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DESCRIPTION 

Title of Invention 

POLISHING APPARATUS AND POLISHING METHOD 

 

Technical Field 5 

[0001] The present invention relates to a polishing apparatus and a polishing method for 

polishing a workpiece, such as a wafer, on which a pattern is formed, on a polishing pad, 

and more particularly to a polishing apparatus and a polishing method for detecting a 

geometric element of a pattern, such as a pitch. 

 Further, the present invention relates to a polishing apparatus and a polishing 10 

method for polishing a workpiece, such as a wafer, on which a pattern is formed, on a 

polishing pad, and more particularly to a technique of determining a polishing end point 

of the workpiece. 

Background Art 

[0002] Polishing of a wafer is generally performed using a chemical mechanical 15 

polishing apparatus (CMP apparatus).  This CMP apparatus is configured to polish a 

surface of the wafer by sliding contact of the wafer and a polishing pad while supplying a 

slurry onto the polishing pad attached to a polishing table.  The wafer to be polished by 

the CMP apparatus generally has a pattern that constitutes an interconnect structure.  

During polishing of the wafer, the wafer surface on which the pattern is formed is pressed 20 

against the polishing pad, and a film (insulating film, metal film, etc.) forming the wafer 

surface is polished. 

Citation List 

Patent Literature 

[0003] Patent document 1: Japanese laid-open patent publication No. 2004-517476 25 

Summary of Invention 

Technical Problem 

[0004] Polishing conditions of the wafer may vary depending on a geometric element of 
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the pattern, such as a pitch.  For example, a polishing load on the wafer may be 

increased in a region where the pattern pitch is small (a pattern density is high), and a 

polishing load on the wafer may be decreased in a region where the pattern pitch is large 

(a pattern density is low).  However, since the geometric element of the pattern is 

unknown, the polishing condition could not be optimized based such a pattern. 5 

[0005] Techniques of monitoring the wafer surface during the polishing of the wafer 

include an optical polishing monitoring system.  This system directs light to the wafer 

surface, estimates a film thickness at a measurement point based on a spectrum of 

reflected light from the wafer surface, and detects a polishing end point of the wafer.  

However, since a complicated and fine pattern is formed on the wafer, light interference 10 

due to the pattern occurs, which makes it difficult to accurately estimate the film 

thickness. 

[0006] Further, in an interconnect forming process, such as a damascene method, the 

polishing end point is a point in time at which removal of an excessive film forming the 

wafer surface is finished and a pattern has clearly appeared.  Therefore, it is desirable to 15 

directly observe the appearance of the pattern and detect the polishing end point.  In 

order to directly observe the appearance of the pattern, a microscopic system capable of 

observing with ultra-high magnification is generally required.  Such a system is 

constituted by a complicated and precise optical system, and therefore it is not practical to 

incorporate such microscopic system into the CMP apparatus which requires the 20 

observation under a dynamic environment. 

[0007] Thus, the present invention provides a polishing apparatus and a polishing 

method capable of obtaining a geometric element, such as a pitch of a pattern formed on a 

workpiece, such as a wafer. 

 Further, the present invention provides a polishing apparatus and a polishing 25 

method capable of directly monitoring an appearance of a pattern of a workpiece, such as 

a wafer, without using a high-magnification and precise microscopic system and capable 

of detecting an accurate polishing end point. 
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Solution to Problem 

[0008] In an embodiment, there is provided a polishing apparatus comprising: a 

polishing table configured to support a polishing pad; a polishing head configured to press 

a workpiece, having a pattern formed thereon, against the polishing pad and polish a 

surface of the workpiece; an imaging device disposed in the polishing table and 5 

configured to generate an image including at least the pattern of the workpiece; and an 

image analysis system configured to determine a geometric element of the pattern of the 

workpiece based on the image.. 

[0009] In an embodiment, the polishing apparatus further comprises a pattern 

magnifying device configured to visually magnify the pattern of the workpiece. 10 

 In an embodiment, the pattern magnifying device comprises a lattice having a 

reference pattern formed therein, the reference pattern having a predefined shape and 

dimensions, and the image analysis system is configured to determine the geometric 

element of the pattern of the workpiece based on a moire pattern appearing on the image 

due to superimposition of the pattern of the workpiece and the reference pattern. 15 

 In an embodiment, the image analysis system is configured to measure a line 

width of the moire pattern appearing on the image and calculate a pitch of the pattern of 

the workpiece from the line width of the moire pattern and the geometric element of the 

reference pattern. 

[0010] In an embodiment, the image analysis system is configured to: obtain the image 20 

from the imaging device; compare the moire pattern on the image with reference moire 

patterns on a plurality of reference images; determine a reference image having a 

reference moire pattern that most matches the moire pattern on the image; and determine 

a geometric element of a pattern associated with the determined reference image. 

 In an embodiment, the polishing apparatus further comprises: a first prism and a 25 

second prism disposed in the polishing table; and a light source facing the first prism, 

wherein the imaging device faces the second prism, the first prism is arranged so as to 

split light emitted by the light source into a first light that passes through the lattice to the 
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workpiece and a second light that is reflected by the lattice, and the second prism is 

arranged so as to superimpose the first light reflected by the workpiece and the second 

light reflected by the lattice, and to direct the first light and the second light, which are 

superimposed, to the imaging device. 

 In an embodiment, the polishing apparatus further comprises a beam splitter and 5 

a light source disposed in the polishing table, wherein the light source and the lattice are 

arranged symmetrically with respect to the beam splitter, the imaging device faces the 

beam splitter, and the beam splitter is arranged so as to split light emitted by the light 

source into a first light reflected by the beam splitter and a second light passing through 

the beam splitter, direct the first light to the workpiece, and direct the second light to the 10 

lattice. 

 In an embodiment, the reference pattern is a concentric pattern or a radial pattern. 

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

polishing table together with a polishing pad; pressing a workpiece, having a pattern 

formed thereon, against the polishing pad to polish a surface of the workpiece; generating 15 

an image including at least the pattern of the workpiece by an imaging device disposed in 

the polishing table; and determining a geometric element of the pattern of the workpiece 

based on the image. 

[0012] In an embodiment, a pattern magnifying device configured to visually magnify 

the pattern of the workpiece is disposed in the polishing table. 20 

 In an embodiment, the pattern magnifying device comprises a lattice having a 

reference pattern formed therein, the reference pattern having a predefined shape and 

dimensions, and the determining the geometric element of the pattern of the workpiece 

based on the image comprises determining the geometric element of the pattern of the 

workpiece based on a moire pattern appearing on the image due to superimposition of the 25 

pattern of the workpiece and the reference pattern. 

 In an embodiment, the determining the geometric element of the pattern of the 

workpiece based on the image comprises measuring a line width of the moire pattern 
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appearing on the image, and calculating a pitch of the pattern of the workpiece from the 

line width of the moire pattern and the geometric element of the reference pattern. 

[0013] In an embodiment, the determining the geometric element of the pattern of the 

workpiece based on the image comprises: obtaining the image from the imaging device; 

comparing the moire pattern on the image with reference moire patterns on a plurality of 5 

reference images; determining a reference image having a reference moire pattern that 

most matches the moire pattern on the image; and determining a geometric element of a 

pattern associated with the determined reference image. 

 In an embodiment, the reference pattern is a concentric pattern or a radial pattern. 

[0014] In an embodiment, there is provided a polishing apparatus comprising: a 10 

polishing table configured to support a polishing pad; a polishing head configured to press 

a workpiece, having a pattern formed thereon, against the polishing pad and polish a 

surface of the workpiece; a lattice disposed in the polishing table and having a reference 

pattern formed therein; an imaging device disposed in the polishing table and configured 

to generate an image including the pattern of the workpiece and the reference pattern; an 15 

image analysis system configured to determine a polishing end point of the workpiece 

based on a moire pattern appearing on the image due to superimposition of the pattern of 

the workpiece and the reference pattern. 

[0015] In an embodiment, the image analysis system is configured to determine the 

polishing end point of the workpiece based on a sharpness of the moire pattern on the 20 

image. 

 In an embodiment, the image analysis system is configured to determine the 

polishing end point of the workpiece at which the sharpness of the moire pattern no 

longer changes. 

 In an embodiment, the image analysis system is configured to calculate an index 25 

numerical value indicating the sharpness of the moire pattern, calculate a rate of change in 

the index numerical value, detect a point in time at which the rate of change exceeds a 

first threshold value, and then determine the polishing end point at which the rate of 
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change falls below a second threshold value. 

 In an embodiment, the index numerical value is a numerical value expressed by a 

modulation transfer function. 

[0016] In an embodiment, there is provided a polishing method comprising: rotating a 

lattice and a polishing table together with a polishing pad, the lattice having a reference 5 

pattern formed therein; pressing a workpiece, having a pattern formed thereon, against the 

polishing pad to polish a surface of the workpiece; generating, by an imaging device, an 

image of the pattern of the workpiece and the reference pattern which are superimposed, 

the imaging device being disposed in the polishing table; and determining a polishing end 

point of the workpiece based on a moire pattern appearing on the image. 10 

[0017] In an embodiment, the determining the polishing end point of the workpiece 

based on the moire pattern appearing on the image comprises determining the polishing 

end point of the workpiece based on a sharpness of the moire pattern on the image. 

 In an embodiment, the determining the polishing end point of the workpiece 

based on the sharpness of the moire pattern on the image comprises determining the 15 

polishing end point of the workpiece at which the sharpness of the moire pattern no 

longer changes. 

 In an embodiment, the determining the polishing end point of the workpiece at 

which the sharpness of the moire pattern no longer changes comprises calculating an 

index numerical value indicating the sharpness of the moire pattern, calculating a rate of 20 

change in the index numerical value, detecting a point in time at which the rate of change 

exceeds a first threshold value, and then determining the polishing end point at which the 

rate of change falls below a second threshold value. 

 In an embodiment, the index numerical value is a numerical value expressed by a 

modulation transfer function. 25 

Advantageous Effects of Invention 

[0018] According to the present invention, the geometric element of the pattern of the 

workpiece can be obtained based on the image of the pattern of the workpiece. 
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 Further, according to the present invention, the polishing end point of the 

workpiece can be determined accurately based on the appearance of the moire pattern on 

the image. 

Brief Description of Drawings 

[0019]  5 

[FIG. 1] FIG. 1 is a diagram showing an embodiment of a polishing apparatus for 

polishing a wafer, which is an example of a workpiece; 

[FIG. 2] FIG. 2 is a diagram showing an example of a reference pattern of a lattice; 

[FIG. 3] FIG. 3 is a diagram showing another example of the reference pattern of the 

lattice; 10 

[FIG. 4] FIG. 4 is a diagram showing an example of a pattern of a wafer and the reference 

pattern of the lattice on an image; 

[FIG. 5] FIG. 5 is a diagram showing another example of a pattern of a wafer and the 

reference pattern of the lattice on an image; 

[FIG. 6] FIG. 6 is a diagram showing an example for explaining a relationship between a 15 

line width of a moire pattern and a pitch of the pattern of the wafer; 

[FIG. 7] FIG. 7 is a diagram showing another example for explaining a relationship 

between a line width of a moire pattern and a pitch of the pattern of the wafer; 

[FIG. 8] FIG. 8 is a diagram showing another embodiment of the polishing apparatus; 

[FIG. 9] FIG. 9 is a diagram showing still another embodiment of the polishing apparatus; 20 

[FIG. 10] FIG. 10 is a diagram showing an embodiment of the polishing apparatus 

having a database storing a plurality of reference images therein; 

[FIG. 11] FIG. 11 is a diagram illustrating a process of comparing a moire pattern on an 

image with reference moire patterns on reference images; 

[FIG. 12A] FIG. 12A is a diagram showing an example of a cross-sectional structure of a 25 

wafer; 

[FIG. 12B] FIG. 12B is a diagram showing an example of a cross-sectional structure of 

the wafer; 
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[FIG. 13] FIG. 13 is a graph showing a change in index numerical value indicating a 

sharpness of a moire pattern on an image when the wafer shown in FIG. 12A is being 

polished; and 

[FIG. 14] FIG. 14 is a graph showing a rate of change in the index numerical value. 

 5 

Description of Embodiments 

[0020] Embodiments of the present invention will now be described with reference to 

the drawings. 

 In the embodiments described below, a workpiece to be polished is a wafer on 

which a pattern is formed in advance, but the present invention is not limited to the 10 

following embodiments, and the workpiece may be a panel, a square substrate, a glass 

substrate, etc., on which a pattern is formed in advance. 

[0021] FIG. 1 is a diagram showing an embodiment of a polishing apparatus for 

polishing a wafer, which is an example of a workpiece.  As shown in FIG. 1, the 

polishing apparatus includes a polishing table 3 configured to support a polishing pad 2, a 15 

polishing head 1 configured to press a wafer W, which is an example of the workpiece, 

against the polishing pad 2, a table motor 6 configured to rotate the polishing table 3 

together with the polishing pad 2, and a slurry supply nozzle 5 configured to supply a 

slurry onto the polishing pad 2. 

[0022] The polishing head 1 is coupled to a head shaft 10, and the polishing head 1 is 20 

capable of rotating together with the head shaft 10.  The head shaft 10 is coupled to a 

polishing-head motor 18 through a coupling device 17, such as a belt, so that the head 

shaft 10 is rotated by the polishing-head motor 18.  This rotation of the head shaft 10 is 

transmitted to the polishing head 1 to rotate the polishing head 1 in a direction indicated 

by an arrow.  A table shaft 3a of the polishing table 3 is coupled to the table motor 6, 25 

and the table motor 6 is configured to rotate the polishing table 3 and the polishing pad 2 

in a direction indicated by an arrow. 

[0023] Polishing of the wafer W is performed as follows.  The slurry supply nozzle 5 
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supplies the slurry onto a 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 the directions 

indicated by the arrows in FIG. 1.  The polishing pad 2 is rotated together with the 

polishing table 3.  The wafer W is pressed against the polishing surface 2a of the rotating 

polishing pad 2 by the polishing head 1 in the presence of the slurry on the polishing pad 5 

2.  The surface of the wafer W is polished by a chemical action of the slurry and 

mechanical actions of abrasive grains contained in the slurry and the polishing pad 2. 

[0024] The polishing apparatus includes an imaging device 20 disposed in the polishing 

table 3, and a lattice 24, which is a pattern magnifying device, disposed between the 

polishing head 1 and the imaging device 20.  The imaging device 20 is arranged so as to 10 

face a surface (patterned surface), to be polished, of the wafer W, and is configured to 

generate an image including at least a pattern formed on the wafer W.  The polishing 

apparatus further includes an image analysis system 30 configured to determine a 

geometric element of the pattern of the wafer W based on the image generated by the 

imaging device 20, and an operation controller 40 configured to determine a polishing 15 

condition for the wafer W based on the geometric element of the pattern of the wafer W 

determined by the image analysis system 30. 

[0025] The imaging device 20 is a camera having an image sensor, such as a CCD 

sensor or a CMOS sensor.  The imaging device 20 is arranged so as to face upward, i.e., 

face the surface (patterned surface), to be polished, of the wafer W on the polishing pad 2.  20 

The imaging device 20 may include an illuminator configured to illuminate the surface 

(patterned surface), to be polished, of the wafer W. 

[0026] As will be described later, the image analysis system 30 includes a memory 30a 

storing programs therein for determining the geometric element of the pattern of the wafer 

W based on a moire pattern appearing on an image, and an arithmetic device 30b 25 

configured to perform arithmetic operations according to instructions contained in the 

programs.  The memory 30a includes a main memory, such as a RAM, and an auxiliary 

memory, such as a hard disk drive (HDD) or a solid-state drive (SSD).  Examples of the 
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arithmetic device 30b include a CPU (central processing unit) and a GPU (graphic 

processing unit).  However, the specific configuration of the image analysis system 30 is 

not limited to these examples. 

[0027] The image analysis system 30 is composed of at least one computer.  The at 

least one computer may be one server or a plurality of servers.  The image analysis 5 

system 30 may be an edge server coupled to the imaging device 20 by a communication 

line, or may be a cloud server coupled to the imaging device 20 by a communication 

network, such as the Internet or a local area network.  Alternatively, the image analysis 

system 30 may be a fog computing device (gateway, fog server, router, etc.) installed in a 

network coupled to the imaging device 20. 10 

[0028] The lattice 24 has a reference pattern formed therein.  The reference pattern has 

a predefined shape and dimensions.  In one embodiment, the lattice 24 has a transparent 

plate and a patterned layer formed on the transparent plate.  The transparent plate is 

made of a light-transmitting material, such as glass or transparent resin, while the 

patterned layer is made of a light-blocking material.  The reference pattern is formed in 15 

the patterned layer. 

[0029] The lattice 24 is arranged in the polishing table 3.  More specifically, the lattice 

24 is arranged directly above the imaging device 20, and the imaging device 20 is 

arranged so as to face the lattice 24.  The lattice 24 is parallel to the polishing surface 2a 

of the polishing pad 2 (i.e., parallel to the surface, to be polished, of the wafer W on the 20 

polishing pad 2).  A through-hole 2b is formed in the polishing pad 2.  The through-

hole 2b is aligned with the lattice 24 and the imaging device 20.  Therefore, the imaging 

device 20 can generate the image of the pattern of the wafer W on the polishing pad 2 

through the through-hole 2b and the lattice 24 during polishing of the wafer W.  A part 

of the lattice 24 may be located in the through-hole 2b of the polishing pad 2. 25 

[0030] In one embodiment, the imaging device 20 may generate the image of the pattern 

of the wafer W on the polishing pad 2 through the through-hole 2b and the lattice 24 

before polishing of the wafer W.  Specifically, with the polishing table 2 and the 
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polishing head 1 not rotating, the polishing head 1 presses the surface (patterned surface), 

to be polished, of the wafer W against the polishing surface 2a of the polishing pad 2 to 

cover the through-hole 2b with the wafer W.  The imaging device 20 generates the 

image of the pattern of the wafer W on the polishing pad 2 through the through-hole 2b 

and the lattice 24. 5 

[0031] FIG. 2 is a diagram showing an example of the reference pattern of the lattice 24.  

A reference pattern P2 shown in FIG. 2 is a concentric pattern.  Intervals of concentric 

circles are constant, and the intervals are predefined.  FIG. 3 is a diagram showing 

another example of the reference pattern of the lattice 24.  In the example shown in FIG. 

3, a reference pattern P2 is a radially-extending pattern.  Angles between lines are 10 

constant, and the angles are predefined. 

[0032] During the polishing of the wafer W, the polishing head 1 and the wafer W rotate 

integrally, and the polishing pad 2 and the polishing table 3 rotate integrally.  The lattice 

24 and the imaging device 20 also rotate together with the polishing table 3.  The 

imaging device 20 generates the image when the polishing head 1 and the wafer W are 15 

located above the lattice 24.  More specifically, when the pattern of the wafer W and the 

reference pattern P2 of the lattice 24 are superimposed, the imaging device 20 captures 

the image including both the pattern of the wafer W and the reference pattern P2 of the 

lattice 24.  The pattern of the wafer W and the reference pattern P2, which are 

superimposed, appear on the image. 20 

[0033] FIGS. 4 and 5 are diagrams each showing a pattern P1 of the wafer W and the 

reference pattern P2 of the lattice 24 on the image generated by the imaging device 20.  

In the example shown in FIG. 4, the reference pattern P2 is the concentric pattern shown 

in FIG. 2, while the reference pattern P2 in the example shown in FIG. 5 is the radial 

pattern shown in FIG. 3.  In both the examples of FIGS. 4 and 5, the pattern P1 of the 25 

wafer W is a line-and-space pattern in which straight lines are arranged at equal intervals. 

[0034] As can be seen in FIGS. 4 and 5, a moire pattern appears on the image due to the 

superimposition of the pattern P1 of the wafer W and the reference pattern P2 of the 
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lattice 24.  The moire pattern is a pattern that appears when regular patterns are 

superimposed.  The moire pattern may be called an interference fringe. 

[0035] Geometric elements, such as a line width and a pitch, of the moire pattern are 

determined depending on geometric elements of the pattern P1 of the wafer W and the 

reference pattern P2 of the lattice 24.  In other words, an unknown geometric element of 5 

the pattern P1 of the wafer W can be uniquely calculated from the geometric element of 

the moire pattern appearing on the image and the geometric element of the reference 

pattern P2 of the lattice 24.  The image analysis system 30 is configured to calculate the 

unknown geometric element of the pattern P1 of the wafer W from the geometric element 

of the moire pattern appearing on the image and the geometric element of the reference 10 

pattern P2 of the lattice 24. 

[0036] The pitch, which is one of the geometric elements of the pattern P1 of the wafer 

W, i.e., a distance between straight lines constituting the pattern P1, can be calculated 

from the line width of the moire pattern as follows.  FIG. 6 is a diagram showing an 

example for explaining a relationship between the line width of the moire pattern and the 15 

pitch of the pattern P1 of the wafer W.  The moire pattern shown in FIG. 6 is a pattern 

caused by the superimposition of the pattern P1 of the wafer W composed of the line-and-

space pattern and the concentric reference pattern P2.  Lengths of lines (indicated by 

thick lines in FIG. 6) connecting points where the pattern P1 of the wafer W and the 

reference pattern P2 intersect represent line widths of the moire pattern. 20 

[0037] In FIG. 6, an interval between concentric circles of the reference pattern P2 is 

denoted by A, an inner circle of the moire pattern to be determined is denoted by m-th 

circle, a pitch of the pattern P1 of the wafer W composed of the line-and-space pattern is 

denoted by d, and a position of the moire pattern to be determined is on n-th straight line 

from the center O of the concentric circles.  A formula for calculating the line width of 25 

the moire pattern is given as follows. 

 

[0038] In the above formula (1), the line width Y-y of the moire pattern and the number 
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n of straight lines indicating the position of the moire pattern can be measured from the 

image generated by the imaging device 20.  Specifically, the image analysis system 30 

obtains the image from the imaging device 20, and measures the line width Y-y of the 

moire pattern on the image and the number n of straight lines indicating the position of 

the moire pattern.  The symbol A in the above formula (1) is a predefined numerical 5 

value, and the numerical value m is uniquely determined based on the position of the line 

width of the moire pattern to be determined.  Therefore, the image analysis system 30 

can calculate the pitch d of the pattern of the wafer W by substituting the line width Y-y 

of the moire pattern, the numerical value of the number n of lines, and the specific 

numerical values of m and A into the above formula (1), and further solving the above 10 

formula (1) for d. 

[0039] FIG. 7 is a diagram showing another example for explaining a relationship 

between line width of the moire pattern and pitch of the pattern P1 of the wafer W.  The 

moire pattern shown in FIG. 7 is a pattern caused by the superimposition of the pattern P1 

of the wafer W composed of the line-and-space pattern and the radial reference pattern P2.  15 

Lengths of lines (indicated by thick lines in FIG. 7) connecting points where the pattern 

P1 of the wafer W and the reference pattern P2 intersect represent line widths of the 

moire pattern. 

[0040] In FIG. 7, an angle between radial lines of the reference pattern P2 is denoted by 

θ, a pitch of the pattern P1 of the wafer W composed of the line-and-space pattern is 20 

denoted by d, a distance from the center O of the reference pattern P2 to the moire pattern 

to be determined is denoted by D, and the number of the line width of the moire pattern is 

denoted by N.  A formula for calculating the line width of the moire pattern is given as 

follows. 

 25 

[0041] In the above formula (2), the line width YN of the moire pattern and the distance 

D can be measured from the image generated by the imaging device 20.  Specifically, 

the image analysis system 30 obtains the image from the imaging device 20 and measures 
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the line width YN of the moire pattern and the distance D on the image.  The symbol θ in 

the above formula (2) is a predefined numerical value, and the numerical value N is 

uniquely determined based on the position of the line width of the moire pattern to be 

determined.  Therefore, the image analysis system 30 can calculate the pitch d of the 

pattern P1 of the wafer W by substituting the measured value of the line width YN of the 5 

moire pattern and the distance D, and the specific numerical values of θ and N into the 

above formula (2), and further solving the above formula (2) for d. 

[0042] The moire pattern changes depending on the pattern of the wafer W, and is larger 

than the pattern of the wafer W.  Therefore, the lattice 24 functions as a pattern 

magnifying device that visually magnifies the pattern of the wafer W and converts the 10 

pattern of the wafer W into the moire pattern.  According to the present embodiment, the 

lattice 24 having a simple structure installed in the polishing table 3 allows the image 

analysis system 30 to obtain the geometric element of the pattern of the wafer W during 

the polishing of the wafer W without using a precision device, such as a microscope.  

The operation controller 40 can optimize the polishing condition for the wafer W based 15 

on the geometric element of the pattern of the wafer W. 

[0043] As shown in FIG. 1, the image analysis system 30 is coupled to the operation 

controller 40.  The geometric element of the pattern of the wafer W calculated 

(determined) by the image analysis system 30 is transmitted to the operation controller 40.  

The operation controller 40 optimizes the polishing condition for the wafer W based on 20 

the geometric element of the pattern of the wafer W transmitted from the image analysis 

system 30.  For example, the operation controller 40 optimizes a polishing load applied 

to the wafer W by the polishing head 1 based on the geometric element of the pattern of 

the wafer W. 

[0044] During the polishing of the wafer W, the wafer W rotates about its axis.  25 

According to the concentric or radial reference pattern shown in FIGS. 2 and 3, the same 

moire pattern appears on the image regardless of a rotation angle of the wafer W.  

Therefore, the image analysis system 30 can determine the accurate geometric element of 
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the pattern of the wafer W based on the moire pattern.  In one embodiment, the imaging 

device 20 may generate the image while the rotations of the polishing head 1 and the 

polishing table 3 are stopped before polishing of the wafer W is started.  In this case, the 

reference pattern may be a line-and-space pattern or a concentric elliptical pattern. 

[0045] In the case of the reference pattern having the concentric circles shown in FIG. 6, 5 

as can be seen from the above formula (1), in order to calculate the pitch d of the pattern 

of the wafer W, the number n of straight lines of the pattern of the wafer W indicating the 

position of the moire pattern must be obtained from the image.  Therefore, the reference 

pattern having the concentric circles is suitable when the pitch of the pattern of the wafer 

W is large to a certain degree.  On the other hand, in the case of the reference pattern 10 

constituted by the radial pattern shown in FIG. 7, the number n of straight lines of the 

pattern of the wafer W is not included in the above formula (2).  Therefore, the reference 

pattern constituted by the radial pattern is suitable when the pitch of the pattern of the 

wafer W is fine. 

[0046] FIG. 8 is a diagram showing another embodiment of the polishing apparatus.  15 

Configurations and operations of this embodiment, which will not be particularly 

described, are the same as those of the embodiment shown in FIG. 1, and duplicated 

descriptions will be omitted.  The polishing apparatus further includes a light source 50, 

a first prism 51, and a second prism 52.  The light source 50, the first prism 51, the 

second prism 52, the lattice 24, and the imaging device 20 are disposed in the polishing 20 

table 3, and rotate together with the polishing table 3.  The relative positions of the light 

source 50, the first prism 51, the second prism 52, the lattice 24, and the imaging device 

20 are fixed. 

[0047] The first prism 51 and the second prism 52 are arranged symmetrically with 

respect to the lattice 24, and are located below the lattice 24.  The light source 50 is 25 

arranged so as to face the first prism 51, and the imaging device 20 is arranged so as to 

face the second prism 52.  The light source 50 is a white light source.  More 

specifically, the light source 50 includes a light-emitting diode configured to emit a white 
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light.  A convergence lens may be disposed between the light source 50 and the first 

prism 51.  Similarly, a convergence lens may be disposed between the imaging device 

20 and the second prism 52. 

[0048] When the white light, emitted by the light source 50, passes through the first 

prism 51, the white light is split into a first light (e.g., red light) that passes through the 5 

lattice 24 to the surface of the wafer W and a second light (e.g., blue light) that is 

reflected by the lattice 24, due to the difference in refractive index.  The first light is 

reflected by the surface (patterned surface) of the wafer W after passing through the 

lattice 24, passes through the second prism 52 after passing through the lattice 24 again, 

and is incident on the imaging device 20.  The second light is reflected by the lattice 24, 10 

and is incident on the imaging device 20 after passing through the second prism 52.  The 

first light and the second light that have passed through the second prism 52 are 

superimposed and are incident on the imaging device 20.  The imaging device 20 

generates an image from the first light and the second light.  A moire pattern appears on 

this image.  The image analysis system 30 can calculate the pitch of the pattern of the 15 

wafer W by analyzing the moire pattern on the image, as in the embodiment described 

above. 

[0049] FIG. 9 is a diagram showing still another embodiment of the polishing apparatus.  

Configurations and operations of this embodiment, which will not be particularly 

described, are the same as those of the embodiment shown in FIG. 1, and duplicated 20 

descriptions will be omitted.  The polishing apparatus further includes a light source 54 

and a beam splitter 55.  The light source 54 and the beam splitter 55 are disposed in the 

polishing table 3, and rotate together with the polishing table 3.  The beam splitter 55 

may include a half mirror.  The relative positions of the light source 54, the beam splitter 

55, the lattice 24, and the imaging device 20 are fixed. 25 

[0050] The lattice 24 is not aligned with the through-hole 2b and the imaging device 20.  

The lattice 24 and the light source 54 are arranged symmetrically with respect to a straight 

line connecting the through-hole 2b and the imaging device 20.  The beam splitter 55 is 
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disposed between the through-hole 2b and the imaging device 20, and is arranged 

obliquely with respect to the straight line connecting the through-hole 2b and the imaging 

device 20.  The light source 54 and the lattice 24 are arranged symmetrically with 

respect to the beam splitter 55.  The light source 54 faces one surface of the beam 

splitter 55, and the lattice 24 is arranged on an optical axis of the light source 54.  The 5 

lattice 24 has a reflector 24a and a patterned layer 24b.  The patterned layer 24b is fixed 

to a front surface of the reflector 24a, and a reference pattern is formed in the patterned 

layer 24b. 

[0051] The light, emitted by the light source 54, is split into a first light reflected by the 

beam splitter 55 and a second light passing through the beam splitter 55.  The first light 10 

passes through the through-hole 2b and is incident on the surface (patterned surface) of 

the wafer W.  The first light is reflected by the surface of the wafer W, passes through 

the beam splitter 55, and is incident on the imaging device 20.  The second light passes 

through the beam splitter 55 and is incident on the lattice 24.  The second light is 

reflected by the lattice 24, further reflected by the beam splitter 55, and is then incident on 15 

the imaging device 20. 

[0052] The first light reflected by the wafer W and the second light reflected by the 

lattice 24 are superimposed, and are incident on the imaging device 20.  The imaging 

device 20 generates an image from the first light and the second light.  A moire pattern 

appears on this image.  The image analysis system 30 can calculate the pitch of the 20 

pattern of the wafer W by analyzing the moire pattern on the image, as in the embodiment 

described above. 

[0053] In each of the above-described embodiments, the geometric element of the 

pattern of the wafer W is calculated based on the geometric element (e.g., line width) of 

the moire pattern on the image.  In one embodiment, the image analysis system 30 may 25 

be configured to obtain an image from the imaging device 20, compare a moire pattern on 

the image with reference moire patterns on a plurality of reference images stored in a 

database, determine a reference image having a reference moire pattern that most matches 
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the moire pattern on the image, and determine a geometric element of a pattern associated 

with the determined reference image.  This embodiment will be described below. 

[0054] FIG. 10 is a diagram showing an embodiment of the polishing apparatus having 

a database storing a plurality of reference images therein.  Configurations and operations 

of this embodiment, which will not be particularly described, are the same as those of the 5 

embodiment shown in FIG. 1, and duplicated descriptions will be omitted. 

[0055] As shown in FIG. 10, the image analysis system 30 includes a database 60 stored 

in the memory 30a.  The database 60 stores a plurality of reference images which are 

generated when a plurality of reference wafers (reference workpieces) having different 

patterns formed thereon are polished using the polishing apparatus shown in FIG. 10.  A 10 

moire pattern appears on each reference image.  The moire pattern varies depending on a 

geometric element of a pattern of each reference wafer and a geometric element of the 

reference pattern of the lattice 24. 

[0056] Geometric elements (e.g., pitches) of the patterns of the plurality of reference 

wafers used for generating the reference images are measured in advance by a magnifying 15 

device, such as an electron microscope or an optical microscope (not shown).  The 

geometric elements of these patterns of the reference wafers are input to the database 60, 

and stored in the database 60, with the geometric elements associated (or connected) with 

the corresponding reference images. 

[0057] FIG. 11 is a diagram illustrating a process of comparing the moire pattern on the 20 

image generated during polishing of a wafer W with the reference moire patterns on the 

plurality of reference images.  The reference pattern P2 of the lattice 24 is the same 

among the plurality of reference images, but patterns P3 of reference wafers are different.  

As a result, different reference moire patterns appear on the plurality of reference images. 

[0058] As shown in FIG. 11, the image analysis system 30 compares the moire pattern 25 

appearing on the image generated during polishing of the wafer W having the pattern P1 

with the reference moire patterns on the plurality of reference images one by one.  The 

image analysis system 30 determines a reference image having a reference moire pattern 
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that most matches the moire pattern on the image generated during the polishing of the 

wafer W, and determines a geometric element of a pattern associated with the determined 

reference image.  The comparison between the moire pattern on the image and the 

reference moire pattern is performed using a known image processing algorithm, such as 

pattern matching. 5 

[0059] In one embodiment, the imaging device 20 may generate the image while the 

rotations of the polishing head 1 and the polishing table 3 are stopped before polishing of 

the wafer W is started.  In this case, the reference pattern may be a line-and-space 

pattern or a concentric elliptical pattern.  The embodiments described with reference to 

FIGS. 10 and 11 can be applied to the embodiment shown in FIG. 8 and the embodiment 10 

shown in FIG. 9 described above. 

[0060] In each of the above-described embodiments, the lattice 24 is used as the pattern 

magnifying device, but in another embodiment, a magnifying glass having a combination 

of lenses may be used as the pattern magnifying device. 

[0061] Next, an embodiment of determining a polishing end point of a wafer, which is 15 

an example of a workpiece, based on an image generated by the imaging device will be 

described.  Configurations and operations of this embodiment, which will not be 

particularly described, are the same as those of the embodiments shown in FIGS. 1 to 11, 

and duplicated descriptions will be omitted. 

[0062] The image analysis system 30 is configured to determine a polishing end point of 20 

a wafer W based on an image generated by the imaging device 20.  More specifically, as 

will be described later, the image analysis system 30 includes memory 30a storing therein 

programs for determining the polishing end point of the wafer W based on an image 

generated by the imaging device 20, and arithmetic device 30b configured to perform 

arithmetic operations according to instructions contained in the programs.  The operation 25 

controller 40 is configured to terminate the polishing of the wafer W upon receiving a 

signal indicating the polishing end point of the wafer W from the image analysis system 

30. 



 

20 

[0063] The moire patterns as shown in FIGS. 4 and 5 occur when the pattern P1 of the 

wafer W appears on the surface of the wafer W.  In other words, when the pattern P1 of 

the wafer W is covered with a film, the moire pattern does not appear on the image. 

[0064] FIGS. 12A and 12B are diagrams each showing an example of a cross-sectional 

structure of the wafer W.  As shown in FIG. 12A, in an interconnect forming process, 5 

such as a damascene method, a film 70 (for example, a metal film, such as copper) is 

formed on the pattern P1 constituted by interconnect grooves.  When the film 70 is 

polished by the polishing apparatus shown in FIG. 1, the pattern P1 appears on the surface 

of the wafer W as shown in FIG. 12B.  The polishing end point of the wafer W is a point 

in time at which an excessive portion of the film 70 is removed by the polishing and the 10 

pattern P1 has clearly appeared. 

[0065] As can be seen from FIG. 12A, when the pattern P1 is covered with the film 70, 

the pattern P1 of the wafer W and the reference pattern P2 of the lattice 24 are not 

superimposed on the image generated by the imaging device 20.  Therefore, the moire 

pattern does not appear on the image.  In contrast, as shown in FIG. 12B, when the 15 

excessive portion of the film 70 is removed, the pattern P1 of the wafer W appears on the 

image.  As a result, the pattern P1 of the wafer W and the reference pattern P2 of the 

lattice 24 are superimposed, and the moire pattern appears on the image. 

[0066] The image analysis system 30 is configured to determine the polishing end point 

of the wafer W based on the moire pattern appearing on the image due to the 20 

superimposition of the pattern P1 of the wafer W and the reference pattern P2 of the 

lattice 24.  In the present embodiment, the image analysis system 30 determines the 

polishing end point of the wafer W based on a sharpness of the moire pattern on the 

image.  More specifically, the image analysis system 30 determines the polishing end 

point at which the sharpness of the moire pattern no longer changes. 25 

[0067] The sharpness of the moire pattern can be expressed by an index numerical value.  

In one embodiment, the sharpness of the moire pattern is an index numerical value 

expressed by a modulation transfer function.  The index numerical value expressed by 
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the modulation transfer function is also called an MTF value.  The MTF value rises as 

the moire pattern appears clearly.  During the polishing of the wafer W, the imaging 

device 20 successively generates images of the surface (surface to be polished) of the 

wafer W and the reference pattern P2 of the lattice 24, and the image analysis system 30 

obtains the images from the imaging device 20 and calculates the index numerical value 5 

indicating the sharpness of the moire pattern on each of the images. 

[0068] FIG. 13 is a graph showing a change in the index numerical value indicating the 

sharpness of the moire pattern on the image during the polishing of the wafer W shown in 

FIG. 12A.  In FIG. 13, vertical axis represents the index numerical value (e.g., the MTF 

value), and horizontal axis represents polishing time.  As shown in FIG. 13, in an initial 10 

stage of polishing, the pattern P1 of the wafer W is covered with the film 70 (see FIG. 

12A), and therefore the moire pattern does not appear on the image (time t1).  As the 

polishing of the wafer W progresses, the film 70 is gradually removed, and the pattern P1 

of the wafer W begins to appear (time t2).  At this time, the moire pattern also gradually 

begins to appear on the image, although the moire pattern is not clear. 15 

[0069] When the excessive portion of the film 70 is completely removed (see FIG. 12B), 

the pattern P1 of the wafer W appears clearly (time t3).  As a result, the moire pattern 

appears clearly on the image due to the superimposition of the pattern P1 of the wafer W 

and the reference pattern P2 of the lattice 24.  This time t3 is the polishing end point of 

the wafer W.  After that, the sharpness of the moire pattern on the image hardly changes, 20 

and as a result, the index numerical value is almost constant. 

[0070] Since the index numerical value changes characteristically in this manner during 

the polishing of the wafer W, the image analysis system 30 can determine the polishing 

end point of the wafer W based on the change in the index numerical value.  More 

specifically, the image analysis system 30 determines the polishing end point at which the 25 

index numerical value rises and then the index numerical value becomes substantially 

constant.  In the present embodiment, as described below, the image analysis system 30 

determines the polishing end point based on a rate of change in the index numerical value. 
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[0071] FIG. 14 is a graph showing the rate of change in the index numerical value.  In 

FIG. 14, vertical axis represents the rate of change (absolute value) in the index numerical 

value, and horizontal axis represents the polishing time.  The rate of change in the index 

numerical value is an amount of change in the index numerical value per unit time, and 

represents a slope of the graph of the index numerical value shown in FIG. 13.  The unit 5 

time is, e.g., the time required for the polishing table 3 to make N rotation(s) (N is a 

natural number, e.g., N=1).  As shown in FIG. 14, the rate of change in the index 

numerical value once rises to reach a maximum value, then decreases, and eventually 

becomes substantially constant.  The image analysis system 30 is configured to calculate 

the rate of change in the index numerical value during the polishing of the wafer W, 10 

detect a point in time at which the rate of change exceeds a first threshold value, and then 

determine the polishing end point at which the rate of change falls below a second 

threshold value.  The first threshold value may be the same as or different from the 

second threshold value. 

[0072] In one embodiment, the image analysis system 30 may be configured to calculate 15 

a moving average of the rate of change (absolute value) in the index numerical value, 

detect a point in time at which the moving average exceeds the first threshold value, and 

then determine the polishing end point at which the moving average falls below the 

second threshold value. 

[0073] As shown in FIG. 1, the image analysis system 30 is coupled to the operation 20 

controller 40.  The signal indicating the polishing end point of the wafer W determined 

by the image analysis system 30 is transmitted to the operation controller 40.  When the 

operation controller 40 receives the signal transmitted from the image analysis system 30, 

the operation controller 40 terminates polishing of the wafer W. 

[0074] As can be seen from the graph of FIG. 13, the index numerical value indicating 25 

the sharpness of the moire pattern on the image corresponds to a thickness of the film 70 

(see FIG. 12A).  Therefore, the imaging device 20 may generate a plurality of images of 

the pattern of the wafer W and the reference pattern P2, which are superimposed, at a 
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plurality of measurement points on the wafer W each time the polishing table 3 makes 

one rotation.  The image analysis system 30 may obtain the plurality of images from the 

imaging device 20, calculate a plurality of index numerical values indicating the 

sharpnesses of the moire pattern on the plurality of images, and produce a film-thickness 

profile of the wafer W from the plurality of index numerical values.  This film-thickness 5 

profile can be used to optimize the polishing condition for the wafer W.  For example, 

the operation controller 40 optimizes the polishing load applied to the wafer W by the 

polishing head 1 based on the film-thickness profile of the wafer W. 

[0075] In one embodiment, the lattice 24 may have superimposed reference patterns.  

When the superimposed reference patterns are used, the moire pattern on the image 10 

becomes large, and thus the image analysis system 30 may easily calculate the index 

numerical value indicating the sharpness of the moire pattern. 

[0076] The embodiment shown in FIG. 8 and the embodiment shown in FIG. 9 

described above can be applied to the embodiments described with reference to FIGS. 

12A to 14.  In these cases also, the image analysis system 30 can determine the polishing 15 

end point of the wafer W based on the moire pattern on the image, as in the previously 

described embodiments. 

[0077] 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 20 

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. 

Industrial Applicability 25 

[0078] The present invention is applicable to a polishing apparatus and a polishing 

method for detecting a geometric element of a pattern, such as pitch.  Further, the 

present invention is applicable to a technique of determining a polishing end point of a 
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workpiece. 

Reference Signs List 

[0079]  

 1 polishing head 

 2 polishing pad 5 

 2b through-hole 

 3 polishing table 

 3a table shaft 

 5 slurry supply nozzle 

 6 table motor 10 

 10 head shaft 

 17 coupling device 

 18 polishing-head motor 

 20 imaging device 

 24 lattice 15 

 30 image analysis system 

 30a memory 

 30b arithmetic device 

 40 operation controller 

 50 light source 20 

 51 first prism 

 52 second prism 

 54 light source 

 55 beam splitter 

 60 database 25 

 70 film 
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CLAIMS 

[Claim 1] A polishing apparatus comprising:  

 a polishing table configured to support a polishing pad;  

 a polishing head configured to press a workpiece, having a pattern formed 

thereon, against the polishing pad and polish a surface of the workpiece;  5 

 an imaging device disposed in the polishing table and configured to generate an 

image including at least the pattern of the workpiece; and  

 an image analysis system configured to determine a geometric element of the 

pattern of the workpiece based on the image. 

 10 

[Claim 2] The polishing apparatus according to claim 1, further comprising a 

pattern magnifying device configured to visually magnify the pattern of the workpiece. 

 

[Claim 3] The polishing apparatus according to claim 2, wherein  

 the pattern magnifying device comprises a lattice having a reference pattern 15 

formed therein, the reference pattern having a predefined shape and dimensions, and  

 the image analysis system is configured to determine the geometric element of 

the pattern of the workpiece based on a moire pattern appearing on the image due to 

superimposition of the pattern of the workpiece and the reference pattern. 

 20 

[Claim 4] The polishing apparatus according to claim 3, wherein the image 

analysis system is configured to measure a line width of the moire pattern appearing on 

the image and calculate a pitch of the pattern of the workpiece from the line width of the 

moire pattern and the geometric element of the reference pattern. 

 25 

[Claim 5] The polishing apparatus according to claim 3, wherein  

 the image analysis system is configured to:  

  obtain the image from the imaging device;  
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  compare the moire pattern on the image with reference moire patterns 

on a plurality of reference images;  

  determine a reference image having a reference moire pattern that most 

matches the moire pattern on the image; and  

  determine a geometric element of a pattern associated with the 5 

determined reference image. 

 

[Claim 6] The polishing apparatus according to any one of claims 3 to 5, further 

comprising:  

 a first prism and a second prism disposed in the polishing table; and  10 

 a light source facing the first prism,  

 wherein the imaging device faces the second prism,  

 the first prism is arranged so as to split light emitted by the light source into a 

first light that passes through the lattice to the workpiece and a second light that is 

reflected by the lattice, and  15 

 the second prism is arranged so as to superimpose the first light reflected by the 

workpiece and the second light reflected by the lattice, and to direct the first light and the 

second light, which are superimposed, to the imaging device. 

 

[Claim 7] The polishing apparatus according to any one of claims 3 to 5, further 20 

comprising a beam splitter and a light source disposed in the polishing table,  

 wherein the light source and the lattice are arranged symmetrically with respect 

to the beam splitter,  

 the imaging device faces the beam splitter, and  

 the beam splitter is arranged so as to split light emitted by the light source into a 25 

first light reflected by the beam splitter and a second light passing through the beam 

splitter, direct the first light to the workpiece, and direct the second light to the lattice. 
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[Claim 8] The polishing apparatus according to any one of claims 3 to 7, wherein 

the reference pattern is a concentric pattern or a radial pattern. 

 

[Claim 9] A polishing method comprising:  

 rotating a polishing table together with a polishing pad;  5 

 pressing a workpiece, having a pattern formed thereon, against the polishing pad 

to polish a surface of the workpiece;  

 generating an image including at least the pattern of the workpiece by an 

imaging device disposed in the polishing table; and  

 determining a geometric element of the pattern of the workpiece based on the 10 

image. 

 

[Claim 10] The polishing method according to claim 9, wherein a pattern 

magnifying device configured to visually magnify the pattern of the workpiece is 

disposed in the polishing table. 15 

 

[Claim 11] The polishing method according to claim 10, wherein  

 the pattern magnifying device comprises a lattice having a reference pattern 

formed therein, the reference pattern having a predefined shape and dimensions, and  

 the determining the geometric element of the pattern of the workpiece based on 20 

the image comprises determining the geometric element of the pattern of the workpiece 

based on a moire pattern appearing on the image due to superimposition of the pattern of 

the workpiece and the reference pattern. 

 

[Claim 12] The polishing method according to claim 11, wherein the determining 25 

the geometric element of the pattern of the workpiece based on the image comprises 

measuring a line width of the moire pattern appearing on the image, and calculating a 

pitch of the pattern of the workpiece from the line width of the moire pattern and the 
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geometric element of the reference pattern. 

 

[Claim 13] The polishing method according to claim 11, wherein  

 the determining the geometric element of the pattern of the workpiece based on 

the image comprises:  5 

  obtaining the image from the imaging device;  

  comparing the moire pattern on the image with reference moire patterns 

on a plurality of reference images;  

  determining a reference image having a reference moire pattern that 

most matches the moire pattern on the image; and  10 

  determining a geometric element of a pattern associated with the 

determined reference image. 

 

[Claim 14] The polishing method according to any one of claims 11 to 13, wherein 

the reference pattern is a concentric pattern or a radial pattern. 15 

 

[Claim 15] A polishing apparatus comprising:  

 a polishing table configured to support a polishing pad;  

 a polishing head configured to press a workpiece, having a pattern formed 

thereon, against the polishing pad and polish a surface of the workpiece;  20 

 a lattice disposed in the polishing table and having a reference pattern formed 

therein;  

 an imaging device disposed in the polishing table and configured to generate an 

image including the pattern of the workpiece and the reference pattern;  

 an image analysis system configured to determine a polishing end point of the 25 

workpiece based on a moire pattern appearing on the image due to superimposition of the 

pattern of the workpiece and the reference pattern. 
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[Claim 16] The polishing apparatus according to claim 15, wherein the image 

analysis system is configured to determine the polishing end point of the workpiece based 

on a sharpness of the moire pattern on the image. 

 

[Claim 17] The polishing apparatus according to claim 16, wherein the image 5 

analysis system is configured to determine the polishing end point of the workpiece at 

which the sharpness of the moire pattern no longer changes. 

 

[Claim 18] The polishing apparatus according to claim 17, wherein the image 

analysis system is configured to calculate an index numerical value indicating the 10 

sharpness of the moire pattern, calculate a rate of change in the index numerical value, 

detect a point in time at which the rate of change exceeds a first threshold value, and then 

determine the polishing end point at which the rate of change falls below a second 

threshold value. 

 15 

[Claim 19] The polishing apparatus according to claim 18, wherein the index 

numerical value is a numerical value expressed by a modulation transfer function. 

 

[Claim 20] A polishing method comprising:  

 rotating a lattice and a polishing table together with a polishing pad, the lattice 20 

having a reference pattern formed therein;  

 pressing a workpiece, having a pattern formed thereon, against the polishing pad 

to polish a surface of the workpiece;  

 generating, by an imaging device, an image of the pattern of the workpiece and 

the reference pattern which are superimposed, the imaging device being disposed in the 25 

polishing table; and  

 determining a polishing end point of the workpiece based on a moire pattern 

appearing on the image. 
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[Claim 21] The polishing method according to claim 20, wherein the determining 

the polishing end point of the workpiece based on the moire pattern appearing on the 

image comprises determining the polishing end point of the workpiece based on a 

sharpness of the moire pattern on the image. 5 

 

[Claim 22] The polishing method according to claim 21, wherein the determining 

the polishing end point of the workpiece based on the sharpness of the moire pattern on 

the image comprises determining the polishing end point of the workpiece at which the 

sharpness of the moire pattern no longer changes. 10 

 

[Claim 23] The polishing method according to claim 22, wherein the determining 

the polishing end point of the workpiece at which the sharpness of the moire pattern no 

longer changes comprises calculating an index numerical value indicating the sharpness 

of the moire pattern, calculating a rate of change in the index numerical value, detecting a 15 

point in time at which the rate of change exceeds a first threshold value, and then 

determining the polishing end point at which the rate of change falls below a second 

threshold value. 

 

[Claim 24] The polishing method according to claim 23, wherein the index 20 

numerical value is a numerical value expressed by a modulation transfer function. 


