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POLISHING APPARATUS AND POLISHING METHOD 

 

BACKGROUND 

Technical Field  

[0001] The disclosure relates to a polishing apparatus and a polishing method for polishing a 5 

substrate such as a wafer, and more particularly to a technique for detecting a polishing end point 

of a substrate. 

Description of Related Art 

[0002] Chemical mechanical polishing (CMP) is a technique for polishing a substrate such as a 

wafer in the presence of a slurry.  More specifically, a surface of the wafer is brought into 10 

sliding contact with a polishing pad in the presence of the slurry by pressing the wafer against the 

polishing pad while supplying the slurry to the polishing pad on a rotating polishing table.  The 

surface of the wafer is polished by a chemical action of the slurry and a mechanical action of 

abrasive grains contained in the slurry. 

[0003] A polishing end point of the wafer is determined on the basis of a change in a surface 15 

state of the wafer.  In one example, the polishing end point is a point in time when a film 

forming the surface of the wafer is removed and an underlying layer is exposed.  In order to 

determine such a polishing end point, there is a technique which monitors a change in a motor 

current supplied to a table motor for rotating a polishing table.  When the surface state of the 

wafer changes, friction between the wafer and the polishing pad changes, and as a result, the 20 

motor current changes.  Therefore, a changing point of the motor current can be set as the 

polishing end point. 

Patent Documents 

[0004] [Patent Document 1]  Published Japanese Translation No. 2007-510164 of the PCT 
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International Publication 

[0005] Recently, instead of the above-described method of monitoring the motor current, a 

method of determining the polishing end point on the basis of a strain of the polishing table has 

been proposed (for example, refer to Patent Document 1). 

 5 

SUMMARY 

[0006] The disclosure provides a novel polishing apparatus and a novel polishing method for 

determining a polishing end point of a substrate on the basis of a strain of a constituent element 

of the polishing apparatus caused by friction between a substrate such as a wafer and a polishing 

pad. 10 

[0007] According to an aspect, there is provided a polishing apparatus which polishes a 

substrate, including a rotatable polishing table which supports a polishing pad, a polishing head 

which presses the substrate against the polishing pad, a rotating shaft connected to the polishing 

head, a support structure which rotatably supports the rotating shaft, a strain measuring 

instrument which measures a strain of the support structure, and an end point detector which 15 

determines a polishing end point of the substrate on the basis of a change in the strain, wherein 

the strain measuring instrument includes at least one strain sensor fixed to the support structure. 

[0008] In one aspect, the strain measuring instrument may have two measurement modes 

including a low resolution measurement mode which measures the strain at a first resolution, and 

a high resolution measurement mode which measures the strain at a second resolution higher 20 

than the first resolution. 

 In one aspect, the low resolution measurement mode may be a low gain mode which 

converts a first range of the strain into a predetermined measurement output range, and the high 

resolution measurement mode may be a high gain mode which converts a second range of the 
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strain narrower than the first range into the measurement output range. 

 In one aspect, the strain measuring instrument may include a signal converter which 

converts the first range into the measurement output range and converts the second range into the 

measurement output range, and the strain sensor may be connected to the signal converter. 

[0009] In one aspect, the strain measuring instrument may include a first strain measuring 5 

instrument which is operated in the low resolution measurement mode, and a second strain 

measuring instrument which is operated in the high resolution measurement mode, the first strain 

measuring instrument may include a first strain sensor fixed to the support structure, and the 

second strain measuring instrument may include a second strain sensor fixed to the support 

structure. 10 

 In one aspect, the end point detector may be constituted to issue a command to the 

strain measuring instrument during the polishing of the substrate and to switch the measurement 

mode of the strain measuring instrument from the low resolution measurement mode to the high 

resolution measurement mode. 

[0010] In one aspect, there is provided a polishing method which polishes a substrate, 15 

including rotating a polishing table which supports a polishing pad, polishing the substrate by 

pressing the substrate against the polishing pad with a polishing head connected to a rotating 

shaft, measuring a strain of a support structure which rotatably supports the rotating shaft with a 

strain measuring instrument during polishing of the substrate, and determining a polishing end 

point of the substrate on the basis of a change in the strain, wherein the strain measuring 20 

instrument includes at least one strain sensor fixed to the support structure. 

[0011] In one aspect, the polishing method may further include switching a measurement 

mode of the strain measuring instrument from a low resolution measurement mode to a high 

resolution measurement mode during the polishing of the substrate, the low resolution 
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measurement mode may be a measurement mode which measures the strain at a first resolution, 

the high resolution measurement mode may be a measurement mode which measures the strain 

at a second resolution higher than the first resolution, and the determining of the polishing end 

point of the substrate on the basis of the change in the strain may be determining of the polishing 

end point of the substrate on the basis of the change in the strain measured in the high resolution 5 

measurement mode. 

 In one aspect, after the strain reaches a peak value during the polishing of the 

substrate, the measurement mode of the strain measuring instrument may be switched from the 

low resolution measurement mode to the high resolution measurement mode. 

[0012] The polishing method may further include adjusting an output value of the strain 10 

measuring instrument to a preset value after switching the measurement mode of the strain 

measuring instrument from the low resolution measurement mode to the high resolution 

measurement mode. 

 In one aspect, the low resolution measurement mode may be a low gain mode which 

converts a first range of the strain into a predetermined measurement output range, and the high 15 

resolution measurement mode may be a high gain mode which converts a second range of the 

strain narrower than the first range into the measurement output range. 

 In one aspect, the polishing method may further include calibrating the strain 

measuring instrument before polishing the substrate. 

 In one aspect, the calibrating of the strain measuring instrument may include 20 

determining a first output value of the strain measuring instrument when a first force is applied 

to the support structure, determining a second output value of the strain measuring instrument 

when a second force different from the first force is applied to the support structure, and 

adjusting the first output value and the second output value to a first reference value and a 
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second reference value, respectively. 

[0013] A frictional force generated between the substrate and the polishing pad is transmitted 

to the support structure via the polishing head and the rotating shaft.  The strain of the support 

structure during the polishing of the substrate varies according to the frictional force generated 

between the substrate and the polishing pad.  When a film forming a surface of the substrate is 5 

removed and an underlying layer is exposed, the frictional force changes.  Thus, the end point 

detector can determine the polishing end point of the substrate on the basis of a change in the 

strain of the support structure. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 10 

[0014] FIG. 1 is a schematic view showing an embodiment of a polishing apparatus. 

 FIG. 2 is a graph showing a change in a strain of a support structure from a point in 

time when a wafer is brought into contact with a polishing pad. 

 FIG. 3 is a graph showing a change in the strain when a measurement mode of a 

strain measuring instrument is switched from a low resolution measurement mode to a high 15 

resolution measurement mode after the strain reaches a peak value. 

 FIG. 4 is a schematic diagram showing an embodiment of a polishing apparatus 

including a first strain measuring instrument which is operated in the low resolution 

measurement mode and a second strain measuring instrument which is operated in the high 

resolution measurement mode. 20 

 FIG. 5 is a top view of the support structure when the strain measuring instrument is 

calibrated. 

 FIG. 6 is a graph showing a relationship between a first output value of the strain 

measuring instrument when a first force is applied to the support structure, a second output value 
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of the strain measuring instrument when a second force is applied to the support structure, and a 

first reference value and a second reference value. 

 

DESCRIPTION OF THE EMBODIMENTS 

[0015] Hereinafter, an embodiment of the disclosure will be described with reference to the 5 

drawings. 

 FIG. 1 is a schematic view showing an embodiment of a polishing apparatus.  As 

shown in FIG. 1, the polishing apparatus includes a polishing table 3 which supports a polishing 

pad 2, a polishing head 1 which presses a wafer W which is an example of a substrate against the 

polishing pad 2, a table motor 6 which rotates the polishing table 3, a rotating shaft 11 which is 10 

connected to the polishing head 1, a support structure 15 which rotatably supports the rotating 

shaft 11, and a slurry supply nozzle 5 which supplies a slurry onto the polishing pad 2.  A 

surface of the polishing pad 2 constitutes a polishing surface 2a which polishes the wafer W. 

[0016] The polishing table 3 is connected to a table motor 6 and is configured to rotate the 

polishing table 3 and the polishing pad 2 integrally.  The polishing head 1 is fixed to an end 15 

portion of the rotating shaft 11, and the rotating shaft 11 is rotatably supported by the support 

structure 15.  The rotating shaft 11 is connected to a rotating device (not shown) disposed 

inside the support structure 15, and the rotating shaft 11 and the polishing head 1 are rotated by 

the rotating device.  The support structure 15 is supported by a turning motor 18 fixed to a 

support shaft 16.  When the turning motor 18 is operated, the support structure 15 and the 20 

polishing head 1 turn about the support shaft 16. 

[0017] The polishing head 1 includes a retainer ring 7 which surrounds the wafer W.  The 

retainer ring 7 is provided to prevent the wafer W from being separated from the polishing head 

1 during polishing of the wafer W.  During the polishing of the wafer W, the retainer ring 7 is 
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pressed against the polishing pad 2 outside the wafer W. 

[0018] The wafer W is polished as follows.  The slurry is supplied from the slurry supply 

nozzle 5 to the polishing surface 2a of the polishing pad 2 on the polishing table 3 while the 

polishing table 3 and the polishing head 1 rotate in a direction shown by an arrow in FIG. 1.  

The wafer W is pressed against the polishing surface 2a of the polishing pad 2 in a state in which 5 

the slurry is present between the polishing pad 2 and the wafer W while rotated by the polishing 

head 1.  A surface of the wafer W is polished by a chemical action of the slurry and a 

mechanical action of abrasive grains contained in the slurry. 

[0019] The polishing apparatus further includes an operation control unit 9 which controls 

operations of the polishing head 1, the polishing table 3, and the slurry supply nozzle 5.  The 10 

operation control unit 9 is constituted with at least one computer. 

[0020] The polishing apparatus further includes a strain measuring instrument 20 which 

measures a strain of the support structure 15, and an end point detector 22 which determines a 

polishing end point of the wafer W on the basis of a change in the strain of the support structure 

15.  The strain measuring instrument 20 includes a strain sensor 25 which is fixed to the 15 

support structure 15, and a signal converter 28 which is electrically connected to the strain sensor 

25.  In the embodiment, the strain sensor 25 is fixed to a side surface of the support structure 15.  

Two strain sensors 25 may be fixed to both side surfaces of the support structure 15. 

[0021] The end point detector 22 is constituted with at least one computer.  The end point 

detector 22 includes a storage device 22a in which a program is stored, and an arithmetic device 20 

22b which performs an arithmetic operation according to the program.  The arithmetic device 

22b includes a central processing unit (CPU), a graphics processing unit (GPU), or the like.  

The storage device 22a includes a main storage device (for example, a random access memory) 

which can be accessed by the arithmetic device 22b, and an auxiliary storage device (for example, 

Lizalam
Rectangle




File: 096516sg 

8 

 

a hard disk drive or a solid state drive) which stores data and programs. 

[0022] A position of the strain sensor 25 on the support structure 15 is not particularly limited 

as long as the strain measuring instrument 20 can correctly measure the strain of the support 

structure 15.  In one embodiment, one or more strain sensors 25 may be fixed to an upper 

surface and/or a lower surface of support structure 15. 5 

[0023] The strain sensor 25 used in the embodiment is a piezoelectric sensor equipped with a 

crystal.  When the crystal is deformed due to the strain of the support structure 15, the crystal 

emits electric charges due to a piezoelectric effect.  The electric charges are sent to the signal 

converter 28 and converted into a voltage.  In one example, the signal converter 28 is 

constituted with a charge amplifier.  A value of the converted voltage is proportional to a 10 

magnitude of the strain.  The signal converter 28 outputs the value of the voltage as an output 

value which indicates the magnitude of the strain.  The output value (the voltage value) of the 

signal converter 28 indicates the magnitude of the strain of the support structure 15 and changes 

according to the magnitude of the strain of the support structure 15. 

[0024] However, the strain measuring instrument 20 is not particularly limited as long as it can 15 

directly or indirectly measure the strain of the support structure 15.  For example, the strain 

measuring instrument 20 may include a combination of a strain gauge and an amplifier, or a 

piezoelectric element using a material other than the crystal. 

[0025] In the specification, measuring the strain means not only measuring the magnitude of 

the strain itself, but also determining a physical quantity or index value which changes according 20 

to the magnitude of the strain.  The output value (the voltage value) of the signal converter 28 

which changes according to the magnitude of the strain is an example of a measured value of the 

strain. 

[0026] FIG. 2 is a graph showing a change in the strain of the support structure 15 from a point 
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in time when the wafer W is brought into contact with the polishing pad 2.  In FIG. 2, a vertical 

axis represents the strain of the support structure 15, and a horizontal axis represents time.  

When the wafer W is brought into contact with the polishing pad 2 at a time point t1, the strain 

of the support structure 15 rapidly increases.  When the wafer W is brought into contact with 

the polishing pad 2, the retainer ring 7 also comes into contact with the polishing pad 2.  5 

Therefore, the strain of the support structure 15 is caused by a resultant force of a frictional force 

generated between the wafer W and the polishing pad 2 and a frictional force generated between 

the retainer ring 7 and the polishing pad 2. 

[0027] After the polishing of the wafer W starts, the strain of the support structure 15 

continues to increase until the polishing of the wafer W is stabilized.  When the polishing of the 10 

wafer W is stabilized, the strain reaches a peak value P1 (a time point t2), and then the strain 

gradually decreases as the polishing of the wafer W is progressed.  When a film constituting the 

surface of the wafer W is removed and an underlying layer is exposed, a frictional force between 

the wafer W and the polishing pad 2 increases.  Due to the increase in the frictional force, the 

strain of the support structure 15 starts to increase (a time point t3). 15 

[0028] The end point detector 22 is electrically connected to the strain measuring instrument 

20, and an output value of the strain measuring instrument 20 is sent to the end point detector 22.  

The end point detector 22 determines the polishing end point of the wafer W on the basis of a 

change in the strain of the support structure 15.  More specifically, the end point detector 22 

determines the polishing end point of the wafer W which is a point in time when a rate of change 20 

in the strain (that is, an amount of change in the strain per unit time) exceeds a threshold value. 

[0029] Depending on a combination of a material of the film constituting the surface of the 

wafer W and a material of the underlying layer present below the film, the strain of the support 

structure 15 may be greatly reduced when the underlying layer is exposed by polishing the wafer 

Lizalam
Rectangle




File: 096516sg 

10 

 

W.  In such a case, the end point detector 22 determines the polishing end point of the wafer W 

which is the point in time when the rate of change in the strain falls below the threshold value. 

[0030] The frictional force generated between the wafer W and the polishing pad 2 is 

transmitted to the support structure 15 via the polishing head 1 and the rotating shaft 11.  

Although the frictional force generated between the retainer ring 7 and the polishing pad 2 is also 5 

applied to the support structure 15, the frictional force generated between the retainer ring 7 and 

the polishing pad 2 is substantially constant during the polishing of the wafer W.  Therefore, the 

strain of the support structure 15 during the polishing of the wafer W changes according to the 

frictional force generated between the wafer W and the polishing pad 2.  When the film 

constituting the surface of the wafer W is removed and the underlying layer is exposed, the 10 

frictional force changes.  Thus, the end point detector 22 can determine the end point of the 

wafer W on the basis of the change in the strain of the support structure 15. 

[0031] The strain of the support structure 15 is caused by the resultant force of the frictional 

force generated between the wafer W and the polishing pad 2 and the frictional force generated 

between the retainer ring 7 and the polishing pad 2.  A peak value P1 shown in the graph of FIG. 15 

2 is a maximum value of the magnitude of the strain of the support structure 15 caused by the 

two frictional forces.  The change in the strain according to the polishing of the wafer W is 

smaller than the peak value P1. 

[0032] In order to accurately determine the polishing end point of the wafer W, it is necessary 

to detect the change in the strain according to the polishing of the wafer W with high sensitivity.  20 

One possible solution is to increase a measurement resolution of the strain measuring instrument 

20.  However, when the measurement resolution is increased, the peak value P1 may not be 

within an effective measurement range of the strain measuring instrument 20. 

[0033] Therefore, in one embodiment, the strain measuring instrument 20 is constituted to 

Lizalam
Rectangle




File: 096516sg 

11 

 

switch a measurement mode from a low resolution measurement mode to a high resolution 

measurement mode during the polishing of the wafer W.  The strain measuring instrument 20 

has two measurement modes including a low resolution measurement mode which measures the 

strain of the support structure 15 at a first resolution, and a high resolution measurement mode 

which measures the strain of the support structure 15 at a second resolution higher than the first 5 

resolution. 

[0034] In the embodiment, the low resolution measurement mode is a low gain mode in which 

a first range of the strain is converted into a predetermined measurement output range, and the 

high resolution measurement mode is a high gain mode in which a second range of the strain 

which is narrower than the first range is converted to the measurement output range.  The signal 10 

converter 28 is constituted to convert the first range of the strain into a predetermined 

measurement output range during the low resolution measurement mode and to convert the 

second range of strain into the measurement output range during the high resolution 

measurement mode.  For example, when the first range of the strain is set to 0 to 1000, the 

second range of the strain is set to 0 to 10, and the measurement output range is set to 0V to 10V, 15 

the first range of the strain of 0 to 1000 corresponds to the measurement output range of 0V to 

10V in the low resolution measurement mode.  On the other hand, in the high resolution 

measurement mode, the second range of the strain of 0 to 10 corresponds to the measurement 

output range of 0V to 10V.  In the high resolution measurement mode, since the change in the 

strain per 1V is smaller than that in the low resolution measurement mode, the strain measuring 20 

instrument 20 in the high resolution measurement mode can measure the strain of the support 

structure 15 more finely. 

[0035] The strain measuring instrument 20 switches the measurement mode from the low 

resolution measurement mode to the high resolution measurement mode during the polishing of 
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the wafer W.  A timing at which the measurement mode is switched from the low resolution 

measurement mode to the high resolution measurement mode is when the polishing of the wafer 

W is stable and is preferably an initial stage of polishing the wafer W.  Therefore, in the 

embodiment, the strain measuring instrument 20 switches the measurement mode from the low 

resolution measurement mode to the high resolution measurement mode after the strain reaches 5 

the peak value P1. 

[0036] FIG. 3 is a graph showing a change in the strain when the measurement mode of the 

strain measuring instrument 20 is switched from the low resolution measurement mode to the 

high resolution measurement mode after the strain reaches the peak value P1.  The end point 

detector 22 issues a command to the strain measuring instrument 20 so that the strain measuring 10 

instrument 20 measures the strain of the support structure 15 in the low resolution measurement 

mode at the initial stage of the polishing of the wafer W (from a time point t1 to a time point t2).  

The end point detector 22 determines that the strain has reached the peak value P1 on the basis of 

the output value of the strain measuring instrument 20, then issues a command to the strain 

measuring instrument 20 and switches the measurement mode of the strain measuring instrument 15 

20 from the low resolution measurement mode to the high resolution measurement mode (the 

time point t2).  The strain measuring instrument 20 measures the strain of the support structure 

15 in the high resolution measurement mode.  Then, the end point detector 22 determines the 

polishing end point of the wafer W on the basis of the change in the strain measured in the high 

resolution measurement mode (a time point t3). 20 

[0037] As shown in FIG. 3, in the embodiment, the strain measuring instrument 20 is 

constituted to perform an output value reset for adjusting the output value to a preset value when 

the measurement mode of the strain measuring instrument 20 is switched from the low resolution 

measurement mode to the high resolution measurement mode.  In the embodiment, the preset 
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value is 0.  Therefore, in the high resolution measurement mode, the output value of the strain 

measuring instrument 20 starts from 0.  In one embodiment, the preset value used for resetting 

the output value may be a numerical value other than 0. 

[0038] The reset of the output value of the strain measuring instrument 20 may be performed 

whenever one wafer is polished or may be performed whenever a plurality of wafers is polished.  5 

Alternatively, the reset of the output value of the strain measuring instrument 20 may be 

performed using a dummy wafer (a dummy substrate).  Examples of the dummy wafer include 

a bare silicon wafer having no film formed thereon, a bracket wafer having a uniform film 

formed on a surface thereof, and the like.  For example, when it is assumed that the output 

value of the strain measuring instrument 20 decreases monotonously, the strain measuring 10 

instrument 20 can measure the strain of the support structure 15 in a larger range by adjusting the 

output value of the strain measuring instrument 20 to a maximum value input to the signal 

converter 28. 

[0039] In the above-described embodiment, the measurement mode of one strain measuring 

instrument 20 is switched from the low resolution measurement mode to the high resolution 15 

measurement mode, but the disclosure is not limited to the embodiment.  In one embodiment, 

as shown in FIG. 4, the strain measuring instrument 20 includes a first strain measuring 

instrument 20A which is operated in the low resolution measurement mode, and a second strain 

measuring instrument 20B which is operated in the high resolution measurement mode. 

[0040] The first strain measuring instrument 20A includes a first strain sensor 25A fixed to the 20 

support structure 15, and a first signal converter 28A connected to the first strain sensor 25A.  

The second strain measuring instrument 20B includes a second strain sensor 25B fixed to the 

support structure 15, and a second signal converter 28B connected to the second strain sensor 

25B.  The end point detector 22 is connected to both the first strain measuring instrument 20A 
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and the second strain measuring instrument 20B, and an output value of the first strain measuring 

instrument 20A and an output value of the second strain measuring instrument 20B are sent to 

the end point detector 22. 

[0041] The end point detector 22 issues a command to the first strain measuring instrument 

20A and the second strain measuring instrument 20B during the polishing of the wafer W and 5 

switches the measurement of the strain of the support structure 15 from the measurement using 

the first strain measuring instrument 20A to the measurement using the second strain measuring 

instrument 20B.  More specifically, the end point detector 22 issues a command to the first 

strain measuring instrument 20A so that the first strain measuring instrument 20A measures the 

strain of the support structure 15 in the low resolution measurement mode at the initial stage of 10 

the polishing the wafer W.  The end point detector 22 determines that the strain has reached the 

peak value P1 on the basis of the output value of the first strain measuring instrument 20A, then 

issues a command to the second strain measuring instrument 20B and causes the second strain 

measuring instrument 20B to measure the strain of the support structure 15 in the high resolution 

measurement mode.  Then, the end point detector 22 determines the polishing end point of the 15 

wafer W on the basis of the change in the strain measured in the high resolution measurement 

mode. 

[0042] Also in the embodiment shown in FIG. 4, as in the graph shown in FIG. 3, the 

measurement mode of the strain during the polishing of the wafer W is switched from the low 

resolution measurement mode to the high resolution measurement mode.  Therefore, the end 20 

point detector 22 can accurately determine the polishing end point of the wafer W. 

[0043] The magnitude of the strain of the support structure 15 measured by the strain 

measuring instrument 20 may vary according to a strength of the support structure 15 and a 

mounting position of the strain sensor 25 in addition to the frictional force.  In other words, 
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even when the frictional force generated between the wafer W and the polishing pad 2 is the 

same, the output value of the strain measuring instrument 20 can change according to the 

strength of the support structure 15 and the mounting position of the strain sensor 25. 

[0044] Therefore, in one embodiment, as described below, the strain measuring instrument 20 

is calibrated by associating the force applied to the support structure 15 with the output value of 5 

the strain measuring instrument 20. 

[0045] FIG. 5 is a top view of the support structure 15 when the strain measuring instrument 

20 is being calibrated.  A load measuring instrument 32 such as a load cell is installed beside 

the support structure 15.  The load measuring instrument 32 is fixed to a stationary member 

(not shown).  When a first torque current is supplied to the turning motor 18, the support 10 

structure 15 rotates around the turning motor 18 and is pressed against the load measuring 

instrument 32.  At this time, the support structure 15 receives a first force (a reaction force) 

from the load measuring instrument 32 and is distorted.  The load measuring instrument 32 

measures the first force applied to the support structure 15, and at the same time, the strain 

measuring instrument 20 measures the strain of the support structure 15. 15 

[0046] Next, when a second torque current different from the first torque current is supplied to 

the turning motor 18, the support structure 15 is similarly pressed against the load measuring 

instrument 32.  At this time, the support structure 15 receives the second force (a reaction force) 

different from the first force from the load measuring instrument 32 and is distorted.  The load 

measuring instrument 32 measures the second force applied to the support structure 15, and at 20 

the same time, the strain measuring instrument 20 measures the strain of the support structure 15. 

[0047] The calibration of the strain measuring instrument 20 includes a step of determining a 

first output value of the strain measuring instrument 20 when the first force is applied to the 

support structure 15, and a step of determining a second output value of the strain measuring 
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instrument 20 when the second force different from the first force is applied to the support 

structure 15, and a step of adjusting the first output value and the second output value to a first 

reference value and a second reference value, respectively.  The first reference value and the 

second reference value are predetermined values. 

[0048] FIG. 6 is a graph showing a relationship between the first output value of the strain 5 

measuring instrument 20 when the first force is applied to the support structure 15, the second 

output value of the strain measuring instrument 20 when the second force is applied to the 

support structure 15, and the first reference value and the second reference value.  In FIG. 6, a 

vertical axis represents the output value of the calibrated strain measuring instrument 20, and a 

horizontal axis represents the output value of the strain measuring instrument 20 before being 10 

calibrated. 

[0049] As shown in FIG. 6, the first output value M1 of the strain measuring instrument 20 

when the first force is applied to the support structure 15 is adjusted to the first reference value 

N1, and the second output value M2 of the strain measuring instrument 20 when the second 

force is applied to the support structure 15 is adjusted to the second reference value N2.  As 15 

described above, the first and second forces applied to the support structure 15 are related to the 

output values of the strain measuring instrument 20.  According to the embodiment, the strain 

measuring instrument 20 can generate an output value corresponding to the frictional force 

without being affected by the strength of the support structure 15 and the mounting position of 

the strain sensor 25. 20 

[0050] The calibration of the strain measuring instrument 20 is performed before the polishing 

of the wafer.  However, it is not necessary to perform the calibration before the polishing of all 

the wafers to be polished. 

[0051] A method for calibrating the strain measuring instrument 20 is not limited to the 
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embodiment shown in FIG. 5 as long as a predetermined force can be applied to the support 

structure 15.  A method described below is an embodiment of calibrating the strain measuring 

instrument 20 without using the load measuring instrument 32. 

[0052] The operation control unit 9 rotates the polishing table 3, also issues a command to the 

polishing head 1 so that the polishing head 1 presses the wafer W against the polishing pad 2 5 

with a first load, and then causes the polishing head 1 to press the wafer W against the polishing 

pad 2 with the second load.  The second load is different from the first load.  Therefore, the 

frictional force generated between the wafer W and the polishing pad 2 when the first load is 

applied to the polishing pad 2 is different from that generated between the wafer W and the 

polishing pad 2 when the second load is applied to the polishing pad 2 10 

[0053] When a first load is applied to the polishing pad 2, a first force corresponding to the 

first load is applied to the support structure 15 through the polishing head 1 and the support 

structure 15 is distorted.  At this time, the strain measuring instrument 20 measures the strain of 

the support structure 15.  Similarly, when the second load is applied to the polishing pad 2, the 

second force corresponding to the second load is applied to the support structure 15 through the 15 

polishing head 1, and the support structure 15 is distorted.  At this time, the strain measuring 

instrument 20 measures the strain of the support structure 15. 

[0054] Next, as described with reference to FIG. 6, the first output value of the strain 

measuring instrument 20 when the first force is applied to the support structure 15 is adjusted to 

the first reference value, and the second output value of the strain measuring instrument 20 when 20 

the second force is applied to the support structure 15 is adjusted to the second reference value. 

[0055] It will be apparent to those skilled in the art that various modifications and variations 

can be made to the disclosed embodiments without departing from the scope or spirit of the 

disclosure.  In view of the foregoing, it is intended that the disclosure covers modifications and 
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variations provided that they fall within the scope of the following claims and their equivalents. 

[Reference Signs List] 

[0056] 1 Polishing head 

 2 Polishing pad 

 2a Polishing surface 5 

 3 Polishing table 

 5 Slurry supply nozzle 

 6 Table motor 

 7 Retainer ring 

 9 Operation control unit 10 

 11 Rotating shaft 

 15 Support structure 

 16 Support shaft 

 18 Turning motor 

 20 Strain measuring instrument 15 

 20A First strain measuring instrument 

 20B Second strain measuring instrument 

 22 End point detector 

 22a Storage device 

 22b Arithmetic device 20 

 25 Strain sensor 

 25A First strain sensor 

 25B Second strain sensor 

 28 Signal converter 

Lizalam
Rectangle
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 28A First signal converter 

 28B Second signal converter 

 32 Load measuring instrument 

Lizalam
Rectangle
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CLAIMS 

WHAT IS CLAIMED IS: 

1. A polishing apparatus which polishes a substrate, comprising: 

a rotatable polishing table which supports a polishing pad; 

a polishing head which presses the substrate against the polishing pad; 5 

a rotating shaft connected to the polishing head; 

a support structure which rotatably supports the rotating shaft; 

a strain measuring instrument which measures a strain of the support structure; and 

an end point detector which determines a polishing end point of the substrate on the basis of 

a change in the strain, 10 

wherein the strain measuring instrument comprises at least one strain sensor fixed to the 

support structure, and 

the strain measuring instrument has two measurement modes comprising a low resolution 

measurement mode which measures the strain at a first resolution, and a high resolution 

measurement mode which measures the strain at a second resolution higher than the first 15 

resolution. 

 

2. The polishing apparatus according to claim 1, wherein: 

the low resolution measurement mode is a low gain mode which converts a first range of 

the strain into a predetermined measurement output range, and 20 

the high resolution measurement mode is a high gain mode which converts a second range 

of the strain narrower than the first range into the measurement output range. 

 

3. The polishing apparatus according to claim 2, wherein the strain measuring instrument 

comprises a signal converter which converts the first range into the measurement output range 25 
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and converts the second range into the measurement output range, and the strain sensor is 

connected to the signal converter. 

 

4. The polishing apparatus according to claim 2 or 3, wherein: 

the strain measuring instrument comprises a first strain measuring instrument which is 5 

operated in the low resolution measurement mode, and a second strain measuring instrument 

which is operated in the high resolution measurement mode, 

the first strain measuring instrument comprises a first strain sensor fixed to the support 

structure, and 

the second strain measuring instrument comprises a second strain sensor fixed to the 10 

support structure. 

 

5. The polishing apparatus according to any one of claims 2 to 4, wherein the end point 

detector is constituted to issue a command to the strain measuring instrument during the 

polishing of the substrate and to switch the measurement mode of the strain measuring 15 

instrument from the low resolution measurement mode to the high resolution measurement 

mode. 

 

6. A polishing method which polishes a substrate, comprising: 

rotating a polishing table which supports a polishing pad; 20 

polishing the substrate by pressing the substrate against the polishing pad with a polishing 

head connected to a rotating shaft; 

measuring a strain of a support structure which rotatably supports the rotating shaft with a 

strain measuring instrument during polishing of the substrate; and 

determining a polishing end point of the substrate on the basis of a change in the strain, 25 
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wherein the strain measuring instrument comprises at least one strain sensor fixed to the 

support structure, 

wherein the polishing method further comprises switching a measurement mode of the 

strain measuring instrument from a low resolution measurement mode to a high resolution 

measurement mode during the polishing of the substrate, 5 

wherein the low resolution measurement mode is a measurement mode which measures the 

strain at a first resolution, 

the high resolution measurement mode is a measurement mode which measures the strain at 

a second resolution higher than the first resolution, and 

the determining of the polishing end point of the substrate on the basis of the change in the 10 

strain is determining of the polishing end point of the substrate on the basis of the change in the 

strain measured in the high resolution measurement mode. 

 

7. The polishing method according to claim 6, wherein after the strain reaches a peak value 

during the polishing of the substrate, the measurement mode of the strain measuring instrument 15 

is switched from the low resolution measurement mode to the high resolution measurement 

mode. 

 

8. The polishing method according to claim 6 or 7, further comprising adjusting an output 

value of the strain measuring instrument to a preset value after switching the measurement mode 20 

of the strain measuring instrument from the low resolution measurement mode to the high 

resolution measurement mode. 

 

9. The polishing method according to any one of claims 6 to 8, wherein: 

the low resolution measurement mode is a low gain mode which converts a first range of 25 
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the strain into a predetermined measurement output range, and 

the high resolution measurement mode is a high gain mode which converts a second range 

of the strain narrower than the first range into the measurement output range. 

 

10. The polishing method according to any one of claims 6 to 9, further comprising 5 

calibrating the strain measuring instrument before polishing the substrate. 

 

11. The polishing method according to claim 10, wherein the calibrating of the strain 

measuring instrument comprises: 

determining a first output value of the strain measuring instrument when a first force is 10 

applied to the support structure; 

determining a second output value of the strain measuring instrument when a second force 

different from the first force is applied to the support structure; and 

adjusting the first output value and the second output value to a first reference value and a 

second reference value, respectively. 15 


