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POLISHING APPARATUS AND POLISHING METHOD

BACKGROUND OF THE INVENTION
Field of the Invention:

The present invention relates to a polishing agdparfor polishing a wafer, and
more particularly to a technique for detecting ande in wafer condition during polishing
of the wafer.

Description of the Related Art:

Chemical mechanical polishing (which will be hesedter called CMP) is a
technique of polishing a wafer by placing the wafersliding contact with a polishing
surface of a polishing pad while supplying sluggntaining abrasive grains such as silica
(Si0y), onto the polishing surface. The polishing mdupported by a polishing table and
rotates together with the polishing table. Therglis supplied onto the polishing surface
of the rotating polishing pad, and the wafer isspesl against the polishing surface by a
polishing head. The surface of the wafer is pelishy the chemical action of the slurry
and the mechanical action of the abrasive grainsagted in the slurry.

In CMP, it is important to accurately detect argf@in wafer condition in order to
detect a polishing end point of a wafer and to stdpolishing conditions for a wafer. A
wafer to be polished typically has a multi-layerusture that includes multiple films.
During polishing of the wafer, an upper film, fomgian exposed surface of the wafer, is
brought into sliding contact with the polishing padhe presence of the slurry. When the
upper film is removed by the polishing operatioripwer film is exposed. This exposed
lower film is then brought into sliding contact withe polishing pad in the presence of the
slurry.

Usually, a frictional force acting between the éoviilm and the polishing pad is
different from a frictional force acting betweeretlipper film and the polishing pad.

Therefore, when the upper film is removed and tiveel film is exposed, a motor current
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necessary to rotate the polishing table changekerefore, a point of change in surface
condition of the wafer, i.e., a point at which thgper film is removed, can be determined
from the change in the motor current.
Citation List
Patent Literature

Patent document 1: Japanese laid-open patentatidihi No. H11-860

However, the above-described detection methoddbais¢he change in the motor
current cannot accurately detect a point of chamgfge surface condition of the wafer when
the motor current does not change much. For examaglen compositions of the upper
film and the lower film, constituting the multilaystructure of the wafer, are similar, the
motor current may not change significantly when upeer film is removed and the lower
film is exposed. In such a case, it is difficaltaiccurately detect the point of change in the

surface condition of the wafer.

SUMMARY OF THE INVENTION

Therefore, the present invention provides a pibigslapparatus and a polishing
method capable chccurately detecting a change in wafer condition.

In an embodiment, there is provide a polishingaagipis comprising: a polishing
table for supporting a polishing pad having a pitig surface; a rotatable head body having
a pressing surface arranged to press a wafer agasmpolishing surface; a retainer ring
surrounding the pressing surface, the retainer brigg rotatable together with the head
body and arranged to press the polishing surfanenaotating member that does not rotate
together with the retainer ring; a vibration trarssion member in contact with both the
retainer ring and the non-rotating member; ancha@esecured to the non-rotating member.

In an embodiment, the polishing apparatus furtoenprises a condition detector
configured to detect a change in condition of tlaéewbased on output signal of the sensor.

In an embodiment, the condition detector is camég to detect a point of change
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in surface condition of the wafer based on the ugjgnal of the sensor.

In an embodiment, the condition detector is camégd to detect the point of change
in the surface condition which is a point in timevaich an amplitude of the output signal of
the sensor exceeds or falls below a threshold value

In an embodiment, the condition detector is camég to detect a point of change
in contact state between the wafer and the retaingrbased on the output signal of the
sensor.

In an embodiment, the condition detector is caméd to detect the point of change
in the contact state between the wafer and thaeetang which is a point in time at which
the output signal of the sensor falls below a tiwEsvalue.

In an embodiment, the polishing apparatus furtivenprises a local-load exerting
device coupled to the non-rotating member, thellloeal exerting device being configured
to press the non-rotating member toward the reataing.

In an embodiment, the vibration transmission menmudes a rotary ring having
a plurality of rollers arranged along a circumfeiadrdirection of the retainer ring, the rotary
ring being rotatable together with the retaineg.rin

In an embodiment, the sensor is located abovevastceam portion of the retainer
ring with respect to a moving direction of the pbing surface.

In an embodiment, the sensor is located abovepsimieam portion of the retainer
ring with respect to a moving direction of the pbing surface.

In an embodiment, the sensor comprises a plur@igensors secured to the non-
rotating member.

In an embodiment, there is provide a polishing hoé@tcomprising: rotating a
polishing table supporting a polishing pad; pregsinvafer against a polishing surface of the
polishing pad by a pressing surface of a head balye rotating the head body; pressing a
retainer ring against the polishing surface, wholating the retainer ring together with the

head body and the wafer, the retainer ring beirenged around the wafer; and measuring,
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by a sensor, a vibration transmitted from the metaring to a non-rotating member via a
vibration transmission member, the sensor beingreddo the non-rotating member.

In an embodiment, the polishing method further poses detecting a change in
condition of the wafer based on output signal efg¢énsor.

In an embodiment, detecting the change in comditibthe wafer based on the
output signal of the sensor comprising detectipgiat of change in surface condition of the
wafer based on the output signal of the sensor.

In an embodiment, detecting the point of changdénsurface condition based on
the output signal of the sensor comprising detgcanpoint of change in the surface
condition which is a point in time at which an aitygle of the output signal of the sensor
exceeds or falls below a threshold value.

In an embodiment, detecting the change in comditibthe wafer based on the
output signal of the sensor comprising detectipgiat of change in contact state between
the wafer and the retainer ring based on the ostgoal of the sensor.

In an embodiment, detecting the point of changeoimtact state between the wafer
and the retainer ring based on the output signtideofensor comprising detecting a point of
change in the contact state between the waferr@niktainer ring which is a point in time at
which the output signal of the sensor falls belaiwrashold value.

During polishing of a wafer, the wafer is rotatmtl pressed against the retainer
ring by the frictional force acting between the evafnd the polishing pad. Due to the
contact with the wafer, an impact is continuouglpleed from the wafer to the retainer ring.
Since not only the wafer but also the polishing {gagbtating, the retainer ring vibrates due
to the impact applied to the retainer ring.

When an upper film, forming the surface of theawais removed by polishing of
the wafer, a lower film is exposed. Usually, atfdnal force acting between the lower film
and the polishing pad is different from a frictibf@ce acting between the upper film and

the polishing pad. This difference in friction@rde causes a difference in the impact
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applied to the retainer ring from the wafer, andsemuently causes a change in the manner
of vibration of the retainer ring. The sensor detethe vibration of the retainer ring
transmitted to the non-rotating member via theatibn transmission member. A change
in the output signal of the sensor, i.e., a changee vibration of the retainer ring, indicates
a change in the polished surface condition of théew Therefore, the condition detector
can detect a point of change in the polished sarGmndition of the wafer based on the
output signal of the sensor.

During polishing of the wafer, the wafer rotatekative to the retainer ring, and a
notch formed in a peripheral portion of the wafeergually faces the inner surface of the
retainer ring.  Since the notch is a cut, the impaerted by the wafer on the retainer ring is
reduced when the notch faces the inner surfadeeafetainer ring. As a result, the manner
of vibration of the retainer ring changes. Theditton detector can detect, based on the
output signal of the sensor, a point of changé&éncontact state between the wafer and the
retainer ring, i.e., a point in time when the not¢hhe wafer faces the inner surface of the
retainer ring.

In particular, since the sensor is fixed to the-matating member, the sensor can
detect the vibration of the retainer ring at a dixgosition. As a result, the condition
detector can accurately detect a change in wafedittan based on the output signal of the

Sensor.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 is a schematic view showing an embodiméatmolishing apparatus;
FIG. 2 is a perspective view of local-load exeytitevices;
FIG. 3 is a top view schematically showing a posdl relationship between a
wafer and pressing members during polishing ofrtater;
FIG. 4 is a cross-sectional view of a polishingte

FIG. 5 is a perspective view of rollers and anuemrail;
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FIG. 6 is a top view schematically showing anrageament of a sensor,

FIG. 7 is a graph showing an example of outputaigf the sensor along time
axis;

FIG. 8 is a top view showing an embodiment in \whécplurality of sensors are
arranged above a downstream portion of the retaimgr

FIG. 9 is a top view showing another embodimenwimch a plurality of sensors
are arranged above a downstream portion of thmegtang;

FIG. 10 is a cross-sectional view showing an enmbedt in which a sensor is
arranged above an upstream portion of the retaimgr

FIG. 11 is a cross-sectional view showing an enmbedt in which sensors are
arranged above the upstream portion and the daeamstportion of the retainer ring;

FIG. 12 is a graph showing the output signal ef sensor which changes as the
wafer rotates relative to the retainer ring;

FIG. 13 is a schematic diagram when polishing dewaaving a large film
thickness in an edge region located opposite todheh;

FIG. 14 is a cross-sectional view showing anograbodiment of the polishing
apparatus;

FIG. 15 is a cross-sectional view showing an enmbedt in which a sensor is
arranged above the upstream portion of the retaimgrand

FIG. 16 is a cross-sectional view showing an enmbedt in which sensors are

arranged above the upstream portion and the daeamstportion of the retainer ring.

DESCRIPTION OF EMBODIMENTS
Embodiments will be described below with referetacthe drawings. FIG. 1is a
schematic view showing an embodiment of a polislaipgaratus. As shown in FIG. 1, a
polishing apparatus 1 includes a polishing heatbd @olding and rotating a wafer which is

an example of a substrate, a polishing table 3dpporting a polishing pad 2 thereon, and a
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slurry-supply nozzle 5 for supplying slurry ont@ tholishing pad 2. The polishing pad 2
has an upper surface which provides a polishinfaseir2a for polishing the wafer. The
polishing pad 2 is configured to be rotatable thgetvith the polishing table 3.

The polishing head 10 is coupled to a lower erd pdlishing head shaft 12, which
is rotatably held by a head arm 16. In this head X6, there are disposed a rotating device
(not shown) for rotating the polishing head shaftahd an elevating device (not shown) for
elevating and lowering the polishing head shaft IPhe polishing head 10 is rotated by the
rotating device through the polishing head shaft dil is elevated and lowered by the
elevating device through the polishing head shaft IThe head arm 16 is secured to a pivot
shaft 15, so that the head arm 16 can move thehpadi head 10 outwardly of the polishing
table 3 as the pivot shaft 15 rotates.

The polishing head 10 is configured to be ablédatdl the wafer on its lower
surface by vacuum suction. The polishing head dd the polishing table 3 (and the
polishing pad 2) rotate in the same direction alicated by arrows. In this state, the
polishing head 10 presses the wafer against thehpal surface 2a of the polishing pad 2.
The slurry is supplied from the slurry-supply n@zal onto the polishing surface 2a of the
polishing pad 2, so that the wafer is placed mirglj contact with the polishing surface 2a in
the presence of the slurry. The surface of theemiafpolished by chemical action of the
slurry and mechanical action of abrasive graingatoed in the slurry.

The polishing head 10 includes a head body 1Dbiessing the wafer against the
polishing pad 2, and a retainer ring 20 arrangeasgo surround the wafer. The head body
11 and the retainer ring 20 are configured to lbatable together with the polishing head
shaft 12. The retainer ring 20 is configured to bevable in vertical directions
independently of the head body 11. The retaimgy 20 projects radially outwardly from
the head body 11. During polishing of the wafee, itetainer ring 20 contacts the polishing
surface 2a of the polishing pad 2, and pressgsdihing pad 2 outside the wafer while the

retainer ring 20 is rotating.
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The polishing head 10 further includes a rotamg 51 having a plurality of rollers
(which will be discussed later), and a stationang 91 as a non-rotating member. The
rotary ring 51 is arranged to be rotatable togethtr the retainer ring 20. The stationary
ring 91 is located on the rotary ring 51. Themptang 51 rotates together with the retainer
ring 20, while the stationary ring 91 does not ttaith the retainer ring 20 and remains
stationary.

The polishing apparatus 1 further includes a losal-load exerting device 30A for
applying a local load to a part of the retainegr2®, and a second local-load exerting device
30B for applying a local load to a part of the im¢a ring 20. The local-load exerting
devices 30A, 30B are located above the retaingr2ih The local-load exerting devices
30A, 30B are fixed to the head arm 16. While #tainer ring 20 rotates about its central
axis during polishing of the wafer, the local-loaxkrting devices 30A, 30B do not rotate
together with the retainer ring 20 and remain@tatily. The stationary ring 91 is coupled
to the local-load exerting devices 30A, 30B. Tihstflocal-load exerting device 30A is
arranged at an upstream side of the retainer Ongith respect to the moving direction of
the polishing surface 2a of the polishing pad&,(arranged at one side of the retainer ring
20 into which the polishing surface 2a moves). 3&eond local-load exerting device 30B
is arranged at a downstream side of the retaingra® with respect to the moving direction
of the polishing surface 2a of the polishing pa@l&, arranged at the opposite side of the
retainer ring 20 from which the polishing surfaeen2oves out).

FIG. 2 is a perspective view of the local-load remg devices 30A, 30B. As
shown in FIG. 2, the local-load exerting device$ ,3BOB include pressing members 31A,
31B each for applying a downward local load todtagionary ring 91, bridges 33A, 33B, air
cylinders 35A, 35B each for generating a downwardd, pressure regulators R1, R2 for
regulating pressures of compressed gases in tlglaiders 35A, 35B, linear guides 38A,
38B, guide rods 39A, 39B, and unit bases 40A, 40B.

Specifically, the first local-load exerting deviG®A includes the first pressing
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member 31A, the first bridge 33A, the first airingler 35A, the first pressure regulator R1,
the first linear guide 38A, the first guide rod 3%d the first unit base 40A. The second
local-load exerting device 30B includes the seqmedsing member 31B, the second bridge
33B, the second air cylinder 35B, the second presggulator R2, the second linear guide
38B, the second guide rod 39B, and the secondasé 40B.

A piston rod 36a of the first air cylinder 35A e®upled to the first pressing
member 31A through the first bridge 33A, and an podion of the first pressing member
31A is coupled to the stationary ring 91. Therefdhe force generated by the first air
cylinder 35A is transmitted to the first pressingmber 31A, and the first pressing member
31A applies the local load to a part of the statrgrring 91.  Similarly, a piston rod 36b of
the second air cylinder 35B is coupled to the segmessing member 31B through the
second bridge 33B, and an end portion of the sepoegbing member 31B is coupled to the
stationary ring 91. Therefore, the force generdigdthe second air cylinder 35B is
transmitted to the second pressing member 31B,tlaadsecond pressing member 31B
applies the local load to a part of the statiominy 91.

In this embodiment, a combination of the first eylinder 35A and the first
pressure regulator R1 constitutes a first actugféy for regulating the local load applied
from the first pressing member 31A to the statipnamg 91, and a combination of the
second air cylinder 35B and the second pressurdateg R2 constitutes a second actuator
37B for regulating the local load applied from thecond pressing member 31B to the
stationary ring 91. In one embodiment, the ficdiator 37A and the second actuator 37B
may be each composed of a combination of a senaymtball screw mechanism, and a
motor driver.

The first pressing member 31A includes two pustisr@2a, and the second
pressing member 31B includes two push rods 32be plish rods 32a and the push rods
32b are coupled to the stationary ring 91. Thst pressing member 31A is coupled to the

stationary ring 91 at the upstream side of thametaing 20 with respect to the moving
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direction of the polishing surface 2a of the pofighpad 2. The second pressing member
31B is coupled to the stationary ring 91 at the misiveam side of the retainer ring 20 with
respect to the moving direction of the polishingate 2a of the polishing pad 2. In other
words, the first pressing member 31A is arrangedpialy the local load to the upstream
portion of the stationary ring 91 with respecthe moving direction of the polishing surface
2a of the polishing pad 2, and the second pressergber 31B is arranged to apply the local
load to the downstream portion of the stationarg 81 with respect to the moving direction
of the polishing surface 2a of the polishing pad 2.

The local-load exerting devices 30A, 30B are fix@the head arm 16 through the
unit bases 40A, 40B, respectively. Therefore,rdupolishing of the wafer, the polishing
head 10 and the wafer are rotating, while the #wzd exerting devices 30A, 30B remain
stationary. Similarly, during polishing of the wafthe rotary ring 51 is rotating together
with the polishing head 10, while the stationangr®1 remains stationary.

The local-load exerting devices 30A, 30B have #aene construction. The
following descriptions relate to the first locabbbexerting device 30A, but are applied to the
second local-load exerting device 30B as well. Tite air cylinder 35A and the first
linear guide 38A are mounted to the first unit b48A. The piston rod 36a of the first air
cylinder 35A and the first guide rod 39A are codpte the first bridge 33A. The first
guide rod 39A is vertically movably supported bg thist linear guide 38A with low friction.
The first linear guide 38A allows the first brid§8A to move smoothly in the vertical
directions without being inclined.

The air cylinders 35A, 35B are coupled to a corsged-gas supply source (not
shown) through gas delivery lines F1, F2. Theguesregulators R1, R2 are attached to
the gas delivery lines F1, F2, respectively. Casped gases from the compressed-gas
supply source are supplied through the pressutdgategs R1, R2 into the air cylinders 35A,
35B, respectively and independently.

The pressure regulators R1, R2 are configurecegoilate the pressures of the

10
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compressed gases in the air cylinders 35A, 35Bentively. The pressure regulators R1,
R2 can change independently the pressures of thpregsed gases in the air cylinders 35A,
35B, so that the air cylinders 35A, 35B can geeeifa forces independently of each other.

The polishing apparatus 1 further includes a ctletr42. The pressure regulators
R1, R2 are electrically connected to the contr@lzr During polishing of the wafer W, the
controller 42 instructs one of the pressure regtdaR1, R2 to regulate the pressure of the
compressed gas in the air cylinder 35A or theydinder 35B.

The forces generated by the air cylinders 35A, a&Btransmitted to the bridges
33A, 33B, respectively. The bridges 33A, 33B aceipted to the stationary ring 91
through the pressing members 31A, 31B. The prggsiembers 31A, 31B transmit the
forces of the air cylinders 35A, 35B, applied te tiridges 33A, 33B, to the stationary ring
91. Specifically, the first pressing member 31Agses a part of the stationary ring 91 with
a local load corresponding to the force generayatidfirst air cylinder 35A, and the second
pressing member 31B presses a part of the statiangr91 with a local load corresponding
to the force generated by the second air cylin@8r 3

Each of the local-load exerting devices 30A, 3@Bconfigured to push the
stationary ring 91 (which is a non-rotating membamyl the rotatory ring 51 (which is a
rotating member) toward the retaining ring 20 terexhe downward local load on a part of
the retainer ring 20 through the stationary ringa@l the rotary ring 51. Specifically, the
downward local load is transmitted through theiatatry ring 91 and the rotary ring 51 to
the retainer ring 20.

The polishing apparatus 1 polishes the wafer wiotating the rotary ring 51
together with the retainer ring 20 and applying ltieal load to the stationary ring 91 from
the first pressing member 31A or the second prgssiember 31B. During polishing of
the wafer, the rotating retainer ring 20 contdaéspolishing surface 2a of the polishing pad
2, while pressing the polishing pad 2 outside théew

When the downward local load is applied to a phathe retainer ring 20, a part of

11
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the polishing surface 2a rises upward. The upwasaised polishing surface 2a applies in
turn an upward local load to the wafer W. In tbkofving descriptions, this upward local

load is referred to as a local repulsive force. maAgnitude of the local repulsive force
depends on a magnitude of the force with whichrétainer ring 20 presses the polishing
pad 2. A polishing rate changes in accordance thithmagnitude of the local repulsive
force. Specifically, the greater the local reprddorce, the higher the polishing rate.

The wafer is polished, while the local load is leggpfrom either the first pressing
member 31A or the second pressing member 31B tcstit@nary ring 91 to thereby
generate the local repulsive force correspondintbaddocal load, so that a polishing rate of a
portion of the wafer receiving the local repulsieece can be changed.

FIG. 3 is a top view schematically showing a posdl relationship between the
wafer W and the pressing members 31A, 31B durifiglpog of the wafer W. An arrow
in FIG. 3 indicates the moving direction of theigloing surface 2a. Where a linear line
passing through a center P of the retainer ringrZDa center O of the polishing table 3 is
referred to a reference linear line LO, the firgtgsing member 31A and the second pressing
member 31B are located at both sides of the referBnear line LO. More specifically,
the first pressing member 31A is located upstrerthe reference linear line LO in the
moving direction of the polishing surface 2a, dmelsecond pressing member 31B is located
downstream of the reference linear line LO in thevimg direction of the polishing surface
2a. In this embodiment, the first pressing men#igk and the second pressing member
31B are located on a linear line LP perpendicudhé reference linear line LO and passing
through the center P of the retainer ring 20.

The polishing surface 2a can be divided into astrepm side and a downstream
side, which are located upstream and downstreammeofreference linear line LO with
respect to the moving direction. In other worlts, wpstream side and the downstream side
of the reference linear line LO are an upstreara aitd a downstream side of the retainer

ring 20 and the stationary ring 91 with respectii® moving direction of the polishing

12
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surface 2a.

In FIG. 3, one of two intersections of the linkae LP and a peripheral edge of the
retainer ring 20, located at the upstream siddefied as an angle of O degrees, and the
other intersection located at the downstream siddefined as an angle of 180 degrees.
One of two intersections of the reference lineae ILO and the peripheral edge of the
retainer ring 20, located at a center side of tiislung surface, is defined as an angle of 270
degrees, and the other intersection located atiphpeal side of the polishing surface is
defined as an angle of 90 degrees. In one embadithe first pressing member 31A may
be located within a range of 0° = 30°, and the séqmessing member 31B may be located
within a range of 180° £ 30°. Furthermore, in @nebodiment, the first pressing member
31A may be located within a range of 0° + 60°, #r&lsecond pressing member 31B may
be located within a range of 180° £+ 60°.

Next, the details of the polishing head 10 will described. FIG. 4 is a cross-
sectional view of the polishing head 10. The |tig head 10 includes the head body 11
and the retainer ring 20. The head body 11 inclwearrier 43 coupled to the polishing
head shaft 12 (see FIG. 1), an elastic membrana (oembrane) 45 attached to a lower
surface of the carrier 43, and a spherical beatihgupporting the retainer ring 20 while
allowing the retainer ring 20 to tilt and move e tvertical directions relative to the carrier
43. The retainer ring 20 is secured to a drivg @1, which is coupled to a coupling
member 75. The retainer ring 20 is coupled to supported by the spherical bearing 47
through the drive ring 21 and the coupling memb®&r 7This coupling member 75 is
disposed in the carrier 43 and is vertically mogablthe carrier 43.

The elastic membrane 45 has a lower surface thaides a pressing surface 45a.
This pressing surface 45a is brought into contattt an upper surface (a surface at an
opposite side from a surface to be polished) of ilader W. A plurality of pressure
chambers 46A, 46B, 46C, and 46D are provided betwiee carrier 43 and the elastic

membrane 45. These pressure chambers 46A, 46B, &&C 46D are coupled to a
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pressurized-fluid supply source (not shown) thropg¥ssurized-fluid lines L1, L2, L3, and
L4, respectively. Pressure regulators G1, G2,d8d, G4 are attached to the pressurized-
fluid lines L1, L2, L3, and L4, respectively.

When pressurized fluid (for example, pressurizag, guch as pressurized air) is
supplied into the pressure chambers 46A to 46D ptleesing surface 45a of the elastic
membrane 45, receiving the fluid pressures in thegure chambers 46A to 46D, presses the
wafer W against the polishing surface 2a of thaspwlg pad 2. The pressures of the
pressurized fluid in the pressure chambers 46A600 dan be adjusted separately by the
pressure regulators G1 to G4. Therefore, the lpoishead 10 can push a plurality of
regions of the wafer W corresponding to the presshambers 46A to 46D with different
forces. When negative pressures are formed irptegsure chambers 46A to 46D, the
pressing surface 45a of the elastic membrane dénted upward, and the wafer W is held
by the suction cup effect. In one embodimentnglsipressure chamber may be provided
between the carrier 43 and the elastic membrane 45.

The retainer ring 20 is arranged so as to surrabedvafer W and the pressing
surface 45a of the elastic membrane 45. An uppeiop of the retainer ring 20 is secured
to the drive ring 21. More specifically, the reei ring 20 is coupled to the drive ring 21
by a plurality of bolts (now shown).

The coupling member 75 includes a shaft portiorlotéted in the center of the
head body 11, and a plurality of spokes 78 extendadially from the shaft portion 76.
The shaft portion 76 extends in the vertical diogcthrough the spherical bearing 47 that is
located in the center of the head body 11. Thdt glmtion 76 is supported by the
spherical bearing 47 such that the shaft portionaf6be movable in the vertical directions.
The drive ring 21 is coupled to the spokes 78. hWtese configurations, the coupling
member 75, the drive ring 21, and the retainer 2di@an move relative to the head body 11
in the vertical directions.

The spherical bearing 47 includes an inner racea#8l an outer race 49 that

14
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slidably supports an outer circumferential surfacthe inner race 48. The inner race 48 is
coupled to the drive ring 21 through the couplirgnmber 75. The outer race 49 is fixed to
the carrier 43. The shaft portion 76 of the coyplimember 75 is supported by the inner
race 48 such that the shaft portion 76 can moweevertical directions. The drive ring 21

and the retainer ring 20 are tiltably supportedthyy spherical bearing 47 through the
coupling member 75.

The spherical bearing 47 is configured to allow thive ring 21 and the retainer
ring 20 to move in the vertical directions and, tithile restricting a lateral movement
(horizontal movement) of the drive ring 21 and te&iner ring 20. During polishing of
the wafer W, the retainer ring 20 receives fromwtiaéer W a lateral force (an outward force
in the radial direction of the wafer W) that is geated due to the friction between the wafer
W and the polishing pad 2. This lateral forceeiserved by the spherical bearing 47. In
this manner, the spherical bearing 47 serves asaanly device configured to receive the
lateral force (the outward force in the radial dien of the wafer W) that is applied from
the wafer W to the retainer ring 20 due to theibicbetween the wafer W and the polishing
pad 2 during polishing of the wafer W, while redirig the lateral movement of the retainer
ring 20 (i.e., fixing the horizontal position oftinetainer ring 20).

Plural pairs of drive collars 80 are fixed to tterier 43. Each pair of drive
collars 80 are arranged on both sides of each sp8ke The rotation of the carrier 43 is
transmitted through the drive collars 80 to theksgo/8 and the drive ring 21, so that the
retainer ring 20, fixed to the drive ring 21, catate together with the head body 11. The
drive collars 80 are just in contact with the smk@ and do not prevent the vertical
movement and the tilt of the coupling member 78 dhve ring 21, and the retainer ring 20.

The upper portion of the retainer ring 20 is cedpto an annular retainer-ring
pressing mechanism 60 via the drive ring 21. Tétiginer-ring pressing mechanism 60 is
configured to exert a uniform downward load on atire upper surface of the retainer ring

20 (more specifically, an upper surface of thealring 21) to thereby press a lower surface
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of the retainer ring 20 against the polishing stefaa of the polishing pad 2.

The retainer-ring pressing mechanism 60 includearaular piston 61 secured to
the upper portion of the drive ring 21, and an #&mwolling diaphragm 62 connected to an
upper surface of the piston 61. The rolling diagim 62 forms a pressure chamber 63
therein. This pressure chamber 63 is coupled @gotiessurized-fluid supply source (not
shown) through a pressurized-fluid line L5. A pgrge regulator G5 is attached to the
pressurized-fluid line L5.

When a pressurized fluid (e.g., pressurized ar)supplied into the pressure
chamber 63, the rolling diaphragm 62 pushes doempiston 61, which in turn pushes down
the entirety of the drive ring 21 and the entirgtyhe retainer ring 20. In this manner, the
retainer-ring pressing mechanism 60 presses tlre émver surface of the retainer ring 20
against the polishing surface 2a of the polishind @. The pressure of the pressurized
fluid in the pressure chamber 63 can be regulagatidpressure regulator G5. Therefore,
the force with which the retainer ring 20 pressespolishing surface 2a of the polishing pad
2 can be adjusted by the pressure regulator G5.

The rotary ring 51 includes a plurality of roll&?2, roller shafts 54 that support the
rollers 52 respectively, and a roller housing 5kling the roller shafts 54. Although only
two rollers 52 are illustrated in FIG. 4, a plurabf rollers 52, which are more than two, are
evenly arranged along the circumferential directdrthe retainer ring 20 in the present
embodiment. The roller shafts 54 are also proveea@s to correspond to the rollers 52.
The roller housing 55 has an annular shape anmxig fo the upper surface of the drive ring
21. Each roller 52 is rotatable around each releift 54.

The stationary ring 91 includes an annular railndfch is in contact with tops of
the rollers 52, and an annular rail base 94 to kvttie annular rail 92 is fixed. The rollers
52 rotate while being in rolling contact with thenalar rail 92. The push rods 32a, 32b are
coupled to the top portion of the rail base 94.

The rotary ring 51 is fixed to the drive ring 21Therefore, the rotary ring 51
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having the plurality of rollers 52 rotates togethath the drive ring 21 and the retainer ring
20, while the stationary ring 91 does not rotat€he rollers 52 revolve (or move) around
the axis of the retainer ring 20, while the roll&2 are making rolling contact with the
stationary ring 91. The stationary ring 91 is tedaabove the drive ring 21 and the retainer
ring 20, and is not in contact with the drive ri2yand the retainer ring 20. In the present
embodiment, the vibration transmission member ithat contact with both the stationary
ring 91 (which is a non-rotating member) and theiner ring 20 (which is a rotating
element) is constituted by the rotary ring 51 dvdrive ring 21. The rotary ring 51 and
the drive ring 21 that constitute the vibratiomgmission member can rotate together with
the retainer ring 20. The rotary ring 51 and theedring 21 are arranged between the
retainer ring 20 and the stationary ring 91.

FIG. 5 is a perspective view of the rollers 52 d&ne annular rail 92. In this
embodiment, the rotary ring 51 has twenty-fouramsl|52. During polishing of a wafer,
these rollers 52 revolve together with the retarimeg 20, while the annular rail 92 remains
stationary. Accordingly, the rollers 52 make rajlicontact with the annular rail 92. The
load of each of the first local-load exerting dev89OA and the load of the second local-load
exerting device 30B is transmitted from the anntddr92 to the rollers 52. Each roller 52
receives the load only when the roller 52 passesrd of application of the load.

As shown in FIG. 4, the polishing apparatus furtheludes a sensor 100 fixed to
the stationary ring 91 which is a non-rotating memtand a condition detector 105 for
detecting a change in condition of the wafer W Oase output signal of the sensor 100.
The sensor 100 is located above the downstreanompat the polishing head 10, more
specifically, above the downstream portion of tke&iner ring 20. The sensor 100 is
provided to sense an impact applied from the waleto the retainer ring 20 during
polishing of the wafer W.

During polishing of the wafer W, the wafer W isegsed against the polishing

surface 2a of the polishing pad 2, while the wafeiand the polishing pad 2 are rotated
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individually. A frictional force acts between thafer W and the polishing pad 2. This
frictional force presses the wafer W against therddream portion of the retainer ring 20.
As a result, the impact is continuously appliedrfrthe wafer W to the retainer ring 20.
Since not only the wafer W but also the polishiragl |2 is rotating, the retainer ring 20
vibrates due to the continuous impact applied eadtainer ring 20.

The vibration of the retainer ring 20 is transedtto the rotary ring 51 through the
drive ring 21 that is in contact with the retaimgg 20, and is further transmitted to the
stationary ring 91 that is in contact with the rgptang 51. The sensor 100 is fixed to the
stationary ring 91. Therefore, the vibration of tletainer ring 20 is sensed by the sensor
100. In this embodiment, the sensor 100 is fixe(etg., embedded in) the annular rail 92
of the stationary ring 91. In one embodiment, famsor 100 may be fixed to (e.g.,
embedded in) the rail base 94 of the stationagy9ih

The sensor 100 is located above the retainer2ignore specifically above the
roller 52. The vibration of the retainer ring Z0tiansmitted to the stationary ring 91 via
the drive ring 21 and the rotary ring 51 which fime as the vibration transmission member,
so that the vibration of the retainer ring 20 idedted by the sensor 100 fixed to the
stationary ring 91.

Examples of the sensor 100 include an acceleragoisor, a pressure sensor, an
acoustic wave sensor, a force sensor (such asl@édi a strain sensor, each of which can
detect vibration of several Hz to several tenstdt,kor an AE sensor (acoustic emission
sensor) that can detect a vibration of several tegisdof kHz to several tens of MHz.
However, the type of sensor 100 is not particullanyted as long as it can sense an impact
applied to the retainer ring 20.

The sensor 100 is electrically connected to thedition detector 105, and the
output signal of the sensor 100 is transmittechéocondition detector 105. The condition
detector 105 includes memory 105a storing progtaretn, and an arithmetic device 105b

that performs an arithmetic operation accordingrianstruction included in the program.
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The arithmetic device 105b includes a CPU (cerdratessing unit) or a GPU (graphic
processing unit) that performs an arithmetic op@madccording to an instruction included in
the program. The memory 105a includes a main meifiar example, a random access
memory) to which the arithmetic device 105b caneascand an auxiliary memory (for
example, a hard disk drive or a solid state drilva) stores data and programs therein. The
condition detector 105 may be composed of at t@sicomputer.

FIG. 6 is a top view schematically showing an rageament of the sensor 100.
Symbols shown in FIG. 6 are the same as the symsholsn in FIG. 3. As shown in FIG.
6, during polishing of the wafer W, the wafer Wpigssed against the downstream portion
of the retainer ring 20. The sensor 100 is arrdraj@ve the downstream portion of the
retainer ring 20, i.e., directly above the vibratisource. Therefore, the sensor 100 can
accurately sense the vibration of the retainer B@gthat is generated due to the contact
between the wafer W and the retainer ring 20.

FIG. 7 is a graph showing an example of the ousmrtal of the sensor 100 along
time axis. During polishing of the wafer W, thdaiaer ring 20 vibrates with certain
amplitudes due to the contact between the rotatadfgr W and the rotating retainer ring 20
(upper-film polishing period T1). When the uppénf forming the exposed surface of the
wafer W, is removed as the polishing of the wafepMgresses, the lower film, which exists
underneath the upper film, begins to be exposedgpicdlly, a frictional force acting
between the lower film and the polishing pad 2iffegent from a frictional force acting
between the upper film and the polishing pad 2.is @tiference in frictional force causes a
difference in the impact applied from the wafer 8\the retainer ring 20, and consequently
changes the manner of vibration of the retaingy 21

In the example shown in FIG. 7, when the upper i gradually removed and the
lower film is appearing, the amplitude of the outpignal of the sensor 100 indicating the
vibration of the retainer ring 20 gradually increagtransition period T2). When the entire

upper film is removed from the wafer W, the fricta force acting between the lower film
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and the polishing pad 2 becomes dominant. Asudtyéise amplitude of the output signal
of the sensor 100, which indicates the vibratiorthef retainer ring 20, further increases
(lower-film polishing period T3).

In this manner, the vibration of the retainer r2@ychanges as the polishing of the
wafer W progresses. The sensor 100 detects thatioiv of the retainer ring 20
transmitted to the stationary ring 91 via the dmreg 21 and the rotary ring 51. The
change in the output signal of the sensor 100,the.change in the vibration of the retainer
ring 20, indicates the change in the polished sartandition of the wafer W. Therefore,
the condition detector 105 can detect a point ahge in the polished surface condition of
the wafer W based on the output signal of the sel3@

In particular, since the sensor 100 is fixed ® gtationary ring 91 which is a non-
rotating member, the sensor 100 can sense thetivibraf the retainer ring 20 at a fixed
position. As a result, the condition detector €88 accurately detect a point of change in
the polished surface condition of the wafer W basethe output signal of the sensor 100.

In the present embodiment, the condition deteb®dr calculates the amplitude of
the output signal of the sensor 100, and deteptsrd of change in the surface condition of
the wafer W at which the amplitude exceeds a tlotdskalue. Depending on materials of
the upper film and the lower film, the vibration tbe retainer ring 20 may decrease when
the upper film is removed and the lower film is espd. Therefore, in this case, the
condition detector 105 detects a point of chang@ensurface condition of the wafer W at
which the amplitude of the output signal of theseeri 00 falls below a threshold value.

The point of change in the surface condition efwafer W can be used as an index
of a polishing end point of the wafer W or a pahichange in polishing condition for the
wafer W. Therefore, in one embodiment, the cooudlitdetector 105 is configured to
determine a polishing end point of the wafer W Hame the output signal of the sensor 100.
More specifically, the condition detector 105 isifigured to calculate the amplitude of the

output signal of the sensor 100 and determineiahpog) end point of the wafer W at which
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the amplitude exceeds or falls below a threshadlgeva

Further, in one embodiment, the condition detebfér is configured to determine a
point of change in polishing condition for the wa%' based on the output signal of the
sensor 100. More specifically, the condition dieted05 is configured to calculate the
amplitude of the output signal of the sensor 108 determine a point of change in the
polishing condition for the wafer W at which the @itude exceeds or falls below a
threshold value. Examples of the point of chamgthé polishing condition for the wafer
W include, for example, a point of change in theedowith which the polishing head 10
presses the wafer W against the polishing pad @,aapoint of change in the local load
applied to the retainer ring 20 from either thetfipressing member 31A or the second
pressing member 31B.

During polishing of the wafer W, the wafer W casttathe downstream portion of
the retainer ring 20. This contact position betw#dee wafer W and the retainer ring 20
may vary within a certain range. Therefore, in engbodiment, as shown in FIG. 8, a
plurality of sensors 100 may be arranged abovelthenstream portion of the retainer ring
20. These sensors 100 are arranged along thenteential direction of the retainer ring
20. Also in this embodiment, the plurality of serss100 are fixed to the stationary ring 91.
The plurality of sensors 100 may be arranged atsHme intervals as the arrangement
intervals of the rollers 52. Although three seast®O are arranged in FIG. 8, two sensors
100 or four or more sensors 100 may be arranged.

The contact point between the wafer and the mtaing 20 may vary depending
on the structure of the wafer itself or processddmns such as polishing condition. For
example, as shown in FIG. 9, the contact point eetwthe wafer W and the retainer ring 20
may be shifted from the downstream position of tb&iner ring 20. Therefore, the
number and location of sensors 100 are determiageldoon the process conditions.

According to the embodiments shown in FIGS. 8 @nithe condition detector 105

detects the point of change in the surface comditibthe wafer W based on the output
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signal of at least one of the plurality of sensk@#8. In one example, the condition detector
105 monitors respective output signals of the fityraf sensors 100 during polishing of the
wafer W, and detects a point of change in the sar@ndition of the wafer W which is a
point in time at which the amplitude of the outgignal of any one of the plurality of
sensors 100 exceeds or falls below a thresholcevalln another example, the condition
detector 105 monitors respective output signalghef plurality of sensors 100 during
polishing of the wafer W, calculates an averaga sum of amplitudes of the output signals
of the plurality of sensors 100, and detects atpufichange in the surface condition of the
wafer W which is a point in time at which the cdédad average or sum exceeds or falls
below a threshold value.

During polishing of the wafer W, either the fitstal-load exerting device 30A or
the second local-load exerting device 30B applie®mwnward local load to the upstream
portion or the downstream portion of the retaimgg 20. In other words, depending on the
process of the wafer W, a downward local load mayjpplied to the upstream portion of
the retainer ring 20 from the first local-load @xey device 30A, or a downward local load
may be applied to the downstream portion of thaimet ring 20 from the second local-load
exerting device 30B. In any case, during polistohthe wafer W, the wafer W is pressed
against the downstream portion of the retainer 20dpy the frictional force acting between
the wafer W and the polishing pad 2.

When the downward local load is applied from tin&t focal-load exerting device
30A to the upstream portion of the retainer ring th@ stationary ring 91, which is a non-
rotating member, is pressed against the vibratarstnission member (i.e., the drive ring 21
and the rotary ring 51) at a position above theraps portion of the retainer ring 20, while
the stationary ring 91 is just in contact with thieration transmission members 21, 51 at a
position above the downstream portion of the retarimg 20. Therefore, the vibration of
the retainer ring 20 is more likely to be transedttto the stationary ring 91 from the

upstream portion of the retainer ring 20 throughtioration transmission member (i.e., the
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drive ring 21 and the rotary ring 51) than from desvnstream portion of the retainer ring 20.

Therefore, in one embodiment, as shown in FIG. th6, sensor 100 may be
disposed above the upstream portion of the retaingr20. Further, in one embodiment,
in consideration of the process diversity of théew&V, as shown in FIG. 11, two sensors
100 may be arranged above both the upstream patidrthe downstream portion of the
retainer ring 20. The condition detector 105 cated a point of change in the surface
condition of the wafer W based on the output sigihaine or both of the two sensors 100.

In each of the embodiments described above, tmelitcan detector 105 is
configured to detect a point of change in the sarfeondition of the wafer W based on the
output signal of the sensor 100. In one embodintkatcondition detector 105 may detect
not only a point of change in the surface conditbthe wafer W, but also a point of change
in the contact state between the wafer W and ttagnex ring 20 during polishing of the
wafer W.

As shown in FIG. 12, during polishing of the watf, the wafer W rotates
gradually relative to the retainer ring 20. Typhceahe wafer W has a notch (or a cut) V in
its peripheral portion. The wafer W rotates re&ato the retainer ring 20, and the notch V
eventually faces the inner surface of the retaimgy 20. Since the notch V is a cut, the
impact applied from the wafer W to the retainegr@® is reduced when the notch V faces
the inner surface of the retainer ring 20. Assaltethe manner of vibration of the retainer
ring 20 changes.

The condition detector 105 detects a point of ghan the contact state between
the wafer W and the retainer ring 20, i.e., a pmirttme at which the notch V of the wafer
W faces the inner surface of the retainer ringo28ed on the output signal of the sensor 100.
More specifically, the condition detector 105 isfigured to detect a point of change in the
contact state between the wafer W and the retamg20 (i.e., a point in time at which the
notch V of the wafer W faces the inner surfacehef tetainer ring 20) which is a point in

time at which the output signal of the sensor 1@0sfbelow a threshold value.
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Furthermore, the condition detector 105 is conéguio change the polishing condition for
the wafer W when detecting the point of changenen dontact state between the wafer W
and the retainer ring 20.

The pressure regulators G1, G2, G3, G4, G5 showhIG. 4 are electrically
connected to the condition detector 105, so tleabtierations of the pressure regulators G1
to G5 are controlled by the condition detector 10 one embodiment, when the condition
detector 105 detects the point of change in theéacbistate between the wafer W and the
retainer ring 20, the condition detector 105 sendemmand signal to the pressure regulator
G5 to allow the pressure regulator G5 to changetbssure of the pressurized fluid in the
pressure chamber 63 (i.e., change the pressing @drthe retainer ring 20 applied to the
polishing surface 2a of the polishing pad 2). Ewgample, when a film thickness in a
certain region of the wafer W is larger than timaé&nother region, the pressing force of the
retainer ring 20 is increased or decreased to asera polishing rate only in the region
where the film thickness is large.

FIG. 13 is a schematic diagram when polishing éemw®/ having a large film
thickness in an edge region E1 located oppositeemotch V. In this example, when the
pressing force of the retainer ring 20 againsipibieshing pad 2 increases, the polishing rate
in the edge region E1 located in the upstreamdiitiee wafer W increases. In such a case,
when the notch V is located at the downstream gidée retainer ring 20 (i.e., when the
condition detector 105 detects a point in time laictv the notch V faces the inner surface of
the retainer ring 20), the condition detector 1866ds a command signal to the pressure
regulator G5 to allow the pressure regulator Ghtoease the pressure of the pressurized
fluid in the pressure chamber 63 (i.e., increageptessing force of the retainer ring 20
against the polishing surface 2a of the polishiagl 2). With such an operation, the
polishing rate in the edge region E1 is locallyr@&ased, and the film thickness in the edge
region E1 can be reduced. As a result, the esuiface of the wafer W can be flattened.

FIG. 14 is a cross-sectional view showing anograbodiment of the polishing
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apparatus. Configurations of this embodiment, tviadl not be particularly described, are

the same as those of the embodiments describedefétence to FIGS. 1 to 13, and thus
duplicate descriptions thereof will be omitted. eTgolishing apparatus of this embodiment
includes two rollers 52a and 52b supported by thehprods 32a and 32b, respectively.
These two rollers 52a and 52b are arranged abevepstream portion and the downstream
portion of the retainer ring 20, respectively. Tretler housings 55a and 55b are fixed to
the push rods 32a and 32b, respectively, and tiier shafts 54a and 54b are supported by
the roller housings 55a and 55b, respectively. rblers 52a and 52b are supported by the
roller shafts 54a and 54b, respectively, and @egable about the roller shafts 54a and 54b.

The two rollers 52a and 52b can rotate aboutdhershafts 54a and 54b, but the
rollers 52a and 52b and the roller housings 55a 5%t do not rotate together with the
retainer ring 20. The drive ring 21 rotates togethith the retainer ring 20, and the rollers
52a and 52b make rolling contact with the uppefaserof the drive ring 21. The roller
housings 55a and 55b are located above the dnge2d and the retainer ring 20, and are
not in contact with the drive ring 21 and the mairing 20. In this embodiment, an
element corresponding to the stationary ring 9triesd above is not provided.

The sensor 100 is fixed to the roller housing &blhe downstream side. More
specifically, the sensor 100 is embedded in therrblousing 55b at the downstream side.
The vibration of the retainer ring 20 is transnditte the roller housing 55b via the drive ring
21, the roller 52b, and the roller shaft 54b. €fme, the sensor 100 can sense the
vibration of the retainer ring 20. In this embodim the non-rotating member is the roller
housing 55b. The vibration transmission membet tmntacts both the non-rotating
member and the retainer ring 20 is constitutechbyroller shaft 54b, the roller 52b, and the
drive ring 21.

In one embodiment, as shown in FIG. 15, the seb80rmay be fixed to (e.g.,
embedded in) the roller housing 55a at the upstsden  In the embodiment shown in FIG.

15, the non-rotating member is the roller housifg.5 The vibration transmission member
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that contacts both the non-rotating member anddtener ring 20 is constituted by the
roller shaft 54a, the roller 52a, and the drive 1.

Further, in one embodiment, as shown in FIG.\6,4ensors 100 may dexed to
(e.g., embedded in) the upstream roller housingaibbethe downstream roller housing 55b,
respectively. In the embodiment shown in FIG. th& non-rotating members are roller
housings 55a and 55b. The vibration transmissiembers that contact both the non-
rotating members and the retainer ring 20 are ttotest by the roller shafts 54a and 54b, the
rollers 52a and 52b, and the drive ring 21.

The previous description of embodiments is pravitteenable a person skilled in
the art to make and use the present invention. eMa@r, various modifications to these
embodiments will be readily apparent to those etiih the art, and the generic principles
and specific examples defined herein may be appiether embodiments. Therefore, the
present invention is not intended to be limitedhi® embodiments described herein but is to

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

A polishing apparatus comprising:

a polishing table for supporting a polishing pasgling a polishing surface;

a rotatable head body having a pressing surfaeaged to press a wafer against
the polishing surface;

a retainer ring surrounding the pressing surftee,retainer ring being rotatable
together with the head body and arranged to pnessdlishing surface;

a non-rotating member that does not rotate togeitttle the retainer ring;

a vibration transmission member in contact witthlibe retainer ring and the non-
rotating member; and

a sensor secured to the non-rotating member.

2. The polishing apparatus according to claimutther comprising a condition
detector configured to detect a change in conddidhe wafer based on output signal of the

Sensor.

3. The polishing apparatus according to claim Remnin the condition detector is
configured to detect a point of change in surfam@ition of the wafer based on the output

signal of the sensor.

4. The polishing apparatus according to claim Benein the condition detector is
configured to detect the point of change in théaser condition which is a point in time at
which an amplitude of the output signal of the serexceeds or falls below a threshold

value.

5. The polishing apparatus according to claim 2en&in the condition detector is
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configured to detect a point of change in contetedetween the wafer and the retainer ring

based on the output signal of the sensor.

6. The polishing apparatus according to claim Ben&in the condition detector is
configured to detect the point of change in thetacnstate between the wafer and the
retainer ring which is a point in time at which thetput signal of the sensor falls below a

threshold value.

7. The polishing apparatus according to any orséanhs 1 to 6, further comprising
a local-load exerting device coupled to the noatmof§j member, the local-load exerting

device being configured to press the non-rotatiegiver toward the retainer ring.

8. The polishing apparatus according to any onelams 1 to 7, wherein the
vibration transmission member includes a rotarg having a plurality of rollers arranged
along a circumferential direction of the retainegy the rotary ring being rotatable together

with the retainer ring.

9. The polishing apparatus according to any onelams 1 to 8, wherein the
sensor is located above a downstream portion ofettagner ring with respect to a moving

direction of the polishing surface.

10. The polishing apparatus according to any dnelaims 1 to 8, wherein the
sensor is located above an upstream portion ofeftaéner ring with respect to a moving

direction of the polishing surface.

11. The polishing apparatus according to any dngdaims 1 to 10, wherein the

sensor comprises a plurality of sensors securtégbtoon-rotating member.
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12. A polishing method comprising:

rotating a polishing table supporting a polishiagl;

pressing a wafer against a polishing surface efplishing pad by a pressing
surface of a head body, while rotating the heag;bod

pressing a retainer ring against the polishinéasar while rotating the retainer ring
together with the head body and the wafer, thénetaing being arranged around the wafer;
and

measuring, by a sensor, a vibration transmittech fthe retainer ring to a non-
rotating member via a vibration transmission memtbher sensor being secured to the non-

rotating member.

13. The polishing method according to claim 12thier comprising detecting a

change in condition of the wafer based on outgasiof the sensor.

14. The polishing method according to claim 13ekeim detecting the change in
condition of the wafer based on the output sigh@#he sensor comprising detecting a point

of change in surface condition of the wafer bagethe output signal of the sensor.

15. The polishing method according to claim 14ekein detecting the point of
change in the surface condition based on the osiguél of the sensor comprising detecting
a point of change in the surface condition which oint in time at which an amplitude of

the output signal of the sensor exceeds or falts\ba threshold value.

16. The polishing method according to claim 13ekein detecting the change in
condition of the wafer based on the output sigh@#he sensor comprising detecting a point

of change in contact state between the wafer andetiainer ring based on the output signal
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of the sensor.

17. The polishing method according to claim 16ekein detecting the point of
change in contact state between the wafer ancethmer ring based on the output signal of
the sensor comprising detecting a point of chandbe contact state between the wafer and
the retainer ring which is a point in time at whibk output signal of the sensor falls below a

threshold value.
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