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Abgract : The effect of nickel contamination under rapid thermal processing (RTP) on the magic denuded zone
(MD2Z) in Czochralski silicon is investigated. It is found that the bulk defects can effectively getter nickel atoms
once the MD Z forms. However ,if the silicon sample is initially contaminated with nickel ,the MD Z cannot form
during the subsequent RTP,and a high density of precipitates occurs near the surface. In conventional |G proces-
ses,the D Z can form regardless of the nickel contamination sequence. Based on the facts,we propose that the for-
mation of nickel silicide (NisSi) at the surface keeps the concentration of vacancies in the near-surface zone still
higher than the critical concentration for oxygen precipitation under the subsequent RTP,which prevents MD Z

formation.
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1 Introduction

It iswidely recognized that 3d transition met-
als are harmful contaminantsin slicon devices and
degrade device performance either by forming met-
al dlicides or by acting as recombination cen-
ters*?'. The removal or gettering of these metal
contaminants is critical for proper device opera
tion. An intrinsic gettering (1G) mechanism that
occurs by oxygen precipitationiswidely used to re-
duce impurity content in electrically active de
vices® °'. Thus a defect-free zone,called denuded
zone (D2Z) ,is created in devices. Conventionally ,
the DZ is created by the high-low-high processes
due to the out-diffuson of oxygen during the first
high temperature annealing. Recently ,the creation
of what is called a magic denuded zone (MDZ) ,
formed by high temperature rapid thermal process
ing (RTP) has been reported® ® . Unlike conven
tional |G processes,theformation of an MDZis de-
termined by the out-diffuson of vacancies. It has
been reported that many factors, such as the pro-
tective gas or the RTP temperature, have a great
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influence on the MDZ'® . However ,to our knowl-
edge,no report has been made on the effects of
metal contamination on an MDZ.

An important impurity ,nickel (Ni) is one of
the fastest diffusng elementsin silicon and can be
easly contaminated during device processng or
wafer preparation® . It wasfound that Ni degrades
the gate oxide integrity or effectively kills minority
carriers™ . In this paper ,we have investigated the
effects of Ni contamination on an MDZ in CZ sli-
con wafers. On the bass of the experiments,the
mechanism by which nickel contamination affects
the MDZ is discussed.

2 Experiment

The samples used in this work were cut from
200mm (100)-orientated , boron-doped , Czochral s-
ki-grown slicon wafers with a thickness of about
62Q m and a resistivity of about 162 - cm. Theini-
tial oxygen concentration in the wafers was about
10. 5 x 10" atoms/ cm® as measured by aBruker IFS
66v/ S Fourier trandorm infrared (FTIR) device
with a calibrated coefficient of 3 14 x 10" cm™ 2.
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Then the samples were divided into two groups,A
and B. The detailed annealing processes for the
samples are shown in Table 1. The difference be
tween samples A1 and A2 in group A is the se
quence of Ni contamination ,as shown in Table 1.
The Ni contamination level is about 5 x 10" atoms/
cm’ ,which results from the solubility of Ni at
1000 . The annealing processes of the samples of
group B are similar to those of group A ,but the DZ
isformed by high-low-high processesin group B.
The cooling rate of the RTP is about 40 /s. All
annealing was performed under argon atmosphere.
After annealing, optical microscopy ( Olympus
MX50) combined with Srtl solution was used to
observe the cleaved surfaces of the samples. The
etching time was 4min. Nickel slicides that formed
at the surfaces of the samples were characterized
by X-ray diffraction (XRD) (Phermo Arl Xtra).

Table 1 Annealing processes of samples

Annealing process for different nickel
contamination sequences

MDZ(formation) (RTP 1250 for 50s + 750 for
Al|4h+ 1050 for 16h) + Nicked contamination (RTP
1000 for 50s)

Nickel contamination (RTP 1000 for 50s) + MDZ
A2 |(formation) (RTP 1250 for 50s+ 750 for 4h +
1050 for 16h)

Conventional DZ(formation) (1150 for 2h + 750
B1 [for 4h + 1050 for 16h) + Nickel contamination
(RTP 1000 for 509)

Nickel contamination (RTP 1000

B2 |ventional DZ(formation) (1150
4h+1050 for 16h)

Sample

Group A

Group B
for 50s) + Con-

for 2h +750 for

3 Resultsand discussion

Figure 1 shows optical micrographs of a cross
section of the group A samples followed by Srtl
etching for 4min. From Fig. 1(a) ,an MDZ with a
thickness of about 10Q) m clearly exists in sample
Al in spite of the subsequent nickel contamina
tion. This result indicates that oxygen precipitates
or their induced defectsformed in the bulk become
effective gettering stes for subsequent nickel con-
tamination , resulting in the formation of a good
MDZ in the sample A1l. However ,if the sample was
initially contaminated,the MDZ could not form
during the following RTP,and many etching pits
would occur near the surface,as shown in Fig. 1

(b) . Furthermore ,we also observe from Fig. 1(b)
that the dendty of etching pits near the surfaceis
much lower than that in the bulk. A noticeable
difference between the MDZ quality of the two
samples suggests that the sequence of nickel con-
tamination has a strong influence on the MDZ. It
has been reported that nickel atoms tend to diff use
out to the surface and precipitate there under sow
cooling or air cooling™*?'. The cooling rate of the
RTPin our experiment is dow enough for the su-
persaturated nickel atoms to diff use out to the sur-
face ,resulting in the formation of a nickel precipi-
tate-free zone near the surface. Therefore it is rear
nable to deduce that the etching pits near the
surface in Fig.1(b) come from the oxygen precipi-
tates.

T I . #L s Y M ARG

Fig.1 Optica micrographs of a cross section of the
group A samples subjected to different nickel contami-
nation sequences during MDZ annealing (a) MDZfor-
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)

Unlike the formation of the MDZ ,the forma
tion mechanism of the conventional DZ is mainly
due to the out-diffuson of oxygen at high tempera
ture annealing. The effect of nickel contamination
on the conventional DZ was al 0 investigated. Fig-
ure 2 shows optical micrograph of the cross section
of the group B samples. Before or after nickel con-
tamination ,the samples were treated by the high-
low-high processes to form the DZ. From Figs. 2
(a) and (b) ,it could be observed that good DZs of
about 20 3@ m exist in both samples regardliess
of the sequence of nickel contamination ,which means
that nicke contamination amost has no dfect on the
formation of the DZ through conventiond |G proces
ses. Furthermore ,the different effectsof nicke contam-
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ination on the MDZ and the DZ formed by conventiona
processes suggest that nicke predpitates at the surface
may increase the concentration of vacandes near the
surface preventing the formation of the MDZ.

Fg.2 Optical micrographs of a cross section of the
group B samples subjected to different nickel contami-
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 RTP is controlled
by the point defect profiles induced by RTP,and
the oxygen out-diffuson can generally be omit-
ted®® . RTP under Ar ambient will result in su-
persaturated vacancies. Due to the fast out-diffu-
son of vacancies during cooling ,the concentration
profile of vacancies decreases gradually from the
bulk to the surface. The concentration of vacancies
in the bulk is much higher than the critical concen-
tration ,s0 these supersaturated vacancies bind oxy-
gen atoms to form the relatively immobile OV
complex , resulting in the enhancement of oxygen
precipitation in the bulk. Near the surface ,howev-
er ,the concentration is lower than the critical con-
centration ,and thus the oxygen precipitation near
the surface is suppressed. In this case,the MDZ
near the surface occurs during the following annea
ling. Oxygen precipitatesor their induced defectsin
the bulk have a strong ability to getter the subse-
quently contaminated nickel atoms, resulting in
good DZs (Fig. 1 (a)). However ,if the samples
were initially contaminated by nickel ,nickel atoms
tend to precipitate at the surface,and the nickel-
precipitate-free zone forms near the surface!™ ",
By X-ray diffraction pattern ,nickel slicide (NisS)
with a cubic structure isfound to form at the sam-
ple’ s surface,as shown in Fig. 3. In comparison
with the slicon matrix ,NizS has a much smaller
lattice parameter (about 0. 35nm) . When the sam-

ple underwent RTP at 1250 for 50s again ,nickel
precipitates at the surface were dissolved partly
due to the short annealing time. A large number of
vacancies are generated during cooling because of a
great volume difference between Niz S and the sli-
con matrix , hence keeping the vacancy concentra
tion near the surface still higher than the critical
concentration. As a result, oxygen precipitation
near the surface can also occur in spite of the lower
density ,as shownin Fig.1(b).
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Fg.3 XRD pattern of NizS formed at the surface of
the sample annealed at 1000 for 50s under Ar atmos
phere

During the conventional processes,the forma
tion of the DZ is mainly due to the out-diffuson of
oxygen at the first annealing step (1150 ,2h).
Generally ,trandtion metals,including nickel ,have
a dight enhancement on the diff uson of oxygen in
slicon™ . Thus, the initial nickel contamination
cannot affect the DZ formation ,as shown in Fig. 2
(a) . On the other hand,once the oxygen precipi-
tatesor their induced defectsformin the bulk ,they
can become effective gettering stes for nickel at-
oms,leading to a good DZ near the surface, as
shownin Fig.2(b).

4 Conclusion

In summary ,the effect of nickel contamination
on the MDZ and conventional DZin CZ slicon war
fers has been investigated with optical microscopy
and X-ray diff ractionin thispaper. After DZformar
tion, whether through RTP or conventiona |G
processes ,nickel contamination has no efect on the
DZ ,and nickel atoms can be gettered by the bulk
microdefects (BMDs) . Otherwise,in slicon wafers
initially contaminated with nickel ,the MDZ could
not form ,and many precipitates occurred near the
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surface of the sample. Based on the facts,we pro-
pose that the interface between nickel slicides at
the surface and slicon matrix generate a high e
nough vacancy concentration to enhance the oxygen
precipitation near the surface during RTP ,preven-
ting the formation of the MDZ.
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