DESCRIPTION

CARRIER FOR DOUBLE-SIDE POLISHING APPARATUS, DOUBLE-SIDE
POLISHING APPARATUS, AND DOUBLE-SIDE POLISHING METHOD

TECHNICAL FIELD
[0001]

The present invention relates to: a carrier for a
double-side polishing apparatus to hold a semiconductor
silicon wafer when the semiconductor silicon wafer is
double-side polished; and a double-side polishing
apparatus and a double-side polishing method which

employ this carrier.

BACKGROUND ART
[0002]

When both surfaces of a semiconductor silicon
wafer (hereinafter, also referred to as simply silicon
wafer or wafer) are simultaneously polished by a
polishing process or the like, the wafer is held with a
carrier for a double-side polishing apparatus. Such a
carrier for a double-side polishing apparatus is formed
to have a thickness smaller than that of the wafer, and
includes a holding hole to hold a wafer. The wafer is
inserted and held in the holding hole, and this carrier
is disposed at a predetermined position between an upper
turn table and a lower turn table of the double-side
polishing apparatus. After polishing pads are attached
to these upper and lower turn tables, upper and lower
surfaces of the wafer are sandwiched therebetween, and
double-side polishing is performed while a polishing
agent (slurry) 1s being supplied between the upper and

lower turn tables (Patent Document 1).



[0003]

There are various types of carriers for a double-
side polishing apparatus as described above, in
accordance with the substrate material, design, and
surface condition (such as covering and roughness).

Above all, carriers with resin substrates
(resinous carriers) have such advantages as light weight,
low cost, and simple structure because their holding
holes require no insert for protecting a circumferential
portion of a wafer unlike carriers with metal substrates

(metallic carriers).
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[0004]

Patent Document 1: Japanese Unexamined Patent

publication (Kokai) No. 2015-123553

SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0005]

However, resinous carriers are, on the other hand,
inferior to metallic carriers in the polishing rate for
wafers by about 40%, and have a problem with
productivity for double-side polished wafers.

[0006]

The present invention has been made in view of the
above-described problem. An object of the present
invention is to provide: a carrier for a double-side
polishing apparatus capable of enhancing the polishing
rate for a semiconductor silicon wafer by using a
resinous carrier; and a double-side polishing apparatus

and a double-side polishing method which employ the



carrier.

SOLUTION TO PROBLEM
[0007]

To achieve the object, the present invention
provides a carrier for a double-side polishing apparatus
configured to double-side polish a semiconductor silicon
wafer, the carrier being disposed between upper and
lower turn tables each having a polishing pad attached
thereto, and comprising a holding hole formed therein to
hold the semiconductor silicon wafer sandwiched between
the upper and lower turn tables during polishing,
wherein

the carrier for a double-side polishing apparatus
is made of a resin,

an average contact angle with pure water of front
and back surfaces of the carrier, which come into
contact with the polishing pads, is 45° or more and 60°
or less, and

a difference in average contact angles between the
front surface and the back surface is 5° or less.

[0008]

Such a carrier for a double-side polishing
apparatus is capable of remarkably enhancing the
polishing rate in double-side polishing a semiconductor
silicon wafer held by the carrier in comparison with a
case of employing a conventional resinous carrier for a
double-side polishing apparatus, so that the
productivity for the double-side polished wafer can be
increased.

[0009]

Moreover, the resinous carrier for a double-side

polishing apparatus can be a resin stacked plate, and



the resin stacked plate has a hydrophilic fibrous base
material impregnated with a resin.
[0010]

As resinous carriers for a double-side polishing
apparatus, resin stacked plates having resin-impregnated
fibrous base materials are commonly used. Hence, the
present invention enables the manufacturing by employing
conventionally-used materials, and i1s easily preparable.
Additionally, the use of such a hydrophilic fibrous base
material facilitates formation of hydrophilic surfaces
having such contact angles with pure water as described
above.

[0011]

Moreover, the hydrophilic fibrous base material of
the resin stacked plate may have an exposed surface
ratio of 50% or more.

[0012]

Such a configuration allows the front and back
surfaces of the carrier for a double-side polishing
apparatus to more surely satisfy the conditions of the
contact angles with pure water as described above.

[0013]

Further, the present invention provides a double-
side polishing apparatus comprising:

upper and lower turn tables each having a
polishing pad attached thereto;

a slurry supply mechanism configured to supply a
slurry between the upper and lower turn tables; and

a carrier for the double-side polishing apparatus,
the carrier being disposed between the upper and lower
turn tables and comprising a holding hole formed therein
to hold a semiconductor silicon wafer sandwiched between

the upper and lower turn tables during polishing,



wherein

the carrier for the double-side polishing
apparatus is the above-described inventive carrier for a
double~side polishing apparatus.

[0014]

Such a double-side polishing apparatus is capable
of remarkably enhancing the polishing rate in double-
side polishing a semiconductor silicon wafer in
comparison with a case of employing a double-side
polishing apparatus in which a conventional resinous
carrier for a double-side polishing apparatus is
disposed. This makes it possible to enhance the
productivity of the double-side polished wafer.

[0015]

Furthermore, the present invention provides a
method for double-side polishing a semiconductor silicon
wafer, the method comprising:

disposing the above-described inventive carrier
for a double-side polishing apparatus between upper and
lower turn tables each having a polishing pad attached
thereto;

holding the semiconductor silicon wafer with a
holding hole formed in the carrier for a double-side
polishing apparatus; and

performing the double-side polishing while
supplying a slurry between the upper and lower turn
tables.

[0016]

Such a double-side polishing method makes it

possible to remarkably enhance the polishing rate in

comparison with conventional methods, and to enhance the

productivity.



ADVANTAGEOUS EFFECTS OF INVENTION
[0017]

As described above, the inventive carrier for a
double-side polishing apparatus, the double-side
polishing apparatus including the carrier, and the
inventive double-side polishing method make it possible
to remarkably enhance the polishing rate in comparison
with the case of employing a conventional resinous
carrier for a double-side polishing apparatus. Thus,

the productivity can be increased.

BRIEF DESCRIPTION OF DRAWINGS
[0018]

FIG. 1 is a longitudinal cross-sectional view
showing an example of a carrier for a double-side
polishing apparatus and a double-side polishing
apparatus which are according to the present invention.

FIG. 2 is an internal structure diagram showing an
example of the double-side polishing apparatus in a plan
view. '

FIG. 3 is an image taken to show an example of a
surface of the resinous carrier (the inventive carrier).

FIG. 4 is an image taken to show another example
of a surface of a resinous carrier (conventional
carrier).

FIG. 5 is a graph for comparing the polishing

rates of Examples and Comparative Examples.

DESCRIPTION OF EMBODIMENTS
[0019]

To solve the above problem, the present inventors
have earnestly studied and found out that the

hydrophilicity on the surface of a resinous carrier



contributes to the polishing rate for a semiconductor
silicon wafer.

The present inventors have quantified the
hydrophilicity by measuring contact angles to pure water.
Thus, the inventors have found that when an average
contact angle of front and back surfaces of a carrier is
45° or more and 60° or less and a difference in average
contact angleé between the front surface and the back
surface is 5° or less, the polishing rate for a wafer
can be significantly enhanced. These findings have led
to the completion of the present invention.

[0020]

Hereinafter, embodiments of the present invention
will be described with reference to the drawings.
However, the present invention is not limited thereto.

FIG. 1 is a longitudinal cross-sectional view of
an example of a double-side polishing apparatus of the
present invention including a carrier for a double-side
polishing apparatus of the present invention. FIG. 2 is
an internal structure diagram of the double-side
polishing apparatus in a plan view.

[0021]

As shown in FIGs. 1 and 2, a double-side polishing
apparatus 2 of the present invention including a carrier
1 for a double-side polishing apparatus (hereinafter
also referred to as simply carrier) of the present
invention includes a lower turn table 3 and an upper
turn table 4 provided to face each other in a vertical
direction, and polishing pads 5 are respectively
attached to the opposed surfaces of the turn tables 3
and 4. As the polishing pads 5, for example, foamed
polyurethane pads can be used.

Moreover, a slurry supply mechanism 6 (a nozzle 7



and a through hole 8 in the upper turn table 4)
configured to supply a slurry between the upper turn
table 4 and the lower turn table 3 is provided at an
upper portion of the upper turn table 4. As the slurry,
an aqueous inorganic alkaline solution containing
colloidal silica can be used.

[0022]

Further, a sun gear 9 1is provided at a central
portion between the upper turn table 4 and the lower
turn table 3; at a circumferential portion therebetween
an internal gear 10 is provided. Thus, the embodiment
shown in FIGs. 1 and 2 is a 4-way type double-side
polishing apparatus.

Note that the inventive double-side polishing
apparatus 1s not limited to such a planetary gear type,
and can also be an oscillation type.

[0023]

A semiconductor silicon wafer W is held with a
holding hole 11 in the carrier 1 and sandwiched between
the upper turn table 4 and the lower turn table 3.

This carrier 1 is made of a resin. An average
contact angle with pure water of front and back surfaces
of the carrier 1, which come into contact with the
polishing pads 5, is 45° or more and 60° or less, and a
difference in average contact angles between the front
surface and the back surface is 5° or less. The
inventive carrier 1 satisfies the contact angle
conditions as described above. This makes it possible
to significantly enhance the polishing rate for the
wafer W in comparison with a case of employing a
conventional resinous carrier. The polishing rate can
be enhanced by, for example, 10% or more, further 25% or

more, or more than these. Depending on a conventional



carrier to be compared, the present invention can also
make the polishing rate double or more. As a result,
the productivity for double-side polished wafers can be
significantly increased.

[0024]

Incidentally, for the contact angle measurement of
the carrier, for example, PCA-11 manufactured by Kyowa
Interface Science Co., Ltd. can be used. In the
measurement, for example, 2.0 pL drops of pure water are
dropped at five locations on each surface, and the
contact angles are determined by image analysis. Their
average value can be regarded as an average value of the
single surface. Further, when the front and back
surfaces are considered, an average value and a
difference thereof can be calculated from an average
value of the front surface and an average value of the
back surface. Nevertheless, the contact angle
measurement method is not limited thereto, and can be
determined each time. As necessary, the measurement can
be performed not at five locations but at more locations
(or fewer locations) to obtain an average value.

[0025]

Additionally, the carrier 1 should be made of a
resin that at least satisfies the aforementioned
predetermined contact angle conditions. Other than that,
the constituent material is not particularly limited.

More preferably, the carrier 1 is a resin stacked
plate. As an example of the constituent material, it is
possible to use a composite material (FRP) in which a
hydrophilic fibrous base material is impregnated with a
resin. Examples of the fibrous base material include
glass, liquid crystal polymer, cellulose, and the like.

Examples of the resin include epoxy, aramid, phenol, and



the like. These materials per se have been commonly
used heretofore, and can be easily prepared to
manufacture the carrier 1. Nevertheless, in the present
invention, the hydrophilicity of the front and back
surfaces are adjusted. These materials facilitate
formation of the carrier having surfaces with
appropriate hydrophilicity, and are effective in
satisfying the contact angle conditions.

[0026]

Note that when the hydrophilic fibrous base
material of the resin stacked plate has an exposed
surface ratio of 50% or more, the aforementioned contact
angle conditions can be more surely satisfied.
Particularly preferably, the exposed surface ratio of
the fibrous base material is 50% or more on both the
front surface and the back surface of the carrier 1.
Nevertheless, the present invention is not limited
thereto as a matter of course. The exposed surface
ratio of the fibrous base material can be adjusted at
will depending on the fibrous base material and the
resin to be employed, and so on. The aforementioned
contact angle conditions should be satisfied in the end.
[0027]

In adjusting the exposed surface ratio of the
hydrophilic fibrous base material within an appropriate
range, the carrier can be polished for the adjustment
under a more mechanical condition than that for actually
polishing the wafer. For example, the polishing can be
performed using foamed polyurethane pads as the
polishing pads while a slurry containing silica abrasive
grains is being supplied to thereby expose the fibrous
base material.

[0028]

10



Here, FIG. 3 shows an example of a surface when
glass fibers were used as the hydrophilic fibrous base
material and had a contact angle of 50.7° with pure
water (the inventive carrier). An image of the surface
of the carrier 1 was taken under a dark-field microscope.
The black color indicates the glass fibers. The glass
fibers have an exposed surface ratio of 67%.

Meanwhile, FIG. 4 shows an example when the
contact angle is 66.8° (conventional carrier). 1In this
case, the glass fibers have an exposed surface ratio of
36%.

Thus, the higher the ratio of the glass fibers
exposed, the lower the contact angle.

In this manner, the contact angle is likely to
vary depending on the exposed surface ratio of the
hydrophilic fibrous base material. Thus, the carrier 1
satisfying the above contact angle conditions can be
obtained by appropriately adjusting the exposed surface
ratio each time.

[0029]

Further, as shown in FIGs. 1 and 2, each tooth of
the sun gear 9 and the internal gear 10 meshes with
outer peripheral teeth of the carrier 1. When the upper
turn table 4 and the lower turn table 3 are rotated by
an unillustrated driving source, the carrier 1 rotates
and revolves around the sun gear 9. In this event, the
wafer W is held with the holding hole 11 in the carrier
1, and both surfaces are simultaneously polished by the
upper and lower polishing pads 5. Note that, during the
polishing, a slurry is supplied from the nozzle 7
through the through hole 8.

[0030]

Such a double-side polishing apparatus includes

11



the inventive carrier 1, greatly enhances the polishing
rate for the wafer W, and can consequently enhance the
productivity of double-side polished wafers.

[0031]

Meanwhile, a double-side polishing method of the
present invention includes: disposing the above-
described inventive carrier for a double-side polishing
apparatus between upper and lower turn tables each
having a polishing pad attached thereto; holding the
semiconductor silicon wafer with a holding hole formed
in the carrier for a double-side polishing apparatus;
and performing the double-side polishing while supplying
a slurry between the upper and lower turn tables. This
makes it possible to remarkably enhance the polishing
rate and enhance the productivity in comparison with a
case of double-side polishing employing a conventional
carrier for a double-side polishing apparatus.

[0032]

Specifically, for example, as shown in FIGs. 1 and
2, the wafer W is held in the Holding hole 11 of the
carrier 1. Next, the carrier 1 holding the wafer W is
inserted between the upper and lower turn tables 3 and 4
of the double-side polishing apparatus 2. Then, while
the slurry supply device 6 supplies a slurry to the
surfaces to be polished, the carrier 1 is rotated and
revolved with the upper and lower turn tables 3 and 4
rotating. In this manner, both surfaces of the wafer W
are brought into sliding contact with the polishing pads
5, enabling the double-side polishing of the wafer W.

EXAMPLE
[0033]

Hereinafter, the present invention will be

12



specifically described with reference to Examples and
Comparative Examples. However, the present invention is
not limited thereto.

(Examples 1 to 3)

The inventive carriers for a double-side polishing
apparatus were prepared such that each carrier had
different contact angle conditions from the others.
Then, the double-side polishing apparatus shown in FIG.
1 was prepared. A semiconductor silicon wafer held in
the holding hole of one of the carriers for a double-
side polishing apparatus was interposed between the
upper and lower turn tables, and double-side polished
while a slurry was being supplied.

After the double-side polishing, the wafer was
cleaned. The polishing rate was calculated based on a
difference in thicknesses before and after the polishing.
[0034]

The polishing and measuring conditions were as
follows.

As the wafers, P-type silicon single crystal wafers
each having a diameter of 300 mm were used.

As the polishing apparatus, DSP-20B manufactured by
Fujikoshi Machinery Corp. was used.

As the polishing pads, foamed polyurethane pads having
Shore A hardness of 90 were used.

As the carriers, FRP was used in which glass fibers
were impregnated with epoxy resin.

As the slurry, a KOH-based slurry was used which
contained silica abrasive grains and had an average
grain size of 35 nm, an abrasive-grain concentration of
1.0 wt%, and a pH of 10.5.

[0035]

The machining load was set to 100 gf/cm?.

13



The machining time was set such that the wafer
thickness was flush with the carrier.

The rotation speed of each driving unit was set as
follows: the upper turn table was -13.4 rpm, the lower
turn table was 35 rpm, the sun gear was 25 rpm, and the
internal gear was 7 rpm.

Dressing of the polishing pads was performed by
bringing a dress plate having diamond abrasive grains
electrodeposited thereon into sliding contact with the
upper and lower polishing pads at a predetermined
pressure while pure water flowed.

SC-1 cleaning was performed under a condition of
NH4OH:H202:H,0=1:1:15.

[0036]

The thickness differences of five wafers per batch
before and after the treatments were measured with
Nanometro (manufactured by Kuroda Precision industries
Ltd.). An average value of the thickness differences of
the five wafers was divided by the polishing time to
determine the polishing rate.

For the contact angle measurement of the carriers,
PCA-11 manufactured by Kyowa Interface Science Co., Ltd.
was used. In the measurement, 2.0 pL drops of pure
water were dropped at five locations on each surface,
and the contact angles were determined by image analysis.
Their average value was regarded as an average value of
the single surface. Further, when the front and back
surfaces were considered, an average value (Ave) and a
difference (Dif) were calculated from an average value
of the front surface and an average value of the back
surface.

[0037]

(Comparative Examples 1 to 4)

14



Conventional carriers for a double-side polishing
apparatus were prepared which had contact angle
conditions outside the range of the present invention.

Other than the carriers for a double-side
polishing apparatus, the same double-side polishing
apparatus as that in Examples was prepared, and
semiconductor silicon wafers were double-side polished,
cleaned, and the polishing rates were calculated in the
same manner as in Examples.

[0038]
Table 1 shows a summary of the carrier contact

angle conditions and the polishing rates of Examples 1

to 3 and Comparative Examples 1 to 4. Moreover, FIG. 5
shows a graph regarding the polishing rates. Note that
the polishing rates in both Table 1 and FIG. 5 were

normalized based on the polishing rate of Comparative
Example 2.

It should be noted that Examples 1 to 3 satisfied
contact angle with respect to pure

Dif<5°,

both of condition A,
45°<pve<60°,
Comparative Examples 1 to 4 did not satisfy both of

water: and condition B:

conditions A, B, or satisfied only one of themn.
[0039]

[Table 1]

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Comparative
Example 4

Example 1

Example 2 Example 3

Contact
angle

69°

64°

55°

q2°

60°

53° 45°

g°

3°

qe

20

30

5° 2°

Condition

unsatisfied

unsatisfied

satisfied

unsatisfied

satisfied

satisfied satisfied

unsatisfied

satisfied

unsatisfied

satisfied

satisfied

satisfied satisfied

Polishing rate

0.58

1.00

0.67

0.50

1.13

1.17 1.25

[0040]

5, in all of

Examples

As shown in Table 1 and FIG.
1 to 3 employing the carriers for a double-side

polishing apparatus which satisfied both of the contact

15



angle conditions A, B in the present invention and the
double-side polishing apparatus, the polishing rates
were successfully enhanced in comparison with
Comparative Examples 1 to 4 employing the carriers for a
double-side polishing apparatus which satisfied at most
one of the contact angle conditions A, B in the present
invention.

For example, 1in contrast to Comparative Example 2
served as the reference (polishing rate: 1.00), Example
1 was 1.13, which increased by 10% or more. Moreover,
Example 3 was 1.25, which increased by as much as 25%.
Furthermore, as can be seen from the comparison between
Comparative Example 4 (0.50) and Example 3 (1.25), it
was possible to obtain the polishing rate which was more
than doubled.

[0041]

The comparison between Examples and Comparative
Examples indicates that the numerical values of the
upper limit and the lower limit of the contact angle
conditions in the present invention have criticality.

For example, in Comparative Example 4 (polishing
rate: 0.50), the set of Ave and Dif is (42°, 2°), and
that of Example 3 (1.25) is (45°, 2°). Thus, depending
on whether Ave is 45° or more, the polishing rate can be
dramatically enhanced.

Note that, in Comparative Example 4, wear was
found when the used carrier for double-side apparatus
was observed.

[0042]

Moreover, as can be seen from the comparison
between Comparative Example 2 (polishing rate: 1.00)
(64°, 3°) and Example 1 (1.13) (60°, 3°), with Ave of

60° or less, the polishing rate was successfully

16



enhanced by at least 1.1 times.
[0043]

Further, as can be seen from the comparison
between Comparative Example 3 (polishing rate: 0.67)
(55°, 7°) and Example 2 (1.17) (53°, 5°), with Dif of 5°
or less, the polishing rate was successfully enhanced by
at least 1.7 times.

[0044]

It should be noted that the present invention is
not limited to the above-described embodiments. The
embodiments are just examples, and any examples that
have substantially the same feature and demonstrate the
same functions and effects as those in the technical
concept disclosed in claims of the present invention are

included in the technical scope of the present invention.
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CLAIMS

1. A carrier for a double-side polishing apparatus
configured to double-side polish a semiconductor silicon
wafer, the carrier being disposed between upper and
lower turn tables each having a polishing pad attached
thereto, and comprising a holding hole formed therein to
hold the semiconductor silicon wafer sandwiched between
the upper and lower turn tables during polishing,
wherein

the carrier for a double-side polishing apparatus
is made of a resin,

an average contact angle with pure water of front
and back surfaces of the carrier, which come into
contact with the polishing pads, is 45° or more and 60°
or less, and

a difference in average contact angles between the

front surface and the back surface is 5° or less.

2. The carrier for a double-side polishing apparatus
according to claim 1, wherein

the resinous carrier for a double-side polishing
apparatus is a resin stacked plate, and

the resin stacked plate has a hydrophilic fibrous

base material impregnated with a resin.

3. The carrier for a double-side polishing apparatus
according to claim 2, wherein the hydrophilic fibrous
base material of the resin stacked plate has an exposed

surface ratio of 50% or more.

4. A double-side polishing apparatus comprising:

upper and lower turn tables each having a

18



polishing pad attached thereto;

a slurry supply mechanism configured to supply a
slurry between the upper and lower turn tables; and

a carrier for the double-side polishing apparatus,
the carrier being disposed between the upper and lower
turn tables and comprising a holding hole formed therein
to hold a semiconductor silicon wafer sandwiched between
the upper and lower turn tables during polishing,
wherein

the carrier for the double-side polishing
apparatus is the carrier for a double-side polishing

apparatus according to any one of claims 1 to 3.

5. A method for double-side polishing a semiconductor
silicon wafer, the method comprising:

disposing the carrier for a double-side polishing
apparatus according to any one of claims 1 to 3 between
upper and lower turn tables each having a polishing pad
attached thereto;

holding the semiconductor silicon wafer with a
holding hole formed in the carrier for a double-side
polishing apparatus; and

performing the double-side polishing while
supplying a slurry between the upper and lower turn

tables.
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