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DESCRIPTION

TITLE:

POLISHING PAD AND POLISHING METHOD

BACKGROUND
Technical Field
[0001] The present invention relates to a polishing pad and a polishing method, and in
particular to a polishing pad with excellent thermal stability and extended useful life and a

polishing method using the polishing pad.

Description of Related Art

[0002] In the manufacturing process of industrial components, the polishing process is a
technique commonly provided today to planarize the surface of an object being polished.
During the polishing process, the object is planarized by relative motion between the
object and the polishing pad, and optionally providing a polishing slurry between the
surface of the object and the polishing pad. Therefore, the physical properties of the
polishing pad are one of the factors that affect the polishing effect or performance.

[0003] The loss coefficient (tan o) reflects the physical properties of the polishing pad. It
is defined as the ratio of the loss modulus E’’ (viscous component) to the storage modulus
E’ (elastic component). It is an indicator of the balance between elasticity and viscosity
exhibited by the substance being tested in measurement conditions. Currently, Taiwan

Patent Publication No. 202228917 and Japanese Patent Application Publication No.
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2021-053760 both disclose that the polishing effect or performance can be adjusted by
making the polishing pad have a specific tan & value within a specific temperature range.
In detail, the polishing pad disclosed in Taiwan Patent Publication No. 202228917 can
give the polished object good planarity, while the polishing pad disclosed in Japanese
Patent Application Publication No. 2021-053760 can suppress the formation of polishing
scratches.

[0004] However, these disclosed polishing pads cannot adapt to various specific
requirements, such as high-temperature polishing processes (temperature greater than
60°C) or processes requiring thermal stability. Generally speaking, during the polishing
process, the temperature of the polishing pad increases due to the heat generated by
friction, which can easily cause the physical properties of the polishing pad to change due
to the temperature increase, thereby affecting the polishing effect or performance.
Therefore, there is still a need to provide a polishing pad with excellent thermal stability

for the industry to choose.

SUMMARY

[0005] The present invention provides a polishing pad having excellent thermal
stability.

[0006] The present invention further provides a polishing pad having excellent thermal
stability, wherein the physical properties of the polishing pad are not easily changed due to
the rising temperature during the polishing process. That is, the physical properties of the
polishing pad are not easily changed at different temperature.

[0007] The present invention further provides a polishing method, which enables the

polishing pad to maintain a stable polishing rate and have an extended useful life during
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the polishing process.

[0008] The polishing pad of the present invention comprises a polishing layer, wherein
in the dynamic viscoelasticity measurement performed at a frequency of 1.6 Hz, the
polishing layer does not have a loss coefficient (tan ) peak temperature in the temperature
range of 15°C to 120°C, and a tan o change rate in the temperature range of 15°C to 120°C
is equal to or less than 20% which is obtained from an equation of:

tan 6 change rate = |(a maximum value of tan d in the temperature range of 15°C to 120°C)
- (a minimum value of tan § in the temperature range of 15°C to 120°C)| / (the maximum
value of tan 0 in the temperature range of 15°C to 120°C) x 100%.

[0009] Another polishing pad of the present invention comprises a polishing layer,
wherein in the dynamic viscoelasticity measurement performed at a frequency of 1.6 Hz,
the polishing layer does not have a tan & peak temperature in the temperature range of
15°C to 120°C, and in the dynamic viscoelasticity measurement performed at a frequency
of 1.6 Hz, the ratio of the storage modulus of the polishing layer in the water-absorbed
state to the storage modulus of the polishing layer in the dry state at any temperature in the
temperature range of 30°C to 65°C is 0.9 to 1.0.

[0010] The polishing method of the present invention comprises the following steps.
A polishing pad is provided, wherein the polishing pad is any of the polishing pads
described above. A pressure is applied to an object to press the object onto the polishing
pad. A relative motion is provided between the object and the polishing pad to perform a
polishing process.

[0011] Based on the above, the polishing pad of the present invention has excellent
thermal stability by including a polishing layer that does not have a tan 6 peak temperature

in a dynamic viscoelasticity measurement performed at a frequency of 1.6 Hz and a
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temperature range of 15°C to 120°C, and the tan 6 change rate calculated according to the
above formula is less than 20%. As a result, when the polishing pad of the present
invention is provided to polish an object, it can maintain a stable polishing rate and thus
provide excellent polishing quality and an extended useful life.

[0012] Furthermore, the polishing pad of the present invention includes a polishing
layer having no tan o0 peak temperature in a dynamic viscoelasticity measurement
performed at a frequency of 1.6 Hz and a temperature range of 15°C to 120°C, and having
a storage modulus ratio of 0.9 to 1.0 in different states (water-absorbed state and dry state)
at any temperature in the temperature range of 30°C to 65°C in a dynamic viscoelasticity
measurement performed at a frequency of 1.6 Hz. Thus, the polishing pad not only has
excellent thermal stability but also is less likely to change in physical properties in
different usage conditions. As such, the polishing pad of the present invention can meet
the requirements of different polishing processes in the industry and maintain a stable
polishing rate during polishing, thereby providing excellent polishing quality and extended
useful life.

[0013] In order to make the above features and advantages of the present invention more
clearly understood, embodiments are given below with reference to the accompanying

drawings for detailed description.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a flowchart of a polishing method according to an embodiment of the
present invention.
[0015] FIG. 2 is a diagram showing the relationship between temperature and tan o in

the dynamic viscoelasticity measurement in the bending mode of the polishing pad of
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Sample 1 in a dry state.

[0016] FIG. 3 is a diagram showing the relationship between temperature and storage
modulus in the dynamic viscoelasticity measurement in the bending mode of the polishing
pad of Sample 1 in the dry state and the water-absorbed state.

[0017] FIG. 4 is a diagram showing the relationship between temperature and tan o
when the polishing pad of Sample 2 in a dry state is subjected to the dynamic
viscoelasticity measurements in the bending mode and the tensile mode, respectively.
[0018] FIG. 5 is a diagram showing the relationship between temperature and tan o
when the polishing pad of Sample 2 in a water-absorbed state is subjected to the dynamic

viscoelasticity measurements in the bending mode and the tensile mode, respectively.

DESCRIPTION OF THE EMBODIMENTS

[0019] In the specification, scopes represented by “a numerical value to another
numerical value” are schematic representations in order to avoid listing all of the
numerical values in the scopes in the specification. Therefore, the recitation of a specific
numerical range covers any numerical value in the numerical range and a smaller
numerical range defined by any numerical value in the numerical range, such as listing the
any numerical value and the smaller numerical range thereof in the specification.

[0020] As used herein, “about” is inclusive of the stated value and means within an
acceptable range of deviation for the particular value as determined by persons of ordinary
skill in the art, considering the measurement in question and the error associated with
measurement of the particular quantity (i.e., the limitations of the measurement system).
For example, “about” may mean within one or more standard deviations, or within, for

example, £30%, +20%, +15%, £10%, 5% of the stated value. Moreover, a relatively
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acceptable range of deviation or standard deviation may be chosen for the term “about” as
used herein based on measurement properties or other properties, instead of applying one
standard deviation across all the properties.

[0021] In the present embodiment, the polishing pad includes a polishing layer. That
is, in the present embodiment, the polishing pad is a single-layer polishing pad.
However, the present invention is not limited thereto. In other embodiments, the
polishing pad may further include a base layer or an adhesive layer.

[0022] In the present embodiment, in the dynamic viscoelasticity measurement
performed at a frequency of 1.6 Hz, the polishing layer does not have a loss coefficient
(tan d) peak temperature in the temperature range of 15°C to 120°C. The so-called “tan o
peak temperature” refers to the temperature at which tan d reaches its peak in the tan o
distribution curve. The tan 6 peak refers to the fact that the value of tan o increases
below a certain temperature, and decreases when the temperature exceeds the certain
temperature, and thus a tan 6 peak exists. In the present embodiment, in the temperature
range of 15°C to 120°C, the tan J distribution curve of the polishing layer is flat without a
distinct peak (meaning that the tan 6 value increases below a certain temperature and
decreases when the temperature exceeds the certain temperature). In addition, in the
present embodiment, in the dynamic viscoelasticity measurement performed at a
frequency of 1.6 Hz, the tan & change rate of the polishing layer in the temperature range
of 15°C to 120°C is equal to or less than 20% which is calculated according to the
following equation,

tan 0 change rate = |(a maximum value of tan 6 in the temperature range of 15°C to
120°C) - (a minimum value of tan d in the temperature range of 15°C to 120°C)| / (the

maximum value of tan 0 in the temperature range of 15°C to 120°C) x 100%. That is, in
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the present embodiment, within a specific temperature range, the polishing layer has a tan
0 with a small value variation.

[0023] Since tan 6 is an indicator of the balance between elasticity and viscosity
exhibited by the substance being tested in measurement conditions, the fact that the
polishing layer does not have a tan o6 peak temperature and the tan 6 change rate is equal to
or less than 20% in a specific temperature range (i.e., the temperature range of 15°C to
120°C) indicates that the physical properties (such as thermal properties) of the polishing
layer are not significantly affected by changing temperature. That is, in the present
embodiment, the polishing pad can have excellent thermal stability. As a result, when
the polishing pad of the present embodiment is provided to polish an object, it can
maintain a stable polishing rate and thus provide excellent polishing quality and an
extended useful life, and is particularly suitable for high-temperature polishing processes.
[0024] As measurement modes in dynamic viscoelasticity measurement, a tensile mode,
a bending mode, a compression mode, and the like are known. In the present
embodiment, the dynamic viscoelasticity measurement of the polishing layer at a
frequency of 1.6 Hz and a temperature range of 15°C to 120°C may be performed in a
tensile mode or a bending mode. That is, in the present embodiment, the physical
properties of the polishing layer (i.e., the measurement results) do not change when
measurements are performed in different measurement modes.

[0025] From another point of view, in the present embodiment, in the dynamic
viscoelasticity measurement performed at a frequency of 1.6 Hz, the absolute value of the
slope of the distribution curve of the temperature and tan 6 value of the polishing layer in
the temperature range of 15°C to 120°C is less than about 5. That is, in the present

embodiment, in a specific temperature range, the polishing layer has a tan 6 with a small
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value variation. From the perspective of improving the thermal stability of the polishing
pad, the absolute value of the slope of the distribution curve of the temperature and tan o
value of the polishing layer in the temperature range of 45°C to 100°C is preferably close
to 0. In other words, the physical properties of the polishing layer of the polishing pad
are almost unaffected by changing temperature. In actual CMP applications, the
temperature of the polishing layer varies between approximately 25°C and 70°C. The
physical properties of the polishing layer of the present invention are largely unaffected by
temperature fluctuations within the said temperature range, ensuring that the physical
properties of the polishing layer are unlikely to change during the CMP polishing process.
This not only maintains a certain polishing rate but also extends the useful life of the
polishing pad.

[0026] In the present embodiment, the polishing layer has a tan 6 value of less than 0.1
in a temperature range of 15°C to 120°C. Such a low tan & value indicates that the
material has a lower loss modulus and a higher storage modulus, which means that the
material dissipates less energy during deformation and most of the energy is stored rather
than converted into heat energy. Therefore, the material has a higher elastic recovery,
and when the material is provided in a polishing process, the elasticity of the material can
be recovered more quickly between consecutive polishing passes, thereby improving
polishing efficiency.

[0027] In the present embodiment, in a dynamic viscoelasticity measurement performed
at a frequency of 1.6 Hz, the ratio of the storage modulus of the polishing layer in the
water-absorbed state to the storage modulus of the polishing layer in the dry state at any
temperature in the temperature range of 30°C to 65°C is 0.9 to 1.0. In one embodiment,

the “water-absorbed state” refers to a state in which the object to be tested (e.g., polishing
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layer) is immersed in deionized water at 15°C to 40°C for 18 to 36 hours, and the water on
the surface is wiped off. In one embodiment, the “dry state” refers to a state where the
object to be tested (e.g., polishing layer) is placed in a normal atmospheric environment.
That is, in the present embodiment, when the state of the surface of the polishing layer
contacting the object to be tested is different, the physical properties of the surface (i.e.,
measurement results) will not change or will change slightly.

[0028] In some embodiments, there is a need for chemical action brought about by
polishing slurry supplied between the surface of the object to be polished and the
polishing pad in order to do planarization in polishing process.  During the
aforementioned polishing process, the surface of the polishing layer that contacts the
object may be considered to be in a “water-absorbed state.” In other embodiments, there
isn’t a need for supplying polishing slurry between the surface to be polished of the object
and the polishing pad in order to do planarization in polishing process. During the
aforementioned polishing process, the surface of the polishing layer contacting the object
may be considered to be in a “dry state.” As such, since the physical properties of the
polishing layer of the present embodiment are not easily significantly changed by changes
in its surface state, it can meet the requirements of different polishing processes in the
industry and provide excellent polishing quality.

[0029] In the present embodiment, from the perspective of improving the thermal
stability of the polishing pad, the ratio (E’30/E’50) of the storage modulus (E’30) of the
polishing layer in a dynamic viscoelasticity measurement performed at 30°C to the storage
modulus (E’50) of the polishing layer in a dynamic viscoelasticity measurement
performed at 50°C is preferably less than about 1.5, more preferably less than about 1.3.

[0030] In the present embodiment, from the perspective of improving the thermal
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stability of the polishing pad, the ratio (E’30/E’50) of the storage modulus (E’30) of the
polishing layer in a dynamic viscoelasticity measurement performed at 30°C to the storage
modulus (E’90) of the polishing layer in a dynamic viscoelasticity measurement
performed at 90°C is preferably less than 2.5, more preferably less than about 2.0.

[0031] In addition, in the present embodiment, in the dynamic viscoelasticity
measurement performed at a frequency of 1.6 Hz, the storage modulus (E’) value of the
polishing layer in the temperature range of 15°C to 120°C is not limited, but is preferably
about 100 MPa to about 720 MPa. In an embodiment of the present invention, the
change rate of the ratio of the loss modulus E’’ to the storage modulus E’ (i.e., the tan o
value) can be controlled to be equal to or less than 20% by adjusting the values of the loss
modulus E’” and the storage modulus E’. That is, as long as the tan 6 change rate is
equal to or less than 20%, the values of the loss modulus E’’ and the storage modulus E’
are not particularly limited.

[0032] In the present embodiment, the material of the polishing layer included in the
polishing pad is not particularly limited as long as the measurement results of the dynamic
viscoelasticity measurement of the polishing layer satisfy the above-mentioned conditions.
In the present embodiment, the polishing layer is made of a polymer foam, wherein the
polymer foam may be polyurea, polyurethane, urea/urethane copolymer or a combination
thereof. However, the present invention is not limited thereto. In other embodiments,
in addition to the polymer foam, the polishing layer may contain conductive materials,
abrasive particles, micro-spheres, or soluble additives in the polymer foam.

[0033] In one embodiment, the polymer foam includes a reaction mixture formed by an
isocyanate-terminated prepolymer and a curing agent, wherein the isocyanate-terminated

prepolymer is formed by an isocyanate compound and a polyol. In one embodiment, the
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isocyanate compound includes an aliphatic isocyanate compound, an alicyclic isocyanate
compound, or a combination thereof. For example, examples of the isocyanate
compound include isophorone diisocyanate (IPDI), dicyclohexylmethane diisocyanate
(Hi2MDI), or hexamethylene diisocyanate (HDI). It is worth mentioning that, in the
present embodiment, the use of an aliphatic isocyanate compound to prepare the polishing
layer helps to improve the yellowing resistance of the polishing pad, thereby making the
polishing pad suitable for copper processing.

[0034] Examples of the polyol include diol compounds (such as ethylene glycol,
diethylene glycol (DEG), or butanediol), triol compounds and the like; polyether polyol
compounds (such as polypropylene glycol (PPG) or poly(oxytetramethylene) glycol
(PTMQG)); polyester polyol compounds (such as the reaction products of ethylene glycol
and adipic acid or the reaction products of butanediol and adipic acid); polycarbonate
polyol compounds, polycaprolactone polyol compounds, etc. In one embodiment, the
curing agent may be a polyamine compound, for example, at least one selected from the
group consisting of aliphatic amine compounds and aromatic amine compounds. For
example, examples of the polyamine compound include polyetheramine,
diethyltoluenediamine (DETDA), dimethylthiotoluenediamine (DMTDA), and the like.
[0035] In addition, in the present embodiment, the surface of the polishing layer
contacting the object (i.e., the polishing surface) may include a groove pattern, and the
groove pattern may have a variety of different pattern distributions, such as concentric
rings, non-concentric rings, elliptical rings, wavy rings, irregular rings, multiple straight
lines, parallel straight lines, radial straight lines, radial arcs, spirals, polygonal grids, or
combinations thereof, but the present invention is not limited thereto.

[0036] The base layer is used to support the polishing layer in the polishing pad. The
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material of the base layer is, for example, polyurethane, polybutadiene, polyethylene,
polypropylene, a copolymer of polyethylene and ethylene vinyl acetate, or a copolymer of
polypropylene and ethylene vinyl acetate, but the present invention is not limited thereto.
[0037] The adhesive layer is disposed between the polishing layer and the base layer to
bond the polishing layer and the base layer. The adhesive layer includes, but is not
limited to, carrier-free adhesive, double-sided adhesive, hot melt adhesive, or
moisture-hardening adhesive. The material of the adhesive layer is, for example, acrylic
adhesive, silicone adhesive, rubber adhesive, epoxy resin adhesive, or polyurethane
adhesive, but the present invention is not limited thereto.

[0038] FIG. 1 is a flowchart of a polishing method according to an embodiment of the
present invention. This polishing method is suitable for polishing objects. In detail,
this polishing method may be applied to a polishing process for manufacturing an
industrial component, such as a component used in the electronics industries including
semiconductor devices, integrated circuits, micro-electromechanical devices, energy
conversion devices, communication devices, optical devices, disks for storage, and
displays etc., and objects used for manufacturing the components may include
semiconductor wafers, Group III-V wafers, carriers of storage devices, ceramic substrates,
polymer substrates, and glass substrates, etc. However, the invention is not limited
thereto.

[0039] Referring to FIG. 1, first, in step S10, a polishing pad is provided. Specifically,
in the present embodiment, the polishing pad includes the polishing layer in any of the
aforementioned embodiments. The relevant descriptions of the polishing pad have been
explained in detail above, so they will not be repeated here.

[0040] Next, in step S20, a pressure is applied to an object, whereby the object is

-12-



10

15

20

pressed onto the polishing pad and contacts the polishing pad. In detail, as mentioned
above, the object is in contact with the polishing surface of the polishing layer. In
addition, a method of applying pressure to the object is performed by, for example, using a
carrier capable of holding the object.

[0041] Then, in step S30, relative motion is provided to the object and the polishing pad
so as to use the polishing pad to perform a polishing procedure on to achieve the purpose
of planarization. Specifically, a method for providing relative motion between the object
and the polishing pad is performed by, for example, rotating the polishing platen to drive
the polishing pad fixed on the polishing platform to rotate.

[0042] In order to verify that the polishing pad proposed in the present invention has
excellent thermal stability, a dynamic viscoelasticity measurement experiment was
actually conducted. In the experimental measurement, the measurement method and
sample settings used are as follows.

[0043] Sample 1 and Sample 2: each of Sample 1 and Sample 2 is a single-layer
polishing pad (i.e., a polishing pad that includes a polishing layer). The polishing layer is a
polyurethane foam formed by the reaction of an isocyanate-terminated prepolymer formed
by dicyclohexylmethane diisocyanate (Hi2MDI) and poly(tetramethylene glycol) (PTMG)
with the curing agent diethyltoluenediamine (DETDA). Sample 1 and Sample 2 have the
same material formulation but were made in different pouring batches.

[0044] [Dynamic viscoelasticity measurement in bending mode in water-absorbed state]
[0045] First, the polishing pads of Sample 1 and Sample 2 were kept in a constant
temperature and humidity chamber at a temperature of 23°C (£2°C) and a relative
humidity of 50% (£5%) for 40 hours. Next, the polishing pads of Sample 1 and Sample

2 were immersed in deionized water at 25°C for 24 hours, and then the water on the
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surfaces of the polishing layers was wiped off. Thereafter, the dynamic viscoelasticity
measurement of each of the polishing layers was performed in a bending mode in the
following conditions. The dynamic viscoelasticity measuring apparatus used was a
“Q800” manufactured by Waters TA.

Sample size: 35 mm of length x 12.5~13.5 mm of width (width varies
depending on the cutting mold)

Test mode: 3-point bending

Frequency: 1.6 Hz

Temperature range: 25°C~150°C

Heating rate: 2°C/min

Amplitude: 20+1 pm

Initial load: 0 g

Measurement interval: 1 point/°C
[0046] [Dynamic viscoelasticity measurement in bending mode in dry state]
[0047] First, the polishing pads of Sample 1 and Sample 2 were kept in a constant
temperature and humidity chamber at a temperature of 23°C (£2°C) and a relative
humidity of 50% (£5%) for 40 hours. Next, in normal atmospheric conditions, the
dynamic viscoelasticity measurement of each of the polishing layers was performed in a
bending mode in the following conditions. The dynamic viscoelasticity measuring
apparatus used was a “Q800” manufactured by Waters TA.

Sample size: 35 mm of length x 12.5~13.5 mm of width (width varies
depending on the cutting mold)

Test mode: 3-point bending

Frequency: 1.6 Hz
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Temperature range: 25°C~150°C

Heating rate: 2°C/min

Amplitude: 20+1 um

Initial load: 0 g

Measurement interval: 1 point/°C
[0048] [Dynamic viscoelasticity measurement in tensile mode in water-absorbed state]
[0049] First, the polishing pads of Sample 1 and Sample 2 were kept in a constant
temperature and humidity chamber at a temperature of 23°C (£2°C) and a relative
humidity of 50% (£5%) for 40 hours. Next, the polishing pads of Sample 1 and Sample
2 were immersed in deionized water at 25°C for 24 hours, and then the water on the
surfaces of the polishing layers was wiped off. Thereafter, each of the polishing layers
was subjected to the dynamic viscoelasticity measurement in a tensile mode in the
following conditions. The dynamic viscoelasticity measuring apparatus used was a
“Q800” manufactured by Waters TA.

Sample size: 8.0~8.2 mm of length x 5.45~5.70 mm of width (varies depending
on the cutting mold)

Frequency: 1.6 Hz

Temperature range: 25°C~150°C

Heating rate: 2°C/min

Amplitude: 20+1 pm

Tensile load: 0.01 N

Dynamic strain: 125%

Measurement interval: 1 point/°C

[0050] [Dynamic viscoelasticity measurement in tensile mode in dry state]
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[0051] First, the polishing pads of Sample 1 and Sample 2 were kept in a constant
temperature and humidity chamber at a temperature of 23°C (£2°C) and a relative
humidity of 50% (£5%) for 40 hours. Next, in normal atmospheric conditions, the
dynamic viscoelasticity measurement of each of the polishing layers was performed in a
tensile mode in the following conditions. The dynamic viscoelasticity measuring
apparatus used was a “Q800” manufactured by Waters TA.

Sample size: 8.0~8.2 mm of length x 5.45~5.70 mm of width (varies depending
on the cutting mold)

Frequency: 1.6 Hz

Temperature range: 25°C~150°C

Heating rate: 2°C/min

Amplitude: 20+1 pm

Tensile load: 0.01 N

Dynamic strain: 125%

Measurement interval: 1 point/°C
[0052] The results obtained from the above dynamic viscoelasticity measurement
experiments are shown in FIG. 2 to FIG. 5, FIG. 2 is a diagram showing the relationship
between temperature and tan 6 in the dynamic viscoelasticity measurement of the
polishing pad of Sample 1 in a bending mode in a dry state; FIG. 3 is a diagram showing
the relationship between temperature and storage modulus in the dynamic viscoelasticity
measurement of the polishing pad of Sample 1 in a bending mode in the dry state and the
water-absorbed state; FIG. 4 is a diagram showing the relationship between temperature
and tan 6 when the polishing pad of Sample 2 in a dry state is subjected to the dynamic

viscoelasticity measurements in the bending mode and the tensile mode, respectively; FIG.
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5 is a diagram showing the relationship between temperature and tan 6 when the polishing
pad of Sample 2 in a water-absorbed state is subjected to the dynamic viscoelasticity
measurements in the bending mode and the tensile mode, respectively.

[0053] As shown in FIG. 2, it is clearly that the tan & distribution curve of the polishing
pad of Sample 1 is very flat in the temperature range of 15°C to 120°C, with the absolute
value of the slope less than approximately 5. Furthermore, the absolute value of the slope
of the tan 6 distribution curve of the polishing pad of Sample 1 approaches 0 in the
temperature range of 45°C to 100°C. Furthermore, the tan 6 distribution curve shown in
FIG. 2 does not exhibit a distinct peak (meaning that the tan 6 value increases below a
certain temperature but decreases over that temperature). This indicates that the polishing
pad of Sample 1 does not exhibit a loss coefficient (tan §) peak temperature in the
temperature range of 15°C to 120°C. In addition, as shown in FIG. 2, the tan ¢ value in
the temperature range of 15°C to 120°C is less than 0.1, falling between 0.06 and 0.08.
In addition, as shown in FIG. 2, the tan 6 change rate in the temperature range of 15°C to
120°C is equal to or less than 20% which is obtained from the following equation of,

tan 0 change rate = |(a maximum value of tan 6 in the temperature range of 15°C to
120°C) - (a minimum value of tan d in the temperature range of 15°C to 120°C)| / (the
maximum value of tan 0 in the temperature range of 15°C to 120°C) x 100%.

[0054] The results in FIG. 2 demonstrate that the polishing pad of the present
embodiment has excellent thermal stability in the temperature range of 15°C to 120°C. By
providing the polishing pad of the present embodiment to polish an object, it can maintain
a stable polishing rate, thereby providing excellent polishing quality and an extended
useful life, making it particularly suitable for high-temperature polishing processes.

[0055] As shown in FIG. 3, it is clearly that the ratio of the storage modulus of the
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polishing pad in the water-absorbed state to the storage modulus of the polishing layer in
the dry state at any temperature in the temperature range of 30°C to 65°C is 0.9 to 1.0.
This indicates that the storage modulus of the polishing pad exhibits minimal variability in
different usage conditions (water-absorbed state and dry state), demonstrating excellent
thermal stability. This characteristic is particularly important for the CMP polishing
process, where the surface of the polishing pad is wetted by the polishing slurry. In view
of this, since the storage modulus of the polishing pad of the present embodiment does not
significantly change when the surface of the polishing pad is wetted, the polishing pad
maintains stable physical properties during the polishing process, enabling it to meet the
requirements of various polishing processes and maintain a stable polishing rate, thereby
providing excellent polishing quality and an extended useful life.

[0056] As shown in FIG. 4 and FIG. 5, whether in a dry state or in a water-absorbed
state, and measured in a bending mode or a tensile mode, the polishing pad of Sample 2
does not have a tan 6 peak temperature in the measured temperature range. Moreover,
the trends of the tan o distribution curves in different states are very similar. This shows
that even in different usage conditions, the physical properties of the polishing layer of the
polishing pad of the present invention does not be greatly changed by changing
temperature. That is to say, the polishing pad of the present invention can have excellent
thermal stability in different usage conditions.

[0057] Furthermore, although Sample 1 and Sample 2 were produced in different
casting batches, the results of FIG. 2 to FIG. 5 demonstrate that the polishing layer of the
polishing pad of the present invention exhibits consistent physical properties even in
different production batches, indicating that the physical properties are reproducible.

[0058] Although the present invention has been disclosed above in terms of
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knowledge in the art may make slight changes and modifications without departing from
the spirit and scope of the present invention. Therefore, the scope of protection of the

present invention shall be determined by the scope of the appended patent applications.
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CLAIMS

Claim 1:
A polishing pad comprising a polishing layer, wherein:

in a dynamic viscoelasticity measurement performed at a frequency of 1.6 Hz,
the polishing layer does not have a loss coefficient (tan &) peak temperature in a
temperature range of 15°C to 120°C, and

a tan 0 change rate in the temperature range of 15°C to 120°C is equal to or
less than 20% which is obtained from an equation of:

tan O change rate = |[(a maximum value of tan o in the temperature range of
15°C to 120°C) - (a minimum value of tan 6 in the temperature range of 15°C to 120°C)|/

(the maximum value of tan d in the temperature range of 15°C to 120°C) x 100%.

Claim 2:
The polishing pad according to claim 1, wherein the dynamic viscoelasticity

measurement performed at the frequency of 1.6 Hz is a dynamic viscoelasticity

measurement in a bending mode.

Claim 3:
The polishing pad according to claim 1, wherein the dynamic viscoelasticity

measurement performed at the frequency of 1.6 Hz is a dynamic viscoelasticity

measurement in a tensile mode.

Claim 4:
The polishing pad according to claim 1, wherein the tan & value of the

polishing layer in the temperature range of 15°C to 120°C is less than 0.1.

Claim 5:
The polishing pad according to claim 1, wherein a ratio (E’30/E’50) of a
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storage modulus (E’30) of the polishing layer in a dynamic viscoelasticity measurement
performed at 30°C to a storage modulus (E’50) of the polishing layer in a dynamic

viscoelasticity measurement performed at 50°C is less than 1.5.

Claim 6:
The polishing pad according to claim 1, wherein a ratio (E’30/E’90) of a

storage modulus (E’30) of the polishing layer in a dynamic viscoelasticity measurement
performed at 30°C to a storage modulus (E’90) of the polishing layer in a dynamic

viscoelasticity measurement performed at 90°C is less than 2.5.

Claim 7:
The polishing pad according to claim 1, wherein in the dynamic viscoelasticity

measurement performed at the frequency of 1.6 Hz, a storage modulus (E’) of the

polishing layer in the temperature range of 15°C to 120°C is 100 MPa to 720 MPa.

Claim 8:
The polishing pad according to claim 1, wherein in the dynamic viscoelasticity

measurement performed at the frequency of 1.6 Hz, an absolute value of a slope of a
distribution curve of a temperature and the tan & value of the polishing layer in the

temperature range of 15°C to 120°C is less than 5.

Claim 9:
A polishing pad comprising a polishing layer, wherein:

in a dynamic viscoelasticity measurement performed at a frequency of 1.6 Hz,
the polishing layer does not have a tan ¢ peak temperature in a temperature range of 15°C
to 120°C, and

in the dynamic viscoelasticity measurement performed at the frequency of 1.6

Hz, a ratio of a storage modulus of the polishing layer in a water-absorbed state to a
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storage modulus of the polishing layer in a dry state at any temperature in a temperature

range of 30°C to 65°C is 0.9 to 1.0.

Claim 10:
The polishing pad according to claim 9, wherein the polishing layer has a tan o

value of less than 0.1 in the temperature range of 15°C to 120°C.

Claim 11:
The polishing pad according to claim 9, wherein a ratio (E’30/E’50) of a

storage modulus (E’30) of the polishing layer in a dynamic viscoelasticity measurement
performed at 30°C to a storage modulus (E’50) of the polishing layer in a dynamic

viscoelasticity measurement performed at 50°C is less than 1.5.

Claim 12:
The polishing pad according to claim 9, wherein a ratio (E’30/E’90) of a

storage modulus (E’30) of the polishing layer in a dynamic viscoelasticity measurement
performed at 30°C to a storage modulus (E’90) of the polishing layer in a dynamic

viscoelasticity measurement performed at 90°C is less than 2.5.

Claim 13:
The polishing pad according to claim 9, wherein in the dynamic viscoelasticity

measurement performed at the frequency of 1.6 Hz, a storage modulus (E’) of the

polishing layer in the temperature range of 15°C to 120°C is 100 MPa to 720 MPa.

Claim 14:
The polishing pad according to claim 9, wherein in the dynamic viscoelasticity

measurement performed at the frequency of 1.6 Hz, an absolute value of a slope of a
distribution curve of a temperature and a tan & value of the polishing layer in the

temperature range of 15°C to 120°C is less than 5.
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Claim 15:
A polishing method, comprising:

providing a polishing pad, wherein the polishing pad is the polishing pad of
any one of claims 1 to 14;

applying a pressure to an object to press the object onto the polishing pad; and

providing a relative motion between the object and the polishing pad to

perform a polishing procedure.
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