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Fig.2 Cross sectional microscope images of oxygen precipitation depth distribution under Ar with different
durations (@) 25s;(b) 35s;(c) 45s
1 ,
21 —m—N,/NH, @
. 20k -@—Ar ' (13 14]
S 18 '
= (1+vy)S(9 + xO + nV = SO« + ySi + stress
o 16
3 14} &
& 12k RTA
=]
%ok RTA
5 gl . Ar RTA ,
ok ./'/./‘ ) (i)  Frenkel (s =Vv+
10 15 20 25 30 35 40 45 i) , Frenkel
Duration time/s ( 2) , K
3 ,RTA A[Oi] m N2/ ,C\; ,G* 1200
NH3 ; @ Ar
RTA G ,G
Fig.3 Interstitial oxygen concentration loss value as a G C
function of the RTA high temperature duration ’ ’
N2/ N Hs RTA , Frenkel
, ( ). ,
lAr L)
E—Q%ti'ﬁ = K(G/(x,DG(x,) - G G)
4 .
E—Qiati'ﬁ = K(G/(x,0G(x,) - G G)
Falster'® ® ‘RTA (2)
( ] N H3 y
) 1 1 P1B L) %
) Sb P.B

[15,16]

SsN4/ S



1 : 300mm

S3Na y N S5Na.
,93N4/ S
[15 18]
N2/ N Hs RTA ,
Frenkel
(3
Frenkel ,Dv , Di
.G/ ,G",K (2)
, Dv ,Di ,
(3 G (x,1)  G(x,t1)
Frenkel )
,C ,G Frenkel
,N2/ NHs
, G ,G Ar
, N2/ N Hs
, Ar

QQ%IK& = Dv'&QaL)('(ZK"Q— K(G/ (x,0 G (x,0 - G G)

gl ica‘;zm -G (LDG (D - GG

ot
(3)
4 RTA
, 4(a) RTA
, 1200
(& < & (1200 ), G < G
(1200 ). 4(b) 4(c) N2/ N Hs ,Ar
RTA .
N2/ N Hs Frenkel
AT Frenkel , N2/ N Hs
4 (b) b,t
; (>
'[2) )
4(d) RTA
, 1,2 (b) .t
, 3 Ar
4(b)  (d) N Hs
“ M : ,
(ta 2) ,
“ M

71
C, ) L1,
Cf-mmmmmmmm e -
o —
Cb——————————— - -
(8)RTA HIHEMBY (b)N/NH, IR FAER
Coh— A ____ _
Cl I .
27
(O)AT S SHER (d) BB LRSI
4 N2/ NH3z Ar ,RTA

Fig.4 Sketch mapsfor the concentration of point de-
fects evolution during RTA process under N2/ N Has
and Ar

" M” ,
Frenkel
5
,N2/ N Hs RTA
, Frenkel
, RTA
Ar RTA ,
Frenkel

[1]

[2]

[3]

Robert Falster

Tsuya H. Present status and prospect of S wafers for ultra
large scale integration.JpnJ Appl Phys,2004 ,43(7A) :4055

International Technology Roadmap for Semiconductors 2004
update: Front End Process,http: public.itrs. net

Pummer J D. Slicon VL Sl technology fundamental s ,practice
modeling. Beijing: Publishing House of Electronics Industry,
2003:151



72

27

[4]

[5]

[6]

[71]

(8]

[9]

[10]

[11]

Jackson K A. Processng of Semiconductor. Trandated by Tu
Hailing ,Wan Qun. Beijing: Science Press,1999][ KA.
. , . : ,1999]
Istravtov A A ,Hiedmair H ,Weber E R. Advanced gettering
techniques in UL SI technology. MRS Bulletin/ JUNE 2000,
http:  www. mrs. org/ publicationd bulletin
Falster F,Voronkov V V. Intrinic point defects and their con-
trol in slicon crystal growth and wafer processng. MRS Bul-
letinf JUNE 2000, http:  www. mrs. org/ publications bulle
tin
Falster R,Gambaro D ,Olmo M ,et a. The engineering of sli-
con wafer material properties through vacancy concentration
profile control and the achievement of ideal oxygen precipita
tion behavior. The Ffth International Symposum on High
Purity Slicon V ,Boston ,Massachusetts,1998:135
Falster R,Voronkov V V. The engineering of intringc point
defectsin slicon wafer and crystals. Mater Sci Eng B ,2000,
73:87
Akatsuka M ,Okui M ,Sueoka K ,et al. Efect of rapid thermal
annealing on oxide precipitation behavior in dlicon crystal .
Nucl Instrum Methods Phys Res B ,2002,186 :46
Akatsuka M ,Okui M ,Sueoka K. Efect of rapid therma an-
nealing on oxide precipitation behavior in slicon wafer.Jpn J
Appl Phys,2001,40(5A) :281
Liu Bin,Wang Jing,Qin Fu,et a. The influence of RTA on

[12]

[13]

[14]

[15]

[16]

[17]

[18]

oxygen precipitationin slicon wafer. 6th Sno- Korea Co- Sym-
posium on Advanced Materials,Urumchi ,2002:8

Yu Xuegong ,Ma Xiangyang, Yang Deren. The rapid thermal
process of large diameter Czochralski slicon. Chinese Journal
of Semiconductors,2003 ,24(5) :490(in Chinese) [ ,
2003 ,24(5) :490]

Borghes A. Oxygen precipitation in dlicon. J Appl Phys,
1995,77(9) :4169

Falster R,Pagan M , Gambaro D ,et a. Vacancy-asd sted oxy-
gen precipitation phenomenain S. Proceedings of the 7th In-
ternational Autumn Meeting Cettering and Defect Engineer-
ing in Semiconductor Technology ,1997:129

Mizuo S,Higuchi H. Anomalous diffusion of B and Pin slicon
directly masked with 93N4.Jpn J Appl Phys,1982,21(2) :
281

Mizuo S,Kusaka T ,Shintani A. BEfect of § and SO2 therma
nitridation on impurity diffuson and oxidation induced stac-
king fault szein 9.J Appl Phys,1983 ,54(7) :3860

Fahey P, Barbuscia G, Modehi M. Kinetics of thermal
processesin the study of dopant of dopant diffuson mecha
nismsin slicon. Appl Phys Lett ,1985,46(8) :784

Hu S M. Vacancies and sdlf-interstitialsin slicon:generation
and interaction in diffuson.J Eectrochem Soc,1992,139(7) :
2066

Effect of Rapid Thermal Annealing Ambient on Denuded Zone
and Oxygen Precipitates in a 300mm Silicon Wafer ~

Feng Quanlin®?", Shi Xunda , LiuBin’, Liu Zuoxing’ ,
Wang Jing' , and Zhou Qigang'?

(1 General Research Institute f or Norr Ferrous Metals, Beijing 100088, China)
(2 GRINM Semiconductor Materials Ca Ltd, Beijing 100088, China)

Abgract : In a 300mm slicon wafer ,a suitable denuded zone depth and a high oxygen precipitate density are necessary to get a
high gettering efficiency and to improve the gate oxide integrity (GOI) . In thiswork ,Ar and an N2/ N Hs mixture gas are applied
as rapid thermal annealing (RTA) ambients. It is demonstrated that a high density of oxygen precipitate and a thin denuded zone
are obtained in the N2/ N Hs mixture ambient ,while alow densty of oxygen precipitate and a thick denuded zone are observed in
the wafer annealed in the Ar ambient. The effect of the RTA ambient and annealing time on the denuded zone and oxygen pre-
cipitatesis discussed.
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