DESCRIPTION

METHOD FOR SELECTING TEMPLATE ASSEMBLY, METHOD FOR
POLISHING WORKPIECE, AND TEMPLATE ASSEMBLY

TECHNICAL FIELD
[0001]

The present invention relates to a method for
selecting a template assembly, a method for polishing a

workpiece, and a template assembly.

BACKGROUND ART
[0002]

In polishing workpieces such as silicon wafers,
templates (TP) in each of which a retainer ring made of
glass epoxy (GE) or the like is bonded to a backing pad
(BP) are widely used as wafer holding jigs.

[0003]

Such TP is normally used as a template assembly (TP
ASSY) to which a base ring or base plate made of a
material such as Ti, PVC, or ceramic is attached.

[0004]

Normally, the retainer ring is designed to have an
inner diameter slightly larger than the diameter of a
workpiece and an outer diameter smaller than the outer
diameter of the base ring or base plate. Generally,
multiple polishing heads as many as 4 to 12 are attached
to a polishing machine, and template assemblies are

respectively mounted on the polishing heads.
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[0005]



Patent Literature 1: Japanese Patent Application No. 2015-
218440

Patent Literature 2: Japanese Unexamined Patent
Application Publication No. 2014-004675

Patent Literature 3: Japanese Unexamined Patent
Application Publication No. 2014-233815

Patent Literature 4: Japanese Unexamined Patent

Application Publication No. 2007-287787

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION
[0006]

In this respect, a problem arises that even when
template assemblies prepared from templates produced in
the same lot are used, the flatness of polished workpieces
varies among the polishing heads.

[0007]

As the countermeasure, an improvement has been
achieved to some extent by making polishing heads have a
common level step difference between each retainer ring
and BP, that is, pocket depth (P.D.). Nevertheless, as
the demand for the tight flatness requirement is increased,
controlling the pocket depth alone is not sufficient.
[0008]

The present inventors have conducted studies and
come to find that, besides P.D., the flatness of a
retainer ring influences the flatness variation among
polishing heads.

[0009]

Here, as the method for measuring the flatness of a
retainer ring, a method for measuring multiple lines with
a probe-type displacement gauge has been conventionally

adopted. However, in this measurement method, positioning



of specimens, vertical movements of the probe, and so
forth are carried out manually, so that a lot of man-hour
is required, and information on circumferential direction
is insufficient. Moreover, due to the contact-type
approach, the surface of a retainer ring is consequently
scratched.

[0010]

Meanwhile, there i1s a method as in Patent Literature
1 in which an in-line typé, non-contact laser displacement
gauge is linked with a polishing head to measure a pocket
depth in a circumferential direction. This method 1is
further developed. Nonetheless, in the measurement
precision determination, since the laser scanning width is
normally several mm, a single measurement cannot cover the
distance of generally several tens of mm from the outer
circumference of a base ring to the inner circumferential
edge of a retainer ring.

[0011]

On the other hand, admittedly commercial products
include a laser displacement gauge capable of covering
such a distance. It is known that the wider the range,
the more the measurement precision deteriorates
particularly at both ends of the measurement width.
Further, it has also been known that a template assembly
to be measured has two step differences (between a base
and a retainer ring, and between the retainer ring and a
back pad), and if a portion corresponding to the step
difference is not located immediately below laser light,
the corner of the step difference acts like a shadow and
accurate reflection light cannot be obtained, so that
particularly the measurement precision of a pocket depth
deteriorates.

[0012]



Incidentally, in the prior art search, Patent
Literature 1 describes a method for measuring a pocket
depth of a template. Meanwhile, Patent Literature 2
discloses that the height of a retainer ring is measured
in a non-contact manner with a laser displacement gauge.
Patent Literature 3 discloses that the flatness of the
template surface and the backing pad surface is measured
with a laser displacement gauge. Patent Literature 4
discloses that the thickness and the height of a retainer
ring are measured with a laser displacement gauge.
Nevertheless, no prior art has been found in which the
flatness and the P.D. of a retainer ring are measured in
order to select a template assembly.

[0013]

The present invention has been made in view of the
problems as described above. An object of the present
invention is to provide a method for selecting a template
assembly, which enables adjustment of a flatness variation

of polished workpieces.

MEANS FOR SOLVING PROBLEM
[0014]

To achieve the object, the present invention
provides a method for selecting a template assembly to be
mounted on a polishing head and used to hold a workpiece
when a surface of the workpiece is polished by being
slidably contacted to against a polishing pad attached on
a turntable, the method comprising:

a preparation step of preparing a template assembly
in which a template is concentrically attached on a base
ring or a base plate having a larger outer diameter than
that of the template, wherein the template has a back pad

configured to hold a back surface of the workpiece and a



retainer ring positioned on the back pad and configured to
hold an edge portion of the workpiece;

a measurement step of non-destructively measuring a
height position distribution of the retainer ring and the
back pad on the template side of the template assembly,
where an outer peripheral edge surface of the base ring or
the base plate serves as a reference surface;

a calculation step of calculating a flatness of the
retainer ring and an average amount of step differences
between the retainer ring and the back pad from the
measured height position distribution; and

a selection step of selecting the template assembly
based on the flatness and the average amount of step
differences.

[0015]

Accordingly, in addition to the average amount of
step differences between the retainer ring and the back
pad, the flatness of the retainer ring can be measured
before the mounting onto the polishing head. Then, the
template assembly can be selected based on the flatness
and the average amount of step differences. Thus, when
such template assemblies selected as described above are
used to polish workpieces, this makes it possible to
adjust a flatness variation of polished workpieces.
Particularly, it is possible to prevent the flatness
variation. Further, performing the measurement step non-
destructively makes it possible to prevent scratch on the
retainer ring surface. Hence, dust generation can be
prevented, and the polished workpiece can also be
prevented from scratch.

[0016]
In this event, the base ring or the base plate used

preferably has



a larger outer diameter by at least 10 mm than that
of the template and

a surface roughness being Ra<6.3 um.

[0017]

This makes it possible to prevent an error in a
result of leveling a profile based on the outer peripheral
edge surface, when the measurement result is subjected to
data processing. Thus, the aforementioned flatness and so
on can be obtained more accurately, and consequently
proper selection is possible.

[0018]

In this event, it is more preferable that in the
measurement step, measuring the height position
distribution for each circumference of the template
assembly by laser scanning in the circumferential
direction using a laser displacement gauge and sliding the
laser displacement gauge in a radial direction of the
template assembly be alternately performed to measure the
height position distribution of the retainer ring and the
back pad at once.

[0019]

Accordingly, the height position distribution can be
measured at once. Consequently, the flatness of the
retainer ring and the average amount of step differences
between the retainer ring and the back pad can be non-
destructively calculated at once in the circumferential
directions with high precision and high throughput.

[0020]

In this event, it is further preferable that:

a plurality of the template assemblies be prepared
in the preparation step,

the measurement step and the calculation step be

performed for each of the template assemblies, and



from the plurality of template assemblies, template
assemblies be selected which differ from each other in the
flatness by 5 pm or less and differ from each other in the
average amount of step differences by 5 pm or less.

[0021]

This makes it possible to select template assemblies
which have sufficiently small variations in the flatness
and the average amount of step differences from a
plurality of template assemblies. Thus, when such
template assemblies selected as described above are used
to polish workpieces, it 1s possible to more surely
prevent a flatness variation of the polished workpieces.
[0022]

In addition, the present invention provides a method
for polishing a workpiece, comprising mounting the
template assembly selected by the inventive method for
selecting a template assembly as described above on the
polishing head to hold the workpiece for polishing.

[0023]

Since workpieces are polished using the template
assembly selected by the inventive method for selecting a
template assembly as described above, it is possible to
prevent a flatness variation of the polished workpieces.
[0024]

Moreover, the present invention provides a template
assembly to be mounted on a polishing head and used to
hold a workpiece when a surface of the workpiece is
polished by being slidably contacted to against a
polishing pad attached on a turntable, the template
assembly comprising:

a template having

a back pad configured to hold a back surface

of the workpiece and



a retalner ring positioned on the back pad and
configured to hold an edge portion of the workpiece; and

a base ring or a base plate having a larger outer
diameter than that of the template, wherein

the template is concentrically attached on the base
ring or the base plate, and

the base ring or the base plate has

a larger outer diameter by at least 10 mm than that
of the template and

a surface roughness being Ra<6.3 pum.

[0025]

Such a template assembly prevents an error in a
result of leveling a profile, where the outer peripheral
edge of the base ring or the base plate serves as a
reference surface, so that the flatness and so on are
obtained more accurately. Thus, it is also possible to
select template assembly based on the accurate flatness
and so on, and to prevent a flatness variation of polished

workpieces.

EFFECTS OF THE INVENTION
[0026]

According to the inventive method for selecting a
template assembly, it is possible to measure the flatness
of the retainer ring in addition to the average amount of
step differences between the retainer ring and the back
pad before the mounting onto the polishing head. Then,
the template assembly can be selected based on the
flatness and the average amount of step differences. Thus,
when workpieces are polished using template assemblies
selected as described above, it is possible to
particularly prevent a flatness variation of the polished

workpieces. Further, the non-destructive measurements of



the above-described values make it possible to prevent the
retainer ring surface from scratch. As a result, dust
generation can be prevented, and the polished workpiece

can also be prevented from scratch.

BRIEF DESCRIPTION OF DRAWINGS
[0027]

FIG. 1 is a process chart for illustrating an
example of the inventive method for selecting a template
assembly;

FIG. 2 is a schematic view showing an example of the
inventive template assemblies;

FIG. 3 is a schematic view for illustrating an
example of a measurement step in the inventive method for
selecting a template assembly;

FIG. 4 is a schematic view showing an example of a
measurement unit usable in the measurement step in the
inventive method for selecting a template assembly;

FIG. 5 is a graph showing an example of a height
position distribution measured in the measurement step in
the inventive method for selecting a template assembly;

FIG. 6 is a schematic view showing an example of a
polishing machine usable in the inventive method for
polishing a workpiece;

FIG. 7 is a graph showing a measurement variation
obtained when the outer diameter of a base ring was
changed; and

FIG. 8 is a graph showing a measurement variation
obtained when the surface roughness of the base ring was

changed.

BEST MODES FOR CARRYING OUT THE INVENTION
[0028]



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

As described above, making polishing heads have the
same degree of pocket depths in template assemblies alone
cannot sufficiently adjust a flatness variation of
polished workpieces.

[0029]

Hence, the present inventors have conducted earnest
studies to solve such a problem. Consequently, the
inventors have found that, besides pocket depth, the
flatness of a retainer ring influences a flatness
variation among polishing heads. Then, the inventors have
completed the present invention by considering that the
flatness of a retainer ring is measured in addition to an
average amount of step differences between the retainer
ring and a back pad before mounting onto a polishing head,
and a template assembly selected based on the flatness and
the average amount of step differences is used to polish a
workpilece; consequently, a flatness variation of polished
workpieces can be adjusted, and particularly it is
possible to prevent the generation of the flatness
variation. Further, the inventors has carefully examined
the best mode to carry out these and completed the present
invention.

[0030]

First, the inventive template assembly will be
described. FIG. 2 is a schematic view showing an example
of the inventive template assemblies. Note that a
workpiece W is also shown in FIG. 2 to explain the
positional relation.

[0031]

As shown in FIG. 2, a template assembly la or a

10



template assembly 1b of the present invention includes: a
template 4 having a back pad 2 configured to hold a back
surface of the workpiece W and a retainer ring 3
positioned on the back pad 2 and configured to hold an
edge portion of the workpiece W; and a base ring 5a or a
base plate bb having a larger outer diameter than that of
the template 4.

[0032]

Additionally, the template 4 is concentrically
attached on the base ring 5a or the base plate 5b. The
outer diameter of the base ring 5a or the base plate 5b is
larger than the outer diameter of the template 4 by at
least 10 mm. The surface roughness of the base ring 5a or
the base plate 5b satisfies Ra<6.3 pum.

[0033]

With such a structure, the flatness and so on of the
retainer ring can be obtained more accurately than ever.
This can lead to prevention of a flatness variation of
polished workpieces consequently.

[0034]

Next, a method for selecting a template assembly of
the present invention will be described. FIG. 1 1is a
process chart for illustrating an example of the inventive
method for selecting a template assembly.

[0035]

First, a preparation step is performed (SPl in FIG.
1). Specifically, the template assembly la or the
template assembly 1lb as shown in FIG. 2 is prepared in
which the template 4 1is concentrically attached on the
base ring 5a or the base plate 5b having a larger outer
diameter than that of the template 4. The template 4 has
the back pad 2 which holds the back surface of the

workpiece W, and the retainer ring 3 which 1s positioned
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on the back pad 2 and holds the edge portion of the
workpiece W.
[0036]

For example, given that the workpiece W has a
diameter of 300 mm, the retainer ring 3 can be designed to
have an inner diameter of normally 300.5 to 303 mm and an
outer diameter of 320 to 400 mm.

[0037]

Moreover, it is preferable to use the base ring 5a
or the base plate 5b having an outer diameter larger than
the outer diameter of the template 4 by at least 10 mm and
a surface roughness being Ra<6.3 pm. In this case, the
surface roughness can be Ra20 pm. Accordingly, when the
measurement result obtained in a measurement step to be
described later is subjected to data processing, it is
possible to prevent the generation of an error in a result
of leveling a profile based on the outer peripheral edge
surface.

[0038]

Alternatively, the base ring 5a or the base plate 5b
can be designed to have an outer diameter further larger
by 20 to 50 mm than that of the retainer ring 3. When the
base ring 5a 1s used, the inner diameter of the base ring
5a can be set freely in accordance with desired polishing
properties.

[0039]

Next, a measurement step is performed in which a
height position distribution of the retainer ring 3 and
the back pad 2 on the template 4 side of the template
assembly la or the template assembly 1b is non-
destructively measured, where an outer peripheral edge
surface 6 of the base ring 5a or the base plate 5b serves

as a reference surface (SP2 in FIG. 1).
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[0040]

An example of the non-destructive measurement method
in this event includes a method using a laser displacement
gauge as shown in FIG. 3. Preferably, measuring the
height position distribution for each circumference of the
template assembly by laser scanning in the circumferential
direction and sliding in a radial direction of the
template assembly are alternately performed to measure the
height position distribution of the retainer ring 3 and
the back pad 2 at once.

[0041]

Accordingly, the flatness of the retainer ring 3 and
the average amount of step differences (i.e., pocket depth
7) between the retainer ring 3 and the back pad 2 can be
non-destructively measured at once in the circumferential
directions with high precision and high throughput.

[0042]

In this event, more specifically, the measurement
step can be performed using a measurement unit 10 as shown
in FIG. 4, for example. In the measurement unit 10, a
non-contact laser displacement gauge 11 is arranged on a
cylinder 12 which has a movable region in the radial
direction of a template assembly, and a turn table 13 on
which the template assembly is precisely mountable can be
arranged in such a manner that the retainer ring part
comes immediately below the non-contact laser displacement
gauge 11.

[0043]

Here, as the non-contact laser displacement gauge 11,
a high-precision type such as, for example, LJ-V7020
manufactured by KEYENCE Corporation is usable. This non-
contact laser displacement gauge has a laser width of 6 to

8 mm. Meanwhile, the template assembly to be measured in
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the present invention has a width of, for example, 40 mm
from an outer circumferential edge of the base ring or the
base plate to an inner circumferential edge of the
retainer ring.

[0044]

Hence, when a laser displacement gauge having such a
laser width as described above is used, the entire range
cannot be measured in a single measurement. For this
reason, the sampling period of the non-contact laser
displacement gauge 11 is synchronized with encoder outputs
from the rotation in the circumferential direction of the
template assembly by the turn table 13 and the relative
movement in the radial direction of the template assembly
by the cylinder 12, enabling measurements in the
circumferential directions at certain positions in the
radial direction. Programming this enables continuous
measurements.

[0045]

Specifically, the measurements in the
circumferential directions within a certain measurement
range are possible by creating a program including:
measuring in a circumferential direction of the template
assembly — sliding in the radial direction - measuring in
another circumferential direction - sliding in the radial
direction, and so forth.

[0046] ,

The measurement start position may be located at
either the outer circumferential edge side or the inner
circumferential edge side of the measurement range.
Nevertheless, as shown in FIG. 3, the measurement start
position is preferably located at the inner
circumferential edge in view of precisely measuring the

pocket depth 7. Specifically, the measurement start
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position is preferably at a position in the radial
direction where the center of the laser width is
positioned at the inner circumferential edge of the
retainer ring 3. This enables a high precision
measurement such that the back pad 2 near the retainer
ring 3 is not in the blind spot for measuring data.
[0047]

Moreover, the laser is preferably slid while
overlapping with itself in a certain amount to prevent
imperfect data acquisition and correct data. The
circulating number N required for the measurement can be
set freely in accordance with the size of the template
assembly to be measured, and so forth.

[0048]

The circulating number N required for the
measurement in the entire region can be represented by an
integer which satisfies an inequality shown by the
following equation (1):

a+ (N-1)x(a-c)za/2+b..(1)

where a represents a laser scanning width [mm]; Db
represents a distance [mm] from the outer circumferential
edge of the base ring 5a (or base plate) to the inner
circumferential edge of the retainer ring 3; and c
represents a laser overlapping amount [mm].

[0049]

For example, when the laser scanning width a is 6
[mm], the distance b from the outer circumferential edge
of the base ring 5a (or base plate) to the inner
circumferential edge of the retainer ring 3 is 40 [mm],
and the laser overlapping amount ¢ is 1 [mm], the
circulating number N of required for the measurement in
the entire region can be determined to be 9 according to

the equation (1). The measurement is automatically
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performed by setting this number and pressing the
measurement start button.
[0050]

Then, a profile obtained by combining pieces of data
corresponding to the circulating number N is subjected to
leveling, given that the outer peripheral edge surface 6
of the base ring 5a (or base plate) serves as the
reference surface. Then, for example, data as shown in
FIG. 5 is outputted (height position distribution).

[0051]

Next, a calculation step is performed in which a
flatness of the retainer ring 3 and an average amount of
step differences between the retainer ring 3 and the back
pad 2 are calculated from the measured height position
distribution (SP3 in FIG. 1). These calculation methods
are not particularly limited, and can be selected on a
case-by-case basis.

[0052]

The flatness of the retainer ring 3 can be
quantified, for example, as shown in FIG. 5, by
calculating a deviation between an average value obtained
within several mm from an outer circumferential side of
the retainer ring 3 and an average value obtained within
several mm from an inner circumferential side of the
retainer ring 3, and quantifying the deviation in terms of
an average value of the data on each circumferential
direction and the standard deviation. The calculation
method 1s not limited thereto. For example, a difference
between the maximum value and the minimum value in the
height position distribution of the retainer ring can also
be set as the flatness.

[0053]

The average amount of step differences between the

16



retainer ring 3 and the back pad 2 can be quantified, for
example, by calculating a difference between the average
value obtained within several mm from the inner
circumferential side of the retainer ring 3 and an average
value obtained within several mm inwardly of the inner
circumferential edge of the retainer ring 3, that is,
within a portion of the back pad 2, and quantifying the
difference in terms of an average value of the data on
each circumferential direction and the standard deviation.
[0054]

The above data processing can quantify the average
amount of step differences and the flatness in each
template assembly. Moreover, the quantification for each
template assembly can be carried out with high precision
and high throughput.

[0055]

Next, a selection step is performed in which a
template assembly is selected based on the obtained
flatness and average amount of step differences (SP4 in
FIG. 1).

[0056]

From the flatness and the average amount of step
differences thus quantified, a template assembly can be
selected by setting a certain criterion. Here, it is
preferable to select template assemblies having the same
numerical values of the flatness and the average amount of
step differences guantified above.

[0057]

To be more specific, preferably, a plurality of
template assemblies are prepared in the preparation step
(SP1), the measurement step (SP2) and the calculation step
(SP3) are performed for each of the template assemblies,

and from the plurality of template assemblies, template
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assemblies are selected which differ from each other in
the flatness by 5 um or less and differ from each other in
the average amount of step differences by 5 pm or less.
Note that, in this case, the difference in the flatness
and the difference in the average amount of step
differences can be 0 pum or more.

[0058]

This particularly makes it possible to select
template assemblies having sufficiently small variations
in the flatness and the average amount of step differences
from a plurality of template assemblies. Hence, when
workpieces are polished using the template assemblies
selected as described above, it is possible to more surely
prevent a flatness variation of the polished workpieces,
which thus can meet an increase in the tight-flatness
requirement.

[0059]

In this event, the plurality of template assemblies
may be measured in advance to create a database tagged
with ID. Then, the number N of template assemblies
attached to a polishing machine is inputted, and the
selection process can be performed with flatness Range<5
pm and P.D. Ranges5 pm among the N template assemblies.
[0060]

According to the inventive method for selecting a
template assembly as described above, it is possible to
measure the flatness of the retainer ring in addition to
the average amount of step differences between the
retainer ring and the back pad before the mounting onto a
polishing head. Thus, the template assemblies can be
selected based on the flatness and the average amount of
step differences. Hence, when workpieces are polished

using the template assemblies selected as described above,
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it is possible to particularly prevent a generation of a
flatness variation of the polished workpieces. Further,
performing the measurement step non-destructively makes it
possible to prevent the retainer ring surface from being
scratched and the polished workpieces from scratch.

[0061]

Next, a method for polishing a workpiece of the
present invention will be described. In this event, it is
possible to use, for example, a polishing machine 200 as
shown in FIG. 6. The polishing machine 200 includes a
turntable 203 to which a polishing pad 202 is attached, a
polishing agent supply mechanism 204, a polishing head 201
on which a template assembly selected as described above
is mounted, and so forth.

[0062]

In the polishing machine 200, the template assembly
selected by the inventive method for selecting a template
assembly as described above is mounted on the polishing
head 201 to hold the workpiece W. Then, the polishing
head 201 holds the workpiece W, and the polishing agent
supply mechanism 204 supplies a polishing agent 205 onto
the polishing pad 202, and the turntable 203 and the
polishing head 201 are each rotated to rub the surface of
the workpiece W against the polishing pad 202 so that the
workpiece W can be polished.

[0063]

In this manner, the template assembly selected by
the inventive method for selecting a template assembly is
used to polish the workpiece. This makes it possible to

prevent a flatness variation of such polished workpieces.

EXAMPLES
[0064]
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Hereinafter, the present invention will be more
specifically described with reference to Examples and
Comparative Examples of the present invention, but the
present invention i1s not limited thereto.

[0065]
(Example 1)

As a polishing machine, the polishing machine 200 as
shown in FIG. 6 was prepared to which four polishing heads
201 were provided. To put it differently, the number of
template assemblies attached to the polishing machine is
four. In addition, as workpieces, semiconductor Si wafers
each having a diameter of 300 mm were used.

[0066]

First, a template was prepared by thermocompression-
bonding a retainer ring formed of a glass epoxy stacked
layer plate having an outer diameter of 350 mm, an inner
diameter of 301 mm, and a thickness of 700 pm (nominal
values) on a back pad having an outer diameter of 350 mm
and a thickness of 0.5 mm (nominal values) and made of a
polyurethane resin using a thermal fusion adhesive. Note
that the templates used in Example 1 and templates used in
Comparative Examples 1 to 3 to be described later were all
produced in the same lot.

[0067]

Moreover, as the base, a base ring was prepared
which had an outer diameter of 371 mm, an inner diameter
of 310 mm, and a thickness of 20 mm and made of ceramic.
[0068]

Then, the template was bonded onto the base ring
using a double-sided tape such that the centers of the two
were aligned with each other. Thus, a template assembly
was prepared. In the same manner, 20 template assemblies

were prepared in total.
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[0069]

Next, using the non-contact laser displacement gauge
LJ-V7020 (manufactured by KEYENCE Corporation), a height
position distribution of the retainer ring and the back
pad on the template side of each template assembly was
non-destructively measured, given that the outer
peripheral edge surface of the base ring served as the
reference surface.

[0070]

Regarding this non-contact laser displacement gauge,
the laser scanning width a was 8 mm, and the laser
overlapping amount ¢ was set to 0.5 mm. Since the inner
diameter of the retainer ring was 301 mm and the outer
diameter of the base ring was 371 mm, the distance b from
the outer circumferential edge of the base ring to the
inner circumferential edge of the retainer ring was 35 mm.
Thus, the circulating number required for the measurement
in the entire region was set to 6 according to the above-
described equation (1). Moreover, each sampling period
was set to 1°, and the data on the six-time were combined
for each angle and respectively subjected to leveling,
given that the outer peripheral edge surface of the base
ring served as the reference surface.

[0071]

Next, from the measured height position distribution,
the flatness of the retainer ring and the average amount
of step differences between the retainer ring and the back
pad, that is, pocket depth (P.D.), were calculated.

[0072]

A deviation between an average value obtained within
0.5 to 1.5 mm from the outer circumferential edge of the
retainer ring and an average value obtained within 0.5 to

1.5 mm from the inner circumferential edge of the retainer
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ring was calculated, and such deviations were calculated

along the circumferential direction (N=360). An average

value of these deviations was obtained as the flatness of
the retainer ring.

[0073]

Regarding P.D. also, a difference between the
average value obtained within 0.5 to 1 mm from the inner
circumferential edge of the retainer ring and an average
value obtained within 0.5 to 1 mm inwardly of the inner
circumferential edge of the retainer ring, that is, within
a portion of the back pad was calculated, and such
differences were calculated along the circumferential
direction (N=360). An average value of these differences
was obtained as the P.D.

[0074]

Next, four template assemblies were selected from
the 20 template assemblies according to criteria of
flatness Range<5 pm and P.D. Range<5 um. Specifically,
the four template assemblies chosen had a flatness
variation of 5 pm or less and a P.D. variation of 5 pm or
less. In this event, the time required for the
measurement and selection was measured and shown in Table
1.

[0075]

Next, the four template assemblies selected as
described above were respectively mounted on the polishing
heads 201 of the polishing machine 200 as shown in FIG. 6
to continuously polish a total of 100 workpieces of the
semiconductor Si wafers having a diameter of 300 mm.
[0076]

As the quality evaluation of the polished workpieces,
the results of measuring flatness and scratch were shown

in Table 2 together with those in Comparative Examples 1
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to 3, which will be described later. 1In this event, as
the flatness, ESFQRmax (1 mm E.Ex.) was measured by
Wafersight (KLA-Tencor) M49 mode. As the scratch, SCR
count was measured by Surfscan SP~-1 ((KLA-Tencor) Normal
mode.

[0077]

(Comparative Example 1)

First, 20 template assemblies were prepared as in
Example 1. Next, from the template assemblies, four
template assemblies were randomly selected. 1In other
words, no special pre-measurement was performed.

[0078]

Next, workpieces were polished as in Example 1,
except that the template assemblies selected in
Comparative Example 1 were used. Then, the flatness and
scratch of the polished workpieces were measured as in
Example 1. Table 2 shows the result. Moreover, for the
verification, the P.D. and flatness of the template
assemblies were measured after the workpieces were
polished. Table 1 shows the result.

[0079]
(Comparative Example 2)

In Comparative Example 2, the selection was
performed based on P.D. alone. First, 20 template
assemblies were prepared as in Example 1.

[0080]

Next, the P.D. of the template assemblies was
manually measured using JA-205 manufactured by a low
pressure micrometer manufactured by PEACOCK. Specifically,
the thickness of an inner circumferential portion of each
retainer ring and the thickness of the corresponding back
pad near this measurement spot of the retainer ring in the

same radial direction were measured. The difference value

23



therebetween was calculated. Consequently, an average
value of eight points in the respective 45° planes was
obtained as the P.D. Then, four template assemblies were
selected from the 20 template assemblies according to a
criterion of P.D. Range<5 pm. In this event, the time
required for the measurement and selection was measured
and shown in Table 1.

[0081]

Next, workpieces were polished as in Example 1,
except that the template assemblies selected in
Comparative Example 2 were used. Then, the flatness and
scratch of the polished workpieces were measured as in
Example 1. Table 2 shows the result. Moreover, the
flatness of the template assemblies was measured after the
workpieces were polished. Table 1 shows the result.
[0082]

(Comparative Example 3)

In Comparative Example 3, the selection was
performed based on P.D. and flatness. First, 20 template
assemblies were prepared as in Example 1.

[0083]

Next, the P.D. and flatness of the template
assemblies were measured. The P.D. was measured as in
Comparative Example 2. As to the flatness, eight lines in
a plane were manually measured using SJ-400 manufactured
by Mitutoyo Corporation as a contact-type profiler. A
deviation between an average value obtained within 0.5 to
1.5 mm from the outer circumferential edge of each
retainer ring and an average value obtained within 0.5 to
1.5 mm from the inner circumferential edge of the retainer
ring was calculated at eight points in the planes for
respective 45°. An average value of these deviations was

obtained as the flatness.
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[0084]
Then,

four template assemblies were selected from

the 20 template assemblies according to criteria of P.D.

Range<5 um and flatness Range<5 um.

In this event,

time required for the measurement and selection was

measured and shown in Table 1.

[0085]
Next,

workpieces were polished as in Example 1,

except that the template assemblies selected in

Comparative Example 3 were used.

Then,

scratch of the polished workpieces were measured as in

Example 1.
[0086]
[Table 1]

Table 2 shows the result.

the

the flatness and

Comparative
Example 1

Comparative
Example 2

Comparative
Example 3

Example

Number N of TP ASSY

P.D. Range [pm]
among N

24.0

5.0

2.0

Criterion £ 5 pm

NG

OK

OK

OK

Flatness Range [um]
among N

23.0

25.0

5.0

4.0

Criterion £ 5 pm

NG

NG

OK

OK

Whole number of TP
ASSY

20

20

20

20

Measurement-—
selection time/one
TP ASSY [min]

12

1.5

[0087]

As shown in Table 1,
which the selection based on P.D.

performed, the P.D.

in Comparative Example 1 in

and flatness was not

Range was 24.0 um and the flatness

Range was 23.0 pm among the four template assemblies and

both of which were outside the standard,

measurement results were obtained after the polishing.

[0088]
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Meanwhile,

Examples 2,

and selection due to the time for the manual operations.

it can be understood that Comparative

3 required longer times for the measurement

On the other hand, Example enabled high-throughput

measurement and selection for both parameters.

[0089]
[Table 2]
Comparative | Comparative | Comparative | Example
Example 1 Example 2 Example 3 1
ESFQR average 54.17 46.55 42.47 40.87
Max [nm] sigma 14.25 11.95 9.09 8.77
SCR count [%] 0 0 20 0
Number N of workpieces 100 100 100 100

[0090]

As shown in Table 2, ESFQRmax was improved in
Example 1 most for both the average value and o. 1In
Comparative Example 1, since no special pre-measurement
was performed and the template assemblies were randomly
selected, both the average value and o of ESFQRmax were
the selection was

large. In Comparative Example 2,

performed based on P.D. However, since the measurement

targets were soft, the error in the measurement was large,
and the variation improvement effect by the selection was
small. Comparative Example 3 had numerical wvalues of the
average value and o of ESFQRmax closer to those of Example
1 than those of the other Comparative Examples, but had
This is due to dust generation by

many SCRs (scratches).

the contact-type profiler. If a retainer ring is
scratched as in Comparative Example 3, problems occur
particularly that, in the initial life of the polishing,
the workpiece has SCR due to dust generation from a
portion where the probe moved.

[0091]
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(Examples 2 to 4, Comparative Examples 4 and 5)

First, each template was prepared by
thermocompression-bonding a retainer ring formed of a
glass epoxy stacked layer plate having an outer diameter
of 350 mm, an inner diameter of 301 mm, and a thickness of
700 pm (nominal values) on a back pad having an outer
diameter of 350 mm and a thickness of 0.5 mm (nominal
values) and made of a polyurethane resin using a thermal
fusion adhesive. The retainer ring had a flatness of 15
nm.

[0092]

Moreover, five types of base rings were prepared
which had outer diameters larger than the outer diameter
of the template by 20 mm (Example 2), 15 mm (Example 3},
10 mm (Example 4), 7.5 mm (Comparative Example 4), and 5
mm (Comparative Example 5). Note that all the base rings
used had surface roughnesses Ra of 6.3 um.

[0083]

Then, the above-described templates were
respectively combined with the base rings of Examples 2 to
4 and Comparative Examples 4 and 5. Given that the outer
peripheral edge surface of each base ring served as the
reference surface, the height position distribution of the
retainer ring and the back pad was measured as in Example
1 to examine the measurement variation.

[0094]

Next, from the measured height position distribution,
the flatness of the retainer ring was calculated as in
Example 1. FIG. 7 and Table 3 show the result in this
event.

[0095]
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[Table 3]

Example | Example | Example Comparative Comparative
2 3 4 Example 4 Example 5

Base ring
outer
diameter -
retainer 20 15 10 7.5 5
ring outer
diameter
[mm]
Flatness 15.1 15 15 13.8 18.5
ave. [um]
Flatness 3.6 3.6 3.5 7.5 8.9
sigma

In all the cases, the outer circumferential portions of
the base rings had the surface roughnesses Ra of 6.3 um in
the measurement
[0096]
Consequently, as shown in FIG. 7 and Table 3, in
Examples 2 to 4 in each of which the outer diameter of the
base ring was larger by at least 10 mm than that of the
template, the flatness variation was small. Meanwhile, in
Comparative Examples 4 and 5 in each of which the
difference between the outer diameter of the base ring and
the outer diameter of the template was less than 10 mm,
the flatness variation was large.
[0097]
(Examples 5 to 7, Comparative Examples 6 and 7)
First, the same templates as those prepared in
Examples 2 to 4 and Comparative Examples 4 and 5 were
prepared as described above. Moreover, five types of base
rings were prepared which had surface roughnesses Ra of
10.5 pm (Comparative Examplé 6), 8.7 pm (Comparative
Example 7), 5.2 ym (Example 6), and

6.3 pym (Example 5),

3.1 ym (Example 7). Note that the base rings used had
larger outer diameters by 10 mm than those of the

templates.
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[0098]
Then, the above templates were respectively combined
with the base rings of Examples 5 to 7 and Comparative
Examples 6 and 7. Given that the outer peripheral edge
surface of each base ring served as the reference surface,
the height position distribution of the retainer ring and
the back pad was measured as in Example 1 to examine the
measurement variation.
[0099]
Next, from the measured height position distribution,

the flatness of the retainer ring was calculated as in

Example 1. FIG. 8 and Table 4 show the result in this
event.
[0100]
[Table 4]
Comparative | Comparative | Example | Example | Example
Example 6 Example 7 5 6 7
Surface
roughness [um]
of = base ring 10.5 8.7 6.3 5.2 3.1
outer
circumferential
portion
Flatness  ave. 11.8 13.8 15.1 15 15
[pm ]
Flatness sigma 5.2 4.6 3.6 3.6 3.5

In all the cases, the outer diameter of the base ring-the

outer diameter of the template=10 mm in the measurement

[0101]

Consequently, as shown in FIG. 8 and Table 4, 1in

Examples 5 to 7 in each of which the outer circumferential
portion of the base ring had a surface roughness of 6.3 um
or less, the flatness variation was small. Meanwhile, in
Comparative Examples 6 and 7 in each of which the outer
circumferential portion of the base ring had a surface

roughness of more than 6.3 pm, the flatness variation was
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large.
[0102]

It should be noted that the present invention 1s
not restricted to the above~-described embodiments. The
embodiments are merely examples so that any embodiments
that have substantially the same feature and demonstrate
the same functions and effects as those in the technical
concept as disclosed in claims of the present invention
are 1included 1in the technical range of the present

invention.
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CLAIMS

1. A method for selecting a template assembly to be
mounted on a polishing head and used to hold a workpiece
when a surface of the workpiece is polished by being
slidably contacted to against a polishing pad attached on
a turntable, the method comprising:

a preparation step of preparing a template assembly
in which a template is concentrically attached on a base
ring or a base plate having a larger outer diameter than
that of the template, wherein the template has a back pad
configured to hold a back surface of the workpiece and a
retainer ring positioned on the back pad and configured to
hold an edge portion of the workpiece;

a measurement step of non-destructively measuring a
height position distribution of the retainer ring and the
back pad on the template side of the template assembly,
where an outer peripheral edge surface of the base ring or
the base plate serves as a reference surface;

a calculation step of calculating a flatness of the
retainer ring and an average amount of step differences
between the retainer ring and the back pad from the
measured height position distribution; and

a selection step of selecting the template assembly
based on the flatness and the average amount of step

differences.

2. The method for selecting a template assembly
according to claim 1, wherein the base ring or the base

plate used has

a larger outer diameter by at least 10 mm than that
of the template and

a surface roughness being Ra<6.3 pm.
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3. The method for selecting a template assembly
according to claim 1 or 2, wherein, in the measurement
step, measuring the height position distribution for each
circumference of the template assembly by laser scanning
in the circumferential direction using a laser
displacement gauge and sliding the laser displacement
gauge in a radial direction of the template assembly are
alternately performed to measure the height position

distribution of the retainer ring and the back pad at once.

4. The method for selecting a template assembly
according to any one of claims 1 to 3, wherein

a plurality of the template assemblies are prepared
in the preparation step,

the measurement step and the calculation step are
performed for each of the template assemblies, and

from the plurality of template assemblies, template
assemblies are selected which differ from each other in
the flatness by 5 pm or less and differ from each other in

the average amount of step differences by 5 pm or less.

5. A method for polishing a workpiece, comprising
mounting the template assembly selected by the method for
selecting a template assembly according to any one of
claims 1 to 4 on the polishing head to hold the workpiece
for polishing.

6. A template assembly to be mounted on a polishing
head and used to hold a workpiece when a surface of the
workpiece is polished by being slidably contacted to
against a polishing pad attached on a turntable, the

template assembly comprising:
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a template having
a back pad configured to hold a back surface
of the workpiece, and
a retailner ring positioned on the back pad and
configured to hold an edge portion of the workpiece; and
a base ring or a base plate having a larger outer
diameter than that of the template, wherein
the template is concentrically attached on the base
ring or the base plate, and
the base ring or the base plate has
a larger outer diameter by at least 10 mm than that
of the template and

a surface roughness being Ra<$6.3 um.
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