DESCRIPTION

WORKPI ECE CUTTI NG METHOD AND WORKI NG FLUI D

TECHNICAL FIELD
[0001]

The present invention relates to a method for
slicing a workpiece by use of a wire saw and a

processing liquid used therefor.

BACKGROUND ART
[0002]

In recent years, an increase in size of a
semiconductor wafer is demanded, and a wire saw
apparatus is mainly used to slice a workpiece with this
increase in size.

The wire saw apparatus is an apparatus that causes
a wire (a high-tensile steel wire) to travel at a high
speed, to which a workpiece (such as a silicon ingot) is
pressed, to slice the workpiece while applying slurry
thereto, thereby slicing the workpiece into many wafers
at the same time (see Patent Document 1).

[0003]

Here, an outline of an example of a conventional
general wire saw is shown in FIG. 4.

As shown in FIG. 4, a wire saw 101 mainly includes
a wire 102 for slicing a workpiece, wire guides 103
around which the wire 102 is wound, a tension-applying
mechanism 104 for giving the wire 102 a tensile force, a
workpiece-feeding mechanism 105 for feeding the
workpiece to be sliced, and nozzles 106 for supplying a
processing liquid (slurry) in which abrasive grains are

dispersed and mixed into coolant at the time of slicing.



[0004]

The wire 102 is unreeled from one wire reel bobbin
107 and reaches the wire guides 103 via the tension-
applying mechanism 104 composed of a powder clutch (a
constant torque motor 109), a dancer roller (a dead
weight) (not shown) and the like through a traverser 108.
The wire 102 is wound around this wire guides 103 for
approximately 300 to 400 turns, and then taken up by a
wire reel bobbin 107' via the other tension-applying
mechanism 104"'.

[0005]

Moreover, each of the wire guides 103 is a roller
that has a steel cylinder of which a polyurethane resin
is press fitted in the periphery and that has grooves
formed at a fixed pitch on a surface thereof. The wound
wire 102 can be driven in a reciprocating direction for
a predetermined cycle by a driving motor 110.

[0006]

Moreover, nozzles 106 are provided near the wire
guides 103 and the wound wire 102, and the slurry can be
supplied to the wire guides 103 and the wire 102 from
this nozzle 106 at the time of slicing. This slurry 1is
exhausted as waste slurry after the slicing.

[0007]

With the wire saw 101, an appropriate tension is
applied to the wire 102 with a tension-applying
mechanism 104, the wire 102 is caused to travel in a
reciprocating direction with the driving motor 110, and
a workpiece is sliced while supplying slurry, whereby a
desired sliced wafer is obtained.

[0008]
In slicing a workpiece with a wire saw apparatus

as described above, it has been proposed to repeatedly



use (reuse) abrasive grains used in this slicing of a
workpiece to reduce the cost for manufacturing wafers

(Patent Document 2).
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[0009]
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publication No. H10-86140

Patent Document 2: Japanese Unexamined Patent

publication No. 2002-519209

SUMMARY OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0010]

Previously, it has been known that metal
impurities on the surface or in the interibr éf a
semiconductor wafer particularly a silicon wafer exert
large influence on properties of various semiconductor
device to which the wafer is used. 1In view of an
influence on semiconductor devices, it is desirable that
the contamination of wafers with metal impurities is as
little as possible. An example of metal impurities that
can be a contamination source include copper.

[0011]

As a method to prevent such contamination of a
wafer with metal impurities, it is important not to
contact the wafer with metal that can be a contamination
source.

[0012]

In a wire used for slicing a workpiece by use of a

wire saw, the surface is usually plated with brass.

[0013]




In the foregoing wire saw apparatus, the wire
itself is scraped to a fine wire when slicing a
workpiece, thereby causing elution of copper, which is a
metal impurity contained in the brass plating, into
slurry. This copper adheres to abrasive grains in the
slurry and remains in used abrasive grains. Accordingly,
large amount of copper is detected in used abrasive
grains compared to unused new abrasive grains.

[0014]

As described above, when a workpiece is sliced
with reusing used abrasive grains containing large
amount of copper, large amount of copper is contained in
the system, which enlarges an occasion of a wafer coming
into contact with copper. Accordingly, it 1s supposed
that larger amount of copper is apt to be introduced
into a sliced wafer.

[0015] ,

The present invention was accomplished in view of
the above-described problems. It is an object of the
present invention to provide a method for slicing a
workpiece which can suppress the contamination of a
wafer with metal impurities when reusing abrasive grains

in slicing a workpiece by use of a wire saw apparatus.

MEANS FOR SOLVING PROBLEM
[0016]

To solve the problems, the present invention
provides a method for slicing a workpiece, comprising:
forming a wire row by a wire spirally wound
between a plurality of wire guides and traveling in an

axial direction, and
pressing a workpiece against the wire row while

supplying a processing liquid containing abrasive grains



to a contact portion between the workpiece and the wire,
wherein

a used portion of the abrasive grains are
subjected to a treatment with a mixed liquid of sulfuric
acid and hydrogen peroxide, and

the abrasive grains subjected to the treatment are
reused for the slicing of a workpiece.

[0017]

Such a method for slicing a workpiece can suppress
contamination with metal impurities in a wafer obtained
after slicing a workpiece even when reused abrasive
grains are used, and can produce a high-purity wafer
having low contamination with metal impurities at low
cost.

[0018]

The present invention also provides a processing
liquid, comprising abrasive grains to be reused after
being used for slicing a workpiece by use of a wire saw,
wherein

a concentration of copper contained in the
abrasive grains is 1 ppm or less per 1 g of the abrasive
grains.

[0019]

Such a processing liquid can lower an occasion of
contact between a wafer and copper, although it contains
abrasive grains being reused, and can reduce the

production cost of a wafer.

EFFECT OF INVENTION
[0020]

The inventive method for slicing a workpiece can
suppress contamination with metal impurities in a wafer

obtained after slicing a workpiece, although it reuses



used abrasive grains, and can produce a high-purity
wafer having low contamination with metal impurities at
low cost. The inventive processing liquid can lower an
occasion of contact between a wafer and copper, although
it contains recycled abrasive grains, and can reduce the

production cost of a wafer.

BRIEF DESCRIPTION OF DRAWINGS
[0021]

FIG. 1 is a flowchart to show an example of the
method for slicing a workpiece of the present invention;

FIG. 2 is a graph to show each copper
concentration per 1 g of abrasive grains in Example 1
and Comparative Example 1;

FIG. 3 is a graph to show each concentration of
various metals in wafers obtained by Example 2 and
Comparative Example 2;

FIG. 4 is a schematic diagram to show an example

of an usual wire saw.

DESCRIPTION OF EMBODIMENTS
[0022]

Hereinafter, embodiments of the present invention
will be described, but the present invention is not
limited thereto.

As described above, in reusing of abrasive grains
used for slicing a workpiece, there has been a problem
of contamination of a wafer with metal, since the
abrasive grains are contaminated with metals due to a
wire, etc., to degrade the quality.

[0023]
Accordingly, the present inventors have

specifically investigated to solve such problems, and



consequently have conceived that when reusing abrasive
grains used for slicing a workpiece, it is possible to
suppress contamination of a wafer with metal impurities
by treating the used abrasive grains with a mixed liquid
of sulfuric acid and hydrogen peroxide; thereby
completing the present invention.

[0024]

Hereinafter, the inventive method for slicing a
workpiece is described with referring to a flowchart of
FIG. 1.

An embodiment of the inventive method for slicing
a workpiece include the following steps: (a) performing
the first slicing of a workpiece, (b) recovering used
abrasive grains exhausted in Step (a), (c) treating the
used abrasive grains with a mixed liquid of sulfuric
acid and hydrogen peroxide, (d) reusing the treated
abrasive grains obtained in Step (c), and (e) performing
the second slicing of a workpiece. As shown in FIG. 1,
the used abrasive grains exhausted in Step (e) can also
be reused by repeating Step (b) to Step (e).

[0025]

In Step (a), it 1is possible to slice a workpiece
by use of a wire saw 101 as shown in FIG. 4, for example.

In this wire saw 101, a workpiece 1is sliced by a
wire 102 while supplying slurry containing abrasive
grains from nozzles 106. The slurry used for slicing a
workpiece is exhausted as waste slurry.

[0026]

The workpiece can be appropriately selected
depending on the material of a wafer to be produced,
including an ingot composed of silicon, glass, ceramics,
and so on, for example.

[0027]



Tllustrative examples of the abrasive grain,
although it is not particularly limited, include silicon
carbide, which is generally used for a wire saw.

[0028]

As the wire, the one in which the surface is
plated with brass is commonly used. This brass plating
is frequently applied in a process for wiredrawing a
wire rod, which is a row material of a wire, to process
into the wire with a finer prescribed diameter.

[0029]

In Step (b), used abrasive grains are recovered
from the waste slurry containing thereof exhausted from
a wire saw.

[0030]

Illustrative examples of the method for recovering
this used abrasive grains include a method in which the
waste slurry used for slicing a workpiece is put into a
centrifuge to centrifuge abrasive grains from a coolant
of the waste slurry.

[0031]

In this used abrasive grains, silicon, iron, and
copper are contained other than silicon carbide, which
is a main ingredient. The silicon is generated as kerf
loss when a workpiece (silicon ingot) is sliced. The
iron and the copper are generated in a scraped amount
during a process in which a wire is worn to finer
together with slicing a workpiece. The copper and the
iron are eluted from brass plating on the surface of the
wire and an iron wire portion in the wire respectively.
[0032]

When the used abrasive grains are analyzed, copper
is usually detected in a concentration of 100 times or

more compared to unused new abrasive grains.



Illustrative examples of the foregoing analysis
method include a method in which 5 g of a used abrasive
grain sample is extracted with 50 cc of a mixed acid
(mixed liquid of hydrofluoric acid and nitric acid) for
3 hours, and then diluted to 10 times, followed by
performing ICP-OES measurement (Inductively Coupled
Plasma Optical Emission Spectrometry).

[0033]

In Step (c), the used abrasive grains are treated
with a mixed liquid of sulfuric acid and hydrogen
peroxide in order to remove copper, which is a metal
impurity in the used abrasive grains obtained in Step
(b).

[0034]

Previously, in order to remove the silicon and the
iron from the used abrasive grains, it has been
performed each treatment of sodium hydroxide and
sulfuric acid respectively. However, this is
insufficient to remove the copper, and is an
inappropriate method for removing copper since large
amount of copper remains in the used abrasive grains
even when each treatment with sodium hydroxide and
sulfuric acid is performed by the foregoing method.
[0035]

The present invention performs a treatment with a
mixed liquid of sulfuric acid and hydrogen peroxide as a
method to dissolve copper. This is because hydrogen
peroxide, which has standard potential higher than
copper in the presence of sulfuric acid, is suitable for
dissolving copper.

[0036]
In this case, the mixing ratio of sulfuric acid

and hydrogen peroxide is not particularly limited. For



example, it is possible to use a mixed liquid containing
123 g of 75% sulfuric acid and 27 g of 30% hydrogen
peroxide.

[0037]

By treating used abrasive grains with such a mixed
liquid, it is possible to obtain abrasive grains with a
low concentration of remaining copper.

[0038]

As the specific treatment condition, it can be
mentioned a condition in which 10 g of used abrasive
grains are stirred with the foregoing mixed liquid, and
subsequently filtrated and washed with pure water, and
then dried. 1In this condition, the temperature can be
set to 25°C and the treatment time can be set to 24
hours when treating with the mixed liquid.

[0039]

By the foregoing treatment, the copper
concentration in used abrasive grains comes to be equal
to or less than the value before the usage, for example,
1 ppm or less. This can lowers the occasion of a
contact between a wafer and copper when it is reused as
a processing liquid for slicing a workpiece as will be
described later.

[0040]

It is to be noted that, in the present invention,
the foregoing treatment is performed with the aim of
reducing a concentration of copper, which is a metal
impurity exerting particularly bad influence on a wafer.
However, i1t can be expected that the abrasive grains
subjected to such a treatment achieve an effect to
reduce the concentrations of other kinds of metal
impurities such as sodium; magnesium, aluminum, chromium,

iron, nickel, and zinc when it is reused for slicing a

10



workpiece.
[0041]

In Step (d), the treated abrasive grains obtained
in Step (c) is reused. Specifically, the treated
abrasive grains are dispersed into coolant to make a
processing liquid (slurry).

[0042]

As the coolant, it is possible to use the same
type as a coolant in slurry used for Step (a), although
it is not particularly limited so long as it is used for
slurry of a wire saw. Illustrative examples thereof
include a glycol base disperse medium.

[0043]

Such a processing liquid can lower the occasion of
a contact between a wafer and copper in reusing, can
reduce the cost of the slurry since it is reused, and as
a result, the production cost of a wafer can be reduced.
[0044]

In Step (e), slicing of a workpiece is performed
by using slurry obtained in Step (d). This step is
basically the same as Step (a), and it is possible to
use the same apparatus as the wire saw used in Step (a)
again.

[0045]

The used abrasive grains in this waste slurry
exhausted in Step (e) can also be subjected to
recovering of Step (b), a treatment of Step (c), and
reusing of Step (d) likewise Step (a), and can be used
for slicing a workpiece again. In this case, new
abrasive grains can be supplied to cover the deficiency
of the abrasive grains and used after being mixed with
reused portions as a matter of course.

[0046]

11



Such a method for slicing a workpiece can suppress
contamination with metal impurities in a wafer obtained
after slicing a workpiece, although it reuses used
abrasive grains, and can produce a high-purity wafer
having low contamination with metal impurities at low

cost.

EXAMPLE
[0047]

Hereinafter, the present invention will be more
specifically described with referring to Experiment,
Examples, and Comparative Examples, but the present
invention is not limited to thereto.

[0048]
[Experiment]

After slicing a silicon ingot having a diameter of
300 mm by using #2000 abrasive grains, 5 g of a sample
of the used abrasive grains was extracted with 50 cc of
a mixed acid (mixed liquid of hydrofluoric acid and
nitric acid) for 3 hours, and subsequently diluted to 10
times, and then subjected to ICP-OES measurement. As
the result of the analysis performed by this method, the
copper concentration in 1 g of the abrasive grains was
143.000 ppm in the used abrasive grains as against 1.87
ppm in unused new abrasive grains.

[0049]
[Example 1]

The used abrasive gains obtained in Experiment
were treated with a mixed liquid of sulfuric acid and
hydrogen peroxide and analyzed. As the treatment, 10 g
of the used abrasive gains was stirred with a liquid in
which 123 g of 75% sulfuric acid and 27 g of 30%

hydrogen peroxide had been mixed, and subsequently

12



filtrated, washed with pure water, and then dried. The
treatment with the mixed liquid was performed at a
temperature of 25°C for a treating time of 24 hours. As
in the analytical method described above, 5 g of a
sample of the used abrasive grains was extracted with 50
cc of a mixed acid (mixed liquid of hydrofluoric acid
and nitric acid) for 3 hours, and subsequently diluted
to 10 times, and then subjected to ICP-OES measurement .

The abrasive grains subjected to the foregoing
treatment was analyzed as in Experiment. As the result,
the copper concentration contained in 1 g of the
abrasive grains was 0.42 ppm, which was reduced to a
level of a three-hundredth part of abrasive grains
before the treatment. The result is shown in FIG. 2.
[0050]

[Comparative Example 1]

The used abrasive gains obtained in Experiment
were subjected to each treatment with sodium hydroxide
and sulfuric acid, which is a conventional method, and
analyzed as in Experiment and Example. As the result,
the copper concentration contained in 1 g of the
abrasive grains was 141.34 ppm, which was not changed
from the value before the treatment. The result is
shown in FIG. 2.

[0051]

It has revealed that the used abrasive grain
treated with a mixed liquid of sulfuric acid and
hydrogen peroxide in Example 1 can reduce the copper
concentration to a level equivalent to or lower than
that of new abrasive grains, since the copper
concentration of the unused new abrasive grains was 1.87
ppm. Moreover, it has revealed that a significant

difference of the copper concentration can be observed
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between each of the treated abrasive grains obtained by
Example 1 and Comparative Example 1 as shown in FIG. 2.
[0052]

[Example 2]

In order to confirm the influence of copper
contained in abrasive grains exerted on the copper
concentration in a sliced wafer, a silicon ingot having
a diameter of 300 mm was sliced by using treated
abrasive grains obtained in Example 1. In the slicing,
unused new coolant and a wire having the surface without
plating were prepared and used as the coolant to be
mixed with the abrasive grains and the wire respectively.
[0053]

[Comparative Example 2]

A silicon ingot was sliced as in Example 2 by
using treated abrasive grains obtained in Comparative
Example 1.

[0054]

Each of the wafers obtained by Example 2 and
Comparative Example 2 was analyzed as follows.

As the analytical samples, two pieces of wafers
(sample 1 and sample 2) were sampled from plural wafers
obtained by slicing one workpiece. Each surface of 50
um of the obtained wafers was etched off, and then three
test pileces were cut out from each wafer to give 6
samples in total. The test pieces were cut out from the
vicinity of the central part of the wafers. On the
collected samples, the concentrations of metal
impurities were analyzed by ICP-MS measurement
(Inductively Coupled Plasma Mass Spectrometry) by
complete dissolution method to quantified the
concentrations of copper, sodium, magnesium, aluminum,

chromium, iron, nickel, and zinc contained in each wafer.
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The results are shown in FIG. 3.
[0055]

On the measurements of the copper concentration in
a wafer obtained by Comparative Example 2, copper
concentrations of 9.49E+12 atoms/cm’ at the maximum and
3.61E+11 atoms/cm® at the minimum were detected as shown
in FIG. 3.

On the other hand, when measuring the copper
concentration in a wafer obtained by Example 2, copper
concentrations of 4.14E+11 atoms/cm’® at the maximum and
1.85E+11 atoms/cm® at the minimum were detected as shown
in FIG. 3.

On comparison of the both copper concentrations in
sliced wafers, the maximum value was a twenty-second
part or less and the minimum value was a half or less in
Example 2 compared to Comparative Example 2, which has
revealed that the copper concentration can be reduced.
[0056]

Moreover, it has revealed that the concentrations
can be reduced in Example 2 equivalent to or lower than
those of Comparative Example 2 on the metals other than
copper, that is, sodium, magnesium, aluminum, chromium,
iron, nickel, and zinc as shown in FIG. 3.

[0057]

From the foregoing results, it has revealed that
the inventive method for slicing a workpiece can
suppress contamination with metal impurities in a wafer
obtained after slicing a workpiece, although it reuses
used abrasive grains, and can produce a high-purity
wafer having low contamination with metal impurities at
low cost.

[0058]

It is to be noted that the present invention is

15



not limited to the foregoing embodiment. The embodiment
is just an exemplification, and any examples that have
substantially the same feature and demonstrate the same
functions and effects as those in the technical concept
described in claims of the present invention are

included in the technical scope of the present invention.
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CLAIMS

1. A method for slicing a workpiece, comprising:

forming a wire row by a wire spirally wound
between a plurality of wire guides and traveling in an
axial direction, and

pressing a workpiece against the wire row while
supplying a processing liquid containing abrasive grains
to a contact portion between the workpiece and the wire,
wherein

a used portion of the abrasive grains are
subjected to a treatment with a mixed liquid of sulfuric
acid and hydrogen peroxide, and

the abrasive grains subjected to the treatment are

reused for the slicing of a workpiece.

2. A processing liquid, comprising abrasive grains to
be reused after being used for slicing a workpiece by
use of a wire saw, wherein

a concentration of copper contained in the
abrasive grains is 1 ppm or less per 1 g of the abrasive

grains.
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