DESCRIPTION

METHOD FOR CLEANING SEMICONDUCTOR WAFER

TECHNICAL FIELD
[0001]
The present 1invention relates to a thod for

cleaning semiconductor wafer.

BACKGROUND ART
[0002]

As one of the cleaning methods of the
semiconductor wafer, it has been cfrried out a cleaning
treatment by using ozonated wate diluted hydrofluoric

’

acid, and pure water in combingtion. As a general flow

of the cleaning in this cas the cleaning is carried
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out in the order of ozonatkd water cleaning - diluted

hydrofluoric acid cleaning - ozonated water (pure water)
cleaning - drying.
[0003]
In this metho an organic material(s) attached to
a surface of the gemiconductor wafer is removed by the
first ozonated yater cleaning, an oxide film formed on
the surface f the semiconductor wafer and metal
impurities ncorporated 1into the oxide film are
simultaneoysly removed in the next diluted hydrofluoric
acid cleAning, thereafter, when a protective oxide film
is necg¢fssary for the surface of the semiconductor wafer,
surfgyce oxidation treatment by ozonated water (or pure
is carried out. Also, for the purpose of
a cleaning power, it has been practiced a
method in which formation and etching of an oxide film

on the surface of the semiconductor wafer are repeated




by ozonated water and hydrofluoric acid (Patent Document
1).
[0004]

For example, in the cleaning of a semicondug¢gtor
wafer by a single wafer processing spin cleghing,
ozonated water cleaning, HF (hydrofluoric acid) eaning,

and pure water cleaning are carried out in cofmbination
as mentioned above, and in the HF cleaning farried out
after formation of an oxide film on the Jfurface of a
semiconductor wafer by the ozonated watey cleaning, the
oxide film itself is removed simultapeously with the
metal impurities incorporated into/ the oxide £film.
According to this procedure, a urface (hereinafter
referred to bare surface) in whyfch oxide film is not
formed 1is exposed at the surfgfe of the semiconductor:
wafer, whereby the surface Dbgcomes the state in which
particles are likely adhergd and a particle level is
degraded. Therefore, in e cleaning of a semiconductor
wafer, it is the probl to reduce the metal impurity

level and the particle/level simultaneously.

CITATION LIST
PATENT LITERATURKS
[0005]
Patent / Document 1: Japanese Unexamined Patent
Publicatib (Kokai) No. 2007-273911

SUMMARY/ OF THE INVENTION
PROBLEMS TO BE SOLVED BY THE INVENTION.

The present invention has been accomplished 1in
view of the above-mentioned circumstance, and an object

thereof is to provide a method for cleaning a




semiconductor wafer which can reduce both of a metal

impurity level and a particle level at the surface of
the semiconductor wafer simultaneously when
semiconductor wafer is subjected to the cleaning.
MEANS FOR SOLVING THE PROBLEMS

[0007]

To solve the above-mentioned problems, ccording
to the present invention, it 1is provided a/method for
cleaning a semiconductor wafer which comprfdses cleaning
steps of HF cleaning, ozonated water clfaning, and HF
cleaning in this order at least one me, wherein, in
the HF cleaning carried out at last/in the method for
cleaning the semiconductor wafer, clfeaning is so carried
out that an oxide film formed /on a surface of the
semiconductor wafer Dby the zonated water 1s not
entirely removed to remain a part of a thickness thereof
on the surface of the semicgfiductor wafer.
[0008]

According to thi constitution, after removing
metal impurities at e surface of the semiconductor
wafer sufficiently by the HF cleaning previously carried
out, when an oxi film formed on the surface of the
semiconductor wafer by the ozonated water cleaning is
dissolved by e last HF cleaning carried out in the
method for cfeaning the semiconductor wafer, and a part
of the thigkness thereof is remained, so that it can be
restrain the state that the oxide film on the surface
of the femiconductor wafer is entirely removed to expose
the re surface and the surface became the state that
the/ particles are 1likely adhered thereto, whereby the
mgtal impurity level and the particle 1level of the
surface of the semiconductor wafer «can be reduced

simultaneously.




Also, the method is extremely convenient since
only a part of the thickness of the oxide film is
remained at the time of dissolving the oxide film by tife
last HF cleaning carried out in the cleaning of /the
surface of the semiconductor wafer.

[0009]

At this time, it is preferred that the ide film
formed on the surface of the semiconducto wafer 1is
entirely removed by the first HF cleaning Zn the method
for cleaning the semiconductor wafer.
[0010]

According to this constitution/ metal impurities
at the surface of the semiconductor/ wafer and the oxide
film incorporating the same are /certainly removed and
the metal impurity level can bg certainly reduced, and °
the oxide film may be remghined 1in the HF cleaning
thereafter without any problém.

[0011]

At this time, it preferred that the oxide film
formed on the surface fof the semiconductor wafer by the
ozonated water cleaping 1is not entirely removed and to
remain a part of thickness thereof on the surface of
the semiconductoy wafer in the HF cleaning at the second
time or latgr in the method for cleaning the
semiconductoy wafer.
[0012]

Accprding to this constitution, for example, even
if the

the

F cleaning and the ozone cleaning are repeated,
%ide film is remained in the HF cleaning at the
secpnd time or later, so that it can be more certainly
rfstrained the state that the oxide film on the surface
of the semiconductor wafer is entirely removed to expose

the bare surface so that the surface became the state




where the particles are likely adhered thereto whereby
the particle level of the surface of the semiconductor
wafer is degraded.

[0013]

At this time, 1in the method for cleanin the
semiconductor wafer, the semiconductor wafer /can be
subjected to cleaning either by carrying o the HF
cleaning after the ozonated water <cleandng or Dby
carrying out the ozonated water cleaning ffter the HF
cleaning, which procedure may be alterpately repeated
twice or more.

[0014]

According to this constitutiory/, the metél impurity
level and the particle level o the surface of the
semiconductor wafer can be redyfced more effectively so
it is preferred.

[0015]

At this time, a copnfentration of HF can be made
0.1 wt% to 1.5 wt% in fhe HF cleaning where the oxide
film formed on the surface of the semiconductor wafer by
the ozonated water eaning is not entirely removed and
to remain a part ¢f a thickness thereof on the surface
of the semicondugtor wafer.

[001l6]

Accordifig to this constitution, it does not take a
longer ti for dissolution of the oxide film on the
surface /of the semiconductor wafer formed by the

water cleaning, and it never causes the state

sfiort so it 1is preferred.
[0017]

At this time, a concentration of the ozonated




water can be made 3 ppm or more in the ozonated water
cleaning.
[0018]

According to this constitution, cleaning effgcts
by the ozonated water cleaning are more increased /so it
is preferred.
[0019]

At this time, the HF cleaning and t}e ozonated
water cleaning of the semiconductor wafer n be carried
out by the single wafer processing spin cfeaning.

[0020]

Thus, to the HF cleaning and fhe ozonated water

cleaning in the method for cleanifg the semiconductor

wafer of the present invention cAn be applied a single

wafer processing spin cleaning.

EFFECT OF THE INVENTION
[0021]

As explained abov when the method for cleaning

’
the semiconductor waffer of the present invention 1is
employed, 1t 1is ©pghsible that the particles on the
surface of the sefiiconductor wafer can be effectively
and conveniently/reduced, and further the metal impurity
level and the/ particle 1level of the surface of the
semiconductoy wafer can be reduced simultaneously.
BRIEF DE

[0022]

RIPTION OF THE DRAWINGS

Fig. 1 is a flow chart showing an example of the
metfiod for cleaning a semiconductor wafer of the present
iAAivention.

Fig. 2 1is a view showing a graph of the particle

level at the surface of the wafer 1in Examples and




Comparative Examples of the respective number of the HF

cleaning times.

BEST MODE FOR CARRYING OUT THE INVENTION
[0023]

Hereinafter, the method for cleangng a
semiconductor wafer of the present inveption is
explained in detail by referring to Fig./ 1 as one
example of the embodiments, but the present/invention is
not limited by these.
[0024]

First, a semiconductor wafer to/carry out cleaning
by the c¢leaning method of the esent invention is
prepared. Here, the semiconduct wafer to be used is
not limited, and may be menfioned, for example, a
silicon wafer, a semicondufgtor wafer made from a
compound such as GaAs, InP, And the like.
[0025]

Such a semicondyctor wafer 1is subjected to
cleaning along with, or example, the flow chart shown
in Fig. 1.

First, the fZrst ozonated water cleaning shown in
Fig. 1(a) 1is rried out. A concentration of the
ozonated water/to be used herein can be made 3 ppm or
more, prefergdbly 5 ppm or more, more preferably 10 ppm
or more, sjhce the cleaning effect of the ozonated water
is highey®/ as the concentration is high. Incidentally, a
proces of the first ozonated water <cleaning 1is to
the organic materials attached to the surface of
the/ semiconductor wafer, so that it may be omitted if
the organic materials are not substantially attached to
the prepared semiconductor wafer.

[0026]




Next, as shown in Figs. 1(b) to (d), the
semiconductor wafer 1is subjected to cleaning with the
cleaning step of HF cleaning, ozonated water cleanin
and HF cleaning in this order.

Here, in the present invention, when the fipal HF
cleaning (which corresponds to HF cleaning of Fi 1(d))
in the above-mentioned cleaning step 1s to carried
out, the cleaning is carried out so that a part of the
thickness of the oxide film 1is remained oA the surface
of the semiconductor wafer without entirelly removing the
same formed on the surface of the semicbnductor wafer by
the ozonated water cleaning. subjecting the
procedure as mentioned above, aft removing the metal
impurities sufficiently from he surface of the
semiconductor wafer by the prgviously carried out HF
cleaning (Fig. 1(b)), it c be restrained the state
that +the oxide film formfd on the surface of the
semiconductor wafer by he ozonated water cleaning
(which corresponds to
1(c)) 1is entirely remgfved to expose the bare surface so
that the surface befame the state where the particles
are likely adhered/thereto. According to this procedure,
the metal impurjfy level and the particle level at the
surface of the/semiconductor wafer can be simultaneously
reduced. IngZidentally, the thickness of the oxide film
to be p#Artially remained on a surface of the
semicondyctor wafer at this time is not particularly
limite and it may be a thickness which can
suffifciently protect the surface of the semiconductor
wafler. Also, the ozonated water cleaning of Fig. 1(c)
n be carried out in the same manner as the ozonated
water cleaning of Fig. 1(a).

[0027]



Also, in the first HF cleaning (which corresponds

to HF cleaning of Fig. 1(b)) in the above-mentioned
cleaning step is to be carried out, if the oxide fi)/m
formed on the surface of the semiconductor wafer i¢ to
be entirely removed, the metal impurities at the syrface
of the semiconductor wafer can be more certainly /removed,
and further an oxide film which can protect t surface
of the semiconductor wafer is formed by t}Je ozonated
water cleaning carried out thereafter, and/the particle
level is not degraded so it is preferred.
[0028]

Incidentally, in Fig. 1, an exgmple of subjecting
to the cleaning step of HF/O3/HF oply one time, but the
present invention 1s not limited py the example, and it
is possible to carry out the procedure twice or more,
and further three times or mgre. At that time, in the
HF cleaning at the second tifme or later, if the cleaning
is so carried out that e oxide film formed by the
ozonated water cleanifg on the surface of the
semiconductor wafer iy not entirely removed but a part
of the thickness th¢reof is remained on the surface of
the semiconductor/ wafer, the particle level at ’the
surface of th semiconductor wafer can be more
effectively regiuced so it is preferred.

[0029]

In agdition, as a method for carrying out the HF
cleaning /oy not entirely removing the oxide film formed
by the/ozonated water cleaning on the surface of the
semicgbnductor wafer but partially remaining the
thifkness thereof on the surface of the semiconductor
whAfer, 1t may be carried out, for example, by shortening
the cleaning time so that the oxide film is not entirely

dissolved, whereas it is not limited to the above-




mentioned method.

When it is possible to supply two or more kinds of
the HE cleaning solutions having differepft
concentrations to the surface of the semiconductor wffer,
a concentration of HF of the HF cleaning where a pgrt of
the thickness of the oxide film is remained /on the
surface of the semiconductor wafer may be mAdde lower
than a concentration of HF of the HF cleani where the
oxide film formed on the surface of the femiconductor
wafer is entirely removed. In this cghse, in the HF
cleaning where the clearing 1is so capyried out that a
part of the thickness of the oxide Im is remained on
the surface of the semiconducior wafer, if the
concentration of HF is made 0.1 w to 1.5 wt%, there is
neither the case where dissolutfon of the oxide film to
take time too long, nor the fLase where control of the
thickness Dbecomes difficu/t due to the time for
dissolving the oxide £fil being too short, so it 1is
preferred. Of course/ the c¢leaning time and the
concentration of HF maf be controlled simultaneously.
[0030]

Also, in the/method for cleaning the semiconductor
wafer of the esent invention, whereas 1t is not
limited to he following, if cleaning‘ of the
semiconductoy wafer is to be carried out by repeating
alternatel the operation of subjecting to the HF
cleaning /after the ozonated water cleaning, or to the

water cleaning after the HF cleaning twice or

re effectively so it is preferred.

After subjecting to such a cleaning step, as shown
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in Fig. 1l(e), the final ozonated water cleaning is

carried out to form a ©protective oxide film for

protecting the surface of the semiconductor wafer.

Then, as shown in Fig. 1(f), the semicondu
wafer on which the above-mentioned protective oxid
has been formed is dried.
[0032]

Here, the above-mentioned HF <cleaniny and the
ozonated water cleaning may be carried out,/ for example,
by a single wafer processing spin cleaniyg, whereas the
invention is not limited thereto. If /the single wafer
processing spin cleaning is employe switching of the
ozonated water cleaning and the HF fleaning, control of
the concentration of the cleaning solution and control
of the cleaning time can be easjyly carried out with high
precision. Incidentally, whgn the above-mentioned HF
cleaning and the ozonated wgker cleaning are carried out
by the single wafer progessing spin cleaning, it is
preferred to dry the sgmiconductor wafer subjected to
cleaning by spin drying since it is more efficient.
EXAMPLES
[0033]

Hereinaftfr, the present invention 1is explained

specifically /by referring to Examples and Comparative

First, 15 wafers of silicon single crystal wafers
hAving a diameter of 300 mm and both surfaces of which
are mirror polished to have clean surfaces were prepared.

Next, 3 wafers of the silicon single crystal wafers

11




among the 15 wafers having clean surfaces were pulled
out, and one of which was subjected to particle
measurement by a wafer surface defect testing equipmept
(Particle counter, LS-6800 (>41 nm) product of Hitgchi
High-Technologies Corporation) to examine the payticle
level before cleaning. As a result of the measyrement,
it could be found out that the wafer partifle level
before the cleaning was good level of 100 pArticles or
less. Also, to examine concentrationys of metal
impurities attached to the surface befgfe cleaning, 2
wafers thereof were subjected vapor phase
decomposition of a natural oxide ilm at the wafer
surface by HF wvapor, and then, the/ metal impurities on
the wafer surface were recovered My HF liquid drops, and
measurement of the concentyations of the metal
impurities on the wafer surffce was carried out by an
ICP-MS analysis device. As result of the measurement,
concentrations of metal AfAl, Cr, Fe, Ni, Cu and Zn)
impurities at the surface of the wafer before the
experiment were shown An Table 4, and the elements other
than Cu were detecte
[0035]

Next, amon the prepared silicon single crystal
wafers, other/ 2 wafers thereof were subjected to
cleaning as /mentioned below, and measurement of the
particle lgvel and metal impurity level were carried out.

Firgt, cleaning of the above-mentioned 2 wafers of
the si)Yicon single crystal wafers were carried out by
the

cl

ngle wafer processing spin cleaning. At this time,
ning was carried out as shown in Table 1, where the
pfocedure of the ozonated water cleaning after the HF
cleaning was repeated twice, an oxide film (natural

oxide film) formed on the surface of the silicon single

12



crystal wafer was entirely removed at the first time HF
cleaning, and at the second time (final) HF cleaning, an
oxide film formed on the surface of the silicon sing/fe
crystal wafer by the ozonated water cleaning was
entirely removed to remain a part of the thigkness
thereof on the surface of the silicon single /crystal
wafer.

[0036]

Also, as the cleaning conditions, a oncentration
of HF at the HF cleaning where the oxifdle film on the
surface of the silicon single crystal whfer was entirely
removed was 1.0 wt% and a rotation mber of the wafer
was 500 rpm/1l5 sec, a concentratifn of HF at the HF
cleaning where the oxide film the surface of the
silicon single crystal wafer w remained a part of the
thickness thereof was 1.0 wty and a rotation number of
the wafer was 500 rpm/3 sec/ and a concentration of the
ozonated water at the ozoplated water cleaning was 10 ppm
and a rotation number of/the wafer was 500 rpm/15 sec.
[0037]

Incidentally, he final ozonated water cleaning
was carried out to/form a protective oxide film which is
to protect the furface of the silicon single crystal
wafer. Also,/ there was substantially few impurities
such as orgagfiic materials, and the like, attached onto
the surfacg of the prepared silicon single crystal wafer,
so that first ozonated water cleaning for removing the

materials was not carried out.

2 wafers of the silicon single crystal wafers thus
bjected to the cleaning were dried by spin drying with
a rotation number of 1500 rpm/30 sec, and measurement of

a particle 1level and a metal impurity level at the
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surface of the wafer were carried out by using the wafer
surface defect testing equipment and the ICP-MS analysis
device which are the same as those for measuring tH[e
particle level before subjecting to the cleaning.
results at this time are shown in Table 2, Table
Fig. 2.
[0039]
(Example 2)

Among the silicon single crystal wafers prepared
in Example 1, 2 wafers thereof wer subjected to
cleaning as mentioned below, and megsurement of the
particle level and metal impurity levgl were carried out.
[0040]

As shown 1n Table 1, <cle¢aning of the silicon
single crystal wafer was carried out in the same manner
as in Example 1 except that tle cleaning was carried out
by repeating the ozonated éter cleaning after the HF
cleaning three times, whe the oxide film formed on the
surface of the silicon ngle crystal wafer was entirely
removed at the first tdme HF cleaning, and in all the HF
cleanings at the secgnd time or later, the oxide film on
the surface of th¢ silicon single crystal wafer by the
ozonated water leaning was not entirely removed to
remain a part ¢f the thickness thereof on the surface of
the silicon gingle crystal wafer.
Measyfement of the particle level and the metal
impurity /level at the surface of the silicon single
crystal/ wafer thus subjected to cleaning were carried
the same manner as in Example 1. The results at

time are shown in Table 2, Table 3 and Fig. 2.

(Example 3)

Among the silicon single crystal wafers prepared
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in Example 1, 2 wafers thereof were subjected to
cleaning as mentioned below, and measurement of the
particle level and metal impurity level were carried opgdt.
[0042]

As shown 1in Table 1, <cleaning of the sXlicon
single crystal wafer was carried out in the sam¢g manner
as in Example 1 except that the cleaning was cgrried out
by repeating the ozonated water cleaning after the HF
cleaning four times, where the oxide film formed on the
surface of the silicon single crystal waffr was entirely
removed at the first time HF cleaning, And in all the HF
cleanings at the second time or laterf the oxide film on
the surface of the silicon single L£rystal wafer by the
ozonated water cleaning was no entirely removed to
remain a part of the thickness ereof on the surface of
the silicon single crystal wajer.

Measurement of the pgrticle level and the metal
impurity level at the sprface of the silicon single
crystal wafer thus subpyected to cleaning were carried
out in the same manney as in Example 1. The results at
this time are shown

[0043]

n Table 2, Table 3 and Fig. 2.

(Comparative Exapple 1)

Among th silicon single crystal wafers prepared
in Example /1, 2 wafers thereof were subjected to
cleaning mentioned below, and measurement of the
particle/level and metal impurity level were carried out.
[0044]
As shown in Table 1, <cleaning of the silicon
le crystal wafer was carried out in the same manner
in Example 1 except that the cleaning was carried out
by repeating the ozonated water cleaning after the HF

cleaning twice, where the oxide film formed on the
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surface of the silicon single crystal wafer was entirely
removed at all the HF cleanings.

Measurement of the particle level and the metfl
impurity level at the surface of the silicon siygle
crystal wafer thus subjected to cleaning were cgrried
out in the same manner as in Example 1. The resfilts at
this time are shown in Table 2, Table 3 and Fi
[0045]

(Comparative Example 2)

Among the silicon single crystal ywafers prepared
in Example 1, 2 wafers thereof wefe subjected to
cleaning as mentioned below, and asurement of the
particle level and metal impurity l¢gvel were carried out.
[0046]

As shown in Table 1, eaning of the silicon
single crystal wafer was carrfed out in the same manner
as 1n Comparative Example 1 fxcept that the cleaning was
carried out by repeating/ the ozonated water cleaning
after the HF cleaning thfee times.
Measurement of e particle level and the metal
impurity level at e surface of the silicon single
crystal wafer thuy subjected to cleaning were carried
out 1n the same flanner as in Example 1. The results at
this time are own in Table 2, Table 3 and Fig. 2.
[0047]
(Comparati Example 3)

Amopig the silicon single crystal wafers prepared
ple 1, 2 wafers thereof were subjected to

as mentioned below, and measurement of the

As shown in Table 1, cleaning of the silicon

single crystal wafer was carried out in the same manner
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as in Comparative Example 1 except that the cleaning was
carried out by repeating the ozonated water cleaning
after the HF cleaning four times.

Measurement of the particle level and the mgtal
impurity level at the surface of the silicon
crystal wafer thus subjected to cleaning were fcarried
out in the same manner as in Example 1. The

this time are shown in Table 2, Table 3 and EAg.

[0049]
[Table 1]
Cleaning l1st HF 2nd HF 3rd/HF 4th HF
conditions Cleaning Cleaning Cl ing Cleaning
HF (15 sec) | HF (3 sec)
Example 1 | o (15 sec)|-0; (15 sec)
HF (15 sec) | HF (3 sec) /HF (3 sec)
Example 2 -03 (15 sec) [-03 (15 sec) f~03 (15 sec)
Examole 3 HF (15 sec) HF (3 sec HF (3 sec) HF (3 sec)
b 1205 (15 sec) |-0, (15 s 505 (15 sec) |-05 (15 sec)

Comparative| HF (15 sec) |HF (15 )
Example 1 [-03 (15 sec) |-03 (15 c)

Comparative| HF (15 sec) |HF (1 sec) HEF (15 sec)
Example 2 [-503 (15 sec) |-03 5 sec) |-0;3 (15 sec)

Comparative| HF (15 sec) | HF /(15 sec) | HF (15 sec) | HF (15 sec)
Example 3 [-03 (15 sec) |-05 (15 sec) |-03 (15 sec)|-0;3 (15 sec)

[0050]
[Table 2]
amole Comparative
b Example
end HE / 84 179
Cleaning /
3rd HF
Cleaninq//> 92 261
4th H
Cleaqli; : >7 278
Unit: Aiumber
[0054]
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[Table 3]

Cleaning Al Cr Fe Ni cu 7n //
conditions
Example 1 N.D. N.D. N.D. N.D. N.D N.D/
Example 2 N.D. N.D. N.D. N.D. N.D NA.
Example 3 N.D. N.D. N.D. N.D. N.D. . D.
Comparative N.D. N.D. N.D. N.D. N.D. //ﬁ.D.
Example 1
Comparative N.D N.D N.D N.D N.D. N.D
Example 2
Comparative N.D. N.D. N.D. N.D. g/g. N.D.
Example 3 :
Lower /
detection 0.01 0.01 0.01 0.01 0.01 0.01
limit
(x10%atoms/cm?) /
[0052]
[Table 4]
Al Cr Fe Jy Ni Cu Zn
Before 1.00 | 0.10 | 0.5 0.05 | N.D. | 0.30
cleaning (1)
Before 0.90 | 0.11 | o/30 | 0.08 | N.D. | 0.40
cleaning (2)
Lower : //
detection 0.01 | 0.01/ o0.01 | 0.01 | 0.01 | 0.01
limit
(x10%atoms/cm?)

[0053]

From the resulys of Examples and Comparative
Examples, when the cfeaning was carried out by entirely
removing the oxid¢/ film formed on the surface of the
silicon single cyystal wafer by all the HF cleanings as
in Comparative /Examples, it can be understood that even
when the HF eaning and the ozonated water cleaning are
repeated, he particle 1level of the surface of the
semiconduyftor wafer is not lowered but rather heightened.
However/ in Examples, it can be understood that by the
HF ‘clganing at the second time or later, a part of the
thifgkness of the oxide film is remained on the surface

the semiconductor wafer, the surface of the
semiconductor wafer does not become a water-repellent

surface to which particles are 1likely adhered, and a
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semiconductor wafer reduced in the particle level can be

obtained. Moreover, as shown in Table 3, in both of

Comparative Examples and Examples, wafer surfage
concentrations of the metal impurities at the surfacg of
the wafer are all not detected (N.D.), in Exampl
can be confirmed that a wafer surface with lesf metal
impurities concentration could be obtained ev¢n when a
emained on

by the HF

part of the thickness of the oxide film 1is
the surface of the semiconductor wafer
cleaning at the second time or 1lat That 1is,
according to the method for cleaning e semiconductor
wafer of the present invention, it /can be understood
that the metal impurity level and e particle level on
the surface of the semicondyctor wafer can be
simultaneously reduced.
[0054]

Incidentally, in Examples 1 to 3, cleaning was
carried out by remaining part of the thickness of the
oxide film on the surfage of the silicon single crystal
wafer by shortening t cleaning time of the HF cleaning
at the second time ¢r later, and it may be carried out
by making the concgntration of HF thereof lower than the
concentration of/ the first HF cleaning, or controlling
the cleaning time and the concentration of HF
simultaneous

Also,/ in Example 2 and Example 3, cleaning was
carried t by remaining a part of the thickness of the
oxide Im on the surface of the silicon single crystal
wafe in all the HF cleanings at the second time or
latfr, and in the respective Examples, the effects of
the present invention can be sufficiently obtained if
the cleaning is carried out by remaining a part of the

thickness of the oxide film on the surface of the
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silicon single crystal wafer at the final HF cleaning

alone.

[0055]

It must be stated here that the present invenyion
is not restricted to the embodiments shown by Exagpples.
The embodiments shown by Examples are merely exampples so
that any embodiments composed of substantially/the same
technical concept as disclosed in the clafms of the
present invention and expressing a simil effect are

included in the technical scope of the prfsent invention.




CLAIMS

1. A method for cleaning a semiconductor wafer whi
comprises;

cleaning steps of HF cleaning, ozonated
cleaning and HF cleaning in this order at least e time,
wherein 1in the HF cleaning carried out las
method for cleaning the semiconductor wafer, leaning is
so carried out that an oxide film formed ory/'a surface of
the semiconductor wafer by the ozonate¢f water is not
entirely removed and to remain a pary of a thickness
thereof on the surface of the semiconguctor wafer.
2. The method for cleaning semiconductor wafer
according to claim 1, wherein oxide film formed on a
surface of the semiconductor /fwafer is entirely removed
in the first HF cleaning ifA the method for cleaning a
semiconductor wafer.
3. The method for/ cleaning a semiconductor wafer
according to claim or 2, wherein an oxide film formed
on a surface of t semiconductor wafer by the ozonated
water cleaning not entirely removed and to remain a
part of a thfhdckness thereof on the surface of the
semiconductoy wafer in the HF cleaning at the second
time or ater in the method for cleaning the

semicondyctor wafer.

The method for cleaning a semiconductor wafer
acghbrding to any one of claims 1 to 3, wherein the
sfmiconductor wafer is subjected to cleaning by carrying
out the HF cleaning after the ozonated water cleaning or

carrying out the ozonated water cleaning after the HF
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cleaning which procedure is alternately repeated twice
or more 1in the method for cleaning the semiconductor

wafer.

5. The method for «cleaning a semiconductor afer
according to any one of claims 1 to 4, whefrein a
concentration of HF is made 0.1 wt% to 1.5 wt% An the HF
cleaning where the oxide film formed on a surface of the
semiconductor wafer by the ozonated water/ cleaning is
not entirely removed and to remain a part/of a thickness

thereof on the surface of the semicondug¢ftor wafer.

6. The method for <cleaning a /semiconductor wafer
according to any one of claim 1 to 5, wherein a
concentration of the ozonated fater is made 3 ppm or

more in the ozonated water cleAning.

7. The method for cleAaning a semiconductor wafer
according to any one of/claims 1 to 6, wherein the HF
cleaning and the ofonated water «cleaning of the
semiconductor wafer /are carried out by single wafer

processing spin cle¢aning.
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(54) [Title of the Invention] METHOD FOR CLEANI NG
SEM CONDUCTOR WAFER

[Detail ed Description of the Invention]
[ Techni cal Field]
[ 0001]

The present invention relates to a method for
cl eani ng sem conduct or waf er.
[ Background Art]

[ 0002]

As one of t he cl eani ng met hods of t he
sem conductor wafer, it has been carried out a cleaning
treatment by using ozonated water, diluted hydrofluoric
acid, and pure water in conbination. As a general flow
of the cleaning in this case, the cleaning is carried
out in the order of ozonated water cleaning - diluted
hydrofluoric acid cleaning - ozonated water (pure water)
cleaning — drying.

[ 0003]

In this method, an organic material (s) attached to
a surface of the sem conductor wafer is renoved by the
first ozonated water cleaning, an oxide film fornmed on
the surface of the sem conductor wafer and neta
i npurities incorporated into the oxide film are
si mul taneously renoved in the next diluted hydrofluoric
acid cleaning, thereafter, when a protective oxide film
i's necessary for the surface of the sem conductor wafer,
surface oxidation treatnent by ozonated water (or pure
water) is carried out. Also, for the purpose of
I nproving a cleaning power, it has been practiced a
method in which formation and etching of an oxide film
on the surface of the sem conductor wafer are repeated

by ozonated water and hydrofluoric acid (Patent Docunment



1).
[ 0004]

For exanple, in the cleaning of a sem conductor
wafer by a single wafer processing spin cleaning,
ozonated water cleaning, HF (hydrofluoric acid) cleaning,
and pure water cleaning are carried out in conbination
as nentioned above, and in the HF cleaning carried out
after formation of an oxide film on the surface of a
sem conductor wafer by the ozonated water cleaning, the
oxide film itself is removed sinultaneously with the
metal inpurities incorporated into the oxide film
According to this procedure, a surface (hereinafter
referred to bare surface) in which oxide film is not
formed is exposed at the surface of the sem conductor
waf er, whereby the surface beconmes the state in which
particles are |likely adhered and a particle level is
degraded. Therefore, in the cleaning of a sem conductor
wafer, it is the problem to reduce the nmetal inpurity
| evel and the particle | evel sinultaneously.

[Citation List]
[ Patent Literature]
[ 0005]

[ Patent Docunent 1]: Japanese Unexam ned Patent
Publ i cation (Kokai) No. 2007-273911
[Di scl osure of the Invention]

[Problemto be solved by the Invention]
[ 0006]

The present invention has been acconmplished in
view of the above-nmentioned circunstance, and an object
t her eof is to provide a nmethod for <cleaning a
sem conductor wafer which can reduce both of a netal
inpurity level and a particle level at the surface of

t he sem conduct or waf er si mul t aneously when t he



sem conductor wafer is subjected to the cl eaning.
[ Means for solving Problem
[ 0007]

To solve the above-nentioned problenms, according
to the present invention, it is provided a nethod for
cl eaning a sem conductor wafer which conprises cleaning
steps of HF cleaning, ozonated water cleaning, and HF
cleaning in this order at |east one tinme, wherein, in
the HF cleaning carried out at last in the method for
cl eaning the sem conductor wafer, cleaning is so carried
out that an oxide film formed on a surface of the
sem conductor wafer by the ozonated water is not
entirely renoved to remain a part of a thickness thereof
on the surface of the sem conductor wafer.

[ 0008]

According to this constitution, after renoving
metal inpurities at the surface of the sem conductor
wafer sufficiently by the HF cl eaning previously carried
out, when an oxide film formed on the surface of the
sem conductor wafer by the ozonated water cleaning is
di ssolved by the last HF cleaning carried out in the
met hod for cleaning the sem conductor wafer, and a part
of the thickness thereof is remmined, so that it can be
restrained the state that the oxide film on the surface
of the sem conductor wafer is entirely renoved to expose
the bare surface and the surface becane the state that
the particles are likely adhered thereto, whereby the
nmetal inpurity level and the particle level of the
surface of the sem conductor wafer can be reduced
si mul t aneousl y.

Also, the nmethod is extrenely convenient since
only a part of the thickness of the oxide film is

remai ned at the tinme of dissolving the oxide film by the



|ast HF cleaning carried out in the cleaning of the
surface of the sem conductor wafer.
[ 0009]

At this time, it is preferred that the oxide film
formed on the surface of the sem conductor wafer is
entirely removed by the first HF cleaning in the method
for cleaning the sem conductor wafer.

[ 0010]

According to this constitution, nmetal inpurities
at the surface of the sem conductor wafer and the oxide
film incorporating the sane are certainly remved and
the netal inmpurity level can be certainly reduced, and
the oxide film my be remained in the HF cleaning
t hereafter wi thout any problem
[0011]

At this time, it is preferred that the oxide film
formed on the surface of the sem conductor wafer by the
ozonated water cleaning is not entirely renmoved and to
remain a part of a thickness thereof on the surface of
t he sem conductor wafer in the HF cleaning at the second
time or | ater in the nmethod for cleaning the
sem conduct or wafer.

[ 0012]

According to this constitution, for exanple, even
if the HF cleaning and the ozone cleaning are repeated,
the oxide filmis remained in the HF cleaning at the
second time or later, so that it can be nore certainly
restrained the state that the oxide film on the surface
of the sem conductor wafer is entirely renoved to expose
the bare surface so that the surface becane the state
where the particles are likely adhered thereto whereby
the particle level of the surface of the sem conductor

wafer is degraded.



[ 0013]

At this tinme, in the method for cleaning the
sem conductor wafer, the sem conductor wafer can be
subjected to cleaning either by carrying out the HF
cleaning after the ozonated water cleaning or by
carrying out the ozonated water cleaning after the HF
cl eaning, which procedure may be alternately repeated
twice or nore
[ 0014]

According to this constitution, the netal inpurity
| evel and the particle level of the surface of the
sem conduct or wafer can be reduced nore effectively so
it is preferred.

[ 0015]

At this time, a concentration of HF can be nmade
0.1 wt% to 1.5 wt% in the HF cleaning where the oxide
filmformed on the surface of the sem conductor wafer by
the ozonated water cleaning is not entirely renoved and
to remain a part of a thickness thereof on the surface
of the sem conductor wafer.

[ 0016]

According to this constitution, it does not take a
| onger time for dissolution of the oxide film on the
surface of the sem conductor wafer fornmed by the
ozonated water cleaning, and it never causes the state
that control of the thickness becomes difficult since
the time taken for dissolution of the oxide filmis too
short so it is preferred.

[0017]

At this tinme, a concentration of the ozonated
water can be made 3 ppm or nore in the ozonated water
cl eani ng.

[ 0018]



According to this constitution, cleaning effects
by the ozonated water cleaning are nore increased so it
is preferred.

[ 0019]

At this tinme, the HF cleaning and the ozonated
wat er cl eaning of the sem conductor wafer can be carried
out by the single wafer processing spin cleaning.

[ 0020]

Thus, to the HF cleaning and the ozonated water
cleaning in the nmethod for cleaning the sem conductor
wafer of the present invention can be applied a single
waf er processing spin cleaning.

[Effect of the Invention]
[ 0021]

As expl ai ned above, when the nethod for cleaning
the sem conductor wafer of the present invention is
enployed, it is possible that the particles on the
surface of the sem conductor wafer can be effectively
and conveniently reduced, and further the metal inpurity
| evel and the particle level of the surface of the
sem conductor wafer can be reduced sinultaneously.

[Brief Description of Draw ngs]
[ 0022]

Fig. 1 is a flow chart show ng an exanple of the
met hod for cleaning a sem conductor wafer of the present
I nventi on.

Fig. 2 is a view showing a graph of the particle
| evel at the surface of the wafer in Exanples and
Conpar ati ve Exanples of the respective nunmber of the HF
cl eaning tines.

[ Best Mode(s) for Carrying out the Invention]
[ 0023]

Herei nafter, t he met hod for cl eani ng a



sem conduct or waf er of the present invention is
explained in detail by referring to Fig. 1 as one
exanpl e of the enbodi ments, but the present invention is
not limted by these.
[ 0024]

First, a sem conductor wafer to carry out cleaning

by the cleaning nethod of the present invention is

pr epar ed. Here, the sem conductor wafer to be used is
not limted, and my be nentioned, for exanple, a
silicon wafer, a sem conductor wafer made from a

conmpound such as GaAs, InP, and the Ilike.
[ 0025]

Such a sem conductor wafer is subjected to
cleaning along with, for exanple, the flow chart shown
in Fig. 1.

First, the first ozonated water cleaning shown in
Fig. 1(a) is carried out. A concentration of the
ozonated water to be used herein can be made 3 ppm or
nore, preferably 5 ppm or nore, nore preferably 10 ppm
or nmore, since the cleaning effect of the ozonated water
is higher as the concentration is high. Incidentally, a
process of the first ozonated water <cleaning is to
renove the organic materials attached to the surface of
t he sem conductor wafer, so that it nmay be omtted if
the organic materials are not substantially attached to
t he prepared sem conductor wafer
[ 0026]

Next , as shown in Figs. 1(b) to (d), t he
sem conductor wafer is subjected to cleaning with the
cleaning step of HF cleaning, ozonated water cleaning,
and HF cleaning in this order.

Here, in the present invention, when the final HF

cl eaning (which corresponds to HF cleaning of Fig. 1(d))



in the above-nentioned cleaning step is to be carried
out, the cleaning is carried out so that a part of the
thickness of the oxide filmis remained on the surface
of the sem conductor wafer w thout entirely renoving the
sanme formed on the surface of the sem conductor wafer by
the ozonated water cleaning. By subjecting the
procedure as nentioned above, after renoving the neta

inpurities sufficiently from the surface of t he
sem conductor wafer by the previously carried out HF
cleaning (Fig. 1(b)), it can be restrained the state
that the oxide film formed on the surface of the
sem conductor wafer Dby the ozonated water cleaning
(which corresponds to ozonated water cleaning of Fig.

1(c)) is entirely renoved to expose the bare surface so
that the surface becane the state where the particles
are |likely adhered thereto. According to this procedure,
the nmetal inpurity level and the particle level at the
surface of the sem conductor wafer can be sinultaneously
reduced. Incidentally, the thickness of the oxide film
to be partially remined on a surface of t he
sem conductor wafer at this time is not particularly
limted, and it may be a thickness which can
sufficiently protect the surface of the sem conductor
waf er . Al so, the ozonated water cleaning of Fig. 1(c)
can be carried out in the same manner as the ozonated
wat er cleaning of Fig. 1(a).

[ 0027]

Also, in the first HF cleaning (which corresponds
to HF cleaning of Fig. 1(b)) in the above-nentioned
cleaning step is to be carried out, if the oxide film
formed on the surface of the sem conductor wafer is to
be entirely renoved, the nmetal inpurities at the surface

of the sem conductor wafer can be nore certainly renoved,



and further an oxide film which can protect the surface
of the sem conductor wafer is formed by the ozonated
wat er cleaning carried out thereafter, and the particle
| evel is not degraded so it is preferred.

[ 0028]

I ncidentally, in Fig. 1, an exanple of subjecting
to the cleaning step of HF/ O/ HF only one tinme, but the
present invention is not limted by the exanple, and it
is possible to carry out the procedure twice or nore
and further three tinmes or nore. At that tine, in the
HF cl eaning at the second tinme or later, if the cleaning
is so carried out that the oxide film formed by the
ozonated water cleaning on the surface of t he
sem conductor wafer is not entirely renoved but a part
of the thickness thereof is remined on the surface of
the sem conductor wafer, the particle level at the
surface of the sem conductor wafer can be nore
effectively reduced so it is preferred.

[ 0029]

In addition, as a nethod for carrying out the HF
cl eaning by not entirely renoving the oxide film forned
by the ozonated water cleaning on the surface of the
sem conduct or waf er but partially remai ni ng t he
t hi ckness thereof on the surface of the sem conductor
wafer, it may be carried out, for exanple, by shortening
the cleaning tinme so that the oxide filmis not entirely
di ssol ved, whereas it is not |imted to the above-
ment i oned net hod.

When it is possible to supply two or nore kinds of
t he HF cl eani ng sol utions havi ng di fferent
concentrations to the surface of the sem conductor wafer
a concentration of HF of the HF cl eaning where a part of

the thickness of the oxide film is remined on the



surface of the sem conductor wafer may be made | ower
than a concentration of HF of the HF cl eaning where the
oxide film formed on the surface of the sem conductor
wafer is entirely renoved. In this case, in the HF
cleaning where the clearing is so carried out that a
part of the thickness of the oxide filmis remained on
the surface of the sem conductor wafer, I f the
concentration of HF is made 0.1 wt%to 1.5 wt% there is
neither the case where dissolution of the oxide filmto
take time too long, nor the case where control of the
thi ckness becomes difficult due to the time for
di ssolving the oxide film being too short, so it is
preferred. Of  course, the <cleaning tine and the
concentration of HF may be controll ed sinultaneously.

[ 0030]

Al so, in the nmethod for cleaning the sem conductor
wafer of the present invention, whereas it is not
limted to the follow ng, i f cl eani ng of t he
sem conductor wafer is to be carried out by repeating
alternately the operation of subjecting to the HF
cleaning after the ozonated water cleaning, or to the
ozonated water cleaning after the HF cleaning tw ce or
nore, the nmetal impurity level and the particle |evel of
the surface of the sem conductor wafer can be reduced
nore effectively so it is preferred.

[ 0031]

After subjecting to such a cleaning step, as shown
in Fig. 1(e), the final ozonated water cleaning is
carried out to form a protective oxide film for
protecting the surface of the sem conductor wafer

Then, as shown in Fig. 1(f), the sem conductor
wafer on which the above-nentioned protective oxide film

has been forned is dried.
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[ 0032]

Here, the above-nentioned HF cleaning and the
ozonated water cleaning may be carried out, for exanple,
by a single wafer processing spin cleaning, whereas the
invention is not limted thereto. If the single wafer
processing spin cleaning is enployed, switching of the
ozonated water cleaning and the HF cleaning, control of
the concentration of the cleaning solution and contro
of the cleaning time can be easily carried out with high
preci sion. | ncidentally, when the above-nentioned HF
cl eaning and the ozonated water cleaning are carried out
by the single wafer processing spin cleaning, it is
preferred to dry the sem conductor wafer subjected to
cl eaning by spin drying since it is nore efficient.

[ Exanpl es]
[ 0033]

Hereinafter, the present invention is explained
specifically by referring to Exanples and Conparative
Exanpl es, but the present invention is not |limted by
t hese.

[ 0034]
(Exanple 1)

First, 15 wafers of silicon single crystal wafers
having a dianeter of 300 mm and both surfaces of which
are mrror polished to have clean surfaces were prepared.
Next, 3 wafers of the silicon single crystal wafers
anong the 15 wafers having clean surfaces were pulled
out, and one of which was subjected to particle
measurenment by a wafer surface defect testing equipnment
(Particle counter, LS-6800 (>41 nm product of Hitachi
Hi gh- Technol ogi es Corporation) to examne the particle
| evel before cleaning. As a result of the measurenent,

it could be found out that the wafer particle |[|evel
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before the cleaning was good |level of 100 particles or
| ess. Al so, to examne concentrations of neta
inpurities attached to the surface before cleaning, 2
waf ers t her eof wer e subj ect ed to vapor phase
deconmposition of a natural oxide film at the wafer
surface by HF vapor, and then, the nmetal inmpurities on
t he wafer surface were recovered by HF liquid drops, and
measur ement of the concentrations of the netal
inpurities on the wafer surface was carried out by an
| CP- M5 anal ysis device. As a result of the neasurenent,
concentrations of netal (A, Cr, Fe, N, Cu and Zn)
Inpurities at the surface of the wafer before the
experi ment were shown in Table 4, and the el enents ot her
than Cu were detected.

[ 0035]

Next, anong the prepared silicon single crystal
wafers, other 2 wafers thereof were subjected to
cleaning as nentioned below, and neasurenent of the
particle level and nmetal inpurity level were carried out.

First, cleaning of the above-nentioned 2 wafers of
the silicon single crystal wafers were carried out by
the single wafer processing spin cleaning. At this tine,
cleaning was carried out as shown in Table 1, where the
procedure of the ozonated water cleaning after the HF
cleaning was repeated twice, an oxide film (natural
oxide film fornmed on the surface of the silicon single
crystal wafer was entirely renoved at the first tinme HF
cl eaning, and at the second tine (final) HF cleaning, an
oxide film formed on the surface of the silicon single
crystal wafer by the ozonated water cleaning was not
entirely removed to remain a part of the thickness
thereof on the surface of the silicon single crystal

waf er .
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[ 0036]

Al so, as the cleaning conditions, a concentration
of HF at the HF cleaning where the oxide film on the
surface of the silicon single crystal wafer was entirely
removed was 1.0 wt% and a rotation nunmber of the wafer
was 500 rpm 15 sec, a concentration of HF at the HF
cleaning where the oxide film on the surface of the
silicon single crystal wafer was remnined a part of the
thi ckness thereof was 1.0 wt% and a rotation nunmber of
the wafer was 500 rpm 3 sec, and a concentration of the
ozonated water at the ozonated water cleaning was 10 ppm
and a rotation nunber of the wafer was 500 rpnf 15 sec.

[ 0037]

| ncidentally, the final ozonated water cleaning
was carried out to forma protective oxide filmwhich is
to protect the surface of the silicon single crystal
waf er . Al so, there was substantially few inpurities
such as organic materials, and the |ike, attached onto
the surface of the prepared silicon single crystal wafer,
so that first ozonated water cleaning for renoving the
organic materials was not carried out.

[ 0038]

2 wafers of the silicon single crystal wafers thus
subj ected to the cleaning were dried by spin drying with
a rotation nunber of 1500 rpnf’ 30 sec, and neasurenent of
a particle level and a netal inpurity level at the
surface of the wafer were carried out by using the wafer
surface defect testing equi pment and the | CP-MS anal ysi s
device which are the sane as those for measuring the
particle level before subjecting to the cleaning. The
results at this tinme are shown in Table 2, Table 3 and
Fig. 2.

[ 0039]
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(Exanpl e 2)

Anong the silicon single crystal wafers prepared
in Exanple 1, 2 wafers thereof were subjected to
cleaning as nentioned below, and neasurenent of the
particle level and nmetal inpurity |level were carried out.
[ 0040]

As shown in Table 1, cleaning of the silicon
single crystal wafer was carried out in the sane manner
as in Exanple 1 except that the cleaning was carried out
by repeating the ozonated water cleaning after the HF
cleaning three tinmes, where the oxide filmformed on the
surface of the silicon single crystal wafer was entirely
renoved at the first time HF cleaning, and in all the HF
cl eanings at the second time or later, the oxide film on
the surface of the silicon single crystal wafer by the
ozonated water <cleaning was not entirely renoved to
remain a part of the thickness thereof on the surface of
the silicon single crystal wafer.

Measurement of the particle level and the netal
i nmpurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Exanple 1. The results at
this time are shown in Table 2, Table 3 and Fig. 2.

[ 0041]
(Exanpl e 3)

Anong the silicon single crystal wafers prepared
in Exanple 1, 2 wafers thereof were subjected to
cleaning as nentioned below, and neasurenent of the
particle level and nmetal inpurity level were carried out.
[ 0042]

As shown in Table 1, cleaning of the silicon
single crystal wafer was carried out in the sane manner

as in Exanple 1 except that the cleaning was carried out
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by repeating the ozonated water cleaning after the HF
cleaning four times, where the oxide film fornmed on the
surface of the silicon single crystal wafer was entirely
renoved at the first time HF cleaning, and in all the HF
cl eanings at the second time or later, the oxide film on
the surface of the silicon single crystal wafer by the
ozonated water <cleaning was not entirely renoved to
remain a part of the thickness thereof on the surface of
the silicon single crystal wafer.

Measurement of the particle level and the netal
i npurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Exanmple 1. The results at
this time are shown in Table 2, Table 3 and Fig. 2.

[ 0043]
(Conpar ati ve Exanple 1)

Anong the silicon single crystal wafers prepared
in Exanple 1, 2 wafers thereof were subjected to
cleaning as nentioned below, and neasurenent of the
particle level and netal inpurity |level were carried out.
[ 0044]

As shown in Table 1, cleaning of the silicon
single crystal wafer was carried out in the sane manner
as in Exanple 1 except that the cleaning was carried out
by repeating the ozonated water cleaning after the HF
cleaning twce, where the oxide film formed on the
surface of the silicon single crystal wafer was entirely
renoved at all the HF cl eanings.

Measurement of the particle level and the netal
inmpurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Exanmple 1. The results at

this time are shown in Table 2, Table 3 and Fig. 2.
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[ 0045]
(Conpar ati ve Exanpl e 2)

Among the silicon single crystal wafers prepared
in Exanple 1, 2 wafers thereof were subjected to
cleaning as nentioned below, and neasurenent of the
particle level and netal inpurity |level were carried out.
[ 0046]

As shown in Table 1, cleaning of the silicon
single crystal wafer was carried out in the sane manner
as in Conparative Exanple 1 except that the cl eaning was
carried out by repeating the ozonated water cleaning
after the HF cleaning three tines.

Measurement of the particle level and the netal
inpurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried
out in the same manner as in Exanple 1. The results at
this time are shown in Table 2, Table 3 and Fig. 2.

[ 0047]
(Conpar ati ve Exanpl e 3)

Anong the silicon single crystal wafers prepared
in Exanple 1, 2 wafers thereof were subjected to
cleaning as nentioned below, and neasurenent of the
particle level and nmetal inpurity |level were carried out.
[ 0048]

As shown in Table 1, cleaning of the silicon
single crystal wafer was carried out in the sane manner
as in Conparative Exanple 1 except that the cl eaning was
carried out by repeating the ozonated water cleaning
after the HF cleaning four tines.

Measurement of the particle level and the netal
i npurity level at the surface of the silicon single
crystal wafer thus subjected to cleaning were carried

out in the same manner as in Exanmple 1. The results at
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this time are shown in Table 2, Table 3 and Fig. 2.
[ 0049]
[ Tabl e 1]
Cl eani ng 1st HF 2nd HF 3rd HF 4t h HF
conditions Cl eani ng Cl eani ng Cl eani ng Cl eani ng
Exanol e 1 HF (15 sec) | HF (3 sec)
mp -03 (15 sec) [-03 (15 sec)
Exanpl e 2 HF (15 sec) | HF (3 sec) HF (3 sec)
mp -03 (15 sec) [-03 (15 sec) [-03 (15 sec)
HF (15 sec) | HF (3 sec) HF (3 sec) HF (3 sec)
Exanpl e 3 -03 (15 sec) [-03 (15 sec) |-0s3 (15 sec) |-0s (15 sec)
Conparative|HF (15 sec) |HF (15 sec)
Example 1 [-03 (15 sec) [-0s3 (15 sec)
Conparative|HF (15 sec) |HF (15 sec) |HF (15 sec)
Example 2 |-03 (15 sec) [-03 (15 sec) |-0s3 (15 sec)
Conparative|HF (15 sec) |HF (15 sec) |HF (15 sec) |HF (15 sec)
Exanmple 3 |-03 (15 sec) [-03 (15 sec) |-0s (15 sec) |-0s (15 sec)
[ 0050]
[ Tabl e 2]
Conparative
Exanpl e Exanpl e
2nd HF 84 179
Cl eani ng
3rd HF 92 261
Cl eani ng
ath HrF 57 278
Cl eani ng
Unit: nunber
[ 0051]
[ Tabl e 3]
Cl eani ng Al cr Fe Ni cu Zn
condi ti ons
Exanmple 1 N. D. N. D. N. D. N. D. N. D. N. D.
Exanpl e 2 N. D. N. D. N. D. N. D. N. D. N. D.
Exanmpl e 3 N. D. N. D. N. D. N. D. N. D. N. D
Conparative N. D. N. D. N. D. N. D. N. D. N. D.
Exanple 1
Conpar ati ve
Exanpl e 2 N. D. N. D. N. D. N. D. N. D. N. D
Comparative |\ p N. D. N. D. N. D. N. D. N. D.
Exanmple 3
Lower
detection 0.01 | 0.o1 | 0.01 | 0.01 | 0.01 | 0.01
(x108at ons/ cn?)
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[ 0052]
[ Tabl e 4]

Al Cr Fe Ni Cu Zn

Bef ore

) 1.00 0.10 0. 50 0. 05 N. D. 0. 30
cleaning (1)

Bef ore

) 0.90 0.11 0. 30 0.08 N. D. 0. 40
cl eaning (2)

Lower
det ection
[imt
(x108at ons/ cn?)

0.01 0.01 0.01 0.01 0.01 0.01

[ 0053]

From the results of Exanples and Conparative
Exanpl es, when the cleaning was carried out by entirely
renoving the oxide film formed on the surface of the
silicon single crystal wafer by all the HF cleanings as
I n Conparative Exanples, it can be understood that even
when the HF cl eaning and the ozonated water cleaning are
repeated, the particle level of the surface of the
sem conductor wafer is not |owered but rather hei ghtened.
However, in Exanples, it can be understood that by the
HF cleaning at the second tine or l|later, a part of the
thickness of the oxide filmis remained on the surface
of the sem conductor wafer, the surface of t he
sem conductor wafer does not become a water-repellent
surface to which particles are likely adhered, and a
sem conductor wafer reduced in the particle |evel can be
obt ai ned. Moreover, as shown in Table 3, in both of
Conparative Exanples and Exanpl es, waf er surface
concentrations of the netal inpurities at the surface of
the wafer are all not detected (N.D.), in Exanples, it
can be confirmed that a wafer surface with less neta
i npurities concentration could be obtained even when a
part of the thickness of the oxide filmis remained on
the surface of the sem conductor wafer by the HF
cleaning at the second time or |ater. That is,

according to the nethod for cleaning the sem conductor
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wafer of the present invention, it can be understood
that the nmetal inpurity level and the particle level on
the surface of the sem conduct or waf er can be
si mul t aneously reduced.

[ 0054]

I ncidentally, in Exanples 1 to 3, cleaning was
carried out by remaining a part of the thickness of the
oxide filmon the surface of the silicon single crysta
waf er by shortening the cleaning time of the HF cl eaning
at the second tinme or later, and it may be carried out
by making the concentration of HF thereof |ower than the
concentration of the first HF cleaning, or controlling
the <cleaning tinme and the concentration of HF
si mul t aneousl y.

Also, in Exanple 2 and Exanple 3, cleaning was
carried out by remaining a part of the thickness of the
oxide film on the surface of the silicon single crysta
wafer in all the HF cleanings at the second tine or
|ater, and in the respective Exanples, the effects of
the present invention can be sufficiently obtained if
the cleaning is carried out by remaining a part of the
thickness of the oxide film on the surface of the
silicon single crystal wafer at the final HF cleaning
al one.

[ 0055]

It nmust be stated here that the present invention
is not restricted to the enbodi nents shown by Exanpl es.
The enbodi nents shown by Exanples are nerely exanples so
t hat any enbodi nents conposed of substantially the sane
technical concept as disclosed in the clains of the
present invention and expressing a simlar effect are

included in the technical scope of the present invention.
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(57) [ CLAI MS]
[claim1]

A nmethod for cleaning a sem conductor wafer which
conpri ses;

cleaning steps of HF cleaning, ozonated water
cleaning and HF cleaning in this order at |east one
time,;

wherein the sem conductor wafer is subjected to
cleaning by carrying out the HF cleaning after the
ozonated water <cleaning or carrying out the ozonated
water cleaning after the HF cleaning which procedure is
alternately repeated twi ce or nore;

wherein an oxide film formed on a surface of the
sem conductor wafer is entirely renoved in the first HF
cleaning in the nmethod for cleaning the sem conductor
waf er ;

wherein an oxide film formed on a surface of the
sem conductor wafer by the ozonated water cleaning is
not entirely renoved and to remain a part of a thickness
thereof on the surface of the sem conductor wafer in the
HF cleaning at the second tine or later in the nmethod
for cleaning the sem conductor wafer.

[claim 2]

The method for <cleaning a sem conductor wafer
according to claim 1, wherein a concentration of HF is
made 0.1 wt% to 1.5 wt% in the HF cleaning where the
oxide film formed on a surface of the sem conductor
wafer by the ozonated water cleaning is not entirely
renoved and to remain a part of a thickness thereof on
the surface of the sem conductor wafer.

[claim 3]
The method for <cleaning a sem conductor wafer

according to claim 1 or 2, wherein a concentration of
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the ozonated water is made 3 ppmor nore in the ozonated
wat er cl eani ng.
[ cl ai m 4]

The method for <cleaning a sem conductor wafer
according to any one of claims 1 to 3, wherein the HF
cleaning and the ozonated water <cleaning of the
sem conductor wafer are carried out by single wafer

processi ng spin cl eaning.
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