Description
Title of the Invention
LIGHT TRANSMITTING MEMBER, POLISHING PAD, AND SUBSTRATE

POLISHING APPARATUS

Technical Field
[0001]
The present disclosure relates to a light transmitting member, a polishing pad,

and a substrate polishing apparatus.

Background
[0002]

In the related art, there has been known a substrate polishing apparatus which
detects the progress of polishing via a light transmitting member formed on a polishing
pad. The light transmitting member is formed to pass light from or to an optical
sensor. For example, Patent Document 1 (Japanese Patent Application Publication No.
2010-528885) discloses a window formed on a polishing pad using a polyurethane

polymer.

Prior Art
Patent Document
[0003]

Patent Document 1: Japanese Patent Application Publication No. 2010-528885

Summary



Problems to be solved
[0004]

In the apparatus discloses in Patent Document 1, when the substrate polishing
apparatus is driven, not only polishing of a substrate but also wear of a polishing pad
and a light transmitting member occur. The wear of the polishing pad and the light
transmitting member may be considered to be particularly remarkable at the time of
dressing of the polishing pad. It may be considered that optical characteristics of the
light transmitting member change when the wear of the light transmitting member
occurs. For example, when the light transmitting member wears and the surface thereof
is damaged, the light transmittance of the light transmitting member may
decrease. Hereinafter, change in the optical characteristics of the light transmitting
member due to wear is referred to as “deterioration of the light transmitting
member.” The deterioration of the light transmitting member may cause an error in
measurement by the optical sensor.

[0005]

For example, it may be considered that multiple scratches with random
orientations and/or depths, for example, are generated on the surface of the light
transmitting member. The generation of the scratches with random orientations and/or
depths may cause the light transmittance of the light transmitting member to decrease
over time, and the quality of detection data obtained by the optical sensor may become
unstable. In addition, when the deterioration rate of the light transmitting member is
faster than the wear rate of the polishing pad, there is a possibility that a large error
occurs in measurement by the optical sensor although the polishing pad is still
usable. The larger the error in measurement by an optical sensor, the more the

polishing pad with the deteriorated light transmitting member may be considered to be



no longer practical.
[0006]

In Patent Document 1, the light transmitting member is formed by curing a
liquid polymer in a hole in the polishing pad. In Patent Document 1, since the light
transmitting member and the polishing pad are considered to be strongly bonded to each
other at the time of curing the polymer, it is virtually impossible to separate the
polishing pad and the light transmitting member from each other without damaging the
polishing pad. Thus, when the light transmitting member is deteriorated before the
polishing pad wears in Patent Document 1, it may be considered that the entire
polishing pad needs to be replaced although the polishing pad is still usable.
Replacement of the polishing pad that is still usable may shorten the replacement cycle
of the polishing pad and may increase the running cost of the substrate polishing
apparatus.

[0007]

Accordingly, the present application is to provide a polishing pad having a
novel configuration in order to solve at least some of the subjects described above.
[0008]

The present application discloses, as an embodiment, a light transmitting
member including two bottom surfaces, a side surface between the two bottom surfaces,

and a screw thread formed on the side surface.

Brief Description of the Drawings
[0009]
FIG. 1 is a front cross-sectional view of a substrate polishing apparatus.

FIG. 2 is an enlarged view of a polishing table and a polishing pad illustrating a



state where a light transmitting member is detached from the polishing pad.

FIG. 3 is a top view of the light transmitting member.

FIG. 4 is an enlarged view of the polishing table and the polishing pad for
illustrating a tapered light transmitting member in a state where the light transmitting
member is detached from the polishing pad.

FIG. 5 is a top view of the polishing table having indicators.

FIG. 6A is a view illustrating the indicators observed through the light
transmitting member that is not deteriorated.

FIG. 6B is a view illustrating the indicators observed through the deteriorated
light transmitting member.

FIG. 7 is a view illustrating a light transmitting member according to a third

embodiment.

Detailed Description
[0010]

<< First Embodiment >>

<As for Outline of Substrate Polishing Apparatus 100>

FIG. 1 is a front cross-sectional view of a substrate polishing apparatus 100
according to a first embodiment. However, the drawings used for description in the
present application are schematic views. The dimensions, shapes, and positions, for
example, of elements represented in the respective drawings do not necessarily
correspond to the dimensions, shapes, and positions, for example, of actual device
elements.
[0011]

The substrate polishing apparatus 100 of FIG. 1 is a chemical mechanical
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polishing (CMP) apparatus. The substrate polishing apparatus 100 may be an apparatus
other than a CMP apparatus as long as the apparatus measures the progress of polishing
with a detector from the lower surface of a polishing table. The substrate polishing
apparatus 100 includes a polishing table 110, an optical sensor 120, a polishing head
130, and a polishing liquid supply mechanism 140. A polishing pad 150 is detachably
attached to the upper surface of the polishing table 110. A substrate 131 is detachably
attached to the lower surface of the polishing head 130. The substrate polishing
apparatus 100 is capable of measuring the progress of polishing of the substrate 131 by
the optical sensor 120 while polishing the substrate 131.
[0012]

<As for Polishing Table 110>

The polishing table 110 is configured to be rotatable in at least one direction by,
for example, a motor (not illustrated). The polishing table 110 may not be rotatable
according to the type of the substrate polishing apparatus 100. The polishing table 110
is formed with a table opening 111 for passage of at least a portion of the optical sensor
120 and/or sensing light of the optical sensor 120. In addition, the “sensing light”
refers to “incident light directed from the optical sensor 120 toward a polished surface
132 of the substrate 131" and “reflected light directed from the substrate 131 toward the
optical sensor 120.” Here, the “reflected light” mentioned herein refers to light
generated by reflection of the incident light on the polishing surface 132 of the substrate
131. In addition, “the polished surface 132 of the substrate 131" refers to the surface of
the substrate 131 to be polished, i.e., the surface of the substrate 131 to be in contact
with the polishing pad 150.
[0013]

<As for Optical Sensor 120>



The optical sensor 120 is a sensor for measuring the progress of polishing of the
substrate 131. Specifically, the optical sensor 120 emits light to the polished surface
132 of the substrate 131 and measures optical characteristics of the reflected
light. Since the optical characteristics of the reflected light may change according to
the state of the polished surface 132 of the substrate 131, the progress of polishing may
be measured by measuring the optical characteristics of the reflected light. The optical
sensor 120 may be a sensor that measures the amount of polishing of the substrate
131. The optical sensor 120 may be a sensor that detects the end point of polishing of
the substrate 131. In FIG. 1, one optical sensor 120 is provided near the edge of the
polishing table 110. However, the number and position of optical sensors 120 are not
limited to the example illustrated in FIG. 1. The optical sensor 120 of FIG. 1 is a non-
liquid-sealed sensor. However, the optical sensor 120 may be liquid-sealed. As
described later, when the optical sensor 120 is liquid-sealed, a light transmitting
member 151 may be detached from the polishing pad 150.

[0014]

The optical sensor 120 includes a sensor body 121, an incident light optical
fiber 122, and a reflected light optical fiber 123. In FIG. 1, the sensor body 121 is
provided on the underside of the polishing table 110. The sensor body 121 includes a
light source (not illustrated) for emitting light toward the incident light optical fiber 122
and a photodetector (not illustrated) for measuring the reflected light that has passed
through the reflected light optical fiber 123. The incident light optical fiber 122 and
the reflected light optical fiber 123 extend from the sensor body 121. The incident light
optical fiber 122 and the reflected light optical fiber 123 extend upward of the polishing
table 110 from the underside of the polishing table 110 and reach the inside of the table

opening 111. The positions of the upper ends of the incident light optical fiber 122 and



the reflected light optical fiber 123 are slightly lower than the upper surface of the
polishing table 110.
[0015]

Wiring (not illustrated) may be formed to supply power to the sensor body 121
and to transmit a signal from the sensor body 121. The wiring may be connected to the
sensor body 121 via a rotary joint (not illustrated). The signal from the sensor body
121 may be received by a controller (not illustrated). By adopting, for example, a
wireless transmission technology, the formation of the wiring may be omitted. The
controller which has received a signal from the sensor body 121 indicating that “the
substrate 131 has been polished by a predetermined amount” or “the polishing of the
substrate 131 has reached the end point” may stop the polishing of the substrate 131 by
controlling the substrate polishing apparatus 100 so as to execute at least one step
among the following steps (1) to (4) of: (1) lifting the polishing head 130; (2) stopping
rotation of the polishing head 130; (3) stopping rotation of the polishing table 110; and
(4) stopping supply of a polishing liquid from the polishing liquid supply mechanism
140.

[0016]

In addition, the configuration of the optical sensor 120 is merely
illustrative. Other configurations of the optical sensor 120 may be used. For example,
the optical sensor 120 may include a greater number of optical fibers. A fixed head for
fixing the incident light optical fiber 122 and the reflected light optical fiber 123 may be
provided. A nozzle may be provided at the tip of each of the incident light optical
fiber 122 and the reflected light optical fiber 123 in order to correctly guide light from
or to each fiber.

[0017]



<As for Polishing Head 130>

The polishing head 130 is provided above the polishing table 110 so as to face
the polishing table 110. The substrate 131 is detachably attached to the lower surface
of the polishing head 130. The polishing head 130 is configured to be rotatable in at
least one direction, more particularly, in the same direction as the rotation direction of
the polishing table 110, for example, by a motor (not illustrated). The polishing head
130 is configured to be vertically movable, for example, by a vertical movement
mechanism (not illustrated). When the polishing head 130 is lowered by the vertical
movement mechanism, the substrate 131 is pressed against the polishing pad 150. The
substrate 131 is polished when any one of the polishing head 130 and the polishing table
110, more particularly, both the two are rotated in a state where the substrate 131 is
pressed against the polishing pad 150.
[0018]

<As for Polishing Liquid Supply Mechanism 140>

The polishing liquid supply mechanism 140 is provided above the polishing
table 110. The tip of the polishing liquid supply mechanism 140 is in the form of a
nozzle and is capable of supplying a polishing liquid (slurry), for example, toward the
polishing pad 150. The polishing liquid supply mechanism 140 may supply a cleaning
liquid and/or a chemical solution without being limited to the polishing liquid. Unlike
the configuration of FIG. 1, a configuration in which the polishing liquid is supplied
from the lower surface of the polishing table 110 or a configuration in which the
polishing liquid is supplied from the inside of the polishing head 130 may be employed.
[0019]

<As for Polishing Pad 150>

The polishing pad 150 is a plate-shaped member attached to the upper surface



of the polishing table 110. In addition, the polishing pad 150 may be expressed as a
“cloth-shaped member” according to the material and thickness of the polishing pad 150.
In general, the polishing pad 150 is formed of an opaque material (e.g., polyurethane
foam). Here, the surface of the polishing pad 150 to be in contact with the substrate
131 is referred to as “a polishing surface 153 of the polishing pad 150.”

[0020]

The light transmitting member 151 is formed on the polishing pad 150 to
transmit the sensing light. The light transmitting member 151 is formed so as to be
positioned above the table opening 111 when the polishing table 110 is correctly
attached to the polishing pad 150. When a plurality of optical sensors 120 and table
openings 111 for the optical sensors 120 are provided, a plurality of light transmitting
members 151 may also be formed.

[0021]

The light transmitting member 151 is substantially transparent with respect to at
least a wavelength range of the sensing light. The material of the light transmitting
member 151 may be, for example, polycarbonate resin, acrylic resin, polyvinyl chloride
resin, polystyrene resin, polyurethane resin, or polyester resin. Although not limited to
this, as an example, the light transmitting member 151 may have light transmittance of
80% or more with respect to light having a wavelength range of 400 nm or more and
410 nm or less. The light transmitting member 151 may have any shape such as a
circular shape, an elliptical shape, or a square shape as viewed from above. As
described later, when the light transmitting member 151 has a screw thread 200, the
light transmitting member 151 may be substantially cylindrical (circular as viewed from
above) or substantially truncated conical.

[0022]



<As for Details of Light Transmitting Member 151>

Details of the light transmitting member 151 will be described with reference to
FIGS. 2 and 3. FIG. 2 is an enlarged view of the polishing table 110 and the polishing
pad 150. In FIG. 2, the region corresponding to the region labeled “A” in FIG. 1 is
enlarged. The light transmitting member 151 is illustrated as being detached from the
polishing pad 150. FIG. 3 is a top view of the light transmitting member 151.

[0023]

The light transmitting member 151 according to an embodiment includes two
bottom surfaces (an upper surface 152 and a lower surface 154, where the terms “upper”
and “lower” herein merely represent the directions for convenience, that is, the direction
in which the upper surface 152 is located may not necessarily be a vertically upward
direction), more specifically, two parallel bottom surfaces, and a side surface between
the two parallel bottom surfaces. In the example of FIGS. 2 and 3, the light
transmitting member 151 is substantially cylindrical (circular as viewed from above) or
substantially truncated conical. =~ When the light transmitting member 151 is
substantially truncated conical, the light transmitting member 151 may be in the form of
a truncated cone formed by cutting a right cone. In other words, when the light
transmitting member 151 is substantially truncated conical, the light transmitting
member 151 may have a property as a rotating body. However, the above disclosure
describes the shape of the light transmitting member 151 but does not describe the
manufacturing process of the light transmitting member 151. That is, the light
transmitting member 151 may be manufactured by actually cutting out a conical
material, may be manufactured by injection molding, for example, or may be
manufactured by any other manufacturing process. The screw thread 200 is formed on

the side surface of the light transmitting member 151. Thus, when the light
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transmitting member 151 has a truncated conical shape, the light transmitting member
151 substantially functions as a tapered screw. In order to insert the tip of a tool (e.g.,
a screwdriver-shaped tool) for attachment of the light transmitting member 151, at least
one bottom surface of the light transmitting member 151 (the bottom surface located in
the upward direction in FIG. 2) is formed with a recess 210. In the example of FIG. 2,
the recess 210 is formed on the surface 152 of the light transmitting member 151 that
faces the substrate 131. When the light transmitting member 151 is substantially
truncated conical, the recess 210 may be formed in the surface having a larger area
among the two bottom surfaces. The formation of the recess 210 facilitates the
attachment and detachment of the light transmitting member 151. Here, the recess 210
is a pin hole. In the light transmitting member 151 of FIGS. 2 and 3, two recesses 210
are concentrically formed. The number of recesses 210 is arbitrary. The recess 210
(e.g., a slit) other than the pin hole may be used. The recess 210 may be formed near
the edge of the light transmitting member 151 so as not to block the sensing light. For
example, the distance between the recess 210 and the center axis of the light
transmitting member 151 is a half or more of the radius of the light transmitting member
151. In addition, as described above, the light transmitting member 151 in the example
of FIGS. 2 and 3 is substantially cylindrical or substantially truncated conical. Thus,
the “center axis of the light transmitting member 151" is naturally set.

[0024]

A screw hole 220 corresponding to the screw thread 200 is formed in a portion
of the polishing pad 150 to which the light transmitting member 151 is to be
attached. The screw hole 220 penetrates the polishing pad 150. Only a portion of the
screw hole 220 may be formed by screw cutting. By screwing the light transmitting

member 151 into the screw hole 220, the light transmitting member 151 may be easily
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attached to the polishing pad 150. Similarly, the light transmitting member 151 may be
easily detached from the polishing pad 150.
[0025]

In a case of using the light transmitting member 151 formed with the screw
thread 200, it may be necessary to position the light transmitting member 151 in the
longitudinal direction. The light transmitting member 151 may be positioned by any
means known in the art for use in the positioning of a screw-shaped member. For
example, the light transmitting member 151 may be positioned by forming the light
transmitting member 151 in a bolt shape and forming a counterbore around the screw
hole 220.

[0026]

A configuration of the light transmitting member 151 is not limited to the
configuration illustrated in FIGS. 2 and 3. FIG. 4 is an enlarged view of the polishing
table 110 and the polishing pad 150 for illustrating the light transmitting member 151
according to a modification. The enlarged region in FIG. 4 is equivalent to that in
FIG. 2. The light transmitting member 151 of FIG. 4 is provided with the surface 152
that faces the substrate 131. The light transmitting member 151 in FIG. 4 has a shape
in which the cross-sectional area thereof in a plane parallel to the surface 152 that faces
the substrate 131 increases towards the surface 152. In other words, the shape of the
light transmitting member 151 in FIG. 4 is a tapered shape in which the cross section
thereof is tapered in a direction opposite to the direction toward the surface 152 (a
downward direction in FIG. 4). As long as the cross section has a tapered shape, the
light transmitting member 151 may be circular or rectangular as viewed from above, or
may be arc-shaped in the circumferential direction of the polishing pad 150. The light

transmitting member 151 may have a tapered cross section in the radial direction of the
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polishing table 110. The light transmitting member 151 may have a tapered cross
section in the circumferential direction of the polishing table 110.
[0027]

The screw hole 220 is not formed in the polishing pad 150. Alternatively, the
polishing pad 150 is formed with a hole 400 having a shape in which the area of the
hole in a plane parallel to the polishing surface 153 of the polishing pad 150 increases
towards the polishing surface 153 of the polishing pad 150 so as to correspond to the
shape of the light transmitting member 151. In other words, the hole 400 is a tapered
hole (and thus, the hole 400 may be referred to as a “tapered hole 400”). The recess
210 (pin hole) for inserting the tip of a tool (e.g., a tweezer-shaped tool) for attaching
the light transmitting member 151 is formed in the surface 152 of the light transmitting
member 151that faces the substrate 131. When the light transmitting member 151 of
FIG. 4 is inserted into the tapered hole 400, the light transmitting member 151 stops at a
predetermined position. Thus, when the light transmitting member 151 of FIG. 4 is
used, it is not necessary to position the light transmitting member 151 in the
longitudinal direction. On the other hand, the light transmitting member 151 of FIG. 4
may be easily pulled upward. Thus, the light transmitting member 151 of FIG. 4 may
also be easily detached from the polishing pad 150. The light transmitting member 151
of FIG. 4 is advantageously easily attached and detached as compared with the light
transmitting member 151 of FIG. 2. On the other hand, the light transmitting member
151 of FIG. 2 is advantageously firmly fixed to the polishing pad 150 as compared with
the light transmitting member 151 of FIG. 4.

[0028]
By using the light transmitting member 151 (FIG. 2) having the screw thread

200 (FIG. 2) or the light transmitting member having a tapered cross section (FIG. 4),
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replacement of the light transmitting member 151 becomes possible. Thus, even if the
light transmitting member 151 is deteriorated, it is not necessary to replace the entire
polishing pad 150. Thus, by using the light transmitting member 151 described in the
present application, the replacement cycle of the polishing pad 150 may be
prolonged. As a result, the running cost of the substrate polishing apparatus 100 may
be reduced.

[0029]

The polishing pad 150 according to the present embodiment may be applied to
both the substrate polishing apparatus 100 having the non-liquid-sealed optical sensor
120 and the substrate polishing apparatus 100 having the liquid-sealed optical sensor
120. The corresponding effects will be described below.

[0030]

Generally, in a case of using a liquid-sealed optical sensor, it is necessary to
form an opening in a polishing pad to allow a liquid to flow toward the lower surface of
a substrate through the opening. On the other hand, in a case of using a non-liquid-
sealed optical sensor, it is necessary to form a light transmitting member on a polishing
pad. Conventional light transmitting members were not separable from the polishing
pad. Since it is impossible for a liquid to pass through the light transmitting member, it
is impossible to flow the liquid toward the substrate through the light transmitting
member. Thus, the conventional polishing pad formed with the light transmitting
member is not suitable for a substrate polishing apparatus having a liquid-sealed optical
Sensor.

[0031]
The polishing pad 150 according to the present embodiment is configured to

enable attachment and detachment of the light transmitting member 151. When the
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light transmitting member 151 is detached, the screw hole 220 or the tapered hole 400
functions as an opening for flowing a liquid. Thus, the polishing pad 150 according to
the present embodiment may be applied to both the substrate polishing apparatus 100
having the non-liquid-sealed optical sensor 120 and the substrate polishing apparatus
100 having the liquid-sealed optical sensor 120.
[0032]

<< Second Embodiment >>

<Outline of Second Embodiment>

In a general substrate polishing apparatus, a polishing pad is a consumable
item. In a conventional substrate polishing apparatus, the maximum number of use
times or the longest use time of the polishing pad has been set based on the amount of
wear measured or calculated in advance. That is, in the conventional substrate
polishing apparatus, when the polishing pad has been used for a predetermined number
of times or for a predetermined time (hereinafter simply referred to as “predetermined
number of times”), it has been determined that the lifespan of the polishing pad has
expired. However, it cannot be said that the lifespan of the polishing pad just ends
when the polishing pad has been used a predetermined number of times. When the
lifespan of the polishing pad has expired before the polishing pad has been used a
predetermined number of times, the substrate is polished by the polishing pad after the
lifespan thereof is over. Thus, there is a possibility that the substrate polishing
apparatus may not exhibit predetermined polishing performance. On the other hand,
when the lifespan of the polishing pad has not expired even after the polishing pad has
been used a predetermined number of times, the polishing pad that is still usable will be
replaced. Replacement of the polishing pad that is still usable shortens the replacement

cycle of the polishing pad and increases the cost required for replacement.
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[0033]

In order to solve the above subject, in the second embodiment, the substrate
polishing apparatus 100 having indicators on the polishing table 110 will be
described. FIG. 5 is a top view of the polishing table 110 having indicators 500.

[0034]

<As for Indicator 500>

At least some of the indicators 500 are provided in a region of the polishing
table 110 which is located immediately below the light transmitting member 151 of the
polishing pad 150 when the polishing pad 150 is correctly attached. In other words, the
indicators 500 are provided at a position at which the indicators 500 are visible through
the light transmitting member 151 when the polishing pad 150 is correctly attached.
[0035]

In FIG. 5, four types of patterns (a narrow spacing striped pattern, a wide
spacing striped pattern, a narrow spacing lattice pattern, and a wide spacing lattice
pattern) form a set of indicators 500. However, a specific configuration of the
indicators 500 is not limited to the configuration illustrated in FIG. 5 as long as
deterioration of the light transmitting member 151 may be confirmed. For example, the
indicators 500 may form any number of patterns. In the simplest example, the
indicators 500 may be just points. The indicators 500 are configured to be visible to a
user of the substrate polishing apparatus 100. However, when, for example, any
imaging device observes the indicators 500 in place of the user, the indicators 500 may
be invisible to the user as long as the indicators 500 are visible to the imaging
device. The indicators 500 may be formed by any method such as, for example, laser
marking, painting, printing, or marking-off.

[0036]
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When the substrate polishing apparatus 100 is driven, the light transmitting
member 151 may be deteriorated. It may be considered that what kind of optical
characteristics change due to deterioration depends on, for example, a specific process,
the type of a used polishing liquid, the material of the substrate 131, the material of the
light transmitting member 151, and the material of a dresser. Here, it is assumed that
the light transmittance of the light transmitting member 151 is lowered. FIGS. 6A and
6B are views illustrating the indicators 500 observed through the light transmitting
member 151 of the polishing pad 150. FIG. 6A is a view in a case where the light
transmitting member 151 has not been deteriorated. FIG. 6B is a view in a case where
the light transmitting member 151 has been deteriorated. In addition, in FIGS. 6A and
6B, the light transmittance of the light transmitting member 151 is indicated by the
thickness of hatching of the light transmitting member 151. Specifically, the thicker
the hatching, the lower the light transmittance of the light transmitting member 151.
[0037]

The deterioration of the light transmitting member 151 also causes change in
the appearance of the indicator 500 when observed through the light transmitting
member 151. For example, in FIG. 6B, since the light transmittance of the light
transmitting member 151 is lowered, it is difficult to view the indicator 500. As such,
the deterioration of the light transmitting member 151 may be grasped from change in
the appearance of the indicator 500. Since the deterioration of the light transmitting
member 151 occurs simultaneously with the wear of the polishing pad 150, it is possible
to indirectly grasp the amount of wear of the polishing pad 150 by grasping the
deterioration of the light transmitting member 151. It is possible to replace the
polishing pad 150 at an appropriate timing by grasping the amount of wear of the

polishing pad 150.
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[0038]

The timing of replacement of the polishing pad 150 may be determined, for
example, based on at least one of the following parameters: (1) the brightness of the
indicator 500; (2) the sharpness of an edge portion of the indicator 500; (3) the contrast
ratio between a predetermined point of the indicator 500 and other points (regardless of
the inside or outside of the indicator 500); and (4) the color tone of the indicator 500
when the indicator 500 is observed through the light transmitting member 151. In a
case where the indicator 500 has a pattern (e.g., a striped pattern or a lattice pattern)
formed by repetition of a predetermined shape, the timing of replacing the polishing pad
150 may be determined according to (5) whether or not any shape may be distinguished
from a shape therearound, that is, whether or not the pattern of the indicator 500 may be
determined when the indicator 500 is observed through the light transmitting member
151. In addition, the above parameters (1) to (5) are merely illustrative. When
making a determination based on the above parameters (1) to (5), a threshold may be set
as appropriate. For example, the polishing pad 150 may be replaced at any timing from
the time point when the user may not distinguish one type of pattern (e.g., a narrow
spacing lattice pattern) of the indicators 500 to the time point when the user may not
distinguish all patterns of the indicators 500. The timing of replacing the polishing pad
150 may be determined whether or not the user views the indicators 500. On the other
hand, when the substrate polishing apparatus 100 includes any imaging mechanism, the
indicators 500 may be observed by the imaging mechanism. When the indicators 500
are observed by the imaging mechanism, the timing of replacing the polishing pad 150
may be determined by any image processing technology known in the art.

[0039]

According to the configuration described above, the polishing pad 150 may be
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replaced at an appropriate timing. In addition, once the indicator 500 has been viewed,
the amount of wear of the polishing pad 150 may be grasped substantially in real time.
[0040]

<< Third Embodiment >>

<Outline of Third Embodiment>

Hereinafter, another configuration for fixing the light transmitting member 151
to the polishing pad 150 will be described. A configuration of the substrate polishing
apparatus 100, for example, according to a third embodiment is the same as the
configuration described in the first embodiment except for the shape of the light
transmitting member 151, the characteristics of the hole in the polishing pad 150 (the
screw hole 220 being replaced with a through-hole 710), a counterbored portion 720, a
fixture 730, and a fixture receiving hole 740. However, for convenience of illustration,
the shape of each part illustrated in FIG. 7 may be different from the shape illustrated in
the other drawings.
[0041]

<As for Shape of Light Transmitting Member>

The light transmitting member 151 of FIG. 7 includes a head portion 700 and a
shaft portion 701. The shaft portion 701 is formed with the screw thread 200. In the
present embodiment, the light transmitting member 151 is fixed by engaging the fixture
730 to be described later with the shaft portion 701. Thus, unlike a case where the light
transmitting member 151 of FIG. 2 is fixed, it is not necessary to rotate the light
transmitting member 151 when the light transmitting member 151 of FIG. 7 is
fixed. Thus, the shape of the light transmitting member 151 of FIG. 7 as viewed from
above may be a shape other than a circle, for example, a polygon, an ellipse, or any

other shape.
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[0042]

<As for Polishing Pad 150>

The polishing pad 150 of FIG. 7 is formed with the through-hole 710 into
which the light transmitting member 151 is inserted. The through-hole 710 has a shape
corresponding to the shape of the light transmitting member 151, in particular, the shape
of the head portion 700. The counterbored portion 720 is formed around the through-
hole 710. The counterbored portion 720 is formed in the surface of the polishing pad
150 that faces the polishing table 110. The counterbored portion 720 is configured to
receive at least a portion of the light transmitting member 151 when the light
transmitting member 151 is fixed by the fixture 730 to be described later. In addition, a
dotted line extending from the reference numeral “720” in FIG. 7 indicates that the
counterbored portion 720 is hidden by the fixture 730. The depth of the counterbored
portion 720 may be determined by the dimensions of the fixture 730 to be described
later and the fixture receiving hole 740. In an extreme case, the depth of the
counterbored portion 720 may be zero. In other words, the counterbored portion 720
may not exist.
[0043]

<As for Fixture 730>

The fixture 730 is a member that is engaged with the screw thread 200 of the
light transmitting member 151, more specifically, with the screw thread 200 of the shaft
portion 701. Thus, the fixture 730 is formed with a screw hole 731. The fixture 730
may be, for example, a nut. The light transmitting member 151 is fixed by rotating the
fixture 730 to engage the screw hole 731 with the screw thread 200. At the time of this
fixing, it is not necessary to rotate the light transmitting member 151. However, when

the head portion 700 of the light transmitting member 151 is circular as viewed from
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above, the light transmitting member 151 may be rotated.
[0044]

<As for Fixture Receiving Hole 740>

The fixture 730 may be embedded inside the polishing pad 150 when the depth
of the counterbored portion 720 is equal to or longer (deeper) than the height of the
fixture 730. In such a case, it is difficult to rotate the fixture 730 and tighten the
screw. Thus, the depth of the counterbored portion 720 may be shorter (shallower)
than the height of the fixture 730. However, when, for example, a jig is used, the depth
of the counterbored portion 720 may be equal to or longer (deeper) than the height of
the fixture 730. Thus, a portion of the fixture 730 may protrude from the polishing pad
150. Thus, the fixture receiving hole 740 for receiving a protruding portion of the
fixture 730 is formed in the polishing table 110 of FIG. 7. The fixture receiving hole
740 of FIG. 7 is a blind hole.

[0045]

When the screw is tightened, the vertical movement of the light transmitting
member 151 is limited by a contact portion thereof with the bottom surface of the
counterbored portion 720 and the bottom surface of the fixture receiving hole
740. However, in the configuration of FIG. 7, a gap exists between the fixture 730 and
the bottom surface of the fixture receiving hole 740. Thus, the light transmitting
member 151 may move up and down by the size of the gap. In addition, in the present
specification, as long as the light transmitting member 151 may be sufficiently
prevented from being separated from the polishing pad 150 during polishing of the
substrate, it is assumed that the light transmitting member 151 is “fixed” even when the
light transmitting member 151 may move. When it is desired to suppress the vertical

movement of the light transmitting member 151 as much as possible, the size of the gap
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between the fixture 730 and the fixture receiving hole 740 may be reduced. In extreme
terms, the vertical movement of the fixture 730 may be prevented by configuring each
part so that the length of the gap is zero, that is, there is no gap. In addition, for
example, the cross section of the head portion 700 and the through-hole 710 may be
formed in a trapezoidal shape to suppress the vertical movement of the fixture 730. As
still another example, the vertical movement of the fixture 730 may be suppressed by
configuring each part so that a portion of the polishing pad 150 is sandwiched between
the head portion 700 and the fixture 730 when the light transmitting member 151 is
fixed. The movement of the light transmitting member 151 in the transverse direction
and in the depth or forward direction is restricted by a contact portion between the side
surface of the head portion 700 and the side surface of the through-hole 710.

[0046]

As described above, the light transmitting member 151 may also be fixed by the
configuration of the third embodiment. The user of the substrate polishing apparatus
100 may replace the light transmitting member 151 by removing a part or the entirety of
the polishing pad 150 from the polishing table 110.

[0047]

From the foregoing, it will be appreciated that various embodiments of the
present disclosure have been described herein for purposes of illustration, and that
various modifications may be made without departing from the scope and spirit of the
present disclosure. Accordingly, the various embodiments disclosed herein are not
intended to be limiting, with the true scope and spirit being indicated by the following
claims.

[0048]

The present application discloses, as an embodiment, a light transmitting
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member detachably attached to a polishing pad of a polishing apparatus capable of
measuring progress of polishing of a substrate while polishing the substrate, the light
transmitting member including two bottom surfaces and a side surface between the two
bottom surfaces, the light transmitting member further including a screw thread formed
on the side surface thereof, and the light transmitting member being capable of
transmitting incident light for measuring the progress of the polishing of the substrate
and reflected light generated by reflection of the incident light on a polished surface of
the substrate. In addition, the present application discloses, as an embodiment, a light
transmitting member having a cylindrical or truncated conical shape. Moreover, the
present application discloses, as an embodiment, a light transmitting member detachably
attached to a polishing pad of a polishing apparatus capable of measuring progress of
polishing of a substrate while polishing the substrate, the light transmitting member
including a surface facing the substrate, the light transmitting member being capable of
transmitting incident light for measuring the progress of the polishing of the substrate
and reflected light generated by reflection of the incident light on a polished surface of
the substrate, and the light transmitting member having a shape in which a cross-
sectional area thereof in a plane parallel to the surface facing the substrate increases
towards the surface facing the substrate. Such a light transmitting member has the
effect of being removable from the polishing pad as an example.

[0049]

Moreover, the present application discloses, as an embodiment, a light
transmitting member in which a recess for inserting a tip of a tool for attaching the light
transmitting member is formed in at least one bottom surface of the light transmitting
member. In addition, the present application discloses, as an embodiment, a light

transmitting member in which a recess for inserting a tip of a tool for attaching the light
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transmitting member is formed in a surface facing a substrate. These light transmitting
members exert an effect of being easily attached and detached by the tool as an example.
[0050]

In addition, the present application discloses, as an embodiment, a light
transmitting member in which a distance between a recess and a center axis of the light
transmitting member is longer than a half of a radius of the light transmitting
member. The light transmitting member exerts an effect of not blocking sensing light
as an example.

[0051]

Moreover, the present application discloses, as an embodiment, a polishing pad
including a light transmitting member formed with a screw thread on a side surface
thereof and a screw hole corresponding to the screw thread of the light transmitting
member. In addition, the present application discloses, as an embodiment, a polishing
pad including a light transmitting member having a shape in which a cross-sectional
area thereof in a plane parallel to a surface facing a substrate increases towards the
surface facing the substrate and a hole corresponding to the shape of the light
transmitting member, the hole being shaped such that an area of the hole in a plane
parallel to a polishing surface of the polishing pad increases towards the polishing
surface. These disclosures provide details of the polishing pad to which a progressive
light transmitting member is applied.

[0052]

In addition, the present application discloses, as an embodiment, a substrate
polishing apparatus including any one polishing pad described in the present
specification, a polishing table to which the polishing pad is attached, and a polishing

head provided to face the polishing table for attaching a substrate. This disclosure
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provides details of the substrate polishing apparatus to which a progressive polishing
pad is applied.
[0053]

In addition, the present application discloses, as an embodiment, a polishing
pad for a substrate polishing apparatus, the polishing pad including a screw hole for
attaching a light transmitting member or a hole shaped such that an area of the hole in a
plane parallel to a polishing surface of the polishing pad increases towards the polishing
surface. The polishing pad exerts an effect of enabling attachment of any one light
transmitting member described in the present specification. Moreover, the present
application discloses, as an embodiment, a substrate polishing apparatus including such
a polishing pad, a polishing table to which the polishing pad is attached, and a polishing
head provided to face the polishing table for attaching a substrate. This disclosure
provides details of the substrate polishing apparatus to which a progressive polishing

pad is applied.

Description of Symbol
[0054]
100  Substrate polishing apparatus
110 Polishing table
111 Table opening
120 Optical sensor
121 Sensor body
122 Incident light optical fiber
123 Reflected light optical fiber

130 Polishing head
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131 Substrate

132 Polished surface of substrate

140 Polishing liquid supply mechanism

150 Polishing pad

151 Light transmitting member

152  Surface that faces the substrate (of the light transmitting member)
(Surface (upper surface) of the two bottom surfaces)

153 Polishing surface of polishing pad

154 Surface (lower surface) of the two bottom surfaces

200 Screw thread

210 Recess

220 Screw hole

400 Tapered hole

500 Indicator

700 Head portion

701  Shaft portion

710 Through-hole

720 Counterbored portion

730 Fixture

731 Screw hole

740 Fixture Receiving hole
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WHAT IS CLAIMED IS:

1. A light transmitting member comprising:

two bottom surfaces;

a side surface between the two bottom surfaces; and

a screw thread formed on the side surface thereof,

wherein the light transmitting member is detachably attached to a polishing pad
of a polishing apparatus capable of measuring a progress of polishing of a substrate
while polishing the substrate, and

the light transmitting member is configured to transmit incident light for
measuring the progress of the polishing of the substrate and reflected light generated by

reflection of the incident light on a polished surface of the substrate.

2. The light transmitting member according to claim 1, wherein the light

transmitting member has a cylindrical or truncated conical shape.

3. The light transmitting member according to claim 1 or 2, wherein at least one
of the bottom surfaces of the light transmitting member is formed with a recess to insert

a tip end of a tool for attaching the light transmitting member.

4. The light transmitting member according to claim 3 reciting claim 2, wherein a
distance between the recess and a center axis of the light transmitting member is longer

than a half of a radius of the light transmitting member.

5. A polishing pad for a substrate polishing apparatus, the polishing pad
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comprising:
the light transmitting member according to any one of claims 1 to 4; and
a screw hole corresponding to the screw thread of the light transmitting

member.

6. A substrate polishing apparatus comprising:
the polishing pad according to claim 5;
a polishing table to which the polishing pad is attached; and
a polishing head corresponding to the polishing table for attaching the

substrate.

7. A light transmitting member comprising a surface facing a substrate,

wherein the light transmitting member is detachably attached to a polishing pad
of a polishing apparatus capable of measuring a progress of polishing of the substrate
while polishing the substrate,

the light transmitting member is configured to transmit incident light for
measuring the progress of the polishing of the substrate and reflected light generated by
reflection of the incident light on a polished surface of the substrate, and

the light transmitting member has a shape in which a cross-sectional area
thereof in a plane parallel to the surface facing the substrate increases towards the

surface facing the substrate.

8. The light transmitting member according to claim 7, wherein the surface facing
the substrate is formed with a recess to insert a tip of a tool for attaching the light

transmitting member.
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9. A polishing pad for a substrate polishing apparatus, the polishing pad
comprising:

the light transmitting member according to claim 7 or 8; and

a hole corresponding to a shape of the light transmitting member,

wherein the hole is shaped such that an area of the hole in a plane parallel to a
polishing surface of the polishing pad increases towards the polishing surface of the

polishing pad.

10. A substrate polishing apparatus comprising:
the polishing pad according to claim 9;
a polishing table to which the polishing pad is attached; and

a polishing head provided to face the polishing table for attaching the substrate.

11. A polishing pad for a substrate polishing apparatus, the polishing pad
comprising a screw hole for attaching a light transmitting member or a hole shaped such
that an area of the hole in a plane parallel to a polishing surface of the polishing pad

increases towards the polishing surface.

12. A substrate polishing apparatus comprising:
the polishing pad according to claim 11;
a polishing table to which the polishing pad is attached; and

a polishing head provided to face the polishing table for attaching the substrate.
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