
 

 

CALIBRATION METHOD FOR ACOUSTIC SENSOR 

 

BACKGROUND OF THE INVENTION 

Field of the Invention: 

[0001] The present invention relates to a calibration method for an acoustic sensor, and 

particularly relates to a calibration method for an acoustic sensor which is disposed in a 

polishing apparatus. 

Description of the Related Art: 

[0002] A CMP (Chemical Mechanical Polishing) apparatus is a polishing apparatus used 

to polish a surface of a substrate, such as a wafer, in the manufacture of semiconductor 

devices.  The CMP apparatus is configured to hold and rotate the substrate with a polishing 

head, and press the substrate against a polishing pad on a rotating polishing table to polish 

the surface of the substrate.  During polishing, a polishing liquid (or slurry) is supplied onto 

the polishing pad, so that the surface of the substrate is planarized by the chemical action of 

the polishing liquid and the mechanical action of abrasive grains contained in the polishing 

liquid. 

[0003] In such polishing apparatus, an acoustic sensor (for example, ultrasonic sensor, and 

AE sensor) may be used to detect a polishing state of the substrate.  Examples of the 

polishing state of the substrate detected by acoustic sensor include an end point of polishing 

of the substrate, and an abnormality in polishing of the substrate.  The acoustic sensor is 

disposed in a polishing chamber, for example, in which a polishing table is placed, and 

collects polishing sounds generated during polishing of the substrate.  The polishing 

apparatus determines the polishing state of the substrate (for example, the end point of 

polishing of the substrate) based on the collected polishing sounds. 

Citation List 

Patent Literature 

[0004] Patent document 1: Japanese laid-open patent publication No. 2017-163100 

[0005] After a certain period of time has elapsed since the acoustic sensor has been in use, 



 

 

the measurement values of the acoustic sensor (i.e., output values of the acoustic sensor) 

may become shifted.  Further, depending on installation conditions (for example, 

installation positions) of acoustic sensors in each polishing apparatus, the output values of 

each of the acoustic sensors may be different from each other.  Therefore, it is necessary to 

calibrate the acoustic sensor periodically. 

 

SUMMARY OF THE INVENTION 

[0006] Therefore, there is provided a method capable for accurately calibrating an acoustic 

sensor disposed in a polishing apparatus. 

[0007] In an embodiment, there is provided a calibration method for an acoustic sensor 

provided in a polishing apparatus in which a substrate held in a substrate holder is pressed 

against a polishing pad attached to a polishing table to thereby polish the substrate, 

comprising: acquiring polishing sounds of the substrate using the acoustic sensor; selecting 

at least two distinctive sounds, having distinctive frequencies respectively, from the acquired 

polishing sounds; outputting the at least two distinctive sounds from a sound source coupled 

to any of the polishing table, the acoustic sensor, and the substrate holder to input the at least 

two distinctive sounds to the acoustic sensor; and calibrating output values of the acoustic 

sensor, such that the output values of the acoustic sensor relative to the at least two 

distinctive sounds come within an allowable range. 

[0008] In an embodiment, the acoustic sensor is an AE sensor mounted to the polishing 

table, and the sound source is placed at a position corresponding to a polishing position of 

the substrate in the polishing pad or the polishing table. 

 In an embodiment, the sound source is an AE sensor for sound source, which has 

the same configuration as the AE sensor. 

 In an embodiment, the sound source is arranged directly above the AE sensor. 

[0009] In an embodiment, the acoustic sensor is an ultrasonic sensor coupled to an arm 

supporting the substrate holder, and the sound source is placed at a position corresponding to 

a polishing position of the substrate in the polishing pad or the polishing table. 



 

 

 In an embodiment, the acoustic sensor is an ultrasonic sensor coupled to an arm 

supporting the substrate holder, and the sound source is coupled to the acoustic sensor. 

[0010] In an embodiment, the acoustic sensor is mounted to the substrate holder, and the 

sound source is mounted to the substrate holder. 

 In an embodiment, the acoustic sensor is an AE sensor. 

 In an embodiment, the sound source is an AE sensor for sound source, which has 

the same configuration as the AE sensor. 

 In an embodiment, inputting the at least two distinctive sounds to the acoustic 

sensor is performed while the substrate is being held by the substrate holder. 

[0011] In one embodiment, an alarm is issued when any of output values of the acoustic 

sensor relative to the at least two distinctive sounds exceed an upper threshold or a lower 

threshold. 

[0012] According to the present invention, the acoustic sensor is calibrated based on the 

polishing sound generated during the polishing of the substrate.  As a result, the acoustic 

sensor can be accurately calibrated based on the actual polishing sounds. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] FIG. 1 is schematic view showing a polishing apparatus according to one 

embodiment; 

 FIG. 2 is a graph showing an example of polishing sounds acquired by the acoustic 

sensor; 

 FIG. 3 is a schematic view illustrating a calibration method for the acoustic sensor 

according to one embodiment; 

 FIG. 4 is a schematic view illustrating the calibration method for the acoustic 

sensor according to another embodiment; 

 FIG. 5 is a schematic view illustrating the calibration method for the acoustic 

sensor according to still another embodiment; and 

 FIG. 6 is a schematic view illustrating the calibration method for the acoustic 



 

 

sensor according to still another embodiment. 

 

DESCRIPTION OF EMBODIMENTS 

[0014] Hereinafter, embodiments according to the present invention will be described with 

reference to the drawings.   

 FIG. 1 is schematic view showing a polishing apparatus according to one 

embodiment.  As shown in FIG. 1, the polishing apparatus includes a polishing table 3 for 

supporting a polishing pad 2, a polishing head (substrate holder) 1 for holding and pressing a 

wafer W, which is an example of a substrate, against the polishing pad 2, a table motor 6 for 

rotating the polishing table 3, a polishing-liquid supply nozzle 5 for supplying polishing 

liquid, such as slurry, onto the polishing pad 2, and controller 9 for controlling operations of 

the polishing apparatus.  The polishing pad 2 has an upper surface which provides a 

polishing surface 2a for polishing the wafer. 

[0015] The polishing head 1 is coupled to a head shaft 10, and the head shaft 10 is coupled 

to a polishing-head motor, which is not shown in the drawing, through a coupling means, 

such as a belt.   The polishing-head motor causes the polishing head 1 to rotate with the 

head shaft 10 in a direction indicated by an arrow.  The polishing table 3 is coupled to the 

table motor 6, 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.  The directions of rotation of the 

polishing head 1 and the polishing table 3 are not limited to this embodiment.  In one 

embodiment, the polishing head 1 and polishing table 3 may be configured to rotate in 

directions opposite to the directions indicated by the arrows in FIG. 1. 

[0016] Polishing of the wafer W is performed as follows.  The polishing-liquid supply 

nozzle 5 supplies the polishing liquid onto the polishing surface 2a of the polishing pad 2 on 

the polishing table 3, while the polishing table 3 and the polishing head 1 are rotated in the 

directions indicated by the arrows in FIG. 1.  While the wafer W is being rotated by the 

polishing head 1, the wafer W is pressed against the polishing surface 2a of the polishing 

pad 2 in the presence of the polishing liquid on the polishing pad 2.  The surface of the 



 

 

wafer W is polished by a chemical action of the polishing liquid, and a mechanical action of 

abrasive grains contained in the polishing liquid or the polishing pad 2. 

[0017] The polishing apparatus shown in FIG. 1 has an acoustic sensor 44 for detecting a 

polishing state of the wafer W.  This type of acoustic sensor 44 is, for example, an 

ultrasonic sensor, or an AE (Acoustic Emission) sensor.  The acoustic sensor 44 is disposed 

in a polishing chamber in which the polishing head 1, and the polishing table 3 described 

above are placed, and collects polishing sounds generated when the wafer W is being 

polished. 

[0018] The acoustic sensor 44 is coupled to the controller 9 through a sound processing 

device 49.  The sound processing device 49 has an amplifier 49a for amplifying sound 

signals collected by the acoustic sensor 44, and a filter 49b for removing noise from the 

sound signals amplified by the amplifier 49a.  The controller 9 is configured to be able to 

receive the sound signals collected by the acoustic sensor 44 and processed by the sound 

processing device 49.  Further, the controller 9 is configured to determine, based on the 

polishing sounds of the wafer W generated during polishing of the wafer W, the polishing 

state, such as an end point of the wafer W and/or a polishing abnormality.  A calibration 

method for this acoustic sensor 44 is described below. 

[0019] In a calibrating for the acoustic sensor 44, the controller 9 first acquires the 

polishing sounds of the wafer W using the acoustic sensor 44, and selects at least two 

distinctive sounds, having distinctive frequencies respectively, from the acquired polishing 

sounds.  In this specification, the distinctive sound means a sound of a frequency having a 

distinctive peak among the polishing sounds acquired by the acoustic sensor 44.  In 

acquiring the polishing sound of the wafer W, the controller 9 accumulates, for example, the 

output values of the acoustic sensor 44 for a predetermined period of time, and averages the 

output values for each frequency, of the acoustic sensor 44 to thereby determine the 

polishing sounds of the wafer W. 

[0020] FIG. 2 is a graph showing an example of polishing sounds acquired by the acoustic 

sensor.  In FIG. 2, a vertical axis represents sound pressure, and a horizontal axis represents 



 

 

frequency.  As shown in FIG. 2, the polishing sounds acquired by the acoustic sensor 44 

have a plurality of distinctive peaks Pk.  The controller selects at least two peaks Pk among 

these peaks Pk, and then determines sounds of frequencies corresponding to the selected 

peaks as the distinctive sounds, respectively.  Further, the controller 9 stores the 

frequencies of the distinctive sounds and the sound pressures corresponding to these 

frequencies. 

[0021] Next, a sound source is coupled to any of the polishing table 3, the acoustic sensor 

44, and the polishing head 1.  Further, at least two distinctive sounds mentioned above are 

output from this sound source, and then the at least two distinctive sounds are collected 

(input) to the acoustic sensor 44.  The controller 9 acquires the output values of the acoustic 

sensor 44 that have been input with the distinctive sounds, and calibrates the output values 

of the acoustic sensor such that all of these output values c within a predetermined allowable 

range.  The controller 9 stores the predetermined allowable range in advance. 

[0022] FIG. 3 is a schematic view illustrating a calibration method for the acoustic sensor 

according to one embodiment.  The acoustic sensor 44 shown in FIG. 3 is an AE sensor 

attached to a lower surface of the polishing table 3.  In this embodiment, the acoustic 

sensor 44 collects, during polishing of the wafer W, the polishing sounds of the wafer W 

while rotating together with the polishing table 3.  In one embodiment, the acoustic sensor 

44 may be imbedded in the polishing table 3. 

[0023] As shown in FIG. 3, when calibrating the acoustic sensor 44, which is the AE 

sensor, attached to the lower surface of the polishing table 3 (or imbedded in the polishing 

table 3), the sound source 45 is placed to the polishing surface 2a of the polishing pad 2 

supported by the polishing table 3.  With this operation, the sound source 45 is coupled to 

the polishing table 3 through the polishing pad 2. 

[0024] In one embodiment, after the polishing pad 2 is removed, the sound source 45 may 

be coupled directly to an upper surface of the polishing table 3.  The polishing pad 2 is an 

expendable item, and is an item that is periodically maintained or replaced.  Performing 

calibration process for the acoustic sensor 44 during the maintenance or replacement of the 



 

 

polishing pad 2 enables downtime of the polishing apparatus to be reduced. 

[0025] A position for coupling the sound source 45 to the polishing table 3 is freely 

selectable.  For example, a holder (not shown) for holding the sound source 45 may be 

secured to a side surface or an under surface of the polishing table 3 to hold the sound source 

45, or the sound source 45 may be directly attached to the side surface or the under surface 

of the polishing table 3. 

[0026] A signal generator 46 for outputting the distinctive sounds from the sound source 

45 is coupled to the sound source 45, and the signal generator 46 is coupled to the controller 

9.  As described above, the controller 9 causes the signals corresponding to the acquired 

distinctive sounds to be input from the signal generator 46 to the sound source 45, thereby 

causing the distinctive sounds to be output from the sound source 45 at the acquired sound 

pressure.  Examples of the signal input from signal generator 46 to the sound source 45 

include SIN wave, rectangular wave, and BURST wave. 

[0027] The acoustic sensor 44 collects the distinctive sounds output from the sound source 

45.  In other words, the distinctive sounds output from the sound source 45 are input to the 

acoustic sensor 44, and the output values (sound pressures) of the acoustic sensor 44 relative 

to the distinctive sounds are input to the controller 9.  An allowable range for the output 

values of acoustic sensor 44 is input to the controller 9 in advance, and the controller 9 

compares all of the output values from the acoustic sensor 44, in which the distinctive 

sounds have been input, with the allowable range.  When no output value deviates from the 

allowable range, the controller 9 causes the calibration process of the acoustic sensor 44 to 

be completed. 

[0028] If there is even one output value that deviates from the allowable range, the 

controller 9 calculates a conversion formula for correction relative to the output values of the 

acoustic sensor 44 so as to bring all output values within the allowable range.  The 

conversion formula for correction is represented as, for example, an approximate straight 

line determined by the least-squares method based on the output values (sound pressures) of 

the acoustic sensor 44 with respect to the frequencies of the distinctive sounds.  The 



 

 

controller 9 changes a slope and an offset value of the conversion formula for correction, 

which are represented as an approximate straight line, such that all of the output values of 

the acoustic sensor 44 come within the allowable range.  The offset value corresponds to a 

y-intercept when the approximate straight line is drawn on a graph with a vertical axis (y-

axis) as the output value of the acoustic sensor 44 and a horizontal axis (x-axis) as the 

frequency. 

[0029] When the controller 9 selects two distinctive sounds, the conversion formula for 

correction is represented by a straight line passing through the output values of the two 

distinctive sounds.  In this case, the controller 9 changes the slope and the offset value of 

the conversion formula for correction such that the two output values of the acoustic sensor 

44 match the sound pressures of the distinctive sounds. 

[0030] According to such calibration process, the acoustic sensor 44 is calibrated based on 

the polishing sounds generated during polishing of the wafer W.  As a result, the acoustic 

sensor 44 can be accurately calibrated based on the actual polishing sounds. 

[0031] The controller 9 may store in advance an upper threshold and a lower threshold set 

in a wider range than the allowable range described above.  In this case, the controller 9 is 

configured to issue an alarm if any one of the output values of the acoustic sensor 44 

exceeds the upper threshold or the lower threshold.  This alarm enables an operator to 

recognize a faulty installation or a failure of the acoustic sensor 44 and/or the sound source 

45 as soon as possible. 

[0032] In one embodiment, after the calibration process is completed, the controller 9 may 

be configured to perform a check operation.  The check operation is a process for checking 

whether or not the acoustic sensor 44 has been calibrated reliably.  Specifically, the sound 

source 45 outputs the distinctive sounds again, and the acoustic sensor 44 outputs the output 

values in response to these distinctive sounds.  The controller 9 inputs the output values 

from the acoustic sensor 44 into the calibrated conversion formula to acquire the output 

values of the acoustic sensor 44 after the calibration.  Further, the controller 9 checks 

whether or not the output values of the calibrated acoustic sensor 44 are within the allowable 



 

 

range.  When there is distinctive sound that deviates from the allowable range, the 

controller 9 may issue an alarm. 

[0033] In the calibration process of the acoustic sensor 44, the sound source 45 is used to 

simulate the polishing sounds.  For this purpose, in this embodiment, the sound source 45 

is preferably an AE sensor that has the same configuration as the acoustic sensor 44.  This 

configuration enables the distinctive sounds output by the sound source 45 to more 

accurately simulate the distinctive sounds collected by the acoustic sensor 44. 

[0034] Further, it is preferable to place the sound source 45 at a position corresponding to 

the actual polishing position of the wafer W.  Specifically, it is preferable to place the 

sound source 45 on the polishing pad 2 or polishing table 3 and directly under the center of 

the polishing head 1. 

[0035] Placing the sound source 45 as close as possible to the acoustic sensor 44 can 

prevent the acoustic sensor 44 from collecting unwanted noise during the calibration process.  

Accordingly, the sound source 45 may be placed on a polishing pad 2 or polishing table 3 

and at a position corresponding directly above the acoustic sensor 44 (see the two dotted 

lines in FIG. 3). 

[0036] FIG. 4 is a schematic view illustrating the calibration method for the acoustic 

sensor according to another embodiment.  Configuration of this embodiment, which is not 

specifically described, is the same as the configuration of the above-described embodiments, 

and thus duplicate descriptions thereof are omitted. 

[0037] The acoustic sensor 44 is preferably arranged in the vicinity of a polishing position 

of the wafer W in order to collect accurate polishing sounds.  In the embodiment shown in 

FIG. 4, the acoustic sensor 44 is coupled to a head arm 15 for supporting the head shaft 10 to 

which the polishing head 1 is coupled.  Specifically, the acoustic sensor 44 is mounted to a 

tip of a sensor arm 48 extending from the head arm 15.  This configuration enables the 

acoustic sensor 44 to be placed in the vicinity of the polishing position of the wafer W, and 

further, enables a distance between the acoustic sensor 44 and the polishing position of the 

wafer W to be kept at a constant distance. W.  Further, mounting the acoustic sensor 44 to 



 

 

the sensor arm 48 coupled to the head arm 15 achieves space savings and prevents the 

acoustic sensor 44 from interfering with operators during maintenance of the polishing pad 2 

and the like. 

[0038] Such acoustic sensor 44 is, for example, an ultrasonic sensor.  A calibration 

process for the acoustic sensor 44, which is the ultrasonic sensor, is also similar to the 

calibration process for the acoustic sensor 44, which is an AE sensor, as described above.  

More specifically, the controller 9 first acquires the polishing sounds of the wafer W using 

the acoustic sensor 44, which is the ultrasonic sensor, and selects at least two distinctive 

sounds from the acquired polishing sounds.  Next, the sound source 45 is coupled to the 

polishing table 3.  The sound source 45 may be coupled to the polishing table 3 through the 

polishing pad 2 or directly to the polishing table 3. 

[0039] Further, at least two distinctive sounds are output from this sound source 45, and at 

least two distinctive sounds are collected (input) to the acoustic sensor 44.  The controller 9 

acquires the output value of the acoustic sensor 44 to which the distinctive sounds have been 

input, and calibrates the output values of the acoustic sensor 44, such that all of these output 

values come within the predetermined allowable range.  When calibrating the output values 

of the acoustic sensor 44, the controller 9 calculates a conversion formula for correction 

relative to the output values of the acoustic sensor 44, and changes a slope and an offset of 

the conversion formula for correction. 

[0040] In this embodiment also, it is preferable to place the sound source 45 at a position 

corresponding to the actual polishing position of the wafer W.  Specifically, it is preferable 

to place the sound source 45 on the polishing pad 2 or polishing table 3 and directly under 

the center of the polishing head 1. 

[0041] FIG. 5 is a schematic view illustrating the calibration method for the acoustic 

sensor according to still another embodiment.  Configuration of this embodiment, which is 

not specifically described, is the same as the configuration of the above-described 

embodiments, and thus duplicate descriptions thereof are omitted.  The embodiment shown 

in FIG. 5 corresponds to a variation of the embodiment shown in FIG. 4. 



 

 

[0042] In the embodiment shown in FIG. 5, the sound source 45 is the AE sensor, which is 

coupled to the acoustic sensor 44 through a bracket 50.  In this case, it is not necessary to 

remove the sound source 45 from the acoustic sensor 44 even during polishing of the wafer 

W.  Therefore, the calibration process of the acoustic sensor 44 can be performed under a 

situation that is almost identical to the actual polishing situation of the wafer W. 

[0043] FIG. 6 is a schematic view illustrating the calibration method for the acoustic 

sensor according to still another embodiment.  Configuration of this embodiment, which is 

not specifically described, is the same as the configuration of the above-described 

embodiments, and thus duplicate descriptions thereof are omitted 

[0044] In the embodiment shown in FIG. 6, the acoustic sensor 44 is attached to the 

polishing head 1.  FIG. 6 illustrates an example in which the acoustic sensor 44 is attached 

to an outer surface of the polishing head 1.  In one embodiment, the acoustic sensor 44 may 

be imbedded into the polishing head 1.  The acoustic sensor 44 may be, for example, an 

ultrasonic sensor or an AE sensor. 

[0045] When performing the calibration process of the acoustic sensor 44 attached to the 

polishing head 1, the sound source 45 is attached to the polishing head 1.  In the illustrated 

embodiment, the sound source 45 is attached to a lower surface of the polishing head 1.  In 

one embodiment, the sound source 45 may be attached to a side surface or an upper surface 

of the polishing head 1.  The sound source 45 may be an AE sensor. 

[0046] In this case also, the controller 9 first acquires the polishing sounds of the wafer W 

using the acoustic sensor 44 attached to the polishing head 1, and selects at least two 

distinctive sounds from the acquired polishing sounds.  Next, the sound source 45 is 

coupled to the polishing head 1.  Further, at least two distinctive sounds are output from 

this sound source 45, and at least two distinctive sounds are collected (input) to the acoustic 

sensor 44.  The controller 9 acquires the output value of the acoustic sensor 44 to which the 

distinctive sounds have been input, and calibrates the output values of the acoustic sensor 44, 

such that all of these output values come within the predetermined allowable range.  When 

calibrating the output values of the acoustic sensor 44, the controller 9 calculates a 



 

 

conversion formula for correction relative to the output values of the acoustic sensor 44, and 

changes a slope and an offset of the conversion formula for correction. 

[0047] Even with this configuration, the calibration process of the acoustic sensor 44 can 

be performed under a situation that is almost identical to the actual polishing situation of the 

wafer W.  During the calibration process of the acoustic sensor 44, the polishing head 1 

preferably hold the wafer W in order to more accurately simulate the actual polishing 

situation of the wafer W. 

[0048] The previous description of embodiments is provided to enable a person skilled in 

the art to make and use the present invention.  Moreover, various modifications to these 

embodiments will be readily apparent to those skilled in the art, and the generic principles 

and specific examples defined herein may be applied to other embodiments.  Therefore, the 

present invention is not intended to be limited to the embodiments described herein but is to 

be accorded the widest scope as defined by limitation of the claims. 

 



 

 

What is claimed is: 

 

 1. A calibration method for an acoustic sensor provided in a polishing apparatus in 

which a substrate held in a substrate holder is pressed against a polishing pad attached to a 

polishing table to thereby polish the substrate, comprising: 

 acquiring polishing sounds of the substrate using the acoustic sensor; 

 selecting at least two distinctive sounds, having distinctive frequencies respectively, 

from the acquired polishing sounds; 

 outputting the at least two distinctive sounds from a sound source coupled to any of 

the polishing table, the acoustic sensor, and the substrate holder to cause the at least two 

distinctive sounds to be input to the acoustic sensor; and 

 calibrating output values of the acoustic sensor, such that the output values of the 

acoustic sensor relative to the at least two distinctive sounds come within an allowable range. 

 

 2. The calibration method according to claim 1, wherein the acoustic sensor is an 

AE sensor mounted to the polishing table, and 

 the sound source is placed at a position corresponding to a polishing position of the 

substrate in the polishing pad or the polishing table. 

 

 3. The calibration method according to claim 2, wherein the sound source is an AE 

sensor for sound source, which has the same configuration as the AE sensor. 

 

 4. The calibration method according to claim 2 or 3, wherein the sound source is 

arranged directly above the AE sensor. 

 

 5. The calibration method according to claim 1, wherein the acoustic sensor is an 

ultrasonic sensor coupled to an arm supporting the substrate holder, and 

 the sound source is placed at a position corresponding to a polishing position of the 



 

 

substrate in the polishing pad or the polishing table. 

 

 6. The calibration method according to claim 1, wherein the acoustic sensor is an 

ultrasonic sensor coupled to an arm supporting the substrate holder, and  

 the sound source is coupled to the acoustic sensor. 

 

 7. The calibration method according to claim 1, wherein the acoustic sensor is 

mounted to the substrate holder, and 

 the sound source is mounted to the substrate holder. 

 

 8. The calibration method according to claim 7, wherein the acoustic sensor is an 

AE sensor. 

 

 9. The calibration method according to claim 8, wherein the sound source is an AE 

sensor for sound source, which has the same configuration as the AE sensor. 

 

 10. The calibration method according to any one of claims 1 to 9, wherein an alarm 

is issued when any of output values of the acoustic sensor relative to the at least two 

distinctive sounds exceed an upper threshold or a lower threshold. 

 


