ny - .
E L/ 1 1 i |
0 10 70 80 125 150

BESi RS /mm

B3 300mm #£ N B Si i Z25d A [/ 4 4 i BE LA 1°C /min 9 32 2 7
% 1150C IR 16h 4b 3 f5 . i SIRM i 5% 75 3 ¥ 4000 UE %% B 1 4% 1)
Grfi () WIIRTREE S 800C 5 (D) HIIRIEEE K 900C 5 (c) HI 4 i BE Ny
1000C
Fig.3
ured by SIRM in 300mm nitrogen-doped CZ silicon wafers sub-

Radial distribution of oxygen precipitate density meas-

jected to the ramping annealing from different starting tempera-
tures to 1150C with a rate of 1'C /min and then with an isother-

mal annealing for 16h  (a) Starting temperature is 800C ; (b)

Starting temperature is 900C ; (¢) Starting temperature is 1000C
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Radial Distribution of Grown-In Oxygen Precipitates in a 300mm Nitrogen-Doped
Czochralski Silicon Wafer”

Tian Daxi, Ma Xiangyang, Zeng Yuheng., Yang Deren’, and Que Duanlin

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

Abstract: A ramping anneal,i.e. ,the isothermal anneal at an elevated temperature of 1150C ramped up from a starting temperature
(600~1000C) was employed to enable the growth of the grown-in oxygen precipitates that are larger than the critical size at the
starting temperature. Flourier transformation infrared spectroscopy and scanning infrared microscopy are used to measure the amount
of precipitated oxygen and the oxygen precipitate density in a 300mm nitrogen-doped Czochralski silicon wafer, respectively. The
grown-in oxygen precipitate density in the abnormal oxygen precipitation region (generally referred to as the P-region) is much high-
er than that in the vacancy-type defect region (generally referred to as the V-region) . Moreover, the size distribution of grown-in ox-
ygen precipitates in the V-region is not continuous,exhibiting large precipitates formed at high temperatures and small ones formed at
low temperatures; while the grown-in oxygen precipitates in the P-region are continuously formed from high to low temperatures,
thus leading to a continuous size distribution. Such results are tentatively explained in terms of the formation mechanisms for grown-
in oxygen precipitates generated in the V- and P-regions.
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