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Abstract : The eff ect of nickel contamination under rapid t hermal p rocessing ( R TP) on t he magic denuded zone

(MD Z) in Czochralski silicon is investigated. It is f ound t hat t he bulk def ects can eff ectively get te r nickel at oms

once t he MD Z f orms . However ,if t he silicon sample is initially contaminated wit h nickel , t he MD Z cannot f orm

during t he subsequent R TP ,and a high density of p recipitates occurs near t he surf ace . In conventional I G p roces2
ses , t he D Z can f orm regardless of t he nickel contamination sequence . Based on t he f acts ,we p rop ose t hat t he f or2
mation of nickel silicide (Ni3Si) at t he surf ace keeps t he concent ration of vacancies in t he near2surf ace zone still

higher t han t he critical concent ration f or oxygen p recipitation under t he subsequent R TP , which p revents MD Z

f ormation.
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1 　Introduction

It is widely recognized t hat 3d t ransition met2
als are harmf ul contaminant s in silicon devices and
degrade device performance either by forming met2
al silicides or by acting as recombination cen2
ters[1 ,2 ] . The removal or get tering of these metal
contaminant s is critical for p roper device opera2
tion. An int rinsic get tering ( IG) mechanism t hat
occurs by oxygen precipitation is widely used to re2
duce imp urity content in elect rically active de2
vices[3～5 ] . Thus a defect2f ree zone , called denuded
zone ( DZ) , is created in devices. Conventionally ,
t he DZ is created by the high2low2high processes
due to t he out2diff usion of oxygen during the first
high temperature annealing. Recently , t he creation
of what is called a magic denuded zone ( MDZ) ,
formed by high temperat ure rapid t hermal p rocess2
ing ( R TP) has been reported[6～8 ] . Unlike conven2
tional IG processes ,t he formation of an MDZ is de2
termined by the out2diff usion of vacancies. It has
been reported that many factors , such as t he pro2
tective gas or t he R TP temperature , have a great

influence on the MDZ[6 ] . However , to our knowl2
edge , no report has been made on t he effect s of
metal contamination on an MDZ.

An important imp urity , nickel ( Ni) is one of
t he fastest diff using element s in silicon and can be
easily contaminated during device p rocessing or
wafer p reparation[9 ] . It was found t hat Ni degrades
t he gate oxide integrity or effectively kills minority
carriers[10 ] . In t his paper ,we have investigated t he
effect s of Ni contamination on an MDZ in CZ sili2
con wafers. On t he basis of the experiment s , t he
mechanism by which nickel contamination affect s
t he MDZ is discussed.

2 　Experiment

The samples used in t his work were cut f rom
200mm ( 100)2orientated , boron2doped , Czochrals2
ki2grown silicon wafers with a t hickness of about
620μm and a resistivity of about 10Ω·cm. The ini2
tial oxygen concent ration in the wafers was about
1015 ×1017 atoms/ cm3 as measured by a Bruker IFS
66v/ S Fourier t ransform inf rared ( F TIR) device
with a calibrated coefficient of 3114 ×1017 cm - 2 .
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Then the samples were divided into two group s ,A
and B. The detailed annealing p rocesses for the
samples are shown in Table 1. The difference be2
tween samples A1 and A2 in group A is t he se2
quence of Ni contamination ,as shown in Table 1.
The Ni contamination level is about 5 ×1017 atoms/
cm3 , which result s f rom t he solubility of Ni at
1000 ℃. The annealing processes of the samples of
group B are similar to t hose of group A ,but the DZ
is formed by high2low2high processes in group B.
The cooling rate of t he R TP is about 40 ℃/ s. All
annealing was performed under argon at mosp here.
After annealing , optical microscopy ( Olymp us
MX50) combined wit h Sirtl solution was used to
observe t he cleaved surfaces of the samples. The
etching time was 4min. Nickel silicides that formed
at t he surfaces of t he samples were characterized
by X2ray diff raction ( XRD) ( Phermo Arl Xt ra) .

Table 1 　Annealing processes of samples

Sample
Annealing process for different nickel

contamination sequences

Group A

A1

MDZ(formation) ( R TP 1250 ℃ for 50s + 750 ℃ for

4h + 1050 ℃ for 16h) + Nickel contamination ( R TP

1000 ℃for 50s)

A2

Nickel contamination ( R TP 1000 ℃for 50s) + MDZ
(formation) ( R TP 1250 ℃ for 50s + 750 ℃ for 4h +

1050 ℃for 16h)

Group B

B1

Conventional DZ(formation) (1150 ℃for 2h + 750 ℃
for 4h + 1050 ℃ for 16h ) + Nickel contamination
( R TP 1000 ℃for 50s)

B2

Nickel contamination ( R TP 1000 ℃ for 50s) + Con2
ventional DZ(formation) (1150 ℃for 2h + 750 ℃for

4h + 1050 ℃for 16h)

3 　Results and discussion

Figure 1 shows optical micrograp hs of a cross
section of t he group A samples followed by Sirtl
etching for 4min. From Fig. 1 (a) ,an MDZ wit h a
t hickness of about 100μm clearly exist s in sample
A1 in spite of t he subsequent nickel contamina2
tion. This result indicates t hat oxygen precipitates
or t heir induced defect s formed in t he bulk become
effective get tering sites for subsequent nickel con2
tamination , resulting in t he formation of a good
MDZ in t he sample A1. However ,if t he sample was
initially contaminated , t he MDZ could not form
during the following R TP , and many etching pit s
would occur near t he surface , as shown in Fig. 1

(b) . Furt hermore ,we also observe f rom Fig. 1 ( b)

t hat t he density of etching pit s near t he surface is
much lower than t hat in t he bulk. A noticeable
difference between t he MDZ quality of t he two
samples suggest s t hat t he sequence of nickel con2
tamination has a st rong influence on the MDZ. It
has been reported t hat nickel atoms tend to diff use
out to the surface and precipitate t here under slow
cooling or air cooling[11 ,12 ] . The cooling rate of t he
R TP in our experiment is slow enough for t he su2
persat urated nickel atoms to diff use out to t he sur2
face ,resulting in t he formation of a nickel p recipi2
tate2f ree zone near t he surface. Therefore ,it is rea2
sonable to deduce t hat t he etching pit s near t he
surface in Fig. 1 (b) come f rom t he oxygen precipi2
tates.

Fig. 1 　Optical micrographs of a cross2section of the

group A samples subjected to different nickel contami2
nation sequences during MDZ annealing 　(a) MDZ for2
mation ( RTP 1250 ℃ for 50s + 750 ℃ for 4h + 1050 ℃
for 16h ) + Nickel contamination ( RTP 1000 ℃ for

50s) ; (b) Nickel contamination ( RTP 1000 ℃for 50s)

+ MDZ formation (RTP 1250 ℃for 50s + 750 ℃for 4h

+ 1050 ℃for 16h)

U nlike t he formation of t he MDZ , t he forma2
tion mechanism of the conventional DZ is mainly
due to t he out2diff usion of oxygen at high tempera2
t ure annealing. The effect of nickel contamination
on t he conventional DZ was also investigated. Fig2
ure 2 shows optical micrograp h of t he cross section
of t he group B samples. Before or af ter nickel con2
tamination ,t he samples were t reated by t he high2
low2high processes to form t he DZ. From Figs. 2
(a) and (b) ,it could be observed t hat good DZs of
about 20～30μm exist in bot h samples regardless
of t he sequence of nickel contamination ,which means
that nickel contamination almost has no effect on the
formation of the DZ through conventional IG proces2
ses. Furthermore ,the different effects of nickel contam2
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ination on the MDZ and the DZ formed by conventional
processes suggest that nickel precipitates at the surface
may increase the concentration of vacancies near the
surface ,preventing the formation of the MDZ.

Fig. 2 　Optical micrographs of a cross2section of the

group B samples subjected to different nickel contami2
nation sequences during conventional DZ annealing 　
(a) DZ formation ( 1150 ℃ for 2h + 750 ℃ for 4h +

1050 ℃for 16h) + Nickel contamination ( RTP 1000 ℃
for 50s) ; ( b) Nickel contamination ( RTP 1000 ℃ for

50s) + DZ formation (1150 ℃ for 2h + 750 ℃ for 4h +

1050 ℃for 16h)

The creation of an MDZ by R TP is cont rolled
by t he point defect p rofiles induced by R TP , and
t he oxygen out2diff usion can generally be omit2
ted[6 ,13 ] . R TP under Ar ambient will result in su2
persaturated vacancies. Due to t he fast out2diff u2
sion of vacancies during cooling , t he concent ration
profile of vacancies decreases gradually f rom the
bulk to t he surface. The concent ration of vacancies
in t he bulk is much higher t han t he critical concen2
t ration ,so t hese supersat urated vacancies bind oxy2
gen atoms to form t he relatively immobile O2 V
complex , resulting in the enhancement of oxygen
precipitation in t he bulk. Near the surface , howev2
er ,t he concent ration is lower than t he critical con2
cent ration ,and t hus the oxygen precipitation near
t he surface is suppressed. In t his case , t he MDZ
near t he surface occurs during t he following annea2
ling. Oxygen precipitates or t heir induced defect s in
t he bulk have a st rong ability to get ter t he subse2
quently contaminated nickel atoms , resulting in
good DZs ( Fig. 1 ( a ) ) . However , if t he samples
were initially contaminated by nickel ,nickel atoms
tend to p recipitate at t he surface , and t he nickel2
precipitate2f ree zone forms near t he surface[11 ,12 ] .
By X2ray diff raction pat tern ,nickel silicide (Ni3 Si)

with a cubic st ruct ure is found to form at t he sam2
ple’s surface , as shown in Fig. 3. In comparison
with the silicon mat rix , Ni3 Si has a much smaller
lat tice parameter (about 0135nm) . When the sam2

ple underwent R TP at 1250 ℃for 50s again ,nickel
p recipitates at t he surface were dissolved partly
due to t he short annealing time. A large number of
vacancies are generated during cooling because of a
great volume difference between Ni3 Si and t he sili2
con mat rix , hence keeping t he vacancy concent ra2
tion near t he surface still higher t han the critical
concent ration. As a result , oxygen precipitation
near t he surface can also occur in spite of t he lower
density ,as shown in Fig. 1 (b) .

Fig. 3 　XRD pattern of Ni3 Si formed at the surface of

the sample annealed at 1000 ℃for 50s under Ar atmos2
phere

During t he conventional p rocesses , t he forma2
tion of t he DZ is mainly due to t he out2diff usion of
oxygen at t he first annealing step ( 1150 ℃, 2h) .
Generally , t ransition metals ,including nickel , have
a slight enhancement on t he diff usion of oxygen in
silicon[14 ] . Thus , t he initial nickel contamination
cannot affect t he DZ formation ,as shown in Fig. 2
(a) . On the ot her hand ,once t he oxygen precipi2
tates or their induced defect s form in the bulk ,t hey
can become effective gettering sites for nickel at2
oms , leading to a good DZ near the surface , as
shown in Fig. 2 (b) .

4 　Conclusion

In summary ,t he effect of nickel contamination
on the MDZ and conventional DZ in CZ silicon wa2
fers has been investigated wit h optical microscopy
and X2ray diff raction in t his paper . After DZ forma2
tion , whether t hrough R TP or conventional IG
processes ,nickel contamination has no effect on t he
DZ ,and nickel atoms can be gettered by t he bulk
microdefect s (BMDs) . Otherwise ,in silicon wafers
initially contaminated wit h nickel , t he MDZ could
not form ,and many precipitates occurred near t he
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surface of t he sample. Based on t he fact s ,we pro2
pose t hat t he interface between nickel silicides at
t he surface and silicon mat rix generate a high e2
nough vacancy concent ration to enhance t he oxygen
precipitation near t he surface during R TP ,p reven2
ting t he formation of t he MDZ.
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单晶硅中过渡族金属镍对洁净区形成的影响 3
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摘要 : 研究了过渡族金属镍在快速热处理作用下对直拉单晶硅中洁净区形成的影响. 实验结果发现 :硅中魔幻洁
净区 (MDZ)形成后 ,氧沉淀及其诱生缺陷能有效地吸杂金属镍 ;而沾污金属镍的硅中 ,随后的快速热处理工艺不能
形成 MDZ ,硅片近表面出现大量沉淀 .采用传统的内吸杂工艺 ,镍沾污的次序对洁净区的形成没有影响 . 实验表明
由于硅片表面形成的镍硅化合物的晶格常数比硅小 ,所以在硅片近表面产生高浓度的空位 ,导致近表面的氧依然
能够在 MDZ工艺中形成沉淀.
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