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POLISHING APPARATUS AND POLISHING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention:
[0001] The present invention relates to a technique of measuring a film thickness of a
workpiece while polishing the workpiece (e.g., wafer, substrate, or panel) used in
manufacturing of semiconductor devices, and in particular to a technique of determining a
film thickness of the workpiece based on optical information contained in reflected light
from the workpiece.
Description of the Related Art:
[0002] In a manufacturing process of a semiconductor device, various materials are
repeatedly formed in film shapes on a silicon wafer to form a multilayer structure. In order
to form such multilayer structure, a technique of planarizing a surface of an uppermost layer
of the multilayer structure is important. Chemical mechanical polishing (CMP) is used as
one of such planarizing techniques.
[0003] The chemical mechanical polishing (CMP) is performed by a polishing apparatus.
This type of polishing apparatus generally includes a polishing table that supports a
polishing pad, a polishing head configured to hold a wafer having a film, and a polishing-
liquid supply nozzle configured to supply a polishing liquid (for example, slurry) onto the
polishing pad. The polishing apparatus is configured to supply the polishing liquid from
the polishing-liquid supply nozzle onto the polishing pad while rotating the polishing head
and the polishing table. The polishing head presses a surface of the wafer against the
polishing pad in the presence of the polishing liquid between the wafer and the polishing pad
to thereby polish a film that forms the surface of the wafer.
[0004] In order to measure a thickness of a film, such as insulating film or silicon layer
(hereinafter simply referred to as film thickness), the polishing apparatus may include an
optical film-thickness measuring device. This optical film-thickness measuring device is

configured to direct light emitted by a light source to a surface of a wafer through a sensor
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head, receive reflected light from the wafer with the sensor head, and analyze a spectrum of
the reflected light to determine a film thickness of the wafer. The polishing apparatus can
terminate the polishing of the wafer or change polishing conditions of the wafer based on the
determined film thickness.
[0005] During polishing of the wafer, the polishing liquid and polishing debris are present
on the polishing pad. If the polishing liquid or the polishing debris adheres to the sensor
head, intensity of the light irradiating the wafer and intensity of the reflected light from the
wafer decrease, and as a result, accurately measuring of the film thickness cannot be
achieved. Thus, there is a technique of providing a transparent window between the sensor
head and the wafer. The transparent window is arranged in the polishing pad. The light is
directed through the transparent window onto the wafer, and the reflected light from the
wafer passes through the transparent window and is received by the sensor head. The
transparent window provided in the polishing pad can prevent the polishing liquid and the
polishing debris from contacting the sensor head, thereby ensuring a good optical path.
Citation List
Patent Literature
[0006]

Patent document 1: Japanese laid-open patent publication No. 2017-220683
[0007] After polishing of the wafer, water may be supplied onto the polishing pad in order
to clean the polished surface of the wafer or the polishing pad. However, the water
supplied onto the polishing pad cools the transparent window provided in the polishing pad,
and condensation may occur on an inner surface (back surface) of the transparent window.
In particular, during polishing of the wafer, a temperature of the polishing pad increases due
to friction between the polishing pad and the wafer. If the transparent window is rapidly
cooled with the water after polishing of the wafer, the condensation is likely to occur on the
inner surface (back surface) of the transparent window. The condensation on the inner
surface of the transparent window blocks the passage of light and lowers the accuracy of

measuring of the film thickness during polishing of a subsequent wafer.
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SUMMARY OF THE INVENTION
[0008] The present invention provides a polishing apparatus and a polishing method
capable of preventing condensation on an inner surface of a transparent window provided in
a polishing pad and capable of achieving accurate measuring of a film thickness.
[0009] In an embodiment, there is provided a polishing apparatus comprising: a polishing
pad having a polishing surface; a polishing head configured to press a workpiece against the
polishing surface; a transparent window disposed in the polishing pad; a polishing table
configured to support the polishing pad; an optical sensor head located below the transparent
window and configured to direct light to the workpiece through the transparent window and
receive reflected light from the workpiece through the transparent window; and a cooling
device configured to cool a space between the transparent window and the optical sensor
head.
[0010] In an embodiment, the cooling device has a cooling surface exposed in the space.

In an embodiment, the polishing apparatus further comprises an operation
controller configured to control a cooling operation of the cooling device.

In an embodiment, the operation controller is configured to instruct the cooling
device to start the cooling operation after polishing of the workpiece.

In an embodiment, the operation controller is configured to instruct the cooling
device to start the cooling operation during polishing of the workpiece.

In an embodiment, the operation controller is configured to calculate a temperature
difference by subtracting a temperature in the space from a temperature of the polishing
surface, and control the cooling operation of the cooling device such that the temperature
difference is maintained not less than a threshold value.

In an embodiment, the polishing apparatus further comprises a dehumidifying
device configured to reduce humidity in the space.

[0011] In an embodiment, there is provided a polishing method comprising: polishing a

workpiece by pressing the workpiece against a polishing surface of a polishing pad; during
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polishing of the workpiece, directing light from an optical sensor head to the workpiece
through a transparent window disposed in the polishing pad, and receiving reflected light
from the workpiece through the transparent window by the optical sensor head; and cooling
a space between the transparent window and the optical sensor head by a cooling device.
[0012] In an embodiment, the cooling device has a cooling surface exposed in the space.

In an embodiment, cooling of the space by the cooling device is started after
polishing of the workpiece.

In an embodiment, cooling of the space by the cooling device is started during
polishing of the workpiece.

In an embodiment, the polishing method further comprises calculating a
temperature difference by subtracting a temperature in the space from a temperature of the
polishing surface, wherein cooling the space by the cooling device comprises cooling the
space by the cooling device such that the temperature difference is maintained not less than a
threshold value.

In an embodiment, the polishing method further comprises reducing humidity in the
space.

[0013] According to the present invention, the temperature in the space between the
transparent window and the optical sensor head is lowered by the cooling device. As a
result, a temperature of a dew point in the space is lowered, thus preventing condensation on

the inner surface of the transparent window facing the space.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] FIG. 1 is a schematic diagram showing an embodiment of a polishing apparatus;
FIG. 2 is a schematic diagram showing an example of a spectrum generated by a
spectrum processing device;
FIG. 3 is a cross-sectional view showing one embodiment of an arrangement of a
transparent window and an optical sensor head;

FIG. 4 is a cross-sectional view showing another embodiment of the arrangement
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of the transparent window and the optical sensor head;

FIG. 5 is a schematic diagram showing one embodiment of a cooling device;

FIG. 6 is a schematic diagram showing one embodiment of the cooling device;

FIG. 7 is a cross-sectional view showing still another embodiment of the
arrangement of the transparent window and the optical sensor head;

FIG. 8 is a cross-sectional view showing still another embodiment of the
arrangement of the transparent window and the optical sensor head; and

FIG. 9 is a schematic diagram showing an embodiment of a dehumidifier.

DESCRIPTION OF EMBODIMENTS

[0015] Embodiments of the present invention will be described below with reference to the
drawings.

FIG. 1 is schematic view showing an embodiment of a polishing apparatus. As
shown in FIG. 1, the polishing apparatus includes a polishing table 3 configured to support a
polishing pad 2, a polishing head 1 configured to press a workpiece W (e.g., wafer, substrate,
panel, etc. used in manufacturing of semiconductor devices) against the polishing pad 2, a
table motor 6 configured to rotate the polishing table 3; a polishing-liquid supply nozzle 5
configured to supply a polishing liquid, such as slurry, onto the polishing pad 2, and a pure-
water supply nozzle 8 configured to supply pure water onto the polishing pad 2 after
polishing of the workpiece W. The polishing pad 2 has an upper surface constituting a
polishing surface 2a for polishing the workpiece W.
[0016] The polishing head 1 is coupled to a head shaft 10, and the head shaft 10 is coupled
to a polishing-head motor 18 via a coupling device 17.  Structures of the coupling device 17
are not particularly limited, and may include a combination of pulleys and a belt, a
combination of gears, a combination of sprockets and a chain, or the like. The polishing-
head motor 18 is configured to rotate the polishing head 1 together with the head shaft 10 in
a direction indicated by an arrow. The polishing table 3 is coupled to the table motor 6,

which is configured to rotate the polishing table 3 and the polishing pad 2 in a direction
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indicated by an arrow.

[0017] Polishing of the workpiece W is performed as follows. The polishing-liquid
supply nozzle 5 supplies the polishing liquid onto the polishing surface 2a of the polishing
pad 2 on the polishing table 3, while the polishing table 3 and the polishing head 1 are
rotated in directions indicated by the arrows in FIG. 1. While the workpiece W is being
rotated by the polishing head 1, the workpiece W is pressed by the polishing head 1 against
the polishing surface 2a of the polishing pad 2 in the presence of the polishing liquid on the
polishing pad 2. The surface of workpiece W is polished by a chemical action of the
polishing liquid and a mechanical action of abrasive grains contained in the polishing liquid
and/or the polishing pad 2.

[0018] The polishing apparatus includes a film-thickness measuring device 20 configured
to measure a film thickness of the workpiece W. The film-thickness measuring device 20
includes a light source 22 configured to emit light, an optical sensor head 32 configured to
direct the light, emitted by the light source 22, to the workpiece W and receive reflected light
from the workpiece W, a spectrometer 40 coupled to the optical sensor head 32, a spectrum
processing device 45 configured to determine a film thickness of the workpiece W based on
intensity measurement data of the reflected light from the workpiece W, and a transparent
window 33 arranged above the optical sensor head 32. The transparent window 33 is
arranged in the polishing pad 2, and the optical sensor head 32 is mounted to the polishing
table 3. The transparent window 33 and the optical sensor head 32 rotate together with the
polishing table 3.

[0019] Each time the polishing table 3 makes one rotation, the light emitted by the light
source 22 is transmitted to the optical sensor head 32 and is directed from the optical sensor
head 32 to the surface of the workpiece W. The light reflects off the surface of the
workpiece W and the reflected light from the surface of the workpiece W is received by the
optical sensor head 32 and transmitted to the spectrometer 40. The spectrometer 40
decomposes the reflected light according to wavelengths over a predetermined wavelength

range and measures the intensity of the reflected light at each wavelength to generate the
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intensity measurement data of the reflected light. The intensity measurement data of the
reflected light is sent from the spectrometer 40 to the spectrum processing device 45.

[0020] The spectrum processing device 45 i1s configured to produce a spectrum of the
reflected light of the workpiece W from the intensity measurement data of the reflected light.
This spectrum of the reflected light is expressed as a line graph (i.e., a spectral waveform)
indicating a relationship between the wavelength and the intensity of the reflected light.
The intensity of the reflected light can also be represented by a relative value, such as a
reflectance or a relative reflectance.

[0021] The spectrum processing device 45 includes a memory 45a storing programs
therein, and an arithmetic device 45b configured to perform arithmetic operations according
to instructions included in the programs. The spectrum processing device 45 is composed
of at least one computer. The memory 45a includes a main memory, such as random-
access memory (RAM), and an auxiliary memory, such as a hard disk drive (HDD) or a
solid-state drive (SSD). Examples of the arithmetic device 45b include a CPU (central
processing unit) and a GPU (graphic processing unit).  However, the specific
configurations of the spectrum processing device 45 are not limited to these examples.
[0022] FIG. 2 is a diagram showing an example of a spectrum created by the spectrum
processing device 45. The spectrum is represented as a line graph (i.e., a spectral
waveform) showing the relationship between the wavelength and intensity of light. In FIG.
2, horizontal axis represents wavelength of the light reflected from the workpiece, and
vertical axis represents relative reflectance derived from the intensity of the reflected light.
The relative reflectance is an index value that represents the intensity of the reflected light.
Specifically, the relative reflectance is a ratio of the intensity of the light to a predetermined
reference intensity. By dividing the intensity of the light (i.e., the actually measured
intensity) at each wavelength by a predetermined reference intensity, unwanted noises, such
as a variation in the intensity inherent in an optical system or the light source of the
apparatus, are removed from the actually measured intensity.

[0023] In the example shown in FIG. 2, the spectrum of the reflected light is a spectral
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waveform showing the relationship between the relative reflectance and the wavelength of
the reflected light. The spectrum of the reflected light may be a spectral waveform
showing a relationship between the intensity itself of the reflected light and the wavelength
of the reflected light.

[0024] The spectrum processing device 45 is configured to receive the intensity
measurement data of the reflected light from the workpiece W during one rotation of the
polishing table 3 and generate the spectrum of the reflected light from the intensity
measurement data. The spectrum processing device 45 is configured to determine the film
thickness of workpiece W from the spectrum of the reflected light. Known technique is
used for a method of determining the film thickness of the workpiece W based on the
spectrum. For example, the spectrum processing device 45 determines a reference
spectrum in a reference spectrum library that is closest in shape to the spectrum of the
reflected light, and determines a film thickness associated with the determined reference
spectrum. In another example, the spectrum processing device 45 performs a Fourier
transform on the spectrum of the reflected light and determines a film thickness from a
frequency spectrum obtained.

[0025] Details of the film-thickness measuring device 20 will be described with reference
to FIG. 1. The spectrometer 40 has a photodetector 41. In one embodiment, the
photodetector 41 comprises a photodiode, CCD, CMOS, or InGaAs (indium-gallium-
arsenide) sensor. The optical sensor head 32 is optically coupled to the light source 22 and
the photodetector 41. The photodetector 41 is electrically coupled to the spectrum
processing device 45.

[0026] The film-thickness measuring device 20 includes a light-emitting optical fiber cable
51 configured to direct the light, emitted by the light source 22, to the surface of the
workpiece W, and a light-receiving optical fiber cable 56 configured to receive the reflected
light from the workpiece W and transmit the reflected light to the spectrometer 40. An end
of the light-emitting optical fiber cable 51 and an end of the light-receiving optical fiber

cable 56 are located in the polishing table 3. The optical sensor head 32 is composed of the
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end of the light-emitting optical fiber cable 51 and the end of the light-receiving optical fiber
cable 56.

[0027] The light source 22 transmits the light through the light-emitting optical fiber cable
51 to the optical sensor head 32, which directs the light through the transparent window 33
to the workpiece W. The reflected light from the workpiece W travels through the
transparent window 33 and is received by the optical sensor head 32. Further, the reflected
light from the workpiece W is sent to the spectrometer 40 through the light-receiving optical
fiber cable 56. The spectrometer 40 resolves the reflected light according to its
wavelengths and measures the intensity of the reflected light at each wavelength over a
predetermined wavelength range. The spectrometer 40 sends the intensity measurement
data of the reflected light to the spectrum processing device 45. The spectrum processing
device 45 generates a spectrum of the reflected light from the intensity measurement data of
the reflected light and determines the film thickness of the workpiece W based on the
spectrum of the reflected light.

[0028] FIG. 3 is a cross-sectional view showing one embodiment of an arrangement of the
transparent window 33 and the optical sensor head 32. As shown in FIG. 3, the optical
sensor head 32 is installed in the polishing table 3, and the transparent window 33 is
arranged in a through-hole 34 formed in the polishing pad 2. The transparent window 33
completely closes the through-hole 34 of the polishing pad 2, thereby preventing the
polishing liquid and the polishing debris from contacting the optical sensor head 32.

[0029] A space 60 is formed in the polishing pad 2. The space 60 is defined by an inner
surface (or a back surface) 33a of the transparent window 33, the through-hole 34 of the
polishing pad 2, and the polishing table 3. This space 60 is a closed space. The space 60
is located between the transparent window 33 and the optical sensor head 32. The inner
surface 33a of the transparent window 33 and the optical sensor head 32 face the space 60.
An outer surface of the transparent window 33 is at a position slightly lower than the
polishing surface 2a of the polishing pad 2.

[0030] The optical sensor head 32, which constituted of the end of the light-emitting
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optical fiber cable 51 and the end of the light-receiving optical fiber cable 56, emits the light
to the workpiece W through the space 60 and the transparent window 33. The reflected
light from the workpiece W travels through the transparent window 33 and the space 60 and
is received by the optical sensor head 32. The transparent window 33 is made of a material
that allows the light to transmit therethrough. Although the material of the transparent
window 33 is not particularly limited, the transparent window 33 may be made of
transparent resin.

[0031] The polishing apparatus has a cooling device 63 configured to cool the space 60.
The cooling device 63 has a cooling surface 63a exposed to the space 60. Examples of the
cooling device 63 include a cooling element, a combination of a cooling element and a
thermally conductive material, a water-cooling device, and the like. Examples of the
cooling element include a Peltier element. Examples of the thermally conductive material
include metal, such as copper, aluminum, or stainless steel.

[0032] In the embodiment shown in FIG. 3, the Peltier element is used as the cooling
device 63. A part of the Peltier element that constitutes the cooling device 63 is located in
the space 60 and other part of the Peltier element is located in the polishing table 3. More
specifically, the cooling surface 63a of the Peltier element is exposed in the space 60 and a
heat radiation surface 63b of the Peltier element is located in the polishing table 3.

[0033] Although not shown in the drawings, in one embodiment, a cooling surface of at
least one cooling element (for example, a Peltier element) may be in contact with the heat
radiation surface 63b of the cooling element (the Peltier element in this embodiment) that
constitutes the cooling device 63 shown in FIG. 3, so that the cooling device 63 may be
configured with a plurality of stacked cooling elements. The plurality of stacked cooling
elements can sequentially transfer heat of the space 60. In another embodiment, a water-
cooling device may be in contact with the heat radiation surface 63b of the cooling element
that constitutes the cooling device 63 shown in FIG. 3.

[0034] The cooling device 63 is coupled to an operation controller 65, so that a cooling

operation of the cooling device 63 is controlled by the operation controller 65. The
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operation controller 65 includes a memory 65a storing programs therein, and an arithmetic
device 65b configured to perform arithmetic operations according to instructions included in
the programs. The operation controller 65 is composed of at least one computer. The
memory 65a includes a main memory, such as random-access memory (RAM), and an
auxiliary memory, such as a hard disk drive (HDD) or a solid-state drive (SSD). Examples
of the arithmetic device 65b include a CPU (central processing unit) and a GPU (graphic
processing unit). However, the specific configurations of the operation controller 65 are
not limited to these examples.

[0035] During polishing of the workpiece W, a temperature of the polishing pad 2
increases due to friction between the polishing pad 2 and the workpiece W. After polishing
of the workpiece W, pure water is supplied from the pure-water supply nozzle § onto the
polishing surface 2a of the polishing pad 2 for the purpose of cleaning the polished surface
of the workpiece W, cleaning the polishing pad 2, or dressing the polishing pad 2. With the
supply of the pure water, the temperature of the transparent window 33 is lowered. As a
result, dew condensation may occur on the inner surface (back surface) 33a of the
transparent window 33. The condensation on the inner surface 33a of the transparent
window 33 impedes the passage of light and lowers the accuracy of measuring of the film
thickness during polishing of a subsequent workpiece.

[0036] Thus, in order to prevent the condensation on the inner surface 33a of the
transparent window 33, the operation controller 65 instructs the cooling device 63 to cool the
space 60. Cooling the space 60 by the cooling device 63 lowers a temperature of a dew
point in the space 60, thereby preventing the condensation on the inner surface 33a of the
transparent window 33 facing the space 60.

[0037] The operation controller 65 is configured to instruct the cooling device 63 to start
its cooling operation after the workpiece W has been polished. For example, after
polishing of the workpiece W and before or at the same time as the pure water is supplied
onto the polishing pad 2, the operation controller 65 instructs the cooling device 63 to start

the cooling operation.
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[0038] In one embodiment, the operation controller 65 may be configured to instruct the
cooling device 63 to start the cooling operation when the workpiece W is being polished.
During polishing of the workpiece W, the temperature in the space 60 rises due to heat of the
frictional between the polishing pad 2 and the workpiece W. When the temperature in the
space 60 rises, the condensation is likely to occur on the inner surface 33a of the transparent
window 33 as the transparent window 33 is cooled with the pure water after polishing of the
workpiece W. Therefore, the operation controller 65 instructs the cooling device 63 to cool
the space 60 during polishing of the workpiece W, so that the temperature in the space 60
(i.e., the temperature of the dew point) is lowered. Such operation can prevent the
condensation on the inner surface 33a of the transparent window 33 facing the space 60
when the transparent window 33 is cooled with the pure water after the workpiece W is
polished.

[0039] FIG. 4 is a cross-sectional view showing another embodiment of the arrangement
of the transparent window 33 and the optical sensor head 32. Configurations and
operations of the present embodiment, which will not be particularly described, are the same
as those of the embodiments described with reference to FIG. 3, and repetitive descriptions
thereof will be omitted. In the embodiment shown in FIG. 4, the polishing apparatus
includes a pad surface temperature measuring device 67 configured to measure the
temperature of the polishing surface 2a of the polishing pad 2 (and the temperature of the
transparent window 33), and an internal temperature measuring device 68 configured to
measure the temperature in the space 60.

[0040] The pad surface temperature measuring device 67 may be a non-contact
temperature sensor arranged above the polishing pad 2. For example, an infrared
temperature sensor can be used as the pad surface temperature measuring device 67. The
internal temperature measuring device 68 is located in the space 60. Arrangement and
configuration of the internal temperature measuring device 68 are not particularly limited as
long as the internal temperature measuring device 68 can measure the temperature in the

space 60.
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[0041] The pad surface temperature measuring device 67 and the internal temperature
measuring device 68 are coupled to the operation controller 65, and a measured value of the
temperature of the polishing surface 2a and a measured value of the temperature in the space
60 are sent to the operation controller 65. The operation controller 65 is configured to
control the cooling operation of the cooling device 63 based on the measured value of the
temperature of the polishing surface 2a and the measured value of the temperature of the
space 60. More specifically, the operation controller 65 calculates a temperature difference
by subtracting the measured value of the temperature of the space 60 from the measured
value of the temperature of the polishing surface 2a, and controls the cooling operation of the
cooling device 63 such that the temperature difference is maintained not less than a threshold
value.

[0042] Such cooling operation can keep the temperature in the space 60 lower than the
temperature of the polishing surface 2a at all times, thereby preventing the condensation on
the inner surface 33a of the transparent window 33 facing the space 60. The threshold
value for preventing the condensation tends to depend on an environment in which the
polishing apparatus is placed, and therefore the threshold value may be determined from
condensation observation data obtained in past polishing operations.

[0043] FIG. 5 is a schematic diagram showing another embodiment of the cooling device
63. Configurations and operations of the present embodiment, which will not be
particularly described, are the same as those of the embodiments described with reference to
FIG. 3, and repetitive descriptions thereof will be omitted. In this embodiment, the cooling
device 63 includes a combination of a cooling element 73 and a thermally conductive
material 75. More specifically, the entire cooling element 73 is located below the space 60
and outside the space 60. The thermally conductive material 75 is in contact with the
cooling surface 73a of the cooling element 73. A part of the thermally conductive material
75 is located in the space 60 and other part of the thermally conductive material 75 is located
in the polishing table 3.  More specifically, a part of the thermally conductive material 75 is

exposed in the space 60, and the cooling surface 63a of the cooling device 63 is composed of
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the exposed surface of the thermally conductive material 75. Examples of the cooling
element 73 include a Peltier element, and examples of the thermally conductive material 75
include metal, such as copper, aluminum, or stainless steel.

[0044] According to the embodiment shown in FIG. 5, the thermally conductive material
75 is cooled by the cooling element 73, and the space 60 is cooled by the thermally
conductive material 75. Since the entire cooling element 73, such as a Peltier element, is
embedded in the polishing table 3, it is advantageous that heat radiated from the cooling
element 73 is less likely to be transmitted to the space 60.

[0045] Although not shown in the drawings, in one embodiment, a cooling surface of at
least one cooling element may be in contact with the heat radiation surface 73b of the
cooling device 73, so that the cooling device 63 may be configured with a plurality of
stacked cooling elements. The plurality of stacked cooling elements can sequentially
transfer heat of the space 60. In another embodiment, a water-cooling device may be in
contact with the heat radiation surface 73b of the cooling device 73.

[0046] FIG. 6 is a schematic diagram showing still another embodiment of the cooling
device 63. Configurations and operations of the present embodiment, which will not be
particularly described, are the same as those of the embodiments described with reference to
FIG. 3, and repetitive descriptions thereof will be omitted. In this embodiment, a water-
cooling device is used as the cooling device 63. More specifically, the cooling device 63
includes a cooling-liquid flow passage 77 through which a cooling liquid, such as water,
flows, and a thermally conductive material 78. At least a part of the thermally conductive
material 78 is exposed in the space 60. The cooling-liquid flow passage 77 is located right
below the space 60 and extends through the thermally conductive material 78.

[0047] In this embodiment, a part of the thermally conductive material 78 is located in the
space 60 and other part of the thermally conductive material 78 is located in the polishing
table 3. In one embodiment, the entire thermally conductive material 78 may be located in
the space 60. The cooling surface 63a of the cooling device 63 is composed of an exposed

surface of the thermally conductive material 78. The cooling liquid flowing through the
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cooling-liquid flow passage 77 cools the thermally conductive material 78, which can cool
the interior of the space 60.

[0048] A flow control valve 79 is provided in the cooling-liquid flow passage 77, so that a
flow rate of the cooling liquid flowing through the cooling-liquid flow passage 77 is
regulated by the flow control valve 79. The flow control valve 79 is electrically coupled to
the operation controller 65, and an operation of the flow control valve 79 is controlled by the
operation controller 65.

[0049] The embodiments described with reference to FIG. 4 are applicable to the
embodiments described with reference to FIGS. 5 and 6.

[0050] FIG. 7 is a cross-sectional view showing still another embodiment of the
arrangement of the transparent window 33 and the optical sensor head 32. Configurations
and operations of the present embodiment, which will not be particularly described, are the
same as those of the embodiments described with reference to FIG. 4, and repetitive
descriptions thereof will be omitted. In the embodiment shown in FIG. 7, the polishing
apparatus includes a dehumidifying device 85 configured to reduce a humidity in the space
60. The dehumidifying device 85 is arranged in the space 60. Specific examples of the
dehumidifying device 85 include a dehumidifying element having a solid polymer
electrolyte membrane, a dry-gas dehumidifier configured to supply dry gas into the space 60,
a dehumidifying agent, such as silica gel, and a combination thereof.

[0051] In this embodiment, the dehumidifying device 85 is composed of a dehumidifying
element having a solid polymer electrolyte membrane. The dehumidifying device 85 is
coupled to the operation controller 65, and a dehumidifying operation of the dehumidifying
device 85 is controlled by the operation controller 65. The dehumidifying device 85 can
remove moisture from the space 60, and can therefore prevent the condensation on the inner
surface 33a of the transparent window 33 facing the space 60.

[0052] In one embodiment, as shown in FIG. 8, the polishing apparatus may further
include a humidity measuring device 86 configured to measure the humidity in the space 60.

The humidity measuring device 86 is arranged in the space 60. The humidity measuring
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device 86 is coupled to the operation controller 65 so that a measured value of the humidity
in the space 60 is transmitted to the operation controller 65. The operation controller 65 is
configured to control the dehumidifying operation of the dehumidifying device 85 based on
the measured value of humidity in the space 60.

[0053] FIG. 9 is a schematic diagram showing another embodiment of the dehumidifying
device 85. In this embodiment, the dehumidifying device 85 comprises a combination of a
dry-gas dehumidifier and a dehumidifying agent. More specifically, the dehumidifying
device 85 includes a dry-gas circulation line 90 through which dry gas (e.g., air) flows, a
dehumidifying agent 92 provided in the dry-gas circulation line 90, and a fan 95 configured
to deliver the dry gas in the dry-gas circulation line 90. Examples of the dehumidifying
agent 92 include silica gel.

[0054] The dry-gas circulation line 90 opens in the space 60 and communicates with the
space 60. When the fan 95 is in operation, the dry gas (e.g., air) flows from the dry-gas
circulation line 90 into the space 60, fills the space 60, and then flows from the space 60 into
the dry-gas circulation line 90. The dry gas that has flowed through the space 60 contacts
the dehumidifying agent 92 and is dehumidified by the dehumidifying agent 92. The
dehumidified dry gas flows into the space 60 again from the dry-gas circulation line 90. In
this manner, the dry gas circulates between the space 60 and the dehumidifying agent 92.
In one embodiment, instead of the dehumidifying agent 92, a dehumidifying element having
a solid polymer electrolyte membrane may be provided.

[0055] The embodiments described with reference to FIG. 8 can be applied to the
embodiments described with reference to FIG. 9. The embodiments described with
reference to FIGS. 7 to 9 may be combined with any of the embodiments described with
reference to FIGS. 3 to 6.

[0056] In the embodiments described so far, the polishing apparatus includes one set of
transparent windows 33 and optical sensor heads 32, while the polishing apparatus in
another embodiment may include plural sets of transparent windows 33 and optical sensor

heads 32.
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[0057] The previous description of embodiments is provided to enable a person skilled in
the art to make and use the present invention. Moreover, various modifications to these
embodiments will be readily apparent to those skilled in the art, and the generic principles
and specific examples defined herein may be applied to other embodiments. Therefore, the
present invention is not intended to be limited to the embodiments described herein but is to

be accorded the widest scope as defined by limitation of the claims.
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What is claimed is:

1. A polishing apparatus comprising:

a polishing pad having a polishing surface;

a polishing head configured to press a workpiece against the polishing surface;

a transparent window disposed in the polishing pad;

a polishing table configured to support the polishing pad;

an optical sensor head located below the transparent window and configured to
direct light to the workpiece through the transparent window and receive reflected light from
the workpiece through the transparent window; and

a cooling device configured to cool a space between the transparent window and

the optical sensor head.

2. The polishing apparatus according to claim 1, wherein the cooling device has a

cooling surface exposed in the space.

3. The polishing apparatus according to claim 1, further comprising an operation

controller configured to control a cooling operation of the cooling device.

4. The polishing apparatus according to claim 3, wherein the operation controller is
configured to instruct the cooling device to start the cooling operation after polishing of the

workpiece.

5. The polishing apparatus according to claim 3, wherein the operation controller is
configured to instruct the cooling device to start the cooling operation during polishing of the

workpiece.

6. The polishing apparatus according to claim 3, wherein the operation controller is
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configured to calculate a temperature difference by subtracting a temperature in the space
from a temperature of the polishing surface, and control the cooling operation of the cooling

device such that the temperature difference is maintained not less than a threshold value.

7. The polishing apparatus according to claim 1, further comprising a

dehumidifying device configured to reduce humidity in the space.

8. A polishing method comprising:

polishing a workpiece by pressing the workpiece against a polishing surface of a
polishing pad;

during polishing of the workpiece, directing light from an optical sensor head to the
workpiece through a transparent window disposed in the polishing pad, and receiving
reflected light from the workpiece through the transparent window by the optical sensor
head; and

cooling a space between the transparent window and the optical sensor head by a

cooling device.

9. The polishing method according to claim 8, wherein the cooling device has a

cooling surface exposed in the space.

10. The polishing method according to claim 8, wherein cooling of the space by the

cooling device is started after polishing of the workpiece.

11. The polishing method according to claim 8, wherein cooling of the space by the

cooling device is started during polishing of the workpiece.

12. The polishing method according to claim 8, further comprising:

calculating a temperature difference by subtracting a temperature in the space from
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a temperature of the polishing surface,
wherein cooling the space by the cooling device comprises cooling the space by the
cooling device such that the temperature difference is maintained not less than a threshold

value.

13. The polishing method of claim 8, further comprising reducing humidity in the

space.
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